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PlANT fossils form the subject of palaeobotany-an
important broad area of research that provides
information fundamental for solving certain basic
problems in botany. These problems may have a
bearing on morphology, taxonomy, ecology,
phytogeography and evolution. Palaeobotanists
investigate fragmented, disconnected, disjointed
plant remains from the distant to immediate past and
build an evolutionary pyramid. Plant diversity is the
basis for the construction of this pyramid, which
many a times got distorted during the geological
past due to extinCtions. These plant remains
represent relics of past vegetation that got entombed
in "sedimentary rocks" and were saved from total
destruction mostly by carbonificatjon or petrification
in suitable depOSitional environments. But the fossil
records which by nature are fragmentarily preserved
bring out only random moments of plant history and
the entire Story has to be reconstructed step by step
by investigation, correlation, analysis and synthesis
of plant fossil scene.

The present symposium on "Four Decades of
Indian Palaeobotany" is aimed to critically analvse
the palaeobotanical data generated mostly during
the post-Sahni era. Professor -Birbal Sahni, the do\'(~n

of lndian Palaeobotany and the founder of this
Institute envisioned a great potential for plant fossil
studies. His own contributions to this science
include a wide spectrum of areas like morphology,
anatomy, phytogeography, continental drift,
phylogeny and evolution_ He strived hard to keep
the plant fossil studies in the forefron't of research
and widened the horizons of Palaeobotany. By
organiZing this symposium we rededicate ourselves
to the cause for which this great scientist strived for.
He opined that "the fossil plants represent the debt
that botany owes to geology". He himself was mixed
blend of Geology and Botany. His researches were
examples of high scientific calibre and
understanding_
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The post-Sahni era witnessed diversification of
plant fossil studies, of which the initial effort was
mostly concentrated on the morphology and
anatomy. Gradually palynological data was utilized
for stratigraphical correlation. The palaeobotanical
and palaeopalynological studies in the post-Sahni
era resulted in accumulation of stupendous data.
This enormous data should be utilized for more
promising ventures. It is essential to unify, update
and revise the generated data base so as to renew
the state-of-the-art. It is also important for us to have
a retrospection of past achievements and take srock
of future avenues. While reviewing the advances in
Indian Palaeobotany (1921-1938) Professor Sahni
(1938) felt that "With the inevitable specialization of
our age continually threatening to divide us, it is no
small gain to science in India that the bn'efperiod of
seventeen years that we have just reviewed bas
brought about an era of understanding and
cooperation be/ween us, with still higher promise for
the future. For the true aim of all science is /0 lin ire
not to separate." It is still relevant even after these
five decades. The changing phases and development
of plant fossil researches are an outcome of
Professor Sahni's vision.

I shall focus on some of the seleCted areas of
advance in Palaeobotany.

PRECAMBRIAN PALAEOBIOLOGY

Origin and early evolution of life is a major
thrust area which requires attention. Indian records
of the Precambrian microbiota have been meagre
and not commensurate with extensive Precambrian
terrain available for study.

The early life on earth was dominated by
prokaryotes which were mainly fermentative. These
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prokaryotes responded to a variety of ecological
pressures and developed in specialised niches and
subsequently rapidly diversified and invented
chemical and biological strategies for survival and
wider expansion. Eukaryotes developed as a
biological strategy to cope with the advent of
oxygen, a highly reactive element which was
poisonous to the liVing system present at that time.
It is not yet clear when the eukaryotes appeared as it
is very difficult to differentiate a fossilized
prokaryotic cell from the eukaryotic one. The early
biotic evolution was mostly related to metabolic
activities while organismal development was
minimal. They could have appeared as early as 2 Ga
ago. There are positive evidences at 700 Ma of
metaphytes and metazoans.

Though considerable data has been generated
from the terminal Precambrian in the Indian
subcontinent, the complete stratigraphie
biochronology is yet to be developed. There are
many areas in the outer and inner sedimentary belts
of the Lesser Himalaya, different regions of the
Vindhyan Basin in central India and the Bhima,
Kaladgi, Kurnool basins of south India, where
Precambrian-Cambrian rocks are exposed. These
successions can be worked out for developing
a biochronology.

The recent finds of structurally preserved
filamentous microfossils from the Archaean Sandur
Schist Belt, Dharwar Craton; coccoid and rod-shaped
bacteria resembling sulphur reducing bacteria from
the Kudremukh Iron Formation; stromatolitic
structure of variable morphology from the Sandur
Chitradurga and Shimoga supracrustal belts, and
Proterozoic microfossils from the Infrakrol
sediments have opened new vistas in Precambrian
palaeobiology. In India, the Early Cambrian
brachiopod and Redlichid trilobite are known from
Lolab Valley in Kashmir and the stratigraphically
underlying rocks show presence of trace fossils
indicating bioturbation. An intensive search is
reqUired to find the Ediacaran fauna in India. Many
unconfirmed tepofts of metazoans from 1000 Ma old
rocks of Lower Vindhyan from different localities
need to be properly examined in relation to
palaeomagnetic and stratigraphie evidences as they
may represent Pre-Ediacarian fauna. The reported
occurrence of metaphyte-metazoans in the Pre·
Ediacaran sediments of India (Suket Shale) also
indicates possibility of the existence of platforms
and shallow marine shelf conditions in the Indjan
sub-continent which are conducive for their growth
at that time. Studies carried out by the Archaean
palaeobiology group in the institute have suggested
that stabilized continental crust had developed in
the Dharwar Craton as early as Archaean which is

much before the stabilization of CfLISt in other parts
of the world. Researches on prokaryote-eukaryote
transition and pOSSibility of recent contaminants in
older sediments should be intensified.

During the scientific deliberations to follow,
aspects like palaeobiology of Vindhyan sediments
and a retrospection on metaphytes and metazoans in
India will be discussed at length. I do hope that
some new ideas will emerge to understand
significant Precambrian evolutionary steps and their
bearing on subsequent colonization of land by
organisms.

GONDWANA FLORA

The Gondwana Flora of India is a gymnosperm
dominated vegetation. The first definite records of
plants are found in shales and sandstones overlying
the basal Talchir boulder bed, though there are stray
reports of spores and pollen from within the tillite.
It is not known as to what the vegetation was like
during the glacial period. Did the Gondwana Flora
evolve from earlier plant communities that survived
in protected niches during glaciation or did it evolve
from plants that migrated to Gondwana
Supercontinent from other phytochorias after
glaciation? This is a question still in need of an
answer. Commenting on ice age and Glossopteris
flora Professor Sahni (1938) wrOte "It would almost
seem that exposure to the rigours oj the climate had
qUickened the pace oj evolution, as iJ inducing
saltations on a large scale, a sort oj natural
vernalization aJJecting not only the individual llje
cycle, but the rate oj evolution oj species pOSSibly
through aberrations in the nuclear cycle. " It is also
not known as to exactly in which region of the
Gondwana Supercontinent the Gondwana flora
originated beca use in the stratigraphica I sequence
we find that the flora appears almost at the same
level in all the continents.

Species of Gondwana mega-plants were usually
identified on the basis of gross morphography. In
recent years features of cuticle have been
extensively used, particularly in India. However,
subjective approach of different investigators has
brought about an element of uncertainty in the
identification of taxa because similar specimens with
and without cuticles have mostly been aSSigned to
different species. If a co-ordination between the two
groups of species could be arrived at, these species
will become biostratigraphically significant. Even
dispersed cuticles could be used for stratigraphical
correlation at levels where spores/pollen are not
known.

Though much palynological work has been
done on the Gondwana sediments, yet the
identification of taxa is in a state of flux. Most of the
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taxa, both at species and generic levels, have been
instituted on minor variable characters, Practically an
attempt has been made to identify consistent
characters, A study of in situ spores and pollen could
provide requisite data, Study of ultrastructure of the
exines could also provide much useful information
regarding affinities, Once palynological taxa are
objectively circumscribed it would be easier to use
them, with a high level of confidence, for zonation
and correlation as well as to understand evolutiona1)'
patterns, Changes in floral composition can be
effectively used to decipher palaeoenvironmental
regimes, Reconstructions of vegetation that formed
coal in the Gondwana grabens need to be
accelerated with the help of plant mega- and
microfossil studies, Understanding of the form and
function of fossil dispersed organs will help
reconstruct the 'plant' and their evolution and
development.

Glossopteris- bearing beds in the pericratonic
marine sequences of Kashmir contain an inter-mix of
Gondwana, Cathaysia and Angara elements, How
does this "mixed" vegetation reflect upon the
relative position of the three land masses, land
connections or otherwise need to be investigated,
Probability of parallel evolution of these plants
should be examined afresh, Answers to these
questions will reflect upon the Continental Drift
hypothesis, A flora that is older than the Gondwana
flora of the peninsula is known in the Himalayan
region, Extensive and intensive investigation of this
flora may throw light on the precursors of the
Gondwana Flora.

During this symposium a series of presentations
covering an entire gamut of Gondwana plant
researches will reflect on the state-of-the-art and
futuristic trends, These topics include
morphological trends in Gondwana plants, alien
elements in the Gondwana Flora, changing patterns
of the Permian Gondwana palynoflora, northern
extension of the Indian Gondwana on the basis of
palynological evidences, marker palynoassemblage
zones through the Indian Gondwana sequence, and
distribution and environment of Upper Permian flora
and transitional Triassic flora, The recently organised
Gondwana workshop on "Concept, limits and
extension of the Indian Gondwana" at this same
venue came out with newer ideas which have been
taken up for study in the institute,

It is enVisaged that the future researchers will
add much more to our understanding of leaf
architecture, cuticular features, fine structure of
wood and climatic implications, distribution of
spores and pollen in time and space, ornamentation
patterns and ecological requirements.

MESOZOIC FLORA

In recent years, the question that has been
engaging the minds of biostratigraphers demanding
indepth research and an answer, is concerning the
upper limit of the Indian Gondwana, Does it range
into the Neocomian, or does it ep.d by Norian
Rhaetian? Do we consider the Ptilophyllum Flora as
an endemic Gondwana flora or did it occupy much
of the Eurasian landmass? In the latter case what was
the centre of its origin? These questions need be
answered to precisely date the Upper Mesozoic
sediments of India, Otherwise, as usual, we shall
continue to depend upon far-fetched correlations
with floras from different floral provinces such as the
Yorkshire Flora,

Upper Mesozoic is the point of time where
major diversification of plant groups took place,
Cycadophytes that constituted a large part of the
vegetation are now represented by a few genera,
Several groups, such as, Cycadeoidales,
Bennettitales, Pentoxylales, that dominated the
Jurassic-Cretaceous scene became extinct no sooner
than they diversified. It is necessa1)' to study the
cause of this extinction and its evolutiona1)'
ramifications, In the present symposium life and
time of Williamsonia (Bennettitales) and
evolutiona1)' reproductive strategies of the Mesozoic
plants and their endowment to the modern flora will
be discussed, The discussions should help to
decipher causes of extinction and evolution of
newer strategies,

Several features that characterise modern
angiosperms are seen in the Early Mesozoic plants, It
is, therefore, ve1)' necessa1)' to programme
concentrated research on the floras of this period,
We are fortunate that we have well preserved floras
in the Rajmahal, Kutch, Jabalpur, East Coast of India
and other areas. Though fossils occurring in these
areas have been mostly catalogued, yet we have not
been able to evaluate evolutiona1)' lineages and
trends,

Plant groups have appeared in spurts and their
extinctions also are in spurts making both the events
look dramatic. Stratigraphic boundaries are drawn on
the basis of such and other events leading to event
stratigraphy. Similarly, plant genera and families are
artificial and only reflect our present understanding.
When this becomes better and better and the criteria
are refined and defined the grouping of named
species, genera, etc. gets modified, Thus they always
tend to remain dynamic mobile reflecting our
understanding of their morphology and status in the
evolutiona1)' scale or lineage. In fossils, this is more
so because, our understanding of each organ is
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independent of our understanding of the whole
plant.

History of the origin of angiosperms is largely
concealed in - the Early Cretaceous and the Late
Cretaceous sediments. In the recent past there have
been major discoveries of early angiosperms from
the Cretaceous sediments of Europe and America,
but, the occurrence of authentic Cretaceous plant
megafossils is yet to be recorded in the Indian
sediments. This, in fact, is a challenge that needs to
be met squarely. However, sporadic records of
angiospermic pollen from Upper Aptian and Albian
as well as from Cenomanian to Maestrichtian strata
are known from the eastern and southern part of the
country. Recent researches in this institute have
helped to identify angiospermid pollen (aff
Clavatipollenites) from the first intertrappean beds
of Rajmahal Basin. It is essential to strengthen and
widen the scope of this investigation by adopting
high resolution character assessment of dispersed
pollen so as to trace the antiquity, relationship and
evolutionary aspects of the early angiosperms in
time and space. This study would also necessitate
the development of information on the possible
favoured regimes, environments and climates in
which the early angiosperms appeared, flourished,
diversified and rose to the position of dominance.

Another interesting problem relates to the major
extinctions and changes at the Cretaceous/Tertiary
boundary. While the extinctions was abrupt in
animal groups, the plant world witnessed hardly any
mass extinction. Are these changes related to the
meteoritic impact or extensive volcanic activiry?
These are the questions that need answers.

DECCAN INTERTRAPPEAN FLORA

The Deccan Trap episode appears to have
commenced in the Terminal Cretaceous and holds
the key to understand the K-T transition. The flora of
the intertrappean sediments is represented by
angiospe rmous woods, lea ves, flowers and fru its.
besides charophytes and marine :llgae. Receo\
studies suggest near synchroneity of the basal
basaltic flows in the central, eastern and southern
sectors of the Deccan Province. New palynological
data integrated with palaeont'ological (lnd
stratigraphical data help to establish stratigraphic
correlation between inland continental, marginal
offshore and paralic marine sections in which the
basalts themselves or their tuffaceous derivatives are
encountered. Data derived from the Deccan
intertrappeans do not indicate any evidence of mass
extinction in the flora along the Cretaceous-Tertiary
boundary.

CENOZOIC PALAEOBOTANY

The Tertiary floras register a remarkable
qualitative change because of the incoming of a
variety of angiosperms and by the abrupt d~cline of
gymnosperms. The decline of gymnosperms from
the position of dominance may be related to
changes in climate or to the tough competition faced
from the vigorously and rapidly evolVing group of
angiosperms or both. Systematic information on this
aspect needs to be developed.

The Palaeogene flora of India has witnessed
several changes, particularly during the Palaeocene
Eocene time. Several genera either migrated or faced
extinction. The extinction patterns in India may be
related to two main causes-(i) Latitudinal changes
because of continental drift, and (ii)
Palaeoenvironmental condition of sedimentation. It
is possible that the relative position of Malaysia and
India may have facilitated several inter-continental
migrations. The available palaeobotanical and
palynological data needs to be re-examined in
global perspective in order to understand the
possible migratOry pathways particularly keeping in
view the then geographic locale of the Indian sub
continent.

The Palaeogene floras in India have been quite
diverse. They have been related to moist deciduous,
wet semi -evergreen and tropicaf evergreen forests
growing mostly under tropical climate. Evolution of
the Neogene floras has been largely influenced by
the oro~eny of the Himalaya. The mid-Miocene
orogeny of the Himalaya led to the proliferation of
several gymnospermic groups and appearance of
several subtropical angiospermic elements. At this
juncture the influence of SinO-Japanese and Indo
1\1Jlayan floras and their contribution to the
development of Neogene floras poses several
questions. The Pliocene floral diversification is
related to climatic changes and increasing
continentality. Distinct floras of tropical, sub-tropical
a,1d temperate climGlte dry/moist/wet are known
fr,)m the country The problems associated with
these floras are of regionalism, endemism and
migrati on/extinction in response to ph ysical and
climar.ic factors which need to be worked Out
indepth so as to unravel the history of the modern
flora of 1nd ia.

It is also essential to trace the evidences of ~
and CAM (Crassulacean Acid Metabolism) system
plants during the Cretaceous-Tertiary periods. The
evolution of these plants is usually attributed to the
response to atmospheriC changes. IsotOpic studies
may suggest changing relative frequencies of
photosynthetic pathways through time This may
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help in understanding development of plant groups
adopted to arid environ ments.

The Palaeocene-Eocene palynoflora is known
mainly from coal and lignite deposits of Meghalaya,
Assam, Kutch, Cambay, Rajasthan and other basins.
This palynoflora is dominantly characterised by
swamp dwellers. The Neogene sediments of India
are predominantly river deposits and the change in
edaphic condition could have also led to the
temporary disappearance of the swampy vegetation
which dominated the Early Palaeogene. This is the
likely explanation for the absence of
Spinozonocolpites-Nypa during the Upper
Palaeogene and Lower Neogene. It appears again in
the Quaternary sediments of India and Nypa is still
extant in some parts of the Indian coastal areas such
as Andamans and Sunderbans. This riverine
depositional process might also explain the
occurrence of Permian, Early Cretaceous and
Palaeogene reworked pollen in the Neogene
sediments. The occurrence of these reworked pollen
in younger sediments have been the reason for
apparent extension of some of the Palaeogene taxa
into the Neogene.

The tropical Tertiary sediments are replete with
a diversiry of pollen rypes; only some of them are
useful as stratigraphical and ecological markers.
Distributional anomalies of taxa in East and West
Coast should be analysed for deciphering
proVincialism, endemism and migration patterns of
vegetatiun in the subcontinent. It is of utmost
importance to identify marker fossils and catalogue
them with annotated stratigraphical and ecological
notes.

The age of the Cuddalore Sandstone and
associated lignite depOSits has been a matter of
controversy. It has been suggested that rypical
Eocene palynofossils recorded from the subsurface
of the Cauvery Basin occur in the Neyveli Lignite and
the lower age limit of the Cuddalore Sandstone may
extend to Eocene and the formation may be time
transgressive. Recent palynological data suggest a
Late Palaeocene to Eocene age to the Neyveli Lignite
depOSits. Such palynological investigations on
Rarnagiri, Kerala and Rajasthan lignites on the West
Coast and associated sediments will help to correlate
different sedimentary sequences and for preparing
palaeogeographical reconstructions.

Using an integrative approach Siwalik sediments
exposed in the Himalayan foot-hills and in Nepal
were recently studied. The plant micro- and mega·
fossil data integrated with palaeomagnetic and
stratigraphic data indicate semi·evergreen vegetation
and fresh-water swampy conditions of deposition.
Such efforts are further needed in many basins.

Some of the presentations in this Symposium
will discuss-Palaeogene·Neogene flora of
peninsular India, Himalayan orogeny and Tertiary
flora, Stratigraphy of Tertiary palynological
succession in northeastern and western' India and
palynology, palaeoecology, correlation and age of
Neyveli lignites and associated sediments. I am
optimistic that these presentations will definitely
create more awareness to formulate better research
programmes.

QUATERNARY VEGETATIONAL PATTERNS

Study of palaeoclimate and phytogeography of
the Quaternary period involves an interdisciplinary
approach that involves Geology, Meteorology,
Oceanography, Geophysics, Geochemistry,
Archaeobotany, Palynology, Tree·ring analysis, etc.
Data obtained from these varied disciplines are
integrated and ultimately understood in
geochronological frame work. In India,
investigations for understanding palaeoclimates
have been carried out on Quaternary deposits in
parts of the Himalaya, the arid zone of Rajasthan and
some parts of western India.

The time scale considered to be meaningful for
understanding different aspects of the climatic
problem are 0-1,000 years, 0- 30,000 years and 0.1 Ma.
The interval of 0- 30,000 years is considered to be the
most important as the effects can be examined
during a major change in climate. Here the 14C dates
provide a geochronological frame work for precise
interpretations. Phytogeographic and palaeocl imatic
mode Is based on plant megafossils, palynofossi Is
and tree-ring analysis need to be designed to unravel
the record of the last 40,000 years.

Studies of past climates proVide opportunities to
examine the interaction between the atmosphere,
oceans, cryosphere and the land surface. Climatic
changes have a direct bearing on the evolution of
the biosphere, evolution of man and his cultures.
Palaeoclimatic research documents changes in floral
development, sedimentological indices and
geomorphological parameters as a consequence of
atmospheric variations. Often it is necessary to
correlate clay layers within sandstone bodies to
identify water-bearing horizons in a basin.
Palynology can help in working out a unified
biostratigraphic zonation for the aquifers.

The tree-ring studies offer an exciting
opportuniry for lengthening and extending the
spatial coverage of high resolution information
which will specially be useful in studying decadal to
century scale climatic variations. Conifers have
distinct annual growth-rings which show a high
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degree of environmental sensitivity. In tropics, teak
has the potential for the reconstruction of past
rainfall. These studies may provide information
about the glacial/interglacial phases of the recent
past and their probable feedback links to the
monsoon climate.

High resolution palynostratigraphy can help
work Ollt histqry and causes of deterioration of the
mangrove ecosystem. In deltaic sediments of Bengal
and Orissa dated 6,000-7,000 years B.P. and younger,
pollen analysis has brought out phases of mangrove
development and deterioration. Human influence on
the deterioration of mangrove ecosystem is recorded
at 3,000 years B.P. resulting in soil erosion and
subsequent degeneration of mangrove forests.

The Shola forest that established itself in the
south Indian montane region started gradually
receding around 7,000 years B. P. Palynological
studies suggest that anthropogenic factors were
probably responsible for such deterioration. Pollen
researches on Sat Tal, Naukuchia Tal, Bhim Tal and
Rewalsar Lake areas helped to reconstruct the
climate of these regions. Likewise pollen studies on
forests of Annamalai Hills, Silent Valley, Chilka Lake
contributed to understand ecosystem changes.
Similarly, palynological studies on Rajasthan Desert
suggest the existence of arid conditions and strong
winds around 20,000 years B.P.

Various aspects of tree ring researches,
palaeoclimatic oscillations in western Himalaya,
Holocene history of mangrove vegetation, and
patterns of vegetation in the inter-montane Kashmir
Basin will be discussed during the folloWing days
and I am sure that the presented data will serve to
prepare palaeoecological models.

Additional data will be generated in coming
years to understand the glacial/interglacial phases of
recent past and their probable link with the past
climate. Data on fine resolution palynostratigraphy
will throw light on palaeoenvironments. Computer
aided programmes should be formulated for
ecological modelling and related aspects.

ARCHAEOLOGICAL PLANT REMAINS

Plant remains, such as seeds, fruits, cuticles and
wood charcoal of cultivars, weeds and wild species
recovered from archaeological excavations provide
information about the subsistence pattern of a
cultural Jevel. Through archaeobotanicai
investigations it is possible identify plants that are
endemic to India and those that have been
introduced from alien cultures. These studies reflect
on agriculture, forestry, medicine, economics and
culture of the society at that particular period of time

and thus help write the chronological history of
Jnteraction between Man and _Biosphere.

Archaeobotanical studies have helped to
identify grains of wild and cultivated rice from the
Neolithic levels, 7-6 millenium B.C., at Koldihwa
near Allahabad, which constitute the earliest record
of cultivation of rice in the world. Finger-millet has
been found at Hallur in Karnataka around 1,800 B.C.
Signatures of viticulture by the Harappans at Rohira
in Punjab have been found in the form of grape
seeds and vine-stem charcoals. The Harappans who
populated the area around 2,300-2,000 B.C. also
maintained ornamental plants and grew vegetable
crops. Cultivation of drug-yielding plants is noticed
at 1,000-200 B.C. in the Ghaghra Valley.

The presentation on the archaeological plant
remains in ancient cultural and socio-economical
dynamics of the Indian subcontinent will reflect
some of the recent trends in archaeobotanical,
ecological and ethnographic studies.

BIOPETROGRAPHIC STUDIES

Fossil fuels are non-renewable resources and
need planned exploration and exploitation. This
necessitates the need of an indepth knowledge of
coal and lignite characterization and rank
assessment, to understand their economic suitability
for specific application in a particular industry or
area. The information can be acqUired mainly
through chemical and biopetrographic studies.
Biopetrographic methods have a distinct advantage
over chemical assessment, as these provide requisite
information in a relatively shorter time and through
much simpler techniques using light microscopes.

Biopetrographic assessment of Permian and
T::rtiary coals is expected to provide information
regarding the nature, rank and abundance of various
maceral groups. A relative position of maceral
groups and rank will in turn help in determining
various properties of coal, particularly the coking
pmential for working out a blending scheme
between high grade and low grade coals, which can
help in substantially increasing the life of prime
coking coal reserves of the country. Further, the
dominance of hydrogen-rich liptinitic contents in a
particular coal is likely to indicate itS suitability for
liquification (hydrogenation).

Studies on the biodiagenesis of lignites will
help in deciphering coalification trends, genesis,
palaeoenvironmental condition and economic
suitability of a deposit. In addition to this, dispersed
organic matter (D.O.M.) studies on some oil source
rocks are designed to enhance our understanding
regarding the evolution of source material under
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various processes of degradation. Recent organic
petrological studies on Raniganj (Permian) coals
suggested susceptibility of these coals to
spontaneous combustion. Spectral fluorescence
studies on coals help to distinguish resinite rypes.
More efforts are needed to delineate various stages
in organic matter maturation.

Some of the presentations in the present
symposium deal with-Himalayan coals, their
nature, formation, composition and rank; temporal
and spatial variation of the rype and rank of
Gondwana coals and genesis of Indian Tertiary coals
and lignites.

FOSSIL FUEL SOURCE ROCK STUDIES

Most of our coalfields are confined to the
Palaeozoic and Tertiary basins whereas the known
oil fields are restricted to the Tertiary basins only.
Recently, hydrocarbons have been discovered in the
Cambrian sediments of Rajasthan. Palynostrati
graphic, palaeoecological and source rock studies of
the fossil fuel-bearing strata are very important. It is
necessary to establish a large data base.

Professor Birbal Sahni while requesting Prime
Minister ]awaharlal Nehru to lay the Foundation·
Stone of the Institute of Palaeobotany highlighted
the importance of fossil plant studies in coal and oil
exploration and said " ... Today the study of fossil
plants, pursued with modern techniques and with
due regard to its repercussions upon all the
bordering sciences, already occupies a respectable
place among the sciences and fully deserves the
support that it is now receiving all over the world. It
not only allows us glimpses into the evolutionary
history of plants, but helps us more and more
accurately to tell the ages of strata and thereby to
explore the mineral wealth of the earth, particularly
coal and oi!." Now we know that palynological study
helps to understand and correlate coal and
hydrocarbon bearing sediments. Palynofossils and
other vegetal remains of the past also help interpret
ancient environmental condition favourable for
organi'c matter accumulations and their conversion
to fossil fuels by transformation and subsequent
thermal alteration. Quantitative distribution of
palynofossils mostly determines the approximate
location and configuration of near-shore marine
deposits which happen to be the locale for
formation and accumulation of hydrocarbons.
Generation of hydrocarbons is related to the
occurrence and nature of organic matter in source
sediments. The main source for hydrocarbons is
vegetal debris including phytOplankton, marine and
terrestrial algal and lipid-rich land plant remains.

Palynology affords an effective tOol in stratigraphie
geology and can be exploited in tapping organic fuel
resources. Evaluation of hydrocarbon source rock
potential necessitates recognition of rype and
amount of organic matter contained in th~ sediment
and the level of thermal alteration.

Biozonation, correlation and dating of
sed imen t a ry for mat ionson the bas i s 0 f
dinoflagellate cysts, nannoplankton are emerging as
useful tools in identifying promising hydrocarbon
rich sediments. Such studies are already in progress
on the sediments of Cauvery, Palar and Krishna
Godavari basins and Meghalaya areas. Marine
Cretaceous·Tertiary deposits encompassing reefoidal
limestOnes reflect algal life and their role in
carbonate sedimentation.

Some of the presentations in this symposium are
related to fossil dinoflagellate cysts, siliceous
microfossils, nannofossils and calcareous algae and
the data will help to demonstrate their utiliry in
establishing time boundaries, sedimentary
environments and palaeo-oceanographic
interpretations.

Integrated palynological research involving
spore-pollen -phytOplanktOn studies, organic matter
facies using both transmitted and reflected light
microscopy is needed to decipher environmental
and source rock regimes. This new dimension will
certainly augment interpretative palynological study.

To sum up I quote Professor Sahni (1922) "The
rapid expansion of the domain of botany within the
last few decades makes it impossible for anyone of
us to keep a vigilant eye on all the newly acqUired
territory. While this tends to restrict our fields of
activity, and inevitably deprives us of a certain
width of outlook it has, let us hope, brought a
corresponding gain in a power of critical vision. But
from time to time, and of late more often than
heretofore, it becomes necessary for us, lest we
become permanently short-sighted, to lift up our eyes
and cast at the horizons of the kingdom.

Even of our little prOVince, occasional bird's-eye
views, divested of confUSing detail, will not
infrequently be of value for they will help in tracing
the main directions of past work; in bringing out in
relief lines of work that have borne fruit; and, above
all, in striking out new paths into obscure and more
promising fields".
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Evidences of multicellular life from the Indian Precambrian sediments have been reviewed. Their nature,
morphology, biogenecity and syngenecity are evaluated in the light of associated evidences. The published records
have been grouped under 13 categories, viz., Archaeocyatha, Chuaria·Tawuia group, fror,doid forms, Hyolithoides,
Longfengshania, medusoids, metaphytic algae, Sekwia excentrica, shelly forms, spiral forms, trace fossils,
trilobitoid and eurypteroid and enigmatic group. Contrary to the world wide records of multicellular organisms
only at the Terminal·Precambrian (eo 600 Ma), some of the Indian reports are 1,000·2,500 Ma old. This older
antiquity needs proper explanation. In the present review after reassessment, all the records have been classed as
true fossil, non·fossil and dubiofossil. In few cases, it has not been possible to comment upon the structure
reported due to non·availability of specimen and poor photOgraphic reproductiOn in print, such records have been
grouped separately without any comments. .

ln several cases synaeresis and mud cracks have been described as trace fossils. Sedimentary structures have
also been described as Sekwia, LongJengshania, Cyclomedusa, Archaeocyatha, Dasycladaceae algae, Epiphyton,
lamellibranchs and such other forms Some records though of undoubted biogenic nature, viz., Katnia singhi and
Vindhyavasinia misrai and Ajaicicyatha (from Krol sediments) need reassessment concerning their taxonomic
affinity.

The oldest authentic biogenic structures in this review are considered to be about 1,000 Ma old. These records
of metaphytes and metazoans-Ramapuraea vindhyanensis, vendotaenid forms, trace fossils, megascopic spiral
algal forms and Chuaria·Tawuia assemblage, are mostly from the base of Kaimur and top of Semri groups. Trace
fossils from Bhander limestOne of Vindhyan Supergroup; a metaphytic alga Renalcis from the Calc·Zone of
Pithoragarh, and frondoid forms, trace fossils as well as small shelly fauna from the Krol·Tal sequence belonging to

younger sediments of probable Vendian·Tommotion age are authentic records.
The multicellular plants and animals undoubtedly proliferated during the Vendian, but there are a few

authentic exceptional records of multicellular life prior to 600 Ma from India. Similar earlier records are also known
from China and Canada. These records are important in understanding the antiquity of multicellular life.

Key-words-Metaphyte, Metazoans, Morphology. Biogenecity, Syngeneciry, Precambrian, India.

Mukund Sharma, Mano} Shukla & B. S. Venkatachala. Birbal Sahni Institute of Palaeobotany, 53 University
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THE advent of multicellular life was a landmark
transition achieved in the course of evolution. As a
result, there was considerable change in the
morphologies ultimately leading to the advent of
skeletogenous organisms. Evidences available from
the palaeontological records suggest a phase where
in major transition occurred during the Terminal
Precambrian System. These evidences of fossil
metaphytes and metazoans help us to understand
their advent, proliferation and also about the
organismal experimentations and advancing
organisations in the course of their evolution. It is,
therefore, necessary to critically evaluate fossil
records from Precambrian sedimentary successions
and to put them in a proper taxonomic order. It is
also necessary, to look into the reproduciblity of
these records. It is pertinent to assess the records
with reference to the age of the host rock and the
palaeoecological conditions under which the
organisms lived vis-a-vis deposition of sediments.
Consideration of fossil records without such
assessment may lead to incorrect inference on the
antiquity and distribution of metaphytes and
metazoans.

The present review, discussess the biogenecity,
syngenecity and affinity of macrofossil records from
Precambrian sediments of India published up to
1990. New information is added in the form of
observations. The fossil records are classified as true
fossil (definitely biogenic); dubiofossil (probably
biogenic but whose nature is still not certain), and
non-fossil (definitely non-biogenic). In few cases it
has not been possible to categorise the records into
any of the above three categories due to non
availability of specimens or insufficient evidences,
hence, no comments have been offered. True
phyletic position of most of the Precambrian fossils
are not yet confidently established or known; they
have, thus, been grouped here into the following 13
categories for easy reference based on their
morphologies.

1. Archaeocyatha
2. Chuaria- Tawuia group
3. Frondoid forms
4. Hyolithoides
5. Longfengshania
6. Medusoids
7_ Metaphytic algae
8. Sekwia excentrica
9. Shelly forms

10. Spiral forms
11. Trace fossils
12. Trilobitoid and Eurypteroid
13. Enigmatic torms
Additional remarks are also proVided to

highlight salient features that may aid proper
assessment of the records. Attempts have been made
to study most of the original specimens. In cases
where the original specimens could not be studied,
comments are based on the descriptions and
illustrations proVided by the authors in their
publications. Records of multicellular life from Kroi
belt of Himalaya, which have already been reviewed
by Singh (1981) published up to 1980, have not
been re-reviewed. Each citation of a record includes
the original name of the fossil, author's name, year
of publication, illustration, figure number,
repository when known (as given in the publication)
and description. It is followed by remarks on the
specimen incorporating our observations and critical
comments based on the restudy of the specimen and
supplimenting it with fresh photodocumentation.
Line diagrams are added to substantiate our views in
cases of those specimens which could not be
located. The results of our study are tabulated (Table
1) summarising the present status of Precambrian
metaphyte and metazoan records from India.

ARCHAEOCYATHA

Members of the group Archaeocyatha are
considered inhabitants of coastal Cambrian shallow
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Table I-Present status of metazoan and metaphytic records of India

FORM (GENERIC OR SPECIFIC NAME)

DUBIO FOSSILS

Ajacicyathus
Archaeocyatha & Korgaicyatha
Beltanella sp. d. B. gi/esi
Beltane//ijormis sp. d. B. brunsae
Bhanrerichnus damohensis
Brachiopod shell
Dasycladaceae algae
Drag markings, Lonzenge-shaped bodies,
Mud volcanoes like structures
Epiphyton
Hyolithes rohitaswei
Jelly fish
Misracyathus vindhyan us
Organic plates

cf. Podolithus sp.
Renalcis
Sajania
Sonjiwashman basuhariensis
Trace fossi Is

FOSSILS

Aulichnites
Burrow
Burrows
Burrows
Chuaria circularis, Tasmanites >kaljoi
Chuaria minima, Tawuia dalensis
Chuaria, Tawuia & Tasmanites
Obruchevella
Cordia sp. d. C. marina
Katnia singlJi
Medusinites sp. d. M. ast(?l-oides
Pteridinium

Ramapuraea vindhyanensis

Renalcis
Small Shelly Fauna

Small Shelly Fauna
Small Shelly Fauna

Small Shelly Fauna
Spiroichnus beerii

Tawuia
Trace fossils/Pseudo Fucoids

Tirasiana
Trace fossi Is
Trace fossi Is

Tyrasotaenia
Vindhyavasnia misrai

STRATIGRAPHIC LOCALITY

Topmost part of Krol E
Topmost part of Krol E
Upper part of Krol Formation
Upper part of the KIol Formation
Maihar Quartzite Formation
Kajrahat Limestone Formation
Limestone of Cuddaph Supergroup
Bhander Group

Upper part of Krol Formation
Rohtas Limestone Formation
Nimbahera Limestone Formation
Rohtas Limestone Formation
Different stages of Dharwar,
Bhima & Kaladgi

Suket Shale ,'vlember
Upper part of Krol Formation
Calc·zone of Pithoragarh
Basuhari Sandstone Formation
Dodguni Formation,
Dharwar Supergroup

Lower Tal Formation
Rohtas Limestone Formation
Bhander Limestone Formation
Morwan Sandstone Formation
Gangurthi shale, Bhima Supergroup
Rohtas Limestone Formation
Suket Shales Member
Lower Tal Formation
Upper part of Krol Formation
Rohtas Limestone Formation
Upper part of Krol Formation
Upper part of KIol Formation

Suket Shale Member

Calc· zone of Pithoragarh
Lower Tal Formation

Upper Krol & Lower Tal Formation
Lower Tal Formation

Upper Krol Formation
Rohtas Limestone Formation

Suket shales
Sh irbu Shale Formation

Upper part of Krol Formation
Morwan Sandstone Formation
Bhander Limestone Formation

Suket Shale Formation
Rohtas Limestone Formation

REFERENCE

Singh & Rai, 1983
Tewari 1988, 1990
Mathur & Shanker, 1990
Mathur & Shanker, 1989
Mathur & Verma, 1983
Prakash, 1966
Rao, 1943
Chakrabarti, 1990.

Singh & Rai, 1983
Rode, 1949
Sisodlya, 1982
Misra, 1949
Venkatachala & Rawat, 1972,
1973; Viswanathiah et ai,
1975, 1976, 1977
Shukla & Sharma, 1990
Singh & Rai, 1983
Shukla, 1984
Mathur, 1982
Shivarudrappa, 1981

Banerjee & Narain, 1976
Misra & Awasthi, 1962
Chakrabarti, 1990
Sisodiya & Jain, 1984
Suresh & Raju, 1983
Maithy & Babu, 1983
Maithy, 1968
Ahluwalia, 1979, 19B5, 1988
Mathur & Shanker, 1989
Tandon & Kumar, 1977
Mathur & Shanker, 1990
Mathur & Shanker, 1989
Shanker & Mathur, 1991
Maithy & Shukla, 1984
Shukla et aI., 1989
Shukla & Sharma, 1990
Shukla, 1984
Singh & Shukla, 1981
Azmi & Pancholi, 1983
Bharr et aI., 1985
Bharr & Ni.athur, 1990
Brasier & Singh, 1987
Kumar et aI., 1987
Das et aI., 1987
Beer, 1919
Mathur, 1983
Maithy & Sh ukla, 1984
Vredenburg, 1908
Mathur, 1983
Mathur & Shanker, 1990
Shukla & Sharma, 1990
Verma & Prasad, 1968
Das, 1987
Shukla & Sharma, 1990
Tandon & Kumar, 1977

Contd.
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Table I-Cootd.

NON-FOSSILS

Ajaicicyathus tandoni
Allatheca
Annelid traces
Beltanelloides
Burrows
Coleolella billingsi
Cyclomedusa davidi
Epiphyton
Foraminifera & Gastropoda
Frondoid Form
Fusiform structures
Vendotaenid remains

Vendotaenia & Krolotaenia
gnilovaskayi

Ichnogenus type "A" & "B"
Ichnofossil
Krishnanid Forms
Lamellibranchs, etc.

Longfengsahnia chopanensis
Longfengsahnia stipitata
Muniaichnus
Puratanichnus bijawarensis
Rohtasia tandonii

Sekwia excentrica
Sekwia excentrica
Skolithos
Tubocyathus vindhyanensis
Vendotaenia

Worm track

No Commeots

Asteriradiatus karauliensis
Chordoichnua latouchei

Oasycladaceae algae
Misrae?l
Ostracoda
Trace fossi Is
Trilobitid & Eurypterid Forms

HinOti Limestone Formation
Suket shales member
Rohtas Limestone Formation
Rohtas Limestone Formation
Bhander Limestone Formation
Su ket shales member
Oholpur shales Formation
Calc· zone of Pithoragarh
Krol "0" upper Krol Formation
Rohtas Limestone Formation
Sullavai Sandstone Formation
Ghurma shale Formation
Rohtas Limestone Formation
Lower Krol Formation

Ghurma Shale Formation
Gulcheru Quartzite Formation
Rohtas Limestone Formation
G. R. Formation, Oharwar

Rohtas Limestone Formation
Rohtas Limestone Formation
Glauconitic Sandstone Formation
Amronia Quartzite Formation
Rohtas Limestone Formation

Rohtas Limestone Formation
Rohtas Limestone Formation
Glauconitic Sandstone Formation
Nagod Limestone Formation
Rohtas Limestone Formation

Rohtas Limestone Formation

Karauli Quartzite Formation
Red Sandstone of Marwar Group

Oogra slates
Porcellanite Formation
Upper Krol Formation
Bhander Limestone Formation
Ganurgarh shales & Nagod
Limestone Formation

Maithy & Gupta, 1981
Mailhy & Shukla, 1984
Maithy et al., 1986 •
Maithy, 1990
Sarkar, 1974
Maithy & Shukla, 1984
Mailhy, 1990
Shukla, 1984
Kumar, 1979
Maithy, 1990
Bose, 1977
Mailhy, 1990

Tewari, 1988
Tewari, 1989
Maithy & Babu, 1988
Mukherjee et al., 1987
Maithy, 1990
Iyengar, 1905
Sambe Gowda et aL, 1978
Maithy & Babu, 1988
Maithy & Babu, 1988
Kumar, 1978
Mathur & Challfi, 1986
Singh & Chandra, 1987
Maithy, 1990
Maithy & Babu, 1988
Maithy et al., 1986
Saxena, 1980
Maithy & Gupta, 1981
Maithy & Babu, 1988
Maithy, 1990
Misra & Awasthi, 1962

Mathur, 1982
La Touche, 1902
Mathur, 1983
Rao & Mohan, 1953
Maithy & Babu, 1986
Oas et al., 1990
Oas et al., 1987
Dubey, 1982

sea. They could have lived in large numbers on
calcareous bonoms forming 'gardens' of sessile
benthos, but do not form reefs (Moore, 1955). This
extinct phylum appeared near the base of Cambrian,
spread rapidly by the middle part of the Early
Cambrian and probably became extinct early in the
Middle Cambrian and as such is considered an index
fossil group for the Early Cambrian in carbonate
facies (Rigby & Gangloff, .1987).

Misracyatbus vindbyanus Vologdlo 1959

Text·figure 29

Repository-Not mentioned. Misra, 1949, fig. 2.
Misra (1949) reported 'a verticillate alga with a

slender jointed stalk t€rminated by a globular head'
from the carbonaceous limestOne of upper most
Rohtas Stage (Murli Hill LimestOne Formation) at
Banjari quarries and related it with dasycladaceaeous
alga. Vologdin (1959, in Balakrishnan, 1974) did not
agree with the algal affinity but designated it as a
very early form of the phyla Archaeocyatha, and
erected a monospecific new genus Misracyathus
vindhyanus Vologdin.

Remarks-Archaeocyathids are generally found
in association with stromatOlite building organisms
in the shallow water environments of Cambrian sea.
Rohtas limestOne Formation, Rohtas, from which
these records have been made was deposited in
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subtidal to intertidal environment. Records of algal
activity are not known from this formation. The age
of these sediments on correlation has been
considered ~ 1,100 Ma (Shukla & Sharma, 1990).
Therefore, the chance of finding archaeocyathids in
this horizon are remote. Zhuravlev (1986) also
contradicted Vologdin's (1959) opinion of
associating the fossil recovered by Misra (1949) with
archaeocyathids and expressed the view that this
specimen may be some other microfossil or oolite.
Therefore, the specimen reported by Misra (1949) is
neither alga nor archaeocyatha. But in the absence of
original specimen the specimen can only be referred
to a biogenic structure and classified as a
'dubiofossil'.

Ajactcyatbus tandont Maltby ll: Gupta 1981

PI. 1, figs 4, 5

Tubocyatbus vtndbyanensts Maltby ll: Gupta 1981

PI. 1, figs 1-3

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow; Slide nos. 5950, 5951;
Maithy & Gupta, 1981, figs 1-7.

Maithy and Gupta (1981) described
Ajacicyathus tandoni from Hinaoti Limestone
Formation of Semri Group and Tubocyathus
vindhyanensis from Nagod Limestone Formation of
Bhander Group of Vindhyan Supergroup exposed in
central India; the former formation is dated ~ 1,100
Ma, while later about 800 Ma.

Remarks-The formations containing these
fossils have many well developed oolitic beds
(Sarkar, 1973; Singh, 1976; Chanda & Sarkar, 1977;
Kumar, 1978a). The petrographic sections containing
the taxa under review are also dominantly oolitic. A
re-examination of slide nos. 5950 and 5951 reveal
that few selected grains of ooids have been
described by Maithy and Gupta (1981) as
archaeocyathids because of their apparent similarity.
The specimens exhibit only the cross section of
ooids with inorganic mineral grain in the centre. The

specimens attributed to the two taxa under review
are similar and do not show any major difference in
size. They also lack the diagnostic features of
Ajacicyathus and Tubocyathus. Archaeocyatha are
known from the shallow coastal zones rather than in
high energy environment of (he oolite formation.
The genus Ajacicyathus is known from Early
Cambrian of North America, Europe, Asia and
Australia (Rigby & Gangloff, 1987), while genus
Tubocyathus is known from Middle Cambrian of Asia
(Raaben, 1981). Their record in 800-1,100 Ma old
sediments needs a rethinking. Zhuravlev (1986) and
Debrenne et al. (1990) have already suggested these
records to be either microfossils or oolites. Our
observations support their oolitic nature. Therefore,
these two specimens are 'non-fossils'.

Arcbaeocyatba sp.

Text-figures 52, 53, 58, 59, 60, 61

Repository-Geology Department, Lucknow
University, Lucknow; Specimen and slide nos. not
known; Singh & Rai, 1983, pI. 1, figs 2-7; pI. 2, fig. 12;
Singh & Rai, 1984, figs 1-6.

Singh and Rai (1983) described archaeocyatha
in a polished slab collected from the top most part
of the Krol E of Mussoorie hill, Dehradun, as 'cups of
1 to 2 em in diameter and almost 3 to 4 em in length.
The wall (both outer and inner) are highly porous,
the central cavity is filled with dessepiments. This
form compares with Ajacicyathus. There are other
forms, some of (hem discoidal, other appear to be
broken and roled pieces often' in poor state of
preservation.' It is again described as a separate
report by Singh and Rai (1984).

Remarks-The figured specimen (as informed
by Dr V. Rai) presently is on loan to Prof. Antonio
Perejon, Spain for detailed study. Therefore, our
comments are limited to the observations made by
other workers. Zhuravlev (1986), Brasier and Singh
(1987), Cowie and Brasier (1989) doubted the
affinity of the specimen under review with
archaeocyathids. Brasier and Singh (1987) further

--+

PLATE 1

(Scale in figs 1, 4, 6, 7 & 8, 1 div. =1 cm, and in fig. 2 =5 mm,
fig. 3 =1 mm and fig. 5 = 1.5 mm)

1-3. Tubocyathus vindhyanensis sp. nov. of Maithy & Gupta 1981.
1. Shows general view of the slide containing T. vindhya
nensis shoWing the oolitic nature of the thin section; 2.
shows the close up of the oolite; and 3. shows the closer
view of some of the oolites, Slide no. BSIP·5951.

4, 5. Ajacicyathus tandoni sp. nov. of Maithy and Gupta, 1981.
4. Shows general view of thin section containing A. tandoni.

Close observation shows the presence of numerous oolites
in thin section, some of them have been enlarged and
shown in fig. 5, Slide no. BSIP-5950.

6-8. Pteridinium of Mathur & Shanker 1989 and Shanker &
Mathur, 1991. 6. Due to fragmentary nature of ftgure it is
considered non-fossil; 7. considered dubiofossil; 8. shows
characteristics of Pteridinium, viz., primary furrOW, secon
dary furrow and median axis, hence considered true fossil,
Specimen nos. GSI·20283, 20285 and 20286.
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commented that the specimens of Singh and Rai
(1983, pI. 1) resemble thrombolitic fabric. Material
containing simiiar structures from the same horizon
(shown to Brasier & $ingh by P. Kalia) exhibits a
complex fenestral and fissure filling texture.
Debrenne et al. (1990) after restudy of topotype
similar material further comment that 'Critical
examination of the original description shows that
on the weathered surfaces, the authors considered
the light material as a porous skeleton, while on
polished surfaces the dark material is proposed as
the intervallar skeleton. This is inconsistent with our
observations; the light material is highly
recrystallized (calcite and dolomite) while the dark
material is interpreted as detrital filling displaying
cryptalgal fabric, in columnar like structures'. Kumar
(1989) made a thorough search of the horizon in
Mussoorie area but could not locate such specimens.

We also consider that the features of the
specimens are apparently biogenic and may be
compared with thrombolite; and classified under the
category of 'dubiofossil'.

Arcbaeocyatba and Korgatcyatba Tewari 1988

Text-figure 64

Repository-Not mentioned. Tewari, 1988;
Tewari, 1989, pI. 7, fig b.

Tewari (1988, 1989) reported the presence of
Archaeocyatha and Korgaicyatha without any
description in Krol E and neither mentioned the
locality nor repository.

Remarks-The illustrated figure lacks diagnostic
features to justify the assignment, The comments
offered on the specimens figured by Singh and Rai
(1983, 1984) are also applicable here. This record is
also considered as 'dubiofossil'.

CHUARIA, TAWUIA AND ALLIED FORMS

Chuaria, Tawuia and allied forms are found as
carbonaceous compression, impression and
sometimes as mineralised cast. They have invariably
been reponed from 1,000·600 Ma old sediments.
There are many records of Chuaria and Tawuia
from Suket Shale of Rampura, district Mandsaur.
Maithy and Shukla (1984b) have already reviewed
these records. However, here we confine to those
reports published after 1984 or which could not be
incorporated in the earlier review of Maithy and
Shukla (1984b) and those specimens which are
available in the repository ofBirbal Sahni Institute of
Palaeobotany, Lucknow. Chuaria, Tawuia and allied
forms are now considered to be eukaryotic algae,
such forms were anributed earlier to brachiopods
(Fermoria, Protobollela, etc.)

Tasmanttes Newton

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow; Slide no. 2804; Maithy,
1968, pI. 1, fig. 6.

Suket shales from Rampura. have yielded
Tasmanites with other microfossils, viz.,

-+

Text-figure I-Figures 1,10,13,14,34: Ichnofossils (Das el al.. 1987, pI. 1, figs 1·3; pi 2, figs 1·2), Scale is same as in fig. 1 = 2 all.
2. Burrows (Sarkar, 1974, fig. 40), Scale = 1.5 em. 3. Jelly fish (Sisodiya, 1982, fig. 1). Scale =2 em. 4, 5. Ostracoda (Das ela!., 1990;
pI. 1, fig. Ib & 2c), Scale = 100 /..1m. 6. Work track (Misra & Awasthi, 1962, fig. 15), Scale = 5 em. 7,15. Chuaria circularis (Suresh &
Raju, 1983, figs 2.1 & 2.2), Scale = 1,5 mm. 8. Trace fossil (Saxena, 1980, fig. 1), Scale =7 em. 9. Bhanrerichnus damohensis (Mathur
& Verma, 1983, fig. 1), Scale = 2 em. 11. Sonjiwashmam basuhariensis (Mathur, 1982, fig. 2b), Scale =2 em, 12. Muniaichnus
(Kumar, 1978b, pi 2, fig. 1), Scale = 29 em 16. Shell· like form (Prakash, 1966, fig. 1), Scale = 4 all. 17. Asleriradialus karauliensis
(Mathur, 1982, fig. 2A), Scale =2 em, 18. Fusiform structure (Bose, 1977, fig. 1), Scale =4 em. 19. Hyolilhes robitaswei (Rode, 1946,
fig. 1), Scale =4 em. 20. 'Rohlasia landonii' (Maithy, 1990, pI. 1, fig. 7), Scale =5 em. 21, 22, 28. Foraminifera and Porifera.
Archaediscus, Pachypholia (0, Palaeobigenerina (Ahluwalia, 1979, la, 1b, Ie), Scale = 350 /..1m. 23. lehnofossil C') (Shivarudrappa,
1981, pI. 1, fig. 2), Scale = 10 em. 24. Spiral impression, Spiroichnus beerii (Beer, 1919, pI. 30, fig. I; Mathur, 1983, pI. 2, fig. 1),
Scale =0.5 mm. 25. Medusimles (Maithy, 1990, pI. 2, fig. 9), Scale =1 em. 26. Cyclomedusa (Maithy, 1990, pI. 2, fig. 8), Scale = I
em. 27. Trace fossil (Sisodiya & Jain, 1984, pI. 1, fig. I), Scale = 10 em. 29. Dasycladaeeae/Misracyalhus vindbyanus (Misra, 1949,
fig. 2), Scale =600/..101.30. "Uimellibranehs, etc." (Gowda el aI, 1978; pI. 2, figs b, d), Scale = 75 em 31. Paraboultonia forami
nifera (Kumar, 1979, pI. 2, fig. 5). 32. Diplolermina foraminifera (Kumar, 1979. pI. 2, fig. 3) 33, 38a, 38b. Conical structures (Misra
& Awasthi, 1962, fig. 7, 8, 9), Scale = 1 em (for fig. 33 = 2 em). 35. Umblical view of Telralaxis·foraminifera (Kumar, 1979, pI. 2, fig.
4).36. Gourisina foraminifera (Kumar, 1979, pI. 1, fig. 3). 37,44. Dasycladaeeae algae (Rao, 1943, fig. I; Rao, 1949, fig. I), Scale =

0.5 0101. 39. Novella foraminifera (Kumar, 1979, pi 1, fig. 1).40. Nodosaria·foraminifera (Kumar, 1979, pI. 1, fig. 2). 41. Pura·
lanichrus bijawarensis (Mathur & Chattri, 1986, pI. I, fig. 1), Scale = 5 em. 42. Frondoid form (Maithy, 1990. pI. 2, fig. 7), Scale = 4
em. 43. Telralaxis foraminifera (Kumar, 1979, pI. I, fig. 5). 45. Dasyeladaeeae algae (Rao & Mohan, 1954, figs 2·5), Scale =
1,000/..101.46. Lunucanmina per/orala foraminifera (KulaI', 1979, pI. 2, fig, 1) 47. Vendotaenid form (Maithy, 1990, pI. 2, fig. 1),
Scale is same as in fig. 42. 48, 62, 63. Katnia singhi (Conway·Morris, 19R9, fig, 2b; Tandon & Kumar, 1977, fig. 1), Scale is same as in
fig. 48 = 10 0101.49. Sajania (Shukla, 1984, pI. I, fig. 5). 50, 51. l:.pipbylon (Shukla, 19R4, pi I, figs 3, 4), Scale = 3,000 /..1 m. 52, 53,
58, 59-61. Different view of Archaeocyatha (Singh & Rai, 19R4, pI. 1, figs 1·6). Scale = 1 em. 54. Vindbyavasinia misrai (Tandon &
Kumar, 1977, fig. 3), Scale =0 5 mOl. 55. Cbordoicbnlls lalollcbei (Vredenburg, 1908, pI. 34, Mathur, 19R3, pI. 1), scale = 6 em 56,
57. Renalcis (Shukla, 1984, pI. 1. fig. 1 & 2) Scale = 3000 /..1m
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Leiosphaeridia sp., Protoleiosphaeridium sp.,
Retisphaeridium vindhyanensis Maithy and
Gloeocapsamorpha sp. Tasmanites is described as
circular vesicles ranging from 500-1,000 /-Lm in size
having numerous puncta and pores that appear as
shallow depressions (Maithy, 1968).

Remarks-The authors are in agreemem with
Maithy (1968) that the morphological features of
Tasmanites are closely comparable to the
morphological features of macerated specimens of
Chuaria at least in some cases. The biological
affinity of Tasmanites has been discussed in detail
by Wall (1962) who related them £0 Parsinophyceae.
The presem specimen is a 'true macrofossil'
comparable with. Tasmanites/ Chuaria.

CbUDrla Walcott

Text figures 7, 15

Repository-NOl mentioned. Gowda et al. 1979;
Gowda, 1980; Suresh & Godwa, 1981, pI. 1, fig. 2;
Suresh & Sunder Raju, 1983, fig. 2.

Chuaria circularis, Tasmanites kaljoi, ? and
allied forms (acritarchs) have been described from
Gangurthi shales of Bhima Basin from the Gangunhi
locality in Gulbarga District, Kamalaka (Gowda et
aI., 1979; Gowda, 1980, Suresh & Gowda, 1981;
Suresh & Sunder Raju, 1983). Chuaria are discoidal
and elliptical in shape and occur both as
compression and impression. They are also found in
the macerated residue. They are considered as
marine phytoplanklOn of algal origiQ (comparable to
Volvox) (Suresh & Sunder Raju, 1983).

Remarks-We could not examine the described
specimens, still our study of the material from this
area, supports the occurrence of Chuaria from the
Late Proterozoic sediments and confirm the validity
of the identification of Chuaria circularis and
Tasmanites kaljot? They are considered as 'true
macrofossils'.

Tawuta Hofmann

PI. 8, fig. 1

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow; Specimen no. 25277; Maithy
& Shukla, 1984a, pI. 1, fig. 4; Shukla & Sharma, 1990,
pI. 1, fig. 6.

A compression of Tawuia dalensis Hofmann has
been reported from Mandsaur, Suket Shale of Semri
Group in Madhya Pradesh. Il is 0.83 cm in length 0.2
cm in width, rod-like in shape, straight or curved
with smoOlh surface and rounded end (Maithy &
Shukla, 1984a; Shukla & Sharma, 1990).

Remarks-The specimen described by Maithy
and Shukla (1984a, pI. 1, fig. 4) and Shukla and
Sharma (1990, pI. 1, fig. 6) is comparatively much
smaller than the holotype of Tawuia dalensis (1-8.5
mm wide and several cemimeters long). As per
description of Hofmann (1979, in Hofmann &
Aitken, 1979) and Hofmann (1985), the holotype is a
carbonaceous compression or impression of slraight
and curved, roundly terminated, tomaculate
(sausage-shaped) structure. Hence, the form
reported by Maithy and Shukla (1984a) and Shukla
and Sharma (1990) is comparable with Tawuta. It
can not be altfibUled to T. dalensis Hofmann 1979.
The specimen reported by Maithy and Shukla
(1984a) is a 'true macrofossil'.

CbUDrta Walcott and Tawuta Hofman

PI. 3, figs 6, 7

Repository-Bi rba I Sah ni Insti lUte of
Palaeobotany, Lucknow; Specimen no. 36105; Maithy
& Babu, 1988, pI. 1, figs 1-6.

Maithy and Babu (1988) described Tawuia
dalensis as a platyspermic sausage-shaped
carbonised compression on 'grey coloured
limestone' with rounded ends, measuring 5-10 mm
in length and 2.5 mm breadth with smoOlh surface.
The specimens of Chuaria minima were described
as platyspermic carbonised circular £0 oval disc
measuring 2-4 mm on 'black coloured limeslOne'.
According £0 them some specimens have small
cemral area indicating possible opening. Discs have
smoOlh surface and show fine puncta.

-+

PLATE 2

(Scale in all figures, 1 div. = 1 mm)

1. 'Longjengsahnia chopanensis' of Maithy & Babu 1988, nOle
the yellow silty material as grey coloured in photograph',
Specimen no. BSlp· 36111.

2. Side view of the specimen shown in fig. 1 NOie the presence
of thin vener of fibrous calcite on either side of lhe slab
marked with arrow.

3. 'Longjengsahnia chopanensis' of Maithy & Sabll 1988, Holo·
type. Note the weathering feature of the clast, attached on
the bedding plane of a limeStOne, Specimen no. BSlP-36112.

4, 7 'Longjengsahnia stipitata' of Mailhy & Babu 1988. General
view of the slab having specimen. Note the nature of the
intraformarional conglomerate with clast. One such c1asl
shown in fig. 7 is considered as L. sliptala by Maithy & Babu,

Specimen no. BSIP·36110.
5,6. 'Longfengsahnia sllpitala' of Mailhy & Babu 1988, General

view of the slab containing specimen marked with arrow.
Note the intraformational conglomeratic nature of slab with
several clasts on it. One such clast has been enlarged and
shown in fig. 6 and is considered as L. sliplala by Maithy
& Babu, Specimen no. BSlp·36109.
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Remarks-Chuaria and Tawuia present on the
'same grey coloured limestone'. They are aligned in
one direction suggesting possible drift from the
place of growth in the open sea to the tidal zone
along the current direction. These discoid
specimens show wide ranging morphology from
circular, ovoidal to oblong to slender long
specimens. They are impressions and do not show
any trace of carbon on the specimen (carbonaceous
crust present on the surface have been removed for
the study·pers. communication-Maithy, 1992).

Restudy shows presence of 22, long slender
specimens (attributed to Tawuia daiensis Maithy &
Babu 1988) on the rock surface. They measure 4-11
mm in length and 1-2.5 mm in breadth. Maithy and
Babu (1988, pI. I, figs 3-6) reported bulbous
structures, with a fluffy nature and sickle shaped, on
the fossils in a SEM study. These doubtful artifacts
may have been formed during preparation of the
material for study. Close observation of the
specimen under optical microscope reveals the
presence of annulation on some parts of T
daiensis. The fragmentary and incomplete
preservation of annulation on different regions
suggests that they were probably annulated
organisms. The presence of annulation on the body
could indicate movement through peristalsis. On
this basis a metazoan affinity could be attributed for
these specimens. T daiensis sensu Hofmann, 1979 in
all probability is of algal origin and can not be a
metazoan. However, the specimens described by
Maithy and Babu, 1988, pI. 1, figs 1·6 show characters
attributable to metazoa. Thus the specimens under
review cannot be identified as T daiensis. There are
reports of fOSSils of soft bodied animals predating
the Ediacara fauna from the Late Precambrian rocks
of Huai River China Qunyuan, 1988). The specimens
described from China are better preserved and show
several characters in developed stage which are also
noticed on the fossils attributed to T. daiensis by
Maithy and Babu (1988).

The specimens of Tawuia under review are
'true macrofossils' though their taxonomic

assignment need reassessment in the light of above
comments.

Further, Chuaria minima present on the same
rock surface has a wide range of shape, from circular,
ovoid to oblong. They are found as impressions on
the bedding surface. In all, 128 specimens of
Chuaria are present on the limestone slab. Their
diameter varies from 1.5 to 3 mm (x = 2.2; N = 30).
The central opening as reponed by Maithy and Babu
(1988) could not be observed in the specimens. The
size parameter and morphological details suggest
that these specimens are 'true macrofossils'.

FRONDOID FORMS

Pterldtntum

PI. 1, figs 6, 7, 8; PI. 3, fig. 3

Repository-Geological Survey of India,
Calcutta; Specimen nos. 20283, 20285, 20286 and
20287; Mathur & .Shanker, 1989, pI. 1, figs 2, 4, 5, 6;
Shanker & Mathur, 1991, pI. 1, figs 1-4; pI. 2, fig. 4.

Math ur and Shanker (1989) described bilaterally
symmetrical frond like body with median axis giving
rise to primary and secondary furrows from the
upper pan of Krol Formation exposed in the
southern limb of Nainital syncline. On the basis of
fresh collection made from the same locality,
organic nature of the Pteridinium was questioned by
Misra (1990, pp. 114-115), Bhatt and Mathur (1990b,
pp. 115-117) and Azmi and Tewari (1991). According
to these authors the primary and secondary furrows
are either concentrated patterns formed due to
folding on the fold axis, or represent ripple marks.
Shanker & Mathur (1991) redescribed this form and
considered it authentic.

Remarks-Re-examination of the specimens of
Mathur and Shanker (1989) and also fresh collection
available with them shows the presence of
Pteridinium like structure both in the depressed as
well as on the elevated zone of rock surface. Thus,
structures described by Mathur and Shanker (1989)
are not merely compressional features concentrated

---+

PLATE 3

(Scale in figs 1,2 & 3, 1 div. = 1 cm; fig. 4 = 2 cm; fig. 5 =2 mm
and
6 & 7, 1 djv. = 1 mm)

1,4. Frondoid form of Maithy, 1990, which is present on thin
vener of clacite; I. shows general view of slab containing
Frondoid form; and 4. shows the close up of fig. I, Speci·
men no. BSW 36226

2. Frondoid form of Maithy, 1990, which is present on thin
vener of clacite, Specimen no. BSIP· 35959.

3 Pteridinium of Mathur & Shanker, 1989 Note the fragmentary

nature of the specimen of Pleridinium, Specimen no. GSI·
20287.

5. 'Rohlasia landonii' of Maithy, 1990, the specimen is product
of weathering and is present on shale, Specimen no. BSJP·
35960

6, 7. Chuaria and Tawuia of Maithy & Babu, 1988. 6. Shows
general view of the specimen showing rounded Chuaria
and elongated Tawuia; 7 close up of fig. 6, elongated
specimens have annulations, specimen no. BSIP· 36105.
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on fold axis. The fossil has also been interpreted as a
sedimentary structure resembling a ripple mark. A
ripple-marked surface should show a flat surface and
other surface should show crests and depressions
signifying wave action. The specimen observed in
the collection of Mathur and Shanker do not show
this feature and hence possibilities of these
structures being ripple marks can be ruled out. Field
studies carried out by us indicate the presence of
folded/ripple marked structures, along side with the
fossils. In our opinion the sedimentary structures are
distinctly different from the forms identified as
frondoid form by Mathur and Shanker (1989, pI. 1,
fig. 5). Since, nearly all the diagnostic features of
frondoid form, viz., primary furrow, secondary
furrow and median axis are clearly observable in thiS
form it is considered here as a true representative of
metazoan affinity. Late Professor Glaessner (corresp.
to editor Jour. GSI) and Professor Narbonne (pers.
comm. to G. Kumar) have also expressed a similar
view. It is difficult to comment on the specimens
described on pI. 1, figs 2, 4, 6 of Math ur and Shanker,
(1989) due to their fragmentary nature, though, Prof.
Narbonne (pers. comm. to G. Kumar) has opined
that figs 4 and 6 look more similar to Cbarniodiscu.s

Hence, we consider the form described by
Mathur and Shanker (1989, pI. 1, fig. 5) as 'true
fossil' while those in (Mathur & Shanker, 1989, figs
4, 6) may be considered as 'dubiofossil'. The form
described in figure 2 may be considered 'non-fossil'
since it does not show any diagnostic features,
besides apparently similar structures of inorganic
origin are also present in the same locality.

Frondoid forms

PI. 3, figs 1, 2, 4.

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow; Specimen no. 36226,
number for fig_ 7 not mentioned; Maithy, 1990, pI. 2,
figs 6, 7.

Maithy (1990) described frondoid forms havipg
an overall morphology similar to petalonamid form
-Pteridinium from the Rohtas Limestone Formation

of Vindhyan Supergroup. He further expressed an
opinion that these forms may not be related to
coelenterates due to the absence of autozooids and
scyphozooids and he favoured an algal affinity for
these structures. He also compared them with
members of Rhodophyceae and Chlorophyceae
( Caulerpa).

Remarks-The structures described in plate 2,
figure 6 of Maithy (1990) are present on a thin vener
of fibrous secondary calcite spread throughout the
limestone slab and biogenecity of any structure
present on such surfaces is doubtful. The specimen
illustrated by Maithy (1990, pI. 2, fig. 7) is not
available for observation; however, the illustration
shows morphological features similar to those in the
specimen figured on plate 2, figure 6 (Maithy, 1990).
This specimen is from the same locality. It is,
therefore, most likely that this specimen also is
present on similar thin vener of fibrous calcite which
covers the limestone surface_ Hence, we consider
the frondoid remains (Maithy, 1990; pI. 2, figs. 6, 7)
as 'non-fossils'.

HYOLITHIDS

Hyolttbes rolntaswel Rode

Text-figure 19

Repository-Not mentioned; Rode, 1946, fig. 1.
Rode ( 1946) noticed symmetrical, conical

straight shells with numerous striae on the surface of
a slab collected from talus, possibly representing the
top zone of Rohtas Stage (Rohtas Formation, now
referred to as Murli Hill Limestone Formation),
Semri Series (Semri Group) 4_5 km west of
Ramdhera in Rohtas District, Bihar. He considered
them to be Hyolitbes robitaswei.

Remarks-No details of repOSitory are available.
Photographic illustrations are also absent. The line
diagram and description of the fossil are
complimentary. Such a form has neither been
recorded by later workers nor Hyolithids are known
from the Precambrian sediments. Therefore, this
record is ciassed under the category 'dubiofossils'.

-PLATE 4

(Scale in figs 1, 2, 3, 1 div. = 1 cm; 4 & ) = 1 mm & ii, 7 &. 8 ~

5 mm)

1-3. Vendolaenid form of Mailhy, 1990. 1, 2 Snow d'S ,:ms,.
pattern of mineral vein like fc:atUlc pr.c~el:l or, either side "
the rock piece, ve'n marked with arrow ha.s been cono,·
dered as vendotaenid remain; and 3. shows enlarged view d
the vein, Specimen no. BSIP- 35958

4, 5. Sekwia excenlrica of Mallh, & &abu ; %5. 4. Shows 6en,:r~.!

view at weathered limestone bedding plane, haVing ovoidal
clast ThiS clast has been enlarged in fig. 5, it has no dia
gnostiC characters to be assigned to Sekwia excentrica,
Specimen no. BSIP· 36106.

G.'1 Crinoidal holdfast-like Struclure Shukla & Sharma 1990,
Specimen no. BSIP·25222/273.

8. Tyrasolaenia of Shukla & Sharma, 1990 showing flat brown
films on the slab without any reproductive organs, Specimen
110 BSIP-2521l/273.
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LONGFENGSHANIA

Du and Tian (1985) described Longfengshania
as a foliate structure with a stalk-like parastem and
occasional rhizome at the base. The presence of
parastem is a diagnostic feature. It not only supports
the foliate structure and connects it with rhizome,
but also exposes it towards sunlight for
photosynthesis in water. The size of both the
parastem as well as the foliate structure depends on
the ecological realm. Many forms exhibit surface
ornamentation such as marginal rings of variable
Width, ring veins and inner ring veins. Some of them
appear to exhibit 'organic differentiation' similar to
that of higher plants.

Longfengsabnta (Longfengsbanta) sttpttata Maltby &

Babu

PI. 2 figs 4-7

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow; Specimen no. 35919; Maithy
& Babu, 1988,1'1. 2, figs 2, 3; Specimen nos. 36109,
36110; Maithy, 1990, pI. 2, fig. 4.

Maithy and Babu (1988, pl. 2, figs 2, 3)
described 'Longfengsahnia stlpitata' from Ghurma
Shale Formation of Kaimur Group, Vindhyan
Supergroup, as an elongate oval impression
measuring 8-40 mm long and 4-12 mm wide with the
broadest region at 1/3 length from apex; basal end
with stalk like structures which are ± 0.5 mm wide
and ± 2 mm long and rounded distal end with
smooth surface.

Remarks-Longfengsahnia (Longfengshania)
stipitata (Maithy & Babu, 1988, pI. 2, fig. 2) is
present on a fine grained sandstone having clastic
fragments on its upper surface (specimen no. BSIP
36110 instead of BSIP 36109 as mentioned by Maithy
& Babu, 1988) The slab is a part of intraformational
conglomerate, wherein thin/tabular pieces of shale
are embedded in a sandy matrix. Such flat pebble
conglomerates are usually known in the formation
composed of alternating shale and sandstone bands
and the shale pieces attached on the surface may be
a product of subaqueous fragmentation perhaps
"pull aparts" produced by turbidity flow (Pettijohn,
1957, p. 277). Thus, it is quite apparent that the

structure described by Maithy and Babu (1988, pI. 2,
fig. 2) is an inorganic clast. The other similar
specimen having L. stipitata reported and
photodocumented by Maithy and Babu (1988, pI. 2,
fig. 3) is also a fine grained sandstone. The reported
Structure and its counterpart both are depOSited
under the specimen number BSIP·36109 instead
36110 as mentioned in their publication. Both cast
and mould of 'L. stipitata' reported and
photodocumented by Maithy and Babu (1988, pI. 2,
fig. 3) is also a fine grained sandstone. The reported
structure and its counterpart both are deposited
under the specimen number BSIP-36109 instead
36110 as mentioned in their publication. Both cast
and mould of 1. stipitata' are present on a thin vener
of shale. Besides, there are several other fragmentary
clasts present on the surface of the bedding plane.
The structure is an oblong clast rimmed by black
material and is also part of an intraformational
conglomerate. Thus, the specimens described by
Maithy and Babu (1988, pI. 2, figs 2,3) are part of an
intraformational conglomerate and hence the
Structures are 'non-fossils'.

In a subsequent publication Maithy (1990, pI. 2,
fig. 4) has reported a Krishnanid remain (specimen
no BSIP 35919) It is infact the same specimen
which was earlier considered as 'Longfengsahnia
slipitata' (Maithy & Babu, 1988, pI. 2, fig. 2 BSIP
specimen no. 36110). The author has apparently
reassessed the taxonomic status of this structure,
though without referring to his previous report
(Maithy & Babu, 1988). On the specimen no. BSIP
35919 we found Krishnanid remains reported by
Maithy, 1990, in pI. 2, fig. 3 rather than the form
reported by him in the same paper (PI. 2, fig. 4)
Further, the difference in the spelling of the original
holotype Longfengshania to Longfengsahnia in two
successive Pllblications (Maithy & Babu, 1988;
Maithy, 1990) is apparently due to overSight and
therefore these specimens are to be considered
Dyslexotype-a specimen whose name is mis-spelt
on the museum label; in the present case it has also
been published twice.

Longfengsabnta (Longfengsbanta) cbopanensts
Maltby & Babu 1988

PI. 2, figs 1-3

-PLATE 5

(Scale in fig. 2 = 1 em and in Olhers 1 div = 1 em)

L 2. Tasrnanadia dassi of Verma & Prasad, 1968. 1 Shows
general view of lhe specimen having movement (races: and
fig. 2 shows a enlarged but nOI parallel pair of movement
trace of probahle anhropod, Specimen no. GSI·IH3'i7

3. Rouaulila rewanensis of Verma & Prasad, 1968 showing
a drag mark formed by movemel1l of an animal, Specimen

no GSI 18356
4, 5. BoslrichopbylOn bankuiyanensis of Verma & Prasad, 1968.

4. Shows the distribution of ichnofossils. and fig. '; shows
(he details of ichnofossils. Specimen no. GSI- 183'1'1.
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Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow; Specimen nos. 36111,
36112; Maithy & Babu, 1988, pI. 2, figs 4, 5.

The specimens reported by Maithy and Babu
(1988, pI. 2) from Rohtas limestOne Formation of
Semri Group, Vindhyan Supergroup, exhibit pear·
shaped external mould on the limestOne surface.
Nearly fifty specimens (4-50 mm long and 3-30 mm
broad) having rounded apical end and tapering
basal end with circular scar, measuring 2-3 mm in
diameter are present in an area of 6 x 5 cm.
Semicircular thickenings with cross connections
extend from one margin to another on the surface.
The small polygonal or trapezoidal areas gradually
reduce in size from apical to basal end.

Reinarks-The specimen reported by Maithy
and Babu, (1988, pI. 2, fig. 4) is having small
millimetric, pear shaped structures filled with yellow
shall' material noted on one side of a millimeter
thick fibrous calcite vener which is present on either
side of the 7 mm thick limestone specimen. Such
pear·shaped structures are common on the fibrous
calcite found over bedding plane in the limestOne
quarries of Rohtas area (PI. 9, figs 7, 8). The calcite
vener is of secondary origin. Therefore, syngenecity
of these structures, present on secondary surface is
doubtful. Another 35 x 25 mm ovoid structure has
been reported by Mai thy and Babu (1988, pI. 2, fig.
5) as L. chopanensis on grey coloured limestOne.
This structure, made up of weathered calcareous
shale, is impregnated with calcite and has uneven
wrinkled and fractured surface indicating its
incomplete or broken nature. Such ovoidal
structures are commonly formed due to weathering
or solutional activity at limestone and shale contact.
Hence, these specimens reported by Maithy and
Babu (1988, pI. 2, figs 4, 5) are considered as 'non·
fossils'.

MEDUSOID FORMS

Jelly fish

Text-figure 3

Repository-Not mentioned; Sisodiya, 1982, fig.
1.

Sisodiya (1982, fig. 1) reported fossil
impression of Jelly fish from Nimbahera Limestone
Formation of Semri Group, Vindhyan Supergroup
exposed in Mandsaur District, Madhya Pradesh The
described structures are semicircular and rectangular
with maximum diameter of == 12 mm with central
depression representing mouth part.

Remarks-The description prOVided by the
author is insufficient to diagnose the fossil, the
photographs also are not clear for evaluation. It is
thus not possible to assess the biogenicity and
taxonomic status of these forms. Its affinity with jelly
fish is also not valid and is considered here as
'dubiofossil' pending availability of fresh data.

Ramapuraea vtndbyanensts

PI. 10, fig. 3

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow; Specimen no 27341; Maithy
& Shukla, 1984a, pI. 1, figs 1-3; Shukla et al, 1989;
pI. 1, figs 3,4; Shukla & Sharma, 1990, pI. 2, fig. 2;
Maithy, 1990, pI. 1, fig. 6.

Ramapuraea vindhyanensis has been reported
from the Suket Shale, Semri Group, Vindhyan
Supergroup. This specimen is variously described as
carbonised impression of medusoid affinity (Maithy
& Shukla, 1984), Jelly fish comparable 1O

Cyclomedusa Sprigg (Shukla et al., 1989) and
'Chuarid remains' by Maithy (1990). Maithy (1990)
considered them allied to Chuaria and doubted
their coelenterate affinity. However, Shukla and
Sharma (1990) on restudy considered it a medusoid
remain though of older antiquity (Shukla et al,
1991).

Remarks-Re·examination of the specimen
further supports the views of Maithy and Shukla
(1984), Shukla et al (1989, 1991), Shukla and
Sharma (1990). These carbonised impressions on
black shales show a central part-mouth, radiating
structure in the middle part considered as the

-PLATE 6

(Scale in fig. I, 2, 3, 1 div. = 0.5 mm & fig. 5 = 5 mm and figs. 4, 6,
7 & 8 1 div. = I cm)

1,3. Rohlasia landoni Singh & Chandra 1987. I, 2, 3. Show three
differelll specimens of R. landoni nOle their encrustative
nature on shale. These mineralic encrustation have been
considered as medusae cast, Specimen nos. LUTS· 306, 307
and 308.

4, 5. A general view of rock slab (collected from Suket Shale
Member from Mandsaur) having structure similar 10 that of
R landoni, a specimen marked with arrow has been
enlarged in fig. ') which shows mineralic incruslation nature,

Specimen no. BSIP· 36793.
6. Krishnanid forms-Small petiolate structure present on thin

vener of fibrous calcite on limestone, Specimen no. BSIP·

35919
7. Star·shaped radiating structures on a sandstOne slab. These

are typical synaresis cracks from LaTouche's collection avail·
able at GSI, Calculla bearing temporary number K·l/963.

8. Bellanelloides Maithy 1990. The deposited specimen bears
the circular bodies which are algal balls made up of thin
stratiform algai layer. The specimen does not bear any
feature similar to that reported by Maithy, 1990, pI. I,
fig. 4, Specimen no BS!P· 3')956.
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umbrella and an ourer f1ange The compactly packed
globular structure in the cenrral pan of R.
vindhyanensis, which prompted Maithy (1990) to
consider it as a cySt, is a preservational feature
formed due to uneven surface of shale. We do not
agree with Maithy (1990) in grouping forms of
different affinities such as Rohtasia 'tandonii',
Ramapuraea vindhyanensis and Chuaria in a single
basket of 'chuarid remains' of planktonic origin. R
vindhyanensis is considered 'rrlle fossils' of
medusoid like form which formed pan of the vast
and varied planktonic biOta in Pre-Ediacaran sea.

Robtasta tandont

PI. 3, fig. 5; PI. 6, figs 1-5

Repository-Geology Department, Lucknow
University, Lucknow; Specimen nos. LUTS-306, 307
309; Singh & Chandra, 1987, pI. 1, figs 1-6. Birbal
Sahni Institute of Palaeobotany, Lucknow; SpeCimen
no. 35960; Maithy, 1990, pI. 1, fig. 7.

Singh and Chandra (1987) described Rohtasia
tandoni from Rohtas Limestone Formation of Murii
Pahar, as cast of medusoid which are nearly f1at,
small, circular in shape, thin and white in colour.
Maithy (1990) doubted their medUSOid affinity 'due
to the smail size and absence of recognisable feature
of coelenterates and grouped them under 'Chuarid
remains', considering them allied to Chuan·a. Maithy
(1990, pI. I, fig. 7, specimen no. BSIP 35960) also
recorded R. 'tandonii' from the same locality and
horizon.

Remarks-The specimens described by Singh
and Chandra (1987) are of extremely small size
(0.52-1.26 mm) and are present on black coloured
shale as a paper thin mineralic encrustation. They do
not ieave any mark when detached from the surface,
thus, negating that they are casts. The black-shale
contain high percentage of carbonaceous matter and
sulphides alongwith trace elements, viz., Vanadium,
Nickel, Copper, etc. (see analysis of a sample of
black calcareous shale from Murli Pahar, Table 2, 3).
The structures reported by Singh and Chandra (1987,
pI. 1, figs 1-6) are the result of oxidation of

Table 2 - Trace Element Analysis of Mudl Pahar calcareous
shale haVing similar structure

Element Concemration Elemem Concemration
''--- I(PPM (Jl g/ ml) ] [(PPM (/lg/ml)]

Sc 1145 Co 840
7:n 142.01 Sr 6799
Nb 1092 l<l 703
Nd 4 59 Gd 108
Ho o 17 Yb 133
Ta 074 Ni 3357
V 102.04 y 1161
Ga 1769 Ce 1203
In - 10 014
Sm 0.99 Lu 0.14
Er 0.72 Cu
Cr 11090 Zr 10757
Rb 23117 PI' 1. 21
Ba 216.50 Dy 121
Eu 011 Hf 2.26
Tm 017
(ICP·MSanalysis by v. Balram, NGRI, Hyderabad.

sulphides present in the sediment producing a
swelling and diSintegrating of the rock on exposure.
In such cases a white eff10rescence of melanterite or
iron sulphate is left as a product covering the surface
(see Pettijohn, 19'57, p. 363). EDAX analysis of
similar specimens collected from Suket shales
indicates that the specimens are made up of high
amount of Barium and Sulphur (see, Table 4). The
reponed effervescence produced on rreatment of the
cast with HCl (see Singh & Chandra, 1987) may be
due to minute amount of calcareous matter present.
The specimens described by Singh and Chandra
(1987) are 'non-fossil'.

Maithy (1990, pI. 1, fig. 7) also recorded R.
'tandonii' from the same locality and horizon. Re
examination reveals clear circular markings on the
bedding plane. No top and bottom of the specimen
is mentioned, hence it is difficult to determine
whether it is a cast or mould. Many similar features
were observed by us, in the same locality which are
present both on the top and bottom of the bedding
surface as well as on the fractured planes. Their
occurrence on the fractured surfaces indicate its

----+

PLATE 7

(Scale in figs 1 5. 1 dil'. ~ 1 mm and scale in fig. 6 is :;allle for 6, 7,

8=2 mm)

1·3. Sekwi~ excenlrica Maithy el ai. 1986. l. Shows general
distribution of specimens on the "ener of calcite on Lime·
SlOne; 2. shows those srecimens which were considered by
Maithy el at. as S. excel'llrica; and 3. shows the side vie""
of the same specimen exhibiting the rresence of fibrous
clacite un either side of the slah. Specimen no. BSIP· 358')7

4,5. ,)ek/l'iCi exceilirica Maith,' & Babu 19HH. ~. Shuw~ general

view of the limestone riece hal'ing oblong nodular strucwre
which do not hal'e any striation or excentric grOlwe lX

wrinkles on the margin to assign it to Seku'iCi exCel1fricCi.

Speci men no. BS1p· 36108
6·8 MisraeCi. a new budy fossil described b)' Ivtaithy & Babu.

1986. Note that the characters described by Maithy and Babu
like inwardlv curved body margin with an inner concal'e
hollow depression are not observable. Specimen nos I1SIP·
35820, 35821 and 35823
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60 l~

Meduslnltes sp. d. M. asteroldes Sprigg

--

6.00

Al 1 53 "I.
Si 1.31 %
S 17.55"1.
C. 0.10"1.
B. 78 .• 5 %

EOAX ANALYSIS

6004.00

SKce

zooa

Table 4-Graph shows the Edax analysis of the structure
similar to Robtasia tandoni Singh & Chandra 1987 from
shales. h shows the high percenlage of Barium and sulphur
which represenl the evaporile of Barium

probably created a doubt about the biogenicity of
the fossil (see Azmi & Tewari, 1991). Re
examination supports their biogenic origin but due
to the absence of diagnostic characters it is not
possible to assign the fossil with certainty to
Tirasiana. The metazoan assemblage including
Tirasiana from the upper part of Krol Formation is
mostly biogenic. More finds are needed to support
their correlation with 'Ediacaran' assemblage. The
structure reported as Tirasiana are considered 'true
fossil' .

PI. 9, fig. 1

Repository-Geological Survey of India,
Calcutta; Specimen no. 20310; Mathur & Shanker,
1990, pI. 1, fig. 3.

It is a lone specimen recorded by Mathur and
Shanker (1990) as an impression preserved along
the bedding plane. It is subcircular, with convex
hyporelief, composed of smooth central disc which
is separated from the broad, smooth outer ring by a
subcircular groove; the disc is half the diameter of
the whole structure, outer diameter of specimen is 8
mm and the disc diameter 4 mm, relief nearly 1 mm;
outer ring shows faintly preserved radial grooves.

Repository-Geological Survey of India,
Calcutta; Specimen nos. 20308, 20309; Mathur &
Shanker, 1990, pI. 1, figs 1, 2.

Mathur and Shanker (1990) described two
specimens of Tirasiana as impressions along the
bedding plane. One of them is preserved as concave
epirelief and the other as convex hyporelief with a
diameter of 7-9 mm and relief of 1-1.5 mm which
have tripartite organisation. Small central tubercle
and circular groove separate th.€ inner narrow disc
from the broader outer one which sometimes has
indistinct radial markings.

Remarks-Azmi and Tiwari 0991, p. 5) believe
that these structures may be biogenic in nature
though they did not find typical characteristic
features of Tirasiana in specimens described by
Mathur and Shanker (1990). They found these
structures more comparable with Protoniobia Sprigg
which was later considered as concretion by Cloud
(1968). Poor photOdocumentation of Tirasiana
(Mathur & Shanker, 1990, pI. 1, figs 1, 2) has

PI. 9, figs 2, 4

secondary origin. Such feature are commonly formed
in shales due to weathering and hence the object
described as Rohtasia 'tandonii' by Maithy (1990) is
a 'non-fossil'.

Table 3-Chemical composition of the calcareous shale of
Mudi Pahar (XRF data) (in per cent)

SiO, - 6295
TiO, - 059
AhO] - 1490
Fe,Ol - 4.72
CaO 445
MgO 6.28
Na,O - BDL
K,O - 5.05
MnO - 0.024
P,O, 0.12
BDL-Below Detection Lable.
An31ysed by P. K. Govil, NGRI, Hyderabad.

Tlraslana sp.

PLATE 8

(Scale in all the figures 1 div. = 1 mm, excepl 3 & 4 which are
= 200 I'm)

1. Tawuta dalensis Maithy & Shukla 1984. Note the smaller
size of the specimen, Specimen no. BSIP-25277.

2. Sekwia exeentriea of Maithy & Babu, 1988, pI. 1, fig. 8-nOte
the oblong structure on the weathered limestone surface;
also note the absence of diagnostic characters of S. exeen·
(rica, ~pecimen no. BSIP·36107

3.4. AI/a/heea of Maithy & Shukla, 1984. Note rounded nature and

smaller size of the grains, Slide no. BSIP-8001.
5,7. Trace fossil 'A' & 'B' of Maithy & Babu. 1988 & Vendotaenid

remains of Maithy, 1990; note the branching pattern, angle
of bifurcation and size making them a closer candidate of
Manehuriophyeus Endo which was later considered as
shrinkage cracks. 5 Considered as vendotaenid remain
by Maithy, 1990, Specimen no BSIP- 36] 13.

6,8. Annelid traces of Maithy el al., 1986, nOte the cris-cross
branching pattern typical of Sun crack, Specimen no. BSlp·

35858
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Text-figure 64-!\orgaiGycIIIJa (Tewari, 19H9, [11. 7, fig. b), Scale
h n()l gi"",n in original [ext.

Remarks-Azmi and Tewari (1991) assessed the
specimens on the basis of published photograph and
opined that the specimen does not reveal
annual furrow or groove separating the central disc.
They also felt that in the absence of radial furrows
on the O'Jter ring and concentric markings on the
central disc which are characteristic features of M.
asteroides, this fossil is of doubtful origin.

Re-examination of the specimen allows us to
consider that the figured specimen no. GSI 20310 is
a 'true fossil' of metazoan affinity. Taxonomic
reassessment is needed.

Beltanella sp. d. B. gUesi Sprigg.

PI. 9, fig. 3

Repository-Geological Survey of India,
Calcutta; Specimen no. 20311; Mathur & Shanker,
1990, pI. 1, fig. 4.

Mathur and Shanker (1990) reported Beltanella
sp. as an impression, preserved along the bedding
plane. It is a smooth disc with a narrow rim, 16 mm
in diameter and 1.5 mm in relief and surrounded by
a flange about 7 mm in width preserved in convex
hyporelief. The record is from the upper part of Krol
Formation in Nainital. Azmi and Tewari (1990) have
doubted the identification of Beltanella and opined
that neither it compares with the forms from South
Australia, nor Wernecke Mountain, Canada
(Narbonne & Hofmann, 1987). They felt that
relatively small size with a central disc of about 16
mm dia~eter and absence of 'outer flange'
precludes its assignment to Beltanella sprigg.

Remarks-We agree with the observations of
Mathur and Shanker (1990). The biogenic nature of
the genus Beltanella is still under debate. This form
is considered as 'dubiofossil'.

Cyclomedusa davtdt Sprigg

Medustnttes Glaessner &: Wade

Text·figures 25, 26

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Specimen nos, 10256,
10258; Maithy, 1990, pI. 2, figs 8, 9.

Maithy (1990) recorded the presence of
Cyclomedusa davidi (Maithy, 1990, pI. 2, fig. 8) and
Medusinites Glaessner & Wade (Maithy, 1990, pI. 2,
fig. 9) from Dholpur shales of Bhander Group. He
did not prOVide detailed descriptions.

Remarks-Attempts failed to locate the
specimens (nos, 10256, 10258) in the BSIP
repository. On the suggestion of the author (Dr P. K.
Maithy) specimen numbers 36388 to 36393 of the
same locality were examined to locate the figured
specimens, but again failed. However, similar
structures which we consider as product of
weathering are present on the rock surface of these
specimens. Hence, this record is considered as 'non
fossil '.

METAPHYTIC REMAINS

Non mineralised, megascopic, ribbon-like
fossils attributed to Vendotaenids, dasycladaceous
algae, Renalcis, Epiphyton and Sajania are discussed.
Vendotaenids are non·mineralized organic,
shapeless brown films occurring profusely in the
Vendian. There are few records from older
sediments. Microscopic study of ve'ndotaenid
fragments separated through maceration has proved
useful in ascertaining its biogenicity. Vendotaenids
can be divided into twO subgroups (i) ribbon-like
forms occasionally bifurcating, Viz., Vendotaenia,
Dvinia, Anataenia, Tyrasotaenia; and (ii) cord-like
intensely branching form Eoholynia Gnilovaskaya
1979. Vendotaenia is one of the oldest metaphytes
with a thalloid structure. Gnilovaskaya (in Sokolov &
Iwanowski, 1990) considers a phaeophycean affinity
on the basis of general habit and nature of
sporangia. Various morphological features have been
described under Vendotaenid/metaphytic remains
but most of these forms have been described on the
surface observations only. The multicellular nature
of forms reported from India, however, has mostly
not been confirmed through maceration. Shukla et
at. (1989) and Shukla and Sharma (1990) initiated
the study of forms by isolation through maceration
techniques.

Krolotaenia gn#ovasRayt Tewari

Text·figure 65
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Text-figure 6S-Krololaenia (Tewari, 19R9, pI. 4, figs a, d,
Scale is not given in original text.

Repository-Not mentioned. Tewari, 1988;
Tewari, 1989, pI. 4, fig. a, c.

Tewari (1988, 1989) mentioned the presence of
Krolotaenia gnilovaskayi and Vendotaenia in the
Lower Krol sediments and did not provide a
descri ption.

Remarks-An evaluation of ill ustrations
provided by the author indicates similarity of these
fossils with roots of extant grass preserved in the
forms of impression on the bedding plane. Such
impressions may form on the parting surface of
shales when the grass roots penetrate into the rocks
(see Frey & Pemberton, 1985; Boyd, 1975). The
author has also not used the technique of
maceration to prove the biogenicity of these forms.
Hence, the reported specimen of Krolotaenia
gnilovaskayiv from the Lower Krol is considered as
'non-fossil'.

Vendotaenid remains/forms

PI. 4, figs 1-3; PI. 8, fig. 5

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow-Specimen nos. 35959,
35961; Maithy, 1990, pI. 2, figs 1,2. Maithy, 1990, pI.
1, fig. 8; Specimen no. not known.

Maithy (1990) reported the presence of
Vendotaenid remains (in pI. 1, fig. 8) from Ghurma
Shale Formation of Kaimur Group and Rohtas
Limestone of Semri Group, Vindhyan Supergroup
without providing a description. The other 'forms'
reported by Maithy (1990, in pI. 2, figs 1, 2) have
been briefly described as narrow, linear structures
preserved compactly parallel to one another, 30 mm
in length and 3 mm in width with rounded ends and
fine transverse thicken ings.

Remarks-The Vendotaenid remain (Maithy,
1990; pI. 2, fig. 7) was earlier conSidered a trace
fossil by Maithy and Babu (1988, pI. 2, fig. 7).
Specimen number has not been prOVided for the
fossil described in both the papers (Maithy & Babu,
1988, pI. 2, fig. 7; Maithy, 1990, pI. 1, fig. 8)
However, the fossil is available on specimen no.
36113 in the BSIP repositolY· The specimen which i5
a 3 cm thick fine grained sandstOne has wavy
structures on the top of the bedding surface shOWing
irregular or radiating pattern sometime cross cutting
each other. This feature is comparable to the
subaqueous shrinkage cracks or synaresis cracks, a
common feature in mud layers interbedded wito
sandstone (Collinson & Thompson, 1982; Hofmann,
1971). These structures reported by Maithy and Babu
(1988, pI. 2, fig. 7) as trace fossil and later by Maithy
(1990, pI. 1, fig. 8) as Vendotaen id remain are infact
synaresis cracks. .

The Vendotaenid form reported by Maithy,
(1990, pI. 2, fig. 1, specimen no. 35959) is recorded
in the BSIP Museum as Katania singhi. The
specimen is a thin recrystallised limestone haVing a
thin vener of fibrous calcite with typical transverse
markings which have been considered as septa of
Vendotaenia. These features are not the primary
features as considered by Maithy (1990) but are the
ones developed over the secondary calcite. The third
fossil described as Vendotaenid form (Maithy, 1990,
pI. 2, fig. 2) is now located on specimen no 35958
and does not stand on specimen no. 35961 as
indicated by Maithy (1990). While the specimen
located by us is from the Lower Kaimur SandstOne of
Dabua as per records of the repositOry, the author
reports this fossil from comparatively older
sediments of Rohtas Formation of Murli Pahar. It is
present on a small piece of a weathered silt stone
and shows mineral veins with iron oxide staining
which form cris-cross patterns. The vein·like feature
has been considered as Vendotaenia by Maithy
(1990) Being the 'Type specimen', it is not possible
to break the specimen to test for mineral type. These
veins may be made up of any of the known
sesquioxides of iron and alumina, viz., limonite,
goethite, hematite/magnetite. Goethite is commonly
found as reniform, botryoidal or other colloform
masses with an internal concentric or radial (or
both) fibrous structure. Sometime the external forms
of goethite suggest an original gel state (see
Pettijohn, 1957, p. 138). The fossil under discussion
appears to be a product of recrystallisation of an
oxide. The divisions in the vein occurring uniformly
which were considered as septa, are tensional cracks
during crystallisation. Further, we have no
knowledge or record of Vendotaenia of such large
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Text-figure 66-lchnojossil (Mukherjee el ai, 1987, figs. t, 2),
Scale = 14 em. (Scale is same for figs 49,50,51,56 & 57 as in
fig. 50) (Scale is same for figs 31,32,35,36,39,40,43,46 as
in 21, 22, 28).

dimension (30 x 3 mm). We consider these reports
of Vendotaenid remains (Maithy, 1990, pI. 1, fig. 8;
pI. 2, figs 1, 2) as 'non-fossil'.

Tyrasotaenla

PI. 4, fig. 8

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Specimen no 25211/273;
Shukla et al., 1989, pI. 1, figs 5,6; Shukla et aI., 1990,
pI. 2, fig. 1.

Shukla et al. (1989) and Shukla and Sharma
(1990) reported Tyrasotaenia as brown flattened
carbonaceous film on buff coloured Suket Shale of
Semri Group.

Remarks-Re-examination of specimen no. BSIP
25211/273 further supportS the authors' observations
(Shukla et aI., 1989,1991). Maceration of associated
samples yielded multicellular carbonaceous films
which lack reproductive organs. It was not possible
to macerate the type specimen recorded by the
authors however, other similar specimens on
maceration yielded organic films. These
macroscopic films are considered 'true fossil' of
Tyrasotaenia.

1. Dasycladaceae

Text-figures 37, 44

Repository-Not mentioned. Rao, 1943, fig. 1.
Rao (1943) reported a tha 11 us of dasycladaceous

algae having a central cavity with number of dark
circular bodies arranged regularly along the
periphery from the limestone of Cuddapah
Formation.

Remarks-The photograph of the fossil
published by Rao (1943, fig. 1) appears to be
catagraphs or oncolites which are also known in the
Upper Cuddapah (see Mandai et aI., 1983; pI. 1, figs
15, 16). These forms reported as multicellular
dasycladaceous algae may be considered
'd ubiofossil'.

2. Dasycladaceae

Text·figure 45

Repository-Not mentioned. Rao & Mohan,
1954, figs 2-5

Rao and Mohan (1954) described a
dasycladaceous algae from Dogra slates, Baramula.
The fragmentary remains are considered as thallus
and sporangia.

Remarks-Repository details are not provided.
The illustrations are of poor quality. Hence, a proper
assessment of these forms is not feasible. It is
recommended that more material from the locality
should be studied. For the purpose of present
review it is kept under 'no comment' category.

1. Eplpbyton Bornemann

Repository-Geology Department, Lucknow
University, Lucknow, Specimen/Slide no. not known;
Singh & Rai, 1983, pI. 2, figs 8-11, 13.

Singh and Rai (1983) reported the presence of
Epiphyton from the upper part of Krol Formation in
Mussoorie Hills.

Remarks-Evaluation of the illustrations of
Archaeocyatha, Renalcis and Epiphyton indicates that
they appear to be part of the same biotope which
forms microstromatolite. Since detailed description
is not available and photographs do not show all the
characteristic features, these forms are considered
here as 'dubiofossil'.

2. Epblpbyton Borneman

Text-figures ~O, 51

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Slide nos. 8546, 8547;
Shukla, 1984, pI. 1, figs 3, 4.

Sh ukla (1984) recorded calcareous algae
Epiphyton from Calc-Zone of Pithoragarh. These are
solid rod-like features, repeatedly branching at 25 0



60 0 arranged in radial manner, length of individual
rods 180-300 ,urn, breadth 3-5 ,urn at base and 6-10
,urn at the point of branching and composed of black
opaque microcrystalline calcite.
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Remarks-johnson (1966) has summarised the
characteristics of 66 species. The fossil described by
Shukla (1984) does not compare with anyone of
them besides the specimens under discussion did
not exhibit a regular pattern of division in branching
therefore it is concluded that the forms reported by
Shukla (1984) are mineralic crystallite and hence are
'non-fossil'.

1. Renalcts Vologdin

Text-figures 56, 57

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Slide nos. 8544, 8545;
Shukla, 1984, pI. 1, figs 1, 2.

Shukla (1984) described circular to subcircular
oval or even irregular calcified grey- black to brown
coloured structures under Renalcis from the Calc
Zone of Pithoragarh. These hollow structure range
from 300-400 ,um in size.

Remarks-Vologdin (1932, in Sokolov &
Iwanowski, 1990) described this alga as microscopic,
shapeless calcareous colonies. They occur as more
or less globular or elongated calcified sheaths
covering either the entire colony or only the
peripheral portion. The central portion of the inner
hollow is diverse and filled with light calcite.
Renalcis reported from the Calc-Zone of Pithoragarh,
though morphologically similar to the ones
summarised by Johnson (1966), is smaller to any
known species of Renalcis. The specimen reponed
from Calc-Zone of Pithoragarh is a 'true fossil' of
Renalcis sp.

2. Renalcts Vologdin

Repository-Geology Department, Lucknow
University, Lucknow, Slide no. not known; Singh &
Raj, 1983, pI. 2, fig. 13.

Singh and Rai (1983) reported the presence of
Renalcis from the upper pan of the Krol E of
Mussoorie Hills. It is characterised by irregular
thallus, consisting of calcareous shell and an inner
cavity, thickness of the shell is highly variable.

Remarks-Detailed deSCriptions are not
provided by the authors. Evaluation of the
illustrations indicates that RenalCis recorded and
illustrated here is a pan of a large calcareous algal
biotope (see comments under Archaeocyatha &
Epiphyton, p. 3, 12. Similar views have also been
expressed by Brasier and Singh (1987). They are
considered 'dubiofossil'.

Gansser (1974) also reported calcareous algae
Renalcis and Oleckmia in the Krol B unit of Nainital
hills without any description and photograph. So far
it has not been photodocumented from Krol B unit
of Nainital. They are placed under 'dubiofossil'

pending proof of the reproducibility and detailed
description.

Sajanta Vologdln

Text- figure 49

Reposi tory-B i rba I Sa h nil nst i tu t e of
Palaeobotany, Lucknow, Slide no. 8548; Shukla,
1984, pI. 1, fig. 5.

Shukla (1984 )reported ribbon-shaped structures
from Calc-Zone of Pithoragarh which was 10-100 ,um
thick and branched irregularly. They are composed
of opaque microcrystalline clacite.

Remarks-Re-evaluation is based on
characteristics of Sajania given by Vologdin (1962,
in Johnson, 1966). The genus is diagnosed as
'Thallus filamentous, irregularly branched.
Composed of a single calcified thread which
branches. Branches sometime alternate on one side
than the other, but are commonly irregularly
arranged. Some second order branches. Thickness of
threads 100 ,um or less". Comparison of thickness of
thread and branching pattern show only panial
similarity in diagnostic characters. Therefore we
place this record under 'dubiofossil'.

SEKWIA EXCENTRICA

1. Sekwia excentrlca Hofmann

PI. 7, figs 1-3

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Specimen no. 35857; Maithy
et at., 1986, fig. 1; Maithy, 1990; pI. 1, figs 4, 5.

Maithy et at. (1986) described Sekwia
excentrica from Rohtas Formation. No reasoning is
put forward to assign the fossil to Sekwia. The repon
also does not mention the repository and specimen
number. In a subsequent paper a specimen with
almost similar features has been described (Maithy,
1990, pI. 1, figs 4, 5) as Sekwia excentrica, grouped
in the category of 'Chuarid remains' and compared
with encystment structures of Nucellosphaeridiunz
Timofeev. This specimen (Maithy, 1990, pI. 1, fig. 4)
bears the repOSitory no. BSIP 35857.

Remarks-The grey coloured limestone sample
bearing the fossils has circular markings on its one
surface, which has been considered as Sekwia
excentrica by Maithy et at. (1986, fig. 1) and Maithy
(1990, pI. 1, fig. 4). These structures are present on a
thin vener of fibrous calcite, which is secondary in
origin and therefore any feature on it can not be
considered syngenetiC to the rock. We, however,
could not observe any globular structures in the
centre as mentioned by Maithy (1990, pI. 1, fig. 5, p.
24) to consider the fossil as an encystment structure
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or Nucellosphaeridium. These records (Maithy et at.,
1986, fig. 1; Maithy, 1990, pI. 1, fig. 4, are considered
'non·fossil'.

2. Sek.wta excentrlca Hofmann

PI. 4, figs 4, 5; PI. 7, figs 4, 5; PI. 8, fig. 2

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Specimen nos. 36106,
36107, 36108; Maithy & Babu, pI. 1, figs 7,8; pI. 2,
fig. 1.

Maithy and Babu (1988) reported circular to
subcircular impressions of S. excentrica on a
bedding plane of Rohtas limestOne Formation. They
are 10-35 mm in diameter with distinct groove on
margin and a small central. area, on raised central
portion without any radial striations.

Remarks-The diagnostic features of Sekwia
excentrica are millimetric to centimetric sized
discoidal impressions with annular groove and
strongly eccentric coarse wrinkles whose centre of
curvature lies near or beyond the margin of
impressions (see Hofmann, 1981). The form
described by Maithy and Babu (1988, pI. 1, fig. 7;
specimen no. 36106) as Sekwia excentrica is a
limestOne clast which has assumed an ovoidal shape
on the weathered bedding plane. This ovoidal
structure is 11 mm in diameter and lacks marginal
groove and radial!cresentric striations. Thus, it does
not have any diagnostic characters to be assigned to
S. excentrica. The other fossil also attributed to S.
excentrica by Mai thy and Babu' (1988, pI. 1, fig. 8;
specimen no. 36107) is an oblong structure on the
weathered and rippled surface which is depressed in
the limestone matrix. This structure appears to be a
compressed concretion which is covered on the
margin by projected host rock, radial striations and
eccentric wrinkles are also not present. Hence, it
would not be proper to assign the structure to
Sekwia excentrica. Another oblong nodular structure
of 5 mm size has also been described by Maithy and
Babu (1988, pI. 2, fig. 1, specimen no. 36108) as S.
excentrica. It is set in a matrix of limestOne and not
on the bedding plane as reported by Maithy and
Babu (1988). The striations described by them are
apparently the fractured surface of the limestOne.
Absence of diagnostic characters such as marginal
groove, eccentric coarse wrinkles, etc. do not permit
assignment of this form to Sekwia excentrica.

Hence, the specimens described by Maithy and
Babu (1988, pI. 1, figs 7,8; pI. 2, fig. 1) as Sekwia
excentrica are 'non·fossil'.

SHELL-LIKE FORMS

Umelllbranchs etc.

Text·figure 30

RepOSitory-Not mentioned. Iyengar, 1905;
Gowda et at. 1978, pI. 1, figs A·D; pI. 2, figs a·d

Iyengar (1905) and Gowda ef aL. (1978)
reported numerous globular, oval and elongated
forms from the rocks of Guddadarangavanahalli
Formation (G. R. Formation), Dharwar Supergroup
in Karnataka, which have an outer shell quite distinct
from the inner one.

Remarks-These specimens could not be reo
examined. The description and illustration tOo, are
not conVincing to assign biotic affinity. It is highly
improbable that Lamellibranchs had appeared at a
time when even shell forming tendency had not
evolved. They are therefore considered here 'non·
fossir.

Shell-like forms

Text·figure 16

RepositolJl-Not mentioned Prakash, 1966, fig.
1.

Prakash (1966) reported a shell-like form from
shaly limestone bed within the Kajrahat limestOne of
Semri Group, north of Kajrahat Village. It is reported
that the form has the appearance of a broken cast of
a brachiopod shell. The convex side is placed
towards the tOp of the bedding plane. Broken
concentric fragments of stromatOlites occur on the
same plain. The chemical test of carbonate rock of
the area gives positive signature for phosphatiC
material.

Remarks-In the absence of repositOry details
the fossil could not be re·examined. The quality of
illustration does not permit further evaluation. It is
generally believed that mineralic shells of calcitic or
phosphatic nature appeared only in Tommotian with
a few exception in Vendian sediments. It is possible
that the shell·like structure described by Prakash
(1966) are crumpled and mud curled algal mats
deposited along with fragments ·of stromatolites.
Though possibly biogenic, these structures are not
brachiopods and thus considered here 'dubiofossil'

Foraminifera ? or Porifera ? or Obrucbevella

Text-figures 21, 22, 28

Repository-Author's collection, Ahluwalia,
1979, fig. la·c; Ahluwalia 1985; Ahluwalia &
Bhargava, 1989.

Some biogenic structures comparable to
Archaediscus, Palaeobigenerina and indeterminate
form (? Pachyphloia) have been reported from
cherts of Durmala, about five kilometers from
Masrana situated on the Mussoorie·Tehri Road by
Ahluwalia (1979, 1985) and Ahluwalia and Bhargava
(1989). Comments of Dr Reitlinger, Prof. Conil and
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Dr Vachard have been appended in the paper
(Ahluwalia, 1979) to suppOrt the identifications and
suggesting the age of foraminifera bearing beds to
Carboniferous· Permian (?). However, the same
author (Ahluwalia, 1985, 1989) later reassessed them
as algal forms comparable w Obruchevella and
suggested Vendian-Tommotian age for these beds.

Remarks-Our study of a single slide, made
available to us by Dr Ahluwalia, confirms his laner
view that the forms are Obruchevella. The difference
in their shape is only due to their being sectioned
along different planes. Hence, we consider these
forms as 'true fossil' of Obruchevella.

Foraminifera and Gastropoda

Text-figures 31, 32, 35, 36, 39, 40, 43, 46

Repository-Author's collection. Kumar, 1979,
pI. 1, figs 1·4; pI. 2, fig. 5.

Kumar (1979) reported the presence of
foraminifera and gastropoda from the oolitic band of
Krol 0 stage of the type area of Krol Formation, Krol
Hill near Solan, in Himachal Pradesh. The
foraminifera reported include Novella sp., Nodosan'a
sp., Gourisina (?) sp., Lunucammina perforata
(large), Lunucammina orientalis, Tetrataxis sp.,
Paraboultonia sp. and Dlplotremina sp.

Remarks-Singh (1981, p. 154) in his review
considered these specimens to be only coated
grains, Zhang et al. (1983) illustrated and explained
the, mechanism of formation of coated grains of
sparry carbonate nucleus showing patchy
recrystallisation subjected to varying degrees of
diagenesis. The specimens attributed to foraminifera
and gastropods by Kumar (1979) agree with the
illustrations given by Zhang et al. (1983). Hence,
they are conSidered 'non·fossil'.

1. Small shelly fauna

Repository-Not mentioned; Singh & Shukla,
1981. Not mentioned; Azmi & Pancholi, 1983.
Geological Survey of India, Calcutta; Specimen nos.
20076-20122; Bhatt et aI., 1985, pI. 1, figs 1·17; pI. 2,
figs 1-16; pI. 3, figs 1-14. Brasier & Singh, 1987.
Kumar et al., 1987.

There are a number of records of small shelly
fossils from Chert-Phosphorite Member of Tal
Formation reported from different localities of the
Garhwal Syncline. Singh and Shukla (1981), Azmi
and Pancholi (1983), Bhatt et al. (1985), Brasier and
Singh (1987) and Kumar et al (1987) reponed
Maldeotia bandalica, Protohertzina anabarica,
Conotheca sp., Ovalitheca cf. multisulcatus sp.,
Barbitositheca ansata, Hexangulaconularia d.
formosa, CQleoloides aff. typicalis, Hyolithellus aff.

insolatus, H. cf. insiticus, H. valdimi1'ovae, Spirellus
shankari, Olivooides trisulcatus, Protohertzina
scic iform is, Protohertzina ungultjormis, Hyolithes
stylus, Circotbeca aff. obessa, Circotbeca dabaiensis,
Turcytheca aff. praenguis, Anabarites sp.,
Coleoloides sp., Allatheca concinna, Circotbeca
longiconica, Circotheca sp., Turcutbeca sp., indet
aff. T. annae, Turcutbeca lubrica, Turcutbeca
maldeotaensis, Protobertzina sp., indet aff. P.
robusta, Gaulondina, Tikritbeca sp., Maikbanella
sp., Olivooides sp., Coleoloides sp., Spirellus? sp.,
Lapworthella, etc. On the basis of this assemblage a
Tommolian w Ordovician age has been suggested.

Remarks-The repon of the small shelly fauna
from Chert Member of the Tal Formation is very
significanL The findings have been validated
(Brasier & Singh, 1987). However, cenain taxonomic
reassignmems have been suggested (see Cowie &
Brasier, 1989, p. 52). We consider these ·fossils as
'true fossil'.

2. Small Shelly fauna

Repository-Geological Survey of India,
Calcutta, Specimen no. not known; Oas et aI., 1987,

'pl. 1, figs 1·11; pI. 2, figs 1-6.
An assemblage of shelly fauna consisting of

Olovooides sp., Hertzina? sp., Lapwortbella? sp.,
Cambrotubulus. sp., Colo 010 ides? sp., specimens
assigned w gen. et sp. indet 1, gen. et sp. indet 2,
gen. et sp. indet 3 are recorded from the basal part
of the Upper Krol dolomites near Baldiyakhan and
Hanumangarhi on the ]eolikote-Nainital Road
section (Oas et al, 1987). Shelly microfauna are
claimed w be present in a large number but the
authors identification are only provisional.

Remarks-The fossils illustrated by Oas et al.
(1987) are '[rue fossil'. They need proper
identification and description. The occurrence of
Anabarites, Circotheca and Protobertzina
assemblage (ACP assemblage) is importam w mark
the Precambrian/Cambrian boundary. Here the
occurrence of some fossils of the ACP assemblage is
significant to trace their antiquity.

3. Small Shelly fossils

Reposito1)J-Nonhern Region, Geological Survey
of India, Lucknow, Specimen nos. PRF/5978, 5982,
5994 A-O & 6017; Bhatt & Mathur, 1990a, fig. 3a-g.

Small shelly fossils, including Coleoloides
typicalis Walcott, Olivooides multisulcatus Qian,
?Hyolithellus sp. and? Turcutheca sp., were recorded
from phosphatic carbonates occurring at 7 kIn from
Nainital on the Nainital-Kaladungi Road, near the
Village ChorkheL On the basis of Olivooides
multisulcatus and Coleoloides typicalis Bhatt and
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Mathur (1990) inferred that the topmost 77 meters
of Sherwood Member of Krol Formation and the
basal 73 meters of the succeeding Giwalikhet
Member of Tal Formation in the Nainital Syncline
represents the same time span as the Chert
Phosphorite Member of Tal Formation in Mussoorie
and Garhwal Syncline.

Remarks-These forms are undoubtedly
biogenic hence 'true fossil' and confirm the
presence of SSF in Krol E.

Ostracoda

Text-figures 4, 5

Repository-Geological Survey of India,
Calcutta, Specimen nos. 20306, 20307; Das et al.,
1990, pI. I, figs 1, 2.

Two tiny carapaces having strong resemblance
to Ostracoda are reported from the basal part of the
Upper Krol Formation exposed 1 km north of
Baldiyakhan toll gate on the Jeolikote-Nainital Road
section. These specimens, obtained by maceration of
thinly interbedded phosphorite and limestone,
display platy appearance and are associated with
shelly microfauna. The twO valves bear few spines;
eye tubercles are absent. The authors recommend its
placement under Archaeocopida though they agree
that the fossils do not show diagnostic characters of
this group.

Remarks-The specimens are 600 I-/m in length
and 350 I-/m in breadth. Their authentication
requires further study under the Scaning Electron
Microscope. Though, the specimens were available
at the repository, we could not take up SEM studies
due to non-availability of such facilities at the
Calcutta repository. Therefore we refrain from
offering comment on this record.

SPIRAL FORMS

Sptrotcbnus beerlt Mathur

Text-figure 24

Repository-Geological Survey of India,
Calcutta, Specimen no. not known; Beer, 1919, pI.
30, figs 1, 2; Mathur, 1983, pI. 2, figs I., 2.

Beer (1919) reported small spiral groove of
13 x 11 mm from Vindhyan scarp at Sardainar near
Rohtas. They could be caused by the impression left
on the surface of the soft mud by the caracass of a
coiled worm or may represent tracks of small
burrowing animal. Mathur (1983) redescribed the
same specimens as spiral grooved impression on the
upper surface of the soft shaly layer (concave
epirelief), and its cast on the sole of overlying slab

of compact and hard limestone (convex hyporelief),
whose inner termination has rounded and smooth
margins and the outer pointed end broken. Mathur
(1983) named this specimen as Spiroichnus beerii.

Remarks-The specimen was not available for
our study. On the basis of published photographs
(Beer, 1991; Mathur, 1983) we are of the opinion
that the specimen is a biogenic structure and hence
'true fossil'.

Katnta stngbt

Text-figures 48, 62, 63

Repository-Author's collection, Specimen no.
LUTS-35; Tandon & Kumar, 1977, fig. 1.

Tandon and Kumar (1977) reported annelid
remains from the ash-grey and white siltstone, shales
and thinly laminated shaly brownish limestones of
Rohtas Limestone Formation, Semri Group exposed
in Katni, central India.

Remarks-Similar specimens from the same
locality were made available by Dr S. Kumar to Prof.
Glaessner and Dr Conway Morris for examination.
According to Glaessner (1987, p. 354) "another
somewhat similar fossil 'worm' has been described
from the Lower Vindhyan of central Indi·a (Rohtas
Formation of Semri Group, estimated age 900-1,000
Ma) as Katnia singhi Tandon & Kumar 1977. These
fossils are compressions of tightly wound clusters,
about 20 mm in diameter, of worm-like transversely
annulated ribbons, just under 2 mm wide. Dr Ku.mar
has kindly presented me with two specim~ns, one of
which I have given to Dr Simon Conway Morris
(Cambridge University) for further examination. In
neither specimen could I ascertain the presence of
head structures claimed by Dr Kumar for this
species. They resemble illustrations of fossil
oscillatorian cyanobacteria but are some 20-25 times
larger". A similar view was expressed by Conway
Morris (1989, fig. 2B, p. 85), wherein he has
considered them flattened carbonaceous ribbons or
sheets perhaps representing one or more eukaryotic
groups such as brown algae.

Since, the holotype was not available for study,
it is an inaccessotype specimen. One of us (Sharma),
however, could see a photograph of another
specimen which looks similar to oscillatorian
filament (Text-figure 63). Thus, we agree with the
assessment of Glaessner (1987) and C. Morris
(1989). The fossils are 'true fossil' of plant affinity.

Vtndbyavastnta ntsrat

Text-figure 54

Repository-Author's collection, Specimen no.
LUTS-34; Tandon & Kumar, 1977, figs 2, 3.
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Tandon and Kumar (1977) reported a single
laterally preserved specimen belonging to class
Insecta in ash grey siltstone of Katni, Rohtas
Formation, Semri Group, Vindhyan Supergroup, and
designated it as Vindhyavasinia misrai with the
following description: "In lateral view body
elongate, subquadrate, differentiated into head,
thorax, and abdomen, length 2.75 mm, height 1.42
mm; head broadly oval, probably hypognathus,
broad dorsally, narrow ventrally, eye indistinct,
below the middle of the antero-lateral margin of a
head very short finely segmented, antena-like
structure present just below it a short, narrow
downwardly curved probosis." Besides, these major
organs of an insect various other organs like leg,
mouth, thorax were also discussed by the authors.

Maithy (1990, p. 26) considered V. misrai
similar to Krishnania Sahni & Srivastava (1954).
Maithy and Shukla (1984b) had earlier considered
Krishnania a junior synonym of Chuaria.

Remarks-Since, the holotype of V. misrai was
not available for restudy, it is an inaccessotype
specimen. One of us (Sharma) had an opportunity
on an earlier occasion to see the specimen and feel
convinced that the specimen illustrated in Tandon
and Kumar (1977, figs 2, 3) is a specimen of
Chuaria preserved in fragments. Thus, we agree with
Maithy (1990) that the fossil is not that of an insect
but of Chuaria (Krishnania). It is a 'true fossil'
requiring reassessment of taxonomic affinity.

TRACE' FOSSILS

Cbordolcbnus latoucbet Mathur

Text-figure 55

Repository-Geological Survey of India,
Calcutta, Specimen no. not known; La Touche, 1902;
Vredenburg, 1908 (emended); Mathur, 1983, pI. 1,
fig. 1.

La Touche (1902) reported a structure on red
sandstone collected from Marwar Group exposed in
Jodhpur area, Rajasthan and assigned a non
biological origin. Later, Vredenburg (1908)
suggested an organic origin. Mathur (1983) after a
restudy described and deSignated the specimen as
ChordOichnus latouchei. It is a relief cast on the
surface of a sandstone consisting of lobate swellings
with finger-like terminations. No indication is given
of its origin and affinity.

Remarks-The repository records of the
specimen described by La Touche (1902) at GSI,.
Calcutta bear a temporary number K1/963. It is
presently misplaced and could not be examined.
The specimen now designated as Chordoichnus

latouchei has been figured in Vredenburg (1908),
Pascoe (1958, vol. II, p. 516) and Mathur (1983, pI. 1,
fig. 1). Its origin and affinity are not known. Thus, it
is difficult to confirm it's biogenic nature untill
further study of the specimen and place this form
under "no comments" category.

1. Trace fossils

PI. 10, figs 6, 7

Repository-Geological Survey of India,
Calcutta, Specimen no. not known; Vredenburg,
1908; Mathur, 1983, pI. 2, fig. 3.

Vredenburg (1908) described hypichnal ridges
probably casts of burrow in a slab of shaly sandstone
from Lilgar in Raisen District, Madhya Pradesh.
Mathur (1983) expressed a similar view for this and
remarked that they are trace fossils.

Remarks-These structures are present on the
specimen no. GSI-8968 which is a fine grained
maroon coloured sandstone. On one surface of this
specimen, number of structures are present. Some of
these structures, present in thin vener of shaly
material, have been reported as trace fossils by
Vredenburg (1908) and Mathur (1983). These fine
linear structures of few centimeters in length are 30
in number, mostly present on the bedding plane.
Some of them are alligned with cracks in the
sandstone. Some of the features which are not well
preserved apparently resemble the cephalon and
pygidium of an ?arthropod. Some other structures
are circular to ovoidal with a thin filament like tail.
The composition of mineral in the trails are different
from the host rock. In all probability the rock slab
holds evidence of extensive biogenic activity. The
forms are not identifiable. Thus, they are 'true
ichnofossils' whose taxonomic position is
problematic.

2. Trace fossils

PI. 5, figs 1-5

RepOSitory-Geological Survey of India,
Calcutta, Specimen nos. 18355, 18356, 18357; Verma
& Prasad, 1968, figs 1-3; Misra & Misra, 1982; Das,
1987, figs 1-3.

Verma and Prasad (1968) described trace fossils
in the Bhander Limestone of the Upper Vindhyans in
Bankuiyan area, Rewa District, Madhya Pradesh.
Three new species of trace fossils-Bostrichophyton
bankuiyanensis, Rouaulita rewanensis (from
Repachinia Group) and Tasmanadia dasii (from
Pascichinia Group) proposed in this paper represent
movement and grazing traces of organisms. The
same specimens have been again described by Das
(1987, figs 1-3) without any additional information.
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Similar objects have also been reported by Misra and
Misra (982).

Remarks-Linear markings occuring on a
weathered limestone slab (Specimen no. GSI 18355)
were identified as trace fossil -Bostrichophyton
bankuiyanensis by Verma and Prasad (1968). In
addition, the distinct linear markings, a second order
of markings which are comparatively faint, are also
present; unoriented cross laminations cut across
these markings and are present at short intervals.
These have sharp margins. Such features appear to
be the crawling traces of worms and are placed in
the 'true fossil' category.

A smooth bilobate trail (Specimen no. GSI
18356) is present on a black weathered limestone
slab with some stylolite markings. Trail has
maximum length of about 100 mm and width 15 mm
and more close to be a biogenic drag made by some
worm as supported by its wavy nature. There are also
other trace movements (Specimen no. GSI 18357)
on the weathered limestone. Significant ones are the
linear traces on the smooth surface. The traces show
non parallel pairs with pointed margins. They are
suggestive of movements by animal in different
directions as some times seen in the traces of
arthropods.

Thus, even though, all the three traces are
present on weathered surface and we do not know
the top and bottom of these rock specimens on
which the traces are present. Their morphological
features suggest biogenic origin. Hence, all the three
specimens are unquestionably 'true fossil'.

3. Trace fossils

Text-figure 23

Repository-Not mentioned. Shivarudrappa,
1981, pI. 1, fig. 1.

Shivarudrappa (1981) reported a few cresent
shaped structures which have been compared with
Fondinichnia-feeding burrow from the upper

bedding plane of the ripple marked quartzite near
Dodguni in Karnataka. Each semicircular structure is
slightly superimposed on the other and measures
from 2 to 12 cm in width. The author considers that
due to the absence of a central canal their
comparsion with Zoophycus is not tenable, but still
he considered them as trace fossil of evolved forms
and consequently suggested an younger age for
Dodguni chert.

Remarks-We could not examine the specimen.
There are large number of stromatolites in the
carbonate layers just above the quartzite in the
Dodguni chert locality (Srinivasan et aI., 1989 and
Venkatachala et aI., 1990) and the semicircular
structures with superimposed layering described by
Shivarudrappa (1981) could be parts of stromatolite.
The stromatolite bearing dolomite has been
silicified at places and similar structures can be
observed on weathered surfaces of silicified
dolomites. They are apparently broken algal mats.
Besides, radiometric dates indicate that these beds
are older than 2.6 billion years when even metazoa
had not evolved, thus the occurrence of movement
or resting traces of evolved forms cannot be
explained. We consider these features as
'dubiofossil'.

4. Trace fossil

PI. 8, figs 6, 8

Repository-Nor mentioned. Maithy et aI., 1986,
fig. 2.

Maithy et al. (1986) described 'trace fossil' from
Murli Sandstone Formation (Kaimur Group) of
Murlipahar. This is an elongated cylindrical structure
measuring 5 cm in length with a central ridge and
rows of deep furrows and circular on either side of
the ridges. The trace fossil may be referred to as
annelid traces.

Remarks-The authors have not mentioned any
repository or specimen number. But this specimen

-+

PLATE 9

(Scale in figs 1-6, 1 div. = 1 cm & 7 =5 cm and 8 = J mm)

1. Medusinites sp. cf. M. asteroides of Mathur & Shanker, 1990,
note both the cast and mould of M. asteroides with outer
ring, Specimen no. GSI-20310.

2, 4. Tirasiana sp. of Mathur & Shanker, 1990 note the charac
teristic' tripartite organisation of specimens with small
central tubercle, Specimen no. GSl·20308 and 20309.

3. Beltanella sp. cr. B. gilesi of Mathur & Shanker, 1990, note
the smooth central disc with narrow rim preserved in convex
hyporelief, Specimen no. GSI-20311.

S. Beltanellijormis sp. cr. B. bnmsae of Mathur & Shanker,
1989, note the bOllon-shaped structure on the bedding

plane with convex hyporelief, Specimen no GSJ- 20282.
6. Cordia sp cr_ C. marina of Mathur & Shanker, 1989. The

ich nofossil is present in deepest port ion of t he trough of the
folded specimen, note that this ichnofossil does not cross
itself, Specimen no. GSI-20284.

7, 8. Commonly observable structure on t he thin vener of
clacite on Rohtas area. These structures are variously
described as LongJengshania chopanensis, LongJengshania
stipitata and Krishnanid forms. Infact all such features are
'non· fossil', Specimen no. BSIP- 36794 Specimens marked
with arrow are enlarged in fig. 8 showing characteristic
feature.
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was located in BSIP repository and bears specimen
no. 35858. It is a yellow coloured sandstone covered
by a number of linear cylindrical structures. These
structures with 'V' -shaped cross section are similar to
cast of Sun cracks. We consider all these structures
including the one illustrated by Maithy et at. (1986)
as 'non-fossil'.

5. Trace fossils

Text-figures 1, 10, 13, 14, 34

Repository-Not mentioned. Das et al., 1987, pI.
1, figs 1-3; pI. 2, figs 1-3.

Trace fossils Acanthichnus Hitchcock 1858,
Bostrichophyton Squinabol 1890, Onisocoidichnus
Brady 1949, Protovirgularia M'Coy 1850 and
Tasmandia Chapman 1920 were reported by Das et
at. (1987; pI. 1, figs 1-3; pI. 2, figs 1-3) without any
description from Banku iyan area, Rewa District,
Madhya Pradesh.

Remarks-It was not possible to re-examine the
assemblage in the absence of repository details. The
illustrations are not of good quality and do not show
the characters mentioned in the text. True trace
fossils are known from the area (see Verma & Prasad,
1968; Das, 1987). A specimen from the same area
exhibiting crawling traces was made available for
examination by one of the authors (Moitra). It is
possible that the trace fossils illustrated by Das et at.
q987) are of biogenic origin.

6. Trace fossils

PI. 10, fig. 4

Repository-Bi rbal Sah nil nst i tute of
Palaeobotany, Lucknow, Specimen no. 18/4031;
Shukla & Sharma, 1990, pI. 2, figs 8, 9.

Shukla and Sharma (1990) described trace
fossils from the contact of Suket shales and Morwan
Sandstone Formation near Amarpura Ghat area on
the Rampura-Gandhisagar Road. Since, the paper of
Shukla and Sharma (1990) mainly dealt with the age
implications of palaeobiological remains, no
detailed account of trace fossil was given.

Remarks-Trace fossils (Ripichn ia) are
preserved in Morwan Sandstone, the lowermost part
of the Kaimur Group in the area, with convex
epirelief and exogenic in origin_ Varied forms are
reported such as meandering, straight, 'u' and 'C'
shaped tracks. Some of them have annulations. They
form circular or crescent-shaped filling in the host
lithology. While synaeresis cracks show a distinct 'V'
shaped filling. Hence, we consider the structures
described by Shukla and Sharma (1990, pI. 2, figs. 8,
9) as 'true fossil'.

1. Burrow

Text-figures 33, 38a, 38b

Repository-Not mentioned; Misra & Awasthi,
1962, figs 7, 8, 9, 10, 15

Misra and Awasthi (962) described vertically
aligned layered conical structures from Rohtas
Limestone, Semri Group. These are triangular in
cross section and have irregular to triangular lid.
Discussing the rwo possible alternative origins, viz.,
wash Ollt structures and organic burrow they
favoured an organic burrow origin and cited the
comments of Prof. F. Howell in support of their
view. Prof. Howell (In Misra & Awasthi, 1962, p_ 769)
believed that they may be burrows of worms that
were ancestors of Hyolithidae, some of which have
triangular cross section.

Remarks-Absence of repository and specimen
number permitted only evaluation based on
photographs and the description available in the
original paper. The conical, triangular structures are
filled with coarser sediments which was later
silicified (see Misra & Awasthi, 1962, p. 768, 769). It
is possible that vertically-oriented tubular openings
were produced by burrowing of soft sediments
which were later filled with coat;se sediments. The
causative organism is yet to be known, still it's
biogenecity is beyond doubt and we consider them
authentic records of worm burrow_

2. Burrow

Text-figure 2

Repository-Not mentioned_ Sarkar, 1974, figs
4A-D.

Sarkar 0974, figs 4A-D) reported different types
of burrows from brown and grey laminated or
massive limestone of Maihar and Sarna areas. The
burrows are slightly raised ridges, mostly sheet-like
straight to sinuous, irregular to V-shaped and in
some cases haphazardly oriented.

Remarks-The original specimens were not
available for study. Hence, the evaluation is based
on photographic illustrations. The illustrations
(Sarkar, 1974, pI. 4, fig_ A) and text-figure (pI. 4, fig.
D) show that these burrows have spindle-shaped
structure in cross section. We do not know of any
animal which would form such a burrow. They
appear more similar to shrinkage cracks/crack
fillings. Hence, we place them in the 'non-fossil'
category.

3. Burrow

Text-figure· 27
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Repository-Not mentioned. Sisodiya & Jain,
1984, pI. 1, figs 1, 2.

Dwelling traces (Domichnia) comparable to
Ophiomorpha were recorded from Kaimur Sandstone
exposed west of Besla in Mandsaur District, Madhya
Pradesh by Sisodiya and Jain (1984, pI. 1, figs 1,2).
Burrows are up to 25 cm in length and 7 mm in
diameter. These forms are supposed to have been
formed by the borings of probably Lithotrya,type of
Arthropoda, or belonging to the group of Skolithos
(Sisodiya & Jain, 1984).

Remarks-Absence of repository details
permitted evaluation only on the basis of
photographs and description. The conical shape of
structures proved by cross section, mineral filling of
material other than the host rock, confirms the
observation of Sisodiya and Jain (1984) that the
structures belong to domichnia group and may have
formed by animals probably belonging to the group
of Skolithos. They are considered 'true ichnofossil'.

Burrows and bioturbations

Repository-Indian Institute of Technology,
Kharagpur, Specimen nos. LBSM-99, 100, 101, 105,
107, 110, Chakrabarti, 1990, figs 3-10, 13-22.

Chakrabarti (1990) has recorded evidences of
biogenic activity from the Bhander Group of rocks
exposed near Maihar, central India. These signatures
include burrows and bioturbations associated with
long and curved scratch markings and 'bean-shaped'
or 'Lozenge' shaped projections. The burrows are of
Monocraterion and Diplocraterion types, the scratch
markings and other features are considered as
dubiotraces by Chakrabarti (1990).

Remarks-Chakrabarti (1990) studied burrows
and bioturbations from the Bhander Group of rocks
in petrographic thin sections, polished longitudinal
sections and by radiography. This comprehensive
study has helped to understand the biogenicity and
syngenecity of these structures. The burrows and
microburrows with large diameter are considered
'true fossils'. The affinity and biogenicity of the other
structures such as drag or scratch markings,
'Lozenge' or 'bean·seed'-shaped bodies and 'mud
volcano-like structures' can not be properly
established and are considered 'dubiofossils'.

Worm tracks

Text-figure 6

Repository-Not mentioned. Misra & Awasthi,
1962, fig. 15.

Misra and Awasthi (1962) recorded worm tracks
from Kaimur Quartzitic Sandstone of Rampura area
and also in the Sirbu shales of Maihar area.

Considering the poor state of preservation they are
not assigned to any particular genus.

Remarks-In the absence of repository the
material could not be examined .•However,
evaluation of figure of the object suggests more
similarity with typical synaresis cracks rather than
the worm tracks and burrows. Therefore, the record
is considered here as 'non-fossil'.

Aultcbnttes

PI. 10, figs 1, 2

Repository-Not mentioned. Banerjee & Narain,
1976, figs 3, 4a.

Two different trails occurring in positive
epirelief are described as Aulichnites Fenton &
Fenton. They occur on jointed and fractured thinly
laminated sandy layers of a thickly bedded
micaceous sandstone (subgreywacke of Psammite
Member of Lower Tal Formation). One trail is 0.5-1
cm deep, 03 em wide and 60 cm long, while the
other is 3.75 cm wide, 1 cm deep and 40-75 em
long. Both these records of traces movement have
been clubed into one group Aulichnites.

Remarks- Identification of Aulichnites
(Banerjee & Narain, 1976, figs 3, 5) is based on field
studies only, hence the specimens were not
deposited in a repository. The fossils occur on
jointed and fractured rock. Dr Banerjee (Pers.
communication) also informed that the fragile
nature of rock does not permit collection of more
specimens. He kindly provided a photograph of the
trail marking which is convincing and permits an
evaluation of the habit, shape and size of the traces.
We consider these structure as 'true trace fossil'.

Fusiform structures

Text-figure 18

Repository-Not mentioned. Bose, 1977, fig. 1.
Bose (1977, fig. 1) reported fusiform structures

from Sullavai Sandstone occurring in the stream
Sudda vagu 4 km north of Chelvai in the Warangal
District, Andhra Pradesh. These are present on single
bedding plane. He favoured a biogenic origin for
these structures on the basis of the absence of (i)
mud-crack in the vicinity of fusiform structures, (ii)
pelitiC layer at the bottom of the spindles, and (iii)
easily separable spindles which occur as discrete
bodies in the host quartzite and considered them
sand filled worm burrows.

Remarks-Absence of repository details
restricted us to evaluate these structures on the basis
of photographiC illustrations. Such structures which
are common in Precambrian sedimentary sequences
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are often mistaken for trace fossils. Similar structures
are also frequently present in younger sediments
(see Collinson & Thomson, 1982, figs 9, 8b, p. 141).
La Touche (1898) also recorded such structures from
Vindhyan Sandstone near Jodhpur (available in GSI
repository, Calcutta bearing temporary numbers K
1/963) and reproduced here in Plate 6, figure 7. The
fusiform shape of these structures in planar view
indicates possibilities of their being casts of typical
synaeresis cracks. These structures are made up of
rounded quartz grains which explain their easy
separability from the host rocks. These are
nonbiogenic structures. We consider them as 'non
fossil'.

Munlaicbnus Kumar

Text-figure 12

RepOSitory-Not mentioned. Kumar, 1978b, pI.
2, fig. 1.

Kumar (1978b) reported a specimen which is 16
cm long and 0.6-10 cm wide meandering structure
with a broader end on one side and a tapering end
on the other side under a new genus Muniaichnus
from the glauconitic sandstone of Kheinjua
Formation. He compared and considered these
structures different from Cordia Emmons 1844 and
Cochlichnus Hitchcock 1859.

Remarks-Evaluation of illustration of the form,
in the absence of repOSitory details, shows it's close
similarity with weathered ripple mark or mud crack
similar to the ones described as Manchuriophycus
(Endo, 1933). In a personal discussion (With
Sharma) Dr Kumar agreed that these structures may
be the mud cracks and hence categorised as a 'non
fossil' .

Skolltbos/Westltes kymorensls Saxena

Text-figure 8

Repository-Geology Depa rtmen t, Saga I'

University, Specimen no. GNS-V/K. 101; Saxena,
1980, fig. 1.

Saxena (1980) described a trace fossil Westites
kymorensis of class Repichnia from glauconitic
sandstone of Kaimur Group from the foot-hills

opposite A.C.C. factory, Kymore, Madhya Pradesh. It
has a maximum length of 10 cm and a diameter of
0.8 em. These horizontal traces have 'Y'-shaped
branching which sometimes intersects, forming
tunnels and channels, filled with other minerals, the
burrows and channels are generally thickest in the
middle of each branch, or at the point of
intersections, they further gradually taper. The
structures occur as ridges rising in relief on the
sandstone with sharp relief.

Remarks-A perusal of the description by
Saxena (1980) highlights their maximum length and
diameter, 'Y' shaped branching and their presence as
a relief on the sandstone slab. All these features
indicate characteristics of a mud crack particularly
the 'Y' shaped branching which in all probability
suggest a typical 1200 angle made by sun cracking of
loosely consolidated sand. These cracks
subsequently have widened due to weathering and
filled with later sediments. It is a common
knowledge that such Sun cracks start Widening from
the junction and taper toward the edge. Thus, the
shape, size and branching pattern of these structures
described by Saxena (1980) indicate their origin
through mud cracking and hence considered 'non
fossil' .

Asterlradlatus karaullensls Mathur

Text-figure 17

RepOSitory-Not mentioned. Mathur, 1982, fig.
2A.

'Mathur (1982, fig. 2A) named a new genus of
trace fossil, Asteriradiatus karauliensis as a star
shaped trace fossil from Karauli Quartzite, Rewa
Group, Panna District, Madhya Pradesh without any
description or diagnostiC features.

Remarks-The specimen was not available for
restudy. The photographs are also of not adequate
quality for fine assessment; diagnosis or description
has not been given and the illustrated specimen has
been named as the holotype. The genus is thus
invalid. It could be possible that the structure is
formed by cracking in the loosely packed sediments
and may be lenticular and radiating shrinkage crack.

---.
PLATE 10

(Scale in ftg. 4 = 200 I'm fig. 5 = 2 cm and fig. 7 = 1 cm)

1, 2. Aulichnites sp. Banerjee & Narayan 1976, note the movement
(races on (hinly laminated sandy layers.

3. Ramapuraea vindhyanensis Maithy & Shukla 1984, Specimen
no. BS1P-27341.

4. Trace fossil Shukla & Sharma 1990, note a meandering
structure on the sandstone surface. Specimen no_ BSJP- 18/

4031.
5 Co/eo/ella billingsi Maithy & Shukla 1984a, a calcitic ring

shaped SlrUClUre which is a by product of maceration and
hence considered non-fOSSil, Specimen no. BSIP-8001.

6,7. Trace fossils Vredenburg 1908, note the object marked with
arrow in fig. 6 which is enlarged in fig. 7 giVing the
impression of probable anhropod, Specimen no. GSI-8968.
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Sonjiwashmam basubarlensis Mathur

Text-figure 11

Repository-Nor mentioned. Mathur, 1982, fig.
2B

Mathur (1·982) named Sonjiwashmam
basuhariensis a new genus of trace fossil from
Basuhari Sandsrone, Semri Group, Mirzapur DistriCt,
U((ar Pradesh without any description or diagnosis.

Remarks-The genus is invalid because of the
lack of diagnosis and description. Evaluation of the
photograph suggests that the meandering structures
with smooth margin and uniform breadth could be
the movement trace or Manchuriophycus Endo.
Therefore, the structure described by Mathur (1982,
fig. 2B) is considered as 'dubiofossil'.

Bhanrericbnus damobensis Mathur & Verma

Text-figure 9

RepOSitory-Not mentioned Mathur & Verma,
1983, fig. l.

Mathur and Verma (1983) described an
ichnofossil Rhanrerichnus damohensis from Maihar
Quanzite Formation of Bhander Group, Vindhyan
Supergroup in Damoh District, Madhya Pradesh. This
form occurs on the slab of a very dusky red-purple
quanz arenite which is ripple marked. This trace
fossil has convex hyporelief which is reverse 'L'
shaped with four pairs of symmetrically placed lobes
without any ornamentation or marking on any pan of
the structure Its formation is anributed ro resting
and burrOWing organisms of uncertain affinity.

Remarks-The form cou Id not be re- examined
due to absence of reposirory details. The illustration
provided by the authors is also nor clear. However,
the complex narure of this (n trace fossil is difficult
ro interpret. Irs presence on rippled surface and the
symmetrical narure of the lobes suggest that it is a
'problematic' fossil which can nor be assigned ro any
known phylum, hence, considered 'dubiofossil'.

Puratanichnus biJawarensis Mathur

Text-figure 41

Repository-Geology Department, Sagar
University, SpeCimen no not known; Mathur &
Chami, 1986, pI 1, fig. lA, B.

Math ur and Chanri (1986, pI 1, fig. lA, B)
reponed ,trails of probable annelid worms on the
Amronia quanzite of the Bijawar Group (~ 2,500
Ma) Borh the trails are figured (pI 1, fig. lA, B), one
of them belong ro epichnial groove while the orher
ro hypichnial ridge. Borh the trails are about 10 cm
long and 5-8 mm wide. In a communication ro
Mathur and Chami (l986) Prof Seilacher

commented that these strucrures could LJe inorganic
sedimemary features knOV'.'ll as Manchuriophyc'us
Endo. However, Mathur and Chanri (1986) still
consider them biogenic.

Remarks-Two I inear ridged corrugated
structures are considered as Puratanichnus
bijau'arensis by Mathur and Chattri (1986). This is
one of the few repons claiming the presence of
metazoan trail from such an old sedimemary rock.
Metazoan records are not kno\yn prior to Neo
Proterozoic. It is difficult to explain records of
Metazoan activity in 2,500 Ma old sediments In a
personal discussion with us, Dr Mathur informed
that the specimen was lost when it was loaned to an
Indian expen for re-examination.

Evaluation of photOgraphs suggests that the
ridge on these structure appear similar to 'Tool
marks' of continuous category of Collinson and
Thompson (1982, p. 42). Such rool marks can be
formed when any material is carried by a flow on a
soft surface leaving a mark either in the form of a
groove or when filled in as a groove cast. In the
present context the groove casts are preserved. We
thus, infer that the structure described by Mathur
and Chanri (1986) are 'non -fossil'.

Ichnofossils

Text-figure 66

Repository-Nor mentioned. Mukherjee et aI.,
1987, figs 1, 2.

Mukherjee et al. (1987) described a wide variety
of ichnofOSSils from the Gulcheru Quanzite of Lower
Cuddapah sequence. Particularly rich ichnocoenoses
have been observed in a dirty brown quartzite
occuring at 120 m from the base of the unit. Casts of
horizontal burrows are most common. In the
branching types, the horizontal burrows are
commonly petal-shaped or spindle-shaped casts with
minor grooves. In the cast ponion horizontal
burrows are 3-10 mm wide, 1-3.9 cm long and 2-6
mm high. A few petal-shaped casts show median
depression of 1 mm width. In the groove ponion the
horizontal burrows are 3-9 mm wide, 1.2-2.9 cm long
and 1-2 mm deep. The burrow fills are made up of
coarser quartzite with a coating of cherry brown
ferruginous clay. In higher horizons the assemblage
gets diversified to successively include vertically
paired burrows.

Remarks-These structures are closely
comparable with the subaqueous shrinkage cracks
discussed in Collinson and Thompson (1982,
p 141) Such petal shaped/fusiform/or lobed
structures are common on the basal face of the
sandstone beds and often confused with trace
fossils. The structures are considered 'non-fossil'
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Ichnogenus Type 'A' & Type 'D'

PI. 8, figs 5, 7

Repository-Birbal Sahni Institute of
Palaeoborany, Lucknow, Specimen no. 36113; Maithy
& Babu, 1988, pI. 2, figs 6, 7.

Maithy and Babu (1988; pI. 2, figs 6, 7)
described sinuous to meandering trails which are
elongated structures with pointed ends. They are 1-2
mm wide (mainly from 1.5-2.0 mm) and up to 0.5
mm deep or raised, showing arcuately transverse
annulated appearance with constrictions or septa,
chiefly at 2·4 mm intervals. Occasionally a rounded
circular scar is preserved in the centre of the septae.

Ichnofossil type B (Maithy & Babu, 1988; pI. 2;
fig. 7) is paired structure with circular marks with a
interspacing gap of 1-4 mm from one anorher,
arranged over a length up to 10 cm in a linear
fashion. The paired circular markings are less than 1
mm in dimension. Linear distance between two pairs
is less than 2 mm.

Remarks-The meandering structures with
negative relief (Maithy & Babu, 1988, figs 6, 7) can
be observed on the three centimeter thick fine
grained sandstone slab. The negative relief indicates
that they are present on the upper bedding surface.
The irregular or radiating patterns with trails
sometimes cross cutting one another is also clearly
observahle. Neither the septae nor the circular scar
in between the septae are nOliced. These structures
taper downward in the longitudinal section of the
bed forming a V-shape; which is a characteristic
feature of mud cracking common in the mudstones
interbedded with sandstone. Similar mud
cracks/synaeresis cracks have been considered
earlier also as trace fossils (see discussion in Cloud,
1968, p. 29; Glaessner, 1969, p 370; Hofmann, 1971,
pp. 36-39) and hence, the structure described by
Maithy and Babu (1988, pI. 2, figs 6, 7) are
considered synaeresis cracks and categorised as
'non-fossil'.

Gordia sp. d. G. marina Emmons

PI. 9, fig. 6

Repository-Geolog ical Survey of India,
CalcU[ta, Specimen no. 20284; Mathur & Shanker.
1989, pI. 1, fig. 3B.

Mathur and Shanker (1989) described few
impressions on the bedding plane of shales of the
Krol Formation of Nainital Syncline. These are
horizontal long and slender burrows with no
branching. Burrows are smooth with a diameter of
apprOXimately 1 mm. The biogenicity of Cordia has
been questioned by Azmi and Tewari (1991), who

considered them to be negative impression
produced by the sharp axial hinge of the folds which
appear as or the "median of Pteridinium" on one
surface and as Cordia on the other.

Remarks-Examination of Cordia reported by
Mathur and Shanker (1989, pI. 1, fig. 3B) shows that
it is present in the deepest part of the trough of the
folded specimen. But we did not find any
Pteridinium·like structure· on it's reverse or in the
counter part which was also available. Therefore, we
believe that the structures reported by Mathur and
Shanker (1989) are different from those that Mmi
and Tewari (1991) have discussed. The burrows
reported by Mathur and Shanker (1989) do nor cross
itself and hence cannor be referred ro Cordia. ThE
closest comparison could be with Helminthopsis 01

Helmintheidichnites (G. M. Narbonne, In Pers
communication G. Kumar also agrees with this
interpretation). Hence, we consider Cordia reported
by Mathur and Shanker (1989, pI. 1, fig. 3B) as an
authentic movement trace representing metazoan
activity at thaI time but its taxonomic position needs
revision. This specimen is considered 'true fossil'.

TRILOBITID AND EURYJlTERID FORMS

Repository-Nor mentioned. Dubey, 1982.
Dubey (1982) reported the presence of

Trilobitid and Eurypterid remains from the
Ganurgarh shales and Nagod Limestone located
about 5 km north of Rewa. Due to absence of any
description, illustration or repository details, we are
only listing this record without any comment. The
record should be kept pending till more details are
available. For the present review we include it under
'no comment category'.

ENIGMATIC FORMS

This category includes forms whose affinity is
yet nor firmly established.

AUatbeca Missarzhevsky

PI. 8, figs 3, 4

Repository-Birbal Sahni Institute of
Palaeoborany, Lucknow, Specimen no. 8001; Maithy
& Shukla, 1984a, pI. 1, figs 5·8.

Maithy and Shukla (1984a) described four
specimens of circular ro subcircular calcitic bodies
of 200-500 J..Lm in size from the Suket Shale
Formation of Vindhyan Supergroup around
Ramapura, Madhya Pradesh. Their top is raised and
bouom flattened, with smoorh to reticulate surface;
reticulation are pronounced and raised. Maithy and
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Shukla (1984a) compared the specimen with
Allatbeca sp. of Tommotian age.

Remarks-These four specimens of Allatheca sp.
are much smaller in size than the known species of
Allatheca which are 20-30 times larger. A restudy
indicates that they are siliceous rounded grains with
brown coloured garnet or calcitic material attached
to them. They appear as tubercles as illustrated in
fig 5 of Maithy and Shukla (1984a) and an attached
brown covering in the illustration at fig. 7 of Maithy
and Shukla (1984a). Since these grains are part of
the original rock they could be of varying
composition either silicious or calcitic.
Monotonously arranged growth lines, folds, ribs and
septa in the initial part of the shell which are
diagnostic features of Allatheca are not recognised
on these specimens. Hence, we consider them as
'non -fossi I'

Coleolella btllt,.gst Mlssarzhevesky

PI. 10, fig. 5

Repository-Birbal Sahni Institute of
PalaeobOtany, Lucknow, Specimen no. 8001; Maithy
& Shukla, 1984a, pI. 1, fig. 9.

Maithy and Shukla (1984a) described a
specimen recovered from Suket Shale, Semri Group,
Ramapura, Mandsaur, Madhya Pradesh as a ring-like
calcitic fossil, measuring up to 530 /lm in dimension
with a ± 450 /lm central hollow area and a ± 30 /lm
broad border, whose surface is smooth to rugose. It
was compared with Tommotian record of the
operculum of Coleolella billingsi.

Remarks-The restudy indicates that this is a
fragile, calcitic ring-shaped structure which is
comparable, in over all morphology, to the discoid
structures with asymmetrically placed opening,
which were considered as the operculum of
Coleolella billingsi by Missarzhevesky (981). But it
has a smaller diameter (530 /lm) in comparison to
Coleolella billingsi 0.8 mm) of Missarzhevesky
(981). Maithy and Shukla 0984a) have used
sodium bicarbonate as a dispersing agent to
pulverize the shale. The resultant product often
assumes a ring shape. The fragile nature of the
specimen further supports the conclusion that the
ring-like structure is inorganic in origin and has
been formed through the process discussed earlier.
Hence, 4t is considered 'non-fossil'.

Beltanelltformts sp. cf. B, brunsae

PI. 9, fig. 5

Repository-Geological Survey of India,
Calcutta, Specimen no. 20282; Mathur & Shanker,

1989, pI. 1, figs 1, 3A; Shanker & Mathur, 1991, pI. 2,
fig. 1.

Mathur and Shanker (989) and Shanker and
Mathur (1991) described Beltanellijormis from Krol
Formation of Nainital syncline as a buttOn-shaped
Circular to semicircular structure with convex
hyporelief and 1.5 to 6 mm diameter. The specimens
present vary from smooth, flat disc to more strongly
convex forms with faint marginal grooves. The
biogenicity, and the age of beds bearing these
specimens have been doubted (Misra, 1990, p. 114;
Bhatt & Mathur, 1990b, p. 117; Azmi & Tewari,
1991 ).

Remarks-Button-shaped structures similar to
those reported by Mathur and Shanker (1989) are
invariably found associated with Ediacaran fossils.
Their phylogeny is still not known. Re-examination
indicates that these structures are present
sporadically and in clusters having two size maxima.
Since, both negative as well as positive reliefs are
present on the same specimen they do nOt appear to
be rain prints. These forms may be related to
Chuaria (Misra, ]992) as their size range compares
with the size maxima of Chuaria in Iran. At present
it is difficult to conclude on it'S biogenicity and
phyletic position. They are considered 'dubiofossil'

Beltanellotdes Sokolov

PI. 6, fig. 8

Reposilory-Birbal Sahni Institute of
Palaeobotany, Lucknow, Specimen no. 35956;
Maithy, 1990, pI. 1, fig. 3.

Maithy (990) recorded a specimen which has
fine surface thickenings with raised portion in the
centre. He assigned it to "Chua rid remains" and
termed it Beltanelloides as recommended by Sokolov
(1965 in Maithy, 1990) for such forms. No other
details like diagnostic character, horizon or site of
collection are given in the text_

Remarks-The specimen no. 35956 collected
form Dabua locality, Rohtas Formation, Semri Group
does not have any carbonaceous structure or
impression similar to that described by Maithy
(1990, pI. 1, fig. 3). Similar structures have been
observed on a thin vener of fibrous calcite which is
of secondary origin. This structure is similar to
'Longfengsahnia' (Longjengshania) reported by
Maithy and Babu (1988) which has/already been
considered 'non-fossil' in the present review. Hence,
the structure described by Maithy 0990, pI. 1, fig. 3)
is considered here as 'non-fossil'_

Krlshnanld forms

PI. 2, figs 5, 6
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Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Specimen nos. 36]09,
36919, 36576; Maithy, ]990, pI. 2, figs 3-5.

Oval to oblong structure with single stipe or
appendage, ftOm Rohtas LimestOne Formation, Semri
Group, were described by Maithy (1990, pI. 2, figs 3
5) as Krishnanid forms. The body has two distinct
pans. The distal structure is foliate, circular-oval or
elongate oval in shape, occasionally with a distinct
border on the margin. Surface of the specimen may
be smoOth or with thickenings. Narrow stalk like
structures emerge out from the contracted paint of
foliate structure. When the stalk gets detached it
leaves a rounded scar on the proximal end of the
foliate pan indicating the pOint of attachment.

Remarks-This form (Maithy, 1990; pI. 2, fig. 4)
has already been described by Maithy and Babu
(1988, pl. 2, fig. 5) as 'Longjengsahnia'
CLongjengshania) chopanensis which has been
considered as a 'non·fossil' (see discussion under
heading Longjengshania chopanensis).

It was observed on the specimen no. 35919
instead of 36109 as mentioned in the text by Maithy
(]990; pI. 2, fig. 3). The rock on which the ?fossils
are found is a thinly bedded carbonate and the
?fossils are present on a thin vener of recrystallised
calcite. Such structures are also described by Maithy
and Babu (1988; pI. 2, fig. 4) as 'Longjengsahnia'
(Longjengshania) chopanensis and considered 'non
fossil' in the present review (see discussion under
Longjengshania chopanensis specimen no. 3611]).

It is present on the specimen no. 36516 instead
of specimen no. 36576 as mentioned in the paper by
Maithy (1990; pI. 2, fig. 5). This specimen is
presently not available in the museum, hence could
nOt be studied. Evaluation is based on photOgraphic
illustrations only. These forms look similar to other
forms reponed by Maithy (1990; pI. 2, fig. 3) and
Maithy and Babu (]988; pI. 2, figs 4, 5) from the
same locality. These later forms have been
considered 'non-fossil' in the present review. Hence,
the objects described by Maithy (1990; pI. 2, figs 3
5) as Krishnanid forms are considered as 'non-fossil'.

d. Podolitbus sp.

PI. 4, figs 6, 7

Repository-Birbal Sahni. Institute of
Palaeobotany, Lucknow, Specimen no. 25222/273;
Shukla & Sharma, ]990, pI. 2, figs 3·7.

Shukla and Sharma (] 990) described two types
of holdfast like structures from the buff coloured
Suket shales of Semri Group. The specimen
illustrated in Plate 4, figure 6 is compared with
Podolithus sp. This fossil is characterised by a lobed

appearance (or conical volcano shape) and is up to

2 mm large, the concave scar is interpreted as stem
attachment point. The other type of holdfast (PI. 4,
fig. 7) is nearly flat with clearly demarcated central
area and lobed outer margins. This form is compared
to similar holdfast described as ''Type 3" of Palmer
and Palmer (1977).

Remarks-The characters observed by Shukla
and Sharma (1990) are present in the specimens.
The well organised morphology and close similarity
with known holdfast-like structure lends support to

it's biogenic nature. Though, their presence in such
old sediments needs fun her explanation. This
occurrence needs to be substantiated with more
finds. These structures are presently classed under
'dubiofossil'.

Misraea

PI. 7, figs 6·8

Repository-Birbal Sahni Institute of
Palaeobotany, Lucknow, Specimen nos. 35820-35825;
Maithy & Babu, ]986, pI. 1, figs ]·7; Text-figure 1A·C.

Maithy and ~abu (]986) described twO species
of Misraea from the Chopan Porcellanite Formation
and Rohtas LimestOne Formation, Semri Group
exposed in Mirzapur, Uttar Pradesh. These structures
are "triangular to subtriangular in outline, surface is
convexly raised with an inner concave hollow
depression with the body margin curved inward
forming a rim; the rim area is either smooth or with
transverse thickenings. The over all outline of the
fossils smooth or wi th distinct perforations." On the
basis of body margin two species of Misraea were
recognised, viz., M. vindhyanensis and M. psi/ata.

Remarks-It is difficult to comment on these
specimens which are pres~rved in formaldehyde.
They have lost their characters and are fragile. The
similar state of preservation in two different
lithologies, viz., porcellanite and limestOne needs
explanation. To avoid breaking these fragile
specimens we have refrained from rephotOgraphing
them and have used photOgraphs prepared from the
negatives available with the repositOry. At present
we prefer not to comment on these specimens.

Organic plates

Organic plates have been recorded by
Venkatachala and Rawat (]972, ]973) and
Vishwanathaiah et al. (1975, ]976, 1977) from the
Dharwar, Kaladgi and Bhima sediments. These are
enigmatic fossils needing funher study.

SUMMARY AND CONCLUSION

1n all, 79 types of metaphyte and metazoan
remains have been recorded from the Precambrian
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sediments of India. These records are often not
accompanied with essential details, viz., lithology of
the area, thickness, lateral extent and details about
upper and lower contact of the fossil bearing litho
unit New genera have been instituted without
proper description and comparison, even
photOgraphs of the reported specimen is often
replaced by sketches. Though, it is obligatOry to
deposit the holorype in a repository and provide
details of the specimen number, etc. authors have
also nOt followed this necessary practice.

Fossils are often reported in various
symposia/conference abstracts without sufficient
details. Pending publication of detailed account
such reports can be considered only tentative. To
eliminate such short comings, not only the authors,
but also the referees as well as journals should insist
on bare minimum facts, viz., "accurate location data,
a measured section, sample collection levels, the
name of the person collecting the sample, the time
when the trip was undertaken and all such related
matters which help in establishing the authenticiry
of material being reported" (Radhakrishna, 1989).
The detailed account of palaeontological material
should accompany the description of each reported
form, viz., size, magnification of photOgraph,
repositOry, number of samples analysed and how
many of them proved to be yielding, frequency of
the specimen/s, etc. Strict adherance to ICBN or
ICZN and complete list of comparison with existing
genera or species while reporting new genera or
species is a necessary pre-reqUisite for establishing
validiry of the report.

Other aspects which will help to eliminate the
inadvertent mistakes include discussions, on the age
of the bed vis-a-vis the recorded fossil and On the
palaeoecology and the depositional environment of
fossil assemblage. These discussions would help to
judge the fossil assemblage more critically and avoid
reporting fossils merely on the basis of apparent
morphological similariry.

In this review we have tried to reassess the
taxonomic validiry and biogeniciry of the reported
forms and hope that it will help future workers not
only to know about all the records at one place but
also provide them sufficient background to reassess
their validiry. This re-evaluation indicates that
amongst the metaphyte and metazoan records from
India 26 categorise as 'true fossil', 18 as 'dubiofossil',
and 28 a5 'non fossil'. It has not been possible to 7
records due to insufficient information available on
them. Amongst the metaphyte/metazoa considered
authentic the oldest records are from] ,000 Ma. Most
of the remaining authentic fossil records are from
Cryogenian (850-650 Ma) or younger age. Thus, we

may conclude that organisms may have achieved
multicellularity around 1,000 Ma ago but
proliferation of multicellular organisms tOok place
only at the Terminal Precambrian.
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deposition in their often occurring ripple·marked
and slill-cracked surfaces and their conspicuous
current bedding or diagonal lamination characters
which point shallow agitated water of the coast near
the rrouth of rivers and the constantly changing
velocity and direction of its currents.

;he Vindhyan geological succession, is as
under

THE Vindhyan Supergroup of central fndia exhibits
well developed stratified formations of sandstones,
shales and limestones co\'ering a thickness over ca
4,200 meter of Middle to Late Proterozoi" age (1.400·
570 Ma). The Vindhyan Basin has an exposed are:l of
1,04,000 square kilometers from S~~saram and Rohws
in western Bihar to Chittorgarh on the Ara\'alli~,with
the exception of a central track in Bundelkhand,
where a large area of Vindhyan fiKks is covered by
the Deccan trap and Gangetic aIllIvium The
maximum breadth of the outcrop i:, seen between
Agra and Neemuch

The Vindhyan Supergroup is composed of two
distinct facies of deposits: a marine, CalcHf'OUS and
argillaceous, characteristically rievFloped in rh":'
lower part and the other almost exclusively
arenaceous of fluviatile or estuarine deposits
forming the upper part. The shale, limestone and
sandstone strata show very little structural
displacement or disturbance of their primeval
characters. They have preserved almost their original
horizontality of depOSition over wide areas. The
shales have not developed cleavages nor have the
limestones undergone any degree of crystallisation.

The Vindhyan sandstones throughout their
thickness provide evidence of shallow water
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Kaimur

Semri

Bijaigarh Shale
Gurma Sandstone
Rohtas Limestone
Basuhari Sandstone
Bargawan Limestone

Kheinjua Shale
Chopan Porcellanite
Kajrahat Limestone
Arangi Shale
Patherwa Sandstone &
Conglomerates

RADIOMETRIC DATES

Vindhyan sequence from time to time. Most of these
records are being reported only in the last rwo
decades.

The evidences of the biological life are
preserved as detailed below: •

Structural biological remains
(i) Macrofossils
(ii) Organic walled microfossils

Activities of biological life
(i) Ichnofossils
( i i) 0 I'g a nos e dim e n ta ry s t I' UCt u I' e s , viz. ,

stromatol ites

On the basis of POtassium-Argon dates Vinograd
et al. (1964) estimated the age of glauconitic
sandstone as 1,110 ± 60 Ma. According to them, the
age of the Lower Vindhyan (Semri) Group is
berween 1,100 to 1,400 Ma. Accordingly the Kaimur
sequence has been estimated to range from 910 to
940 Ma by these authors. Rubidium-Strontium dates
of the Vindhyan rocks by Crawford and Compston
(1970) have revealed that the age of this unit
extends over a very long period ranging from atleast
1,200 or possibly 1,400 Ma to perhaps 550 Ma or
even later. According to these authors the base of
Upper Vindhyans is about 1,150 Ma or more.
Pichamuthu (1971) has indicated that the base of the
Vindhyan is probably 1,400 Ma and the Upper
Kaimur about 910 Ma. No dates are available for
fiXing the upper age limit of the Vindhyans. Recently
dating of Vindhyan has been done by the fission
tracks on the surface of an authigenic mineral
glauconite (Srivastava et ai, 1983). Systematic dating
work has been carried out in the eastern part
(Srivastava, 1985, 1987; Srivastava et ai, 1985, 1988),
western part (Srivastava & Rajagopalan, 1986a, 1987,
1990) and central part (Srivastava, 1987; Srivastava &
Rajagopalan, 1985, 1986b, 1989a, b) of the Vindhyan
Basin. This study has indicated that the glauconitic
sandstone bed in Chopan area is of 1,155 Ma age and
belongs to Kheinjua Formation of the Lower
Vindhyan. The Vindhyan depOSits in Chitrakut area
represent a condensed sequence with age ranging
from 1,030 to 1,380 Ma and the pellet limestone
forms the marker bed for this area indicating the age
of 1,100-1,200 Ma. Glauconitic sandstone bed around
Rawatbhata area, Rajasthan belonging to Upper Rewa
Sandstone Formation is 740 Ma and that of Karauli
area of Lower Bhander Sandstone Formation is 650
Ma.

BIOLOGICAL LIFE AND ITS
ACTIVITIES

During the last four decades biological life and
its relics of activities have been reported from the

Structural Biological Remains

The reported Vindhyan fossils mostly leaves an
interpretation hurdle regarding their biologic origin.
Living systems are identified by shOWing their
capabilities for reproduction, mutation and
reproduction of the mutation. These properties are
not readily identifiable in most primitive fossils.
Therefore, the under mentioned criteria are used
jointly whenever possible for establishing biologic
origin of the remains.

1. Evidences for the performance of vital
functions: (a) fossilisation while performing a vital
activity; for example, cell division. (b) morphologic
or material evidence attributable to a biologic
function.

2. Cellular differentiation combined with
morphologic consistency

3. Similarities to living or known extinct forms
4. Morphological diversity in an assemblage
5. Chemical evidences.
These criteria are best applicable to higher

biologic taxa, however, this faCility is greatly
reduced when dealing with the ancient biological
remains of Vindhyan time. Not only the fossils are
less abundant and lillie known, but they are also
morphologically more primitive. We still have no
unequivocal way of knOWing whether the large
impressions of discs or the micro-sized spheroids
seen in a thin section or maceration represent the
remains of reprodUCing mutating entities or are
physiochemical structures. Therefore, the
confirmation for the biologic origin is when we can
observe a variety of associated, morphologically
distinct remains resembling the modern. As such
observations have not been possible in most of the
Vindhyan remains, therefore, many of them still
remain to be probably biogenic.

MACROBIOTA

Macrofossil records are tabulated below:
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Cbunrla Walcott 1899

Platyspermic carbonaceous discs, commonly
solitary, ra-rely in pairs, circular or oval in outline,
measuring 2-4 mm, surface smooth or with marginal
thickenings; occasionally in some specimens a small
central area is marked indicating possible opening.
Isolated specimens show exine with fine puncta
referable to Orygmatosphaeridium Timofeev.

Misraea vindhyanensis Maithy & Sabu 1986

Occurrence-Chopan Porce Ilani te, Chopan,
Mirzapur District (Maithy et al., 1986, p. 225, pI. 1,
figs 1-6).

Misraea psilata Maithy & Babu 1986

Occurrence-Rohtas Limestone, east of
Markundi (Maithy et al., p. 225, pI. 1, fig. 7).

Spongy body fossil, keel form, outline triangular
to subtriangular, surface convexly raised with inner
hollow dipression, body margin curved inwardly
forming a rim, rim area smooth or with transverse
thickenings.

Remarks-The affinities of this body fossil is
debatable and with the present state of knowledge, it
is extremely difficult to assign them to any known
group of Metazoan. In their overall organisation it is
speculated that they may be the portions of bivalved
forms. If this is true, then these forms are the oldest
Metazoan. 1989 Cyclomedusa sp., Sprigg in Shukla,

Venkalachala & Sharma, p. 1012, figs 3-4.
Emended diagnosis-Circular carbonised

impressions with a distinct central circular area with
numerous small compactly packed globular
structures; outer area with several closely spaced
fine dichotomising radial thickenings.

Ramapuraea vindhyanensis Maithy & Shukla, 1984

Occurrence--Sukct Shale, Ramapura (Maithy et
al., 1984, p. 213, pi. 1, figs 1-3).

Remarks-Ramapuraea is found associated
with Chuaria Walcott. It differs from Chuaria in
possessing distinct central area, which is compactly
packed with several small globular structures (PI. 1,
fig. 2). Presence of number of globular structures
raises doubt about its jelly fish affinity. In all
probability, it compares with the members of the
family Chlorococaceae, viz., Chlorococum,

!:»Inonymy

Sboubstenta Xing 1979

Oval to dumbbell-shaped carbonaceous
macrobiOla, measuring 3-5 mm long and 2-3 mm
broad, one end broader than the other, margin
entire, surface smooth.

Remarks-Shouhsienia Xing (in Du Rulin, 1982)
represents oval planktoniC forms allied to Chuaria.

Shouhsienia shouhsiensis Xing 1979

Synonymy

1984 Chuaria minima emend. Maithy & Shukla,
partim p. 148, pI. 1, fig. 5.

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh; Rohtas Limestone, Murlipahar, Rohtas
District.

Remarks-Though, these circular disc-like
forms are known from the Proterozoic succession
nearly a century ago, but their biological nature is
still enigmatic. Recently Maithy and Shukla (1984)
considered them to be the cyst structures belonging
to algae. Contrary to th is Sun (1986) expressed the
view that they may be discs enclosing Cyanophyceae
algae.

Chuaria minima Maithy & Shukla 1984

Synonymy
For list of synonymy, see Maithy and Shukla,

1984, pp. 146-147.
Occurrence-Suket Shale, Ramapura (Maithy et

al., 1984); Rohtas Formation, Son Valley (Maithy &
Sabu, 1988, p. 586, pI. 1, figs 1-2).

Ramapuraea Maltby &: Sbukla 1984 emend.

Roiltas & Dholpura
Shale

Suket Shale. Ramapura
Suket Shale, Ramapura

Horizon & Localiry

Rohtas Limestone,
Banjari
Suket Shale, Ramapura

Rohlas Limeslone, Rohlas
Chopan Porcellanite,
Chopan
Rohlas Limestone.
Chopan

Kajrahat Umeslone.
Chopan
Rohtas LI mestone,
Katni
Rohtas Limestone.
Mandsor.
Suket Shale, Ramapura

Suket Shale. Ramapura

K£llnia & Vindhyania

Carbonaceous
discs
Krishnania

Macrofossils

'Brachiopod

, Jelly fish

Ramapuraea

Sekwia & Trace fossd,
Misraea

Tawuia. Chuaria d.
Sekwia

LangJengsahnia

Middle Proterozoic
& Ediacaran biota

Chuaria circu/aris
Tawuia 5ukelensis

Vindhyania jonesi

Jelly fish
Chuar;a minima

Pre-vendian Forms

Maithy

Author

Mtsraea Maltby &: Babu 1986

Misra &
Bhatnagar
Sahni &
Shrivaslava

Prakash

Mathur

Maithy
Mailhy &
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Mailhy &
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Maithy et at.
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Maithy &
Babu
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Neochtoris, Putchrasphaera and Neospongiococcum.
Shukla et at. (1989, p. 102, figs 3-4) suggested its
comparison with Cyclomedusa Sprigg. Ramapuraea
in its size is much smaller than Cyclomedusa.
Moreover the concentric circular thickenings around
central zone characteristic for Cyclomedusa are
absent.

Amjobrea gen. nov.

Diagnosis-Carbonised impression, outline
circular with a large structureless inner body,
covering half to three fourth of the overall body
dimension; concentric and radial thickenings absent.

Genotype-Amjohrea rohtaseae sp. nov.
Comparison-Amjohrea gen. nov. is found

associated with Chuaria and is characterised by its
large size and with large inner body. Ramapuraea
Maithy & Shukla 1984 differs from Amjohrea in being
smaller and in having fine branched radial
thickenings. Sekwia Hofmann 1981 distinguishes
itself in the presence of raised inner body with
globular structures. Moreover Sekwia is known from
the Vendian strata.

Amjohrea rohtasae sp. nov.

Synonymy

1950 Carbonaceous disc-like bodies, Misra &
Bharnagar, p. 88, fig. 1.

1984 Chuaria minima emend. Maithy & Shukla,
partim, PI. 1, fig. 2.

1986 Sekwia excentrica Hofmann in Maithy, Narain
& Sarkar, p. 1029, fig. l.

1988 Sekwia excentrica Hofmann in Maithy & Babu,
p. 586, pI. 1, figs 7-8; pI. 2, fig. 1.

Diagnosis-Carbonaceous impressions, circular
to sub-circular measuring 10-40 mm; central area
circular, covering nearly one half to three fourth area
of the body. Surface thickenings absent. Marginal
thickenings often preserved.

Hototype-Specimen no. BSIP 36862.
Locality---Murlipahar, Rohtas District, Rohtas

Formation (Semri Group); Vindhyan, ± 1,000 Ma.
Occurrence-Rohtas Formation, Murlipahar,

(Maithy et at., 1986); and Chopan (Maithy & Babu,
1988).

Remarks-Misra and Bhatnagar (1950) reported
black (carbonaceous) disc-like bodies, measuring 26
mm with a prominent border from the carbonaceous
limestone beds of Rohtas Formation exposed in
Banjari Quarry, Rohtas District. They considered
them to be the plant remains. Maithy et at. (1986)
reported large discs with inner body from the Rohtas
Formation of Amjohre and referred them to Sekwia
Hofmann. Subsequently, Maithy and Babu (1988)
also reported similar forms the Rohtas Formation of

Chopan under Sekwia. A5 pointed above that these
Rohtas forms do not fit in the generic
circumscription of Sekwia due to flat inner body,
therefore, the preViously described forms from the
middle Proterozoic of Vindhyan are now transferred
here to a new genus Amjohrea.

Tawuta Hofmann 1979
(In Hofmann & Aitken, 1979)

Carbonaceous impressions and compression,
sausage-shaped, both ends rounded, surface smooth.

Remarks-Maithy and Babu (1988) recorded
Tawuia and Chuaria together on the same rock
specimen supporting their planktonic nature.

Tawuia dataensis Hofmann 1979

Synonymy

1954 'Filament-like structure' Sahni & Shrivastava, p.
40, fig. 2.

1975 'Filament-like structure' Sahni, p. 293, fig. 2.
1984 Megascopic algal remains, Maithy, p. 5, fig. 5.
1984 Chuaria minima emend. Maithy & Shukla,

Partim, p. 148, pI. 1, fig. 5.
Occurrence-Suket Shale, Ramapura (Maithy &

Shukla, 1984, p. 213, pI. 1, fig. 4); Rohtas Limestone,
Chopan (Maithy & Babu, 1988, p. 585, pI. 1, figs 1,
2).

Katnta Tandon & Kumar 1977 emend.

Emended diagnosis-Carbonaceous impressions
of sausage-shape forms with distinct transverse
partitions, ends rounded or pointed.

Hototype-Katnia singhiiTandon & Kumar 1977.
Remarks-Tandon and Kumar (1977)

considered Katnia to be an annelid remain due to
the presence of transverse partitions. However, this
Middle Proterozoic macrobiota does not exhibit any
other character by which it can be considered that
they are like annelids. However, Glaessner (1987)
expressed the views that Katnia may be large
oscillatorean Cyanobacteria. Maithy (1990) opined
that Katnia may be episodic remains of plankton
blooms of mass encystment structures, i.e., algal in
nature. This opinion now seems to be more
justifiable as the specimens show close
morphological similarity with Tawuia Hofmann
except for the presence of transverse thickenings.

Katnia singhi Tandon & Kumar 1977

Occurrence-Rohtas Limestone, Semri Group,
Tikaria about 2 km SW of Katni.

Katnia attenuata sp. nov.

Synonymy
1988 Ichnogenus : Type 'A' Maithy & Babu, p. 588,

pI. II, figs 6 & 7
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Diagnosis-Elongated structure with both the
ends attenuated, measuring 20·50 mm in length and
15-30 mm wide, transverse thickenings at an interval
of 2·4 mm, each partitioned area may have a faint
circular dipression.

Holotype-Specimen no. BSIP 36113
Locality-Railway cutting near Salkhan Hill,

Ghurma Shale, Kaimur Group.
Comparison-Katnia singhii Tandon & Kumar

1977 from Rohtas Limestone, Semri Group differs
from Katnia attenuata in having blunt ends.

Grypuntu Walter, Oehler & oehler 1976

Carbonised impression of linear unbranched
filament, evenly curved, ends broken, surface
smooth to finely granulate, no transverse septa
perceptible.

Grypania spiralis Walter, Oehler & Oehler 1976

Synonymy:
1919 Spiral impression, Beer, p. 120, fig. 30.
1983 Spiroichnus beeri Mathur, p. 112, figs 1, 2.

Occurrence-Rohtas Formation; Murlipahar and
Amjohre, Rohtas District.

Daltaentu Hofmann 1985

Slender, broadly curvilinear, untwisted ribbon·
like structures of uniform submilimetiic to
milimetric width and centimetric length, apparent
infrequent lateral branching.

Daltaenia mackenziensis Hofmann 1985

Synonymy:
1989 MegascopiC sheet algae cf. Vendotaenia

Gnilovaskaya in Shukla, Venkatachala &
Sharma, p. 1012, figs 5-6

1990 Tyrastaenia sp. Shukla & Sharma, pi 3, fig. 1.
Occurrence-Suket Shale, Ramapura, Madhya

Pradesh.
Remarks-The carbonaceous film claimed to be

cf. Vendotaenia described by Shukla et al. (1989) do
not conform to the diagnosis of Vendotaenia as the
authors failed to isolate cellular material.
Subsequently, Shukla and Sharma (1990) have
transferred this specimen to Tyrasotaenia sp. The
original specimens of Tyrasotaenia are unbranched.
The figured specimen by Shukla and Sharma (1990)
shows distinct branching, therefore, it compares
with Daltaenia Hofmann and is synonymous.

Krlsbnantu SahnJ & Shrlvastava 1954 emend. Malthy 1991

Carbonaceous biota comprising a foliate part
and a parstem appearing stalk-like. Foliate part oval
to circular in shape, surface smooth 'to structured.

Krishnania acuminata Sahni & Shrivastava 1954
emend. Maithy 1991

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Sahni & Shrivastava, 1954, p. 40, figs 2,3);
Rohtas, Katni (Tandon & Kumar, 1977, p. 127, fig. 2b,
c); Rohtas, Murlipahar, Rohtas District (Maithy, 1991,
figs 14).

~

PLATE 1

1. Shouhsienia shouhsiensis Xing, Specimen no. BSIP 36538;
Amjohre, Bihar; Rohtas Formation, Semri Group.

2. Ramapuraea vindhyanensis Maithy & Shukla, Specimen no
BSIP 27341; Ramapura, Madhya Pradesh; Suker Shale For·
mation, Semri Group. x 10.

3. Amjohrea rohlaseae gen. et sp. nov., Specimen no. BSIP
36862; Murlipahar, Bihar; Rohtas Formation, Semri Group.

4. Katnia allenuala sp. nov., Specimen no. BSIP 36113: in railway
curtings 2 km WN\XI of Agori !<has railway statiOn; Ghurma
Shale Formation, Kaimur Group x Nat. size.

5. Krishnania acuminala emend. Maithy, Specimen no BSIP
35968; Murlipahar, Bihar; Rohtas FormatIon, Semri Group.

6. Cyclomedusa davidi Sprigg, Specimen no. BSIP 36388:
Bhavpura, Rajasthan; Dholpura Shale Formation, Bhander
Group. x 1.

7. Medusiniles asleroides Glaessner & Wade, Specimen no.
BSIP 36:192: Bhavpura, Rajasthan: Dholpura Shale Formation,
Bhander Group. x 1.

8. Nuia landoni (Maithy & Gupta) n. comb., Slide no. BSIP
5950; Mhow, Madhya Pradesh; Hinaoti Limestone, Semri
Group. x 50.

9. Biocalenoides sphaerula Schopf, Slide no. BSIP 6590; West
of Baisa, Madhya Pradesh; Nagod Limestone, Bhander Group.

x 1000.
10. Gloeocapsomorpha karauliensis, Maithy & MandaI, Slide no.

BSIP 5993; Near wall of Ranipura, South-east of Karauli:
Semaria Shale, Bhander Group. x 1000.

11 Aphanocapsaopsis silholeyii Maithy & Shukla, Slide no.
BSlP 6587; )urmani, Madhya Pradesh; Baghwar Shale, Semri
Group. x 500.

12. Vindhyacapsiopsis bhanderenSiS Maithy & Mandai, Slide
no. BSIP 6254; North of Karauli, Upper Bhander Sandstone,
Bhander Group. x 500.

13. Velronoslocale amoenum Schopf & Blacic, Slide no. BSIP
9784-)27; Badanpur Limestone Quarry: Rohtas Limestone,
Semri Group. x 1000.

14. Bavlinella javeolala Shepeleva; Slide no. BSIP 9791
052/2; Lilji nala, Madhya Pradesh; Nagod Limestone, Bhander
Group. x 1000.

15. Prolosphaeridium volkovae Maithy & Shukla; Slide no.
BSIP 9783·W42; Sharda Devi Hill, Madhya Pradesh; Sirbu
Shale, Bhander Group. x 1000.

16. Lophosphaeridium jainii Salujha el al.; Slide no. BSIP 9766·1
29; Sharda Devi Hill, Madhya Pradesh; Sirbu Shale, Bhander
Group. x 1000.
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Krishnania multistriata Maithy 1991

Occurrence-Rohtas, Baulia, Rohtas District
(Maithy, 1991, figs 6-9).

Vendian Forms

Cyclomedusa Sprigg 1947

Outline subcircular, surface of disc with several
to many concentric grooves separating slightly
elevated area (rugae); their arrangement indicates
an original conical shape at the center or in some
species on most of the body. Many specimens show
fine straight radial grooves.

Cyclomedusa davidi Sprigg 1947

Occurrence-Dholpura Shale, Bhavapura,
Rajasthan (Maithy, 1989; Maithy et al., 1992, figs 1-4).

Medustnltes GlaesSDeT &: Wade 1966

Small, subcircular, discoidal bodies with central
discs separated by deep circular groove from large
outer ring with radius greater than central disc, there
is a narrow marginal flange.

Medusinites as£eroides (Sprigg) emend.
Glaessner & Wade 1966

Occurrence-Dholpura Shale, Bhavapura,
Rajasthan (Maithy, 1989; Maithy et al., 1991, figs 3-5).

Dlcklnsonla Sprigg 1947

Broad, flat with numerous short segments,
anterior body, segments fused pre-orally along
median line, segmental furrows depressed dorsally
and ventrally.

d. Dickinsonia

Occurrence-Dholpura Shale, Bhavapura,
Rajasthan (Maithy 1989).

?Calcareous Algae

Nula Maslov 1954

Remarks-According to Maslov (1954) in
Johnson, 1966, p. 73) the thalli of Nuia develop
calcareous cylinders with a distinct central duct.
Numerous very fine calcareous plates or needles
radiate in all directions from the central duct, giving
a radial structure to the cylinders in cross section.
The thalli may be straight or sinuous.

The systematic position of the genus is quite
uncenain;superficially it looks like a small primitive
dasyclad alga. However, the supposed primary
branches consist of flattened blade-like plates of
calcite instead of rounded needle·like or thread-like
elements. Preservation is not characteristic of
Dasycladaceae. Based on this character, Johnson

(1966) suggested its structural closeness to
Microcodium Gllik, possibly a blue green algae.

Maithy and Gupta (1981) reported
Archaeocyatha, Ajacicyathus tandoni from the
Hinaoti Limestone Formation, Semri Group and
Tubocyathus vindhyanensis from the Nagod
Limestone Formation, Bhander Group. Zhuraleva
(1986) has doubted their identification. The so
called reported forms of Archaeocyatha show
similarity with Nuia Maslov, therefore, they have
been transfered to this genus.

Nuia tandoni (Maithy & Gupta) n. comb.

Synonymy:
1981 Ajacicyathus tandoni Maithy & Gupta, p. 78, pI.

1, figs ]-3; text-fig. 1.
Emended diagnosis-Thalli develop as a very

small calcareous cylinder (measuring up to 300 J..Lm)
with a distinct central duct. Numerous very fine
calcareous plates or needles radiate in all directions
from the central duct giving a radial structure to the
cylinders in cross section. Thalli may be straight or
sinuous.

Occurrence-l.4 km N, 46° WofMhow (82° 38'
00" : 38° 23' 80"); Hinaoti Limestone, Semri Group.

Nuia vindhyanensis (Maithy & Gupta) n. comb.

Synonymy:
1981 Tubocyathus vindhyanensis Maithy & Gupta, p.

79, pI. 1, figs 4·7; text· fig. 2
Emended diagnosis-Thallus develops as a

small calcareous cylinder (measuring up to 225 J..Lm)
with a distinct central duct. Numerous anastomosing
very fine, calcareous plates or needles radiate in all
directions from central duct giving a radial structure
to cylinder in cross section. The thalli may be
straight or sinuous.

Occurrence-I. 1 km S, 55 ° E of Kulwarn
(83°00'00" : 38°08'00"); Nagod Limestone, Semri
Group.

ORGANIC-WALLED MICROFOSSILS

Acid maceration and thin section have allowed
the identification of organic·walled microfossils
belonging to Sphaeromorphs (Acritarch),
filamentous taxa (Nematomorphs), spherical cells
arranged in colonies (Synaptomorphs) and vase
shaped microfossils. Their previous records from
Vindhyans are summarised below:

Year Author Locality Group

1953 Silholey et al. Ramapura Semri

1968 Maithy Ramapura Semri

1971 Salujha, Rehman & Sidhi Semri & Kaimur

Arora
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1971 Salujha, Rehman & KOla-Karauli Rewa & Bhander
Rawat

1972 shrivastava Ramapura SemIi

1974 Sarkar Maihar Bhander

1977 Mailhy & Shukla RamapUla Semri

1978 Kumar Chopan SemIl

J983 Maithy & Gupta Chandrehi Semri, Rewa &
Bhander

1983 Maithy & Mandai Karauli-SapOlra Semri & Bhander

1983 McMenamin, Chopan Semri

Kumar & Awrar.:ik
1983a Nauliyal Chopan Semri

1983b Nauliyal Chopan SemI;

1984 Nautiyal Sangrampur Tirohan

1988 Mailhy & Babu Chopan SemIi & Kaimur

1989 Mailhy & Meena salna, Maihar Bhander

Btocatenotdes Schopf 1968

Uniseriate, unbranched chains of rod-shaped
coccoid cells, less than Illm, broad chains up to 200
Ilm long or more, straight or recurved_

Biocatenoides sphaerula Schopf 1968

Synonymy:
1989 Gunflintia minuta Barghoorn 1965 in Maithy &

Meena, p. 181, pI. 1, figs 5·7, 10-19.
Occurrence-Nagod Limestone, Chandrehi,

Madhya Pradesh (Maithy & Gupta, 1983, p_ 158, pI. 1,
fig. 1); Nagod Limestone, Sarna, Madhya Pradesh
(Maithy & Meena, 1989, p. 181, pI. 1, figs 5-7,10-19).

Remarks-The specimens described by Maithy
and Meena (1989) under Gunflintia minuta do not
conform to the generic circumscription of
Gunflintia. Rather it conforms to that of
Biocatenoides.

Hurontspora

Solitary cells, spherical, exine smooth to micro·
reticulate, enveloping sheath absent.

Remarks-Sarkar (1974, figs 5B-E) recorded
Huronispora sp. from the Blunder Limestone. The
presence of biota in calcitic facies is questionable.
Further, from the photographs it is possible to
ascertain that the recorded biota are mineral crystals
belonging to apatite. This can be best seen in fig.
50, which she has claimed to be spheroids with
double wall.

Huronispora microreticulata Barghoorn 1965

Synonymy
1982 Kheinjuasphaera vulgaris McMenamin, Kumar

& Awramik, pp. 267-269, fig. l3e-E.
1982 Me!asmatosphaera media Hofmann, 1986 in

McMenamin, Kumar & Awramik, p. 261, fig. 101-
Occurrence-Kanwari Shale and Chorhat

Sandstone formations, Chandrehi, Madhya Pradesh
(Maithy & Gupta, 1983, p_ 159, pI. 1, figs 2, 3); Fawn
Limestone, Kheinjua Formation, Salkhan, Mirzapur
District (McMenamin et al., 1983).

Remarks-McMenamin et al (1983) instituted a
new genus Kheinjuasphaera characterised by solitary
cells-like unit without an enveloping sheath. This
form in its organisation cannot be differentiated
from Huronispora microreticulata Barghoorn 1965
(in Barghoorn & Tyler, 1965) except for the fact that
in some cases the size of the cells are larger. The use
of size criteria to institute a new genus is not
justified. These authors have also mentioned that the
smaller cells of Kheinjuasphaera cannot be
differentiated from Huronispora reticulata. It is
proposed to consider both the forms alike and
synonymous_

The solitary specimen of Melasmatopshaera
magna Hofmann described by McMenamin et al
(985) in the Fawn Limestone is also like
Huronispora microreticulata. Therefore, the same is
also placed here under the synonymy list.

Huronispora psilata Barghoorn 1965

Occurrence-Kanwari Shale, Koldha, Ramapura
Shale, Hinoti Limestone and Kokah Shale formations,
Chandrehi, Madhya Pradesh (Maithy & Gupta, 1983,
p. 159, pI. 1, fig. 4).

Eosynechococcus Hofmann 1976

Loosely associated group of cells, rod-shaped to
ellipSOidal, occasionally slightly curved, cells lack
individual sheath.

Eosynechococcus isolatus McMenamin,
Kumar & Awramik 1983

Occurrence-Fawn Limestone, Salkhan,
Mirzapur District (McMenamin et aI, 1983, p. 258,
fig. 5E-G).

Spbaeropbycus Schopf 1968

Cells solitary or in pairs, less frequently
arranged in loosely associated groups, cells
encompassed by sheath.

Sphaerophycus medium Horodyski & Donaldson,
1980

Occurrence-Panna Shale, Rewa Group, South
of Sapotra (Maithy & MandaI, 1983, p_ 131, pI. 2, figs
13·15).

Sphaerophycus parvum Schopf 1968

Occurrence-Baghwar Shale (Semri Group) and
Nagod Limestone (Bhander Group), Chandrehi,
Madhya Pradesh (Maithy & Gupta, 1983, p. 159, pI. 1,
figs 5, 6); Nagod Limestone and Sirbu Shale, Sarna,
Maihar (Maithy & Meena, 1989, p. 181, pI. 1, fig. 30).

Gloeodtniopsis Schopf 1968

Spheroids and ellipsoids with single, double or
multiple outlines, solitary or in groups of 2, 3,4 or
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up to 8 individuals within a common envelope.

Gloeodiniopsis lamellosa (Schopf) Knoll & Golubic
1979

Palaeoanacystis reticulatus Maithy & Shukla '1.977

Occurrence-Suket Shale, Ramapura (Maithy et
al., 1977, p. 178, pI. 1, fig. 7).

Occurrence-Panna Shale, Rewa Group, Bapoti
Village, Rajasthan (Maith j ' & Ma:1dal, 1983, p. 133, pI.
1, figs 5, 6; pI. 2, fig. 30)

Tetrapbycus Oehler 1977

Cells spherical, psilate, arranged in planar
tetrads, cross tetrads, diads and cluster of cells
isolated or in groups surrounded by amorphous
matrix.

Gloeocapsomorpba Zalessky 1916

Spheroidal cells aggregated in a colony,
daughter colonies and cells within the colony
ensheathed by a non·lamellated amorphous sheath,
division of cells common and occurs in two
directions.

Gloeocapsomorpha karauliensis Maithy & MandaI
1982

Cells spheroidal to ellipsoidal, generally loosely
and randomly arranged, generally colony enclosed
in formless organic matrix.

Nanococcus vulgaris Oehler 1977

Nanococcus Oehler 1977

Occurrenq'-Semaria Shale, Bhander; Ranipura,
Rajasthan (Maithy et al., 1983, p. 133, pI. 1, fig. 4).

Glenobotrydion Schopf 1968

Cells with prominent circular small organic
structure on inner surface of cell walls, cells loosely
associated, groups of many hundred cells in
pseudofilamentous organisation, enclosed in a
sheath, sheath non·lamellated.

Glenobotrydion aenigmatis Schopf 1968

Synonymy:
1983 Myxococcoides minor Schopf 19<;)8 in

McMenamin, Kumar & Awramik, p. 258, fig. 5E·
G.

Occurrence-Fawn Limestone, Salkhan,
Mirzapur (McMenamin et al., 1983, p. 260, fig. 50·F).

Remarks-McMenamin et al. 0983, p. 260) have
stated "Individual cells of G. aenigmatis and
Myxococcoides minor are indistinguishable; we refer
to cells organized into pseudofilaments as C.
aenigmatis". The figured photograph and details of
Myxococcoides minor by McMenamin et al. (1983, p.
258.) does not compare with the generic
circumscription of Myxococcoides, i.e., cells
organised in a globular colony and enclosed in a
sheath. The Salkhan Myxococcoides described by
McMenamin et al. U 983) is arranged in clustured
groups and not ir.. a globular colony, therefore, it is
proposed here to transfer it to Glenobotrydion.

Occurrence-Panna shale, Rewa Group near
Occurrence-Suket Shale, 'Ramapura (Maithy et Bapoti, Rajasthan (Maithy & MandaI, p. 131, pI. 1, fig.
1977, p. 178, pI. 1, fig. 6). 2).

Palaeoanacystis verucosus Maithy '& Shukla 1977

al.,

Cells spheroidal, without sheath, clumped
together to form a colony, colony enveloped oy an
organic sheath.

Palaeoanacystis suketensis Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura (Maithy et
al., 1977, p. 178, pI. 1. fig. 4).

Palaeoanacystis punctatus Maithy & Shukla 1977

OCCli'rrence-Suket Shale, Ramapura (Maithy et
al., 1977, p. 178, pI. 1, fig. 5).

Palaeoanacystts Schopf 1968

Myxococcoides Schopf 1968

Totraphycus congregatus McMenamin,
Kumar & Awramik 1983

Occurrence-Kheinjua Formation, Salkhan
Hills, Mirzapur (McMenamin et al., 1983, p. 265, fig.
13A, B).

Colony of compactly arranged spheroidal cells,
individ ual cells and colony ensheathed.

Myxococcoides ramapuraensis Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy et al., 1977, p. 177, pI. 1, fig. 2).

Myxococcoides magnus Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy et al., 1977, p. 178, pl.1, fig. 3).

Myxococcoides psilata Maithy & MandaI 19'83

Occurrence-Panna Shale, Bapoti, Rajasthan
(Maithy et al., 1983, p. 131, pI. 1, fig. 1); Rohtas
Limestone, Simirawal Shale, Nagod Limestone and
Sirbu Shale, Sama-Maihar (Maithy & Meena, 1989, p.
181, pI. 1, fig. 21).
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Corymbococcus Awramlk & Barghoorn 1977

Spheroidal or ellipsoidal cells aggregated in
colonies, colonies enclosed in common
unlamellated sheath; individual cells non
ensheathed.

Corymbococcus vindhyanensis Maithy & Mandai
1983

Occurrence-Upper Bhander Sandstone,
Ranipura, Rajasthan (Maithy & Mandai, 1983, p. 131,
pI. 1, fig. 3; pI. 2, fig. 12).

Corymbococcus sp. Maimy & Gupta 1983

Occurrence-Koldha, Chorhat Sandstone,
Hinoti, Simrawal Shale, Chandrehi (Maithy & Gupta,
1983, p. 159, pI. 1, fig. 8).

SacctJera Malthy & MandaI 1983

Solitary or in group of 2-4 cells enclosed in a
broad thick fibrilar amorphous envelope.

SacciJera tirohensis Maithy & Mandai 1983

Occurrence-Tirohan Limestone, Naroli Fort,
Rajasthan (Maithy et at., 1983, p. 135, pI. 2, figs 16
18).

Apbanocapstopsts Malthy & Shukla 1977

Colony of loosely arranged spheroidal cells
without any order.

Aphanocapsiopsis sitholeyii Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura (Maithy &
Shukla, 1977, p. 179, pI. 1, figs 8,9); Bargawan Shale,
Chandrehi (Maithy & Gupta, 1983, p. 159, pI. 1, fig.
7).

Aphanocapsiopsis ramapuraensis
Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura (Maithy &
Shukla, 1977, p. 179, pI. 1, figs 10, 11).

Eoenlopbysalts Hofmann 1976

Oval cells enclosed in a mucilage sheath.

Eoentophysalis belcherensis Hofmann 1976

Occurrence-Fawn Limestone, Salkhan
(McMenamin, Kumar & Awramik, 1983, p. 282, fig.
lOA-C).

Eoentophysalis magna McMenamin, Kumar &
Awramik 1983

Occurrence-Kheinjua Formation, Salkhan Hills
(McMenamin et at., 1983, pp. 262-263, fig. 10D-E).

Vtndbyacapstopsts Malthy & MandaI 1983

Cells clumped together in a rectangular colony,
ensheathed within a gelatinous mass; 4-6 cells in
each vertical row, arranged in opposite pailOs, cells
spherical, non-ensheathed.

Vindhyacapsiopsis bhanderensis Maithy & MandaI
1983

Occurrence-Upper Bhander Sandstone,
Karauli, Rajasthan (Maithy et at., 1986, p. 133, pI. 1,
fig. 7).

Osctllatorlopsts Schopf 1968

Trichomewith linearly arranged tetragonal cells,
broader than longer, filament ensheathed.

Oscillatoriopsis psilata Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura (Maithy et
at., 1977, p. 179, pI. 2, fig. 12).

Neoscytonema Malthy 1980

Synonymy:
1977 Palaeoscytonema Maithy & Shukla, p. 179.

Filaments with thick sheaths, non-branched,
cells broader than length, hetrocyst absent.

Neoscytonema srivastavae (Maithy & Shukla)
n. comb. Maithy 1980

Occurrence-Suket Shale, Ramapura (Maithy &
Shukla, 1977, p. 180, pI. 2, figs 13, 14).

Gunjltnlta Barghoorn 1965

Trichome multicellular, uniseriate and
unbranched, septa distinct, cells elongated without
any sheath.

GunJlintia sp. Maithy & MandaI 1983

Occurrence-Tirohan Limestone, Karisal Bandh,
Sapotra, Rajasthan (Maithy & MandaI, 1983, p. 134,
pI. 1, fig. 8).

Veteronostocale Schopf & Blade 1971

Trichome multicellular, beaded in appearance,
uniseriate, unbranched, septa points distinctly
constricted; cells circular or ellipsoidal in shape,
arranged in linear chain.

Veteronostocale amoenum Schopf & Blacic 1971

Occurrence-Rohtas Limestone, Badanpur,
Madhya Pradesh (Maithy & Meena, 1989, p. 183, pI.
1, fig. 4).

Eomycetopsts Schopf 1968

Tubular sheath, empty and non-septate.
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Eomycetopsis psitata Maithy & Shukla, 1977

Occurrence-Suket Shale, Ramapura (Maithy et
at., 1977, p. 180, pI. 2, fig. 15).

Eomycetopsis pftugii Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura (Maithy et
at., 1977, p. 180, pI. 2, fig. 16).

Eomycetopsis reticutata Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura (Maithy et
at., 1977, p. 180, pI. 2, fig. 17). .

Eomycetopsis?siberensis Lo 1980

Synonymy:
1983 Cunftintia minuta Barghoorn 1965, in

McMenamin, Kumar & Awramik, p. 269, fig.
10F.

Occurrence-Fawn Limestone, Kheinjua
Formation, Salkhan, Mirzapur (McMenamin et at., p.
265, fig. lOG-H).

Remarks-Cunftintia minuta Barghoorn
reponed by McMenamin et at. (1965) from the Fawn
Limestone, Salkhan does not show any septation, as
such it also does nOt compare with the generic
characters of Cunflintia. In the absence of septa it
resembles Eomycetopsis, therefore, it is transferred
here.

Eomycetopsis sp. Maithy & Meena 1989

Occurrence-Nagod Limestone and Sirbu Shale
(Maithy & Meena, 1989, p. 183, pI. 1, fig. 3).

Eomycetopsis sp. SarkaI' 1974

Remarks-SarkaI' (1974, fig. SA) reported
tubular filaments 6-8 ""m to 23.8 ""m in diameter.
From photographs it can be commented that the
recorded forms are abiogenic structures, probably
the apatite crystals have got themselves arranged in a
row.

Animikiea Barghoorn 1965

Non-septate, unbranched tubes with finely
arranged grana in parallel row indicating transverse
septa.

Anim'ikiea septata emend. Mandai & Maithy 1984

Occurrence-Nagod Limestone and Sirbu Shale
(Maithy & Meena, 1989, Mandai et at., 1984, p. 183,
pI. 1, frgs 8, 9).

Taeniatum Sin &: Liu 1973

Broad non-septate, unbranched dark tubes with
irregular surface thickenings.

Taeniatum Sp. Maithy & Meena 1989

Occurrence-Nagod Limestone and Sirbu Shale
(Maithy & Meena, 1989, p. 182, pI. 1, figs 1, 2).

Heltconema Schopf 1968

Remarks-Sarkar (1974, fig. 5G) reported
Heliconema sp. e?) long spiral, tubular, non-septate
microfossils in the styolite seams of algal limestones
of the areas around Maihar and Rewa. The diameter
of these structures according to Sarkar (1974) ranges
from 30 to 150 ""m, i.e. about 7 to 40 times larger
than the recorded specimens of Heliconema.
Therefore, the reference of these forms to
Heliconema is questionable.

Arcbaeorestis Barghoorn 1965

Trichome slender, non-septate, non-tubular and
branched.

Archaeorestis sp. Maithy & Mandai 1983

Occurrence-Sirbu Shale, Karisal Bandh,
Sapotra, Rajasthan (Maithy & Mandai, 1983, p. 134,
pI. 1, fig. 11).

ACRITARCHA

Sphaeromorphida

Spherical vesicles without any operculum.

Protospbaerldlum Timofeev

Vesicles smooth and small in size (commonly
less than 30 ""m).

Protosphaeridium diatretus Salujha,
Rehman & Rawat 1971a

Occurrence-Upper Rewa Quartzite Sandstone;
Dalapura-Hanumanpura traverse, Rajasthan (Salujha
et at., 1971a, p. 73, pI. 1, figs 11-13); Semri Group,
Son Valley (Salujha et at., 1971b, p. 26, pI. 2, figs 8,
9); Panna Shale and Lower Bhander Sandstone,
Karauli-Sapotra, Rajasthan (Maithy & Mandai, 1983,
p. 136, pI. 2, fig. 23).

Protosphaeridium pristinum Salujha,
Rehman & Rawat 1971b

Occurrence-Basuhari Sandstone, Son Valley,
Mirzapur District (Salujha et at., 1971b, p. 26, pI. 3,
figs 8, 9)

Protosphaeridium densum Timofeev 1966

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy & Shukla, 1977, p. 181, pI. 2, fig.
19); Panna Shale, ]hiri Shale and Lower Bhander
Sandstone, Karauli-Sapotra (Maithy & Mandai, 1983,
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p. 130, pI. 2, fig. 25); Nagod Limestone & Sirbu
Shale, Satna, Maihar, Madhya Pradesh (Maithy &
Meena, 1989, p. 183, pI. 1, figs 31, 32).

Protosphaeridium volkovae Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy & Shukla, 1977, p. 181, pI. 2, fig.
18); Sirbu Shale, Satna-Maihar (Maithy & Meena,
1989, p. 184, pI. 1, figs 28, 29).

Rema rks- 20 nosphaeri di u m digna tu m
described by Salujha et al. (1971a, p. 77, PI. 1, figs
27-30) from the Sirbu Shale, Chambal Valley is
identical to Protosphaeridium densum Timofeev
1966, therefore, it is considered here to be the junior
synonym.

Protosphaeridium cambriense Timofeev 1959

Occurrence-Panna Shale, Karauli-Sapotra
(Maithy & Mandai, 1983).

Remarks-Salujha et al. (1971a, pI. 1, figs 17, 18,
19) reported a new species of Cymatiosphaera, C.
compta from the Maihar Sandstone of Mandral
Karauli traverse which compare morphologically
with Protoleiosphaeridium diatretus (Salujha et al.,
1971a) described from the same area. Therefore,
Cymatiosphaera compta is referred as a junior
synonym of P. diatretus.

Likewise, Tasmanites sp. described by Salujha et
al. (1971a, pI. 1, fig. 31) is similar to
Protosphaeridium densum Timofeev and
synonymous too. The same also holds true for the
specimen described by Salujha et al. (1971b) under
Tasmanites sp. A (pI. 2, fig. 23) and Tasmanites sp.
B (pI. 2, fig. 2) from Son Valley.

Leiosphaeridia Eisenack 1958

Vesicles thin-walled with smooth to ~har green
surface.

Leiosphaeridia vindhyana Salujha,
Rehman & Rawat 1971a

Occurrence-Maihar Sandstone, Mandral
Karauli traverse (Salujha et al., 1971a, p. 72, pI. 1, figs
5-7).

Leiosphaeridia pellucida Salujha,
Rehman & Arora 1971b

'. Occurrence-Bijaigarh Shale, Son Valley
(Salujha et al., 1971b, p. 25, pI. 2, figs 1-3).

Ktldlnosphaera Vidal 1983

Remarks-The forms described now under
Kildinosphaera were earlier described under
Kildinella Timofeev, 1963. Vidal (in Vidal & Knoll,
1983) pointed that the later name is preoccupied,

therefore, the specimens described under Kildinella
were transferred by him to a newly proposed name
Kildinosphaera.

Kildinosphaera suketensis Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy et aI., 1977, p. 182, pI. 3, fig. 21).

Kildinosphaera sp.

Occurrence-Panna Shale, Karauli-Sapotra,
Rajasthan (Maithy & Mandai, 1983, p. 136, pI. 2, fig.
26); Rohtas Limestone, Nagod Limestone and Sirbu
Shale, Satna-Maihar (Maithy & Meena, 1989, p. 184,
pI. 1, figs 23, 27).

Orygmatosphaeridlum Timofeev 1959

Vesicle thin, surface closely pitted, pits small.

Orygmatosphaeridium plicatum Maithy & Shukla
1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy et aI., 1977, p. 181, pI. 3, fig. 26);
Koldha Shale (Semri) and Simrawal Shale
(Bhander), Maithy & Gupta, 1983, p. 159, pI. 1, fig.
9); Semaria Shale (Blunder) Ranipura, Karauli
(Maithy & Mandai, 1983, p. 136, pI. 2, fig. 27)

Orygmatosphaeridium vulgarum Maithy 1975

Occurrence-Nagod Limestone and Sirbu Shale
(Maithy & Meena, 1989, p. 184, pI. 1, figs 24-25).

Granomarglnata Naumova 1969

Vesicle with grana-like structures.

Granomarginata primitiva Salujha, Rehman & Arora
1971b

Occurrence-Basuhari Sandstone, Son Valley
(Salujha et aI., 1971b, p. 28, pI. 3, figs 18-20).

Granomarginata rotata Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy et al., 1977, p. 181, pI. 3, fig. 23).

Granomarginata minuta Maithy 1975

Occurrence-Sirbu Shale, near Karisal Bandh,
Sapotra, Rajasthan (Maithy & Mandai, 1983, p. 136,
pI. 2, fig. 28).

Granomarginata prima Naumova 1969

Occurrence-Maihar Sandstone, north of Karauli
(Maithy & MandaI, 1983, p. 136, pI. 2, fig. 29).

Remarks-Archaeojavosinia venusta Salujha et
al. (I971b, p. 27, pI. 3, figs 2, 3) compares to G.
prima due to presence of closely spaced grana and
seems to be synonymous.
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Granomarginata nagodensis Maithy &
Gupta 1983 n. comb.

Synonymy:
1983 Bavlinella nagodensis Maithy & Gupta, p.

160, pI. 1, figs 10, 11.
Occurrence-Nagod Limestone Formation, west

of Baisa, Madhya Pradesh.
Remarks-As per description the surface of the

organic-walled microfossils has closely spaced
grana, which compares with the generic
circumscription of Granomarginata, the refore,
Bavtinella nagodensis is transferred to
Granomarginata.

Symplassospbaerldium Timofeev 1959

Vesicle spheroidal, body divided to several
rounded areas.

Symptassosphaeridium butbosum Maithy & Shukla
1977

Occurrence-Suket Shale, Ramapura (Maithy &
Shukla, p. 181, pI. 2, fig. 20).

Symptassosphaen'dium sp. A Salujha, Rehman &
Rawat 1971a

Occurrence-Vindhyan, Rajasthan (Salujha et
at., 1971a, p. 72, pI. 1, fig. 9).

?Symptassosphaeridium sp. B, Salujha, Rehman &
Rawat 1971a

Occurrence-Vindhyan, Rajasthan" (Salujha et
at., 1971a, p. 73, pI. 1, fig. 10).

Remarks-The identification of Symptasso·
sphaeridium sp. A Salujha et at., 1971a, p. 72, pI. 1,
fig. 9) and?Symptassosphaeridium sp. B. Salujha et
at., 1971b, p. 73, pI. 1, fig. 10) seems to be doubtful
as the photographs show that small globular cells are
enclosed within a fine enveloping sheath.
Accordingly, it shows morphological closeness to
Bavlinella Shepleva 1962. Both the specimens also
compare with recently figured specimens of
Bavtinella by Hofmann (1984, pI. 32, figs A-G) from
the latest Proterozoic of the Wernecke Mountains,
Yukon.

Lopbospbaerldium Timofeev 1969

Vesicle spherical, exine covered with bulbose
processes.

Lophosphaen'dium jainii Salujha, Rehman & Rawat
1971a

Occurrence-Kaimur Sandstone, Mandral·
Karauli traverse, Rajasthan (Salujha et at., 1971a, p.
74, pI. 1, figs 14-16).

Lophosphaeridium jainsoniusii Salujha, Rehman &
Arora 1971a

Occurrence-Bijaigarh Shale, Son Valley,
Mirzapur (Salujha et at., 1971b, p. 26, pI. 2, figs 10
13).

Lophosphaeridium vetutum Salujha, Rehman & Arora
1971b

Occurrence-Rohtas Limestone, Son Valley,
Sidhi District (Salujha et at., 1971b, p. 27, pI. 3, figs
10, 11).

Remarks-The above named three species seem
to be synonymous owing to their morphological
similarity. They also overlap in the size range. As
such Lophosphaeridium jainii has priority over the
later two described species L. jainsonusii and L.
vetutum.

Microhystridium sithoteyi Salujha et at. (1971b,
p. 30, pI. 2, figs 15-17) has exine and broad
processes with rounded tips. This character
conforms to the generic identity of
Lophosphaeridium. Further, the figured specimens
also compare with the figured specimens of L. jainii
Salujha et at. (l971a, pI. 1, figs 14-16).

Lophosphaeridium echinatum Salujha et at., 1971
comb. nov.

Synonymy:
1971 Priscogatea echinata Salujha, Rehman &

Rawat, p. 76, pI. 1, figs 23, 24.
Remarks-The species is transferred to

Lophosphaeridium due to the presence of closely set
spines, ± 2 /-Lm long. The species differs from L.
jainii Salujha et at. 1971 in being larger in size and
pointed structures.

Vavosopbaerldium Timofeev 1956

Vesicle spherical, exine covered with muri
forming reticulations.

Vavososphaen'dium bharadwajii Salujha, Rehman &
Rawat 1971a

Synonymy:
1971a Dictyotidium aerotatus Salujha, Rehman &

Rawat, p. 75, pI. 1, figs 21, 22.
Occurrence-Maihar Sandstone, Mandral

Karauli traverse, Rajasthan (Salujha et at., 1971a, p.
75, pI. 1, figs 21,22); Vindhyan, Son Valley (Salujha,
Rehman & Arora, 1971b, p. 29, pI. 3, figs 24, 25);
Nagod Limestone and Sirbu Shale; Sama-Maihar
(Maithy & Meena, 1989, p. '}84 , pI. 1, fig. 26).

Remarks-Salujha et at. (1971a, p. 75, pI. 1, figs
21, 22) reported Dictyotidium aerotatus, a new
species from the Maihar Sandstone, Mandral-Karauli
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traverse. These specimens in their gross morphology
are like Vavososphaeridium bharadwajii.

Va vososphaeridium vindhyanensis
Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy et ai., 1977, pI. 4, fig. 27).

Arcbaeofavostna Naumova 1960

Vesicle with broad reticulum, reticulum free
area pitted.

Archaeojavosina reticulata Maithy & Shukla 1977

Occurrence-Suket Shale Ramapura, Madhya
Pradesh (Maithy et ai., 1977, pI. 3, fig. 24).

Bovltnella Shepleva 1962

Spheroidal aggregates of dark brown organic
materi~1 tightly packed isodiametric globular to
subpolyhedral globular cell-like units, 0.3-1.0 JLm in
diameter.

Bavlinella javeolata (Shepleva, 1962) emend.
Vidal 1976

Nucellospbaerldtum Tlmofeev 1969

Vesicle sphaeroidal with inner body.

Nucellosphaeridium minimum Maithy & Shukla 1977

Synonymy:
1971b Pterospermopsis typicanus Salujha, Rehman

& Arora, p. 30, pI. 2, figs 18, 19.
1971b Baltisphaen-dium scitulum Salujha, Rehman

& Arora, p. 30, pI. 2, fig. 26.
Occurrence-Suket Shale; Ramapura, Madhya

Pradesh (Maithy et ai., 1977, p. 182, pI. 4, figs 30,
31 ).

Remarks-Pterospermopsis tYPicanus Salujha,
Rehman and Arora (1971b, pI. 2, figs 18, 19)
compares closely to N minimum Maithy & Shukla
(1977, pI. 4, figs 30, 31) It does not compare with
the morphological' features of Pterospermopsis.
Therefore, it is a synonym of N minimum. The
specimen described and figured by Salujha et al.
(1971b, p. 30, pI. 2, fig. 26) shows a distinct circular
body, therefore its assignment to Balttsphaeridium
scitulum is not correct. In gross morphology it
resembles Nucellosphaeridium minimum Maithy et
al., 1977 and is synonymous.

Nucellosphaeridium maithyi (Maithy & Shukla)
emend. Fensome et al. 1990

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy & Shukla, 1977, p. 182, pI. 4, figs 30,
31 ).

Remarks-Fensome et al. (1990) pointed out

that N zonatum Maithy & Shukla 1977 is junior
homonym of N zonatum Maithy 1975, therefore,
proposed N maithyi for it.

Tasmanites (Newt.) Eisenack 1958

Large size vesicle, surface with numerous
puncta or pores.

Tasmanites vindhyanensis Maithy & Shukla 1977

Occurrence-Suket Shale, Ramapura, Madhya
Pradesh (Maithy et ai., 1977, p. 182, pI. 4, figs 32,
33).

Tasmanites punctatum (Maithy & Shukla)
emend. Fensome et at. 1990

Synonymy:
1977 Zonosphaeridium punctatum Maithy &

Shukla, p. 182, pI. 4, fig. 28.
Occurrence-Suket Shale, Ramapura, Madhya

Pradesh (Maithy et ai., 1971, p. 182, pI. 4, fig. 28).
Remarks-Fensome et at. (1990) pointed out

that the genus Zonosphaeridium Timofeev is not
validly published, therefore, they transferred the
forms placed under Zonosphaeridium to Tasmanites,
which is a senior synonym.

Letovalta Eisenack 1965

Oval organic-walled microfossils, exine smooth.

Leiovalia sp. Salujha, Rehman & Rawat 1971a

Occurrence-Vindhyan, Karauli-Kotah (Salujha
et ai., 1971a, p. 76, pI. 1, fig. 25).

Remarks-Most probably the reported specimen
by Salujha et ai. (1971a, p. 76, pI. 1, fig. 25) is a
modern fungal spore. Similar fungal spores have also
been reported in association of organic-walled
microfossils from the Vindhyans of Son Valley by
Salujha, Rehman and Arora (1971b, pI. 3, figs 21-23).

Vase-shaped microfossils

Melanocyrillium Bloesser 1985

Remarks-Vase-or flask-shaped microfossils are
well known from the Precambrian rocks (Knoll,
1982). Bloesser (1985) put all of them under a new
genus Melanocyrillium as encystment structures
belonging to unidentified alga. Melanocyrillium was
reported by Salujha et ai. (1971a, p. 32, pI. 3, fig. 31)
from the Vindhyan rocks of Son Valley and from the
Upper Vindhyan rocks of Rajasthan by Salujha et ai.
(1971b, p. 70; pI. 1, fig. 35). Maithyand Babu (1989)
recorded Melanocyrillium jimbriatum sp. in the
Arangi Formation, Semri Group and Markundi
Quartzite Formation, Kaimur Group exposed around
Chopan, Mirzapur District, Uttar Pradesh.
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ACTIVITIES OF BIOLOGICAL LIFE

Ichnofossils

Several markings were noted by early workers in
the Vindhyan rocks, but were dismissed as of
inorganic origin. Verma and Prasad (1968) reported
the occurrence of three types of trace fossils in the
Bhander Limestone in Bankuiyan area, Rewa District.
Bostricophyton bankuianensis are large spiral
thread-like markings, slightly broader in the middle,
tapering ends with transverse ridges, thick,
prominent, slightly arched and closely spaced.
Marking appears to represent crawling tracks of a
worm or an arthropod. Rouaulita rewaensis is a
smooth bilobate crawling trail with two very distinct
lateral furrows and one median furrow, body almost
flat. Tasmanadia dassi has double rows of very
sharp transverse foot-like imprints, longer axis of the
imprint is slightly diagonal to the direction of
movement; foot-like imprints, Single, thick and
varying in size. SarkaI' (1974, p. 150) reported in
brown and grey limestone outcrop sections of
Lakheri Limestone the presence of slightly raised
ridges mostly sheet-like, straight to sinuous or
irregular, spindle-shaped, most of which wedge out
peripherally. The length and breadth of the
structures vary from 0.5 to 5 cm and 0.5 to 4 mm,
respectively. Generally both the ends of these
structures are tapering. Some forms are not tapering
but simply rod-shaped. Some burrows show flat
crescent U-shaped body with two arms-like
projections. Kumar (1978c) described a horizontal
trail Muniaichnites from glauconitiC sandstone.

Mathur (1982, fig. 2A) reported Asteriradtus
karaulensis in Karauli Quartzite of Panna. However,
no details have been proVided and as such it is
nomen nudum. Sonjiwashman basuharensis
claimed to be a trace fossil by Mathur (1982, fig. 2B)
from the Basuhari Sandstone is actually a drag mark.
Math ur and Ve rma (1983, fig. 1) reported
Bhanderichnus damohensis in the Maihar Quartzite
Formation, Sagoni, Madhya Pradesh. The specimen is
a trail with lobe-like structure, placed symmetrically
on either side of the main trail. Four pairs of such
lobes are seen.

Trails with paired circular marks with a inter
spacing gap of 1-4 mm from one another are
arranged in a linear fashion up to 8-10 cm; circular
markings nearly less than 1 mm in dimension. Linear
distance between two pairs less rhan 2 mm was
reponed by Mairhy et al. (1986, fig. 2) in the Murli
Sandstone Formation (Kaimur) of Murlipahar, Bihar
and Maithy and Babu (1988, pI. 2, fig. 7) in the
Ghurma Shale (K3imur) of Chopan.

Chakrabarti (1990) recorded traces and
dubiotraces from the Lower Bhander Sandstone
exposed around Maihar, Madhya Pradesh. Burrows
have been detected on exposures as small sand
lump exposures in rippled or plane bedding surface.
Two groups of burrows were found (a) large
diameter burrows with diameters varying between
0.5 and 4.5 cm, and (b) micro-burrows with
diameter 1.5 mm. Burrow discloses two different
patterns in the nature of burrow fill (i) staggered
concave upward internal laminae shOWing 'Y'- in 'V'
or broad-based '0'- in '0' Structures resembling
Monocraterion, and (ii) an ill-defined arrangement
of the upward laminae of the burrow fill, the stubby
thumb-like burrow being bordered by clay lining on
the burrow wall. Dissection of the 'bean-shaped'
forms reveal that these represent the lower part of
Diplocraterion burrows.

ORGANOSEDIMENTARY STRUCTURES

The principal organosedimentary structures of
Vindhyan are stromatolites These records of
stromatolites have been summarised by Kumar
(1984). Incidentally, in most of earlier works the
identification of stromatolites is based on field data
and three dimensional reconstructions for the
taxonomic identification were not prepared. Further,
in many cases the descriptions are also incomplete.
Kumar (1984) identified three distinct stratigraphical
assemblage zones. Of these, two assemblages are
recognised within the Semri Group, the older is
Kussiella-Colonella Assemblage of the Early Riphean
age and the younger is Conophyton garganicus
Colonella Assemblage of Middle Riphean age. The
Bhander Group assemblage is dominated by
Baicalia-Tungussia Assemblage of Late Riphean age.
The stromatolite records are tabulated below.

CONCLUDING REMARKS

The paper indicates that very little evidences of
the Vindhyan life were available before 1970. All the
earlier reports are poorly documented. Since 1970,.
proper attention was given to record various
biological remains from the Precambrian rocks.

MacrofOSSils-Presence of Chopania in the rock
as old as ± 1,300 Ma suggests that the lineage
separation between Metaphyte and Metazoan began
sometimes during the early pan of Middle
Proterozoic. The younger bed of Semri and the older
beds of Kaimur preserve characteristic macrofossil
assemblages dominated by the planktonic forms
Chuaria alongwith Tawuia and the benthic form
Krishnania. This association also includes elongated
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HORIZON

Rohras

Bargawan

Bhagwanpura
Limesrone

Kajrahat
Limestone

Tirohan
Limestone

Tirohan
Limestone

HORIZON

Jhiri Shale

VI

LOCALITY

Mirzapur

Mirzapur

Dabua

Hatiflura
Rajasrhan

Chainpllr
Rajasthan

Bhojenda
Rajasthan

Mirzapllr

Chitrakoot

Sapotra·
Karauli

LOCALITY

Barwas, Akher

AUTHOR

Kumar, 1976b

Valdia, 1969

Kumar, 1982

Maithy, 1990

Raja Rao & Mahajan 1965

Prasad, 1975

Prasad, 1975

Barman & Verma 1975

Prasad, 1976, 1978

Kumar, 1976a, b, C,

1982

Valdia, 1969
Kumar, 1976b
1977b, 1982

Maharajasingh
& Banerji, 1980

Rewa Group

AUTHOR

Prasad, 1984

FORJ\1A

Collenia clappii
I'oorlv developed stromatolite

Colonella eolumnaris
Conophylon garganieLls
Colenia elapii
ConopbylOn garganieLls
C. garganiells, Colonella columnaris

Newlandia minLlla

Collenia jreqllenee, Conopbylon
indinall! m, Cryplozoan accidental!.'
and \,(,('(!dia.

Collenia eolumiaria
C. kussiensis, Conophylon
eylindnea, Ciyplozoan
aeeidentale, \'(/e!.'dia
Collel/ia eolumnaris
C. jrequenee
C. baiealiea, C. spissa
C. kussiensis, C. oompaela
Cryplozoan aeeidenlale,
Conophylon cylindric us
C. inelinalum, Weedia

Conop/~l'lOn cylindricus,
Collenia sp., Collenia
baicaliea, C. jrequenee, Weedia

Col/enia eolunmaris, C. baiealiea
C. kllssiensis, Cymnosolen
Cryplozoan aeeidenlale,
Conophylon eylilldrieus,
Weedia sp.

Kussiella kussiensis, Kussiella
kussiensis, K. dalaensis,
Conophylon vindhyaensis,
Colonella symmelriea,
C. kajrahalensis

Colonella lodwarensis,
C. 'columnaris, Collenia
symmelriea, Kussiella kussiensis

COl1ophylon eylindrieus,
Collenia kussiensis,
C. baiealiea

FORMA

Saiealia baiealiea,
Cynmosolen ramasayi
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HORIZON

Balwan
Limestone

Upper Bhander
Limestone

Sirbu-Shale
(Megardha Member)

Nagod-Limestone

Samaria
Limestone

LOCALITY

Balwan

Sawai-Madhopur

Lakheri

Satna

Maihar

Sawai-Madhopur

Bundi

Maihar

Maihar

Maihar, Satna
Nagod & Rewa

Maihar

Sarna

Satna

Rewa

Sawai-Madhopur

Satur, Lonaba
Naygoan
Singlore
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Bhander Group

AUTHOR

Prasad, 1984

Prasad & Ramaswamy,
1980

Prasad, 1984

Rao, La! & Ghosh, 1977

Kumar, 1978

Prasad & Ramaswamy, 1980

Prasad, 1984

Valdiya, 1969

Misra & Awasthi 1962

Sarkar, 1974

Kumar, 1978

Kumar, 1978

Rao, Lal & Ghosh, 1977

Rao, Rao & Ghosh, 1977

Prasad & Ramaswamy,
1980

Prasad, 1984

FORMA

Baicalia baicalica,
Linel/a

Col/enia baicalica

Col/enia (Baicalia)
baicalica & Linel/a

Slralijera

Maiharia maiharensis

Col/enia baicalica &
C col/umnaris

Col/enia baicalica,
C buricala & Oncoliles

Col/enia baicalica

Col/enia

Baicalia baicalica,
Colonel/a, Cryplozoan,
Col/enia undosa,
Slralijera & Weedia

Baicalia baicalica &
Colonel/a columnaris

Baicalia salanensis
(> Tungussia)

Col/enia = (Colonel/a)
Baicalia, Boxonia identical
to Baicalia)
Tungussia, SlraltJera &
Oncolite

Colonel/a, Col/enia, Symmelrica,
Baicalia, Kussiel/a &

Anaberia

Col/enia (Baicalia)
baicalica

Weedia, Slralijera,
Col/enia (Baicalica)

tubular types-Grypania and Daltaenia, planktonic
sphaeroid with inner body, viz., Amjobrea,
Ramapuraea and elongated-oval forms Katnia and
Sboubsienia_ Krisbnania is the oldest benthic form.
The assemblage suggests extensive shallow seas on a
peneplairted landscape for the Vindhyans. Most of
the Middle Proterozoic forms seem to be Eucaryotic
due to their large size, though affinities of many of
them are still uncertain. This assemblage is known
world wide from the eqUivalent strata, i.e., 800-1,000
Ma of China (du Rulin, 1982; Duan, 1982) and north-

west Canada (Hofmann, 1985). Considering this,
Maithy and Babu (1988) indicated that this is a time
marker assemblage and therefore denoted this time
period as "Chuarian Period".

The youngest bed of the Vindhyan-Dholpura
Shale preserves Ediacaran biota, comprising mainly
of Vendian Radialia medusoids dominated by
oligocytic forms of 'Cyclomedusa complex'. This
type of biotic composition is now known from
Australia, China, Europe and Canada. The presence
of Ediacaran biota in the youngest beds of the
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Vindhyan indicates the uppermost limit of Vindhyan
is restricted to Vendian.

Organic-walled microjossils-In the past,
doubts have been raised concerning synsedimentary
deposition of the organic-walled microfossils in the
rocks. Workers have also questioned the authenticity
of the macerated organic residues. Many of them
tried 1O call them organic comaminants of modern
vegetation. In recent years this point is over-ruled by
the methodology of study suggested by Pflug and
Maithy (1977). According to them synsedimentary
deposition of biota can be well proved by studying
them first in thin sections and later by maceration.

Identification of organic-walled microfossils
too, is problematic due to ill preservation. The
Precambrian organic-walled microfossils are black to
dark-brown in colour and the original wall structure
also gets altered due to diagenetic changes in the
course of fossilisation. Therefore, probability
remains that the idemified forms under different
species and generic names may be the preservation
variants. In view of the same, due caution is now
needed while instituting new forms.

The study indicates that relationship exists
between the biota and preserved rock. The
stromalOlite bearing rocks preserve distinct biotic
composition in comparison to non-stromalOlitic
ones. The stromatolitic beds preserve
Synaptomorphs (colonial forms) and the
Nematomorphs (tubular forms) indicate lagoonal
deposit while non-stromalOlitic beds preserve
Cryptarchs (including Acritarcha) indicating open
shelf deposit.

Organic-walled microfossils particularly
Cryptarch-Sphaeromorphs play significant role in
biostratigraphy. The available data indicates that
Semri Group Cryptarch shows dominance of
Protosphaeridium, Orygmatosphaeridium and
Leiosphaeridia and the Bhander Group is
characterised by the presence of large-sized
sphaeromorphs-Nucellosphaen'dium, Vavosphaeri
dium, Micryhystridium, Cymatopshaeroides
associated with Bavlinella.

Trace jossils-Ichnofossil evidences from the
Vindhyan are scanty in comparison to the Late
Precambrian records. However, the ichnofossil
records indicate the existence of metazoan in the
early part of Upper Proterozoic. The preserved traces
indicate the presence of vagile benthos. In
sedimentary strata, these organisms moved owing to
persistaltic changes in the shape of entire body (in
the same way living nemertines, annelids, etc.)
passing through their digestive canal, a residue rich
in organic matter. Proterozoic Metazoa moved by
persistaltic waves, passing through the ventral parts

of body, like liVing planarians, chitons, etc. The
ichnofossil records indicate that metazoan life
possibly developed sometimes in the early part of
Middle Proterozoic.

Organosedimentary structures-THe Vindhyan
stromalOlites indicate that non-branched and domal
forms (Conophyton) dominate the Semri Group and
the branched stromatolites are characteristic of the
Bhander Group. The branched forms indicate Upper
Riphean 1O Vendian age for the Bhander Sequence.
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Changing patterns of the Permian Gondwana vegetation
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FloristiCs, ecology and vegetation tllrough Permian of peninsular India are summarised. Palynological,
sedimentological and faunal data are also utilized in this study. The Permian vegetation of India, known as the
Glossopteris flora, comprises fungi, bryophytes, lycophytes, arthrophytes, Filicales and gymnosperms. Some of the
important plant types are reconstructed on the basis of available information. Five reconstructions are made
depicting Talchir, Karharbari, Barakar, Kulti and Raniganj vegetation.
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OUR knowledge of the Permian flora of India has
rapidly increased over the last four decades. Studies
of the Glossopteris flora representing Permian
vegetation in India was initiated by O. Feistmantel
between 1879-86. Later Arber (1905) published the
British Museum Catalogue of the Glossopteris flora,
covering much wider geographical area. Since then a
lot of new data has accumulated and many review
and compilations have appeared on the Glossopteris
flora of India (Sahni, 1939; Surange, 1966, 1975;
Lele, 1976; Surange & Lele, 1977; Maithy, 1974a;
Maheshwari, 1976; P.ant, 1977; Bose et at., 1990).

The first step" for reconstructing the vegetation
through Permian time has been to observe and
understand the distribution of plant remains
belonging to various plant groups in different
sedimentary facies. The next step involves
interpretation of the depositional environments and
likely the transport history of plants. As few fossil
plants are found in situ, their distribution within the
rock strata is controlled by transport and
depositional processes. The reconstruction of the

original plant communities is therefore dependent
upon the understanding of transport history and
depositional environment interpreted from the
sedimentological evidences. It is also true that the
entire flora is not preserved. Therefore information
on preservational environment is also very important
as we know far less about the original vegetation.

An ideal situation would have been to
reconstruct the changing vegetational scenarios of a
particular basin but for want of adequate information
it is not presently possible. Therefore, data from
variOUS basins have been put together to reconstruct
the vegetation of different formations in the
peninsular India. A number of changes in the floras

.and plant communities have been related to climatic
and evolutionary factors. The effect of climate on
plants through Permian has been detailed by
Chandra and Chandra (1987). Faunal records, known
meagerly from peninsular India, 'have also played a
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major role in understanding the environment. This
aspect is also dealt with.

Reconstructing vegetation of any particular
period requires vast information from several
sources, which is usually nOt adequately available.
The present effort is made to recreate Permian
vegetation scenarios as precisely as possible. Papers
published during the past decades mostly deal with
descriptive accounts and flor~stics. A very few papers
are on record which throw light on the origin and
development of the past vegetation. Similarly,
reconstructions of the Indian Permian vegetational
scenarios have not been attempted. Seward (1941,
fig. 74), Plumstead (1966), Rigby (1969) and Rayner
and Coventry (1985) reconstructed the Lower
Gondwana vegetation and viewed it as a single scene
depicting a span of more than 50 million years.
Recently, Pant (1985) wrote an article in Hindi
which mentions several forest types of the past

PERMIAN OF PENINSULAR INDIA

The Glossopteris flora is richly preserved in the
Lower Gondwana formations of India, which include
Talchir, Karharbari, Barakar, Barren Measures (also
known as Kulti Formation) and Raniganj formations
in ascending order (Table 1) The continental
deposits of the Lower Gondwana formations are
developed in a series of basins in the Damodar, Son
Mahanadi and Narmada grabens. The Lower
Gondwana formations in different basins of
peninsular India are usually referred to by local
names. The Lower Gondwana deposits have a
glacigene unit at their base which is recognisable in
all the intracratonic basins of the country It is
believed that the Talchir glacial deposits were

spread almost all over the peninsula, however, the
outcrops are present in the form of erosional relicts.
After the ice cap receded the glacial event was
followed by deposition of sands, shales and coals in
subsiding back swamps, marshes and lacustrine
environments for about 40 million years. There were
occasional incursions of the sea which left behind
intermittent thin marine depOSits.

GLOSSOPTERIS FLORA OF PENINSULAR INDIA

The Glossopteris flora of peninsular India
includes few characteristic plants, most of them are
largely restricted to the Gondwana countries. The
botanical relationship of most of the fossil forms is
tentative as few are known with their fructification.
Majority of the forms occurs as detached parts and it
is a rare instance if they are found attached, so as to
provide us information regarding their phyllotaxy
and mode of attachment on the parent plant.
Therefore, the habit of different plants is not
adequately known. So far very few reconstructions of
the Permian plants have been made. In the follOWing
account Permian fossil finds from the peninsular
India are assessed for their character states to

reconstruct the individual plants, wherever possible.
This information has been used to visualize the
Permian vegetation of India.

Bryophyta

Till now this group was thought to be almost
non-eXisting during Permian of India as all previous
records were discarded. The latest findings
(Chandra, M.S.) have proved beyond d.oubt that both
hepatics and musci are very well represented in the

Table I-Lower Gondwana Formations of India in different basins

LITHOSTRATIGRAPHIC UNITS

KULTI KULTI
FORJ\1ATlON FORMATION

BARAKAR BARAKAR BARAKAR BARAKAR
FORMATION FORMATION FORMATION FORMATION

PALl RANIGAN] KAMTHI KAMTHI
FORMATION FORMATION FORMATION FORMATION
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Talchir flora from the South Rewa Gondwana Basin.
Their absence in other Permian formations of India
is intriguing as they are well represemed in the
Nidpur beds considered to be Triassic in age (Pam &
Basu, 1978, 1981) It is expected that future finds
will fill the gaps in understanding this group. The
bryophytic plams are diminutive and they grow near
marshy wet places.

Lycophyta

Lycopods tOO are rarely represented in the
Permian sedimems of peninsular India. Majority of
them are known from the Extra-peninsular region
and a few from peninsular region. The oldest
authemic record of Cyclodendron leslii (Seward)
Kr'ausel is from the Middle Permian (Iron Stone
Shale Formation; Kar, 1968). It is represented by
fragments of stems bearing a number of spirally
arranged eye-shaped leaf scars. SurpriSingly they are
well-represented in other Gondwana countries, viz.,
South Africa, South America and Australia forming
conspicuous part of the vegetation in the Early
Permian. It is premature to infer whether the Indian
lycopods during Permian were small plants or
attained a considerable height. So far there is no
evidence to prove that the Gondwana lycopods were
arborescent plants. Based on present information it
is considered that they were small plants which grew
near marshy places forming an undercover of the
vegetation.

While the lycopsid fossil remains are scanty in
the Permian sequence of India; a large number of
micro-and mega-spores have been recorded
(Bharadwaj & Tiwari, 1970; Maheshwari & Tewari,
1987). This indicate~ the likely possibility of the
presence of more lycopsid plants in the Permian
than presently known by the megafossil records.

Arthrophyta

This group includes two orders. The order
Equisetales forms a significant part of the Permian
vegetation, the plants being represented by
vegetative shoots with leaflets. In the absence of
anatOmical details and fruiting bodies of the plant
types of the group, their relationship and affinities
are imperfectly known. Well known form genera
assigned to this group are Phyllotheca, Sc;Pizoneura,
Lelstotheca and Raniganjia. Other less known forms
of localised occurrence are Barakaria,
Gondwanophyton and Bengalia. Ribbed jointed stem
impressions commonly occur in virtually all the
Lower Gondwana formations indicating the presence
of equisetalean plants.

Scbtzoneura SChimper & Mougeot

This appears to be a plant of considerable
height reaching up to few meters as evidenced by
the specimens reported by Feistmantel C1?80, 1881)
and others. The herbaceous plant had a main stem
giving out alternate branches which were also
branched sometimes and ultimately possessing
opposite leaflets on finer branches (Text-figure 1).
Generally the fossils of stem and finer branches with
leaflets are found separately. The older leaflets tear
along the veins to form long narrow, strap·shaped
leaflets hanging out from the nodes. The
reconstruction of the plam shows main axis with its
branches and leaflets on finer branches. In India, the
genus is recognized by two species, in which S
gondwanensis Feistmantel is common in occurrence
and has a wide vertical and horizontal distribution.

Pbyllotbeca Brongniart

It is known by 15 species from allover
Gondwana countries. In India, the genus makes its
first appearance in the Early·Middle Permian and
continues up to Late Triassic. The most complete
specimen is reported by Surange and Kulkarni
(1968) from Barakar Formation of South Karanpura
Coalfield. The plam appears to be smaller than the
Schizoneura plant. The main stem gives out lateral
branches which in turn give out finer branches
bearing leaf-sheaths (Text-figure 2). Identification of
the species is made on various shapes and sizes of
the cups formed by the leaf-sheaths. The complete
plant could have been up to a meter high. The
cuticular details of the leaf-sheaths are like those of
modern Equisetum and therefore it is presumed that
the Phyllotheca plant also had similar habit and
habitat. It is likely that Phyllotheca tOo had
xerophytic as well as hygrophytic characters like that
of modern Equisetum and perhaps had the ability to
grow in bOth the habitats. The genus is recognised
by five species in Lower Gondwana of India.

Lelstotbeca Maheshwari

This genus has been reported from India only
and is recognised by a single species. So far it was
known from the Barakar Formation. Presently its
occurrence has been recognised in the Kamthi
Formation of Handapa beds as well. The herbaceous
plants of Lelstotheca appear to be quite small in size
(Text-figure 3). The stems of the plant are quite thin
as compared to the leaflet size. It is quite likely that
the plant had a trailing habit and was grOwing with
the support of other plants. Maithy and Mandai
(1978), on the contrary, believe that the plam was
erect and herbaceous.
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Text-ngure I-Reconstruction 'of the plant of Scbizoneura gondwanensis Feistmantel.

Rantganjta Rigby

It is mostly found in the Late Permian, i.e.,
Raniganj and Kamthi formations and is well known
in other Gondwana countries. Pant and Nautiyal

(1968) reported quite complete specimens of the
genus and gave details of other characters. The thin
stems bore umbrella-shaped leaf-sheaths at the
nodes (Text-figure 4). Generally the leaf-sheaths are
preserved in flattened condition. It is likely that
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Text-figure 2-Reconstruction of the plant of Phy//otheca indica Bunbury,

77

Raniganjia plant too had a trailing habit, The plant
was smaller than the plants of SchizoneU1-a and
Phyllotheca but was bigger than Lelstotheca. The
genus is recognised by two species.

The order Sphenophyllales is represented in
India by vegetative shoots of commonly found form
genera Sphenophyllum and Trigygia. Benlightfootia
and Parasphenophyllum are of rare and localized in
occurrence. All the forms have slender stem axis and
swollen nodes bearing leaflets of varying size and
shape.

Trizygia Royle

The southern forms having three sets of leaflets
are recognised as Trizygia. Some authors in India
have preferred to retain the name Sphenophyl/um.
Maithy (1978) has wrongly reconstructed the plant
of Sphenophyllum growing vertically attached to the

horizontally lying Vertebran'a axes. These twO form
genera have nothing in common. One for sure
belongs to pteridophytes and the other to

gymnosperms. Trizygia or Sphenophyl/um were
small plants having slender unbranched stem axis
with leaflets on the swollen nodes (Text-figure 5). It
is quite likely that they were growing upright and
needed the help of arborescent plants for support.

It is presumed that the Permian Arthrophytes
were aquatic or semiaquatic plants growing in
shallow waters or marshy places around lakes and
rivers. All of them had green stem and the
photosynthetic activities were carried out by both
stem and leaflets.

Filicophyta

Most of the Indian Permian ferns and fern-like
plants were placed under the northern hemisphere
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Text-figure 3-ReconSlruction of the plant of Le/sIOlheca rohusla (Feistmantel) Maheshwari.

generic names till late. Now several of them have
been assigned to new genera and species (Maithy,
1974b, 1975, 1977; Pant & Khare, 1974; Pant & Misra,
1976,1977,1983). Neomariopteris and
Damudopteris (former Sphenopteris), Dizeugotheca
(former Alethopteris), Asansolia, Damudosorus,
Trithecopteris and Cuticulatopteris are the names
given to the Lower Gondwana ferns. They have been
classified by Pant and Misra (1977) under two
families-Damudopteridaceae having free sporangia
and Asterothecaceae having synangia. The oldest
fern-like frond from the Karharbari Formation is
Gondwanidium (Botrychiopsis) valida (Feistmantel)
Archangelsky & Gamerro. It is considered as marker
species of the Early Permian.

Most of the Permian fern fronds are believed to
be small 'plants having usual habit (Text-figure 6)
but it is likely that some of the species could be tree
ferns as evidenced by the huge fronds of
Neomariopteris khanii Maithy 1977 from the Late
Permian beds. In Australia the tree ferns are
represented by Osmundaceae, no such evidences are

available in India. Recently, some huge fronds still
attached to quite wide branches from the Kamthi
beds of Talchir Coalfield have been found, leading
to believe that there were atleast a few ferns with a
tree habit in the Late Permian.

So far there is no evidence to prove the
presence of true Pteridosperms ha ving seeds on fern
fronds as in northern forms. Therefore, with the
present state of our knowledge all the fern fronds
are placed under Filicales. Mostly ferns grow in cool
temperate shady places with high humidity. It is
assumed that the Indian Permian ferns also grew
under shady places beneath the Glossopteris trees
and developed in variety in the Late Permian as the
humidity increased.

Gymnospermophyta

Gymnosperms are the most dominant group of
plants of the Permian of India. Generally they are
referred to Cordaitales, Cycadales, Coniferales,
Ginkgoales and Glossopteridales. The assignment of
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Text-figure 4- Reconstruction of the plant of Raniganjia benga·
lensis (Rigby) Pant & Nautiyal.

fossil plants to these groups is mostly tentative as
most of them are known by their vegetative parts and
the fertile organs are rarely found attached to them.
There are divergent views on the classification of
gymnospermous remains and their affiliation but
this aspect is not considered in this paper. General
consensus is followed to classify gymnospermous
remains of the Glossopteris flora of India.

Cordaitales-Simple leaves known from the
Early Permian beds are generally referred to
Noegp,erathiopsis haVing typical venation pattern.

Though the genus was first recognised ftom the
Kamthi beds, it is generally found in the Karharbari
and Talchir formations and sometimes in the Early
Barakar. The leaves are very much similar to the
northern genus Cordaites and some authors have
preferred to place the Indian forms under this genus.
Others believe that both the Noeggerathiopsis and
Cordaites forms were present in the Permian of
India.

Inclusion of Noeggerathiopsis under Cordaitales
is also not free from doubts in the absence of
definite reproductive structures and typical discoid
pith in the wood. Ovule bearing Arberia
fructifications have been correlated with
Noeggerathiopsis but there is no direct evidence. The
genus is assigned to five species of morphographic
characters and several species based on cuticular
studies are also instituted. The plant of
Noeggerathiopsis during Talchir time must have been

Text-figure 5-Reconstruction of the plant of Trizygia speciosa
Royle.
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Text·figure 6-Reconslruction of the plant of Dlzeugolheca phegopleroldes (FeistmanreJ) Maithy.

a small herbaceous form with small leaves while it
attained a good size of a small tree in the Karharbari
period and formed a major constituent of the forest
vegetation.

Rather imperfectly known genus Euryphyllum
Feistll1antel has been identified in the Karharbari
beds and is placed under Cordaitales (Lele. 1976),

The form is represented by a few specimens and is
of localised occurrence.

Coniferales-Conifers or conifer-like plants
from the Permian of India are relatively few The
well known examples are Buriadia helerophylla
(Seward & Sahnj) Pant & Nautiyal 1967 and
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Walkomiella indica Surange & Singh 195:3. 811riadia
jlorinii Maithy 1970, Walkomiella australis
(Feistmantel) Florin 1944, Paranocladlls? indica
Surange & Lele 1956, P dusenii Florin 1940, PI
jallax Florin 1940 and Searsolia oppositijolia Pant &
Bhatnagar 1975 are other forms assigned to this
group. All these forms possess spirally disposed
linear or squamiform leaves except Searsolia where
the leaves are twO ranked and inserted in opposite
pairs.

The genus Paranocladus is known from the
Talchir beds as vegetative shoots without
reproductive Structures. Buriadia and Walkomiella
with their typical coniferalean fertile structures are
known from Karharbari and Barakar formations
Searsolia, though imperfectly known with its fertile
structure, is recorded from the Raniganj Formation.
All these Lower Gondwana conifers are distinct from
those of Northern Hemisphere forms.

The plants of Paranocladus appear to be very
small while those of Buriadia and W'alkomiella
attain a bushy appearance. Doubtfully placed
Searsolia within the conifers could be a small tree
with profuse branching.

Cycadales- The order Cycadales is poorly
represented by the foliage of the form genera
Pseudoetenis balli (Feistmantel) Seward & Sahni
1920, Senia reticulata Khan 1969 and Pteronilssonia
gopalii Pant & Mehra 1963 The authors have
preferred to place P gopalii under Pteridosperms.
According to others there was no need to designate
Pteronilssonia as this could be easily placed under
Pseudoctenis, perhaps with a separate specific
epithet. The genus Pseudoctenis is well recognised
in Barakar, Raniganj and Kamthi formations while
Senia reticulata is reported so far from the Handapa
beds. The reports suggest that the cycadalean plants
appeared during the Middle Permian times as there
are no authentic records from the Early Permian.

Consideration of all these forms under
Cycadales is tentative on the basis of look·alike
fronds and there is no solid reason for their
inclusion in the group. Since the fossil remains are
included in Cycadales it can be presumed that their
habit could also be similar to present day cycads
which generally do not form conspicuous vegetation
in the forests.

Ginkgoales-Inclusion of some of the fossil
remains from the Lower Gondwana formations under
Ginkgoales is also on the basis of their general
resemblance to Ginkgo-type leaves. Consideration of
such leaves under this group is also tentative as
there are no reproductive structures or cuticular
details to support their identification. Such
ginkgoalean remains are more common in the extra-

peninsular region than in the peninsular region,
where their occurrence is sporadic The fossil
re ma i ns of Ginkgophyllu In, PIa typhyllu In,

Gondwanopbyton and Handapaphyllu m (Chandra &
Singh, 1989) are reported from the Barakar and the
Kamthi formations of the peninsular India

With the present state of knowledge, it is very
difficult to comment on the habit of the plants of
thiS group. It can only be summarized on the basis
of their sporadic occurrence that they grew in
pockets and never formed a conspicuous vegetation
of the forest in any formation.

Glossopteridales-llnder this order we generally
include most common leaf gener<J Glossopteris and
Gangamopteris, less common Palaeovittaria,
Rhabdotaenia and Belenmopteris and rarely found
Rubidgea and Slirangepbyllw12. Some authors prefer
to include Ewyphyllum and Pteronilssonia with this
group while others retain them with Cordaitales and
Cycadales. Inclusion of these leaf form genera with
Glossopteris is merely on the basis of similarities in
their form, general pattern of venation and cuticular
structures. Glossopteris and Rhabdotaenia have
single midrib, while Gangamopteris, Rubidgea and
f::.·uryphylluln are midribless forms. Belemnopteris
and Surangepbylluin possess twO more midveins in
addition to the midrib while Palaeovittaria is
distinguished by having midrib up to half leaf
length I n Glossopteris, Gangamopte"ris,
Belemnopteris and Surangephyllllm cross
connections are present so as to form anastomoses
and reticulation, while Palaeo/littaria, Ewypbyllum
and Rbabdotaenia lack them. At times it is difficult
to assign some specimens to these genera because
the distinguishing characters intergrade with each
other so much that their distinction becomes
obscure Epidermal features of all these genera are
very similar and it is impossible to distinguish them
based on cuticular evidences.

Unlike the compound leaved gymnospermous
remains of the Carboniferous and Permian rocks of
Europe and North America most of the Indian forms
seem to be Simple leaved. Inclusion of all these
similar looking forms under one head is only for
convenience and no genetic relationship is implied.

GlossopteriS Brongnian

It is the best known, most common member of
the group The leaf remains in India are known from
the base to the tOp of the Permian and also perhaps
in the Triassic. The leaves mostly occur in the form
of impressions and a few as compressions. To date,
there are no reports of petrified leaves from India,
though they are known from Australia and Antarctica.
The genus has the largest number of species, well
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over seventy from the peninsular region. Some
species are characteristic of a particular formation
and they could be useful for stratigraphic purposes
(Chandra & Surange, 1979).

The size of the leaves is variable from very small
(G taeniensis, G. senii) to very big (G. major, G.
karanpurensis, G sahnii) having very narrow (G.
taenioides, G. gondwanensis) to very broad lamina
(G. musaejolia, G. damudica). Most of them appear
to be sessile while quite a few with distinct petioles
(G longicaulis, G. mandata). Variety of midrib
types are known with different kinds of reticulations
as displayed by several species. Depending upon the
shape of the leaf, variety of apices and bases are
recognised. Surprisingly the epidermal features of
the Icaves are uniformly similar. The leaves are
typically hypostomatic, epidermal cells straight to
sinuous·walled and the stomata are haplocheilic and
irregularly dispersed between the veins. The cells
are usually papillate and the guard cells are sunken
in a shallow pit.

Most of the leaves of Glossopteris are found in
detached, dispersed conditions but there are few
instances where they are preserved in attached
condition to the axis. Stem attached leaves of
Glossopteris have been reported by Bunbury (1861),
Feistmantel (1881), Etheridge (1904), Zeiller
(1896), Oldham (1897), Seward (1910), Du·toit
(1927), Walton and Wilson (1932), Thomas (1952),
Dolianiti (1954), P!umstead (1958), Pant (1967),
Pant and Singh (1974) and Chandra and Srivastava
(1981). Pant and Singh (1974) have shown that
instances of actual attachment to the axes are rare.
According to them some have Vertebraria·like
shoots while others have no rectangular areas but
have longitudinal striations and still others show
spirally arranged leaf bases. Few of them have
alternately attached leaves (G. pandurata), few are
with oppositely attached leaves (G. angustijolia) ,
and a majority have leaves in apparent whorls (G.
sastrii, G. maculata). Some believe that the leaves
were attached to short shoOts as all hitherto reported
foliage shoots have slender axes with only a few
leaves attached thereto. In fact, all whorled arranged
examples of leaves are close or tight spirals and in
flattened condition during fossilisation they appear
to be whorls. It is also possible that alternate and

oppOSitely attached examples are also loose spirals
of which some leaves have been shed.

Pant (1977) considers that Vertebraria
definitely represents an axes of Glossopteris on the
basis of similar anatomical structures. On the
contrary, there are views that Vertebraria represents
root system of the Glossopteris plant (Gould &
Delevoryas, 1977; Schopf, 1965). Pant (1977) also
described the roots of Vertebraria under the name
Lithorhiza tenuiirama. It is quite likely that
Glossopteris plant had similar anatomical system in
stem and toot at that stage of evolution and both the
views could be valid but presently the evidences
strongly favour that Vertebraria to be the root
system of the plant. Irrespective of its being root or
stem it certainly belongs to some of the species of
Glossopteris and has a distinctive stelaI' structure.

In recent years, several fertile genera have been
discovered and described from India, some of them
are attached to the Glossopteris leaves.
Dictyopteridium jeistmantelli are attached to

Glossopteris tenuineruis, Plumsteadiostrobus
elliptic us to G. gondwanensis, jamhadostrobus
pretiosus to G. contracta, VenuslOstrobus diademus
to G ghusikensis, Scutum sahnii to G. maculata,
Senotheca murulidihensis to G. syaldihensis and
Ottokaria bengalensis to G. indica. All other fertile
organs referred to Glossopteris are based on the basis
of their close association with the leaf in the same
sediment. The fertile organs are found generally
attached to the midrib of the leaves and the fertile
organ·bearing leaves are found intermingled with
the vegetative leaves. The arrangement of these
fertile and vegetative leaves on the axis or branch is
not known. Chandra and Surange (1977) have
visualized the attachment of fertile organs to the
parent plant in some of the genera.

It is also not known whether the plant was
monoecious or dioecious, though there is some
evidence that the ovules belonging to some of the
-Glossopteris plants were pollinated by bisaccate
pollen (Chandra & Surange, 1977).

Surprisingly, except Ottokaria bengalensis all
other attached fructifications are recorded from the
Late Permian Strata of India. Infact, most of the
fructifications assignable to Glossopteris and
reported from other Gondwana countries are also

--
Reconstruction of Late Talchir vegetation:

1. Stunted form of Glossopteris
2. Gangamopteris
3. Noeggerathiopsis
4. Paranocladus
5. Equisetalean plant

PLATE 1

6. Ice free land
7. Still ice covered land
8. Melted icy water.
9 Boulders

10. Floating ice.
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Text-figure 7 -Reconstructions of plant of Glossopteris as suggested by various ·authors. A and C-by Rigby, B-by Seward, D-by
Pant, and E-by Pant and Singh.

from lhe Lale Permian beds. The allachmem of
seemingly diverse fruClificalions 10 lhe leaves of
Glossopteris suggesls lhal lhe form genus Glossopteris
is an unnalUral genus and represems an assonmem

of a number of nalUral genera. As memioned by
PI umstead (1958) the occurrence of apparently
similar fructifications in Glossopteris, Gcmgamopteris
and Palaeovittaria may suggest that the boundaries

Reconstruction of Karharbari vegetation:
1. Glossopteris
2. Variery of Gangamopteris species
3. Noeggerathiopsis
4. Phyliotheca
S. Gondwanidium

PLATE 2

6. Usual fern plant
7. Buriadia
8. Schizoneu ra
9. Tree trunk

10 Site for deposition of vegetal matter.
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Text-figure 8- Reconstruction of th~ plant of Glossopteris as
suggested by Gould & Delevoryas

but may represent a variety of plant habits.
Plant oj Glossopteris-Seward (1941) was the

fi rst to reconstruct the plant of Glossopteris as a small
shrub (Text-figure 78). Later Plumstead (1958,1967)
talked about the plant of Glossopteris on the basis of
factual and circumstantial evidences. She concluded
that "Glossopteridae were mainly deciduous woody
plants of arborescent habit and that the leaves,
flowers and fruits grew as shon shoots, at fairly wide
intervals from the woody stem and also terminally
and that they represented a new experiment in plant
evolution in Palaeozoic times" Rigby (1964)
reconstructed the plant as an unbranched tree trunk
bearing a crown of G. browniana leaves (Text-figure
7C). Later he depicted Glossopteris as a tall tree with
whorled small leaves occurring in tufts (Text-figure
7A) in his reconstruction of the Lower Gondwana
scene (Rigby, 1969). Gould and Oelevoryas (1977)
reconstructed the Glossopteris plant and opined that
"Glossopteris, probably a deciduous arborescent
gymnosperm, is considered to be a distinct type of
pteridosperm" (Text·figure 8).

Pant and Singh (1974) on the study of Indian
fossils thought that the Glossopteris plant had
terminally or laterally attached leaves which
belonged to two kinds of shoots (Text-figure 70, E).
Those which had short' shoots with short internodes
and those whose short shoots had long internodes.
Alternatively shoots with terminal clusters may be
assumed to be short shoots and the shoots with
laterally attached leaves may be taken to represent
long shoots. The authors compared the habit of
Glossopteris with that of modern Ginkgo biloba. The
shoots of Glossopteris which show terminal clusters
and those which have laterally attached leaves may
be compared, respectively, with the short and long
shoots of Ginkgo. The authors further mentioned
that the leafy short shoots might lend some support
to the views about the arborescent nature of the
plants.

With the advancing knowledge of reproductive
biology of Glossopteris it can be assertively and
conclusively said that Glossopteris is no more a form
genus, genus, super genus, family or order but
represents a unique class unparalleled in the present
day Plant Kingdom. It will be wrong to visualize one
type of plant habit for all the species of Clossopteris
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between these form genera include leaves of
number of natural genera, though they might be
interrelated. It has already been suggested (Surange
& Chandra, 1975; Maheshwari, 1990) that these
various fructifications belong to two rather different
groups of plants. The author contemplates more
than two orders, perhaps four, on the basis of the
organization of ovules. Under such conditions the
form genus Glossopteris will have to be split into
various separate organ genera in future with the
advancement of knowledge and data. Accordingly
the plant of Glossopteris should nor be viewed as
representing one particular habit or reconstruction

Reconstruction of Barakar vegetation:
1. Glossopteris
2. Phyllotheca
3. Usual fern plant
4. Lelstotheca
5. Macrotaeniopteris

PLATE 3

6. Rhahdotaenia
7. Pseudoctenis
8. Log of Glossopteris plant
9. Schizoneura

10. Walkomiella
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'Plants of Glossopteris during Talchir time were
perhaps very stunted forms attaining a height of a
small shrub. This can be explained by the fact that
we have no knowledge of woody stems from this
period from India or any Other Gondwana country
The plant here is at the lowest level of evolution as it
made its first appearance in the Talchir formation in
India. We have no knowledge about its origin or
parent stock. In the Karharbari time some of the
species attained a height of big trees while others
remained as small bushy plants. In the Barakar or
Raniganj times most of them acqUired an arbo
rescent habit but some species could as well have
retained a herbaceous habit. Some believe that big
leaves are borne by small trees while tlw smaller
leaves by bigger trees.

Pant and Nautiyal (1987) consider that
Dzphyllopteris verticillata from the Barakar Formation
of Auranga Coalfield is the seedling of Glossopteris,
preserved venically compressed in growth position.

Gangamopterls McCoy

The genus is regarded as the most primitive of
theglossopterids and is generally found in the Early
Permian strata of India. In comparison to Glossopteris
it has fewer number of species. The form genus is
known in the form of impressions or compressions
and no definite fructification is reported from India.

Pant and Singh (1974) reported one specimen
of Gangamopteris ef Cyclopteroides var cordzfolia
with two nearly complete leaves attached in
opposite manner to the axis Rigby (1967) reported
many spi rally arranged tufts of G walkomii from
New South \\fales. Plumstead (966) visualised
Gangamopteris as a small herbaceous plant, while
Rigby (I969) reconstructed it as a tall tree wi th
whorled small leaves growing in tufts. He made
Glossopteris and Gangamopteris as having similar
habit. Pant and Singh (1974) imagined
Gangamopteris as an arborescent tree having leafy
shon shoots.

Reports of Gangamopteris leaves are mostly
from the Karharbari and Talchir formations and
indefinite stray records from other formations. In
Tiilchir time the plant of Gangamopteris was very
small like Glossopteris. It attained its maximum
development in the Karharbari period shOWing
varied habits. Most of the vegetal matter for
Karharbari coal is formed .by Gangamopteris plant. It
is presumed that some of the species were small
shruby plants while others attained the habit of a
large tree.'

Palaeovtttarta Feistmantel

The genus is distinguished from other Lower

Gondwana spatulate leaves by its Simple or forked
veins, running parallel or sub· parallel to each other
and by haVing an ill-defined midrib only in the basal
pan of the leaf. The genus has been recognised only
in the Late Permian beds of Raniganj Coalfield by
two species. Feistmantel's specimen of
Palaeovittaria kurzii shows nine very perfect fronds
arranged as if springing from the common point of
attachment Now it appears that the plants of
Palaeovittaria are of locali zed occurrence and do
not form conspiCUOUS vegetation like Glossopteris or
Gangamopteris.

Petrified woods and their affinities

A large number of petrified woods have been
reportee! from the Barakar, Ranigan) and Kamthi
formations of India. Their affinities are mostly
unknown Earlier most of the woods were placed
under the name Dadoxylon but later they have been
assigned to a number of genera on the basis of pith,
secretory cells, primary and secondary xylem,
medullary rays, ray field pits and tracheidal pits. In
the absence of any association of these woods with
foliage shoots, it is not possible to assign them to
any particular group. It is also difficult to assign
most of these woods to any particular gymnosperm
of that time. Presently it can only be said that these
woods belong to gymnospermous plants of the
Permian period.

ANCESTORS AND ORIGIN OF GLOSSOPTERIS
FLORA

Who were the ancestors of Glossopteris plant or
other plants of the flora? This aspect is still not well
understood as there are no significant records prior
to Permian. The ancestors of this flora and their
geographical situation are still controversial
Plumstead (1967) believed that the Protoglossop
terideae, whose remains were found from the
Carboniferous beds of South Africa, were the
ancestors of glossopterids of the post glacial coal
bearing Gondwana strata. The idea was discarded bv
many workers as these Protoglossopterid plants were
actually smaller forms of Glossopteris and were
recovered from the same beds as others. Sahni
(1939) believed that almost sudden and enigmatic
arrival and spread of the Glossopteris flora is deeply
rooted in the glacial episode itself which
presumably might have triggered genetic changes of
rapid evolutionary significance. Accordingly there
might have been mass mutational changes in the
then existing flora giving rise to Glossopteris and
allied forms. The general consensus favours this
explanation.
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PRE-PERMIAN VEGETATION OF INDIA

The knowledge of Early Palaeozoic flora of India
is meagerly known. There are several gaps in the
earliest plant-bearing strata of Silurio·Devonian
period as land conditions prevailed in very few
restricted area. In the Lower Carboniferous, fossil
plants are known only from one area, the basal part
of the PO Series of Spiti. The fossil plants include
Rbacopteris and other characteristic elements of the
Northern Hemisphere Lower Carboniferous period.
To",,:,ards the ,=nd of the Carboniferous, however, an
extensive glaciation prevailed which Wiped out most
of the older vegetation. In the wake of this climatic
revolution in the South there appeared an almost
entirely new type of vegetation which is named after
its predominant genus Glossopteris. This flora
flourished throughout the Permian Period and eased
Out in the Lower Triassic by a new flora.

PERMIAN VEGETATION OF INDIA

Talchir Formation, vegetation and forest type

The Talchir Formation starts with the Gondwana
glaciation in India and occupies a special place in
Lower Gondwana stratigraphy. The formation rests
directly on the Precambrian and is conformably
overlain by the coal·bearing Damuda Group. The
wide spread glaCiation during Talchir is evidenced
by the boulder beds, tillites and varvites at the base.
The Boulder Bed is overlain by Needle Shales and
higher up by siltstOnes and sandstOnes.

There is evidence of plant life at the beginning
of the Gondwana Era in the Boulder beds by the
recovery of spores and pollen (Lele & Karim, 1971;
Lele & Chandra, 1973). Higher up in the Talchir
Needle Shales a fairly good plant assemblage has
been recovered near Goraia in the )ohilla Coalfield
of South Rewa Gondwana Basin (Surange & Lele,
1957). The assemblage is represented by
Gangamopteris cyclopteroides, G. angustljolia,
Gangamopteris sp., Noeggerathiopsis hislopi,
Cornucarpus jurcata, Samaropsis goraiensis,
Paranocladus ?indica, Arberia umbellata and
Equisetaceous stems. Reports of Par.arlOcladus from
India by Lele (1976) was interesting as this plant was
considered to be restricted to Brazil. Lele and
Chandra (1973) later on found megaspores and seed
cuticles from Chada Village of )ohilla Coalfield. In
the adjoining Chirimiri, Anupur and Singrauli
coalfields well·preserved remains of Gangamopteris,
Noeggerathiopsis, Glossopterz's and seeds were
reponed.

Surange and Lele (1956) reported stunted forms

of Gangamopteris and Noeggeratbiopsis from the
Needle Shale of the Talchir Formation from 3 meter
above the Boulder Bed in the Giridih Coalfield.
Earlier, Feistmantel (1879) had 'reponed
Scbizoneura, an equisetaceous stem, Gangamopteris
cyclopteroides, Noeggeratbiopsis bislopi from
Deogarh area and Gangamopteris ?angustljoha,
Gangamopteris sp., a specimen of Glossopteris and a
few equisetaceous stems from the Karanpura
Coalfield.

The palynological assemblages of the Talchir
are even richer as evidenced by the monosaccate
rich mioflora from the matrix of the Boulder Bed
(Lele & Karim, 1971; Lele & Chandra, 1973) The
assemblage is characterised by the prevalence of
monosaccate pollen associated with a few disaccate
pollen, simple trilete spores and monocolpate
pollen. The entire assemblage is rather distil;ct and
can serve to demarcate the Talchir Formation. Tiwari
(1975) suggested three tentative zones in the Talchir
Formation, however, this can not be substantiated by
megafossil studies.

Faunal records from Talchir Needle Shales
consist of conchostracans, fragments of small Winged
insects and other arthropods.

Talchir plant community, climate and
landscape

The Talchir plant community consists of
glossopterids, conifers and Equisetales. The plants
of Gangamopteris and Noeggeratbiopsis are well
represented in most of the basins while Glossopteris
appeared late in some of the basins. If we consider
equisetalean stems as representative of the group
some of the forms appeared almost in every basin.
Regarding the presence of conifers, represented
locally by Paranocladus, doubts have been
expressed about the identification. It can safely be
concluded that Gangamopteris and Noeggeratbiopsis
are the oldest and most ancient of the plants of
Glossopteris flora to have appeared first on the
scene.

The vegetation was very scanty during Talchir
time (Plate 1) The leaves of all the plants were
strikingly small, sometimes fleshy, curled or folded
up in sediments and the venation mostly very fine
and crowded. The plants bearing these leaves were
also very small and stunted growing in small
hospitable places (Plate 1).

In the early phase of Talchir .deposition the
Indian Peninsula was presumably a land surface of
high elevation ice covered and nearly barren of
vegetation (Lele, 1976; Chandra & Chandra, 1987).
The Early Talchir basins were embryonic without any
diastrophic control (Ghosh & Mitra, 1975). The



90 TI-IE PAlAEOBOTANIST

Karharbari plant community, climate and
landscape

Glossopteris 4 spp., Vertebraria and Phyllotheca
(Kulkarni, 1971) and from Auranga Coalfield by
Neomariopteris, Noeggerathiopsis, Samaropsis,
Euryphyllum and Vertebraria.

Palynologically the formation is well recognised
with distinct biozones. The monosaccates of the
Talchir Formation continue to dominate and are
associated with a trilete genus Callumispora.
Nonstriate-disaccates and Sulcatisporites are typically
present in the Upper Karharbari. Faunal remains are
neorachitomous amphibians, different reptiles and
large neuropteroid insects.

Karharbari Formation, vegetation, forest type

It appears that the Karharbari Formation marked
a definite time period in which unfavourable
climatic condition of the Talchir began to grow
milder favouring the growth of new plants. The plant
assemblage is distinct in many ways and can easily
be differentiated from the Talchirs below and the
Barakar above.

Preponderance of Gangamopteris and
Lithologically Karharbari Formation is a distinct Noeggerathiopsis is observed and true fern allies

unit in the Giridih Coalfield and is well-recognized appeared for the first time on the scene and the
in the ]ohilla and Chirimiri coalfields of the South same hold true for Equisetales as shown in the
Rewa Gondwana Basin, Manendragarh area 'and landscape. Tree habit of the plants could also be
coalfields of Hutar, Auranga, Karanpura and visualized (Plate 2) by the presence of fossil woods
Mohpani. The formation consists of grey to brown from this formation. It is expected that some of the
mottled carbonaceous sandstones, grits and species of Gangamopteris attained small tree habit
conglomerates with occasional coal seams and fire forming major constituent of the Karharbari forest.
clays. Noeggerathiopsis attained maximum diversity

Palaeoboranically this formation is interesting as and development in this formation. The plants of
Gangamoptens and Noeggerathiopsis, both midrib- Glossopteris were represented by narrow meshed,
less leaf forms, attained their maximum small-sized leaves bearing multiovular Ottokaria
development here. Some new plants like fructifications. Much of the peat for coal formation
Gondwanidium, Euryphyllum, Rubidgea, was provided by Gangamopteris, Noeggerathiopsis
Ginkgophyton, Palmatophyllites, Dolianitia and and Glossopteris plants. The marker plants like
Buriadia appear for the first time in this formation, Buriadia and Gondwanidium were also growing
though few of them are of localized occurrence. The intermingled with dominant plant groups but did
flora of the Karharbari Formation has been worked not form conspicuous vegetation. Equiserales and
out by Maithy (1966), Pant and Gupta (1968) and ferns growing near water logged places formed the
Pant and Nautiyal (1968). under cover of the forest. Overall assessment of the

The well known Giridih flora comprises flora makes the plant community of the Karharbari
Schizoneura 2 spp., Phyllotheca 2 spp.,- distinct from the underlying Talchirs and overlying
Gondwanidium 2 spp., Neomariopteris 1 sp., Barakars. This can be assessed by the fact that the
Gangamopteris 17 spp., Glossopteris 17 spp., climatic conditions of the Talchirs improved in the
Noeggerathiopsis 11 spp., Rubidgea 2 spp., Karharbari. The glaCiers had completely disappeared
Euryphylllfm 2 spp., Buriadia 1 sp., Cordaicarpus 2 from the ground leaving ample space for luxuriant
spp., Samaropsis 6 spp., Ottokaria 1 sp., Arberia 2 plant growth. Substantial deposits of Karharbari
spp., Ginkgophyton, Palmatophyllites and Dolianitia coals also suggest proliferation of vegetation in coal
each with one species. basins. Bisaccate pollen indicate pollination by wind

The Karharbari plants from South Karanpura and presence of winged seeds indicate dispersal by
Coalfield are represented by Gan/l.amopteris 4 spp., strong winds.

glacial sedimentation in several basins· indicate a
cyclic pattern governed by advancing and retreating
ice fronts. Records of fossils are poor everywhere in
the Lower Talchir. Towards the end of the Talchir
the flora shows definite improvement. The plants
continued to occupy the land as more and more
space became available by melting of ice. The
climatic situation seems to have improved
considerably with the increased sunlight and
temperature and improved size of the leaves
(Surange, 1966; Lele, 1976; Chandra & Chandra,
1987). It seems appropriate that the Glossopteris
flora had already come into existence before the
land was ice free (Sahni, 1939). This also indicates
that some of the hardy plants could survive even
under an ice cover.

The Talchir landscape shows the scene (Plate 1)
with Gangamopteris, Noeggerathiopsis, Glossopteris,
Paranocladus and some equisetaceous plants
growing on ice free pockets of land. All the plants
are small in size and represent stunted forms. Most
of the land is shown still covered with ice.
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Barakar Formation: vegetation and forest type

During Barakar sedimentation the peninsular
Gondwana basins witnessed its acme of
development. The restricted basins particularly of
Damodar, Godavari and Pench Valley assumed wide
'geographical extent in Karharbari time. The
sedimentation regime in the Gondwana grabens
expanded and the fluvial regime encroached on the
adjacent area. The present day distribution of
Barakar Formation is an erosional remnant of far
more widespread depOsitS. The formation includes
the principal coal-bearing strata in India and dis
plays vertical alterations of sandstones and finer
sediments. The Barakar sandstones are generally
coarser than those of the underlying Karharbari and
the overlying Kulti Formation. These are gray, white
to yellow or brownish gritty or pebbly sandstones
which are frequently cross bedded. Interbedded
with the sandstones are siltstones and shales, fire
clays and coal seams. Th~ formation is well
represented in Damodar Valley, Satpura area,
Godavari Valley and the South Rewa Gondwana
Basin. The Barakar vegetation is dominated by
Glossopteris plants having mostly with narrow
meshed leaf forms. Gangamopteris and
Noeggeralhiopsis plants which were dominant in the
Karharbari are nearly absent though they might be
presem in the Early Barakars in some coal basins.

Pteridophytic remains are few in the Barakars as
compared to the Raniganj Formation but are well
represented by various genera. The equisetaceous
genera are Phyllotheca (5) spp., and Lelstotheca,
Schizoneura and Trizygia represented by one
species each. Some have recognized the presence of
Sphenophy/lum as well. The fern-like plants are
represented by Neomariopteris species.

The other gymnosperms of the Barakar
vegetation include Pseudoctenis balli, Rhabdotaenia
danaeoides, Macrotaeniopteris jeddeni,
Gondwanophyton indicum and Barakaria
dichotoma. The only conifer known from the Barakar
is Walkomiella indica. Fossil plants of all these
forms are of sporadic nature and not of uniform
occurrence in all the Barakar assemblages. -Few
glossopterid fructifications like Eretmonia are
known but they are of rare occurrence. A large
number of wood genera are reported but their
affinities are mostly uncertain.

The plant assemblages of Barakar Formation
were recorded from South Karanpura, Auranga,
Singrauli, Raniganj coalfields and South Rewa
Gondwana Basin.

The Barakar palynoflora comprising more than
50 genera has been divided into Lower, Middle and

Upper zones characteristically correlatable to Lower,
Middle and Upper Barakars. The Lower Barakar is
distinguished as Zonate-singulate Zone, the Middle
as Scheuringipo/lenites/Vesicaspora Zon~ and the
Upper Barakar as Podocarpites Zone. In later years,
palynologists have recognized finer zones.
Megafossil studies do not support or corroborate the
palynological zones in Barakar. Faunal records are
virtually the same as that from the Karharbari
Formation.

Barakar plant community, climate, landscape

The vegetation during the Barakar time was lush
green dominated by arborescent Glossopteris plant
community with secondary wood. The forests were
very dense swampy in low lying river valleys as
shown in the landscape (Plate 3). The climatic
conditions during Barakar were warm temperate, in
general, with appreciable amount of humidity.
Intermittent spells of hot and cold seasons were also
recorded with abundant rainfall. The Barakar is an
important period exhibiting maximum development
of coal of our country. The most important
prerequisite for the formation of coal swamps is
dense vegetation' and abundant rainfall which should
exceed potential evaporation. The quality and the
characteristics of Lower Barakar coals indicate that
the vegetal matter must have been deposited in
somewhat deeper waters. The conditions of
sedimentation were such that the mineral matter is
found intergrown with the coals (Basu, 1964)

It is further observed that during Middle
Barakar, the vegetal matter might have possibly been
deposited in deeper waters where considerable
degree of sorting of vegetal and mineral matters
have occurred. The Upper Barakar coals contain
good to medium quality coals and variable
phosphorous content. The depositional conditions
of Upper Barakar coals appear to be same as that of
Middle Barakar.

Kulti Formation, vegetation, forest type

After the end of Barakar sedimentation, the
peninsular basins witnessed depo?ition of a varied
array of lithofacies. In Chanda·Wardha Valley a hiatus
is recorded at the top of the Barakar Formation
which denotes either a period of erosion or of non
depositional phase of overlying unit. In Damodar
Valley, the Barakars are succeeded by Barren
Measures which are devoid of economically

.exploitable coal seams sandwitched between the
Barakar and Raniganj coal formations. In the
Raniganj Coalfield it is known as the Ironstone Shale
Formation because of the preponderance of
ironstone bands.
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In the Satpura-Kamptee belt, the Morur
Formation has been correlated with the Kulti
Formation. In the Damodar Valley, it is represented
by thick micaceous shales with ferruginous bands
and medium to coarse grained sandsrones. This
formation is devoid of any workable coal in any of
the basins.

Floral records from the Barren Measures are
meagre and are reponed from Raniganj and )haria
coalfields. Feistmantel (1881) reponed G.
damudica, G. musaefolia, G. communis (G
raniganjensis) and G. ?stenoneura from Kulti,
Raniganj Coalfield. Kar (1968) reponed
Cyclodendron leslii, Neomariopteris hughesii and
three species of Glossopteris from the )haria
Coalfield Chandra and Surange (1979) suggested
that only four species, viz., G. damudica, G.
raniganjensis, G. indica and G. stenoneura are
represented in Kulri. Surprisingly, most of the
Glossopteris species reponed are large-sized leaves;
some of the doubtful records of Rhahdotaenia,
Gangamopteris and Noeggerathiopsis need revision
for correct identification.

Rich palynological assemblages have been
reponed from several coalfields. The records reveal
the dominance of striate-disaccate pollen alongwith
Densipollenites and a few trilete 'Spores. Three zones
have been recognized on the basis of variable
percentage of Densipollenites.

Megafossil and palynological studies present
varying resulrs. Chandra and Chandra (1987) have
adduced reasons for the paucity of megafossils. The
forest during Kulti time were sparse and not as
dense as they were in Barakar and Raniganj times,
though the vegetation, in general, was the same and
continuous. The forests were dominated by
mediumly built arborescent trees of Glossopten'swith
secondary wood.

Kulti plant community, climate, landscape

It was generally believed that the climate during
Kulti Formation was arid but the present state of
evidences indicate warm, humid, temperate climate
(Chandra & Chandra, 1987). The plant community in
general is represented by Glossopteris species, ferns
and lycopods. Presence of lycopods and ferns
indicates appreciable amount of humidity necessary
for their growth. It can safely be presumed that the
climate was favourable for plant growth but
unfavourable for their deposition and preservation.

The absence of coal, paucity of flora and occurrence
of ferruginous bands in Kulti indicate destruction of
vegetal martel' due to OXidation.

The background of the landscape shows the
abundance of Glossopteris trees. However, ferns and
lycopods are seen in the foreground inhabiting the
open area around small ponds or lakes in front
(Plate 4).

The deposition of Barren Measures appears ro
be restricted to a limited area. The plants which
flourished in Barakars continued to grow in an
uninterrupted manner in most of the areas and
extended into the Raniganj Formation. Some species
continued to live in areas away from the Barakar
swamps in Damodar Valley during the Barren
Measure interval and when the conditions became
favourable they invaded the swamps. In other areas
of peninsular India the plant life continued
uninterruptedly until the end of the Raniganj Period.

Raniganj Formation, vegetation and forest
type

Since the Barren Measures times onwards, there
is notable reduction in the coal-bearing areas on the
one hand as in Raniganj and)haria coalfield~and the
rapid expansion of the noncarbonaceous,
ferruginous, arenaceous, variegated sediments
Kamthi facies on the other.

The Raniganj Formation is mainly developed in
Damodar Valley coalfields and is the major coal
bearing horizon. The formation is chiefly composed
of thick massive cross bedded to laminated fine ro
medium grained sandsrones with interbedded
siltsrones, shales and coal seams.

The Glossopteris flora is best developed in the
Raniganj Formation represented by the maximum
number of leaf forms, fructifications and woods.
Pteridophytes and gymnosperms reached their
maximum development both in quantity as well as
variety.

Articulates are well represented by Trizygia,
Raniganjia, Phyllotheca and Schizoneura mostly by a
single species in each genus. Fern and fern-like
plants are represented by Neomariopteris,
Damudopteris, Dizeugotheca, Dichotomopteris,
Damudosorus, Leleopteris, Asansolia, Trithecopteris
and Cuticulatopteris. Some of these genera are
synonyms and are formulated on not suffiCient
grounds.

Gymnosperms are represented by a high

Reconstruction of Kulti vegetation:
1. Glossopteris

PLATE 4

2. Fern plant
3. Cyclodendron
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number of Glossopteris species which are distributed
uniformly in all the coalfields of peninsular India.
Large-sized leaves with broad meshed forms of
Glossopteris plants are well represented.
Gangamopteris and Noeggerathiopsis are totally
absent though doubtful records are reported. Some
new forms assigned to Glossopteris also make their
appearance, viz., Palaeovittaria, Belemnopteris and
Su rangephyllu m. Interest i ngly m u Itiovu la r
fructifications like Scutum, jambadostrobus,
Venustostrobus, Plumsteadiostrobus and
Dictyopteridium are best developed in the Raniganj
Formation but the other types of fructification with
scales and branching pattern are tOtally absent.

Non-glossopterid gymnosperms are represented
by Macrotaeniopteris jeddeni, Rhabdotaenia
daneoides, R. jib rosa, Pseudoctenis balli,
Pterophyl!um burdwanercs"> Pteronilssonia gopalii
and Rhipidopsis densinervis and their distribution is
localized. They are not uniformly present in all the
beds of the formation. The conifer-like shoots are
represented only by Searsolia oppositijolia.

Palynological assemblages in general show
quantitative increase in trilete and monolete spores.
The Lower Raniganj assemblage is dominated by
striate·disaccate pollen and is subdominated by
trilete and monolete spores. The Middle and the
Upper Raniganj assemblages are recognized by the
relatively high percentage of striate-disaccates and
triietes.

The faunal records of the Raniganj Formation
are: palaeonisceds, xenacanthodian sharks and
?diphoans ecologically related to Euramerian faunas
of warm humid climate (Satsangi, 1987; Shah &
Schneider, 1988).

Raniganj plant community, climate and
landscape

RestOration of Raniganj plants envision lush
green dense vegetation with variable habits and
habitats. Glo--,opteris plants were mostly arborescent
trees and also were the major constituents of the
forest. Some species could be small trees or shrubs
attaining considerable height, though shrubby and
herbaceous habits are rare for the gymnospermous
plants. The venation pattern of the Glossopteris
plants also diversified and species with open mesh

forms show preponderance over narrow mesh forms
and intermediate mesh forms. Open mesh type of
reticulation is another indicatOr of warm and humid
climate. The epidermal characters of any
gymnosperm are also indicative of mesophytic
conditions. Plants like Trizygia were small delicate
plants and might have been trailing on some bigger
plants. Phyl!otheca and Schizoneura like Equisetum
were perhaps growing in semiaquatic conditions.
There were marshy places suitable for plants haVing
ribbed stems. The stems and leaves were succulent
in nature as indicated by their way of preservation
and were also green carrying Out photOsynthetic
activities for the plant.

Ferns inhabil places with diffused sunlight and
the shade was prOVided by high trees of Glossopteris
(Plate 5). Some ferns were delicately built forming
the undercover of the Raniganj forest as evidenced
by slender rachis and dainty pinnules. Others
attained small tree-like habit as evidenced by big
pinnules with prominent veins attached to wide and
strong rachis which is often Winged. Some ferns
possessed open branching system. Most of the
Permian ferns bore marattiaceous sporangia
favouring warm and humid environment for their
luxurient growth. Fossil woods represented by
several form genera also indicate that they belong to

tree plants. The secondary wood with well
developed growth rings suggests seasonal variability
in a year.

Kamthi Formation, vegetation and forest type

The Karnthi FormatiOn, equivalent to Raniganj
Formation was first recognized in the Wardha
Godavari Valley. It is characterised by the red and
grey argillaceous sandstones and conglomerates
with interstratified red shales. The sandstOnes vary
greatly in colour and character. In the type area the
Kamthi Formation overlies the Barakar
unconformab ly.

Plant fossils of the Kamthi Formation were
initially reported by Bunbury (1861) and Feistmantel
(1881). In recent years the knowledge of the Kamthi
Formation was greatly advanced by Chandra and
Prasad (1981). The assemblage is recognized by
typical species of Glossopteris, viz., G. musaejolia, G.
stricta and G. leptoneura. Other plant types are

ReconSlruc;ion of Raniganj vegelalion:
L Glossopleris
2. Palaeovillaria
3 PseudOClenis
4. Tn'zygia
5 Raniganjia

PLATE 5

6. Schizoneura
7. PhyllOlbeca
8,9, 10. Usual fern type plams

1L Tree like fern plam
12 Logs of Glossopleris plam
13. Vegelal maller.
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common to the Raniganj flor~ excepLthaLJ!..Jarge
number of fossil woods belonging to sev~[al genera
are also reported from Chandrapur area. Sev~ee
trunks, more than a meter in diameter, were found
from this area. One of the fossil tree measuring
almost ten meters in length was seen lyipg, in the
forest of Bazargaon Village in Chandrapur District of

'Maharashtra. These tree trunks are believed to be
belonging to Glossopteris plant as no other
gymnosperm is recorded from the location. This is
perhaps the only Permian record of in situ
occurrence of tree trunks of Glossopteris plant from
India.

Five palynological zones have been recognized
in the Kamthi Formation of Godavari Graben.

In recent years a locality rich in plant fOssils has
been discovered near Handapa Village in Hinjrida
Ghati of Dhenkanal District, Orissa. The flora, mainly
studied at the Institute, comprises lycopod
Cyclodendron leslii; aniculates- Trizygia speciosa,
Phyllotheca indica, Raniganjia bengalensis, R.
etheridgei, Schizoneura gondwanensis, Lelstotheca
robusta, Sphenophyllum crenulatum, S. churuliensis,
S. utkalensis; ferns-Dizeugotheca phegopteroides,
Neomariopteris hughesi, N polymorpha, N khanii,
Pantopteris gracilis, Damudopteris bengaIe nsis,
Asansolia cf. phegopteroides; Cycads-Pseudoctenis
ballii, Senia reticulata; Ginkgoales
Handapaphyllum indicum and Glossopteris
represented by 41 species. The complete flora is
being published elsewhere. The Glossopteris species
exhibit various types of venation (Singh & Chandra,
1987) and forms of different shapes and sizes. Many
male and female fructifications are found from these
beds only. So far they have not been reponed from
other equivalent formations and .localities. Some oJ
the typical forms are Glossotheca, Partha, Denkania,
Utkalia, Khania, fndocarpus and Lidgettonia.

Kamthi plant community, climate and
landscape

The forests of Kamthi times were dominated by
huge trees of Glossopteris of considerable height
belonging to several species. Dense leaf cover of the
trees provided shade for the fern plants. The
arthrophytes and lycopods grew around the ponds or
lakes. The Kamthi forest scenario is being published
elsewhere and therefore is nOt included here. Most
of the v~getation of Kamthi forest is similar to
Raniganj forest. Unlike the Raniganj forests, the
Kamthi forests perhaps grew on uplands. The
climatic conditions of Kamthi times were very
suitable for the luxuriant plant growth, i.e., warm
and humid. The red bed facies of the ferruginous

sandstones indicate seasonal variability of dry spells.
This could be one of the reasons for non-formation
of coai in Kamthi times In spite of the presence of
enormous :vegetal matter.

CONCLUDING REMARKS

The sequence of plant remains in the Permian
peninsular basins of India reveals a clear succession
of ancient floras. They have been related to
palynological and faunal records, sedimentary
environments and. p.alaeoclimates to reconstruct a
detailed vegetational history, thereupon depicting
changing scenarios through Permian time. In the
foregoing account, all the inter-related aspects are
discussed in detail. In general three major
interconnected ecosystems may be construed: (i)
lacustrine, (ii) terrestrial, and (iii) marshy.

Lacustrine system-This is generally the site for
sediment and biomass deposition. Most data
concerning fauna could be obtained here. Algae,
bacteria and some arthrophytes compose this
system.

Terrestrial system-Most of the Lower
Gondwana plants belonging to pteridophytes and
gymnosperms form thiS important system which
provide organic detritus for peat formation.

Marshy system-Majority of the ferns, lycopods,
bryophytes and anhophytes growing in and around
form this system. All the three ecosystems are
distinctly well represented in Karharbari, Barakar
and the Raniganj scenes.

Although the data is incomplete, the evidences
suggest that the basic ecological associations of
plants belonging to various groups adopted in the
Early Permian continued with some evolution and
diversification throughout the rest of the Permian.
There are still very imponant gaps in our knowledge
as some of the missing links are yet to be found,
even then we can .trace the evolution and
development of some of the important plants and
groups through Pennian of India (Table 2). Recent
observations prove the existence of bacteria, algae
and fungi which have played an important role in
the formation of coal. The bryophytes appeared
ql,lite early in the Permian but their absence in the
Middle and Late Permian is intriguing as they
reappear in the Lower Triassic beds. The lycopods
appeared in the Karharbari and existed right up to
the uppermost Permian. Rarity of the lycopods is
generally attributed to their delicate nature unfit for
preservation, though they are expecte.d to h;lve been
well. represented throughout the MIddle and. Uite
Permian as indicated by the presence of appreCIable
records of megaspores.
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Table 2-Relatlve occurrence of various plant groups In the Permian Formation of India
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Arthrophytes seem to be an ancient group
persistently and uniformly represented by stems and
spores throughout the Permian and by a variety of
forms in the Middle and Late Permian exhibiting
maximum development both in quality and quantity.
Fern and fern-allies also developed in the same
pattern as arthophytes, showing their maximum
development in the Late Permian.

The class Gymnosperm with its several orders
evolved steadily throughout the Permian, Conifers
appeared quite early on the scene but they never
formed conspicuous vegetation. Cordaitales
represented by Noeggerathiopsis and allied forms
show steady development in Early and Late Permian
but they were altogether absent in the Middle
Permian. Cycads and Ginkgoales appeared much
later in the Permian almost in the later pan of
Middle Permian and never formed a uniform or
conspicuous vegetation. Gangamopteris of the
Glossopteridopsida appeared first in the Early
Permian and formed the major constituent of the
forest vegetation. Glossopteris appeared on the scene
later than th~ Gangamopteris and Noeggerathiopsis

but qUickly occupied the major pan of land forming
conspicuous vegetation of the forest of the Middle
and Late Permian time and almost lingered up to the
Triassic.

The basic pattern of the Glossopteris flora was
laid in the Talchir time as patchy non-forest like
vegetation in pockets under cold deglaciated
conditions. The first lowland, coal swamp,
deciduous forest dominated by Gangamopteris/
Noeggerathiopsis trees developed during Karharbari
period under not so cold but humid conditions,
Glossopteris dominated dense deciduous lowland,
coal swamp forest appeared during Barakar time
under warm and humid conditions. The first upland
floras appeared in the Kulti time as not so dense
forest under warm but not so humid climatic
conditions, Again there was shift of floras in the low
lying river valleys in the Raniganj time to give rise to
very dense, swampy vegetation dominated by
Glossopteris and allied forms under very warm and
humid conditions, At the same time' some of the
Glossopteris dominated deciduous forests developed
in upland areas under warm but not so humid
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climate represented the Kamthi forest. The general
pauerns of change in the plam ecology were
comrolled in parts by broad climatic changes.

Finally the present synthesis has brought to
light the following thoughts which might stimulate
further investigations in evolutionaty biology of
Lower Gondwana plants in order to understand
squarely the how and why of:

1. The development of arborescence or tree habit
of plants.

2. Production of spore/pollen and development
of dispersal mechanism for fertilization.

3. Biological strategies adapted by vascular plants
in production of seeds and their dispersal
mechanism, enabling plants (0 grow in far
fl ung areas.

4. Development of wide varieties of plant
communities (0 enable them (0 grow under
varied ecological conditions.
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l1Je Gondwana sediments of India, ranging from Asselian to Rhaetian in age, contain remnants of a unique
flora that in general composition is uniform all over. Two basic floral assemblages, Le., Glossopteris·Assemblage and
Dicroidium·Assemblage, can be recognized through Permian and Triassic, respectively. A synthesis of data on
distribution of plant fossils in different formations of the Gondwana Supergroup brings out an incipient
provincialism throughout, particularly in the Barakar Formation. It is not yet understood if this provincialism is
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which was preceded and followed by large hiatuses.
The time slot of the Gondwana Supergroup in India
has now been fixed between earliest Permian and
latest Triassic (Venkatachala & Maheshwari, 1991)
The Gondwana sediments were depOSited in the
three major grabens, viz" Damodar, Son-Mahanadi
and Pranhita-Godavari, besides several smaller
basins.

The Gondwana Supergroup in the Damodar
Graben is classified as follows.

TYE term Gondwana floras relates to the succession
of remnants of a vegetation that have been recorded
from the Gondwana sediments of India. The unit
Gondwana was originally proposed for a group of
sediments laid down in a primarily fresh-water
environment (Medlicott, 1872-unpublished). In
subsequent years three distinct floral associations
were recorded from the Gondwana group of
sediments, within a time slice of Late Carboniferous
to Early Cretaceous (see Lele, 1976). The
composition of the contained floras led to the
inclusion of certain coastal marine sedimentaries of
Cretaceous age, and also a group of sediments of
Early Permian age from western Himalayan region
within the purview of the Gondwana. The concepts,
limits and extension of the Indian Gondwana have
been debated in recent years. One of the proposals
fixes the status of the Gon,dwana as a supergroup
comprising an almost continuous sequence of
essentially terrigenous sediments,' the deposition of

Mahadeva Group

Panchet Group

hiatus
T3

Tz

Tj

Supra Panchet
Formation]

'{Hirapur Formation2

Maitur Formation3
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1) Equivalent formations-Dubrajpur (Rajmahal
Basin), Tiki and Parsora (Son Graben),
Pachmarhi and Denwa (Satpura Graben), and
Dharmaram, Maleri and Bheemaram (Pranhita
Godavari Graben).

2) Equivalent to top of 'Kamthi' (Godavari
Graben).

3) "Equivalent to Upper 'Kamthi' (Godavari
Graben) and Upper Hinjir (Mahanadi Graben).

4) Equivalent formations-Pachwara (Rajmahal
Basin), Pali (Son Graben), Hinjir (Mahanadi
Graben), Kamthi (Wardha Coalfield), Bijori
(Satpura Graben).

5) Also known as Barren Measures (Damodar
Graben) or Motur (Satpura Graben). May also
include basal part of the 'Kamthi' (Godavari
Graben).

6) Basal part sometimes known as Karharbari
'Formation'. Equivalent formations are
Nishatbagh and Mamal (Kashmir Valley, Pir
Panjal and ParauthochtOne), KhelongjRilu
(eastern Himalaya).

After the initial report of plant fossils from the
Raniganj Coalfield (Brongniart, 1828), mega- and
micro-fossils have been reported from almost all the
horizons (see Lakhanpal, Maheshwari & Awasthi,
1976; Chandra & Singh, 1989; Maheshwari, Singh &
Bajpai, 1989; Bajpai, 1990; Bajpai & Tewari, 1990;
Chandra, Srivastava & Singh, 1990; Prasad & Maithy,
1990; Singh & Bajpai, 1990; Singh & Chandra, 1990;
Bajpai & Maheshwari, 1991; Chandra & Tewari, 1991;
Srivastava, 1991; Kapoor, Bajpai & Maheshwari, 1992;
Maheshwari & Bajpai, 1992, etc.).

Table 1 lists plant megafossils known so far
from different formations of the Gondwana
Supergroup. Tables 2-15 list plant megafossils for
each important formation and show their areal
distribution.

In recent years a few papers have analysed the
palaeobotanical implications or rather
palaeobotanical evidences on the northern limits of
the Indian Plate during the Gondwana period. Use of
palaeobotanical data for phytogeographic
considerations one can understand. But to
demarcate plate boundaries on the basis of elements
of a land flora involves two assumptions or surmises:
(i) One particular type of plant association could

not transcend plate boundaries, and
(ii) More than one plant association could not

Damuda Group

Talchir Group

P2

PI
PI

hiatus

{

Raniganj Formation4
Kulti FormationS
Barakar Formation6

Talchir Formation

thrive on each palaeoplate.
These surmises seem to be natural corollaries of

long held belief that the Gondwana Supercontinent
had a unifQrm vegetation all over. The area of the
Gondwana Supercontinent comprising all the
continents of the Southern Hemisphere and India
should total to some millions of square kilometres,
with a south-north extent from the South Polar
Region to Tropic of Cancer atleast. If the accretion of
Turkey, Afghanistan, Tarim Basin, etc. as a part of the
Indian Plate is also accepted, the northern margin of
this plate may well have reached [he Permian
equatOr. It seems improbable that such a huge
landmass had a uniform vegetation cover, a
vegetation that did not show any provincialism even
at micro-level. One would rather expect some
degree of provincialism in floral composition in an
area, much smaller than that covered by Gondwanan
India.

The distribution of the vegetation undoubtedly
is an active attribute of land-sea distribution, and
climatic thermometry, i.e., palaeolatitudes. It does
not seem plausible that each taxon of land plants
could have thrived Simultaneously both in cool
temperate and subtropical-tropical areas and that
each taxon would have populated the Gondwana
Supercontinent all over, at the same time.

The concept of the so-called mixed floras seems
to have complicated our understanding of the
phytogeography of the Permian period. For example,
the genus Glossopteris established for certain
tOngue-shaped leaves with reticulate venation and a
midrib is the most characteristic element of the
Permian flora of Gondwana Supercontinent. In the
1930s similar leaves were recorded in the Angaran
Flora. Zimina (1967) reported similar leaves from
Permian of Siberia. I have examined these
specimens, and had I not known from where these
specimens have come, I would have unhesitatingly
accepted their placement under the Gondwanan
Gangamopteris and Glossopteris. However, hardly
any palaeobiogeographer accepts that these leaves
are same as the Gondwanan ones, probably because
such an acceptance would not fit in with the concept
of Continental Drift. But, reports of Glossopteris from
Turkey or Indonesia are accepted even though there
is no evidence to show that the Glossopteris-like
leaves from these areas belong to the same lineage
as the Gondwanan Glossopteris (see Maheshwari &
Bajpai, 1988). A leaf from the Jurassic of Oaxaca,
Mexico, that has all the morphographical characters
of a Gondwanan Glossopteris is not accepted as a
record of this genus, because the genus is not
'expected' to have continued into the Jurassic. There
is a recent veiw that the genus Lesleya from the
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Table 1-Distribution of plant megafossils through Indlan Gondwana
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Mesembrioxylon malerianum
Cladophlebis indica
Noeggerathiopsis sp.
Spermatites orbicularis
Baiera sp.
Baiermylon cicatricum
Dicroidium coriaceum
Dicroidium giarensis
Dicroidium zuberi
Heidiphyllum singhii
Lepidopteris madagascariensis
Lepidopteris stormbergensis
Pagiophyllum bosei
Rissikia denticulata
Rissikia raoi
Sphenobaiera janarensis
Xylopteris sp.
Yabiella indica
Diplasmiophyllum hughesii
Dicroidium odontopteroides
Baiera indica
Cordaicarpus chichariensis
DicrOidium sahnii
Ginkgoites goiraensis
Heidiphyllum taeniatum
Lycopodites sahnii
Marattiopsis sp.
Neocalamites foxii
Parsorophyllum indicum
Pterophyllum sahnii
Samaropsis srivastavae
Cladophlebis shensiensis
DicrOidium f eistmantelii
Dicroidium sp.
Heidiphyllum sp.
Lepidopteris sp.
Pecopteris concinna
Taeniopteris stenoneura
Kendostrobus sp.
Pantopteris gracilis
Denkania indica
Eretmonia hinjridaensis
Eretmonia ovata
Eretmonia utkalensis
Glossopteris acuminata
Glossopteris dhenkanalensis
Glossopteris hinjridaensis
Glossopteris inaequalis
Glossopteris kamthiensis
Glossopteris maheshwarii
Glossopteris utkalensis
Glossotheca immanis
Glossotheca orissiana
Glossotheca utkalensis

cf
cf

cf

cf
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Handapaphy//um indicum
Indocarpus elongatus
Khania dhenkana/ensis
Lidgettonia indica
Lidgettonia mucronata
Neomariopteris khanii
Raniganjia etheridgei
Scutum elongatum
Scutum indicum
Scutum sahnii
Senia reticulata
Sphenophy//um utka/ensis
Surangephyl/um elongatum
Utkalia dichotoma
Anthrophyopsis sp.
Lelstotheca robusta
Dichotomopteris bansloiensis
Dichotomopteris ovata
Glossopteris paral/ela
Glossopteris wilkinsonii
Glossopteris gopadensis
Samaropsis raniganjensis
AlgaciteS oogonifera
Chakrea papillosa
Cordaicarpus ovatus
'Dicroidium' gopadensis
'Dicroidium' nidpurensis
'Dicroidium' papillosum
Glossopteris formosa major
Glossopteris nilssonioides
Glossopteris papillosa
·Glossopteris rewaensis
Glossopteris senii
Glossopteris sidhiensis
Glottolepis glahrosa
Glottolepis ovata
Glottolepis rugosa
Glottolepis sidhiensis
Glottolepis tuberculata
Gopadia coriacea
Gopadia papillata
Hapaticites fOliata
Hapaticites metzgerioides
Hepaticites nidpurensis
Hepaticites riccardioides
Lelestrobus pennatus
Lepidopteris indica
Nidia ovalis
Nidispermum glahrosum
Nidistrobus barrisiana
Nidpuria problematica
Marhwaseaphy/lum hastatum
Pantiaspermum cristatum
Pterophyl/um karkatiensis
Pteruchus gopadensis

cf

Contd.
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Pteruchus indicus
Pteruchus nidpurens~

Pteruchus thomasii
PynJormispermum elongatum
Rewaphyllum nidpurensis
Rotundaspermum mucronatum
Rugapites spherica
Rugaspermum insigne
Rugaspermum media
Rugaspermum obscura
Rugatheca nidpurensis
Samaropsis menisca
Samaropsis surangei
Satsangia campanulata
Savitrispermum crateriformis
Sidiphyllites flabellatus
Sphagnophyllites triassicus
Taeniopteris spatulata
Dicksonia sp.
Rhipidopsis densinervis
Araucarioxylon kothariensis
Araucarioxylon lathiense
Araucarioxylon loharense
Araucarioxylon nandoriense
Araucarioxylon surangei
Arauspiropitys indicum
Australoxylon kanhargaoe,?se
Australoxylon longicellularis
Australoxylon wejgaoense
Baieroxylon multiseriale
Dadoxylon adhariense
Dadoxylon chandrapurense
Dadoxylon maharashtraensis
Dadoxylon spp.
Filicites sp.
Glossopteris musaefolia
Glossopteris surangei
Glossopteris venustus
Kamthioxylon adhariensis
Kaokoxylon pseudotrimedullaris
Nandorioxylon saksenae
Planoxylon indicum
Prototaxoxylon gondwanense
Prototaxoxylon mahabalei
Prototaxoxylon maithyi
Prototaxoxylon uniseriale
Rhizoctonia nandoriense
Sclerospiroxylon marguerierae
Taxopitys indica
Taxopitys surangei
Trigonomyelon kamthiensis
Zalesskioxylon lepekhinae
Zalesskioxylon simplexum
Gangamopteris hughesii cf

Contd.



106

Table l-Contd.

Dadoxylon chandaensis
Glossopteris stenoneura
Dichotomopteris ovata
Raniganjia bengalensis
Glossopteris divergens
Glossopteris jormosa
Neomariopteris lobijolia
Phyllotheca griesbachii
GlossOpteris spatulata
Dichotomopteris lindleyii
Gangamopteris whittiana
Glossopteris arberi
Glossopteris lanceolatus
Glossopteris mohudaensis
Glossopteris tenuijolia
Arberiella vulgaris
Araucarioxylon bl"adshawianum
Araucarioxylon kumarpurense
Araucarioxylon ningahense
Araucarioxylon parbeliense
Araucarioxylon robertianum
Araucarioxylon semibiseriatum
A ustraloxylon ranaensis
Bankolaea raniganjensis
Belemnopteris pellucida
Belemnopteris sagiltijolia
Belemnopteris woodmasoniana
Bengalia raniganjensis
Catervoxylon raniganjensis
Chapmanoxylon indicum
Chapmanoxylon raniganjensis
Cornuspermum pennatus
Cuticulatopteris polym,orpha
Dadoxylon jamudhiense
Damudopteris bengalensis
Damudosaurus raniganjensis
Damudosaurus searsolensis
Damudoxylon jamuriense
Damudoxylon lepekhinae
Damudoxylon walton;;
Dichotomopteris asansolioides
Dichotomopteris jalcata
Dichotomopteris major
Dictyopteridium jeistmantelii
Eretmonia emarginata
Gangamopteris anthropbyoides
'Gangamopteris' jlexuosa
Gangamopteris indica
Glossopteris acaulis
Glossopterts acuta
Glossopteris anthropbyoides
Glossopteris bengalensfs
Glossopteris brongniartii
Glossopteris clarkei
Glossopteris contracta
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Glossopteris cordi/ormis
Glossopteris euryneura
Glossopteris /rondosa
Glossopteris ghusikiensis
Glossopteris gigas
Glossopteris gondwanensis
Glossopteris isolateralis
Glossopteris longljolia
Glossopteris maculata
Glossopteris major
Glossopteris nautiyalii
Glossopteris obscura
Glossopteris oldhamii
Glossopteris orbicularis
Glossopteris petiolata
Glossopteris pseudocommunis
Glossopteris radiata
Glossopteris reticulata
Glossopteris retusa
Glossopteris rhabdotaenioides
Glossopteris sahnii
Glossopteris sastrii
Glossopteris searsolensis
Glossopteris shaiiae
Glossopteris srivastavae
Glossopteris subtilis
Glossopteris taeniopteroides
Glossopteris tenuinervis
Glossopteris tortuosa
Glossopteris transversalis
Glossopteris varia
Glossopteris verticilJata
Glossopteris vulgaris
Glossopten's walton;;
Gondwanolepis lanceolata
Gondwanolepis linearis
Gondwanolepis oblongovata
jambadostrobus pretiosus
Kaokoxylon zalessJryi
Kendostrobus cylindricus
Kendoxylon /issilis
Leleopteris ovata
Leleopteris srivastavae
Lithangium indicum
Lithangium ovoides
Lithangium surangei
Mahudaea senii
Megaporoxylon kraeuselii
Ottokan'a raniganjensis
Palaeospiroxylon heterocellularis
Palaeovlttaria raniganjensis
Paracatervoxylon biseriatum
Paracatervoxylon raniganjensis
Parapalaeospiroxylon burmundiaensis
Pecopteris a/finis
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Platycardia bengalensis
Plumsteadia indica
Plumsteadia lanceolata
Plumsteadiostrobus elilpticus
Polytheca elongata
Protophyl/ocladoxylon indicum
Pterophyllum burdwanense
Pteronilssonia gopalii
Pterygospermum raniganjense
Ranoxylon bengalensis
Rhabdotaenia jibrosa
Samaropsis raniganjensis
Scirroma angusta
Scirroma ventilebra
Scutum draperium
Scutum dutoitides
Scutum leslium
Scutum stowanum
Senotheca murulidihensis
Searsolia oppositijolia
Stephanostoma crystal/inurn
Trithecopteris gondwanensis
Venustostrobus ghusikensis
Venustostrobus indicus
Vertebraria raniganjensis
Vertebraria myelonis
Zalesskioxylon gondwanensis
Zalesskioxylon raniganjensis
2alesskioxylon uniseriatum
Glossopteris jibrosa
Dadoxylon ghorawariense
Cyclodendron leslei
Trizygia speciosa
Dadoxylon barakarense
Dietyopteridium sporijerum
Glossopteris conspicua
Glossopteris elongata
Neomariopteris polymorpha
Pseudoetenis ballii
Glossopteris leptoneura
Asansolia phegopteroides
Glossopteris emarginata
Glossopteris j eistmantelii
Rhabdotaenia danaeoides
Glossopteris intermittens
Glossopteris stenoneura
Glossopteris stricta
Squamae gymnospermarum
Glossopteris raniganjensis
Alethopteris spp~

Damudoxylon parenchymosum
Pterophyllum spp.
Sphenophyllum churulianum
Sphenophyllum crenulatum
Glossopteris ampla

cf
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Glossopteris ingens
Glossopteris intermedia
Glossopteris linearis
Glossopteris nimisbea
Glossopteris pandurata
Palaeovittaria kurzii
Glossopteris barakarense
Alatocarpus indicus
Angiopteridium injarctum
Araucarioxylon kharkhariense
Barakaria dichotoma
Birbalsahnia divyadarshanii
Dadoxylon bengalense
Eretmonia karanpuraensis
Gangamopteris chatterjei
Ginkgoites huraensis
Ginkgoites veekaysinghii
Glossopteris bargoensis
Glossopteris churiensis
Glossopteris juchsii
Glossopteris karanpuraensis
Glossopteris ornatus
Glossopteris parallela
Glossopteris saksenae
Gondwanophyllites disseetus
Gondwanophyton indicum
Gondwanophyton sp.
Indoxylon canalosum
Kashmiropteris meyenii
Kawizophyllum dunpathriensis
Lepidostrobus kashmirensis
Lobatannularia ensijolia
Lobatannularia lingulata
Lobatannularia sinensis
Lelstotheca striata
Lidgettonia sp.
Neomariopteris barakarensis
Ottokaria bihariensis
Parapalaeoxylon ghorawariense
Parapalaeoxylon gondwanense
Platyphyllum bokaroensis
Polysolenoxylon jhariense
Psygmophyllum haydenii
Psygmophyllum hollandii
Psygmophyllum sahnii
Rajahia mamalensis
Pterygospermum spiculatum
Rhipidopsis densinervis
Rhipidopsis gondwanensis
Samaropsis johillensis
Saportaea nervosa
Saportaea renijormoldes
Scutum sp.
Spermatites indicus
Sphenophyllum thonii
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Taeniopteris kashmirensis
Trizygia maithyiana
Veekaysinghia durgavatiae
Walkomiella indica
Walkomiellospermum indicum
Cyathea tchihatchejji
Gangamopteris kashmirensis
Glossopteris angustijolia
Schizoneura gondwanensis
Glossopteris communis
Glossopteris browniana
Neomariopteris hughesii
Phyllotheca australis
Glossopteris damudica
Squamae integer-rima
Rhipidopsis gondwanensis
Glossopteris declpiens
Glossopteris taenioides
Neomariopteris talchirensis
Alatocarpus johillensis
Cordaicarpus zeiller/
Euryphyllum whittianum
Glossopteris angusta
Glossopteris giridihensis
Glossopteris karharbariensis
Glossopteris longicaulis
Rubidgea obovata
Sphenophyllum. gondwanensis
Dadoxylon indicum
Buriadia sewardii
Arberia indica
Arberia surangei
Birsinghpuria indica
Botrychiopsis valida
Bulbosper-mum surangei
Buriadia jlorinii
Buriadia jragilis
Capsulites gondwanensis
Cardiocarpus indicus
Caulophyllites indica
Cheirophyllum lacer-ata
Cordaicarpus karharbariense
Cordaicarpus zeilleri
Cordaites stoliczkanus
Dolianitia karharbariense
Euryphyllum obovatum
G. cyclopteroides auriculata
Gangamopteris jibrosa
Gangamopteris gondwanensis
Gangamopteris hupida
Gangamopteris karharbariensis
Gangamopteris kashmirensis
Gangamopteris media
Gangamopteris mucronata
Gangamopteris oblanceolata
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Gangamopteris obtusifolia
Gangamopteris papillosa
Gangamopferis srivastavae
Ginkgopby/On sp.
Giridia indica
Glossopteris jayantiensis
Glossopteris nisbatbagbensis
Glossopteris ,-ecurva
Glossopteris spatbulocordata
Glossopteris zeilleri
Karbarbariospermum surangei
Mabesbwariella bicornuta
Mabesbwariella spinicornuta
Noeggeratbiopsis bunburyana
Noeggf?1"atbiopsis conspicua
Noeggeratbiopsis fibrosa
Noeggeratbiopsis gondwanensis
N. bislopii subrbomboidalis
Noeggeratbiopsis indica
Noeggeratbiopsis minor
Noeggeratbiopsis papillosa
Noeggeratbiopsis spatbulata
Noeggeratbiopsis wbittianum
Noeggeratbiopsis zeilleri
Otofeistia milleri
Ouokaria bengalensis
Ouokaria zeilleri
Palaeocarpus birsingbpurensis
Palispermum ovalis
Palmatopbyllites debilis
Palmatopteris furcata cf
Pbyllotbeca ampla
Pbyllotbeca angusta
Pbyllotbeca crassa
Pbyllotbeca sabnii
Platycardia jugus
Retortistoma crystallina
Rotundocarpus Ovatus
Rotundocarpus striatus
Rubidgea lanceolatus
Rubidgea emarginata
Samaropsis feistmantelii
Samaropsis ganjrensis
Scbizoneura wardii
Sbivacarpus jobillensis
Sbivacarpus latus
Vertebraria gondwanensis
Samaropsis parvula cf cf cf cf cf
Nummulospermum bowense cf
Scbizoneura merianii cf
Equisetalean stems ...................................................................................................
Glossopteris indica ...................................................................................................
Vertebraria indica ...................................................................................................
Gangamopteris cyc/opterOides ....................................
Pantopby//um spatmata ....................................

Coned.
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Gangamopleris anguslijolia
Gangamopleris intermedia
Gangamopleris major
Cordaicarpus spp.
Gangamopleris buriadica
Gangamopleris clarkeana
G. cyclopleroides areolala
G. cyclopleroides allenuala
G. cyclopleroides subauriculala
Gangamopleris obliqua
Mabesbw,ariel/a jurcala
Samaropsis goraiensis
Arberia umbel/ala
Gangamopleris spalbulala
G. cyclopleroides acuminala
Paranocladus? indica
G. cyclopleroides cordijolia
G. cyclopleroides crassinervis
Samaropsis sp.
Talchirospermum indicum
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Table 2-Geographlcal distribution of plant fossils in the Talchir Formation
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Arberia umbel/ala
Cordaicarpus spp.
Cordailes (Panlophyl/um) spalulala ... ... ... ... ... ...
Gangamopleris anguslijolia
Gangamopleris buriadica
Gangamopleris clarkeana
Gangamopleris cyclopleroides ... ...
G. cyclopleroides acuminala
G. cyclopleroides areolala
G. cyclopleroides allenuala
G. cyclopleroides cord/folia
G. cyclopteroides crassinervis
G. cyclopteroides subauriculala
Gangamopleris inlermedia
Gangamopleris major
Gangamopleris obliqua
Gangamopleris spalhulala cf
Glossopteris Indica
MabesbwariMa jurcala
Paranocladus? indica
Samaropsis goraiensis cf
Samaropsis sp.
Talchirospermum indicum
Verlebraria indica
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Table 3-Geographical distribution of plant fossils in Karharbari Formation
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Alatocarpus johillensis
Arberia Indica
Arberia surangei
Arberia umbellata
Birsinghpuria indica
Botrychiopsis valida
Bt;lbospermum surangei
Buriadia florinii
Buriadia fragilis
Buriadia sewardii
Capsulites gondwanensis
Cardiocarpus indicus
Caulophyllites indica
Cheirophy/lum lacel'ata
Cordaicmpus karharbariense
Cordaicarpus zeilleri
Cordaites spatulata
Cordaites stoliczkanus
Dolianitia karharbariensis
Euryphyllum obovatum
Euryphyllum whittianum
Gangamopteris angustifolia
Gangamopteris buriadica
Gangamopteris clarkeana
Gangamopteris cyclopteroides
G. cyclopteroides areolata
G. cyclopteroides attenuata
G. cyclopteroides auriculata
G. cyclopteroides subauriculata
Gangamopteris fibrosa
Gangamopteris gondwanensis
Gangamopteris hispida
Gangamopteris intermedia
Gangamopteris karharbariensis
Gangamopteris major
Gangamopteris media
Gangamopteris mucronata
Gangamopteris oblanceolata
Gangamopteris obliqua
Gangamopteris obtuslfolia
Gangamopteris papillosa
Gangamopteris spathulata
Gangamopteris srivastavae
Ginkgophyton sp.
Giridia indica
Glossopteris angusta
Glossopteris angustifolia
Glossopteris browniana
Glossopteris communis
Glossopteris conspicua
Glossopteris damudica
Glossopteris decipiens
Glossopteris giridihensis
Glossopteris indica
Glossopteris jayantiensis

cf

I?

??

??

?'

??

??

"

'?

??

cf

Contd.
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Table 3-CODtd.

:c 22 ~ :::; ~:J ~
..: 0

~
Q2J: ~ "- 0 Z :J 0::

U3

~
~

~ ~ 0 22 ..:
SE SE0 0 ..:

~ 0

~ ~ f- ~ 0 ~
J: Q2 J: Z

""' :J :J ~ Z 0 :c ~
:J

0 0 -, ..: J: 0 "- Vi :J ::E u ~TAXA/AREA

Glossopteris karharbariensis
Glossopteris longicaulis
Glossopteris n ishatbaghensis
Glossopteris pandurata
Glossopteris recurva
Glossopteris spathulocordata
Glossopteris taenioides
Glossopteris zei;leri
Maheshwariella bicornuta
Maheshwariella jurcata
Maheshwariella spinicornUla
Neomariopteris hughesii
Neomariopteris talchirensis
Pantophyllum bunburyana
Pantophyllum conspicua
Pantophyllum jibrosa
Pantophyllum gondwanensis
Pantophyllum indica
PanlOphyllum minor
Pantophyllum papillosa
Pantophyllum zeilleri
Nummulospermum bowense cf ??
Otojeistia milleri
Ollokaria bengalensis
Ollokaria zeilleri
Palaeocarpus birsinghpurensis
Palispermu m ovalis
Palmatopteris jurcata cf
Phyllotheca ampla
Phyllotheca australis ....... .... ??

Phyllotheca crassa
Phyllotheca sahnii
Platycardia jugus
Psygmophyllum haydenii
Retorlistoma crystallina
Rhipidopsis gondwanensis
Rotundocarpus ovatus
Rotundocarpus striatus
Rubidgea emarginata
Rubidgea lanceolatus
Rubidgea obovata
Samaropsis jeistmantelii
Samaropsis ganjrensis
Samaropsis goraiensis
Samaropsis parvula cf cf
Schizoneura merianii cf
Schizoneura wardii
Shivacarpus johillensis ... '"
Shivacarpus latus
Squamae integerrima

Euramerican Flora is the ancestor of Glossopteris
(Leary, 1991). It all seems to be very subjective
thinking which does not allow clear demarcation of
macro· or micro-palaeophytogeographical provinces.

It is thus axiomatic that for palaeophyto
geographic or palaeoclimatic interpretations for the
Gondwana period, one should critically assess
systematic and taxonomic position of each taxon of
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Table 5-Geographical distribution of plant fossils in Kulti Formation

TAXA/AREA

Boldihadendron raniganjensis
Cordaites spatulata
Cye/odendron leslei
Dadoxylon ghorawariense
Gangamopteris cye/opteroides
Glossopteris ampla
Glossopteris angustljolia
Glossopteris browniana
Glossopteris communis
Glossopteris conspicua
Glossopteris damudica
Glossopteris decipiens
Glossopteris elongata
Glossopteris indica
Neomariopteris hughesii
Rhabdotaenia danaeoides

RANIGANJ JHARIA KARANPURA

..........

cf

AURANGA CHIRIMIRI

Table 6-Geographical distribution of plant fossils in Raniganj Formation

TAXA/AREA RANI·
GAN]

JHARIA KARAN- BOKARO AURANGA HUTAR RAMKOlA
PURA

??

........Araucarioxylon bradshawianum
Araucarioxylon kumarpurense
Araucarioxylon ningahense
Araucarioxylon parbeliense
Araucarioxylon robertianum
Araucarioxylon semibiseriatum
Arberiella vulgaris
Asansolia phegopteroides
Australoxylon ranaensis
Bankolaea raniganjensis
Belemnopteris pellucida
Belemnopteris sagittljolia
Belemnopteris woodmasoniana
Bengalia raniganjensis
Buriadia sewardii
Catervoxylon raniganjensis
Chapmanoxylon indicum
Chapmanoxylon raniganjensis
Cordaites (Pantophyllum) spatulata
Cornuspermum pennatus
Cuticulatopteris polymorpha
Cyathea tchihatcheffi
Dadoxylon jamudhiense
Damudopteris bengalensis
Damudosaurus raniganjens
Damudosaurus searsolensis
Damudoxylon jamuriense
Damudoxylon lepekhinae
Damudoxylon waltonii
Dichotomopteris asansolioides
Dichotomopteris j alcata
Dichotomopteris lindleyii
DichotomOPleris major
Dichotomopteris ovata
Dictyopteridium jeistmantelii
Dietyopteridium sponjerum
Fretn10nia emarginata
r;(/IIl.!,orllOpleris anRustijolia

'?

??

??

....

?? ??

Contd.
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...........

..•.

.......................................................... ••••........

TAXA/AREA

Gangamopteris anthrophyoides
Gangamopteris buriadica
Gangamopteris cyclopteroides
Gangamopteris jle.xuosa
Gangamopteris hughesii
Gangamopteris indica
Gangamopteris whittiana
Glossopteris acaulis
Glossopteris acuta
Glossopteris ampla
Glossopteris angustijolia
Glossopteris arberi
Glossopteris bengalensis
Glossopteris brongniartii
Glossopteris browniana
Glossopteris clarkei
Glossopteris communis
Glossopteris conspicua
Glossopteris contracta
Glossopteris cordijormis
Glossopteris damudica
Glossopteris decipiens
Glossopteris divergens
Glossopteris elongata
Glossopteris emarginata
Glossopteris euryneura
Glossopteris jibrosa
Glossopteris jormosa
Glossopteris jrondosa
Glossopteris ghusikiensis
Glossopteris gigas
Glossopteris gondwanensis
Glossopteris indica
Glossopteris ingens
Glossopteris intermedia
Glossopteris intermittens
Glossopteris isolateralis
Glossopteris ianceolatus
Glossopteris leptoneura
Glossopteris linearis
Glossopteris longijolia
Glossopteris macutata
Glossopteris major
Glossopteris nautiya/ii
Glossopteris obscura
Glossopteris oldbamii
Glossopteris orlncularis
Glossopteris pandurata
Glossopteris petiolata
Glossopteris pseudocommunis
Glossopteris radiata
Glossopteris rettculata
Glossopteris retusa
GlOssopteris rhabdotaenioides
Glossopteris sabnii
Glossopteris sastrii
Glossopteris searso/ensis
Glossopteris sbai/ae
GlOssopteris stngularis
Glossopteris spatulata

RANI
GAN}

??

??

....
'?

....

)HARlA KARAN- BOKARO AlJRANGA HUTAR RAMKOlA
PURA

"

....

Contd.



120

Table 6-Contd.
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TAXA/AREA RANI
GAN]

jHARIA KARAN- BOKARO AlJRANGA HUTAR RAMKOLA
PURA

....

....

....
Glossopteris srivasiavae
Glossopteris stenoneura
Glossopteris strieta
Glossopteris subtilis
Glossopteris taenioides
Glossopteris taeniopteroides
Glossopteris tenUljolia
Glossopteris tenuinervis
Glossopteris tortuosa
Glossopteris transversalis
Glossopteris varia
Glossopteris verticil/ata
Glossopteris vulgaris
Glossopteris waltonii
Gondwanolepis lanceolata
Gondwanolepis linearis
Gondwanolepis oblongovata
jambadostrobus p,'etiosus
Kaokoxylon zalesskyi
Kendoxylon jissilis
Kendrostrobus cylindricus
Leleopteris ovata
Leleopteris srivastavae
Lithangium indicum
Lithangium ovoides
Lithangium surangei
Mahudaea senti
Megaporoxylon kraeuselii
Neomariopteris hughesii
Neomariopteris lobijolia
Neomariopteris polymorpha
Neomariopteris talchirensis
Ollokaria raniganjensis
Palaeospiroxylon heterocellularis
Palaeovillaria kurzii
Palaeovillaria raniganjensis
Paracatervoxylon biseriatum
Paracatervoxylon raniganjensis
Parapalaeospiroxylon burmundiaensis
Pecopteris ajjinis
Phyllotheca australis
Phyllotheca griesbachii
Platycardia bengalensis
Plumsteadia indica
Plumsteadia lanceolata
Plumsteadistrobus ellipticus
Polytheca elongata
Protophyllocladoxylon indic um
Pteronilssonia gopalii
Pterophyllum burdwanense
Pterygospermum raniganjense
Raniganjia bengalensis
Ranoxylon bengalensis
Rhabdotaenia danaeoides
Rhabdotaenia jibrosa
Samaropsis parvula
Schizoneura gondwanensis
Scirroma angusta
Scirroma venlilebra
Scutum draperium

........

....

....

....

....

........

....

....

.... ....

Contd.
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TAXA/AREA

Scutum dutoitides
Scutum lestium
Scutum stowanum
Searsolia oppositljolia
Senotheca murulidihensis
Sphenophyllum crenulatum
Squamae integerrima
Stephanostoma crystallinum
Trithecopteris gondwanensis
Trizygia speciosa
Venustostrobus ghusikensis
Venustostrobus indicus
Vertebraria myelonis
Vertebraria raniganjensis
Zalesskioxylon gondwanensis
Zalesskioxylon raniganjensis
Zalesskioxylon uniseriatum

Table 7 -List of plant fossils from the Bijorl Formation,
Satpura Basin

Dichotomopteris lindleyii
Dicksonia Sp.
Gangamopteris cyclopteroides
Gangamopteris whittiana
Glossopteris angustijolia
Glossopteris browniana
Glossopteris communis
Glossopteris conspicua
Glossopteris damudica
Glossopteris elongata
Glossopteris indica
Glossopteris leptoneura
Glossopteris raniganjensis
Neomariopteris hughesii
Samaropsis paroula
Schizoneura gondwanensis
Trizygia speciosa
Vertebraria indica

plant fossils, whether based on a leaf, wood or,
pollen. Look-alike plant fossils from disjointed areas
do not necessarily mean that they belong to the
same -plant. For example, the pollen genus
Striatopodocarpites is known from Euramerican,
Angaran,' Cathaysian and Gondwanan floras, yet so
far we have no evidence to show that any
gymnosperm was common to all these floras.
Similarly the pollen genus Potonieisporites referred
to the conifers was originally reported from the
Zechstein of Germany (Bharadwaj, 1964), and at the
same time it is an important and characteristic
constituent of Early Permian floras of the Gondwana
Supercontinent. Again we have no evidence if there

RANI- JHARIA KARAN- BOKARO AURANGA HUTAR RAMKOlA
GAN) rURA

Table 8-List of plant fossils from Pacbwara Formation,
Rajmabal Basin

Asansolia phegopteroides
Cordaites (Pantophyllum) spatulata
Dichotomopteris bansloiensis
Dichotomopteris ovata
Gangamopteris cyclopteroides
Glossopteris angustijolia
Glossopteris browniana
Glossopteris communis
Glossopteris conspicua
Glossopteris damudica
Glossopteris divergens
Glossopteris elongata
Glossopteris emarginata
Glossopteris jeistmantelii
Glossopteris formosa
Glossopteris gopadensis
Glossopteris indica
Glossopteris parallela
Glossopteris wilkinsonii
Lelstotheca robusta
Neomariopteris hughesii
Neomariopteris lobijolia
Pachwarophyllum santhalensis
Phyllotheca australis
Phyllotheca griesbachii
Plumsteadia indica
Raniganjia bengalensis
Rhabdotaenia danaeoides
Samaropsis raniganjensis
Schizoneura gondwanensis
Scutum dutoitides
Trizygia speciosa
Vertebra ria indica
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Table 9-GeographlcaJ distribution of plant fossils In Pall Formation

TAXA/AREA

Chakrea papillosa
Cordaicarplls ovatus
'Dicroidiu m' gopadensis
'Dicroidium' nidpurensis
'Dicroidiu m' papillosum
Dictyopteridium sporijerum
Glossopteris angustijolia
Glossopteris browniana
Glossopteris communis
Glossopteris conspicua
Glossopteris damudica
Glossopteris elongata
Glossopteris emarginata
Glossopteris jeistmantelii
Glossopteris jormosa
Glossopteris jormosa major
Glossopteris gigas
Glossopteris gondwanensis
Glossopteris gopadensis
Glossopteris indica
Glossopteris inter-media
Glossopteris leptoneura
Glossopteris linearis
Glossopteris nilssonioides
Glossopteris papillosa
Glossopteris senii
Glossopteris sidhiensis
Glossopteris spatlliata
Glossopteris stenoneu ra
Glossopteris stricta
Glossopteris tenllijolia
Glossopteris lJaria
Glossopteris zeilleri
Glollolepis glabrosa
Glollolepis ovata
Glollolepis rugosa
Glottolepis sidhiensis
Glottolepis tllberculata
Gopadia coriacea
Gopadia pap illata
Hapaticiles joliata
Hapaticites metzgerioides
Hepaticiles nidpurensis
Hepaticites riccardioides
Lelestrobus pennatus
Lepidopteris indica
Marhwaseaphy/lllm hastatum
Neomariopleris hughesii
Neomariopteris polymorpha
Nidia ovalis
Nidispermum glabrosum
Nidistrobus harrisiana
Nidpuria problemalica
Pantiaspermum cristatum
Phy/lotheca griesbachii
Pseudocteni~ baWi
Plerophyllum karkaliensis
Pteruchus gopadensis
Pteruchus indicus
Pleruchus nidpurensis
Pleruchus thomasii

PAll SOHAGPUR GOPAD-R
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TAXA/AREA

Pyrljormispermum elongatum
Rewaphyllum nidpurensis
Rhabdolaenia danaeoides
Rostrumaspermum venkatachalae
Rotundaspermum mucronalum
Rugapites spherica
Rugaspermum insigne
Rugaspermum media
Rugaspermum obscura
Rugatheca nidpurensis
Samaropsis menisca
Samaropsis parvula
Samaropsis raniganjensis
Samaropsts surangei
Satsangia campanulata
Savitrispermum craterijormis
Schizoneura gondwanensis
Scutum sahnii
Sidlphyllites jlabellatus
Sphagnophylliles Iriassicus
Squamae gymnospermarum
Squamae integerrima
Taeniopteris spatulata
Trizygia speciosa
Vertebraria indica

PALl SOHAGPUR GOPAD-R NIDHPURI

.....

....
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was any conifer that was common to Laurasia and
Gondwana Supercontinent during Permian. Thus, at
macro-level the boundaries between major floristic
provinces become blurred due to subjective
taxonomic approaches and/or misidentifications.

At the micro-level, for example, during the
Gondwana time slice on the Indian subcontinent,
the limited spatial distribution of certain elements
reflects an incipient to decipherable provincialism_
For this one has to consider time slices of
reasonable durations only. A phytogeographic
reconstruction, say for the Permian Period has no
meaning because it would assume that for 40 million
odd years there was a uniform distribution of
vegetation all over India. Of course, one has also to
take into account the fact that a complete sequence
of floral succession is yet to be established. As finer
stages of Permian are yet to be identified in the
Indian Gondwana, a few examples are taken from
different formation level units.

Talchir Formation-The formation represents
the basal portion of the Indian Gondwana and is
usually taken as eqUivalent of Asselian and
Sakmarian stages. The flora of this period was not
much diversified and is poorly known. Leaves of the
genera Gangamopteris and, Pan tophyllu m (=
Noeggerathiopsis) are major components of the flora.
No visible provincialism is seen.

Barakar Formation-The Barakar Formation
conformably succeeds the Talchir Formation and is
eqUivalent of Artinskian Stage. Some authors classify
the lower part of the formation as an independent
formation-the Karharbari. ThiS unit does have a
distinct floral association and hence here it is
considered as a biozone.

The Karharbari biozone is reported from a
number of coalfields (Table 3). The common
elements of the flora are leaves of the genera
Pantophyllum (= Noeggerathiopsis), Gangamopteris
and Glossopteris. The biozone is best developed in
the Giridih Coalfield, where the characteristic
elements are Botrychiopsis, Rubidgea and Buriadia.
The first two genera have not been found so far from
any other place in India. Botrychiopsis is known from
Australia and Argentina, and Rubidgea from South
Africa. The synchroneity of these records with the
Giridih record is yet to be established. The genus
Buriadia is known from the Pali and Ib-River
coalfields, as also from the Raniganj Formation of
Raniganj Coalfield. The latter record is doubtful.
Thus for the Karharbari time slice, the flora of
Giridih Coalfield does show a decipherable
provincialism.

In the Barakar Formation sensu stricto, the
genera Pantophyllum (= Noeggerathiopsis) and
Gangamopteris became almost extinct; the former
genus has recently been recorded from the lower
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Table 10-Geographlcal distribution of plant fossils In
'Kamtbi' Formation

Table II-Geographical distribution of plant fossils In
'Hlnjir' Formation

TAXA/AREA GODA·
VARI

CHAND· NAGPUR
RAPUR

TAXA/AREA IB·RI·
VER

MADHU·
PUR

HAND·
APPA

Alethopteris spp.
Araucarioxylon kotharie/lsis
Araucarioxylon lathie11Se
Araucarioxylon loharense
Araucarioxylon nandoriense
Araucarioxylon surangei
Asansolia phegopteroides
AU5traloxylon kanhargaoense
Australoxylon longicellularis
Australoxylon wejgaoense
Baieroxylon multiseriale
Cordaites spatulata
Dadoxylon adhariense
Dadoxylon chandaensis
Dadoxylon chandrapurensis
Dadoxylon maharashtraensis
Filiciles sp.
Gangamopteris hughesii
Glossopteris angustijolia
Glossopteris arberi
Glossopteris browniana
Glossopteris communis
Glossopteris conspicua
Glossopteris indica
Glossopteris lanceolatus
Glossopteris leptoneura
Glossopteris mohudaensis
Glossopteris m usaejolia
Glossopteris raniganje/lsis
Glossopte/'is striCla
Glossopteris surangei
Glossopteris tenuijolia
Glossopteris venustus
Kamthioxylon adhariensis
Kaokoxylon pseudotrimedullaris
Nandorioxylon saksenae
Phyllotheca australis
Planoxylon indicum.
Prototaxoxylon mahabalei
Prototaxoxylon mailhyi
Prototaxoxylon uniseriale
Pterophyllum spp.
PseudOClensis ball;;
Rhabdotaenia danaeoides
Rhipidopsis gondwanensis
Rhizoctonia nandoriense
Schizoneura gondwanensis
Sclerospiroxylon marguerierae
Taxopilys indica
Taxopilys surangei
Trigonomyelon kamthiensis
Vertebraria indica
Zalesskioxylon lepekhinae
Zalesskioxylort simplexum

seams of the Raniganj Coalfield (Srivastava, 1992). In
general, the tlora is dominated by species of the
genus Glossopteris (Table 4). Three tloral provinces

Anlhrophyopsis sp.
Asansolia phegopteroides
Cyclodendron leslei
Denkania indica
Dicroidium sp.
DiClyopteridium sporijerum
Eretmonia hinjridaensis
Eretmonia ovata
Eretmonia litkalensis
Glossopteris acuminata
Glossopteris angustijolia
Glossopteris browniana
Glossopteris communis
Glossopteris conspicua
Glossopteris damudica
Glossopteris dhenkanalensis
Glossopteris elongata
Glossopteris gigas
Glossopteris hinjridaensis
Glossopteris inaequalis
Glossopteris indica
Glossopteris kamthiensis
Glossopteris maheshlVarii
Glossopteris tenuijolia
Glossopteris utka/ensis
Glossotheca immanis
Glossotheca orissiana
Glossothew utkalensis
Handapaphyllum indicum
lndocarpus elongatus
Khania dhenkanalensis
Le/stotheca robusta
Lepidopteris sp.
Lidgel/onia indica
Lidgellonia mucronata
Neomariopteris hughesii
NeomariOpteris khanii
Neomariopteris lobijolia
Neomariopteris polymorpha
Pachwarophyllum santhale/lsis
Pantopteris gracilis
Phyllotheca australis
Pseudoctenis bal/ii
Raniganjia bengalensis
Raniganjia etheridgei
Samaropsis sp.
Schizoneura gondwanensis
Scutum elongatum
Scutum indicum
Scutum sahnii
Senia reticulata
Sphenophyllum churu/ianum
Sphenophyllum crenulatum
Sphenophyllum utkalensis
Surangephyllum elongatum
Trizygia speciosa
Utkalia dichotoma
Vertebraria indica

.....

....

....

....

....

....
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Table 12-Geographical distribution of plant fossils in
Maitur Formation

Table 14-Geographical distribution of plant fossils in
Tiki/Upper Kamthi formations

.-/

~ Fre.h wat., Sediment'

~ Marine Sedimentr
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~
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Map 1-The three apparent floristic micro·provinces during
the period when Barakar and equivalent formations were
deposited

RAM
KOLA

AURA
NGA

RANI
GAN]

DicrOidium odontopteroides
Dicroidium sahnii
Gangamopteris cyclopteroides
Glossopteris angustifolia
Glossopteris brownian a
Glossopteris communis
Glossopteris conspicua
Glossopteris elongata
Glossopteris indica
Glossopteris intermedia
Glossopteris leptoneura
Glossopteris longicau lis
Heidiphyllum sp.
Kendostrobus sp.
Lepidopteris sp.
Neomariopteris lobifolia
Noeggerathiopsis sp.
Pecopteris concinna
Rhipidopsis densinervis
Samaropsis sp.
Schizoneura gondwanensis
Taeniopteris stenoneuron
Trizygia speciosa
Vertebraria indica

TAXA/AREA

Table 13-Geographical distribution of plant fossils in
Hirapur/'Upper Kamthi' formations

are apparent, though not necessarily of the same age
(Map 1). These provinces are:

(i) Perigondwana (Mamal Formation), with
Lobatannularla, Sphenophyllum, Rajahia
(= Pecopteris) and Kashmiropteris. All these
genera are important constituents of the
Cathaysian Flora, and except for the genus
Sphenophyllum are not known from the
Gondwanan flora.

(ii) Northern Rajmahal Basin (Hura Coalfield), with
Sphenophyllum (dimorphic leaves),
Dactylophyllum digitata-type, Saportaea,
Psygmcophylbm, Rhipidopsis, Ginkgoites,
Veekaysinghia, Birbalsahnia, etc. Leaves
resembling those of the genus Saportaea have
recently been discovered in the fireclays of
Auranga Coalfield. The genus is also known

from Permian .of China and United States of
America. On the Gondwana Supercontinent, it
has been reported from the Triassic of South
Africa (Anderson & Anderson, 1989).
Dactylophyllum digitata is known only from the
Late Carboniferous of Australia (Morris, 1975).
A Potonieisporites-Hamiapollenites
palynological association has also been
recorded from the Hura Coalfield. These two
genera normally are not expected to occur

TAXA/AREA

Dicroidium sp.
Glossopteris angustifolia
Glossopteris damudica
Glossopteris indica
Lepidopteris sp.
Neomariopteris hughesii
Schizoneura gondwanensis

RANIGAN] TALCHER

....

TAXA/AREA

Baiera sp.
Baieroxylon cicatrieum
DicrOidium coriaceum
Dicroidium giarensis
DicrOidium odontopteroides
DicrOidium superbum
Dicroidium zuberi
Diplasmiophyllum hughesii
Heidiphyllum singhii
Lepidopteris madagascariensis
Lepidopteris stormberge11Sis
Pagiophyllum bosei
Rissikia dentieulata
Rissikia rMi
Spermatites indieus
Spermatites orbicularis
Sphenobaiera janarensis
Xylopteris sp.
Yabiella indica

SINGRA
ULI

TALCHER
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Table 15-List of plant fossils from Parsora Formation,
Son Basin

Baiera indica
Cladophlebis shensiensis
Cordaicarpus chichariensis
Cordaites spatulata
Dicroidium jeistmantelii
Dicroidium odontopteroides
Dicroidium sahnii
Diplasmiophyllum hughesii
Ginkgoites goiraensis
Glossopteris browniana
Glossopteris indica
Heidiphyllum taeniatum
Lycopodites sahnii
Marattiopsis sp.
Neocalamites joxii
Pantopteris gracilis
Parsorophyllum indicum
Pterophyllum sahnii
Samaropsis srivastavae
Taertiopteris spatulata
Vertebraria indica

together; in India, Potonieisporites is confined
to Early Permian, and Hamiapollenites to Late
Permian.

(iii) Main Gondwana country, including Damodar,
Son-Mahanadi and Pranhita-Godavari grabens,
and probably also eastern Himalaya. The
genera Barakaria and Diphyllopteris are
endemic to the Auranga Coalfield. The only
other known record of the genus Barakaria is
from the Angaran flora (Meyen, 1969).

Raniganj Formation-The flora of the Raniganj
and 'equivalent' formations (Table 6-11) is relatively
more diversified. Here, too, an incipient
provincialism is decipherable. The flora of this
formation in the Raniganj Coalfield, where it is best
known, has a characteristic element, Palaeovittaria,
which is not known from any other equivalent bed.
The genus has recently been reported from the
Barakar Formation of Raniganj Coalfield (Srivastava,
1992), and the Mamal Formation of the
Perigondwana (Pant et al, 1991). Alongwith certain
other genera, such as, Belemnopteris, Rhabdotaenia,
the flora of Damodar Graben has a decipherable
compositional difference as compared to eqUivalent
floras from other areas. For example, the Hinjir
Formation of the Mahanadi Valley has yielded fossils
referable to the family Eretmoniaceae (Maheshwari,
1990), which are restricted to this area. The fossils of
this famjl~T are known only from Queensland in

Australia and Natal in South Africa. The upper part of
the Pali Formation (Nidhpuri Plant beds) in the Son
Graben also contains certain endemic elements,
such as the genera Nidia, Nidistrobus, Satsangia, etc.
The beds also contain 'Thinnfeldia' callipteroides
type of leaves, which in literature have been named
as species of the genus Dicroidium. The genus
Lelstotheca is restricted to the Pachwara Formation of
Pachwara Coalfield, though it possibly occurs in the
Barakar Formation of Hura Coalfield also.

The few examples disclJssed above reveal that at
certain points of time some of the plant taxa had a
restricted geographical distribution, and on the basis
of such occurrences few incipient or apparent micro
palaeophytogeographical provinces can be
delineated. However, much more work needs to be
carried out as most of the regions are
underexplored, and a complete sequence of floral
succession is yet to be established for all the
Gondwanan areas.
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Morphological trends in Gondwana plants
Usha Bajpai

Bajpai U. 1992. Morphological trends in Gondwana plants. Palaeobotanist 40: 128-146.

The term Gondwana has recently been redefined 10 include the group of terrestrial rocks in the Indian Craton,
that was initiated with a basal Permian glacigene epoch and terminated With the large hiatus at the top of the
Triassic. The Gondwana Supergroup as redefined now comprises Talchir, Damuda, Panchet and Mahadeva groups
and ranges in age from the earliest Permian to latest Triassic or earliest)urassic (Venkatachala & Maheshwari, 1991).

The vegetational scenario of Gondwana shows mixture of plants belonging to quite distinct habitats. The
morphological adaptations of plants that thrived at all levels on land, in continental water, upland and in
environments of exeeding dryness are significant. Leaf size varies from small to large with variety of apex and base,
midribless to prominent midrib, non-petiolate to petiolate, veins loosely arranged, narrow mesh type of venation 10

open mesh and narrow mesh type. Leaf cuticle of glossopterids also shows variations.

Most of the Gondwana woods show variation in pith and primary xylem and secondary xylem. Pith varies from
homo- to hetero-cellular. Primary xylem shows variation from endarch to mesarch. The secondary xylem is
pycnoxylic, homoxylous. Secondary xylem shows well-marked growth rings. There is a great variation in the pitting
of secondary tracheids. Xylem rays vary from uni- 10 multi-seriate. The ray field-pits also show diversity.

Wide diversities are also seen in the morphology of pteridophytic megaspores and of reproductive organs of
gymnosperms. The exosporium of megaspore is either smooth or variously ornamented. The mesosporium is with
or without cushions. Reproductive organs are known only for the glossopterid group and are of two types.

The changing pallerns in leaves, woods, megaspores and reproductive organs of Gondwana plants may prOVide
significant data for charring of morphotrends in these organs. Il can probably also be established if these
morphorrends were ecologically controlled temporary and transient phase or were genetically controlled leading to
evolution of new types.

Key-words-Gondwana, Lycopodophyta, Megaspores, Anhrophyta, Glossopteridopsida, Morphotrends.

Usha Bajpai, Birbal Sahni Institute of Palaeobotany, 53 University Road, GPo. Box 106, Lucknow 226 001,
India.
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MORPHOLOGY implies the study of form. The adult
form and structure of plants seems to be the
outcome of a series of evolutionary changes
extending over hundreds of million years. Most
fossils represent the fragments of plants. The
reconstructions of whole plants are made on the
basis of morphology and anatomy. However, due to
break in sequence of sediments and also due to
uneven distribution of plant fossils in the sediments,
usually it is very difficult to trace morphotrends
which depict evolutionary tendencies and patterns.
This is also true for the vegetation that thrived
during the time when the Gondwana Supergroup of
sediments was deposited in India and countries of
the Southern Hemisphere. Available data being
imperfect, there are several gaps in our knowledge
which need to be investigated further.

LYCOPSIDA

The Lycopodophyta, that appeared in the Upper
Devonian, and constituted a major part of
Carboniferous vegetation of the Northern
Hemisphere, are meagrely represented in the
contemporary and younger floras of the Gondwana
Supercontinent, particularly so in India. In India, the
oldest record of lycopsid megafossils is from the
Early Permian Gangamopteris beds of Zewan Spur,
Kashmir (Kapoor, 1968). The incomplete specimen
shows crescentic ligular scars inside spirally
disposed rhomboid leaf cushions (Text-figure lA).
Srivastava and Kapoor (1967) reported a lycopsid
cone, Lepidostrobus kashmirensis from equivalent
beds of the Liddar Valley, Kashmir (Text-figure IB).
Not many details are seen in this specimen, and
hence its exact taxonomic position is yet to be
decided.

In the Gondwana of the Peninsula, the oldest
definite lycopsid megafossil has been reported from
the Kulti Formation (Ironstone Shale/Barren
Measures, ?late Early Permian) of Jharia Coalfield
(Kar, 1968). The solitary species, Cyclodendron leslii
(Seward) Krausel is represented only by fragments
of stems, which bear a number of spirally arranged,
eye-shaped leaf scars (Text-figure lC). Each leaf-star
has a more or less circular boss which perhaps
indicates the position of vascular supply to the leaf.
The ligular pit or the parichnos scars have not been
found. Better preserved specimens of this species
are known from other Gondwana provinces, which

are heterosporous, the sporophylls being distributed
on normal leafy shoots, without any organized cone
(Krausel, 1961). A specimen described as
Bothrodendron sp. by Seward and Sahni (1920, pI. 2,
figs 28 a-c) from the Kulti Formation of the Raniganj
Coalfield, probably also represents C. leslii (Text
figure 10). The species possibly persisted into the
Early Triassic Mangli beds, from where a somewhat
similar specimen was described as Lepidodendron
by Hislop (1856) and later as "Stigmaria" by
Bunbury (1861) from the Kamthi Formation.

From the Late Triassic another lycopsid species,
Lycopodites sahnii is known (Lele, 1962). The
fragmentary axis bears spirally disposed linear
delicate leaves almost at right angles to the axis. The
leaf scars show a centrally situated minute
depression that probably represents the vascular
trace to the leaf (Text-figure 1E). The genus
Lycopodites continues into the Cretaceous where it is
represented by the species L. gracilis (Oldham &
Morris) Seward & Sahni. From the Early Cretaceous
Bhuj Formation of Kutch Basin, Bose and Roy (1964)
and Bose and Banerji (1984) have reported lycopsid
taxa fsoetites serratifolius (Text- figure 1F), I. indicus
(Text-figure IG), and Selaginellites sp. (Text-figure
IH)

EVidently, lycopsid megafossils are meagrely
known from the Indian Gondwana, yet the presence
of lycopsid megaspores in almost all the sediments
is indicative of their existence all through the
Gondwana period. This indicates that many more
species of lycopsids flourished than is evident from
the megafossil record. The paucity of lycopsid
megaplant remains may probably be due to the
delicate nature of plants and their suppression by an
overwhelming preponderance of gymnospermic
megaplant remains (Maheshwari, 1974, p, 52).

The mesosporium in all the megaspore taxa,
except in Srivastavaesporites indicus (Singh)
Bharadwaj & Tiwari, recorded from the Early
Permian Talchir Formation shows characteristic
biseriately arranged, more or less rounded,
projections or cushions in the inter-ray areas. In the
succeeding Barakar Formation (Early Permian), the
arrangement of cushions on the mesosporiuffi
changes and becomes irregularly organized, but the
cushions remain confined within the inter-ray areas.
However, in the ?late Early Permian Kulti Formation,
the biseriate arrangement of cushions on the inner
body reappears (e.g., Duosporites congoensis) and
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cushions (Text·rigure 2-\ l. rhis :lrrangemel1[

cOllri,1I':;'s irHo the L,lle Permian and Early Triassic
(61

1",1 \j·'·Ji & Tiwari, 197 0; Maheshwari 8: Banerji.
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Text-figure 2A-Schematic drawing showing arrangements of
cushions on the mesosporium.

1975) but becomes associated with a megaspore
type that is circular in polar view. One of the taxa,
i.e., Talchirella densicorpa Bharadwaj & Tiwari, has
massive cushions Mesosporium with cushions is not
known from younger horizons except for in three
species of the genus iHinerisporites, a zonate
megaspore from the Bhuj Formation of Kutch Basin
(Singh, Srivastava & Roy. 1964, Banerji, lana &
Maheshwari, 1984)

The sculptural e1emenrs on the megaspore
sporoderm show a trend towards becoming more
pronounced and robust in time (Text-figure 2B)
The exine ornamentation in all the taxa of
megaspores of Talchir Formation is from granulate
to fine verrucate, except in Trilaevipellites
talchirensis (Lele & Chandra, 1974), which is
laevigate. The megaspore genus Sriuastauaespol'ites
continued into the Early Triassic without any
significant change in the ornamentation pattern
Megaspores assigned to the genus Bokarosporites are
almost similar except that the sporoderm sculpture
is psi late. Pronounced sculptural elements appear
for the first time in the Barakar Formation. The
megaspore genus jhariatriletes with baculate exine
also extended into the Early Triassic, different
species having differentially baculate, closely
baculate, and sparsely baculate elements. The
baculae probably changed into ribbose pattern of
Singhisporites in late Early Permian. Baculate
elements reappear in Bacutnletes recorded from
Late Triassic to Early Cretaceous (Text-figure 2C).
The megaspore genera Nathorstisporites and
Paxillitriletes seem to belong to this line. In Early
TriaSSIC megaspores appear with reticulate
exosporium, e.g., ,Haiturisporites. Late Triassic
megaspores of the genus Hughesisporiteswith finger
like interwoven projections could have been derived
from Maiturisporites (Text figure 2D)

ARTHROPHYTA

The group is largely known through vegetative
shoots. In the absence of well-preserved fertile pans,
except for Giridia indica (Text-figure 3A; Pant et al.,
1981), the plant remains can only provisionally be
assigned to two orders, viz., Equisetales and
Sphenophyllales.

The equisetalean stems are all similar in being
jointed and ribbed, the ribs continuing through
successive nodes (Surange, 1971). Adpressed. leaf
sheaths are known in the genera Phyllotheca
Brongniart (Text-figure 3B) and Schizoneura
Schimper & Mougeot (Te>..1:-figure 3C). Both appear
simultaneously in the Early Permian (Lower Barakar
Formation) and continue almost into the Early
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1. Jhariatriletes srivastavae
2. J. baculosus
3. J. obscura
4. J. damudicus

1. Banksisporites minuticorpus
2. B. pinguis
3. B. sinuosus
4. B. panchetensis
5. B. kachchhensis

1. Boka rosporites rotundus
2. B. psi latus
3. B'. ja~arensis

1. Manumisporites distinctus

1. Talchirella trivedii
2. T. sparsa
3. T. raniganjensis
4. T. dubia
5. T. densicorpa

1. Sura ngeaespor ites ka rha rba riensis
2. S. raniganjensis

1 Biharisporites arcuatus
2. B. spinosus
3. B. maiturensis
4. B. sparsus
5. B. distinctus

1. Duosporites congoensis
2. D. multipunctatus
3. D. dijkstrae
4. D. irregularis
5. D. katrinalensis

Text-figure 2B-Schema(ic drawing showing sculptural pa{(ern on megaspore sporoderm.

COnid.
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1. Minerisporites mineri
2. M. dharesiensis
3. M. cutchensis

1. Bacutriletes sp.
2. B. cutchensis

1. Dijkstraisporites grantii
2. D. triangulatus

1. Paxillitriletes battenii

Triassic. The genus Lelstotbeca Maheshwari (Text·
figure 3D) apparently resembles shoots of the genus
Pbyllotheca, but is distinguished by the absence of
an adpressed leaf sheath. The genus appears later
than Phyllotheca and is so far known only from the
Barakar Formation (Maheshwari, 1971; Srivastava &
Maheshwari, 1986). The genus Barakaria Seward &
Sahni (Text-figure 3E) has a restricted distribution
and is a very rare form, having been reponed only
once (Feistmantel. 1881. 1886; Seward & Sahni,
1920). Raniganjia Rigby (Text-figure 4A), a
characteristic form of the Late Permian (Raniganj
Formation), has a typical dise-like leaf whorl which
may have arisen from the leaf·whorl of Lelstotbeca
through a~ increase in number of segments, and in
length of continuity of margins. Bengalia
raniganjensis Maheshwari, Singh & Bajpai from the
Late Permian Raniganj Formation (Text-figure 4B),
probably is also related to Lelstotheca robusta
(Feistmantel) Maheshwari. In the epidermal features

1

I1A
~

of most of the genera of the Equisetales there is
hardly any difference (Meyen, 1969; Pant & Nautiyal,
1968). In Raniganjia bengalensis (Feistmantel)
Rigby, the guard cells show radiating striations (Pant
& Nautiyal, 1968) like those on the leaf-segment and
stems of some of the modern Equisetums (Pant &
Kidwai, 1968). This feature, however, is not known
in the cuticle of Schizoneura (Srivastava, 1954) and
Barakaria (Meyen, 1967). Leaf segments of the
genera Barakaria, Lelstotbeca, Raniganjia and
Bengalia, all have transverse running striations that
simulate lateral veins, and mucronate apices. These
characters are lacking in leaf segments of Pbyllotbeca
and Scbizoneura.

The Sphenophyllales are represented by two
genera, viz., Trizygia Royle (Text figure 4C) and
Sphenophyllum Koenig (Text-figure 4D). The former,
represented by a single species, T. speciosa Royle, is
the most common form and continues unchanged
from the Early Permian Barakar Formation into the
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Text-figure 2C--Schemallc drawing showing changes in ornamentation pauern in time.

Early Triassic Nlaltur Formation (Bose & Banerji,
1984) The genus Spbenopbyllum is comparatively
rare in the Indian Gondwana. Fragments have been
reponed from Barakar and Hinjir formations of the
Raniganj' and Talcher coalfields, respectively A
charaCteristic heterophyllolls Spbf!110phyl/1I m has

been reported from the Early Permian Barakar
Formation of the Rajmahal Hills (Singh, Srivastava &
Maheshwari, 1986) The two genera are
distinguished on the basis of the difference in the
nature of leaf whorls at thl:' nodes; there is no
Jifference in the epidermal features of the leaves
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Text-figure 2D-Schematic drawing showing changes in orna·
mentation pattern in time.

(Pant & Mehra, 1963; Boureau, 1964). Recently,
Prasad and Maithy (1990) have reported a new genus
of fossil leaves from the Barakar Formation of the
Bansloi Valley Coalfield in the Rajmahal Basin. The
epidermal features of this leaf, Pachwarophyllum
santhalensis (Text-figure 4E) which is
morphologically indistinguishable from leaves of the
genus Benlightfootia Lacey & Huard-Moine (Text
figure 4F), qualify for the placement of this taxon
also under the Sphenophyllales. So far, no
fructification has been assigned to the Gondwana
taxa of Sphenophyllales; the genus Kendostrobus
Surange & Chandra, with its monolete spores,
probably belongs here.

PTEROPHYTA

The oldest fern-like foliage from the Indian
Gondwana is Botrychiopsis (Gondwanidium) valida
(Feistmantel) Archangelsky & Gamerro. The fronds,

known only from the early Early Permian (Lower
Barakar Formation), are long and bear two rows of
large and more or less deeply lobed leaflets.
Reproductive biology of this 'fern' is not known.

However, there are other genera of fern-like
foliage that are known both as fertile and sterile
forms. The Permian forms are species of the genera
Asansolia, Trithecopteris, Damudosorus and
Damudopteris. The sterile foliage ranges throughout
the Permian but the fertile foliage is known only
from the Late Permian Raniganj Formation. All the
known ferns are exindusiate, some forms are
characterized by free eusporangia with a transverse
annulus, while the others have synangia. The forms
with synangia (i.e., Asansolia, Trithecopteris) are
referred to the family Asterothecaceae while forms
with free eusporangia constitute the family
Damudopteridaceae. The latter family could have
been the progenitor of gleichenaceous forms. The
spores of these ferns do not show any major trend.
They are a mixed lot, except that all have a surface
sculpture (Lele, Maithy & Mandai, 1981) that ranges
from grana to bacula (Text-figure SA-D).

The records of Triassic ferns ir. India are poor,
and therefore their relationship with the Permian
forms is uncertain. In the Early Triassic, two types of
sphenopterid foliage, viz., Sphenopteris polymorpha
and Sphenopteris spp. are found. Two new ferns, viz.,
Marattiopsis and Danaeopsis appear in the Late
Triassic (Parsora Formation) of South Rewa Basin.
These forms are again found in the Early Cretaceous
(Rajmahal Formation) of Rajmahal Hills. There being
a sedimentary hiatus, as well as geographica'l
discontinuity, intervening story is not known, except
that the pinnules of D. rajmahalensis Feistmantel are
larger and more linear than those of D. gracillis Lele.

GLOSSOPTERIDOPSIDA

The most dominant and important group of
plants that thrived during the Permian times in India
is the Glossopteridopsida. This group appeared
almost simultaneously with the Gondwana
sedimentation. Due to non-deposition of older,
Ordovician to Carboniferous sediments in the
peninsular basins, forms ancestral to the
glossopterids are not known. Five genera based on
leaves, viz., Rubidgea Tate (Text-figure 6F),
Gangamopteris McCoy (Text-figure 6D),
Maheshwariphyllum Srivastava (Text-figure 6B),
Glossopteris Brongnian (Text-figure 6A) and
Palaeovittaria Feistmantel (Text-figure 6E) are
definitely assigned to this group. The leaf genus
Belemnopteris Feistmantel (Text-figure 6C) probably
also belongs here.
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Text·fIgure 3-A, Giridia indica: D, Phyllotheca australis; C. Schizoneura gondwanensis; D. Lelstotheca robusta; E. Barakaria
dichotoma (Figure A redrawn from Pant et al., 1981; figure D redrawn from Pant & Kidwai, 1968).

The most important genus is Glossopteris which
has tongue-shaped leaves with a midrib that gives off
dichotomizing and anastomosing secondary veins.
Palaeovittaria leaves have a midrib only in basal
part. Leaves of the genera Gangamopteris and
Rubidgea are deVOid of a midrib. Anastomoses are
present only in Gangamopteris and Glossopteris, and
also in Belemnopteris.

The glossopterid group when put in a
stratigraphie perspective reveals that leaves without
a midrib were probably the first to appear. Alongwith
the earliest forms, occurs a Cordaite-type of leaf,
Pantophyllum spatulata (Dana) comb. nov.
(Basionym: Noeggerathia spatulata Dana 1841;
earlier known as Noeggerathiopsis hislopii (Bunbury)
Feistmantel!Noeggerathiopsis spatulata (Dana)
Rigby, Maheshwari & Schopf). The name N. hislopii
should be restricted only to latest Permian forms
from the Kamthi Formation (Bunbury, 1861), and
which may have ginkgopsid, rather than cordaitalean
affinities. The leaves of Pantophyllum were strap
shaped, lacked the midrib and the veins ran straight

from the base to the apical region dichotomizing
once or twice and never anastomosing.

An almost similar leaf is Euryphyllum
Feistmantel (Text-figure 6G) which appeared
slightly late, i.e., in basal Barakar Formation
(Feistmantel, 1879) and is so far known only from
the Giridih Coalfield (Lakhanpal, Maheshwari &
Awasthi, 1976). Alongwith Euryphyllum also appears
Rubidgea where too the leaves lack a midrib and
anastomoses. The genus Rubidgea is also known
only from the basal Barakar Formation of the Giridih
Coalfield.

It is presumed that sometimes in the earliest
Permian, the Cordaite-type of leaf gave rise both to
Euryphyllum and Rubidgea (Text-figure 7). Morris
(1975), however, believes that certain aphlebiae
found alongwith leaves of Dactylophyllum digitata in
the Late Carboniferous of New South Wales, Australia
could have been precursors of the glossopterid
lineage. From Rubidgea could then have arisen
leaves of Gangamopteris which though lack a
midrib, yet have a well-defined central strand of
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Text·figure 4-A. Raniganjla bengalensis; B. Bengalia ranzganjensis; C. Trizygia speciosa; D. Sphenophyllum gondwanensis: E.
Pachwarophyllum santha/ensls: F. Benlightjootla. (Figure A redrawn from Pant & Nauliyal, 1968; figure C redrawn from Pant &
Mehra 1963; figure D redrawn from Maheshwari ('t al., 1986, figure E redrawn from Prasad & Mailhy, 1990: figure F redrawn from
Singh & Chandra. 1990)

straight veins. For the first time, anastomoses of
veins appear. Maheshwariphyllum, a leaf with
definite midrib recently discovered from the Barakar
Formation (Srivastava, 1992), probably also had its
origin in the earliest Permian. Slightly later appeared
Glossopteris leaves having both a midrib and
anastOmosing veins, combining characters of
Maheshwariphyllum and Gangamopteris. All this
must have happened within a very shon span of time
in the earliest to Early Permian. The
Maheshwariphyllum-line continued into the Late

Permian (Raniganj Formation) as Palaeovittaria, a
leaf with midrib reduced in length, running only up
to 1/2·3/4 of lamina.

The leaves of many plants are characterized by
distinctive leaf forms. The blade or lamina is most
important and conspicuous part of the leaf. But as an
adaptation to extreme climate, it may be reduced,
modified or even absent; the leaves directly interaCt
with the atmosphere and adapt themselves
accordingly.

After the pioneering efforts of Sahni (923) in



BAJPAI-MORPI-IOLOGICAl TRENDS IN GONDWANA PlANTS 139

'::r,./J\
V= 1\

c. ~'~'-1"?
00 f". 7~-J
<: . -7"

C. "'.c: I\~ /\.

U \I

'-l

~

n ~ ),
.... /' '0

--7 ....~ \' 0. ::J
~ '<ti ~ .:>

~( ({

t

~=
,,<:::

-L- a f\

~L~~
~U' "

o

c

A

Text-figure 5-Showing variation in surface ornamentation of microspores in Late Permian ferns; A, Dichotomoplerzs major B,
Neomariopleris hughesii; C. Dicholomopleris lindleyii; D. Dizeugotheca phegopleroides (All redrawn from [e Ie el ai, 19H 1)

chemically isolating cuticles from a Glossopteris leaf,
much work has been done in recent years. A number
of new species has been established under the belief
and observation that cuticular morphology is taxon
specific. Latest study on certain leaves of Glossopteris
from the Barakar Formation of the Raniganj Coalfield
(Maheshwari & Tewari, 1992) shows that this may
not always be true. These authors have found that
some morphographically different leaves show
similar cuticular features.

The cuticle covers the aerial parts of the plants
and plays an important role. The deposition of
cuticle can be affected by light intensity and
availability of water. In plants under continuous
water stress twice as much cuticle is laid down as
compared to plants growing under optimal water
conditions (Martin & Juniper, 1970). The
development of wax is also affected by light, being
greater at higher light intensities. In leaves stomata

may occur on both the surfaces or on one surface
only. In temperate climate with an adequate water
supply, stomata are more frequent on the abaxial
surface. In aquatic plants stomata may be absent, or
in floating leaves restricted to the upper or lower
surface. In many xerophytes, plants which usually
have a restricted water supply, the stomata may be
deeply sunken. Therefore, these are the adaptive
characters which develop in a plant depending on
the ecological niches not necessarily genetic
characters. However, one thing is certain that the
syndetocheilic stomata did not appear in the Indian
flora prior to the Early Cretaceous and there too are
confined to a Single order, the Bennettitales.
Similarly development of trichomes and frequency
of stomata are also governed by the environment. A
trichome is formed _ by the outgrowth of an
epidermal cell; it is protective in function and may
prevent undue water loss. Therefore, these are the
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Text-figure 6-A. Glossopteris; B. Maheshwaripbyllum, C. Belemnopteris; D. Gangamopteris; E. Palaeovillaria; F. Rubidgea; G.
Eurypbyllum (Redrawn from Pant, 1982).

characters which develop in the plant as a reflectic,:
of its surrounding environment and, hence are not
necessarily indicators of phylogenetic relationships

or morphological trends within a group of plants.
In most of the Gondwana woods, comparatively

more delicate tissues like pith, primal)' xylem,
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phloem and cortex are not preserved. The taxa are
usually known through pieces of secondary wood
only. The secondary xylem in Gondwana woods is
relatively uniform, but it may be combined in
different arrangements with the pith and primary
xylem. The wood taxa with pith and primary xylem
known from the Permian Gondwana of India are
Trigonomyelon Walton, Damudoxylon Maheshwari,
/1·1egaporoxylon Krausel, Kaokoxyloll Krausel, and
Polysolenoxylon Krausel & Oolianiti.

In India, the oldest record of wood with
heterogeneous pith and primary xylem is from the
Early Permian Barakar Formation. The pith in this
wood, viz., Solenoxylon (Text· figure 8A) and
Polysolenoxylon (Text·figure 80) is solid but with
well·distributed 'secretory' cells and vertical running
canals, supposed to have had some undefined
secretory function. The primary xylem is endarch
and the secondary xylem is with araucaroid and
mixed pining. This type of pith is restricted only to
the Barakar Formation. Elsewhere, it is known from
Brazil (Kr"ausel & Oolianiti, 1958) and Antarctica
(Maheshwari, 1972). In the same horizon is also
found wood with homogeneous pith, usually
referred to the genus Dadoxylon. No woods have so
far been reported from the Kulti Formation or
eqUivalent beds.

Fossil woods found in the Late Permian Raniganj
Formation also have a solid pith which is
heterogeneous. It may contain 'secretory' cells as in
Damudoxylon Maheshwari (Text-figure 8e),
Trigonomyelon Walton (Text· figure 8B), and

Text.figure 7 -Sketch delineating assumed origin of glossop·
terid foliage.

o II 11--=&' I IIF
Text-figure 8-Schematic transverse sections through various taxa of fossil wood. A. Solenoxylon sp.; B. Trigonomyelon raniganje'lse;

C. Damudoxylon sp.; D. Polysolenoxylon canalosum; E. Megaporoxylon kraeuselii; F. Kaokoxylon zalesskyii (Redrawn from

Krausel et aI, 1961).
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Text-figure 9-A. Seno/hecu Inllrulidihensis; B. Al'beria umbel/a/a; C. Dic/yop/eridium sporijerunJ (f'igure A redrawn from Banerjee,
1980. figure B. from Rigby, 1972: figure C. from Surange & Chandra, 19731.

MegaporoxylQ11 Kr'ilLlSel (Text· figure 8E), or
sclerenchyma as in Kaokoxylon Krausel (Text-figure
8F). The pith is lobed in the genus Trigonomyelon,
originally reported from South Africa (Walton, 1925)
Most of the Gondwana woods show endarch
protOxylem., The secondary xylem is pycnoxylic,
homoxylous and shows well·marked growth rings.
The presence of growth rings in the wood is
generally regarded as indicative of a response to
climatic fluctuations and periodicity as against lack
of growth rings which is believed to be indicative of

equitable climate. Pitting in the secondary wood
tracheids of Gondwana woods is generally
araucaroid but many of them show dual combination
of araucaroid and abietOid pitS or araucaroid pits
with taxinean tertiary spirals or triple combination of
araucaroid and abietOid pits with taxinean tertiary
spirals.

The xylem rays of these woods are always
homogeneous and one to many cells high. They are
llsually uniseriate or partly biseriate; rarely a xylem
ra\' is J11ultiseriate. The cross·field pits may be one to
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Text-figure to-A. Eretmoma; B. Glossotheca utkalensis; C. Lidgettonia indica (Figure A redrawn from Surange & Maheshwari, 1971;
figure B from Surange & Chandra, 1974).

many in number, simple or single dacrydiod or
pinoid, simple or multiple bordered araucaroid,
piceoid, cupressiod and taxadiod, podocarpoid or of
intermediate types. The shape of cross-field pits may
be circular, oval or elongated oval, may be isolated
or contiguous.

On the basis of organisation of the fructification
and the nature of subtending leaf, the glossopterids
are grouped under two families, viz.,
Dictyopteridiumaceae and Eretmoniaceae
(Maheshwari, 1990). The family Dictyopteridium
aceae includes the fructification genera
Dictyopteridium, Ottokaria, Scutum, Senotheca,
Satsangia, and probably Vannus. The family
Eretmoniaceae includes the fructification genera
Eretmonia, Lidgettonia, Glossotheca and probably
Denkania.

The fructifications of the family Dictyopteri
diumaceae are simple, dorsiventral and foliose
(Text-figures 9B-C). A large number of ovules are
borne on the abaxial surface. On the basis of an
indepth analysis of all the characters, it' is visualised
that the basic structure of the dictyopterid ovule-

bearing fructification is represented by the genus
Arberia Rigby (Text-figure 9A) where the ovules are
present on terminal branches of an axis subtended
by a sporophyll. Through overtopping and
syngenesis the Dolianitia-type of fructification could
have given rise to the basic identity of the
dictyopterid fructification. The dichotomies became
unequal and eventually gave rise to a pinnate
arrangement through syngenesis, where the
photosynthetic area increases and ovules become
transferred to the adaxial surface.

In the family Eretmoniaceae the fructifications
're pinnately branched, axillary to a leaf; the
subtending leaf is modified and looks like a scale
leaf (Text-figures lOA-C). The fructification has 1-4
pairs of branches, each branch terminating in a
fertile head. In the female fructification each fertile
head is dorsiventral and bears 1-7 ovules on abaxial
surface. In the male fructification each fertile head
bears a large number of pollen-sacs, in a manner not
yet clearly known. These fructifications show a
superficial resemblance to the peltaspermaceous
fructification-Antevsia. The Eretmonia-Glossotheca
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Text-figure ll-A. Pteronilssonia gopalii, and B. Rhabdotaenia danaeoides (Redrawn from Pant, 1982).

complex probably resulted in the androclad
Pterucbus (Pant & Basu, 1973) found in the Tiki
Formation of terminal Permian age.

Birba/sabnia divyadarsbanii Bajpai &
Maheshwari is an incompletely known pollen-sac
bearing organ. The main axis of the androclad is
dichotomously branched, and subsequent branches
are lateral and alternate to one another. No pollen
grain was recovered from the pollen-sacs. This form
alongwith pinnately branched gynoclads Utkalia
dicbotoma Chandra and Veekaysingbia durgavatiae
(Bajpai &. Maheshwari, 1991) are without any
subtending scale leaf. These possibly do not belong
to the glossopterid lineage.

CYCADOPHYTA

The group is poorly represented in the

Gondwana. In the Early Permian it is represented by
a frond which is pinnately divided, and the segments
are of unequal width and attached at right angles or
obliquely to a slender rachis. The veins are generally
forked near the point of emergence and show a few
cross connections. The leaf type, i.e., Pseudoctenis
ba//i (Feistmantel) Seward reappears in the Early
Cretaceous, e.g., Pseudoctenis Jooteana
(Feistmantel) Seward & Sahni. Pteropby//um sabnii
reponed from the Late Triassic Parsora Formation
(Lele, 1956) may also be a Pseudoctenis as the veins
in the specimens show a few cross connections.
Pteropby//um burdwanense (McClelland)
Feistmantel and Pteroni/ssonia gopalii Pant & Mehra
(Text-figure 11A) probably also belong here
alongwith leaves of the genus Rbabdotaenia Pant
(Text-figure lIB) as evidenced by the cuticular
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morphology. Pteronilssonia probably belonged to
the same plant that bore Rhabdotaenia leaves.

GINKGOPHYTA

Definite records of the ginkgopsid group are
mostly from the Early Cretaceous sediments of India
(Lakhanpal, Maheshwari & Awasthi, 1976). In recent
years Ginkgo-like leaves have also been recorded
from older formations (Maheshwari & Banerji, 1978;
Bajpai, 1991; Maheshwari & Bajpai, 1991). Most of
these leaves have been assigned to the genus
Ginkgoites and have the same morphology as the
younger forms. However, definite ginkgoalean
ovules are known only from the Early Cretaceous
Rajmahal Formation (Bana, Maheshwari & Bose,
1979). A number of Early Permian leaves, e.g.,
Saportaea, Psygmophyllum and Rhipidopsis have also
been assigned to the ginkgopsids (Maheshwari &
Bajpai, 1991).
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Alien,· elements in the Gondwana Flora of India
A. K. Srivastava

Srivastava AI< 1992. Alien elements in the Gondwana flora of India. Palaeobotanist 40 147·156.

The occurrence of northern hemispheric taxa in Gondwana is considered as alien to the Glossopteris and
Dicroidium floras of Southern Hemisphere. The morphology, evolutionary lineages, and stratigraphic distribution
of Euramerian, Cathaysian and Angaran forms in the Gondwana flora of India are examined in view of their latest
discoveries in the Permian and Triassic sequences. The study indicates that some of the elements of
contemporaneous floras possess characteristic affiliation with the Gondwana flora, likewise some of the Gondwana
elements exemplify the comparative characters of northern forms. Possible linkages, association, existence and
ancestry of the Gondwana flora vis a vis Northern floras are discussed.
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ruE Indian Gondwana flora, makes its appearance in
the Early Permian strata and develops as the
Glossopteris flora and in the Triassic Period it
succeeds as the Dicroidium flora, Earlier, the
Ptilophyllum flora considered as Jurassic in age was
recognized as the uppermost flora of the Indian
Gondwana (Lele, 1964, 19700) but recent
investigations suggest that continental Jurassic
deposits are absent in India and the Ptilophyllum
flora in all probability belongs to Lower Cretaceous
(Garg et al, 1988; Krishna, 1988; Acharyya & Lahiri,
1991; Venkatachala & Maheshwari, 1991),

It is believed that there was a uniformity in the
Carboniferous flora of northern and southern
hemispheres before Glossopteris flora came into
existence (Seward, 1903; Sahni, 1939; Halle, 1937;
Jongmans, 1954; Edwards, 1955; Archangelsky, 1970,
1971; Chaloner & Meyen, 1973), The wide spread
Gondwana glaciation resulted into the
differentiation of world floras and by the close of

Carboniferous and beginning of Permian there
existed four more or less well·defined botanical
provinces, The Glossopteris flora occupies the
southern land-mass, i.e" Gondwana including India,
Australia, South America, South Africa and Antarctica,
The Euramerian flora dominated by lepidodendrids,
cal'a mites, sphenophylls and pteridosperms
flourished in the North America and Europe, The
Angara flora characterised by Cordaitales and
pteridosperms covered the Siberian region from the
Petchora Basin, north-west of Urals to the Pacific
Coast of the USSR and south into the north-west
China, The Cathaysian flora, commonly known as
Gigantopteris flora developed in China and
extended to the south of Sumatra, Chaloner and
Ulcey (1973) sorted out characteristic genera of each
floral provinces as follows: North American floral

Four Decades of Indian Palaeobouny
Editors, B. S. venkatachala & ,H. P. Singh
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PERMIAN GONDWANA FLORA VIS A VIS
NORTHERN HEMISPHERIC FLORAS

Morphology, affinities and distribution of the
flora in different formations, i.e., Talchir, Karharbari,
Barakar; Barren Measures and Raniganj have earlier
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been discussed by many workers (Surange, 1975;
Lele, 1976b; Maheshwari, 1976; Srivastava, 1986) and
they strongly favoured the idea of endemism in the
Gondwana flora. However, during the last ten years,
the knowledge of the Indian Gondwana
palaeobotany has increased rapidly and the
discoveries of newer elements having comparative
similarities with the northern hemispheric forms
proVide evidence to consider the Gondwana flora in
a broader perspective rather than conservative flora
of its own domain.

There are several limitations to know the exact
affinities of Gondwana plants because most of them
are known only by their sterile foliage characters,
however, the organization and venation pattern of
leaves demonstrate their positive affiliation with
different groups o( plants. Discovery of male and
female fructifications of glossopterid has enabled us
to identify it as a distinct plant group of the
Gondwana flora. Its unequivocal affinity with
pteridosperms and other groups of gymnosperms
signifies a unique position in the taxonomy of
plants.

Earlier investigators considered the Gondwana
records of Phyllotheca, Schizoneura, Noeggera
thiopsis, Cordaites, Sphenophyllum, Pecopteris,
Sphenopteris, Alethopteris, Ptychocarpus as the
representatives of northern hemispheric flora
(Zeiller, 1896, 1902; Feistmantel, 1879-90; Arber,
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Alethopteris
Calamites
Sigillaria
Cordaites
Pecopteris
Callipleris
Neuropleris/Odonlopteris
Sphenophyllum
Annularia
Walchia
Taeniopteris
Intia
Tschernovia
Annulina
Viatscheslavia
Angaridium
Paragondwanidium
Rujloria
Vojnovskya
Supaia
Glenopteris
Russelliles
Giganotopteris
Protoblechnum
Tingia
Lobalannularia
Gondwanidium
Noeggerathiopsis
Gangamopleris
Glossopteris
Trizygia
Lycopodiopsis/Cyclodendron
Schizoneura

province, referred by them as fifth flora, is
considered here under Euramerian flora for broader
comparison of floras:

Sahni (1935) explained the distribution of each
flora by viewing the globe from the Arctic Pole
(Text-figure 1).

While discussing the Permo-Carboniferous floral
provinces with special reference to India, he
indicated that the floras of Northern Hemisphere,
i.e., Euramerian, Cathaysian and Angara are more in
common than anyone of them has with the
Gondwana flora. The compilation of the floras by
Chaloner and Lacey (1973) also reflects such
association with certain reservation.
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1905; Srivastava, 1955; Surange, 1964). Later, many of
them proved to be gondwanic in nature. The fern
like pinnules have been considered to be true
pteridophytes and accordingly they are placed into
several new genera-Neomariopteris, Damudopteris,
Dichotomopteris, Asansolia, Dizeugotheca, Santhalea
and Leleopteris (Maithy, 1974a, b, 1975; Pant &
Khare, 1974; Pant & Misra, 1976, 1977; Srivastava &
Chandra, 1982). The forms placed under Phyllotheca
robusta have been transferred to a new genus
Lelstotheca Maheshwari (= Stellotheca Surange &
Prakash 1962) and Sphenophyllum like foliage have
been identified as Trizygia (Maheshwari, 1968).

Latest discoveries of plant fossil assemblages
from Rajmahal, Raniganj, South Rewa Gondwana
basins and Handapa areas indicate that the flora is
much more diversified and contains many forms
showing morphological similarity with the northern
floras (Singh, Srivastava & Maheshwari, 1986;
Chandra, 1984; Chandra & Singh, 1988; Bajpai &
Maheshwari, 1991; Maheshwari & Bajpai, in press).

Critical assessment of the plant fossil
assemblages amply demonstrates the fair
representation of northern form in the Indian
Gondwana flora. The follOWing genera of Eurameria,
Cathaysia and Angara floras are known in the
Permian flora of Indian Gondwana:
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Schizoneura + +

Phy//otheca + + + +

Barakaria + +

Sphenophy//um + + + +

Trizygia + +

Psygmophy//um + + + +

Rhipidopsis + + + +
Saportaea + + +
Ginkgoites + + + +
Cordaites + + + +

Meyen (1969, 1971, 1982), a strong believer of
parallel evolution, suggested that similar looking
sterile remains may not necessarily bear the same
botanical affinity and cites the example of
Phyllotheca, a common genus, where we find
Tschernovia type of fructification in Angara but
similar looking foliage axis bears another type of
fertile structure known as Gondwanostachys in
Gondwana (= Giridia Pant, Nautiyal & Misra 1981).
Manchuriostachys, a fertile structure of Cathaysian
Schizoneura (Konno, 1960) is an additional
example which shows its differentiation with the
fructification of Gondwana schizoneur (Srivast;lVa,
1952; Surange, 1964). The occurrence of different

types of fructification favours the idea of similar leaf
morphology in two botanically distinct identities.
But when we are dealing with a fraction or part of
plant, it is very difficult to get associated or attached
fertile specimens and the problem is much more
serious in the Gondwana flora of India where we
lack permineralized fossils and preserved fertile
structures. Even the nature and affinities of
dominant genus Glossopteris could be established
only after a lapse of about 120 years since its first
discovery by Brongniart (1828-1830). Though,
Feistmantel in a series of monographs (1879-1890)
described many glossopterid leaf assemblages from
India and Australia but did not find sufficient fertile
specimens. It was only in the year 1952 that
Plumstead (1952-1958) discovered a large number
of fertile specimens enabling us to understand the
distinct taxonomic status of Glossopteris. Now many
types of glossopterid fructifications are known in the
Indian Gondwana flora (Surange & Chandra, 1978;
Maheshwari, 1990 and references cited therein).
However, the Indian Gondwana flora is devoid of
fructifications of plants belonging to other groups
and in such state of knowledge if we restrict our
interpretation to the availability of fertile structures,
almost all the groups of plant excepting glossopterid
and pteridophyte, remain without a fair deal.

Paucity of fertile specimens do not necessarily
warrant us to correlate the leaf or other parts of plant
fossils and one is obliged to derive maximum
information from available fossil specimens (Paul,
1982; Pant, 1982). Ignorance of such elements in the
floral scene of Indian Gondwana would prove
detrimental to draw complete knowledge of flora. In
fact, qualitatively and quantitatively better
specimens in the floras of northern hemisphere
provide us sufficient information about their
morphology but their poor occurrence and lack of
fertile structures restrict us to decide their exact
affinity in the Gondwana flora and as a matter of
convenience we call them northern elements.

Sahni (1926, 1935) termed such "Northern"
records (Table 2) in the Indian Gondwana flora as
remnants or descendants of the pre-existing
southern flora of Carboniferous age and emphasised
that "at least some of them are hardy survivors (and
in part descendants) of the cosmopolitan life of pre
Gondwana time".

Ancestry

The discovery of Lepidodendropsis flora from
the Lower Carboniferous beds of Extra-peninsular
India favours similarity in northern and southern
floras (Pal & Chaloner, 1979; Singh et al, 1982). Pre
Gondwana Late Carboniferous flora is not known in
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India but this flora has been recorded in other
Gondwana countries, e.g., Australia, South America
and South Africa.

Earlier workers like Edwards (1952) and Krausel
(1961) believe that the Carboniferous lycopods of
Southern Hemisphere were distinct as compared to
the northern forms. However, Archangelsky (1970)
has observed similarity between Northern and
southern lycopods. While transferring all the records
of Rhacopteris from Southern Hemisphere, Le.,
Argentina, Peru and Kashmir, Rigby (1985) considers
Lepidodendron and Pseudorhacopteris as the
diagnostic genera for New South Wales flora ranging
from Namurian to Westphalian in age. In South
America, South Africa and Australia it has been
observed that Botrychiopsis (= Gondwanidium)-a
Gondwana form, came into existence in the Late
Carboniferous sequence alongwith the elements of
Early Carboniferous flora (Plumstead, 1976; Rigby
1973; Archangelsky, 1986). Nothorhacopteris,
Botrychiopsis and Ginkgophyllum (NEG) association
has been found to be characteristic in South
America. The reports of Gondwana forms, e.g.,
Gondwanidium, Buriadia, Glossopteris in the Upper
Carboniferous flora of Tubarao Series and Santa
Catarina of the Parana Basin of Brazil and in San Juan
Province of Argentina (Fossa-Mancini, 1940;
Dolianiti, 1953, 1954; Archangelsky & Sota, 1966)
and the discovery of northern elements in the Early
Permian Sequence of Patagonia, Paganzo Basin,
Lubeckense flora of Argentina (Archangelsky & Sota,
1960; Archangelsky & Arrondo, 1975; Archangelsky,
1984, 1986), Brazil (Rosier, 1975) and Kashmir
(Singh et al., 1982) alorigwith typical Gondwana
flora clearly demonstrate that both Northern and
southern floras were in some sort of agreement to
each other at some stage. Such association was
disturbed due to onset of Gondwana glaciation and
the resultant climatic imbalances must have favoured
a large scale mutation towards the appearance of
Glossopteris flora and disappearance of major pre
Gondwana plants (Sahni, 1937, 1939; Pant, 1988).
However, the catastrophic event did not destroy all
the elements, some of them could have sustained
the lethal conditions and continued their occurrence
in hospitable pockets. The occurrence of the so
called northern elements and incoming records of
plant fossils having comparative significance with
northern elements in the Gondwana flora, e.g.,
Polyspermophyl/um Archangelsky & Cuneo 1990
(Dicranophyllalean leaves in Argentina) and
ginkgopsid leaves in India (Maheshwari & Bajpai,
1992) and near definite records of glossopterid
leaves with other forms outside Gondwana countries
(as discussed on p. 14) suggest such a phenomenon.

Similar type of viability is evident in the flora of
Upper Cretaceous, where we find sudden dominance
of angiosperms alongwith earlier elements of
Bennettitales, Cycadales, Leptostrobales and
Ginkgoales (Meyen, 1987, p. 323).

Affiliation

Time and again, the comparative relationship
and affinities ,of different plant groups of the
Gondwana flora are discussed with the floras of
Northern Hemisphere. On the contrary, some of the
northern forms were viewed in relation to
characteristics of Gondwana flora (Meyen, 1969,
1982, 1987).

The morphographic similarity of some of the
genera of the Indian Gondwana flora belonging to
different plant groups with their northern
counterparts is examined. The plant -groups
represented in the Glossopteris flora are:
?Bryophyta, Lycopodophyta, Arthrophyta, Pterophyta,
Glossopteridophyta, Cycadophyta, Ginkgophyta and
Coniferophyta. -

Lycopodophyta-Seward and Sahni (1920)
placed Iycopodaceous stem axes under
Bothrodendron les/i Seward. Later, Krausel (1928,
1961) reallocated all southern lycopods into three
genera, Lycopodiopsis Renault, Lycopodophlois
Krausel and Cyc/odendron Krausel in possessing
eligulate leaf scars pattern. However, presence of
eligulate lycopod stem in the Upper Carboniferous
flora of Angara, e.g., Angaraphlois (Meyen, 1982)
demonstrates the ancestry of such character in
northern hemispheric flora (Archangelsky &
Arrondo, 1969).

Arthrophyta-Most of the genera belonging to
Equisetales and Sphenophyllales, e.g., Phyllotheca,
Schizoneura, Barakaria, Trizygia, Sphenophyl/um,
are known to occur in the flora of Angara, Cathaysia
and Eurameria. Unfortunately, the fructifications of
these genera are not known in the Indian Gondwana
flora.

Sphenophyll has long been considered as
distinct in having asymmetrical trizygoid leaf pattern,
e.g., Trizygia speciosa (Maheshwari, 1968) but
recent discoveries of symmetrically arranged leaf
whorls in Sphenophyl/um churu/ianum (Srivastava &
Rigby, 1983) and heterophyllous leaf whorls with
dentate to smooth margin in Sphenophy//um
gondwanensis (Singh, Srivastava & Maheshwari,
1986) indicate the presence of typical northern
hemispheric form in the Indian Gondwana flora.

Articulated leaves united or free near the nodal
axes in Lelstotheca and Benga/ea are comparable
with the foliage pattern of Annularia/Asterophyllites
(Maheshwari & Srivastava, 1987; Maheshwari, Singh
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& Bajpai, 1989). Leafless stem axes of Phyllotheca
and Schizoneura described under Angaran genus,
Paracalamites Zalessky by Rigby (1966) and the
records of Barakaria in the Indian and Angara floras
(Meyen, 1969) haVing possible affinity with
autophyllites of Boureau (1964) supports the
existence of such forms beyond the limits of
Gondwana.

Surange and Prakash (1962) observed
distinction in Gondwana phyllothecs and transferred
the forms described under P. robusta to a new
genus, Stellotheca (= Lelstotheca Maheshwari, 1972).
Meyen (1971) while revising Angaran phyllothecs
considered that Gondwanan and Angaran forms
possess different types of fertile structure, i.e.
Tschernovia in Angara and Gondwanostachys in
Gondwana, hef}ce both the forms are botanically
distinct. But Meyen's (1982) noteworthy derivation
of such fertile structures from the Lower
Carboniferous Euramerian genera Pothocites (for
Tschernoviaceae) and Protocalamostachys (for
Gondwanostachyaceae) suggests possible northern
ancestry for Gondwana phyllothecs-Sakoarata
polyangiata Appert 1970. Madagascaran Gondwana
phyllothec fructification showing mega- and micro
sporangiate organs separately demonstrate that
Phyllotheca like plants had varied mode of
fructification, a case similar with glossopterid where
sometimes similar looking leaves possess different
type of fructifications (Plumstead, 1958). Such
explanation seems to be plausible for the
occurrence of Schizoneura in Gondwana and
Cathaysia floras (Konno, 1960; Asama, 1966).

Pterophyta-The oldest fern-like form from the
Gondwana of India is Botrychiopsis (= Gondwani
dium) valida Archangelsky & Arrondo. The genus
has been found to be the earliest element of
Glossopteris flora in the Late Carboniferous of
Australia, Argentina and Brazil (Rigby, 1973;
Archangelsky, 1986). Its exact taxonomic position is
still not clear but Seward (1910) and Plumstead
(1973, 1976) have compared the nature of its
pinnules with northern hemispheric pteridosperms.

Recent investigations of sterile and fertile fronds
recovered from the Barakar and Raniganj formations
suggest that they are distinct from northern
hemispheric forms of Alethopteris, Cladophlebis,
Cyclopteris, Merianopteris, Pecopteris, Sphenopteris,
etc. The Indian forms are now known as Asansolia,
Dichotomopteris, Damudosorus, Damudopteris,
Dizeugotheca, Le!eopteris, Neomariopteris, Santhalea
and Trithecopteris.

Pant and Khare (1974) and Pant (1976) grouped
the ferns into two families, viz., Damudopteridaceae
characterized by free eusporangia with a transverse

annulus, and Asterothecaceae which includes the
synangiate ferns apparently closer to northern ferns.

Glossopteridophyta-This is the dominant group
of the Gondwana flora and is represented by simple
leaf genera having reticulate or non-reticulate
venation pattern with or without midrib, e.g.,
Belemnopteris, Euryphyllum, Gangamopteris,
Glossopteris, Palaeovittaria, Rhabdotaenia and
Rubidgea. Srivastava (1991) has observed an
evolutionary tendency in the venation pattern of
glossopteridalean leaves. Different types of male and
female fructifications have been found attached or in
association with such leaves (Surange & Chandra
1978; Maheshwari, 1990, and references cited
therein).

Glossopterids are essentially the Gondwana
forms and their records in other floral provinces
have often been doubted in the absence of
associated fertile structure (Edwards, 1955; Alvin &
Chaloner, 1970; Chaloner & Crebe, 1983; Li Xingxue,
1986; Maheshwari & Bajpai, 1988). However, finding
of Vertebraria alongwith Glossopteris leaves in New
Guinea flora (Visser & Hermes, 1962) and my
observation of type specimens of Glossopteris
anatolica Archangelsky & Wagner 1983 at the British
Museum suggest the probable occurrence of
glossopterid leaves in association with northern
floras. Meyen (1969) discussed the authenticity of
glossopterid leaves in Angara flora and after careful
scrutiny states, "It does not mean, however, that
Glossopteris is completely absent from Angara flora.
V. G. Zimina (1967) described typical Glossopteris
leaves from the Upper Permian of the Far East".

The Late Carboniferous flora of Southern
Hemisphere lacks any positive evidence to
demonstrate the ancestry of glossopterids. However,
noteworthy distribution and similarity of Northern
and Southern forms in South America (= Lubeckense
flora, Archangelsky & Arrondo, 1965, 1975) during
Early Permian invite our attention to look into
certain non-gondwanic forms to find the character
affiliation of glossopterids.

The external morphological features of Angara
genus Zamiopteris are similar to the glossopterid
genus Euryphyllum and that too, to some extent with
Rubidgea in haVing non-anastomgsing,
dichotomising veins, whereas Late Carboniferous
Euramerian genus Lesleya is comparable with the
leaves of Palaeovittaria and Maheshwariphyllum in
haVing midrib only up to 1/2 or 3/4 of leaf lamina
with dichotomizing veins. Cuticular features of
Zamiopteris and Lesleya are also similar with
Palaeovittaria (Pant & Verma, 1964; Remy & Remy,
1975, 1978; Meyen, 1982). On the basis of such
similarities Leary (1991) considers Lesleya as the
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RELATIONSHIP OF TRIASSIC GONDWANA
AND NORTHERN FLORAS

The Triassic sequence of India is mostly
arenaceous, ferruginous and devoid of coal. plant
fossil assemblages are poorly known and have been
recorded from Panchet of Raniganj and Auranga
Coalfields, Bihar; Parsora Formation and Nidpur
beds of South Rewa Gondwana Basin 'and Maleri
beds of Andhra Pradesh (Lele, 1964; Bose, 1974).

The incoming of Dicroidium in this sequence
makes it distinct from the Glossopteris flora;
however, Permian plant remains, viz., Glossopteris,
Rhabdotaenia, Schizoneura, Trizygia and
Neomariopteris continue in the Lower Triassic flora.

forms and remarked "Walkomiella therefore has a
female "flower" on a seed scale complex of
essentially the same type as in Lebachia (Florin,
1951)"

Cordaitales-The genus Noeggerathiopsis having
strap-shaped parallel veined leaves are common in
the Talchir and Karharbari formations. Their closest
similarity with northern hemispheric cordaite leaves
has led many workers to transfer leaves of
Noeggerathiopsis under Cordaites (Rigby,
Maheshwari & Schopf, 1980, and references cited
therein). But recent investigation of Lower Permian
flora from Raniganj Coalfield demonstrates that two
forms are distinguishable from each other in the
absence and presence of interstitial veins/fibres in
between major veins. Accordingly Cordaites and
Noeggerathiopsis leaves are described in the
Gondwana flora (Srivastava, 1988, 1992).

possible ancestor of Permian glossopterids.
Meyen (1982) and Maheshwari (1990) have

,correlated the female fructification, Krylovia of
Angara flora with the glossopterid fructification
Arberia. Possible relationship of Arberia/Dolianitia
plan with cordaitean fructification-Cordaitanthus,
as suggested by Schopf (1976) also demonstrates the
probable ancestry of glossopterids in Euramerian
flora. The chances of getting glossopterid
fructifications are rare even in the Gondwana flora,
however, different types and varied modes of male
and female fertile organs (Surange & Chandra, 1978;
Maheshwari, 1990) do not rule out the possibility of
getting their comparative forms in non-gondwanic
countries. Likewise seed-bearing fructifications
Veekaysinghia and Birbalsahnia, recovered from the
Permian strata of India enhances the existence of
northern hemispheric pteridosperms in Gondwana
flora (Bajpai & Maheshwari, 1990-

Cycadophyta-Pant (1958) while studying the
cuticular features of Taeniopteris leaves from the
Permian Gondwana found that they are similar with
glossopterid leaves and transferred them to a new
genus, Rhabdotaenia. Similarly the leaves of
Pteronilssonia Pant & Mehra 1963 is now considered
to belong to glossopterid (Pant, 1982). Forms such
as Pseudoctenis and Pterophyllum are apparently
similar with the northern floras.

Ginkgophyta-Ginkgoalean. fructifications are
not known but leaves apparently similar with Ginkgo
leaves are well recorded in the Gondwana flora.
Such leaves are very much similar with the northern
forms and recent discovery of Saportaea-like leaves
alongwith previously known records of
Psygmophyllum, Rhipidopsis and Ginkgoites in Lower
Permian flora of Rajmahal Hills (Maheshwari &
Bajpai, 1992) reflects a close association of
ginkgopsid leaves in northern and southern floras.

Conijerophyta-Coniferales are poorly known
from the Lower Permian strata by one species each
of Buriadia, Paranocladus and Walkomiella. Pant
and Bhatnagar (1975) have described conifer-like
foliage shoot under Searsolia from the Upper
Permian sequence but its affinity is still not clear.
The genus Buriadia is known by its sterile and
fertile structure and is distinct in having single ovule
on ordinary shoots among the leaves. However, the
form is comparable with the Northern genus
Walchia in cuticular features and hairs on shoots.
Archangelsky and Cuneo (1987) consider
Buriadiale~ as the primitive conifers and suggest
parallel line of evolution in Southern Hemisphere
which led to Voltziales. While studying the female
shoot of Walkomiella indica Surange & Singh
1953 have observed its similarity with Northern
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Bosea +
Dicroidium + +
Pteruchus +
Nidia +
Nidistrobus +
Satsangia +
Sagenopteris +

CYCADOPHYTA
Anomozamites +
Pseudoeten is +
Pterophy//um +
Taeniopteris +

GINKGOPHYTES
Baiera +
Ginkgoites +

CONIFEROPHYTA
Noeggerathiopsis + +
Podozamites +
Desmiophy//um +
Araucarites +

GLOSSOPTERIDOPHYTA
Rhabdotaenia +
Glossopteris +
Glottolepis +
Vertebraria +

INCERTAE SEDIS
Marwasophy//ites +
Sidhiphyllites +
Rewaphy//um +

Newer elements, viz., Lycopodites, Cladophlebis,
Parsarophyllum, Marattiopsis, Danaeopsis,
Pterophyllum, Pseudoctenis, Taeniopteris, Baiera,
Desmiophyllum and Araucarites show their
appearance in the Upper Triassic flora as under:

The floral change from Permian to Triassic
corresponds with a climatic shift. Poverty of floral
assemblages and the xerophytic characters in some
forms indicate the existence of adverse conditions
which affected the survival of Glossopteris flora. The
plants belonging to lycophytes, pteridophytes,
glossopterids and cordaites also started receding
from the floral scene of Early Triassic Period (Lele,
1964). On the contrary, new gymnosperm rich
assemblage. having affinity 'with cycadophytes,
ginkgophytes, alongwith conifers, pteridosperms
and ferns appeared on the scene in the later part of
Triassic indicating return of favourable conditions
for the development of plants loving warm humid
climate (Lele, 1976a).

The common occurrence of Ginkgoites,
Psygmophyllum, Rhipidopsis, Taeniopteris,
Pseudoctenis, Pterophyllum, Ctenis, Araucarites, etc.
in Northern and Southern floras demonstrates the
uniformity of Triassic flora. However, Dicroidium-a
characteristic genus of the Gondwana, is still open to
question about its real affinity. Schopf (1976)
postulates its Northern ancestry while Lele (l976a)
states "Dicroidium is also rather polymorphous and

some workers treat it in a more comprehensive
sense including several other plants like Xylopteris,
Johnstonia, Stenopteris, Displasiophyllum, Zuberia,
Protoblechnum etc.".

CONCLUSION

The available examples and comparative
significance of the Indian Gondwana flora vis a vis
contemporaneous northern floras suggest that in all
probability the elements of Glossopteris flora had its
ancestry in the Late Carboniferous flora and the
change in climatic set up resulted to evolve a
glossopterid rich assemblage in Gondwana
countries, whereas pteridosperms, cordaites,
conifers and ginkgopsids continued to flourish in
Northern Hemispheric floras.

Floristic analysis suggests that the plant groups
other than glossopterid in Gondwana flora owe their
character affiliation with Northern floras, however, at
times they did change themselves in comparison to
their Northern counterparts but still retained their
lineage with them. The so-called "Alien" elements
or "Northern" elements might not be alien but they
bring out the uniform nature of Northern and
Southern floras. Northern Hemispheric genera, e.g.,
Lesleya, Zamiopteris and Krylovia having affinity with
Gondwana flora probably conceived the characters
of glossopterids in Late Carboniferous flora.
However, such elements did not get enough chance
for their survival and development in the
contemporaneous floras, whereas they succeeded
into the development of Glossopterid-like forms in
Southern Hemisphere.

The occurrence of uniform floral composition
towards the end of Triassic in Northern and Southern
floras signifies the Viability of contemporaneous
elements in Gondwana flora. They underscore
themselves in Permian because of the super
dominance of Glossopteris flora and as soon as this
flora started disappearing from the scene, they
succeeded in outplaying the Glossopteris flora.
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Morpho-evolutionary biohorizon stratigraphy and cladistics
in saccate pollen through Gondwana Sequence

of India
Vijaya and R. S. Tiwari

Vijaya & Tiwari RS 1992. Morpho·evolutionary biohorizon stratigraphy and cladistics in saccate pollen through
Gondwana Sequence of India. Palaeobotanist 40 : 157-193.

The morphographic characters of fossil saccate pollen and their evolutionary sequence through the span of
Gondwana formations playa vital role in the biohorizon stratigraphy. Based on evolutionary changes in the
morphology of the pollen group, their FADs (First Appearance Datums) and LADs (Last Appearance Datum) and the
cluster levels, eleven biohorizons and ten inter-biohorizon Zones (Interval-zones) have been identified. The mOdel
of alliance among the prime morphographies has been acquired through simple character state analysis. By
extrapolation of lineages, four unique monosaccate and one simple disaccale organizations could be identified to

have their origin in the early Upper Carboniferous slOck of Australia, which, in turn, were related with the Devonian
progymnospermopsida complex. The five outgroup stocks continued as such inlO the late Early Asselian Talchir
Formation of India and sprouted in the subsequent Permian time. A gap in the sequence has been identified during
Upper Carboniferous of Australia and the lowermost Permian in India. The sixth major lineage of striate pollen
branched off from the simple disaccate pollen lineage 10 appear in the Late Asselian. Cladistic analysis supports the
applicability of the proposed biohorizons as important stratigraphic parameter. The congruence of derived and
ancestral states of internally compatible and persimonically harmonious characters in pollen organizations has
been used in drawing relationship trees. Thus, the cladograms and stralOgrams (nested diagrams of stratigraphic
occurrences) IOgether depict the maximum diversification at the lower Upper Talchir and the P/Tr boundary. The
major extinction of monosaccates at the Lower Permian-Upper Permian boundary and that of the striate-disaccates
in the basal Triassic have also been brought 10 light. The reasons of such a behaviour is attributed to environmental
stresses caused by massive glaciations during Early Permian Talchir Formation, climatic changes IOwards warmer
drier situation at Lower/Upper Permian passage and global cooling and regression at the permo-Triassic level.
Pollen features, like striations, taeniae, girdling monosaccus, clefts and remnant of germinal marks, etc. of the
Permian and Triassic have perished completely by the end of Triassic. Most of the Jurassic palyno-assemblages
contain the fag-end organizations of simple disaccate lineages; the experimentation seems to have attained a more
simple state in the morphography of saccate pollen which continued thereafter.

Key-words-Evolution, Biostratigraphy, Saccate pollen, CladistiCS, Gondwana (India).

Vijaya & R. S. Tiwari, Birbal Sabni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India.
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SPORES and pollen are unique entitIes in the life
cycles of plants, because of their being complete
units in themselves, beset with fine exinal characters
and individualistic organizations. The bUilding
substance of the exine-the sporopollenin, a
suitable material for preservation manifests into the
structures, sculptures and modes of layer separation
.according to the blue-print of the genetic code in
the mother cells (Heslop-Harrison, 1973). The large
number in which they occur theoretically in all types
of sediments (facies independent), adds a great
value to the study of fossil spores and pollen. These
assets make them more suitable than several other
types of plant fossils for character analysis in time.
When morpho-organizations of dispersed pollen and
spores are tagged with stratigraphy, they could be
effectively utilized in determination of evolutionary
lineages, bench-mark events delineated by turnovers
or by. major innovations of organizations,
genea(d'glcal pattern· of descendence, and
identifid~~?( major biohorizons and
interbiohorizon zones for stratigraphic resolution
(Hedberg, 1976; Levinton, 1988).

In the Indian Gondwana Sequence, exten~ive

investigations in the field of palynofloral stratigraphy
have been done (Lele & Makada, 1972; Bharadwaj &
Srivastava, 1973; Tiwari, 1973; Bharadwaj, 1975b;
Lele, 1975, 1984; Chandra & Lele, 1980; Vijaya- &
Tiwari, 1987; Tripathi et al., 1990, and references
cited therein). However, so far little has been done
on the lines of morphographic character analysis in
search of evolutionary trends. Lele (1964) and Lele
and Shukla (1978) established morpho-variant lines
in Potonieisporites and P/icatipollenites in the Lower
Permian succession and derived composite variation
trends; however, no biostratigraphic events were
ascertained in this analysis. Although Bharadwaj
(1975a) proposed a scheme to derive character
lineages in spore-pollen groups mainly based on the
nature of ' tenuitas, the generalized temporal
reference made this proposal less useful for
biostratigraphy. Kumar (1984) has attempted to
evaluate the character variants in polysaccate pollen
but again precise stratigraphic tagging could not be
accomplished.

The present paper deals with the appearance of
major morphographic building-plans of saccate
pollen (Tiwari, 1975; Lele, 1975) at the beginning of
Early Permian in the Indian peninsula, their
diversification, multiple proliferation and
declination through Permian, Triassic, Jurassic and
Lower Cretaceous periods. During such a vast span
of time passing through several changing climatic
patterns (Lele, 1976; Kar, 1976; Shah, 1976; Tiwari &
Tripathi, 1988; Banerji & D'rozario, 1990), the
saccate pollen have undergone definitive
experimentation due to severe stresses, in their
saccus body architecture at several horizons. These
biohorizons could be further tested for their
compatibility with stratigraphic datums, using
cladogram and stratogram (Fortey & Jefferies, 1982)
of the stock lineage-trees, which are strucTured
around similar organizations.

The saccate pollen have a remarkable edge over
the trilete and monolete pteridophytic (incl.
lycopsidean) spores and asaccate pollen of other
types in respect of dispersal and subsequent
preservation in synchronous sediments of varied
lithofacies. The saccus is the most effective
instrument for spatial dispersal of pollen by the
mechanism of wind floating, while the non-saccate
pollen and spores are handicapped for wider
scattering; they are almost locally concentrated after
shedding, and if carried away by waterflows they
have a current biased distribution. Since the
numerical abundance has not been taken as a
criterion for datums, the saccate pollen have the best
chance of representation in the widely separated
regions at a given time. Their dispersal record is
analogous to fragrance which could be detected in
the same time plane in distant areas, may be that the
degree of intensity varies. The FADs of innovation in
character states in saccate pollen have, thus, a better
prospect to proVide control-lines for dating and
correlation than that of the non-saccate morphos.

EVOLUTIONARY TRENDS AND
BIOSTRATIGRAPHY

Speciation is the key event in evolution. The
evolutionary trends are regarded as either variation
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in the rate of speciation or selective extinction of
species in a biased morphological direction (Gould
& Eldredge, 1977). The saccate pollen species are
not the true biological species. They are
morphographic groups of dispersed pollen
specimens, based around a morpho-type which
share similar characters amongst themselves. The
circumscription of such morphographic taxa may not
include, at times, the naturally affiliated forms; the
ecological variants could be included into the group
because of the apparent form Similarity; or,
inversely, the variants of a form can be mistaken for
entirely separate species. Such a practice of
identifying the non-statistically founded pollen
species leads to the problem of biased
identification. In a system where form-species could
be sometimes arbitrarily defined, the
incompleteness of geological record further adds to
the difficulty of tracing ancestral or descendent
lines, or character state (specific features) alliance
Ooysey & Friday, 1982).

In order to circumvent these problems, the gross
organization and basic exine character
(morphos)-rather than the narrow quantitative
parameters used for circumscription of pollen
species-have been taken for the assessment of the
character state relationship. The term "morphos"
(singular and plural both, morphos) has been used
in the text to denote the morphographic unit of
characteristic building-plan and specified characters
linked with it (morph, Gr., morphe, form); it is a
supraspecific category of pollen-could be
suprageneric or of a infraturma group. The
supraspecific categories might give a very
generalized picture in case where a whole fossil
organism is dealt, but in case of palynotaxa they
minimize the blurring effect of the taxonomic
artifacts. The choice of the category "genus" for
cladistic analysis has been rated as more effective
than the "more-or-Iess species". It is more so when
the "genus" is taken in terms of fundamental
morpho-organizations. Such an approach has
resulted into cohesive group patterns in pollen
morphographies. And because the sequence of fossil
occurrence is related with the time, the inter
connections of morphographic groups could be
established by the criteria of relationship of descent
and compatibility of derived characters.

The morphos have also followed definitive
paths of innovation, diversification and extinction. It
is not speculated here that one pollen group has
given rise to another, but it is asserted that the
phenomenon of evolutionary forces had always been
in the backdrop which geared the morphological
characters to alter in a certain direction, for better

adaptation under changing conditions.
The biostratigraphic classification of strata is

mainly based on the criterion of variOUS
distinguishable fossil assemblages. The
morphological features of the fossils 'and their
evolutionary sequence that had occurred, playa vital
role in the development of fossil-based stratigraphy.
The innovation of a mode in body-sac attachment, a
novel character on body exine, or an unusual feature
of the sulcus are remarkable character states,
employed in the search of event datums The
consistent first appearance and the steady last
appearance of a unique character or of a morpho
organization, or both, in a given population
demarcate the major level of change in evolutionary
flow, and referentially such FADs and IADs have
important relation with the biochronology
(Gradstein, 1983).

Through time, the gradual change within a
character produces variants, but the mutational
changes in genome contribute to speciation and
such characters are reflected as apparent
discontinuity in the chain of lineages. Although pure
phyletic analysis cannot be advocated for pollen taxa
dispersed in sediments of the geological past, such a
discontinuity of characters had been generally
observed in the run of lineages. The gross offsets in
groups indicate rampant mutational changes that
produced newer morphos, and refers to a
catastrophy which exterminated the older ones.

CLADISTIC ANALYSIS

During the course of present study, the first
occurrences of distinctive morphographic
organizations were plotted along the stratigraphic
span of Gondwana Sequence, and the range· line of
occurrence for each form was drawn. Now the
question was whether the clusters of these forms
should be based intuitionally, or they be grouped in
the light of their maximal character relationship. To
adapt the latter approach, a simple cladistic analysis
(Henning, 1966) has been done and itS results are
incorporated in the distribution chart (Text-figure
1). The cladistic approach (Greek clade, meaning a
branch or younger shoot) for analysis of lineage in
morphography deals with the relationship amongst a
series of taxa grouped on the basis of their uniquely
shared and evolutionarily derived Similarities. The
c1adograms (branching pattern diagrams) based on
fossils are not necessarily phylogenetic expression,
unless the sequence of record in temporal aspect is
continuous. But, if the trends of changes in group
morphology through geological section are
established, the broad phylogenetic sequence could
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be interpreted (Fortey & Jefferies, 1982; Hill &
Crane, 1982). By the fixation of ancestral and
derived character states in each pair of characters of
a taxon, a further closeness with history of
evolutionary connections can be achieved through
cladistics. Such an attempt has been made here for
saccate pollen through Gondwana Sequence.

The list of taxa, each representing a
morphographic organization, is given in Table 1.
Forty-four distinct morphographies (A to Z and AA to
AV) were select('d from amongst various genera.
After repeated attempts for choosing the polarity of
characters for outgroup comparisons, 28 character
pairs were finally enlisted (Table 2). In the list the
italicised character represents the ancestral state,
while the roman stands for derived state.

Table I-Palynotaxa considered for morpho-evolutlonary
analysis

AS
AC
AD
AE

AF
AG
AH
AI
A]
AK
AL
AM
AN
AO
AP
AQ
AR
AS
AT
AU
AV

Densipollenites Bharadwaj 1962
Lueckfsporites Potonie & Klaus 1954
Corisaccites Venkatachala & Kar 1968
Guttulapollenites Goubin emend. Venkatachala,
Goubin & Kar 1967
Schizopollis Venkatachala & Kar 1964
Distriomonosaccites Bharadwaj 1962
Klausipollenftes ]ansonius 1962
Playjordiaspora Maheshwari & Banerji 1975
Alisporites Daugherty emend. ]ansonius 1971
Satsangisaccites Bharadwaj & Srivastava 1969
Lunatisporites Leschik emend. Scheuring 1970
Kamthisaccites Srivastava & ]ha 1986
Goubinispora Tiwari & Rana 1981
Podocarpidites Cookson ex Couper 1953
Minutosaccus Madler 1964
Brachysaccus Madler 1964
fnjernopollenites Scheuring 1970
Staurosaccites Dolby 1976
Samaropollenites Goubin 1965
Podosporites Rao emend. Kumar 1984
CalliaIasporites Dev 1961

CODE PALYNOTAXA
NO.

A Potonfeisporites Bhardwaj emend. Bharadwaj 1964
B Plicatipollenites Lele 1964
C Parasaccftes Bharadwaj & Tiwari 1964
D Virkkipollenftes Lele 1864
E "Pftyosporites" Seward emend. Manum 1960
F Caheniasaccftes Bose & Kar 1966
G Vestfgisporites Balme & Hennelly emend. Tiwari &

Singh 1984
H Gondwanopollis Lele & Maithy 1969
I Rimospora Lele & Maithy 1969
] Rugasaccites Lele & Maithy 1969
K Divarfsaccus Venkatachala & Kar 1966
L Crescentfpollenftes Bharadwaj, Tiwari & Kar 1974
M Faunipollenftes Bharadwaj 1962
N Stellapollenftes Lele 1964
o Crucisaccftes Lele & Maithy 1964
P Circumstriatites Lele & Makada 1972
Q Vesicaspora Schemel emend. Wilson & Venkatachala 1963
R Pachysaccus Lele & Maithy 1969
S Scheuringipollenftes Tiwari 1973
T Tuberisaccftes Lele & Makada 1972
U Parastrfopollenftes Maheshwari 1967
V Rhizomaspora Wilson 1962
W Sahnites (Mehta) Mehta emend. Tiwari & Singh 1984
X Strfatopodocarpftes Soritsch & Sedova emend. Bharadwai

1962
Y Verticipollenites Bharadwaj 1962
Z Strfomonosaccftes Bharadwaj 1962
AA Barakarftes Bharadwaj & Tiwari 1964

Taxa considered under discussion but not included in Table 1

Tiwariasporis Maheshwari & Kar 1967
Distriatites Bharadwaj 1962
Distriamonocolpites Bharadwaj & Sinha 1969
Hamiapollenites Wilson 1962
Aurangapollenftes Srivastava 1977
Trochosporftes Wilson 1962
Tumoripollenites Bharadwaj 1962
Platysaccus Naum. ex Potonie & Klaus 1954
Podocarpeaepollenites Thiergan 1949

Since we are dealing with the detached,
exclusively fossil components of the plants which
existed dlJring Late Palaeozoic and Mesozoic eras, it
is difficult to get clues for determination of character
polarity in their living counterparts. It is more so,
because almost none of the prime characters, viz.,
striations, taeniae, alveolae, endoreticulae,
protosaccus, trilete or monolete marks, etc. is found
in the extant saccate pollen. Therefore, we are left
with two parameters, one-the stratigraphic levels of
characters, and the other-the in situ pollen
characters and their primitive or advance nature
rated on the basis of parent plants. The little-known
latter aspect is again syndromically tagged with
stratigraphy, hence of no major consequence. The
stratigraphical parameter is significantly authentic
and irreversible in deciding the polarity in character

-Text-figure I-Composite figure of Cladogram and Stratogram, shoWing character states relationship of morphos and their strati·
graphie (1ccurrence through Gondwana Sequence of India. Lower segment in the figure exhibits the primaeval stock level in
Carboniferous (C1, C2) in Australia and their outgroup relation in Devonian (D), and the upper segment of the figure illustrates
the sprouting and branching pattern of main six trees identified in the oldest strata of Indian Gondwana. Solid·circle-FAD's of
each morphos; thick lines-main trunk of morphos-trees; Dotted lines-branching pattern of tree shOWing relationship amongst
cladistically grouped morphos; Continuous thinline-consistent stratigraphic range of each morpho· organization; Broken line
inconsistent occurrence; Cardinal numbers are Morphos Index Numbers (MIN). Stratigraphie column not drawn proportionately,
Permian sequence inflated.
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Table 2-Ancestral (In Italics) and derived character
states, selected for cladistic analysis of Gondwana
saccate pollen

states of fundamental nature in a morphos.
Stratigraphy, evolution and polarity in characters are
linked with time, hence there can be no better

CHARA·
CfER
CODE

I.

II.

III.

IV.

v.

VI.

Vll.

VlII.

IX.

X.

XI.

XII.

XIII.

XIV
XV.

XVI.

XVII.

XVl.lI.
XIX.

XX

XXI.
XXII.
XXIII.

XXIV.
XXV.

XXVl.

XXVlI.
XXVlII.

CHARACfER STATES

Symmetry Radial/Bilateral (radial symmetry is the basic
plan).
Tetrad mark Present/Absent (remainie of primitive
pteridophytic group).
Tetrad mark Trilete/Monolete (tetrahedral tetrad had
primitive configuration).
Body exine Sculptured/Structured (reference point
pteridophytic exine).
Proximal face of the body Simple/with Elevations
(sexine forming islands, strips or discrete protuber·
ances (result of secondary evolution in sexine).
Non·striate/Striate (striations are later development
in evolutionary course).
Cleft on proximal face of body Absent/Present (Dolby
& Balme, 1976; p. 150).
Striations Linear/Reticuloid (tagged with stratigraphic
occurrence).
Striations on One jace/Both the faces of body
(radiation in character as advance state 1.
Striations Loose·ended/Joined·ended (Lele & Karim,
1972; p. 61)
Non·striate/Taeniate (Vijaya, 1990; p. 90; secondary
evolution, a response to seasonality of climate).
Taeniae two/More in number (adaptation during
course of evolution)
Monosaccate/Disaccate (conservation of material and
adaptation for better bouyancy).
Monosaccate/Tri· or polysaccate.
Saccus Sculptured/Structured (general lineage of exine
structure ).
Saccus Injrapu nctate/I nfraret icu late (exi nal evol ut ion
lineage).
Saccus Injrapunctate/lnfracolumellate (further
advancement in exinal evolution lineage).
Saccus jully injlated/little inflated.
Saccus Enveloping/Non·enveloping (Pteridophytic
spores and prepollen are reference points).
Distal allachment Radial/Bilateral (linked with basic
lineage of radial symmetry).
Distal attachment Differential/Para·mode.
Para· mode Circular/Cruciform.
Para·mode Circular/Stellate (experiments in body-sac
allachment relationship).
Sacci Terminal/Pendate (experimental line).
Central body-Defined with Haploxylon sacci/Diploxy·
Ion sacci.
Central body-III-defined with Haploxylon sacci/Dip·
loxylon sacci (reference point monosaccate as
ancestral state).
In disaccates folds at root Present/Absent.
In monosaccates folds at rOOt Present/Absent (reduc·
!'ion in area of distal surface in central body-a conser·
vation of material).

parameter than stratigraphy for fixing the polarity of
characters. However, the recurrence of primitive
character in younger horizon may create problems in
such considerations but they can be detected in
conjunction with the entirety of characters; thus
retrogressive trends or effect of paralle1 evolution
can be sorted out on the basis of character
compatibility.

The cladogram patterns are constructed from a
matrix of taxa versus characters. In Table 3, the
characters are taken along X·axis and the taxa on Y
axis. In Table 4, this arrangement has been reversed
in order to project the result of different
combinations. Table 3 depicts the outcome of
sorting of taxa by taking monosaccate/disaccate (i.e.,
character XIII) as the primary key and striate·
nonstriate (i.e., character VI) as the secondary kc:)'

Table 4 illustrates the results of sorting based on
Column B representing Plicatipollenites as an
outgroup for radiosymmetric monosaccate stock.
The whole data was handled employing LOTUS
software.

For the matrix, symbol-"l" is taken as ancestral
(plesiomorphic) and "3" as derived (apomorphic)
character state. The transitionary and mixed state is
represented by symbol-"2". The roOt of each
cladogram sector has been assumed to possess most
ancestral character state. No numerical algorithms
are employed here to generate cladograms as given
in Text-figure 1. The correlation of simple cladistiC
pattern with the broad-frame stratigraphy reinforces
the significance of various event-planes in saccate
pollen through Gondwana Sequence.

To achieve a more compact picture of character
state distribution in the matrix, the characters as well
as taxa were shortlisted. As the parsimony demands,
the majority set of internally consistent characters
were chosen (Levinton, 1988). Such an arrangement
(Tables 5, 6) reflects the alliance of character states
which are based on minimum changes required for
plotting the cladograms. Various segments of
cladogram (see dotted lines in Text·figure 1)
represent morphographic relationship lines, rather
than the phyletic lines. It is our opinion that such an
approach will considerably reduce the problem of
homoplasy. No pollen morphos has been derived
from the other but their basic similarities are
suggested, hence the branching is not drawn in a
direct manner, as in a typical cladogram.

In order to assess the results obtained by the
above described method, an analysis was performed
through the courtsey of Dr M. Muller of Florida
Museum of Natural History. This analysis (Text
figure 2) was attempted on Apple MacIntosh -JIci
computer applying "Phylogenetic Analysis Using
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Text·figure 2-Showing lhe resullS of Nelson algorilhm analysis measuring eVolulionary "COSl" belween characler slales.
A supplemenrary figure 10 Texl-figure 1 (MIN as in Texl-fig. 1; courtsey D. Dilcher and M. Muller).

Parsimony (PAUP)" ver 3.0 (Swofford, 1990). The
characters are ordered and reversible. An ordered
character sequence is one which measures the
evolutionary "cost" of acquiring a character as the
absolute value of the difference between character
states. Through this analysis, 1000 trees of length
132 were retained, and consensus tree (Text-figure
2) was drawn using the Nelson algorithm. This
analysis provides a chance to compare the results of
cladistic analysis done by us using a simple method
(Text-figure 1) and by the algorithm method (Text
figure 2).

BIOHORIZON AND EVOLUTIONARY
EVENTS

The analysis of data on appearances of new
morphographies in saccate pollen through

Gondwana Sequence of India has thrown light on
several aspects of biostratigraphy. The advent level
of derived features as well as termination or
attenuation of lineages has been termed here as
Biohorizon. In strict sense, a biohorizon is a surface
(or distinctive bed) of biostratigraphic change, or a
plane of distinctive characters. The identification of
biohorizons is generally based on first appearance,
last occurrence, change in frequency, evolutionary
change, or change in character of individual taxon
(Hedberg, 1976). In the present context, for
recognising biohorizons emphasis is laid on the
evolutionary changes in organizations and important
characters which implicitly incorporate their FADs or
LADs.

The second important natural outcome of the
present analysis is the interbiohorizon-zones (or
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Table 3-Elaborated data matrix of character states (1. Ancestral, 2. Transitionary, 3. Derived) and morphos; character
codes are on X axis and morphos on Y axis. For morphos A·Av see Table 1, and for character states
see Table 2

MORPHOS

CODE II III N V

CHARACTER CODE

VI VII VIII IX X XI XII XIII XIV

AF
AU
AV

AN

R

o
A

N

AB

J
C
AM
B
T
AI

D
U
AG
AA

Z
K
H
F
W

G
Q
V

I
AT

AD
AQ

AK
AC
AH
AR
AE
S
AL
AS
AO

AJ
AP
E
y

X
P

M
L

1

1

1

1

1

2
2
1
I

1
2
1
I

1
1
1

1
1

1

I

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
2

3
1

3
3
3
3
3
3
3
3
3

3
3
I

3
1
I
I

3
3
J
I

3
I

3
1
I
1

3
I

3
3
3
1
I
1

3
3
I

3
3
3
3
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

1

3
2

3
I

3
3
3
3

3

3

I

1

I

3
3
3
3
3
3
I

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
1

3
3
3
3
3
3
3
3
3
3
3
3
3
I

3
3
3
3

3
1

I

3
1
I

I

1

I

1

I

I
I

3
I

I

I

1
1

1
I
1
1
1

I
1
1

I
I

3
1
1

3
1
3
3
1

3
3
1
I
1
1
I
I
1
1
1

1
1
1

3
I
1
I
I
I
1

I
I
I
1

1
1

3
3
3
3
I

1

1
I
1
1

3
3
1

I

I

I

1
1
1
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interval-zones), which by definition are the intervals
between two distinctive biostratigraphic horizons
(Hedberg, 1976). These zones represent a sequence
between two identifiable biohorizons, and since the
biohorizons are demarcated on the basis of morpho
evolutionary datums in the present work, the
significance of interbiohorizon-zones is enhanced as

a parameter for correlation and dating.
The earliest palynoassemblages from the Indian

Gondwana are mainly constituted by radiosymmetric
and bilateral monosaccates, and a few monosaccoid
nonstriate-disaccate forms. Through time, during
Late Permian and the Mesozoic, varied types of
disaccates have evolved. The synthesis of data has
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CHARACfER CODE
MORPHOS

CODE XV XVI :A'Vl1 XVIII XIX )..'X XXI XXII XXIII XXIV XXV XXVI XXVII XXVIII

AF 3 I I 3 3 2 1 3
AU 3 I 3 3 1 3 1 3
AV 1 3 1 3
AN 3 3 I 3 1 I 3
R 3 I 1 1 3 1 3 I 1 3
0 3 3 1 3 3 3 2
A 3 3 I 3 1 I I
N 3 3 1 3 3 3 3
AB 3 3 1 1 3
J 3 3 I 3 1 1

C 3 3 1 3 1 3 1 I 3
AM 3 3 1 3 1 1 3
B 3 3 1 3 1 1 1
T 3 3 3 3 3 3 1 1 3
Al 3 3 1 1 3
D 3 3 1 3 1 1 3
LJ 3 2 1 3 1 3 1 1 3
AG 3 3 1 3 1 1 3
AA 3 1 1 3 3 1 1 3
z 3 3 1 3 1 1 3 3
K 3 3 1 3 3 3 3
H 3 3 I 3 3 J 1 1
F 3 3 1 3 3 1 3
w 3 3 1 3 3 3 1 1 1

G 3 3 1 3 3 1 1 3
Q 3 3 1 3 3 1 1 3
v 3 3 1 3 3 1 3 3
I 3 3 1 3 3 1 1 I
AT 3 3 1 3 3 3 1 3
AD 3 1 1 3 3 3 2 1 3
AQ 3 3 3 3 3 I I 3
AK 3 3 I 3 3 1 1 3
AC 3 3 I 3 3 I 3 3
AH 3 3 1 3 3 I 1 3
AR 3 3 3 3 3 1 I 3
AE 3 I 1 3 3 2 1 3
S 3 3 I 3 3 1 1 3
AL 3 3 1 3 3 1 2 1

AS 3 3 3 3 3 1 I 3
AO 3 3 1 3 3 I 3 3
AJ 3 3 1 3 3 I 2 3
AP 3 3 3 3 3 3 1 3
E 3 3 1 3 3 I I 3
y 3 3 1 3 3 1 3 3
X 3 3 1 3 3 1 3 3
P 3 3 1 3 3 1 1 1

M 3 3 1 .3 3 1 1 3
L 3 3 1 3 3 1 3 1

revealed 11 major episodes, each of which is Biohorizon-( : Potonieisporites-
diagnostic as a FAD for new organisations which Plicatipollenites Phase
could be linked for their relationship with an older

In terms of evolution, the earliest Talchir
plan of construction; similarly, lADs of characters

palynoflora is in a conspicuous primitive state ofwere also demarcated for identification of their
extinction.

composition because it comprises less diversified
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Table 4-Elaborated data matrix of character states (1. Ancestral, 2. Transltlonary, 3. Derived) and morphos; Morphos
are on X axis and character codes on Y axis. For morphos A·Av see Table 1, and for character states
see Table 2

MORPHOS CODE
CHARACfER

CODE ABC DEI' G H I J K L M N 0 P Q R STU Y W X y Z

XXY1
XII
XXVII 333 1 1 3 I 3 1 3 3 3 I 3 3
XXII[ 1 3 1 I I
VIII 3 I 1 I 3 3
IX 3 1 1 1 I 1
X 1 1 3
XXN 1 1 1 1 1 1 1 I 1 1 1

XVII
XXI] 1 3 1 1 1
XXV 1 1 1 ] 1 3 1 1 3 1 3 3
XIII 1 1 1 1 3 2 2 2 2 1 2 3 3 1 1 3 2 1 3 1 I 2 2 3 3 1
XVIII 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I 1 I 3 1 1 I 1 1 1

XX 1 1 1 1 3 3 3 3 3 1 3 3 3 3 3 1 3 1 1 3 3 3 3 I

XN ] 1 ] 1 1 1 1 1 1 1

XXI 1 1 3 1 3 3 3 3 3 3 1
VlI 1 1 1 1 1 1 1 1 I ] I I 1 1 1 I I I 1 1 I I 1 1 1 I
XXY1I1 1 1 3 3 1 3 2 3 3 3 3
V 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] ] 1 1 3 1 I 1 1 1 I
1[1 2 1 1 I 3 3 3 3 3 3 1 1 3
I 2 1 2 1 3 3 3 3 3 1 3 3 3 1 2 3 3 1 2 I 1 3 3 3 3 1

XI I 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1
VI 1 1 1 1 1 1 1 1 3 1 1 3 3 1 1 3 1 1 1 1 3 3 1 3 3 3
II 1 1 1 1 3 1 1 3 1 1 3 3 3 3 1 3 3 1 3 3 1 3 1 3 3 3
XIX 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
XVI 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3 3 :I 3 3 3 3 3
XV 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
N 3 3 3 3 333 3 3 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 3

type of organizations, e.g., Plicatipollenites,
Potonieisporites, Parasaccites, Virkkipollenites and
''pityosporites'' (Figures 2-6). The Vestigisporites-type
of pollen are also recorded at the Biohorizon-I but
they are closely related in character states with
Pityosporites stock (see Tiwari, 1975; the older
assemblage of Dudh i River section in Lele, 1975;
assemblage of Talchir Needle Shale, Athgarh Basin in
Tiwari et ai., 1987). It could be, that in some isolated
localities (viz., ]amunia River section, ]haria
Coalfield) all the five basic morphos are not
recorded. This phenomenon appears to be related
with the ecological conditions where the vegetation
could have been very scanty, or with taphonomy
hence the total representation is not reflected.

Now the question arises as to how and from
where the girdling monosaccate organization has
evolved? It is a known fact that several groups of Late
Carboniferous seed plants, viz., Cordaitales,
Callistophytales and Coniferales, produced
monosaccate pollen. Although there are no
Carboniferous sediments on the Indian Peninsula,
the other regions of Gondwana contain
Carboniferous palynoassemblages in which the

monosaccate pollen have been generally assigned to
Feieixipollenites and Potonieisporites (Balme, 1988).
In Australia, Lower Carboniferous Laural Formation
exclusively contains small trilete spores with
incipient cingulum, and no saccate pollen are on
record (Balme, 1960; Kemp et ai., 1977). In the
subsequent Anderson Formation, the first
appearance of a non-striate disaccate pollen
resembling Pityosporites westphaliensis is recorded
(Balme, 1960; pI. 5, fig.35). This "Pityosporites" is
taken here to represent an old stock of simple
disaccate pollen with laterally separated sacci and
probably with a thinner, linear area-an incipient
scar, at the centre of the cappa. In all probability,
this oldest occurrence of non-striate disaccate pollen
has morphographical connections with similar forms
in the lowermost Talchir palynoassemblage in India
(Lele, 1975, pI. 1, fig. 15; Tiwari et ai., 1987, fig. 2d).

In Australia, the oldest undoubtedly saccate
pollen comprising bilateral and radiosymmetric
organizations (Potonieisporites, Parasaccites) , found
at the base of Speiaeotriietes (Anabaculites) yberti
assemblage (Early Namurian; Kemp et ai., 1977, p.
182; Playford, 1985; Cooper, 1991), are in
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MORPHOS CODE
CHARACTER

CODE M~~IDMM~~MNMM~~WM~AA~~W~

XXVI
XII I 1 3 3 3 3 1

XXVII 3 3 3 3 3 3 1 3 3 3 3 3 3
XXlIl
\1m 3 1
IX 1 3
X 1
XXIV 1 2 2 1 1 I 1 1 3 I 1 I 3 3
XVII 1 I I 1 3 3 3
XXll
XXV 3 1 1 1 2 1 2 3 1 I 1 I I 1

XIII 1 I 3 3 3 I 3 I 3 3 3 1 I 3 3 3 3 3
XVill 3 1 1 3 3 3 1 1 1 I I 1 I I I 3 3 3 3 1 3 3
XX 1 3 3 2 1 3 3 3 3 I 1 3 3 3 3 3 3 1
XIV 1 I 3 I 1 I 2 3 2
XXI I 1 1 1 I
Vll 1 1 I 1 1 1 1 I I 1 I 1 I 1 I I 1 3 3 1 1 1

XXVIII 3 3 3 3 3 3 3 3 3
V 1 1 3 3 3 3 1 1 1 I 1 3 1 3 I I I 3 3 1 I 1

III I 3 I I
I 1 I 3 3 3 1 1 3 I 3 3 3 1 I 3 3 3 3 I 3 1 1

XI 1 3 3 3 1 1 1 1 3 3 I I I 3 3 I 1 1

VI 3 1 1 I I 1 3 1 I 1 1 I 1 3 I I I 1 I 1 1 1
II I 3 2 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 3 3 3 I
XIX 3 1 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 3 3 I
XVI 1 3 3 1 1 I 3 3 3 3 3 3 3 3 3 3 3 I
A'V 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
IV 3 3 3 I I 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1

association with lycopsoid and apiculate trilete
forms. This zone also contains nonstriate-disaccate
pollen, but no striate pollen has been recovered
(Text-figure 3). In Biohorizon-I, the striate-disaccate
pollen are absent (Lele, 1975; Tiwari et at., 1987). In
this repsect it resembles the Stage 1 of Australia
(lower part of Potonieisporites assemblage, in Kemp
et at., 1977; Playford, 1985). However, Biohorizon-I
is relatively younger than the latter because of the
dominance of Plicatipollenites-Parasaccites (instead
of Potonieisporites).

At this level the prominence of well-organized
tetrad mark in monosaccates has a bearing on the
phenomenon of continuance of a primitive character
of a prepollen. Although the polarity for germination
had shifted to the distal surface by this time, yet the
distal saccus-free-area remained non-sulcoid in
nature as it shows distinct infra-reticulate structure,
and there is no thinning of sexine. The trilete mark
appears to have functioned as an emergency exit for
pollen tube. This is a case of conservation of a
primitive character which continued through time
for providing better chance of survival. This
contention is supported by the fact that in

subsequent time, although radiosymmetric
monosaccates continued to occur till the Permian
end, the tetrad mark lost its prominence to become a
vestigial imprint. The bipolar germination
mechanism appears to be an important evolutionary
character at this biohorizon.

Stratigraphically, these stocks are the oldest in
the Indian Peninsula. They are found in the
lowermost beds of the Talchir Formation (Text
figure 1). Biohorizon-I is dated as Asselian but older
in relation to the Eurydesma-bearing Manendragarh
beds (Shah & Sastry, 1975) which are of Late
Asselian age. The latter contains a much diversified
palynoflora including striate-disaccate pollen types.

Biohorizon-U : Crescentipollenites
Rugasaccites Phase

The FAD for striate-disaccate (Figure 30) is
identified in Penganga assemblage (Lele, 1984). In
terms of symmetry, the bilateral construction of
monosaccate pollen starts gaining ground at this
datum plane (Gondwanopollis, Caheniasaccites,
Rugasaccites, bilateral forms of Parasaccites as P.
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Table 5-Selected and short-listed data matrix of character states and morphos; character codes are on X axis and
morphos on Y axis. For morphos A·AV see Table 1, and for character states see Table 2

II IV V Vl VlI VIII XI XIII XIV XV XVl XVll XIX

AU
AV

AB
D
AI
C
B

A

Z

AA
W

AQ

Ai
AR
E
AD
AC
L

3
1
3
I
I
I
1
I
3
I
1

3
3
3
3
3
2
3

1
I

3
3
3
3
3
3
3
3
3
3
3
3
3
I

3
3

I
1
1

I
1
I
I
I
1
1
I
I

3
3
1

3
3
1

I
I
I
1
I
1
1
I
3
3
1
I
I
I
I
1
1

3

I
I
I
I
1
1
I
I
I
I

I
I
I

3
1

1
I
I

1

3
1
1

3
3
1

3
3

1
I
I
1
1
1

1
1
2
3
3
3
3
3
3
3

3
2
I
1
I
1
I
I
1

J

3
I

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
1
3

3

3
1

3
3

3

3

3
1

I

3
1

3
3
3
3
3
3
3
3
3
3
3
3
3

Table 6-Selected and short·listed data matrix of character states and morphos: character codes are on Y axis and
morphos on X axis. For morphos A·AV see Table 1, and for character states see Table 2

A B C D E L w z AA AB AC AD Al AL AU AR AU AV

VlII
XVlI
XI
VlI
XIV
Vl
II
V

Xlll

XV
XVl
IV
XIX

1
I
1
1
1

I
1

3
3
3
3

1
1
I
I
1
I
1

3
3
3
3

I
I
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1
I
1
I
3
3
3
3

I
I
I
1
I
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3
3
3
3

I

3
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3
3
3
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3
3
3
3
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I
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3
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3
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3
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3
3
3
1

3
1

I
2
3
3
3
3
3
3

I

3
1

I

3
3
3
3
I
1

3

1
1
I
1
1
I
I
3
3
3
I

3
I

I

3
3
3
3
3
3
3

3
1
I

1

3
1

3
3
3
3
3

3
3
3

I

3
3
3
3
3
3
3

I
I

3
1

3
1

3
1
I

3

I
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bilateralis). With the bilateral monosaccate lineage
(i.e., Potonieisporites) the morphologies of
Caheniasaccites and Gondwanopollis are closely
related. Such a trend flows from typical monosaccate
towards the disaccoid organization with a tendency
of reduction in the lateral spreads of the saccus.
Thus Gondwanopollis-type of organizations are
intimately related with Sahnites-kind of morphos
(Figures 8-11). In natural sequence of incidences it
also appears logical that from radial monosaccate
having para-mode of body-sac attachment
(Parasa,cites) such steps might have led to
derivation of OVOidal, nonstriate-disaccate bilateral
forms (Figures 21-23) assigned to Vesicaspora and
Divarisaccus (Venkarachala & Kar, 1966; Lele &
Shukla, 1978; Meyen, 1987).

The basic nature of body exine is infra-reticulate

in monosaccates. The appearance of vermiculate or
rugose sculpture at this biohorizon (Rugasaccites;
Figure 13) is an example of re-appearance of an
ancestral character state of exine.

The earliest occurrence of striate-disaccate
equates this biohorizon with the part of
Potonieisporites assemblage (base of Stage 2) in
Australia (Kemp et al., 1977). The sequence of FADs
suggests that striate-disaccates had their fore-bearers
in the older sequence which were closely related
with the simple disaccate stock of "Pityosporites"
type; the latter precedes the striate forms on
temporal scale (Text-figures I, 3). These are
considered to have a remote ancestral relationship
(Figures 6, 7).

This biohorizon has been established by
incorporating the Penganga and Manendragarh
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7

6

Figures 1-7-0Idest mOlher stock complex represented by 1. Teicberlospora McGregor & Playford 1990, and the morphos of six basic
lineages which share ancestral character states of the stock in different combinations, i.e., prominent germinal mark, non·sulcoid
distal saccus·free·area and body·in·fold system, as seen in fig. 2. POlonieisporiles, in Kemp el al., 1977; 3. Plicalipolleniles, 4.
Parasacciles, 5. Virkkipolleniles, 6. "Pilyosporiles", in Balme, 1960; 7. Crescenlipolleniles, in Kemp el al., 1977.

palynoassemblages (Lele, 1984; Lele & Chandra,
1972; Chandra & Lele, 1980). The age of
Manendragarh beds is Late Asselian. It has been
indicated by the occurrence of Eurydesma fauna
(Shah & Sastry, 1975).

Biohorizon-III : Cruclsaccttes
Tuberlsaccttes Phase

This level of morphographic evolution in
saccate pollen qualifies for a unique status in the
Indian Gondwana. Many new characters derived
from the preceding stock branch-off from three main
organizations-monosaccate, non-striate-disaccate
and striate·disaccate, including six basic lineages.

The composition at Biohorizon-III comprises
diversified striate-disaccate pollen (such as
Circumstriatites, Striatopodocarpites, Faunipolle·
nites, Figures 31, 34, 33), nonstriate
(Scheuringipollenites; Figure 45; Platysaccus) and

monosaccates (Tuberisaccites, Figure 28;
Crucisaccites, Stellapollenites; Figures 26, 25) and
Rimospora, Figure 14). Subsequently, the reticuloid
pattern of striations in mono- and disaccates also
appears. The pitcher-shaped saccus develops both in
striate and nonstriate-disaccates (Verticipollenites,
Aurangapollenites). Furthermore, a unique
variability is observed in a pseudo-striate form
where extreme reduction of sacci has taken place
(Tiwariasporis, Figure 37).

The basic bauplan of circular para-condition of
saccus attachment is manifested in stellate,
cruciform and amp hi-saccate organizations at this
biohorizon. By way of character state matching,
these morphos appear to have been derived from the
circular para-mode of body·sac attachment, as in
Parasaccites (Figures 23-26).

In the radiosymmetric para-mode lineage,
further manifestation in the sexinal distribution has
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occurred by development of conspicuous
protuberances and reticuloid pattern of grooves on
the body (Tuberisaccites, Parastriopollenites;
Figures 28, 29). This seems to be the starting plane
for subsequent reticuloid striation-bearing
monosaccates (Barakarites), The humble start of
srriate·disaccate line in Biohorizon·JI has branched
off radiantly giving rise to a complex of
combinations in striation pattern (Vijaya, 1990),

In the wake of sprouting of newer
morphography at several levels, some trisaccate and

Figures 8-ll-Showing morphos of POlonieisporiles lineage
in sequence of evolutionary states. The derived character
state in each morphos is the resultant of changes. 8. POlo
nieisporiles, the stock of this tree possessing mainly ancestral
character ~tates of prominent germinal aperture, distal non
sulcoid saccus-free·area and double body-in-fold system; 9.
Caheniascciles and 10. Gondwanopollis are the morphos
which acquired derived state in the characters of haVing
reduced body-in-fold and also attaining bilateral symmetry;
11. Sahniles shOWing retained prominent nature of germinal
aperture and represents ultimate derived character state of
the lineage,
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Text-figure 4-Graphic representation of mode of innovation (solid lines) and eXlinctiOn (broken lines) in number of i11orphos
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projected. The Early Sakmarian sprouting represents the highest innovation in saccate pollen.

tetrasaccate forms (Figure 65) also occur but without
any special exine characters (i.e. striations, islands,
taeniae or a tetrad·mark). Their sporadic
inconsistent incidences and anomalous features
suggest that they are morpho·variants of disaccates
rather than naturally affiliated groups in themselves
(viz., Trochosporites in Lele, 1975; Tetrasaccus in
Maithy, 1969; Tripathi et aL, 1990; Vishnu·Mime,
1954; Sukh·Dev, 1980). Also a trisaccate pollen

specimen with indistinct thin striation·like grooves
has been assigned to Crustaesporites sp. by Lele and
Karim (1971) from the younger beds of Talchir
Formation.

The experimentation of nature to produce new
and unusual combinations of building plans in
pollen in the lower part of Upper Talchir Formation
is well documented (Text·figures 1, 5).

Biohorizon·III derives the data from the
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FiilJl'eS 12-14-Morphos of Plicallpolleniles lineage: 12. Plica
lipollen/les, the out-group stock of this lineage is characterised
by prominent germinal aperture and the body-in-fold system_
The aperture becomes vestigial in subsequent time; 13. Ruga
sacciles; and 14. Rimospora, the morphos although appear
at younger level than Plicalipolleniles (with structured body
exine) yet possess sculptured exine which is an ancestral
character state..

palynoassemblages studied from the younger
horizon in Dudhi River Section (Lele, 1975) and
]ayanti Coalfield (Lele & Karim, 1971; Lele &
Makada, 1972; Chandra & Lele, 1980). The Umaria
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Text-flilJre 5-A spread diagrame of sequential distribution
of morphos through Biohorizons·I, II and III with respect to
Australian primaeval stock in L/U Carboniferous (MIN as in
Text·figure 1).

Marine bed assemblage (Lele & Chandra, 1972) is
relatively younger to Manendragarh assemblage. The
Umaria bed overlies the Talchir boulder bed and
passes upward into the Karharbari rocks without any
visible break (Sastry et al., 1977), The productids
make predominating elements of Umaria bed where
Eurydesma are very rare, hence dated as Late
Sakmarian, By these parameters, Biohorizon-II1 is
assigned an Early Sakmarian age.

Biohorizon-IV: Densipollenttes
Barakarltes Phase

This biohorizon is recognised by the first
appearance of four distinct morphographies in
saccate pollen. In one group, the saccus envelops
the body from all sides and is attached at one point
(Densipollen'ites), This new organizational
architecture is a remarkable episode in which the
saccus is filled with endoreticulate alveolae to make
it a protosaccus. It provides better protection to the
central body which nurtures the genetic material. In
other group, the body-sac attachment is a girdling
kind, and a circumsulcus develops at the equatorial
region of the body which bears reticuloid striations
(Barakarites), The singular morphos having an
enveloping saccus (Densipo/lenites) although does
not possess any haptotypic mark, in most of the
character state comparability this organization
comes closest to Virkkipo/lenites (Figures 18, 19),
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Figures IS-17-Morphos of Virkk,pollen/les lineage: IS. Virk
k,polleniles, definitely a line of experimentation from the
mother stock, lacking body· in· folds. Simple linear grooves
develop on one of the faces of the body as seen in 16.
Slriomonosacciles, and in another direaion the sexinal
islands also develop on other face of the body as in
17. Goubinispora, a derived charaaer state of out-group
stock.

The relationship derivation of the former from the
latter can be traced through V. densus (Lele, 1964;
pI. 2, fig. 19) and Virkkipollenites sp. (in

TIM E
. .

16 I
42 ---
46

3:

45
--- 0

~
--- Z

24
0

0 4
---- V>

'U
---- :P-

I 7
~

--- ~

0 '2 ~
1/1 20

----
,s ---- V>

2'
-- - 1z '0

-- --
0 25
rT1 26 I>< 29

31
0

Z 32
Vi

C 44 ~
~ 48
III 28

~

rT1 27
m

:u 30

V>

1/1
'4 I47

-
50

~ co
0 "U

~ ~
;0 ;0

~ ~
;0 ;0

3: 3:

BIOHORIZON ;5 I
Text-figure 6-Sequential distribution of morphos across

Lower/Upper Permian boundary at Biohorizon-VI to depict
the major declination in monosaccate lineages at beginning
of Upper Permian. Line thickness is indicative of relative
prominence; broken line for inconsistent occurrence (MIN
as in Text·figure 1).

Venkatachala & Kar, 1968; pI. 2, fig. 21).
The reticuloid striations-bearing monosaccate

has its linkage in the comparable forms of older
Biohorizon·11I (i.e., in Parastriopollenites,
Tuberisaccites). Similarly, the Simple monosaccate
pollen (Virkkipollenites) has relationship with the
striate·monosaccate (Striomonosaccites) which
occurs at slightly older level than the Biohorizon·IV.

The FAD for taeniate pollen (Lueckisporites) is
also identified at the Biohorizon- IV. This bilateral
bitaeniate, disaccate pollen has a greater degree of
similarity in character states with nonstriate·
disaccate "Pityosporites" stock in which the two
sexinal bands could have developed on the proximal
face of the body, presumably in response to the
climatic changes. Such a derivation of relationship is
simple, without involving many steps and in tune
with the stratigraphie occurrence. The occurrence of
striations on both the faces of the central body in
disaccates is also recorded at this phase (Distriatites,
incl. Hamiapollenites; Kar, 1973). This marks the
diversification trends at their peak in the disaccate
pollen.

The other important event which took place at
this juncture is the extinction of unique lineage of
monosaccate stellate body·sac attachment and also
that of the monosaccate forms with tuberculoid
sexinal protuberances, rugulate or reticuloid
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Figures 18-20- Morphos, thought to be remotely allied with Vlrkklpollenites tree (18. Vlrkkipolleniles sp.) but retaining a primitive
state of saccus attachment which could give rise to a total covering as in 19. Densipollenites, and almost total covering of the body
as in 20. Playjordiaspora.

sculpture on body surface (Tuherisaccites,
Pachysaccus, Rugasaccites and Rimospora). The
cruciform body-sac organization also loses it impact.
All these events contributing to a high
morphographic turnover correspond with the
change of palynoflora at the Artinskian/Kungurian
transition (Text-figure 1).

In the Australian Gondwana sediments, the
earliest record of alete enveloping monosaccate
organization and that of morphos with the
circumsulcus and reticuloid striations are from
Acanthotriletes Assemblage·Zone dated as Early
Artinskian (High·cliff Sandstone Formation;
Segroves, 1970). However, with reference to Umaria
Marine bed, the Biohorizon·JV occurs at a higher
level than the Early Artinskian, and hence is dated as
early Late Artinskian. The Biohorizon-JV is identified
at the uppermost Karharbari Formation represented
in several sections (Tiwari, 1973; Lele & Makada,
1974; Bharadwaj & Srivastava, 1973).

Biohorizon-V: Cortsacdtes Phase

The FAD of globular taeniate form
(Corisaccites) is the characteristic feature of this
phase. The taeniate line of relationship appears to
branch·off from older, simple nonstriate-disaccate.
This new character has an alliance with a more
complex unit of similar morphography
(Guttulapollenites) in Late Permian, at a level
slightly younger to Biohorizon-V Parsimonically,
Lueckisporites, Corisaccites and Guttulapollenites
(Figures 60; 57 61) represent important character
states. In some of the localities (South Rewa
Gondwana Basin; Tiwari & Ram-Awatar, 1988)
multitaeniate-disaccate pollen with massive sexinal
bands have also been recorded, which exhibit gross
similarity with Lueckisporites. However, this line

does not survive in the subsequent horizons and
hence seems to be a stage of experimentation at this
level. After a gap represented by Kulti and Lower
Raniganj formations the morphos with muIti-taeniate
body make their entry again at the Biohorizon-VII
which is the derived state from the older stock of
this group.

In globular taeniate form Corisaccites, the body
exine is finely microverrucose (Venkatachala & Kar,
1966b) which makes a deviation from the generally
found infra-structured exine of the body. This
apparently represents homoplasy in a character,
shOWing retrogressive evolutionary trend. The saccus
is also indistinctly structured, rather than having well
organized endo-reticulation. The indistinct structure
of saccus is an ancestral character state. FADs of
these morphos are identified by Kar (1973) and
Bharadwaj and Srivastava (1973).

Distriamonocolpites, a unique pollen with oval
configuration and striations on both the faces and a
sulcus-like saccus-free-area, also appears at this level
(identified in Bharadwaj & Dwivedi, 1981). It
demonstrates the trend of specialization in striate
pollen with non-expression of sacci.

In Australian sediments, the earl iest globular
forms with taeniate organization (Corisaccites) are
recorded from Quadrisporites Assemblage dated as
Late Sakmarian (Segroves, 1970). On the face value
of data available the Australian record of Corisaccites
is much earlier than the Biohorizon-V

Biohorizon-VI : Monosaccate extinction Phase

It is evident from Text-figure 1 that no new
morphographical feature has appeared at this level.
On the contrary, most of the singular monosaccate
organizations either became extinct or almost
disappeared (Text-figure 6). At the same time, the
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Figures 21.26-Parasaccites-lineage is variously diversified in lerms of derived characler stales of body-sac altachment as well as
symmetry_ 21. Parasacclles bilateralis-the derived characler state from radial symmetry, 22. VeslCaspora is the other morphos of
this Stale_ The amphi-saccate, cruciform and Stellale modes of body-sac altachment, as in 23. DwansacclIs, 26. Crllcisaccites, and
25. Stellapollenttes, again are derived characler Slales of para-mode (24. Parasaccites)

striate-disaccates exhibit immense proliferation in
quantitative characters resulting into an array of
form-species, The characters in striations, central
body and the sacci follow multivariant paths at this

biohorizon (Kar, 1973; Lele & Shukla, 1978; Tiwari,
1973; Srivastava & ]ha, 1988),

This is considered as a great event for the
extinction or landslide decline of monosaccate
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into one package, but the qualitative occurrence of
monosaccates continues into the Barakar, whereafter
they record a major decline (at Biohorizon-VI) and
disaccates dominate the pupulation. The shift from
monosaccate to disaccate domain and termination of
several lineages of older sequence markedly denote
a major change in the floral components delineating
the Early and Late Permian epochs. The morpho
evolutionary trends in pollen group support the
demarcation of Barakar and Kulti interformational
boundary and also denote the Lower Permian-Upper
Permian boundary.

Biohorizoo-VII : LunatLsporites
Playfordlaspora Phase

This biohorizon is identified by FAD of typical
multi-taeniate pollen (Figures 58, 59). This new
lineage has its form-relationship with bitaeniate
stock of the Biohorizon-N (Text-figure 1). Other
entrants at this level are the monosaccates with
several sexinal elevations on the cappa
(Goubinispora, Kamthisaccites). Cladistically,
Goubinispora-kind of morphos have their alliance
with Striomonosaccites. The taeniate monosaccate
organization has its maximum nearness to the
Virkkipollenites stock; by way of minimum steps

TIM E

Figures 27-29- The branched-off morphos of 27. Parasaccites
out-group showing manifestations in the development of
newer features in the exine character as seen in 28. Tuberi
saccites; and 29. Parastriopollenites but the para-mode in
body-sac attachment is retained_

which dominated the Early Permian scenario_
Virtually, the quantitative acme-zones of
monosaccate pollen taxa cease at the end of
Karharbari Formation (i.e., Biohorizon-N), thus
bracketing the Talchir and Karharbari palynofloras
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Text-figure 7 -Distribution of saccate morphos from end Per
mian (Biohorizon·VII) to Early Triassic (at Biohorizon-VlII)
revealing the high degree of turnover at PITr boundary. Solid
lines-consistent occurrence; broken lines-inconsistent and
sporadic occurrence (MIN as in Text-figure 1).
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Figures 30-41- CrescenllpOlle11lleS-lineage (Fig 30) with its allied morphos The possible closely affiliated morphos of this tree is 31.
CzrclIrrtSlrialiles experimenting a step towards jOining the striallon-ends to form a circum-striate pallern_ Other morphos with
varying combinations of ancestral and derived character states are: 32. Slriasu!clles, 33. Faunzpol/eniles, 34. Slrialopodocarpiles,
35. Dlslnaliles, 36. SIriapolle11lleS Beside the horizontal and verllcal grooves on body surface. a new lIne of experimenlation, i.e_
the non-lInear pall ern of the grooves IS also obsen'ed which gl\'es lise to a retlcu!old pallern or its derived state, as seen in-37.
Tiwariasporis, 38. Rbizomaspora. and 39. SCblZOPOl/ls. Specimens under S[M to evaluate the nature of horizontal grooves in fig_
40 and vertical partitions m belween the hOllzontal 'itrlations as m fig_ 41. bar 10 J-lm
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Figures 42-50-Morphos of "Pityosporites" lineage: 42. "Pityosporites", a stock for the out-group of disaccate pollen which has
adapted diversified lines in morphography of nonstriate-disaccates as well as taeniate and cJefled kind of patterns in exine
character; 43. Vestigisporites, first step from the out-group morphos in terms of evolution; 45. Scheuringipollenites, the most
simplified morphos-a combination of primitive (indistinct nexine) and advanced (absence of germinal mar.k and thinning of
saccus· free-area) character states. Further adaptations in shape, size of sacci and their attachment with body is illustrated in
Figures 46. Alisporites, and 47. Sa tsangisaccites. In 48. Brachysaccus-the derived character state in exine Structure having
reticulate-columellate nature is a much advanced situation. In other characters, however, it seems to be distantly allied with
Scheuringipollenites morphos. 50. Podocarpidites shows a state adapted towards bigger size; the uniquely changed orientation of
sacci is seen in figures 44 and 49-Samaropolleniles group of morphos, where the sacci become small and pendate.

these derivations can be achieved (Figures 15-17).
A unique organization, recorded for the first

time at Biozone-VII, is represented in monosaccate
pollen (Playjordiaspora, Figure 20) which does nOl
have any intermediate linkage for its correlation with
the older swck. The nature of saccus structure, its
coverage over the body, and the presence of trilete
mark ma.y reflect a remote ancestral relationship
with trilete monosaccate pollen of pre-Permian. The
reappearance of such character states is baffling.
Nevertheless, by way of comparison its affiniry lies
with Virkkipollenites (Figure 18).

Simple, disaccate, nonstriate pollen with

individualistic features also appear at this line
(Klausipollenites, Satsangisaccites, Alisporites;
Figures 51, 46, 47). C!adistically the alete, nonstriate
disaccate lines of the Early Permian are the possible
outgroups which are related at different temporal
levels, with this group of pollen. The Biohorizon-VII
is demarcated at the end of Permian horizon in the
Indian Gondwana (Vijaya & Tiwari, 1987).

Biohorizon-VIII : Striate-disaccate extinction
Phase

Between Biohorizon-VII and VIII several
characters and some organizations of long-standing
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Permian history mer rheir extIncrion gradually (Texl·
figure 7) Ar the level of Biohorizon·V11 I, forms \yith
striations on both the faces of body, \'enical

partitions bet\vecn hori 7.Ontai striations, reticuloid
striations, and pitcher shaped saccus terminated
completely from the scenario. The character state of

Figures 51-56-Morphos or "Ptlyosponles" stock under SEM Showlllg modified nature' of sacci in relation to their attachment to the
body 10 dlsaccate as well a~ tmaccate rorms 51. Klallsipolleniles; 52. Satsangisacciles; 53, 54. '\r/lnaropollemles. 55. POdocarpi·
dlles. 56. Podosponles. Rar repre~ent~ 10 J-L1l1 in each figure
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enveloping saccus, para-attachment of body-sac, and
the monosaccate with reticuloid striations and
circumsulcus also vanished from the population of
saccate pollen. Thus, all radially and bilaterally
symmetrical monosaccate or monosaccoid forms
which had their spread in Early Permian disappeared
at Biohorizon-YIII. EVidently the morpho
organizational turnover (sum total of dying-out and
incoming forms) is very high at this level of time
(Text-figures 1, 4).

The span of time between Biohorizon-VII and
VIII has been identified as Permo-Triassic transition;
based on many other parameters as well (Yijaya &
Tiwari, 1987; Tiwari & Yijaya, 1992) the P/Tr
boundary has been recognized between these
biohorizons, precisely at the Raniganj-Panchet
interformational boundary where steady occurrence
of taeniate pollen and cavate spores begins.

The Biohorizons-VII and VIII resemble in
seve ra I a spec ts of FADs and LADs wi th
Protohaploxypinus microcorpus Assemblage-Zone
(Late Permian) and the Lunatisporites pellucidus
Assemblage-Zone (Griesbachian) of Australia,
respectively (Helby et al., 1987).

Biohorizon-IX : Staurosaccites-Bracbysaccus
Phase

There is a considerable gap in the data from the
Indian Peninsula between the Biohorizon-VIII and
IX, as sequential palynofloras are not yet known.
However, the singularity of this zone is reflected in
the record of some unusual organizations.

In nonstriate-bisaccate forms small sacci
attached to a relatively bigger body (e.g.,
Minutosaccus; Figure 49) are recorded. A related
disaccate with moderately developed distally
inclined and laterally joint sacci (Samaropollenites;
Figure 44) is also found. In another disaccate, the
sacci are least inflated and remain adhered with the
body inclining distally to mark a narrow sulcus
(Brachysaccus, Figure 48). The transitionary stage of
saccus structure in between the infrareticulate to
infracolumellate nature is also reported in the latter
two pollen groups (Dolby & Balme, 1976).

Another new lineage of disaccate pollen
includes forms with cappa which is finely
columellate and dissected into two equal halves by a
sharp cleft, and little inflated sacci having similarity
in structure with cappa (Staurosaccites, Figure 63).
Further diversity is seen in the forms haVing two
clefts but more inflated sacci resulting into
diploxylonoid construction (Injernopollenites,
Figure 62). By way of comparison, the clefted pollen
share many character states with taeniate forms of
older lineage. Therefore, cladistically this is the only

probable relationship, but the clefted form had
acquired a derived character of columellate structure
in body exine as well as saccus. This is a significant
step in the evolutionary sequence of exine
characters observed at this datum which could have
acted as progenitor of angiospermoid trends in
sexinal structure.

The disaccates with small, pendate sacci are
morpho-organizationally related with Klausipolle
nites stock. The Brachysaccus organization had its
outgroup in Scheuringipollenites stock of nonstriate
disaccates but with a derived character of
columellate structure in the sacci. Some radio
symmetric alete monosaccate pollen of
indeterminate organization (referred to
Enzonalasporites and Pseudoenzonalasporites) are
reported from this biohorizon (Kumaran &
Maheshwari, 1980). They could have some linear
development in the younger strata also, but no
evidence of well-studied forms is available.

In Australia, the FAD of Staurosaccites is at the
latest Anisian level on the top of Triplexisporites
playjordi Oppel Zone while that of lnjernopollenites
is at the earliest Ladinian level (Staurosaccites
quadrijidus Oppel Zone). The assemblage
containing the organizations typical of Biohorizon
IX in the Indian Peninsula makes its beginning at
early Late Carnian and continues up to Early Norian
(Kumaran & Maheshwari, 1980; Tiwari et al, 1984).

Biohorizon-X : CaUtalasporltes Phase

At this level a very significant morphography,
viz., Callialasporites Complex, appeared in the
lineages of saccate pollen representing an assembly
of close-knit forms generally described as
Callialasporites, Tsugaepollenites, Cerebropollenites
and Triangulopsis-a group of subsaccate pollen
(Sukh-Dev, 1961; Dettmann, 1963; Singh & Kumar,
1969). The sporadic but marked record of these
subsaccate morphos, generally with granulose
microsculpture on exoexine extended to form frilled
or flat, continuous to tri-notched, vestigial or
un inflated saccus, characterises this biohorizon
(Figures 64, 67). No other Significant morphology in
the saccate pollen has made its beginning. On the
contrary, a large number of organizations record
their extinction; the older disaccates With striations,
taeniae and clefts do not show at this level, so also
the simple disaccate (Klausipollenites) group. The
Goubinispora and Playjordiaspora lineages also
disappear. However, the diploxylonoid disaccate
simple nonstriate pollen group (Alisporites,
Podocarpidites) continues to survive. EVidently, the
Callialasporites phase is remarkable in recording the
extinction of the saccate pollen morphography of
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long standing which started at Biohorizon-VlI.
The FAD of Cal/ialasporites from the Indian

Mesozoic sequence is from Gliscopol/is Zone dated
as Lower Jurassic, which overlies the Taeniaesporites
Zone (Koshal, 1975; Ramanujam, 1987). In Australia,
the definite FAD of Cal/ialasporites is recorded in
Corolina torosa Zone and dated as Hetinginian
(Lowermost Jurassic).

Biohorizon-XI : Podosporltes-Dacrycarpttes
Phase

Small pollen with three sub· hemispherical,
distally subequatorially attached, pendate sacci and
micro-granulate microrugulate to microverrucose
sculpture on the body appear at the Callo·Oxfordian
level represented by the Biohorizon-XI (Figures 55,
68; Text·figure 1). No other significant saccate
pollen morphology has appeared. The
Cal/ialasporites and the simple non·striate-disaccate
(Podocarpidites, Alisporites) type of organizations
continue to prevail. The triwinged pollen complex
makes its FAD at the Callo-Oxfordian level
(Srivastava, 1966; Lukose, 1972). It has a form·
similarity with triwinged pollen, generally identified
as Podocarpeaepol/enites (Figure 66), of the Upper
Triassic (Kumaran & Maheshwari, 1980).

In Australia, Murospora flot'ida Oppel Zone
exhibits the first appearance of Microcachrydites
group of triwinged pollen (Helby et ai, 1987);
hence equation of this level to Middle Callovian is
corroborated. There is no distinct alteration in the
saccate pollen organization after the Biohorizon·XI,
a trend which continues from Upper Jurassic to
Lower Cretaceous.

INTERBIOHORIZON ZONES

The recognition of 11 Biohorizons leads to the
delimitation of 10 Interbiohorizon Zones
(Biointerval Zones, Biostratigraphic Interval-Zones,
or Interval-Zones; Hedberg, 1976). In accordance
with ISG, the names of these zones have been given
after a taxon (distinctive morpho-organization in the
present context), typical of the zone. It is not
obligatory that designated taxon is confined to a
particular zone.

FollOWing is the brief characterization of each
Interbiohorizon·Zone proposed here and illustrated
in Text·figures 1 and 8.

1. Potontetsporltes Interbiohorizon Zone .

It is the oldest as well as the least diversified
zone (between Biohorizon I and II) in the Indian
Gondwana. It is represented by four elements of
basic stock having monosaccate organization

(Potonieisporites, Plicatipol/enites, Parasaccites &
Virkkipollenites), and a Simple disaccate
(Pityosporites). The forms with a vestigial monolete
mark are also recorded but they make a related
auxilliary group to "Pityosporites" (Text·figures 3, 5).
The absence of striate·disaccate pollen is diagnostic
for this zone. The subsequent younger
Interbiohorizon·zones are progressively complex in
their components. The present zone is equated with
the lowest part of Lower Talchir Formation haVing
Early to early Late Asselian age relationship.

2. Parasacdtes Interbiohorizon Zone

The first appearance of striations on the body
cappa of disaccate pollen marks the identity of this
zone, i.e., between Biohorizon· II and III.
Parasaccites is numerically dominated and
diversified in organizations in the next younger
zone. The striate group progressively diversifies at
the top of this zone. Also, the new trends of
evolution in the reduction of body curvature on
distal face are seen; thus the double body-fold
system in the body of monosaccate pollen
Potonieisporites of older lineage has a
morpholinkage with Gondwanopol/is which has a
single fold system in the same pattern; this circular
body-fold system further acquires bilateral convex
arrangement alongwith lateral axis indicating further
change in distal surface area. The width of lateral
continuations of saccus also reduces considerably.
These lines are major trends of bilateralism with a
path line towards the monosaccoidal bisaccate form
(Sahnites) in having narrow lateral continuity, which
in time disappears to give such a form with perfect
disaccate configuration. From the preceding
Potonieisporites Interbiohorizon·Zone, the present
zone is distinguished in haVing the FAD of striate
pollen and increased compleXity in the morphos.
The lithological sequence of Lower Talchir to lower
part of the Upper Talchir Formation is represented in
the Parasaccites Interbiohorizon Zone. In age
relationship, this zone ranges from Late Asselian to
Early Sakmarian.

3. Cructsacdtes Interbiohorizon Zone

It is a zone between Biohorizon-III and IV. In
this zone, maximum innovation and inflexion in the
characters have been recorded among the basic
group characters of the older stock. This zone spans
from lower Upper Talchir Formation to the Upper
Karharbari Formation, short of Karharhari·Barakar
boundary. This means that in terms of
morphographic evolution in saccate pollen there is a
consistency of lineages from lower Upper Talchir
Formation through most of the Karharbari Formation
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Text-figure 8-Summary diagram to depicr Inter-relationship of Biohorizons, lmerbiohorizon-zones and stratigraphic distribution of
morphos. Permian sequence inflated out of propOrtion (~lIN as in Text-figure I).

without appearance of any significant new
morphography. The age relationship for·this zone is
indicated with Early Sakmarian to late Late
Artinskian,

4. Denstpollenttes Interbiohorizon Zone

This zone is delimited by Biohorizon-IV at the
base and V at the top. In the lithostratigraphic
sequence, it represents a narrow span of the
uppermost Karharbari Formation and the lowermost
Barakar Formation. This is a significant transitional
zone for demarcating the Karharbari-Barakar
boundary and represents the Artinskian-Kungurian
passage. The age relationship is suggested on the
basis of lithostratigraphic comparisons with the
control. levels, The absence of Rimospora,
Rugasaccites, Tuberisaccites, Paehysaecus,
Stellapollenites, Distriomonosaceites, Corisaeeites
and Guttulapollenites qualifies this zone to be
distinguished from the adjacent lower and upper
zones. The continuity of occurrence of several older

morphos, particularly the monosaccates, characterize
this zone.

5. Barallarltes Interbiohorizon Zone

It encompasses most of the late Early Permian
Barakar Formation and lies between Biohorizon-V
and VI. The palynoassemblages contain a number of
monosaccate lineages struggling from the preceding
zones, which suddenly decline or become extinct at
its top. The non-striate disaccates with Simple
organization (Cuneatisporites, Platysaccus,
Ibisporites Group) also diversify within this zone.
Qualitative sproutings have not been observed but

uantitatively the characters have immensely
diversi fied.

6. Verttctpollenttes Interbiohorizon Zone

This zone is demarcated by Biohorizon-VI at the
base and Biohorizon-VII at the top. Except for the
appearance of a rarely recorded character of sexinal
protuberances on body surface (Tumoripollenites)
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Figures 57-63-A line of experimentation in the off· shoot morphos of 'Pityosporztes" stock. IS seen 1£1 57. Consau.II<!.' p()s~es~lng a
combination of ancestral and derived character states. I e. exine sculptured but having thick sexlOal bands. respectively The other
morphos with micro·intrareticulate sexlI1e but bi-taenlate; 60. Luecklsporiles. and the globular multi taeniate state In figure 61.
Gullulapollemtes The most advanced state of muill-taeniate organizallon is represented by Figures 58 and 59. Lzmatl>p0rttes
Other morphos Illustrated here In Figures 62. Inje,-nopollemles and 63. Staurosaccites represent mainly the congruence of
derived character states in body exine nature (clefted and columellate).

in the later half of the zone, no new morphogrpahy
in saccate pollen appears during the span of this
zone. The entire zone represents Kulti Formation
and most of the Raniganj Formation, except for the
uppermost part of the latter. The older monosaccate
stock dies out or declines considerably at the bottom
of this zone. The younger elements of Triassic
affinity mark the upper limit of this zone. This
interbiohorizon-Zone represents most of the Upper
Permian period and terminates at its end.

7. Klaustpollenttes Interblohorlzon Zone

This zone is a transitional passage between
upper reaches of the Raniganj Formation
(Biohorizon·VII) and the Lower Panchet Formation
(Biohorizon-VIII). It encompasses the events which
took place at the Permo-Triassic boundary. Striate·
disaccates continue in this zone, but most of them
disappear at its top level. The progreSSive increase in
the newer types of non striate as well as taeniate
disaccate morphos is the characteristic feature of this
zone.

When viewed in totality of events in Gondwana

Sequence, the Klauslpollenites lnterbiohorizon-Zone
represents a period when major shift of
organizations have been towards newer type of
nonstriate-disaccates, in contrast to the
monosaccates and striate-disaccates of the Permian
time. Thus, the offset of lineage trees is the
characteristic feature of P/Tr boundary.

8. PlaYfordiaspora Interbiohorlzon Zone

The interval zone between Biohorizon·VIII and
IX is regarded as a unique zone encompassing upper
part of the Lower, the Middle and beginning of the
Upper Triassic formations, The paucity of data does
not allow a detailed analysis but morpho
evolutionary trends suggest a continuation of saccate
forms which appeared at the PITr boundary, This is a
phase of slow evolutionary alterations in
morphographies of saccate pollen. From the older
Interbiohorizon Zone, the present zone differs in the
absence of major lines of the Permian lineages, So
also in the younger lnterbiohorizon Zone where
several new lines appear
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as given in Text-figure 3. At the level Biohorizon-III,
with reference to Potonieisporites type of
organisations as the oldest lineage, the
radiosymmetric monosaccate pollen with body-fold
system (Plicatipollenites) are closer to it; while
others (e.g., Virkkipollenites, Parasaccites) are

:...

68 ','

Figures 64-68-Morphovariants of mono-and di·saccate organi·
zations, probably the transforming states to tri- as well as
tetrasaccate forms ha'/ing microreticulate exine structure as
in 65. Telrasaccus and 66. Podocarpeaepolleniles. The
morphos with retrogressive step in the character of exine and
nature of saccus is represented by Figure 67. Callialasporlies.
64. SEM of Callialasporiles to evaluate granular pattern on
body surface as well as non-structured state of the saccus;
bar-l0 ~m. A triwinged morphos with shifted sacci root
from the body equatorial position towards the distal
body face as in Figure 68. Podosporiles.

MORPHO-ORGANISATIONAL ALLIANCE:
CLADOGRAMS AND STRATOGRAMS

The outcome of c1adogenesis has been
interpolated with the stratigraphic occurrence of
each character states through Gondwana Sequence.
After such a synthesis of c1adograms and stratograms
(stratigraphically arranged morphos forming the
t r e e s ) the fin a I pic t u reerys ta lizest h e
biostratigraphie events.

Six basic organizations considered as the oldest
stocks are discussed below for their morpho
evolutionaly relationships, These stocks are
subsequently represented in the form of individual
tree, structured on the basis of data matrix given in
Tables 3 to 6, which evidence the degree of morpho
evolutionary allinace among the ancestral and
derived character states. The placement of related
morphographies in these trees is made in terms of
stratigraphie occurrences as well as synapomorphy
(relative.akinness ),

Pre-Permian Lineage

The character state matrices given in Tables 3
and 4 clearly indicate that the ancestral character
states are shared by six major lineages (Figures 2-7),

9. Staurosaccttes Interbiohorizon Zone

It is a zone between Biohorizons-IX and X. The
Upper Triassic (excl. Early Carnian of which data is
not known) palynoassemblage is represented in the
span of this interval zone. New morphographies.
including clefted body and columellate exine
structure, appear for the first time at the base of this
zone, On the basis of available data it appears that
the Rhaetic assemblage does not contain several of
the forms which otherwise mark the Carnian
assemblage (Koshal, 1975; Tripathi et al., 1990).

10. CaUialasporltes Interbiohorizon Zone

This is an Interval-Zone between Biohorizon-X
and XI. The singular organization of Callialasporites
defines the starting point of this zone, while the
appearance of triwinged Podosporites group
demarcates its upper limit. Most of the saccate forms
of this zone are simple nonstriate-disaccates,
generally having diploxylon construction of sacci;
they continue from the eadier Interbiohorizon Zone.
The offshoot lineage of .nonstriate-disaccate pollen
of Biohorizon VII is Wiped out from its base line, A
complex unit of sub-saccate forms has been on
record within this Interbiohorizon Zone. Random
occurrence of striate-disaccates seems to be an
indication of recycling.
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relatively and progressively distant in relationship.
The disaccates are still remotely related to the
monosaccate block. They could have had a common
origin because stratigraphically the simple disaccate
morphos is older than the monosaccates-as per the
present data.

The definite stratigraphic occurrences of these
lineages (solid circles in Text·figure 3) indicate their
relationship in Pre-Permian horizons of Australia and
South America (Kemp et al., 1977; Archangelsky &
Cesar, 1986). The oldest occurrence of
Potonieisporites, Plicatipollenites, Virkkipollenites
and Parasaccites organizational groups is from Early
Namurian (base of S. yberti zone; Playford, 1985, p.
125) while that of "Pityosporites" is recorded in the
assemblage of Anderson Formation; this assemblage
is closely related with that of Lower Carboniferous
Laura I Formation (Balme, 1964, p. 56). The segment
of cladogram (Text.figures 1, 3) in Carboniferous is
incomplete and hence less parsimonious. Still the
congruence of character states as well as their
stratigraphical incidences support the topology
proposed here.

On the basis of relationship pattern it is
presumed that the oldest mother stock of saccate
pollen was in existence in the Progymno·
spermopsida complex and through Teichertospora·
type of organization (Figure 1) in Devonian (Balme,
1988; Me-Gregor & Playford, 1990), various lineages
might have arisen during the Lower Carboniferous.
The palynofossils normally included under the
Suprasubturma Pseudosaccititriletes Richardson 1965
seem to be the ancestral stock for the monosaccate
pollen. Such a complex of diverse suite of trilete
cavate miospores of this group, such as
Auroraspora, Grandispora, Endosporites, etc. in
Lower Carboniferous (Visean) of the Bonaparte Gulf
Basin, north·western Australia, has been recorded by
Playford and Satterthwait (1988).

The progymnosperms are a group of vascular
plants intermediate in morphology and age between
Early Devonian pteridophytes and seed plants of Late
Devonian and later ages (Stein & Beck, 1987). The
prominent nature of the tetrad mark in these basic
lineages up to the level of Asselian-Sakmarian is a
continuation of prepollen character of
pteridosperms (in broad sense including
Glossopteridales) and Cordaitales. It is interesting to
note that the trilete mark in the same group of
pollen becomes almost vestigial in the younger
strata.

Potontetsporltes-lineage

Taking this lineage as a trunk of the morpho
stratigraphie tree in the form of a stratogram at

Biohorizon-II, the maximum character states of this
stock are shared by three forms (Figures 8-11; Text
figure 1). The possible branching of Potonieisporites
tree has occurred with in the time span of Late
Asselian to Early Sakmarian and its flourishing
period lasted only up to the end of Lower Permian
Barakar Formation.

The palynomorphs normally included under the
Suprasubturma Pseudosaccititriletes Richardson 1965
seem to be the ancestral stock for radiosymmetric
building plan of Parasaccites, Plicatipollenites and
Virkkipollenites trees; the Potonieisporites lineage is
a branched-off line from the original plexus (Figures
1, 2).

Pltcattpollenttes-lineage

By way of determining the assembly of
comparable character states, two forms
(Rugasaccites and Rimospora) appear to have close
relationship with the Plicatipollenites trunk.
Although Rugasaccites is a closely related branch
with the main lineage, it shows one primitive
character state of rugate exine sculpture which is a
retrogressive step in the course of evolution.
Rimospora, on the other hand, is a step ahead in
having derived character states of bilateral symmetry
and incipient grooving on the body surface. This
corroborates with the stratigraphically younger
appearance of this form (Figures 12-14; Text-figure
1).

The branching of the Plicatipollenites tree has
taken place during the Late Asselian to Early
Sakmarian period and lasted up to the early Late
Artinskian; however, the elements of Plicatipollenites
continued impressively up to the top of Lower
Permian Barakar Formation, thereafter it dwindled
and disappeared at P/Tr boundary.

Vtrldltpollenttes-lineage

With Virkkipollenites as out-group morphos, this
lineage seems to have branched off into affiliated
comparable forms with derived character states. The
deviations in characters took place later in the
sequence. The important shoots of relationship are
connected with the forms haVing striations (Figures
15-17). The futuristic organization of enveloping
saccus also seems to be linked with the main trunk
of the tree. These events have taken place at
transition phase encompassing Late Artinskian to the
earliest Kungurian time (Figures 18, 19).

The next event, supposed to be allied with this
tree, had occurred at the latest Permian (Biohorizon
VII) where newer characters of body and saccus have
come into being, although the basic organization
remained the same. A 'singular form
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(Playjordiaspora) with zona-like thin reticulate
saccus, a trilete mark and the coverage of saccus on
body could be remotely connected with the main
tree, as some characters had ancestral affinity in this
taxon. Parsimonically, the Virkkipollenites-lineage
seems to be the best suited stock of relationship for
Playjordiaspora. The organizations which sprouted
from this lineage at P/Tr boundary transition
continued up to Upper Triassic (Figures 18-20; Text
figure 1).

Parasaccttes-lineage

The tree of Parasaccites affinity attains a
maximum diversification of new morphographies
among all groups of monosaccates. The para
condition of saccus attachment remaining a principal
character state, eight new forms have branched-off
from this lineage, most of which appear in Early
Sakmarian (Biohorizon-III). This tree flourishes with
its branches up to the end of Artinskian where four
of the unique lines disappeared; the other continued
up to the close of Early Permian. The only trend
which persisted into Late Permian is that of the
monosa,coid bisaccate configuration-a derived
character state (Figures 21·29; Text-figure 1). The
Parasaccites tree is the most dominating factor in
the Lower Permian Sequence; it loses its grip by the
end of Lower Permian Barakar Formation, although
stray branches struggle to continue up to P/Tr
boundary.

Crescentlpollenites-lineage

The above described four trees, comprising
monosaccate organization stand apart from the two
trees of the disaccate pollen. The first occurrence of
striate-disaccate, with lunar folds at the sacci roots
on distal face of the body, at Biohorizon-II, heralds
an event of great significance of a distinctive
morphology.

At Early Sakmarian Biohorizon-lII, most of the
relation-branching in this lineage had sprouted.
Subsequently, this complex ramifies to give rise to
some more evolutionary lines up to Biohorizon-IV.
In totality, the striate complex predominates the
scenario from Early Kungurian to P/Tr boundary.
The major thrust of Crescentipollenites tree gets
denuded by Scyathian (Tiwari & Singh, 1986) yet few
straddlers continue till Liassic (Koshal, 1975)-see
Figures 39-41 and Text-figure 1.

Pityosporltes-lineage

The term "Pityosporites" used here has no
conservative taxonomic connotation in the present
context; it represents a stock of simple disaccate

pollen architecture without stflatlons. The genus
Vestigisporites, also recorded from the lowermost
Talchir is considered to be the branched-off lineage
from the Pityosporites main tree at an older level.
The suspected vestigial scar i~ the Pityosporites
recorded from Anderson Formation (Balme, 1960;
pI. 5, fig. 35) supports this contention. The FAD of
this morphos predates the occurrence of
monosaccate stocks. Analysis of the data reveals that
there seems to be a convergent point of relationship
between simple disaccate and the monosaccate
organizations in the Lower Carboniferous, as shown
in Text-figure 3.

The tree with "Pityosporites" -type of
organization in a broader aspect of construction and
in course of time has given rise to a line of
relationship at Biohorizon-I (late Early Asselian)
into a pollen with monolete slit on the proXimal face
of the body. As stated earlier, the "Pityosporites"
form of Carboniferous (Figure 42), in all probability,
possesses a vestigial linear thinning, which could be
an outgroup character of ancestral state in this
lineage.

The alterations in sacci shape towards
haploxylon and indistinct nexinal differentiation
define a group (Faunipollenites, Scheuringipolle
nites) at the base of Crucisaccites Interbiohorizon
Zone, which had maximum characters sharing with
the main trunk (Figure 43; Text-figure 1). The origin
of taeniae is an event of great morpho-stratigraphic
'significance. By assembly of character states, the
taeniate pollen have a close relationship bondage
with the nonstriate-disaccate tree. Such forms make
their appearance at Late Artinskian-Early Kungurian.
The further manifestation of these derived characters
had taken place at the close of Permian where
multiple taeniate forms are recorded for the first
time (Figures 57-61).

The clefted and columellate character states
(Injernopollenites, Staurosaccites) which are much
advanced with relation to the taeniate pollen of this
tree, appear at late Early Carnian. Cladistically,
however, these forms share maximum character
relationship with bitaeniate pollen (Figures 62, 63;
Text-figure 1).

The main trunk of the simple disaccate morphos
is further related with a prime group of similar forms
with, of course, variable individualistic features,
which appeared at the Permian-Triassic transition
zone. This complex persisted during the whole sRan
of Triassic. The other allied forms which joined
these branching pattern at the late Early Carnian
acquired some of the advance character states in
their morphography (e.g. reduction of size and
transitional columellate structure in sacci.
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During Jurassic and ilHO the Lower Cretaceous,
only a few of the nonstriate-disaccate morphos
mainly diploxylonoid, continued to occur. At Callo
Oxfordian time plane, a triwinged organization with
a shift of sacci roots on distal side from the equator
and a recurrence of ancestral character states
(sculptured body) emerges (Figures 64, 67, 68). In
view of common trend in character states, these
younger triwinged morphos had a relationship with
Podocatpeaepollenites type of forms (Figure 66) of
Carnian age (Kumaran & Maheshwari, 1980; pI. 9,
fig. 13).

From a glance at the "Pityosporites' lineage it
becomes evident that except for taeniate branching
no new morphographies had appeared up to the
latest Permian. The tree of striate-disaccate complex
flourished during Permian while the nonstriate
disaccate lineage offsets it in prominence at the P/Tr
datum and continued till close of the Gondwana.

DISCUSSION

Primaeval outgroups

The oldest six morphographic stocks of saccate
pollen in the Gondwana Sequence of India, when
cladistically extrapolated for their lineages, anchor
their primaeval outgroup in the Carboniferous of
Australia (Text-figures 1, 3). But evidences and
opinions differ regarding the dating of various
palynological zones in the Upper Carboniferous of
Australia (Balme, 1964; Kemp et al., 1977; Playford,
1985; Gilby & Foster, 1988; Foster & Waterhouse,
1988; Cooper, 1991).

The Lower Carboniferous assemblage from Po
Formation of Tethys Himalaya (Khanna & Tiwari,
1983) does not contain any saccate pollen so also
the Visean assemblage of Australia. The Grandispora
maculosa Zone (Kemp et al., 1977) of Late Visean to
earliest Namurian age (brachiopod control) contains
exclUSively Early Carboniferous palynotaxa
(Grandispora, Auroraspora, Anabaculites yberti,
Raistrickia, Hymenozonotriletes). No such
palynoflora is on record from the Indian Peninsula.
In the subsequent younger zone, i.e., Spelaeosporites
(Anabaculites) yberti Zone (Early Namurian),
additionally nonstriate-disaccate pollen make their
humble appearance. However, Foster and Water
house (1988) recorded striate pollen as well, and if
this be accepted, the absence of striate-disaccate in
Stage 1 of Australia still remains intriguing because
Stage 1 is younger to the S. yberti Zone. The
arguments putforth by Foster and Waterhouse (1988,
p. 143) that Stage 1 is probably a facies controlled
palynoflora and hence the striate-disaccates are

absent; this needs further verification because
similar situation has been recorded in
Potonieisporites Interbiohorizon proposed here.

The Stage 1 Assemblage has more akinness with
the Early Asselian Talchir pa'lynoflora
(Potonieisporites Interbiohorizon) rather than with
the Early Namurian S. yberti assemblage. Yet the
pattern of diversity of forms in Stage 1 suggests that
the monosaccates might have their ancestry in Late
Visean/Early Namurian time-transition. ObViously,
Stage 1 has a greater bond of age relationship with
Early Permian rather than the Carboniferous. In view
of this Permian affinity of Stage 1, it is indicated that
in Australia the succession between uppermost
Namurian to Asselian could be incomplete.

Biostratigraphy and cladistics

The record of sedimentary deposition is, no
doubt, incomplete and recognised or inferred
hiatuses exist at several levels in the Gondwana
Sequence. In order to minimize the blurring effect of
discontinuity of strata on the changes that had
occurred in pollen morphography, the gross
organizations and basic exine characters (morphos)
have been taken as units for alliance determination.
The major innovations and appearance of newly
derived character states tagged with stratigraphie
sequence have revealed eleven definite datum
lines-termed as Biohorizons. These levels, in terms
of saccate pollen morphography, represent
important events. At places these morpho
evolutionary biohorizons precede the
lithostratigraphic boundaries as if they foreshadow
the incoming change in the whole set-up (e.g.
Karharbari/Barakar, Raniganj/Panchet boundaries).
Ten Interbiohorizon Zones delimited on the basis of
eleven Biohorizons record the floral changes in the
Gondwana Sequence. These zones and the
biohorizons are important reference units for
correlation. The FADs, lADs and diversification of
characteristically identifiable morpho-evolutionary
groups in saccate pollen are implicitly reliable
parameters of precision in correlation and age
connotation.

The Viability of the proposed zonations and
biohorizons in stratigraphy is reinforced by cladistic
analysis. The character polarity is based on primitive
(ancestral) and advanced (derived) states in each
pair. These terms are relative expressions and could
have a stratigraphic bias. Nontheless, stratigraphy has
been taken to be a dependable guide in deciding the
character states because the richness of sequential
palynological data available for Gondwana of India
has lessened the pit-falls of stratigraphically biased
polarity.
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In terms of polarity of a character state, the
present observations have revealed that distinct
prOXimal germinal aperture (trilete, monolete) and
lack of distal sexinal thinning (sulcus) are the
ancestral character states. This fact is collated with
the older stratigraphic occurrence of these features
in comparison to the vestigial mark and thinning of
distal sexine in younger sequences, which are
derived characters. At Biohorizons I, II and III, the
forms Plicatipollenites, Potonieisporites, Parasaccites
and Sahnites possess prominent proximal aperture
with well-defined labra and vertex, suggesting their
functional nature for germination. This character
transforms into a vestigial imprint in the subsequent
biohorizons. Similar is the behaviour of the distal
saccus-free-area in these pollen; it is a structured
sexinal layer in the older sequences. In younger
horizons it ultimately becomes unstructured.

The distinct germinal mark and clearly
structured distal sexine of the body are the
prepollen characters (Mapes & Rothwell, 1984; Kerp
et al., 1990). As other Late Palaeozoic con ifers
produced prepollen (Clement-Westerhof, 1984), it is
probable that most of the early saccate pollen with a
prominent proximal aperture, were prepollen as
well as zoidogamous rather than siphonogamous.

Innovation, evolution and extinction

The massive glaciation of early Lower Permian,
the time of Talchir sedimentary deposits, had its
histOry in the Carboniferous glaciation of Australia.
The Wide-spread ice sheets generated intensive
cooling and left little open space for the growth of
vegetation during Lower Talchir. In this climatic set·
up the five types of stOck organizations in saccate
pollen were found, which vouch for reduced
diversity in the organizational architecture at
Biohorizon-I.

The lower part of Talchir experienced a
sustained period of refrigeration resulting into
extremely stressing condition. This invoked the
force of evolution to generate enormous newer
morphographies in younger horizons by the level of
Biohorizon- III (Text-figure 5). Although the glaciers
had yet not completely retreated, as recorded in
]ayanti and West Bokaro coalfields, they had melted
away to a greater extent to leave wider habitat areas
for plants. It provided a platform for radiation in
morphography and inflation in species output at the
close of T:tlchir, at Biohorizon- III. It was a great
event in the evolution of morphography of pollen,
which is collated with Early Sakmarian (Text-figures
4; 5). The climate continued to ameliorate in the
subsequent time, and the morpho-lineages
flourished. There is an evidence of cooling down of

the climate at the proxImIty of Biohorizon-IV
(Bharadwaj, 1975; Mitra, 1988). There is no evidence
of mass extinction at second cooling phase of Upper
Karharbari but definitely some bizarre organizations
(Rugasaccites, Rimospora, Stellapollenites,
Gondwanopollis, Crucisaccites) met their extinction.
Thus it may be termed as a regional extinction, as
defined by Donovon (1988), in terms of episodic
and fast termination of few morphos in a broad area.

This event is again followed by incoming of new
organisations (Barakarites, Densipollenites,
Lueckisporites, Distriatites) which proVide evidences
for one more step in the course of evolution; the
Biohorizon-VI again experienced a regional
termination of long standing lineages
(Potonieisporites, Caheniasaccites, Parastriopolle-
nites and Divarisaccus). .

The cool-lOVing morphos of older sequence are
either terminated or their overall impact is highly
attenuated, and this event is connected with a
change in climate which was warmer and drier
during the Kulti Formation (Text-figure 6). The
seasonality in climate is apparent in the latter
because striate disaccates immensely diverSify.

In the Upper Permian, from the Lower Permian
Upper Permian boundary till the end Permian, the
process of evolution has been slow as no new
organizations have come into being. The statis
nature of evolutionary changes during this vast
period is reflected in the monotony of assemblages
in the coalseams of Barakar and Raniganj formations.

Two important phenomena were observed
during the Upper Permian-one, protracted and
gradual extinction of straddling monosaccates and
two-increase in the numeroSity of striate disaccate
pollen. The influence of warm and increaSingly
humid climate during most of the Upper Permian is
thus reflected in the morpho-evolutionary trends of
saccate pollen.

The end Permian Biohorizon-VII marks the
innovation of new characters (Text-figures 4, 7),
which continued into the Triassic; this event is
followed by a line of episodic, fast extinction of
numerous morpho-lineages (Biohorizon·VIII) so
.that most of the major trees terminated and only few
new offshoots captured the scenario in younger
horizon, till Biohorizon-IX. The PITr boundary lies
between the closely placed Biohorizon-VII and VIII
(Klausipollenites Interbiohorizon·Zone). The
turnover of forms is very high at thiS level as
depicted in spread diagram (Text-figure 7). But the
end Permian mass extinction, the greatest crisis to

effect the marine biota for which several causes have
been discussed (Maxwell, 1989), is not reflected in
the patterns of saccate pollen occurrence. The
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eXlensive regression of Lale Permian sea mUSl have
caused lhe grealer cOOlinentality which induced
drier climale lhan the Permian resulling into lhe
high lurnover of plant species.

ReceOlly Slanley (1984, 1988) has emphalically
suggesled lhal lhe frigid condilion of poles resulling
into lhe cooling of cOntinenlal margins muSl have
spread lhe cool lemperalUres from high lalitudes
lOwards lhe equalOr in Upper Permian. Such a
silualion could have lriggered a high degree of
eXlinClion of forms in lhe end of Permian.
Palynologically lhere are indicative evidences of
cooling of climale in lhe Upper Permian, more so in
Godavari Graben (Srivaslava & jha, 1988). This is
concluded on lhe basis of increased frequency of
Parasaccites, a cool-loving taxon primarily
associaled with glacigene sediments of Early
Permian Talchir Formalion. The cOOlinuance of lhis
cooling effecl is indicated across Permo/Triassic
transilion as reflecled by lhe fair occurrence of
Callumispora (Bharadwaj, 1975; Bharadwaj & Tiwari,
1977). The subsequeOl lime in Upper Panchel
(Biohorizon-VIII onwards) has again experienced
warmer and drier c!imalic condilion which is
reflecled in red bed formalions. The proposilion of
Slanley (1988), in general, suppons lhe pauern of
spore-pollen extinclions due £0 cooling al P/Tr
boundary and lhereafter by an immense warming.

Al Biohorizon-IX again lhe POSl P/Tr lineages
modified £0 give rise £0 several new morphos (Text
figure 1) wilh tOlally novel characlers which reflecl a
relalionship lO lhe angiospermoid characters in
sexine slructure (incipieOl columellae). These
Carnian-Norian off-shoots remained on scene for a
shon lime and were out al the end of Norian. This
could be correlated wilh Triassic-jurassic boundary
(Norian eveOl, Onh, 1989, p. 61). Wilh regard to
various saccate poHen, lhe end Norian event is a
high extinclion level in which all lhe nonstriale
disaccates, taeniales and monosaccales of P/Tr
origin and lhe weakened branches of slriale
disaccale of the Permian affinity die out. Allhough
the e1efled and columellate forms of lhe Carnian also
vanish from the scenario but lhey seem to have
given rise to newer branches of columellate
morphos.

At Lower jurassic Biohorizon-X lhe amazing Slan
of Callialasporites group is notewonhy because lhe
recurrence of several anceslral character stales
(lrilele mark, saccus covering on body, zona-like
flauened saccus) are idenlified. Similarly al the
Podosporites-Dacrycarpites phase, Biohorizon XI,
the primitive character Slale of sculplUred body
exine reappears, which is a reversal of features in
slratigraphically younger morphos.

The summary diagram of innovation and
extinctions (Text-figure 4) reveals lhal lhere have
been lhree peaks of maximum incoming of new
morphos and lWO of extinclions. The Early
Sakmarian sprouting is the mOsl promin60l maximal
in lhe whole of Gondwana Sequence. The end
Permian and Early Carnian sprouling maxi rna Is are
immediately followed by extinctions, thus raising
lhe turnover values of mophos al these two levels.

Biohorizons-the tie-points of stratigraphy

The morphographic organizalions in pollen
lagged with singular characlers, i.e., morphos, are as
good indicalOrs of dalUms in lerrestrial sequence as
lhe faunal remains are in lhe marine strala. The
pollen have additional credeOlials of numerosity,
wider distribulion leading to facies-independence
and miracle malerial sporopollenin which make
them "omnipresent?' and suitable for preservalion of
finer characters. In effect, spore-pollen make a more
practical and authentic tOol than the other types of
fossils. Generally, lhe long range of occurrences are
taken as negelive point for dating reliability of
pollen as compared to very shon range in majority of
animal fossils. This may be lrue for certain groups of
palynofossils but, as is clear from the preseOl sludy,
lhere are several forms which have relatively shon
stretch of incidences, viz., Stellapollenites,
Cru c i·sac cites, Rim osp ora, Ruga sacc i tes,
Tuberisaccites, Kamthisaccites, Brachysaccus,
Staurosaccites, ele.

When precisely ideOlified and objeclively
delermined the shon-ranging taxa could be of greal
value. Above all, lhe FAD for morpho-organizalion
groups in pollen are most effective parameters in
straligraphy, so also lhe mass extinclion plane and
high lurnover datum can be easily demarcated Wilh
lhe help of lhe morphos. The major episodes in lhe
evolutionary sequence of saccale pollen are
discussed for lheir synchroneily wilh
biochronological and Iilhoslraligraphic datums.

The Biohorizon-II is a reliable dalum as il is
tagged with the Manendragarh palynoassemblage.
Manendragarh marine fauna consiSlS of well-studied
bryozoa, brachiopods, lamellibranchs and
gaslropods. It is dominated by Eurydesma and its
age is suggested £0 be lale Early Asselian (Shah &
Ghosh, 1977; Shah & Sastry, 1975). Recent slUdies of
a rich fauna from Calytrix, in marine glaciogene
sequence of Gram Formation, Australia (Foster &
Walerhouse, 1988) have broughl out a Mid lO Lale
Asselian age for the strata, but the palynoassemblage
of the same is highly diversified and it compares
closely with the Biohorizon-III level identified here
and dated as Early Sakmarian. However, in the
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Calytrix palynoflora the lowermost sample 054 m)
which is 50 m above the basal line of Grant
Formation, yielded a least diversified assemblage
mainly having apiculate trilete and monosaccates
with Protohaploxypinus spp.; this level could be
equated with Biohorizon-II of the present study.

The second important datum is Umaria Marine
bed which is dated as Late Sakmarian (Sastry et al.,
1977) on the basis of productids dominance.
However, no new morphos in saccate pollen have
appeared at this level, hence no line of biohorizon
could be identified. But in the sequence of Jayanti
and West Bokaro coalfields, the Biohorizon-III has
been demarcated. By comparison of totality in
pollen-spore assemblages and on stratigraphic
grounds (Chandra & Lele, 1980) the Umaria beds are
taken to be younger to the Jayanti beds; hence
Biohorizon-III represents a definite Early Sakmarian
level.

The palynoflora I assemblages recorded from the
Intertrappean beds of Abor Volcanics from variOUS
localities in Arunachal Pradesh (Prasad et al., 1989)
are comparable £0 that of Upper Talchir, resembling
£0 Biohorizon-III. The first volcanic flow in the
Agglomerate Slate sequence in Kashmir also
represents Sakmarian level (Kapoor & Shah, 1979)
which is followed by an Artinskian flow below the
Nishatbagh beds. These episodes of north-west and
north-east India have apparently no deteriorating
effect on the flora of the peninsula, because no mass
extinction, as could be expected, has been recorded
in the morpho-evolutionary sequence presented
here (TeXl-figure 4).

The Permo-Triassic event is very well
documented between Biohorizon-VII and VIII. The
changing pauern of the sequence records innovation
of forms at the end Permian level, eXlinction of older
lineages at pITr boundary (TeXl-figure 7) and
radiation of newer forms at Early Scythian level.
There has been a high degree of eXlinction but
newer forms have also come into being. The
palaeontological datums (palynofossils, plant
megafossils, estheriids) almost conicide with the
Raniganj-Panchet interformational boundary (Tiwari
& Vijaya, 1992). Thus with higher degree of
confidence, the entrance of Goubinispora,
Playjordiaspora, Klaustpollenites, Lunatisporites and
exit of Densipollenites, Corisaccites, Distriatites and
Verticipollenites can be taken as biochronologic
datum for I?/Tr boundary.

The Biohorizon-IX stands for the well-dated
Carnian. The assemblage from Tiki Formation is
linked with the fauna consisting of Unio, Tihkia and
reptilian remains like Hyperodapedon, Parasuchus,
etc. In the present study well delineated Biohorizon-

IX is characterised by the pollen having columellate
exine structure and c1efted body. The appearance of
these morphos makes an event of evolution in itself.

The FADs of Callialasporites and Podosporites
complex are linked with the Lower and Middle
Jurassic sequence. The tie-point for these data is
linked with the well known fauna of Lathi and
Jaisalmer formations. Although the former is poor in
vertebrates, the laner formation has rich and diverse
bivalves, ammonoids, etc. (Krishna, 1987).

CONCLUSIONS

1. The events in evolutionary sequence of
morphographies of saccate pollen found in the
Gondwana formations are definite indicators of
biochronological datums.

2. The FADs of new organizations, or LADs of
older lineages, have led £0 identify eleven
Biohorizons and consequently ten Interval
Zones through the wide span of Gondwana
Sequence.

3. The cladistic analysis, based on ancestral and
derived character states, has carved out the
relationship clusters of morphos and the
stra£Ogram panerns which have emerged into a
mosaic of morpho-organizational trees with
their panerns of sprouting as well as off-sets
through time.

4. The saccate pollen groups are more reliable for
time plane identity than the nonsaccate spore
pollen because of their wider dispersal
capabilities, and the stratigraphically linked
character polarity is highly authentic since the
Gondwana flora is intensively studied from
oriented profiles representing wide geographic
areas.

5. The Upper Talchir Formation experienced the
peak activity of radiation in morphos because
the intensive climatic stresses invoked the
forces of evolution.

6. The PITr boundary zone was the biggest
episode in terms of turnover of forms during
the whole Gondwana Sequence.

7. The rate of evolution during Upper Permian
was slow and so also in the post PITr boundary
phase of the Triassic.

8. The congruence of character states and
sequence of stratigraphiC occurrences suggest
that the glossopterid palynoassemblages of
Early Permian in India had their roots in the
Lower Carboniferous of Australia. The least
diversified palyno-morphographies of earliest
available strata of India had only six stocks
which branched-off and sprouted into the
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plexus of organizations in the subsequent
Permian Period.

9. The Upper Carboniferous-Lower Permian gap
in stratigraphy is indicated by the comparative
assessment of palynodata and their outgroup
relationship.

10. Morphographically, the prominence of well
organized trilete and monolete mark, and that
of a non-sulcoid distal saccus-free area on body
in the monosaccate pollen of Talchir Formation
make them probable candidate for prepollen
representative, even at the Lower Permian
level. The monosaccates could have had their
main root of origin in the progymnospermo
psida-mainly with a trilete mark and flabby
flange characters which appeared during the
Upper Devonian·Lower Carboniferous time.
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THE study of spores and pollen, dispersed in the
Gondwana Sequence of India, dates back to
nineteen-thirties (Virkki, 1937). During the last five
decades enormous data has been generated on
morphotaxonomy and palynostratigraphy
(Venkatachala & Kar, 1970; Venkatachala et al., 1972;
Venkatachala, 1974; Lele, 1974; Tiwari, 1974a, b;
Maheshwari et al., 1978; Maheshwari & lana, 1988;
Tiwari & Tripathi, 1988). Identification of distinctive
organizations and exine characters in spores and
pollen has established the identity of Gondwana
palynoflora (Tiwari & Vijaya, 1988). However, it is
evident that the spliner syndrome in morphological
delineation of species has resulted in the unWieldy
growth of morphotypical population. Statistically
based taxa could check this explosion. The former

approach, to some extent, has added subjectivity to
the application of palyno-species in stratigraphy.

For Indian Gondwana Sequence, the collage of
distribution patterns of palynotaxa in temporal
dimension had been proposed from time to time
(Bharadwaj, 1970; Venkatachala, 1972, 1974;
Chandra & Lele, 1980; Tiwari & Tripathi, 1988), but
most of these zonation schemes are genUS-based.
These proposals had their importance in
deciphering the increasing diversity and totality of
vegetational changes through time. The epiboles of
supra-specific taxa and the assembly of total
constituents in palynoflora are bimodal expressions,
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the former representing an acme-zone and the latter
an assemblage· zone. Such syntheses had their
utmost value in depicting the changing
palynological compositions through time and
implicitly in stratigraphy. Nevertheless, the existing
schemes in India have their limitations because the
importance of percentage frequency of supra
specific taxa has been over·emphasized as a
stratigraphic ~arameter. Such numerical abundance
could have an ecological bias. So also, the generic
assemblage·zones generally formulated for Indian
stratigraphy could be useful as an environmental
indicators but their value for inter-basinal
correlations is limited. So far no effective analysis of
spatial behaviour of these taxa has been attempted.
Therefore application of generic epiboles as well as
generic assemblages in stratigraphy needs a
concerted effort for refinement.

The present attempt is a synthesis designed
tOwards achieving species-based stratigraphy of the
Indian Gondwana. This palynological model deals
with the well-studied profiles of the Permian and
Lower Triassic sequences of Damodar Graben for
plotting the species occurrences, and the Upper
Gondwana data from the adjacent Rajmahal Basin
has been added to complete the span of time up to
Lower Cretaceous. For comparative assessment of
palynozones, the Mesozoic data from marine-tagged
sequences of Kachchh, Rajasthan and Cauvery Basin
have also been taken into account. The materials
taken for the synthesis are listed in Table 1.

DATABASE

The basal datum for Gondwana Sequence is the
classical Talchir Formation with maril)e fauna
comprising eurydesma-productus-connularia groups.
These glacial and fluvio-glacial deposits are dated as
Early Permian (Asselian; Sastry et at., 1977). The
megaplant assemblage and the palynoflora support a
Permian affinity rather than the Carbo-Permian
aspect for the Talchir Formation (Venkatachala &
Tiwari, 1988).

The history of the subsequent sequence is well
documented in the thick series of terrestrial,
fluviatile and lacustrine sediments (about 7 km in
thickness) which span from Early Permian to the end
of Early Cretaceous. The Glossopteris flora
dominates the scene during the Permian Period. It
declines considerably at the Permo-Triassic
boundary wherein a new flora, viz., the Dic:rc5idium
flora, makes its appearance. The latter datum has
been identified at the Raniganj-Panchet
interformational boundary. This conclusion is
supported by estheriids and palyno·stratigraphic
studies (Ghosh et at., 1988; Tiwari & Vijaya, 1992).
The flora, fauna and lithology have been the major
parameters for defining the stratigraphic units of the
Mesozoic. Recent K-Ar dates (105 ± 5 Ma) for the
Rajmahal traps have provided an anchor line of
Aptian·Albian age (McDougall & McElhinny, 1970;
Agrawal & Rama, 1976; Baksi et at., 1987). This
necessitated a revision of the earlier views. The

Table I-The details of profiles/outcrops considered as database for the present study (aiso see Map 1)

HORIZON

Talchir

Talchir

Talchir
Talchir
Talchir
Talchir

Karharbari
Karharbari
Barakar
Karharbari
Barakar
Kulti
Raniganj
Kar-harbari
Barakar
Barakar

Barakar

Barakar

COALFI ELD/AREA

West Bokaro
Coalfield, Bihar
Hutar Coalfield, Bihar

]ayanti Coalfield, Bihar
]ayanti Coalfield, Bihar
Giridih Coalfield, Bihar
]ayanti Coalfield, Bihar

W. Raniganj Coalfield, Bihar

Auranga Coalfield, Bihar

Giridih Coalfield, Bihar
West Bokaro Coalfield, Bihar
North Karanpura Coalfield,
Bihar

South Karanpura Coalfield,
Bihar

SECTION/BORE HOLE

Dudhi River Section

Section in Deori Nala, Koel River,
Behra Nala, Saphi Nala, ]hapidhora Nala
Section in Patharjore Nala
Patharjore Nala section, Barisari Village
Suknid River, Karharbari Village
Section in tributary of
Patharjore Nala, Misra Village
Banskupi Colliery samples
Sections along Sonbad Nata, Pusai Nala and
Khudia Nala, Pusai Shampur area
Section in Gowa Nala, Gowa Village
Sukri River Section, near Gurtur Village
Sukri River Section, near Rajbar Village
Sukri River Section, near Tubed Village
Colliery samples and stream cuttings
Colliery samples
Section in rivulet, at Badam Village

Section in rivulet, near Pukra-Buruadeeh
Colliery, Lungatoo
Colliery samples

REFERENCES

Lele, 1975

Lele & Shukla, 1980

Lele & Karim, 1971
Lele & Makada, 1972
Lele, 1966
Lele & Makada, 1974

Tiwari, 1973b

Lele & Srivastava, 1980

Maithy, 1965
Tiwari, 1965
Venkatachala & Kar, 1968a

Venkatachala & Kar, 1968c

Bharadwaj & Dwivedi, 1981
Contd.
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Table I-Cootd.

HORIZON COALFIELD/AREA SECTION/BORE HOLE REFERENCES

Barakar

Kulti Raniganj
Panchet
Kulti Raniganj

Panchel

Kulti

Kulti

Raniganj

Pachwara Coalfield, Bihar

E. Raniganj Coalfield,
West Bengal
E. Raniganj Coalfield,
Wesl Bengal

Mahadeva

Jharia Coalfield, Bihar

North Karanpura Coalfield,
Bihar
W. Raniganj Coalfield,
Bihar

Exposures along Bansloi River, near Bargo
and AJubera, BansoJi Valley
B.H. RNM3 (23'35'45" : 87'13'55"),
up to 930.00 m, Burdwan District
B.H.RNM2 (23'35'30" : 87'12'30"),
up to 657.00 m, Burdwan District
B.N.RNM4 (23'34'30" : 87'13'03"),
up to 107·135 m depth, Burdwan District
B.H.]K5 (23'44'86"; 29'28"), 3,926 ft.
deep, Dhanbad
B.H.K5, 337.30 m deep, BaraJ-Raniganj
Kevendai area, Hazaribagh Districl
Colliery samples

Maheshwari, 1967

Rana & Tiwari, 1980

Tiwari & Rana, 1984

Kar, 1968a

Kar, 1969a

Bharadwaj, 1962

Raniganj Panchel E. Raniganj Coalfield,
WeSl Bengal

Raniganj Panchel E. Raniganj Coalfield,
WeSl Bengal

Panchet Mahadeva

Lukose, 1972

Koshal, 1975

Banerji & Maheshwari, 1975

Kar, 1968b

Bharadwaj & Salujha, 1964, 1965
Kar, 1969b

Bharadwaj & Tiwari, 1977

Venkatachala, 1969

Venkatachala, Kar & Raza, 1969

Maheshwari & Banerji, 1975

Venkatachala & Kar, 1972

Banerji & Maheshwari, 1977

Tiwari & Rana, 1981

Tiwari & Tripathi, 1984
MandaI & Mailhy, 1981
Kar, 1970

Tripathi, Tiwari & Kumar, 1990

Ghat and Basko Sah & Jain, 1965
Maheshwari & Jana, 1983
Srivastava, 1966

B.H.K2,352.57 m deep,
Raniganj-Kavendai area, Hazaribagh District
Section in river running across
Lungatoo, Bukragaon Village
B.H_ NCRD 660.00-352.40 m depth in
Disergarh, Asansol Region
Section in a tributary of Damodar River,
near Saturbandh Village
B_H.RDl, 532.48-600.58 m depth,
near Durgapur, Burdwan Dislrict
Dhardharia Nala Section, West of Jurwa Village

Road seclion, Chaipani Village
Bansloi River seclion, near Tattitola Village
B.H.RE9 (23'40' : 87'20')
31.00-84.05 m deep, in Laudoha area
Section along north western branch of
Nonia Nala, Burdwan District
Section al Junction of Junal and
Damodar River
Sukri River Section, 0.8 km from Kaima
and 1.6 km South-west of Tubed
B.H.R]R2, 884.25 m deep,
near Kazigaon
Section exposed at SakrigaJi
Well Section near Mandro
Well near Jaisalmer (26'54'30";
70'57'00"), 1,257 ft deep
Well near Barragoan (26'51'30" :
70' 11 '00"), 965 ft deep
Well at Chhor Village (11 '9'9" : 27'45'49"),
Jaisalmer District
B.H_ in Banni South of Paccham Island,
618.00-1,760 mm depth
Pur River and Khari River Seclion,
near Bhuj
Pur River Section, near Trambau;
Pat SeClion, near Bhuj
Section exposed in a pond, near
Dayapar Village

Rajasthan

Rajmahal Basin, Bihar

Kachchh

Kachchh

Rajasthan

Kachchh

Kachchh

North Karanpura Coalfield,
Bihar

Auranga Coalfield, Bihar

East Bokaro Coalfield,
Bihar
Brahmani Coalfield, Bihar
Pachwara Coalfield, Bihar
Raniganj Coalfield,
WeSl Bengal
Raniganj Coalfield, West
Bengal

Panchet

Panchet

Panchet

Panchet

Dubrajpur
Rajmahal
Rajmahal
Rajmahal
Lalhi

Raniganj
Raniganj
Panchel

Raniganj

Raniganj
Raniganj

Bhuj

Jaisalmer

Lathi
Jaisalmer
Jhurio Jhamara
Jhuran Bhuj
Jhuran

absence of Jurassic sediments from most of the
terrestrial Gondwana has been advocated (Datta,
Mitra & Bandyopadhaya, 1983).

The basic units of stratigraphy in the Indian
Gondwana were initially identified on the basis of
distinctive lithology, rich floras and sporadic faunas

(Sastry et aI., 1977). In due course of time the
biostratigraphic zones were identified and consis
tent efforts were made to tag them with
lithostratigraphic units, particularly in the Lower
Permian. However, in the younger sequence, the
megafloral assemblages exercised main control for
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Map I-Map of India showing various basins from where data has been incorporated for the present study. 1, Damodar; 2, Koel; 3,
Deogarh; 4, Rajmahal; 5, jaisalmer; 6, Kachchh; 7, Cauvery.

stratigraphy till the sixth decade of the present
century. Thereafter, palynology was employed as an
effective parameter for refining biostratigraphy.

In view of the differential histOry of depOSition
for each graben, and because of the lack of marine
controls, chronostratigraphy on a precise
international scale could not be established with a
high degree of confidence. Nevertheless, the
biostratigraphic zones have been fairly well-defined,
some of which are regionally persistent and have
broader time connotation. The megafloral
biostratigraphy has limitations of preservation and
numerosity of specimens. Therefore, palynology is a
SUitable discipline which can playa significant role
in refining the biostratigraphy and in establishing a
biochronological scheme for the Indian Gondwana.

Damodar Graben

The Raniganj, )haria, Bokaro, Karanpura,
Auranga and Hutar basins of the main Damodar
Valley and Giridih and )ayanti basins of subsidiary
parallel belt proVide rich information on the
distribution of spore-pollen species. These areas
show classic development of basal glacigene Talchir
Formation and subsequent Karharbari, Barakar, Kulti
and Raniganj formations. The Karharbari Formation
grossly resembles the Barakar Formation in its
lithological attributes having substantial coal facies,
although the former contains specks of needle
shales in its sandstOne units reworked from the
underlying Talchir Formation. Floristically, the
Talchir and Karharbari formations are bracketted
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together. In the post-Talchir succession the
continuous pile of deposition having mostly coal
shale-sandstone suites, ranges up to uppermost
Permian. The intervening Kulti Formation although
contains coals, but the seams are not thick enough
for exploitation, hence earlier it was termed as
Barren measures. The beginning of Triassic Period is
marked by the deposition of the coal-less Panchet
Formation which in most areas conformably overlies
the Raniganj Formation.

The Panchet Formation is characterised by
khaki-green and red beds containing Dicroidium
flora and vertebrate fauna of Early Triassic age
(Sastry et al, 1977). The deposition of Panchet
Formation has witnessed a break in the Middle
Triassic Period, followed by Supra-Panchet
Formation of coarse conglomerate, ferruginous
sandstone and red shales, which is supposed to
extend up to Upper Triassic. After this sequence, the
deposition ceased in the Damodar graben.

Rajmahal Basin

The data for the present study has been
obtained mainly from subsurface of R3jmahal Basin
(Table 1). The Permian and Lower Triassic histOry of
Rajmahal Basin closely compares with that of the
Raniganj Basin-except for some lithological
variations and reduced thickness in the former.
Following the deposition of Barakar Formation the
litho-sequence was conventionally recognised as
Dubrajpur Formation which was interrupted by the
volcanic activity at its upper reaches. However, the
Dubrajpur Formation has been now proved to range
from Upper Permian to Lower Cretaceous (Tiwari et
ai., 1984; Sengupta, 1988; Tripathi, 1989) both by
palynological and plant fossil assemblages.

Kachchh

The Mesozoic Sequence in Kachchh is classified
as jhurio, jhumara, jhuran and Bhuj formations,
ranging in age from Middle jurassic (Bathonian) to
Early Cretaceous (Albian-'Santonian). These
formations are tagged with the marine fauna for their
age (Biswas, 1977). The palynological details which
are considered for comparison in the present study
are from various outcrop sections representing, in
part, jhuran (Katrol) and Bhuj formations.
Additionally, the data from wells in Banni and
Nirona areas proVide a complete reference
succession from Late Triassic (Rhaetic- Liassic) to
Early Cretaceous (Table 1).

Rajasthan

In Rajasthan, the Mesozoic sedimentary package
has been defined as Lathi Formation and the

overlying jaisalmer Formation to which Early to
Middle jurassic age is assigned. The Lathi sediments
are mainly arenaceous representing deltaic
environment, while ]aisalmer sequence was
deposited under marine environment (Narayanan et
ai., 1961 in Lukose, 1972). Palynological details from
two records (Srivastava, 1966; Lukose, 1972) proVide
the data-base for the Lower and Middle jurassic
which constitutes a reference succession for
comparison with the main data.

BIOSTRATIGRAPHIC UNITS AND SPORE
POLLEN SPECIES

The International Suhcommission on
Stratigraphic Classification (1971, 1972, in Hedberg,
1976) defined the zone as a commonly used term to
denote a minor stratigraphic interval in any category
of stratigraphic classification. There are many types
of zones depending on stratigraphic parameter. The
biozone is one of such zones which represents the
basic unit of biostratigraphic claSSification, it
encompasses a body of rock defined or charac
terized by its fossil contents.

The biozones, in general, include four types of
zoneS-Assemblage-Zone, Range-Zone, Acme-Zone,
and Interval-Zone (Hedberg, 1976). For achieving
high resolution in biostratigraphy these four major
zones should be used in conjunction with each
other. In other words, same strata can be handled in
terms of more than one type of biozones. It may be
more effective identification of datum if more than
one zones coincide for the same succession in their
lower and upper limits.

The present synthesis attempts to identify spore
pollen species assemblage zones (not in terms of
species range-zones) based OIl the data available
from one key region (Damodar-Rajmahal
deposi tionaI domain). Presently, the range-zones
have not been determined because of the
geographically limited scope of the area covered
under study. Also, the numerical abundance of each
species is not yet known and hence the acme-zones
of species cannot be objectively identified at the
present juncture.

The utility of any system of biozonation is
related with the number of events recognized in the
given sequence of sediments. The more such levels
are established in geographically wide area, the
higher is the stratigraphic resolution. This is all the
more important because each kind of zonation
system has some lacunae (Schoch, 1989). Keeping
this in view, the same data on species distribution in
the Permian, Triassic, jurassic and Lower Cretaceous
has been handled here in two different
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combinations to sift maximum information for
recognition of datum planes, viz., species
assemblage-zones and epibole of number of species
in individual genus. The presently proposed
assemblage zones, based on the occurrence of
spore-pollen species, have been identified after a
multi-tier sieving and reshufling of data. To start
with a thorough scanning of the published literature
from the areas under consideration was done and all
the species in each area were listed according to
their stratigraphic occurrences. After scrutiny of
synonymy and nomenclatural validity the species
were shortlisted. Those morphotypes which were
based on poorly preserved specimens or possessed
little distinctive characters were rejected. Further
sieving of the composite data was done to discard
most common and very long-ranging species and
apparent variants.

The zone-types which now emerge from the
stair-case arrangement of species against the
lithostratigraphic column, as achieved by sorting
through LOTUS package, are the Assemblage Zones.
They represent distinctive natural assemblages of
most of the principal spore-pollen species. The
practicability of the assemblage zone lies in the fact
that for any particular zone it is not essential that all
the defined elements need be present in order to
assign the strata to the assemblage zone. As
mentioned earlier in the text, an assemblage zone is
largely an indicator of environment but at the same
time it is also a general pOinter of geological age.
The species-assemblage-zone has a defined age
connotation as compared to the generic assemblage
zones because the species change faster than the
genera on the evolutionary path. As depicted in
Table 2, the name of each assemblage zone is
derived from the prominent and diagnostic
constituent species normally found in the said zone.
Although the stratotype designation is not
mandatory, it has been cited here, as far as possible,
in accordance with the recommendations of the
International Stratigraphic Guide.

From the rearrangement of the same data,
another type of zones-the acme-zones, have
emerged in which case the species are grouped
together according to their generic affiliation (Table
3). Normally the acme-zones are defined to be based
on abundance or development of certain forms.
There are two ways to define the abundance or
development, one in which the frequency of
specimens of a certain species is the highest, and the
other in which the number of species within a genus
reaches the maximum. ~ stated above, since the
percentage frequency of individual species is not
known, the maximum proliferation of species

represented by their number within a genus has
been taken as a criterion for acme-zone. It may be
mentioned that the generic acme-zone known so far
in the Gondwana Sequence are different from the
acme-zone being proposed in this paper. The former
are based on generic abundance and the. latter are
defined on epibole in the number of species of a
particular genus along the stratigraphic column. To
differentiate the twO, the names have been given in
different ways, e.g., Parasaccites Acme-Zone and
Parasaccites spp. Acme-Zone, respectively.

In Table 2, the first and the last occurrences of
species are depicted. The Last Appearance Datum
(LAD) may be distorted by reworking of taxa and
th us affect the authenticity of the ranges, particularly
when their record is not continuous in time prior to
the last appearance, and the specimens are very
scantily and inconsistently found. The First
Appearance Datum (FAD) is a very useful parameter
for stratigraphy, but has also certain limitations in
the long range spatial corr·~lation. Any given species
normally can not make its first appearance
Simultaneously at several geographically Widely
separated regions, particularly in different latitudinal
belts. This is because of time factor involved in
migr~tion from its original first appearance site.
nevertheless, the FADs are useful parameters to
demarcate a zone in a particular region. If the FA~s

and LADs are defined at the steady first appearance
and last appearance levels, respectively, these
datUMS gain considerable weightage. In the present
synthesis, a mere record of a species-one specimen
in more than four slides with large covers lips of
20 x 40 mm size, or its sporadic rarest occurrence at
any level has not been taken for FAD or LAD as
suggested by Gradstein (1983).

SPORE-POLLEN SPECIES ASSEMBLAGE-ZONES

The basic units of biostratigraphy, identified and
described below are the species Assemblage Zones
which represent lithologic strata. The spore-pollen
species contained in the strata constitute the natural
assemblage of distinctive characters.

The list of principal spore·pollen species in
each assemblage zone is depicted in the stair-case
diagram (Table 2). For the reference section,
original works are cited or described in brief,
wherever possible. The earlier proposed comparable
zones have been compared or equated with the
present zones, or if the earlier propositions are in
wide use and conventionally accepted to be
effectively useful, they have been adapted after
redefinition. The top and bottom limits of each
assemblage zone proposed here are defined by the
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first and last occurrences of some species in the
Damodar-Rajmahal depositional domain, and it is
envisaged that these limits can be identified by one
or more species cited here.

Some of the important species pertaining to
various zones are illustrated in Plates 1 to 10; for
other species citations of original authors are given
in Table 2.

I. Potontetsporttes neglectus Assemblage-Zone

This is the lowermost assemblage zone found in
the basal beds of Talchir Formation The least
diversified flora contains mainly girdling radial and
bilateral monosaccate pollen. The striate-disaccates
are not recorded.

The earliest palynoflora of Permian in India is
marked by this zone. The top of this assemblage
zone is defined by the oldest occurrence of
Crescentipollenites fuscus (= C. talchirensis) and
several first appearances, e.g., Faunzpollenites
perexiguus, Tuberisaccites tuberculatus, Sahnites
thomasi, jayantisporites sp., Parasaccites bilateralis.

Composition-Plicatipollenites gondwanensis, P
indicus, Parasaccites densicorpus, P. obscurus,
POfQnieisporites neglectus, P. crassus, and P. magnus
constitute the major population, Ven"ucosisporites
type of spores are very sporadic in occurrence.

Horizon-Talchir Formation.
Remarks-This assemblage zone is recognised

by the absence of striate-disaccate pollen and
preponderance of Plicatipollenites, Parasaccites and
Potonieisporites. When compared with the generic
acme-zones already known from Lower Permian, the
Potonieisporites neglectus Assemblage-Zone
constitutes a part of the oldest segment of
Composition·l: Plicatipolienites:Parasaccites Zone-A,
of Tiwari and Tripathi (1988).

Reference section-Lele, 1975 (text-figure I, p.
220), Dudhi River Section; Sample nos. B 17/662, B
19/662; Siltstone units above the first boulder bed at
the metamorphic basement, West Bokaro Coalfield,
Bihar.

II. Pltcattpollenttes gondwanensts
Assemblage-Zone

At this level the palynoflora suddenly diversifies
qualitatively. A variety of striate-disaccates,
monosaccates and zonate spore-pollen taxa make
their appearance. The distinction from the
Potonieisporites neglectus Assemblage-Zone is sharp.
At generic level, Parasaccites a"nd Plicatipollenites
continue to dominate the population.

The base of this assemblage zone is defined by
the oldest occurrence of Crescentipollenites fuscus,
Tuberisaccites tuberculatus and Caheniasaccites

densus (and FAD of several other species shoV\rf1 in
Table 2). First occurrence of Microbaculispora
tentula and Microfoveolatispora foveolata and LAD
of Parasaccites densicorpus and Potonieisporites
crassus (Table 2) mark the top of this a§emblage
zone.

Composi tion -Plicatzpollenites gondwanensis,
Callumispora gretensis, Parasaccites bilateralis,
Caheniasaccites densus, Crescentipollenites fuscus
(= C. talchirensis), jayantisporites d. conatus,
Tuberisaccites tuberculatus, Potonieisporites
magnus.

Horizon-Talchir Formation.
Remarks-With reference to the generic acme

zone, the Plicatipollenites gondwanenszs
Assemblage-Zone is a part of Composition
I : Plicatipollenites.parasaccites Zone-A, of Tiwari
and Tripathi (988). The species acme-zone defined
by the epiboles of number of species in the genera
Plicatipollenites and Potonieisporites are recorded in
this zone (Table 3).

Reference section-Lele, 1975 (text-fig. 1, p.
220), Dudhi River Section, Sample no. B 9/662,
Siltstone below the last boulder bed in the section;
West Bokaro Coalfield, Bihar.

III. Parasaccttes korbaensts Assemblage-Zon-e

This zone represents a level of further
diversification in haVing several new entries, such as
pteridophytic apiculate and lycopsid spores, ginkgo
cycadoid pollen, and several monosaccates. First
occurrence of Divarisaccus lelei and those of several
other species (Table 2) define the base, and the
oldest occurrence of Crucisaccites monoletus marks
the tOp of this assemblage zone.

Composi tion -Pa rasacc i tes korbaensis,
Callumispora gretensis, jayantisporites indicus, j.
pseudozonatus, Tuberisaccites indicus,
Circumstriatites obscurus, C. talchirensis,
Divarisaccus lelei, Ginkgocycadophytus novus,
Plicatipollenites spp., Parasaccites spp. (as shown in
Table 2).

Horizon-Talchir Formation.
Remarks-As regards the generic acme-zone,

the Composition-I: Parasaccites-Plicatzpollenites
Zone-B of Tiwari and Tripathi (1988) encompasses
the Parasaccites korbaensis Assemblage-Zone since
the monosaccate group still continues to dominate
numerically. The Parasaccites, Sahnites,
Tuberisaccites, jayantisporites and Circumstriatites
spp. acme-zones are documented in this assemblage
zone (Table 3 y. This incidence is a characteristic
feature.

Reference section-Lele and Makada, 1972 (pp.
62, 63), section exposed in Patharjore Nala, ]ayanti
Coalfield, Bihar.
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Text·fIgure I-Composite Table depicts the correlation between spore-pollen Species Assemblage Zones and Generic Acme-Zones.
The sequence of formations has been compositely structured on the basis of sequences in Damodar Graben, Rajasthan and
Kachchh and Rajmahal Basin to represent a complete span of Gondwana Sequence. For tagging with chronostratigraphic scale, a
conventional scheme is followed (GSI Lexicon, 1977). The ordinal number in the last column refers to the original references for
various compositions, as follows: 1. Tiwari & Tripathi, 1988; 2. Tiwari & Singh, 1986; 3. Tiwari & Rana, 1980; 4. Tiwari, Kumar &
Tripathi, 1984; S. Koshal, 1975; 6. Venkatachala, Sharma & Jain, 1972; Venkatachala, 1974; 7. Sah & Jain, 1965; 8. Maheshwari,
Kumaran & Bose, 1978.

IV. Crucisaccites monoletus Assemblage-Zone

This zone is related with Parasaccites
korbaensis Assemblage-Zone by virtue of the
continuing abundance of the monosaccate pollen

but it aquires new character by the first appearance
of several and varied striate-nonsaccate, striate
disaccate and apiculate trilete species. The base of
this assemblage zone is marked as FAD of
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Tiwariasporis gondwanensis, Marsupipotlenites
triradiatus, Welwitscbiapites magnus, and
Stellapollenites talcbirensis, while the oldest records
of Rbizomaspora indica, Indotriradites korbaensis
and Dentatispora gondwanensis defines the top.

Composition-Crucisaccites monoletus, C.
latisulcatus, Callumispora gretensis, C. barakarensis,
Cabeniasaccites decorus, Parasaccites obscurus, P.

korbaenSiS, Crescentlpotlenites rbombicus, C.
limpidus, Verrucosisporites don a rii, Tiwan'asporis
gondwanensis, Distriamonocolpites circularis,
Stellapollenites talcbirensis.

Horizon-Karharbari Formation.
Remarks-In relation to the generic acme-zone,

the Crucisaccites monoletus Assemblage·Zone
compares with the Composition II of Tiwari and
Tripathi (1988). However, two subdivisions of
Composition II : Callumispora-Parasaccites Zone-A
and Parasaccites-Callumispora Zone-B were
identified but it is not, as yet, possible to define
these units on the basis of species occurrence. The
present zone is also characterised by the
Cabeniasaccites spp. Acme-Zone.

Reference section-Lele and Makada, 1974 (p.
82), Section along tributary of Patharjore Nala,
]ayanti Coalfield, Bihar; Tiwari, 1973b (map 1, p.
168), Section along Sonbad Nala, Sample no. 17-35
and Section along Pusai Nala Sample no. 8, Raniganj
Coalfield, Bihar.

V. Scbeuringipollenites barakarensis
Assemblage-Zone

A marked change is recorded in this assemblage
zone in relation to the preceding Crucisaccites
monoletus Assemblage-Zone; the abundance of
rnonosaccate pollen is replaced by the nonstriate
disaccate taxa Scbeuringlpollenites spp. The base of
this assemblage zone is marked by the oldest record
of Rbizomaspora indica, Indotriradites sparsus,
Striatites communis, Verticlpollenites gibbosus and
Denslpollenites indicus, while the top is demarcated
by the oldest occurrence of Corisaccites alutas,
Horriditriletes curvibaculosus and Ba raka rites
indicus.

Composition -Scbeuringipollenites bara
karensis, S. maximus, Faunipollenites varius,
Corisaccites van us, Striasulcites tectus, Weylandites
lUCifer, Paravesicaspora indica, Primuspollenites
levis.

Horizon-Lower Barakar Formation.
Remarks-The Scbeuringipotlenites bara

karensis Assemblage-Zone compares with the
Composition III: Scbeuringipollenites
Faunipollenites Zone·A of Tiwari and Tripathi (1988)
in respect of the generic acme-zone. The epibole of

species in the genus Scbeuringipollenites begins in
this zone and continues in the next three succeeding
assemblage zones (Table 3).

Reference section-Tiwari, 1973b, (map 1; p.
168); Section along Pusai Nala, Sample No·. 10-46/5,
Raniganj Coalfield, Bihar.

VI. Faunipollenites varlus Assemblage-Zone

Qualitatively, a diverse array of species by way
of new appearances (FAD) of several striate-saccates
and nonsaccates, colpates and apiculate triletes
(zonates and azonates) is recorded at this level. The
oldest occurrence of Didecitriletes borridus,
Striatopodocarpites tiwarii, Horriditriletes
curvibaculosus, Scbizopollis disaccoides and
Cyclogranisporites gondwanensis defines the base of
the assemblage zone. The oldest occurrence of
Verticipollenites crassus, Denslpollenites densus,
Striatopodocarpites ovatus, Cyclobaculisporites
minimus and Gondisporites raniganjensis delimits
the top line (Table 2).

Composition-Barakarites indicus, Microbaculi
spora tentula, M. gondwanensis, M. indica,
Brevitriletes communis, Cyclogranisporites
gondwanensis, Striatites communis, Labirites rams,
Corisaccites alutas, Striomonosaccites ovatus,
Scbizopollis disaccoides, Vittatina lata,
Praecolpatites sinuosus (Table 2).

Horizon-Upper Barakar Formation.
Remarks-This zone relates with the generic

acme-zone described as Composition
III : Faunipollenites-Scbeuringlpollenites Zone-B by
Tiwari and Tripathi (1988). This zone is also
diagnosed by the epiboles of the number of species
in Barakarites, Labirites, Microfoveolatispora,
Horriditriletes, Faunipollenites, Microbaculispora,
Primuspollenites and Striatites. The Scbeuringi
pollenites spp. Acme- Zone which started in the
preceding zone also continues.

Reference section-Tiwari, 1973b (map 1; p.
168); Section along Khudia Nala, Sample no. 47, 67a
81, Raniganj Coalfield, Bihar.

VII. Densipollenites densus Assemblage-Zone

This zone is identified on the basis of several
first occurrences of species (Table 2). The oldest
occurrence of Densipollenites densus defines the
base while the oldest occurrence of Didecitriletes
ericianus, Verticipollenites oblongus and Distriatites
bilateris marks the top of this zone.

Composition-Striatites notus, S. communis,
Densipollenites invisus, D. densus, D. brevis, D.
indicus, Striatopodocmpites ovatus, S. decorus,
Verticipollenites crassus, Gondisporites
raniganjensts, Bbaradwajipollis striatus,
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Verrucosisporites amblplicatus.
Horizon-Kulti Formation.
Remarks-Beside the continuing epibole of

species in Scheuringipollenites, the begining of
species Acme· Zone of genera Densipollenites and
Verticipollenites is recorded here (Table 3), which
continues into the next younger assemblage zone.
With regard to the generic acme-zone, the
Densipollenites densus Assemblage-Zone relates well
with the Composition IV: Densipollenites
Striatopodocarpites Zone·A, delimited by Tiwati and
Tripathi (1988).

Rejerence section-Tiwari eta!' (1981, map 1, p.
221): palynological composition studied in Jamunia
River section from levels at sample nos. JMR-l to
JMR·26, Jharia Coalfield, Bihar. The strata is
identified by being devoid of major coal seams,
which are otherwise present in the underlying
Barakar Formation and overlying Raniganj
Formation. With these formations the contact of the
reference strata is faulted (Fox, 1930, pp. 7789).

VIII. Gondisporltes raniganjensis
Assemblage-ZOne

The oldest occurrence of Distriomonosaccites
ovalis, Distriatites bilateris and Verticipollenites
oblongus defines the base and sporadic as well as
unsteady first occurrence of Lundbladispora
brevicula, Playjordiaspora cancellosa. Lunatisporites
dijjusus marks the top of the zone.

Composition-Several of the disaccate pollen
species found in the preceding assemblage zone
continue to prevail in the present zone. A further
diversification is evident in this assemblage;
additionally, fndospora clara, Cyclobaculisporites
minim us, Microjoveolatispora gondwanensis,
Gondisporites raniganjensis occur significantly
(Table 2).

Horizon-Raniganj Formation (Late Permian).
Remarks-In the terms of generic acme-zone,

Gondisporites raniganjensis Assemblage· Zone is
related with the Composition V: Striatopodo
carpites-Faumpollenites Zone·A, and Striatopo
docarpites·Gondisporites Zone-B delimited by Tiwari

and Tripathi (1988), and with the Assemblage R·II, A
and B of Tiwari and Singh (1986). However, such
subdivisions are possible only on the basis of
generic percentage frequency. Gondisporites
raniganjensis Assemblage·Zone exhibits the
continuity of Verticipollenites, Scheuringipollenites
and Densipollenites spp. acme·zones.

Rejerence section-Rana a;nd Tiwari, 1980 (pp.
113, 114); Bore hole RNM-3, (23°35'45":
87" 13'55"), 912 to 481 m depth; Raniganj Coalfield,
Bihar.

IX. Densipollenites magnicorpus
Assemblage-Zone

The basic nature of this assemblage zone
continues to be broadly similar as in Gondisporites
raniganjensis Assemblage·Zone. However, sporadic
appearance of Lundbladispora brevicula, L.
microconata, Lunatisporites dijjusus and
Klausipollenites schaubergeri marks the identity of
this assemblage zone.

The prominence of Denslpollenites magnicorpus
and the first appearance of Gondisporites reticulatus,
Klausipol!enites schaubergen and Lunatisporites
dijjusus define the base and lADs of Gondisporites
raniganjensis and Denslpollenites magnicorpus
marks the top of this assemblage zone.

Composition-Crescentipol!enites gondwa
nensis, C. sellingi, C. bengalensis, C. juscus,
Densipollenites dens us, D. magnicorpus, D. indicus,
D. invisus, Welwitschiapites tenuis, fndospora
macula, Klausipol!enites schaubergeri,
Lundbladispora brevicula, Gondisporites reliculatus.

Horizon-Raniganj Formation (latest Pelmian).
Remarks-On the ground of generic dominance

the Densipollenites magnicorpus Assemblage·Zone
corresponds to the Composition V: Striatopodo
carpites·Denslpollenites Zone-C and Striatopodo
carpites-Crescentipollenites Zone-0 of Tiwari and
Tripathi (1988), and Zone·RI, A and B of Tiwari and
Singh (1986). The epiboles of number of species in
the genera Crescentipollenites and Striatopodocar
pites appear in this assemblage zone, while
DenSlpollenites and Verticipollenites spp. acme·zones

--+

(All photomicrographs are x 500)
Lower -i'ermian palynotaxa.

I. POlonieisporiles negleclus
2. Plicalipolleniles gondwanensis
3- Tuberisacciles luberculalus
4. Parasacciles bilaleralis
5. Plicalipolleniles Irigonalis
6. Parasacciles densicorpus

PLATE 1

7 Plicalipollen.iles indicus
8. Callumispora grelensis
9. Sahniles Ihomasi

\0. jayanlisporiles COnalus.
Species in \, 2, 6, 7 signify POlonieisporiles negleclus

Assemblage·Zone, FAD of species in 3-5, 8·10 define
Plicalipolleniles gondwanensis Assemblage-Zone.
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continue from the preceding zone.
Rejerence section-Bharadwaj and Tiwari, 1977

(map 1; pp. 27, 28); Bore-hole NCRD-6, depth
358.40 to 287.30 m, Raniganj Coalfield, Bihar; Rana &
Tiwari, 1980 (pp. 113, 114); Bore-hole RNM-3
(23 0 35'45" : 8r30'55"), depth 422 to 218 m, East
Raniganj Coalfield, West Bengal.

X. Klausipollenttes scbaubergerl Assemblage
Zone

(Klausipollenites schaubergeri Assemblage-I,
Maheshwari et al., 1978).

This assemblage zone shows the continuation of
several species, particularly of striate disaccates,
from the preceding assemblage zone. The cavate
cingulate-zonate spores, non-striate disaccate and
taeniate pollen species which made their sporadic
appearance in Densipollenites magnicorpus
Assemblage-Zone become consistent and diversified
in the Klausipollenites schaubergeri Assemblage
Zone.

The base of the present zone is marked by the
consistent appearance of Verrucosisporites triassicus,
v. narmianus and Lunatisporites pellucidus. The
oldest occurrence of lndotriradites mamillatus,
Verrucosisporites dens us, Lundbladispora baculata,
L. densispinosa defines the top of this assemblage
zone.

Composi tion -Crescen tipollen i tes j usc us,
Striatopodocarpites decorus, Callumispora jungosa,
Densipollenites densus, Lundbladispora brevicula,
Densoisporites playjordii, Playjordiaspora
cancellosa, Alisporites asansoliensis, Klaustpollenites
schaubergeri, Lunatisporites dtfjusus and L. ovatus
(Table 2).

Horizon-Lower Panchet Formation (Early
Scythian).

Remarks-The definition of Kia usipollen ites
schaubergeri Assemblage-I of Maheshwari, Kumaran
and Bose (1978) is elaborated here. This assemblage
zone encompasses the generic acme-zone
Composition VI : Striatopodocarpites-Klausipol
lenites Zone-A delimited by Tiwari and Tripathi
(1988) and Assemblage-PI of Tiwari and Singh
(1986). The Verrucosisporites spp. Acme·Zone is

also recorded in the present assemblage zone (Table
3).

Rejerence section-Bharadwaj and Tiwari, 1977
(map 1; pp. 27, 28); Bore-hole NCRD·6, 215 m
depth; Raniganj Coalfield, Bihar.

XI. Playjordiaspora cancellosa Assemblage
Zone

(Playjordiaspora cancellosa Assemblage-II,
Maheshwari et al., 1978).

This assemblage zone reveals further
proliferation of species which appeared for the first
time in Klausipollenites schaubergeri Assemblage
Zone. A decline in the prominence of striate
disaccate species is also recorded. Several new
entries of taeniate disaccate, cavate·zonate and
apiculate trilete species are documented (Table 2).

The base of this assemblage zone is marked by
the oldest common occurrence of Lunatisporites
pellucidus, L. ovatus and several species of
Lundbladispora and Densoisporites as shown in
Table 3. At present, it is rather difficult to define the
top of this assemblage-zone as the Middle Triassic
flora is poorly known; however, the dominance of
Goubinispora morondavensis and G. indica in the
subsequent assemblage zone identifies the top.

Composi tion -Crescen tipollen i tes j uscus,
Lunatisporites pellucidus, L. ovatus, L. noviaulensis,
Lundbladispora warti, L. densispinosa, L.
microconata, Convertubisporites contactus,
Triplexisporites playjordii, Verrucosisporites
narmianus, Densoisporites playjordii,
Playjordiaspora cancellosa, Ringosporites ringus,
etc. (Table 2).

Horizon-Panchet Formation (Scyathian).
Remarks-The definition of Playjordiaspora

cancellosa Assemblage-II of Maheshwari, Kumaran
and Bose (1978) is revised and enlarged here. It also
incorporates the Decisporis variabilis Assemblage- III
of Maheshwari et al. (1978) as their delimitation is
not feasible at present. This assemblage zone
compares well with the Composition
VI : Verrucosisporites-Callumispora Zone-B,
Lunatisporites- Verrucosisporites Zone-C and
Lundbladispora-Densoisporites Zone-D delimited by

---+

(All photomicrographs are x SOO)
Lower Permian palynOla.xa.

1. Paraslhopolleniles segmenlalUS
2. Diuarisaccus letei
3. Microbaculispora lenlula
4 Slellapolleniles lalchirensis
S. jayanlisporiles pseudozonalus
6. Caheniasacciles decorus

PLATE 2

7. Circumslrialiles lalchirensis
8. Tuberisacciles lobalUS
9. Parasacciles korbaensis

10. Crucisacciles monolelus
11 Caheniasacciles dislinclus.

FAD of species in 1-9, 11 define Parasacciles korbaensis
Assemblage·Zone and FAD of species in 10 marks Crucisacciles

monolelUs Assemblage-Zone.
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(All photomicrographs are x 500)
Lower Permian spore·pollen species

1 ScheunnglpMlel1lles barakarenslS
2. Rhlzomaspora mdlca

3. Mlcrobaculispora gondwanel1sis
4 Slnaliles com mums
5 Brevunleles communis
6 Didecitrlleles horndus
7 Slnalopodocarplles deconts
8. Verllcipollenues gibbosus

PLATE 3

9. Indolriradiles korbaensls
10 SChlZOpolils wodebousei
11 Slnallles soltl us
·12 Fau mpollel1lles varius
1.3 Slnasulclles lecl us
14. DIslnallles dlSl1 nel u.s

FAD of species in I, 2. 4. 9, 12 marks Scheuringipollemtes
barakarenSls Assemblage·Zone and FAD of species in 3, 6,8, 10,
11, 13, 14 define the FaumpolientleS varius Assemblage Zone
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PLATE 4

(All pholomicrographs are x 500)
Characlerislic Upper Permian palynotaxa.

1. Striatopodoearpites magnifieus
2. Denslpollenites indieus
3. Denslpollenites densus
4. Denslpollenites magnieorpus
5. Microfoveolatispora raniganjensis
6. Creseentipollenites fuseus

7. Gutullapollenites hannonieus
8. Cyelobaculisporites minutus
9. Indospora clara

10. MarslIplpolienites striatlls
11. Gondisporites raniganjensis
12 Distriamonocolpites ova/is
13. Distriamonosaeeites ovalis
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Tiwari and Tripathi (1988) based on generic acme·
zone.

The compositions delimited by Tiwari and Singh
(1986) as P-Il, P-III and P-N also equate with the
present assemblage zone. The distinctive nature of
the Playjordiaspora cancellosa Assemblage-Zone is
further corroborated with the record of
Lunatisporites and Lundbladispora spp. acme-zones
(Table 3) during the same span.

Rejerence sections-A complete representation
of this assemblage zone is not recorded in one
section, hence three sequences are cited: Bharadwaj
and Tiwari, 1977 (map 1; pp. 27, 28); Bore-hole
NCRD-6, depth 123 to 86 m; Raniganj Coalfield,
Bihar; Singh and Tiwari, 1982 (p. 181), Bore-hole
RAD-2, depth 460-260 m, Raniganj Coalfield, West
Bengal; Tiwari and Singh, 1983 (p. 228), Bore-hole
RAD·5; depth 481-455 m; East Raniganj Coalfield,
West Bengal.

5

7

PLATE 5

(All photomicrographs are x 500)
Lower Triassic spore· pollen species defining Klausipol·
lenites schaubergeri Assemblage·Zone.

1. Lunatisporites pellucidus
2. Lunatisporites diffusus
3. Verrucosi~porites narmianus
4. Densoisporites playfordii
5. Playfordiaspora cancellosa
6. Rhizomaspora biharia
7. Lundbladispora microconata
8. Alisporites asansoliensis

XII. Goubinispora morondavensis Assembl
age-Zone

The dominance of Goubinispora has been
identified to be individualistic for this assemblage
zone. From the Playjordiaspora cancellosa
Assemblage-Zone the present zone is differentiated
on the basis of restricted species-Lundbladispora
reticulata, L. willmotti, Playjordiaspora annulata,
Carnisporites raniganjensis.

The general composition, beside the above
species, is marked by the presence of Lunatisporites
noviaulensis, L. pellucidus, Lundbladispora
microconata, Verrucosisporites densus,
Guttatisporites ambiguus, Nevesisporites vallatus,
Novitasporites triangulus and Ringosporites
jossulatus. Cenain species which are present in
Playjordiaspora cancellosa Assemblage-Zone are
absent from the present zone, viz., Lundbladispora
baculata, L. densispinosa, Ringosporites ringus,
Lunatisporites damudicus, L. ovatus.

The next younger assemblage-zone (i.e.,
Rajmahalispora rugulata Assemblage-Zone)
recognised in the present account from the Rajmahal
Basin can be differentiated by the presence of
Foveosporites, Polypodiisporites, Verrucosisporites
racemus, Converrucosisporites and Rajmahalispora.
However, so far these two zones have nor been
found in a single sequence.

Horizon-Supra-Panchet, pars (Early Middle
Triassic).

The palynological details studied from bore
hole RNM-4 (23'34'30" : 87'13'03"); depth 59 m,
East Raniganj Coalfield, West Bengal is considered
for reference (Tiwari & Rana, 1984).



TIWARI & TRIPATHI-MARKER ASSEMBLAGE ZONES OF SPORES AND POLLEN SPECIES 225

1

4

_. .. "l

. II,.'iJlj ,

..~7~
• "I"

PLATE 6

(All photomicrographs are " 500)
Lower Triassic palynot3..xa characterising Playfordiaspora

cancellosa Assemblage·Zone.
1. Verrucosisporiles densus
2. Triplexisporiles playfordit'
3. Verrucosisporites warli

XIII. Rajmaballspora rugulata Assemblage
Zone

The unique trilete spore Rajmahalispora
represented by the species R. triassica, R. rugulata
and R. reticulata characterises this assemblage zone.
Besides, Foveosporites mimosae, F. triassicus,
Converrucosisporites lunzensis, Chordasporites
minutus, Orbella indica, Playjordiaspora cancellosa,
Lunatisporites pellucidus, etc. contribute ro the
composition.

From the next younger assemblage zone
Brachysaccus ovalis Assemblage-Zone, recognised in
the present account, the present zone can be
differentiated by the absence of the genera
Convolutispora, Conbaculatisporites, Staurosaccites
and Brachysaccus, etc. On the basis of epibole of
species the Rajmahalispora spp. Acme-Zone is also
recorded in this assemblage zone.

Horizon-Dubrajpur Formation, pars (Carnian).
The palynological details studied from Bore

hole RJR-2, Rajmahal Basin, Bihar, depth 842.·671.05
m (Tiwari et aI., 1984, map 1; pp. 208, 212-214) is
considered here for reference.

XIV. Bracbysaccus ovalls Assemblage-Zone

The genera Staurosaccites and Brachysaccus are
abundantly represented in this zone, although the
species of non-striate disaccates (Satsangisaccites,
Klausipollenites) continues to occur.

4. Lundbladispora densispinosa
5. Lundbladispora raniganjensis
6. Lunatisporites noviaulensis
7 Convertubisporites contact us
8. Ringosporites ringus. x 750

composi tion -L unatisporites pellucidus,
Goubinispora morondavensis, Playjordiaspo1"a
cancellosa, Conbaculatisporites baculatus,
Injernopollenites claustratus, Staurosaccites
quadrijidus, S. tharipatharensis, S. densus,
Brachysaccus indicus, B. ovalis, Guttatisporites
elegans. The number of species in the genus
Staurosaccites show an epibole which defines the
Staurosaccites spp. Acme-Zone (Table 3).

Horizon-Dubrajpur Formation, pars (Early
Norian).

Palynological details recorded from Bore- hole
RJR-2, Rajmahal Basin, Bihar, depth 441.90 to 441.40
m (Tiwari et al., 1984; map 1, pp. 208, 211) is
considered as reference data.

XV. Dubrajtsporltes trtasstcus Assemblage
Zone

A continuation of elements of the previous
assemblage zone prevails but the genus
Dubrajisporites with its four species characterise the
present zone, and the species of non-striate
d i sacca te -Bra chysacc us, Sa tsa ngisacc i tes,
Falcisporites and Klausipollenites are also abundantly
recorded (Table 2).

Composi ti 0 n -Foveospori tes tri assi c us,
Playjordiaspora cancellosa, Staurosaccites
quadrijidus, Brachysaccus ovalis, Striatopodocar
pi tes du brajpu rensis, Gabon isporis papillosus,
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Guttatisporites elegans, G. guttatus, Dictyotriletes
aulius, Podocarpidites typicus, P. alareticulatus and
P. rarus, etc. (Table 2). Dubrajisporites spp. Acme
Zone is recorded at this level as indicated by the
epibole of number of species in this genus (Table
3).

Horizon-Dubrajpur Formation, pars. (Early
Norian).

Remarks-The presence of Podocarpidites
alareticulatus, P. rarus and P. typicus together with
the species of Dubrajisporites gives an younger
aspect to this assemblage zone than the Assemblage
defined by Maheshwari, Kumaran and Bose (1978)
from Janar Nala, South Rewa Gondwana Basin. This
assemblage zone is recorded by Tiwari, Kumar and
Tripathi (1984, map 1, pp. 208, 211) in bore-hole
RJR-2, 398.20-398.99 m depth, Rajmahal Basin, Bih<u.

The following 4 assemblage zones are described
as reference zones only for comparative assessments
of the subsequently described zones found in the
Rajmahal Basin.

XVI. Rhaettpollls germanlcus Assemblage
Zone

Rhaetipollis germanicus Assemblage
IX : Maheshwari et al., 1978-This assemblage zone
is characterised by the presence of Rhaetipollis
germanicus, Aequitriradites minor and Classopollis
and the dominance of non-striate disaccate pollen
species.

The composition records the taxa
Dictyophyllidites, Klausipollenites, Lunatisporites
(inc I. Taeniaespori tes), Verrucosispori tes,
Scheuringipollenites, Podocarpidites, Vitreisporites,
Striatisaccus, Klausipollenites sp., d. K. vestitus,
Lundbladispora, Concavisporites and Convolutis
pora. This assemblage zone is recorded from a well
in Banni, South of Patcham Island, Kachchh, 1,620
1,760 m depth (Koshal, 1975, p. 79), which is
considered as reference material. Koshal has dated it
as Rhaetic- Liassic.

XVII. Classopollls minor Assemblage-Zone

(Gliscopollis-Classopollis Zone Koshal, 1975)

The palynoflora is characterised by the
abundance of Classopollis and Spheripollenites

+--
(All photomicrographs are x 500 unless otherwise stated)

Middle Triassic spore·pollen species signifying Goubinispora
morondavensis Assemblage·Zone.

1. Lundbladispora willmotti
2. Playfordiaspora annulala
3. Ringosporiles fossulalus " 750
4. GUllalisporiles ambiguus
5. Goubinispora morondavensis
6. Goubinispora indica

2

PLATE 7

1
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species. The other significant forms present are
Cyathidites, Gleichenidites, Verrucosisporites,
Callialasporites trilobatus. C. triletes, C. segmentatus,
Staplinisporites, Classopollis minor, C. classoides,
Podocarpidites spp. and Matonisporites cooksonii.
The palynological details of this zone are recorded
from a well (1,620-1,161 m depth) in Banni, South of
Patcham Island, Kachchh (Koshal, 1975) to which an
Early Jurassic age has been assigned. A comparable
assemblage is also recorded from a well drilled in
Lathi Formation near Chhor Village (71 09'9" :
27 0 45'49"), south-east of Jaisalmer (Lukose, 1972, p.
156).

XVIII. CaUialasporites trilobatus Assemblage
Zone

(Callialasporites trilobatus Zone; Koshal, 1975)

The status of various assemblages known at
present from Middle to Upper jurassic is not very
clear. However, for comparing the data of Rajmahal
Basin, which concerns the subject of the present
communication, the assemblages from Kachchh
basin are considered.

From Kachchh three comparable assemblages

are known-one Callialasporites trilobatus Zone
(Koshal, 1975: Banni; South of Patcham Island,
1,161·833 m depth, Middle to Upper Jurassic); and
rwo assemblages from Jhuran Formation (s: Katrol
Formation, Kimmeridgian to Valaginian, Biswas,
1971); one by Venkatachala and Kar (1970) and
another by Maheshwari and Jana (1988).

It is important to note that the Callialasporites
trilobatus Assemblage-ZOne makes a segment of
continuous sequence in Banni well, delimited at its
base by Classopollis minor Assemblage-Zone of Early
Jurassic age. The abundance of several species of
Callialasporites and the presence of Densoisporites,
Gleicheniidites, Klukisporites, Cicatricosisporites,
Araucariacites, Classopollis (c. minor, C. class0 ides,
C. itunensis) characterise this zone. This zone has
been dated as Middle to Late Jurassic by Koshal
(1975); although he has not equated this sequence
with the lithostratigraphic units, the data suggests
that the assemblage belongs to Jhumara-Jhuran
formations.

The species composition (Zone "XIX", Table 2)
in the assemblage described by Venkatachala, Kar
and Raja (1969) and Venkatachala and Kar (1970)

~-_?
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PLATE 8

(All photOmicrographs are x 500)
Upper Triassic palynotaxa.

1. Staurosaccites densus
2. Brachysaccus triassicus
3. Injernopolienites claustratus
4. FoveOlriletes triassicus

5. Rajmaha/ispora reticutata
6. Rajmahaiispora rugu/ata
7. Staurosaccites quadrijidus

FAD of species in 4-6 characterise Rajmahaiispora rugu/ata
Assemblage-Zone and FAD of species in 1·3, 7 define
Brachysaccus ova/is Assemblage·Zone.
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suggests ..1 broader correlation with the next zone
i.('., Cal/ialaspuntes segmentatlts Assemblage-Zone
(Zone Xl \ Table 2) Maheshwari and Jana (1988)
des~ribl;;d the generic composition of the
palynoa:.semblagc from Jhuran Formation as
Palyn')7.ll1k- r; in tota hty of forms it is closely
comparable wiLh Zone- T of Venkatachala and Kar

1970) The presence of the taxa Cicatricosisporites,
Klukist>o/ iles, ContigllisjJorites, Boseisporites,
Coptospora ,Iod Aeqllitriradites is sign ificant.

XIX. CaU;a[l1sportles segmentatus Assemblage
Zone

,

.J "~.:• Ill. ~-;:.. -.. ~ .. '.·':·';8;P.,;.;
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PLATE 9

(All photomicrographs are x 500)
Characteristic spore·pollen species of Dubrajisporites

triassic us Assemblage-Zone.
1. Dubrajisporites unicus
2 Dubrajisporites triasscus
3. Gabonisporis vigrauxii
4. Podocarpidites rarus
5. Podocarpidites alareticulatus
6. Striatopodocarpites dubrajpurensis

In broader connotation the palynoassemblages
so far known from Dubrajpur and Rajrnahal
formations, assignable to Jurassic/Cretaceous and
Lower Cretaceous (Sah & Jain, 1965; Maheshwari &
Jana, 1983; Tiwari et al., 1984) are placed under the
Microcachryidites antarcticus Assemblage-Zone.
This is considered as a working model at present for
the sequential positioning of the Rajmahal
assemblages because they still need detailed study.

The follOWing informal zones, recognised in
Rajmahal Basin, are included in Microcachryidites
antarcticus Assemblage- Zone.

(C"I/w!r.!.,porites segmematus Zone; Venkatachala,
~harma & Jain, 1972)

\'cnbl:Jch::lla, Sharma and Jain (1972, text-fig 3)
and \'cnkat:'...:haJa (l9~'i. text-fig. 1) recognised

'allialasporit('s segmcnlatus Zone from Karaikal
well-]) (3.0'55-3,060 m depth), Cauvery Basin which
is chara([C'1 i<.,ed by the presence of follOWing species
(Zone XIX, rex'f figure I). Araucariacites australis,
Cera/us!>orites equalis, C acutus, Stereisporites
a 11 f i q 7/.:1 sp V rite s, CIa ss 0 poll i s cl ass 0 ide s,

d oca If) Id ires elliptic us, P. m ultesi mus,
Co n ligll iSfJO riles glebulentus, C. multimuratus,
Cieat/ icosi.\{>orifes ludbrooki, C. australiensis,
l1acl/latisporites comaumensis, Callialasporites
dml/jJie/'i, C: mO)1oalasporus, C. segmentatus, C.
frilobatus. C triletes, Retitriletes austroc!avatidites, R.
rdlcll'lllllsp()rites, etc. Thi.s assemblage zone was
origin:llly dated as Tithonian. However, recently it
has been r<'::lssigned [0 Early Cretaceous (Barriasian)
becau&l: of tl:1e rrcsence of Cicatricosisporites
~liIstruliensis (see Sastry et al, 1981; Singh &
Venkat'lchab. 19H~).

,,,x. Microcachryidttes antarcticus Assembl
ge-Zone

( ~ficrocachr)'idifes antarcticus Assemblage:
Vt'n!<~:ltachala, Sharma & Jain, 1972)

Thi:; assemblage zone has been defined
originaJJy from Cauvery Basin by Venkatachala, ----------------------
Sharma and Jain (1972) and Venkatachala (1974,
text fig. 1, p. 482, Karaikal Well-D. 2,420-2,860 m
depth). It is in continuation of the Callialasporites
sewne/ltalUs A..,semblagc·Zone. The diagnostic
species arc ,'vJicrocachryidites antarcticus,
Podosporites tripakshi, P. microsaccatus,
Spbqripollenites scabris, Leptolepidites major,
KIII.kisporites scaberis, Cooksonites variabilis,
4equitnradites uerrucosus, Staplinisporites caminus,
Trilobosporites triangulus, lmpardecispora
apiverrucatCl, 1 uralensis and Appendicisporites
dis!Ocornila/us.
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PLATE 10

(All photomicrographs are x 500)
Characteristic palynotaxa of Mierocaehryidites antarelleus

Assemblage·Zone.
1. Murospora florida
2. Coptospora verrueosa
3. Cooksonites rajmahalensis
4. Cieatricosisporites hallei
5. Cieatricosisporites australiensis
6. Aequitriradites spinulosus
7. Triporoletes retieulatus

8. Leptolepidites verrucatus
9. Coptospora kutchensis

10 Contignisporites dettmanni
11. Santhalisporttes bulbosus
12. Podosporites tripakshi
13. Classopollis classoides
14. Podocarpidites elliplleus
15. Callialasporites segmematzL,
16. lmpardecispora trioreticulosa
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Assemblage-Zone D and E (Zone XX "D-E" in
Table 2)-This includes Assemblage D and E of
Tiwari et al. (1984, text-fig. 2, bore-hole RJR-2,
Rajmahal Basin, 102.76-91.00 m) where the
distinction was based on the percentage frequency
of the genera Callialasporites and Podocarpidites. A
further search of species in these materials has
revealed that on the basis of species occurrence the
Assemblage-Zone D and E cannot be separated.

The assemblages as such are dominated by the
coniferous pollen grains Podocarpidites/Araucari
acites. The significant constituents present are
Concavissimisporites penolaensis, Santhalisporites
bulbosus, Klukisporites varigatus, Matonisporites
dubius, Coptospora kutchensis, C. verrucosa,
Aequ itriradi tes spin ulos us, Con t ign isporites
dettmanni, Leptolepidites verrucatus, L. rimatus, L.
major, Tnporoletes reticulatus, Cicatricosisporites
australiensis, C. ludbrooki, Araucariacites spp.,
Callialasporites spp., Podocarpidites spp., Labizpollis
mesozoicus, L. gramtlatus and Podosporites trzpakshi
(Table 2). The Callialasporites, Podocarpidites and
Araucariacites spp. Acme-Zones are clearly observed
in this assemblage zone (Table 3).

Various assemblage zones from the Kachchh
Basin have been plotted (marked as + in Table 2) for
the comparative assessment of the "Assemblage
Zones D and En which remarkably share several of
the c::haracteristic elements with the Callialasporites
trilobatus Assemblage-Zone, viz., Callialasporites
trilobatus, C. dampieri, C. segmentatus, Coptospora
kutchensis, Cicatricosisporites australiensis,
Concavissimisporites penolaensis, Podosporites
microsaccatus and P. tripaksht (Table 2).

There is a similar Situation when the
Callialasporites segmentatus zone of Venkatachala
(1974) is compared. In addition to the above
mentioned species, however, a few first appearances
of the species having an younger affiliation, are also
recorded, e.g., Aequitriradites spinulosus,
Leptolepidites major, Podosporites trzpakshi, P.
microsaccatus, Cicatricosisporites australiensis,
Contignisporites dettmanni, Foraminisporis sp.,
Coptospora kutchensis and Baculatisporites
comaumensis.

Most of these species are considered to be age
determinant for the beginning of cretaceous
(Venkatachala, 1974). But some of these supposedly
marker of the Neocomian (Aequitriradites
spinulos,us, Cicatricosisporites australiensis and
Contignisporites dettmanni have been recorded from
the Tithonian as well (Singh & Venkatachala, 1988;
Maheshwari & Jana, 1988; Helby et aI., 1987; Burger,
1988), The consistent occurrence of these species

has been definitely located at the base of
Microcachryidites antarcticus Assemblage from the
Cauvery Basin (Venkatachala, 1974) which qualify
for Early Cretaceous. But, inspite of this valuable
data, it cannot beascenained that this assemblage
marks the beginning of the Early Cretaceous because
there is a gap of about 195 m of sediments between
Callialasporites segmentatus and Microcachryidites
antarcticus Assemblages.

In view of these facts, the Late-Jurassic/Early
Cretaceous age given to these assemblages by Tiwari
et al. (1984) is corroborated by the observations
made by Singh and Venkatachala (1988) that the
floral changes which occurred at the Late Jurassic
level continue into the Early Cretaceous. However,
the lack of data on continuous sequence from Upper
Jurassic to Lower Cretaceous does not permit to
define the species which can demarcate the FAD for
the base of Lower Cretaceous.

Assemblage-Zone F (Zone xx "F" in Table 2)
This assemblage is not rich in palynofossils, and its
close similarity is observed with "Assemblage-Zones
D and E" analysed above. The new entrant
Dictyophyllidites haradensis (Table 2) is recorded as
a solitary example. This Assemblage-Zone F is
recorded from Bore hole RJR-2, Rajmahal Basin,
Bihar, 69.7540.65 m depth (Tiwari et aI., 1984)
representing the Rajmahal Formation (Early
Cretaceous). .

Assemblage-Zone C (Zone xx "G" in Table 2)
This assemblage zone is recorded from the
Intertrappean sediments of Rajmahal Formation at
Sakrigalighat and Basko, Rajmahal Basin, Bihar (Sah
& Jain, 1965, p. 264)_ The basic species compOSition
indicates a relationship with the "Assemblage-Zone
F". However, a number of additional new elements
are documented in "Assemblage-Zone XX G", viz.,
Concavissimisporites minor, Osmundacidites minor,
Trilobosporites purverrulentus, Cingulatisporites
notaclarus, Podosporites (= Trisaccites)
microsaccatus, Dacrycarpites australiensis,
Converrucosisporites santalensis and C. sinuotectus,
etc. (Table 2). The assemblage from a well near
Mandro (Maheshwari & Jana, 1983) records
Densoisporites mesozoicus and Cicatricosisporites
hallei as new entrants.

Besides, in the Intertrappean sediments of
Rajmahal Formation in bore-hole RJNE-32 near
Kirtanya (Tripathi & Tiwari, 1991; Tripathi, 1991),
some angiospermous pollen with reticulate
columellate exine and monocolpate, trichotOmosul
cate and tricolpate aperture-types have been
recorded together with typical Early Cretaceous
palynomorphs.
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DISCUSSION

The synthesis of the data discussed in the
preceding pages recognises 12 assemblage zones
based on spore-pollen species (Column I-XII) in the
Damodar Graben, spann ing through the sequence
from Talchir to Supra-Panchet formations. In the
Rajmahal Basin four assemblage zones (column XIII,
XIV, XV & XX) are recognised to represent the
Upper Triassic, Jurassic/Cretaceous and Lower
Cretaceous sequences (Text·figure 1). In order to
structure comprehensive model of successive
assemblage zones, the data from Rajasthan, Kachchh
and Cauvery basins has been intercalated where 4
assemblage zones (XVI-XIX) have been recognised.
This arrangement provides an opportunity of direct
comparison amongst the various assemblage zones
in Rajmahal Basin with reference to their placement
in the temporal scale.

Conventionally the epibole zones are based on
the dominance in percentage frequency of the taxa.
For the first time, in the present analysis the species
acme-zones have been identified on the number of
species in various genera. Such an approach has
resulted into a very significant parameter which
reinforces the individuality of the species
assemblage zones. It is evident from Text-figure 1
that in some assemblage-zones several genera show
the epiboles of the number of their species.

The composition of palynoassemblages based
on generic dominance is fairly well established in
the Gondwana Sequence; some of these updated
assemblage zones have been tagged with the spore
pollen species assemblage zones proposed here.

The distribution pattern of selected species has
revealed events of stratigraphic significance (Table
2).

Lower Permian

The impoverished assemblage (total 9 species;
2 pteridophytic, 1 alete, rest gymnospermous) of the
lowest Talchir level (Zone-I) successively diversifies
into a rich flora by the beginning of Karharbari
Formation. The three assemblage zones (Zone I to
III) identified in the Talchir Formation are indicative
of gradual and continuous amelioration of the
climate where the vegetation has flourished to its
maximum by the time the glaCiers retreated
completely. The Karharbari assemblage (Zone-IV)
shows a major continuation of elements from the
underlying Talchir Formation except that some
species are mutually exclusive in their occurrence.

The advent of Barakar flora witnesses the
incoming of several new species which continue to
flourish in the subsequent younger horizons; on the

other hand many of the species belonging to the
radial monosaccate group which flourished during
Talchir and Karharbari also continue to occur. The
clear cut demarcation between the Lower Barakar
(Zone V) and Upper Barakar (Zone VI) are very well
depicted in their species distribution (Table 2).

Upper Permian

In the two fold system of classification of the
Permian the boundary between Lower Permian and
Upper Permian is drawn between the Barakar and
Kulti formations. In qualitative aspect of genera and
species, however, the demarcation of the two is not
very well defined. The differences in species
distribution indicate a subtle change (Table 2).
Nonetheless, the species acme-zones provide a
useful parameter for identification of this level
(Table 3). In Barakar the epibole of number of
species in the genera Scheuringipol!enites,
Faunipol!enites, Barakarites and Microbaculispora,
etc. are recorded, while in Kulti Formation the
species acme-zone of the genera Densipol!enites,
Verticlpol!enites and Scheuringipol!enites, etc. are
well documented.

The palynoassemblage of Kulti Formation
(Zone-VII) forms a more or less monotonous
continuum to the Raniganj assemblage (Zone-VIII).
The most significant change has occurred at the
close of the Raniganj Formation (Zone IX) and at the
beginning of the Panchet Formation (Zone X) which
is taken as the Permo-Triassic transition. At this level
175 spore-pollen species 09 pteridophytic) are on
record at the close of Permian. Out of these, only 38
species (6 pteridophytic) continue into Triassic
while 84 species appear as new entrants in Early
Triassic; the pteridophytic spores constitute the
major part by being 48 species in number. The
behaviour pattern of the species distribution at P/Tr
boundary thus signals one of the most outstanding
changes in the history of Gondwana floristics.

Triassic

The Early Triassic Panchet Formation is the
stage for termination of several Permian species.
Progressively numerous new sets of species appear
which diversify through the Lower and Middle
Triassic (Table 2). The Upper Triassic (Upper
Carnian, Lower Norian) again experiences an influx
of entirely new species although these assemblages,
in general, had a close relationship with the 'Lower
(Zone X, zone xI) and Middle Triassic (Zone XII)
groups of species. The new entrants in Zone XIII,
XIV and XV of Late Triassic (species of
Staurosaccites, Barchysaccus, fnjernopol!enites,
Dubrajisporites, Rajmahalispora, etc.) had obviously
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a short histOlY of existence as they do not occur in
the Lower Jurassic sediments.

Jurassic/Cretaceous

The area of study concerns with the Rajmahal
Basin but the Jurassic and Lower Cretaceous
assemblages Zones XVI to XX from Rajasthan and
Kachchh basins have been interpolated for
comparison and assessment of the Infra- and
Intertrappean asemblages in this basin. It is very
clear from Table 2 that the Jhuran (= Katrol
Assemblage (Zone "XIX") is distinguished from the
Bhuj assemblage (Zone XIX) by having several
species of restricted distribution in both (see details
in Venkatachala & Kar, 1970, pp. 83, 84). The
distinction between the two are very sharp. The
Assemblages D and E of Bore-hole RJR-2 (Zone XX
"D-E", Table 2) stand apart from the Katrol and Bhuj
Assemblages except for the long ranging species
(Podocarpidites, Callialasporites and Araucaria
cites) .

The Assemblage F of Bore-hole RJR-2 (Zone XX
"F", Table 2) is impoverished. The Sakrigalighat,
Basko and Mandro assemblages, together considered
here as Zone XX "G", are again highly diversified;
most of its components were unknown in the older
zones and hence they stand apart from the Zone XX
(Bhuj) and Zone XX "D-E" (Rajmahal). Inspite of
distinct offset mode between the Katrol (Zone
"XIX"), Bhuj (Zone XX) and Rajmahal (Zone XX
"D-E") there are certain trends of comparison
between Katrol and Rajmahal assemblages; the
common presence of Coprospora kutchensis,
Concavissimisporites penolaensis, Cicatricosisporites
australiensis, Retitriletes austroclavatidites,
Podosporites tripakshi, etc. which points ou t
important linkage between the Katrol assemblage
and Assemblage D-E of Rajmahal. On the other hand,
the latter are remotely related with the Sakrigalighat
which is dated as Early Cretaceous (Singh &
Venkatachala, 1988). On the face value, the Lower
Cretaceous Bhuj assemblage (Zone XX) and the
Assemblage D-E of Rajmahal cannot be clubbed
together intimately. Tiwari, Kumar and Tripathi
(1984) placed the Infratrappean Assemblage D-E at
Upper Jurassic/Lower Cretaceous level. However,
there are several gaps yet to be filled to complete
the story of the Jurassic-Cretaceous transition span.
The sequence of evidences depicted in Table 2
reveals·that the succession of palynoflora 1
assemblages from Upper Jurassic to Lower
Cretaceous had been at low pace. But the
Neocomian palynoflora has changed at a faster rate
and the isolated areas had an ecology bias for the
growth of various species; hence the matching of

synchronous assemblages which are distantly apart
may not suggest the real age bracket.

CONCLUSIONS

For achieving the goal of species based
palynostratigraphy through the span of Indian
Palaeozoic and Mesozoic Sequence, a model based
on data from the Damodar Graben and Rajmahal
Basin has been constructed. The following main
conclusions are drawn:

1. Based on the FADs and LADs of selected
species, and also the totality of species
composition twenty Species Assemblage Zones
have been identified which demarcate various
datums.

2. The authenticity of Species Assemblage Zone is
reinforced by the recognition of thirty Species
Acme-Zones based on the epiboles of number
of species in various genera. These epiboles
either coincide with one assemblage zone or
encompass more than one.

3. The least diversified spore-pollen flora of the
earliest Talchir horizon enormously radiates by
the end of Talchir Formation and continues to
flourish during the rest of the Permian time.

4. The behaviour pattern of species distribution
evidences for the most outstanding change at
the Permian/Triassic boundary in the history of
Gondwana floristics.

5. During Upper Triassic a marked change is
recorded by the influx of several new species
having short stratigraphic range which result
into a distinct alteration in the species pattern
at the Late Triassic/Early Jurassic level.

6. At the Late Jurassic/Early Cretaceous datum
major event in the species change-over is not
represented. The continuum of flora is
reflected by spores/pollen; however, there are
gaps in information for precise location of the
change.
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Permian palynological assemblages in the Godavari
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Palynological investigations carried out in the Godavari Graben during the last three decades have led to
suggest the existence of nine palynozones from the Talchir to Kamthi formations_ The Talchir Formation
palynological assemblage, though dominated by the presence of radial monosaccate pollen grains, exhibits
evidences of fluvio-glacial and lacustrine environment of deposition alongwith periodical influence of marine
incursions. The presence of Karharbari and Barren Measures (Kulti) as distinct formations has been substantiated
with palynological data. The occurrence of Corisacciles-Gullulapollenites palynozone and Densipollenites
palynozone in the Middle Member of the Kamthi Formation represents the uppermost Permian palynoflora in
Godavari Graben.
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THE Godavari Graben bounded by latitudes 16° 38'
and longitudes 79°12' and 79°39' is a major graben
trending NNW-SSE and covers an area of about
17,000 sq km. This graben is unique in the sense that
it is the major coal producing area, south of Narmada
River and there is a geological continuity of the
Gondwana sediments from one extremity to the
other having a well-defined constriction in the
Paluncha-Kothagudem sector. Few outliers exist

,beyond this basin, viz., Yellandu, Kamaram and
, Tallada/Tiladru.

The Permian sediments in the main Godavari
Graben are exposed along both the margins while
the overlying sequence covers the axial portions.
Archean rocks form the basement mainly in the
northern part of the basin, while the Pakhal and
Sullavai group of rocks constitute the basement

north of the Mailaram High. However, the Archean
rocks occur in faulted contact in the northern part
around Ramagundam and east of Sirpur. Except for a
limited exposure of the Permian sediments, major
part of the sequence lies concealed below the
surface as a result of which the lithostratigraphy in
Godavari Graben has remained a matter of
discussion, The transition between older to younger
formations is gradational and it is difficult to draw
inter-formational boundarie s.

The geological set up of the Permian sequence
initially defined by King (1881) has been later
modified by various authors but the most commonly
accepted one is that of Raja Rao (1982) which has
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been followed in the present review. The
lithostratigraphic set up described by'Raiverman et
at. (1985) covers the entire Pranhita-Godavari Valley
extending further north to the Wardha Valley
coalfields and includes a number of new formations
whose relationship with the known lithostratigraphic
un its is not clearly defined. Kutty et al. (1988)
prefered to restrict the term Kamthi Formation to the
lithologically distinct Upper Member of the Kamthi
Formation (sensu strictu Raja Rao, 1982). They
designated Infra-Kamthi to accommodate the strata
between Barakar Formation and the Middle Member
of the Kamthi Formation which is a well-defined
lithostratigraphic unit. Recently, Lakshminarayana
and Murty (1990) have proposed the stratigraphic set
up for the Chintalpudi sub-basin which almost
agrees with that described by Ramanamurry (1985)
from Ramagundam area. However, he has
overlooked the presence of Barren Measures (Kulti)
and Raniganj equivalent sediments, which may
possibly exist in Chintalpudi sub-basin_

TALCHIR FORMATION

This forms the lowermost unit of the Permian
sediments and is exposed in narrow strips along the
western margin near Mandaram to Lingala, while on
the eastern margin they occur near Cherla-Manuguru
sectOr besides a few small occurrences within the
basin. Near Mancherial, these rocks are exposed in
Chintala stream and railway cutting leading to
Mandamari Power Station. The basal tillite beds
comprise polymictic clasts in a fabric of mixed grain
size and are overlain by siltStone, khaki green
splintery shale and sandstone. These tillites suggest
ancient glaciated moraines. Recurrente of tillite bed
is also reported (Raja Rao, 1982). The siltstOne gets
coarser in the younger part of the sequence and
exhibit cross laminations. In few bore-holes in
Ainapallam area grey black splintery shales
containing Gangamopteris leaf-impressions have
been observed.

BARAKAR FORMATION

The sediments pertaining to Barakar Formation
are exposed to a very limited extent and occur as
discontinuous patches along the basin margins. It
has been divided into twO members:

1. The Lower Member-It is characterised by
coarse-grained sandstone including lenses of
conglomerates, carbonaceous shales and coal
seams.

2. The Upper Member-It constitutes a large scale
cross stratified sandstone with inter-bedded

carbonaceous shales and coal seams. The
present mining of coal is largely confined to
this horizon.

BARREN MEASURES (KULTI)
FORMATION

Sengupta (1970) demarcated the Barren
Measures within the basal part of the Kamthi
Formation and it was later established as a persistent
horizon overlying the Barakar and underlying the
Kamthi Formation. It is characterised by cross
bedded medium to coarse-grained, greenish to grey
white sandstone, variegated clays, etc. These
sandstOnes turn brown when exposed on the
surface. Kutty et at. (1988) included it as a basal unit
of the Infra-Kamthi Formation.

KAMTHI FORMATION

The sediments overlying the Barren Measures
(Kulti) and underlying the Maleri Formation are now
referred to as the Kamthi Formation (Raja Rao, 1982)
and form the thickest horizon in this coalfield. Based
on lithologic attributes it has been divided into
three members: (i) The Lower Member is marked by
grey white sandstone which gets calcareous at
intervals. These sandstones are interbedded with
thick to thin coal seams. The Sondila Seam near
Sondila Village corresponds to this member. The
occurrence of this member has been proved in
Ramakrishnapuram, Mantheni, Ra magundam,
Manuguru, Mailaram, Budharam and Ainapallam
Gompana areas and contain coal seams; (ii) The
Middle Member contains a cyclic sequence of grey
white cross-bedded sandstone, shale, variegated
clays which exhibit greenish tint at places. These
sandstones sometime show erosional surfaces at
their bases. The shales often contain calcareous
nodules/concretions; (iii) The Upper Member is
distinguished by coarse-grained sandstone and
brick-red siltstOne, clays, etc. This member often
overlaps all the other older formations at places.

PALYNOLOGY

Palynological studies in the Godavari Graben
started as early as 1962 when Thiergart and Frantz
(1962) recorded some pollen and spores from the
Korhagudem Coalfield. Ghosh (1968) worked out
the vertical and lateral variations of spores and
pollen in Ross and Salarjung seams from Tandur
area. Subsequently Tiwari and Moiz (1971)
described five new taxa. Ramanamurty (1979) while
reporting the occurrence of a coal seam in the
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Kamthi Formation from Ramagundam area
mentioned some trilete spores and striate and
nonstriate pollen.

During the past decade systematic work has
been carried out at the Birbal Sahni Institute of
Palaeobotany and considerable data has accumulated
relating to Permian and Permian-Triassic sediments
of the Godavari Graben. Occurrence of megaspores

CJha & Srivastava, 1984) and a new taeniate
monosaccate pollen Kamthisaccites (Srivastava &
Jha, 1986) have been recorded from the Permian
sediments. Recently Rama Rao et at. (1990) have also
dated the Permian sediments of the Chinta1pudi sub
basin on the basis of palynological studies.
Palynological assemblages recorded from different
levels are summarised in Table 1.

Table I-Permian palynozones in Godavari Graben, Andhra Pradesh

LlTHOZONE PALYNOZONES STANDARD

FOR· MEMBER PALYNO· DOMINANT SUBDOMINANT QUALITATIVELY PALYNO·
MATION ZONE TAXA TAXA IMPORTANT ZONE

TAXA

10 Slrialopodocarpiles Densipo//en iles Crescenlipo//eniles
Faunipo//enites Mars upipolleniles

Chordasporiles
Lu nalisporiles
Fa lcisporiles
Klausipo//enites

Slrialopodocarpiles Corisacciles Densipo//eniles
9 Faumpo//enites GUllulapo//enites Lunatisporiles

Falcisporiles

Middle
Vitreisporites

Kamthi 8 Slriatopodocarpites Parasaccites Denslpo//eniles
Corisaccites
Guttulapo//enites Raniganj

7 Faunipo//eniles Striasulcites Denslpo//eniles
Falcisporites
Polypodiidites
Osmundacidites

Faunipo//eniles Lahirites Dislrialiles,
Slrialopodocarpiles Verticipo//enites Hindlpo//eniles

Lower 6 Hamiapo//eniles
Lueckisporiles
Gondisporiles
Weylandiles
Marsupipo//eniles

Barren Faunipo//enites Densipollenites
Measures 5 Striatopodocarpites Scheuringipolleniles Kulti
(Kultl)

Scheuringlpollenites Indolriradiles p'·imuspollenites
8revitriletes Hennellysporiles Striatites Lower

Upper 4 Horriditriletes Tiwariasporis Barakar
Latosporites

3 Parasaccites Scheuringipollenites 8revitriletes Upper
Barakar Karharbari

Lower
2 Callumispora Parasacciles 8revilriletes Lower

Indolrirad/les Karharbari
---

Leiosphaeridia
Talchir 1 Parasacciles P!icatlpo//enites Vesligisporites

Virkklpolleniles Ta,Ichir
Caheniasaccites
jayanlisporites
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Talchir Formation

The Talchir Formation palynological a~emblage
is dominated by the presence of radial monosaccate
pollen. This assemblage has been recovered from
siltstone, banded shale, etc. In bore-hole GRK-l
(825-807 m) and GRK-24 (853.55-826.65 m) from
Ramakrishnapuram area Leiosphaeridia occurs in
higher percentages alongwith monosaccate pollen.
Rawat and Jain (1985) reported similar assemblage
alongwith Botryococcus and foraminifers from
Chandrapur area. The leiosphaerid associated
assemblage has been considered to indicate marine
influence during the deposition of Talchir sediments
in Palar Basin and Bap Formation, Rajasthan
(Venkatachala & Rawat, 1973, 1984, respectively). In
Manendragarh area (Bharadwaj, Srivastava & Anand
Prakash, 1979) Leiosphaeridia and spinose acritarchs
(Micrhystridium) occur together in Eurydesma
Counularia associated sediments. The grey-black
splintery shale present at the top of the Talchir
Formation in bore-hole GAG-l from Ainapallam
Gompana area which contains well preserved
Gangamopteris leaf impressions (personal
observation) is lithologically comparable to the
black needle shale of the Talchir Formation from
Manendragarh which contain invertebrate marine
fossils. In Mohpani Coalfield Bharadwaj and Anand
Prakash (1972) also observed the presence of similar
shales at the lOp of the Talchir Formation. These
records suggest a marine transgression during the
deposition of the younger sediments of the Talchir
Formation in Godavari Graben. The basal tillite in
the older part has not yielded palynofossils.

Barakar Formation

The Lower Member of the Barakar Formation in
Godavari Graben, characterised in general by coarse
grained gritty sandstone, shale and coal, is
comparable £0 the Karharbari sediments of the type
area, the Giridih Coalfield. In Godavari Graben the
Karharbari sediments have not been marked as a
mappable unit, though the microflora occurs
persistently in the Lower Member of the Barakar
Formation overlying the Talchir (Ramakrishnapuram
area, GRK-l : 798.90-795.60 m; GRK-24 : 775.55
645.20 m; GRK-25: 676.50 m; Ramagundam area,
GGK-20 : 854.00-827.25 m; Ainapallam area GAG
1 : 436.00-202.60 m; Manuguru area-Thick Seam;
Kothagudem and Yellandu areas-King Seam). Since
sediments pertaining to this horizon are exposed to
a limited extent, the recognition of Karharbari as a
formation in Godavari Graben has not been given
much attention. However, based on palynological
studies, a Karharbari palynozone is identifiable.

In recent years leiosphaerids have been
recorded in the Karharbari sediments from Umaria
Coalfield (Venkatachala & Tiwari, 1988). Banerjee
(1988) also reported brackish water acritarchs
including Leiosphaeridia from Rajmahal Basin.
Chaudhuri (1988) suggested a marine influence in
Hutar Coalfield on the basis of .foraminifera and
evaporites. In Godavari Graben also Leiosphaeridia
alongwith monosaccate pollen grains in Upper
Karharbari palynozone have been observed in
Ainapallam area (Bore-hole GAG-I). All these
records represent marine influence during the Upper
Karharbari palynozone.

The Upper Member of the Barakar Formation
lithologically exhibit a repeated cyclothem and
contains the important coal seams from Belampalli
Kothagudem areas. The palynoflora contained in
these sediments compare the Lower Barakar
palynoflora (Srivastava, 1987; Srivastava & Jha, 1989).
The Upper Barakar palynoflora has not been
encountered in any bore-hole studied from the
Godavari Graben.

Barren Measures (Kulti) Formation

The palynoassemblage of the Kulti Formation
has been observed in Ramakrishnapuram area
(boreholes GRK-l: 493.57-109.45 m; GRK
24 : 515.75-363.70 m; GRK-25: 582.70 m) and
Ramagundam-Mantheni area (bore· hole GGK
20 : 628.44-215.00). In all these boreholes a
complete epibolic development of Densipo//enites is
present between the underlying Barakar and
overlying Kamthi sediments. This palynozone is
comparable to the known Kulti palynozone of the
Jharia Coalfield (Bharadwaj et al., 1965).

Kamthi Formation

The Lower Member containing palynozone 6 has
been recorded in a number of bore-holes (Srivastava
& Jha, 1988) and is comparable to the Raniganj
palynoflora of the Damodar Valley. In Ramagundam
area, a thick coal seam known as Sondila Seam has
been suggested to belong to this palynozone
(Bharadwaj et al, 1987). In the Chintalpudi sub
basin thick coal seams encountered in the younger
part of the bore hole GAG-l also contain similar
palynoflora.

Palynozones 7-10, as shown in Table 1, occur
within the younger part of the Lower Member and
older part of the Middle Member of the Kamthi
Formation and in general compare to the younger
Raniganj palyozones of the Damodar Valley except
some significant variations (Bharadwaj, Tiwari &
Anand-Prakash, 1979). However, palynozones 8-9 are
more comparable to the palynoflora of the Bijori
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Formation in Satpura Basin (Bharadwaj et al., 1978)
and Chidru Formation, Salt Range (Balme, 1970) in
view of the higher incidence of Corisaccites and
Guttulapollenites. Striasulcites palynozone
(Palynozone 7) is not reported so far from any other
basin. Reoccurrence of Parasaccites (Palynozone 8)
alongwith striate-disaccate pollen is also known
from the Godavari Graben only In addition to these,
Iraquispora, Triquitrites, Taeniaepollenites,
Phidiaesporites, Concavissimisporites and
Columinisporites found in the Godavari Graben have
not been observed in other peninsular basins of
India.

DISCUSSION

The sedimentation of the Permian sequence in
Godavari Graben appears to have been initiated by
the deposition of tillite beds at the base of the
Talchir Formation. Some of the clasts embedded in it
show polished surfaces and striations indicating
glaciation (Ramanamurty, 1985). Palynological
records are not available at this level of
sedimentation but following glaciation fluvio-glacial
and lacustrine environment developed permitting a
thick pile of lacustrine deposits. Palynological
assemblages indicate periodic marine incursions as
is evidenced by the occurrence of Leiosphaeridia,
foraminifers, etc. The possible gate-way for these
marine incursions could have been from the eastern
sea bay along the Krishna-Godavari lineament. The
radial monosaccate dominant assemblage pertaining
to gymnosperms also suggests a cool humid
environment.

The Talchir Formation is overlain by the Barakar
Formation during which the sedimentation pattern
was dominantly fluvial and a luxurient flora appears
to have existed which led to the development of rich
coal-forming swamps. In the Lower Member of the
Barakar Formation the lithologic association is
distinctly different from that of the Upper Member
and is comparable to the Karharbari sediments; it
has remained a debatable unit so far on the Godavari
Graben. Basu (1964) has suggested the occurrence
of Karharbari coal seams in Godavari Graben but
since then it has not been identified as a separate
unit. The palynological records also suggest the
existence of Karharbari sediments among the coal
seams which are being worked out in various mines
(Srivastava, 1987) and also subsurface sediments of
Ramakrishnapuram, Budharam, Manuguru, Mailaram
and Kothagudem areas. The palynological
assemblages thus proVide enough evidence to
identify Karharbari's in Godavari Graben.

The Upper Member of the Barakar Formation is

the principal coal-bearing horizon in Godavari
Graben. The palynoflora recorded in these
sediments compare with the Lower Barakar
palynoflora of other basins (Tiwari, 1974 )',In bore
holes GRK-1, GRK-24 and 25 and GGK-20 the Lower
Barakar palynozones are immediately succeeded by
the Barren Measures (Kulti) palynozone, thus
indicating the possible absence of the Upper Barakar
palynozones in Godavari Graben.

The sediments overlying the Barakar and
underlying the Maleri formations have been
classified into Barren Measures and Kamthi
Formation by Raja Rao (1982). Kutty et al. (1988)
included the former as a basal unit (Lithozone 1) of
the Infra-Kamthi Formation and considered the
Upper Member of the Kamthi Formation of Raja Rao
(1982) as Kamthi Formation in view of its distinct
lithology. Sengupta (1970) recognised Barren
Measures as a distinct unit which was later accepted
by Raja Rao (1982). Ramanamurty (1985) also
preferred to maintain it as a separate unit on the
basis of lithology and hea\)' minerals and suggested
that the deposition during Barren Measures was
largely under braided system with rapid
sedimentation. These sediments have yielded a
striate disaccate rich assemblage having epibole
zone of Densipollenites which is characteristic of
Barren Measures palynoflora of Damodar Valley. The
thickness of Barren Measures appears to be
maximum (450 ± 50 m) around Ramagundam
Mantheni area while in the rest it is highly variable.
The sediments being essentially arenaceous do not
yield palynofossils, in general. In the same way
recognition of this formation as a separate unit in
other areas has remained elusive. Nonetheless the
lithological suit attributed to Barren Measures
Formation is distinct from the underlying Barakar
and overlying Kamthi Formation both of which are
coal-bearing horizons.

The Kamthi Fbrmation (sensu Raja Rao, 1982)
attains its maximum thickness (± 1600 m) around
Ramagundam-Mantheni area (Ramanamurty, 1985).
The Lower Member has been proved to be coal·
bearing while the Middle and Upper Members are
devoid of coal. Palynozone 6 is restricted to the coal
bearing Lower Member, palynozones 7 and 8
transgress the Lower and Middle Members and
palynozones 9 and 10 occur only in the older part of
the Middle Member. The Permian-Triassic transition
occurs within the Middle Member of the Kamthi
Formation. Lithozone·2 of the Infra-Kamthi
Formation (Kutty et aI., 1988) appears comparable to
the Lower Member of the Kamthi Formation (sensu
Raja Rao, 1982) while Lithozones-3 and 4 of the
Infra-Kamthi Formation may be considered
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equivalent to the Middle Member of the Kamthi
Formation. Kutty et at. (1988) have described
vertebrate fossils, viz., Endothiodon and
Cistecephallus from the Lithozone-3 and have
correlated it with the Cistecephallus Zone (Beaufort
Formation) of South Africa. Lithologically,
Lithozone-3 of the Infra-Kamthi Formation compares
with the older part of the Middle Member of the
Kamthi Formation. Palynozones-9 and 10 described
here occurs in this unit and represent almost the
youngest Upper Permian palynozone. Ramanamurty
(1985) considered the lithological s~t up of the
Lower Member of the Kamthi Formation equivalent
to the Raniganj Formation while Upper and Middle
Members being equivalent to the Panchet and
Mahadeva formations of the Damodar Valley.
However, occurrence of Cistecephallus fauna and
also Densipollenites rich palynoassemblage extends
the Upper Permian sequence further up in the older
part of the Middle Member. Srivastava and ]ha (1988,
1989) recorded Lower Triassic palynoflora from the
upper part of the Middle Member of Kamthi
Formation. Thus it was observed that the Permian
Triassic transition occurs right in the Middle
Member.

The Upper Member of the Kamthi Formation is
distinguishable by its characteristic lithology. Raja
Rao (1982, p. ]5) mentioned the presence of
fragmentary remains of Ptilophyllum (earlier
observed by C. Nageswar Rao) in ]aipuram Ridge. In
recent years a vertebrate skull (Daptocephalid
dicynodonr?) was discovered among the sandstones
of this member near jaipur Village (GSI News, Coal
Wing, january, 1986) which indicates the occurrence
of Late Permian sediments. Well-preserved, though
scanty, leaf-impressions of Glossopteris have also
been observed in ferruginous shales in sandstone
quarries near jaipur Village. The size of the leaf is
small as compared to those occurring in the Upper
Permian sequence. With these varied evidences it
appears difficult to correlate the Upper Member but
considering the palynological evidences it appears
probable that this member may be equivalent of the
Supra-Panchet/Mahadeva formations of the Damodar
Valley
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Triassic flora of India-a transition
Shyam C. Srivastava & S. R. Manik

Srivastava SC & Manik SR 1992. Triassic flora of 1ndia-a transition. Palaeobotanist 40 244.

Extensive floral modifications occurred from Late Palaeozoic to Triassic (Early Mesozoic) Period.
Differentiation of Permian and Triassic strata in the Indian subcontinent has been done mostly on lithological,
palaeontological and palaeobotanical grounds, but recent investigations on Triassic succession in the Damodar
Basin (Panchet Formation), South Rewa Basin (Tiki and Parsora formations), Satpura Basin (Mahadeva Formation)
and Pranhita·Godavari Basin (Maleri Formation) have demonstrated gradual changes in palaeofloristics from Early
Triassic to Late Triassic. The concept that there was a sudden change in the composition of megaflora from the Late
Palaeozoic to Early Triassic reflecting a floral break is modified in the light of palaeofloral data accumulated from
various Triassic formations.

In Peninsular India, the megaflora of Late Permian Period is usually dominated by glossopterids and their
representative taxon Glossopteris continued further in Permo·Triassic contact associated with some newly emerged
forms like the genus Dicroidium, which dominated the vegetation and thrived for nearly 30 million years. In the
early part of Triassic, DicrOidium appeared in a very low frequency in association of Lepidopteris but tOwards the
mid-part of Triassic it exhibited overwhelming dominance and superseded the Glossopteris flora. As a result the
seed·bearing plants possessing pinnate leaves appeared on the floristic scene and lasted throughout the Triassic
time They started declining in the Late Triassic giving way to the cycadean and coniferous forms which later
constituted a considerable part of plant communIry during Jurassic-Cretaceous period. Dicroidium, its associates,
and the seed taxon Savitrispermum, which were prolifically represented in the Gondwana continents during
Triassic, vanished out. Pterophyllum, Pagiophyllum and Elatocladus were represented in abundance during Late
Triassic, whereas the pteridospermous forms registered a decline. The presence of zamoid seed cones and
archegoniate seeds became most distinguishing feature for the Late Triassic floral deposits. Gymnosperms were the
main components of the flora associated with some lower plant groups. Seed plant groups attained potential value
in defining the floral regions of this period. Thus, the Early Mesozoic flora contained new taxa, as well as those
continuing from the Palaeozoic times. Systematic analysis has now shown that the transition from Permian-Early
Triassic-Late Triassic was a gradual one.

Key-words- Evolution, Triassic flora, Palaeoecology.

Sbyam C. Srivastava & S. R. Manik, Birbal Sabni Institute oj Palaeobotany, 53 University Road, Lucknow
226 007, India.
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Life and time of Indian Williamsonia
)ayasri Banerji

Banerji, J 1992. Life and time of Indian Williamsonia. Palaeobotanist 40 : 245-259.

The Williamsonia plant, belonging to the order Bennettitales, consists of stem-Bucklandia Presl, leaf
Ptilophyllum Morris, male flower- Weltrichia Braun and female flower- Williamsonia Carruthers. This plant was
perhaps a small, much branched woody tree of xerophytic environment. It co-existed alongwith extremely variable
and rich flora including highly diversified plant groups from algae to gymnosperms. In India, it appeared during the
marine Jurassic, proliferated and widely distributed in the Lower Cretaceous and disappeared from the vegetational
scenario of Upper Cretaceous Period with the advent of angiosperms.

Key-words-Bennettitales, Williamsonia, Jurassic-Cretaceous (India).

jayasri Baner}i, Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India.
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LIFE OF WILLIAMSONIA PLANT

In the Upper Mesozoic Era, a new group of
plants-the Bennettitales, developed that colonised
various habitats of terrestrial areas. This group
continued till Early Cretaceous. In India, it is
represented by the members of the family
Williamsoniaceae and occurs pre-dominantly during
Lower Cretaceous Period (Text-figure 1). The
Williamsonia plant is known through its stem
Bucklandia Presl, leaf-Ptilophyllum Morris, male
flower- Weltrichia Braun, and Williamsonia
Carruthers female flower.

Stem-Bucklandia Presl

The Bucklandia stem was erect and cylindrical,
protected by armour of rhomboidal leaf-bases. Four
species of Bucklandia described from India are: B.
indica Seward, B. sahnii Bose, B. guptai Sharma and

B. dichotoma Sharma. In B. indica Seward, the
secondary wood is more compact than recent cycads
and cycadeoids. The medullary rays are uniseriate
and 'tracheids have multiseriate bordered pits on
their radial walls instead of scalariform pitting in the
majority of cycadeoid stems. Secretory canals are
abundant in the parenchymatous ground tissue, the
cambium and phloem are not preserved. The cross
section (Text-figure 2) of B. sahnii Bose 1953a
shows well-defined growth rings in the secondary
wood, 4-9 cell thick cork cambium present outside
the cortex. Cortex is fairly wide, parenchymatous
with thick-walled cells, Singly or in group and leaf
traces with a single bundle which finally breaks up
into 5-7 strands. Pericycle is with few layers of
polygonal cells. The phloem ring is marked by
alternate bands of poorly developed rays leaving big
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Text-figure I-Distribution of Indian Williamsonian flowers.

cavirics. Phloem consists of alternate thick- and thin
walled elements. Traces of cambium are seen below
the phloem. The tracheids of early wood have a large
diameter with a thinner wall than those of the late
wood. The late wood is remarkably developed and
occupies about two-third of the whole growth rings.
Radial surface of the late wood tracheids have nOt so
variable pitting but the early wood shows different
type of pitting from scalariform to multiseriate. Ray
cells in radial view are rectangular and much wider
than high: The pits in the field are bordered, usually
one to six or more, oval or circular in shape.
Longitudinal section shows that the inner-most part
of xylem ring consists of 4 to 8 layers of slender
tracheids with spiral thickening in their walls. Pith is
very wide and consists of parenchymatous cells with
numerous scattered thick-walled cells similar to the

cortex. In B. sahnii the stem had forked branches
and the flowers were borne at the point of
bifurcation as in Wielandiella angustifolia Nathorst.
Bucklandia guptai Sharma 1967 has sparsely
arranged symmetrical leaf basis and anatomically it
shows the presence of numerous growth rings and
mostly uniseriate medullary rays which are rarely
biseriate. B dichotoma Sharma 1969b is
characterised by haVing longer rays, biseriate in
nature and bordered pits with narrow elliptical pit
pores. According to Bose (1974, p. 196), this species
is based on variable characters and these should not
be used for specific differemiation. Besides, he
considers it perhaps as a young stem.

Mode of branching-Seward (1912), while
describing petrified Williamsonia from Scotland,
suggested the existence of a sympodial branching,
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A

Text-figure 2-A, Bucklandia-slem; B, T.S. of Bucklandia-slem.

while Sahni (1932) suggested monopodia I
branching in W. sewardiana.

Leaf- Pttlopbyllum Morris

The genus Ptilophyllum Morris in Grant (1840)
originally comprised pinnate fronds, pinnae with
acute or obtuse apices. The circumscription of the
genus was later enlarged to include pinnate frond,
pinnae linear-falcate in shape with acute, sub-acute
to obtuse apices, basal acroscopic margin round,
basal basiscopic margin decurrent and veins sub
parallel to slightly diverging towards the apical
margin. The rachis contains a double arc of collateral
vascular bundles comparable to the pteridosperms
(Text-figure 3). Sclerenchymatous patches and
sclereids are found in the cortex. Single bundle
arises from the upper corner of the double arc of
vascular bundle of rachis which divides into two at
the base of the pinna. It is repeatedly forked at
different levels to form a more or less parallel
venations.

The anatomy of pinna shows collateral, exarch
xylem with a parenchymatous bundle sheath.
Sclereids occur isolated or in groups in the palisade
and spongy mesophyll. The salient features of the
cuticle of Ptilophyllum leaves are hypostomatic
condition with syndetocheilic stomata, but vary in
the pattern of distribution of stomata, papillae and
its morphological differences, being the main
criteria for ·speciation. P. acutifolium Morris has
pinnae with acute apices, whereas P. cutchense
Morris possesses sub-acute to obtuse apices. P.
rarinervis (Feistmantel) Bose has pinnae with 2-3
veins only. P. tenerrimum Feistmantel has narrow,
long pinnae. In P. indicum jacob & jacob 1954,
stomata are distributed in stomatal bands. P. oldhami
jacob & jacob 1954 shows irregular distribution of

stomata except on the marginal region. In P. distans
jacob & jacob 1954 pinnae have acute apices and the
lower cuticle is differentiated into broad
stomatiferous and narrow non-stomatiferous bands,
cells are devoid of papillae and the outer wall of the
subsidiary cells is looped. P. jabalpurensis jacob &
jacob 1954 is characterised in having 1-3 papillate
marginal cells and papillae are solid circular or
semi-circular, hollow-circular or crescent-shaped. In
P. nzpanica Vishnu-Mittre 1956 lower epidermis has
non-papillate cells and stomata are arranged in
bands_ P. gladiatum Bose & Sukh-Dev 1958 is
distinct in having gladius-like pinnae and non
papillate epidermal cells of veins and subsidialY
cells. P. institacallum Bose 1959 is significant in
possessing papillae of various shapes. The epidermal
cells of lower cuticle and stomata are irregularly
scattered in the inner zone. P. sakrigaliensi$ Sah
1958 has elongated pinnae with acute apices. Lower
cuticle is studded with stomata arranged in bands.
One or two papillae are present on each epidermal
cell of the vein band. P. horridum Roy 1967 shows
lower cuticle with stomata in bands and two or more
papillae on each epidermal cell of the vein band but
they do not form a frill-like structure over the vein
band as in P. institacallum. P. sahnii Gupta &
Sharma 1968 has small pinnae, oblong or oval in
shape with obtuse apices, lower cuticle is
differentiated into broader stomatal, narrow non
stomatal band and marginal non-stomatal region,
epidermal and subsidiary cells are devoid of
papillae. P. amarjolense Bose 1953b is distinguished
by its broader leaves and stomatal bands are 4-5
stomata broad.

Male flower- Weltricbia Braun

The male flower is characterised by haVing
microsporophylls forming a cup-shaped structure at
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Text-figure 3-A, Ptilophyllum-pinna showing venation; 8, Pti/ophyllum leaf; C, T.S. of pinna; D, T.S. of rachis.

the base. They bear polleniferous appendages
adaxially or distally. Each appendage has two rows of
pollen chambers. The pollen grains are oval and
monocolpate.

From India, male flower was first described as
Williamsonia santalensis Sitholey & Bose 1953.
Later, Bose (1967) suggested that the specimen of
Williamsonia santalensis be included under the
genus Weltrichia Braun as it has priority. The male
flower consists of a whorl of 20 (?)microsporophylls
coalescent towards the base to form a shallow cup.
Each micr:osporophyll bears on its upper surface two
rows of finger-like appendages which are presumed
to have been the spore- bearing organs. The rows of
small chambers are present inside each appendage.
The distal sterile portion of the microsporophyll
shows an asymmetrical and obliquely twisted

expansion of the lamina. Sharma 0969a) suggested
that there are twO whorls, the outer whorl consists of
20 sterile bracts and the inner whorl has 20 twisted
microsporophylls. He also opines that the
appendages are in twO rows on the adaxial side of
the proximal part of the microsporophyll and there
is only one row on the distal part of the
microsporophyll (Text-figure LlC). Later, Sitholey
and Bose (1971) commented that the bracts are
spirally arranged and are not in whorls. The
receptacle of Weltrichia is, in fact, cup-shaped
flower formed by the fusion of microsporophylls.
The fertile organ consists solely of a tubular thick
walled structure, tapering distally which completely
encloses the polleniferous chambers. Revised
restoration of microsporophyll given by Sitholey and
Bose (1971) shows that the microsporophylls were
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bilaterally symmetrical structures without any
twisting of distal portion. The abaxial surface of the
expanded distal portion is raised into a prominent
hump-like structure (Text-figure 4A, B).

Ontheanthus polyandra Ganju 1947, a unique
bennettitalean fructification, was transferred by
Sharma (l969a) to Williamsonia santalensis Sitholey
& Bose 1971 recognised it as a separate taxon under
Weltrichia. It needs further examination whether it
is a part of an unopened flower of Weltrichia
santalensis or an incomplete preserved part of a
bisexual flower-Amaryolia dactylota. Weltrichia
singhii Bose 1967 is supposed to represent bud
conditions of W. santalensis (Sharma, 1969a).
W'illiamsonia companulatijormis, known by an
incomplete specimen, is built more or less on the
same plan of construction as Weltrichia santalensis
(Sharma 1969a, p. 102; Sitholey & Bose 1971)
Weltrichia harrisiana (Bose & Banerji, 1984) is
about 12-15 em in diameter. Microsporophylls 12-14
in number, coalesce towards the base and form a
circular depression, about 2 em in diameter. The
microsporophylls are distally expanded, coriaceous
and their adaxial surface exhibits prominent ridges.
Each microsporophyll terminates into five uniformly
broad fertile appendages, each appendage having a
double row of polleniferous chambers. Weltrichia
maldaensis Pal & Ghosh 1985 shows
microsporophylls with some small circular lateral
projections.

Female flower- Williamsonia Carruthers

Williamsonia Carruthers, the female flower, has
receptacles of various shapes, e.g., rhomboidal,

hemispherical-conical with numerous interseminal
and seminal scales. The receptacle is surrounded by
numerous spirally arranged bracts.

The anatomy of peduncle (Text-figure 5) shows
the changes in the vascular organisation at different
levels (Sharma, 1973b). The centrifugal xylem is
gradually reduced in thickness and broken into
segments. Centripetal xylem originates from the
endarch protoxylem points of centrifugal xylem and
gradually increases in amount towards the upper
side of peduncle. In the receptacle centripetal xylem
forms the main vascular cylinder and the remnants
of the centrifugal xylem are connected with each
Other by their tangentially elongated protoxylem
points.

Anatomy of receptacle shows the main stele
consisting of a number of isolated, collateral
inverted, exarch vascular bundles which maintain
their shape and siie from base to-apex (Text-figure
6). In the basal position bundles gives off paired
traces to the bracts, while in the middle part of the
receptacle they are connected with isolated,
collateral or concentric, endarch or mesarch vascular
bundles present in the peripheral region of cortex.
These peripheral bundles are the source of vascular
traces to the scales. The tracheids of bract traces
have spiral thickening on their lateral walls.
Transverse section through the concavity of
receptacle shows inverted bundles in the main stele
indicating a change from endarch condition of
vascular bundle in the peduncle to exarch condition
in the receptacle. The main stele gives off traces only
at two places in the whole receptale. The first point
lies in the pedicel while the second is present in the
middle part of receptacle. These two points in the

B

A c
Text-figure 4-Resroralion of microsporophyll-A, B, after Silholey and Bose (1971); C, after Sharma U969a).
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Text-figure 5-Reconstruction of the vascular organisation in transverse and longitudinal section of peduncle.

receptacle may be compared with the cwo modes of
a branch or stem. According to Sharma (l973b) the
receptacle of a seed-bearing Williamsonia is
comparable with a cwo noded inflorescence axis.

Bract anatomy shows a thick sclerenchymatous
hypodermal zone which consists of relatively larger
cells on the abaxial side. There are usually 7
collateral, endarch vascular bundles, cwo above near
the middle line and five forming an arc parallel to
the lower surface. The xylem of the bundles facing
each other in the radial portion of the bract and in
the distal flattened part, the number of bundles
reaches up to 11 or more. The ground tissue is
parenchymatous but without mucilage canals (Sahni,
1932; Sharma, 1975).

The upper surface of the bracts has rectangular
or squarish epidermal cells which are arranged in
rows, parallel to the long axis of the bracts. The
lateral walls of the cells are thin and sinuous. Outer

wall of the epidermal cells is provided with circular,
scattered simple pits. Stomata are syndetocheilic,
non-sunken and transversely oriented.

The fertile portion consists of a small, conical
receptacle which is produced terminally on a thick
peduncle. The receptacle is covered with a thick
layer of sterile and fertile scales_ The sterile scales
consist of hexagonal·rectangular parenchymatous
cells with a central vascular strand up to the highly
cutinized distal regions. Five or six sterile scales
surround a fertile seminiferous scale represented by
an orthorropous ovule which consists of a small,
thick stalk or funiculus and a long, oblong body. The
stalk has a definite concavity at its basal end,
representing the abscission point of the scale. From
the upper part of funiculus arise a central long,
slender nucellar stalk and a thin outer integument.
The former consists of cwo types of cells, central
thin-walled parenchymatous and the surrounding
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Text-figure 6-A, Transverse section of the receptacle showing vascular organisation; 8, Longitudinal section of the receptacle
shoWing vascular organisation.

thick-walled, darkish, elongated cells. The nucellar
stalk terminates into an oval-shaped nucellus, the
apical end of which is made up of a roseUe of
elongated cells. The nucellus is fused with
integument which is made up of rectangular,
parenchymatous cells. It is three or four cells thick
in the region of micropyle but reduces downward,
so that near the basal part of nucellus it is only one

cell thick and then merges into the surrounding
layer of nucellar stalk.

The distal end of micropyle is more or less a
funnel-shaped structure and reaches the level of the
terminal end of the surrounding interseminal scales.
The outer integument arises from the funiculus
remains which are thin, delicate and mostly one cell
thick throughout irs length. It remains free from the
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B

A
Text-figure 7-Venical section of ovule-A, after Sahni (932),

and B. after Sharma (1975).

nucellar stalk, but fuses with the inner integument
near the basal part of the nucellus and then
continues upwards as an Outermost layer of
integument up to the distal end of micropyle (Text
figure 7A, B.

The different developmental stages of an ovule
show that the development of fertile layer is
basipetal (Sharma, 1974b). In the basal part of
receptacle the fertile layer consists of thin-walled
polygonal cells without any distinction of scales. The
scales are produced as a result of ingrooving of
epidermis. Differentiation of fertile scale starts from
the micropylar end. The development of integument
takes place at an early stage of ovule ontogeny. In a
young ovule there is a long cylindrical nucellar stalk
which terminates into a conical nucellus; pollen
chamber is differentiated in the upper part of
nucellus (Text-figure SA). A megaspore mother cell
is produced in the nucellus which divides by free
nuclear divisions for the formation of an endosperm.
The endosperm wall formation starts from the
micropylar side and continues on the descending
side (Text-figure SB). On maturity of endosperm the
surrounding cells of nucellus degenerate, except the
micropylar side (Text-figure SC). Pollen chamber
formed by the degeneration of nucellar cells shows
affinity of Williamsonia with the cycads on one hand
and Ephedra on the other (Sharma, 1974b). Sharma
(1979) further observed that the megaspore mother
cell is situated not very deep in the nucellus. The
female gametophyte covers almost whole nucellus
and is made up of thin-walled cells. In the apical
part of endosperm two or more archegonia are seen

ATIACHMENT OF FLOWER

On the basis of their plan of construction the
flowers can be divided into two main types, viz.',
"exposed type" as in W. guptae and W. amarjolense
Sharma and partially "hidden type" as in W.
sewardiana Sahni. In exposed type, the flower were
borne either terminally on the branches or directly
on the sides of the stem. They had a definite point of
abscission and covered with bracts produced from
the base of the receptacle. Moreover, on the basis of
number, shape and size of bracts they can be further
divided into three main types (Sharma, 1971). In the
first type, the bracts are large, incurved and mostly
arranged in one row as in W. amary'olense (Text
figure 9A). The second type has long, linear bracts
arranged in two rows as in W. guptae (Text-figure
9B). The third type includes the flower with linear,
thin, straight and arranged in several rows of bracts
as in W. d. W. scotica (Text-figure 9C). The second
type of partially embedded flower probably
detached itself from the parent plant on maturation
leaving a depression on the side of the stem (Text
figure 90). The variation on the basis df number,
shape and size of bracts might be due to seasonal
fluctuation.

Feistmantel (}s76) described Williamsonia

arranged in a ring and distinct from the cells of
endosperm. The micropylar canal in young ovule is
long, narrow and lined with large cells, while in
mature ovules or seeds the canal becomes small,
wide and filled by a nucellar plug. The thickness of
micropyle reduces from 3-4 cells to one showing
relationship with Cycadeoides and Gnetum. Mature
seeds are found in ripe, nacked, bractless fruits.
Seeds are oblong or ovate, stalked, dicotyledonous,
partially endospermic and have a long micropyle
(Sharma, 1970c). Seed coat includes outer tubular
cells, middle parenchymatous true integument and
inner vascularized tissue formed after fertilization by
modification of the peripheral portion of nucellus.
The seed of Williamsonia differs from cycadeoideas
in being partially endospermic and shows more
affinities with the seeds of pteridosperms and
Gnetales than with the angiosperms.

On maturity, the flower produces abscission
layer in between the receptacle and the compact
layer of sterile and fertile scales. The sterile scales
and ovules are ontogenetically identical. It is related
to the extant genus Ginkgo in the manner of
detachment of flower from the parent plant before
fertilization. The inter-locking cells of the micropyle
was either absent or the flower was detached before
pollination.

Outer
integument



BANER]I-LIFE AND TIME OF INDIAN WILLIAMSONiA 253

o

Stalk I I:

Micropyle

Nucellar beak

(otyledon

Degenerated
nucellus

Inner R\

Integument
Middle \\\\
integument
Outer \
integumen~

cB

~Endo

sperm

pollen
chamber

Nucellus

Nucellus
stalk

A

~.E1

~. ~ . -
.'

'fm.
~

'-

\~ ®~

Text-figure 8-A-C, Vertical section of ovules showing different stages of development; D, Seed restOration.

blanfordi from Kachchh. W. gigas Carruthers
recorded by Feistmantel (1877a) has been ultimately
placed under Weltrichia santalensis. W. microps
Feistmantel 1877a is visualized as a small pedicellate
bud· like specimen of W. gigas or W. blanfordi by
Seward (1917, p. 445) and Seward and Sahni (1920).
Williamsonia comb. W. gigas Feistmantel 1877b has
been placed under a new species- W. indica, by
Seward (1917) in being larger in size. In W.
sewardiana (Sahni, 1932) the flower has
hemispherical receptacle, seminal and interseminal
scales 3 mm in length which gradually reduce up to
1.5 mm. Soft investment around the nucellus
continued downwards forming the outer layer of
nucellar stalk. Sharma (1975) observed adherence of
nucellus and integuIJ1ent throughout its length
(Text·figure 7B). W. sahnii Gupta 1943 is supposed
to be a bisexual flower but as there is no positive
evidence of the presence of androecium, the author
himself doubts about its bisexuality. W.harrisiana
Bose 1968 is characterised by dome-shaped
receptacle, seminal and interseminal scales up to 1
cm in length and the presence of a sterile disc.
Sharma (1977) observed sterile disc in almost all the
species.

W. guptae Sharma 1968 has conical receptacle
with seminal and interseminal scales up to 1 cm in
length, epidermal cells of the bract rectangular and
stomata sunken. W. amarjolense Sharma 1968 is

distinct in having hemispherical receptacle,
epidermal cells of bracts are polygonal and stomata
non-sunken. Perhaps W. guptae is similar to W.
harrisiana in shape of receptacle, size of seminal
and inter-seminal scales and epidermal features of
the bracts. W. seniana Bose & Kasat 1969 can be
distinguished by its epidermal features. In W. cf. W.
scotica, the bracts are considered as reduced pinnate
leaves having pinnae in the form of reduced
vascularised appendages (Sharma, 1970a). W.
kakadbhitensls Bose & Banerji 1984 is distinct in
haVing rhomboidal receptacle and hairy bracts. W.
trambauensis (Bose & Banerji, 1984) is
characterized in having ramentum scars and
trichome bases. W. sukhpurensis (Bose & Banerji,
1984) has jagged-thickening on the lateral walls of
epidermal cells.

HABIT OF WILLIAMSONIA PLANT

On the basis of morphological and anatomical
characters, it is suggested that the plants of
Williamsonia were perhaps small, much branched
woody trees of xerophytiC environment. They had
adopted various ecological strategies to meet the
water stress conditions as shown by different parts of
the plants. The columnar stem was branched
monopodially or sympodially, bearing large and
small slender branches with spirally arranged
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Text-figure 9-A, S, Showing allachment of flower on lateral branch; C, Reconstruction showing terminal or lateral allachment as
shown by Williamsonia cf. W. scaNca; D, Partially hidden type of Williamsonia flower.

pinnate foliage leaves. The pedunculate flowers
were borne terminally/laterally at the point of
dichotOmy or the sessile flowers were partially
embedded into the stem. These woody trees perhaps
formed a part of mixed subtropical community of
the forest. The palaeolatitudinal position of the
Indian subcontinent during the period was between
20°-45° south latitude (Smith & Briden, 1979) and
this supports the existence of tropical to subtropical
climate. The stem of Williamsonia possesses
persistent armours of leaf-bases which perhaps acted
as a protective covering either from predatOrs or to
withstand unfavourable conditions. The armours
might have provided mechanical strength to the
stem also. The variation in size and shape of the leaf
scars depends upon the position of abscission layer
and is probably environmentally induced variation.
The presence of periderm and the stem anatOmy
show arborescent nature of the plant. The periderm
protects the inner tissue from weathering. The
presence of sclereids in the peduncle and rachis,
sclerenchyma cells outside and in between the
vascular bundle of the rachis provides hardness to
these parts. Stem has a large pith and less secondary
tissue suggesting that the plant could grow in
moisture deficit soil. The secondary wood shows
large lumened variously pitted tracheids in the
growing season (Early wood) indicating that water

availability was high. Thick-walled tracheids with
less variable pitting (Late wood) show water stress
condition. The leaf anatOmy shows sheathed vascular
bundles. ScierenchymatOus hypodermis acts as a
supporting tissue and proVides rigidity to the leaves
to withstand Wilting. The occurrence of sunken
stOmata on the lower surface (hypostOmatic
condi tion) in most of the species and
scierenchymatOus hypodermis show xeromorphic
characters. Sclerenchyma and sclereids give
mechanical strength and protection. Papillae in the
epidermal cells as well as subsidiary cells act in two
ways, i.e., they reduce the intensity of the incoming
radiation and also check the wind action. High
stOmatal frequency of occurrence in a few species
perhaps is due to high rate of transpiration. Growth
rings in the secondary wood and abscission of leaf
show seasonal fluctuation in light, temperature and
water availability. The mechanism of abscission
gives protection against desiccation in adverse
conditions. Abscission of bracts shows maturity of
the flowers. The abscission of the reproductive parts,
i.e., seminal, interseminal scales and
microsporophylls from the receptacle base helps in
dissemination for fertilization and manner of
dispersal. Hairs on the bracts perhaps protect the
reproducti ve parts from insect predatOrs and also
reduce the transpiration rate. The ovules are further
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protected by interseminal scales which possibly
acted as protective covering but, later attracted the
insects for pollination. In Williamsonia, flowers
were unisexual suggesting out-breeding by
anemophilly, whereas Ammjolia-flower (another
bennettitalean flower) was hermaphrodite. The
curved nature of microsporophyll and protandrous
nature of Amarjolia also indicate out-breeding by
entomophily. Whether these major selective
characters provide protection from phytophagus
insects or from self-incompatibility are questions to
be considered squarely.

A cycas-like habit for Williamsonia sewardiana
was proposed by Sahni (1932), plant with columnar
stem-Bucklandia indica Seward, crown of pinnate
foliage leaves-Ptilophyllum d. cutchense Morris and
female flower borne terminally on short branched
laterals- Williamsonia sewardiana. Later, the
recovery of more species of female flower: W.
guptae Sharma, W. ama1]'olense Sharma, Stem
Bucklandia sahnii Bose, and leaves-Ptilophyllum
amarjolense Bose and P. sahnii Gupta & Sharma
from the same locality raised doubts about Sahni's
reconstruction of W. sewardiana, Bucklandia indica
and Ptilophyllum cf. cutchense. Anatomically the
peduncle of W. sewardiana is more similar to
Bucklandia sahnii Bose than with B. indica Seward
(Bose, 1953a; Sharma 1975). Besides, the discovery
of branched stem of B. sahnii and B. dichotoma
suggested that these plants had equal or unequal

branched stems and perhaps due to the deciduous
nature of small laterals and leaves they were found
in large number. Recently, a specimen has been
recovered from Rajmahal Hills in which the
Williamsonia-flower seems to be laterarJy attached
to a narrow branch perhaps by a small peduncle. On
the basis of these evidence, the branching in
Williamsonia was probably more akin to the
reconstruction of Harris (1969, fig. 59c) for
Bucklandia pustulosa, Ptilophyllum pecten and
Williamsonia leckenbyi. This view has also been
supported by Bose (1974, p. 197), but it needs better
specimens with branching habit.

RELATIONSHIPS OF WILLIAMSONIA

Williamsonia, belonging to Bennettitales, shows
primitive as well as advance gymnospermous
characters. It shows affinities with the plants of
Pteridospermales, Cordaitales, Cycadales, Gnetales,
etc.

Affinities with Pterldospermales

Presence of secretory canals in pith and cortex
of stem shows affinity with the Pteridospermales. In
the petiole the bundles are united at places
exhibiting a continuous C-shaped strand as in some
pteridosperms, viz., Rhetinangium arben' Gorden.
The endospermic seed of Williamsonia also shows

(ORDAIANTHUS sp.

WILLIAMSONIELLA
(ORONATA

WIELANDIELLA
ANGUSTIFOLIA

WILLIAMSONIA
GIGAS

Text-figure lO-Stages showing derivation of an ovulate cone of Williamsonia from a female inflorescence of Cordaianlhus sp. as a
result of condensation and swelling of the axis.
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affinity with the seed of pteridosperms. The
microsporangiate flower having pinnate
microsporophylls shows some similarities with
pteridosperms. But, in Weltrichia, a cup-shaped
receptacle with microsporophylls and
microsporangia which are either directly attached or
arranged on finger-like appendages are those
notable characters not exhibited by an extinct or
extant group of plants.

Affinities with Cordaitales

Sharma (1982) derived bennettitalean seed
bearing fructification from Cordaianthus as a result
of reduction and swelling of inflorescence axis
producing receptacle and modification of the
axillary bud bearing megasporophylls and scales to
seminiferous and interseminal scales (Text-figure
10). However, in ovule ontogeny Cordainthus and
Williamsonia are different from each other.

Affinities with Cycadales

Presence of armours of leaf bases on the stem,
crown of pinnate leaves and secretOry canals in pith

and cortex shows similarity with that of Cycas.
Girdle leaf traces are absent unlike Cycas. Cuticle
and anatOmy of leaf also differ from Cycas. In
Williamsonia, stomata are syndetOcheilic and
transversely oriented, whereas in Cycadales stomata
are haplocheilic. Diploxylic condition in the
anatomy of Cycas leaf is also unlike Williamsonias.
In Cycas, petiole shows omega-shaped, collateral
endarch bundles, whereas in Williamsonia they are
arranged in double row. Non-vascularised
integument of ovule differs from cycads but the
megagametophyte with 3-4 archegonia and pollen
chamber formed by the degeneration of nucellar
cells are the common features.

Other affinities

Mehra (1988) derived Bennettitales
independently from Protoseminales, a plexus which
gave rise to Cordaitales and Pteridospermales.
Presence of definite abscission point at the base of
fructification suggests similarity with the Ginkgo. In
Williamsonia, the integument surrounding each

B

WIELANOIELLA

WILLIAMSONIA

CYCAOEOIDIA

WILLIAMSONIELLA

AMARJOLIA

Text-figure II-Showing gradual sequence of flower from monosporangiate to bisporangiate condition or vice versa; A, Weilandiella;
B, Williamsonia; C, Williamsoniella; D, Cycadeoidea; and E, Amarjolia.
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ovule and extending up to a long micropyle exhibits
an advanced feature shown by Gnetum and
Welwitschia. The formation of pollen chamber by
the degeneration of nucellar cells shows its
relationship with Ephedra. Flower-like organisation
of Williamsonia fructifications led Wieland (1906)
and Arber and Parkin (1907) to suggest that
Mesozoic Bennettitales are the ancestral group of
angiosperms. A gradual sequence can be drawn from
monosporangiate to bisporangiate flower, i.e.,
Wiellandiella, Williamsonia, Williamsoniella,
Amarjolia to Cycadeoidea or vice versa (Text-figure
11), but which one is primitive is difficult to say.

TIME OF WILLIAMSONIAS

The Williamsonias appeared in India during
Upper Jurassic Period and flourished well in tropical

to subtropical climate of Lower Cretaceous Period.
The other floral associates of Williamsonias are
represented by extremely variable taxa of highly
diversified plant groups (Text-figure 12). They are:
Hepaticites Walton, Trambauathallites' Banerji,
Equisetites Sternberg, Lycopodites Lindley & Hutton,
lsoetes Linnaeus, Selaginellites Zeiller, Marattiopsis
(Oldham & Morris) Seward & Sahni, Todites Seward,
Klukia Raciborski, Gleichenites Goeppert,
Matonidium Schenk, Phlebopteris Brongniart,
Hausmannia Dunker, Dictyophyllum Lindley &
Hutton, Haydenia Seward, Dicksonia L'Heritier,
Culcitites Appert, OnychiopsisYokoyama, Coniopteris
Brongniart, Dennstaedtia Bernhardi, Weichselia
Stiehler, Pachypteris Brongniart, Cycadopteris Zigno,
Thinnjeldia Ettingsha usen, Sagenopteris Presl,
Caytonia Thomas, Pterophyllum Brongniart,
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Otozamites Braun, Dictyozamites Oldham,
Anomozamites Schimper, Nilssoniopteris Nathorst,
Pentoxylon Srivastava, Nipaniophyllum Sahni,
Carnoconites Srivastava, Sahnia Vishnu-Mittre,
Nilssonia Brongniart, Morrisia Bose, Pseudoctenis
Lindley & Hutton, Ctenozamites Nathorst, Cycadites
Sternberg, Taeniopteris Brongniart, Ginkgoites
Seward, Araucarites Presl, Brachyphyllum Lindley &
Hutton, Pagiophyllum Heer, Nipanioruha Rao,
Elatocladus Halle, Nipaniostrobus Rao, Mehtaia
Vishnu-Mime, Sitholeya Vishnu-Mime, Podostrobus
Rao & Bose and Stachyotaxus Nathorst.

The Williamsonias were one of the dominant
plant groups growing in dry open lands alongwith
pteridophytes and conifers and perhaps formed a
part of tropical semi-evergreen and subtropical
broad-leaved type of forest. In India, they appeared
and established themselves during the Upper
Jurassic (marine), proliferated in the Lower
Cretaceous and disappeared in the Upper Cretaceous
with the advent of the highest evolved plant group
the angiosperms perhaps due to inherent genetic
factors. The rapid radiation of angiosperms caused
the sudden extinction of Williamsonias due to strong
selective pressure. Perhaps they could not compete
with the early angiosperms and ultimately perished
from the Upper Cretaceous floristic scenario.
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Indian Williamsoniaceae-an overvIew
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Sharma BD 1992. Indian Williamsoniaceae-an overview. Palaeobolanisl 40 260·265.

The morphology, anatomy and phylogeny of the known extinct representatives of the family Williamsoniaceae
from India have been overviewed. The family occurs in the Upper Mesozoic rocks and is represented by fronds,
stems, male, female and bisexual fructifications. Though the fronds vary in shape, size and venation, all possess
identical syndetocheilic stomata. The stems Bucklandia and Sahnioxylon show minor variations in struc1ure of
tracheary elements and are related with cycadeoideas and homoxylous angiosperms. The male fructification
Wellrichia is built on very distinct and different plan than the seed-bearing fructification- Williamsonia, which has
been derived from Cordaianlhus. The bisexual fruclification-Amarjolia is terminal and exposed like
Williamsonia, while in structure and arrangement of microsporophyll resembles Cycadeoidea. Relationship among
different organs is suggested and phylogeny of Williamsoniaceae is discussed.

Key-words-Williamsoniaceae, Morphology, Phylogeny, India
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FAMILY Williamsoniaceae, belonging to the class
Bennettitopsida, flourished and dominated the
vegetation during the Mesozoic Era (Harris, 1969).
Members of this family originated sometimes during
Middle Triassic and disappeared by the end of Lower
Cretaceous. The family includes extinct plants in
which the stem surface has spirally arranged
rhomboid leaf bases, parenchymatous pith and
cortex well developed with mucilage ducts; vascular
zone narrow made up of collateral, conjoint and
endarch bundles; secondary wood mano-or
picnox)r\ic; leaf trace is unilacunate. Leaves are
pinnate or partly pinnate, with parallel or reticulate
venation; stomata transverse to veins and
syndetocheilic. Fructifications are terminal, exposed,
seed-bearing and bisexual. Microsporophylls are

spread with two rows of appendages on which
microsynangia are produced. Ovules/seeds are
produced intermingled with sterile scales in a
compact layer covering the receptacle. In bisexual
fructification baloon-shaped microsporophylls
encircle the central receptacle with a covering of
ovules and sterile scales.

In India, members of this family occur at several
Mesozoic localities, e.g., Rajmahal Hills, Bihar;
Golapilli near Elore; Madras outliers, )abalpur,
)aisalmer, Kachchh, etc. (Oldham & Morris, 1963;
Feistmantel, 1876, 1877, 1879; Seward & Sahni 1920;
Sitho!ey, 1954; Gupta, 1966; Sharma, 1967a, 1977,
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DESCRIPTION

1968; Bose & Kasat,
1981, 1984). The
described from the

1990; Bose, 1953a, 1953b,
1972a; Bose & Banerji,
Williamson ian fossil plants
Indian rocks are:

Fronds-Ptilophyllum (18 sp.), Pterophyllum (10
sp.), Otozamites (7 sp.), Anomozamites C3 sp.) and
Dictyozamites (7 sp.).

Stems-Bucklandia (4 sp.) and Sahnioxylon (2
sp.)

Male jructzfication- Weltrichia C3 sp.)
Seed-bearing jructzfication- Williamsonia (12

sp.)
Bisexual jructijication-Amarjolia (1 sp.)
Plant remains of Williamsoniaceae occur as

impressions, incrustations and petrifactions. The
impressions show external morphology. In
incrustations the epidermal characters are studied
through maceration and peel techniques using nitric
acid as etching acid (Jacob & Jacob, 1954; Bose &
Kasat, 1972a; Bose & Banerji, 1981, 1984; Sukh-Dev
& Rajnikanth, 1988a, 1988b). The petrifactions have
been studied by the usual method of cutting,
grinding and polishing techniques. At Amarjola, the
material 'being soft and fragile needs cooking in
Canada balsam prior to sectioning. Canada balsam is
used as mounting medium. Sometimes, the polished
surface is examined with a water film under
reflected light.

A systematic account of the extinct plants of
Williamsoniaceae known from India is given as
under:

Fronds

Ptilophyllum Morris

Frond pinnate, pinnae linear to round, base
asymetrical, upper basal angle round, lower
decurrent; apex acute, obtuse, truncate or round;
veins parallel with forkings. Epidermal cells mostly
sinuous, stomata hypostomatic, transversely oriented
and syndetocheilic. Rachis with a number of bundles
arranged in double U-manner.

Sharma (1967a), Bose and Kasat (1972a) and
Bose and Banerji (1981, 1984) published reviews on
the Indian species of the genus Ptilophyllum and
identified 18 species. Some of these fronds are
morphologically alike but separated on epidermal
characters, e.g., P. nzpanica Mittre 1956, P. indicum
Jacob & Jacob 1954, P. sahnii Gupta & Sharma 1968.
Minor variations in morphological and epidermal
characters may be due to environmental differences
and age of the frond. A re-investigation is likely to
reduce the number of species of Ptilophyllum in

India. Search should also be made to find out their
associated stems and fructifications.

Pteropbyllum Brongniart

Frond pinnate, pinnae linear, base syrnmetrical
attached on lateral side of rachis, apex acute, obtuse
or truncate, veins parallel with few forkings.
Epidermal and anatomical characters of Indian
species are not known. Oldham and Morris (1863)
and Feistmantel (1877) identified a number of
species of this genus from India, but Seward and
Sahni (1920) merged many of these species into the
genus Nilssonia Brong. Sharma (l969b) also
transferred two species of Pterophyllum into
Nilssonia. On the other hand Bose and Benerji
(1981, 1984) rE:transferred all known Nilssonia
species from India into Pterophyllum species
without studying the epidermal and anatomical
characters.

Otozamites Braun

Frond pinnate, pinnae small to linear to
triangular or round; base asymetrical and auriculate,
apex acute, obtuse or round; veins diverging and
dichotomised. Epidermal cells sinuous, stomata
hypostomatic, syndetocheilic and restricted to
stomatal bands.

Oldham and Morris (1963) and Feistmantel
(1876, 1877, 1879) described a number of species of
this frond genus from India. Seward and Sahni
(1920) merged many of the species into the genus
Ptilophyllum. Roy (1963) described Otozamites
bellus from Kachchh. Bose and Banerji (1981, 1984)
described the morphology and epidermal characters
of O. imbricatus Feistmantel 1876, O.
Walkamotaensis Bose & Zeba-Bano 1981, 0.
kachchhensis Bose & Banerji 1984. Otozamites
occurs more frequently in the Mesozoic rocks of
Kachchh than any other exposure in India.

Dictyozamites Oldham

Frond pinnate, pinnae linear, falcate or round,
base asymetrical and auriculate, apex acute, obtuse
or round, venation reticulate, stomata hypostomatic,
syndetocheilic and restricted to stomatal bands.
Rachis has vascular bundles arranged in double U
manner similar to that of Ptilophyllum (Bose & Kasat,
1972a). In Dictyozamites, the number of areoles
present in the middle of pinna is used in the
identification of species. Seven species, viz., D.
jalcatus Oldham 1963, D. indicus Feistmantel 1877,
D. hallei Sahni & Rao 1933, D. sahnii Gupta &
Sharma 1964, D. jeistmantelii Bose & Zaba-Bano
1978 and D. gondwanensis Sukh-Dev & Rajnikanth
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1988a are known from India. Associated stems and
fructifications are yet to be discovered.

Anomozamites Schimper

Frond lobed or pinnate, pinnae unequal, base
symmetrical, attached on lateral side of rachis, apex
obtuse to truncate, veins parallel with forkings.
Epidermal cells sinuous. Stomata hypostomatic,
transversely oriented and syndetocheilic. Important
species of the genus known from India are: A. jissa
(Feist.) Sharma 1969b, A. amarjolense Sharma et al.
1971, and A. haburensis Bose & Banerji 1981.
Associated stems and fructifications remain
unknown.

Stems-Bennettitalean stems are simple or
branched and possess spirally arranged rhomboid
leaf bases on the surface. Two stem genera, viz.,
Bucklandia Pres!. 1825 and Sahnioxylon Bose & Sah
1954 are known from the Indian rocks.

Bucklandia Prest.

Stem simple (B. indica), branched (B. sahnii)
or dichotomised (B. dichotoma). Stem surface has
close or sparse leaf bases. Pith and cortex are
parenchymatous with mucilage ducts. Vascular zone
is made up of a large number of collateral, conjoint,
open and endarch bundles. Secondary wood is
compact and differentiated into growth rings. The
tracheids have spiral, scalariform or bordered pits on
radial walls. Rays 1 to many cells high, uni-to
multiseriate, homogeneous. Pits in crossfield 1-4 or
more, circular with narrow border. Leaf trace is
unilacunate and divides into a number of bundles
(5-11) in cortex.

Four species of Bucklandia, Viz., B. indica
Seward 1917, B. sahnii Bose 1953, B. guptai Sharma
1967b and B. dichotoma Sharma 1970d are known
from India. Anatomically, B. dichotoma resembles
cycadeoideas and homoxylous angiosperms in
having cross-shaped pit pores and scalariform
pittings (Gupta, 1934).

Sabnioxylon Bose & Sah

Originally the wood was described as
Homoxylon rajmahalense by Sahni (1932a) who
believed that it was an angiospermous wood. But
Gupta (1934) related it with cycadeoidea. Hsu and
Bose (1952) made further observations on this
wood. Bose and Sah (1954) transferred the
Homoxylon to Sahnioxylon as the earlier name had
already been used for a fossil conifer wood, so they
called it Sahnioxylon rajmahalense (Sahni) Bose &
Sah and also described a new species-So andrewsii
Bose & Sah 1954. In the former only wood is known,
while in the latter partly preserved ground tissues

are also seen. Whether Sahnioxylon had leaf bases
on surface and what kind of leaf traces were present,
is yet to be discovered.

Fructifications

Weltrichia Braun

This male fructification was described earlier
under the generic name Williamsonia. Sitholey and
Bose (1953) instituted Williamsonia santalensis
which was later on transferred to Weltrichia
santalensis by Sitholey and Bose (1971). Sitholey
and Bose (1953) described a single whorl of
microsporophylls surrounding a cup-shaped
receptacle, while Sharma (1969a) on the basis of
study of more than 50 specimens, some of which are
nicely preserved counter parts, suggested two
whorls, i.e., the abaxial of sterile bracts and adaxial
of microsporophylls. Si tholey and Bose (1971) did
not agree to it. Each microsporophyll has two rows
of appendages on which parallel rows of
microsynangia occur. Sharma (1969a) suggested
restorations of W. santalensis and also described a
new species W. campanulatijormis preserved as cast
and mold. Bose and Banerji (1984) described
another species of Weltrichia, W. harrisiana from
Kachchh. In this fructification the fertile appendages
are terminal on 12-14 microsporophylls which are
coalescent towards base forming a circular
depression. Further investigations are required on
W. campanulatijormis and W. harrisiana as these
are established on insufficient and poorly preserved

\ materials.

Williamsonia Carruthers

Feistmantel (1876) described W. blanjordii
from Kachchh and W microps from the Rajmahal
Hills (Feistmantel, 1877). Sahni (1932b) described
W. sewardiana from the Rajmahal Hills and
suggested its restoration and showed its association
with the stem Bucklandia indica and fronds of
Ptilophyllum cf. cutchense. Gupta (1943) described a
probable bisexual fructification- W. sahnii in which
the bracts are spread and in the basal portion of
receptacle 20 markings are seen, which may be of
fallen microsporophylls. Gupta (1958) divided
williamson ian fructification into open type and close
type. In the former, bracts spread out as in W. sahnii,
while in the latter the bracts did not open out as in
W. guptai. This hypothesis is applicable to all the
known species of Williamsonia throughout the
world. Bose (1966a) called W. sahnii only a seed
bearing fructification. Bose (1968) described W.
harrisiana from Amarjola in the Rajmahal Hills
which is identical to W. guptai Sharma 1968
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collected from the same locality. Sharma (1968) also
established W. amatjolense and separated it from W.
guptai on the basis of different epidermal characters
of bracts. Bose and Kasat (1969) instituted W.
seniana in honour of Dr J. Sen (Calcutta) from
]abalpuf. It is an incrustation and preserves the
epidermal structures.

Sharma (l970a, 1970b, 1970c, 1974, 1975, 1976,
1980) studied petrified specimens of Williamsonia
collected from Amarjola and described the anatomy
of peduncle and receptacle, structure of seed, ovule
ontogeny and development of fruit. Sharma (1977)
published an illustrated review as Indian
Williamsonias. Sharma (l982a) interprets the
morphology of interseminal scales and derives
Williamsonia from Cordaianthus as a result of
modification and condensation of cone axis. Bose
and Banerji (1984) described three new species of
Williamsonia, viz., W. kakadbhitensis, W.
trambuensis and W. sukhpurensis from Kachchh. All
these are incrustations and fertile structures remain
unknown. Identification is based mainly on
epidermal characters of bracts. In W. kakadbhitensis
and W. sukhpurensis the bracts are densely hairy
while trichomes/ramenta bases are rare in W.
trambuensis.

Amarjolia Bose et al.

This bisexual fructification was originally
described as Cycadeoidea dactylota by Bose
(1966b). Sitholey and Bose (1971) amplified the
description. The fructification is terminal and
exposed, and the microsporophylls differ in
structure from Cycadeoidea so the new genus
Amatjolia was proposed by Bose, Banerji and Pal
(1984) and called it A. dactylota. The bracts are hairy
like in W. sewardiana Sahni 1932b. There are nearly
20 baloon-shaped microsporophylls, surrounding
the central conical receptacle which bears a compact
layer of seminiferous and interseminal scales. Each
microsporophyll bears appendages on which rows of
microsynangia are produced. Our present
knowledge on Amatjolia is based only on two
specimens and more collection is required for
further investigations.

In addition to the above described
fructifications, a number of incomplete (Sharma,
1982b) or poorly preserved (Sharma, 1990)
bennettitalean organs and scales (Cycadolepis) are
also known from the Mesozoic rocks of India (Bose
& Banerji, 1984).

DISCUSSION

The extinct representatives of the family
Williamsoniaceae dominated the vegetation during

the Mesozoic Era in India, especially the frond genus
Ptilophyllum which occurs in all the Upper Mesozoic
exposures and is represented by nearly half the total
number of species known throughout the world.
ThiS frond is associated with the stem B'ucklandia
and the seed- bearing fructification Williamsonia
(Feistmantel, 1877; Sahni, 1932b). The male
fructification Weltrichia is also found in close
association with the fronds of Ptilophyllum (Sharma,
1969a) both at Sakrigalighat and Dhokuti in the
Rajmahal Hills. The association of other fronds
Otozamites, Pterophyllum, Anomozamites and
Dictyozamites with allied stems and fructifications
are yet to be discovered. Similarly, the phylogeny of
reticulate venation of Dictyozamites needs
investigation.

Sahnioxylon though resembles in the structure
of tracheary elements with the stem Bucklandia,
specially B. dichotoma, its affinities remain doubtful
for want of complete and better preserved material
to study the origin and nature of leaf traces and
structure of pith and cortex. Associated leaves and
fertile parts of Sahnioxylon are yet to be discovered.
The stem genus Bucklandia also needs further
investigations as wide variations occur in the
morphology and distribution of leaf bases on stem
surfaces.

In all the species of Weltrichia known from
India the microsporophylls originate from the brim
of a cup-like receptacle. The abaxial whorl of sterile
bracts is present in W. santalensis, while in others it
is yet to be seen. W. companulatiJormis and W.
harrisiana are based on the study of 1-3 incomplete
specimens.

Though the seed-bearing Williamsonia is
represented by several species (12 sp_), the basic
structure, i.e., presence of a compact layer of sterile
and fertile scales surrounding a receptacle, and the
linear, simple, curved bracts which protect the fertile
parts are identical. Despite the study of all internal
details including anatomy, ontogeny and structure of
seeds/ovules, and fruit development, the phylogeny
qf the fructification remains doubtful. Though
Sharma (l982a) derives Williamsonia from
Cordaianthus, the intermediate presumptions are
hypothetical and need proof. Further investigations
of the petrified fructifications are likely to provide
solution to the problem.
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Sukh-Dev 1992. Evolutionary reproductive biologies in the Mesozoic plants of India. Palaeobo/anis/40 : 266-274.

The reproductive biologies in the Mesozoic plants are dealt with taking into consideration form and function of
the reproductive organs The Mesozoic flora inherited homospory, heterospory, pollen and seed formation from
their Palaeozoic ancestors. Most of the Palaeozoic forms vanished by the close of Permian due to change of
environment. The Triassic Period nursed the leftovers from the Permian as well as put forth new elements like
Lepidop/eris, Dicroidium and allied genera of Peltaspermaceae, Corystospermaceae and members of Caytoniaceae
in which the seeds were protected in cupules. Thus the development of cupule in these genera changed the course
of plant evolution. Later, with the amelioration of climate the cycads grew to pre'minence with exposed seeds, and
subsequently they were overtaken by the rise of more advanced conifers. Meanwhile this flora also produced
'flower-like' strucmres in the cycadeoides and 'fruit-like' structures in Caytoniales and Pentoxyleae by providing
fleshy growth around the seeds. The hot, arid conditions again reoccurred towards the close of Early Cretaceous. At
this time the angiosperms appeared with enclosed seeds, heralding another change in the course of plant
evolution_

Key-words-Reproductive biologies, Evolution, Mesozoic plants.

SUkh-Dev, 2·D, Singar Nagar, Lucknow 226005, India.
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THE Mesozoic Era in the beginning not only
nursed the scanty vanishing leftovers from the
Permian, but also successfully gave rise to various
plant groups, such as new pteridosperms, cycads,
cycadeoides, ginkgos and conifers which reigned
supreme on land alongwith Cayroniales and
Pentoxylea~.The origin, development and radiation
of angiosperms also took place in the upper part of
this Era. The evolutionary aspects in the
reproductive biologies of Mesozoic plants exhibit
prominent successful selective characters inherited

from the Palaeozoic flora. Reference to Palaeozoic
forms is made in order to understand the Mesozoic
reproductive biologies. Some important ones are
discussed below.

The pioneer land plants, e,g., Rhynia,
Horneophyton, Cooksonia, Baragwanathia and many
others invaded the land from the sea and
surmounted several hurdles to make land their

Four Decades of Indian Palaeobotany
Editors, B. S. Venkal.ch.l. & H. P. Singh

Publisher: Birbal Sahni Institute of Palaeobolany, Lucknow
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permanent abode. The early plants being delicate
were easily perishable and hence were rarely
preserved. Whereas the spores being made of
resistant sporopollenin had better chances of
preservation, therefore, they are commonly
encountered in the dispersed condition in rocks.
Moreover, the spores are unique structures for the
preservation of the progeny of plant communities.
These early spores had marine ancesrory, therefore
they preferred moist conditions for their terrestrial
life.

The second most signjficant adventive and
selective development was heterospory in the land
flora in the later Devonian time in certain plants.
Lepidodendron, Sigil/aria, Bothrodendron and
species of Selagine/Lites are the best examples in the
development of heterospory, though homospory is
still continuing in Psilotaceae, Lycopodiaceae,
Equisetaceae and all ferns excepting
Hydropterideae. Heterospory laid foundation for
cross-fertilization and it was a step towards the seed
formation.

Heterospory was established firmly in the
Carboniferous. It was followed by reduction in the
number of megaspores and increase in their size in a
megasporangium, thus supplying nourishment for
the surviving megaspores-two megaspores in
Stauropteris burntis/andica, a pteropsid, and a
Single megaspore in Lepidocarpon. The
megasporangium was protected by overgrowths of
bracts as found in Miadesmia membranacea-a
Carboniferous lycopod. Thus a 'seed·like' habit was
initiated, paving a way for the 'true seed'
development.

In the dispersed megaspores the wall was quite
thick. But as the megaspore was protected by
nucellus and integument during the course of time
the purpose of thick wall became unnecessary. A
pteridosperm seed Stephanospermum e/ongatum is
the thickest known, 18·35 J-Lm (Hall, 1954). In the
present plants the seed coat thickness is 10 J-Lm in
Dioon edu/e, 4.6 J-Lm in Abies ba/samea, 3 J-Lm in
Pinus sy/vestris, 2.7 J-Lm in Sequoia sempervirens, 1.3
J-Lm in We/witschia, and in angiosperms wall
thickening is not very significant (Mehra, 1974).

In spore evolution from spore to pollen, the
germination in the spores was through a
uilete/monolete suture on the proximal surface in
the pteridophytes. Several prepollen in many of the
early gymnosperms retained this mode. Later, the
dehiscence mark shifted ro the soft distal surface of
pollen in most of the gymnosperms. A pollen tube
developed from this sulcus. Primarily it was
haustOria I in function and also carried male gametes.
Whereas the angiosperms developed colpi and pores

for the germination of pollen tubes on the stigma of
carpel.

THE MESOZOIC ERA

Phase I : Protecting seeds in the cupule

Towards the close of the Palaeozoic Era due to
changes in climate and environment tOwards hot and
arid conditions most of the forms of this Era died
out, leaving behind some ramnants. In response to
the prevailing conditions the Triassic Period putforth
new elements, namely Lepidopteris, Dicroidium and
allied genera belonging to Peltaspermaceae and
CorystOspermaceae in the Gondwanaland and
Thinnje/dia in the northern countries . Along with
these genera ferns, glossopterids and horse· tails in
lesser number and smaller size, cycads, ginkgos and
conifers also constituted part of the flora.

Peltaspennaceae and Corystospermaceae

Text-figure 1A·H

Leaves Lepidopteris and Dicroidium belonging
to Pehaspermaceae and Corystospermaceae are
found in the Triassic sediments of India, but only
few species of pollen·bearing organs Pteruchus of
DicrOidium of the latter family have been discovered
so far (Srivastava, 1987).

The seeds in Lepidopteris were small, borne
singly in cupule with a characteristic curved
micropylar beak and pinnately arranged on the stalk
(fertile frond). Seeds in Dicroidium (genus
Umkomasia) also had long curved bifid micropylar
beak of the cupule which had stOmata on both the
surfaces. Seeds were also borne singly in the cupule.

The pollen-bearing organ Antevsia of
Peltaspermaceae had 4-12 pollen sacs on the
ultimate branches of bipinnate sporophyll. Pollen
sacs were photOsynthetic on the dorsal surface and
had a longitudinal dehiscence line on ventral
surface. Pollen grains were circular with a single
longitudinal furrow. Pollen·bearing organ Pteruchus
of DicrOidium had a central axis, bearing short
lateral branches in one plane. Each branch
terminated in a peltate head having more than 30
sporangia on the underside. Dehiscence was by a
longitudinal slit. Pollen grains had two large lateral
bladders.

Remarks-Pinnate' nature of fertile leaves
(stalk) and their photOsynthetic character signify
their primitive frond character.

Caytoniaceae

Text-figure 1I-M
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Text-figure I-Peltaspermaceae : A. Reconstruction of seed-bearing organ Peltaspermum rotula, disc with three cupulate-seeds, x 1 5;
8, Pan of P. thomasii, x 1. 5; C, Part of pollen-bearing organ Antevsia zeilleri, x 1. Corystospermaceae : D, ,Pan of Unkomasia
macleanii seed-bearing organ, xl; E, Pilophorospermum granulatum cupulate-seed, x 3; F, Pilophorospermum sp. cupulate
seed, x 3; G, seed, x 4; H, Part of Pteruchus stormbergensis pollen-bearing organ, x 1.5. Caywniaceae: I, Caytonia nathorstii
fruit-bearing rachis, x 1. 5; J, C sewardii fruit, x 3; K, L.S. of Caytonia fruit; L, Pan of Caytonanthus arberi pollen-bearing organ,
x 2; M, Reconstruction of C. arberi before dehiscence, x 10. CA, C, based on Harris; S, D-H, Thomas).

Seeds were borne in fruit-like structures or
cupules which enclose variable number of seeds
covered by juicy pulp. Fruits were borne on a
dorsiventral rachis (megasporophyll, primitive
character). A flange was present towards one side of
fruit close to rachis which had about the same
number of ridges as the seeds inside. Only Caytonia
seeds are discovered in the Chawad River sediments
in Kutch (Bose & Banerji, 1984).

Pollen-bearing organ Caytonanthus is a 4-lobed
synangium, borne terminally on branches of a
dorsiventral rachis, Pollen grains had two lateral
bladders.

Ajjinity-Caytoniaceae once created a great stir
regarding the origin of angiosperms,

1. Flange of the fruit was earlier considered a kind
of stigma where pollen grains germinated-an
angiosperm character. But later it was discovered
that actually the pollen reached each seed
through a separate passage in a drop mechanism
as in many living gymnosperms.

2. Caytonanthus was considered an angiosperm
stamen, but it was radial in symmetry lacking
filament and connectives in contrast t6
angiosperms,

Remarks-The aforementioned three families,
viz., Peltaspermaceae, Corystospermaceae and
Caytoniaceae did not have favourable mechanism of
pollination.' The first two families had curved
micropyles while in Cayroniaceae the pollen were
sucked in through different passages. These
mechanisms were devised to protect seeds from hot
air reaching directly inside the cupules. As the
environmental cOfiditions worsened, Lepidopteris,

Dicroidium and allied genera of Peltaspermaceae
and Corystospermaceae vanished by the end of
Triassic. In Caytoniaceae juicy pulp around the seeds
was provided, which was possibly meant for
protecting them from arid environment.
Caytoniaceae had rather tough leaves and also poor
pollination mechanism, so members of this family
did not flourish well and died out by Early
Cretaceous.

Phase II : Exposing the seeds

Cycadales

Text-figure 2A-F

As the environment became favourable for plant
growth, the cycads having large trunks and cones
with naked seeds gained prominence. They were
abundant in the Jurassic with world-wide
distribution; presently they are restricted to Central
America, South Africa, Eastern Asia and Australia.
They are represented by 10 genera having about 65
species. In gymnosperms, cycads were the first to
have cones. Cycad leaves like Morrisia, Cycadites
and Taeniopteris are commonly found in the
Mesozoic rocks of India, but their reproductive
organs are yet not recovered.

One of the most informative and well known
association is of Nilssonia leaves, Beania seeds and
Androstrobus pollen organs occurring together in
the Middle Jurassic sediments of the Yorkshire coast
in England. Beania gracilis is a loose cone up to 10
cm long. It bears spirally borne appendages having
two seeds on inner side_ The largest seed is 16 X 13
mm. Another plant Beania mamayi occurring in the
Yorkshire Coast sediments had bifid
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Text-figure 2-C)'cadales : A, Palaeocycas integer sporangiophore with seeds, x 1/12; B, lose 'seed·cone' Beania gracilis, x approx.
1/2; C, Microsporangiate cone-Andros/robus manis, x approx. 1; 0, Microsporophyil of A. manis; E, F, pollen grains of A. manis,
x 400 Bennettitales: G, Microsporophyll of Weltrichia santalensis; H, Reconstruction of Weltrichia harrisiana 'male flower'; I,
Apical part of microsporophyll; J, 'Female flower' Williamsonia kakadbhitenSis, receptacle part slightly modified, ' 1/2; K, Bract
hairy to'iI'ards apical portion x 1/2; L, W. kakadbhitensis, x 1/2. (A, based on Florin; B-F, Harris; G, Silholey & Bose; H·L, Bose &
Benerji)

sporangiophores. Androstrobus manis, a male cone
is about 5 X 2 em. It bears numerous spirally borne
sporophylls, each of which had several cylindrical
sporangia containing monosulcate oval pollen
grains, typically 36 X 26 J..Lm.

Florin reconstructed a plant Palaeocycas' integer
from the Upper Triassic rocks of Sweden, which
bears simple leaves-Bjuvia simplex and female
sporangiophores-Palaeocycas integer terminally on
the stem. The sporophylls had probably seeds on the
sides of lower portion as in modern Cycas, a
primitive character still continues today.

Remarks-Though the cycads were abundant in
Jurassic-Early Cretaceous in xerophytic habitat, their
slow growth, manoxylic stems, large terminal cones
and lax female cones later proved as to be
drawbacks in comparison to the more advanced
conifers. Therefore, the cycads declined, their
reproductive biology failed to compete with the
Vigorously advanCing conifers.

Bennettitales (Cycadeoidales)

Text·figure 2G-L

The order is characterized by 'flower-like'
structures which appeared for the first time in
gymnosperms. The flowers were hermaphrodite or
unisexual, protected by numerous bracts. Ovules

were stalked, scattered over a receptacle amongst
interseminal scales. Micropyles were projected
through the loose shield formed by interseminal
scales. Pollen-bearing organs were arranged in a
whorL They were free or united, entire or pinnate,
having numerous microsporangia borne usually in
capsules. Presence of syndetocheilic stomata is also
a significant character. Stems, leaves and 'flowers'
are commonly found in the Jurassic-Cretaceous rocks
of India.

Williamsonia sewardiana is reconstruction of
the plant from the Lower Cretaceous of Rajmahal
Hills. A lateral branch of 2 m tall slender stem
terminates in a female flower having interseminal
scales and few seeds. Leaves belong to Ptilophyllum
cutchense. Male, female and bisexual flowers have
also been found (Bose, 1966, 1974; Bose & Banerji,
1984).

Affinity-The flower of Bennettitales shows
some similarity in its general organization with the
Magnolia flower (angiosperm) as its
microsporophylls surround the receptacle at its base.
The group has been considered as an ancestor of
angiosperms. But the bennettitalean flower is quite
different in having stalked seeds and interseminal
scales from that of Magnolia flower.

However, it is quite noteworthy that the
bennett ita lean flower deviated from the general plan
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of similarity from the fossil and living cycads.
Probably these flowers amused the dinosaurs
However, the flowers were insect pollinated (Crepet,
1974; Taylor, 1982).

Ginkgoales

Text-figure 4A

The ginkgolean remains in the Mesozoic rocks
in India are meagerly represented. However, the
group had a glorious past with many genera and
species spread world over during Jurassic-Early
Cretaceous_ The group dwindled sharply and is
survived by Ginkgo biloba only. The terminal seeds
and motile sperms of G. biloba are features of great
antiquity.

Seeds of Ginkgo have been described by Zeba
Bano et al. (1979) from Pathargama from Lower
Cretaceous of Rajmahal Hills. The seeds had an outer
fleshy and inner stony layer. The fossil female
strobilus differs from G. biloba in the absence of
seed 'collar' and smaller size of the seeds.

Pentoxyleae

Text-figure 3A-E

In Pentoxyleae the female cones Carnoconites
consisted of sessile seeds with inner stony layer of
integument and outer fleshy layer by which they
were closely united together looking like stalked
mulberries_ Male flower-Sahnia had
sporangiophores borne on raised collar-like margin

of receptacle with simple pollen sacs. Pollen grains
were boat·shaped, monocolpate, 25-26 X 10-25 /-Lm

with smooth exine.

Ajjinity-Sporangiophores of male flower in
Pentoxyleae apparently look like the bennettitalean
ones, but their detail structure is altogether different
from the latter female flower in lacking interseminal
scales and stalked seeds. Stomatal structure and leaf.
trace anatomy of the Pentoxyleae resemble cycads
but the former lacks cycadean encircling girdles.
Pentoxylon has pycnoxylic wood like conifers_
Polystelic stem of Penroxyleae resembles
Medullosacean woods of Medullosa and Rhexoxylon,
but differs in having stachysporous reproductive
organs. Meeuse (1961) considers Pentoxyleae as the
possible ancestor of angiosperms.

Remarks-In the adventive and selective
character experimentation, Pentoxyleae offers the
best example of synthesis of characters from varrous
plant groups. It combines characters of
Medullosaceae, Bennettitales, Cycadales and
Coniferales as mentioned above, but unfortunately
this combination of characters did not prove stable
and hence Pentoxyleae did not flourish for long.
PeI1toxyleae probably remained a small localized
group in the Early Cretaceous. This group is known
only from a few countries-India, New Zealand and
Australia.

Coniferales

Text-figure 4B·F
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Text-figure 3-Pentoxyleae: A, Pollen grains of Sahnia nipaniensis, x 150; B, Reconstruction of Sahnia nipaniensis flower;
C, Carnoconites compactus shOWing two seeds with inner stony (black) and outer flesly (dolled) layers of integument, x 5;
D, Reconstruction of C. compactus borne on short shoot; E, L.S. of C. compactus, x 1/2. (A, based on Vishnu-Mittre; B·D, Bose,
Pal & Harris; E, Sahni).
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PODOCARPACEAE
Text-figure 4-Ginkgoales : A, Strobilus with twO seeds, x 2. Araucariaceae : B-D, Leaves of Araucaria indica, xl; E,F, Distribution

and orientation of stomata in 1 sq mm of ?upper and ?Iower surfaces of leaves; G, Stoma and epidermal cells of leaf, x 250; H,
Seed-scale, x L Podocarpaceae : I, Pan of microstrobilus Podostrobus rajmahalensis, x 13.5; J, in situ pollen grain, x 265; K,
P sahnli, x 7 5; L-N, in situ pollen grains, x 250(L), x 425(M, N); 0, Mehtaia rajmahalensis, seed with bract·scale and vascular
supply, x 14; P, Silholeya rajmahalense, apical invened ovule with fenile bract, x 6.5. (A, based on leba-Bano et at.;
B-H, Sukh-Dev & ZebaBano; I-N, Rao & Bose; 0, P, Vishnu-Mittre)

During Mesozoic time, members of
Araucariaceae and Podocarpaceae were abundant in
India. The conifers exhibit comparatively a greater
economy in the production of cones than the less
advanced fossil and living cycads. Further, the cones
in conifers are spread over large areas on the tree
branches rather than being borne terminally on the
stems in cycads. These features possibly improved
the pollination process, favouring the dominance of
conifers over the cyads.

ARAUCARIACEAE

Text-figure 4B-H

In the Mesozoic rocks of India Araucariaceae is
represented by detached leaves, leafy-twigs, female
cones, detached seed-scales and petrified woods.

Bose and Jain (1964) referred to an incomplete
megastrobilus of Araucariaceae on the basis of its
compact nature, spirally borne non-ligulate
megasporophylls having a single seed embeded
medianly.

Sukh-Dev and Zeba-Bano (1978) instituted
Araucan'a indica plant, based on cuticular similarity
of seed-scales Araucaria indica Bose & Maheshwari
with the leaves of Desmiophyllum indicum Sahni in
the distribution and structure of stomatal apparatus.
Further, both these organs are found in close

association in Bansa, Chandia, Jabalpur, Sehora, etc.
in the Jabalpur Formation, Madhya Pradesh. Florin
(1937) had already stated that in structure and
distribution of stomata the Desmiophyllum leaves
indeed belong to the liVing genus Araucaria.

PODOCARPACEAE

Text-figure 4I-P

Male and female cones of Podocarpaceae are
reported from Rajmahal Hills, Bihar.

Podostrobus sahnii (Vishnu-Mittre) Rao & Bose
1971 is a cone, 7 X 3.5 mm in size, bears closely and
spirally arranged sporophylls on a slender axis
which in turn produce a broadly ovoid sporangium
on their lower surface. Distal part of sporophyll is
turned upwards, attenuated and overlap the upper
sporophylls. Sporangium contains numerous, 2-4
saccate (mostly 2-3 saccate) pollen grains.

Podostrobus rajmahalensis (Rao) Rao & Bose
1971 is about of the same si ze as P. sahn ii except the
sporangium containing bisaccate pollen grains.

Female cones, compact or lax, are also reported
from Rajmahal Hills (Vishnu-Mittre, 1959) in which
the single seeded scales are much reduced or absent
and bear terminally erect or inverted ovules. They
are known as Nipaniostrobus, Nipanioruha, Mehtaia
and Sitholeya.
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Phase III : Enclosing seeds in the carpel

Angiosperms

Text-figure 5A-F

The angiosperms are a dominant and most
widely distributed plant group in the modern flora
which is more advanced in having enclosed ovules
or seeds in an ovary in contrast to the naked seeded
gymnosperms. More than 200,000 to 300,000 species
are described according to the type of classification
one follows. At times ferns, pteridosperms,
cycadeoides, Caytoniales, conifers, Gnetales,
glossopterids and Pentoxyleae have been considered
as the possible ancestors of angiosperms keeping in
view character similarities of various plant parts, viz.,
stem, leaf, perianth, cupule, carpel, anther, flower,
etc.

The gymnosperms of the Mesozoic Era were
wind pollinated excepting Bennettitales which were
partially pollinated by beetles (Crepet, 1972; Taylor,
1982). Before the close of Mesozoic, flower loving
insects (anthophilous)-Coleoptera, Diptera,
Hymenoptera and Lepidoptera had appeared.
Therefore, a shift of wind pollination mechanism of
gymnosperms over to insect pollination in
angiosperms accelerated the pace of diversity of
angiospermous flower in order to attract more
insects.

Clavatipo/lenites is considered to be a primitive
angiospermous pollen (Hughes, 1976; Doyle, 1978).
It has a monosuIcate aperture comparable to those
of Cycadales, Ginkgoales, Bennettitales and
PentOxyleae. Therefore, the study of Early
Cretaceous monosulcate type of pollen may reveal
characters of the early angiosperm pollen.

ORIGIN OF ANGIOSPERMS

The Early Cretaceous (Aptian·Albian)
Weichse/ia-Onychiopsis-Gleichenia Assemblage Zone
10 (5ukh-Dev, 1987) exhibited dry conditions by the
presence of red beds at the top sediments in the
]abalpur Formation at Bansa, ]abalpur, ]atamao,
Morand River in Madhya Pradesh, Rajmahal Hills in
Bihar, and Himmatnagar in Gujarat. Matonidium,
Phlebopteris, Gleichenia and Weichselia ferns with
small thick, leathery leaves, recurved margins and
sunken stomata occurred alongwith the decline of
cycadophytes and conifers, coinciding with the
successive erruptions of lava flows in the Rajmahal
Hills area in Bihar. The hot and adverse
environmental conditions once again subjected the
existing plants to stress conditions and in response
they qUickly developed defensive mechanisms to
protect their reproductive organs with the result
several new forms appeared (as had earlier
happened in the Early Triassic time). So a synthesis
of already tested successful characters alongwith the
development of new characters the coming up
angiospermous group evolved rapidly, The following
angiospermous characters are worthy to be
considered for the evolution of angiosperms,

1. Carpel of angiosperms is a modified Caytonia
cupule which had stigma· like structure and
variable number of seeds.

2. Whorled arrangement of androecium in
angiosperms is a derivation of similar
arrangement occurring in Bennettitales and
Pentoxyleae.

3. Fruit formation in angiosperms is a character of
Caytoniaceae and Pentoxyleae where juicy
gro'Wth or pulp was present around the seeds.
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Text-figure 5-Angiosperms : A, L.S.-Sahnipushpam shuklai flower (semi-diagramalic), x 10; B, C, Pollen grains, dorsal and laleral
views, x 500; D, T. S. anther having pollen grains, x 50; E, T. S. -ovary showing 11 loculii, x 5; F, Perianlh of Siwalik angiosperm
flower. (A·E, based on Prakash & Jain; F, Awaslhi, Prasad & Anlal).
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4. Stamens possibly evolved from Caytonanthus
(Caytoniales) which had bilateral symmetry of
synangia in their early stages of development
(Krassilov, 1977) like the bilateral angiosperm
anthers and from Williamsoniella microspo
rophylls (Bennettitales) which are near to foliar
angiosperm stamens.

5. Perianth in angiosperms probably developed
from the bracts of the bennettitalean flowers
which were protective in function. Later, the
perianth differentiated into Calyx (protective)
and Corolla (decorative and facilitating
pollination)

6. Reticulate venation pattern of angiosperm leaves
is borrowed from Sagenopteris leaves of
Caytoniaceae.

7. Introduction of new character like double
fertilization in angiosperf71s for the formation of
endosperm is a new innovation of their own.
Consolidation of the earlier characters and

innovation of new ones in due course of time
proved very useful in the world-wide radiation of
angiosperms from Early Cretaceous onwards to the
present time. Thus the angiosperms have a
polyphyletic origin. The arid environment in the
Indo-European Palaeofloristic Province extending
from Europe to India and South China to Japan
supported xerophytic floras (Sukh-Dev 1987,
Assemblage Zone 10) during Aptian-Albian. The
structurally preserved angiosperm flowers with
inferior ovary reported by Friis and Skarby (1981)
from the Upper Cretaceous sediments of southern
Sweden exhibiting rugged appearance possibly
testify the prevalence of arid environment. The
Indian angiospermous flower Sahnipushpam from
the Deccan Intertrappean (Late Cretaceous of
Eocene) from Madhya Pradesh and Maharashtra had
a large, umbrella-shaped over-shadowing stigma and
apically enlarged lysigenous perianth to provide
shade and cut heat for the developing ovules or
seeds and pollen grains in the ovary and stamen
respectively (Text-figure 5A). These characters seem
to have appeared in respo!1se to hot, dry atmosphere
prevailing there due to intermittent lava flows. The
structure of the Sahnipushpam flower from the
Deccan Intertrappean and the asymmetrical perianth
leaves of the flower from Siwalik sediments, Nepal
(Awasthi et at., 1990) also denote primitive
angiospermous characters.

Recently, Tiwari and Tripathi (1990) reported
angiospermous pollen from the Lower Cretaceous
subsurface samples from the Rajmahal Hills. Further
palynological investigations of the Lower Cretaceous
sediments are the pressing need of the time to
decipher early angiospermous characters.

CONCLUSIONS

In the course of evolutionary development in
the reproductive biologies of Mesozoic plants in
India, only significant characters from pteddosperms
to cycads, cycadeoides, ginkgos, Pentoxyleae,
conifers, ultimately leading to the origin of
angiosperms are mentioned below:

The Mesozoic Era inherited an impoverished
Palaeozoic flora characterized by homospory,
heterospory, pollen and seed formations.

In response to the prevailing hot, arid
environmental conditions in Early Triassic new
forms-Lepidopteris, DicrOidium and allied genera
of Peltaspermaceae, Corystospermaceae and
members of Caytoniaceae appeared with their seeds
covered in cupules. The seeds in Caytoniaceae were
further prOVided with fleshy growth forming 'fruit
like' structures. Lepidopteris, Dicroidium and allied
genera vanished by the end of Triassic Period.
Members of Caytoniaceae continued to thrive up to
Early Cretaceous.

As the climatic conditions improved for plant
growth, the cycads gained prominence. They
developed cones for the first time in the history of
gymnosperms. The cones in cycads were terminal
and large.

With the advent of Jurassic Period cycadeoides
originated which resembled cycads in general habit
but developed 'flower-like' reproductive organs.

Soon the conifers radiated to dominate the less
advanced cycads and cycadeoides. They had small,
compact cones spread over larger areas on the stem-
branches. '

In Early Cretaceous, a new small group
Pentoxyleae combined the characters from
Medullosaceae, cycads, cycadeoides, conifers and
formed mulbery-like globose to elongate fleshy
female cones and 'flower-like' male structures.

Towards the late Early Cretaceous (Aptian
Albian) a new group of angiospermous plants
appeared with a unique carpel which covered and
saved the ovules and seeds from drying up and
produced true flowers and fruits. The angiosperms
developed double fertilization for the formation of
endosperm. The angiospermous pollen grains
developed colpi or pores for their germination on
the stigma of carpel. Several angiosperm characters
have lineage with Caytoniaceae, Bennettitales and
Pentoxyleae.

The Mesozoic Era seems to have influenced the
course of plant evolution twice in response to the
hot, arid environment prevailing during the Early
Triassic, and Early Cretaceous times; the latter led to
the rise of angiosperms.
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The Palaeogene vegetation of peninsular India
(Megafossil evidences)
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The Palaeogene represents the age of spread and diversification of angiosperms in the Indian sub-continent. A
comprehensive knowledge of the Palaeogene flora of peninsular India is, therefore, necessary to decipher the
history of the modern flora of India. The Palaeogene plant megafossils of this region can broadly be considered
under (i) Deccan Intertrappean flora, (ii) Eocene flora of Kutch, (iii) Eocene plant fossils described from the
Fuller's earth deposits near Barmer in Rajasthan, and (iv) Eocene plant records from Meghalaya.

The flora as a whole is characteristically tropical in character. It consists of taxa belonging to marine, estuarine,
freshwater, and terrestrial habitat with both evergreen and deciduous forms. It is suggestive of an equable warm
and moist tropical climate over the whole of peninsular India during the Palaeogene. The existence of thiS type of
climate was the result of (i) a more or less equatOrial position of peninsular India during the Palaeocene·Eocene
period, and (ii) a warm sea which not only surrounded the peninsula from all the sides but also intruded into the
landmass.

Most of the plants recovered from the Palaeogene localities of peninsular India still continue to grow in variOUS
forests of this region. Part of thiS flora, thus, can be considered to be the ancestral stock for the present day flora of
India. Occurrence of some African, Madagascarian, Australian and South American elements in this flora suggests
India's past connections with these Gondwanaland countries.

Key.words- Plant megafossils, Palaeoecology, Phytogeography, Palaeogene, Peninsular India.
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THE Palaeogene has been considered as the age of
spread and diversification of angiosperms in the
Indian sub-continent. During this period the Indian
Plate broke away from the main land-mass of the
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Asian Plate. A critical analysis of the Palaeogene flora
of the peninsular India is, therefore, necessary to
decipher the history of the modern flora of the
Indian sub-continent. The evidence of fossil plants
can also be made use of to reconStruct the
palaeoclimate and palaeogeography of peninsular
India during the Palaeogene.

Geographically, peninsular India consists of the
triangular peninsula including the Shillong Plateau
in the north-east and the Kuteh-Kathiawar region in
the west. The Palaeogene flora of this region as a
whole can be treated under the folloWing four
assemblages:

1. Deccan Intertrappean flora,
2. Eocene flora of Kutch,
3. Eocene plant fossils described from the Fuller's

earth deposits near Barmer in Rajasthan, and
4, Eocene plant records from Meghalaya.

The age of the Deccan Intertrappean flora has
been a matter of discussion since several decades.
The main controversy being whether the flora is
Upper Cretaceous or Early TertialY in age. This
problem is linked with the problem of the age and
span of the Deccan volcanism. On the basis of
radiometric dating the span of Deccan volcanism has
been suggested to be as long as 70 Ma, i.e., between
100 to 30 Ma (Alexander, 1981) to as short as 1 Ma at
the Cretaceous-Tertiary boundary (Counillot et at.,
1986, 1988; Duncan & Pyle, 1988a, 1988b), On the
basis of palaeontological evidence, especially on the
evidence of dinosaur fossils recovered from the
Intertrappean beds of Takli and Naksal, Sahni et at.
(1988) have supported the later view. However, 39Ar_

4°Ar dates obtained for the basalt flow underlying the
fossiliferous intertrappean bed at Takli has given an
age of 63.6 ± 0.2 Ma, i.e., Palaeocene (Shukla et al.,
1988). Thus, the possibility cannot be ruled out that
the dinosaurs in India might have survived even up
to Palaeocene. Similar view has also been expressed
by Mathur (1987). Survival of the Dinosaurs in the
Palaeocene has also been envisaged in North and
South America as well as in China (Gauthier et al.,
1990). The evidence of the Intertrappean plant
fossils described from around Nagpur-Chhindwara
and Mandla is in favour of an Early Tertiary age for
the flora rather than the Upper Cretaceous (Bande et
at., 1988). Under the circumstances, the Deccan
Intertrappean flora has been treated to be of
Palaeogene age for the present discussion.

rhe Neyveli lignite depOSits have been
traditionally considered to be of Neogene age
(Ramanujam, 1966, 1966-67). On the basis of
palynofossils a Palaeocene-Eocene age has been
advocated for these deposits (Deb, Bakshi & Ghosh,
1973; Venkatachala, 1973; Siddhanta, 1986; Saxena,

1992). A Neogene age has been suggested on the
basis of megafossil evidences (Guleria, 1992). Singh
et at. (1992) have also supported the later view. The
flora of these deposits therefore, has not been
included in the present discussion.

FLORAL RECORD

Deccan Intertrappean Flora

The Deccan Intertrappean flora can be
considered to be the most important and thoroughly
studied flora of the Indian Palaeogene. Constituted
by the plant fossils preserved in the sediments
deposited between successive lava flows, the flora
consists of woods, leaves, flowers, fruits and other
organs representing all the major groups of Plant
Kingdom. Besides, the stray reports of fossil plants
described from various localities distributed all over
the vast area of the Deccan Trap country, and the
charophytes described from Gurmatkal, the flora can
be studied under four different assemblages:

i. Rajahmundry assemblage,
ii. Nagpur-Chhindwara assemblage,

iii. Bombay-Malabar-Worli Hills assemblage. and
iv. Mandta assemblage.

A comprehensive review of the plant taxa
described from all these assemblages has recently
been made by Bande et at. (1988). A summary of the
available information is given below.

Rajahmundry Assemblage-This assemblage is
mainly dominated by a number of algal taxa of
estuarine habitat and thirteen species of charophytic
gyrogonites. Important algal genera are Helimeda,
Dissocladella, Terquemella, Acetabularia, Neomen's,
Holosporella and Aciculan·a.

Three gymnospermous woods, viz.,
Taxaceoxylon kateruense, Mesembrioxylon
fusiforme and M. dudukurense representing
Taxaceae and Podocarpaceae have been described.
Rhizopalmoxylon sundaram and Palmoxylon
sundaram (shOWing affinities with the extant genus
Cocos) and Sonneratioxylon dudukurense are
indicative of a mangrove habitat.

Nagp ur-Chh indwara Assem blage -The
important fossiliferous localities are Mohgaonkalan
and Keria near Chhindwara and Sausar, Mahurzari
and Takli near Nagpur. Many fossil taxa are common
to these different localities. The important floral
elements of the assemblage are:

Algae-Fresh water elements are represented by
Spirogyrites, Oedogonites and Westielopsis from
Mohgaonkalan and Ulothrix-like filaments from
Sausar. Chara sausan', the only fossil record of a
gyrogonite of Chara with attached vegetative
filament, is known from Sausar. Three more species
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Map I-Showing important Palaeogene fossiliferous localities of peninsular India.

of charophytic gyrogonites, viz., Platychara raoi, P.
sahnii and Microchara sp. have also been described
from the Gitti Khadan area near Nagpur. Two marine
algae Peyssonnelia antiqua and Distichoplax raoi
have been described from Mohgaonkalan. Recently,
Mehrotra (1989) has described yet another marine

alga Solenopora from the same beds.
Fungi-Some fungal forms, viz., Shuklania,

Diplodia rodei and Tetracosporium are from
Mohgaonkalan, while Palaeosordaria and
Perisporacites varians have been described from
Sausar.
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Bryophytes-The record of bl)'ophytes is vel)'
poor. An anthocerotaceous capsule-Shuklanites
deccani has been described .from Mohgaonkalan.
Riccia chitaleyii, a thallus similar to Riccia, is also
known from the same beds.

Pteridophytes-The pteridophytic elements in
this assemblage are mainly composed of fresh water
ferns. The important genera described are Azolra,
Rodeites, Marsilea and Salvinia. Rodeites probably
has affinities with the southern American fern
Regnelidium. A strobilus resembling that of
Selaginella has been reported from Mohgaonkalan.

Gymnosperms-The gymnosperms are mostly
rep~esented by cones, e.g., Takliostrobus alatus,
Indostrobus bijidolepis and Pityostrobus crassitesta,
all described from Takli. Pityostrobus crassitesta
shows affinities with the farl1ily Abietineae. The
other two cones possess characters of Abietineae as
well as Podocarpaceae. Mohgaonstrobus sahnii,
described from Mohgaonkalan, shows affinities with
the modern Araucariaceae. Presence of both
Araucariaceae and Podocarpaceae in these sediments
is also confirmed by fossil woods of these families
described from the same locality. Another
gymnospermous cone, Harrisostrobus intertrappea
with uncertain affinities, is known from
Mohgaonkalan. A cycadean ovule is also recorded
from the same locality.

Angiosperms-Both monocotyledons and
dicotyledons are recorded. Besides palms, the other
important monocot family)s Musaceae. While the
fossil fruit and the pseudostem (Musocaulon) have
been assigned to the genus Musa, the leaf
Musophyllum has been assigned to the family
Musaceae. Yet another noteworthy genus is
Cyclanthodendron sahnii which is said to possess
affinities with the South American family
Cyclanthaceae. Woods, fruits, petioles and rOOts of
palms are of frequent occurrence. Palmoxylon
sundaram is of special interest as it is comparable to
Cocos and indicative of a coastal habitat. Nipa, a
characteristic floral element of estuarine habitat, is
also recorded from Mohgaonkalan.

Tricoccites, Viracarpon and Monocotylostrobus
are well-preserved fruit genera with uncertain
affinities in the assemblage. The structure and
affinities of Virawrpon hexaspermum have been
recently restudied and new interpretations given
(Bande & Awasthi, 1986). Earlier the affinities of this
fruiting' axis were suggested to be with the
Pandanaceae. However, Bande and Awasthi (1986)
have questioned its affinities with Pandanaceae with
the remarks that they still remain. to be ascertained.

Dicotyledons are well-represented by a number
of flowers, fruits and woods. Amongst these, the
flower Sahnianthus panjai and the fruit

Enigmocarpon parijai have affinities with
Sonneratia apetala and S. acida. Other noteworthy
flowers and fruits are Sahnipushpam,
Chitaleypushpam, Harrisocarpon and Sahniocarpon.
The affinities of these taxa are not known.

Fossil woods are mostly known from Keria and
Mahurzari, the most common species being
Ailanthoxylon indicum. The other known genera are
Sima rouboxylon, Boswellioxylon, Bridelioxylon,
Mallo toxylon, Tetrameleoxylon, etc. from Keria and
Grewioxylon, Elaeocarpoxylon, Leeoxylon,
Barringtotiioxylon, etc. from Mahurzari.
Aeschynomenoxylon is comparable to the extant
genus Aeschynomene indicative of a marshy habitat.
A peduncle showing affinities to the aquatic family
Nymphaeaceae is also described.

Further south of Nagpur, the intertrappeans near
Nawargaon in Wardha, Maharashtra contain a rich
floral assemblage. It is difficult to assess its
relationship with the Nagpur-Chhindwara
assemblage at present. The fossils so far described
include five species of Pa1moxylon, important
amongst which is Palmoxylon livistonoides showing
affinities with the extant genus Livistona. A palm
petiole Palmocaulon hyphaeneoides showing
similarities with the living genus Hyphaene has also
been described. The dicotyledonous woods show
affinities with the extant genera Evodia (Rutaceae),
Amoora (Meliaceae), Sonneratia (Sonneratiaceae),
Ardisia (Myrsinaceae), Heterophragma
(Bignoniaceae), Gmelina (Verbenaceae),
Phyllanthus (Euphorbiaceae) and Aristolochia.

Bombay-Malabar- Worli Hills Assemblage-The
plant fossils described from the Intertrappeans of
this area are limited and consist of a fossil wood of
bamboo, leaflets similar to those of Acacia and
seeds similar to Artabotrys. A fossil wood of
Podocarpaceae has also been recorded.

Mandla Assemblage-Extensive palaeobotanical
studies on the Deccan Imenrappean localities in the
Mandla District have substantially added to our
knowledge of the Deccan Intertrappean flora. The
monocotyledons are exclusively represented by
woods of palm and a fruit attributed to the modern
branched, palm Hyphaene indica. Reco'gnizable
~odern genera in the assemblage are Arenga,
Licuala, Chrysalidocarpus, Hyphaene, Polyalthia,
Homalium, Hydnocalpus, Garcinia, Sterculia,
Grewia, Elaeocarpus-Echinocarpus, Atalantia
Limonia, Bursera, Canarium, Gomphandra
(Stemonurus), Heynea, Aglaia, Walsura,
Dracontomelum, Ailanthus, Lophopetalum,
Artocarpus, Syzygium, Eucalyptus, Melaleuca
Tristania, Barringtonia, Sonneratia, Bischojia and
Drypetes.

Recently, some doubts have been raised against
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the presence of mangrove, coastal and marine taxa
like Nlpa, Sonneratia, Cocos, Distichoplax and
Peyssonellia in the Deccan Intertrappean flora
around Nagpur-Chhindwara and Mandla (Borkar,
1987). As the occurrence of these taxa in the Deccan
Intertrappean assemblage is very significant in
reconstructing the palaeoenvironment of this area,
the objections raised by Borkar (1987) are briefly
discussed below:

Presence of Nipa in the Deccan Intertrappean
sediments is based on a well-preserved fruit
described by Sahni (in Sahni & Rode, 1937) from
Mohgaonkalan. In fact, the similarity of this
specimen, both morphological and anatomical, with
the modern Nlpa fruit is so close and convincing
that Sahni (1937, p. 167) had no hesitation in
referring the fossil to Nipa. Borkar (1987) makes no
observation on the structure and affinities of this
particular fossil. The minor differences referred to
by Borkar (1987, pp. 38, 39') in no way alter the
generic affinities of this fossil with Nipa. Recent
discovery of Nipa pollen from the Deccan
Intenrappean sediments of Padwar on Jabalpur
Mandla road (TanuPrakash et aL, 1990), further
confirms the presence of this genus in the Deccan
Intertrappean flora. Occurrence of Sonneratia in the
Deccan Intertrappean flora is enVisaged not only on
the evidence of Sahnianthus parijai and
Enigmocarpon parijai which bear affinities with
Sonneratiaceae but also on the evidence of well
identified fossil woods exhibiting very close
affinities with Sonneratia described from
Mohgaonkalan, Nawargaon and recently from near
Shahpura in Mandla District (Mehrotra, 1988).
Borkar has mentioned not a Single character on the
basis of which the identification of these woods can
be doubted.

It should be noted here that Barringtonia, a
genus often found in association with Nipa' and
Sonneratia, has been well documented from the
Deccan Intenrappean beds of Nagpur-Chhindwara as
well as of Mandla District.

Regarding Cocos, although Borkar suggests the
occurrence of this genus in the Deccan
Intenrappean flora as doubtful, he does not give a
Single reason against accepting its presence in this
assemblage.

The identification of the marine algal genera
Distichoplax and Peyssonnelia (Bande et aI., 1981)
from Mohgaonkalan has also been questioned by
Borkar (1987, p. 41). In doubting the identification
of Distichoplax the above author refers to the
observations of Kundal (1987) but makes no
mention of the work of Varma (1962) in which the
structure of Distichoplax has been discussed in

detail. The identification of Distichoplax described
by Bande et al. (1981) is based on the work of Varma
(1962). Incidentally, under the references provided
by Borkar, Kindal's work finds no place!

Lastly, although Borkar (1987, p. 41) himself
admits that the anatomical structures of Peyssonnelia
antiqua described by Bande et al. (1981) are closely
comparable to those of the modern genus
Peyssonnelia, he questions on its identification
merely on the basis of a comment made by a third
person and that too in personal communication.
Recent finding of yet another marine alga of
Solenoporaceae (Mehrotra, 1989) from
Mohgaonkalan Intertrappeans is another evidence in
favour of the presence of marine algae in this
assemblage.

It should thus be clear that the objections raised
by Borkar against the presence of Nipa, Sonneratia,
Cocos, Distichoplax and Peyssonnelia in the Deccan
Intertrappeans are not tenable. Occurrence of
coastal and marine environment around Nagpur
during Deccan Intertrappean sedimentation is also
supported by palaeontological evidence (Sahni,
1983, 1984; Bhattacharya et aI., 1990).

Eocene flora of Kutch

The available information on the Eocene flora of
Kutch has been reviewed at length by Lakhanpal et
al. (1984). The flora consists of three species of
calcareous red algae and a variety of angiospermous
leaf-impressions. The algae, described from the
locality of Babbia Hills (23°42'30" N: 68°47' E)
situated at a distance of 122 km north·west of Bhuj
and 5 km north-west of Panandhro, are
representatives of the subfamily Melobesoideae of
the family Corallinaceae (Kar, 1979). The species
described are Lithothamnium sp. d. L. validum
Foslie, Lithothamnium sp. cf. L. boJilli Lemoine and
Lithophyllum sp.

All the leaf-impressions described so far under
this assemblage are from the lignite deposits near
the village Panandhro (23°41'45" N: 68°47'22" E)
situated at a distance of 126 .km north-west of Bhuj
on Bhuj-Narayan Sarovar Road. Palaeocene-Eocene
leaf-impressions have also been reported from the
localities of Matanomadh, Baranda and Sherdi
(Lakhanpal et aI., 1984). However, no genera and
species have been identified from these localities.

The Panandhro assemblage consists of leaves
assigned to Terminalia panandhroensis, Syzygium
kachchhense, Lagerstroemia patelii, Cinnamomum
eokachchhensis, Ficus kachchhensis and Pandanus
eocenicus belonging to the families Combretaceae,
Myrtaceae, Lythraceae, Lauraceae, Moraceae and
Pandanaceae respectively. Three species of
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Dicotylophyllum, viz., Dicotylophyllum cordatum, D.
panandhroensis and D. quadrinervatum have also
been described from these deposits (Lakhanpal et
aI., 1984).

Recently, the carbonised woods resembling
Terminalia calamansanai and Sonneralia apetala
have been described from the Rajpardi lignite mine,
district Bharuch, GUjarat of Eocene age (Guleria,
1991).

Eocene plant fossils from the Fuller's
earth deposits

A small fossil assemblage has also been
described from the Fuller's earth bed at Kapurdi
(25°54'30" N: 70°21'30" E), a village about 18 km
from Barmer in Rajasthan. The assemblage,
considered to be Middle Eocene in age, consists of
leaf and fruit-impressions belonging to Mesua (d. M.
j errea) , Garcinia and Calophyllum of Guttiferae
(Lakhanpal & Bose, 195]) and a fruit of Cocos (Kaul,
195]). The leaves of Mesua and Garcinia were later
aSSigned to the species Mesua tertiara and Garcinia
barooahii (Lakhanpal, 1964).

Eocene plant records from Meghalaya

From the Lower to Middle Eocene beds near
Cherrapunji (25° 17' N : 91 °44' E) and Laitryngew
(25°21' N : 91 °44' E) in Meghalaya fossils of the
mangrove palm Nipa and Calophyllum (Guttiferae)
have been described (Bhattacharya, 1967). A few
leaf-impressions have also been described from the
Middle Eocene beds near Damalgiri in the Garo
Hills, Assam (Lakhanpal, 1954, 1955). The locality
(25° 32' N : 90°7' E) lies about 18 km west of Tura.
The leaves described from these beds are
Nelumbium sp. (Nymphaeaceae), Trema garoensis
(Ulmaceae), Neolitsea sahnii (Lauraceae), Grewia
joxii (Tiliaceae) and Bombacites orientalis
(Bombacaceae). The modern taxa comparable to
these forms are Nelumbium, Trema orientalis,
Neolitsea zeylanica, Grewia tilijolia and
Eriodendron anjructuosum/Bombax sp.

A palm leaf referred to the genus Sabalites has
also been reported from near Laitryngew near
Shillong (Bose & Sah, 1964). However, as it is a
feather palm, it should be referred to the genus
Phoenicites Brongniart and not to Saba lites. From
some other Lower to Middle Eocene localities of
Garo Hills Bhattacharya (1979, 1983, 1985) has
described a number of angiospermous leaf, flower
and fruit-impressions. Locality-Wise, the forms
described are: .

(i) West Daranggiri (25°28' N: 90°42' 0
Nelumbo Adans. affinity Nelumbo nucijera.

(ii) Rongrenggiri (25°34' N: 90°33' E),

Nangalbibra (25°28' N: 90°42' E)-Nipa
sahnii. Poacites sp., Nelumbo nangalensis,
Li tsea sp., Phoebe sublanceolata, Ar-tocarpus
garoensis, Triumjetta rhomboideocarpa,
Heteropanax sp., Osmanthus eocenicus,
Ligustrum turaensis, Antholithes oleaceaejormis
and A. campanulatus. The modern genera
identified in thiS assemblage are' Nlpa
(Palmae), Nelumbo (Nymphaeaceae), Li/sea
(Lauraceae), Phoebe (Lauraceae), Artocarpus
(Moraceae), Osmanthus (Oleaceae) and
Ligustrum (Oleaceae).

(iii) Garo Hills, Meghalaya (25°31' N: 90°]5' E)
Five species of leguminoceous fruits
Leguminocarpon, viz., L. desmodioides, L.
derrisoides, L. millr!ttioides, L. pongamioides
and L. albizioides have been described. The
comparable modern taxa are Desmodium
triquetrum, Derris cuneijolia, Millettia
rubiginosa, Pongamia pinnata and Albizia
lucida.

PALAEOENVIRONMENTAL ANALYSIS

Because any plant community is the result of
interaction betvveen the plant and surrounding
environment, the evidence of fossil plants has been
made use of to reconstruct the palaeoclimate apd
palaeogeography of different areas of peninsular
India during the Palaeogene (Lakhanpal, 1970;
Lakhanpal et aI., 1984; Prakash, 1973; Sande &
Prakash, 1982; Sande et aI., ]988) The data have
also been used to reconstruct the vegetation around
Nagpur-Chhindwara and Mandla during the Deccan
Intertrappean sedimentation (Bande & Chandra,
1990).

As mentioned earlier, most of our information
regarding the Deccan Intenrappean flora, the oldest
of the Indian Palaeogene is from the Rajahmundry
assemblage, the Nagpur-Chhindwara assemblage and
the Mandla assemblage. Occurrence of estuarine
algae and Cocos in the Intertrappean beds of
Rajahmundry indicates the existence of sea shore
which was a little more inland than the present
shore line.

The Nagpur-Chhindwara assemblage is typically
tropical in character in which a number of ecological
facies can be recognized. These are:

(i) marine-indicated by Distichoplax,
Peyssonnelia and Solenoporaceae

(ii) mangrove-indicated by Sonneratia and Nlpa
(iii) coastal-indicated by Cocos
(iv) fresh water lakes, ponds, streams marshes

indicated by fresh water algae, water ferns,
aquatic angiosperms-Barringtonia, Syzygium,
Aeschynomene
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(v) terrestrial and upland-indicated by
Araucariaceae, Podocarpaceae and other
arborescent angiosperms.

Although occurrence of conifers is usually taken
to be indicative of a high altitude, both
Araucariaceae and Podocarpaceae show a wide range
of altitudinal distribution and can as well grow at the
sea level (Florin, 1963) Most of the modern
comparable taxa of this assemblage are presently
found in the evergreen to semi-evergreen forests of
Western Ghats and north-east India with some forms
occurring in the dry deciduous forest. Thus, the
assemblage indicates a depOSitional site at the
mouth of a river in the near vicinity of sea.

Compared to the Nagpur·Chhindwara
assemblage, the Mandla assemblage is exclUSively
angiospermous dominated by arbore scent species.
Similar to the Nagpur-Chhindwara assemblage this
assemblage is also characteristically tropical in
character with most of its modern equivalent taxa
grOWing in the evergreen to semi-evergreen forests
of Western Ghats and north-east India. The genera
constituting the assemblage are Hyphaene,
Chrysalidocarpus, Licuala, Arenga, Polyalthia,
Homalium, Hydnocarpus, Garcinia, Sterculia,
Grewia, Echinocarpus, Atalantia-Limonia, Bursera,
Canarium, Gomphandra syn. Stemonurus, Heynea,
Walsura, Dracontomelum, Lophopetalum, Syzygium,
Eucalyptus, Tristania, Sonneratia, Bischojia,
Drypetes syn. Putranjiva and Artocarpus.

Taking into consideration the habit and habitat
of the modern equivalents it has been deduced
(Bande & Chandra, 1990) that the forest was
constituted by water loving forms, like Syzygium,
Drypetes and Barringtonia, low trees or shrubs like
Garcinia, Gomphandra, Grewia, Heynea, Atalantia
Limonia, Tristania, Polyalthia, etc., moderate to
large-sized trees like Bischojia, Bursera,
Dracontomelum, Hydnocarpus and Walsura, and
some very large trees like Art.ocarpus, Canarium,
Lophopetalum and Sterculia with their crowns
projecting up in the sky through the main forest
canopy. The palm genera like Chrysalidocarpus,
Licuala and Arenga must have constituted the
understorey but Hyphaene must have occupied some
open area. Presence of Sonneratia indicates brackish
water conditions, most probably at some distance
from the main forest.

Analysing the Nagpur-Chhindwara and the
Mandla assemblages together, Bande and Prakash
(1982) have envisaged in central India a climate
similar to the present day climate of the Western
Ghats. It has been postulated that the area enjoyed a
humid tropical climate with an annual rainfall over
2000 mm. an uniform temperature throughout the

year and a long duration of rainy season. The factors
responsible for the occurrence of such a type of
climate were: (i) almost equatorial position of the
area during that period, (ii) presence of sea in near
vicinity, and (iii) probable absence of Western Ghats
as main barriers in the path of the southwest
monsoon currents. The northward drift of the Indian
Plate, the withdrawl of the sea and uplifting of the
Western Ghats in the post-trappean times resulted in
the establishment of the present day climate and
tropical dry deciduous to moist deciduous
vegetation in central India against a tropical wet
evergreen to semi-evergreen forest of the past
(Bande & Prakash, 1982).

Similar to the Deccan Intertrappean flora, the
Panandhro assemblage has also been analysed to
decipher the palaeoenvironment around the basin
during the Lower Eocene (Lakhanpal et aI., 1984).
The occurrence of marine algae indicates that there
was transgression of sea in the Kutch area during the
deposition of these sediments. The modern
comparable forms for the angiospermous species
described from Panandhro are: Terminalia
crenulata, Syzygium sp., Lagerstroemia speciosa,
Cinnamomum zeylanicum, Ficus tomentosa,
Pandanus diversus, P. jurcatus and P tectorius. The
occurrence of these taxa is suggestive of a moist
evergreen to deciduous vegetation around
Panandhro. Further, the littoral and swampy
elements like Lagerstroemia speciosa, Syzygium sp.
and Pandanus tectorius are indicative of marshes
around this locality in which the vegetation got
buried and resulted in the formation of lignite in
due course of time (Lakhanpal et aI., 1984).

In continuation of the Lower Eocene, the poorly
known Middle Eocene flora of Kapurdi, Rajasthan is
also typically tropical in character. Presence of
Mesua d. M. jerrea, Garcinia and Calophyllum
clearly indicates that a moist tropical climate with
evergreen forest flourished around Kapurdi at the
time of deposition of the Fuller's earth bed.
Presence of Cocos in addition, further suggests that
the shoreline was not far away from Kapurdi during
the Middle Eocene.

The small assemblage of fossil plants described
from near Damalgiri in the north-east suggests
presence of evergreen to semi-evergreen vegetation
and a tropical to sub-tropical climate around
Damalgiri during the Middle Eocene. Of the various
plant taxa identified from these deposits, Trema
orientalis and Neolitsea zeylanica are small to
middle-sized evergreen trees, Grewia tilijolia is
distributed in east tropical Africa and peninsular and
northeastern parts of India and Nelumbium is a well
known aquatic plant of the tropics. Eriodendron
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mostly occurs in America but E anJruauosum is a
moderate-sized deciduous tree occurring in Burma,
Andamans, Malaya Peninsula and the Archipelago,
western parts of Indian Peninsula and tropical
America. Bombax malabarieum, another comparable
form, is well distributed in tropical Himalayas and
throughout the warmer forests of India to Burma and
Ceylon, also in Java and Sumatra. Bombax insigne,
yet knother species of the genus, is a common tree
of mixed deciduous forests extending into evergreen
to semi-evergreen forests. It is essentially a tropical
tree occurring in Burma, Andamans, Chittagong.
Malay Peninsula and the Western Ghats of India
(Lakhanpal, 1954).

Presence of Nlpa in the Lower to Middle Eocene
beds around Cherrapunji and Garo Hills indicates an
estuarine condition in both these areas. Similarly,
occurrence of Nelumbo suggests the presence of
fresh water lakes and ponds. In addition, occurrence
of terrestrial trees, shrubs, and herbs like
Calophyllum, Artoearpus, Litsea, Phoebe, Ligustrum
and Osmanthus, all of which are tropical to sub
tropical in habitat, suggests a depositional Site,
especially around Rongrengiri and Nangalbibra in
Garo Hills, very similar to that around Mohgaonkalan
during the Deccan Intertrappean sedimentation. It
should be noted that at least four families, viz.,
Palmae, Guttiferae, Nymphaeaceae and Moraceae
and two genera Nipa and Artoearpus are common in
the Deccan Intenrappean flora of central India and
the Lower to Middle Eocene assemblage of
Meghalaya. Lastly, the evidence of the fossil fruits
comparable with different genera of Leguminosae
also suggests that the assemblage was composed of
trees, shrubs, herbs and woody climbers growing in
and around the banks of streams in tropical to sub
tropical moist deciduous forest (Bhattacharya, 1985

An overview of the Palaeogene flora of India
broadly suggests that the wet evergreen to semi
evergreen forest and humid tropical climate in
central India, prevalent during Early Palaeogene
i.e. during the Deccan Intertrappean sedimentation,
continued to prevail in the west as well as north-east
India at least till the Middle Eocene. It was only in
the post-Palaeogene period, after the joining of the
Indian Plate with the Asian Plate, that the Indian sub
continent started acquiring its present day
topography resulting in the onsetting of the current
vegetational and climatic pattern of this sub
continent. .,

PHYTOGEOGRAPHICAL CONSIDERATIONS AND
PLANT MIGRATIONS

As mentioned earlier, in the history of the
Indian sun continent the Palaeogene represents a

period when the Indian plate had already broken
away from the rest of the continents of the
Gondwanaland but had not yet joined with the Asian
plate_ It is, therefore, but natural to expect, in the
Palaeogene flora, of peninsular India, at least a few
taxa shOWing affinities with those presently confined
to the other countries belonging to Gondwanaland
of the past. An analysis of the Indian Palaeogene
flora, especially the Deccan Intertrappean flora,
brings out some interesting evidences in support of
this assumption. Affinities of Rodeites, described
from Mohgaonkalan intertrappeans, have been
traced to Regnellidium a water fern of Brazil.
Similarly, Cyelanthodendron and Simarouboxylon
bear resemblance with the tropical American genera
Cyelanthus and Simarouba, respectively. Although
the affinities of all these fossils are not beyond
doubt, their presence does indicate the possibility of
the presence of some tropical American genera in
the Indian Palaeogene. From the Intertrappean beds
of Mandla District, a fossil fruit exhibiting close
affinity with the fruit of the branched palm
Hyphaene has been described (Bande et al., 1982). A
palm petiole belonging to this genus has also been
described from the Intertrappean beds of
Nawargaon, district Wardha (Shete & Kulkarni,
]980). Only a Single species of Hyphaene-H. indica
is found in India which is distributed all along tl1e
western coast up to Goa. The other 41 species are
distributed in tropical and sub· tropical areas of
Africa and Arabia. From the same assemblage, yet
another palm-Chrysalidoearpus, a genus native of
Madagascar, has been described.

Occurrence of some Australian taxa like
Eucalyptus, Tristania-Melaleuea (Bande et al, 1986)
is also interesting. It is essential to rethink regarding
the position of India in relation to Australia in the
past. Further, if the view proposed by some that
before the Gondwana break-up Australia and India
were in juxtaposition to each other is accepted
(Bande et al., 1988, p. 100), then what was the time
of separation of India and Australia? Even after the
separation took place, were these twO landmasses
inter-connected through some land bridges till as
late as the Palaeogene ? Can it be presumed that
during the Palaeogene the present day tropical
America, Africa, Madagascar, India and Australia
enjoyed a similar type of climate permitting the
existence of at least some common plant taxa on
them? It should be interesting to nOte that atleast a
few Indian Palaeogene families like Myrtaceae,
Lauraceae, ?Sterculiaceae, etc. have been recorded
from the Palaeogene deposits of Antarctica also
(Birkenmajer & Zastawniak, 1986).

The extant flora of India is usually termed as
Indo-Malayan. However, it should be born in mind



BANDE-PALAEOGENE VEGETATION OF PENINSUlAR INDIA 283

that the flora of this region acquired its present
composition only after the Indian Plate joined with
the Asian Plate and establishment of land
connections between India and South-east Asia
(Bande & Prakash, 1986). A detailed comparison of
the Palaeogene flora of India vis-a-vis Palaeogene as
well as Neogene floras of South-east Asia has already
been made to understand the migration of various
plant taxa between these twO land masses (Bande &
Prakash, 1986). Some of the genera which appear to ...
have migrated from India to South-east Asia during
the Neogene are: Sterculia, Grewia, Polyalthia,
Gomphandra, Lophopetalum, Syzygium and
Sonneratia. Similarly, the most important taxa which
were added to the Indian flora from South-east Asia
during the post-Palaeogene are, Dipterocarpaceae
and many genera of Leguminosae.

The Palaeogene flora of peninsular India, thus,
can be considered as the parental stock for the
present day flora of India. To this stock the elements
of South-east Asia, Africa and also Europe were
added during the post-Palaeogene period ultimately
resulting in the evolution of the modern Indian sub·
continent flora.
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Guleria JS 1992. Neogene vegetation of peninsular India. Palaeobotanist 40 285-311.

The Neogene vegetation of peninsular India has been analysed on the basis of which some broad conclusions
have been derived. During the Neogene Period the whole of peninsular India was covered by luxuriant tropical
evergreen to deciduous forests. Occurrence of Dipterocarpaceae from East to West and North to South alongwith
other common elements suggests a more or less uniform warm tropical climate throughout the peninsula. Agradual
decrease in rainfall during Neogene due to northward shift of the Indian peninsula from equator and growing
continentality caused by the rise of Himalayan mountains is decipherable. Further decrease in rainfall towards the
end of Neogene is evidenced by the complete eradication of dipterocarps and the appearance of dry or desertic
conditions towards the end of Pliocene in the western (Gujarat and Rajasthan) and south-eastern (Cuddalore) part
of the peninsula is noticeable. Uirge scale migration and admixture of floras took place between the Indian
peninsula, south-east Asia and Africa due to establishment of land connections by the Neogene. Wide spread
occurrence of Dipterocarpaceae and dominance of legumes together with Sapotaceae, Ebenaceae and Rosaceae, etc.
distinguishes the Neogene flora of peninsular India from the Palaeogene.

Key-words-Neogene, Megafossils, Palaeoecology, Peninsular India.
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THERE has been a considerable work on the
Neogene fossil floras during the last four decades.
Investigations have been intense during the past
three decades resulting into a better understanding
of the flora of this period on account of newly
discovered fossiliferous localities, increased
availability of fossil material and knowledge of
anatomy. Perhaps, the history of Neogene fossil
studies in the country is about two hundred years
old when a French naturalist (Sonnerat, 1782)
reported the occurrence of petrified woods near
Pondicherry. However, no attention was paid to
these fossils for a very long time until and after the

return of Prof. Birbal Sahni from Cambridge. Prof.
Sahni initiated work on Tertiary plants of India in
thirties (1922, 1924, 1928, 1931a, b, c) and thus
provided necessary impetus to Indian Tertiary
Palaeobotany.

Peninsular India lies south of Indo-Gangetic
Plains and includes Rajasthan, Kutch, Saurashtra in
the West to Assam Shelf in the north-east. The Assam
Shelf includes the Shillong Plateau, the Garo, Khasi,
]aintia, Mikir hills and Upper Assam Valley.

Four Decades of Indian Palaeobotany
Editors, B. S. Venkatachala & H. P. Singh

Publisher: Birbal Sahni Institwe of Palaeobotany, Lucknow
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Geologically this is north eastern prolongation of
the Indian Peninsular Shield Compared to extensive
Deccan Trap deposits of Upper Cretaceous to
Palaeogene age in the peninsular India the Neogene
sediments appear sporadically along the West
(Kutch, Saurashtra, Cambay, Konkan and Kerala
Coast) and East Coast (Cauvery, Krishna, Godavari,
Mahanadi and Bengal basins). In the northeast
region they are fairly well-developed. Recently
fossils belonging to Neogene have been reported
from Rajasthan, Madhya Pradesh and south Bihar,
thereby indicating the occurrence of Upper Tertiary
sediments in these areas.

For quick perusal the floras of different basins
have been listed along with their affinities with the
extant genera and remarks on identification of some
of the taxa have been made.

COMPOSITION OF NEOGENE FLORA
OF PENINSULAR INDIA

The commonest plant fossils found in the
Neogene deposits are petrified woods. Most of the
woods belong to dicotyledons and monocotyledons.
Palms are few and gymnosperms rare. In addition,
some impressions or compressions of leaves, fruits
and seeds have also been reported.

The Neogene flora of peninsular India has been
divided into five groups for consideration and
discussion.

1. Western India Floras

(i) Gujarat flora (Kutch and Saurashtra basins)
(ii) Rajasthan flora (Jaisalmer and Bikaner basins)

(iii) Konkan flora
(iv) Kerala Coast flora (Kerala-Lakshadweep Basin)

2. East Coast Floras

(i) Rajahmundry flora (Krishna-Godavari Basin)
(ii) Neyveli lignite flora

(iii) Cuddalore Series flora

3. North East Flora (Assam-Arakan Basin)

4. Bengal and Bihar flora

5. Central India flora

6. Andaman and Nicobar Islands flora

DISCUSSION

1. Western Indian Neogene floras

(i) GLijarat (Kutch and Saurashtra basins)--A
fairly large amount of data is now available on the
Neogene flora of Kutch (Lakhanpal & Guleria, 1983;

Lakhanpal et al., 1984). The flora is represented by
four genera of calcareous red algae, a gymnosperm
(Podocarpoxylon) , three monocot and over 25 dicot
genera (see Table 1). The number of known algal
taxa is very small, consisting of five species
belonging to four genera, viz., Aethesolithon,
Archaeoporolithon, Lithophyllum and Mesophyllum.
Occurrence of the algae indicates definite marine
habitat, transgression and regression of the sea in
Kutch during Miocene. The fossil localities lie
adjacent to the Tropic of Cancer and hence fall in
the tropical region, indicating tropical conditions
which is corroborated by Aethesolithon,
Archaeoporolithon and Lithophyllum together with
fossil remains of higher plants. Mesophyllum is the
only exception which is primarily a cold water genus
(Wray, 1977, p. 67). Structurally Mesophyllum,
Lithophyllum and Neogoniolithon are very similar
except in a few characters, but whereas Mesophyllum
is a cold water genus the last two are warm water
genera. It is thus suggested that the affinities of
Mesophyllum need reinvestigation based on more
and better preserved material because it is highly
improbable that cold water genus would survive in
tropical sea around Kutch.

The higher plants primarily consists of petrified
woods, impression of leaves and a few fruits and
seeds. A general survey of the Neogene flora shows
that out of the known modern comparable genera,
viz., Afzelia·lntsia, Albizia, Bauhinia, Ban-ingtonia,
Cassia, Ceriops, Chlorophora, Cinnamomum,
Cynometra, Dialium, Dlpterocarpus, Euphoria,
Ficus, Gluta, Isoberlinia, Lagerstroemia, Millettia,
Millettia-Pongamia, Murraya, Podocarpus,
F:terospermum, Schleichera, Sonneratia, Sterculia
and Term inalia, only Bauhinia, Cassia, Ceriops,
Ficus and Sterculia are represented in the present
day flora of Kutch. These five genera are found in
protected and limited places in Kutch. It is clear
from the above data that majority of the genera had a
wider distribution and extended up to Kutch in the
western part of the country during Neogene. Analysis
of the flora has brought to light that Kutch had been
the meeting ground of eastern (Cinnamomum,
Dipteroc.arpus, Euphoria, Gluta, Murraya,
Pterospermum, Schleichera) and western floral
elements, particularly African (/soberlinia,
Chlorophora). This could be possible due to
establishment of land connections between
Malaysia, India, Arabia and East Africa during
Neogene. The occurrence of Ceriops, Sonneratia,
Barringtonia and Lagerstroemia indicates the
existence of littoral and riverine or swampy
conditions. Likewise the occurrence of Afzelia
Intsia, Cinnamomum, Cynometra, Dipterocarpus,
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Table I-Neogene megafossils of Gujarat (Kutch and Saurashtra basins)
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FAMILY

ALGAE

Corallinaceae

GYMNOSPERMS

FOSSIL TAXA

Lilhopb)il/um aff. L kladosum
johnson; Pal & Ghosh 1974
Mesopbyl/um commune Lemoine;
Pal & Ghosh 1974
Aelbesolilbon problemalieum
johnson; Pal & Ghosh 1974
AelbesoliliJon eUlcbensis
Pal & Ghosh 1974
AreiJaeoporoliliJon m ioeenieu m
Pal & Ghosh 1974

MODERN COMPARABLE TAXA HORIZON/FORiVlATION/SERI ES
--

Lilbopbyl/um Philippi Khari Series (Lower Miocene)

Mesopbyl/um Lemoine Khari Series (Lower Miocene)

Aelbesolilbon johnson Khari Series (Lower Miocene)

Aelhesolilbon johnson Khari Series (Lower Miocene)

Arebaeoporolilbon Pal & Ghosh Khari Series (Lower Miocene)

Dlpleroearpus dyeri
1983 Pierre ex De Laness

D. indicus Bedd.

Podocarpaceae

ANGIOSPERMS

Poaceae
Arecaceae

Diprerocarpaceae

Stercu Iiaceae

Rutaceae

Sapindaceae

Anacardiaceae

Fabaceae

Podocarpoxylon kUlehensis
Lakhanpal el al. 1975

Culmiles eUlchensis Sahni 1964
Palmoxylon malhoAri Sahni 1964
Palmoxylon serialum Sahni 1964
Palmaciles khariensis
Lakhanpal & Guleria 1982
Palmoxylon kaehchhensis
Guleria i983
Dipleroearpo:xylon malauii
Ghosh & Ghosh 1959; Guleria,
D. pondieberriense Awasthi;
Guleria 1983
Hopea (MS)
Sierculinium kalagarbense
(Trivedi & Ahuja) Guleria 1983

Plerospermoxylon kLo'lchensls
Awasthi el al 1980

Murraya khariensis Lakhanpal
& Guleria 1982
E uphorioxylon indieum
Awasrhi el al. 1982
Sehleicheroxylon kaehehhensis
Awasthi el al. 1982
Gluloxylon burmense (Holden)
Chowdhury 1952; Guleria, 1984b

Syn.
G. kalagarhense Trivedi & Ahuja
Mil/ellia asymmelriea
Lakhanpal & Guleria 1982
M. mioeenica Lakhanpal &
Guleria 1982
Bauhinia kaebehhensis Lakhanpal
& Guleria 1982
Cassia miokaehchbensis
Lakhanpal & Guleria 1982
Leguminocarpon khariensis
Lakhanpal & Guleria 1982
Leguminophyllum khariensis
Lakhanpal & Guleria 1982
Leguminosiles khariensis
Lakhanpal & Guleria 1982

Podocarpus walliehianus
C Pres!'

Palm
Palm
Palm

Palm

Hopea
Sierculia coeeinea
S. oblonga Mas!.
S rhinopelala K Schum.
{'terosperm,1I1I glabre·
seens \X' & A

V relieulalum W & A

P rubiginosum Heyne
,Hurraya paniculala (Linn)
jack
Euphoria longana Lamk.

Sehleichera oleosa
(Lour) Oken
Glula Irauaneoriea Bedd.

1978
Millellia oualifolia Kurz

,\1. aurieulala Baker

R. phoenieea Heyne
B. purpurea Linn.
Cassia sp.

Fruit cr. Fabaceae

Leaf cf. Fabaceae

Seed cf. Fabaceae

Kankawari Series (Pliocene)

Khari Series (Lower Miocene)

Kankawati Series (Pliocene)

Kankawati Series (Pliocene)

Kankawari Series (Pliocene)

Miocene·Pliocene
Kankawati Series (Pliocene)

Kankzwati Series (Pliocene)

Khari Series (Lower Miocene)

Kankawari Series
(Lower Miocen e)
Kankawati Series
(Lower Miocene)
Khari Series (Lower Miocene)

Kankawari Series
(Lower Miocene)
Kankawarj Series
(Lower Miocene)
Kankawarj Series
(Lower Miocene)
Khari Series (Lower
Miocene)
Khari Series (Lower Miocene)

Khari Series (Lower Miocene)

Khari Series (Lower Miocene)

Contd.
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Table l-Contd.

FAMILY FOSSIL TAXA

THE PALAEOBOTANIST

MODERN COMPARABLE TAXA HORIZON/FORMATION/SERIES

Rhizophoraceae

Combretaceae

Barringtoniaceae
(Leeythidaceae)
Lythraceae

Sonneratiaceae

Lauraceae

Moraceae

/v/illellioxylon indicu m
Awasthi; Guleria 1984a

Pahudioxylon sahnii Ghosh &
Kazmi; Guleria 1984a
P. assamicum Prakash &

Trirathi; Guleria 1984a
Cynometroxylon holdenii
(Gupta) Prakash & Bande;
Guleria 1984a
/soberlinioxylon congoense
Lakhanpal & Prakash; Guleria
1984a
Dialiumoxylon indicum Guleria
1984a
Albizinium eolebbekianum
Prakash; Guleria 1984a
A. pondicherriensis
Awasthi; Guleria 1984a
Ceriops kachchhensis
Lakhanpal et aJ. 1984

Terminalia kachchhensis
Lakhanpal et aJ. 1984
Terminalioxylon burmense
Madel·Angeliewa & Muller·Stoll;
Guleria 1983
T jelixii Ramanujam;
Guleria 1983
BarringlOnia (Ms)

Lagerslroemioxylon eojlosreginum
Prakash & Tripath i;
Lakhanpal et al. 1984
Sonneralioxylon preapetalum
Awasthi; Lakhanpal et al. 1984

Cinnamomwn miokachchhensis
Lakhanpal & Guleria 1982
Ficus khariensis
Lakhanpal & Guleria 1982
Chlorophora (Ms)

Millellia pendula Benth. Kankawati Series (Pliocene)
M. prainii Dunn.
Pongamia pinnata (Linn.) Pierre
Ajzelia·!ntsia Kankawati Series (Pliocene)

AjzeJia·/ntsia Kankawati Series (Pliocene)

Cynometra polyandra Roxb. Kankawati Series (Pliocene)
C. ramlflora Linn.

fsoberJinia angolensis (Welw.) Kankawati Series (Pliocene)
Hoyle & Brenan
/. niembaensis Duvigan
DiaJium sp. Kankawati Series (Pliocene)

Albizia lebbek Kankawati Series (Pliocene)
Benth
Albizia amara Boivin Kankawali Series (Pliocene)
A. odoratissima Benth.
Ceriops decandra (Griff.) Khari Series (Lower Miocene)
Ding Hou
C. tagal (Perr.) C. B. Rob.
Terminalia chebula Retz. Khari Series (Lower Miocene)

TenninaJia tomentosa Kankawati Series (Pliocene)
W&A

TerminaJia arjuna Bedd. Kankawali Series (Pliocene)
T tomentosa W & A

Barringtonia J. R. & G. Khari Series (Lower Miocene)
Forst.
Lagerstroemia speciosa L. Pers. Khari Series (Lower Miocene)

Sonneratia apetala Khari Series (Lower Miocene)
Buck·Ham.
S. caseolaris (Linn.) Engler
Cinnamomum zeylanicum Khari Series (Lower Miocene)
Breyn.
Ficus injectoria Roxb. Khari Series (Lower Miocene)

ChlorophOI"a Gaudich. Kankawati Series (Pliocene)

Gluta, Podocmpus, Pterospennwn, Sonneratia along
with other deciduous elements (see Table 1)
indicates luxuriant vegetation and warm conditions
with plenty of rainfall during Neogene in contrast to
dominant scrubby vegetation and xeric conditions of
present day Kutch. The prevailing xeric conditions in
Kutch can be attributed to change in the climatic
conditions during post-Pliocene time.

Plant fossils have lately been collected from
Miocene a1)d Pliocene sediments of Saurashtra and
are under investigation. A fossil wood of Hopea
belonging to Dipterocarpaceae has been identified
by the author from the Miocene sediments of
Bhavnagar coast. It is an important component of
evergreen to semi-evergreen forests. The occurrence

of Hopea indicates that there was luxuriant forest
around Bhavnagar supported by plenty of rainfall
during Miocene. This kind of forest no longer exists
in the area thereby indicating considerable change
in the climatic conditions since Miocene. Detailed
investigations of the assemblage may further
substantiate the above conclusions.

(ii) Rajasthan (jaisalmer and Bikaner
basins)-The Late Tertiary flora of Rajasthan has a
great bearing on the advent of desertic conditions
The aut!;]or has under taken extensive study of Late
TertialY fossils from western part of Rajasthan. He
has reported the occurrence of a number of plant
fossils in a series of communications (Guleria,
1984b, 1986, 1990a, b, 1991, 1992). The flora as



GULERIA-NEOGENE VEGETATION OF PENINSULAR INDIA 289

known today exclusively consists of petrified woods
and is represented by about 25 genera (see Table 2).
Except for twO gymnosperms, Araucaria-Agathis and
Podocalpus all other fossils are dicot genera. A fossil
wood (Araucarioxylon bikanerense) said to be

belonging to the Eocene has been described by
Harsh and Sharma (1988) from Bikaner. It has
already been pOinted out (Guleria, 1990a) that this
wood belongs to Pliocene rather than Eos:;ene. The
dicot recorded are: Ajzelia-Intsia, Anisoptera,

Table 2-Neogene megafossils of Rajasthan Oaisalmer and Bikaner basins)

FAJ'1ILY

'Araucariaceae

Podocarpaceae

Dipterocarpaceae

Slerculiaceae

Meliaceae

Rhamnaceae

Anacardiaceae

Fabaceae

Combretaceae

Lythraceae

Boraginaceae
(Ehretiaceae)

FOSSIL TAXA

Araucaria·Agathis Guleria 1986

Araucarioxylon bikanerense Harsh
& Sharma 1988
Podocmpus Guleria 1986

Dipterocarpus Guleria 1986

Anisoptera eMs)

Sterculia Guleria 1986

Entandropbragma Guleria 1990b

Khaya Guleria 1990b

ZiZiphus oxyphylla Guleria 1992

Mangijeroxylon assamicum
Prakash & Tripathi; Guleria 1984b
Ajzelia·lntsia Guleria 1986

Baphia Guleria 1990b

Bauhinia Guleria 1986

Copaijera·Detarium·Sindora
Guleria 1986
Cynometra Guleria 1986

Erythrophleum Guleria 1990b

Millellia-Pongamia Guleria 1986

Ormosia Guleria 1986

Pterocarpus Guleria 1986

Tetrapleura Guleria 1990b

Dialiumoxylon indicum Guleria
1990a
Ougeinioxylon terliarum
Guleria 1990a
Term in alia Guleria 1986

Lagerstroemia Guleria 1986

Lagerstroemioxylon eojlosreginum
Prakash & Tripathi; Guleria 1990a
L. parenchymatosum Prakash;
Guleria 1990a
Cordia Guleria 1986

MODERN COMPARABLE TAXA

Araucaria-Agathis

Araucaria·Agathis

Podocarpus L'.Heril ex. Pers.

Dipterocarpus Gaertn. f.

Anisoptera Korth.

Sterculia Linn.

Entandrophragma CDC

Khaya A. Juss

Ziziphus oxyphylla Edgw.

Mangijera sylvatiea Roxb.
M indica Linn.
Ajzelia·lntsia

Baphia Afzel

Bauhinia Linn.

Copaijera-Detarium·
Sindora
Cjmometra Linn

Erythrophleum Afzel·ex G. Don

Miliettia·Pongamia

Ormosia G Jacks

Pterocarpus Jacq.

Tetrapleura Benrh.

Dialium travancoricum
Bourd.
Ougeinia oojeinensis
(Roxb.) Hoch!.
Terminalia Linn.

Lagerstroemia Linn.

Lagerstroemia speciosa
Pers.
L. parviflora Roxb.

Cordia Linn

HORIZON/FORMATION/SERIES

Shumar Formation
(probably Pliocene)
Mar Formalion
(probably Pliocene)
Shumar Formalion
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shu mar Formalion
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shu mar Formalion
(probably ~iocene)

Shumar Formalion
(probably Pliocene)
Mar Formation
(probably Pliocene)
Shumar Formalion
(probably Pliocene)
Sh umar Formation
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shu mar Formalion
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Shumar Formalion
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Mar Formation .

(probably Pliocene)
Mar Formation
(probably Pliocene)
Shumar Formation
(probably Pliocene)
Mar Formation
(probably Pliocene)
Mar Formation
(probably Pliocene)
Mar Formation
(probably Pliocene)
Shumar Formation
(probably Pliocene)
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Baphia, Bauhinia, Dialium, Dipterocarpus,
Copaifera-Detarium-Sindora, Cordia, Cynometra,
Entandrophragma, Erythrophleum, Khaya,
Lagerstroemia, Mangzjera, Millettia-Pongamia,
Ormosia, Ougeinia, Pterocarpus, Sterculia,
Terminalia, Tetrapleura and Ziziphus. The
occurrence of member of evergreen forests such as
Araucaria-Agathis, Podocarpus, Anisoptera and
Dipterocarpus indicates luxuriant vegetation and
tropical humid climate. However, the numerical
abundance of these genera in the assemblage is
meagre. The majority of the genera being deciduous,
they indicate a trend towards shift in the rainfall.
This is further suported by the occurrence of African
elements in Rajasthan. Nevertheless, the rainfall
seems adequate for fairly thick forest cover during
Pliocene in contrast to the desertic conditions
encountered in the area today. The occurrence of
typical African genera such as Baphia,
Entandrophragma, Erythrophleum, Khaya and
Tetrapleura are phytogeographically significant.
They are primarily confined to tropical Africa and
Madagascar. They indicate migration of plants from
East Africa to western part of India. These elements,
however, failed to move further into eastern or
southern India as none of them have so far been
recorded trom other Neogene deposits of India. On
the whole the above mentioned flora perished
subsequently from the jaisalmer and Bikaner region
due to progressive increase in aridity. Obviously, the
present desertic conditions in Rajasthan are the
result of post-Pliocene climatic changes as also has
been inferred in Kutch. The probable means of
migration of African taxa are high velocity winds,
birds and animals. The possible routes could be (i)
Egypt to northern Arabia to Persia to Baluchistan and
Sind to western India, (ii) Ethiopia to southern
Arabia to Persia to Baluchistan and Sind to western
India. The flora has a great bearing in dating the
Shumar and Mar formations of jaisalmer and Bikaner
area as equivalent to Kankawati Series (Pliocene) of
Kutch on account of very close floral similarity
exHibited by them including the presence of tropical
African elements (Guleria 1986, 1990a).

In addition to the fossils listed in Table 2,
Trivedi (1959) reported six dicot leaf-impressions
from the tufaceous limestone beds of Miocene age
near Udaipur. She subsequently (1980) identified
them as the leaves of Ficus religiosa, F. carica and
Psidium' guava. The presence of Ficus trees in the
area are the result of protection provided to the trees
owing to religious feelings of the natives. Psidium
guava is an exotic plant belonging to Central
America, cultivated and naturalised throughout
India. Guava plant may have been planted around

the limestone quarry office. Obviously, the reported
leaves are infact, the imprints of recent leaves on
tufaceous sediments, hence cannot be recorded as
fossils of Miocene age. Thus these record should be
totally discarded.

(iii) Konkan flora-The flora of this region is
meagrely known (see Table 3) at present and comes
from the lignitic beds of Ramagiri District (Kulkarni
& Phadtare, 1980; Dalvi & Kulkarni, 1982; Phadtare &
Kulkarni, 1984; Shinde & Kulkarni, 1989). The fOSSils
are in the form of compressions or mummified leaf
remains and carbonised fruits. In terms of extant
comparable genera the assemblage consists of
Alangium, Diospyros, Dracontomelum, Eugeissona,
Garcinia, Nothopegia, Nypa and Nyssa and ranges
from deciduous to evergreen trees. The occurrence
of Nypa indicates estuarine conditions which eVen
now exist at Ratnagiri allowing the growth of
mangroves. However, Nypa no longer occurs in the
present day flora of Rarnagiri. Garcinia, Diospyros,
Nothopegia are presently found in Western Ghats
whereas Nyssa is confined to Sikkim, North Bengal
and Assam extending further to Malayan region.
Eugeissema and Dracontomelum are typical tropical
Malaysian genera. Of the two, Dracontomelum is
found in the Andaman and Nicobar Islands in damp
places along streams and rivers. The overall
assemblage indicates a warm humid palaeoclimate.

(iv) Kerala Coast flora (Kerala-Lakshadweep
Basin}-The sedimentary rocks along the Kerala
Coast, classified as WarkaIU beds or Varkala beds
overlying the Quilon beds contain rich deposits of
carbonised woods. According to Poulose and
Narayanaswamy (1968) the age of Warkalli beds is
Late Miocene or Miocene-Pliocene and the beds are
considered equivalent to the Cuddalore Sandstones.
The flora of Neogene deposits of Kerala Coast is
better known than the Konkan flora and is entirely
based on carbonised woods. So far twenty genera
belonging to 15 families have been reported (Table
4) by Awasthi and Ahuja (1982), Awasthi and
Panjwani (1984), Awasthi and Srivastava (1989,1990,
1992) from the Warkalli beds of Varkala, Payangadi
and Padappakara. The extant comparable taxa
reported are: Anisophyllea, Anisoptera, Calophyllum,
Canarium, Careya, Cassia, Cynometra, Diospyros
Maba, Dryobalanops, Fagara-Acronychia, Gluta,
Gonystylus, Hopea, Hydnocarpus, Leea, Litsea
Cinnamomum, Payena-Palaquium, Shorea,
SWintonia and Terminalia. Most of the genera are
important elements of tropical evergreen forests and
are found in the present day flora of Western Ghats
thus indicating the existence of nearly similar
climatic conditions. The occurrence of Anisoptera,
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FAMILY

Arecaceae

Nypaceae

Clusiaceae

Anacardiaceae

Alangiaceae

Ebenaceae

Nyssaceae

FOSSIL TAXA

Eugeissonoca,.pon indicum
Shinde & Kulkarni 1989
Nypa j"ulicans Kulkarni &
Phadtare 1980
Ga,.cinia indica
Dalvi & Kulkarni 1982
NOlhopegia
Dalvi & Kulkarni 1982
D,.aconlomelumoxylon mangi·
je,.umoides Ghosh & Roy;
Phadtare & Kulkarni 1984
Anaca,.dioxylon ,.atnagi,.iense
Phadtare & Kulkarni 1984
Alangium
Dalvi & Kulkarni 1982
Diospyr-os mic,.ophylla
Dalvi & Kulkarni 1982
Nyssa b,.andoniana
Shinde & Kulkarni 1989

MODERN COMPARABLE TAXA

Eugeissona Griff.

Nypa j,.ulicans Wurmb

Ga,.cinia indica Choiss

NOlhopegia coleb"ookiana
Blume
D,.aconlomelum mangije,.um

? Glula Linn.

Alangium salvijolium Wang

Diospy"os miaopbylla
Bedd.
Nyssa Gronov. ex. L.

HORIZON/FORMATION/SERIES

Lignite beds of Ratnagiri
District (age-Miocene)
Lignite beds of Ratnagiri
District (age-Miocene)
Lignite beds of Ratnagiri
District (age-Miocene)
Ugnite beds of Ratnagiri
District (age-Miocene)
Lignite beds of Ratnagiri
District (age-Miocene)

Lignite beds of Ratnagiri
District (age-Miocene)
Lignite beds of Ratnagiri
District (age-Miocene)
Lignite beds of Ratnagiri
District (age-Miocene)
Lignite beds of Ratnagiri
District (age-Miocene)

Dryobalanops, Gonystylus and Swintonia which are
rain forest trees further suggests that high rainfall
and excessive humid conditions at the time of
deposition. However, their total absence in the
present day flora of Western Ghats or Kerala Coast
probably indicates a shift in the amount of
precipitation in the Western Ghats since Neogene.

2. East Coast Neogene floras

(i) Rajahmundry flora (Krishna-Godavari
Basin}-A few plant fossils have been reported from
the Rajahmundry Sandstones of Godavari Basin in
Andhra Pradesh. The Rajahmundry SandstOnes
overlie unconformably, the Deccan Trap sediments
and have been considered to be equivalent to the
Cuddalore SandstOnes of South Arcot District, Tamil
Nadu (King, 1880; Pascoe, 1963; Krishnan, 1960). On
the basis of their deposition over the Deccan Traps,
the age of Rajahmundry SandstOnes has been given
as Middle Eocene by King (1880), Miocene-Pliocene
by Krishnan (1960) and Miocene? by Rao & Raju
(1968). Most of the fossils said to be belonging to
the Rajahmundry Sandstones have been reported by
Mahabale and his associates (see Table 5) who
consider the age of the sandstOnes as Oligo
Miocene. In addition, dicotyledonous leaves have
been reported by Ramanujam and Rao (1967b), and
Verma and Mathur (1968). However, the occurrence
of typical Gondwanic taxa like Dadoxylon d.
barakarense, Dadoxylon d. jamudhiense,
Mesembrioxylon rajmahalense, Polyloboxylon
raniganjense, Ginkgo and intertrappean species like
Mesembn'oxylon sp. d. M. dudukurense, Cocos

nUcifera (leaf) together with dicotyledonous leaf
impressions gives a very confusing picture. The
composition of the flora seems to be most unlikely
of Oligo-Miocene age. The possibility of reworking
of fossils from the older horizons and their mixing
with the Intertrappean fossils cannot be ruled out
since the Gondwana and Interuappean sediments
are closely associated with the Rajahmundry
SandstOnes in the area. The occurrence of
Terminalia which ranges from Eocene onwards in
India (Lakhanpal & Guleria, 1981; Guleria, 1991)
does not help much in fixing the age of
Rajahmundry Sandstones. The generic affinity of
dicotyledonous leaf· impressions recovered from the
Rajahmundry Sandstones (Ramanujam & Rao, 1967b;
Verma & Mathur, 1968; Mahabale & Rao, 1973) has
not been ascertained. Thus in view of the available
fossil records known so far and in the absence of any
index fossil of Neogene the Rajahmundry flora
cannot be regarded as belonging to Miocene or
Neogene. A detailed exploration and critical
investigation of the fossils of Rajahmundry
sandstones may provide us evidence in deciphering
its age. Till such time the question of exact age of
the Rajahmundry sandstones may be kept open.

(ii) Cuddalore Series flora (Cauvery Basin}
The Cuddalore flora of South Arcot District, Tamil
Nadu is one of the best investigated Neogene floras
of India and consists almost exclusively of petrified
woods. Occurrence of these woods are known since
long (Sonnerat, 1782). The flora has been
extensively reviewed by Ramanujam (1968),
Lakhanpal (1970, 1973) and Awasthi (1974b). The
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Table 4-Neogene megafossils of Kerala Coast (Kerala-Lakshadweep Basin)

Cynometra Linn. Warkalli beds

Cassia fistula Linn. Warkalli beds

Terminalia chebula Retz. warkalli beds
T. travancorensis W & A
Diospyros·Maba warkalli beds

Litsea·Cinnamomum Warkalli beds

Gonystylus spp. Warkalli beds

Gonystylus maerophyllus Warkalli beds
(Miq.) Airy Shaw
Gonystylus sp.
Canarium luzonicum (Bl.) Warkalli beds
A Gray
Hydnocmpus sumatrana Warkalli beds
Koorders
PayenaPalaquium Warkalli beds

Fagara-Acronychia warkalli beds

Anisophyllea R. Br. Warkalli beds

Anisophy/lea R Br. warkalli beds

Careya arborea Roxb. Warkalli beds

FAMILY

Clusiaceae

Diplerocarpaceae

Ampelidaceae

Anacardiaceae

Fabaceae

Combretaceae

Ebenaceae

Lauraceae

Tymelaceae

Burseraceae

Flacourtiaceae

Sapotaceae

Rutaceae

Rh izophoraceae

Lecythidaceae

FOSSIL TAXA

Calophylloxylon sp.
Awasthi & Ahuja 1982
Dryobalanoxylon keralaensis
Awasthi & Ahuja 1982
Anisopteroxylon varkalaensis
Awasthi & Srivastava 1990
Hopenium payangadiensis
AwaSlhi & Srivastava 1990
Shoreoxylon areotense
Awasthi, Awasthi & Srivastava 1992
Leeoxylon cannanorense
Awasthi & Panjwani 1984
Swintonioxylon tertiarum
Awasthi & Ahuja 1982
Glutoxylon burmense (Hold)
Chowdhury; Awasthi & Panjwani
1984
Cynometroxylon holdenii (Gupta)
Prakash & Bande; Awasthi &
Ahuja 1982
Cassinium prefistulai
Prakash; Awasthi &
Srivastava 1992
Terminalioxylon varkalaensis
Awasthi & Ahuja 1982
Ebenoxylon obliquiporosum
Awasthi & Ahuja 1982
Laurinoxylon varkalaensis
Awasthi & Ahuja 1982
Gonystyloxylon indicum
Awasthi & Panjwani 1984
G. tertiarum
Awasthi & Panjwani 1984

Canarium palaeoluzonicum
Awasthi & Srivastava ] 989
Hydnocmpoxylon keralaensis
Awasthi & Srivastava ]990
Sapoloxylon prepayena
Awa~thi & Srivastava 1990
Fagaroxylon acronychioides
Awasthi & Srivastava 1992
Cara/lioxylon indicum
Awasthi; Awasthi &
Srivastava 1992
C miocenicum
Awasthi & Srivastava 1992
Careyoxylon pondicherriense
Awasthi;
Awasthi & Srivastava 1992

MODERN COMPARABLE TAXA

Calophyllum L

Dryobalanops Gaertn f.

Anisoptera polyandra Bl.

Hopea parviflora Bedd.

Shorea acuminata Dyer

Leea a ngulata Korth.
L. philippinensls Merill
Swintonia foxwortbyi Elmer

Gluta Linn.

HORIZON/FORMATION/BEDS

Warkalli beds

Warkalli beds

Warkalli beds

Warkalli beds

Warkalli beds

Warkalli beds

Warkalli beds

Warkalli beds

flora consists of about 78 species belonging to 48
genera .(see Table 7). The flora is predominently
angiospermous and dominated by dicots. Monocots
are represented by only 3 species of palms. Although
gymnosperms are particularly abundant at a few
localities yet they are only represented by 6 species,
five of them belong to a single genus of
Podocarpaceae and one to Taxodiaceae. However,

the affinities of Taxodioxylon cuddalorense with
Taxodiaceae have been doubted by Ramanujam
(1976, p. 105). .The occurrence of evergreen
moisture lOVing elements such as Anisoptera,
Dipterocarpus, Dryobalanops, Hopea, Calophyllum,
Mesua, Gluta, Cynometra, A!zelia-Intsia, Alangi'um,
Duabanga, Sonneratia, and Podocarpus along with
other deciduous trees suggest the existence of
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Gymnosperms

Angiosperms

FOSSIL TAXA

Dadoxylon sp. cf. D. barakarense
Surange & Saxena; Mahabale & Saryanaryana
1978a
Dadoxylon sp. cf. D. jamudhiense
Maheshwari; Mahabale & Saryanaryana 1978a
Mesembrioxylon rajmahalense Jain;
Mahabale & Saryanaryana 1978a
Mesembrioxylon sp. cf. M. dudukurense
Mahabale & Rao; Mahabale & Saryanaryana
1978a
Ginkgo dixirii Mahabale
& Saryanaryana 1978b
Polyloboxylon raniganjense Kri.usel er al.;
Mahabale & Rao 1973
Phylliles spp. 1·4; a seed·like organ
Ramanujam & Rao 1967b
Dicorylophyllum sp. 1·4
Verma & Malhllr 1968
DicOl and monOCOI leaf· impressions
Mahabale & Rao 1973
Terminalioxylon ghoshii
Saryanaryana & Mahabale 1984
Palm leaves
Leaf·impression cf. Cocos nucifera
Palm fruil cf. Cocos plumosa
C. coronara Mahabale & Rao 1968

LOCALITY

Pangidi, Wesl Godavari Disuicl

Rajahmundry, Easl Godavari Dislricl

Pangidi, Wesl Godavari Dislricl

Rajahmundry, Easl Godavari DisHicl

Pangidi, Wesl Godavari Dislricl

Rajahmundry, Easl Godavari DisHicl

1.5 miles eaSI of Tyajampudi, WeSI Godavari
DisHicl
Abolll 1.5 km soulh of Pangidi, West Godavari
Dislricl
Bommuru, Easl Godavari Districl

Pangidi, Wesl Godavari Districl

Pangidi, Wesl Godavari Dislricl

Pangidi, Wesl Godavari Dislricl

Table 6-Neogene megafossils of Neyvell lignite (Cauvery Basin)

FAMILY FOSSIL TAXA MODERN COMPARABLE TAXA HORIZON/FORMATION/SERIES

Arecaceae Wood Navale, 1973, I974a Palm Neyveli lignile (Miocene)
Compressed bark/leaf shealh
ShOOI Wilh crown of leafy Palm Neyveli lignile (Miocene)
bracls/leaves
Challerjee & Bhatlacharya 1965
Phoenix Upadhyay & Verma 1986 Phoenix L Neyveli lignile (Miocene)

Agavaceae Dracaena Ambwani 1982 Dracaena Wand. ex. L Neyveli lignile (Miocene)
Poaceae CUlicle Navale 1973, 1974a - Neyveli lignile (Miocene)
Clusiaceae Calopbyllum/Mesua Navale 1973, Calophyllum/Mesua Neyveli lignile (Miocene)

1974a
Diplerocarpaceae Dip/el'ocarpus Navale 1973, 1974a Diprerocarpus Gaerm. f. Neyveli Iignile (Miocene)

Hopenium neyveliensis Awaslhi 1984 Hopea plagara Vidal Neyveli lignile (Mio.:ene)
Shorea Verma er at. 1989 Shorea robusra Gaerrn. f. Neyveli lignile (Miocene)

Slerculiaceae • Sr(!1'culioxylon sp. Reddy 1989 Srerculia Linn. Neyveli lignile (Miocene)
Tiliaceae Grewioxyton microcoides Agarwal Grewia microcos Linn. Neyveli Iignile (Miocene)

1991a
Anaca rdiaceae Gluloxylon burmense (Holden) Glura Linn. Neyveii Iignile (Miocene)

Chowdhury; Awaslhi 1984
Bouea neyveliensis Agarwal 1989 Bouea burmanica Griff. Neyveli lignile (Miocene)

Fabaceae Cassia/Acacia Navale 1973, I974a Cassia/Acacia Neyveli Iignile (Miocene)
Bauhinia deomalica Awaslhi & Bauhinia foveolara Dalz. Neyveli lignile (Miocene)
Prakash; Agarwal 1991b B. malabarica Roxb.

B. racemosa Lam.
B. rerusa Ham.

Rosaceae Parinarioxylon neyveliensis Parinari indicum Bedd. Neyveli Iignile (Miocene)

AwaSlhi & Agarwal 1986 P. travancoricum Bedd.
Hamamelidaceae +Allingia rhodoleioides Alringia excelsa Noronha Neyveli Iignile (Miocene)

Kramer; Agarwal 1991b
Neyveli lignite (Miocene)Rhizophoraceae Cara/lloxylon indicum Awaslhi 1984 Carallia lucida (= C. brachiala)

Contd.
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Table 6-Contd.

FAMILY

Combretaceae
Lythraceae
Lecythidaceae
(Barringtoniaceae)
Rubiaceae
Sapotaceae

Ebenaceae

Apoc'ynaceae

Asclepiadaceae
Boraginaceae

Lauraceae
Euphorbiaceae

FOSSIL TAXA

Terminalia Navale 1973, 1974a
Lagerstroemia Verma et al. 1989
eareyoxylon pondieherriense
Awasthi; Agarwal 1990
Randia neyveliensis Agarwal 1990
Wood d. SapOlaceae Lakshmanan
&. Levy 1956
Bassia/Mimusops Navale 1973
Diospyros·Maba Navale 1968a
Ebenoxylon areotense Awasthi 1984

+Malodinus japonieus Tanai;
Agarwal 1990
Cryptostegia Verma et at. 1989
Cordioxylon m u/tiseriatum
Awasthi 1984
Litsea Srivastava 1984
Wood d. Phyllanthoidae group
Navale 1973, 1974a
Exeoeearia preagalloeha
Agarwal 1990

MODERN COMPARABLE TAXA HORIZON/FORMATION/SERIES

Terminalia Unn. Neyveli lignite (Miocene)
Lagerstroemia indieum Linn. Neyveli lignite (Miocene)
Careya Roxb. Neyveli lignite (Miocene)

Randia uliginosa Retz. Neyveli lignite (Miocene)
Probably Sapotaceae Neyveli lignite (Miocene)

Bassia·Mimusops Neyveli lignite (Miocene)
Diospyros·Maba Neyveli lignite (Miocene)
Diospyros·Maba Neyveli lignite (Miocene)
D. assimi/is Bedd.
Melodinus monogynus Roxb. Neyveli lignite (Miocene)

Cryptostegia grandijlora R. Br. Neyveli lignite (Miocene)
Cordia myxa Linn. Neyveli lignite (Miocene)

Litsea Lam. Neyveli lignite (Miocene)
Neyveli lignite (Miocene)

Exeoeearia agalloeha Linn.

+Need confirmation.
°It should be treated as Stereulinium sp. (see Gu!eria, 1983).

Table 7-Neogene megafossUs of Cuddalore Series near PondJcherry (Cauvery Basin)

FAMILY FOSSIL TAXA MODERN COMPARABLE TAXA

Contd.

ex. Pers.

ex. Pers.

ex. Pers.

ex. Pers.

ex. Pers.

ex. Pers.

Palms
Livistona R. Br.
Palms
Xanthophyllum jlaveseens Roxb.

1965 Calophyllum wightianum Wall.
C. inophyllum L.
C. tomen/osa Wight
Mesua jerrea L.
Dipteroearpus indieus Bedd.
Dipteroearpus tubereulatus Roxb.

1971Dryobalanops oblongijolia Dyer

Podoearpoxylon sehmidianum (Sahni) Krausel 1949 Podoearpus L'Herit
Syn. Mesembrioxylon sehmidianum Sahni 1931
P. tiruvakkarainum (Ramanujam) Podoearpus L'Herit
Trivedi & Srivastava 1990
Syn. Mesembrioxylon tiruvakkarainum Podoearpus L'Herit
Ramanujam 1953b
P. sahnii (Ramanujam) Trivedi & Srivastava 1990 Podoearpus L'Herit
Syn. Mesembrioxylon sahnii Ramanujam 1953b
P. speeiosum (Ramanujam) Trivedi & Srivastava 1990Podoearpus L'Herit
Syn. Mesembrioxylon speeiosum Ramanujam 1954
P. mahabalei (Agashe) Trivedi & Srivastava 1990 Podoearpus L'Herit
Syn. Mesembrioxylon mahabalaei Agashe 1969
Taxodioxylon cuddalorense Ramanujam 1960

Mesuoxylon areotense Lakhanpal & Awasthi 1964
Dipteroearpoxylon pondieherriense Awasthi 1974a
Dipteroearpoxylon areotense Awasthi 1980
Dryobalanoxylon indieum (Ramanujam) Awasthi

Syn.
Dipteroearpoxylon indieum Ramanulam 1956a
Dryobalanoxylon holdeni (Ramanujam) Awasthi 1971 Dryobalanops Gaertn. f.

Syn.
Shoreoxylon holdeni Ramanujam 1956a
S. mortandranse Ramanujam 1956a
S. megaporosum Ramanujam 1960

Palmoxylon pondieherriense Sahni 1931, 1964
P. arcotense Ramanujam 1953a
P. puratanum Ramanujam 1958
Xanthophyllum euddalorense Awasthi 1986
Calophylloxylon indieum Lakhanpal & Awasthi
C. cuddalorense Lakhanpal & Awasthi 1965

Dipterocarpaceae

Gymnosperms
Podocarpaceae

Polygalaceae
Guuiferae/Clusiaceae

:>Taxodiaceae
Angiosperms
Arecaceae/Palmae
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Table 7 -Contd.

FAMILY FOSSIL TAXA MODERN COMPARABLE TAXA

)Pterogyne and allied genera

)Peltophorum and allied genera

Anisoptera )
Shorea Roxb. ex Gaertn.

Pterocarpus
Peltophorum and allied genera

and Pentacme

Bauhinia Linn.
Acacia Mill.

)Cynometra Linn.
Cynometra Linn.

)Tamarirldus Linn .
Ajzelia and fntsia?
Ajzelia-fntsia

Sterculia-Firmiana
Ailanthus Desf.

Sapindaceae )
Euphoria longana Lamk.
Mangijera altissima Blanco
Gluta Linn.
Gluta Linn.
Anacardiaceae )
Millettia pendula-Pongamia glabra
)Erythrophloem and allied genera

Shorea )
Shorea, Parashorea
Shorea spp.
Hopea )
Hopea spp.

1983

Anisopteroxylon cuddalorense Ramanujam 1960
• Anisopteroxylon coromandalense Navale 1963b
Shoreoxylon kraeuseli Ramanujam & Rao 1967a,
1969
~_ speciosum -Navai-e-1963b
S. indicum Awasthi 1974a
S. arcotense Awasthi 1974a
• Hopeoxylon indicum Navale 1963b
Hopenium pondicherriense Awasthi 1980
Sterculiq.ium pondicherriense (Awasthi) Guleria

Syn.
Sterculioxylon pondicherriense Awasthi 1981
Ailanthoxylon indicum Prakash; Awasthi 1975b

Syn.
+A_ scantiporosum Ramanujam 1960
+A. pondicherriense Navale 1964c
+Guttijeroxylon indicum Ramanujam 1960
+Celastrinoxylon dakshinense Ramanujam 1960
• Sapindoxylo n indicum Navale 1957
Euphorioxylon indicum Awasthi et al_ 1982
Mangijeroxylon scleroticum Awasthi 1966
Glutoxylon cuddalorense Awasthi 1966
G_ burmense (Hold) Chowdhury; Awasthi 1966
•Anacardioxylon mangijeroides Raman ujam, 1960
Millettioxylon indicum Awasthi 1967, 1975a
Erythrophloeoxylon jeistmanteli (Ramanujam)
Muller-Stoll & Madel, 1967

syn.
Caesalpinioxylon jeistmanteli Ramanujam 1960
•Pterogynoxylon jelexii (Navale) Mulier-StOll
Madel 1967

Syn_
Caesalpinioxylon jelexii Navale 1963a
• Pterocarpoxylon arcotense Ramanujam 1960;
Awasthi 1992
Peltophoroxylon indicum (Ramanujam)
Muller-Stoll & Madel 1967

Syn.
Acacioxylon indicum Ramanujam 1954
P_ variegatum (Ramanujam) Muller-Stoll & Madel
1967

Syn_
Cassioxylon variegatum Ramanujam 1960
Cynometroxylon dakshinense Navale 1959
C. indicum Chowdhury & Ghosh;
Ramanujam & Rao 1966a
Tamarindoxylon antiquum Ramanujam 1961
•Pahudioxylon arcotense Navale 1963a

P sahnii Ghosh & Kazmi; Awasthi 1975b
Syn.

Albizzioxylon sahnii Ramanujam 1960
fngoxylon sahnii (Raman uja~) Muller·StOli
& Madel 1967
Cf. Bauhinia Ramanujam & Rao 1966b
Euacacioxylon bharadwajii (Navale)
Muller StOll & Madel 1967; Awasthi 1975b

Syn.
Acacioxylon bharadwajii NavaIe 1963a
Dalbergioxylon antiquum Ramanujam 1960

Leguminosae

Anacardiaceae

Stercu Iiaceae

Sapindaceae

Si marou baceae

contd.
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Table 7-Contd.

FAMILY

Rosaceae

Combretaceae

Barringtoniaceae

(Lecythidaceae)

Lythraceae

Sonneratiaceae

Sapotaceae
Ebenaceae

Alangiaceae

Ellphorbiaceae

Ulmaceae

Fagaceae

THE PALAEOBOTANIST

FOSSIL TAXA

Hopeoxylon indicum (Navale) Awasthi 1977b

H speciosum (Navale) Awaslhi 1977b;

Prakash, Mishra & Srivastava 1988
Syn.

Hopeoxylon arCOlense Awasthi 1977b
Shoreoxylon speciosum Navale 1963b
Albizinium pondicherriensis Awasthi 1979
Cassinium arCOlense AW3Sthi 1979
Pericopsoxylon indicum AwasLhi 1979
Parinarioxylon cuddalorense Awasthi 1969b

Terminalioxylon speciosum Ramanujam 1956b
T jelixii Ramanujam 1956b
T mortanderense Navale 1956
T sahnzi Navale 1956
T grandiporosum Ramanujam 1966; AW3Sthi 1975b

Syn.
Diplerocarpoxylon cuddalorense Navale 1963b
T coromandelinum Ramanlljam 1966
T Iraumalicum Ramanujam 1966
AnogeissliSoxylon indicum Navale 1964b

Barringlonioxylon arcOlense AwaSlhi 1970a
Careyoxylon pondicherriense AW3Sthi 1970a
Lagerslroemioxylon arCOlense Awasthi 1981b

"Sonneralioxylon dakshinense RamanllJam 1957
Sonneralio:;l.J'/on preapelala Awasthi 1969a
Duabangoxylon indicum (Navale) AW3Sthi 1981a

Syn
Sapindoxylon indicum Navale 1957
Chrysophylloxylon pondicherriense Awasthi 1977a
Ebenoxylon arcolense Awasthi 1970b

Alangioxylon sclarijorme Awasthi 1969c

PUlranjivoxylon puralanum Ramanujam 1956c
t" Bridelioxylon cuddalorense Ramanlljam 1956c
t" B. miocenicum (Ramanujam) Madel 1962

Syn.
Bischojioxylon miocenicum Ramanujam 1960
Paraphy/lanlhoxylon lerliarum (Raman lljam)
Madel 1962

Syn.
Clochidioxylon lerliarum Ramanujam 1956c
P, bangalamodense (Navale) Ulkhanpal &
Dayal 1964

Syn,
Phy/lanlhinium bangalamodense Navale 1962
Holopleleoxylon indicum Awasthi 1977a
Erylhrophloexoxylon silholeyi (Ramanujam)
Muller·Stoll & Madel 1967; AW3Sthi 1992

Syn,
Caesalpinioxylon silholeyi Ramanujam 1954
• Caslanoxylon indicum Navale 1964a
"C lerliarum Navale 1964a

MODERN COMPARABLE TAXA

Sindora Mig.
Sindora supa Merr
S, siamensis Teysm, ex Mig,
5 velulina Baker
S. siamensis Teysm ex Mig,

Albizia amara Boivin
Cassia javanica Linn
Pericopsis mooniana Thw,
Parinarium corymbosum (Blume)
Mignel
Terminalia Linn,
Terminalia Unn.
Terminalia Linn.
Terminalia Linn.
Terminalia Linn.

Terminalia Linn,
Terminalia Linn
Terminalia Linn.
Anogeissus Wall ex Guillem & PerL

Barringlonia angusla Kurz,
Careya arborea Roxb.
Lagerslroemia jlos,reginae Retz,
L. lanceolala WaiL
Sonneralia ?

Sonneralia apelala Ham,
Duabanga grandijlora (Roxb, ex DC)
Walp,
D. moluccana BL
Chrysophy/lum roxburghii Linn,
Diospyros-Maba
Diospyros assimilis Bedd.
Alangium javanicum
A meyeri
PUlranjiva wall.
Bridelia ?

Bridelia ?

Phyllanthoideae

I'hyllanthoideae

Holoplelea integrijolia Planch,
Holoplelea

Caslanopsis >

Caslanopsis ?

'Species marked CO) need re·investigation (see Awasthi, 1974b, 1992),
+Occurrence doubtful in the Cuddalore Series (see Awasthi, 1974b, 1975b).
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Namsang beds,
Dupitila Series

Namsang beds,
Duptilia Series

Namsang beds
Dupitila Series
Mid-Tertiary

Probably Tipam series

Tipam Sandstone

Tipam Sandstone

Mid-Tertiary

Namsang beds,
Dupitila Series

Tipam'Sandstone

Tipam Sandstone

Tipam Sandstone

Tipam Sandstone
(Miocene)

Tipam Sandstone

Probably Tipam
Sandstone
Dupitila Series
(Miocene-Pliocene)

Tipam Sandstone

Tipam series

Tipam sandstone
(Upper Miocene)

Namsang River Bed
near Deomali
Arunachal Pradesh
Sultanicherra
near Hailakandi,
Cachar District, Assam
Sultanicherra
near Hailakandi,
Cachar District, Assam
Namsang River Bed
near Deomali
Arunachal Pradesh
Kartikcherra near
Hailakandi, Cachar
District, Assam
Sultanicherra near
Hailakandi, Cachar
District, Assam

Namsang River Bed
near Deomali,
Arunachal Pradesh

COMPARABLE
LOCALITY

Mangifera indica Linn.

Elaeocarpus·F-.'chino
carpus

Caruga pinnala Roxb.

Heriliera fomes Buch

MODERN
TAXA

Pomelia lomentosa
Teysm et Binn_

5_ alala Roxb.

Kayea assamica
Prain

Bursera serrala
Wall. ex. Coleb.

Homalium IOmenlOsum Kuchila near
Benth. Hailakandi, Cachar

District, Assam
Sultanicherra
near Hailakandi,
Cachar District,
Assam
Namsang River Bed
Deomali, Arunachal
Pradesh, Buri-Dehing
River Bed near Jaipur,
Assam

Diplerocarpus Gaertn. f. Buri-Dehing River
betweel) Nahorkatiya
and Margherita_

Diplerocarpus Gaertn. f. Kalaicharpara
Hills in Garo Hills,
Assam
Sultanicherra near
Hailakandi, Cachar
District, Assam

Dyer Buri-Dehing River
Bed, Jaipur, Assam

Shorea Roxb. ex_ Gaertn.Namsang River Bed
near Deomali, NEFA

Shorea Roxb. ex Gaertn.Sonamati near
Garo badha,
Garo Hills, Assam
Sultanicherra,
cachar District,
Assam

Slerculia villosa Roxb Sultanicherra,
Hailakandi, Cachar
District, Assam

Anisoplera scaphula
Pierre
A oblonga Dyer
Shorea assamica

Calopbyllum ino
pbyllum Linn.

Cymnosporia
emarginala

Pomelioxylon lomentosum
Prakash & Tripathi
1970a
Mangzjeroxylon assami
cum Prakash & Tripathi
1970a; Lakhanpal el al.,
1981

B. garugoides Lakhanpal
el a/. 1981

Diplerocarpoxylon chow·
dhurii Ghosh 1956

FOSSIL TAXA

Homalioxylon assamicum
Prakash & Tripathi 1974

Calophylloxylon eoino·
phyllum Prakash 1966a;
Prakash & Awasthi 1970;
Prakash & Awasthi 1971

D. kalaicharparense
Eyde 1963

Kayeoxylon assamicum
Chowdhury & Tandon
1949

Anisopleroxylon garopnse
(Chowdhury) Prakash &
Tripathi 1970b
Shoreoxylon lipamense
Prakash & Awasthi 1970
s. deomaliense
Prakash & Awasthi 1971
S. evidens Eyde 1963

Cymnosporioxylorr
palaeomarginalum
Lalitha & Prakash, 1984

Slerculirrium dallai
(Prakash & Tripathi)
Guleria 1983

Syn.
Slerculioxylon dallai
Prakash & Tripath i 1974
s. varmahii (Lakhanpal,
Prakash & Awasthi)
Gurleria 1983

Syn.
Slerculioxylon varmahii
Lakhanpal el a/. 1981
Herilieroxylon arunacha·
lensis Lakhanpal el al.
1981
Elaeocarpoxylon haila
kandieme Prakash &

Tripathi 1975
Burseroxylon preserralum
Prakash & Tripathi 1975

HORIZON·FORMATION!
,~_-:- S:E:.::R~IES/BED

Elaeocarpaceae

Burseraceae

Sapindaceae

Anacardiaceae

FAMILY

Dipterocarpaceae

Flacourtiaceae

Clusiaceae

Stercu Iiaceae

Celastraceae
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FAMILY FOSSIL TAXA

THE PAIAEOBOTANIST

MODERN
TAXA

COMPARABLE
LOCALITY

HORIZON-FORMATION/
SERIES/BED

Fabaceae
(Leguminosae)

Gluroxylon burmense
(Holden) Chowdhury 1952;
Ghosh & Taneja 1961;
Prakash & Tripathi
1969b; Prakash
& Awasthi 1971

Swinlonia bailakandiense
Prakash & Tripathi 1968,
1969a
Lanneoxylon grandiosum
Prakash & Tripathi 1967,
1969a

Holigarnoxylon assamicum
Prakash & Awasthi 1970
Gluroxylon cacbarense
(Prakash & Tripathi)
Guleria 1984b

Syn.
Melanorrboeoxylon
cacbarense Prakash &
Tripathi 1976
Anacardioxylon sbardai
Prakash & Tripathi 1976

Adenanlberoxylon
pavoninium Prakash &
Tripathi 1968, 1969a
Cassinium prejislulai
Prakash, Awasthi 1992

Syn.
C. cassioides Prakash 1975
Pellopboroxylon cassioides
Prakash & Awasthi 1970
C. borooabi (Prakash
1966c; Prakash 1975
C. Iripuranum Acharya &
Roy 1986
Cynomelroxylon boldeni
(Gupta) Prakash & Bande
1980; Chowdhury &
Ghosh 1946; Prakash
1966a; Prakash &
Awasthi 1971; Prakash &
Tripathi 1976

Glula-Melanorrboea

Swinlonia jloribunda
Griff.

Lannea grandis Engler
Syn.

Odina wodier Roxb.

Holigarna beddomei
Hook. f.

Glura

Adenanthera pavonina
Linn.

Cassia jislula Linn.

Cassia Linn.

Cynomelra polyandra
Roxb.
C. ramlflora Linn.

Namsang River beds
near Deomali,
Arunachal Pradesh
Near Nailabung R1y.
St., Cachar Hills;
Rath Tila about
25 km from Hailakandi,
Assam
Buri Dehing River
Bed near Jaipur, Assam
Hailakandi, Cachar
District, Assam

Road cutting at mile
stone 9 on Dimapura
Diphu road in Mikir
Hills, Assam
Buri- Dehing River
Bed Jaipur, Assam

Sultanicherra near
Hailakandi, Cachar
District, Assam
Karitkcherra near
Hailakandi, Cachar
District, Assam
Hailakandi Cachar
District, Assam

Buri-Dehing River
Bed near Jaipur, Assam

Mikir Hills, Assam

Near Khowi bridge
Teliamura, Tripura
Suhanicherra near
Hailakandi, Cachar
District, Assam;
Nailalung R1y. St.
Assam

Namsang beds,
Dupitila Series

Tipam Series

Tiparn Sandstone

Tiparn Series

Tipam Series

Tiparn Series

Tipam Series

Tiparn Series

Tiparn Series

Tipam Series

Tiparn Sandstone

Probably Tipam
Sandstone
Tipam Sandstone

Pabudioxylon assamicum Ajzelia-Intsia
Prakash & Tripathi 1975

P. sabnii Ghosh & Ajzelia-Intsia
Kazmi 1961; Prakash
1966a; Prakash &
Awasthi 1971

Namsang River Bed
near Deomali, NEFA
Sultanicherra pear
Hailakandi, Cachar
District, Assam
Khowai bridge at
Teliamura, Tripura;
Namsang River Bed
Deomali, Arunachal
Pradesh

Namsang beds,
Dupitila Series.
Tipam Sandstone

Tipam Sandstone

Dupitila Series

Contd.
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Kartikcherra near Dupitila Series
Hailakandi; Namsang Namsang beds
River Bed near Deomali,
Assam
Barail reserve, Cachar; Mid·Tertiary
Sanamati near Garo·
badha, Garo Hills, Assam
Kartikcherra near Tipam SandstOne
Hailakandi, Cachar
District, Assam
Kuchila near Haila· Tipam SandstOne
kandi, Cachar Dis·
trict, Assam

FAMILY

Combretaceae

Barringtoniaceae
(Leeythidaceae)

Lythraceae

FOSSIL TAXA

P. deomaliense
Prakash 1965

Ougeinioxylon tertiarum
Prakash & Tripathi 1977

Hopeoxylon assamicum
Lalitha & Prakash 1980

Albizinium eolebbekianum
Prakash; Lakhanpal et al.
1981
Millettioxylon palaeo·
pulchera Lakhanpal et al.
1981
M. bengalensis Ghosh &
Roy; Acharya & Roy 1986
Kingiodendron pre·
pinnarum Awasthi &
Prakash 1987
Bauhinia deomalica
Awasthi & Prakash 1987

Bauhinia tertiara
Awasthi & Mehrotra 1990
Koompassioxylon elegans
Kramer; Awasthi &
MehrOtra 1990

Terminalioxylon tertiarum
Prakash 1966a; Prakash
& Awasthi 1970

T burmense (Prakash)
M;idel·Angeliewa &
Muller·Stoll, 1973

Syn.
Terminalia tomenrosa
Prakash 1966b
T coriaceum
Prakash & Awasthi 1971

Terminalioxylon
chowdhurii Prakash &
Navale 1963; Eyde 1963
Barringtonioxylon
assamiam Prakash &
Tripathi 1972
Careyoxylon pondicher·
riense Awasthi &
Srivastava 1992

Syn.
C. kuchilense Prakash
& Tripathi 1972
Lagerstroemioxylon
eojlosreginium Prakash &
Tripathi 1970a

MODERN
TAXA

Ajzelia·/ntsia

Ougeinia dalbergioi·
des Benth.

Sindora·Copaijera·
Detarium

Aibizia lebbek Benth.

Millettia pulchra
Kurz.

M. pulchra Kurz.

Kingiodendron
pinnatum Harms

Bauhinia joveolata
Dalz
B. racemosa Lam.
B. racemosa Lam.

Koompassia malac·
censis Benth.

Terminalia tomentosa
Wight & Am.

T coriaaa (Roxb.)
W&A

Terminalia Linn.

Barringtonia acutan·
gula (Linn.) Gaertn.

careya arborea Roxb.

Lagerstroemia jlos·
reginae

COMPARABLE
LOCALITY

Namsang River Bed
Deomali, Arunachal
Pradesh.
Sultanicherra near
Hailakandi Cachar
District, Assam
Sultanicherra near
Hailakandi Cachar
District, Assam
Namsang River Bed
Near Deomali,
Arunachal Pradesh
Namsang River Bed
near Deomali,
Arunachal Pradesh
Near Khowai bridge
Teliamura, Tripura
Namsang' beds along
Namsang River at
Deomali
Namsang beds along
Namsang River at
Deomali
Nagnimara Village
Mon District, Nagaland
Bimlapur, Dibrugarh
District, Assam

Namsang beds along
Namsang River at
Deomali, near
Jaipur, Assam
Nagaland

Sultanicherra near
Hailakandi, Cachar
District, Assam

HORIZON· FORMATION/
SERIFS/BED

Dupitila Series

Tipam SandstOne

Tipam SandstOne

Namsang beds,
Dupitila Series

Namsang beds,
Dupitila Series

Probably Tipam
Sandstone
Namsang beds
(Mio·Pliocene)

Namsang beds
(Mio·Pliocene)

Tipam Series

Tipam Series

Namsang beds
(Mio·Pliocene)
Tipam Series

Tiparn SandstOne

Conrd.
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FAMILY FOSSIL TA,'(A
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MODERN
TAXA

COMPARABLE

LOCALITY
HORIZON· FORMATION/
SERIES/BED

Sonneratiaceae

Sapotaceae

Ebenaceae

Verbenaceae

Lauraceae

Euphorbiaceae

Bischofiaceae

Moraceae

L. deomaliense
Lakhanpal et al. 1981

Duabangoxylon terti·
arum Prakash &
Awasthi 1970
•Madhucoxylon cacharense
Prakash & Tripath i 1977

Siderinium deomaliense
Prakash & Awasthi 1970
Ebenoxylon karti·
kcherraense Prakash &
Tripathi 1970b
• E. indicum Ghosh &
Kazmi 1958
Vitexoxylon miocenicum
Prakash & Tripathi 1974

Laurinoxylon tertiarum
Prakash & Tripathi 1974

L. namsangensis
Lakhanpal et al. 1981

L. deomaliensis
Lakhanpal et al. 1981

L. naginimariense
Awasthi & Mehrotra 1990

Mal/otoxylon assamicum
Prakash & Tripath i 1975

Paraphyl/anthoxylon
palaeoemblica
Prakash et al. 1986
Bischojia palaeojavanica
Awasthi 1989; Awasthi &
Mehrotra, 1990

ArtOcarpoxylon karlik·
cherraensis Prakash &
Lalitha 1978
Antiaris deomaliensis
Awasthi 1989

Dlyoxylon sp.
Chowdhury 1938
Nipa salinii
Lakhanpal 1952

L. vil/osa Wal I.

Duabanga grandijlora
Walp.

Madhuca butyracea
Roxb.

?Sideroxylon grandijo·
lium Wall.
Diospyros·Maba
Diospyros ehritioides
Wall.
Diospyros·Maba

Vitex canescens Kurz

Dehassia·Cinnamomum

Phoebe Nees.

Alseodaphne·Actinoda·
phne

Mal/otus philippinen·
sis Muell·Arg.

Phyl/anthus emblica
Linn.

Bischofia javanica
BI.

ArlOcarpus chaplasha
Roxb.
A. incisa Linn.
Antiaris toxicaria
Lesch.

Nipa fruiticans

Namsang River Bed
near Deomali,
Arunachal Pradesh
Buri·Dehing River
Bed near ]aipur, Assam

Sultanicherra near
Hailakandi, Cachar
District, Assam
Namsang River Bed
near Deomali, NEFA
Kartikcherra near
Hailakandi, Cachar
District. Assam.
Namsang River Bed,
NEFA
Kartikcherra near
Hailakandi, Cachar
District, Assam
Sultanicherra near
Haiiakandi, Cachar
District, Assam.
Namsang River Bed
near Deomali,
Arunachal Pradesh
Namsang River Bed
near Deomali,
Arunachal Pradesh
Nagnimara Village
Mon District,
Nagaland
Sultanicherra near
Hailakandi, Cachar
District, Assam.
Near Nailalung Railway
Station, about 33 km
from Lumding, Assam
Namsang River Bed
Arunachal Pradesh;
Nagnimara Village
Mon District, Nagaland
Kartikcherra near
Hailakandi, Cachar
District, Assam
Namsang River Bed,
Deomali, Arunachal
Pradesh
Garobadha, West of
Tura, Garo Hills
Western extremity of
Garo Hills

Namsang beds,
Dupitila Series

Tipam Series

Tipam Sandstone

Namsang beds,
Duplitila Series
Tipam Sandstone

Probably Dupitila
Series
Tipam Series

Tipam Series

Namsang beds,
Duplitila Series

Namsang beds,
Dupitila Series

Tipam Sandstone

Tipam Sandstone

Tipam Sandstone

Namsang beds;
Tipam Series

Tipam Series

Namsang beds

Tipam Series

Upper Tertiary
CMiocene)

·Species marked C·) need re·investigation.

luxuriant forest supported by high amount of
preCipitation during Mio-Pliocene. Most of these
elements are presently confined to Western Ghats
and Assam region. The absence of these elements in
the present day flora of Cuddalore indicates distinct
and drastic change in climate. Obviously the area has

become drier since the Mio-Pliocene time. The flora
is also phytogeographically significant as indicated
by the occurrence of a number of Indo-Malayan taxa.
The comparison of the flora with other known
Neogene flora of India tends to suggest the age of
Cuddalore Sandstone as Upper Miocene to Pliocene.
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FAJ'vllLY FOSSIL TAXA MODERN COMPARABLE HORIZON;FORMATIONI
TAXA SERIES AND LOCALITY

Dracon/omelum mangf. I2bpur, Birbhum District
ferum Blume

A) West Bengal

GYMNOSPERMS

ANGIOSPERMS

Araucariaceae

Clusiaceae

Dipterocarpaceae

Burseraceae

Meliaceae

Anacardiaceae

Fabaceae
(Leguminosae)

Araucarioxylon sp.
Srivastava & Prakash 1984
Calopbylloxylon
bengalense
Ghosh & Roy 197ge
Kayea assamica
Bande & Srivastava 1989
Dip/erocmpoxylon
bolpurense
Ghosh & Roy 1979c
Sboreoxylon /ipamense
Prakash & Awasthi;
Bande & Prakash 1980
5 robus/oides
Roy & Ghosh 1981a
Anisopleroxylon san/i·
nike/anense
Ghosh & Roy 1980b
A. aduriensis
Acharya & Roy 1989
O:marioxylon indicum
Ghosh & Roy 1978

Cbisocbelonoxylol1
bengalensis
Ghosh & Roy 1979d
DraconlOmelumoxylon
mangiferumoides
Ghosh & Roy, 1979b;
Roy & Ghosh 1981b
Clu/oxylon burmense
(Holden) Chowdhury;
Chowdhury & Tandon,
1952; Roy & Ghosh, 1979b
Clt//oxylon garbelaense
(Ghosh & Roy) Guleria
1984b

Syn.
Melanorrboeoxylon
garbe/aense
Ghosh & Roy 1980c;
Roy & Ghosh, 1981b
Mangiferoxyton
assamicum
Prakash & Tripathi; Ghosh
& Roy 1980e; Roy &
Ghosh 1981b.
Lanneoxylon grandiosum
Prakash & Tripathi; Roy
& Ghosh 1981b
Bucbananioxylon indicum
Ghosh & Roy, 1980d;
Roy & Ghosh 1981b
Pabudioxylon bankurensis
Chowdhury e/ al. 1960;
Awasthi 1992

Syn.
P. bengalensis
Ghosh & Roy 1982

AraucariaAgalbis

Calopbyllum /omen/osa
Wight
C. inopbyllum Linn.
Kayea assamica King &
Prain
Dip/erocarpus
Gaertn f.

Sborea assamica
Dyer

5 robus/a Roxb.

Anisoplera KOrth.

Anisop/era Korth.

Canarium Linn.

Cbisocbelon pani·
cula/us Hiern

Clu/a·Melanorrboea

Clu/a·Melanorrboea

Mangifera indica
Linn.

Lannea coromandelica
(Hout!.) Merr.

Bucbnania lalifolia
Roxb.

Pabudia Miq.

Tipam Series (= Miocene)
Bolpur, Birbhum Distric[
Santiniketan near Bolpur,
Birbhum District

Muhammad Bazar,
Birbhum District
Santini ketan,
Birbhum District

Santiniketan,
near Bolpur

Near Santiniketan,
Birbhum District
Santiniketan, near
Birbhum District

Aduria forest, Burdwan
District
Santiniketan near
Bolpur, Birbhum
District
I2bpur, Birbhl1m District

Garbeta, Midnapur
District; Santiniketan,
Birbhum District

Garbeta, Midnapur

Santiniketan-Labpur,
Birbhum Distric[

Labpur, Birbhum District

Labpur, Birbhum District

Bankura District

Labpur, Birbhum District

Con/d.
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Table 9-CoQtd.

FAMILY FOSSIL TAXA MODERN COMPARABLE HORIZON/FORMATION/
TAXA SERIES AND LOCALITY

Mil/ettia pulchra Kurz. Garbeta, Midnapur District

Phoebe attenuata Nees. Muhammad Bazar,
P. goalparense Birbhum District

Koompassia malaccensis Sanriniketan near
Benth. Bolpur

Mi//ettia prainii Dunn Bolpur, Birbhum District;
Labpur, Birbhum District

Bolpur, Birbhum
District

Labpur, Birbhum
District

Santiniketan, Birbhum
District

Aduria forest,
Burdwan District

Shanriniketan near
Bolpur

Bolpur, Birbhum
District

Labpur, Birbhum
District and Bishnupur,
Bankura District
Leaves
Leaf

Santiniketan near
Bolpur, Birbhum
District
Garbeta, Midnapur
District

Tetrameles nudijlora
R. Br.

Cassia siamea Lam. Sanriniketan near Bolpur;
Labpur, Birbhum District

Cassia jistula Linn. Bolpur, Birbhum District
C. nodosa Linn.
Cynometra ramijlora Belpur, Birbhum District
Linn.
C. polyandra Roxb.
Cynometra ramijlora Labpur, Birbhum
Linn C. polyandra Roxb. District

Terminalia Linn

Peltophorum jerrugi
neum Benth.

Terminalia Linn.

Ormosia robusta
Wight
O. watsonii Fischer
Albizia lebbek Benrh.

Mal/otus-Blumeoden
dron
Trewia-Cleidion
Borassus Linn.

Anogeissus acuminata
Wall.

Palmoxylon coronatum
sahni; Roy & Ghosh 1980

Albizinum eolebbekianum
Prakash; Ghosh & Roy
1981a
Pe/tophoroxylon
jerruginoides
Bande & Prakash 1980
Anogeissusoxylon
bengalensis
Roy & Ghosh 1979b
Terminalioxylon Deb &
Ghosh 1974

Mil/ellioxylon bengalensis
Ghosh & Roy 1979a
M. indicum Awasthi 1967;
Awasthi 1992

Syn.
M. pongamiensis
Prakash; Bande & Prakash
1980; Ghosh & Roy
1981a
Cassinium bamoahii
Prakash, Bande & Prakash
1980; Ghosh & Roy 1982
C. prejistulai Prakash;
Awasthi 1992

Syn.
C. ba/lavapurense
Ghosh & Roy 1981b
Cynometroxylon holdenii
(Gupta) Prakash & Bande;
Prakash & Bande 1980
C. indicum Chowdhury
& Ghosh; Ghosh & Roy
1982
Koompassioxylon elegans
Kramer; Bande &
Prakash 1980
Ormosioxylon bengalensis
Bande & Prakash 1980

Terminalioxylon
tertiarum Prakash;
Ghosh & Roy 1980a
Tetrameleoxylon
prenudijlora Lakahanpal
& Verma; Acharya & Roy
1989
Laurinoxylon sp. d.
namsangensis Lakhanpal
et aI., Bande &
Srivastava 1989
Mal/otoxylon deidionoides
Roy & Ghosh 1982

Shorea robusta Gaenn. f.
Sterculia vil/osa Roxb.

Lauraceae

Datiscaceae

Euphorbiaceae

Combretaceae

Arecaceae

Dipterocarpaceae
Sterculiaceae

B) Bihar

Contd
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FAMILY FOSSIL TAXA MODERN COMPARABLE HORIZON/FORMATION/
TAXA SERIES AND LOCALI1Y

Tiliaceae

Rutaceae

Burseraceae
Anacard iaceae

Fabaceae

Pterygota alala (Roxb.) R. Br.
Syn.

Sterculia alala Roxb.
Grewia tiliaefolia Yah!.
Srivastava et al. (in press)
Evodia meliaefolia Benth.
Murraya paniculata (Unn_) Jack.
Srivastava et al. (in press)
Garuga pinnata Roxb.
Spondias pinnata (Lf.) Kurz.

Syn.
S. manglfera Willd.
Mangifera indica Linn.
Srivastava et al. (in press)
Erythrina suberosa Roxb.
Millettia auriculata Baker ex. Brandis
Ougenia oojeinensis (Roxb.) Hochr.

Syn.
0. dalbergioides Roxb.
Bauhinia sp. cf. B. purpurea Linn.
Hopeoxylon speciosum (Navale) Awasthi 1977

Leaf

Leaf

Leaf

Leaf
Leaf

Leaf

Leaf
Leaf
Leaf

Leaf
cf_ Sindora siamensis
Tesym ex Miq.
Wood, Age-Mio-Pliocene

Fruit

Leaf
Leaf

Leaf
Leaf

Leaf
Flower
Flowers

Leaf
Leaf
Leaves
Leaf
Leaf

Leaf
wood, Age-Mio-Pliocene

Leaf
Leaf
wood, Age-Mio-Pliocene

Syn.
H. arcotense Awasthi 1977b
Prakash, Mishra & Srivastava 1988
Combretum decandrum Roxb.
Terminalia tomentosa Wight & Am.
Terminalia tomentosa Wight & Am.
Srivastava & Bande 1992
Mitragyna parviflora (Roxb.) Korth.
Schleichera oleosa (Lour.) Oken
Srivastava et al. (in Press)
Madhuca indica J. F. Gmel
Lagerstroemia sp. cf. L. parviflora Roxb.
Srivastava & Bande 1992
Diospyros montana Roxb.
Vitex negundo Var. incisa Clarke
Srivastava et al. (in Press)
Alstonia scholaris Brown
Cryptolepis buchanani Roem & Schult.
Mallotus philippensis Muell-Arg.
Ficus foveolata Wall. ex. Miq.
F. glaberrima Bl.

Syn.
F. infectoria Roxb.
F. tomentosa Roxb.
A dicot flower
Dicot flowers Type I-IV
Srivastava et al. (in Press)
Dicot fruit Type-1 cf.
Dillenia sp.
Dicot fruit Type-2 cf. Ziziphus xylopyrus Wi lid. Fruit
Dieot fruit Type- 3 cf. Z. mauritiana Lamk. Fruit
Dicot fruit Type-4 cf. Dalbergia sissoo Roxb. Fruit

Apocynaceae
Asclepidaceae
Euphorbiaceae
Utricaceae
(Moraceae)

Ebenaceae
verbenaceae

Combretaceae

Sapotaceae
Lythraceae

Rubiaceae
Sapindaceae

All the taxa against which no reference has been given, have been described by Bande and Srivastava, 1990- The age of the fossils
other than the woods have been assigned as Upper Tertiary or Quaternary. All the above fossils have been reported from near
Mahuadanr in Palamu District, Bihar.
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Table IO-Neogene megaflora of central India

FA1VlILY FOSSIL Tfu'\A MODERN COl\lPARABLE HORIZON/FORJ'vIATIONi
TAXA SERIES

Fabaceae

LyIhraceae

Moraceae

Polygonaceae

Mil/ellia sp. miocenica
Lakhanpal & Guleria;.
Yadekar & Pitchai Muthu 1988
Lagerstroemia sp. )
Yadekar & Pitchai MUlhu 1988
Ficus sp. khariensis Lakhanpal & Guleria;
Yadekar & Pitchai Muthu 1988
Rumex sp. acetosella Yadekar & Pitchai Muthu
1988

,l1illettla spp

Lagerstroemia indica
Linn.
Ficus inJeetoria Roxb.

Rumex Acetosel/a
Linn.

Katni Formati(){\
(Mio·Pliocene)

Katni Formation
(MioPliocene)
Katni Formation
(Mill·Pliocene)
Katni Formation
(Mio-Pliocene)

Table II-Neogene megaflora of Andaman and Nicobar Islands

FAMILY FOSSIL Tfu'\A ivlODERN COMPARABLE HORIZONIFORJ'vIATIONI
TAXA SERIES/AGE

Corallinaceae

Solenoporaceae

Litbotbanmion n/lmmuliticum Gee 1926
= (Archaeolitbothamnium nummuliticum)
Litbothamnion suganum Gee 1926
Lithothamnium wilsonensis
Chatterji & Gururaja 1972

Lithophyllum cf JosUei (Hydr.) Hydr.;
Chatterji & Gururaja 1972

Litbopbyl/um aff. prelicbenoides Lemoine;
Chatterji & Gururaja 1972

Litbopbyllum sp. Chatterji & Gururaja 1972 -

Ampbiroa oceanica Narayana Rao 1941-42

Amphiroa cf. preJragilissima Lemoine;
Chatterji & Gururaja 1972
Ampbiroa sp. Chatterji & Gururaja 1972

Coral/ina andamanensis Narayana Rao
19411942
Corallin a roai Chatterji & Gururaja 1972 Coral/ina

.Iania sp. Challerji & Gururaja 1972

Neosolenopora ramaraoi Gururaja 1977

Aetbesolitbon sp. 1 Venkatachalapathy &
Gururaja 1984
Aetbesolitbon sp. 2 Venkatachalapathy &
Gururaja 1984

Middle or Late Tertiary

, Middle or Late Tertiary
Lower Li mestone of the Archipel·
ago Series of Lower Miocene
(Aquitanian)
Lower Limestone of the Archipel
ago Series of Lower Miocene
(Aquitanian)
Lower Limestone of the Archipel
ago Series of Lower Miocene
(Aquitanian)
Lower Li mestone of the Archipel
ago Series of Lower Miocene
(Aquitanian)

Oligo-Early Miocene
·Upper Limestone of the Archipel·
ago Series of Lower Miocene
Upper Limestone of the Archipel
ago Series of Lower Miocene
Oligo-Early Miocene

Lower Li mestone of Archipelago
Series (Lower Miocene)
Lower Limestone of Archipelago
Series tLower Miocene)
limestOne Hut Bay Formation
(Middle Miocene)
Miocene

Miocene

(iii) Neyveli lignite flora-The Neyveli lignite
deposits are situated in South Arcot district of Tamil
Nadu and considered to be one of the biggest brown
coal deposits of India_ The lignite is associated with
Cuddalore Sandstone and clays. The known
megafossils of the lignite are based on carbonised
woods and dispersed xylinoid and nonxylinoid
tissues. However, woody tissues are not as common
as nonoxylinoid tissues (Navale, 1974b). It was

Jacob and Jacob (1950) who first reported the
occurrence of leaf cuticles belonging to Oleaceae
from the Neyveli lignite. The flora at present is
represented by 22 families (see Table .6) and the
important genera are: Bouea, Cassia or Mimusops,
Calophy{{um or Mesua_ Cassia or Acacia, Carallia,
Careya, Cordia, Cryptostegia, Diospyros-Maba,
Dtpterocarpus, Dracaena, Excoecaria, Gluta,
Grewia, Hopea, Lagerstroemia, Litsea, Parinari,
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Randia, Shorea, Sterculia and Terminalia. In
addition, leaf cuticles belunging to Arecaceae,
Poaceae and wood fragments of Euphorbiaceae have
also been reported. The evidence provided by the
fossils and by the petrologic nature (Navale, 1968b;
Misra, 1992) of the lignite suggests the existence of
humid tropical conditions during the formation of
the lignite The occurrence of Dipterocarpaceae,
Ebenaceae, Sapotaceae, Gluta and the general
similarity exhibited by the Neyveli flora with other
Neogene floras of India suggests an Upper Tertial)'
age of the lignite. On the contrary, microfossil
workers have inferred various ages for the Neyveli
lignite ranging from Palaeocene-Eocene (Saxena,
1992), Eocene (Deb et al., 1973; Venkatachala, 1973)
and Miocene (Ramanujam, 1982; Singh et al., 1992;
Misra, 1992).

3. North-east Flora (Assam-Arakan Basin)

The flora comprises mostly of dicotyledonous
woods In addition, a fruit of Nypa and a few dicot
leaves have also been reported (Lakhanpal, 1952;
Seward, 1912) The earliest record of the fossil
woods from this region goes back to 1882 when
Schenk reponed the occurrence of Cedroxylon
hermanii froh1 Dischaipur Qaipur), Assam. This
wood was subsequently discarded by Sahni (1931b)
on account of incomplete preservation and lack of
diagnostic features of the family Abietineae. At
present about 45 genera belonging 20 families have
been described by various workers (see Table 8).
The import~nt components of, the flora are'
Adenanthera, Ajzelia-Intsia, Albizia, Anisoptera,
Antiaris, Artocarpus, Bauhinia, Barringtonia,
Bursera-Garuga, Calophyllum, Careya, Cassia,
Cinnamomum-Dehasia, Cynometra, Diospyros,
Dipterocarpus, Duabanga, Elaeocarpus
Echinocarpus, Gluta, Heritiera, Holigarnia,
Homalium, Kayea, Kingiodendron, Koompassia,
Lagerstroemia, Lannea or Odina, Madhuca,
Mangijera, Mallotus, Millettia, Ougeinia,
Phyllan th us, Pometia, Sindora-Capazjera-Detan'um,
Shorea, Sterculia, Swintonia, Terminalia and Vitex.
All these elements indicate the existence of warm
tropical rain forest conditions in the area during
Neogene. Most of these components are still
growing in the area. From this evidence it can be
inferred that the vegetation and climate had not
changed much since the Neogene. The occurrence
of Nypa in Garo Hills, Ajzelia-Intsia and Cynometra
ramzjlora near Hailakandi in Mezoram indicates the
existence of coastal conditions in the area during the
Neogene. Obviously, sea had receeded to its present
position since Neogene. The occurrence of certain

genera like Anisoptera, Dzpterocarpus, Koompassia,
Pometia indicates the migration of Indo-Malayan
elements in the flora.

4. Bengal and Bihar Neogene Flora

(A) West Bengal (Bengal Basin)-A rich flora,
comprising mainly the fossil woods has been
worked out from the Neogene exposures of
Midnapur, Bankura, Birbhum and Bardhaman
District of peninsular part of West Bengal. The flora
consists of 26 genera belonging to 10
dicotyledonous families (see Table 9A). In addition,
a palm and an araucarian wood have also been
reported. The important components of the flora are:
Ajzelia -In tsia, An isoptera, Agathis-Arau ca ria,
Calophyllum, Canarium, Cassia, Cynometra,
Dzpterocarpus, klangzjera, Dracontomelum, Gluta,
Kayea, Koompassia, Laurinox)Jlon, Shorea. The
vegetation indicates the occurrence of warm tropical
climate The flora shows general similarity with
other Neogene floras of India particularly with that
of the North-east and the Cuddalore. The flora of
West Bengal, like Cuddalore flora, indicates change
in climatic conditions although the change has not
been as drastic as in the case of flora of Cuddalore.

(B) Bihar-A Late Tertiary flora consisting of a
large number of taxa mostly based on impression of
leaves, fruits, flowers and a few petrified woods has
recently been reported from the Palamu District in
South Bihar (see Table 9B). The assemblage comes
from two different horizons considered to be of
Upper Tertial)' age (Puri & Misra, 1982) exposed
around village Mahudanr. The woods have been
derived from the sandstone bed whereas a large
number of impressions come from the overlying
shall' bed. Sindora, Terminalia and Lagerstroemia
which are represented by fossil woods in the Palamu
flora have been reported from the Pliocene deposits
of Kutch and Rajasthan. On this basis it is surmised
that the woods may belong to Pliocene.
Gymnosperms are totally lacking and the assemblage
is represented by a large number of taxa belonging
to Fabaceae. Thus the available evidence suggests
that drier conditions had set in by the time the shaly
material was preserved. Dipterocarpus and
Anisoptera which were wide spread up to Pliocene
in India as seen in Kutch and Rajasthan are lacking
and the family Dipterocarpaceae is represented in
Palamu flora only by Shorea robusta, which relatively
grows in dry habitats. This probably indicates that
the assemblage of shaly bed represented by
impressions may belong to post-Pliocene time which
continued till today. This is also supported by the
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very close similarity of the present day flora with that
of the fossil one. However, more work in this area
will help in deciphering the precise age of the flora.

5. Central Indian Neogene Flora

Yadekar and Pitchai Muthu (1988) reported the
occurrence of angiospermic plant remains belonging
to both dicots and monocots from the sediments of
Katni Formation in Madhya Pradesh (see Table 10).
The formation has been assigned Mio-Pliocene age.
The assemblage ,onsists of impressions of leaves
representing Leguminosae (Millettia) , Lythraceae
(Lagerstroemia) , Moraceae (Ficus) and a seed cast of
(Rumex) Polygonaceae. This is probably the first
record of Neogene plant fossils from the central
India. More work is required in this area to have a
better picture of the flora of this region.

6. Andaman and Nicobar Islands Neogene
Flora

The area has practically remained
un investigated as far as the megafossils are
concerned except for a few records of Red algae
(Table 11). Gee (1926) was the first to report the
occurrence of Lithothamnion which is now
recognised as Arc.haeolithothamnium. The other
known members of the assemblage are
Aethesolithon, Amphira, Corallina, jania,
Lithophyllum, Lithothamnium and Neosolenopora.
Obviously the area needs detailed exploration for
the study of megafossils of higher plants in order to
know the past flora of the islands.

SIGNIFICANT CONCLUSIONS

The Neogene vegetation of peninsular India is
mainly represented by dicotyledonous woods which
are widely distributed throughout the peninsula.
Palms are infrequent and gymnosperms rare.

During Neogene entire peninsula was covered
by rich vegetation since the climate must have been
more or less uniform on account of situation of the
Indian peninsula in the tropical zone.

All the floras from different basins show very
close similarity in their composition as most of the
genera are common. The wide distribution of
tropical rain forest family Dipterocarpaceae from
East to West and North to South along with other
genera clearly indicates a more or less uniform
tropical .moist climate throughout the peninsular
India during the Neogene.

Aridity could have gradually increased towards
the close of Neogene due to the growing
continentality caused by the rise of the Himalayan
mountains and disappearance of the Tethys Sea in

the North. This resulted in complete eradication of
dipterocarps from Kutch, Rajasthan, Cuddalore and
their recession from the western Himalayan foot
hills to north eastern India.

There were large scale migrations and
admixture of floras over Malaysia, India, Arabia and
Africa during Neogene due to establishment of land
connections by Early Miocene. This was most
probably the time when dipterocarps migrated into
India, colonised the peninsula and spread westward
to Africa via Rajasthan, Kutch and Arabia. Likewise
some genera did migrate into India from Africa as
seen particularly in the flora of Kutch and Rajasthan.

The presence of some families and genera such
as Dipterocarpaceae, Ebenaceae, Rhamnaceae,
Sapotaceae, Ajzelia-lntsia, Gluta, Swintonia along
with the dominance of legumes distinguishes th..::
Neogene flora from the Palaeogene flora of India.
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Changing patterns of vegetation through Siwalik
succession

N. Awasrhi

Awasthi N ]992. Changing pallerns of vegetation through Siwalik succession. Palaeobotallist 40 312·327.

The palaeobotanical record from the Neogene of Himalaya has been examined and an allemp£.. has been made
to reconstruct the vegetation pallerns and throw light on palaeoclimate of the region during Siwalik time. nlough
the flora of the Pre·Siwalik Neogene from which the Siwalik flora evolved is poorly documented, a few palynofossils
from the Kasauli and Dagshai formations indicate the existence of subtropical to temperate vegetation in the Upper
reaches of the newly built Himalaya. On the contrary, a fairly rich assemblage of megafossils from the Siwalik
indicates widespread tropical evergreen to moist deciduous mixed forest in the lowland sub· Himalayan zone
during Middle Miocene·Pliocene The assemblage is dominated by wet evergreen dipterocarps and associated taxa,
most of which are known to have entered the Indian subcontinent from southeast Asia during Miocene and
subsequently spread allover and finally reached the lower slopes of sub-Himalaya. This has resulted increase in the
diversity of tropical v~getation.

The post· Pliocene orogeny of Himalaya brought great changes in the topography and climate which adversely
affected the vegetation pallerns of the region. The Early and Middle Siwalik tropical evergreen forest whose chief
component are Anisoptera, Dipterocarpus, Hopea, Shorea Cother than Shorea robusta), Polyalthia, Calophyllum,
Aphanamixis, Dysoxylum, Gluta, Dracontomelum, Mangijera, Swintonia, Cynometra, Koompassia, Ormosia,
Pongamia, Sindo ra, Duabanga, Diospyros spp., Myrzstica, etc. started dWindling towards the end of Middle Siwalik
and subsequently disappeared from western and central sectors, though a few taxa like Mangijera, Litsea,
Cinnamomum, Bauhinia, Dalbergia, Ficus, etc. continued to adjust to the new climatic conditions. Extinction of
tropical evergreen taxa and further rise of Himalaya gave way to proliferation and diversificatiOn of tropical and
subtropical moist deciduous to dry deciduous temperate vegetation in the lower and higher slopes respectively, as
is also evidenced from palynological record.

Key-words-Palaeobotany, Vegetation, Evolution, Climate, Siwalik, Neogene, India.
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6,000 km thick and consists of coarse1y bedded
sandstone, sandrock clays and conglomerates. It is
believed that they have been deposited in different
environments, namely, lacustrine, channel and
flood-plains, outwash and piedmont (Sahni ,&
Mathur, 1964).

On the basis of lithology and mammalian fauna
Pilgrim (1913) finally proposed a three-fold
stratigraphic division of the Siwalik Group, ie.,
Lower Siwalik, Middle Siwalik and Upper Siwalik.
During the last two decades several workers have
unearthed enormous amount of plant megafossils
from the Lower and Middle Siwalik sediments
represented both in India and Nepal. In contrast to
Lower and Middle Siwalik, the Upper Siwalik
sediments lack well-preserved plant fossils, though
fragments of leaves have been occasionally found in
friable sandy clays, Their absence in the Upper
Siwalik sediments has been attributed to their
destruction due to oxidation at the place of origin,
during transportation and also the place of burial
(Ranga rao et al, 1981).

The systematic study of plant fossils has

THE three major sedimentary zones identified in
the Himalayan orogenic belt are: (i) the sub
Himalayan Zone, (ii) the lesser Himalayan Zone, and
(iii) the Tethys Himalayan Zone The sub-Himalayan
Zone is also known as the Himalayan foot-hill zone
which represents the Siwalik rocks of Neogene age.
They extend from Potwar Plateau in the west to
Arunachal Pradesh in the east covering a distance of
about 2,400 km in length and generally 20-25 km in
width. They are essentially formed by accumulation
of alluvial detritus into a long narrow foredeep
derived from the rising Himalaya during Middle
Miocene to Lower Pleistocene, Along with erosional
debris, the plants and animals which inhabited the
then relatively low hills were deposited, The
foredeep was formed as a sequel to the collision of
Indian Plate with Laurasia and complete evacuation
of Tethys Sea during Oligocene, During the final
phase of the rise of Himalaya in Pleistocene-Recent,
the Siwalik sediments were also upheaved, folded
and faulted forming a continuous mountain range of
relatively low height ranging from 1,000-1,200 m
above mean sea level. The Siwalik sequence is about
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Table I-Balugoloa Assemblage

THE PAlAEOBOTANIST

Greater part of India Deciduous

Sub- Himalayan tracts, Deciduous
Punjab eastwards to Mynmar

FAMILY/FOSSIL TAXA

SM ILAC EAE
Smilax sp.
I.akhanpal & Dayal 1966

ANNONACEAE
Fissistigma senii
Lakhanpal 1969
F. siwalika I.akhanpal &
Awasthi 1992

DIPTEROCARPACEAE
Dipterocarpus
siwalicus Lakhanpal &
Guleria 198-

RHAMNACEAE
Bercbemia
balugoloensis I.akhanpal 1967
Zizipbus siwalicus
I.akhanpal 1965,
1967

FABACEAE
Dalbergia (fruit)
Lakhanpal & Dayal 1966

COMBRETACEAE
Terminalia balugoloensis
I.akhanpal & Awasthi 1992

LYTHRACEAE
Lagerstroemia sp.
I.akhanpal & Dayal 1966

MORACEAE
Ficus precunea
I.akhanpal 1968

COMPARABLE
EXTANT SPECIES

Smilax roxburgbiana,
S. macropbylla,
S. prolijera

Fissistigma bicolor

F. rubiginosum

Dipterocarpus
tuberculatus

Bercbemia jloribunda

Ziz,phus in eurva,
Z. xylopyrus

Dalbergia sissoo

Terminalia alata var.
nepalensis

?Lagerstroemia indica

Ficus cunea

DISTRIBUTION OF
COMPARABLE
EXTANT SPECIES

Northeast India

Assam, Bangladesh, Bunna,
Thailand, Borneo

Northeast India,
Andaman Islands,
Mynmar, Malaya

Sub·Himalayan region,
Northeast India
India, Mynmar

Himalayan foot-hills,
Assam region, Bangladesh

FOREST TYPE
INDICATED

Evergreen

Evergreen

Evergreen

Evergreen

Moist deciduous to dry
deciduous

Evergreen

generated a rich database for the reconstruction of
Siwalik floristics. Realizing the extent and thickness
of Siwalik sediments present in India and Nepal, the
plant megafossils data available so far is still far from
satisfactory. Nevertheless, several important and
significant plant taxa have been studied and
documented from several localities in the foot-hills
(Map 1; Tables 1-7). The data have been used in
deciphering palaeoecology and palaeophytogeo
graphy of the region. Evolutionary trends of the
Siwalik flora have also been traced through time and
space. The influence of periodical northward drift of
the Indian Plate and rise of Himalaya On the flora has
also been one of the objectives of the study.

PRE-SIWALIK NEOGENE FLORISTICS
AND CLIMATE

Before an attempt is made to reconstruct the
changing patterns of the Siwalik vegetational

scenarios, it is necessary to furnish background
information about the pre-existing vegetation and
environment of the Himalayan region particularly of
pre-Siwalik time. The pre-Siwalik sediments
developed in the Lesser Himalayan zone are
designated as Murree, Dharamsala, Dagshai and
Kasauli formations.

In comparison to Siwalik sediments these
formations are poor in plant megafossils. Sahni
(1953, 1964) described for the first time a few plant
remains, viz., Sabalites microphylla and Sabalites sp.
resembling leaves of Sabal-like palms, leaf fragments
d. palm, other monocotyledonous fragmentary
leaves of uncertain affini ties and ill-preserved
dicotyledonous leaves as Dicotylophyllum spp. from
the Kasauli Formation of Shimla Hills. Similar ill
preserved indeterminate dicotyledonous leaves have
been reported by Chaudhury (1969) from the
Koshaliya River bank near Kalka, Himachal Pradesh.
However, the only satisfactorily preserved leaf-
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Table 2-Nalagarh Assemblage
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FAMILY/FOSSIL TAXA

DIPTEROCARPACEAE
Dipterocarpoxylon
siwalicus Prakash 1975

D. nalagarhense Prakash 1975
D. premaerocarpum
Prakash 1975

MELlACEAE
Aglaia nahanensis Yadav
1989

ANACARD IACEAE
Dracotomelumoxylon
mangijerumoides
Prakash 1979a

FABACEAE
Acrocarpus siwalicus
Yadav 1989
Adenantheroxylon
Yadav 1989
Albizinium eolebbekianum
Prakash 1975
Cassinium prejistulai
Prakash 1975
Cynometroxylon holdenii
(Gupta) Bande & Prakash.
(= Cynometroxylon indicum)
Chowdhury & Ghosh.
Prakash 1975
Koompassioxylon elegans
Yadav 1989
Millellioxylon pongamiensis
Prakash 1975

Ormosioxylon bengalensis
Bande & Prakash. Yadav 1989

LECYTHI DACEAE
Careyoxylon pondicherriense
Prakash

COMPAMBLE
EXTANT SPECIES

D. indicum
D. turbinatus
D. gracilis

D. dyeri
D. macrocarpus

Aglaia edulis

Dracontomelum
mangijerum

Acrocarpus
j'-axinijolius
Adenanthera pavon ina

Albizia lebbek

Cassia jistula

Cynometra polyandra

Koompassia malaccensis

Pongamia pinnata

Ormosia robusta

Careya arborea

DISTRIBUTION OF
COMPARABLE
EXTAt\'T SPECIES

Western Ghats
northeast India,
Andaman Islands,
Malaya Peninsula
Malay Peninsula
Northeast India,
Mynmar

Northeastern India,
Bangladesh, Mynmar,
Malay Peninsula

Andaman and Nicobar
islands, Malaya Peninsula

India, Mynmar

Indo·Malayan region

Himalayan foot· hills

India, Mynmar

Northeast India,
Mynmar, Malaya

Malayan region

India, Mynmar, South·
east Asia, North Australia,
China
India, Bangladesh, Mynmar

India, Mynmar

FOREST TYPE
INDICATED

Evergreen

Evergreen
Evergreen
Evergreen

Evergreen

Evergreen

Moist deciduous

Moist deciduous

Deciduous

Deciduous

Evergreen

Evergreen

Evergreen

Evergreen

Moist deciduous

impression comparable to the leaves of Artocarpus is
described by Sharma and Gupta (1972) from the
Murree sediments in Rajori District, Jammu and
Kashmir. Recently, Mehra et ai. (1990a) have
reported a few monocotyledonous and
diCOtyledonous leaves from typical Dagshai
Formation, exposed near Kufnarhatti on Kalka
Shimla Highway. They also reported impressions of
leaves and flowers from Kasauli Formation exposed
along the same highway and proVisionally referred
them to Fabaceae and Moraceae (Mehra et ai.,
1990b).

The leaves documented so far are invariably

smaller in size which obviously belong to grasses,
bushes and small trees. It is astonishing that in a
long stretch of well developed Lower Miocene
sedimentary sequence not a Single bigger
dicotyledonous leaf suggesting broad-leaved
mesophytic vegetation has been found so far. Leaves
and other plant megafossils, reported from
Dharamsala, Dagshai, Kasauli and Murree sediments,
belong to such plants which were most probably the
first ones to invade the newly emerged low hills of
the Himalaya from the nearby area.

The available meagre plant megafossils data
alone is not enough for precise reconstruction of the
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Table 3-Kalagarh Assemblage

FMlILY/FOSSIL TAXA

ARECACEAE
Palmoxylon wadiai
Sahni. Prasad j 987

COMPARABLE
EXTANT SPEClES

Palm in general

THE PAlAEOBOTANIST

DISTRIBUTION OF
COMPARABLE
EXTANT SPECIES

FOREST TYPE
INDICATED

Indo-Malayan Evergreen

Mynmar, Thailand, Malaya Evergreen
Peninsula
Mynmar, Malay Peninsula Semi-evergreen to

deciduous
Mynmar, Thailand, Evergreen
Malay Peninsula
Mynmar, Cambodia Evergreen
Thailand, Malay Peninsula
Bangladesh, Mynmar, Evergreen
Thailand

Indo-Malayan region Evergreen

ANNONACEAE
Polyalthioxylon indicum
Prakash 1978

DIPTEROCARPACEAE
Anisopteroxylon
kalagarhense Prakash 1978
A. oblongoides
Yadav 1989
Dipterocarpoxylon
kalaga,-hense Yadav 1989
D. pa,-abaudii Prakash 1978

o sllrangeti Prakash 1981
D. nungarhense Trivedi &
Ahuja 1980
Shoreoxylon ornatum
Trivedi & Ahuja) Bande &

Prakash 1980
Syn.

Pentacmeoxylon ornatum
Trivedi & Ahuja
Vaterioxylon kalagarhense
Trivedi & Misra
V. miocenicum
Trivedi & Misra

Shoreo.\)'lon siwalicus
Prasad & Prakash 1988
Hopenium prenutanoides
Prasad & Prakas h 1988
H kalagarhensis
Prasad & Prakash 1988

STERCULIACEAE
Sterculioxylon
kalagarhensis
Trivedi & Ah uja 1978a

ANACARDIACEAE
DracontomelumOJcylon
mangijerumoides
Ghosh & Roy. Prakash 1981
Glutoxylon kalagarhensis

FABACEAE
Sauhinium
palaeomalabaricum
Prakash & Prasad 1984
B. miocenicum Trivedi &

PanJwani 1986
Cynomet,-oxylon
holdenti (GtJpta) Prakash &
Bande.

Syn.
C siwalicus
Trivedi & Ahuja 1978c
Millettioxylon
kalagm-hensis

Polyalthia spp.

Anisoptera scaphula

A. oblonga

Dipterocarpus
obtusijoliu5
o baudii

D. tuberculatus
D. tuberculatus

Shorea spp_

Shorea minor

Hopea nutan

H. sulcata

Sterculia coceinia
S. oblonga
S. rhinopetala

Dracontomelum
mangiferum

Gluta spp.

Bauhinia
malabarica

Bauhinia ret usa

Cynometra polyandra

Millettia pulchra

Malaysia

Malaya Peninsula

Mynmar, Malaya

Northeast India to
Malayan region

Andaman Islands

Mynmar, Malaya

India, Mynmar

Chota Nagpur, Eastern and
Western Ghats
Northeast India

Mynmar

Evergreen

Evergreen

Evergreen

Evergreen

Evergreen

Evergreen

Moist deciduous

Moist deciduous

'-.

Evergreen

Evergreen

Contd.
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Affinities doubtful

FAMILY/FossrL TAXA COMPARABLE
EXTANT SPECIES

(Trivedi & Misra) Guleria 1984
Syn.

Dlaliumoxylon
kalagarhensls
Trivedi & Misra
Hopeoxylon eoslamensis Slndora slamea
Prakash 1981
Ormosloxylon bengalensis Ormosia robusta
Bande & Prakash. Prasad 1989

ROSACEAE
Parinarloxylon splendinum
Trivedi & Ahuja 1979a

COMBRETACEAE
TermlnaUoxylon palaeomanli Termlnalla manU
Prakash 1981
T. slwalicus Prasad 1989 T. panleulata

SONNERATIACEAE
Duabangoxylon lndlcum Duabanga spp.
Awasthi.
Awasthi & Prasad 1988

DISTRIBUTION OF
COMPARABLE
EXTANT SPECIES

Malay Peninsula

Nonheast India,
Bangladesh, Mynmar

Andaman and Nicobar
Islands
Western Ghats

Northeast Indian region

FOREST TYPE
INDICATED

Evergreen

Evergreen

Dry to moist deciduous

Deciduous

Evergreen

EBENACEAE
Ebenoxylon slwalieus
Prakash 1981
E. kalagarhensls Prasad 1989

LAURACEAE
Lourlnoxylon slwaUcus
Prasad 1990c

Diospyros brandlslana

D. malabariea

Lauraceous genera

Mynmar

Indo·Malayan region

Evergreen

Evergeen

Table 4-Pooroagirl (Taoakpur) Assemblage (Awasthi, MS)

FOSSIL LEAVES: COMPARABLE DISTRIBUTION OF FOREST TYPE
FAMILY/GENUS EXTANT SPECIES COMPARABLE INDICATED

EXTANT SPECIES

STERCULIACEAE
StercuUa Sterculia urens India, Mynmar Dry deciduous

FABACEAE
Ormosla Ormosia robusta Nepal, Northeast India, Evergreen

Bangladesh, Mynmar

COMBRETACEAE
Term Inalia Terminalla ehebula India Deciduous

MYRTACEAE
Syzygium Syzygium eumini India, Mynmar Evergreen to deciduous

BORAGINACEAE
Cordia Cordia myxa India, Myomar, Southeast Deciduous

Asia

EBENACEAE
Diospyros Diospyros ebenum India, Sri Lanka Moist deciduous

D. sylvatlea

LAURACEAE
Persea Persea spp. Indo-Malayan Evergreen
Cryptocarya C. griffithiana Indo-Malayan Deciduous

MORACEAE
Artocarpus Artoearpus India, Myomar Evergreen

integnfolius
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Table 5-Bhlkhnathoree Assemblage

THE PAlAEOBOTANIST

FAMILY/FOSSIL TAXA

MALVACEAE
Urena palaeolobata
Awaslhi & Lakhanpal 1990

MELIACEAE
Aphanamixis bhikh
nathoriensis Awaslhi &
Lakhanpal, 1990
Toona siwalika
Awaslhi & Lakhanpal 1990

RHAMNACEAE
Ziziphus champarensis
Lakhanpa-l & Awaslhi 1984

ANACARDIACEAE
Mangijera someshwarica
Lakhanpal & Awaslhi 1984

FABACEAE
Indigojera prepulchella
Lakhanpal & Awaslhi 1984
Dalbergia sp.
Lakhanpal & Awaslhi 1984
Derris champarensis
Awaslhi & Lakhanpal 1990
Pongamia siwalika
AwaSlhi & Lakhanpal 1990
Cassia antiqua
Lakhanpal & Awaslhi 1990
Bauhinia siwalika
Lakhanpal & Awaslhi 1984

COMPARABLE
EXTANT SPECIES

Urena lobata

Aphanamixis poly
stachya

Toona ciliata Roxb.

Ziz;phus mauritiana

Mangl/era indica

Indigojera pulchella

Dalbergia sissoo
Dalbergia latijolia
Derris scandens

Pongamia pinnata

Cassia glauca

Bauhinia spp.
(8 diptera, B. tomentosa,
B. corymbosa)

DISTRIBUTION FOREST 1YPE
INDICATED

Tropical to sub1ropical Deciduous
region

Indo·Malayan Evergreen

Indo-Malayan, AUSlralia Evergreen 10
deciduous

Tropical to sublropical Moisl to dry
region of lhe world

Indo-Malayan Ev.ergreen to

deciduous

India Semi-evergreen 10
dry deciduous

India Dry deciduous

Indo-Malayan Semi-evergreen 10 dry
deciduous

India, Soulheasl Asia, Semi-evergreen 10 dry
North Auslralia deciduous
Indo- Malayan Evergreen

Indo-Malayan Deciduous

MYRTACEAE
Syzygium palaeobracteatum
Awaslhi & Lakhanpal 1990

RUBIACEAE
Gardenia palaeoturgida
Lakhanpal & Awaslhi 1984

MYRSINACEAE
Ardisia anliqua
Awaslhi & Lakhanpal 1990

CONVOLVULACEAE
Ipomoea eriocarpoides
Awaslhi & Lakhanpal 1990

LAURACEAE
Phoebe champarensis
Awaslhi & Lakhanpal 1990
Cinnamomum palaeotamala
Lakhanpal & AwaSlhi 1984
Iitsea prenilida
Lakhanpal & Awaslhi 1984

MORACEAE
Ficus chaniparense
Lakhanpal & Awaslhi 1984

Syzygium braeteatum

Gardenia turgida

Ardisia solanacea

Ipomoea eriocarpa

Phoebe lanceolala

Cinnamomum tamala

Iitsea n ilida

Ficus spp.

Northeasl India, Orissa

Northern India

India, Mynmar, Sri Lanka

India, Mynmar, Sri Lanka

india, Mynmar, Sri Lanka

India, Mynmar

Easlern Himalaya, Assam,
Bangladesh

Evergreen

Moisl deciduous

Moisl deciduous

Moisl deciduous

Evergreen

Evergreen to moist
deciduous
Sem i-evergreen

floral pattern and interpreting the palaeoclimate of
the lesser Himalayan zone during Early Miocene.

However, on the basis of palynological assemblage
from the Kasauli Formation which includes
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F~ILY/FOSSIL TA>CA

DILLENIACEAE
Di//enia palaeoindica
Prasad & Prakash 1984

FLACOURTlACEAE
Ryparosa prekunst/eri
Prasad 1990b

CLUSIACEAE
Mesua terfiara
Prasad 1990b

DIPTEROCARPACEAE
Dipterocarpus siwa/icus
Lakhanpal & Guleria.
Prasad 1990a

MELIACEAE
Ch/oroxy/on pa/aeoswielenia
Prasad 1990b

FABACEAE
A/bizia siwa/ika
Prasad 1990a
Cassia nepa/ensis
Prasad 1990b
Da/bergia miosericea
Prasad 1990b
Milleuia siwa/ica
Prasad 1990b
Milleffia kOi/abasensis
Prasad 1990b
Ormosia robustoides
Prasad 1990a

COMBRETACEAE
Anogeissus eosericea
Prasad & Prakash 1984
Ca/ycopleris j/oribu ndoides
Prasad 1990b
Termina/ia koi/abasensis
Prasad 1990b
Termina/ia siwalica
Prasad 1990b
Termina/ia sp.
Tripathi & Tiwari 1983

RUBIACEAE
Randia miowa//ichii
Prasad 1990b

COMPARABLE
EXTANT SPECIES

Di//enia indica

Ryparosa kunst/eri

Affinities doubtful

Dipterocarpus lubercu/alus

Ch/oroxy/on swielenia

A/bizia gambe/ei

Cassia hirsula

Da/bergia sericea

Mi//elfia ova/ijo/ia

Mi//eUia macrostachya

Ormosia robusta

Anogeisus sericea

Ca/ycopleris jloribunda

Terminalia anguslijo/ia

T pyrijo/ia

Terminalia arjuna

Randia wa//ichii

DISTRIBUTION

India, Mynmar

Malaya

Northeast India,
Mynamar, Southeast Asia

India, Sri Lanka

Northeast India

Central India

Sub-Himalayan region,
Madagascar
Jammu to Sikkim,
Upper Mynmar
Upper Mynmar

Northeast India,
Mynmar

Central India

Western Peninsula,
Northeast India, Mynmar
Malaya

Mynmar

Throughout India, Mynmar

Northeast India to Mynmar,
Andaman Islands

FOREST TYPE
INDICATED

Moist evergreen

Evergreen

Evergreen to moist
deciduous

Deciduous

Moist deciduous

Deciduous

Moist deciduous

Evergreen

Deciduous

Deciduous

Evergreen

Deciduous

Evergreen

APOCYNACEAE
Tabernaemontana precoronaria Tabernaemonlana cOronaria
Prasad 1990b

Sub-Himalayan region,
Sri Lanka, Mynmar

Evergreen

SOLANACEAE
Datura miocenica
Prasad 1990b

VERBENACEAE
Vifex prenegundo
Prasad 1990b
Vitex siwa/icus
Prasad 1990b

Datura jastuosa

Vilex negundo

Vitex pubescens

Tropical region

India, Sri Lanka, China

India, Mynmar

Deciduous

Evergreen

Conld.
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Table 6-Contd.

FAMILY/FOSSIL TAXA

IAURACEAE
Cinnamomum mioinunCium
Prasad 1990b

MORACEAE
Ficus precunea
Lakhanpal & Prasad 1990b
Ficus relusoides
Prasad 1990b
Ficus nepalensis
Prasad 1990b

THE PAlAEOBOTANIST

COMPARABLE DISTRIBUTION FOREST lYrE
EXTANT SPECIES INDICATED

Cinnamomum inunClum Mynmar, Malaya Evergreen 10 moist
deciduous

ficus cunea Sub-Himalaya region, Deciduous
Assam, Mynmar

Ficus reiusa Indo-Malayan Evergreen

Ficus glaberrima Indo-Malayn Evergreen

Table 7-Sura! Khola Assemblage In stratigraphical sequence

STRATI- FAMILY/FOSSIL TAXA COMPARABLE DISTRIBUTION FOREST lYrE
GRAPHIC EXTANT SPECIES INDICATED
SEQUENCE

Surai Khola MARANTACEAE
beds Clinogyne ovalus Clinogyne grandis Indo-Malayan Moisl

Awaslhi & Prasad 1990 region deciduous

FIACOURTIACEAE
Flacounia nepalensis Flacourlia ramnotchii India, Mynmar, Sri Lanka Deciduous
Awaslhi & Prasad 1990

FABACEAE
Millellia miocubilhii Miliellia cuoilhii Malayan regi.on Moisl
Awaslhi & Prasad 1990 deciduous
Bauhinia nepalensis Bauhinia malabarica India. Myn~ar Evergreen to
Awaslhi & Prasad 1990 B. variegala deciduous

EBENACEAE
Diospyros miokaki Diospyros kaki India, Mynmar, China, Moist deciduous
Hu & Chaney. Awaslhi & Japan
Prasad 1990

India, Myomar, Sri Lanka Moist deciduous

K4ila Khola

EUPHORBIACEAE
Breynia prerhamnoides Breynia rhamnoides
Awaslhi & Prasad 1990

ARECACEAE
Caryola siwalika Caryola urens
Awaslhi & Prasad 1990

ANACARDIACEAE
Mangifera someshwarica Mangifera indica
Lakhanpal & Awaslhi.
Awasthi & Prasad 1990
Glula siwalika Glula renghas
Awasthi & Prasad 1990
Swintonia miocenica Swintonia floribunda
Awaslhi & Prasad 1990

FABACEAE
Entada palaeoscandens Enlada scandens
(seed) Awaslhi & Prasad
1990

COMBRETACEAE
Terminalia palaeochebula Terminalia chebula
Awasthi & Prasad 1990

Indo·Malayan region

Indo· Malayan region

India, Soulheast Asia

Mynmar, Malaysia

Bangladesh, Mynmar

Indo-Malayan region

Moist deciduous

Evergreen 10 moist
deciduous

Evergreen

Evergreen

Evergreen

Moist deciduous to

evergreen

COn/d
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STRATI· FAMILY/FOSSIL TAXA COMPARABLE DISTRIBUTION FOREST TYPE
GRAPHIC EXTANT SPECIES INDICATED
SEQUENCE

-
Termina/ia panan- Termlna/la coriacea India, Mynmar Deciduous
dbroensis Lakhanpal
& Guleria. Awasthi &
Prasad 1990

Chor Khola MYRl STICACEAE
beds Myristica palaeo· Myristica glomerata Malay peninsula Evergreen

glomerata Awasthi &
Prasad 1990

POACEAE
Bambusa siwa/ika Bambusa tulda India, Mynmar Moist deciduous
Awasthi & Prasad 1990

FABACEAE
Mi//ettia palaeoracemosa Mi//ettia racemosa India, Mynmar Deciduous
Awasthi & Prasad 1990

Entada palaeoscandens Entada scandens India, Mynmar Motst deciduous to
(Leaf). Awasthi & to semi·evergreen
& Prasad 1990

EUPHORBIACEAE
Excoecaria palaeo- Excoecaria crenulata Southern India Evergreen
crenulata Awasthi &
Prasad 1990

CLUSlACEAE
Calophy//um sural- Calophy//um polyantbum Silddm and Khasi Hills Evergreen
kbolaensis Awasthi &
Prasad 1990
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DlPTEROCARPACEAE
Dipterocarpus Dipterocarpus
siwa/icus Lakhanpal. tuberculatus
Guleria, Awasthi & PrasadD. turbinatus
1990

Nonheast India to
Southeast Asia

Evergreen

Paira Khola
beds and
Bankas beds

DlPTEROCARPACEAE
Dipterocarpus
siwa/icus

D. turbinatus

Dipterocarpus
tuberculatus

Nonheast India to
Southeast Asia

Evergreen

ANNONACEAE
Polya/tbia
simiarum Awasthi &
Prasad 1990

FABACEAE
Cynometra
siwa/ika Awasthi &
Prasad 1990

Polyaltbia simiarum

Cynometra polyandra

Nonheast India, Mynmar Evergreen

Khasi and Cachar Hills, Evergreen
Malay Peninsula

representatives of modern families of upland and
lowland vegerations, viz., Cyatheaceae, Schizaeaceae,
Lindasaeaceae, Polypodiaceae, Pinaceae, Liliaceae,
Arecaceae, Bombacaceae, Oleaceae, etc. Singh and
Sarkar (1990) have broadly inferred that the
vegetation in the western Himalaya during Lower
Miocene was subtropical and humid. A similar
assemblage of palynofossils representing the
fami lies Hymenophyllaceae, Schizaeaceae,

Polypodiaceae, Lycopodiaceae, Pinaceae, Arecaceae,
Aquilifoliaceae, Rutaceae, Tiliaceae, Chenopodia·
ceae and Pandanaceae is reponed from Dharamsala
sediments (equivalent to Dagshai and Kasauli
formations) of Himachal Pradesh by Mathur and
Venkatachala (1979) and Mathur (1984). Saxena and
Bhttacharwa (1990) added a few new families, viz.,
Parkeriaceae, Adiantaceae, Araucariaceae,
Pot:lmogetonaceae, Lentibulariaceae, Malvaceae and
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Mimosaceae to the Dharamsala palynoflora
assemblage, suggesting prevalence of tropical to
subtropical humid conditions. Occurrence of Pinus
pollen in the Kasauli and Dharamsala sediments
suggests that during Early Miocene the Himalaya
seem to have attained sufficient elevation enabling
Pinaceae and other subtropical and temperate
elements from the North and West Asian mainland to
immigrate and subsequently proliferate all over in
the higher reaches.

SIWALIK FLORISTICS

The Siwalik flora includes the following
assemblages from a number of exposures located in
the foot-hills, covering an area between Jammu in
the west and Arunachal Pradesh in east (Map 1).

]ammu-The study of Siwalik plant fossils was
infact initiated by Professor Sahni (1931) who for the
first time reported two petrified woods as
Palmoxylon jammuense and P. wadiai from the
alluvial boulder deposits from the banks of Tawi and
Tarangiri rivers near Jammu, but the exact
stratigraphical position of the rocks from which
these woods were derived is not known. However,
detailed account of these woods by Sahni was
posthumously published (Sahni, 1964). The only
other known plant fossil from Jammu area is Poacite
siwalicus, a grass-like monocot leaf from the
Palandri Formation = Chinji Formation near Palandri,
Rajouri District (Sahni, 1964).

Himachal Pradesh-Balugoloa near
Jawalamukhi in Kangra District and Nalagarh in Solan
District are two important localities of the Lower
Siwalik which have been subjected to
palaeobotanical study. The former is famous for
excellently preserved leaf-impressions borne on fine
to coarse-grained hard sandstone. They have been
studied by Lakhanpal (196), 1967, 1968, 1969),
Lakhanpal and Dayal (1966), Lakhanpal and Guleria
(1987) and Lakhanpal and Awasthi (1992). The latter
contains exlusively petrified woods which have been
worked out intensively by Prakash (1975, 1979a,
1979b) and Yadav (1989). They have been listed in
the Tables.

Besides, Lakhanpal, Tiwari and Awasthi (1987)
reported leaf and culm of bamboo from the Lower
Siwalik' of Ranital, Kangara-Jawalamukhi Road,
Kangara District. From Khundian, a locality of Middle
Siwalik in Jawalamukhi area, a solitary wood
Anisopteroxylon jawalamukhi comparable to
Anisoptera of Dipterocarpaceae is described by
Ghosh and Ghosh (1958). From the same area

Mathur (1974,1978) reported a seed
(Boraginocarpon lakhanpalii) and a leaf of
Lauraceae-Litsea bhatiai, from the Upper Siwalik
beds, and a papilionaceous leaf, Papilionid, Mallows
sp. and grass-like leaves from Lower Siwalik. Dayal
and Chaudhri (1967) also reported some ill
preserved dicotyledonous leaves, from Lower Siwalik
beds of Koshalya River near Kalka.

Uttar Pradesh-In the foot hills of Uttar Pradesh,
from Mohand in Saharanpur District to Tanakpur in
Nainital District, there are a number of exposures of
Lower and Middle Siwalik which contain a great
variety of woods and leaves. However, concerted
efforts have so far been made by several workers to
study the petrified woods from Kalagarh area, Pauri
Garhwal District (Prakash, 1978, 1981; Prakash &
Prasad, 1984; Awasthi & Prasad, 1988; Prasad, 1987,
Prasad & Prakash, 1988; Prasad, 1989, 1990b, 1990c;
Trivedi & Ahuja, 1978a, b, c, 1979a, b, 1980; Trivedi
& Misra, 1978, 1979, 1980; Trivedi & Panjwani, 1986)
and leaf-impressions from Poornagiri Hill (also spelt
as Punyagiri Hill) near Tanakpur, Nainital District
(Lakhanpal & Guleria, 1978; Awasthi, unpublished
data).

In Mohand area, district Saharanpur, the Middle
Siwalik sediments contain semi-carbonised and
petrified woods which have been meagrely studied.
Rawat (1964, 1964-1965), in his preliminary reports
briefly described two fossil woods as Dipterocarpus
and Bauhinia. The Siwalik beds near Hardwar,
locally known as "Hardwar beds"contain leaf
impressions. Varma (1968) described a few leaves
from Bagh Rao near Hardwar as Meliaceaephyllum
mahagonites, Eucalyptophyllum raoi, Diospyros
embryopterisites and a leaf d. ? Croton tegelis. Except
for Diospyros embryopterisites the identification of
these leaves is doubtful. Meliaceaephyilum
mahagonites cannot be a leaf of Sweitenia mahagoni
since it is an exotic plant which is known to have
been introduced in India from central America about
200 years ago. The leaf assigned to Eucalyptophyllum
raoi does not exhibit the characters of Eucalyptus;
Eucalyptus too is an introduced Australian tree.

Bihar-Nepal Border-From a small patch of
fossiliferous beds of the Siwalik exposed near India
Nepal boundary Post no. 35 Bhikhnathoree, West
Champaran District, Bihar, Lakhanpal and Awasthi
(1984) and Awasthi and Lakhanpal (1990) have
reported 20 species of dicotyledonous leaves.

Nepal-The Siwalik Hills of India extended into
Nepal are designated as Churia Hills and the
sedimentary sequence is known by Churia Group.
Our recent study of plant megafossils from the
Siwalik of the western sector of India and the Churia
Group of Nepal indicates better representation of
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Text-figure l-Surai Khola profile (after Corvinus 1990).

their generic and specific determinations are
doubtful.

From Arunachal Pradesh leaves of Ziziphus and
Dioscoria have been reported by Singh and Prakash
(1980) from a small exposure, about 5 km north of
Pasighat, district Siang. A small collection of
semisilicified and semi-carbonised woods from the
Upper Subansiri of Ghoghra River section in Siang
and near Kimin in Subansiri District show the
presence of mostly evergreen taxa, viz., Shorea,
Euphoria, Gluta, Albizia, A!zelia-Intsia, Cynometra,
Cassia and Sindora (Awasthi, unpublished data).
From the same area dicotyledonous leaves of
uncertain generic affinities have been reported by
Chowdhury et at. (1970).

PALAEOCLIMATE AND FLORAL
EVOLUTION

From a perusal of the above assemblages of

In the eastern sector of India Siwalik has
received very little attention for palaeobotanical
study. There are some stray published report on
megafossils from the foot-hills of Bengal and
Arunachal Pradesh. Pathak (1969) documented a few
fragmentary leaves as Castanopsis tribuloides,
Cinnamomum tamala, Machilus villosa, Litsea
polyantha, Bridelia stipularis, B. verrucosa, Mallotus
philippinense and Rhododendnon lepidotum from
the Middle Siwalik sediments of Mahanadi section in
the foot-hills of Darjeeling District. Since the fossil
leaves are fragmentary, Awasthi (1982) opines that

BENGAL AND ARUNACHAL PRADESH

plants both qualitatively and quantitatively. The
plant remains from the Churia Group have been
studied in detail.

(i) Koilabas-Koilabas is a small Village
situated at the base of foot-hills, 1 km inside Nepal
territory, near ]arwa, Gonda District, Uttar Pradesh.
The sediments are exposed along the upstream of
Koilabas Nala. Unfortunately, detailed stratigraphical
information of the sequence is lacking. However, the
sediments show gradual coarsening from fine
grained hard calcareous sandstone and shales to
sandstone and shales obviously representing the
Lower and Middle Siwalik. The fossil plants
comprising leaf-impressions have been studied by
Prasad and Prakash (1984), Prasad (1990a, 1990b)
and Tripathi and Tiwari (1983).

(ii) Surai Khola-Geologically, Surai Khola is
one of the important areas in the Churia Hills where
a complete and uninterrupted sequence of the
Siwalik Group is exposed along Mahendra Highway,
covering a distance of about 16 km from Surai Naka
to Rangsing Khola in Kapilvastu District, Nepal. This
sequence measures about 5,650 m in thickness,
representing the Lower, Miqdle and Upper Siwalik
(Corvinus, 1988, 1990). On the basis of lithology
Corvin us (1990, text-fig. 2) divides the whole
sequence into the Bankas beds, Paira Khola beds
(Upper part of Lower Siwalik), Chor Khola beds
(Lower part of Middle Siwalik), Surai Khola beds
(Upper part of Middle Siwalik), Dobata beds and
Dhan Khola beds (Upper Siwalik). TI1e first four
beds contain large number of excellently preserved
leaf-impressions and rarely fruits/seeds in the fine
grained calcareous sandstone, mudstone and shales
while the last three beds show rare occurrence of
unidentifiable fragmentary grass-like leaves in clays
and friable sands. Out of a big collection of leaves,
Awasthi and Prasad (1990) have so far identified the
follOWing taxa which are listed in the stratigraphical
sequence (see Text-figure 1).
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Siwalik flora (Table I -7), provided with comparable
extant taxa, their distribution and type of forest
indicated, it is evident that in the Himalayan foot
hills tropical forest with overwhelming majority of
evergreen elements existed during Middle Miocene
Pliocene times when the Siwalik sediments were laid
down. Among them the most common and widely
distributed genera are: Polyalthia, Calophyllum,
Dipterocarpus, Anisoptera, Hopea, Shorea (other
than Shorea robusta), Aglaia, Dracontomelum,
Mangifera, Gluta, Swintonia, Sterculia, Dysoxylum,
Koompassia, Cynometra, Pongamia, Ormosia,
Sindora, Dialium, Bauhinia, Albizia, Cassia,
Duabanga, Syzygium, Diospyros, Mal!otus, Litsea,
Cinnamomum, Phoebe, etc. The flora includes a
sizeable number of evergreen taxa of southeast Asian
distribution, e.g., Anisoptera, Gluta, Koompassia,
Sindora, Swintonia and some species of
Dipterocmpus and Hopea. Besides, a number of
other taxa which occurred during Siwalik and
continued to exist even today were not found in the
pre-Siwalik sediments of peninsular and extra
peninsular regions. ObViously, such taxa must have
come from the neighbouring countries.

With the rise of Himalaya a large area previously
occupied by Tethys was converted into land with
numerous water basins. Thus the major changes in
the physiography brought about progressive changes
in the climate all along the foot-hills which became
more warm and humid with high precipitation.
During that time the Indian Plate had already joined
with Eurasia resulting in the formation of land
connection between India and neighbouring
continents. It is widely accepted that through land
connections several tropical moist evergreen to
semi-evergreen elements from Southeast Asia led by
dipterocarps entered the Indian subcontinent
possibly via Mynmar where they spread all over and
ultimately reached the Himaiayan foot-hills region
and got mixed up with the then existing local
vegetation. Thus in the Tertiary floral history of
Indian Peninsula and extra· peninsula Middle
Miocene was the time of maximum proliferation,
diversification of tropical vegetation, particularly of
the evergreen forest.

The megaflora I assemblage of Siwalik has no
representation of gymnosperms. However, the
palynological studies of Siwalik sediments by
Banerjee (1968), Lukose (1968), Nandi (1972, 1975),
Mathur E1974), Saxena and Bhattacharyya (1987),
Singh and Saxena (1980, 1981), Saxena and Singh
(1980, I982a, b), Singh and Sarkar (1984) and
Saxena et at. (1984) have revealed a wide
representation of gymnospermous pollen
comparable to Pinus, Podocarpus, Abies, Cedrus,

Picea, Tsuga and pollen of temperate
angiospermous genera, like Alnus, Betula, Carya,
juglans, etc The pollen evidence suggests that these
had already occupied the higher reaches of the
newly emerged Himalaya from northern side before
Miocene orogeny. The occurrence of tropical and
subtropical to temperate pollen taxa together in the
Siwalik sediments, therefore, leads to infer that the
vegetation during Miocene was disposed
altitudinally, tropical forest on the lower slopes up
to 1,000 m elevation and temperate forest on the
higher slopes and with perhaps a subtropical belt in
b\~tween.

As a result of the rising Himalaya small fresh
water basins also formed on the Tibetan side in
which the Kargil molasse and other Miocene
sediments of Ladakh-Karakoram area were laid
down. Occurrence of temperate elements of Sino
Japanese origin, such as Trachycarpus, Prunus and
Populus in the Liyan/Kargil Formation (Guleria et
at., 1983; Lakhanpal et at., 1984a) further supports a
different floral pattern on the higher slopes where
tropical plants like Livistona had grown earlier in the
lower slopes (Lakhanpal, 1982; Lakhanpal et at.,
1984b).

The tropical forest mostly comprised
overwhelmingly the taxa of Malayan and southeast
Asian distribution while the subtropical and
temperate forests had a considerable Sino-Japanese
and Russian elements. In the lower slopes, as is
evident from megafossil record, the flora remained
nearly unchanged in its overall composition and
distribution pattern until the close of Pliocene.

The Surai Khola megafossil assemblage of Nepal
is the only floral assemblage known from a
continuous and uninterrupted sequen<;:e of Lower,
Middle and perhaps the basal part of Upper Siwalik.
It depicts a gradual change in the floral composition
(Awasthi & Prasad, 1990) The basal sediments
assigned to the Lower Siwalik contain more of
lowland evergreen elements. The most important
amongst them are Polyalthia, Dipterocarpus,
Calophyllum, Gluta, Cynometra, etc. Along with the
leaves of these taxa, algal forms, viz., Pediastrum,
Botryococcus, Zygnema, Mougeotia and
pteridophytes such as Azolla and Ceratopteris have
also been recovered (Sarkar, 1990) suggesting the
existence of fresh water bodies like swamps and
flood plains in the area which created exceSSive
humid conditions for the luxuriant growth of
evergreen forest. More or less similar conditions
seem to have prevailed during the Middle Siwalik as
evidenced from the Chor Khola assemblage. But the
total absence of evergreen taxa in the Surai Khola
beds which are assigned to the upper part of Middle
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Siwalik, provides evidence that the luxuriant
evergreen forest started dWindling towards the end
of Middle Siwalik or the beginning of Upper Siwalik
and ultimately were replaced by deciduous elements
such as Clinogyne, Flacourtia, Millettia, Bauhinia,
Breynia, etc. This is corroborated by high incidence
of pollen of the members of Malvaceae and
Mimosaceae (Sarkar. 1990).

The last phase of the Himalayan uplift which
occurred during Early Pleistocene brought further
change in the physiography. The climatic conditions
progressively changed from warm humid to drier
and cooler adversely affecting the vegetation
patterns of the entire region. The dipterocarps
community growing luxuriantly suffered a big
setback when all its members totally disappeared
from the western and central sectors of the
Himalayan foot-hills. Dipterocarpus and Shorea
assamica are the sole survivors which have restricted
distribution in the evergreen forest of Assam and
Arunachal Pradesh. As replacement of dipterocarps
and their associates some new taxa had evolved
while others adapted the changing conditions, e.g.,
ZiZIPhus. This genus, occurred in association of
Dipterocarpus and other evergreen taxa, is now
growing luxuriantly in moist to dry deciduous and
grassland forest (Savannah). Amongst dipterocarps,
Shorea robusta is the only taxon which today occurs
as a dominant tree in the Himalayan foot·hills of
central and western sector. Surprisingly not a single
piece of wood or a leaf of this species has been
found in the Neogene sediments of India, although a
leaf of Shorea robusta has been reported from the
Pleistocene (most probably Holocene) deposits of
Mahuadanr, Palamu District, Bihar, along with a
number of other taxa which grow in nearby
deciduous forest (Bande & Srivastava, 1990). Thus
the diversity of environment especially cooler
climate and mountainous physiography during
Pleistocene have affected the plant life of the entire
region and must have given impetus to
hybridization, an important mechanism in providing
generic diversity and preserving the adaptability in
plants (Vishnu-Mittre, 1969). Shorea robusta may be
considered as an example of this phenomenon. This
taxon seems to have evolved sometimes during
Pleistocene. It is now Widely accepted that changes
in physiography and climate of the Himalayan region
during different phases of its upheaval have largely
been responsible for the changes of vegetational
scenario and evolution its flora.
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TI-lE Himalayan range is the youngest mountain
range in the world and is believed to have started
uplifting about 60-70 million years ago. Delineating
the northern boundary of the Indian subcontinent, it

--' runs about 2,400 km from the west to the east.
Several views on its origin, orogeny, extent and
limits have been expressed from time to time.
Generalized accounts of the Himalayan Tertiary
mega-and palynofloras with reference to their
emergence, radiation and extinction patterns are
available in scattered form. The object of the present
paper is to tag the palynological and palaeobotanical

data with major geological events so that problems
associated with endemism, regionalism and floral
evolution as influenced by orogenic movements of
Himalaya in time and space are understood through
the Cenozoic Era.

It was to the credit of Professor Birbal Sahni
(l936a) who made the first attempt to adduce
palaeohotanical evidence to explain the Mid
Pleistocene uplift of Himalayas in the Karewas of
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Kashmir. In fact, the discovery of an Early
Pleistocene subtropical fossil flora from the
lacustrine deposits of Pir Panjal Range at an
elevation of about 3,666 01, which at present enjoys a
temperate climate, triggered a sense of query in
Sahni (1936a) who observed that, "How can we
explain the presence of their fossil remains at
altitudes where we know that they can not exist
today". The extant forms of most of the Pir Panjal
fossil flora (Early Pleistocene), viz.,
Vallisneria, Trapa, Mallotus, Pittospermum, Myrsine,
Cedrus, Pinus, oaks, laurels, figs, alders,
charophytes, etc. are known to inhabit today
altitudes lower than 2,000 m. Based on this analysis
Sahni (1936a) remarked that, "Since the time when
the plants and animals, of which the fossils remains
are now found at 11 ,000 ft. or even higher,
flourished in and around this lake, the sediments
have been lifted out of their original Horizontal
position and have been upheaved through at least
five thousand feet with (geologically speaking)
recent upheaval of the Pir Panjal Range". Even the
extant acquatic plants, viz., Trapa, Vallisneria,
charophytes, etc. still continue to grow in the lakes
of Kashmir which are situated at several thousand
feet lower than the present elevation of Pir Panjal
Range. This led Sahni (1936a) to sum up that "Their
study leads to irrestible, though at first incredible,
conclusion that the Himalayas have been thrown up
by several thousand feet since the advent of man". A
decade later Puri (1947) published a comprehensive
account of fossil flora from the Pir Panjal Range. This
study supported the conclusions of Sahni (1936a).
During subsequent years, a considerable
palaeobotanical and palynological data have been
generated from the Palaeocene to Pleistocene
sediments of the Himalaya, yet no effort has been
made to examine them in the orogenic perspective
of Himalaya.

OROGENIC HISTORY

The rise of the Himalaya is ascribed to several
periodic orogenic movements. Five major phases of
orogenic episodes have been recognized by Sharma
(1984): (i) Karakoram orogeny (Upper Cretaceous);
(ii) Post-Kirthar orogeny (end of Eocene
Oligocene); (iii) Sirmurian orogeny (Middle
Miocene); (iv) Siwalik orogeny (close of Pliocene
PleistOcene); (v) Post-Pleistocene orogeny. Raina et
at. (1982) have recognized 3 principal phases of
orogenic episodes- (i) the Ladakh phase (Late
Cretaceous-Early Eocene); (ii) Dharamsala phase
(Miocene); and (iii) the Siwalik phase (Late
Pliocene-Middle PleistOcene). Though orogenic

movements slowed down considerably after Middle
Pleistocene yet their pulsations seemed to have
affected the rise of the Himalaya even after the
advent of man for which cult-histOrical evidences are
available. The three major Himalayan oro.genic belts
constityte: (i) the southern most sub-Himalayan
Zone, (ii) the lesser Himalayan Zone, and (iii) the
Tethyan Himalayan Zone.

During the Late Cretaceous the Tethys sea
underwent shallOWing and narrowing with the result
two or more longitudinal basins appeared in
Eocene. The Oligocene Epoch witnessed wide
spread regression. The Middle Miocene orogeny of
Himalaya created a foredeep along its southern side
in which were laid the Siwalik molasse sediments.
The Tibetan side received the Kargil molasse and
other Miocene sediments of Ladakh Karakoram area.
Therefore, the first phase of Himalayan orogeny
(Cretaceous-Early Eocene) is observed at Indus
Suture Zone of Ladakh. The second phase of episode
is recorded in the Eocene-Pliocene epochs. Rapid
sedimentation of Murrees and Siwaliks is due to
Middle Miocene orogenic movements of Himalaya
which later continued up to Pleistocene Epoch. The
present physiognomy of Himalaya was attained as
the molassic sediments of Late Pliocene-Pleistocene
were uplifted.

DATA ANALYSIS

Palaeobotanical and palynological data sifted
from the Tertiary sediments of Ladakh, Jammu,
Himachal Pradesh, Uttar Pradesh, Nepal and
Arunachal Pradesh have been analysed with the
object to select such taxa or groups of taxa which
may provide information on their past and present
distributional requirements particularly in regard to
their possible botanical relationship, climatic
tOlerance, ecological association, latitudinal and
altitudinal adaptation. Although such refined data
are not sufficient for precise determination of exact
time and corresponding vegetational changes in
response to orogenic movements, climatic
variations, differential topographic elevations and
sustained migration and immigration of several plant
species from adjoining areas 'yet a generalized
picture of vegetational chang,es within the well
recognized orogenic pulsations has been
deciphered. In order to have a better understanding
of vegetation patterns, palyno- and mega-floral
evidences from the Cenozoic sediments of Himalaya
have been considered tOgether.

Palaeofloras of Ladakh/Post Kirthar orogeny

During the Ladakh/Post Kirthar phase of
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orogeny (Palaeocene to Oligocene) the
physiography of the Himalaya, both in western and
eastern parts, is assumed to support low relief
landscapes. It further leads to assume that due to
lack of elevated topography the climate was
equitable and tropical, supporting evergreen to
semi-evergreen type of vegetations covering a wider
stretch of areas from north-west to north-east on the
southern face of Himalaya. In the absence of
altitudinal variation, the latitudinal influence on the
composition of flora seems to be less pronounced.
The Palaeocene- Eocene vegetations from the Dras
Volcanics of Ladakh, Kalakot area of Jammu, Kalka
Simla Hills of Himachal Pradesh, Nepal and
Arunachal Pradesh contain largely tropical
components of semi-evergreen to coastal swamp
type vegetation. Dinoflagellate cySts constitute a
larger part of some assemblages alongwith
Pediastrum and Botryococcus (Sarkar & Singh, 1988;
Singh, 1981, 1989). The main palaeofloral
components of western Himalaya were palms and
several members of tropical families represented by
Lycopodiaceae, Sch izaeaceae,' Ma ton iaceae,
Pol ypodiaceae, Pa rkeriaceae, Podoca rpaceae,
Liliaceae, Nymphaeaceae, Poaceae, Oleaceae,
Fagaceae, Anacardiaceae, Alangiaceae, Fabaceae,
Clusiaceae, Lecythidaceae, Sapotaceae,
Myristicaceae, Bombacaceae, etc. Members of
Parkeriaceae, Alangiaceae, Juglandaceae and
Fagaceae, which were hitherto known only from the
Neogene sediments, have been recorded from the
Palaeogene sediments as well (Singh, 1991; Singh &
Sarkar, 1990). Based on palaeobotanical and
palynological evidence it is surmised that the
Palaeocene-Eocene landscape of eastern Himalaya
was studded with mixed type of coastal swamp
vegetation with a tropical climate. The Eocene
assemblage from the Siang District (Arunachal
Pradesh) contains palynotaxa, viz., Ctenolopho
nidites, Lakiapollis, Pellicieroipollis, Incrotonipollis,
etc. (Tripathi & Singh, 1992). Some important
pollen, frequently recovered from areas (Assam
Arakan Basin) adjacent to Himalaya, are of
Podocarpaceae, Arecaceae, Liliaceae, Brassicaceae,
Meliaceae, Clusiaceae, Rhizophoraceae,
Anacardiaceae, Euphorbiaceae, Nymphaeaceae,
Nel umboniaceae, etc. Most of the palynofloras
studied contain dinoflagellate cysts indicating a near
coastal environment of deposition. The Eocene
marker taxa, viz., Ctenolophonidites (Ctenolophon)
and Lakiapollis (Durio) from Arunachal Pradesh
denote the post-Eocene terminal event. Their
absence in the younger successions depict that they
migrated to Malaya and adjoining areas of far east in
order to escape the adverse onslaught of the

changing climate. The aforesaid data denotes that
the Palaeocene-Eocene palynological assemblages
from western as well as eastern Himalaya broadly
contained components of tropical vegetation
conforming to semi-evergreen and mixed coastal
type though they were represented in different
latitudinal areas of Himalaya. It has been estimated
that the Indian Plate collided wi th the 'Asian Plate
during the Eocene which resulted in the rise of
Himalaya. Prior to this collision it is apparent that
during the later phase of the Ladakh orogeny or
earlier part of the post-Kirthar phase of orogeny the
floral components of low land coastal vegetation
covered the southern face of Himalaya. Based on the
present day ecological requirement of the then
existing flora, it may be imagined that overall
altitudes near to the present Gangetic plains along
with tropical climate might have supported these
floras. Later this Himalayan landscape appears to
have been grossly disturbed by tectonic upheavals.
At present the Palaeocene· Eocene strata are located
on elevations varying from 800 to 2500 m or higher.
Vegetations varying from tropical, subtropical to
temperate type inhabit these rocks depending upon
the extent of altitude they inhabit 'lnd the amount of
precipitation they receive. Therefore, their present
day altitudinal disposition on these sediments is a
secondary phenomenon subsequent to .the rise of
the Himalaya. Composition of the in situ
Palaeocene- Eocene floras is altogether different as
compared to the present day vegetation growing on
these rocks.

The Oligocene Epoch witnessed a large scale
sinking evidenced by the thick deposits of
sediments, as well as raised elevations after the
Eocene collision of the Indian Plate. The raised
topography resulted in the development of several
land connections between India, Burma and Malaya.
These pathways facilitated migration/immigration of
several plant taxa. To exemplify members of
Fabaceae and Sapotaceae seem to have migrated
from Malaya to India. Recovery of pine pollen from
the Oligocene strata of eastern Himalaya leads to
believe that the pines made a pioneering venture to
move from the north to invade the Indian
subcontinent. Thereafter, they continued to migrate
towards the north·west. The earliest record of pine
pollen from the western Himalaya is from the
Kasauli Formation (Early Miocene), Himachal
Pradesh (Singh & Sarkar, 1984a). Palaeobotanical
data sets are meagrely known from the Oligocene
Epoch of Ladakh and Himachal Pradesh though they
are reasonably well documented from the Assam
Arakan Basin in the north-east which is believed to
constitute the same botanical province as that of the



SINGH-CENOZOIC PLANT FOSSIL5 AND HIMALAYAN OROGENY 331

Himalaya. The Oligocene pollen assemblages of
Ladakh Himalaya (Bhandari et aI., 1977) contain
components mostly conforming to moist deciduous
type of forest. Some of them are Calya, Betula,
Alnus, juglans, Chenopods, grasses, etc. The present
day elevation of Ladakh Himalaya supports
temperate vegetation. The rise of the Himalaya in
this part has been substantial after the Oligocene
Epoch through a series of orogenic pulsations. The
01 igocene palynoflora of Himachal Pradesh
(Singh & Khanna, 1980; Mathur & Venkatachala,
1979; Mathur, 1984) is closely comparable to coastal
transitional type of vegetation. It is conspicuous by
the absence of dinoflagellate cysts and has high
incidence of palm pollen. Pollen grains of
fnaperturopollenites·complex (including
Araucariacites) and Podocalpidites also abound in
abundance. Besides the presence of herbaceous
elements and tree forms, pollen comparable to
Castanea, Calium, Amaranthus, Chenopodium,
Arecaceae, Fabaceae, Sapotaceae, Buxaceae,
Acquifoliaceae, etc. have been observed (Mathur,
1984). The present day elevation of these strata
varies from 800 to about 1,700 m, supporting tropical
to subtropical vegetation. Spores comparable to
those of Parkeriaceae (Polypodium) constitute a
major proportion of the Oligocene assemblages in
north-eastern part of the Indian subcontinent.
Though the representation of angiospermous pollen
is poor yet some pollen taxa comparable to those as
found in Arecaceae. Fabaceae, Oleaceae,
Bombacaceae, Lamiaceae, Potamogetonaceae, etc.
are frequently noticeable. Early Miocene palynoflora
from the Kasauli Formation (western Himalaya)
contains the presence of Pinus pollen along with
pollen grains of Bombacaceae, Arecaceae, Oleaceae
and several other angiosperm families indicative of a
subtropical climate. This evidence provides a clue
that the Kasauli Formation during the Early Miocene
time would have attained sufficient height with a
cooling of climate which supported the growth of
Pinus. The Lower Miocene assemblages, in general,
depict a gradual shift towards colder climate which
heralded the appearance of moist deciduous
components. The Dharamsala palynological
assemblages (Oligocene-Lower Miocene) are more
varied in the composition of taxa and have pollen
comparable to Acquifoliaceae, Rutaceae, Tiliaceae,
Chenopodiaceae, Caprifoliaceae, Oleaceae,
Pandanaceae, etc. The land topography from the
Palaeocene-Lower Miocene time of Himalaya seems
to have witnessed several changes particularly in
regard to the rise in elevation, change in climate,
development of physical barriers and wide spread
regression of the sea beginning from the Upper

Eocene to Late Oligocene. The continued inflow of
subtropical elements into the tropical vegetation by
the Early Miocene time is progressively discernible.
The gymnospermous pollen particularly of Pinus
lends substantial support towards this inference.
Subsequent changes in the composi'tion and
distribution of Neogene floras of Himalaya are well
documented.

PALAEOFLORAS OF DHARAMSALA/SIRMURIAN
OROGENY

The Dharamsala/Sirmurian phase of orogeny
(Miocene) changed the floristic scenario of
Himalaya drastically. The most distinctive features of
the distributional pattern of floras seem to be their
adaptation to different altitudinal belts. The tropical
elements continued to inhabit lower slopes of
Western Himalaya « 1000 m) and perhaps
transgressed marginally into the subtropical zone of
climate, as is the case at present although to draw a
precise boundary between the two zones is difficult.

The occurrence of Prunus (Kargil Formation)
and Livistona (Hemis Conglomerate) has been
reported by Guleria et at. (1983) and Lakhanpal et at.
(1983) from the Middle Miocene strata of Ladakh
Himalaya. The latter authors have also inferred that
Trachycarpus, Prunus and possibly Populus
immigrated from the mainland of Asia and became a
part of the temperate Himalayan flora. By this time
gymnospermous elements of Abietineae and
subtropical angiospermous families (Moraceae,
Myrtaceae, Euphorbiaceae, Fabaceae, etc.) seem to
have adapted themselves to grow on different
altitudinal belts (500-2,000 m)

Some important constituents of the Middle·Late
Miocene megaflora from Uttar Pradesh and Himachal
Pradesh (Prakash, 1972, 1979; Awasthi, 1982) are
Afzelia, Alhizia, Anisoptera, Cassia, Cynometra,
Dalhergia, Didspyros, Dipterocarpus, Fie us,
Fissistigma, Milletia, Polyalthia, Acacia and Ziziphus
alongwith other members of Moraceae,
Euphorbiaceae, Myrtaceae, Fabaceae, etc. So far no
megafossils of gymnospermous plants have been
recorded from these areas. Palynological studies of
several sections of Middle Siwalik sediments (Upper
Miocene) from these areas have brought to light
pollen taxa comparable to those of extant
equivalents, viz., Pinus, Ahies, Cedrus, Picea,
Podocarpus, Tsuga and members of Arecaceae,
Liliaceae, Myricaceae, ]uglandaceae, Magnoliaceae,
Fabaceae and Moraceae (Banerjee, 1968; Lukose,
1969; Nandi, 1975, 1980; Singh & Saxena, 1981;
Saxena & Singh, 1982a, b; Singh & Sarkar, 1984b;
Saxena et al., 1984). Because of the absence of



332 THE PALAEOBOTANIST

gymnospermous megafossils and temperate plants in
the Siwalik sediments, authenticity of the
identification of gymnospermous pollen in these
assemblages was questioned by Lakhanpal (] 9R8).
He opined that their occurrence in these sediments
was due to their being blown in from the
surrounding higher hills. However, palynological
information provides compelling evidence to
believe that the pines had established themselves
reasonably weLl even during the Early Miocene on
wider stretches of Himalaya. Later, they attained a
position of near dominance after the Mid·Miocene
orogeny. The other members of gymnosperms also
seem to have attained a pronounced diversity. Here
it may be recalled that near temperate conditions
had set in during the Middle Miocene (Ladakh
Himalaya) as is evidenced by the occurrence of
Prunus, Trachycarpus, etc. It is a known fact that by
then the Pir Panjal Range had not been upheaved in
the Kashmir Valley. This situation might have
allowed the cold winds to sweep over several areas
in nonhern India. The earlier inference that these
areas were warmer and wetter needs rethinking. It
also does not seem logical to imagine that the
Siwalik vegetation would have flourished with the
exclusive absence of gymnosperms. Palynological
evidences strongly suggest that this problem needs
reconsideration. Based on palynological information
a mangrove swamp vegetation in Jawalamukhi area
and a near·shore vegetation in Nahan area as
indicated by Mathur (1984) has not been confirmed
by our extensive palynological work in the latter
area. It is believed that the Eocene epicontinental
sea had completely regressed by the close of Early
Oligocene. However, in Arunachal Pradesh the end
of Middle Eocene witnessed marine transgression
which recommenced in the Middle Miocene in a
foredeep in front of the mountain range where the
Siwalik sediments were laid. These sediments mainly
represent fl uviatile deposition though palynological
evidences indicate the existence of brackish water
environment. A5 the Himalyan orogeny uplifted the
Siwalik foredeep, it resulted in qUick erosion and
deposition simultaneously. Thus a thick mass of
strata was accumulated in a shon span of geological
time.

The Miocene assemblages from the eastern
Himalaya are few. They are restricted to areas in
Kameng, Subansiri and Siang districts (Dutra, 1980;
Dutra & Singh, 1980; Singh & Tripathi, 1990) Pollen
grains comparable to the members of
Lycopodiaceae, Polypod iaceae, Maron iaceae,
Sch izaeaceae, Osm u ndaceae, Pa rkeriaceae,
Pteridaceae, Podocarpaceae, Pinaceae, Arecaceae,
Araceae, Ctenol op hon aceae, Bom bacaceae,

Meliaceae, Liliaceae, Loranthaceae, Malvaceae are
present. One of the assemblages (Dutra & Singh,
19RO) also contains reworked Permian and Eocene
palynofossils in addition to Miocene palynofossils
like those of Parkeriaceae, Arecaceae, Meliaceae,
Malvaceae, Bombacaceae, Labiatae, Pinaceae,
Araucariaceae, PotamogetOnaceae, Nyssa and several
others. Palynofossils of Parkeriaceae and Arecaceae
point out that the site of deposition was not far away
from the coastal environment. Similar observation
has been made by Singh and Tripathi (1990).

PALAEOFLORAS OF NEPAL HIMALAYA

Palaeobotanical and palynological investigations
of the Siwalik sediments of Nepal Himalaya, though
at a preliminary stage, bring to light the fact that the
fossil leaf assemblage consists of Marantaceae,
Poaceae (Gram ineae), Arecaceae (Pa Imae),
Anonaceae, Flacourtiaceae, Clusiaceae (Guttiferae),
Dipterocarpaceae, Anacardiaceae, Fabaceae
(Leguminosae), Combretaceae, Ebenaceae,
Myristicaceae and Euphorbiaceae (Awasthi & Prasad,
1990). These authors inferred that the vegetation
varied from tropical evergreen to semi-evergreen
elements. The climatic shift from the tropical hum(d
to tropical dry has been reflected by the vegetation
from the older to younger horizons in Siwalik
sediments. It is interesting to record that modern
equivalents of these fossil taxa are represented in
the tropical evergreen and moist deciduous forests
of A5sam, Bangia Desh, Burma and the Malayan
region. The Early Siwalik flora from Surai Khola
contains evergreen elements like Polyalthia,
Dipterocarpus, Calophyllum and Cynometra. The
lower part of the Late Siwalik flora consists of moist
deciduous to dry deciduous elements, viz.,
Clinogyne, Flacourtia, Milletia, Bauhinia, Diospyros,
Breynia, etc. The change in vegetation patrern seems
to have been caused by the northward movement of
the Indian Plate and subsequent rise of Himalaya.

Palynological assemblages from the Early,
Middle and Late Siwalik Group of sediments from
Surai Khola area of Nepal (SarkaI', 1990) show that
the palynological spectra changed from fresh water
swampy environment to a botrom land habit having
largely semi-evergreen palaeoassociations of
vegetation. Specimens comparable to Botryococcus,
Pediastrum, Zygnema and Mougeotia have been
recorded. Palynofossils comparable to Lygodium,
Ceratopetris, Schizaea, Polypodiaceae, MatOniaceae,
Azolla, Cycadaceae, Pinus, HibiSCUS, Gramineae,
Nymphaea, Liliaceae, Palms, Acacia, Typhaceae,
Compositae, etc. constitute a large part of the
assemblages. The changes in vegetational pattern
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from swampy evergreen, moist deciduous to dry
deciduous vegetation are seen in the Early, Middle
and Late Siwalik palynological successions
respectively, the later part being rich in
graminaceous pollen alongwith bisaccate pollen
indicating the onset of drier conditions. The
pinaceous pollen are detected in the Middle Siwalik
which is coincident with the Mid-Miocene orogeny
of Himalaya. By the middle of Miocene, floral
evidences indicate that the Himalayan range had
risen sufficiently high which provided favourable
environment to the immigration of several cold
loving plants from the Mediterranean and Sino
Japanese regions.

PALAEOFLORAS OF SIWALIK OROGENY

The Siwalik phase of orogenic movements (Late
Pliocene-Middle Pleistocene) led to climatic
changes, increased continentality. semi-arid
conditions and further rise of Himalaya forcing the
moisture loving plants like Dipterocmpus and others
to migrate or perish. Cold loving plants like Cedrus,
Picea, Ahies, Pinus, Magnolia, Alnus, Betula,
Clematis, juglans, Quercus, Rhododendron, Tsuga,
etc. established themselves well on the elevated
landscapes of western Himalaya. The Pliocene
assemblages though scantily known from Punjab,
Himachal Pradesh, Haryana and Jammu and Kashmir
bring out the fact that cool dry climate had set in,
which supported growth of Pinus, Larix and
magnoliaceous plantS. Ranga Rao et al (981)
ascribed the poor and bad preservation of organic
maner in the pliocene assemblages due to the
prevalence of largely oxidising environment.
Palynofossils comparable to some extant families.
viz., Poaceae, Arecaceae, Plnaceae, Fabaceae,
Betulaceae, Chenopodiaceae, Amaranthaceae,
Euphorbiaceae, Linaceae, etc., distributed in the
Mio-Pliocene assemblages from these regions have
been studied (Saxena & Singh, 1982a, b; Singh,
1982; Singh -'5< Saxena, 1981; Singh & Sarkar, 1984b).
Abundance of palm pollen alongwith grass pollen
representing the palm savana in the Boulder
Conglomerate Bed has also been observed (Vishnu
Mime, 1984).

Palaeobotanical evidence for the uplift of the
Himalaya during the post Pliocene to Middle
PleistOcene was provided by Sahni (l936b) and Puri
(947) in the Kashmir Valley. Plant megafossils of
subtropical climate, viz., Trapa, Typba, Vallisneria,
oaks, laurels, figs, alders, Malotus, Pittospermum,
Myrsine, Rbamnus, Cedrus, Pinus which cannot
grow beyond 1,730 m have been recovered from the
Pir Panjal Range at a height of 3,660 m or more

which at present has a temperate climate. Extant
plants of these fossil taxa continue to thrive in the
subtropical zone of climate at about 1,600 m or so.
This evidence conclusively proves that the Pir Panjal
Range was upheaved at least by 2,000 m 'during the
mid-Pleistocene time. As a consequence of this
uplift the subtropical climate changed to a temperate
one on the high hills of Pir Panjal Range.

GENERAL DISCUSSION

Imprints of Cenozoic floras leave evidences of
their altitudinal disposition. The temperate floras
(Sino-Japanese) inhabited the higher slopes whereas
the tropical forests (Malayan and South-east Asian
taxa) continued to grow on the lower slopes. To
decipher the limits and extinction of subtropical
plants berween the two belts remains to be
understood squarely as floral elements of this type
marginally grow in either of the rwo environments.

A cursory glance of floras through the Cenozoic
Era of Himalaya brings out the fact that the
Palaeocene-Oligocene time generally supported
tropical to mixed coastal type vegetations which
grew berween 100-500 m. The Miocene floras varied
from tropical wet semi-evergreen, wet subtropical to
humid temperate rypes having altitudinal disposition
between 500-2,000 m. The Pliocene floras
conformed to dry or moist forest types as the wet
subtropical and temperate forest dWindled 0,000
3,000 m). The Pliocene-Pleistocene floras of
Himalaya exhibited the presence of several Sino
Japanese floral elements. The Pleistocene vegetation
above the tree line limit (3,000 m) in Ladakh is
distinct in haVing Artemisia/Chenopocl grass steppe
typical of glacial environment. The Pleistocene rise
of Himalaya brought in the arctic-alpine elements
from Chinese and Euro-Siberian regions.

Enrichment and diversification of the Neogene
Himalayan flora took place due to several factors
some of which are: the development of physical
barriers brought in by orogenic movements, change
in climatic patterns as controlled by the rise of
Himalaya and sustai'ned migration/immigration of
several plant species from the adjoining areas. The
modern flora of Himalaya contains the Euro
Mediterranean, Malayan-Burmese, African and Sino
Japanese elements. Spatial invasions and subsequent
proliferation of immigrant plant taxa through the
Tertiary Period of Himalaya is an inviting enquiry
which needs indepth study in the chronological and
orogenic conteX1.

Cult-historical c1ata (Sal"mi, 1936b) prOVide
evidence that cultural contacts berween China and
India existed via Himalaya during Palaeolithic and
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Neolithic times as the Pir Panjal Range was not high
enough to act as an effective barrier for the
migration of Palaeolithic or even Neolithic man. This
evidence clearly brings out the fact that the
Himalayan range continued to rise even after the
advent of man.

The position of the Indian Plate during the Early
TertialY was at 45' to 50° south of its present
position. It was more or less like a large island.
Therefore, the pOSSibility of the existence of land
connections in Palaeocene with the northern
continents seems to be remOte. It also seems likely
that no land connections existed between India,
Africa and central Asia during the Eocene as well.
The endemic character of plant communities
prOVides evidence of restricted communication
between India and the rest of Asia. Early Oligocene
witnessed a wide spread regression of the sea and
also uplift of the Himalaya leading to raised land
topography which resulted in inflow and outflow of
plant species in the eastern part of India. The
endemic features of vegetation started vanishing in
Early to Middle Miocene assemblages though several
endemic forms continued to flourish. The Late
Miocene and Pliocene floral evidences (9.5 Ma-2.5
Ma) exhibit restricted prOVincialism due to the
development of lofry mountain ranges separating the
Indian subcontinent from the rest of Eurasia.
Migration and immigration of plant taxa seems to
have continued up to 2.5 Ma. The final phase of
Himalayan orogeny (mid· Pleistocene) raised the
range so high that it restricted migration and'
immigration of plant taxa. Plant communities at
present display a more or less regional character due
to selective adaptation.

The exact mechanism of horizontal and vertical
movements of land resulting in uplift of the
Himalaya is Widely debated. It has been observed
that larger areas of land were elevated to
apprOXimately half of the value between 10-5 Ma.
Areas of low land topography, ViZ., southern China
and South·east Asia have continued to support
tropical vegetation for the last 40 Ma. History of the
vegetation and variations in climate by and large
match with the periodic phases of the Himalayan
uplift. The continued rise of the Himalaya, in general
acted as a barrier for the flow of moisture from the
Indian Ocean resulting in lesser precipitation,
higher snow cover and increased aridiry. The
progressive change in vegetation during the last 60
Ma particularly corresponding to the altitudes and
latitudes of the Himalaya, is clearly reflected by
rapid diversity in the compOSition of taxa evolVing
from evergreen, semi-evergreen, moist deciduous,
dry deCiduous, warm temperate, temperate to alpine

types (Singh & Sarkar, 1990). However, low lands
and plains of South·east Asia and India have
contin ued to rema in warm and wetldry even after
the uplift of the Himalaya. Immigration and
extinction of plant taxa have played a major role
from the Miocene time onwards when land
connections among circum-Mediterranean areas had
mostly been established. Beside climatic
consideration, it seems possible that the
immigrating plant taxa might have caused extinction
of several endemic forms through tough competition
and vigorous colonization of the newly acquired
lands. All these factors are likely to have contributed
in developing the modern flora of extra-peninsular
India.
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Stratigraphical
succeSSIon

implications of Tertiary palynological
in north-eastern and western India
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Kar RK 1992. Stratigraphical implications of Teniary palynological succession in nonh-eastern and western
India. PalaeobolaniSI 40 : 336- 344.

Cretaceous and Teniary sedimentary rocks are found overlying a Precambrian granite basement or occasionally
the Sylhet Trap (Uite Jurassic) in nonh·east India whereas in Kutch, western India, the Teniary rocks rest on the
Deccan Trap and its derivatives. In nQrth·east the Teniary succession is almost complete whereas in Kutch the Early
and Mjddle Palaeocene and Uite Eocene sediments are missing. More than 150 spores and pollen genera' are
described from the Tertiary sediments but except about 20 all are long ranging. The Early Tertiary palynological
succession in nonh·east and Kutch is more or less similar and all the marker taXa are found simultaneously in the
equivalent formations in both the regions. In nonh-east India, throughout the Tertiary succession, the pteridophytic
spores are found in abundance whereas in Kutch they are found in meagre percentage. The distribution of marker
taXa throughout the Tertiary has been shown with the help of a chan. It is assumed that during Palaeocene to

Eocene the plants grew in tropical, coastal swamps whereas from Oligocene onwards the deposition was mostly
riverine in the ea~lern region.

Key-words-Palynology, Palaeoecology, Teniary, Nonh·eastern India, Western India.
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TERTIARY rocks are very well developed in north
eastern and western India. In north-east, Palaeocene
to Pliocene rocks are found almost in continuous
sequence except the post-Barail (Oligocene)
unconformity. In western India, well exposed
Tertiary sediments are mostly confined in Kutch,
Gujarat, but the Early-Middle Palaeocene and Late
Eocene rocks are missing.

North-east India

The north-east India comprises Assam,

Meghalaya, Arunachal Pradesh, Nagaland, Manipur,
Mizoram and Tripura. Of these states, palynological
work has mostly been carried out in Assam,
Meghalaya and Tripura. The paper is based mostly
on the information of these three states.

The alluvium covered foreland shelf zone of
Upper Assam Valley, which is a part of the major
Assam-Arakan Basin, forms the north-eastern corner
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Palaeocene and Lower Eocene. Notable amongst
them are: Lycopodiumsporites, Dandotiaspora,
Palmaepollenites, Neocouperipollis, Diporoconia,
Spinizonocolpites and Tripilaorites. Lycopodiums
porites, Diporoconia and Trtpilaorites occur from the
lower pan of the formation, whereas Dandotiaspora
dilata appears from the middle. Spinizonocolpites
and other palm pollen are found almost in all the
samples.

The pteridophytic spores out number the

Therria Formation

Therria Formation witnessed the emergence of
some important marker spore-pollen genera for

of the Indian sub-continent. Outcrops of rocks all
along the Naga-Patkai Hills separated from the Upper
Assam aJiuvial plain by the major Naga and
Margherita thrusts provide a geological succession of
the Late Tertiar)' sediments in the region.

The Cretaceous and Early Tertiary sediments, on
the other hand, are found in Meghalaya
unconformably overlying on the Precambrian
granitic basement. A general lithological succession
is given in Text-figure 1 follOWing the Oil India
Limited, Duliajan. The geology of this region has
mainly been worked out by Oldham (1858),
Medlicotr (1869), Palmer (1923), Ghosh (1940),
Baksi (1962), Biswas (1962), Evans (1964), Bagchi
(1964), Dutra and Sah (1970), Handique and Dutra
(1981), Samanta and Raychaudhuri (1983),
Handique and Mallick (1989) and others.

Langpar Formation

This formation exposed at Therriaghat on the
Umshoringkew River, Meghalaya is not rich in spores
and pollen and instead the phytoplanktons are quite
common. The spores and pollen genera recovered
are: Cyathidites, Lygodiumsporites, spores of
Acrostichum, Contignisporites, Schizaeoisporites,
M a ta no m adh iasulc i tes, Drac aeno ip ollis,
Proxapertites, Saturna, Tercissus, Araucariacites,
Schizosporis and Phragmothyrites. Besides, some
reworked Permian genera, e.g., Striatriletes,
Rhizomaspora and Densipollenites are also recorded.

Presence of Saturna and Tercissus in this
formation claims speCial attention. The genus
Saturna (Salard-Cheboldaeff, 1978) is so far known
from Africa, while Tercissus is recorded from U.S.A.,
western Venezuela (Tschudy, 1970) and Africa
(Kieser & Jan du Chene, 1979; Boudouresque, 1980;
Caratilli et. aI., 1991).

The assemblage is dominated by pteridophytic
spores, mostly represented by Lygodiumsporites
lakiensis, Cyathidites minor and spores of
Acrostichum. Among angiosperm pollen Saturna
enigmatus, Proxapertites cursus and Matanomadhia
sulcites maximus are occasionally met With.
Araucariacites represents the gymnosperms.

Presence of the spores of Acrostichum in
appreciable percentage at Therriaghat indicates that
the deposition took place in a back mangrove
swamp. Occurrence of Permian striate and
monosaccate genera in the sediments provides
testimony to the erosion of Permian rocks in the
sediments.
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angiospermous pollen. Amongst the pteridophytes,
Dictyophyllidites spp., Lycopodiumsporites speciosus,
Lygodiumsporites /akiensis and Cyathidites minor are
quite common. Among the angiosperms,
Verruco/porites verrucus, Matanomadhiasu/cites
maximus, Diporoconia sp., spinizonoco/pites
echinatus and Pa/maepo//enites ovatus are
frequently found. spinijerites and other
phytoplanktons are also encoumered often.

Lakadong Formation

Sah and Duua (1966), Duua and Sah (1970) and
Kar and Kumar (1986) studied the sedimems of
Lakadong Sandstone Member exposed at Laitryngew
and Mawlong coalfields, Sohrarim, Mawmluh and
Shillong-Cherrapunji road section, Khasi Hills,
Meghalaya. The assemblage consists of 45 genera
and 86 species, of them 15 genera and 31 species
belong to pteridophytes and 30 genera and 55
species to angiosperms.

Kar and Kumar (1986) divided the assemblage
into Lycopodiumsporites speciosus Cenozone and
Kie/meyerapo//enites synco/poratus Cenozone.
Lycopodiumsporites speciosus Cenozone is
recognized by the common occurrence of
Lycopodiumsporites speciosus, Dandotiaspora di/ata,
Dandotiaspora te/onata, Lycopodiumsporites
parvireticu/atus, Pteridacidites megha/ayensis,
Pteridacidites robustus, Proxapertites crassimurus,
Neocouperipo//is wodehousei, Neocouperipo//is
kutchensis and Retitribrevicolporites matanomad
hensis.

Kt'e/meyerapollenites syncolporatus Cenozone is
characterised by the good representation of
Kie/meyerapol/enites syncolporatus, Dandotiaspora
di/ata, D. te/onata, Po/ypodiisporites umstewensis,
Lygodiumsporites /akiensis, Pa/midites plicatus, P.
excellensus, Psi/astephanoco/porites psi/atus, P.
subcircu/aris, Retistephanocnlporites mu/tirimatus
and Po/ymargoco/porite.s maw/ensis.

Prang Formation

Spores and pollen grains are not known from
the Prang Formation so far. Kar (Ms) recovered an
assemblage from near 132 km post on Jowai
Badarpur Road, Meghalaya, which consists of 28
genera and 34 species. Pteridophytes are
represented by 17 genera and 24 species,
gymno,sperms by 2 genera and 3 species,
angiosperms by 9 genera and 7 species. The
pteridophytic spores are mainly represemed by
Todisporites kutchensis, Lygodiumsporites /akiensis,
Osmundacidites kutchensis, Cyathidites minor,
Stria tri/e tes susannae, Podocarpidites khasiensis,
Po/ypodiaceaes'porites chatterjii and Po/ypodiisporites

repandus. The angiospermic pollen are occasionally
found and generally represented by Lakiapo//is
ovatus and Pel/icieroipol/is /angenheimii.

Kopili For.mation

Trivedi (1985) investigated Kopili Formation
exposed at 136 km post on Jowai-Badarpur Road,
Meghalaya. The assemblage is dominated by
pteridophytic spores comprising only striatriletes
susannae Cenozone. It includes striatri/etes
susannae, striatriletes paucicostatus, Stria tri/e tes
microverrucosus, Po/ypodiaceaesporites tertiarus,
Laevigatosporites /akiensis, Dermatobrevico/porites
verrucosus and Cleistosphaeridium heteracanthum.

Bamils

The Barails in the geosynclinal facies of north
east India are subdivided imo Laisong, Jenam and
Renji formations. Sein and Sah (1974), Salujha,
Kindra and Rehman (1972, 1974), Saxena and Rao
(1984), Rao and Singh (1986) and mhers worked on
the palynology of the geosynclinal sedimems. Kar
(1990) studied in detail the palynofossils of these
formation exposed on Silchar-Half Long Road.

Palynotaxa of Laisong Formation consist of 30
genera and 28 idemifiable species. Kar (1990)
proposed Osmundacidites wel/manii Cenozone for
this formation, which has a good representation of
Osmundacidites wel/manii, Cyathidites minor,
striatri/etes microverrucosus, Po/ypodiaceaesporites
tertiarus, Pinuspol/enites crest us and
Inapertusporites kedvesii.

Jenam Formation is populated by 49 genera and
42 identifiable species. Kar (1990) divided the
whole assemblage into three palynological
cenozones, viz., Ma/ayaeaspora costata Cenozone,
Po/ypodiaceaesporites tertiarus Cenozone and
striatri/etes susannae Cenozone. Ma/ayaeaspora
costata Cenozone has the dominance of
Ma/ayaeaspora costata, striatri/etes microverru
cosus, Osmundacidites wel/manii and
Po/ypodiaceaesporites tertiarus. Po/ypodiaceaespo
rites tertiarus Cenozone shows the abundance of
Po/ypodiaceaesporites tertiarus, striatri/etes
microverrucosus, Phragmothyrites eocaenica,
Notothyrites settferus and Po/yadopo//enites spp. The
characteristic species of striatri/etes susannae
Cenozone are: striatri/etes susannae, striatri/etes
mu/ticostatus, striatri/etes microverrucosus,
Lygodiumsporites /akiensis and Po/ypodiaceaesporites
tertiarus.

Cyathidites minor Cenozone stands for Renji
Formation and has good percentage of Cyathidites
minor, striatriletes microverrucosus, striatriletes
paucicostat'us, Pinuspo//enites crest us and
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Podocarpidites khasiensis.
In Upper Assam, Barails are divided into

Naogaon, Baragolai and Tikak Parbat formations.
Palynological knowledge on Naogaon and Baragolai
formations is scanty. The palynological assemblage
of Tikak Parbat Formation due to its richness in coal
is well known. Mandaokar (Ms.) has divided the
assemblage into Schizaeoisporites crassimurus
Cenozone, MeyePipollis naharkotensis Cenozone and
Osmundacidites wellmanii Cenozone. Schizaeoispo
rites crassimurus Cenozone has the dominance of
Schizaeoisporites crassimurus, Surmaspora sinuosa,
Crassoretitriletes vanraadshoovenii, Polypodiaceaes
porites major, Polypodiisporites speciosus,
Striatriletes susannae and Cucurbitariaceites bellus.
Meyeripollis naharkotensis Cenozone is associated
with Meyeripollis naharkotensis, Polypodiisporites
miocenicus, Polypodiisporites oligocenicus,
Retitricolpites robustus, Pteridacidites
vermiverrucatus and Osmundacidites wellmanii.
Osmundacidites wellmanii Cenozone is
characterised by Osmundacidities wellmanii,
Striatriletes susannae, Polypodiaceaesporites levis,
Lygodiumsporites lakiensis, Polypodiisporites
turbinatus and Crassoretitriletes vanraadshoovenii.

Tipam-Surma units

Kar (1990) studied the samples of Tipam-Surma
units from Rokhia bore-hole no. 1, Gajalia bore-hole
no. 1 and Baramura bore-hole no. 2 drilled in
Tripura by the Oil and Natural Gas Commission,
Dehradun.

The assemblage comprises 114 genera and 164
species and is divisible into three cenozones, viz.,
Aplanosporites robustus Cenozone, Stria trile tes
susannae Cenozone and Pinuspollenites crestus
Cenozone. Significant species of Aplanosporites
robustus Cenozone are: Operculodinium
centrocarpum, Cleistosphaeridium cephalum,
Spinijerites mirabilis, Oligosphaeridium complex,
Tuberculodinium vancampoae, Striatriletes
multicostatus, Polypodiisporites ornatus,
Lycopodiumsporites lakiensis and Pinuspollenites
crestus. Striatriletes susannae Cenozone constitutes
Striatriletes susannae, Stria trile tes multicostatus,
Striatriletes aidaensis, Osmundacidites cephalus,
Azolla aglochidia, Lycopodiumsporites globatus,
Pilamonoletes excellensus, Conitricolporites
triangulus, Pinuspollenites crest us and
Operculosculptites globatus. The important species
of Pinuspollenites crest us Cenozone are:
Pinuspollenites crestus, Operculosculptites globatus,
Palaeomalvaceaepollis Yr!ammilatus, Pteridacidites
tripuraensis, Polypodiisporites ornatus,
Lycopodiumsporites globatus and Lygodiumsporites

lakiensis.
Pinuspollenites crestus Cenozone also holds

good for the Bhuban Formation (Surma) exposed
near Bandarkhal on Silchar-Half Long Road, Assam.
Operculosculptites globatus, which is on'e of the
dominant forms in subsurface of Tripura, is almost
absent in Bhuban. Besides, presence of reworked
Permian and Cretaceous forms in appreciable
percentage in this formation also helps to identify
this cenozone in Meghalaya.

In Duarmara bore-hole no. 2 and Nahorkatiya
bore-hole nos. 263 and 268 (Assam) the reworked
Permian and Cretaceous palynomorphs are very
negligible in Tipam-Surma. Besides, gymnosper
mous bisaccate pollen are found in low percentage.

In Arunachal Pradesh, as evidenced by Khar
sang bore-hole nos. 2 and 3, the gymnospermous
pollen are found in abundance in Tipam-Surma.

Girujan Clay Formation

The palynological assemblage of this formation
is known from the bore-hole nos. Lakwa 27,
Duarmara 2 and Kharsang 2 and 3. The assemblage
consists of 25 genera and 37 species. In Lakwa 27
and Kharsang 2, Girujan is dominated by
gymnuspermous pollen whereas in Duarmara bore
hole no. 2 the pteridophytes are abundant and many
species of angiosperms are also met with (Kar et al.,
MS).

In Lakwa bore-hole 27, Girujan is
overwhelmingly dominated by Pinuspollenites
:::restus. The other associated Significant species are:
Lycopodiumsporites globatus, Psiloschizosporis
psilata and some spores with elaters.

Namsang Sandstone/Clay Formation

In Lakwa bore-hole no_ 27, the gymnosperms
are poorly represented while the pteridophytes are
found in good numbers. They are mostly
represented by Osmundacidites wellman ii,
Striatriletes susannae, Striatriletes paucicostatus and
Polypodiaceaesporites tertiarus.

In Kharsang 2, Namsang exhibits the abundance of
Crassoretitriletes vanraadshoovenii and striatriletes
susannae. Besides, frequent presence of
Palaeomalvaceaepollis mammilatus, Palaeomalva
ceaepollis rudis. Acanthotricolpites sp.,
Compositoipollenites conicus, Compositoipollenites
tricolporatus, Palneosantalaceaespites primitiva and
Monoporopollenites sp. marks Namsang in the bore
hole.

WESTERN INDIA

The Tertiary sediments in. western India
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FORMATION MEMBER AGE

Sandhan Pliocene
Vinjhan Shale SiltSlone Miocene Langhian

Chhasra Burdigalian
Khari Nadi Aquilanian

Maniyara Ber MOli Challian
Coral Oligocene Rupelian
LimeslOne Lallorfian
Lumpy clay
Basal Member

exposed in the district of Kutch represents
exposures from Palaeocene to Pliocene. The
outcrops are mostly confined in the south-western
coastal plain of Kutch between Guvar and Khari
rivers. The geology of this area has been worked out
by Grant (1840), Wynne (1872), Vredenburg (1925),
Nuttal (1926), Tewari (1952, 1957), Poddar (1959,
1963), Sen Gupta (1959, 1964), Tandon (1962),
Bhatt (1968), Biswas (1971), Biswas and Deshpande
(1970), Biswas and Raju (1971, 1973), Hardas and
Biswas (1973), Sahni and Misra (1975), Mishra
(1980) and others. However, the rock-stratigraphie
classification of Biswas and Raju (1971, 1973) for the
Teniary sediments of Kutch has been followed as
under:

Matanom-adh Formation

This formation is best exposed around the
village Matanomadh. The lithology is extremely
variable and comprises trap wash, ash, agglomerate,
variegated white and tuffaceous shales, red
tuffaceous sandstones with occasional layers of
lignite.

Kar (1985) divided this formation into five
palynological cenozones. These in the ascending
order are: (i) Barren zone, (ii) Dandotiaspora dilata
Cenozone, (iii) Tricolpites minutus Cenozone, (iv)
Neocouperipollis kutchensis Cenozone, and (v)
Sponge spicules Zone.

Dandotiaspora dilata Cenozone has the
following significant species: Dandotiaspora dilata,
Dandotiaspora plicata, Lygodiumsporites lakiensis,
Lygodiumsporites pachyexinous, Todisporites major,
Intrapdnctisporis apunctis, Proxapertites
microreticulatus, Psilastephanocolpites guaduensis,
Tricolpites retibaculatus, Tricolpites crassireticu
latus, Proteacidites protrudus, Cyathidites australis
and Liliacidites matanomadhensis. Tricolpites
minutus Cenozone is characterised by Tricolpites

Fulra Limeslone
Harudi
Naredi
Malanomadh

Deccan Trap

LUllelian
Eocene

Ypresian
Palaeocene

Upper Crelaceous
10 Palaeocene

minutus, Tricolpites brevis, Phragmothyrites
eocaenica, Osmundacidites microgranijer,
Cyathidites australis, Dandotiaspora plicata,
Palmaepollenites nadhamunii, Palmaepollenites
ovatus, Sonneratioipollis hellus and Inapel-tusporites
kedvesii. Neocouperipollis kutchensis Cenozone has
Neocouperipollis kutchensis, Tricolpites minutus,
Phragmothyrites eocaenica, Lakiapollis
matanomadhensis, Meliapollis ramanujamii,
Palmaepollenites kutchensis, Neocouperipollis
robustus, Kielmeyerapollenites eocaenicus,
Neocoup eripollis achinatus, Polycolpites jlavatus,
Polypodiaceaesporites levis and Lakiapollis ovatus.

Naredi Formation

This is made up of three members-the lower
Gypseous Shale Member, the middle Assilin",
Limestone Member and the upper Ferruginous
Claystone Member. This formation rests on the
Deccan Trap in the type locality but at other places it
rests unconformably on the Matanomadh Formation.

The palynological assemblage has been divided
by Kar (1985) into two cenozones-the lower
Lakiapollis ouatus Cenozone and the upper
Lygodiumsporites lakiensis Cenozone. Lakiapollis
ovatus Cenozone has the association of Lakiapollis
ovatus, Neocoupenpollis kutchensis, Proxapertites
microreticulatus, Meliapollis ramanujamii,
Palmaepollenites ku tchensis, Umbellijerolpollenites
ovatus, Inapertusporites kedvesii, Botryococcus
palanaensis, Pellicieroipollis langenheimii and
Lygodiumsporites lakiensis. Lygodiumsporites
lakiensis Cenozone has Lygodiumsporites lakiensis,
Dandotiaspora plicata, Intrapunctisporis apunctis,
Palmaepollenites kutchensis, Proxapertites
microreticulatus, Neocouperipollis kutchensis,
Lakiapollis ovatus and Inapertusporites kedvesii.

HarudI Formation

This consists of green-greenish grey, splintery
shale with limnotic partings in the lower pan and
calcareous claystone, siltstone with layers of gypsum
and carbonaceous shale in the upper part.

Proxapertites microreticulatus Cenozone and
Cheilanthoidspora enigmata Cenozone are the two
cenozones proposed by Kar (1985) for this
formation. Proxapertites microreticulatus Cenozone
has common occurrence of Proxapertites
microreticulatus, Palmaepollenites kutchensis,
Cyathidites minor, Neocouperipollis kutchensis,
Scantigranulites sparsus, Palmaepollenites ovatus,
Seniasporites verrucosus and Laeuigatosporites
cognatus. The significant species in
Cheilanthoidspora enigmata Cenozone are:
Cheilanthoidspora enigmata, Striatriletes susannae,
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Neocouperipo/lis kutchensis, Oligosphaeridium
complex, Striatriletes multicostatus, Polypodiaceaes
porites strictus, Palmaepollenites kutchensis,
Proxapertites microreticulatus and Lakiapollis
ovatus.

Fulra Limestone
It comprises massive to thickly bedded, cream

to dirty white foraminiferal U-mestone with
numerous animal fossils comprising mostly
Discocyclina and Nummulites. No palynological
assemblage is known from this formation.

Maniyara Fort Formation

This is divisible into (i) Basal Member
characterised by alternating beds of foraminiferal,
glauconitic-siltstone and calcareous to gypseous
claystone, (ii) Lumpy Clay Member has cement
coloured to brownish calcareous lumpy claystone
with intercalation of thin bands of limestone and
marlite, (iii) Coral Limestone Member consists of
dirty white nodular limestone alternating with
calcareous claystone, and (iv) Bel' Moti Member
comprises mostly brown argillaceous sandstone and
thin bedded hard, foraminiferal limestone.

The three cenozones recognised by Kar (1985)
are: Operculodinium centrocarpum Cenozone,
Trisyncolpites ramanujamii Cenozone and
Aplanosporites robustus Cenozone. Operculodinium
centrocarpum Cenozone is dominated by
microplankton, e.g., Operculodinium centrocarpum,
Cleistosphaeridium heterocanthum, Tuberculodi
nium vancampoae, Inapertusporites kedvesii and
Phragmothyrites eocaenica.

Trisyncolpites ramanujamii Cenozone has a
high percentage of Trisyncolpites ramanujamii,
Leptolepidites chandrae, Striatriletes susannae,
Laevigatosporites lakiensis, Polypodiaceaesporites
chatterjii, Polypodiisporites constrictus,
Podocarpidites cognatus and Palaeosantalaceaepites
ellipticus. The species associated with Aplanosporites
robustus Cenozone are: Aplanosporites robustus,
Operculodinium centrocarpum, Cleistosphaeridium
heterocanthum, Inapertusporiteskedvesii and
Phragmothyrites eocaenica.

Khari Nadi Formation

This formation is composed of laminated,
mottled to variegated siltstone with occasional
bands of grey-brown, gypseous claystone.

This formation is represented by
Cordosphaeridium cantharellum Cenozone,
Striatriletes susanne Cenozone and Operculodinium
israelianum Cenozone. The important taxa
belonging to Cordosphaeridium cantharellum
Cenozone are: Cordosphaeridium cantharellum,

Operculodinium centrocarpum, Striatriletes
susa n nae, Operc ulodin iu m israelian u m,
Aplanosporites robustus, Cordosphaeridium
exilimurum, Podocarpidites densicorpus and
Piceapollenites excellensus. Striatriletes susannae
Cenozone comprises Striatriletes susannae, Azolla
aglochidia, Podocmpidites densicorpus, Striatriletes
aidaensis, Striatriletes paucicostatus, Khariasporites
densus, Abiespollenites cognatus, Piceapollenites
excellensus and Tsugaepollenites velatus.
Operculodinium iSl-aelianum Cenozone includes
Operculodinium israelianum, Cordosphaeridium
cantharellum, Operculodinium centrocarpurr..,
Tuberculodinium vancampoae, Spinijerites
bulloideus, Millioudinium unicarpum,
Cordosphaeridium exilimurum and Abiespollenites
cognatus.

Vinjhan Shale

The grey and khaki coloured, laminated,
gypseous shales and claystones with alternation of
argillaceous limestones are the characteristic
lithology of this formation. No spores and pollen
could be recovered from this formation.

Sandhan Formation

The basal part of this formation consists of
coarse grained massive sandstone and laminated
sandstone while the upper part has generally hard
calcareous grit. Palynological fossils are absent in
this formation.

DISCUSSION

The Tertiary palynological assemblages of north
east and western India show broad similarity. The
appearance and disappearance of some of the
marker forms also indicate striking similarity.
Dandotiaspora dilata, D. telonata, D. auriculata and
D. densicorpa in both the regions are restricted to
Palaeocene. Likewise, Matanomadhiasulcitlis
maxim us, Kielmeyerapollenites syncolporatus,
Tripilaorites triangulus, Triangulorites bellus,
Spinizonocolpites echinatus and Neocouperzpollis
kutchensis are confined to Palaeocene-Lower
Eocene. Striatriletes makes its first appearance in
Middle Eocene both in north-east as well as western
India and maintains its prominence in Oligocene
and Miocene. Gymnospermous pollen mostly
represented by Pinuspollenites crestus,
Piceapollenites excellensus, Abiespollenites cognatus
and Podocarpidites densicorpus are commonly
found in Miocene in the twO areas. In the terminal
Eocene all the marker palynofossils disappear except
for Spinizonocoipites echinatus which is rare in the
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Oligocene. In Kutch, Late Eocene Period is absent
while in north-east India Dermatobreuicolporites
dermatus, Spinizonocolpites echinatus,
Triangulorites bellus, Lakiapollis ouatus and

Retitribreuicolporites matanomadhensis do not
continue in Oligocene. Umbellijeroipollenites
ouatus, Tricolporopifites robust us and
Tricolporocolumellites pilatu, are the index species

Table I-Distribution of some Index species in Tertiary Period in India
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Proxapertites microreticulatus

Cheilanthoidspora enigmata
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for Eocene. Umbellijeroipollenites ovaltts is confined
to Lower Eocene in Kutch while the other two
species are found only in the Middle Eocene in both
the regions. Tri~Jmcolpites rarnanujarnii is an index
fossil for Oligocene and found so far only in western
India. Bombacacidites triangulus, Crassoretitriletes
uanraadshoovenii, Pinuspollenites crest us,
AbiespolleniLes cognatus and Piceapollenites
excellenus are found in both the regions in
Oligocene and Miocene. Azolla aglochidia,
Hibisceaepollenites splendus and Khariasporites
densus are the marker species for Miocene
(Table 1)

There are, however, some differences in the
palynological consituents of the rwo regions. In
north-east India, pteridophytic spores are found in
abundance in all the formations. The various species
of Lycopodiumsporites and Dandotiaspora are the
marker fossils for the Upper Palaeocene.
Lycopodiumsporites is hardly found in the Upper
Palaeocene rocks in Kutch. Similarly,
Osm u n da c i di t es, Polypodia ceaespo ri t es,
Polypodiisporites and Malayaeaspora which play
decisive role· in demarcating different formations in
north-east India are either insignificant or absent in
western India.

This dispariry in palynofossils may perhaps be
explained due to different physiographic features of
the two regions. It may be recalled that due to
continental drift, north-east India came into direct
contact with the Asian Plate and a substantial part of
it was subducted under it. Further, due to upliftment
of the Himalaya many hills came into existence in
this area with an access to the open sea on the south
and south-eastern side. Shillong Plateau should also
not to be forgotten in this context. It was a high land
surrounded by sea in the Early Tertiary time and
must have harboured many pteridophytes. The
spores got deposited in nearby swamps and shores
resulting high frequency in the assemblage.

Kutch and adjacent area on the other hand was
far away froll) the Asian Plate and the rising of the
Himalaya did not imprint any direct signature on it.
Moreover, during pre-Tertiary time it witnessed
intense volcanic eruption and the existing flora must
have been perished. Non depositional period
continued for a long time which caused erosion and
weathering of the traps.

The transgression and regression pattern of sea
in these areas are also different. In north-east India
deposition in shelf areas continued from
Palaeocene-Upper Eocene resulting huge
accumulation of limestone. The sea regressed mostly
from north-east India thereafter. In Kutch, major
transgression took place in Middle Eocene but the

sea was in proximiry even ill Oligocene and
Miocene. Climax of vegetation pattern is also
different in both the parts. In north-east India, coal
is found in abundance in Upper Palaeocene and
Oligocene. Tectonic disturbance due to HiJllalayan
uplift, Naga and Margerita thrusts transformed the
vegetative matter into good qualiry of coal and also
gave rise to oil. In Kutch, lignite occurs in Lower
Eocene but this was not transformed into coal due to
lack of sufficient overburden and tectonic activiry.

In Meghalaya, Permian reworked fossils are
known from Palaeocene. During Upper Oligocene
and Miocene they are very common in Arunachal
Pradesh also. They are, however, hardly found in
north-east Assam indicating perhaps thereby
different source materials. In Kutch, reworked
palynofossils are hardly encountered.

The deposition in north-east India started with
Langpar Formation in back mangrove swamp, from
Therria to Kopili formations the deposition was
mostly coastal swamps and shelf. But from Barails
onwards it seems to be riverine. In Kutch throughout
the Tertiary, the sedimentation tOok place in coastal
and coastal swamps.

[n north-east India, the flora is rich in diversiry
throughout the Tertiary culminating in two highs in
Palaeocene and Oligocene. In Kutch, the flora is well
represented in Palaeocene and Eocene, starts
dWindling in Oligocene and becomes scanty in
Miocene. [t seems that Kutch enjoyed favourable
climate up to Eocene which gradually altered into an
inhospitable climate allowing no room for luxuriant
vegetation.
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THE lignite deposits of Tamil Nadu, mined around
Neyveli, are popularly known as Neyveli lignites.
These deposits constitute the largest lignite reserve
of India and have been able to attract attention of
geologists, mining engineers, palaeobotanists and
palynologists since last over fifty years. Till recently,
the lignite was considered to be a part of the

Cuddalore Formation. However, Siddhanta (1986)
divided the Cuddalore Formation into two parts and
named the lower part, which includes lignite, as the
Neyveli Formation and retained the term Cuddalore
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Formation for the upper part.
The Neyveli Formation (over 300 m thick) is a

subsurface lithostratigraphic unit and consists of
semiconsolidated sandstone and clay beds with
occasional limestone intercalations followed by
carbonaceous clay (about 1 m thick) and brownish
black lignite (up to 23 m thick). It is overlain by the
Cuddalore Formation (60 to 120 m thick) which is
made up of ferruginous, arkosic, semiconsolidated
sandstone exhibiting some herringbone type cross
laminations. The contact between the two
formations is marked by an erosional unconformity
(Siddhanta, 1986, p. 63).

The geology and ground water aspects of the
Neyveli Formation have been studied by Krishnan
(1949), Balasunder (1968), Subramanyam (1969),
Gowrisankaran et aL (1987), etc. The lignite and
underlying clay bands are rich in palynofossils and a
number of papers have been published on their
study (Navale, 1962; Thiergart & Frantz, 1963;
Ramanujam, 1963, 1966a, b, 1967, 1982; Ramanujam
& Ramachar, 1963, 1980; Deb, 1972; Deb et al., 1973;
Venkatachala, 1973; Navale & Misra, 1979; Ambwani
et al., 1981; Bande & Ambwani, 1982; Reddy et al.,
1982, 1984; Ambwani, 1983; Ramanujam & Reddy,
1984; Sarma et al., 1984; Saxena, 1984; Ramanujam et
al., 1984, 1985, 1988; Siddhanta, 1986; Sarma &
Ramanujam, 1988; Sarma & Reddy, 1988; Singh &
Misra, 1991a, b, c). However, most of the above
studies are largely confined to the description of
palynofloras and their interpretation for inferring
palaeoclimate and environment of deposition with
no or little stratigraphic conSideration, particularly
regarding age and correlation of the lignite deposits.

The age of the Neyveli lignites (belonging to
the Neyveli Formation) has remained a subject of
dispute. Till 1973, these deposits were believed to
be of Miocene age. However, Venkatachala (1973),
Deb et al. (1973) and Siddhanta (1986) on the basis
of palynological and geological evidences inferred a
Palaeocene-Eocene age. The possibility of these
deposits being time-transgressive, ranging in age
from Eocene to Miocene, has also been suggested.
The controversy regarding the age of lignite appears
mainly due to lack of studies from measured
stratigraphic sections. Siddhanta (1986) recognized
four palynoassemblages from: (i) carbonaceous clay
(just underlying the lignite), (ii) basal lignite (0-1.5
m), (iii) middle lignite (1.5-15 m), and (iv) top
lignite (15-~3 m). The main objectives of the present
paper are, therefore, to attempt dating df the lignite
deposits on the basis of palynofossils and their
correlation with the contemporary stratigraphic units
and also'to infer palaeoclimate and environment of
depOSition..

The palynological study on the Neyveli lignites
has so far been done only on the material collected
from the Neyveli Mines-! and II in South Arcot
District, Tamil Nadu. This paper is based on the
published palynological information from these
mines as well as author's own palynological study on
the Neyveli Formation of Neyveli Mines-I and II and
also of J ayamkondacholapuram we 11-12 in
Tiruchirapalli District, Tamil Nadu (Text-figure 1).

PALYNOLOGY

Rich palynofloral assemblages have been
recovered from the Neyveli Formation of Neyveli
Mines-I and II and Jayamkondacholapuram well-12.
The assemblages consist of algal and fungal remains,
pteridophytic spores and angiospermous pollen.
Detailed description of these assemblages would be
beyond the scope of the present paper. However, a
list of palynotaxa recovered is given below.

Pteridophytic spores-Cyathidites australis
Couper, Garotriletes assamicus Singh & Singh,
Gemmatriletes sp., Gleicheniidites sp.,
Intrapunctisporis gigantica Kar & Kumar,
Intrapunctisporis sp., Laevigatosporites lakiensis Sah
& Kar, L. tertiarus (Dutta & Sah) Saxena & Khare, L.
variabilis Saxena & Khare, Lygodiumsporites
eocenicus Dutta & Sah, L. lakiensis Sah & Kar,
Neyvelispori tes bolkhovitinae (Raman ujam)
Raman ujam, N. cooksoniae (Raman ujam)
Ramanujam, Osmundacidites sp., Polypodiisporonites
mawkmaensis (Dutta & Sah) Mathur & Chopra, P.
repandus (Takahashi) Saxena & Khare,
Polypodiisporonites sp., Schizaeoisporites
crassimurus Dutta & Sah, S. digitatoides (Cookson)
Potonie, S. ghoshii Ramanujam, S. minimus
Ramanujam, S. multistriatus Rao & Ramanujam, S.
ramanujamii Saxena & Khare, S. sinuta Ramanujam,
Seniasporites verrucosus Sah & Kar, Todisporites
kutchensis Sah & Kar and T. major Couper.

Angiospermous pollen-Acanthotricolpites
brevispinosus Saxena & Khare, A. microreticulatus
Saxena & Khare, A. neyveliensis Saxena & Khare, A.
robustus Saxena & Khare, A. tiruchirapalliensis
Saxena & Khare, d. Acanthotricolpites sp.,
Alangiopollis sp., Araliaceoipollenites
matanomadhensis Venkatachala & Kar, Arecipites
bellus Sah & Kar, A. punctatus Wodehouse,
Arengapollenites achinatus Kar, Assamiapollenites
sp., Bacutricolporites neyveliensis Saxena & Khare, B.
triangulus Saxena & Khare, Clavaperiporites jacobii
Ramanujam, Clavatricolporites leticiae Leidelmeyer,
Cryptopolyporites spp. 1 and 2, Ctenolophonidites
costatus (von Hoeken Klinkenberg) von Hoeken
Klinkenberg, C. erdtmanii Ramanujam & Rao, C.
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ramanujamii Saxena & Khare, C. saadii Ramanujall'
& Rao, C. stellatus Navale & Misra, Ctenolophonidites
sp., Dracaenoipollis sp., Droseridites parous Duna &
Sah, Echimonoporopollis grandtporus Saxena et al.,
E. neyve/iensis Saxena et al., Echitricolporites sp.,
Ericipites sahnii Ramanujam, Foveotricolpites sp.,
Gemmamonocolpites sp., Gemmatriporopol/is
triangulus Saxena & Khare, Granustephanocolpites
sp., Hippocrateaceaedites vancampoae Ramanujam,
Incrotonipollis neyve/iensis (Baksi et aL) Jansonius &
Hills, Jacobipollenites magnzjicus Ramanujam,
Lakiapollis ovatus Venkatachala & Kar, Longapertites
cuddalorense Raman ujam, Margocolpori tes
comple:x.um Ramanujam, M. ghoshii (Ramanujam)
Saxena & Khare, M. o/igobrochatus Ramanujam, M.
perforatus Saxena & Khare, M. siddhantae Saxena &
Khare, M. sitholeyi Ramanujam, M. tsukadae
Ramanujam, Margocolporites spp. 1 and 2, cf.
Ma1'gocolporites sp., Matanomadhiasulcites
kutchensis (Saxena) Kar, M. major (Singh) Saxena &
Khare, M. ramanujamii Saxena & Khare, Meliapollis
gratus Saxena & Khare, M. iratus (Sah & Kar) Navale
& Misra, M. me/ioides (Ramanujam) Sah & Kar, M.
navalei Sah & Kar, M. qitadrangularis (Ramanujam)
Sah & Kar, M. ramanujamii Sah & Kar, M. raoi Sah &
Kar, M. venkatachalae Saxena & Khare, Meliapollis
sp., Myricipites singhii Saxena & Khare, Myrictpites
sp., Neocouperipollis achinatus (Sah & Kar) Kar &
Kumar, N. brevispinosus (Biswas) Sarkar & Singh, N.
cymbatus (Venkatachala & Rawat) Saxena & Khare,
N. donaensis (Rao et aL) Saxena & Khare, N.
kutchensis (Venkatachala & Kar) Kar & Kumar, N.
rarispinosus (Sah & Duna) Singh, N. robustus
(Saxena) Saxena & Khare, N. wodehousei (Biswas)
Saxena & Khare, Neyve/iapites indicus Saxena &
Khare, Pa/eosantalaceaepites minutus Sah & Kar,
Palmaepollenites plicatus Sah & Kar, Palmidites
maximus Couper, P. naviculus Kar & Saxena, P.
plicatus Singh, Pel/icieroipollis langenheimii Sah &
Kar, Pen'retitricolpites sp., Polybrevicolpites neyve/ii
Saxena & Khare, Polybrevicolporites punctatus
Saxena & Khare, Polybrevicolporites sp., Proxapertites
assamicus (Sah & Dutta) Singh, P. microreticulatus
Jain et al., Proxapertites sp., Pseudonothofagidites
cerebrus Venkatachala & Kar, P. septaporatus Saxena
& Khare, Psilastephanocolpites quadrangularis
Saxena & Khare, Psi/atricolporites sp.,
Retimonosulcites ovatus (Sah & Kar) Kar,
Retipilonapites arcotense Ramanujam, R.
delicatissimus Ramanujam, Retipollenites laevigatus
Saxena & Khare, R. neyve/iensis Saxena & Khare,
R etistephanocolpites angeli Le i de Im eye r,
Retitrescolpites decipiens Sah, R. neyve/iensis Saxena
& Khare, R. oblongus Sah, Retitricolpites spp. 1 and 2,
Retitricolporites minor Saxena & Khare, R. perforatus

Saxena & Khare, Retitricolporites spp. 1 and 2,
Spinainaperturites conatus Venkatachala & Rawat, S.
densispinus Venkatachala & Rawat, Spinainaper
turites sp., Spinizonocolpites echinatus Muller, S.
neyveliensis Saxena & Khare, Stephanoporopollenites
duttae Saxena & Khare, Tetrapol/is sp.,
Thomsonipollis sahii Saxena & Khare, Thomsonipollis
sp., Triangulorites bellus Kar, Triangulorites sp.,
Tricolpites crassireticulatus Duna & Sah, T.
matanomadhensis Saxena, T. minutus Sah & Kar, T.
retibaculatus Saxena, T. reticulatus Cookson,
Tricolpites sp. cf. T. crassireticulatus Duna & Sah,
Tricolpites sp. d. T. margocolpites Venkatachala &
Rawat, Tricolporopol/is matanomadhensis
(Venkatachala & Kar) Tripathi & Singh, T. rubra
Duna & Sah, Tricolporopollis sp., Trilatiporites
erdtmanii Ramanujam, T. noremii Ramanujam, T.
sellingii Ramanujam, Triporopollenites parous Sah, T.
tami/ensis Saxena & Khare, Trtporotetradites singhii
Saxena & Khare, d. Verrucolporites sp.,
Verrutricolpites sp., and Warka//ipo//enites
reticulatus Saxena & Khare.

Besides the above spore/pollen taxa, the
assemblage also contains algal spores (2 genera & 2
species) and fungal remains (13 genera & 26
species). Because of their limited stratigraphical and
palaeoecological significance, they are not listed
here.

PALAEOCLIMATE AND ENVIRONMENT
OF DEPOSITION

Analysis of the Neyveli palynoflora provides
some information regarding palaeoclimate and
depositional environment which prevailed during
the sedimentation of the Neyveli Formation. It is
generally an accepted fact that the environmental
requirements of the past plants had been the same
as of their present day equivalents. The present day
distribution of the extant plants therefore plays a key
role in inferring palaeoclimate and depositional
environment. A list of palynotaxa and their probable
affinities and present day distribution is given in
Table 1 which shows that majority of the families
represented in the Neyveli palynoflora have their
present day distribution in tropical (subtropical)
regions. These families are: Schizaeaceae,
Cyatheaceae, Gleicheniaceae, Arecaceae, Meliaceae,
Rhizophoraceae, Bombacaceae, Araliaceae,
Ctenolophonaceae, Alangiaceae, Rubiaceae,
Caesalpiniaceae, Sapotaceae and Hippocrateaceae.
Other families represented in the palynoflora are
cosmopolitan in distribution and none of them is
restricted to temperate (or even subtemperate)
regions. Typical rain-forest elements, viz.,
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Table I-Botanical affinities of the palynofossils from the Neyvell Formation and present day distribution of their
extant counterparts

FAJ\1ILIES

Cyatheaceae

Osmundaceae

Polypodiaceae

Gleicheniaceae

Schizaeaceae

Arecaceae

POlamogelOnaceae

Liliaceae

Meliaceae

BrasSicaceae

Gunneraceae

Araliaceae

Oleaceae

Rubiaceae

Caesalpiniaceae

Bombacaceae

Rhizophoraceae

Sapotaceae

Myricaceae

Alangiaceae

Ericaceae

Hippocrateaceae

Betulaceae

Oenolophonaceae

Onagraceae

Pluml;:>aginaceae

Thymeliaceae

PAlYNOTAXA

Cya/hidi/es aus/ralis

Osmundacidiles sp., Todispori/es ku/chensis, T major, In/rapunc/isporis
gigan/ica, In/rapunc/isporis sp.

Polypodilsporoniles repandus, P mawkmaensis, Polypodiisporoni/es sp.,
Laeviga/ospori/es lakiensis, L. /er/iarus, L. variabilis, Seniaspori/es verrucOsus

Gleicheniidi/es sp.

Schizaeoispori/es digi/a/oides, S. ramanujamii, S. ghoshii, S. mullis/ria/us,
S. minimus, 5. sinu/a, Lygodiumspori/es lakiensis, L. eocenicus, Neyvelispori/es
bolkhovilinae, N cooksoniae

Neocouperipollis wodehousei, N. brevispinosus, N. achina/us, N. cymba/us,
N. rarispinosus, N. ku/chensis, N. robus/us, N donaensis, ~recipi/es puncta/us,
A bellus, Arengapolleni/es achinatus, Spinainaper/uri/es conatus, S. densispinus,
Spinainaper/urites sp., Proxapertites assamicus, P. microrelicuiatus, Pro·
xapertites sp., Trilaliporites sellingii, T erdtmanii, T noremii, Spinizonocolpites
echinatus, 5. neyveliensis, Echimonoporopollis grandiporus, E. neyveliensis,
Acan/ho/ricolpi/es brevispinosus, A. microreticula/us, A. neyveliensis, A. /iruchi
~apalliensis, A. robustus, cf. Acantho/ricolpites sp., Palmidites maximus,
P. naviculus, P. plicatus, Palmaepolleni/es plica/us

Retipilonapi/es arcotense, Assamiapolleni/es sp.

Matanomadhiasulcites kutchensis, M. major, Dracaenoipollis sp.

Meliapollis ramanujamii, M. navalei, M. iratus, M. raoi, M. quadrangularis,
M. gratus, M. melioides, M. venka/achalae, Meliapollls sp.

Tricolpites minutus

Tricolpi/es re/iculatus

Araliaceoipolleni/es matanomadhensis

Reti/rescolpites decipiens, Tricolpi/es crassire/icula/us, T. re/ibaculatus

Relilricolporites minor, Re/itricolporiles sp.

Margocolporites tsukadae, M. sitholeyi, M. oligobrocha/us, M. ghoshii,
Margocolpori/es sp.

Lakiapollis Ova/us, Tricolporopollis rum-a, T. matanomadhensis

Paleosantalaceaepi/es minu/us

Thomsonipollis sp.

Myricipites sp.

Pellicieroipollis langenheimii, Alangiopollis sp.

Ericipites sahnii

Hippocrateaceaedi/es vancampoae

Triporopollenites parvus, T. /amilensis

Ctenolophonidites saadii, C. costa/us, C. erdtmanii, C. ramanujamii, C. stellatus,
Ctenolophonidiles sp.

Triangulorites bellus, Triangulorites sp.

Warkallipolleni/es reticula/us

Clavaperiporites jacobii

PRESENT DAY
DISTRIBUTION

Tropical-subtropical

Cosmopolitan (shady
places or swamps)

Cosmopolitan

Tropical·subtropical

Tropical-subtropical

Tropical'subtropical

Cosmopolitan (aquatic)

Cosmopolitan

Tropical·subtropical

Cosmopolitan (grows in
diverse situations)

Cosmopolitan

Tropical-subtropical

Cosmopolitan (chiefly
tropical)

Tropical-subtropical

Tropical-subtropical

Tropical-subtropical

Tropical-subtropical

Tropical-subtropical

Cosmopolitan

Tropical-subtropical

Cosmopolitan

Tropical-subtropical

Cosmopolitan

Tropical-subtropical

Cosmopolitan

Tropical-subtropical

Cosmopolitan (absent in
extremely cold region)
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BIOSTRATIGRAPHIC ZONATION

Based on first and last appearance of palynotaxa

Table 2-Ecologlcal expression of the palynofossils from
the Neyveli Formation

Sand dune and beach Palmaepollimites, Areczpites,
elements Longapertites, Spinizonocolpites

and their maximum development, decline, restricted
occurrence and absence, the Neyveli Formation has
been divided into three biozones. In ascending
order, these are: (i) Neocouperipollis spp. Cenozone,
(ii) Triangulorites bellus Cenozone,' and (i ii)
Trilat/porites sellingii Cenozone. A brief account of
these biozones is given below.

Neocouperipollis spp. Cenozone

This biozone is deSignated in the
]ayamkondacholapuram well-12 in Tiruchirapalli
District, Tamil Nadu between 206 and 142 metres
below ground level. The characteristic feature of this
biozone is the overwhelming occurrence (85%) of a
variety of spinose pollen grains, viz.,
Spinainaperturites, Neocouperipo/lis, Arengapol
lenites, Spinizol1ocolpites, Echimol1oporopollis and
Acanthotricolpites. Besides, other important
palynotaxa of this biozone are Lygodiumsporites
eocenicus, Todisporites kutchensis, Meliapollis iratus
and Triporopollenites parvus.

Triangulorites bellus Cenozone

This biozone is deSignated in the
]ayamkondacholapuram well-12 in Tiruchirapalli
District, Tamil Nadu between 142 and 127 metres
below ground level. It can be differentiated from the
underlying Neocouperipollis spp. Cenozone by the
absence or rarity of spinose pollen and first
appearance and dominant representation of
Tricolporopollis, hilat/porites, Retipilonapites,
Palmidites, Retipollenites, CryptopDlyporites,
Tricolpites, Meliapollis, Lakiapollis, Ctenolophoni
dites, Psilastephanocolpites, Matanomadhiasulcites,
Schizaeoisporites, Seniasporites, Gleicheniidites and
Polypodiisporonites and restricted occurrence of
Retipollenites laevigatus, R. neyveliensis,
Margocolporites oligobrochatus, Triangulorites
bellus, Tricolporopollis matanomadhensis, Tricolpites
retibaculatus and Psilastephanocolpites
quadrangularis.

Trilatiporites seUingii Cenozone

This biozone is designated in the
]ayamkondacholapuram well-12 of Tiruchirapalli
District and Neyveli Mines-I and II in South Arcot
District, Tamil Nadu. In ]ayamkondacholapuram
well-12, this biozone was marked between 127 and
114 metres below ground level whereas in Neyveli
Mines·I and II, it includes lignite bed about 16 and
12 metres thick respectively. The characteristic
feature of this biozone is the abundant occurrence of
Trilatiporites and Proxapertites (in the upper part of
the biozone) and absence of spinose pollen
complex and Triangulorites. The significant generJ

Hzppoerateaceaedites, Retitricolporites,
Ericipites

PALYNOTAXA

Schizaeoisporites, Polypodiisporonltes,
Laevigatosp01-ites, Meliapollis,
Ctenolophonidites, Margocolporites,
Retipilonapites, Matanomadhiasulcites

Upland elements

ECOLOGICAL GROUPS

Fresh water swamps
and water edge
elemenls

Back mangrove elements Meliapollis, Alangiopollis, Araliaceoi
pollenites

Mangrove elements Paleosantalaceaepites, Warka/lzpolle·
niles

Alangiaceae and Ctenolophonaceae and a good
number of pteridophytic spores clearly point out
towards a tropical climate with plenty of rainfall
This contention is further supported by profuse
occurrence of a variety of epiphyllous
microthyriaceous fungi and fungal spores.

The palynotaxa recorded from the Neyveli
Formation are referable to the floral elements of
diverse ecology, viz., (i) upland, (ii) fresh water
swamps and water edge, (iii) back mangrove, (iv)
mangrove, and (v) sand dune and beach (Table 2)

The lower part of the Neyveli Formation,
represented by Neocouperipollis spp. Cenozone, is
very rich in arecaceous pollen belonging to sand
dune and beach floral elements which suggest a
coastal environment slightly away from the storm
tide zone. The overlying part of the sequence,
represented by Triangulorites bellus Cenozone,
contains a mixture of upland, fresh water swamps
and water edge, mangrove, back mangrove and only
a few sand dune and beach elements. Such
composition indicates deposition in mangrove
swamps with local pockets of marine influence and
sufficient fresh water supply. The overlying
Trilatiporites sellingii Cenozone, comprising lignite
part of the sequence, contains upland, fresh water
swamps and water edge, back mangrove and sand
dune and beach elements. ThiS indicates deposition
of lignite in back mangrove conditions. It may
therefore be concluded that the Neyveli Formation
was deposited in coastal environment, ranging from
back mangrove to mangrove, with a short
transgressive phase just before the deposition of
lignite.
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Text-figure I-Palynostratigraphic correlation of the Neyveli Formation of Neyveli Mines-I and II (South Arcot District) and
]ayamkonclachoIapuram Well-12, Tiruchirapalli District, Tamil Nadu.
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of this biozone are Trilatiporites, Proxapertites,
Neyvelisporites, Meliapollis, Pseudonothojagidites,
Schizaeoisporites, Tricolpites, Margocolporites,
Cryptopolyporites, Palmidites, Retitrescolpites,
Pellicieroipollis, .Ctenolophonidites, Lygodiumsporites
and Laevigatosporites, whereas species restricted to
this biozone are Proxapertites assamicus, P.
microreticulatus, Meliapollis raoi, Pseudonotho
jagidites cerebrus, P. septaporatus and
Pellicieroipollis langenheimii (Text-figure 1).

CORRELATION AND AGE

The palynofloral compositions of three
biozones of the Neyveli Formation are distinctly
different from each other. An attempt has been made
here to correlate these biozones with the
contemporary stratigraphie units and to deduce the
age of the Neyveli Formation.

The bulk of the Neocouperipollis spp. Cenozone
assemblage is constituted by spinose pollen grains,
viz., Neocouperipollis (30 per cent),
Acanthotricolpites (23 per cent), Spinizonocolpites
(14 per cent), Echimonoporopol/is (9 per cent) and
Spinainaperturites (8 per cent) along with
Lygodiumsporites. Margocolporites, Meliapollis and
Palmidites'also commonly occur in the upper part of

this cenozone. It is a known fact that spinose pollen
constitute a dominant and essential part of the well
dated Late Palaeocene assemblages of India. Besides,
other palynofossils of this biozone also commonly
occur in them. The Late Palaeocene bioWnes, thus
correlatable with the Neocouperipollis spp.
Cenozone, are: (i) Neocouperipollis brevispinosus
Cenozone (Saxena, 1981) of the Matanomadh
Formation of Kutch, Gujarat; (ii) Proxapertites
cursus Zone (Baksi & Deb, 1980, in part) and
Monocolpopol/enites eocenicus Zone (Baksi & Deb,
1980, in part) of Bengal Basin; (iii) Palmidites
plicatus Cenozone (Sah & Singh, 1974) of the Tura
Formation of Garo Hills,. Meghalaya; (iv)
Lycopodiumsporites speciosus Cenozone (Kar &
Kumar, 1986) of the Lakadong Sandstone of Khasi
Hills, Meghalaya; (v) Palmidites ovatus Cenozone
(Tripathi & Singh, 1984) and Apectodinium
homomorphum Cenozone (Tripathi & Singh, 1984,
in part) of the Therria Formation of ]aintia Hills,
Meghalaya; and (vi) Proxapertites hammenii
Cenozone (Venkatachala & Rawat, 1972) of Cauvery
Basin, Tamil Nadu. The Neocouperipollis spp.
Cenozone is homotaxial to the SP. 4 Zone (Late
Palaeocene) of Singh and Dogra (1988).

The Neocouperipollis spp. Cenozone is overlain
by Triangulorites bel/us Cenozone which is further

Table 3-Correlatlon of the Neyvell Formation with Palaeocene-Eocene biozones/palynofloras from various parts of
India

MEGHAlAYA

PRESENT
STUDY

CAUVERY
BASIN

KUTCH RAJAS
TIIAN

BENGAL GARO
HILLS

KHASI
HILLS

JAiNTIA
HILLS

Thlatiporites
sel/ingii
Cenozone

Tria ngu10rites
bel/us
Cenozone

Triangulorites Palana
triangulus lignite
Cenozone-Kar, assemblage
1978; Tricof. Sah & Kar,
pites reticula· 1974; SP. 5
tus Subzone- Zone-Singh
Kar, 1985; & Dogra,
Meliapol/is 1988
ramanujamii
Subzone-
Kar, 1985

Trilatiporites Proxapertites
biswasii assamicus
Zone-Baksi & Cenozone-Sah
Deb, 1980 (in & Singh, 1974; &
pan); Simsang Paly·
Monocol- nological ZOne
popol/enites 1-Baksi, 1962
eocenicus
ZOne-Baksi
& Deb, 1980
(in pan)

Neocouperi·
pol/is spp.
Cenozone

Proxapertites
hammenii
Cenozone
Venkalachala
& Rawat,
1972

Neocouperi
po//is brevis·
pinosus
Cenozone
Saxena, 1981

SP.·4 Zone
Singh &
Dogra, 1988

Monocolpopol/·
enites eoceni
cus Zone
Baksi & Deb,
1980 (in pan)
Proxapertites
cursus ZOne
Baksi and Deb,
1980 (in part)

Palmidites
plicatus
Cenozone
Sah &
Singh, 1974

Lygodium·
sporites
speciosus
Cenozone
Kar &
Kumar, 1985

Apectodini
um homo
morphum
Cenozone
Tripathi &
Singh, 1984
(in part).
Palmidites
obtusus
Cenozone
Tripathi &
Singh, 1984
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succeeded by Trilatiporites sellingii Cenozone. The
latter one has been encountered in both the Neyveli
mines and also in Jayamkondacholapuram. The
collective palynofloral composition of the
Triangulorites bellus and Trilatiporites sellingii
Cenozones is very closely identical, and hence
homotaxial, to those of the Early·Middle Eocene
palynofloras of India known from: (i) Triangulorites
triangulus Cenozone (Kar, 1978) of the Naredi
Formation of Kutch, Gujarat; (ii) Meliapollis
ramanujamii Subzone (Kar, 1985) and Tricolpites
reticulatus Subzone (Kar, 1985) of the Naredi
Formation of Panandhro area of Kutch, GUjarat; (iii)
palynoflora from the Palana lignite of Rajasthan (Sah
& Kar, 1974); (iv) Monocolpopollenites eocenicus
Zone (Baksi & Deb, 1980, in part) and Trilatiporites
biswasii Zone (Baksi & Deb, 1980) of Bengal Basin;
(v) Proxapertites assamicus Cenozone (Sah & Singh,
1974) of the Tura Formation of Garo Hills,
Meghalaya; and (vi) Simsang Palynological zone of
the Sylhet Limestone Formation of Meghalaya (Baksi,
1962). SP.-5 Zone (Early Eocene) proposed by
Singh and Dogra (1988) is synchronous to a part of
the above sequence (Table 3).

The above account and the fact that the Neyveli
palynoflora is not comparable to any post-Eocene
palynoflora known till date, strongly suggest a Late
Palaeocene to Middle Eocene age for the Neyveli
Formation.

CONCLUSIONS

From the palynofloral study of the Neyveli
Formation, following conclusions have been
derived.

1. The palynoassemblage from the Neyveli
Formation con.sists of algal and fungal remains,
pteridophytic spores and angiospermous pollen.
However, bryophytic and gymnospermous
elements appear to be unrepresented.

2. The pteridophytic spores are represented by
Cyatheaceae, Osmundaceae, Polypodiaceae,
Gleicheniaceae and Schizaeaceae, whereas
angiospermous pollen are referable to
Arecaceae, Potamogetonaceae, Liliaceae,
Meliaceae, Brassicaceae, Gunneraceae,
Araliaceae, Oleaceae, Rubiaceae, Caesalpinia
ceae, Bombacaceae, Rhizophoraceae,
Sapotaceae, Myricaceae, Alangiaceae, Ericaceae,
HippoCiateaceae, Betulaceae, Ctenolophonaceae
and Onagraceae.

3. The palynoflora suggests a tropical (warm
humid) climate with plenty of rainfall during the
sedimentation of the Neyveli Formation.

4. The environment of deposition has been

deduced as coastal, ranging from back mangrove
to mangrove, with short transgressive phase just
before the deposition of lignite.

5. The Neyveli Formation is divisible into three
biozones, viz. Neocouperipollis spp. Cenozone ,
Triangulorites bellus Cenozone, and
Trilatiporites sellingii Cenozone. These biozones
can be identified by their characteristic and
restricted palynofossils. In Jayamkondachola
puram Well-12, all the above zones were
encountered whereas in Neyveli Mines-! and II
only upper zone could be located.

6. The Neyveli Formation is correlatable with Late
Palaeocene-Middle Eocene biozones of Kutch,
Rajasthan, Bengal Basin, Cauvery Basin and Garo,
Khasi and Jaintia Hills of Meghalaya and hence
has been considered synchronous to them.
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The Upper Karewas are devoid of biomass potential and hence no palynostratigraphy could be established. In
contrast, Lower Karewas are both quantitatively and qualitatively rich in biota. The major areas of study include
DubJan, Hirpur, Krachipathra, Ningle Nullah, Laredura, Lidclarmarg, Butapathri, Wapjan, etc. Dubjan, supposedly the
basal pan of the Karewa sequence, overlies unconformably the Panjal volcanics and Hirpur overlies the Dubjan.
Recent palaeomagnetic studies suggest that these sediments span late Gilbert to middle Matuyama magnetic
polarity ranging in age between 3.5 to 2.0 Ma. Wapjan is the uppermost pan of the Lower Karewa and falls between
late Matuyama to early Bruhnes ranging in age between 0.75 to 0.70 Ma.

Palynological and palaeobotanical investigations carried over a large number of exposures have revealed that
there is no unanimity in vegetation all through the Karewa deposits, instead a variety of vegetation rype has been
recorded in time and space indicating their development under different circumstances TIle vegetation mer here
varies from typical subtropical to desenic alpine type. The climate has not been static for a long period rather
recip'rociry in the climate has been recorded which has been deciphered from vegetal signatures left by the nature.
Post· glaCial sediments from the lake basin in the valley have also heen investigated, which reveal three·fold
vegetational development reflecting on three· fold climaric evolution.
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PAST forty years, especially the preceding two
decades,.have witnessed a phenomenal progress in
the development of science of palaeobotany and
palynology in India, Palynologists have played an
important role in resolVing many a vexed problems
related to various aspects of botany and geology.

An article published in May, 1936 on the

occurrence of prehistoric lake with abundance of
fossil plants at a height of 3,400 m just above
Gulmarg (Stewart, 1936), had drawn the attention of
Sahni (1936) to explain the significance of these

Four Decades of Indian Palaeobotany
Editors: B. S. Venkalachala & H. P. Singh

Publisher Birbal Sahni InSliWle of PalaeObotany, Lucknow
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depositS at high level known as the Karewa Series.
Recently these Karewa deposits have been

traced and mapped as far as the crest of Pir Panjal
range which bounds the Kashmir Valley on the
south-west (Bhatt, 1989).

Kashmir Valley is an intermontane fault basin
and lies between Pir Panjal and the Great Himalayan
ranges (Text-figure 1). The Pir Panjal range attains
an elevation of about 4,000 m and the Great
Himalayan range about 6,000 m. The minimum and
maximum elevations in the valley are 1,500 m and
2,200 m respectively. This difference of elevation is
evenly distributed through numerous Karewa
terraces. Lakes and swamps occupy much of the
north·western part of the valley. The lakes, Wular,

Manasbal, Anchar, Dal, etc. lie in the flood plain of
Jhelum River whose broad meanders have cut
swampy lowlands out of the Karewa terraces (de
Terra & Paterson, 1939). Some of the above
mentioned lakes have been radiocarbon d~ted and
mostly represent deglacial, Holocene or pans
thereof. The occurrence of subrecent/recent
alluvium is generally restricted to the central
portions of the valley. Along the major drainage
lines, the alluvial tract extends deep into the Pir
Panjal and the Great Himalayan range (Bhan, 1975).

The fossil bearing sediments near Gulmarg, like
many other depositS of clay, sand and gravel on
north-east slopes of Pir Panjal were laid down in the
lake bed (Stewart, 1936). But, Sahni (1936) did not
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reconcile with Stewart's view point rather opined
that the lake never existed at such a high altitude
where its bed can be seen today. Strange though it
may appear, this lake must have been situated
several hundred meters lower than the present main
valley level. The sediments have been lifted out of
their horizontal position atleast by about 1,500 to
2,000 meters. de Terra (1934) has suggested three
'orogenies in the region such as Karakoram phase,
Sirmurian phase and Siwalikian phase which took
place during Middle Cretaceous, Oligocene·Miocene
and Late Pliocene· Middle Pleistocene, respectively.
He further added that the fourth orogeny took place
during middle-Late Pleistocene, which elevated the
Pir Panjal. The same orogenic movement lifted the
Lower Karewa deposits to the present height of 1,850
m a.s.l.

The study of the fossil plants from the Pir Panjal
dates back to 1864 when Godwin·Austen reported
the occurrence of fossil leaves belonging to the
modern species of plants in clay deposits at
Gojipathri near Nilnag and at Liddarmarg, southwest
of Gulmarg. Since then fossil plants have been
discovered in similar deposits at numerous localities
in the Pir Panjal by Middlemiss (1911), Wodehouse
(1935) and Puri (1948a, b). The hunt for plant
remains is still continuing and a lot of information
about the occurrences of fossil plants is pouring in.

The concept that Pir Panjal range is relatively of
recent origin was floated by Godwin·Austen (1864)
in unmistakable terms. Middlemiss (1911) further
supported this idea. de Terra (1933) provided
convincing evidence for the same. Sahni (1936)
demonstrated that the fossil plants collected from
lacustrine beds in the Gulmarg·Baramula region
were undoubtedly deposited in the low level lake
basin, where the climate was milder.

Similar strata, now tilted at angles as high as 30·
to 40· are known to occur in the Pir Panjal range,
sometimes at altitudes as high as 4,000 m a.s.!. It is
significant that except for some local variations, their
dip tends towards the valley and they could be
traced downward with gradually decreasing dip into
the valley, where they are seen mostly in their
undisturbed and almost horizontal position. With
this analysis it could be conjectured that at one time
Kashmir must have been covered from end to end by
the Karewa deposits representing the sediments
either of a single vast lake or perhaps a series of
water Dodies. Thus, the existence of Karewa
deposits, as far as the Pir Panjal range, shows beyond
doubt that the ancient Karewa lake(s) must have
greatly exceeded the present width of the Kashmir
Valley.

The nature of stratum, whether clay, sand,

lignite, lignitic mud or gravel, its relationship to the
underlying/overlying strata, and its fossil contents, if
any, indicates as to whether it was deposited in deep
water, near shore, stagnant water or stream that fed
the lake. Its careful study has led to tangible
conclusions regarding the depositional environment
and character of the flora and fauna that existed at
the time of deposition. Efforts are made to decipher
the signatures of vegetal remains from the Kashmir
Basin in order to synthesize the data and to
reconstruct the vegetation of the past.

GEOLOGY OF KAREWAS

Geology of Karewa deposits in the Kashmir
Valley has been a subject of study for more than a
century but different views advanced periodically il,
regards to the origin, nature, stratigraphical status,
thickness and the age of these deposits. In the
beginning attempts were made to define these
deposits in order to establish a stratigraphic base
(Godwin·Austen, 1864, 1880; Lyddeker, 1878;
Middlemiss, 1911, 1924; Wadia, 1961; Farooqi, 1973;
Farooqi & Desai, 1974; Bhatt, 1975, 1976, 1978; Bhatt
& Chatterji, 1976). The concept of two·fold
classification of Karewa deposits into lower and
upper has been in practice since the inception of
Karewa. Considering two well·marked regional
unconformities, Pal and Srivastava (1982) have
suggested three·fold claSSification into lower,
middle and upper Karewas, yet it has not received
much attention.

De Terra and Paterson (1939) and Wadia (1938,
1941) opined that the Karewa deposits are of glacial
origin. They pleaded that moranic deposits of
Glacial Stage I and II resulted into thick
conglomerate sequences in the Karewa succession
such as Rembiara Member (Hirpur Formation) as I
glacial deposit and Suphiyan Member (Nagum
Formation) as the II glacial deposit. This view was
followed by Bhatt (1975, 1978). Thereafter, the
glacial status of Karewa sequence was either
prefixed or suffixed with fluvial event. Recent
geological and chronological analyses of Karewa
sediments have revealed that the conglomerate
zones, which were till now considered as marker of I
and II glaciers are tectonically generated fluvial
sequences (Burbank & Johnson, 1982; Bhatt, 1982a,
b). Palaeobotanical and palynological studies
conducted over the Karewa sediments have not
provided clues for glacial signatures (Puri, 1947;
Dodia et al., 1982; Gupta et al., 1984a,b; Gupta &
Khandelwal 1987; Gupta & Sharma, 1989; Sharma &
Gupta, 1984; Sharma et al., 1984).

Sedimentological data, although meagre, have
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CHRONOLOGY AND AGE OF KAREWAS

Divergent chronologies have been given for the
sedimentation in the ancient Karewa Lake/lakes in
the Kashmir Valley. Godwin-Austen (1864) referred
Karewa deposits to Pleistocene. Lydekker (1883)
divided them into lower and upper parts and
assigned Pliocen'e age to the Lower Karewa.
Middlemiss (1911, 1924) aSSigned Plio-PleistOcene
age to the Karewas. de Terra and Paterson (1939), on
the evidence of Etephas hysudricus in the Lower
Karewa, assigned a definitive PleistOcene age and
correlated them with the Pinjor Stage of the Upper
Siwaliks. They worked w,th the concept of four-fold
glaciations and considered Karewa sequence to
represent complete cycles of Pleistocene Ice age and
correlated Rembiara Member with I glaciation
(Lower Pleistocene) and Suphiyan Member with II
glaciation (Middle Pleistocene). Wadia (1941, 1951)
assigned pre-glacial (Pliocene) age to the basal part
of the Lower Karewa and equated them with the
Dhok Pathan of Siwaliks. Roy (1974, 1980), on the

revealed that the conglomerate beds in the Karewa
sequence are perhaps the depositS of pro-glacial
braided channels (Tandon, 1981). Tandon et at.
(1982) have further advocated that the Karewa
sediments are largely of fluvio-lacustrine origin.
Singh (1982) has provided a conceptual analysis of
sedimentation pattern in the Kashmir Basin and has
remarked that the deposition took place in a
lacustrine basin encompassing the whole Kashmir
Valley. In the initial stages the lake was shallow
ranging in depth from 5-10 m and later it deepened
at several places. He has further emphasized that
lithological and sedimentological records do not
support the glacial environment for the Karewa
deposits. Therefore, Rembiara and Suphiyan
members do not show any positive evidence of
glaciation and cannot be correlated to either I or II
glacial phase respectively.

Stratigraphic succession and thickness
measurements of the Karewa sequence estimated by
various workers are given as follows:
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basis of diatom zonation, opined that the base of the
Lower Karewa is as old as Miocene. Singh (1977)
employing ostracode analysis, supported Roy's view.
Bhatt (1982), while evaluating the existing data,
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Pontian (Pliocene) and the tOp goes up to the
beginning of Holocene. Gupta et at. (1984a,b), on
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Member (Bhatt, 1979, 1982). The pollen yield of
zone III or Methawoin Member characterizes the
pre-glacial milieu. likewise, the composition of
mammalian assemblage also suggests Lower
PleistOcene age for the Methawoin Member (Bhatt,
1982).

Palaeomagnetic and fission-track analyses dates
the volcanic ash layer in Romushi Valley as
2.40 ± 0.3 Ma (Burbank & Johnson, 1982, 1983).
These findings were later endorsed by Kusumgar et
at. (1985). This ash layer occurs beneath the
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Romushi Valley (Text-figure 2). The Olduvai event is
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recorded in 50 m sequence which underlies the
conglomerate bed of Methawoin Member in the
Romushi Valley section (Burbank & Johnson, 1982).
The tOp of the Olduvai normal palaeomagnetic event
in the Matuyama reversed epoch is considered to
mark the base of the Pleistocene and therefore,
Plio/Pleistocene bounc!<lry could be drawn in the
middle of Methawoin Member sequence in the
Romushi Valley. Palynology tOo, supports the
demarcation of Plio/PleistOcene boundary at the said
level of Methawoin Member. The Matuyama/Brunhes
contact is considered to mark lower/middle
Pleistocene boundary (Text-figure 3).

PALAEOBOTANY OF KAREWAS

The occurrence of mega-plant remains was first
observed by Godwin-Austen (1864) from Hirpur
Formation. Thereafter, Middlemiss (1911) collected
a number of fossil leaves, fruits, etc. from
Liddarmarg which were later identified as Quercus
glauca, Buxus semipervirens, Alnus sp.,
Cinnamomum sp. and jasminum sp. The
assemblage typifies the subtropical forest which
presently grows at the height of 1,165-1,670 m a.s.l.

It would not be worthwhile to enumerate here
all those references that are available on the subject
but the mention of G.S. Puri's work is quite
imponant since he has made a systematic attempt to
highlight the palaeobotanical evidences burried in
the Karewas and also reviewed the mega-plant
remains discovered by earlier explorers. Puri (1948)
re-examined several hundred plant species collected
and identified by earlier workers from Karewa beds
and summarized his decade's palaeobotanical
observations. Almost all the plant-bearing material
was procured from the strata of Hirpur Formation.
The fOSSiliferous beds at various localities have been
categorised under two main groups. The first group
includes beds exposed at Laredura, Dangarpur.
Butapathri, Nagbal, Gojipathri and Liddarmarg.
Sediments at these places are largely composed of
grey clays with blackish tinge and are compactly set
into thick layers. The second group is composed of
slightly coarse-grained clays often in pale yellow and
occasionally bluish grey colour. These clays are
thinly layered alternating with coarse and fine
sediments and are known as "varves". Such beds are
exposed at several places in the upper Ningle Valley
and Hajabal. They are highly friable and do not
prove useful for collection of fossils.

The Lower Karewa deposits towards Pir Panjal
have yielded rich plant megafossils both quantity
and quality-wise (Table 1). Three distinct floristic
assemblages have been identified, which are termed

as Laredura, Ningle Nullah and Liddarmarg floras
(Puri, 1948).

Laredura jlora- ulfedura (lat. 34 '7', long.
74'21') lies at an elevation of2,000 m a.s.l. about 12
km south-west of Baramula town. Other. equivalent
fossiliferous sites clubbed in this category are
Nichahom and Nagbal. laredura flora comprises a
rich plant assemblage comprising both warm
temperate and subtropical forms. It is chiefly
dominated by a large number of leaves belonging to
Quercus dilatata, Q. incana, Ulmus, Alnus, Cedrus,
Pinus roxburghii, Aesculus indica, Acer caesium, etc.
At present their modern representatives do not exist
in the valley, rather they are confined to the lower
elevations between 1,165-2,000 m a.s.l.

Ningle Nullah jlora-Ningle Nullah (lat. 34 '4';
long. 74' 19') lies at an elevation of 3,200 m a.s.l.
and could be easily approached from Gulmarg.
Other equivalent sites grouped in this category are
Butapathri and Gojipathri and both lie almost at the
same elevation. Ningle Nullah flora is composed of
exclusively temperate forms like willows, poplars,
cherries, walnuts, maples, elms, alders, spruce, silver
fir, blue pine, deodar, etc. Besides, wdl-preserved
leaf fragments of Nelumbo nucijera have been
recovered. The modern representatives of the past
analogues still exist on the northern slope of Pir
Panjal in Kashmir Valley occupying an elevation
between 2,300-3,300 m a.s.l.

Liddarmarg jlora-Liddarmarg (lat. 33'48';
long. 74 '39') lies at an elevation of 3,500 m a.s.l.
The clay here is blackish grey and well bedded; the
nature and texture of sediments are the same as
found in Laredura and Ningle Nuliah localities but
the flora greatly differs.

It is composed of mostly subtropical taxa but a
few belong to the tropical zone as well. The
important taxa encountered are Quercus incana,
Machilus sp., Acer oblongum, Pittosporum
eriocarpum, Berchemia sp., Mallotus sp., Leea sp.,
Myrsine sp. and Ficus cunia. This kind of flora does
not grow in the valley rather it is confined to sub
Himalayan rain forest.

PALYNOLOGY OF KAREWAS

Kashmir Valley exhibits a complete sequence of
Pleistocene and Holocene deposits in Karewas and
lakes/swamps respectively which prOVide an
opportunity to reconstruct palaeofloristics through
palynology. During early days emphasis was given
mainly to enumerate the taxa from sediments.
Wodehouse (1935) pollen analysed samples from
lower as well as Upper Karewas and quantified
arboreal and nonarboreal taxa separately. Based on
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Table 1-Plant fossils from Karewa, Kashmir

TAXA

IAREDURA FLORA

Euphorbiaceae
Mallotus philippensis

Hippocastanaceae
Aesculus indica

Myrsinaceae
Myrsine sp.

Oleaceae
Olea grandulijera
Fraxinus sp.

Ulmaceae
Ulmus wallichiana
U. laevigata
U. campestris

Juglandaceae
Engelhardtia colebrookiana

Lythraceae
Woodjordia jruticosa

Sallcaceae
Salix elegans

Fagaceae
Quercus semecarpijolia
Q. dilatata
Q. ilex

Betulaceae
Betula utilis
B. alnoides
Alnus nitida

Corylaceae
Corylus jerox

Aceraceae
Acer villosum
A. caesium

Berberidaceae
Berberis lycium

Aralllace2e
Hedera nepalensis

Papllionaceae
Desmodium natans
D. latijolium
D. tiliaejolium
Indigojera hepeptelea

Anacardiaceae
Rhus punjabensis
R. succedenea
Lannea co~omandelica

(Odina woodier)

Rosaceae
Prunus cerasiodes
Pyrus pashia
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PlANT RErvwN

Leaf

Leaf

Leaf
Fruit

Leaf
Leaf
Leaf

Leaf

Leaf

Leaf

Leaf
Leaf
Leaf

Leaf
Leaf
leaf

Leaf and fruit
Leaf and fruit

Leaf

Leaf

Leaf
Leaf
Leaf
Leaf

Leaf
Leaf

Leaf
Leaf

CLIMATIC SIGNAl

SubtrOpical

Temperate

Subtropical

Subtropical
Warm temperate

Warm temperate
Cool temperate

Subtropical

Subtropical

Temperate

Cool temperate
Subtropical
Subtropical

Cold temperate
Cool temperate
Subtropical

Warm temperate

Temperate
Temperate

Subtropical

Temperate

Subtropical
Subtropical
Subtropical
Subtropical

Subtropical
temperate

Conrd.
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TAXA

Rosa webbiana
R. macrophylla

Spiraea sp.
Cotoneaster bacillaris
Rubus jruticorus

Ranunculaceae
Ranunculus sp.
Clematis sp.

NINGLE NULLAH FLORA

PlANT REMAIN

Leaf
Leaf

Leaf
Leaf
Leaf

Fruit
Fruit

CLIMATIC SIGNAl

Subtropical-temperate
Subtropical
Temperate
Temperate
Temperate
Temperate

Temperate
Temperate

Hlppocastanaceae
Aesculus indica

Ulmaceae
Ulmus laevigata

sallcaceae
Salix wallichiana
S. elegans
Populus ciliata
P. balsalnljera

Betulaceae
Betula utilis
Alnus nepalensis

Aceraceae
Acer pictum
A pentapomicum
A villosum

Cornaceae
Cornus macrophylla
Marlea begoniaejolia

Oleaceae
Fraxinus excelsior

Rosaceae
Prunus cornuta
pyrus malus
Cotoneaster nummularia
C. microphylla

LlDDARMARG FLORA

Fagaceae
Quercus incana
Q. glauca

Urtlcaceae
Ficus cunia

Euphorblaceae
Mallows phi/ippensis

Lauraceae
Litsea lanuginosa
Cinnamomum tamala
Machilus odoratissima
M. duthie
Phoebe lanceolata

Leaf Cool temperate

leaf Warm temperate-cool
temperate

Leaf Warm temperate·cold temperate
leaf Warm Te mperate
Leaf Warm temperate
Leaf Warm temperate

Leaf Cold temperate-subalpine
Leaf Warm temperate-cold temperate

Leaf Cold temperate
Leaf Cool temperate
Leaf Cool temperate

Leaf Warm temperate
Leaf Cold temperate

Leaf Warm temperate-cool temperate

Leaf Warm temperate
Leaf Cool temperate
Leaf Warm temperate
Leaf Cold temperate

Leaf Subtropical
Leaf Warm temperate

Leaf Tropical

Leaf Tropical

Leaf Subtropical
Leaf Subtropical
Leaf Subtropical
Leaf Subtropical
Leaf Subtropical

Contd.
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TAXA

Buxaceae
Buxus wallichiana
B. papillosa

Rutaceae
Skimmia laureola
Toddalia sp.

Rhamoaceae
Rhamnus virgalus
R. lriquelra
Berchemia floribunda

Myrsioaceae
Myrsine afncana
M. semiserrara

Rubiaceae
Wendlandia e.xserla

Rosaceae
Pyrus communis
COloneaSier bacillaris
Spiraea sp.

Berberidaceae
Berberis Iycium

Coroaceae
Dendrobenlhamia capilara

Papiliooaceae
Desmodium podocarpum
D. laxiflorum

Asteraceae
Inula cappa

Araceae
Acorus sp.

Cyperaceae
Scripus sp.
Cyperus sp.

THE PAlAEOBOTANIST

PlANT REMAlN

Leaf
Leaf

Leaf

Leaf
Leaf
Leaf

Leaf

Leaf
Leaf

CLIMATIC SIGNAL

Subtropical·warm temperate
Subtropical.warm temperate

Tropical·subtropical
Tropical-subtropical

Tropical
Tropical
Tropical

Tropical·subtropical
Tropical·subtropical

Tropical

Subtropical·temperate
Subtropical-temperate
Subtropical·temperate

Subtropical

Subtropical

Subtropical
Subtropical

Tropical

Tropical

Tropical
Tropical

frequency comparison of pollen in lower and upper
Karewas he concluded that pollen content was
essentially the same in both except for more grass
pollen in the former which were almost absent in
the latter. Cogner (in de Terra & Paterson, 1939),
Iyenger and Subramanyam (1943), and Rao and
Awasthi (1962) have enumerated diatom taxa from
the Lower Karewa sediments, which mostly belong
to Pennales. Goswami (1955·56) analysed Nichahom
lignite samples and reported the occurrence of
gymnospermous cuticles, a few disaccate pollen and
one fern ~orangium. Purekar (1962) made a report
of some fungal conidia· like structures from Ningle
Nullah sediments.

Nair (1960) pollen analysed some grab samples
from both lower and upper Karewas. Besides,
enumerating a number of arboreal and nonarboreal

pollen taxa, he reflected on palaeobiogeography and
migration of plants. He also observed that certain
taxa like Alnus, Carpinus, Pinus roxburghii and
Quercus, though present in the sediments, are
absent today in the Kashmir Valley proper.
Nevertheless, their counterparts do grow at present
on southern slope of Pjr Panjal mountains. Nair
(1968) re·evaluated his previous work and proVided
a shon pollen diagram to highlight the evolution of
flora in the Lower Karewa. The approach was
undoubtedly good but was sketchy and did not apply
to Karewas in a larger perspective. Vishnu-Mime et
al. (1962), in their brief study of grab samples from
the Lower Karewa dealt with floral assemblages but
the data was too little to reconstruct palaeofloristics.

Vishnu-Mittre (1964) tried to apply palynology
to define Plio/Pleistocene boundary but mostly
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without the support of palynodata. He had also nOt
considered the demarcation of lower/middle/upper
Pleistocene boundaries, rather endorsed de Terra
and Paterson's (1939) view based on
lithostratigraphy, that PIP boundary be drawn at the
base of lithozone-J. In 1973, Vishnu-Mittre studied
palynology from the four out of five lithozones,
formulated by de Terra and Paterson (1939) in
Lower Karewa. Vishnu-Mime and Roben (1973)
pollen analysed Lower Karewa samples and made
comparative study of bOth micro- and megafossils
from the same locality, but the results were not
complementary. Later, based on diatom analysis the
base of Lower Karewa was assigned Miocene age,
being preponderant in centrale diatoms (Roy, 1974).
However, the diatom analysis of Hirpur Loc. III
sediments has revealed the preponderance 0f
pennate diatom (Gupta & Khandelwal, 1987).

Keeping in view the high potential of
palynostratigraphy and pollen yield of Karewa
depOSits, it was deemed necessary to investigate
samples from measured sections. Several hundred
samples from Oubjan, Rembiara and Methawoin
members within Hirpur Formation were collected
and pollen analysed. The samples were collected
from all lithofacies but all of them did not yield.
Lignitic muds and lignites yielded invariably a high
biomass. Laminated muds at Oubjan and sands at
Hirpur also yielded biota, though not qualitatively
rich.

Palynological results obtained from different
chronological sequence are primarily presented here
separately and independently which would be later
synthesized and put in unilinear manner so as to
focus all vegetational shifts and their impacts on the
palaeoenvironment. All possible efforts have been
made to synchronize palynological findings with the
up-to-date Karewa lithostratigraphy (Bhatt, 1989)
and Karewa chronostratigraphy (Agarwal et at.,
1989).

Dubjan Member-It consitutes the oldest
sequence in the Hirpur Formation and overlies the
Panjal Trap basement. It consists of sand, sandy day,
clay, laminated mud, lignitic mud, etc. with sporadic
pebble layers of restricted lateral extent. It has about
250 m thick section exposed and a major pan is
concealed below the rock debris (Bhatt, 1989). This
zone was earlier referred to as zone I (Bhatt 1979,
1982). Its age has been extrapolated between 4 to
3.8 Ma and considered as Remzone I (Agarwal et al.,
1989). In view of the fact that only one datable
volcanic ash deposit in the Karewas has been found
and palaeomagnetic dating alone is not enough to
provide high resolution, Agarwal et at. (1989) have
advocated that the age estimation and extrapolation

of various undated sequences in the valley could be
done on the basis of sedimentation rate. As boulder
conglomerates/sandstones are the result of rapid
deposition and clays alone represent slow slack
water deposition, they hav~ used the ~hickness of
mudstones to calibrate the sedimentation rate.

The total estimated thickness of the sampled
Oubjan sediments for palynological investigation is
around 20-23 meter. The stratigraphy is marked by
lower and upper thick deposits of loose, coarse sand
sandwitching several bands of lignitic mud and
laminated mud alternating with each other. Pollen
analytical investigations were performed on all types
of lithofacies. It was found that laminated and
lignitic mud are productive while sand, being coarse
and porous, is almost always devoid of any biomass.
The investigations have further revealed that the
coherence exists in the palynological set-up
throughout the pollen diagram but for the different
values of different taxa. In order to elaborate
significant epoch and events in time and space, the
whole Oubjan diagram has been phased inco three
zones namely DB-I, OB-2 and OB-3 in ascending
chronological order (Sharma et at., 1984).

DB-I symbolises the oak-chirpine composition
but owing to constant competition amongst the
forest constituents, chirpine improved and spread
but oaks reduced and disappeared. Spruce was
present in low values. The occurrence of deodar and
birch was sporadic whereas alder was found to be
fluctuatingly low. Acacia and Berberis made their
way in lower and upper parts of the zone
respectively. Nonarboreals are high in frequency as
compared to arboreals. Poaceae made a humble
beginning but improved its position in the y'ounger
strata while Cyperaceae showed contrary results.
Chenopods and Polygonum remained sporadic
throughout. Aquatic taxa, although feeble, were
represented by Potamogeton, Typha and
Myriophyllu m.

OB-2 is featured by an erratic trend in the
vegetation development and therefore to obtain
precision, the zone is further divided into OB-2a and
OB-2b subzones respectively.

OB-2a witnessed constant competition between
chirpine and oak-woods owing to fluctuations in
preCipitation. Chirpine, after experiencing a serious
set-back in the middle, rose to attain 60 per cent at
the close of thiS subzone and oaks attained fairly
high values in the middle but otherwise remained
insignificant at the lower and upper limits of the
subzone. Alnus continues to be abundant even at the
chirpine fall but ]uglans did not react sharply to the
erratic climate, rather it maintained constant values
throughout not exceeding 10 per cent. AnOther
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Table 2-Indicates vegetational and climatic development In Kashmir Valley

STRATIGRAPHY PERIOD
1 2

LlTHOZONE
3

LOCALITY
4

POLLEN ZONE
5

CLIMATE
6

AGE

7

(Bhatt, )989) (Agarwal el aI.,
)989)

(Dodia, 1988; .Dodia el al., 1982,
1984; Gupta & Khandelwal,
1987; Gupta & Sharma,
1989, 1992; Gupta el at.,
1984a, b, 1990; Sharma
& Gupta, 1984; Sharma &
Vishnu·Mime, 1969; Sharma
el al., 1984 Singh, 1964;
Vishnu·Minre & Sharma,
1966)

(Burbank &
Johnson,
1982; Kusumgar
el al., 1985)

Postglacial
to
Deglacial

Toshmaidan,
Higam,
Hokarsar
Butapathri
Anchar

Pine·Quercetum mixtum

Quercetum mixtum·Pine

Pine·Quercetum mixtum

Period of
decreasing
warmth.
Period of
warmth ma;;imum
Period of
increasing
warmth

500 years
B.P.

10,000 years
N.P.
14,000 years
B.P.

Nagum Upper Remzone, 9 Loess
Formation Pleistocene Remzone, 7·8 capping

Karewas all
aver

Baltal

Samar

Upper· Wapjan
Middle
Pleistocene

GAP

Barren

Barren

B·2·Blue pine·Spruce·Silver.fir

B·l·Spruce·Silver fir·Blue pine
Blue pine·Quercetum mixtum

Poaceae·Chenopodiaceae·
Rosaceae (Dryas)
Arlemisia-Asteraceae·
Apiaceae (Scrub·heath land
vegetation).

Gap 0.2 Ma

20,000 years
B.P.

Gap 0.3-0.2 Ma

Subalpine
& moist
Subalpine & dry
Cool temperate & 0.6·0.3 Ma

moist

Alpine 0.72·0.6 Ma
deserl/
Glacial
milieu 2.2·0.72 Ma

Cool temperate
with moderate
humidity
Cold temperate
with moderate
humidity

E
Zo
O~

~i
ex: Eo OJ
tJ..;:E

ex: c:
12 0
ex: ~

:i:~
v
;:E

Middle·
Pleistocene

Lower·
Pleistocene

Remzone, 6 Krachipathra BZ· Barren zone
KP·4·Spruce·Blue pine·Utrch·
Birch·Oak
KP· 3'Silver fir·Spruce·
Cypresses·Deodar·Blue pine

BZ·Barren zone
KP· 2·Spruce·Cypresses·
Silver fir· Blue pine·Birch·Oak

BZ·Barren zone
KP- )-Oak·Blue pine·Spruce
Birch-Silver fir-Cypresses

Cool temp
erate & humid

Temperate &
humid

2.4·2.2 Ma

Upper
Pliocene

Remzones·4, 5 Hirpur Lac·TV Barren zone
Remzone, 3 Hirpur Lac. III H·JIl 15-Blue pine-

Silver fir-Spruce· Birch
Hazel-Alder·Walnut
BZ·Barren zone
H-III 14-0ak-Poaceae

2.6-2.4 Ma

Cool temperate &
dry

Cool temperate &
moderately dry

COn/d.
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STRATIGRAPHY PERIOD
1 2

LITHOZONE

3
LOCALI1Y

4
POLLEN ZONE

5
CLIMATE

6
AGE

7

BZ-Barren zone
H-I1I-13-Alder-Oak-Ash- Cool temperate &
Poplar-Silver fir humid
BZ-Barren zone
H- I1I-12-Poaceae-Liliaceae Temperate & wet
POlamogelon-Cyperaceae-Ferns
BZ-Barren zone
H-I1I-II-Poaceae-Oak- Warm temperate &
Alder-Cyperaceae- humid.
Chenopodiaceae- Typha
BZ-Barren zone
BZ-Barren zone 3.7-2.6 Ma
H-I1I·lO-Pure Chir pine forest Subtropical
with an admixture of Poaceae warm
and Oleaceae
BZ-Barren zone
H-I1I-9-c-Pure Chir pine forest Subtropical

warm and dry
H-I1I-9-b-Blue pine-Silver Temperate &
fir-Spruce-Deodar-Birch dry.
H-I1I-9-a-Pure Chir pine forest Subtropical

warm & dry

----0"':
~"c: ~

2 g
'-'u

'-'
Z ~o <U
-~

~~
o c:
t.l. .-o
0:: ~
::> '"0..."<:
0:: ~_ <U

:r:::i2

Pont ian
(Pliocene)

Ningle
Nullah

Hirpur
Loc.I

BZ- Barren zone
H-II (,S-Oak-Cypresses
juniper-Poplar-Ash
Poaceae-Polamogelon
Typha
BZ-Barren zone
BZ-Barren zone
H-1Il-7-Pure-Chirpine forest

H-I1I-6-Deodar-Silver Hr-Alder
H-III- 5-Pure Chir pine forest

BZ-Barren zone
H -I I 1- 4-Larch-Oak-Poaceae
POlamogelon- Ferns
BZ- Barren zone
H-III- 3-Pure Chir pine forest

BZ-Barren zone
H-III- 2-Larch-Oak-Carya
Walnut-Engelhardfia-Ash.
Poaceae
H-I1I-I-Pure Chir pine forest

NN-Spruce-juniper forest with
sprinkling of Cupressus,
Larch, Hazel and Oak
H-I-4-Spruce forest

H-I- 3-Larch-Oak-Silver fir
Birch-Hazel-Alder
H- 1- 2-Spruce-Oak- Birch

H-I-I-0ak-Spruce-Alder
Salix- Ericaceae -Rosaceae

Warm temperate &
wet

Subtropical warm
& dry
Temperate & warm
Subtropical warm
& dry

Warm temperate
& wet

Subtropical
warm & dry

Warm temperate
& wet

Subtropical warm
& dry
Cold temperate &
& very humid

Cool temperate
& dry
Cold temperate
& wet
Cool temperate
& humid
Warm temperate
& humid

Conld-
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Table 2-Contd.

STRATIGRAPHY PERIOD
1 2

Rembiara Member
(200 m)

I
]
E....
::Er--.

.~ E
Eo
;J0

Ci~
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LITiiOZONE LOCALITY POLLEN ZONE CLIMATE AGE

3 4 5 6 7
-
Remzone, 2 BARREN 3.8-37 Ma

Remzone, 1 Dubjan DB- 3-Spruce-Cypresses-yew- Cool temperate
Larch-Silver fir·Nymphaea & wet
Potamogeton-Fern
DB- 2- b-A1der-Birch -Oak· Warm temperate
Walnut-Spruce & moderately

humid

DB-2-a-Chir pine·A1der Subtropical!
Oak-Walnut·Spruce temperate

transition &
moderately
humid

DB· l-Oak-A1der·Spruce· Warm temperate 4.0-3.8 Ma
Poaceae·Cyperaceae & moderately

humid

feature recorded here is the OLcurrence of Picea and
Quercus in reasonably high values in the lower and
middle of this subzone respectively. Betula and
Corylus present in low values, are the two main
components of Picea. The strength of nonarboreals
as such remained poor since Poaceae reduced
drastically. Marshy and aquatic taxa are scantily
present.

DB-2b is characterized by low but static values
of chirpine. Betula recorded sudden Spurt in its
values. Oaks, though in low values, remain constant
throughout. Corylus and juglans gained values in the
beginning but declined upward. Viburnum is locally
high. Ground cover continued to be depressed with
further supression in Poaceae but Polygonum thrived
well in the heath land. Potamogeton remained low
but ferns were sporadically high.

DB-3 witnessed a shift in vegetation from
chirpine to spruce forest. The associates of spruce
like Cupressus, Taxus, Lan'x and Abies appeared in
this zone which were otherwise absent till zone DB
2. Quercus, Ulmus, Corylus, Alnus and juglans
continued sporadically. Shrubby vegetation, in
general, improved and is marked by high values of
Fraxinus and low values of Viburnum and Poaceae.
Shrubby taxa go very well with the spruce forest as
the exterior components of the forest denote cold
climate. Sudden spurt in Poaceae and its consistency
throughout. is another notable feature of this zone.
Other herbs such as Chenopodiaceae, Urticaceae,
Liliaceae, Asteraceae, Cyperaceae and Polygonum
improved. Nymphaea and Potamogeton improved
but Typha remained in low rrofile. Ferns improved
to the maximum indicating congenial conditions for

their revival and survival.
Rembiara Member-de Terra and Paterson

(1939) described it as 'basal gravel fan' and
considered it to be the base of Lower Karewa.
Falooqi and Desai (1974) termed it as 'Hirpur
conglomerate' and inferred that it was not developed
elsewhere in the basin except for the upper
Rembiara Valley section. Bhatt (1989) thoroughly
studied the basin development and found
'conglomerate horizon' or 'Rembiara Member' is a
regular lithological unit of Hirpur Formation and is
developed in all the sections. It has earlier been
referred to as Zone-II. The thickness of the Rembiara
Member in the type section is from 200-225 m (Bhatt
& Chatterji, 1976; Farooqi & Desai, 1974). It consists
mainly of conglomerate deposits with occasIonally
and irregularly developed sand and clay lenses. It is
considered to be a rapid deposition zone as a result
of a major uplift of the Pir Panjal.

A large number of samples from both sand and
clay lenses were tried for palynological
investigations but they were almost always found
palynologically barren and hence no sustainable
vegetational and/or climatic picture could be
established.

Methawoin Member-It is named after a small
marg up the cliff opposite to Hirpur Village, making
the youngest lithological unit of the Hirpur
Formation (Bhatt, 1989). It was earlier referred to as
Zone-III (Bhatt, 1979, 1982). It consists of a
successiQn of sand, sandy clay, clay, lignitic mud,
laminated mud and lignitic bands. However, its
lignitic bands are thinner as compared to Dubjan.
The total thickness of the Methawoin Member in the
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type section is between 350-400 m. Chronologically,
it has been put under Remzone III and covers a time
span between 2.92 to 2.6 Ma.

About 200 m thick sediments covering all
lithofacies were sampled for palynological
investigation. The most important aspect in this
sequence is that besides lignitic mud, laminated
mud, and lignite, some sand samples have also
yielded enormous quantity of pollen. The
palynological investigations of Methawoin Member
have been carried out in the name and style of
Hirpur Locality- I, III and IV (Gupta & Sharma, 1989;
Gupta et at., 1984a, b). Hirpur Locality I and III have
yielded rich pollen assemblages both quantitatively
and qualitatively but Hirpur Locality IV did nOt yield
sufficient pollen for percentage calculation. The
variation in the output of pollen is largely due to the
porosity of Hirpur Locality IV sediments which might
have led to oxidation and destruction of pollen and
spores. .

Hirpur Locality I-Sediments of Hirpur Locality
I constitute the basal part of the Methawoin Member
and consist of laminated and lignitic mud with
distinct overlying and underlying beds of sand
making a total thickness of 40 m. A large number of
samples were pollen analysed. Only lignitic mud
yielded pollen in appreciable frequency, whereas
other lithofacies proved to be palynologically
barren.

The overall vegetational picture indicates the
predominance of Picea and Quercus together with
other broad-leaved arboreals. On the basis of subtle
vegetational shifts, it has been possible to phase the
whole pollen diagram into four assemblage zones,
viz., HLI-l to HLI- IV in ascending chronological
order.

HLI-l-The early phase of this zone is
recognized by exceedingly high values of Quercus
followed by Picea, Alnus, SaliX, Acacia, Ericaceae
and low values of Abies. Nonarboreals are scantily
present. AP/NAP ratio has demonstrated the
predominance of arborescent vegetation. The later
phase of this zone is marked by a steep fall in the
values of Quercus and Picea. Carpinus and Berberis
appeared, whereas Salix and Ericaceae disappeared
in this phase. Alnus remained static. Arcicolpites
hirpurensis (Gupta et at., 1990) and Rosaceae
appeared in this phase and maintained 17 per cent
each. Poaceae improved and attained maximum
values of 20 per cent, whereas other herbs remained
low. AP/NAP ratio shows considerable decline in the
arboreal vegetation as compared to early phase of
this zone.

HLI-II-This zone is identified by the
preponderance of Picea pollen throughout

indicating a shift of vegetation from preceding zone
and establishment of spruce forest. Quercus
declined to moderate values and remained confined
to the middle of the zone. Spruce associates namely
juntperus, LariX, Betula, Cmpinus, Ulmus, etc. are
sporadic. Alnus continued in moderately high values
till the beginning, declined in the middle and
disappeared in the upper half of this zone. Carya
appeared in moderately high values right in the
beginning and continued throughout with enhanced
values upward. juglans appeared in the lower half
and continued throughout in fairly high frequencies.
Shrubby taxa like Berberidaceae and Rosaceae are
present in low and high values respectively almost
throughout but both vanished at the close of this
zone. Arcicolpites hirpurensis is present throughout
in quite high frequencies but relatively lesser than
the preceding zone.

Nonarboreals have distinctly low values in this
zone. Poaceae, having exceedingly high values in the
later phase of preceding zone, was reduced to a
fraction in the beginning of this zone. However,
Poaceae gradually improved and continued to gain
high values till the end of the zone. Typha and
Potamogeton are present in relatively improved
values than before. AP/NAP ratio portrays the overall
dominance of arborescent vegetation.

Zone HLI-Ill-It is markedly a short phase which
experienced an abrupt fall in spruce forest to the
tune that it shrunk to a fraction. The downfall of
spruce is witnessed by corresponding rise of Larix
and Quercus in almost equally high values and this
followed by Abies, Betula, Carpinus, Alnus and
juglans. Carya disappeared but Engelhardtia
emerged in this zone. Arcicolpites hirpurensis is
surprisingly absent in this zone. Ground cover seems
to have further reduced. Aquatic taxa and fern spores
are absent. AP/NAP ratio continues to maintain
predominance of arborescent vegetation.

Zone HLI-IV-This zone is represented by the
re-emergence of spruce forest in exceptionally high
values (80%). juglans improved but Betula, Alnus
and Salix reduced. No shrubby element is recorded
in spruce wood zone. Ground vegetation is
represented by scanty values of Poaceae and
Primulaceae only. Aquatic taxa are almost absent
except for low values of Typha. APINAP ratio depicts
the sketchy presence of nonarboreals in contrast to
the arboreals.

Hirpur Locality III-It constitutes the major
lower-middle part of the Methawoin Member
comprising almost the same lithofacies as found in
Hirpur Locality-I. The only difference between the
two is that even sand samples have yielded pollen
which were otherwise absent in Hirpur Locality I.
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Pollen investigation of about 200 m thick (vertical
cliff) strata has been carried out.

Palynological investigations of Hirpur Localiry·
III sediments (Gupta et at., 1984a, b) ha ve suggested
'unstabiIi ry, cycliciry and reversibiliry in vegetation
owing to changing climatic conditions. On the basis
of these observations the pollen diagram drawn from
Hirpur Locali ry. III has been classified into fifteen
pollen zones and thirteen barren zones reflecting on
periodical shifts in the vegetation and covering a
time span of around half a million years. These
zones are. initiated from HL-III·l to HL·I1I-15 in
ascending chronological sequence. Henceforth, for
all practical purposes, I prefer to use zones 1·15.

Zone· 1 is populated by 79 per cent of chirpine
of the tOtal population. A subtropical and dly climate
is inferred. It characterizes the pure chirpine forest
with a little underground herbaceous vegetation
composed of Poaceae, Chenopodiaceae, etc. Zone 2
represents notable change·over from pure chirpine
woods to mixed conifer quercetum-mixtum forest,
indicating a broad climatic catastrophe. Carya,
Fraxinus, Larix, etc. are other important taxa of this
mixed communiry. Arcicolpites hirpurensis appears
in low values after its disappearance from the upper
phase of Hirpur Localiry I. Amongst nonarboreals,
Poaceae dominated and other herbs trailed. High
values of aquatic taxa like Nymphaea, Myriophyllum
and Potamogeton were recorded.

Zone·3 is marked by reversibiliry of the type of
vegetation of Zone· 1 wherein chirpine formed the
pure forest with little understOrey of a few tree
stands and little ground cover of grasses and other
herbs.

In Zone·4 no chirpine pollen has been noticed.
They have been replaced by the high values of Larix
(23%), Quercus (10%), Engelhardtia (6%) and Alnus
(2%). Non·arboreals are largely dominated by
grasses alongwith some chenopods. Potamogeton
and ferns became abundant while Typha reduced to
low values.

Zone·5 again records the pure chirpine forest
tOuching the peak of 81 per cent of the total
vegetation, wherein Alnus and Salix have 4 per cent
representation. The rest is represented by grasses.
Climate remained subtropical and very dry.

Zone·6 has wi messed a slight deviation from the
routine picture of vegetational development. It
records deodar forest wherein silver fir and alders
also make. their way in low proportion with
sprinkling of poplar, walnut, Fabaceae and Oleaceae.
Poaceae, Artemisia and ferns compose the ground
vegetation in low profile. Aquatic taxa record high
values for Pediastrum and low values for
Potamogeton and Nymphaea.

Zone 7 is another phase wherein the
reversibility and cycliciry of vegetation could be
observed. It is marked by exceSSively high values of
chirpine, attaining a new height of 94 per cent of the
total population. In this pure chirpine woods, the
stray occurrence of juglans, Salix, Artemisia,
Chenopodiaceae and Poaceae is noticeable. Water
plants completely absent. Such a vegetation seems to
have developed under subtropical and dry climate.

Zone·8 depicts entirely different type of
vegetation compOSition wherein the open
conditions spread far and wide ceding pace for
better development of nonarboreals. Arboreal taxa
encountered, varying from moderately high to low,
are Quercus, Fraxinus, Populus, Cupressus, LariX,
etc. and Carpinus, Alnus, Salix, Engelhardtia, etc.
respectively. Water plants improved satisfactorily.
Ferns and bryophyres also found conducive
conditions to colonize.

Zone·9, although spanned for a short period,
has recorded rapid changes in the vegetational
shifts. For instance, chirpine/bluepine/chirpine
phases are the major events during this period and
have been marked by three subphases in the pollen
diagram, viz., subzones a, band c. Fluctuations in
the climate from warm·cold·warm have led these
shifts in vegetation.

Zone·l0 is a transitional zone wherein the pure
chirpine forest of preceding subzone-9c is on
decline and ultimately replaced by vast stretches of
grassland with little proportion of oaks and
oleaceous shrubs invading the grassland tOwards the
dose of this zone. Water plants improved very
satisfactOrily and recorded Potamogeton (25%),
Typha (5%) and POlygonum (7%). These shifts in rhe
vegetation are indicative of dramatic change in
climate from very arid to very humid recording high
degree of precipitation.

Zone· 11 is almost the continuance of preceding
zone denoting the open grasslands wherein oaks
have improved and were also joined by Abies,
juniperus, Larix, Betula, Carpinus, Carya, etc.
indicating a slow and gradual invasion of woods into
the grassland. Water plants also reduced to a
fraction. There was practically no noticeable change
in the climate than the preceding zone except for
slight depression in precipitation.

Zone·12 is almost a tree less zone except for
sporadiciry of silver fir and oleaceous shrubs. There
is a total coverage by the non·arboreals. However,
Poaceae does not make any break-through in
building the grassland instead Liliaceae, Cyperaceae
and ferns made their headway in formulating the
non-arboreals to dominate. Potamogeton and other
water plants inhabit the lakes and lake margins.
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Thus, the zone has witnessed torrential rains and
cloud bursts inundating the land mass within
temperate climatic regime.

Zone-13 is marked by entirely a different set up
of vegetation composition and typifies the cool
temperate climatic regime with moderate
precipitation. Under this set up Alnus, Quercus,
Fraxinus, Populus and Abies are dominant; Carpinus
Salix, Rosaceae, etc. are co·dominant and
Tubiliflorae, Brassicaceae, Cyperaceae, etc. are low.
Typha is high bur Potamogeton is moderate.

Zone-14 depicts more or less the continuance of
cool temperate climatic regime although further
reduction in precipitation is recorded. With this
fluctuating trend in precipitation the vegetation
mosaic also changed as the values of nonarboreals
bye-passed arboreals. Amongst tree taxa Quercus is
high; juglans, Alnus, Carpinus, Larix, Engelhardtia,
etc. are moderate and Cedrus, JunIperus, Rosaceae,
etc. are sporadic. Aquatic and fern taxa are moderate.

Zone-IS is composed of mixed conifer·broad
leaved forest. Arboreals' spread was so high that it
domin:ued the nonarboreals. The ratio of conifer
and broad-leaved elements is almost equal in this
zone except for their positions within the same
altitudinal range. With this set up of vegetation, cool
temperate and dry conditions are construed.

Hirpur Locality·lV-It constitutes the middle
upper part of Methawoin Member and is denoted by
conglomerate bed (Bhatt, 1989). It can also be
correlated with Remzone·4 (Agarwal et al., 1989).
This conglomerate bed is around 20 m thick. A few
samples from the mud lenses proved palynologically
unproductive.

Ningle Nullah-It consists of bluish·grey and
violet clay, coarse ro medium green sand, light-grey
sandy clay and lignite. It represents the lower
.middle part of the Methawoin Member but earlier it
was informally thought that Ningle Nullah sediments
directly overlie the Panjal Trap basement forming
the base of Hirpur Formation and equated with
Dubjan Member The palynological study suggests
the superimposition of Ningle Nullah sequence at
the base of Hirpur Locality·III or on the top of
Hirpur Locality- I.

Nine samples from different lithofacies at
Ningle Nullah section, covering a vertical thickness
of about 20 m, have been pollen analysed. But only
four samples, two each from lignite and blackish clay
yielded pollen and spores while rest of the samples
from sand and mud facies turned unproductive
(Gupta & Sharma, 1992). The pollen diagram has
revealed uniformity in palaeovegetation and an
overall dominance of arboreals over nonarboreals is
recorded.

The study has brought to light the existence of
Picea-juniperus forest with the sporadic presence of
Cupressus, Larix, Betula, Carpinus and Quercus.
This type of vegetation develops under cold
temperate and subalpine transition climatic .regime.
Further, the evidence of high precipitation and
expansion of lake margins are exemplified by the
abundance of marshy and water plants.

The occurrence of Arcicolpites hirpurensis in the
lower samples has enabled the author to correlate
with the basal part of Hirpur Locality-III.

Krachipathra-It constitlites the lower·upper
part of the Mathawoin Member and partly covers
Remzone-6. It covers a time span between 2.4 to 2.2
Ma. Out of three lithofacies recognized in 50 m
Krachipathra sequence, only two-lignitic mud and
laminated mud, turned ro be productive both
quantitatively and qualitatively. The sand samples
except for the lower most of the litholog proved
barren.

Palynological results from Krachipathra, though
coherent in general vegetational set up, differ in the
values for different taxa and therefore, the whole
pollen diagram (Sharma & Gupta, 1984) has been
classified inro four pollen assemblage zones, viz.,
KP-1 ro KP-4 in ascending chronological order.
Likewise three barren zones have been recognized
intervening pollen zones, which have not been used
for any practical purpose except to show that the
conditions were not conducive for the preservation
of biota.

Zone KP-1 is largely composed of muddy sand
and characterised by the occurrence of high values
of Quercus semecarptjolia, Pinus wallichiana,
Betula, juglans, Cupressus, Picea and Alnus are
present in relatively low values. The former taxa
declined and vanished bur latter taxa improved
upward. In addition, Abies, Cedrus and Rosaceae
made their way in good values at the close of this
zone. Nonarboreals are represented mostly by
grasses. Water plants and ferns on the whole, have
high values. This type of vegetation thrives well
under temperate and wet climatic regime.

Zone KP-2 is marked by a decline in oak-pine
woods. Spruce rose tremendously at the beginning'
but declined upward. The decline of spruce woods
corresponds ro the spurt of Abies and Cupressus.
Cedrus reappeared at the top and Betula remained
consistently high throughout the zone. Alnus and
jugums, high in the beginning, declined upward.
Herbage remained predominated by grasses. Water
plants and ferns continued ro be high as in the
preceding zone. This shows that the climatic
conditions further deteriorated.

Zone KP-3 is dotted by sudden and abrupt spurt
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in Abies in particular and conifers in general.
Angiosperms, both arboreals and nonarboreals
including water plants have reduced considerably as
compared to the preceding zone. The climatic
conditions continued to be the same except for
some reduction in precipitation.

In Zone KP-4 both Abies and Cupressus suddenly
declined and succeeded by Picea, Betula, Quercus,
Corylus and Ulmus indicating a little amelioration in
temperature.

Wapzan-It constitutes the upper most part of
Methawoin Member and its age has been
extrapolated between 0.7 ·0.6 Ma. Close to Anantipur
Canal headworks, linear lenses of Lower Karewa
beds are exposed, probably due to neotectonics.
They are unconformably superimposed by the Upper
Karewa sediments of Saki Paparian facies. The
sample was collected from the lignitic lense of the
Lower Karewa exposure and investigated
palynologically.

Arboreal vegetation is almost negligible and is
represented by bluepine-oak woods not exceeding
more than 5 per cent of the total vegetation
compOSition. Amongst nonarboreals, Poaceae and
Chenopodiaceae predominate attaining 35.5 per cent
and 36 per cent values respectively. Rosaceae
(Dryas) and Artemisia are the codominant taxa in
the assemblage. Caryophyllaceae, Asteraceae and
Apiaceae are low to very low in values. Marshy and
swampy taxa belonging to Ranunculaceae,
Cyperaceae and Typha are scantily present, whereas
Potamogeton is sporadic.

Wapzan's palaeofloristic assemblage
categorica lIy reveals the presence of meadows
and/or scrubs-heath lands comparable to the modern
alpine desertic vegetation of Ladakh (Dodia et al.,
1982). Arboreal taxa in this composition are absent.
Nevertheless, certain tree taxa like Betula, Juniperus,
etc. do extend their limit up to tree-line albeit dwarf
and are stunted to the maximum of a' few feet in
height. However, pollen record of bluepine and oak
do nOt go well with the composition known from
Wapzan. Instead, pollen of these two tree taxa might
have been blown up and mixed in the pollen rain
there. Thus, the set up of vegetation composition at
Wapzan enunciates the existence of glacial milieu
around 0.7·0.6 Ma.

Baltal-It is expost;(i along the Romushi River
about 60 km south-west of Sri nagar. It covers 55 m
thick deposits consisting mainly of bluish, compact,
fractured mud and yellOWish, laminated clays
intercalated with fine to medium grained, greenish
sand. Extrapolated date for Baltal section could be to
a time bracket of 0.6 and 0.2 Ma.

The face value evaluation of the pollen diagram

has revealed the overall dominance of conifer woods
including bluepine, spruce and silver fir. Other
arboreal taxa are either low or sporadically present
in the conifer forest. Nonarboreals too, except for
locally high values for Cheno/Ams, are meagerly
present.

On the pattern of vegetation composition, two
phases have been demarcated. Phase B·1 (between
10 to 30 m) is characterized by spruce·silver fir·
bluepine forest, denoting subalpine and moderately
moist climatic regime. Phase B-2 (between 31 to 47
m) has witnessed rise in the values of pine and
corresponding fall in spruce and silver fir.
Cheno/Ams. have suddenly spurted indicating
increase in aridity under the subalpine climatic
regime (Dodia, 1988).

Diatom analysis from Baltal samples has
revealed the occurrence of both centric and pennate
diatoms. Further, the existence of Pinnularia,
Stauroneis and Cymbella have suggested subalpine
climate (Gandhi & Mohan, 1983).

PALYNOLOGY OF LAKES AND SWAMPS
IN KASHMIR

Palynologica I investigations have been carried
out on several lakes and swamps representing
postglacial and Holocene time span, whereas others
represent a part of Holocene Period. Toshmaidan
(Singh, 1964; Singh & Agrawal, 1976) and Butapathri
(Dodia et al., 1984) have been dated around 15,000
and 17,000 yrs B.P. respectively. Anchar and HOkarsar
Lake sediments (Dodia et al., 1984) have been dated
ca. 4,000 and 1,150 yrs B.P., respectively. Haigam
(Vishnu·Mittre & Sharma, 1966), Baba Rishi and Yus
Maidan (Sharma & Vishnu-Mime, 1969), Burman and
Walanwar (Singh, 1964) profiles are not yet dated
radiometrically. However, evidence from.
vegetational development indicates that the Haigam
lake represents complete Holocene sequence,
whereas other lakes are shallow and represent either
middle or upper part of the Holocene Period.

Pollen analytical evidence from postglacial
deposits suggest three-fold vegetation development,
viz., pine-quercetum mixtum-pine. This pattern of
vegetation development reflects on three-fold
.::limatic oscillations, viz., cool·warm-cool coinciding
with the worldwide scheme of postglacial climatic
changes put forward by von Post (1946).

CONCLUSION

Kashmir Valley, as a result of combined study of
litho-stratigraphy, palynostratigraphy, fission-track,
palaeomagnetic and 14C dating, provides a . long
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sequence of changing pattern of vegetation and
climatic oscillations.

Vegetation composition characterizing chirpine
oak-alder-spruce-walnut-Poaceae remained almost
uniform between 4.0 to 3.8 Ma except for some
minor variations at the top where spruce replaced
chirpine. The frequency of water plants also
improved slightly. Thus, the climate seems to be
warm-temperate, becoming cooler towards the top
of this phase. Between 3.8 to 3.7 Ma, there is no
pollen record available and hence nothing could be
construed about the climate.

Cyclicity in the vegetation development had
been quite evident from 3.7 to 2.6 Ma. Between 3.7
to 3.5 Ma, the vegetation was mostly dominated by
spruce forest denoting cool/cold temperate type of
climate. Thereafter, a catastrophy in the vegetation
composition took place resulting into the
establishment of subtropical and dry climate. This
encouraged the colonization of pure chirpine forest.
However, this type of vegetation did not last longer
and the change in vegetation mosaic became
inevitable owing to changing pattern in
palaeoclimate. This shift in vegetation is marked by
the onset of warm temperate type of climate. Thus,
the climatic cycles of subtropical and warm
temperate alternating with each other could be
worked out till about 2.8 Ma. Thereafter, temperate
climatic regime was set-in. Slow and gradual
deterioration in temperature continued till 2.6 Ma
where cool temperate and dry climate developed
encouraging the establishment of bluepine-silver fir
spruce forest.

Hirpur Locality-IV, covering a time span
between 2.6 to 2.4 Ma proved to be palynologically
barren and hence climatic inferences could not be
made.

From 2.4 to 2.2 Ma, there existed typical
temperate climate in the beginning which
successively became cooler and ultimately cold
temperate climate was established towards the top.
Krachipathra sequence encompasses this time span
and is marked by the establishment of silver fir
spruce-cypresses forest.

Between 0.72 to 0.6 Ma, the vegetation
encountered here belongs to alpine scrubs with the
preponderance of Rosaceae (Dryas), Chenopo
diaceae, Asteraceae, Apiaceae, Poaceae, etc. This
grade of vegetation forming meadows is generally
found in the alpine desert areas above the tree-line
zone and could be equated with the present day
vegetation of Ladak where usually no arborescent
plant is found. Nevertheless, certain tree taxa are
found albeit in dwarf posture. Considering the type
of vegetation met in Wapzan sediments, it is

envisaged that glacial conditions must have
prevailed during the period between 0.72 to 0.6 Ma.

Between 0.6 to 0.3 Ma, the glacial influence
began to sink and late glacial conditions sWit~hed on
ceding pace to establish spruce-silver fir-bluepine
forest typifying the existence of subalpine climate.

Loess, capping the Karewa scarpment all
through the valley, was deposited between 0.3 to 0.2
Ma. It has yielded no pollen and spore, rather it is
devoid of biomass. Therefore, nothing could be
committed about the prevailing climatic conditions
except to say that loess is mainly of aeolian nature
and indicative of enhanced aridity.

Thereafter, postglacial period began which
could vary at places from 20,000 to 15,000 yrs B. P.
We have plentiful records of postglacial events from
lakes and swamps in the valley. With the help of 14C
dating the age has roughly been estimated about
17,000 yrs B.P. at Butapathri and 15,000 yrs B.P. at
Toshmaidan. The postglacial vegetation all through
the valley is marked by a three-fold development,
viz., pine-quercetum mixtum-pine in chronological
order. This line of vegetation set up is greatly
influenced by the period of increasing warmth,
period of maximum warmth and period of
decreasing warmth respectively or in nutshell it
could be spelled out as cool-warm-cool.

To summarize, the climate does not seem to be
static for a long period rather it remained changing
all through the basinal development in the valley
since four million years. The concept that Kashmir
Valley witnessed four-fold glaCiations is untenable in
the light of recent multidisciplinary data.
Nevertheless, palynological findings have high
lighted the monoglacial concept, contrary to
lithological and sedimentological evidences (Singh,
1982; Tandon et at., 1982) which does not record
any glaciation in Kashmir Valley.

The discovery of Arcicotpites hirpurensis (Gupta
et at., 1990) from the Hirpur Formation has greatly
helped to superimpose Ningle Nullah sequence over
Hirpur Locality-I and under Hirpur Locality-III. Pip
boundary is also suggested to be drawn at the top of
zone·10 of Hirpur Locality-III where Arcicolpites
hirpurensis pollen disappears and this boundary falls
almost in the middle of Methawoin Member.
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