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WITH the presemly mouming emphasis on imer
disciplinalY studies of Science, Palaeobotany shoule;
rank velY high among such areas of Botany. Indeed,
it should become far more important than what it
has been in the past since it stands not only between
the various branches of Botany but also between
other subjects like: Zoology, Geology, Archaeology
and Anciem History. A palaeobotanist has to be a
generalist in Botany before he can claim to be a
specialist. Instead of claiming a mastery of any
particular branch of botany or a particular group of
plants he must have a deep understanding of plants
of diverse groups ranging from bacteria to
angiosperms, because all of them may occur mixed
up in a fossiliferous bed. At the same time he has to
be a specialist on diverse plants of such a high order
than he can idemify them in their fragmemed and
distorted condition in which not only the plants but
even their organs are broken down and preserved
with or without structure, in a state where they lie
helter skelter and mixed up with those of similar or
very diverse other organisms and organs. Sometimes
the fossils may be isolated single cells or groups of
cells, at other times the broken remains may be
more or less distorted fragments of particular stages
in the life cycles of past plants, their ecotypes,
mutants or polyploids and at other times the fossils
may not be morphological but degraded chemical
remains or chemical fossils of past forms of life.
From such fragmentary and mutilated remains of
plams, a palaeobotanist may have to reconstruct not
only the entire plants but the entire floras or the
ecological conditions in which they lived, their
relationships with past and present day forms of life
and on that basis reconstruct even the geography of
the time which they lived. Although Palaeobotany
has links with the diverse aspects of Botany,
Geology, Zoology, Palaeontology and Archaeology. A

knowledge of PalaeobOtany is therefore important,
nay, essential for a study of these subjeCts.

Therefore, I wish to discuss this importance and
the recem achievements in the ever widening vistas
of Palaeobotany in the presem lecture.

FUNDAMENTAL IMPORTANCE OF
PALAEOBOTANY

In dealing with the importance of PalaeobOtany,
in the study of Barany, one has to remember that the
basic theme of all biological studies is evolution and
the only direct proof of evolution is supplied by
palaeontological studies, all other evidences being
indirectly inferred conclusions. The branches of
biology called palaeobOtany and palaeozoology are
therefore of fundamental importance for all
biological studies.

In this connection it is also important to
mention that many aspects of living plants
particularly morphology and anatomy, received a
phillip from palaeobotanical studies because a
palaeobotanist needs intricate knowledge of living
plants for interpreting his fragmentary and often
mutilated material of fossil plants. In fact,
Williamson, Lang, Bower, Arber, SCOtt, Oliver,
Seward, Sahn i, Florin, Chaney, Solms-Laubach,
Walton, Thomas, Harris and so many arhers have
contributed as much to the knowledge of living
plants as they did to that of Palaeobotany. In
particular anatomical studies, especially cuticular,
epidermal and A)dem studies of living plams and
palynology attained their present status more from
the work of palaeobotanists than from that of
workers on living plants. Indeed, wherever one
needs intricate knowledge of parts or fragments for
identification, as in forensic science it needs the
methodology of Palaeobotany.
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EARLY HISTORY OF
DIFFERENT BRANCHES OF BOTANY

MISCONCEPTIONS BASED ON
PREJUDICES

A misconception about the subject cIa ims that
Palaeobotany is a very old subject where, using the
familiar Bonner metaphor, "all the oil in the old oil
well has exhausted" and there is velY little scope for
further research. In this connection one has to point
Out that palaeobotany is actually younger than many
of the fashionable areas of Botany like Plant
Physiology, CytOgenetics or Plant Pathology and
Molecular Biology, etc. which are believed to be
new and full of scope for further research (see Table
below).

As for the oil in the oil well becoming
exhausted let me ask people who know even a little
of palaeobotany to name a single fossil plant which
is completely known. Even one of the most studied
fossils like Lyginopteris or Calymmatotheca is
incompletely known. Its earliest remains were
discovered before 1828, named by Brongniart in
1828 but still after the lapse of more than 160 years
its parts are imperfectly known and its micro
sporophylls, male gametophytes, embryology and
seed germination are entirely unknown. Let me
therefore assert that the oil in other wells may dry up
but it is not likely to dry up easily in the well of
Palaeobotany. In fact, as we dig deeper the oil seems
to be welling up with ever increasing force.

statement about trans
mission of infections

-1658 Kircher sees "Innu
merable worms" under
microscope

-1648 Van Helmont experi
ments on plant
nutrition

-1727 Hales measures rOot
pressure

-1772 Priestley concludes that
plants give out oxygen

-1779 Ingenhousz concludes
that plants utilize CO2

and produce O2 in light
-1665 Hooke gives first

draWing of plant cell
-1750 Mapertis foresees chro

mosomal basis of
heredity

-1765 Trembley makes first
draWing of cell division

-1866-69 Mendel's paper on
heredity

-1869 Meischer discovers
nucleic acid

-1875 Strasburger describes
chromosomes and
reduction division.

Plant Physiology

Cytogenetics and
Molecular Biology

-1820 Sternberg, Flora der
Vonuelt

-1828 Brongniart, Histoire de_'
Vegetaux

-1831 Lyell, Principles oj
geology

-1833, 1868 Witham, Binney
Fossil plant anatomy

BC 287 Theophrastus
-AD 77 Dioscorides, Materia

/Hedica, described 600
plants

-1300'Albertus Magnus, On
plants

-1753 Linnaeus Species Plan
tarum (1 st May)

-1672 Grew Anatomy oj vege
tables begun

-1672 Malpighi Anatomy
Plantarum

-1694 Camerari us, Letter on
sex in plants

-1823 Amici sees pollen tube
approach ovary

-1546 Fracasroro, De conta
gione first scientific

Pathology

Embryology

Plant Anatomy

Taxonomy

Palaeobotany

PLATE 1

I. Lr:pidocarpoll lomaxi Longiludinal section shOWing .vascu·
larized embryo embedded in (issue of megagametOphyTe
Phillips

2. L S. of Callospr:rmarioll ovule with pollination droplet,
Rothwell.

3 Embryo of Botbrodr:ndrostrohus mllnclus Stubblefield &
Rothwell.

eJ, 5. Genninating Samaropsis seeds, Krassilov.
6. Seedling of Samaropsis Krassilov.
7 Median longitudinal section of apical meris(em of Spbeno·

pbyllllm Good & Taylor
H. Saccate pollen grain of a Cordaile with large central body.

Tavlor & Millay.
9 Structure of phloem cells showing sieve plates (from Smoot).
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EVER INCREASING SCOPE OF
PALAEOBOTANY

As for the scope of research in palaeobotany it is
my assertion that it is becoming greater and brighter
every day than that of many other fields of botany
and science in general. The importance of the
discoveries in palaeobOtany is so great that they have
changed some of our fundamental concepts about
life on earth and brought forth indubitable evidence
in support or against ideas that had been prevailing
about plant life on earth.

Impact of new techniques and discovery
of better preserved material

Before I cite examples in support of the above
contentions made by me I must mention something
about the new techniques which have become
available to the palaeobotanist to enlarge his scope
for research. Besides the techniques which were
developed by WaltOn (1928, 1930) like the peel·
section method and its later improvements which
can enable us to cut serial sections or even
circumferential sections of petrified fossils quite
expeditiously. the transfer (WaltOn 1923), celloidin
pulls (Lang, 1926) and mass maceration techniques
(Harris, 1926), excavation and plastiC embedding
(Leclercq & Noel. 1953) preparation of latex and
rubber casts (ChaloneI' & Gay. 1972; Watson & Alvin,
1976) and the use of scanning electron microscope
and improved techniques of light microscopy like
fl uorescent, phase contrast. Nomarsky interference
microscopy infrared and X·ray photography (Walton,
1936; Schaarschmidt, 1985) and chipping technique
(Croft & George. 1958) have given us far greater
inSights in the structure of fossils. Collection of
more specimens increased the chances of finding
better preserved remains and this has been another
source of greater information about fossils. The new
techniques and better material have prOVided
unexpected details of fossils like nuclei and
chromosomes-see PI. 3. figs 1. 2,6,7 (Darrah. 1938;
Vishnu·Mittre, 1969; Brack Hanes & Vaughn, 1978)
and stroma/grana in chloroplasts-see PI. 3, fig. 2;
possible nuclei and mitOchondria in Miocene
angiosperm leaves (Niklas & Brown. 198] )-see PI.
2, fig. 4 petrified starch grains (Baxter, 1964) or
palisade, spongy mesophyll, and vascular tissues in
compressed leaves of Glossopteris (Pant, 1958) and
other plants, starch grains and archegonia in
compressed seeds (Pant & Srivastava, ] 964), and
vascular cambium in Carboniferous plants (Cichan,
] 986). Sieve cells in a Devonian progymnosperm
and even sieve areas have been identified in the

Carboniferous phloem of cordaitean axes-see PI. 1,
fig. 9; PI. 2, fig. 1 (Taylor, J988), fungi-see PI. 3, figs
8, 9. mycorrhiza (Stubblefield ef al., ]987);
pollination drops-see PI. 1, fig. 2 (Rothwell, Miller
& Brown. 1973), formation of pollen, spores and
their intrasporic germination as well as
gamerophytes or embryos in Carboniferous
pteridophytes and pteridosperms-see PI. 1, figs 1,3;
PI. 3, fig. 6 (Rothwell, 1981), archegonia, pollen
tubes and megaspores and emblyos inside prothalli
of seeds and germinated seedlings-see To.1:-fig. 1,
figs 1·8 (Krassilov, ]987). Some of them show
cotyledons which may have been photOsynthetic
(Pant & Nautiyal,1987) Bundle sheaths like those of
grass leaves seen around bundles of Glossopteris
talhragarense (Pant & Nautiyal, 1984) have led these
authors to suspect that it could have G plant. We
have greater insights now on the pollination and
ecology of fossil plants.

Surprises in the diversity and
unexpected strangeness of fossil plants

Palaeobotanists have repeatedly come across
rather strange fossils in the geological record whose
form and nature are so unexpected and so odd that
they are unable to fit them in any known group of
plants or in any accepted scheme of classification of
the plant kingdom. At first, they call them genera
incerfae sedis which can be regarded as riddles of
classification till they discover clues about their
evolution and affinities. Some of these fossils
emphasize the greater diversity of past plants many
of which have become extinct. It seems as if Nature
was experimenting in different directions and many
of its experiments failed to make the forms extinct.
Examples of this kind are the Bennettitales,
Caywniales, Glossopteridales (Text-fig. 5: figs 1·19),
Czeckanowskiales, Pentoxylales, CorystOspermaceae,
Buriadia, Rbexoxylon, Cheirolepidaceae, Tempskya
and a host of other forms and groups (Text-fig. 1:
figs 9, 30·45). Sometimes these fossils temporarily
misled us into. imagining that we had discovered in
them the ancestors of some of our living plants. At
other times they seem to complete the picture of
plant evolution by fitting in as missing links in the
evolution of known groups, e.g .. Progymnosperms,
Buriadia, Lehacbia, Palaeozoic seeds like
Geno1l1osperma, Pbysostoma, StCimnostoma, and
others (Text·fig. 1: figs 18-23.28·29). Some of them
like the seeds of Lagenostoma even emphaSize the
wrong functional notions which we once had about
their nine chambered canopy of vascular bundles
which was claimed as forming a copious vascular
supply at the micropylar end to supply water to
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Text·figure I-figs. I·~') 1. Seed of CallospernllllJ1 olJalis Panl, Nauliyal & Tiwari showing archegonia, x 22. 'i; 2. Veslcaspora lype of
pollen grain with branched pollen lube from ROlhwell. x 6')0; 3,4,5. Seedlings of GIOssoplerls (Dipb)'llopleris verticillala Srivasl3\'a),
3 x 2; 4,5 x I: 6,7,8. Seedlings of ./offrea speirsii Crane & Stockey, 6 x 3. '): 7, 8 x ca 2; 9. Tempskya reconstruclion of plant after
Andrews & Kern. 10. Kakabekia Barghoorn & Tvler 11. Eospbaera Barghoorn & Tyler 12. Huronispora Barghoorn & Tyler 13.
EOlelrabedrioll Schopf & Barghoorn. 14. Animlkiea Barghoorn & T\·!er. 15. Archaeollema Schopf & Rarghoorn. 16. Eozygioll,
Schopf & Blacic. 17. Glenobo"ydlon Schopf & Blacic. 18. Gellomospenna kidSlonii Long. 19. G lalens Long. 20. Salpingosloma
dasu. 21. Ph)'sosloma elegans. 22. t'uryslOma angulare. 23. SlamnOSloma bullOnense l.ong. 24. Grammalopleris rigol/olii. 25.
Tbamnople"is gwynne·vaugbanil. 26. Zalesskia gracilis. 27. Plaeosmunda pla)jordii. 28. ClIplile of Arcbaeosperm a arnoldii Pettitt
& Beck; 29. Cupule of Moresnelia zalesskyl ROlhwel1 & Scheckler; 30. Czecbanou'skla short shool: 31, 32. LeproSlrobus longus
Harris; 33. Umkomasia macleanl Thomas; 34. PlerucbllS african us Thomas; 35. ShOOI of Pentoxylon Srivaslava: 36, Carnoconiles
Srivastava; 37, 38. Buriadia beleropbylla Seward & Sahni; 39. Williamsonia sewardiana Sahni; 40,41. Williamsoniella corOnala
Thomas; 42. Caylonantbus Harris: 43,44,45. Caylonia 'l11omas
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ciliated motile sperms. As it appears now the nine
chambers of hard tissue enclosing soft tissue and
vascular bundles represent vestiges of nine telomes
which fused to form the integument.

Precambrian life

Before 1965, we had no authentic records of
morphological fossils to support the existence of
plant life during the Precambrian times although we
had come to know that the earth was about 4.5 to 5
billion years old Definite morphological plant
fossils extended backwards in time only up to 0.6
by or 600 million years. No doubt Oparin (1924
see Oparin, 1953) and Haldane (1929) had
speculated on the origin of life on the basis of
biochemical pathways and experimental support for
their ideas was supplied by Miller (1953) but we had
no direct proof on palaeontological or
palaeobotanical grounds in favour or against the
theory. Likewise some peorle thought that
procaryotes were more primi tive than the eucaryotes
but direct evidence from fossils in favour of such
notions was completely lacking. However,
Barghoorn and Tyler (1965), Schopf (1968) and
subsequent workers on Early Precambrian Fig Tree
Formation and Swaziland System of Africa (ca 3-35
by), Middle Precambrian Gunflint Chert of Canada
(ca 2 by) and Bitter Springs Formation of Australia
(0.9-0.8 b.y.) brought forth direct evidence to show
that the first forms of life found in Early Precambrian
were simple bacteria·like procaryotes called
Eobacterium, some present day mycoplasma-like
bodies called Eoastrion and a number of types of
cyanobacteria. Some biota like Kakabekia umbellata
which have since been found in the liVing. state in
ammonia rich environments of today could even

confirm the ideas of Oparin and Haldane about the
primeval atmosphere of the Precambrian times being
rich in ammonia (Te>'1:-fig. 1: figs 10-17). Later work
on Precambrian fossils from various areas has tried
to reassess the evidence of Precambrian biota.
Doubts were cast by some workers on the presence
of eucaryotes in the Bitter Springs Formation of
Australia but these have been dispelled by more
critical assessments. The overall impact of thiS later
work has been to carry the earliest fossil record still
further back to 3.5 billion years.

Bacteria, Algae, Lichens, Fungi and
Bryophytes of later periods

Palaeobotanical knowledge of the above groups
of plants is rather scanty and accordingly the
evolutionary history of these groups is poorly known
and there are doubts about the origin and evolution
of their diverse forms. The classification of the living
bacteria, algae and lichens is mainly based on their
reproductive organs, chemistry or staining reactions
or pigments which are difficult to find among their
fossils. The classification of fossil algae in particular
is chiefly based on their siliceous or calcareous
skeletons and it is therefore useful for combining
botanical and geological approaches. There is need
for intensive search of the fossils of these diverse
groups to arrive at definite conclusions about their
evolution. The relationships between the variOUS
groups of bryophytes like Marchantiales,
Jungermanniales, Anthocerotales, Sphaerocarpales,
Bryales and Sphagnales are obscure and it is difficult
to decide whether they represent a reduced or
progressively advanced group of plants. Recent
reports of Ordovician spores which have been
attributed to the Bryophyres may give us some clues

PLATE 2

Sie'e cell in phloem of ,l/edlillosa lIoei-shmving elongated
sie\ e areas on radial wall. x B'iO. from Smoot.

2. TE1v\ photograph of chloroplast showing details of gr~na.

from Niklas & Brown.
3. TEM photograph showing double membranes in cells of

Miocene leaf, from Niklas & Brown.
4 Starch filled cells in the female gametoph\1e of CardiocarjJlIS

spinal liS, from Baxter.
'i. Insect. Ceroxvelawith pollen grains in the gut. from Krassilm'
6. Vilimipollis pollen grain from the gut of insect in fig. 'i, from

Krassilo\'.
7 Kal!o,pora exlrlldells spore with gelatinous COIl[ents (cytop

lasm') extruding from prOXimal surface. from Hall.
B. CVlOplasm belonging to egg or zvgote in the archegonium of

a pteridospermous o\'ule. from Stewart.
9. I.ongitudinal section of seed shOWing megagametophy1e (G)

with two archegonia (arrows l, embryos are present within

archegonial chambers. from Smoot & Taylor.
10. I.ongitudinal section of LagenoslOma OliO ides o\'ule with well·

de\'eloped cellular fenule gametophyte and archegonial
ca\'ity, from Taylor & Millav.

j I Longitudinal section of apical half of Taxospernllll1l IIndllla·

iii III. o\'ule sho<;ving !'emale gamelOphyte with 'tentrole' and
archegonium, from Taylor & Millay.

12. Sperm like contenrs of a monolete pollen grain, from Stewart.
13. TranS\'erse section of an archegonium showing neck canal

(c) and neck cells (n l, from Brack-Hanes.
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IDEALIST MORPHOLOGY
FUNDAMENTAL CATEGORIES OR PARTS

CAULOME
STEM

PHYLLOME
LEAF

RHIZOME
ROOT

TRICHOME
HAIR

PHYTONIC THEORY PHYLLORHIZETHEORY

A

1

B
PHYTON

PETIOLE

LEAF

LEAF

PHYLLORHIZE

BI ROOT

2

TELOME THEORY

~
~

4

ENATION THEORY

STEM

3

PARASYNTHALIUM THEORY

INCURVATION

J(I

CLADODE MEGAPHYLL THEORY

5

T,'om, ~ \lll(! \/fT"O';'Vi ~YY
~'w 0\\.../ ! Mesome

Mesome \: \ ! ' ,I>W! c ,'r- c~,

6 ': ; \ / \\/1 ' ':7 ""

:, WEBBING SYNGENESIS

AMesollle~,./'\'~Iomey

Telollle;/:;/ '\ I
w-" F -

REDUCTION

Text-figure 2-t'igs, 1-6. Diagrams to illustrate various idealistic theories of plant construction and the Telome Theory,

about the evolution of this group but we need more
information.

Origin of land plants

Till 1919, we had only vague ideas about the
"Thallisiophyta and Subaerial Transmigration" on
land as suggested by Church and others but these
were only ideas or theories lacking any direct proof.

Beginning with Dawson's (1859) early work and the
later publications of Kidston and Lang (1917,1921)
on structurally preserved Psilophytales which was
continued subsequently by Het>eg (1942), Banks and
a host of other botanists we arrived at indubitable
evidence about the origin of land plants from algae
so much so that Arber (1921) characterised the first
land plants by the title "Vascular Thallophytes",
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Characters of first land plants

Palaeobotanical discoveries of Late Silurian and
Early Devonian plants have shown that early land
plants evolved by donning waxy or fatty waterproof
coats (cuticles) over their exposed parts to protect
them from drying in dry subaerial environments.
Their cells could now remain in an active state of
growth (algae too can remain alive under dry
conditions but their cells hibernate and become
inactive). Accompanying their water proof
impervious coat land plants also developed pores or
stomata for gaseous exchange and inside their axes
they developed a core of conducting cells with water
proof lignified walls to conduct water from the
prostrate axes which grew over wet soil or under it.
They absorbed water through their rhizoids and
conducted it right up to their actively growing tips.
The spores of these plants started being formed in
sporangia held high at the ends of fertile axes so that
their dissemination by wind had better chance and
the spores too became coated with a cuticle for their
protection in dry air.

Theories of plant construction

There was a time when morphologists 'Vvere
theori zing and debati ng the evol ution of various
plant organs of ideal plants. The idealistic concepts
indulged in arguments like hen first or egg first
abo LIt the organs of the plallt body which came first
and which came later. Some idealistic m()rphologists
thought that the first plants were made of
phyllorhizes or leaf-roOts (Phyllorhize theory),
Others thought that they were wholly fertile
(Strobil us theory) or made up of phytons or leaf·
petioles (Phytonic theory), sti II others though t that
the first plants were protOcorms or undifferentiated
corm-like structures or thallus-like bodies whose
lobing gave rise to leaves (Parasynthalium theory
see Eames, 1936). The discoveries of Rbynia and
Cooksonia and other early vascular plants showed
that those who believed in idealistic morphology
were viewing things upside down. They were
usually trying to interpret the structure of simple
plants on the basis of more complex plants which
had a differentiation of organs like a stem or
caulome, a leaf or phyllome and a root or rhizome, a
hair or trichome besides other accessory organs for
reproduction which were believed to be
modifications of one or the other of the
aforementioned organs. The discovery of early
vascular plants gave us the clue that the bodies of
earliest land plants were not differentiated into
organs like leaves and roots but they consisted
merely of an axis system. Ultimately a new theory

based on such plants called the 'Telome theor\" \','as
proposed by Zimmermann (1930) and no\\! instead
of looking downwards from complex to simple
plants ~'e started looking up\\'ards from simple to

complex plams (TeA"t-fig. 2 figs 1-6)

Evolution of Stelar System and ontogenetic
studies

The evolution of the stelar system cannot be
understood \vithout the help of the stelar systems of
fossil plants (TC'Xtfig 1 figs 24-27) We know now
that those who imerpreted the pith as an "invasion"
or invagination of the COl'rex into the centre of stele
were I)fO\'ed to be incorrect b\' fossil forms like
TbalJlJlopteris ,1I1cl £olesskia. A host of other forms
showed that a parench')11latous pith was gradually
e\'ol\'ed in·situ from a solid prorostele. It was a
de\'elopmental cli\'ersion of central cells (Kidston &
Gwynne-Vaughan. 1907, 1909). Olltogenetic studies
of fossil plants starred by \X'alton (1934) and
continued by Morgan (19';9), Eggert (1961,1962),
Good (197 1a, 197 1b), Good and Taylor (1972) and
others have also helped in understanding stelar
e\'olution and apical structure,

Spore evolution

The stages in the evolution of spore sculpturing
and heterosporv have also been elucidated by recent
palaeobOtanical discoveries It appears that spores
of diverse early \'ascular plams were all equal in size
or homosporous and their surface was to begin with
smooth but thereafter plants started prodUCing
unequal spores and their coats started becoming
variously ornamented. An intermediate stage in the
evolution of heterospory was incipient heterospory
when the spores started becoming unequal inside
one and the same sporangium and the sporangia of
such plants could not be called mega-or micro
sporangia. Some of the present day mosses have
stopped at such a stage which bryologists call
anisospory but later diverse vascular plants became
heterosporous by producing two kinds of sporangia,
the mega-sporangia and micro-sporangia which
produced unmixed megaspores and microspores,
Recent work has suggested that megaspores of some
Lepidoca1pon-like plants called AcblamydocaJpon
had both functional and aborted megaspores and
they developed a spongy mass of sporopollenin like
that of modern Azolia or Saluinia and they were
floating in water and were fertilized by
spermatozoids from microspores which too were
swimming in water. Well-developed archegonia with
eggs or embryos have been recognised by Galtier
(1964, 1970) in LepidocaJpOl1 and the entire life
cycles of these plants are now known.
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PLATE 3

I. \'esicClspora pllilen grain shoWing three celled swgc "t'l11iull
gametophyte. from 1\-lillay & Eggert.

2. Microspllre shOWing prophase. frlll11 Br~ck·Hanes

3. .j Ol'ldes or f-Iydrasperma lenuis sho~ving archegonia (arrow).
from i'vlatten ul al.

5. Archegonium \Vilh multicellular embr/ll (E) and suspensm
(S), rrom SmOllt & Taylor.

6. La .iiOSI robl/S poly.iacci. poll en gra i ns showi ng 111 iOll'
gamelOph)'te development, from Taylor.

- Nuclei ill tl1(" nwnolete spmes or Pel/as/robl/S reedae, from
Baxter

8 SI/Ilisacciles pollen grain with zoosporic rungi within the
central body. from Taylllr

9 IJlllkn grain \"ith epibiotic spllrangiul11 extruding from saccus
wall·cap. fr<l111 T~ylor

10. Pllssihle 1.ower Carboniferous emhryo with r<Vo cotyledons.
from Taylor & 1\\illay
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Evolution of sporangium, annulus and sorus

The evolution of a leprosporangium from a
eusporangium, the phyletic slide of annulus (Text
fig. 3 : figs a-I), the evolurion of a sorus from a
monangial condition and the phyletic slide of sorus
in ferns roo had ro be undersrood in the light of
fossil plants (Bower, 1935).

We were again having vague conjectures abour
the origin of gymnosperms from some

heterosporcJus fe rns th rough pteridospe r1115. These
ideas were disputed by Thompson (1927) and Duyle
(19::;3) who pointed out that the seed plants were
not heterosporous but only heterOthallic. In support
of this contention Thompson pointed out that the
seed spores of some gymnosperms are smaller than
their pollen spores and Doyle emphasized that the
oldest seed plants antedated the earliest
heterosporous ferns or pteridophytes. They thought
that the seed plants seemed to have descended from

a b

~-

Text-figure 3-Possible alternative modes of phyletic slide of annulus (after Pant & Khare): a, Slal/ropteris oldhamia: b, BOlly
opteris globosa; C, Etapleris laccatei: d, BOl'yopteris /orensis; e, Osml/nda: f, Sen/tenbergia; g, Lygodil/m: f, Da/?/I/dopleris: g,
Sermaya,_ h, Gleichenia; i, Plagiogyria; j, Loxosoma, k, f-Iymenophyllum; I, Leplocbill/s.
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homosporous but heterothallic ancestOrs among the
ferns or pteridophytes. Subsequent palaeobotanical
work has shown that heterospory came intO
eXIstenCe in the Lower Devonian while the first
seeds (or seed plants) appeared in the Upper
Devonian. The origin of gymnosperms can now be
traced to the heterosporous Progymnosperms like
Archaeopteris whose compound fern·like leaves
ha\'e now been shown to be of the nature of shon
shoots bearing simple leaves. 1ts long shoots or
Lrunks could become 5 feet or more in thickness,
and with abundant secondary x)'lem of gymnosperm
t\'pe. Some species of Archaeopteris were
heterosporous but at least one of them seems to be
closely associated with seeds called Archaeosperma
arnoldii. Such a unique plant was earlier
unimaginable since some of its species are like
pteridophytes in reproduction while other species
could have been gymnosperms if their association
with seeds has any meaning. Beck (1960a, 1960b,
1961, 1970, 1976) has termed such plants as
Progymnosperms and they possibly are at the
beginning of gymnosperms. Palaeobotany has thus
supplied a very much wanted clue about the origin
of seed plants.

Origin and evolution of seeds and cupules

The organs called seeds had themselves formed
a morphological riddle after the work of Wilhelm
Hofmeister (1851) indicated that they could be
regarded as integumented megasporangia. The
manner of the evolution of the integument was,
however, problematic but the work of Long (1960a,
196Gb, 1966) and others has shown that the
integument has been formed by the fusion of 2 or
more sterile telomes in the gymnosperms whereas
the seed·like structures of Lepidocarpon and
/vfiadesmia have integument-like envelopes formed
by the megasporophylls. The seeds described lately
by Long and others have thus Vividly shown the
steps in the evolution of the integument from sterile
lobes of megasporophylls around the
megasporangia (Text·fig. 1 : figs 28, 29) and they
also show that seed·like structures or seeds evolved
along several parallel lines. May be we discover
more lines of evolution, e.g., the evolution of the
vasculatureless double integumenced seeds of
modern angiosperms.

Nature of the female cone of conifers

Likewise an age old riddle about the
morphological nature of the fema Ie cone of conifers
could be solved by the epoch making work of Florin
(1939-1945, 1951) and others on fossil conifers

wh~ch conclusively showed that the so-called
ovuliferous scale was an axiIlary shoot and the
female cone of Coniferales was a compound
strobilus.

Origin of Angiosperms

Darwin termed the origin and evolution of
Angiosperms to be an "abominable mystery". We
were all the time depending on ideas based on
comparative morphology and the result has been a
multipliCity of classifications of the flowering plants.
Some authors like Engler (see Engler er al., 1954)
believed that naked unisexual anemophilous
flowers like those of the Casuarinales were the most
primitive, others like (Arber & Parkin, 1907) and
Hutchinson (1959) suggested that bisexual
complete flowers haVing indefinite number of parts
like those of the Magnoliales-Ranales complex were
most primitive. Some authors derived the
angiosperms from the Caytoniales or the
Bennettitales, others from the conifers or Gnetales.
Unlike the blind man who meant to see the elephant
and could not see it whole but only felt its parts, the
botanists who were searching for clues about the
origin and evolution of angiosperms were sure that
they had functional eyes but they were not aware
that they needed the light of fossils to solve the
problem. Faint glimmers of this light have started
coming from the discoveries of a few fossil
reproductive parts of angiosperms in the Uppermost
Lower Cretaceous, Upper Cretaceous and Eocene
beds. So far we were under the impression that we
could only see pollen grains and leaves of
angiosperms which are preserved as fossils and we
thought that floral parts were tOo delicate to be
found in the fossil state but thanks to the work of
Dilcher and Crane (1984), Doyle (1978), Hickeyand
Doyle (1977), Crepet (1979) and their co-workers in
U.S.A., Friis (1983, 1984, 1985), Skarby and Friis
(1982) in Sweden, Vakhrameev and KotOva (1977),
Vakhrameev and Krassilov (1979) and others in
U.S.S.R., a number of well·preserved fossil
angiospermous gynaecia, androecia, flowers and
inflorescences have been discovered in the Middle
Albian (105 my.) beds (Text·fig. 4: figs 1-25)
These include Caspiocarpus and Hyrcantha which
are gynaecia attributed to the Magnoliidae
(Chloranthaceae), gynaecia attributed to
Hammamelidae, Platanaceae, Archaeanthus are just
the beginnings of a new field of work (see also Friis
et at., 1987). So far we have only found
Archichlamydeous flowers in the Cretaceous to be
able to say only tentatively that even during the
Eocene most of the angiospermous genera were
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Text-figure 4-figs, [-25 1. t'okac!J)'ra aeolia Crepet, Dilcher & Couer; 2. Eomimosoidea Crepel & Dilcher; 3. Arcbaeal/lbus

linl/enbergeri Dilcher & Crane: 4. A papilionoid legume flower Wilh pod Crepel & Taylor: 5,6. LJrisca reyno/dsii Retallack &
DiIcher: 7. Magnolialean mullicarpellale fruit Crane & Dilcher; 8. Prolomimosoidea IJllcbanallensis Crepel & Taylor; 9.
TriplicarplIs pllrkynei Veleno,'sky & Viniklar: 10. Unnamed flower from Dakota Formation, Cretaceous, Basinger & Dilcher; 11.
ArcbaeanlbllS lin neanbergerl, ferri Ie ax is beari ng spi rally. arranged condu pi icale carpels, Oi Icher & Crane: 12,13. Cal kin-J i ke
inflorescence with spirall,' arranged four paned florets: 14. Epigynous saxifragalean tlower Wilh lhree stout styles. Friis & Skarbv;
15. Scandiamblls coslallls Friis & Skarby; 16. Leplospermum macrocarpum Velenovsky: 17. Berendtia primll/oides Conwemz: 18.
Sambl/CIIS slIccinea Conwel1lz: 19. CiJll1amOmll1l1 protolYP"1ll Conwentz: 20. Forskob/ealllbillm nlldum Conwemz; 21. Querel/s
laenialopilosa Conwemz: 22. QllerCilS meyerierle Conwentz; 23. Myrsinopsls Sliccinea Conwenlz; 24. Ca/oda de/euolyani Dilcher
& Kovach; 25. Sabniail/blls par/jai Shukla

different although some of them would be assigned
to modern families or to families which combined
characters of more than one modern family. Indeed,
flowers and fruits of angiosperms started_ be~ng

described in India by Sahni, Shukla (1944) and
others in the forties,

Origin and evolution of plant-animal
relationships in pollination and insectivory

Connected with the new field of research on
fossil flowers is another novel area of research on

pollination studies in living and fossil plants and on
animal-plant relationships, This carries us further
into the field of palaeoecology since we know that
megafossils of plants occur in terrestrial depOSits
which have been largely neglected by
palaeontologists and ,geologists since they are
mostly interested in marine sediments and marine
animals, We are aware, however, that right from the
Devonian or Silurian, animals were existing in
association with plants and Carboniferous onwards a
fauna of phytophagous insects existed in the forests
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Text-figure 5- Figs. 1- 19 1. Reconslructed plan! of Glossopteris, from Panl. 1971: 2. Glossopteris major; 3. Ga ngamopteris
cyclopteroides. 4. Palaeovillaria rcmiganjensis, 5. Sagil/ophyl/um verticil/atum Pant, Nautiyal & Chauhan; 6. Rhabdotaenia
danaeoides: 7. Bunch of Glossopteris' leaves attached to a branched Vertebraria axis from Pant; 8. Pteronilssonia gopalii: 9.
Belemnopleris sagi/lijolia. 10. Rubidgea obovatum; 11. EUlyphyl/um: 12,15. Ol/okaria zeilleri. from Pant & Nautiyal: 12.
Reconslruction of a stem bearing a fertilizer; 13. T.S of head; 14,15. Sterile and fertile sides of head, respectively; 16. Reconstructed
axis with attached fertilizer of Ere/monia raining pollen; 17. A single sporangium, Arberiel/a of Eretmonia. 18. Bisaccate pollen
grain of Arberiella: 19, Disc of Nesowalesia bearing Arberiel/a with its presumed stalk.
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throughout geological time. We know of coprolites
containing cuticles and pollen of Caytonia-like
those described by Harris (1946,1964). We also
ha ve reports of some fossi I insects wi th pollen grains
in their alimentary canals and pollen grains sticking
£0 fossil insec1 legs-see PI. 2, figs 5, 6 (Krassilov,
1987) but what we need £0 do is £0 concemrate our
efforts on eh'tending such work. Who can say that it
will be stereoryped.

Palaeophytogeography, palaeoecology and
taphonomy

Work on the study of palaeofloras from the
poim of view of demarcating the boundaries of
palaeofloristic provinces or phytochoria. of the
Indian region, their palaeoecology and taphonomy
require a great deal of our anention.

History of present day floras

An almost un£Ouched field of research in this
counuy is the study of the his£Ory of our presem day
floras. We do not even know the kinds of forests
which existed in various parts of India before the
advent of man and how our shoreline has receded or
extended and how man has changed the vegetation
by extending cultivation Work of this kind has been
done in England by Godwin and his coworkers and
it is epitOmised in the History of Britisb flora
(Godwin, 1956). Some workers have taken up such
studies in India also (Banerjee & Sen, 1984, 1985,
1986) but who cares for such work in a country
mimicking advanced countries and wasting vast
sums of money on its space programme that brings
repeated failures and at the same time leaves no
funds for basic science which can achieve wonders
with relatively modest amoums of expenditure.

His£Ory of present floras has another aspect
which can give us clues about the origin of our
cultivated plants or medicinal plants and about the
centres of diversiry of such plants. Archaeological
sites would be particularly useful for such research.
Dendrochronology of our archaeological woods £00

needs our attemion.

Continental drift

One of the great achievements of Palaeobotany
has been the impetus it gave to the ideas of
'Continental Drift' (Wegener, 1924). At one time
people, mainly physicists, were ridiculing the idea
for lack of motive force but £Oday it has culminated
in plate tec£Onics, oceanographic research, mineral
and biological wealth under the sea, demarcation of
volcanic and earthquake prone areas, and the motive

force has been supplied by the physiciStS
thernse lve s.

Palaeobiochemistry and ultrastructure

Palaeobiochemisuy and ultrastructure are yet
other fields which are grossly neglected aspects of
fossil study requiring the attention of Indian
palaeontologists and palaeobotanists (Niklas, 1981,
1982; Niklas & Brown, 1981).

Experimental palaeobotany

A relatively new field of palaeobotany may be
called experimental palaeobotany A paper
published by Walton (1936) could be regarded as
one of the earliest studies of this kind. In this work
Walton made observations and experiments on the
formation of compression fossils. Subsequently,
Oehler and Schopf (l971) and others have
performed experiments on the formation of
petrifactions but this important field needs £0 be
worked out more thorough Iy by experiments and
observations on the formation of diverse fossils and
their beds by experiments under a variety of
conditions.

Mineral prospecting

A field of palaeoecological research which is
still largely untouched is mineral prospecting with
the help of fossils. Coal and oil are no doubt
correlated and even prospected with the help of
pollen analysis but we know now that
microorganisms and even plants of differem groups
are associated with rocks or minerals of different
kinds. There are, for example, sulphur and iron
bacteria, copper mosses, calcicoles and calciphobes.
111ere are also associations of algae with minerals of
various kinds like calcareous or silicious algae and if
we can determine the preferences of fossil plants for
particular soils or substrates for rock building, we
can use them as palaeoindicators for mineral
prospecting.

Sedimentology and stratigraphy

Sedimentology and stratigraphy derived
immense help from palaeobotanical studies. A vivid
manner in which deposition of sediments can record
past events is furnished by the Sunday S£One, a piece
of chalky mud kept in the British Museum (PI. 4, fig.
1). Since it is evidently recorded that the Sunday
Stone was formed in a small pool or "horse trough"
in a British coalmine in South Shields, County of
Tyne and Wear about 1880. Into the pool was
flOWing a linle stream after passing through a chalk)!
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PLATE 4

"Sunday Stone", Specimen no. BM 1988 PI. formed In a "horse trough" in a British coalmine in South Shields, County of Tyne and Wear
about 1880 (Photograph through kind courtesy of Or C. Hill of British Museunl).

bed and depOSiting chalky sediment at its bottom or
it could have been barium sulphate which was used
to reduce the risk of fires spreading in the mine
During the days, when the coalime was working the
air was full of coal dust which settled over the water
and got mixed up with the chalk or BaS04 to settle at
the bottom of the trough and the deposit of chalk or
BaS04 became dark. During the nights the air was
relatively free from coal dust and the nocturnal
deposit was whiter. The six week days are thus
marked by darker layers in the Sunday Stone which
alternate with lighter layers formed in the nights
following week days up to Friday but after the
deposi t formed on Saturday there is a thicker white
band beginning with Saturday night, Sunday and
Sunday night. Thus the thicker white bands in the
layered stone represent Sundays and also holidays.
Hereafter, it is easy to understand the importance of
fossils in recording the past history of life. Since
spores and pollen grains can float in the air like coal
dust and settle down on land or water, they furnish a

vivid record of past life. Fortunately, they have a
resistant, sporopollenin coat which furnishes clues
about the plants which produced them. They are
frequently used in correlation in sedimentology but
can be readily preserved even when other parts of
plants are not preserved. Another fortunate feature
of spores and pollen is the characteristic sculpturing
of their other coats which often helps us in
identifying the plants which produced them Now
since different periods in earth's history were having
their characteristic forms of life, palynology is of
immense help in dating and correlating rocks.
Indeed the same is true of megafossils. Palynology
has been extensively used by geologists but they
also need to study megafossils and thus
palaeobotany too can help us in determining the
vertical and horizontal geographic location of
various strata in different parts of the world.
Radioactive dating, may be useful in absolute age
determinations, lithology and petrology too may be
useful in dating rocks but palaeobotany and



PAJ'\fT~INIPORTANCE OF PALAEOBOTANY 17

palaeozoology form the most convenient and
cheapest method of dating and locating rocks.

I could have proceeded further in stressing the
importance of palaeobotany but limitation of time
prevents me from doing so. Therefore, I must end by
saying that the importance of palaeobotany which I
have mentioned should be enough to open the eyes
of those who prevent palaeobotany in getting its due
share in funds and posts in the University
Departments since they are actually harming the
progress of Science. We must remember that
scientists at our Institutes also receive their initial
training in the Universities.
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METAPHYfE and metazoan remains are well known
world wide towards the close of Late Precambrian.
The soft·bodied marine metazoan fauna-the
Ediacarans, existed in many parts of the world
during Eocambrian time (Glaessner, 1984; Hofmann,
1987). This fauna is older and different from the
fauna traditionally called as Tommotian of Cambrian,
yet its elements have attained a grade of
morphologic organisation and size comparable to
that exhibited in Palaeozoic fossils. This fauna is
devoid of shelly fossils of Tommotian of the Lower
Cambrian. It is presumed that the Widespread Late
Precambrian glaCiation has helped in the rapid
organic evolution (Schopf et aI., 1973). The
occurrence of tillites al approximately the same
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stratigraphic level in different parts of the world
appears to provide operational limit for correlation,
though this evidence is still lacking in the Indian
Precambrian sediments.

Below this stratigraphical limit, i.e., between
800-1,000 Ma diversified assemblages of
carbonaceous films, including metaphytes and
microbial colonies are well known. They are
associated with Chuaria Walcott 1902. They include
remains with regular rounded outlines, ribbon-like
films, rounded structures with protrusion and frond
like forms. All are usually preserved on bedding
planes and mostly showing wrinkling due to
compaction. This assemblage had several forms of
enigmatic nature which may find their placement
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PREVIOUS RECORDS OF MACROBIOTA FROM
INDIA

Ramdehra Village, Bihar, these are of different sizes,
ranging from half an inch to nearly two inches in
length, conical in shape, broad at one end and
gradually tapering at the other. The body of the
specimen is transversely striate. These forms,
according to Rode (1946), are referable to Pteropod
genus Hyolithes Eichwald 1840. Besides, from the
same bed Rode (1946, p. 248) recorded a number of
discoidal remains which he opined to have
resemblance with Or/his-type brachiopods.

From Suket Shale Formation (Neemuch District,
central India) Sahni and Shrivastava (1954) reported
Fennoria Chapman 1935 attached to apparently
convergent filaments shOWing funnel-shaped ends.
These are possibly the algal remains. They also
reported a new genus Krisl:mania from the same
formation. This fossil is acuminately ovate in shape
narrowing abruptly at one end but evenly rounded at
the other; the specimen shows superficial
resemblance with Lingula Bruguiere 1797.

Misra (1949) claimed the finding of a
dasycladous alga from carbonaceous limestone of
Rohtas Formation at Banjari. The specimen has a
verticillate, slender stalk terminated by globular
head. Volgdin (1957, see also Balkrishnan, 1974, p.
9) commented that this form was not an alga but an
early primitive form of Archaeocyatha; thus
transfered it to a new form Misracyathus
uindhyanu5. 1vlisra and Bhatnagar (1950) reported
'carbonaceous disc-like bodies' from Rohtas
Limestone Formation of Banjari quarries. Prakash
(1966) claimed the finding of broken cast of
branchiopod remain from the Kajrahat Limestone
Formation in Chopan area. Tandon and Kumar
(1977) have recorded the impression of an
annelid-Katania singhii, and an anhropod
Vindhyavasnia misrae from the Rohtas Limestone
Formation of Kami. Maithy and Gupta (1981)
reponed archaeocyathid from the Vindhyan
Supergroup. However, its identification has been
questioned by Zhuravlev (1986) Presence of jelly
fish-like remains from the Rohtas or its eqUivalent
formations have earlier been reported by Sisodiya
(1982) and Maithy (1984). Maithy and Shukla
(1984a) recorded a new form Ramapuraea. Maithy,
Narain and Sarkar (1986) reported a probable
coelenterate Sekwia Hofmann 1981 from the Rohtas
Limestone Formation of Amjhore. Maithy and Babu
(1986) reponed Misraea, a body fossil of uncertain
affinity, from the Chopan Porcellanite Formation of
Vindhyan in Mirzapur District. Recently, Maithy and
Babu (1988) found algal encystment structure, viz.,
Tawuia, Chuaria, d. Sekwia, Longfengsahnia and
ichnofossils from the Semri and Kaimur groups of
Vindhyan in Chopan area.

cB

A

The macroscopic biological remains were first
recorded as discinoid discs by Jones (1909, in:
Holland, 1909) from Suket Shales, Lower Vindhyan
of Rampura. These remains attracted the attention of
palaeonto[ogists and geologists who considered
them to be either the remains of brachiopods
(Chapman, 1935) or algae (Sahni & Shrivastava,
1954). Contrary to this, Misra and Dubey (1952)
considered them to be abiogenic structures. Maithy
and Shukla (1984a) opined that these are the
encystment structures of plankton resembling
Chua ria.

Beer (1919) recorded 'spiral impression' from
Roh tas limestOne Formation. Math ur (1983)
transfered this form to a new genus Spiroichnus.
However, Hofmann (1985a) considered it to be a
carbonaceous megafossil-Grypania spiralis. Rode
(1946) recorded the presence of shell-like structures
from the topmost bed of the Rohtas Limestone of

both in the metaphytes and metazoans. Hofmann
(1972, p. 22) has categorically emphasized-"At the
present time no unquestionable metazoans are
known from levels below the widespread terminal
Precambrian glaciation ". This view has also been
supported by Cloud (1968). Therefore, th is fact ca lis
for a critical assessment of the known Precambrian
Indian forms, claimed especially to be the remanents
of metazoans from 800-1,000 Ma. Several such
records have earlier been reported from the close of
Middle Proterozoic succession of Vindhyan. The
present paper deals with a re·assessment of these
Middle Proterozoic remains based on new material
and also records a new find of Ediacaran remains
from the Late Proterozoic.

Text-figure I-A, Kris/mania acuminata Sahni & Shrivastava;
B, Vindhyauasnia Tandon & Kumar; C, Vindhyania Mathur
(redrawn from published figures of specimens to show
details)_
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Text-figure 2- Frondoid form. y I

DESCRIPTION

Carbonaceous megafossils

Several schemes for the suprageneric
classification of carbonaceous megafossils recorded
fr0111 Precambrian sequence (800-1,000 Ma) have
been proposed. For example, Chuaria and its
synonyms have been considered belonging to
di"erse groups, such as brachiopods, gastropods,
foraminifera. plants, parasinophytes, acritarchs, or
eve n inorgan ic structures (Mai thy & Sh ukla, 1984a).
A number of family-level taxa have been errected;
Fermoriidae (Sahni, 1936), Chuariidae (Wenz,
1938), Megasphaeromorphida (Timofeev, 1970),
Chuariamorphida (Soklov, 1965) and Chuariaceae
(\X/enz 110m trans. emend. Duan, 1982). The
affinities of these forms are uncertain. Therefore,
these carbonaceous compressions and moulds are
considered as the orphans of palaeontology. Many
are described as "unrecognised and unrecognisable
genera" in the Treatise (Hantzschel, 1975). On the

basis of eA.'1ernal morphology, it is difficult to assign
most of the taxa to major groups, but for the sake of
cOlwenience broad morphological groups have been
proposed as under:

Chllarid remains-The forms are sphaeroids or
compressed sphaeroids (discs); surface with
concentric wrinkles, or with a distinct circular area
indicating inner body or central opening. Chuaria is
the best known form of this group (PI. 1, figs 1, 2).
They are simple in organisation, platyspermic
carbonaceous discs, commonly circular, solitary,
measuring 2.5 mm, surface smooth or with
concentric wrinkles. In some specimens, Maithy and
Babu (1988) found a small centra I area indicating a
possible opening point Isolated specimens found
on the sediments support their being the encystment
structures (Maithy & Shukla, 1984a).

Misra and Bhatnagar (1950) reported large, 26
lllm diameter, carbonaceous spheroids from Rohtas
Formation. Externally the forms are similar to
Chuaria, except for their large size. In a recently
recorded specimen (PI. 1, fig. 3) one finds several,
fine surface-thickenings and raised portion in the
centre. Sokolov (1965) introduced the name
BeltaneLLoides for such forms. However, Ford and
Breed (1973) questioned the separation of
BeltaneLLoides from Chuaria which is based only on
the larger size of the former; however, Hofmann
(1985) favoured its distinct identity on the same
basis. The morphology supports for the encystment
structures, like Chua ria.

SpherOids (discs) with distinct central area have
been reported under Sekwia Hofmann 1981 by
Maithy et aL. (1987), Ramapuraea Maithy & Shukla
1984 and Rohtasea Singh & Chandra 1987. These
forms were considered to be the relics of jelly fishes.
A critical re-assessment raises doubt regarding their
medusoid affinity, particularly because of their small
size (3,8 mm) and the presence of recognisable
organisation of coelenterate. Probably all of them
are allied forms of Chuaria, with a distinct circular
inner body.

The genus Ramapuraea is a small circular form,
measuring 3-6 mm in diameter with a distinct central

PLATE 1
-+

I Chuana Walcott & TaU'liia Hofmann. x J: Specimen no. BSJP

3610~

2. Chuaria and Tau'liia. a porrion or' fig. J enlarged showing a
circular area in the centre of Cbuaria.

3. Bcllal1elloides Sokolo\' showing fine rhickenings on sud'ace. x 3;
Specimen no. BSIP 3'>9%.

;1. Scku'ia cxccn/rica Hofmann. specimen shOWing presence of
globular :,aruetures in celllral area. x 4, Specimen no. 13S1P

35857
~. Sekll'ia cxccn/rica Hofmann under SEM showing compactly

arranged globular stru([ures in central area.
6. Ramapllraea ,\'taith)' & Shukla shOWing globular SIrU([Ure in

cenrral area and fine radial thickenings. x 8; Specimen no
13SIP 273-i I

7 Rob/asia /andonii Singh & Chandra. x 8; Specimen no. BSIP
3~960

H. vendotaenid remain.
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area from where the thickenings radiate out up to
the margin, thus resulting intO a fimbriated margin.
A re-examination of the specimen figured by Maithy
and Shukla (1984a, pI. 1, fig.l) shows thal the central
area has several small globular structures, which are
compactly packed together (PI 1, fig. 4) This
character raises doubts about its metazoan affinity.
In all probabilities, they are vesicles with inner body
similar to the encystment structures recorded by
Butterfield, Knoll and Swett (1988) from the Upper
Proterozoic shales of Svanbergfjellet. Similarly, the
specimens of Sekwia described by Maithy, Narain
and Sarkar (1986, fig. 1) from the Rohtas Formation
of Amjhore and later by Maithv and Babu (1988, pI.
1, figs 7, 8; pI. 2, fig. 1) from Chopan, are
sphaeroidal in outline, measuring 7-35 mm in
diameter [n all the specimens, a distinct thick
central area is marked which has a number of small,
closely adpressed globular structures representing
the remanents of algal cells, or a large inner body
(PI 1, figs 4, 5) If it is so, then the forms in their
gross organisation compare well with the large
encystment structures of Nucellospbaeridium
Timofeev 1965 obtained after digesting the rocks in
acid. Another form-Robtasea Singh & Chandra
1987, recently reported from the Rohtas Formation
of Katni was claimed to be the remain of jelly fish.
Similar looking forms have recently been collected
from the Rohtas Formation of Baulia, Bihar (PI. 1, fig.
7). The specimens show prominent concentric
thickenings alongwith fine radial thickenings but no
oral opening. Hence, their assignment to jelly fish is
questionable; rather il converges to support for large
encystment structures.

Tawuid remains-The forms are sausage
shaped, straight or bent with rounded extremities,
surface with or without wrinkles (PI. 1, figs 1, 2).
This form in India is represented by Tawuia
dalaensis Hofmann 1979 (Maithy & Shukla, 1984b;
Maithy & Babu, 1988). The specimens of T. dalaensis
did not show any structural details. Therefore, its
biological affinity is enigmatic, though the
consensus of opinion is that they might represent
eucaryotic algae.

Sahni and Shrivastava (1954) and Sahni (975)
reported 'filament-like structure' associated with
Cbuaria from the Middle Proterozoic, belonging to
Suket Shale Formation of Ramapura, Madhya
Pradesh. These structures are sausage-shaped with
rounded ends, smooth surface, measuring 5-14 mm
in length and 2-5 mm in breadth. On re-examination
of photographs it could be ascertained that the
specimens are in no way different from that of
Tawuia dalaensis. Similarly, Maithy 0984, pI. 1, fig.

5) reported a form from the Suket Shale Formation,
Ramapura which is also identical to Tawuia
clalaensis.

The association of Cbuaria and Tawuia on the
same rock has earlier been noted by Hofmann
(1985a) from the Mid-Proterozoic of Little Dal,
Canada, and were also recorded by Maithy and Babu
(1988) from the Middle-Proterozoic of Rohtas
Formation, Vindhyan Supergroup exposed at
Chopan. On the basis of such Cbuaria-Tawuia
association, Hofmann (1985) speculated genetic
relationship between Cbuaria and Tawuia but till
date it is not established.

vendotaenid remains-Slender filamentous
structures, generally unbranched, twisted or
untwisted, smooth with striate or speckled pattern
are assigned to this group. Beer (919) reported
linear, spiral impression with fine transverse
partitions and rounded ends, from Rohtas Formation
of Saridaner Village, Bihar Mathur (1983) proposed
a new generic name-Spiroicbnus for the above
mentioned forms and considered it to be a
ichnofossil. Contrary to this, Hofmann (1985, p. 349)
considered it to be slender algal filament and
transferred it to Grypania spiralis Walter ef at. 1976.
Similar looking linear, elongate forms with fine
transverse partitions were also described by Tandon
and Kumar (1977, fig. 1) from the Rohtas Formation
of Katni under a new name Katnia and considered it
to be an annelid remain. Glaessner (1987)
expressed doubts about the affinity of Katnia. He
opined that they might be very large oscillatorean
cyanobacteria. However, the other possibility is that
they may be episodic remains of plankton-blooms or
mass encystment structures or algal in nature. This
view is supported by the findings of recent
specimens from the Ghurma Shale, Kaimur, Upper
Vindhyan of Chopan and Rohtas Limestone
Formation of Murlipahar The forms of Ghurma
shales are either clustered or solitary, linear,
me8.suring up to 50 mm in length and 2-4 mm in
width with distinct transverse thickenings (PI. 1, fig.
8). The other form from the Rohtas Formation of
Murlipahar (PI. 2, figs 1, 2) includes narrow, linear
structures preserved compactly parallel to one
another, measuring 30 mm in length and 3 mm in
width, with rounded ends and fine transverse
thickenings.

Krisbnanid remains-The forms are oval to
oblong in shape with single stipe or appendage. The
genus Krisbnania Sahni & Shrivastava 1954 was first
reported from Suket Shale, Ramapura. In a recent
collection, several specimens of Krisbnania have
been collected from the Rohtas Formation (Middle
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PLATE 2

1,2 Vendolacnld f'Hm" (I\g I x I. ~pel·ll11<.:n 11() 1-l:'11' 3~9~';J.

fig. 2. x.j. Specllncn no Ihll' 5~';J01 I
j.') Knshnanld forms (1\1.(..3 x 1. :->1'<':l'1I11\:,n 11(). IISII' j(lI09.

fig. ~ x 1. 5pCl'1I11ell no 11:-11' Y;919 1114 ~ , 1, Spcl'imen
no. I3SIP j6~70)

6. 7 Frondoid !orm, (fig b. x I ~PLl'lIllt:11 11,) 11~II' .30220, fig .,
x ~ )

8 Cydu/1ll:dl/stl ~pl'Igg x J "pel'II11CI1 11<). 11~11' I02~0

9 .\/edil.w/lles Glae,,,,cr ;:;.. \X'O!lk x I SPCl'iI11Cll 11() IlSI!'
I02~f)

Proterozoic) which add new information. The bod,'
is distinctly divisible inro tWO parts (PI 2. figs", C;).

The distal structure is fol ia te. ci rCLda r·o,'a I or
elongate·oval. occasionally with a distinct border on
the margin. Surface of the specimens may be smooth

(PI 2, fig. 4) or with thickenings (PI 2. figs 4, C;)

Narrow stalk·like structures emerge out from the
contracted point of the foliate structure \'(/hen the
stalk gets detached. it leaves a rounded scar on the
proximal end of the foliate pan indicating the point
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of attachment. The length of the stalk is variable,
either shorter or longer than the body size.
Sometimes, they are even ten times longer than the
foliate part. Small rounded structures with raised
borders are preserved alongwith body fossils on the
rock denoting a holding-point of the stalk with the
rock.

Du (982) proposed a new generic name
Long[engsahnia for the forms which appear to be
similar to Krishnania from the Proterozoic of China;
probably he overlooked the earlier record of similar
form. The diagnosis of Krishnania given by Sahni
and Shrivastava 0954, p. 40) agrees in all respects
with that of Long[engsabnia. According to Sahni and
Shrivastava (1954) the fossil is accum ina te Iy ovate in
shape. Its longest axis measures 75 mm and has
maximum width of 4 mm. It narrows somewhat
abruptly at one end but evenly rounded at the other.
A characteristic feature of the genus is a deep
marginal furrow more prominent on one side and
apparently continuous all around. The figured
specimens of Krishnania have been redrawn here in
proper orientation from the photograph given by
Sahni and Shrivastava (Text-fig. 1A) It is established
now that three specimens are preserved overlapping
each other, the middle one has a short stalk-like
structure. Krishnania resembles Long[engsal:mia
ovalis Du & Duan 1985 in all aspects.

A 'filament shoWing funnel-shaped end'
described by Sahni and Shrivastava (1954, p. 39, fig.
2) is 1.85 cm long and 3 mm wide which widens
appreciably (6 mm across) towards one end
becoming nearly funnel-shaped. The specimen
shows morphological characters similar to
Long[engsahnia long1petiolata from the Proterozoic
of China. From the above discussion, it is clear that
the gen us Krishnania and Long[engsahnia are
identical; the former name has a priority over the
la tte r.

Rode (1946) reported Hyolithes rohitaswei from
the Rohtas Formation of Vindhyan near Banjari. This
species is identical to Krishnania acuminata Sahni
& Shrivastava 1954. Similarly, the genera
Vindhyavasinia Tandon & Kumar 1977 and
Vindhyania Mathur 1982, both from the Rohtas
Formation of Vindhyan, are morphologically similar
to Krishnania. Vindhyavasinia was assigned to class
'Insecta' by Tandon and Kumar (1977). From a
critical examination of the photograph of
Vindhyavasinia (Tandon & Kumar, 1977; figs 2,3) it
can be concluded that it is in no way different from
Krishnania. The figured specimen has five
overlapping forms as redrawn here in Text-figure lB.

While proposing Vindhyania, Mathur (1982)
did not provide any description except for a

photograph; therefore, the proposition is invalid.
However, from the photograph it can be marked that
in its morphology the specimen is similar to
Krishnania (Long[engsa/mia) longipetiolata Du &
Tian 1985 emended herein. Thus, Vindhyavasinia
Tandon & Kumar, Longjengsahnia Du and
Vindhyania Mathur are the junior synonyms of
Krishnania Sahni & Shrivastava 1954.

Sahni and Shrivastava (1954) opined that
Krishnania in its general outline resembles Lingula.
But they conSidered this similarity to be a superficial
one. Further, they opined that the 'Filaments
shoWing funnel·shaped end' found associated with
Krisl.mania were the remanant of plants, possibly
algae. This has been supported by the recent
collection in which all specimens are preserved in
unidirectional pOSition alongwith the attachment
point of stalk. Krishnania also resembles Devonian
algae Drydenia reported from the marine sediment
of New York by Fry and Banks (1955). Drydenia has
elliptical laminae (8.5 em long) attached to a narrow
stipe and terminating to a branching holdfast.
Krishnama differs only in being smaller in size.
Drydenia has been described by Taylor (1981)
under Rhodophyta whereas Stewart (1981)
considered it to be a member of Phaeophyta.
Krisbnania has been considered by Du and Tian
(1985) to be algal in nature, either belonging to
Phaeophyta or Chlorophyta. According to them, the
apical foliate-part was used for photosynthesis and
the basal part, the parastem, for the support attached
to rhizome. Because of its clustered appearance
Hofmann (1985) opined that it could be a colony of
complex organisms, possibly algae of phaeophytic or
rhodophytic affinity. Recent collections from
Vindhyan support the view putforth by Hofmann
(1985) that they were photosynthetic carbonaceous
organisms possibly belonging to Phaeophyta or
Rhodophyta. They were probably growing in a
shallow, shelf-like marine setting and were attached
to the soil by narrow stalk-like endings. Concomitant
with the attainment of this level of organisation, i.e.,
the development of holdfasts, the anchoring devices
that enabled the organisms to resist the wave action
made them suitable to remain in favourable habitat.
Further, the bilateral symmetry for standing upright
from the ground was advantageous for absorbing the
sunlight and gaseous exchange in open atmosphere.
This organisation is more advance than the free
floating ones where the absorption of sunlight is
only on one exposed surface. The organisms have
also developed well-oriented anterior and posterior
sides.

Frondoid remains-From the beds of Rohtas
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Formation (ivIiddle Proterozoic) se\'eral specimens
have been recorded with a median stalk and
alternately anached, finely segmented lateral
structures (Pi. 2, figs 6. 7: Texl-fig 2) These
struC(LJres, hmve\'er, in their overall morphology are
similar to the Pewlonamid form-Pteridinill117
Gurich 1930 recorded from Vendian. However. in
these forms the presence of characteristic structure
of PetaJonameae, i.e., autozoids and scyphozoids are
not marked. Therefore, their coelenterate nature
remains doubtful. The possibility of their being
algae seems to be more justifiable. The forms show
resemblance to the members of Rhodophyceae, \'iz,
Rhodomelaceae, Ceramiaceae and Chlorophyceae
( Calilelpa).

EDIACARAN MEGAFOSSILS (± 600 Ma)

A distinct, soft-bodied, marine metazoan
fauna-the Ediacaran fauna, exists below the
Tommotian Stage and above the Infra-Cambrian
glaCiation in many parts of the world, viz., Australia,
South Africa, Brazil, China, Russia, Sweden, United
Kingdom and Canada This fauna is characterised by
the absence of shelly fossds of the Cambrian. and is
represented by coelenterates. annelids and
arthropods. LJptill now, the Ediacaran fauna was not
known from India During a recent field work,
Ediacaran remains have been found for the first time
in India from the Dholpur Shales, Bhander Group
representing the voungest bed of the Vindhyan. The
recorded forms are Fdiacaria jlindersi Sprigg 1947,
Cyclomedusa davidi Sprigg 1947 (PI. 2, fig R),
J\!Iedusinites Glaessner & Wade 1966 (PI 2, fig 9)
and Dickinsonia eLongata Glaessner & Wade 1966.
The assemblage has forms belonging to medusoids
and bonom'dweller annelids.

MICROBIOTA

Maithy et al. (1983, pI. 1, fig. 18; pI. 2, fig, 25)
reported 'I fungal body' as large bulbous structures
anenuated to a particular point which is further
drawn to a aseptate filamentous structure. These
organic-walled structures because of their marked
asymmetry and pliant walls resemble germinating
zoospores of fdamenrous protists, Modern analogous
to this are known among Xanthophycean algae
Protosiphon Klebs 1896 or Vaucheria Heidiniger
1908.

The th ick,wa lied vasi form mic rofossi Is
(Melanocyrillids) ranging in size from 30200 J-Lm are
known from Vindhyan Supergroup (Salujha et aI.,
1971a, 1971b; Maithy & Babu, 1989), Kurnools
(Salujha el aL., 1972) and Satpuli (Nautiyal, 1982)

Although. \'ase-shaped microfossils Me u .. nsilk-rcd
as enc\'stmeJ1t stages of algae (Blocssl'r. J'm')). thl'\
resemble Tintinnids and Chitinozoans. thcrl'fnrL',
possibh' they are prOtozoans ancl carh p{'()ti.~tall

hetewtrophs

CONCLUSION

from the analysis of the kn()\\1l hio!l)gi,'a!
records from Proterozoic successions of India, il is
e\'idellt that well-known metazoan f(lrlll.~ are
recorded towards the close of Late Proterozoic. ThL'
claim for the finds of metazoan during 800 l,(llll) ;\b
is doubtful. [n all probability, the ICoeJenl<:r;lle~

(jelly fishes) are large carbonaceous discs \vith an
inner body However, the fossil record indicates that
the biological remains had attained different
morphological configuration as well as habitat Both
planktonic and benthic forms are known In benthic
forms, epibiont habitat has been exhibited in
'Krishnanicl forms' and flat floating habitat prevailed
in 'Frondoid forms'. The planktonic remains are
radial in symmetry while the benthic ones show
bilateral symmetry. The benthic metaphytes would
have occurred in shallow shelf-like, presumably
marine, setting. The development of hold-fast an
anchoring de\'ice, enabled metaphYles to resist
clislodgement by wave action, and the group
remained in favourable habitat It can be concluded
from the known data that the seas before the
Precambrian glaciation were well,populated hy
diverse assemblages of relati\'ely advanced
metaphyres which were well-adapted to the agitated
shallow-water environment. This environment \yas
favourable and thus helped the evolution of
metazoan during Late Proterozoic times.
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Upper Proterozoic
sediments, Nainital

n1icrofossils from
Synform, Kumaon

the Infra
Himalaya,

Krol
India

B. S Venkatachala, Manoj Shukla, Rajendra Bansal & S. K. Acharyya

Venk'Ha.chala, B S., Shukla, j\'lanoj, Bansal. Rajendra IX Achanya, S. K. 1990. Upper Prolerozoic microfossils from
the Infra Krol sediments, Nainital Synform, Kumaon Himalaya, India. 111 : Jain, K. I' &. Tiwari, R. S (ed~)--I)roc

S)'l1lp. 'Vislas in fndian Palaeobotany', Palaeobotanisl 38 : 29· 31:l.

Thin sections of cheny nodules, occurring within lhe dark grey to hlack cmbonaceous ,.;Iates of Infra Krol
sediments from Nainital Synform of Kumaon Himalaya, India show abundant microfossils. These are atrributed to

Gunf/illiia lIlin/lla, FOll1ycetupsis robusta, Palaeolyrlgbyo bargboorniano, Siphonupb)'c/ls Reslrun Animikit:o
seplata, Myxucoccoides minor, Palaeoanacyslis {ililgaris, Hlironiospora pSilata, f:uspIJaera sp., SpbaeranC/silius
irregillaris, Melanucyrilli/ll7l sp, (vase·shaped microfossils) and associated unnamed hmn "A," llley arc distributed
random Iv in the matrix containing a large amount of dispersed organic matter which imparts hrown to dark brown
colour to the chen matrix. The fossiliferous nodules may have been transported and redeposited alnng with the
Infra Krol slates llle vase·shaped microfossils indicate possibility of Upper Riphean·Lower Velldian age for this
assemblage. The age of Infra Krol sediments may be younger
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KROL BELT is a 3,000 meter thick sedimentary
sequence of limestones, dolomites, shales, slates
and nodular cherts on the southern margin of Lesser
Himalaya, The age of this sequence has been
controversial. A Palaeozoic-Mesozoic age for the
Blaini-Infra KrolKrol-Tal sequence was initially
assigned on the basis of correlation of Blaini
conglomerate with the Late PalaeOZOic basal
Gondwana conglomerate (=Talchir Boulder Bed)
(Oldham, 1888), The occurrence of Late Mesozoic

29

fossiliferous bed at the top of Tal Formation
(Shrivastava, 1972; Bhatia, 1980), the records of Late
PalaeOZOic microflora (Sitholey et aI., 1954;
Lakhanpal et aI., 1958; Sah et aI., 1968; Tewari &
Singh, 1979) and a solitary Permian brachiopod,
Linoproductus (Valdiya, 1980) from the Krol
Formation lent further support to this view.
However, recent palaeobiological evidences, viz.,
well-preserved microfossils from Blaini (Tewari,
1988a) indicate an Upper Riphean age
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Table I-Fossil log of Krol Belt

F
o T MICRO - AND HACROBIOT A
R I
H 0
A N MEMBER PLANTAE ANIMALIA LEBENSPURREN AGE REFERENCE

PHULCHA TTl BRACHIOPOD LENIAN T"pathl !!. ~ 1964
QUARTZITE
HEMBER

T CALCAREOUS BRACHIOPOD TAPHRHELMIN - A KU"Iar ~ ~. 1963 1987

MEMBER GASTROPOO THOPSIS T
HYOLITHS D
CHANCELLORIIOS A

B

A ARENACEOUS CHANCELLORIIOS SKOLITHOS A Singh & Ra, 1983

MEMBER POLYMERIO PLAGIOGMUS N Rai & Singh . 1983

TRILOBITE PHYCOOES I Singh ~ ~ 1964
A Kumar et al.. 1987

ARGILLACEOUS SMALL VERTICAL N

L MEMBER BURROWS

CHERT - CONODONTS & TOMMO - Almi ~ eL. 1981
PHOSPHORITE SMALL SHELLY TlAN Azmi ~ eL. 1983
MEMBER FOSSILS Bhatt ~ ~ . 1963 .196S

EPIPHYTON ' ARCHAEO - Singh & Rai. 1983

E RENALCIS
CYATHA V Singh & Rai. 1984

--- KORGAICYATHA U E Tewari & Ghosh. 1986

K P N

PHOSPHATIC P D Singh & Rai. 1963
D TUBE S & ROUND E I

FORMS R A

R
N

SMALL VERTICAL Singh & Rai . 1983
C BURROWS

WORM TUBES

0
CALCAREOUS M V Gansser 1974

B ALGAE I E
D N

L D D

VENDOTAENIOES L I Tewari . 1988 b
A I BROWN ALGAE) E A

N

I GUNFLiNTIA
N EOHYCETOPSIS Acharyya ~ ~. 1989
F PALAEOLYNGBYA V Venkatachala et al ..
R SIPHONOPHYCUS L E 1988 I This filS I -
A ANIMIKIEA 0 N
K ---

PROBL EMATIC A W DMYXOCOCCOIOES
R

PALAEOANACYS - E I
0

ill
R A

L
EOSPHAERA

N

VSMs

B TRACHYSPHAERI- UPPER - Tewa" . 1988 a

L DIUM MOST

A "AlGAL MAT RIPHEAN

I PROTOSPHAERI TO

N OIUM LOWER

I SYMpLASSO - VENDIAN
SPHAERIOUM

N A G T H A T F 0 R M A T I 0 N

Vendotaenides (Tewari, 1988b) from the Lower KIol
Formation. Archaeocyatha (Singh & Rai, 1984) and
ediacaran fossils (Mathur & Shankar, 1989) from the
Upper KIol Formation show Vendian age for the Krol
Formation. The presence of shelly Tummotian fauna
(Azmi, 1983; Azmi el aI., 1981; Bhatt el al., 1983,
1985) and stromatolites (Tewari, 1984) from the

Chert·Phosphorite Member, Trilobites (Rai & Singh,
1983; Joshi el aI., 1989) and brachiopods (Mathur &
Joshi, 1989) from the Arenaceous Member,
stromatOlites (Tewari el aI., 1988) and brachiopods
(Tripathi el aI., 1984) in the Phulchatti Quartzite
Member indicates a Lower Cambrian .age for the Tal
Formation (Table 1). The palaeobiological
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evidences from the Infra Krol sequence are
important to afford logical support to date the lower
limit of the Krol Formation.

The present paper concerns with thin-section
studies detailing the morphology, taxonomy and
affinities of the biota. An attempt has also been made
ro compare Infra Krol assemblage wirh well
documented assemblages of the world and to infer
the age of the Infra Krol sequence.

GEOLOGY OF THE AREA

The Blaini-lnfra Krol-Krol-Tal sequence forms a
persistent lirho-strarigraphic unit in the Krol Belt of
Himalaya. In the Nainiral area (29°25' : 75°28'), an
undisturbed stratigraphic succession from Infra Krol
to Upper KroJ succession is present from Manora to
Tiffin Top section. According to Acharyya et at.
(1989), the stratigraphic contact bet~veen the Blaini
and Infra Krol sequence is not clear owing to

structural complications. The Infra Krol sequence is
constituted of bleached pyritiferous slates. It
conformably grades upwards into Lower Krol
succession constituted by marl, calcareous slates and
limestOnes. The contact between the Lower Krol and
overlying Middle Krol sequence is gradational;
middle Krol consists of purple-green and grey slates

and calcareous siltstones with dolomite beds and
conformably grades upwards into the Upper Krol
carbonate near Hanumangarhi. In Kailakhan area and
on the Manora-Hanumangarhi mule-track, bleached
pyritiferous slates of the Infra Krol thicken in
outcrop. On this mule·track a thin bed of black slate
with black chert nodules is exposed which form
marerial for the present study. They have been
collected by one of us (SKA) from about 250 m north
of Manora Village towards Hanumangarhi. The black
slates are exposed in a narrow wedge of about 3 m
width at this point (Text-fig. 1).

The fossiliferous chert nodules form a minor
constituent of the bulk lithology which is made up
of black slates. The nodules measure about 2-3 cm in
thickness and are slightly compressed along the
plane of bed, though they themselves do not form
any bedding. Their surface is polished and shows
concoidal fractures It is apparenr that these nodules
may ha ve been transported and redeposi ted with
black slates of Infra Krol sediments which have been
attributed to shallow lagoonal environment
(Bhargava & Singh, 1981; Singh, 1981). Microbiota
and few broken parts of algal mats are seen
randomly distribured in the cryptOClystaliine to

amorphous matrix. The dispersed organic matter
imparts a brown to dark brown colour to the chert

SIWALIK GROUP~ Sandstone end shale

Diamictite I pink carbOnate ,quart-
SLAINI r4°\ zlte and s.lates of purple gr~enlsh
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Text-figure I-Geological map of the area around Nain ital, LJuar ('radesh.
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matrix. However, Acharyya et al. (1989) have
observed well·preserved mat structures with
preferred orientatio~ in thin sections of these chert
nodules. This has led them to conclude that the area
mainly represents progressive trapping of superficial
microorganisms in abiogenic shales and these
rnicrofossils must have been later rerlaced bv silica.

TAXONOMIC AFFINITIES

The microfossils are organically preserved They
have been studied in petrographic thin·sections. The
highly diagenised nature imposes some limitations
on assigning taxonomic affinities. The assemblage is
dominated bv hollo<;\,. sheaths and cell envelopes.

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

Genus- GUllJlilltia Barghoorn & Tyler 1965

GlIl7Jlinlia minilla Barghoorn & Tyler 1965
PI, 1, fig. 6

Description-Filaments multicellular,
unbranched, uniseriate, straight or slightly curved,
septa indistinct and occasionally variably spaced.
Surface texture granular. Filament width 3 to 5 J..Lm,
g= 38 J..Lm (n = 12, see Text.fig. 2) Maximum
filament length observed 120 J..Lm (incomplete
fi lament).

Remarks-Few forms with ill·defined septa and
variable cell lengths have also been included here.
They mav be diagenetical!y altered forms.

Genus- Eomycetopsis Schopf 1968

/;·omycetopsis robusta Schopf 1968
PI. 1, figs I, 2

Description-Filaments unbranched, tubular,
non·septate, occasionally in entangled mesh (PI 1,
fig. 1), surface texture granular. Filament width 4.4
to 50 J..Lm, g =4.7 (n = 18, see Te>..1:·fig. 2). Maximum

.£~

1·~

•••• c.t1OO.NI."HA

!~~.

~ ~~.!.!~.t
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Text·figure 2-Comparalivt' graph of size variation of fila·
mentous cyanobacteria.

filament length observed 80 J..L m (incomplete
filament).

Remarks-The Infra Krol microfossils have
larger width.

Genus- Palaeolyllgbya Schopf 1968

Palaeolyngbya bargboorniana Schopf ] 968
PI. ], fig. 4

DeSCription-Filament solitary, multicellular,
unbranched, uniseriate, constricted at septa, apex
rounded, cross walls distinct, evenly spaced, surface
texture granular. Cells discoid, 4.5 to 5.0 J..Lm long
and 13.00 to .l 5.00 J..Lm wide (only one specimen
observed ).

Remarks-The solitary filament described here
is comparable to P. bargboorniana Schopf 1968 in
overall morphology. However, the specimen is larger
in size and the sheath is nOt preserved.

Genus- Siphonophycus Schopf 1968

Sipbonopbycus kestrOl1 Schopf 1968
PI. ], fig. 3

Description-Solitary, unbranched, tubular, non·
septate, tapers tOwards rounded apex. Surface
texture granular. Filament width 10·13 /.Lm, g = ]25

-.
PLATE 1

Bar=10 J-Lm

1. 2. F01n.l'celOpsis robusla, Slide no. BS'P 10260.
:>. SipbonophYClls keslron. Slide no. BSIP 10258.
4. PalaeolJ'l1gbya bargboorniana, Slide no. BS'P 10261.

5.12.14. Incerlae sec/is, Unnamed Form 'A', Slide no BSIP 10258.
6. CIII1j1il1/ia mil"ll/Ia. Slide no BSJP 10260.

7 MelanocyritliuJ1l sp.. Slide no. BSIP 10261.

H. Animikiea seplala, Slide no. BSIP 10258.
9. Huroniospora psi/ala, Slide no. BS1P 10258.

10. Eosphaera sp, Slide no. BSIP 10258.
11 Myxococcoides minor, Slide no. BSIP 10261.
13. PalaeoanaL}'slis vulgaris, Slide no. BS1P 10258.

15, 16. Sphaerallasillos irregularis, Slide nos. BSIP 10259,10261.
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PLATE 1
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J..tlll (n = 9, see TC>.1-fig. 2) lv[aximum length
()b~el"\ed 90 J..tm (incomplete specimen)

RE'llwrks- The microfossils described here ha\'e
smaller a"erage width and granular surface texture
The gra nula (. texw re ma y be due to d iage netic
:literation.

Genus-Animikiea Barghoorn & Tyler 1965

Animikiea septa/CI Garghoor!1 & Tvler 196'5
PI I, fig. 8

f)escnplioil-Filamellts unbranched, straight or
slightlv cur\'ed, multicellular with indistinct septa
Filament diameter 7.'5 to 102 J..t1l1 \yide, goo 90 J..tIl1
(n = 8, see Text-fig. 2).

Rell1arks--These microfossi Is do not show
distil1l't septa due to diagenesis.

Genus-Myxococcoides Schopf 1968

JJ)'xowccoides minor Schopf 1968
PI I. fig. 11

Descnption-Cells spherical or ellipsoidal,
clumped in glohular colonies composed of few to
man\' cells. occasionally disrorred due to muwal
compression Surface texture psi late to finely
granular Sheaths around individual cells absen\.
Indi\-idual cell diameter 90 to 120 J..tm, g = 110 J..t1l1
(n = 17H, see Te:\.1fig. 3)

Nemarks- The microfossils here have larger
indi\'idual cells They are distorred perhaps due to
diagenetic alteration.

Genus- Paiaeoanacystis Schopf 1968

mutual compression Cell diameter 4.'5 to 7.'5 J..tm,

g=5'5 J..tm (n=200, see Text-fig. 3)
Remarks-The colonies have smaller number of

cells which are larger in size as compared to similar
forms from Biner Springs Formation (Schopf, 1968)

Genus- Huroniospora Barghoorn & Tyler 1965

Hilronio~pora psilata Barghoorn & Tyler 1965
PI. 1, fig. 9

Description-Cells solitary, spherical to oval.
psilate, cell size '5 to 12 J..tm, g=8 Mm (n= 14 see
Te>"Tfig. 3)

Genus-Eosphaera Barghoorn & Tyler 1965

Fo~pha('ra tyleri Rarghoorn & Tyler 1965
J:'ospbaera sp. Barghoorn & Tyler 196'5

PI. 1, fig 10

Descrzption--Hollow sphaeroidal colony with
outer ring formed by granular cells. Diameter of
inner sphere 8-10 J..tm and outer 1'5 to 18 J..tm
Indi\'idual cells 2 to 4 J..tm, g = 3'5 J..tm (n = 35, see
Text-fig. 3)

RE'marks-The se microfossils are d istorred due
to diagenetic alterations, but morphologically
resemble hollow globular colonies of the
chroococcacean cyanophytes.

Genus-Sphaeranasilios Allison & Awramik 1989

Spbaeranasillos irregularis Allison & Awramik 1989
PI. 1, figs 1'5, 16

Palaeoanacystis uillgaris Schopf 196H
PI 1, fig. 13

DeSCription-Cells spheroidal, clumped in
spherical to oval colonies, composed of 100 to 12'5
cells. Surface texture psilate, cells disrorred due to

Text-figure 3-Colllparative graph of size variation of coccoidal
cyanobaCiena.
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Descnption-Round, solitary, cell-like body,
surface double-walled, walls distinct with spinose or
pyramidal projections. Surface projections irregularly
distributed. Texture granular. Size 28-30 J..tm in
diameter Projections 4-8 J..tm in height.

Remarks-The forms described here
morphologically compare with the form from the
earliest Cambrian or latest Proterozoic Tindir Group,
Yukon Territory, Canada (Allison & Awramik, 1989)
However, the forms described are larger in size.

Ge nus- Meianocyrlllium Bloeser 1985

;vfelanocyrillillm sp. Bloeser 1985
PI. 1, fig. 7

Descrzption-Greyish black to black, flask or
vase-shaped vesicles, base rounded, body tapers
towards apex, wall apparently rigid permirring
undistorred preservation of shape. Size 45 [080 J..tm
long Maximum cross sectional diameter 20 [0 35
J..t 111.
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Remarks-These forms morphologically
compare with the vase·shaped microfossils from
Kwagunt Formation, Chuar Group, Arizona (Bloeser,
1985). However, they do not show the characteristic
excystment pore (pylome) mostly seen in SEM
studies.

INCERTAE SEDIS

Unnamed Form 'A'
PI. 1, figs 5, 12, 14

Description-Solitary, unbranched, hollow
cylindrical, straight or slightly curved, tubular,
tapering towards apices. With single or
multichambered (?cellular) margin, texture
microgranular. Microfossils 120 ro 180 jlm long and
20 to 40 /-Lm broad, marginal cells 3 to 5 /-Lm in size.

Remarks-On the basis of morphology the form
depicted in PI. 1, fig. 14 resembles Eospbaera sp., a
hollow globular colonial form. However, on change
of focus, the circular arrangement of cells project
unidirecrionally in a linear manner. It perhaps
represents cross section of the horizontally inclined
tubular sheath (PI. 1, figs 5,12) with thick margins.

DISCUSSION

Forms attributed to Gunjlintia and Eomycetopsis
have more or less overlapping size ranges and hence
it is probable that the Eomycetopsis sheaths are
envelopes left by Gunjlintia like trichome (see
Comparative graph for size· variation of filaments:
Text-fig. 2). Gunjlintia like trichomes and
Eomycetopsis type of sheaths are morphologically
comparable to extant cyanobacteria belonging to the
Family Oscillatoriaceae (Hofmann. 1976; Knoll &
Golubic, 1979). Animikiea is morphologically
comparable to Oscillatoria and Lyngbya (Barghoorn
& Tyler, 1965). A soli tary specimen of Palaeolyngbya
recorded here and sheaths attributed ro
Siphonophycus apparently represent fossilised
trichomes and sheath of Oscillatoria and Lyngbya
respectively (Schopf, 1968). They also show
overlapping size ranges in the Infra Krol assemblage.
The coccoid unicells referred here as Huroniospora
has cell sizes comparable to both Palaeoanacystis
and Myxococcoides (see Comparative graph for size
variation of coccoids: Text-fig. 3), and may represent
detached cells from crushed colonies. Hollow
spherical colonies of Eospbaera have been
compared with extant genera Gompbosphaeria and
Coelosphaerium (Golubic & Barghoorn, 1977).
Myxococcoides and Palaeoanacystis are the rwo
colonial forms which occur as solid globular

colonies and have been compared with eJ:Clant
chroococcacean genus Anacystis (Golubic &
Rarghoorn, 1977 ).

The round cell·like forms with spinose
projections have been assigned to Sphaerdnasillos
irreglilaris of unknown affinity. The vase·shaped
organic structures here refered to Melanocyrillilll11
have been compared with Palaeozoic chitinozoans
(Bloeser et ai, 1977) and chitinozoan-like
microfossils (Vidal, 1979; Binda & Bokhari, 1980).
Another more plausible comparison has been given
by Fairchild ef al (1978), who considers/hese as
unequivocal evidence of heterotrophic protists, a
group about which very little is known.

The Unnamed Form 'A', with single ro
multichambered Ucellular) margin resembles the
diploblastic stage in the ontogenic phase of the
cnidarians. The Cnidarians are the most primitive
and presumably the oldest of all the metazoan phyla.
They are generally triploblastic but they pass
through a diploblastic stage in their ontogenic
development. It is quite possible that this
diploblastic stage, sometimes in the evolutionary
hisrory of that phylum, could have been a free liVing
form. Diploblastic forms refered to as Unnamed
Form 'A' could represent precursors of Cnidarians.

The Infra Krol assemblage is predominantly
constituted by filamentous and coccoid cyanophyres
which are nor helpful as specific age indicators
However, the presence of vase-shaped microfossils
help tentatively to deduce the age of the Infra Krol
microbiota. These vase·shaped organic structures are
recorded to appear at the end of Riphean and extend
into Vendian.

The present microfossil assemblage from the
Infra Krol also compares well with the records from
Suket Shale Formation (Maithy & Shukla, 1977),
Gangolihat Dolomite (Nautiyal, 1980), Ujhani Deep
Well, Ganga Basin (Maithy et ai, 1983), Kheinjua
Formation (McMenamin ef al., 1983), Deoban
Formation (Shukla ef ai, 1987), Rohtas Formation
(Venkatachala ef al., in press) of India; DOllshantuo
Formation, China (Zhang, 1985), Yudoma Suite,
USSH (Lo, 1980), Bitter Springs Formation (Schopf,
1968), Amelia Dolomite (Muir, 1976), HYC. Pyritic
Shale (Oehler, 1977), Balbirini Dolomite (Oehler,
1978) of Australia, Hecla Hoek Sequence, Svalbard
(Knoll, 1982a), Draken Conglomerate (Knoll,
1982b) of Europe and Tindir Group (Allison &
Awramik, 1989) of Canada. But many other genera of
both coccoid and filamentous cyanobacteria as well
as Acritarchs recorded in these assemblages are not
found in the Infra Krol assemblage (see Table 2).
The assemblage recorded from Dismal Lakes Group,
Canada (Horodyski & Donaldson, 1980), Haillloto
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Table 2-Comparison of Infra Krol microfossils with other assemblages of the world

Infra Krol genera Gun· Eomyce· Palaeo Siphono· Animi· Myxo· Palaeo· Huro· Eosph· Sphae· V.S.M.'s
f/imia I apsis Iyngbya phycus kiea coccoi· ana· niospora aera rana·

Other Areas des cyslis si//os

Deoban Formation, India + + + + +

Rohtas Formation, India + t + + +

Kheinjua Formation, India + + +

Gangolihat Dolomite, + + +

India
Suket Shale, India + + +

Ujhani deep well, Ganga + +

Basin, India
Hecla Hoek sequence, + +

Svalbard
Visingso' beds, Sweden +

Draken conglomerate, + + +

Svalbard
HailuQ[O Area, Finland +

Amelia Dolomite, + + + +

Australia
Bi[[er Springs Formation, + + + + +

Australia
Dismal lakes group,

Canada
Balbirini Dolomite, + + + + +

Australia
HYC pyritic shale, + + +

Australia
Yudoma suite, USSR + + +

Doushantuo Formation. + + + + + +

China
Tindir Group, Canada + + + + + +

area, Finland (Tynni & Donner, 1980) and Visingso
heds, Sweden (Knoll & Vidal, 1980) differs from the
Infra Krol assemblage in the absence of all Infra Krol
genera except for Myxococcoides in Dismal Lakes
Group, Palaeolyngbya in Hailuoto area and the vase·
shaped microfossils in Visingso beds (see Table 2).
The available palaeobiological evidences from the
Krol Formation (see Table 1) suggest a Vendian age
for the Lower Krol sediments, thus implying a pre·
Vendian or Upper Riphean·Lower Vendian age to the
Infra Krol sequence. This conclusion is further
substantiated by the occurrence of vase·shaped
microfossils, viz., Melanocyrillium. Thus even if the
nodules were deposited in some other environment
and transported later, there must not have been a
considerable time lag between their deposition,
erosion and redeposition in the lagoonal site of the
Infra Krol sediments.
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A review of cuticular features of species of the glossopterids reveals that most of the species from Karharbari
and Barakar formations are hvposlOmatic while a few species in the Raniganj Formation are amphistomatic. Lateral
walls of cells in species from older horizons are mostly straight, whereas, in Raniganj species they are often
sinuous. Si milarly, surface walls of cells of species of Karharbari Formation are mostly unspecial ised, whi Ie those of
Barakar and Raniganj formations may be papillate or non· papillate, striated or mouled and sometimes with
epidermal hairs. In most species the stomata are anomocylic, irregularly orieIHed and di~tributed Rarely, a regular
diStribution and a definite orientation is seen. In the older horizons the stomata may be dicyclic or partly
amphicyclic besides monocyclic, whereas in Raniganj species they are usually monocyclic. Guard cells are mostly
sunken in Karharbari species, normal and usually hyaline in Barakar species and sunken and thickened in the
species of Raniganj Formation. Subsidiaty cells are usually unspecialised in the species of older horizons, whereas
in the Raniganj Formation they are usually papillate, invariably overhanging guard cells No significant trend is
observed in other gymnosperms.
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THOUGH during the last three decades a vast
amount of data has accrued on the epidermal
morphology of gymnospermous leaves recorded
from the Permian of India, yet there has been hardly
an attempt to trace evolutionary aspects of this
feature, Therefore, the available data needs to be
collated and organised for proper understanding of
the evolutionary significance, if any.

Characters which are considered important for

39

epidermal morphology are: cuticle hypo-, epi- or
amphi-stomatic; cells differentiated into vein and
mesh areas or undifferentiated; anticlinal walls
straight, curved, arched, undulate, sinuous, toothed
or pitted; surface walls unspecialised, papillate,
mottled, striated or with trichomes; orientation and
distribution of stomata; guard cells sunken or
normal, thickened or hyaline; subsidiary cells
unspeciaJised or papillate.
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The three major groups of Permian
gymnosperms from India are: glossopterids.
cordaites and conifers.

GLOSSOPTERIDS

Cuticular features are known for the genera
Gangamopteris, Glossopteris, Palaeouittaria,
Rhabdotaenia and Belemnopteris. Most of the leaves
from the Karharbari Formation are hypostomatic but
amphistomatic leaves are also reported, e.g.,
Gangamopteris cyclopteroides, G. papillosa and G.
obtus/jolia (Pant & Singh, 1968). Most leaves of
Barakar Formation too are hypostomatic except for a
few species of Glossopteris which are amphistomatic.
In the Raniganj Formation, though the hypostomatic
cuticle is more common, yet amphistOmatic
elements are nOt uncommon, e.g., Gangamopteris
indica, Palaeovittaria raniganjensis, Glossopteris
brongniartii, G. formosa, G. tortuosa, G. varia, G.
vulgaris (Srivastava, 1956; Pant & Verma, 1964; Pant
& Gupta, 1968). Cells are usually differentiated into
midrib, vein and mesh areas with a few exceptions,
e.g., Gangamopteris hispida, G. gondwanensis and
Glossopteris pandurata (Karharbari); Glossopteris
damudica, G. obscura, G. intermittens, G.
rhabdotaenioides-tO name a few (Barakar
Formation) and Gangamopteris flexuosa, G. indica,
Glossopteris arberi, G. stenoneura, G. conspicua, G.
contracta, G. elongata, G. ghusikensis, G.
gondwanensis, G. lanceolatus, G. oldhamii, G.
radiata, G. sahnii, G. taeniopteroides, G. major,
Belemnopteris sagittifolia, B. pellucida (Raniganj
Srivastava, 1956; Pant & Gupta, 1971; Pant & Singh,
1971; Pant & Choudhury, 1977).

Although the lateral walls of cells are straight in
most of the leaves, departures frequently occur, e.g.,
undulate to sinuous walls in Glossopteris zeilleri and
G. giridihensis, pi tted in Gangamopteris
cyclopteroides and G. hispidia (Karharbari); straight
to undulate walls in Glossopteris pseudocommunis,
G. cf. leptoneura and other Glossopteris species
(Barakar); sinuous walls in Gangamopterisflexuosa,
G. cf. hughesi, Glossopteris elongata, G.
gondwanensis, G. harrisii, G. tenuifolia, G. waltonii,
G. longifolia, G. mandata, G. oldhamii, G. sastrii, G.
singularis, G. subtilis, G. transversalis, G. nautiyalii
(Pant & Gupta, 1968, 1971; Pant & Singh, 1974),
Rhabdotaenia fibrosa, R. daenioides (Pant & Verma,
1963), Belemnopteris sagittifolia and B. pellucida;
straight to arched walls in Glossopteris brongniartii,
G. stenoneura, G. petiolata, G. searsolensis, G. varia,
G. vulgaris, and pitted walls in G. maculata and
laminated in G. contracta (Raniganj). Surface walls
are usually unspecialised; sometimes papillae are

present which may be numerous, small as in
Glossopteris angusta or single median as in G.
giridihensis (Pant & Gupta, 1968) or Single, conical
or dome-shaped as in Gangamopteris cyclopteroides,
G papillosa, G. hispida and G. media (Pant & Singh,
1968-Karha rbari Forma tion). Single hollow, dome
shaped papillae are also present in Glossopteris
ornatus, G. intermittens (Barakar) and in
Gangamopteris flexuosa, Glossopteris gondwanensis,
G. major, G. oldhamii, G. tortuosa, G. vulgaris, G.
varia, Rhabdotaenia fibrosa, R. daenioides and
Palaeovittaria raniganjensis (Raniganj). In the
Raniganj Formation, apart from the single papilla,
numerous small papillae are seen in Glossopteris
tenuifolia and G. waltonii. The surface walls are
mottled in Glossopteris harrisii, Rhabdotaenia
fibrosa, Belemnopteris sagittifolia and B. pellucida,
striated in Glossopteris contracta and G.
rhabdotaenioides and with circular hair bases in
Glossopteris tenuifolia.

The stomata are anomocytic throughout and
monocyclic in majority of the leaves. Stomata are
sometimes amphicyclic in the Karharbari Formation
as in Gangamopteris cycloptero ides, G. hispida,
Glossopteris giridihensis, or dicyclic-as in G.
karharbariensis. In the Barakar Formation no
exceptions are found. In the Raniganj Formation
amphicyclic (Glossopteris browniana, G. harrisii, G.
major, G. petiolata) and dicyclic (Gangamopteris cf.
hughesii, G. indica, Glossopteris formosa, G.

tortuosa, G. cf. divergens) stOmata occur in few
cases. Stomata are usually irregularly distributed in
the Karharbari species. However, sometimes they
are distributed in groups in G. obscura (Barakar) or
in linear rows in Gangamopteris cf. hughesii,
Glossopteris conspicua, G. taeniopteroides and G.
vulgaris (Raniganj). Orientation of stomata is mostly
irregular. However, in some of the members of
Karharbari and Raniganj formations the stomata
show a definite orientation, e.g., they are oriented
longitudinally in Gangamopteris cyclopteroides and
obliquely in Gangamopteris papillosa (Karharbari)
and show a longitudinal orientation in Glossopteris
conspicua and Palaeovittaria raniganjensis
(Raniganj). Guard cells are sunken and usually
thickened in the leaves of Karharbari and Raniganj
formations and normal and hyaline in the species of
Barakar Formation. However, they are sometimes
hyaline in Gangamopteris hispida (Karharbari),
thickened in Glossopteris pseudocommunis
(Barakar) and normal in Glossopteris formosa
(Raniganj).

Subsidiary cells in the leaves of Karharbari and
Barakar formations are usually unspecialised,
whereas those of the Raniganj Formation are usually
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papillate with papillae invariably overhanging the
guard cells. However, papillate subsidiary cells are
known 10 occur in Gangamopteris cyclopteroides of
Karharbari Formation and a few Barakar species of
Glossopteris. Unspecialised subsidiary cells are
present in Gangamopteris indica, G d.
cyc!opteroides, G d. hugbesii, Glossopteris
brongniartii, G. brou'niana, G. maculata, G.
bengalensis, G conspicl..la and G. elongara of
Raniganj Formation

Cells of the cuticle of midrib are usually
undifferellliated in most of the members throughout
the Lower Gondwana. However, a few species of
Glossopteris and Rhabdotaenia fibrosa show
differentiation of cells inlO striated and non-striated
areas corresponding to vein and mesh areas.
Antielinal walls of cells are usually thick and
straight. However, straight to sinuous walls have
been reported in G. angusta (Karharbari); undulate
walls are present in G. rhabdotaenioides, G obscl..lra,
G pseudocommunis (Barakar) and sinuous walls
have been reponed in Glossopteris arberi, G.
contracta, G. tenuifolia, G. gondwanensis, G
ghusikensis, G harrisii and Rhabdotaenia
daeniOides (Raniganj). Surface walls of cells over
the midrib are usually unspecialised though a single
hollow, dome-shaped papilla is preselll in
Glossopteris angusta (Karharbari), G. ornatus
(Barakar) and G. spathulata, G. vulgaris, G.
contracta, G. major (Raniganj). Sometimes, single
celled hair-bases are also present, as in Glossopteris
intermittens (Barakar) and G subtilis (Raniganj'). In
the Raniganj Formation other types of variations on
cell surfaces also occur, e.g., the walls are mottled in
Glossopteris spatbulata and Belemnopteris
sagittljolia and striated in Glossopteris contracta,
Rbabdotaenia daenioides and R. fibrosa. SlOmata, as
a rule, are abselll from midrib but they have been
reponed in some species of Glossopteris of Raniganj
Formation, e.g., G varia, G. nautll'alii, G. subtills, G
tenuljolia, G. formosa, G. gigas, G. petiolata, G.
sparbulata and G. waltonii (Pant & Gupta, 1968,
1971; Pant & Singh, 1971).

CORDAITES

Epidermal morphology is known only for the
Karharbari species of the genus Noeggeratbiopsis
(Lele & Maithy, 1964; Pant & Verma, 1964). The
cuticle, though usually hypostomatic, is
amphislOmatic in N. bunburyana and N. indica. The
cells of lower surface of all the species are
differentiated into vein and mesh areas whereas,
those of upper surface are undifferentiated. The
cell walls are straight except in N. zeilleri where

they arl' flexuous and 100thed. Whereas the upper
surface has unspecialised cells the lower surface
often has dome-shaped papillae (Pant & Verma.
1964) The stomata are anomocvtic, usually
monocyelic, rarely amphicyclic as in N fibrosa.
oriented longitudinally and distributed in
longiwdinal rows except in N gondwanensis and N
zeitleri (Lele & Maithy, 1964) where they are
irregularly arranged. The guard cells are sunken,
usually thickened, sometimes hyaline, e.g., N.
indica, N. gondwanensis and N zeilleri. The
subsidiary cells may be papillate (N papillosa, N
indica. N. gondwanensis) or non-papillate (N.
bunburyana, N fibrosa, N zeil/eri) and are usually
heavily cutinised.

CONIFERS

Of the four conifer genera known,
Paranocladus (Talchir) is amphislOmatic, Buriadia
(Karharbari) and Walkomiella (Barakar) are
epistomatic and Searsolia (Raniganj; Pant &
Bhatnagar, 1975) is ?hYPoslOmatic. Anticlinal walls
of cells are straight and pitted in Buriadia (Pant &
Nautiyal, 1967) and sinuous and toothed in
Walkomiella (Surange & Singh, 1957) In rest of the
genera, they are straight. Surface walls of either one
surface (Paranocladus, Buriadia, Searsolla) or bOth
the surfaces (Walkomiella) show papillae.
Sometimes epidermal hairs are present as in
Buriadia and Walkomiella. SlOmata in all the genera
are monocyclic, sometimes incompletely
amphicyclic in Paranocladus, usually longitudinally
oriented except in Walkomiella where they are
irregularly oriented. The SlOmata are distributed in
wide bands in Buriadia and Searsolia. Guard cells
are sunken and thickened and subsidiary cells are
papillate in all the genera with papillae overhanging
guard ce lis.

CONCLUSIONS

The data available is insufficient 10 critically
evaluate the evolutionary pattern in epidermal
morphology of Gondwana gymnosperms. The
QyposlOmatic cuticle, differentiated cells of laminar
region, straight allliclinal walls, unspecialised
surface walls, monocyclic slOmata, their irregular
distribution and orientation, sunken and thickened
guard cells, unspecialised subsidiary cells are
dominant characters and are present throughout,
however, exceptions are not uncommon. Amongst
the exceptions, normal and hyaline guard cells
dominate over the sunken and thickened ones in the
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Barakar Formation and papillate subsidiarv cells are
more frequent than the unspecialised ones in
Raniganj Formation. Among the exceptional
charaCters it is observed that their occurrence in
older horizons, \·iz., Karharbari and Barakar
formations. is lesser as compared to in the Raniganj
Formation. This may be due to the faCt that cuticular
features of a larger number of genera and species are
known in the Raniganj Formation. However, as an
o\'erview, it can be said that cuticle tends to be
hypostomatic although a few amphistomatic species
occur in Karharbari and Barakar formations, their
number being larger in the Raniganj Formation.
!.Llteral walls of cells in species from older horizons
are mostly straight vvhereas in Raniganj they are
often sinuous and pined Similarly, surface walls of
cells of species of Karharbari Formation are mostly
unspecialised (with the exception of
Noeggeratbiops/s and Bur/adia), while those of
Barakar and Raniganj formations show \'ariations and
may be papillate or non·papillate, laminated,
striated, monied and sometimes with epidermal
hairs. In most species, except for those of
Noeggeratbiopsis the stOmata are irregularly
distributed and oriented. The lea\'es of Karharbari
and Raniganj formations apart from monocyclic may
also have dicyclic and amphicyclic stomata. The
species of Barakar Formation are always monocyclic

with one exception, viz., Walkomiella where thev are
partly amphicyclic. Guard cells are mostly sunken in
Karharbari species, normal and hyaline in Barakar
species and again sunken and thickened in the
species of Raniganj Formation, The above overview
clearly shows that more data is needed on epidermal
morphology of Gondwana gymnosperms for tracing
evolutionary tendencies.
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Plant fossils from upper beds of Raniganj Formation
in Jharia Coalfield

Usha Bajpai & Rajni Tewari

Bajpai, Usha & Tewari. Rajni 1990 Plant fossils from upper beds of Raniganj Formalion in jharia Coalfield
In : jain, K. P. & Tiwari, R. S. (eds )-Pruc. Symp. 'Vistas il1 Indian Palaeobutany', Palaeubutanisl 38 : ~1.'\-4tl.

There are three major coal seams in the Raniganj Formation of jharia Coalfield, viz, Mahllda, Rhurllngia and
Lohpiti, in ascending order The main constituents of the plant fossil assemblage from the roof shale of Lohpiti
Seam, lhal underlies the Lohpiti Sandstone Member, are the leaf Glussupteris sfJailae. the Slem Arallcarioxylon
kumarpurensis and the megaspore Nuniasporites harrisi/o A similar fossil assemblage has earlier been reported
from the roof shales of Kajora Seam lhat underlies the Kumarpur Sandstone j'vlember of Raniganj Formation in
Raniganj Coalfield. The correlatabilit)' of Lohpili Sandstone Member with Kllmarpur Sandsronc Member is
established

Key-words-Megafossils, Raniganj Formation, Permian (India)

Usha Bajpai & Rajni rewari, Birbal Salmi InSlitute of Palaeubotany, 53 Unil'ersity Road, Llicknoll 226007,
India.
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IN ]haria Coalfield, the Raniganj Formation is
developed in south-western part in Mahuda sub
basin. Fox (1930) recognized four units in the
Raniganj Formation of ]haria Coalfield, viz.,

Lohpiti Sandstone
Telmucha Coal Measures
]amdiha Sandstone
Murulidih Coal Measures

Gee (1932) correlated the above units with those of
the Raniganj Formation of Raniganj Coalfield.

Jharia Coalfield
Lohpiti Sandstone.
Telmucha Coal

Measures
Jamdiha Sandstone
Murulidih Coal

Raniganj Coalfield
Kumarpur Sandstone
Nituria Coal

Measures
Hijuli Sandstone
Sitarampur Coal

Measures Measures
Mahuda Sandstone Ethora Sandstone

On the basis of contained mega-and microflora
the age of the Raniganj Formation is considered to
be Late Permian. Three coal seams are recognised in
the Raniganj Formation of ]haria Coalfield, viz.,
Mahuda, Bhurungia and Lohpiti seams, in order of
superposition. The first and the third seam locally
split into bottom, middle and top, Thus the IOta I
number of seams is up to seven.

Not much is known about the fossil flora of the
Raniganj Formation in ]haria Coalfield Feistmal1lel
(1881, pp. 134, 135) listed

"Schizoneura gondwanensis Fstm., Dicksonia
bugbesi Fstm., Asplenium whithyense Heer,
Macrotaeniopteris danaeoides Royle, Glossopteris
communis Fstm."
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size of the meshes varies in different parts of the
lea\'es The shape of the meshes is usually arcuate
near the midrib. rarely angled or deltoid and mostly
trapezoidal elsewhcre.

The leaf appears to be hypostomatjc since
cuticle of only one surface (probably lower) shows
stomata. Stomata are rare. The upper cuticle of
lamina is differentiable into vein and mesh areas
through shape and arrangement of cells. Veins show
anastomoses. The cells over the veins are elongate,
rectangular to elongate-polygonoid and are arranged
end-to-end in almost linear rows The cells over the
mesh areas are irregular to polvgonal in shape and
are arranged irregularly The lateral walls of the cells
are straight to slightly undulate. The surface walls
are papillate, each cell shOWing a single, dome
shaped papilla.

The lower cuticle of lamina is also differentiable
into vein and mesh areas in the same way as the
upper cuticle. The cells over the veins are elongatc
rectangular or polygonoid, sometimes squarish and
are arranged end-to-end in linear rows. The cells
(wer the mesh areas are polygonal to irregular in
shape (PI 1, fig 3) and are arranged irregularly The
lateral walls of the cells are straight to undulate. The
surface walls of cells bOth over the veins and the
meshes are non-papillate. The stomata are
ano!11ocytic (haplocheilic') and are irregularly
distributed and oriented. The stomatal apparatus is
monocyclic and has 5-6 subsidiary cells which are
like other epidermal cells The guard cells are
sunken

iVlaheshwari (1964. 1967') reported fossil wood
and Phyllotbeca australis from the area, to which
Banerjee and Banerjee (19H4) added Trizygia
speciosa, Phyllotheca griesbachii, Dichotol1loptpris
major, D findlpyi/. Diz(!lIgorbeca phegopferoides,
Neoma rioptcris polVl17orpba and N 10l/lJolia

MATERIAL

Plant fossils were collected lw one of LIS (UB.')
from. (i) Shale above Lohpiti Top Seam, Lohpiti
Colliery. pit no 2. (GlossoptNis shailae, Vertehraria
indica. eqLlisetaceoLls stems, Neomariopteris
bugbesii and fossil wood '), (ii) Coal seam in Lohpiti
Colliery. New Incline (fossil wood): (iii') Shale
partition in l'l'lah uda Seam, Rhatdih and i\tlllrulidih
collieries (Glossopteris spp, Vertebra ria indica'):
(iv) Roof shale, Mahuda Top Seam. Bhurungia
Colliery (Glossopteris sp., Vertehraria indica).

Glossopteris shailae Bajpai 19R6

PI 1. figs 15

Description-The collection consists of more
than twenty specimens, majority of which are
incomplete The leaf compressions mostly have a
carbonified crust. The overall shape of the lea\'es
probably \'\'as lanceolate (PI 1, fig.l; L 2') with
rounded arex (PI 1, fig. 4 J, narrow hase (PI. L fig.
S') and entire margin The leaf was widest in the
middle part. The midrib is flat. striate and distinct in
the basal region Prominent pitS are present between
the striations (PI 1, fig 1). Midrib ~s evanescent in
rhe apical region (PI. 1. fig. ')') The lateral veins
emerge from midrih at very acute angles (1°_6°'),

take an ollt\,'ard CUf\'e and after successive
dichotomies and anastomoses 8prroach the margin
at an angle berween 60° to 69' in the apical region,
39° to SO° in the middle region and 28" to 35 0 in
the basal region. The vein dichotomies usually are of
gamrna and lambda types, rarely of psi type and the
cross-connections berween the \'eills which form the
meshes are usually of zeta type, rarely forming zeta
series, and occasionallv of pSi-lambda t\·pes. The

Dimensions

Ouera{{ size
V("idtIJ oj midrih

in basal region
in middle region

Numher oj veins in
near midrib
near margin

Numher oj veins in
near midrib
near margin

5.1-130 x 1.6,2.8 cm

3 mm
1 mm

apical region
: 10 (Io.n 12/cm

: 24 (22) 26/cm
middle region

11 (12.5') 15/cm
21 (24) 27 /cm

PLATE 1

1.2. GfO.'.'O{JI<,ris shaifae ILqpai, Icaves. x J. Specimen nos.
ESlP 36268, .362 7 0

). lnwer cuticle of G sbaifae showing stomata. x 1SO. Slide
nlJ. RS1P 36268

~.s Apcx and basal portions respectivel)' of [he I("af of C. shaila<'
x 1 Sp("cimcn nos BSIP 36269. 36271

6. Proximal view of a differentially macerated megaspore of
NoniasjJoril<,s barrisii, rill-like structures are also seen.
x 100, 51 ide no. BSIP 10097

7 A macerated megaspore of Noniasporiles hen-isii showing a
dark circular mesosporium. x 100: Slide no. BSIP 10098.
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fllll

24-'56 x 18-40 flm

1-4 fl m
32-40 x 4-8 flm

32-100 x 36-68

2-4 fl m

1-2 flm

32-40 x 12-36 flm

32-40x4-12 flm

o\'er veins
Size of cells over

meshes
Thickness of cell walls

over meshes
Size of stomata
Size of guard cells
Thickness of guard cell

wall
Size of stomatal pore :
Size of subsidiary cells:
Thickness of subsidiary

cell wall 4 flill
Stomatal index 1.78-2.54

Under Scanning Electron Microscope the leaf
cuticle shows rod-shaped, 2-3 flill long bacteria (PI.
2, fig, 5) that had completely degraded the cell
Illargins, probably during biodiagenesis.

LOIL'er cltticle of lamina
Size of cells over veins: 28-60 x 24-40 flm

Thickness of cell walls

Araltcariox)Jlon kummpltrensis Bajpai & Singh 1986

Pith and primary xylelll are not presen'ed in any
of the woods. The secondary xylem is preserved only

in patches (PI. 2, figs 4,6) its organisation is similar
to that of Araucario).,ylon kltmCllpllrensis.

On most of the area, the lignin material is
completely lost and therefore the details of the
tissue are not seen. The bordered pits are often
filled with crystalline structures (PI. 2, fig. 2) which
are restricted to pit pores. Due to complete absence
of any biogenic remains it is difficult to comment on
the mode of degradation of the woods.

Noniasporites harrisii Maheshwari & Bajpai 1984

Description-Megaspores are azonate, golden
brown. circular to subcircular in outline in proximo
dis t a I \' i e w. T r i -r ad i ate ray s are a I m 0 st
indistinguishable in incident and transmitted light
but clearly seen under SEM. Contact ridges are not
marked. Contact area is not well marked but is

28-80 x 28-44 flm

1-2 flm

4-8 flm

2-4 flm

12-20 flm

12-16 flm

nea r margi n

near m3 rgi n

in berween

near midrib

near midrib

in bervveen

in bervveen

near margin

near midrib

Size of meshes in
in general

Size of meshes in
in general

Numher of l'eiJls
near midrib
near margin

Size of meshes in
in general

in hasal region
8 ClO7) i3 'cm

, 15 (18) 23'cm
apical region

17 (29) 58 x
0.-\ (06) 0.7 mm
3 7 (42) 4.7 x
05 (06) 0.7 mm
·t6(51)58 x
OA (05) 0.8 111m

1.7 (2.2) 2.5 x
04 (05) 06 mm

middle region
2 L+ (3 'i) 53 x
OA (0.6) 0.6 11'1111

2,8 (33) 43 x
04 (06) 0.6 mm
38 (46) 53 x
05 (06) 0.6 mm
2.4 (27) 30 x
0.4 (06) 0.6 111m

hasal regioil
12 (33) 51 x
04 (05) 06 mm
29 (40) 51 x
OA (05) 0.6 111m

2.7(38)48 x

0.4 (06) 0.6 mm
1.8 (22) 25 x
4 111m

Lipper cuticle of lamzna
Size of cells over veins: 40-116 x 24-40 fllll
Thickness of cell walls

over veins
Size of cells over

meshes
Thickness of cell walls

over meshes
Height of papillae
Diameter of papillae
Thickness of papillae

wall

PLATE 2

1 Proximo-lateral view of NOl7iaspol'ileS harrisii. x 100.
2. Numerous crvstalline bodies present in the pit pore of Arau·

carioxylon kllmarpurensis Singh 8< Bajpai. x 4:'00.
3. Proximal view of Noniaspol'iles barrisii sho"ving the lri

radiale ridges and rill·like Slructures. x 100.
4. Uniseriate bordered pilS of Araucarioxylon kllmarpurensis.

x 90
:, Cio-degradation of cuticle of Glossopteris sbailae by colonies

of rod·shaped bacteria. x 2200.
6. Araucarioxylon kumarplll'ensis: biseriale bordered pits on

the radial walls of trJcheids. x 100.
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defined by the presence of a number of fine rills (PI ACKNOWLEDGEMENT
2, figs 1, 3) Exosporiul11 is !anigatc (PI I, fig 6)
Differential maceration in J-!'\iOJ and KOJI re\'eals \Ve thank Dr I-Iali K lvlaheshyvari for helpful
thin, spherical. light-brO\'vn mesospmium without suggestions,
cushions (PI 1. fig, '"')

Dimensions

Ol'eral! size 290·32') x 2·17 299 ,u111
(dry condition): 32') x 312 ,u111
(wet condition); 390 x 312,um
(after l110unting in canada
ba Isa 111 )

Thickness oj exine 36,um (wet condilion); 16,um
(alter mounting in canada
balsam ).

SizeojlllesosjJorilllll: 260 x 221 ,um (wet condi·
tion); 221 x 221 ,um (after
mounting in canada balsam),

DISCUSSION

ll1e plallt fossil assemhlage of the Lohpiti Seam
comprising Glossopteris sbai/al!, Arallcano.:cyloll
klli1u;Uplireilsls and Non iaspon tes barrisli is similar to that
repol1ed frolll Kumarpur Sandstone, Ranigan) Fmmation,
Raniganj Coalfield by i\laheshwari and Balpai (198'1),
I3ajpai and Singh (1986) and Bajpai ( 1986). On the basjs
of data at hand, the noral assemblage associated with the
Lohpiti Seam apparelltly is similar to that of the shale
sequence slightly aho\'e the Kajora Seam of Kumarpul
Sandstone Thus, paJaeobotan ically also Lohpiti Sandstone
i\'1ember of ]haria Coalfield is correlatable with Kumatpur
Sandstone Member of Raniganj Coalfield, as earlier
commented upon by Gee ( 1932) on the basis of field
evidences,
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Shaila Chandra. A. K. Srivastal'a & Kamal.J Singh

Chandra, Shaila. Sri"asla"a, A. K & Singh, Kamal J 1990 PaJaeobOlany and climate a[()und \l:Hhwa~ ,Jrea, S,elhi
District, South Rewa Gondwana Basin during Upper Permian In ; Jain, K. P. 0< Tiwa,'i, R S. (ed.»)- I'roc. ,1)'lrIp
'lfistas in Indian Palaeobotany', J'alaeobotamst 38 49 54.

Fossil plant asssemblages around Marhwas area tn Sidhi DI~lriC{ are represented b,· one species each uf
Trizygia, Neol7lariopleris and 5CUtlll71, a fern and 24 species of Glossopteris. Floristic composition indicates
RaniganjKamthi affinities and a warm·temnerate climate. High percentage of smaJI·~ll.ed leal'es and poor
representation of pteridophytes in the flora suggest drier conditions and low humidity

Key-wOl"ds-Megafossils, Palaeoclimate, Gondwana, Upper Permian (India)

Sbaila Cbandra, A K Sril'ClSlal'a t- K, .f. Singh, 8irbal Sahni 11ISlillile of Palaeubolany, '>3 eniversil)' Ruad,
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THE Sidhi District is the eastern part of the great
South Rewa Gondwana Basin The principal river
Gopad (Gopat in ropo-sheer) flows from south ro
north and is the tributary of the Son. The localities
covered in this area are exposed mostly in the nala
and river cuttings in the Villages around Gopad
River

Hughes (1881) mapped the area and collected
plant fossils from Bajbai, Chanduidol, Parasi and few
localities adjacent to Mahan (also spoken as Mohan)
River Section, Feistmantel (1882) after making
exhausttve studies assigned an Upper Permian age to
these beds Ahmad (1955) and Raja Rao (1983) also
suggested the age eqUivalent ro Raniganj to these
beds on the basis of lithological features, which was
further supported by palaeontological evidences
(Tripathi, 1962).

Satsangi (1964) discovered a .so-called
DicrOidium bearing bed alongwith typical Permian
assemblage bearing beds in the Gopad River Section
near the Village Nidhpuri The presence of
DicrOidium like f.ronds lead him ro postulate
occurrence of a Triassic hori zon in the area This was
further supported by Srivastava (1974). Banerji et al.
(1976) collected plant megafossils from three
exposures, in close vicinity to each other, along the
Gopad River and hesitantly dated two of the
exposures as Triassic while the third one was
definitely dated as Upper Permian, Again the former
dating was done merely on the basis of a few
specimens of poorly·preserved indeterminate
specimens of Dicroidium like leaves,

In recent years extensive collections of plant
fOSSils have been made by us frol11 a number of
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Map I-Fossil I<Kalil)' map of Sidhi District, South Ke"'a Gondwana l3asin 1, Gorhara IlilL 2, ,\Iahan Kiver Section near Gopad-1vlahan
contlllcncc: 3, llllrchur Ki\'er Section near Tunsar Village: 4, Sehra Nala SeCtion nCd[ ,Vlarhwas Village; 5, Chamua Nala Secrionnear
l3ajbai \'iIlagc: 6, 7, Gopad Kiver Section near Nidhpuri Village; 8, Gopad River Section near Bhumha Village; 9, .labdahar Nala
SCl'1 iOtl near Mahkor Village; 10, Gopad Ri \'el Seci ion near GOlhara Vi lIage.

Map 2-Showing fossil locality, 1, Kanhai Nala Section near
Noudia Village, and 2, Tilangana Ghat Section near Kusmi
Village.

localities around Marhwas in Sidhi District (Map 1
and 2), Majority of the exposures are found in the
vicinity of Gopad River. Few of them are exposed in
the Mahan River and the nalas joining these two
rivers from various villages, AJI the specimens have
been deposited in the Birbal Sahni lnstitute of
Palaeobotany Museum,

PALAEOBOTANY

The specimens are preserved as impressions on
arenaceous and argillaceous shales, Carbonised crust
is present over specimens from the Burchur River
Section but has not yielded cuticle, Bulk maceration
of the rock samples also did not yield idel1lifiable
organic maller. Plant fossils in general are
fragmenta,ry and rarely complete, The specimens are
generally well preserved and hence could be
identified up to the specific level.

The distribution of plant fossils, represented by
pteridophYles and gymnosperms, in different
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Table I-Distribution of plant fossils in different localities of Sidhi District, Madhya Pradesh

Name o/Ihe Gothara Mahan Burchur Sehra Chamua Gopad Gopad Gopad ]abdahar Gopad Kanhai Tilangana

/ossils Hill River River Nala Nala River River River Nala River Nala Ghal
section section section seclion section section seclion section seclion section seclion
near near near near near near near near near near near
Gopad· Tunsar Marhwas Bajbai Nidh· Nidh Bhumha Mahkor Gorhara Noudia Kusmi
Mahan Village Village Village puri puri Village Village Village Village Village
confl u· Village Village
ence (A) (B)

Trizygia +

speciosa
Sculum sahnii +

Neomariopleris + + + • +

bughesii
Fern sp. +

GIOssopleris + + + + + + + + + + +

communis
G indica + + + + + + + + + +

G pandurala +

G. emarginala +

G. browniana + + + +

G angusli/olia + + + + + + +

G. slricla + + +

G lenui/olia + +

G. reli/era + + + +
G. Iaeniensis +

G. damudica + + +

G conspicua + + +

G. slenOneura +

G nimisbea + +
G. formosa +

G. inlermedia + + +

G. linearis +

G gigas + +

G. leploneura +
G. cf. sear +

solensis
G. gondwa- + +

nensis
G. Spalulala +

G. varia +

G. zeilleri +

Verlebraria + +

indica
Stem axis + + + + + + + + +

Equisetalean + + + + + +

axis

District is shown in Table 1.
plant types are fairly well-

localities of Sidhi
Qualitatively the
represented.

Floristic compan'son-All the localities show the
dominance of Glossopteris. Pteridophytes have been
recovered from Burchur River, Kanhai Nala, Chamua
Nala, Sehra Nala, Tilangana Ghat and Gopad River
near Nidhpuri B sections, but they are poorly
represented. Total absence of Gangamopteris and
Noeggerathiopsis in all the localities exclude the
possibility of its being Lower Permian in age.
Comparison with the known floristic data from the

Raniganj Coalfield (Srivastava, 1956; Maheshwari,
1965; Pant & Gupta, 1968, 1971; Pant & Singh, 1971),
Rajmahal Hills (Maheshwari & Prakash, 1965) and
Auranga Coalfield (Srivastava, 1979) indicates a

close similarity with the Raniganj flora.
The specific analysis of various Glossopteris

species in the Sidhi assemblages also indicates
Raniganj affinities (Chandra & Surange, 1979).
Glossopteris species which are frequently found in
the Raniganj strata, e.g., G. retzjera, G. conspicua, G.
formosa, G. intermedia, G. angustifolia and G.
linearis are also dominant elements in Sidhi
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assemblages, These are aL~o well·represented in the
Raniganj Coalfield, Rajmahal Hills and Auranga
Coalfield

The distriburion of Glossopteris species in the
Kamthi flora has been analysed bv ChandrJ and
Prasad (1987) It was observed that in general the
Glossopteris species are same as are found in
RaniganJ flora Sorne species, howe\·er. are
charaCteristic to the Kamthi flora, The significant
species of the Kamthi flora are G slrictu, G
musaejolia and G leptcilleura (Bunbury, 1861,
Chandra & Prasad, 1987) The presence of G stricta
and G. leptolleura alongwith other typical Raniganj
species indicates that the Sidhi assemblages could as
well represent a transitional flora, The smaller si7.e
of the leaves and narrow elongate shapes of the
leaves in general in Sidhi assemblages also pOint
towards Kamthi affinities A typical form, which we
have provisionally identified as a fern because of
lack of specimens, may turn out to be the same plant
earlier identified as Dicroidium·complex by
Srivastava (1974) and Banerji el al. (1976)

Collective e\'idence and analysis of the Sidhi flora
suggest affinities both with Raniganj and Kamthi
floras and an uppermost Permian age

PALAEOCLIMATE

Plant fossils recovered from the Upper Permian
sediments of Marhwas area indicate the presence of
lush·green forests dominated by Glossopteris plants
of varying habits associated with a few
pteridophytes, The climatic conditions were
favourable for the development of plant
communities but were not suitable for coal
formation, Low percentage of pteridophytes also
suggests that the conditions were drier as compared
ro the conditions prevailing during the same period
in the Raniganj Basin, Preservation of lea\'es in
different thin sediments also suggests that the plants
were deciduous, The leaves in general are broken
indicating disturbed conditions during their
deposition,

Thus it can be inferred from the a\'3ilable data
that the Permian forests around Marhwas were
growing under warm temperate conditions with 10\-\"
humidity.

REMARKS

The re<-'ord of a Glossopleris dominated flora in
the Marhwas area of Sidhi Distrier, from exposures
almost iuxtapl)Sed to the well·known :--Ji<.lhpuri
Seerion and often presumed to be uf Triassic age,
meuiates a reassessment of the age of the fossil flora
from the laner locality There is enough evidence ro
indicate that the Nidhpl1ri nora, tOO, may be of
Lipper Permian age (Chandra & J'vlaheshwari, 198H)
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Occurrence of BenlightJootia from the Ib- River
Coalfield, Orissa

Kamal J Singh & Shaila Chandra

Singh, Kamal J. & Chandra, Shaila 1990. Occurrcnce of Bellllgbijoolia fwm the lb·Ri\'er Coalfield, Orissa.
In: Jain, K P. & Tiwari, R. S. (edsl-Proc. Symp. '\lislas ill Indiall Palaeobolanf, F'alaeobolanisl 38 "')'57

Benligb/jootia lAcey & Huard·Moine has been reponed from the Kamthi Formation of fklpahar area, Ib-River
Coalfield, Orissa. It is characterised by non-petiolate, cordate, bifid leaves having a deep apical notch. The venaliol1
is open, dicholOmous, arising from a Single thick vein at the base of the leaf. A new species, 8. melica. has been
proposed.

Key-words- Megafossils, Sphenophyllales, lb· River Coalfield, Upper Permian (India l.

Kamal). Singb & Sbaila Cbandra, Birbal Salmi Ins/ilute oj Palaeobotany, 53 Ulliuersity Road, I.lIc!WO/c

226007, India.
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THE genus Benlighljootia was proposed by Lacey
and Huard-Moine 1966 for certain unique bifid
leaves from the Wankie beds, Zimbabwe. Earlier,
such leaves were identified as Glossopteris or
Spbenophyllum. Lacey and Huard-Moine (1966)
found that these leaves belong neither to
Glossopteris nor ro Sphenophyllum, and thus
instituted a new genus-Benlightjootia.

The type species B. mackii is characterised by
non-petiolate, bifid, cordate leaves occuring Singly
or in apparent clusters. A deep apical notch exists
berween the two apical lobes. The venation of the
leaf is open, dichoromous, arising frorn a single,
thick vein at the base of the leaf. The veins by
repeated dichoromy reach the margins and
e:>,:uemities of the lobes which are slightly rounded
having smooth margins. The venation of two halves
of the leaf is completely distiner from near the base.

MATERIAL AND METHODS

The material was collected from the outcrops of
the Kamthi Formation in Ib-River Coalfield, Orissa,

near Belpahar railway sta[ion. The specimens are
impressions on light reddish-brown to reddish-grey,
fine-grained, calcareous shales. There is no
carbonised matter on the specimens.

DESCRIPTION

Genus- Benltghtfootta Lacey & Huard-Moine 1966

Benlightjootia indica sp. nov.
PI. 1, figs 1, 2; Text-fig. 1

Diagnosis-Leaves bifid, sessile, occuring in a
cluster of two or three; spreading out at 45· -55·
from a common middle portion; shape basically
cordate with a deep apical no[ch; venation open,
dichoromous, arising from a thick, one or rwo veins
at the base of the leaf; vascular system of the two
halves of leaf completely distinct from near the base.
Apices of lobes sharp and somewhat acute in shape
with 3-4 slight depressions along the margins.

Holotype-Specimen no. BSIP 36387; Kanuhi
Formation, near Belpahar railway station, Ib-River
Coalfield; Upper Permian.

55
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Descnptioll-In all, there arc three speCImens
in the collection, out l)f \'.'hlch, the be,~t presel\ed
speClmen has two lea\es Lea\'es are cordate, :3 ~ to
-1,2 cm Illng and 2. to 2.2 cm ~'icle at their wldesl pan
with a I tl) I 2 cm deep termll1al notch The L \X'

ratil) is.2 I The !e;l\'es are sessile Each lobe is I to
I I cm in ~'icith al the ~'Idest pan uf the leaf The
apices l)f lobes are sharp and acute kl\'ing :3--1 sligh(
clepress1(lI1s alung (he margin A single maim \eln
enters the base of the leaf and Sl)on ell\ ides into t\\-ll
~'hich b\' repeated dichlltom\' form t\\'O sepMatesets

uf \eins (al!llul 20-22 \'eins al (he widest part of each
lobe) ,~uppl\'ing tll ea,,'h half of (he leaf The bases of
lea\es are acute-cuneate All the three lea\'es are
directed to\\-ard~ a COl11llllln poinl suggesti\'e of a
pan of a ~'hml.

COMPARISON

FJenflgbrjoolia illdlca superficiall\' resembles
Para"pbellopbY{{I/JII creJlIl{arllrJI lvlaithy 1978 and
Spbellupby{{11I71 IItka{enslS Pant i?t al 19H') as they

PLATE 1

l3(' llhf.?ht!{J{I//I.{ 11/"flO "I") nll\ !llllu[\ p........ hl)\\ Illg l\"\ () ....L..·, .... dl·
I"rld :ll1d c'or,ble le;l',", :->l't'c'1I11Cll 11" ]),,11' -\h"l-j- , I

2 1.<':l\e,' 111 tli-! I el1larged I",h,)\\ Ihe decl' ll'rl11ll1al 11,)((he,

,h'UlC apl<.. c .... !la\ lllg depre'\,...;1()l1 ..... ,l!l)llg lh\.., 1l1~l1'gI11:"'l <ll1d (lll(' ll]

1\\(11);11'" \e'I1'>;ll Ihe h;lst' ill e:wh Ic;lf d,dhllulll",e I,) lorlll
I\\{l ,t'I,;,r;lll' 'L'I,> of \l'1I1, 'i1l1'[,1\'1I1g ea,h hdlf ut' Ihe lear
A -' ",
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Text-figure I-Benligbljuolia indlUI sp. no\' The sessile bifid
and cordate Ieu\'es sh(l\'ving terminal nOtche;. acute apices
with depressions along the margins and one or t\yo thick
veins at the base dichotornise to form m'o separate sers
of veins supplying each half of the leaf: Specimen no BSIP

36387 < 2.

have bifid leaves and apical nOtches B indica
further resembles S. utkalensis in its sessile nature
and sharp acute apices. The apices in 5 utkalensis
are comparatively more pointed. B indica differs
from 5 ulkalensis in having 3-4 depressions in the
apices along the margins of lobes and in haVing two
separate sets of main veins supplying each half of
the leaf. It seems that the vascular supply of the (\Vo
halves in B indica is completely separate fmnl the
base itself The arical margins in 5 utkalensis are
smooth and its venation is also different from H
indica.

The apical margins of bOth Benligbtjoolia
indica and Parasphenopbyl/u1rl crenulatu1}1 have
crenulations but the shape of the leaves is different.
In B indica the leaf is cordate and sessile whereas
the leaf of Parasphenopbylfu1rl crenulatllm is
triangular and petiolate The vascular system in both
the genera are also distinCtly different

Benlightjootia indica may, however, be
compared with some northern species of
Sphel1ophy/fum in having apically nOtched leaves.
The comparable northern species are Sphenophyllum

longijolill/II, S l17ajlls, S oblongij(}lillm. 5
Orbicularis, S sarrr!llsis, S saxonicllm arid S.
seu'ardii (in Boureau. 196 I) All these species are
different from B(!II/igbtjoolia ille/ica in ha\1ng
\·ari(Jl\.~I\· toothed apical margins and -usual
sphenophyll \enation

lJc/Zlighljootia indica differs from the type
species H mackii in having sharp and acute apices
and 3-4 depressions along the margins of lobes,
whereas the apices in B mackii are ohtuse. or
some'what rounded, and the margins of the apical
lobes are smooth

DISCUSSION

Lacey and Huard-tvloine (1966) placed
Ben/ighljootia under illcerta(! s(!disas they could nor
ascertain its affinity; they, however, opined thar
B(!nligbtjootia could be a ginkgoalean leaf of a non
petiolate form, comparable \cvith Ginkgoidium,
Ginkgoites, Bai(!ra, or Psygmopbyllun7 In the
absence of any fertile part, it is difficult to place it
under any known group of plants. However, its close
external morphological resemhlance with the known
Sphenophyllales inadvertently includes it under this
group. Benligbljootia must ha\'e been d small plant
like Ramgan/ia, SpbenopbyLLurr: and Lelslotheca with
Jea\'es borne at the nodes in clusters
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Evolutionary pattern of striations and taeniae in the
Indian Gondwana saccate pollen

Vijaya

\'ila\'a 1990. F\'(llution'l": pallerll of striations and t'leniae in the Indian Gondwana saccate pollen. In : Jain, K.

P. & Tiwari, R. S. (ell,) - Proc S)'IIIj!. '\'I"los 111 Illdiall l'alaeolJolCllly', PalaeolJolaniSI 38 83-91.

Strial ions and taen iae are ~enct icall\' conI rolled morphographic characters of spume disperstle_ Th e sequelll ial
pall ern of c\'o!utiun in striations Ihrtlugh In"-cr Gundwalla ha, re'ealed that the earliest I'ermian is the starting

plane for these characters which proliferate to a dh ersified and complex mo~;aic, in the subsequelll time,
culminating in Llle Permiao. 'nle glubal occurrence 01' .striations and taeniae in saccate pollen of Permian-Triassic

times is an episode of e\-olution in orgallisation which appears to attain the fittest situation for exine protection,

germination ~ates, \)r moisture regulator~_

Key-words-Pal\,nolol,'!', ~1()rph()graph\', Permian GOlld,,'alla (lndia)_
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STUDY of palynofossils from the Indian Gondwana
sediments reveals a range of variability in their
morphographic characters in kind as well as number.
PhylogenetiC studies (Heslop-Harrison, 1971) of
spore-pollen complexes indicate that the major
qualitative patterns are genetically conuollecL In
course of evol ution each event is followed by a set
pathway, e_g., an organisation in any form starts with
simpler and less diversified level-the base line, and
enters progressively into more complex and
diversified levels. Thus, there is a Starting plane at
which the appearance of a trait is recognised which,
in time, is accompanied by experimental
di\'ersification in its nature. In course of
diversification, variations attain their maxima, and
normally no further alteration appears to be
acqUired. This phase is a Stabilizing plane_ In the
ultimate phase the proliferation of characters starts
declining. Such a change may occur gradually, or all

of a sudden This last phase of existence of a
particular character is the Dying-out plane, and is
always accompanied with the starting plane of other
character. Such sequence of changes is nOted in the
Gondwana palynofossils through time.

Saccate pollen constituting the major share of
Lower Gondwana palynofloras bear a central body
and twO sacci attached juxtaposed to each other on
either side of the central body, or a monosaccus
attached to the body in various modes_ A variation is
generally found in saccus-body relationship.

Saccus is the isolated sexine from nexine which
gets blown up resulting into a bladder-like organ
This sexinal layer appresses the nexine of body and
covers it in various degrees. The proXimal surface of
this part of a pollen is either without any mark or
furrows (PI. 1, figs 1, 15, Text·fig. 2A, M), or with
linear groO\'es or irregular furrows (TeJl.1:,fig. 2B),
giving rise to ribbon -shaped elevations (PI. 1, fig.

H3
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10) arranged in an array of panerns to produce
distinctive feature for group identification in the
dispersed pollen (Text-fig. 2A-R).

MORPHOLOGY

Presence of regular linear grooves (striations)
or irregular furrows (resulting into taeniae) on the
body of a pollen is recorded only in fossils, that too
mainly of Permian and Triassic times; obviously this
span of geological time is unique in respect of
global phenomenon of the occurrence of "striate
pollen". Word striation is derived from Stria (PI. -ae,
Latin, a furrow). This term has been defined in
different ways by various workers, such as,
"elongated ridges" by Thomson and Pflug (1953),
"grooves berween elongated sculpturing elements in
striate grains" by Faegri and Iversen (1950); very
fine "parallel microridges" by Kosanke (1950) and
linear of "finger print pattern" by Harris (1955). In
its objective meaning, however, the term striae is
used most commonly in the sense of "furrows".

The manifestations of Simple linear grooves (PI.
1, fig. 5; Text-fig. 2B) result in various arrangement.
Branching of horizontal striations is one line of
variability leading to an increase in their number.
Vertical partitions or connections in berween these
striations is another path of diversification which
leads to brick-work pattern and then to reticuloid
arrangement (PI. 1, figs 3,7; Text-fig. 2C, D, E, G, H,
N, P, Q).

Another line of diversity in Simple striations has
been observed where sexine in betvveen rwo
striations become more flabby and relatively loose
(Text-fig. 2F). In other words, the sexine is relatively
more developed berween the area delimited by two
striations. The groove which is linear in normal case
becomes somewhat irregular in width (PI. 1, figs 8,
9) This appears to be a bridging phase in berween

the conditions of "striations and taeniae". Beside
this, there is a group of pollen where striations have
been found to be very faint and feeble; they cannot
be traced all along their lengths (PI. 1, fig. 4; Text
fig. 21) but their presence can be marked.

As understood during the present analysis, the
striations are defined here as linear, extremely
narrow « 0.5 J.L), uniformly wide, simple grooves
running on the body forming various patterns of
arrangements, such as-parallel, sub-parallel,
simple, bifurcated, polygonal, brick-work, reticuloid,
etc. These may be Simple or branched, with or
without vertical partitions. In between these
grooves, sexine could be variously structured or
sculptured (Bharadwaj, 1962; Kar, 1968; Tiwari,
1974; Lele, 1975).

Another major line of distinction in saccate
pollen is the presence of taeniae (taenia, PI.-ae;
l2tin, a ribbon-like strip). These are structured
sexinal bands on proXimal face of the body of
saccate pollen leaving unstructured exinal region of
uneven width in between twO bands (PI. 1, figs 10,
13; Text-fig. 2L). A number of genera are on record
which bear such structure, e.g., Lueckisporites,
Lunatisporites (Leschik, 1955; PotOnie, 1970;
Scheuring, 1970, 1978) and Kamtbisaccites
(Srivastava & Jha, 1986) Recently a species of
bisaccate pollen is Ldentified which bears striations
on taeniae (Vijaya et ai, 1988) This might represent
a stage of an experiment in the course of evolution
(PI. 1, fig. 14; Text-fig. 2K) In few palynotaxa
instead of several bands of sexine only two such
bands are present on both the lateral regions of the
body, leaving a wide unstructured area free in the
centre of the body (PI. 1, fig. 6; Text-fig. 2J)

From the above discussed conventional usage of
terms it becomes evident that striations and taeniae
are two different characters; striations represent
linear furrows-like grooves, in which sexine is least

---
PLATE 1

(All photomicrographs. x 500)

I. Salsangisacciles sp. : Non·striate bisaccate pollen.
2. Sirialopodocarpiles sp. Horizontal striations bifurcated at

places.
3. Rhizomaspora sp. : Reticuloid striations.
4. Sirialopodocarpiles sp. Faint, incomplete striations.
5 Crescenlipolleniles sp. : Simple horizontal striations
6. Luecki:;poriles sp. : Two sexinal bands (Taeniae) on lateral

region of central body.
7 Lahiriles sp. Vertical partitions in between striations at

places.
R. Sirialiles sp. : Striations loosing its linear nature, becoming

somewhat irregular spa~s.
9. LlIl1ali,poriles 51' Elevated sexinal bands tending to be

taeniae.
10. LlIl1alisporiles sp Distinct irregular sexinal bands (Taeniae)
11 Sirialites sp. Flabbiness in sexine, transforming towards

taeniae organization.
12 Slriomol1osacciles sp. Horizontal striations, bifurcated at

places.
13. Kamthisacciles 51' Elevated irregular sexinal bands

(Taeniae)

14. L/ll1all~poriles sp. : Taeniae, bearing striations on them.
1'i. Parasacciles sp. Non-striate monosaccate pollen
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Text-figure I-Sugge'ted term, I'm the distributional pallern of
sexine on the hody surface on saccate pollen. a. Simple
linear furrows, striations; b. Well·deYelopcd sexinal bands,
taeniae; c. A' & C-Uniforml)' wide, broad, inter·striation
spaces of structured sexine termed as Plaga; B'·linear, narro\y
furro\ys of unstructured sexine, termed as striations; d. A 8<
(-Structured sexinal bands termed as Taeniae; ]3·irregularl)'
wide unstruclUred sexinal inler tacniate space termed as
platea; e, f. Schematic representation of sectional view of the

exine layer along lateral axb of bod)'. e. passing across
striations and. f. across taeniae. A', C -Plagae and striation;
A. CTaeniae and platea.

Section of mature exine consisting of inner lamellated nexine
(N) and structured sexine \S 1. Arrows indicate reduced
sexine in a striation (e) and a platea (n

developed while taeniae are tape-worm-like bands
having well-developed sexine (Text-fig. la, b).
These descriptive terms are not mutually
homologous. These two populations of pollen are
entirely different from each other and, hence, the
practice of their being clubed together as "striate
pollen" is not acceptable. In view of these
derivations, it is jJroposed here to term the inter·
taeniate spaces as Platea (Latin-street, pl.-ae), and
inter-striation space as Plaga (Latin-flat surface, tract;
pl.-ae). The platea is the space irregularly wide
along its length berween two taeniae, haVing
minimal development of sexine, in which no distinct
structur~ has developed. The plaga is the inter
striation region, having fair development of sexine

above the nexine layer exhibiting structure of
various kinds (Text-fig. 1c, d) Thus, taeniae delimit
the plateae and plagae delimit the striations; the

a

c

STRIATION

A' 1 C'

~~
e

b

d

C

~·a

striations are homologous to plateations and taeniae
to plagae.

During the ontogeny of sporoderm (Taylor,
1982; Taylor et at., 1984), at an advance stage the
differentiation of sexine and nexine is relative and
also variable in different parts of the pollen body. It
is supposed that in the areas of grooves or scars,
further development of sexinal part does not occur,
leaving thinner areas, probably to provide elasticity
to the body. Such situation exists in the case of
striations and the plateae. Although both nexine and
sexine layers are present in these regions, the latter
does not develop the internal structures and remains
a least developed homogeneous layer (Te},.'t-fig
1e,f)

Sequential pattern of evolution

Talchir-The oldest palynofloras of the Indian
Gondwana sedimems are known from Talchir
Formation (Early Permian in age) described by Lele
and Makada (972), Chandra and Lele (1979) and
Lele (1984) It has been established that generally
simple horizontal grooves (striations) are present at
this level in bisaccate pollen only. The striations are
Simple mostly unbranched and merging at their ends
with the body outline (e.g Fallnipollenites, Te}"'1-fig.
2B). In the younger horizon within the Talchir itself,
one more variation is observed where the ends of
striations meet with each other at the terminal side
of the body forming a circum-striate pattern (e.g.
Circllmstriatites). In this horizon few monosaccate
pollen are also recorded which show reticuloid,
tuberculoid type of pattern on body (e.g.
Tllberisaccites, Text-fig. 2R). Thus, it is concluded
that simple striate pattern appeared in Talchir which
later on showed only a little variation in disaccate
pollen The appearance of monosaccate pollen with
reticuloid grooves, or islands of sexine to give rise
to a tuberculoid mosaic, is independent of the path
of disaccate pollen This level is identified as line of
appearance of striations-a starting plane (Text-fig.
3a)

Karharbari-In the later part of Early Permian
(Karharbari formation), few pollen with slight
diversified \'ariation in characters occur, i.e., the
number of striations increases and vertical partitions
in between these, at places, start appearing. Few
bisaccate pollen haVing reticuloid-type of striations
(e.g Rhizomaspora) also make their appearance.
Such forms may have their lineage of origin from
monosaccate pollen which bear comparable
characters of older horizon, i.e., Talchir Formation
These variations take place in gradual pace among
the pollen of Early Permian time. The divergence
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Text·figure 2-Pallern of variations in striations and taeniae: A. Non striate bisaccate pollen (Plarysaccus); B. Simple horizontal

striations (Faunipollenires); C. Bifurcation in horizontal striations (Srriarires); D. Brick·work pallern of striations (Labirires); E.
Striations on bmh the faces of central body (Disrriarires); F. Flabbiness of sexine in between striations (Smarires); G. Reticuloid
pallern in bisaccare pollen (Rbizomaspora); H. Tuberculoid pallern (TumeripolLenires); I. Faint striations (Crescentipollenires);).
Two prominent taeniae (Leuckisporires); K. Taen iae which bear striations (Lunarisporires); L. Taeniae with platea in berween them
(Lunarisporires); M. Non·striate monosaccate pollen (Parasaccires); N. Simple and bifurcated horizontal striations in monosaccate
pollen (Srnomonosacciles); O. Striations on both the faces of central body (Dt~,rnomonosaccires);P. Taeniate monosaccate pollen
(Kamrbisaccires); Q. Reticuloid panern in monosaccate pollen (Barakarires); and R. Tuberculoid pallern in Illonosaccate pollen
( Tuberisaccires).

and proliferation in character under study are
foreshadowed at the Karharbari level. The most
significant event which took place at Karharbari level
is the appearance of vertical partitions and then its
manifestation into the reticuloid pattern (Text-fig,
3a),

Barakar-Maximum proliferation in the
quantity and quality of striations is found among the
disaccate and monosaccate pollen grains of Barakar
palynofloras. Hence, this level is identified as Line
of maximum proliferation where the stabilizing
plane starts, and preponderance of striate pollen is
marked in having all kinds of striation patterns
simple, branched, vertical partitions, brick-work and
reticuloid (Tiwari, 1965; Bharadwaj & Tripathi,
1981), Beside these, few monosaccate pollen are
also recorded for the first time which bear perfect
striations on one of the faces of the body
(Striomonosaccites, PI. 1, fig. 12), or even on both
the sides (Distriomonosaccite$, Text·fig. 2 0), One
more kind of diversification is observed, i,e., the
presence of two structured sexinal bands on body,
leaving a wide, unstructured part in between. These
sexinal bands are described as taeniae, as in
Lueckisporites. Thus in the true sense of
morphography, the bi-taeniate pollen staged at the
Barakar level (Tex't-fig, 3a)

Kulti-In Kulti Formation of Late Permian,
further variations in the kind of striations are not
seen. However. an increase in the number of vertical

partltlons has been noted (Kar, 1968) Such an
arrangement leads to the close brick·work pattern
which appears as an irregular arrangement on
periphery (Text-fig, 3a). In any case, the brick-work
pattern is not secondary in origin.

Raniganj-In Raniganj Formation (Late
Permian), different diversifications take place, both
in bisaccate as well as monosaccate pollen (Tex't-fig.
3b). These are given below:
(i) Flabbiness of plagae (sexinal bands between

striations) transgresses towards the taeniate
organisation (PI. 1, fig, 11).

(ii) Beginning of development of irregular platae
(space in between two structured sexinal
bands); in other words, striations losing their
linear nature and stepping towards the
plateation (PI. 1, fig. 8).

(iii) Existence of faint, incomplete grooves
indicating a disappearing phase of striations
(PI. 1, fig. 4).

(iv) Prominent taeniae (sexinal bands) and well
defined platae (irregular unstructured areas in
between them) forming taeniate organization
(L unatisporites, Kamtbisaccites; PI. 1, figs
10,13 ).

(v) Taeniae, which bear striations on them (PI. 1,
fig, 14)

(vi) Tuberculoid pattern developed because of
sexinal islands on body (Text·fig. 2R).

Pancbet-Early Triassic pollen flora in Panchet
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Text-figure 3b

Text-figure 3 a, b- Relati\'e complexity in nature of striations
and taeniae in different palynological assemblages of the
Indian Gondwana formations.

STARTING PLANE 0"' STRIATIONS

Text-figure 3a

Formation (Maheshwari & Banerji, 1975; Bharadwaj
& Tiwari, 1977; Tiwari & Rana, 1980, 1981) opens
another chapter in the course of evolution of
striations and plateations (Text-fig. 1), as it heralds
the era of diversification in nature of taeniae on one
hand and declination phase of striations on the
other. Therefore, it makes the Starting plane of
taeniae and Dying-ollt plane for striations (Text
fig 3b).

Derivations

The trends of complexity and paths of variability
followed by striations, platae and allied characters
(Text-figs 2, 3a, b) in saccate pollen through Gond
wana horizons can be summed up (Text-fig. 4) as
below:

1. Few, Simple linear horizontal grooves
(striations) in bisaccate pollen are recorded within
the oldest palynofloras of Early Permian age_ Also,
bi-taeniate pollen are recorded.

2. Proliferation in quantitative and qualitative
nature of striations begins at the level of late Early
Permian time (Lower Barakar Palyno-sequence).
Such diversification involves increase in number of
striations, with bi- or trifurcation, presence of
numerous vertical partitions, formation of brick
work, reticuloid pattern and other arrangement.

3. At the level of Late Permian/Early Triassic
times, number of vertical partitions between
horizontal striations declines. In some cases,
striations become faint probably indicating the
dying-ollt plane of that character.

4. The multi-taeniate nature scantily appears in
the late Late Permian palynofloras but diversifies
into several lines of variability in the Early Triassic.
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Text-figure 4-Pa[[ern of diversificaTion and proliferation in
sTriaTions and Taeni:le Ihrough Indian Gondwana formaTions.

5. Both, the striations and taeniae tend to die
out in the Late Triassic, the former precedes the
latter. In the Upper Mesozoic almost every line of
striation-taeniae character disappears in the saccate
pollen.

CLIMATIC RELATIONSHIP

With the accumulation of data for palaeoclimatic
inferences in variously related disciplines, viz.,
lithology, sedimentology and palaeogeography, it is
evidenced that the earliest Permian (Talchir)
sediments are gJacigene in nature. The palynoflora is
the simplest and primitive in its diversification
which indicates a result of eA1:reme cold climate with
low humidity during Early Permian. Such inferences
are also supported from the studies conducted by
Suttner and Dutta (1986) on mineralogical analysis.

During late Early Permian (Karharbari) the
climate ameliorated. Also, an increase in humidity
was favourable for producing luxurient vegetation
which contributed to the formation of coal. As

discussed in preceding pages, at the level in
geological sequence, the evolutionary paths of
striations initiated several new experiments; the
reticuloid pattern, vertical partitions and bifurcation

of simple linear groo\-es made their appearance. This
kind of variability seems to be related with the
relati\'ely higher humidity and rise in temperature.

With the commencement of late Early Permian
time (Lower Barakar), maximum diversification is
recorded in the nature of striations, with several
lines of manifestations. The acme of qualitative
preponderance in striations is exhibited at this level,
which persisted throughout the Barakar Formation .
Such a state of compleXity in striations appears to

have a direct relationship with increasing
precipitation, temperate climate and moderately
warm condition. It is also supported by the studies
of Dutta and Suttner (1986) and Tiwari and Tripathi
( 1988)

During the time of deposition of Kulti
Formation (Barren ivIeasures; early Late Permian),
the climate had been interpreted to be warm with
low to medium humidity (Lele, 1976; Chandra &
Chandra, 1988). However, existence of diversified
palynoflora does not support dry or arid conditions.
The continuity in the compleXity of striations from
Barakar Formation to Barren Measures can be
corroborated with the results of heavy·mineral
analysis of these sediments (Kar et at., 1964) which
suggests a tropical to subtropical humid climate.

Later part of Late Permian was a warmer period
with very high humidiry; such a condition is
represented through the whole span of Raniganj
Formation However, the decline of temperature and
humidity in the upper most Permian is indicated.

The reticuloid and brick-work pattern of striations
decline during Raniganj. Simple striations with
lesser frequency of bifurcations are in prominence.
Two new trends have been observed in the nature of
these striations at this level (a) vanishing·phase of
striations is d$'picted by the presence of faint
grooves on central body, (b) flabbiness of plagae
(sexine in between twO striations) tending towards
taeniate construction.

In Early Triassic time, there are evidences for
change in climate, but the desertic or arid conditions
were not existing because luxuriant vegetation
thrived as implied by the diversified and rich spore
pollen populations. Diminishing trend of striation
compleXity and diversification in taeniae
characterise the Early Triassic saccate pollen group.
The warming up of climate thus appears to be linked
with thickening of several strips in the form of
taeniae. Recently Suttner and Dutta (1986) on the
basis of mineralogical and oxygen isotope studies
have inferred that the climate gradually changed to
warmer and moderately semi-arid in Upper Panchet
with seasonal fluctuations rather than extreme
aridiry. Abundance of taeniae and their maximum
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complexity are indicative of se\'ere seasonal
fluctuations with drier intervals than those
experienced during Late Permian time.

FUNCTIONS

Functions of striations and plateations are still a
mystery. Direct attempt to link climate with these
characters does nor lead to conclusion because
similar climatic conditions existed at several
different levels of geological period where such
characters did not develop. But, if their appearance,
dominance and disappearance are taken as events of
evolutionary phenomenon in a particular time
period, they may have an expression of climate
during that span of time.

Appearance, existence and disappearance of
striations and taeniae during Permian through
Triassic is a global phenomenon. The cause of
moistllre-content·variabiliry may be attributed to
these grooves and furrows, so as to accommodate
the shrinkage of exine during the loss of moisture
and to save the mother cell from destruction. This
factor of harmomegathy might give rise to some
similar pattern in exine of pollen grain but the
striations and plateations are very regular, well
organized and systematic features: the reticuloid
pattern, the vertical partitions, the irregularly wide
space between thick sexinal strips and an array of
other arrangements do not evidence the
functionality of these grooves as accommodative
safty-valves.

It has also been opined that the striations and
the plateae might act as emergency tenuitates for
germination (Tiwari, 1982). This appears to be a
plausible explanation for their existence because
after the shifting of germinal pole, multiple probable
sites for germination could prove to be an asset for
the cell. However, the striations and plateations are
not made up of nexine alone but contain a thin layer
of sexine also. Therefore, evidence must be sought
for such a proposition. It appears that occurrence of
striations and plateations in saccate pollen is
nothing but an episode in the course of evolution of
organisation with several paths of experimentation
in nature for the search of fittest situation during
the Permian and Triassic times. In any case they are
not without mechanism meaning-they could playa
role of exine protector, prOViding volume
compensation, germination gates, or moisture
regulators.

ACKNOWLEDGEMENTS

This paper is the result of encouragement given
by Dr B. S. Venkatachala, DirectOr, BSIP, who

initiated informal group discussions on the
evolutionaly aspects of Gondwana palynology. The
author is grateful to him for his valuable suggestions
during the progress of this work. Thanks are
extended to Dr R. S Tiwari, for useful discussions
and eriticalh' going through the manuscript.

REFERENCES

Bharadwaj. D. C. 1962 The miosrore genera in the coals of
Raniganj Stage (Upper ('ermian). India Palaeobolan/sl
9( 1,2) • 68·106.

Bharadwai. D. C. &: Tiwari, R. S. 1977 ()ermian -Triassic m iofloras
from the Raniganj Coalfield, Bihar, India. I'aiaeoboianisl
24( I ) • 26·49

Bharadwai. D. C. & Tripathi, A. 1981. The Spome dispersae of the
Barakar sediments from South Karanpura Coalfield, Bihar,
India. I'alaeobolan/sl 27( 1) • 2194.

Chandra, Siuda &: Chandra, A 1988 Vegetational changes and
their climatic implications in coal-bearing Gondwana. In.
Venkatachala, B. S. &: M3heshwari, H. K. (eds)- Concepls,

limils & exlension oj Ihe Indian Gondwana, Palaeobolanisl
36 7486.

Chandra, A &: t.ele, K. M. 1979 Talchir miofloras from the South
Rewa Gondwana Basin and their biostratigraphical signifi·
cance Froc JII Inl. palynol. Can]., Lllcknow (1976· 77) 2 •
j 17 1~l. Birbal Sahni Institute of PalaeObotany, Lucknow

Dutta, P. K. &: Suttner, L..J. 1986. Alluvial sandstone compOSition
and palaeoclimate 11. r\uthigenic mineralogy. ./. sed/m. Pelrol.

56 346 358
Faegri, K. &: Iverson . .I 19~0. Texl-book oj modern pollen analysis

Munkgaard. Copen hagen.
Harris. \v r. 1955. A manual of the spores of New Zealand

Pteridophyla. Neu' Zealand Deparlm. indusl. I?es. Bull.

116 1-186.
Heslop Harrison, J 1971 Pollen de/lelopmenl and physiology

Butterworth & Co. Ltd .. London
Kar. R. K. 1968 Palynology of the Barren Measure sequence from

]haria Coalfield, Bihar. India·2. General palynology. Palaeo·
bolan/sl 16(2) . 115·140

Kar. P, Banerjee. A K.. Banerjee, S. P. & ]hala, S. V 1964 Heavy
mineral assemblage and their significance in Lower
Gondwana sediments of West Bok3ro Coalfield Proc. 22nd
ilii. geol. COllgr., New Delhi 9 • 290· 302

Lele, K M. 197~. Studies in the Talchir flora of India·IO Early
and Late Talchir microfloras from West Bokaro Coalfield,
Bihar Palaeobolan/sl 22(3) 2 J9·235.

Lele, K. M. 1976. Palaeoclimatic implications of Gondwana nora
Geophylology 6 • 207 229.

Lele, K. M. 1984. Studies in the Talchir Flora of India·12. Basal
Talchir palynofossils from the Penganga Valley and their bio
stratigraphical value. In. Sharma, A. K. el al. (eds)-Proc.

Symp. c'uolulionary bOlany & bioslral(~; aphy (A. K. Ghosh
Commem vol.), PI'. 267·283, Today & Tomorrow Print. &
Publ., New Delhi.

Lele, K M. & Makada, R. ]972 Studies in the Talchir nora of
India·7 Palynology of the Talchir in the ]ayanli Coalfield
Geophylology 2 (l ) • 4 1· 7 3

Lele, K. M. & Srivastava, A. K. 1979. Lower Gondwana (Karharbari
to Raniganj Stage) miofloral assemblages from the Auranga
Coalfield and their stratigraphical significance. Proc IV Inl.

palynol. ConI, LlIcknow (1976· 77) 2 152·164, Birbal Sahni
Institute of Palaeobotany, Lucknow.

l.eschik, G 1955. Die Keuperflora von Neuewelt bei Basal. II. Iso·



VIJAYA-EVOLUTIONARY PATTERN OF STRIATIONS AJ\JD TAENIAE 91

und Mi krosporen. Schweiz, Pa/aonl Abh. 72 1-70
Maheshwari, H. K. & Banerjee, J 1975. Lower Triassic palyno

morphs from the Maitur Formation, West Bengal. India.
Pa/aeon/ographica 1528 149· 190.

Potonie. R 1970. Die fossilen Sporen Ihre morphologische
(phylogeneticsche) neben del' morphographischen Ordung
Forschber. No,-drh. \'(/eslf 2108 : 1-193-

Scheuring. B \Y/ 1970 Palynologische und palynoslratigraphische
Untersuchungen des Keupers im B6lchemunnel (Solothurner
Jural. Scbweiz. Pa/ClOnt Abb. 88: 1-119

Scheuring, B. \Y/. 1978. Mikrofloren aus den Ivleridekalken des Mte.
San Giorgio (Kamon Tessin). Scbweiz Palaonl Abb. 100 :
1-205

Srivastava. S C & Jha, Neerja 1986 A new monosaccate pollen
genus from Kamthi Formation of Godavari Graben. Andhra
Pradesh, India. Geopbyt%gy 16(2) : 258-260.

Sutlner. L J & Dutla. P K. 1986 Alluvial sandstone composition
and palaeoclimate 1 Frame work mineralogy. I Sediment.

Petro/' 56 : 329-345
Taylor, T N. 1982 Ultrastructural studies of Palaeozoic seed fern

pollen: Sporoderm development. Rev. Palaeobot. Palyno/.

37 : 2953.
Taylor, TN., Cichan, M. A & Baldoni, A. 1'1'1. 1984. The ultra·

StruClUre of Mesozoic pollen: Plerucbus dubius phomas)

Townrow. Rei' Palaeobol. PalYl/ol 41 ·319·)r
Tiwari, R. S. 1965. Miospore assemblage in some coals ()f l:3<Hakar

Stage (Lower Gondwana) of India Palaeo!JulaJlIsl 13< 2) .
168·214

Tiwari. R. S. 1974 Palaeozoic disaccate pollen. In SlIIdnge. K. R
el al (eds )-Aspecls (- Appraisal uf Indian Pa!tll?u/)olaill'.

pp. 253-269, Birbal Sahni Institute of Palaeobotan'·. Lucknr)\\
Tiwari. R. S. 1982. Nalllre of striations and taeniae in Gond\\'ona

saccate pollen GeupiJytoluPJ' l2( I) : 125 Jr
Tiwari. R S & Rana, Vijaya 1980 r\ Middle Triassic mioflora from

India Bio/. .\fem. 5( 1) . 30 55.
Tiwari. R. S & Rana. Vijaya 1981 SporCIe dispersae of some I.o\y<,r

and Middle Triassic sediments from Damodar Basin. India
Palaeobulal1isl 27(2) : 190-220.

Tiwari, R. S & Tripathi, Archana 1988 Palynological Wiles and
their climatic inference in the coal·bearing Gond\\·ana of
Peninsular India. In: venkarachala, B. S. & tvlaheshwari, Ii. K
(eds)- Concepls, limits D extension oj the Indiall Gondu'Clila.

Palaeobolanisl 36 : 87 101.
Vijaya, Kumar, S., Singh. M. P. & Tiwari, R. S. 1988 A Middle to

Late Triassic palynoflora from the Kalapani Limestone
Formation, Malia Johar area, Te[hvs Himalaya, India Reli.

Palaeobol. Pal)'no/. 54 : 5'5·83.



Permian -Triassic palynofloral transition in Godavari
Graben, Andhra Pradesh
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THE Gondwana outcrops in Godavari Graben extend
over a length of about 350 km with an average width
of 55 km, There is a well-defined constriction in the
'Paloncha-Kothagudem area where the average width
narrows down to about 6 km, The bore-hole GAt\!l7
studied here was drilled in Mailaram area (Paloncha
Neck) by the Geological Survey of India,

PALYNOASSEMBLAGES

The vertical distribution of various
quantitatively significant palynotaxa in bore·hole
GAM7 is shown in HistOgram 1, In all, five palyno
assemblages have been demarcated as under:

Assemblage f-This assemblage, recorded at 453
m depth, is dominated by striate-disaccate pollen,
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chiefly Striatopodocarpites (40%) and
Fallnipollenites (32%), Other important genera are
Verticipollenites (4%) and Labirites (5%).
Densipollenites (2%) and Crescentipollenites (2%)
appear in low percentage while the trilete spores are
velY rare,

Assemblage If-Recorded between 423 to 231 m,
this assemblage is characterised by the dominance of
Striatopodocalpites (35%) and Faunipollenires
(29%), Denslpollenites increases lip to 12 per cent at
423 m but the average value remains around 6 per
cent. Crescentipollenites (2%) still remains
insignificant. Lunatisporites, Vitreisporites,
Kendosporites, ClI tt u lapollen ites, Lundbladi!:,pora,
Falcisporites, Klausipollenites, etc. appear for the first
time. In addition, Co ndispo rites, Weylandites, and
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Histogram 1-Distribution of important palynotaxa in bore·hole GAM 7, Mailaram area, ,Godavari Graben.

Singraullpollenites occur in low percentage only.
The percentage of trilete spores also increases as
Lopbotriletes occurs up to 13 per cent between 260·
271.75 m depth level.

Assemblage III-At the depth of 206.45 m, striate
disaccate pollen are still the dominant elements of
the palynoflora (Striatopodocarpites 32% + Fauni·
pollenites 17%). Crescentipollenites rises to 20 per
cent. Columinisporites (14%) has a restricted
distribution. Kendosporites (4%) and Lunatisporites
record a slight increase.

Assemblage IV-This association is recorded at
178.45 m. The striate-disaccate (Striatopodocarpites
33%) pollen continue to dominate the palynoflora.
Here, the subdominance is formed by
Guttulapollenites (29%). Corisaccites and
Falcisporites (8% each) also increase in percentage.
The genera, like Phidiaesporites, Triquitrites,
Iraquispora, Cyathidites, Concavissimisporites, are
restricted to Assemblage IV. Osmundacidites attains
its maximum value at 178.45 m.

Assemblage V-It is recorded at 166 m depth
level. The striate-disaccate pollen show a sharp
decline and are replaced by taeniate pollen genus
Lunatisporites (32%); Verrucosisporites (10%)

exhibiting a fair rise in frequency. Taeniaepollenites
and Guttatisporites (3%) are restricted to

Assemblage V Klausipollenites (4%), Playfordia·
spora (3%), Ringosporites (4%), Polypodiidites (6%)
and Alisporites (7%) increase in percentage. Aletes
(10%) also mark a significant increase.

DISCUSSION

Five palynoassemblages demarcated in bore
hole GAM-7 essentially fall under twO groups:

1. Assemblages I to IV are chiefly dominated by
strtate-disaccate pollen.

2. Assemblage V shows a dominance of taeniate
pollen, alongwith cingulate-cavate trilete spores.

The dominance of disaccate pollen in
Assemblages I-IV is comparable to the Late Permian
palynofloras known from various basins of India.
However, the occurrence of the following genera in
the present sequence has been observed for the first
time in Godavari Graben.

1. Kendosporites appears in Assemblage II and
becomes significant in Assemblage III in Godavari
Graben, whereas in Singrauli (Tiwari & Srivastava,
1984) and Raniganj (Singh & Tiwari, 1982) coalfields
this genus occurs sporadically.
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2 Columinisporiles is well·represented in
Assemblage [II. The only other record in India,
though low in percentage. is from Raniganj Coalfield
(Singh & Tiwari, 1982') from where similar forms
have heen described as Striatosporites. This genus
has been recorded from Baralaba Coal tvleasures of
Australia (Foster. 197 9), Late Permian of Africa
(Jardine, 19'-1; Anderson, 19T) and Autunian of
France (Alpern & Ooubinger, 19'3)

3 Presence of Triquitntes, Iraquispora,
Phidiaesporites in Assemblage IV and
Taeniaepollenites in A~semblage V forms the first

record from the India n subcon t inent. Ringosporites,
Krac: uselispo rites, Cyathidites and COllcauissimi
sporitc:s present in Assemblage rv are also recorded
from Panchet Formation of Raniganj Coalfield
(Tiwari & Singh, 1983) but the percentage is low as
compared to the Godavari Graben. Most of the above
genera present in Assemblage rv along with
GUllulapollc:nites and Corisaccites bear a close
comparison \vith the assemblage recorded from
Chhidru Formation in Salt Range (Balme, 1970). The
comlllon taxa in Assemblage l\' of Godavari Graben
and Chhidru Formation of Salt Range (West
Pakistan) are· ieiothletes sp. Lopho/nletes sp,
Cyathidiles sp., Cyclogranisporiles arenosns,
OSl/7undacidites senectus, Triqllitrites proratus,
fraquispora labrata, Polypodiidites sp ,

Polrpodiisporites sp, Playfordiaspora cancellosa
(= Guthoerlisporites cancellosus) , Luna/isporites
noriaulensis (= Taeniaesporites /loliialllensis),
Vitreisporites paWdl/s. Falcisporites stabilis,
KIa Usipolle /l iles scha ube rge ri, Scriatopodocarpites
(= Protohaploxypinlls) microcorpus, Ringosporites
(= Neuesisporitt's) fosslllatus, Verrucosisporites
nanilialllls, Denslpollenites indicus, Schizosporis sp.

Assemblage IV aIso compa res with the
Protohaploxypil11ls microcorpus Zone (Falcisporites
Superzone) of Australia in view of the common
occurrence of ProtohaploxfJjJinus (= Striatopodo·
cCllpites), Falcisporitesand Playfordiaspora (Rigby et
aI, 1987). The Late Permian palynoflora of
tvladagascar (Goubin, 1965) also compares with
Assemblage IV in view of the occurrence of
Gu{{ulapollenites hannonicus and G. gondwanensis.

Assemblage V, the youngest palynozone in bore·
hole GAiV17, records the conclusive evidence of the
presence of Lo-~ver Triassic in Godavari Graben. This
assemblage compares with Llmalisporites and
l!errucosisporites Assemblage from the Panchet
Formation of Raniganj Coalfield (Tiwari & Singh,
1983)

The paly'l1o·assemblage from Budharam Area
(Srivasta\'a & ]ha, 1988) ill Godavari Graben is older
than the Assemblage V recorded here in view of
higher percentage of Lundbladispora and

PLATE 1

(All (o·orUinates refer 10 Leitz Laborlux [) miuo,(ope and all
photographs are magnified x ~OU).

PlaYfordi@pora cancellosa, Slide no. HSIP 10013. Cooruinales
106.4 x 532

2. Sirialupoducarpiles microcurp/ls, Slide no. J3SIJ' 10003
Coordinales 102.9 x ·d.R

3. f)ensuispuntes sp, Slide J)O. HSIJ' 10006.;; Coordinates 9B.6 x

619
4. CyaliJidites sp., Slide no. J3StJ' 9999, Coordinates 97.') x ,)2.B.
5 Tricjuilriles sp, Slide no. 13SII) JUOO-I; Coordinates 109 x

40

6,7. Columinispurites sp.. Slide no l3SIJ' 10009: Coordinates 1135 x

--\4.

S Concauissimispuriles sp, Slide no. J3SIP 1000'); Coordinates
99 x ')29

9. Vitreispurites pallidus. Slide no. RSIJ' 10006" Coordinates
laRS x 658

10. Ringusporiles fossu la illS, Slide no. HSIP 10007; Coordinates
Illq x 623

11. Phidiaesporites sp.
12. KlausipolleY/iles sp, Slide no. BSIP 1000B; Coordinates 99 x

710
13. OSnlundacidlles sp., Slide no. BSIJ' 10007; Coordinates 111.4

x 56
14. Kendosporites sp., Slide no BSIP 10010; Coordinates 99 x
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15. Lunatisporiles sp., Slide no. J3SIP 10013; Coordinates 1033 x

68.2.
16 Polypodiidites sp.. Slide no. 13SIP 1001'), Coordinates 109 x

62.8.
17 Talmwepollelliles sp.. Slide no BSIJ' 10012; Coordinates

965 x 6')6
18 LundiJladispura sp., Slide no 13SII' 1001--\; Coordinates 104 x

679.
19 GUllulapulleniles sp., Slide Ill). l3SII' ')')')9: Coordinales 109 x

4--\.5
20 Gilt/iliapullelliles sp, Slide no. 13SII' 10002; Coordinates 104.6

x 58-
21 Gullati,puriles sp., Slide no. IISIP 1000.-": Coordinates 101 x

45.5
22. Lililatisporiles 51) .. Slide no. IISII' 10011. Coordinates 105 x

566
23. Vermcosispurile.' sp .. Slide nn. J3SI!' 10003; Coordinates 101

x 60
24 Falcisporites sp, Slide no. nSII' 10003; Coordinates 108.2 x

605
25. LilY/al/spuriles ~p., Slide no HSI P 100 J I; Coordinates 111

x 58 ..;.
26. jrmjllispora sp.. Slide no. l3Sli' 10003: Coordinates 105 x

5')l'J
27. lIerrucosispuriles lriseclllS. Slide no. l3SIP 10001; Coordinates

987 x 52
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Densoisporites which precedes the taeniate phase in
Damoder Graben. The increase in percenrage of
KIa usipollen ites, Ringosporites, Playjordiaspora,
Lundbladispora, Polypodiidites and Alisporites
funher indicates its affiniry with Lower Triassic
palynofloras. Taeniaepollenites, anorher rare taeniate
genus in the present assemblage, and Guttati~porites

restricted ro Assemblage V only are also known from
the Triassic of the Netherlands (Visscher, 1966).
Guttatisporites has also been observed in low
percenrages in Panchet Formation of Damocler Valley
Coalfield, India (Tiwari & Singh, 1983).

Lunatisporites petlucidus Zone (Falcisporites
Superzone) of Australia (Rigby et aI., 1987)
compares with Assemblage V in view of the common
occurrence of Lunati~porites pellucidus. Similarly,
the assemblage of Mianwali Formation, Salt Range
(Balme, 1970) is comparable in having
Lunatisporites pellucidus zone. The species common
in the presenrly idenrified Assemblage V and
Mianwali Formation, Salt Range are Osmundacidites
senectus, Ringosporiles (= Neuesi~porites) jossulatus,
Ringosporites ringus, Densoisporites playjordii,
Krae uselispo rites sp., Playjordiaspora cancellosa
(= Gu tboe rlisporites cancellosus) , Lu natisporites
(= Taeniaesporites) pe.llucidus, 1. (= Taeniae
sporites) nouiaulel/sis, Falcisp0 rites stabilis,
Klausipollenites scbaubergeri, Verrucosisporiles
nannianus.

The present palynological evidence indicates
that Assemblages I-IV belong ro Late Permian while
Assemblage V conclusively shows Early Triassic
affinity. The change-over from Late Permian to Early
Triassic between 178-166 m is sharp and well
defined which is evident from a sudden change of
striate-disaccate dominanr assemblage to taeniate
disaccate dominanr assemblage. This conclusion is
further substanriated by the study of palynofloral
succession from Raniganj Coalfield (Tiwari & Singh,
1986) while a complete succession of Late Permian
palynofloras is present in bore hole GAM7 up ro 178
m, there is a distinct absence of two
pa lynoassemblage s (P-I Striatopodoca1pites + Klausi
pollenites; P-Il Verrucosisporites + Callumispora)
which should precede the presenr Lunalisporites +

Verrucosisporites Assemblage. This indicates a
palynological break, though minor, in the
palynological succession of bore core GAM7
between 178 to 166 m. The above palynological
assemblage has nor been recorded in the presenr
study.The 12 meter strata which consists of greenish
grey sandstones, did not yield microfossils.

Lithostratigraphically, the sedimenrs up to 453
m in bore-hole GAM7 represenr the Lower and
Middle members of the Kamthi Formation (sensu

Raja Rao, 1982). The Lower Member, between
272.75-453 m, is rich in carbonaceous shale and coal,
alternating with white sandsrone. The overlying
greenish-grey sandstone with greenish-grey
shales/clay up ro 136 m depth are devoid of coal.
The sediments above 136 m are represented by
coarse-grained, ferruginous cross-bedded sandsrone
and alternating sandy shales. The entire sequence
above 272.75 m is normally considered ro represent
the Middle Member of the Kamthi Formation.

Recenrly, Ramanamunhy and Rao (1987) have
reconsidered the lithostratigraphic succession of the
Lower Gondwana sedimenrs in Ramagundam area of
Godavari Graben and have raised the status of Lower
Member and the lower pan of the Middle Member to
be equivalenr ro Raniganj Formation while the upper
pan of the Middle Member (represenred by an
alternate sequence of red/brown, sandy, calcareous
clays and cross bedded sandsrones) to be equivalent
ro the Panchet Formation. However, lithology
attributed to Panchet Formation by Ramanamunhy
and Rao (1987) in Godavari Graben does not
conform to the lithology of Panchet Formation of the
Damocler Basin-the type area. The present
palynological finding in bore-hole GAM7 also shows
that Panchet palynoflora commences much earlier
within the green sandstone and clay sequence. Thus
the Permian-Triassic bounclary transgresses in the
upper pan of the Middle Member of Kamthi
Formation (sensu Raja Rao, 1982) and Upper
Raniganj (sensu Ramanamunhy & Rao, 1987).

Lithozone 3 of the Infra-Kamthi Formation
(Kurty et aI., 1988), encompasses the Middle
Member of the Kamthi Formation of earlier workers.
This zone conrains the Endotbiodont-Cistecepballus
fauna representing Late Permian-?Iate Early Permian.
The lithological attributes of !ithozone 3 may
represent a part of the sequence studied in bore
hole GAM7 where the palynological transition has
been observed. In view of the above discussion, it
now appears certain that the younger pan of Middle
Member of the Kamthi Formation (sensu Raja Rao,
1982), represented by green sandsrone and clay, and
the overlying coarse-grained ferruginous sandstone
with alternating sandy shale should represenr the
Panchet Formation in Godavari Graben. The first
appearance of prevalent red colour of sandstones
and clay represenring Panchet Formation, as opined
by Ramanamunhy and Rao (987), does nor
corroborate with the presenr investigation. However,
it appears difficult to demarcate a lithological
boundary between the Raniganj and Panchet
formations in bore-hole GAJ\t17 as the sandstones and
shales with greyish-green tinr continue downwards
haVing Late Permian assemblages and, therefore, the
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contact berween Upper Permian and Lower Triassic
sediments is considered to be represented by a
paraconformity.

CONCLUSION

Palynological analyses record the presence of
definite Lower Triassic sediments in bore-hole
GAJ\II7, Mailaram Area (Paloncha Neck), Godavari
Graben. The Permian-Triassic boundary is located
within Middle Member of the Kamthi Formation. The
palynofloral transition from Protohaploxypinus
(= Striatopodocarpites) microcorpus to
Lunatisporites pellucidus Zone indicates a
palynological break, though minor in the succession.
TI1e palynofloral change-over from Permian to
Triassic does not commensurate a lithological
change, hence the lithological Permian/Triassic
boundary remains to be established. It is further
suggested that the Permian-Triassic change-over
occurs in a paraconformable sequence.

The sediments containing Lunatisporites
Verrucosisporites assemblage may be eqUivalent to
the sediments containing Assemblage PIlI A in
Damoder Valley. Thus the lithic attributes of the
Panchet Formation in Godavari Graben could be
represented by greyish-green sandstone and clays
overlain by predominantly coarse to medium
grained, cross-bedded sandstOne and sandy,
calcareous shale which are present in bore·hole
GAM7 from the surface up to 166 m depth.
Assemblage TV and V, which have a close comparison
with a similar succession in Salt Range, impart a
palaeogeographic provincialism during the penod.
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Rostrumaspern~um venkatachalae gen. et sp.
archegoniate seed from Triassic of Nidpur,

Shvam C Srivastava & S. R. Manik

nov., an
India

Sril·aSlal·a. Sl1yam C. &. 1\lanik. S. 1<. 1'.>90. !<oslr/imaSp"rl!l/l1!l /!I.'!lkalachalal.' gen. er sp. nOI .. an archegoniate
seed from Triassic of Niclpur India. III: .lain, K. P. &. Tiwari, R. S. (ecls)-IJroc Symp. 'IIislas ill Indian

I)al(/I!o/)oltill)', 1)(/I(/l.'obOI(//li:<1 38 : 9H·1O~.

Some carbonized seeds recolered from plal1l·bearing Nidpur beds are assigned to ROSlrllmaSp"rl1ll1l1l

l'I!/lkCIIl/cb(/lul! gen. et sp. nOI h'idence llf arehegollia lI'itl1 shon lLlbular neck favours idcntir)' with conifers and
~eliles precisel\' pineaceous affi! i;1l ions.

Key-words-l\-legafossil, Archegoniate seed. 1\lorpl1,llogy, Triassic (India)

.\l'yal!l C SnUISlaI'l/ {- S. R .11l/llil.!. 13irbal Sabi!l IIlSlillll1! oj !'(/lal.'o/)ola!lY. 53 ['nirer:<il)' Noad, Lllcknoll'

llC> (}(}7. l!lelia

ri~T

~ ('l1mi) <l; mHt ~ ~ ~ ro~m: <\+?:'11fil4'1 44>ll""<'Ils "1<f~ <{ '3lTfu

.~'l:lTtl' T.!rs;~~~ U'lilorr -.:rrf1rr<l;

~ 3!WTIr-'lR'l am; miT if~u~~~~ "h~'1ifil4'1 44>lIi"""s "1<f 'J'jjjfuq~~~fu;l<PTmtl

mit~ 1f0 l!'ffi rit~ -$t ~~ <t '1liJ<1lT l}~ ~~ Wrn q;tif ~ ~ ~ '1ft~~ if,

CONTINUED investigations of plant-bearing Nidpur
beds have yielded a number of carbonized seeds.
One of these structurally preserved seeds which is
characterized by the occurrence of tubular
archegonia at the microp>lar end of megaspore sac
has constituted the matter for this paper. Of the
reponed seed taxa (Pant, 1978; Manik, 1988) from
Nidpur, namely Rugaspermum, Savitrispermum,
Nidispermum, Pyrijormispermum, Rotundaspermum
and Pantiaspermum, none has revealed any such
feature. However, among the various fossil
gymnosperms, only a few members of
Glossopteridales, Pteridospermales, Bennettitales
(= Cycadeoidales) and Cordaitales have shown
archegonia at the apical end of megaspore sac. To
add, all living members of gymnosperms are also
characterized by the presence of archegonia with an
exception' of Welwitschia and Gnetum (Maheshwari
& Sanwal. 1963)

Renault (1879) figured archegonia in
Cycadinocarpus angustodunensis from Permian of
France. Since then, Brongniart (1981. in: Seward,

1919) described a definite megaspore membrane
surrounding prothallus tissue bearing two
archegonia. Later, Seward (19]9) dealt in detail the
structural features of Cardiocarpus sclerotesta
Brongnian and showed a well·developed pollen
.::hamber. Below the chamber, the prothallus tissue is
prolonged as a blunt, shon tentpole along which on
each side two small archegonia are located. He also
instituted a seed taxon Rhabdospermum cyclocarpon
and reponed the presence of single archegonium
through illustrations of megaspore sac (Seward,
1919, fig 501-C, p. 340) Long (1944) observed three
archegonia towards the apical end of female
gametophyte around the tentpole in a Palaeozoic
pteridospermous seed-Lagenostoma ovoides
Williamson 1877 Long (1959, 1960) opined that
Lower Carboniferous seeds are the first known to
contain archegonia, with three archegonia being the
most common number. Taylor and Millay (1979)
marked a well-developed archegonial cavity in L.
ovoides.

Since the discovery by Long was highlighted,

98
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Text-figure l-Roslrllmaspermlll7l uenkalacbatae gen. et sp.
nov., reconstruction of seed depicting overall shape, various
curinized membranes associated with archegonia; in miLkUl·
open to show a pan of megaspore sac Ca x 50.

Neely (1951) described Taxospermum undulatum
and depicted the megagametophyte with one
spherical or elliptical archegonium on either side of
the low tentpole. In this Pennsylvanian seed, Taylor
and Millay (1979) identified a megagametophyte
which is well-differentiated into a tentpole and
archegonium containing cytoplasmic remnant, The
gametophyte of Pachytesta hexangulata Stewart 1951
consisted of shoft tentpole with three archegonia
around it. Andrews and Felix (1952) reported
tentpole and a two jacketed archegonia in the female
gametophytes of Cardiocarpus spinatus Graham
1935, Andrews (1961, fig, 13-3B) figured a Lower
Carboniferous seed, Sphaerostoma ovale Benson
1914, where archegonia can be clearly marked but
the author has made no mention of it in the
description,

In addition, Rothwell (1971) reported ovoid
cavities at the micropylar end of the megaspore sac
of Callospermarion pusillum Eggert and Delevoryas
1960 and interpreted them to be archegonial
cavities, However, in Callospermarion undulatum,
described by Rothwell (1981), the definitive
archegonia could be marked with tubular necks, But
distinct number of archegonia could not be marked,
In this character of tubular neck, C undulatum
approaches closest to the seed described here, Aparr
from this, Stidd and Cosentino (1976) were able to
make out neck canal cells in the sunken archegonia
of Carboniferous ovule Nucellangium Andrews 1949,

Other than these Palaeozoic seeds from
northern hemisphere, interesting records of
archegonia have also been made by Pant et at.
( 1985) from the Permian sediments of India, The
twO seed-genera described are: Collospermum and
Palaeocarpus in which megaspore membrane is
raised and prolonged into a tentpole-like structure,
Under the surrounding depression, two or three
spherical dark bodies are seen which are presumed
to be archegonia on the basis of the presence of
similar spherical archegonia found in corda ita lean
and ginkgoalean seeds, From Late Permian of Bowen
Basin, Queensland, Australia, Gould and Delevoryas
(1977) have reported glossopteridean
megasporophyll bearing seeds containing
megagametophyte with one archegonium,

The aforesaid records have demonstrated varied
archegonia in petri factions and compressions of
Palaeozoic seeds, but from Mesozoic not much is
known, The first record came to light when Lignier
(1911) in a reconstruction of Cycadeoidea
(Bennettites) morien' (Lower Cretaceous of France)
illustrated the presence of archegonia in the apical
part of endosperm, However, Seward (1919) raised
doubt regarding the occurrence of archegonia
because the seed of C morien' contains a well
developed embryo, Since then, the occurrence of
archegonia remained unknown till Sharma (1979),
observed 2-3 archegonia in the apical parr of
endosperm of Williamsonia-ovules described from
the Mesozoic of Rajmahal Hills, Bihar.

Rostrllmaspermllm gen. nov.

Diagnosis-Seed ovate, tapering apically
somewhat like a snout, micropylar end appearing
flattened, integument in outer region thin on flanks
and base, tending to be highly developed at apex,
forming an outer integument characterized in
extremities by radially disposed spaces; cellular
structure of integument contorted revealing surface
wall interspersed with pits, outer integument closely
abutted to nucellus; nucellar membrane thin,
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Text-figure 2-NoSlr/ll1laSpprlll/l1ll I'ellkatachalae gen. et sp. no\·., A. Seed (alkali treated) showing o\erall Olltline and chalazal end,
Slide no. BSIP 10272. x 2~; B. A portion of megaspore sac adhered at places with nucellar membrane. Slide no I3SIP 10270. x 2~0;

C. A pan of microp\'lar end sho\Ying radially disposed spaces interspersed with irregular pits. Slide no. HSIP 10270, x 2~0; D. Apical
region of seed eXhibiting imensivel)' cutillized flanened micropylar end. Slide no. BS1P 10271. x ] ~o; E. A piece or aliter integument
sho\ving cellular details. Slide no 13S[1' 1027 0, x 2~0; F. Apical region or megaspore sac showing t\',,"o distinct archegonia, Slide no
BSIP 10270, x I ~O.

--+
PLATE 1

RostrlllJlaspermUII1 I'enkatacbalal' gen. e( sp. no\'.
1,7 Carbonized seeds immersed in glycerine showing overall

outline. micropylar and chalazal end (Holorype); Slide nos.
BS1P,10270, x 10; J027I, x 10.

2. Acid-treated seed depicting differentiation of cutinized
membranes, specimen no BS1P 10270, x 50.

3. Macerated seed after complete processing showing mega
spore sac bearing (wO archegonia occupying almost entire
space of nucellus, Slide no_ BSIP 10270, x 25

4. A portion of seed showing radially disposed spaces imer-

spersed with irregular pits, Slide no BSIP 10270, x [50
5. Apical end of seed magnified to show two spherical arche

gonia and distinctly differentiated radially disposed spaces.

Slide no 13SIP 10270, x ~o

6 Megaspore sac highly magnified to show t\VO distinct arche
gonia having tubular neck, Slide no. BSIP 10270, x 300.

8. Seed shmving flattened lOp of micropylar end, Slide no.
BSIP 10271, x 50

9 Terminal portion of seed exhibiting distinctly differentiated
nucellar depression. Slide no. BSIP 10272. x 50.
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confluent to megaspore membrane, free from outer
integument at its apex; megaspore membrane
bearing two archegonia, occupying almost entire
space of nucellus, forming ovoid to ovate sac.

Type species- Rostru maspenn u m uenkatachalae
sp. nov.

Discussion-In its overall shape the present
seed taxon differs from all the known seed genera
described from Nidpur plant beds in bearing
characteristic apical snout. Further, it stands apart
from Rostrumaspermum because of lack of
archegonia in their megaspore sac. In the striking
features of archegonia, Rostrumaspermum compares
with detached petrified seeds mostly known from
Palaeozoic sediments of northern hemisphere but
the present taxon being compressed, obviously seed
lacks vascular supply and the other anatomical
details and thus it can be easily differentiated from
all such seeds. The twO taxa preserved as
petrifactions, viz., AetbeotestCt elliptica Renault 1896,
and Rhabdospermum tunicatum Seward 1919,
possessing radially disposed spaces and apical
snout, have exhibited close identity with the genus
Rostrumaspermum but in other characters, because
of being in petrified state, these genera readily differ
from R. uenkatacbalae.

The other petrified taxa, viz., Lagenostoma
ouoides, Pacbytesta bexangulata, CycadinocaJpus
angustodunensis, Cardiocarpus spinatus,
Taxospermum undulatum, markedly differ from R.
uenkatachalae in having two archegonia flanking a
"tentpole" at the distal end.

The new genus also compares with the seed
compressions: Collospermum and Palaeocarpus
reponed from Lower Gondwana (Karharbari
Formation) of India (Pant et al., 1985) in the
presence of archegonia but R. uenkatachalae
distinguishes itself from the latter two genera in its
tubular archegonia and distinctive apical snout. Also,
the new genus lacks well-differentiated tentpo!e as
has been exhibited in the aforesaid Permian seed
compressions.

Further, the occurrence of tubular archegonia in
R. uenkatachalae suggests that this seed might
belong to plants which could be allied to Cordaitales
or Ginkgoales. However, this possibility is remote
because no fructifications referable to these groups
have so far been recorded. Besides, in possessing
short tubular archegonia R. venkatachalae is
distinc'tive from Ginkgo biloba but in this feature the
former comes closer to Pinus laricio and P. syluestris.

Rostrumaspermum uenkatachalae sp. nov.
PI. 1, figs 1-9, Text-fig. 1A-N

Diagnosis-Seed ovate, platyspermic, outline
entire, measuring 2-3 mm in length and 1.5-2 mm in

breadth; chalazal end broadly rounded, tapering
towards micropylar end having flattened apex;
somewhat looking like apical snout; integument
consisting of outer region tending to be thin along
flanks and base, highly developed at apex, forming
outer integument characterized by radially disposed
spaces; structurally outer integument composed of
irregular cells with their surfaces interspersed with
pits of varying sizes, pits frequently occurring in
hemispherical disposed spaces, entire
integumentary cellular organization appearing to be
contorted, integument closely abutted to nucellus
but free at apex; nucellar membrane confluent to
megaspore membrane, composed of thin-walled,
elongated, rectangular-polygonal cells distinctly
marked over the megaspore body; micropylar
opening ± rounded, intensively cutinized depicting
radially elongated cells; megaspore obscured in
cellular details, dark-brown in colour occupying
maximum space of nucellus, more or less forming an
ovoid to ovate sac; at the micropylar end of
megaspore sac two dark spherical bodies bearing
tube-like neck considered as to be archegonium
present; archegonia highly cutinized, cell outlines
not discernible; between the two archegonia a
cutinized mass superposed by one of the archegonia
somewhat rounded flattened in structure distinctly
marked and interpreted as to be immature
archegonium.

Holotype-Slide no. BSIP 10270.
Locality-Nidpur, Sidhi District, Madhya

Pradesh.
Age-Middle Triassic.
Remarks-Nucellar cuticle is mostly fused with

the megaspore membrane and occasionally cellular
markings or imprints are seen over megaspore body.
At times, because of over maceration, seed-cuticles
split into pieces and the two layers of megaspore sac
become evident which is indicative of double nature
of megaspore membrane. Other seed specimens
belonging to R. uenkatachalae have not shown the
presence of archegonia but the pits have been
commonly observed in the radially disposed spaces.
Absence of archegonia may be due to the fact that
the development of archegonia might have been
deferred until female gametophyte is completely
cellular (Foster & Gifford, 1974).

Comparison-In characteristic features of snout
like structure and occurrence of archegonia at the
micropylar end the present taxon can be clearly
differentiated from the other genera, viz.
Rugaspermum, Savitrispermum, Nidispermum,
Pyrijormispermum, Pantiaspermum and
Row ndasperm u m, reported from N idp ur
fossiliferous beds. Further, in the nature of
integument these taxa generally possess tough
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integument composed of varied cell shapes while in
R venkatacbalae the outer integument is extremely
thin and delicate having irregular·shaped cells.

Archegoniate seeds whether preserved as
petrifaction or compression, markedly differ from R.

venkatacbalae in bearing distinct tentpole. Besides,
these archegonia bearing seeds completely lack
tubular neck and the archegonia can occasionally be
located in sunken state tOwards the micropylar end.
Callospermarion undulatum (Neely) Rothwell 1981
alone comes closer to archegoniate seeds of Nidpur
in having tubular archegonia but the former at once
contrasts from the latter because of being
anatOmically preserved form. In details of anatomy,
the comparison berween R venkatacbalae and C
undulatum is not possible because of the state of
preservation. Collospermum and Palaeocarpus
described ,by Pant et at. (1985) from Lower
Gondwana of India also differ from R venkatacbalae
in having archegonia without tubular neck.

Amongst the extant forms, in gymnosperms,
there is a tendency of shortening of neck, and also
archegonia are located in varied pOSition. Conifers
have been exception where archegonia show a
lateral position; similarly Epbedra also shows
laterally placed archegonia. But tpbedra stands apart
from R venkatacbalae in having large neck.
However, R venkatacbalae bears a tubular neck and
in this particular character it comes closer to Pinus
lan'cio and Pinus sylvestris (Foster & Gifford, 1974;
Sporne, 1974) where the rwo archegonia are
associated with a short tubular neck. Occasionally, in
P sylvestris varying number of archegonia have also
been noticed.

In general organization of apical portion of
megaspore sac, R. venkatacbalae may be compared
with Ginkgo biloba but in the latter, archegonia are
quite distinctive because of rudimentary neck
(Maheshwari & Sanwal, 1963). Also, in C biloba the
number of archegonia ranges from 2-4 while in the
present new seed only two archegonia have been
observed.

Affinity-The ongOing characteristics of the
present taxon have led to the conclusion that its
relationship is closer to Coniferophytes
(Coniferales) than the other plant groups. The
presence of archegonia with tubular neck settles its
affiliations with the extant species, Pinus laricio and
P sylvestris. This resemblance is indicative of the
occurrence of Pinus-like plants in Nidpur flora. This
could be further substantiated by the findings of
needle-like compressions from the same strata.
However, this character is not suggestive that the
family Pinaceae must have been originated during

Triassic period. But certainly it can be inferred that
such coniferous traits must have been differentiated
during Triassic time because conifers were passing
through transi tiona I stage during Early Mesozoic
(Bailey, 1933). Depiction of such pineaceous
features in Triassic seed supports the view of Meyen
(1974) that separation of modern conifers tOok place
at this stage.

The conspicuous absence of pollen chamber
and free nucellus from integument at its apex
sufficiently strengthens the evidence for its
relationship with coniferales.
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Palyno-dating of Nidpur beds, Son Graben, Madhya
Pradesh

R. S. Tiwari & Ram ·Awarar

Ti"·ari. R S. & Ram·A\yarar 1990 l'akno·daring of Nidpur beds. Son Graben. Madhya Pradesh. III : .lain. K. I'. &
Ti\yari. R. S. (ed, J-- ('roc. S)'liIp "Vislas ill III diOi I l'alaeobotall.1'·. Pulaeobolt/l/lst 38 : JO~· J21

The ~idpur beds. located in Gopad Rh er section ncar Nidpur \ illage. Sidhi Disrrict. ,\(aelh\'a PrJdesh. halT

prm'ed [0 be a treasure 01' plant fossils-mainly fruClifications and leaf.strul'lures. -111e occurrence of Oiuoidiulil

rich ptcridospermic megaflorJ prm'ides the basis for dating these beds as Triassic The present stuch' re\'eab that

the Nidpur beds are brackered bcmeen t\\'o fault,. as a result of which [he\' escaped the erosion. The other

underlying plant beels exposed in Gopad rl\'(:r :mel its triburaries (~Iahan Ilh'er and Sehra NJla) arc oldcr than
~idpur bed" as the\' \'ielded lalest Permian pal\'n\)·asscmblages. I.ithologicall\' the Nidpur beds arc classified \yithin

(he llpper l'ali Member. and their palyno assemblage containing ['Iay/nrdiaspora, Lundbladispora. Dellsoisporites,

AralicariC/ciles, Coubinispora, KIC/lisipolleniI<!S, Llillalisporil<!S, Trabeclilosporiles. indicate, a Tri8ssic affiliation. 111e
trailing srriate·elis8ccates arc the remainie of the Upper Permian flora. On the basis of mega· and microfossils it i.,

suggested that they are of the I:arh Tria~si(' age.

Key-words-Palynology, Palvno·daling, ~idpur beds. !':Jrly Triassic (India)

I<. S Till'ari & Ram·Au'alar, Hir!;al Sablll Instil IIII.' o/I'alaeo!;o/ally, 53 ('nil'ersit)' Noad, LlIckllol.(' llG 007,
Ilidia
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NIDPUR beds were discovered by S:usangi (964) in
the Gopad River section, wesrern parr of Singrauli
Coalfield (Map 1), Sidhi Disrricr, Madhya Pradesh.
Since rhen, they have atrracred rhe arrenrion of
palaeoboranists, particularly because of well·
preserved, abundant megafossils with varied
frunifications found in these beds (Srivastava, 1975;
Srivastava & Maheshwari, 1975; Pant & Basu, 1977,
"1979). Also, a few palynological assemblages are

recorded from rhese fossiliferous beds as well as
other outcrops in the area (Chandra & Satsangi,

1965; Maheshwari, 1967; Bharadwaj & Srivastava,
1969; Trivedi & Misra, 1970). The tectonic set-up and
the relative position of these beds, with mega· and
microfossils, are of much interest for the age
relarionship of these beds.

Palynological dating of these beds makes rhe
focal rheme of the presenr paper. The sediments
exposed on the lefr bank of Gopad River, at abour 2
km norrh-east of Nidpur Village (24 0 7' : 81 0 53'),
between two faulrs (p and P, Map 2) adjacenrly
south of Sehra Nala confluence wirh Gopad River

lOS
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Map I-Showing pivotal positioning of Nidpur area in Son Valley Graben (southern arm) in relation (0 Damodar Graben (eastern
arm) and Satpura Graben (western arm)

The southern part of the area is bound by Parsora
(Mahadeva) hillocks. The main country around
Marhwas and Nidpur Villages is a flat allUVial plain,
excepting Gorhra and Chakdahi hills, exposing
mainly sediments of Pali Formation in river cuttings.

Majumdar (198]) gave a comprehensive account
of the geological set-up of this area which has been
modified as under on the basis of present
palaeobotanical and palynological evidences.

have been exclusively considered here as "Nidpur
beds" and the area of study has been termed as
"Marhwas area" (24°0'-24°]0': 81°50'-82°0')
named after the Marhwas Village As an essential
suppliment for finer palyno-dating of these beds,
several exposures is this area along Gopad River,
Mahan River and Sehra Nala were also studied. A
comparative assessment of assemblages recovered
from Dicroidium-rich and Glossopteris-rich strata has
been made. The data have been interpreted against
the back-drop of geology, lithology and stratigraphy
of the Pali Formation to which these sediments
belong.

GEOLOGY OF THE AREA

CRETACEOUS DECCN~

TRAP

Middle Triassic Parsora
Upper Triassic'

DOLERITES AND
BASALTS

Grey coarse to medium·
grained sandstone with
red to lilac coloured
sandstone

........Unconformity/Overlap and

The Precambrian igneous- metamorphic
complex forms a high scarp in the north and nonh
western pan of the area. The younger sediments are
separated from Precambrian by a prominent
boundary fault.

Middle and Upper Grey feldspathic sand·
Pa]i Formation stone, shale, siltstone

with carbonaceous shales,
coal and siderite bands

The Marhwas area is located in the Singrauli
Basin, the e:xtreme northern region of Son-Mahanadi
Graben and the Nidpur beds are situated in the
western most tOngue of the Singrauli Basin. TIle
situation of this part of the basin is very peculiar in
that it occupies a pOint at the tri-junction of
Damodar, Satpura and Son-Mahanadi grabens.
Implicitly, the resemblance, in degrees, with these
three grabens is expected in lithology and plant
history (Map 1) In north, Pali Formation (Raniganj)
and, at places, Parsora (Mahadeva) sediments are
directly in contact with the Precambrian basement.
The Gopad River traverses in south-north direction
through this area. A shifting of basinal centre during
sedimentation has been inferred with reference to
the regional set-up of the basin (Raja Rao, 1983)

Upper Permian
to Lower
Triassic

Precambrian Precambrian Slates, quartzites and
metabasic granite
schists, gneisses and
granulites
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The Pali Formation is mainly composed of
monotonous, multistoreyed arenaceous argillaceous
rock assemblage and its lower contact faulted against
the Precambrian complex These suites of sediments
are unconformably overlain by dominantly
arenaceous beds with ferruginous violet'coloured,
lilac-coloured sandstOne, as seen in the Gopad River,
north of Nidpur Village. Lithologically, the Pali
Formation comprises sandstOne, shale-SiltstOne,
carbonaceous shale and coal sequence with minor
calcareous intercalations and red shale·clay pockets.
The Nidpur beds occupy the topmost part of the Pali
sequence.

The Parsora Formation is exposed in the south
and south-western part of the area (earlier marked as
Mahadeva). Along the Gopad River, capping the
Nidpur beds, coarse-grained sandstOne with lilac

colour intercalation have been noticed. In the
northern-most region, the Parsora Formation is
exposed in a overlap contact with the Pali
Formation.

As is clear from the dip directions given (n Map
2, a mild anticlinal structure trending east·west in
the centre of the region is developed. Its axis runs
along Marhwas-Nidpur alignment, more or less along
the course of Sehra Nala which generally exposed
horizontally along the strike Near the confluence of
Sehra nala with Gopad River, the situation has
become complicated because of three faults (Map 2,
3). As defined above, the Nidpur beds exposed on
the left bank of Gopad River, about 300 m south of
Sehra·Gopad confluence, are bracketed between
faults F-2 and F-3. In its turn, the sequence locked
up between these two faults is also dissected by
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have yielded palynomorphs (Map 2). The details of
these samples are as follows:

N
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',.ri· Sample No Lithology Geological
horizon

Flora

Map 3-Gopad River section enlarged to show Nidpur beds
berween Fault F2 and F3; location of yielding samples also
depicted.
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Text-figure l-Frequency of palynotaxa in sequential samples
collected from Sehra nala section (refer Map 2) near Marhwas.
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SAMPLE LITHOLOGICAL
NO SEQUENCE

I-A. Exposures near Marhwas Village-About one
kilometer north-east of Marhwas Village, a 6 m thick
pile of horizontally placed black and grey shales and
sandstOnes are exposed (Tel\1:-fig. 1) in the right
bank of Sehra nala from where four samples proved
to be rich in spores and pollen grains.

The assemblage is dominated by striate
disaccate genera: Striatopodocarpites and
Faunipollenites, in association with non-striate
genus Scheuringzpollenites. Other taxa recorded are
Breuitriletes, Microjoueolatispora, lndotriradites,
Gutlulapollenites, Densipollenites, Crescentipolle
nites, lnaperturopollenites, Navalesporites and
Striatites. The genera-Lunatisporites,
Trabeculosporites and the non striate group
consisting of Satsangisaccites and Falcis{Jorites also

I. Sehra Nala Section

three minor faults, F-a, Fb and F-c, with 2 to 5 m
differential down-throws. The Nidpur beds are more
or less horizontally placed, and their displacements
can be reconstructed on the basis of lateral
extensions of lithological units.

Between faults F 1 and F-2, a distiner anticlinal
fold structure is exposed in a faulted contact (F2)
whose southern limb is dipping (6°) southwardly
(Map 2, 4; Text-fig. 4) The sediments between faults
F-l and F-2 contain Glossopteris- Vertebraria
dominant magaflora and a typical Upper Permian
palynoflora (present work); per contra, the Nidpur
beds between faults F-2 and F-3 contain Dicroidium
bearing flora with distinctive palynofossils. The
discontinuity of the Permian sequence with respect
to Nidpur beds is thus evident The Permian
sediments are exposed again at southern side of
Nidpur beds with a faulted contact (Fault F-3)

PALYNOSTRATI GRAPHY

A traverse was taken from west of Marhwas
Village along the course of Sehra nala eastwards \,lP
to its confluence with Gopad River. The main
lithology of the exposed sediments exhibits
sandstones, shales, rarely thin coalseams of dull
coal, carbonaceous shales and thin bands of fine
clays. The sandstones are ferruginous with brick-red
colour near Mahkor Village. The beds are gently
dipping northwards, or hori zontal (Map 2). Plant
megafossils seen during the collection of samples
are mainly Glossopteris leaves, Vertebraria and few
unidentifiable twigs, but no Dicroidium was found.
In all, 47 samples were collected, out of which II



Tf\X!ARI & RAM·AWATAR-I'ALYNO-f)ATING OF NI\)PlIR BEDS 109

Ul
z»
O~

LJ,
ITl

INDEX

'Io~1<1

o 10 20

I
I

•--•
I

I
I
I
I

1>
3,
"-v.

I
I

I

•--I
I

•

};
t,
..

••I
I

•
I

1>
3,
"
'"

•--I
I

•I
I
I
I
I
I
I
I
I

1>
3,,
o

};
3,,
w

I T- I I

:-" .... 0 0
t.n 0 t.n
3

~~r-Jm~~fJ~rlffirlmrl~rlmrlmlffirmmW~f1f1flflm~lTllrrrmlIT",~ ,
(fl-
1Tl-i
OI
cO
1Tl'
zO
nQ
ITln

»,PALYNOTAXA
BREVITRILEHS I
OSMUNDACIlllTES I
DENSIPOLLENITES I
RHIZOMASPORA I
SEHEURINGIPOL LENITE S •
FAUNIPOLLENITES •
STRIATOPODOCARPITES -CRE SCENTIPOLLENITE S •
DIS TRIATITES I
TRABECULOSPORITES •
LUNATISPORITE S I
FALCISPORITES I
GONDISPORITES I
PRECOLPIPOLLENITE S I
MICROBACULISPORA

STRIATITES

CORISACCITES

o.UADRISPORITES

VERRUCOSISPORITES

WEYLANDITES

Text-figure 2-Frequency of palynotaxa in sequential samples collecred from Sehra nala section (refer Map 2) near Mahkor

appear inconsistently and sporadically in the
assemblage.

No spore of Lundbladispora-Densoisporites
group, or the genus Weylandites has been recorded.
The overall composition indicates an uppermost
Permian affinity for the assemblage. For such a
conclusion, Guttulapollenites and Navalesporites
have been taken into consideration with reference to
the totality of assemblage.

I-B. Exposures near Mahkor Village-Thick
exposures with low, northerly dips or horizontal
strata are seen at the confluence of Jamdhara nala
and Sehra nala. Further downstream of Sehra nala,
near Mahkor Village massive deposits of compact,
ferruginous, red sandstones are exposed. The
intermittent shale bands within the sandstones,
containing Glossopteris and Vertebra ria, yielded
spores and pollen.

Palynological assemblage recovered from this
section (Map 2; Text-fig. 2) also resembles Marhwas
assemblage in general, but the increased

percentages of Trabeculosporites and occasional
appearance of Hamiapollenites, Weylandites
and Osmundacidites are indicative of changing trend
towards a relatively younger aspect.

II. Gopad River Section

The river was traversed from northern boundary
fault, upstream up to the Mahan River junction (Map
2). All the prospective lithologies represented in
about 150 samples were collected systematically
(Map 2). The whole stretch of the area along Gopad
River has been divided into folloWing three parts.

1I-A. Section north oj Nidpur plant beds-The
extent of this part runs from northern basement line
up to fault F-2; 66 samples were collected for
palynoanalysis, out of which only eleven have
yielded.

Adjacent to the south of metamorphics, massive,
coarse, ferruginous, yellowish to reddish sandstone
of Parsora (Mahadeva) Formation are exposed in the
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right bank ot Gopad River. On the left bank, at this
point, the Chakdahi Hill exposes a huge succession
but none of the samples collected from scarpment
proved to be positive.

Older to this strata, with a faulted contact, the
Raniganj (Middle Pali) Formation is exposed; the
main lithology of this sequence comprises fine
grained sandstOnes, siltstones, grey and black shales
and rarely coaly·shale bands. Opposite to Bhumka
Village, on the right bank of the river, a sequence of
red ferruginous sandstone with large Glossopteris
leaves is exposed. Even othelwise, the Glossopteris,
Vertehraria and Schizoneura are commonly found
The strata are low dipping towards north and north·
east direction (Map 2).

Sample no. GPD-2, a sandy shale-lense within
the Mahadeva SandstOne, contains several dark
brown taeniate-bisaccate pollen grains. Sample no.
GPD-3, grev shale-band of 0.5 m thickness belonging
to Raniganj (Pali) sequence, exposed just below
Mahadeva sandstOne contains a well preserved,
diversified assemblage; it is in contrast with sample
no GPD-2 of Mahadeva Formation. Lithologically
there is an abrupt change between GPD-3 and GPD-2
which is also reflected by palynofossils. This could
represent a hiatus between Raniganj (Pali) and

Mahadeva (Parsora). Sequential placement of
yielding samples depicts a pattern of quantitative
occurrence of various taxa, in Gopad River section,
north of Nidpur fossiliferous beds (Te>''1-fig.3).

Strialopodocarpites, Faunipollenltes and
Denszpollenites are quantitatively important genera.
Other characteristic forms are Callumispora,
Cyclohaculi~porites, /Vlicrohaculispora, Crescenti
jJol!eniles, Gondisporites, Lunatisporiles,
Falcisporites. Guttulapollenites, Verticipollenites and
Naualesporites_ Absence of Playjordiaspora,
Traheculosporites, Satsangisaccites, \YIeylandites and
Gouhinispora is noteworthy as it reflects an older
aspect of these beds than that of the palynoflora in
the Nidpur beds discussed below. It is evident that
the strata, exposed in Gopad River in the north of
Nidpur beds, have an Upper Raniganj affinity

II-B. Section oj Nidpur heds-Fifty-two samples
were collected from the bed exposed berween fault
F-2 and F-3 (Map 3), out of which 11 yielded pollen
and spores. The yield was fairly rich in Dicmidium·
bearing shales as well as in the carbonaceous bands
in one of the sectors. Text-figure 4 depicts the
section of th is bed alongwith the location of yielding
samples and Text-figure 5 gives the log of the
sequence in this locality.

GPO-18 GPO- 13 GPO-l0 GPO-9 GPO-8 GPO-? GPO-6 GPO-5 GPO-3- • -- - • • • I
I I I I • • • ---- --- - • - - - • --I I I • • I • I -I I I I I I I I I
I I I I I I
I I I I I I I
I I I I I I I
I I I I
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Text-figure 3-Percemage frequency of paJynoraxa recovered from samples collected from nOrlh of Nidpur beds, in Gopad river (refer
Map 2)
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The oldest strata in Nidpur beds are situated
between fault F-c and F-3, This patch has distinctive
lithology having dominantly coarse-grained
sandsrones with whitish greyish colour in the older
level and ferruginous, pinkish-redish tint in the

younger level. There are several carbonaceous
shales, lenses and bands in sandstOne units
containing few fragments of Clossopteris lea\'es and
unidentifiable dispersed plant remains, A number of
samples (GPD·83, 84, 85D, 87, 878, NID-q) have
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which did not yield any microfossils.
The details of sequential set-up, thus, clearly

reveal that the beds exposed between faults F· 2 and
F·a are horizontally placed exhibiting Dicroidium
bearing shales in the lower sandstone. The slice
between faults F-a and F-b has suffered a subsidence
so that the layers rich in Dicroidium have
submerged in water. Sediments between faults F-b
and F-c are again down·thrusted. The beds between
fault F-c and F-2 represent more or less similar
lithology, but those between F-c and F·3 are
different, where the dips turn southwardly. No
sediments are exposed after fault F·3 for quite some
distance, beyond which the Pali (Raniganj)
sediments are again exposed.

In this succession two palynological zones have
been delimited between faults F-2 and F·3. The
productive samples are grouped in sequential order
as under'

Contd

yielded a taeniate disaccate (Lunatisporites,
Trabeculosporites) dominating assemblage. Forms
assignable to Densipollenites having diffused body
are present (Type-A; PI. 1, fig. 13) but species with
distinct body are absent.

The Dicroidium-bearing shales of classical
important beds are exposed just above the described
carbonaceous-Iense-bearing sandstOne unit. This
sequence is located between faults F-2 and F-c in
which the general sequence, from bottom to tOp,
starts with a grey, micaceous siltstOne and grey shale
which is full of carbonaceous matter comprising
fructifications and profused Dicroidium leaves with
allied forms, such as Pteruchus, Savitrispennum and
Lepidopteris; fragmentary and rare Glossopteris leaves
could be seen in some layers (see Srivastava, 1969).
The thickness of this siltstOne bed varies from 10 to
40 cm and, at places, because of the down thrusting,
it remains submerged in the Gopad stream for most
of the time during the year, except summer.

Above this Dicroidium-rich shale layer, a 1.5 m
thick sandstOne unit is present being fine to medium
coarse grained in texture It contains thin, 2- 10 cm,
lenses of grey, silry shale as well as siltstone, having
imprints of Dicroidium. Palynology of the sample
(MB, NlD-S, NlD·10) from this second horizon of
DicrOidium shows an abrupt change in palynoflora
where taeniate forms decline considerably.

Younger to the sandstone unit described above,
there is another sandstone bed 0-2 m) containing
thin layers of silry shale as well as siltstone but no
mega·or microfossils have been found in them. This
sandstone is capped by generally weathered,
massive, red ferruginous sandstone of about 2 m
thickness. Between these two sandstOne layers a
chocolate colour shale band (20-30 cm) is present

SAMPLE
NO.

ZONE II
NJD-8

NJD·I0
M.B.

ZONE I
GPD·88

GPD·87B
GPD·87

NJD·5

LITHOLOGY

Greenish shale

Grey siltstone
Grey shale

Carbonaceous shale

Grey micaceous shale
Grey silry shale

Carbonaceous shale

REMARKS

Faint prints of
fossils
Dicroidium present
(Master bed)
Rich in fructifications
Dicroidium; poor
Glossopleris

Fragmentary fossils:
Glossopleris
Fragmentary fossils
Glossopleris poor
? Dicroidiu m Poor
Specks of plant
material

-
PLATE 1

(All photomicrographs are enlarged, x 500; onhoplan microscope
no 851393)

1. Naualesporiles spinosus Sarate & Ram·Awatar 1984; Slide no.
BSIP 10237. Coordinate 7 x 97

2. Scbeu ringipollenlles ma,imus (Han) Ti,vari 197 3; SI ide no.
BSIP J0240A, Coordinate 22 x 98 (Leitz No. 512794.'067053).

3. Trabeculosporiles (Trivedi & Misra 1970); Slide no. BSIP
10243B, Coordinate 30 x 105.

4. Tiwariasporis indicus Srivastava, 1970: Slide no. BSJP 10240,
Coor,dinate 9 x 93.

5 Sirialopodocarpiles Soritsch & Sedova emend Bharadwaj
1962: Slide no BSIP 10244, Coordinate 25 x 105.

6. Labinles raniganjensis Bharadwaj 1962; Slide no. BSIP 10245,
Coordinate 28 x 105.

7 Labiriles sp. (Tiwari 1965); Slide no. BSIP 10240A, Coordinate
6 x 1 12 (Le itl. no. 512794/067053)

8. Densipollenlles inuisus Bharadwaj & Salujha 1964, Slide no.
BSIP 102401\, Coordinate 10 x 95 (Leitz. no ') J279-i '067053).

9 Gondisporiles raniganjensis Bharadwaj 1962; Slide no BSIP
10245, Coordinate 30 x 10')

10. Siriailles sewardii (Virkki) Bharadwaj 1962; Slide no. BSIP
10237A, Coordinate 19 x 99

1] l.unalisporiles sp. (Goubin in: Maheshwari & Banerji ]97'));
Slide no. BSIP 10247; Coordinate 33 x 93

12. Densipolleniles indicus Bharadwaj 1962; Slide no. BSIP 10239,
Coordinate 7 x 103.

13. Alete type-A; Slide no. BSIP 10241, Coordinate 38 x 107.
14. Verliczpolleniles secrelus Bharadwaj 1962; Slide no. BSIP

10239, Coordinate 34 x 105.
15 Corisacciles alulas Venkatachala & Kar 1966; Slide no. BSIP

10243A, Coordinate 12 x 116.
16. Crescenlipolleniles fuscus (Bharadwaj) Bharadwaj, Tiwari

& Kar 1974; Slide no. BSIP 10238, Coordinate 13 x 105.
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Zone I: Palyno-assemblage

The genus TrabecllLosporites dominates in this
zone The genera Striatopodocarpites,
Fa II IIlpoLLenites, ScbelirillgipoLLenites, Crescen tipoLLe·
niles and GlittliLapoLLenites are also significant.

The suite of qualitatively important taxa
inc I 1I de CaLLl! mispora, Verrll cosispori tes,
Densoisporites, LundbLadispora. ALisporites,
Kia II s ipoLLe n ite s, FaLcisporite s, LII na t ispori tes,
GOl/binispora, Inaperturopollenites, Playjordiaspora,
Vi tre isp orites, Ara l! ca riac ites, Sa ts a ngisacc i tes.
NidipoLLenites, \'("cyLandites. etc.

The Permian striate pollen enlisted above are
the significant remains of the lot and stradded into
rhis level, but the suire of qualitatively important
taxa, however, confirms a major change at this level.

Zone II: Palyno-assemblage

This zone is younger to Zone I. The palynoflora
remarkably changes at this level. The taeniate pollen
suddenly decline in Zone II, and the remanant of
Permian genera (e.g. Striatopodocarpites,
FaunipoLLenites, ScbeuringipoLLenites) are at their
low ebb A better representation of Nidipollenites,
Satsangisaccites, W1eyLandites, GOl!bini~pora,

Densoisporites, KLallslpoLLenites, Falcisporites,
Podowlpidites and ALisporites is depicted in this
70ne as compared to Zone I.

A broader aspect of continuity of Zone I and
Zone II palyno-assemblages is evident from this
analysis, but a floral change is well marked and
significant because lithological changes are also
distinct between these strata.

II·C. Section south of Nidpur beds-After the
fault F-3, the strata are mostly covered under
alluvium. Se,-eral samples were collected from the
exposures near the railway bridge (Map 2), but none
of them yielded microfossils Only two samples
(GPD-99 and GPD-93) collected from the confluence
of rV1ahan and Gopad rivers were found to be
productive. Thin coal seam with prominent shale
layers is' also exposed in this region.

The succession at Mahan-Gopad meeting point,
on the left bank, exposes mainly micaceous, fine
grained sandstone, siltstone, grey shale, coaly shale
and coal (Text-fig. 6). This bed contains distinct
Glossopteris leaves and few needle-shaped indistinct

Text-figure 6- Frequency of imponant genera in twO samples at
Mahan-Gopad confluence (refer Map 2).
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PALYNOTAXA
MICROBACULISPORA I
MICROFOVEOLATISPORA I
PARASACCIHS I
RHIZOMASPORA I
IBISPORIHS I
OENSIPOLLENITES I
GONOISPORIHS I
SCHEURINGIPOLLENIH S •
FAUNIPOLLENIHS -STRIATOPODOCARPIHS -LAHIRIHS I
STRIATITES I
LUNATISPORIHS I
EPHEDRIPIHS I
LATOSPORITfS I
NAVALESPORITES I
[ORISACCIHS I
LARICOIOIHS I
CALLUMISPORA

CRE SCENTIPOLLfNIHS

VERRUCOSISPORIHS

VERTI[IPOLLENIHS

plant debris. No Dicroidium has been seen in this
section.

Sample no. GPD-99 exhibits the prominence of
Striatopodocarpites, Faunipollenites and
Scbeuringipollenites. Other rare but qualitatively
important genera are: Cyclobaculisporites,
Indotriradites, Microbaculispora, Microjoueolati
spora, Densipol!enites, Gondisporites, Lahirites,
LLI natisporites, Naualesporites, Guttulapollenites, etc.
The other sample GPD-93 is younger to GPD-99 in
the sequence; there is a subtle change in the
assemblage of this sample when compared to the
latter. Striate-disaccate pollen are in prominence, but
two genera, i.e., Densipollenites and Naualesporites,
increase considerably; Crescemipollenites is also
present in this assemblage.

A clear Upper Raniganj affinity for these rwo
assemblages is depicted. Quantitative differences
are, however, evident amongst these rwo shale
horizons.

C.lrl)(lnaCenus shale
Carhnnacenlls. shale Fraglllenta~' fossils;
lellscs in coarse grained dispersed plant ll1auer
:-.3ndsl0l1e

Sandstone
Gre\ sllJle

NIl) J

GI'[)·}i'; D

CI'I) X-I
(ji'l) Hj
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RELATIONSHIP OF NIDPUR BEDS

The sediments exposed in Gopad River and
Sehra nala sections have been mapped earlier as
Raniganj (Hughes, 1881) Recently, Raja Rao (1983),
although delimited the area as Raniganj on the base
map, commented that the Nidpur beds are of Triassic
age. Tripathi (1963) reported the presence of
Rhinesuchus wadiai-a labyrinthodont remain, from
near Marhwas Village, indicating the age of
sediments as Late Permian. The present
palynological results from the same region (Marhwas
assemblage) also support this conclusion

Sequel to the report of Dicroidium by Satsangi
(1964) from Nidpur, continuous efforts to analyse
the flora of the area have resulted in the wealthy
record of cuticles, fructifications and in sitll pollen
from this bed (Srivastava, 1975). Besides, reports of
rich floral elements by Bose and Srivastava (1970,
1971,1972,1973), Pant and Basu (1973, 1977, 1979),
Srivastava and Maheshwari (1975), and Pant and Pant
(1987) made this bed a classical example of
preservation and diversification. Because of the
presence of characteristic Dicroidium-rich flora wjth
other pteridospermic, ginkgoalean and coniferalean
groups of plants, the aSSignment of Triassic age has
been supported by rhese workers for the Nidpur
beds.

In 1965, Chandra and Satsangi in a preliminary
report of spores and pollen illustrated non-striate
and taeniate disaccate pollen and few pteridophytic
spores; the trisaccate pollen documented are
referable to Goubinispora and the 'pteridophytic
spores having ribs or striations belonging probably
to Schizaeaceae' (Chandra & Satsangi, 1965) could
be the specimens of the genus Weylandites.
Although this bed bears DicrOidium imprints
(Chandra & Satsangi, 1965), its Stratigraphic position
with reference to different units of this section, as
known now, is not certain. However, in all
probability, it belongs to the bed designated here as
Master Bed (MB).

Maheshwari (1967) enlisted a palynoflora
recovered from a shale, about 2 km south-east of
Nidpur in Gopad River, near the railway bridge (Map
2). Although the stratigraphic location of this shale
is not controlled, the prominence of striate·
disaccates, Densipollenites and Scheuring/pollenites
suggests an Upper Permian affinity. This shale
contained Glossopteris leaves but no DicrOidium is
known from this locality.

Probably unaware of the detailed palynological
studies of 'Nidpur plant beds' by Bharadwaj and
Srivastava (1969), Trivedi and Misra (1970, pp. 14,
15) published an assemblage from the same area

comprising the abundance of taeniate. striate pollen
and \'('eylandites. Presence of few cingulate,
monocolpate and Falcisporires, Satsangisaccires
complex is also noticed.

Bharadwaj and Srivasta\'a (1969) found a rich
palynoflora in a "6 inch thick bed of highly
carbonaceous shale which overlies the basal fine
grey sandstone" The positioning of these shales has
been determined now to be between faults F·2 and
F-3 as numbered in the present work (Srivasta\-a
pel's. comm., 1986), and stratigraphically, this shale
lies below the grey siltstone facies It is not
carbonaceous but contains rich carbonised plant
matter as well as Dicroidillm fossils. We have also
recovered a comparable palynoassemblage in the
grey siltstOne facies younger to (i.e, 1.5 m above)
the shale analysed by Bharad\vaj and Srivastava
(1969), however, the taxa, viz, Densipollenires
densus and D indiclls with clearly defined central
body, and some of the striate-disaccate species are
not found in our assemblage. Except for this, the
whole flora has been reproduced in the grey shale
and siltstone which bear Dicroidillm. The
lithological observations as well as palynological
contents indicate that the palynoflora described by
Bharadwaj and Srivastava (1969) was obtained from
a relatively older shale bed from inside the pit, with
carbonaceous rich contents. The presently analysed
grey siltstone also contains DicrOidium but has no
Densipollenires with well-defined body. A fresh set of
sl ides recently given to us by Srivastava (pel's.
comm, 1988) made from Dicroidium-bearing grey
siltstone and grey shale also contains an assemblage
which does not have Densipollenires species with
sharply defined central body.

AGE CONNOTATION

The Upper Permian and Lower Triassic
palynofloral sequences are well understOod for
Damodar Valley basins (Bharadwaj & Tiwari, 1977;
Bharadwaj, Tiwari & Anand-Prakash, 1979; Tiwari &
Rana, 1984; Tiwari & Singh, 1983, 1986; Vijaya &
Tiwari, 1988) Tagged with lithological changes from
Raniganj to Panchet formations in the Raniganj
Coalfield, the assemblage R- I and poi respectively
qualify for the latest Permian and earliest Triassic
(Tiwari & Singh, 1986), \);/hen compared with this
model of Damodar Graben, the palynoassemblages
recovered from the Sehra nala section and north as
well as south of Nidpur beds in Gopad River (Text·
figs 1, 2, 3, 6) match with the R-I and R-Il
assemblages of Late Permian (Tiwari & Singh, 1986)
On the basis of the occurrence of Corisacci/es and
Navalesporites it can be compared with Sukhtawa
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assemblage in Satpura Basin (Bharadwaj, Tiwari &
Anand-Prakash, 1978) which is considered to be
latest Permian in age. Besides, the palynofossils from
Gopad River, Mahan River and Sehra nala (except
Nidpur beds) have also an akinness with the
assemblages known from Middle Member of Pali
Formation in Birsinghpur Pali Coalfield (Tiwari &
Ram-Awatar, 1986, 1987b)

As discussed above, the palynoflora in the
Nidpur beds contains Lunatisporites,
Trabeculosporites (taeniate-complex), Playfordia
spora, Densoisporites, Lundbladispora,
Klaus/pollenites, Falcisporites, Araucariacites and
Goubinispora as the basic components ind icating a
Triassic age affiliation of these beds.

No Permian palynoflora in the peninsular India
is known to possess such a composition of taxa,
while the established Triassic palynofloras exhibit
closely comparable trends in fundamental elements
(Vijaya & Tiwari, 1988).

In Damodar Basin, the assemblage from Panchet
Form2tion is mainly associated with high percentage
of cavate spore genera Lundbladispora and
Densoisporites, while these forms are rare in the
Nidpur beds. In Zone-I, there are fairly large number
of specimens assignable to the genus Densipollenites
(Type-A, PI. 1, fig. 13; PI. 2, fig. 14) but none of them
possesses a sharply defined central body. However,
species with or without distinct body have been
recorded from Upper Raniganj as well as Lower
Panchet palynofloras of the Raniganj Coalfied (Vijaya
& Tiwari, 1988).

\''\fhen compared with the Australian Permian
Triassic assemblages (Helby et aI., 1987), there
seems to be a factor of provinciality which plays a
vital role in shaping the Triassic palynofloras of two
regions. Thus, Aratrisporites, Triplexisporites,

Duplexisporites, Craterisporites, etc., are some of the
forms which are nOl well-represented in the so far
known Indian assemblages. On the basis of taeniate
dominance, the Nidpur assemblages are comparable
wi th Protohaploxypin us sarnoilovichii Zone (in
Falcisporites Super Zone: Helby et al.} 1987) but in
other components the comparisons are not befitting.
The genus Trabeculosporites, characteristic of the
Nidpur fossiliferous bed, does not appear in any of
the zones in Australia; it seems most plaUSible that
Trabeculosporites-complex is related with
lnfernopollenites type of pollen having Anisian age
aspect.

The evidences are accumulating to suggest
strongly that the Son Valley basins have distinctive
vegetational as well as depositional history during
Permian and Triassic time (Raja Rao, 1983). A fairly
marked deviation of palynological succession
between Damodar River Basin and South Rewa Basin
is also evident (Tiwari & Rana, 1980; Tiwari & Singh,
1986; Tiwari & Ram-Awatar, 1986, 1987 a, b) which
reflects the influence of different floral compon\.'nts.

In South Rewa Basin, the Barakar Formation was
overlain by uninterrupted deposition of thick
sequence of Pali Formation, which is divisible into
three units-Lower, Middle and Upper. The Lower
Pali Member is equated with Barren Measures. The
Middle Pali Member contains coal seams and
carbonaceous layers with rich floral assemblage of
Upper Permian affinity. The palynoflora of this
horizon has been described by Tiwari and Ram
Awatar (1986) from ]ohilla Coalfield. In this
assemblage, beside typical Upper Permian
components, some forms such as taeniate genera
Trabeculosporites and Haemiapollenites start
appearing, which further increase in Nidpur beds.
There is a fair degree of resemblance between the

PLATE 2 ---+

1. Crescenlipol/eniles Bharadwaj, Tiwari & Kar 1974; Slide no.
BSIP 10248. Coordinale 31.5 x 965.

2,13. Traheculosporites Trivedi & Misra 1970; Slide nos.
BSIP 10248. 10246A, Coordinates 47 x 10 I ) & 41 x 103.

3. Lunatisporites pellucidus (Goubin) Maheshwari & Banerji
197); Slide no BSIP 10248, Coordinale 43 x 91 )

4. Distnatites hilateralis Bharadwaj 1962; Slide no BSIP
10246A, Coordinate 40 x 97

5. Salsangisacc/les nidpurensis Bharadwaj & SrivaSlava 1969;
Slide no. BSIP 10248, Coordinate IS.) x 104.

6. Araucariaciles (Cookson, 1947 ex Couper 1953), Slide no
BSIP 10246A, Coordinate ~ 1 x 103

7, 8. Playfordiaspora Maheshwari & Banerji 1975; Slide nos.
BSIP 10246, 10242, Coordinates 35 x 110 & 22 x 92.

9 FalcispOriles Leschik emend Klaus 1963; Slide' no.
BSIP 1024S, Coordinate 22 x lOS.

10 Klausipolleniles ]ansonius 1962, Slide no. BSIP 10244A,
Coordinate 22 x 94 (Leitz. no. 512794/067053)

II Lundbladispora brevicula Balme 1970; Slide no. BSIP J0245,
Coordinate 21 x 109 (Leitz no. )12794/067053).

\2. Densoisporiles Weyland. & Krieg emend. Denmann 1963;
Slide no. BSIP 10244B, Coordinate 32 x 98.

14. Alete Tvpe·A, Slide no. BS1P 10243, Coordinate 25 x

102

15. Gouhinispora morondavensis Tiwari & Rana 1980; Slide
no BSIP 10242, Coordinate 325 x 91.

16. Weylandites indicus Bharadwaj & Srivastava 1969; Slide no
BS] P 10247A, Coordinate 13 x 102.
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Middle Pali palynoflora described by Tiwari and
Ram-Awatar (986) and those recovered in the
assemblage s from Gopad River Section (except
Nidpur beds), Mahan River and Sehra nala studied
here. Lithologically too, the latter sediments contain
coal bands, grey shales and red facies with
Glossopteris and Vertehraria fossils; therefore, they
exhibit a relationship with Middle Pali. On the basis
of mega- and microflora studied here. A latest
Permian age is assigned to these beds. It is
remarkable that the palynofloras in these beds are
relatively younger to the assemblage described from
bore-hole ]HL-27A (Tiwari & Ram-Awatar, 1986).
Besides, two assemblages from Korar Coalfield (in
bore-hole UKD-8) are also recorded (Tiwari & Ram
Awatar, 1987b) rangi ng from Upper Permian to
Lower Triassic A still younger aspect has been
noticed in the assemblage from beds exposed in
]ohilla River Section between Dargaon and Salaia
villages (Tiwari & Ram-Awatar, 1987a). Earlier this
portion was mapped in the Parsora Formation but
now it is considered as a part of Pali Formation
(Ram-Awatar, 1988). The sediments outcroping at
Dargaon-Salaia villages have a well-preserved Late
Permian/Early Triassic palynoflora. The palynoflora
recovered from Nidpur bed is still younger than the
Dargaon-Salaia assemblage of ]ohilla River having
the predominance of taeniate pollen, and the
Playjordiaspora-Lundhladispora components.

There is a continuity of some forms in all the
four assemblages discussed above (Text- fig. 7), but
the Nidpur assemblage is distinctive as well as
younger than the remaining three. Lithologically, the
sediments containing the palynological Zone I in
'Nidpur plant beds' show affinity with the Middle
Pali Member in having carbonaceous layers in
sandstone, but the palynological Zone II comes from
a distinct suite of rocks where grey shale and
siltstone are interbedded in sandstone which passes
on to chocolate, red shale facies and lilac-coloured
massive sandstone. The latter suite of lithology does
not belong to Middle Pali Member; on the
orherhand, it has a trend of similarity with the Upper
Pali and Parsora Formation. Since both the
palynological zones of Nidpur beds, i.e., Zone I and
Zone II, have Triassic affinity, it becomes evident
that the piT boundary lies in the upper part of the
Middle Pali Member but not at the Middle/Upper
Pali level. Thus the lithology continues to transgress
the P/T boundary.

Palynofloristically, Nidpur beds are older than
the Tiki Bed (Kumaran & Maheshwari, 1980;
Maheshwari & Kumaran, 1979), and much younger
than the beds exposed in ]ohilla River between
Dargaon and Salaia (Tiwari & Ram Awatar, 1987a).
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Text-figure 7 -Generalized sequence of sediments of Barakar,
Pali and Parsora formatiolls in Son Valley. Relative positioning
of various fossiliferous horizons and their age relationship.
Palynofossils known from all the beds marked except Parsora.

The Tiki beds are dated as Carnian to Early Norian
on the basis of animal remains, such as
Metaposaurua maleTiensis, Pachygonia incurvata
(amphibian), and Phytosaurus maleriensis
(reptilean), etc (Chatterjee & Roy Chowdhury,
1974). The Dargaon-Salaia Bed do not contain
animal fossils, but palynologically it represents a PIT
boundary zone (Tiwari & Ram-Awatar, 1987a). The
Parsora Formation, exposed near Parsora Village,
overlies the Upper Pali Formation and considered
here older to the Tiki Bed. Lithologically, the Parsora
Formation includes medium to coarse-grained
sandstone, pebbly intercalations, violet to lilac
coloured shales and massive sandstones. The strata
capping the Dicroidium-bearing beds near Nidpur
show resemblance with Parsora·type of lithology.
The plant megafossils found in the Parsora
Formation include Dicroidium odontopteroidea,
Pterophyllum sahnii and Marattiopsis sp. (Lele, 1955,
1961, 1962); the age of this formation is considered
to be Late Triassic.
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DISCUSSION

The Nidpur fossiliferous beds are trapped
between two faults at the anticlinal axis zone of the
Middle Pali beds, and they have been down thrusted
resulting into an escape from erosion. There is no
continuity of sequence between the Glossopteris
dominant beds and the Dicroidium- dominant bed
in the Gopad River.

The fragmentary glossopterid remains may
occur sporadically in the Nidpur plant beds but
overwhelming number of Dicroidium leaves and
varied fructifications of pteridospermic affinity
strongly suggest a major floral break at this level,
with relation to other plant beds in Gopad River. The
scope of this paper does not permit a discussion
whether the DicrOidium leaves found in Nidpur
beds are "true" Dicroidium, as they do not possess a
forked rachis (cf Townrow, 1957). Notwithstanding,
it is certain that such leaves and other
pteridospermic remains have never been reported
from Sehra nala, Mahan River, Copad River or any of
the Upper Permian strata in peninsular India,
including the type area of Raniganj Formation;
obviously they do not indicate a Permian
relationship. On the contrary, several reports of the
occurrence of dicroidium are on record from the
post-Permian horizon of India (Lele, 1962; Saksena,
1962; Bose & Banerji, 1976; Banerji & Bose, 1977;
Pal, 1984). It could be that the forked and unforked
rachis-bearing leaves were the constituents of the
closely related population of plants. Nevertheless, it
seems more probable that this leaf-taxon is an organ
of the plant which thrived in the Triassic time rather
than the Permian, because not a single specimen has
been recorded so far from the rich megafossil zone
of well-established Upper Permian in India.

Palynologically, the high incidence of taeniate
pollen and variable representation of the genera
Playjordiaspora, Lundbladispora, Densoisporites,
Klausipol!enites, Goubinispora, Falcisporites,
Araucariacites, Alisporites, Podocalpidites, etc.,
directly corroborate with the Triassic palynofloras
known from the Indian Gondwana. It may be that
several Permian pollen continue to occur in the
Nidpur beds, but this phenomenon is true for other
Lower Triassic strata also. The remainie of Permian
have always stradded up into the Triassic. It may be
mentioned here that there are certain common
species between Nidpur beds and the marine
controlled Lower and Middle Triassic or even
younger strata of Madagascar, e.g., Striomonosaccites
m 0 ro n da ve ns is, Pro tohaploxip in us 0 va t us,
Vitreisporites pal/idus, Cuneatisporites radialis,
Platysaccus cf leschiki, Sulcatisporites prolatus,

Aruucariacites australis (original names after
Goubin, J965). A degree of close similarity between
the two may be drawn from this observation.

As mentioned earlier, a sample (Sample no.
GPD-2) collened from a shale in Mahadeva
sandstone exposed in the Gopad River near northern
boundaly fault, yielded several taeniate-disaccate
pollen. This is an important control-poinr because
the Mahadeva are Triassic in age; it strongly suggests
a Triassic affinity for Nidpur plant beds which also
have abundant taeniate pollen.

From amongst the known assemblages of Tethys
Himalayan sequence, the Kalapani Limestone and
Kuti Shale (Anisian to Norian) have several elements
of pollen which are common with the palynoflora of
Nidpur beds (Tiwari et aI., 1984; Vijaya et aI., 1988).
The Kalapani assemblage, in particular, possesses
Lundbladispora brevicula, Playjordiaspora
cancel/osa, Klausipol/enites schaubergerii,
Satsangisaccites nidpurensis, A!isporites landianus,
Falcisporites stabilis, Nidlpollenites monoletus; these
species are on record from the Nidpur beds.

The Permian and Triassic palynofloras from Salt
Range are well known (Balme, 1970) but their
comparison with that of Nidpur Bed is restricted as
well as qualified because of the variance in diversity
and regional influences on the former. Amongst the
important taxa-NalJalesporites (Polypodiidites) sp.
and Corisacc i tes -G u ttulapol/en i tes- co m pi ex
characterise the Permian formations of the Salt
Range. These two genera are absent from the Nidpur
beds but they are recorded in the Glossopteris
bearing sediments exposed in Sehra nala, Gopad
River and Mahan River, which have been dated here
as latest Permian_ The taxa Playjordiaspora
(Guthoerlisporites) cancel/osa, Lundbladispora
breuicula and Falcisporites stabilis (resembling
Satsangisaccites), A!isporites spp. and Densoisporites
spp. mainly qualify the late Lower and Middle
Triassic of the Salt Range. Thus, their occurrence in
Nidpur palynoflora is an indicatOr of Triassic
relationship.

The Paravittatina lucljer in the Permian of Salt
Range and Weylandites indicus in Nidpur
palynoflora are different specific groups, hence their
matching for dating cannot be done. So also the
specimens referred to Falcisporites nuthallensis
characterise the Permian of salt Range, but they are
not comparable with the types found in Nidpur.

CONCLUSIONS

The possibility of Nidpur fossiliferous beds
being of Permian age is ruled out because:
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1. they contain fossils of Dicroidium,
Pteruchus, Lepidopteris, etc;

2. Dicroidium, even it is mostly of unforked
rachis-type, is not found in any of the well
established Upper Permian of India; on the other
hand, it is frequent in the Triassic sequence;

3. a feeble continuation of the occurrence of
Glossopteris in the Nidpur beds is not abnormal
because such reports are on record from the Panchet
Formation of the Raniganj Coalfield also. Remainie
of the dominant plant group in Permian always
stradded accross the PIT boundary;

4. Nidpur beds occur in a down-thrusted block
as a result of which they escaped erosion. They are
the youngest beds in the sequence of Pali Formation
exposed in Gopad River;

5. they are capped by a lilac-coloured shale,
clays and pinkish coarse-grained sandstones which
resemble the litho-suite of Parsora Formation;

6. Nidpur beds are in faulted contact, to the
north and south, with the Upper Permian strata
which bear profused glossopterid plant fossils, but
no Dicroidium.

Palynologically, it resembles the Lower Panchet
Formation. The fair and consistent presence of
Falcisporites, Lunatisporites (and taeniate complex),
Densoisporites, Laricoidites, Klausipollenites,
Lundbladispora, Sa tsangisaccites, Araucariacites,
Goubinispora, Nidipollenites, Playjordiaspora,
Weylandites and Alisporites brings the Nidpur beds
very close to the palynologica I zone P- I of the
Panchet in the type area (table I in: Tiwari & Singh,
1986).

The R-I and R-I1 palynozones belonging to
uppermost Raniganj Formation (Tiwari & Singh,
1986) record the presence of Gondisporites,
Striatosporites, lndospora, Ephidripites,
Verticipol!enites, Thymospora, Hindipollenites,
Welwitschiapites, etc., which are not present in the
Nidpur beds. Although an inconsistent and highly
sporadic occurrence of some of the elements of P- I
zone is recorded in R- I and R- II zones of the Upper
Raniganj Formation (Tiwari & Singh, 1986) but their
presence only suggests of foreshadow of the floral
change. In totality of generic prominence and that of
the fairly high incidence of the marker palynotaxa of
Panchet (i.e. P-I to P-IV assemblage; Tiwari & Singh,
1986) the palynoflora of the Nidpur beds ascertains
an Early Triassic age for the Dicroidium-rich
horizon.
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OLDHAl'vl (1863 in: Oldham & Morris, 1963) first
recognised Dubrajpur beds as a distinct horizon and
named it after the \'iJlage Dubrajpur in the Rajm3hal
Hills. Ball (1877) mapped this area and reported

Ptilophyllllm fronds from Dubrajpur beds. Later,
Sri vasta va (19<>8), Sah ( 196<» and Sen Gupta ( 1988)
recorded various fossil assemblages from Dubrajpur
Forrnation exposed at Khatangi Hill near Kharikasol
Village, Rajmahal Hills, Bihar (see Table 1) and
proposed \'arious ages for the Ptilophyllllm-bearing
beds of Dubrajpur Formation

Sah and Shah (1974) made twO biozones within
Dubrajpu'r Formation The basal zone-A, comprising
Glossopleris communis, G. ampla, G. retlJera, G
parallela and Vertebraria indica of Upper Permian
affinity and the upper zone-B consisting of
NJarattiopsis macrocalpa, Gleicheniles gleichenoides,

Ptilophyll1l1l1 aClltijolium, Nilssonia princeps,
Macrolaeniopleris lata and Williamsonia sp. of early
Middle Jurassic age. Sen Gupta (1984, 1985) carried
out e\.'tensive work on Khatangi Hill section as well
as the designated type section of Dubrajpur
Formation at Sarwan Pahar near Dubrajpur Village.
According to him, basal zone-A of Sah and Shah
(1974), i.e., Glossopteris- Vertebraria assemblage,
belongs to the Barakar Formation and the upper
7.one-B comprising Ptilophyl!um-Gleichenites
assemblage belongs to Dubrajpur Formation (Lower
Jurassic). Sukh-Dev (1988) assessed an Early

Cretaceous age for the latter assemblage. Tiwari et
al (1983) rccogni zed six paJynoassemblage zones
from the subsurface sequence of Dubrajpur
Formation as well as Intenrappean beds. They dated
palynoassembl3ge zones A·C as Carnian-Norian, and

l22
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zones D-F as Late Jurassic/Early Cretaceous, Singh
and Venkatachala (1988) reassigned zones D-F to be
Early Cretaceous.

The present investigations are based on plant
fossils collected from Khatangi Hill. These plant
remains are preserved as impressions on greyish
white shales. All the specimens have been deposited
at the Birbal Sahni Institute of Palaeobotanv
ivluseum.

DESCRIPTION

Filicales

Genus- Gleichenites Goeppert 1836

Cleichenites gleichenoides (Oldhan, & l'vlorris")
Seward & Sahni 1920

PI. 1, fig. 1

Remarks-In gross morphological features, the
present specimens are similar to those of

Cleichenites gleichenoides (Oldham & Morris)
Seward & Sahni 1920

Genus- Culcitites Appert 1973

Culcitites madagascariensis Appert 1973<

196=; ?ThinnJeldia sp., Sah, p 219, pI. 1, fig. 3.
1965 jlJicrophJilopteris sp., Sah, p 219, pL 1, fig. 5.
1988 ThirlnJeldia kbatangiensis, Sen Gupta, p. 75, pL

12, fjg. 32; pI. 15, fig. 40; text-fig. 17 (for details
see Banerji, 1988)

Unclassified ferns

Genus- Onychtopsts Yokoyama 1889

Onycbiopsis Sp.
PI 1, figs 2, 3; Text-fig. JA

Descnption-Fronds probably tripinnate, best
available specimen about 2.5 em in length. Ultimate
pinnae sub-oppositely attached at an angle of 60°-

Table I-Plant fossil assemblages recorded by different authors from Dubrajpur Formation at Khatangi Hill

Srivastava, 19')8

FILlCAlES:
Gleicheniles sp.
Maralliopsis sp.

UNClASSIFIED FERNS:
Cladophlebis sp.
Sphenopleris sp.
Pecopleris sp

CYCADALES:
Nitssonia sp.

BENNETTITAlES
Olozamiles sp.

Sah, 1965

FILICALES:
Gleicheniles gleichenoides
(Oldham & Morris!
Seward & Sahni

UNCLASSIFIED FERNS
Cladopbtebis indica
(Oldham & JVlorris)
Sahni & Rao
Cladophlebis sp.
Microphyllopleris sp.

PTERIDOSPERMAlES:
?Thinnjeldia sp.

BENNE1TITAI.ES:
Plerophyllllm sp.
Williamsonia sp.
Plilopbyllum aculijolillll1

CYCADALES:
Nilssonia princeps
(Oldham & Morris)
Nitssonia sp.
Macrolaeniopleris lala
(Oldham & Morris)
Sahni

CONIFERALES:
Elalocladus conjerla
(Oldham & Morris! Sahni

Sen Gupta, 1988

FILICALES:
Gleicbeniles gleicbenoides
(Oldham & Morris)
Seward & Sahni

UNClASSIFIED FERNS:
Cladophlebis indica
(Oldham & Morris)
Sahni & Rao

PTERIDOSPERNlAlES
7binnjeldia kbalangiensis
sp. nov.

OENNETTITALES:
Plilophylillm aculijolium
Morris
Pleropbyllum fissum
Feistmantel

CYCADALES:
Taeniopleris crenala
McClelland

Present assemblage

FILICALES:
Gleicbeniles gleichenoides
(Oidium & Morris!
Seward & Sahni
Cutcililes madagascariensis
Appen

UNCLA.c;SI FI ED FERNS:
Cladopblebis indica
(Oldham & Morris)
Sahni & Rao
Onychiopsis sp.

BENNETTITALES:
Plilopbyllum cUlcbense
Morris
Plilopbyllllm aculijolium
Williamsonia sp.
Plerophyllllm dislans Morris
Plerophyllurn sp. d.
P. jooleanull1 Feistmantel

CYCADALES:
Nilssonia sp.
Glenis rajmabatensis n. sp.
Taeniopleris sp. ef.
T oldbamii Bose & Banerji
Taeniopleris sp.

CONIFERALES
Pagiopbyllum sp.
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70°, linear to lanceolate in shape, largest ultimate
pinna 1 em long and 2.5 mm broad. Pinnule-lobing
towards base complete but towards distal end lobing
incomplete at places. Pinnules oblanceolate to
elliptical in shape, measuring 1.5-2 x 1-1.5 mm,
margin entire, apex subacute to obtuse, attached by
broad decurrent base. Venation mostly
inconspicuous. Proximal pinnules with forked or
unforked veins; rest, at places, showing keeled
midvein appearing to be fertile.

Remarks-Five frond fragments have been
recovered but their fertile nature is uncertain. The
specimens are comparable with Onychiopsis
elongata (Geyler) Yokoyama (1889, pI. 12, fig. 10) in
size and shape of sterile pinnules. Sukh-Dev (1970)
considered 0 elongata and 0 paradoxus Bose &
Sukh-Dev 1959 as junior synonyms of 0 psilotoides
(Stokes & Webb) Ward but Kimura and Aiba ( 1986)
maintain 0 elongata as the type species of this
gen us.

Genus- Cladophlebis Brongnian 1849

Cladophlebis indica (Oldham & Morris) Sahni & Rao
1933

PI. 1, fig. 4

Comparison-Cladophlebis indica is common in
the assemblage. These forms are similar to the
sterile frond of Todites indicus (Oldham & Morris)
Bose & Sah described from various other localities of
Rajmahal Basin. But due to lack of fertile fronds from
this locality, they are being placed provisionally
under Cladophlebis indica (Oldham & Morris) Sahni
& Rao 1933.

Bennettitales

Genus- Ptilophyllum Morris 1840

Ptilophyllum cutchense Morris 1840
PI. 1, fig. 6

Remarks-According to Sen Gupta (1988, p.
103) Ptilophyllu m Cll tchense Morris is restricted to

Cladophleb is indica -Die tyozami tes indic us
assemblage zone of Middle to Upper Jurassic and
absent in Ptilophyllum acutiJolium-Gleichenites
gleichenoides zone of KhaLangi Hill.

Ptilophyllum acutiJulium Morris 1840
PI. 1, fig. 9

Remarks-A few specimens resembling P.
acutiJolium are present in the collections.

Genus- Williamsonia Carruthers 1870

Williamsonia sr.
PI. I, figs 5, 7

Description-Flower large, incomplete, about
10-14 em in length and 7 em in width; base of the
flower probably rhomboidal, gradually tapering
towards apex, bracts numerous, more than 12 in
number, 5-6 mm broad, surface of bracts striate,
prOXimal portion of bracts hairless but distal portion
hairy; hairs up to 8 mm long.

Comparison-Only two specimens are found,
one (PI. 1, fig. 5) shOWing proximal part with
hairless bracts and the other (PI. 1, fig. 7) shOWing
distal part of bracts with profuse hairs. Although
both the specimens are described here as
Williamsonia sp., there is a possibility of existence
of twO different species.

In their large size, the present specimens
resemble Williamsonia indica Seward 1917 and W
sahnii Gupta 1943. But the specimen with profuse
hairy bracts resembles W. sahnii and the other one
compares with W. indica having hairless bracts.

Genus- Pterophyllum Brongnian 1828

Pterophyllum distans Morris 1863
PI. 1, fig. 10

Comparison-The specimen of Pterophyllum
distans from Khatangi Hill, except for smaller pinnae
is similar to those of the same species from Kutch

PLATE 1 --
1. Gte/cben/tes gte/cheno/des (Oldham & Morris) Seward & Sahni,

a fragmem of frond bearing small deltoid pinnules, Specimen
no. BSIP 36244, x I

2. Onycb/ops/s sp. a frond fragment, Specimen no. BSIP
36245B, x 2.

3. Onycbiops/s sp, a frond with sterile and probable fertile
pinnules at the distal end, Specimen no. BSIP 36245, x 2.

4. Cladopbieb/s indica (Oldham & Morris) Sahni & Rao, pinnule
shOWing venation pallern, Specimen no BSIP 36246A, x 2.

5 Will/amsonia sp, a large incomplete flower shOWing
overlapping bracts wirhout hairs, Specimen no. BSIP

36250. x 1
6. Ptilophyllum culchense Morris. shOWing overlapping pinnate

leaves. Specimen no. BSIP 36262 A. x 1.

7 Distal portion of Williamsonia flower with hairy bracts,
Specimen no. BSIP 36249, x 1.

8. Plilopbyllum aculijolium Morris, frond shOWing pinnae with
acuminate apex. Specimen no. BSJP 36262 B, x \.

9 Pterophyllum sp. cf P. jooleanum, Specimen no BSIP
36252. x 1.

10. Pterophyllum dislans Morris, pinnate leaf shOWing distantly
placed pinnae. Specimen no. BSIP 36251, xl
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resemble
1879 except

(Bose & Banerji, 1984) The Khatangi specimen
probably represents a juvenile leaf.

Pteropbyllum sp. cf. P. jooteanlln1 Feistmantel 1879
PI. 1, fig. 9; Text·fig. 1B

Descnption-Specimens incomplete, 3.5 cm
long; rachis 1 mm broad, finely striate. Pinnae
alternate to sub-opposite, attached on lateral sides of
rachis at angles of 80° -90°, linear, largest pinna
fragment about 3.5 cm in length and 3-4 mm in
width, apex mostly not preserved but in one
specimen it seems to be obtuse; base broad,
acroscopic and basiscopic basal margins turned
upwards and downwards respectively and perhaps
jointed with the bases of adjacent pinnae of same
side; veins 3-8 per pinna, mostly forked at various
levels.

Remarks-The specimens
Pteropbyllum jooteanum Feistmantel
for less concentration of veins.

Cycadales

Genus- Ntlssonta Brongniart 1825

Nilssonia sp.
PI. 2, figs 6, 7; Text-fig. 1C

Descnption-Leaves simple, incomplete, largest
20 cm in length and 9 cm in width, elongate,
oblanceolate~spathulate. Rachis 0.6 cm broad near
base. Lamina rather delicate with flecks of re5>in,
corrugated, occasionally divided into irregular
rectangular segments in middle region. Segments
with lateral margin truncated and straight, slightly
wavy at places. Apex obtuse, lamina gradually
tapering towards base. Veins mostly simple, arising
at right angle and running straight across lamina,
slightly curved upwards tOwards apex, 20·30
veins/cm at margin.

Remarks-In most of the specimens studied, the
attachment of lamina is not clear. A specimen (PI. 2,
fig. 7) shows lamina which almost covers the midrib
leaVing a narrow groove. Another specimen shows
flecks of resin (PI. 2, fig. 6), which is also a

characteristic feature of the genus Nilssonia; \'eins
are mostly unforked Though the stomatal features
are not known, yet the concentration of veins is
unlike the genus Pteropbyllum Brongniarr

Comparison -NiLsso n fa orie n t a Lis' Hee r

described by Jacob and Shukla (1955) from Saighan
Series of Nganistan is nearest to the present
specimens in gross features and vein concentration,
but differs by its less-segmented lamina

Genus- Ctents Lindley & Hutton 1834

Ctenis rajmabalensis sp. nov
PI. 2, figs 3, 4; Text-fig 10

Diagnosis-Fronds paripinnate, more than 12
cm in length and 10.7 cm in width. Rachis up to 6
mm broad, smooth or finely striate. Pinnae laterally
attached at angles of 80°-90°,06-5.8 cm in length,
2.5-2 cm in breadth, attached by broad base, margin
entire, apex subacute to obtusely rounded, basal
basiscopic and acroscopic margins extended upward
and downwards on the rachis joining the adjacent
pinnae. Rarely at places basal basiscopic margin
sligh tly constricted and upper one straigh t. Veins
arising at wide angles, forking at various levels, sub
parallel throughout the lamina with slight
divergence towards lateral margins, 10-12 per cm at
base, 16-18 per cm in middle region and 20-25 per
cm towards distal end.

Holotype-PI. 2, fig. 4, Specimen no BSIP 36259
Remarks-All the specimens are incomplete and

show either apical or middle portion of the frond.
Cross-connections between veins are rarely visible
Ctenis rajmabalensis is some\'Vhat comparable to
Clenis imjbiriensis Bose & Zeba -Bano 1979 in ha \'ing
rare cross-connections but the Khatangi Hill
specimens differ by smaller pinnae and decurrent
basal margins. In Clem's imjbiriensis basiscopic and
acroscopic margins are contracted.

Genus- Taentopterls Brongniart 1828

Taeniopteris sp. cf T oldbamii Bose & Banerji 1981
PI. 2, fig. 1; Text-fig. 1E-G

Descnption- Lea f petiola te, petiole incomplete,
12.5 mm broad. Lamina ovate, 22-6 cm in length

PLATE 2

1. Taeniopleris d. T oldIJamii £lose & 13anerji shOWing leaves
Wilh cordale bases, Specimen no 13SIP 3625.3, x 1

2. Taeniopleris sp., incomplete leaf sho\'ving coarse nature of
laleral veins, Specimen no. 8511' .3625~, xl

3. Ctenis rajmabalensis sp. nov. showing paripinnale nalure of
leaf, Specimen no. BSIP .36260, x 1.

4. C. rajmabalel1sis sp. nov. holotype shOWing venalion patlern,
Specimen no. BSIP .36259, x 1.

5. Pagiophyllilm sp., Specimen no {lSII' .3625H. x I.

6. Nilssol1ia sp.. shOWing corrugaled irregular'" segnlented
lamina of leaf wilh simple parallcl lateral \ei115 and fleck of
resin, Specimen no. USII' 36257, x l.

7. Another specimen of Nilssonia sp. showing middle region of
lamina full)' covering lhe rachis except I'or a 11arro'" median
groove, Specimen no. 13511' .36256, x 1.
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Text-figure I-A. Onyc:hiopsis sp. showing elliptical pinnules \vith forked or unforked veins, specimen no B.S.I.P. 36261, x 4: B,
Plerophyllum sp. cf P jooleanum, linear pinnae showing venation, specimen no. B.5,I.I'. 36252 xl, C. Nilssoniasp., lamina almost
covers the midrib except a narrow median groove and lateral veins are mostly unforked, specimen no. 36259, x I, D, Clerzi,
rajmahalerzsis sp. nov.. holotype showing shape and venation pattern of pinnae, specimen no. 36259, x I; E-G, Taeniopleris sp. d.
T oldhamii Bose & Banerji-E. leaf showing cordate base and venation pattern, specimen no. B.S.!.P. 36253, x 1. F·G. small leaf of
the above species shOWing emarginate apex and cordate base, specimen nos. 36247. 36247 (CP.), x I.



13A1'JER.JI-I'L-\I'JT FOSSIL') FJ~OJvl l)l'13RAJI'llR fOIUvlATION 129

and 22-4 COl in \viclth, margin appears to be entire,
apex probably emarginate, base cordate. Midrib 12
mm thick, distinct up to apex, veins arising at 60°
80° angles. simple or forked, forking at various
le\'els; vein concentration near midrib region 8-14
per Col and towards margin 13-20 per Col.

Remarks-The specimens though resemble T
oldhami! Bose & Banerji 1981 in general, yet differ
in ha\-ing emarginate apex and more or less entire
margin. Taemopteris emclIginala Oishi 1940 has
emarginate apex, but is distinguished by an obovate
elliptical shape dnd high concentration of veins

Taeniopleris sp.
PI. 2, fig. 2

DeSCription-leaf incomplete, petiolate, 9.6 cm
long, maximum width 62 cm, Petiole 2.6 cm long,
05 cm broad, surface showing wrinkles Lamina
probably thin, base constricted, margin entire
Petiole continued as midrib of the lamina. Lateral
veins coming out almost at right angles to midrib,
mostly bifurcated once in middle region,
concentration of veins 7-10 per cm near midrib and
10-14 per cm near margin.

Comparison- Taenioplens sp. resembles T
buskoghalensis'Bose & Banerji 1981 in coarse nature
of lar,eral veins.

Coniferales

Genus- Pagiophyllum Heer 1881

Pagiophyllum sp.
PI. 2, fig. 5

Descriplion-Twig 2.5 cm long, 3 mm wide,
leaves spirally disposed at angles of 30° -45 0, linear
to falcate, 4 x 0.5 mOl, apex acute, margin entire,
acroscopic basal margin straight, basiscopic basal
margin decurrent, medianly keeled, Keel distinct up
to apex.

Remarks-Pagiophyllum has been recorded
from Khatangi Hill for the first time. The specimen
compares best with Pagiophyllum araucaroides
Vishnu-Mime 1959, but the latter is based on
anatomical details.

DISCUSSION

In Dubrajpur Formation at Khatangi Hill, the
cycadophytes are represented by nine species
belonging to six genera, Plilophyllum is the most
dominant element. Nilssonia and Clem-s are quite
frequent, whereas Pleropbyllum and Taeniopterisare
meagrely represented Lycopsids and sphenopsids
are absent in this assemblage Ferns are represented

--
TAXA JURASSIC CRETACEOJS

LOWER MIDDLE UPPER LOWER

Gleichenites

Cladophlebis

Pli!ophyllum

Will iamsonia

Plerophyllum

Nil sson,a

Clenis

Taeniopteris

Pagiophyllum

Elalocladus

Onychiopsis

Culcitltes

Text-figure 2-Dislribulion of various laxa in Khalangi Hill

Dubralpur Forn,alion

by Cleiebeniles, Culeitiles, Onychiopsis and
Cladophlebis. Conifers are extremely rare and
represented by a fragment of Pagiophyllum and
Elatocladus conferla The assemblage is
characterised by frequent occurrence of Culcililes,
Onycbiopsis, Clenis and Nilssoma along with the
preponderance of Plilophyllum and Cleieheniles,
Frequent occurrence of Onychiopsis· along with
abundance of Cleiebenites indicates a Lower
Cretaceous affinity. Howe\'er, unlike other Lower
Cretaceous assemblages the conifers are relatively
infrequent An Upper Jurassic affinity cannot be
ruled out as the flora is dominated by cycadophytes
md contains an Upper Jurassic marker genus
Culeililes (Tex"t-fig .2) The o\'crall dominance of
cycadophytes over the conifers depicts that a tropical
to subtropical ciimate was prevailing at the time of
deposition,
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The evolution of angiospern1id
conjectures and

pollen
queries

characteristics:
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l-'ala('o!Jolaliisl 38 UI 146.

The migin and e\OIUllOll of dillcrent eXll1e la\'ers Ill' pah-nofossib is analysed in the light of accumulating
ullrastruCtural dala. Semi·diagramll1:.tllc illustrations ba,ed on the published TE~I results of \'arious exil1t' l\'pes
represel1tillg a no" ,eCliol1 of' e:-aincr and eXl3nt plant groups arc givcn I'or cas\' refcrelKe and cOll1prehCnslllll.
~ome "I' the imponalH pah'nological questions anel issues discussed in the present \york Me: imprecise use. to
dcscribe the infra·tectum of pollen. Ill' the nexible term "granular" that of'ten leads to erronellUS ckri\ations and
conclusiol1S; ontogenctic differences between the apparently similar complexh' ah-eolate columellate sexine tl'pes
of g\'lllnosperms and :.Ingiosperms respecli\'elv; independelH e\'olution of columellar cOlllplexi!\' in unrf'laled taxa:
role of ubiquitous "'hite lines in the exines of extinCt and extailt spores and pollen alld adaptive rather thall
plwlogenetic significance 01' sacci in progyJl)nosperms, ~'mnosperms and angiosperms, Despite recognition of
angiospermid pollen charaCteristics especiallv in tecralll' reticulate and colull1ellate pnllen of Tri:.tssi<: (Cornet,
J9 7 9, 19H~. 1989; Pocock Co: Vasanth\', 198R; Pocock, \'asamhy & VenKatachala. 19H8) the pre Cretaceous origin of
angiosperm st ill remain~ an open quest ion.

Key-words - Compara( i\ e anah·sis. Exine ulirastruc( lire, Angiosperm e\'olut ion.
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"POLLEN characters are subject to parallelism,
convergence and possible reversal and the study of
fine structural derails of fossil pollen opens up
possibilities of new sources of phylogenetiC
evidence" (Davis & Heywood, 1963). This paper is a
follow-up of our recent contributions (Pocock &
Vasanthy, 1988; Pocock, Vasanthy & Venkatachala,
1988; Vasanthy, Venkatachala & Pocock, 1988;
Pocock, Vasanthy & Venkatachala, 1990) which

emphasise the need for detailed palynological
descriprions and critical analyses of exine
characteristics of pre-Cretaceous palynofossils.

Light microscopic studies and SEM observations
of various spore-pollen types have already amply
discussed and hypothesised the evolution of
germinal apertural types through ages. The objective
of our present study was to trace the phylogenetiC
relationships with the aid of published
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ultrastructural details of palynofossils from
Palaeozoic through Cretaceous. For easy reference
and comprehension we have included in this paper
the semidiagrammatic illustrations of 56 TEM
pictures of exine types. Legends of these Text
figures Include our comments, conjectures and
queries chIefly pertaining to basic palynology, which
may aid palynologists to appreciate the new
dimensions of palyno-phylogeny.

From an analysis of ultrastructural data of
palynofossll and pollen types we infer that: (i) the
polyplicate pollen morphotypes of Equisetosporites,
Ephedrzpites, Ephedra and Spathiphyllum (Aractae)
are infrastructurally different, thus negating any
phylogenetic relationship among them; (ii) pre
Cretaceous Equisetosporites chinLeanus and
Cornetipollis relicuLata are columellate, like
Cretaceous angiosperms (cf. Pocock & Vasanthy,
1988); (iii) prevalence of saccus in many non
angiospermous plant groups and in primitive
angiosperm Lactoridaceae is not a good character to
link angiosperms with gymnosperms; (iv)
columellar complexity might have risen
independently in extant Coniferae, Circumpolles,
some Eocene fossils and many taxa of angiosperms;
(v) the tripartite nexine of Equisetosporites
chinLeanus with lamellate inter-bedded, mid-zone
may be representative of a transitional evolutionary
stage, intermediate between lamellate
gymnospermous and non-Iamellate angiospermous
nexine; and (vi) as myriads of exine-types have been
imprecisely described as "granular" and "spongy",
one ought to be very discreet while grouping these
types to draw phylogenetiC inferences.

GRANULAR INFRATECTUM : FACTS AND
FALLACIES

In pollen morphological descriptions, the term
granular is used in its broadest sense: to describe
the sexinal or tecta I surface sculpture (cf. Kremp,
1965, p. 61); the infra-tectal interstitial structure and
sometimes even the nexine. Van Campo and
Lugardon (1973) defined granular structure as
sporopollenin organised into spherical grains, more
or less densely distributed under the tectum and
generally discernible under the electron
microscope. The "synonyms" of granular
infratectum-a network of rods of various size,
poorly developed columellae, columellae formed of
small granules, granular layer of endosexine and
others-have been discussed in their informative
review on granular exine.

"Granular" exines that occur both in
gymnosperms and angiosperms, have been

hypothetically derived from "atectate" exines
(Doyle, Van Campo & Lugardon, 1975; Walker &
Skvarla, 1975). Crane (1985; table 9) while
reviewing the occurrence of granular exine in
various plant groups (e.g. Archaeopteris,
CorystOspermales, Bennettitales, Gnetales and many
angiosperms) accepted the hypothesis that granular
pollen wall stratification is primitive within
angiosperms (cf Doyle, 1978).

Ultrastructure of "granular" types of exines in
fossil and extant gymnospermous pollen has been
the subject of many palynological papers. Foster and
Price (1981) described the Permian palynofossil
Praecolpatites sinuosus (Text-fig. 3 A) as "incipiently
alveolate" and even compared its "cavitate" or
"granular" exoexine to the "granular" exine of
certain Magnoliaceae. Zavada (1984) considered the
exine of Praecolpatites as a granular form. Should we
then infer that the terms "granular" and "inCipiently
alveolate" are synonyms or equivalents? If so, the
exine of Middle Jurassic Corystosperm Pteruchus
dubius (Zavada & Crepet, 1985; Text-fig 5 C) could
be described as either granular or incipiently
alveolate. The ultrastructure of another
gymnospenTIid Mesozoic palynofossil Eucommiidites
(Doyle et aI, 1975; Text-fig. 1 A) reveals an
anastomosing granular infratectum (prelude to

columellar evolutionl) Although Zavada (1984)
described the infratectum of bisaccate pollen of
Triassic, Jurassic and Cretaceous as granular, the
Cenomanian Granabivesiculites sp. cf. G. inchoatus
and the Albian vestigial saccate pollen (Text-fig. 3 B,
C) look complexly columelliform (anastomosing
rods) rather than granular. Likewise the dispersed
monosulcate pollen from the Cenomanian Dakota
Formation (Zavada & Dilcher, 1988) are apparently
columellar or distinctly columelloid (e.g Text-fig. 5
D· F) but not granular.

Amongst the extant gymnosperms, the exines of
Agathis aLba (Araucariaceae) and Cupressus
arizonica (Cupressaceae) have granular
ultrastructure (Van Campo & Lugardon, 1973). But in
the latter (Text-fig. 3 D) the granular infratectum
tends to be columelloid. Granular pollen
development in Cunninghamia LanceoLata
(Taxodiaceae) has been investigated (Kurmann,
1988) The pollen wall of Gnetales is generally
classified under granular type (Text-fig. 1 B, C, D).
The inter·crestal infratectum of Ephedra navadensis
(Cornet, 1985) and E. distachya (Van Campo &
Lugardon, 1973) is columelloid unlike the
granuliform infra-tectum of arched summit of the
ridges. In WeLwitschia mirabiLis (Gullvag, 1966;
Hesse, 1984), the interstitium is granulo-reticuloid
(tending to be columelloidl) The infratectum of the



VASAJ'HHY et al.-[VOLUTION Of A!\lGIOSPERJv!Jl) POI.I.EN CHARACTERISTICS I )3

inter-spinular areas in Gnetum spp. (Gullvag, 1966;
Zavada, 1984) tends to be columelloid unlike the
crowded granules of the domed infra-spinular
interstitium. Some of the aforementioned examples
may be possibly or probably indicative of granulo
columellar transitional stages of infratectum in non·
angiosperms.

The prevalence of granular exine in
angiosperms (e.g. ]uglandaceae, Betulaceae,
Amborellaceae, Annonaceae, Canellaceae,
Magnoliaceae) has been discussed by Crane (985)
Granulo-columellar layer is characteristic of the
Lower Eocene Normapolles (Kedves & Stanley,
1976) and of the Eocene Granotricolporites
miniverrucatus (Kedves, 1986). Superimposition of
granules in columellae of Mischogyne elliotianum,
Annonaceae (Le Thomas, 1980), secondarily
granulate columellae in Calliandra viscidula,

Mimosoideae (Guinet & Barth, 1967), anastomosed
granules orienting into columellae in Vigna
longifolia, Papilinoideae (Horvat & Stainier, 1980)
and the columellae secondarily reversing to

granuliform infratectum accompanied by ross of
footlayer in the Orchidaceae (Burns-Baloch & Hesse,
1988) are a few examples (Text-fig. 2) supportive of
the hypothesis that granulo-columellar transition is a
reversible and/or an atavistic trend.

In sum, the so-called granular infratecrum is
composed not only of spherical bodies (sensu
stricto) but also of variously anastomosed patterns
(sensu lata): incipiently alveolate, granulo
reticuloid, columelloid, imperfectly columellate,
complexly columelliform and other transitional
forms. In other words, the vague term "granular" has
been commonly used to describe the exine types
which differ from the typical alveolate columellate

Nores concerning Texr·figure,: All rhe figures are semi·diagra·
I11l11aric rransmissillil elecrron l11icrogr:lphs, published
(except a few) in '·ariou, works. Author,· names and years of
publicarion are gi'·en against rhe r:L,(~1 of all figures.

.,.. ~ ...• .-.... . "...~~~:~!- ...
..·<'-':~ioJ"'/,~w.v"""~'Qo"'-:t,J'~ I~""~
~""""..---- :... --.-....... ... ..~.tIltift~ ~
"'" A.-- .=:-.-_......... .;",..__.............."_. -- ......._---~

'"

.. EUCOTrrrm6tes S{J

DO'fl.l: ./0/. (I'T&I

B EpilMro no~dtlMfS

CORflII[T (I9'.)

C W~/~"'Jcmo mf'fO/:Jf1l$

H[S'£ (t.... 1

o G,..fum gntn'<YJ

MESSE: (1"0)

E 5(xr"up/l,lIum,_

CORNET (la,<I)

Text-figure I-A, Eucommlidites sp, Gymnosperm us. Angio
sperm affinity. Aprian or Lower Albian' (Doyle et al., 197'»)
Infra·teeral layer granular, spheroidal granules appear to be
surficially apposed to rhe adjacem ones (prelude ro rhe
evolution of columella)), endexine laminated; B, f:jJbedra
nauadensis, Gnetales (Corner, 1985): In rhe inter·cresral
pans the rhick reerum is not curved (eL SEM by Ueno, 1978;
pI. 46), it is linked with the lamellare nexine by columelli·
form structures (whire arrows) Beneath rhe arched/domed/
coniform recrum (cL TEM pollen·seerions of f:jJhed1'a mono·
sperma by Gullvag, 1966, of E dislacbya by Van Campo &
Lugardon 1973 and of E cahjomica in Zavada, 1984) rhere is
concenrrarion of granules few imerlinked, rhe upper ones
·'hanging" from rhe reeral imerior, lower ones dissociaring
from the nexinal boundary, and many crowded ""ithin the
"cavus" (formed of reeral curvarure during ontogeny?); C,
l'<Ielwitscbia mirahills, Gnetales (Hesse, 1984) Benearh rhe
rhick tectum of ridges occurs the granulo·rericuloid imersti·
rium; nexine lamellare (cf. TEM of \V mirahilis pollen by
Gullvag, 1966); D, Cne/llm gnemon, Gnetales (Hesse, 1980):
Infra-tectum granulo·rericuloid; nexine lamellate (cL TEM
pollen·secrions of Cnelilln gnernon, C momanum and C. ula
by Gullvag. 1966, of Cnetllmsp. by Zavada, 1984-wherein rhe
·'domed" infra-rectum of the medially·cw·spinules is infilled
with imerconnecred granuloid srrucrure and rhe inrer-spinu
lar area is narrow as rhe recrum is almosr linked wirh rhe
nexine by a row or twO of granules); E, Spathiphyllum cletJe·

landii, Araceae (Corner. 198'5): The anastomosing granulo·
columellar infra-teeral srrucrure is obviously complex.

"Granular" is an imprecise term. Is there any
correlation between "granulo-reticuloid" and
"granulo-columellar" structures and tectal curva
ture and ridging?

Ahhrel'ialiulls. T : tectum, faint rectum (Ueno, 1978) or the
delimiting sexinal layer

N· footlayer (nexine·]) and endexine (nexine-2)
either lamellate or non-Iamellare.

C : columellae;
S : spine or spinules.

Scale lines : represeming 1.0 micron unless orherwise
specified.
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A. Mischof}yne eillotlonum

B Colliondro VISCldulo

LE THOMAS (1980)

GUINET a BARTH (1967)

N1

C Vlgno lonf}ifollO

D. Cypopedlum colceolus

HORVAT a STAINIER (19801

BURNS-BALOGH a HESSE (1988)

Tex't-figure 2-A. ,l!isc!JoRYl1e t!lliolitll/lIlN, Anonaceae (I.e Thollla~, 19HOL Infrarectulll ",ith numerou~ free or agglomeratcd
"granules" (short arrows) and coar~e "columellar" elcmelll' (white ,urn"') formed of superimpo,-;ition(') of "granules";
B, Callial/dra I'lscidlila, Mimosoideae (Gu iIlet I'< Ban h. 196"'): SCct illl1 of distal face of a Il11Jl1acl 111e inner face of thick tectum is
irregularly l1l1dulatcd. wa''Y ()l" Sil1UOUS al1d lhe (granuliform'l columellae of unequal si~e 1.,11llrl :lrrows) are basally fused with
the nexine: C, l'If!,l/a IOllp,i(olw. Papilionoideae (Honat I'< Stainler. 19HO) The "granulated·orientated" ("grenu·oriente'-') and
anastomosed iI1fra·tl'etaJ type·imermediate between "grt!1I1i IIOI/Ot"lt!I1l(;' type and "grenu-coI1i111ellairt!" type. i,e" the "granules"
upon fu,-;ion arc oriemed more perpendicularly to the pullen surt~lce and less ill other directions; D, CypnjJt!dilim calct!ollis,

Orchidaceae (BuTnsBaloch I'< Hesse. 19HHl: Beneath the rectum arc the hanging columelliform "stalactite glohules," ie" the
C!ossseetillned remnants Llf culunlellae arc sunken in the eximine (I I. nexllle absent (step towarc! fragmentation of columellae),

Granules -- __ Columellae (e.g. Annonaceae; Papilionoideae)
Columellae ---- Granules (e.g. Mimosoideae; Orchidaceae)
Is granulo-columellar transition a reversible trend? (cf. Doyle, 1978).

exines (Text-figs 3, 4, S, 9), In general, alveolar
exines characterize the gymnosperm and columellar
exines the angiosperms, but granular exines have
been reported to occur in primitive and ad\anced
taxa of both extant gymnosperms and angiosperms
(Doyle et al. 197'»)

We thus conclude that knowledge of
developmental patterns (comparati\'e analysis of
ontogeny) of all knmvn granular exine types may
throw light on their phylogenetiC relationship and
the evolutionary stages of angiospermid exine
characters in the pre-Cretaceous palynofossils.

ARE COMPLEXLY ALVEOLATE AND
COLUMELLATE EXINES ONTOGENETICALLY

DIFFERENT?

Alveolar structure betvveen the tectum and
nexine consists of a more or less complex spongy or

honeycomb-like system of alveolae (L alveolus -a
hollow) delimited by partitions attached at oblique
or right angles to the inner surface of the tectum
(Doyle et at, 1975 J The alveolar structures of
gymnosperms are fundamentally different from the
reticulate simple exine and the pseudoreticulate
complex exines of angiosperms (Text-figs 3, 4, 7, 9)
although some of these angiospermous and
gymnospermous exines look "spongy" (another
imprecise term like "granular"). Various alveolar
types are broadly divided into cycad rype in
Cycadales, Medullosaceae and pinaceous type in
Podocarpaceae and Pinaceae, Cordaites and saccate
seed ferns.

The ultrastructure of multichambered or
multitiered exines of pteridospermous pollen have
been well-illustrated by Taylor (1971, 1973, 1978,
1980, 1982) and Kurmann and Taylor (1984) while
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discussing rheir funcrional significance and
adaprarions These "alveolar" exine rypes are
considered precursors ro rubulady alveolare
Cycadales According ro Zavada (1983) pollen \evall
de\'elopmenr of cycads is idenrical wirh rhar 6f Pin liS

(Dickinson & Bell, 1970: \V'i1lemse, 1971) and
Podocalpus (Vasil & Aldrich, 197 3). Taylor (1982)
even arrempred ro compare cerrain srages of pollen
\-vall development of .\I()i/o/elcs wirh rhose of
Cvcadales. Absence or scanry derosirion of a
primexine and lim ired secrerory phase of rapetum
during rhe free spore period differenriares rhe
gymnospermous pollen onrogeny exemplified by
Zamia (Zavada, 1983) from rhe angiosperm pollen
onrogeny Whereas in rhe larrer rhe gametophyrically
deri\'ed primexine or exine-remplare and an
exrremely acrive raperum of free spore phase are rhe
disringuishing characrerisrics.

Alrhough ir is rempring ro compare rhe
morphological peculiarities of complexly alveolare
exines of BOlilaya fertilis (Kurmann & Taylor, 1984)
and Codollotbeca caduca (Taylor, 1978; Texr-fig 4
E, F) wirh rhose of complexly columellare
dicoryledonous iVlorina nepalel7sis, Morinaceae
(Verlaque, 1983) and Fucbsia garlappiana,
Onagraceae (Nowicke ef aI., 1984; Text-fig. 4 D, G),
ir is now clear rhar some onrogeneric or
lievelopmenral differences have played imporranr
roles tn rhe formarion of complex sexine types
Hence we may infer rhar pollen onrogeneric
dissimilariries are nOl supportive of any
phylogeneric relarionship among rhe morpholo
gically "similar" forms.

COLUMELLAR COMPLEXITIES IN UNRELATED
TAXA: ATTRIBUTABLE TO INDEPENDENT

EVOLUTION?
~

E.FlDTIo1AN '196~)

••
rOSTER 8; Pl'het: II!HIII

~,

E. Picea abIes

B. Gron001vesiCulires mchOOfus

A. Proecolpaflles smuosus

Text-figure 3-A, Praeco!palili>S sinuusus, Gymnospermid?
Permian (Foster & Price, 198]) I\n inner weakly laminated

darker "imexine" (N) and an ourer incipienliv-alveolate
"exoexine" enclosing cavities, B, Cranabil'i>siclili/i>s

incboallls, Gymnospermid? Cenomanian (Z-1vada, 1984),
Bisaccate pollen with "granular" (or complexh' columelli
form or alveolate?) infra·tectal structure; saccus (') resulting
from a build-up of exinal material; C, Vestigial saccate
pollen, Albian (Zavada, 1984): "Granular" (or complexly
columelliform or alveolate?) infra-tectal Structure; D, Cupri>s,
sus arizonica, Cupressaceae (Van Campo & Lugardon,
1973): TIle infra·tectum is granulo-columellarU) or tending
to be columelliform (arrows)', nexine lamellate; E, Picm

abii>s, Pinaceae-Abietoideae (Erdtnlan, 196~): Complexly
alveolate 'infra-tectum appearing like branched columellae;
nexine lamellate.

Incipiently-alveolate (A), complexly-alveolate
(E), "granular" or complexly alveolate/columelli
form (B&C), complexly-alveolate (E) and granulo
columelliform (D). Of these which is akin to the colu
mellate exine?

Ekrexine in mosr angiosperms comprises radial,
rod-like columnar "columellae" which are
sandwiched ber'i.veen rhe ourer recral layer and rhe
basal foorlayer nexine-1 (Faegri & Iversen, 197'»)
The disrally and basally branched columellar
complex forms are believed ro have been derived
from simple columellae (Text-fig. 9) Columellar
infrarecral organizarion in angiosrermous pollen is
supposed ro be rhe culminarion of adaprive rrends
facilirating the conveyance of sporophyric
subsrances (Heslop-Harrison, 1979) and rhe
equalised disrriburion of bending srresses over rhe
exine surface (Muller, 1979).

Ir is a widely accepred hYrorhesis rhar rhe
occurrence of columellae is an exclusively
angiospermous characrer. The reversible granular
columellar rransirion (d Doyle, 1978) and
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A. Dioon edu/e

8. Zamia flscheri

N

Till. !'AIJ\IOI\OT.-\\.'IST

o.

E Bouloyo ferti/is KURMANN 8 TAYLOR (198q)

C. Cycas reva/uta A-C. AuDRAN 8 MASURE (1977) F Cadanotheca caduca
TA'r'LOR (1978)

G. Fuchsia gorlapplona
NOWIC""E ., oL (1984)

Text-figure 4-A, IJiooll eelille. Cycadinae (Auckm & ~lasl1l"e, 19-~): Exine "eCtion of lateral side, bralKhed columellae like nvo

dimensi"nal \'ie\\' "I' septa or partitions "I' "aheolae", B, 7.alllia fischeri, Cycadinae (Audran & ~'lasure, 19~71: Exine section of

lateral side, H'rv much branched columell;rc likc two dimcnsional \'ic\, of seCticlilcd anastomosing scpta of "ah'eolae", C, C:l'cas
rei 'ollila, Cycadinae (Audran & :--,Iasure, 19~~): Basalh' l'o1l1plexified "aheol~r" infra,tectal structurc of exine elf prothallial pole,

D, ,l/orilla lIe/lalells/s, Morinaceae (\'cri:lque, 19H,'): SeCtioned portion of polar exine, infutectum "spongy" or complexly

coluillellate resembling complex ah-eolar exinc", E, BOlllaya Jerlilis, Medullosales-Pteridosperms (Kurillann & Taylor, 19H-j):

An inner h01l10gencou, nexine and all ower snilptured sexine complbed of a scries <,I' anaslOmosillg net \\'OI'k of llll1l"i of the
imercolln<xteclchamhers (apparemh- "Sp<)ll).;""), sexine diminishing (weI' rhe proximal >;(lture (arro\\'1: F, Coc!ollolbeca cadllca,

Monoletes-Pteridosperms (Ta\'!or \erHl. ~\ulticJu1l1hered sexillt: and 11On-!alllellate nexine, G, Fllcb"ia garlappialla,
Onagraceae (\imYicke el al" 19H4)' The ektexillc i,' 110t differentiated illto teCtulll, coluillellae and foot la\'er units but consisting

"I a "spong\" or para,crystalline lan::r ,-,'hich is united "'ith the endexinc at numerous points along the ektexille-endexine surface

(or complexh- ,'olu1l1cllil'orm beneath the grallulo rugul:llek sculptlll'ed teCtum'),

Various grades of the alveolar complexity of Cycadinae pollen (e.g. A,B,C). The apparent similarity of the
multichambered sexine of the Pteridosperms (e.g. E,F) with some complex sexine types of the Dicotyledons
(e.g. D,G) i!' striking.

complexly anastOmosing granulo-columellar
structures in angiosperm exines have already been
discussed Before considering the columellar
complexity of angiosperms, it is necessary to discuss
the columelloid structures and sexinal complexity in
non-angiospermous palynofossils

Althcough "granular" and alveolate types of
exine are prevalent in living gymnosperms we may
discern a small degree of granulo-columellar
transition in Clip ress 11 s arizonica. Cupressaceae
(Van Campo & Lugardon, 1973, Text-fig, 3 E)
Columelloid structures of infratectum are apparent

in the Cretaceous bisaccate Cranabiuesic/lliles
incboat/ls, rllgulo-saccate Cranamultiuesiculites sp,
(Zavada & Dilcher, 1988) as well as in Carboniferous
LasiostrohllS polysacci (Taylor, 1970; TeX1-fig, 5).
Sexinal complexity ("granular") is discernible in
Cenomanian bisaccate Cranahivesiculites incboatus
and a \'estigial]y saccate pollen (Zavada, 1984; Text
fig 3 B, C) The sexinal complexity of Classopollis
and other Circllmpol!es bears some resemblance or
analogous to the columellar complexity in some
advanced taxa of dicotyledons (Pettitt & Chaloner,
1964, Burger, 1965, Pocock, Vasanthy &
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A Coytononthus orberi ZAVADA e CREPET(1986)

0, Gronobiveslcu/ites ct, mcllootus

;'-- N·>~·-

TAYLOR (1970)

E Gronomultl vesicu/ifes sp

F Gronomonocolplt8S osymmetricus

D-f,_ ZAVADA II DILCHER tl988)

ZAVADA II CREPET (I9~)C Pteruchus dubws

"~~~2i~~~~-
.-':·C;f •

Text-figure 5 -A, C'c/)'/OI/CIlIiIJl/s arb"ri, Caytoniales-Pteridosperms_ Clrhon i (eruus ,\Iiddlc I'cnns\'h an Ian (la\'ad'i &. Creper, l\>H(l)

~10110sulc:l[e, bisaccate: in the ,"'L'nL' reg"1I1 (*) ilw,ardk dirccred ,tout p:Lrlirions and rue!;, heneath thc tcclllm are scpar:llcd frulll

tI,C basal lan'r. 1I1 thc cappus reg""1 ,)1 corpus thc i'lfra,tc"tllll1 (\\'Ilite :II'!'O\') IS al\'Cular (:Ipparcml\-culuillellar ill Se','l!llll:tl \'it'\\'),
ill the sulcus regioll (CUf\ cd an,,,, 1 Ihere is nu lectulll nllr 1I1fra,r<'nal la\'cr' B, I asioslro!JlIs po/l'sacci, Gymnospermid', Carhonl
t'enn",L'pper l)enIlSd\'~lIli:1Il (Ta\'lor, 19-0) All exine llt- three distillCt I.l\ers, thin tC,'tLlIl1, ,md unir'llrlllh' thick 11<",i,le are linked

b\' \ erticalk urrenred "culuillellac" I nun ah eO!:lr and saccate'), C, l'l"rl/c!ll/S ell/In 1/," Corystospermales-Pteridosperms,
\liddlc .!ur:lssi,' (la\'aeLt &. erL'pel, IIJ~,) I',ine structure in tl,C saccu, reglllll h:1S t\\'O !:t\cr,s, the upper light\< ,wining 1:1\'er

encillses irregular\< shaped prllccsse,s ,scparated Iw I:IlUllae (1l01l al\'clliate or IIlCipil'llt\< a\<ell!Jte ~ranul:IlL") and the I'l\\er rhill
darker sraining la\'er ("il, D, Gral1abi,'"slcl/lil"S d iI/C!>oc/liiS, ~lllnJlsulcare, his;ICClle,l'"ine ,"'ucrllfe llf the pro,imal l'll'e: rectum
thick illlperfnr:lIc: infrateeral 1:l\er thill "gr:lIlLlLLI'" (U)ILllllell;le') :tIlL! ha-;al !:J\er thiel-:, E, c;r(lllalilltlli,'('Slcl,ll/es -;p,: ~lllnolett',

\\ ilh nUlllerou-; small ruguloid -;acci, e"inl' 'truCiure ofrhe pro"imal hemisphere, [l'l'llim thick, miL'ru perforatc, iilfra,tel'lallJ\er of
irregubr rod" Jild Cll!Ulllcllifllrlll S1rrll'llIre,' and 'grailule,"' [);I-;;t! I;l\er thil-k, F, GrClIICIIIIIJI/Ucol/1ilJ!S (lSI'llIllIdriCI/S \)llnosulcalc,
asaccate, te,'Will thilk, uccasionally Ir:l\l'1'sc'd h\' -;mall perfmatioil-;: illtra le,'[al laH"r L'()mprJSII1~~ .'imall ,>pherical or Irregular
shaped "grailules" :rnd "columellae" and :r hasal !:r\'er' D-F, -\Iliilir\') Cenolllaili:rn Cret:rceous (i'~I\ad:r &. I)ilcher, 19HR)

Alveolate exine in Carboniferous Pteridosperms (A-bisaccate) non-alveolate (granuliform?); in Middle
Jurassic Pteridosperms (C-Asaccate) and columellate (!) in Carboniferous gymnospennid palynomorph (B-poly
saccate), D-F: Distinctly "columelloid" infrateetum in Cenomanian pollen!

Venkarachala, 1990), Pocock ef at. (1988) even
surmised rhar if rhe evolurion of complex feature is
an inrricare process resulting from simple forms,
rhen could rhe sexine complexus. of Circumpolles be
regarded as culmination of structural evolution of
Mesozoic Cheirolepidiaceae prior to their extinction
during rhe Upper Creraceous, This type of sexinal
complexity in Circumpolles is not expressed in

modern gvmnosperm pollen (no regaining of losr
character')

Sexinal compleXity, usually in\'oh'ing columellar
or granulo-colllmellar complexification, at rimes
accompanied by rectal complexiry (Vasanrhy, 1978,
[98')) has been encollnrered in unrelated taxa of
angiosperms, for example, Alismaraceae (Argue,
(976), Araceae (Trevisan, 1980; Corner, 1985),
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C C/ossopo//is Sf}
TAYLOR 6 ALVIN (1984)

B . C/ossopO//iS harriSli

ME DUS (unl>ubl.)

O. C/ossoidites q/ondis
MEDUS (1977)

A C/osSOpO//IS c/ossoldes

ROWLEY 6 SRIVASTAVA (1986)

Text-figure 6-A, Clas$upuilis c!assoldes. Oxfmdi;lIl-l 'PI)cr ,Jl1l'assic (I\,m'lel' 8< Sril';lstJI'a, 19:-16): Tcctum th ick (complex ,). infra-tectal
rod~ or complexly columellalc strul'tures("') manifesting lateral adnation (;lfro""s). ncxine iJmellate. B, C_ barrisii, RhJeto-l.iassic;
Triassic-,Jurassic (Medus. unpubl.) C, Cla.'supollis sp" Harrcm;Jn·Lmyer CretacclluS (Tal'lor & Allin. 19H-i): Teuum echinulate.
complex ellClosillg illter-teclal rods (shor! arrm'\'s. infra-Ieual co!umelloid elements shmving small degree of adnation (arrows);
neX;lle lamellate; D, Classoicille.1 glalldis, Turoni;Jn-l~l)perCrctaceou~ (l\tedus. 19'" l: TIle "columellae" beneath the teetal com
plex are distally ramified; nexine lamelbte.

Are the infra-tectal complex structures of the extinct Circumpolles similar to the angiosperm columellae
(Chaloner, 1976) or were these derived from the reduced muri of a subtectate alveolar system of Triadtspora
spp.? (Scheuring, 1976).

Juglandaceae (Stone et aI., 1979), Haloragaceae
(Praglowski, 1970), Morinaceae (Verlaque, 1983),
Asteraceae (Skvarla & Larson, 1965), Dipsacaceae
(Text-fig 9) and many Others. Even some Eocene
pollen manifest sexinal or rather columellar
complexity: CaryopoLLenites triangliLus and
SubtriporopoLLenites constans subsp. constans

(Kedves & Stanley, 1976; text-fig G, I) and
[ntelporopoLLenites endotrianguLlis (Kedves, 1986).
Detailed pollen developmental studies, for example
Artemisia vuLgaris, Asteraceae by Rowley and Dah I,
1977, are required to draw conclusions on the
evolution, distinctiveness and inter-relationship of
complex sexines in various taxa. Wanting
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ontogenetic data we l1U\' surmise that culuJl1ellar
complexity might have evoked independent1\' ill
different plant groups and taxa.

DO THE "SACCI" IN PROGYMNOSPERMS,
GYMNOSPERi\1S AND ANGIOSPERi\1S SIGNIFY

ANY PHYLOGENETIC RELATIONSHIP?

A saccus is an exoexinal expression, often
shoWing a separation of sexine from nexine
("eusaccate") and seldom with the attachment of
the infrareticulum of saccus to the nexine of corpus
("protosaccate") Prorosaccate type (Triadispora
bolchii, Protodisaccilrilele, Scheuring. 1974) and
various types of "eusaccate" forms (l1lonosaccate
Felexipollenites and S/lllisucciles (t'vlillay & Tavlor,

1974, bisaccatC' Pill liS Sl'/n'slris and I) baUuliriniana,
Willemse, 19"'" I. Ting ':>:1\Cllg. 1':)65 respectively)
have been illustrated in Te\:lfigure 7 Numerous
forms of mono- ur perisaccate, pseudo-saccate
(RbabdusporiLes) , and bisaccate palynofossirs have
been elaborately illustrated and discussed by Millay
and Tavlor, 1970, 197-i. 1976), Pant (1987) and
Tiwari and Tripathi (1 ':)88) Crane (1985) tabulated
the saccale spore-pollen hearing groups:
Aneurophytalean prugymnosperms, Carboniferous
lycopods, iV1eduilosan Paraspurites, Callistophyton,
Glossopterids, Caytor/ia, corystosperms and exunt
coniferae. The polysaccate condition in non
a I ve 0 I ale" (c 0 I u Jl1 e I I 0 i eli) p a Iy n 0 f0 s s i I 0 f
Pennsylvanian Carboniferous Lasiostrobus polysacci
is a unique phenomenon (Taylor, 1970), Zavada and

c

WILLEMSE (1971)Pinus sylV6stris

/
/

~
E

"-

, ~--""", ..,,- -·'-1""~·---.J
/' N, ;'

f("/

(

MILLAY 8 TAYLOR {1i74}

B

PInus bolfournlono TlNG 8 T SENG {l915~l

Text-figure 7-A, TrwdispurC/ brilcl)i/. Protodisaccitrileti. Triassic (Scheuring, 197 6)' The infrasaccare "alveolar" system is divided
into le"els of differcnl chamb"r slze-Ihe ,;malle~1 underneath Ihe teclum; all the elements of radlall;' arranged infrastrucrure of
the protosaccuo reach the cel-tral hody on the ,ame ,eCl ilJi1a I plane (i.e. apophysis-like ,truetures near the celHral body); B,
FelixipulleJliles, Monosaccites. Ll)wer l'ennsyh'anian Carboniferous (l\lillay & Taylor, ll)-'~): Lateral!\' bulged infrasaccate aheolar
wstem seemed to ha,·c bmken awav from the "apophvses" ''''hich are arising from the nexine; C, SIIllisacciles, Monosaccites,
Lower to lower-middle \)enns"h'allian-Carboniferous (Milia" & Taylor, 19:4): Saccus illtrareticuluTTl is finer near region of distal
saccus-corpus :1tlachmenl (arrow) and saccus ~1\'e()lae are dissociated from the saccus-floor withill [he lateral bulging,: D, PiJlus

Sl'lf!eSlris. Pinaceae l\X'illel11se, J97 1): In the saccus, rhe nexine is dissociated frornthe ah'eolar reticulation as in the lateral bulges
of saccus in SIIllisC/coles: A few "aflophyses" remnants (short armws )': E, PiJllls baljUl/rlll{/Jla, Pinaceae (Ti ng & Tseng, 196:;):
Beneath the tectum are hanging Ihe ah-eolar reticulation of the bladder, unlike in PillllS s)'ll'eslris there is a separarion of nexine
into rwo layers (N-l Jnd N 2)

lrrespetive of the differences (mono-or disaccate; proto-or eusaccate), the saccus infra-tectum both in the fossil
and extant taxa is alveolate.
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Dilcher (1988) have reported the ruguJoid sacci on
the distal surface of bisaccate Cenomanian
Clavabivesiculites sp. (AfP) The epithet"
subsaccate" (cavate, pouched, ruguJosaccate,
vesiculate, winged, cf. Kremp, 1965, p. 161) has been
used by Erdtman (1952, fig. 208) to describe the
separation of "stalactiform" columellae from nexine
in pollen of Grevillea pinnatzjida, Proteaceae. The
"polysacci" of Lasiostrobus bear a small degree of
resemblance to the verrucae of Dorstenia
erythrandra, Moraceae and the sections of its

verrucae (Hoell & Punt, 1988) are partly comparable
with radial sections of ridge·summits of Ephedra
navadensis rather than that of Lasiostrobus polysacci
(Text· figs 1 B, 8 E, F) Monosulcate pollen from the
Albian·Cenomanian (e.g. Granabivesiculites sp. d.
G. inchoatus, Clavabivesiculites sp., Zavada &
Dilcher, 1988) although flanged by two small sacci
(non-alveolate but columell iform infratectum
differing from proto and eusaccate intra· reticulate
alveolar infratectum) are considered akin to the
"saccate" tetrads of the Turonian Lactoripollenites

A. GranablVes/cuiltes cf /nctlootus

ZAVADA 6. OILCHER (1988)

/--:,'

E Las/ostrabus palysacci
TAYLOR (1970)

N-<>

\....~,\';.':.,.~
'" ~~'~*'+'"..

C LactGripallllmtliS africanus D.Lactoris fernandez/ana
ZAVADA 8' BENSON (lia7)

F. Oarstema eryttlrandra !"40EN 8 pUNT {19881

Text-figure 8-A, Granahiuesiculites cf incboallls, AfC', Cenomanian·Cretaceuus (zavada & Dilcher, 1988): I'vlonosulcate, bisaccate;
the sulcus is flanged by [\Vo flange·like sacci: the sacci are formed hy a separatiun of the tectum. infrastrucrural layer and parr of
the footlayer (arrows) from the rest of the nexine(N); B, Clauahiuesicllliles sr., AfP, Cenomanian Cretaceous (7..avada & Dilcher,
1988) Two sacci and many small rugulOid sacci on the distal surface, in the flange like sacci on either side of the sulcus (white
arrow) there is a separation of "gran 1OIes" /culu me Iloid structures (cu r"ed arrows) from the nexine: C, Laetonpol!eniles ajricanus,
Turonian·Cretaceous (Zavada & Benson. 1987): Anasulcate. in tetrads, the "saccus" is formed by a separation of the sexine frum
the nexine (arrows); D, Lacloris jemand(!ziana, lactoridaceae (zavada & Benson. 19871· Tectum thiCk microperfurate, nexine
relatively thin and infra·teerum with columelliform structures; the conspiCUOUS ridge ur saccus adjacent to the apenure is formed
by a Separation uf the sexine from the nexine (arrow); E, Lasioslrohus polysacci, Gymnospermidl Pennsylvanian·Carboniferous
(Taylor. 1970): Exine stratification and distal thickened area of a "saccus", the tectum extends out from the body to form "sacci"
often from the equatorial region, absence of columellae (I) in the sacca! infra·structure; F, DorSlenia erylhrandra, Moraceae
(Hoen & Pum, 1989): Medial (left) and sub·medial sections of verrucae (panly "polysacci".like?), note the crowded "granules"
(shon arrows) in the "caveate" infra·[ectum of medially·cut verruca (cf. TEM of epbedra nau'-:ld(!nsis in Texdig. IB)

Non-alveolate infratectal structure of "saccus"-typesl
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Artemisia annua
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5KVARL A. a LARSON (196~) Eline stratification (Diagrammatic) Sancl'Iello decora
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PRAGLOWSKI (1970)

5

H

Serplcula IndiCa

~

"" .."......_ •• 1 .. :,",..Y
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VAN CAMPO 8. LUGAR DON (1976) 2
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Juqlans regia

F

\~I~' /1) I .-. "~~(.... J¥ "I'w~ t", .' ,"1 .... U JtJ. "
I

N

~:'W'"-Nl
;-' Vernonia antl'lelm",tlco .' N 2

VASANTHV(1981l

Dipsacus lescl'lenaulfii
"OWL E Y 8. VA$ANTHY (Unpubl )

Caryapollenites ffJemqulus

KEovES 8 STANLEY(1976)

SubffJporopaJlenlles conslans subsp conslans

KEDVES a STANLEY (1976)

Text-figure 9-A, Exine stratification-Diagrammatic A "typical" and simple exine form is composed of a tectal layer. an infra·tectal
layer of unbranched simple columellae (columellae simplicea) which is supported by Nexine·] (foorlayer). 111e fOOllayer differs in
stainability from the basal layer, Nexine-2, (endexine). Tectum may be perforate or imperforate and may bear sculptural elements
(spines, verrucae, bacula, etc); B, Sancbezia decora, Trichanthereae-Acanthaceae (Rowley & Vasanthy, unpuhl ): The colu
mellae (C) appear in radial section, basally branched (coillmellaf' conjl111 clae , ): C, Arlemisia annua, Anthemideae-Asteraceae
(Skvarla & l2rson, 1965): The columellae in radial section appear distally bifurcated (arrows) or branched ("Columellae dlgi
latae"). The distal columellar "off-shoots" seem to intrude into the complex network of tectum; 0, Vernonia ambelmiYilica,

Vernonieae-Asteraceae (Vasanthy, 1985): Note the distally digitating columellar complex and the 'off-shoots" intruding Into the
downwardly descending tectal net; supratectaJ spines (S) are many; E, Dipsacus If'scbenaIlllii, Dipsacaceae (Rowley & Vasanthy,
unpubI.): Note the distal complexity of infratectal columellar layer, micro-channelled tectum and the sunken base of tectal spine;
F, juglans regia, Juglandaceae (Van Campo & Lugardon, 1973): Tectum micro-channelled, spinulate; the "granulo-columellar"
infra-tectum ("anastomosing rods") manifests distal complexity (arrows); G, Caryopolleniles lrianglllus, Lower Eocene (Kedves &

Stanley, 1976): A "granular"·columellar layer (or complexly anastomosing rods) resembles [hat of Juglandaceous pollen (TeXT-fig.
F); H, Sel-picula indica & r Laurf'mbergia repens, Haloragaceae (Praglowski, 1970): Note the distal and proximal complexi
ficalion of columellar layer; J, SubtnjJoropolleniles COnslans subsp. conSlans, Lower Eocene (Kedves & Stanley, 1976)·cf. Inler·

poropolleniles endolriangulus (Kedves, 1986; pIV1:l)' 1ntergerminal exine; vel)' rough tectum, a relatively [hick granular·colu·
mellar layer (complexly anastomosed) and a thinner foot layer.

Old columellar complexity evolve independently in different groups and taxa?

ajricanus (Zavada & Taylor, 1986). The latter
palynofossil is shown (0 bear some resemblance to
the pollen tetrads of the primitive angiosperm
Lac/oris jernandeziana Phil. of Lactoridaceae. The
conspicuous ridge adjacent to the aperture is formed
by the separation of the footlayer (nexine) and the

outer portion of the ektexine (sexine), forming a
saccus (figs 2-6 in Zavada & Benson, 1987).
However, the wavy tecta I granular surface, and
spheroidal stalactiform granular infratectum of
"sacci" in Lac/oris jernandeziana differ from tectal
surface and columelloid saccus infratectum of
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Lactoripollenites africanus (Text-fig. 8 C, D).
It may be inferred from these data that the

exinal structural dissimilarity does not support the
hypothetical evolution of sacci in the pollen tetrads
of the Lactoridaceae from the sacci of
gymnospermous monads.

THE ROLE OF WHITE-LINES IN THE
EVOLUTION

OF SPORE-POLLEN EXINES

White-lines of the nexine layer have been
primarily recognised as electron lucent ribbons of
unit membrane dimension (SO-60A) bound laterally
by two dark zones. Reviews on various aspects of
white-line-centered lamellations, by Rowley & Dahl
(1977), Stone et at. (1979) and Guedes (1982) are
pertinent to this discussion. While analysing the
funCtional aspects of Epitobium endexine, Rowley

(1988) hypothesised that a single form of white-line
was an image produced by a tubule not a lamella at
all and these are visible during the fundamentally
active state of endexine development (in
dicorylendons/); white-lines are the junction planes
between groups of tuft-units within the endexine
and also between units of ectexinal processes and
tuft-units of endexine. Published information
relative to the occasional occurrence of erect or
convolute lamellae rather than periclinal, in the
developing ectexine is discussed by Guedes (1982).
Linear orientation of ectexinal infratectal granules
preceding columellar organization is attributable to
the presence of radially oriented lamellae (Le
Thomas & Lugardon, 1976).

The omnipresence of white-lines in bryophyric
and pteridophyric spores as well as in pollen of
gymnosperms, monocotyledons and dicotyledons
(Text-fig. 10) is of both ontogenetic and

A Gmkr:;o bilobo AUORAN II MASURE (19"78) B -Gerbero jomesonl/ SOUTHWORTH (1986)

o· EqUIS8fosporlf1Js ehinleonus pOCOC~ II VASANTHY (1988) C. He/leonio Mons STONE .,,1/. (1979)

Text-figure lO-A, Ginkgo bl/oba, Ginkgoales (Audran & Masure, 1978): Axial section of the edge of the furrow showing the large
lamellated nexine, sexine tripartite enclOSing a middle zone of irregular pits (columelloid layer'); B, Gerbera jamesonii, Mud
sieae-Asteraceae (Southworth, ]966)- Lamellated Nexlne (endexine) In a young stage (microspore period) of pollen grain; C,
Helico'nza nulans, Hellconiaceae (Stone el aI., 1979)' White·line formation prior to disappearance of the callose wall, segments
of the initial white-lines probably develop beneath the spinule-precursors, the prolOsporopollenin from microspore layer down on
a template of 4-) white-lines ('); D, Equlselosponles chm/eanus, Proto-angiospermid' Late Carnian-Triassic (Pocock & Vasanthy,
1988; pi IV)· Polyplicate or ridged pollen, tectum discontinuous in furrows; columellae simple, of variable orientation, nexine
three layered with an Intermediate lamellate, transitional lay?t' of interstratified nexine-l and nexine·2 (n.

Are the "white-lines" indispensable for (n)exine formation?
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phylogenetic significance in exine evolution
(Guedes, 1982; Kedves, 1986; Gabaraeva, 1987;
Pocock, Vasanthy & Venkatachala, 1990). Stainabiliry,
chemical make-up and persistence vs disappearance
of lamellae are some of the criteria generally used to
differentiate the gymnospermous nexine from the
angiospermous endexjne.

The statement of Guedes (1982) that the
primitive condition in angiosperm pollen is
characterised by an exine with an endexine,
probably laminated and continuous with an
overlying ectexine sounds logical and helps in our
interpretation of the tripartite nexine of the tectate,
columellate pollen of Equisetosporites chinleanus
Daugherty (Triassic). Although we have already
discussed the peculiariry of its nexine (Pocock &
Vasanthy, 1988; Pocock, Vasanthy & Venkatachala,
1988), we outline it again briefly, here its nexine
peculiariry (Text-fig. 10 D): the unique nexine of E.
chinleanus possesses a distinct, continuous but
undulate, lamellate zone, apparently sandwiched
between the non-lamellate parts of nexine-1
(footlayer) and nexine-2 (endexine). The lamellae
(endexinal) and inrerlamellae (ectexinaP) of
varying thickness (grading into "white-lines" and
eventually becoming indistinguishable from the
underlying endexine), are interstratified
(transitional zone?). We may therefore infer that this
tripartite nexine construction in a columellate
tectate exine could be representative of one stage in
the eXIne evolution of proto-angiosperms.

CONCLUDING REMARKS

As greater importance had already been given to
the apertural characters in the context of phylogeny
and evolution, we are dealing with some of the
extra-apertural pollen characteristics, in our present
analysis of evolution of exines. Let us first consider
the infra-tectal features which are generally believed
to be of phylogenetic significance. The hypothetical
precursors of incipiently columellate/alveolate
exines are supposed to be the granular exines that
should have resulted from the formation of cavities
and their interlinkage (Walker & Skvarla, 1975;
Walker & Walker, 1984) in primeval solid sporoderm
or pollen-wall. According to Walker (1976) the
columellar structure of cycads and saccate conifers
represent divergent specializations via granular
intermediates from homogeneous structure in the
first gymnosperms. But his assumption on
gymnosperm pollen evolution is wanting fossil
evidence (d. Doyle, 1976). It is relevant to quote
Ehrendorfer (1976) here: "The prominent
differences in chromosome patterns between various

gymnosperm and angiosperm groups are clear
expressions of different cytogenetic potentials and
different phases of the evolutionary development of
these groups. '" ... '" it appears that gymnosperms
and angiosperms have followed different
evol utionalY strategies".

We have already discussed in this work the use
of vague or ambiguous term "granular" in its
broadest sense. Truly granular form (sensu stricto
does it exist?) ought to be a transitory or evolVing
character and progressive evolution of gran uloid
structure should have resulted in the formation of
columellOid structure, Simple to composite
columellar infra-tectum and their derivatives. On the
other hand, retrogressive evolution or secondaly
simplification of columellae has been supposed to
have thrown back the granular infra-tectal character.
A5 the granulo-columellar types occur in both
gymnosperms and angiosperms (Zavada, 1984;
Pocock & Vasanthy, 1988 and examples discussed in
this work) the origin of angiospermid pollen
characteristics cannot be easily elucidated from
palynological data alone (Zavada, 1984). A
hypothesis contradictory to the above view is that
the "granular" exines in Magnoliidae represents
survivals of a pre-columellar state linking
angiosperm pollen with gymnosperm pollen (e.g.
Foster & Price, 1981).

Stress-tensibiliry (Muller, 1979) and efficient
conveyance of sporophytic substance (Heslop
Harrison, 1979) of columellar organization, an
exclUSively angiospermous character (Van Campo,
1971) and the evolution of angiospermy during the
Cretaceous (e.g. Hughes, 1976; Doyle & Hickey,
1976) are points of great interest in palynology and
palaeo-palynology. The significant lower Cretaceous
pollen types Clavatipollenites hughesii Couper,
Asteropollis asteroides Hedlund & Norris,
Stephanocolpites Jredericksburgensis Hedlund &
Norris, Retimonocolpites dividuus Pierce and
Stellatopollis barghoornii Doyle have well-developed
columellae (Walker & Walker, 1984). Cornet (1979)
first reported the angiosperm-like pollen with
tectate, columellate wall structure from the Upper
'Friassic and jurassic of the Newark Super Group
(U.S.A.). His subsequent unpublished report (1985)
on the Triassic pollen with angiosperm affinities is
adequately illustrative (lM, SEM & TEM) of
columellate exine rypes. Cornet's recent work
(1989) on the Late Triassic angiosperm-like pollen
from the Richmond rift basin of Virginia describes
only the Crinopolles group consisting of six genera
and eleven species of angiospermid sulcate pollen.
Of these, Dicropollis operculatus, Monocrinopollis
doylei, M. microreticulatus, M. mulleri,
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Polycolpopollis magniJicus, Tricrinopollis minutus
and T. olsenii have dimorphic reticulum supported
by columellae. Despite their close resemblance or
morphological similarity to lower Cretaceous
Liliacidites (Walker & Walker, 1984), Cornet (1989)
was partly reluctant to attribute their affinity either
to monocotyledons or to any angiosperms. This
nebulous conclusion from Cornet, one of the
staunch proponents of pre-Cretaceous angiosperm
origin directs us to a logical analysis of views on
angiospermid-pollen-characteristics: What do these
three words mean? Could we equate the similarities
or correspondences berween angiosperm pollen and
pre-Cretaceous pollen fossils to homologies or
analogous convergences? Is not the combination of
tectal reticulum and columellate infra-tectum a
typical angiospermous character (d. Van Campo,
1971)? However, Doyle (1978) remarked that the
Triassic reticulate columellate monosulcate pollen
reported by Cornet like the conifer Classopollis was
indicative of the remarkable complexity of exine
structure attained by the early MesozoiC seed plants,
thus ruling out the conventional belief that earliest
pollen should have the Simplest structure. This
statement is well-supported by the occurrence of
columellar compleXities in unrelated taxa (e.g. Text
figs 6, 9) and even in primitive families like
Magnoliaceae (Manglietia insignis and Magnolia
acuminata, Praglowski, 1973; fig. 1 b, c; fig. 7 g) and
Annonaceae (Uvariostrum pynaertii, Le Thomas,
1980; PI. 12, 3, 4) possess complexly granulo
columellate exine ultrastructure. Pocock and
Vasanthy (1988) have inferred the angiospermic
affinity on the basis of exine ultrastructure of rwo
columellate upper Triassic palynomorphs: psilately
banded Equisetosporites chinleana Daugherty and
reticulately banded Cornetzpollis reliculata Pocock &
Vasanrhy, 1988. Lacking data to bridge the gap
berween the Triassic "angiospermid" pollen and the
Cretaceous angiosperm pollen types, may we
conclude in accordance with Muller (1984) that the
"angiospermid" pollen characters of Triassic were
lost (due to extinction?) and reappeared in lower
Cretaceous?

Alveolar complexity of Cycadinae and
Pteridosperms in rwo dimensional view bear some
resemblance to complex sexine types of
dicotyledons (Text-fig. 4). It is intriguing to note the
Simplification of "alveolate" layer in Boulaya Jertilis,
Pteridosperms (Kurmann & Taylor, 1984, pI. 1, fig. 5)
and that of columellate layer in Artemisia vulgaris,
Asteraceae (Rowley & DaDl, 1977, pI. 23, fig. 3) over
the apertural regions. Could we account for any
exine substrUClural (e.g. Rowley et al., 1981)
si milari ty berween these complexly alveolar and
columellar sexine types?

Endexine evolution has been variously
hypotheSised by many palynologists (e.g. Guedes,
1982; Crane, 1985; Zavada & Dilcher, 1988; Cornet,
1989). Ubiquity of white-lines in exines of all plants
either during development or their persistence after
maturation is probably indicative of their significant
role in (n)exine formation. The exine of
Equisetosporites chinleana (Pocock & Vasanrhy,
1988; pI. 4) distinguishes itself from most of the
known types of exines by its tripartite nexine (Text·
fig. 10 D) and inter-stratification or inter-bedding of
nexine-1 and nexine-2 layers. According to Cornet
(1989) the intermediate stage of nexinal
development in E. chinleana is suggestive of
progenesis: early or accelerated maturity of
endexine.

Exinal inflation as an adaptation to pollen
dispersal may have led to the formation of different
types of sacci (e.g. Text-figs 7, 8). In other words,
occurrence of sacci in spore-pollen bearing groups
could be accounted rather for their functional
significance (harmomegathic or pollen-export) than
phylogenetic.

Having discussed some of the basic conjectures
and queries relative to angiosperm ontogeny in the
context of exine structural evolution, may we
conclude our present work with the follOWing
quotation:

"We never stop investigating. We are never
satisfied that we know enough to get by. Every
question we answer leads on to another."

-Desmond Morris
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Fossil flora of Gollapalle Formation
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Proc. Symp. 'Vistas ill Indian Palaeobolany', Palaeoboltillisl 38: 14:· 154.

The plant megafossil assemblage of Gollapalle Formation, Alldhra Pradesh is enriched and updated. T11e tlora
is chieny constituted of Cladophlebis, Sphellopreris, ,l/arattiopsis, racbypteris. Taeniopteris, /-'1 i10pbyllll 111.

Dicryozamires, Preropb)'lIlIlIl. Williamsonia, l:Jllcklcmdia. Ua/oeladlls, I'agiopbylll/m, Hracb.l'pbl'lll/l1I and
Arauearites. Conifers and cycadophytes are domina1lt: pteridoph)1eS and ptericlospcrms aTe poorh' represenred.
Early Cretaceous age is sup[)orred for the GoJlapalle nOr:l

Key-words-Fossil nora, Gollapalle Formation, Krishna-Godavari Basin. Farl,· Cretaceous (India)
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THE Gollapalle Formation was named after the
village Gollapalle (16°43": 85° 58") by King in
1880. It rests unconformably over the Chintalpudi
sandstone (Permian) and underlies the
Raghavapuram Formation. The Gollapalle sediments
are exposed between the deltas of Godavari and
Krishna rivers extending from Rajamundary to Eluru,
consisting of conglomerate at the base, followed by
medium to fine-grained, orange to brown,
ferruginous and micaceous sandstone, grit and
conglomerates, soft claystones and at places
limestones. King (1880) equated this formation with
the Rajmahal Formation. Later, it was studied in
detail by Sarma (1957, 1958, 1960) who also
described plant fossils. Baksi (1964) added more
information on plant fossils from two localities
Kannapuram and Gopalapuram.

DESCRIPTION

Unclassified Ferns

Genus- Cladophlebis Brongnlart 1849

Cladophlebis sp. A
PI. 1, figs 1, 2; Tex't-fig. lA

DeSCription-Pinnae fragmentary, 0.5-0.8 cm in
length, 0.6-1.0 cm in width. Pinnules subopposite to
alternate, measuring 5-7 mm in length and 3 mm in
width at the broadest point, attached by entire broad
base at an angle of 30° -70°, falcate, acroscopic basal
margin joining basiscopic margin or upper pinnule;
margin entire; apex acute or subacute; midrib
persisting up to apex; lateral veins forked once.

Collection-Specimen nos. BSIP 3635) and
36356.

147



148 TH I~ !'ALAJ::0130TANIST

GYMNOSPERMS

Genus-Pacbypteris Brongniart 1828

Map 1-Showlllg plant fossil localities in Krishna Dislrict,
Andhra Pradesh.

Cycadales

Bennettitales

Family-Williamsoniaceae

Genus- Ptilopbyllum Morris 1840

Genus- Taentopterls Brongniart 1832

Taeniopteris spatulata McClelland 1850
PI. I, fig. 4; TeATfig. IB

--

Genus- Williamsonia Carruthers 1870

Ptilophyllum acutifolium Morris 1840
PI. 1, figs 7, 8

Ptilopbyllum cutchense Morris 1840
PI. 1, figs 5, 6; PI. 2, fig. 1

Williamsonia blandfordii Feistmantel 1876
PI. 1, fig. 10

Remarks-The female flower of Williamsonia
blandfordii is comparatively larger in size having 20
bracts and showing faintly marked longitudinal
striations. This species has been reponed for the
first time from the Gollapalle Formation. 50 far, W
blandfordii has been reponed from Kera and
Kakadbhit localities of Kutch and jandameta,
Krishna-Godavari Basin (Raghavapuram Formation).

Williamsonia kakadbhitensis
Bose & Banerji 1984

PI. 1, fig. 9; PI. 2, fig. 2

1877 Williamsonia compo gigas carr. : Feistmantel,
p. 181, pI. 7, figs 1-4.

Description (Based on description and
photographs given by Feistmantel 1877 and present
specimens)-Flowers broadly rounded to oval,
mostly onion shaped, measuring more than 9.0 cm
in length and 7.3 cm in width. Bracts 18-24, arranged
around receptacle, 1.9'13.4 cm in length and 0.5-1.0
cm in Width, narrow at base, gradually broadening
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Pte ridospennales

Family- Corystospermaceae

Pachypteris indica (Oldham & Morris) Bose & Roy
1968

PI. 1, fig. 3; TeA'1·fig. lC

Remarks-Pachypteris indica has been reponed
for the first time from the GoJ[apalle Formation.

Comparison-Cladophlebis sp. A is comparable
to sterile pinnae of Todites indicus (Oldham &
Morris) Bose & 5ah 1968 in shape and size of
pinnules but differs in venation pattern and pinnule
margin. Lateral veins forked once are present in C
kathiawarensis Roy 1968 as in Cladophlebis sp A.
However, the former is distinguished by crenulatc or
dentate margin of pinnules.

PLATE 1

1. Cladophlebis sp., specimen no BSIP 36355, x 1.
2. Cladopblebis sp., specimen no BSIP 36356, x 2.
3. Pachypleris indiw (Oldham & l"lorris) Bose & Roy. specimen

no BSIP 36357, x I
4 TaeniOpteris spatulma McClelland, specimen no. BSIP 36358,

x I

5. Ptilophyllum cUlchense Morris, specimen no BSIP 36382, x 1.
6 P. cUlchense, specimen no. BSIP 36359, x I
7 P. cUlchense specimen no. BSIP 36360, x 1.

8. Ptilophyllum acullfolium Morris, specimen no. BSIP 36361,
x 1.

9 Williamsonia kakadbhilensis Bose & Banerji, specimen no.

BSIP 36364, x 1.
10. Williamsonia blandfordii Feislmantel, specimen no. BSIP

36362, x 1
I] A microsporophyll, specimen no. BSIP 36365, x 1.
12 Bucklandia sp., specimen no. BSIP 36366, x I.

13 Elalociadus conferlus (Oldham & Morris) Halle, specimen no.
BSIP 36367, x 1.

14. Pagiophyllum sp. cf. P gran/Ii Bose & Banerji, specimen no.
BSIP 36375, x 1.

15. Pagiopbyllum gollapallensis sp. nov., specimen no. BSIP
36372, x 1.

16. Bracbypbyllum sp, specimen no BSIP 36378, x 1.
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Text-figure I-A. Cladophlebis sp., specimen no. BSIP 36355, x 2; B. Taeniopleris spalulala McClelland, specimen no. BSIP
36358, xl; C. PachYPleris indica (Oldham & Morris) Bose & Roy, specimen no. BSIP 36357, x 2; D. Brachyphyllum sp., specimen no.
BSIP 36378, x 2; E. Pagiophyllum sp. cf P. granlii Bose & Banerji, specimen no. BSIP 36373, xl; F. Pagiophyllum gollapallensis sp.
nov., Holorype, specimen no. BSIP 36371, x 2; G. ElalOciadus conferlus (Oldham & Morris) Halle, specimen no. BSIP 36370, x 2.

higher up and then again narrowing towards apex,
compactly or rather loosely arranged. Longitudinal
striations and hair present on the surface of bracts.

Collection-Specimen nos. BSIP 36363, 36364,
126/2711 and 161/2711.

Remarks-This is the first report of
Williamsonia kakadbhitensis from the Gollapalle
Formation. The specimens from the Ravicherla area
are comparatively bigger in size.

Microsporoph yll
PI. 1, fig. 11

Description-Fragmentary microsporophyll, 2 x

0.3 cm' in size, distal portion having two rows of
small ?fertile appendages, tubular in shape, 3-4 mm
long and 1 mm broad.

Collection-Specimen no. BSIP 36365.
Remarks-Only a single fragmentary

microsporophyll bearing fertile appendages

comparable to Weltrichia santalensis Sitholey &
Bose 1971 is obtained; fragmentary nature of fossil
precludes detailed comparison.

Genus-Bucklandia Presl 1825

Bucklandia sp. A
PI. 1, fig. 12

Description-Fragmentary stems measuring 3.0
6.7 cm in length and 3.0-4.2 cm in width. Leaf-bases
more or less rhomboidal, decurrent, measuring 1.2
2.2 x 0.8-1.0 cm, spirally and sparsely placed.

Collection-Specimen nos. BSIP 36366 and
1756/2711.

Comparison-Bucklandia sp. A apparently
resembles some of the specimens of Bucklandia
sahnii Bose 0953, pI. 1, fig. 4) and Bucklandia sp.
(Sharma, 1974, pI. 1, fig. N) from Rajmahal Hills,
Bihar. Anatomical derails of the present specimens
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are not known and hence no comparison is
attempted_

Coniferales

Family- Podocarpaceae

Genus-Elatocladus Halle 1913

Elatocladus confertus (Oldham & Morris) Halle
1913

PI. 1, fig. 13; PI. 2, figs 3, 4; Text-fig. IG

Remarks-Feistmanrel (1877) described this
species under the name Palissya conferta. The swept
back nature of leaves confirms its identification as E
confertus. Halle (1913) described this species from
Grahamland and Sahni (1928) and Bose and Banerji
(1984) from India.

Family-Araucariaceae

Genus- Pagiophyllum Heer 1881

Pagiophyllum gollapallensis sp. nov.
PI. 1, fig. 15; PI. 2, figs 6, 7; Text-fig. IF

1877 Cheirolepis compo Munsteri: Feistmantel, p.
185, pI. 8, fig. 8.

1928 BI'achyphyllum expansum (Sternberg): Sahni,
p. 20, pI. 2, figs 28, 29.

Diagnosis-Leafy-twigs branched, maximum
available length 8.5 cm and width 7.4 cm. Branches
irregular but laterally appressed in one plane, 1.4-3.9
cm long and 0.3-0.4 cm wide, making an angle of
45°-75°. Leaves spirally borne, small, 1-3 x 1-2 mm,
keeled, directed forward or laterally, slightly falcate,
arising from a rhomboidal leaf-base cushion. Margin
enrire_ Apex acute.

Holotype-Specimen no. BSIP 36371; PI. 2, fig_ 6.
Comparison -Pagiophyllu m gollapallensis

resembles Pagiophyllum rotzoanum (Massalongo)
Wesley 1956 reported from Veneto, Italy, in
morphological characters of leaves and their
compact arrangement. However, the latter species is
distinguished by lax branching system_ Individual
leaf-branch of P. gollapallensis is comparable to P.

chawadensis Bose & Banerji 1984 and P. sherensis
and P. satpuraensis (Maheshwari & Kumaran, 1976)
in gross features but it differs from them in having
compactly arranged larger leaves and the absence of
'Phytolemma'.

Pagiophyllum sp. cf P. grantii
Bose & Banerji 1984

PI. 1, fig. 14; PI. 2, fig. 5; Text-fig. IE

Description-leafy twigs, branched or
unbranched, branching irregular, maximum

available length 5.4 cm and width 07 cm. Leaves
spirally borne, closely arranged at an angle of 20°
60°, straight or falcate, directed forward or laterally,
measuring 2.5 x 1-1.5mm, ari~ing from a rhomboidal
leaf-base cushion. Margin entire. Apex acut~.

Collection-Specimen nos. BSIP 36373, 36374,
36375, 53/2976 and 56/2976.

Comparison-Pagiophyllum sp. d. P. grantii
resembles P. grantii Bose & Banerji 1984 reported
from Kutch in gross features but in the present
specimens cuticular features are lacking.

Genus- Bracbyphyllum Brongniart 1828

Brachyphyllum regularis Borkar & Chiplonkar 1973
PI. 2, fig. 9

Remarks- A single leafy-twig of Brachyphyllum
regularis Borkar & Chiplonkar 1973 known from
Early Cretaceous of Songad, Kathiawar is identified
here for the first time. This species has also been
reported from Athgarh Formation.

Brachyphyllum sehoraensis Bose & Maheshwari 1973
PI. 2, fig. 8

Remarks-The present specimen of
BI'chyphyllum sehoraensis is larger in size than that
of Sehora. The phytolemma is not preserved in the
present specimen_ So far this species has been
reported only from Sehora. Recently, Sukh-Dev and
Rajanikanth (1988) have reported some isolated
leaves from Gangapur Formation_

Brachyphyllum sp. A
PI. 1, fig. 16; PI. 2, fig. 10; Text-fig. ID

Descnption-leafy-twigs branched, branching at
an angle of 60°, 4.5-6.2 cm in length and 0.4-0.5 cm
in width. Leaves rhomboidal, closely appressed, 1.5
3.0 mm in length and Width, arising from a
rhomboidal leaf-base cushion. Margin entire. Apex
subacute.

Collection-Specimen nos. BSIP 36378 and
23/2711.

Comparison-BrachJPhyllum sp. A resembles B.
rhombicum (Feistmanrel) Sahni 1928 and B.
sehoraensis Bose & Maheshwari 1973 in form and
closely appressed nature of leaves. However, the
former is comparable to B. brevljolia and B.
rhomboidales Srivastava et al. 1984 in shape and size
of leaves but differs in the absence of phytolemma.

Genus-Araucarltes Prest 1838

Araucarites cutchensis Feistmantel
PI. 2, fig. 11
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Table I-Distribution of plant fossils in the Gollapalle
Formation

Ptilophyllu m, Die tyozam ites, Elatoc lad us,
Pagiophyllum, Brachyphyllum, particularly B.
sehoraensis and Araucarites are common (Sukh·Dev
& Rajanikanth, 1988) However, the Gangapur
Assemblage·2 is distinguished chiefly by the
presence of Equisetites, Gleichenia, Hausmannia,
Cycadites, Anomozamites, Otozamites, Alloeladus,
etc.

The Early Cretaceous flora of Assemblage Zone·
S of Dietyozamites Pterophyllum·Anomozamites

The floral assemblage of Gollapalle Formation
is dominated by conifers and cycadophytes followed
by pteridophytes and pteridosperms. Pentoxyleae
and Ginkgoales have not been recorded so far. The
following species are reported for the first time from
this formation: Cladopblebis sp, Pacbypteris indica,
Ptilopbyllum acutifolium, P. cutchense, William·
sonia blandfordii, W. kakadbhitensis, a
microsporophyll, Bucklandia sp., Elatocladus
confertus, Pagiophyllum gollapallensis sp. nov.,
Pagiophyllum sp. cf. P. grantii, Brachypbyllum
regularis, B seboraensis, Brachyphyllum sp. and
Araucarites cutchensis.

The Gollapalle floral assemblage is similar to
that of Sehora of the jabalpur Formation,
Narsinghpur District, Madhya Pradesh, in common
presence of Pachypteris, Ptilopbyllum, Elatocladus,
Pagiophyllum, Bracbyphyllum and Araucarites
Further, in both Weichselia and Cycadopteris are
lacking and there is also paucity of ferns.
Palynologically the sediments of Sehora are dated as
Late jurassic/Early Cretaceous (Bharadwaj et at.,
1972; Singh, 1966). However, Sharma et al. (977)
and'venkatachala and Sinha (986) have carried out
palynological studies of the Gollapalle Formation
from the subsurface samples which contain
Microcachrydites, Trilites, Sphaeropollenites,
Leptolepidites, Podosporites, Klukisporites,
Aequitriradites, Kraeuselisporites, Impardecispora
and Crybelosporites indicating an Early Cretaceous
age Recently, Singh and Venkatachala (1988)
reassessed the jurassic-Cretaceous palynofloras of
India and suggested an Early Cretaceous age for the
Sehora and Gollapalle sediments.

The Gangapur floral Assemblage· I (represented
by Butermal Nala flora) is closely comparable to

Gollapalle flora in general composition (Sukh·Dev,
1988). In both, Pachypteris, Taeniopteris,

Taxa/Area Bura Musa·
/Jancha/ nul'

Ra/Ji·
cherla

Cladophlebis sp. + +
Sphenopteris sp.
Maralliopsis lI1acrocarpa +
Pachypteris indica +

Taeniopteris ensis +

T spatulata +
Plilophyllum acutifoliull1 +

P cutchens!? +

Dietyozall1ites
feistll1antelii +

P/eropbyllum kingianum +

Williamsonia
blandfordii +

WI kakadbhitensis +

Microsporophyll +

Bucklandia sp +

Elatocladus confe,·tus +

Pagiophyllu m
gollapallensis sp nov. +

Pagiophyllum sp. cf
P grantii +

Brachypbyllu 111 regularis
B. sehoraensis +

Brachyphyllum sp. A +

Araucarites cutchensis +

A. macrop/erus +

Kunna· Gopala·
puram puram

+

+ +

PLATE 2

1. Ptilophyllum cutchense Morris, specimen no. BSIP 36381, x 1.

2. Williamsonia kakadbhitensis Bose & Banerji, specimen no.
BSlP 36363, x 1

3. Elatocladus confertus (Oldham & Morris) Halle, specimen
no. BSIP 36370, x 1

4. E. confertus, specimen no BSlP 36368, x 1
'5. Pagiophyllum sp. cf. P. gran/ii Bose & Banerji, specimen no.

BSIP 36373, x 1.
6. Pagiophyllum gollapallensis sp nov., holotype, specimen no.

BSIP 36371, x 1.

7 P gollapallensis, specimen no BS1P 36372, x 1.

8. Brachyphyllum sehoraensis Bose & Maheshwari, specimen no
BS1P 36377, x I

9. Brachyphyllum regularis Borkar & Chiplonkar, specimen no.
BSIP 36376, x l.

10. Brachyphyllum sp., specimen no. BSIP 36378, x 2.
11. Araucarites cu/chensis Feistmantel, specimen no. BSlP 36380,

x ]
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(Sukh-Dev, 1988) is considered to be less diversified
because of rhe preponderance of broad-leaved
cycadophytes, viZ., Ptilopbyllum, Pte ropbyllu m,
Dictyozamites, Anomozamites, Ctenis and
Taeniopteris. Besides preridophytes, e.g., Equisetites,
Gleicbenites and Hausmannia are also present.

The Gollapalle flora is compararively less varied
rhan rhe Bansa flora of )abalpur Formarion,
consri rured by Weicbselia- Onycbiopsis-Gleicbenia,
Assemblage Zone-10 (Sukh-Dev, 1988), which is
characrerised by rhe richness of preridophytes and
conifers and reducrion of cycadophyres and
preridosperms.

The faunal evidences from rhe Gollapalle
Formarion are meagre, only Amobaculites,
Ammodiscoides, Ammodiscus and Haplopbragmoides
are known (Sasrri et al., 1973). Srrarigraphically rhe
Gollapalle Formarion unconformably overlies rhe
Chinralpudi sandsrone (Permian) and
unconformably underlies rhe Raghavapuram
Formarion which is dared Early Creraceous
(Barremian) on palaeontological evidences (BhaJla,
1969, 1972; Singh & Ghosh, 1977).

The flora of rhe Gollapalle Formarion rhough
represenring Assemblage .zone no. 9 (Sukh-Dev,
1988) also shows close affiniry wirh rhe flora of
Gangapur Assemblage-1 (Burermal Nala) in having
broad-leaved cycadophytes, like Dictyozamites and
Pteropbyllum. The Gollapalle flora is younger rhan
rhe Chaugan floral assemblage (Zone no. 9) and
older rhan rhe Bansa floral assemblage (Zone no. 10,
Sukh-Dev, 1988).

In view of rhe presenr findings rhe Lower
Creraceous age of Gollapalle megaflora is supponed.
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Palynology of Mesozoic outcrops of Athgarh Formation
exposed near Talbast, Orissa

B. N. .lana

.lana. R. N. 1990. I'alynolog) of iVlesoLoic OUICropS of Alhgarh rornulion expused nell' Tal basI. Orissa. 111 : .lain.
K. P. & Tiwari. R. S. (ecb )--I)roc. S)'}II!J. 'Vistas ill Illdiall Palaeobolally'. Paiaeobowilisl 38 : 155· 162.

l1,e palynu·assemhlage recovered from Athgarh formal ion. near Talbast region, Orissa contains 23 genera and
33 species. l1,is assemblage. Ihe firsl record from southern pan of Athgarh oUICrops in Ihe region. is characlerized
hv the dominance of the genus .Hilrospora, and the palylwtloral composition. as a whnle, sho\vs its affinity with
llpper jurassic !AlWer Cretaccous palynological assemblages.

Key-words - Palynology, At hgarh Formation, iVlahanadi nasin, LIpper Jurassic' I.owcr Crelaceous (India)
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THE Athgaril Formation, Llsually kno\vn as "Athgarh
Sandstones" constitutes a pan of sedimentary
sequence of Mahanacli 13asin. It is the northernmost
exposure of East Coast Gondwana of the Indian
peninsula. The outcrops are exposed in the west and
southwest of Cuttack city and encompasses an area
of about 600 sq km. The sedimentary sequence of

this formation is mostly covered by laterite and
alluvium. The Athgarh Formation constitutes a part
of Upper Gondwana sequence; it was known to lie
unconformably over Precambrian basement rocks,
but recently the palaeopalynological investigation by
Tiwari et at. (1987) has revealed the presence of
Talchir palynofossils in the olive-green shales which
are lying below the Athgarh sandstone exposed near
GarhHaladia Village. Thus, as in other East Coast
Gondwana basins, the Mesozoic sediments in
Mahanadi Basin also lie unconformably over the
Permian sediments.

The main lithological constituents of this
formation are conglomerates, grits, sandstones and

ferruginous shales (Ball, 1877; Adyalkar & Rao, 1963;
Patra, 1980). Also, the occurrence of carbonaceous
shales and coal-bands is known from Sidheshwar
Hill. The palynological information from this
formation is very meagre. So far, the records are
known only from Sidheshwar Hill (Maheshwari,
1975; Jana & Tiwari, 1986) and Jagannath Prasad
Quarry (Maheshwari, 1975). The paUCity of
palynological data is mainly because of unfavourable
lithology of this formation for the preservation of
spores and pollen. Maheshwari (1975) recorded an
Araucariacites·rich assemblage containing 29 genera
and 45 species from Sidheshwar Hill, Cuttack District
and Jagannath Prasad Quarry, Puri District. Jana and
Tiwari (1986) further made a detailed analysis of the
sediments exposed in Sidheshwar Hill and reponed
the presence of 35 genera and 48 species in which
Araucariacites is dominant, followed by the genus
Callialasporites

It is rather difficult to recover palynofossils from
the sediments of Athgarh Formation; yet through

15)
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MATERIAL

Map 1-The geological map of a pan of Athgarh Basin showing
the location of Mesozoic oU{crops studied (after Ball, JB7i;

panly revised by P K. [)utta, 1978, G S. 1. DOCD No. 4/79)

consistent effofts, new palynological information has
recently been derived which forms the subject
matter of the present paper.

CHECK LIST OF SPORE-POLLEN TAXA

The palynological assemblage recovered from
Athgarh sediments is listed below:
Genus-Cyathidites Couper 1953

C australis Couper 1953
C minor Couper 1953
C concavus (Bolkhovitina) Dettmann 1963

Genus-Deltoidospora Miner 1935
Deltoidospora sp.

Genus- Todisporites Couper 1958
T major Couper 1958

Genus-Dictyophyllidites Couper emend. Dettmann
1963

Dictyophyllidites sp.
Genus-Concavisporites Pf1ug emend. Delcoun &

Sprumonr 1955
Concavisporites sp_

Genus-Osmundacidites Couper 1953
o wellmanii Couper 1953
Osmundacidites sp.

Genus-Lycopodiacidites Couper emend. Poronie
1956

Lycopodiacidites sp.
Genus-Concavissimisporites Delcouft & Sprumont

emend. Delcouft, Dettmann & Hughes 1963
Concauissimisporites sp.

Genus-Impardecispora Venkatachala, Kar & Raza
1969

I. apiverrucata (Couper) Venkatachala,
Kar & Raza 1969
I. indica Venkatachala 1969

Genus-Klukisporites Couper 1958
K scaberis Couper 1958
K variegatus Couper 1958
Klukisporites sp.

Genus-Iscbyosporites Balme 1957
I. crateris Balme 1957

Genus-Murospora Somers 1952
M florida Pocock 1961
Murospora sp.

Ferruginous coarse-grained

sandstOne 284
O?" Clay band 0063 3

(1214)
Ferruginous sandstone 126
Clay band .] I 063 3

(9]] )

Coarse· gra ined ferruginous
sandsLOne 220
Clay band-] 2.20 8

( 1-8)
(Base nOl exposed)

Total 1433 18

SCALE,
~

094 3
(16-18)

348

0.] 5 1
(15)

THICKi'\JESS SAMPLE
(in m) NO.

~ TalchIr Forma.llon

.& FOSSil Locality

INDEX

c::::::J Recent AlluvIum Lalerlte

c=J Athgarh Forma.tion

20
0

30'

Ferruginous fine grained
sandstone
Sandy clay· band
(discontinuous)

Alluvium cover
Sandy cl,ay band-IV

LITHOLOGY

The samples were collected by the author from
Talbast region during a field trip in 1987 In Talbast
area, the sediments of Athgarh Formation are mostly
covered under dense vegetation; however; they are
exposed in the open cast quarry of "Fire Clay".

The productive samples are from Fire Clay Mine
which is about 350 m east of Tata's Fire Clay Mine
Guest-House (Map I). In the mine, the top is
covered by all uvi urn and the base is not exposed;
the section consists of alternate bands of sandstone
and clay. The thickness of rock units and location of
samples are as under:
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group which constitutes 15 per cent of the total
assemblage (Maheshwari, 1975) is poorly
represented in the present assemblage.

It is obvious that the assemblages from
Sidheshwar Hill, Jagannath Prasad Quarry and
Talbast do not match with each other.
Lithostratigraphically their relative position in a
sequence is difficult to assess because the dips are
mostly rolling and most of the sediments are
concealed. Palynologically the Sidheshwar Hill
palynoflora is the richest among the three. The
Talbast assemblage shows some indication of its
being relatively younger to Sidheshwar Hill
assemblage because Murospora qualifies for an
younger affinity (Filatoff, 1975).

The present palynological assemblage shows
resemblance with other known palynological
assemblages recovered from Cauvery Basin, Palar
Basin and Krishna-Godavari Graben. The
palynological assemblages from Cauvery Basin
(Venkatachala & Jain, 1970; Venkatachala & Sharma,
1974; Venkatachala, Sharma & Jain, 1972) have many
genera in common with the present assemblage but
the former is distinguishable from the latter in
ha vi ng Cicatricosisporites, Con tig nisporites,
Cooksonites, Coptospora, Triporoletes,
Microcachrydites, etc. However, the dominance of
Murospora marks the difference. Inspite of several
common genera with present assemblage, the Palar
Basin assemblage (Ramanujam & Varma, 1981) is
distinguishable from the present one in having
Cicatricosisporites, Cooksonites, Coptospora and in
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Genus- Laevigatosporites Ibrahim 1933
Laevigatosporites sp.

Genus-Aequitriradites Delcourt & Sprumont
emend. Cookson & Dettmann 1961

Aequitriradites sp.
Genus-Callialasporites Dev 1961

C dampieri (Balme) Dev 1961
C segmentatus (Balme) Srivastava 1966

Genus-Alisporites Daugherty 1941
A. grandis (Cookson) Dettmann 1963

Genus-Abiespollenites Thiergart in Raatz 1937
Abiespollenites sp.

Genus-Podocarpidites Cookson ex Couper 1953
Podocarpidites ellipticus Cookson 1947
Podocarpidites sp.

Genus-Cycadopites Wodehouse ex Wilson &
Webster 1946

C couperi Kumar
Cycadopites sp.

Genus- Ginkgocycadophytus Samoilovitch 1953
Ginkgocycadophytus sp.

Genus-Inaperturopollenites Thomson & Pflug 1953
Inaperturopollenites sp.

Genus-Araucariacites Cookson ex Couper 1953
A. australis Cookson 1947

Genus-Araucariapollenites Reyre 1970
Araucariapollenites sp.

Some of the important spores and pollen of this
assemblage are illustrated in Plate 1 and Plate 2. The
genus Murospora, being the major component,
shows wide morphographical variations in this
assemblage.

QUANTITATIVE ANALYSIS AND COMPARISON

In this assemblage 11 genera out of 23 were
encountered in counting (Text-fig. 1). The genus
Murospora is the dominant (61%) spore. The
representation of other elements is as follows:
Cyathidites (9%), Klukisporites (0.5%),
Impardecispora (1.5%), Ischyosporites (0.5%),
Callialasporites (5%), Alisporites (0.5%),
Abiespollenites (0.5%), Podocarpidites (0.5%),
Cycadopites (I %) and Araucariacites (20%). The
trilete group, as a whole, constitutes 72.5 per cent of
the total assemblage.

This assemblage markedly differs from other
assemblages described from Athgarh Formation in
having the dominance of trilete group. It is
important to note that the genus Murospora is
dominant in the present assemblage but was not
recorded earlier (Maheshwari, 1975; Jana & Tiwari,
1986). The alete genus Araucariacites is the
dominant taxon in the assemblages of Sidheshwar
Hill and Jagannath Prasad Quarry. The disaccate
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the nature of dominant element. The palynological
assemblages from Krishna-Godavari Graben
(Sharma, Jain & Venkatachala, 1977) have several
elements common with present assemblage but the
former has several other genera, such as
Appendicisporites, CrybelospOrites, Sestrosporites,
Staplinisporites, Coronatispora, Cooksonites,
Coptospora, etc. in the assemblage.

The present assemblage closely resembles the
palynological assemblage known from Katrol
sediments of Kutch Basin (Venkatachala, Kar & Raza,
1969) but the latter differs in having Araucariacites
as the dominant element.

The palynological assemblages from Satpura
Basin (Kumar, 1973; Maheshwari & Gupta, 1983;
Gupta, 1988) also have several common genera but
they possess Cicatricosisporites, Cooksonites, etc.
Moreover, the dominant genus is Araucariacites in
the assemblage of Satpura Basin.

The present assemblage is also comparable to
Callialasporites dampieri Super Zone of Upper
Jurassic horizon of Australia (Helby et aI., 1987) Out
of four Oppel Zones under C. dampieri Super Zone,
the present assemblage resembles most the
Murospora florida Oppel Zone in having M. florida
and several species, such as Klukisporites scaberi,
Aequitriradites sp., Callialasporites dampieri.
However, the M. florida Oppel Zone of Helby differs
from the present assemblage in having a variety of
trilete spores, such as-Stereisporites antiquaporites,
Rogalskisporites canaliculus, Antulsporites
va rigran ula tus, Stapli n isporites tela tus,
Neoraistrickia densata, Lygodiumsporites

circulumenus, Dictyotosporites complex, D.
speciosus, Contignisporites cooksonii, Gleicheniidites
senonicus, Lycopodiacidites asperatus which are not
recorded in Talbast assemblage.

The Upper Jurassic palynoflora of western
Canada (Pocock, 1970) resembles the present
assemblage in having several common genera. These
are Deltoidospora, Todisporites, Concavisporites,
Conca vissim isp0 rites, Klukisporites, Murospora, etc.
But the Canadian palynological assemblage differs in
having rich and varied trilete forms and in the nature
of dominant element.

In the Talbast palynological assemblage, the
stratigraphically important palynotaxa are
Impardecispora apiverrucata, Klukisporites scaberi,
Ischyosporites cratel'is, MU7'Ospora florida and
Aequitriradites sp. These forms are known from
Upper Jurassic as well as Lower Cretaceous horizons
of India (Singh et aI., 1964; Venkatachala, 1967, 1969
a, b; Venkatachala et al., 1969; Tiwari et al., 1984;
Ramanujam & Srisailam, 1974 etc.), Australia
(Filatoff, 1975; Helby et aI., 1987; Dettmann, 1963),
The Netherlands (Herngreen et aI., 1980), Canada
(Pocock, 1964, 1967). So also the representation of
genera like Impardecispora, Aequitl-iradites, etc.
started in the Upper Jurassic but their qualitative
variations and quantitative richness are seen in
Lower Cretaceous horizons.

The present palynological assemblage is also
unique in having trilete genus Murospora as the
dominant element. So far, no playnological
assemblage is known from the Upper Jurassic and
Lower Cretaceous horizons of the Indian

-+

PLATE 1

(All photomicrographs are magnified ca x 500. Coordinates refer
to Leilz Laborlux Microscope no. 067063)

1,2. Cyalhidiles australis Couper, Slide nos. BSIP 10276, Co
ordinales: 49 x 105.6; BSIP 10277, Coordinates: 33 x 98.

3 Todisporiles major Couper, Slide no. BSIP 10276, Co
ordinales: 37 x 101.

4. 'Concavisporiles sp., Slide no BSIP 10277, Coordinates:
305 x 102.7.

5,6,7 Osmundacidiles wellmanii Couper, Slide nos. BSIP 10279,
Coordinales: 38 x 103.8; BSIP 10276, Coordinates: 71 x 79.5;
BSIP 10278, Coordinates: 64 x 101.5.

8. Murospom florida Pocock, Slide no. BSIP 10282, Co
ordinates: 42 x 106.

9, 10. Klukisporiles uariegalus Couper, Slide nos. BSIP 10280,
Coordinates: 39 x 93.4; BSIP 10277, Coordinates: 49.6 x

103.7.

11. Ischyosporiles sp., Slide no. BSIP 10282, Coordinates:
60.8 x 98.8.

12. Impardecispora sp., Slide no BSlP 10278, Coordinates:
50 x 110.4.

13. Impardecispora apiuerrucata (Couper) Venkatachala,
Kar & Raza, Slide no. BSIP 10283, Coordinates: 37.6 x

997
14. Lycopodiacidites sp., Slide no. BSIP 10284, Coordinates:

66 x 1005
15 Aequitriradiles sp., Slide no. BSIP 10279, Coordinates:

465 x 1055
16. Klukisporites scaheris Couper, Slide no. BSIP. 10281,

Coordinates: 60.8 x 98.8.
17,18. Murospora florida Pocock; 17, BSIP 10284, Coordinates:

66 x 100.5; 18, BSIP 10284, Coordinates: 66 x 100.
19 Impardecispora indica Venkatachala, Slide no. BSIP

10281, Coordinates: 46 x 104.
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subcontinent where trilete group of spores
constitutes the overall dominance. Analysing the
overall composition of the present assemblage it is
assumed that the pteridophytes producing
Murospora-type of spores were groWing nearby or at
the depositional site.
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Coordinates: 59 x 59.5.

4-6. Murospora florida Pocock, SEM photomicrographs, x 600.
7. Murospora sp., Slide no. BSIP 10286, Coordinates: 49 x

106.6
8. Laevigatosporites sp., Slide no. BSIP 10278, Coordinates

62 x 965.
9, 10. Call1alasporites dampieri (Balme) Dev, Slide nos. BS1P

10278, Coordinates: 59.5 x 97; BSIP 10287, Coordinates:

47.5 x 107.7
II Podocarpidites eilipticus Cookson, Slide no BSIP 10286.

Coordinates: 67 x 107.

12 14. Cycadopiles couperi Kumar, Slide nos. BSIP 10281,
Coordinates: 53 x 106.4; BSIP 10276, Coordinates: 37 x

101; SEM photomicrograph. x 600.
15. Cycadopites sp. A, Slide no BSIP 102R7, Coordinates:

43 x 1036
16. Cycadopites sp. B, Slide no BSIP 10283. Coordinates:
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17 Abiespollenites sp, Slide no. BSIP 10276, Coordinates:

70 x 89.
IR. Podocarpidites sp., SEM photomicrographs. x 600.
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-nle Renneuitales dominated the vegetation throughout the world during MeSllZllic Era. In external

morphologv they were cycad·like, but had distinct type of fertile pal'ts. Fructil'ications wel'e !1lonosporangiate or

bisporangiate. In seed·hearing fl'uctificatillns a compaCt layer of fertile and sterile scales surrounded the
conical/hemispherical receptacle. On the basis of ontogenv and anatomy. bmh types of scales are described as

appendicular structures and derived the fructificatilln frllm Cardaianlblls. l3iscxual fructifications resemh1e
cycadeoideas. Male fructifications are unique and can be correlated neither '0, ith an;' known extinct nor extant

plant. Bennettitales originated independently from protllseminales. a plexus 'O,'hich also ga\'e rise to cordaitales and
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THE bennettitalean plants dominating the vegetation
during the Mesozoic were cycad-like in external
appearance and anatomy, but their fertile parts had a
distinct morphology from the latter. Some of the
bennettitalean fructifications were bisexual, e.g.,
Wielandiella Nathorst 1880, Williamsoniella Thomas
1915, Sturianthus (Sturiella) Krausel 1948 and
Amarjolea Bose et at. 1984, while others had either
seed-bearing fertile parts, e.g., Vhlliamsonia
Carruthers 1870 and Bennettiticarpus Harris 1932, or
the fructification was microsporangiate, e.g.,
Weltrichia Braun 1849. The Cycadeoidales had the
fructifications quite similar to those of the
Bennettitales except that they were lateral, bisexual
and embedded in the cortex of the trunk (Wieland,
1906, 1916), whereas in Bennettitales the
fructifications were terminal and of exposed type. In

the present paper the morphology of the
bennetti talean fructi fica tion s is disc ussed.

Since the publication of Williamson (1868) on

Zamites gigas Lindley & Hutton, a number of
interpretations have been published on the
morphology of fructifications of bennettitalean
plants (Carruthers, 1870; Lignier, 1907; Arber &
Parkin, 1907; Nathorst, 1909; Arber, 1919; Krasser,
1919; Sahni, 1932; Delevoryas, 1968; Harris, 1969;
Sitholey & Bose, 1971; Sharma, 1969, 1982). On the
basis of recent investigations, the interpretations
suggested by earlier authors are rediscussed in this
paper.

A typical bennettitalean seed-bearing
fructification consists of a small pedicel proVided
with spirally arranged, linear, flat bracts which
protect the conical/hemispherical receptacle. The
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receptacle is either completely covered with a
compact layer of seminiferous (fertile) and
interseminal (sterile) scales, e.g., W sewardiana
Sahni 1932, \'(liLLiamsonia guptai Sharma 1968, W.
barrisiana Bose 1968, or the apical portion of
receptacle is naked, e.g., WiLLiamsonia gigas
Carruther (Harris, 1967), Williamsoniella coronata
Thomas 1911. The fertile scales bear orthorropus
ovules, while the distal ends of sterile scales are
swollen and fleshy, )·8 sterile scales surround a
fertile scale. In bisexual fructifications, a whorl of
approximately 20 microsporophylls is present
surrounding the central receptacle, e.g., Amaryolea
dactylota and Williamsoniella coronata. Bose (1968)
and Harris (1969) suggested that the
microsporangiate fructifications be included under
the genus Weltricbia Braun 11343. In a male
fructification there are approximately 20 pinnate
microsporophylls in a whorl. Microsynangia are
produced on pinnae or on finger·like appendages.
The presence of a whorl of bracts surrounding the
whorl of microsporophylls (Sharma, 1969), or its
.absence (Sitholey & Bose, 1971) in Weltricbia
santalensis Sitholey & Bose 1971 is a controversial
problem and has been discussed in the present
paper in the light of new collections and recent
observations.

MATERIAL AND METHODS

The material for the present paper was collected
from different places throughout the Rajmahal Hills.
Impressions of Weltricbia occur frequently at
Sakrigalighat and Dhokuti, while petrified materials
of seed·bearing Williamsonias occur in the
fossiliferous localities of Amarjola, Chilgujari and
Hiranduba. Epidermal structures of bracts were
studied by using an adhesive 'Quickfix'; for
anatomical details slides were prepared by the usual
method of cutting, grinding and polishing. Because
of the fragile nature of Amarjola material, it was
boiled in Canada balsam prior to sectioning with the
help of a wire band saw. Slides were mounted in
Canada balsam.

DESCRIPTION

Seed-bearing Williamsonias-They are of two
types, ie., 'Open type' and 'Close type' (Gupta

1958). In open type the bracts are large and spread,
while the central conical receptacle is comparatively
smaller and possesses a narrow layer of fertile and
sterile scales (Williamsonia sabnii Gupta 1943).
Gupta (1943) suspected the presence of a whorl of
microsporophylls surrounding the central
receptacle, but no such structure could be seen in
the specimens present in his collection,

At the fossiliferous localiry of Amarjola, the
petrified seed-bearing Williamsonias of close type
occur in three forms, i,e" complete fructifications
covered with bracts (PI. 1, figs 1-7, 9-12, 14-23),
bractless fruits (PI. 1, fig, 13) and the naked
receptacles (PI. 2, fig, 1), These are bulbous, oval,
globose in shape and ranging in size from 25 x 2 to
12 x 10 cm (PI. 1, figs 1·23). However, at the bases
of all these forms, a circular depression is present
(PI. 1, figs 2, 4, 6, 7,13) representing the pOint of
detachment of the fructification from the peduncle
(parent plant). The bracts are linear, curved
structures (PI. 1, figs 3, 4, 6) bearing stomata on
their outer surfaces, Epidermal cells are squarish to
rectangular and nonsinuous; stomata are rypical
syndetocheilic (Sharma, 19613; Bose & Kasat, 1969),
Anatomy of the receptacle shows a large number of
inverted vascular bundles arranged in a ring
surrounding a wide pith, Loss of secondary wood
and invertion of bundles take place in the peduncle
of the fructification (Sharma, 1973), Sharma (1970a)
described a receptacle to be the two-noded
structure. Vascular supply in scales (fertile & sterile
scales) originates indirectly from vascular bundles of
the receptacle,

Leaving aside a few exceptions (Williamsonia
gigas, WilliamsonieLLa coronata), in ma jori ty of
bennettitalean fructifications the scales are arranged
in basipetal manner and cover the entire surface of
the receptacle, In the basal portion of the receptacle
there is no differentiation of fertile and sterile
scales, and all the scales are identical. Sharma
(1974a) described the ontogeny of scales and
ovules, The body of a mature ovule may be divided
into three portions, i,e" stalk, swollen body and long
micropyle (PI. 2, fig. 4), The stalk has a distinct
cordate base, A narrow nucellar stalk (PI. 2, fig, 9) is
surrounded by 4-5 cell-thick layer of integument
which gradually becomes narrower towards the
distal side so much so that in the body portion it
remains only 1-2 cell-thick layer (PI. 2, fig, 10), A

PLATE 1

\·23. Petrified seed·bearing \\iilliamsonias from Am,lrjo\a, Rajl11ahal Hills. Note vari:llions in shape and sizes All possess a definite
circular detachment point at the basal end. x 3·'4,
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poorly developed vascular strand enters the base of
nucellar stalk and travels up to its distal end. Tn the
body region of ovule the nucellar stalk expands into
an oval/globose nucellus It is closely adhered with
the integument and bears a deep pollen chamber
(PI. 2, fig. 5) in its distal end (Sharma, 1974b).
Micropyle is long and lined by a 3-5 cell-thick layer
of integument (PI. 2, figs 2-4). The innermost layer
of cells are modified and look similar to the
interlocking cells of Gnetum (Sharma, 1970, ]980).
In a seed, the micropylar canal is blocked (PI. 2, figs
8, 10) by the nucellar plug (Sharma, ]976).

The distal portion of nucellus is made up of
elongated cells (PI. 2, fig. 7). A megaspore mother
cell is differentiated in the nucellus which divides
by meiosis and forms 4 cells in a linear tetrad. The
lowermost cell acts as functional megaspore.
Endosperm is produced by free nuclear divisions of
the functional megaspore. Wall formation begins
from the micropylar end (Sharma, ]974a). Three or
four archegonia (PI. 2, fig. 6) are produced in the
upper portion of endosperm (Sharma, 1979). The
seed (PI. 2, fig. 10) is dicotyledonous (Sharma,
1970b). With the formation of seeds, the compact
layer of scales also gets detached from the
receptacle. However, individual seed could never be
collected as it remains encirclt;d by the surrounding
interseminal scales. The seed-bearing fertile parts
are identical in all the bennettitalean fructifications,
viz., Williamsonia, Williamsoniella, Wielandiella,
Sturianthus and Amarjolea. In bisexual
fructifications the microsporophylls show wide
variations in their structures. In Amarjolea the
microsporophylls are well-developed and have been
compared with that of the Cycadeoidea (Delevoryas,
1968; Bose etal., 1984). In Williamsoniella(Thomas,
1915; Harris, 1969), the microsporophylls are
comparatively lesser developed than Amary'olea,
while in Wielandiella the microsporophylls are
much reduced and do not possess the pollen
bearing structures. Pollination mechanism is yet to
be understood in these fructifications.

The microsporangiate bennettitalean
fructifications were comparatively larger and open
type of flowers. Weltricbia santalensis Sitholey &
Bose 1971 is one of the best known male
fructification. They suggested the presence of a
single whorl of microsporophylls surrounding a cup
shaped receptacle. Sharma (1969) described two
whorls, the outer of sterile bracts (PI. 3, fig. 2) and
inner of microsporophylls (PI. 3, fig. 1). The
microsporophylls were twisted, bearing twO rows of
appendages on abaxial side in the proximal portion
(PI. 3, figs 3, 4) and one row on adaxial side in the
distal portion. Two parallel rows of microsporangia
were produced adaxially on the midrib of each
appendage (PI. 3, figs 5, 6). Sitholey and Bose
(1971) did not agree wi th the interpretations of
Sharma (1969). On the basis of the study of
additional collections from Sakrigalighat earlier
interpretations of the author get confirmed. A

specimen collected from Dhokuti possesses a whorl
of only bracts, and microsporophylls are absent in it.

Weltrichia (Williamsonia) companulatiformis
Sharma )969 is another species of microsporangiate
bennettitalean flower. Sitholey and Bose (1971)
treated it to be a junior synonym of W santalensis.
The author, however, disagrees with them and
considers it a distinct species.

DISCUSSION

Bennettitales were peculiar plants which
resemble primitive gymnosperms in vegetative
features (Cycads) while their fertile parts had the
characters of advanced gymnosperms (Gnetales) and
angiosperms (Wieland, 1906, 1916; Arber & Parkin,
1907; Pearson, 1929; Seward, 1917; Arber, 1919). The
presence of a definite abscission point at the base of
young fructification suggests its detachment from
the parent plant, a condition identical to the ovule of
the extant genus Ginkgo (Chamberlain, 1935).
Probably similar to Ginkgo, in bennettitalean plants
too the fertilization and formation of embryo took

-
PLATE 2

1·10. Seed-bearing Williamsonias.
1 Naked receptacles from Amarjola, x 1/4.

2,3. Cross section-Compact layer showing circular
micropyles and surrounding interseminal scales.

4. Longitudinal seCtion-Compact layer showing an ovule
with long micropylar canal and interseminal scale. x 40.

5. Same, pollen chamber in upper portion of nucellus, x 150.

6. Archegonia chamber with 3·4 archegonia in upper portion
of endosperm, x 200.

7. Nucellus with elongated cells, x 200
8. Mature ovule with nucellar plug in micropyle, x 50.
9 Distal portion of nucellar stalk is seen dividing into two

and the surrounding integument, x 50.
10. Upper portion of seed, x 30.
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place on the ground and nO( on the parem plam.
However, in morphology, Ginkgo ovule is distiner
from the bennettitalean fructification.

The anatomy of receptacle suggests a mixture of
primitive and advanced features. Though, there are
large number of vascular bundles in the vascular
cylinder, they are invened ,vith exarch protoxylem
poims; secondary growth is absem There is no
direer vascular supply to the scales from bundles of
the vascular cylinder. Seminiferous and interseminal
scales get independent vascular supply from the
peripheral vascular strands of receptacle (Sharma,
1970) suggesting appendicular nawre of scales, a
view contrary to that of Lignier (1908) who believed
seminiferous scales axillary to interseminal scales

In seed·bearing Williamsonias there is no
distinction of fenile and sterile scales at the basal
portion of receptacle, ie., in ontogeny bO(h kinds of
scales are idemical (Sharma, 1974a). Formation of
ovule begins from periphery to inner side, i.e., the
micropyle is differemiated first and the funiculus
develops quite late Imegument originates as a
circular unit, unlike that of pteridosperms
(Lyginopteridales & Medullosales; Meyen, 1987).

Sharma (1982) derived bennettitalean seed
bearing fructification from Cordaianthus as a result
of reduC(ion and swelling of inflorescence axis to
receptacle and modification of the axillary buds
bearing megasporophylls and scales to seminiferous
and interseminal scales. However, in ovule ontogeny
Cordaiantbus and bennettitalean fructifications are
differem from each other.

The bisporangiate bennenitalean fruC(ifications
show similarities with that of the Cycadeoidales.
However, in the former the microsporophylls are
comparatively less developed. A gradual sequence
may be drawn from monosporangiate (Q

bisporangiate, i.e., Williamsonia, Wielandiella,
Wi/liamsonie//a, Amarjo/ea to Cycadeoidea, or vice
versa. J( is difficult to say which of the t\'I!O

conditions-monosporangiate or bisporangiate, is
primitive. However, in geological time, unisexual
Williamsonias appeared earlier than bisexual

-

Cycadeoideas. The microsporangiate bennettitalean
fruerifications show similarities with pteridosperms
in the presence of pollen-bearing organs as
microsporangia and their direct association with the
microsporophylls. The microsporophyllS were
pinnate structures in which the pinnae modified into
finger-like appendages. In gross morphology, the
microsporangiate bennenitalean fructifications can
neither be related with any extinct nor extant group
of plants.

Mehra (1988) derived Bennettitales
independemly from Protoseminales, a plexus which
gave rise to Cordaitales and Pteridosperms.
Bennettitales achieved maximum evolutionary
development in a shon geological span from Upper
Triassic to Lower Cretaceous and then ended
abruptly.
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characterized by proximal [lrocess connections through ridges, h,lI'e been recovered from the limestone unit of
Trichino[loly Formation. Cauvery Basin. These Gv-cvsts have been described under a new genus, Cauueridinium.
Three new species, viz., C. indicum, C. intermedium and C. longispil'losum, are proposed. A detailed comparison
with Olher Gv-CVSt taxa has been altempted.

Key-words-Fossil dinollagellate, Morphology, Cauvery Basin, Turonian-SantOnian (India)

Kbowaja-Ateeqllzzumun & K P. Jain, l3irbal Suhl'li Insritllte of Palaeobotany, 53 Uniuersily Road, Lucknow
226007, India.

m-d'~T

mfi iitvft ('llrnf) it f'Jl~"lq<"<11 m.--~ -a ~ ~ <ft-<fto ".l'R' ~ ~~1T'4f ¢ : ",,;HUlf'tQq

~-~~'FT~~

<WrtT l:'tuft <f;'r 'fl1'«'~ ~ *~~eh',;;ft fu;~mr~~qqd~~~~, ~~qqd~~~
~~~"T 'lfr!iI ~u ~ ~I If ;;fi-<fTo 'l'l>I'"{ <f;'r 'lfr!iI ""<l~~f:lQq ~ -.rt~ <f; 3Rflf<r~ <f;'r ~ ~I

""HUlf'tQq~, qifo ~'i!(}f\:IQ'i ~ qifo Jlf1If'li~;flflq 'lTl1'l'~ -.rt ;;nfu<l'f\ffilTf<fa <f;'r~ ~ I 3Rl'~ ;;fi-<fTo T<m <f; Cflfuif
~ ~ ~~ q;]" 1J!lltl' f'<l;q-r lTQT ~ I

A GROUP of skolochorate type of lenticular
dinoflagellate cysts lacking horns in recognizable
postcingu!ar positions and having an apical
archaeopyle has been recovered from Shell
Limestone unit of Trichinopoly Formation, exposed
near Kunnam and Kullakkanatham villages in
Cauvery Basin, southern India. On palaeontological
evidence this formation has been assigned Turonian
Santonian age.

Recently Evitt (1985, p. 171) grouped the known
dinoflagellate cyst genera into 17 major
morphological categories. The criterion is based on
consideration of morphological features of the cysts,
for example, shape, wall relationship, wall features,
paratabulation and archaeopyle. One of these is the
Gv-Cyst category, mainly characterized by lenticular
body, apical archaeopyle, sulcal notch offset to the
left of the cyst and absence of horns. Keeping in

view the above characters, Evi tt (1985) further
recognized three complexes, viz., Areoligera
complex, Membranophoridium complex and
Canningia complex, distinguishing each other on
wall structure and surface ornamentation (Table 1).

Out of these three complexes, the Areoligera
complex is differentiated from the other two
complexes in that smooth or low to high relief
features of autophragm. In view of the above
summary of Gv-Cysts, it is apparent that the present
dinoflagellate cysts are assignable to Areoligera
complex which at present consists of six genera, viz.,
Areoligera Lejeune-Carpentier emend. Williams &

Downie 1966, Canninginopsis Cookson & Eisenack
1962, CerVia Below 1981, Chiropteridium Gocht
1960, Cyclonephelium Deflandre & Cookson emend.
Stover & Evitt 1978 and Glaphyrocysta Stover & Evitt
1978.

171
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Table I-Key to identify Gv-Cyst genera of Areoligera Complex

Gonyaulacoid sexiform (when completely visible) dorso-ventrallv compressed, sulcal notch offset
to the left of the cYSt, horns in recognizable postcingular positions absent

GV·CYSTS
I

) l
WALL TWO LAYERED WALL ONE OR TWO LAYERED

I, ---- I

Distinct periphragm and

endophragm; periphragm smooth

or with features of low relief;

separated from endophragm at

least locally by distinct pericoel

Wall complex, two layered,

spongy-fibrous, filled with

anastomosing filaments

Generally au.!ophragm alone with or

without ectophragm; endophragm and

periphragm may be distinct but

periphragm neither extensive nor

inflated

Membranophoridium Complex Canningia Complex Areoligera Complex
I

T - I

Autophragm only Periphragm and endophragm present

I

Areoligera LeJeune
Carpentier emend.

Williams & Downie 1966

through distal

trabeculae

J-- I
Ornamentation tabular Ornamentation Chtroptertdtum Gocht 1960

I nontabu lar or

Ir-------L----" partly ItabU lar

Parasutural Penirabular

Canntngtnopsts Cookson Cerbta Belorw__l_9_8_1 -l ~

& Eisenack 1962 J I
Ornamentation distributed along Process ornamentation penitabular in the

peripheral zone, process complexes form of process complexes

absem r-------LI-------.[ I
Adjacem No distal trabeculae

processes

connected

Processes prOXimally

connected

Cauvertdtntum gen. nov.

Glaphyrocysta

Stover & Evitt 1978
Processes proximally

unconnected

Cyclonephelium Deflandre emend. Stover & Evitt 1978

All type and figured slides are housed in the
Museum, Birbal Sahni Institute of Palaeobotany,
Lucknow. All coordinates refer to Olympus (BH-2)
microscope no. 02939.

SYSTEMATIC PALYNOLOGY

Cauverldtntum gen. nov.

Type Species-Cauveridinium indicum sp. nov.

Diagnosis-Cyst skolochorate, lenticular,
subcireular; apex obtusely angular; antapex with two
unequal prominences separated by a concavity;
autophragm ornamentation elaborate with processes
along circumferential border zone but modified on
central dorsal and central ventral areas; processes
solid or hollow, mostly connected proximally
through ridges, rarely distally fused; archaeopyle
apical, type (4A), operculum Simple, polyplacoid,
free.

PLATE 1 -
(All photomicrographs in differential interference contrast, x 750)
1·6. Cauveridinium indicum sp. nov
1· 3. In dorsal high to dorsal low views respectively.
4,5. In ventral low and ventral high views respectively; slide no.

BSIP 10273; Coordinates: 3.0 x 146.9 (hoIOlype).
6. Detached operculum; slide no. BSIP 10273; Coordinates:

14.0 x 162.1.
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Text-figure l-(:alll'ericlillilllll incliClI1II sp. nm' : A, Dorsal high \'iew showing differel1lialed aUlophraglll (DA). membranous
processes (MP), ridge (R) and septum (S) connecting adjacent pn)cesses; B, Velllral high \'jew showing venical fibres (\Tl of
:tntapical process (AP): C, Venlral lu\'\' \'ie\'\' shO\\'ing sulcal notch (SN) ()f(~et 10 the left of the cyst and process distribulinn: D,
DClached operculum showing proximal cnnneclinns of apical prOl'c,ses in a definite pall ern; all x ca. JOOO.

Remarks-A perusal of dinoflagellate cyst
literature indicates that the development of ridges,
septa or trabeculae, conhecting processess, is an
important character for generic identification. A few
examples supporting the above statement are the
distinction between Claphyrocysta/Cyclonephelium,
Peridictyoeysta/Prolixosphaeridium, Distatodiniumj
Tanyosphaeridium, Hystriehosphaerina/Perisseia·
sphaeridiu m, Em metroeys talSystematophera,
Aehomosphaera!Spinijerites, etc,

Dinoflagellate cySts described under a new
genus Cauveridinium are, in general, of
Cyelonephelium morphology but are disting-uished

from the latter in characteristic development of
ridges connecting the adjacent processes proximally
The other genera of Al'eoligera complex are
compared and differentiated here (Table 1)

Cauueridinium indieum sp. nov.
PI. 1, figs 1·6; PI. 2, fig. 6; PI. 3, figs 5, 6; Text·fig.

1A-D

Hulutype-I>I I, figs l;;; Te:-..'t-fig. IA-C; Slide no.
BSIP 10273; Coordinates: 3.0 x 146.9; Trichinopoly
Formation, Kunnam, Cauvery Basin, Turonian
Santonian.

Diagnosis-Cyst skolochorate, lenticular.

-PLATE 2

(All photomicrographs in differential interference contrast. x 750)
J -5. Callvericlinillm inlerl1leclilll11 sp. no\'.
J-3. Jn dorsal high to dorsal low views respectively
4,5. In vel1lral low and ventral high views respectively: slide no.

BSIP 10274; Coordinates: J7.6 x j 59. J
6 Call1ieridinilim indicllm sp. no\·.-delached operl'ulum:

slide no. BSJP 1027 3: Coordinates: 2.J x 1625
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Text-figure 2-C(lIweridiniillll inlenliedii/Ili sp. nUl . A, Dorsal I'jew shuwing general distribution, shape, proximal connections
(PC) and distal Fusion~ (Dr) of sulid processes (SPl: B, Ventral I'iew shm\'ing sulcal notch (SN) offset (() the left of the cyst and
process distflbution: all x ca, 1000.

Range
70-80 x 6582 /-Lm

subcircular; apex obtusely angular; antapex with two
unequal prominences separated by a concavity;
aurophragm differentiated (sensu Evitt, 1985);
processes restricted to circumferential border zone,
absent on central dorsal and central ventral areas,
short, broad, membranous, fenestrate, supported by
vertical fibres; processes prOXimally connected
through thick ridges and a few mostly on dorsal
surface also laterally connected through septa;
archaeopyle apical, type (4A), operculum simple,
polyplacoid, free; apical processes four, one per
paraplate, proXimally connected to a triangular
structure formed at pre-apical paraplate position
through ridges,

Descnption :

Shape-Cyst dorsoventrally compressed,
subcircular, sulcal notch offset to left of cyst (Text
fig, IS,C); apical margin obtusely angular, antapex
with two unequal prominences separated by a
concavity,

Wall relationship-Autophragm only,
Wall features-No parasutural features; fibrous,

spongy, fibre-like elements arise from process bases
and ridges which merge with others, packing density
of these elements increases inwardly, becoming
quite continuous, homogeneous and less spongy
towards center (Text-fig, lA); ornamented with

processes; processes restricted to circumferential
border zone, covering more a reas on ventra I than
dorsal side (Text-fig, ] C), central dorsal and central
ventral areas free of processes; processes short,
broad, membranous, fenestrate, distal margins
irregular, serrate, supported by vertical fibres,
adjacent processes on each side proXimally
connected through a ridge, some laterally connected
through septa (Text-fig. lA); apical processes
prOXimally connected through ridges to a triangular
structure at pre-apical paraplate position in a
definite pattern, processes of 2' and 3' directly
connect but of l' and 4' first join together and then
connect through a common ridge (Text-fig. ID)

Paratabulation-Indicated by archaeopyle
alone,

Archaeopyle-Apical, type (4A), operculum
simple, polyplacoid, free (Text-fig. 10).

Dimensions Holotype
Size of body 70 x 80 /-Lm
Length of

processes 6-12 /-Lm 6-20 /-Lm
Remarks-The details of apical processes and

operculum type mentioned for C. indicum sp. nov.
are based on two well preserved dispersed
specimens which possess identical differentiated
autophragm and process type characteristic of the
cyst.

PLATE 3 -
(All photomicrographs in differential interference cOlllrasl, x 750)
1-4. Cauveridinium (ongispinosum sp, nov.
13 In dorsal high to dorsal low views respectively.

4. In ventral view; slide no. BSIP 10275; Coordinates: 13.0 x

159.5 (holotype)
5,6. Cauveridinium indicum sp. nov.-detached opercula;

slide no. BSIP 10273; Coordinates: 14.0 x 162.1 and 2.1 x

162.5 respectively.
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Cauueridinium intermedium sp. nov.
PI. 2, figs 1-5; Text-fig. 2A-B

1962 Cyclonephelium distinctum Deflandre &
Cookson-In Cookson & Eisenack, p. 494; pI.
5, figs 8-11.

1978 C. distinctum Deflandre & Cookson-In
Morgan, p. 923; pI. 10, fig. 3.

1978 C. distinctIon sub sp. longispinatum Davey, p.
894; pI. 3, figs 4, 7, 8.

Holotype-PI. 2, figs 1-5; Text-fig. 2A-B; Slide no.
BSIP 10274; Coordinates: 17.6 x 159.1; Trichinopoly
Formation, Kullakkana tha m, Cauvery Basi n,
Turonian -Santonian.

Diagnosis-Cyst skolochorate, lenticular,
subcircular; apex obtusely angular; antapex with two
reduced, unequal prominences, separated by a
concaviry; autophragm smooth, ornamented with
processes; processes restricted to circumferential
border zone, absent on central dorsal and central
ventral areas, solid, branched, variable in length and
breadth, proximally connected, a few distally fused;
archaeopyle apical, type (4A), operculum free.

Description:
Shape-Cyst dorso-ventrally compressed,

subcircular, sulcal notch offset to left of cyst (Text
fig. 2B), apical margin obtusely angular; antapex
with two reduced, unequal prominences separated
by a concaviry.

Wall relationship-Autophragm only.
Wall features-No parasutural features,

autophragm smooth, ornamented with processes
restricted to circumferential border zone, absent on
central dorsal and central ventral areas; processes
solid, branched, variable in size, mostly proximally
connected through ridges; others single,
unconnected; some distally fused (Text-fig. 2A)

Paratabulation-Indicated by archaeopyle
alone.

Archaeopyle-Apical, type (4A), operculum free

Dimensions Holotype Range
Size of body 58 x 64 /-lm 55-75 x 52-64 /-lm

(without operculum)
Length of

processes 8-20 /-lm 6-22 /-lm

Comparison-Cauveridinium intermedium sp.
nov. is an interesting species having features of both
Cyclonephelium distinetum Deflandre & Cookson
1955 anQ its own. The occurrence of simple and
unconnected processes suggests comparison with C.
distinctum but proximally connected adjacent
processes through a ridge differentiate it from
Cyclonephelium. The other twO species,
Cauveridinium indicum sp. nov. and C.

Text-figure 3- Cauueridinium longispinosIlm sp. noy.: Dorsal
yiew showing long processes (LP) with prOXimal connec
tions (pC): x ca. 1000

longispinosum sp. nov., differ from C. intermedium
in that differentiated autophragm.

Cauueridinium longispinosum sp. nov.
PI. 3, figs 1-4; Text-fig. 3

Holotype-PI. 3, figs 1-4; Text-fig. 3; Slide no.
BSIP 10275; Coordin;Hes 13.0 x 159.5; Trichinopoly
Formation, Kunnam, Cauvery Basin; Turonian
Santonian_

Diagnosis-Cyst skolochorate, lenticular,
subcircular, apex obtusely angular; antapex with two
unequal, reduced prominences separated by a
concaviry; autophragm differentiated, ornamented
with processes; processes restricted to
circumferential border zone, absent on central
dorsal and central ventral areas, variable in size,
adjacent processes connected proximally through
ridge; archaeopyle apical, type (4A), operculum free.

Description:
Shape-Cyst dorso-ventrally compressed,

subcircular, sulcal notch offset to left of cyst, apical
margin obtusely angular; antapex with two unequal
prominences separated by a concaviry.

Wall relationship-Autophragm only.
Wall features-NO parasutural features;

autophragm fibrous, spongy; fibrelike elements
arise from process bases and ridges which merge
with others, packing densiry of these elements
increases inwardly, becoming quite continuous,
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Range
55-68 x 60-70 pm

homogeneous and less spongy toward cemre,
Qrnamemed with processess, processes restricted to

circumferential border zone, absent .9n central
dorsal and central ventral areas, long, variable in
length and breadth, constricted in middle but flared
and fenestrate distally; adjacent processes of each
side of cyst proximally connected through a ridge
(Texdig. 3), larger in size on dorsal than ventral
side.

Pa ratab ula tion- Indica ted by a rchaeopyle
alone.

Arcbaeopyle-Apical, type (4A), operculum free.

Dimensions Holotype
Size of body 56 x 66 pm

(Without operculum)
Length of

processes 9-26.urn 8-35 pm
Comparison-Cauueridinium longispil1osum sp.

nov. differs from C. intermedium sp. noy. in having
differentiated aUtOphragm and from C. indicum sp.
noy. in that long, non·membranous processes.
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Studies on palynofacies and thermal alteration index (TAl) were carried out in the subsurface sequence
enclJlllltered ill nine drilled locatiol1s uf Krishna-Goda\'ari Basin tor source rock evaluation of the Late Cretaceous·
TeniaI'\' sediments. llle dispersed organic nWHer, as a whole, i, considered mostly land-derived. The composition
of the organic' malleI' is dominantly mixell type. A higher degree of sapropelization is recorded in Late Cretaceous·

Palaeogene sequence as compared to Neogene. llle organic maturation as suggested !w TAl values indicates that
the matur,ttion level 01' 'Oil Window' (TAl = 2.')) reached in the l.ate Palaeocene (S3·60 Ma) in A. B, F and E
locations Younger levels of maturation are noted as Middle Eocene (43·49 Ma) in C and [) and Early Miocene (1:3.
16 ~Ia) in G, II and I location, It is funher observed that the occurrence of youngest level of 'Oil Window'
maturation lies between 80" ·1000 C. which appears the effecti\'e cooking temperature for the kerogen in the basin.
Based on palyn(1facie, development and TAl values. the sedimems within the mature zone are considered to
possess good source rock qual it\" to generate mixed type of hydrocarbons in the maturation range of TAl 2.5 to 3.0.

Key.words- Biodiagenesis. I'alynofacie,. Krishna·Godavari Basin, Late Cretaceous/Teniary (India) .

•\-1. S. Hall'at & C. :\1. Heny, K.D.:IJ. Institute oj Petroleum Exploration, Oil {'- Natllral Gas Commission, Kaulagarb
Road, DebraduN (India!.

~'n

'In"m 1l "If'S'IIT-~ <ltolT 1l 'ffi'l1"J1-~, ~ ~ ~"fTCll" tim~

~o l"!'l1'0 n«<f J:;cf Bro ~o .m

~mm~ <tr mer~ q;r~m <f; fuI:( ¥"'T-~ \it1Jft if;fi i7-If\l?l BTRT <n: <tr "If't f¥IT tf~!.T~

3RJiIl q;r q (1'1I01~il'-ffi:f1lf'JlT J:;cf ClT"'ft<T~~ 3HJl<:R fu;l:rr lflIT I~ <mof <fit rn-rr~~ <tr ~ I~ <fit
~~m~iT-~ ~ 3RJ'll if~ fu1ft cit {1\lIQi1i$"l'1~ fu;l:rr lflIT ~I ClT"'ft<T~~~mr
~~~ tf..mm imr ~ ~ '3ffl:r<1"~' <tr~~~ <R'l if J:;o, ~o, ~o J:;cf ~o 'lf1'l"il'~ <n:
'r'f"fit "If't ~ I ;;\To, ~o J:;cf 3l"lio .~"T'i't <n: ~'l1c1' li~ if Cf>.rr Bro J:;cf mo if lirn-li~ <R'l if"il'11~ tm:~ f<im
lflIT ~I If\'." 'liT i:ift.rcr fu;m lflIT ~~ '3ffl:r<1"f;:r;-it' q;r~"il'11~tm: 80o XIOO° ~<f;<f1"i'l~~ 3it<:~~?To\Tif

~ cit q<fq m ifg~ <1'RlT ~I ~~ <f; ~<f;~ if 2.5 tf 3.0<f;lirn ClT"'ft<T~~<f;~-~

if~ 'l""iR<: -<f; i\i$<>Iil'i<l'11 q;r ~ m <f; fuI:( mer~ 1J,"fCfT~ ~I

THE paper embodies the results of source rock
palynological study of Late Cretaceous·Neogene
sed imentary seq uence e ncoun te red in the
subsurface of onshore and offshore areas of Krishna·
Godavari Basin. Drilling in this basin was started in
1978 by Oil and Natural Gas Commission and, so far,
over 50 locations have been drilled. This study has
been taken up in view of the increasing exploratory
activities for commercial hydrocarbons in both
onshore and offshore areas.

Earlier palynological studies in the basin are
mostly confined to the palynostratigraphy (Sharma et
at., 1977; Venkatachala & Sharma, 1982, 1984;
Ramanujam et at., 1986; Rawat et at., 1986)
Palynof"cies and maturation studies, which have
attained significant interest in source rock evaluation
for hydrocarbons, have not been attempted
seriously. Venkatachala (1984) published a short
account on organic matter types and maturation in
Narsapur well and initiated such studies in this

180
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Text-figure 1-Location and geological map of Krishna-Godavari Basin.

basin. A few unpublished records are those of Berry
et al. (1984), Sharma and Berry (1984) and Rawat et
at. (1986). Regional synthesis of palynofacies and
maturation data in the basin has not been attempted
to-date; this study forms such an attempt on this
problem.

GEOLOGICAL SETTING OF KRISHNA
GODAVARI BASIN

Krishna·Godavari Basin occupies most of the
coastal plains of Andhra Pradesh on the east coast of
India and extends into the coastal water of Bay of
Bengal. It covers an area of about 15,000 sq km in
onland and 25,000 sq km in the offshore up to 1,000
m isobath. Tectonically, the basin is of the type of
divergent continental margin associated with initial
rifting and basin filling, then covered by platform
type carbonates and in the final stage, superimposed
by the delta system. It is a composite basin
comprising various ridges and depressions (Text-fig.
1).

The Archaean and metamorphic complex forms
the basement and delimits the basin towards the
west and north-west. The basement exhibits the
ENE-WSW to NE-SW trend, which is in conformity

with dominant trends of Eastern Ghats. Outcrop
sedimentary rocks, ranging in age from Permian to
Holocene, mainly remain covered under alluvium.

The on land subsurface sequence includes
Cenozoic, Mesozoic and Palaeozoic strata. The latter
has been encountered in one well of Draksharama
area. The Mesozoic sediments of the area have also
been penetrated scantily but the Cenozoic sequence
is profusedly drilled. Generally, the Late Cretaceous
claystones are overlain by a Palaeogene sequence of
sandstone·shales and occasional limestones. This is
followed by a sand and clay sequence in the
Neogene. In the offshore areas, few locations have
gone down to Late Cretaceous. A thick, more than
3,000 m se¢imentary sequence of Miocene·Recent in
the offshore have been found to be composed of
siltstone, sands, shaly sands, shales and clays.

The present study is based on the subsurface
data of nine locations drilled by Oil and Natural Gas
Commission in Krishna·Godavari Basin (Text-fig. 1).
The tentative representative locations are as under:

West Godavari Basin
1. Location A (Late Cretaceous-Neogene)

East Godavari Basin
2. Location B (Late Cretaceous-Neogene)
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3. Location C (Late Cretaceous-Neogene)
4. Location 0 (Late Cretaceous Neogene )
5. Location E (Palaeocene-Neogene)

Masulipatnam Bay Area
6. Location F (Late Cretaceous-Neogene)
7. Location G (Palaeocene-Neogene)
8. Location H (Neogene Recent)
9. Location I (Palaeocene-Recent)

METHODS

Based on visual examination, various types of
organic matter, as detailed and classified by Masran
and Pocock (1981) and Venkatachala (1984), are
recorded. However, for the purpose of this study, the
total organic matter has been conveniently grouped

into four principal types. viz., (i) biodegraded
terrestrial organic matter (BT), (ii) woody
components (W), (iii) amorphous organic matter
(AMTM), and (iv) finely divided organic matter
(FOM). These groups are considered of prime
interest to interpret the rype and potential of organic
matter in the source bed for hydrocarbons.

In addition, organic matter types and their
quantitative analysis are made according to the
method of Terry and Chilinger (1955). To show
relative abundance (volume percentage) of organic
matter rypes in the studied sequence and as
depicted in Text-figure 2 the following four
categories have been considered:

Abundant (A) 50% or
Common (C) : 25-50%
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Table I-Principal organic matter types in Krishna-Godavari Basin

AGE
ORGANIC

A B C 0 E F G H I LEG E NOMATT£R

BT P C T - P T P-A T -C P -C T BT: BIODEGRADED •...
z W II: A T P-A T P-A C-A C-A A TERRESTRIAL... ...
v FOW .... T-C - P A - P-A T-A

MATTER
0 -
:::; ....
"- AWTW « T A T-A T P-A T-P T - A T W WOODY

FACIES :I
H > S H:S H >S S>H H>S H >S H >S H>S ELEMENTS

BT v T C-A T -C T-A T-A T-A P-A T-A
FOM. FINELY... W Z P-A T-P T -C T-A T-A P- A P A P A DIVIDEDz... « '//// ORGANIC MATTERv FOW '" C -A - P A T-A T-A T A P A0 II:

i AMTM 0 P-C A A T - P T-A T- A P C T - A AMTM: AMORPHOUS

FACIES S>H H:S S>H S >H S : H H . S H>S H ><; ORGANIC MATTER

BT II: T P-A C T P-A P - A A... 0
Z W 0 - P P T P - C P-A T... "-v FOM A - T A P-A T-P P - C0

'" AMTM P P-A A T P-A T-P:; T
0 FACIES S >H H>S S>H S>H S >H H >S H > S

BT P - A A P-A T-C P-A P - A

W1i O////;j A . ABUNDANT

W T P-C T-C T- A P-A P-A
(>50.,..)...

~
Cz FOM - T-P A T - C P -A P - A P - A... C: COMMONv p A

0 AMTM C-A T- C P-A P- A T-P P - A • -A (25-50"'....
FACIES S>H H>S S >H S >H H >S S:H S: H

... BT P-A P-A p-c P- A T- A P -A
P. PRESENTz... W T P-A T-P P-C T-A T - A A (5- 25 .... 1

v
0 FOM P C-A C -A T-C C - A P - A T...
...J AM TM C- A P-A P -A P-A P - A P - A T T TRACES«
"- FACIES S>H H>S S >H S. H S >H S H H > S « 5 .... )

VI BT P- A C T P-A T-P
:>
0 W P - A T T - C T- C T-A S . SAPROPELIC......

.... v
FOW P-A C-A A P - A C««

...J ....... AMTW P P T - A P-A P-A H' HUMIC
II:v FACIES H>S S >H S >H S H 5 >H
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Present (p) : 5-25%
Traces (T) : 1-5%
Thermal Alteration Index (TAl) values were

worked out on 1-5 scale of Staplin (1969) based on
the colours of spores and pollen. Mature/immature
facies were demarcated according to the scheme
suggested by Staplin (1977, fig. 10). Accordingly, in
the assessment of the maturation, TAl value of 2.5
has been taken to demarcate the youngest level of
mature facies.

'Humic facies' comprising terrestrially sourced
biodegraded matter and woody elements are
dominantly gas·prone which mature at higher level
of thermal index as compared to the 'Sapropelic
facies' (amorphous and finely divided' organic
matter) sourced from marine as well as terrestrial
organic matter which yield hydrocarbons at
comparatively lower level of thermal maturity. These
two major organic facies are very significant from the
source potential view point,

PALYNOFACIES AND MATURATION

The type of dispersed organic matter from
different sequences in the studied locations is
recorded under various stages of biodegradation and

sapropelization. Based on the occurrence and the
relative abundance of four principal categories, the
dominant organic facies are determined as shown in
Table 1 and depicted through a composite
palynofacies diagram (Text-fig. 2).

The thermal maturation levels as evaluated by
TAl values of fossil pollen grains are depicted
through maturation profiles (Text-figs 3, 4). The
bottom hole temperatures are also incorporated
along the TAl values (Text-figs 3, 4). The data is
effectively used to delineate the thermally mature
organic facies. The characteristics of organic matter
and its maturation in the area of present study are
discussed below:

PLIOCENE SEQUENCE

Parynojacies-Humic organic facies dominates;
however, a better degree of sapropelization occurs at
certain intervals in the onshore region, particularly
in the Bhimanapalli area (Text-fig. 2).

Thenna/ maturation-The low TAl values of
1.25-2.0 would suggest an immature thermal facies.

Source potenUa/-The Pliocene sequence from
potential view point is relatively unimportant.
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Text-figure 3-TAl maturation profile in the onshore locations of Krishna·Godavari Basin.

MIOCENE SEQUENCE

Palynofacies-The sequence contains a mixed
organic facies comprising both humic and sapropelic
matter; however, a better humic yield is observed in
locations G, H and I (Text-fig. 2).

Themwl maturation-The TAl values range
from 1.5 to 2.75. The sequence in Narsapur
Bhimanapalli area on the on land parts shows low
TAl values of 1.5-2.0 indicating immature facies.
However, TAl values show increasing trends in the
locations studied beyond the Miocene shelf edge in
the offshore. Based on TAl values, the youngest level
of mature facies is recorded in Early Miocene in G,
H, I locations (Text-fig. 4).

Source potential-Miocene source potential in
onshore locations-A, B, C, D, E and F in the
offshore above Miocene shelf-edge, is considered
poor due to low maturation_ In contrast, the
occurrence of higher TAl values of maturation in
locations G, H and I, beyond the Miocene shelf

edge, as discussed above, is significant and points
towards a good source rock maturation in Early
Miocene (13-16 Ma) capable of generating
hydrocarbons, mostly gaseous ones.

PALAEOGENE SEQUENCE

Palynofacies-The sequence contains organic
matter slJite dominated essentially by sapropelic
matter, though humic matter is also recorded in
appreciable amount and forms dominant component
at certain intervals in B, C and G areas (Table 1;
Text-fig. 2).

Thermal maturation-The TAl values range
from 1.75 to 2.75+. Based on TAl data, the youngest
levels of mature facies are delineated in A, B, C, D, E
and F areas during Late Palaeocene-Middle Eocene
time (Text-figs 3, 4).

Source potential-Based on palynofacies and
maturation data, a good source rock development is
postulated up to Middle Eocene in C and D locations
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(Text-fig 3) and up to Late Palaeocene in A, B, F and
E areas. A general enrichment of sapropelized
organic matter in A, C, D, E, F areas would indicate a
better source potential for both liquid and gaseous
hydrocarbons, as compared to Band G areas where
sapropelization is not so prominent.

lATE CRETACEOUS

Palynofacies-late Cretaceous organic matter
recorded in A, B, C, D and F areas is classified as
sapropelic-humic Sapropelic rype constitutes the
major part of the organic matter, although humic
elements are also C0l111110n and form a sizable per
centage in A area.

Thermal maturation-The TAl values range
from 2.5 to 3.0 showing adequate maturiry.

Source potential-The general enrichment of
sapropelized matter and adequate thermal maturiry
would indicate ideal source rock potential for
hydrocarbons.

REMARKS AND CONCLUSION

Organic matter-The vegetal dispersed organic
matter is considered mostly land-derived. However,
occurrence of associated structured marine remains
would indicate that a sizable fraction of amorphous
matter belongs to marine source. The composition
of organic matter is dominantly of mixed type and
varies from sapropelic dominant to humic dominant.
At times, both humic and sapropelic facies are
observed to be nearly in equal proportions.

A comparatively thicker Miocene-Pliocene
sedimentary sequence in locations, viz., G, H, and I
beyond the Miocene shelf edge, shows dominance
of humic organic matter, in contrast to sapropelized
type commonly occurring in the areas, such as, B, C,
D, E in East Godavari Basin and F situated above the
Miocene shelf edge in Masuliparnam Bay.
Apparently, the rapid burial of sediments in the areas
beyond the Miocene shelf edge has slowed
degradation of organic matter reaching the sea
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bottom. On the similar line, one may explain a
higher degree of sapropelization in the Cretaceous
Palaeogene sequence where sedimentation rate is
usually slow.

Maturation-The organic maturat ion as
suggested by Thermal Alteration Index (TAl) values
(Text-figs 3, 4) of the organic matter studied in the
nine locations indicate the youngest level of mature
facies (oil window) at various burial depths in A, B,
C, D, E, F, G, H and I locations and has three distinct
horizons, restricting the maturation (Text-figs 3, 4).

In certain areas, like A, B, F, E, which are
apparently west of Eocene shelf edge, the maturation
has reached up to Late Palaeocene (observed
IOtervals: 53·60 Ma). In two of the locations, i.e., C,

D, which are below the Eocene shelf edge and above
the Miocene shelf edge, the youngest horizon of
maturation falls in the Middle Eocene (Interval: 43·
49 Ma) (Text·fig. 3)

In the third set of locations, i.e., G, H and I, the
youngest level of mature facies reached in the Early
Miocene between 13-16 Ma (Text-fig. 4).

The above observations show a quantum jump
in time in response to the studied locations vis·a·vis
the shelf edge. The latter is a plane of active tectonic
leverage. It is presumed that the tectonic setting of
the locations in their respective positions has
affected the maturation history. It is for this reason
that the locations beyond the Miocene shelf edge
haVing a chance of continuous sedimentation and
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continuouS heat flow from the basement, marure up
to Ea~ly Miocene. In the locations between Eocene
shelf edge and Miocene shelf edge, the maruration
reaching up to Middle Eocene suggests partial loss
of heat at some unconformiry levels. Further to the
west, in the locations above the Eocene shelf edge,
the heat loss at the unconformiry gaps (hiatuses)
resulted into a further lowering of the maturation
level in the geochronologic scale.

Another factor associated with the leverage on
account of shelf edge is the rapid subsidence and
accumulation of sediments in deeper area of the
basin. This has resulted intO rapid burial of the
deeper basin sediments and accentuated the
maruration process in the deeper pan. The
geothermal gradient of thiS basin (Text·figs 3-5) is
more or less consistent as a whole, however, there
are local variations, e.g., in H and I (Text·fig. 5)
which have gone to affect the maruration within the
reasonable limits of time.

A regular feature of maruration, temperature and
TAl relationships is the occurrence of youngest
horizon of marure facies in the srudied locations,
which lies almost between 80°-100°C. It would
appear that this temperature range is the effective
cooking temperarure for the kerogen in the basin.

Source potential-The palynofacies
development of Krishna·Godavari Basin is largely
sapropelic in the Late Cretaceous· Palaeogene and
humic in Neogene. The maturation analysis, as
discussed above, in the studied locations indicates
that maruration level of 'oil window' reached in Late
Palaeocene in A, B, F and E, Middle Eocene in C and
o and Early Miocene in G, H and I areas. Viewed in
terms of organic matter types and maturation, the
sediments within the mature zone in the studied
area are considered to possess good source potential
to generate mixed type of hydrocarbons.
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Spectral tluorescence measurements were carried out on three common resinite types-with greenish·yellow,
yellow, and orange nuorescence colours, from the Tertiary (Eocene) lignites of Matanomadh and Panandhro Lignite
fields of Kutch. and Permian (Lower Gondwana) coals from Raniganj Coalfield. The analysis revealed a distinct shift
in their maximum nuorescence intensi~' (,\ max.) towards higher wavelength and increase in red/green (6)0/)00
nm) quotient (Q) corresponding with increase in the age of the deposit The resinite ~'pes from Tertiary lignites
sho"'· ,\ max. at SOO) 10 nm for type-I, S20-)30 nm for type-2 and 540 nm for type-3 with corresponding Q values of
0.17 ·0.29,0.38-0.49 and 0.69, respeetively. Whereas, the Permian coals have ,\ max. at )80,600 and 610 nm and Q
values of 0.59. lA7 and 1.9, respectively for greenish·yellow, yellow, and orange nuorescing resinite types

Key-words-Spectronuorimetry, Resinites, Lignites, Permian, Eocene (India).
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FLUORESCENCE microscopy, a relatively recent
innovation for organic petrography, employed in the
study of peat, lignite, bituminous coal, oil shale and
dispersed organic matter, has been found quite
successful and acceptable, particularly in,
identification, characterization and quantification of
liptinite macerals. It is better suited for rank or
maturi ty assessment than reflectivity measurements
in cases where huminite/vitrinite maceral is not
present in sufficient quantity or it is unsuited for
reflectivity measurements, e.g., sapropelic coals, oil
shales and dispersed organic matter.

Quantitative monochromatic fluorescence
measurement on coal macerals was carried out by
Jacob 0964, 1974) Polychromatic UV fluorescence
spectral measurement was initiated by van Gijzel

(1967, 1967a, 1975) and Ottenjann eta!. (975). The
technique was later refined and perfected by
Ottenjann (1980, 1982). Fluorescence
characteristics, being an overall reflection of
chemical composition of an organic matter, are
related with its rank (maturity) and age
(TeichmLlller, 1982; Ottenjann, 1982; Teichmuller &
Durand, 1983). Macerals, sporinite, alginite, cutinite
and suberinite have been studied most, whereas,
resinite has not been studied in detail to that extent
because of their varying fluorescence properties in a
single coal or lignite sample. Characterization and
classification of resinites maceral have been carried
out by Crelling et at. (982), Crelling and Bensley
(1983), Dobell et at. (1984) and Teerman et at.
(987). Mukhopadhyay and Gormly (1984) found

ISH
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o 9 16 24 MILES.. -
Text.figure 1- Localion map of Malanomadh and Panandhro

lignile field, KUlCh, Gujarat.

variation in hydrogen content of resinites with
vaflatlon in fluorescence colour and property.
Recently, Misra (1989, in press) categorized resinites
of Panandhro lignite into five types based on their
fl uorescence spectral characteristics. Therefore, we
purposefully selected the resinite maceral from
resinite·rich Tertiary (Eocene) lignite and Lower
Gondwana (Permian) coal to ascertain possible
relationship between the resinite types and their
fluorescence properties and age.

LIGNITE-BEARING AREA: KUTCH BASIN

The lignite deposit in Kutch Basin of GUjarat
State occurs at several places, viz., Umarsar,
Panandhro, Akri-Mota, Matanomadh, Lefri, etc.
associated with Palaeocene-Eocene sedimentary
sequence lying over the basement of Deccan basalt
of Late Cretaceous-Palaeocene (Text· fig. 1). The
sequence containing lignite is represented by the
sediments of Matanomadh (Palaeocene) and Naredi
(Eocene) formations. The Matanomadh Formation is
characterized dominantly by gritty, coarse·grained
sandstones and shales with occasional, uneconomic,
impure lignite occurring as thin streaky or lensoid
bands. Whereas the Naredi Formation overlying the
Matanomadh Formation comprises shales,
carbonaceous shales, sandstones and lignite. The
formation houses most of the commercially
exploitable lignite present in Kutch Basin,
particularly the deposit of the Panandhro Lignite
field. The lignite of the Matanomadh area is
distributed in eight to nine impersistent to
persistent seams, varying in thickness from 0.15 to
4.00 m. In the area of Panandhro Lignite field, the
lignite deposit is the largest in the basin. It is
represented by three to five persistent seams varying
in thickness between 0.10 to 10.51 m being

associated with shale, carbonaceous shale and clay
beds. The seams show splitting and merging
tendency and become contaminated with other
sediments towards south-west (for detailed 8veology
and lithostratigraphy please refer to Biswas & Raju,
1973).

The lignite samples collected from both
Matanomadh and Panandhro are from the Naredi
sedimentS'. However, the local names have been
used in the text mainly because of their occurrence
close to the famous Matanomadh temple and the
Panandhro Village of the area, respectively.

COAL-BEARING AREA: RANIGANJ COALFIELD,
DAMODAR GRABEN

The Lower Gondwana (Permian) sediments of
Barakar and Raniganj formations from Raniganj
Coalfield of Damodar Graben belong to Damuda
Group (Text·fig. 2). The sediments of both the
formations are very well developed in this coalfield
which represent their type area. The Barakar
Formation essentially comprises medium-grained
whitish-grey sandstones, shales, carbonaceous shales
and low rank non-coking coals, whereas, the
overlying Raniganj Formation is characterized by
fine-grained sandstones, shales, carbonaceous shales
and low to medium rank coking coals. The Raniganj
sediments are relatively more argillaceous in nature
than that of the Barakar Formation. The coal seams
in both the formations generally vary in thickness
between 1.50 to 6.00 metres.

For the present study the Barakar coal from
Gopinathpur, Chanch-Begunia and Brindabanpur
seams and Raniganj coal from Koithi and Handal
seams have been selected as they contain fair
amount of resinite maceral for spectral fluorescence
measurement.

MATERIAL AND METHOD

Eighteen representative channel samples from
Matanoma9h (3 samples) and Panandhro (10
samples) lignite and Barakar (3 samples) and
Raniganj (2 samples) coals have been used for the
present investigation. Particulate pellets from
crushed and sieved (± 18 mesh, 1.00-2.00 mm grain
size) lignite and coal samples were prepared by cold
embedding in Epoxy resin. The particulate pellets
were ground and polished following international
standard methods. The descriptive terminology and
quantitative assessment of coal and lignite macerals
(microconstituents) are according to LC.C.P.
recommendations (LC.C.P., 1971, 1975).

Spectral fluorescence measurements on resinite



190 THE PAl.AEOBOTANIST

~O'

13"

IW

.0

3S'

N

1
o S.Jt04Pl.E LOCATIOM

o 0-4 Ifm
C====l

•ASANSOl

87·hlj

Text-figure 2- Location map of Raniganj Coalfield. West Bengal.

were carried out between 400 to 750 nm, with 10 nm
interval using 150 watt xenon lamp as the
illumination source on Leitz MPV-3 unit. NPL Fluotar
oil objective of 25 magnification (0.75 numerical
aperture) was used with fluorescence-free
immersion oil. A Littrow type grating
monochromator (12001/mm) on emission side
(,\ 2), central control panel and a bench-top
Hewlett-Packard 85B computer was attached to the
MPV-3 unit. Monochromator drive, shutters and
measurements were controlled by central control
panel or the computer (one at a time). Scanning of
samples was done in blue light (420-490 nm, violet
blue excitation), whereas l.N excitation filter was
used (340-380 nm) for quantitative spectral
measurement. Correction factor from calibration
spectrum was obtained uslng Planck's colour
temperature distribution (at 3000° K) of stabilized
12 volt 100 watts tungsten halogen lamp in
transmitted mode (Reuter et at., 1976; Ottenjann,
1980) All measurements (background & calibration
of sample spectra) and calculations (background
substraction, correction factor, spectral corrections,
A max, and red/green quotient) were performed
with the help of the attached computer including

print-out of the result and curve. For operating the
MPV-3 and computer, operating manual and
programmed cassette for spectral measurement were
supplied by Leitz. All necessary precautions were
taken during measurements, e_g., selection of site for
background measurement and object for spectral
measurement avoiding alteration and weathering
effects. Erroneous results due to any possible source
were rejected.

A minimum of ten measurements were carried
out on each resinite type. Individual fluorescence
spectral data were averaged and normalized to 100
per cent (,\ max.) and average curve for resinite was
drawn manually.

MEGA- AND MICROSCOPIC CHARACTERS
OF LIGNITES AND COALS

Lignite-The lignite from both the Matanomadh
and Panandhro areas of Kutch are dark-brown in
colour, sparingly banded in nature and amorphous
in texture. However, Matanomadh lignite is much
inferior in quality as compared to the Panandhro
lignite. They contain frequent globular or lensoid
bodies and bands of yellow and red-coloured resins,

PLATE 1 -
(All pho;omicrographs are under blue light excitation)

1. Resinite type-1 (greenish-yellow) in Pan2ndhro
(R-other resinite rypes, Sp.-pollen grain), x 672

2. Resinite type-2 (bright yellow) in Matanomadh
(R-other resinite types), x 672.

3. Resinite rype-3 (orange) in Panandhro lignite, x 576

4_

lignite 5
6.

lignite
7.

CUlinite with yellowish-orange fluorescence colour in

Panandhro lignite, x 672.
Resinite type-1 (greenish yellow) in Permian coals, x 576.
Resinite rype-2 (bright yellow) in Permian coals (Sp.-Spori
nile), x 416.
Bright yellow fluorescing sporinite (Sp.) in Permian coals,
x 672.
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dispersed throughout the seams. Biogenic
(framboidal) pyrite is commonly associated with the
lignite.

The lignites, in reflected white light, are rich in
huminite and liptinite macerals. The inertinite
macerals, consisting chiefly of semifusinite and
sclerotinite, are less in amount. The mineral matter
content is generally low to moderate, but
occasionally becomes high, when lignite turns shall'
in nature. Framboidal pyrite and calcite (both
concretionary and secondary) are common, whereas
argillaceous black granular mineral matter is usually
in subordinate amount. Under blue light both the
lignites show common presence of maceral alginite
(Botryococcus) fluorescing with bright, greenish
yellow to yellow colour. The sporinite maceral
fluoresces with whitish to yellow colour and is
distributed sparsely as well as in occasional dense
patches (PI 1, figs 1, 6, 7). Cutinite is common to
quite common and fluoresces with orangish·brown,
orange, yellowish-brown, or brown colour (PI. 1, fig.
4). Suberinite maceral is sporadic to common
fluorescing with weak yellowish or orangish·brown
to brown colour. The macerals fluorinite and
exudatinite are only sporadic. The maceral
liptodetrinite is quite common in most of the
samples studied. Among the macerals of liptinite
group, resinite is the abundant maceral in both
Matanomadh and Panandhro lignites.

The resinite in these lignites, occurs as primary
globular, oval or elliptical discrete bodies, primary
cell filling and as remobilized lumpy or irregular
elongated bodies. It shows brown, shades of grey
and dark reddish· brown colour under normal
reflected light. Under blue light excitation some of
the resinites display droplet or vesicle structures and
cracks. The resinites show yellowish-green,
greenish-yellow, orangish-yellow, yellowish·orange,
orange, brown ish ·orange, orang ish brown,
yellOWish-brown to brown fluorescence colours.
However, for the pesent study only yellowish·green
to greenish-yellow (resinite type·]), yellow (resinite
type-2) and yellowish-orange to orange (resinite
type-3) fluorescing resinites as classified by Misra
(1989, in press) from Panandhro lignites have been
selected.

Coal-The coals of Barakar and Raniganj
formations from Raniganj Coalfield are banded in
nature. The Barakar coals have frequent and
prominent dull bands alternating with impersistent
semi-bright and bright bands. The Raniganj coals, on
the contral)', have persistent bright and semi·bright
bands with thin, dull bands. Both the coals are hard
and compact in nature and break with uneven
fracture

Under reflected white light, the Barakar coals
are rich in vitrinite and inertinite macerals. The
liptinite macerals are usually less in proportion. The
Raniganj coals are normally rich in vitrinite macerals,
chiefly consisting of telocollinite and
desmocollinite. The liptinite macerals, particularly
resinites, are more common than the Barakar coals.
The in e rt init e mac e ra 1sma in lye 0 m p r isin g
s~mifusinite, fusinite and inertodetrinite are seldom
represented by more than 25.00 per cent by volume.
In both the Barakar and Raniganj coals, cell lumens
of semifusinite and fusinite are often filled with
argillaceous or calcareous minerals. In general,
these coals have high amount of mineral matter
consisting mainly of black granular matter
(argillaceous mineral matter) Calcite and siderite
minerals are common and may become occasionally
high. The Raniganj coals, in this area, are
characterized by finely disseminated and crack·
filling pyrite occurrences.

Under blue light excitation, the liptinitic
contents in both the Barakar and Raniganj coals
increase considerably (2-4 times). The sporinite,
resinite and cutinite are the most common liptinite
macerals observed under fluorescence light. The
exsudatinite is common and suberinite is usually
sporadic in Barakar coals. However, the coals from
Raniganj Coalfield are characteri zed by the presence
of liptodetrinite and relatively high proportion of
resinite macerals. The sporinite and cutinite show
yellOWish-orange and orange fluorescence colours.
The resinite fluorescing with green, greenish-yellow,
bright yellow, yellowish·orange, orange, orangish
brown and brown colours occur as primaI)' globular,
oval or elliptical discrete bodies as well as
remobilized crack and fissure fillings.

RESULTS

The averge spectral parameters of resinite type· 1
(yellowish·green to greenish-yellow), type·2
(yellow) and type 3 (yellowish·orange to orange)
recorded in Tertiary lignites and Permian coals are
listed as follows (Text-figs 38)

Samples A Max. RediGreen
Quotient (Q)

Matanomadh resinite
MR·) SOO 017
MR·2 530 0379

Panandhro resinite
PR·) 5)0 029
PR·2 S20 049
PR·3 S40 069
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The description of qualitative and spectral
fluorescence characteristics of resinite types is as
follows:

Resinite Type-1 (PI 1, figs 1, 5)-The resinite
type-1 (yellowish-green to greenish-yellow) occurs
as oval, elliptical or globular discrete bodies
distributed sparsely with other resinite types. This
resinite is less common in Tertiary lignites and
sporadic in Lower Gondwana coals. In lignites these
resinites are translucent in appearance under blue

Permian resinite
LR·I
LR·2
LR·3

570
590
610

0.588
1.29
190

light excitation. They do not show droplet or
vesicled structures; however. occasIOnally they are
cracked.

The average A max. of resinite type-1 in Jignites
from Matanomadh and Panandhro has been recorded
at 500 and 510 nm with Q values of 017 and 0.29,
respectively. For Permian coals the A max. has been
found at 570 nm with red/green quotient (Q) of
0558.

Resinlte Type-2 (PI 1, figs 2, 6)-The resinite
type 2 (yellow) is common in Tertiary lignites and
Permian coals. It commonly occurs as discrete
bodies (like type-I) and also as infillings in cell
lumens of humotelinite in lignites. In Lower
Gondwana coals cell filling resinite type-2 has not
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Text·figure 7 Text-figure 8

Text-figures 3 to 8-Spectral fluorescence pattern of: 3, Green (MR,) and yellow (MR,) resinite types from Matanomadh Lignite,
Kutch; 4, Greenish yellow (PR,). yellow (PR,) and orange (PR)) resinite types from Panandhro lignite. Kutch; 5, Greenish yellow
(LR,), yellow (LR,) and orange (LR,) resinite types from Lower Gondwana coals, Raniganj Coalfield, West Bengal; 6, Resinite
type·! from Matanomadh and Panandhro lignites and Permian coals; 7, Resinite type·2 from Matanomadh and Pananclhro
lignites ane Permian coals; 8, Resinite type·3 from Panandhro lignite and Permian coals.

70

90

80

, PRJ

" LR)

,,,

, I,
, ', ,, ,

,
, I
, ,

, I
I
'I,

I,
I·

I'

,
I.
I

I
I
\

, ,
, ', ,

" ,,,

o 0.69

,,
I

I

I

WoVtt,n'll'l ll'lm I

,,
,

I

I
I

I
I

Qronqot Ru,n". La......' Gondwano II R)I

Amall '610 om

19

I
I O{on9~ Rt~II"'l, ~ Panondhro (PRJ)

Ama .. : 'iLO nm

I
I

I
I

I

I
I

I

1/
".- ~ r

I' • I ",1 i I I 10 I '1
LOa 4S0 sao SSQ &00 Gsa 700 7S0

'0

10

70

••

,.

8.

90

100....,

"0 40
~

•
~ SO

/;;>"'~\ /--'\
/ ! "i "
,f ~'"i" :\\ \

:' ! "\ \( I : '
I I , \

I I " \\ \
I ' : \\ \
;I :' \\ \
f I / \'. \
" ' : \\ "1/: '\' ,.': \ ~
'/: '\\ \,. / '\

'/ I ' \1
" \ "'i! ' \:,,. \ \\
II! \ \\.', \ \ ..

I
" "y,lIaw RH,in,u :lo4ol0 nom odh \ '. '\
': ( Io4R 1) ," '.1 : Arne"; ~]O nm \ \ "

Ii': .0, 0.)" \\ "\
" / y.llo..... Rt",n,l, ponondhro (PR]I .. \

/

.: "mo' , "0 om \ " "
" Q • 0.49 .. \, \.

I' / Y,llaw R."initt : lO...... ,lGOndwol"oo (LR]) \ .. \ "-..

/1 / Arno. ; S90 ~m ':~," PRl

f " Q t 1,19 :::~r:-_MR]
-' / .... LR

O...J r:;r-'···_": I I • I i I I • I • I 4'

400 ,~O ~OO ~~O &00 6~O 700 HO

'0

10

'0

)0

100

c 10

o
-; 40

been recorded. In lignites, this resinite type appears
translucent. In coals, its fluorescence intensity is
weaker than those of the lignites. Cracks and droplet
structures on· these resinites are uncommon.

The average maximum intensity (II. max.) of the
resinite type·2 occurs at 530 nm for Matanomadh,
520 nm for Panandhro and 590 nm for Lower
Gondwana coals with red/green quotient of 0.379,
0.49 and 1.29, respectively.

Resinite Type-3 (PI 1, fig. 3)-The resinite type
3 (yellowish· orange to orange) is common in
Tertiary lignites and quite common in Permian coals.
It occurs as discrete bodies, like type 1 and 2, and
also as irregular lumps. In lignites it is rarely found
as cell fillings. In lignites, this resinite type under
blue light excitation commonly shows cracks and
droplet structure. In Permian coals droplet structure
on resinites has not been observed. These resinites
are occasionally transluscent in lignites. The
fluorescence intensity of these resinites is weaker
than type 1 and 2.

The average maximum intensity (II. max.) of the
resinite type·3 occurs at 540 nm in Panandhro lignite
and at 610 nm in Permian coals. The corresponding
red/green quotients are 0.69 and 1.90, respectively.

DISCUSSION

The three reSlOlte types in Tertiary lignites of
Matanomadh and Panandhro, and Permian coals of

Raniganj Coalfield, Damodar Graben are
distinguishable using two spectral parameters
II. max. and red/green (650/500 nm) quotient (Table
1). The three resinite types (only two from
Matanomadh lignite) of lignites and coals separately
show only small differences in their spectral
parameters (Text-figs 3-5). They may represent a
continuous series as expressed by Teerman et al.
(1987) and Misra (1989, in press).

Certain physical characters, viz., droplet
(uncollapsed gas bubbles) or vesicle (collapsed
bubbles) structures and transluscency in resinites,
have not been observed in the Permian coals.
Absence of these features in Permian coals and their
presence in lignites is possibly related to the vegetal
precursors which form lignite and coal. The resinites
in Tertiary lignites originated chiefly from
angiospermic vegetation and those in Permian coals
were produced from gymnospermic plants (Stach et
al., 1982). The absence of transluscency in resinites
of Permian coals may also be related with their older
age and higher rank.

Comparison of spectral curves of the individual
resinite type with each other (Text.figs 6-8)
distinctly shows a shift in maximum fluorescence
intensity (II. max) towards higher wavelength with
corresponding increase in red/green quotients. The
resinite types from lignites, being of identical age
(Eocene), appear to be closely related with each
other (Text-figs 6-8) by virtue of similarities in their
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spectral pattern, A max. and red/green quotients.
However, certain minor differences in their spectral
characteristics may have been caused by the
differences in rank, conditions of coalification and
tectonic history of the two lignite deposits. Thus, the
evident shift of A max. towards higher wavelength
along with increase in red/green quotient in each of
the resinite rypes from Tertiary to Permian times
corresponds fairly well with age of the lignite and
coal deposits.

CONCLUSIONS

The spectral fluorescence characteristics of the
three resinite types, type-1 (yellowish-green to
greenish-yellow), type-2 (yellow), and type-3
(yellowish-orange to orange) recorded in Tertiary
lignites from Matanomadh and Panandhro areas of
Kutch and Lower Gondwana (Permian) coals from
Raniganj Coalfield of Damodar Graben suggest that:

(i) the three resinite rypes from different areas
show gradational spectral characteristics among
themselves and may represent a continuous
series;
(ii) the Palaeocene-Eocene resinite types in
Matanomadh and Panandhro lignites being
identical in age are also closely related on the
basis of their spectral' pattern and other
parameters;
(iii) the three resinite types from Tertiary lignites
and Permian coals show a distinct shift in their
maximum fluorescence intensity (A max.)
towards higher wavelength and corresponding
increase in red/green quotients. The distinctly
higher A max. and higher red/green quotients of
the three resinite types of Permian coals vis-a-vis
those of the resinite rypes of Tertiary lignites
appear to be related with the age of the deposits.
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A new Crinum-like
Intertrappean beds

pseudostem from Deccan
of Mohgaonkalan, India

G. v. Patil & E. V. LJpadhye

Pati!, G v & Upadhye, E. \' 1990. A new CrinllJ)J.!ike pseudostem frOIll Deccan Intenrappean beds of
Mohgaonkalan. India. In: Jain. K. P. & Ti\vari. R. S. (eclsl-Pruc. ~)III/p. 'Vistas ill Indian Palaeubutany'
Palaeubolanist 38 : 209-211

A new petrified Crenllm-like pseudoslem, (',./11111/1 eucenul1l sp. nov.. comparable [() modern ('ril1l1l1l
asiaticl/m L. of Amaryllidaceae has been described from [he 1menrappean beds of Mohgaonkalal1, Madhya Pradesh

Key-words-I'elrified pseudostem, Deccan Imenrappean beds (India).

C V Palil & 1:'. V Upadbye, Department of BOlany, Insl/tule uf Science. Nagpur 440001, India.
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THE specimen under investigation, a broken piece
of chert, was recovered from the Deccan
Intertrappean beds of Mohgaonkalan, Madhya
Pradesh. The anatomical study has been made
through serial peel sections taken along transverse
and longitudinal planes.

The pseudostem and leaf sheaths belonging to
Musaceae (Rao & Menon, 1963; Jain, 1964; Trivedi &
Verma, 1972); Cannaceae (Trivedi & Verma, 1971)
and Gramineae (Paradkar, 1975; Pati! & Singh, 1984)
are well known from the Deccan Intertrappean beds
exposed around Mohgaonkalan, Madhya Pradesh_

Genus-Crlnum L.

Crinum eocenum sp. nov.

Diagnosis-Axis small with four concentric leaf
sheaths; vascular bundles 4·5, collateral and closed,
scattered in parenchymatous ground tissue, broad at
one end and narrow at the other end; leaf-sheaths
four, broad in centre and gradually become narrower
towards margins; and lower epidermis distinct, cells

compactly placed with stomata; vascular bundles in a
row, collateral and closed; xylem elements 4-5 with
protoxylem and metaxylem, haVing spiral
thickening.

Holotype-Pl. 1, figs 1-7; Specimen no.
MOH/GVP-EVU/14, Department of Botany, Institute
of Science, Nagpur.

Type locality-Deccan Intertrappean beds,
Mohgaonkalan, Madhya Pradesh, India.

Age-Eocene.
Descrzption-Specimen 15 cm in length and

3.2·4.6 mm in diameter; central axis broader at one
end and tapers at the other end (PI. 1, figs 1, 6),
measuring 120-610 J.Lm in diameter; encircled by
four leaf·sheaths arranged concentrically (PI. 1, fig.
1), first leaf·sheath varies from 175·235 J.Lm and
second from 140-290 J.Lm in thickness, both sheaths
broader in the middle region, gradually thin out
towards margins, third leaf·sheath 200·350 J.Lm and
fourth 165-360 J.Lm in thickness; central axis
epidermis Single layered with compactly arranged

209
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PLATE 1

1. Fossil pseudostem in transverse section showing four leaf·
sheaths and axis, x 18

2. Transverse section of pseudostem of Cnrnan asiallcum

showing four leaf sheaths. ' 18.
3 Transverse section of fossil pseudostem showing three leaf·

sheaths. x 90.

cells; parenchymatous loosely arranged and without
air chambers: vascular bundles 4-5 in number,
embedded in irregular fashion in ground tissue.

4 Mesophyll tissue of fossil leaf·sheaths showing loosely
arranged parenchyma. x 150

5 Vessels in longitudinal section (0 show thickening in case
of fossi!, x 350

6 Longitudinal section of fossil pseudostem, x 9.
7. Epidermis with stoma and substomatal chamber, x 350.

collateral and c1osecl. Xylem vessels show spiral
thickening (PI. 1, fig. 5); due to bad preselvation
details of phloem could not be seen.
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DISCUSSION

The present fossil has been compared with
pseudostem and leaf sheaths of living and fossil taxa
of monocotyledons. Its structures have been
compared with the pseudostems of Crinum species,
Pancratium maritinum, Amaryllis uittata and
Zephyranthes tubispatha of Amaryllidaceae. It
closely resembles the pseudostem of Crinum L. The
species of Crinum, viz., C. giganteum, C. asiaticum
and C. meldensia of Amaryllidaceae were considered
for comparison. A freshly cut section of pseudostem
of Crinum asiaticum L. shows similar characters of
the fossil, eg., four leaf-sheaths arranged
concentrically (PI. 1, fig 2). They are 4.4-52 ,um in
diameter. First leaf-sheath is 175-350 ,um thick,
second 170-790 ,um thick, third 280-1360 ,um thick
and fourth leaf-sheath is 640-980 ,um thick. Outer
leaf-sheaths are wider in middle and gradually
become narrower towards margins. Mesophyll of
leaf-sheath is parenchymatous without air chambers_
Vascular bundles are collateral and closed. Xylem
elements are 18-30 ,um in diameter.

In view of the above, it is apparent that the
present fossil closely resembles the pseudostem of
Crinum L., particularly to Crinum asiaticum L. of
Amaryllidaceae. But the size differences of various
constituents of this pseudostem suggest its new
specific status.
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Arecoidocarpon kulkarnii gen.
palm fruit from Mohgaon

S. D. Bonde

Bonde. S. D. 1990. Arecoidocarpon kulkarnii gen. et sp. nov, an arecoid palm fruit from Mohgaon Kalan,
Madhya Pradesh. In. Jain, K P & Tiwari, R S. (eds)-Proc. Symp. 'Vistas in Indial1 Palaeobotany', Palaeobotanist,
38.212216

The paper describes a petrified palm fruit embedded in a chen from Nlohgaonkalan, District Chhindwada.
,vladhya Pradesh lt is a single·seeded, ovoid drupe, " ..hose \vall is characterized by a thin epicarp, fibrous mesocarp
ami hard endocarp Fibre-fibrovascular bundles and brachysclereides are restricted to the inner layers of the
pericarp. Elldosperm is homogeneous. covered with two· layered seed coat, the outer one with reduced vascular

strands and inner with tanniniferous material. Embryo is apical and a shallow chalazal groove is protruding in the
seed. Its affinity is suggested with non·ruminate arecoid palms.

Key-words- Megafossil, Palm fruit, Deccan Intertrappean beds (India)

5 IJ. Bond", D"partm"l1l oj Botally. ,Viaharasbtra Association Jor tbe Cultivation oj Seiena, Law Colleg" Road,
J)III1" 411 004.
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PALM fruits from India have been described by
Bande et at. (1982), Chitaley (1960, 1960a), Chitaley
and Nambudiri (1969), KaLIl (1951), Lakhanpal
(1952), Mahabale (1950), Mehrotra (1987),
Nambudiri (1966), Patil and Upadhye (1983),
Prakash (1954, 1960), Rode (1933), Sahni (1937),
Shete and Kulkarni (1985) and Trived i and Chandra
(1971) They have been assigned to Cocos,
Hypbaeneocarpon, Nypa (Nlpa, Nipadites) showing
affinities with extant genera Cocos, Hyphaene and
Nypa, respectively, However, a large number of fruit
specimens, whose affinities are not clearly
understood, are assigned to form genus
Palmocarpon Miquel.

A single specimen found embedded in a
reddish-brown chert in the Intertrappean Bed at

Mohgaonkalan, district Chhindwara, Madhya
Pradesh, has been studied, The specimen was
examined by usual thin-ground method. The
preservation was found to be excellent shOWing all
the essential anatomical characters, enabling its
identification,

SYSTEMATIC DESCRIPTION

Family- Palmae (Arecaceae)
Genus-Arecoidocarpon gen. nov.

Diagnosis-Drupe unilocular, single seeded;
pericarp thick, characterised by thin epicarp, fibrous
mesocarp and hard endocarp; fibre-fibrovascular
bundles and brachysclereides restricted to inner
fruit wall layers; seed solitary, seed·coat two-zoned,

212



BONDE-AN AHECOII) PAI.M nWIT FROI\I ~10HGAONKALA0I 2])

Text-figure l-Arecoidocarpon ku/karnii gen. el sp. nov.-A
longitudinal seCtion of lhe fruil showing EPI·epicarp, MES·
mesocarp, ENDP-endocarp, OSC-ouler seed coal, ISC-inner
seed coal, ESP·endosperm, and CHG·chalazal groove x 1.5.

outer with reduced vascular strands, inner with
tanniniferous material; endosperm homogeneous or
ruminate; chalazal groove shallow, irregular.

Type species-Arecoidocmpon kulkarnii sp_
nov.

Arecoidocarpon kulkarnii gen_ et sp. nov.
PI. 1, figs 1-4; Text-figs 1, 2

Diagnosis-A unilocular single-seeded, ovoid
drupe; pericarp thick, divisible into epicarp,
mesocarp and endocarp; epicarp 90-180 f-tm thick.
Epidermis single-layered, made up of rectangular to
cubical cells; hypodermis 4-6 layered with squarish
to rectangular compact cells. Mesocarp thick, with
fibre-fibrovascular bundles and brachysclereides.
Ground tissue parenchymatous with rectangular
cells. Endocarp hard. with 5-6 rows of compact
arrangement of fibre-fibrovascular bundles and
brachysclereides with intermittent islets of thick
walled parenchyma. Locular epidermis made up of
sclerotic-palisade cells. Seed solitary. Seed coat two
layered; outer 63-76 f-tm wide, made up of thick
walled, rectangular, pitted cells traversed by a ring
of reduced vascular strands; inner seed coat 63-85
f-tm wide, made up of thick-walled, rectangular cells
filled with tanniniferous material. Endosperm
homogeneous. Embryo cylindrical, apical. Shallow
groove present at chalazal region.

Description-Fruit single seeded, ovoid drupe
with rounded apex (Texl-fig. 1; PI. 1, figs 1, 2),1.65
cm long and 1.2 cm wide. Persistent structures like
perianth not observed at the base. Fruit wall '1520
2170 f-tm thick, 5580 f-tm thick at the chalazal region;
:li~ferentiated into thin epicarp, fibrous mesocarp
and hard endocarp. Epicarp 90-180 f-tm thick,

EPI~

HYP

Text-figure 2-Arecoidocarpon ku/karnii gen. el sp. nO\·.-A
portion of the fruil magnified 10 show EPI·epidermis, HYp·

hypodermis, MES-mesocarp, ENDP-endocarp, OSC-ourer .-;eed
coal, ISC-inner seed coar, and ESP·endosperm x 2S

comprisIng a single layered epidermis made up of
rectangular to cubical (13 X 17 f-tm) cells, covered
with a thick cuticular layer and a 4-6 layered
hypodermis Hypodermal cells squarish to
rectangular and compactly arranged. Mesocarp 900
1200 f-tm thick, composed of fibre bundles,
fibrovascular bundles, brachysclereides in the thin
walled rectangular. parenchymatous ceJls. Fibre
bundles 108 X 126-162 X 198 f-tm in size and
rounded to elongated in shape. Fibrovascular
bundles 198 X 234-288 X 396 f-tm, elongated to
spindle-shaped with reduced vascular elements
Stegmata abundant Endocarp very hard, 625-800
f-tm thick consisting of 5-6 rows of compactly
arranged fibre-fibrovascular bundles and
brachysclereides. Islets of thick-walled ground
parenchyma cells present intermittently in this layer.
Locular epidermis made up of sclerotic-palisade
cells. Tanniniferous cells and raphide sacs present
in all the three layers of the fruit wall (Te},,1:-figs 1, 2;
PI. 1, figs 1-3). Seed elongated, 11 X 9 mm,
occupying entire fruit cavity except basal region;
completely fiJled with endosperm tissue and
covered with two-layered seed coat (Text-fig. 2; Pl
1, figs 3-4) Outer seed coat layer 63-76 f-tm thick,
consisting of compactly arranged thick-walled,
rectangular, pitted cells, traversed by a ring of
reduced vascular strands (PI. 1, fig. 4). Inner seed
coat as thick as the outer layer, 63-85 f-t111, with
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compact arrangement of thick-walled, rectangular
cells filled with tanniniferous material. Endosperm
homogeneous (non-ruminate), having 1-2 layers of
outer squarish to rectangular cells. Radial files of
inner cells converging into the centre of the seed
(PI. 1, figs 1-2) Cells thick-walled, reserve food
material obscure. Embryo cylindrical, 1875 X 1000
Mm in size with oval to elongated 12.6 X 21 flm
cells, being present at the apical region of the seed
(PI 1, fig. 2) A shallow groove present at the
chalazal region (Text-fig. 1; PI. 1, fig. 1)

Ho!otype-PI. 1, fig. 1; Slide nos MK-26, MK-27 ,
MK-28, Depanment of Botany, M.A.CS. Research
Institute, Pune.

Type LocaLi ty- Moh gaon ka Ian, d istriet
Chhindwada, Madhya Pradesh, India

Type horizon-Deccan Intenrappean beds.
Age-Early Eocene.

DISCUSSION

The important characters of the present fruit
are, (i) single seeded ovoid drupe, (ii) fruit wall
differentiated into thin epicarp, fibrous mesocarp
and hard endocarp, (iii) fibre-fibrovascu!ar bundles
and brachysclereides restricted to mesocarp and
endocarp layers, (iv) locular epidermis made up of
tangentially elongated sclerotic cells, (v) two
layered seed coat, outer with pitted cells and
reduced vascular strands and inner with
tanniniferous cells, (vi) homogeneous endosperm,
and (vii) shallow chalaza! groove These characters
suggest its affinity with Arecoid group of palms

Comparison with Living palms-Guerin (1949),
Murray (973), Essig (1977), Essig and Young
(1979), Padmanabhan and Regupathy (1981),
Kulkarni and Pande (1983) and Reddy and Kulkarni
(1985), have studied the anatomy of extant Arecoid
palm fruits.

There are 760 species belonging to 88 genera in
the Arecoid palms (Ivloore, 1973) Fibrovascular
bundles with thick fibrous sheath, hard endocarp
composed of fibre bundles and brachvsclereides,
irregular shallow chalazal groove and homogeneous
endosperm suggest the affinity of presently

described frui t with non -rum inate Arecoid pal ms,
like Areca tria l1dra, CbrysaLidocalplls, RhopaLostyLis,
Veitcbia and Ptycbosperma Areca lriandra and
Cbrysalidocalplls species possess a sclerotic
cylinder in the mesocarp formed by sclereides and
brachysclereides. In RbopaLoslyLis, fibre bundles in
the mesocarp are arranged in 2-3 concentric rows
and the outer seed coat is massive. Veilchia and
Plychosperma differ from the fossil in having fibre
bundles in the epicarp Moreo\er, the seed in
Plycbosperma is angular

Comparison with fossil paLms-The only palm
fruit so far considered to bear any resef'lblance with
the extant genus Areca or Arecoid palms is
PaLmocmpon arecoides Mehrotra 1987, however, the
structure of seed coat, an important character to
decide affinity with Areca, or with any other Arecoid
palm, is not observed in the latter Moreover, it does
not show compact arrangement of fibre-fibrovas
cular bundles constituting hard endocarp. Beside
this, nothing is known about the endosperm in P

arecoides. Therefore, P areca/des cannot be
considered to be a fruit of Areca or even any other
Arecoid palm.
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Palynology of Langrin Coalfield, South Shillong Plateau,
Meghalaya

R. S. Singh

Singh, R. S 1990. Palynology of L,ngrin Coalfield, South Shillong Plateau, I\!eghala\a. 11/: Jall1, K. I'. ii< Tiwari. I{
S. (edsl-Proc S:)'lI1p. 'Vistas in Indian Palaeobotany', J>alaeobotanist 38: 2]-·22B.

Palynology of l.angrin Coalfield. Khasi Hills. l'vleghalaya is reported here. The sporcpollcll assemblagc
recovered from five coal seams associated with Tura Formation comprises 30 genera and S6 specic,. Prescnce 0['

dinoflagellate cysts and fungal remains has also been observed. ri\'e new species. \·iz., Cemmamonocolpttes
dimorplJou,·. Claoamonocolpites indiCIIS, Spinizonocolpites indiclis. S. lI'odebo/lset and S. b/llbospiltos/ls are

described. Quantitatiw assessment of the assemblages for each seam has been done. Ptcridoph,1ic spore.,
dominate in coal seams I and 2 but gradually deCt'ease in the upper seams, "'hile angiospermic pollen behave in
more or less t'ice·oersa with that of pteridoph)'lic spores. Ecological grouping of palynofossils suggests the
occurrence of coastal swamp and brackish·water mangrove communities during the deposition of coal seams.
Absence of gymnospermic pollen in the assemblage indicates a tlat tOpography of the basin. Palaeocene age has
been assigned to this pal\'nological assemblage.

Key-words-Palynology, l.angrin Coalfield, Tura Formation. Palaeocene ([nelia 1.

R. S. Singb, Birbal Salmi Institllte of Palaeobotany. 53 (jnit'ersit)' Road, LlIcRnoll' JJ6007, India
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Jadukata Formation. Sandstones

conglomerate alterat ions.
Uncon form ity
Svlhet Trap: Basalt, Alkali basalt
rhyolite, acid luff
llnc();lformity

Coarse grained granite, granodiorite,.
banded gneiss &. quartzite

l.ate Cretaceous

Pre·Cambrian

The coal seams in Langrin Coalfield are
associated with TLJra Formation and are exposed in
Widely separated patches (Map 1) Rao (1981)
reported six coal seams in this coalfield within a
thickness ranging from 77 to 126 m, but in the
present study only five coal seams could be traced
In most part of the coalfield, the top portion of TUfa
Sandstone is being eroded away exposing seams no.

.I urassic ('1

FORMATION & LITHOLOGY

Siju limestOne: Limestone, marls,
silts & shales.
Tura Formation: Sandstone. coal,
shale & clay.
Unconformiry

AGE

Eocene

Palaeocene
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iMr<wif mm~ if $R ~-m- 'l'T 4 {llilOlfGiili 3[~ fu;m 'l<lT ~I q<T~'\o;-~if~ ~~~if~u

'RflTili1JT-..mnur~ if 30~ ~ S6 ;;rrf'a-qf~ -gl ~1lt¥(j"'<i>f~ql~Rt1 ~, ,.i'li\i+ft"'",f~qi~flt1 ~,

Wi~;ft"'l"'<d~~I~fl~~, 'fqfo <lfi:1'1311it ~ WTo~~ 4'l"f 'ii~qfofu- $'r~-gl ~ <W:1'l'T ~f,n~
fu;m 'l<lT ~I ~-<W:1 I q 2 if ffi~ ~ail' $'r~~~~ -,\Tlif if 1) .!t1't.!t1't <fl1 iT ~-g~~
'RflTili1JT~~~ Cll'«f~ -g I~~ iT; 'lTM~ ~ if~~-~ iT; R-WruT iT; 'Rl1"lT~~~

-mt;;f<'f~~~ 'l'T ~~~~I 3['1i~ct;i;J\\ ~<tr ~ir~ i:Mt'l'T~~~~1 ~

4{1l1l 0 ,fuili~ $'r~ 3\'l"l!~ <fir ~ tl

lANGRIN Coalfield lies in the western extremity of
Khasi Hills between latitudes 25 0 12' • 25 0 19' and
longitudes 91 0 0': 91 0 14', in the state of
Meghalaya. Palynologically this coalfield was
unattended so far but geologically it was studied by
La Touch (1883), Medlicott (1869), Palmer (1924),
Fox (1937), Ghosh (1940), Biswas (1962) and Rao
(1981) The generalised rock succession in this
coalfield is as follows (modified after Rao, 1981)
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Map I-Geology of ~ngrin CoalfIeld (after Rao, 1981).

3 and 4. Barsaura nala section contalOlng five coal
seams is considered to be a reference section whose
lithology and location of each sample are ploued in
Text figures I to 5. Generally, the coal seams dip at
an angle of about 35° south but in the reference
section they are almost horizontal. In Jadukata area
only one coal seam (seam 5) is encountered which
is exposed near Rajai Village Seams I and 2 are also
exposed near Goabari Village where they are 0.7 ·1.5
m thick respectively, with an intervening 40 m thick
sandstone parting. In the eastern part, Lakma Chara
section s:ontains all the seams, except the bottom
seam; here seam 3 is locally 3·3.6 m thick. In Mai·
Chiring the lowermost coal seam occurs at about 50·
60 m above the contact of Jadukata and Tura
formations The samples were collected from Rajai,
Goabari, Mai·Chiring, Lakma-Chara and Barsaura

(Map 1). The figured and type slides of palynotaxa
are housed in the Museum of Birbal Sahni Institute
of Palaeobotany, Lucknow.

SPORE AND POLLEN CHECK-LIST

Cyathidites australis Couper ]953
C. minor Couper 1953
Todisporites major Couper ] 958
T minor Couper 1958
Dictyophyllidites kyrtomatus Kar & Kumar] 986
Lygodiumsporites lakiensis Sah & Kar ]969
Dandotiaspora dilata Sah, Kar & Singh 1971
D. telonata Sah, Kar & Singh ]971
D. plicata (Sah & Kar) Sah, Kar & Singh 197]
Lycopodiumsporites palaeocenicus Dutta & Sah
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Text-figure 1-HiSlOgram illustrating relative abundance of spore·pollen species in coal seam 1

1970
L. speciosus Dutra & Sah 1970
L. umstewensis Dutra & Sah 1970
Pteridacidites robustus Kar & Kumar 1986
Scbizaeoisporites crassimurus Dutra & Sah 1970
Polypodiisporites mawkmaensis Dutra & Sah

1970
Palmidites plicatus Singh 1974
P aplicatus Singh 1974
Retimonosulcites ovatus (Sah & Kar) Kar 1985
Liliacidites sp. in Kar & Kumar 1986
Matanomadbiasulcites maximus (Saxena) Kar

1985
M. kutcbensis (Saxena) Kar 1985
Clavamonocolpites indicus sp. nov.
Gemmamonocolpites dimorpbous sp. nov.
Neocoupenpollis kutcbensis (Venkatachala &

Kar) Kar & Kumar 1986
N. rarispinosus (Venkatachala & Kar) comb.

nov.

N ecbinatus (Sah & Kar) Kar & Kumar 1986
N. magnus (Dutra & Sah) comb. nov.
Proxapertites assamica (Sah & Dutra) Singh

1975
P crassimurus (Sah & Dutra) Singh 1975
P. emendatus (Sah & Dutra) Kar & Kumar 1986
Spinizonocolpites ecbinatus Muller 1968
5 baculatus Muller 1968
S. intrarugulatus Muller, de Di Giacomo & Van

Erve 1987
S. bulbospinosus sp. nov.
5 indicus sp. nov.
S. wodebousei sp. nov.
Spinizonocolpites sp. A.
Tricolpites reticulatus Cookson 1947
T. crassireticulatus Dutra & Sah 1970
T. baculatus Kar & Jain 1981
Sastrizpollenites trilobatlls venkarachala & Kar

1969
Retistepbanocolpites multirimatus (Dutra & Sah)
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Text-figure 2-llis[ogram showing relali"e abundance of spore pullen species in coal seam 2.

Saxena 1981
Psilastephanocolporites psilatus Kar & Kumar

1986
Polymargocolporites mawlensis Kar & Kumar

1986
Re ti tribreuicolpori tes ma ta nomadhensis

(Venkatachala & Kar) Kar 198'5

R rubra (Ouna & Sah) Kar & Kumar 1986
Meliapollis naualei Sah & Kar 1970
M. minutus Singh 1974
Triangulorites bellus (Sah & Kar) Kar 198'5
T pachyexinus Kar & Kumar 1986
Kielmeyerapollenites eocenicus Sah & Kar 1972
K syncolporatus Kar & Kumar 1986

PLATE 1 --+

(England Finder reading and magnificHion are given for each
figure)

1.2. C!?mmamonocotpites dimorpbous sp. nc)\'., Slide no.
BSIP 9962. x 25/0, x 1000; Slide no. BSIP 9946, x ')2/0.
x 1000

'). Clauamul'locolpiles indicus sp. no\,., Slide no.
BSIP 9968, 1'40'2; x 1000; Slide no, BSIP 9969,
022/2. x 1000.

3.6. Spinizol1ocolpites bulbospinosus sp. nov, Slide no,
BSIP' 9946, x 044/0, 1000; Slide no BSIP 9947, G-19/3,
x 1000

7.8. Diporiles sp. A, Slide no. BSJP 9949. \\:'62iJ, x 500; Slide no,
BSIP 9978, T38/0, x 'i00

9. Lycopodiumsporites pala!?ocenicus Duna 8< Sah 1970. Slide
no BSIP 9988, P24/0. x 500

lO. ProxCI{Jerti/es assamica (Sah & Duna) Singh 1975, Slide no,
BSIP 9976. x 44/3, x'iOO

11 Tricolpiles bacllia/us Kar & Jain 1981, Slide no. BSIP 99'i7,
E ~9'1, '500.

12, SClslriipol/eniles /ri/obal us Venkatachala 8< Kar J969. Slide
no BSIP 10099, N42/1. x 500.

13 Proxaperli/es emendalllS (Sah & Duna) Kar & Kumar 1986,
Slide no HSIP 9967. 049/0. x 500.

14.1 S. SpinizOl'loculpites wode/)ousei sp. no\,., Slide no, BS1P 996'5.
U46/2. x 1000; Slide no BSIP 996'5. r6813. x 1000

16 Tricolpites crassireliclIla/us Dutta 8< Sah 1970. Slide no
BSIP 9977, .136/1, x 500

17 Trianglliuriles bel/lis (Sah 8< Kar) Km 198'5. Slide no.
BSIP 996'). G47/4, x 500

18, Relislepbanocolporiles mlillirima/lis (Duna 8< Sah) Saxena
1981, Slide no. BSIP 9956, H43/3, x 500
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Text-figure 3-HisrogrJlll Jilusrrarillg rclalile abundal1L"e "t' ,pure pollen species in coal scams .'> and 4.

PLATE 2
~

.2. ~j)illizulluculpill!s /lleIiclIs ,;p. new.. Slide no. I1SJI' 9979.

LJ33 '0, x 1000: Silde no. fNP 9')~0, 531 O. x 1000

3. Dal/t!uliaspur({ eIilala Sah, Kar 8< Singh 19-1. Slide no.

I3SII' 99R3, 7.~,) 3, x ')00.

4 Spinizulloculpll('S illlrarll{!lIlatllS J\luller. de Di Giacomo

\'~n 8< Ef\e I')H-', Slide nn flSIP 99-3, 044 2, x JOOO

') . ....Pillizulloculpile" ,;p. A. SI ide no. rlSIP ')9~6, x j - ~. x 1000.

6. NeucUllp<!rifJulli; l/Iali"IIS {l)urra &. Sah) comb nOI .. Slide

no. I3SIP 99'2. 1-1 J·i O. x ">00.

7 IV. echil/alllS (Sah 8< ~Ir) 1<'11' 8< Kumar 1986. Slidc no. BSIP

9966. 1l.'>6' .,>, x ')00

~. Tricolpiles baclllalllS Kar IX J<lin 19H I, Slide n.) BSII'

99')3. \X' 30 1, x ')00

9. Pollen [\PC fl. Slide no. BSIP 99-i9. R,)9· I, x 1000.

10. Din"nagellale. Slide no. BSIP 10100, Y3') '0, x ')00.

II e)'alflldiles mlliur Couper 19')3. Slide no. BSIP 9970,

1)34 I, x ')00

12 ,ll<'liafJullis mil/lIll1S Singh 1974, Slide no. BSIP 9971,

Y 23 4. x ')00.

1:3. Reiil ribr('/'icolpurilCS malalloll/{/dl,ensi; (\'e nkalacha la 8<

K~r) Kar 19H'). Slide no 13511' 99')9, 10')1> '0, x 7';0

14. ,V<'u(Ollperipulli" rarispinusIIs {Sah 8< Dlllla) comb. no\' ..

Slick no. BSIP 994'). \x'61 0 x 1000

I') Pollen l\'pe·A. 51ide n" rlSIP 99')9. 1'21> 2, x 1000.

16 .....t'illizulluwlpil<'S <'CtJ/IIClIIIS '''luller 1968. Slide no. rlSIP

994<), Q3:3 :3. x 1000
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Diporites sp A
Droseridites sp in: Kar & Kumar 1986
Inaperlltsporites keduesii Elsi k 1968

Couperipollis magnus (Dutta & Sah) Kar & Kumar
1986 are transferred to Neocouperipollis
Venkatacha la & Kar emend. Kar & Kumar 1986.

SYSTEMATIC DESCRIPTION

Genus-Neocoupertpollts (Venkatachala & Kar) Kar &
Kumar 1986

Neocollperzpollis rarispinoslls (Sah & Dutra) comb.
no\'.

PI. 2, fig 14

1966 /VIonosuleites rarispinosus Sah & Dutta, pI. 1,
figs 26·28, p. 76

1969 COllper/pollis rarispinoslls (Sah & Dutta)
Venkatacha la & Kar, p. 16l.

Neoeouperipollis magnus (Dutta & Sah) comb. nov
PI. 2, fig 6

1970 Monosuleites magnus Dutta & Sah, pI. '5, figs 1,
2, p. 28.

1986 Couperipollis magnus (DlItta & Sah) Kar &
Kumar, pI. 4, figs 4, 5, p. 19'5

Remarks-Couperipollis Venkatachala & Kar
1969 is nomen nudum. Couperipollis rarispinosus
(Sah & Dutta) Venkatachala & Kar 1969 and

Gemmamonoeolpiles Van der Hammen & Garcia

1965
Gemmamonoeolpiles dimOJpbous sp. nov.

PI. 1, figs I, 2

Hololype-PI. 1, fig. 1; slide no. BSIP 9962.
T]pe Loeality-Langrin Coalfield, Meghalaya.
Diagnosis-Pollen monocolpate or

trichotomocolpate. monocolpate grains oval,
trichotomocolpate broadly triangular; exine
gemmate. few gemmae with small accuminated tips;
tectum finely reticulate, infratectum columellate.

Description-Monocolpate pollen 52-62 ~m

long. 40-48 ~m wide, trichotomocolpate grains 49-55
~m long from corner to base. Colpus in both
monocolpate and trichotomocolpate grains reaches
up to equator or corner, distinct; exine between
sculptural elements about 1 ~m thick; gemmae 2-4
~m Wide, few gemmae with about 1 ~Jll long
accuminated tips; tectum finely reticulate, lumina
less than 0.5 ~m wide.

Remarks-Gemmamonoeolpites gemmalus Van
der Hammen & Garcia 1965 and G. harha/us

.,.

":;

.,
'"

x
w
o
Z

<,
'"

[':'1 ~;

I

n.
LJ

II

t 0'-1
C ~ 2

-0

~S ~

00
g C Q L--==--* _' ~ _ ,= =

=-=
'"

lfl
::J
t-
<J: ",-'

::J
lfl CI::;lIl. lfl :::> ....

::J ::;; <J:
t- '.J~

7>~
lfl <J: ::J

I.f':;:'w Z U
t- lfl- .::i <J:ClC

::J I ::, >
ClC -,u Z

l..' '"0 -' W
Il. W
-' m

VI Ii _•• Vi0 lfl =:'L...w.!U - lfl c.J
~. Jo- I"-

0 If)j~

~ § §Z WOVl - 'J',<J: t-1l. 0 6 ::J B::Q..jI ClC - Z ....Il. 00:- ~ <: ~ l,..'" '!: >-
w -,Wll.

Z OOI.... ::Jll.lfl •. w iJlWIl.lfl ",::J cr a I g ~~~<J: Z 0 <J: ..... u
-' ~ g ClC Z w 5: m-t-
lfl 0:: I uClC W . . u-Il. t- ZZ VI lfl vi VllflO

" co

==

=

===
o • ,

<> 0 '"

= = 0

\!l = = .
~ = = 0

p = = ,
~ = = 0

a>= = 0

ro

"-
CD

'"..,
,...,

.
~\II lfl

~ ~ :;( ::Ja: 0 0 t-

,...,( a ("") f'j ~ 0 <J:
~ ClC

'Nl ~ 0 lflIl.lfl -' if,
::J 0 Zlfl
~ U Wlfl ::J Z -'::J lfl -' >- ~ClC 0 ::J lfl::J U U lfl <J:

~ W ;::: ::J ~
if, Il. <J: t-

t- W
lfllfl ~lfl lfl <J: ClC

<J: -' ~2°
lfl

Vi WClC lfl 0 t-u
~lfl

lfl Z<J: cr<J: wulfl
ClC ::J ClC lfl ---J~W 0

lfl lflO~ <J: u ::J 5a..t: Il.
W ClC t- Il. ~

-'
<J:::Je,;:;:;

a:<J:
0t-

lfl <J: <J:lfl::J u
a '" t- ~~~u lflt-<J: W -' ClCwlfl 0

-ON ClC ~O::JO <J:<J:t- t- ::J wt- 0 ~
W <J:Zo'::f. _ Z <J:

0::
u >- - Z ClCIl. t-°u t- WOO <l:

<J: ~~a:-' 0-'_ -'
w 2-2 ~x <J:wo1\':

ow-' 0 -'~-zt-Il. u ClC ::;0 u w-' .....ClC .. >- . <J: ClC _<J:w 0Il. a.... a.. -.J -l 00' O· t- ~ ""Il.ClC Il.

.1:··

Text-figure 4-HisLOgram illusuating relative abundance of spore-pollen species in co<\1 scam-5.



SJ,\JGH-I'ALYNOLOCY OF LANGRIN COALI:llcl[) )r--,

SUMr>lARY (lAGS. SEAM.4 SlM!"'ARY D'(,5.

D 10 :'0 )0 1.0 oIj(: i.e: yo 6l) q" lC(J

- - I: t- I. s.::.:.L£

f 'B'jq'"'
'". :.......

SL\MMAiilY DIAGS. SEAM-3

SUMMARY DIAGS. SEAM·2

e'''',.·
!~i2:H~~~.,

SEAM 3 SEAM 4 SEAM 5

INDEX.COASTAL ~'ANGROVE ITDLOvV-LANDDpTERIDOPHYTESlli!£.ffiillillFUNGI
=s;'v/ t:T.= IIIIIllJANGIOSPE RM S

~G

SEAM 1 and 2
Seam 1, Sample nos 1610 27

2, .. 51 t064

Text-figure 5- His[ograil1S sho\Ying ecological allc! bOtalliL:al groups of palynoil1<lrphs in the assemblages of Langrin Coallkkl

Guzman 1967 have much smaller gemmae. G
amicus Guzman 1967 and G ouatus Guzman 1967
are smaller and have sparsely placed gemmae. The
new species can be distinguished from all the other
known species by accuminate tips on few gemmae
and the mono-trichoromocolpate condition of the
aperture.

Claua71lot/ocolpites Guzman 1967

Clavamonocolpites indiclis sp. nov.
PI. 1, figs 4. ')

Holotype-PI. 1, fig. 4; sl ide no BSIP 9968,
Type locality-Langrin Coalfield. Meghalaya.
Diagnosis-Pollen oval, monocolpate. colpus

distinct; exine sculpture mixed with pila and clava.
tectum scabrate.

DeSCription-Pollen 58-70 j.(m long and 42-48
j.(m wide; col pus eA1:ending almost up to the
equator; exine sculpture (ectexine) mixed with pila
and clava but pila dominates, 2-3 j.(m long, head 1.5
2.0 j.(m wide; thickness of exine between sculptural
elements 1-1.5 j.(m; interspinal area scabrate.

Remarks-Clavamonocolpites terrzficus Guzman
1967 differs by haVing only clavate exinal sculpture.
The exinal sculpture with mixed pita and clava is the
distinguishing feature of this species.

Spillizollocolpites Muller 1968
SPillizol/ocolpites U'odebo/lsei sp. nov.

PI. 1. figs 14, IS

Halotype-PI. 1, fig. 1'); slide no. BS1P 9965
Typt' localitj'-1.angrin Coalfield, Meghalaya.
Diagnosis-Pollen subcircula r, med ium -si zed.

annulocolpate; exine sculpture spinose, spine long
beaked flask-shaped with swollen base and rounded
apex; tectum microreticulate, infratectum
colume Ila te

DeSCription-Pollen more or less subcircular in
meridional and polar views; 46-6'5 j.(m long at longer
axis, 54-46 j.(m wide at shorter axis; tend to divide
into two halves through col pus suture; spine 8-18
j.(m tong, 4-7 j.(m wide at base, exine 1 l.S j.(m thick
between the spines; tectum microreticulate. lumina
uniform, polygonal, I-I') j.(m wide, J11uri 0.5 j.(m
thick.

Remarks-Couperipollis wodehousei (Biswas)
Venkatachala & Kar 1969 is described from the
Teniary of Meghalaya as monocolpate pollen having
exinal characters similar to that of present species,
but in this study no grain with such morphology was
found to be monocolpate. Spinizonocolpites
baculatus ivluller 1968 is comparable with this new
taxon but has baculate sculpture. S. intrarugulatus
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Muller el cd 1987 is smaller in size and has 2).3 J.Lm
thick exine between the spines.

Spillizonocolpiles hlilbospillOSIiS sp. nov.
PI. I, figs 3, 6

Hololype-PI. I. fig. 3; slide no. BSIP 9946.
TJpe loca/ily-Langrin Coalfield, J\!legbalaya.
Diagnosis-Pollen subc i rcula r, ann ulocolpate;

exine sculpture bulbospinosus. spine with sl11all
accuminate prOtruding tips, tectul11 l11icroreticulate,
infratectum columellate.

DeSCription-Pollen 47-63 J.L111 long at longer
axis and 33-51 J.L111 wide at shorter axis; colpus
annulate or partially attached over one-fourth of the
circumference, grains tend to divide through col[)us
suture, spine base swollen like gemmae, small
accUlninate protruding apex, 3.').6 J.LIl1 long, 2-5 J.L1n
wide at base, apex 1-1.5 J.L11l; exine between
sculpture about 1 J.Lm thick; lumina less than 1 J.L11l
wide, uniform, Inuri thin.

Remarks-Cemmamonocolpites dimolpbolls sp.
nov. described above whose sculptural elements are
dominantly gel1llnate with few transitional
bulbospines is cOlnparable with the new species in
only sculptural morphology.

Spill izonocolpites indic liS sp. no\'.
PI 2, figs l. 2

Holol)pe-PI 2, fig. I, slide no BSIP 9979
T)pe loca/ity-Langrin Coalfield. Meghalaya.
Diagnosis-Pollen subcircular, annulocolpate;

exine sculpture spinose, spine base swollen with
graduallv tapering pointed apex, tectum
microreticuJate, infratectul11 colulnellate_

Descnption-Pollen 52-58 J.L1n long at longer
axis, 41-49 J.Lm ",'ide at shorter axis; colpus annulate,
tend to divide into (\vO halves through colpus suture.
Exine sculpture spinose, spine base swollen with
gradually tapering pointed apex, 7-15 J.Lm long and
2-4 J.L1n wide at base, exine 1-1.5 J.L1n thick between
spines; lumina 1 J.Lm wide, uniform, polygonal, muri
thin.

Remarks-Spinizonocolpiles ecbinatZis Muller
1968 can be easily distinguished by its sparsely
placed spines which are conical in shape and
rounded apex rather than bulbospinosus sculpture_

Spinizonocolpites sp. A
PI. 2, fig. 5

DeScription-Pollen oval or subcircular in
shape, 68-92 J.L1n long, 60-80 J.L1n wide; colpus
annulate, exine sculpture (ectexine) spinose, spine
completely echinate or Inixed with bulbous spines,
3-10 J.Lm long, 2-5 J.Lm wide at base; exine 1-2 J.Lm
thick between sculptural elements; tectum

microreticulate; IUlnina polygonal, about 1 J.Lm wide.
Il1uri thin; infratectum columellate.

Remarks-SpinizonocoLpites ecbinatus Muller
1968 is cOlnparable but can easily be distinguished
by its size-range and comparatively longer spines.
Nypa-pollen have similar morphology but are
smaller (45-60 J.L1n) in size.

Dlporiles Van der Hamlnen 1954
Diporites sp. A

PI. I, figs 7, 8

DeSCription-Pollen barrel-shaped, 40-50 J.L1n
long, 28-40 J.L1n wide; diporate, ora meridionally on
the opposite sides, wide openings; exine 1.5 J.Lm
thick, surface reticulate; lumina irregular, 1-2 J.Lm
wide, muri about 1 J.Lm thick, infratectum
columellate.

Remarks-The pollen resembles the pollen of
Calamus l"alken' Hance 1874_

Pollen type A

PI. 2, fig. 15

Description-Pollen broadly triangular, 48-52
J.L1n in size; trichotomocolpate; exine bulbospinosus
with few gelnlnae; gemmae sparse, 4-8 J.L1n long, 2-4
J.L1n wide at base, accuminated tips less than 1 J.Lm
long; exinal wall about 1.5 J.L1n thick; infratectum
columellate.

Remarks-The general morphology suggests its
affinity with palm; however, such grains are not yet
described.

Pollen type B
PI. 2, fig 9

Description-Pollen subcircular, 35-41 J.Lm in
size, annulocolpate, tend to divide into two halves
through colpus; exine sculpture gemmate, gemmae
4-9 J.Lm Wide, sparse, wall 1.5-2 J.L1ll ,wide, tectum
reticulate, infratectum columellate_

Remarks-Annulocolpate pollen with gemmate
sculpture are unknown. It shows relationship with
N)pa-pollen

DISCUSSION

The relative frequency of important palynotaxa
based on frequency count for each sample is shown
with the help of histograms. Coal seams 1 and 2
(Text-figs 1, 2) have similar microfloral composition
marked by the dominance of Lycopodiumsporites
palaeocenic us, 1. speciosus, Proxapertites spp .•
Dandotiaspora spp_, Matanomadbiasulcites
maximus and Retitribrevicolporites rubra.
PteriduphytiC spores contribute more than half of
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the population of palynotaxa. In coal seam 3 (Text
fig. _)) the angiospermic pollen are slightly dominant
(wer the pteridoph')1ic spores, probably due to the
dominant representation of Kielmeyerapo/leniles;
however, the dominant taxa of seams 1 and 2 also
continue to remain dominant in this assemblage.
The assemblage of coal seam 4 (Tex1fig 3) is
characterised by the dominance of angiospermic
pollen over the ptericlophytic spores.
Lycopodi 111 IlSpOri les U IiISIf' wensis, Schizaeoisporites
mClLl'kmaensis, Spillizol/oeolpites irldiells, S
echinaills, Psi/astepbanocolporites psilatus,
Po~vmargocolporites maw/ellsis and Triallgulorites
hel!us appear for the first time. Some of the
dominant species of seam 3, viz., Lycopodiumsporites
pa/aeoceniclls, Kiel11leyerapol!e 1'/ iles syncolporatlls,
J1atanOllladhiasu/cites maximlls and Retitribreuicof.
porites rrrbra are sign i ficantlv red uced, though
Proxapertiles spp. and Lycopodiumsporites specioslls
remain dOl11inam as in seam 3. Coal seam 5 (Tex1
fig. 4) has more or less similar microfloral
composition with that of seam 4, but the over
dominance of angiospermic pollen, particularly the
species of Spinizolloco/pites, makes the
pteridophytic spores a rhinor constituent in the
assemblage

Botanical grouping of the palynomorphs shows
that the angiospermic pollen gradually increase from
lower to upper coal seams, whereas the
pteridophytic spores behave more or less uice-versa
(Text-fig. 5) Assemblage of coal seams 1 and 2 are
homotaxial, both quantitatively and qualitatively in
which pteridoph')1ic spores contribute about 55 per
cent, angiospermic pollen about 20 per cent and rest
are fungal spores. In coal seams 3, 4 and 5 the
pteridophytic spores amount to 36, 29 and 9 per
cent, and the angiospennic pollen contribute about
43, 57 and 70 per cent, respectively. Ecological
grouping of the palynotaxa shows that during the
deposition of lower three coal seams more or less
similar ecological conditions prevailed. The
pteridophytes contribute most in the assemblage;
occurrence of .coastal elements, viz.,
NeoCQuperipol/is, Proxapertites and Palmidites in
good number indicate near·shore swampy
vegetation. Lowland tropical elements, viz.,
/vlatanomadhiasu/cites, Li!facidites, Reti tribrevicol
porites, Tricolpites crassireticulatus and
Kie/meyerapol/enites with wide ecological niche
indicates tropical climatic condition. It is interesting
to observe that in the assemblages of upper twO

seams, Nypa-related pollen, uiz., Spinizonocolpites
occurs as a dominant element and also marine algae
occur frequently which suggests a brackish·water
mangrove type of floral communiC)l. The change

from lo<;ver to upper seams from coastal s~'amp to
mangrO\'e type of \'egetation is attrihuted to
transgressi\'e phase of the sea during the deposition
of upper t\\O coal scams Dominant representation
of fungal spores and fruiting bodies fn the
assemblages of all the coal se:lms indicates ""arm
and hum ide lim a tic con d i t ion s. A b se nceo f
gymnosperms shows a lo",··land topographical
feature of the sedimentary basin

Sah and Singh ( 19:4) on the basis of subsurface
samples of the Tura Formation in Gam Hills
proposed DandOliaspora leloilata Cenozone for the
coal seams Singh, Singh and Sah (197')) further
recognised four subzones, viz., Po/yco/piles cooksonii
subzone, Palmaeopo/leniles commfllllS sub/.one,
Lycopodillilfsporites palaeocelliclIs subzone and
Danclotia~pora te/onala subzone. In this study the
assemblage shows more or less similar tloral
compOSition with that of Garo Hills (Sah & Singh
1974, Singh, 197:, Singh, Singh & Sah, 197') but
lJuantitatively the patterns are dissimilar. This
assemblage interestingly is similar to that of the
equi\'alent Palaeocene deposits, viz., Lakadong
Sandstone and Therria Sandstone of Meghalaya
(Raksi, 1962; Biswas, 1962; Sah & Dutta, 1967; Dutta
& Sah, 1970; Kar & Kumar, 1986a). Palaeocene
assemblage of Meghalaya and Matanomadh
Formation (Sa xen3, 1978, 1980) of Kutch seems to
be hOl11otaxial with this assemhlage, suggesting
Palaeocene age to Langrin Coalfield assemblage.
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The surface samples from Disang (Eocene). Laisong (Lower Oligocene). Jenam (1\liddle Oligocene), Renji
(Upper Oligocene) and Bhuban (Lower ,v(iocene) formations exposed along Sikhar· Halflong road in (he t\·pc area
in Assam were palynologically investigated. Six samples studied from l)isang arc placed inll) Strtatrileles

microverruCOSliS Cenozone. Laisong palynological assemblage comprises .30 genera and 2X ideillifiable specic~ and
the entire assemblage is placed into Osmundacidites L{'ellmanii Cenozone. The .Jenam asscmblage has 49 gellera
and 42 ideillifiable species and the assemblage is divisible into (i) .llalayaea,pom coslala CenO/one. ami \ ii)
Strialrileles slIsannae Cenozone. The Renji assemblage constitutes G)'atbidiles minor Cenozonc. The Ilhuban
assemblage is placed illlo PinLispollenites creSIllS Cenozone. 'me l)isang palynological assemblage i~ distingui,hed
from Laisong by the high representation of Pbragmolbyrites eocaenicllS and Strialriletes slIsannae. I.aisollg IS

differentiated from Jenam by the dominance of Cyalbidites minor, Lygodillmsporites lakiensis, Sirialriletes sllsannae

and Sirialriletes mlliticostatlls. In Renji Formation. Cyatbidiles lIIinor reappears in a good percemage bUI frequenc\'
of Polypodiaceaesporites tertiartls, Strialriletes SlIsannae, Siriatrilele.' IllltltlcoStatw' and OSlllllndacidites {{'ellmanii

is considerably reduced. nle Bhuban assemblage is distinguished from Renji h\' the abundance (If PinllSjJollelliles

creslus and Podocarpidifes kbasiensis.

Key-words- Palynology, Barail Group, Oligocene (India l.

R. K Kar, lJirhal Sabni InSlilllfe of Palaeohotany. 53 lJnil'ersily J<oad. Lllelmoll' .!.Hi (J(J7, India.
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THE Barail Group is named after the Barail Range
situated in Cachar and north Cachar Hill districts of
Assam. The geosynclinal sediments of this group in
Surma Valley are divided into Laisong, Jenam and
Renji formations whereas in Upper Assam and Naga
Hills, these are known as Naogaon, Baragolaj and

Tikak Parbat formations. To know the palynological
assemblage of this group from the type locality,
samples were collected from Silchar-Halflong road
section (Lar. 25°2' • Long. 92'45') in collaboration
with the Oil and Natural Gas Commission, Calcutta.
In all, 228 samples were collected-6 samples from
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Text-figure l-Ge<)l<lgic~1 Illap or Sikhar Ilaln<lng road ShO\\'lng lht' disiriblilion or Disang. I:,hong..it'nal1). Iknit and Uhllhan
rorlllal ion,

Disang, 130 samples from Laisong, 50 samples from
jenam. 28 samples from Renji and 1~ samples from
Bhuban (Text-fig. J).

GENERAL GEOLOGY

Sikhar·J-!aIOong road exposes Disang, Laisong,
jenam, Renji, Bhuban and BokabiJ formations.

Oisang consists generally of shale with minor
sandstone/siltstone. The shales are mainh' black to
clark, steel·grey, weathering to reddish· brown in
most of the places. This is laminated, highly fissile to
splintery, rarely concretionary and with small clots
of carbonaceous coaly material at places. Disang
shales are fluvial, non·marine Oood·plain deposits
formed in a narrow trough bounded by Barisal·

-+

PLATE 1

(All phOlolllicrographs, unless olherwise mentioned. are x ')00)
1.2,'). .\!alara.easpora COSlella Tri\·edi. Ambwani &. Kar. x 1000:

slide no. HSIP 10032.l'20 1. J\l32" MIG.
3.-.11. t>o/)'podiaceaesporile.< cballeriii Kar: ~Iide nl):;. BSII' 1026').

M36 2: 10266. R2R; 100')4. \'21' I
4.23. SlriCllrilele.' 1I/llllicoSla/II.' Kar &. Saxena: slidl> nos. I1SII'

1.o261, 1'16 I: 10021, N39.

6 ()io)'opbl'/Iidiles Mrriamallis Kar &. KlimaI': slide no. I1SIP
10021. R14'1

H. Cyalbicliles l17illor COllper: slide no. I3SII> 100')"', .13' 2.
9,10. OSll1l1l1dacicli/es ll'e/lrnallii Couper: slide nos. BSIP 10027.

1-4') 3: 100'9, \X'21
12. 7(>clispariles !wlcbellsis Sah &. Kar: slide no. 13SII' 10267.

x 19.

1.'\. t>bral:jlllolhyriles eocaeniclls Edwards emend. Kar &. Saxena;
slide no 10037, 040/2

1-l,1').20.21 KlallsijJolleniles slIlcallis Kar. Kieser & Jain'. slide
nos. 13511' 1004\ 1'12; J0046. L26'3: 10047. L-d: 10039.

R32 -,
16 Spore mass; slide I1l). I3SI I' 100~8. \143 2.
1-:- SPlllizUllocolpiles ecbinallis Muller' slide 110 HSIP 10269,

\20 I.
IR '-a<,!'igalosporiles lakiensisSah & Kar: slide no. BSII' 100"'4,

N2'i 4.

19. Telral'olporale pollen; slide no. BSIP 10023, D28.·4.
22. Pla.lysacclls jJapilionis POlQnie &. Klalls: slide 110. BSIP

10079, M4.~.

2-1. Abiespolleniles cognalils Kar: sl ide 110. BSI P 102M. 7:8/4.
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Chand pur high in the west with ancestral Arakan
YOllla ridge in the east. Disang shales are not related
to the shelf carbonate-clastic deposits of Khasi and
jaintia hills

Disang is overlain by a conformable thick group
of alternating hard sandstone and shale known as
Barail Group. The Laisong is its basal formation and
it generally consists of sandstones with occasional
interbeds of shales and siltstones. The sandstones
are grey to dark grey, weathering to reddish-brown,
medium to coarse-grained, thick-bedded, hard and
compact. jenam, the middle unit of Barail Group, is
essentially an argillaceous unit with shale and
sandstone with minor alternation of fairly thick
sandstone bands. In this section, the sandstones are
more common and consist more or less equal
propOrtion of sandstone and shale. The shales are
dark grey lO grey, laminated and carbonaceous at
places. This formation shows conformable and
gradational contact with the underlying Laisong
Formation.

The topmost Renji Formation comprises entirely
sandstone with occasional thin bands of highly
fossile silty shale. The sandstones are dirty-grey to
greenish-grey with tinge of violet, occasionally
pinkish. weathering to yellOWish-brown. The dicot
leaf-impressions are mostly found in this formation.
It is difficult to demarcate the contact of jenam with
overlying Bhuban, as the lower beds of Bhuban are
highly arenaceOLlS. However, the presence of
frequent shales and conglomerate bands in Bhuban
separates it with underlying Renji Formation.

DISANG ASSEMBLAGE

Out of 6 samples collected and macerated from
Disang, 5 samples yielded palynofossils. The
samples are poor in spores and pollen grains. The
following species are recorded:

Cyatbidites minor Couper 1953
Todisporiles major Couper 1958
Dictyopbyllidites dlilcis Kar 1985
fnfrapunctisporis il'llrapunctis Krutzsch 1959
Lygodi/lmsporiles lakiensis Sah & Kar 1969
Sfriatriletes susannae van del' Harnmen emend.

Kar 1979
5 paucicostatus Kar 1985
5 mullicostatus Kar & Saxena 1981
5 micro1ierrucosus Kar & Saxena 1981
Osmu ndacidites wellmanii Couper 1953
PolJPodiaceaesporiles cballeljii Kar 1979
P tertiarus Dutta & Sah 1970
P levis Sah 1967
Polypodiaceaesporites sp.
Polypodiisporites repandus Takahashi 1964

Psiloscbizosporis psilata Kar & Saxena 1981
Podocalpidiles kbasiensis Dutta & Sah 1970
Pinuspollenifes crestus Kar 1985
Piceapollenites excellensus Kar 1985
Klausipolleniles sulcalus Kar, Kieser & jain 1972
Taeniaesporiles sp.
Hamiapollenites sp.
Neocouperipollis acbinatus (Sah & Kar) Kar &

Kumar 1986
JII/argocolporiles Isukadai Ramanujam 1966
Pellicieroipollis langenbeimii Sah & Kar 1970
Palaeomaluaceaepollis mammilalus Kar 1985
Phragmolbyriles eocaenicus Edwards emend.

Kar & Saxena 1976
Parmalbyrites indicus jain & Gupta 1970
NOfothyriles selzjerus Cookson 1947
Inaperlusporiles keduesii Elsik 1968
fnaperl1-lsporites sp.
Diporisporites anklesuarensus (Va rma & Rawat)

I:::lsik 19M
'Sumalradinium sp.
The reworked gymnospermous Mesozoic forms

in the assemblage are: Klausipolleniles sulcatus Kar,
Kieser & jain 1972, Taeniaesporiles sp. and
Hamiapolleniles sp.

Palynological Zonation

The Disang palynological assemblage is
assigned to one palynological zone, named as
Slriatrileles microlJerrucosus Cenozone.

Slrialrileles microuerrucosus Cenozone

Type section-Silchar-Ha!flong road section near
Bandarkhal Village at the U-shape bend of the road
(0-5, Text-fig. 1).

Litbology-Mostly highly fissile to splintery
shales, generally with alternation of
sandstOne/si Itstone.

Lower conlacl-Thin band of sandstone.
Upper conlacf-Hard sandstone.
Distinguishing characlers oj Cenozone-This

zone is represented by the dominance of Cyalbidites
minor, Striatriletes microverrucosus, Polypodiaceae
sporifes terliarus, Pinuspolleniles crestus and
Phragmothyriles eocaenic us.

Palaeoecology-The sediments were deposited
mostly in fresh water condition.

Age-Late Eocene.
Correlation with other cenozones-This

cenozone is not comparable to any of the known
cenozones.
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Text-figure 2-l'ercentage of different spore·pollen species in
Laisong Formalion.

telonata, Densoisporites Sp., Verrucosisporites Sp ..
Dulbuntyispora dulbuntyi, Klausipollenites sulcatus
and Neocouperipollis achinatus (Text·fig. 2).

Palynological zonation-The assemblage is
assigned to the Osmundacidites wellmanii
Cenozone.

"""""''' ,,,,,,,,,,eo,,,,",~
POLYPODIACEAESPORITES TERTIARUS~ I
PODOCARPIDITES KHASIENSIS

Osmundacidites wellmanii Cenozone

Type section-Silchar·Halflong road section,
oppOSite to Bandarkhal Village (40-0, Text-fig. 1).

Lithology-Hard sandstone with occasional
layers of shale and siltstone.

Lower contact-Hard sandstone.
Upper contact-Hard sandstone.
Distinguisbing cbaracters oj Cenozone-lt i:

recognized by good representation of Cyatbidite
minor, Osmundacidites wellmanii, Striatrilete
m ic roverru cosus, Polypodiaceaesporites tertia ru:
Pinuspollenites crestus and fnapertusporites kedvesi

Palaeoecology-The sediments were deposite,
in flUViatile conditions.

Age-Early Oligocene.
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PELLICIEROIPOLLIS LANGENHEIMII

PHRAGMOTHYRITES EOCENICUS

NOTOTHYRITES SETIFERUS

OSMUNDACIDITES WELLMAN"

CYATHIOITES MINOR

INAPERTUSPORITES KEDVESII

TOOlS PORITES MAJOR

DELTOIDOSPORA SP

DICTYOPHYLLIDITES DULCIS

LYGODIUMSPORITES LAKIENSIS

DINOFLAGELLATES

PINUSPOLLENITES CRES TUS

~~

~i

LAISONG ASSEMBLAGE

This formation is well exposed along Silchar
Halflong road section. One hundred and thirty
samples were macerated, out of which 70 samples
yielded microfossils. Palynotaxa recovered from this
formation are listed below:

Cyathidites minor Couper 19'53
Todisporites major Couper 19'58
Dictyopbyllidites dulcis Kar 1985
Lygodiumsporites lakiensis Sah & Kar 1969
fntrapunctispons apunctis Krutzsch 1959
f. intrapunctis Krutzsch 1959
Lycopodiumsporites palaeocenicus Dutra & Sah

1970
L. globatus Kar 1985
Lycopodiumsporites sp.
Osmundacidites wellmanii Couper 1953
Striatriletes susal111ae van der Hammen emend.

Kar 1979
S. paucicostatus Kar 1985
S. multicostatus Kar & Saxena 1981
S. microverrucosus Kar & Saxena 1981
Malayaeaspora costata Trivedi, Ambwani & Kar

1981
DeLtoidospora sp.
Dandotiaspora telonata Sah, Kar & Singh 1971
Densoisporites sp.
Verrucosisporites sp.
Dulbuntyispora dulbuntyi Potonie 1956
Polypodiaceaesporites tertiarus Dutta & Sah

1970
P cbatterjii Kar 1979
Polypodiisporites repandus Takahashi 1964
PodocaJpidites khasiensis Dutra & Sah 1970
Pinuspollenites crestus Kar 1985
Klauslpollenites sulcatus Kar, Kieser & Jain 1972
Neocouperipollis acbinatus (Sah & Kar) Kar &

Kumar 1986
Tetracolporites sp.
Monoporisporites sp.
Palaeomalvaceaepollis mammilatus Kar 1985
fnapertusporites keduesii Elsik 1968
Phragmotbyrites eocaenicus Edwards emend.

Kar & Saxena 1976
Bicellaesporites sp.
Diporicellaesporites sp.
Spin iJe rites bypercan tb us (D efl and re &

Cookson) Cookson & Eisenack 1974
S. bulloideus (Deflandre & Cookson) Sarjeant

1970
Operculodinium sp. d. O. centrocalpum

(Deflandre & Cookson) Wall 1967
In addition, 6 genera and 4 species are

reworked palynofossils, viz., Dandotiaspora
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Text-figure 3-Percell[age of oitTerel1l palynotaxa in Jenam Formation.

CorreLation u'itb other cenozones-This zone
resembles StriatriLetes microuerrllCOSUs Cenozone in
the common presence of several forms but is
distinguished by its high representation of
Osm 1-1 ndacidites weLLmanii.

JENAM ASSEMBLAGE

Fifty samples from this formation was macerated
and 38 samples yielded spores and pollen grains

belonging to following 49 genera and 42 identifiable
species (Text-fig. 3).

Cyatbidites minor Couper 1953
Todisporites major Couper 1958
DictyopbyLLidites duLcis Kar 1985
Lygodiumsporites Lakiensis Sa h & Kar 1969
DeLtoidospom sp.
Intrapunctisporis apll nctis Krutzsch 1959
ALsopbiLidites sp.
Dandotiaspora pLicata (Sah & Kar) Sah, Kar &

Singh 1971

PLATE 2 -
(All pho[omicrograrhs, unless ()[henYise meillioned, are x SOO)

I. PO~)JpodiaceCiesporiles lellis Sah; ~Iide no SSTI' 10082.
H26:'4

2.4. Po/FPodiCiceCies/ioriles cbClllerjii Kar: slide nos. RSIP
100H3. IUS I, 100H4, P34'1.

3.IH.2! Cyalbidiles minor Couper: slide nos. 1:3SI r 10021. T30:
1008H, 7.34; J0078, lin

S,26. Osmllndacidites lI'elimanii Courer: ~Iide nos. 13SI!'
100H3. P26' 3; 10089. 026'3.

6. No(olbyriles seli(ems Cookson: slide no. SSIP 10036,
Hill

7.11 Phl'Clgmolhyrite,· eocaeniCIiS Edwards emend. l<3r· slide
nos. \:lSI!' 10028. S36: 10037,040 2

H. Podocarpidiles khasiel/sis Sail 8< Kar; slide no. RSIP
[0026; T30

9 Todisporiles klllCbel/sis Sah & Ka,-; slide no HSIl' 10070.
L22.

10. IndOlriradtles SPCI/-.'ilIS Tiwari: sl ide no. BSI P 10092,
\XI4 S,' 3-

12. KIClIIsipollel1iles slilcalliS Kar, Kieser & Jain; slide no.
1:351[' 10029, R48

13.1~ .15. PolypodiaceCiesporiles bam-dli Thiergan; slide nos.
BSIP 10086, Q42/4; 10092. UI2/4; 10093, G26

16. Birelisporiles COl1ueXIiS Sah & Kar; slide no. BSIP 10079.
R34/2.

17.22.24. Lygodiumsporiles lakiensis Sah & Kar: slide nos BS1P
10021, R34; X23; 10094. RI3/·j

19. Parmalhyriles indicus Jain & Gupta; slide no. BSIP
10037, lJ44.

20. T.wgClepollenil.es lIelalus Kar: slicle no. BSIP 10091.07
23. Lycopodiumsporiles global liS Kar; Slide no. BS1P 10096.

l-nS/4.
2). Triporoleles sp: slide no. BSIP 10067. Y28.



KA.R-PALYNOLOGICAL STUDIES OF l3A.RJ-\lL GROUP 235

o

..
-
~.

.' .
;'..... .~'!, :",,50'..

QQ£¥ 18

." :'~~.'",".;::..'f: .

L
&~·~,~:·,:, ~.

.; ;'f.~' ','
~" •..•:. I •

.,.-' _.'~ : _::'

2.5

;'\""..,.~" ....
"'~i "'~'t;,'1' . ~~ ...... . "

l.4 .~~' ~~ ._1 • '~.
,,_·~;v:"Ot

.~ .~¥ - .;~ .;'
•• I'; ~ ;-4.' " ~..-:--.
};,.,"':" ''''''.;r......- .'-:k:.......-sf- ..~-::-.'r. .

•r'~. "\'
21

PLATE 2

...
.,'



236 THE PALAEODOTANIST

Neocalamospora sp.
Azolla aglochidia Kar 1985
Osmundacidites wellmanii Couper 1953
Lycopodiacidites sp.
Lycopodiumsporites globatus Kar 1985
Striatriletes susannae van der Hammen emend.

Kar 1979
S. paucicostatlls Kar 1985
S. multicostatus Kar & Saxena 1981
S. microuerrucosus Kar & Saxena 1981
Cheilanthoidspora monoleta Sah & Kar 1974
Verrucosisporites sp.
Polypodiaceaesporites leuis Sah 1967
P. tertiams Dutta & Sah 1970
P. chatterjii Kar 1979
P haardti Thiergart 1940
Po~ypodiisporites repandus Takahashi 1964
P. ornatus Sah 1967
Tiwariasporis sp.
Pilamonoletes excellensus Kar (MS.)
Psiloschizosporis psilata Kar & Saxena 1981
Psiloschizosporis sp.
Podocarpidites khasiensis Dutta & Sah 1970
Abiespollenites cognatlls Kar 1985
Pinuspollenites crestlls Kar 1985
Piceapollenites excellensus Kar 1985
Klauslpollenites sulcatus Kar, Kieser & Jain 1972
K. decipiens Jansonius 1962
Platysaccus sp.
Rhizomaspora radiata Wilson 1962
Tsugaepollenites uelatus Kar 1985
Neocoupenpollis kutchensis (Venkatachala &

Kar) Kar & Kumar 1986
IV. achinatus (Sah & Kar) Kar & Kumar 1986
Spinizonocolpites echinatus Muller 1968
Magnamonocolpites miocenicus Kar 1985
Tricolpites reticulatus Cookson 1947
Retitrescolpites sp.
Acanthotricolpites brevicolpus Kar (MS.)
Platoniapollenites iratus Sah & Kar 1974
Retistephanocolpites sp.
Tetracolporites sp.
Polyadopollenites sp.
Pellicieroipollis langenheimii Sah & Kar 1970
Palaeomalvaceaepollis mammilatlts Kar 1985
[napertusporites keduesii Elsik 1968
Phragmothyrites eocaeniCliS Edwards emend.

Kar & Saxena 1981
Notothyrites setiJerus Cookson 1947
M(moporisporites spp.
Lacrimasporonites sp.
Bicellaesporites sp.
Pluricellaesporites sp.
lvlulticellaesporites sp.
There are also few dinoflagellates in the

assemblage. The above list includes reworked
Palaeozoic, Mesozoic and older Tertiary forms, too.
These are: Neocalamospora sp., Klausipollenites
sulcatus, KlallSlpollenites declpiens, Platysaccus sp.,
Rhizomaspora radiata, Neocollpenpollis kutchensis,
Neocouperipollis achinatus, Spinizonocolpites
echinatlls, Platoniapol!enites iratllS and
Pellicieroipollis langenheilJ1ii.

The assemblage is divisible into (i)
/vlalayaeaspora costata Cenozone, (ii)
Po~vpodiaceaesporites tertiarliS Cenozone, and (iii)
Striatriletes S71SaJI11ae Cenozone in ascending order.

Malayaeaspora costala Cenozone

Type sectiol1-Silchar-Halflong road section
be[\-veen 76-0-88-50 pOints (Text-fig. I).

Lithology-Mainly sandstOne with occasional
thin layers of carbonaceous shale.

Lower contact-Thick sandstone.
Upper contact-Thick sandstOne.
Distinguishing characters oj Cenozone-This

has the dominance of Malayaeaspora costata,
Striatriletes microlJerrucoslls, Osmundacidites
luellmanii and Pozypodiaceaesporites tertiarus.

Palaeoecology-The deposition took place in
flUviatile conditiOll.

Age-Middle Oligocene.
Correlation with other cenozones-This

cenozone compares well with the Osmundacidites
wellmanii Cenozone of Laisong Formation in the
representation of Osmundacidites wellmanii,
Striatriletes microuerrucosus and Po~ypodiacea

esporites tertiarus. However, insignificant
contribution by Cyathidites minor and
Pinllspollenites crestus and prominent representa
tion of Malayaeaspora costata differentiate this
cenozone.

Polypodiaceaesporites tertiarus Cenozone

Type section-Silchar-Halflong road section
between 90-0 to 90-205 points (Text-fig. 1)

Lithology-Hard, compact sandstOne with
alternation of shale.

Lower contact-A sandstOne band.
Upper contact-A sandstOne band.
Distinguishing characters oj Cenozone-

Abundance of Po~vpodiaceaesporites tertiarlls,
Striatriletes microverrllcosus, Phragmothyrite:
eocaenicus and Notothyrites setiJerus.

Palaeoecology-The sediments were deposited
in flUViatile condition.

Age-Middle Oligocene.
Correlation with other cenozones-
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Malayaeaspora costata Cenozone resembles this
zone in the presence of Striatrifetes
microverrucosus, Osmundacidites ll'ellmanii and
Polypodiaceaesporites tertiarlls. However, substantial
contribution of Phragmothyrites eocaenicus and
Notothyrites setljerus in this cenozone distinguishes
it from the preceding one.

Striatriletes susannae Cenozone

Type secfion-Silchar-Halflong road section
between 93-17 to 98-0-5 points (Te»."t-fig. [)

Litbology-Mostly sandstOne with thin partings
of carbonaceous sha Ie.

Lower contact-Thick sandstone.
Upper contact-A hard sandstOne band.
Distinguisbing cbaracters oj Cenozone-Fair

presence of Striatriletes susannae, Striatriletes
multicostatus, Striatriletes microverrucosus,
Lygodiumsporites lakiensis and Polypodiaceaesporites
tertiarus.

Palaeoecology-The sediments were deposited
in fluviatile condition.

Age-Middle Ollgocene_

Correlation witb otber cenozones
Polypodiaceaesporites tertiarus Cenozone is not
correlatable with the present one_ Striatriletes
susannae Cenozone of Rokhia bore hole core no. I,
Gajalia 1 and Baramura 2 closely resemble this
cenozone as the assemblage is dominated by
Striatriletes. Phragmothyrites eocaenic us Cenozone
of Lakwa bore hole core no. 22 resembles this
cenozone in the representation of Striatriletes
susannae but is differentiated by its ill
representation of Phragmotbyrites eocaenicus.
Striatriletes susannae Cenozone of Lakwa bore-hole
core no. 22 compares well with this assemblage in
the dominance of Striatriletes susannae but other
constituents, e.g., Inapertusporites keduesii,
Pbragmotbyrites eocaenicus and Tricolpites
reticulatus are not found in good percentage in the
present cenozone.

RENJI ASSEMBLAGE

Twenty-eight samples from this formation were
macerated, out of which 17 samples yielded
palynofossils The following 47 genera and 52
species were recovered:

Cyathidites minor Couper 1953
Deltoidospora sp.
Alsopbilidites sp_
Todisporites kutchensis Sah & Kar 1969
T major Couper 1958
Lygodiumsporites lakiensis Sah & Kar 1969

Lygodiu I11sporites sp.
Biretisporites collvexus Sah & Kar 1969

Intrapulleti~poris intrap"llctis Krurzsch [959
I. apunctis Krurzsch 1959
Dictyopbyllidites dulcis Kar 1985
D. kyrtomatus Kar & Kumar 1987
Lycopodiumsporites globallls Kar [98'i
Lycopodiacidites sp.
Osmundacidites u'e!lmanii Couper 1953
Striatriletes susannae van der Hammen emend.

Kar 1979
S. paucicostatus Kar 1985
S. mlilticostatus Kar & Saxena 1981
S. microuelTlicosUS Kar & Saxena 1981
S. aidaensis Kar 1985
Neocalamospora rotunda Bose & Kar 1976
Densoisporites velatlls Weyland & Krieger 1953
Microbacllli~poragondwanensis Bharaclwaj 1962
lIerrucosi~porites sp.
Dulbuntyispora dlllbuntyi PotOnie 1956
Laevigatosporites laf2iensis Sah & Kar 1969
Polypodiaceaesporites levis Sah 1967
P. tertiarlls Dutra & Sah 1970
P. chatte/jii Kar 1979
Polypodiisporites repandus Takahash i 1964
Seniasporites sp.
Pilamonoletes moderatlls Kar (MS_)
Psiloscbizosporis psilata Kar & Saxena 1981
P. scabratus Kar 1985
Podocarpidites classicus Salujha, Kindra &

Rehman 1972
Pinuspollenites crestus Kar 1985
Piceapollenites excellensus Kar 1985
Abiespollenites cognatus Kar 1985
Tsugaepollenites uelatus Kar 1985
Cuneatisporites radialis Leschik 1955
C. reticulatllS Kar, Kiesser & Jain 1972
Platysaccus papilionis PotOnie & Klaus 1954
Klauslpollenites sulcatus Kar, Kieser & Jain 1972
Lahirites raniganjensis Bharaclwaj 1962
Striatopodoca/pites diJJusus Bharadwaj &

Salu jha 1964
lIerticlpollenites secretus Bharadwaj 1962
Rbizomaspora costa Venkatachala & Kar 1968
Palmaepollenites kutcbensis Venkarachala & Kar

1969
Neocouperipollis kutcbensis (Venkarachala &

Kar) Kar & Kumar 1986
Neocoupenpollis sp.
Retitrescolpites sp.
Minutitricolporites minutus (Sah & Kar) Kar

1985
Tetracolporites sp.
Pellicierolpollis langenbeimii Sah & Kar 1970
Palaeomalvaceaepollis mammilatl1s Kar 1985
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Text-figure 4-I'ercenlage of dift'erent species in !{enii Formation,

P. rudis Kar 1985
Polyadopollenites sr.
Phragmothyrites eocaenicus Edwards emend.

Kar & Sa xena 1976
Ku tchiathyrites eccentric us Kar 1977
InapertZispOrites keduesii Elsik ] 968
Plu ricellaesporites sp.
Dinoflagellates
The reworked Palaeozoic forms found in this

assemblage are: Neocalamospora rotunda,
IHicrobaculispora gondwanensis, Verrucosisporites
sp., Dulbuntyispora dulbuntyi, Platysaccus
papilionis, Labirites raniganjensis, Striatopodo
carpidites dUjusus, Verticipollenites secretZis and
Rbizomaspora costa. Mesozoic reworked forms are
not many; they are represented by Densoisporites
uelatus, Cuneatisporites reticulatus and
Klausipollenites sulcatus. The older Tertiary species
encountered in the assernblage are: Palmaepollenites
k uteben s is, N e 0 c 0 up e r ip 0 II is k ut cben s is,
Neocouperipollis sp., /Itlinutitricolporites minutus and
Pellicierolpollis langenbeimii (Text,fig. 4).

Palynological Zonation

This palynological cenozone is named as
Cyathidites minor Cenozone.

Cyatbidites minor Cenozone

Type section-Silchar·I-Ialflong road section
between 100·0 to 104·60 points (Text,fig. 1).

Lithology-Sandstone with occasional thin bands
of highly fissile silty shale.

Lower contac/-A hard sandstone.
Upper con/act-Sandstone.
Distingllishing cbaracters oj Cenozone-This

shows the presence of Cyatbidites minor, striatriletes
microuerrllcOSlIs, Striatriletes paucicosta/us,
Pinuspollenites crestlls and Podocarpidites
kbasiensis.

Palaeoecology-The sediments were deposited
in fluviatile environment.

Age-Late Oligocene
Correlation witb other cenozones-Striatriletes

susannae Cenozone-the topmost cenozone of
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Text-figure 5-Summarv diagram showing the represemat;lln or
different eCll!ogical groups in Laisllng. Jenam and Renji
rorma[illn~,

]enam Formation, broadly resembles this cenozone
in the abundance of Strialriletes micror-en-ucoslls.
However. other dominant species of Jenam
Formation, viz., Slrialrileles Sllsarmae, Slrialrileles
mullicoslatus and Polypodiaceaesporites terlianls
though present in Renji Formation do not contribute
much to the assemblage. Similarly, Slriatrileles
susannae Cenozone of Rokhia 1, Gajalia 1 and
Baramura 2 proposed by Kar (MS) is only broadly
comparable (Text-fig. 5)

Cyalbidiles minor Cenozone proposed for
Lakwa bore-hole core no. 22 by Kar (MS) berween
the depth 3855·3390 m resembles this cenozone in
the presence of Cyalbidites minor in good numbers
but the other dominant elements like
Polypodiisporites repandus, Polypodiaceaesporiles
sp., Slrialrileles susannae and Phragmotbyrites
eocaenicus are not found in appreciable percentage
in this cenozone (Text·fig. 6).
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BHUBAN ASSEMBLAGE

To distinguish the Upper Renji Formation from
the Lower Bhuban at Silchar-Halflong road section.
1"1 samples were collected and macerated out of
which 9 samples yielded the follOWing palynological
taxa:

(vatbidiles minor Couper 1953
Todisporiles major Couper 1958
DellOidospora sp.
Diuyopbyllidiles dlilcis Kar 198')
Lygodillm~poriles lakiensis Sah & Kar 1969
fntrapll nc tisporis apu nctis Krutzsch 1959
Pleridacidites jistliloslis Sah 1967
Azolla aglocbidia Kar 1984
Osmundacidiles wellmanii Couper 1953
Lycopodillmsporiles globallis Kar 1984
Lycopodiacidiles sp.
Slrialrileres sllsannae van der Hammen emend,

Kar 1979
S. paucicoslalils Kar 1985
S. mulricoslallls Kar & Saxena 1981
S. microverrucosus Kar & Saxena 1981
S. aidaensis Kar 1985
Malayaeaspora costala Trivedi, Arnbwani & Kar

1981
fndotriradities ~parsus Tiwari 1964
fndotrirad iles korbaerzsis Tiwari 1964
fndorriradiles sp.
Neoca/amospora rOlunda Bose & Kar 1976
Psilaplicales Iriangulus Bose & Kar 1976
LaelJigalOsporires lakiensis Sah & Kar 1969
Po~ypodiaceae~porites levis Sah 1967
P cballerjii Kar 1979
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REF. TEXT-FIGl

Text-figure 6-l'ercemage o!- rewlJrkee! Palaeoloic ane! Mesozoic
~pore-po!len in Renji Formation,
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'0 IS 20
REWORI(E 0 FORMS

(IN NUMBERS)

Text-figure 7- DiSlribul ion of reworked Palaeozoic and

Mesozoic species in Bhuban Formalion.

Pinuspollenites crestus Cenozone

Type section-Silchar-Halflong road section
between 107 to 115-0 points (Text-fig. I).

Lithology-Mainly sandy shale and sandstone.
Lou'er contact-A hard sandstone band.
Upper contact-Sandstone.
Distinguishing cbaracters oj Cenozone

Dominance of gymnospermous pollen grains
represented by Pinu~pollenites crest us and
Podocarpidites khasiensis and presence of
Palaeozoic and Mesozoic forms (Text-fig. n.

PalaeoecologrThe sediments were deposited
in a flood plain.

Age-Miocene.

decipiens, Callialasporites monoalasporus,
Callialasporites segmentatlls, Cu neatisporites
reticulatus and Platysaccus queenslandii.

It is to note here that no Palaeocene· Eocene
palynofossils are met within the samples studied
here. Such abundance of reworked Palaeozoic and
Mesozoic forms in the assemblage is nowhere found
in the section. This feature may be considered to
distinguish it from the older formations. Perhaps the
Himalayan upliftment continued to influence the
deposition. The angiosperms are represented only
bv two genera and their contribution is also
insignificant. However, the gymnosperms and the
pteridophytes are well represented.

Palynological zonation-Fifteen species are
well represented in the samples. The distribution
pattern of these species are more or less same,
therefore, only one cenozone, viz., Pinuspollenites
crestlls Cenozone is proposed for this formation.

107·0-\ -{)}11 I I I

"....., MESOZOIC FORMS

)(-X PALAEOZOIC FORMSj \",.
)

/
!

/

/'
'~,

SAMPlE POINT
~EF TEXT·FlG.\

• __ 1
115-0-3.(--:-:_'::

115-0-1

107· 0·" j:;:~':-

10" 0-8 -I~~~~~I

107 ·0-2 {.!-!.:~

107.0-41::::::;:::·

P baardti Thiergart 1940
Polypodi/\poriles repandlts Takahashi 1964
P ornallls Sah 1967
Psiloscbizo~poris psilala Kar &. Saxena 1981
Pilamonoletes moderallts Kar (]\'1S J
Podocclipidites kbasiensis Dutta &. Sah 1970
Pil1llspollenites cresills Kar 1985
Ahiespollenites cognatlls Kar 1985
TSllgaepollen iles uelaliis Kar 1985
Klallsipolleniles slllcatlls Kar, Kieser &. Jain 1972
K. declpiens Janson i us 1962
Callialasporites monoalasporus De\' 1961
C. segmelllatlls (BalmeJ de Jersey 1962
Clll1ealisporiles reticlllallts Kar. Kieser &. Jain

1972
C. radialis Leschik 1955
Platysaccus papilionis Potonie &. Klaus 1954
P {jlteenslandi de Jersey 1962
Corisaccites all/tas Venkatachala &. Kar 1969
Lltnatisporiles sp.
Striatopodocclipites difjllslls Bharadwaj &.

SaluJha 1964
S. /ieJlllstus Bharadwaj 1962
Rhizomaspora costa Venkatachala &. Kar 1969
Faltmpolleniles /Jarills Bharadwaj 1962
Limiti~porites plicaills Bpse & Kar 1966
Hindipolleniles sp.
Elilasacciles elilaensis Bose &. Kar 1966
Parasaceites korbaensis Bharadwaj &. Tiwari

1964
Potonieisporites sp.
Plicatipollenites gondwanensis Lele 1964
Diuarisaceus lelei Venkatachala & Kar 1966
Palaeomaluaceaepollis mammilatlls Kar 1985
Polyadopollen ites sp.
Nototbyrites setzferus Cookson 1947
Pbragmothyrites eocaenicus Ed\vards emend.

Kar & Saxena 1976
Cordosphaeridium eXilimurum Davey &

Williams 1966
The assemblage has a large number of reworked

Palaeozoic and Mesozoic palynofossils. The
Palaeozoic spores and pollen grains recovered are:
Indotriradites korbaensis, lndotriradites spars/./s,
Indotriradites sp., Neocalamospora rotunda,
Psilaplicales trianglllus, Cunealisporiles radialis,
Platysaccus papilionis, Corisacciles alutas,
Llmatisporites sp., Sirialopodoca/pites dijjusus,
Striatopodoca Ipites uenustus, Fau nipollenites uarius,
Limitisporites plicatus, Hindipollenites sp.,
Elilasaccites elilaensis, Parasaccites korbaensis,
Potonieisporites sp., Plicatipollenites gondwanensis
and DiuarisacLus lelei.

The Mesozoic forms found in the assemblage
are: Klausipollenites sulcatus, Klausipollenites
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Text-figure 8 - D;slribUl ion of stratigraphically i Illponanl spore· pollen species in Disang, Laisong. Jenam, Rel1ji and f3huban

formations.

Correlation witb other known Cenozones-This
cenozone resembles Pinuspo/!enites crest us
Cenozone of Rokhia bore·hole core no. 1, Gajalia
bore-hole core no. 1 and Baramura bore· hole core
no. 2 by Kar (MS) The present one, however,
slightly differs In the better representation of
Podocalpidites kbasiensis and in the absence of
Opercu/oscu/ptites g/obatus

DISCUSSION

Samples from Disang, Laisong, Jenam, Renji and
Bhuban formations were investigated to distinguish
the Disang (Upper Eocene) and Laisong (Early
01 igocene) and to find out the finer differentiation
of Barails and Renji (Late Oligocene) and Bhuban
(Miocene) palynological boundary.

It has been observed that Disang and Laisong
can be separated on the basis of palynofossils. In
Disang Pbragmotbyrites eocaenicus and Striatri/etes
susannae are found in good percentage. In Laisong,
these twO species are hardly found and instead
Osm u ndacidi tes we//manii a re very we II
represented. The contribution of Polypodiaceae·
sporites tertiarus is aIso comparatively reduced in
the Laisong assemblage whereas that of Striatri/etes
microuen'ucosus is considerably increased (Text·fig.

8)
Laisong and Jenam formations are distinguished

on the basis of the distribution of Cyathidites minor,
Lygodiumsporites /akiensis, Striatri/etes susannae,
Striatri/etes mu/ticostatus and Ma/ayaeaspora
costala. In Laisong, Cyathidites minor is prominent
but it is almost absent in Jenam Formation.
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LygodillJnsporiles lakiensis, Siriatriletes sllSamzae,
Sirialrileles mullicoslalliS and J1alayaeaspora coslata
are the dominant clements in ]enam, but are either
ill·represented or IOtally absent in Laisong
Formation

Jenam and Renji formations, on the other hand,
are distinguished on the basis of Cyalhidiles l1Iinor,
PO~)ipodiaceaesporiles lertia rlls, I-'in II.,polle II iles
creslus, OSlJlundacidites ll'eLlmanii, Jlalayaeaspora
coslala and Lygodill msporiles labensis Cyalhidiles
minor reappears in Renji Formation in substantial
percentage but the representation of
Polypod i acea f! spo ri Ie s t f! 1'1 i a I'll S, 5 Iria I r ile I es
Sllsannae, Sirialrileles JIIulticostatlls and
Osmundacidites ll'ellmanii is reduced
L)'godillmsporites lakiensis and /vlalayaeaspora
cOstala are almost absent in Renji Formation.

Renji and Bhuban formations are easily
demarcated by the proportionate occurrence of
gymnospermous pollen grains. Pinllspollenites
creslus and Podocalpidites khasiensis are present in
both the formations, but in Bhuban their
representation is maximum. Beside contribution of
Siriatrileles microuerrllcosus, C)albidiles minor also
considerably dwindles but the percentage of
dinoflagellates increases in Bhuban Formation The
reworked Palaeozoic and Mesozoic forms are also
maximum in this forrnation.

Salujha and Kindra (1986) also worked out the
Palynostratigraphy of the Silchar-Halflong road
traverse and proposed 5 palvnological zones for the
Barail sediments. Of these, only the lower most and
the third zones are moderately fossiliferous; others
are poor in spores and pollen grains All these zones

are not comparable to the present ones as
SlepbanoporopoLlenites ualidlls, Tricolpiles ouatus
and Polyporina globosa found in most of those zones
as dominant forms are absent here. The assernblage
recorded here is dominated by pteridophytic spores
and the angiospermic pollen.

Comparison with other cenozones of Barail
Group

Saxena el at. (1987) proposed Po~ysphaeridium

subtile and Todisporites major cenozones for Lower
and Upper Laisong Formation exposed along
Sonarpur-Badarpur road section, Jaintia Hills,
Meghalaya. Polysphaeridium sublile Cenozone has
abuncjance of phylOplanklOns. Osmundacidites
weLlmanii Cenozone proposed here for Laisong does
not exhibit resemblance as the Sonarpur-Badarpur
assemblage is dominated by dinoflagellates.
However, Cyathidites minor and Lygodiull1sporites
lakiensis are found as dominant species in both.

Todisporites major Cenozone has Cordosphae-

ridium multispinosum, Cordosphaeridium
jibrospinosu Ill, Polysphaeridiu m subtile, Sirialrileles
SIlSai1Jlae, Biretisporites oligocenicus, Todisporites
lIIajor, Lygodiumsporites lakiensis, Lygodiumsporiles
eocr:nicus, Polyadopolleniles sahnii and
fchistepbanocolpites meghalayaensis as dom inant
elemellls. This cenozone resembles the present one
by the dominance of pteridophytic spores and some
of the dominant forms, like Lygodiumsporites
lakiellsis and Todisporites major, are also common.

Saxena et al. (1987) also proposed
Lygodiul7lsporites eocenicus Cenozone for ]enam and
Renji formations This cenozone is characterized by
the high frequency of pteridophytic spores mostly
represented by Striatriletes susannae, Striatriletes
pacbyexinlls, Lygodiumsporiles eocenielfs,
Lygoc!illmsporiles lakiensis, Todisporites major,
f-'olypod iaceaesjJori te s tertia ru s, Podoca rp idi tes

megbalayaensis, Laricoidites punclatus and
Polyadopol!enites sahni/. Out of these, Striatriletes
Sl/sannae, Lygodilli11sporiles eocenicl/s,
Lygodillmsporiles la/<iensis, Todisporites major and
Polypodiaceaesporites tertiarus are also found in
Jenam and Renji, but the present assemblage is more
diversified.
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Palynological investigation of Arthungal bore- hole,
Alleppey District, Kerala

M. R. Rao
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Palynological assemblage from the Arthungal bore· hole (Alleppey District, Kerala) consists of '19 genera and 6')
species of pteridophytic spores and angjospermous pollen. Dinoflagellate Cysts and fungal remains ha\'e also been
reported. Li/iacidites keralaensis and Jacoblpollenites artbuligalensis have been established as new species The
palynological succession has been divided into three cenozones, viz, Triangulorites bellus Cenozone,
Crassoretitriletes uanraadshooueni Cenozone and ,I,faluacearumpollis bakonyensis Cenozone. Palynological data
depict a warm and hUll1id tropical climate with plenty of rainfall during the lime l)f deposition Palynofossils
belonging to lowland, fresh water swamp and water edge, back mangrove and coastal floras have been identified
Palynological succession ranges from Eocene·Early Miocene in age.

Key-words- PalaeopalynoJogy, Palaeoecology, Eocene·Early Miocene (India).

M. R. Rao, Birbal Salmi Institute oj Palaeobotany, 53 Uniuersity Road, Lucknou' 226007, India.
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PALYNOFOSSILS have been recovered from
Arthungal (9 0 39" 32: 76 0 17" 50) bore-hole
(44070 m depth) in Alleppey District, Kerala (Map
1) The area is covered by coastal alluvium
composed of sand and sandy clay. This is underlain
by a sequence of alternating beds of clays and
sandstones with band of lignite. The lithological
details of the samples are dS follows:

1

2.

3
4.
'i.

Depth/range
in m

43070·442.70
418.70·43070
412.70·4Hl70
409.70·41270
37970·40970

lithology

Carbonaceous sand
Clayey sand
Clayey sand
Clayey sand
Clayey sand
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6
7

8
9

10.
11

12.
13
14.
15
16.
17
18.
19.
20.
n
22.
23
24.

32270·37970
27470·32270
271.70·27470
268 70· 27170
24170·26870
20570·24170
15770·20570
151.70·157.70
14270· 151.70
12470·14270
10070·12470
9170· 10070
7670· 9170
46.70· 7670
31.70· 46.70
2270· 3170
1670· 22.70
770· 1670
000· 7.70

Carbonaceous sand
Coarse carbonaceous sand

Clayey sand
Lignite
Carbonaceous sandy clay
Carbonaceous sandy clay
Sandy clay
Sandy clay
Clayey sand
Clayey sand
Clayey sand
Clayey sand

Clayey sand
Sand
Clayey sand
Carbonaceous clayey sand
Sand
Sandy clay
Coarse sand
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Map I-Localities of Tertiary eXflosures in Kerala Basin.

The Tertiary sediments of Kerala coast are
known as Warkallj and Quilon beds; they were first
described by King (1882) and Foote (1883) The
Quilon beds consist of fossiliferous limestOnes with
intercalations of calcareous clays, carbonaceous
clays and sands, while the Warkalli beds include
variegated sandstone interbedded with white plastic
and variegated clays, carbonaceous clays and seams
of lignite or peaty lignite. The Tertiary sequence
rests unconformably over the Archean crystalline
complex and is succeeded by recent to subrecent
marine and estuarine sediments (Poulose &
Narayanaswami, 1968).

Palynological studies of the TertialY sediments
of Kerala have been done by Rao and Vimal (1953),
PotOnie and Sah (1960), Ramanujam (1977),
Ramanujam and Rao (971), Rao and Ramanujam
(1978, 1982), .Kar and Jain (981), Varma,
Ramanujam and Paril (1986) and Varma (1987).
Raha, Rajendran and Kar (1987) for the first time
reponed Eocene·Early Miocene palyno·assemblages
from 600 metres deep bore· hole near Ambalapuzha
in A1leppey District, Kerala.

Out of 24 samples, 18 are productive. The
palynofossils include 49 genera and 65 species of
pteridophytic spores and angiospermous pollen.
Dinoflagellate cysts and fungal remains are also
present. The slides and negatives are depOSited at
the Birbal Sahni Instiwte of Palaeobotany, Lucknow.

The follOWing spore'pollen species are present
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PLATE 1 -
1.2

.3

~.

S

6.

7

8.

9

10.

11,12.

(All flhotomicrngraphs ca. x 500, Coordinates on Olympus Micro·

scope 110. 217267, BH. 2)

Llliacidiles keralaensis sfl 110\', Slide no. BSIP 9909,
Coordinates: 15.5x 1629 ()Iololype): J9.3 x 136.5
ReiJ/Jilc)/Iapiles arCOlellse Ral11allujam. Slide no. I3SIP 9910;
Coordinates: 15.7 x 163.6.
Longaperiiles bammenii R:.!o & Ramanujalll, Slide no.
I3S1P 9911; Coordinates H5x 143.8
Palmaepol/I.'I/iles kUlchensis venkatachala & Kar, Slide
no BSIP 9912; Coordinates: 20.0 x 1306.
fJalmaepol/eniles eucenicLiS (Biswas) Sah & DUlla, Slide
no. BSIP 9913, Coordinates: 8.8 x 145.2.
Pu~)'pudiaceae.spuriles inlrapllnclis Rao & Ramanujam,
Slide no. BS'P 9914; Coordinares: 20.5 x 1515.
Lae/Ilgalusporiles oualus Wilson & Webster, Slide no.
I3SIP 991'); Coordinates: 16.4 x 165.2
Clal'ainaperillriles clauaills v.d. Hammen & Wijmslra,
Slide no B$IP 99J6: Coordinates 85 x 163.6
Palll1idiles ma.ximus Couper, Slide no. BSIP 9913; Coordi
nares: 6.s x 126.5.
Cheilall/boidspora monolela Sah & Kar, Slide nos. BSIP
9917; Coordinates: 8.5 x 127.8; 9918, coordinales 120x
138.1

13. GheilanlhOidspora mioceneca Kar & Jain, Slide no. BSIP
9919; Coordinates 20.0 x 141.2.

14. Inaperlurupol/eniles sp. cr. /. pllnClallls Saxena & Bhalla·

charyya, Slide no. BSIP 9911; Coordinales: 10.1 x 133.7
15. Palmaepolleniles keralensis Rao & Ramanujam. Slide no.

BSIP 9920; Coordinales: 11.5 x 129.6.
J6. Quilunipol/eniles sahnii Rao & Ramanujam, Slide no.

BSIP 9921: Coordinales 60 x 1.38.6.
17 Polypudiispuriles ra/l1amii Rao & Ramanlljam, Slide no.

BSlP 9922, Coordinales: 11.2 x 1350
IR. PUI)lpodiisporiles miocenicus Rao & Ramanujam, Slide no.

I3SIP 9923; Coordinates, 10.0 x ]628
19. Crassorelilrileles uanraadshoolJeni Germeraad ef aI.,

Slide no. aSIP 9924, Coordinales: 18.5 x 152.3.
20,21 Lygodillmspuriles padappakkarensis Rao & Ralllanujalll,

Slide nos. BSIP 9913; Coordinales: 10.0 x 138.6, 9916;
Coordinates: 8.7 x 133.0.

22. Infrapll17C1ispuris inlrapunclis Krutzsch, Slide no. BSIP

9925, Coordinales: 21.5 x 163.4-
23. Osmllndacidiles kUlchensis Sah & Kar, Slide no. BSIP 9913;

Coordinates: 19.0 x 161.7.
24. I'errucosisporiles sp .. Slide no. BSIP 9926; Coordinates:

lROx1580
25,26. Neocollperipol/is (Couperipul/is) kUlchensis (Venkalachala

& Kar) Kar & Kumar, Slide nos. I3S]P 9927; Coordinates,
155 x 164.5; 9925; Coordinates: 19.0 x 157.5.

27 Foueolrileles sp., Slide no. aSIP 9925; Coordinares: 8.7 x
167.7.

28. Sirialrileles susannaI.' v.d. Hammen emend. Kar, Slide no.
BSIP 9928; Coordinates, 21.4 x 141.4.
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in the assemblage Palynotaxa marked with asterisks
(*) are described in the text. The botanical affinities
of the spore·pollen are given below:

Scbizaeaceae-Lygodiumsporites padappakka·
rensis Rao & Ramanujal11 1978 (PI 1, figs 20, 21),
Crassoretitriletes vanraadsbool'eni Germeraad,
Hopping & Muller 1968 (PI 1, fig 19. PI 3, fig 26).

Osm u ndaceae- Osm u ndacidites k u tcbensis Sah
& Kar 1969 (PI 1, fig 23)

Parkeriaceae-Striatriletes susannae van der
Hammen emend. Kar 1979 (PI 1, fig 28)

Polypodiaceae-Laevigatosporites ovatus \X!ilson
& Webster 1946 (PI 1, fig. 8), Polypodiaceaesporites
intrapunctis Rao & Ramanujam 1978 (PI 1, fig. 7),
Polypodiisporites miocenicus Rao & Ramanujal11 1978
(PI 1, fig. 18), P ratnamii Rao & Ramanujam 1978
(PI 1, fig. 17).

Potamogetonaceae-Re tipilonapi tes arcotense
Ramanujam 1966 (PI 1, fig 3), Clauainaperturites
clauatlls van der Hammen & Wijl11stra 1964 (PI 1,
fig. 9)

Palmae-Palmidites l1la:>....imus Couper 1953 (PI
1, fig. 10), Palmaepollenites eocenicus (Biswas) Sah
& Dutta ]966 (PI 1, fig. 6), P kutchensis
Venkatachala & Kar 1969 (PI 1, fig. 5), P keralensis
Rao & Ramanlljam 1978 (PI 1, fig. 1'j), Longapertites
bammenii Rao & Raman lljam 1978 (PI 1, fig. 4),
Neocouperipollis kutcbensis (Venkatachala & Kar)

Kar & Kumar 1987 (PI 1, figs 2"1, 26),
Quilompollenites sabnii Rao & Ramanujam 1978 (PI
1, fig. 16; PI 2, fig. 22), Trilatlporites noremi
Ramanujam 1966 (PI 3, figs 2, 3).

Liliaceae-~Liliaciditeskeralaensis' sp nov. (PI
1, figs 1, 2).

Oleaceae-Retitrescolpites singularis Rao &
Ramal1Lljam 1982 (PI 2, fig 13)

Ctenolophonaceae-Ctenolophonidites costatus
van Hoeken Klinkenberg 1966 (PI 2, figs 18, 19).

Bomhacaceae-Lakiapollis ouatlls Venkatachala
& Kar 1969 (Pl. 2, fig. 29; PI 3, fig. 16).

Eupborhiaceae- Tricolporopollis decoris Dutta
& Sah 1970 (PI 2, fig. 15)

Aleliaceae-Meliapollis ramanujamii Sah & Kar
1970 (PI 2, fig. 28), M. quadrangularis
(Ral11al1Lljal11) Sah & Kar 1970 (PI 2, fig 3).

Caesalpin iaceae-AJa rgocolporites tsu kadai
Ramanujam 1966 (PI 2, fig. 27), M sabnii
Ramanlljam 1966 (PI 2, figs 5, 6), Trisyncolpites
ramanlljamii Kar 1979 (PI 2, fig. 20).

RlIhiaceae-Retitricolporites c rassioratus Rao &
Ramanujam 1982 (PI 2, fig. 7), Fauitricolporites
magnliS Sah 1967 (PI 2, fig 8)

Polygalaceae-PolyhrelJicolporites karii Rao &
Ramanujam 1982 (Pl. 3, fig. 9)

Apocynaceae-Psilodiporites hammenif Varma &
Rawat 1963 (PI 3, fig. -S).

PLATE 2 -+

(All phOlumierographs ca x 'SOO; Coordinates on Olympus
mieruscupe no. Zl7267 ; BHZ)

1,2. Saslriipotleniles tritobaills vcnkatachala & Kar, Sljde nos.
8SIP 9929; Coordinates 60 x 160.~: 9930: Coordinates;
17'i x 1Z90

3 ,Weliapol!is qlladrangillan, ((amanujam) Sah & Kar, Slide
no. BSII-' 9922; Courdinates: 60 x 171.0.

q Verriliricolpiles sp. Slide no. BSIP 9931: Coordinates;
IZ.O x 1350

') 6. iHargocolporiles sabnii Ramanlliam, Slide no 8SII-' 9932,
Coordinates; 16.0 x 139.3.

7 Relilricolporiles crassioratus Rao & Ramanlljam, Slide no.
BSIP 9930; Coordinates; 9.3 x 1460.

8 Fal'ilricolporiles magl1us Sah, Slide no. BSII-' 9933, Coordi
nates; 6.4 x 168.0.

9 Tricolporopollis rllbra Dutta & Sah, 51 ide no. BSI P 9919;
Coordinates; 14.0 x 1544.

10. Polycolpiles sp.. Slide no BSIP 9921; Coordinates; 85 x
148.5.

11 RelislepiJanocolpiles sp, Slide no BS1P 9924; Coordinates;
20.0 x 1402.

12. Depnalobreuicolporites (Triorites) dermatlls (Sah & Kar)
Kar, Slide no. BSIP 9934; Coordinates; IZ.3 x 1510

13. Relitrescolpites singularis Rao & Ramanujam, Slide no.
B51P 9935; Coordinates: 110 x 1315

14. Tricotpites retipitatus Kar & Jain, Slide no. BSIP 9936;
Coordinates; 8.3 x 1615.

15. Tricolporopoltis decoris Dutta & Sah, Slide no. BSIP 9921;

Coordinates; 8.5 x 156.5.
16 Tricotporopollis (Venkatachala & Kar) malanamadbensis

Tripathi & Singh, Slide no. BSIP 9928; Coordinates; 18.0 x
1670

17. Gemmatricolpiles sp., Slide no. BSIP 9926; Coordinates;
160x 1306.

18,19. Ctenotopbonidiles coslatus (van Hoeken·Klinkenberg)
Slide nos. BSIP 9916; Coordinates; 110 x 138.5; 9937;
Coordinates; 18.5 x 158.4.

20. Trisyncolpiles ramanujamii Kar, Slide no. BSIP 9915;
Coordinates: 10.0 x 136.8.

21 Tricolpites crassireticutatus Dutta & Sah, Slide no. BSIP
9916; Coordinates: 9.0 x 155.2.

22. Quitonipollenites sabnii Rao & Ramanujam, Slide no.
BSIP 9925; Coordinates; 9.0 x 155.2.

23, Tricolpites relibacutatus Saxena, Slide no. BSIP 9913;
Coordinates; 20.3 x 164.0.

24,25. Triangutorites bellus (Sah & Kar) Kar, Slide nos BSIP
9929; Coordinates: 4.2 x 1474; 9923; Coordinates; 14.5 x
137.2.

26. Tricolpites malanomadbensis Saxena, Slide no. BSIP 9924;
Coordinates; 15.0 x 142.0.

27 Margocolporiles lsukadai Ramanujam, Slide no. BSIP 9919;
Coordinates; 11.6 x 156.9.

28. Meliapollis ramanujamii Sah & Kar, Slide no. BSIP 9930;
Coordinates; 114 x 148.0.

29. Lakiapollis oval us Venkatachala & Kar, Slide no BSIP 9924;
Coordinates; 14.4 x 165.0.
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Moraceae- Triporopollenites minutlls Rao &
Ramanujam 1982 (PI 3, fig. 4)

Proteaeeae-Proteacidites triangllllls Kar & Jain
1981 (PI 3, figs 17, 18), P trllncatus Rao &
Ramanujam 1982 (PI 3, fig. 7)

Cbenopodiaceae-Chenopodipollis miocenica
Kat" & Jain 1981 (PI 3, fig. 6).

Maluaeeae-/VlallJacearlimpollis hakon)'ensis
Nagy 1962 (PI 3, figs 22, 23).

Un ee rt a in affin i ty-in trap II n c t isporis
intrapunetis Krutzsch 1959 (PI I, fig 22),
Foueotriletes sp. (PI 1, fig. 27), Verrllcosisporites sp.
(PI 1. fig. 24), Cbeilanthoidspora monoleta Sah &
Kar 1974 (PI. 1, figs 11,12), C miocenecaKar&Jain
1981 (PI 1, fig. 13), Inaperturopollenites sp. d. 1.
punctatus Saxena & Bhattacharyya 1987 (PI 1, fig.
14), Tricolpites crassireticulatus Dutra & Sah 1970
(PI 2, fig. 21), T retihaClilatlis Saxena 1979 (PI 2,
fig. 23), T 1I1.atanomadhensisSaxena 1979 (PI2, fig.
26), T retzpilatus Kar & Jain 1981 (PI 2, fig 14),
Tricolpites sp. (PI 3, fig. 21), Ven'utricolpites sp. (PI
2, fig. 4), Cemmatricolpites sp. (PI 2, fig. 17),
Retistephanocolpites sp. (PI 2, fig. 11), Polycolpites
sp. (Pl. 2, fig. 10), Tricolporopollis rllhra Dutra & Sah
1970 (PI 2, fig. 9), T matanamadhensis Tripathi &
Singh 198') (PI 2, fig. 16), Sastriipollenites trilohatus
Venkatachala & Kar 1969 (PI. 2, figs 1, 2),
Dennatohreuicolporites dermatus (Sah & Kar) Kar
1985 (PI. 2, fig. 28), Retitrieolporites sp. (PI 3, fig.

29), Striaeolporites ovatus Sah & Kar 1970 (PI 3, fig.
28), S eephalus Sah & Kar 1970 (PI 3, fig. 10),
Verrueolporites uerrucus Sah & Kat" 1970 (PI 3, fig.
8), jacohipollenites arthungalensis sp. nov. (PI 3,
figs 11, 24), Verrutriporites sp. (PI 3, fig. 19),
Triangulorites helhls (Sah & Kar) Kar 1985 (PI 2, figs
24, 25), Polyporina multlporosa Kar 1985 (PI. 3, fig.
1) and Ornatetradites droserOides Rao & Ramanujam
1982 (PI. 3, fig. 27).

The taxa designated as 'sp.' in the check list are
distinct and hence could not be assigned to any of
the known species. Detailed morphological study of
these taxa will be carried out later.

Genus-Liliuctdites Couper 1953

Type spec ie s- LiLiaeidites kaita ngataensis
Couper 1953

Liliacidites keralaensis sp. nov.
PI. 1, figs 1, 2

Holotype-PI. 1, fig. 1, size 65 /-Lm; Slide no. BSIP
9909.

Type loeality-Arthungal bore-hole, Alleppey
District, Kerala, depth range 32270-377.70 m.

Diagnosis-Pollen oval-elliptical, size range 60
70 x 34-50 /-Lm, monosulcate, sulcus distinct, 6 /-Lm
long, 4 /-L m wide extending from one end to other;
exine up to 3.5 /-Lm thick, sexine ca 2.5 /-Lm, nexine

-+PLATE 3
(All photOmicrographs ca. x 500; Coordinates on Olympus 14. Lirasporis inlergranifer POlOnie & Sah emend. Kar & Jain,
microscope no. 217267. BH-2) Slide no. BSIP 9928; Coordinates: 19.5 x 127.0.

1. Polyporina muillporosa Kar; Slide no. BSIP 9938; Coordi- 15. Collumosphaera sp., Slide no. BSIP 9919; Coordinates:
nates: 17.0 x 132.2. 19.5 x 127.0.

2,3. Tritaliporiles noremi Ramanujam, Slide no. BSIP 9934, 16. Lakiapottis oval us Venkatachala & Kar, Slide no. BSlP 9911;
Coordinates: 16.6 x 135.0. Coordinates: 18.0 x 149.5.

4. Triporopolteniles minulUs Rao & Ramanujam, Slide no. 17·18. Proleacidiles Iriangulus Kar & Jain, slide no. BSIP 9910;
BSIP 9937; Coordinates: 8.0 x 148.1. Coordinates: 16.0 x 168.2.

5. Psitodiporiles hammenii Varma & Rawat, Slide -no. BSIP 19. Verrulriporiles sp., Slide no. BSIP 9909; Coordinates:
9930; Coordinates: 10.5 x 150.3. 11.0 x 149.0.

6. Chenopodipollis miocenica Kar & Jain, Slide no BSIP 20. Achomosphaera sp., Slide no. BSIP 9916; Coordinates: 7.5 x

9939; Coordinates: 15.0 x 156.1. 134.0.
7. PrOleacidiles Iruncalus Rao & Ramanujam, Slide no. 21. Tricolpiles sp., Slide no. BSlP 9933; Coordinates: 21. 5 x

BSIP 9940; Coordinates: 11.4 x 169.0. 143.6.
8. Verrucolporiles verrucus Sah & Kar, Slide no. BSl? 9914; 22 ·23. Matvacearumpottis bakonyensis Nagy, Slide no. BSIP 9939;

Coordinates: 4.0 x ]60.0. Coordinates: 5.0 x 162.0.
9. Polybrevicolporiles karii Rao & Ramanujam, Slide no. BSIP 25. Thatlasiphora sp., Slide no. BSIP 9941; Coordinates:

9931; Coordinates: 9.3 x 1600 175 x 160.6.
10. Siriacolporiles cephalus Sah & Kar, Slide no. BSIP 9913; 26. Crassorelilrileles vanraadshooveni Germeraad el aI.,

Cqordinates: 17.4 x J600. Slide no. BSIP 9942; Coordinates: 10.5 x 164.0.
11,24. jacobipolleniles arlhungalensis sp. nov., Slide no. BSl? 27. Ornalelradiles droseroides Rao & Ramanujam, Slide no.

9936; Coordinates: 15.0 x 1650; 9941; Coordinates: 8.6 x BSIP 9934; Coordinates: 4.0 x 147.8.
159.0 (Holorype). 28. Siriacolporiles ovalus Sah & Kar, Slide no. BSIP 9930;

12. Operculodinium sp., Slide no. BSIP 9911; Coordinates: Coordinates: 14.0 x 133.0.

6.3 x 158.0. 29. Relilricolporiles sp., Slide no BSJP 9943; Coordinates: 8.5 x

13. Heliospermopsis' hungaricus Nagy, Slide no BSIP 9937; 139.0.
Coordinates: 7.0 x 165.4.
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2 TAXA

LYGODIUMSPORITES PA DAPPAKKARENSIS
INTRAPUNCTISPORIS INTRAPUNCTIS
OSMUNDACIDITES KUTCHENSIS
FOVEOTRILETES Sp.
VERRUCOSISPORITES. Sp
STRIATRILETES SUSANNAE
CRA SSORETITRILE TE S VANRAADSHOOVENI
CHEILANTHOIDSPORA MONOLETA
C MIOCENICA
LAEVIGATOSPORITES OVA TUS
POLYPODIACEAESPORITES INTRAPUNCT IS
POLYPODIISPORITE S MIOCENICUS
P. RATNAMII
RETIPILONAPITES ARCOTENSE
CLAVINAPER TURITES CLAVATUS
INAPERTUROPOLLENITES sp.cf L PUNCTATUS
PALMIDITES MAXIMUS
PALMAEPOLLENITES EOCENICUS
P KUTCHENSIS
P KERALENSIS
1I1iACIDlTES KERALAENSIS
LONGAPERTITES HAMMENII
NEOCOUPERIPOLllS KUTCHENSIS
QUILONIPOLLENITES SAHNII
TRICOLPITES CRASSIRETtCULATUS
T RETIBACULATUS
T MA TANOMADHENSIS
T. RETIPILATUS
VERRUTRICOLPITES. Sp.
RETITRESCOLPITES SINGULARIS
TRICOLPITES. Sp.
RETISTEPHANOCOLPITES. Sp .
POLYCOLPITES. Sp.
CTENOLOPHONIDITES COS TAT US
TRISYNCOLPITES RAMANUJAMII
MARGOCOLPORITES TSUKADAI
M. SAHNII
RETITRICOLPORITES CRASSIORATUS
SASTRIIPOLLENITES TRILOBATUS
DERMATOBREVICOLPORITES DERMATUS
FAVITRICOLPORITES MAGNUS
LAKIAPOLLIS OVATUS
MELIAPOLLIS RAMANUJAMII
M. QUADRANGULARIS
GEMMATRICOLPITES Sp.
TRICOLPOROPOLLIS DECORIS
T RUBRA
T MATANAMADHENSIS
VERRUTRIPORITES. Sp
STRIACOLPORITES CEPHALUS
S OVATUS
POLYBREVICOLPORITES KARl!
RETITRICOLPORITES. Sp.
PSILODIPORITES HAMMENII
TRIANGULORITE S BELL US
TRIPOROPOLLENITES MINUTUS
PROTEACIDITES TRUNCA TUS
P. TRIANGULUS
TRILATIPORITES NOREMI
JACOBIPOLLENITES ARTHUNGALENSIS
VERRUCOLPORITES VERRUCUS
POLYPORINA MULTIPOROSA
CHENOPODIPOLLIS MIOCENICA
MALVACEARUMPOLLIS BAKONYENSIS
ORNATETRADITES DROSEROIDES
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Text-figure 1-Percentage frequency of palyno[axa in Anhungal bore-hole (frequency chan is based on samples where more [han one
hundred specimens could be counted)
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ca 1 /-(m thick; surface finely reticulate, reticulum
homobrochate, brochi up to 1 /-(m.

Comparison-Liliacidites keralaensis sp. nov.
compares well with L. kaitangataensis Couper
(1953) in its organization but the latter can be
distinguished by its differential ornamentation
pattern of the reticulate exine (lumina 5 /-(m at
equator and 1 /-(m at poles). L. baculatus
Venkatachala & Kar 1969 is distinguished by its
funnel-shaped sulcus and intrabaculate exine. L.
elliptic us Venkatachala & Kar 1969 is distinct by its
boat-shaped sulcus and finely intrareticulate exine_
L. magnusJain, Kar & Sah 1973 is closely comparable
by its ornamentation but the present species is
differentiated by its teetate exine. Liliacidites
microreticulatus Dutta & Sah 1970 is bigger in size
(89 /-(m) and has differential ornamentation.

Affinity- Liliaceae.

Genus- jacobipo//enites Ramanujam 1966

Type species-jacobipollenites magnificus
Ramanujam 1966

jacobipollenites artbungalensis sp. nov.
PI. 3, figs 11, 24

Holotype-PI. 3, fig_ 24; size 60 /-(m; Slide no.
BSIP 9941.

Type locality-Arthungal bore-hole, Alleppey
District, Kerala, depth range 32270-37770 m.

Diagnosis-Pollen spheroidal, size 55-60 x 45-55
/-(m; monoporate, pore distinct, 10-12 /-(m wide, thick
annulus present around pore; exine up to 4 /-(m
thick, retipilate, surface showing retipilariate
ornamentation.

Comparison -jacobipollenites a rtbungalensis
sp. nov. is closely comparable with]. magnificus
Ramanujam 1966 in its general characters but the
latter can be distinguished in haVing coarse
reticulum and absence of annulus around pore.

Affinity-Unknown.

PALYNOSTRATIGRAPHY

The three cenozones established are given
below in ascending order (Text-fig. 2):

iii) Malvacearumpollis bakonyensis Cenozone
ii) Crassoretitriletes vanraadsbooueni

Cenozone
i) Triangulorites bellus Cenozone

Triangulorites bellus Cenozone

Type section-Depth range 440.70-272.70 m.
Lithology-Mainly composed of sand and clayey

sand, thickness 168 m.

Nature of contact-This cenozone constitutes
the lowest biostratigraphic unit in the bore-hole.
The sediments are conformably overlain by those
which contain Crassoretitriletes vanraadshooveni
Cenozone. •

Species restricted to this cenozone
Cheilanthoidspora monoleta, Liliacidites keralaensis,
N eo co up e rip 0 II isku t chen sis, T ric 0 Ipit e s
crassireticulatus, Polycolpites sp., Sastriipollenites
t ri loba t us, Meli apollis ra ma n uja m ii, M.
quad ra ng u la ris, Tri colpo ropollis d ecoris,
Striacolporites cepbalus, S. ovatus, Polybreuicol
porites karii, Triangulorites bellus, jacobipollenites
arthungalensis and Ven'ucolporites uerrucus.

Cha racteristic palynofossils-Ctenolophonidites
costatus, Lakiapollis ouatus, Cheilanthoidspora
monoleta, Liliacidites keralaensis, Neocouperipollis
kutchensis, Polycolpites sp., Sastriipollenites
trilobatus, Me/iapollis ramanujamii, M.
quadrangularis. Tricolporopol/is decoris,
Striacolporites cephalus, S ouatus, Polybreuicol
porites karii, Triangulorites bellus, .lacobipollenites
arthungalensis and Verrucolporites uen'ucus.

Remarks-The significant features of this
cenozone are the restricted and common occurrence
of Tricolporopollis decO/'is (20%), .lacoblpollenites
arthungalensis ( 18%), Li/iacidites keralaensis (15%),
Neocouperipollis kutchensis (11%) and restricted but
rare representation of Triangulorites bellus (8%) and
Verruco/porites uerrucus (8%). Lakiapollis ouatus
(25%) is the dominant taxon. Tricolporopollis decoris
is abundant (26%) in the lower part but rare towards
top (3%).

Crassoretitriletes uanraadsbooueni Cenozone

Type section-Depth range 271.70-151.70 m.
Lithology-Mainly sandy clay with a band of

lignite; thickness 120 m.
Nature of contact-The upper part of the

sediments which contains this cenozone is
composed of sandy clay. It is conformably overlain
by the clayey sand of Maluacearumpol/is bakonyensis
Cenozone.

Species restricted to this cenozone
Po/ypodiisporites ratnal11ii, Tricolpites
matanomadhensis, Tricolporopollis rubra and
Trisyncolpites ral11anujamii.

Characteristic palynofossils-Crassoretitriletes
uanraadshooueni, Polypodiisporites ratnamii,
Lygodiumsporites padappakkarensis, Polypodiaceae
sporites intrapunc tis, Ctenolophonidites costa tus,
Margocolporites tsukadai, Lakiapollis ouatus and
Trisyncolpites ral11anujamii.

Remarks-The appearance of Crassoretitriletes
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Text-figure 3- Representation of different ecological groups in
Anhungal bore-hole

marine conditions. The frequency of different
ecological groups has been given in Text-fig. 3.

Low-land flora

and T/-isyncolpites is significant in these sediments.
Trisyncolpites is restricted to th is cenozone only.
Ctenolopbonidites costatus (49%) and Lakiapollis
ovatus (25%) are the abundant taxa in this
cenozone. Lygodiumsporites padappakkarensis
(10%) is rare in the lower pan and gradually
decreases tOwards the tOp of the cenozone.
Extinction of Lakiapollis and Ctenolopbonidites
at the post Eocene terminal event has been reponed
(Venkatachala et at., 1989). However, their dominant
occurrence in the Arthungal bore-hole (Eocene-Early
Miocene) has been observed. The post Eocene
appearance may be surmised either to reworking or
to their continuation beyond Eocene.

Maluacearumpollis bakonyensis Cenozone

Type section-Depth range 151.70-770 m.
Litbology-Mainly clayey sand, upper part sandy

clay alternating with sand. thickness 144 m.
Nature of contact-These sediments are

overlain by carbonaceous sand and are devoid of
palynofossils.

Species restricted to tbis cenozone-So-iatriletes
susannae, Cbeilantboidspora mioceneca,
Tnporopollenites minutus, Chenopodipollis
miocenica, Malvacearumpollis bakonyensis,
Heliospermopsis bu ngaricus and Lirasporis
intergranifer.

Cbaracteristic palynofossils-Crassoretitriletes
uanraadshooveni, Quilonipollenites sabnii,
Polypodiaceaesporites in trapu nctis, Ctenolopboni
dites costatus, Striatriletes susannae,
Cheilanthoidspora mioceneca, Chenopodipollis
miocenica, Malvacearumpollis bakonyensis,
Heliospermopsis bungaricus, Lirasporis intergral1ljer
and Lakiapollis ovatus.

Remarks-This cenozone is characterized by the
predominance of Lakiapollis ovatus 00%).
Malvacearumpollis bakonyensis and Cbenopodipollis
miocenica appeared for the first time whereas
Lygodiumsporites padappakkarensis and
Palmaepollenites keralensis are absent. The relative
increase in Crassoretitriletes and Polypodiaceae
sporites has been recorded. Ctenolophonidites
costatus is present only in the lower pan of the
cenozone and absent towards the top.

50·'.

VI 12
0:

~ 1J
~

~ 10

W

~7~
<l:
VI

Fauitricolporites
Psilodiporites
Tricolporopollis
Lakiapollis

Fresb-water swamp

Lygodiumsporites
Crassoretitriletes
Laevigatosporites
Polypodiaceaesporites
Polypodiisporites
Striatriletes

Liliacidites
Ctenolopbonidites
Margocolporites

Trisyncolpi tes
Meliapollis
Tnporopollenites
Ornatetradites
Retipilonapites
Clavainaperturites
Cbenopodzpollis

INDEX
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D Fresh water
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Rubiaceae
;>Apocynaceae
Euphorbiaceae
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and water-edge flora

Schizaeaceae (Lygodium)
Schizaeaceae (Lygodium)
Pol ypod iaceae
Polypod iaceae
Polypodiaceae
Parkeriaceae
( Ceratopteris)
Liliaceae
Ctenolophonaceae
Caesalpiniaceae
( Caesalpinia)
Caesalpiniaceae
Meliaceae
Moraceae
Droseraceae
Potamogetonaceae
Potamogetonaceae
Chenopod iaceae

Back-mangrove floraPALAEOCLIMATE AND ENVIRONMENT
OF DEPOSITION

The bore-hole assemblage is rich and
diversified. These palynofossils can be divided into
different ecological groups such as low-land, fresh
water swamp and water-edge, back-mangrove and
coastal. The dinoflagellate cysts indicate shallow

Meliapollis
Malvacea ru mpollis

Trilatiporites
Palmaepollenites

Meliaceae
Malvaceae

Coastal flora

Palmae (Sclerosperma)
Palmae
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AGE OF THE SEDIMENTS

The Triangulorites belllls Cenozone ranges from
440.70 to 272.70 m. The genera restricted to this
cenozone are usually found associated with the
Eocene assemblages (Sah & Kar, 1970; Sah & Dutta,
1966; Dutta & Sah, 1970; Kar, 1985; Raha et aI.,
1987). Hence this assemblage has been dated as
Eocene.

On the basis of the presence of spore/pollen of
Sch i zaeaceae, Parkeriaceae, Osm undaceae, Lil iaceae,
Caesalpin iaceae, Mel iaceae, Ctenolophonaceae,
Oleaceae, Rubiaceae and Polygalaceae in the
assemblage it has been inferred that the climate at
the time of deposition was tropical.

The presence of fungal remains (Pbragmotby
rites, Notothyrites, /vJulticellaesporites, etc.) and the
occurrence of ferns and representatives of tropical
rain forest elements belonging to the families
Ctenolophonaceae, Oleaceae and Moraceae confirm
high degree of rainfall Thus, a humid and tropical
climate with high rainfall has been inferred.

The presence of dinoflagellate cystS has been
observed in the middle part (1')1.70-271.70 m) of
the bore-hole which indicates that the sequence was
depOSited under shallow marine condition. The
dinoflagellate cysts (Opercu/odini/lJn,
Acbomospbaera and Tballasiphora) and the back
mangrove flora suggest the existence of brackish
water mangrove swamps The pollen types
comparable to Potamogetonaceae (Retlpilonapites,
Clauainapertllrites) and Droseraceae (Ornatetra
dites) are indicatOrs of fresh-water lakes or ponds
dotting the landscape. The prevailing near-shore
conditions have been confirmed by the presence of
palm pollen (Palmidites, Palmaepol/eniles,
Neocoupenpollis and Quilompollenites).

Quilon ipollenites
Longaperti tes
Neocoilperipollis

Palmae (I:'/lgeissonia)
Palmae
Palmae

Polypudiispurites. Margocolporiles and Lakiapollis,
suggests Oligocene age.

The Jlaluacearllmpollis bakonyensis Cenozone
has been found to be distributed at depth levels
ranging frol11 15170-7.70 m. The genera are usually
associated with the Miocene assemblages (Rao &
Ramanujam, 197 8, 1982; Kar & Jain. 1981;
Venkatachala & Ravvat, 1973; Rao et al., 1985; Kar,
1985 ).

:vlali'acearumpol!is is considered important for
suggesting Early Miocene age. This genus occurs as a
dominant element in the Khari Nadi Formation,
Kutch (Kar, (985) and Surma Group, Meghalaya and
,'-\$sam (Rao el a/., 198')) though it is poorly
represented in Kerala Basin. The first appearance of
E-Ieliospermopsis and Lirasporis and the
predominance of Crassoretilrfletes and
Qllilonipol!('nil('s coupled with Striatrileles,
Cbeilantbuid~pura mioceneca and Cbenopodlpollis
miocenica dates this assemblage as Early Miocene.
From the abcwe palvnological data, it is inferred that
the Arthungal bore·hole palynological succession
ranges from Eocene to Early Miocene in age.

CONCLUSIONS

1. The angiospermous pollen are qualitatively
and quantitatively dominant elements of the
Arthungal palynoflora.

2. The palynosequence in Arthungal bore-hole
can be divided into three cenozones. viz.,
Triangulori tes belllls Cenozone. Crassoretitriletes
uanraadshoo/leni Cenozone and Maluacearumpollis
bakonyensis Cenozone.

3. The palynoflora suggests a humid and
tropical climate \\lith plenty of rainfall during the
deposition of these sediments.

4. The elwironment of deposition has been
inferred as brackishwater mangrove swamps.

"i. On the basis of palynological data. the
sequence studied has been assigned Eocene·Early
Miocene age

The Crassoretitrileles uanraadsbooueni
Cenozone encompasses depth levels from 271.70·
151.70 111. Germeraad, Hopping and Muller (1968)
critically studied the occurrence and distribution of
Crassoretitriletes in pantropical areas suggesting that
this form appears for the first time in the Lower
OligoceI]e sediments. In addition, Kar (1979)
reported Trisyncolpiles ramanujamii from the
Oligocene sediments of Kutch and considered it a
age-definitive. The first arpearance of
Crassoretitriletes and Trisyncolpites intermixed with
the dominant elements like Lygodiumsporites,
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Tertiary palynology of Kerala Basin-An overvIew

H. P. Singh & M. R. Rao

Singh. H. 1'. & Rao. M. R. 1990. Tertiary palynology of Kerala Basin-An overview. In Jain, K. P & Tiwari, R. 5
ledsl-Pruc :»'mp. '\listas in Intlian Palaeobotany', Palaeobotanist 38: 256-262.

Tn Kerala Basin the Teniary sedimentary sequence is represented by Quilon and Warkalli formations Palaeo
associations of upland. lowland. t·resh·water, sandy beach and mangrove vegetations have been figured out.
Composition of the palynological assemblages indicates the existence or tropical rain forests with a high degree of
rainfall Dinoflagellate cysts and pollen grains of /Jarringtoma. Rhizophora, Nypa and Calamus suggest deposition
under brackish water mangrove svvamps. 111e sandy beach conditions are indicated by Palmidites, Palmaepo/lenites
and QUilonipollenites. Divergent views on the age of Quilon and Warkalli formations have been reconsidered on
the basis or new palynological evidences.

Key-words- Palaeopalynology, Kera la Basin. Ten iary Undia)
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MOST of the palynological studies on the Quilon
and Warkalli formations (KeraJa Basin) have nOt
been related to stratigraphically located samples.
They are confined only to a meagre number of grab
samples. Thus the accrued palynological evidence
cannOt be considered authentic to draw a
successional picture of the vegetational history
though Ramanujam (1982) opined that the two
formations pertain to a single time transgressive
unit, being Early to Middle Miocene in age.

In the recent past, Raha, Rajendran and Kar
(1987) and Rao (1989) have systematically studied
palynofogy from the bore-holes of Ambalapuzha and
Arthungal (Alleppey District, Kerala), respectively
(Map 1) They have used palynology as the basis for
assigning Eocene to Early Miocene age to the
successions studied.

TIle present paper reassesses the available
palynological data from the Tertiary sediments of
Kerala Basin in the light of recent palynological
advances made in this area, with a view to identify
ecologically and stratigraphically significant
palynotaxa as related to habitat and time. An attempt
has also been made to reconstruct vegetation of the
past so as to understand its possible impact on the
evolution of the modern flora. Some important
contributions made on the Tertiary palynology of
Kerala Basin are: Rao and Vimal (1952), Vimal
(953), Potonie and Sah (1960), Ramanujam (1960,
1966, 1972, 1977, 1982, 1987), Ramanujam and Rao
(1971, 1977,1978), Jain and Kar (1979), Ramanujam
and Srisailam (1978), Ramanujam, Srisailam and
Reddy (1981), Rao and Ramanujam (1978, 1982), Kar
and Jain (1981), Varma and Patil (1985), Varma,

2'56
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GEOLOGY

Map l-Kerala Basin showing localilie, of Teniar,' exposures.

Pteridophytes

Lycopodiaceae
(Lycopodium)
Ophioglossaceae
( Ophioglossum)
Dicksoniaceae
Sch izaeaceae
Schizaeaceae
Sch izaeaceae
Gle ichen iaceae
(Gleiebenia)
Parkeriaceae
Sch izaeaceae
Cyatheaceae
Cyatheaceae
Osmundaceae
'Hymenophyllaceae
Lycopod iaceae
Pteridaceae (Pteris)
Pol Yrod iaceae
Pol ypod iaceae
Pol Yrod iaceae

Foueospori tes

Cibotiid i tes
Lygodi/lmsporites
Crassoretitriletes
Sebizaeoisporites
Gteiebeniidites

PALYNOLOGY

Ven'ucosisporites

Striatriletes
tJllrabacllli~poris

Cyalhidites
Alsopbilidites
OSlJ7undacidites
Bireti~porites

LyeopodillJ17Sporites
Pteridaeidi tes
Laeuigatosporites
Polypodiaeeaespori tes
Polypodiisporites

These beds are similar to Warkalli Formation but are
more arenaceous and coarse-grained.

The Quilon and Warkalli palynological
assemblages consist of 135 genera and 165 species.
Ptericlophyric spores and angiospermous pollen
constitute an important part of the assemblage.
Dinoflagellate cysts and fungal remains are also
commonly met With. On the basis of the
morphological similarities. botanical affinities of
some Quilon and Warkalli palynofossils have been
tagged with modern families, as tabulated below:
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Ramanujam and Patil (1986), Raha, Rajendran and
Kar (1987). Varma (1987) and Rao (989).

Angiosperms

Monocotyledons

Potamogetonaceae
(Potamogeton)
Arecaceae
Arecaceae
Arecaceae
( Oncosperma)
Arecaceae
Arecaceae (JVypa)
Arecaceae
( Eugeissonia)
Arecaceae (Calamus)
Arecaceae
(Sclerospenna)
Arecaceae (Salaea)Pa ra uu npollis

Dicolpopollis
Trila tiporites

Retipilonapites

LangClpertites
Spinizonocolpites
Qll ilon ipollenites

Palma epollen ites
Areclpites
Cia uapalmaedites

The Tertiary sediments of Kerala coast are well
known as Warkalli and Quilon formations. These
rocks were first described by King (1882) and Foote
(1883). The Quilon Formation consists of
limestOnes with intercalations of calcareous clays,
carbonaceous clays and sand whereas the Warkalli
Formation comprises \'ariegated sandstOnes
interbedded with white plastiC and variegated clays,
carbonaceous clays and seams of lignite or peaty
lignite. The Tertiary sequence rests unconformably
over the Archean crystalline complex. It is
succeeded by recent to subrecent marine and
estuarine sediments (Poulose & Narayanaswami,
1968). A recent study of the lithology based on some
bore-hole information resulted in the institution of a
third formation, viz., Vaikom Formation, underlying
the Quilon Formation (Rao. 1975; Rao et a/., 1975).
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Dicotyledons

PALAEOECOLOGICAL ANALYSIS

Text-figure 1-Disrribution of different ecological group of
plants in Quilon and Warkalli formations.
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Polyporina
Caryophyllidites
Umbelli]erolpollenites
Neyuelzpollenites
Myricaceozpollenites
Cricotriporites
Lacrimapollis
Ciavatricolporites
Warkallipollenites

Rao and Ramanujam (1982) and Varma (1987)
brought out ecological significance of palynofossils
from Quilon Formation and Tonakkal clays (Kerala
State), respectively. The proposed ecological groups
seem ro be far more in number than necessary. We
have fed the available data to the computer and
prepared an area graph (Text-fig. 1). The qualitative
aspect of palynological data and palaeogeographical
locale of the Tertiary sequence of sediments of
Kerala Basin in the Indian subcontinent do not
confirm the presence of montane elements (Rao &
Ramanujam, 1982; Varma, 1987) The terrestrial
elements represented by upland (relief) and
lowland floras rapidly merge with the fresh water
elements which lose hold towards the vicinity of
tidal mud flats and coastal shore-line.

Palynological data was thoroughly combed and
ecologically significant palynotaxa were selected
and segregated for identifying various habitats_ The
palynoflora of Quilon and Warkalli formations has
been segregated under the folloWing different
ecological groups such as upland, lowland, fresh
water, sandy beach and mangrove.

Iridaceae
Uliaceae

Combretaceae
Ebenaceae
Loranthaceae
(Lorantbus)
Loranrhaceae
Rubiaceae (Coprosma)
Sapindaceae
Sapi ndaceae
Araliaceae
(Aralia)
Symplocaceae
( Symplocoa)
Rh i zophoraceae
(Rbizophora)
Bombacaceae
Hippocra teaceae
( Hippocratea)
Capri fol iaceae
Asteraceae
Ctenolophonaceae
( Ctenolophon)
Lamiaceae
Lamiaceae
Meliaceae
Saporaceae
Myricaceae
Casua ri naceae
( Casuarina)
Son neratiaceae
Proteaceae
Haloragaceae
(Myriophyllum)
Onagraceae
Olacaceae
(A nacolosa)
l1,-ymeliaceae
Droseraceae
Droseraceae
( Drosera)
Caesalpiniaceae
Bombacaceae
(Durio)
Sonneratiaceae
Malvaceae
Chenopodiaceae

Dipterocarpaceae
Oleaceae

Euphorbiaceae
Euphorbiaceae

Jridacidites
Liliacidiles

Gothanipollis
Palaeoeoprosmadites
Talisizpites
Cupaniedites
Araliaceozpollenites

Zonocostites

Polyeolpites
Retistepbanocolpites
Meliapollis
Sapotaceoidaepollenites
Myriczpites
Casuan·niidites

VelTutriporites
Proteacidites
Haloragracidites

Bombacacidites
Hippocrateaceaedites

Clauaperzporites
Ornatetradites
Droseridites

Crotonoidaepolleni tes
Crototricolpites
Retitricolporites
Dipterocalpoides
Retitricolpites
(some spp.)
Heterocolpites
Psilatricolpites
Loranthzpites

Trisyl1iColpites
Lakiapollis

Sonneratiopollis
Malvacearumpollis
Cbenopodipollis

Triorites
Anacolosidites

Cauueripollis
Compositozpollenites
Ctenolophonidites

Symplocoipo/lenites
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Upland elements

Palmaepollellites
Qu ilonzpolle17 ites

Longapertites
Dicolpopollis
ParaVL/ripollis
Spinizonocolpi tes

Umbelliferozpollenites
Symplocoipollenites

Hzppocrateaceaedites
Proteacidites
Palaeocoprosmadites

Clavaperipon·tes
Compositozpollenites

Apiaceae
Symplocaceae
(Symplocoa)
Hippocrateaceae
Proteaceae
Rubiaceae
(Coprosma)
Thymeliaceae
Asteraceae

Cupaniedites Sapindaceae
( Cupania)

Sandy Beach elements

Arecaceae
Arecaceae
( Eugeissonia)
Arecaceae
Arecaceae
Arecaceae
Arecaceae (Nypa)

Fresh water elements

Lowland elements
Mangrove elements

The palms generally tend to remain awav from
the stOrm tide and dominate the sandy beach flora.
The mangrove swamps are confined to littoral
regions between low tide and high tide all along the
estuaries of rivers and on low mud flats of the sea
coast. The fresh·water elements are conspicuous and
may be representing the lowland and upland
elements of the flora. They dominate the
assemblages at all levels characteristic of tropical
rain forests.

The spores of Schizaeaceae, Parkeriaceae,
Osmundaceae, Polypodiaceae and pollen of
Arecaceae, Rhizophoraceae, Verbenaceae,
Hippocrateaceae, Caesalpiniaceae, Combretaceae,
Sapotaceae, 0 i pteroca rpaceae, Me I i aceae,
Ctenolophonaceae, Oleaceae, Moraceae and
Anacardiaceae in the palyno-assemblage of Quilon
and Warkalli formations clearly indicate the
prevalence of tropical climate at the time of
deposition.

The presence of fungal remains, viz.,
Pbragmotbyrites, Nototbyrites, Parmatbyrites,
Multicellaesporites, Pluricellaesporites, fern spores
and tropical rain forest elements -belonging to the
families Ctenolophonaceae, Oleaceae,
Dipterocarpaceae, Moraceae and Alangiaceae
confirm high degree of rainfall

Similar palaeoclimatic derivations have been
made by Awasthi and Ahuja (1982) on the basis of
fossil woods, viz., Calopbyllum, Drybalanops, Gluta,
Swintonia, Terminalia, Diospyros, Litsea,

Meliaceae
Tiliaceae
Anacardiaceae
Alangiaceae
(Alangium)
Rhizophoraceae
(Rbizopbora)
Verbenaceae
Combretaceae
Lythraceae

Zonocostites

Retitricolporites
Heterocolpites
Verru tricolporites

Meliapollis (some spp.)
Intratriporopollenites
Rbozpites
Ala rzgipollis

Lycopod iaceae
(Lycopodium)
Schizaeaceae
(Lygodium)
Schizaeaceae
(Lygodium)
Schi zaeaceae
(Scbizaea)
Pteridaceae
(Pteris)
Polypodiaceae
(Polypodium)
Polypodiaceae
(Polypodium)
Pol ypod iaceae
Parkeriaceae
( Ceratopteris)
Liliaceae
Lecyth idaceae
(Barringtonia)
Ebnaceae
Crenolophonaceae
( Ctenolopbon)
Lentibulariaceae
Caesalpiniaceae
(Caesalpinia)
Caesalpiniaceae
Sapotaceae
Meliaceae
Moraceae
Olacaceae
(Anacolosa)
Droseraceae
(Drosera)
Potamogetonaceae
Araliaceae
Haloragaceae

Bombacaceae (Durio)
Euphorbiaceae
Rubiaceae

Ornatetradites

Trisyncolpites
Sapotaceoidaepollenites
Meliapollis
Tnporop0 lien ites
Anacolosidites

Neyvelzpo/lenites
Margocolporites

Psila tricolpites
Ctenolopbonidites

Scbizaeoisporites

Retipilonapites
Araliaceoipollenites
Haloragacidites

Lygodiumsporites

Laevigatosporites
Striatriletes

Polypodiisporites

Pteridacidites

Crassoretitriletes

Liliacidites
Marginzpo/lis

Polypodiaceaesporites

Lycopodiumsporites

Lakiapo/lis
Tricolporopolfis
Favitricolporites
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C)'}/O!111!tra, Conyslylus and Leea reported from the
Neogene of Varl,ala in Kerala Coast.

Dinoflagellate cvsts (Opercu/odinillm,
AchomosplJoera and TIJalassljJlJora) and pollen of
Barringtonia, RIJizoplJora, Lllmnitzera, Nypa,
CalamllS, Araliaceae, Sapindaceae. Meliaceae and
Droseraceae indicate the existence of brackish water
mangroye swamps. Pollen comparable to
Potamogetonaceae. Haloragaceae and Droseraceae
indicate the presence of fresh water lakes or ponds.
dotting the inland landscape, away from the
mangrove belt. The sandy beach conditions have
been inferred by the presence of palm pollen
(Palmidiles, Palmaepolleniles and QUilonipollenites).

Trianguloriles hellus Cenozone (Eocene) Each
cenozone contains age definitive and ecologicallv
important palynofossils, the details of which are
gi\'en in the abo"e mentioned paper. It is quite
ob"ious from this palynological data that the
Arthungal bore-hole penetrates through strata
ranging in age from Eocene ro Early Miocene.

Thus, on the basis of subsurface Arthungal
palynofossils it is suggested that the entire Tertiary
sequence of Kerala Basin may ha\'e to be restudied
palvno!ogicalh- both from the surface and subsurface
for finer resolution of the age before a tangible
conclusion can be made.

DISCUSSION

The Quilon and Warkalli formations of Kerala
ha,'e yielded a "ariet)' of pteridophytic spores and
angiospermous pollen (Table I). Dinoflagellate
Cysts and fungal remains are also present whereas
the gymnospermous pollen are poorly represented.
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AGE OF QUI LON AND WARKALLI
FORMATIONS

On the basis of foraminifera. ostracod and
mollusca evidences. the Quilon Formation is
assigned an Earlv to !v!iddle Miocene age (Jacob &

Sastry, 1952; Dey, 1962). The Warkalli Formation
overlying rhe Quilon Formarion is considered to be
Late tvliocene to Pliocene in age (Poulose &
Narayanaswami, 1968).

Ramanujam (1982) opll1ed that a srriking
similarity exists berween the assemblages of both
the formations. He concluded (on the basis of
surface and subsurface palyno-assemblages) that rhe
entire Tertiary sequence of Kerala Basin constitutes a
single time transgressive group being Early to

Middle tv!iocene in age
Raha, Rajendran and Kar (1987) on subsurface

palynological data from Ambalapuzha, Alleppev
Districr, Kerala, suggested Eocene ro Early Miocene
age to the sediments. Palynofossil taxa Proxapertites,
Polyeo/piles. Meliapol/is, Verrlltrieo/poriles,
Proteacidites and Striaco/porites with some palm
pollen are suggestive of Eocene age. Oligocene age
has been inferred by the presence of
Crassoretilriletes, Trisyncolpiles and Hombacaeidites
The occurrence of /Haluacearlll1lpollis,
Hihisceaepollenites and QlIiloJ1lpollenites suggests
Early ivliocene age.

Recent palynological study of Arthungal bore
hole, Alleppey District, Kerala by one of us (Rao,
1989 in this volume) also provides cogent evidence
that the palynoflora of Warkalli and Quilon
formario}1s may vary from Eocene ro Early Miocene
in age. The Anhungal bore-hole palynofloral
succession has been divided into three disrinct
cenozones, viz., /vlaluacearumpollis hakonyensis
Cenozone (Early Miocene), Crassoretitriletes
uanraadshooueni Cenozone (01 igocene) and

P:lly!lOlaXa

L),j!,udill IIlspuriIes

JlllrabaclI!isporis

Cleicbeniidiles

!:'.'illluspura
f'o/.'eolrilele;;
Cillgilialispuriles
Cihul iioiles

Lael'igatuspuriles

Spinailtaperillriles

Clal'ainaperlll riles

Crolullisiliciles

.IIUlluporopullelliles

Spillamullopuriles

CrululluidaepollellileS

FUI'eul ricolpiles

CrolUlricolpiles

fYllllclalriculpiles

Hac IIhrel 'il ricolpiles

C!m'asJ'lIcolpiles

.\/eyeripollis

Custai/pullen iles

Ta!isiipiles

FOt'eUslephal/ocotporiles

Padappakkarapullis

Pul)'hrel'icolporiles

Triuriles

Casllarinidiles

Fcbilriporiles

Tel rap ullis

JnaperllirUlelradiles
Haloragacidiles
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Text-figure 2- Dislribution of different plant groups in Quilon
and Warkalli formations

The distribution of differenr planr groups in Quilon
and Warkalli formations alongwith the common
elemenrs between the twO is given in Te},1:-figure :2

l. Ecological analysis of the Tertiary palynofossils
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from the Kerala Basin identifies upland, lowland,
fresh water, sandy beach and mangrove elements
occurring as constituents of tropical rain forests
of semi-evergreen type. The terrestrial elements
of upland relief flora and lowland vegetation
tend to merge with the fresh water constituents
and dominate the total assemblage. Luxuriant
gro'V.'th of palms seems to have been supported
by the sandy beaches_ lVlangrove vegetation
thriving on the tidal mud flats and dinocysts in
the estuaries have also been richly contributing
to the past vegetation.

2. The bore-holes penetrating through the Tertiary
sediments of Kerala Basin have yielded
palynological evidences which assign Eocene to

Early Miocene age to the successions studied. In
view of this newly emerged palynological
information, concerted efforts are required to

systematically restudy the entire sequence from
the stratigraphically located samples. Therefore
the contention of Ramanujam (1982) that the
entire Tertiary sequence of Kerala Basin is a
single time transgressive unit, being Early to

Middle Miocene in age, needs to be confirmed
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Palynological investigation of the Ratnagiri beds of
Sindh u Durg District, Maharashtra

R K Saxena & N. K. J\lisra

Saxena, R. K. & Misra, N. K. 1990. Palynological investigation of the Ralnagiri beds of Sindhu l)urg Districl,
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A palynological assemblage consisling of 60 genera and 9S species has been recovered from the Ratnagiri beds
of Sindhu Durg District, Maharashtra Quanrilati\'elv. pleridophVlic spores and fungal remains are dominant, sharing
44 and 40 per cent of the tOlal assemblage respectively. 111ese are followed by angiospermous pollen (169'0) On lhe
basis of comparalive morphology, the palynofossils ha\'e been assigned affinities to eXlal1l genera or families The

present day distribulion of such taxa suggesls a tropical·subtropical climale (warm-humid) with plel1t)' of rainfall
The environment of deposition has been interpreted as near· shore With sufficient fresh \vater supply.

Key-words- Palynology, Palaeoecology. Ratnagiri beds, Neogene (India)

R. K Saxena (: IV K _Hisra, Birbal SalJlli Institlile oj Palaeobotany. 53 UnilJer,;ity Road, Lllcknoll' 226007.
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THE Rarnagiri beds were first reponed by Wilkinson
(1871) from a number of quarries and well sections
along Rarnagiri coast, Maharashtra. The geological
literature on these beds is rather meagre, mainly
because of their poor exposure and less thickness.
So far, the palynological studies on Rarnagiri beds
are confined to the subsurface lignite samples
collected from a well located 10 km south of
Ratnagiri, near Third Dharamshala bus·stOp on
Rarnagiri-Pawas road (Phadtare & Kulkarni, 1980a, b,
1984a, b; Kulkarni & Phadtare, 1983; Kulkarni et al.,
1985). The cuticular studies on these beds have
been published by Kulkarni and Phadtare (1980)
and Dalvi and Kulkarni (1982). Phadtare and

Kulkarni (1984c) described fossil ,,"oods of
Anacard iaceae from these beds.

Saxena et at. (in press) made a lithostratigraphic
srudy of these beds in a number of well, outcrop.
cliff, road, mine and other sections in Rarnagiri and
Sindhu Durg disrricts of Maharashtra. Of these,
Amberiwadi section near Tirlor Village and Kalviwadi
section near Tembhavli Village are outcrop sections.
The present palynofloral investigation has been
carried out on the Amberiwadi section located in
Devgarh Taluk of Sindhu Durg District, Maharashtra
(Lar. 16' 30'20"N : Long. 73°23'20"E, Text-fig. 1)
The base of the section is composed of grey clay
followed by lignite (l m), grey clay mixed with
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Text-figure l-Sho>\'ing the location or Amheri>\'adi seCtion in
Sindhll \)lIrg District, j\laharashtra.

terruginous matter (0.5 m) and ironstone (0,2 m).
This is co\ered by about 9 m thick laterite (Text·fig,
2). Carbonized remains of wood and fragmentary
leaves are also found in the lignite bed of this
sect ion.
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MATERIAL AND METHOD Text-figure 2-l.itholog or Amberi>\'adi ~eetion shlw,-ing
scquencc of \'arious strata of Ratnagiri bcds

A toral of 24 samples were collected from clay
and lignite beds of Amberiwacli section at a regular
stratigraphic interval of 0.20 m. In order to obtain a
rich and complete assemblage, samples were also
collected laterally, Precautions were taken to collect
samples only from fresh and unweathered surfaces,
to a\'oicl any kind of cOll{amination.

Samples were treated with HNOJ and HF
followed by 5 per cent solution of KOH. The slides
,,'-ere prepared in polyvenyl alcohol and mounted in
canada balsam Lietz Laborlux microscope has been
used for the study and photomicrography. The
material, slides and negatives of figured specimens
ha\'e been deposited in the museulll of the Birbal
Sahni Institute of Palaeobotany, Lucknow.

PALYNOFLORA

The palynotaxa recovered from the Rarnagiri
beds are as follows:

Pteridophytic spores

Assamiasporites tertiams Mehrotra & Sah 1980
(PI 3, fig. 4)

C)'athidires congoensis Sah 1967
Cyatbidires minor Couper 1953 (PI. 1, fig. 1)
"Cyathidites gigalltiells sp. nov. (PI. 1, fig 17)

J)ieZ)IOphyLlidires kyrromatlls Kar & Kumar 1986
Lae/'igarosporites Lakiensis Sah & Kar 1969
LaelJigatosporites ouatlls Wilson & Webster 1946
LE'proLepiditE's sp. (PI I. fig. 3)
Lygodill msporites Lakiensis Sah & Kar 1969 (PI 3,

fig. I)

Lygodiul1lsporitE's paehyE'xinlis Saxena 1978
MonoLites lI1au'kmaensis Dutta & Sah 1970
MOlioLires ouat liS Sah 1967
"Mono!ites arnberiuJadierzsis sp. nov. (PI. 1, fig.

6)
OSn1l1rldaeiditE's cephaLus Saxena 1978 (PI. 3,

fig. 7)
OSn1l1ndaeidires lIlicrogramjer Sah & Jain 1965

(PI. I, fig, 2)

PoLypodiaceaesporites Leuis Sah ] 967
PoLypodiaceaesporites terfiams Dutta & Sah

1970
PoLypodiisporitE's ornatus Sah 1967
PoLypodii~poritE's repandus Takahashi 1964
"'PoLypodiisporites minutiven"ucus sp. nov. (PI

1, fig. 5)

PoLypodii~p()rites sp. (PI. 1, fig, 4)
Preridacidires JiSlllLoslis Sah 1967 (PI 3, fig. 6)
StrialriLetes susannae Van del' Hammen 1956

emend Kar 1979 (PI. 3, fig 15)
Todisporites minor Couper 1958 (PI. 3, fig. 3)

Angiospermous pollen grains

ArceipitE's punetatlls \XIodehouse 1933
AssamiapoL!enites sp. (PI. 3, fig. 5)

C/auapE'riporites jacobi Ramanujam 1966
CLavapE'riporites sp. (PI 2, fig, 6)
DermatobrevicoLporites sp. (PI. 1. fig. 19)
DieoLpopoWs sr. (PI 2, fig. 2)

FauirrieoLporitcs retiJormis Sah 1967 (PI 3, fig,
10)

FoucotrieoLpites prolatlls Rao & Ramanujam 1982
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Inapertllropol/enites plillctatlis (Saxena) Saxena
& Bhanacharyya 1987

Inapertllrotetradites sp. I (PI. 2, fig 7)
Il7apertllrGtetradites sp. 2 (PI. 2, fig. 3)
Lakiapollis Ol'atlls Venkatachala & Kar 1969
Lakiapollis sp. (PI. I, fig. 13)
i\/all'aceammpol/is sp. (PI. 2, fig. '))
Paleosa Ilta laceaepi tes dinoflagel/a til s 13 iswas

1962 emend. Dutra & Sah 1970
Palmidites lI/axil1llls Couper 19')8
Paill/idites sp. (PI. I, fig. 8)
Pandaniidites sp (pJ. I, fig I~)

PO~J)adopolLenites sp. (pJ. I, fig. 16)
Proxapertites microreliculatlls Jain et at. 1973

(reworked)
Proxapertites sp. (PI. 1, fig. 12, reworked)
Qllilol7ipol/enites ornatlls Rao & Ramanujal1l

1978
Qllilompol/enites sp. (PI. I, fig. 9)
Retipilonapites delicatissimliS Ral1lanujam 1966
Retipilonapites sp. (PI 3, fig. 9)
Retitrescolpites splendens Sah 1967
Retilricolpites dipterocarpoides Rao &

Ral1lanujal1l 1982 (PI 3, fig. 2)
Retitricolporites crassioraws Rao & Ramal1lljam

1982
"'Retitricolporites sllhcircillaris sp. nov (PI. I,

fig. 11)
Thomsollipol/is sp. (PI. I, fig. 10)
Tricolpites relicillatlis Cookson 1947
Tricolpi tes sp. 1 (PI. 2, fig. I)
Tricolpites sp. 2 (PI. I, fig. 1'))
Tricolpompollis rnatmlal7ladhensis (Venkatachala

& Kar) Tripathi & Singh 1985
Triporotetradites sp. (PI 2, fig. 8)
Verrualetes assamiclis Singh & Saxena 1984 (PI. 1,

fig. 20)
Vermmonocolpites sp. (PI. 1, fig. 7)

"'Vermtriporites grandioratlls sp nov. (PI 1, fig.
18)

Salt glands of Mangrove plants

"Heliospermopsis ankleshvarensis (Srivastava
1967) comb. nov.

Heliospermopsis hungaricus Nagy 196')
Heliospermopsis sp. (PI. 2, fig. 10)

Fungal remains

Basidiosporites jOll mierii Elsik 1968
Basicliosporites sp. 1 (PI 3, fig. 12)
Basidiosporites sp. 2 (PI. 3, fig. 8)
Denclromyceliates ~plendens Jain & Kar 1979
Dicellaesporites justjormis Sheffy & Dilcher 1971
Dicellaesporites popoiJii Elsik 1968

"''J)tporicellaesporites Il'ilkinsonii sp. no\·. (1)1 3.
fig 13)

lJiporicellaesporites sp (PI 3, fig. 19)
Dyado~poronites sp. I (PI. 2. fig 11)
lJ)'adosporonites sp. 2 (PI. 2. fig -1)

FIIsijorlJiisporites sp (PI 2. fig 12)

o'lnap(!rti~porites kedt 'esii Fisi k 1968
I sllho/'oidells Sheffy & Di kher 197 I
lill'ollilisporonites Il'ilcoxii Elsik 1968
Klltchiathyrites eccentriCIiS Kar j 9'9
Lirmporis inlergranijer Potonie & Sah 1960

emend. .Jain & Kar 1979
Lirasporis sp. (PI 3, fig. 18)
'Jlicrolhyriaciles ramalllljal1lil sp. no\ (1)1 2. fig

13 )
Jiliiticellaesporiles elsikii Kar & Saxena 19'6
''?aramicrOlballiles kOJikall!!l1s1s sp nO\' (PI )

fig. 9)
Parmathyrites rW}/(/JlJljamii Singh et al 198()
Parmatbyrites sp (P1. 3, fig 17)
Pbragmothyrites aSSal7liCliS (Kar et al) Saxena el

al 1984
Phragl1lotbyrites edLl'a rdsii (Rao) Kar et al 19~2
PbraglJlotbyriles eocaeliicCl Edwards 1922 emend

Kar & Saxena 1976
''Ratnagirialhyrites hexagollalis gen. et sp no\

(PI. 2, fig. 14, PI. 3, fig. 11)
Staphlo~1Joro}[ites sp. I (PI. 3, fig. I-J)
Stap!JIo,)poroJlite,~ sp 2 (PI 3, fig 16)
':Tricbotbyrites alJlolpbliS (Kar & saxena) comb.

no\'
':'Ti'icbolbyritl!s selljerlls (Cookson) comb. no\'
TaXi! Wilh asterisk C) mark have either been

described or commenled upon herein Plate and
figure numbers given in the above list in parentheses
refer to the illustration of the present paper. The
spore'pollen types which could not be assigned to
any known species and are represented b\' very few
specimens have also been listed in the check·lisl (eg.
Leptolepidites sp., Lakiapollis sp., etc) and illustrated
in the plales. However, their descriptions have not
been given.

SYSTEMATIC PALYNOLOGY

Genus- Cyathtdites Couper 1953

Cyatbidites giganticlis sp. nov.
PI. I, fig 17

Hololype-Pl. 1, fig. 17, size 96 Mm, Slide no.
BSIP 10135, coordinates: 51.8 x 1042.

rype borizon & locality-Ratnagiri beds,
Amberiwadi section, Sindhu Durg District,
Maharashtra.
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Diagnosis-Spores triangular with concave
interapical margin. size range 94·100 pm; trilete.
rays extending up to the equator; exine 4.'5'5.5 pm
thick, slightly thicker at apices than at interapical
region, laevigate.

Comparison-Cyatbidites australis Couper 1953
(54·77 pm), C. minor Couper 1953 (31·45 pm, exine
1.5 pm thick) and C. congoensisSah 1967 (32-46 pm,
exine 1.5-25 pm thick) differ from the present
species in having smaller size and thinner exine.

Number oj specimens studied-l3-

Genus-Monolites Erdtman 1947 ex Potonie 1956

Nfonolites amberiwadiensis sp. nov.
PI. 1, fig. 6

Holotype-PI. I, fig. 6, si ze 61 x '50 pm, Slide no.
BSJP 10127; coordinates: 59.8 x 97.1.

Type borizon & locality-Ratnagiri beds,
Amberiwadi section, Sindhu Durg District,
Maharashtra.

Diagnosis-Spores circular to oval; size range
51·63 x 44-51 pill; monolete, ray e>..1:ending more
than half the longer axis; exine 2 to 2.5 pm thick,
psilate, perine 'present, more or less punctate.

Comparison-The present species is
distinguished frolll M ovatus Sah 1967 and lvI.

mawkmaensis Dutra & Sah 1970 by the presence of
punctate perine, bigger size and thicker exine.

Number oj specimens studied-17.

Genus- Polypodiisporltes Potonie 1934

Polypodiisporites minutiverrucus sp. nov.
PI. 1, fig. 5

Holotype-PI. 1, fig. 5, size 49 x 31 pm, Slide no.
BS1P 10126; coordinates: 53.5 x 99.2

Type borizon & locality-Ratnagiri beds,
Amberiwadi section, Sindhu Durg District,
Maharashtra.

Diagnosis-Spores bean-shaped, size range 49
59 x 29-50 pm; monolete, ray distinct, extending up
to half the longer axis; exine 2.5 pm thick,
verrucose, verrucae small, 3-4 pm in size, flat,
closely placed.

Comparison-Polypodiisporites sp. (Saxena,
1978, pI. 2, figs 37, 38, p. 452) resembles pre sent
species in having small verrucae but differs in being
bigger in size (68·92 x 58-68 pm).

Number oj specimens studied-18.

Genus-Retitricolporltes Van der Hammen 1956 ex
Van der Hammen & Wijmstra 1964

Retitricolporites subcircularis sp. nov.
PI. 1, fig. 11

Holotype-PI. 1, fig. 11, size 52 x 46 pm, Slide
no. BS1P 10130; coordinates: 48.1 x 96.5.

Type horizon & locality- Rarnagiri beds,
Amberiwadi section, Sindhu Durg District,
Maharashtra.

Diagnosis-Pollen isopolar, circular to

PLATE 1 --
(All photomicrographs are ca x 750. unless otherwise stated.
Coordinates refer to Leitz Laborlux microscope no 512794/
067304)

I. Cvathidites minor Couper, Slide no. BSIP 10122; coordinates:
352 x 964

2. Osmundacidites microgranifer Sah & Jain, Slide no BSIP
10123: coordinates 58,4 x 98.7.

3 Leptolepidites sp. Slide no BSIP 10124; coordinates: 51.1 x

1001
4. Polypodiisporites sp. SI ide no. BSJP 10125; coordinates 603 x

968
5. Polypodiisporites minutilJerrucus sp. nov., Slide no. BS1P

10126; coordinates: 535 x 99.2 (Holorype).
6. Monolites amheriwadiensis sp nov., Slide no. BSIP 10127;

coordinates: 59.8 x 97.1 (Holotype).
7 Verrun1bnoeolpites sp., Slide no. BSIP 10128; coordinates:

523 x 985
8 Palmidites sp., Slide no BSIP 10129: coordinates: 52.6 x

1034
9 QUilonipolienitessp., Slide no. BSIP 10130, coordinates: 52.2 x

941

10. Thomsonipollis sp., Slide no. BSIP 10131; coordinates: 69.6 x

999
11 Retitrieolporites suhcircularis sp. nov., Slide no. BSIP 10130;

coordinates: 48.1 x 965 (Holotype).
12. Proxapertites sp., Slide no. BSIP 10132; coordinates: 48.2 x

1002
13. Lakiapollis sp, Slide no. BSIP 10133; coordinates 42.0 x 106.9.
14. Pandaniidites sp., x 850, Slide no. BSIP 10134; coordinates:

514 x 99.8
15. Tricolpites sp. 2, Slide no. BSIP 10122; coordinates: 31.5 x

991
16 Polyadopollenitessp., Slide no. BSIP 10126; coordinates: 'lUI x

1037.
J7 Cyathidites giganticus sp. nov.. x 500, Slide no. BSJP 10135;

coordinates: 518 x 104.2 (Holotype).
18 Verrutriporites grandioratus sp. nov., Slide no. BSIP 10136;

coordinates: 51.2 x 942 (Holotype).
19. DermatobrelJicolporites sp., Slide no. BSIP 10137; coordinates:

39.8 x 103 I.

20. Verrualetes assamicus Singh & Saxena, Slide no. BSIP 10134;
coordinates: 43.7 x 106.8.
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subtriangular, 43 56 J.Lm in size, tricolporate,
zonicolporate, colpi deep, colpi margin thickened
with ± blunt ends, pores distinct, O\·al. 8·10 x 4·6
J.Lm in size. pore margin thickened; exine 2.5·3 J.Lm
thick, teerate, columella distinct. reticulate to
foveoreticulate, lumina circular, ca 1 J.L11l, sexine
thicker than nexine.

Comparison-The present species is
distinguished from R guianensisVan der Hammen &
\\'ijmstra 1964, R. ann/llatusSalard·Cheboldaeff 1978
and R crassioratlls Rao & Ramanujam 1982 by its
bigger size, thickened ora and colpi margins and
reticulate to foveoreticulate ornalllentation.

Number oj specimens studied-12.

Genus- Verrutriporites Muller 1968

Verrutriporites granctioratlls sp. nov.
PI. 1. fig. 18

Holotype-PI. 1, fig. 18, size 57 x 47 J.L1ll, Slide
no BSIP 10136; coordinates 51.2 x 94.2

Typf! horizon & locality-Rarnagiri beds.
Amberiwadi section, Sindhu Durg District,
lvlaharashtra.

Diagnosis-Pollen oval, size range 50·58 x 39·47
J.L1ll; triporate, pores oval, 7·9 x 35·6 J.Lm, pore
margin thickened, pores subequatorial in position;
exine 1·1.5 J.Lm thick, verrucate. verrucae small to
large, closely placed and evenly distributed, folds
present.

Comparison- \1 lundensis Muller 1968 differs
from present species in having smaller size (18·34
J.Lm) and smaller pore diameter (2·3 J.L1l1)

Number oj specimens studied-5.

Genus-Heltospermopsts Nagy 1965

Helio.\permopsis anklesbuarensis (Srivastava 1967)
comb. nov.

Basionym-0 IIdhk II slt1ui tes ankleshua rensis
Srivastava 1967, Rev Micropaleontol. IO( I), pI. I, figs
1·16. p. 38

Holotype-Srivastava, 1967, pI. I, fig.

Fungal remains

Genus-MicrothyrtacUes Cookson 1947

Microthyriacites ramanujamii sp. nov
PI. 2, fig. 13

Holotype-PI. 2. fig. 13, size 116 x 94 J.Lm, Slide
no. BSIP 10143; coordinates: 50.7 x 100.5-

Type borizon & locality-Ratnagiri beds,
Amberiwadi section, Sindhu Durg District,
Maharashtra.

Diagnosis-Ascostromata circular to subcircular,
nonostiolate, size range 110·126 x 9095 J.Lnl, hyphae
radiating, forming pseudoparenchymatous, small,
thickened central cells and larger, rectangular to
squarish outer cells, cells nonporate, margin thin
and wavy.

Comparison-The present species is
distinguished from iHicrothyriacites sahnii Rao 1959,
.\1. cooksonii Rao 1959 and M. edwardsii Rao 1959 by
its thickened central cells and smaller size

Number oj specimens studied-5.

Genus- RatllagtrtathyrUes gen. nov.

Type species-Ratnagiriathyrites hexagonalis
gen. et sp. nov.

Diagnosis-Ascostromata subcircular or
irregular in shape, dark brown in colour,

nonostiolate, cells not arranged radially, porate,
pores generally distributed throughout stromata,
cells hexagonal, bigger towards periphery than in
the central region; margin thick, wavy

Comparison-The present genus is

---+

PLATE 2

Trieu/piles sp. I x 6';0. Slide no. BSIP 10122: coordinates: 37 x

10';4

) Dieo/papol/is sp., Slide no. BSIP 10138: coordinates: 613 x

940
3. /naperlllrOlelradile.' sp. 2. x ';'i0. Slide no. BSIP 10139.

coordinates: 437 x 994.
.j, D.l'adosparoniles sp. 2. Slide no BSW 101-10: coordinates:

391 x 982
';. ,Ha/mcearul'llpol/is sp.. Slide no. RSIP 10130; coordinates:

62.7 x 989.

6. C1at:aperiporiles sp., Slide no BSIP 10130; coordinates:
4 II x 97 7
/naperllirOlelradilessp I. x 8';0. Slide no. RSIP IOJ41; coordi·
nates: ';1.8 x 108.2.

8. Triporolelradiles sp.. x 'i00: Slide no. BSIP 10142; coordinates:
690 x 938

9. Paramicrolbal/iles kOllkallellsis sp. nov.. x 'i00; Slide no. BSIP
10137: coordinates: -146 x 102.'; (Holotvpe).

10. Iieliospermopsis sp.. Slide no BSIP 10140; coordinates 65.3 x

1108
II. Dyadosporoniles sp. I. Slide no. BSIP 10140; coordinates:

';90 x 93. I

12. Fllsiformisporiles sp.. Slide no. BSIP 10142; coordinates
';0'; x 10'i2

13. MicrOlhyriaciles ramanlljamii sp. nov.. Slide no. BSIP 10143;
coordinates: 'i0.7 x 1005 (Holotype).

14. Ralnagirial!?)'riles hexagollalis sp. nov. Slide no. RSIP 10126;
coordinates: 383 x 104.7 (Holmype).
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distinguished from Pbragmolhyriles Edwards 1922
emend. Kar & Saxena 1976 and .\/ierolhyriaeites
Cookson 1947 by its non radiating and hexagonal,
porate cells. SiU'alikiathyrites Saxena & Singh 1982
resembles the present genus in ha\'ing non·radial
cells but differs in being nonporate.

Ralnagirialbyrites bexagonalis sp no\'.
PI 2, fig 14: PI. 3, fig. 11

Hololype-PI. 2, fig 14, sile 114 x 9') ,urn, Slide
no. RSIP 10126; coordinates: 383 x IOet.7.

T)'pe horizon {- loeali Iy-Ra tnagi ri beds,
Amberiwadi secrion, Sindhu Dmg District,
ivlaharashtra.

Diagnosis-Ascostromata :iU bci rcu Ja r to
irregular in shape, dark brown in colour,
nonostiolate, size range 66·114 x ')').')95 ,um, cells
not arranged radially, porate, pores mostly
distributed throughout ascostromata, marginal cells
nonporate, cells hexagonal, sometimes pentagonal,
cells increasing in sile tOwards periphery, margin
thick, wavy.

Number oj specimens studied -19.

Genus-Pa1'amicrolhattiles Jain & Gupta 1970

Paramierotballiles kOllkanensis sp. no\·.
PI. 2, fig. 9

1986 Paramierotballiles menonii Jain & Gupta in
Singh el aI., PI. I, fig 4, p. 96

Holo~Jpe-PI. 2, fig. 9, size 103 x 98 ,urn, Slide
no. BSIP 10137; coordinates 446 x 1025

Type borizon & loeality-Rarnagiri beds:
Amberiwadi section, Sindhu Durg District,
Maharashtra.

Diagnusis-Ascostromata subcircular in shape,
dark brown in colour, sile range 94103 x 90·98,um,
ostiolate, ostiole subcircular, ea 7-9 ,um in diameter,
unthickened, hyphae radiating, forming nonporate
pseudoparenchvmatous cells, central cells squarish,
marginal cells rectangular, margin uneven.

Comparison-Paramicrotballites menonii Jain &
Gupta 1970 reported by Singh et al. (1986, pI. 1, fig.
-t) resembles the present species.

Numher oj speCimens stllctied-16.

Genus- Tricholhyriles Rosendahl 1943

Triehotbyrites seliJerus (Cookson) comb. nov.

Hasionym-Nototbyrites sellJems Cookson 1947,
Proe Linn. Soc N 5 IV 72, pI. 11, figs 1-6, p. 209.

Holu(Jpe-Cookson, 1947, pI. 11, fig. 1

TriebolbYl'iles amorphlls (Kar & Saxena) comb. nov.

Basiol1VIl7-NolOtbyriles amolpblls Kar & Saxena
1976, Palaeobotanist 23(1), pI. 4, figs 44-45, p. 9.

Hololypf:!-Kar & Saxena, 1976: pI. 4, figs 44·45.

Genus- lnaperlisporiles Van dec Hammen 1954
ex Rouse 1959 emend. Saxena & Bhattacharyya 1987

Inapertisporites keduesii Elsik 1968

Remarks-The present specimens are bigger
(44-54.5 x 392·532 ,um) than those described by
Elsik (1968, 28-38 ,um) from the rockdale lignite
(Palaeocene) of Texas. Kar and Saxena (1976, pI. 3,
fig. 23; pI. 4, fig. 47) described similar but larger
(27·72 ,urn) spores from the Matanomadh Formation
(Palaeocene) of Kutch. The spores described by
Chandra el at. (1984) from the sediment cores from

-PLATE 3

I L)'godilll1lspori/es lakiellsis Sail 8< Kar, Slide no. 13SI1' JO 126;
coordinates: ~3.q x 93.6.

., Reti/ricolpiteS dip/erocarpoides Rao &: Ramanuiam, Slide no.
BSIP J0144: coordinates: 61.7 x 9S.4.

3 Todisporiles miliorCouper, Slide no. BSIP 10126; coordinates:
49 x 935

4 Assamia,porites tertiarllS Meilrotra 8< Sail, Slide no. BSIP
10144; coordinates: 31.6 x 109.H.

5. Assal1liapollellites sp., Slide no. BSIP 10 I~HA: coordinates
43.H x 106.S

6. Pteridacidites lis/Illoslls Sail, Slide no BSIP 10132: coor·
dinates: 3S x 954-

7 Osmundacidites cepbaills Saxena, Slide no. 13SIP 10145:
coordinates: 49.3 x 107.3-

8. Basidiosporitl?S sp 2, Slide no. BSIP 10146: coordinates:
35.3 x 91.9

9 RelljJilonapites sp, Slide no. 13SI P 10130: coordinates
64';x95.7

10. FafJi/ricolporites retilormis Sail, Slide no. BSIP 10134;

coordinate~: 62.8 x 92.3.

11 I<atllagiriatb)'ri/es bexagonalis sp. no\'., Slide no. BSIP 1013H;
coordinates: 67.2 x 108.2

12. Basidiosporiles sp. I, Slide no. BSIP 10147: coordinates: 45.6 x

ICP.4.

13. {)/!Joricetlaesporites lI'ilkillsonii sp. nov., Slide no. BSIP
10122: coordinares: 70'; x 1046 (Holorype).

I~. Stapb/o,porOllites sp. 1, Slide no. 13SIP 10132: coordinates:
H2 x 97S

I';. Striatriletes SIl.'C/l1izae van del' Hammen emend. Kar, Slide no.
BSIP IOn4; coordinates: ~I 2 x 91.7

16 Stapb/osporcmites sp. 2, Slide no. BSIP 10122: coordinates:
~4. 2 x 106H.

17 ('armalb)'rites sp., Slide no. BSIP 10130; coordinates: ~S4 x
106.2.

IS Urmporis sp., Slide no. 13SIP 10130; coordinates: 49.9 x 103-5
19. DljJol'lcellae.,porites sp.. Slide no BSIP 1014S; coordinates:

398 x l0lCi
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Arabian Sea range from l-i [0 88 J..Lm in size
{VlImber oj specimens sl/ldied--/17

Genus- Diporicellaesporites E1sik 1968

DzporicellCiesporiles /L'ilkinsOilii sp. nov
PI 3, fig 13

Ho{oIJpe-PI. 3, fig l3, size 100 x -i0 J..Lm, Slide
no. I3SIP 10122; coordinates: 70.'5 x 1046.

Type boriZOil {- {ocCilily-Rarnagiri beds,
Amberiwadi section, Sindhu Durg District,
Maharashtra.

Diagnosis-fungal spores capsular in shape,
size range 98-126 x .36-40 J..Lm; tetracellate, middle
septum complete, 2.')·3 J..Lm thick, whereas other t\Yo
septa incomplete, not covering full width of spore;
dipor~te, pores apical, situated on protuberances.
sometimes slightly offset; wall up to 1.0 J..Lm thick,
psilate.

Comparison-The present species is
distinguished from D slCiCyli Elsik 1968 and D
aCl/minCilz/s, D. pl/ryearensis and D. tetra{ocl/{arls
all instituted by Sheffy and Dilcher 1971 by its bigger
size and two ill-developed and incomplete septa.

Number oj specimens sludied-l7.

DISCUSSION

The qualitati\'e and quantitati\'e analyses of the
present palynofloral assemblage indicate that the
fungal remains and pteridophytic spores are the
dominant constituents, whereas the angiospennous
pollen are poorly represented. The assemblage is
devoid of algal, bryophytic and gymnospermous
elements.

Qualitative Analysis

The known botanical affinities of palynotaxa and present day distribution of the various families are
given in table 1

Table

[lmanical group. 'Fam i ",

DIVISION·THALLOPHYTA

f'ungal frUiting bodies
('\'1 icrothyriaceae )

Fungal spores ancl
mycelia
(Ascomycetes, f3asidio·
mycetes and Oeutero·
mycetes)

PalynOtaxa

J>armalh.l'riles rall1an IIjam ii, J>arillalhyri/es sp., Phragnw·
Ibyriles eOeaeniea, P. edwardsii, P. assamiells, ,\liau·
11~)'riaeiles ramanlljanzii, KII/ebialhyriles eceenlriells,
Ra/llagirialhyriles hexagona/is, Lirasporis ill/ergraillfer,
Urasporis sp .. Parall1ierOlhalli/es kunkanenstS, Trieho
Ihyriles seltferlls, T amorphlls

Inaper/isporiles ked/'esii. I. sllbo/loidells, Fl.wfonnisporiles
sp.. Dieellaesporiles POPOI'li, IJicellaesporiles fllslforlnis.
.llultieellaespOrtleS elsikii, Slaphiosporoni/es spp. I and 2,
Dendromyee/iales splendens, Hasidiosporiles fOllrnierii,
Basidiusporiles spp. I and 2, InIJollilisporOlliles ,,,ilcoxii,
Dyado,poroniles spp. Jane! 2, Diporieeltaesporiles
u'ilkinsonii, Diporieellaes!Joriles sp.

Present day distribution
of the family

Warm and humid
Tropical climate

Remarks

DIVISION· PTER I001'1 fYTA

Cyatheaceae Cyalhidiles eongoensis, Cyalhidiles IIIinor, Cyalbidiles
gigamieils

Tropica I'subtropical

Osmundaceae Osmllndacidiles microgral'lifer, 0. eephaills, Todisporiles Cosmopolitan
minor

Shady places or
swamps

Dick~oniaceae

Sc hizaeaceae
(Lygodiun~

Lycopodiaceae

Parkeriaceae
(CeralOp/eris /haliel
rOides)

Dioyophyl/idiles kyrlomal us

Lygodillmsporiles lakiensis, L paehyexinus,
Lep/olepidi/es sp.

Assamiasporiles lertiarus

Slrialrileles susannae

Tropical-subtropical

Tropica I·subtropical

Cosmopolitan

Tropica I· subt ropical

Humid shady
habitat
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Adiamaceae PleridacidileS ji:;lu/OSIiS Cosmopoliran Chiefly in damp
and shady places

Polypodiaceae
( Po/ypodillm)

.1lonoliles OI'aIIiS. ,11 mau'kmaensis, ,llolloliles amberi· Cosmopolitan
wadiensis, Po/vpodiaceaesporiles /en's, P. lerliarlls.

Lael,'fgalospuriles Ol'aills, I.. /akiensfs, Pu/ypudiisporiles

ornaills, J) repal/dlls /'o/Vpodiisporfles sp., Polvpodllsporites
mil/llli,'errIlClis

DIVISIONSI'ER1>IATOPHYTA

SlJBDIVISJON·!\l'iG IOSPER~'IAE

CLASS·MONOC01YLEDONAE

Arecaceae Palmidiles maxillllls, Pa/midile,) sp., Dieo/popullis sp ..
PrOXaperliles ll1icrorelien/allis. Proxaperliles sp.

Tropical·subtropical

Arecaceae (Syagrus) Arecipiles plil/etailis

Arecaceae (Fugeissona) Quilonipolleniles urnaills, Quilunipullel/ites sp.

Potamogetonaceae
(Polamogelon)

Relipi/onapiles sp., R de/icalissimlls Cosmopol iran Aquatic

Pandanaceae (Pandanus)Pandaniidiles sp. Cosmopol i tan

CLASS·DIC01YLEDONAE

Dipteroca~)aceae

(Diplerocarpus)
Rei ilrieolpiles dlplerocmpoides Tropica I·Subtropica I

Gllnneraceae Trico/piles relicu/alus Cosmopolitan

Rubiaceae Relilricu/p0rlles crassiorailis Tropical·subl ropical

Oleaceae Rei il rescolpiles splende ns Cosmopol itan Chietly tropical
subtropical

l30mbacaceae (011 rio) Lakiapollis ONtI 115, Lakiapollis sp. Tropical·subtropical

Gentianaceae Fa{}ilricolporiles rellJormis

Thymeliaceae Clw,'aperiporiles jacobi, Cla{}apenporiles sp.,
( Wilks I roemfa)

Cosmopolitan

Cosmopolitan

Mah'aceae .1Ja/uacearumpollis sp.

"Rh izophoraceae I'aleosanlalaceaepiles di l/ofiagfllall'S

Mimosaceae Po/yadopulleniles sp.

Lamiaceae Tricolpiles spp. 1 and 2

Sonneniaceae Verrlliriporiles grandiorailis

Sapotaceae Tbomsonipollis sp.

Avicenn iaceae Relitrieolporiles Sllbcircularis
(Auicennia)

Tropica I-subtropical

Tropical·subtropical

Tropical·subtropical

Cosmopolitan

Tropica I- subt ropical

Tropica IsubtropicaI

Tropica I· su bt ropical

Percentage
o 10 20 30 40
I I

Text-figure 3-Percentage of various botanical groups in the

palynoassemblage of Amberiwadi section.

Lirasporis, TrichOlhyriles and Inaperlisporiles. The
pteridophytic spores, represented by 13 genera and

44% I 13% I

Fungal remains

Pteridophyti( spores

Angiospermous pollen

Quantitative analysis

The Amberiwadi palynoflora comprises 60
genera and 95 species including fungal remains,
pteridophytic spores, angiospermolls pollen and salt
glands of mangrove plants. The quantitative analysis
has been done on the basis of frequency of various
palynotaxa in a count of 100 specimens per sample.
This revealed that fungal remains, being represented
by 18 genera and 30 species constitute 40 per cent of
the assemblage. The significant fungal taxa have
been referred to Phragmolhyriles, Ralnagirialhyriles,
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24 species, constitute 44 per cent of the
assemblage. The dominant genera of pteridophytic
spores are: Cyatbidites, Todisporiles,
Lygodiumsporites, Assamiasporites, Lae I liga tosporites,
Monofites, Pofypodiaceaesporites and Polypodiispo
rites. The angiospermous pollen being represented
by 28 genera and 38 species are poorly represented
(16%). The signi ficant angiospermous pollen taxa
are: Lakiapoffis, Dermatobrevicolporites and Verru
triporites. Not considering the fungal remains, the
pteridophytic spores and angiospermous pollen
come to 73 and 27 per cent, respectively (Text-fig.
3). The rich representation of local elements, viz.,
fungal remains and pteridophytic spores, appears to
have masked the frequency of the angiospermous
elements. The genera which are represented by
more than 5 per cem are: Pbragrnorbyrires,
Tricbotbyrites, Todispori res, Lygodiu msporires,
Laevigato~porites, PO~)ipodii~porites and Lakiapoffis.
Lakiapoffis is a dominant taxon constilUting mCJre
than half of the angiospermous pollen assemblage.

Palaeoclimate

The Amberiwadi assemblage consists of
palynofossils having affinities with 25 extant
families. Of these. 14 families are restricted to the
tropical-subtropical climate, whereas others are
cosmopolitan in distribution (Table 1). The
prevalence of tropical-subtropical climate with heavy
rainfall during the sedimentation of the Ramagiri
beds is evident from the composition of the
assemblage and the present day distribution of their
nearest extant families. The rich representation of
fungal remains is also indicative of warm and humid
climate.

Environment of deposition

The present palynoflora contains elements
belonging to various ecological groups, viz.,
montane, fresh water swamps and water edge,
mangrove, back-mangrove and sandy beach.

Montane eJements-Cfauaperiporites.
Fresh-water swamps and water-edge elements

Lygodiumsporites, Striatrifeles, Pteridacidites,
Laevigatosporites, Monofites, Pofypodiisporites.
RetipiJonapites, Proxapertites

Back mangrove and mangrove elemems
Retitricolporites, Fauitricofporites, Pafeosantata
ceaepites, Ven'utnporites.

Sandy beach elements-Arecipites,
Quifompoffenites, Dicofpopoffis.

The qualitative analysis of the Amberiwadi
assemblage reveals that the presence of
Lygodiumsporites and Striatriletes is indicative of
fresh-water swampy environment. Pollen taxa
referable to Potamogetonaceae show aquatic
environment. The presence of family
Rhizophoraceae (Paleosantalaceaepites),
Avicenniaceae (Retitricolporites) and Gentianaceae
(Fauitricolporires) suggests mangrove vegetation.
Back-mangrove elemems belonging to family
Sonneratiaceae (Verrurriporites) are also present in
thiS assemblage. Coastal and shore line elements are
represented by Quilompollenites, Arecipites,
Pafmidiles and Dicofpopollis related to family
Arecaceae. The montane elements belonging to
family Thymeliaceae (Clauaperiporites) appear to be
derived from some distance From the overall
vegetational pattern the environment of deposition
appears to be near-shore with sufficient fresh water
supply or fresh water swamps nearby, or both.

CONCLUSIONS

On the basis of foregoing accoum, the follOWing
conclusions have been derived:

1. Amberiwadi palynofloral assemblage consists
of fungal remains (induding spores
and frUiting bodies), pteridophytic spores
and angiospermous pollen. The bryophytic
and gymnospermous elements are totally
unrepresented.

2. The fungal remains (40%) are represented by
18 genera and 30 species. Of these, 9 genera
and 16 species are of fungal spores.

3. The pteridophytic spores (44%) are
represented by 13 genera and 24 species and
have been assigned to Cyatheaceae,
Osmundaceae, Dicksoniaceae, Schizaeaceae,
Lycopodiaceae, Parkeriaceae, 'Adiamaceae
and Polypodiaceae. The spores assigned to
Cyath<3aceae, Osm undaceae, Sch i zaeaceae
and Polypodiaceae are dominantly present in
the Amberiwadi assemblage.

4. The angiospermous pollen (16%) are
represemed by 28 genera and 38 species and
are referable to Arecaceae, Potamogetona
ceae, Pandanaceae, Dipterocarpaceae,
Gunneraceae, Rubiaceae, Oleaceae,
Bombacaceae, Gentianaceae, Thymeliaceae,
Malvaceae, Rhizophoraceae, Mimosaceae,
Lamiaceae, Sonneratiaceae, Sapotaceae,
Avicenniaceae. The members of
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Bombacaceae, being represented by
Lakiapoffis are dominant in the assemblage.

5. The palynoflora suggests a warm, humid
(tropical-subtropical) climate with heavy
rainfall during the deposition of Ramagiri
beds

6. The environment of deposition has been
interpreted as near-shore with sufficient
fresh water supply or fresh water swamps
nearby or both. The occurrence of a mixture
of elements from various ecological groups
could be possible only in such condition.
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THE Neogene sediments belonging to the Tipam
Group are well-developed throughout northeast
India. They generally contain plant remains in the
form of silicified and semicarbonised woods
associated with coarse, loose, ferruginous, mouled
sandstones, sandy clays and pebbles. Detailed
anatomical studies of the fossil woods carried out by
seve ra I worke rs (Chowdh u ry, 1936; 1938;
Chowdhury & Ghosh, 1946; Chowdhury & Tandon,
1949; Ghosh, 1956; Eyde, 1963; Prakash, 1966;
Prakash & Tripathi, 1969a, b, 1970a, b, 1972, 1974,
1975,1976,1977; Prakash & Awasthi, 1970, 1971;
Prakash & Lali tha, 1978; La Ii tha & Prakash, 1980;
Prakash, Bande & Lalitha, 1986) from Assam and
Nagaland have revealed the presence of a number of
tropical dicotyledonous genera belonging to the
fami lie s Flacourtiaceae, CI usiaceae (Guttiferae),
Dipterocarpaceae, Celastraceae, Sterculiaceae,
Elaeoca rpaceae, Fabaceae (Leg urn i nosae),
Com b retaceae, Lecyth idaceae, Lyth raceae,
Sonneratiaceae, Sapotaceae, Ebenaceae,

Verbenaceae, Lauraceae. Euphorbiaceae, and
Moraceae. With the intention of updating the flora of
Tipam Group and for beuer understanding of the
palaeoenvironment and phytogeography, we have
further carried out detailed investigation of fossil
woods from these areas. Amongst them, the fossil
woods showing close resemblance with the woods
of extant Koompassia, Bauhinia, Bischofia and a
lauraceous member, are described in the present
paper.

SYSTEMATIC DESCRIPTION

Family- Fabaceae (Leguminosae)

Genus-Koompassloxylon Kramer 1974

Koompassioxylon elegans Kramer 1974
PI. 1, figs 1, 4, 6

Descnption- Wood diffuse-porous (PI. 1, fig, 1).
Growth rings not seen. Vessels small to large, t.d. 72
240 J,tm, r.d. 52·280 J,tm, round to oval, solitary and
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in radial multiples of 2-6, rarely in tangential pairs,
evenly distributed, 3-7 per sq mm (PI 1, fig 1),
perforations simple; vessel-members storied;
intervessel pits bordered, alternate, 6-8 /-lm in
diameter, vestured. Parenchyma paratracheal,
aliform, confluent to confluent-banded,-bands up to
5 cells thick (Plo 1, fig. 1), strands storied Xylem rays
1-3 (mostly 2) seriate, 6-8 per mm, storied -(PI 1, fig.
6); ray tissue heterogeneous; uniseriate rays 4-15
cells or 80-280 /-lm in height, composed wholh of
procumbent cells; multiseriate rays 6-21 cells or 140
400 /-lm in height, mostly consisting of procumbent
cells, sometimes with single ro,v of upright or
square cells at one or both the ends (PI. 1, fig 4).
Fibres angular in cross section, 12-20 /-lm in
diameter, about 560 /-lm in length, thick-v,'alled, non
septate. Rzpple marks present due to storied
arrangement of vessel members, parench~ma strands
and ray::. (Pl. 1, fig. 4)

Affinities-The above anatomical characters of
fossil wood collectively indicate its close similarity
with that of the Malayan Koompassia malaccensis
and the fossil wood-Koompassioxylon elegans
Kramer reported earlier from the Neogene of south
east Asia and Bengal (Kramer, 1974; Bande &
Prakash, ]980)

Figured speCimen-Museum specimen no. BSIP
36351

Localizy-Bimlapur, Dibrugarh District, Assam

Genus-Baubinia Linn.

Baubinia tertiara sp. nov.
PI. 1, figs 3, 8; Pl. 2, figs 1-3

Single piece of well-preserved secondary wood
measuring about 13 cm in length and 3 cm in width

Description- Wood diffuse-porous (PI 2, fig. 1).
Growth rings not observed. Vessels small to large,
mostly medium in size. t.d. 72-180 /-lm, Ld. 72-280
/-lm, mostly solitary, occasionally in radial multiples

of 2-4, evenly distributed, 3-11 per sq mm, oval in
shape \vhen solita!)', ,vith flat contact walls when in
multiples (Plo 2, fig. 1); tyloses present; perforations
simple; vessel-members 100-380 /-lm long with
oblique to horizontal ends, storied (PI. 1, fig 3),
inrervessel iJits bordered, alternate, 4-8 /-lm in
diameter, almost circlilar in shape \virh lenticubr
apertures (PI 1, fig. 8) Parencbyma vasiccnrric,
having 3-'S-celled sheath completely enclosing
vessels, mostly aliform to confluent, bandcd, joining
several adjacent \'cssels (PI 2. fig. 1): parC'nch','ma
strands storied, cells 16-48}lm in width and 48-100
/-lm in length. Xylcin rays 1·2 "criate, mostly
uniseriate, 9-12 per mm, usually made up of
procumbent cells, storied (PI. 2, figs 2,3); ray ti~sue

weakly heterogeneous. rays 16-~4 /-lm ill \\tdth and
8-60 cells or 160%0}lm in height; procumbent cells
32-60 /-lm in radial length and 16-32}lm in tangential
height; upright cells 44 ~8 1.1m in rangential height
and 16-20 /-lm in radial length. Fibres moderately
thick-walled, allgular in cross section. 816 /-lm in
diameter and "140-600 /-lm in length, non-"eptate (PI.
2, figs 1, 3). Ripple marks present due to sroried
arrangement of \'essel-mcmbcrs, parench\11lJ strands
and rays (PI 2, figs 2,j)

Holot,lpe-1\luseum specimen no BSIP 36352
Localit]'-Naginimara Village, Kongan Coalfield,

Mon District, Nagaland
Affinities-Presence of ripple marks due to

storied arrangements of vessel members,
parenchyma srrands and xylem rays, rylosed vessels,
vasicenrric, aliform to confluent-banded
parenChyma, predominantly uniseriare xylem rays
and non-septate fibres indicate its affinity with
Baubinia Linn of Fabaceae (Metcalfe & Chalk, 1950;
Rao et aI" 1972) Wood slides of five species of
Bauhinia, viz., B. malabarica Roxb., B. mirandina
Pinier, B. purpl/rea Linn., B. racemosa Lam. and B
variegata Linn. were examined for comparison of
the fossil wood; the descriptions and photographs of

PLATE 1 --
I Koompassioxylon elegans Kramer 1974: Cross section shov,iing

shape. size and distribution of \'essels and parenchyma
pa[[ern, x 45; Slide no. BSIP 36351·[

2. Koompassia malaccensis "Maing ex Bemh. Cross section
shOWing similar nature and distribution of vessels and
paren.-hyma as in fossil, x 45

3. Bauhinia lerliara sp. nov. Radial longitudinal seCtion show
ing storied nature of vessel elemeors, x 100; Slide no. BSIP
36352111

4. Koompassioxylon elegans Kramer 1974: Tangential longi
rudinal section showing storied rays, x 45: Slide no. BSIP
36351·11

5. Koompassia excelsa (Becc.) Taub.: Tangential longitudinal
section sho<'> ing similar storied rays, x 45.

6. KoompassiD:l,ylon elegans Kramer 197 4. Tangenri::tl section
shOWing derails of r::!y cells, x 120: Slide '10. I3SIP 36351-11.

7 Lallrilloxyloll nagillimariense sp. no\.· Radial longitudinal
seccion shO<'>'ing oil cells in ravs, x 120: Slide no. BSIP 363'53
TTl

R. Bauhinia lertiara sp. nov.: Tnter,t's,el pits, x 600; Slide no.
BSIP 36352-1JJ

9. Laurinoxylon Ilagillimaril.'llse sp. nov.: Inlen'esse} pits, x 600;
Slide no. BSIP .36353·11.
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two mher species. B joueolata Dalz. and B. retusa
Ham. (Pearson & Brown, 1932; Rao et at., 1972) were
also consulted. It has been found that the presem
fossil wood shows closest resemblance with B.
racemosa and differs from mher species in several
feawres. B. purpurea and B. van'egata differ from
the fossil in the absence of ripple marks. In B.
mirandina, the parenchyma is relatively less
(vasicemric) and the rays are broader (1-3 seriate).
While in B joveolata, B. malaharica and B. retusa
the amoum of parenchyma is more than in the
present fossil wood.

The fossil woods of Bauhinia are of common
occurrence in the Neogene deposits of India. They
have been described as Baubinium miocenicum
Trivedi & Panjwani (1986) and B palaeomala
haricum Prakash & Prasad (984), both from the
Siwalik beds of Kalagarh, Uttar Pradesh, cf. Bauhinia
from the Cuddalore Series of Cauvery Basin
(Ramanujam & Rao, 1966) and Bauhinia deomalica
Awasthi & Prakash 1987 from the Namsang beds of
Deomali, Arunachal Pradesh. Fossil woods d.
Bauhinia (Ramanujam & Rao, 1966), Bauhinium
miocenicum and B. palaeomalaharicu111 differ from
this Nagaland wood in having relatively broad and
cominuous parenchyma bands. Moreover, in B.
miocenicum the xylem rays are broader. In B.

deomalica the parenchyma is mostly banded,
whereas in our fossil it is vasicentric to aliform
confluem. Therefore, the presem fossil wood is
assigned to Baubinia tertiara sp. nov.

Family- Lauraceae

Genus-Laurinoxylon Felix 1883

Laurinoxylon naginimariense sp. nov.
PI. 1, figs 7, 9; PI. 2, figs 4-6

This species is represented by a small piece of
secondary wood measuring 7 em in length and 2.5
em in width.

Description- Wood diffuse-porous (PI. 2, fig. 4).
Growth rings indistinct. Vessels usually medium to
large, occasionally small, rarely very small, t.d. 80
320 J.Lm, I'd 40-320 J.Lm, mostly round to oval,
sometimes flattened due to compression, usually
solitary, occasionally in radial multiples of 2-3
(rarely up to 5), uniformly distributed, 2·6 per sq
mm (PI. 2, fig. 4); tyloses present; perforations
simple; vessel-members 240-360 J.Lm long with
oblique to horizontal ends; intervessel pits
bordered, alternate, minute, less than 4 J.Lm in
diameter, circular to oval in shape with linear
apertures (PI. 1, fig. 9). Parenchyma vasicentric to
aliform, sometimes confluent joining adjacent
vessels (PI 2, figs 4, 6); parenchyma cells 16-32 J.Lm
in diameter and 20-120 J.Lm in length. Xylem rays 1-5
(mostly 2) seriate, 8-11 per mm, usually made up of
procumbent cells; uniseriate rays 12-20 J.Lm in width
and 2-10 cells or 48-220 J.Lm in height; multiseriate
rays 24-72 J.Lm in width and 5-25 cells or 88-340 J.Lm
in heigh t (PI. 2, fig. 5); ray tissue heterogeneous;
rays homocellular to heterocellular (PI. 1, fig. 7),
consisting of procumbem cells and oil cells at one
or both the ends; ray cells 40-80 J.Lm in radial length
and] 6-40 J.Lm in tangemial height. Fihres moderately
thick-walled, angular in cross section, 8-20 J.Lm in
diameter and 200-560 J.Lm in length. Oil cells
associated with xylem rays either in the middle
portion or at the margins of rays, also present
scattered among fibres either Singly or in pairs, 44
60 J.Lm in tangenital height and 40-52 J.L m in radial
length (PI. 1, fig. 7; PI. 2, figs 4-6).

Holotype-Specimen no. BSIP 36353.
Locality-Naginimara Village, Kongan Coalfield,

Mon District, Nagaland.
Ajjinities-In having mostly solitary vessels

with occasional multiples, septate fibres,
heterogeneous A)dem rays, paratracheal parenchyma
and oil cells, the present fossil wood shows
resemblance with the members of the family
Lauraceae.

PLATE 2 -
1 Saubinia lerlim'a sp. nov.: Cross section sho''Ving nalure

and distribution of vessels and parenchvma. x 40; Slide no.
BSIP 363521

2. Saubinia tertim'a sp. nov: Tangenrial longitudinal seclion
showing xylem rays, x 65; Slide no. BSlP 36352·11

3. Saubinia tertiara sp nov.. Tangenrial longitudinal seclion
showing ray cells and fibres, x 100; Slide no. BSIP 36352·1\1.

4. !..CI urinoxylon naginimariense sp. nov.: CroSs secI ion showing
nalure and diSlribution of vessels and oil cells, x 25; Slide
no. BSlP 36353-1

5. !..CIurinoxylon naginimariense sr. nov. Tangential longitu·

dinal section showing xylem rays. fibres and oil cells, x 80;
Slide no. BSIP 36353·11.

6. LaurinoxylOI1 naginimariense sp. nov.: Cross seclion showing
pararracheal parenchyma and oil cells, x 70; Slide no BSIP
36353-1.

7. Siscbofia palaeojavanica Awasthi 1990: Cross section
showing nalure and diSlribution of vessels, x 50; Slide no.
BSIP 36354·1.

8. Siscbofia palaeojavanica Awaslhi 1990: Tangential longi.
ludinal section showing xylem rays and seplate fibres,
x 90; Slide no BSIP 3635411
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The family Lauraceae is homogeneous in wood
anaromy, thus on the basis of individual genus
differentiation is difficult. Therefore, all the
lauraceous fossil woods described so far from
different parts of the world are placed under the
genus Laurinoxylon Felix 1883'. From India, four
species of Laurinoxylon are known. They are
Laurinoxylon tertiarum Prakash & Tripathi 1974

from Tipam Sandstone of Hailakandi, Assam; L
namsangensis Lakhanpal et al. 1981 and L
deomaliensis Lakhanpal et at. 1981 from Namsang
beds of Deomali, Arunachal Pradesh and L
varkalaensis Awasthi & Ahuja 1982 from the
Neogene of Varkala, Kerala. The important characters
of these fossil woods are summarized in Table 1.
Laurinoxylon tertiarum differs from the present

Table I-Important anatomical characters of Laurinoxylon Felix known from India

FOSSIL SPECI ES GRO\XTfH
RINGS

VESSELS PARENCHYMA XYlEM RAYS FIBRES OIL CELLS

La u rinoxyton
tertiarum
Prakash &
Tripathi 1974

Distinct l.d. 60·152 /.1m,
r.d. 80·200 /.1m.
solitary and
in radial
multiples of 24;
8·10 per sq mm;
tyloses present;
perforations
simple and scala·
riform

Scanty to 1·3 (mostly 2)
vasicentric, seriate, 1·24
forming 1· 3 cells in
celled sheath, height, enlarged
sometimes aliform,upright cells at
rarely confluent the margins
Joining 2·3
adjacent
vessels

Non·libriform
to semi·libri
·form, septate

Present in
xylem rays,
parenchyma
cells and
fibres

•

L. namsangensis NO( seen
Lakhanpal
et at. 1981

L. deomaliensis Present
Lakhanpal
et at. 1981

L. varkalaensis NO( seen
Awasthi &
Ahuja 1982

L. naginima· Indistinct
riellse sp. nov.

t.d. 75·300 /.1m, Scanty paratra· 2 seriate Thick·walled, Present in
r.d. 75·405 /.1m, cheal, rarely (rarely 3 septate xylem rays
solitary and in forming uniseri· seriate), 5· 22
radial multiples ate sheath cells in height,
of 2·5, 810 per Single row of
sq mm; tyloses marginal
profuse; perfora. upright or
tions simple square cells

present

t.d. 60·120 /.1m, Scanty para· 1·2 (mostly 2) Moderately Abundant;
r.d. 40·320 /.1m, tracheal seriate, 5· 30 thick·walled, scaltered
solitary and in cells in septate singly
radial multiples height, single among
of 2·5, occasion· marginal row of fibres
ally up to 8, 12·44 upright or
per sq mm; square cells
tyloses present; present
perforations
simple

t.d. 80·240 /.1m, Paratracheal, 1·3 (mostly 2) Semilibriform Present among
r.d. 128·280 /.1m, 2· 3 seriate seriate, 12·45 to libriform, fibres and at
solitary and in sheath around cells high, septate the margins
radial multiples vessels, some· 1·2 enlarged of rays
of 3·4, closely times aliform upright cells
placed; tyloses at the margins
profuse; perfora·
tions simple

t.d. 80·320 /.1m, Vasicentric to 1·5 (mostly 2) Moderately Associated with
r.d. 40320 /.1m, aliform, some· seriate, homo· thick·walled, :-:ylem rays
solitary and in times confluent cellular to septate either in the
radial multiples joining adjacent heterocellular, middle portion
of 2·5, 2·6 per vessels 5·25 cells in or at the
sq mm; tyloses height margins; also
present; perfor· occuring as
ations simple scattered

cells among
fibres
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fossil in having scalariform perforation plates. In L.
namsangensis and L. deomaliensis the parenchyma is
less, i.e., scanty paratracheal ro uniseriate vasicentric
than in the present fossil specimen. The parenchyma
in L. uarkalaensis is also scanty and the rays are
narrower. Moreover, in the former the tyloses are
abundant completely occluding the vessels.

In view of the above differences, the present
fossil wood is placed under a new species,
Laurinoxylon naginimariense. The specific name is
derived after Naginimara, the type locality of the
fossil wood.

Family- BischoJiaceae

Genus-Btscbofta Blume

Bischojia palaeojavanica Awasth i 1989
PI. 2, figs 7, 8

Wood diffuse·porous (PI. 2, fig. 16) Growth
rings not seen. Vessels usually small ro medium,
rarely large, t.d. 68·240 f.Lm, r.d. 52·200 f.Lm, solitary
and in radial multiples of 2·5, round ro oval, evenly
distributed, 6·14 per sq mm; tyloses abundant (PI. 2,
fig. 7); perforations simple; vessel·members 100·520
f.Lm long with oblique to horizontal ends; intervessel
pits bordered, alternate, large, 10-14 f.Lm in diameter,
circular to oval in shape with lenticular apertures.
Parencbyma absent, or rarely 1·2 cells may be
present associated with vessels (PI. 2, fig. 7). Xylem
rays 1·5 seriate, 5-8 per mm; ray tissue
heterogeneous, uniseriate rays consisting of upright
cells only, 24-52 f.Lm in width and 4-9 cells or 220·
720 f.Lm in height; multiseriate rays made up of
procumbent cells in the central portion and 1-6 rows
of upright cells at one or both the ends, 40·140 f.Lm

in width and 7·29 (rarely 50) cells or 360-1120
(rarely 1720) f.Lm in height (PI. 2, fig. 8); sometimes
ray ro ray fusion observed. Fibres moderately thick·
walled, angular in cross section, 20-40 f.Lm in
diameter, septate (PI. 2, fig. 8).

Ajjinities-In its anatomical characters the fossil
wood resembles extant Bischojia javanica BI.
Among known fossil woods it resembles Bischojia
palaeojavanica described by Awasthi (1989) from
the Namsang beds near Deomali, Arunachal Pradesh.

Figured Specimen-Specimen no. BSIP 36354.
Locality-Naginimara Village, Kongan Coalfield,

Mon District, Nagaland.

DISCUSSION

Of the four taxa added to the Tipam flora, the
genus Koompassia is significant from the
phytogeographical point of view as it does not exist
in the Indian subcontinent today. However, it is

represented by four species distributed only in the
Malayan Peninsula, Borneo and New Guinea (Willis,
1973). K. malaccensis Maing. ex Benth. is a large
tree, about 30-50 m tall, though buttressed at the
base, occurring throughout the lowland forest in
swampy ground and also on hill sides in Malayan
Peninsula and Indonesia, especially in Sumatra
(Ridley, 1922; Desch, 1957). The fossil woods of
Koompassia are also known from the Neogene of
Bengal and Malayan Peninsula (Kramer, 1974; Bande
& Prakash, 1980) indicating its wider distribution
during that time. Like Koompassia, a few other
elements, viz., Dryobalanops (Awasthi, 1971;
Schweitzer, 1958), Anisoptera (Prakash & Tripathi,
1970b), Gluta (Prakash & Tripathi, 1969b; Prakash,
1973), Swintonia (Prakash & Tripathi, 1969a;
Prakash & Bande, 1980), Ajzelia·lntsia (Prakash,
1973; Prakash & Tripathi, 1975), Sindora (Lalitha &
Prakash, 1980), etc., known from the Neogene
sediments of India, Mynmar and Malaysia are now
confined to Mynmar and Malayan region where they
still grow luxuriantly in the tropical evergreen forest.
None of these genera has so far been found in
Indian Palaeogene sediments. Thus, it is quite
evident that they had originated in the Malayan
region perhaps during the Early Tertiary. After the
land connections between India and Southeast Asia
were established towards the close of Oligocene,
several Malayan tropical elements including the two
legumes, Koompassia and Sindora entered the
Indian subcontinent via Mynmar, and flourished
there under equable climate till the end of Pliocene.
The reason for their total disappearance from the
Indian subcontinent after Pliocene could be due to
gradual decrease in the mean annual temperature
and precipitation caused by the Himalayan orogeny
and northward drifting of the Indian Plate (Smith &
Briden, 1979) Being sensitive to the changing
environments, several such taxa which were growing
luxuriantly in the Indian subcontinent under tropical
and high humid conditions failed to regenerate
th erea fte r.
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Some new carbonised
coast and their

woods from Neogene of Kerala
bearing on palaeoclimate

N. Awasthi & Rashmi Srivasta\'a

Awaslhi. N. & Srivastava, Rashmi 1990. Some new carbonised woods from Neogene of Kerala coaSl and their
bearing on palaeoclimale. In: Jain, K. P. & Tiwari, It S. (eds)-Proc. SYl11p. 'Visla, in Indian Palaeubulany",

Palaeobo/anis/ 38 : 285-292.

Carbonised woods resembling extal1l species of H)!dnocarpIiS (Flacourtiaceae l, Anisop/era and Nupea

(Dipterocarpaceae) and Payena-PalaCfLliLim (Sapotaceae ) are recorded from the Neogene sedi mel1ls of \'arkala and
Payangadi, Kerala coasl. 111ey have been named as Hvdnocarpo>.ylon keralaensis sp. nov., AIII~mpleroxylun

varkalaensis sp. nov., Hopenillm payangadiensis sp. nov. and Sapotwylun prepayena sp. no\·., respeClively. 'nle
modern eqUivalents of these woods are among the important elemenrs of the tropical evergreen foresl of Western
Ghats, Burma and Ivlalaysia indicating the prevalence of nearly equable warm climate and excessive humid
conditions in the area at the time of their deposition during Mio-Pliocene

Key-words-Carbonised woods, Oicolyledons, Kerala Coasl, Neogene (India l.

N AII'as/hi & Rasbmi Srivastava, Birbal Sabni Ins/i/LI/e oj Palaeobolany, 53 Universify Road, Lllcknuu' 226 007,
India.
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SYSTEMATIC DESCRIPTION

Genus- Hydnocarpoxylon Bande & Khatri 1980

Family- Flacourtiaceae

HydnocaJpoxylon keralaensis sp. nov.
PI. 1, figs 1-5; Te:>-:l-figs A, B

Growth
in radial

Description- Wood diffuse-porous.
rings indistinct. Vessels solirary and

history of the tropical evergreen forests of Western
Ghats. The carbonised woods investigated from
Varkala and Payangadi show close resemblance with
those of Hydn oCaJpus, Anisoptera, Hopea and
Payena-Palaquium complex of Sapotaceae.

THE sedimentary sequence along the Kerala coast,
classified as Warkalli beds of Mio-Pliocene age,
contain rich deposits of carbonised woods. These
are generally found associated with lignite,
carbonaceous clays, sandy clays and white plastiC
clays. A number of dicotyledonous woods have been
described earlier as Calopby{{um, Gluta, Swintonia,
Diospyros, Dryobalanops, Cynometra, Terminalia,
Gonystylus, Canarium and a lauraceous member
closely comparable to Cinnamomum-Litsea complex'
from Varkala cliff section and Payangadi Super Clay
Mine by Awasthi and Ahuja (982), Awasthi and
Panjwani (984) and Awasthi and Srivastava (990).

The main objective of this study is to generate
additional data for reconstruction of palaeoflora and
palaeoclimate of the region and to trace out the

21)5
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Text-figure 1- I zrdllocarpruylrm keralaensis sp. no".- A. Cross
section showing \'essels, x lOO: B. 1·3 Seriate heterocellular
rays, x 100.

multiple of 2-3, occasionally more, mostly small.
rarely medium in size, oval or flattened due to

compression, td_ 32-96 /-Lm, r.d. 48-175 /-Lm; evenly
distributed, about 20-30 vessels per sq mm,
profusely tylosed; perforations scalariform with J8
22 horizontal bars, sometimes branched; vessel
members 175-800 /-Lm long; inter-vessel pits not
observed Parenchyma absent Rays 1-3 (mostly 1-2)
seriate; uniseriate rays consisting of mostly upright
cells, sometimes a few procumbent cells also occur
in bel\'veen, multiseriate rays consisting of
procumbent cells in the median portion with
uniseriate marginal extensions of upright cells at
both the ends 10-45 cells or 160-1280 /-Lm in height,
crystalliferous; upright cells 24-48 /-Lm in tangential
height and 20-32 /-Lm in radial length; procumbent
cells 16-20 /-Lm in tangential height and 4060 /-Lm in
radial length. Fibres aligned in radial rows,
semilibriform, septate

Text-figure 2- SapOlo.xl·lon prepaycI7a sp. nlA.-A. Cross section
showing distribution pattel'l1 of vessels t) loses in vessels and
thin bands ot' aporracheal parenchyma. x tOO, B_ 12 seriate
heterocellular ravs. x 100.

Affinities-The present carbonised wood
resembles closely that of the genus Hydnocarpus
Gaertn of the fami ly Flacourtiaceae (Metcalfe &
Chalk, 1950) in having important featllres, such as
small to medium-sized tylosed vessels, scalariform
perforations, absence of parenchyma, 1-3 (mostly!
2) seriate, heterogeneous ,,'ylem rays and septate
fibres. A derailed comparison of the fossil wood with
a number of species of Hydnocmpus (Chowdhury &.
Ghosh,l958; Desch, J957; Pearson &. Brown, 1932)
revealed that it bears similarities with most of them.
However, in having xylem rays 10-45 cells high and
18-20 bars in scalariform performation plates the fossil
shows closest affinities with the wood of
Hydnocalpus sumatrana.

There is only one species of fossil wood of
Hydnoca rpllS, Hydnoca rpoxylon mandalaensis
Bande & Khatri 1980 known so far, wh ich is reported

PLATE 1 -
Hydnocarpoxylon keralaensis sp. nov.

1 Cross section showing nature and distribution of vessels.
x 27; Slide no BS1P 363831.

2. Cross section magnified to show shape and size of \-essels.
x 8e: Slide no BSIP 36383 1

3. Scalariform perforation plate with bars in radial longitudinal

section. x 340: Slide no BSIP 36383·JlI.
4. Tangential longitudinal section showing rays. x 56: Slide no.

BSIP 3638311.
5. Radial longitudinal section showing heterocellular rays.

x 86; Slide no. BSIP 36383/11

Anisoptero:>.yl071 l'arkalaensis sp. nov.
6. Cross se,'tion showing nature and distribution of heavily

tylosed vessels. x 30: Slide no. BSIP 36384-1.
7 Cross section ll1agnit'ied to show diffuse parenchyma. heavily

tylosed vessels and solitary gum canals. x 85; Slide no BSIP
36384-I(a)

8. Tangential longitudinal section showing tnuhiseriate rays
with sheath cells. x 120; Slide no. BSIP 36384-11

9 Radial longitudinal section shOWing heterocellular rays.
x 86; Slide no BSIP 36384-111
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from the Deccan Intertrappean beds of Mandla
District. It differs from our fossil wood in having
vessels in radial multiples of up to 11 with 40·60 per
sq mm frequency. Besides, the height of xylem rays
in H. mandalaensis is also more.

Holotype-Specimen no. BSIP 36383.
Locality-Varkala Cliff section. Varkala, Kerala.

Family- Dipterocarpaceae

Genus- Anisopteroxylon Ghosh & Kazmi 1958

Anisopleroxylon uarkalaensis sp. nov.
PI. 1, figs 6·9

Descrlption- \X/ood diffuse·porous. Growth
rings indistinct. Vessels mostly solitary, rarely in
radial multiples of 2-3, small to medium in size, t.d.
80-160 ,urn, r.d. 64- 192 ,urn, circular to oval,
uniformly distributed, about 25·30 vessel per sq mm;
heavily tylosed (PI 1, fig. 7); perforations simple;
vessel-members 240·640 ,urn long with transverse to
oblique septa; inter-vessel pits small to medium,
alternate, 6-8 ,um in diameter, vestured. Vasicentric
tracheids present, intermingled with vasicentric
parenchyrpa. Parenchyma paratracheal and
apotracheal, paratracheal scanty; apotracheal
parenchyma diffuse to diffuse·in-aggregate,
sometimes forming uniseriate interrupted lines;
cells 20 ,um in diameter and 54·130 ,urn in length.
Rays 1-7 (mostly 4-5) seriate, heterogeneous;
uniseriate rays rare, 6-12 cells in height, consisting
of upright cells only; multiseriate rays 2-7 cells or
40160 ,um broad and 16-120 cells or 350-2000,um in
height; heterocellular, consisting of procumbent
cells and 2-10 marginal rows of square or upright
cells at one or both the ends, sheath cells present,
occurring throughout the flank of multiseriate rays;
upright and square cells 20-44 ,um in tangential
height and 16-32 ,um in radial length; procumbent
cells 12-20 ,urn in tangential height and 20-32 ,urn in
radial length. Fibres aligned in radial rows between
twO consecutive rays, 20-25 ,um in diameter,
nonseptate, libriform. Gum canals vertical, diffuse,
mostly solitary, sometimes in pairs, 40-96 ,urn in
diameter.

Affinities-Presence of vertical diffuse gum
canals, heavily tylosed medium·sized vessels,
paratracheal and apotracheal diffuse to diffuse·in·
aggregate parenchyma, heterocellular xylem rays
with ~pright cells completely sheathing multiseriate
rays, suggests close similariry of the carbonised
woods with that of the genus Anisoptera of
Dipterocarpaceae. From a detailed comparison with
a number of species of Anisoptera it was found that
the anatomical features of the fossil wood

collectively indicate its similariry with that of A.

polyandra BI
Seven species of the genus Anisopteroxylon

Ghosh & Kazmi are known from the Neogene
sediments of India, viz., Anisopteroxylon bengalensis
Ghosh & Kazmi, 1958 from west Bengal, A.

jawalamukhi Ghosh & Ghosh 1958 from the Siwalik
sediments near ]awalamukhi, A. coromandalensis
Navale 1963 from the Cuddalore Sandstone near
Pondicherry, A. garoense (Chowdhury) Prakash
& Tripathi 1976 from the Tipam Sandstone of
Hailakandi, Assam and Garo Hills, A. kalagarhensis
Prakash 1978 and A. oblongoidesYadav 1989 from the
Siwalik sediments of Kalagarh and A.

shantiniketanense Ghosh & Roy 1980 from near
Shantinikeran, west Bengal Our fossil wood A.

uarkalaensis differs from all these species in having
relatively smaller and more frequent vessels (t.d. 80
160 ,um, r.d 64-192 ,urn) and higher rays_

Holotype-Specimen no BSIP 36384
Locality-Varkala Cliff section, Varkala, Kerala.

Genus-Hopenium Awaslhi 1980

Hopenium payangadiensis sp. nov_
PI 2, figs 1-4, 9

Descrlption- Wood diffuse-porous. Growth
rings distinct, crowding of vessels at regular intervals
indicates beginning of annual growth increment (PI
2, fig. 2), Vessels solitary and in radial multiples of 2
3, small to medium in size, t.d. 48-240 ,urn, r.d 64
220 ,urn, round to oval when solitary and flattened at
places of contact when in radial multiples, heavily
tylosed, 23·28 vessels per sq mm; perforations
simple; inter·vessel pits medium, 5-8 ,um in
diameter, vestured. Vasicentric tracheids present,
not easily recognisable from parenchyma in cross
section. Parenchyma paratracheal, vasicentric, most
probably forming sheath of 1·3 cells around vessels;
apotracheal parenchyma diffuse to diffuse-in
aggregate, cells sometimes scattered among fibres
(PI 2, fig. 3). Rays 1-4 (mostly 3-4) seriate; ray tissue
heterogeneous; uniseriate rays 2-12 cells or 80·288
,um in height and 8-16 ,um broad, composed wholly
of upright cells; multiseriate rays 2-4 seriate or 48-96
,um broad, heterocellular, consisting of procumbent
cells through the median portion and 1-4 marginal
rows of upright cells at both the ends (PI 2, fig. 4),
crystalliferous square or upright cells interspersed
among procumbent cells (PI 2, fig. 4), 8-38 cells or
200-600 ,um in height; square or upright cells 24·48
,urn in tangential height and 24-30 ,um in radial
length; procumbent cells 20-28 ,urn in tangential
height and 28-45 ,urn in radial length. Fibres aligned
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in radial rows becween two consecutive rays (PI. 2,
fig. 3),16-20 Mill in diameter, non-septate, Iibriform
Gum canals vertical, aligned in tangential rows
forming concentric rings, circular to oval, 48-144 Mill
in diameter.

Affinities-Occurrence of vertical gum canals in
concentric rings, heavily tylosed medium to small
sized vessels, vasicentric tracheids, paratracheal as
well as diffuse parenchyma and thick-walled fibres
suggest its affinity with the woods of Shorea,
Parasborea, Pentacme, Balanocalpus and Hopea of
the family Dipterocarpaceae. However, in having
crystalliferous upright or square cells interspersed
among procumbent cells of multiseriate rays the
carbonised wood resembles that of Hopea and can
be differentiated from other genera.

Critical examination of wood slides of Hopea
plagata Vidal, H. pentaneruia Symington ex G. H. 5.
Wood, H. intemzedia King, H. paruZflora Bedd., H.
ferruginea Parijs, H. sangal Korth., H. beccariana
Burck and H. mengarwan Miq. has revealed that the
present fossil resembles closely the wood of H.
parviflora. The only difference becween the twO is
that the vessels in H. parmjlora are slightly smaller.

So far four species of fossil woods of Hopea are
known, viz_, Hopenium pondicbel'riense Awasthi
1980 from the Cuddalore Sandstone near
Pondicherry; H. neyueliense Awasthi 1984 from the
Neyveli lignite deposits, Tamil Nadu; H.
prenutansoides Prasad & Prakash 1988 and H.
kalagarhensis Prasad & Prakash 1988 from the
Siwalik sediments, Kalagarh, Uttar Pradesh. All these
species show some significant differences from our
fossil wood H. payangadiensis. In H.
pondicherriense and H. neyueliense the frequency of
vessels is more, i_eo, 25-75 and 30-50 vessels per sq
mm respectively as against up to 30 vessels in our
fossil. Moreover, in H. neyueliense the gum canals
are exceptionally large and more frequent. The gum
canals in H. kalagarhensis are also bigger and their
concentric rings are closely placed. The vessels and
gum canals in H. payangadiensis are relatively
bigger than in H. prenutansoides.

Holotype-Specimen no. BSIP 36385
Locality-Payangadi Super-Clay Mine, di strict

Cannanore, Kera la.

Family-Sapotaceae

Genus-Sapotoxylon Felix 1882

Sapotoxylon prepayena sp. nov.
PI. 2, figs 5, 8, 10; Text-figs A, 8

Description- Wood diffuse-porous. Growth
rings absent. Vessels small to medium-sized, solitary
and mostly in radial multiples of 2-6, round to oval

in shape, t.d. 48-96 Mill, r.d_ 64-160 Mm, somewhat
obliquely arranged in radial line, about 12-16 vessels
per sq mill; tyloses abundant, completely plugging
the \'essels; perforations simple, vessel-members
short 172-350 Mill in height with truncate ends; inter
vessel pits small, 5-H Mm in diameter, bordered,
alternate with minute aperture. Vasicentric tracbeids
present, intermingled with vasicentric parenChyma.
Parenchyma both paratracheal and apotracheal,
aporracheal parenchyma abundant, occurring in the
form of 1-3 cells thick, wa\"{, continuous or broken
lines, each separated by 6-15 rows of fibres, about 2
6 lines per 111m. Rays fine, 1-2 (mostly uniseriate),
heterocellular, consisting of bOth upright and
procumbent cells, 2-27 cells or 250-380 Mm in
height. upright cells 30-35 Mm in tangential height
and 28-30 Mm in radial length; procumbent cells 12
16 Mm in tangential height and 32-64 Mm in radial
length. Fibres aligned in radial rows becween two
consecutive ravs, interrupted by th in bands of
apotracheal parenchyma; small, 10-12 Mm in
diameter, thick-walled; semilibriforlll, non-septate.

Discussion-The above features collectively
indicate that the fossil wood belongs to the family
Sapotaceae. The family Sapotaceae is homogeneous
in wood structure and therefore on the basis of
wood anatomy it is not always possible to easily
distinguish most of its genera from each other.
However, it can be done only in exceptional cases
when all the xylotomical characters are taken into
consideration collectively after critical assessment.
Detailed anatomical studies of various sapotaceous
woods from their description and photographs
(Desch, 1954; Hayashi etal., 1973; Henderson, 1953;
Kribs, 1969; rvletcalfe & Chalk, 1950; Miles, 1978;
Normand, 1960; Pearson & Brown, 1932), as well as
thin sections revealed that the present carbonised
wood shows maximum similarity with those of
Palaquium and Payena. Their similarity with each
other call be seen in shape, si ze and distribution
pattern and frequency of vessels and parenchyma
lines. However, in haVing predominantly uniseriate
rays the fossil appears to be more akin to Payena

A number of fossil woods belonging to the
family Sapotaceae are known from different parts of
the world. These are: Sapotoxylon taeniatum (Felix,
1882) from the TertialY of Bavaria, Germany;
Manilkaroxylon dilulJiale (Hofmann, 1948) from the
Quaternary deposits of South America; M.
crystallophora and Palaeosideroxylol1 flammula
(Grambast-Fessard, 1968) from Upper Miocene of
Castellane in South East France; Sapotoxylon
pacltouae and Manilkaroxylon bobemicum (Prakash
et aI., 1974) from the Oligocene of Bohemia,
Czechoslovakia; Sapotoxylon multiporosum (Prakash
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el aI., 1982) from the Mio-Pliocene of Blue Nile,
Ethiopia; Tridemoslemon lertiarum anel
Chrysophyllllm zairense (Bande el al., 1987) from
the Miocene of Zaire, Africa; Siderinillm
deomaliense (Prakash & Awasthi, 1970) from the
Mia-Pliocene of Deomali, Arunachal Pradesh;
Madhucoxylon cacharE'rtse (Prakash & Tripathi,
1977) from the Tipam Sandstone, Assam and
Chrysophyllo:>.ylon pondicherriE'nse (Awasthi, 1977)
from the Cuddalore Sandstone near Pondicherry.

In haVing xylem rays predominantly uniseriate
to occasionally biseriate and vessel profusely
t\r]osed, the present fossil wood can be easily
differentiated from all the known species. It may be
pointed out that in all the above species the xylem
rays are always more than 2-seriate and the vessels
are not so profusely tylosed.

Though the present carbonised wood has been
shown to be similar to Payena, yet pOSSibility of itS
being still closer to certain other species of
Palaquillm, particularly the Malayan species, cannot
be ruled out. \'\!e may, therefore, regard it as a ne\\i
sapotaceous wood having close similarity with those
of Payena and Palaqllium. Accordingly, it is placed
under the genus Sapoloxylon Felix and named as
SapolOxylon prepaYE'rta sp. nov., indicating its
affini ty wi th Payena.

HololJpe-Specimen no. BSIP 36386.
Locality-Payangadi Super-Clay Mine. district

Cannanore, Kerala.

PRESENT DISTRIBUTION AND
PALAEOCLIMATIC IMPLICATIONS

Occurrence of Hydnocalpus, Anisoplera, Hopea
and Payena-Palaquium in the Warkalli beds
furnishes additional data for elUCidating the climate
at the time of their deposition. Early Tertiary marks
the oldest occurrence of HydnocalpUs Gaenn. in
India At present as many as 40 species, distributed

in the Indo-Malayan region, are known (Willis,
1973) In India, it is represented by 7 species
(Santapau & Henri, 1973), occurring in the
evergreen forests of Western GhatS, Assam anel
Andaman Island. Hydnocalpus sumalrana, the
nearest living counterpart of the fossil, is found in
Sumatra, java, Borneo, Celebes and Philippines in
rain forests (Sleumer, 1954).

The genus Anisoplera Korth. had wider
distribution during Neogene, but has totally
disappeared now from India. However, it continues
to flourish luxuriantly in the evergreen forests of
Chinagong to the east and southward to Burma,
Thailand, Malay Peninsula, Sumatra and Borneo.
Anisoptera polyandra BI., a closely comparable
species with carbonised wood, is known to occur in
New Guinea in the evergreen forests (Hooker &
jakson, 1946). Like other dipterocarps, Hopea was
also widely distribllted in India during Neogene. At
present, it is restricted to Western Ghats, Assam and
the Andaman Island. H. parvzjlora with which the
carbonised wood resembles most occurs in the
evergreen forest of Western Ghats, from South
Kanara to further south up to 1,100 m altitllde,
common in both the moist and dry forests in Malabar
and Travancore Up to an elevation of 900 m
(Chowdhury & Ghosh, 1958).

Of the twO sapotaceous genera Palaquium Bl.
and Payena A. Dc., the former is represented in
India by four species, occurring in the evergreen
forests of Western Ghats, Garo Hills, Khasi Hills and
jaintia Hills, while the laner exists no more in India
but is Widely distributed in similar type of forests of
Southeast Asia and Malayasia (Willis, 1973)

The living counterparts of the carbonised woods
belonging to Calophyllum, Dryobalanops,
Canarium, Swintonia, GILt/a, Cynomelra,
Terminalia, Diospyros, Leea, Gonystylus,
Cinnamomum-Lilsea known from the same deposits
have a similar distribution pattern in the Indo-

---+
PLATE 2

Hopenillm payangadiensis sp. nov.
1. Cross section showing vertical gum canals in tangential

row, x 27, Slide no BSIP 36385·I(a).
2. Another cross section shOWing nature and distribution of

vessels, x 27; Slide no. BSIP 36385·I(b).
3 Cross, section magnified 10 show shape and size of vessels

and distribution of parench)'ma, x 86; Slide no. BSIP

363851(b ).
4. Tangential longitudinal section showing heterocellular rays

with upright cells interspersed amongst procumbent cells.
x 86; Slide no BSIP 36385·lf

9. Radial longitudinal section shOWing heterocellular xylem

rays. x 86; Slide no. BSIP 36385·111.

Sapoloxylon prepayena sp. nov.
5. Cross section of carbonised wood showing distribution of

vessels and parenchyma, x 80; Slide no. BSIP 36386·1.
6 Same section magnified (0 show shape and size of vessels

and parenchyma, x 160; Slide no. BSIP 36386·1.
7 Tangential longitudinal section ~howing heterocellular uni·

seriate xylem rays. x 120; Slide no. BSIP 36386·11.

8. Radial longitudinal section showing heterocellular xylem
rays, x 80; Slide no. BSIP 36386·111 340

10. Intervessel pits, x 340; Slide no. BSIP 36386·11.
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Malayan region (Awasthi & AhuJa, 1982; Awasthi &
Panjwani, 1984: Awasthi & Sri\'astava, 1989) Thus
based on the collective evidence of the modern
equi\'alents of megafossils, it ma\' be inferred that
the flora .growing all along the Kerala coast during
Mio-Pliocene was distinctly tropical with luxuriant
forest \'egetation dominated by e\'ergreen elements.
Further, presence of certain ecologically significant
Mala\'an taxa, nameh-, Dryobalanops, Anisoptera,
Gonysl)'llls, Pa)'ena and certain species of
H]'dnocarjws, Canari/./lrI, Sll'inlonia and Leea which
totally disappeared from this region as well as from
other parts of India during post Pliocene suggests
the pre\'alence of excessive humid conditions as a
result of higher rainfall throughout the year with a
very short dry season. Disappearance of these taxa
obviously reflects a considerable decrease in the
annual precipitation, since in the tropical region it is
mainly the rainfall which controls the distribution of

plants
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Litho- and biostratigraphy of the
in Surai Khola area,

G. COf\'illu~

Siwalik succeSSlon
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CUlyinus. G. 1990. l.itho· ancl biostratigraphy of the Si\yalik succcssion in Sur<Ji KllOla area. Nepal. III Jain, K. I)
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The Surai Khola succession of Siwalik sediments comprise:-- an unllHerrupted bod\' of molas:--e seclimell!.' ()l' a
thickness ()l' 'i.S(JO Ill, which ha\c been di\'ided into six lithological units. 'nle sequellCe Ius ~'ielded abund<J1lI
\'ertebrate and in\enebrate ()ssils, particularly of mamlllal>. These indicate thai the IO\\'er pall of the Suui Khola
succession belongs to the Chinli zone of the Lo\yer Siwalik, while the rich fauna of the upper beds belong to the
Tatrot and Pinjor faunal zones of the Upper Siwalik. Apart from the mammalian buna. a wealth ()f plalH fossils has
come to light, particularly from the lower and middle part of the sequence. The filler cla.,tic' throughout the
sequence yielded palynofOSSils.

Key-words-l.ithOSiratigraplw, ~iostraligrapll\', Si\·valik. Nepal Ilil11ala~·a.
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UNDER the Geo-archaeological Project, University of
Erlangen, financed by the German Research Council,
the author carried out field as well as research work
during the last five years in several areas in the
Siwalik Hills of Nepal. The research includes
stratigraphical and biogeographical investigations in
the Miocene to Pleistocene deposits of the Siwalik
ranges in the Dang area in western Nepal,
particularly in the Surai Khola area and in the Kamla
Nadi area in eastern Nepal (Corvinus, 1988a, b).

The Siwalik mountains being the youngest, of
the Himalayan orogeny, form the foot·hills along the
entire Himalaya margin from Pakistan to Assam. In
Nepal alone they are ca 800 km in length, consisting
of molasse sediments, sandstOnes, mudstOnes,
shales and claystones of up to 8,000 m thickness.
They are deposited during the last ca 1') m ill ion

years as erosional debris from the rising Himalava
into the foredeep basin along the foot of the
mountains; they are folded and thrusted against the
Himalaya during the Middle Pleistocene, as the last
phase of the Himalayan orogeny,

The movement and the mountain building are
not terminated. India continues to be suhducted
underneath the Central Asian Block and neo-tectonic
movements are going on. Earthquakes show thal it is
still a zone of unrest and unstabiliry. One day the
thick deposits of the Terai plains, all of which ha\'e
been washed down from the Himalaya, too, will be
subjected by these movements and folded against
the Himalaya. The Si\valik depOSits ha\-e once been
very similar to the -recent deposits of the Terai and
the Gangetic plains. Driving east-westwards along
the Terai one crosses river after river with wide,
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meandering flood·beds filled Wilh sand, Sill, and
graYels. The ri\'ers carry a lremendous amoul1l of
load inlO the plains each vear. and lhe accumulalion
of erosional debris from lhe moul1lains inlO lhe
Gangelic plains is eSlimaled 10 be some 6,000 10
8,000 m lhick.

The research has yielded resuhs in many
aspeCls. A delailed lilhosrraligraphy of almOSI 6,000
m could be established al lhe Surai khola, and owing
10 lhe abundance of in situ fossils, all bio
geographical dala could be recorded inlO lhe
comprehensive slraligraphical column (Texl-fig 2).

In lhe course of invesligalions, a weallh of planl
fossils in lhe form of megafossils, and pollen has
come 10 lighl which necessilaled lhe aUlhor 10
collaborate with lhe Birbal Sahni InSlilUle of
Palaeobolany, Lucknow 10 slUdy lhe Palaeobolanical
aspecls Thus, lhe kind assiSlance and suggeslions of
lhe Direclor, Dr B. S. Venkatachala, resulled a joil1l
research programme. Drs N. Awaslhi and M. Prasad
of BSIP are sludying lhe plaI1l megafossils, and Dr S.
SarkaI' is carrying OUI lhe palynoslraligraphic
analysis. In this way we will be able 10 build up a
complete florislic succession from Lower 10 Upper
Siwaliks in one area, in the Nepal Siwaliks as model
(Reports of their work are published in lhis issue).
This report deals with the lilho· and
bioslratigraphical background of lhis mulli·faceted
research project, where every aspect plays an
important role for the whole, and where
palaeobotany is one aspect which reaches its fullest
importance when combined with all the Olher
aspecls of the research.

GEOGRAPHY AND MODERN ENVIRONMENT

Below lhe Siwalik fOOl-hills in soulh a flal, wide
plain called the Terai slrelChes eaSI·weSI which
conslilUles fertile farmland. Formerly, lhe flat land al
lhe fOOl of lhe Himalaya was a lhick bell of rropical
foresl, called lhe Bhabar zone, of mainly Saal and
bamboo which was once one of lhe richesl wild life
areas of the world. BUI now mos! of lhese virgin
foresls are disappearing fasl due 10 lhe COI1linued
CUlling of lrees and lhe wild life has disappeared
complelely.

The climate in lhe Terai is like in north India,
Wilh cool and dry wil1lers, extreme hot summers and
ralher heavy monsoon seasons Wilh rainfall between
1,60010 2,000 mm/annum (more so in the eaSI lhan
in lhe west). The climate supports a lropical 10 sub
lrop ical, moist dec id uous 10 dry dec id uous
vegelalion.

PREVIOUS WORK

The Siwalik deposits in Nepal have nOI been
studied in delail until recel1lly. The rock successions
were only roughly known and lhere was no clear
dislinclion between rock units and faunal zones. The
fossils, which had been recorded (Wesl et al., 1978,
19R8; WeSI &: MUl1lhe, 19R3) have nOI been
described in lheir straligraphical COl1leXI; lhough
they opened firsl vistas about lhe fauna of Nepal
Siwaliks. No precise ages, lherefore, could be
ascribed lO lhe various rock unilS. ReceI1l works on
lhe SlrucluraJ evolution of lhe easlern Nepal Siwalik
have been published by Mascle and Herail (982)
and Herail et at. (1986).

A Japanese team has receI1lly carried OUI
delailed mapping and lithoSlratigraphical sludies of
anOlher area of the Siwalik, east of BUlwal (Tokuoka
et at., 1986). Here the magnelO·polarity, 100, has
been recorded, but it is nOI linked with fossil
verrebrate remains. MUl1lhe et at. (] 983) reponed
one molar of Ramapithecus from near Butwal in
Nepal. Unforrunately no Olher fossil-remain of lhis
elusive hominoid has so far come 10 lighl from this
area.

OBSERVAnONS

Two areas were chosen for detailed sludy: lhe
Surai Khola area in Dang DistricI in west Nepal and
lhe Rato Khola area in Janakpur Disrrict in east
Nepal, which were found 10 be fossiliferous. Only
the Surai Khola area is described here (Texl-fig. ]).
The map shows the traverse through the described
Siwalik sequence exposed along lhe Surai Khola
from the lower strata at IJankas 10 lhe upper Slrata
soulh of Rangsing Khola. In lhe Surai Khola area, a
road was being buill during 1983 and 1984 (Texl-fig
1) which gave the aUlhor unique opportunity 10
sludy lhe rock succession which were freshly
exposed due 10 lhe blasling and culting, and which
greally helped in the measuremeI1l of seclions and
colleclion of fossils. The road cuts practically at right
angles to lhe strike of the rocks, which is more or
less 60° 10 75° 10 the north. It was found that an
unil1lerrupled and undislurbed sedimeI1l body of
almOSI 6,000 m was exposed around the Surai Khola
area where an almosl eI1lire sequence of Siwalik
sedimeI1ls could be recorded. The vertebrate fossils
found in the sedimeI1ls suggest that lhe Surai Khola
sequence represeI1ls the periods from the Chinji
faunal zone of lhe Lower Siwalik at Bankas 10 the
boulder conglomerate of the uppermost Siwalik
soulh of Rangsing Khola. In short, the Surai Khola
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Text-figure 1

sequence represents almost entire Siwalik
succession.

The rock succession (Text·fig. 2) shows a
gradual coarsening up from finer clasts of clays and
mudstOnes and shales in the lower part to

sandstOnes and finally to gravel and boulder
conglomerates in the uppermosr parr. The sequence
has been divided into six lithological units (Text-fig.
2). All collected and observed data have been
recorded and, for the first time, a comprehensive
stratigraphical column with in situ fossil data has
been drawn up.

Great variety of fossils have been recovered
from the area. The lowermost parr of the succession,
the Bankas beds, which is dominated by variegated
claystOnes and mottled mudstOnes reveal an
environment of low-water-regime, with backwaters,
pools and swampy areas. The discovery of
Gomphotherium sp. by its similarity to this fossil
group from Pakistan places these beds into the
Chinji faunal zone of the Lower Siwalik. In Pakistan,
this zone has been magnetostratigraphically dated
between 13 to 10 Ma.

Verrebrate fossils are absent, as yet, in the
subsequent 1,800 m of the Paira Khola and Chor
Khola beds (tentatively equivalent to Middle
Siwalik), which mark a change from predominantly
colourful clays and mudstOnes to more pronounced
sandstOne banks with shales and mudstone and
claystone intercalations. The lithology points to an
environment of increased fluvial activities, resulting
in the deposition of sand bars, but the continued
strong component of clays suggests that still-water
conditions co-existed. No faunal correlation could
be established for these beds as yet. These are,
however, extremely rich in plant fossils, especially
of leaf·impressions which are particularly prominent
and well-preserved in the shaly sediments. In
mouled claystones and mudstones also they have
been recorded, although poorly preserved.
Stratigraphically oriented collections were made
from the most important of the recorded 48 plant
bearing horizons.

A drastic change in sedimentation marked by
thick, micaceous sandstones of the Surai Khola beds
suggests a strongly increased fluvial activity. The
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Text-figure 2-Surai Khola profile.

rivers, emerging from [he rising Himalaya deposi[ed
thick fans of sandy erosional debris a[ [he margin of
the moumain from. The currem being s[rong, [he
roo[s of [ree and animal bones were embedded in
[he sand.

The sandsrone facies of [he Surai Khola beds
proved ro be [he richest in venebra[e fossils of [he
emire succession. and [heir identifica[ion Pu[S [hese
sandstones equivalen[ to Tau-o[ and Pinjor
formations of [he Upper Siwalik. Mos[ common were
[he remains of rep[iles (CrocodyJidae, Trionychidac)
indica[ing an environmem of rich water resources.
Large mammals of [he family Elephamidae, Suidae,
Hippoporamidae, Cervidae, Giraffidae and Bovidae
were found in [he [hick fluvial sandsrone
successions in [he Upper pan of [he sequence,

Surai Khola B(!ds

pOinting W a fores[ed environmem, criss-crossed by
wide, sandy meandering s[reams, Large [ree [runks
and branches found in [he same sandswne which
con[ain venebra[e fossils are equally indica[ive of
[hickly fores[ed and heavily f100ded environmems.

Many clay beds are abundam of molluscs
(Iamellibranchs and gas[ropods), some[imes even in
[he form of lumachelles. The few clay horizons
which are imercala[ed in [he sandswne proved [0 be
rich in pollen, bur leaf comaining horizons are
ra[her rare.

Af[er an imerval of a quie[er fluvial regime
during [he period of [he Doba[a beds which may be
equivalem w [he Pinjor Forma[ion [hick screes of
cobble w boulder conglomera[es (here called [he
Dhan Khola beds) were [ransponed down from [he
rising IIimalaya. The boulder conglomera[es are
devoid of fossils, excep[ a few pollen bearing
horizons. A faul[ running eas[·wes[ along [he
Rangsing River [hrus[s older Siwalik deposi[s agains[
[he conglomera[es of [he Dhankhola beds.

l[ is imponam [0 nore [hal a[ [he Surai Khola
area [hroughow [he emire sequence, mos[ of [he
clay horizons are surprisingly rich in pollen which is
nor common in [he Indian Siwaliks. The combined
da[a from [he palynosrra[igraphical analysis,
complimenting the srudies of fossil plants will result
in a comprehensive evalua[ion of the f1oris[ic
[hrough [he sequence which will serve as a model
for unders[anding [he changes in plam life and
environmem during [he Siwalik period is one area.
This means [hal we are able w describe an emire
Siwalik sequence nor only li[hologically and
faunis[ically bu[ also clima[ically and
environmentally by es[ablishing [he floris[ic
developmem [hrough megafossils and pollen. Apan
from [he surveyed Surai Khola succession, [he orher
areas in [he Nepal Siwalik wo yielded quire
abundam venebrate and plant fossi Is.

I[ is apparem [hal [he [hick micaceous
sandswne facies similar w [hose of [he Surai Khola
beds in [he Nepal Siwaliks, wherever exposed, are
synchronous w [he Ta[ro[ and Pinjor faunal zones of
[he Upper Siwalik. One of [he mos[ fossiliferous
areas was found w be [he Raw Khola in eas[ Nepal,
nonh of ]anakpur, where massive micaceous
sandswnes are exposed. Here, we colleered and
excava[ed a large number of venebra[e fossils which
are also presem in Tau·o[ and Pinjor sedimems.
Grea[ s[ress was laid in colleering [he fossils in situ.
Only [hose fossils were included in [he colleGion
for idenrifica[ion of which [he provenance was
defini[e. The remains of crocodile and gavialis as
well as a grea[ variery of runles are always found in
abundance. Mos[ of [he fossils are of large
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mammals-particularly of elephantidae (for
example, a skull and other remains of S!egodoll
ganesa and teeth and Other parts of Arcbidiskodoll
p/al7ljorns) and of hi ppoporamiclae (a whole skull,
skull part, post cranial bones, etc of Hexaprotodoll
siu'a/ensis). A well preserved skull of the pig

HIPpohYlIs latroll, jaws and teeth of \)<wids and
antelope species are found. One of the most
interesting finding is that of an entire skull with pan
of the tusks belonging to Archidiskodo/l planijoms,
described from PinJor, which was exca\'atee! from a
sandstOne eli ff

One of the most important features of the data
from the Surai Khola is the possibility to link up a
substantial \'ertebrate fauna within a stratified, large

sediment-body with that of the plant life during the
same periods, It will greatly increase our insights
into the palaeoenvironment of the Siwalik period by
evaluating both plant as well as animal life in their
geological setting during the same time and pl:Ke.

In order to establish a magnetO-polariry time
scale, palaeo-Inagnetic sampling has been
undertaken this year by \Xl Roesler ane! Fassbinder
under Dr Appel from the Geophysical Department of
the University of Munich. The final results will be a
first comprehensi\'e model of a chronostratigraphy
of the Nepal Siwaliks and its palaeoell\'ironmental
and climatical interpretations for the last ca 12
million years.

A joint detailed report will soon be forthcoming
under the auspices of the Rirbal Sahni Institute of
Palaeobotany, Lucknow,
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A palynological repIJrt dealing wilh the ~i\\'alik Gruup of scdimel1ls from Surai Khola area of \"CSlern Nepal is
presented. The clay samples eollectcd from six different lilhulugiL'al units of Lm\'cr. i\liddle ami llpper Siwalik
pro\'ide data for palaeueeological interprerations. Significant elemcnls of thc pa!\'nollora arc: /ygl/('IIW, .\Jollgeolia,

1J0tl)'OCOCCIIS, Sirialriletes, Lycopodi /lmsporiles, ,llrJlluporopullel/ iles, .t/all'acearIIl11pU!IiS and fJu!vadupo!!ell iles.

Periodic changes in qualitative and qual1litati\'e C<Jmposition of the palynological spectra shtlW that the \ egerational
succession reflects changing palaeogeographical conditions. A fresh·water swamp\' cl1\'ironmel1l is interpreted for
the older horizons. Algal remains uf JJuIlYUCUCC/lS, J'ediasll'llm, L)'glleilia and megaspores of Azolla. etc., pro\'ide
cogem e\'idence for this ubser\'atiun. Gradually s\\'amp\, conditions seem to ha\'e changed 10 a b\)({om land habilal
which is e\'i<lenced b\' the presence of a number of pteridophyTic elements, \·i:.'.., Lycopodillll/, PO!)'lJodiu))1,

ScIJizaea, etc I>alynoassuciations depict scmi·e\'ergrecn \'egetatiollal pauern during the lime of deposition of the
Surai Khola Si"'alik sequcnce in \X'est Nepal.

Key-words-!'ah'llolllg\', Si\',aliks, l'alaeo(,CtJlllgy, J'vlio·Plillcene (Nepal l.
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THE Siwalik Group of sediments are well·developed
all along the foot-hills of the Nepal Himalaya, The
sediments of this group are mainly characterised by
clay, sandstones, grits and conglomerates, At some
places lignitic nodules and coal bands have also
been observed. So far, palynological investigations
of this strata from Nepal have been scantily carried
out. Mathur (1973) reported a Lower Siwalik
palynoflora I assemblage from Tharukhola·Chepang
area of Nepal. Recently, Mathur (1984) has also
recorded palynofossils from the Lower, Middle and

Upper Siwalik sediments from the area in the east of
Nepalganj, During the last four years, a rich
collection of plant megafossils and palynological
samples has been made from the Siwalik sediments
of Dang region, western Nepal under a collaborative
project with Dr G, Corvinus of University of
Erlangen, West Germany. Derailed palynological
investigations of the Siwalik sediments of Surai
Khola and adjoining areas (sec Map 1 in Corvinus, p,
295 of this volume) were carried out to build up a
palynofloral succession to understand the
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vegetational history, palaeoecology and
phytogeography.

Location oj samples-The area is situated at
about 7 km north-west of Shivpur in the Kapilwastu
District of west Nepal. The road section along the
Surai Khola stream, between Surai Naka and
Rangsing Khola, extends for a distance of 16 km and
represents a complete sequence of the Siwalik
Group in this region. Sediments of Lower, Middle
and Upper Siwaliks are exposed along the road.
cutting. The basal part is called Bankas Bed. It is
seen close to the base of the Surai Naka foot-hill.
The top of the Surai Khola sequence is known as the
Dhan Khola Bed. Between Bankas and Dhan Khola
beds four more beds are present in succession, just
south of Rangsing Khola, viz., Paira Khola, Chor
Khola, Surai Khola and Dobata (Corvinus, 1988,
1990).

Two field trips were undertaken for collection
of material from the Surai Khola sequence. Three
hundred and ninety four samples were collected and
processed. Samples were mainlv taken from the finer
clastics. Some coarse grained sandstones from the
Surai Khola Bed have also proved to be productive.
The slides and negatives of the palynofossil have
been deposited in the museum of the Birbal Sahni
Institute of Palaeobotany, Lucknow.

RESULTS

Pa~ynoJloral assemblage-A rich palynofloral
assemblage is recorded from the Surai Khola
sequence. Following are the significant constituents
of the palynofossils:

a) ALGAL REMAINS
Botryococclls braunii KLltzing 1849
Zygospore s of MOllgeotia
Pediastrum spp.
Zygospores of Zygnema

b) FUNGAL REfvlAINS
Callimotballus assamicus Kar, Singh & Sah 1970
Inapertisporites spp.
Nototbyrites amorpbus Kar & Saxena 1976
Phragmotbyrites eocaenica Edwards 1922

c) PTERIDOPHYTIC SPORES
Azolla megaspore
Cyatbidites australis Couper 1953
Crassoretitriletes uanraadsbooueni Germeraad,

Hopping & Muller 1968
Dictyopbyllidites sr.
Lycopodiumsporites spp.
Lygodiumsporites spp.
Polypodiaceaesporites spp.
Po~ypodiisporites ornatus Sah 1967
Scbizaeoisporites sp.
Striatriletes multicostatus Kar & Saxena 1981
Striatriletes paucicostatus Kar 1985
Striatriletes susannae (Van der Hammen) Kar

1979

d) GYMNOSPERMOUS POLLEN
Cycadopites spp.
Pin uspollenites spp.

e) AJ"JGIOSPERMIC POLLEN
Aglaoreidia sp.
Compositoipollenites sp.
Liliacidites sp.

-+
PLATE 1

(All photomicrographs magnified Ca x 500)
Lycopodiul1l,poriles sp, Slide no BSIP 10173, coordinates:
31 x 10 I

2. Lycopodium,poriles sp., Slide no. BSlP JOIn, coordinates:
575 x 101

3. Polypodiisporiles orl/alus Sah 1967. Slide no BSIP 10164.
coordinates: 52 x 102.5.

4 BOllyococcus brau mi Kutzi ng, 1849: Slide no. BSIP 10176,
coordinates 44.5 x 107

5 Sirialrileles palicicos/aills Kar 1985, Slide no. BSIP 10167,
coordinates: 61 x 93.5.

6. Lycopodiumsporiles globalus Kar 1985, Slide no. BSIP
10.J.75, coordinates 45.5 x 965.

7 Cycadopiles sp.. Slide no. BSIP 10178, coordinates
495 x 1035

8. DiClyophyl/idiles sp.. Slide no. BSIP 10174, coordinates:
57 x 110.

9,20.21 Zygospores of Zygnema, Slide no. BSIP 10177, coordi·
nates: 59 x 1005: Slide no. BSIP J0173, coordinates

53 x 799: Slide no. BSIP 10171, coordinates: 53 x 96.
10,11,16. Maluacearumpol/is sp., Slide no BSIP 10165, coordi·

nates: 42 x 98: Slide no BSIP 10163, coordinates: 57.5 x

100.5; Slide no. BSJP 10166, coordinates 59 x 112.
12. Maluacearumpol!is grandis Sah 1967: Slide no. BSIP 10163,

coordinates: 455 x 99
13. Crassorelilrileles uanraadshooueni Germaraad, Hopping &

Muller 1968; Slide no. BSIP 10159, coordinates: 37 x 95
14 Phragmolbyriles eocaenica Edwards 1922,; Slide no. BSIP

10174, coordinates: 62,5 x 1091.
J5. Sirialrifeles susamwe (Van del' Hammen) Kar 1979; Slide

no. BSIP 10169, coordinates: 52.5 x 108
17. Polyadopolleniles myriosporiles Stover & Patridge 1973;

Slide no. BSIP 10163, coordinates 55 x 103
18. Sirialrileles mullicoslalus Kar & Saxena 1981; Slide no. BSIP

10 J70, coordinates 45 x 107
19 /vlonosulciles sp, Slide no. BSIP 10168, coordinates: 56.5 x

109
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Ma/uacearumpoLLis grandis Sah 1967
Jl1a/uacearumpollis sp.
MOl1oporopollenites kasaL/liensis Singh & Sarkar

1984
/I/fonosll/cites sp.
Nympbeacidites sp.
Pa/maepollenites sp
Po/yadopollenites lIlyriosporites Stover &

Patridge 1973
Trieo/pi tes sp.
Some significant palynofossils have been

illustrated in Plate 1
Out of 30 genera a fey.; bl)/ophytic spores ha,'e

also been recorded. Algal forms are represenred
throughout the lower parr of the Bankas Bed.
BotIToCOCCllS, Pediastrl/m and Zygnema are richly
represented. Fungal spores and conidia are poor.
Ascostromata of microthyriaceous fungi, ,'iz.,
Pbragmotbyrites and CaWlnotballl/s, are common

Pteridophytic spores constitute an important
aspect of the assemblage at all levels of the Surai
Khola sequence. Ten genera and fifteen species
represenring se\'en families, viz" (i) Cyatheaceae,
(ii) Schizeaceae, (iii) Parkeriaceae, (iv)
Polypodiaceae, (v) Lycopodiaceae, (vi)
Matoniaceae, and (vii) Azollaceae. have been
recognized, though gymnospermous pollen are
qualitatively less, still in some horizons they form a
significanr group quanritatively Pollen grains of

c)'cadaceolls and Pinaceous affi n i ty, vi z., Cycadopi les
and Pin IIspollenites ha ve been recorded respective I)'.

The angiosperm pollen are represented by nine
genera and ten species The dicotyledonous pollen
are assigned ro families Compositae, Malvaceae,
Cruciferae, Mimosaceae whereas the monocotyle
donous pollen grain represent the palmae,
Gramineae, Liliaceae, and Typhaceae. A quantitative
analysis of the above assemblage reveals the varied
representation of pteridophytic spores C35%),
gymnospermous pollen (30%), angiospermous
pollen (15%), and fungal and algal remains (20%).
Among the pteridophytic spores some of the
significant forms are Striatri/etes spp. (33%),
Po/ypodiaceaesporites (15%) and Po(ypodiisporites
(8%), gymnospermous pollen are represented by
Cycadopites spp. and Pinll~pollenites spp. equally.
Ma/uaceammpollis spp. (30%) and Monoporopolle·
niles spp. (23%) are the most dominant elemenrs
among the angiosperm pollen.

STRATIGRAPHIC DISTRIBUTION

From the distributional pattern of the
palynofossils it is evidenr that the older horizon of
Surai Khola succession, i.e., the Bankas Bed is
dominated by algal elements, whereas the middle
part of the sequence. viz., upper part of Paira Khola
and Chor Khola beds, are dominated by

Table I-Distribution of significant palynofossils in Surai Khola Siwalik sequence

Palvnofossils (Genera)

BOIIYOCOCCUS

Pediaslrum
Zygnema
1>!.1ragmolhj>riles
Lygodill msporiles
SI rial rileles
Crassorei il rileles
Lycopodi1.1 mspori I es
fJolypodiisporiles
Diclyopbyllidiles
Cycadopites
Maluacear/./mpollis
Monoporopolleniles
Palmaepolleniles
Polyadopolleniles
Composiloipolleniles
Liliacidiles

I Bankas Bed
2. Paira khola Bed
3 Chor Khola Bed
4. Surai Khola Bed
5. Dobata Bed
6 Dhan Khola Bed

+

+

o

2

+
+
+
+

Palynofloral assemblage

3 .:\ ') 6

0 0

+ + 0 0
0

+ 0

+ 0

x

+

+

o

> 30%
15·30%
5·1')%
<596



SARKAR-SIWAlIK POLLEN SUCCESSION FROlv[ SURAl KHOLA, NEPAl 323

pteridophytic spores and gymnospermous pollen;
the upper part of the sequence is dominated by
angiospermic pollen. The emergence of algal
elements in the Dobata Bed is a striking feature of
the assemblage. Distribution of important
palynofossils in the Surai Khola sequence is given in
Table 1.

PALAEOECOLOGICAL INTERPRETATION

Analysis of the palynofloral assemblage provides
valuable information regarding the palaeoecological
conditions that might have prevailed during the time
of deposition of the Siwalik sediments in the Surai
!<hola area. The lower part of the Surai Khola
sequence (Bankas to Chor Khola beds) indicates the
presence of fresh water swamps: Pediastrum,
Botryococcus, Zygnema, Mougeoria, Azolla and
Ceratopteris are present. It is possible that areas
nearby were swampy lowlands which were inhabited
by ferns. The most important evidence.of fresh water
swamp conditions comes from the lowermost
sediments of the succession, i.e. the Bankas Bed.

The swampy condition seems to have changed
from the upper part of the Chor Khola Bed onwards
to a bottomland habitat. This is evidenced by the
presence of a large number of pteridophytic
elements, like Lygodium, Lycopodium, Schizaea and
Polypodium along with Cycas, HibiSCUS, Acacia, etc.

At the same time, the high incidence of pollen grain
of the members of Mah'aceae and ivlimosaceae
indicates a change from semi·evergreen vegetational
pattern, typical of the lower part of the sequence, to

a moist deciduous vegetation in Dobata B~d The
middle part of the Surai Khola Bed is distinctly
marked bv the first appearance of bisaccate
gymnospermous pollen perhaps of rinaceous
affinitv, a feature which is largely in conformity with
the middle parr of Siwalik sequence exposed
elsewhere in the Indian subcontinent (Banerjee.
1968, Lukose, 1969; Nandi, 1972, 1975; Saxena &
Singh, 1980,1981, 1982a, 1982b; Saxena et at, 1984;
Singh & Saxena, 1980, 1981) This information may
be useful to understand the time and spread of
modern conifers in the Indian subcontinent. The
topmost parr of the succession exhibits abundance
of graminaceous pollen along with bisaccate pollen
which indicate the onset of much drier conditions in
the later period.

The palynofloral assemblage recorded bv
Mathur (984) from the Tharukhola·Chepang·Chinji
area of Nepal does nor compare well with the
present assemblage; however, the higher
representation of grass pollen in the younger
horizons as reflected in the Surai Khola ra1ynofloral
assemblage seems to be a common feature between
the two.

The modern eqUivalents of Surai Khola

Table 2-Botanical affinities of Surai Khola palynofossils and their climatic habitats

Palynofossi Is

HOlr)'ococcus braunii
Pediaslrum

Zygnema
/\110 IIgeo lia

Pbragmolbyriles
NUlOlbyriles

CallimOlbalius

Cyalbidiles

Lygodiumsporiles
Sirialrileles

Crassorei il rileles

Lycopodiu msporiles

Polypodiaceaesporiles
Scbizaeoispo,:iles

Diclyopbyllidiles

Azolla megaspore
Cycadopiles
Pinuspolleniles
Malvacearumpollis
Monoporopolleniles
Nympbe6lcidiles
Liliac idiles

Palmaepolleniles
Polyadopolleniles
Aglaoreidia

Composilolpolleniles

I'vlodern comparable taxa

BOlryococcus braunii
Pediaslrum

Zygnema

Mougeolia
Microthyriaceae
,vlicrothyriaceae
Microthyriaceae
Cyatheaceae
Lygodium
Ceralopleris

Schizaeaceae
Lycopodium
Polypodiaceae
Scbizaea
Matoniaceae
Azolla

Cycadaceae
Pinaceae
Hibiscus
Gramineae
Nymphaea
Liliaceae
Palms
Acacia
Typhaceae
Compositae

Preferable habitat

Aquatic (Freshwater)
Aquatic
Aquatic
Aquatic
Warm, humid

Humid shady places
Leaf climber
Aq uatic (Marshy places)
Moist arid shady places
Iv!oist and shady places
Moist and shady places
Moist and shady places
Warm, humid

Aquatic
Prefers dry places
Prefers dry places

Prefers dry places
Aquatic

Dry plains
Ponds & still water

Climate

Cosmopol itan
Cosmopolitan
CGsmopol itan
Cosll1opol itan
Tropical·Subtropical
Tropica I·Subtropica I
Tropical·Subtrapica I
Tropica I·Subtropica I
Tropical-Subtropical
Tropical·Subtropical
Tropical·Subtropical
Cosmopolilan
Tropical·Subtropical
Tropical·Subrropical
Tropical
Tropical·Subl ropical
Tropical·Sub! ropical
Cosmopolitan
Tropical·Subtropical
Cosll1opol itan
Cosmopolitan
Cosmopolitan
Tropica I· Subrropical
Trap ica I·Subt ropical
Cosmopolitan
Cosmopolitan
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palynofossils denoting their habitats and climates
are given in Table 2.

From the above Table it is clear that out of 26
taxa 13 prefer tropical to subtropical climate, the
remaining 13 are of cosmopolitan nature. Therefore,
it can be inferred that the overall palynofloral
contents of the assemblage indicate the prevalence
of tropical to subtropical climate during the
deposition of Surai Khola sediments.

Data presented in this paper is considered very
significant as it throws light on the history of the
vegetation through Mio·Pleistocene time and its
palaeoecology. Extended investigations are likely to
generate a dependable data·base for the
reconstruction of the vegetational changes.
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The palynological assemblages comprising angiospermous pollcn, pteridoplll1ic spores. '-rll1gal rcmain"
gymnospermous pollen, dinoflagellate cysts, acritarchs and reworked Permiall spores and pollen. hal'e becn
reponed from Siwalik sedimenrs exposed in Kameng, Subansiri ane! Siang districts, j\runachal IJrJde'h
Palynological comparison with extanr planrs has been arrempted to determine the palaeol·egetatioI1. palaeoclimate
and environmenr of deposition. Geological history and palaeogeography of Neogene sediments of Arunachal
Himalaya ha\'e been discussed.
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PALYNOLOGICAL study on Siwalik sediments
exposed in Kameng, Subansiri and Siang districts,
Arunachal Pradesh has been carried out. Taxonomic
part of the present palynological work shall be
published elsewhere. In the present paper an
attempt has been n-;ade to apply the obtained data to
reconstruct the past vegetation, palaeoecology and
environment of depOSition.

The Siwalik sediments in Arunachal Himalaya
are represented by thick piles of arenaceous and
argillaceous sediments which are exposed in a
continuous belt all along the Himalayan foot-hills
from Kameng District in the west to Siang District in
the east (Text-fig. 1). Further eastward in Lohit
District, these sediments are covered with alluvium.

The Siwalik sediments mark a change in
topography from the plains of Brahmaputra Valley to

the Himalayan foot-hills where these rise abruptly
and abut against the alluvium. These sediments
extend up to 1') to 30 km towards north where they
are thrusted against the Gondwana Group of rocks
However, due to overthrusting of the older rocks
over the Gondwana rocks, the Siwalik sediments are
thrusted directly against the Miri and/or Borndila
groups of rocks.

Palynologically the Tertiary sediments of
Arunachal Himalaya are less explored. Dutta and
Singh (1980) and Dutta (1980) reported
palynological assemblages from these sediments
exposed in Kameng District and correlated them
with Neogene formations of Upper Assam. The
assemblages recovered by them are of mixed type
containing elements of Permian, Eocene and
Miocene ages.

32'S
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PLATE 1

27.

26.

21.

28.

/.akiapo//is assamiclls Tripathi & Singh. Slidc nos. 13SII'

IOJ94 and 10193. coordinates 334 x 110.~ and
31.6 x 1108 respecri\ely

19. /.iliacidiles sll. I; Slide no. BSlI' 10203. coordinate"
48-"xI19.~

LiliaCie/iles sp. 2: Slide no. BSIP 10203. coordinates:
-"9 ~ x I 11 10

Cuupel'lpo/lis magI/lis Kar IX Kumar; Slide no. BSIP 10191.
coordinate" c16.8 x 11~ ~.

/lllrapUI/Clisporis slIhlriangli/aris Kar & Singh; Slide' no.
BSIP 10194, comdinates: 609 x III 5
Pa/midiles ObluslisTripathi & Singh; Slide no. BSfP 10189,
coordinates: 18. ~ x 96.2.

f/roxaperliles assamiclls (Sah & Dutla) Singh, Slide no.
BSIP 10196, coordinates 328 x JII 10.

Pa/mldites sp.; Slide no. BSIP 10188, coordinates:
~310x982

Poe/ocarpidileS sp.. Slide no BSIP 1U209, coordinates:
28.2.< 10~7.

/Jieo/popo/lis sp.; Slide no BSIP 10213, coordinates
2 I 7 x 104 5

Co//ospermllmpo//is /ael'igailis Tripathi & Singh; Slide no.
GSIP 10J91, coordinates: 46.10 x 1099.
Clen%pbOl1idiles coslalus (Van Hoeken·Klinkenberg) Van
Hoeken-Klinkenberg; Slide no. BSfP 10211, coordinates:
323 x 106.5.

2U.

22.

2}

y-'.

50
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cuordi,lates: 2~Sx j I ~.-' and 22.1 x 105.6, respecti\'ely

16,3.3. Siriatri/eles all('llllalliS Singh IX Tripathi. Slide nos. 5SII'
lU214 and 10200, coordinates: 2~.~ x 103.1 31ld
4 ').7 x 106. ~ respecti\'ely

J~ CO//lll11ospbaera sp.; Slide no. GSIP 10192. coordinate"
5~2xl103

1831

IAII photumicmgraphs are magnified,' ~OO)

1. l.ycopodilll1lsporiles 5p.; Slide nu. GSIP 1021:. cuordinates:
~~~xll')9

2. Lycopodiacidiles sp., Slide 11U. BSIIJ 1021-, cuordinatcs:
'186 x j 12.5.

3. Lycopodiacidiles dexlrllS Kar & Kumar' SI ide no. GSI P
10198. coordinates: 11.') x IU~~

4. Lygodillnlsporiles eocelliclls lJutta & Sah. Slide nu. IlSIP
I U200, cuordinates: 2 I 1 ' J()(, (,

'). Plaidacidiles sp.; Slicle no IISIP 10206. cuorc!inatcs:
12.2 x I J').4.

6. l.ycojJodilimsporrles p,,/u('ocetliclis Dutta & Sah. Slide no.
BSII' 10199, co()rdillatcs. 1-1.5 x 112.6.

-, COlipenj~o/!ls sp.; Slide no. BSIP 10216, coordinate."
5~9,1101.

8. \'('rrlla/(!/('s assamiclis Singh & Saxena; Slide nu. 5SfP

1020~, coordinates 20.2 x 108.9

9. lIama/('les sp.; Slide nu. GSIP 10203, courdinatcs.

3~6 x lU~S

10 Assamiapo//enileS gbosiJii Singh IX Saxena; Slide nu. BSIP
1020.3. coordinates: 405 x 106.1

11 Loranthlpil('S sp.; Slide 11U GSfP 10209. coordinates
41.8 x 1O~S

12. Pa/midiles app/icailis Kar & Kumar; Slide no. 5SIP 10216,
'coordinates: 50.7 x 117.6.

13, UicryopiJ)'/lidiles sp.; Slide no. BSIP 102U3, coordinates:
2~.6 x 95 1.

14.29 Trico/poropo//is mhra Dutta & Sah; Slide nos GSJP 10196

and 10207, coordinates: 38.10 x 110.6 and 256 x 104.10
respectivelv.

] 5,24 Me/iapo/lis sp, Slide nos BSfP 10J94 and 1019~,
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Sample:, for the present palynological study
han: been collected from the following sections
(Text-fig I)

I Bhalukpong-Sessa Section, Kameng District
2. Itanagar-Doimukh·Kheel Section, Subansiri

District
.3 Kimin-I:iro Section, Subansiri District
-I. l.ikabali-Garu Section, Siang District
"i. Pasighat](oyu Section, Siang District

LITHOLOGICAL CHARACTERS OF SIWALIK
SEDIMENTS

The Si\\alik sediments are mainly composed of
sandstone, siltstone. clay and pebble beds but lot of
lithological \'ariation has been noticed in different
sections.

The sandstone, in general, is of salt·and-pepper
appearance that waather to pale brown colour. ft
\'aries from fine to coarse-grained, sometimes grinI',
moderateh- loose to compact, soft to hard. fn
Bhalukpong-Ses:,a section, Kameng District, it is
often indurated Generally the sandstone becomes
micaceous and the biotite alignment gives colour
banding Occasionally it is structureless. but mostly
it is laminated shOWing parallel, cross and ripple
cross-lamination. The foreset laminae occasionally
consists of carbonaceous shale and clay, mica-Oakes
and detrital coal grains. Pebbles are also noticed
within the sandstone occurring as small pockets or
thin lavers mostly aligned parallel to the lamination.
The pebble and clast percentage is variable. The
clasts are generally subrounded to roundecl, Oat or
discoidal. Coarser to gritty gradation in the form of
conglomerate is also nOted in the sandstOne.

The calcareous concretions, mostly aligned
along the bedding plane, are commonly found in the
sandstOne. Their diameter varies from 5 to 40 cm
and are spherical to subspherical. ellipsoidal to
elongate in shape. Thin lenses and streaks of coal,
lumps and lenticles of lignite ancl sporadic
carborllsed and si Iici fied wood fragments ha ve also
been observed in the sandstone. Grey coloured
compact sand·balls and thin pseudobeddings that
cut across the bedding plane have also been noted
in the loose grey to brownish colour sandstOne.
These sand-balls and veins have been referred to as
'Sandstone dykes' by Kumar and Singh (19H2).
Asso.ciated with the sandstone are greyish·green clay,
siltstone and shale, which often show spheroidal and
nodular weathering. Siltstone is splintery and at
places becomes sandy in nature.

The conglomerate strata, though not common in
Munachal Pradesh, are observed in Pasighat-Koyu
section, Siang District, and Bhairabkund·KaJaktang

section, Kameng District. fn Likabali·Garu section,
Siang District, near Siji, there is a thick sequence of
conglomerate sandstone alternation with thin silty
clay bands. lt is doubtful whether this horizon is a
part of Upper Siwalik or it belongs to the Quaternary
sediments. No palynofossils have been recovered
from this part, hence the age of these sediments
could not be determined. The conglomerate beds
range in thickness from 3 to .34 m with fragments of
pebble to boulder size. The pebbles and boulders
generally show orientation parallel to the bedding
plane but at some places they do not show any
preferred orientation. The pebbles and boulders are
predominantly of gneisses, quartzites, schists and
limestones. In Pasighat-Koyu section, Siang District,
some pebbles of volcanic rocks are also observed.
The conglomerates are moderately compact to semi
consol idated .

STRUCTURE

The abrupt rise of Siwaliks abutting the older
alluvium of Brahmaputra plains is marked by a fault.
Towards north, the Siwaliks are thrusted against the
Gond\vana group of rocks. In Pasighat·Koyu section,
Siang District the Siwaliks are thrusted against the
older Miri and/or Bomdila group of rocks as a result
of overthrusting of these older rocks over the
Gondwanas.

The regional Siwalik structure is a monocline.
dipping at ] 50 -50 0 tOwards north·west. Locally, the
clip changes to north-east. However, towards south
near the northern thrust contact in Likabalki-Garu
section, Siang District these sediments dip at a very
high angle (70 0 -80') The Siwalik sandstone shows
open symmetrical folds in Subansiri District where
sometimes folding becomes very tight and the limbs
become nearly vertical. The fold axes, at times,
become almost horizontal and plunge 10 0 towards
north-west. A few intraformational low-angle faults
are also recorded. One such fault is clearly visible at
about 23 km stone in Kimin-Ziro section, Subansiri
District, where the rocks show high crushing and
fault gauge in a shear zone. There also appears to
have taken place the post-Tertiary tectonic activicy,
which is enVisaged by the faults effecting both
Siwaliks and Gondwana rocks. Such faults are
identified in Likabali-Garu-Basar section, Siang
District and Bhalukpong Sessa-Jamiri section,
Kameng District. The faults strike roughly N-S
direction.

Current bedding, channel fill structures are
prominent structural features of sandstones and
conglomerates. Small scale synsedimentary faulting
is also noticed All these features indicate shallow
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water torrential deposits. In !tanagar section,
Subansiri District, boulders of grey sandsrone have
been found in the brown, loose sandsrone indicating
penecontemporaneous erosion of the Siwalik
sandsrones. The scanered longer axes orientation of
clasts at places indicate high energy dispersion and
parallel orientation of longer axes of the clasts
indicates lower energy and tranion currents.

PALYNOFLORAL COMPOSITION

Palynoassemblages are impoverished and are

constituted by dinoflagellate cysts, acritarchs, fungal
spores and fungal fruiting bodies, pteridophytic
spores and gymnospermous anel angiospermous
pollen grains. Quantitative representation of
individual taxon is very poor. Thus, it has not been
possible ro arlply the palynological data for
stratigraphic zonation. However, an anempt has
been made 10 trace the botanical affiniry of
palynotaxa with a view to reconstruct the past
vegetation, palaeoecology and environment of
deposition A list of recovered palynotaxa and their
affiniry is given below

Botanical Group/Family

PTERIDOPHYfES

Lycopodiaceae

Polypodiaceae

~btoniaceae

Schizaeaceae

Osmundaceae

Pa rkeriaceae

Pteridaceae

GYMNOSPERMS

Podocarpaceae

Pinaceae

ANGIOSPERMS

Arecaceae

Araceae

Present distribution

Tropical to temperate

Cosmopolitan

Tropical

Tropical to subtropical

Tropical and temperate

Tropical 10 subtropical

Cosmopoliron

Subtropical 10 temperate

Temperate

Tropical ro subtropical

Tropical and temperate

Palynot<L'(a

Lycopodiacidiles deXlrus
Kar & Kumar 1986.
Lycopodiacidiles sp.,
Lycopodiumsporiles sp.

Mono/iles mawkmaensis

Sah & Dutla 1966

Diclyopbyllidiles sp.

Lycopodiumsporiles eocenic us
Dutla & Sah 1970.
Inlrapu netisporis sublriangu/aris
Kar & Singh 1986

Todisponles major Couper
19')8

Slrialrileles susannae van der
Hammen emend. Kar 1979,
S allenualus Singh & Tripathi
1983, s. pseudocoslal us Si ngh
& Tripathi 1983

Pleridacidiles sp.

Podocarpidiles megbalaya·
ensis Rao 1986, Podocar

pidiles sp.

Pinuspolleniles sp..
Abie,polteniles sp..
wricoidiles sp.

Palmidiles maxim us Couper 1953,
P applical us Kar & Kumar 1986,
Palmidites sp..
Coupenpollis mag nus (Dulla
& Sah) Kar & Kumar 1986.
COllperipol/is sp..
Dico/popollis sp., Longape·
rliles klinkenbergii Rao &
Ramanujam 1978

Proxaperliles assamieus
(Sah & Dutra) Singh 1975

Remarks

Inhabits moist and shady
places

Water fern



330

C! enolop hOI1aceae

J30mbacareae

Cosmopolitan

Tropical
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Ctenolophonidiles coslailis
(Van Hoeken-Klinkenberg)
Van Hoeken-Klinkenberg 1966

Trieolporopoliis rubra
Dutta & Sah 1970,
Lakiapo/lis assamiells
Tripathi & Singh 1985

The plams grow in

fresh water swamp
forests

These palynotaxa

resemble pollen of

Cilllenia and Dlirio
growing in evergreen forests

,\ Ie I iaceae

I.iliaceae

Lorall thaceae

i\lah-aceae

Tropical to subtropical

Cosmopolitan

Tropical to subtropical

Tropical and temperate

Meliapollis sr.
Liliacidiles sp.. Collospermllmpollis
laemgailis Tripathi &

Singh 1984

Loran/hipilei sp.

Mall'acearllmpollis
paueibaelilailis

Venkatachala & Rawat 1973

Plants of this family
are paraSites on (tees and

shrubs of diverse forests

In addition, some palynotaxa have also been
recovered whose affinity with living plants could not
be traced. These arc' Assamiapollelliles gboshii
Singh & Saxena 1984, Iliapertliropolleniles sp. and
Tricolpites sp.

QUANTITATIVE ANALYSIS

The present palynological assemblage
comprises 29 genera and 38 species of pteridophytic
spores, gymnospermous and angiospermous pollen.
Apart from these, dinoflagellate cysts, acritarchs.
fungal remains and reworked Permian spores and
pollen have also been recovered. The assemblage is
dominated by angiospermous pollen (43%).
Pteridophytic spores (20%) are also richly
represented. Fungal remains (10%), gymnospermous
pollen (9%). dinoflagellate cysts and acritarchs
(2%), reworked Permian palynotaxa (12%) and
unidentified taxa (6%) constitute the remaining part
of the assemblage. Quantitative representation of
individual palynotaxa is poor hence no palynolones
could be identified.

PALYNOLOGICAL COMPARISON

Dutra and Singh (1980) and Dutra (1980)
published Upper Tertiary miofloral assemblages
from Kameng District, Arunachal Pradesh.
Proxaperliles, Pa1m idites, Lycopodilllmporiles and
COllpertpollis are common to both the aso,embiages.

The present palynofloral assemblage is closely
comparable to the tvliocene palynofloras reported
from Bhuban and Bokabil formations of Assam
(Saluja el aI, 1973; Rao el aI, 198";; Rao, 1986; Rao &
Singh, 1987; Saxena et aI, 1987). Common

palynota xa are: Lycopodill msporiles, Molloliles,
Diclyopbyllidiles, Lygodill msporiles, Strialriletes,
Podoca/pidites, Pin uspollen ites, Abie~pollenites,

Dicolpopollis, Tricolpiles, Couperipollis,
Telracolporiles (Meliapollis) and Proxapertites.

The present assemblage is also comparable to
those recorded from Miocene sediments of Jorajan
well-3, Upper Assam (Singh & Saxena, 1984) and
Boldamgiri Formation, Gam Hills, Meghalaya (Nandi
& Sharma, 1984). Lygodiu msporiles, Striatriletes,
In aperill ropolleniles, Assamiapollell iles, Verrualetes,
Tricolopiles, Coupenpollis and Dicolpopollis are the
common elements.

The Miocene palynofloral assemblages recorded
from western Himalaya (Banerjee, 1968; Mathur,
1973; Nandi, 1975, 1980; Saxena et aI, ]984) and
Bengal Basin (Baksi, 1972) are different from the
presel1l assemblage.

On the other hand, the Neogene palynoflora of
Quilon beds, Kerala (Rao & Ramanujam, 1975, 1978,
1982) compares well with the present assemblage as
the follmving palynotaxa are common to both the
assem b lages: Lygodiu mspori tes, Couperipollis,
Longape rl ile 5, 0 icolpopollis, Re ti tricolp i Ie 5

(= Tricolpiles) , Loranthipites, Ctenolophonidites,
Relitricolporites (= Tricolporopollis) and ivteliapollis.

From the above comparison it is apparent that
the present palynoflora resembles those described
from the Miocene sediments of Assam Basin (Saluja
el aI, 1973; Singh & Saxena, 1984; Nandi & Sharma,
1984; Rao el aI, 1985; Rao & Singh, 1987; Saxena el
aI, 1987) and Quilon beds, Kerala (Rao &
Ramanujam, 1975, 1978, 1982). Additionally,
presence of some Miocene palynotaxa, Dicolpopollis,
Lorantbipites, /vleliapollis, Assamiapollelliles ghoshii,
Longapertiles klinkenhergii and Mal/iaceanmzpollis
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pallcihaclilatlls, in the present assemblage in
significant. Keeping in view the resemblance of
present palynoflora with other known Miocene
assemblages, a Miocene age has been assigned.

PALAEOCLIMATE

Palynoflora of Miocene sediments of Arunachal
foot-hills indicates that the area was inhabited by
tropic,lI-subtropical vegetation. Such conclusion has
been drawn by rich representation of pteridophytes
and angiosperms belonging to the families
Parkeriaceae, Schizaeaceae, Pteridaceae,
Lycopodiaceae, MatOniaceae, Arecaceae, Araceae and
Bombacaceae. Temperate gymnosperm elements
referable to the families Podocarpaceae and
Pinaceae represented in the assemblage were,
however, transported to the site of deposition.
Dominance of pteridophytic spores and prodigality
of microthyriaceous fungi indicate the prevailing
warm and humid conditions.

ENVIRONMENT OF DEPOSITION

The lithological association of siltstone,
sandstOne, pebbly sandstOne and conglomerate bed
indicates that these sediments were largely
deposited under fluviatile environment. Based on
sedimentOlogical studies Singh et at (1982)
indicated that the Siwalik sandstOnes in Arunachal
Himalayas are composed of s3nds of riverine origin
and the material was transported by rolling and
suspension to the depocentre The studies further
suggest that these sediments were brought to the
river streams by fluvial agencies by rapid erosion
from nearby high relief source areas. The current
bedding and large thickness of sediments indicate
that deposition took place in a rapidly sinking basin.
Kumar and Singh (1982), on the basis of
sedimentary and microstructural analysis of
sandstone dykes in Siwalik sandstone, determined
varied conditions of deposition with changing facies
from fluvial fan to coastal plain fan-delta.

Dominance of Palm pollen further corroborates
the inference that deposition of sediments under
study tOok place in a near-coastal environment. The
palynoflora suggests that a stretch of coastal swamp
was adjacent to the depositional area and fresh-water
elements were also brought to the depOSition site by
rivarine channels. The high altitude gymnospermic
elements, present in the assemblage, indicate an
elevated tOpography in the north of the depositional
basin_ Thus, the inference of high relief in nearby
areas drawn by sedimentOlogical studies (Singh et
al., 1982) is supported by palynological studies also

GEOLOGICAL HISTORY AND
PALAEOGEOGRAPHY

Since the Permian time the area remained a
landmass and marine transgression took· place
during late Early Eocene. The marine regression in
the Arunachal foor-hill region took place at the end
of Middle Eocene and sedimentation recommenced
under the brackish water environment during
Middle Miocene in front of the mountain range in a
basin which aCted as a foredeep area where the
Siwalik sediments were deposited in the form of
allUVial fan or deltaic deposits, or bOth. The
sandstone dykes formed at the sediment-water
interface indicate the fluctuating marine conditions.

The Himalavan orogenic movement accentuated
the foredeep and large thickness of Siwalik
sediments were depcsited mainly under flUViatile
cond i tions. Upl i ft and strong denudation contin ued
giving rise to the contemporaneous deposition and
erosion of these sediments. A thick sequence of such
deposi t is exposed near Itanagar where Siwal i k
boulders are seen in the same matrix.
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THE present paper focuses attention on the changes
in vegetational pattern through the Tertiary Period in
Himalaya and its possible impact on the
development of modern flora. Published records of
Tertiary palyno and megafossils available from
Himalaya have been extensively surveyed and
analysed with a view to select dependable taxa for
the ide n t ifica t ion of pa laeo -a ssocia tions and
generalized vegetational successions in time and
lateral extent. The resultant information has brought

out several gaps in our knowledge; however, it has
been evaluated and synthesized cautiously to build
lip vegetational models latitudinally and
altitudinally, depicting the role of physical barriers
and climatic implications in understanding the
developmental processes and evolutionary
significance of different forest types.

The Himalayan range runs about 2,400 km and
stands as the northern rampart in the Indian
subcontinent (Te>,,1:-figure 1). It is the youngest
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GEOLOGICAL HISTORY

Text-figure l-Exteill or Himalayan range in the Indiall sub
conrinenr (after \Vest. 19H,).

mountain range in the world which was uplifted
about 60-70 million years ago. A generalized accounr
deciphering the emergence, radiation and e:\1:inction
rarrerns of the Hirnalavan flora through the Tertiary
Period has been discussed. The accrued evidences
throw light on some problems related to endemism,
regionalism and floral migration in time and lateral
e:\1:enr.

The palaeoboranical clata has been tagged with
the important geological events in order to have a
peep into the glimpses of Tertiary \'egetational
history of Himalaya. A brief account of the geological
history of Himalaya during rhe Tertiary Period is
given below:

OROGENIC HISTORY

The Teth\'s Himala\'an zone is well exposed in
Kumaun, Garlw;aL Spiti, Kashmir, 7:anskar and
I.adakh regions ranging in age frorn Late Pre
Cambrian to Late Cretaceous. The Indus Suture zone
exposes the sediments which \'a1)' in age from
Cretaceous to ivlio-Pliocene.

The Himalavan range was uplifted through a
series of orogenic pulsations due to the rifting of a
large pre-Jurassic Gondwanaland and its subsequent
collision \\lith the Eurasi;:m Plate. These pulsations
continued intermiuentlv till the Pleistocene

glaciation started, and uplifted the Himalavan range
mostly in Oligocene, Miocene and Pliocene epochs.

The first phase of the Himala\'an uplift started
during the Late Cretaceous-Early Eocene time due to
which the Tethys floor bent at the position of
Indus/Tsangpo Suture Zone at Ladakh. This phase of
the uplift culminated in the developmenr of a geo
anticlinal fold in the basemem resulting in the
splirring of the Eocene sea into two longitudinal
basins. One of these basins de\'eloped along the
Indus/Tsangpo Zone and the other to the far south
which is now known as the lesser and outer
Himalaya. The second phase of uplift started towards
the end of the Eocene and con ti nued up to the
Oligocene. iv!ost of the uplift took place in the
Middle Miocene, One of the views is that the third
phase of Himalayan orogeny started in the farly
Miocene time and continued till to the close of
Pleistocene resulting in the rapid sedimentation of
Murrees and Siwaliks (Gansser, 1974), The fourth
phase starred at the end of Pliocene and ended in
Pleistocene Epoch and this phase of the uplift
caused the development of main boundary thrust
which severed the main Himalaya from the newly
formed Siwalik mountains. Ir is believed that the
uplift of the Himalaya has been a continuous process
even after the Pleistocene time (Sharma, 1984)

The periodic orogeny of the Himalayan range
continued to change the climatic, geomorphological
and ecological contitions. Thus the rise of Himalaya
nor only opened several routes for inflow and
outflow of floras, particularly from central and west
A<;ia, or even Europe, to east Asia but also
dynamically influenced the evolutionalY pattern of

vegetation in terms of emergence of new taxa and
extinction of others. During the course of unstable
period of orogeny, the Himaldyan range evolved its
own characteristic flora which contains tropical,
subtropical and temperate constituents,
development of which has been conrrolled by the
altitudinal belts. In the beginning, the Himalayan
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Geologically, three major sedimentary zor.es
have been identified in the Himalayan orogenic
belrs. They are known as (i) the southern most sub
Himalayan zone, (ii) the Lesser Himalayan zone, and
(iii) the Tethys Himalayan zone.

The sub-Himalayan zone is mainly represented
by Neogene and recent deposits accumulated in a
foredeep which is known as the Siwalik Group. Its
maximum developmenr has been observed in
Jammu and Kashmir and Himachal Pradesh. They
progressively thin-out towards the eastern flank of
the Himalaya.

The Lesser Himalayan lOne consists of two
distinct subzones. The first subzone is weil
represented by unmetamorphosed sediments
develope.d in N-W Himalaya which thins·out
progressively towards the east, ranging from
Palaeocene to Early Miocene in age. The second
subzone is mainly represented by metasedimeI1ls,
the age and stratigraphic position of which is
uncertain.
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range acted as an importanr barrier for the temperate
climate of the cencral Asian and European regions
which later curned inco a favourable ground for the
groV\'lh of cold-IO\'ing planes

BOTANICAL PROVINCES

Clarke (1898) and Hooker (1906) recognized
two botanical regions in Himalaya-the western and
the eastern Himalaya, whereas Chaterjee (1939) and
Razi (1955) recognised four regions. The additional
two regions fall in the ceneral Himalaya and Assam
areas. However, we have segregated palaeobotanical
data inco two boranical regions, the western
Himalava and the eastern Himalaya, the laner
includes the flora of the hilly region of Assam and
Meghalaya. Alticudinally, the presenc Himalayan
vegetation can be divided inco three broad zones:
tropical-subtropical (base [0 1,200 m), temperate
(1,200 [0 3,600 m) and alpine at higher altiwdes (up
co 4,')00 m).

The available palaeobotanical and palynological
data·base, though seamy, scanered and fragmentary
in nacure, has been pieced cogether from the Tertiary
Himalaya and a generalised vegetational frame-work
(developed in responses co varying alticudinal and
palaeogeographic faccors) has been reconstrucced all
along the Himalayan belr. It has been observed that
the composition of plane communities has been
changing from time co time in the geologica! past in
response co climatic, edaphic, ecological and
copograph ic faccors.

The Palaeocene·Eocent: landscape of western
Himalaya had a low relief which was periodically
subjeceed co ele\ation in the subsequem periods
Geographic pOSitions of the palynological and
palaeoboranical data discussed in the present raper
are shown in the Text-figure 2, whereas the data·
sources on stratigraphy and flora are given in
Table 1. The general panern of vegetation through
the Tertiary Period is discussed below:

TERTIARY VEGETATIONAL PATTERNS IN
WESTERN HIMALAYA

Ladakh Himalaya

From the Dras volcanics of Ladakh Himalaya,
Palaeocene palynological assemblage (Mathur &
Jain, 1980) exhibits the occurrence of a rich coastal
type vegetation. Some of the imponane palynotaxa of
the floral composition are: Nypa, Calamus,
Cunnera, Calium, Carya, Calpinl-Is, Fraxinus,
Pelliciera, Casuarina. alongwith the members of the
fami Iy Ranunculaceae, Fabaceae, Arecaceae,

/",'/"\

~ ~'-./-----)
) N'O KA;HMIR )

(JAMMU A ), J
'I )"
t 5 ....
'- l

Text-figure 2- Geugraphic loca,ions of c1ata ~ources For
explanation. see Table I

Cycadaceae. etc. A low·salinity assemblage is
enVisaged by the presence of taxa belonging to the
Arecaceae, Nypa and Pelliciera. Identification of
Rbizopbora pollen does nor seem to be authentic.
Pollen of Casuarina, Epbedra and palms are
suggestive of a relatively dry, sandy coastal region.
Pollen of Podocarpaceae, Calpinus, Corylus, Calya
and Coriara represent upland vegetation in the
assemblage which may be derived from the
adjoining higher hills. Floral composition represents
tropical and subtropical assemblage of plants.

The PashkyulTI Eocene palynofloral assemblage
from Ladakh Himalaya (Mathur, 1984) also indicates
the continuation of similar palaeoecological
conditions which were characteristic of Palaeocene.
Tropical elements, like Calamus, Nypa, Cunnera,
alongwi th pa Ims and many other pteridoph ytic
elements, confirm this view.

Bhandari et at. (1979) ha\'e reponed Late
Eocene·Miocene assemblage from the Tarums, a
ormation of the same area. Some of its important
constituents are !vlagnastriatriletes, Lycopodium·
sporites, Pinuspollenites, Pediastrum, Tricolpites,
Caryapollenites, Betulaceoipollenites, Alnipollenites,
juglanspollenites, Polyporina and Craminidites.
Composition of the assemblage shows that the
Palaeocene coastal semi-evergreen type of
vegetation was transformed into moist decid Uous
type of forests in the Middle TertialY of Ladaklh
Himalaya. The vegetational change denotes the
onset of sub·temperate climate. The occurrence of
Przmus (Kargil Formation) and Liuistonia (Hemis
Conglomerate) has been reported from the Ladakh
Himalaya by Guleria et al. (1983) and Lakhanpal et
al. (1983), respectively. Later, Lakhanpal (1988)
inferred that Tracbycmpus, Prunus and possibly
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Table I-Tertiary stratigraphic sequences of floral data sources. Numbers indicated in parentheses refer to geographic
locations as shown in Text-figure 2

Chronological Un its
Stratigraphic Units

Western Himalaya Eastern Himalaya References

Kargil (= Liyan)
Formation

Siwalik Group of jammu
and Siwalik Group

Karewas of Kashmir
Pliocene

to

Middle Miocene

Lower Miocene

Oligocene

Eocene

Palaeocene

Hemisconglomerate
Horizon
Murree Group
and

Dharamsala Group

Tarumsa Formation

Nummulitic lime
stone of Ladakh.
Subathu Formation
of jammu

Dras Volcanics

Dihing/Dhekiajuli beds.

Tipam Sandstone
Formation

Bokabi I Formation

Kasauli Formation Bhuban Formation!
Boldamgiri Formation.
Renji Formation

jenam Formation
Dagshai
Formation Laisong Formation

Subathu Formation Kopili Formation
Sylhet limestone
Formation

Therria!
Cherra Formation

Lakadong Formation

Sarkar el aI., (20)
Lakhanpal, 1983 (4)
Lakhanpal, 1988
Corvinus, 1988 (18)
Du. 1985 (22)
Mathur, 1984
Vishnu-Miltre. 1984 (5)
Saxena el at.. 1984 (13)
Singh & Sarkar, 1984 (7)

Awasthi, 1982
Singh & Saxena, 1981 (12)
Saxena & Singh, 1980 (15)
DUlla & Si ngh, J980 (0)
Mathur. 1978
Nandi, 1975 (J4)
Prakash, 1972, 1979 (15)
Lukose, 1969 (19)
Banerjee, 1964, 68 (15)

Singh el at, 1987 (26)
Dogra el at.. 1975 (J 1)
Nandi & Sharma, 1984 (29)
Mathur, 1984 (10)
Singh & Sarkar, 1984 (8)
Guleria el ai, 1983 0)
Singh & Khanna. 1980 (9)
Mathur & Venkatachala, 1979
Sahni. 1964 (9)

Sarkar & Singh, 1988 (8)
Singh & Tripalhi, 1987 (28)
Mathur, 1984 (5)
Bhandari el ai, 1979 (2)
Khanna. 1978 (6)
DUlla & Sah. 1970 (21)
Sail & DUlla, 1968 (23)
Mathur, 1963, 1964 (7)

Lakhanpal, 1955 a,b

Singh & Tripathi, 1987 (28)
Kar & Kumar, 1986 (27)
Malhur & jain, 1980 (J)

also Populus immigrated from the mainland of Asia
and became a part of the temperate Himalayan flora
during the Middle Miocene.

Himachal Himalaya

From Himachal Himalaya, the Subathu
Formation (Palaeocene- Eocene) assemblages have
generated a rich information (Mathur, 1963, 1964;
Khanna, ..:J.978; Singh & Khanna, 1980; Singh et aI.,
1978; Singh & SarkaI', 1987; SarkaI' & Singh, 1988).
Dinoflagellate cySts dominate the palynological
assemblage. The terrestrial elements are represented
by the taxa belonging to Lycopodiaceae,
Sch i zaeaceae, Ma ton iacea e, Pol ypod iaceae,

Parkerlaceae. Podocarpaceae, Liliaceae,
Nympheaceae, Poaceae, Arecaceae, Oleaceae,
Fagaceae, Anacardiaceae, Alangiaceae, etc. Algal
elements, viz., Pediastrum and Botryococcus have
also beerY recorded in abundance. The environment
of deposition varies from shallow marine to coastal
transition with a tropical climate. The vegetational
type conforms to a coastal semi-evergreen type and
is comparable to that of Ladakh Himalaya.

A Late Eocene-Oligocene palynological
assemblage recorded from the Dagshai Formation
(Singh & Khanna, 1980), though not copiously
diversified, is easily identified by the absence of
marine dinoflagellate cysts and by the presence of
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palm pollen. Gymnospermous pollen are
represented by fnaperturopollenites and
Podocalpidites-complex_ The high incidences of
Pediastrum and the presence of palms indicate a
coastal transitional type of vegetation for the
Dagshai Formation (Singh & Khanna, 1980).

The Oligocene palynoflora of Himachal Pradesh
(Mathur, 1984) is mainly represented by herbaceous
elements and tree ferns. Some of the important
palynotaxa are Castanea, Calium, Amarantbus and
Chenopodium. Mathur (1984) has also reponed the
occurrence of taxa belonging to Cyatheaceae,
Gleichen iaceae, Osm undaceae, Pi naceae, Arecaceae,
Haloragidaceae, Fabaceae, Sapotaceae, Buxaceae,
Aquifoliaceae, etc.

An Early Miocene palynological assemblage
from the Kasauli Formation (Singh & Sarkar, 1984a)
having the representatives of modern families, viz.,
Cya theaceae, Sch i zaeaceae, Li ndsaeaceae,
Polypodiaceae, Pinaceae, Liliaceae, Arecaceae,
Bombacaceae, Oleaceae, etc. is inferred to be
subtropical and humid type of vegetation. Pinus
pollen constitute an important aspect of the
assemblage. Their presence denOtes the earliest
record of occurrence of Pinaceae in the Lower
Miocene sediments of western Himalaya. It seems
likely that temperate elements had started migrating
from the West Asian mainland at that time and later
found a favourable climate for proliferation in the
western Himalaya even before the Middle Miocene
orogeny. It appears that the Kasauli Formation had
attained sufficient elevation to suppon the growth of
pines in Himachal Himalaya

The Dharamsala sediments equivalent of
Dagshai and Kasauli sediments contain
representatives of the following families, viz.,
Hymenophyllaceae, Sch i zaeaceae, Pol ypod iaceae,
Lycopod iaceae, Pi naceae, Arecaceae, Aq ui fol iaceae,
Ru taceae, Til iaceae, Che nopod iaceae, Capri foliaceae,
Ctenolophonaceae, Oleaceae and Pandanaceae
(Mathur & Venkatachala, 1979; Mathur, 1984). Fresh
water alga BOflyococcus has also been recorded from
these sediments_ Taxonomic assignments of
Dharamsala palynofossils (Dogra et at., 1985) need
confirmation

Siwalik foot-hills of Himachal Pradesh and
Uttar Pradesh

The fvliocene vegetational pattern of Himachal
Pradesh (Kalka region) and Ullar Pradesh (Dehradun
region) based on megafossils (Prakash, 1972, 1979;
Awasthi, 1982) shows that some of its important
constituents are Ajzelia, Albizzia, Anisoptera, Cassia,
Cynometra, Dalbergia, Diospyros, Dzpterocaipus,
Ficus, Fissistigma, IHilletia. Polyaltbia and Ziziphus.

1 hese assemblages had no representation of
gymnosperms. However, the Miocene palynological
assemblages from Himachal Pradesh, Punjab and
Ullar Pradesh show a wide representation of
gymnospermous pollen comparable to Pinus,
PodocaJpus, Abies, Cedrus, Picea and Tsuga
alongwith other taxa belonging to many families of
angiosperms, viz., Arecaceae, Liliaceae, Myricaceae,
)uglandaceae, Jvlagnoliaceae, Fabaceae and Moraceae
(Banerjee, 1968; Lukose, 1969, 1972; Nandi, 1975;
Singh & Saxena, 1981; Saxena & Singh, 1980; Singh &
Sarkar, 1984b; Saxena et at., 1984) Lakhanpal (1988)
suggested that the temperate pollen occurring in the
Siwalik sediments might have been blown in from
the surrounding higher hills Since plant megafossils
of temperate climate ha\·e not been recovered from
these sediments, he has questioned the authenticiry
of the identification of gymnospermous pollen,
particularly of Pinus, Abies, Cedrus and Picea. The
overall palynological evidences from wider regions
of Himalaya do indicate that the pines might have
been the earliest migrants, pioneering their growth
in the Early Miocene times and subsequently
attaining a position of dominance after the Middle
Miocene orogeny. Gymnospermous megafossils are
yet to be recovered from the sediments laid even
after the Middle Miocene orogeny.

On the basis of palynological investigations of
Mohand Siwaliks (Middle Miocene) Sarkar et at. (in
press) have identified the occurrence of follOWing
families, viz., Arecaceae, Sparganiaceae, Poaceae,
Asteraceae, Lentibulariaceae, Malvaceae, Pedaliaceae
alongwith gymnospermous pollen, mainly belonging
to Pinaceae. The abundance of ferns, together with
many angiospermous elements, indicates the
existence of a mixed \'egetati0n belonging to moist
subtropical climate. Mathur (1984) indicated the
prevalence of mangrove swamp and deltaic
environment in the Jawalamukhi area of Himachal
Pradesh during Middle-Late Miocene Epoch on the
basis of occurrence of mangrove swamp trees, like
Sonneratia and Rhizopbora. He further observed that
the presence of Crenia, Crudia and Phoenix
indicates near-shore conditions whereas
Barringtonia, Sabat. alongwith dinoflagellate cysts,
indicate brackish water condition of environment
during Miocene in the Nahan area of Himachal
Pradesh. The present authors have extenSively
worked in these areas and have failed to recover any
such elements. Therefore, the identifications of
marine or brackish water elements in the Siwalik
sediments are not considered authentic The Siwalik
dinoflagellate cysts have been considered to be
reworked from the Subathu Formation,

During Pliocene times in the Jammu region, the
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abundance of palm pollen alongwith grasses
representing the palm savana in the Boulder
Conglomerate Bed has been observed (Sahni. 1964;
Mathur, 1978: Vishnu·i\'Iirrre, 1984) Megafossil
evidence provided by L1khanpal and A,vasthi (1983)
shows the presence of Zizipbus, ;\!!angljera,
Baubinia, Indigojera, Dalbergia, Litsea,
Cinnamomui11, Ficus, Gardenia, Toona, Kvdia and
members of Fabaceae in the Bhikhnathoree area of
west Champaran. Similar evidence has emerged from
the Pliocene sediments of Surai Khola area of
western Nepal (Corvinus, 1988; Sarkar, in press).
The Pliocene palynological assemblages of Siwalik
sediments (Singh, 1982) bring out the fact that the
cool dry climate had set in, which supported the
luxuriant growth of forms, like LariX, Pinus and
Pinjoriapollis (magnoliaceous pollen). Pollen of
Poaceae and Arecaceae are also well represented.
Some of the importam gymnospermous and
angiospermous families reported by Saxena and
Singh (1980), Singh and Saxena (1981) and Singh
and Sarkar (1984b) from the Middle Miocene
Pliocene sediments are Arecaceae, Poaceae,
Pinaceae, Fabaceae, Betulaceae, Chenopodiaceae,
Euphorbiaceae, Amaranthaceae and Linaceae.

TERTIARY VEGETATIONAL PATTERN OF
EASTERN HIMALAYA

Palaeobotanical and palynological information
from the Tertiary Period of eastern Himalaya has
been developed mainly by Baksi (1962), Banerjee
(1964), Sah and Dutta (1968), Dutta and Sah (1970),
Kar and Kumar (1986), Prakash (1972). L1khanpal
(1955a, b), Du (1985), Singh and Tripathi (1987),
and Singh et at (1987).

A Palaeocene palynoflora typical of tropical
affinity is known from the Lakadong Sandstone of
Laitryngew and Mawlong, Sohrarim, Shillong·Cherra
road and Mowmluh Hill, Meghalaya (Kar & Kumar,
1986). Important families present in this flora are
Lycopod iaceae, Schi zaeaceae, Cyatheaceae,
Polypodiaceae, Matoniaceae, Adiantaceae,
Podocarpaceae, Arauca riaceae, Arecaceae, Lil iaceac,
Brassicaceae, Me I iaceae, Fabaceae, Olacaceae,
Lamiaceae, Oleaceae, Rhizophoraceae,
Le n t i b u 1a ria c e ae, Pro tea c e ae, Gut t i fer ae ,
Anacardiaceae, Myricaceae and Droseraceae. These
families mostly inhabit tropical to subtropical
regions. Gymnospermous pollen are low in number.
The overall vegetational pattern is of coastal swamp
type. Leaf-impressions of Nelumbium, Trema,
Neolitsea, Grewia, some members of Bombacaceae
have been described from the Eocene sediments of
Garo hills (Lakhanpal, 1955a, b). Sah and Dutta

(1968) and Dutta and Sah (1970) have reported
palynofossils from Cherra Formation, Assam and
assigned them to several monocotyledonous and
dicotyledonous families in addition to pteridophyric
and gymnospermous elements. Most of the families
denote tropical to subtropical affinity.

The palynoflora recorded by Singh and Tripathi
(1987) from the Palaeocene· Eocene sediments of
Meghalaya supports the existence of rich tropical to
subtropical vegetation during early Tertiary times.
They have recorded rich assemblage of
angiospermous pollen taxa belonging to the
fa mil i e s, viz. , Are caceae , Li I i ace ae , Poa ceae ,
Nym pheaceae, Ne lum bon iaceae, Brassicaceae,
Oleaceae, Lamiaceae. Chenopodiaceae,
Euphorbiaceae, Myricaceae. Magnoliaceae and
Aristolochiaceae, along with many pteridophyric
spores and dinoflagellate cySts. These palynofloral
assemblages give strong support to the views of
Lakhanpal (1970).that a tropical vegetation prevailed
during the Palaeogene Period in the Indian
subcontinent. A higher representation of epiphyllous
fungi indicates the prevalence of warm and humid
climate during Palaeocene·Eocene times in
Meghalaya. The occurrence of palm pollen, along
with dinocysts, indicates coastal environment of
deposition during Palaeocene·Eocene times in
Meghalaya

The palynofloral assemblages from the
Oligocene and Miocene sediments of the same area
have also been studied by Singh et at. (1987) The
taxa belonging to the families Parkeriaceae,
Matoniaceae, Gleicheniaceae, Arecaceae and
Fabaceae indicates tropical to subtropical climate.
The occurrence of Pinus-type pollen in the
Oligocene sediments is sporadic but they attain
predominance in the Miocene of eastern Himalaya.
The high incidence of pinaceous pollen in Miocene
indicates the presence of uplands in close proximity
to the depositional area. It appears that the
surrounding area was much higher in Oligocene in
comparison to the Palaeocene· Eocene times. The
vegetation was represented by taxa belonging to
Arecaceae, Fabaceae, Oleaceae, Araceae,
Bombacaceae, Lamiaceae, Potamogetonaceae,
Malvaceae, along with many pteridophyric elements.
The close of Oligocene witnessed the development
of land connections between India and Burma and
Malaya through which several tropical plants
migrated to the latter countries so as to avoid the
harsh climate. Ctenolopbon and Sclerosperma are the
notable examples (Srivastava, 1988). It is likely that
representatives of Sapotaceae and Fabaceae migrated
from Malaya to India. Simultaneously, Pinus seems
to have made the pioneering venture to invade the
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Indian subcontinent, though megafossil evidences
are yet [0 be found to corroborate this view.

Nandi and Sharma (1984) recorded a rich
palynofloral assemblage from the Lower Miocene
sediments of Garo hills. The presence of pollen taxa
Palmaepollenites, CouperzpoWs, Striacolporites along
wi th MyriCipites, Bombacacidites, Araliaceozpolle·
nites indicates tropical to subtropical climate.
Association of pollen related £0 Alnus
(Alnzpolleni tes), Cbe rzopodiu m (Cbenopodzpollis)
and conifers are indicative of an elevated topography
during the Early Miocene in Garo hills.

The Miocene flora of Assam and Meghalaya
region, represents 65 per cent of tropical deciduous
trees as compared to 35 per cent of tropical
evergreen trees (Du, 1984). Besides, there are few
species which grow in subtropical condition
(Artocarpus and Flaeocarpus). Palynological
evidence also indicates the high incidence of
deciduous trees in the Neogene vegetation in the
Himalayan region. Some fossil taxa comparable to
the modern ones are Calopbyllum, Kayea,
Anisoptera, Dipterocarpus, Sborea, Sterculia,
Elaeocalpus and Bursera. The Miocene flora of
Assam region shows great resemblance with the
tropical moist deciduous forests. The common
elements are Sterculia, Chtta, Terminalia, Albizia,
Diospyros and Artocmpus. Similar forests are still
growing in Assam. The landscape seems to have
been beset by a number of rivers, swamps and lakes
as is indicated by the presence of DipterocaJpus,
Hopea, Bursera, Pometia, Barringtonia and
Pongamia. The Tipam flora in certain regions
contains Scbleicbera, Vitex and Pbyllantbus which
may indicate the existence of relatively drier
conditions

The Miocene Tipam flora is distinct by the
occurrence of some dense tropical forest elements,
especially the moist deciduous ones. The deciduous
forests had large to medium-sized angiospermous
trees mixed with some medium to small·sized
evergreen trees, some shrubs, herbs, and climbers.
Members of Clusiaceae, Dipterocarpaceae,
Anacardiaceae, Fabaceae, Combretaceae, Lythraceae,
etc. were well represented. The xerophytic
vegetation is speculated to be inhabiting the top of
hills_ The presence of littoral elements in the flora
indicates that the present day Bay of Bengal might
have covered areas far further north to the present
Assam during Miocene (Lakhanpal, 1970) This
observation is also confirmed by the recent
palynological studies (Kar & Kumar, 1986). At
present, the littoral forests and sea coasts have
disappeared. This is perhaps because of the
northward drift of the Indian subcontinent. The

Pliocene palynological records from eastern
Himalayan region are very scanty and hence ha\'e not
been included for discussion.

DISCUSSION

A general floristic pattern charaCterizing the
Tertiaf\; Period of western Himalava denOtes that the
Palaeocene· Eocene landscape \vas dotted with palms
and many tropical angiospermous elements. \'iz.,
Clusiaceae, Lecythidaceae, Anacardiaceae,
Alangiaceae, Sapotaceae, Bombacaceae,
iVlyristicaceae, etc It is a known fact that these taxa
and several others inhabit low relief landscapes and
tropical climates. Representati\'es of Parkeriaceae,
Alangiaceae . ./uglandaceae and Fagaceae, so far
known only from the Neogene Period, have been
recorded from the Palaeogene sediments as well.
Though the gymnospermous records are scanty, they
only relate to the families Podocarpaceae and
Araucariaceae. The Palaeogene taxa enumerated in
Table 2 prOVide cogent basis for their segregation
into four different forest formation types (Sensu
stricto Singh & Singh, 1987): (l) sllbmontJne, broad·
leaf ombrophillous forest, (2) sllbmontane, seasonal
broad-leaf forest, (3) submontane, broad-leaf
summer deciduous forest, and (4) mid-montane,
winter deciduous forest.

Later, the Middle lvliocene orogeny of Himalaya
brought a radical change in the floristic scenario of
the area witnessing a decline in the occurrence of
tropical families, appearance and proliferation of
gymnospermous elements (Abietinae) and rapid
increase in the number of subtropi<;al families, viz.,
Moraceae, Myrtaceae, Euphorbiaceae, Fabaceae, etc.
Further, it is apparent that different vegetational
patterns of the Miocene Epoch were adapted to
different altitudinal belts. Development of tropical,
wet semi -evergreen forests, wet subtropical and
humid temperate forests certainly indicates the
establishment of different altitudinal belts. As at
present, it is surmised that the Tertiary tropical
forests inhabited the lower slopes whereas
subtemperate to temperate forests were confined to

the higher slopes. Besides, the Neogene floras of
western Himalaya seem to have been enriched by
the immigrating elements from Mediterranean, Sino·
Japanese and Malayan regions.

The Neogene palaeobotanical data from western
Himalaya broadly identifies itself with the follOWing
four forest types: (i) low montane, needle-leafforest
with concentrated summer leaf drops, (ii) low
montane, sclerophyllous evergreen broad·leaf
forests, (iii) mid-montane, broad· leaf ombrophillous
forests, and (iv) mid-montane, needle-leaf evergreen
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Table 2-Distribution of plant taxa in the Teniary of Himalaya

Families Palaeocene Eocene Oligocene Miocene Pliocene

W.H. E.H. W.H. E.H. W.H. E.H W.H. E.H. W.H. E.H.

Pteridophytes
Adiantaceae + + +

Azollaceae + • • +

Cya(heaceae + + + + +

Dicksoniaceae + +

Gleicheniaceae +

Lycopodiaceae + + + + + + + + +

Maroniaceae • + + + +

Osmundaceae + + + + +

Parkeriaceae + + + + + + +

Polypodiaceae + T + + + + + +

Preridaceae + +

Schizaeaceae + + + + +

Gymnosperms
Araucariaceae + + + + +

Cycadaceae + + + + + +

Pinaceae + + + + +

Podocarpaceae + + + + + + + +

Angiosperms
Aceraceae + + +

Alangiaceae + +

Amaranthaceae + + + +

Anacardiaceae + • + + + +

Annonaceae + +

Apocynaceae + + +

Aq ui fol iaceae + + +

Araceae + + +

Berberidaceae
Berulaceae + + + + + +

Bombacaceae + + +

Boraginaceae + +

Burseraceae +

Caesalpiniaceae + + +

Caprifoliaceae + +

Casuarinaceae +

Celasrraceae + + + +

Chenopodiaceae + + +

Combreraceae + + +

Asreraceae +

Coriariaceae + +

Brassicaceae + +

Crenolophonaceae +

Dilleniaceae +

Dioscoriaceae + + +

Diplerocarpaceae + + +

Droseraceae +

Ebenaceae + +

Elaeocarpaceae +

Euphorbiaceae + + + + + +

Fabaceae + + + + +

fagaceae + + +

flacouniaceae + + + +

Poaceae + + +.•
Clusiaceae + +

Haloragidaceae + +

]uglandaceae + + + +

Lamiaceae + + + + + + +

Lauraceae + + +

Leeythidaceae + + + +
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LeOlibu lariaceae + + +

Li!iaceae + + + +

Linaceae + +

Lylhraceae + + +

Magnol iaceae + + + +

Malvaceae + + + +

Meliaceae +

Moraceae + + + + + +

Myricaceae ... +

Myrist icaceae +

Myrlaceae + + +

Nelumboniaceae
Nympheaceae + + +

Nyssaceae +

Olacaceae + + +

Oleaceae + + + +

Onagraceae +

Arecaceae + + + + + + +

Pandanaceae
Po Iyga laceae +

Polygonaceae + +

POlamogetonaceae
PrOleaceae + + +

Ran 1I ncu laceae + +

Rhamnaceae + + + +

Rh izophoraceae + + + + +

Rosaceae +

Rlibiaceae + + + +

RUlaceae + + +

SaOlalaceae + +

Sapindaceae ... +

Saporaceae + + + +

Sm i lacaceae +

Sonneratiaceae + +

Slercu I iaceae + +

Symplocaceae +

Theaceae + +

Tiliaceae + +

Ulmaceae
Apiaceae + + + +

Urticaceae +

verbenaceae +

forests. During ·this period the palaeobotanical data
makes it cryStal clear that the Palaeogene tropical
moist, deciduous and wet semi-evergreen forests
were transformed into moist semi-evergreen and
deciduous forests.

The Pliocenf' floral diversification is related to
climatic changes, increased continentality, semi-arid
conditions and further uplift of the Himalayan range.
In response to these changes, the wet tropical forests
disappeared from the low altitudinal areas whereas
subtropical and temperate forests were converted
into dry or moist forests. The cold and semi-arid
conditions forced moisture-loving plants, like
Dipterocarpus and several others. to migrate or
perish. Cedrus, Picea, Abies, Pinus, Magnolia and
several other cold· loving plants were the significant
components of the Pliocene floras. besides grasses.

palms, Alnus, Machi/us, Clematis, Mal/otus, juglans,
Quercus, Ficus, Rhamnus, etc.

The eastern Himalayan Palaeocene-Eocene
landscape supported mostly mixed type of coastal
swamp vegetation as the present Bay of Bengal is
believed to have penetrated far deeper into the
north-eastern areas. The Oligocene Epoch witnessed
major palaeogeographic changes because of the rise
of Himalaya, withdrawal of the sea, regression of the
Bay of Bengal and development of several land
connections with Burma, Malaya and.other adjoining
areas faCilitating inflow and outflow of plant species.
It is believed that Ctenolophon and Sclerosperma
made their entry into Malaya at this time. The
Oligocene floral components shDw the abundance
of pteridophytes and angiosperms. Gymnospermous
records are poor or lacking.
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Text-figure 3- ESlimaled dislribulion of plants in lerms of
climalic cOlllplexes.

The Miocene floras are chiefly represented by
Calophyllum, Anisoptera, Hopea, Dipterocalpus,
Sterculia, Gluta, Albizia, Terminalia, Duabanga,
Lagersfroemia, etc. Composition of these floras
mostly conform to tropical to subtropical, moist
deciduous vegetational type

These floras have also been enriched by the
immigrant species from the Sino-Japanese and
Malayan regions. e.g., Rhododendron, Tsuga,
Quercus, Dillenia, Ficlls. etc. Geological,
palaeogeographical and climatic events during the
Late Tertiary do not seem to have altered overall
pattern of vegetational types and far less the
ecological conditions It is surmised that the Middle
to Late Miocene climate was warmer and more
humid with a relatively higher rainfall than to-day,
supporting luxuriant vegetation in which
Podocarpus, Elaeocalplls, Dipterocalpus, Gluta,
Dio~pyros, Sterculia and Shorea remain the
significant constituents. The Pliocene floral records
are fragmentary and hence have not been discussed.
However. the Tertiary Himalayan palaeobotanical
data has led to the preparation of an idealized model
showing the distribution of plants as related to
climatic complexes (Text-fig. 3).

The modern composition of the Himalayan flora
reveals that it is a partial continuum of the Neogene
floras, which progressively modified due to

evolutionalY changes and by the appearance of
severa'l immigrant elements from the surrounding
areas. The modern Himalayan flora exhibits the
presence of exotic forms which are believed to be of
furo-Mediterranean, Malayan-Burmese, African and
Sino-Japanese origin. Some important immigrants to
the western Himalayan flora from the Mediterranean
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THE valley of Kashmir prOVides a unique
opponunity for Quaternary palaeoclimatic and
palaeoenvironmental studies of almost 1,000 m thick
Karewa sediments of a primeval lake which later got
drained off as a result of the emergence of Jhelum
River. Fission-track dating and magnetic-polarity
stratigraphy of these sediments has revealed that
sedimentation has been in progress for the last four
million years or so (Burbank & Johnson, 1982;
Agrawal et aI, 1985) During the course of field work
some fossil woods from various localities in the
Karewa Series were collected.

Earlier, the studies on the chemical compOsition
of fossil woods have been carried out by Komatsu
and Ueda (1923), Waksman and Stevens (1929),
Mitchell and Ritter (1934), Gonner (1938), ]ahn and
Harlow (1942), Cundy (1946), Skrigam et al (1957a.
1957b), Chowdhury et al. (1957), Kohara (1958)
Brasch and Jones (1959) and Chowdhury ef al
(967). These studies deal with the difference
between major components (cellulose,
hemicellulose and lignin) of fossil and modern
woods. But it has been overlooked that humic
substances exist in fossil wood (Kagemori, 1973).
Therefore, the present work has been conducted [Q

know the degree of humification in the woods from
various Quaternary strata. For this purpose, the
methods proposed by Itihara et al (1966), Kagemori
and Itihara (1967) and Kagemori (973) are
followed.

RESULTS

The results of the study are summarized in
Table 1 and depicted in Text-figures 1-3 In this
study four wood samples from archaeological
excavations and two samples from liVing trees (one
each from hard and soft wood) are also included for
comparison. To know the decompositional
differences between fossil hard and soft woods, their
behaviour on chemical treatment is shown in Text·
figures 2 and 3, respectively.

DISCUSSION

Treatment with acetylbromide proposed by
Ilihara etal (1966) is a useful method for examining
the degree of humification of fossil woods, because
the main constituents of wood, i.e., cellulose,
hemicellulose and lignin are completely soluble in
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Table I-Showing horizons, localities of samples analyzed, approximate age of the samples, kind and identity of wood,
percentage of acetylbromide soluble matter and humin

Sample "Iorizon Locality Assumed Kind Botanical % Cellulose + % Humin
No. average of identity hemicellulose +

age x 10' wood lignin = Acetyl·
years bromide

soluble
matter %

Flu\ lo·lacustrine Dubjan 400 Soh Abies pindrow 12.22 8778
I.ower Karewa
sedilllenrs

2. Lower Karewa Dubjan 400 Soh Pinus 1695 8305
:\ I.ower Karewa Dubjan 390 Hard juglans 2327 7673
-1. Lower Ka rewa Dubjan :\HO Soh Pinus le.3] 8169
=; Lower Ka reW'a Dubjan 380 Hard juglans 2138 7862
6. L()\ver Ka re\Na Hirpur 3]3 Soft Pinus 46.44 S3 56

Lac. 111 (247·380)
Lower Ka rewa Hirpur 313 Soft Pinus 3621 6379

Loc III (247· 380)
8 Lower Karewa Hirpur 313 Soh Pinus 339'; 66 OS

(2~7·380)

9 Low'er Karewa Khaigam 240 Soh Picea 3108 6892
10. Lower K~lrewa Khaigam 240 Hard Populus 3291 47.09
II Low;er Karewa Khaigam 240 Soft Pinus 4841 SI59
12. Archaeological deposit Burzahom 0·13 Hard Betula 9600 4.00
13 Archaeological deposit Burzahom 043 Soh Pinus 9750 250
I ~ Archaeological deposit Se:Tlthan 03'; Hard Celtis 9900 LOO
I'; Archaeological deposit Senuhan 0.3'; Soh Cedrus 98S ISO
16 Li\'ing ""ood Srinagar 0005 Hard Platanus 100.00 0.00
I' Li\"ing \\'OOU Sri nagar 0003 Soft Pinus 100.00 000

~

~
v

SOFT WOOD

acervlbromide (Karrer & Winder, 1921; Karrer &
Bodding-Wieger, 1923), whereas humin in fossil
wood is insoluble in the reagent (Tokuoka & Matuo,
1942). Hence, the percentage of acetylbromide
soluble matter is supposed to correspond to the total
contents of cellulose, hemicellulose, lignin, etc. and
the acetylbromide insoluble matter to the amount of
hum j n present.
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Text-figure 2-l'ercenrage of acetylbromicle soluble matter of
soft woods.

The present study reveals that the Jiving woods
are totally soluble in acerylbromide indicating that
these are entirely made up of cellulose,
hemicellulose, lignin, etc. and no humin is present.
The percentage of acerylbromide soluble matter of
samples decreases depending on the age of the
fossil. The wood from the archaeological site are
almost soluble in the reagent (96 to 99%). The
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Text-figure 3- Percentage of acetylbromide soluble maner of
hard woods.

woods from Pleistocene deposits show solubility of
31 per cent to 52 per cent and those from Pliocene
levels 12 per cent to 46 per cent. Evidently, the fossil
wood has been gradually humified in the course of
about four million years since it was laid down in
the sediments. It could be concluded that during
five thousand years of the wood burried in the
sediments, zero to 5 per cent of humin is formed
within the fossil wood. In about two-and·a half
million years, about 50 per cent of wood is
transformed into humin, and by about four million
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transformed into humin. It is also deducible that the
soft woods are slightly more changeable into humin
than hard woods (Text· figs. 2,3) indicating that the
process and degree of humification is dependent on
the nature and composition of wooel also.
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in Coondapur area,
palynological results

Late Holocene environment
Karnataka: Preliminary
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Palynological studies of sedimeills cored between the depth of 1~5 [0425 cm in Coondapur area, on the west
coast of India in Karnataka, produced evidence of continuous existence of a well developed mangrove forest during
the recent past. The pollen spectrum is mainly constituted by mangrove species; their constant representation
(always more than 50%) shows stability of lhe environmelllal conditions; beside the dominant mangrove pollen,
there are also those of the local vegetation. Prevalence of marine influence has been recorded throughout.
Hinterland mountain vegetation is poorly represeilled. Such a palynological assemblage is indicative of a lagoon
environment. The almoSI total disappearance of mangrove vegetal ion at thiS site loday may not necessarily be clue
to a drastic change in ecological and hydrological conditions but it is certainly accelerated because of the anthropic

pressure: land reclamation as well as time honoured practice of cutting ""ood.

Key-words-Palynology, Mangrove, Sea level changes, Late Holocene, Karnataka (India)
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SINCE a long time, mangrove forests have been the
subject of extensive research in various fields. Being
located in the coastal regions, they are all the more
interesting because they provide valuable
information of sea-level changes and permit the
reconstruction of the hisIOry of palaeoenvironmems.
The swdy of coastal area of Karnataka has been
carried out with the purpose of reconstituting the
hisIOI)' of forests of the Western Ghats as well as
assessing the role of climatic changes and human
pressure in this area in the recem past.

The coast of Karnataka is about 320 km long and
consists of a narrow strip, about 20 km wide, situated

between the Western Ghats and the Arabian Sea.
Several rivers flow from the moumains IOwards the
Arabian Sea, spreading out imo broad estuaries or
lagoons.

Kandavara bore-well has been dug in
Coondapur area, at 13°37' and 74° 45' E (Text-fig.
1). It is located far away from the main flow, in the
southern pan of the Gangoli eswarine complex, at
about 7 km from the coast. It has been dug near a
mud flat, on the bank of a narrow channel which is
linked to the Haladi River. This site presents on one
hand the advantages of a regular sedimentation
devoid of all detritic and coarse material, thereby
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Text-figure l-Coondapur area: Location of Kandavara bore
welL

permitting the study of a longer interval of time but
its isolation, on the other, may lead to a decrease in
the fluvial supplies which can reduce the number of
allochthonous pollen carried by water.

PRESENT VEGETATION

Today, the mangrove vegetation grows mainly in
the northern part of Gangoli estuary. Around the
bore-well area, only a few remnants of the fonner
mangroves are still seen surviving here and there:
small Rbizophora and Acanthus iliciJolius. Landscap
in the neighbourhood is dotted with paddy fields
and grasslands. On the hinterland hills, immediately
upstream from the bore-well, there spreads a low
and discontinuous vegetation with Sapium,
Syzygium and J,Xora, which is succeeded by a
shrubby vegetation alternating sometimes with
savanna and which may also grow on the plateau and
at the foot hills of the Ghats (Pascal, 1988).

POLLEN ANALYSES

In order to collect sediments, a hand borer, the
"Soviet borer", specially devised to avoid risks of
contamination, has been used (Thanikaimoni, 1987).
This borer goes down hermetically closed and opens
only at the required depth_

Kandavara bore-well registered a depth of 4_25
m, the base being a hard and sandy sediment, bright
brown to yellow in colour. The whole core consists
of a homogeneous dark coloured silt, containing
various small plant debris. A thin layer of coarse
sand occurs at a depth of 1.95 m. At the bottom of

the core, sediment is more sandy, very compact and
without any plant debris_

Because of the regular lithology of the
sediment, samples were studied at intervals of 20 or
30 cm, fro 145 cm to the bottom (425 cm) The
upper section of the core could not be investigated
for pollen analyses because of its very soft and moist
sedimentary texture; besides, it was likely to have
been disturbed by human activiry.

All the samples yielded enough quantiry of
pollen to enable valuable interpretations, exception
being the two lower samples which were either
barren, or very poor. In each sample 150 to 250
pollen and spores have been counted, and
percentages were established from the total
obtained, including the unidentified grains. Marine
microplanktOn was counted separately. The
percentage has been established by comparison with
the continental microfossil pollen and spores using
the ratio: marine microfossils number/continental +

marine microfossils tOtal. Same method was used for
fresh-water organisms.

FLORISTIC GROUPS

The taxa have been grouped according to their
ecology, geographic distribution, or floristics
following the plant associations defined by Gamble
(1967), Saldanha (1988) and Pascal (1988). A
detailed composition of these groups is given in
Table "1. The associations mainly concern mangrove
and back-mangrove pollen, hinterland pollen, those
of herbaceous taxa belonging to Poaceae and
Cyperaceae families, spores of Pteridophyta,
allochthonous pollen and the marine organisms. The
pollen grouped under "Regional" are those derived
from the hinterland vegetation. This term is used in
its wide sense and includes the coastal plain as well
as the hinterland hills and the western slopes of the
Ghats. But most of the pollen identified in our
analyses, with the exception of the mangrove and
mountains pollen whose origin is velY precise, may
have been produced by plants growing on the plains
as well as in higher zone. The heading "Regional
varia" includes the pollen whose ecology is not
indicative of specific environment as well as those
which could be identified only up to the family level
or a little higher.

POLLEN DIAGRAMS

Pollen diagrams have been established
according to the associations defined earlier (Text
fig. 2). Detailed percentages are given in Table 2.
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Table I-List of taxa constituting the main floristic associations

Mangrove

Rbizopbora

Rh izophoraceae
Auicellnia

Sonneralia
Kandelia

Back·m angrove
Calopby/lllm
Exeoecaria

Ses II/li II 111

f-leliol ropill m

Regional

Areca

Arisaen7a
Arenga u'igblii

Horass/ls
Calamlls
CarFOla

Cocos
Phoenix syll'eslris
Pil/anga

Aegle

ArlOcarpus
Bomha>; malahariclIl11

Diospyros malahar·
icunl

Dodonaea I'iscosa
f-.'IaeocarpIIS

Dnhliea ojjieinalis

Flaeourlia indica
Gareinia

Poaceae
/-/oloplelea

f-lygrophila

Lannea

Mimusops
Olea dioiea
Pandanus
Sapolaceae
Scbleiebera

Trema

ZizlPbus

Regional varia

Acacia sp.
Anacardiaceae
Arecaceae
Asleraceae
Ca 111bi11m

Croron

CYperaceae
Desmodilll11
Euphorhi:Jceae
Ficus

f-lemigrapbis sp.
juslicia
Malvaceae

Me lastom:JLaceae
Mimosa sp.
Monocotyledons
Myrtaceae
Periporale
Pby/la1'llhus rype
Ral/dia lype
Sj'z)'gilll1l
Terl71inalia

I Trticaceae
Vel/Ii/ago

lIpl:md

Arlen1isia

Fpbedra
SI rohilantbes

Pteridophy1a

Monolere spores
Trilete spores
Ceralopleris

Marine elemellls

Leplodiniul17
Opereulodiniu m

Spinijer/les sp.
S mirahilis
Bilecralodinilll11 sp.
Tuhereulodiniul11
Foraminifera

Fresh water
Pse/ldosebizaea

BOllJIOcoeeus

Mangrove

Mangrove is always very well represented (rom
the bottom of the core to the tOp (14=; Clll) with
percentages rarely below 50, the main pollen grains
are those of Rbizopbora which continues to be the
predominant genus in Coondapur area, Some other
Rhizophoraceae have been obsel\·ed. such as
Ceriops, Bruglliera and some grains of Kandelia
candeL, but their number has always been low.
Al'icennia is poorl\' represented and only two grains
of SOIlr1eratia, which, howe\'er, is reputed to be a
good producer of pollen, have been recorded. The
fluctuations which appear on the mangrO\'e diagram

are likely to be due to local causes and do nOt reveal
any notable modification of the landscape.

Regional

The relatively high representation of pollen in
this category is regular and no drastic changes
appear in the cune representing their percentages,
Its contents vvhich are Widely varied correspond to

the floristic diversit\' of the hinterland. It is
constituted primarily by pollen of Arecaceae with

Calalillls, Arellga, Areca catechl/, Caryota IIrens, etc.
Pollen of Palldanus, SYZl'gil/l11, Tenninalia and
Flaeoca/pus are also regularly obsel\'ed.

(All microphotograph, are, x 1000)
I Rhizopbora sp. (Rh izophoraceae)

2. Seslll'illm pOr!lIlacastrlll1l (AizlxlCeae)

:3 Cafopbylilim il/ophyllll/1/ (CllIsiaccae)
~. Pal/dal/lls sp. (Pandanaceac)
'). Calallllls type ralallg (Arecaceac)
6. Arellga II'I/!.btii (Arecace:Je)

PLATE 1

7 "'egle 111 anne/os (Rllraceae)
M. Carvo/a /.IrellS (Arecareae)
9 5:vz.l'gilllll sp, (Mynaceae)

[0. MeGlCeae

1I DioSP.l'ros sp. (l:benaceac)
12. Uaeocarplls sp. (Elaeocarpaceae)
1.1. RombaY lIIalahariClll1I (RoJ),hacaceae)

---+
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Text·figure 2-Pollen diagram of Kanclavara borewell
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Many small pollen, measuring about 10-12Jlm,

smooth, with 3 colporus and 3 pseudo-col pus are
also included in the "Regional" group. Although
they could not be identified with certainry, they may
belong to MelastOmaceae or Boraginaceae, well
represented in the region, and which contain several
pollen with similar morphology. Their percentage in
the samples, though not very high, is regular
enough. Similar remarks can be made for certain
small sized pollen (12 to 15 Jlm), reticulate, tri
aperturate, with endoaperture not well defined, and
may belong to Menispermaceae (Thanikaimoni,
1984)_ Various other taxa, irregularly observed and
sometimes with very low percentages are also
included in the "Regional" group.

Some taxa whose ecology or floristic
requirements correspond to a well-defined
environment were used for specifying the main
sources of pollen production in the region. The
floristic structure to which they belong is given in

Table 2-Percentages of taxa observed in Kandavara bore-well

Level (em) 145 165 195 215 245 265 295 315 345 365 395 425

Mangrove 56,6 44,2 48,1 56,1 73,9 42,9 52,2 51,2 61,7 51,9 43,5 47,4
Rhizophora 53,7 41,2 43,2 56,1 68.1 35,2 46,1 43,6 53,0 46,8 41,3 42,1

Rhizophoraceae 2,2 2,0 3,3 5,7 3,2 5,0 4,1 6,6 3.9 2,2 5,3
Avicennia 0,7 1,1 1,2 1,1 0,6
Sonneratia 0,5 0,6
Kandelia 0,7 1,0 1,6 4,6 2,3 0,5

Back-mangrove 3,7 1,5 1,1 3,7 1,1 0,6 2,2 0,6 2,2
Calophylium 3,7 0,5 0,9 2,2
Excoecaria 1,8 0,6 0,6 1,6 0,6
Sesuvium 1,5
Hellotropium 0,5 0,9 0,6 0,5

Regional 11,8 17,1 19,1 15,4 10,6 23,3 17,8 20,9 13,1 16,2 17,4 15,8
Arisaema 1,5 1,1 2,4 0,7 2,7 2,2 1,2 3,2
Areca 0,7 0,5
Arenga wightii 0,6 0,5 0,6
Borassus 0,5
Calamus 1,5 4.0 2,2 1,6 1,4 2.3 3,9 0,6 1,1 0,6
Caryota 0,8 0,5
Cocos 5,3
Phoenix 0,5 1.1 1,1 0,6
Pinanga sp. 0,5 0,6 0,6
AIecaceae 1,0 1,1 1,6 1,4 0,6 1,2 2,2 0,6
Acacia polyade 0,6
Aegle 0,5
Anacard iaceae 0,5 0.7 0,6
Artocarpus 1,0
Bombax malabaricum 0,8
Camhium' 0,5
Asteraceae 0,7 0,5
Croton 0,6
Desmodium 0,5 0,6
Diospyros malabaricum 0,5
Dodonaea viscosa 0,5
Elaeocarpus 1,6 0,7 2,7 1,2 0,5 1,3
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Emb/ica officinalis 0,6
Euphorbiaceae 0,) 0,6 1,1
Ficus 0,7 0,8 0,7 0,6 1,3
Flacourtia indica 0,6
Carcinia 0,6
Hemigrapbis sp. 0,6
H%pte/ea 0,5
Hygropbi/a lype 0,6
.Iusticia 0,5 0,5 0,6 0,6 0,5
Lanllea 0,5 5,3
Malvaceae 4,3
Melaslomalaceae 0,7 1,6 ],4 ],4 0,6 0.6 0,5 2,2
Mimosa sp. 0,7 2,2
Mimusops 0,5 ], ] 0,6 ],6
Monocotyledons ],5 0,5 0,8 0,9 0,6 0,6 0,5
Myrraceae 0,8 0,7
Olea dioica lype 0,7 0,5 0,9 2,3
Pandanus 0,7 1,0 ],1 0,8 ],4 0,5 1,] ].7 1,3 2,2
Periporale 1,5 1,1 2,4 0,9 2,2 ],7 1,]
Pbyllantbus lype ] ,5 0,5 0,5 0,8 2,7 ],2 0,6 2,2
Randia 0,6 0,6
Sapolaceae 0,7 0,7 0,6
Scb/eicbera 0,6
Syzygium 0,7 0,5 1,6 1,6 0,7 2,3 0,6 ],2 ],1 ],9 2,2
Terminalia 0,7 2,0 0,5 ],1 ],2 ],1 2,2 5,3
Trema 0,5 0,6
Urricaceae 0,7 2,7 0,7 0,9
Venti/ago 0,6
Ziztpbus 0,6

Poaceae 2,9 11,1 9,3 7,3 7,3 5,6 5,8 3,3 12,3 4,3
Cyperaceae 2,9 2,0 1,] 4, ] 0,7 2,3 ],1 3,5 2,6 2,2 5,3

Upland 0,7 0,5 1,1 0,8 1,4 0,9 1,7 4,3
Strobilantbes ], ] 0,7 0,6 4,3
Artemisia 0,7 0,8 0,9 ],]

Epbedra 0,5

Pteridophyta 8,1 9,0 6,0 1,6 3,5 5,9 6,1 8,1 8,7 3,2 4,3
Monolele psilale 2,9 4,0 ],6 0,8 2,8 2,3 2,2 2,9 3,3 ],3 2,2
Monolele ornameOled 2,2 ],0 2,2 0,8 0,5 ],1 ],2 ],6
Trilele psilale ],5 1,0 ], ] ],8 2,2 2,9 2,2 ] ,3 2,2
Trilele ornameOled ],5 3,0 0,5 0,7 ],4 0,6 1,2 ],1 0,6
Ceratopteris 0,5 0,5

Varia 2,9 9,0 6,0 6,5 2,1 4, I 7,2 5,8 6,0 5,8 13,0 15.8
UnideOlifiable 10,3 5,5 8,2 8,1 7,8 9,6 7,2 4,1 4,9 7,1 8,7 15,8

Tota/ cOu1lled 136 199 183 123 141 219 180 172 183 154 46 19

Marine elements 11,7 20,7 14,1 6,8 9,6 15,4 5,8 20,7 9,0 8,9 5,0
Leptodinium 0,4 0,5 0,4 0,6
Opercu/odinium 0,8
Spinijerites sp. 10,4 18,7 ]0,3 6,1 8,3 ]4,3 5,8 16,1 8,0 7,1 5,0
S. mirabilis 0,9 0,4 0,6
Incertae sedis ],3 0,4 2,3 1,3 ],8 0,5 0,6
Tubercu/odiniu m 0,4 0,8 0,4 0,5 0,5
UnideOlified 23

Fresh water 3,5 1,0 0,5 1,6 2,2 3,2 0,6 1,6 4,3 6,1
Pseudoscbizaea 0,7 1,0 0,5 ],6 2,2 2,2 0,6 ],6 4,3 6,1
Botryococcus 2,8 1,1
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Table 3-Classiflcation of the taxa in the different floristic
structures of the region (after Pascal, 1988)

Table 4
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Table 3. The distribution of the taxa recorded in the
samples coupled with their floristic structure (Table
4) clearly shows that the pollen derived frOI11 semi·
deciduous and evergreen forests and those of
ripicole formations are the most frequent. Savanna,
deciduous forest and low discontinuous thicket are
only occasionally represented it Poaceae, which can
be derived from these three formations, is excluded.

Poaceae, Cyperaceae and Pteridophyta have
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been shown separately. They have been observed
<Arith relatively constant percentages.
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Po~c

Ziriphus
Emblica offlciflalis
Oodonaea visco$.l
Holoptclca
Schlcichcra
Bombax maJabaricwn
F'larourtia indica
Tran.
lMn""
Ari..-.acma
Calamus
Gan:inia
M\fI'lusops
Olea diOlca
Elacocarpus
CaryOLa
Anoc"l'"'
PinMga
A.rcnga wlghlii
DiospyTOs maJabar.
Sapot3Ceac
Phoenix sy[vcslllS
Hygrophila
Pandanus

""".'Borassus·
Cocos·
Acg.le marmckls·

Allochthonous pollen

Among the allochthonous pollen, i.e., the
pollen coming from remote areas and which cannot
be attributed to any of the previous associations, are
those produced by the upland forests, such as
Artemisia, Slrohilanthes and ejJhedra. These genera
are very rarely observed in our sediments where they
have most probably been transported by wind.

Mangrove forests constitute a closed
environment where allochthonous pollen cannot
easily penetrate. This phenomenon has already been
observed in other mangrove sediments even where
the mountain hinterland was covered by very dense
vegetation (Caratini & Tissot, ] 987). The poor
representation of upland pollen in mangrove
sediments is probably due to the high representation
of mangrove vegetation which masks that of the
hinterland vegetation.

Marine microplankton

Marine palynomorphs, although generally
poorly represented in mangrove sediments, are
common here and their percentage varies between

X

X
X
X

X

X
X
X
X
X

X
X
X
X

Poaceae X (X) X
Ziztphlls X
Emblica ojjicinalis X X X
Dodonaea viscosa X
Holoplelea X X
Schleichera X X
Bombax
malabaricum X X X
Flacourlia indica X X X
Trema X X X
Lannea X X
Arisaema X X
Calamus X X
Carcinia X X
Mimusops X X

Olea dioica X X
Flaeocarpus X X
Caryola X X
Arlocarpus X X
Pinanga X
Arenga wighlii X
Diospyros

malabaricll m X
Sapotaceae X
Phoenix sylveslris
Hygrophila
Pandanus
Areca
BorassUS
Cocos
Aegle marmelos

PLATE 2 -
(All l~icropholOgraphs are, x 1000, except n° 12)

1·:3. Schleichera oleosa (Sapindaceae)
4. Toddalia asialica type (Rutaceae)
5. Arlocarpus sp. (Moraceae)
6. Artemisia sp. (Compositae)
7. Emblica ojjicinalis (Euphorbiaceae)

8. Venlilago sp. (Rhamnaceae)
9. 10. Un identified

] I. Boraginaceae type
12. Tuberculodinium vancampoe (x 400)
13. Incertae sedis
14. Spimjeriles benton type
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Fresh water organisms

Fresh water influence is mainly represented by
P sell do s hi z a e a (= Con C I! n t r i l')' s t e s) and
BO!lYococcus. They are few in n umber and not
regularly distributed in the sediments.

their regime should have a direct impact on the
em'ironment they drain Moreover. the study of
evolution of the ratio between continental and
marine microfossils can bring valuable data for the
reconstruction of the climatic history of the region.
In our sediments, the permanence of marine
influence testifies to the stability of climatic
conditions during the last millenia

• Leptodlnlum

t} Opercu1odlnlum
CenlrOcorpum

mSplnl fe r l1es Sp

Os mlroblhs

(JJSIC1eCTO!odInIUm sp

In Tuberculodlnl\Jm
~vancampoe

em
145 i U

300

200

DATING THE EVENTS
400

B Or r e n

m
10+

42~ I i I
o ~ rOO

Text-figure 3- DISlflhulIOI1 of marllH' palynomorphs

10 and 2S. They comprise the cysts of di noflage Ilates
and the tests of foraminifera. the latter representing
only a verv small part of microplankton Among the
cystS of dinoflagellates, the main taxa observed are
those generally recorded in deltaic environment,
such as Spil1ljerites sp. S. mirahilis, Opercu/od/nium
(:untrocalpum, Tuhercu/odil1ium l'ancampoe, and
others. Within this group. the predominance of the
type SpiniJeritus hen tori whose representation
always above 7') per cent all along the core (Text-fig.
3) provides e\-idence of a constant penetration of sea
\,-rater during the time of deposition Alt~ough the
other organisms were observed in low percentages,
their diversity testifies to an open environment

Marine/continental ratio

The occurrence of dinoflagellates in a mangrove
environment pro\'ides evidence of deep and
constant penetration of sea water during the time of
deposition On the West coast of Karnataka, the
freshwater supplies. low or totally lacking during the
long period of dry season. alternate with more
abundant supplies during monsoon rains. Contrary
to what generally takes place in a mangrove
en\'ironment, here. with the monsoon regime. the
deficit of freshwater lasts for 8 to 9 months and the
sea water, instead of being pushed off-shore by the
strong river currents, can penetrate deeply into the
estuary and stay longer in the protected areas,
thereby leading to a rise in the population of marine
micro-organisms, as observed in our analyses.

It is clear that a modification in freshwater
supplies due to a climatic change liable to affect

Svnthetic study of the different interpretations
of sea level history in the world during the last
10.000 years (Kidson. 1986) brings out the relative
stability of the sea-level from S.OOO years BP;
according to this author, the fluctuations of the
curves in some areas are due to eustatic regional
phenomena. It is well known that during Quater
nary. the Indian peninsula has remained relatively
stable On the west coast of India and particularly on
Kanara coast. no major tectonic acti\-ity was reported
during the Late Quaternary (DhoundiaJ, 1987) The
curve established for the west coast of India by Kale
and Rajaguru (1985) from absolute dates of beach
rocks, shelf surface sediments, corals and other
materials from shore and coastal zone (Text-fig. 4)

,,
II current: sea-level I -~ 0

~ 7: ~ro.
I
I
I,
I,
I,

50-

100-

10 9 8 7 6 5 4 3 2 1
, , , !

YIor. BP!l03)

Text-figure 4-Sea level curve on the west coasl of India. afler
Kale and Ralaguru (1985)
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shows that the sea level has become stable at about
the current sea level between 6,000 ~H1d 'i,000 ~'ears

SP
Al present, as no radiocarbon dating has been

carried out on our bore·well. the age of the
sediments is not known. A synthesis of the \'arious
palynological studies carried out in mangrO\'e
environments on the Indian coasts (Thanikaimoni,
1987) reveals ages generally younger than 6,000 yrs
BP, i.e., after the stabilization of the sea level.
However, since the sedimentation rate in deltaic
en\'ironments is closely related to the local
conditions and \'aries according to the place in the
same basin, it is not reliable (() establish exact
correlations with other palynological studies carried
out along the Indian coasts, specially in regions
known for their neotectonic activity, such as the
Bengal Basin or Saurashtra (Dhoundial, (987).

From these da ta we can ded uce that in
Kandavara the age of the deepest sample cannot be
older than 6,000 to '),000 vears BP, this age
corresponding to the approximate date when the sea
reached the lower level of the deposit. But it could
also be considerably younger since the filling up of
the channel at the site may have started later,
specially if the place selected for the bore·well was
not the deepest in the area and therefore does not
represenl the longer period of time. If a drastic
change of sea·level had occurred during the time of
the deposition, it would have been necessarily
expressed by a discontinuity in the pollen spectra.
Thus the regularity of the percentages in all the
assemblages, the high and constant representation of
the mangrove and the marine influence observed
with the same intenSity all along the core are proofs
of the permanence of the geomorphological,
hydrodynamic and ecological conditions in this area.

COMPARISON WITH PRESENT LANDSCAPE

Mangrove forests grow in fragile environments
and their disappearance is often provoked by
modifications or breaks in the conditions necessary
for their development. The sedimentary filling of the
lagoons where they are growing and which is a
natural morphological evolution of this ecosystem is
often the cause of their disappearance.

It is likely that the disappearance of the
mangrove in Kandavara at present is partly due to a
natural process as suggested earlier, but if the
present landscape is considered, it is obvious that
because of the time honoured practice of cutting
wood and land reclamation in this part of the estualY
(Untawale & Wafar, 1986), this degradation has been

hastened by man, as it has been already obsclycd in
similar coastal areas (Tissot, 1987)

CONCLUSIONS

On obserVing our results, we can assess that:
-the regularity of our spectra testifving to

the perenniality of the em'ironment of the site
can confirm the vie,\' of a stable sea·le\·el
allowing the site to develop in similar
conditions during a long time,

-the site has always been located within a
well de\'eloped mangrove forest mainly
consti tlIted by Rhi I.Ophoraceae;

-because of the constant occurrence of
marine organisms, it \vas probably situated in
a widely' open lagoon where the sea water
could penetrate deeply, at least during the
long dry season:

-the high representation of marine
microfossils attests not onlv to the
penetration of the sea water but also to its
permanence in the estuary. Such a situation
can occur only in the case of a seasonal lack
of fresh ·water suppl ies

-the regularity of the ratio between
continental microfossils (pollen and spores)
and rnarine microfossils (Dinoflagellates)
obsen'ed all along the core goes in fa\'our of
the hypothesis that the region has not been
affected by an important climatic change
during the last millenia.

-the age of the deeper sediments cannot
be older than 6,000 and '),000 years Bl),
because it was approximatelv during this
period that the area became accessible to the
sea
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History of mangrove vegetation in Paradip
islands, Orissa for the past 500 years

palynological assessment
H P Gupta & R. R. Yadav

and Jambu
B.P.: A

Gupta, H P & Yadav, R. R 1990 History of mangrcwe vegetation in Paradip and Jambu islands, Orissa for the
past 500 years B.P.: A palynological report In: Jain, K. P. & Tiwari, R. S (edsl-Proc. SJ'lJ1p 'Vistas in Indian
Palaeobotany', Palaeobotanist 38 : 359· 369

Modern surface samples from Paradip and .Iambu islands, Orissa have provided clues of modern pollen
deposition, reconstruction of palaeovegetation and (0 interpret with greater precision the pollen data recovered
from the sedimenls. Pollen composition of modern surface samples coheres with the type of vegetation grOWing
tOday within the area of 10 sq km and facilitates the comparison of past vegetation with the modern analogues.
Pollen diagram construCled from Paradip profile has revealed the history of mangrove vegetation for the past ')00
years B.P., wherein four zones of vegetational developments have been recorded. The decline of mangrove
vegetation at the lOp of the diagram going back to about 3'> years I3P. could be correlated with a record date around
early nineteen·hundred·sixties, when the construction of Paradip Port came into existence. 'This feature suggests
the excessive human pressure over the surrounding vegetation resulting into the ruthless damages to the mangrove
and the same has been depicted in the pollen diagram. The planlation of Casuarina along the coastline in the
recent past has also been recorded in pollen diagram.

Key-words- Palynology, tvlangrove, Paradip and Jambu Islands, Orissa (India 1.

H P. Gupta & f( R. Yada{), Hirbal Salmi Institllte oj Palaeobotally, 53 Ullil'ersity Road, !-lIcknou' 226 007.
India.
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MAHANADI River in combination with Brahmani,
Baitarani, Dharma and Devi rivers forms an extensive
delta around Bay of Bengal which stretches from
Chilka Lake in the south to Bhadrak in the north
covering approximately 170 km long and 60 km wide
area (Lat. 20°15' : 20°55' N; Long. 86°40' : 8rE).
This deltaic complex constituted the second largest
mangal formation and today a major part of the
mangal zone is a bare land.

Palynostratigraphical analysis of the sediments
from this deltaic complex was undertaken to study
on various aspects of mangal developments and
causes of its deterioration in time and lateral extent.
To begin with, Paradip was chosen and its 3 m deep
soil profile was investigated which is dated ca 500
year B.P. A combined study of modern surface
samples and soil profile has been conducted. The
palynological information of the estuaries is mainly
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from the Gangetic-Sunderban deltaic complex (Das,
1961; Mallik, 1969; Gupta, 1970.197 8,1981. Chanda
&. j'viukherjee. 1969; rVlukherjee. 1972a, b: Vishnu
1'diure &. Gupta. 1972; Banerjee & Sen, 1986a, b)
Gupta ( 1911 1) has investigated one profile each from
all the four flanks of the basin and found
metachroneiry in the de\'elopment of rnangrove
\·egetalion. In addition, several fearures of interest.
such as--submergence ancl subsidence of forest,
nalllre and extent of peat deposits, ha\'e also been
~\'orkecl Out in detail. The other pollen analytical
studies on the coastal sediments in India are from
Bombay (Agrawal &. Guzder, 1974; Vishnu-tvlittre &.
Guzder. 197'»). Gujarat (Vishnu-tviittre &. Sharma,
197')). Picha\'aram. Tamil Nadu (Blasco & Caratini.
197 3; Caratini et aI, 1973; TisSOl, 1980); and
f:3rahlrlani Delta, Orissa (Caratini et aI, 1980). A
re\'icw ~)f the coastal palynology and ecology \Vas
mack by Thanikaimoni (1987).

GEOLOGY AND GEOMORPHOLOGY

Mahanacli delta occupies shallow, rigid
peninsular shield in largely an erosional basin. The
basin roughlv coincides with an Early Permian rift
\ alley. but at the head of the delta the Upper
Gondwana (Athgarh Sandstone) is found all o\'er to

I'h)rth of Puri and extend up to Cuttack and Athgarh
(A11mad. 1972 )

It is a tripple delta where the sediments of
Mahanadi, Baitarani and Brahmani join to form a
protuberant shore. The extensive alluvial tracts are
found from Chilka Lake in the south to Bhadrak in
the north. The delta projection (about 60 km)
indicates the abundance of sediment-discharge from
a large catchment of rugged terrain marked by heavy
torrential rains. The various distributaries in deltaic
region are characterised by an estuarine inlet of the
sea near their mouth.

CLIMATE

The entire region of Mahanadi delta enjoys
oceanic tropical humid climate which is equable
throughout the year and humidity recorded is 75 per
cent and 82 per cent for the driest and wettest
months, respeclively. April is the hottest month with
36°C and 21 °C maximum and minimum
temperatures, respectively. July-AugUSt receive
torrential rains Wilh 1,585 mm as an annual average.
With the onset of monsoon, the wind velocity
increases to 40 km/h and reduces to 15-25 km/h
during the winter. The weather is disturbed during
post monsoon and early part of eastern monsoon
when the depression and storms originate in the Bay

of Bengal. Some of these depressions intensify and
develop violent cyclones and storms with a speed of
180-220 km/h causing heavy damages to the plant
and animal life.

VEGETATION

The vegetation of Mahanadi delta has been
investigated alongwith its ecological aspects by
Haines (1961), Rao and Mukherjee (1972),
Choudhury (1984) and Banerjee and Rao (1985).
Banerjee (1987a, b) has recognised three vegetation
zones, viz., (a) zone of typical mangrove habitat with
the preponderance of Rhizophoraceae members
adapted by means of stilt roots and vivipary, e.g.,
Rhizophora spp., Ceriops sp., B ruguiera
gymnorrhiza, Kandelia sp, Aegiceras sp., etc.; (b)
zone of less pronounced mangrove habitat
associated with different groupings of taxa adapted
by means of pneumatophores and buttresses, e.g.,
Sonneratia spp., Heritiera jomes, Avicennia sp.,
Excoecan'a sp., etc.; (c) zone of midland and
hinterland mangrove with the mingling of upland
flora due to sudden change of habitat, e.g"
Brownlowia tersa, Dalbergia horrida, Pongamia
pinnata, Cynometra iripa, Caesalpinia bonducella,
Aglaia cucullata, Cerbera manghas, Bruguiera
sexangula, Heritiera littoralis, Phoenix paludosa,
Crinum asiaticum, Thespesia populnea,
Clerodendrum inerme, Syzygium sp., Carissa
spinarum, Diospyros spp., etc.

The mangrove vegetation of Mahanadi delta,
particularly in and around Paradip, is on decline.
The increasing human pressure, unplanned
development ignoring long term repercussions, and
its problem of deforestation, plantation of cash
crops, urbanization and industrialization have taken
a heavy lOll of the mangrove forest. As a result,
forests are reducing fast, ecological balance is
rlisturbed and cyclones are becoming worse. Erosion
of lOp soil is on way maring the chance for
regeneration of mangrove. The vegetation around
Paradip has been ruthlessly damaged in the recent
past with the construction of port. Paradip port has
maritime tradition, going back to 16th and 17th
century A.D., and since then the mangroves are
being exploited.

At present, mangroves could be seen in the
creeks and channels along the upper part of the
inner estuarine zone with degraded mosaic. Hardly
any mangrove taxon is found near Paradip as the
topography has been considerably disturbed A few
scattered bushes and stands of Avicennia alba and
Excoecaria agallocha, respeerively, are seen.
Nevertheless, entire deforested area is succeeded by
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MATERIAL AND METHOD

Map I-Sites of samples im eSligated.

by Erdrman (1943). The relarive frequencies for all
raxa (PI. 1, figs 1-29; PI. 2, figs 1-19) encounrered
from rhe sediments have been calculared in rerms of
roral land plants and rhe pollen specrra have been
consrrucred highlighring ecological groups. Tbe plus
sign (+) in rhe pollen specrra and diagram denores
values below one per cent.

MODERN POLLEN/VEGETATION RELATIONSHIP

Surface sample nos. 1-3 were collecred ar rhe
mourh of Mahanadi River and sample no. 4 from
Bairrakud in Paradip (Texr-fig 1).

The srudy of rhese samples has revealed poor
occurrence of mangrove raxa which march wirh rhe
present day condirion of mangrove degradarion.
Nevertheless, core consriruenrs of mangrove
recorded are Excoecaria (7%) and Sonneratia 0
7%) followed by Acanthus and Avicennia 0-3%
each), Rhizophora (up ro 4%) and Ceriops/Bruguiera
(1-2%). The peripheral mangrove raxa recorded are
Sesuvium and Phoenix (1-2% each), Acrostichum
aureum and Tamarix (1 % each). The brackish warer
swamp raxa, such as Barringtonia and Pandanus,
are sporadic. Cyperaceae (6-9%) are dominant
amongsr fresh-warer swamp raxa. The upland
arboreal raxa are represented by Casuarina (up ro
4%), Carissa, Terminalia, Adina, Saporaceae,
Emblica (1-2% each). Poaceae 04-42%) dominares
rhe herbaceous vegetarion; irs high values are
relared ro rhe increasing open-land all around.
Ferns, represented by barh rrilere (7-10%) and
monolere (1-3%) spores, are quire high and
suggesrive of enhanced armospheric humidiry.
Potamogeton(1-2%) and Nymphaea (1%) are rhe two
fresh-warer raxa present in rhis environment.

Reworked bisaccare pollen grains (1-6%) have
been found in all rhe samples; rhey are more
concentrared near rhe mourh of Mahanadi River
indicaring a rransportarion of sediment from rhe
nearby coal-bearing srrara of Lower Gondwana.

Surface sample nos. 5-7 were procured from
Barpal, Pankhpal an Suntideh in ]ambu, respecrively.
This area, roo, is under heavy bioric pressure, as rhe
major foresr cover has been cleared for paddy
culrivarion. The vegerarion growing roday comprises
Acanthus iliczjolius, };xcoecaria agallocha, Dalbergia
spinosa, Derris trijoliata, Phoenix paludosa,
Tamarix troupii, Cocos nucijera and Borassus
jlabellzjer. Recently, rhe foresr deparrment has
introduced rhe afforesrarion scheme on wasre lands
by planting Casuarina equisetzjolia and Eucalyptus
sp. Around PankhpaJ, Suaeda maritima forms dense
rhickers.

Pollen analysis of rhe above samples exhibirs
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Eighr surface samples from different places
along various creeks were collecred ro srudy rhe
modern pollen/vegerarion relarionship. A rhree
merre deep profile was also collecred from Paradip,
near Mahanadi mourh (Map 1). The marerial for
pollen analysis and radiocarbon assay were collecred
from different borings using Hiller's pear auger. The
sediments are composed of sofr clayey silr wirh rich
organic maner.

The merhod employed for exrracrion of pollen
and spores from rhe marrix is rhe same as suggesred

Acanthus ilicijolius bordering warery places. The
reason for irs exisrence is mainly rwo-fold: (i) rhese
are vegerarively propagared and hence form
exrensive rhickers, and (ii) ir is nor preferred by
browsing animals and are of no economic porential.
Phoenix paludosa forms pure formarions ar places in
rhe flood plain area and Borassus is found isolared
as midland vegerarion. The fern commonly occurring
in rhis area is Acrostichum aureum.
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""~"D'. ] SA"PL' LOCATiON

- SAMPLE NUMBER

I I ~ rp
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Text-figure I-Modern pollen spectra from Paradip and )ambu
islands in Mahanadi Delta. Cultack. Orissa.

the dominance of Excoecaria agallocha (2-8%). The
other mangrove taxa are represented by Rhizophora
(up to 3%), Ce71"ops/Bruguiera (1-2%), Sonneratia
0-5%), Acanthus (1·5%), Avicennia (1-2%) and
Sesuvium (1-2%).

Cyperaceae (15-16%) is common. The upland
tree taxa, such as Casuarina, Fabaceae (1-3%) each,
Carissa, Sapotaceae (1-2% each), Terminalia (up to
3%), Adina (up to 2%) and Rutaceae (1 %), are
present in low frequencies, .whereas herbaceous taxa
of ubiquitous ecology are represented by Poaceae
(15-36%), Chenopodiaceae (2-23%), Heliotropium
(up to 2%) and Tubuliflorae (1-2%). Fern spores,
both triletes (6·8%) and monoletes (4-5%), are
present in good values. The fresh-water elements
present are Potamogeton (1·4%), Typha (1-3%),
Nymphaea (1%) and Pediastrum (1%). Bisaccate
reworked pollen are common in all the samples .

The pollen spectra is incoherent with the
present day vegetation statistics. For example,
Acanthus ilicljolius and Excoecaria agallocha are
not adequately represented in the pollen spectra.
Avicennia and Rhizophora pollen seem to be drifted
from the adjacent mangrove zone. High pollen
frequency of Chenopodiaceae from Pankhpal sample
corroborates the common occurrence of Suaeda
maritima in the area.

Sample no. 8 is collected from near Jambu
Village. The biotic pressure is also operational in
this area but still there are some patches of
undisturbed nature where both core and peripheral
mangrove exist in natural ecology. The pollen
speurum is dominated by mangrove taxa, like
Ceriops/Bruglliera (24%) followed by Al'icennia and
Acantblls (8% each), Rhizophora, Sonneratia and
l),:coucaria (7% each). SeslivillJ71 and Phoenix are
present in low values.

Fresh water swamp taxa, such as Cyperaceae
(.~%) Nympboides (.1')(,) and Po/ygala (1%), are
relatively low. The upland taxa, including both
arboreab and non·arboreals, are either poor or
sporadic. Such taxa recorded are Casllarina,
IIJ)'rtaceae, Borasslls, Adina, Randia, Fabaceae,
Sapotaceae, J;mblica, LJrticaceae, Poaceae,
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Text.figure 2-Pollen diagram from Paradip in Mahanadi Delta.
Cliltack, Orissa

other mangrove taxa, such as Rhizophora,
Ceriops/Bruglliera, etc., relatively lower in values,
are derived from the inner estuary line with
comparatively deeper parts along the creeks and
slopes.
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POLLEN DIAGRAM AND ITS
COMPOSITION

The pollen diagram (Text·fig. 2) from Paradip
has been graded into four zones in chronological
order and prefixed with the site initial, e.g. p·]·]V.

Zone p. / (3.0·2.5 m)-Th is zone is
characterised by moderate values of core mangrove
taxa, out of which SOrll/era/ia and Fxcoecaria attain
relatively higher \alues as compared to Rhizopbora
and Ceriops/Brllglliem. Al'icennia and Acanthlls are
present in consistently low values whereas Heritiera,
Phoel/ix, Cocos and Tamari:x: are sporadically low
th roughout the zone.

Fresh water swamp taxa are mainly represented
by Cyperaceae while Polygonum, Nymphoides,
Lagerstroemia, etc., are recorded in low values, not
exceeding one per cent. The midland and upland
vegetation, however, is dominated by Terl1linalia,
Adina, Fabaceae, Anacardiaceae, Sapotaceae,
I::mhlica, etc. Poaceae is present in high values
attaining up to 3') per cent of the total vegetation.
This taxon cannot be relied upon for interpretation
of the depositional environments since its members
grow in marine, brackish water and fresh water
environments and also difficult to be differentiated
palynologically. Ferns are quite high in frequency in
this zone but the fresh water taxa, such as
Potamogeton, Nymphaea, Typha and Pediastrum, are
present in low values. '(he pollen of unknown
affinities as well as the reworked pollen are present
in high values. These features indicate a drifting of
the reworked pollen and fresh·water aquatic pollen
taxa through rivers and rivulets.

AP/NAP ratio indicates little higher values of
non·arboreal vegetation as compared to the
arboreqls. The vegetational picture evolved in zone
P·I, after considering the information perceived from
the modern pollen vegetation relat;onship, indicates
that Sonneratia and Excoecaria were the two
dominant taxa suggesting the contact point nearer to

the fresh·water sources with higher turbidity. The

Chenopod iaceae, He!iotropill Ill, Tubuli florae,
Caryophyllaceae, Artemisia and jllsticia, ferns and
aquatic taxa are poorly represented,

The comparison of pollen sums of the taxa
recorded in the pollen spectra and their actual
frequency in the modern vegetation compoSition of
the area reveal:s that certain taxa, like-Rhizophora,
Ceriops/Bruglliera and Sonneratia, are over·
represented whi Ie Al'icellnia, /;'xcoecaria and
Acanthus are under·represented in the pollen
spectra.
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Zune P·II (25·J20 111 )-1his zone denGtes
open conditions as non·arboreal vegetation
dominates over the arboreals. There is an overall
depression in the mangrove tree taxa as compared to
the preceding zone. The values for Excuecaria,
however, remained static althrough the zone,
whereas other taxa enumerated in the preceding
zone continued in exceedingly low values. Fresh
water swamp taxa have improved slightly than
before. The notable difference in this zone is
marked by an overall spurt in the values of midland
and upland taxa, particularly the non·arborescent
taxa, such as Poaceae, Caryophyllaceae,
,Heliotropillm, etc. The ferns and fresh water
aquatics, such as POtamogeton and Pediastrul1l
improved considerably and so also the reworked
pollen. This is indicative of a high magnitude flow in
the channels. The vegetational picture obtained in
zone p." depicts recession in the tidal magnitude as
a result of which the fresh water discharge increased
encouraging the influx of salt·tolerant, fresh water
and the upland taxa.

Zone p.1!! (1.20·0.20 m )-This zone, on the
basis of marked variations in the mangrove taxa, has
been subdivided into two subzones, viz., p.1\l a and
b.

Subzone p.JII a (1.20·085 m)-This subzone
records high values of Auicenl1ia and SOl1neratia,
followed by Excuecaria, Acant!Jus, Rbizophora and
Ceriops/Bruguiera indicating most conducive
environment for the luxuriant growth of mangrove
vegetation. Auicennia sp. cf. A. marina is adapted to
exceedingly high salinity condition as they possess
salt glands in their leaves for exuding excess of salts.
On the other hand, Sonneratia has a preference for
lesser saline conditions. This association of the two
taxa suggests the depositional environment to be
typical of marine nature subject to high turbidity and
silt deposition

The other elements of the mangrove zone with
greater salt tolerance, such as Heritiera, Pboenix,
Cocos, etc., are present in low frequencies.
Cyperaceae is present with still higher values at the
close of thiS subzone. There is also a general
reduction in the values of upland tree taxa. Poaceae
has declined considerably as compared to the
preceding zone. There is also a depression in the
overall values of ferns and fresh·water aquatics.
AP/NAP ratio has revealed improvement in the
arboreal vegetation.

Subzone P-I!! b (0.85·0.20111 )-Subzone P·III b
is recognised by high values of Rbizopbora.
Ceriops/Bruguiera and Sonneratia wherein
Auicennia experiences a setback and txcoecaria
continued to be moderate. All other mangrove taxa

with a preference of low salinity are present either in
extremely low values or are sporadically dispersed.
This zone co\'ers a time span of about ISO years and
the mangrove vegetation thrived well and
established The other taxa recorded in' high
frequencies are Cyperaceae, Poaceae,
Chenopodiaceae, Heri/iera, SeSZlIJilll17, Phuenix,
Cocos, Tamarix, etc. Upland tree taxa continue as
before, however, with a slight depression.
Chenopodiaceae and Acrustichul11 aureul17 have
improved considerably indicating high salinity. The
general picture of the Zone P·IlI has revealed a
favourable environment for the luxuriant growth of
mangrove vegetation ,vith an increased salinity,
giving pace to front·line estuary mangroves to thrive.

Zone P-IV (0.20-0.00 m )-In this zone,
mangrove taxa declined sharply except for
Sonnera/ia which flourished at the cost of
suppression in the values of Rhizophoraceae.
Fxcuecaria and Acanthus remain static. The other
mangrove taxa, like Aegiceras, SesufJiul11, Pboenix,
Cocos and Tamarix have gained a little. Cyperaceae
has reduced considerably whereas other swamp taxa
have improved a little than before. The upland tree
taxa continue with more or less same values.
Nevertheless, Poaceae and Chenopodiaceae have
registered marked improvement while other
herbaceous elements are present in reduced values
than before. Ferns, aquatics, etc., continue in almost
same values as before. The picture obtained from
this zone has revealed a steep fall in the values of
mangrove taxa in general and Rhizophoraceae
members in particular. SOl1neratia, being high
pollen producer, increased considerably in the
begining but dwindled in the later half of this zone.
This decrease in the value of mangrove elements can
be assigned to the activity of man as the total time
span for this zone is around thirty·five years and
could be well correlated with record date around
early nineteen hundred sixties when the
construction of Paradip Port came into being.

DISCUSSION AND CONCLUSION

The results permeated from the pollen
analytical study of surface samples are variable. At
places it has been recorded that the pollen
compOSition of the surface samples is coherent with
the existing vegetation of the area. For instance,
sample nos. 1-4 collected from near the mouth of
Mahanadi River at Paradip have brought about a
close relationship between the pollen assemblage
and modern vegetation. However, sample nos. 5·7
but for no. 8, collected from Jambu Island, have
shown a partial relationship between the pollen
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assemblage and modern \egetation. The analysis of

all the surface samples re\'eals that some of the taxa
are o\'er-represented and a fe\\' arc undcr
represented. The members of i\hizophoraceac and
Sonneratia are o\·er-represented. The members of
Rhizophoraceae are high pollen producers in the
mangro\'e complex and are provided with all
contri\'ances for their transportation and spread. This
feature had already been observed by se\'eral earlier
workers (Muller. 19'59. Caratini el al.. 1973: \'ishnu·
Mime & Gupta. 1972: Ratan & Chandra. J9H3. J9H4:
Grindrod & Rhodes. 19H-L Grindrod, 19H8) As
regards Sonneratia, it is also a high pollen
producing taxon but generally does nor represent its
high frequency in the sediments Similar
observations have also heen made by Caratini el at.
(1973) Nevertheless, Sonneralia pollen rnay present
in low \'alues or even absent in the sedirnents owing
to the fact that bats feed on its pollen (Tomlinson,
1986)

Acanlbus, Al'icennia and E.xcoecaria are under·
represented in the pollen assemblage in contrast to
its pOSition in the \·egetation. This could be well
explained due to the entomophily coupled with low
pollen production. Nevertheless. in Pichavaram
mangrcwes in Tamil Nadu, Acantbus iliczjolil/s has
been recorded to its expected val ues (Car:Hin i el at.,
1973). Jn Sample no 8. collected from nea r Jambu
Village where undisturbed patches of ntangroves are
present, the pollen spectrum recorded ,the
predominance of core mangrove taxa followed by
peripheral mangr<we taxa, All surface samples
contain reworked pollen indicating a high influx of
water transportation from far of distances

The surface sample study has enabled to
understand that Rbizopbora, Ceriops/Srllglliera and
Sonneratia are over· represented whereas A/iicennia,

l:xcoecaria and Acantbus are under represented in
the pollen assemblage as compared to their actual
occurrence in the forest.

The pollen diagram constructed from Paradip
profile has been phased into four i',ones in
chronological order In Zone I, which covered a time
span of less than 100 years, the core mangrove taxa

except for SOI1I1t'ratia and J;'xcoecaria were poorly
de\'eloped '\vhereas midland and upland \'egetation
was dominated by Terminalla, Adina, fabaceae,
Anaca I'd iaceac. Sapotaceae, bl1hlica, etc. This zone
indicates that mangro\'e vegetation, which perhaps
thri\'cd earlier, has been damaged due to either
climatic or biotic influence But the high values of
Sonneratia and Fxcoecaria do nor exclusively
suppOrt the biotic factor; instead these two taxa have
liking for the increased fresh water conditions and
colonii',e the contact point near the fresh water
discharge ,\\'ith greater turbidity, Thus, the fresh
,\\'ater discharge with greater magnitude in the
delatic complex can not be ruled out. Zone II, which
lasted for about 200 years, has recorded further
depression in almost all the mangrove taxa whereas
the fresh·water swamp taxa including aquatics have

ri~en successi\'ely. The o\'erall values of Zone II
depicts recession in the tidal magnitude and more
fresh water discharge from the rivers and rivulets. In
addition, the biotic factor remained operational and
the open conditions de\'eloped.

Zone IJJ, in general, is a period for luxuriant
growth of mangrO\'e vegetation. However, the
vegetation compOSition in the lower and upper parts
is incoherent and hence it has been subdiVided into
two for the convenience of describing the
biostratigra ph ic un its in terms of vegetation. Zone
lIla lasted for abOut 50 years and is marked by high
values of Al'icennia and Sonneratla. The core
mangrcwe taxa, pa rtic u la rly Rh izophoraceae
members, are lowly present. A/ilcennia is adapted to
exceedingly high salinity conditions, whereas
SOl/l/eratia has liking for lesser saliniry. This
association of two heterogeneous taxa is suggestive
of typical marine condition with high turbidiry and
salt deposition Zone IIIb lasted for about 150 years.
It is marked by the establishment of core mangroves,
such as Rbizopbora, Cenops/Brllglliera and
SOl1neratia; all other taxa with a preference of low
salinity and those with fresh water inclination have
declined considerably. Chenopodiaceae and
Acrostichllm allrellnl have improved significantly.

The results obtained from this zone have

PLATE 2 -
(All fiRl'res unless otherwise stated arc. x 1000)

j Byllneria berbacea. polar view'.
2.3. Unidentified 3,porate, equatorial view

4. BrOlimloll'ia sp., polar I'iew.
S· 7 Unidentified q·parasyncolpate pollen.

8. PoZ)'gala sp., equatorial view.
9,10 Gardenia sp. pollen (etrad

11.12. X)'locarpIlS sp.. polar view and equatorial view.
13 Acacia sp.
J 4. CeralOpleris Ihallelraides, x SOO.
1S Monolete spore. x SOO

16·19 Reworked Permi,lll pollen. x SOO, 16. Plicali·
pollel7i1es sp., 17 Crescenlipollenites sp, 18. lahiriles sp..
19 Verlicipolleniles sp.
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Text-figure 3-Summa'y' cliagram sho\'\'ing collecti\'e relative frequencies of \'arious ecologically grouped plant taxa based

on Texdigures 1 and 2.

revealed a favourable em'ironment for about 200
years for the successive growth of mangrove
vegetation with an increased salinity giving pace to

front-line estuary mangroves to flourish. The
colonisation of the mangrove system is also
indicative of undisturbed conditions and hence it
could also be assumed that during this phase the
biotic pressure ceased for some time: it may be
because of the unfavourable natural condition vvhich
perhaps precluded the man's entry intO the forest.

During the Zone lV , which has short time·span
(not exceeding 35 years). all the mangrove taxa
declined sharply, except for Sonneratia This
setback in the overall mangrove taxa, particularly
members of Rhizophoraceae, could be abused in the
hands of man; this loss to the mangrove vegetation
could be correlated with record date around 35 years
when the construction of Paradip Port came into
being and a vast area was deforested.

The reworked Permian pollen have been
encountered invariably in all the profile samples, in
low values in the bottom samples but their
frequencies increased in the tOp samples. The
sediments containing these pollen grains after
erosion have been incorporated into the Mahanadi
and transported up to its mouth or even farther and
deposited along with recent sediments.

The summary diagram (Te>-''1·fig. 3) gives a
comparative picture of mangrove taxa, swamp taxa,

upland taxa, ferns and fresh water aquatics. This also
provides at a glance correlation between the
\'egetation of surface samples and profile samples. In
broader perspective, the mangrove taxa remain
lower than the upland taxa in the lower half of the
profile and, thereafter, the former improved and the
latter declined It has also been observed that the
surface-sample vegetation statistics has helped
greatly in the correct interpretation of pollen
diagram.
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India and
changes

coast, Karnataka,
Pleistocene sea-level

of Kanara
on Late

Palaeon1angroves
their in1plications

C. Caratini, G. Delibrias & G. Rajagopalan

CMatini. c. Delibrias. G. & Kaiagopalan. G. 1990. Palaeomangro\"es of K:lIlara l·oaSI. Karnataka, India and their
implications on Late I'leistocelle sea·le\·el changes. III .lain, K. I'. & Tiwari, R. S. (ecb)-!Jroc. ))'lIIp. 'Vislas ill
Indian I)alaeobolal/y', IJalaeoho/a17i.,·/ 38 : 37 0. }"H.

Along the K~nara coast. some welb ,ho<v an organic clay layer, l,S tu - III thick, between a lavcr of 2to 6 m of
coarse yellow sand abm'c and \vhite sand and pebbles belo\\' The altitude of this intermediate organic clm'
fmlllatioll is more or less at thc present mean sea·level. Palynological analyses re\'eal that this sediment had been
depOSited \vithin a mangrove ell\ironment. i.e. at sea·level, while the "C e1ating.s gin' ages older than -10,000 years
t3.I'. No proof of vertical Illo\,cmetll, after the deposit of the intermediate organic clay formation has been put
forward up to no\'\'. Therefore it can be accepted that the present ele\'mion of this formation IS mare or less the
same as its original altitude. i.e.. the present sea·le·el. Comparison of thiS altitude \"ith the CUIYCS of global sea·
le\'el changes indicates that the period of deposition of these organic scdiments should be around 12'>.000 years
t3.I' .. during the last Illlerglacial (Eemian) when the sea·Ic\·cl \y:IS ± the same that it is today The main
characteristics of "I::emian" nora were the same as the present. The climatic reglllle may have been slightly different
\vith less cOlltrasting ,eason,.

Key-words-I'alvnolog\·. ,vlangrove, Sea·le\·el changes. Upper Pleistocene. KarnJtaka (India 1.
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THE question of high sea·levels during the Late
Pleisrocene is yer to be solved despire rhe vast data
dealing with rhis "puzzling problem" (Giresse &
Davis, 1980) This awk'ward situation is mainly dL~e

[Q rhe· difficulty. and generally even rhe
impossibility, of obtaining satisfactory answers to the
follOWing two questions:

-determination of rhe altitude of littoral
sediments ar rhe time of their deposition; this

uncertainty is mostly due to rhe difficulry in
estimating the effects of possible neorecronics;

-estimation of the absolute age of these
sediments; the reliability of 14C datings
becomes low for values near or older than
30,000 yrs BP. wirh a phYSical limit of around
40,000 years B.P.; for earlier periods it is often
difficult Or even impossible to carry our other
isotopic methods, such as 230ThjZ\4U or
231Pa/23SU.
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On the west coast of India, some organic clay
layers recorded in several pans along coastal Kanara
(Karnataka) are investigated in this paper. As they
are older than 40,000 years B.P. they are not
exceptions to this rule of incertitude. Nevertheless,
our study will lead towards a better understanding of
the age and conditions of their deposition as well as
on the regional evolution of Late Pleistocene.

GEOGRAPHICAL AND
GEOLOGICAL BACKGROUND

Kanara, in coastal Karnataka, extends from the
shoreline to the great escarpment of the Ghats. Its
geology and geomorphology are complex as already
emphasized by W. T. Blanford as early as 1869. The
mOst distinctive features are the numerous lateritic
terraces with some spDradic emergences of the
crystalline substratum. In the absence of true fossils,
the age of the detrital sediments as well as their
tectonic movements have never been precisely
known (for bibliography see Chatterjee, 1961; Mehr,
1987). These lateritic terraces which are dissected by
a large number of rivers running from the Ghats
slope gently tOwards the sea where they often end as
cliffs. Estuaries are numerous and hence the coast is
irregular in both plan and elevation with a
characteristic pit-and· lagoon shoreline. The estuaries
sometimes penetrate deep inland and these
embayments, filled by vounger deposits, have a
definite ria aspect. ln most cases the paleoreliers
surrounding the lowest terraces comprise low and
smooth mounds only a few metres high and this
does not help in elucidating the relationship
between the lowest terraces and the surrounding
paleoreliefs.

These low terraces seem to constitute a
geomorphologic and lithologic unit, but actually
there are at least two generations of deposits which

are merged and hence nOt easily distinguishable. It
is only from the study of wells that it becomes
possible to recognize an older generation of
sediments with the follOWing layers.

From the surface downwards:
-coarse red mOttled sand partly cemented by

ferrugi neous concretions;
-black organic clay with vegetal fragments;
-white sand with pebbles: aquifer.
Each layer is only a few meters thick.
SUGh a stratigraphy of great petrological

uniformity can be found all along the Kanara coast
despite the discontinuities between the estuaries.
This paper reports studies on this particular
sedimentOlogical feature with palynologic and
geomorphologic investigations as well as 14C ages.

Text-figure I-Coastal Kanara: I.ocation of the im'estigated \vells.

STUDY OF WELLS

In the low terrace of the Sita and Swarna estuary,
two wells were investigated at Handadi and
Varambali. Another well was studied a few
kilometers away, at Shaligram. Two wells in Navunda
and one well near Bhatkal. about 70 km north, also
present the same characteristics (Text-fig. 1).

Handadi Village

Lithology of the well (Text-fig. 2)
-Surface to 2.5 m (the elevation of the surface

of this terrace is apprOXimately 4 m): irregular
coarse sand, red mottled and slightly cemented;

-2.5 to 6 m: black organic clay with numerous
vegetal fragments of various sizes, some of them

measuring several decimeters. The line of contact
with the layer above is distinct;

-6 m to bottom, 7 m: aqUifer; white, coarse
sand with pebbles.

Palynological data (Text-fig. 3; Table I)
Two samples collected at depths of 35 and 4.5

m have been studied. BOth were deposited within a
mangrove environment, their palynological
assemblages being dominated by Rhizophoraceae
(mostly Rhizophora and some Ceriops, Bruguiera)
with some rare Auicennia and Aegiceras. In both the
samples, Pandanus which normally grows along
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Text-figure 2-SeClioll of three wells ill (he cOJ~[al plaill of Kanara.

Table I-Intermediate organic clay formation: Palynolo
gical assemblages (% calculated from the total pollen
+ spores)
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Total spures
Tuwl P x Sp.
Foraminifera

Pseuduschizaea

river banks is well represented; the marine influence
is marked only by the presence of organic tests of
Foraminifera. During the deposition of this organic
sequence, the paleoenvironmental conditions were
subjected to the usual and characteristic changes,
well-known in mangrove sedimentation
(Thanikaimoni, ]987). From 45 to 35 m, the
environment became more open, i.e., subjected to
in fl uence s external to the mangrove ecosystem, as
attested by a greater pollen diversity, the occurrence
of some herbaceous plant pollen, such as Poaceae
and Cyperaceae, as well as a large number of fern
spores and more marine rnicrofossils.

Chronological dala-Two dates were obtained
from this well:

-3.'S m: ;): 45,000 years BF (GIF 7249)
-4.5 m: 34,000 ± 1500 years BP (GIF 7251)
The 3.5 m deep sample is estimated to be very

old, beyond 14C age range. The other sample is I m
deeper to the first one. Hence the result of 34,000
years to this sample constitutes an obvious anomaly
which can be explained by contamination with
younger material such as humic acids which were
not properly eliminated during chemical
pretreatment. Since an older date of the upper
sample cannot be envisaged, it may be concluded
that the age of the entire organic layer is older than
45,000 years B.P.
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• Mangrove D Gromineae 0 Others 23 Ferns

~ Foraminifera !lIIIll Dinoflagellates

Text-figure 3-Simplifiecl palynulogical diagram of some imer·
mediate organic clay formation samples and comparison with

the mean values from Late Holocene of Coondapur (Tissot,
1990)

some wood fragmems as Ca/opby/lum and given a
dating of "barely 40,000 years B. P. ",

The two samples investigated for palynology
(Texdig. 3 and Table 1) are dominared by pnllen of
Rhlzophora. Hence, they were also depOSited within
a mangrove ecosystem. One of the two samples is
marked by marine influence since it conrains organic
tests of microforaminifera.

Navunda

Similar black organic clay was observed in two
wells located (74° 35',7 : 13° 45') in Navunda (Texr·
fig, 1), The thickness of the layers is more than in
the previous wells: 7 ro 8 m of coarse monied sand;
5 ro 6 m of black organic clay. Palynological analyses
show that this clay was sedimemed in a mangrove
environmenr. Two samples from this layer were
dated (Munhy, 1977) and \vere found ro be abour
40,000 years B.P. These values are at the limit of the
feasibility of the 14C method and hence cannot be
retained without reservations.

MARINE
I

CONTINENTAL

SHIRALI

SHALIGRAM

I I~HANDADI 3~5><> ", .. \

45 , '

VARAMBALI

---'/~ 1--20m'Om''- - _80_ n ~L -"
COONDAPOOR r'"'' .,~
(Late Holocene) ': ,:>::':'::: ,,:

VarambaH

A 6 m deep well near the All India Radio tower,
less than 2 km from Handadi well (Texdig. 1), is
closely comparable. Located in the same terrace, it
has the same lithology (Texdig. 2), the correlating
layers being a linle thicker and deeper. The
palynological comem (Texdig. 3 and Table 1) is
also similar with a strong dominance of
Rhizophoraceae,

Two dates were obtained:
-from an organic clay sample: 31,820 ± 1220

years B.P. (BS 681)
-from a wood fragmem: 29,730 ± 1310 years

B.P. (BS 680)
The exact depths of these two samples are nO[

known because the well was already walled and the
samples were collened from the eanh recemly dug
ou[ from the well. However, because of the
regularity of the arrangemem of the sedimems ou[ of
the well, it can be assessed that the wood fragmem
was deeper than the organic clay sample. Here again
such results are nO[ compatible and as in the case of
Handadi, a rejuvenation of these two samples must
be suspected. Hence, the same age, i.e., older than
45,000 years B.P., may be rerained.

ShaHgram

A little nonhwards, near 42° 42' 13° 29' (Text·
fig. 1), in fhe coastal plain, a comparable black
organic clay layer is found below coarse sands in a 6
m deep well. Palynological analyses were carried out
on two samples from this layer (data from Late Dr G.
Thanikaimoni). prof B. G. L. Swamy has idemified

ShiraH

Nonh of Bhatkal (Text·fig, 1), near a channel of
Venkatapur River in the low plain (74° 31 : 14° 03),
an equivalem organic clay layer is seen in well
excavations, Despite the distance between this site
and those from Udipi Taluk, more than 70 km away,
the lithology is similar; only the thickness of the
upper two layers, coarse yellowish sand and black
organic clay, is slightly less.

Vegetal fragmenrs are numerous in this clay,
Among them, a leaf of Ca/opby/lum has been
idemified.

Palynological analyses once again reveal a
mangrove environmenr (Text·fig. 3; Table 1) still
dominated by Rbizopbora. The assemblage
resembles those obtained in the southern wells,
However, rhe Shirali assemblage may be
distinguished from the O[hers by the linle higher
percenrage of Gramineae: 3.9% versus 0.3 ro 2.8 per
cenr. The age of a sample collected in the middle
pan of the organic layer has been determined as
> 40,000 years B.P. (BS 805).

Uniformity of the organic clay layers

In spite of the wide geographical distribution of
the investigated wells and the discontinuity betwe~n

the wells, the organic clay layers belong ro the same
generation because of their similarities in
stratigraphy, lithology, palynology, 14C datings and
also rheir location at the same altitude, The depositS
investigated here are roughly at about 0 m now, i.e,
the present mean sea·level.
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Hence they can be considered to belong to the
same lithologic formation which will be named
"intermediate organic clay formation" because it is
always within the same sequence of coarse yellowish
sands above and while sands and pebbles below.
The intermediate organic clay formation should not
be confused with the more recent organic black clay
found in most of the recent lagoons. The
sedimentation of this younger black clay started
during the Late Holocene transgression and is still
continuing.

Organic clay formation in Kanara: Data from
literature

Some comparable sediments lying more or less
near the present sea-level, rich in organic fragments
and dated older than 40,000 years B.P., have been
reported in Kanara. Lack of sufficient data makes it
difficult to include them in our study. They are cited
here only to show the large number of these organic
deposits which, despite their overall similarity, can
hardly be correlated with the organic layers
described above without a reappraisal ancl further
investigation.

''Kulur submerged Jorest" (Agarwal & Gudzer, 1974)
At Kulur, near Manga]ore, the authors have

mentioned a "submerged forest" without indicating
the precise location (a Village named Kulur lies
about 5 km north of Mangalore) or altilUde. The age
of thiS formation (TF 966) is "beyond the dating
range of radiocarbon"

Netrauati River (Murthy, 1977)
During the construction of the road-bridge over

Netravali River, "lignitised wood with clay" was
discovered in the foundation wells. This layer was
found in several bore-holes at depths ranging -25
m to 30 m. Since the level of the O-mark above mean
sea-level was not specified, the exact elevation of
this layer cannot be estimated. No isotopic age was
given. Due to the lack of any precise data on the
elevation, age and also lithology, this very
interesting occurrence cannot be considered in
detail

ESTIMATED AGE OF THE INTERMEDIATE
ORGANIC CLAY FORMATION

From the above it can be stated that (1) the
discont.inuous layers of the intermediate organic clay
formation belong to -the same generation of
sediments, (2) these sediments have been
deposited ± at sea-level, (3) the period of
deposition is older than 45,000 years B.P. as
ascertained by 14C data. It is possible to obtain, at

least approximately, an indication on the age of the
deposition of this coastal formation by ploning its
original altitude against those of the curves of sea
level changes defined for periods older than 45,000
years B.P.

It is, therefore, necessary to specify the original
altitude of the intermediate organic clay formation
by reconstituting the epeirogenic activity during Late
Quaternary and to estimate the possible vertical shift
in the altilUde of the land.

Another point to be considered while
determining the original altitude of the deposits is
the rate of compaction which in this type of clayey
sediment is always high. It has been suggested that
clayey muds can gradually be reduced to 10-25 per
cent of their original thickness (Greensmith &
Tucker, 1986). Because of the small thickness of
these layers which after compaction is only a few
meters, this process needs not to be taken into
account to assess the original altitude of deposition.

Neotectonics in coastal Kanam and
neighbouring areas

Peninsular India is an old craton, devoid of any
tectonic activity. This notion which has long been
accepted (Vredenburg, 1903) was again
demonstrated through the new magnetic maps
obtained from satellites (Acache et at., 1988).
However, this method of investigation cannot
identify the occurrence of faint regional isostatic
adjustments. These movements are precisely those
which have to be considered for the interpretation of
our results in Kanara.

Kanara has formed the subject of numerous and
detailed geological studies but only a few have been
published on neotectonics in coastal Kanara (Joshi
et at., 1973). The feeble interest shown by
researchers on this topic is mainly due to lack of
data and also because of the absence of any evident
neotectonic effects in this area.

In fact, further suppOrt can be found to prove
the relative stability of Kanara during the Quater
nary. A perusal of the recent "Neotectonic map oj
india" (Dhoundial, 1987) confirms this stability
since it shows no distinct active proce~ in this part
of the western coast, particularly the low heat flow
and seismicity contrasting with the higher values of
these data north of 16°N, in coastal Maharashtra_ It is
significant that investigations on neotectonics and
eustasy are more frequent in Maharashtra (Agarwal &
Guzder, 1974; Vaicjyanadhan, 1987) than in the
southern regions where very little attention has been
given to this subject.

Still in Maharashtra, at about 150 km north of
Kanara, another raised beach a few meters above the
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Text-figure 4- Late Quaternary sea ·Ievel curves from ,',,]oore
(1982) and Chappel and Shackleton (1986) The Kanara
intermediale clay formation is tenlatil'elv ploned on Ihis
diagram.

A comparison of the palynological assemblages
from this intermediate organic clay formation with
those from the Late Holocene mangrove deposits
(Tissot, 1990) in the same area, near Coondapoor
(Text-fig. 1), shO\~'s that in spite of overall
similarities, some differences exist in the details
(Text-fig. 4):

Sonneratia-At present, Sonneratia is found in
the mangrove communities of Karnataka where it is
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During the Interglacial Riss-Wurm
corresponding to Eem, the well-known European
terminology for the last major Interglacial at about
125,000 years B.P., the sea-level was at an elevation
close to that of the present level. There is a general
agreement on this world-wide sea-level stand. Hence
the conjunction in bOth the altitudes, i.e., sea-level
and deposits, permit us to accept this date of about
125,000 years B.P. as the age of the depOSition of the
intermediate organic clay formation. There is no
reliable alternative to this proposal. In particular. it
is not feasible to accommodate the younger high
sea-level stands occurring during the Wurm
interstades because such a choice implies an
upheaval of the continent younger than the
deposition. In fact, this hypothesis cannot be fully
excluded since the shifting would be small, only a

few tens of meters for some interstades.

present sea-level is mentioned near Vengurla,
Sindhudurg District (Sukhtankar et aI., 1986). This
feature is hardly due to a higher relative sea-level
stand occurring during the Late Holocene but could
be rather a characteristic of neotectonic activity

which affects the northern part of the west coast.
Raised beaches have been described all along

the southern part of the west coast but they do not
involve recent epeirogenic activity. For example, as
early as 1883, R. B. Foote observed beach deposits
containing marine shells 5 m above the present sea
level near Cape Comorin. He considered this as clear
evidence of either a rise of the coast or a fall in the
sea-level. Much later, radiometric date of this same
cora I was reported to be about 32,000 years B. P.
(Rajagopalan et aI., 1982; Kale & Rajaguru, 1985), a
date which cannot be retained without reservation as
with all 14C age data of carbonates deposits (BS 132,
BS 133).

"Monastirien" raised beaches have been cited
(Foote, 1883) near Udipi which is within our study
area, but we have not come across such outcrops up
to now. Moreover the regular sedimentation
observed during Late Holocene in the Coondapoor
lagoon nearby (Tissot, 1990) constitutes another
argument against any recent marked change of the
relative sea-level which would have disturbed the
sedimentation process and affected the
palynological results.

From the brief outline above, it can be admitted
with a reasonable degree of accuracy that the
original altitude of the intermediate organic clay
formation was roughly that of the present sea-level.

Comparison between the altitude of the
intermediate organic clay formation and

sea-level curves

Based on various isotope studies, several sea

level curves have been reconstructed for Late
Quaternary. Those of Moore (1982) and Chappel and
Shackleton (1986) which are very similar, have been
considered here (Text-fig. 4). Some authors
(Newman et aI., 1980; Giresse, 1987) draw attention
to the fact that the changes in the sea-level cannot be
summarized by a unique global curve because of
local or regional events which could produce large

distortions, preventing the use of a theoretical
global sea-level curve as a correlating tool. However,
this method can be validly applied for our study
because of the uniformity of the two curves retained
here which constitutes good presumption of their
accuracy on the one hand and the tectonic stability
of the investigated area during the Late Quaternary
on the Other.
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common but not abundant (Untawale & \Xfafar,
]986). It is represented by a few pollen grains in the
l.2te Holocene of Coondapoor but its pollen has
never been observed in our samples.

Poaceae-The percentages of Poaceae (0.3 to
3.9; average: ],5) are always smaller in the
intermediate organic clay formation than in
Coondapoor (2.9 to 12.3, average: 6.5); Poaceae are
found preferentially in the savannas or deciduous
forests but also in low deciduous thickets (Pascal,
1984). Hence, it is not reliable to draw climatic or
paleogeographic clues from such an ubiquitous
family, specially when the differences in the
palynological results are not sufficiently
pronounced.

Cypemceae-The percentages of Cyperaceae are
slightly lower in our samples ranging from 1 to 1.6
(average: 1.2) as against 0.7 to 3.5 (average: 2);
Cyperaceae is often considered as a marker of humid
cond i tions.

Fern spores-The fern spores also have smaller
representation in "Eemian" (0.6 to 5%; average:
17%) than in Holocene samples (16 to 9%; average:
6%). It is an accepted fact that the number of fern
spores increases with a more humid climate.

Fresh water algae-Practically absent in the
intermediate clay formation, Pseudoschizea and
Botryococcus have been consistently recorded in the
l.2te Holocene of Coondapoor but with low values
(05 to 4.3% of the tOtal pollen + spores)

Hinterland vegetation- It is well known
(Thanikaimoni, 1987) that the pollen released by the
hinterland vegetation never have a fair
representation in mangrove sediments. The
mangrove forest itself being a high producer of
pollen, the allochthonous pollen are relatively tOo
few and the remote vegetation does not appear
clearly in the pollen assemblages. In our swdy, from
the taxa grouped under "miscellaneous" records
(Table 1), n0.. significant difference can be seen
between the past and the present hinterland floras.

PALEOCLIMATE

In the absence of concrete evidence, it is
difficult to accurately reconstruct the paleoclimate.
However, some reliable indications and clues can be
obtained from our palynological results.

Palynological assemblages

The overall resemblances between "Eemian"
and Late Holocene palynological assemblages makes
it possible to postulate that during these periods the
general climatic features were not very different.
This conclusion agrees well with the climatic pattern

of Quaternary which is closely related to global sea
level changes: lowstand sea-levels occur during cold
stades when the climate became drier, whereas
highstand sea-levels correspond to warm and more
humid stades, a scheme which has been confirmed
by the study of oceanic cores in the Arabian Sea
(Caratini ef at.. 1981; Van Campo E., 1986). The
intermediate organic clay formation having been
deposited during a highstand sea-level, the climate
prevailing at that time would have been basically
warm and humid, comparable to the present.

Marine microplankton

The occurrence of dinoflagellates in l.2te
Holocene mangrove depOSits is variable along the
west COdSt; in Coondapoor (Tissot, 1990),
Dinoflagellate cysts are numerous (5 to 20.7% of the
total palynomorphs; average: 12.3%) and are also
common in Vembanad Lake, Kerala (work in
progress). Yet dinoflagellate cySts have rarely been
recorded in "Eemian" samples. Only some rare cysts
of Operculodinium are present in Navunda samples.
I-Ience, it seems necessary to take a climatic factor
intO account, viz., the rainfall regime, to explain the
occurrence of dinoflagellates cysts in mangrove
sediments.

The current monsoon regime with its
alternation of a long dly season and a shorter rainy
season enables the sea water to penetrate into the
lagoons. permitting the gro'wth of dinoflagellates.
Thus the quasi-total absence of dinoflagellate cysts
in "Eemian" sed;ments could be the consequence of
a wetter climate with a greater supply of fresh water
in the lagoon where the sea water-fresh water limit is
pushed seawards. However, as seen above, we have
no proof of such a wet climate. The low occurrence
of marine microfossils could be explained by a more
regular rainfall distribution during the course of the
year and a less contrasted regime; in this case the
lagoons may have been flooded with fresh or
brackish water for a longer period than at present.

The oceanic core OSIRIS 77202

Lack of sufficient data on the last InterglaCial in
and around India (Williams, 1985) makes it difficult
to place our results in a more general frame. A
marine core taken off shore Oman, in the Indian
Ocean (19' 13' 3 N : 60' 40' 9 E; 2427 m) was
studied by means of the oxygen isotope (180/ 160)
and palynology (E. Van Campo, 1983). From this the
regional climatic evolution is known from about
] 50,000 years B.P. It has been emphasized that the
climatic conditions of the Late Pleistocene were the
wettest during the last Interglacial, centred around
l25,000 years B.P. This period is marked by high
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values of the '80/ '60 ratio and among palynological
characteristics, by the dominance of humid pollen
taxa, such as Cyperaceae, as well as a few Rbizopbora
resulting from the development of mangroves on the
shorelines nearby; in this core, mangrove pollen
were observed only twice; during this Interglacial
and at about 10,000 years B.P. Such results are
probably the consequence of a slightly wetter
climate than to-day.

In the "Eemian" of Kanara, it is hard to state a
wetter climate than at present from our
palynological observations because Cyperaceae
pollen, pteridophytic spores and fresh water algae,
all considered as markers of humid conditions, are
slightly more abundant during Late Holocene than
during "Eemian".

The difference in the climate could be rather
linked to the rainfall regime, the alternating seasons
being less pronounced at that time

CONCLUSION

No irrefutable argument can be advanced to
state that the intermediate organic clay formation
along the Kanara Coast was deposited at about
125,000 years B. P. However, the combination of facts
assembled here, even with their hypothetical
aspects, provides a result which may not be
considered as accurate reference mark but
constitutes an useful chronological gUide for a
period where hardly any information is available in
this pan of India. The comparison between
"Eemian" and Late Holocene spectra in Kanara leads
to remark that: (l) the floristic differences between
the twO periods are few; (2) regarding the general
concept of humidity the "Eemian" climate was not
quite distinct from Late Holocene conditions but it
could present a difference in the regime with less
pronounced alternating seasons.
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Sholas in south Indian montane: Past, present and future

H P Gupta

Gupta, H. I' 1990. Sholas in south Indian montane: Past, present and future. 111 : Jain. K. P. & Tiwari, R. S
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The lilrest. short to medium·boled attaining a height between 15 to 20 Ill, constitutes the only tropical montane
forest in pockets in the montane regiun of Nilgiri" Allamalai. Palni and silent Vallev, southern India. Paly'nological
studies hJI'e re\'ealed that these shola furest communities had becn \vide spread in the past. They originatcd

through gradual llwasion of shrub, and under trees into Ihe grassland, about 35,000 years [31'. corresponding in
lime 10 thc laSt glaciation in the north and were established about 24.000 veal'S [31' 111e progressive recession of
sholas had slaned around ~.ooo rears 131'. Both biotic and climatic bctms have not only reduced the sholas to its
preSell! day minimal size but han> also created conditions under which the community h;JS almost completely
stupped regeneration outside the sholas.

Dcgeneration and fast receding trend in the shola COlllmunities and expanding grasslands and massive
plailtatlon of exolic trees reduced the soil as well as abo\'c surface moisture which is not conducive for the sbolas.
If pre\'entive measures arc not taken the sholas in near future would ultimately perish.

Key·words-Pah'nology. Shola fmC'st, south Indian Montane.

1-' P. GIIpla, Hirbal Sahl1l IrWilllle of fJalaeobo/cIIIY, 53 Uni,,!!rsil)' Ruad, Llicknull' 226007, India.
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PRESENT

CLOSED evergreen "'loods occurring above 1,500 m
on high hills in the Nilgiris, Anamalai, Palni and
Silent Valley in southern India are known as sholas
(Text fig. 1). This community is composed of both
tropical and temperate species which are generally
found in the isolated patches in protected valleys,
often aSSOCialed with streams. Trees are
characteristically short·boled, rarely exceeding 15 m
in height. well branched, attaining considerable
girth and supporting numerous epiphytes. The
crowns are dense and leaves coriaceous. These

patches of shola grow under the equable climate
with varying annual rainfall from 130 to 650 mm. The
vegetation of south Indian montane region is
ecologically important because two distinct plant
communities, viz" evergreen shola and grassland,
co·exist in juxtaposition and apparent equilibrium
(Ranganathan, 1938).

Considering the status of shola and grassland,
the follOWing main points have been discussed:

1. Role played by man in grassland formation
2. Recent afforestation in the grassland
3. Future grassland-shola ecology
Besides the effect of high·speed Winds, the

394
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Text-figure I-Showing shola localities in south Indian
montanes.

Himalaya and none in the intervening regions even
along the Western Ghats, does not hold good since
the species common to the Western Ghats, Bihar and
Orissa have been recorded. •

Regarding the occurrence of south Indian plants
on the Bailadilla range in Baster, Madhya Pradesh,
Mooney (1942) states "It does not call for great
powers of imagination to visualize how species
having their origin in Nilgiris, Palni and other hills
of Mysore and Travancore, etc. may have travelled
along the line of Eastern Ghats until they reached
their extremity in Kashipur plateau of Kalahandi
state and the agency tracts of Ganjam and
Vishakhaparnam districts with their humid climate".
He further presented evidence of the south·north
migration of plants in the light of the occurrence of
thirty·twO species of southern India in Bailadilla
range. However, at the same time, he found it
difficult to explain the occurrence of 36 north
eastern species in the latter.

Hora (1949) took recourse of his "Satpura
hypothesis" and explained that although the present
day topography and climatic set up do not permit
the plants to migrate, the conditions that prevailed
during the Pio·PleistOcene times were favourable for
such migrations. It was once thought that freezing of
climate was responsible for migration of plants and
animals (Medicotl & Blandford, 1870).

Meher·Homji (1975) opined that migration of
species was possible, firstly climate was cooler in
the past with lower rate of evapo·transpiration
enabling species of tropical deciduous forest to
thrive in the plains and the montane forest to

descend below 1,500 m. The montane species, being
finicky, disappeared qUickly from altitude below
1,500 01 when warmer climate set in during the post·
glacial period, and secondly climate remained
unchanged but diaspores of deciduous forest species
reached the altitude of 800·1,300 01, and montane
species above 1,500 m. Recently, Meher·Homji
(1984, 1987·88) has proVided further details of
biogeographic and ecological diversity in Nilgiri
District.

The commonly held view about the distribution
of Himalayan species on south Indian hills is that the
Pleistocene refrigeration was responsible for
pushing some Himalayan plants southward (Burkill,
1924). Blasco (1970, 1971 a, b) emphasized that
long distance dispersal through birds or winds is the
main possibility for migration of plants, but Meher·
Homji (1975) pointed out certain problems with the
long distance dispersal and proposed three
hypotheses, viz., (i) parallel evolution, (ii) long
distance dispersal, and (iii) direct land·connection
in the distant past.
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effect of fire and grazing is very pronounced. A
record, dated 1117 AD, refers to Todas-a pastoralist
tribe who fired grasses annually in order to promote
the gro\\'th of young tender grass more edible for
livestOck (Noble, 1967). If the practice of fire
continues, the ever expanding grassland shall
develop and the shola will be diminished in areal
extent. During fire, flames reach shola edges and
damage the trees too. The damaged trees are prone
to diseases and insects. Slowly, shola trees perish
and grasses spread.

Interestingly, phytogeographical affinities
prOVide a link with western and eastern Himalaya.
The wet forests of south Indian hills could be
compared with the northern temperate oak·conifer
forest of western Himalaya. The oaks and conifers,
except for Podocmpus sp., are absent from south
Indian hill forests, the members of Ternstroemiaceae
and Lauraceae are common to both.

Rhododendron arhoreum-a conspicuously
com m 0 n p Iant inn 0 rt h .w est Him aIaya is
represented by its variety nilgiricum in south Indian
hill tops. Likewise Gaultheria jragrantissima is
found on south Indian montanes while at the same
elevation Lyonia ovalzjolia occurs as a chief
associate of oak·woods in north·west Himalaya.

The common plants that occur in eastern and
western Himalaya and in south Indian hills
are: Indigojera pulchella, Hamiltonia suaveolens,
Viola patrinii, Peperomia rejlexa and Reinwardia
trigyna (Mukherjee, 1935).

Hills of Bihar and Orissa served as a route of
migration and played a vital role in the migration
from southwest to northeast, or vice versa according
to Hooker and Thompson (1855). Razi (1954)
suggested that there is a trend prevailing in the plant
migration from south to northeast.

The statement of Fyson (1915· 21) that 17 per
cent of the species of south Indian hill tOps occur on
Khasi hills, 12 per cent in the temperate parts of
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It has been the subject of ecological discussions
since long as to which of the two plant communities
be designated as cJimmic climax. Champion (1936)
did not consider grasslands as climaxes anywhere
since he accounted for their origin from the
destruction of sholas. Bor ( 1938) realised that sholas
alone are the true climaxes whereas grassland is only
a biotic climax. Ranganathan (1938) opined that
both sholas and grasslands formed co-climaxes.
Shankaranarayanan (19')8) accepted the views of
Champion and Bor that grasslands are, in real sense,
nor the true climax. He further suggested that
grassland is a subclimax go\"C>rned by a set of biotic
factors which did nor admit easy passage towards the
final climax.

The precise information of \'egetation of shola
forest could be obtained by grouping taxa in an
order, to meet the ecological requirements,
differential pollen production, dispersal, and
presen'ation. Such grourings of the characteristic
taxa are as follows (Meher-Homji. 196'S)·

A. Core shola trees

Aquifoliaceae
lfex del"l/ieillma, I. Il'igblial1a

Araliaceae
Sebejjlera raceli/osa

Celastraceae
Euonymus crenilla/lls, Jhcrolropis ramijlora,

Celas/rllill pa nie lila/a
Elaeoca rpaceae

Flaeocalpus jerruginells
Ericaceae

Rbododendron lIilagiriellm
Euphorbiaceae

Glocbidion neilgberense, G. jagijolium,

Maeranga indica
Flacourriaceae

Hydl1ocalp/./s alpina
Icacinaceae

Mappia lomerllusa, M. joelida, M. Olla/a
Lauraceae

Cinnamomllm uligblii, C. perollellii,
Aclinodapbne hournea-e, Lilsea /.I'igbliana,
Pboebe wigblii.

Magnol iaceae
,Hicbelia nilagirica

Mvrtaceae
Syzygiu m arnollianll m

Oleaceae
Olea glandultjera

Rosaceae
Pygell1?1 gardneri, PbOlinia lindleyal/a

Rubiaceae

!.Yora nOloniana
Sabiaceae

.lleliosli/a lI'igblii, ,II. arl'/o/lina
Saporaceae

Sidero:io.yloll /ollie n IUSlil/1
Staphyleaceae

Til ripina nepale nsis
Symplocaceae

S)'l1ljJloeos joliosa, Sob/lisa, S pendilla
Ternstwemiaceae

Terlls/roell7ia jajJoniea
Theaceae

GOI'donia oh/usa

B. Marginal shola trees

Icacinaceae
Gompbandra coriacea

I':uphorbiaceae
Dapbniphyl/lIl1l gla ncescells

Rosaceae
Pholollia nOLOniana

MelaslOmataceae
Osheckia reticulala

Caprifoliaceae
Vihurnum eoraCelll1l, \I hehanlhum

C. Core shola shrubs

Berberidaceae
Berheris / inc LOria

Theaceae
f::lllya japollica

Rutaceae
Melicope indica

Rharnnaceae
RbamnliS lI'i,~blii

Rubiaceae
Oldenlandia slylosa, Cbomelia asia/iea, Paz'ella
brelJljlora, S/ylocoryne llicens, Psycho/ria
elongala, Lasian/bus cojjeoides

Myrsi Il aceae
Maesa perrollelial'la

Acanthaceae
Slrohilaillbes joliosl/s, S p/./lneyensis, S.
papilloslls, S. lIrceolaris, S. micran/hus,
Harteria il1l'olucrala

Thymelaceae
Lasisipbon eriocepballis

Flaeagnaceae
Elaeag 11 /./s kologa

Santalaceae
Osyris arborea

Loranthaceae
Ely/ran/be loniceroides

Urricaceae
POl/zolzia henne/bina
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D. Marginal shola shrubs

T3erberidaceae
Mahonia leschellaliltii

Sapindaceae
Dodonaea viscosa

Caprifol iaceae
Lonicera leschenaultii

Fricaceae
Gaultheria jragrantissima

Oleaceae
}asminum brevilobunl, .f. bignoniaceum,
Ligustrum perottetii

E. Core shola herbs

Ranunculaceae
Ranullculus muricatus

Brassicaceae
Cardamine ajricana

Violaceae
Viola serpens

Calyophyllaceae
Cerastillm indicum, Stella ria paniculata, S.
media

Balsaminaceae
impatiens orchioides, 1. neo-barnesii, 1.
rujescens

Apiaceae
Sanicula europaea, Heracleum sprengelianum

Rubiaceae
Anotis longijlora, A. monospenna, Opbiorrbiza
brunonis, 0. roxburghiana

Asteraceae
Senecio walkeri

Lamiaceae
Leucas lamijolia

Amaranthaceae
Achyrantbes bidentata

Dipsacaceae
Dzpsacus leschenaultii

Piperaceae
Peperomia rejlexa

Moraceae
Dorstenia indica

Unicaceae
Laportea terminalis

Lil iaceae
Disporu m leschenall tianu m

Poaceae
ishclme pzmtbiana

F. Marginal shola herbs

Ranunculaceae
Clematis wightiana

Pi ttosporaceae
Pittosporum tetraspermum

Malvaceae
Hibisclls al/glilosa

Geraniaceae
Geranium Ilepalense

Balsam inaceae
impatiens jloriblmda

Melastomataceae
Osbeckia c liP II la ris, 0_ leschenal/ltiana

Gentianaceae
Halellia perrottetii

Lamiaceae
Pogostemoll specioslls, SCI/tellaria violacea, S.
ril'ularis, LeI/cas lancaejolia

Euphorbiaceae
f:'upborbia rothiana

G. Shola climbers

Menispermaceae
Diploclisia glaucescens

Rutaceae
Xantho.xylllm tetraspermum, Toddalia asiatica

Viraceae
Parthenocissus neilgherriensis

Papi Iionatae
Perochellls communis, Dumasia l'illosa

Rosaceae
Rosa leschenaultiana

Passif10raceae
Passi/lora leschena II ltii

Loganiaceae
Gardneria Ol'ata

PAST

An effon has been made to work our the history
of shola, step by step, since the time of last
glaciation. Fine resolution palynostratigraphy,
correlation of Quaternary sedimentary sequences
from Nilgiris, Palni, Anamalai in Tamil Nadu and
Silent Valiey in Karala, have been used to reconstruct
\'egewtion characteristics and land-use by man for
pastoral and arable systems, which made it possible
to translate all finer details of vegetation dynamics
for the past 35,000-40,000 years BP.

For tracing the history and ctevelopmem of
vegetation in time and lateral extent, the general
practice is to work out changes in the relative
abundance of pollen assemblages_ These changes in
the relative values of arboreal and nonarboreal
vegetation pattern are considered to be brought
about by climatic, biotic and edaphic factors or
cummulative effect of all the three factors. However,
in southern India, it is not possible to follow the
conventional method to evaluate and reconstruct
palaeof1oristic models. Because of stenopalyny,
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Text-figure 2- Palaeonoristic reconstruction in south Indian montanes.

differential production, dispersion and preservation
of pollen and entomophily, generally tree taxa of
shola are either unrepresented or are under
represented in pollen assemblage. Hence, the face
value evaluation of pollen diagram does not exhibit
arborescent vegetation. To overcome this problem,
modern surface samples have been investigated to
correlate the distribution pattern of arborescent and
non·arborescent taxa. Through these studies it has
been proved that tree taxa are not represented in the
pollen rain to the extent they are actually present in
the forest composition. In view of these technical
vagaries, certain herbaceous taxa which are
associated with shola forest and are abundantly
present in the pollen rain have been taken into
consideration for highlighting the existence of forest
(Gupta & Prasad, 1985). Thus, a forest type may be
represented even when herbaceous taxa are found in
abundance (Guinet, 1966).

In order to have precise information of
palaeovegetation, different areas investigated so far
are discussed separately and, thereafter, a synthesis
has been made to present the regional picture of
south Indian hills (Text·fig. 2).

PALAEOFLORISTICS OF NILGIRIS

undulating valley tollowing the contours of the
valley between round·topped hills which are totally
bare except for recent plantations of eucalyptii and
acacias. The indigenous vegetation is lacking and the
area is under extensive biotic pressure.

A 5.30 m deep soil-profile has been investigated
palynologically (Gupta, 1971). Lithostratigraphy of
the area has revealed that the deposits, largely
composed of humified and compressed organic mud
with abundant plant debris, were laid under
lacustrine conditions. However, 30 cm top and
bottom sediments with clay and pebbles indicate
fluvial environment. The rate of deposition of
organic mud was slow and estimated to be 1 cm per
83 years. The biomass potential since 35,000 years
BP till 3,000-4,000 years BP was velY high as
compared to the present day biomass accumulation.

While analysing the Signatures of past
vegetation from 40,000 years old deposits, it was
observed that vegetation was not static, instead,
several vegetation shifts, small and big, had
occurred. Following the concept that these shifts in
vegetation was brought about by climate followed by
biotic and edaphic factors, the pollen diagram
plotted from Kakathope has been phased under four
heads, as given below:

Phase I (between 40,000-35,000 years BP)

Poaceae, Cyperaceae, Che
nopodiaceae, Caryophyl
laceae, Urt icaceae, Lil iaceae,

Four soil profiles, one each from Kakathope,
Rees-Croner, Colgrain, Pykara and Sandynallah have
been palynologically investigated. In addition, a
number of surface samples from Colgrain have been
analysed. Kakathope, the reclaimed swamp area now
transformed into the State Potato Seed Farm, situated
about 6 km northwest of Udhagamandalam
(Ootacamund) city, at an altitude of 2,500 m a.s.l.
(Iat. 11°36' N, long. 76°52' E). Kakathope swamp
comprises an area of about 25 acres in a flat,

During this phase, the vegetation chiefly
consisted of herbaceous elements with shrubs as co
dominant and a few scattered trees indicating an
open shrub savanna. The taxa characteristic of this
phase are as follows:
Dominant
(Herbs)
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Phase III (between 15,000-7,000 years BP)

Ul1icaceae, Caryophyllaceae,
Apiaceae, Chenopodiaceae,
Poaceae, Celltiana, Por·
tulaca,Justicia, Campanula,
Plantago, Artemisia, etc.
Ferns
Aquatics

(Herbs)

Phase IV (between 7,000 years BP-till date)

This phase has witnessed a decline in tree taxa.
All those tree taxa a!ongwith shrubs constituting the
closed eV'ergreen forest in the preceding phase have
slo"'''y and gradually declined ceding place to the
heath land condition. This shift in vegetation is not
wholly and directly brought about by climate.
During this phase, Illan had entered the landscape at
Kakathope and exploited the forest wealth. In recent
past, man has so ruthlesslv damaged the forest
elements that a major part of the hill tOps has
become bare and many of the forest associated
herbaceous taxa, left after forest clearance, have also
been damaged by frost and speedy chilly winds which
otherwise would not have affected these ground
cover herbs under the forest canopy.

Rees·corner, located about five km south·west of
Udhagamandalam, is smaller as compared to

Kakathope swamp. It is almost dry and inhabited by
sedges, grasses, Drosera and Fquisetum: along its
margins, thick patches of shola could be seen. The
swamp is regularly fed by sub·soil water from a
nearby water·course flOWing along its slope. It is
also being regularly cleaned by the Soil
Conservation Department and dykes have been
constructed through the swarnp for the purpose of
drainage system

One 3.30 m deep profile has been collected for
investigation (Gupta, 1971). The tOp 0.30 In

sediment is lateritic soil mixed with sand and
pebbles and, thereafter, up to 0.90 m laminated
gritty clay is present with no biomass accumulation.
Berween 0.90 to 280 m, sediments comprise clayey
organic mud. The bottom sedimenrs between 2.80 to

3.00 m are composed of clay, mixed with sand and
pebbles with no biomass.

The palynological sequence from Rees·corner is
comparable with upper part of Kakathope profile
where the establishment of closed forest came into
being. Therefore, on the basis of comparison, the
tOtal palynological sequence could be dated t,)
about 15,000 years BP. In view of the tOtal
similarities in two pollen sequences, almost the
same picture of vegetation development has
emerged from Rees·Corner.

Colgrain, located about 15 km south of
Uclhagamandalam and 5 km south of Nanjanad on

High
Low

Ferns
Aquatics

Justicia, Campanll/a, Cera·
niu 1'1'1 etc.
Malvaceae, Rutaceae,
Fabaceae, Oleaceae,
Berberis, Strobilanthes, etc.
Rhododendron and /le.'\'

Poaceae, Apiaceae, Urti·
caceae Liliaceae, Cheno·
podiaceae, Caryophyllaceae,
Asteraceae, Artemisia,
Justicia, Portulaca,
Impatiens, etc.

- Aquatics
- Ferns

High
Low

CO·dominant
(Shrubs)

Isolated
(Trees)
Sporadic
(Herbs)

In tl',is phase, arboreal \'egetation was
established indicating the formation of closed
evergreen forest. Most of the shrubby taxa which
were prevalent in the preceding phase declined
significantly. Some shrubs of savanna, such as
Berberis and Sarcococca, became rare with the onset
of forest formation. Amongst herbs, the forest
associates, like Peperomia, Impatiens, Senecio, etc.
improved proportionately. A few herbaceous
elements of open land have also been recorded. The
floristic composition of this phase is as follows:
Dominant Cordonia, naeocaJpus,
(Trees) 1::uonyrnus, flex, Rbodo·

dendron, etc.
Peperomia, Impatiens,
Senecio etc.
Rosaceae, Rutaceae, Faba·
ceae, Lonicera, Strobilan·
thes, Dipsacus, Sarcococca,
Berberis, etc.
Asteraceae, Liliaceae,

(Fore st Assoc ia ted
herbs)
Co·dominant
(Shrubs)

Sporadic

Phase II (between 35,000-15,000 years BP)

This phase is characterized by a shift in
\'egetation through gradual invasion of shrubs intO
the open land, marking an initiation of a thicket with
dominance of shrubs alongwith sporadic herbs.
Nevertheless, tree taxa continued to be isolated The
species composition of this phase is as follows:
Dominant - Oleaceae, Rutaceae,
(Sh ru bs) Fabaceae, Rosaceae,

Lonicera, Berberis, Stro
bilanthes, Dipsacus, Sarco·
cocca etc.

-Rhododendron and flex

Sporadic
(Trees)
High
Low
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Adanche Road. at an altitude of abollt 2.-1')0 m as.1.
lies ~ithin the Kundah range in Nilgiris. This area is
quite prorected :Inc! the swamp is surrounded by
patches of shola forest. The biotic pressure is mild
and not vel fatal to rhe shola planr communil:\".

A 2.')0 m deep profile has been colleered dating
back to a period of about :30,000 ;'ears BP (Gupta &
Prasad. 19M',). In addirion. surface samples procured
from within the shola and open land hal'e been
il1l'estigared in order to work out the moc!ern
pollen I'egeration relationship. The field
examination of sediments re\'eals rhat degree of
decomposition \'aries greatly: a sharp demarcation in
the lithostratigrapl1l' is seen ar 1.30 m depth The top
1.30 m sed iments comprise cia ley, organ ic mud
which is large!" 1110uldered: i[ contains high biomass
potenrial. The honom 1.20 m sedimenrs arc pale
yellow·coloured claY with fine to coarse sand and
the biomass potenria! is all11os[ negligible The rate
of sedimenration for the top and bonom sediments
is estimated 1 mm per 16 veal'S and 1 111m per sel'en
and·a·half \'ears, respecri\·el;·.

Within the framework of pollen analysis of
modern sediments, a surface sample procured from
beneath F/llya comple:-; within the shola yielded
pollen of F/llya to the extent of '2 per cent of the
[Ota I asse mb lage In the succe ss ive sa 111 pies
procured on way to open land, 1:'lIrJ'a pollen
frequency began to fall considerablv and ultimately
the pollen disappeared from sample collected in the
open land. near shola. Thus, surface sample srudy
has added to our knowledge that pollen of tree taxa
generalh' do not uniformly disperse throughout, and
hence information so perceil'ed could be utilizecl
SI!IISII siricto for the reconstruction of
palaeofloristics and its inrerpretation.

The palaeovegetation reconstructed from
Colgrain is broadly similar to Kakathope. However.
some minor differences and shift in time boundaries
obsetyed could be assigned to the local faerors
operating independently. For instance, the shrub
savanna phase has been recorded between 30,000·
2').000 ye:lrs BP at Colgrain which was berween
~0.000·:3'i,000~'ears rw at Kakathope. Similarly, Phase
11. bet\veen :3'5,000·1 ),000 years BP at Kakathope
recording the establishment of shrubby I'egetation
could be equated to Colgrain Phase II. bemreen
2').000·12,000 years BP. The Phase III at Kakathope,
between I 1),000·7,000 years BP, marking the
establi~hl11ent of closed evergreen forest,
corresponds ro the Phase 111 of Colgrain, between
12.000·2.000 years BP. The decline in shola at
Colgrain has been recorded ani)' 2,000 years BP
unlike Kakathope where decline of forest took place
much earlier around 7.000 years BP. These \'ariations

obsel\'ed in twO differenr localities are largely due to
local anthropic factor; the explOitation of forest at
Kakathope had begun for the last :.000 years BP
whereas human aerivitv starred at Colgrain only
recently and not very intensively. AnOther reason for
thiS phenological variation is that Kakathope
abounds with the hill tribes such as Badagas. KOtas.
Kurambhas, lrulas, Todas, etc.

Pykara. located about 19 km north of
lJdhagamandalam cit\' on Mysore road, lies near the
Pvkara hHlro·electric station. A 175 m deep profile
h~s bee'n investigated palynologically (i'vlenon,
(968), AS neither listhosrratigraphy nor
chronostratigraphy have been pf()\'ided, nothing
could be inferred about the nature and antiquity of
the deposits. The palynological study reflects
predominance of grasses throughout the pollen
diagram anaining 8'5 per cent of toral I-egetation in
upper hall' of the pollen diagram whereas lower half
of the diagram is dominated by Poaceae and
pteridophytes. Other taxa encountered in tbe
assemblage are herbaceous, snch as Brassicaceae,
Balsal11inaceae, Apiaceae, Asteraceae, Scrophularia
(eae. Chenopodiaceae. X)'ridaceae and Cyperaceae.
Anacardiaceae and Caprifoliaceae in this assemblage
belong ro trees and shrubs, respectively.

On comparison, Pykara pollen diagram could be
correlared with the tOp most parr of Kakathope
pollen diagram which has an estimated date of about
5,000 years BP. This period of Kakathope has been
idenrified as the phase of anthropogeniC aerivities
and rapid savannization, this is true of Pykara as
well.

Sandynallah. another reclaimed swamp area of
about -122 hectare land now transformed into the
sheep·breeding station. is situated (11 0 26' 12" N,
76 0 38'2" F: 2,200 m as.l) on right side of the Pykara
road about 70 km N\'(I from Udhagamandalam. The
indigenous vegetation is almost lacking in and
around the area, except for recently introduced frost
tolerant trees, viz., Pinus pa/ula, Acacia
mela 1'1 OXY/017, A. decllrrens, Greuil/ea robusta, etc.

One 230 III deep soil profile was pollen
analysed and dated to 30.000 ± 1,500 years BP
(Vasanthy, 1988); however, anomaly is observed in
Te"1.·figure 4 where only 2 III depth has been shown.
The cause of paUCity of palynomorphs bem'een 80 to
90 cm could have easily been determined if
lithostratigraphic column was provided along the
pollen diagram. The wrinen version under the
material and methods does nOt provide clarity as
there are two contradictory statements, "a section of
black argillaceous to silty peat was sampled to a
depi.h of 230 cm' and "from 205 to 230 cm
somewhat more arenaceous core was colleered"
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(\'asall(hy, 1988), The summarv pollen diagram from
Sandvnallah re\'eals ()\'erall predominance of
Poaceae, followed lw Asteraceae and other herhs
except they declined al .:;.:; cm depth coinciding \\'ith
the spun in s\\'amp flora, ArhorescelH taxa arc abselH
till the depth of ':;0 cm and, thereafter, the\ are
recorded in reduced \'alues, The face \'alue
inrerpretation of pollen diagram (\'asanrl1\', 1988)

could ha\'e been altered if arrempted to understand

differenrial pollen dispersal and preselyation
through the stud\' of modern surface samples, It has
been established that the arborescenr in the
sedimenrs from south Indian mOlHanes are nor
represenred to the rune they are acrualk presenr in
the foresl (Guiner. 1966; Gupta &. !'rasac\' 198':;)

The palaeofloristic picture at Sanch'nallah is
more or less similar to Kakathopc and coincides
\\'ith phase 'b' and 'c' \yhere the shrubs colonized
and shola established, respecti\'ely

PALAEOFLORISTICS OF PALNI

A 280 m deep profile from Parson's Valley has
been analysed (Blasco & Thanikaimoni, 1974) This
profile, too, does not record litho,
chronostratigraphical details, hence it is difficult to

assess the nature and time span taken for the
deposits to be laid in, I ]owe\'er, palynological
details obtained \vith \'Cry high \'alues of herbaceous
elemell(s, Poaceae being the most dominalH poinr to

open conditions, The tree 'shrub sa\'anna and forest
clemenrs are presenr in high\\' reduced \'alues and
do not exceed more than 6 per cell( and -'I per cenr,
rcspeeri\'ely, On comparison, Parson's Valley pollen
diagram corresponds to upper pan of the Kakathope
pollen diagram which goes back to about ,\000,
~,OOO veal'S BP en\'isaging a sa\'anna rvpe of
1~lndscape,

PALAEOFLORISTICS OF ANAMALAI

A number of surface samples and three soil

profiles, one each from Arumparai. Kalikam3ti and
Schichali, ha\'e been ilwestigated i\lost of the
surface samples ha\'e re\'ealed predominance of
herbaceous group of \'egetation, The arboreal
\'egetation is meage rl y represenred by taxa, like
!:laeoca rp liS, .llefiosllla, -'»'lIIplocos, Clochidioll, etc.

All the three profiles imestigated are nor more
than one meter in depth and litholog;' is clav with
pebbles in plenry, The substrarum is \'ery stiff and
docs nor permit the boring, The radiometric dates
obtained are 1,";00 vears RP at I m depth in
Kalikamati profile; Asumparai profile is dated lo 710
years RP at the deprh of 0,8 m and Schichali to 220

\'ears 8P at 060 m indicating the Late Holocene
Ileriocl. The ilwestigations ha\'e rc\'ealcd that most of
the profiles are pah'nologiclih' barren and only
sporadic pollen of some of the herbaceous taxa ha\'e
been obsen'ed \\'hich are insutlicienr for perc:'cmage
calculation The most pre\'alenr faerors \yhich inhibit
the pollen prescLyation are: (i) excessi\c occurrence
of saproph\1ic fungi which might ha\'e led to the
pollen destruction, and (ii) that they ha\'e alkaline
pH \\'hich is not fa\'ourablc for pollen preser\'ation,

PALAEOFLORISTICS OF SILENT VALLEY

Silem \'alle\' is a reselyecl forest area and the
shola is \\ell proleerccl. Due (() difficult and remore
nature of rhe terrain, a profile could nor be
collected I::lvson s\\'amp, \\'hich is deep inro the
forest, m3\' pr(wide ideal soil profile for
pah'nological purpose,

Pah'nol\)gical anahsis of se\'eral surface samples

has re\'ealed Cjuanrirati\e and Cjualirati\'e richness,
The pollen assemblage thus obtained matches with
the modern \'egeration to a greater exteiH and
records arbore scenr taxa in good freCj uency The
important taxa encounrered arc FlaeocclljJlIs,
FIIOI1,)'IIlIlS, ,Helas/onla, Palaqllilllll, flex, Jlicbelia,
Meliaceae, etc

Along the road,cuning, about six meter
scarpment profile \\'as col leered and has been dated
(() about 600 \'ears BP at 0,6 m le\'el. The sediments
are reddish,brown clay \yith plenty of sand and
pebb les The pa Iynol ogica I il1\'estiga ti on of the
samples has re\'ealccl a good pollen assemblage
mainly consisting of nonarboreal taxa, The arboreal
taxa are poorh' reprcsenrecl. This 3nomalv benveen
the surface and profile samples' pollen assemblage
as towlw the profile samples lack arboreal
\'egetation, is yet (() be worked out

DISCUSSION

The palmostratigraphic study h::ls brought out
that \'egewtion cm'er on south Indian hill lOpS had
wimessed considerable changes during the past
-10,000 vears BP, These changes were largely
conrrolled by climatic factor. except for the laSt
rhase encompaSSing a few thousand veal'S when the
biotic faC(or coupled with climatic and edaphic
factOrs played a \'iral role in tran,sforming the forest
cO\er into open land and in bringing about
savannization (<-

'The total \'ege~ion developmenr for the past
-10,000 ;'ears BP could be segregated into four
phases, Phase] is the period when only herbaceous

group of planrs predominated with sprinkling of a

,.
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few shrubs and under trees with cold and dry
climate. The lithology, being yellowish green clay
with abundance of sand and pebbles, further
supportS the view that cold climate with higher
aridity prevailed at that time. This phase spanned for
five thousand years, between 40,000-3">,000 years BP.

In the succeeding Phase II. a shift in the
vegetation through gradual il1\'asion of shrubs into
the open land took place-a step towards initiation
of forest The lithology of this phase is largely
composed of organic mud with high biomass
accumulation and less clay and sand. This shift in the
palaeofloristics is believed to have been brought
about by amelioration in temperature, increase in
precipitation and humidiry, as compared to the
preceding phase. This phase lasted between 35,000
15.000 years BP. Phase III is quite important as it was
a period for the establishment of closed, evergreen
forest In addition, all the forest associated herbs
were present in their maxima and this phase
continued for about 8,000 years indicating the
period of maximum warmth with much higher
precipitation and humidity than the preceding
phase.

Phase IV has different time spans at different
places, ranging from 7,000 years BP at Kakathope, 5
7,000 years BP at Pykara and Parson's Valley, and
2,000 years BP at Colgrain This phase marks the
decline of closed evergreen shola, its confinement
to the protected moist depressions, loss of power of
co]onising open areas and in ultimate case the tOlal
savannization of the land. This phase is largely
governed by consistent efforts and magnitude of
man's activities to meet the hunger of pasture-land
and farm-land. The recurrence of fire to obtain ne\\.
tender grass for livestock, has forced the shola plant
community to restrict to its present pOsition. The
uninterrupted biotic pressure over the forest has
changed the climatic conditions as well. As a result
the speedy chilling winds coupled with frost have
become effective in not providing the conditions
conducive to the spread of shota.

As to the current burning problem regarding the
~tatus of shola /Jis-a-uis grassland, we now have
enough data base to say that shrub savanna was the
pioneer plant community on south Indian hills
under the cold and dty climatic regime. With the
amelioration in temperature and increase in
precipitation, shola constituents invaded the
grasslan.d and established around 15,000 years SP. In
the last phase, with increasing human needs, the
closed evergreen forest came under heavy pressure
and most of the landscape was transformed into the
shrub savanna again. Under this type of vegetation
cycle, in which open conditions are the ultimate

result, it may be suggested that the shrub savanna be
designated as climatic climax plant community and
the shola as a sub-climax.

FUTURE

From the foregoing account, it has been
observed that how the vegetational development
during last 40,000 years BP took place under various
controlling factors. It has also been worked out that
at times shola was established and thereafter
declined in the areal extent: the biotic factor has
been identified as the main reason for destrUCtion of
shob forest ceding place to savannization in the
near past

There are two main factors operating
concurrently in the south Indian hill tops: (i)
destruction of shola, clearing the land by way of
felling the trees and repeated fires. and (ii)
afforestation of the bare land with exotic plants,
such as ellcalyptii, acacias, teak. cinchona. coffee,
etc. These factors are effeCti\-ely operating and are
chiefly controlled by man.

The pernicious practice of felling trees and fire
promote the formation of shrub savanna. It has also
been revealed by palynological investigation that
forest got transformed into the shrub savanna with
the advent of man into the landscape around 7,000
years BP. If the process of felling of trees and fire are
intensified then shrub savanna gets converted into
the herbland. Coupled with plantation of exotic
trees, they exhaust the surface soil-moisture because
of excessive evapo-transpiration. It is believed that
the FucaMJlllS tree absorbs large amoulll of sub-soil
water, several times higher than indigenous trees,
though experiments on the water uptake of
FlIca~)JjJI/ls spp. are still in progress. Reduction of
soil moisture, making the soil dly and winds to blow
at a fast rate, help the erosion of lOp soil. Thereafter,
degradation of rocks takes place making them
denuded preventing the vegetation to colonize.
These conditions playa havoc in extermination of
shola from their homeland, disbalancing the
ecosystem.

Palynology has been instrumental in unfolding
the facts that shola species are not regenerating
under adverse conditions and therefore, a
phenomenal reduction in their areal extent is
recorded. In vie\';\! of the past and present fealUres of
the evolution of vegetation it had been suggested
that the shola be considered as a living fossil plant
community which. in due course of time may vanish
and become extinct (Vishnu-Mime & Gupta. 1968,
1971 ).

Keeping in view of wide spread herbland, one
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ought to think about future of the shola ecology as
to how shola woods could spread into herb land and
overcome acacias and eucalyptii. The continued
exotic plantation and fast expanding grassland
clubbed with the hunger for pastoral and arable
lands will tend further shola destruerion.

For the restoration of shola ecology and proper
management of the montane environment. the first
step to be taken is to reduce the biOtic pressure and
put a check over unplanned development. \\lays and
means have to be found to regenerate shola species
in the areas now covered by herbs, grasses and
plantation. The slow but continuous process of plant
succession has to pave the way for a thorough
restitution of shola community which under the
existing conditions is on its way to extinction like
the Dodo or the Dinosaur.
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Correlation between pollen spectra and vegetation of
Chhota Shigri Glacier in Himachal Pradesh, India

S. K. Bera & H. P. Gupta

Bera. S. K. &. Gupta. H. 1'. 1990. Correlation bel ween pollen spectra and vegetation of Chhola Shigri Glacier in
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PalaeobotCillist 38 : ~ O~·"; 10.

Pollen analysis of modern surface samples and glacial deposils, collected from Chhota Shigri Glacier at
differenr altitudes. ranging between ".7'i0 10 'i.010 m, ha.<; been carried out to understand the pollen/vegetation
relationship. The study reflecls predominance of extra· regional arboreals over local non·arboreal taxa.

Key-words-Palvnulug\', \egetalion. Chhota Shigri Glacier. Himachal Pradesh (lndia).
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NO PALYNOLOGICAL work has been done so far on
Chhota Shigri Glacier. Nevertheless, a preliminary
attempt has been made [0 study seismOlectonics and
geomorphology of [he area by W]HG, Dehradun
during the years 1984-86 (Personal Communication).
Recently a multidisciplinarv research project on
ChhOta Shigri Glacier has been sponsored by the
Department of Science and Technology, New Delhi
wherein ] '5 various research organisations in India
have participated. Consequently, an expedition to
Chhota Shigri Glacier was organised from June
AuguSt, 1987, and one of us (SKB) participated in it.
In the first phase, palynology of the modern surface
samples has been undertaken. The study of glacier
dust and Quaternary sediments are to be taken up in
the subsequent phases.

The area covered in this study is situated at
about 2:5 km south of Chhotadara R~St House along
the old Manali·Kaza road and 98 km away from
Manali (Lat. 32°13.5' to 32°16.5', Long. 7r31' to

7r 32') in [he Lahul and Spiti districts, Himachal
Pradesh (Map 1). The area lies above the tree·line
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glacier streams, ri\'er terraces, moraines and
rockscrees. As a rule, glacier surfaces are generally
de\'oid of any biOta.

During the expedition it was observed that the
plants are coloniz.ed either in the open flats near the
river terraces or on moraines/rockscrees. A
systematic collection of the following season's
plants \yas also made:

Opell jlCltS near rh'er terraces-The
characteristic herbaceous plants of this habitat
comprise Potentilla rigida, P. .!"tgans, Rllhlls nlltalls
(Rosaceae); Anemone ril'lIlaris, Delpbinilil/l
hrllilonialillm, D. denlidatlil/l (Ranunculaceae);
Corydalis coowta (Papaveraceae); Prim lila reidii,
AndrosC!ce lanllginosa (Primulaceae),. Gerallilill/
wallicbianC! (Geraniaceae); Impatiens gigalltea
(Balsa m inaceae ),. Tri.!Olill m repe ns (FalJaceae);
Saxtfraga diuerslJolia (Saxifragaceae); Buptellmm
bimalayensis (Apiaceae); SallsSlirea gossypipbora,
Solidago uirga·allrea (Asteraceae),. Pediclilaris
bojjmeisteri (Seraph ulariaceae); Polygoll u m
nepalense (Polygonaceae); '/linclis bimalensis
(juncaceae); Grasses are dominated by Agrostis
mllnroona, A. neruosa, Descbampsia caespitosa,
Phlell711 alpinllm, Trisetllm scitulum. Sedges are
represented by Carex alpina, C. crllciata, C. setigera,
etc.

/vloraines and rockscrees-The plant taxa
growing in this habitat are Anemone riuularis
(Ranunculaceae),. Draha sp. (Brassicaceae),.
Saxijraga sp., Su'ertia sp. (Gentianaceae);
Meconopsis ac IIleata (Papa veraceae); Astragalus sp.
(Fabaceae); Primlila reidii (Primulaceae); Anapbalis
tnjJlinerlls; Erigeron alpinlls (A'iteraceae); Allium sp
(Liliaceae), etc.

MATERIAL AND METHOD

In aiL 12 moss cushions \vere collected from the
\'icinitY of glacier at an intei\'al of about 100 m each
in a traverse ranging bet,veen 3,7')0 to 4,020 m
ele\'ation approaching glacier snout. Three water
samples from glacier nala, seven snow samples from
glacier bed starting from 4,050 m a.s.L (near snout)
to 4,8')0 m asL near accumulation zone, four
samples from lateral moraine deposits at 4,5')0, 4,')70
and 4,650 m ele\'ation, t\\lO ice samples from a well
stratified hanging glacier with two distinct zones at
\010 m near accumulation zone, been collected for
pollen analysis. All the surface samples were
chemically' processed following the standard
technique for extraction of palynofossils (Erdtman.
1943)

A sum of 1')0·300 arboreal and non·arboreal
pollen were counted in each sample. Percentages
were calculated in terms of total land plants pollen.
Relative frequencies for pollen and spores were
plotted separately. Because of the insufficient
carbon contents in the moraine samples, the
absolute dating could not be feasible

POLLEN SPECTRA

The results obtained from all the surface
samples, viz., moss cushions, glacier nala water,
snow and moraines, have been plotted separatelv in
order to present a collective and comparative picture
of the data (Text-fig. 3)

/Vloss cushion-Pollen spectra of moss cushions
reveal an overall dominance of arboreal pollen
except for sample no. ]2 located near glacier snout

-
(All figures, x ')00)

J. Cedrus deodara

2. Fiuus iI'al/iehiana

3. Fieea smiliJiana

4. Abies pindrali'

'). POlyg011Ul/1 p/ebelum

6. .Iug/ans regia
•. fjelula Ii/ills

x. Pol\'gonaceae
9. Ranunculaceae

10. Alnus sp.
J 1. Poaceae
12. Car\'ophyllaceae
13. Brassicaceae
J -'I. Cyperaceae

PLATE 1

1'). Rosaceae
]6. Asteraceae
17 FpiJedra sp.
Ix. Trilete spore
J9. Trilete spore
20. Monolete spore

21. 2x. Allernaria sp .
22. Fungal spore, Type·]
23 Fungal spore. Type 2
24. Fungal spore. T\'pe-3
2'). CUrl'u/aria sp.

26. 29. Telrap/oa sp.
2'7 He/minlbosporiurn sp.

30. 3 J. Melosira sp.
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wh ich depicts higher values for non -arboreals. The

arboreals are present to the tune of 85 per cent of
the rota I vegetation. Amongst arborea Is Pin liS

lI'a//icbiana records highest value (62%), whereas
other taxa, such as Cedrus (7.6%), Abies (8.7%),
Quercus (6%), BetuLa (5%), are present in
moderately good values. The other associates, like
CClJpinus, COlylus, .Iuglans, l:phedra and ViburnulJl
are either poor or sporadic.

The ground vegetation is meagre as compared
to the arborescent vegetation. Poaceae has the
highest value ( \7%) followed by Cyperaceae ( 10% ),
Rosaceae, Primulaceae (6% each) and Cheno/Ams.
0%) Other taxa present sporadically are
Caryophyllaceae, Artemisia, SaxtJraga , MecoJ1opsis,
Scrophulariaceae and Gentianaceae.

Monolete and trilete fern spores are a-Iso present
in good frequencies maintaining 8 per cent and 4
per cem, respectively. Fungal spores are also
recorded which maintain 8 per cent of the tOtal
value.

Glacier naLa water-The poJ len spectrum
obtained from glacier nala water samples reflects an
O\'erall dominance of arboreal pollen The pine
pollen, amongst arboreals, attain a summit (6",%)
followed by Cedrus (5%), Qllf:!rcus (8%), .IuglallS,
Alnus, Betllla, Fpbedra which are either sporadic or
absent. The ground vegetation is much lowlv
represented than the arborescent vegetation. The
highest value is attained by Poaceae (12%), followed
by Cyperaceae and Rosaceae (5% each). Other
elements, such as Asteraceae, Cheno/Ams.,
Primulaceae, are present under 4.5 per cent each;
Ranunculaceae has stray occurrence. Monolete and

trilete spores are also present in low \alues 0%
each I. Fungal spores maintain 4 per cent of the tOtal
values and a few algal filaments have also been
recorded.

SnOll' surJace-The pollen spectra obta ined
from snow surface samples depict an overall
dominance of arboreal pollen over non-arboreals.
Amongst arboreals, Pinus wallicbiClJla predominates
attaining a ~'.Immit of 57 per cent of the total \'alues,
whereas other taxa such as Cedrus deodara (\0%),

Quercus (7%), Alnus (6%), Betula (5%), Abies
pindroul (2%), and tpbedra (2%) are present in
moderately good values

The ground vegetation is represented bv low
value of Poaceae (14%) followed by Asteraceae,
PrimuJaceae, Cyperaceae, Art,emisia, Rosaceae
Cheno/Ams. and Ranunculaceae. Among fern spores,
monoletes maintain 8 per cent and triletes 4 per
cent. Fungal spores are recovered in higher
frequency and algal remains have stray occurrence.

Moraine samples-Pollen spectra obtained from

moraine samples reveal the dominance of arboreals
o\'er non-arboreals. Amongst arboreals, Pinus
u'allichiana records highest \'aiue at --19'1 per cent,
whereas Other taxa such as Cedrus (9%), ALnus (6%1,
Betula (5%), Quercus (3%), Ficea, Ab'ies and
l:phedra (2% each), are present in moderate values
Other associates, like .Iuglalls and l/ibuI'IIU11l, have
stray occurrence. The ground \'egetation is poor as
compared to the tree taxa. Amongst non·arboreals,
Poaceae attains the highest \alue (7%) followed by
Primulaceae and Scrophulariaceae (-'1% each),
Ranunculaceae, Rosaceae 0% each), Polygonaceae,
Saxzfraga, Cheno Ams (under 2'l() each l. Other

associates I ike Caryophyllaceae, Asteraceae,
,Vleco1'lopsis and Gentianaceae have stray occurrence.
Among fern spores, monoletes and triletes maintain
6 per cent and 3 per cent values, respectively. Fungal
spores are present in moderately good values. Algal
remains are also recovered from the samples.

GLacier ice sampLe-The pollen spectra obtained
from glacier ice reveal the dominance of arboreals
attaining 83 per cent of the total vegetation. Amongst
arboreals, Pinus waLLicIJiana records highest \'alue
(7\ %), whereas other taxa such as Quercus (-1%),
ALnllS 0%), Cedms (2%) and Abies 0%), are present
in moderate values. The herbage is considerably
reduced as compared to the arboreals. Amongst non
arboreals, Poaceae 0%), Cheno/Ams. (2%),
Ranunculaceae and Scrophulariaceae (under 2%
each) are present in low values. The other associates
like Caryophyllaceae, Primulaceae and ferns, are
sporadically present. fungal spores are higher than
in other samples.

DISCUSSION AND CONCLUSION

The evaluation of all the pollen spectra
indiVidually and collectively has deduced an o\'erall
dominance of arboreal taxa. The picture thus
obtained from the pollen spectra does not portray
the true regional or local vegetation rather abounds
with extra·regional vegetation. The conifer woods
predominated by Pinus [l'aLLicbiana, Picea, Abies and
Cedms in the speCtra, do not grO\v in and around the
glacier; instead they are mostly confined to the
subalpine/apline belt of climatic zone Never

theJess, the Hohtang Range, far off from Chhota
Shigri Glacier, is inhabited with coniferous forest

Well represented ·Pinus wallicbiarza pollen (2')
71%) in all surface samples (maximum in ice sample
at 'i,010 m) appear to have been derived from the
temperate and subalpine regions alongwith Cedms
deodara, Abies pindroU', Picea smitbiana, Querclls.
Corylus, Alnlls and Betllia through upthermic winds.
However, presence of Quercus pollen in low \'alue
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in all the samples needs to be reinvestigated in view
of its relatively low pollen production and c1eficiem
buoyancy.

Moderately high values of Poaceae together with
overall dominance of arboreals are suggestive to have
deri\'ed from the local flora with vast stretches of
open land. On the comrary, the conifers are derived
from extra-regional zones.

Other non-arboreals, like Ranunculaceae,
Primulaceae, Asteraceae, Rosaceae, Poaceae and
Caryophyllaceae, are considered to be either local,

regional or ubiquitous. The fluctuations in the
values of non-arboreals could be taken as reference
to decipher the microclimatic changes, whereas the
arboreals have been considered for macroclimatic
interpretation.
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Growth and climate relationship
from Joshimath, Uttar

in Cedrus
Pradesh

deodara

A. Bhattacharyya & R. R. Yada\'

Bhanacharvya. A & Yadav. R. R. 1990. Growth and climate relationship in Cedrus deodara fromjoshimath. Uttar
Pradesh In: .lain, K. P. & Tiwari, R. S. (eds )-Proc Symp. 'Vistas in Indian Palaeobotany', Paiaeobolanist3S : 411
414.

Tree·ring analysis of 12 cores of Cedrus deodara colleCted from joshimalh, Unar Pradesh has shown clear
annual rings with year [() year high variability The statistics of tree ring data exhibits mean sensitivity 0.317,
standard deviation 033 and first order auto·correlation 0312 indicating suitability for climatic analysis. Response
funclion analysis reveals lhal the gro\vrh of this tree is inversely related to the maximum temperature of previous
summer (.July, August and September) and the current summer. but directly related with precipitation of iVlarch,
April, july and August of the currem year.

Key-wards-Dendrochronology, Dendroclimatology, Cedrus deodara, Himalaya (India)

A Bballacbaryya & R. R. Yadav, Birbal Salmi Institllte of Palaeobotany, 53 University Road, Llicknou' 226007,
India.
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IN India, besides the temperate trees, about 25 per
cent of the tropical trees are also known to produce
gwwth rings, though these are formed annually or
not is uncertain (Chowdhury, 1964). The formation
of an annual ring is controlled by various
environmental factors during and prior to the
growing season. With the rapid advancement of tree
ring science it is now possible to understand which
climatic variables are significantly involved in tree
growth through a type of multivqriate statistical
analysis known as Response Function (Fritts, 1976).
Here we have discussed the climate relationship
with the growth of Cedrus deodara considering the
available data on phenology and environmental
variables regulating physiological activity. Phenology
of this tree has been studied in detail by Troup
(921) and Maheshwari and Biswas (970) but their

publications hardly provide information on the
effect of various environmental variables on various
physiological activities of this tree.

The utility of tree ring study in India has so far
been to determine the productivity of a tree and a
site. Science of dendrochronology has recently been
introduced in India. Recent researches emphaSize
the selection of suitable sites and conifer species for
climatic reconstruction (Pant & Borgaonkar, 1984;
Ramesh et at., 1985; Hughes & Davies, 1987;
Bhattacharyya e( al., 1988). In contrast to conifers,
the broad leaved taxa are less explored. They
constitute a major part of the Indian forest but their
potentiality in dendroclimatic analyses are yet to be
established. Many of these trees producing growth
rings have large number of false, missing and
anastomosing rings which make them difficult or

411
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• SAMPLING SIT E

UTTARKASHI

\
TEHRI

519

5163%

12
1917·\98',
1.466

1806·1987

0312
0330
0317

Chronology statistics
Time range

First order autocorrelation
Standard deviation
Mean senSitivity

Analysis of variance
Common variance % Y
Cross correlation
lvlean correlation between trees

Table I-Sample and chronology statistics of Deodar,
Joshimath, V.P.

Number of tree cores
Time span of analysis
Mean ring width

e8
I

o
BAORINATH

79'
I

NANOAOEVlo

'" TISE T •
~ 31-.GANGOTRI K-;M~

NITI

\
MALARI

HARSIL
YAMNOTRI.

SCAlE

Text·figure 1-Map showing the site of samples collection.

impossible to date (Yadav & Bhattacha1)ya, 1988).
So far, only Tectona grandis has been found to have
the potential for the reconstruction of precipitation
from Thane, Maharashtra (Pant & Borgaonkar, 1983;
Ramesh et aI., 1989).

The cores of Cedrus deodara have been
collected from the village Tolma (30' 31' N : 79'
45' E) in Dhauli Valley near ]oshimath (Text·fig 1)
at elevation ranging from 1,800 to 2,400 m. It
remains covered with dry temperate conifer mixed
broad leaved taxa with Cedrus deodara as its
dominant constituent. Other associated taxa are
junzperus macropoda and Quercus ilex at its lower
level and Pinus wallichiana at the higher lev·e!.
Cores were taken at about breast height of trees
through increment corer of 40 cm in length.
Generally two increment cores per tree in opposite
directions were collected except in a few cases only
one core from one side of the trunk was taken where
the other side was difficult to approach due to steep
slope

The samples were processed and growth rings
were elated to the calendar year of their formation
using skeleton plot method (Stokes & Smiley, ] 968).
Most of the samples are dated between 1806·]987
except few which go back to around 1287 A.D. The
ring widths of dated samples were measured by
using Bannister tree ring measuring machine. The
data analysis has been done only on 12 cores for the
period of 1917·1985 which have common time
range.

The chronology considered suitable for climatic
analysis should have low first order auto·correlation,
high standard deviation and high mean sensitivity
(Fritts & Shatz, 1975). The studied chronology of
Cedrus deodara exhibits first order auto-correlation
0.312, standard deviation 0.330 and mean sensitivity
0.317. The analysis of variance of the standari zed
data for the period 1917-1985 indicates a common
variance of 51.63 and mean correIa tion between
trees 0.519 (Table 1). These features clearly indicate
the suitability of it for climatic analyses.

RESPONSE fUN(.TION OF MAXI....UM TEMPERATURE RESPONSE FUNCTION ANALYSIS
·0.5

.0.4

Response function analysis was computed for C.
deodara utilizing the computer programme

l
1

·0.1

-O.l

-(U

.0.1

·0.3

.0.2

·0.5

.0.

LAG·1

L

J4S0NOJFMA1-4JJASO

.Q2

·0.3

-02

.0.1

-0.

-0.1

-Q~

.0.3

Text-figure 2-Response function plot against maximum
temperature from July of the previous year to OCLOber of
the current year.

- 0.4 ~ J .. SON 0 J F "" A lot J J ... S 0 LAC;· 1

Text-figure 3-Response function plot against precipitation
from .Iuly of the previous year to October of the current year.
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'W'
o
wo J 0 CEDE. C~DRUS DEDDARA

)01090 1900 1080GO 7050)0 <01810 10
y( ARS

;;

~ I DROu~HT Y(AR5 •
u

Text-figure 4-Chronology or Deodar showing matching with drought vears and luw ring width indices.

'Respons' of Tree Ring Research Labora(Ory, Tucson,
USA. Climatic data of monthly mean maximum
temperature and (Otal average monthly precipitation
extending from 1920 (0 1976 A.D. are used from
Joshimath which is the nearest meteorological
station from the sampling site. Sixteen values each of
temperature and precipitation beginning from July
(0 December of prior year and January (0 Oerober of
current year along with ring width indices for one
year prior to current ring year were used as variables.
Later has been used to measure the effect of
previous growth on current growth. The response
function plot for both maximum temperature and
average monthly precipitation has been shown in
Text·figures 2 and 3.

A posi tive correlation has been observed
between ring width (growth) and maximum
temperature during October·November of prior year
and October of the current year but a inverse
relationship exists during summer, both prior and
current years Ouly, August and September of prior
year and April, May and June of current year). ThIs
positive relationship might be due to continued
higher photosynthetic activity during the later par! of
the growing period with the increasing temperature.
The inverse relationship during summer is perhaps
the result of enhanced evapo·transpiration causing
water stress at higher temperature.

With precipitation, high growth has been
observed during September, October and November
of the prior year and also with March, April, July and
AuguSt of current year. The existence of enough soil
moisture due (0 high preCipitation during the end of
the growing season of the prior year and the
beginning of the growing season of the current year
promotes photosynthetic activity. This increased
photosynthate enhances initiation of the cambial
activity during March and April. The precipitation
during summer reduces evapo-transpiration
resulting an increase in the pho(Osynthetic actiVity.
However, inverse relationship during September and
Oc(Ober might be due to low temperature associated
with increased precipitation. The low temperature

may also reduce the ability of roots to absorb water
and nutrients from the soil.

CONCLUSION

The response function of C. deodara grOWing
near Joshimath in Uuar Pradesh Himalaya indicates
that growth exhibits an inverse relationship with
summer temperature but a positive relationship
exists with precipitation during both summer and
winter. These climatic variables seem (0 be
potentially reconstructable by tree ring analysis. A
cross matching observed between most of the
recorded drought years and low ring width indices
(Text-fig. 4) suggests that the tree ring chronology
seems to have great potential in the reconstruction
of drought from the western Himalayan region.
Some trees of C. deodara have been dated over 700
years old from this region, which indicate the
possibility of a long term climatic reconstruction.
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