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Most of the palynozonation schemes so far proposed for the Gondwana Sequence of India are based on

quantitative representation of spore-pollen genera. These proposals have limited value for interbasinal correlation.
The present synthesis deals with a model for species-based stratigraphy. Palynologically well studied Permian and
Triassic sequences in the Damodar Graben and Permian, Triassic and Cretaceous sequences in the adjacent
Rajmahal Basin have been taken as key regions to establish the zonation scheme. Based on the FADs and LADs and
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reorganisation of this data through computer has also resulted into the identification of thirty Species Acme-Zones.
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THE study of spores and pollen, dispersed in the
Gondwana Sequence of India, dates back to
nineteen-thirties (Virkki, 1937). During the last five
decades enormous data has been generated on
morphotaxonomy and palynostratigraphy
(Venkatachala & Kar, 1970; Venkatachala et al, 1972;
Venkatachala, 1974; Lele, 1974; Tiwari, 1974a, b;
Maheshwari er al, 1978; Maheshwari & Jana, 1988;
Tiwari & Tripathi, 1988). Identification of distinctive
organizations and exine characters in spores and
pollen has established the identity of Gondwana
palynoflora (Tiwari & Vijaya, 1988). However, it is
evident that the splitter syndrome in morphological
delineation of species has resulted in the unwieldy
growth of morphotypical population. Statistically
based taxa could check this explosion. The former

approach, to some extent, has added subjectivity to
the application of palyno-species in stratigraphy.
For Indian Gondwana Sequence, the collage of
distribution patterns of palynotaxa in temporal
dimension had been proposed from time to time
(Bharadwaj, 1970; Venkatachala, 1972, 1974;
Chandra & Lele, 1980; Tiwari & Tripathi, 1988), but
most of these zonation schemes are genus-based.
These proposals had their importance in
deciphering the increasing diversity and totality of
vegetational changes through time. The epiboles of
supra-specific taxa and the assembly of total
constituents in palynoflora are bimodal expressions,
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the former representing an acme-zone and the latter
an assemblage-zone. Such syntheses had their
utmost value in depicting the changing
palynological compositions through time and
implicitly in stratigraphy. Nevertheless, the existing
schemes in India have their limitations because the
importance of percentage frequency of supra-
specific taxa has been over-emphasized as a
stratigraphic narameter. Such numerical abundance
could have an ecological bias. So also, the generic
assemblage-zones generally formulated for Indian
stratigraphy could be useful as an environmental
indicators but their value for inter-basinal
correlations is limited. So far no effective analysis of
spatial behaviour of these taxa has been attempted.
Therefore application of generic epiboles as well as
generic assemblages in stratigraphy needs a
concerted effort for refinement.

The present attempt is a synthesis designed
towards achieving species-based stratigraphy of the
Indian Gondwana. This palynological model deals
with the well-studied profiles of the Permian and
Lower Triassic sequences of Damodar Graben for
plotting the species occurrences, and the Upper
Gondwana data from the adjacent Rajmahal Basin
has been added to complete the span of time up 10
Lower Cretaceous. For comparative assessment of
palynozones, the Mesozoic data from marine-tagged
sequences of Kachchh, Rajasthan and Cauvery Basin
have also been taken into account. The materials
taken for the synthesis are listed in Table 1.
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DATABASE

The basal datum for Gondwana Sequence is the
classical Talchir Formation with marine fauna
comprising eurydesma-productus-connularia groups.
These glacial and fluvio-glacial deposits are dated as
Early Permian (Asselian; Sastry et al, 1977). The
megaplant assemblage and the palynoflora support a
Permian affinity rather than the Carbo-Permian
aspect for the Talchir Formation (Venkatachala &
Tiwari, 1988).

The history of the subsequent sequence is well
documented in the thick series of terrestrial,
fluviatile and lacustrine sediments (about 7 km in
thickness) which span from Early Permian to the end
of Early Cretaceous. The Glossopteris flora
dominates the scene during the Permian Period. It
declines considerably at the Permo-Triassic
boundary wherein a new flora, viz., the Dicrdidium
flora, makes its appearance. The latter datum has
been identified at the Raniganj-Panchet
interformational boundary. This conclusion is
supported by estheriids and palyno-stratigraphic
studies (Ghosh er al, 1988; Tiwari & Vijaya, 1992).
The flora, fauna and lithology have been the major
parameters for defining the stratigraphic units of the
Mesozoic. Recent K-Ar dates (105 S Ma) for the
Rajmahal traps have provided an anchor line of
Aptian-Albian age (McDougall & McElhinny, 1970;
Agrawal & Rama, 1976; Baksi er al, 1987). This
necessitated a revision of the earlier views. The

Table 1—The detalls of profiles/outcrops considered as database for the present study (also see Map 1)

HORIZON COALFIELD/AREA SECTION/BORE HOLE REFERENCES
Talchir West Bokaro Dudhi River Section Lele, 1975
Coalfield, Bihar

Talchir Hutar Coalfield, Bihar Section in Deori Nala, Koel River, Lele & Shukla, 1980
Behra Nala, Saphi Nala, Jhapidhora Nala

Talchir Jayanti Coalfield, Bihar Section in Patharjore Nala Lele & Karim, 1971

Talchir Jayanti Coalfield, Bihar Patharjore Nala section, Barisari Village Lele & Makada, 1972

Talchir Giridih Coalfield, Bihar Suknid River, Karharbari Village Lele, 1966

Talchir Jayanti Coalfield, Bihar Section in tributary of Lele & Makada, 1974
Patharjore Nala, Misra Village

Karharbari Banskupi Colliery samples

Karharbari W. Raniganj Coalfield, Bihar  Sections along Sonbad Nala, Pusai Nala and Tiwari, 1973b

Barakar Khudia Nala, Pusai Shampur area

Karharbari Auranga Coalfield, Bihar Section in Gowa Nala, Gowa Village Lele & Srivastava, 1980

Barakar Sukri River Section, near Gurtur Village

Kulti Sukri River Section, near Rajbar Village

Raniganj Sukri River Section, near Tubed Village

Karharbari Giridih Coalfield, Bihar Colliery samples and stream cuttings Maithy, 1965

Barakar West Bokaro Coalfield, Bihar Colliery samples Tiwari, 1965

Barakar North Karanpura Coalfield, Section in rivulet, at Badam Village Venkatachala & Kar, 19682

Bihar

Barakar Section in rivulet, near Pukra-Buruadeeh Venkatachala & Kar, 1968c
Colliery, Lungatoo

Barakar South Karanpura Coalfield, Colliery samples Bharadwaj & Dwivedi, 1981

Bihar

Contd.
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Table 1—Contd.
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HORIZON

COALFIELD/AREA

SECTION/BORE HOLE

REFERENCES

Barakar

Kulti Ranigani
Panchet
Kulti Raniganj

Panchet Mahadeva

Kulti
Kulti
Raniganj

Raniganj
Raniganj

Raniganj

Raniganj Panchet
Raniganj Panchet

Panchet Mahadeva

Panchet

Raniganj
Raniganj
Panchet

Panchet
Panchet
Panchet

Dubrajpur
Rajmahal
Rajmahal
Rajmahal
Lathi

Jaisalmer

Lathi

Jaisalmer
Jhurio Jhamara
Jhuran Bhuj
Jhuran

Bhuj

Pachwara Coalfield, Bihar

E. Ranjganj Coalfield,
West Bengal
E. Raniganj Coalfield,
West Bengal

Jharia Coalfield, Bihar

North Karanpura Coalfield,
Bihar

W. Raniganj Coalfield,
Bihar

North Karanpura Coalfield,
Bihar

E. Raniganj Coalfield,
West Bengal
E. Raniganj Coalfield,
West Bengal

East Bokaro Coalfield,
Bihar

Brahmani Coalfield, Bihar
Pachwara Coalfield, Bihar
Raniganj Coalfield,

West Bengal

Raniganj Coalfield, West
Bengal

Auranga Coalfield, Bihar

Rajmahal Basin, Bihar

Rajasthan

Rajasthan
Kachchh
Kachchh
Kachchh

Kachchh

Exposures along Bansloi River, near Bargo
and Alubera, Bansoli Valley

B.H. RNM3 (23°35745” : 87°13755"),

up to 930.00 m, Burdwan District
B.HRNM2 (23°35730” : 87°12730"),

up to 657.00 m, Burdwan District
B.N.RNM4 (23°34°30” : 87°13°03"),

up to 107-135 m depth, Burdwan District
B.HJKS (23°44°86"; 2928"), 3,926 fi.
deep, Dhanbad

B.H K5, 337.30 m deep, Baral-Raniganj-
Kevendai area, Hazaribagh District
Colliery samples

B.HK2,352.57 m deep,

Raniganj-Kavendai area, Hazaribagh District
Section in river running across

Lungatoo, Bukragaon Village

B.H. NCRD 660.00-352.40 m depth in
Disergarh, Asansol Region

Section in a tributary of Damodar River,
near Saturbandh Village

B.H.RD1, 532.48-600.58 m depth,

near Durgapur, Burdwan District

Maheshwari, 1967
Rana & Tiwari, 1980

Tiwari & Rana, 1984

Kar, 1968a
Kar, 1969a
Bharadwaj, 1962

Bharadwaj & Salujha, 1964, 1965
Kar, 1969b

Kar, 1968b
Bharadwaj & Tiwari, 1977

Tiwari & Rana, 1981

Dhardharia Nala Section, West of Jurwa Village

Road section, Chaipani Village

Bansloi River section, near Tattitola Village
B.H.RE9Q (23°40" : 87°20")

31.00-84.05 m deep, in Laudoha area
Section along north western branch of
Nonia Nala, Burdwan District

Section at Junction of Junat and
Damodar River

Sukri River Section, 0.8 km from Kaima
and 1.6 km South-west of Tubed
B.H.RJR2, 884.25 m deep,

near Kazigaon

Section exposed at Sakrigali Ghat and Basko

Well Section near Mandro

Well near Jaisalmer (26°54730”;
70°57°007), 1,257 fi deep

Well near Barragoan (26°51°30” :
70°11°007), 965 ft deep

Well at Chhor Village (11°9°9” : 27°45°49"),
Jaisalmer District

B.H. in Banni South of Paccham Island,
618.00-1,760 mm depth

Pur River and Khari River Section,

near Bhuj

Pur River Section, near Trambau;

Pat Section, near Bhuj

Section exposed in a pond, near
Dayapar Village

Tiwari & Tripathi, 1984

Mandal & Maithy, 1981

Kar, 1970

Maheshwari & Banerji, 1975
Banerji & Maheshwari, 1975
Banerji & Maheshwari, 1977
Tripathi, Tiwari & Kumar, 1990
Sah & Jain, 1965

Maheshwari & Jana, 1983
Srivastava, 1966

Lukose, 1972

Koshal, 1975

Venkatachala, Kar & Raza, 1969
Venkatachala, 1969

Venkatachala & Kar, 1972

¥

absence of Jurassic sediments from most of the
terrestrial Gondwana has been advocated (Datta,

Mitra & Bandyopadhaya, 1983).

The basic units of stratigraphy in the Indian
Gondwana were initially identified on the basis of
distinctive lithology, rich floras and sporadic faunas

tent

(Sastry et al, 1977). In due course of time the
biostratigraphic zones were identified and consis-
efforts were made 1o
lithostratigraphic units, particularly in the Lower
Permian. However, in the younger sequence, the
megafloral assemblages exercised main control for

tag them with
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Map 1—Map of India showing various basins from where data has been incorporated for the present study. 1, Damodar; 2, Koel; 3,

Deogarh; 4, Rajmahal; S, Jaisalmer; 6, Kachchh; 7, Cauvery.

stratigraphy till the sixth decade of the present
century. Thereafter, palynology was employed as an
effective parameter for refining biostratigraphy.

In view of the differential history of deposition
for each graben, and because of the lack of marine
controls, chronostratigraphy on a precise
international scale could not be established with a
high degree of confidence. Nevertheless, the
biostratigraphic zones have been fairly well-defined,
some of which are regionally persistent and have
broader time connotation. The megafloral
biostratigraphy has limitations of preservation and
numerosity of specimens. Therefore, palynology is a
suitable discipline which can play a significant role
in refining the biostratigraphy and in establishing a
biochronological scheme for the Indian Gondwana.

Damodar Graben

The Raniganj, Jharia, Bokaro, Karanpura,
Auranga and Hutar basins of the main Damodar
Valley and Giridih and Jayanti basins of subsidiary
parallel belt provide rich information on the
distribution of spore-pollen species. These areas
show classic development of basal glacigene Talchir
Formation and subsequent Karharbari, Barakar, Kulti
and Raniganj formations. The Karharbari Formation
grossly resembles the Barakar Formation in its
lithological attributes having substantial coal facies,
although the former contains specks of needle
shales in its sandstone units reworked from the
underlying Talchir Formation. Floristically, the
Talchir and Karharbari formations are bracketted
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together. In the post-Talchir succession the
continuous pile of deposition having mostly coal-
shale-sandstone suites, ranges up to uppermost
Permian. The intervening Kulti Formation although
contains coals, but the seams are not thick enough
for exploitation, hence earlier it was termed as
Barren measures. The beginning of Triassic Period is
marked by the deposition of the coal-less Panchet
Formation which in most areas conformably overlies
the Raniganj Formation.

The Panchet Formation is characterised by
khaki-green and red beds containing Dicroidium
flora and vertebrate fauna of Early Triassic age
(Sastry et al, 1977). The deposition of Panchet
Formation has witnessed a break in the Middle
Triassic Period, followed by Supra-Panchet
Formation of coarse conglomerate, ferruginous
sandstone and red shales, which is supposed to
extend up to Upper Triassic. After this sequence, the
deposition ceased in the Damodar graben.

Rajmahal Basin

The data for the present study has been
obtained mainly from subsurface of Rajmahal Basin
(Table 1). The Permian and Lower Triassic history of
Rajmahal Basin closely compares with that of the
Raniganj Basin—except for some lithological
variations and reduced thickness in the former.
Following the deposition of Barakar Formation the
litho-sequence was conventionally recognised as
Dubrajpur Formation which was interrupted by the
volcanic activity at its upper reaches. However, the
Dubrajpur Formation has been now proved to range
from Upper Permian to Lower Cretaceous (Tiwari et
al, 1984; Sengupta, 1988; Tripathi, 1989) both by
palynological and plant fossil assemblages.

Kachchh

The Mesozoic Sequence in Kachchh is classified
as Jhurio, Jhumara, Jhuran and Bhuj formations,
ranging in age from Middle Jurassic (Bathonian) to
Early Cretaceous (Albian—?Santonian). These
formations are tagged with the marine fauna for their
age (Biswas, 1977). The palynological details which
are considered for comparison in the present study
are from various outcrop sections representing, in
part, Jhuran (Katrol) and Bhuj formations.
Additionally, the data from wells in Banni and
Nirona areas provide a complete reference
succession from Late Triassic (Rhaetic-Liassic) to
Early Cretaceous (Table 1).

Rajasthan

In Rajasthan, the Mesozoic sedimentary package
has been defined as Llathi Formation and the
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overlying Jaisalmer Formation to which Early to
Middle Jurassic age is assigned. The Lathi sediments
are mainly arenaceous representing deltaic
environment, while Jaisalmer sequence was
deposited under marine environment (Narayanan et
al, 1961 in Lukose, 1972). Palynological details from
two records (Srivastava, 1966; Lukose, 1972) provide
the data-base for the Lower and Middle Jurassic
which constitutes a reference succession for
comparison with the main data.

BIOSTRATIGRAPHIC UNITS AND SPORE-
POLLEN SPECIES

The International Subcommission on
Stratigraphic Classification (1971, 1972, in Hedberg,
1976) defined the zone as a commonly used term to
denote a minor stratigraphic interval in any category
of stratigraphic classification. There are many types
of zones depending on stratigraphic parameter. The
biozone is one of such zones which represents the
basic unit of biostratigraphic classification, it
encompasses a body of rock defined or charac-
terized by its fossil contents.

The biozones, in general, include four types of
zones—Assemblage-Zone, Range-Zone, Acme-Zone,
and Interval-Zone (Hedberg, 1976). For achieving
high resolution in biostratigraphy these four major
zones should be used in conjunction with each
other. In other words, same strata can be handled in
terms of more than one type of biozones. It may be
more effective identification of datum if more than
one zones coincide for the same succession in their
lower and upper limits.

The present synthesis attempts to identify spore-
pollen species assemblage zones (not in terms of
species range-zones) based on the data available
from one key region (Damodar-Rajmahal
depositional domain). Presently, the range-zones
have not been determined because of the
geographically limited scope of the area covered
under study. Also, the numerical abundance of each
species is not yet known and hence the acme-zones
of species cannot be objectively identified at the
present juncture.

The utility of any system of biozonation is
related with the number of events recognized in the
given sequence of sediments. The more such levels
are established in geographically wide area, the
higher is the stratigraphic resolution. This is all the
more important because each kind of zonation
system has some lacunae (Schoch, 1989). Keeping
this in view, the same data on species distribution in
the Permian, Triassic, Jurassic and Lower Cretaceous
has been handled here in two different
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combinations to sift maximum information for
recognition of datum planes, viz., species
assemblage-zones and epibole of number of species
in individual genus. The presently proposed
assemblage zones, based on the occurrence of
spore-pollen species, have been identified after a
multi-tier sieving and reshufling of data. To start
with a thorough scanning of the published literature
from the areas under consideration was done and all
the species in each area were listed according to
their stratigraphic occurrences. After scrutiny of
synonymy and nomenclatural validity the species
were shortlisted. Those morphotypes which were
based on poorly preserved specimens or possessed
little distinctive characters were rejected. Further
sieving of the composite data was done to discard
most common and very long-ranging species and
apparent variants.

The zone-types which now emerge from the
stair-case arrangement of species against the
lithostratigraphic column, as achieved by sorting
through LOTUS package, are the Assemblage Zones.
They represent distinctive natural assemblages of
most of the principal spore-pollen species. The
practicability of the assemblage zone lies in the fact
that for any particular zone it is not essential that all
the defined elements need be present in order to
assign the strata to the assemblage zone. As
mentioned earlier in the text, an assemblage zone is
largely an indicator of environment burt at the same
time it is also a general pointer of geological age.
The species-assemblage-zone has a defined age
connotation as compared to the generic assemblage
zones because the species change faster than the
genera on the evolutionary path. As depicted in
Table 2, the name of each assemblage zone is
derived from the prominent and diagnostic
constituent species normally found in the said zone.
Although the stratotype designation is not
mandatory, it has been cited here, as far as possible,
in accordance with the recommendations of the
International Stratigraphic Guide.

From the rearrangement of the same data,
another type of zones—the acme-zones, have
emerged in which case the species are grouped
together according to their generic affiliation (Table
3). Normally the acme-zones are defined to be based
on abundance or development of certain forms.
There are two ways to define the abundance or
development, one in which the frequency of
specimens of a certain species is the highest, and the
other in which the number of species within a genus
reaches the maximum. As stated above, since the
percentage frequency of individual species is not
known, the maximum proliferation of species
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represented by their number within a genus has
been taken as a criterion for acme-zone. It may be
mentioned that the generic acme-zone known so far
in the Gondwana Sequence are different from the
acme-zone being proposed in this paper. The former
are based on generic abundance and the latter are
defined on epibole in the number of species of a
particular genus along the stratigraphic column. To
differentiate the two, the names have been given in
different ways, e.g., Parasaccites Acme-Zone and
Parasaccites spp. Acme-Zone, respectively.

In Table 2, the first and the last occurrences of
species are depicted. The Last Appearance Datum
(LAD) may be distorted by reworking of taxa and
thus affect the authenticity of the ranges, particularly
when their record is not continuous in time prior to
the last appearance, and the specimens are very
scantily and inconsistently found. The First
Appearance Datum (FAD) is a very useful parameter
for stratigraphy, but has also certain limitations in
the long range spatial corrélation. Any given species
normally can not make its first appearance
simultaneously at several geographically widely
separated regions, particularly in different latitudinal
belts. This is because of time factor involved in
migration from its original first appearance site.
nevertheless, the FADs are useful parameters to
demarcate a zone in a particular region. If the FADs
and LADs are defined at the steady first appearance
and last appearance levels, respectively, these
datums gain considerable weightage. In the present
synthesis, a mere record of a species—one specimen
in more than four slides with large coverslips of
20 x 40 mm size, or its sporadic rarest occurrence at
any level has not been taken for FAD or 1AD as
suggested by Gradstein (1983).

SPORE-POLLEN SPECIES ASSEMBLAGE-ZONES

The basic units of biostratigraphy, identified and
described below are the species Assemblage Zones
which represent lithologic strata. The spore-pollen
species contained in the strata constitute the natural
assemblage of distinctive characters.

The list of principal spore-pollen species in
each assemblage zone is depicted in the stair-case
diagram (Table 2). For the reference section,
original works are cited or described in brief,
wherever possible. The earlier proposed comparable
zones have been compared or equated with the
present zones, or if the earlier propositions are in
wide wuse and conventionally accepted w0 be
effectively useful, they have been adapted after
redefinition. The top and bottom limits of each
assemblage zone proposed here are defined by the
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first and last occurrences of some species in the
Damodar-Rajmahal depositional domain, and it is
envisaged that these limits can be identified by one
or more species cited here.

Some of the important species pertaining to
various zones are illustrated in Plates 1 to 10; for
other species citations of original authors are given
in Table 2.

I. Potonieisporites neglectus Assemblage-Zone

This is the lowermost assemblage zone found in
the basal beds of Talchir Formation. The least
diversified flora contains mainly girdling radial and
bilateral monosaccate pollen. The striate-disaccates
are not recorded.

The earliest palynoflora of Permian in India is
marked by this zone. The top of this assemblage
zone is defined by the oldest occurrence of
Crescentipollenites fuscus (= C. talchirensis) and
several first appearances, e.g., Faunipollenites
perexiguus, Tuberisaccites tuberculatus, Sabnites
thomasi, Jayantisporites sp., Parasaccites bilateralis.

Composition—Plicatipollenites gondwanensis, P
indicus, Parasaccites densicorpus, P. obscurus,
Poronieisporites neglectus, P. crassus, and P. magnus
constitute the major population, Verrucosisporites—
type of spores are very sporadic in occurrence.

Horizon—Talchir Formation.

Remarks—This assemblage zone is recognised
by the absence of striate-disaccate pollen and
preponderance of Plicatipollenites, Parasaccites and
Potonieisporites. When compared with the generic
acme-zones already known from Lower Permian, the
Potonieisporites neglectus Assemblage-Zone
constitutes a part of the oldest segment of
Composition-1: Plicatipolienites:Parasaccites Zone-A,
of Tiwari and Tripathi (1988).

Reference section—Lele, 1975 (text-figure 1, p.
220), Dudhi River Section; Sample nos. B 17/662, B
19/662; Siltstone units above the first boulder bed at
the metamorphic basement, West Bokaro Coalfield,
Bihar.

I1. Plicatipollenites gondwanensis
Assemblage-Zone

At this level the palynoflora suddenly diversifies
qualitatively. A wvariety of striate-disaccates,
monosaccates and zonate spore-pollen taxa make
their appearance. The distinction from the
Potonieisporites neglectus Assemblage-Zone is sharp.
At generic level, Parasaccites and Plicatipollenites
continue to dominate the population.

The base of this assemblage zone is defined by
the oldest occurrence of Crescentipollenites fuscus,
Tuberisaccites tuberculatus and Cabeniasaccites

densus (and FAD of several other species shown in
Table 2). First occurrence of Microbaculispora
tentula and Microfoveolatispora foveolata and 1AD
of Parasaccites densicorpus and Potonieisporites
crassus (Table 2) mark the top of this assemblage
zone.

Composition—Plicatipollenites gondwanensis,
Callumispora gretensis, Parasaccites bilateralis,
Cabeniasaccites densus, Crescentipollenites fuscus
(= C. ‘talchirensis), Jayantisporites cf. conatus,
Tuberisaccites tuberculatus, Potonieisporites
magnus.

Horizon—Talchir Formation.

Remarks—With reference to the generic acme-
zone, the Plicatipollenites gondwanensis
Assemblage-Zone is a part of Composition-
1 : Plicatipollenites-Parasaccites Zone-A, of Tiwari
and Tripathi (1988). The species acme-zone defined
by the epiboles of number of species in the genera
Plicatipollenites and Potonieisporites are recorded in
this zone (Table 3).

Reference section—Lele, 1975 (text-fig. 1, p.
220), Dudhi River Section, Sample no. B 9/662,
Siltstone below the last boulder bed in the section;
West Bokaro Coalfield, Bihar.

III. Parasaccites korbaensis Assemblage-Zone

This zone represents a level of further
diversification in having several new entries, such as
pteridophytic apiculate and lycopsid spores, ginkgo-
cycadoid pollen, and several monosaccates. First
occurrence of Divarisaccus lelei and those of several
other species (Table 2) define the base, and the
oldest occurrence of Crucisaccites monoletus marks
the top of this assemblage zone.

Composition—Parasaccites korbaensis,
Callumispora gretensis, Jayantisporites indicus, ].
pseudozonatus, Tuberisaccites indicus,
Circumstriatites obscurus, C. talchirensis,
Divarisaccus lelei, Ginkgocycadopbytus novius,
Plicatipollenites spp., Parasaccites spp. (as shown in
Table 2).

Horizon—Talchir Formation.

Remarks—As regards the generic acme-zone,
the Composition-1: Parasaccites-Plicatipollenitcs
Zone-B of Tiwari and Tripathi (1988) encompasses
the Parasaccites korbaensis Assemblage-Zone since
the monosaccate group still continues to dominate
numerically. The Parasaccites, Sabnites,
Tuberisaccites, Jayantisporites and Circumstriatites
spp. acme-zones are documented in this assemblage
zone (Table 3). This incidence is a characteristic
feature.

Reference section—Lele and Makada, 1972 (pp.
62, 63), section exposed in Patharjore Nala, Jayanti
Coalfield, Bihar.
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Text-flgure 1—Composite Table depicts the correlation between spore-pollen Species Assemblage Zones and Generic Acme-Zones.
The sequence of formations has been compositely structured on the basis of sequences in Damodar Graben, Rajasthan and
Kachchh and Rajmahal Basin to represent a complete span of Gondwana Sequence. For tagging with chronostratigraphic scale, a
conventional scheme is followed (GSI Lexicon, 1977). The ordinal number in the last column refers to the original references for
various compositions, as follows: 1. Tiwari & Tripathi, 1988; 2, Tiwari & Singh, 1986; 3. Tiwari & Rana, 1980; 4. Tiwari, Kumar &
Tripathi, 1984; 5. Koshal, 1975; 6. Venkatachala, Sharma & Jain, 1972; Venkatachala, 1974; 7. Sah & Jain, 1965; 8. Maheshwari,

Kumaran & Bose, 1978.

IV. Crucisaccites monoletus Assemblage-Zone

This zone is related with Parasaccites
korbaensis Assemblage-Zone by virtue of the
continuing abundance of the monosaccate pollen

but it aquires new character by the first appearance
of several and varied striate-nonsaccate, striate-
disaccate and apiculate trilete species. The base of
this assemblage zone is marked as FAD of
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Tiwariasporis gondwanensis, Marsupipollenites
triradiatus, Welwitschiapites magnus, and
Stellapollenites talchirensis, while the oldest records
of Rbizomaspora indica, Indotriradites korbaensis
and Dentatispora gondwanensis defines the top.

Composition—Crucisaccites monoletus, C.
latisulcatus, Callumispora gretensis, C. barakarensis,
Caheniasaccites decorus, Parasaccites obscurus, P.
korbaensis, Crescentipollenites rbombicus, C.
limpidus, Verrucosisporites donarii, Tiwariasporis
gondwanensis, Distriamonocolpites circularis,
Stellapollenites talchirensis.

Horizon—Karharbari Formation.

Remarks—In relation to the generic acme-zone,
the Crucisaccites monoletus Assemblage-Zone
compares with the Composition II of Tiwari and
Tripathi (1988). However, two subdivisions of
Composition 11 : Callumispora-Parasaccites Zone-A
and Parasaccites-Callumispora Zone-B were
identified but it is not, as yet, possible to define
these units on the basis of species occurrence. The
present zone is also characterised by the
Cabeniasaccites spp. Acme-Zone.

Reference section—Lele and Makada, 1974 (p.
82), Section along tributary of Patharjore Nala,
Jayanti Coalfield, Bihar; Tiwari, 1973b (map 1, p.
168), Section along Sonbad Nala, Sample no. 17-35
and Section along Pusai Nala Sample no. 8, Raniganj
Coalfield, Bihar.

V. Scheuringipollenites barakarensis
Assemblage-Zone

A marked change is recorded in this assemblage
zone in relation to the preceding Crucisaccites
monoletus Assemblage-Zone; the abundance of
monosaccate pollen is replaced by the nonstriate
disaccate taxa Scheuringipollenites spp. The base of
this assemblage zone is marked by the oldest record
of Rhizomaspora indica, Indotriradites sparsus,
Striatites communis, Verticipollenites gibbosus and
Densipollenites indicus, while the top is demarcated
by the oldest occurrence of Corisaccites alutas,
Horriditriletes curvibaculosus and Barakarites
indicus.

Composition—Scheuringipollenites bara-
karensis, S. maximus, Faunipollenites varius,
Corisaccites vanus, Striasulcites tectus, Weylandites
lucifer, Paravesicaspora indica, Primuspollenites
levis.

Horizon—Lower Barakar Formation.

Remarks—The Scheuringipollenites bara-
karensis Assemblage-Zone compares with the
Composition IIl: Scheuringipollenites-
Faunipollenites Zone-A of Tiwari and Tripathi (1988)
in respect of the generic acme-zone. The epibole of
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species in the genus Scheuringipollenites begins in
this zone and continues in the next three succeeding
assemblage zones (Table 3).

Reference section—Tiwari, 1973b, (map 1; p.
168); Section along Pusai Nala, Sample No' 10-46/5,
Raniganj Coalfield, Bihar.

V1. Faunipollenites varius Assemblage-Zone

Qualitatively, a diverse array of species by way
of new appearances (FAD) of several striate-saccates
and nonsaccates, colpates and apiculate triletes
(zonates and azonates) is recorded at this level. The
oldest occurrence of Didecitriletes bhorridus,
Striatopodocarpites tiwarii, Horriditriletes
curvibaculosus, Schizopollis disaccoides and
Cyclogranisporites gondwanensis defines the base of
the assemblage zone. The oldest occurrence of
Verticipollenites crassus, Densipollenites densus,
Striatopodocarpites ovatus, Cyclobaculisporites
minimus and Gondisporites raniganjensis delimits
the top line (Table 2).

Composition —Barakarites indicus, Microbaculi-
spora tentula, M. gondwanensis, M. indica,
Brevitriletes communis, Cyclogranisporites
gondwanensis, Striatites communis, Labirites rarus,
Corisaccites alutas, Striomonosaccites ovatus,
Schizopollis disaccoides, Vittatina lata,
Praecolpatites sinuosus (Table 2).

Horizon—Upper Barakar Formation.

Remarks—This zone relates with the generic
acme-zone described as Composition-
1 : Faunipollenites-Scheuringipollenites Zone-B by
Tiwari and Tripathi (1988). This zone is also
diagnosed by the epiboles of the number of species
in Barakarites, Labirites, Microfoveolatispora,
Horriditriletes, Faunipollenites, Microbaculispora,
Primuspollenites and Striatites. The Scheuringi-
pollenites spp. Acme-Zone which started in the
preceding zone also continues.

Reference section—Tiwari, 1973b (map 1; p.
168); Section along Khudia Nala, Sample no. 47, 67a-
81, Raniganj Coalfield, Bihar.

VII. Densipollenites densus Assemblage-Zone

This zone is identified on the basis of several
first occurrences of species (Table 2). The oldest
occurrence of Densipollenites densus defines the
base while the oldest occurrence of Didecitriletes
ericianus, Verticipollenites oblongus and Distriatites
bilateris marks the top of this zone.

Composition—Striatites notus, S. communis,
Densipollenites invisus, D. densus, D. brevis, D.
indicus, Striatopodocarpites ovatus, S. decorus,
Verticipollenites crassus, Gondisporites
raniganjensis, Bharadwajipollis striatus,
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Verrucosisporites ambiplicatus.

Horizon—Kulti Formation.

Remarks—Beside the continuing epibole of
species in Scheuringipollenites, the begining of
species Acme-Zone of genera Densipollenites and
Verticipollenites is recorded here (Table 3), which
continues into the next younger assemblage zone.
With regard to the generic acme-zone, the
Densipollenites densus Assemblage-Zone relates well
with the Composition IV: Densipollenites-
Striatopodocarpites Zone-A, delimited by Tiwati and
Tripathi (1988).

Reference section—Tiwari et al (1981, map 1, p.
221): palynological composition studied in Jamunia
River section from levels at sample nos. JMR-1 to
JMR-26, Jharia Coalfield, Bihar. The strata is
identified by being devoid of major coal seams,
which are otherwise present in the underlying
Barakar Formation and overlying Raniganj
Formation. With these formations the contact of the
reference strata is faulted (Fox, 1930, pp. 77-89).

VIII. Gondisporites raniganjensis
Assemblage-Zone

The oldest occurrence of Distriomonosaccites
ovalis, Distriatites bilateris and Verticipollenites
oblongus defines the base and sporadic as well as
unsteady first occurrence of Lundbladispora
brevicula, Playfordiaspora cancellosa. Lunatisporites
diffusus marks the top of the zone.

Composition—Several of the disaccate pollen
species found in the preceding assemblage zone
continue to prevail in the present zone. A further
diversification is evident in this assemblage;
additionally, Indospora clara, Cyclobaculisporites
minimus, Microfoveolatispora gondwanensis,
Gondisporites raniganjensis occur significantly
(Table 2).

Horizon—Raniganj Formation (Late Permian).

Remarks—In the terms of generic acme-zone,
Gondisporites raniganjensis Assemblage-Zone is
related with the Composition V: Striatopodo-
carpites-Faunipollenites Zone-A, and Striatopo-
docarpites-Gondisporites Zone-B delimited by Tiwari
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and Tripathi (1988), and with the Assemblage R-11, A
and B of Tiwari and Singh (1986). However, such
subdivisions are possible only on the basis of
generic percentage frequency. Gondisporites
raniganjensis Assemblage-Zone exhibits the
continuity of Verticipollenites, Scheuringipollenites
and Densipollenites spp. acme-zones.

Reference section—Rana and Tiwari, 1980 (pp.
113, 114); Bore hole RNM-3, (23°35745” .
87°13’55”), 912 to 481 m depth; Raniganj Coalfield,
Bihar.

IX. Densipollenites magnicorpus
Assemblage-Zone

The basic nature of this assemblage zone
continues to be broadly similar as in Gondisporites
raniganjensis Assemblage-Zone. However, sporadic
appearance of Lundbladispora brevicula, L.
microconata, Lunatisporites diffusus and
Klausipollenites schaubergeri marks the identity of
this assemblage zone.

The prominence of Densipollenites magnicorpus
and the first appearance of Gondisporites reticulatus,
Klausipollenites schaubergeri and Lunatisporites
diffusus define the base and LADs of Gondisporites
raniganjensis and Densipollenites magnicorpus
marks the top of this assemblage zone.

Composition—Crescentipollenites gondwa-
nensis, C. sellingi, C. bengalensis, C. fuscus,
Densipolleniites densus, D. magnicorpus, D. indicus,
D. invisus, Welwitschiapites tenuis, Indospora
macula, Klausipollenites schaubergeri,
Lundbladispora brevicula, Gondisporites reticulatus.

Horizon—Raniganj Formation (latest Permian).

Remarks—On the ground of generic dominance
the Densipollenites magnicorpus Assemblage-Zone
corresponds to the Composition V : Striatopodo-
carpites-Densipollenites Zone-C and Striatopodo-
carpites-Crescentipollenites Zone-D of Tiwari and
Tripathi (1988), and Zone-Rl, A and B of Tiwari and
Singh (1986). The epiboles of number of species in
the genera Crescentipollenites and Striatopodocar-
pites appear in this assemblage zone, while
Densipollenites and Verticipollenites spp. acme-zones

PLATE 1

(All photomicrographs are x 500)
Lower Permian palynotaxa.

. Potonieisporites neglectus

. Plicatipollenites gondwanensis

Tuberisaccites tuberculatus

Parasaccites bilateralis

. Plicatipollenites trigonalis

. Parasaccites densicorpus

O —

7. Plicatipollenites indicus
8. Callumispora gretensis
9. Sabnites thomasi
10. Jayantisporites conatus.

Species in 1, 2, 6, 7 signify Potonieisporites neglectus
Assemblage-Zone, FAD of species in 3-5, 8-10 define
Plicatipollenites gondwanensis Assemblage-Zone.
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PLATE 1
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continue from the preceding zone.

Reference section—Bharadwaj and Tiwari, 1977
(map 1; pp. 27, 28); Bore-hole NCRD-6, depth
358.40 to 287.30 m, Raniganj Coalfield, Bihar; Rana &
Tiwari, 1980 (pp. 113, 114); Bore-hole RNM-3
(23°35745” : 87°30°55”), depth 422 to 218 m, East
Raniganj Coalfield, West Bengal.

X. Klausipollenites schaubergeri Assemblage-
Zone

(Klausipollenites schaubergeri Assemblage-1,
Maheshwari et al, 1978).

This assemblage zone shows the continuation of
several species, particularly of striate disaccates,
from the preceding assemblage zone. The cavate
cingulate-zonate spores, non-striate disaccate and
taeniate pollen species which made their sporadic
appearance in Densipollenites magnicorpus
Assemblage-Zone become consistent and diversified
in the Klausipollenites schaubergeri Assemblage-
Zone.

The base of the present zone is marked by the
consistent appearance of Verrucosisporites triassicus,
V. narmianus and Lunatisporites pellucidus. The
oldest occurrence of Indotriradites mamillatus,
Verrucosisporites densus, Lundbladispora baculata,
L. densispinosa defines the top of this assemblage
zone.

Composition—Crescentipollenites fuscus,
Striatopodocarpites decorus, Callumispora fungosa,
Densipollenites densus, Lundbladispora brevicula,
Densoisporites playfordii, Playfordiaspora
cancellosa, Alisporites asansoliensis, Klausipollenites
schaubergeri, Lunatisporites diffusus and L. ovatus
(Table 2).

Horizon—Lower Panchet Formation (Early
Scythian).

Remarks—The definition of Klausipollenites
schaubergeri Assemblage-1 of Maheshwari, Kumaran
and Bose (1978) is elaborated here. This assemblage
zone encompasses the generic acme-zone
Composition VI : Striatopodocarpites-Klausipol-
lenites Zone-A delimited by Tiwari and Tripathi
(1988) and Assemblage-PI of Tiwari and Singh
(1986). The Verrucosisporites spp. Acme-Zone is
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also recorded in the present assemblage zone (Table
3).

Reference section—Bharadwaj and Tiwari, 1977
(map 1; pp. 27, 28); Bore-hole NCRD-6, 215 m
depth; Raniganj Coalfield, Bihar.

XI1. Playfordiaspora cancellosa Assemblage-
Zone

(Playfordiaspora cancellosa Assemblage-II,
Maheshwari et al, 1978).

This assemblage zone reveals further
proliferation of species which appeared for the first
time in Klausipollenites schaubergeri Assemblage-
Zone. A decline in the prominence of striate
disaccate species is also recorded. Several new
entries of taeniate disaccate, cavate-zonate and
apiculate trilete species are documented (Table 2).

The base of this assemblage zone is marked by
the oldest common occurrence of Lunatisporites
pellucidus, L. ovatus and several species of
Lundbladispora and Densoisporites as shown in
Table 3. At present, it is rather difficult to define the
top of this assemblage-zone as the Middle Triassic
flora is poorly known; however, the dominance of
Goubinispora morondavensis and G indica in the
subsequent assemblage zone identifies the top.

Composition—Crescentipollenites fuscus,
Lunatisporites pellucidus, L. ovatus, L. noviaulensis,
Lundbladispora warti, L. densispinosa, L.
microconata, Convertubisporites contactus,
Triplexisporites playfordii, Verrucosisporites
narmianus, Densoisporites playfordii,
Playfordiaspora cancellosa, Ringosporites ringus,
etc. (Table 2).

Horizon—Panchet Formation (Scyathian).

Remarks—The definition of Playfordiaspora
cancellosa Assemblage-11 of Maheshwari, Kumaran
and Bose (1978) is revised and enlarged here. It also
incorporates the Decisporis variabilis Assemblage-111
of Maheshwari et al (1978) as their delimitation is
not feasible at present. This assemblage zone
compares well with the Composition
VI : Verrucosisporites-Callumispora Zone-B,
Lunatisporites-Verrucosisporites Zone-C and
Lundbladispora-Densoisporites Zone-D delimited by

—

PLATE 2

(all photomicrographs are x 500)
Lower Permian palynotaxa.

1. Parastriopollenites segmentatus

2. Diarisaccus lelei

3. Microbaculispora tentula

4. Stellapollenites talchirensis

5. Jayantisporites pseudozonarus

6. Cabeniasaccites decorus

7. Circumstriatites talchirensis
8. Tuberisaccites lobatus
9. Parasaccites korbaensis
0. Crucisaccites monoletus
1 Cabeniasaccites distinictus.
FAD of species in 1-9, 11 define Parasaccites korbaensis
Assemblage-Zone and FAD of species in 10 marks Crucisaccites
monoletus Assemblage-Zone.

1
1
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PLATE 2
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(All photomicrographs are x 500)
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Lower Permian spore-pollen species
Scheuringipellenites barakarensis

. Rhizomaspora indica
- Microbaculispora gondwanensis

Striatites communis
Brevutriletes communis
Didecitriletes borridus
Striatopodocarpites decorus

. Verucipollenites gibbosus
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PLATE 3

9.

10
11
12
13

14.

indotriradites korbaensis

Schizopollis wodebousei

Striatites solitus

Faunipollenites varius

Striasulcites tectus

Distriatites distinctus

FAD of species in 1, 2, 4. 9, 12 marks Scheuringipollenites

barakarensis Assemblage-Zone and FAD of species in 3, 6, 8, 10,

11,

13, 14 define the Faumpollenites varius Assemblage Zone



TIWARI & TRIPATHI—MARKER ASSEMBIAGE ZONES OF SPORES AND POLLEN SPECIES 223

(All photomicrographs are x 500)
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Characteristic Upper Permian palynotaxa.
- Striatopodocarpites magnificus

. Densipollenites indicus

. Densipollenites densus

- Densipollenites magnicorpus

- Microfoveolatispora raniganjensis

- Crescentipollenites fuscus

PLATE 4

10.
11.
12.
13.

- Gutullapollenites hannonicus
. Cyclobaculisporites minutus

Indospora clara
Marsupipollenites striatus
Gondisporites raniganjensis
Distriamonocolpites ovalis
Distriamonosaccites ovalis
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PLATE 5

(All photomicrographs are x 500)
Lower Triassic spore-pollen species defining Klausipol-
lenites schaubergeri Assemblage-Zone.

. Lunatisporites pellucidus

. Lunatisporites diffusus

. Verrucosigporites narmianus

. Densoisporites playfordii

. Playfordiaspora cancellosa

. Rbhizomaspora bibaria

. Lundbladispora microconata

. Alisporites asansoliensis

[0 RN e N I e
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Tiwari and Tripathi (1988) based on generic acme-
zone.

The compositions delimited by Tiwari and Singh
(1986) as P-11, P-111 and P-IV also equate with the
present assemblage zone. The distinctive nature of
the Playfordiaspora cancellosa Assemblage-Zone is
further corroborated with the record of
Lunatisporites and Lundbladispora spp. acme-zones
(Table 3) during the same span.

Reference sections—A complete representation
of this assemblage zone is not recorded in one
section, hence three sequences are cited: Bharadwaj
and Tiwari, 1977 (map 1; pp. 27, 28); Bore-hole
NCRD-6, depth 123 to 86 m; Raniganj Coalfield,
Bihar; Singh and Tiwari, 1982 (p. 181), Bore-hole
RAD-2, depth 460-260 m, Raniganj Coalfield, West
Bengal; Tiwari and Singh, 1983 (p. 228), Bore-hole
RAD-5; depth 481-455 m; East Raniganj Coalfield,
West Bengal.

XII. Goubinispora morondavensis Assembl-
age-Zone

The dominance of Goubinispora has been
identified to be individualistic for this assemblage
zone. From the Playfordiaspora cancellosa
Assemblage-Zone the present zone is differentiated
on the basis of restricted species—Lundbladispora
reticulata, L willmotti, Playfordiaspora annulata,
Carnisporites raniganjensis.

The general composition, beside the above
species, is marked by the presence of Lunatisporites
noviaulensis, L. pellucidus, Lundbladispora
microconata, Verrucosisporites densus,
Guttatisporites ambiguus, Nevesisporites vallatus,
Novitasporites triangulus and Ringosporites
fossulatus. Certain species which are present in
Playfordiaspora cancellosa Assemblage-Zone are
absent from the present zone, viz., Lundbladispora
baculata, L. densispinosa, Ringosporites ringus,
Lunatisporites damudicus, L. ovatus.

The next younger assemblage-zone (i.e.,
Rajmabalispora rugulata Assemblage-Zone)
recognised in the present account from the Rajmahal
Basin can be differentiated by the presence of
Foveosporites, Polypodiisporites, Verrucosisporites
racemus, Converrucosisporites and Rajmabalispora.
However, so far these two zones have not been
found in a single sequence.

Horizon—Supra-Panchet, pars (Early Middle
Triassic).

The palynological details studied from bore-
hole RNM-4 (23°34°30” : 87°13°03”); depth 59 m,
East Raniganj Coalfield, West Bengal is considered
for reference (Tiwari & Rana, 1984).
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PLATE 6
(All photomicrographs are x 500) 4. Lundbladispora densispinosa
Lower Triassic palynotaxa characterising Playfordiaspora 5. Lundbladispora raniganjensis
cancellosa Assemblage-Zone. 6. Lunatisporites noviaulensis
1. Verrucosisporites densus 7 Convertubisporites contactus
2. Triplexisporites playfordii 8. Ringosporites ringus.x 750.

3. Verrucosisporites warti

XIII. Rajmabalispora rugulata Assemblage-
Zone

The unique trilete spore Rajmahbalispora
represented by the species R. triassica, R. rugulata
and R. reticulata characterises this assemblage zone.
Besides, Foveosporites mimosae, F. triassicus,
Converrucosisporites lunzensis, Chordasporites
minutus, Orbella indica, Playfordiaspora cancellosa,
Lunatisporites pellucidus, etc. contribute to the
composition.

From the next younger assemblage zone—
Brachysaccus ovalis Assemblage-Zone, recognised in
the present account, the present zone can be
differentiated by the absence of the genera
Convolutispora, Conbaculatisporites, Staurosaccites
and Brachysaccus, etc. On the basis of epibole of
species the Rajmabalispora spp. Acme-Zone is also
recorded in this assemblage zone.

Horizon—Dubrajpur Formation, pars (Carnian).

The palynological details studied from Bore-
hole RJR-2, Rajmahal Basin, Bihar, depth 842-671.05
m (Tiwari et al, 1984, map 1; pp. 208, 212-214) is
considered here for reference.

X1V. Brachysaccus ovalis Assemblage-Zone

The genera Staurosaccites and Brachysaccus are
abundantly represented in this zone, although the
species of non-striate disaccates (Satsangisaccites,
Klausipollenites) continues to occur.

composition—Lunatisporites pellucidus,
Goubinispora morondavensis, Playfordiaspora
cancellosa, Conbaculatisporites baculatus,
Infernopollenites claustratus, Staurosaccites
quadrifidus, S. tharipatharensis, S. densus,
Brachysaccus indicus, B. ovalis, Guttatisporites
elegans. The number of species in the genus
Staurosaccites show an epibole which defines the
Staurosaccites spp. Acme-Zone (Table 3).

Horizon—Dubrajpur Formation, pars (Early
Norian).

Palynological details recorded from Bore-hole
RJR-2, Rajmahal Basin, Bihar, depth 441.90 to 441.40
m (Tiwari et al, 1984; map 1, pp. 208, 211) is
considered as reference data.

XV. Dubrafisporites triassicus Assemblage-
Zone

A continuation of elements of the previous
assemblage zone prevails but the genus
Dubrajisporites with its four species characterise the
present zone, and the species of non-striate
disaccate—Brachysaccus, Satsangisaccites,
Falcisporites and Klausipollenites are also abundantly
recorded (Table 2).

Composition—Foveosporites triassicus,
Playfordiaspora cancellosa, Staurosaccites
quadrifidus, Brachysaccus ovalis, Striatopodocar-
pites dubrajpurensis, Gabonisporis papillosus,
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PLATE 7
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Guttatisporites elegans, G. guttatus, Dictyotriletes
aulius, Podocarpidites typicus, P. alareticulatus and
P. rarus, etc. (Table 2). Dubrajisporites spp. Acme-
Zone is recorded at this level as indicated by the
epibole of number of species in this genus (Table
3).

Horizon—Dubrajpur Formation, pars. (Early
Norian).

Remarks—The presence of Podocarpidites
alareticulatus, P. rarus and P. typicus together with
the species of Dubrajisporites gives an younger
aspect to this assemblage zone than the Assemblage
defined by Maheshwari, Kumaran and Bose (1978)
from Janar Nala, South Rewa Gondwana Basin. This
assemblage zone is recorded by Tiwari, Kumar and
Tripathi (1984, map 1, pp. 208, 211) in bore-hole
RJR-2, 398.20-398.99 m depth, Rajmahal Basin, Biha..

The following 4 assemblage zones are described
as reference zones only for comparative assessments
of the subsequently described zones found in the
Rajmahal Basin.

XVI. Rbaetipollis germanicus Assemblage —
Zone

Rhaetipollis germanicus Assemblage-
IX : Maheshwari et al, 1978—This assemblage zone
is characterised by the presence of Rhaetipollis
germanicus, Aequitriradites minor and Classopollis
and the dominance of non-striate disaccate pollen
species.

The composition records the taxa
Dictyophyllidites, Klausipollenites, Lunatisporites
(incl. Taenz’aesporites), Verrucosisporites,
Scheuringipollenites, Podocarpidites, Vitreisporites,
Striatisaccus, Klausipollenites sp., cf. K. wvestitus,
Lundbladispora, Concavisporites and Conuvolutis-
pora. This assemblage zone is recorded from a well
in Banni, South of Patcham Island, Kachchh, 1,620-
1,760 m depth (Koshal, 1975, p. 79), which is
considered as reference material. Koshal has dated it
as Rhaetic-Liassic.

XVIL. Classopollis minor Assemblage-Zone
(Gliscopollis-Classopollis Zone Koshal, 1975)

The palynoflora is characterised by the
abundance of Classopollis and Spheripollenites

-

(All photomicrographs are x 500 unless otherwise stated)
Middle Triassic spore-pollen species signifying Goubinispora

morondavensis Assemblage-Zone.

. Lundbladispora willmotti

. Playfordiaspora annulata

. Ringosporites fossulatus x 750

. Guttatisporites ambiguus

. Goubinispora morondavensis

. Goubinispora indica
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species. The other significant forms present are
Cyathidites, Gleichenidites, Verrucosisporites,
Callialasporites trilobatus, C. triletes, C. segmentatus,
Staplinisporites, Classopollis minor, C. classoides,
Podocarpidites spp. and Matonisporites cooksonii.
The palynological details of this zone are recorded
from a well (1,620-1,161 m depth) in Banni, South of
Patcham Island, Kachchh (Koshal, 1975) to which an
Early Jurassic age has been assigned. A comparable
assemblage is also recorded from a well drilled in
Lathi Formation near Chhor Village (71°9°9” :
27°45’497), south-east of Jaisalmer (Lukose, 1972, p.
156).

XVIII. Callialasporites trilobatus Assemblage-
Zone
( Callialasporites trilobatus Zone; Koshal, 1975)

The status of various assemblages known at
present from Middle to Upper Jurassic is not very
clear. However, for comparing the data of Rajmahal
Basin, which concerns the subject of the present
communication, the assemblages from Kachchh
basin are considered.

From Kachchh three comparable assemblages
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are known—one Callialasporites trilobatus Zone
(Koshal, 1975: Banni; South of Patcham Island,
1,161-833 m depth, Middle to Upper Jurassic); and
two assemblages from Jhuran Formation (= Katrol
Formation, Kimmeridgian to Valaginian, Biswas,
1971); one by Venkatachala and Kar (1970) and
another by Maheshwari and Jana (1988).

It is important to note that the Callialasporites
trilobatus Assemblage-Zone makes a segment of
continuous sequence in Banni well, delimited at its
base by Classopollis minor Assemblage-Zone of Early
Jurassic age. The abundance of several species of
Callialasporites and the presence of Densoisporites,
Gleicheniidites, Klukisporites, Cicatricosisporites,
Araucariacites, Classopollis (C. minor, C. classoides,
C. itunensis) characterise this zone. This zone has
been dated as Middle to Late Jurassic by Koshal
(1975); although he has not equated this sequence
with the lithostratigraphic units, the data suggests
that the assemblage belongs to Jhumara-Jhuran
formations.

The species composition (Zone “XIX”, Table 2)
in the assemblage described by Venkatachala, Kar
and Raja (1969) and Venkatachala and Kar (1970)

PLATE 8

(All photomicrographs are x S00)
Upper Triassic palynotaxa.
Staurosaccites densus
Brachysaccus triassicus
Infernopollenites claustratus

. Foveotriletes triassicus

bl

5. Rajmabhbalispora reticulata
6. Rajmabalispora rugulata
7. Staurosaccites quadrifidus
FAD of species in 4-6 characterise Rajmabalispora rugulata

Assemblage-Zone and FAD of species in 1-3, 7 define
Brachysaccus ovalis Assemblage-Zone.
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suggests o proader correlation with the next zone—
i.e., Callialasporites segmentatus Assemblage-Zone
(Zone Xix, Tzble 2). Maheshwari and Jana (1988)
described the composition of the
emblage from Jhuran Formation as
in totality of forms it is closely
comparable with Zone-T of Venkatachala and Kar
{1970). The presence of the taxa Cicatricosisporites,
Klukisporites, Contignisporites, Boseisporites,
Coptospora and Aeguitriradites is significant.

generic
palynoass

Palynozone-I:

HIN. dallizlasporites segmentatus Assemblage-
Zone

(Callialasporites segmeniatus Zone; Venkatachala,
Sharma & Jain, 1972)

Venlatachala, Sharma and Jain (1972, text-fig. 3)
and Venkarzchala text-fig. 1) recognised
Calliclasporites  segmentaius Zone from Karaikal
well-D (3,053-3,060 m depth), Cauvery Basin which
‘rised by the presence of following species
(Zone XIX, Text-figure 1). Araucariacites australis,
Cerclosporites equalis, C. acutus, Stereisporites
antiguasporites, Classopollis classoides,
Podocarpidites ellipticus, P. multesimus,
shorites gieb;}!entus, C. multimuratus,
Cicatricosisporites ludbrooki, C. australiensis,
Daculatisporites comaumensis, Callialasporites
monoalasporus, C. segmentatus, C.
fus, . triletes, Retitriletes austroclavatidites, R.
This assemblage zone was
originally dated as Tithonian. However, recently it
has been reassigned to Farly Cretaceous (Barriasian )

(1974,

is characte

Conti

dampieri, C.
trilobe

reticitlumsparites, etc.

because  of the presence of  Cicatricosisporites
ansiraliensis (see Sastry et al, 1981; Singh &
Venkatachala, 1988).

H¥. Microcachryidites antarcticus Assembl-
age-Zone

(Microcachryidites antarcticus Assemblage :
Venkatachala, Sharma & Jain, 1972)

This assemblage zone has been defined
originally from Cauvery Basin by Venkatachala,
Sharma and Jain (1972) and Venkatachala (1974,
text-fig. 1, p. 482, Karaikal Well-D. 2,420-2,860 m
depth). It is in continuation of the Callialasporites
segmentatus Assemblage-Zone. The diagnostic
speccies are Microcachryidites antarcticus,
Podosporites tripakshi, P. microsaccatus,
Spheripollenites scabris, Leptolepidites major,
Klukisporites scaberis, Cooksonites variabilis,
Aequiitriradites verrucosus, Staplinisporites caminus,
Trilobosporites triangulus, Impardecispora
apiverricata, I uralensis and Appendicisporites
distocornitatus.
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PLATE 9

(All photomicrographs are x 500)
Characteristic spore-pollen species of Dubrajisporites

triassicus Assemblage-Zone.

1. Dubrajisporites unicus

Dubrajisporites triasscus
. Gabonisporis vigrauxii
. Podocarpidites rarus
. Podocarpidites alareticulatus
. Striatopodocarpites dubrajpurensis

[€) NV, IV -NEULEE S

In broader connotation the palynoassemblages
so far known from Dubrajpur and Rajmahal
formations, assignable to Jurassic/Cretaceous and
Lower Cretaceous (Sah & Jain, 1965; Maheshwari &
Jana, 1983; Tiwari et al, 1984) are placed under the
Microcachryidites antarcticus Assemblage-Zone.
This is considered as a working model at present for
the sequential positioning of the Rajmahal
assemblages because they still need detailed study.

The following informal zones, recognised in
Rajmahal Basin, are included in Microcachryidites
arntarcticus Assemblage-Zone.
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PLATE 10
(all photomicrographs are x 500) 8. Leptolepidites verrucatus
Characteristic palynotaxa of Microcachryidites antarcticus 9. Coptospora kutchensis
Assemblage-Zone. 10. Contignisporites dettmanni
. Murospora florida 11. Santhalisporites bulbosus
. Coptospora verrucosa 12. Podosporites tripakshi
Cooksonites rajmabalensis 13. Classopollis classoides
. Cicatricosisporites hallei 14. Podocarpidites ellipticus
. Cicatricosisporites australiensts 15. Callialasporites segmerniatiis
. Aequitriradites spinulosus 16. Impardecispora trioreticulosa
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. Triporoletes reticulatus
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Assemblage-Zone D and E (Zone XX "“D-E” in
Table 2)-—This includes Assemblage D and E of
Tiwarl et al (1984, text-fig. 2, bore-hole RJR-2,
Rajmahal Basin, 102.76-91.00 m) where the
distinction was based on the percentage frequency
of the genera Callialasporites and Podocarpidites. A
further search of species in these materials has
revealed that on the basis of species occurrence the
Assemblage-Zone D and E cannot be separated.

The assemblages as such are dominated by the
coniferous pollen grains Podocarpidites/Araucari-
acites. The significant constituents present are
Concavissimisporites penolaensis, Santhalisporites
bulbosus, Klukisporites varigatus, Matonisporites
dubius, Coptospora kutchensis, C. verrucosa,
Aequitriradites spinulosus, Contignisporites
dettmanni, Leptolepidites verrucatus, L. rimatus, L.
major, Triporoletes reticulatus, Cicatricosisporites
australiensis, C. [ludbrooki, Araucariacites spp.,
Callialasporites spp., Podocarpidites spp., Labiipollis
mesozoicus, L. granulatus and Podosporites tripakshi
(Table 2). The Callialasporites, Podocarpidites and
Araucariacites spp. Acme-Zones are clearly observed
in this assemblage zone (Table 3).

Various assemblage zones from the Kachchh
Basin have been plotted (marked as + in Table 2) for
the comparative assessment of the “Assemblage-
Zones D and E” which remarkably share several of
the characteristic elements with the Callialasporites
trilobatus Assemblage-Zone, viz., Callialasporites
trilobatus, C. dampieri, C. segmentatus, Coptospora
kutchensis, Cicatricosisporites australiensis,
Concavissimisporites penolaensis, Podosporites
microsaccatus and P. tripakshi' (Table 2).

There is a similar situation when the
Callialasporites segmentatus zone of Venkatachala
(1974) is compared. In addition to the above
mentioned species, however, a few first appearances
of the species having an younger affiliation, are also
recorded, e.g.,, Aequitriradites  spinulosus,
Leptolepidites major, Podosporites tripakshi, P.
microsaccatus, Cicatricosisporites australiensis,
Contignisporites dettmanni, Foraminisporis sp.,
Coptospora kutchensis and Baculatisporites
COMAUMENSIS.

Most of these species are considered to be age
determinant for the beginning of cretaceous
(Venkatachala, 1974). But some of these supposedly
marker of the Neocomian (Adequitriradites
spinulosus, Cicatricosisporites australiensis and
Contignisporites dettmanni have been recorded from
the Tithonian as well (Singh & Venkatachala, 1988;
Maheshwari & Jana, 1988; Helby et al, 1987; Burger,
1988). The consistent occurrence of these species
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has been definitely located at the base of
Microcachryidites antarcticus Assemblage from the
Cauvery Basin (Venkatachala, 1974) which qualify
for Early Cretaceous. But, inspite of this valuable
data, it cannot be -ascertained that this assemblage
marks the beginning of the Early Cretaceous because
there is a gap of about 195 m of sediments between
Callialasporites segmentatus and Microcachryidites
antarcticus Assemblages.

In view of these facts, the Late-Jurassic/Early
Cretaceous age given to these assemblages by Tiwari
et al (1984) is corroborated by the observations
made by Singh and Venkatachala (1988) that the
floral changes which occurred at the Late Jurassic
level continue into the Early Cretaceous. However,
the lack of data on continuous sequence from Upper
Jurassic to Lower Cretaceous does not permit to
define the species which can demarcate the FAD for
the base of Lower Cretaceous.

Assemblage-Zone F (Zone XX “F’ in Table 2)—
This assemblage is not rich in palynofossils, and its
close similarity is observed with “Assemblage-Zones
D and E” analysed above. The new entrant
Dictyophbyllidites haradensis (Table 2) is recorded as
a solitary example. This Assemblage-Zone F is
recorded from Bore hole RJR-2, Rajmahal Basin,
Bihar, 09.75-40.65 m depth (Tiwari er al, 1984)
representing the Rajmahal Formation (Early
Cretaceous).

Assemblage-Zone G (Zone XX “G” in Table 2)—
This assemblage zone is recorded from the
Intertrappean sediments of Rajmahal Formation at
Sakrigalighat and Basko, Rajmahal Basin, Bihar (Sah
& Jain, 1965, p. 264). The basic species composition
indicates a relationship with the “Assemblage-Zone
F. However, a number of additional new elements
are documented in “‘Assemblage-Zone XX G, viz,
Concavissimisporites minor, Osmundacidites minor,
Trilobosporites purverrulentus, Cingulatisporites
notaclarus, Podosporites (= Trisaccites)
microsaccatus, Dacrycarpites australiensis,
Converrucosisporites santalensis and C. sinuotectus,
etc. (Table 2). The assemblage from a well near
Mandro (Maheshwari & Jana, 1983) records
Densoisporites mesozoicus and Cicatricosisporites
ballei as new entrants.

Besides, in the Intertrappean sediments of
Rajmahal Formation in bore-hole RJNE-32 near
Kirtanya (Tripathi & Tiwari, 1991; Tripathi, 1991),
some angiospermous pollen with reticulate
columetllate exine and monocolpate, trichotomosul-
cate and tricolpate aperture-types have been
recorded together with typical Early Cretaceous
palynomorphs.
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DISCUSSION

The synthesis of the data discussed in the
preceding pages recognises 12 assemblage zones
based on spore-pollen species (Column I-XI1) in the
Damodar Graben, spanning through the sequence
from Talchir to Supra-Panchet formations. In the
Rajmahal Basin four assemblage zones (column XIII,
XIV, XV & XX) are recognised to represent the
Upper Triassic, Jurassic/Cretaceous and Lower
Cretaceous sequences (Text-figure 1). In order to
structure comprehensive model of successive
assemblage zones, the data from Rajasthan, Kachchh
and Cauvery basins has been intercalated where 4
assemblage zones (XVI-XIX) have been recognised.
This arrangement provides an opportunity of direct
comparison amongst the various assemblage zones
in Rajmahal Basin with reference to their placement
in the temporal scale.

Conventionally the epibole zones are based on
the dominance in percentage frequency of the taxa.
For the first time, in the present analysis the species
acme-zones have been identified on the number of
species in various genera. Such an approach has
resulted into a very significant parameter which
reinforces the individuality of the species
assemblage zones. It is evident from Text-figure 1
that in some assemblage-zones several genera show
the epiboles of the number of their species.

The composition of palynoassemblages based
on generic dominance is fairly well established in
the Gondwana Sequence; some of these updated
assemblage zones have been tagged with the spore-
pollen species assemblage zones proposed here.

The distribution pattern of selected species has
revealed events of stratigraphic significance (Table
2).

Lower Permian

The impoverished assemblage (total 9 species;
2 pteridophytic, 1 alete, rest gymnospermous) of the
lowest Talchir level (Zone-1) successively diversifies
into a rich flora by the beginning of Karharbari
Formation. The three assemblage zones (Zone I to
I11) identified in the Talchir Formation are indicative
of gradual and continuous amelioration of the
climate where the vegetation has flourished to its
maximum by the time the glaciers retreated
completely. The Karharbari assemblage (Zone-IV)
shows a major continuation of elements from the
underlying Talchir Formation except that some
species are mutually exclusive in their occurrence.

The advent of Barakar flora witnesses the
incoming of several new species which continue to
flourish in the subsequent younger horizons; on the
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other hand many of the species belonging to the
radial monosaccate group which flourished during
Talchir and Karharbari aiso continue to occur. The
clear cut demarcation between the Lower Barakar
(Zone V) and Upper Barakar (Zone V1) aré very well
depicted in their species distribution (Table 2).

Upper Permian

In the two fold system of classification of the
Permian the boundary berween Lower Permian and
Upper Permian is drawn between the Barakar and
Kulti formations. In qualitative aspect of genera and
species, however, the demarcation of the two is not
very well defined. The differences in species
distribution indicate a subtle change (Table 2).
Nonetheless, the species acme-zones provide a
useful parameter for identification of this level
(Table 3). In Barakar the epibole of number of
species in the genera Scheuringipollenites,
Faunipollenites, Barakarites and Microbaculispora,
etc. are recorded, while in Kulti Formation the
species acme-zone of the genera Densipollenites,
Verticipollenites and Scheuringipollenites, etc. are
well documented.

The palynoassemblage of Kulti Formation
(Zone-VII) forms a more or less monotonous
continuum to the Raniganj assemblage (Zone-VIII).
The most significant change has occurred at the
close of the Raniganj Formation (Zone 1X) and at the
beginning of the Panchet Formation (Zone X) which
is taken as the Permo-Triassic transition. At this level
175 spore-pollen species (39 pteridophytic) are on
record at the close of Permian. Out of these, only 38
species (6 pteridophytic) continue into Triassic
while 84 species appear as new entrants in Early
Triassic; the pteridophytic spores constitute the
major part by being 48 species in number. The
behaviour pattern of the species distribution at P/Tr
boundary thus signals one of the most outstanding
changes in the history of Gondwana floristics.

Triassic

The Early Triassic Panchet Formation is the
stage for termination of several Permian species.
Progressively numerous new sets of species appear
which diversify through the Lower and Middle
Triassic (Table 2). The Upper Triassic (Upper
Carnian, Lower Norian) again experiences an influx
of entirely new species although these assemblages,
in general, had a close relationship with the Lower
(Zone X, zone XI) and Middle Triassic (Zone XII)
groups of species. The new entrants in Zone XIII,
XIV and XV of Late Triassic (species of
Staurosaccites, Barchysaccus, Infernopollenites,
Dubrajisporites, Rajmahbalispora, etc.) had obviously
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a short history of existence as they do not occur in
the Lower Jurassic sediments.

Jurassic/Cretaceous

The area of study concerns with the Rajmahal
Basin but the Jurassic and Lower Cretaceous
assemblages Zones XVI to XX from Rajasthan and
Kachchh basins have been interpolated for
comparison and assessment of the Infra- and
Intertrappean asemblages in this basin. It is very
clear from Table 2 that the Jhuran (= Katrol
Assemblage (Zone “XIX’") is distinguished from the
Bhuj assemblage (Zone XIX) by having several
species of restricted distribution in both (see details
in Venkatachala & Kar, 1970, pp. 83, 84). The
distinction between the two are very sharp. The
Assemblages D and E of Bore-hole RJR-2 (Zone XX
“D-E”, Table 2) stand apart from the Katrol and Bhuj
Assemblages except for the long ranging species
(Podocarpidites, Callialasporites and Araucaria-
cites).

The Assemblage F of Bore-hole RIR-2 (Zone XX
“F”, Table 2) is impoverished. The Sakrigalighat,
Basko and Mandro assemblages, together considered
here as Zone XX “G”, are again highly diversified;
most of its components were unknown in the older
zones and hence they stand apart from the Zone XX
(Bhuj) and Zone XX “D-E” (Rajmahal). Inspite of
distinct offset mode between the Katrol (Zone
“XIX™), Bhuj (Zone XX) and Rajmahal (Zone XX
“D-E”) there are certain trends of comparison
between Katrol and Rajmahal assemblages; the
common presence of Coptospora kutchensis,
Concavissimisporites penolaensis, Cicatricosisporites
australiensis, Retitriletes austroclavatidites,
Podosporites tripakshi, etc. which points out
important linkage between the Katrol assemblage
and Assemblage D-E of Rajmahal. On the other hand,
the latter are remotely related with the Sakrigalighat
which is dated as Early Cretaceous (Singh &
Venkatachala, 1988). On the face value, the Lower
Cretaceous Bhuj assemblage (Zone XX) and the
Assemblage D-E of Rajmahal cannot be clubbed
together intimately. Tiwari, Kumar and Tripathi
(1984) placed the Infratrappean Assemblage D-E at
Upper Jurassic/Lower Cretaceous level. However,
there are several gaps yet to be filled to complete
the story of the Jurassic-Cretaceous transition span.
The sequence of evidences depicted in Table 2
reveals -that the succession of palynofloral
assemblages from Upper Jurassic to Lower
Cretaceous had been at low pace. But the
Neocomian palynoflora has changed at a faster rate
and the isolated areas had an ecology bias for the
growth of various species; hence the matching of
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synchronous assemblages which are distantly apart
may not suggest the real age bracket.

CONCLUSIONS

For achieving the goal of species based
palynostratigraphy through the span of Indian
Palaeozoic and Mesozoic Sequence, a model based
on data from the Damodar Graben and Rajmahal
Basin has been constructed. The following main
conclusions are drawn:

1. Based on the FADs and LADs of selected
species, and also the totality of species
composition twenty Species Assemblage Zones
have been identified which demarcate various
datums.

2. The authenticity of Species Assemblage Zone is
reinforced by the recognition of thirty Species
Acme-Zones based on the epiboles of number
of species in various genera. These epiboles
either coincide with one assemblage zone or
encompass more than one.

3. The least diversified spore-pollen flora of the
earliest Talchir horizon enormously radiates by
the end of Talchir Formation and continues to
flourish during the rest of the Permian time.

4. The behaviour pattern of species distribution
evidences for the most outstanding change at
the Permian/Triassic boundary in the history of
Gondwana floristics.

5. During Upper Triassic a marked change is
recorded by the influx of several new species
having short stratigraphic range which result
into a distinct alteration in the species pattern
at the Late Triassic/Early Jurassic level.

6. At the Late Jurassic/Early Cretaceous datum
major event in the species change-over is not
represented. The continuum of flora is
reflected by spores/pollen; however, there are
gaps in information for precise location of the
change.
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