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ABSTRACT

Singh KJ, Chandra A & Chandra S 2005. Evaluation ofearliest Permian flora of India and its equivalents
in other Gondwana continents. Palaeobotanist 54 : 107- t 13.

The Talchir Formation occurs at the base of the Indian Gondwana sequence resting directly on the
Precambrian basement and is conformably overlain by the coal bearing Damuda Group. It is a treasure trove
of plant fossils and holds clue to the origin and subsequent rise of Glossopteris flora. Mega and palynofossils
of the Talchir Formation reported from various basins of peninsular India are reviewed in the light of new
researches. A comparative study of homotaxial flora from other Gondwana continents indicates uniformity
and similarity in plant types at the generic level. The flora reconfirms an Early Permian age equivalent to
Assel ian-Sakmarian for the Talch ir Formation.
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INTRODUCTION

THE lowennost unit of the Gondwana sequence exposed
in India was named the Talchir Beds by Blanford et al. in

1859 and now re-defined as the Talchir Formation.
Subsequently the fonnation has been discovered in all the
Indian Pennian coalfields. This Fonnation rests directly on the
Precambrian basement and is confonnably overlain by the coal
bearing Damuda Group. At the base, it consists of the Talchir
boulder bed, followed by the Talchir needle shales and
siltstones and capped by the Rikba beds. The formation
generally attains a thickness of 100 to 200 meters in various
basins though in some basins of eastern part of the Damuda
Valley the maximum thickness of 300 meters have also been
reported (Ghosh & Mitra, 1967). The thickness shows
progressive decrease towards the west. The lithological
characters of the Talchirs are remarkably unifonn and can easily
be recognised in widely separated basins of the Indian
peninsula.

The base of the Talchir Fonnation i.e., the boulder
bed is believed to have been laid down under fluvio-glacial
conditions attending the Carbo-Pennian Ice Age. The overlying
khaki-green to variegated needle shales associated with
siltstones and calcareous bands are characteristics of the
Talchirs. The upper part of the Talchir Fonnation consists
mainly of greenish sandstones. Rikba beds exposed in the
South Rewa Gondwana Basin fonn the top of the Talchir
Fonnation.

The Talchir sediments are very significant from the
palaeobotanical point of view because in these sediments one
looks for evidences relating to the advent and spread of
various plant groups of the Glossopteris flora. The inter­
relationship of the Glossopteris flora and the Carbo-Pennian
glaciation is one of the most significant aspect and
palaeobotanical study involving megafossil and spore / pollen
recovered from the Talchir and its equivalent fonnations, can
provide such evidences.

MEGA FOSSIL DATA

The plant fossils of the Talchir Formation are meagrely
recorded, mostly from the shale band from various basins of
India (Fig. I). Recently, Chandra and Singh (1996) reported
plant fossils along with some insect wings and other animal
impressions from the type section of the Talchir Fonnation in
the Talcher Coalfield. They also provided a list of all the known
records from this Fonnation. Other records are by Blanford et
at (1859) and Roy and Bhattacharyya (1967). Feistmantel (1879)
gave detatled description of plant fossils from the Talchir
Fonnation exposed in Deogarh, Karanpura, Auranga and Hutar
Coalfields and also from South Rewa Gondwana Basin. Surange
and Lele (1956, 1957) reported Talchir plant fossils from Johilla
River section in South Rewa Gondwana Basin and Giridih

Coalfield. Lele et al. (1968) reported ill preserved plant fossils
from Singrauli Coalfield, South Rewa Gondwana Basin. From
this basin there are plant fossil records by various workers
(Biswas, 1955; Ganguly, 1959; Chandra & Srivastava 1982;
Chandra et al., 1992). A significant assemblage ofbryophytes
representing Hepaticae and Musci groups reported from this
Basin by Chandra (1995) is the first ever record of such plants
from the earliest Pennian strata ofIndia. Upadhyay et al.( 1999)
discovered a rare fossil assemblage of both micro and mega
floras from the Chhongtash Formation located near the
Chhongtash locality in Eastern Karakoram, Kashmir Himalaya,
and correlated the floras with the Talchir assemblages. Recently
Tewari and Srivastava (2000) observed a rich specific diversity
in the genera Gangamopteris and Glossopteris (seven and six
species respectively) from the Jaitri River section near Latehar
Town, Auranga Coalfield.

A synthesis of megafloral studies of the Talchir
Fonnation reveals that more or less similar type of flora were
present in all the Gondwana basins of India. The maximum
specific diversity is observed in the genus Gangamopteris
(16 species) followed by Glossopteris (7 species; see Fig. 1).
Equisetales are generally represented by stems and very rarely
by leaflets. Ferns are absent in any assemblage whereas the
conifers are represented by the genus Paranocladus. It has
also been observed that the typical Carboniferous genera like
Lepidodendron, Rhacopteris, Botrychiopsis and
Triphyllopteris have never been recorded in India from the
Talchir sediments.

PALYNOLOGICAL DATA

Palynological study of the Talchir Fonnation was initiated
by Lele way back in 1964 and later followed by his associates
and other workers (Lele, 1964, 1966; Tiwari, 1975; Chandra &
Lele, 1979; Tiwari & Tripathi, 1988). Contrary to megafossil
occurence, palynological assemblages are known from boulder
bed of the Palar Basin, South Rewa Gondwana Basin, Athgarh
Sandstone beds of Mahanadi Basin, Jayanti Coalfield and
Penganga River section. All these palynological assemblages
are considered to be the earliest representatives of plants of
the Indian Gondwana. A complete list ofpalynotaxa recorded
from different basins ofTalchir Fonnation has been tabulated
by Vijaya (1996).

The index palynofossils of the Talchir Fonnation are
Plicatipollenites, Parasaccites, Virkkipollenites, Calumi­
spora and Quadrisporites. These are also associated with
few striate disaccate pollen. The flora exemplifies expansion in
the radial monosaccate pollen. Typical Carboniferous
palynotaxa like Raistrickea, Microreticulatisporites,
Cirratriradites, Crassispora, Vestispora, Alatisporites etc.
are absent in the Talchir sediments. The palynoflora of the
overlying Karharbari Fonnation is in fact a contmuation of the
Talchir palynoflora.
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A comprehensive analysis of micro - and megafossil
assemblages (which are found separately or in association
with each other) at various levels of the Talchir Formation,
seems interesting and prompts one to enquire as to what extent
these mega and micro fossils compliment each other with
respect to the question of their mutual derivation, relationship
and affinities. For example, in the entire Talchirs the persistent
number of trilete spores generally reflects a pteridophytic
affinity. As is evident from the plant fossil records, except for
ribbed stem axis and few records ofPhyllotheca and Trizygia
there are no evidences of such megafossils, which could have
produced spores. Likewise it is not possible to correlate
Ginkgocycadophytes with some fossil Ginkgocycadophyte
or Cycadophyte. Similarly the presence of bryophytic plant
fossils reported from the Talchir Fonnation in the South Rewa

PALAEOBOTANICALANALYSIS

Lele (1966) envisaged the possibility of two mioflora I
zones in the Talchir Fonnation, which were later substantiated
by the study of Chandra and Lele (1979). It was found that
Parasaccites increases from older to younger horizons while
Plicatipollenites, which existed at the same time as
Parasaccites, shows a deftnite decline upward. Tiwari and
Tripathi (1988) also recognized two palyno suites; suite-I, the
older one is characterized by radial monosaccates having
dense central body and the presence of genus Callumispora.
Suite -2, the younger one, is characterized by radial
monosaccates having thin central body and the presence of
tetrads. Thus it establishes a fact that the two miofloral zones
suggested by Chandra and Lele (1979), Suite I and 2 ofTiwari
and Tripathi (1988), Biozone I and II proposed by Vijaya and
Tiwari (1992) and Palynoevent I of Tiwari (1996) are
dichronous. Tiwari and Tripathi (1992) suggested three
palynoassemblage zones for the entire Talchir sequence. First
is the Potonieisporites neglectus Asssemblage Zone for the
basal most bed, which is recognised by the absence ofstriate­
disaccate pollen and preponderance of Plicalipollenites,
Parasaccites and Potonieisporites. The reference section is
within the siltstone units above the first boulder bed in the
Dudhi River section, West Bokaro Coalfield, Bihar. The second
is the Plicatipollenites gondwanensis Asssemblage Zone,
characterized by ftrst appearance of a variety of striate­
disaccates, monosaccates and zonate spores-pollen taxa and
is dominated by the genera Parasaccites and Plicatipolleniles.
The reference section is also in the Dudhi River section, but
the siltstone units are placed below the last boulder bed. The
third and youngest zone is the Parasaccites korbaensis
Assemblage Zone depicting further diversification of spores
and pollen with several new entrants such as pteridophytic
including lycopsid and apiculate spores, ginkgo-cycadoid
pollen and several monosaccate species. Reference section of
this zone is exposed in the Patharjore Nala, Jayanti Coalfteld,
Bihar.

~
u...

~

~
u

~
3
00
c

·00
co
v
.D

c

en
C

'OJ
E
~

.~

o
L.L.
I

'":o:!
'"'-=
'"ou
-.
en
.~

'"u
.2

'"::J
o
'i:

'">
c

c
.9
;;
E
o

L.L.

.~
"0
C

cr--- .V)

· '""OtD
~ ro
'- c
- '"~ ~
U"O

C
'" 0
.~ Q

..c '"~ ~
'",

"':c::
"O..c
Q) '5
c 0
rot/l
o
UN

~
=>
0.>,

C '"E=
'" '"~>

'"· ..c
~"O

¢~
U ....
c ­
o •
E~

'" '"::L<::
~<O

• 0
:o:!u
.~ I­

'- '"<O..c
o u

':::~
eM"ro _
~

~

'"-::::"0

XV
<::

v)~
.0

:o:!U
'" .­
c~

<0 '"o ~o
U c
..c<n
:.0 .

6:
~~
.,j:I:

~~
c..c- '"'" ~a .~

~~
c .
",0
00-
C
o~-­
.:: c V)

('l3 .- t"l:I

O
en >,

'" '"· CO t;
MoE
~~:i:
.~..c .....
t- U·-
-;::oE
o-..c
U~~
'i: C;; ~
.- 0
Eu-'"

'C U._ rn 0
..c ~-u gm
N ~ E

~ '"· '" ~
~~~
~-=E
'" ~ '"o 0::L
U Z

~o\ ~
c .•
E~~
:J .~ .QJ
«,-c..=
....:~~
~UU

en

'"u

~

'"=>
00
c
~
u
~

'"co
00
~
c
'"0.

2

+

++

+

+

+

+ 1+

'"c
~
"0
C

~
'­
o

+ 1 1 1+

+ 1 1+

+

+

+

+ 1+

+

+

+ 1+ 1+ 1+ 1+

+

+

+

V) V) ~
~ OJ 00 ..0
I- Vl "'0 c::

"'0 "'0 0 .- c::c ..... ..- ~ .- V)

1 ~E Vl~~ 5u en c OJ Vl ~ E c 'v;
"'" .:: -< z ~ co VI 0 :3
::: 3: l.-.l-.EV;:Jen .....
- 0 0._ 0 c c. Vl ..c
~ ~ u c Vl ~ -- ~ ~ E E ~ .~
~ .~ ~ .9 ~ ~ ~ ~ ~ u .~ ~
~ E .~. ~ E "'0 ~ 0 E ~ ..E'~ ~
::: ~ ~ u .~ V'l -e .:z: u ~ 9
~u cg eno.~-g ~ ~ g o~ ~ 0:::
..:::: .= 2 .:: .§ 11)..0 OJ -- .= ~ ~ 0 ~ C
~.2'~3""'~I-"§I~"'O~~ oClJ

"i:: c.. 2'- - E ~ ~ v "= :..= E > ~ V'l -g
c:: 0 :... U :J u :J .~ .r.J'l ~ 00"'0 0 ~ 0

~ c ~ E.g 'u .~ 5- ~ E E ~ .~ ~ ~
:;)tD<_I--<UuJ_<L.L.t/lCl-tDt/l



SINGH et (It.-EVALUATION OF EARLIEST PERMIAN FLORA OF INDIA AND GONDWANA CONTINENTS III

Gondwana Basin (Chandra, 1995) is not supplemented by
spores in the palynoassemblages.

In the back drop of this knowledge one would like to
seek the answer to a major question regarding the origin of
Talchir flora, as Sahni (1935) put it to "ascertain" how far down
into the Talchir Formation it was possible to push our
knowledge of the Glossopteris flora oflndia and in particular
to look for the traces of this flora in the glacial matrix itself.

The evidences of megafossils and spores/pollen
demonstrate the presence of the Glossopteris flora at different
levels just above the base of the Talchirs (Lele, 1966; Surange
& Lele, 1957). There is thus good reason to visualise that the
Glossopteris flora was probably also present at the
commencement of the Gondwana sedimentation i.e., during
the deposition of the boulder bed, which indicates glacial
conditions. Gangamopteris and Noeggerathiopsis recorded
from the Giridih and West Bokaro Coalfields indicate that these
were amongst the pioneer elements of the Glossopteris flora
oflndia, which survived well in some refugia during the early
severe cold phase - the Penno-Carboniferous glaciation (Lele,
1976; Chandra & Chandra, 1988). These plant fonns steadily
evolved and developed as the climate ameliorated towards
the latter part of the Talchirs which is evidenced by the relatively
greater abundance and variety of species especially within
Gangamopreris. The maximum proliferation in the Talchir flora
is indicated by the assemblages recovered mainly from three
localities i.e., Rikba beds, needle shales near Sarang Village,
Talcher Coalfield (Chandra & Singh, 1996) and near Latehar
Town, Auranga Coalfield (Tewari & Srivastava, 2000). These
are believed to represent the uppennost part of the Talchir
Fonnation. Unlike Gangamopteris, Glossopteris appears to
have responded favourably to the progressively wanner climate
in the younger horizons ofTalchir Fonnation as is reflected in
the proliferation of Glossopteris species with a definite midrib.
The Glossopteris evolved steadily through the Karharbari,
attained greater prominence in younger fonnations (Barakar
and Raniganj) and even continued during the arid conditions
of the Triassic Period. On the contrary midrib-less fonns like
Gangamopteris, Noeggeruthiopsis. Euryphyllum and
Rubidgea, which were closely associated with relatively colder
phases (during Talchir and Karharbari time), show a rapid
decline after the Karharbari stage.

A close look at the collective plant types from the
Talchir Fonnation reveals that the vegetation was poor with
strikingly small leaves, sometimes fleshy, curled or folded up,
having mostly very fine and dense venation. The plants
bearing these leaves were dwarf and were growing only at
selected niches (Chandra 1992).

AGE OFTHE TALCHIR FORMATION

Oldham (1893), Cotter (1917), Fox (1931) and Holland
(1933) postulated Carboniferous age of the Talchir Fonnation
on the basis of palaeontological, lithological and

palaeobotanical evidences. Medlicott and Blanford (1879),
Vredenburg (1914), Reed (1928), Ahmad and Ahmad (1962),
Sastry and Sah (1964), Lele (1966), Chandra and Lele (1979),
Shah et at. (1971) and Tiwari (1996) suggested Early Pennian
(Late Asselian-Early Sakmarian) age on palaeontological,
palaeobotanical and palynological evidences. In peninsular
India, Talchir glaciation is widely accepted as of Early Permian
age based on the following evidences:

I. A marine invertebrate fauna - Eurydesma of definite
Early Pennian age in the basal boulder bed of the Talchir
Fonnation at Manendragarh.

2. Microfossils from shales and boulder bed matrices
in several localities collectively indicate Early Pennian age.

3. Absence of typical Carboniferous genera like
Rhacopteris. Botrychiopsis. Triphyllopteris and several
lycopods in the Talchir Fonnation.

4. Absence of typical Carboniferous palynotaxa
Raistrickia. M icroreticu la t ispori tes, Cirra triradi tes,
Crassispora, Vestispora, Alatisporites etc. in these beds.

CORRELATION IN INDIA

The Talchir boulder beds are correlated to several boulder
beds ofextra-Peninsular India. Agglomeratic Slate of Kashmir
(Middlemiss, 1910), Tanakki Boulder Bed ofHazra and Rangit
Pebble-Slate of the Eastern Himalaya (Acharyya, 1971) are
considered equivalent to Talchir Fonnation. Marine fossils
from these extra-Peninsular beds are considered faunistically
closely related to the marine intercalations within the Talchir
Fonnation of the peninsular region from the Manendragarh
and Daltonganj Coalfields. The Bap boulder beds ofRajasthan
are considered equivalent to the Talchir Fonnation (Oldham,
1886).

CORRELATION WITH OTHER
GONDWANA CONTINENTS

Feistmantel (1888) while discussing the fossil flora of
Australia concluded that the Bacchus Marsh Sandstone in
Australia could be correlated with the Talchir Group of India.
Rigby and Chandra (1990) reported a variety of plant fossils
including Glossopteris douglasii Rigby & Chandra,
Glossopteris sp. A, Glossopteris sp. B, Glossopteris sp. C,
Gangamopteris augustifolia McCoy, Gangamopteris
cyclopteroides Feistmantel, Gangamopteris obliqua McCoy,
Gangamopteris spathulata McCoy and an indeterminate plant
fragment from the Bacchus Marsh Sandstones and assigned
it an Early Permian age.

The fossil flora reported from the right bank of the
river Mavonono in the Sakoa Basin, Madagascar (Appert,
1977) includes Gangamopteris cyclopreroids. Gangamopteris
oblanceolata, a few Glossopteris, some leaves identified as
cf. Lesleya, several stems of articulates, animal remains and
insect wings. This is the oldest record of fossil flora from
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Madagascar and corresponds in age with Talchir Fonnation
ofIndia.

Archangelsky and Cuneo (1991) recognised four
floral zones during Carboniferous and Pennian in North West
Argentina. The lower member of the Gangamopleris zone
comprising ofBOllychiopsis plan/iana, Paranocladus ?fallax,
Samaropsis sp., Samaropsis kur/zii, Cordaites hislopii,
Ferugliocladus riojanum, Euryphyllum whittianum,
Glossopteris occidentalis, G wilsonii, Asterothecaferuglioi,
Gangamopteris obovata, Phyllotheca sp. and Sphenopteris
sp. This zone marks the extinction of Botrychiopsis and is
referred to the Lubeckense stage by the authors. In Brazil,
Tafoflora A-B and Itarare flora in the Parana Basin represent
the Early Pennian assemblage (Frakes & Crowell, 1969).

An Antarctic flora reported from Whichaway
Nunataks, Theron Mountains has been referred to the Early
Pennian age by Plumstead (1962). This flora is dominated by
Glossopterids, however, the specific variability and the
presence of some taxa found in younger strata suggest that
the biostratigraphy is not properly established.

Leslie (1921) reported Gangamop/eris from glacial
conglomerate at Vereeniging, South Africa. The identification
has been confinned by Pant (1988). This is the only conftrmed
occurrence of the Glossopteris flora underlying the glacial
horizon.
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