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ABSTRACT

Singh KJ, Saxena A & Goswami S 2012. Palaeobiodiversity of the Lower Gondwana rocks in the Korba Coalfield,
Chhattisgarh, India and observations on the genus Gangamopteris McCoy. The Palacobotanist 61(1): 145-163.

The Korba Coalfield occupies the south-central part of Son-Mahanadi Master basin and is situated in the Korba and
Bilaspur districts of Chhattisgarh State. With five open cast mines (Gewra, Dipika, Manikpur, Kusmunda and Laxman)
spreading over 530 sq. kms, this coalfield is the biggest coal producing unit in India, however it was never explored for
megafloral studies. Extensive investigations were recently conducted in this coalfield to discover the fossiliferous beds in
the Lower Gondwana deposits and as a result a large number of plant fossils were recovered from these collieries and their
extension sites belonging to the Barakar Formation.

The complete flora includes 38 taxa, representing 13 genera of the orders Equisetales, Cordaitales and Glossopteridales.
The order Glossopteridales is highly diversified with 34 taxa and the genus Glossopteris with 22 species dominates the flora
followed by the genera Vertebraria, Sakoarota (equisetalean stems), Cordaites, Dictyopteridium, scale leaves of fertile
organs, Gangamopteris, Noeggerathiopsis, Euryphyllum and Rubidgea. This is the first ever collection and record of any
mega plant fossil from this coalfield. The groups Lycopodiales, Sphenophyllales, Filicales, Ginkgoales, Cycadales and
Coniferales are completely absent in this area which shows that the area might not be adequately cool and humid to
facilitate the growth of these shade loving under-story plants. The genus Cordaites, which is a northern hemisphere taxon
has been reported along with Glossopteris floral elements. An equisetalean genus Sakoarota, described from Madagascar
has been reported for the first time from the Indian Gondwana.

The genus Gangamopteris comprising six species, viz. G cyclopteroides, G. cyclopteroides var. subauriculata, G.
angustifolia, G rajaensis, G. clarkeana and Gangamopteris sp. has been systematically described and discussed in this
paper. The occurrence of Rubidgea, Euryphyllum, Noeggerathiopsis, Cordaites and Gangamopteris along with Glossopteris
is indicative of the presence of Karharbari sediments (Early Permian=Lower Artinskian) in the lower part of the Barakar
Formation exposed in the Gevra and Dipika collieries. The recovered plant assemblage indicates an Early Permian age,
Lower Artinskian (Early Barakar) in the case of the Gevra and Dipika collieries and Upper Artinskian (Late Barakar) for
the Manikpur, Kusmunda and Laxman collieries.

Key-words—Son-Mahanadi Basin, Barakar Formation, Gangamopteris, Glossopteris, Rubidgea, Euryphyllum,
Noeggerathiopsis, Cordaites, Sakoarota.
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Palaeobiodiversidade das rochas do Gondwana Inferior no Hulhifero Korba,
Chhattisgarh, India e observagdes no género Gangamopteris Mccoy

RESUMO

O hulhifero Korba ocupa a parte centro-sul da bacia Son-Mahanadi Master e situa-se nos distritos de Korba e Bilaspur
no Estado de Chhattisgarh. Com cinco minas de carvdo a céu aberto (Gevra, Dipika, Manikpur, Kusumunda and Laxman),
ocupando uma 4rea de 530km?, este jazigo é a maior unidade produtora de carvdo na India, no entanto, nunca foi explorado
para estudos megafloristicos. Extensas investigagdes foram recentemente realizadas neste hulhifero para descobrir os
leitos fossiliferos nos depositos do gondwana inferior e, como resultado, um grande niimero de fitofosseis foram coletados
nestas minas e em extensdes de seus niveis pertencentes a Formacdo Barakar.

A flora completa inclui 38 taxons, representando 13 géneros das ordens Equisetales, Cordaitales e Glossopteridales.
A Ordem Glossopteridales ¢ altamente diversificada, com 34 taxons e o género Glossopteris, com 22 espécies , dominam
a flora seguida pelo género Vertebraria, Sakoarota (caules de Equisetales), Cordaites, Dictyopteridium, escamas foliares de
orgaos férteis Gangamopteris, Noeggerathiopsis, Euryphyllum e Rubidgea. Esta ¢ a primeira coleta e registro de
macrofitofosseis feitos neste jazigo. Os grupos Lycopodiales, Sphenophyllales, Filicales, Ginkgoales, Cycadales e Coniferales
sdo completamente ausentes nesta regido, o que mostra que esta area talvez ndo tenha sido adequadamente fria e imida
para facilitar o crescimento de plantas do sub-bosque amantes da sombra (escidfitas). O género Cordaite, que ¢ um taxon
do hemisfério norte tem sido relatado com elementos da flora de Glossopteris. O género equisetaleano Sakoarota, descrito
para Madagascar foi relatado pela primeira vez no Gondwana Indiano. O género Gangamopteris, que compreende seis
especies, a saber G cyclopteroides, G. cyclopteroides var. subauriculata, G angustifolia, G rajaensis, G. clarkeana e
Gangamopteris sp., foi sistematicamente descrito discutido neste trabalho. A ocorréncia de Rubidgea, Euryphyllum,
Noeggerathiopsis, Cordaites e Gangamopteris junto com Glossopteris ¢ o indicativo da presenga de sedimentos Karharbari
(Eopermiano=Artiskiano Inferior) na parte inferior da Formagao Barakar, expostas nas minas de carvdo de Gevra e
Dopika. A assembléia de planta vegetal coletada indicam uma idade eopermiana, Artinskiano inferior (Eo Barakar) no caso
das minas de Gevra e Dipika e Artinskiano Superior (Neo Barakar) para as minas de carvdo de Manikpur, Kusumunda e
Laxman.

Palavras-chave—Bacia Son-Mahanadi, Formagdo Barakar, Gangamopteris, Glossopteris, Rubidgea, Euryphyllum,
Noeggerathiopsis, Cordaites,Sakoarota.

INTRODUCTION number of workers over the past fifty years {Subramanian and

Rao (1960); Khan (1969); Surange and Maheshwari (1970);

ermian sediments pertaining to the Talcher Coalfield, Ib-  Surange and Chandra(1973a,b,c,1974a,b, ¢, d); Maithy (1977);
River Coalfield and Mand-Raigarh Coalfield, all parts of =~ Chandra and Surange (1977); Chandra and Rigby (1981, 1983);

the Mahanadi Basin, have been thoroughly investigated by a  Chandra (1984); Pant ef al. (1985);Chandra and Singh (1986,
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1988, 1989, 1992,1995,19964, b); Singh and Chandra (1987,
1990, 1995, 19964, b, 1999, 2000); Srivastava et al. (1996);
Goswami and Singh (2010); Goswami et al. (2006a,b); Singh et
al., (2003, 2006a, b, ¢, 2007)}. However, a very important
coalfield within the Mahanadi Basin, i.e. the Korba Coalfield,
which is also the biggest coal producing unit in India, was
never investigated for plant megafossils. The palaeobotanical
studies in this coalfield are limited to a few palynological studies
by Bharadwaj and Srivastava (1973); Bharadwaj and Tiwari
(1964); Srivastava (1973, 1984) and Vijaya and Sinha (2005)
and a recent megafloral report by Singh ez al. (2011) wherein
the authors described 22 species of Glossopteris. The Lower
Gondwana sediments of the Korba Coalfield were thoroughly
examined for megafossilsso that a database could be produced
for all the four coalfields of the Mahanadi Basin to understand
the early developmental history and the evolution of the flora
in this master basin.

The Lower Gondwana rocks in this coalfield have been
identified with three formations, i e. Talchir, Barakar and Kamthi
(Fig. 1). The sediments of the Talchir and the Kamthi formations
were found to be unfossiliferous. Plant megafossils have been
collected extensively from the Barakar sediments (Early
Permian) exposedin five open-cast mines namely Gevra, Dipika,
Manikpur, Kusmunda and Laxman. A large collection of plant
megafossils (512 specimens, Fig. 2) was made during three
excursions to this field. This is the first ever collection and
record of any plant megafossils from this coalfield.
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The genus Cordaites, which is a northern hemisphere
taxon, has been reported from the Korba Coalfield along with
Glossopteris floral elements. Similarly an equisetalean genus
Sakoarota, originally described from Madagascar, has been
reported for the first time from the Indian Gondwana. The
groups Lycopodiales, Sphenophyllales, Filicales, Ginkgoales,
Cycadales and Coniferales are completely absent from the
Korba Coalfield.

In the present study, only the genus Gangamopteris
having six species, viz. G cyclopteroides, G cyclopteroides
var. subauriculata, G angustifolia, G. rajaensis, G clarkeana
and Gangamopteris sp. has been systematically described
and discussed (Fig. 3) and remaining plant groups have been
published elsewhere. The study also incorporates the
comparison of the presently described Gangamopteris species
with those of other coalfields of the Indian Gondwana including
the Mahanadi Basin (Fig. 4). The complete flora of the Korba
Coalfield has been tabulated in Fig. 5 and its distribution in
different collieries has been shown in Fig. 6. Relative
percentage of various plant genera/groups found in this
coalfield and the stratigraphical distribution of various
Gangamopteris species in Indian Lower Gondwana formations
is provided in Figs 2 and 7, respectively.

The occurrence of the genera Rubidgea, Euryphyllum,
Noeggerathiopsis, Cordaites and Gangamopteris along with
the genus Glossopteris is indicative of the presence of
Karharbari sediments (Early Permian) in the lower part of the
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Fig. 1—Geological map of Korba Coalfield, Chhattisgarh showing various localities.
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S.N. Name of genera / group No. of specimens Percentage
1. Glossopteris 195 38.08
2. Vertebraria 168 32.81
3. Sakoarota / equisetalean stems 58 11.32
4. Cordaites 43 8.39
5. Dictyopteridium / fertile organs 14 2.73
6. Scale leaves of fertile organs 13 2.53
7. Gangamopteris 8 1.56
8. Noeggerathiopsis 5 0.97
9. Euryphyllum 2 0.39
10. Rubidgea 2 0.39
11. Stem casts 2 0.39
12. Stem branch / twigs 2 0.39
Total 12 512 99.95

Fig. 2—Relative percentage of various genera / groups collected from different collieries, Korba Coalfield.

Barakar Formation exposed in Gevra and Dipika collieries
located in the south-central part ofthiscoalfield. The recovered
plant assemblage indicates an Early Permian age, Lower
Artinskian (Early Barakar) in the case of the Gevra and Dipika
collieries and Upper Artinskian (Late Barakar) for the Manikpur,
Kusmunda and Laxman collieries.

Gangamopteris occurs as the dominant megafloral
component of the Glossopteris flora which is well recorded
from all the Gondwanan countries, viz. India, Australia, South
Africa, Congo, Brazil, Argentina, Rhodesia, Madagascar and
Antarctica from the homotaxial sediments deposited during
EarlyPermian(McCoy, 1875; Feistmantel, 1876,1879, 1881,
1890; Seward, 1905; White, 1908; Zalessky, 1912; Dolianiti,
1954; Srivastava, 1956; Archangelsky, 1958, 1984 ; Plumstead,
1962;Maithy, 1965d, 1966; Rigby, 1967; Maheshwari & Prakash,
1965; Pant & Singh, 1968; Kulkarni, 1971; Chandra &
Srivastava, 1982; Anderson & Anderson, 1985; Bajpai, 1990;
Srivastava, 1977, 1992; Srivastava &Tewari, 1996; Singh, 2000;
Tewari & Srivastava, 2000; Singh et al., 2005, 2006a, b;
Srivastava & Agnihotri, 2010; Tewari et al.,2012; Srivastava
et al., in press). The genus is distributed horizontally in almost
all the geographical areas pertaining to the erstwhile Gondwana

Gangamopteris species 5
e e | e

S Es | =8
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G. cyclopteroides + +

G. cyclopteroides var. +

subauriculata

G. angustifolia +

G. rajaensis +

G. clarkeana +

Gangamopteris sp. +

Fig. 3—Distribution of Gangamopteris species in various localities in
Korba Coalfield.

but its vertical range is somewhat restricted making it a
significant genus stratigraphically. In India it appeared during
the early Talchir Period (Early Sakmarian) as evidenced by its
occurrence in the sediments close to the tillites (Surange &
Lele, 1956) where it was believed to grow in small hospitable
pockets free from ice. Towards the end of Talchir Period
Gangamopteris diversified further (as many as eighteen
species of the genus are known from the Talchir Formation,
Fig. 7) and its leaves developed considerably as compared to
the small, curled or folded leaves found preserved in the tillites
ofthe early Talchir Formation. This genus attained its maximum
diversification in the next Karharbari Formation (Lower
Artinskian) represented by 24 species. Gangamopteris started
declining after the Karharbari Formation as indicated by
comparatively smaller number of species (23) in the Barakar
and (4) in the Raniganj formations Fig. 7). The size of the
Gangamopteris leaves ranges from 2 to 25 c¢cm in length and
they possess different kinds of shape, apex and base (Maithy,
1965d). As compared to the genus Glossopteris that has
different kinds of fertile organs preserved in attached or
detached conditions, the fructifications in the genus
Gangamopteris are rarely found. Plumstead (1958) reported
Vanus and Ottokaria attached to the Gangamopteris leaves.
The Gangamopteris leaves are rarely known in the upper
Permian flora of upper Barakar, Barren Measures and Raniganj
formations (Surange, 1966, 1975; Srivastava, 1997).
Srivastava and Agnihotri (2010) described sixteen species
of Gangamopteris from Barakar Formation of Pench Valley
Coalfield in Satpura Gondwana Basin. They have synthesized
the data pertaining to the genera Gangamopteris and
Glossopteris indifferent Lower Gondwana formations of India
and found that Gangamopteris dominated over Glossopteris
in Talchir Formation with a percentage ratio of 75% : 25%.
However, towards Karharbari, lower Barakar and upper Barakar
the dominance of Gangamopteris diminished in favour of
Glossopteris as is evidenced by the following percentage ratio
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Fig. 4—Distribution of Gangamopteris species from Korba Coalfield in various Indian Gondwana coalfields.

(58% :42% in Karharbari, 53% : 47% in lower Barakar and 10%
: 90 % in upper Barakars).

Srivastava and Agnihotri (2010) analyzed that the
coalescence of median veins in the genus Gangamopteris
after straightening and consolidation in different species, e.g.
G. clarkeana, G. major, G. cyclopteroides and G. kashmirensis
has led to the midrib-like condition in Glossopteris.
Glossopteris decipiens Feistmantel 1879 where the midrib is
present only up to 1/2 or 2/3 of leaf lamina demonstrates the

first stage of such process and further consolidation of median
veins resulted into the development of species with complete
midrib, viz. Glossopteris churiensis Srivastava, G retifera
Feistmantel and G stricta Bunbury.

GEOLOGICAL SETTING

The Korba Coalfield is a part of the extensively
distributed Lower Gondwana formations in the Mahanadi Valley

1. Sakoarota polyangiata (Equisetalean stems) 22. G. taenioides

2. Noeggerathiopsis hislopii 23. G. syaldiensis

3. Cordaites sp. 24. G. emarginata

4. Euryphyllum indicum 25. G. stricta

5. Rubidgea obovata 26. G. communis

6. Gangamopteris cyclopteroides 27. G. indica

7. G. cyclopteroides var. subauriculata 28. G. browniana

8. G. angustifolia 29. G. pantii

9. G. clarkeana 30. G. karanpuraensis

10. G. rajaensis 31. G. major

11. Gangamopteris sp. 32. G. feistmantelii

12. Glossopteris intermittens 33. G. euryneura

13. G. stenoneura 34. Glossopteris sp.

14. G. arberi 35. Dictyopteridium sporiferum

15. G. raniganjensis 36. Scale leaves of Eretmonia ovoides
16. G. spatulata 37. Scale leaves of Lidgettonia mucronata
17. G. gigas 38. Scale leaves of Venustostrobus sp.
18. G. sastrii 39. Scale leaves of Plumsteadiostrobus sp.
19. G. nimishea 40. Vertebraria indica

20. G. maculata 41. Stem casts / stem twigs

21. G. barakarensis

Fig. 5—A list of complete megafossil assemblage recovered from Korba Coalfield.
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Location Formation

Megafloral assemblage

L. Manikpur Barakar
colliery Fm.

Abundance of Vertebraria indica (45 specimens); 5 species of Glossopteris (G.
communis, G. indica, G. browniana, G. arberi and G. intermittens);
Gangamopteris cyclopteroides (1); Scale leaves of Lidgettonia mucronata (3);
Venustostrobus sp.(2) and a few equisetalean stems (4 specimens).

Barakar
Fm.

2. Kusumunda
colliery

Percentage of Glossopteris very low (only 3 species, viz. G. indica, G. nimishea,
G. browniana); Abundance of Vertebraria indica (60 specimens).

3. Laxman colliery | Barakar

Plenty of Sakoarota stems /equisetalean stems (54 specimens); Vertebraria
Fm. (3 specimens) and Glossopteris poorly represented (G. communis only).

4. Gevra colliery Barakar

Abundance of Glossopteris representing 21 species, viz. G. communis, G.

Fm. indica, G. browniana, G. karanpuraensis, G. pantii, G. nimishea, G. maculata,
G. spatulata, G. raniganjensis, G. stenoneura, G. euryneura, G. taenioides, G.
emarginata, G. arberii, G. stricta, G. sastrii, G. major, G. barakarensis, G.
feistmantelii, G. gigas and G. syaldiensis.

Gangamopteris rajaensis (1 specimen); Noeggerathiopsis hislopii (3);
Euryphyllum indicum (2); Cordaites sp. (35); Rubidgea obovata (2); scale
leaves of Plumsteadiostrobus sp.(2); Vertebraria indica (22 specimens);
stem/twig fragments (2)

S. Dipika colliery Barakar

(38 specimens).

casts (2)

Dominance of Glossopteris (11 species)-G. stenoneura, G. intermittens, G.
Fm. sastrii, G. nimishea, G. communis, G. raniganjensis, G. gigas, G. spatulata, G.
major, G. feistmantelii, G. indica;

Gangamopteris cyclopteroides (2 specimens), G. cyclopteroides var.
subauriculata, G. clarkeana, G. angustifolia and G. sp. (1 each); Cordaites
sp. (8 specimens); Noeggerathiopsis hislopii (2); Vertebraria indica

Dictyopteridium sporiferum (14 specimens);
Scale leaves of Eretmonia ovoides and Lidgettonia mucronata (3 each); stem

Fig. 6—Distribution of various taxa in different collieries, Korba Coalfield.

Basin that extends over an area of 530 sq km with total coal
reserves of around 10115 metric tonnes. It lies in between the
drainage areas of the Son and the Mahanadi rivers. The Barakar
sediments of the Korba Coalfield are continuous with those of
the Mand-Raigarh Basin in the east, whereas, towards the
north a vast stretch of Talchir sediments connects this coalfield
with the Hasdo-Arand Basin. Anarrow strip of Barakar rocks
also connects the Korba field with Hasdo-Arand towards the
east. Therefore, the Korba, Hasdo-Arand and Mand-Raigarh
Basin areas form a master basin in the upper reaches of the
Mahanadi Valley. The Korba Coalfield, situated in the Korba
and Bilaspur districts of Chhattisgarh State, is elongated in an
east-west direction, and is 64 km. long and 4.8 to 16 km. wide
(Fig. 1). It is bounded by latitudes 22°15' and 22°30' and
longitudes 82°15'and82°55' (RajaRao, 1983).

The Korba Coalfield was named by W.T. Blanford in the
year 1870 and was first systematically examined by Lala Hiralal
during 1886-87 (inRaja Rao, 1983). The Lower Gondwana rocks
in this coalfield have been divided into three formations, i.e.
Talchir, Barakar and the Kamthi (Fig. 8). The sediments of the
Talchir Formation are well exposed in Suar Rivulet near Dondro
Village in the eastern part and in the Ahiran Rivulet near Telsar
Village in thenorth-central part of the coalfieldbut were barren

of any plant megafossil. Similarly, the Kamthi sediments
exposed in the eastern side of this coalfield near Sukdukla and
Daranga villages were found to be unfossiliferous. The
stratigraphic sequence met within the Korba Coalfield is given
inFig. 8.

MATERIAL AND METHODS

The material described in this paper is a part (8 specimens
of Gangamopteris) of alarge collection of plant mega fossils
(512 specimens, Fig. 2) from the Barakar sediments, exposed in
five open-cast mines/projects (O.C.P’S) namely Gevra, Dipika,
Manikpur, Kusmunda and Laxman of the Korba Coalfield. The
specimens of Gangamopteris have been collected from first
three collieries (Figs 9, 10, 11). The collections were made
during three excursions to this coalfield. The specimens are
preserved as impressions as well as compressions on fine-
grained carbonaceous shale and grey shale belonging to the
Barakar Formation (Early Permian). They are measured and
photographed to record the morphological characters using
low power Leica Microscope and Nikon 35 mm Camera.
Different kinds of external morphological features such as
shape of the leaf, nature of apex and base, midrib, type of
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Gangamopteris species

Talchir

Karharbari

Barakar

Barren
Measures

Raniganj

Kamthi

1.

Gangamopteris angustifolia McCoy
1875

+

+

4

. anthrophyoides Feistmantel 1880

. buriadica Feistmantel 1879

. chatterjei Bhattacharyya 1963

. clarkeana Feistmantel 1879

4

. cyclopteroides Feistmantel 1876

4

A Bl Bl el ead g

cyclopteroides var. acuminata
Feistmantel 1881

. cyclopteroides var. areolata
Feistmantel 1879

Q Q] QIQIQQQ|@

. cyclopteroides var. attenuata
Feistmantel 1879

10

. G. cyclopteroides var. auriculata
Feistmantel 1879

11

. G. cyclopteroides var. cordifolia
Feistmantel 1881

12

. G. cyclopteroides var. crassinervis
Feistmantel 1881

13

. G. cyclopteroides var. subauriculata
Feistmantel 1879

4

14

. G. fibrosa Maithy 1965

+

15

. G. flexuosa Srivastava 1956

16

. G. gondwanensis Maithy 1965

17

. G. hispida Pant & Singh 1968

18

. G. hughesii Feistmantel 1876

19

. G. intermedia Maithy 1965

20

. G. karharbariensis Maithy 1965

21

. G. kashmirensis Seward 1905

++|+

22

. G. maheshwarii Bajpai 1990

23

. G. major Feistmantel 1879

]+ |+ ||+

24

. G. media Pant & Singh 1968

25

. G. mucronata Maithy 1965

+

26

. G. oblanceolata Maithy 1970

27

. G. obligua McCoy 1875

+

28

. G. obtusifolia Pant & Singh 1968

29

. G. papillosa Pant & Singh 1968

|+ ]+ [+ ]+

30

. G. rajaensis Srivastava 1992

4

31

. G. spathulata McCoy 1875

+

32

. G. srivastavae Maithy 1968

33

. G. whittiana Feistmantel 1876

34

. G. sethiaensis Srivastava & Agnihotri
2010

35

. G. satpuraensis Srivastava &
Agnihotri 2010

36

. G. indica Srivastava 1956

37

. Gangamopteris sp.

4

Total number of taxa

24

23

*Denotes new contribution

Fig. 7—Stratigraphical distribution of Gangamopteris species in Indian Lower Gondwana formations.




152

THE PALAEOBOTANIST

Age Formation Lithology (Thickness)
Recent Alluvium
Late Permian to Early Kamthi Conglomerates, sandstones
Triassic minor shales
Early Barakar Upper Member Sandstones, shales and thick coal seams
Permian inter-bedded with carbonaceous shale (350 m)
Middle Member Sandstones and conglomerate (300 m)
Lower Member Sandstones, shales and Ghordewa groups of seams
(160 to 250 m)
Talchir Diamictites, greenish sandstones, olive green
coloured needle shales, rhythmites, varves and black
shale (200 m)
Unconformity
Precambrian Gneisses, migmatites, granites, etc.

Fig. 8—Geological succession of the Korba Coalfield area, Chhattisgarh (after Raja Rao, 1983).

meshes and the venation pattern have been taken into account
during identification. The methodology given by Chandra and
Surange (1979) has been adopted for the description for the
various species of the genus Gangamopteris.

REPOSITORY
All the megafossil specimens described in this paper are
deposited in the Repository of Birbal Sahni Institute of
Palaeobotany, Lucknow vide statement no. 1307 and Museum
Specimen Nos39438-39445.

SYSTEMATICS
Division—GYMNOSPERMOPHYTA
Order—GLOSSOPTERIDALES
Genus—Gangamopteris McCoy, 1875
Type species—Gangamopteris angustifolia McCoy, 1875
Gangamopteris angustifolia McCoy 1875

(PL2.1)

Remarks—This species is represented by a single
specimen preserved as impression on carbonaceous shale.
The leaf is incomplete and measures 6.3 cm in length and 1.5
cm in width. Leaf appears to be small, linear, narrow and
lanceolate in shape. Apex and base not preserved and the

margin of the leaf is broken at many places. 6-8 sub-parallel
running veins present in the median portion of the leaf forming
secondary veins that emerge at about 30-40°, arching a little
outwards and then pass on to the margin in gentle curves.
The meshes are linear, elongate and narrow throughout the
lamina. Our specimen resembles Gangamopteris angustifolia
described by McCoy 1875 (PI. XII, fig. 1; P1. XIII, fig. 2),
Feistmantel (1879,P1.IX, fig. 5; 1881, P1. XXX, fig. 10), Maithy
1965d (P1.2, figs 9, 10), Chandra and Srivastava 1982 (PL. 2, fig.
14) and Singh et al. 2006 (P1. 2., fig. 4) in shape of the leaf and
venation pattern.

Occurrence—Dipika Colliery.

Distribution in India—Talchir, Karharbari and Barakar
formations.

Gangamopteris cyclopteroides Feistmantel 1876
(PL.1.1-4;P1.2.2,3)

Remarks—This is the most common species of
Gangamopteris and represented by three incomplete
specimens in the collection. One of them is a compression and
other two are impressions. Leaves small to medium in size,
obovate, comparatively broader in the upper portion and
tapering towards the basal portion. The preserved leaves
measure 4.7 t06.5 cm in lengthand 2.1 to 3.1 cmin width. The
apex preserved in two leaves and is acute whereas the base is
cuneate in one leaf and missing in others. Margin of the
specimens is not continuous and broken at many places. The
veins arise from the base, medianregion of the leafis occupied
by 5-7 thick parallel running strands. Lateral veins emerge
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field.

from the median strands at angles of 10°-15° and pass out to
the margin withslight curves and meet at 30°-40°. Lateral veins
form broad, long and polygonal meshes in the middle part and
linear, narrow meshes near the margins. The present specimens
are comparatively smaller in size but they resemble in their
general shape and venation pattern with the specimens of
Gangamopteris cyclopteroides described by Feistmantel 1879
(PLLIX figs 2,4; PL X, fig. 3; P1. XXVI, fig. 1), Maithy 1965d (P1.
1,figs 1-3), Pant and Singh 1968 (P1.27, fig. 1), Srivastava 1977
(P1. 1,fig. 1), Chandra and Srivastava 1982 (P1. 1, fig. 1), Singh
etal.,2005 (PL 2,fig.2),2006a (PL 2, fig.2), 2006b (P1. 2, fig. 1).

Occurrence—Dipika and Manikpur collieries.
Distribution in India—Talchir, Karharbari and Barakar
formations.

Gangamopteris rajaensis Srivastava 1992

(PL.3.1,2)

Remarks—The species is represented by a single
complete leaf preserved as an impression. Leaf'is simple, small,
obovate in shape, broader in the apical part and tapering
towards base. It measures 3.7 cmin length and 1.8 cm in width
with an entire margin. Apex is obtuse and a small protuberance
makes it mucronate, base acute-cuneate. The median region
of the leaf occupies 5-6 parallel running dichotomizing veins
which also show fibre like structures in between. Lateral veins
arise at around 10-15°, arch slightly outwards and meet the
margin at 40-45°. Meshes are elongate, narrow and polygonal.
The specimens resembles very well with the Holotype and the
other illustrated specimen of Gangamopteris rajaensis
described by Srivastaval 992 (P1. 5, figs 1, 2; BSIP Nos 36620,
36621) in shape, size and the venation pattern. It also compares
with G rajaensis describedby Singh et al. 2006b (P1. 2, figs 3,
5).

Occurrence—Gevra Colliery.

Distribution in India—Barakar Formation.

Gangamopteris clarkeana Feistmantel, 1879
(P1.3.3;P1.4.4)

Remarks—A single specimen of this species is present
inthe collection. The leaf is almost complete, small, coriaceous,
entire, symmetrical and spathulate-rounded in shape and
measures 4.2 cm in length and 3 cm in width. Apex is slightly
broken at two places but appears broadly rounded and the
base is acute. As the base is slightly deformed the median
veins (4-6) can only be seen a little above the base in the
median region. These sub-parallel interconnecting veins are
comparatively thick and give rise to lateral veins which after
anastomosis and dichotomization form narrow, oblong and
polygonal meshes. The specimen is comparable with the
specimens of G clarkeana described by Feistmantel 1890 (PI.
XX, fig.3), Maithy 1965d (P1. 4, fig. 25), Srivastava 1977 (P1. 2,
fig. 9)and Chandra and Srivastava 1982 (P1. 1, fig.2) in general
shape of the leaf and venation pattern.

PLATE 1

1. Gangamopteris cyclopteroides Feistmantel 1879, showing an
incomplete leaf. Manikpur Colliery, BSIP Specimen No. 39438,
Scale 5 mm.

2. Upper portion of the leaf in Fig. 1 showing interconnecting
median strands and the emerging lateral veins. Scale Bar 5 mm.

—

3. Gangamopteris cyclopteroides Feistmantel 1879. Leaf pre-
served with apex and the middle portion. Dipika Colliery. BSIP
Specimen No. 39439, Scale Bar 5 mm.

4. A portion of the leaf in fig. 3 showing acute apex and diverging
lateral veins. Scale Bar 5 mm.
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Occurrence—Dipika Colliery.
Distribution in India—Talchir, Karharbari and Barakar
formations.

Gangamopteris cyclopteroides var. subauriculata
Feistmantel 1879

(PL.4.1-3)

Remarks—This species is represented by a single
specimen preserved as compression. The leaf is incomplete,
of medium size and oblanceolate in shape. The preserved
portion of the leaf measures 11.4 cm in length and 2.3 cm in
width in the upper part. The leaf becomes a little narrower
towards the base and then gets broader again and finally
terminates as roundly subauriculate. Apex not preserved, base
auriculate and is 2.4 cm wide. 9-10 thick median veins arise
from the auriculate base and proceed upwards up to the upper
portion of the leaf. They are distantly placed in the basal-most
part, however, in the upper region the veins are comparatively
closely placed. Lateral veins start emerging from the median
veins mostly in the upper portion of the leaf at an angle of 10-
15° and they meet the margin at 35-40°. The meshes formed
after anastomosis and dichotomization are narrow, oblong and
polygonal. The present specimen is comparable with the
specimens of G cyclopteroides var. subauriculata described
byFeistmantel 1879 (P1. X1IL, fig. 2;P1. XV, figs 1, 3; P1. X V1, fig.
3) in general shape of the leaf and venation pattern.

Occurrence—Dipika Colliery.

Distribution in India—Talchir, Karharbari and Barakar
formations.

Gangamopteris sp.

(PL.3.4)

Remarks—A single incomplete leaf measuring 5.6 cm in
length and 1.5 cm in width is present in the collection. Apex is
not preserved, base cuneate and margin broken at many places.
5-7 thick median veins are present in the median region,
however, the lateral veins which emerge from these median
veins are faintly preserved. Very few ill-preserved meshes can
be seen on the left side of the lamina. As the present leaf is not
well preserved and its morphological features too are not
distinct, we are unable to identifyit up to the specific level and
describe it here as Gangamopteris sp.

Occurrence—Dipika Colliery.

Distribution in India—Talchir, Karharbari and Barakar
formations.

DISCUSSION, COMPARISON AND CONCLUSION

The biggest coal producing unit of India, i.e. the Korba
Coalfield, located in Chhattisgarh State, central India, herein,
has been explored for the first time for megafossil occurrences.
Only few palynological records (Bharadwaj & Srivastava, 1973;
Bharadwaj & Tiwari, 1964; Srivastava, 1973, 1984; Vijaya &
Sinha, 2005) and asingle megafloral record (Singh et al.,2011),
are known from this coalfield. Though, enormous megafossil
data have been generated during past fifty years from the
adjacent three coalfields, i.e. the Talcher, Ib-River and the Mand-
Raigarh of the Mahanadi Basin, nothing was known of the
Korba Coalfield. Work in the Korba Coalfield was taken up so
that a database could be generated for all the four coalfields of
the Mahanadi Basin to ascertain the early developmental
history and the evolution of the flora in this master basin.
Extensive investigations have been carried out in this field
and as a result a huge collection of plant megafossils (512
specimens, Fig. 2) was made from the Barakar sediments
exposed in five open cast mines, namely the Gevra, Dipika,
Manikpur, Kusmunda and Laxman during three excursions.
Although, sediments of the Talchir and Kamthi formations are
also exposed at many places (Fig. 1), we could not find any
plant megafossil in these strata.

The complete megaflora of the Korba Coalfield includes
13 genera with 38 species, representing three orders (Fig. 5).
They are Equisetales (Sakoarota polyangiata / equisetalean
stem), Cordaitales (Noeggerathiopsis, Cordaites and
Euryphyllum) and Glossopteridales (Gangamopteris,
Rubidgea, Glossopteris, Dictyopteridium, Vertebraria and
scale leaves of Eretmonia, Lidgettonia, Venustostrobus and
Plumsteadiostrobus). The order Glossopteridales is highly
diversified with 34 taxa and the genus Glossopteris with 22
species (38.08%) dominates the flora followed by the genera
Vertebraria (32.81%), Sakoarota (11.32%), Cordaites (8.39%),
Dictyopteridium (2.73%),scale leaves of fertileorgans (2.53%),
Gangamopteris (1.56%), Noeggerathiopsis (0.97%),
Euryphyllum (0.39%) and Rubidgea (0.39%) —Fig. 2. The
distribution of various taxa from collieries inthe Korba Coalfield
has been shown in Fig. 6.

Eight specimens of Gangamopteris representing six
species, viz. G. cyclopteroides, G. cyclopteroides var.
subauriculata, G angustifolia, G rajaensis, G. clarkeana and
Gangamopteris sp. have been systematically described and

PLATE 2

1. Gangamopteris angustifolia McCoy 1875. An incomplete
lanceolate leaf showing thick median veins, lateral veins and
indistinct meshes. Dipika Colliery. BSIP Specimen No. 39440,
Scale Bar 5 mm.

—

2. Gangamopteris cyclopteroides Feistmantel 1879. An ill-
preserved leaf with apical and middle portions preserved. Dipika
Colliery. BSIP Specimen No. 39441, Scale Bar 5 mm.

3. Upper portion of the leaf in fig. 2 enlarged to show the acute
apex, lateral veins and meshes. Scale Bar 5 mm.
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discussed in this paper. These are recorded from the
carbonaceous and grey shales in the Gevra, Dipika and
Manikpur collieries (Figs9, 10, 11). Theremaining plant groups
are being published elsewhere. So far, Gangamopteris has
been reported from as many as 25 coalfields/localities
belonging to Lower Gondwana covering almost all the five
sedimentary basins of India (Fig. 4). It also depicts the
distribution of presently studied Gangamopteris species in
various Indian Gondwana coalfields. G cyclopteroides is
widely spread throughout the Indian Gondwana. G.
angustifolia is also well represented in different coalfields,
however G clarkeana, G cyclopteroides var. subauriculata
and G rajaensis have localized occurrences (Fig. 4). Out of a
total of 37 species of Gangamopteris described till date,
maximum (24) belong to Karharbari Formation, whereas, Talchir
and Barakar formations have 18 and 23 species respectively
(Fig. 7), confirming its maximum diversification during
Karharbari Formation.

The occurrence of Gangamopteris is poor (eight
specimens) in Korba Coalfield as compared to Glossopteris
leaves (195 specimens, Fig. 2). Gangamopteris cyclopteroides
represents the highest number of specimens (3) and the rest
five species have one specimen each. Gangamopteris
clarkeana and G cyclopteroides var. subauriculata have been
reported for the first time from Mahanadi Basin. Similarly, G
cyclopteroides var. subauriculata is being reported for the
first time from Barakar Formation ofIndian Gondwana.

It is interesting to note that the coal measures in all the
five coal mines of Korba Coalfield belong to the Barakar
Formation lithologically, however the composite megaflora (Fig.
6) recovered from two of the collieries, i.e. Gevra and Dipika,
shows the presence of some of the typical Karharbari elements,
viz. Rubidgea, Euryphyllum, Noeggerathiopsis, Cordaites
and Gangamopteris in association with Glossopteris and
Vertebraria. This clearly indicates that these elements
appeared in the Karharbari Formation and continued in the
Barakar Formation. The other three collieries, viz. Manikpur,
Kusmunda and Laxman are completely devoid of these
Karharbari elements (barring Gangamopteris cyclopteroides
in Manikpur), they only have Glossopteris, Gangamopteris,
Vertebraria, Sakoarota (equisetalean stem) and some scale
leaves.

The genus Cordaites, which is a northern hemisphere
taxon has been reported from the Korba Coalfield along with
Glossopteris floral elements. An equisetalean genus

Sakoarota, described from Madagascar has been reported
for the first time from the Indian Gondwana. The groups
Lycopodiales, Sphenophyllales, Filicales, Ginkgoales,
Cycadales and Coniferales are completely absent in this area
which shows that the area might not be adequately cool and
humid to facilitate the growth of these shade loving under-
story plants.

The occurrence of Botrychiopsis, Buriadia, Ottokaria,
Euryphyllum and Rubidgea along with Gangamopteris,
Noeggerathiopsis, Cordaites and Glossopteris distinguishes
the megaflora ofthe Karharbari Formation from the other Lower
Gondwana megaplant assemblages found in Talchir, Barakar,
Kulti and Raniganj formations (Banerjee, 1987). The presence
of typical mega elements of the Karharbari Formation and the
total absence of characteristic megafossils, viz. Barakaria,
Giridia, Gondwanophyton, Lelstotheca,
Maheshwariphyllum, Palaeovittaria, Sphenophyllum,
Trizygia, Pseudoctenis, Belemnopteris, Bengalia,
Neomariopteris, Dichotomopteris, Raniganjia and
Pteronilssonia of the younger horizons (Barakar and Raniganj
formations) in the present assemblage, further support that
the assemblage of Korba Coalfield is comparable to that of
Karharbari Formation of Giridih Coalfield of Damodar Basin
(Maithy, 1965a,b, ¢, d; 1966;1970) as most ofthe marker fossils
(Rubidgea, Euryphyllum, Noeggerathiopsis and
Gangamopteris) are commonto both, whereas, Botrychiopsis,
Buriadia and Ottokaria from the Karharbari Formation are
missing in the present assemblage. Similarly, the assemblage
containing Neomariopteris, Gangamopteris,
Noeggerathiopsis, Euryphyllum, Glossopteris, Vertebraria
and Samaropsis, described from the Karharbari Formation in
the Auranga Coalfield (Srivastava, 1977) isclosely comparable
to the present assemblage.

The present assemblage can also be compared with the
megaflora recorded recently from the Nand Coalfield,
Maharashtra (Singh et al., 2005). The genera
Noeggerathiopsis, Gangamopteris and Glossopteris are
common to both the coalfields, even all the Glossopteris
species (barring G angusta) namely G gigas, G. indica, G.
major, G. spatulata, and G. browniana found in the Nand
Coalfield Assemblage are common with those of Korba
Coalfield. Buriadia and a seed genus Alatocarpus present in
the Nand Coalfield are missing in the present assemblage
whereas Sakoarota, Cordaites, Euryphyllum, Rubidgea and
Vertebraria found here are absent from the Nand Coalfield.

PLATE 3

1. Gangamopteris rajaensis Srivastava 1992. An obovate
complete leaf showing well preserved median strands and
venation pattern. Gevra Colliery. BSIP Specimen No. 39442,
Scale Bar 5 mm.

2. Apical portion of the leaf in Fig. 1 enlarged to show a mucronate
protuberance on the obtuse apex. Scale Bar 5 mm.

—

3. Gangamopteris clarkeana Feismantel 1879. Spathulate-rounded
leaf showing broadly rounded apex, acute base and prominent
median veins. Dipika Colliery. BSIP Specimen No. 39443, Scale
Bar 5 mm.

4. Gangamopteris sp. An incomplete arched leaf showing
prominent median veins, lateral veins and faint meshes. Dipika
Colliery. BSIP Specimen No. 39444, Scale Bar 5 mm.
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With the taxa Phyllotheca westensis, Noeggerathiopsis
hislopii, Buriadia heterophylla, Gangamopteris
cyclopteroides, Surangephyllum elongatum,
Macrotaeniopteris feddenii, Glossopteris communis and G
browniana, the assemblage of the South Balanda Colliery,
Talcher Coalfield (Singh ef al., 2006a) is comparable with the
Korba Coalfield Assemblage.

The assemblage containing Buriadia, Botrychiopsis,
Noeggerathiopsis, Barakaria, Gondwanophyton; seven
species of Gangamopteris, equisctalean stems,
Dictyopteridium, Vertebraria, scale leaves and 29 species of
Glossopteris, recently recorded from the Mand-Raigarh
Coalfield in Chhattisgarh State (Singh & Chandra, in press) is
also common with the Korba Coalfield Assemblage.

The above mentioned assemblages having typical marker
fossils show similarity with the assemblage of Karharbari
Formation. However, these generally lack ferns, sphenophils
and various equisetales in their composition. There are reports
(see below) of certain Barakar floras in the Indian Gondwana
which have Euryphyllum, Rubidgea, Noeggerathiopsis,
Cordaites, Gangamopteris and Glossopteris (typical elements
of Karharbari Formation) along with some other elements of
Barakar Formation including Phyllotheca, Lelstotheca,
Schizoneura, Sphenophyllum, Trizygia, Barakaria,
Dizeugotheca, Alethopteris, Neomariopteris, Palasthalia,
Rhabdotaenia, Palaeovittaria, Giridia, Gondwanophyton,
Gondwanophyllites, Maheshwariphyllum, Pseudoctenis,
Saportaea, Rhipidopsis, Ginkgoites, Scutum, Partha,
Lidgettonia, Samaropsis, Cordaicarpus and Rotundocarpus
(Maheshwari & Prakash, 1965, Bansloi Valley, Rajmahal Hills;
Maithy, 1971, Auranga Coalfield; Srivastava, 1988, 1992,
Raniganj Coalfield; Srivastava, 1996, Auranga Coalfield;
Srivastava & Tewari, 1996, Auranga Coalfield).The Korba plant
assemblage correlates partially with these Barakar floras.

Generally, it has been observed that the genus Vertebraria
is either absent or, if present, it is less common than in the
beds where prolific number of Glossopteris species is found.
It is interesting to note that both Glossopteris and Vertebraria
are abundant in the same beds of the Korba Coalfield.
Vertebraria indica axes have also been reported by Singh
and Chandra (1995) from the Barakar Formation of the Ganga
Nagar Rivulet Section near Braj Rajnagar Town, Ib-River
Coalfield. These were preserved vertically (in-situ) in the
sediments. Incidentally, similarly preserved in-situ roots are
also found at the Manikpur and Kusmunda collieries of the

present study. These two records of in-situ preservation of
Vertebraria axes demonstrate the possibilities of
autochthonous preservation of the vegetation and suggest
the possibility that palacosols may occur at least in some areas
in this coalfield.

The plant fossil assemblage from the Korba Coalfield
area indicates a dense forest type vegetation dominated by
arborescent trees bearing Glossopteris foliage along with other
plants belonging to the Equisetales and Cordaitales. The
Glossopteris plants were deciduous (Plumstead, 1958) which
is evident from the fact that abundant leaves of this genus are
found preserved in different layers of sediments in a manner
indicative of annual leaf fall. All the leaves of Glossopteris
and other taxa are found detached and dispersed. There are
512 grey and carbonaceous shale specimens of various taxa
(Fig. 2) in the present collection, and 70% of them are well
preserved with minor distortion. This indicates that the
deposition site for the vegetal matter was close to the original
growing site. It also suggests that the deposition took place
in a lacustrine environment from trees growing around the
lake. The fine grained carbonaceous shale of the Barakar
Formation having well preserved plant remains, was probably
deposited in alow energy environment of an ox-bow lake as is
shown by the unaltered nature of the biomass.
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