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DEVELOPMENT OF GLOSSOPTERIS FLORA IN INDIAN GONDWANA SEQUENCE
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Resumo: O desenvolvimento daF orade Glossopterisno Gondwana
tem sdo considerado aravés de fasesfloristicas de Gangamopterise
Glosopterisdesdeo Permianoinferior ao Permiano superior. Entretanto,
goarecimento, desaparecimento, continuidede edfiliacio dediferentes
taxaemformagbesdo Gondwanal nferior daindiaindicamqueaflora
aingiu sua maturidade e diversdade com associagdo especifica de
géneros e expécies durante Permiano inferior (transicéo Karharbari-
Barakar), Permianoinferior find (Formacdo Barakar-Barren Measures),
Permiano superior incid (Formagdo Raniganj) e Permiano superior
(Formagéo Kamthi). Em outrasregiGesgondvénicas, Américado Sul,
Africado Sul, Austrdiae Antértica, osgéneroseespécies, associados
sdo diferentes, mas eles também demonstram padréo de
desenvolvimento comparativo da Florade Glossopteris.

Palavras-Chave: Florade Glossopteris; SeqliénciaGondvanica;
Gondwana; India.

Abstract: Development of Glossopterisflorain Gondwanahasbeen
consdered through Gangamopteris and Glossopteris floral phases
from Early Permian to Late Permian. However, appearance,
disgppearance, continuance and affiliation of different taxain Lower
Gondwanaformationsof Indiaindicatethat floraattained itsmaturity
and diversity with specific association of generaand speciesduring
Early Permian (Karharbari-Barakar trangition), Late Early Permian
(Barakar-Barren MeasuresFormation), Early L ate Permian (Raniganj
Formetion) and L ate Permian (Kamthi Formation). In other Gondwana
regions, South America, South Africa, Audtrdia and Antarctica
associated generaand speciesaredifferent, but they dsodemondrate
comparative development pattern of Glossopterisflora

Keywords: GlossopterisFlora; Gondwana Sequence; Gondwana;
India.

INTRODUCTION

Complete sequence of Indian Gondwanafrom Permianto
Jurassic-L ower Cretaceousmainly derived from freshwater sediments
isdivided onthebasisof plant fossiis. Traditiondly, therewereLower
and Upper divis onscharacterised by Glossopterisand Ptilophyllum
floras(Oldham 1893, Cotter 1918, Fox 1931, Krishnan 1982). However,
occurrenceof Dicroidiumflorain Triassic (Vredenberg 1914, Wedia
1961, Lele 1964, Saksena 1974) demarcatesthe Middle Gondwana
flora. Generdised sequence of Indian Gondwanaisasfollows:

Cretaceous Rajmahal Formation Ptilophylhum
G | UPPER Jurassic Tabalpur Formation Flora
o
N | MIDDLE Late / Upper | Mahadeva Formation Dicroidium
D Triassic Flora
w Early / Lower | Panchet Formation
A Late / Upper | Kamthi Formation
N Raniganj Formation Glossopteris
A | LOWER | Permian |Early/Lower | Barren Measures Formation Flora
Barakar Formation
Karharbari Formation
Talchir Formation
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Name of the plant Name of the Horizon
fossil Talchir | Karharbari | Barakar | Barren Raniganj | Kamthi
Measures
1. Paranocladus
2. Birsinghia
3. Botrychiopsis
4. Chirimiria
5. Dolianitia
6. Ginkgophyton
7. Paliandrolepis
8. Rubidgea
9. Bardakaria
10. | Birbalsahnia
11. | Diphvllopteris
12. | Ginkgoites
13. | Gondwanophyllites
14. | Gondwanophyton
15. | Lelstotheca
16. | Maheshwariphyllum
17. | Pachhwarophyllum
18. | Palasthalia
19. | Santhalea
20. | Saportaea
21. | Veekaysinghia
22. | Walkomiella
23. | Belemnopteris
24. | Bengalea
25. | Cuticulatopteris
26. | Damudopteris
27. | Damudosauras
28. | Dichotomopteris
29. | Jambadostrobus
30. | Kendostrobus
31. | Leleopteris
32. | Lithangium
33. | Mahudaea
34. | Pantopteris
35. | Plumsteadia
36. | Plumsteadiostrobus
37. | Pteronilsonia
38. | Raniganjia
39. | Searsolia
40. | Surangephyllum
41 Trithecopteris
42 Uenustostrobus
43 | Benlightfootia
44 | Denkania
45 | Glossotheca
46 | Handapaphvllum
47 | Khania
48 | Lidgettonia
49 | Nesowalesia
30. | Utkalia
51. | Arberia
52. | Gangamopteris
53. | Ottokaria
54. | Cordaites
55. | Phyllotheca
56. | Giridia
57. | Psygmophyllum
58. | Ewryphvllum
59. | Buriadia
60. | Cyclodendron
61. | Rhipidopsis
62. | Schizoneura
63. | Neomariopteris
64. | Rhabdotaenia
65. | Dizeugotheca
66. | Eretmonia
67. | Palaeovittaria
68. | Scutum
69. | Senotheca
70. | Sphenophyllum
71. | Trizygia
72. | Asansolia
73. | Pterophyllum
74. | Dictyopteridium
75. | Partha
76. | Pseudoctenis
77. | Glossopteris
78. | Noeggerathiopsis

TABLE 1: Range chart of genera in different Lower Gondwana formations of India.
QUADRO 1: Carta de distribuicio de géneros em diferentes formagdes do Gondwana Inferior da india.
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Thepresenceof Glossopterisflorainal theL ower Gondwana
formationsof different basinsin Indiasignifiesitsdistributionintime
and space (Surange 1966, 1975; L e 1976, Srivastava1997). Recent
additions of genera and species with characteristic morphology
having restricted stratigraphic range have provided usan insght to
examinethedevelopmental stagesof Glossopterisflorain India

COMPOSITION OF THE FLORA VIS-A-VIS
DEVELOPMENTAL STAGES

Geological history of Glossopterisflorain Indiais not
known before Permian dueto non-availability of Carboniferous
deposits. Earliest assemblageisrecorded from Tal chir Formation
(beginning of Permian) and flora developed in successive
horizons of Karharbari, Barakar, Barren M easures, Raniganj and
Kamthi Formations covering the entire period of Permian.

Thecomposition of Glossopterisflorain different formations
iscompiledintablel, diversity of florainincreasing order of genera
and speciesin different Lower Gondwanaformations of Indiaare
plotted in figures 1-6 and graphic representation of different plant
groupsand appearance and disappearance of major taxaare shown
infigure 7 (source of information is derived from-A Catal ogue of
Indian Fossil Plants, Lakhanpal et al. 1976 and A Catalogue of
Fossl Plant from India-Palaeozoic and Mesozoic: Megafossils,
Chandra& Tewari 1992). Kamthi Formation of Late Permian has
been correlated with Raniganj Formation, but the appearance of
new genera and new species of Glossopteris (14 spp) suggests
different composition of flora beyond the range of Raniganj
Formation (Chandra& Prasad 1981, Singh& Chandra1987, Chandra
& Singh 1992). Onpaynalogical evidences, Kamthi Formationhas
been dated asthe end phase of Permian (Srivastava& Jha1996).

The flora of Tachir Formation is known by the species of
Gangamopteris, Glossopteris, Noeggerathiopsis, Arberia,
Ottokaria, Paranocladusand seeds (Chandraet al. 1992). Limited
number of plant fossilsindicates that glossopterids, cordaites and
conifer werethe earliest stock of Glossopterisflorain India(Figu-
res 1,7). The emergence of new flord elements, i.e. glossopterid
leaves, Rubidgea, Euryphyllum, glossopterid fructification,
Dolianitia, pteridosperm foliage of Botrychiopsis, lycophytic axes
of Cyclodendron, equisetales Phyllotheca, Schizoneura, Giridia;
filicalesNeomarioptoeris, ginkgopsid Ginkgophyton, Rhipidopsis,
Psygmophyllum, Chirimiria; conifers Buriadia, Birsinghia,
Paliandrolepis and increased diversity of Gangamopteris-
Noeggerathiopsis complex in Karharbari Formation reflect
significant development and diversification of Glossopteris flora
during early Permian (Figures 2,7). The assemblage continuesin
lower part of Barakar Formation but occurrence of new elements,
e.g. glossopterid leaves, Gondwanophyllites, Maheshwariphyllum,
Palaeovittaria; glossopterid fructification Scutum, Partha; filicaes
Palasthalia and absence of typical Karharbari forms, e.g.
Botrychiopsis, Buriadia, Cyclodendron, Chirimiria, suggests a
changing phase of flora(Figures3,7).

The dominance of Glossopteris species in upper part of
Barakar Formation (Srivastava1992) and appearance of equisetales
Trizygia, Sphenophyllum, Lelstotheca, Barakaria,
Pachhwarophyllum; glossopterid leaves, Rhabdotaenia,

Diphyllopteris; glossopterid fructification Plumsteadia,
Dictyopteridium, Eretmonia, Senotheca; conifer Walkomiellg;
ginkgopsid Saportaea, Gingkoites, Gondwanophyton; filicales
Santhalea, Dizeugotheca; Cycads Pseudoctenis, Pterophyllum;
fructifications of unknown affinities Vieekaysinghia, Birbalsahnia
and absence of Gangamopteris, Noeggerathiopsis spp. suggest a
new direction of florafrom Gangamopteristo Glossopterisfloral
phase (Figure 7). Although new taxa which emerged in Barakar
Formation are not recorded in the overlying flora of Barren
Measures Formation, but the dominance of Glossopteris species
correspondswith the Upper Barakar Flora(Figure 7).

Rapid devel opment of Glossopterisspeciesisevidentin Early
Late Permian Sequence of Raniganj Formation where the flora is
represented by 78 speciesof Glossopterisa ongwith new glossopterid
|esf formsof Bdemnopteris, Pteronilssonia; glossopterid fructifications
Kendostrobus, Mahudaea, Plumsteadiostrobus, Venustostrobus,
Jambadostrobus; equisetales Raniganjia, Bengalea; conifer
Searsolia; Serileandfertilefoliagedf filicdesDamudosorus, Asansolia,
Leleopteris, Trithecopteris, Dichotomopteris, Cuticulatopteris. The
floraad so showsthewidespread occurrence of equisetd esandfilicaes,
eg. Trizygia, Phyllotheca, Schizoneura, Neomariopteriswhich were
thepart of earlier strata(Figure 7). Completeassociation of theflorain
terms of number of genera and species suggests the acme of
Glosopterisflorain Raniganj Formeation (Early Late Permian). The
records of new glossopterid fructificationsin Kamthi Formetion, eg.
Denkania, Glossotheca, Lidgettonia, Nesowalesia; new leaf of
Surangephyllum, reported occurrence of new species (14) of
Glossopteris, and new forms of unknown affinities, eg. Khania,
Utkalia, Handapaphyllum, Senia, Pantopteris, Benlight footia even
after Raniganj Formation demongtratethe devel opmentd trend of flo-
ra. The continuation of Glossopteris gpecies (11) recorded only from
Kamthi Formation, inLower Triasscbedsof India, suggestsdiginction
of Glosopteris flora of Kamthi Formation with that of Ranigan
Formation (Figures5,6) (Chandra& Singh1986). Indll likdihood Kamthi
Formation represents the penultimate development of Glossopteris
florain Indian Gondwanasuccession. The gppearance of Dicrodiunt
frond and new dementsin Early Triassic signifies the beginning of
Dicroidiumflorain Panchet Formation of India (Lele 1964, Seksena
1974).

COMPARATIVE DEVELOPMENT OF GLOSSOPTERIS
FLORA IN OTHER GONDWANA COUNTRIES

Successive development of Glossopteris flora in Permian
Gondwanaof Brazil, Argenting, South Africa, Antarcticaand Audtrdia
hasbeen sorted out on the basisof associated plant taxa. Rodér (1973,
1975) identified four tofive stagesin ParanaBasin of Brazil, sx zones
have been marked in Carboniferous-Permian sequence of Paganzo
Basin, Argentina. The flora in ascending order is known as
Madimaniense, Tupense, Trampeaderense, L ubeckenseA, L ubeckense
B and Bonetense (Archangd sky 1986). Anderson & Anderson (1985)
have dso digtinguished six assemblages in Karroo Basin of South
Africa. Although understory vegetation of Antarcticais not known
but on the basis of available records of Gangamopteris, Glossopteris
(leaves and fructifications), Cordaites (Noeggerathiopss), petrified
woods and in Situ presarvation of \ertebraria in southern Victoria
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FIGURE 1: Distribution of plant fossils in Talchir Formation.
FIGURA 1: Distribuicdo de fitofosseis na Formagéo Talchir.

FIGURE 2: Distribution of plant fossils in Karharbari Formation.
FIGURA 2: Distribuigéo dos fitofésseis na Formagao Karharbari.
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FIGURE 3: Distribution of plant fossils in Barakar Formation.
FIGURA 3: Distribuicédo de fitofosseis na Formagéo Barakar.

FIGURE 4: Distribution of plant fossils in Barren Measures Formation.
FIGURA 4: Distribuicdo de fitofésseis na Formagéo Barren Measures.
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FIGURE 5: Distribution of plant fossils in Raniganj Formation.
FIGURA 5: Distribuicio de fitofésseis na Formac@o Ranigan;.

FIGURE 6: Distribution of plant fossils in Kamthi Formation.
FIGURA 6: Distribuicao de fitofésseis na Formagao Kamthi.
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FIGURE 7: Graphic representation of plant groups in different formations showing appearance, disappearance and significant association of plant
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land and Beardmoreglaciaionarea, Cuneoet al. (1993) havevisudized
three tages of developmentin Antarctica. In Audrdia, Gould (1975)
has observed three floral phase but Retallack (1980) considers only
Gangamopteris and Glossopterisflorulesin Early and Late Permian
sequences. However, the sudy of Bowen Basin flora of Queendand
suggests two pulses of florigtic diversification in Late Permian
Glossopterisflora(McLoughlin 1994), thefirg inthemid Late Permian
(Moranbah Coa Measures, Macmillan Formation, Tomago Codl
Measures and equivalent) which contains Surangephyllum,
Dictyopteridium, Rigbya, Senotheca and increased abundance of
pteridophytes and the second pulse is represented by Schizoneura
gondwanensis, Trizygia speciosa, Raniganjia bengalensis,
Dictyopteridium walkomii, Cometia spp. Partha spp. Glossopteris
grandisand G Truncata, athough specific generaand speciesarenot
asociated in Indian and Audrdian florabut floristic zonesidentified
inLateParmianfloracf Raniganj and Kamthi Formationsof Indiashowing
digtinct assemblages correspond with two stage development of
Glossopterisflorain Late Permian sequencesof Audrdia

CONCLUSON

Glossopteris flora came into existence after the onset of
glaciation, during late Carboniferousor early part of Permian. The
floristic assemblages of different formationsin Lower Gondwana
Succession of India indicate the development of flora through
different stagesin successive horizons of Permian Period.

It has been observed that transition from Gangamopteristo
Glossopterisfloral phaseis anotable development of Glossopteris
flora from Early to Late Permian in al the Gondwana countries.
However, further developmental stages are evident with the
deve opment of new formsand extinction of earlier forms. Theincoming
of Dicroidium - fronds in Early Triassic marks the end phase of
Glossopteris flora. Nevertheless, continuation of few species of
Glossopteris, Noeggerathiopsis, Rhabdotaenia, Trizygia suggest
thetarrying of Glossopterisfloral elementsacrossPermian-Triassic.
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