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Preface

The Gondwana flora, that occupied the southern continent Gondwana when South America, South Africa,
India, Antarctica and Australia were joined together in one landmass, has been the subject of extensive

investigations both in Brazil and India. Substantial studies were conducted in isolation and the researchers of the
two countries generated a sizeable and comprehensive knowledge base on mega and microfossils of Gondwana.
However, there was a pining for a joint and comparative morphological, evolutionary, stratigraphical,
palaeoecological and palaeobiological inquiry and consolidation of the generated knowledge by the researchers.
Therefore, need for a collaborative research work on the Gondwana flora from different sedimentary basins of
India and Brazil was strongly felt.

Initial contacts were established between Prof. Mary Elizabeth C. Bernardes de Oliveira, Professor,
Palaeontology Division, University of Guarulhos, São Paulo and University of São Paulo, São Paulo, Brazil and Dr
N.C. Mehrotra, Director, Birbal Sahni Institute of Palaeobotany (BSIP), Lucknow, India for integrating the Gondwana
researches of the two countries in a collaborative project mode to understand and fill the knowledge gaps.  The
idea was conceived in the year 2007 in Buzios, Brazil, during XX Congress of Palaeontology. It took two years for
the joint project to materialize. Finally, in the year 2009, it was approved and funded by the Department of Science
and Technology (DST), New Delhi, India and Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq) - “National Counsel of Technological and Scientific Development”, Brazil. The principal objective of the
proposal, besides the comparative study of the Gondwana flora of India and Brazil, was to evolve a unique
scientific collaboration between the two countries for the first time with far reaching repercussions and spin off
benefits. Now that the project is successfully completed, the new knowledge generated and its integration has
been useful in interpretation of biostratigraphy, evolution, palaeobiogeography and palaeoclimatology. The
significance of the study increases due to the fact that the Gondwana flora of these two countries is responsible
for the formation of the energy bioresource coal.

During the project meeting in Brazil, in the year 2010, an idea to hold an Indo- Brazilian Symposium in both the
countries was conceived.  The Symposium was envisaged as a melting pot of concepts and ideas highlighting the
significant contributions of Gondwana researches of both the countries. The first Symposium in the series
entitled “Indo- Brazilian Symposium on Glimpses of Gondwana Research” was organized by BSIP on 24 November,
2010 at Lucknow. The Symposium was an intensively focused event with an enthusiastic participation by several
Brazilian and Indian Gondwana researchers. Fifteen scientific presentations were made on palaeofloristics of
different sedimentary basins of India and Brazil including megaflora, mioflora, dinoflagellate cysts, stromatolites,
insect–plant relationship, position of India in Gondwana reconstruction, and floral successions of Carboniferous-
Permian interval of Brazil and their comparison with India. The Symposium provided a deep insight into the
palaeobotanical studies being carried out in the two countries.

As a sequel to the first Symposium held in India, a second meeting of the “Indo-Brazilian Symposium on
Glimpses of Gondwana Research” was organized on October 27, 2011 at Natal, Brazil as a special session in XXII
Brazilian Congress of Palaeontology (23-28 October, 2011).

The current issue of “The Palaeobotanist” comprises peer reviewed research papers mainly as an outcome
of the collaborative investigations carried out between Indian and Brazilian earth scientists under a joint project
entitled “Palaeobotanical studies on Indian and Brazilian sedimentary basins with special reference to marine
dinoflagellate cysts, Gondwana flora and their applications”. In addition, the issue also includes papers of other
researchers from both the countries on the core theme of the Symposium held at BSIP. The issue includes fourteen
papers presented during the “Indo-Brazilian Symposium on Glimpses of Gondwana Research”. Some of the



contributions are significant for their first endeavour on comparative biotic studies of Indian and Brazilian
Gondwana, for example,  a paper on “Stratigraphic ranges of dinoflagellate cysts from Cretaceous petroliferous
basins of India and Brazil” analyses stratigraphic ranges of significant dinoflagellate taxa from the two countries
in the global context and presents the result through six range tables. This is the first step to build comparative
database of these fossils from India and Brazil for obtaining a better understanding of their distribution and
application in the petroleum industry. Another paper on “Palaeobotanical evidence of wildfire in the Upper
Permian of India: Macroscopic charcoal remains from the Raniganj Formation, Damodar Basin” records the
charcoalified remains from the Raniganj Formation, Raniganj Coalfield suggesting occurrence of palaeo-wildfire
for the first time in India. A research paper on “Pennsylvanian megaspores from northeastern border of the Paraná
Basin, Brazil: Correlation with Indian Gondwana megaspores” is the first attempt on the comparative megaspore
studies of India and Brazil. The presence of some of the megaspores, both in India and Brazil indicates the
occurrence of common ancestral heterosporous early land plants. An attempt has been made to interpret the
palaeogeographic distribution pattern of some of the megaspores, which appear earlier in Brazil than in India,
suggesting the floral migration from Brazil towards India. Similarly, comparative palynological studies have been
attempted through a paper entitled “Palynostratigraphic considerations on the Pennsylvanian interglacial microflora
from Monte Mor (SP), Itararé Group, NE, Paraná Basin (Brazil) and its diachronic correlations with Indian Gondwana
microflora”.

Language plays an important role in exchange of ideas and dissemination of knowledge. Since both the
collaborating countries have strong native languages, the abstracts of all the research papers have been translated
into both Portuguese and Hindi languages – a first for “The Palaeobotanist”. We are thankful to Ms Isaura Alves
Da Silva Mendes and Mr Ashok Kumar for the translation of the abstracts in Portuguese and Hindi, respectively.

The project could not have seen the light of the day without the financial support of DST, India and the
CNPq, Brazil. Their assistance and funding is thankfully acknowledged. Sincere thanks are due to the authors for
their enthusiasm and timely contributions.

We gratefully acknowledge the reviewers for critically and objectively examining the manuscripts and offering
valuable suggestions. Untiring efforts of the members of the Publication Unit Mr Rattan Lal Mehra and Mr Syed
Rashid Ali are acknowledged for the timely publication of the issue.

N.C. Mehrotra
Rajni Tewari
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ABSTRACT

Mune SE, Tewari R & Bernardes-de-Oliveira MEC 2012. Pennsylvanian megaspores from northeastern border of
the Paraná Basin, Brazil: Correlation with Indian Gondwana megaspores. The Palaeobotanist 61(1): 1-26.

Analysis of sediments from Campinas and Monte Mor, municipalities of the State of São Paulo, Brazil, has revealed
the presence of new megaspores in addition to the known taxa. Trilete, alete, azonate and gulate dis persed fossil
megaspores were recorded from the lower and middle levels of the Itararé Group from the northeastern border of the
Paraná Basin (Lower Pennsylvanian) of Campinas municipality (Upper Bashkirian-Lower Moscovian) and of Monte Mor
municipality (Kazimovian). Twenty-four species of megaspores recovered from one or both of these localities have been
systematically analyzed and the synonymy of four previously described megaspores has been discussed.

The present study of megaspores from Campinas reveals the presence of the taxa Banksisporites dijkstrae, B.
endosporitiferus, B. utkalensis, Biharisporites spinosus, Bokarosporites psilatus, B. rotundus, Duosporites perversus,
Duosporites sp. a, Lagenicula horrida, Lagenicula sp., L. nudus, L. rugosus, Lagenoisporites cf. L. hispanicus and
Lagenoisporites. sp. The megaspores from Monte Mor includes the taxa Bokarosporites rotundus, Duosporites sp. b,
Lagenoisporites nudus, L rugosus and L. cf. L. hispanicus. The taxa Bokarosporites rotundus, B. psilatus, Banksisporites
utkalensis, B. endosporitiferus, B. dijkstrae and Biharisporites spinosus are also known from the Permian of India.
Banksisporites tenuis previously detected in Campinas and Monte Mor localities is also a species which is shared with India.
The presence of these taxa in the Pennsylvanian of the Paraná Basin, Brazil indicates their appearance in the Carboniferous.
While all of them persisted up to the Permian, some like Biharisporites spinosus, Banksisporites tenuis and B. utkalensis
extend up to Triassic and Early Cretaceous as well. The presence of these megaspores both in India and in Brazil indicates
the occurrence of common ancestral heterosporous early land plants. An attempt has been made to inte rpret the
palaeogeographic distribution pattern of some of the megaspores which appeared earlier in Brazil as compared to India,
suggesting the floral migration from Brazil towards India.

Key-words—Megaspores, Pennsylvanian, Paraná Basin, Permian, Palaeogeographic distribution, Brazil, India.
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cSadl hLi ksjkbfVl  mRdysfUl l ] ch- ,aMksLi ksfj fVQsj l ] oh- fMDLVªh o fcgkjhLIkksjkbfVl  fLi uksl l  VSDl k  Hkkj r  ds i feZ; u l s Hkh Kkr gSaA  dSaihul  ,oa ekaVs eksj
mi cfLr;ksa esa i woZ esa i kbZ xbZ  oSadl hLi ksjkbfVl  VsU; qbl   t kfr  Hkh Hkkj r  dk va' k gSA  i jkuk nzks.kh ds i sUuhfl yosfu; u esa bu VSDl k dh fon~; ekurk dkcksZfuQsj l
esa muds #i  bafxr dj rh gSa t c fd ; s l eLr i feZ; u rd fujar j  jgs] rFkk fcgkjhLi ksjkbfVl  fLIkuksl l ] cSadl hLi ksjkbfVl  VsU; qbl   ,oa  ch- mRdysfUl l
Vªkb,sfl d  o i zkjafHkd fØVsf' k; l  rd foLrh.kZ jgsA  Hkkj r  o czkt +hy nksukas esa bu LFkwycht k.kqvksa dh fon~;ekurk l kekU;  ewy fo"kecht k.kq dh izkjafHkd LFkyh;
i sM+&i kS/ks bafxr dj rh gSA  czkt +hy l s Hkkj r  dh vksj  ouLi fr&t kr vfHkxeu l q>krs gq, dqNsd LFkwycht k.kqvksa ds iqjkHkkSxksfyd for j .k iz#i  dh O; k[ ; k djus
dk i z; kl  fd; k x; k gS t ks i gys czkt +hy esa rnksi jkar Hkkj r  esa fn[ksA

l aDsÿr&' kCn—LFkwycht k.kq] i sUul hyosfu; kbZ] i jkuk nzks.kh] i feZ; u] iqjkHkkSxksfyd forj .k] czkt +hy] Hkkj rA

Megáspores Pensilvanianos da margem nordeste da bacia do Paraná, Brasil:
Correlação com megásporos Gondvânicos Indianos

RESUMO

Análises  dos sedimentos de Campinas e  Monte-Mor  municípios do estado de São Paulo, Brasil, revelaram a
presença de novos  megásporos além dos taxa já conhecidos. megaspores fósseis  dispersos tipo Trilete, alete azonate e
gulate foram oservados  a partir dos níveis  inferiores e médios do Grupo Itararé da margem nordeste da Bacia do Paraná
(Pensilvaniano inferior) do município de Campinas (Bashkiriano Superior e Moscoviano Inferior) e do município de
Monte Mor (Kazimoviano). Vinte e quatro espécies de megásporos recuperados de  uma ou  ambas as localidades foram
sistematicamente analisadas e as sinonímias de quatro megásporos descritos anteriormente tem sido objeto de discussão.

O presente estudo dos megásporos de Campinas revela a presença dos taxa Banksisporites dijkstrae, B. endosporitiferous,
B. utkalensis, Biharisporites spinosus, Bokarosporites psilatus, B. rotundus, Duosporites perversus, Duosporites sp. a,
Lagenicula horrida, Lagenicula sp. , L. nudus, L. rugosus, Lagenoisporites cf. L. hispanicus e Lagenoisporites. sp.  Os
megásporos de Monte Mor incluem os taxa Bokarosporites rotundus,  Duosporites sp. b, Lagenoisporites nudus, L
rugosus, L.cf. L. hispanicus,. O taxon Bokarosporites rotundus, B. psilatus, Banksisporites utkalensis, B. endosporitiferous,
B. dijkstrae and Biharisporites spinosus são também conhecidos do  Permiano da India;   Bankisisporites tenuis previamente
detectado nas localidades de  Campinas and Monte Mor é também uma espécie compartilhada com a Índia. A presença
destes  taxons no Pensilvaniano da Bacia do Paraná, Brasil indica o seu aparecimento  no Carbonífero e, embora todas elas
persistiram até o Permiano, alguns como Biharisporites spinosus, tenuis Banksisporites e utkalensis B. estenderam-se até
o  Triássico e o eocretáceo  também. A presença destes megásporos tanto na Índia quanto  no Brasil indica a ocorrência de
plantas terrestres primitivas  heterósporas ancestrais comuns. Esforços tem sido feitos  para interpretar o padrão de
distribuição paleogeográfica de alguns dos megásporos que aparecem mais cedo no Brasil do que na Índia, sugerindo a
migração da flora do Brasil para lá.

Palavras-chave—Megásporos, Pensilvaniano, bacia do Paraná, permiano, distribuição palaeogeográfica, Brasil,
India.

INTRODUCTION

The Late Palaeozoic Paraná Basin extends from Brazil to
Uruguay, Argentina and Paraguay. It is an intracratonic

interior sag basin, the subsidence of which was controlled by
subduction along the western margin of Gondwana (Milani et
al., 1994). The most extensive lithological succession of late
Palaeozoic Gondwana glaciation is in the Itararé Group of Paraná
Basin (Rocha-Campos et al., 2008). The sedimentary

succession has a maximum subsurface thickness of ~1400 m
and extends over a total area greater than 1 million sq km
(Fig. 1). The clastic conglomeratic rocks of this succession
were interpreted as tillites for the first time by Derby (1888), a
few decades after their preliminary identification in India
(Blanford et al., 1856) and in South Africa (Sutherland, 1870).
The Brazilian rocks were immediately correlated with them
(Rocha-Campos et al., 2008). The lithostratigraphic division
of the Itararé Group is not yet entirely solved: meanwhile in
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ABSTRACT

Mune SE, Bernardes-de-Oliveira MEC & Tewari R 2012. Upper Pennsylvanian lycopsids from interglacial taphoflora
of Itararé Group, Paraná Basin, Brazil. The Palaeobotanist 61(1): 27-42.

The Pennsylvanian strata of the Itararé Group are present on the northeastern border of the Paraná Basin, i.e.
northern part of Paraná State towards north of São Paulo. The Pennsylvanian lycopods of the Itararé Group are
represented by diverse megafossils, megaspores and microspores. The present study deals with the lycopsid megafossils
from the third interglacial level of the paleofloristic succession of the Itararé Group in the northeastern border of the
Paraná Basin, i.e. Paranocladus-Ginkgophyllum-Brasilodendron association (PGB as.) recovered from its type locality
Volpe ranch, in Monte Mor municipality, SP. The megafossils belong to the taxa Bumbudendron millani, Bumbudendron
cf. B. paganzianum, Brasilodendron pedroanum, Brasilodendron sp., Leptophloeum cf. L. sanctae-helenae, and
Cyclodendron sp. The diversity and abundance of the megafossils (sometimes forming coal beds in a glacial context)
indicates climatic ameliorations of an interglacial phase of the “time Itararé”. They represent pale oecological hydro-
hygrophyllous communities of a fluviatile-lacustrine depositional environment. The biostratigraphical distribution of
these taxa and their association with Paranocladus, Ginkgophyllum and Buriadia suggests a paleofloristic correlation
with the Krauselcladus - Asterotheca Phytozone of northwestern Argentinean paleofloristic zonation. The lycophytic
megaspores recorded earlier from this level suggest a diachronic correlation with the Permian Talchir and Karharbari
associations of Indian Gondwanan flora. Comparison with late Paleozoic lycopsids and associated megaspores of Argentina
and India are in consonance with the modern studies aiming to achieve knowledge of Gondwana biostratigraphy in a wider
perspective.

Key-words—Kasimovian-Gzhelian, Lycopods, Brazilian Gondwana, Monte Mor (SP), PGB Association.

brkjSj  l ewg] i j kuk nzks.kh] czkt +hy ds var%fgekuh VsQks¶yksj k l s i zkIr  Åi j h i SUl hYosfu; kbZ ykbdksfIl M

l kanzk bZdks equs] eSjh bZ-l h- cukZUMht &Mh&vkWyhohj k ,oa j t uh frokj h

l kjka' k

brkjSj l ewg i SUl hYosfu; kbZ i V~Vhnkj  dsoy i jkuk nzks.kh mRRkj i wohZ l hek] i jkuk jkT;  ds mRRkjh Hkkx] mRrj  dh vksj  l s l kvks i kWyks jkT;  esa fon~; eku
gSaA brkjSj  l ewg ds i SUl hYosfu; kbZ ykbdksi kWM fofHkUu LFkwyt hok'eksa] LFkwycht k.kqvksa ,oa l w{echt k.kqvksa l s #i kf; r  gSaA ekSt wnk v/; ; u dk i jkuk nzks.kh vFkkZr ekaVs
ekWj uxj  i kfydk] , l  i h esa bl h r jg dh mi cLrh okWYi s jap l s i zkIr  i SjuksDySMl &fxadxksfQYye&czfl yksMsaMªku l a?k ¼i h t h ch½ dh mRrj i wohZ l hek esa bRkkjSj
l ewg ds iqjki kni  vuqØe ds r r̀h;  var% fgekuh l s i zkIr  ykbdksfIl M LFkwyt hok' eksa l s l acaf/kr gSA LFkwyt hok'e cacqMsMªkWu feySukbZ] ch- rqY;  ch- i xSfUt +; Sue]
czfl yksMsaMªkWu i SMªks,ue] ,Q- czfl yksMsaMªku t kfr ] ysIVksQksfy; e rqY;  ,y- l adVs&gsysus vkSj  l k; DyksMaMªku t kfr  VSDl k ds gSaA LFkwyt hok' eksa dh fofo/krk ,oa
cgqyrk ¼fgekuh i fj izs{;  esa dHkh dks; yk l aLrj  xfBr½ ^̂brkjSj dky** dh var% fgekuh i zkoLFkk ds t yok; oh l q/kkj bafxr dj rh gSaA os unh;&l jksojh fu{ksi .kh;
i ; kZoj .k dk t y&vknzZrkQk; Yyl  l eqnk;  #i kf; r  dj rs gSaA bu VSDl kvksa ds t So Lrfjd for j .k ,oa mudh i SjuksDySMl ] fxadxksfQYye o cqfjvkfM;k ds l kFk
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INTRODUCTION

The studies on the Brazilian Lower Gondwana lycopods
were initiated by Carruthers (in Plant, 1869), who described

Flemingites pedroanus from Rio Bonito Formation (Guatá
Group) in Candiota Mine, Rio Grande do Sul State (RS).
Thereafter, several workers reported lycopsids from the Itararé,
Guatá and Passa Dois groups of Parana Basin (Renault, 1890a,
b; Zeiller, 1898; White, 1908; Read, 1941; Maack, 1947). These
workers drew affinities of these lycopsid forms with those of
the Euramerican Flora. Edwards (1952) merged all the known
Brazilian lycophytes with the genus Lycopodiopsis Renault.
Kräusel (1961) re-examined all the specimens described earlier
by previous workers. On the basis of observations of these
specimens and study of new specimens collected by him, he
revised the Brazilian and South African Late Palaeozoic
lycopsids and reported the taxa Lycopodiopsis pedroanus
(Carruthers) Edwards, L. derbyi Renault, Lycopodiopsis sp.
and Lycopodiophloios dolianitii Kräusel from the Permian
Brazilian material. Later, based on isolated occurrences, Millan
(1972, 1980, 1985) reported lycopsids from the Itararé Group,
in Monte Mor (SP).

Chaloner et al. (1979) proposed a new genus and
combination Brasiliodendron pedroanum (Carruthers)
Chaloner, Leistkow & Hill in a revision based on the lectotype
Lycopodiopsis pedroanus (Carruthers) Edwards. Kräusel also

made a new combination, viz. Lepidodendron pedroanum
(Carruthers) Zeiller (based on the material deposited in the
paleontological collection of the British Natural History
Museum) from Rio Bonito Formation. Lejal-Nicol & Bernardes-
de-Oliveira (1979) recorded a new species Cyclodendron
brasiliensis from Treviso (SC), Siderópolis Member of Rio
Bonito Formation of  Paraná Basin. A preliminary revision of
the early Gondwanan lycophytes from the Parana Basin was
carried out by Oliveira-Babinski and Sommer (1984). Later,
Ricardi-Branco (1997) reported  Brasilodendron pedroanum
from the Rio Bonito Formation (Triunfo Member) in a study of
the surface features of different levels of decortications of the
stems. Jasper and Guerra-Sommer (1998) registered the
existence of fragments of in situ lycopsid axes from the Rio
Bonito Formation (late Sakmarian after palynological analyses
of Jasper et al., 2006), Rio Grande do Sul State (RS). They were
cormose radicular systems, i.e. non stigmarian. These authors
observed the presence of diverse types of leaf cushions on
the same specimen which vary from elliptical (Brasilodendron
type) to rhomboid (Lycopodiopsis type). On the basis of
presence of two types of leaf cushions on the same specimen
these authors interpreted that probably distinct morphotaxa
represent different stem-levels of one single form. Jasper et al.
(2006) maintained the genus Brasilodendron for specimens
known only by the leaf cushions from Pennsylvanian to
Cisuralian (Itararé Group and Rio Bonito Formation), taking

mudh ca/kqrk mRrj i f' peh vt safV; kbZ i qjki kni  vuq{ks= ds ØkWl sYDysMl &,LVsjksFksdk i kni eaMy ds l ax i qjki kni  l gl aca/k l q>krh gSA bl  Lr j  l s i woZ esa
vfHkfyf[kr ykbdksQkbVh LFkwycht k.kq Hkkj rh;  xksaMokuk i sM+&ikS/kksa ds i feZ;u rYphj ,oa djgjckjh ca/kqrkvksa ds l kFk n~fofpjdkyh l gl aca/k l q>krs gSaA vt sZaVhuk
vkSj Hkkj r  ds vafre i qjkt hoh ykbdksfIl M ,oa l a?kfVr LFkwycht k.kqvksa ds l kFk rqyuk,a c̀gr i fji zs{;  esa xksaMokuk t SoLrjØefoKku dh Kku i zkfIr ds mn~ns' ;
l s vk/kqfud v/; ; uksa ds l kFk l ger gSaA

l aDsÿr&' kCn—dkfl eksfo; u&T+gsfy; u] ykbdksi kWM~l ] czkt +hyh xkasMokuk] ekaVs ekWj ¼, l i h½] i h t h ch l axq.kusA

Licófitas do Pensylvaniano Superior Provenientes da Tafoflora Interglacial do
Grupo Itararé, Bacia do Paraná, Brasil

RESUMO

Os estratos pensilvanianos do grupo Itararé estão presentes apenas na margem nordeste da bacia do Paraná partindo
da região setentrional do estado do Paraná até a porção norte do estado de São Paulo. As licófitas pensilvanianas do grupo
Itararé estão representadas por diversos megafósseis, megásporos e micrósporos. O presente estudo refere-se a macrofósseis
licofíticos do terceiro nível interglacial da sucessão paleoflorística do Grupo Itararé na margem no rdeste da bacia do
Paraná, isto é, associação (PGB as.) Paranocladus-Ginkgophyllum-Brasilodendron coletados em sua localidade tipo Sítio
Volpe, no município de Monte-Mor, SP. Os megafósseis pertencem aos taxa Bumbudendron millani, B. cf. B. paganzianum,
Brasilodendron pedroanum, aff. Brasilodendron sp., Leptophloeum cf. L. sanctae-helenae, e cf. Cyclodendron sp. A
diversidade e abundância dos macrofósseis (as vezes formando camadas de carvão em um contexto glacial) indicam
melhorias climáticas de uma fase interglacial do tempo Itararé. Elas representam comunidades paleoec ológicas hidro-
higrófilas de um ambiente sedimentar fluvio-lacustre. A distribuição bio-estratigráfica destes taxa e suas associações com
Paranocladus, Ginkgophyllum e Buriadia sugerem uma correlação paleoflorística com a fitozona Krauselcladus –
Asterotheca do zoneamento paleoflorístico do noroeste argentino. Os megásporos licofíticos registrados anteriormente
neste nível sugerem correlação diacrônica com as associações permianas de Talchir e Kaharbari da flo ra gondvânica
indiana. Comparações com licófitas neopaleozóicas e megásporos associados da argentina e Índia estão  em consonância
com estudos modernos empenhados na conquista de conhecimentos da bioestratigrafia gondvânica em uma perspectiva
mais ampla.

Pal avras-chave—Khasimoviano-Gzheliano, Licófitas, Gondwana Brasileiro, Monte Mor (SP), Association PGB.
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ABSTRACT

Jha N, Mune SE, Bernardes-De-Oliveira MEC & Mehrotra NC 2012. Palynostratigraphic considerations on the
Pennsylvanian interglacial microflora from Monte Mor (SP), Itararé Group, NE, Paraná Basin (Brazil) and its diachronic
correlations with Indian Gondwana microflora. The Palaeobotanist 61(1): 43-55.

In the present communication the palynological contents of the Monte Mor taphoflora has been restudi ed in
surface samples from the upper and lower levels of the coal beds from this type-locality and its Interval palynozone
position has been reinterpreted and revised.

Four palynological Interval zones were recognized from the Upper Palaeozoic Brazilian Paraná Basin by Souza
(2000, 2006) and Souza & Marques-Toigo (2001, 2003, 2005), where Monte Mor microflora was placed in the lowermost
Ahrensisporites cristatus Interval Zone (tentatively Late Bashkirian to Kazimovian). On the basis of presence of Crucisaccites
monoletus, Divarisaccus spp., Faunipollenites (=Protohaploxypinus) amplus, Faunipollenites sp., Scheuringipollenites
maximus, Platysaccus sp. and Scheuringipollenites maximus in the recovered microflora it is suggested that Monte Mor
palynoflora belongs to Crucisaccites monoletus Interval Zone, which is contrary to the earlier studies which indicated that
the Monte Mor palynoassemblage belongs to Ahrensisporites cristatus Interval Zone.

Key-words—Palynology, Itararé Group, Monte Mor, Paraná Basin, Late Carbonifeorus, Brazil.

ekaVs eksj  ¼, l -i h-½ brkjSj  l ewg] i j kuk nzks.kh ¼czkt +hy½ l s i zkIr  i sUul hyosfu; kbZ var% fgeunh;  l w{e ouLi fr t kr  ds
i j kxk.kqLr fj d egRo ,oa Hkkj rh;  xksaMokuk l w{eouLi fr t kr  ds l kFk bl ds n~fol e; l aca/kh l gl aca/k

uhj t k >k] l kanzk bZdks equs] eSjh bZ l h cukZUMht &Mh&vkWyhohj k ,oa uj s' k l h- esgj ks=k

l kjka' k

ekSt wnk l ai zs"k.k esa ,sl h mi cfLr; ksa l s dks; yk l aLrjksa ds Åi jh o fupys Lr jksa l s i zkIr  i "̀Bh;  uewuksa esa ekaVs eksj  t SoouLi fr&t kr dh i jkxk.kfod
varoZLrqvksa dk i quvZ/; ; u fd; k x;k gS rFkk bl dh i jkxk.kqeaMy fLFkfr i quO;kZ[; kf; r  o i fj ' kksf/kr dh xbZ gSA
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INTRODUCTION

M ilani  and Zalán (1999) have recognized six
supersequences in the 5000 meters thick sediments in

Paraná Basin on the basis of the sedimentary / magmatic
records which were repeated by Milani et al. (1998, 2007): Rio
Ivaí (related to the Rio Ivaí Group of Ordovician / Silurian
age); Paraná (Paraná Group, Devonian); Gondwana I (Itararé,
Guatá, Passa Dois Groups, Pirambóia and Sanga do Cabral
formations, Pennsylvanian to Early Triassic); Gondwana II
(Santa Maria Formation, Middle to Early Late Triassic) and
Gondwana III (Botucatu and Serra Geral formations, Late
Jurassic to Early Cretaceous) and Bauru (Bauru / Caiuá groups,
Late Cretaceous) (Fig. 1).

The Itararé Group, corresponding to the lowest part of
Gondwana I Supersequence partially represent Late Palaeozoic
Gondwana glacial event. Based on several lithostratigraphical
and sedimentary evidences, Rocha-Campos et al. (2008)
asserted that the origin of diamictites and associated rocks of
this group and equivalent units were indisputably under the
influence of continental glaciers.

Actually, a large portion of the Gondwana had been
covered by glaciers having evidences of their movements from
the central-south Africa towards the southeastern region of
the South America, from Antarctica towards the southeastern
region of Australia and from Antarctica to the region of central-

eastern India. The glaciations were characterized, not only for
the low temperatures in the polar or subpolar regions, but also
by the dryness of the subtropical regions, having caused great
extinctions in floras and accentuated provincialism.

The levels of coal and plant remains including those with
palynological contents found in the Itararé Group are
interpreted as related to Interglacial or interstadial and
periglacial events (Souza, 2000, 2003 2006; Bernardes-de-
Oliveira et al., 2001, 2005). In the Gondwana sedimentary basins
there are evidences of some interglacial or interstadial phases,
when glaciers had withdrawn and other environments (fluvial,
deltaic, lacustrine and marine) established themselves on the
landscapes. By these times, different floristic associations
succeeded one to the other, caused by vegetational or
evolutionary factors. Evidences of these interglacial
associations are, simultaneously or diachronically present in
the Gondwana sediments of Brazil, Argentina, Africa, India,
Antarctica and Australia.

In the beginnings of 1970’s, Daemon and Quadros
proposed the first palynostratigraphical zonation for Paraná
Basin, where the level corresponding to the Monte Mor
microflora was included in the “G” level (Stephanian-
Sakmarian).

Rösler (1978) recognized, informally, a macrofloristic
succession in the Paraná Basin, the first taphofloristic
association named by him as Taphoflora “A” is characterized

l wt +k ¼2000, 2006½ ,oa l wt +k o ekD+l Z&VkWbxks ¼2001, 2003, 2005½ us Åi jh iqjkt hoh czkt +hyh i jkuk nzks.kh l s pkj  i jkxk.kfod varjky eaMy
i gpkus] ft l esa ekaVs eksj  l w{eouLi fr t kr fupyhre , jsUl hLi ksjkbfVl  fØLVsVl   varjky eaMy ¼i z;ksx ds rkSj  i j  vafre c' kdhfj ; kbZ l s dkt +heksfu; kbZ rd½
esa fu; r  dh xbZ FkhA  i zkIr  l w{e i sM+&i kS/kksa esa  Øqfl l sDdkbfVl  eksuksfyVl ] fMosjhl sDdl  t kfr ; ka] QkWfui kWYysukbfVl  ¼¾i zksVksgSIykWDl hi kbul ½ ,EIyl ]
QkWfuikWYysukbfVl   t kfr ] ' ;qfjaxhikWYysukbfVl  eSDt hel ] IysVhl sDdl   t kfr dh fon~; ekurk ds vk/kkj  i j l q>kfor fd; k t krk gS fd ekaVs eksj  i jkxk.kq isM+&i kS/ks
Øqfl l sDdkbfVl  eksuksysVl  varjky eaMy ds gSa t ks i gys ds v/; ; uksa ds foi jhr gS ft l us l adsr fn;k fd ekaVs eksj i jkxk.kq l eqPp; , jsUl hLi ksjkbfVl  fØLVsVl
varjky eaMy dh gSA

l aDsÿr&' kCn—i j kxk.kqfoKku] brkjSj  l ewg] ekaVs eksj ] i jkuk nzks.kh] vafre dkcksZfuQsjl ] czkt +hy

Considerações palinoestratigráficas sobre a microflora interglacial
Pensilvaniana de Monte Mor (SP), Grupo Itararé, nordeste da Bacia do Paraná
(Brasil) e suas correlações diacrônicas com a microflora Gondvânica Indiana

RESUMO

Neste trabalho,  o conteúdo palinológico da tafoflora de Monte Mor foi re-estudado com base em amostras de
superfície procedentes de níveis superiores e inferiores das camadas de carvão,  desta localidade-tipo, e sua posição no
palinozoneamento de intervalo foi reinterpretada e revista. Quatro zonas de intervalo palinológicos foram reconhecidas
no Paleozóico superior da bacia do Paraná no Brasil, por Souza (2000, 2006) e Souza & Marques-Toigo (2001, 2003 e
2005), onde a microflora de Monte Mor foi colocada na zona de intervalo mais inferior chamada de  Ahrensisporites
cristatus (tentativamente Neo Bashkiriano a Kazimoviano). Com base na presença de Crucisaccites monoletus, Divarisaccus
spp, Faunipollenites (=Protohaploxypinus) amplus, Faunipollenites sp., Scheuringipollenites maximus, Platysaccus sp.
e Scheuringipollenites maximus na microflora coletada, sugere-se que a palinoflora de Monte Mor pertencem a zona de
intervalo Crucisaccites monoletus contrariando estudos anteriores que indicam que a palinoassembléia de Monte Mor
pertence a Zona de Intervalo Ahrensisporites cristatus.

Pal avras-chave—Palinologia, Grupo Itararé, Monte Mor, Bacia do Paraná, Neocarbonifero, Brasil.
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ABSTRACT

Kurzawe F, Iannuzzi R & Merlotti S 2012. On the Permian permineralized woods of the “Fossil Flora of the Coal
Measures of Brazil” (D. White, 1908): taxonomic re-evaluation. The Palaeobotanist 61(1): 57-65.

D. White published, in 1908, the “Report on the Fossil Flora of the Coal Measures of Brazil”, an important work
that became a reference for the study of fossil plants collected mainly from Early Permian sediments of the Paraná Basin.
In this work, the author described for the first time a large number of plant fossils collected in the states of Santa Catarina
and Rio Grande do Sul, including a few pieces of permineralized wood. This paper presents the first taxonomic re-
evaluation of the permineralized woods described by D. White, using the samples on which he based his descriptions.
Sigillaria (?) muralis White is transferred to the genus Scalaroxylon, due to presence of scalariform pitting on the radial
walls of the tracheids, thus forming a new combination Scalaroxylon muralis (White); Araucarioxylon nummularium
(White) Maheshwari is transferred to the genus Brachyoxylon, because of the araucarioid character of its radial- wall pits
and cross- fields, thus forming a new combination Brachyoxylon nummularium (White); Araucarioxylon meridionale
(White) Maheshwari is considered as an dubios taxon due to non- preservation of its cross- field pits. The re-evaluation
of the fossils described by White enabled a better understanding of the botanical affinities of the Glossopteris flora from
southern Brazil. For the first time, the genus Scaraloxylon is recorded in the Permian; until now it had only been found in
the Triassic and Cretaceous of Gondwana.

Key-words—D. White's Report, Permineralized woods, Taxonomy, Paraná Basin, Permian.

^̂czkt +hy esa dks; yk ; qDr l aLr j  ds t hok'e i sM+&i kS/ks** ¼Mh-OgkbV] 1908½ ds i feZ; u i feZ; uhdr̀  dk"B% ofxZdh;
i queZwY; kadu

ÝkUl hus dqt +Zos] j kcVksZ bvkUuqT+t +h ,oa ' khyk eyksZV~Vh

l kjka' k

Mh- OgkbV us 1908 esa ^̂czkt +hy esa dks; yk ; qDr l aLrj  ds t hok' e i sM+&i kS/kksa i j  fj i ksVZ** i zdkf' kr dh] ,d egRoi w.kZ dk; Z t ks] eq[ ; r% i jkuk nzks.kh
ds izkjafHkd i feZ; u vol knksa l s l ax̀ghr t hok' e i kni ksa ds v/; ;u gsrq ,d l anHkZ cu x; kA  ml  ' kks/k dk;Z esa i feZ; udr̀  dk"B ds dqNsd [kaMksa dks l fUufgr
dj rs gq,  ys[kd us i gyh ej rck l SaV dSVfjuk ,oa fj ; ks xzkau~n nks l qy ds jkT; ksa esa l ax̀ghr i kni  t hok' eksa dh cgqr cM+h l a[ ;k of.kZr dhA  ; g ' kks/k&i = Mh-
OgkbV n~okjk of.kZr i feZ; uhdr̀ dk"Bksa dk i gyh ckj ofXkZdh;  i queZwY; kadu izLrqr dj rk gSA  okfgfudkvksa dh vjh;  nhokjksa i j  l h<+huqek xrZu dh fon~; ekurk
dh ot g l s fl ft Yysfj ;k¼\½ eqjSfyl   OgkbV] LdSyjkWfDl ykWu oa' k dks LFkkukarfj r gks x; k gS] bl  i zdkj  ,d uohu l a;kst u LdSyjkWfDl ykWu eqjSfyl   OgkbV xfBr
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INTRODUCTION

In 1908, I.C. White published the “Final Report” to the
Comissão de Estudos das Minas de Carvão de Pedra do

Brasil, which was created by the Brazilian Government in 1904,
to assess the coal potential of southern Brazil (I.C. White,
1908). This Report is divided into three parts. The first part
covers geological aspects of the coal deposits and associated
rocks of the Paraná Basin, and was written by I.C. White himself,
at that time chief of the commission. The second part is the
description and characterization of the fossi l rept ile
Mesosaurus braziliensis, and was written by J.H. McGregor.
The third part, the “Report on the Fossil Flora of the Coal
Measures of Brazil”, was written by D. White and dealt with
the fossil plants collected during the field excursions carried
out by the Commission in the states of Santa Catarina and Rio
Grande do Sul, in 1904- 1905. Sixty- three fossils were collected,
eight of which are fossil woods. Among these, only three were
formally described as new species: Sigillaria muralis,
Dadoxylon meridionale, and D. nummularium. The other
samples were only listed, not studied, due to poor preservation
or because they were considered identical to samples
previously described by other authors. All the paleobotanical
samples collected by the Commission were donated and
deposited at the United States Geological Survey (USGS). At
the end of the last century, the USGS collections were

transferred to other institutions, and all the paleobotanical
samples were donated to the National Museum of Natural
History (NMNH) of the Smithsonian Institution, where they
remain. However, the samples studied by D. White in 1908
were lost to Brazilian researchers. Nevertheless, in 2004, one
of the authors (RI) found White’s samples in the Department
of Paleobiology of the NMNH.

In 2008, as a part of the 100th anniversary of the “Final
Report”, a project to re-evaluate the paleobotanical samples
published by D. White was begun, coordinated by one of us
(RI). The present contribution describes the results of the re-
evaluation of the fossil woods described by D. White (1908).

MATERIAL  AND  METHODS

Unfortunately, over the years, the slides of the samples
collected by D. White became unviable for study. However,
there remained some fragmentary wood samples, originally
sectioned for study by White. These fragments were kindly
lent by the NMNH, and new slides were made of cross, radial
longitudinal and tangential longitudinal sections. The
remaining wood fragments and the new slides are temporarily
deposi ted in the Departamento de Paleontologia e
Estratigrafia, Instituto de Geociências, Universidade Federal
do Rio Grande do Sul (DPE-IG-UFRGS). They will be returned
to the USNM (Smithsonian Institution) for permanent deposit.

dj  jgk gS( vi us vjh; &nhokj  xrZ ,oa ØkWfl r  {ks=ksa ds , jkSdsfjvkWbM vfHky{k.ku ds dkj .k , jkSdsfjvkWDl hykWu uqEeqysfj; e ¼OgkbV½ ekgs' ojh czSdhvkWDl hyku
oa' k dks LFkkukarfjr  gks x; k gS( vi us ØkWfl r&{ks= xrksaZ ds xSj&i fj j {k.k dh ot g l s ,d vLi "V VSDl ku ds #i  esa , jkSdsfjvkWDl hykWu esfjMk; ksusy ¼OgkbV½
ekgs' ojh i j xkSj  fd; k x;k gSA  OgkbV ds of.kZr t hok' eksa ds i quewZY; kadu l s nf{k.kh czkt +hy l s i zkIr Xyksl ksIVsfj l   ouLIkfr&t kr dh okuLi frd ca/kqrkvksa dks
csgrj l e>us esa enn feyhA  i feZ; u esa i gyh ckj  LdSyjkWfDl ykWu vfHkfyf[kr fd; k x; k gS( vc rd ;g xksaMokuk ds Vªkb,sfl d o fØVsf' k; l  esa i kbZ xbZ
FkhA

l aDsÿr&' kCn—Mh- OgkbV dh fj i ksVZ] i feZ; uhdr̀  dk"Bsa] ofxZdh] i jkuk nzks.kh] i feZ; u

Sobre os lenhos permineralizados Permianos da "Flora Fóssil das Coal
Measures Brasil" (D. White, 1908): reavaliação taxonômica

RESUMO

D. White publicou em 1908  “Relatório sobre a flora fóssil das coal measures do Brasil”, um importante trabalho que
se tornou uma referência para o estudo de plantas fósseis coletados principalmente de sedimentos  eopermianos da bacia
do Paraná. Naquele trabalho o autor descreveu pela primeira vez um grande número de plantas fósseis coletados nos estados
de Santa Catarina e Rio Grande do Sul, incluindo poucas peças  de lenhos  permineralizados. Este trabalho apresenta a
primeira reavaliação taxonômica dos lenhos  permineralizados descritas por D.White usando as amostras sobre as quais ele
baseou suas descrições. Sigillaria (?) muralis White foi transferida para o genero Scalaroxylon, devido a presença de
pontoações escalariformis sobre as paredes radiais das traqueídes constituindo uma nova combinação Scalaroxylon muralis
(White); Araucarioxylon nummularium (White) Maheshwari é transferida para o gênero Brachyoxylon, devido ao caráter
araucarióide de suas perfurações de parede radial e campos cruzados, daí formando uma nova combinação Brachyoxylon
nummularium (White); Araucarioxylon meridionale (White) Maheshwari foi considerado como um táxon duvidoso
devido a não preservação de suas pontuações de campo cruzado. A reavaliação dos fósseis descritos por White possibilitaram
um melhor entendimento das afinidades botânicas da flora de glossopteris do sul do Brasil. Pela primeira vez o gênero
Scaraloxylon é documentado no permiano; até o momento tinha sido somente encontrado no Triássico e Cretáceo do
gondwana.

Palavras-chave—Relatório de D. White; Lenhos Permineralizados, Taxonomia, Bacia do Paraná, Permiano.
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ABSTRACT

Pinheiro ERS, Tybusch GP & Iannuzzi R 2012. New evidence of plant-insect interactions in the Lower P ermian
from Western Gondwana. The Palaeobotanist 61(1): 67-74.

A new record of insect damages-containing glossopterid leaves is recovered from the Rio da Estiva outcrop,
Itaiópolis country, northernmost Santa Catarina State, southern Brazil. The plant fossil-bearing strata are situated,
stratigraphically, from the basal to middle part of the Rio Bonito Formation, a unit of the Lower Permian sequence of the
Paraná Basin. This plant assemblage is characterized as “pure Glossopteris Flora”, and contains remains of glossopterid
leaves (Glossopteris spp. and Gangamopteris sp.), seeds (Samaropsis sp. and Cordaicarpus sp.) and fructification (Ottokaria
sp.). We analyzed 102 samples, of which only ten showed evidence of insect damages. Three types of leaf feeding traces
are observed: leaf margin feeding traces, hole feeding traces and trench feeding traces. The damages occurred in leaves of
Glossopteris sp., Glossopteris communis, Glossopteris occidentalis and Gangamopteris obovata. The evidence of
consumption of foliar tissues indicated that glossopterids hosted a functional feeding group of predominantly chewing and
sucking type of insects. The differences found in the patterns and frequencies of consumption in different localities of
equivalent ages suggested that herbivory was more intensive in some plant communities than in others. Besides this, the
present study expanded geographically the distribution of records of plant-insect interactions in “Glossopteris flora”
through the central portion of the eastern rim of Paraná Basin.

Key-words—Glossopteris flora, Herbivory, Rio Bonito Formation, Paraná Basin, Early Permian.

i f' peh xksaMokuk l s i zkIr  fuEu i feZ; u esa i kni &dhV vU; ksU; &fØ; kvksa dk uohu i zek.k

bZ vkj  , l  i kbUghj ks] t h-i h- rk;cq' k ,oa j kcVksZ bvkUuqT+t +h

l kjka' k

fj ; ks Mk , fLVok ' kSy ǹ' ; ka' k] bZVbvksi kWfyl  ns' k] l qnwjmRrjh l saVk dSVjhuk jkT; ] nf{k.kh czkt +hy l s dhV {kfr&Xyksl ksIVsfjM i r~fr ; ka l fUUkfgr uohu
vfHkys[k i zkIr  gqvk gSA  i kni  t hok' e&/kkjh i V~Vhnkj  i jkuk  nzks.kh fuEu i feZ; u vuqØe dh ;wfuV fj ; ks ckWfuVks ' kSyl ewg ds vk/kkj  l s e/;  Hkkx rd Lrfjd
: i  esa fLFkr gSaA  i kni  l eqPp;  ^̂' kqn~/k Xyksl ksIVsfj l  ouLi fr&t kr** ds : i  esa fof' k"V xq.k; qDr gS rFkk Xyksl ksIVsfjM i r~fr ; ksa ¼Xyksl ksIVsfj l  t kfr ; ka o
xaxkekWIVsfj l  t kfr½] cht  ¼l SejkWfIl l  t kfr  o dkWMkZbdkiZl   t kfr½ ,oa Qyuksa ¼vksV~Vksdsfj ;k t kfr½ ds vo' ks"k l fUufgr gSA  geus 102 uewus fo' ysf"kr fd,
ft uesa l s nl  us dhV {kfr  ds i zek.k n' kkZ,A  rhu r jg ds i Rrh vkgkj  vuqi Fk i zsf{kr fd, x,  gSa% i Rrh mikar vkgkj  vuqi Fk] fNnz vkgkj  vuqi Fk ,oa [kkapk
vkgkj  vuqi FkA  Xyksl ksIVsfjl   t kfr ] Xyksl ksIVsfj l  dE; qful ] Xyksl ksIVsfj l  vkWfl MsaVsfyl   ,oa xaxkekWIVsfj l  vkscksosVk  dh i r~fr ; ksa esa {kfr gqbZA i f.kZy Årdksa ds
mi Hkksx ds i zek.k us bafxr fd; k fd Xyksl ksIVsfjMksa us i zcy i woZ pckus ds ,d fØ; kRed vkgkj  l ewg rFkk pw"kd i zdkj  ds dhVksa dh i j i ks"kh dhA l e vk;q dh
fofo/k mi cfLr; ksa esa [ki r  ds i z: i ksa ,oa vkòr~fr ; ksa esa i k,  x,  Hksnksa us l q>k; k fd dqN i kni  l eqnk; ksa dh vi s{kk vU;  esa 'kkdkgkjh oxZ T+; knk xgu FkkA bl ds
vykok] ekSt wnk v/; ; u us i jkuk nzks.kh esa i wohZ i fj f/k ds e/;  Hkkx l s ^̂Xyksl ksIVsfj l i sM+&i kS/ks** esa i kni &dhV i jLi j  fØ; kvksa ds vfHkys[kksa dks HkkSxkssfyd : i
l s foLr r̀ fd;kA

l aDsÿr&' kCn—Xyksl ksIVsfj l  i sM+&i kS/ks] ' kkdkgkjh oxZ] fj; ks ckWfuVks ' kSyl ewg] i jkuk nzks.kh] i feZ; u iwoZA
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INTRODUCTION

The analysis of interactions between plants and insects in
the fossil record is an expanding field in Palaeontology.

Herbivory is normally studied through the evidences
preserved in leaf compressions and impressions, since leaves
are the most common plant organ in the fossil record. The
evidence of plant-insect interactions for the Palaeozoic includes
herbivory, galls, possible mines, oviposition and leaf
skeletonization (Beck & Labandeira, 1998; Adami-Rodrigues
et al., 2004a). To recognize herbivory in the fossil record, it is
normally necessary to detect the presence of plant reaction
tissues such as calluses or anomalous tissues induced by
trauma while the plant organ was still alive (Meyer &
Maresquelle, 1983; Labandeira, 1998).

The record of vascular plants, arthropods, and their
probable interactions is well described for the Palaeozoic. The
Palaeozoic insects are comparable to modern forms in terms of
mouthparts (Labandeira, 1997) and functional feeding groups
(Labandeira, 1998). Some authors have suggested that groups
of insects have been herbivorous since the Palaeozoic (Popov
& Wootton, 1977; Labandeira, 1998), and some were already
endophytic (Labandeira & Phillips, 1996). Records of plant-
insect associations start in the Devonian but become more
common during the Carboniferous, highlighting especially
those from coal balls associated with Euroamerican swamp
forests (Scott & Taylor, 1983; Scott et al., 1985; Labandeira &
Beal, 1990; Chaloner et al., 1991; Scott et al., 1992; Labandeira
& Phillips, 1996; Labandeira et al., 1997; Labandeira, 1998,
2002, 2006). In comparison, studies on phytophagy for that
period are extremely rare in Gondwana (Iannuzzi & Labandeira,
2008).

For the Permian, the direct evidence of plant-insect
associations decreased in general globally. In Gondwana,
these records are even more scarce (Labandeira, 2002, 2006).
For the Indian Permian deposits, Chauhan et al. (1985),
Srivastava (1987, 1996), Srivastava and Srivastava (2010),
Srivastava and Agnihotri (2011) reported evidence of plant
consumption by arthropods. Guerra-Sommer (1995) and Adami-
Rodrigues et al. (2004a, b) described evidence of phytophagy
in glossopterids for the Lower Permian in Brazil. Prevec et al.
(2009) identified new evidence of plant-insect associations in
the South African Upper Permian strata. Recently, McLoughlin
(2011) described galls and oviposition scars from Permian
glossopterid foliage from Australia and South Africa.

During the Permian, the Gondwana continent was almost
entirely covered by a well-known vegetation known as
“Glossopteris flora” (Wnuk, 1996). Particularly, in the Paraná
Basin, the record of “Glossopteris flora” is mostly characterized
by remains of sphenopsid stems (Paracalamites sp.) and leaf
shoots (Phyllotheca spp., Sphenophyllum spp., Schizoneura
sp.), lycopsid stems (Brasilodendron sp., Lycopodiopsis sp.),
fronds of ferns (Pecopteris spp., Sphenopteris spp.), leaves
of glossopterids (Glossopteris spp., Gangamopteris spp.)
cordaitaleans (Cordaites sp.) and seeds (Cordaicarpus spp.,
Samaropsis spp.), among other types of plant remains (Rösler,
1978; Bernardes-de-Oliveira, 1980; Rohn & Rösler, 2000;
Iannuzzi & Souza, 2005; Tybusch & Iannuzzi, 2008; Iannuzzi,
2010).

Records of foliar feeding traces are rare for Gondwana as
a whole. In this context, our main goal was to report and analyze
new evidences of plant-insect interactions found in the
Glossopteris flora plant assemblage from the Lower Permian
of the Paraná Basin, southern Brazil. This contribution is part
of the Master Thesis of the senior author (E.R.S. Pinheiro).

Novas evidências de interações inseto-plantas no Permiano Inferior do
Gondwana

RESUMO

Um novo registro de folhas de glossopterídeas contendo danos por insetos foi obtido  no afloramento de Rio da
Estiva, município de Itaiópolis, região norte do Estado de Santa Catarina, no Brasil meridional. Os estratos portadores dos
fitofósseis estão situados, estratigraficamente, na porção  basal a mediana  da Formação Rio Bonito, uma unidade do
Permiano Inferior da Bacia do Paraná. Esta assembléia fitofossilífera é considerada como uma “Flora de Glossopteris
pura”, contendo restos de folhas de glossopterídeas (Glossopteris spp. e Gangamopteris sp.), sementes (Samaropsis sp. e
Cordaicarpus sp.) e frutificações (Ottokaria sp.). Foram analisadas 102 amostras, das quais somente dez mostram evidências
de danos por insetos. Três padrões de consumo foliar foram observados: traços de alimentação marginal, traços de
alimentação circular e de alimentação linear sobre lâmina. Os danos foram observados em folhas de Glossopteris sp.,
Glossopteris communis, Glossopteris occidentalis e Gangamopteris obovata. A evidência de consumo de tecidos foliares
indica que as glossopterídeas eram herbivorizadas por insetos predominantemente com aparelho bucal mastigador. As
diferenças encontradas nos padrões de freqüência de herbivoria entre as diferentes localidades de idades equivalentes
sugeriram  que a atividade foi mais intensa  em algumas comunidades do que em outras. Além disso, o presente estudo
expandiu geograficamente a distribuição de  registros de interação inseto-planta na flora de glossopteris através da porção
central da margem oriental da Bacia do Paraná.

Pal avras-chave—Flora de Glossopteris; Herbivoria, Formação Rio Bonito, Bacia do Paraná, Eopermiano.
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ABSTRACT

Jasper A, Guerra-Sommer M, Uhl D, Bernardes-De-Oliveira MEC, Ghosh AK, Tewari R & Secchi MI 2012.
Palaeobotanical evidence of wildfire in the Upper Permian of India: Macroscopic charcoal remains from the Raniganj
Formation, Damodar Basin. The Palaeobotanist 61(1): 75-82.

Macroscopic fossil charcoal has been discovered in the carbonaceous shales associated with Seam-VI of Raniganj
Formation, Upper Permian, Damodar Basin, India. A pycnoxylic gymnosperm wood is described and confirms the
occurrence of palaeo-wildfire in this area during the Late Permian. The integration of the data presented in the current
study with previously published data for the Raniganj Formation, principally related to the occurrence of (pyrogenic)
inertinites within coal layers, demonstrates that palaeo-wildfires were common events during the deposition of the
preserved material. In addition, the presence of charcoal in Permian sediments associated with coal levels at different
Gondwana localities demonstrates that wildfires have been relatively common events across the continent during this
period.

Key-words—Charcoal, Gymnosperm woods, Palaeo-wildfires, Upper Permian, Raniganj Formation, Raniganj
Coalfield, Damodar Basin.

Hkkj r  ds Åi j h i feZ; u esa ou vfXu ds i qj kokuLi frd l k{; % j kuhxaat  ' kSyl ewg nkeksnj  nzks.kh l s i zkIr  LFkwy ydM+h ds
dks; ys ds vo' ks"k

,aMªs t Sl i j ] ekxksZV xq,sj k&l kWej ] MkbVj  mg~y] eSjh bZ l h cukZUMht &Mh&vkWyhohj k] vfer ds ?kks"k] j t uh frokj h ,oa
esfj , yk vkbUl  l sDph

l kjka' k

j kuhxat  ' kSyl ewg Åi jh i feZ; u] nkeksnj  nzks.kh] Hkkjr  dh l aLrj&"k"Be dkcZue;  t hok' e ' ksy l g; ksxh esa LFkwy t hok' e pkjdksy vUosf"kr fd; k x; k
gSA ?kunk#d vukòrcht h dk"B of.kZr dh xbZ gS rFkk vafre i feZ; u ds nkSjku bl  {ks= esa i qjk&nkokfXu dh ?kVuk dh i qf"V dj rh gSA jkuhxat  ' kSyl ewg gsrq
i woZ esa i zdkf' kr vkadM+s ds l kFk ekSt wnk v/; ; u esa i zLrqr vkadM+s dk ,dhdj .k] dks; yk i j rksa ds l kFk ¼vfXut fud½ bUkVhZukbVksa dh l Sn~/kkafrd #i  l s i zkfIr
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INTRODUCTION

Fire plays an important role as a major source of disturbance
in many modern ecosystems (Bowman et al., 2009;

Flannigan et al., 2009) and it is expected that the occurrence of
fire in many areas worldwide may change/increase drastically
with changing climate (Flannigan et al., 2009; Westerling et
al., 2011). Thus, it is of great interest for the understanding of
the interactions between climate, fire-ecology and vegetation
to study such interactions under past climate change scenarios.
As such palaeobotanical studies can act as long-term
experiments on time-scales not available to neo-ecologists.

A period that is of special interest for the understanding
of these interactions is the Permian, as this is the only period
during the history of the Earth which experienced a long term
global climate change from an icehouse into a greenhouse
climate after the conquest of the continents by land-plants
(Gastaldo et al., 1996).

i znf' kZr dj rh gS fd i fj j f{kr i nkFkZ ds fu{ksi .k ds nkSjku i qjk&nkokfXu vke ?kVuk,a FkhaA bl ds vykok] fofHkUu xksaMokuk {ks=ksa esa dks; yk Lr jksa ds l g; ksxh
i feZ; u vol knksa esa pkjdksy dh ekSt wnxh i znf' kZr dj rh gS fd bl  vof/k esa l ewps egkn~ohi  esa nkokfXu l ki s{kr; k vke ?kVuk,a jgh gSaA

l aDsÿr&' kCn—ydM+h dk dks; yk] vukòrcht h dk"B] iqjk&nkokfXu] Åi jh i feZ; u] jkuhxat  ' kSyl ewg] jkuhxat  dks; yk{ks=] nkeksnj  nzks.khA

Evidências Paleobotânicas de Paleoincêndios no Permiano Superior da Índia:
Registro de Charcoal Macroscópico da Formação Raniganj, Bacia Damodar

Valley
RESUMO

Charcoal macroscópico fóssil foi descoberto em níveis ricos em matéria orgânica associados à Sequência VI da
Formação Raniganj, Permiano Superior, Bacia Damodar Valley, Índia. Um lenho picnoxilico gimnospérmico é descrito e
confirma a ocorrência de paleoincêndios vegetacionais na área durante o Neopermiano. A integração do s dados aqui
apresentados com aqueles já publicados acerca da Formação Raniganj, principalmente aqueles relacionados à ocorrência de
inertinitas (de origem pirogênica) em níveis de carvão, demostraram que paleoincêndios foram eventos comuns durante a
deposição dos níveis estudados. Além disso, a presença de charcoal em sedimentos Permianos associados a níveis de carvão
em diferentes localidades do Gondwana confirma que este tipo de evento foi relativamente comum no continente durante
esse período.

Palavras-chave—Charcoal, Lenhos Gimnospérmicos, Paleoincêndios vegetacionais, Permiano Superior, Formação
Raniganj, Mina Raniganj, Bacia Damodar Valley

Fig. 1—Stratigraphy of Permian Gondwana in Damodar Basin (after
Mukhopadhyay et al., 2010).

About a decade ago there were only a few substantiated
records of Permian macroscopic fossil charcoal (Scott, 2000).
However, a number of studies has subsequently demonstrated
the almost ubiquitous presence of macroscopic fossil charcoal
in many Permian deposits from the Northern Hemisphere; i.e.
North America (DiMichele et al., 2004), Europe (Rößler, 2001;
Uhl & Kerp, 2003; Noll et al., 2003; Uhl et al., 2004, 2008;
Šimùnek & Martínek, 2009) and China (Wang & Chen, 2001).
In contrast, for large parts of Gondwana the record of Permian
macroscopic fossil charcoal is still scarce to non-existent.

Despite numerous studies on Gondwana inertinites of
assumed problematic origin (cf. Scott, 2000), the first
unequivocal record of charcoal as a direct palaeobotanical
evidence of palaeowildfires on Gondwana was published by
Glasspool (2000) based on material from the Late Permian of
the Sydney Basin, Australia. Subsequent studies also
confirmed the presence of charcoal in Permian sediments from
South Africa (Glasspool, 2003), Jordan (Uhl et al., 2007) and
Brazil (Jasper et al., 2008, 2011a, b). Mishra et al. (1990) and
Navale and Saxena (1989) described high inertinite levels in
Permian coals of India which are probably the result of fires.
However, remains of macroscopic fossil charcoal have not
been reported so far.

Jasper et al. (2008) demonstrated that the charcoalified
remains discovered in Early Permian sediments of the Quitéria
outcrop were related to basic types of gymnosperm wood and
fragments of lycopsids. These authors also inferred that
potential sources of ignition for the wildfires in the studied
area could have been the volcanic activities in nearby areas.

In the Faxinal Coalfield, charcoal remains have also been
discovered in a tonstein layer, originating from volcanic ashfall
tuffs, interbedded within a coal layer (Jasper et al., 2011a, b).
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ABSTRACT

Mehrotra NC, Tewari R, Arai M, Garcia MJ & Bernardes-de-Oliveira MEC 2012. Stratigraphic ranges of dinoflagellate
cysts from Cretaceous petroliferous basins of India and Brazil. The Palaeobotanist 61(1): 83-102.

Development of dinoflagellate cyst studies in India and Brazil is directly related with the exploration of hydrocarbons.
During the last 3 decades these studies have intensified in various petroliferous basins of the two countries. These have
proved to be of immense value in high impact palynological studies as applied in geological modelling for exploration.
Stratigraphic ranges of significant dinoflagellate taxa from the two countries have been analysed in global context and
presented through 6 Range Tables. This is the first step to build comparative database of these fossils from India and Brazil
for obtaining a better understanding of their distribution and application in petroleum industry.

Key-words—Stratigraphic ranges, Dinoflagellate cysts, India, Brazil, Exploration of hydrocarbons.

Hkkj r  o czkt +hy dh fØVsf' k; l  i sVªksfy; e/kkj h nzksf.k; ksa l s i zkIr  ?kw.khZd'kkHk i qfV; ksa ds Lr fj d j sat

uj s' k l h esgj ks=k] j t uh frokj h] feRl q# , jS] ekfj ; k t qMhVs ,oa eSjh bZ l h cukZUMht &Mh&vkWyhohj k

l kjka' k

Hkkj r ,oa czkt +hy esa ?kw.khZd' kkHk i qVh v/; ; uksa dk fodkl  gkbMªksdkcZuksa ds vUos"k.k l s l h/ks l acaf/kr gSA fi Nys rhu n' kdksa ds nkSjku ; s v/; ; u bu nks
ns' kksa dh fofHkUu i sVªksfy; e/kkjh nzksf.k; ksa esa c<+s gSaA vUos"k.k gsrq Hkw&oSKkfudh;  i zfr#i .k esa ; Fkk vuqi z; qDr mPp i zHkkoh i jkxk.kfod v/; ; uksa esa buds vl he
egRo dks fl n~/k dj  fn; k gSA bu nks ns' kksa l s i zkIr  egRoi w.kZ ?kw.khZd' kkHk VSDl k ds Lrfjd i fj l j  Hkw&eaMyh;  i fj i zs{;  esa fo' ysf"kr fd,  x,  gSa vkSj  6 jsat
rkfydkvksa ds ek/; e l s i znf' kZr fd,  x,A i sVªksfy; e mn~; ksx esa buds for j .k ,oa vuqi z; ksx dks csgrj  l e>us gsrq Hkkj r  o czkt +hy l s i zkIr  bu t hok'eksa ds
rqyukRed vkadM+k vk/kkj  cukus esa ; g i gyk dne gSA

l aDsÿr&' kCn—Lrfjd i fj l j] ?kw.khZd' kkHk iqfV;ka] Hkkj r] czkt +hy] gkbMªksdkcZu dk vUos"k.kA

Amplitudes estratigráficas de cistos de dinoflagelados das bacias petrolíferas
Cretáceas da Índia e do Brasil

RESUMO

Desenvolvimento de estudos de cistos de dinoflagelados na Índia e no Brasil está diretamente relacionado com a
exploração de  hidrocarbonetos. Durante as três últimas décadas estes estudos tem se intensificado  nas várias bacias
petrolíferas de ambos os países. Isto provou ser de imenso valor em estudos palinológicos de alto impacto conforme
aplicado nos modelos geológicos de exploração. Distribuições estratigráficas de importantes taxons de dinoflagelados dos
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INTRODUCTION

Development of dinoflagellate cyst studies in India and
Brazil is directly connected with explo ration of

hydrocarbons by their National Oil Companies – ONGC and
PETROBRAS, respectively. It picked up in India in early eighties

with the increase in exploration activities in its petroliferous
basins, particularly Western Offshore, Krishna-Godavari and
Cauvery basins (Fig. 1). Almost at the same time the Brazilian
scientists recorded hundreds of stratigraphically significant
dinocyst spp. from country’s sedimentary basins rich in
hydrocarbons (Fig. 2). This is the first attempt to analyse the

Fig. 1—Map of India showing sedimentary basins0 (after Mehrotra et al., 2002).

dois países foram analisadas num contexto global e apresentado em 6 tabelas estratigráficas. Este é um primeiro passo na
construção de  bases de dados comparativos destes fósseis da Índia e do Brasil para obter uma melhor compreensão de suas
distribuição e aplicação na industria de petróleo.

Palavras-chave—Distribuições estratigráficas, Cistos de dinoflagelados, Índia, Brasil, Exploração de hidrocarbonetos.
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ABSTRACT

Sharma M & Pandey SK 2012. Stromatolites of the Kaladgi Basin, Karnataka, India: Systematics, biostratigraphy
and age implications. The Palaeobotanist 61(1): 103-121.

Systematics of the stromatolites of the Proterozoic Kaladgi Basin is attempted. The main purpose is to document
the diversity and distribution of the various stromatolite forms occurring in the Bagalkot Group of the Kaladgi Supergroup.
An assemblage of six taxa is recognized from the Bagalkot Group. The forms Asperia digitata (=Yelma digitata),
Ephyaltes edingunnensis, Eucapsiphora leakensis, Kussoidella karalundiensis , Pilbaria deverella and Yandilla
meekatharrensis are described. These forms are not recorded from any other Proterozoic Sequence of India of the
Palaeoproterozoic age. Similar forms are recorded from Africa, Australia, Canada and China. Asperia digitata, a digitate
stromatolite, is known from the Proterozoic Sequence of the Palaeoproterozoic age in other parts of the world. Poorly
constrained age of the Bagalkot Group of the Kaladgi Supergroup can be ascertained on the basis of t he reported
assemblage as Late Palaeoproterozoic to Early Mesoproterozoic (Orosirian-Statherian to Calymmian Period).

Key-words—Stromatolites, Systematics, Kaladgi Supergroup, Palaeoproterozoic, Karnataka, India.

dykM~xh nzks.kh] dukZVd] Hkkj r  ds LVªkseSVksykbV~l % ofxZdh] t SoLrfj dh ,oa vk; q fufgrkFkZ

eqdqan ' kekZ ,oa , l -ds- i kaMs

l kjka' k

i zkXt ho dykM~xh nzks.kh esa LVªkseSVksykbV~l  dh ofXkZdh dk iz; kl  fd; k x; k gSA dykM~xh mPpl ewg ds ckxydksV l ewg esa i zkIr  gks jgs fofo/k LVªkseSVksykbV~
#i ksa dh fofo/krk o for j .k dk i zys[k djuk eq[ ;  mn~ns' ;  gSA ckxydksV l ewg l s N% VSDl k dh ,d l eqPp;  vfHkfu/kkZfj r  dh xbZ gSA bu #i ksa% ,Li sfj ; k
fMt hVkVk ¼¾;sYek fMft VkVk½] ,Qh; ysVht  , fMaxusfUl l ] b; qdSIl hQksjk yhdsfUl l ] dql sMsYyk dyqZMsfUl l ] fi Ycsfj ;k MsojsYyk  ,oa ; afMyk ehdsFkjsfUl l   ds o.kZu
fn,  x,  gSaA i qjki zkXt ho dky esa Hkkj r  ds fdl h vU; i zkXt ho vuqØe l s ; s #i  vfHkfyf[kr ugha fd, x,  gSaA vÝhdk] vkLVªsfy; k] dukMk ,oa phu l s bl ds
l ǹ' k #i  vfHkfyf[kr fd, x,  gSaA  nqfu; k ds vU;  Hkkxksa esa i qjki zkXt ho dky ds izkXt ho vuqØe l s vaxqY; kdkj  LVªkseSVksykbV~ ,Li sfj ;k fMft VkVk Kkr gSA of.kZr
l eqPp; ds vk/kkj i j  dykM~xh mPpl ewg esa ckxydksV l ewg dh vk; q vafre i qjki zkXt ho l s i zkjafHkd e/;  i zkXt ho ¼vksjksfl fj ;u&LVsFksfj; u l s dSyhfEe;u vof/
k½ t ks i gys fu; r  ugha Fkh fu/kkZfj r  dh t k jgh gSA

l aDsÿr&' kCn—LVªkseSVksykbV~] ofXkZdh] dykM~xh mPpl ewg] i qjki zkXt ho] dukZVd] Hkkj rA

Stromatólitos da Bacia  Kaladgi, Karnataka, India: Implicações sistemáticas,
bioestratigráficas e de idade

RESUMO

A sistemática dos estromatólitos da bacia proterozóica Kaladgi é preliminarmente estabelecida. O principal objetivo
é documentar a diversidade e a distribuição das formas de vários estromatólitos ocorrentes no Grupo Bagalkot do Supergrupo
Kaladgi. Uma assembléia de seis táxons é reconhecida como sendo do grupo Bagalkot. As descrições são feitas para estas
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Fig. 1—Part of the geological map of the Kaladgi Supergroup exposed around Bagalkot (after GSI, 1981; Kale et al., 1999). Inset shows the
distribution of Proterozoic basins in south India.

formas: Asperia digitata (=Yelma digitata), Ephyaltes edingunnensis, Eucapsiphora leakensis, Kussoidella karalundiensis,
Pilbaria deverella e  Yandilla meekatharensis  que  não são registradas em nenhuma outra sequência paleoproterozóica da
Índia. Formas similares são registradas na África, Austrália, Canadá e China.  Asperia digitata, um estromatólito digitado
é conhecido a partir da sequência paleoproterozóica de outras partes do mundo. Idade precariamente estabelecida do Grupo
Bagalkot do Supergrupo Kaladgi pode ser determinada com base na assembléia registrada como neo-paleoproterozóica a
eo-mesoproterozóica (Períodos Orosiriano-Stateriano a Calimiano).

Palavras-chave—Estromatólitos, Sistemáticas, Supergrupo Kaladgi, Palaeoproterózoico, Karnataka, India.
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ABSTRACT

Tewari R, Mehrotra NC, Pillai SSK, Pandita SK & Agnihotri D 2012. Gymnospermous seeds from the Barakar
Formation of Umrer Coalfield, Wardha Basin, Maharashtra. The Palaeobotanist 61(1): 123-130.

Platyspermic and radiospermic gymnospermous seeds are documented from the top seam of the Barakar Formation,
Makardhokra Open Cast Project, Umrer Coalfield, Nagpur District, Wardha Basin, Maharashtra. A variety of seed
types including Cordaicarpus sp., Cordaicarpus zeilleri, Samaropsis feistmantelii, Samaropsis sp., Rotundocarpus
ovatus and a new species, viz. Rotundocarpus mucronatus are systematically described. The seeds are largely comparable
with those described from the Karharbari Formation of Damodar Basin. Besides adding to the knowledge of the flora of
the Wardha Basin, this communication provides information on the occurrence of these seeds for the f irst time from
Makardhokra Open Cast Project, Umrer Coalfield.

Key-words—Gymnospermous seeds, Platyspermic, Radiospermic, Early Permian, Barakar Formation, Umrer
Coalfield, Wardha Basin.

mejsj  dks; yk{ks=] o/kkZ nzks.kh] egkj k"Vª ds i zkj afHkd i feZ; u vuqØe l s i zkIr  vukòrcht h cht

j t uh frokj h] uj s' k l h- esgj ks=k] , l  , l  ds fiYyS] l anhi  i afMrk ,oa nhi k vfXugks=kh

l kjka' k

cjkdkj  ' kSyl ewg] edj<+ksdjk foòr  [kku i fj ; kst uk] mejsj  dks; yk{ks=] ft yk ukxiqj ] o/kkZ nzks.kh] egkjk"Vª dh mPp l aLrj  l s i zkIr  fpfi Vcht h ,oa
f=T; cht h vukòrcht h cht  i zysf[kr fd,  x,  gSaA  dkWMhZbdki Zl  t +kbyjkbZ] dkWMsZdki Zl  t kfr ] l sesjkWfIl l  QkbLVesaVykbZ] l EjkWfIl l  t kfr ] j ksVaMksdki Zl  vksosVl
,oa ,d uohu t kfr  vFkkZr  jksVaMksdki Zl  eqØksusVl  l fgr cht  VSDl k ds i zdkj  Øecn~/k #i  l s fo' ysf"kr fd,  x,  gSaA ; s cht  nkeksnj  nzks.kh esa djgjckjh
' kSyl ewg ds i gys of.kZr fd,  x,  cht ksa ds l e rqY;   gSaA mejsj dks; yk{ks= ds cjkdkj  ' kSyl ewg esa budh fon~; ekurk djgjckjh ' kSyl ewg ds i q"ih rRoksa dh
fujar jrk #i kf; r  dj rh gSA o/kkZ nzks.kh esa ouLi fr&t kr dh t kudkjh ' kkfey djus ds vykok] ; g l ai zs"k.k edj<+ksdjk foòr  [kku i fj ; kst uk] mejsj  dks;yk{ks=
l s i gyh ckj  bu cht ksa dh i zkfIr  dh t kudkjh i znku dj rk gSA

l aDsÿr&' kCn—vukòrcht h cht ] fpfiVcht h] f=T; cht h] i zkjafHkd i feZ; u] cjkdkj  'kSyl ewg] mejsj  dks; yk{ks=] o/kkZ nzks.khA

Sementes Gymnospérmicas da sequência eopermiana do Hulhífero Umrer,
Bacia de Wardha, Maharashtra

RESUMO

Sementes radiospérmicas e platispérmicas estão documentadas no topo da Formação Barakar, Makardhokra Open
Cast Project, Hulhífero Umrer, Distrito de Nagpur, Bacia de Wardha, Maharashtra. Uma variedade de sementes incluindo
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INTRODUCTION

Occurrence of seeds in different Gondwana sedimentary
  basins of India is rather sporadic and is mainly known

from Damodar and South Rewa Gondwana basins with
isolated records from Satpura Gondwana Basin (Maithy, 1965;
Surange, 1974; Lakhanpal et al.,1976; Srivastava & Chandra,
1982; Pant et al., 1985; Maheshwari & Tewari, 1986; Chandra
& Tewari, 1991). Earlier records of seeds from Wardha Basin
include Samaropsis milleri from the Barakar Formation of
Umrer Coalfield (Sundaram & Nandi, 1984)  and Samaropsis
ganjrensis from the Kamthi Formation of Semda area, Kamptee
Coalfield (Tewari, 2007). The present work deals with
systematic morphotaxonomical study of well preserved
platyspermic and radiospermic seeds from the top seam of
the Barakar Formation of Makardhokra Open Cast Project,

Umrer Coalfield. The seed taxa include Cordaicarpus sp.,
Cordaicarpus zeilleri, Samaropsis feistmantelii, Samaropsis
sp., Rotundocarpus ovatus and a new species, viz.
Rotundocarpus mucronatus. This is the first record of these
seeds from the area and adds to the knowledgebase of
megafloral assemblage recorded earlier from the Barakar
Formation of Umrer Coalfield, Wardha Basin by Sundaram
and Nandi (1984) and Tewari et al. (in press). These records
comprise the taxa Schizoneura gondwanensis, Phyllotheca
indica, Gangamopteris cyclopteroides, G. clarkeana,
Glossopteris arberi, G. browniana, G. communis, G.
conspicua, G. damudica, G. indica, G. intermedia, G.
longicaulis, G. searsolensis, G. spathulata, G. stenoneura, G.
syaldiensis, G. tenuifolia, Glossopteris sp., Scutum sp. cf. S.
leslii, Noeggerathiopsis hislopii, Buriadia sewardii,
Samaropsis milleri and equisetalean axes.

Fig. 1—Map of Umrer Coalfield showing fossil locality (modified after Raja Rao, 1982).

Cordaicarpus zeilleri, Cordaicarpus sp., Samaropsis feistmantelii, Samaropsis sp., Rotundocarpus ovatus e uma nova
espécie,viz. Rotundocarpus mucronatus são sistematicamente analisadas. As sementes são comparáveis  com aquelas
descritas da Formação Karharbari da bacia  Damodar.  Sua  presença na formação no hulhífero Umrer re presenta a
continuidade de elementos florais da Formação Karharbari. Além de acrescentar conhecimento da flora da bacia de
Wardha, esta comunicação fornece informações da ocorrência destas sementes pela primeira vez no projeto Makardhokra
Open Cast, Hulhífero Umrer.

Palavras-chave—Sementes gimnospérmicas, Platispérmica, Radiospérmica, Neopermiano, Formação Barakar,
Hulhífero Umrer, Bacia de Wardha.
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ABSTRACT

Kar R 2012. A basal Gondwana palynoflora from the glacigene sediments of Tatapani-Ramkola Coalfield, India.
The Palaeobotanist 61(1): 131-138.

Palynological studies were undertaken on the sediments of Talchir Formation exposed along a stream cutting in the
Tatapani-Ramkola Coalfield, Chhattisgarh State, India. The glacigenic nature of the Talchir Formation is evident, as
manifested by the presence of lithified tillites, varves and rafted boulders. The varve clays have yielded a well preserved
assemblage rich in radial monosaccates. The assemblage is dominated by Plicatipollenites (26-31%) with a sub-dominance
of Parasaccites (8-22%). Potonieisporites, Virkkipollenites, Caheniasaccites and Sahnites are the other important
constituents. The recovered palynoflora is characteristic of Plicatipollenites-Parasaccites palynoassemblage, which
represents Lower Talchir palynozone and is of early Permian age.

Key-words—Gondwana, Palynology, Talchir Formation, Early Permian, Tatapani-Ramkola Coalfield.

rkrki kuh&j kedksyk dks; yk{ks=] Hkkj r  ds Xysl ht hu vol knksa l s i zkIr  ,d vk/kkj h xksaMokuk i j kxk.kqouLi fr&t kr

j ru dj

l kjka' k

rkrki kuh&jkedksyk dks; yk{ks=] NRrhl x<+ jkT; ] Hkkj r  esa l fj rk drZu ds l gkjs vukofj r  rYphj  ' kSyl ewg ds vol knksa ds i jkxk.kfod v/; ; uksa dk
ft Eek fy; k x; kA f' kyhHkwr fVykbVksa] vuqo"kZLrjh o pkVh xksyk' ke dh fon~; ekurk l s ; Fkk l qLi "V rYphj ' kSyl ewg dh Xysl ht sfud izdf̀r  l k{;  gSA vuqo"kZLrjh
èr~frdk l s f=T;  ,dyl i qVksa esa izpqj  l qi fj jf{kr l eqPp; feyh gSA l eqPp; i Sjkl SDdkbfVl  ¼8-22 izfr 'kr½ dh mi &i zHkqRork l fgr fIydsVhi kWYysukbfVl  ¼26-
31 izfr' kr½ l s i zHkkoh gSA i ksVksfu; kbZLi ksjkbfVl ] fodhZikWYysukbfVl ] dgsfu; kl sDdkbfVl  ,oa l kgukbfVl  vU;  egRoi w.kZ varoZLrq,a gSaA i zkIr  i jkxk.kq ouLi fr&t kr
fIydsVhi kWYysukbfVl &i Sjkl sDdkbfVl  i j kxk.kq l eqPp;  dh fo' ks"krk gS t ks fuEu rYphj  i jkxk.kqeaMy ,oa i zkjafHkd i feZ; u dky dk n~; ksrd gSA

l aDsÿr&' kCn—xksaMokuk] i jkxk.kqfoKku] rYphj  ' kSyl ewg] i zkjafHkd i feZ;u] rkrki kuh&jkedksyk dks; yk{ks=A

Uma Palinoflora Gondvânica basal dos sedimentos glacigenos do Hulhífero
Tatapani-Ramkola, Índia

RESUMO

Estudos palinológicos foram realizados nos sedimentos da Formação Talchir, exposta ao longo da margem de um
córrego no Hulhífero Tatapani-Ramkola, Estado de Chhattisgarh, India. A natureza glacígena da Formação Talchir é
evidenciada pela presença de tilitos litificados, varvitos e matacões estriados. As argilas várvicas produziram uma assembléia
bem preservada, rica em grãos de pólen monosacados radiais. A assembléia é dominada por Plicatipollenites (26-31%), com
um sobdomínio de Parasaccites (8-22%). Outros constituintes importantes são os Potonieisporites, Virkkipollenites,
Caheniasaccites e os Sahnites. A palinoflora obtida é característica da palinoassembléia Plicatipollenites-Parasaccites, que
representa a palinozona Talchir Inferior e é de idade eopermiana.

Palavras-chave—Gondwana, Palinologia, Formação Talchir, Eopermiano, Hulhífero Tatapani-Ramkola.
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Cheirophyllum maithyi sp. nov. from the Early Permian
of  Pench Valley Coalfield, Satpura Gondwana Basin,
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ABSTRACT

Pillai SSK 62012. Cheirophyllum maithyi sp. nov. from the Early Permian of Pench Valley Coalfield, Satpura
Gondwana Basin, India. The Palaeobotanist 61(1): 139-143.

A new species of the genus Cheirophyllum, viz. C. maithyi is described from the Pench East Incline underground
project, Pench Valley Coalfield, Satpura Gondwana Basin, Madhya Pradesh. The species is characterized by absence of
apical lobes, obtuse apex and ridges and furrows on lamina. Ridges show a number of thin veins.

Key-words—Cheirophyllum maithyi, Early Permian, Pench Valley Coalfield, Satpura Gondwana Basin, India.

i sap ?kkVh dks; yk{ks=] l r i qM+k xksaMokuk nzks.kh] Hkkj r  ds i zkj afHkd i feZ; u l s i zkIr  dk; j ksfQYye eSFk; kbZ uot kfr

, l  , l  ds fiYyS

l kjka' k

i sap i wohZ vkufr Hkwfexr i fj ;kst uk] i saPk ?kkVh dks; yk{ks=] l r i qM+k xksaMokuk nzks.kh] e/;  i zns' k l s  dk; jksfQ+Yye oa'k dh uohu t kfr  l h- eSFk; kbZ  of.kZr
dh xbZ gSA t kfr  ' kh"kZ i kfy] dqaBkxz ' kh"kZ dh xSj&ekSt wnxh vkSj dVdksa dh ekSt wnxh l s vfHky{kf.kr gS rFkk i Vy] dVdksa i j  [kkaps cgqr&l s ruq f' kjk,a n' kkZ jgs
gSaA

aDsÿr&' kCn—dk; jksfQYye eSFk;kbZ] i zkjafHkd i feZ; u] i saPk ?kkVh dks; yk{ks=] l r i qM+k xksaMokuk nzks.kh] Hkkj rA

Cheirophyllum Maithyi sp. nov. do Eopermiano do Hulhífero Pench Valley,
Bacia de Satpura, India

RESUMO

Uma nova espécie do gênero Cheirophyllum viz. C. maithyi é descrita a partir do projeto de sub-superfície Pench
East Incline, Hulhífero Pench Valley, Bacia de Satpura, Madhya Pradesh. A espécie é caracterizada pe la ausência de lobos
apicais, ápice obtuso e presença de cristas e sulcos sobre a lâmina, mostrando as cristas, numerosas veias finas.

Pal avras-chave—Cheirophyllum maithyi, Eopermiano, Hulhífero Pench Valley, Bacia de Satpura, India.

The Genus Cheirophyllum was established by Pant and
Singh 1978 (Pls 1, 2; Text-figs 1, 2) for leaves showing

contracted base and deeply divided narrow lobes on the distal
side. The veins are parallel, non-anastomosing, lobes

multiveined with 1-3 medium longitudinal ridges or furrows
present in basal part.

Similar leaf was earlier described as Noeggerathiopsis
lacerata by Feistmantel (1882, Pl. 15, Figs 1-3, 4a; Pl. 17, Figs
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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 Palaeobotanist 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 (Gevra, 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.

dksj ck dks; yk{ks=] NRrhl x<+] Hkkj r  esa fuEu xksaMokuk pV~Vkuksa dh i qj kt Sofofo/krk rFkk xaxkekWIVsfj l  eSDdkW;  oa' k ds
i zs{k.k

deyt hr fl ag] vat q l Dl suk ,oa Jh#i  xksLokeh
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l kjka' k

dksjck dks; yk{ks= l ksu&egkunh ekLVj nzks.kh dk nf{k.k&e/;  Hkkx ?ksjs gq,  gS rFkk NRrhl x<+ jkT;  ds dksjck ,oa fcykl i qj  ft yksa esa fLFkr gSA 530
oxZ fdeh l s vf/kd esa foLr r̀  i kap foòr  [kku ¼xsozk] nhfi dk] ekfudi qj ] dql eqaMk ,oa y{e.k½] ; g dks; yk{ks= Hkkj r  esa l okZf/kd dks; yk mRi knh bdkbZ gS]
ysfdu LFkwyi q"i h v/; ; uksa gsrq ; s dHkh vUosf"kr ugha dh xbZA bl  dks; yk {ks= esa fupys xksaMokuk fu{ksi ksa esa t hok' eh l aLrjksa dh [kkst  ds fy,  gky esa xgu
vUos"k.k fd,  x,  ft l ds i fj .kke Lo#i  bu dks; yk [knkuksa esa rFkk cjkdkj  ' kSyl ewg ds buds foLrkj .k LFkyksa esa cM+h l a[ ; k esa i kni  t hok' e feysA

,Dohl hVsYt +] dkWMkZbVsYl  ,oa Xyksl ksIVsjhMsYt + oxksZa ds 13 oa' kksa dks fu#fi r  dj rs gq,  l ewph ouLi fr&t kr esa 38 VSDl k gSaA 34 VSDl k l fgr
Xyksl ksIVsjhMsYt + i zeq[k #i  l s fofo/k#i kf; r  gS ofVZczsfj ; k] l dks, jksVk ¼bDohfl Vsfy; u ruk½] dkWMkZfbfVt +] fMDVhvksIVsfj fM; e] moZj  vaxksa ds ' kYd i =ksa]
xaxkekWIVsfj l ] uSXxjSfFkvkWfIl l ] b; qjhfQYye o #chMft ;k ds vuqxkeh 22 t kfr ;kas l fgr Xyksl ksIVsfjl  oa' k ouLi fr&t kr i j i zHkqRo j [krk gSA bl  dks;yk{ks=k l s
fdl h Hkh LFkwy i kni  t hok' e dk vcrd dk ; g i gyk l axzg.k ,oa vfHkys[k gSA bl  {ks= esa yk; dksi ksMh,Yt +] LQhuksQk; ysYt +] fQfydsYt ] fxadxks,Yt +]
l kbdsMsYt + ,oa dksuhQsjYt + l ewg i w.kZ#i s.k unkjn gSa t ks n' kkZrk gS fd {ks= bu Nk; k Lusgh NksVs i kS/kksa dh c<+okj  esa i ; kZIr #i  l s ' khr ,oa vknZz l ql k/;  ugha
jgk gksxkA dkWMkZbfVt + oa' k t ks fd mRrjh v/kZxksyk VSDl ku gS Xyksl ksIVsfjl  i q"i h rRoksa ds l kFk feyh gSA eMxkLdj  l s of.kZr bDohfl Vsfjy; u oa' k l dks,jksVk
Hkkj rh;  xksaMokuk l s i gyh ckj  of.kZr fd;k x; k gSA

N% t kfr  vFkkZr t h- l k; DyksIVsjkWbfMl ] t h- l k; DyksIVsjkWbfMl  i zdkj  l cvkWfjD; wysVk] t h- vaxfLVQksfy; k] t h- jkt ksfUl l ] t h- DykdsZ,uk ,oa
xaxkekWIVsfjl  t kfr  l fUufgr xaxkekWIVsfjl  oa'k bl  ' kks/k&i = esa Øecn~/k #i  l s of.kZr o pfpZr gSA xsozk ,oa nhfi dk dks;yk [knkuks aesa cjkdkj  'kSyl ewg ds fuEu
Hkkx esa vukofjr  #chMt h; k] b; qjhfQYye] ukSXxsjkfFkvkWfIl l ] dkWMkZbfVt  ,oa Xyksl ksi Vsfj l  ds l kFk xaXkkekWIVsfj l  dh i zkfIr djgjckjh vol knksa ¼i zkjafHkd i feZ; u
¾ fuEu vVhZUl dh; u½ dh fon~; ekurk dk n~; ksrd gSA i zkIr  l eqPp;  xsozk ,oa nhfi dk dks; yk[knkuksa ds ekeys esa i zkjafHkd i feZ;u vk; q] fuEu vVhZUl dh; u
¼i zkjafHkd cjkdkj½ rFkk ekfudiqj ] dql eaqMk o y{e.k dks; yk[knkuksa gsrq Åi jh vVhZUl dh; u ¼vafre cjkdkj½ n' kkZrh gSA

l aDsÿr&' kCn—l ksu&egkunh nzks.kh] cjkdkj ' kSyl ewg] xaxkekWIVsfjl ] Xyksl ksIVsfj l ] #chMt h; k] b; qjhQk; Yye] uks,XxsjkfFkvkWfIl l ] dkWMsfVZl ] l dksjsVkA

Palaeobiodiversidade das rochas do Gondwana Inferior no Hulhífero Korba,
Chhattisgarh, India e observações no gênero Gangamopteris Mccoy

RESUMO

O hulhífero 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 carvão a céu aberto (Gevra, Dipika, Manikpur, Kusumunda and Laxman),
ocupando uma área de 530km2, este jazigo é a maior unidade produtora de carvão na Índia, no entanto, nunca foi explorado
para estudos megaflorísticos. Extensas investigações foram recentemente realizadas neste hulhífero para descobrir os
leitos fossilíferos nos depósitos do gondwana inferior e, como resultado, um grande número de fitofósseis foram coletados
nestas minas e em extensões de seus níveis pertencentes a Formação Barakar.

A flora completa inclui 38 táxons, representando 13 gêneros das ordens Equisetales, Cordaitales e Glossopteridales.
A Ordem Glossopteridales é altamente diversificada, com 34 táxons e o gênero Glossopteris, com 22 espécies , dominam
a flora seguida pelo gênero Vertebraria, Sakoarota (caules de Equisetales), Cordaites, Dictyopteridium, escamas foliares de
órgãos férteis Gangamopteris, Noeggerathiopsis, Euryphyllum e Rubidgea. Esta é a primeira coleta e registro de
macrofitofósseis feitos neste jazigo. Os grupos Lycopodiales, Sphenophyllales, Filicales, Ginkgoales, Cycadales e Coniferales
são completamente ausentes nesta região, o que mostra que esta área talvez não tenha sido adequadamente fria e úmida
para facilitar o crescimento de plantas do sub-bosque amantes da sombra (esciófitas). O gênero Cordaite, que é um taxon
do hemisfério norte tem sido relatado com elementos da flora de Glossopteris. O gênero equisetaleano Sakoarota, descrito
para Madagascar foi relatado pela primeira vez no Gondwana Indiano. O gênero 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 ocorrência de Rubidgea, Euryphyllum,
Noeggerathiopsis, Cordaites e Gangamopteris junto com Glossopteris é o indicativo da presença de sedimentos Karharbari
(Eopermiano=Artiskiano Inferior) na parte inferior da Formação Barakar, expostas nas minas de carvão 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 carvão de Manikpur, Kusumunda e
Laxman.

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

INTRODUCTION

Permian sediments pertaining to the Talcher Coalfield, Ib-
River Coalfield and Mand-Raigarh Coalfield, all parts of

the Mahanadi Basin, have been thoroughly investigated by a

number of workers over the past fifty years {Subramanian and
Rao (1960); Khan (1969); Surange and Maheshwari (1970);
Surange and Chandra (1973a, b, c, 1974a, b, c, d); Maithy (1977);
Chandra and Surange (1977); Chandra and Rigby (1981, 1983);
Chandra (1984); Pant et al. (1985); Chandra and Singh (1986,
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ABSTRACT

Kumar M, Ghosh AK, Ram-Awatar & Mehrotra RC 2012. Palynomorphs of Gondwanic affinities in the Oligo-
Miocene sediments of Kargil Molasse Group, Ladakh, India. The Palaeobotanist 61(1): 165-176.

The Kargil Molasse Group of northwest Ladakh Himalaya is divided into Kargil, Tharumsa and Pashkyum formations,
composed mainly of sandstone, mudstone, siliceous clay and grey to dark brown carbonaceous shale. Plant fossils recorded
in these sequences are represented by angiosperm leaf impressions, pteridophytic spores, gymnosperm and angiosperm
pollen grains, algal and fungal remains and gyrogonites of charophytes. The present study deals with reworked palynoflora
of Gondwanic affinity of late Permian (Tatarian) and early Triassic (Scythian) age embodied in the l ate Cenozoic
sediments of Tharumsa Formation of northwest Himalaya. The occurrence of reworked palynomorphs in the younger
sediments is very significant. It can be interpreted that Palaeozoic and Mesozoic Tethyan sediments, deposited along the
northern margin of Indian Plate, were transported and eroded and eventually got accumulated in the Tharumsa Formation
during the process of orogenesis in this region.

Key-words—Reworked palynomorphs, Kargil Molasse, Tharumsa Formation, Miocene, Ladakh.

dkj fxy eksykl  l ewg] yn~nk[k] Hkkj r  ds vYi &e/; uwru vol knksa esa xksaMokuh ca/kqrkvksa ds i j kxk.kql a#i

ek/ko dqekj ] vfer ds- ?kks"k] j ke vorkj  ,oa vkj -l h- esgj ks=k

l kjka' k

mRrj  i f'pe yn~nk[k fgeky;  dk dkj fxy eksykl  l ewg ds ?kVd dkj fxy] r#El k ,oa i ' D; we ' kSy eq[ ; r% ckyqdk'e] iadk' e] fl fydke;  èr~frdk
,oa /kwl j  l s xgjs Hkwjs dkcZfud 'kSy l ay{k.kksa l s ;qDr gSA bu l ay{kf.kr vuqØe esa vkòrcht h iRrh Nki sa] VSfjMksQkbV cht k.kq] vukòr ,oa vkòrcht  i jkxd.k]
' kSoky] dod rFkk dSjksQkbV xkbjksxksukbZV l ekfgr gSaA i zLrqr v/; ; u bu r#El k ' kSyl ewg ds l e; ksRrj  uwrut hoh vol knksa esa l ekfgr vafre i feZ; u
¼rrkfj ; u½ ,oa i zkjafHkd Vªkb,sfl d ¼l k; fFk; u½ i jkxd.kksa o cht k.kq rFkk mudh xksaMokfud l ekurk rFkk mudh i qu% pØ.k i zfØ; k dks i znf' kZr dj rk gSA bu
r#.k vol knksa esa i qu% pØr i jkxk.kq vkdf̀r; ksa dh mi yc~/krk vfregRoi w.kZ gS] t ks r#el k ' kSyl ewg esa i qjkt hoh rFkk e/;  t hoh rSfFk; u vol knksa dh i qu%
pØ.k dh i zfØ; k dks i znf' kZr dj rk gS rFkk budk Hkkj rh;  vk/kkj  i V~fVdk ds mRrjh Nksj  i j  l ap; u ,oa i oZru dh fØ; kfof/k i fjyf{kr dj rk gSA

l aDsÿr&' kCn—i qujZfpr i jkxk.kql a#i ] dkj fxy eksykl ] r#El k ' kSyl ewg] e/; uwru] yn~nk[kA

Palinomorfos de afinidades Gondvânicas nos sedimentos Oligomiocenos do
Grupo Molassa Kargil, Ladakh, Índia

RESUMO

O grupo Molassa Kargil do noroeste do Himalaya Ladakh está dividido nas formações Kargil, Tarumsa and Pashkyum,
compostas principalmente de arenitos, argilitos, argila silicosa e folhelho carbonoso cinza a castanho escuro. Fitofósseis
registrados nestas sequências são representados por impressões de folhas de angiospermas, esporos pteridofíticos, grãos de
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Fig. 1—A map showing the fossiliferous localities in Kargil area, Ladakh (after Nanda & Sahni, 1998).

pólen gimnospérmicos e angiospérmicos, restos de algas e fungos e girogonites de carófitas. O presente estudo trata de uma
palinoflora retrabalhada, de afinidade gondvânica de idade neopermianoa (Tatariano) e eotriássica ( Scytiana = Induana +
Olenekiana), envolvidas por sedimentos neocenozóicos da Formação Tharumsa, noroeste do Himalaia. A ocorrência de
palinomorfos retrabalhados em sedimentos mais jovens é muito significativa. Pode-se deduzir que os sedimentos mesozóicos
tetianos e paleozóicos, depositados ao longo da margem norte da placa indiana, foram transportados, erodidos e,
eventualmente, acumulados na Formação Tharumsa, durante o processo de orogênese nesta região.

Palavras-chave—Palinomorfos retrabalhados, Kargil Molassas, Formação Tharumsa, Mioceno, Ladakh.

INTRODUCTION

The collision of India and Asia and its consequences for
the upliftment of Himalayan and Tibetan Plateaus caused

increased influx of clastic materials to the various depositional
sites in the Ladakh region. The Ladakh Molasse Group, by
virtue of its close vicinity to the suture zone between the

Indian and Asian plates, as well as to the Tibetan Plateau, was
undergoing upliftment. In the present study, palynomorphs
of Gondwanic affinities have been recorded in the Oligo-
Miocene sediments of Kargil Molasse Group, Ladakh, India.
This has got strong relationship amongst tectonics, climate
and depositional processes in the region. Occurrence of
reworked Gondwanic palynomorphs is common in the
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ABSTRACT

Srivastava AK & Agnihotri D 2012. Scale leaves from the Barakar Formation of Satpura Gondwana Basin, Madhya
Pradesh, India. The Palaeobotanist 61(1): 177-188.

Morphological and taxonomic features of dispersed sterile scale leaves collected from the Barakar Formation of
Pench, Kanhan and Pathakhera coalfields of Satpura Gondwana Basin, Madhya Pradesh are described. The scale leaves are
normally described as morphological types without their assignment to taxonomic status. Due to this practice, the
identity and significance of the scale leaves have gone astray in the Glossopteris flora. The presence of large number of
sterile scale leaves with different morphological features in the present assemblage has helped to discuss their structure,
nature and affinity. The scale leaves have been assigned to different genera and species namely Pantolepis indica gen. et
sp. nov., Penchiolepis gondwanensis gen. et sp. nov., Penchiolepis indica sp. nov., Surangelepis ambarai gen. et sp. nov.,
Surangelepis elongatus sp. nov. and Utkaliolepis indica Tiwari et al. 2009.

Key-words—Scale leaves, Barakar Formation, Early Permian, Satpura Gondwana Basin.
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Escamas foliares da Formação Barakar da Bacia Gondvânica de Satpura,
Madhya Pradesh, Índia

RESUMO

Aqui estão descritas características morfológicas e taxonômicas de escamas foliares estéreis, dispersas, coletadas nos
hulhíferos Pench, Kanhan e Pathakhera da Formação Barakar, da bacia gondvânica de Satpura, estado de  Madhya. As
escamas foliares são normalmente descritas como tipos morfológicos sem seu posicionamento taxonômico. Devido a esta
prática, a identidade e importância destas têm sido descartadas na flora de Glossopteris. A presença de grande número de
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INTRODUCTION

Fossil scale leaves are commonly distributed in Glossopteris
flora and are known from almost all the geologic formations

of Lower Gondwana. However, they are commonly distributed
in the Late Permian sequences of Raniganj and Kamthi
formations (Banerjee, 1984; Chandra & Tewari, 1991; Tewari,
2007; Tiwari et al., 2009). The association of different types of
scale leaves with different types of male and female
fructifications of glossopterids indicates their protective
nature. However, the occurrence of isolated and detached
scales without the mark of fertile features suggests their sterile
nature. They are possibly attached to axis in association with
foliage leaves (Mc Loughlin, 2011).

Feistmantel (1880, 1881) for the first time described scale
leaves from Lower Gondwana sediments of India under the
name Squama. Later Zeiller (1902), Arber (1905), Seward and
Sahni (1920), Walton (1929), Archangelsky (1958), Plumstead
(1962), Lacey et al. (1975), Chandra and Surange (1977a, b),
Banerjee (1984), Anderson and Anderson (1985), McLoughlin,
et al. (2005), Srivastava (1992), Tewari (2007) and Tiwari et al.
(2009) reported a variety of scale leaves from Gondwana
sediments of India, Australia, South Africa, Argentina and

Brazil. Some scale leaves have been considered as the
protective device for glossopterid fructifications. Banerjee
(1979) has described scale leaves possessing ovule or
sporangia– like structures.

Surange and Chandra (1973a, b, c, 1974a, b) reported scale
leaves in attachment with the fructifications of Eretmonia,
Glosso theca , Partha, Denkania, Lidgettonia ,
Dictyopteridium, Plumsteadiostrobus and Venustostrobus.
These authors also described the cuticular features of scale
leaves under the new genus and species Scirroma angusta
and Scirroma ventilebra (Chandra & Surange, 1977b).

A variety of sterile scale leaves are discovered in
dispersed condition from different coalfields of Satpura
Gondwana Basin, Madhya Pradesh. The nature and
morphological features of the scale leaves are quite diverse.
Based on these morphological features and in order to maintain
their taxonomic identity, the scale leaves have been assigned
to different genera and species.

GEOLOGICAL  SETTING

Satpura Gondwana Basin is situated in Madhya Pradesh,
central India between 22°06' -22°28' N latitude and 77°48'-

Fig. 1—Geological map of Satpura Gondwana Basin showing fossil localities (after Singh & Shukla, 2004).

escamas foliares estéreis com diferentes padrões morfológicos na presente assembléia tem ajudado na discussão da sua
estrutura, natureza e afinidade. As escamas foliares aqui descritas foram designadas em diferentes gêneros e espécies
chamados de Pantolepis indica gen. et sp. nov., Penchiolepis gondwanensis gen. et sp. nov., Penchiolepis indica sp. nov.,
Surangelepis ambarai gen. et sp. nov., Surangelepis elongatus sp. nov. and Utkaliolepis indica Tiwari et al. 2009.

Palavras-chave—Escamas foliares, Formação Barakar, Eopermiano, Bacia Gondvânica Satpura.
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