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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 Palacobotanist 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 palaco-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 palaco-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, Palaco-wildfires, Upper Permian, Raniganj Formation, Raniganj
Coalfield, Damodar Basin.
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Evidéncias Paleobotanicas de Paleoincéndios no Permiano Supetior da India:
Registro de Charcoal Macroscopico da Formagao Raniganj, Bacia Damodar
Valley

RESUMO

Charcoal macroscopico fossil foi descoberto em niveis ricos em matéria organica associados a Sequéncia VI da
Formagdo Raniganj, Permiano Superior, Bacia Damodar Valley, India. Um lenho picnoxilico gimnospérmico ¢ descrito e
confirma a ocorréncia de paleoincéndios vegetacionais na area durante o Neopermiano. A integracdo dos dados aqui
apresentados com aqueles ja publicados acerca da Formagdo Raniganj, principalmente aqueles relacionados a ocorréncia de
inertinitas (de origem pirogénica) em niveis de carvdo, demostraram que paleoincéndios foram eventos comuns durante a
deposicao dos niveis estudados. Além disso, a presenga de charcoal em sedimentos Permianos associados a niveis de carvao
em diferentes localidades do Gondwana confirma que este tipo de evento foi relativamente comum no continente durante

esse periodo.

Palavras-chave—Charcoal, Lenhos Gimnospérmicos, Paleoincéndios vegetacionais, Permiano Superior, Formagao

Raniganj, Mina Raniganj, Bacia Damodar Valley

INTRODUCTION

Fire plays animportant role as a majorsource of disturbance
in many modern ecosystems (Bowman et al., 2009;
Flannigan et al., 2009) andit 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 studysuch 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).
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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 etal.,2004), Europe (R68ler, 2001;
Uhl & Kerp, 2003; Noll et al., 2003; Uhl et al., 2004, 2008;
Simunek & Martinek, 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 palacobotanical
evidence of palacowildfires 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 ef al.,2007) and
Brazil (Jasper etal., 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 discoveredin 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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Fig. 2—Geological map of a part of the Raniganj Coalfield in the Damodar Basin, West Bengal, India showing the study area and sample location

(modified after Murthy ez al., 2010).

Considering that the charcoal remains are preserved in this
layer, the connection with the volcanic activity seems very
likely.

In this context additional analyses are necessary to
evaluate the palaco-wildfire coverage on Gondwana during
the Permian, the discovery of the first macroscopic fossil
charcoal remains from India is very significant. In this way,
this study helps to fill one of the remaining geographical gaps
for the Late Palaeozoic Gondwana, describingmaterial coming
from the Upper Permian of Raniganj Formation (Lopingian),
Raniganj Coalfield, Damodar Basin.

GEOLOGICAL AND STRATIGRAPHIC SETTING

Stratigraphically the Permian Gondwana of Damodar
Basin includes Talchir, Karharbari, Barakar, Barren Measures
and Raniganj formations (Fig. 1). Lithologically the Raniganj
Formation is characterized by the association of coal, organic
rich carbonaceous shale, siltstone and sandstone. However,
the coal seams are usually thinner and less frequent. The
sandstones vary from fine to coarse grained and the fine
grained sandstones are usually micaceous. Predominantly, the
sandstones are arkose to subarkose and occasionally
calcareous. The carbonaceous shales are black in colour while

the siltstones are grey to dark grey in colour. The maximum
thickness of the Raniganj Formation in the Raniganj Coalfield
is about 900 m and there are 10 coal seams (R —Ito R — X) in
this formation. The Raniganj Formation overlies the sandstones
of the Barren Measures Formation andunderlies the claystones
of the Panchet Formation.

According to Murthy etal. (2010),the Raniganj Coalfield
(23°03'-23°51'N and86°42'-87°28' E), explored as an open pit
mine, corresponds to the oriental segment of the basin,
represented by an elliptical deposit with approximately 3,000
km?. The abundance of organic rich shales in the Ranigan;
Formation shows levels of palaeosoils and stems in growing
position. Hence, Ghosh (2002) inferred a hot humid
palaeoenvironment, which is confirmed by the high percentage
of Densipollenites pollen grains (Tewari & Tripathi, 1992).
According to Mukhopadhyay ef al. (2010)the coaly sediments
were deposited during a regressive phase and represent an
anoxic floodplain enabling the deposition of important peat
areas which have produced economically viable coal layers at
the Raniganj, Jharia and Singrauli areas.

Associated with the coal layers occurs a typical
Glossopteris flora which reached its climax during the
deposition of the Raniganj Formation and which was the main
organic matter source for the Permian coals in this area. The
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Fig. 4—Field photograph showing the location of study area.

charcoal remains studied here were collected in organic rich
shale from the top of the Raniganj Formation, associated with
well-preserved Glossopteris leaves, indicating that palaeo-
wildfires affected the Upper Permian environments in this
region.

MATERIAL AND METHODS

During field work of the first Indo-Brazilian Workshop
(in November 2010), samples with well-preserved Glossopteris
leaves were collected from the Open Cast Mine of Sonepur
Bazari area of the Raniganj Coalfield (Fig. 2). The material for
the present study comes from the shale associated with the
Seam-VI of the Raniganj Formation (Figs 3 & 4). Some of these
samples also include fragments of macroscopic fossil charcoal
(stored in the Setor de Botanica e Paleobotanica do MCN/
UNIVATES under acronym PbU, specimens 815 to 820).

The material which shows characteristics of macroscopic
charcoal (black colour and streak, silky lustre, sensu Jones &
Chaloner, 1991; Scott, 1989, 2000, 2010), was mechanically
extracted from the collected hand specimens with the aid of
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preparation needles and tweezers under a binocular
stereomicroscope in the laboratory. Due to the very fragile
nature of these specimens, they could not be cleaned with
water or any acids to remove adhering mineral remains or non-
charred humic material.

The fragments were mounted on standard stubs with
LeitC (Plano), and subsequently examined with the aid of a
JEOLJSM 6490 LV Scanning Electron Microscope (SEM) at
the Senckenberg Forschungsinstitut und Naturmuseum
Frankfurt.

RESULTS
General characters of the charcoal remains:

The charcoal fragments measure between 0.3 x 0.1 x 0.2
and 0.6 x 0.2 x 0.4 cm and have no abraded edges. The SEM
analyses, showing well-preserved anatomical details and
homogenised cell-walls (P1. 1.1), allowed to confirm that the
samples were charred (sensu Jones & Chaloner, 1991; Scott,
1989,2000,2010).

However, the woody tissues, which were probably
compressed during diagenesis, have been shattered into more
or lesssmall pieces (Pl. 1.2, 3). Dueto this excessive mechanical
damage it was not possible to observe complete tissue
characteristics, thus hampering a specific taxonomic/
systematic affiliation.

Although the anatomical structures of charred soft wood
are generally well preserved, charcoalification can induce
changes of certain anatomical features, like the appearance of
pits and especially cross-field pits (Jones & Chaloner, 1991;
Gerards et al.,2007). In the studied material, closing walls of
pits, which are easily subjected to such changes, could not be
observed. The description of the pitting is based on their
apertures.

Anatomical characters of the charcoal remains:

Pycnoxylic secondary wood, in radial view tracheids is
25-30 um in width. They exhibit uniseriate (P1. 1.4-1.6) or
biseriate bordered pitting (P1. 1.7). Pits are circular to oval (3-7
um in diameter) with circular to oval apertures (P1. 1.5). When
biseriate they are arranged sub-oppositely to alternate (Pl.
1.7). Rays are rare and composed of parenchymatous cells, 14-
19 pm in width and 18-31 um in height (P1. 1.8). Rays are
uniseriate and 5-7 cells high. Cross-field pits, leaf traces or
growth rings are not visible.

DISCUSSION

The fragmentary nature of the charcoal remains, does
not allow for establishing specific taxonomical affinities. The
bordered pittingand presence of uniseriate rays only permitted

to infer a gymnospermous affinity of the material. In addition,
the absence of abraded edges allows the inference of an
autochthonous/parautochthonous origin for the material
without any considerable transport prior to burial.

Considering the association of the remains to
Glossopteris leaves and previous studies about the
Gondwanan macroscopic charcoal (Jasper et al. 2008;2011a,
b), the correlation with gymnosperms can be considered as an
unsurprising result. This follows the tendency observed in
other Permian coal bearing strata of the Gondwana, in which
the fire reached the mire and the surrounding vegetation,
dominated by the so called Glossopteris flora.

On the other hand, the additional confirmation of the
occurrence of palaco-wildfires associated with coal bearing
strata of the Permian Gondwana helps to refine scenarios for
such events during the period. So far such scenarios are mainly
based on data from mesoscopic charcoal, from the Sydney
Basin, Australia (Glasspool, 2000), and from macroscopic
charcoal, from the Parana Basin, Brazil (Jasper et al.,2011b).

Despite the high concentration of inertinites in the
Gondwana coals some authors prefer different explanations
for the origin of these macerals in the Late Palacozoic
Gondwana (White, 1925; Jurasky, 1929; Schopf, 1975; Taylor
et al., 1988). However, an increasing number of localities
containing macroscopic charcoal remains, like the material
presented here, have recently been found in different
associations all over Gondwana, which are linked to inertinite
bearing coal layers or in clastic levels directly above such
coals.

Recent studies (Scott & Glasspool, 2006, 2007; Scott,
2010;Hudspithet al.,2011) reinforced that inertinites observed
in Permian coals around the world, even in high abundance,
were quite likely generated by palaco-wildfires. The abundance
of structured inertinites in Permian coals from the Sattupalli
Coalfield, Godavari Graben, India, has recently been connected
to such fire events (Singh et al.,2011).

The autochthonous/parautochthonous origin of the
charcoals studied here is a strong evidence to the fact that
palaeo-wildfires in Gondwana frequentlyreached coal forming
environments during the Permian.

CONCLUSIONS

From the evidence presented here, it is possible to draw
the following conclusions:

1. The charcoalified plant remains from the Raniganj
Formation testify to the occurrence of wildfire in the Damodar
Basin, India during the Permian.

2. The preserved charred plant fragments support the
hypothesis of autochthonous/parauthochtonous origin for
the material.

3. The charred wood remains are related to gymnosperms.
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4.The frequent occurrence of palaco-wildfires in
Gondwana during the Late Palaeozoic is reinforced.

Acknowledgements—We thank Claudia Franz, Senckenberg
Forschungsinstitut and Naturmuseum Frankfurt, for
technical assistance with SEM facilities. A. Jasper
acknowledges financial support by FAPERGS (Project 11/
1307-7) and CNPq (Projects 301671/2009-5, 401771/2010-
5 and 474857/2011-5). M. Guerra-Sommer acknowledges
financial support by CNPq. M.E.C. Bernardes-de-Oliveira
and R. Tewari are thankful to CNPq (Brazil) and to the
Department of Science and Technology (India) for the
financial grants to the Indo-Brazil S & T Programme of
International Cooperation (DST/INT/India/RPO-24/2007
and Brazil/CNPgq Project 490829/2007). M.E.C. Bernardes-
de-Oliveira is thankful to CNPq (Project 304265/2009-8);
M.1. Secchi acknowledges financial grant of CAPES (master
scholarship 23038.009744/2010-48), FAPERGS and CNPq.
R. Tewari and A.K. Ghosh are also thankful to the Director,
BSIP for his kind permission to publish this collaborative
work. The authors also thank Dr Madhav Kumar, one of the
referees of The Palaeobotanist for the relevant contributions
to the manuscript.

REFERENCES

Bowman DMJS, Balch JK, Artaxo P, Bond WJ, Carlson JM, Cochrane
MA, D’Antonio CM, Defries RS, Doyle JC, Harrison SP, Johnston
FH, Keeley JE, Krawchuk MA, Kull CA, Marston JB, Moritz MA,
Prentice IC, Roos CI, Scott AC, Swetnam TW, Van Der Werf GR &
Pyne SJ 2009. Fire in the Earth System. Science 324: 481-484.

DiMichele WA, Hook RW, Nelson WJ & Chaney DS 2004. An unusual
Middle Permian flora from the Blaine Formation (Pease River Group:
Leonardian-Guadalupian Series) of King County, West Texas. Journal
of Paleontology 78: 765-782.

Flannigan MD, Krawchuk MA, Groot WJ de, Wotton BM & Gowman
LM 2009. Implications of changing climate for global wildland fire.
International Journal of Wildland Fire 18: 483-507.

Gastaldo RA, DiMichele WA & Pfefferkorn HW 1996. Out of the
Icehouse into the Greenhouse: a Late Paleozoic Analog for modern
global vegetational change. GSA Today 6: 2-7.

Gerards T, Damblon F, Wauthoz B & Gerrienne P 2007. Comparison of
cross-field pitting in fresh, dried and charcoalified softwoods. [AWA
Journal 28: 49-60.

Ghosh SC 2002. The Raniganj Coal Basin: an example of an Indian
Gondwana Rift. Sedimentary Geology 147: 155-176.

Glasspool 1J 2000. A major fire event recorded in the mesofossils and
petrology of the Late Permian, Lower Whybrow coal seam, Sydney

Basin, Australia. Palacogeography, Palaeoclimatology, Palacoecology
164: 373-396.

Glasspool 1J 2003. Hypautochthonous-allochthonous coal deposition
in the Permian, South African, Witbank Basin No. 2 seam; a combined
approach using sedimentology, coal petrology and palacontology.
International Journal of Geology 53: 81-135.

Hudspith V, Scott AC, Collinson ME, Pronina N & Beeley T 2011.
Evaluating the extent to which wildfire history can be interpreted
from inertinite distribution in coal pillars: an example from the Late
Permian, Kuznetsk Basin, Russia. International Journal of Coal
Geology. http://dx.doi.org/10.1016/j.coal.2011.07.009.

Jasper A, Uhl D, Guerra-Sommer M & Mosbrugger V 2008.
Palaeobotanical evidence of wildfires in the Late Palacozoic of South
America — Early Permian, Rio Bonito Formation, Parana Basin, Rio
Grande do Sul, Brazil. Journal of South American Earth Science 26:
435-444.

Jasper A, Uhl D, Guerra-Sommer M, Hamad AMBA & Machado NTG
2011a. Charcoal remains from a tonstein layer in the Faxinal
Coalfield, Lower Permian, southern Parana Basin, Brazil. Anais da
Academia Brasileira de Ciéncias 83: 471-48.

Jasper A, Uhl D, Guerra-Sommer M, Bernardes-de-Oliveira MEC &
Machado NTG 2011b. Upper Paleozoic charcoal remains from South
America: multiple evidences of fire events in the coal bearing strata
of the Parana Basin, Brazil. Palacogeography, Palacoclimatology,
Palaeoecology 306: 205-218.

Jones TP & Chaloner WG 1991. Fossil charcoal, its recognition and
palaeoatmospheric significance. Palacogeography,
Palaeoclimatology, Palacoecology 97: 39-50.

Jurasky KA 1929. Neue Untersuchungen und Gedanken zur Entstehung
fossiler Holzkohle. /n: Stutzer O (Editor)—Fusit—Vorkommen,
Entstehung und praktische Bedeutung der Faserkohle. Schriften aus
dem Gebiet der Brennstoff-Geologie, Verlag von Ferdinand Enke,
Stuttgart, Heft, 2: 23-41.

Misra HK, Chandra TK & Verma RP 1990. Petrology of some Permian
coals of India. International Journal of Coal Geology 16: 47-71.
Mukhopadhyay G, Mukhopadhyay SK, Roychowdhury M & Parui PK
2010. Stratigraphic correlation between different Gondwana basins

of India. Journal of Geological Society of India 76: 251-266.

Murthy S, Chakraborti B & Roy MD 2010. Palynodating of subsurface
sediments, Raniganj Coalfield, Damodar Basin, West Bengal. Journal
of Earth System Science 119: 701-710.

Navale GKB & Saxena R 1989. An appraisal of coal petrographic facies
in Lower Gondwana (Permian) coal seams of India. International
Journal of Coal Geology 12: 553-558.

Noll R, Uhl D & Lausberg S 2003. Brandstrukturen an Kieselhdlzern der
Donnersberg Formation (Oberes Rotliegen, Unterperm) des Saar-
Nahe Beckens (SW-Deutschland). Veroffentlichungen Museum fiir
Naturkunde Chemnitz 26: 63-72.

RoBler R (Ed.) 2001. Der Versteinerte Wald von Chemnitz. Museum fiir
Naturkunde Chemnitz. 252 pp.

Schopf JM 1975. Modes of fossil preservation. Reviews of Palacobotany
& Palynology 20: 27-53.

Scott AC 1989. Observations on the nature and origin of fusain.
International Journal of Coal Geology 12: 443-475.

K —

1. Tracheids presenting homogenized cell walls (arrow).

2. Tracheids shattered into more or less small pieces.

3. Detail of 2 exhibiting shattered characteristic of the charcoal
remains.

4. Tracheids of Raniganj Coalfield wood remains exhibiting

uniseriate bordered pitting, with presence of circular to oval
pits tracheids.
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PLATE 1
SEM images of the charcoal samples of the Raniganj Coalfield.
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6. Tracheids of Raniganj Coalfield wood remains exhibiting
uniseriate bordered pitting.
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