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Abstract

This paper gives a detailed overview of biotic assemblages recovered from the Deccan trap intercalated sedimentary sequences (infra- and
intertrappean beds) of peninsular India as a result of extensive research done during the last 20 years. The infra- and intertrappean beds
contain remnants of Gondwanan forms such as myobatrachinae frogs, pelomedusid turtles, dinosaurs (i.e. titanosaurids and abelisaurids), and
mammals. Apart from these Gondwanan elements, the infra- and intertrappean beds also contain forms of Laurasian affinity though recently
doubt has been cast on such relationships. Based on previous fossil records, Laurasiatic forms were considered to be represented by a great
variety of micro- and megavertebrate assemblages such as discoglossid and pelobatid frogs, anguid lizards, alligatorid crocodiles,
palaeoryctid mammals, charophytes and ostracodes. The biotic assemblages show a remarkable similarity between the infra- and
intertrappean beds indicating a short time period for the deposition of these Deccan volcano-sedimentary beds. The recovered biotic
assemblages strongly indicate a Maastrichtian age for the initiation of Deccan volcanic activity and the sedimentary beds associated with it.
The Cretaceous/Tertiary boundary as such remains to be defined in any known sections in sedimentary sequences in so far investigated
localities of peninsular India. What have been identified are Maastrichtian age beds in the east-central and western Narmada river region on
the basis of pollens, vertebrate assemblage and planktonic foraminiferas in infratrappean offshore sequences. A Palacocene intertrappean bed
at Lalitpur (Uttar Pradesh) that is among those lacking dinosaurian remains but having palynological assemblages similar to those from well
established Palacocene sequences, suggests the presence of Palaeocene intertrappeans, but the K/T boundary is yet to be properly defined.
© 2002 Elsevier Science Ltd. All rights reserved.
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Frank and Arthur, 1999; Barrera and Savin, 1999; MacLeod
et al., 2000). The sedimentary beds (infra- and intertrap-
pean) associated with Deccan basalts are highly fossilifer-

1. Introduction

The Deccan Traps of peninsular India represent one of

the most extensive continental flood basalts in the world,
occupying an area of about half a million square kilometres
in western, central and southern India. During the last two
decades considerable work has been carried out on these
Deccan volcanics, which has led to the sudden revival of
interest in various aspects of this volcanic activity including
its age and duration. Deccan basalts may have played a
major role for biotic mass extinctions at the Cretaceous—
Tertiary boundary (Officer and Drake, 1985; Courtillot et al.,
1988), but various other workers (VonHof and Smit, 1997,
Li and Keller, 1999; Barrera and Savin, 1999) have
alternatively and more recently implicated Deccan volcan-
ism in potentially forcing geochemical and biological shifts
seen within the Maastrichtian (for detail see summaries in
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ous and contain diverse biotic assemblages. The present
paper is aimed to record almost all the biotic assemblages
recovered from different infra- and intertrappean localities
of peninsular India (Table 1). These Deccan volcano-
sedimentary sequences are highly fossiliferous and have
yielded diversified microfaunal and floral contents (Sahni
et al., 1982; Jain and Sahni, 1983; Rana, 1984, 1988, 1990;
Jain, 1986; Courtillot et al., 1986, 1988; Prasad, 1989;
Prasad and Sahni, 1988, 1999; Vianey-Liaud et al., 1987,
2002; Sahni and Tripathi, 1990; Bajpai et al., 1990; Prasad
and Rage, 1991, 1995; Rage and Prasad, 1992; Prasad and
Cappetta, 1993; Prasad and Godinot, 1994; Khajuria et al.,
1994; Prasad et al., 1994, 1995; Sahni and Khosla, 1994a,b,
¢; Sahni et al., 1994, 1996; Khosla and Sahni, 1995; Khosla,
1994, 1996, 2001; Prasad and Khajuria, 1990, 1995, 1996;
Bhatia et al., 1990a,b,c, 1996; Mohabey, 1998; Loyal et al.,
1996, 1998; Khajuria and Prasad, 1998; Bajpai and Prasad,

1367-9120/03/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.

PII: S1367-9120(02)00092-5


https://core.ac.uk/display/291538802?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.elsevier.com/locate/jseaes

896

Table 1
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List of fauna and flora recovered from infra- and intertrappean localities of peninsular India. Important palacocommunities, viz. terrestrial, lacustrine/fluvial,
freshwater/brackish water and marine communities

Terrestrial community Lacustrine/fluvial community Freshwater/brackishwater community ~ Marine community

Frogs Fishes Frogs Fishes

Leptodactylidae: Indobatrachus pusillus ~ Lepisosteus indicus Pelobatidae Igdabatis indicus
Lepidotes sp. Discoglossidae Rhombodus sp.
Pycnodus bicresta Myobatrachinae Raja sudhakari
Phareodus sp. Rajiformeindet.
Apateodus sp. cf. A. striatus Pycnodus lametae

Lizards

Anguidae

Dinosaurs

Titanosaurus indicus

T. blanfordi

T. colberti

Jainosaurus septentrionalis
Indosaurus matleyi
Indosuchus raptorius
Megalosaurs sp.

Dinosaur eggshell oospecies
Megaloolithus cylindricus
M. jabalpurensis

M. mohabeyi

M. baghensis

M. dholiyaensis

M. padiyalensis

M. khempurensis

M. dhoridungriensis

M. megadermus
Subtiliolithus kachchhensis
Ellipsoolithus khedaensis

Stephanodus lybicus

Eotrigonodon indicus

Eotrigonodon wardhaensis
Pisdurodon spatulatus
Indotrigonodon ovatus

Palaeolabrus sp. cf. P. dormaalensis
Dasyatis sp.

Eoserranus sp.

Fish otoliths

Lepisosteidae
Elopidae
Clupidae
Serranidae
Notopteridae
Apogonidae
Foraminifera Foraminifera
Nodosariidae Abathomphalus mayaroensis
Gen. et. sp. Indet Globotruncana arca
G. stuartiformis
Rugoglobigerina rugosa
Pseudotextularia elegans
Snakes
Nigerophiidae: Indophis sahnii
Ostracodes
Leiria jonesi Crocodiles
Cytheridella strangulata Alligatoridae
Candona altanulaensis Turtles
C. bagmodica Kurmademys kallamedensis
C. henaensis Shweboemys pisdurensis
C (C) sp. cf. C. (C). hubeiensis S. lethii

Paracandona jabalpurensis
Candoniella altanica
Altanicypris szczechurae
Paracypretta bhatiai
Talicypridea biformata
Cypridea cavernosa

Cypridea (Pseudocypridina) sp.
Mongolocypris longa
Mongolocypris sp. cf.

M. gigantea

Mongolianella palmosa
Mongolianella sp.

M. khamariniensis
Frambocythere tumiensis tumiensis
Cyclocypris transitoria
?Cypridopsis bugintsavicus
?Cypridopsis sp.

Candona sp. cf. C. hubeiensis
Eucypris sp. cf. E. bajshintsavica
Darwinula sp.

Limnocythere falsicarinata
Gomphocythere gomphomatos
Pseudocypris ecotops
Centrocypris megalopos
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Table 1 (continued)

Terrestrial community Lacustrine/fluvial community

Freshwater/brackishwater community ~ Marine community

Zonocypris spirula

Cypria cyrtonidion
Cyprois rostellum
?Sarsicypridopsis sp.
Cetacella sp.
Talicypridea? sp.
Limnocypridea ecphymatos

Mammals Charophytes
Deccanolestes hislopi Platychara perlata
D. robustus P. compressa
Sudamericidae P. raoi

P. sahnii

P. rajahmundrica
Peckichara varians
Nemegtichara grambasti
Harrisichara muricata
Stephanochara sp. cf. S. levis
Grambastichara sp.
Microchara sp.

Molluscs

Physa prinsepii

Lymnaea subbulata
Paludina normalis

Unio deccanensis

Pollens and spores
Agquilapollenites bengalensis
Azolla cretacea
Ariadnaesporites sp.
Bacutriporites orluensis

Matanomadhiasulcites maximus

Spinizonocolpites baculatus
S. echinatus
Gabonisporites vigourouxii
Proxapertites sp.
Podocarpidites sp.
Lycopodiumsporites sp.
Tricolpites sp.

Triporoletes reticulates
Ephedripites sp.
Dandotiaspora dilata

D. pseudoarticulata
Lakiapollis ovatus

2000; Whatley and Bajpai, 2000a,b; Bajpai and Whatley,
2001). These studies have been mostly carried out along the
eastern margins of Deccan traps and have led to the
discovery of biotic assemblages represented by fishes, frogs,
lizards, snakes, turtles, crocodiles, dinosaurs, mammals,
ostracodes and charophytes. In the last 10—15 years,
palaeomagnetic and radiometric analysis have been carried
out on the Deccan traps to provide further constraints on
their age (Courtillot et al., 1986, 1988; Duncan and Pyle,
1988). At present there is not a general consensus over the
age of the Deccan traps. Therefore, sundry workers have
proposed different ages for the Deccan volcanic eruptions.
Courtillot et al. (1986) and Duncan and Pyle (1988)
suggested a very short span (i.e. 1 Ma) for Deccan basalts
based on the fact that the bulk of Deccan trap activity
centred around 29 R. However, YOAr2Ar dates favour

a duration of about 2 Ma (Venkatesan et al., 1993) or about
4 Ma (Courtillot, 1990). These “°Ar/*°Ar ages and Re—Os
isotopic data for Deccan basalts indicate that volcanic
eruptions lasted between 1 and 4 Ma and the eruptive phase
occurred around 67—-64 Ma (Courtillot et al., 1986, 1988;
Duncan and Pyle, 1988; Venkatesan et al., 1993; Baksi,
1994; Baksi et al., 1994; Bhattacharji et al., 1996; Sheth
etal., 1997; Allegre et al., 1999; Mahoney et al., 2000). The
“OAr/*?Ar age data for the basaltic dykes exposed along the
western region (i.e. Goa) reveal younger (Palacocene) ages
or clearly show a Danian age (i.e. 62.8 = (0.2 Ma) when
compared with the current age range of Deccan basalts
(Widdowson et al., 2000).

So far, no well-defined Cretaceous/Tertiary boundary has
yet been delineated in any of the intertrappean sections of
peninsular India. The post K/T boundary seems to be
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present on the eastern banks of the Godavari river (i.e.
Rajahmundry traps) showing normal magnetic polarity,
indicating strong extrusion of Deccan basalts during chron
29 N (Baksi, 2001). Thus, the age of Rajahmundry Deccan
traps is younger than that representing the Cretaceous/
Tertiary boundary (Baksi, 1994; Widdowson et al., 2000).
The only other possible intertrappean horizon containing the
Cretaceous/Tertiary boundary is Kutch in Gujarat. The
recent record of an Iridium anomaly in the intertrappean
beds at Anjar (District Kutch, Western India) shows the
possibility of the presence of Cretaceous/Tertiary boundary
(Bajpai, 1996). Three layers of iridium-rich sediments have
been identified in the (?) third intertrappean sequence
occurring between basaltic Flows III and IV in the Anjar
intertrappean section (Bhandari et al., 1995; Bajpai, 1996).
The Anjar section contains a diverse record of fossils, i.e.
sauropod (Titanosaurid) bones and eggshell fragments
belonging to the oospecies namely, Megaloolithus baghen-
sis (Khosla and Sahni, 1995); ornithoid eggshells (Sub-
tiliolithus kachchhensis Khosla and Sahni, 1995);
ostracodes (Paracypretta bhatiai Khosla and Sahni, 2000
and Mongolianella palmosa Khosla and Sahni, 2000). All
these forms have been found sandwiched between middle
and upper iridium layers in this section (Bajpai, 1996).
The presence of a Late Cretaceous faunal assemblage
(dinosaurs and ostracodes, etc.; Bajpai and Prasad, 2000)
above the three iridium rich layers at Anjar implies that
there ‘is no Cretaceous/Tertiary boundary at Kutch’ because
of the fact that so far there is no record of Palaeocene beds or
taxa above the last iridium level (Bajpai and Prasad, 2000).
Some workers (Bhandari et al., 1996; Venkatesan et al.,
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1996) claimed that these iridium levels represent the
Cretaceous/Tertiary boundary, which is based mainly on
“OAr/*?Ar dating of the basalts. Palynological data are still
needed in order to define the Cretaceous/Tertiary boundary
at Anjar (Bajpai, 1996; Bajpai and Prasad, 2000). However,
due to the lack of biota like pollen, Palaeocene beds or taxa
above the last Ir level, a precise Cretaceous/Tertiary
boundary remains to be determined at Anjar.

More recently, Singh and Kar (2002) have recorded
intertrappean beds of Palaeocene age from Papro village
(Lalitpur District, Uttar Pradesh), India. The recovered
palynological assemblage comprises Palacocene marker
species like Dandotiaspora dilata, D. pseudoarticulata,
Lakiapollis ovatus and Spinizonocolpites echinatus. This
pollen assemblage of Lalitpur Intertrappean beds indicates a
definite Palaeocene age and shows that the latter phase of
Deccan trap activity had occurred simultaneously in Western
Ghats (Widdowson et al., 2000) as well as in the northern-
most part of the Deccan trap province (Singh and Kar, 2002).

Recent palaeontological data indicate a Maastrichtian
age for the infratrappean beds based on assemblages of
fishes (Jain and Sahni, 1983; Sahni and Tripathi, 1990;
Prasad and Cappetta, 1993; Mohabey, 1996), dinosaurs
(Vianey-Liaud et al., 1987; Sahni and Khosla, 1994b; Sahni
et al.,, 1994; Khosla and Sahni, 1995; Loyal et al., 1998;
Khosla, 2001), and ostracodes (Khosla and Sahni, 2000).
The marine subsurface infratrappean sections drilled by the
Oil and Natural Gas Commission such as the Narsapur,
Palakollu, Elamanchili and Modi wells (located
70 km southeast of Rajahmundry Deccan traps within
the Krishna—Godavari basin, Fig. 1) are also Maastrichtian
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Fig. 1. Outcrop distribution of Upper Cretaceous Deccan volcanics showing the major infratrappean and intertrappean fossiliferous localities.



A. Khosla, A. Sahni / Journal of Asian Earth Sciences 21 (2003) 895-908

899

Marepalli

Timsanpalli
INDEX
=2 sandy corbonate Sandstone 2;3‘;":‘:;:39% S.ndllcs Ostracodes
Sandy morl [« ote Di Nests  [(=00] E:,’L“e‘s““’ Chorophytes
Sandy clay Chert Fishes [88] Ding saur
Cloy m Bosolt §rocadilion Mommals
E Shale ;;:ﬁ;’::";"“ Turties Molluscs

Fig. 2. Stratigraphic sections of Upper Cretaceous (central and southeastern) infra- and intertrappean localities showing various fossils.

in age due to the presence of planktonic foraminifers
(Govindan, 1981; Raju et al., 1991; Jaiprakash et al., 1993).
The intertrappean beds exposed in Naskal, Asifabad,
Nagpur, Padwar, Ranipur and Mohgaon-Kalan have also
been assigned a Late Cretaceous age, which are based on
biotic assemblages like fishes (Prasad, 1989; Prasad and
Cappetta, 1993), dinosaurs (Vianey-Liaud et al., 1987;
Prasad, 1989; Khosla and Sahni, 1995; Khosla, 2001),
mammals (Prasad and Sahni, 1988; Prasad et al., 1994,
Khajuria and Prasad, 1998), palynofossils (Mathur and
Sharma, 1990; Prakash et al., 1990; Prasad and Khajuria,
1996; Sahni et al., 1996; Kar and Srinivasan, 1998), and
foraminiferal and palynological assemblages from marine
Narsapur intertrappeans (Govindan, 1981; Venkatachala
and Sharma, 1984).

2. Palaeobiotas from infra- and intertrappean beds

Extensive work has been carried out on microbiota,
vertebrate and invertebrate bearing infra- and intertrappean
beds of Jabalpur (Madhya Pradesh); Nand-Pisdura—
Dongargaon (Maharashtra); Rahioli, Balasinor, Dohad
(Gujarat); Marepalli, Naskal, Timsanpalli, Rangapur and
Asifabad (Andhra Pradesh); Nagpur and Bombay (Mahar-
ashtra); Ranipur, Barela and Padwar (Madhya Pradesh);
Anjar, Kachchh (Gujarat) and Mamoni in Rajasthan
(Figs. 1-3). Diverse vertebrate and invertebrate fossils
recorded by various workers (Table 1) are listed below.

Fishes. Lepisosteus indicus (Woodward, 1908), Lepi-
dotes sp. (Prasad, 1989), Raja sudhakari (Prasad and
Cappetta, 1993), Rajiforme indet. (Prasad and Cappetta,
1993), Igdabatis indicus (Prasad and Cappetta, 1993),
Rhombodus sp. (Prasad and Cappetta, 1993), Pycnodus
lametae (Woodward, 1908), P. bicresta (Kumar, 1983),
Phareodus sp., Apateodus sp. cf. A. striatus (Woodward,
1901), Eoserranus sp. (Mohabey et al., 1993), Stephanodus

lybicus, Eotrigonodon indicus (Kumar and Loyal, 1987), E.
wardhaensis (Jain and Sahni, 1983), Pisdurodon spatulatus
(Jain and Sahni, 1983), Indotrigonodon ovatus (Jain and
Sahni, 1983) Palaeolabrus sp. cf. P. dormaalensis (Casier,
1967) and fish otoliths belonging to the families Elopidae,
Clupeidae, Lepisosteidae, Serranidae, Notopteridae and
Apogonidae from infra- and intertrappean beds of Jabalpur,
Pisdura—Nand—Dongargaon, Naskal, Rangapur, Asifabad
and Kachchh (Sahni and Tripathi, 1990; Mohabey, 1996;
Rana, 1988; Prasad, 1989; Prasad and Khajuria, 1990, 1995;
Prasad and Cappetta, 1993; Bajpai et al., 1990).
Amphibians. The Bombay intertrappeans popularly
known as ‘Frog Beds’ are known to contain the leptodactylid
frogs (Indobatrachus pusillus, Spinar and Hodrova’, 1985)
belonging to the Subfamily Myobatrachinae (Family Lepto-
dactylidae). Postcranial remains of pelobatid frogs (Family
Pelobatidae, Sahni et al., 1982) and discoglossid frogs
(Family Discoglossidae, Prasad and Rage, 1991) have been
described from the intertrappean beds of Nagpur and Naskal.
Spinar and Hodrova’ (1985) advocated a Gondwanan
(South America) origin for Indobatrachus pusillus.

Sy

3m 2
[ AN AN
o Rahioli

-

Balasinor
Fig. 3. Stratigraphic sections of Upper Cretaceous (Western India)

infratrappean localities showing different fossils. Index for this figure is
same as for Fig. 2.
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The Myobatrachids reached India through northern Antarc-
tica and South America (Spinar and Hodrova’, 1985). Apart
from Family Leptodactylidae, two groups of frog families,
i.e. Discoglosssidae and Pelobatidae have been documented
from the intertrappean beds of Naskal (Prasad and Rage,
1991) and Nagpur (Sahni et al., 1982). Both discloglossid
and pelobatid frogs suggest a Laurasian connection (Prasad
et al., 1995; Prasad and Sahni, 1999).

Lizards. Several vertebrae belonging to the Family
Anguidae have been reported from the intertrappean beds
of Naskal (Prasad and Rage, 1995). The fossil record shows
that the lizard family Anguidae is a Laurasian group (Estes,
1982) with the oldest occurrences in Campanian of North
America (Armstrong-Ziegler, 1978).

Crocodiles. Crocodilian teeth belonging to the Alligator-
idae Family are from the intertrappean beds of Rangapur
(Rana, 1990; Rana and Sati, 2000) and Naskal (Prasad and
Khajuria, 1990). Alligatoridae is a Laurasian family with
widespread distribution in the Upper Cretaceous—Palaeo-
gene rocks of Europe, China and North America (Buffetaut,
1980); Palaeocene, Miocene and Rest of Asia (Prasad and
Sahni, 1999) but not Gondwana.

Turtles. Pelomedusoid turtles (Shweboemys pisdurensis
Jain, 1986) are from the infratrappean beds of Pisdura (Jain,
1986) and intertrappean beds of Kachchh (Bajpai et al.,
1990). More recently, a new type of pelomedusoid turtle
Kurmademys kallamedensis (Gaffney et al., 2001) belong-
ing to the Family Bothremydidae has been recovered from
the Maastrichtian Kallamedu Formation of South India.
Broin (1988) favoured a Gondwanan (Africa—South Amer-
ican) origin for Indian pelomedusoids belonging to
Schweboemys—Stereogenys group of Podocnemidinae.

Snakes. Indophis sahnii (Family Nigerophiidae, Prasad
and Rage, 1995) are reported from the intertrappean beds of
Naskal. Boid snakes are known both from infra- and
intertrappean beds (Prasad and Khajuria, 1995).

Dinosaurs. The dinosaurs are known mainly from the
infratrappean beds of Jabalpur (Madhya Pradesh), Gujarat
and Maharashtra. Dinosaur skeletal remains are represented
by six species, i.e. Titanosaurus indicus, T. blanfordi
(Huene and Matley, 1933); T. colberti (Jain and Bandyo-
padhyay, 1997) and Jainosaurus septentrionalis (Hunt et al.,
1994), and abelisaurids (Indosuchus raptorius and Indo-
saurus matleyi, Chatterjee, 1978; Chatterjee and Rudra,
1996). Sauropod, ornithoid and theropod eggs and eggshells
are known from the Lameta Formation, whereas, inter-
trappean beds are represented by pelvic bones of titanosaur-
ids (Sahni et al., 1996), a few isolated teeth of Megalosaurus
(Vianey-Liaud et al., 1987) and fragmentary eggshells
(Khosla and Sahni, 1995; Khosla, 2001; Vianey-Liaud et al.,
2002). Dinosaur eggs and eggshell fragments are rep-
resented by three oofamilies Megaloolithidae, Laevisoo-
lithidae and Elongatoolithidae. Eleven distinct eggshell
oospecies belonging to these three oofamilies are: Mega-
loolithus cylindricus (Khosla and Sahni, 1995), M. jabal-
purensis (Khosla and Sahni, 1995), M. mohabeyi (Khosla

and Sahni, 1995), M. padiyalensis (Khosla and Sahni,
1995), M. baghensis (Khosla and Sahni, 1995), M.
dholiyaensis (Khosla and Sahni, 1995), M. dhoridungriensis
(Mohabey, 1998), M. khempurensis (Mohabey, 1998), M.
megadermus (Mohabey, 1998), Subtiliolithus kachchhensis
(Khosla and Sahni, 1995) and Ellipsoolithus khedaensis
(Loyal et al., 1998; Mohabey, 1998).

The Late Cretaceous titanosaurid eggs from India are
similar to the eggs and eggshells recorded from France,
Spain, Romania, Peru and Argentina (Khosla and Sahni,
1995). Sauropods, principally Titanosaurus, have been
reported earlier from the Late Cretaceous rocks of Argentina
and Uruguay (Huene and Matley, 1933) and Madagascar
(Huene and Matley, 1933). Abelisaurids have previously
been reported from the Upper Cretaceous strata of South
America (Sampson et al., 1996). Thus dinosaurs suggest a
Gondwanan connection (Prasad and Sahni, 1999).

Mammals: Dental and postcranial remains of Deccano-
lestes hislopi (Prasad and Sahni, 1988) and Deccanolestes
robustus (Prasad et al., 1994; Khajuria and Prasad, 1998) are
well known from the intertrappean beds of Naskal (Andhra
Pradesh). The fossil record shows that the family Palaeor-
yctidae is a Laurasian group with a distribution in the Upper
Cretaceous—Palaeocene of North America (Clemens, 1973)
and Upper Palacocene of Morocco (Gheerbrant, 1990). The
exact affinities of Deccanolestes hislopi (Prasad and Sahni,
1988) and Deccanolestes robustus (Prasad et al., 1994,
Khajuria and Prasad, 1998) may need to be revised and
reassessed. Prasad and Sahni (1999) were of the opinion that
the Indian palaeoryctids may have been derived from Africa
or evolved on the Indian subcontinent. More recently,
mammals belonging to two families, i.e. Sudamericidae and
Gondwanatheria, have been recorded from the Late
Cretaceous Maevarano Formation of Madagascar and
intertrappean beds of Naskal in Andhra Pradesh (Krause
et al., 1997).

Molluscs. The pulmonate gastropods have been recorded
in almost every infra- and intertrappean localities (Sahni
and Tripathi, 1990; Prasad and Khajuria, 1990, 1995).
Important forms are: Paludina normalis (Hislop, 1860),
Physa prinsepii (Hislop, 1860), Lymnaea subbulata and
Unio deccanensis (Hislop, 1860).

Ostracodes. Lameta ostracodes are known only from
Jabalpur (Madhya Pradesh) and the assemblage is large and
taxonomically diverse which includes fifteen forms, such as
Paracypretta bhatiai (Khosla and Sahni, 2000), Eucypris
sp. cf. E. bajshintsavica (Khand and Stankevitch, 1975;
Sahni and Khosla, 1994a; Khosla and Sahni, 2000),
Mongolianella palmosa (Galeeva, 1955; Sahni and Khosla,
1994a; Khosla and Sahni, 2000), Mongolianella khamar-
iniensis (Ljubimova, 1956; Khosla and Sahni, 2000),
Mongolianella sp. (Khosla and Sahni, 2000), Mongolocy-
pris sp. cf. M. gigantea (Ye et al., 1977; Khosla and Sahni,
2000), ?Cypridopsis bugintsavicus (Stankevitch, 1974,
Khosla and Sahni, 2000), ?Cypridopsis sp. (Szczechura,
1978; Khosla and Sahni, 2000), Candona altanulaensis
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(Szczechura and Blaszyk, 1970; Sahni and Khosla, 1994a;
Khosla and Sahni, 2000), Candona (Candona) sp. cf. C.
(C). hubeiensis (Hou et al., 1978; Khosla and Sahni, 2000),
Paracandona jabalpurensis (Sahni and Khosla, 1994a;
Khosla and Sahni, 2000), Cyclocypris transitoria (Stanke-
vitch, 1974; Khosla and Sahni, 2000), Cypridea (Pseudo-
cypridina) sp. (Sahni and Khosla, 1994a; Khosla and Sahni,
2000) and Darwinula sp. (Khosla and Sahni, 2000).

An intertrappean ostracode assemblage from Asifabad,
Nagpur, Mamoni and Kachchh is as diverse as that of the
infratrappeans. The forms are more or less similar in both
infra- and intertrappeans, which needs to be synonymized
(Khosla and Sahni, work in progress) including some
different forms described recently by Whatley and Bajpai
(2000a,b) and Bajpai and Whatley (2001). In contrast to
Mongolian and Chinese ostracode affinities suggested by
Khosla and Sahni (2000), Whatley and Bajpai (2000a,b) and
Bajpai and Whatley (2001) opined that the intertrappean
ostracodes are highly endemic to the Indian landmass. The
intertrappean ostracode forms are represented by Leiria
Jjonesi (Bhatia and Rana, 1985), Altanicypris szczechurae
(Stankevitch, 1974), Cytheridella strangulata (Jones, 1860;
Bhatia et al., 1996), Candona altanulaensis (Szczechura and
Blaszyk, 1970), C. bagmodica (Shuvalov and Stankevitch,
1977, Bhatia et al., 1996), Candona henaensis (Hao et al.,
1983; Bhatia et al., 1996) Candoniella altanica (Stanke-
vitch, 1974; Bhatia et al., 1996), Talicypridea biformata
(Szczechura and Blaszyk, 1970; Bhatia et al., 1996),
Cypridea cavernosa (Galeeva, 1955; Bhatia et al.,
1996), Mongolocypris longa (Hou et al., 1978; Bhatia
et al.,, 1996), ?Cypridopsis bugintsavicus, (Stankevitch,
1974; Khosla and Sahni, 2000), Mongolianella palmosa
(Galeeva, 1955; Sahni and Khosla, 1994a; Khosla and
Sahni, 2000), Mongolianella khamariniensis (Ljubimova,
1956; Khosla and Sahni, 2000), Frambocythere tumiensis
tumiensis (Helmdach, 1978; Bhatia et al., 1996), Limno-
cythere falsicarinata (Whatley and Bajpai, 2000a), Gom-
phocythere gomphomatos (Whatley and Bajpai, 2000a),
Pseudocypris ecotops (Whatley and Bajpai, 2000a), Cen-
trocypris megalopos (Whatley and Bajpai, 2000a), Zonocy-
pris spirula (Whatley and Bajpai, 2000a), Cypria
cyrtonidion (Whatley and Bajpai, 2000a), Cyprois rostellum
(Whatley and Bajpai, 2000a), ?Sarsicypridopsis sp. (Bajpai
and Whatley, 2001), Cetacella sp. (Bajpai and Whatley,
2001), Talicypridea ? sp. (Bajpai and Whatley, 2001) and
Limnocypridea ecphymatos (Whatley and Bajpai, 2000b).

Charophytes. The infratrappean localities from which the
charophytes have been recorded include Jabalpur (Sahni
and Tripathi, 1990) and Nand-Dongargaon (Mohabey,
1996). Forms are: Platychara raoi (Bhatia and Mannikeri,
1976; Srinivasan et al., 1994), P. perlata (Peck and Reker,
1947; Srinivasan et al., 1994), P. compressa (Peck and
Reker, 1948; Srinivasan et al., 1994), P. rajahmundrica
(Rao and Rao, 1939; Srinivasan et al., 1994), Nemegtichara
grambasti (Bhatia et al., 1990a), Harrisichara muricata
(Grambast-Fessard, 1980; Srinivasan et al., 1994),

Stephanochara sp. cf. S. levis (Massieux, 1977; Srinivasan
et al., 1994) and Peckichara varians (Massieux et al., 1981;
Srinivasan et al., 1994).

An intertrappean charophyte assemblage of Gurmatkal
(Srinivasan et al., 1994), Asifabad and Rangapur (Bhatia
et al., 1990c) is much more diverse than infratrappeans. The
forms are more or less similar in both infra- and
intertrappeans including some different forms such as:
Platychara sahnii (Rao and Rao, 1939; Bhatia and
Mannikeri, 1976; Srinivasan et al., 1994), P. raoi (Bhatia
and Mannikeri, 1976; Srinivasan et al., 1994), P. perlata
(Peck and Reker, 1947; Srinivasan et al., 1994), P.
compressa (Peck and Reker, 1948; Srinivasan et al.,
1994), P. rajahmundrica (Rao and Rao, 1939; Srinivasan
etal., 1994), Nemegtichara grambasti (Bhatia et al., 1990a),
Harrisichara muricata (Grambast-Fessard, 1980; Sriniva-
san et al., 1994), Grambastichara sp. (Srinivasan et al.,
1994), Stephanochara sp. cf. S. levis (Massieux, 1977,
Srinivasan et al., 1994), Peckichara varians (Massieux et al.,
1981; Srinivasan et al., 1994), Chara sp. (Srinivasan et al.,
1994) and Microchara sp. (Sahni and Tripathi, 1990;
Srinivasan et al., 1994).

3. Discussion
3.1. Palaeoenvironments

The infra- and intertrappean biotic assemblages are
represented by four palacocommunities (Table 1). The
majority of biotic elements, i.e. fishes, ostracodes, char-
ophytes and molluscs, clearly point to a predominantly
freshwater, lacustrine depositional setting, which developed
under semi-arid conditions for the Lameta (infratrappeans)
of Jabalpur (Khosla and Sahni, 2000) and Nand—Pisdura—
Dongargaon—Dhamni—Pavana (Maharashtra, Mohabey,
1996). The intertrappean assemblages of Nagpur, Naskal,
Kachchh and Gurmatkal (Rana, 1984; Prasad, 1989; Bajpai
et al., 1990; Bajpai and Prasad, 2000), are also dominated by
similar freshwater fauna and flora. Lithologically, the infra-
and intertrappean beds show a variety of lithotypes ranging
from marls, siltstones, mudstones, clays, claystones,
calcretes and limestone which are strongly indicative of
fluctuating lake levels (Mohabey et al., 1993; Khosla and
Sahni, 2000).

Terrestrial community. The presence of terrestrial
community, such as dinosaurs, mammals, frogs and lizards
indicate fluvio-lacustrine conditions (Sahni and Khosla,
1994a,b; Prasad and Khajuria, 1990; Khosla and Sahni,
1995, 2000; Khajuria and Prasad, 1998). The dinosaur rich
Lameta Limestone is a massive, palustrine calcrete, formed
after the floodplain deposits. The Lameta Formation
represents the relict of an ancient soil cover formed on
various shield basements (i.e. Mahakoshal and Godhra
Granites, Vindhyans and Gondwanas) ranging in age from
Precambrian to Lower Cretaceous in peninsular India.
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The calcrete horizon is 3—12 m in thickness. The presence
of extensive dinosaur nesting sites (i.e. infratrappean
sections of Jabalpur, Madhya Pradesh; Districts Dhar and
Jhabua, Madhya Pradesh; Nand—Dongargaon, Dhamni—
Pavna sections in Maharashtra and Kheda—Panchmahal
district, Gujarat) in a single dominant lithology (pedogeni-
cally modified sandy carbonate) indicates that the calcra-
tized palaeosol was deposited in an alluvial environment,
comprising overbank, channel and back-swamp environ-
ments (Mohabey et al., 1993; Sahni and Khosla, 1994a,b;
Tandon et al., 1990, 1995, 1998). The variation in the
depositional conditions within the infratrappeans was due to
a semi-arid climate with periodic dry cycles and seasonal
rains, which influenced the sedimentation and preservation
of the organisms (Mohabey et al., 1993). The dinosaur
bearing infratrappeans show a number of sedimentological
features related to pedogenesis such as the presence of high
sand and pebble content like chert, jasper and quartz,
representing repeated sheetflood events and different
calcrete and palaeosol features like absence of bedding,
mottling, pedotubules, desiccation cracks, bioturbation,
rhizoconcretionary, pseudo-anticlinal, honeycomb, pris-
matic, brecciated and autobrecciated structures, etc. (Moha-
bey, 1991; Tandon et al., 1990, 1995, 1998; Sahni and
Khosla, 1994b; Sahni et al., 1994; Khosla, 1994, 1996).

The solitary mammal bearing Naskal intertrappeans
(Andhra Pradesh) were deposited in low-lying, shallow,
floodplain alkaline lakes. The mammals, along with other
microvertebrates, gathered in these lakes in search of food
and water. Due to continuous drought conditions, the drying
of the lakes led to the death of these animals. Furthermore,
these intertrappeans became surficially exposed and experi-
enced pedogenic modifications associated with calcretiza-
tion (Prasad and Khajuria, 1996; Khajuria and Prasad,
1998).

Lacustrinelfluvial community. The presence of fish taxa,
i.e. clupeids, Phareodus, Pycnodus, Lepidotes are con-
sidered to have lived in lakes. Freshwater fishes includes
Dasyatis sp., and Lepisosteus sp. (Mohabey et al., 1993)
whereas Eoserranus inhabited paludal conditions (Mohabey
etal., 1993; Khosla and Sahni, 2000). Increased alkalinity of
these fish bearing sediments is due to the instantaneous and
mass deaths of clupeids and Eoserranus, which is due to the
excessive desiccation/evaporation of lakes (Mohabey et al.,
1993). The ostracode assemblage listed herein (Table 1)
comprises freshwater forms. A relatively high taxonomic
diversity of the ostracode assemblage rules out the
possibility of any form of extended transport by flowing
water. The ostracod assemblage includes characteristic
freshwater forms such as Eucypris and Darwinula and
other taxa, such as Candona, Cyclocypris and Cypridopsis,
which are highly sensitive to changes in environmental
salinity. These genera are typical of shallow lacustrine
environments and thrived in swamps, ponds or freshwater
lakes. They include benthonic creepers and burrowers
(Candona) while others, e.g. Cypridopsis, swam among

plants. The infra- and intertrappean ostracodes consists
mostly of complete and closed ostracode carapaces (Khosla
and Sahni, 2000). Further, a marked increase in the
alkalinity of the environments is indicated by greater
calcification of the thick-shell ostracodes (Mongolocypris
cf. M. gigantea) and heavy ornamentation (e.g. in
Paracypretta bhatiai Khosla and Sahni, 2000; Paracandona
jabalpurensis Sahni and Khosla, 1994a; Frambocythere
tumiensis tumiensis Helmdach, 1978; Bhatia et al., 1996;
Darwinula sp., Khosla and Sahni, 2000 and Cypridea
(Pseudocypridina) sp., Khosla and Sahni, 2000). This
increase in the precipitation of calcium carbonate was
probably favoured by the presence of algae and tropical to
sub-tropical climatic conditions. On the whole, the ostra-
cod-bearing marl and siltstone bands were deposited in low
energy environments (backswamps or lake, Khosla and
Sahni, 2000; Srinivasan, 1991). The charophyte assemblage
also clearly supports the prevalence of alkaline, shallow,
freshwater conditions of deposition. The various pulmonate
gastropods (Physa, Paludina and Lymnaea Hislop, 1860) as
well as the pelecypod Unio provide further confirmation for
this reconstruction (Khosla and Sahni, 2000). The vertebrate
fauna such as snakes also indicate a lacustrine environment
of deposition (Rage and Prasad, 1992; Prasad and Khajuria,
1996).

Freshwater/brackishwater community. The freshwater
and brackish water fauna are represented by frogs of the
Family Pelobatidae, Discoglossidae, crocodiles, turtles and
some foraminifers (Nodosauridae Gen et. sp. indet., Prasad
et al., 1986) indicate that the deposition of the infra- and
intertrappean beds of Asifabad were influenced by fresh-
water to brackishwater conditions of deposition. The
admixture of marine and non-marine assemblages in the
Asifabad intertrappeans is indicative of the presence of
coastal plain conditions in this region during the Upper
Cretaceous period (Prasad et al., 1986).

Marine community. A marine community of fishes, i.e.
Igdabatis, Rhombodus, Raja sudhakari, Rajiforme indet.
and Pycnodus lametae (Table 1) along with freshwater taxa
are known from the infratrappean beds of the Pisdura and
Nand areas (Sati, 1999), and the Asifabad intertrappeans
(Prasad and Khajuria, 1995). The fish taxa represent
benthonic and neritic conditions where the climate was
tropical, subtropical and warm. Such an admixture of
marine and non-marine elements was explained by Sahni
(1983) on the basis of the close proximity of the sea, from
where certain fishes could make frequent upstream
incursions.

3.2. Age of the Deccan volcano-sedimentary sequences

Based on dinosaurian remains, infratrappean beds were
previously considered as Turonian in age (Huene and
Matley, 1933). Several other workers (Chatterjee, 1978;
Berman and Jain, 1982) proposed a Santonian to Maas-
trichtian age for the infratrappean beds. Buffetaut (1987)
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contradicted the Turonian age assigned by Huene and
Matley (1933) for the Lameta dinosaurs and further
compared the Indian infratrappean titanosaurids with
Maastrichtian Titanosaurus known from Madagascar and
Europe and favoured a Maastrichtian age for the infra-
trappean beds. The widespread occurrence of dinosaur eggs
and eggshell fragments in the infratrappean sections of
Jabalpur, Districts Dhar and Jhabua (Madhya Pradesh);
Nand-Dongargaon, Dhamni—Pavna sections in Maharash-
tra and Kheda and Panchmabhal districts in Gujarat indicates
a Maastrichtian age for these beds and shows distinct
affinities with the dinosaur fauna of France, Spain,
Romania, Peru and Argentina (Sahni and Khosla, 1994b;
Khosla and Sahni, 1995). The fish taxa, such as Rhombodus,
Apateodus and Stephanodus in the infratrappean beds of
Pisdura (Jain and Sahni, 1983), Jabalpur (Sahni and
Tripathi, 1990), Marepalli and Narsapur (Prasad and
Cappetta, 1993) and Nand—Dongargaon (Mohabey, 1996)
indicate a Maastrichtian age (Prasad and Khajuria, 1995;
Prasad and Sahni, 1999; Khajuria et al., 1994). The
Mpyliobatid (Igdabatis) recovered from the infratrappean
beds of peninsular India (Courtillot et al., 1986; Prasad and
Cappetta, 1993; Mohabey, 1996) also supports a Maas-
trichtian age.

A Maastrichtian age can be assigned to the infratrappean
sections of Jabalpur based mainly on the occurrence of a
characteristic Late Cretaceous ostracode assemblage (Alfa-
nicypris, Cypridea, Candona, Cypridopsis, Darwinula,
Mongolianella and Mongolocypris, Khosla and Sahni,
2000). The assemblage clearly has distinct affinities with
Mongolian and Chinese forms (Khosla and Sahni, 2000).
Similar ostracode assemblages have recently been recog-
nized in the dinosaur-bearing Lameta Formation of Nand—
Dongargaon and Dhamni—Pavna sections in Maharashtra,
which also indicate a Maastrichtian age for these beds
(Khosla and Sahni, 2000).

The infratrappean beds exposed along the southeastern
coast of India have been assigned a Late Maastrichtian age,
based on the presence of foraminiferal assemblages,
recovered from four wells (i.e. Narsapur-1, Palakollu-A,
Elamanchili-A, and Modi-A). The foraminiferal assemblage
recovered from (depths of 3336 and 3339 m) infratrappean
beds in the Narsapur well-1 are represented by a typical
plankton Abathomphalus mayaroensis (Bolli, 1951) and
other forms, such as Globotruncana arca (Cushman, 1926),
G. stuarti (de Lapparent, 1918), Globotruncanella citae
(Bolli) Reiss, 1957, Rugoglobigerina rugosa (Plummer,
1926), Pseudotextularia elegans (Rzehak, 1891; Nash,
1981) and Racemiguembelina fructicosa (Egger, 1902). In
the Palakollu well, eight basaltic flows and intercalated
sedimentary beds yielded typical Late Maastrichtian forms,
such as Globotruncana stuarti (de Lapparent, 1918), G.
stuartiformis (Dalbiez, 1955; Robaszynski et al., 1984) and
Racemiguembelina fructicosa (Egger, 1902). The presence
of Gaudryina bronni (Reiss) Loeblich and Tappan (1964)
and Globotruncana stuarti (de Lapparent, 1918) in

the infratrappean beds of well Elamanchili-A has been
recorded in support of a Late Maastrichtian age (Raju et al.,
1991). Infratrappean beds of well Modi-A also contain a
planktonic foraminiferal assemblage of the Late Maastrich-
tian Abathomphalus mayaroensis zone (Bronnimann, 1952;
Raju et al., 1991). Radiometric dating (*°Ar/*’Ar) of the
lowermost basaltic flows, immediately overlying the infra-
trappean bed at Dongargaon, indicates an age of
66.4 = 1.9 Ma. The Narmada valley and Western Ghats
indicate an age of 66 = 2 Ma (Courtillot et al., 1986, 1988).

Apart from infratrappeans, some Deccan intertrappean
plant-bearing beds were earlier assigned an Early Tertiary
age as it was considered that intertrappeans were devoid of
dinosaurs (Lydekker, 1890). Extensive research during the
last two decades led to widespread recoveries of dinosaur
fossils (isolated teeth of Megalosaurids, broken eggshell
fragments of sauropod, ornithoid and theropods and pelvic
bones of titanosaurids) in the intertrappean beds of Nagpur
(Rana, 1984; Vianey-Liaud et al., 1987); Kachchh (Bajpai
et al., 1990; Sahni and Khosla, 1994b; Sahni et al., 1994;
Khosla and Sahni, 1995; Bajpai and Prasad, 2000) and
Ranipur (Prakash et al., 1990; Sahni et al., 1996). The
Maastrichtian ichthyofauna (Igdabatis sp., Rhombodus sp.,
Apateodus sp., and Stephanodus sp., Prasad, 1989) recov-
ered from the intertrappean beds of Naskal and Asifabad
(Prasad, 1989; Prasad and Khajuria, 1990, 1995; Khajuria
et al., 1994; Khajuria and Prasad, 1998); Nagpur (Rana,
1984) and Kachchh (Bajpai et al., 1990) also confirms the
Maastrichtian age for these beds. The presence of mammals
such as Deccanolestes hislopi (Prasad and Sahni, 1988) and
Deccanolestes robusti (Prasad et al., 1994; Khajuria and
Prasad, 1998) belonging to the family Palacoryctidae from
Naskal intertrappean beds also suggests a Maastrichtian age
(Khajuria and Prasad, 1998). The Maastrichtian age is also
supported for the intertrappean beds of Padwar (Prakash
et al.,, 1990) by the presence of typical Maastrichtian
markers including Aquilapollenites bengalensis (Baksi and
Deb, 1981) and Azolla cretacea (Stanley, 1965). The
intertrappean beds of Padwar, Ranipur and Mohgaon-
Kalan (Mathur and Sharma, 1990; Prakash et al., 1990;
Sahni et al., 1996; Kar and Srinivasan, 1998) contain other
palynofossils of Maastrichtian age such as Bacutriporites
orluensis (Jan du Chene et al., 1978), Matanomadhiasul-
cites maximus (Kar, 1985), Spinizonocolpites baculatus
(Muller, 1968), Gabonisporites vigourouxii (Boltenhagen,
1967), Proxapertites sp. (Van der Hammen, 1956),
Podocarpidites sp. (Cookson, 1947; Potonie’, 1958),
Lycopodiumsporites sp. (Thiergart, 1938), Tricolpites sp.
(Erdtman, Cookson et Ross) Couper (1953), Triporoletes
reticulates (Pocock) Playford (1971) and Ephedripites sp.
(Bolkhovitina, 1953 ex Potonie’, 1958). Additionally, the
presence of palynofossils such as Aquilapollenites benga-
lensis (Baksi and Deb, 1981), Azolla cretacea (Stanley,
1965), Gabonisporites vigourouxii (Boltenhagen, 1967) and
Ariadnaesporites sp. (Potonie’, 1966; Tschudy, 1966) from
Naskal and Mohgaon-Kalan intertrappeans also indicate
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a Maastrichtian for these beds (Prasad and Khajuria, 1996;
Sahni et al., 1996; Kar and Srinivasan, 1998) as these
species are confined to the Maastrichtian all over the world
(Kar and Srinivasan, 1998). In one instance, a pollen
assemblage was more recently recovered from Lalitpur
intertrappean beds and contain Palacocene marker species
represented by Dandotiaspora dilata, D. pseudoarticulata,
Lakiapollis ovatus and Spinizonocolpites echinatus Singh
and Kar, 2002).

A Late Maastrichtian age has also been assigned to the
intertrappean beds of the southeastern coast on the basis of
foraminiferal assemblage, recovered from the drilled well
samples (depths ranging between 3310 and 3330 m) from
the Narsapur-1. The foraminferal assemblages are rep-
resented by Globotruncana stuarti (de Lapparent, 1918) and
Pseudotextularia browni (Govindan, 1981). Apart from
foraminifera, a recovered palynological assemblage rep-
resented by Aquilapollenites bengalensis (Baksi and Deb,
1981), A. indicus (Baksi and Deb, 1976) and Azolla cretacea
(Stanley, 1965) also confirm a Late Maastrichtian age for
the Narsapur intertrappean beds (Venkatachala and Sharma,
1984).

4. Summary and concluding remarks

Concerted efforts during the last 20 years have provided
much insight into the biota, age and facies of the
sedimentary beds associated with Deccan Trap activity.
However, the strides have also shown (Prasad and Khajuria,
1995; Sahni et al., 1996; Bajpai and Prasad, 2000) that there
are certain constraints in working with these beds:

1. Firstly, continuous sequences across the Cretaceous, Late
Cretaceous through Palaeocene sections are lacking.

2. The Cretaceous/Tertiary boundary has yet to be defined
in a continuous sequence in beds associated with Deccan
traps.

3. Sections, which are only 1-3 m in thickness either yield
Maastrichtian biotas with dinosaurs and diagnostic
pollen assemblages, or in a few cases, Palacocene
forms without the record of dinosaurs.

4. Although Iridium has been demonstrated in the Anjar
sequence (Bajpai, 1996) presumably demarcating the
Cretaceous/Tertiary boundary, current opinion by Bajpai
and Prasad (2000) based on the presence of dinosaurs
above the so called Iridium anomaly bearing beds has
cast doubt on the authenticity of the Iridium layer.

5. A major constraint has been that most of the fossiliferous
sedimentary horizons associated with Deccan traps lie on
the eastern fringes of a province where the basalts are
only 100 m in thickness, whereas most of the lava flow
stratigraphy, geochemical characteristics and chronology
are confined to the classic Western Ghats section. Hence
it is sometimes not possible to correlate the sections on
the eastern side with those to the west.

6. However the recent work by Widdowson et al. (2000)
and Sen (2001) has shown that the Ambenali and
Poladpur Formations of Western Ghats probably rep-
resent the eastern sections. Furthermore, it is difficult
purely on a palaeontological basis to differentiate the
presence of Maastrichtian—Danian beds because several
of these freshwater taxa have long temporal ranges.
There is only one recorded instance of the intertrappean
beds at Lalitpur, which lack the Agquilapollenites
assemblage, but show similarity with the palynological
assemblages of the Madh Formation at Kutch (Palaeo-
cene age), Gujarat (Kar, 1985) and the Lakadong
Sandstone (Palaeocene) of Meghalaya (Kar and Kumar,
1986).
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