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Abstract

The Deccan volcanism of India, representing one of the largest flood basalt provinces of the world, has attracted wider
attention in recent years because of its supposed role in the mass extinction at the Cretaceous-Palacogene (K/Pg) boundary.
In this context, flora and fauna recovered from the sedimentary beds deposited immediately before the initiation of Deccan
volcanism (infratrappean beds) and those deposited during quiescent stages of volcanism (intertrappean beds) assume great
significance in understanding the effects of the volcanism on contemporary biota, biogeographic origins and distribution of
different taxonomic groups, and the role of volcanism in K/Pg boundary mass extinction. In this paper, a detailed review of
the research done on these aspects in the last 4 years is presented.
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Introduction

The Deccan Volcanic Province (DVP) covering an area of
about 500,000 km? in the western, central and southern
parts of peninsular India and comprising tholeiitic basalts
and associated thin sedimentary intercalations is one of the
largest igneous provinces of the world. Originally it was
classified into Lower, Middle and Upper Traps based on the
fossils in the sedimentary intercalations (infra- and intertrap-
pean beds) which were used to infer a long duration (Late
Cretaceous to Early Eocene or even Early Oligocene) for
the Deccan volcanism (Pascoe 1973; Mathur 1968; Shiv-
arudrappa 1977; Sastry and Lahiri 1981; Krishnan 1982).
The early palaecomagnetic studies (Athavale 1970; Wensink
and Klootwijk 1971; Wensink 1973) and K—Ar radiometric
dating (Alexander 1981) of basaltic flows also supported
this age estimation for the Deccan Traps. Chemical analysis
of the basaltic flows in the Western Ghats led to the classi-
fication of the flows into chemical types (Beane et al. 1986;
Bodas et al. 1988; Khadri et al. 1988) which were formally
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assigned to formation status within the Deccan Traps Group
(Subbarao and Hooper 1988; Mitchell and Widdowson
1991; Subbarao et al. 1994; Bilgrami 1999; Khadri et al.
1999). This chemical stratigraphic framework comprising
the Kalsubai (Jawhar, Igatpuri, Thakurwadi, Bhimashankar
formations), Lonavala (Khandala, Bushe formations) and
Wai (Poladpur, Ambenali, Mahabaleshwar, Panhala, Desur
formations) subgroups within the Deccan Traps Group is
the most widely accepted stratigraphy for the DVP. As con-
trasted to the inclusion of Deccan Trap flows into a single
group in the chemostratigraphic classification, Geological
Survey of India in its lithostratigraphic classification of Dec-
can Traps using physical mapping, field relations and chemi-
cal signatures has divided the DVP into four groups, viz.,
Sahyadri, Satpura, Malwa and Amarkantak for the West-
ern subprovince, Satpura subprovince, Malwa subprovince
and Mandla subprovince, respectively (Godbole 1996; GSI
2001).

As the Deccan volcanism spans the K/Pg boundary, it
has been suggested as one of the primary causes of the mass
extinction at this major stratigraphic boundary (McLean
1985; Courtillot et al. 1988; Courtillot 1990; Keller et al.
2011, 2012) besides Chicxulub bolide impact (Alvarez et al.
1980). In mid 1980’s, renewed interest in Deccan volcanism
as a possible link for K/Pg mass extinction led to a new set of
palacomagnetic and geochronological investigations along a
traverse extending from Nagpur to Bombay, around Jabalpur
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and in Narmada valley (Courtillot et al. 1986, 1988; Duncan
and Pyle 1988; Vandamme et al. 1991) and palaeontologi-
cal studies of the Deccan volcano-sedimentary sequences
(see Khajuria et al. 1994; Prasad and Khajuria 1995). These
studies refuted the long duration suggested for Deccan vol-
canism, rather they favoured a short span of 1-5 million
years for the entire volcanic activity very close to the Cre-
taceous-Palacogene mass extinction boundary. The Deccan
basaltic flows were initially considered to have erupted in
three phases: 1) the first volumetrically small phase around
67 Ma ago, 2) the second and main phase (80% of the lava
eruptions) coinciding with the K/Pg boundary, and 3) the
third phase that occurred in the Danian (762.3 Ma) (Chenet
et al. 2008; Keller et al. 2011). More recent geochronologi-
cal studies have refined the chronology of Deccan Traps
though they disagree on its eruptive history (Schobel et al.
2014; Renne et al. 2015; Schoene et al. 2015, 2019; Sprain
et al. 2019; Eddy et al. 2019). Sprain et al. (2019) favoured a
more constant eruption while Schoene et al. (2019) advanced
a phased eruptive history for Deccan volcanism. Based on
“OAr/3°Ar dating of the basalts, Sprain et al. (2019) suggested
that voluminous basaltic flows got emplaced after the K/
Pg boundary, whereas U-Pb geochronology of Schoene
et al. (2019) favoured four phases, of which two volumi-
nous phases occurred before the K/Pg boundary (766.1 to
66.0 Ma) and two younger phases were emplaced after K/
Pg boundary (765.9 to 65.8 Ma). The uniform application of
these eruptive models to the entire DVP, however, has been
questioned as the lateral correlation between basaltic flows
of the Western Ghats and other sub-provinces are based on
geochemical and morphological similarities (Lightfoot et al.
1990; Mitchell and Widdowson 1991; Khadri et al. 1999; Jay
and Widdowson 2008). In a comprehensive review of the
chemistry, basement structure, physical stratigraphy, geo-
chronology, and palaecomagnetism of the Deccan Traps and
based on geological mapping of the Geological Survey of
India (GSI 2001), Kale et al. (2020a) argued that the DVP
was the result of several eruptive centres that span "4 mil-
lion years and long distance correlations of trap flows across
the DVP using the chemostratigraphy of Western Ghats is
untenable.

At many places, the Deccan basaltic lava flows
unconformably overlie sedimentary beds known informally
as infratrappean or formally as the Lameta Formation. The
deposition of the Lameta Formation took place posterior to
the Cenomanian-Coniacian marine incursions in peninsular
India, during the Maastrichtian stage which was followed
by the effusion of the Deccan volcanism. This formation
has been extensively documented along the Narmada
valley from Jabalpur in the east to Balasinor in the west
with intervening exposures at Bagh in Dhar District where
it occurs unconformably over the Bagh Group and was
interpreted to have been deposited in fluvial-lacustrine or

palustrine environments (Tandon et al. 1995) or in brackish
water environment (Saha et al. 2010). During the episodic
pauses in the volcanic eruptions lake basins developed on
the pre-existing topography which hosted diverse faunal
and floral elements and these lacustrine sedimentary beds
preserving different types of fossils are popularly known
as intertrappean beds. A vast majority of the intertrappean
beds were interpreted as freshwater lacustrine deposits
and a few as shallow marine deposits (Raju et al. 1991,
Keller et al. 2009; Khosla et al. 2011; Lourembam et al.
2017) and occur all over the DVP. The Deccan infra- and
intertrappean sedimentary beds have been important sources
of continental Cretaceous fossils from India which formed
the basis for understanding the evolution of life forms during
the northward drift phase of India, intercontinental faunal
exchanges and the effects of Deccan volcanism on the biota.

In the last 4 years, several new faunal and floral
elements have been reported from the Deccan infra- and
intertrappean beds of India which offered new insights into
their morphology, evolution, depositional environments and
climatic regimes, and palaeobiogeography. In the present
paper, a review of the research carried out in the last 4 years
on the biota of the Cretaceous sequences of peninsular India
is presented.

Fauna from the Lameta Formation/
infratrappean beds

In the recent past, many authors have reviewed the works
done on the Lameta Formation from several perspectives
including palaeoenvironment and palaeobiodiversity. An
extensive review of the dinosaur clutches and eggshells
from the Late Cretaceous deposits of Jabalpur, Dhar,
Jhabua (M.P.), Kheda-Panchmahal districts (Gujarat),
and Dongargaon, Pisdura (Maharashtra) was carried
out by Khosla and Lucas (2020). The authors presented
the current status in terms of historical review, geology,
stratigraphy, parataxonomy, biomineralization, taphonomy,
biostratigraphy, palaeoenvironment, palaeoecology, and
palaeobiogeography. In another related work by Laskar
et al. (2020), titanosaur and theropod dinosaur eggshell
specimens from the Late Cretaceous localities of Gujarat
and M.P. were analyzed for clumped isotope thermometry
to understand thermoregulation in dinosaurs. The derived
body temperatures for sauropods were found to be within
29 °C to 47 °C and for theropods within 37 °C to 39 °C. This
large temperature range suggests variable thermoregulation
processes as could also be inferred from dinosaurs with low
body mass having high body temperature (theropods) and
those with high body mass having low body temperature
(sauropods).
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More recently, extensive nesting sites of titanosaurid
sauropod dinosaurs were documented from a sandy
limestone horizon of the Lameta Formation exposed in
the Bagh and Kukshi areas of lower Narmada Valley
(Dhiman et al. 2023). The authors recorded 92 egg clutches
comprising 256 eggs and attempted to interpret the mode
of egg burial, nesting behaviour, egg deformation and
egg pathologies. Based on sedimentary structures and
petrographic features, the deposition of nest-bearing rocks
was interpreted to have taken place in low-energy, low-
gradient palustral flats of a fluviatile setting. Further, it was
interpreted that intact eggs were deposited close to the lake
or pond margins while the hatched eggs were laid away
from these margins. In a novel study, Dhiman et al. (2021)
conducted pyrolysis gas chromatography—mass spectrometry
and pyrolysis two-dimensional gas chromatography time-
of-flight mass spectrometry (Py-GC X GC-TOFMS) analysis
on titanosaur eggshells from the Lameta dinosaur nesting
sites of M.P. and Gujarat. The analysis revealed the rare
preservation of nitrogen-bearing organic molecules along
with diketodipyrrole (protein biomarker) within titanosaurid
sauropod eggshells which was aided by the preservation
under subaerial conditions in a palustrine depositional
environment and indicates that proteinaceous moieties can
get preserved in fossil state provided optimal depositional
milieu exists. A unique ovum-in-ovo (egg-in-egg) pathologic
egg was reported recently from a titanosaur clutch of the
Bagh area, Dhar district, M.P. which makes it the first-ever
report for any reptile (Dhiman et al. 2022). Since these
kinds of eggs have only been known from birds, the report
indicates that the oviduct morphology of the titanosaurs
was somewhat similar to that of birds and the titanosaurids
might have adopted the sequential manner of egg-laying as
in birds and titanosaur reproductive biology is closer to that
of archosaurian reptiles (Dhiman et al. 2022).

The Indian sub-continent houses interesting dinosaur
specimens from the Cretaceous period but their articulated
remains and complex skeletal elements remain limited
(Wilson Mantilla et al. 2019). The study conducted by
Wilson Mantilla et al. (2019) on the poorly represented
vertebral elements of titanosaurs of India (two dorsal
vertebrae from Rahioli (Gujarat) and one anterior caudal
vertebrae from Bara Simla (Madhya Pradesh)) suggests that
the dorsal vertebrae share similarities with Isisaurus (India)
and Mendozasaurus (Argentina) while the anterior vertebra
shares similarities with Tengrisaurus (Russia). Apart from
dinosaur fauna, other vertebrate fossils from the Lameta
Formation such as turtles also received some renewed
attention in the recent past. A restudy of the holotype
skull of “Swheboemys” pisdurensis originally described
by Jain (Jain 1977, 1986) from the Lameta Formation of
Pisdura, Chandrapur District, Maharashtra led to renaming
this extinct pleurodiran turtle as Jainemys pisdurensis
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comb. nov. by Joyce and Bandyopadhyay (2020). Their
phylogenetic analysis places this taxon within bothremydid
clade Kurmademydini and the shell material belonging to
an unresolved polytomy at the base of this clade. This clade
of bothremydid turtles which is unique to India indicates
that India was isolated by the Late Cretaceous. In a different
study focused on understanding thermoluminescence
characters, fossil turtle shells from the Lameta sections of
Dongargaon (Maharashtra), a site very close to Pisdura,
were studied using different analytical techniques (Ovhal
et al. 2020a). The sample was studied under X-ray
diffraction, scanning electron microscopy, Fourier transform
infrared, and wavelength dispersive X-ray fluorescence
spectroscopy. These analyses suggested that on a very high
exposure, the specimens follow general order kinetics and
thermoluminescence intensity and that the specimen may
prove to be significant in high-dose dosimetric applications.

Flora from the infratrappean beds

From the Lameta Formation of Chui Hill and Chota Simla
Hill section of Jabalpur (M.P), fossils of five seeds and
two charophyte genera have been reported (Kaur 2022).
Petrographic study and XRD analysis of clays suggest
arid to semi-arid palaeoclimate and fluvial-lacustrine
palaeoenvironment. Further, it was inferred that the flora
having Laurasian affinity dispersed to India from Europe
via Africa.

Fauna from the intertrappean beds

In the previous 4 years, several reports of vertebrate,
invertebrate and plant fossils have been made from the
Deccan intertrappean beds. In the following sections, the
significance of these new findings is discussed.

Vertebrates

In an attempt to identify protein macromolecules and
compare their preservation in deep-time fossils with
that of Pliocene ones, lepisosteid fish scales from
the Naskal intertrappean beds were studied through
Py-GC X GC-TOFMS along with fish scales from Triassic,
Jurassic and Pliocene ages (Umamaheswaran et al. 2023).
The study revealed that the Mesozoic fish scales had a small
number of nitrogen-bearing compounds as compared to the
Pliocene fossils as the Mesozoic fossils underwent more
degradation. This preservation may have been possible
due to the protective mineralized parts of the fish scales.
Recently, Verma et al. (2024) described isolated fish teeth
belonging to myliobatiform and pycnodontiform fishes




Proceedings of the Indian National Science Academy (2024) 90:332-346

335

from the intertrappean beds of Mohanpura, Dhar District,
M.P. This is the first report of marine/brackish water fishes
from the intertrappean beds of Malwa region of the Deccan
Volcanic Province.

New fossils of amphibian and squamate reptiles have
also been reported from the intertrappean deposits of
Kelapur village of Maharashtra and Kisalpuri village of
M.P. which has extended the distribution of these faunas to
north-eastern and eastern parts as contrasted to their earlier
records from the western and southern parts of the Deccan
Volcanic Province (Rage et al. 2020). The recovered fauna
was considered of mixed origin having both Gondwanan
and Laurasian affinities. This study further revealed that
the diversity of anuran fauna from India is as good as
that of Laurasia but in the case of squamates, lizards are
more dominant than the snakes in the Cretaceous deposits
of Laurasia, whereas it is the opposite of this in India.
Fragmentary fossilized remains of non-acrodontan lizards
have been identified from the intertrappean beds of Kesavi
in Dhar district in M.P. based on three tooth morphotypes,
while another isolated tooth was assigned to Squamata
(Yadav et al. 2022). Jaws and osteoderms documented
from the same locality have been assigned to a new lizard
Deccansaurus palaeoindicus gen. et sp. nov. within the
clade Scincoidea (Yadav et al. 2023). This new taxon
is the first cordyliform lizard described from the Indian
subcontinent. Its close similarities with Konkasaurus from
the latest Cretaceous deposits of Madagascar affirms the
Late Cretaceous palaecobiogeographic connections between
India and Madagascar.

Some clades of vertebrates hold relevance due to their
palacobiogeographic history and diversity. The lizard-like
reptilian order Rhynchocephalia is considered to have a
global distribution in the early part of the Mesozoic but in its
latter part, their diversity was reduced and restricted to the
Upper Cretaceous-Palaeocene sequences of Patagonia. The
report of a partial dentary (belonging to Acrosphenodontia)
from the intertrappean beds of Naskal (Telangana state)
having a structure similar to Godavarisaurus lateefi from
the Lower—Middle Jurassic Kota Formation of India, is
the first report of rhynchocephalian outside Patagonia
(Anantharaman et al. 2022). This finding is significant
because it points to a broader Gondwanan distribution of
Rhynchocephalia clade during the Cretaceous Period than it
was speculated in the past. It also strengthens the prevailing
view that the rhynchocephalians were confined to Gondwana
after the Early Cretaceous.

In a detailed description of the shell, postcranial, and a
few skull and neck bones of bothremydid turtles for the first
time from the southwestern intertrappean beds of DVP, De
Lapparent de Broin and Prasad (2020) identified at least
three taxa indeterminate at genus and species level. After a
taxonomic review of all turtle fossils, the authors concluded

that the Cretaceous turtle fauna from India is represented by
at least nine to ten taxa belonging to Bothremydidae family.
These taxa do not exhibit any close relationship with the
taxa of other landmasses thereby pointing to the endemic
nature of the fauna.

The ornithoid eggshells from the intertrappean beds of
Anjar (Gujarat) assigned to the oofamily Subtiliolithidae
(Bajpai et al. 1993) were re-examined and their cladistic
analysis placed them within enantiornithid (bird) oofamily
Laevisoolithidae and the oofamily Subtiliolithidae has been
made a junior synonym of the oofamily Laevisoolithidae
(Khosla et al. 2021). Recently, the first report of rarely
fossilized membrana testacea (a soft organic layer underlying
the calcitic eggshell units) in titanosaurid sauropod eggshells
was made from Upper Cretaceous intertrappean beds
of Piplanarayanwar village in Chhindwara district, M.P.
(Lourembam et al. 2023). These eggshells show structural
similarities to organic filaments reported from the titanosaur
eggshells of the Upper Cretaceous deposits of the Auca
Mahuevo site in Argentina (Lourembam et al. 2023). The
preservation of such organic filaments in dinosaur eggshells
was possibly aided by the presence of anaerobic conditions
prevailing in the lacustrine/palustrine environment of a
coastal plain setting (Lourembam et al. 2023). It implies that
the burial was rapid and mineralization took place through
bacterial mediation.

A comprehensive review of the stratigraphic distribution
and evolution of Cretaceous mammals of India was
carried out by Prasad et al. (2021). At present, there are
four mammalian groups in the Cretaceous of India,
viz., eutherians, gondwanatherians, and haramiyidans.
These were documented from the Deccan infra- and
intertrappean deposits of Bacharam, Naskal (Telangana),
Mumdapur (Karnataka), Anjar (Gujarat), and Kisalpuri
(M.P.). From a palaeobiogeographic perspective,
the eutherians show close affinities with Laurasia,
gondwanatherians have a Pan-Gondwanan distribution and
the haramiyidan Avashishta is a late Gondwana survivor
of a group that had Pangaean distribution until the Early
Cretaceous. Wilson Mantilla et al. (2022) reported two
new mammal fossils Indoclemensia naskalensis gen. et sp.
nov. and I. magnus sp. nov., from intertrappean deposits
of Naskal. “°Ar/*°Ar geochronology, magnetostratigraphy,
and chemostratigraphy of the basaltic flows overlying and
underlying the mammal yielding Naskal intertrappean
section favoured essentially a latest Cretaceous age though
earliest Palaeocene cannot be ruled out for the Naskal and
Rangapur intertrappean beds (Wilson Mantilla et al. 2022).
Lately, a eutriconodontan mammal Indotriconodon magnus
gen. et sp. nov. represented by a single lower molariform
has been reported from the intertrappean beds exposed
1.5 km SE of Vidi village near Anjar, Kutch District,
Gujarat (Bajpai et al. 2024). This is the first report of a
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Late Cretaceous (Maastrichtian) triconodont mammal
from India as well as Gondwana which makes it the first
report of this mammal from the Indian Cretaceous deposits
(Bajpai et al. 2024). The cladistic analysis places it closer to
volaticotherians within the Eutriconodonta. This finding also
suggests that the Eutriconodonta had a much larger temporal
and geographic spread.

Invertebrates

A microfossil assemblage consisting of ostracods,
molluscs, fishes, and charophytes has been reported from
the intertrappean beds of Manawar (M.P.) in the Malwa
plateau which is the first documentation of microfossils
from this subprovince of Deccan Traps (Kapur et al. 2019).
This assemblage indicates a freshwater palustrine/lacustrine
system connected to a low-energy stream/river and the fauna
points to the presence of both endemic and cosmopolitan
biotic elements in the Indian subcontinent during the Late
Cretaceous.

A large number of ostracod carapaces were reported
from the intertrappean deposits of Gujri village in Dhar
district, M.P. The majority of these carapaces represent the
freshwater species widely reported from several Deccan
intertrappean sites but two (Gomphocythere testudo and
Candona phaseolus; Kshetrimayum et al. 2021) are new
to the DVP. This ostracod assemblage found associated
with other terrestrial vertebrates and gastropods points
to a freshwater palaeoenvironment for the investigated
intertrappean beds. Kshetrimayum et al. (2024) further
studied the biota from the intertrappean beds of two new
sections Kakarda and Bara Bheralya and two previously
studied sections of Gujri and Uthawali from Dhar district,
M.P. and documented a diverse ostracod fauna comprising
12 genera and 15 species which indicate a Maastrichtian
age and freshwater fluvio-lacustrine depositional setting
for the studied intertrappean sections. Very recently,
another ostracod assemblage has been reported from
the intertrappean beds of Kesavi from the Malwa sub-
province, Dhar district, M.P. (Yadav and Maurya 2023).
The assemblage also consists of fragmentary limb bones
of frogs, isolated teeth and osteoderms of lizards and hence
indicates a freshwater depositional setting similar to several
other known Deccan intertrappean beds. The dominance of
the species Frambocythere tumiensis indicates a lacustrine
palacoenvironment and the ostracods from the assemblage
point to the presence of endemism in the Late Cretaceous
ostracod fauna of India.

Besides ostracods, freshwater gastropods and sponges
have also been documented from the Deccan intertrappean
beds. Paul and Gangopadhyay (2021) reported a cluster
of juvenile gastropods from an intertrappean section
from Barga, M.P. This mass mortality assemblage was
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considered a result of thermal stress and volcanogenic
hypoxicity emanating from the Deccan volcanic eruption.
New fossils of freshwater sponges were reported from the
intertrappean lacustrine sediments of the Malwa Group
(Samant et al. 2021). A new genus Palaeocorvospongilla
has been described and its morphology was compared with
extant and fossil data. These fossils suggest that a long-term
conservative morphology has been retained by this genus
since Upper Cretaceous. It was also inferred that these
sponges underwent splitting early in the Mesozoic and were
distributed widely in Asia.

Flora from the intertrappean beds

In this section, significant floral reports from the Deccan
intertrappean beds are presented in chronological order. In
recent years, many new palm taxa have been documented
and some of the earlier taxonomic assignments from the
Deccan intertrappean bed have been reassessed. A new
palm species Palmoxylon deoriensis was reported from the
intertrappean deposits (Late Cretaceous to Early Palaeocene)
of Deori village in M.P. (Khan et al. 2019). The anatomical
features suggest the affinities of this new species lie with
the extant Cocos-type palm taxa of the Arecaceae family.
Further, it was inferred that the palm-yielding intertrappean
beds were deposited in a tropical, terrestrial environment.
Khan et al. (2020a) also reported a new palm stem fossil
Palmoxylon ceroxyloides from the intertrappean beds of
M.P., which is also the oldest known fossil occurrence of
Ceroxyloideae. Based on the anatomical structures, the
authors suggested that the fossils resemble the extant taxa of
the wax palm subfamily Ceroxyloideae. Another new palm
stem fossil of Palmoxylon dindoriensis was documented
from the latest Maastrichtian-earliest Danian intertrappean
sediments of M.P. (Khan et al. 2020b). Based on its study
under transmitted light, compound and scanning electron
microscopes, it was suggested that the species is closely
related to the extant taxa of subfamily Coryphoideae of
the family Arecaceae and the species lived in a tropical,
terrestrial warm, and humid palaecoenvironment. Likewise,
Roy et al. (2021a) reported a new palm frond impression,
Sabalites karondiensis, from the intertrappean deposits
of Karondi village (Mandla lobe), M.P. Morphology of
Sabalites karondiensis suggests that it is similar to the
modern members of the sub-family Coryphoideae in the
Arecaceae and preferably lived in a warm and humid tropical
environment.

Following the reappraisal of anatomical features of new
palm fruits from the intertrappean deposits of Dhangaon,
Keria (Maharashtra) and Mohgaonkalan (M.P.), the
previously described five species were synonymized under
Hyphaeneocarpon indicum (Matsunaga et al. 2019). Based
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on phylogenetic studies of Hyphaeneocarpon indicum, it
was suggested that its affinities lie with the extant genera
Bismarckia and Satranala (Hyphaeninae of tribe Borasseae)
which are currently endemic to Madagascar (Matsunaga
et al. 2019). The authors suggested that the Hyphaeninae
diverged by late Maastrichtian-early Danian and Borasseae
continued to live in the Indian Ocean region since the end
of the Cretaceous. Analysis of 207 palm species (including
Palmocarpon drypeteoides and Hyphaeneocarpon indicum
from the Deccan Intertrappean beds of Central India)
using X-ray microcomputed tomography and phylogenetic
relationships revealed that many modern lineages of palms
originated during the Cretaceous and early Palaeogene and
some of these palm fossils are useful for node calibrations
in divergence-time estimates (Matsunaga and Smith (2020).

Both dicotyledonous and monocotyledonous fruits with
seeds have been documented from the intertrappean beds
but the reports of isolated monocot seeds are not many. A
report of new fossil monocotyledonous seeds belonging to
the family Araceae from the intertrappean beds of Singpur
(M.P.) is one such report (Ramteke and Nagrale 2019).
Ramteke et al. (2020) also reported a new species of bisexual
flower Singpuria kapgatei, from intertrappean sediments
of Singpur (M.P.). Based on the morphology, the authors
suggested that this species has affinities with Pentapetalae.
The authors also suggest that Singpuria remained isolated on
the Indian landmass and underwent extinction either during
the K/Pg mass extinction event or in the Cenozoic in new
climatic zones.

Manchester et al. (2019) reported angiosperm fruit
Baccatocarpon from the Deccan intertrappean cherts of
Central India. The fruit fossil of Pantocarpon deccanense
from the Deccan intertrappean deposits of Bhutera, Keria,
Mohgaonkalan, Paladaun, Marai Patan, Shibla, and
Singpur have been reinvestigated through peels and X-ray
microcomputed tomography to compare them with the extant
species (Manchester et al. 2020). The results recognise the
species as a potential member of Torricelliaceae and suggest
it to be the most ancient record known for this family.
Another such study incorporating floral data from multiple
localities, including Hyphaenocarpon indicum from the
intertrappean horizons of M.P., focused on understanding
the origin of giant seeds (Bellot et al. 2020). The authors
studied DNA and seed size data of the palm tribe Borasseae
(Arecaceae) and its relatives. According to this study, the
taller plants with fewer branched inflorescences gave rise
to large-sized seeds, the size of seeds tended towards faster
evolution on islands, and seeds belonging to Borasseae
tended to be larger.

Ukey (2020) reported four flower fossils from the
intertrappean beds of Chhindwara, M.P. and assigned them to
a new species Sahnianthus chhindwarai with close affinities
to Sahnianthus parijai earlier described from the Deccan

intertrappean beds (Shukla 1944). Another fruit fossil has
been reported from the Chhindwara District of M.P. (Yadav
and Kalbande 2020) which shows similarities with the
baccate trilocular fruit Baccatocarpon sharmae (Bhowal
and Sheikh 2006) but differences are observed in glandular
hairs which are found in the fossil fruit, so it has been named
as Baccatocarpon jamsavlii. A new species of capsular fruit
Baccatocarpon patanii sp. nov. has been reported from
the intertrappean deposits of Marai Patan, Tahsil- Jiwati,
Chandrapur district, Maharashtra (Patil and Dahegaonkar
2021). The baccate type fruit was considered different from
any extant or fossil taxa from the Deccan intertrappean beds.
Wanjari and Jain (2021) studied the fruit specimens from
the genus Sparganium from the intertrappean beds of Patan,
Chandrapur district, Maharashtra. Five different specimens
of fruits have been described by the authors.

Smith et al. (2021) studied fossil fruits and seeds of
Zingiberales from the intertrappean beds of central India.
The study has helped in adding new data to the diversity
of the Late Cretaceous and Early Cenozoic fossil fruits
and seeds from India. Two out of three species belong
to Zingiberaceae which suggests that the Zingiberales
diversified early in the Indian subcontinent.

Srivastava et al. (2019) classified two fossil woods
(Elioxylon and Hydnocarpoxylon) from the intertrappean
beds of M.P. under the Parietal Clade of the Malpighiales.
These two taxa represent the oldest fossil records of this
clade and support the ‘out-of-India’ dispersal hypothesis for
Achariaceae and/or Salicaceae. Another study by Wheeler
and Baas (2019) used fossil wood data, including data from
the Deccan intertrappean beds, to understand changes in
the incidences of functional wood anatomical traits and
compare them with modern patterns. The study suggested
the Baileyan model for the evolution of wood at mid to high
latitudes and changes were not great from the Cretaceous to
the present for tropical wood. Shukla et al. (2021) reported
a wood fossil Lagerstroemioxylon sp. (family Lythraceae)
from the intertrappean beds of Dhangaon, Mandla district,
M.P. The wood fossil is known to be older than the fossil
wood records of this genus and suggests that Lagerstroemia
was present on the Indian landmass 66 Ma ago.

Palynological analysis of intertrappean sediments of
Mahurzari (Maharashtra) indicated the prevalence of tropical
evergreen floristic conditions during the deposition of the
fossiliferous horizon and a Maastrichtian age for the beds
(Samant et al. 2020a). Samant et al. (2020b) also described
the first arcellinidan taxon Centropyxis aculeata from the
lacustrine intertrappean beds of Bagwaniya, Dhar district,
M.P. Other fossils reported from this site include diatoms and
sponge spicules. The authors, based on lithology and fossil
biota, suggested that the palacolake was well oxygenated
having low salinity and warm water. Samant et al. (2020c)
studied the intertrappean sediments of two localities from
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Maharashtra (Shankar Lodhi and Shimbala) for palynoflora
and found palynotaxa distinctive of Maastrichtian age and
Gondwana origin, and aquatic associations (small water
body and aquatic plants in Shankar Lodhi area and large
water body with fresh to brackish water palaecoenvironment
in Shimbala area). Sonkusare et al. (2021) conducted
palynological analysis of intertrappean beds from Satpura
Group, Betul district of M.P. A monospecific assemblage of
the dinoflagellates Pierceites deccanensis was found from
the Hiradehi intertrappean beds while a diverse assemblage
of pteridophytes, gymnosperms, angiosperms, and fungal
spores was found from the Kanhobagholi intertrappean beds.
The palynoassemblage supports a Late Cretaceous age, a
semi-arid palaeoclimate for the lower intertrappean levels
and a freshwater to estuarine depositional setting for the
higher stratigraphic levels. Palynofloral analysis conducted
by Samant et al. (2022) on the intertrappean sediments near
Jamsavli in the Mandla Lobe, DVP revealed freshwater
aquatic and semi-aquatic floral assemblage which suggest
small and closed freshwater bodies and a Maastrichtian age.

A charophyte assemblage comprising Chara and
Platychara was reported by Kania et al. (2022) from the
Upper Cretaceous to Lower Palaeocene intertrappean
beds of Jhilmili and Ghat Parasia localities of M.P. This
charophyte assemblage in association with other fossils such
as foraminifera, ostracods, fishes etc. helped in identifying
the depositional setting of these two areas. Khosla et al.
(2022) also reported charophytes from Jhilmili intertrappean
beds of M.P. The diverse charophyte assemblage suggests
a Late Cretaceous-Early Danian age, shallow freshwater
lacustrine environment interspersed with a short interval
of marine incursion, and semi-humid to arid palaeoclimate.
The assemblage also suggests that biotic interchanges took
place with Laurasia and Gondwana.

Kapgate (2022) has reviewed the ecological facies of
the Deccan intertrappean flora from the Vidharbha region
(Maharashtra) and Chhindwara region (M.P.). The author
suggests that algae and angiosperms were reported from the
Vidharbha and Chhindwara regions but only angiosperm
wood fossils are reported from the Mandla-Dindori region.
The flora is dominantly represented by evergreen forest taxa
which was followed by moist deciduous forest forms.

Manchester et al. (2022) studied the infructescences
and fruits of the fossil palm Tricoccites trigonum from
Mohgaonkalan (M.P.) through micro-CT scanning. Based
on anatomical structures, the authors assign Tricoccites
trigonum to the Arecaceae and consider that the fruit
was accustomed to aquatic dispersal. Mishra et al. (2022)
based on sedimentological analysis of the Gaumukh
intertrappean sediments of the Mandla lobe, M.P. favored
swampy to shallow brackish, lacustrine environment and
warm to humid climate and the Arecaceae dominated
floral ecology of this intertrappean section comprises five
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ecological associations viz., mangrove, coastal fringes,
forest outlier, upland flora, and tropical rain forests. Patil
et al. (2022) reported a new species Achenocarpon patanii
for petrified achenal fruit from the intertrappean beds of
Marai Patan (Maharashtra). This new species shows no
resemblance to any extant or fossil flora from the Deccan
intertrappean beds, except Achenocarpon sharmai. Ramteke
et al. (2022) have studied the capsular fruits with seeds of
Surangea from the intertrappean beds of Mohgaonkalan
of Chhindwara district, Keria and Paladaun of M.P. and
Ambabagholi in Chandrapur district of Maharashtra and
concluded that they do not represent megasporangia as was
suggested previously by Chitaley and Sheikh (1971). The
consideration of Surangea as a fruit has enhanced the known
diversity of angiosperms from the Deccan intertrappean
beds. Reback et al. (2022) have studied Euphorbiaceae
fruit fossils from the intertrappean cherts of Mohgaonkalan
(M.P.). This study has augmented the previous identification
of phyllanthaceous fruits.

In a review, Manchester et al. (2023) reconfirmed
the affinities of the extinct schizocarpic fruit genera
to the Malvoideae subfamily by employing micro-CT
scanning to study detailed morphology through its three-
dimensional coverage. The study was conducted on the
fruits preserved in cherts within intertrappeans from the
localities of Mohgaonkalan, Keria, Paladaun (in M.P.),
and Marai Patan (in Maharashtra), and on pollen within
cherts of intertrappean beds from Naskal (Telangana),
Bharudpura and Mohgaonkalan (M.P). Based on the study
of Malvacipolloides pollen, the authors suggested that the
latest Cretaceous Malvoideae covered an extensive area in
central India.

Cretaceous palaeobiogeography

As India remained as an island landmass following its
separation from the constituent continental blocks of
Gondwana such as Africa, Australia, Antarctica, South
America and Madagascar at different geological time
intervals, the biota from the Upper Cretaceous and Lower
Palaeogene deposits of India has been subjected to critical
examination vis-a-vis the biogeographic origins and
intercontinental dispersal of different faunal and floral
groups. Currently, besides some indigenous originations,
many taxa are considered to have predominantly Gondwanan
affinities in the Late Cretaceous with more Laurasian
immigrants arriving in the Early Eocene (Smith et al. 2016;
Parmar and Prasad 2020; Halliday et al. 2020; Prasad and
Parmar 2022). In the following section, the recent additions
to the growing number of publications on this topic are
discussed.
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In a review of regional palaeogeographic set-up,
Kumari et al. (2020) suggested that the Reunion plume-
induced Deccan volcanic eruption was responsible for
the Late Cretaceous reactivation of Narmada-Tapti and
Krishna-Godavari rift systems and consequent topographic
readjustment. In the absence of convincing evidence for
marine conditions in the Maastrichtian-Danian interval in
the Narmada valley and the 15-20 Ma separation between
the well-established Turonian-Coniacian marine incursion as
interpreted from the marine Bagh Beds of lower Narmada
valley and the planktic foraminifera-bearing Maastrichtian-
Danian intertrappean beds of Jhilmili, Chhindwara District
(M.P.), Kumari et al. (2020) contested Keller et al.’s (2009)
hypothesis that a marine incursion took place along the
Narmada rift in the Danian time. Because of the presence
of Maastrichtian-Danian brackish to marine intertrappean
deposits along the Godavari rift and the proximity of
Jhilmili intertrappean beds to this rift, they concluded that
the marine incursion happened along this rift. However, the
latest documentation of median and lateral teeth of marine/
brackish water fish Igdabatis indicus Prasad and Cappetta,
1993 and molariform teeth of Pycnodontiformes from
the intertrappean beds of Mohanpura, Dhar District, M.P.
corroborates a marine incursion along the Narmada rift from
the western margin of India in the Late Cretaceous (Verma
et al. 2024).

Based on vertebrate fauna from the continental
Cretaceous strata of India, Parmar and Prasad (2020)
proposed palaeobiogeographic models that address the
presence of Gondwanan and Laurasian biotic elements
during India’s early and late drift phases. The Gondwanan
elements in the Indian subcontinent have been explained
through intermittent terrestrial connections between India
and Madagascar while Laurasian elements have been
accounted for through the dispersal across island-arc systems
and/or oceanic islands to reach India directly or through
Africa. Khosla (2021) reviewed palaeobiogeographic
models proposed earlier to explain the presence of mixed
Gondwanan and Laurasian biota in the continental Late
Cretaceous deposits of India at a time when it was fully
isolated from other landmasses. The author reaffirmed the
idea of Prasad and Sahni (1999) that the size of the organism
plays an important role in determining the type of biotic
interchange, specifically the one involving sweepstakes
dispersal of small-sized Laurasian taxa into India across
the Kohistan-Dras island arc system. The dispersal of
large-sized vertebrates, such as dinosaurs, was interpreted
in terms of a ‘Pan Gondwanan’ distribution model. In
another work, Prasad and Parmar (2022) have further
reviewed the Late Cretaceous biota from the Kallamedu
Formation, Lameta, and Deccan intertrappean strata to
present the palacobiogeographic scenario of the Indian plate
with respect to Gondwana and Laurasia. The biota from

India having Gondwanan affinities though favour broadly
vicariant biogeographic models, many of them share sister
group relationships with the Madagascan taxa. At the same
time, several taxa were endemic to India and dispersed to
Laurasia after India collided with Asia, and the Laurasian
biota entered India through Kohistan-Dras-Oman island arcs
(Prasad and Parmar 2022). Charophytes of predominantly
Laurasian distribution were reported from central Indian
(Jhilmili, Chhindwara district, M.P.) intertrappean beds and
their presence in the Late Cretaceous of India was explained
through dispersal from Asia to India via Kohistan-Dras
volcanic island-arcs (Kania et al. 2022).

Using faunal network analysis Halliday et al. (2020)
demonstrated that the Cretaceous faunas from the Cauvery
Basin, the DVP (India), and the Pab Formation (Pakistan)
are biogeographically well connected with those of
South America and Madagascar. However, a few clades
of Laurasian origin such as phyllodontid fishes, gobiatid
frogs, anguimorph lizards, troodontid dinosaurs and
adapisoriculid mammals are exceptions to this general
trend. The faunal network approach documented how the
faunal relationships of the northward drifting Indian plate
changed from predominantly Gondwanan affinity with some
endemic radiations and a few Laurasian immigrations to
predominantly Laurasian fauna in the Early Eocene.

The documented amphibian and squamate reptile
fossils from the intertrappean deposits of Kelapur village
of Maharashtra and Kisalpuri village of M.P. show
Gondwanan and Laurasian affinities with greater prevalence
of Gondwanan elements (Rage et al. 2020).

Srivastava and Prasad (2019) made a comprehensive
study of the fossil pollen, fruit, and wood records of
mangroves from the Upper Cretaceous Deccan intertrappean
beds (including Nypa leaf) to Miocene formations of India to
identify migration patterns, reasons for extinction, and range
contraction. This study suggested that it was during the Late
Cretaceous that the first mangroves came into existence
and their post-Cretaceous evolution stayed closely linked
to sea-level changes. In the Eocene, the high sea level and
humid climate provided suitable ecological niches for the
development of mangroves. The biogeographic split between
the eastern and western provinces of mangroves happened
during the Eocene/Oligocene boundary crisis and the
mangroves took to the present day’s positions by the Middle
Miocene. The climatic conditions of the following epochs
caused more expansion and evolution of the mangroves
which were also affected by the formation of Himalaya and
the monsoons. The biogeography of mangroves was also
affected in the Quaternary due to loss of habitats and local
extinctions.

Based on the oldest occurrence of the fossil stem
of Ceroxyloideae in the Indian subcontinent at least
10—15 Ma before the India-Asia collision event, it was
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concluded that palms of this subfamily migrated from
India to East Asia following India’s collision with Asia
and then through Bering land Bridge to North America,
and from there they reached South America through
the Isthmus of Panama (Khan et al. 2020a). Likewise,
the earliest occurrence of Pantocarpon deccanense
(Torricelliaceae) in the Cretaceous (66 million years ago)
of India suggests that India would have played a significant
role in the origin and evolution of this family.

The subfamily Crotonoideae faced several episodes
of speciation and extinction on the Indian plate during
its northward journey in the Late Cretaceous-Early
Palaeogene time interval (Bansal et al. 2022a). The
authors have studied the fossil pollen of this subfamily
from the intertrappean beds of Central India where the
pollen fossils show similarities with several extant
taxa and a Gondwanan origin for Crotonoideae. The
authors considered Africa as their place of origin and
subsequently, they reached India through Kohistan-Ladakh
Island Arc. Following the collision of India with Asia,
they migrated to Southeast Asia, thus supporting “Out of
India” dispersal hypothesis.

The origin of the Dipterocarpaceae family has been a
subject of interest for palaeobotanists for very long. Khan
et al. (2020c) provided evidence for the Maastrichtian
existence of this family in the Indian sub-continent, from
the intertrappean beds Mandla Lobe of DVP during the
palacomagnetic Chron 29R. The authors consider that
this angiosperm family had a Gondwanan origin during
the Late Cretaceous and dispersed later to Southeast Asia
via India. In a more comprehensive study based on fossil
pollen, molecular and palacobiogeographic analysis, Bansal
et al. (2022b) suggested that dipterocarps originated during
the mid-Cretaceous in tropical Africa. After their origin in
Africa, dipterocarps dispersed eastwards to India during the
Late Maastrichtian and Palaeocene through an island arc
in the Indian Ocean and to the Asian landmass after the
India-Eurasia collision where they presently dominate the
Southeast Asian rainforests. This study, as that of Khan et al
(2020c), also supports the out-of-India migration route for
the Dipterocarpaceae and alternative routes for other mega
thermal angiosperm families present in Southeast Asia.

Berckx et al. (2022) focused on the mechanisms that
led to the spread of the strains of Frankia, the earliest
divergent symbiotic plant clade, across the world. The
authors suggest that the strains of this clade split into
two lineages in Gondwana, out of which one reached the
northern hemisphere through India. This is suggested based
on a fossil wood known from the intertrappean beds of
Mohgaonkalan (M.P.) that is considered to be a precursor of
the closely related Tetramelaceae. The second lineage spread
within the southern hemisphere initially but finally dispersed
to the northern hemisphere when the distance between New
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Guinea and South East Asian islands was reduced in the
Miocene.

Deccan volcanism & K/Pg mass extinction

The role of Deccan volcanism and asteroid impact in the
end-Cretaceous mass extinction has been an ongoing subject
of debate. A study by Chiarenza et al. (2020) has favoured
the asteroid impact as the causal link for dinosaur extinction.
Based on fossil-occurrence data, palaeoclimatic data, and
habitat suitability models, the authors have suggested that an
extended cold winter after asteroid impact would have been
more capable of negatively impacting the dinosaur habitats
than the carbon dioxide-induced warming after volcanism
which would have favoured habitat suitability.

Three distinct phases of Deccan volcanism have been
identified in the recent past (Jay and Widdowson 2008;
Keller et al. 2011, 2012). During these three phases, India
hosted distinct floral assemblages (Prasad ). A mixed
gymnosperm and angiosperm flora belonging to the dry
to moist conditions were found in the first phase (30N),
pteridophytes and angiosperm (belonging to tropical to
sub-tropical conditions) were documented in the second
phase (29R), and tropical angiosperms mostly represented
the third phase (29N) (Prasad ). This turnover is explained
in terms of ecological changes affected by the latitudinal
shift of the Indian plate as it migrated to the north during
a span of 4 Ma in the Late Maastrichtian. Kale (2020) and
Kale et al. (2020b) reviewed the stratigraphy and episodes
of Deccan volcanism and thought that the intertrappean beds
of Anjar and Rajahmundry encompass the K-Pg boundary as
evidenced by palaeontological and geochemical studies and
hence confirmed the role of Deccan volcanism in the K/Pg
environmental crisis.

In another study, Pal et al. (2020) tried to understand
the impact of Deccan volcanism on K/Pg mass
extinction through organo-molecular analysis of marine
Um-Sohryngkew River K/Pg boundary succession and
compared it with the biotic characteristics of the Jhilmili
(brackish water) and Anjar (freshwater) intertrappen
sediments, and bole beds of the Deccan traps. The data from
Jhilmili and bole beds indicate low primary productivity
and terrestrial biomass burning while from the marine
section, the data shows similarity to other well-known K/
Pg boundary successions. According to these authors,
the biomarkers from the marine Um-Sohryngkew K/Pg
boundary section were derived from the regional fires caused
by heat from the Deccan volcanism and these fires played a
key role in affecting the ecosystem.

Gilabert et al. (2021) assessed the impact of Deccan
volcanism by studying the rock specimens from the K/
Pg section at Zumaia, Spain and analyzing them for
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micropalaeontology, geochemistry and geophysical
characteristics. The authors found that the Late
Maastrichtian Warming Event (LMWE) coincides with
a minor phase of the eruption of the Deccan Traps and
suggested that the increased carbon dioxide levels due to
volcanic degassing increased the sensitivity of the climate to
orbital forcing which increased the global climatic response
of the LMWE. The authors also confirmed the evolutionary
and environmental stability of the planktic foraminifera
during the cooling phase between the LMWE and K/
Pg boundary. A double-peal Carbon Isotope Excursion
at the Dan-C2 event has been considered to be caused by
orbital forcing and CO, release due to emplacement of the
Ambenali Formation. The minor lower C29n event did not
show significant palacoenvironmental or palacobiological
changes but coincided with a short eccentricity maximum.
A study by Roy et al. (2021b) supports the impact of
Deccan volcanism on ecology and climate. The authors
studied changes in the marine and terrestrial carbon
reservoirs of infra- and intertrappean Rajahmundry deposits.
The results indicated that the stressed conditions due to
volcanic emissions would have caused a steady decrease in
8'°C_,» an increase in rate of mortality and dwarfing in
invertebrates which are seen below the first volcanic units
of Rajahmundry while in the upper units, there is a rise of
pteridophytes, carbon content and positive shifts in 8'3C
and §'3C,, values which indicate the recovery of biota.
In a significant study, Fendley et al. (2020) suggested
that Rajahmundry Trap lava flows erupted after the
Cretaceous age with lower and middle flows erupting in the
magnetochron C29r and upper flow in the magnetochron
C29n and hence these eruptions would not have influenced
the end-Cretaceous extinction event. These results were
based on “°Ar/*’Ar radioisotopic dating, palaecomagnetic
data, and micropalaeontological and geochemical studies.
Even though the gaseous outpouring of these eruptions did
not lead to multi-degree warming, they would have released
carbon dioxide non-disruptively and other environmental
changes (such as environmental forcing) that would have
contributed to the warming and affected ecological recovery.
In the Late Cretaceous, the Indian sub-continent
hosted a variety of reptilian fossils that were adversely
affected by the Deccan lava flows. Mohabey and Samant
(2019) discussed the fate of a few of these reptiles during
the eruptive event and suggested that 350 ky before
the K-Pg boundary, the titanosaurid and abelisaurid
dinosaurs underwent extinction. Before the eruption of
the first Deccan lava flows, the reptilian fauna comprising
abelisaurid and titanosaurid dinosaurs, turtles, and snakes
existed during C30N-C29R. Even though one to two
species of titanosaurs survived the first flow, ultimately,
they died 350 ky before the global K-Pg mass extinction.
The madtsoid snakes and crocodylomorphs underwent

carb

decline while the bothremydid turtles survived the
initial phases and straddled across the K-Pg boundary.
In a supportive study based on freshwater aquatic and
semi-aquatic flora, Samant et al. (2022) suggested that
the effects of cooling induced by bolide impact are not
observed in India as frost-intolerant flora are documented
from the Deccan intertrappean sediments.

In a diametrically opposite interpretation, Dzombak
et al. (2020) discounted Deccan volcanism as the primary
cause for mass extinction at the K/Pg boundary based on the
data from palaeosols, palaecobotany and palynoflora. Their
results point to no significant changes in the climate and
ecosystem during Deccan volcanism that coincided with the
K/Pg boundary.

Summary

Significant progress has been made in recent years as far as
stratigraphy, geochronology and inter-regional correlation
of Deccan basaltic flows, and faunal and floral diversity of
the infra- and intertrappean beds of DVP, their implications
for K/Pg mass extinction event and intercontinental biotic
dispersals are concerned. Many important biotic discoveries
have been unveiled in the past 4 years from the infra- and
intertrappean deposits of the DVP which provided greater
insights into the diversity of biota, palaeoecological,
palaecoenvironmental, and palacobiogeographic scenarios
prevailing close to the K/Pg boundary, at a time when India
was migrating rapidly to the north. Though the recent
works on the geochronology of Deccan basaltic flows from
different subprovinces of DVP have greatly refined the age
of initiation and duration of Deccan volcanism, no consensus
has been achieved on its eruptive history, the applicability
of chemical stratigraphy of Western Ghats uniformly to
all subprovinces and the role of Deccan volcanism in K/
Pg mass extinction event. Despite documentation of a
large number of new animal and plant taxa from many new
infra- and intertrappean sites, no precisely defined K/Pg
boundary section was identified within the Deccan volcano-
sedimentary sequences to comprehend the actual effects
of volcanism on contemporary biota. Nevertheless, the
recent fossil discoveries from DVP have added substantial
new information to the database on the morphology,
taxonomy, biogeographic origins and intercontinental
relationships of different taxonomic groups. Future works
integrating geochronology, geochemistry, palacomagnetism
and palaeontology of the Deccan basaltic flows and
associated sedimentary beds are expected to pave the way
for establishing a refined stratigraphic framework that
allows inter-regional correlation and delineation of a K/Pg
boundary section within the DVP.

@ Springer



342

Proceedings of the Indian National Science Academy (2024) 90:332-346

Acknowledgements GVRP acknowledges funding through the
Research Grant of J.C. Bose National Fellowship.

Author contributions Both authors contributed equally to planning,
writing and reviewing the manuscript.

Declarations

Conflict of interest The authors declare no conflict of interest.

References

Alexander, P.O.: Age and duration of Deccan volcanism: K-Ar evi-
dence. In: Subbarao, K.V., Sukheswala, R.N. (eds.) Deccan Vol-
canism and related basalt provinces in other parts of the World,
pp- 244-258. Geological Society India Memoir 3 (1981)

Anantharaman, S., DeMar, D.G., Jr., Sivakumar, R., Das Sarma, D.C.,
Wilson Mantilla, G.P., Wilson Mantilla, J.A.: First rhynchoce-
phalian (Reptilia, Lepidosauria) from the Cretaceous-Paleogene
of India. J. Vertebr. Paleontol. 42(1), e2118059 (2022)

Athavale, R.N.: Paleomagnetism and tectonics of a Deccan Trap lava
sequence at Amarkantak India. J. Geophys. Res. 75, 40004006
(1970)

Bajpai, S., Rautela, A., Yadav, R., Wilson Mantilla, G.P.: The first
eutriconodontan mammal from the Cretaceous (Maastrichtian)
of India. J. Vertebr. Paleontol. (2024). https://doi.org/10.1080/
02724634.2024.2312234

Banerjee, S.A., Ghosh, P.A., Nagendra, R., Bhattacharya, B., Desai,
B., Srivastava, A.K.: Marine and fluvial sedimentation includ-
ing erosion and sediment flux in peninsular Indian phanerozoic
basins. Proc. Indian Natl. Sci. Acad. 86(1), 351-363 (2020)

Bansal, M., Mishra, S., Prasad, V.: Biogeographic and evolutionary
history of crotonoideae based on pollen evidence from Indian
Late Cretaceous and Paleogene sediments. Biotropica 54(6),
1331-1348 (2022a)

Bansal, M., Morley, R.J., Nagaraju, S.K., Dutta, S., Mishra, A.K.,
Selveraj, J., Kumar, S., Niyolia, D., Harish, S.M., Abdelrahim,
0.B., Hasan, S.E.: Southeast asian dipterocarp origin and diver-
sification driven by Africa-India floristic interchange. Science
375(6579), 455-460 (2022b)

Beane, J.E., Turner, C.A., Hooper, P.R., Subbarao, K.V., Walsh, J.N.:
Stratigraphy, composition and form of the Deccan basalts West-
ern Ghats, India. Bull. Volcanol. 48, 61-83 (1986)

Bellot, S., Bayton, R.P., Couvreur, T.L., Dodsworth, S., Eiserhardt,
W.L., Guignard, M.S., Pritchard, H.W., Roberts, L., Toorop, P.E.,
Baker, W.J.: On the origin of giant seeds: the macroevolution of
the double coconut (Lodoicea maldivica) and its relatives (Boras-
seae, Arecaceae). New Phytol. 228(3), 1134—-1148 (2020)

Berckx, F., Nguyen, T.V., Bandong, C.M., Lin, H.H., Yamanaka, T.,
Katayama, S., Wibberg, D., Blom, J., Kalinowski, J., Tateno,
M., Simbahan, J.: A tale of two lineages: how the strains of the
earliest divergent symbiotic Frankia clade spread over the world.
BMC Genomics 23(1), 602 (2022)

Bhowal, M., Sheikh, M.T.: Baccatocarpon sharmae gen. et. sp. nov.
A petrified dicot baccate fruit from the Deccan Intertrappean
Beds of Singhpur, Madhya Pradesh, India. Trends Life Sci. 19(1),
25-32 (2006)

Bilgrami, S.Z.: A geological map of the eastern part of the Deccan
Traps. In: Subbarao, K.V. (ed.) Deccan Volcanic Province, pp.
219-232. Geological Society of India Memoir Bodas MS, Khadri
(1999)

Chiarenza, A.A., Farnsworth, A., Mannion, P.D., Lunt, D.J., Valdes,
PJ., Morgan, J.V., Allison, P.A.: Asteroid impact, not volcanism,

@ Springer

caused the end-Cretaceous dinosaur extinction. Proc. Natl. Acad.
Sci. 117(29), 17084-17093 (2020)

Chitaley, S.D., Sheikh, M.T.: Surangea mohgaonse, a petrified fructifi-
cation from the Deccan intertrappean beds of India. Geophytol-
ogy 1, 123-126 (1971)

Courtillot, V.: Deccan volcanism at the Cretaceous-Tertiary boundary:
past climatic crises as a key to future? Palaecogeogr. Palacoclima-
tol. Palaeoecol. 89, 291-299 (1990)

Courtillot, V., Besse, J., Vandamme, D., Montigny, R., Jaeger, J.J.,
Cappetta, H.: Deccan flood basalts at the Cretaceous/Tertiary
boundary? Earth Planet. Sci. Lett. 80, 361-374 (1986)

Courtillot, V., Féraud, G., Maluski, H., Vandamme, D., Moreau, M.G.,
Besse, J.: Deccan flood basalts and the Cretaceous/tertiary
boundary. Nature 333, 843-846 (1988)

Dhiman, H., Dutta, S., Kumar, S., Verma, V., Prasad, G.V.R.: Dis-
covery of proteinaceous moieties in late Cretaceous dinosaur
eggshell. Palacontology 64(5), 585-595 (2021)

Dhiman, H., Verma, V., Prasad, G.V.R.: First Ovum-in-Ovo pathologi-
cal titanosaurid egg throws light on the reproductive biology of
sauropod dinosaurs. Sci. Rep. 12(1), 9362 (2022)

Dhiman, H., Verma, V., Singh, L.R., Miglani, V., Jha, D.K., Sanyal,
P., Tandon, S.K., Prasad, G.V.R.: New Late Cretaceous titano-
saur sauropod dinosaur egg clutches from lower Narmada valley,
India: Palaeobiology and taphonomy. PLoS One 18(1), (2023)

Duncan, R.A., Pyle, D.G.: Rapid Eruption of the Deccan flood basalt at
the Cretaceous/Tertiary boundary. Nature 333, 841-843 (1988)

Dzombak, R.M., Sheldon, N.D., Mohabey, D.M., Samant, B.: Stable
Climate in India during Deccan Volcanism suggests limited influ-
ence on K-Pg extinction. Gondwana Res. 85, 19-31 (2020)

Eddy, M.P., Schoene, B., Samperton, M., Keller, G., Adatte, T., Khadri,
S.F.R.: U-Pb zircon age constraints on the earliest eruptions of
the Deccan large igneous province malwa plateau, India. Earth
Planet. Sci. Lett. 540(1-2), 116249 (2020)

Fendley, I.M., Sprain, C.J., Renne, P.R., Arenillas, 1., Arz, J.A., Gila-
bert, V., Self, S., Vanderkluysen, L., Pande, K., Smit, J., Mittal,
T.: No Cretaceous-Paleogene boundary in exposed Rajahmundry
traps: a refined chronology of the longest Deccan lava flows from
40Ar/39Ar dates, magnetostratigraphy, and biostratigraphy. Geo-
chem. Geophys. Geosyst. 21(9), €2020GC009149 (2020)

Geological Survey of India: District Resources Map Series: For Maha-
rashtra and Madhya Pradesh: Geological Survey of India. Special
Publication, Kolkata (2001)

Gilabert, V., Batenburg, S.J., Arenillas, 1., Arz, J.A.: Contribution of
orbital forcing and Deccan volcanism to global climatic and
biotic changes across the Cretaceous-Paleogene boundary at
Zumaia Spain. Geology 50(1), 21-25 (2022)

Godbole, S.M., Rana, R.S., Natu, S.R.: Lava stratigraphy of Dec-
can Basalts of western Maharashtra. In: Deshmukh, S.S., Nair,
K.K.K. (eds.) Deccan Flood Basalts of India, pp. 125-134.
Gondwana Geological Society Special Publication, Gondwana
Geological Magazine (1996)

Halliday, T.J.D., Holroyd, P.A., Gheerbrant, E., Prasad, G.V.R., Scan-
ferla, A., Beck, R.M.D., Krause, D.W., Goswami, A.: Leaving
Gondwana: The changing position of the Indian subcontinent in
the global faunal network. In: Prasad, G.V.R., Patnaik, R. (eds.)
Biological Consequences of Plate Tectonics: New Perspectives
on Post-Gondwana Break-up—A Tribute to Ashok Sahni, pp.
227-249. Springer Cham, Switzerland (2020)

Jain, S.L.: A new fossil pelomedusid turtle from the Upper Cretaceous
Pisdura sediments, Central India. Journal of the Palaecontological
Society of India 20, 360-365 ((for 1975) 1977,)

Jain, S.L.: New pelomedusid turtle (Pleurodira: Chelonia) remains from
Lameta Formation (Maastrichtian) at Dongargaon, Central India,
and a review of pelomedusids from India. Journal of the Palae-
ontological Society of India 31, 63-75 (1986)




Proceedings of the Indian National Science Academy (2024) 90:332-346

343

Jay, A.E., Widdowson, M.: Stratigraphy, structure and volcanology of
the SE Deccan continental flood basalt province: implications for
eruptive extent and volumes. J. Geol. Soc. 165, 177-188 (2008)

Joyce, W.G., Bandyopadhyay, S.: A revision of the pelomedusoid turtle
Jainemys pisdurensis from the Late Cretaceous (Maastrichtian)
Lameta Formation of India. PeerJ 8, €9330 (2020)

Kale, V.S.: Cretaceous volcanism in Peninsular India: Rajmahal-Sylhet
and Deccan traps in geodynamics of the Indian Plate: evolu-
tionary perspectives, pp. 233-289. Springer Cham, Switzerland
(2020)

Kale, V.S., Chatterjee, P., Pande, K.: Emplacement history and evo-
lution of the Deccan Volcanic Province India. Episodes J. Int.
Geosci. 43(1), 278-299 (2020a)

Kale, V.S., Dole, G.D., Shadilya, P., Pande, K.: Stratigraphy and cor-
relations in Deccan Volcanic Province, India: quo vadis? Geol.
Soc. Am. Bull. 132(3-4), 588-607 (2020b)

Kania, S.A., Khosla, A.S., Verma, O.M., Prashanth, M.A.: Charo-
phyte assemblage in the Cretaceous-Palacogene boundary from
Chhindwara District (Madhya Pradesh) Central India. Himalayan
Geol. 43(2), 383-396 (2022)

Kapgate, V.D.: Paleoenvironmental consideration of central India dur-
ing Maastrichtian period. International Journal of Researches
in Biosciences, Agriculture and Technology X(1), 9-15 (2022)

Kapur, V.V., Khosla, A., Tiwari, N.: Paleoenvironmental and pal-
aeobiogeographical implications of the microfossil assemblage
from the Late Cretaceous intertrappean beds of the Manawar area
District Dhar, Madhya Pradesh, Central India. Hist. Biol. 31(9),
1145-1160 (2019)

Kaur, M.: Palacoenvironmental and palacobiogeographical implica-
tions of fossil seeds and charophytes from the Lameta Formation
(Late Cretaceous) Jabalpur, Madhya Pradesh, India. Palacoworld
31(3), 485-506 (2022)

Keller, G., Adatte, T., Bajpai, S., Mohabey, D.M., Widdowson, M.,
Khosla, A., Sharma, R., Khosla, S.C., Gertsch, B., Fleitmann,
D., Sahni, A.: K-T Transition in Deccan traps of central India
marks major marine seaway across India. Earth Planet. Sci. Lett.
282, 10-23 (2009)

Keller, G., Abramovich, S., Adatte, T., Berner, Z.: Biostratigraphy, age
of Chicxulub impact, and depositional environment of the Brazos
river KTB sequences. In: Keller, G., Adatte, T. (eds.) The End-
Cretaceous mass extinction and the Chicxulub impact in Texas,
pp- 81-122. Society for Sedimentary Geology (SEPM) Special
Publication, North America (2011)

Keller, G., Adatte, T., Bhowmick, P.K., Upadhyay, P.K., Dave, A.,
Reddy, A.N., Jaiprakash, B.C.: Nature and timing of extinctions
in Cretaceous-Tertiary planktic foraminifera preserved in Deccan
intertrappean sediments of the Krishna-Godavari Basin. India in
Earth and Planetary Science Letters 341-344, 211-221 (2012)

Khadri, S.F.R., Subbarao, K.V., Hooper, P.R., Walsh, J.N.: Stratig-
raphy of Thakurwadi Formation, Western Deccan Basalt Prov-
ince, India. In: Subbarao, K.V. (ed.) Deccan Flood Basalts, pp.
281-304. Geological Society of India Memoir, India (1988)

Khadri, S.F.R., Subbarao, K.V., Walsh, J.N.: Stratigraphy, form and
structure of the east Pune basalts, western Deccan Basalt Prov-
ince, India. In: Subbarao, K.V. (ed.) Deccan Volcanic Province,
pp. 179-203. Geological Society of India Memoir, India (1999)

Khajuria, C.K., Prasad, G.V.R., Manhas, B.K.: Palacontological con-
straints on the age of Deccan traps, peninsular India. Newsl.
Stratigr. 31(1), 21-32 (1994)

Khan, M.A., Mandal, K., Bera, S.: A new species of permineralized
palm stem from the Maastrichtian-Danian sediments of Cen-
tral India and its palaeoclimatic signal. Botany Letters 166(2),
189-206 (2019)

Khan, M.A., Hazra, M., Mahato, S., Spicer, R.A., Roy, K., Hazra,
T., Bandopadhaya, M., Spicer, T.E., Bera, S.: A Cretaceous
Gondwana origin of the wax palm subfamily (Ceroxyloideae:

Arecaceae) and its paleobiogeographic context. Rev. Palacobot.
Palynol. 283, 104318 (2020a)

Khan, M.A., Roy, K., Hazra, T., Mahato, S., Bera, S.: A New Coryph-
oid Palm from the Maastrichtian-Danian Sediments of Madhya
Pradesh and Its Palacoenvironmental Implications. J. Geol. Soc.
India 95, 75-83 (2020b)

Khan, M.A., Spicer, R.A., Spicer, T.E., Roy, K., Hazra, M., Hazra,
T., Mahato, S., Kumar, S., Bera, S.: Dipterocarpus (Dipterocar-
paceae) leaves from the K-Pg of India: a Cretaceous Gondwana
presence of the Dipterocarpaceae. Plant Syst. Evol. 306, 1-8
(2020c)

Khosla, A.: Paleobiogeographical inferences of Indian late Cretaceous
vertebrates with special reference to dinosaurs. Hist. Biol. 33(9),
1431-1442 (2021)

Khosla, A., Lucas, S.G.: Late Cretaceous dinosaur eggs and eggshells
of peninsular india: oospecies diversity and taphonomical, pal-
aeoenvironmental, biostratigraphical and palacobiogeographical
inferences. Switzerland, Springer Nature (2020)

Khosla, S.C., Nagori, M.L., Jakhar, S.R., Rathore, A.S.: Early Danian
lacustrine-brackish water Ostracoda from the Deccan Inter-trap-
pean beds near Jhilmili, Chhindwara District, Madhya Pradesh.
India. Micropaleontol 223-45, (2011)

Khosla, A., Ferndndez, M.S., Salgado, L., Sahni, A.: Comparative mor-
photaxonomical affinities, palacoecological implications and cla-
distic analyses of ornithoid eggshells (oofamily Laevisoolithidae)
from the Late Cretaceous intertrappean beds of Anjar District
Kachchh, Gujarat, India. Hist. Biol. 33(11), 2829-2844 (2021)

Khosla, A., Kania, S., Lucas, S.G., Verma, O.: Charophytes from the
Cretaceous-Palaeogene Transition in the Jhilmili intertrappean
beds of central India. Geol. J. 57(11), 44124438 (2022)

Krishnan, M.S.: Geology of India and Burma, 6th edn. India, CBS
Publishers and Distributors (1982)

Kshetrimayum, D.S., Parmar, V., Lourembam, R.S., Prasad, G.V.: A
diversified Ostracoda (Crustacea) assemblage from the upper
cre-taceous intertrappean beds of Gujri, Dhar District, Madhya
Pradesh India. Cretac. Res. 124, 104784 (2021)

Kshetrimayum, D.S., Parmar, V., Lourembam, R.S., Prasad, G.V.R.:
Taxonomy, biostratigraphy and paleoecology of non-marine
ostracod fauna of the Maastrichtian intertrappean beds of the
lower Narmada Basin, Malwa Plateau, India. Palacoworld 33(1),
162-187 (2024)

Kumari, V., Tandon, S.K., Kumar, N., Ghatak, A.: Epicontinental
Permian-Cretaceous Seaways in Central India: the Debate for
the Narmada versus Godavari Rifts for the Cretaceous-Tertiary
Incursion. Earth Sci. Rev. 211, 103284 (2020)

De Lapparent de Broin, F., Prasad, G.V.R.: Chelonian Pelomedusoides
Remains from the Late Cretaceous of Upparhatti (Southwestern
India) Systematics and Paleobiogeographical Implications. In:
Prasad, G.V.R., Patnaik, R. (eds.) Biological Consequences of
Plate Tectonics New Perspectives on Post-Gondwana Break-
up—A Tribute to Ashok Sahni, pp. 123-180. Springer Cham,
Switzerland (2020)

Laskar, A.H., Mohabey, D., Bhattacharya, S.K., Liang, M.C.: Vari-
able Thermoregulation of late Cretaceous dinosaurs inferred
by clumped isotope analysis of fossilized eggshell carbonates.
Heliyon 6(10), 05265 (2020)

Lightfoot, P.C., Hawkesworth, C.J.: Origin of Deccan trap lavas: evi-
dence from combined trace element and Sr-Nd and Pb isotope
studies. Earth Planet. Sci. Lett. 91(1-2), 89-104 (1988)

Lightfoot, P.C., Hawkesworth, C.J., Devey, C.W., Rovers, N.W., van
Calsteren, P.W.C.: Source and differentiation of Deccan Trap
Lavas: implications of geochemical and mineral chemical varia-
tions. J. Petrol. 31(5), 1165-1200 (1990)

Lourembam, R.S., Prasad, G.V., Grover, P.: Ichthyofauna (Chondrich-
thyes, Osteichthyes) from the Upper Cretaceous intertrappean

@ Springer



344

Proceedings of the Indian National Science Academy (2024) 90:332-346

beds of Piplanarayanwar, Chhindwara District, Madhya Pradesh.
India. Island Arc 26(1), (2017)

Lourembam, R.S., Dhiman, H., Prasad, G.V.R.: Preservation of mem-
brana testacea in titanosaurid dinosaur eggshells from the upper
Cretaceous deccan volcano-sedimentary strata of central India.
Geol. Mag. 160(2), 361-371 (2023)

Manchester, S.R., Kapgate, D.K., Ramteke, D.D., Patil, S.P., Smith,
S.Y.: Morphology and anatomy of the angiosperm fruit Baccato-
carpon, incertae sedis, from the Maastrichtian Deccan intertrap-
pean beds of India. Acta Palacobotanica 59(2), 241-250 (2019)

Manchester, S.R., Kapgate, D.K., Patil, S.P., Ramteke, D., Matsunaga,
K.K., Smith, S.Y.: Morphology and affinities of Pantocarpon
fruits (cf. Apiales: Torricelliaceae) from the Maastrichtian Dec-
can Intertrappean beds of central India. Int. J. Plant Sci. 181(4),
443-451 (2020)

Manchester, S.R., Kapgate, D.K., Ukey, R.W., Wanjari, M.H.:
Infructescences, fruits and seeds of the distinctive fossil palm
Tricoccites trigonum KP Rode from Mohgaonkalan in Chhind-
wara District, Madhya Pradesh, India: Three-Dimensional Mor-
phology, and Anatomy. Geophytology 50(1&2), 49-60 (2022)

Manchester, S.R., Kapgate, D.K., Samant, B., Mohabey, D.M., Dho-
bale, A.: Fruits and pollen of malvoideae (Malvaceae) in the
Maastrichtian—Danian Deccan intertrappean beds of central
India. Int. J. Plant Sci. 184(1), 68-84 (2023)

Mankar, R.S., Srivastava, A.K.: Revised paleogeography of the dino-
saur bearing Maastrichtian Lameta Formation, central and west-
ern India: in the perspective of newly identified Salbardi-Belkher
inland basin. J. Sediment. Environ. 4(1), 53-71 (2019)

Mathur, U.B.: Record of fossil Scylla serrata and its bearing on the
origin of intertrappeans of Bombay. Geol. Soc. India Bull. 5(3),
88-90 (1968)

Matsunaga, K.K., Smith, S.Y.: Fossil palm reading: using fruits to
reveal the deep roots of palm diversity. Am. J. Bot. 108(3),
472-494 (2021)

Matsunaga, K.K., Manchester, S.R., Srivastava, R., Kapgate, D.K.,
Smith, S.Y.: Fossil palm fruits from india indicate a Cretaceous
origin of Arecaceae tribe Borasseae. Bot. J. Linn. Soc. 190(3),
260-280 (2019)

McLean, D.M.: Deccan traps mantle degassing in the terminal Cre-
taceous marine extinctions. Cretac. Res. 6(3), 235-259 (1985)

Mishra, S., Singh, S.P., Arif, M., Singh, A.K., Srivastava, G., Ramesh,
B.R., Prasad, V.: Late M aastrichtian vegetation and palaeocli-
mate: palynological inferences from the Deccan volcanic prov-
ince of India. Cretac. Res. 133, 105126 (2022)

Mitchell, C., Widdowson, M.: A geological map of the southern Dec-
can traps India and its structural implications. J. Geol. Soc.
148(3), 495-505 (1991)

Mohabey, D.M., Samant, B.: Cretaceous-Paleogene transition of reptil-
ian tetrapods across Deccan volcanism in India. Open J. Geol.
9(10), 639 (2019)

Ovhal, D.A., Samant, B., Dhoble, N.S., Mohabey, D.M., Dhoble, S.J.:
Study of thermoluminescence in turtle shell fossils using radia-
tion dosimetry. Luminescence 35(3), 332-340 (2020a)

Ovhal, D.A., Samant, B., Dhoble, N.S., Mohabey, D.M., Dhoble, S.J.:
Thermoluminescence study in fossils of dinosaur bones and egg-
shells. Luminescence 35(8), 1304-1318 (2020b)

Pal, S., Srivastava, S., Shrivastava, J.P.: Environmental effects of
Deccan volcanism on biotic transformations and attendant
Cretaceous/Paleogene boundary mass extinction in the Indian
subcontinent organo-molecular evidence. In: Adatte, T., Bond,
D.P.G., Keller, G. (eds.) Mass Extinctions, Volcanism, and
Impacts: New Developments. Geological Society of America,
New York (2020)

Parmar, V., Prasad, G.V.R.: Vertebrate evolution on the Indian Raft-
Biogeographic conundrums. Episodes J. Int. Geosci. 43(1),
461-475 (2020)

@ Springer

Pascoe, E.H.: A Manual of the Geology of India and Burma, 3rd
edn. Kolkata, Government of India Geological Survey (1973)

Patil, S.W., Dahegaonkar, R.R.: Baccatocarpon patanii sp. nov. A
New Species of Capsular Fruit from the Deccan intertrappean
beds of Marai Patan, Tahsil-Jiwati, Dist. Chandrapur, Maha-
rashtra, India. Advances in Zoology and Botany 9(3), 71-75
(2021)

Patil, S.W., Dahegaonkar, R.R., Petkar, S.D.: Achenocarpon patanii
sp. nov. A new species of achene fruit from the Deccan inter-
trappean beds of Marai Patan, Taluka-Jiwati, Dist.-Chandrapur,
Maharashtra, India. International Journal of Researches in Bio-
sciences, Agriculture and Technology X(II), 99-103 (2022)

Paul, S., Gangopadhyay, T.K.: Shell concentration stratum of minute
viviparid gastropods from Barga Intertrappean Bed, Madhya
Pradesh, India—a case study of juvenile mass mortality. Neues
Jahrbuch fiir Geologie und Paldontologie-Abhandlungen 31,
309-18 (2021)

Prasad, G.V.R., Cappetta, H.: Late Cretaceous selachians from India
and the age of the Deccan Traps. Palaeontology 36(1), 231-248
(1993)Prasad, G.V.R., Khajuria, C.K.: Implications of the infra-
and intertrappean biota from the Deccan India, for the Role of
Volcanism in Cretaceous-Tertiary Boundary Extinctions. J. Geol.
Soc. London 152, 289-296 (1995)

Prasad, G.V.R., Parmar, V.: Cretaceous Insular India-Consequences for
biological evolution and faunal interchanges. J. Palaeontol. Soc.
India 67(1), 56-71 (2022)Prasad, V.: Late Cretaceous climate
of the Indian subcontinent in Open Journal of Geology 9(10),
692 (2019)

Prasad, G.V.R., Verma, O., Sahni, A., Khosla, A.: Cretaceous mammals
of India-Stratigraphic distribution, diversity and intercontinental
affinities. Journal of Palaeosciences 70(1-2), 173-192 (2021)

Rage, J.C., Prasad, G.V.R., Verma, O., Khosla, A., Parmar, V.: Anuran
Lissamphibian and squamate reptiles from the Upper Cretaceous
(Maastrichtian) Deccan intertrappean Sites in Central India, with
areview of Lissamphibian and squamate diversity in the north-
ward drifting Indian plate. In: Prasad, G.V.R., Patnaik, R. (eds.)
Biological Consequences of Plate Tectonics: New Perspectives
on Post-Gondwana Break-up—A Tribute to Ashok Sahni, pp.
99-121. Springer Cham, Switzerland (2020)

Raju, D.N., Dave, R.A., Jaiprakash, B., Singh, J.: K/T boundary events
in the Cauvery and Krishna-Godavari basins and the age of Dec-
can volcanism. Geo J 12(2), 177-90 (1991)

Ramteke, D.D., Nagrale, V.D.: Investigating seeds of Araceae from the
Cretaceous-Palaeogene sediments of central India. Int. J. Life
Sci. (Amravati) 7(2), 268-274 (2019)

Ramteke, D., Manchester, S.R., Nagrale, V.D., Smith, S.Y.: Singpu-
ria, a new genus of eudicot flower from the latest Cretaceous
Deccan intertrappean beds of India. Acta Palaeobotanica 60(2),
323-332 (2020)

Ramteke, D., Smith, S.Y., Kapgate, D.K., Stanley, E.L., Manchester,
S.R.: Angiosperm Affinities of Surangea from the Late Creta-
ceous Deccan intertrappean beds of central India. Acta Palaeo-
botanica 62(2), 196-204 (2022)

Reback, R.G., Kapgate, D.K., Wurdack, K., Manchester, S.R.: Fruits of
Euphorbiaceae from the Late Cretaceous Deccan intertrappean
beds of India. Int. J. Plant Sci. 183(2), 128-138 (2022)

Renne, P.R., Sprain, C.J., Richards, M.A., Self, S., Vanderkluysen,
L., Pande, K.: State shift in Deccan volcanism at the Creta-
ceous-Paleogene boundary possibly induced by impact. Science
350(6256), 7678 (2015)

Roy, K., Hazra, T., Hazra, M., Mahato, S., Bera, S., Khan, M.A.: A new
coryphoid costapalmate palm leaf from the maastrichtian-Danian
of India. Botany Letters 168(2), 155-166 (2021a)

Roy, S., Ghosh, S., Sanyal, P.: Carbon reservoir perturbations
induced by Deccan volcanism: stable isotope and biomolecular




Proceedings of the Indian National Science Academy (2024) 90:332-346

345

perspectives from shallow marine environment in eastern India.
Geobiology 20(1), 22-40 (2021b)

Saha, O., Shukla, U.K., Rani, R.: Trace fossils from the late cretaceous
Lameta Formation, Jabalpur area, Madhya Pradesh. Paleoenvi-
ronmental implications.J Geol Soc India 76, 607-20 (2010)

Samant, B., Kapgate, D.K., Kumar, D., Mohabey, D.M., Dhoble, A.:
Maastrichtian palynoflora from Deccan volcanic associated
sediments of Mahurzari Nagpur District, Maharashtra: Age and
Paleoenvironment with Comments on Megaflora. J. Geol. Soc.
India 95, 475-482 (2020a)

Samant, B., Kumar, A., Mohabey, D.M., Humane, S., Kumar, D.,
Dhoble, A., Pizal, P.: Centropyxis aculeata (testate lobose
amoebae) and associated diatoms from the intertrappean lacus-
trine sediments (Maastrichtian) of central India: Implications in
understanding paleolake ecology. Palaeontol. Electron. 23(3),
1-7 (2020b)

Samant, B., Kumar, D., Mohabey, D.M., Kapgate, D.K., Manchester,
S.R., Patil, S.K.: Palynoflora from intertrappean localities in
southeastern part of Deccan volcanic province: taxonomic com-
position, age and paleogeographic implications. Palaeoworld
29(1), 161-175 (2020c)

Samant, B., Pronzato, R., Mohabey, D.M., Kumar, D., Dhobale, A.,
Pizal, P., Manconi, R.: Insight into the evolutionary history of
freshwater sponges: A new genus and new species of Spongil-
lida (Porifera: Demospongiae) from Upper Cretaceous (Maas-
trichtian) Deccan intertrappean lacustrine deposits of the Malwa
Group Central India. Cretac. Res. 126, 104851 (2021)

Samant, B., Puranik, S., Kapgate, D.K., Mohabey, D.M., Dhobale, A.:
Palynoflora from an upper cretaceous freshwater paleolake in
central India: palaeoecological implications. Cretac. Res. 139,
105302 (2022)

Sastry, M.V.A., Lahiri, T.C.: Life during Deccan trap episode. Geol.
Soc. Mem. 3, 279-286 (1981)

Schobel, S., de Wall, H., Ganergd, M., Pandit, M.K., Rolf, C.: Mag-
netostratigraphy and 40Ar-39Ar geochronology of the Malwa
Plateau region (Northern Deccan Traps), central western India:
Significance and correlation with the main Deccan Large Igneous
Province sequences. J. Asian Earth Sci. 89, 28-45 (2014)

Schoene, B., Samperton, K.M., Eddy, M.P., Keller, G., Adatte, T.,
Bowring, S.A., Gertsch, B.: U-Pb geochronology of the Deccan
traps and relation to the End-Cretaceous mass extinction. Science
347(6218), 182-184 (2015)

Schoene, B., Eddy, M.P., Samperton, K.M., Keller, C.B., Keller, G.,
Adatte, T., Khadri, S.F.R.: U-Pb Constraints on pulsed rruption
of the Deccan traps across the End-Cretaceous mass extinction.
Science 363(6429), 862-866 (2019)

Khadri, S.F.R., Subbarao, K.V.: Geology and stratigraphy of the Jawhar
and Igatpuri Formations, Western Ghats lava pile, India. In: Sub-
barao, K.V. (ed.) Deccan Flood Basalts, pp. 235-252. Geological
Society of India Memoir, India (1988)

Shivarudrappa, T.V.: Discovery of fossil reproductive organs of Chara
from intertrappeans of Gurmatkal Gulbarga District, Karnataka.
Journal of Mysore University, Section B-Sci. 27, 104-110 (1977)

Shukla, V.B.: On Sahnianthus, a new genus of petrified flowers from
the intertrappean beds at Mohgaon Kalan in the Deccan and its
relation with the fruit Enigmocarpon parijai Sahni from the same
locality. Proc. Natl. Acad. Sci. India 14B, 1-39 (1944)

Shukla, A., Srivastava, R., Mehrotra, R.C., Chandra, K.: First record of
Lagerstroemia (family Lythraceae) wood from the Deccan inter-
trappean beds of India. J. Geol. Soc. India 97, 1028-1032 (2021)

Smith, S.Y., Kapgate, D.K., Robinson, S., Srivastava, R., Benedict,
J.C., Manchester, S.R.: Fossil fruits and seeds of Zingiberales
from the late Cretaceous—early Cenozoic Deccan intertrappean
beds of India. Int. J. Plant Sci. 182(2), 91-108 (2021)

Sonkusare, H., Samant, B., Mohabey, D.M.: Palynoassemblage from
intertrappean sediments of Satpura Group Betul District, Madhya

Pradesh: Implications in understanding age and palaeoclimate. J.
Palaeontol. Soc. India 66(1), 35-54 (2021)

Sprain, C.J., Renne, P.R., Vanderkluysen, L., Pande, K., Self, S., Mittal,
T.: The eruptive tempo of Deccan volcanism in relation to the
Cretaceous-Paleogene boundary. Science 363(6429), 866-870
(2019)

Srivastava, A.K., Kandwal, N.K.: Gaps in studies and future perspec-
tive of research on the Lameta Formation and Bagh Group, cen-
tral and western India. Jour Indian Association of Sedimentolo-
gists 36(2), 38-63 (2019)

Srivastava, A.K., Mankar, R.S.: A dinosaurian ulna from a new locality
of Lameta succession, Salbardi Area, districts Amravati, Maha-
rashtra and Betul, Madhya Pradesh. Curr. Sci. 105(7), 900-901
(2013)

Srivastava, A.K., Mankar, R.S.: Megaloolithus dinosaur nest from the
Lameta Formation of Salbardi area, districts Amravati Maharash-
tra and Betul, Madhya Pradesh. J. Geol. Soc. India 85, 457-462
(2015)

Srivastava, J., Prasad, V.: Evolution and paleobiogeography of man-
groves. Mar. Ecol. 40(6), 12571 (2019)

Srivastava, R., Miller, R.B., Baas, P.: More malpighiales: woods of
Achariaceae and/or Salicaceae from the Deccan intertrappean
beds, India. J. Syst. Evol. 57(2), 200-208 (2019)

Subbarao, K.V., Hooper, P.R.: Reconnaissance map of the Deccan
Basalt Group in the Western Ghats India. In: Subbarao, K. V.
(ed.) Deccan Flood Basalts. Geological Society of India Memoir,
India (1988)

Subbarao, K.V., Chandrasekharam, D., Navaneethakrishnan, P.,
Hooper, P.R.: Stratigraphy and structure of parts of the Central
Deccan basalt province: Eruptive models. In: Subbarao, K. V.
(ed.) Volcanism, pp. 321-332. New Delhi, Wiley Eastern Ltd
(1994)

Tandon, S.K., Sood, A., Andrews, J.E., Dennis, P.F.: Palacoenviron-
ments of the dinosaur-bearing lameta beds (Maastrichtian), Nar-
mada valley, central India. Palacogeogr. Palaeoclimatol. Palaeo-
ecol. 117(3-4), 153-84 (1995)

Ukey, R.W.: Further study on Sahnianthus from Deccan intertrappean
beds of Chhindwara district of Madhya Pradesh India. BIOIN-
FOLET-A Quarterly Journal of Life Sciences 17(3b), 478—482
(2020)

Umamaheswaran, R., Dutta, S., Prasad, G.V.R., Khan, M.A., Kumar,
S., Bera, S., Patnaik, R.: The diagenetic fate of collagen as
revealed by analytical pyrolysis of fossil fish scales from deep
time. Geobiology 21, 378-389 (2023)

Vandamme, D., Courtillot, V.: Palacomagnetic constraints on the
structure of the Deccan traps. Phys. Earth Planet. Inter. 4(3—4),
241-261 (1992)

Verma, S.K., Bajpai, S., Yadav, R., Roy, A., Maurya, A.S.: Potential
faunal evidence for western epicontinental seaway along the
Narmada rift in peninsular India during the latest Cretaceous
(Maastrichtian). Cretac. Res. 156, 105789 (2024). https://doi.
org/10.1016/j.cretres.2023.105789

Wanjari, M.H., Jain, A.A.: Further contribution to the knowledge
of Sparganium from the Deccan intertrappean beds of Patan,
Chandrapur district (MS) India. J. Adv. Sci. Res. 2021, 112-114
(2021)

Wensink, H.: Newer paleomagnetic results of the Deccan traps India.
Tectonophysics 17, 41-59 (1973)

Wensink, H., Klootwijk, C.T.: Paleomagnetism of the Deccan traps
in the Western Ghats near Poona (India). Tectonophysics 11,
175-190 (1971)

Wheeler, E.A., Baas, P.: Wood evolution: baileyan trends and func-
tional traits in the fossil record. IAWA J. 40(3), 488-529 (2019)

Wilson Mantilla, J.A., Dhananjay, M.: Titanosaur (Dinosauria Sau-
ropoda) vertebrae from the Upper Cretaceous Lameta Formation

@ Springer



346

Proceedings of the Indian National Science Academy (2024) 90:332-346

of western and central India. Contributions from the Museum of
Paleontology 33(1), 1-27 (2019)

Wilson Mantilla, G.P., Renne, P.R., Samant, B., Mohabey, D.M.,
Dhobale, A., Tholt, A.J., Tobin, T.S., Widdowson, M., Anan-
tharaman, S., Dassarma, D.C., Mantilla, J.A.: New mammals
from the Naskal intertrappean site and the age of India’s ear-
liest eutherians. Palaeogeogr. Palacoclimatol. Palacoecol. 591,
110857 (2022)

Yadav, A.M., Kalbande, B.B.: A trilocular hairy fruit from the Deccan
Intertrappean beds of Jamsavali MP, India. Int. J. Sci. Res. 11,
38579-38583 (2020)

Yadav, R., Maurya, A.S.: A freshwater ostracod assemblage from the
Kesavi intertrappean beds (latest Cretaceous/earliest Paleocene)
of lower Narmada Valley Malwa Sub-Province of Deccan Traps,
Dhar District, Madhya Pradesh, India. J. Palacontol. Soc. India
68(1), 42-57 (2023)

Yadav, R., Bajpai, S., Maurya, A.S., Cerﬁansk)’l, A.: Fossil lizards
from the Deccan intertrappean beds (latest Cretaceous/earliest
Paleocene) of lower Narmada basin, Malwa Plateau, India. Hist.

@ Springer

Biol. 25, 1564-1573 (2022). https://doi.org/10.1080/08912963.
2022.2103693

Yadav, R., Bajpai, S., Maurya, A.S., Cerﬁansk}’/, A.: The first potential
cordyliform (Squamata, Scincoidea) from India (uppermost Cre-
taceous—lowermost Paleocene): An African lizard clade brings
possible implications for Indo-Madagascar biogeographic links.
Cretac. Res. 150, 105606 (2023)

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2024-07-16T12:04:35+0530
	Preflight Ticket Signature




