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                     Abstract 
 The Deccan volcanism of India, representing one of the largest fl ood basalt provinces of the world, has attracted wider 

attention in recent years because of its supposed role in the mass extinction at the Cretaceous-Palaeogene (K/Pg) boundary. 

In this context, fl ora 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 

signifi cance in understanding the eff ects of the volcanism on contemporary biota, biogeographic origins and distribution of 

diff erent 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 2  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 

classifi ed 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 palaeomagnetic studies (Athavale  1970 ; Wensink 

and Klootwijk  1971 ; Wensink  1973 ) and K–Ar radiometric 

dating (Alexander  1981 ) of basaltic fl ows also supported 

this age estimation for the Deccan Traps. Chemical analysis 

of the basaltic fl ows in the Western Ghats led to the classi-

fi cation of the fl ows into chemical types (Beane et al.  1986 ; 

Bodas et al. 1988; Khadri et al.  1988 ) which were formally 

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 fl ows into a single 

group in the chemostratigraphic classifi cation, Geological 

Survey of India in its lithostratigraphic classifi cation of Dec-

can Traps using physical mapping, fi eld 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 

palaeomagnetic 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-Palaeogene mass extinction boundary. The Deccan 

basaltic fl ows were initially considered to have erupted in 

three phases: 1) the fi rst 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 (˜62.3 Ma) (Chenet 

et al. 2008; Keller et al.  2011 ). More recent geochronologi-

cal studies have refi ned the chronology of Deccan Traps 

though they disagree on its eruptive history (Schöbel 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 

 40 Ar/ 39 Ar dating of the basalts, Sprain et al. ( 2019 ) suggested 

that voluminous basaltic fl ows 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 (˜66.1 to 

66.0 Ma) and two younger phases were emplaced after K/

Pg boundary (˜65.9 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 fl ows 

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 palaeomagnetism 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 fl ows across 

the DVP using the chemostratigraphy of Western Ghats is 

untenable. 

 At many places, the Deccan basaltic lava f lows 

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 eff usion 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 fl uvial-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 fl oral elements and these lacustrine sedimentary beds 

preserving diff erent 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 eff ects 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 off ered 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 fl ats of a fl uviatile 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-fl ight mass spectrometry (Py-GC × 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 fi rst-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  

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 diff erent 

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 diff erent analytical techniques (Ovhal 

et  al.  2020a ). The sample was studied under X ray 

diff raction, 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 signifi cant 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 fi ve 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 fl ora 

having Laurasian affi  nity 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 

signifi cance of these new fi ndings 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 × GC-TOFMS along with fi sh scales from Triassic, 

Jurassic and Pliocene ages (Umamaheswaran et al.  2023 ). 

The study revealed that the Mesozoic fi sh 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 fi sh scales. 

Recently, Verma et al. ( 2024 ) described isolated fi sh teeth 

belonging to myliobatiform and pycnodontiform fishes 
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from the intertrappean beds of Mohanpura, Dhar District, 

M.P. This is the fi rst report of marine/brackish water fi shes 

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 affi  nities. 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 identifi ed 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 fi rst cordyliform lizard described from the Indian 

subcontinent. Its close similarities with  Konkasaurus  from 

the latest Cretaceous deposits of Madagascar affi  rms the 

Late Cretaceous palaeobiogeographic connections between 

India and Madagascar. 

 Some clades of vertebrates hold relevance due to their 

palaeobiogeographic 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 confi ned 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 fi rst 

time from the southwestern intertrappean beds of DVP, De 

Lapparent de Broin and Prasad (2020) identifi ed 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 fi rst 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 fi laments 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 fi laments 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.  40 Ar/ 39 Ar geochronology, magnetostratigraphy, 

and chemostratigraphy of the basaltic fl ows 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 fi rst report of a 
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Late Cretaceous (Maastrichtian) triconodont mammal 

from India as well as Gondwana which makes it the fi rst 

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 fi nding also 

suggests that the Eutriconodonta had a much larger temporal 

and geographic spread. 

    Invertebrates 

 A microfossil assemblage consisting of ostracods, 

molluscs, fi shes, and charophytes has been reported from 

the intertrappean beds of Manawar (M.P.) in the Malwa 

plateau which is the fi rst 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 fl uvio-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 

palaeoenvironment 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 

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, signifi cant fl oral 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 affi  nities 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 palaeoenvironment. 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 fi ve species were synonymized under 

 Hyphaeneocarpon indicum  (Matsunaga et al.  2019 ). Based 



337Proceedings of the Indian National Science Academy (2024) 90:332–346 

on phylogenetic studies of  Hyphaeneocarpon indicum , it 
was suggested that its affi  nities 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 

fl ower  Singpuria kapgatei , from intertrappean sediments 

of Singpur (M.P.). Based on the morphology, the authors 

suggested that this species has affi  nities 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 fl oral 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 infl orescences 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 affi  nities 

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 diff erences 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 diff erent 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 diff erent 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 

diversifi ed 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 fl oristic 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 fi rst 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 palaeolake 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 palynofl ora 

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 palaeoenvironment 

in Shimbala area). Sonkusare et  al. ( 2021 ) conducted 

palynological analysis of intertrappean beds from Satpura 

Group, Betul district of M.P. A monospecifi c assemblage of 

the dinofl agellates  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. Palynofl oral analysis conducted 

by Samant et al. ( 2022 ) on the intertrappean sediments near 

Jamsavli in the Mandla Lobe, DVP revealed freshwater 

aquatic and semi-aquatic fl oral 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, fi shes 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 fl ora 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 fl ora 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 

fl oral ecology of this intertrappean section comprises fi ve 

ecological associations  viz.,  mangrove, coastal fringes, 

forest outlier, upland fl ora, and tropical rain forests. Patil 

et al. ( 2022 ) reported a new species  Achenocarpon patanii  
for petrifi ed achenal fruit from the intertrappean beds of 

Marai Patan (Maharashtra). This new species shows no 

resemblance to any extant or fossil fl ora 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 identifi cation 

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-à-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 fi sh  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 reaffi  rmed 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 palaeobiogeographic scenario of the Indian plate 

with respect to Gondwana and Laurasia. The biota from 

India having Gondwanan affi  nities 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 fi shes, 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 affi  nity 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 affi  nities 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 fi rst 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 aff ected by the formation of Himalaya and 

the monsoons. The biogeography of mangroves was also 

aff ected 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 



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

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 signifi cant 

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 

palaeomagnetic 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 palaeobiogeographic 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 fi nally dispersed 

to the northern hemisphere when the distance between New 

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 

identifi ed 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 fl ora belonging to the dry 

to moist conditions were found in the fi rst 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 aff ected 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 confi rmed 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 fi res caused 

by heat from the Deccan volcanism and these fi res played a 

key role in aff ecting 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 confi rmed 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 2  release due to emplacement of the 

Ambenali Formation. The minor lower C29n event did not 

show signifi cant palaeoenvironmental or palaeobiological 

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 

δ 13 C carb , an increase in rate of mortality and dwarfi ng in 

invertebrates which are seen below the fi rst volcanic units 

of Rajahmundry while in the upper units, there is a rise of 

pteridophytes, carbon content and positive shifts in δ 13 C carb  

and δ 13 C alk  values which indicate the recovery of biota. 

 In a signifi cant study, Fendley et al. ( 2020 ) suggested 

that Rajahmundry Trap lava flows erupted after the 

Cretaceous age with lower and middle fl ows erupting in the 

magnetochron C29r and upper fl ow in the magnetochron 

C29n and hence these eruptions would not have infl uenced 

the end-Cretaceous extinction event. These results were 

based on  40 Ar/ 39 Ar radioisotopic dating, palaeomagnetic 

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 aff ected ecological recovery. 

 In the Late Cretaceous, the Indian sub-continent 

hosted a variety of reptilian fossils that were adversely 

aff ected by the Deccan lava fl ows. 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 fi rst Deccan lava fl ows, 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 fi rst fl ow, ultimately, 

they died 350 ky before the global K-Pg mass extinction. 

The madtsoid snakes and crocodylomorphs underwent 

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 fl ora, Samant et al. ( 2022 ) suggested that 

the eff ects of cooling induced by bolide impact are not 

observed in India as frost-intolerant fl ora 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, palaeobotany and palynofl ora. Their 

results point to no signifi cant changes in the climate and 

ecosystem during Deccan volcanism that coincided with the 

K/Pg boundary. 

    Summary 

 Signifi cant progress has been made in recent years as far as 

stratigraphy, geochronology and inter-regional correlation 

of Deccan basaltic fl ows, and faunal and fl oral 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, 

palaeoenvironmental, and palaeobiogeographic 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 fl ows from 

diff erent subprovinces of DVP have greatly refi ned 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 defi ned K/Pg 

boundary section was identifi ed within the Deccan volcano-

sedimentary sequences to comprehend the actual eff ects 

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 diff erent taxonomic groups. Future works 

integrating geochronology, geochemistry, palaeomagnetism 

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. 
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