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                     Abstract 
 This review presents a brief appraisal of the present understanding regarding the stratigraphy, depositional conditions, and 

paleogeography of the marine and fl uvial sedimentation in the Narmada Valley in peninsular India in the background of 

global tectono-eustatic events and relative sea-level changes during the Cretaceous. The prevalent transgressive sequence in 

the epeiric basin signifi es the eff ect of sea level rise under the Late Cretaceous greenhouse condition in the Narmada Valley 

in central India, resulting in initial fl uvial–estuarine transition, followed by the development of a carbonate depositing tidal 

fl at—lagoon—restricted shelf environment. The transgressive Bagh Group is overlain by a continental fl uvio-lacustrine Lam-

eta Group, often overlain and/or truncated by the Deccan Traps basalts. The characteristic biostratigraphy of the Bagh Group, 

the Lameta Group, and other intertrappean lithounits from the Narmada Valley, formed by invertebrate and dinosaur body 

fossils, dinosaur eggs and nests, and varied trace fossils, corroborates the depositional conditions. Stable isotopic analysis, 

accompanied by the sedimentological, biostratigraphic, and sequence stratigraphic models, portrays signifi cant changes in 

the paleogeography in terms of ocean anoxic events, rising sea levels and marine encroachments in the tectonically active 

riftogenic Narmada Valley during the Cretaceous. 

   Keywords     Marine transgression    ·  Epeiric sea    ·  Carbonate shelf-lagoon    ·  Sequence stratigraphy    ·  Fluvial-lacustrine    · 

 Paleogeography-paleoclimate  

      Introduction 

 The Narmada Valley is a linear mega-rift zone (Biswas 

 1987 ) extending across the states of Gujarat and Madhya 

Pradesh in central India. A short-term marine encroach-

ment by an arm of the Tethys Sea is envisaged to result in 

a shallow epicontinental sea (Chiplonkar and Badve  1972 ). 

Sedimentation took place in this basin during the Late Cre-

taceous (Cenomanian-Coniacian) in a mixed, cyclic conti-

nental and marine environment with the accumulation of 

marine and terrestrial fauna and fl ora. This fossil assemblage 

archives of biotic responses to climatic and environmental 

changes and the development of varied ecosystems (Singh 

and Srivastava  1981 ; Khosla et al.  2003 ; Jaitly and Ajane 

 2013 ). The Cretaceous basin-fi ll successions, namely, the 

Bagh Beds (now re-designated as the Bagh Group) and the 

Lameta Group, in the Narmada Valley, show a non-conform-

able contact with the underlying basement rocks, viz. the 

Proterozoic Bijawar Group of rocks. The entire basin-fi ll 

sedimentary succession is sporadic and exposed in several 

patches in between the Deccan Traps and records a shift in 

the depositional environment from the initial fl uvial to a 

transgressive tide-wave infl uenced estuarine and more open 

shallow marine settings, which implies signifi cant tectono-

sedimentary changes (Bhattacharya and Jha  2014 ; Jha et al. 

 2017 ). The Cretaceous marine transgression is established 

from the sedimentological, and paleontological data (Singh 

and Srivastava  1981 ; Khosla et al.  2003 ; Jaitly and Ajane 

 2013 ; Bhattacharya and Jha  2014 ; Jha et al.  2017 ; Ruidas 

et al.  2018 ; Bhattacharya et al.  2020 ,  2021 ). Signifi cant tec-

tono-sedimentary and climatic changes are inscribed in the 

rocks of the Bagh Group and the Lameta Group. It stands 

witness to a very interesting time of the geology of India 

and the world. 
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 The objective of this report is to present a brief overview 

of recent progress in stratigraphy and sedimentary environ-

ments of the Cretaceous deposits of the Narmada Valley in 

peninsular India to highlight fl uvial to marine transition and 

to present changing patterns of sediment fl ux and erosion in 

stratigraphic order. The work aims to comprehend the recent 

developments in the level of understanding in the light of the 

Late Cretaceous climatic and sea level fl uctuations. In this 

paper, we document the up-to-date stratigraphic status of the 

Bagh Group with a detailed account of the sedimentologi-

cal, sequence stratigraphic, biostratigraphic, and paleogeo-

graphic attributes of its individual units. 

    Stratigraphy of the Cretaceous deposits 
of Narmada Valley 

   Bagh Group in eastern Narmada Valley 

 Bhattacharya et al. ( 2021 ) proposed a three-fold classifi -

cation for the Bagh Group in the eastern Narmada Valley 

(following Jaitly and Ajane  2013 ), comprising the Nimar 

Sandstone Formation at the bottom, Nodular Limestone For-

mation in the middle, and Bryozoan (Coralline) Limestone 

Formation at the top. These formations exhibit distinct litho-

logical characteristics. The uppermost unit, initially desig-

nated as Coralline Limestone, was later renamed “Bryozoan 

Limestone” by Taylor and Badve ( 1995 ) due to the preva-

lence of coral-like bryozoans and the absence of true corals. 

This renaming was subsequently supported by Ruidas et al. 

( 2018 ,  2020 ) and Bhattacharya et al. ( 2021 ). 

    Bagh Group in western Narmada Valley 

 In a recent investigation of the western Narmada Valley 

(Gujrat), the Bagh Group has been systematically catego-

rized into fi ve distinct formations spanning the Aptian to 

Coniacian epochs. The basal Songir Formation, correspond-

ing to the Berriasian (?) (Neocomian)–Aptian temporal 

range, is characterized by the prevalence of Conglomerate, 

gravelly sandstone, and quartz arenite. Progressing upward, 

the Vajepur Formation, representative of the Albian–Cenom-

anian interval, exhibits a composition dominated by Calcare-

ous sandstone, micritic sandstone, quartz arenite, shale, and 

siltstone. Subsequently, the Bilthana Formation, deposited 

during the Cenomanian–Turonian timeframe, showcases 

a diverse lithology encompassing shale, sandy allochemic 

limestone, muddy micrite, wackestone, grainstone, mud-

stone, calcareous sandstone, and siltstone. Overlying the 

Bilthana Formation is the Nodular Limestone Formation, 

predominantly composed of Mudstone, sandy micrite, 

muddy micrite, and wackestone, indicative of the Turonian 

period. The uppermost stratigraphic unit is the Coniacian 

Uchad Formation, subdivided into two distinct members. 

The Men Nadi Limestone Member (Top) of the Uchad For-

mation is characterized by Mudstone, muddy micrite, and 

shale, while the Narmada Sandstone Member (Bottom) is 

dominated by Micritic sandstone, calcareous sandstone, 

sandy micrite, shale, quartz arenite, and gravelly sandstone 

(Shitole et al.  2021 ). 

    Lameta Group 

 In the geological context, the Lameta sediments, juxtaposed 

with the overlying upper Gondwana rocks (referred to as the 

Jabalpur Group), are sporadically exposed in the basaltic ter-

rain of the Deccan Trap. The Lameta successions, observed 

in diverse areas, share comparable lithological characteris-

tics, although there are frequent lateral variations, including 

variations in the thickness of diff erent strata (Srivastava and 

Kandwal  2019 ). Comparisons with Lameta successions in 

other basins reveal a similar setup, although variations in the 

thickness of various lithounits are conspicuous (Srivastava 

and Kandwal  2019 ). 

     Depositional environment 

   Bagh Group in eastern Narmada Valley 

   Nimar Sandstone Formation 

 Bhattacharya et al. ( 2020 ) carried out a detailed sedimen-

tological study of the Nimar Sandstone Formation, which 

revealed total of seventeen facies grouped into fi ve facies 

associations, viz., the channel-fi ll facies association (FA-1), 

the overbank facies association (FA-2), the fl uvial-domi-

nated fl uvio-tidal facies association (FA-3), the tide-dom-

inated fl uvio-tidal facies association (FA-4), and the shore-

face facies association (FA-5) (Bhattacharya et al.  2020 ). 

 Overall facies architecture indicates a west-to-eastward 

marine encroachment, resulting in the stacking of three dis-

tinct palaeo-depositional conditions: (i) an initial fl uvial sys-

tem with channel and overbank, changing into a tide-infl u-

enced fl uvial bay-head delta in the inner estuary, followed by 

(ii) marine encroachment leading to a tide-dominated central 

estuary with inter- to sub-tidal settings, and fi nally, (iii) with 

further intense marine encroachments, a wave-reworked 

open shore condition in the outer estuary zone (Bhattacha-

rya et al.  2020 ,  2021 ). The predominant sedimentary infl ux 

in the Nimar Sandstone is derived from the Bundelkhand 

Craton, Bijawar Group, and Vindhyan Supergroup, with a 

subordinate input originating from the Aravalli and Delhi 

Supergroups (Rajak et al.  2022 ). 

 The lower Nimar Sandstone contains trace fossils of 

 Arenicolites, Diplocraterion, Laevicyclus, Ophiomorpha, 
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Skolithos,  and  Thalassinoides  ichnogenera (Saha and Shukla 

 2022 ). The fossiliferous calcareous sandstone in the upper 

Nimar Sandstone is characterized by ichnogenera such as 

 Arenicolites, Asterosoma, Dactylophycus, Skolithos, Tae-
nidium, Teichichnus, Thalassinoides,  and  Zoophycos  (Saha 

and Shukla  2022 ). The lithofacies association, sedimento-

logical attributes, and ichnological data collectively suggest 

a comprehensive evolution from a river-dominated estuary 

to a tide-dominated estuary during the deposition of the 

lower Nimar Sandstone. The upper Nimar Sandstone, in 

contrast, was deposited under subtidal inner neritic condi-

tions conducive to carbonate precipitation. The entire Nimar 

Sandstone succession represents a 3rd order Transgressive 

Systems Tract (TST) deposit (Bhattacharya et al.  2020 ; Saha 

and Shukla  2022 ). 

    Nodular Limestone Formation 

 Sedimentary attributes of the overlying Nodular Limestone 

Formation is reappraised by Ruidas et al. ( 2020 ) and Bhat-

tacharya et al. ( 2021 ). The Nodular Limestone Formation 

is characterized by three primary facies, namely a lime-

stone-mudstone alternation (wackestone), nodular lime-

stone (wackestone), and poorly bedded limestone (wacke-

stone), often lacking primary sedimentary structures. The 

limestone-mudstone facies exhibit tabular wackestone with 

diff use planar laminae and alternating mudstone with des-

iccation cracks. The overlying nodular limestone facies is 

marked by numerous calcareous to cherty nodules exhibiting 

desiccation cracks. Invertebrate borings and  Thalassinoides  
burrows are preserved near the top of this facies. The upper-

most facies of the Nodular Limestone consist of limestone 

(wackestone) with thin mudstone interbeds. Fossilized shells 

of ammonites, echinoderms, bivalves, etc., are distributed 

throughout all facies within the succession (Ruidas et al. 

 2020 ; Bhattacharya et al.  2021 ). 

 The Nodular Limestone Formation signifi es deposits in 

upper intertidal to supratidal depositional settings. Petro-

graphic evidence, such as calichifi cation, in-situ breccia-

tion, rhizoconcretions, pisoids, alveolar-septa texture, and 

circumgranular cracks, confirms pedogenesis. The pro-

nounced nodularity within the Nodular Limestone Forma-

tion results from the pedogenetic process (Ruidas et al.  2020 ; 

Chakraborty et al.  2021 ). The presence of numerous pedo-

genic features, such as root-related structures (rhizoliths), 

vadose silt (geopetal texture), and pisoids, serves as indica-

tors of the subaerial exposure of the depositional substrate 

(Ruidas et al.  2020 ). 

    Bryozoan Limestone Formation 

 The Bryozoan Limestone Formation is distinguished by 

three distinct sedimentary facies: a cross-stratifi ed limestone 

facies, a planar laminated limestone facies, and a faintly 

laminated limestone facies. The cross-stratifi ed limestone 

facies are composed of reddish-brown rudstone containing 

reworked fossil fragments of bryozoans, bivalves, echi-

noids, gastropods, and brachiopods. Tabular cross-beds are 

associated with reactivation surfaces. The overlying planar 

laminated limestone facies, classifi ed as rudstone, exhibits 

a relatively higher content (average ~ 50%) of siliciclastics 

(such as quartz, feldspars, mudstone fragments, etc.), with 

fi ner fossil fragments as allochems. The faintly laminated 

limestone, characterized as packstone, is interlayered with 

the planar laminated limestone facies (Ruidas et al.  2020 ; 

Bhattacharya et al.  2021 ). 

 The Bryozoan Limestone Formation indicates deposition 

in the lower intertidal setting. Tide-originated sedimentary 

features like reactivation surface and weak bipolarity in 

cross-stratifi cation orientation indicate deposition in fl ood-

tide-dominated shallow channels in the lower intertidal 

environment (Ruidas et al.  2020 ; Chakraborty et al.  2021 ). 

The occurrence of multiple hardgrounds is associated with 

periods of notable relative increases in average water depth 

and hydrodynamic energy, e.g., deep storm reworking, non-

deposition, heightened carbonate cementation, and soil gen-

esis processes (Ruidas and Zijlstra  2023 ). 

     Bagh Group in western Narmada Valley 

   Songir Formation 

 The lower part of the Songir Formation exhibits distinct fea-

tures indicative of a braided river system. It primarily com-

prises coarse-grained clastic materials, comprising channel 

gravels and sand bar deposits. At the base of the sequence, 

conglomerates display a variable clast/matrix ratio, suggest-

ing sediment gravity fl ows within a fl uvial environment. 

Moving upward in the strata, thick sandstone formations 

are prevalent, particularly prominent at the sequence’s base. 

These formations are attributed to short-lived debris-fl ow 

deposits. The presence of planar and trough cross-stratifi -

cation points towards the migration of sub-aqueous dunes 

within the lower fl ow regime of the channels. Noteworthy 

are the planar-stratifi ed sand bodies, intermittently inter-

rupted by gravel deposits, interpreted as bar deposits. Over-

all, the lithological characteristics point to a braided river 

environment with high bedload and fl uctuating discharge 

dynamics (Shitole et al.  2021 ). 

    Vajepur Formation 

 The sedimentological and palaeontological data suggest that 

the rock was accumulated within a transitional zone from 

marginal marine to shallow marine environments (Shitole 

et al.  2021 ). 
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    Bilthana Formation 

 The formation is distinguished by a layered arrangement 

of oyster limestone and shale, where the lower section is 

composed of sedimentary rocks with a high clay content. 

Immediately above this, there is a layer of sandy allo-

chemic limestone containing numerous molluscan shells 

(marine bivalves), echinoids, and trace fossils. Shell beds 

are prevalent throughout the formation and originated in 

shallow marine conditions. The noticeable increase in car-

bonate content, along with higher concentrations of epifau-

nal shelly benthos (oysters) and the presence of clay-rich 

intervals, indicates a rise in water depth compared to the 

underlying calcareous sandstone of the Vajepur Formation. 

As one ascends towards the top of the oyster limestone, there 

is a notable escalation in non-clastic grains, particularly in 

the bioclastic grainstone/packstone bands, indicating high-

energy conditions. Both sedimentological and paleontologi-

cal evidence suggest that the sequence evolved within the 

dynamic spectrum of low- to high-energy conditions char-

acteristic of a transgressive shallow marine environment 

(Shitole et al.  2021 ). 

    Nodular Limestone Formation 

 The formation exhibits a stratigraphic sequence primarily 

comprising layered limestone intercalated with fi ssile shaly 

limestone. Typically, devoid of fossils, the uppermost strata 

reveal a proliferation of oysters. The limestone strata exhibit 

compositional homogeneity, predominantly composed of 

micrite, whereas the shaly limestone is characterized by the 

presence of silt-sized quartz particles. The deposition of 

limestone layers signifi es episodes of shallow shelf nutrient 

deprivation due to terrigenous sedimentation, with inter-

calated phases featuring fi ne-grained quartz indicative of 

agitative processes. Rajshekhar ( 1991 ) inferred a reducing 

depositional environment based on the heightened occur-

rence of agglutinated foraminifera in the Nodular Limestone 

of the Ambadongar region. Additionally, the presence of 

pyrite minerals in the Nodular Limestone suggests euxinic 

conditions, as proposed by Badve and Ghare ( 1977 ). The 

limestone transitions progressively to shaly limestone, cul-

minating in thin shale-oyster layers at the summit, indicative 

of a subtidal environment (Shitole et al.  2021 ). 

    Uchad Formation 

 The Uchad Formation exhibits two distinct lithological com-

ponents. The lower section is distinguished by micritic sand-

stone and quartz arenite, displaying various cross-bedding 

patterns indicative of a foreshore-to-shoreface environment. 

In contrast, the upper portion comprises muddy micrite and 

mudstone, occasionally interspersed with juvenile bivalve 

shell fragments, suggesting a tranquil, low-energy shoreface 

environment (Shitole et al.  2021 ). 

 Abundance of the ichnotaxon  Bergaueria hemispherica  
confi ned to the Turonian fi ne-grained, soft, unconsolidated, 

non-fl uidized clastic sediments suggests a conducive envi-

ronment for sea anemone colonization. The consistent fi ll, 

prominent relief, and absence of slump structures imply a 

simultaneous evacuation of all sea anemones from the bur-

row and subsequent fi lling of the vacated burrows with 

mixed siliciclastic–carbonate sediments, indicating an esca-

lation in energy conditions within the shoreface environ-

ment. The prevalence of  B. hemispherica  as the dominant 

species in the Bagh Group sediments indicates environmen-

tally stressed conditions conducive to the thriving of oppor-

tunistic solitary actinarians (Shitole et al.  2019 ). 

    Narmada Sandstone Member 

 The unit exhibits a distinct and gradual interface with the 

underlying Nodular Limestone, transitioning upwards 

into thinly layered ripple sandstone and eventually form-

ing extensive planar and herringbone cross-stratifi ed beds. 

The lithological composition shifts from micritic sandstone 

and quartz arenite at the lowermost part to a gritty/gravelly 

sandstone towards the upper section of the unit, implying 

a progressive shallowing of the marine environment. The 

observed bed geometry, sedimentary structures, and the 

occurrence of the trace fossil  Skolithos  collectively suggest 

the prevalence of a high-energy shoreface environment (Shi-

tole et al.  2021 ). 

    Men Nadi Limestone Member 

 The member conformably overlies the thick sandstone unit 

and is dominated by carbonate rocks. The lower part of the 

unit comprises muddy micrite, which progressively grades 

upward into mudstone. It is poorly fossiliferous in nature and 

consists of delicate bivalve shell fragments. Sedimentologi-

cal and paleontological evidence suggests calm water, and 

carbonate-dominated shoreface environment, and marks a 

second transgression during the Late Cretaceous (Shitole 

et al.  2021 ). 

     Lameta Group 

 The Lameta Group of rocks containing dinosaur skeletal 

remains, nests, and eggs constitutes a distinct geographi-

cal entity that occurs primarily in six inland basins, viz., (i) 

Nand Dongargaon, (ii) Jabalpur, (iii) Sagar (Saugor), (iv) 

Ambikapur-Amarkantak and (v) Balasinor-Jhabua, and (vi) 

Salbardi-Belkher. (Mohabey  1996 ; Mankar and Srivastava 

 2019 ). Analyzing the lithofacies architecture of the various 

successions within the Salbardi-Belkher inland basin, it is 
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deduced that the deposition of Lameta sediments during the 

Maastrichtian period occurred concurrently in Salbardi-

Belkher inland basin, positioned to the west of the Nand-

Dongargaon inland basin. (Mankar and Srivastava  2019 ). 

Mostly, these successions were thought to be deposits of 

a fl uvial-lacustrine setup. However, the column exposed at 

the type area of Jabalpur has sparked a debate regarding 

its deposition environment—specifi cally, whether it was a 

coastal complex shallow marine environment or a fl uvial-

lacustrine one. The former option is suggested based on the 

presence of algal structures and authigenic glauconite in 

the green-coloured sandstone bed of the succession (Bansal 

et al.  2018 ; Chakraborty et al.  2021 ). 

 The Lameta Formation in the Phutlibaori region con-

sists of greenish, medium to coarse-grained sandstone with 

internal cross-stratifi cation and a well-sorted composition. 

The sandstone contains glauconites, with a set thickness of 

cross-stratifi cation reaching up to 1 m in the lower portion, 

gradually decreasing upward. The sandstone is characterized 

by a bioclast-rich arkose composition, and it is cemented by 

carbonates. The glauconite content ranges from 10 to 20% 

of the total sediment, as reported by Bansal et al. in 2018. 

The presence of shark teeth, oyster shells, and wood logs 

within the Lameta Formation’s sandstones in the Phutlibaori 

region suggests a depositional environment associated with a 

marginal marine setting. The sedimentation likely occurred 

in an east–west-oriented estuary, with a progressive increase 

in fl uvial infl uence toward the east, as discussed by Tandon 

( 2000 ) and further supported by Bansal et al. ( 2018 ) and 

Chakraborty et al. ( 2021 ). 

     Sequence stratigraphy 

 Sequence stratigraphy of the entire basin-fi ll succession of 

the Narmada Valley still needs to be attempted. Bhattacharya 

et al. ( 2020 ) and Ruidas et al. ( 2020 ) provided a sequence 

stratigraphic portrait of the Nimar Sandstone Formation and 

the carbonate units, respectively. 

   Sequence stratigraphy of the Nimar Sandstone 

 Successive stacking of high-frequency transgressive–regres-

sive cycles was caused by fl uctuations in the base level in 

response to the Cenomanian sea-level rise along with net 

sedimentation controlled by the basinal subsidence caused 

by reactivation of basin marginal faults in the Narmada rift 

basin (Jha et al.  2017 ). During the late stage of the trans-

gression, outer estuarine open marine conditions encroached 

further landwards, inundating the entire basin, which led 

to shallow, low-energy conditions with deposition of the 

Nodular Limestone Formation as an apron covering the 

underlying Nimar Sandstone Formation. Thus, the shift in 

depositional conditions from fl uvial-dominated to a trans-

gressive tidal- to wave-infl uenced estuarine system attests to 

signifi cant tectonic and sedimentary changes accompanied 

by prolonged events of marine transgressions in the Nar-

mada rift basin during the Late Cretaceous (Bhattacharya 

et al.  2020 ). 

    Sequence stratigraphy of the carbonate succession 

 The Bagh carbonate succession, comprising the Nodular 

Limestone and Bryozoan Limestone formations, represents 

the upper part of a transgressive systems tract. The glauco-

nite bed at the top of the Bryozoan Limestone Formation 

serves as the boundary between the overall transgressive 

Bagh Group and the prograding Lameta Formation (Ruidas 

et al.  2020 ). 

     Biostratigraphy and paleoecology 

   Bagh Group 

 In the eastern Narmada Valley, the Nimar Sandstone has 

yielded fragmented skeletal remains belonging to an indeter-

minate species of Sauropoda indet (Khosla and Lucas  2022 ). 

The sauropod skeletal remains recovered from the Nimar 

Sandstone are indicative of a probable novel titanosaur spe-

cies, potentially representing an ancestral lineage to the tita-

nosaurs extensively documented in the later (Maastrichtian) 

Lameta Formation of peninsular India (Chatterjee  2020 ). 

Chatterjee ( 2020 ) further suggested that the sauropod bones 

that have been reported from the Nimar Sandstone represent 

a dwarf titanosaur with an expected length of the femur sur-

passing > 1.2 m (Khosla and Lucas  2022 ). 

 A total of eight heterodont bivalve species were identi-

fi ed in the Turonian deposits (Nodular Limestone) of the 

Bagh Bed. These species include  Lucina fallax ,  Parvilucina  
( Microloripes ) cf.  juvenis ,  Callucina  sp.,  Eriphyla  (? Lyapi-
nella ) sp.,  Crassatellina minuta  n. sp.,  Opis corniformis , 
 Opis reticulata  n. sp., and  Opis  sp.  indet . Among them, 

 Crassatellina minuta  n. sp. and  Opis reticulata  n. sp. are 

newly discovered species. Notably,  Parvilucina  ( Micro-
loripes ) cf.  juvenis ,  Callucina  sp., and  Eriphyla  (? Lyapi-
nella ) sp. were not previously documented in the Narmada 

Basin. A taxonomic revision revealed that the genera  Cal-
lucina  and  Pseudolucinisca  are distinct entities. Addition-

ally,  Lyapinella  is considered a subgenus of  Eriphyla  (Jaitly 

et al.  2021 ). Chaudhary and Nagori ( 2019 ) described forty-

seven ostracod species discovered in the Upper Cretaceous 

Bagh Group in Madhya Pradesh and Gujarat, India. Among 

these, ten species are newly identifi ed and named as follows: 

 Ovocytheridea baghensis, Amicytheridea bilthanaensis, Pai-
jenborchella jeerabadensis, Cytheropteron ratitalaiensis, 
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Cytheropteron hanumanpuraensis, Eocytheropteron biltha-
naensis, Curfsina coarctata, Curfsina hanumanpuraensis, 
Nigeroloxoconcha baghensis , and  Nigeroloxoconcha diluta . 
A holistic consideration of biostratigraphic data supports a 

Turonian to Coniacian age range for the Bagh Group carbon-

ates (Ruidas et al.  2018 ; Ruidas and Zijlstra  2023 ). 

 Planktic foraminifera in the Bagh Group in western Nar-

mada Valley are rare, characterized by few, small, long-

ranging, and stress-tolerant species, such as  Muricohedber-
gella, Planoheterohelix , and  Heterohelix,  but they are not 

considered age-diagnostic. Similarly, benthic foraminifera, 

including  Haplophragmoides, Textularia, Spiroplectam-
mina, Trochammina, Dentalina , and  Vaginulina , are gener-

ally long-ranging and unreliable indicators of age. In the 

Limestones containing oyster deposits above the Nimar 

and Micritic Sandstones, ostracods, specifi cally the index 

species  Rostrocytheridea divergens, R. jaisalmerensis , and 

 Cytherella okadai , are prevalent to abundant at Bilthana and 

Bhundmariya during the late Cenomanian. These identifi ed 

species are found in the Micritic Sandstone and the overlying 

oyster beds and Limestone with oysters, as documented in 

studies by Chaudhary and Nagori ( 2019 ). 

 Planktic foraminifera at the Bilthana and Bhundmariya 

localities exhibit a common to abundant presence within 

the oyster beds and limestone formations containing oysters. 

In contrast, benthic foraminifera are infrequent or absent. 

 Muricohedbergella delrioensis , a single planktic fora-

minifer known for its tolerance to low salinity conditions, 

thrived specifi cally in the oyster biostrome and oyster-rich 

sandy limestone at Bilthana. Additionally, the rare species 

 Whiteinella archaeocretacea  was identified, serving as 

the index species demarcating the transition from the late 

Cenomanian to the early Turonian, specifi cally within the 

 W. archaeocretacea  zone. This temporal boundary aligns 

with the occurrence of Oceanic Anoxic Event 2 (OAE2) 

(Keller et al.  2021 ). 

    Lameta Group 

 The comprehensive analysis of dinosaur fossils from the 

Lameta Group of rocks reveals that  Titanosaurus colberti  
(formerly known as  Isisaurus colberti ), a sauropod species 

documented in Nand Dongargaon and the Balasinor-Jhabua 

basin, also inhabited the Salbard-Belkher basin. The Mega-

loolithus eggs and nests recorded in the Salbardi-Belkher 

basin exhibit similarities with those found in the Balasinor-

Jhabua, Jabalpur, and Nand Dongargaon basins at the ooge-

nus level (Mankar and Srivastava  2019 ). 

 The Lameta Formation from the Maastrichtian period 

has provided evidence of at least six identifi able sauropod 

taxa and titanosaurid remains that could not be conclusively 

assigned. Additionally, the formation has revealed the exist-

ence of at least eleven named theropod taxa, although some 

of these names may represent an excessive subdivision, com-

prising three smaller-bodied species and eight medium-to-

large-sized theropods (Khosla and Lucas  2022 ). 

 Dhiman et al. ( 2023 ) conducted a comprehensive exami-

nation encompassing histology, paleobiology, and taphon-

omy from the nesting sites of titanosaur dinosaurs within 

the Lameta Formation of the Bagh District in the Narmada 

Valley. Based on the study, the oological material, consist-

ing of intact clutches, isolated eggs, and eggshells, has been 

identifi ed as belonging to titanosaurs based on macro- and 

microstructural observations. Six oospecies, indicating 

high diversity in Indian sauropod taxa, have been identi-

fi ed, viz.,  Megaloolithus cylindricus, M. jabalpurensis, M. 
dhoridungriensis, Fusioolithus baghensis, F. mohabeyi, and 
F. padiyalensis  which points to a possible high diversity in 

Indian sauropod taxa (Dhiman et al.  2023 ). The dinosaur 

clutch-bearing lithounit indicates a low energy-low gradient 

freshwater palustrine setting with subaqueous deposition and 

subaerial exposure episodes. Soft, marshy sediments near 

lake/pond bodies were the egg-laying sites, occasionally 

submerged, leading to unhatched clutches. Desiccation and 

shrinkage cracks occurred during exposure, while sediment 

coverage during submergence facilitated hatching away from 

lake/pond margins. 

    Intertrappean beds (Maastrichtian) 

   Gujri, Dhar, Madhya Pradesh (MP) 

 Twelve ostracod species from ten genera, including two 

newly identifi ed species, were discovered in the intertrap-

pean beds of Gujri, Dhar, Madhya Pradesh (MP). The 

identifi ed species are  Frambocythere tumiensis anjarensis , 
 Gomphocythere strangulata ,  Gomphocythere paucisulcatus , 
 Gomphocythere testudo  sp. nov.,  Candona phaseolus  sp. 

nov.,  Cyclocypris sahnii ,  Cypria cyrtonidion ,  Paracypretta 
jonesi ,  Periosocypris megistus ,  Zonocypris gujaratensis , 
 Eucypris intervolcanus , and  Stenocypris cylindrica . Nota-

bly,  Cyclocypris sahnii ,  Cypria cyrtonidion ,  Paracypretta 
jonesi ,  Periosocypris megistus , and  Stenocypris cylindrica  
were documented for the fi rst time in this locality (Kshetri-

mayum et al.  2021 ). 

 The ostracod assemblage was found alongside micro 

remains of various organisms, such as fi shes, amphibians, 

snakes, crocodiles, lizards, dinosaur eggshells, gastropods, 

and charophytes. These findings suggest that the Gujri 

intertrappean site dates back to the Maastrichtian period. 

Biostratinomical analysis, crucial for paleoenvironmental 

interpretation, indicates that the Gujri ostracod assemblage 

represents an autochthonous thanatocoenosis. Considering 

the preferred habitat of the recovered fossil ostracods’ living 

counterparts, carapace morphology, and associated micro-

biota, the Gujri intertrappean sequence is interpreted as a 
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low-energy, freshwater, palustrine-lacustrine depositional 

environment (Kshetrimayum et al.  2021 ). 

    Chhindwara District, MP 

 The Chhindwara District in Madhya Pradesh exhibits micro-

biota-bearing intertrappean beds overlaying Archaean and 

Gondwana basement rocks with an unconformity. These 

beds, measuring 1–14 m in thickness, are characterized by 

a high abundance of microbiota. The geological sections 

surrounding Chhindwara comprise shale, clays, claystones, 

clayey limestones, cherts, marl, mudstones, and siltstones. 

Taxonomically, the intertrappean beds in Jhilmili and Ghat 

Parasia have revealed ten charophyte taxa, including three 

new taxa, as well as 34 ostracod taxa (three of which are 

unique and recovered from all four mentioned localities), 

and ten planktic foraminifera taxa. Notably, these intertrap-

pean beds are succeeded by the Deccan Traps, as docu-

mented by Khosla et al. ( 2023a ,  b ,  c ). 

      Geochemistry 

   Stable isotope analysis 

 Isotopic analyses of the carbonate components within the 

Bagh Group, encompassing bioclasts and micrite/microspar, 

indicate a signifi cant diagenetic resetting. Specifi cally, the 

δ 13 C ratios of select micrite samples from the Nodular Lime-

stone Formation retain the original isotopic characteristics 

of seawater from the Upper Cretaceous period. However, 

all samples from the Bryozoan Limestone exhibit extensive 

alteration. The luminescence pattern and isotope ratios eff ec-

tively diff erentiate between unaltered marine carbonates and 

those subjected to meteoric and burial diagenetic cement 

(Ruidas et al.  2020 ). The stable carbon and oxygen isotope 

signature refl ects the transgressive nature of the Bagh Group 

carbonates and the change from evaporation- to precipita-

tion-dominated, supra- to subtidal environment, respectively 

(Ruidas and Zijlstra  2023 ). 

    Glauconites 

 Glauconite originated in a shallow marine setting during 

the Late Cretaceous period within the Bryozoan Limestone 

Formation. The presence of a Ce anomaly in glauconite 

affi  rms the existence of a sub-oxic diagenetic environment, 

which restricted the movement of Fe ions into the glauconite 

structure. The concentration of Nd indicates a moderate rate 

of sedimentation in the background. The seawater exhibited 

high  Al 2 O 3 , moderate  Fe 2 O 3 , and moderately high Mg con-

tent. The widespread formation of glauconite suggests the 

prevalence of similar chemical constraints throughout the 

Late Cretaceous Tethyan belt. The abundance of glauconite 

formation was infl uenced by increased organic productivity 

and elevated Mg, K, Fe, Si, and Al cations concentrations in 

low-oxygen seawater during the Late Cretaceous greenhouse 

climate (Bansal et al.  2020 ). 

    Interpretation of the OAE2 

 Keller et al. ( 2021 ) presented the initial identifi cation of the 

late Cenomanian-early Turonian Oceanic Anoxic Event 2 

(OAE2) in the western Narmada Basin in Gujarat. This event 

is associated with the most extensive sea-level rise during 

the Cretaceous period, initiating the formation of the western 

Narmada Seaway. By the end of the Turonian, this seaway 

extended from Gujarat through Madhya Pradesh and pos-

sibly connected to the Godavari Seaway via the Narmada-

Tapti rift, forming a Trans-India Seaway to Rajahmundry. 

 The characteristic onset of OAE2, marked by a gradual 

increase in the δ13C excursion, coincided with the sea-level 

transgression and peaked in the oyster beds or biostromes at 

Bilthana, representing a subtidal to estuarine environment. 

The δ13C plateau was subsequently observed in the overly-

ing limestone containing oysters. The onset of the transgres-

sion is identifi ed in the Nimar Sandstone and Micritic Sand-

stone through an infl ux of benthic and planktic foraminifera 

and ostracods indicative of the late Cenomanian. 

 Dating of the OAE2 δ 13 C excursion in Gujarat is based 

on planktic foraminifera biozones and correlated with the 

Global Stratotype Section and Point (GSSP). The presence 

of very negative δ 18 O values (− 7 to − 8‰) suggests epi-

sodic terrestrial freshwater infl ux associated with high-stress 

conditions. The planktic foraminiferal assemblages, domi-

nated by the nearly monospecifi c  Muricohedbergella  species 

( M. delrioensis ), indicate tolerance to salinity fl uctuations 

and the presence of brackishwater benthic foraminifera. The 

deepening transgression during the late Cenomanian δ 13 C 

plateau is marked by increased species diversity, with com-

mon  Whiteinella  and a few  Dicarinella  characteristic of the 

latest Cenomanian  W. archaeocretacea  zone (Keller et al. 

 2021 ). 

    Geochemistry of the microbiota-bearing, Jhilmili 
intertrappean beds of the Chhindwara District, 
Madhya Pradesh (Maastrichtian-Danian) 

 Kumari et al.  2023  employed geochemical proxies such as 

Sr/Ba and Y/Ho ratios in both whole-rock and clay frac-

tions and REE + Y ratios in carbonates. The geochemical 

parameters indicate a predominantly non-marine environ-

ment throughout the entire section, apart from the middle 

unit, which displays brackish conditions. These conditions 

are attributed to the mixing of seawater induced by storms or 

tsunamis into freshwater depositional settings. The analysis 
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of lithofacies, fossil assemblages, and variations in geochem-

ical ratios suggests short-term episodic mixing of marine 

elements, likely resulting from a storm or tsunami-related 

activity in the lacustrine-palustrine freshwater ecosystem. 

     Paleogeographic implications 

 Overall facies architecture indicates that an initial fl uvial 

depositional setting was engulfed by the development of a 

tide-infl uenced estuarine system, where three distinct depo-

sitional zones can be deciphered, namely, (i) a fl uvio-tidal 

interactive inner estuary zone, developed in the eastern 

part of the basin, characterized by the tide-reworked thick 

channel-fi ll and overbank deposits, (ii) a tide-dominated 

central estuary zone, developed in the central part of the 

basin, characterized by the development of tidal sand bars 

and sand- and mud-fl ats based on the extent of inundations, 

mutual strength of tidal and fl uvial systems, and type of net 

accommodation created, and (iii) a tidal- and wave-domi-

nated outer estuary part, developed in the western part of 

the basin, characterized by the more open marine tide- and 

wave-reworked sediments of shore environments (Bhat-

tacharya et al.  2020 ). The Nodular Limestone is deposited 

in supratidal and upper intertidal environments characterized 

by repeated subaerial exposure. The cross-stratifi ed rudstone 

facies found in the Bryozoan Limestone Formation repre-

sent channel deposits in the lower intertidal environment. 

Subaerial exposure surfaces in both the Nodular Limestone 

and Bryozoan Limestone exhibit subtle indications of sig-

nifi cant breaks in sedimentation. The glauconite bed within 

the Bryozoan Limestone marks the boundary between the 

overall transgressive Bagh Group and the prograding Lameta 

Formation. The thicknesses of the constituent facies gener-

ally increase toward the open ocean. A stratigraphic con-

densation near the top of the transgressive systems, coupled 

with clastic input, has facilitated the formation of glauconite 

(Bansal et al.  2020 ; Ruidas et al.  2020 ). 

   Mass extinction event 

 The Late Cretaceous dinosaurs found in the Lameta For-

mation, encompassing various titanosaurs and abelisaurs, 

off er detailed insights into the fi nal geological moments 

preceding their extinction. Within this formation, the larg-

est known titanosaurid hatchery spans over 1,000 km. Most 

egg clutches within this hatchery consist of approximately 

10 to 12 spherical eggs, ranging in diameter from 15 to 

20 cm. Notably, these eggs were empty and devoid of any 

embryonic signs, potentially indicating hatching failure dur-

ing an environmental crisis (Chatterjee  2020 ). During the 

Cretaceous-Paleogene boundary, two catastrophic events—

the Shiva impact and Deccan volcanism—were associated 

with dinosaurs’ extinction. The simultaneous occurrence of 

twin asteroid impacts (Chicxulub and Shiva) and prolonged 

Deccan volcanism led to an unprecedented and ultimately 

disastrous environmental crisis on a global scale, culminat-

ing in the end-Cretaceous mass extinction (Chatterjee  2020 ). 

    The ocean pathway 

 Isolated occurrences of Maastrichtian-Danian marine biota 

bearing strata of central India, their separation by 15–20 Ma 

with the marine incursion inferred from the Bagh Beds, and 

the lack of convincing evidence indicating marine conditions 

in the upper Narmada valley, taken together, raise doubts 

on the hypothesis of an incursion from the west (between 

Coniacian- Maastrichtian), i.e. via the Narmada rift (Kumari 

et al.  2020 ). 

    Dispersal of the vertebrate fauna 

 The fauna during the late drift phase (Late Cretaceous) com-

prises vertebrate taxas with both Gondwanan and Laurasian 

affi  nities, including some endemic forms originating in the 

Indian subcontinent and subsequently dispersing from it. 

The close association between various Late Cretaceous ver-

tebrate clades in the Indian subcontinent and Madagascar is 

elucidated by their dispersal along a terrestrial route encom-

passing Seychelles, Amirante Ridge, Providence Bank, and 

specifi c microcontinental fragments. Conversely, the pres-

ence of Laurasian taxa in the Late Cretaceous of India is 

attributed to the existence of island arcs and oceanic islands 

to the north of Greater India during that period. Essentially, 

the Indian plate functioned as a ‘stepping stone’ connecting 

Madagascar and Laurasia (Parmar and Prasad  2020 ). 

 Most Indian ootaxa exhibit apparent taxonomic similari-

ties with Late Cretaceous ootaxa found in four other con-

tinental regions—Spain, France, Argentina, and Morocco. 

The prevalence of the Fusioolithidae and Megaloolithidae 

oofamilies in the Infra- and Intertrappean localities of pen-

insular and central India and across three distinct continents 

(South America, Europe, and Africa) suggests an ancient 

Gondwanan connection and fundamental terrestrial asso-

ciation among these landmasses. Through phylogenetic 

analysis of skeletal material, the most plausible scenario for 

dinosaur dispersal between India and Madagascar is identi-

fi ed as occurring during the Late Cretaceous. An alterna-

tive dispersal route for smaller animals involves movement 

between India and Asia via the Kohistan Dras Volcanic Arc 

or a northeast pathway through Somalia. Meanwhile, large 

vertebrates such as theropod dinosaurs may have dispersed 

as part of a ‘Pan Gondwanan’ model (Khosla and Lucas 

 2022 ). 

 India experienced a substantial northward drift after its 

separation from the adjacent landmasses of Gondwana. 
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For a considerable duration, notably during the Cretaceous 

Period, India existed in a state of physical isolation from 

other landmasses. The examination of fossils from the Upper 

Cretaceous Lameta Formation, Deccan intertrappean beds, 

and the Kallamedu Formation reveals fl ora and fauna with 

taxonomic affi  nities either to Gondwana, Laurasia, or origi-

nating from the northward drifting Indian plate. The analy-

sis indicates that fauna with Gondwana affi  nities supports a 

vicariant biogeographic scenario, with many taxa exhibiting 

sister group relationships with those of Madagascar. Cer-

tain taxa such as adapisoriculid mammals, bothremydid tur-

tles, ostracods, and at least fi ve plant groups were endemic 

to India. Following the collision between India and Asia, 

these taxa dispersed to Laurasia, lending support to the 

out-of-India dispersal hypothesis. Taxa belonging to Lau-

rasian lineages are interpreted to have entered India using 

Kohistan–Dras–Oman island arcs as steppingstones, facili-

tated by a sweepstakes dispersal mode (Prasad and Parmar 

 2022 ). 

     Conclusions 

 The Cretaceous deposits of the Narmada Valley uniquely 

portray the global tectono-sedimentary, eustatic and cli-

matic changes. The basin-fi ll succession represents marine 

transgressions and formation of siliciclastic estuary to car-

bonate-depositing restricted shelf-lagoon in an epeiric mar-

ginal marine basin, followed by continental fl uvial-lacustrine 

depositional system. Characteristic biostratigraphy and geo-

chemistry corroborating the paleoclimatic-paleoecological 

changes, ocean anoxic events (OAE-2) and mass extinctions. 

Thus, a complex paleogeographic transition can be envis-

aged representing the Cretaceous global tectonic-climatic 

changes. 
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