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ABSTRACT
A synoptic review of the Eocene-Miocene fossil records of the Indo-Burma Range (IBR), NE India and its paleoenvironmental comparisons with the 

better documented coeval sediments of the NW Himalaya of India is documented to infer tectonic settings and throw light on the collision of the Indian and 
the Eurasian plates. 
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INTRODUCTION

The northward drift of the Indian plate led to its convergence 
and subsequent subduction under the Eurasian plate along the 
Tethyan zone in the northwest (Klootwijk et al., 1992; Gaina 
et al., 2007; Kumar et al., 2007; Kent and Muttoni, 2008) and 
beneath the Burmese microplate in the Indo Burma Range 
(IBR) in the northeast (Curry et al., 1979; Sengupta et al., 1990; 
Acharrya, 2007; Steckler et al., 2016). The collision paved way 
for continental sedimentation all along the Himalayan foreland 
basin (Warwick et al., 1998; Johnson et al., 1999) and obduction/
emplacement of the Naga-Manipur Ophiolites in the IBR and 
the Ladakh Ophiolites of the north-western Indian Himalaya. 
The Himalaya builds up in a series of tectonic episodes and 
the imprints of these tectonic episodes are identifiable in the 
Cenozoic successions in the form of marine transgression/
regression events and pronounced hiatuses in the sedimentary 
record (Kumar, 1997). The change of regime from marine to 
continental sedimentation is well recorded in the various parts 
of the Himalayan foreland basin.In Simla region of the foreland 
basin of Northwest Himalaya, the “passage beds” consisting 
of variegated shale of the Subathu Formation and white-grey 
sandstone of the Dagshai Formation, demarcate the transition 
from marine to continental conditions (Raiverman and Raman, 
1971; Mathur, 1977; Bhatia and Bhargava, 2006; Najman, 
2006, 2007; Bera et al., 2008; Ravikant et al., 2011; Srivastava 
et al., 2013). In eastern part of the Himalaya, the Indo-Burma 
mountain ranges towards north of the Sumatra–Andaman 
subduction zone mark the boundary between the Indian and 
Eurasian plates (Steckler et al., 2016). Furthermore, the IBR 
contains Cretaceousto Eocene pelagic sediments overlain 
by Eocene to Oligocene flysch sediments. The Paleogene 
sediments are overlain by Miocene to Pleistocene molasses. 
Further to the easternmost part of the Naga Hills, the ophiolitic 
suites are exposed that were scraped off an oceanic crust of 
the Indian plate in collision with the Burma microplate Plate 
(Curray et al., 1979; Sengupta et al., 1990). The Naga-Manipur 
Ophiolites represents a segment of the Tethyan oceanic crust 

that was involved in an eastward convergence and collision of 
the India and Burma plates during the Late Cretaceous-Eocene 
(Ghose et al., 2010, Bhowmik and Ao, 2016; Khogenkumar et 
al., 2016).The IBR evolved as an accretionary prism formed due 
to continuous eastward subduction of the Indian plate beneath 
the Burma micro plate from late Cretaceous to Miocene. Mallet  
(1876) was the first to work on the Disang Group of rocks 
on account of the coalfields of the Naga Hills. Later, Oldham 
(1883) correlated the Disang rocks with Axials of Arakan Yoma. 
Maclaren (1904) and Pascoe (1912) considered that the bulk 
of the Disangs was more in common with the Negrais bed of 
ArakanYoma. 

The objective of this synoptic review is to synthesize the 
Eocene-Miocene faunal findings from the Indo-Burma Range 
(IBR) and make a paleoenvironmental correlation with the better 
documented coeval foreland deposits of northwest Himalaya 
to infer the tectonic implications on the western and eastern 
extremes of the Indian Himalaya.

REGIONAL GEOLOGICAL FRAMEWORK OF 
THE INDO - BURMA RANGE (IBR), NE INDIA

The geological studies of the IBR were initiated in the 19th 
Century by the Geological Survey of India (GSI), the Burma Oil 
Company (BOC) and the Assam Oil Company (AOC), Mallet, 
1876 and Oldham, 1858 and Medlicott, 1868 and Evans, 1932.
Evans (1932) was the first to give a comprehensive account of 
the stratigraphy of the region and later updated by Evans (1964). 
The north-eastern region represent a complex tectonic set-up 
due to the juxtaposition of the Indian, Burmese and the Eurasian 
plates (Alam et al., 2003; Sahu et al., 2006; Aier et al., 2011; 
Kayal et al., 2012; Bora et al., 2014). The geo-tectonic setup and 
the dynamic nature of the north-east region are attributed to the 
interaction of the Indian, Eurasian and the Burma microplates 
(Fig.1). The Shillong-Mikir basement ridge represents NE 
continuation of the Precambrian rocks from the Peninsular India 
to the north-eastern region of India (Evans, 1964; Acharrya, 
2007). The Brahmaputra River separates the Shillong Plateau 
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from the Himalaya on its way to the Bay of Bengal by flowing 
along Brahmaputra River fault (Nandy, 2001, 2017). The north-
eastern region has wide spread Assam-Arakan Basin covering 
70% of the total area. Much of the Assam-Arakan Basin is either 
unexplored or has received a cursory attention till recent times. 
In last three decades, the work has been focused on the geological 
surveys/studies in the region by Geological Survey of India 
(GSI), Oil and Natural Gas Corporation (ONGC), universities 
of the northeast region and premier research national institutions 
of Wadia Institute of Himalayan Geology (WIHG) Dehradun, 
Birbal Sahni Institute of Paleosciences (BSIP) Lucknow and 
National Geophysical Research Institute (NGRI) Hyderabad. 
The sedimentary successions in the Assam-Arakan Basin range 
in age from late Mesozoic to Cenozoic. However, the bulk of 
the succession is represented by the Cenozoic age. The intensity 
and pattern of plate-to-plate interaction varied with time, 
affecting the basin architecture and sedimentation (Alam et al., 
2003).Tight anticlinal folds intercepted by cross fault system 
and comparatively wide synclines represent the IBR fold belt. 
Tectonically, the Tripura-Mizoram region is characterised by 
a series of sub-parallel, elongated, arcuate, doubly plunging, 
tightly folded asymmetrical anticlines arranged enechelon and 
separated by wide, flat and more or less symmetrical open 

synclines (Ganguly, 1975; Singh et al., 2009) with deformation 
progressively younging towards the west (Ganju, 1975; 
Ganguly, 1975). The Mesozoic-Cenozoic sediments of the IBR 
were interpreted to be deposited in two distinct lithofacies viz. 
shelf shelfal and basinal facies for shelf and deep basin. The well 
reserved faunal control and distinctive rock types characterise 
the shelfal deposits which yielded foraminifera, nannofossils, 
dinosaur bones, algae, spores and pollen, which have helped 
in resolving the biostratigraphic settings of the region (Pandey, 
1990; Jauhri, 1996, 1998; Mishra and Sen, 2001; Whiso et 
al., 2003; Jauhri et al., 2006; Kalita and Gogoi, 2006; Sarma 
and Ghosh, 2006; Tewari et al., 2009a; 2009b). However, the 
basinal sediments on the other hand, lack detailed geological 
investigation and reliable data for biostratigraphic correlation 
due to poor faunal control and also  inadequate studies which 
are restricted to a few deep wells and outcrop sections (Barauh 
et al., 1987; Barauh et al., 1996;  Bhatia, 1996; Bhatia and Dave, 
1996; Jauhri et al., 2003; Lokho et al., 2004a; 2004b, 2011a, 
2011b; Venkatachalapathy et al., 2007; Lokho and Raju, 2007; 
Lokho and Kumar, 2008; Raju and Lokho, 2010; Lokho and 
Tewari., 2011, 2012; Lokho and Singh, 2013; Rai et al., 2014; 
Lokho et al., 2016; Lokho et al., 2017; Lokho et al., 2018). 

Fig. 1. Holistic view of the Himalayan mountain orogeny with its divisions showing the two locations of the present study. AfterCritelli and Garzanti, 
1994; Najman, 2006. KOH=Kohistan Island Arc, MMT=Main Mantle Thrust, HKS=Hazara-Kashmir Syntaxis, LB=Ladakh batholith, NP=Nanga Parbat, 
NS=Northern Suture, S=Salt Range, GT=Gangdese thrust, ITSZ=Indus Tsangpo suture Zone, STDZ=South Tibetan Detachment Zone, MCT=Main Central 
Thrust, MBT=Main Boundary Thrust, MFT=Main Frontal Thrust.
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A. EOCENE-MIOCENE FOSSIL RECORDS OF IBR

(i) Eocene faunal records from the Disang Group
Hayden (1910) recorded Ammonite from the Disang Group 

and assigned to Cretaceous-middle Eocene age. Subsequently, 
Evans (1932) recorded Nummulites and pronounced that the 
Disangs were more altered and practically unfossiliferous 
equivalent of the Laungshe shales of Burma, which were 
believed to range from Paleocene-Eocene. Further, Evans (1964) 
considered Disang shales are ‘very like those of Kopili Formation’ 
and suggested that the Disang represent a deeper water facies 
of the Jaintia Group and perhaps lower horizons equivalent 
to Ranikot, Laki and Kirthar and possibly the upper most 
Cretaceous. Later on, Nagappa, (1959) recorded foraminiferal 
genera Ammobaculites sp., Ammodiscus sp., Bathysiphon 
sp., Cyclammina sp., Gaudryina sp. and Haplophragmoides 
sp.from the Disang Group of Naga Hills and suggest that the 
top of the Disang Group is probably not younger than late 
Eocene and the lower limit extend into the Cretaceous. Baruah 
et al. (1987) recognized Cribrohantkenina inflata-Hantkenina 
alabamensis and Nummulites pengaronensis–Pellatispira 
madraszi– Discocyclina-dispansa foraminiferal zones and 
assigned middle to late Eocene age (Zone P16 and early part of 
Zone P17 of Blow, 1969). Bhatia and Dave (1996) documented 
three foraminiferal biozones viz. Nummulites acutus-Fasciolites 
elliptica, Nummulites dicorbinus-Assilina and Nummulites 
pengaronensis and a poorly fossiliferous zone ranging in age 
from middle Eocene to Oligocene in five exploratory wells viz. 
Chumukedima, Tynyphe, Naojan, Kasomarigoan and Barpathar 
across the Dhansiri Valley, Assam from the Kopili Formation 
and Barail Group. Lokho et al. (2004a) documented Uvigerina 
and other benthic and planktic foraminifers of middle-late 
Eocene age and suggested a deeper marine (upper bathyal) 
paleobathymetry for the Upper Disang Formation in Nagaland. 
Further, Lokho and Kumar (2008) recorded fossil pteropods 
provisionally referable to the families Limacinidae, Creseidae, 
and Cliidae from Nagaland. The combined assemblages of 
pteropods and foraminifers from the Upper Disang Formation 
indicate a palaeobathymetry of ~500 m, i.e., upper bathyal 
zone, and a tropical-subtropical climate. Venkatachalapathy et 
al. (2007) identified 54 foraminiferal species belonging to 29 
genera, 23 families, 17 superfamilies and 5 suborders from the 
Upper Disang Formation in the south eastern part of Nagaland 
and placed them under three Planktonic Foraminiferal biozones 
viz. Globogerinatheka semiinvoluta (P15), Cribrohantkenina 
inflata (P16) and Turborotalia cerroazulensis (P17) of middle-
late Eocene age for the Upper Disang Formation of Nagaland. 
Sijagurumayum et al. (2014) recorded fourteen molluscan 
species from the Upper Disang Formation of Imphal Valley, 
Manipur. The bivalve genera listed are Nucula sp., Barbatia 
sp., Protonoetia sp., Septifer sp., Aviculoperna sp., Venericardia 
sp., Trachycardium sp., Tellina sp., Callista sp., Lentidium 
sp., Pholas sp., and gastropods include Patella sp. and Natica 
sp. Dinoflagellate cysts comprising of Homotryblium sp., 
Cordosphaeridium sp., Fibrocysta cf. axialis, Hystrichokolpoma 
cf. riguadiae and Operculodinium centrocarpum were recorded 
from the Upper Disang Formation of southern Manipur 
suggesting late Eocene for the UDF and a shallow marine 
depositional environment (Singh et al., 2017).
(ii) Oligocene Faunal records from the Barail Group

The term Barail was adopted from Barail Range in North 
Cachar Hills. The Barail sediments were first studied by 

Mallet (1876) in Namsang river section of  Makum coalfield. 
Later, Evans (1932) proposed the name Barail Group to a thick 
succession of interbedded sandstone and shales overlying 
the Disang and Jaintia Groups. Rangarao (1983) discovered 
Nummulites and Operculina from the ferruginous sandstones 
at Heningkunglwa in the south-western part of Nagaland and 
dated the base of Laisong Formation as Late Eocene. Singh et 
al., (2008) recorded ichnogenera Arenicolites, Helminthopsis, 
Ophiomorpha, Phycodes, Planolites, Rhizocorallium, 
Thalassinoides and Skolithos from central part of the Manipur, 
and stated that the Barail Group were deposited in a shallow 
marine environment with occasional high energy conditions. 
Plant remains consisting of gymnospermous, monocotyledonous 
and dicotyledonous forms were recorded from the Laisong 
Formation of Thoubal and Senapati districts of Manipur 
indicating tropical to subtropical climate in the vicinity of 
the area during the deposition of the host rocks (Singh et al., 
2012). Rajkumar and Klein (2014) documented Perissodactyl 
footprints from the Laisong Formation of Manipur and suggest 
marginal marine setting. Khaidem et al. (2015) recently 
described a well preserved and varied assemblage of trace 
fossils indicating shallow marginal marine setting such as 
tidal flats, deltas and shoreface from the Laisong Formation 
of central and southern part of Manipur. Lokho et al. (2017) 
described fossil leaf impressions from the Laisong Formation 
of the Barail Group (late Eocene-early Oligocene) from Mao-
Pfutsero road section in Phek District, Nagaland. These plant 
fossils are biogeographically significant and throw light on 
the possibility of migration of plants between the Indian sub-
continent and Burma as a result of collision of the Indian and 
the Burmese plates. In the Naga Hills, three ichnofabrics namely 
Ophiomorpha-Palaeophycus (upper shoreface), Thalassinoides 
(middle shoreface) and Chondrites-Planolites (lower shoreface) 
have been identified from the the late Eocene-early Oligocene 
Laisong Formation, basal Barail Group (Lokho et al., 2018). 
Their finding suggest that the ichnofabric distribution is 
primarily controlled by the change in depositional energy levels 
from low to high and supports the presence of a proximal part 
of the hyperpycnallobes of delta-fed marine coarse-grained 
turbidite system for the Laisong Formation of  Barail Group in 
the Naga Hills.
(iii) Miocene Faunal records from the Surma Group

Evans (1932) introduced the term Surma series for the 
succession lying between the Barail Group and the Tipam Group. 
Later, Evans (1964) named it Surma Group. One of the pioneer 
worker of the Surma Group in the IBR is R. P. Tiwari, who has 
extensively worked on the Miocene biota (Tiwari, 1997, 2001, 
Tiwari and Kachhara, 2003; Tiwari et al., 1997, 2007, 2011). 
The Surma Group is divided into two sub-groups; Bhuban and 
Bokabil. The Bhuban sub-group is subdivided into Lower, 
Middle and Upper Bhuban formations. A detailed foraminiferal 
biostratigraphy scheme for the Bhuban and the overlying 
Bokabil sediments in the Tripura-Cachar region was given by 
Bhatia (1996) which led to the recognition of nine biozones 
ranging from late Oligocene to early Pliocene. Bhatia (1996) 
suggest a transgressive phase in the lower part of the Bhuban 
and interpreted that the Middle and Upper Bhuban formations 
were deposited in a shallow, slightly hyposaline environment 
with increased rate of subsidence and sedimentation. The lower 
and middle part of overlying Bokabil Formation have been 
inferred to be deposited in a normal marine, particularly inner to 
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middle neritic environment (Bhatia, 1996). Baruah et al. (1996) 
recorded Globorotalia praebulloides, G. obesa, G. peripheronda, 
G. siakensis, Neogloboquadrina continuosa, Globigerina 
falconensis, Globigerinoides immaturus and G. trilobus from 
the Middle Bhuban Formation and a species of Globigerinoides 
from the Upper Bhuban Formation at Well Bhubandar-A (Cachar 
area, Assam). Based on bio and lithofacies analysis, Baruah  
et al. (1996) suggest a fluvio-deltaic condition in the entire 
Cachar area during the early part of the Surma sedimentation and 
was followed by a major transgression during early to middle 
Miocene leading to destruction and submergence of the earlier 
formed deltaic deposits. Jauhri et al. (2003) recorded two species 
of foraminifera viz. Pseudotaberina malabarica and Boreli 
spygmaeus from the Upper Bhuban Formation of Mizoram and 
suggest N6-N9 Planktonic Foraminiferal Zones (late Burdigalian 
to Langhian) for the Upper Bhubhan Formation  of Mizoram and 
inferred that the carbonate beds were deposited in a lagoonal 
environment which was shoreward in position and marked by 
low energy conditions during latest early to earliest Middle 
Miocene. Ramesh (2004) reported abraded benthic foraminifera 
Planulina sp., Uvigerina sp., Lenticulina sp., Baggina sp., 
Ammonia sp., Roephax sp., Haplophragmoides sp., Karrerulina 
sp. and Trochamminoides sp., Globorotalia sp., Globogerinoides 
sp., Globoquadrina sp., Globigerina sp., Recurvoides sp., 
Cyclammina sp., Bathysiphon sp., Gerochammina and 
radiolarian from the Middle Bhuban Formation from subsurface 
of Cachar area and envisaged that the Bhuban sediments were 
deposited under bathymetric conditions ranging from outer 
neritic to upper slope on a ramp like situation as slump, slides 
and debris flows. Lokho and Raju (2007) described Ammonia 
umbonata, Baggina sp., Orbulina cf. bilobata,  Praeorbulina 
glomerosa circularis,  Praeorbulina cf. transitoria,  Clavatorella 
cf. sturanii and  Lagena sp. and suggest occurrence of zones 
N8-N9 (early middle Miocene) and a paleobathymetric range 
of 60-80m (middle shelf) for the Upper Bhuban Formation of 
Mizoram. Additional findings by Lokho et al. (2011b) recorded 
planktonic foraminiferal assemblage consisting of Globorotalia 
(Fohsella) peripheroronda, Globigerinoides bisphericus, 
Clavatorella sturanii, Orbulina universa, Orbulina bilobata, 
Praeorbulina cf. glomerosa glomerosa representing Planktonic 
Foraminiferal Zones of N8-N9 (Langhian age) and benthic 
foraminifera consisting of Uvigerina schencki, U. substriata, 
U. cf. kernensis, Uvigerina cf. sparicostata, U. pilulata, U. cf. 
rutile, Ammonia beccarii, A. ikebei, A. umbonata and inferred 
a paleobathymetric setting of upper part of outer shelf for the 
Upper Bhuban Formation of Mizoram. A detailed ichnological 
study was presented by Tiwari et al. (2011) on the Bhuban 
Formation, Surma Group (early to middle Miocene) of Mizoram 
which  reveals the occurrence of rich and diverse ichnofossils. 
They presented 20 ichnospecies of 14 ichnogenera which 
include Arenicolites isp., Cochlichnus anguineus, Helminthopsis 
abeli, Laevicyclus mongraensis, Ophiomorpha borneensis, 
Palaeophycus tubularis, Palaeophycus heberti, Palaeophycus 
sulcatus, Palaeophycus alternatus, Pholeus abomasoformis, 
Pholeus bifurcatus, Planolites beverleyensis, Planolites 
annularis,  Polykladichnus irregularis, Rhizocoralliumi sp., 
Skolithos linearis, Taenidium satanassi, Teichichnus rectus, 
Thalassinoides horizontalis and Thalassinoides paradoxicus. 
These ichnogenera indicate foreshore to shoreface-offshore zone 
of shallow marine environment for the deposition of the rocks 
of the Middle Bhuban Formation of Mizoram. Later, Lokho 
and Singh (2013) also documented ichnofossils comprising of 

Psilonichnus upsilon, Ophiomorpha isp., Teichichnus spiralis, 
Skolithos isp., Paleophycus isp. from the Middle Bhuban 
Formation (Mizoram) and suggest shallow marginal-marine 
channel complex dominated by tidal channels in the inactive, 
brackish-water portions of a delta plain for the deposition 
of Middle Bhuban Formation of Mizoram. Rai et al. (2014) 
recorded Mio-Pliocene calcareous nannofossils assemblage 
from the Surma Group of Mizoram and inferred a relatively 
shallow water depositional environment. Recently, Lokho et 
al. (2016) also recorded nannofossils comprising of eleven 
species of eight genera. Based on the occurrences of FADs, 
LADs and the Concurrent Range Zones (CRZ) of the recorded 
calacareous nannofossil species, the studied interval correlates 
with the upper part of NN4 and NN5 zones, representing early 
part of the middle Miocene and the relatively good abundance 
of Helicosphaera, the presence of Discoasters and the published 
foraminiferal data indicate hemipelagic depositional setting for 
the UBF of  Mizoram.

(B) A BRIEF INTRODUCTION OF EOCENE-
OLIGOCENE-MIOCENE FAUNAL RECORDS 
OF NORTHWEST HIMALAYA 

On the western flank of the Northwest Himalaya the 
Cenozoic rocks are exposed in Kangra Valley, Simla Hills and 
Jammu region and are known as Subathu Group, Dharamsala 
Group/Dagshai-Kasauli/Muree Group and Siwalik Group. While 
marine Eocene (Ypresian-Lutetian) biota is known from the 
Subathu Group (Mathur and Juyal, 2000; Bhatia, 2000; Bhatia 
et al., 2013), younger non-marine horizon yielded terrestrial life 
including that of large and small Siwalik mammalia from the 
middle Miocene and younger horizons.

Fossils recovered from the horizons of Subathu Group of 
the western Himalaya comprises of Nummulites burdigalensis 
burdigalensis, N. subramondi, Musculus nuttalli, Parinomya 
blanfordiana, Assilina spira abrardi, A. laxispira, A. 
placentulagrande, N. rotularius, Steginoporella sp., Cordiopsis 
subathooensis, Turritella subathooensis (Mathur and Juyal, 
2000). These fossils have been used in refining biostratigraphic 
zonation and paleodepositional setting of the Subathu Group. 
The late Eocene–Oligocene is marked by  faunal gap and is 
plausibly construed as the unconformity (Najman et al., 1993; 
Najman, 2007, DeCelles et al., 1998) which is correlative with 
the largest extinctions of marine invertebrates in the world oceans 
and of mammalian fauna in Europe and Asia (Sun et al., 2014). 
The early Miocene terrestrial biota are known from the Upper 
Dharamsala in Kangra Valley (Bhandari, 2009; Bhandari and 
Tiwari, 2014), from Kasauli Formation in the Shimla Hills (Arya 
et al., 2004, 2005) and Upper Murree Formation of Jammu region 
(Kumar and Kad, 2002). The earlier important contributions 
on stratigraphy and palaeontology were carried out by Sahni 
and Bhatnagar (1958), Tewari and Dixit (1972), Lakhanpal et 
al. (1983, 1984), Kumar and Sahni (1985), Kumar and Loyal 
(1987), Kumar (1992), Rangarao (1986), Nanda and Sahni 
(1998), Sahni and Kad (1998). Marine deposits are recognised 
till the Eocene (Lutetian) and characterized by marine fossils 
and fossils of coastal habitat represented by faunal assemblage 
comprising mammalian, reptilian and associated forms (Bhatia 
et al., 2013). On the basis of fauna from the foreland deposits 
of the Kangra and Simla hills of northwest sub-Himalaya, 
it was inferred that the paleoenvironmental conditions were 
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marine till middle part of the Eocene,  followed by freshwater 
deposits of the Dharamsala (=Dagshai-Kasauli=Muree Group) 
and succeeded by the deposition of the Siwaliks of the terrestrial 
deposition.

CORRESPONDING  TERTIARY INTERVALS 
FROM IBR, NORTHEAST INDIA  AND 
NORTHWEST HIMALAYA WITH SUMMARY

The correlation of the Eocene-Miocene successions of the 
IBR in NE India and the northwest Himalaya (Table 1) exhibit 
a different set-up of the geological evolution. In the northwest 
Himalaya, shallow marine paleoenvironmental setting persisted 
during the deposition of ?Maastrichtian to middle Eocene 
Subathu Formation (Singh, 1980; Kumar and Sahni, 1985; 
Kumar and Loyal, 1987; Juyal and Mathur, 1990; Najman  
et al., 1993; Mathur and Juyal, 2000; Najman et al., 2004; 
Kumar, 1996; Sarkar and Prasad, 2000; Gupta and Kumar, 
2013; Bhatia et al., 2013). There is a vertebrate faunal hiatus 
from late Eocene-Oligocene in the western sub-Himalaya 
(Kumar and Kad, 2002; Tiwari, 2005, Najman, 2007). However, 
in the IBR during middle-late Eocene, deeper water facies of 
upper bathyal to outer neritic shelf setting persisted (Evans, 

1932; Brunnschweiler, 1966; Lokho et al., 2004; Lokho and 
Kumar, 2008). During the Oligocene, a shallow marginal marine 
depositional setup existed in IBR which is corroborated by the  
finding of the shallow marine trace fossils  from the Laisong 
Formation of Barail Group, Manipur (Singh et al., 2008; 
Rajkumar and Klein, 2014; Khadem et al., 2015) and from the 
Naga Hills (Lokho et al., 2018). In northwest, the Murree Group 
(late Eocene to early Miocene) (= Dharamsala = Dagshai and 
Kasuali) represents non-marine fluvial facies which indicate that 
the Subathu Sea was completely vanished before the deposition 
of these units (Najman et al., 2004; Arya et al., 2004, 2005; 
Sehgal and Patnaik, 2012; Patnaik, 2013; Bhandari et al., 2014; 
Bhandari and Tiwari, 2014). However, a tidal influence of 
estuarine environment was recorded in the Lower Murree Group 
(Singh, 2013; 2014) and in lower part of the Dagshai Formation 
of Shimla Hills (Juyal and Mathur,1990; Bhatia et al., 2013). In 
the IBR region, however shallow marine condition existed till 
the deposition of the Surma Group of late Oligocene to Miocene 
(Bhatia, 1996; Bhatia and Dave, 1996; Ramesh, 2004; Rai et al., 
2014, Lokho et al., 2017). Earlier workers who have focussed on 
the issue of withdrawal of the Tethys from the Himalayan region 
are Sahni et al. (1983) and Mathur and Juyal (2000). Sahni et 
al. (1983) documented the withdrawal of the Tethys with the 
successive strandline positions through the Paleogene-Neogene 

IBR, Northeast India Sources: 
Evans, 1964; Ranga Rao, 1983; Baruah et al., 1987; Bhatia, 1996; Barauh et al., 1996; Ibotombi, 1998; Jauhri et al., 2003; Ramesh, 2004; Lokho et al., 2004a,b; Tiwari et al., 2007 
Lokho and Raju, 2007; Lokho and Kumar, 2008; Lokho, 2009; Raju and Lokho, 2010; Lokho et al., 2011a,b; Lokho and Singh, 2013; Rai et al., 2014; Rajkumar and Klein, 2014; 
Khaidem et al., 2015; Lokho et al., 2016; Lokho et al., 2017; Lokho et al., 2018. 
Northwest Himalaya Sources: 
Singh, 1980; Sahni et al., 1983; Kumar and Sahni, 1985; Ranga Rao, 1986.; Kumar and Loyal, 1987; Juyal and Mathur, 1990; Najman et al., 1993; 2004; Najman, 2007; Kumar, 
1992; 1996; Kumar et al., 1997; Sahni and Kad, 1998; Sarkar and Prasad, 2000; Kumar and Kad, 2002; Arya et al. 2004; 2005; Tiwari, 2005; Kumar and Loyal, 2006; Tiwari  
et al., 2006; Gupta and Kumar, 2013; Seghal and Patnaik, 2012; Patnaik, 2013; Bhandari and Tiwari, 2014; Singh, 2013; 2014.

Table 1. Stratigraphic units, fossil markers and depositional environment of the cenozoic of IBR, Northeast India and Northwest Himalaya.
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and suggest towards southwest direction. According to Mathur 
and Juyal (2000) and Juyal (2006), the regression of the Tethys 
Sea from the Indus Tsangpo Suture Zone (ITSZ) took place in 
the beginning of the late Ypresian, from the Zanskar (Tethyan 
Himalaya) towards the end of Ypresian and from the Himalayan 
foothills in the early Lutetian times. In the IBR, the withdrawal 
of the Tethys Sea was from east to west and the Tethys seaway 
remained till Miocene.

SUMMARY

A synoptic view of the Eocene-Miocene successions of 
the IBR (northeast India) and the foreland basin deposits of the 
NW Himalaya on eastern and western extremes of the Indian 
Himalaya brings to fore the following inferences:
1. While on the eastern extreme represented by IBR, adjacent 

collisional regimes allowed marine deposition for a much 
longer duration till the Miocene but collisional tectonic 
environment on the western Himalaya guided marine 
deposition to end by middle Eocene at equatorial latitudes. 

2. Comparable existing biostratigraphic data of the Cenozoic 
successions of the IBR, northeast India and the northwest 
Himalaya suggest plausibility of progressive south-west 
withdrawal of the Tethys Sea in a stepwise manner due to 
the episodic associated tectonics in the NW Himalaya but in 
the IBR, the progressive withdrawal of the Sea is from east 
to west. 
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