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ABSTRACT : In Assam basin, pre-Tertiary strata are recognized only in a few restricted areas . Though sporadic in occurrence,
these stratigraphic units provide valuable clues regarding the basin generation and subsequent evolution in geological time.
Further, relevance of these sediments to hydrocarbon generation and their contribution to the hydrocarbon resource potential of

the region is still an enigma. The present paper discusses these cardinal issues in terms of the complex geodynamic scenario of the
region. Accumulated evidences suggest that these strata represent pre to syn-rift systems tract and also form a potential, yet
untested, petroleum system concept in Northeastern India. The present day sporadic occurrence of these older sediments in the
foreland part is   visualized as the remnants along the transverse grabens developed during rifting phase. Hydrocarbon generated
and trapped in these sediments along passive margin, but pools subsequently transported within thrust belt or oil and gas might
have been preserved during the thrusting process leading to the existence of “remnant fields” in sub-thrust blocks.

INTRODUCTION

Relevance of pre-Tertiary sequences, particularly the
Mesozoic sediments to the world petroleum reserve is well
known. These sediments are also recognized to be hydrocarbon
bearing in some of the eastern coast basins of India. However,
the nature and the spatial distribution of these sediments in
Northeastern India are poorly established. Out of the large
number of drilled wells in Assam Shelf, only six wells have
penetrated these strata. In the major part of the basin, the thick
Tertiary stratum overlies the Precambrian basement. The
present paper purports to discuss the significance of these
sediments in terms of tectonic understanding of the region
and also their relevance to petroleum system study in Assam
shelf.

REGIONAL GEOLOGY: AN OVERVIEW

Assam shelf represents a classical asymmetrical/
foreland basin flanked by NE- SW trending mobile Naga
Schuppen belt on the east and southeast and Arunachal
Himalaya to the North and North- East (Fig. 1).  Being
bounded by eastern Himalayan fold belts on the north and
Naga-Patkai fold belts on the east-southeast, it constitutes a
vast intermontane basin.  Most of its geological features are
concealed by the recent alluvial cover.

STRATIGRAPHIC OUTLINE

The stratigraphy of the Assam basin is well known.
In the major part of the basin, the Precambrian basement is

overlain by Tertiary sediments.  Fig.2. shows a comparison of
the generalized stratigraphy of  the pre-Miocene units in Assam
and the tectonically related areas. Though huge thick pre-
Tertiary sediments are observed in contiguous areas, the
present day distribution of the Cretaceous sediments in Assam,
is sporadic.  The Pre-Tertiary sediments are known only in a

Figure 1: Tectonic map of Assam-Arakan Basin
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few specific areas. However, these sediments provide valuable
clues to the initial phase of basin generation and therefore,
are briefly discussed below.

Naga Metamorphics

The oldest known unfossiliferous Pre-Mesozoic low
to medium grade meta-sediments is exposed in the broad zone
along Indo-Burma border (Brunnschweiler, 1966) (Fig.1).
These are mostly quartzite, phyllites, carbonaceous phyllite,
crystalline limestone/marble, schist, gneiss, sheared granite
with minor serpentinite (Brunnschweiler, 1966). and correlated
with Pre –Cambrian Chaung Magyi series or with Lower
Paleogene of Burma (Roa,1983).

Ophiolite Suite

Rocks  associated with  radiolarian  cherts,
volcanogenic sediments,  limestones  and  metasediments  are
documented  as  Ophiolite  Suites of Upper  Cretaceous age
(Brunnschweiler, 1966, Chattopadhyay et al., 1983). They are
well-defined  along  two belts around  Mardaly and Naga Hills
(Hutchison, 1975). The sharp  tectonic  contact  of  this   suite
of  rocks  with  the epimetamorphosed  slates  and phyllites
along Moya thrust in Naga Hills (Ganju et al., 1986) and the
absence  of  intrusive contacts,  contact  minerals and contact

halo around them (Brunnschweiler, 1966) suggest that these
are  allochthonous  in nature and are considered as the
“obducted mass” of the oceanic crust.

Sylhet/ Mikir Trap

Besides  the  ophiolite  suite,  occurrence  of Late
Jurassic to Early Cretaceous  basic  to  ultrabasic  rocks  (Sylhet
and Rajamahal  traps)  are reported in the south of Shillong
plateau, in Abor, Naga, Manipur ranges  and  Rajamahal  hills
respectively. These rocks are also encountered in well 12, 8,
47 and 49 (Fig.2a).  These  rocks  represent  the   rift  related
igneous  suite  formed  during  the  continental  rifting   phase
of  Gondwanaland separation.

Gondwana and Cretaceous Sediments

Except for a minor patchy exposure in Singrimari
area of Goalpara District, no outcrop occurrence of Gondwana
sediments have been reported so far in Assam shelf.
Predominantly arenaceous with locally developed
carbonaceous and argillaceous rocks of Cretaceous age are
exposed in the Garo, Khasi and Jaintia Hills. The base of the
sequence is generally irregular, resting either on granite gneiss

Figure 2: Generalized Pre- Miocene Strati-graphy Of Assam And
Tectonically Related Areas.

Figure 2a: Index Map showing Electrolog profiles, seismic section
etc.
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or on conglomerate of metamorphic and igneous pebbles. In
this area the Cretaceous sediments are known by Mahadek
and Langpar formations. In  Manipur,  impure  limestones
which  occupy  large  areas near  Ukhrul,  Lambui and
Hundung  are  of Cretaceous  age  (Basu  and  Rangaraju,
1964;  Prithiraj et al., 1992). The lower Disang shales are
also of Cretaceous age.

In subsurface, a few wells in Barpathar, Jamuguri,
East-Lakhibari, Farkating, and Gomariguri area have
encountered Gondwana equivalent sediments  (Fig. 2a ). In
Barpathar about 340 mts. of these sediments capped by 67
meters of dolerite has been penetrated. Maximum thickness
of 350mts. is encountered in East-Lakhibari. The
palynological evidences from these wells suggest Permian to
Early Cretaceous age for these sediments (Singh et al., 1986;
and Sharma et al., 1986, Ramesh et al., 2003). The presence
of Hayesites albiansis and Pemme dasquensis indicate an
Early Cretaceous (Aptian- Albian) age. The assemblage also
belongs to Early Cretaceous. Presence of Micrantholithus
indicates a shallow marine (near shore) environment. In
Dergaon  about 550 mts. of  thick  quartzose  sandstone  and
argillites sequence having typical Maestrichtian fauna
(Heterohelix planta, Globotruncana cf. contuse, Hedbergella
planispira, Globogerina sp., Pararotalia sp., Rotalia sp., etc.)
has been encountered (Mohan, 1970). This sequence of Late
Cretaceous age is known as the Moabund Formation of
Dergaon Group (Deshpande et al., 1993). Palynological
studies of side wall cores of Degaon well have yielded a rich
assemblage of monosaccate genera. Early Permian (Lower
Gondwana) sediments consists of Brevitriletes unicus,
Horriditrilets sp, Cyclogranisporites sp, Thymaspora sp,
Indotriradires sp, Parasaccites obscurus, Plicatipollenites
indicus, Virkkipollenites Mehta, Divarisaccus sp, Illinites sp,
Faunipollenites sp. and Leiosphaeridia sp. etc and assemblage
envisage  marine environment. Overlying section, Upper
Gondwana (Early Cretaceous) yielded Contignisporites sp.,
Cicatricosisporites sp., Cyclinospora reduncus,
Microcachryidi sp., Classppollis sp, Callialosporites
segmentatus, Callialosporites trilobatus and the sediments
deposited under shallow non- marine condition.

The correlation of the wells where the Pre-Tertiary
sediments have been encountered is shown in Fig. 3. The
sequence is marked by high resistivity 100- 200 ohmm and
fluctuating GR. The whole Gondwana sequence is
characterized by alternations of argillaceous sediments (clay
stone, silt stone and shale), sometimes shown very high
Gamma ray count (> 150 API) and low SP.  Demarcation of
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Gondwana sequence is difficult to resolve seismically as the
data quality is not good. However, division of Gondwana
sequence in study area has made, taking the help of
palynological data and electro log characters.

The isopach and isochronopach map (Fig. 4&5) of
Gondawana unit indicate a maximum thickness of 350mt. in
Barpather –Gamarguri area localized in an northwest –
southeast oriented graben opening towards the Naga Schuppen
belt in the east. Multiple sediment entry from west and
northwest is also envisaged.

TECTONIC EVOLUTION OF NORTHEASTERN
INDIA: A SYNTHESIS

The complex tectonic scenario of the region is
intricately linked with the movement of the Indian plate and
its relationship with the tectono-chronology of the Himalayan
Orogeny. Based on the broad geodynamic background of
Indian Plate, the tectonic history of northeastern India has  been
discussed in three main phases of the ‘Wilson Cycle’ of ocean

Figure 3: Electrolog correlation along the wells 12, 48, 49 and 50
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opening and closing (Fig.6). Broadly, the spatio-temporal
evolution of the northeastern India is explained with an
‘Oblique Collision and Tectonic Wedging Model’ (Naik,
1994). The tectonic history seems to vary along the strike and
progressively propagates from northeast to southwest. The
Ophiolites and the associated older rocks suggest the
development of the basin during Cretaceous time. Further,
the Ophiolite line marks the paleo-subduction belt. Prior to
collision and overriding, the northeastern India was almost
certainly a passive margin and fronted by Mesozoic Oceanic
lithosphere that was continuous with today’s eastern coast
passive margin.  The present day Upper Assam Foredeep
adjoining to the A-subduction margin represents the up-dip
extension of an ancient passive margin. The Mesozoic
sediments in the southeast are presently involved in fold and
thrust belt.  Subsequent to the Thrust loading, flexural sag i.e.
the foreland basin was initiated latest by Late Eocene. The
flexural process continued with migration of the foreland basin
towards NW.

Tectonic Setting and Petroleum System Significance

Figure 4: Isopach map of Gondwana sediments area
between dergaon to Kasomagoan Dhansiri Valley

Figure 5: Isochronopach map between basement and
gondwana, Dhansiri Valley, Assam shelf

Figure 6 : Tectonic evolution of NE India (A): Incipient Indian Ocean
Stage (IIOS) followed by Young Indian Oceanstage
(YIOS) (B) : Subduction of NE edge of Indian Plate
(NEEIP) below Bummese Plate
C) : Collision Phase
Continental Crust TIOP-Tethys Indian Oceanic Plate
Upper Mantle DTT-Dauki Transverse Through
Asthenospere ATS-Arc Trench System
Oceanic Crust ITB-Imbricat Thrust Belt
Magmatic Erruption AYTC-Arakan-YDMA Thrust

Complex
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DISCUSSION

Though sporadic in occurrence, the pre-Tertiary
stratigraphic units provide valuable clues regarding the basin
generation and subsequent evolution in geological time.
Relevance of these sediments to hydrocarbon generation and
their contribution to the hydrocarbon resource potential of
the region is still an enigma. All these  apparent anomalies i.e
sporadic occurrence of Cretaceous and older sediments in
Assam and their relevance to hydrocarbon potential  can be
realized by a clear understanding of the complex
tectonostratigraphy and paleogeography   (Fig. 7) of the region
as  discussed below.

TECTONOSTRATIGRAPHY AND PALEOGEOGRAPHY
– CRETACEOUS PANORAMA

Northeastern India represents a classic example of a
polyhistory basin and  evolved synchronous with the other
east-coast basins during Late Cretaceous period. Therefore,
sedimentation might have been initiated in the Late Cretaceous
in a series of graben/ half grabens concurrent with extensional
faulting (Fig. 8). The initial sediments must  have been
deposited  over  a  considerable portion in a terrestrial
condition as pre- to  syn-rift  fill  and  augmented  by volcanism
and  volcanoclastic  inputs.  Sensu stricto, the Early Cretaceous
sediments (Deragaon Group and even the Gondwanic
sediments of Barapather and other wells) represent the initial
rift related sediment fill.

Subsequently these sediments graded into extensive
continental shelf and contiguous flysch facies.  During this
time the Assam shelf part would have been the interior

extension of the paleocontinental shelf similar to the present
day Peninsular Shield of India. In other words, much of the
area west of the Naga Schuppen belt was probably
experiencing continental set up (Fig. 7). Only a few transverse
troughs, along which these sediments are found today, could
extend upto the continental shield.  Cretaceous sediments are
expected to extend over a wide area east of the Schuppen
belt. Further the thrust system as we see today had not
developed during this time. Thus, it appears that the Assam
shelf part largely remained as a positive area and the main
basin during this time was lying east of the Naga Schuppen
belt in which flysch-like lower Disang sediments were being
deposited.

To explain the present day sporadic distribution of
these older sediments in this region, four possible alternative
models i.e. Oblique Rift Model (ORM)/ Propagation Rift
Model (PRM), Starved Basin Model (SBM), Sedimentation-
Erosion Model (SEM) and Subduction Consumption Model
(SCM), have been critically analyzed (Naik et al., 1993). In
view  of  the  complex  geodynamic  scenario  of  the region,
the  subduction-consumption  model  seems  more  plausible.
This  model  assumes consumption of Cretaceous sediments
and even part of the Tertiary  sediments  along  the Indo-
Burma  trench  during  tectonic retrogradation phase, which
has ultimately resulted into  Indo-Burma  collision  along
Arakan-Yoma  suture belt. The present day sporadic
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Figure 7: Generalised paleogeographic map - Upper cretacious,
Assam and Assam Arakan Fold belt

Figure 8: Interpreted Seismic Section of A- A’
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occurrence of Cretaceous and older sediments in the foreland
part is   visualized   as the   remnants   along the transverse
grabens developed during rifting phase. Thus, the plate
tectonic evolution of the region has exerted a major influence
on the sedimentation and the subsequent consumption of the
Cretaceous sediments in this region.

RELEVANCE TO PETROLEUM SYSTEM STUDY

Assam foreland basin is one of the major on-land
hydrocarbon producer in India. However, similar to many other
foreland basins of the World, concrete definition of petroleum
systems in this basin is difficult due to the following
geochemical observations.

• Paucity  of  mature  source  rocks  vs. evidences  of
supermaturation:  The existing source rocks viz. Sylhet
Limestone, Kopili shales, Barail Coal-shale formations
etc. are either immature  or locally  within  oil generation
window in the deepest part of the  basin (Mani  et  al.,
1985;  Mishra  et al., 1984) as evidenced by the reported
maximum vitrinite reflectance (Ro) value of  0.5% for
these sediments. The TTI values (0.56 to 343.3) obtained
for the existing source rocks is also low.   On the contrary,
presence of metasediments and graphitic slates in the
adjoining areas as discussed in stratigraphy indicate
supermaturation.

• Low Transformation Ratio vs. huge geological
reserve: The  low  TTI values obtained for the existing
source rocks in turn suggest low transformation ratio of
0.28 (Naik, 1994, Naik et al., 2001). The source rocks
are not matured enough to initiate the expulsion and
therefore cannot account for the huge reserve base of
the region.

• Source rocks of Cretaceous-Paleocene age vs. their
sporadic occurrence: The   geochemical   age  of  the
crude  oil  of  Upper  Assam (26-113 Ma) reveal  primarily
Cretaceous  to  Paleocene   and   partly Eocene/ Oligocene
age for  the source  rocks (Mathur and Saxena, 1987).
The sediments of Lower Cretaceous age encountered in
the recently drilled wells as discussed above show
moderate to good source rock potential. The TAI value
of 2.5 in Dergaon Furkating and East Lakhibari suggests
moderate to fairly good mature source rock (Basavaraju
et al., 2001). However, as discussed above, these
sediments of Cretaceous-Paleocene age are sporadic to
almost meager in Assam.

Considering  a  broad  similarity  between
Northeastern India and a few other tectonically complex
regions like Vienna basin, Taconic orogen etc. where no mature
source rocks attributing to the known reserves is conspicuous
in the foreland part, Naik et al, (1993) proposed a model of
hydrocarbon generation from the orogenic belt (Fig. 9).
Accordingly,  when  the continental  margins in zones of
convergence are buried beneath thrust sheets, fluid expelled
from the margin sediments travel into  the foreland basin and
the continental interior (Oliver, 1986). It is believed that the
advocation of  pelagic  sediments  and  also  rift  margin
sedimentary  prisms  during  subduction might have induced
generation and updip migration of  hydrocarbon  from  deeper
levels through flexure scavenging/subduction scavenging. The
simple flexure zone, a strong pressure gradient and a slowly
developing   temperature  gradient  were  quite  favourable for
generation  and  subsequent  long  distance   migration   of
hydrocarbon in northwest direction towards the edge of the
craton.

 Thus, it is surmised that the majority of hydrocarbon
in Assam basin has been sourced from the adjoining Schuppen
Belt. Besides vertical burial of the sediments, lateral tectonic
transport along the convergent margin resulting finally into
collision belt is considered more conducive for hydrocarbon
generation even at a greater depth of burial.  Hydrocarbon
generated and trapped in the Cretaceous-Paleocene sediments
along passive margin, but pools subsequently transported
within thrust plates or oil and gas might have been   preserved
during the thrusting process. Preservation would lead to the
existence of “remnant fields” particularly in sub-thrust
blocks. Some of the hydrocarbons generated from the

Figure 9: Schematic Tectonic model for hydrocarbon generation in
Northeastern India (Collision Phase)
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Cretaceous-Paleocene source beds might have been
accumulated in the Pre- and Post Barail sequences after
thrusting. Part of the oil might have been generated out of the
Paleogene source rocks below the thrust belt. Migration,
remigration and redistribution of hydrocarbon is thought to
have affected the ultimate hydrocarbon accumulation in this
tectonically complex area.

CONCLUSION

• Pre-Tertiary strata though recognized only in a few
restricted areas of Assam basin, represent an important
phase of tectonic evolution and also form a potentially,
yet untested, petroleum system concept in Northeastern
India.

• The present day sporadic occurrence of Cretaceous
sediments in the foreland part is   visualized   as the
remnants   along the transverse grabens developed during
rifting phase.

• The major contribution to the known hydrocarbons are
from the older sediments which have been buried below
the orogenic belt and therefore, not apparent in the Assam
shelf part.

• Hydrocarbon generated and trapped in the Cretaceous-
Paleocene sediments along passive margin, but pools
subsequently transported within thrust belt or oil and gas
might have been preserved during the thrusting process
leading to the existence of “remnant fields” in sub-thrust
blocks.
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