
468

Gondwana Sediments: A Promising Hydrocarbon Exploration
Target in Assam Shelf

K.C. Das1, V.S.B. Sarma2 & M. Ayyadurai3

A&AA Basin, ONGC, Jorhat1,  WOB, ONGC, Baroda2,  A&AA Basin, ONGC, Jorhat3

5th Conference & Exposition on Petroleum Geophysics, Hyderabad-2004, India  PP 468-472

ABSTRACT : The recent findings of oil occurrences in Gondwana sediments in the wells of East Lakhibari and Furkating area in
Assam Shelf have enhanced the hope of discovering hydrocarbon pools in these sediments. Few wells have encountered Gondwana
sediments in Dhansiri valley whose thickness varies from a maximum of 525m in north in Dergaon area to a minimum of 25m in
Yampa area in the south. Based on lithological, electrolog and biostratigraphic data the Gondwana sediments have been divided into
two lithostratigraphic units: i) Early Permian (Lower Gondwana) consisting of coarser clastics and ii) Early Cretaceous (Upper

Gondwana) consisting of alternating sandstone and carbonaceous-coaly-shale. Trap (basalt/dolerite) with intertrappeans are
present in a few wells towards the top of the Upper Gondwana unit and are of the same age. The Early Cretaceous sequence shows
high gamma character with good quality potential source rocks. The source rocks are in early maturation stage, and are likely to
have been matured and generated hydrocarbon at deeper burial depth. The Lower Gondwana unit was deposited in the grabens
formed along pre-existing weak planes / lineaments whereas the Upper Gondwana unit was deposited in the NE-SW trending
grabens generated by crustal thining and development of fault systems prior to breakup of Indian plate from Antarctica and

Australia. The Gondwana grabens are oriented ENE-WSW in the Daldali area, NE-SW in Barpathar-Jamuguri-East Lakhibari area,
and E-W in Dergaon area. Northwest of Borholla field, Jamuguri-East Lakhibari graben and south of Dergaon area have been
identified as prospective areas for hydrocarbon exploration in Gondwana sediments. In addition to established Tertiary petroleum
system, it is envisaged that the Gondwana sediments can act as an independent petroleum system where source, reservoir, cap and
entrapment exists in the deeper part.

INTRODUCTION

Gondwana sediments have attracted geoscientists
world wide for its economic significance in terms of its potential
to contain large coal deposits and significant quantity of
hydrocarbons worldwide. Gondwana basins and their geology
have been thoroughly established in the peninsular as well as
northeastern part of India by various authors. Subsurface
drilling in various parts, particularly in East coast, has also
proved the presence of these sediments.  Deliberate attempt
for hydrocarbon search in Krishna-Godavari basin has been a
success and significant reserves have been established.

During hydrocarbon exploration in Assam Shelf, a
few wells in Dhansiri Valley have encountered Gondwana
sediments with hydrocarbon indications. It encouraged
hydrocarbon explorations as well as establish presence of
petroleum systems in these sediments. The present paper aims
to integrate all the available data and to bring out the
distribution of Gondwana sediments in the basin and find out
their potentiality for hydrocarbon entrapment.

METHODOLOGY

The subsurface data from the wells drilled down to
the Basement penetrating Gondwana sequences and the

nearby wells have been converged to derive the deposition /
disposition of Gondwana sediments in time and space in
Assam Shelf area. The sedimentological data of the available
conventional cores, sidewall cores and cuttings in Gondwana
sediments were analyzed to know the depositional
environments. The biostratigraphic data (Basavaraju et.al. 2001,
2002) have been taken into account for age boundaries. The
electrologs were used for correlations of different litho-units
and their variations in the area. All the seismic lines of 2D data
from Dergaon in the north to Daldali in south were interpreted
and mapped on top of Basement, Gondwana and Sylhet. One
isochronopach between Basement and Gondwana top has
been prepared.

DISCUSSIONS

Occurrence of Gondwanas

So far six wells (GA, GB, GC, GD, GE and GF) have
penetrated Gondwana sediments of varying thicknesses.
Locations of these wells are shown in Fig.1 and are restricted
to shelf part of Dhansiri Valley. A stratigraphic correlation
along north-south profile is presented in Fig.3 to show the
lithological variations, age of the sediments and electro-log
properties.
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The different litho-units present in the Gondwana
sequence from bottom are: I) the lower most unit dominated
by sandstones, II) sandstone-shale alternation and III) trap
(basalt/dolerite) with thin intertrappeans. The lower unit
belongs to Early Permian (Asselian-Sakamarian) age equivalent
to Talchir stage whereas the Upper two units belong to Early
Cretaceous(Aptian)  age equivalent to Rajmahal stage (after
Basavaraju et.al. 2002). Hence, the total sequence is divided
broadly into Lower Gondwana (Early Permian) and Upper
Gondwana (Early Cretaceous) separated by a major
unconformity. Electro-log characters also show distinct
variations in these units (Fig.3)

The well GA located in the north has no associated
trap and has maximum thickness of Gondwana sediments which
are mostly of Early Permian age. The well GF located in the
southern part has minimum thickness of Gondwana sediments.
Trap presence appears to be restricted in the middle and
southern part evidenced from the wells GE, GD, GC and GF.
The thickness of individual units are shown in Table-1.

FACIES AND DEPOSITIONAL ENVIRONMENT

Cores and cutting studies have shown different
lithological and petrographic characters for the lower and
upper Gondwana sequence.

The lower most unit overlying basement is dominated
by sandstone with shale intercalations. A correlatable

lithofacies of pebbly shale having pebbles and cobbles
embedded in   clay matrix (tillite?) has been observed in the
cores of well GA and GE. Palynofossil assemblages and
sedimentological characters indicate Early Permian age (Lower
Gondwana) possibly equivalent to Talchir Formation. The unit
shows overall low gamma count. Dominantly coarser clastics
with fresh feldspars, rock fragments and high angular grains
indicate immature nature as well as limited transportation of
the sediments. Depositionally, these sediments belong to non-
marine to marginal marine conditions (syn-rift phase with
marine influence). The marine influence was from north (Tethys
Sea) as described by Biswas (2003).

The unit-II is represented by alternations of
sandstone and shale which depicts high gamma on electrologs
and found mostly in the central part (well no.GB,GC,GD,GE).
Similar facies having relatively lower gamma counts might be
correlatable in Dergaon area. Lithological characters of
sandstones are medium to coarse grained, poorly sorted,
angular and feldspathic. Shales are black to greenish grey in
colour, carbonaceous and contain occasional coal laminations.
This unit has reworked Permian palynofossils in Dergaon area
as compared to Jamuguri-Barpathar area. These characters
point to a fluvial depositional conditions where streams cutting
through Lower Gondwana from up dip were deposited along
with Early Cretaceous sediments in Dergaon area. In Borpathar-
Jamuguri area, it represents relatively quiet water sedimentation
with less circulation and anoxic environment possibly in a
lacustrine set-up.

TRAP,  ITS AGE AND SIGNIFICANCE

Trap of varying thicknesses has been encountered
in well GE, GD, GC and GF (Table no.1). The inter-trappeans of
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Figure 1: Location map showing wells penetrated Gondwana
sediments in Dhansiri valley, Assam shelf

Table 1: Thickness of Different Litho-units in the Wells
Encountered with  Gondwana Sediments

Well Log Depth Thickness Thickness Thickness Thickness
 No. of Basement  of Gond  of Lower  of Upper of Trap
(Kb) (M) wana Sedi- Gondwana Gondwana (M)

ments (M) (m) (m)

GA 1790 525 478 47 -
(84.35m)
GB 1679 47(?) - 47 -
(108.24m)
GC 2468 398 76 322 50
(111.37m)
GD 1857 307 - 307 34
(114.95m)
GE 1730 417 145 272 67
(112.72m)
GF 2328 90 - 25 65
(123.20m)
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Mikir Trap encountered in Dhansiri Valley have been dated
as Early Cretaceous (Basavaraju et al., 2001). These traps can
be correlated to the reported occurrence of Trap in outcrops
of south of Shillong Plateau, Koilajan and Pujanala in the
Mikir Hills(Dasgupta and Biswas,2000) which are known as
Sylhet trap equivalent to Rajmahal trap. This trap activity
represents a volcanic episode associated with the breakup of
Indian Plate from Antarctica and the opening up of Bay of
Bengal (Fig. 2, modified after Sclater and Fisher,1974).

The Upper Gondwana sediments represent narrow
rifted grabens associated with crustal thining and trap (basalt)
flow prior to breakup and movement of Indian plate from
Antarctica.

Gondwana Sediments: A Promising Hydrocarbon Exploration

HYDROCARBONS IN GONDWANA SEDIMENTS

A number of objects have been tested in the wells,
which have penetrated the Gondwana sediments. The objects
produced mainly water with traces of gas having composition
of Methane+Ethane and traces of higher hydrocarbons. Two
objects conventionally tested in Upper Gondwana section in
well GB and GC have produced traces of oil along with water.
The geochemical characters of these two oils are different
indicating limited migratory nature in GB and long distance
migration in GC. Apart from this a number of cutting samples
and sidewall cores have yielded hydrocarbon shows.

SOURCE ROCK POTENTIAL

The Upper Gondwana contains good source rock as
compared to the Lower Gondwana unit. This unit particularly
in GD, GB and GC has very good quality organic matter capable
of generating liquid hydrocarbons. The organic matters were
deposited in highly anoxic conditions. The TOC content varies
from 0.58 to 7.3 and HI ranges from 113-700(Prabhakar et.al.,
2002, Raghunandan,2003). However, other parameters suggest
the organic matter to be just on the threshold of maturity.

ORIENTATION OF GONDWANA GRABENS

Grabens interpreted from seismic data were
superimposed on the residual gravity map to find out regional
trends of Gondwana grabens (Fig.4) in Dhansiri Valley. The
grabens broadly match with gravity low except at few places
where some part of the graben extends over the gravity high
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Figure 2: Schematic map showing opening of Bay of Bengal. In early
Cretaceous southwestern part of East Coast of India
developed with Cauvery and Krishna-Godavari basins.
Subsequent eruption of flood basalt and opening of
northeastern part of East Coast (modified after Sclater and
Fisher, 1974).

Figure 3: Stratigraphic correlation of Gondwana section in wells GA, GB, GC, GD ,GE & GF (Sylhet top as
datum)
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area. The general trend of the grabens is EW in northern part
(Dergaon area), NE-SW in central part (Jamuguri-East Lakhibari
area) and ENE-WSW in the southern part (Daldali area). A
seismic section showing Gondwana graben with graben margin
fault is shown in Dergaon area near the well GA (Fig.5).

STRUCTURAL CONFIGURATION ON TOP OF
GONDWANA AND THICKNESS OF GONDWANA
SEDIMENTS

The isochron map on top of Gondwana reveals that
the western part is shallow (TWT 600ms) and deeper (TWT
2500ms) in the east. The Gondwana occurrence in the east is
delimited by faults oriented in NE-SW to ENE-WSW and cross
faults oriented NNW-SSE to N-S direction. Absence of
Gondwana sediments in many drilled wells in the eastern part
also supports this interpretation. The Naojan horst, oriented
N-S to NE-SW and the central portion of Daldali area seem to
be devoid of the Gondwana sediments.

Isochronopach of Gondwana sequence shows
thicker units in a) South of Dergaon area, b) North-west of
Borholla field, c) Borpathar-Jamuguri-East Lakhibari area and
d) Daldali area.

ANALYSIS

Well and seismic data indicating thicker Early Permian
sequence towards western margin of the basin, development
of thicker Early Cretaceous sequence in Barpathar-Jamuguri-
East Lakhibari area and further thickening towards east suggest
two independent paleodepositional trends. The Early Permian
(Lower Gondwana) sediments were deposited in the grabens
formed along pre-existing weak planes / lineaments mostly
representing the boundaries of Archaean protoplates
(Mitra,1994). The Early Cretaceous sediments deposited in
the NE-SW trending grabens generated by crustal thinning
and development of fault systems prior to breakup of Indian
plate from Antarctica and Australia.

PROSPECTIVE AREAS

Considering the source rock potential of Jamuguri-
East Lakhibari area the sediments northwest of Borholla and
Furkating having deeper burial depth might have generated
sufficient hydrocarbon and accumulated in the reservoir facies
available within it. Other than this, the suitable structures in
Jamuguri-Furkating-East Lakhibari area and intragrabenal high
observed in the area west and southwest of Dergaon structure
might become good exploration targets due to the hydrocarbon
shows and presence of oil indications in drilled wells in these
areas.

TECHNOLOGICAL CHALLENGES

Seismic interpretation has been a problem particularly
in the western part near Barpathar area where reflection
strengths are of poor quality. Upper and Lower Gondwana

Gondwana Sediments: A Promising Hydrocarbon Exploration

Figure 4: Residual gravity map showing broad low and high trends
super imposed by Gondwana grabens derived from seismic
data in Dhansiri valley (Project no. 2-4 of 2002)

Figure 5: Gondwana grabens in dergaon area nearer to well no.GA
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has to be separately mapped for better exploration strategies
for which clear reflections are required. It is often difficult to
separate basaltic trap and Sylhet Limestone as both are high
velocity layers and thin Tura sediments in between. The
Barpathar-East Lakhibari area requires special acquisition and
processing due to the presence of trap (basalt/dolerite) towards
the top of Gondwana sediments.

CONCLUSION

! Based on lithological, electrolog and biostratigraphic data
two lithostratigraphic units have been broadly identified
in the Gondwana sequence: a) Early Permian unit
consisting of coarser clastics and b) Early Cretaceous
units composed of alternating carbonaceous shale and
sandstone. Trap (basalt/dolerite) with intertrappeans are
present in a few wells towards the top of the Upper
Gondwana unit and are of the same age, i.e., Early
Cretaceous (Aptian).

! Distinct log characters (low gamma for lower unit and
high gamma in the upper unit) and facies composition
are indicative of different depositional environments such
as continental/marginal marine for the lower unit and non-
marine lacustrine for the upper unit.

! The trap (basalt/dolerite) associated with Early
Cretaceous sediments is equivalent to the Sylhet and
Rajmahal Traps and represents the volcanic episode
associated with the breakup of Indian Plate from
Antarctica and Australia.

! Based on seismic and gravity data, broad outlines of
Gondwana grabens have been identified in Dhansiri
valley. The grabens are oriented ENE-WSW in the Daldali
area, NE-SW in Barpathar-Jamuguri-East Lakhibari area,
and E-W in Dergaon area.

! The observations such as thicker Lower Gondwana
sequence (Early Permian) in western margin (Dergaon
and Barpathar) and thicker Upper Gondwana (Early
Cretaceous) in Barpathar-Jamuguri-East Lakhibari-
Furkating extending towards eastern side indicate that
the depositional graben of Lower Cretaceous (Upper
Gondwana) time have different trends than that of the
Lower Gondwana.

! Geochemical results suggest a good source rock potential
for the upper high gamma unit, which is at an early
maturation stage. Occurrence of this sequence at deeper
depths would have more effective generation of
hydrocarbons. The Gondwana sediments northwest of

Borholla and Furkating having deeper burial depth might
have generated sufficient hydrocarbons and accumulated
in the reservoir facies available within it.

! An additional petroleum system can be envisaged in the
Gondwana sediments where source, reservoir, cap and
entrapment exist in the deeper part.

! Northwest of Borholla field, Jamuguri-East Lakhibari
graben and south of Dergaon area have been identified
as prospective areas for hydrocarbon exploration in
Gondwana sediments.
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