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Summary
Hydrocarbon exploration in Nagapattinam sub basin, the central part of Cauvery basin, India has been limited mainly
to the Upper Cretaceous and Tertiary sediments. The plays within the above sediments have substantial reserves
established through exploration spanning over three decades from different fields.
Significant thickness of pre and syn rift sediments ranging from Upper Jurassic (?) to Aptian remains unexplored in
Cauvery Basin in general and Nagapattinam sub basin in particular.
Exploration in the younger sequences of Creataceous and Tertiary has reached a stage where there has been
substantial fall in the Exploratory Discovery Index (EDI). The situation demands to shift the exploration focus from
post-rift to pre/syn-rift sequences.
Worldwide many giant hydrocarbon fields have been discovered within the syn-rift sequences.
The vast possibilities within syn-rift sequences within the proven hydrocarbon province of Nagapattinam sub basin can
open up new vistas towards achieving future exploration objectives.

Introduction
Cauvery Basin (Fig. 1) is one of the pericratonic
basins, formed due to the separation between India
and Sri Lanka. Formation of grabens and horst blocks
subdivided the Cauvery Basin into six sub basins as
given below.
1. Ariyalur-Pondicherry (A-P) Sub basin
2. Tranqueber Sub basin
3. Nagapattinam Sub basin
4. Tanjore Sub basin
5. Ramnad-Palk bay Sub basin
6. Gulf of Mannar
This paper is confined to the discussion of rift
sediments pertaining to the Nagapattinam sub basin.
The study brings out new exploration targets within
syn-rift sequences of Nagapattinam sub basin.
In the adjacent Tanjore sub basin the oldest sediments
encountered in drilled wells are dated Aptian.
However, the oldest sediments studied in outcrops are
of Neocomian-Barremian age deposited in non-marine
to marginal marine conditions.

In a continental rift setting, sedimentation is expected
to start with organic rich lake deposits followed by
marine incursion and subsequent deepening. In the
study area, potential of the deeper source rocks and
reservoirs in the proximity remains largely untapped.

Rift Sequences in Cauvery Basin
Cauvery Basin was initiated during Late Jurassic/Early
Cretaceous time. Recent Sequence stratigraphic
analysis identified Albian top/ Base of Nallurian Stage
(Raju et al, 1998) corresponding to the bottom of
Grey/Karai shale in the outcrop and Sattapadi Shale in
the sub-surface as the end-rift unconformity due to
following direct reasons.

The present study is done to identify the prospectivity
of Syn-rift sediments below the end-rift unconformity.
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Study area

Fig.1 Tectonic Map - Cauvery Basin

i) Change of seismic facies from rift-driven wedge
shape to tabular shape representing end of rifting.

Fig.2 Basement Map-Cauvery Basin

ii) Presence of pyrobitumens representing (high heat
flow) well-preserved source facies below this surface
signifying restricted nature of the basin.

Tectonic Setting of Cauvery Basin
Jurassic fragmentation of eastern Gondwanaland into
India, Antarctica, and Australia had initiated the
formation of Mesozoic rift basins on the eastern
continental margin of India including Cauvery Basin
in the south. Based on the identification of ocean floor
magnetic anomaly (M11-134.5 Ma) of the Antarctic
and the Indian coast, the time of rift initiation is likely
to be between 134 and 160 Ma. The ocean–continent
boundary is envisaged to be about 90-120km away
from the present day coast of India.

iii) Absence of bottom current re-working (on cores)
probably indicating restricted basin.
The initial pre-rift lacustrine/ fluvial sediments might
have been preserved in the lower part of the syn-rift
sequences.

Source Rock

Numerous down-to-basin extensional faulting took
place in the Cauvery basin due to rifting. Active
subsidence along these normal faults trending parallel
to the Pre-Cambrian Eastern Ghat trend (NNE-SSW)
gave rise to horst-graben setting (Fig.2). The
conjugate WNW-ESE and WSW-ENE direction offset
the major extensional faults of NNE-SSW trend.

An admixture of terrestrial and marine organic matter
constitutes the identified source facies in Cauvery
basin. Matured Source facies have been proven to
exist within the syn-rift sequences ranging from
Hauterivian to Albian age. A huge thickness of
Valanginian and older sediments remains to be tested
for source potential. This unexplored generation
potential can be tapped only through exploration of
deeper plays as depicted in this study.

Nagapattinam sub basin
The Nagapattinam sub basin extends through northern
Palk Bay to the south of Karaikal High. It is bounded
by High trends of Pattukottai-Mannargudi in west,
Karaikal high in the north and Vedaranyam high in the
east. The sub basin has a very thick stratigraphic
succession, oldest rock envisaged to be of Jurassic
from the recent stratigraphic studies.

The source rock data is not available in the
Valanginian and deeper sediments and also the
available scanty source rock data in BarriasianValanginian sediments does not lead to any definitive
conclusion on source rock development.
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Currently, there is a worldwide thrust on finding more
oil from the explored acreages due to favourable
economics. Nagapattinam sub basin is the most
prolific producer of hydrocarbons from Upper Albians
in Pallivaramangalam-Vijayapuram fields as deepest
play and Oligocene as the shallowest play in
Narimanam field.
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Since there is no deep well penetrating through the
oldest sediments in the depositional troughs, the
inferred shallow water environments in the subsurface
for sediments older than Aptian remain largely
conjectural.

Basement
R-3

Fig.4 Dip section through Well W-1

Drilled-data suggests that Shales within Lower Albian
are source rocks contributing to the generation of
Hydrocarbons in this part of the basin.

The NNW-SSE trending cross fault (fig.3) is one of
the active faults during rifting. The matured source
rocks below have contributed to the accumulations in
Late Albian sediments of recent hydrocarbon bearing
well W-1, which is drilled in the end-rift shoulder of
main Nagapattinam graben (Fig. 4). This well has
produced hydrocarbons from late syn-rift sediments
near end-rift unconformity. The lateral seal is the
graben-binding fault and the thick shale deposited
during Cenomanian transgression provides top seal.
Exploring the deeper sequences has attained
confidence after the discovery in this well.

Having explored both the upper part of Cretaceous and
Tertiary sediments, the focus is fast shifting towards
exploring pre-rift as well as syn-rift sequences.
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The map on top of the Precambrian in Nagapattinam
sub basin and adjoining sub basins (Fig. 3) shows the
horst-graben setup. The thickest syn-rift sequences are
in the central part of the graben. These rift seismic
sequences are terminating against the west and
northern basement highs.
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Fig. 5 Dip Section showing the inversion structures
within syn-rift sequences

Fig.3 Basement Map showing the Fault trends in
Nagapattinam & adjoining Tranquebar, Tanjore
Sub Basins

Inversion structures are known hydrocarbon plays in
rift basins. Such structures within the younger post rift
section are proven hydrocarbon plays in Cauvery
Basin. The interpreted pre/syn-rift sequences have
indicated phases of early inversion in the study area
(Fig. 5 & 6). A number of structures in similar setup
with areas ranging upto 15-20 Sq.Km. are identifiable
on 3D seismic data. The identified structures show a
pattern of younging found all around the graben
binding extensional faults (Fig. 7). These structures
are formed probably due to the differential compaction
during subsidence.

Although no well has been drilled to these depths and
mappabilty of deeper events on seismic is very
difficult, an attempt has been made to understand and
give a shape to the setting of older sequences to
present in this paper.
From the northeastern part of Mannargudi high the
basement plunges into the Nagapattinam sub basin
with a series of SSW-NNE trending faults (Fig.3).
These faults are formed due to the rifting causing the
sub basin formation. The pre/syn-rift sediments of late
Jurassic, Valanginian, Barremian and Aptian have
been deposited in the deeper parts.

3

End Rift

K/

RRRRBasemen

Fig. 6 Strike section showing the inversion
structures within syn-rift sequences
The reservoirs are envisaged to be present in the
synrift primarily as product of axial and transverse
drainage (particularly from the hanging wall block).
Porosities are expected to be moderate (10-15%).

Fig.8 Time map of Syn-Rift sequeneces R-2

Fig. 9 Time map of syn-Rift sequeneces R-3

Fig. 7 Time map of Syn-Rift Sequence R-1
20 Sq.Km and predicted targets are at the depth of
about 4000-4500mts. at structurally favourable
positions.

Huge thicknesses of syn-rift seismic sequences are
terminating against the basement highs/older
sequences towards west and north.

As the source rocks are very proximal to the syn-rift
sequences, structural closures and stratigraphic traps
within these sediments are excellent targets for
hydrocarbon exploration.

The Deep Marine Shales and localized shales
developed with sea/lake level change provide sealing
mechanism for preventing upward migration of
hydrocarbons.

Conclusions

Several Time structure maps are prepared to
understand the syn-rift setting and their thickness
variations. Time maps at three syn-rift levels namely
R-1, 2 & 3 are being presented in this paper for
demonstration.

Matured source facies are generally confined within
the syn-rift sequences belonging to Albian and older.
The initial pre-rift lacustrine/ fluvial sediments rich in
organic matter in the lower part of the syn-rift
sequences below the end rift unconformity i.e. Albian
top.

The maps from R-1 to R-3 are corresponding to
younger to older syn-rift levels respectively. The
structural closures are having areal extent of about 15-

A number of structures could be found all around the
fault binding graben shoulders at the younger
sequences towards NW and successively in older
sequences towards SE (Fig. 7,8,9).
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The deep source facies would have early maturation in
charging the deeper prospects identified. Early
charging also would have arrested the deterioration of
reservoir through diagenesis.
As the source rocks are very proximal to structural and
stratigraphic traps within syn-rift sequences, they are
excellent targets for hydrocarbon exploration.
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