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Summary

Cauvery Basin is the southernmost among the Mesozoic rift basins of India lying along its east coast. The basin came into
existence due to separation of Indian plate from Antarctica during the fragmentation of Gondwanaland. In rift basins,
hydrocarbons generated from pre rift/ syn rift sources have a tendency to accumulate on the gentle slope both in syn rift and in
immediate post rift sediments. Present study established that in Cauvery basin most of the established hydrocarbon
accumulations occur on the gentle flanks of the syn rift half grabens. Similar phenomenon of preferential hydrocarbon
accumulation has been observed in prominent petroliferous basins, viz., Reconcavo (Tequipe and Aqua Grande Field, Brazil)
and Gulf of Suez (Middle East). In the present study, the preferential proclivity of hydrocarbons on gentle flanks has been
examined from Generation-Migration-Entrapment point of view. The reactivated NNE-SSW set of faults and the transfer faults
have been the conduits for vertical migration. The stratal up dips towards the gentle flank is the guiding factor during migration
of hydrocarbons to the gentle flanks.

Introduction

In Cauvery Basin rift related extensional faulting (along dated as Oxfordian age (Upper Jurassic) based on
Eastern Ghat trend) that spanned from Late Jurassic (~160 palynology. However, the oldest sediments studied in the
Ma) till late Albian (~101.5Ma) resulted in formation of a outcrops are of Neocomian-Barremian age (Lower
number of en echelon horst and half grabens (sub basins) of Cretaceous) deposited in non-marine to marginal marine
varying polarity and tilt viz., Ariyalur-Pondicherry, conditions. Initial depositional environment was probably
Tranqueber, Nagapattinam, Tanjore, Gulf of Mannar- lacustrine and with the incursion of sea during rifting,
Ramnad-Palk-bay and Pamban (between India and Sri shallow marine condition had prevailed. Gradual deepening
Lanka). The basement high trends that separate these of basin during active rifting resulted in deeper bathymetry.

Cretaceous half grabens are Kumbakonam-Madanam-
Portonovo  Pattukottai-Mannargudi-Vedaranyam-Karaikal
and Mandapam-Delft ridges (Fig. 1). The major graben
bounding NNE-SSW normal faults were dissected by two
conjugate transfer zones in WNW-ESE and WSW-ENE
directions (Fig. 2).

Cauvery Basin comprises more than 8000 m thick
sedimentary sequence ranging in age from Late Jurassic to
Recent deposited over Precambrian granite-gneiss
basement. Oldest sediments encountered in drilled wells are
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Figure 1: Tectonic Map of Cauvery Basin

The pre/syn rift sediments comprising sandstones and
shales of Andimadam Formation range over 4000m in
thickness. The post rift sediments dominated by clastics
with considerable limestone development in the Tertiary
also ranges over 4000m. The generalized lithostratigraphy
of Cauvery basin is shown in Fig. 3. Five major
unconformities were observed within Albian, Turonian,
Campanian, Maastrichtian and Miocene in the outcrops.
The widespread unconformities at the top of Turonian and
Cretaceous have probably been caused by basinal
exhumation due to uplift and contraction. Initial shelf-slope
system started emerging during late Cretaceous and
gradually typical shelf-slope system had emerged by Early
Eocene.

Method

Seismic, well log and laboratory data were integrated for
analysing the structural elements of rift segments,
stratigraphic framework and depositional setting. Four
representative seismic profiles from different sub basins
covering boundary fault margin to flexural margin are
shown along with the drilled wells (Fig. 4, 7, 8, 9). The
emerging trend clearly shows preferential hydrocarbon
accumulations on the gentle flanks of the half grabens.
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Fig. 2: Time Structure Map of Basement showing major fault
trends.

Observation and Analysis

Almost all the sub basins are NNE-SSW oriented half
grabens either with gentle eastern flanks i.e. Tanjore,
Ramnad, or gentle western flanks i.e. Tranquebar,
Nagapattinam.

The sediments deposited during initial rift were probably
nearly flat-lying. Continued rifting and deepening of high
angle graben-bounding normal fault gave rise to typical
wedge shaped facies. The syn rift wedges rotated and tilted
towards the graben binding faults till end of rift (late
Albian). Consequently strata up dip directions point
towards the gentle flanks (Fig. 4).Geological section along
the representative seismic line L4 passing through Ramnad
sub basin (Fig. 5) clearly depicts the half graben
architecture, fault patterns, strata wedging and inversion
structures on the gentle flank of the half graben

Reservoirs- syn rift and post rift: During rifting, major

sediment supply comes through

a. Longitudinal (axial) drainage from the shoulders of the
rifted grabens (Fig. 6).

b. Transverse drainage from the gentle flanks (hanging
Wall) and.

c. Transverse drainage from the (steep flank) footwall
along transfer zones



THICK. AGE
FORMATION  ness LITHOLOG LITHOLOGICAL DESCRIPTION (EPOCH)
(

£ . By
- & F THITACHER! Fm. UNCONSOLIDATED GRAVELY SanpsTone  RECENT TO
% [ AND EARTHY CLAYS MIDDLE
o =0 MIOCENE
MADANAM Lst mw,w uan ONE SARGY CLAYEY BISMICIATC Witk Thikt
VANAYUR Sst T VAhJ YU»( SANOSW‘& RELNESHOWHITL SANDSTONL WiTH LOWER
8 E g
HIYALICl st 551 CALCARLOUS Wy MIOCENE
PEm ALY COmSTOE WiGHLY 1081 FLRGUS CLATSTONG ry
KOVILKALAPPAL I'm. CLAYSTONE HITH S IGAST CIMESTOHE i
RIRAVI Sst SERAVI SANDSTONE GREY CALCAREOUS FIE 70 NEDIUM GRAED, CHATTIAN E
TRUTTURAIPUND SAUDSTONE CALCARECUS
POORLY SORFED, FOSSILIFLROUS RUPELIAN F
H TIRUPPUNDLFin | BANGS GF CMESTORL SILTSIONE AND SANDSTONE. | PRIABONIAN | |
TIRUPPUNDI Fm. § MARL GOMMATES THE UPPER PART LMESTOAL i CERTRAL PART, BARTONIAN
I SILTSTONE I LOWER PART |-RARIONAN
M VEDARANYAM LIMESTONE MAINLY CORAL LIVESTON FARTIALLY LUTERAN
g CEVULOPPLD ALONG THE COAST CF SRILANKAYCOARANS TAS 8
L = S0 PAALOSNE MIOCENE <
[roamLiRing 5 PAIANALLUR Fen CLAYEY SANGSTORE WITI¢ BANDS OF CLAYSTONC &
i £ KARAIRAL SHALE GREY. SILTY YPRESIAN
ALt i g GCCASIONALLY CALCAREGUS, BYRITIFERGUS
w
. < THANETIAN | &
AP o | KAMAUAPURAN Fro . ALTERNATIGNS GF SASOSTONE ARD SHALES 8
s SANDSTONE 1 DIRYY WIHTL. PEBBLY MICACLOUS, #YRITHERGUS ¥
DANIAN |4
. e S
s T %(5) | ARivalun 6ROUP 0L FoROP: TWO FORMAL SANDSTONE LTS
Gr 3 SANOVACHING A CORBONATE UNIT 912 SILAKUD!Fin KALLANEDU
- Sl @ | sanosTosE & KacLaR KuRUSH: LIESTONE Szt
G X8 N S8 SURTACE
i /33 BORTGNGVO SHALE CAWEBATLD SHALE WITk HNOR SILTSTONE
o NARNLAR fm. ALYERKATIONS OF SAKUSTONL ARD SLTY SHALL
wosrssn | 37 ORI DI TALEARLGLS STt cANPY
§4 KOTtARAKSH L CALCARLOUS SILTY SHALL.
M
N \.OMPAC”CSS rmun(m 1 CLAUCONITE, SANTHONAN
\xviw;wAG moE EBHUVANAGIRI For COARSE GRATNCD SANOSTONE WTH WINGR SLAYST on j—IMERNIAN
" > SATEAPADI SHALL SiLTY SHALE AN MINOR CALCARLOUS
SATTAPADI g SANDSTOND ALTERNATIONS CENOMANIAN
2 ANDHMADAN [ e CALCAREOLS SANDSTONE, CONGLOMERAT
> N E e e — -
g ALK OAY Frr CALCARLOL C SANDSTONE Wi
AsDIsONR Fm & :
INTCRCALATIONS OF SATY SHALL T
FEFFFFF LIE AR AL A A N et A A at e i

Fig. 3: Stratigraphy of Cauvery Basin (Venkatrengan et al, 1983)
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Fig. 4: Seismic section passing through Ramnad sub basin (L4 ) —
South Cauvery

The transverse drainage is the direct consequence of rifting,
whereas, the axial drainage develops principally through
diversion of the antecedent streams and channels into the
newly formed trough (Prosser, 1993). In the absence of an
established drainage system at the early rift stage,
contribution of the steep flank of half grabens in terms of
sediment supply remains restricted to poorly sorted
conglomerates and smaller streams flowing along transfer
zones. The escarpments degrade with time and the steep
flank takes over as the principal source of sediments much
later during post rift passive margin stage.

“HYDERABAD 2008”

TYPIGAL GEQLOGICAL SECTION - SOUTH GAUVERY

A Rt R2 R3 R4 RS .

DEPTH 18 BETERS

Fig. 5: Geological Section showing the discovered hydrocarbon
pools in post rift late Cretaceous sediments along the
representative seismic section L4 — South Cauvery

In Cauvery Basin Sediment accretion during Cretaceous
was principally controlled by the antecedent horst-graben
morphology. As the rifted basin matured with time, the foot
wall scarp degrades and transverse drainage principally
from footwall attained prominence, e.g., canyons and
channel cut in Ariyalur- Pondicherry, Tranquebar-
Nagapattinam and Ramnad sub basins. The earliest
signature of an emergent passive margin is seen on seismic
data as discontinuous and poorly developed clinoforms in
Coniacian-Santonian. During Tertiary, the grabens filled
up and the basin emerged into a single passive margin over
which the successive Tertiary sequences prograded
eastward.
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Fig. 6: Model showing development of reservoir facies from
footwall and hangingwall in half graben setting.

Source: Shallow ponds/lakes could have existed during
initial rifting period. The syn rift argillaceous sediments
and transgressive shales are the major source rocks.

Migration: The preferred migration of hydrocarbons
towards the gentle flank results in hydrocarbon
accumulation in the syn rift reservoirs generated through
processes given above. In case the migration path up dip is
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dissected by reactivated/ younger faults the hydrocarbons
are routed up into younger reservoirs with predominant
gentle flank bias in Cauvery basin (Fig. 5). Major fault
trends are synthetic and antithetic to the graben bounding
fault and more in number relatively towards the flexural
margin than fault bounding margin of the half graben.
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Fig. 8: Seismic section passing through Tranquerbar sub
basin (L3) — Centaral Cauvery

Sub basin wise hydrocarbon proclivity on the gentle flanks
in Cauvery basin is demonstrated on seismic and geological
sections (Fig. 4,5,7,8&9). The typical geological cross
section in Fig. 5 passing through the representative seismic
line L4 in Fig. 6 of Ramnad sub basin shows the graben
bounding fault to the west and the discovered hydrocarbon
pools (wells R-3 & R-4) to the east on the gentle flank to
the east.

Several stages of reactivation of the synrift extensional
faults are noticeable. Inversion of the faults responsible for
hanging wall antiforms are observed near the Cretaceous
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top (Campanian-Maastrichtian) in North and South
Cauvery whereas, in Central Cauvery such activity
continues further into Eocene and Oligocene.

Wells 1.J,K.L
m

Fig. 9: Seismic section passing through Nagapattinam sub basin
(L2 ) — Central Cauvery

Occurrence of mature source facies is largely restricted
within the syn rift sequence. Extension of the rifted graben
into the present deep offshore areas enhance the possibility
of considerable hydrocarbon generation in the offshore part
of Cauvery basin, wherein already a medium size oil field,
a small gas field and recent oil and gas strikes establishes
the potential of offshore sub basins. Future exploration in
deep offshore Blocks of Cauvery would be rewarding if it’s
focused on probing the gentle flanks of the half grabens.

Conclusions:

e Based on a detailed study of Cauvery basin and
worldwide analogues, it is propounded that
hydrocarbons generated from pre rift and syn rift
sources would preferentially migrate to the gentle
flanks of the rifted half grabens.

o This case study in Cauvery basin clearly brings out
the higher prospectivity of the gentle flank in all sub
basins.

e The vertical migration through the transfer faults
were and also the reactivated NNE-SSW faults has
carried the hydrocarbons into the post rift sediments
without altering the gentle flank bias in Cauvery
basin.
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