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Summary

Cambay basin is at over-matured stage of exploration and almost all the high as well as low amplitude structural and
stratigraphic prospects of post-rift sequences have already been explored. Less effort has been put to explore the syn-rift
sequences due to poor quality of seismic data, greater depths, high pressure and poor quality of reservoir rocks. However, few
wells have been drilled in the Cambay basin for older sequences with poor results. Since time has come to concentrate the
exploration for syn-rift sequences, an integrated approach with geological concept is the need of the hour.

Since the Cambay basin is an extensional intra-Cratonic aborted rift basin, the detail study of extensional tectonics,
which primarily controls the syn rift sedimentation in a basin, may help in identifying the suitable locales for syn rift
exploration. This may upgrade the resources to establish additional geological reserves of the basin. The present paper brings
out one of the characteristic feature of extensional tectonics that controls the syn-rift sedimentation and more importantly the
locales of quality reservoirs during rift evolution.

Introduction

Rift/aborted rift basins being the fundamental
manifestation of continental extension are prime repositories
for sediment accumulation, and account for significant
accumulations of hydrocarbons (Schlische and Withjack,
2000). The simple architecture of an extensional rift/aborted
rift basin is a fault bounded feature known as a half graben/
graben (Fig.1A &1B). These half-grabens change its polarity
along the strike of the basin.

Extensional tectonism produces characteristic half-
graben/tilt block systems whose facies mosaics are
influenced by tectonically induced slopes resulting from
hanging wall down tilting and footwall uplift (Leeder and
Gawthorpe, 1987). This flexural iso-static footwall uplifts
can cause several kilometers of relief (Zandt and Owens,
1980, Buck, 1988, Kusznir and Egan, 1989).  Unlike thermal
uplifts, this mechanical uplift is permanent and occurs as
the faults are forming. Consequently, flexural isostatic uplifts
can have an important effect on the synrift sedimentation
style (Fig.2 & 3). These uplifts create drainage barriers to
large river systems, entering the rift basin (Crossley, 1984,
Ebinger et al, 1987 and Cohen, 1989). Subsequently, the
erosion of these large uplifts is likely to provide a good
source of coarser clastics to be locally deposited (Harding,
1984) and funneled to the adjacent half-grabens through
the transfer zones. Transfer zone is one of the major
characteristic structural features of an extensional basin
that develops as the rift evolves (Lambiase and Bosworth,

Fig. 1a: Geometry of a simple half graben (after Schlische and
Withjack, 2000). (a) Map view geometry. (b) Geometry along
a cross section perpendicular to the boundary fault. (c)
Geometry along a cross section parallel to the boundary fault.

Fig. 1b: Model showing the control of fault displacement on the
first order geometry of a half graben. (a) Perspective models
before (left) and after (right) the faulting. (b) Transverse
section before (left) and after (right) the faulting.

1995). Therefore, the transfer zones are the sites, where
boundary faults die out; uplift becomes less severe, major
topographic breaks occur, which provide entry point of large
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It is seen that the formation of Cambay basin was
almost synchronous with the other western coast rift basins
of India and was marked by widespread syn-rift Deccan
Volcanism. Eventually, complex series of horsts, grabens/
half-grabens etc. have resulted through crustal extension.
Since this phase is characterized by high rate of subsidence
due to thermo-mechanical adjustment (Zeigler, 1992) of the
lithosphere, the sedimentation rate have also been high
due to erosional beveling of the newly formed fault blocks
accompanying crustal extension.

The rift basin subsequently evolved into a post rift
interior basin. Analogous to many other rift basins, the

Fig.2. : Half-graben morphology and rift interior sediment dispersal
pattern (after Ravanas and Steel, 1998)

Fig.3: Cartoon showing major rift basins as a series of linked syn-
rift half-grabens (modified after Rosendahl et al., 1986)
and their associated drainage classes.

fluvial systems into the rift basin (Fig.3). Commonly, these
systems have drained off the back of the footwall uplifts.
These entry points may persist for a long time and be
associated with transfer zones. Thus, transfer zones
commonly might be sites for increased coarser clastics input
into the rift basin and therefore, the focal point of relatively
higher quality reservoir rocks (Harding, 1984, Rosendahl et
al, 1986, Ray and Naik, 2004).

Cambay Basin

Cambay Basin – a narrow, elongated, intracratonic,
aborted rift, is situated in the western margin of the Indian
Craton (Fig.4). The basin covering an area of about 56000
sq.km, is limited by Saurashtra arch in the west, Aravalli –
Delhi fold belt in the northeast and east and Deccan Craton
in the southwest. Towards south, the basin extends into
Mumbai Offshore through Gulf of Cambay whereas in the
north it tapers upto Rajasthan. The basin owes its origin
due to rifting along N-S to NNW-SSE trending pre-existing
crustal weaknesses of the Dharwar Craton, close to the
Cretaceous – Tertiary boundary (KTB). The Trap volcanism
was attributed to the hot spot activity by the Reunion Plume
that triggered the separation of Seychelles from India (White
and Mckenzie, 1989). The Deccan Trap activity has been
perceived to be the effect rather than the cause of rifting as
generally believed.

Fig.4 : Tectonic Map of the study area. Depth structure contours
near top of Deccan Trap.

Fig.5 : Generalized tectono-stratigraphy of Cambay Basin.
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tectonic and stratigraphic history of Cambay basin is
characterized by three phases (i.e. syn-rift, post-rift interior
sag and inversion phase) evolution with each phase
involving a separate and distinctive basin geometry, style
of faulting and lithostratigraphic succession. Fig.5 depicts
the generalized tectono-stratigraphy of the basin. The syn-
rift sequences, which are widespread but aerially restricted
to half grabens of the basin.

Methodology

The present study is based on the integration of
various subsurface data and the previously published work
of Cambay basin. An attempt on the analysis and synthesis
of data covering mostly regional reflection seismic lines
has been made to identify the different kinds of transfer
zone, its effect on regional syn-rift sedimentation, and the
areas for viable exploration of syn-rift sequences.

Interpretation

The wide spread occurrence of this flood basalt
eventually formed the technical basement over which,
multiple sequences of conglomerate, sandstone and reddish
brown silty mudstone in the subsiding grabens/half-
grabens, represent the rift fill sequence (syn-rift sequence),
commonly known as Olpad Formation in the Cambay basin.
During this time the half-grabens formed distinct sub-basins
and were isolated from each other by Transfer zones/
basement highs (Fig.6). At this stage the sedimentation
took place through transverse/flexural drainages only.
Influences of the axial drainage in the basin during this
phase of sedimentation is possible in the distal half-graben
in Sanchor area (Fig.6).

The major extensional faults bordering steeper end
(faulted margin) of the half-grabens mostly dip to the west
in Patan-Tharad, Broach and Surat depression (Fig.4).
Whereas, Polarity reversal (change of direction) of these
half-grabens is observed in Sanchor, Ahmedabad and
Tarapur depression (Fig.4).  In Broach depression, two half
grabens, dipping away from each other, are observed (Fig.4).
Transfer zone joines each half-graben.  Characteristically,
individual half-grabens deepen and widen in opposite
directions and the corresponding depocentres occur in the
hanging wall, directly adjacent to central regions of the
boundary or bordering faults.

Following Morley's (1988) classification, five types
of transfer zones have been identified in the Cambay aborted
rift basin (Fig.7), viz.:

i) Synthetic approaching (en-echelon pattern).
ii) Synthetic collateral
iii) Conjugate convergent approaching
iv) Conjugate divergent overlapping
v) Conjugate collinear

Synthetic approaching en-echelon (in map view,
Fig.7) and synthetic collateral transfer zones are very
common in the northern part of the Cambay basin
(Ahmedabad depression)  (Fig.7, 8, 9 & 10). However, these
transfer zones are also seen in the southern part of Cambay
basin (Fig.7). One conjugate convergent approaching
transfer zone is also identified in the northern part of the

Fig.6 : Block diagram showing major syn-rift basins and their
associated drainage classes.

Fig.7 : Major faults of Cambay Rift system near top of Deccan
Trap, showing different kinds of Transfer zones (modified
after Kundu and Wani, 1992)
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basin (Patan-Tharad depression) (Fig.7, 11, 12, & 13). One
conjugate divergent overlapping and one conjugate
collinear transfer zones are identified from the southern part
of the basin (Fig.7, 14, 15, 16, 17 & 18).

In the Ahmedabad depression, there is a series of
northeast dipping half grabens separated by synthetic
approaching and synthetic collateral transfer zones (Ray
and Naik, 2004) (Fig.7 & 10). The major drainage in this part
of the basin are flowing southwestward toward the active
and subsiding rifts from the flexural/platform margin in the
northeast (Fig.6). The Tarapur half-graben is bounded by
the main rift border fault to the southwest with
corresponding gently sloping flexural margin in the
northeast.  Therefore sediment input to this half-graben is
expected mainly from northeast/east (Fig.6). The footwall
back shed drainage may also enter into the half-grabens
through transfer zones (low lying areas).

Down south, the Tankari half-graben and Tarapur
half graben are placed is opposite dip at their tips (Fig.7, 17
& 18), clearly defines a conjugate collinear transfer zone
setup.  The east dipping Tankari half-graben facilitates its
sedimentary input from the both flexural margin in the
southwest and faulted margin in the northeast.  The Tankari
half graben and the Broach half- graben are dipping away
from each other (Fig.7 & 16), thereby creating a divergent
overlapping transfer zone setup in between (Ray and Naik,
2004).  Here, the drainage patterns are shown in Fig.6. It is
clearly observed that transverse drainage systems either
from flexural/platform margin or from footwall back shed
were predominant at that stage of sedimentation. Elevated
areas related to a high relief transfer/ accommodation zone
separate these half-grabens.  During this time, the half-
grabens formed distinct sub-basins and were somewhat
isolated from each other by transfer zones (basement highs),
as evidenced by sediments thinning over these highs
(Fig.19).

Syn-rift sequences have been explored over the
paleo-highs like Nawagam, Dholka, and Sanand in
Ahmedabad depression with certain success, but the half-
grabens/grabens have not yet been explored. It is seen that
better reservoir facies are restricted to the axis of the high
relief structure, where, the winnowing effect caused the
sorting of quartz grains, while the argillaceous material
accumulated in the adjoining lows.

The present interpretation infers that these paleo-
highs are genetically linked with transfer zones, conserving
regional extensional strain (Morley et al., 1990). Now the

Fig.8 : Cartoon showing synthetic-approaching en-echelon transfer
zone (after Morley et al., 1990)

Fig.9 : Cartoon showing synthetic-collateral transfer zone (after
Morley et al., 1990)

Fig.10 :A representative seismic section, along C-C’ across
Ahmedabad Depression, showing NE hading synthetic
collateral Transfer zones (A, B, & C) and their corresponding
half-grabens

Fig.11 :Cartoon showing conjugate-convergent approaching
overlapping transfer zone (after Morley et al., 1990)

Fig.12 :A representative seismic section, along A-A’ across Patan-
Tharad Depression, showing major SW hading half-graben
forming fault.
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laterally extensive potential source rock section (SR 11/12)
is identified from the base of this sequence. It has attained
peak oil generation (0.75% Ro) and generated hydrocarbons
(Banerjee et al., 2002). Part of these hydrocarbons still
remains within syn-rift sequence and viable petroleum
system can be envisaged as Olpad-Olpad (?). Late rift
sequence may be of interest from good reservoir point of
view where liquid hydrocarbon may entrap and the early rift
sequence (finer clastics) may provide conditions for the
development of basin centered gas system in some of the major
half-grabens/grabens like, Wamaj, Tarapur, and Tankari etc.

Conclusion

� Transfer zones are one of the major structural elements of
an extensional basin that develop as the rift evolves and
mainly control the syn-rift sedimentation in Cambay basin.

drainage systems associated with these transfer zones must
have brought coarser clastics to the adjoining half-grabens/
grabens. Therefore, the identified transfer zones in the
basin, its associated drainage classes, and the peripheral
part of the platform margins will certainly help to build a
good geological model and future exploration strategy for
syn-rift exploration in the basin.

In syn-rift sequence (Olpad Formation), one

Fig.13 :A representative seismic section, along B-B’ across Patan-
Tharad Depression, showing major NE hading half-graben
forming fault.

Fig.14 :Cartoon showing conjugate-divergent overlapping transfer
zone (after Morley et al., 1990)

Fig.15 :Cartoon showing conjugate-collinear transfer zone (after
Morley et al., 1990)

Fig.16 : A representative seismic section, along F-F’ across Broach
Depression, showing conjugate divergent transfer zone.

Fig.17 :A representative seismic section, along D-D’ across Tarapur
Depression, showing major ENE hading half-graben forming
fault.

Fig.18 :A representative seismic section, along E-E’ across Broach
Depression, showing major WSW hading half-graben
forming fault.

Fig.19 : Seismogeological section, along the trend of Cambay rift, showing
half-grabens and disposition of their syn-rift and post-rift sequences
(post-rift sequences restricted to the top of Tarapur Shale)
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� Transfer zones are the preferred site for increased coarser
clastics and therefore, the focal point of   relatively higher
quality reservoir rocks.

� Syn-rift sequences through the transfer zones and in
the peripheral part of the platform margin could be the
viable exploration targets, because of lesser depth of
occurrence and quality reservoir rocks.

� Late rift sequence may be of interest from good reservoir
point of view whereas early rift sequence may develop
basin centered gas system in some of the major half-
grabens/grabens like, Wamaj, Tarapur, and Tankari etc.

� Petroleum system for syn-rift sequence could be
envisaged as Olpad-Olpad (?).
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