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INTRODUCTION

Post-rift structural deformation has played a vital role
in the oil occurrence in Gandhar-Nada fields of Broach-
Jambusar block, Cambay Basin, Western India. Hydrocarbon
is found mainly in strati-structural traps in Gandhar field
whereas in Nada, it is mostly in structural trap. Both the fields
are located on the western rising flanks of two prominent
depressions, viz., Broach and Tankari depression, respectively.
Geochemical study reveals that these two depressions acted
as the ‘kitchen’ for generation of hydrocarbon in Broach-
Jambusar block.  A focussed analysis of structural evolution
of the area has brought out a few interesting events during
post-rift  phase which have influenced the hydrocarbon
migration and entrapment.

TECTONIC FRAMEWORK

The Cambay basin came into existence during Late
Jurassic period only. The  basin was genetically related to
Kutch and Saurastra basins in the west and southwest
respectively during Mesozoic time.  Pre-existing longitudinal
lineaments flanking Cambay basin were rejuvenated resulting
in the development of rift graben. The western margin fault
continues towards south, southwest, along the west coast of
Cambay gulf and finally meets the E-W oriented Narmada
transverse fault zone. Towards the end of Cretaceous age the
entire basin including the study area was covered by extensive
lava flow, known as Deccan Trap, blanketing the  earlier
deposited Mesozoic sediments.  It acted as the basement for
deposition of a huge thickness of Tertiary-Quaternary
sediments.

The entire Cambay basin is divided into five tectonic
blocks based on transverse fault system. These blocks from
north to south are Patan-Tharad-Sanchor block, Ahmedabad-
Mehsana block, Cambay-Tarapur block, Jambusar-Broach
block and Narmada block. The area of study falls in Jambusar-
Broach block, which is bounded by the  transverse fault zone
of Mahi in the north and Narmada river in the south (Fig.1).

During syn-rift phase, like elsewhere in the basin,
many horst and graben features associated with NW-SE
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Figure 1 : Location Map Showing the Study Area.



414

Structural Evolution Of Gandhar-Nada Area

trending faults formed in the area. Tilted fault blocks seen at
places such as Nada are manifestation of the extension
tectonics. Sediments of Olpad Fm. derived from the  uplifted
blocks by erosion and part of Older Cambay Shale of Early
Eocene age were deposited during this phase. Subsequently,
when the basin entered into post-rift phase the block remained
quiescent for some time when there was no fault activity except
for a few minor structural adjustments. However, during
Neogene period, restructuring occurred in the block that
brought the structural configuration of the area to what we
see today.

This block had a maximum subsidence history during
Tertiary, as reflected in the sediment thickness, which is more
than 7000m. The regional dip of the block is towards south.
In general the structural trends are mainly in the NW-SE
direction, intercepted by NE-SW trend near Gandhar. Gandhar
nose and Broach depression are the manifestations of post-
rift tectonics, formed during Mio-Pliocene time.

PRESENT WORK

Gandhar field and its adjoining areas have been
covered with 3D seismic data in 12 seismic campaigns over a
period of time. They have been processed individually, time
migrated and merged at post-stack stage and made into a single
volume. For the present study the above data and 3D data of
Nada area have been analysed together. The area of study is
about 900 sq.km.

Prominent seismic reflectors have been identified in
the area. They are ‘OCS-II’, a reflector within Older Cambay
Shale, close to Paleocene top, ‘OCS-I’, within Early Eocene,
‘Ym’, a strong seismic marker in the entire study area, ‘H
Top’, an event close to top of the arenaceous Hazad Member
of Ankleshwar Formation of Mid Eocene age, ‘LA’, ‘WM’,
‘M’ and ‘P’ reflectors pertaining to Lower Aquitanian, Middle
Miocene, close to Miocene top and Pliocene age respectively.
Seismic sequences bounded by these reflectors are labeled as
Seq-1 to 8 from bottom to top (Fig.2).

Structure map at the top of Hazad sequence (Fig.3)
shows the major structural features in the area, viz., Broach
depression, Gandhar Nosal feature, Tankari depression, Devla
high and Nada high. Broach depression is oblong in shape,
oriented in E-W direction with its deepest part located in the
southeast of the study area. The remaining features are oriented
along NE-SW direction. Major faults are aligned in  NE-SW.
They are older and dislocated by a few E-W trending younger

Figure 2 : Generalised Stratigraphy of the Study Area.

Figure 3 :Depth Structure map at ‘H’ top showing the structural
features in the area.
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Figure 3a : Isopach map of Hazard Member indicating the presence
of NE-SW oriented graben-Proto Tankari Depression.

Devla high is located to its west and Gandhar structural nose,
to its east. The depression is considered to be very old, having
maximum sedimentary thickness. Fig.4a depicts a NW-SE
seismic line passing through Devla high, Tankari depression
and Gandhar nose. In the section flattened at OCS-I reflector
(Fig.4b) it is observed that Devla high was existing even during
Early Eocene. To the east of this high lies a  broad low in the
central part of the area. The present day locale of Tankari
depression had been a part of this low till Miocene time
(Fig. 4c to Fig. 4e ). The isopach of Hazad sequence of Middle
Eocene age shows that the low extends from north to south
(Fig. 3a), encompassing the locales of Gandhar nose in the
north and western part of Broach depression in the south.  This
large scale depression could have acted as ‘kitchen’ for
hydrocarbon generation to feed the entire area.

Gandhar Nose: It is a low relief nosal feature oriented in
NE-SW direction. Fig.4a shows that the reflector OCS-I
follows basinal low configuration, whereas the shallower
horizons show reversal. It is obvious that structural inversion
has taken place in seq-2 and above. It is inferred from the
flattened sections at various time levels that the inversion has
occurred during Miocene (Fig. 4b-4e). That the inversion did
not continue during post-Miocene  is evident from the section
flattened at P level of Pliocene age (Fig. 4f). The Seq-6 shows
thinning on top of the structure whereas Seq-7 is uniform in
thickness.  In Gandhar area the migration is dated as 8Ma
(Chandra etal, 2001) and so Gandhar nosal feature was

faults. As per the present study Gandhar Nose and Nada
structure are formed by reverse faults. Earlier these structures
have been interpreted as normal fault blocks.

Tankari depression: A NNE-SSW oriented graben situated
in the northern part of Gandhar is called Tankari depression.

Figure 4 a  : A RC line passing through Devla high, Tankari Depression and Gandhar nose showing different seismic reflectors and
sequences in the section.



416

Structural Evolution Of Gandhar-Nada Area

Figure 4 b : Section Flattered at OCS level depicts Devla was pre-existing high, Tankari was part of paleo low and  present day Gandhar nose
was a broad low in Early Eocene time.

Figure 4 c : Section Flattened at Ym indicating that Tankari depression has become the part of a broad low in Gandhar.

Figure 4 d : The subsurface image remains similar as previous one except the low becoming more broadened during Middle Eocene time.

available prior to migration of hydrocarbon in this area.

Broach depression: Fig.5a shows an E-W seismic section in
south Gandhar area, passing through western part of Broach

depression. The section flattened at Hazad top depicts that
the then basinal slope was westward (Fig.5b). It facilitated
the deposition of the main reservoir sands of Hazad Member
in the area, brought from  east and probably also from north
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Figure 4 e : Flattened at M reflector of Miocene level shows the inverted structrue for seq. 3, 4 & 5. Tankari depression getting Prominance.
Faults are in reverse sense for upper sequences.

Figure 4 f : Flattened at reflector ‘P’ of Pliocene age shows that the inversion was over by this time. Seq. 7 shows more or less uniform
thickness.

and northeast during Middle Eocene. Timing of Broach
depression is inferred to be during Post Miocene as seen  in
the Figs. 5c & 5d which show the section flattened at the levels
close to  Miocene top and Pliocene.

Nada structure: Fig.6a shows a line passing through Nada

structure. It is formed over a basement tilt block, in association
with a pair of reverse faults. The eastern fault appears to be
an older normal fault, formed during extension regime which
got reactivated and reversed later. The structure appears to
have been formed during Early Eocene (Fig. 6c). It ceased to
grow during Mid Eocene as inferred from Fig.6d. It may be
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Figure 5 a : An E-W line in the southern part of Gandhar passing through the western part of Broach depression. Seismic reflectors and
sequences are shown.

Figure 5 b: Section Flattened at ‘H’ top depicts the westward slope during Middle Eocene time thus favouring the distributaries to bring the
sands in. Thickness of the sequences increase towards west.

noted that during this period reservoir sands have been
deposited in this area by distributaries from northeast.
However, close to Aquitanian a mild reversal formed at Hazad
level concomitant with the earlier buried structure as is evident
from the section flattened at LA reflector. Probably, the
rejuvenation of the structure is due to differential subsidence.

DISCUSSION

Major structural elements analysed in this study have
been mapped earlier on widely spaced 2D seismic data and
on individual campaigns of 3D seismic data by various
workers.  Tankari depression has been considered to be a paleo



419

Structural Evolution Of Gandhar-Nada Area

Figure 5 c : Section Flattened at reflector ‘M’ of Miocene age shows almost uniform thickness of sequence -6. Compare it with lower
sequences which thicken westward.

Figure 5 d: Section Flatterened at ‘P’ reflector of Pliocene age shows the eastward tilt of the basin during this time. Sequence-7 is thickening
towards  the east. This eastward tilt along with subsidence caused present day Broach depression.

low and Broach depression, a recently formed structure.
Gandhar nose and Nada structures have been understood to
be normal fault blocks. However, these structures could not
be analysed by the earlier workers so closely as in this study
which got the advantage of  the merged 3D seismic covering
a vast area.The present study reveals that a N-S running major
depression existed in the central part of Gandhar till Early
Miocene time, adjoining Devla high, a paleo structural high
trend, located in the northwest. Tankari depression, Gandhar
nose and a part of Broach depression were parts  of this ‘Proto-
Tankari depression’. With the formation of Gandhar nose, a
Miocene event, this depression might have been bifurcated

into two separate lows. The northern low is presently called
Tankari depression, whereas its southern counterpart lost its
identity and became the rising flank of Broach depression.
The latter is a post-Miocene phenomenon which is in
agreement with the earlier workers. This depression is formed
due to post-Miocene eastward tilt along with subsequent
subsidence.

The present study also brings out a compressional
phase that has probably prevailed in Gandhar-Nada area.
Bordenave (1997) proposed that the compressional regime
with its principal axis oriented E-W to WNW-ESE provoked
the large size low relief inversion in the form of Gandhar nose
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Figure 6 a : An E-W line passing through Nada structure. Seismic
reflectors and sequences are shown.

Figure 6 b : Flattened at OCS-I reflector indicates that Nada structure was at embryonic stage and the section below OCS-II reflector indicates
normal faulting.

Figure 6 c  : Section Flattened at Ym of Early Eocene time shows that Nada structure has been formed at Early Eocene time due to compression.

during Late Miocene to Pliocene. He also suggested that during
this regime a few normal faults were reactivated into reverse
faults as a result of which structures such as Nada were
rejuvenated. Our study  establishes that the compressive phase
did exist in this block but we differ in its time. Structural
inversion of Gandhar nose has occurred during Miocene, more
specifically Middle Miocene, in Gandhar area. However, in
Nada area compressional tectonics came into play during Early
Eocene itself. The normal fault of syn-rift regime was
reactivated and transformed to reverse fault during this period
to produce the Nada pop-up structure. The growth of the
structure stopped during Middle Eocene to Early Miocene,
but restarted in later Miocene, in conjunction with the
formation of Gandhar nose in the east.  It is conspicuous to
note that the compressional component in Jambusar-Broach
block is  orthogonal to that in adjacent Narmada block in the
south.
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Figure 6 d : Section Flatterened at ‘H’ top reflector of Middle Eocene age shows that growth of the structure ceased during this time giving
rise to the deposition of upper sands of Hazad Member of Ankleshwar Formation, in the central part.

Figure 6 e  : Section Flatterened at ‘LA’ reflector of Early Miocene age shows the rebuilding of structure at seq 3 and above due to differential
subsidence makring the area favourable for hydrocarbon accumulation.

Structural Evolution Of Gandhar-Nada Area

        Overall, there are three events that effected the structural
configuration of this part of Broach-Jambusar block.

1. An Early Eocene compressional phase that produced
Nada structure by reactivating normal faults into reverse
faults.

2. Miocene compressional phase when structural inversion
of Gandhar nose occurred and Nada structure was
rejuvenated, after a quiescent period.

3. A post-Miocene event which resulted in basinal eastward
tilt and subsequent creation of Broach depression.

The major graben, proto-Tankari depression,
mentioned above is very deep. The seismic signature
corresponding to the basement is not visible within this graben

upto 5s TWT in the seismic data. Huge thickness of Cambay
shale deposited in this depression during Paleocene-Early
Eocene might have acted as source rock to generate
hydrocarbon in the area. It has also received the deltaic sands
of Hazad Member of Ankleshwar Formation during Middle
Eocene. Well before the critical moment (8 Ma in Gandhar)
Gandhar nose formed and became a good locale for
hydrocarbon entrapment. Post-Miocene restructuring has
made redistribution of hydrocarbon in the southern part of
Gandhar, little affecting the northern part.

In Nada area thin Hazad sands were deposited by
distributaries during the quiescent period of Middle to Late
Eocene. During Miocene rejuvenation of the structure
hydrocarbon accumulation was possible in this area.
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CONCLUSION

Prior to Miocene Tankari depression was extensive,
from north to south, attracting huge sediments during
Paleogene thus making it the main ‘kitchen’ for hydrocarbon
generation in this area. An episodic compressional phase has
created Nada structure in Early Eocene and Gandhar nosal
feature by inversion during Miocene. These structures were
formed much before the critical moment in the area. Westward
basinal slope during Eocene aided the deposition of the main
reservoir  sands of Hazad Member through distributaries in
Gandhar area. In Nada the pay sands were deposited during
quiescent period of Middle Eocene. Discrete sand bodies in
the present day low caused by the eastward tilt of the basin
may attract attention for hydrocarbon exploration to establish
new plays and prospects in the area.
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