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Summary

 Kutch Offshore has a fairly large sedimentary thickness of Tertiary and Mesozoic sequences of hydrocarbon interest.
The wells drilled so far have not yielded commercial hydrocarbon, though presence of hydrocarbon have been established in
some of the prospects. Occurrences of oil and gas have supported the entrapment and generation potential of Tertiary sequences.
Further occurrences of gas in some of the prospects from Mesozoic sediments has generated hope for Mesozoic hydrocarbon
exploration. The quest of commercial hydrocarbon from Mesozoic could not be achieved because of poor seismic imaging
below the trap. However, based on the drilled data, mapping of Early Cretaceous, Late Cretaceous and Deccan trap has been
attempted. It gives fair amount of understanding about structural disposition and deposition of the identified units within
Mesozoic.  The composite facies map prepared for Early Cretaceous, and Late Cretaceous has brought out distribution of gross
facies of these units in space and time, which are found helpful in identifying prospective areas for Mesozoic sediments. The
paleo-structural analysis gives fair amount of tectonic evaluation of the area

Introduction

Kutch area falls in north western part of western
continental shelf of India (Fig-1) and covers an area of
approximately 71,000 km2, out of which 28,000 km2 area
falls in offshore within 200m water depth and remaining
constitutes on land part of the Kutch area. Tectonically, the
Dharwar, Delhi and Satpura trends form the major lineament
of western India (Biswas, 1982). NE-SW trending Delhi
trend takes westward swing towards west from east. The
paleo-shelf margins of west coast are associated with faults
parallel to the Dharwarian trend, the Precambrian rocks forms
the base over which sedimentary rocks from Middle Jurassic
to Holocene (Biswas, 1971, 1977, 1981 and 1982) were
deposited. The Mesozoic sediments fill of over 2400m
constitute the major part of the basin

So far, a good number of wells have been drilled
but hydrocarbon could be established only in few wells. In
Tertiary sequence, hydrocarbon lies in carbonate and clastic
reservoirs of Eocene. In Mesozoic sequence gas has been
confirmed from the clastic reservoirs of Early and Late
Cretaceous. The lava flows of Late Cretaceous, commonly
known as the ‘Deccan trap’, which forms an interface
between the Tertiary and Mesozoic sequences spread in the
area with varying thickness, it increases southwards up to
1500m or even more (Fig-8). This fairly large trap thickness
has resulted in poor seismic imaging of sub-Trappean
Mesozoic sediments. In few prospects attempts have been
made to evaluate the Mesozoic sediments through drilling. Fig. 1:  Index map
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Till date though commercial discovery remained illusive but
it is encouraging to find discoveries in Mesozoic in nearby
Sindh province (Khaskeli, Laghari fields) of Pakistan in the
north-west. Recent chronostratigraphic studies (Singh, 2002)
reveal four hiatuses corresponding to the top of Basement,
Jurassic, Early Cretaceous and Late Cretaceous.

Methodology

In absence of dependable seismic imaging below
fairly thick trap, (Fig-13a &13b) the complete Mesozoic
sequence could not be mapped seismically. Attempts were
made to correlate Cretaceous section using available drill
data. Palynological studies have been carried out for offshore
and one  on land wells. The qualitative and quantitative
analysis of dinoflagellate cysts, spore, pollen and organic
matter types, has resulted in identification of four hiatuses
the first and second hiatus corresponds to the top of
Basement, and  Jurassic, while the third and fourth hiatus

Fig.13a:  Part of Seismic line GK-69W (NE-SW)

Fig. 13b: Part of Seismic line GK-144WB (NW-SE)

corresponds to the top of Early Cretaceous and Late
Cretaceous respectively . The third hiatus appears to be
regional in nature and is persistent in most of the wells. The
duration of this hiatus varies from area to area. The maximum
duration is of 14 My (106-92 Ma) in and around B and D
structure (Fig-1) and minimum is of 8 My (106-98 Ma) in
and around C and H structure. This hiatus divides the total
Cretaceous sediments into Early and Late Cretaceous.

Therefore these two units in addition to the Trap and Jurassic,
where ever drilled in the study area have been correlated
through well logs in the north – south and east-west profiles
(Fig. 9a & 9b).

Fig. 9a :  Electro-log correlation along N-S profile

Fig.9b :  Electro-log correlation along E-W profile

Structure Contour Maps

Based on the correlated well data, the structural
configuration at the top of Jurassic (Fig-2), top of Early
Cretaceous (Fig-3), top of Late Cretaceous (Fig-4) and on
the top of Trap (Fig-5) are in general slopping towards
southwest. . The curvature of the contours becomes more
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pronounced at shallower level namely Early Cretaceous and
Late Cretaceous. At all the mapped levels the contours takes
westward swing in the east-west direction in the vicinity of
E and D structures (Fig-1). An east-west trending strike slip
component of the fault appears to be causative. The overall
structural trend at younger successive level remains almost
same without appreciable change.

Fig. 2:  Structure contour map on top of Jurassic

Fig.3:  Structure contour map on top of Early Cretaceous

Fig. 4:  Structure contour map on top of Late Cretaceous

Fig. 5:  Structure contour map on top of Deccan Trap

Thickness maps

The thickness map prepared for Early Cretaceous
level (Fig. 6) shows thickening of sediments towards west
indicates direction of depocentre. The thickness map
prepared at the successive younger level at Late Cretaceous
(Fig. 7) indicates northward shift of the depocenter whereas
Deccan trap thickness (Fig. 8) increases towards south in
the vicinity of F structure (Fig-1), where the maximum trap
thickness encountered in wells F-1 is 1569m.
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Facies Map for Early Cretaceous

The sands in well F-1 (Fig-11) encountered at the
basal part of Early Cretaceous is found to have deposited in
a delta system prograding from east or northeast direction,
which also coincides with the present day Gulf of Kutch.
The Early Cretaceous sand distribution pattern based on the
well data suggests presence of an active delta system
operating in and around F structures and I. It is envisaged
that during initial part of Early Cretaceous, the fluvial system
operating south of Nagar Parker, were down loading the
coarser clastic in the Cretaceous sea, which has given rise to
a prograding delta system over the area. The well data
suggests that the sand thickness varies from 15m to 50m in
area of I and C structures. It is expected that the thickness of
sand may improve to the east of F and A structures. The
area further west of it gradually becomes shale dominated
and finally changes over to monotonous carbonate deposits.

Facies Map for Late Cretaceous

 Late Cretaceous sand distribution (Fig-12)
suggests that the delta system shifted towards north-west.
Thereby the sand spread is expected over B structure and
further north of it. The observed data indicate that the basin
ward sand input has stretched further west covering the area
up to H structure and the southern sand lobes have retreated
further east of F structure. This suggests that the changes
are related to the upliftment of land area in the east during
the Late Cretaceous. The area further west of these sand

lobes are dominated by predominant shale followed by thick
carbonate deposits.

Paleo-structural Analysis

Paleo-structure analysis (Fig.10) has been
attempted in two profiles. The first one in east-west direction,
(along the structures I, C, H, H and G ) and the second in the
north-south direction (along the structures A, B, C, D, E and
F).

At the end of Early Cretaceous

At the end of Early Cretaceous, prominent high over
Jurassic country rock is seen present in the area around H
and C structures, which was flanked by lows towards I, G
and E structures. However the area north of B structure also
shows likely presence of a low. These lows and intervening
high are covered with Early Cretaceous sediments.

At the end of Late Cretaceous

It is observed that, during the Late Cretaceous, the
tectonic has modified the morphology of the area with a

Fig. 8 :  Thickness map of  Deccan Trap

Fig.11:  Facies map of Early Cretaceous(Offshore)
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At the end of Deccan Eruption

The Deccan eruption was perpetuated by the major
tectonic activity in the area. The absence of  Deccan trap in
G structure indicates that during this period, the basin has
been subjected to a major tectonic. This has uplifted north -
western part in the vicinity of G and A structures and
generated an eastward gradient with prominent tilt towards
south. As a result of this modification the trap thickness
shows progressive decrease towards northwest direction and
absent in G structure.

At Present

The present day configuration shows that the Tertiary
sediments were deposited with reactivation of basement fault
which gave rise to lows in and around B structure. The tertiary
sediment shows higher thickness over newly formed lows.
The Paleo-structural analysis indicates that the study area
had been subjected with three major tectonic events, from
Cretaceous till tertiary, Two during cretaceous sedimentation,
the tilt initially towards north west direction and at the end
towards south, The previous was characterized by thickening
cretaceous sediments towards northwest and the later was
marked by Deccan volcanic eruption. During tertiary the
gradient was marked by thickening of tertiary sediment
towards west.

Conclusions

1 In Tertiary sequence, hydrocarbon lies in carbonate and
clastic reservoirs of Eocene. In Mesozoic sequence gas
has been confirmed from the clastic reservoirs of Early
and Late Cretaceous.

2 This fairly large trap thickness has resulted in poor
seismic imaging of sub-Trappean Mesozoic sediments

3 four hiatuses the first and second hiatus corresponds
to the top of Basement, and  Jurassic, while the third
and fourth hiatus  corresponds to the top of Early
Cretaceous and Late Cretaceous respectively . The third
hiatus appears to be regional in nature and is persistent
in most of the wells. The duration of this hiatus varies
from area to area. The maximum duration is of 14 My
(106-92 Ma) in and around B and D structures (Fig-1)
and minimum is of 8 My (106-98 Ma) in around C and
H structures.

4 Presence of an active delta system operating in and
around I and F structures during initial part of Early
Cretaceous, the fluvial system operating south of Nagar
Parker, were down loading the coarser clastic in the

Fig. 12 :  Facies map of Late Cretaceous(Offshore)

prominent north - westward tilt. This modification gave rise
to the deposition of thick Late Cretaceous sediment towards
G and A structures with its depocenter towards further north
- west within newly formed low.

Fig. 10
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Cretaceous sea, which has given rise to a prograding
delta system over the area.. The area further west of it
gradually becomes shale dominated and finally changes
over to monotonous carbonate deposits.

5 the delta system shifted towards north-west. sand input
has  stretched further west covering the changes are
related to the upliftment of land area in the east during
the Late Cretaceous area further west of these sand
lobes are dominated by predominant shale followed
by thick carbonate deposits.

6 during the Late Cretaceous, the tectonic has modified
the morphology of the area with a prominent westward
tilt deposition of thick Late Cretaceous sediment
towards G structure with its depocentre towards further
west

7. Tertiary sediments were deposited with reactivation of
basement fault which gave rise to westward tilt and
resulted in formation of lows west of H structure. The
tertiary sediment shows higher thickness over newly
formed lows.

The facies map indicates coarser clastic along the shore
followed by argillaceous and carbonaceous facies
towards basinal side.

A delta systems started prograding from north east at
the end of Cretaceous The sediment supply for the northern
part of this delta system is expected from Nagar Parker Ridge,
while for the southern part, it is expected from Island Belt
and Wagad Island area.
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