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Summary

  Lack of success in Kerala-Konkan basin in the southern part of western continental margin of India is attributed
mainly to not sufficient quantity of source rocks at depth suitable for generation of hydrocarbons. Hence, identifying areas
with thick pile of sediment is one of the important exploration objectives in the basin. We have used gravity and magnetic
data for estimation of sedimentary thickness over Aleppy platform and the area to the north of it  in the southern part of
Kerala basin.

Integrated interpretation and modeling of gravity and magnetic data has given a good estimate of sedimentary
thickness in the area, which was not possible with seismic data because of its poor quality.  Features on gravity anomaly map
over Aleppy platform in the southern part of the area are mainly controlled by basement. Absence of crustal thinning, deep
Moho (unto 35 km) and its gentle slope indicate that Aleppy platform is a continental block and is a remnant from the break
up of India from Madagascar and Seychelles. This is further supported by the absence of Miocene shelf break in seismic data
over Aleppy platform signifying either rifting was not complete or did not take place in this part.

Introduction

Kerala-Konkan basin in the southeastern part of
western continental margin of India (figure 1) has engaged
much interest because of its hydrocarbon potential. The basin
lies to the south of Bombay offshore basin, the major
hydrocarbon producer of India and is adjacent to east coast
Cauvery basin with established hydrocarbons. The estimated
resource base of the basin is high, most of which lies in
bathymetry of more than 200 m. Hydrocarbon prospect of
the basin has been discussed by Singh and Lal (1991) and
Pangtey et al (1996).

The basin is endowed with good reservoir facies
as evident from the wells in it and the horst-graben complex
is likely to provide proper entrapment conditions. From the
severe mud loss in most of the wells in the basin, Pangety et
al (1996) argued that the reservoir rocks are compart-
mentalized and well sealed in all directions. Restricted
environment of deposition during early rift phase and the
favourable thermal domain because of proximity of the basin
to the spreading center and shallow mantle were conducive
for development and maturation of source rocks. Despite
these favorable elements of a petroleum system, most of the
wells in the basin were dry save for traces of gas in a few
wells.

Lack of success in the basin is considered mainly
to be source related including not sufficient quantity of source

Fig 1.: Location map of western continental margin of India.

rocks and maturity. Geochemical study in some of the wells
in the basin (Pahari et al, 2002) shows that intensity of
hydrocarbon generation is poor in the basin. Depth of most
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of the Paleocene sediments in the Miocene shelfal area of
the basin is less than the minimum burial depth required for
onset of petroleum generation. Consequently, the main focus
of exploration here is identifying areas with considerable
thickness of sediment and proper entrapment conditions close
to the kitchen areas.

Gravity and magnetic (GM) method is an effective
tool for finding distribution of sediment in a basin. It has
been successfully used together with other potential field
theory data in Narmada tectonic block, Cambay basin and a
deep tertiary graben not resolved in seismic data was
identified (Chatterjee et al, 1998). Mesozoic prospect which
is expected to develop towards south of Kerala basin
(Pangtey et al, 1996) and likely to open a new exploration
avenue with huge potential is another important reason for
using GM data here. Limitation of seismic data alone in
imaging sub-basalt target is well known and the solution lies
in integrated use of seismic, GM and other geophysical
imaging methods. Such approach has been successful in
Saurashtra basin in the northern part of western continental
margin of India (Satpal et al, 2005).

Geologic background

Western continental margin of India evolved during
the rifting of India from Madagascar and Seychelles during
late Cretaceous period (Norton and Sclater, 1979).  Biswas
and Singh (1987) identified six major tectonic elements in
the western margin up to the Arabian abyssal plain. The
shelfal part of the margin is divided into five basins of which
Kerala-Konkan basin is the southernmost. The east-west
trending Vengurla arch separates it from Bombay offshore
basin and the Trivnandrum arch defines its southern limit.
The northern part of the basin is known as the Konkan basin
and the southern part is known as Kerala basin. Structural
style in Kerala basin is mainly controlled by a NNW-SSE
trending fault parallel to the coast line and mostly confined
to the shelfal part and a NNE-SSW fault oblique to the
Miocene shelf edge and confined to the basinal part.
Structural trend of the area is generally parallel to sub parallel
to the coast. Aleppy platform off Aleppy, with thick carbonate
sequence is an important structural element of the area. Well
data show that sedimentation in the basin took place in three
phases – the coarser clastics which is divided into Cochin
formation (late Cretaceous-Paleocene) and Kasargod
formation (late Paleocene - early Eocene) unconformably
overlying Cochin formation. This is followed by the
carbonates (early Eocene - middle Miocene) which in turn
is overlain by finer clastics ranging in age from middle
Miocene to recent. No well in the basin is drilled up to the

crystalline basement. Seismic sections show clear
progradational shelf from east to west after the carbonate
deposition in Miocene period.

GM Data

Recently there has been a renewed interest in GM
data particularly in areas of poor seismic image and for new
exploration areas on offer as a result of opening up of
petroleum sector in many countries. In India, GM data is
now being increasingly used for primary appraisal of new
acreages, especially in the offshore blocks and exploration
planning therein because GM data gives a good estimate of
sedimentary thickness which is often not possible from
seismic data. A priori knowledge of basin configuration, its
extent and thickest sedimentary section helps in identifying
target areas for intensive exploration and placing seismic
survey in cost effective manner. Depth section obtained by
GM modeling can be used for constraining seismic
interpretation and can help in reducing exploration risks.

In the present study, integrated interpretation has
been done over Aleppy platform and the area to its north.
For this, about 2500 Km of gravity and 2500 Km of magnetic
data acquired in 2004 have been processed and gravity
anomaly map (figure 2) and magnetic anomaly map (figure

Fig 2 : Free air anomaly map of the area. contour interval : 4 mGal
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3) have been prepared. Integrated modeling of gravity,
magnetic, seismic and well data has been done in the area
for basement configuration and for estimation of sedimentary
thickness.  Depth section including sedimentary layers,
basement and Moho has been prepared along a few selected
seismic profiles. The depth sections reveal some interesting
features, which are not developed in seismic data.

considerably reduced after network adjustments; it does not
exceed 4 mGal for gravity data and 50 gammas for magnetic
data after network adjustment except for a few stray cases.

Brief description of gravity and magnetic
anomaly maps:

Free air gravity anomaly map (figure 2) has been
generated with contour interval of 4 mGal. The anomaly
map shows a set of dense contour running parallel to sub
parallel to the coastline in  the north. These contours take a
swing towards west, near Aleppy platform in the south and
become parallel to the coastline again, towards further south.
This expression represents the shelf break part of both the
blocks. The contour value ranges from -15 mGal to -60 mGal
from east to west towards the sea. A gravity high trend related
to shelf break of limited areal extent is seen to the east of the
shelf break (figure 2) in the northeast. This high wanes to
the south, disappears in the neighbourhood of Aleppy
platform and reappears in the south of Aleppy platform. Shelf
edge related high parallel to sub parallel to the shelf break is
expected in transition zone. Sudden termination of the shelf
break related high, its oblique trend with respect to the shelf
edge and its reappearance in the south of Aleppy platform
indicate that the area is somewhat anomalous and will be
discussed later.

A gravity high of small areal extent (figure 2) but
having considerable amplitude is seen in the north of the
area confined to the west of lines NC11 and 22. This high is
interpreted as a seamount.

The general trend of magnetic anomaly in the area
is NW-SE, parallel to sub-parallel to the coastline (figure
3). High frequency of the anomaly along the coastline
suggests shallow causative. The magnetic anomaly map can
be divided into three zones, the northern, central and the
southern. The magnetic contours are moderately spaced in
the northern zone. The central zone is an area of low relief
anomaly, characteristics of a sedimentary basin. This feature
roughly coincides with the low  off Cochin in the gravity
anomaly map (figure 2). The southern zone has
comparatively higher frequency.

Gravity modeling
Estimation of sedimentary thickness:

Seismic sections and gravity and magnetic maps
of the area were analysed and a few lines were selected for
gravity modeling. 2-D gravity modeling has been done along

Fig 3: Magnetic anomaly Map of the area. Contour interval
: 50 Gamma

Processing of GM Data

GM data was acquired along 91 segments of line
spread over the area. The northern part has higher bathymetry
compared to Aleppy platform. As ship velocity data was not
available, instantaneous velocity was computed at each shot
point location from navigation data. The basic data like
measured gravity, magnetic field, velocity, heading etc. were
edited and despiked and made suitable for further processing.
A series of corrections and reductions were applied and free
air gravity and magnetic anomaly for each shot point was
obtained.

International gravity formula (1971) has been used
to compute the theoretical gravity value and IGRF model of
2000 has been used for magnetic anomaly computation. After
processing, the dataset was subjected to network adjustment
to reduce the magnitude of the errors at the intersection points
of the profiles. Net mistie of higher magnitude has
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a few profiles in the north and four lines AP44, 45, 46 and
47 over Aleppy platform.  Depth sections with sea bottom,
two prominent  reflectors  corresponding  to top  and  bottom
of limestone and the interpreted trap top were prepared by
scaling seismic time sections with velocity field estimated
from stacking velocity. However, the basement has been
suitably modified depending on the gravity response of the
model. Modeling has been done with density of 2.65 gm/cc
for basement and 2.45 gm/cc, 2.4 gm/cc and 2.3 gm/cc for
the sedimentary layers from bottom to top. To check the
appropriateness of the density used, gravity response was
simulated with a suite of density value for basement and
sediments. It was found that density values can be changed
only marginally (0.02 gm/cc) than the values mentioned
above for realistic basement configuration. The computed
gravity values agree well both feature wise and in absolute
value with the observed data. Gravity response along the
line NC33 and its zoomed version are  shown in figure 4
and 4a, respectively. Depth to trap top obtained by gravity
modeling shows perfect match with the data of the well W-
1, close to the line NC33 (figure 4a).

 Fig. 4. Gravity modeling along profile NC33

Fig. 4a :  Zoom of figure 4. Profile NC33

Sedimentary thickness estimated from gravity
modeling ranges from 1 to 9 km in the northern part of the
area. The observed sharp fall in gravity along a few profiles
in the north  is  because  of a thick build up of  sediments
over the basement. This  feature  is  not  observed  in the
line NC33 (figure 4 and 4a) and to the south.

Results of gravity modeling along line AP44 and
its zoomed version are shown in figure 5 and 5a,  and along
profile AP45 and its zoomed version are shown in figure 6
and 6a ,  respectively. One  notable  feature  in  the  seismic

Fig. 5 : Gravity modeling along profile AP44

Fig. 5a. Zoom of figure 5. Profile AP44

Fig. 6. Gravity modeling along Profile AP45
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data in this part is the sudden  deterioration   in   quality
over   basement highs.  This  is conspicuous in line AP45
(figure 7) and AP46.  Thickness of sediment estimated from
gravity modeling is from 5 to 6.5 Km.

is a continental block, a remnant from the break up of India
from Madagascar and Seychelles. This is corroborated from
the absence of Miocene shelf break in seismic data over
Aleppy platform which indicates that break up of the
continent was not complete or did not take place in this part.
Miocene shelf break is clear in the data in the north  (e.g. In
line NC22, figure 9) but cannot be seen to the south of this
line.

Fig. 6a. Zoom of figure 6. Profile AP 45

Fig. 7. Part of seismic section along profile AP45. Note the deterioration
of data quality over  basement high

Continental– Oceanic transition:

Gravity response in the northern part is typical of a
transition zone. The transition of continental crust is
characterized  by edge effects  which produces gravity high
near the edge  of the  continental  shelf  and a low along the
base of  the continental  slope  (Dehlinger,  1978)  shown in
figure 8. The gravity high (positive amplitude) is commonly
smaller than the low (negative amplitude) which is seemingly
caused  by  the  thick  sediments  along continental slope or
continental shelf. A similar pattern is observed in the gravity
models in the north.

Depth to Moho is about 30 to 35 Km over Aleppy
platform and  unlike  in the north, no crustal thinning
characteristic of  transition from continental to oceanic is
observed here. The Moho rises continuously from east to
west in the block NC  but  its  slope is gentle over Aleppy
platform. From the absence of crustal thinning, deep Moho
and its gentle slopeit is concluded that that Aleppy platform

Fig. 8. Gravity response along transition zone (After Dehlinger, 1978)

Fig.9. Seismic section along line NC22 showing Miocene shelf  break

Conclusions

Observed gravity features in the area are basement
related. The computed gravity values in both the block agree
well feature wise and in absolute values with the observed
data. A good estimate of sedimentary thickness in the area
is obtained from gravity modeling though the reflection from
basement is not developed in seismic data. Absence of crustal
thinning, deep Moho and the gentle slope of the top of Moho
indicate that Aleppy platform is a continental block. This is
further supported from the absence of Miocene shelf break
in seismic data over Aleppy platform. It is concluded that
Aleppy platform is a remnant from the break up of India
from Madagascar and Seychelles.
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