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Continental margins offshore west and east coasts of India based on 
satellite gravity and seismic sections – seaward dipping reflectors 
 
Continental margins which are involved 
with plate tectonic processes such as 
subduction along the west coast of  
Andaman–Sumatra islands are known as 
active margins. Contrary to this, the 
margins which are devoid of plate tecto-
nic processes are known as passive mar-
gins. Passive margins can form in two 
ways due to plume-related break-up 
forming a large volcanic province along 
the continental margins. Such margins 
are called volcanic passive (rifted) mar-
gins, whereas break-up due to localized  
igneous activity from the upper mantle 
caused by decompression or local ther-
mal sources results in non-volcanic pas-
sive (rifted) margins. 
 Break-up of continents causes reduc-
tion in the crustal thickness and produces 
several specific structures between con-
tinent and the deep ocean formed due to 
the break-up1. Figure 1 is a schematic 
diagram of a typical continental margin 
showing its various details. The entire 
section between the coastline and the  
ocean is known as continental margin, 
which is further divided into continental 
shelf, shelf break, etc. Due to igneous  
activity, the continental shelf is charac-
terized by mafic rocks and shows exten-
sional tectonics in the form of normal 
faults developing into graben-like basins 
and they represent the stretched litho-
sphere. There are normally two stages of 
intrusion that are referred to as intrusive 
(1) and intrusive (2) as shown in Figure 
1. The first stage of intrusion in the form 
dykes, etc. is found close to the coast-
line, whereas the second stage forms the 
main phase of igneous activity along the 
shelf break and is primarily responsible 
for the break-up. These intrusions origi-
nating from the plumes or upper mantle 
primarily consist of mafic rocks that 
cause gravity highs. However, subse-
quently due to subsidence basins are 
formed that give rise to gravity lows  
between the inner and outer seaward dip-
ping reflectors (SDRs). 
 The igneous intrusions discussed 
above show SDRs in the seismic section 
as inner SDR and outer SDR (SDR1 and 
SDR2 respectively, Figure 1). However, 
the outer SDR is more common. Menzies 
et al.2 have shown both these SDRs in 
the case of offshore Norway, that repre-

sent a volcanic rifted margin due to a 
plume. They are formed due to volcanic 
flows under submarine conditions, which 
get solidified layer-wise in the presence 
of cold water due to quenching and pro-
duce reflectors dipping towards the 
ocean due to rifting1. It may be noted 
that the same volcanic flows at the sur-
face such as the Deccan Volcanic Prov-
ince do not produce reflections due to 
their massive nature. Sedimentary depos-
its on the continental shelf and slope may 
show sectoral characteristics along the 
strike direction due to deposits formed 
from the rivers bringing material from 
different sources such as sandstones, 
shales, phyllites, etc., occurring in sec-
tions strike-wise. In addition, the slope 
and deep-sea fan deposits show sorted 
nature of sediments due to turbidities, 
which causes heavier and larger grains to 
settle first. 
 Satellite data have the advantage that 
they present the total picture of the con-
tinental margin along its entire section, 
whereas marine magnetic data are usu-
ally recorded along profiles and there-
fore, provide information only along 
specific sections. Figure 2 is a high-
resolution Bouguer anomaly map off the 
west coast of India based on satellite data 
and processed especially for oil explora-
tion along the continental margin (Direc-
tore General of Hydrocarbons, DGH, 
2010, pers. commun.). We shall try to 
examine it for geodynamics and under-
stand the nature of the continental mar-

gin in this region. It shows three sets of 
prominent linear gravity highs along the 
continental shelf offshore the west coast 
of India, marked as H1, H2 and H3. In 
comparison to Figure 1, the first set of 
these gravity highs, H1 that are close to 
the coastline and almost parallel to it cor-
respond to SDR1, known as the inner 
SDR that represents the first phase of  
intrusion as long dykes initiating the 
break-up. These features have formed a 
ridge known as the Prathap Ridge. Oc-
currences of long dykes along the off-
shore west coast of India have also been 
reported based on airborne3 and marine4,5 
magnetic surveys. The linear gravity 
highs, H2, coincide with the Chagos–
Laccadive ridge and extend northwards 
as indicated by these gravity highs. The 
Chagos–Laccadive ridge is made up of 
basaltic rocks and their ages correspond 
to the Deccan trap eruption from Re  
Union plume at the time of the break-up  
of Seychelles and India during the late 
Cretaceous (~ 65 Ma)6. Therefore, in 
comparison to Figure 1, the gravity highs 
H2 would correspond to the outer SDR 
(SDR2). The set of gravity highs, H3, co-
incides with the continental slope and is 
primarily caused by oceanic crust and 
thinning of the crust7. The gravity lows 
between the gravity highs H1, H2 and H3 
are basins formed due to subsidence and 
are important for oil exploration. 
 In order to check the existence of SDR 
in this region, we examined a seismic 
section across the region. Figure 3 is a 

 
Figure 1. Schematic diagram of passive continental margin with continental shelf, shelf break 
and associated canyons. The figure also shows the intrusive related to break-up which is usually 
found in two groups near the coast and the shelf break giving rise to two sets of seaward dipping 
reflectors (SDRs) over the basement and under plated crust (UPC). SDR1 is known as the inner 
SDR which is usually in the form of long dykes initiating the break-up whereas SDR2 is known 
as the outer SDR that completes the break-up. 
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seismic reflection profile across the  
Kerala–Konkan coast that shows the 
Laccadive basin between the west coast 
of India towards the east and the Lac-
cadive ridge towards the west (DGH, 
2010, pers. commun.). It shows several 
reflectors over the basement due to 
sediments that dip westward on the east-
ern flank of the basin and eastward on its 
western flank. However, there are reflec-
tors on top of the basement (SDR, red 
colour) that dip uniformly towards the 
sea and represent SDRs, suggesting a 
volcanic basement related to the Deccan 
trap eruption that forms the Laccadive 
ridge towards the west and is exposed in 
large parts of western India. Hinz8 re-
ported SDRs in the northern part off-
shore Saurashtra and Kutch coinciding 
with the linear gravity highs, H2 and H3, 
that suggests their presence throughout 
the offshore west coast of India as vol-
canic rifted margin. Figure 3 also shows 
some structural traps like pinch outs that 
are suitable for oil accumulation, another 
characteristics of volcanic rifted conti-
nental margins. 

 Figure 4 is a similar Bouguer anomaly 
map offshore the east coast of India  
obtained from the satellite data and espe-
cially processed for oil exploration (DGH, 
2010, pers. commun.). We shall try to 
use it for understanding the geodynamics 
of this region. The map also shows three 
sets of linear gravity highs, H1, H2 and 
H3, but they are not as continuous as in 
case of the offshore west coast of India 
(Figure 2). In this case the gravity highs, 
H1, are just along the coast and a part of 
it may in fact represent the gravity highs 
due to the extension of the Eastern Ghats 
Mobile Belt offshore that forms the east 
coast of India. The gravity highs, H2, are 
located over the continental margin that 
may represent the igneous intrusion re-
lated to the break-up between India and 
Antarctica along this coast. However, the 
break-up history along this coast is com-
plex as the trace of the Kerguelen hot-
spot along the 90 East Ridge that is 
considered responsible for this break-up 
is sufficiently far off from the coastline. 
However, the gravity highs, H2, along 
the continental margin off the east coast 

of India extend up to the continental 
margin offshore West Bengal and Bang-
ladesh, where they join the gravity 
anomalies due to the 90 East Ridge7. The 
gravity highs due to the 90 East Ridge 
presumably originated due to igneous  
intrusions from the Kerguelen hotspot 
during the break-up between India and 
Antarctica7,9. Therefore, the gravity 
highs, H2, may also represent the igne-
ous intrusion from the same hotspot  
during the break-up between India and 
Antarctica. The gravity highs, H3, are 
connected to the gravity highs due to the 
90 East Ridge towards the west of the 
gravity low, L1, that is related to crustal 
thickening under the 85 East Ridge due 
to isostasy7. The gravity highs, H2 close 
to the coast and H3 away from it may 
therefore represent the classical pairs of 
the gravity highs that represent volcanic 
margins as described above in case of the 
offshore west coast of India. In the 
northern part of offshore Orissa, based 
on airborne magnetic data, Mishra et 
al.10 suggested mafic dykes on the conti-
nental shelf that coincide with the gravity 
highs, H1, in this section. It is therefore 
likely that these dykes represented the 
first phase of volcanic eruption that was 
responsible to initiate the break-up of  
India along its east coast. A part of the 
gravity highs H1 and H2 may represent 
the initial phase of magmatic intrusion 
initiating the break-up, whereas the gra-
vity highs H3 (Figure 4) that are con-
nected to the gravity highs due to the 90 
East Ridge as described above and  
extend all along the offshore east coast 
of India, represent the final phase that 
was responsible for the break-up. There-
fore, continental shelf offshore the east 
coast of India also appears to represent a 
volcanic margin. The gravity lows bet-
ween these gravity highs represent the 
sediments of the basins formed due to 
subsidence. 
 Seismic profiles across the continental 
shelf offshore the east coast of India 
could not delineate SDRs due to large 
thickness of sediments in this region 
which can be imaged only along the vol-
canic basement below the sediments as 
shown in the offshore west coast of India 
(Figure 3) (DGH, 2010, pers. commun). 
However, gravity data do indicate vol-
canic rifted margin as described above 
and several structures for hydrocarbon 
exploration have been delineated off-
shore the east coast of India that are 
typical of such margins (DGH, 2010, 

 
 

Figure 2. Satellite-derived Bouguer anomaly map offshore the west coast of India showing lin-
ear gravity highs, H1, H2 and H3 related to magmatic intrusion (Deccan trap) associated with 
the formation of the rifted margin (Directorate General of Hydrocarbons, (DGH), 2010, pers. 
commun.). 
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pers. commun.). Further, a shallow sedi-
mentary section derived from several 
seismic profiles on and offshore the 
Cauvery basin shows volcanic rocks of 
the Mid-Cretaceous period overlying the 
Precambrian basement11 that may repre-
sent volcanic rocks related to the break-
up between India and Antarctica as de-
scribed above with regard to the gravity 
highs H1 and H2 (Figure 4). The conti-
nental shelf offshore the east coast of  
India is also considerably limited in  
extent and sharply dipping those indirectly 
suggesting that it is formed due to a 
plume or hotspot, namely the Kerguelen  
hotspot, which was located under the 
Mahanadi basin in India and Lambert rift 
in Antarctica during its break-up, form-
ing conjugate structures10. 
 
 

1. Mishra, D. C., Gravity and Magnetic 
Methods for Geological Studies, BS Pub-
lications and CRC Press, 2011, pp. 1–940. 

2. Menzies, M. A., Klemperer, S. L., Ebin-
ger, C. J. and Beker, J., Geol. Soc. Am., 
Spec. Pap., 2003, 362, 1–14. 

3. Mishra, D. C., Vijai Kumar, V. and Raja-
sekhar, R. P., Gondwana Res., 2006, 10, 
6–17. 

4. Choubey, A. K., Gopala Rao, D., Srini-
vas, K., Ram Prasad, T., Ramana, M. V. 
and Subrahmanyam, V., Mar. Geol., 
2002, 182, 303–323. 

5. Krishna, K. S., Gopala Rao, D. and Sar, 
D., Tectonics, 2006, 25, 1–18. 

6. Storey, B. C., Nature, 1995, 377, 301–
308. 

7. Mishra, D. C., Arora, K. and Tiwari,  
V. M., Tectonophysics, 2004, 379, 61–76. 

8. Hinz, K., Geol. Jahrb. Ser. E, 1981, 22, 
3–28. 

9. Mahony, J. J., Macdougall, J. D., Lug-
mair, G. W. and Gopalan, K., Nature, 
1983, 303, 385–389. 

10. Mishra, D. C., Chandrasekhar, D. V., 
Raju, D. Ch. V. and Vijai Kumar, V., 
Earth Planet. Sci. Lett., 1999, 172, 287–
300. 

11. Rama Rao, J. V., Murty, N. V. S. and 
Balakrishna, S., J. Geophys., 2010, 31, 
45–50. 

 
Received 30 May 2011; revised accepted 22 
September 2011 

 
D. C. MISHRA 

 
National Geophysical Research Institute 
 (CSIR, New Delhi), 
Hyderabad 500 007, India 
e-mail: dcm_ngri@yahoo.co.in 

 

 
Figure 3. A shallow seismic section in deep water off the Kerala–Konkan coast showing SDRs 
at the top of the volcanic basement that are different from those of the sedimentary section above 
it on the western side and typically represent volcanic rifted margins world over (modified from 
DGH, 2010, pers. commun. with regard to identification of the SDR). 

 
 

 
 

Figure 4. Satellite-derived Bouguer anomaly map offshore the east coast of India showing 
linear gravity highs, H1, H2 and H3, almost sub-parallel to the east coast of India that may be 
related to magmatic intrusion during the break-up of India from Antarctica (DGH, 2010, pers. 
commun.). 


