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Abstract

On the basis of field observations aided by remote sensing data a new model for the Western Indian ‘“Panvel
Flexure” is proposed. The model involves normal motion on east-dipping faults and westward tilting of fault blocks.
The “flexuring” occurred by attenuation and foundering of continental crust due to crustal thinning and loading by a
dyke-swarm, following a period of massive magmatic discharge accompanying the continental break-up and opening

of Indian Ocean during early Tertiary times.

1. Introduction

The continental margin “Panvel Flexure” in
the Deccan Traps flood basalt province along the
west coast of India was originally described by
Auden (1949). Much work has since been carried
out, mainly on the petrostratigraphy of the Dec-
can Traps (Beane et al., 1986; Devey and Light-
foot, 1986; Mitchell and Widdowson, 1991) and
new models (Devey and Lightfoot, 1986; Cox,
1988; Watts and Cox, 1989) have been suggested
for the origin of the dip of this flexure. These
models, however, do not deviate much from the
one proposed by Auden (1949) which involves
simple monoclinal bending of the lava pile. Devey
and Lightfoot (1986) suggested that “flexuring” is
the result of warping of the crust in response to
rifting. Watts and Cox (1989) ascribed the

“flexuring” to the uplift of the Western Ghats
and consequent subsidence of the continental
margin. The above models are not in agreement
with our field observations and therefore cannot
explain the origin and the variation of dip in the
Deccan Traps. In their description of the coast-
parallel flexure of East Greenland, Nielsen and
Brooks (1981) suggested that the Panvel, as well
as other flexures, could be compared structurally
to the East Greenland flexure. This and recent
field studies along the coast around Bombay and
neighbouring areas have necessitated a reinter-
pretation of the mechanism of rotation.

2. Deccan volcanism

The Deccan Traps flood basalt province in
west-central India (Fig. 1a) covers an area of
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800,000 km? (Watts and Cox, 1989), attains a
maximum thickness of 1.5-2 km along the West-
ern Ghats escarpment (Holmes, 1965; Kaila et al.,
1981) and thins eastward. To the west of the
escarpment is the flat narrow Konkan coastal
plain.

The Deccan basalts are believed to have been
generated during the Cretaceous~Tertiary transi-
tion as the Indian plate migrated northwards over
the Reunion hot-spot (Morgan, 1981) which sub-

INDI A (Q/,

sequently gave rise to the Chagos—Laccadive and
Mascarene ridges and is at present responsible
for the volcanic activity on Reunion Island
(Duncan, 1981; Morgan, 1981). On the basis of
this model, Cox (1983) suggested that the Deccan
Traps should be characterised by older lavas in
the north with progressive overstepping of lava
units and younging towards the south. This was
later substantiated by geochemical work on the
southern part of the Deccan Province (Beane et
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Fig. 1. Location map. (a) Regional context. (b) Geology of the area (after Subbarao and Hooper, 1988). (¢) Major lineaments:
Biswas, 1982; Qureshy, 1981; Krishna Brahmam and Negi, 1973). Faults: / = Belpada, 2 = Sheva, 3 = Alibag-Uran, 4 = West
Coast; (4-12 after Biswas, 1982; kn-L and kd-L after Krishna Brahmam and Negi, 1973). Drill wells: circle-well ended in Deccan
Traps; dot-well ended in Precambrian basement without encountering Deccan Traps).
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al., 1986; Devey and Lightfoot, 1986; Mitchell
and Cox, 1988; Mitchell and Widdowson, 1991).

Recent radiometric datings indicate that the
basaltic volcanism occurred within a narrow time
span between 65 and 69 Ma (Courtillot et al.,
1988; Duncan and Pyle, 1988) straddling the Cre-
taceous—Tertiary boundary. An epoch of reversed
magnetic polarity, chron 29R, ascribed to this
volcanic event (Courtillot and Cisowski, 1987;
Gallet et al, 1989) and paleontological data
(Jagger et al., 1989) suggest an even shorter time
span (less than 1 Ma).

3. Geology of the area

The area extending from Dahanu in the north
to Mahad in the south, between latitude 18 and
20°N (Fig. 1) along the west coast where the
“flexure” is best exposed, has been investigated
using satellite imagery, aerial photographs and
field work. The area is predominantly covered by
the Deccan flood basalts which have been tradi-
tionally classified as Upper Traps (Pascoe, 1964).
In more recent petrostratigraphic work (Beane et
al., 1986; Devey and Lightfoot, 1986; Mitchell
and Cox, 1988)) these rocks have been assigned
to Bushe and Khandala Formations of the Lon-
avla Sub-group and to Poladpur and Ambenali
Formations of the youngest Wai Sub-group (Fig.
1b) of the Deccan Basalt Group (Subbarao and
Hooper, 1988).

Wynne (1886) observed that the lavas along
the coast show a tilt towards the west. Blanford
(1867) suggested that the dip in the lava flows is
due to “monoclinal flexure” which was named
the “Panvel Flexure” by Auden (1949). In this
paper the “flexure” is described as an extensional
fault structure. However, the term “flexure” has
been retained “by tradition” as aptly put by
Nielsen and Brooks (1981).

4. Tectono-magmatic evolution of the western
continental margin of India

In the plate tectonic model, Deccan magma-
tism has been attributed to fragmentation of
Gondwanaland during the Late Cretaceous (Le

Pichon and Heirtzler, 1968; Dietz and Holden,
1970; Wensink, 1973; Verma and Mittal, 1974)
and rifting of the western Indian platform. Ten-
sional faulting along ancient basement trends led
to submergence of parts of the platform with
possible volcanism. Volcanism started in the mid-
to Late Cretaceous (Wensink and Klootwijk, 1971;
Sclater and Fischer, 1974) when Greater India
(India together with Seychelles and the Mas-
carene Plateau) separated from Madagascar
about 80 Ma ago (Norton and Sclater, 1979). The
major outburst of this volcanic activity, however,
coincided with the separation of India from the
Seychelles and the Mascarene plateau about 65
Ma ago (Norton and Sclater, 1979) and its move-
ment over the Reunion hot-spot.

During the early Tertiary, the Western Indian
margin witnessed a major faulting event forming
the West Coast Fault (W.C.F.) along Precam-
brian basement trends (NNW-SSE system of
fractures) preceding the separation of India from
Seychelles (Crawford, 1971; Mahoney, 1988). This
fracture system has also been associated with a
mantle high off Bombay (Narain et al., 1968)
where the crustal thickness is only 18 km (Kaila,
1988). The mantle upwarp (Burke and Dewey,
1973) is inferred from a positive gravity anomaly
(Glennie, 1951; Kailasam et al., 1972), a negative
magnetic anomaly (Agarwal et al., 1986), and
high heat flow values (Verma, 1970; Bose, 1972).
The “Panvel Flexure” development is associated
with the West Coast Fault which parallels the
edge of the continental shelf (Surendar Kumar,
1975a,b; Cox, 1988). The NNW-SSE-trending
fracture system that controls the west coast and
the “Panvel Flexure” could be a manifestation of
the stretching, fracturing and breaking of conti-
nental lithosphere (White et al., 1987) in re-
sponse to rifting. Burke and Dewey (1973), how-
ever, regarded this fracture system as running
parallel to one arm of the triple junction located
around Cambay (Fig. 1¢).

5. Structural lineaments along the West Coast of
India

Landsat imagery revealed the presence of three
major lineament trends (Fig. 2): N-S, NE-SW
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Fig. 2. Lineaments of the west coast of India between Dahanu and Mahad based on LANDSAT-1 imagery in bands No. 5 and 7,

1:250 000 scale.
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and NW-SE. Field observations showed that the
lineaments represent fracture zones, faults and
dykes. The N-S lineaments are very prominent
and some of these are seen to extend for tens of
km. A very clear lineament extends from Uran to
Dabhol (Fig. 2) in a SSE direction for a distance
of over 100 km. A major NW-SE (Fig. 2) linea-
ment passes through the Vaitarna reservoir. It is
a fault zone along which relative displacement of
lavas is seen (V.V. Peshwa, pers. commun, 1992).
When traced southwards, it coincides with the
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Kurduwadi lineament (Fig. 1¢) of Krishna Brah-
mam and Negi (1973). The Landsat lineaments
represent deep-seated structures as seen from
seismic records (Chandrasekharam, 1985). The
majority of them are shear zones and fracture
zones. In certain cases, e.g. Murud-Janjira, the
fractures have tapped alkaline magmas which in-
truded as lamprophyres with mantle xenoliths
(Dessai, 1987) and nephelinites / basanites (De-
ssai et al., 1990).

The N-S dyke swarm was intruded along the
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Fig. 3. (a) Map showing attitude of lava flows and faults / shear zone between Panvel and Bombay. (b) Cross section between Sheva
and Belpada (see A-B in Fig. 3a; modified after Ghodke, 1978).
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N-S fracture system as a result of an E-W litho-
spheric extension associated with the rifting of
India from the Seychelles during the incipient
opening stage of the Indian Ocean (White and
Mckenzie, 1989). The swarm, therefore, parallels
the West Coast Lineament of Devey and Stephens
(1992) corresponding to the southern arm of the
Cambay triple junction (Burke and Dewey, 1973).
A present-day analogue for this type of junction
is the Tertiary triple junction centered around
the Afar depression (Mckenzie and Morgan,
1969). Two of the rifts (namely the Red Sea and
the Gulf of Aden), have just begun to separate,
whereas the third rift (the Ethiopian rift) is the
failed arm corresponding to the Indian Nar-
mada—Son lineament (Fig. 1a).

The N-S fracture system was cut by NNW- to
NNE-oriented fractures, as a result of a N-S-di-
rected compressive stress field possibly imposed
by the collision of India with Eurasia during early
Tertiary. Pronounced shearing along the western
margin is observed all along the west coast, as
also reported by Naini and Talwani (1982). The
alkaline dykes along the west coast, some of
which are localised along shear zones and frac-
ture zones, are emplaced along this fracture sys-
tem. These alkaline rocks (especially those from
Bombay), have yielded ages of 60 + 2 Ma (quoted
in Mahoney, 1988) and 61.5 + 1.9 Ma (Lightfoot
et al., 1987) and have normal magnetic polarity
(Narain et al., 1973; Beane et al., 1986).

6. Aerial photo interpretation

Aecrial photo interpretation on 1:45,000 scale
of the area between Bombay and Panvel, shows
that the lava flows have varying dips: 2°W at
Panvel, 4°W west of Panvel, 6—10°W at Ele-
phanta, 2-3°W at Sheva and 15°W or WSW at
Bombay (Fig. 3a). A similar variation in dip is
also observed from west to east at the latitude of
Bassein (Fig. 1b). Thus, it is seen that within the
last 20 km to the coast the dips change from
about 4° to as much as 15°, and in some places to
over 50° (Auden, 1949). To illustrate the variation
of dips observed in the lava flows, one section
with 3 faults (namely the Belpada, the Sheva and

Fig. 4. The fault zone exposed to the north of Alibag. Note
close-spaced fracturing and an iron-oxide vein-network.

the Alibag—Uran faults) along an E-W profile
between Panvel and Bombay is described (Fig.
3a) The N-S-trending Belpada fault (1, Fig. 1;
A-~B, Fig. 3a) exhibits intense fracturing and
slickensliding, the eastern side being downthrown
by about 60 m (Ghodke, 1978; Fig. 3b).

Along the N-S-trending Sheva fault (2, Fig.
1¢c; A-B, Fig. 3a), the lava flows to the east of the
fault are repeated to the west (at Sheva) at higher
elevation, showing downthrow to the east
(Ghodke, 1978; Fig. 3b). The third fault to the
north of Alibag (3, Fig. 1¢) trends N 35° and
becomes N-S at Uran. The fault zone is about 25
m wide at Alibag and over 200 m at Uran. The
basalts exhibit slickensliding, close-spaced frac-
turing, and a cris-cross pattern of veins filled with
iron oxide (Fig. 4). At Alibag the fault plane dips
40° east; however, no relative displacement of
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lavas can be measured due to lack of marker
horizons. To the east of the fault at Uran, the
lava flows show dips of 10° towards the west.
However, along the fault zone (exposed in the
intertidal zone) the basalts show block rotation
and high dips of 25° west or southwest (Fig. 5).
Further west of the fault, the lavas again show
lower values of dip (10°). Shear zones and frac-
ture zones are very common in the Deccan Traps,
but in many cases (e.g. at Uran) no displacement
can be deciphered due to lack of marker hori-
zons. The lava flows in the vicinity of fracture
zones locally dip at higher angles than the re-
gional dips. Thus, the change in dip occurs princi-
pally along fault zones which are exposed on the
surface as zones showing closely spaced fractur-
ing. Note that these observations conform with
those reported by White and Mckenzie (1989)
from the Etendeka flood basalts in South Africa.
Our observations indicate that the western limb
of the Panvel structure consists of fault-con-
trolled blocks. These faults display an en echelon
pattern.

7. Bombay coastal dyke-swarm

The coast-parallel N-S-trending dyke-swarm
extends over 90 km from Bombay to south of
Murud. It is best exposed in the intermittent
rocky beaches between Alibag and Murud (Fig. 2)
where the frequency of dykes increases consider-
ably as compared to their frequency inland due to
fracturing of the lavas in the fault zone along
which post-flexure dykes are emplaced (White
1992). The average inferred crustal extension (e.g.
at Revdanda) exceeds 30% (Dessai, 1987; Dessai
et al., 1990).

The dykes belong to at least two generations.
The older dykes (pre-“flexure”) are dolerites dip-
ping 60 to 80° east and vary in thickness from 1 to
3 m. To bring out the relationship between the
dykes and the basalts, E-W sections between
Alibag and Murud are described. The basalts
about 2 km east of Alibag show dips of about 5°
west. However, towards the coast at Alibag the
basalts locally display dips of 20° to 30° west in
the vicinity of Alibag fault. Thus, older dykes

Fig. 5. The fault zone at Uran (looking North). Note block rotation (shown by arrow), tilting and steepening of dips. Gentle dips to
the west of the fault zone. The fault is occupied by a dyke (foreground).
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which dip 60° to 80° east, are perpendicular to
the bedding of the lavas. In a 3-km profile at
right angles to the coast at Revdanda, (Fig. 2) the
regional dips of the basalts inland are about
5°-10° west, whereas locally on the coast the
basalts dip 15° to 30° west. The older dykes here
dip 45° to 85° east.

In contrast, the younger dykes both at Alibag
and Revdanda are alkaline, less than 1 m thick
and are almost vertical or show irregular dips of
80° to 85° east or west. They exhibit a zig-zag, en
echelon pattern, pinching and swelling along the
trend. At many places, e.g. south of Murud and
at Uran, they occupy fracture zones (Fig. 5). They
are generally unaltered, dark grey in colour and
stand out forming ridges as compared to pre-
“flexure” dykes which are relatively more altered,
paler greyish brown in colour, fractured, tra-
versed by veins and lenses (20 cm X 8 cm) of
secondary silica and invariably form depressions.
The younger dykes therefore, belong to the post-
flexure category and show close resemblance to
what has been described by Dutoit (1929) as
‘dyke faulting’ for the Lebombo flexure. The en
echelon disposition of dykes could be a result of
en echelon shift of the axis (the region where the
lava flows bend towards west) of the “flexure”.
Thus to the west of the “Panvel Flexure” axis,
although the regional dips of basalts are low (10
to 15°), locally the dips within individual faulted
blocks are much higher (20-30°) and westerly due
to rotation of faulted blocks.

The analogue of the Bombay coastal dyke
swarm has been identified in the Seychelles (De-
vey and Stephens, 1991, 1992): the tholeiitic dykes
from Praslin and Felicite Island are composition-
ally similar to Bushe Formation tholeiites of Dec-
can whereas the alkaline dykes from Mahe and
North Island resemble those from Murud—Janjira
(Devey and Stephen, 1992).

7. Offshore data

Offshore in the vicinity of Deccan, Hinz (1981)
has shown seaward-dipping reflectors on seismic
reflection profiles. Gravity and seismic refraction

data suggest that the Deccan Traps continue off-
shore into the seaward-dipping reflectors (Hinz
and Closs, 1969. This is corroborated from the
drill hole data of ONGC of India.

On the continental shelf 80 km west of Bom-
bay (inner shelf) basalts are encountered at depths
of 2 to 3 km (2.5 km in well B-28-1, 2 km in
B-37-1 and 2.4 km in BS-1) in oil wells drilled by
ONGC, and vary in thickness from 0.2 to 1.8 km
(Fig. 1c). Seismic studies (Gopala Rao, 1990)
reveal that basalts occur at shallower depths near
shore than westward. Further west, on the middile
outer shelf (offshore basin), basalts occur at
depths varying between 3.8 and 5 km with a
thickness of 2 to 2.5 km (Gopala Rao, 1990).
Even further west, about 140 km from Bombay
(Bombay High region), 3 wells (BH-13, NM-5 and
BH-12) all ended in Precambrian basement with-
out encountering Deccan Traps. However, in wells
BH-16 and BH-7 (Fig. 1¢), basalts are encoun-
tered at depths of 2 to 3 km. In general, in the
Bombay High region the basalts vary in thickness
from zero to 0.8 km at depths of 2 to 3 km
(Gopala Rao, 1990). Thus, the “Bombay High”
structure represents a topographic high (palaeo-
high). In relatively low-lying areas outliers of
basalt are encountered.

A number of basement controlled NW-SE-
and N-S-trending faults have been located on
the continental shelf (Biswas, 1982; Mitra et al.,
1983). These faults cut across the overlying basalts
and lower portions of the Tertiary sedimentary
sequence giving rise to horst and graben features
(Chandrasekharam, 1985).

8. Discussion

Auden (1949) proposed a model for the “Pan-
vel Flexure” based on a simple coast-parallel
monoclinal bending of the lava pile. His model
was probably inspired by the description of the
East Greenland coast-paraliel flexure (Wager and
Deer, 1938) and the Lebombo flexure (Dutoit,
1929). Das and Ray (1973, 1977) have extended
the “Panvel Flexure” axis up to Rajapur in Rat-
nagiri district. Auden (1975) modified his original
proposal in a geological profile across the part of
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the continental shelf NW of Bombay, and showed
that the lavas near the coast represent a zone of
many folds rather than one “monoclinal flexure”.
Qureshy (1981) suggests “cymatogenic warping”
along the coast between 19 and 20°N, attributing
this process to uplift due to addition of mantle
material to the sialic crust. This is analogous to
“real” uplift (McKenzie, 1984), which involves
underplating of igneous material to the continen-
tal crust (Devey and Lightfoot, 1986; Cox, 1989).
Cox (1988) draws an analogy between the “real”

Panvel

uplift of the Deccan and the Parana Basin of
Brazil, and suggests that the Deccan sequence,
like the Parana, is only in the initial stages of
“monoclinal flexuring” in the Panvel region. The
“monoclinal flexure” is believed to be the result
of post-Deccan differential movements involving
subsidence of the continental margin and flank-
ing uplift of the Western Ghats (Watts and Cox,
1989), a mechanism akin to that suggested by
White et al., (1987) on the Hatton Bank of the
North Atlantic. Devey and Lightfoot (1986) as-
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Fig. 6. (a) Schematic section through the “flexure” drawn on the basis of regional dips of the lava flows. (b) Schematic section
between Bombay High and Ghod depicting the gross structure of the western continental margin [modified after fig. 1 from Nielsen
(1975) and fig. 6 from Nielsen and Brooks (1981)] to apply to the “Panvel Flexure”]. Faults: PF =‘“Panvel Flexure”; BF = Belpada;
SF = Sheva; AF = Alibag-Uran; WCF = West Coast; BHF = Bombay High.
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cribed the “Panvel Flexure” either to warping of
the crust or to draping of the lavas over tran-
scrustal faults.

The various models outlined above (Auden,
1949, 1975; Qureshy, 1981; Biswas, 1982; Devey
and Lightfoot, 1986; Watts and Cox, 1989) how-
ever, cannot satisfactorily account for:

(1) the existence of faults in parallel sets giv-
ing rise to fracture-controlled blocks;

(2) the variation in the dip of the lava flows
and their spatial distribution (e.g. steepening of
dips in the vicinity of faults/ fracture-zones);

(3) existence of Traps on the continental shelf
at depths shallower than would be expected by
extrapolation of regional dip values in a “mono-
cline”; or

(4) thinning of the lava pile offshore.

These observations are similar to those of Nielsen
and Brooks (1981) along the east coast of Green-
land which led to the proposal of an extensional
fault structure for the continental margin.

In the region between Panvel and Bombay, the
volcanic pile shows a very gentle regional warp
about 35 km wide (Fig. 6A). If the observed steep
local dips are extrapolated, the Deccan basalts
should be encountered at a depth of more than
10 km below MSL at a distance of about 60 km
west of Bombay (inner shelf) considering mini-
mum values for the amount of dip. However, it is
observed that basalts occur at shallow depths on
the inner shelf, at deeper levels on the middle
outer shelf and at shallower depths on the
“Bombay High” structure. This suggests that re-
gional dips between Bombay and the middle outer
shelf are actually low, whereas locally dips within
faulted blocks are high on the continental shelf.
Similarly, between Panvel and Bombay, regional
dips are low, whereas local dips within faulted
blocks are high. Therefore, we agree with Nielsen
and Brooks (1981) that the western margin of
India represents an extensional fault structure.
The warp can be interpreted to be composed of a
number of rotated blocks bounded by fault/
fracture zones. This has given rise to variation in
the dips of the lava. The major fault pattern is
NNW-SSE-trending, parallel to the west coast. A
number of subsidiary easterly dipping faults pro-
duce rotation of the lava. The faulting implies

lithospheric extension and attenuation (White,
1992) over the width of the flexure. Attenuation
due to lithospheric thinning (White and Mc Ken-
zie, 1989) combined with loading by intense dyke
intrusion (Larsen, 1978) could account for
foundering of the crust by block rotation and
tilting along easterly dipping faults.

This structure is very similar to the East
Greenland coastal flexure (Nielsen, 1975; Nielsen
and Brooks, 1981; Larsen, 1988; Larsen and
Jakobsdottir, 1988), and, in some respects, to the
escarpment of the Afar depression (Black et al.,
1972; Morton and Black, 1975; Zanetin and
Justin-Visentin, 1975) and the Lebombo flexure
(Dutoit, 1929; Eales et al., 1984). Thus, the west-
ward dips on the west side of the Deccan Trap
structure are not a truly primary regional feature,
but are the result of post-eruptive faulting possi-
bly associated with the thermal relaxation of the
stretched lithosphere (White and McKenzie, 1989;
White, 1992) as it subsides to maintain isostatic
equilibrium (White et al., 1987) with attendant
uplift of the Western Ghats (Watts and Cox,
1989; Cox, 1989).

The process of block fracturing and tilting
which is operating at Afar may have occurred
along the western Indian margin during early
Tertiary about 65 Ma ago. The tectonomagmatic
evolution of the western Indian continental mar-
gin is akin to the eastern margin of Seychelles
(Clifford and Gass, 1970; Bridden and Gass, 1974;
White and McKenzie, 1989; Devey and Stephens,
1991). The structural features are complementary
to each other.

9. Model for the continental margin

From the above discussion, we suggest a model
for the gross structure of the continental margin
on the principles of the one suggested for the
East Greenland coast. Fig. 6B is modified after
Nielsen (1975) and Nielsen and Brooks (1981)
and shows the visualised structure. The pre- and
post-Trappean geological data are based on geo-
physical studies (Kaila et al., 1981; Schlumberger,
1983). On the basis of deep seismic soundings
along an E-W profile at 18°N latitude (Kelsi-
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Loni), Kaila et al. (1981) have located a deep,
casterly dipping fault about 13 km east of Mahad,
due to which the eastern block has been thrown
up by 1.5 km. The Moho which is here at a depth
of 39 km rises to 31.5 km near the coast. Towards
the north however, especially between Surat and
south of Bombay along the west coast, a linear
N-S Bouguer anomaly (300 km X 60 km) is delin-
eated. It has been variously interpreted as mafic
material (Glennie, 1951), a secondary magma
chamber (Takin, 1966), a plutonic body (Qureshy,
1981) and a Moho upwarp as shallow as 18 km
(Kaila, 1988). East of Mahad, on the Western
Ghat plateau, Krishna Brahmam and Negi (1973)
on the basis of gravity data have delineated two
lineaments (Fig. 1c) namely Koyna (kn.L.) and
Kurduvadi (kd.L.), in the Precambrian basement,
which correspond to the axes of gravity low. These
lineaments (rifts of Krishna Brahmam and Negi,
1973), possibly represent active faults in the base-
ment, if the seismicity associated with them is
anything to go by. The Koyna region has been
experiencing seismicity since the last 25 years
(note the major earthquake of magnitude 6.5 on
Richter scale on 11" December, 1967). Kur-
duwadi, on the other hand, has been seismically
active since in the last year (experienced a devas-
tating earthquake of magnitude 6.4 at Umarga -
130 km E of Kurduwadi on 30" September, 1993).
The seismicity has produced fracturing in the
Deccan Traps, although with no major displace-
ment in the lava pile. However, recent field ob-
servations in the earthquake-affected areas have
shown minor NW-SE lateral movement in the
lavas along the Kurduwadi lineament.

10. Implications in the Indian context

On the basis of regional dip analysis Raja Rao
et al. (1978) proposed a SSW-plunging domal
structure for the Deccan Traps. This was later
corroborated by Devey and Lightfoot (1986) with
the help of a stratum contour map. They showed
that around Nasik and areas to the east, lava
flows dip gently towards the southeast, whereas
along the coast the flows dip 3 to 4° west and
around Bombay they dip 10 to 20° west (Sethna,

1981). Thus, the western limb of the structure is
steeper than the eastern. It was suggested that
the domal structure represented a primary con-
structional shield volcano (Beane et al., 1986). In
the light of the interpretation presented above,
the westerly dips of the western limb of the
Deccan Trap domal structure appear to be sec-
ondary formed due to post-eruptive faulting,
shearing and block rotation as a result of
foundering of the stretched lithosphere (White
and McKenzie, 1989; Hooper, 1990). The possi-
bility of such secondary deformation is also
pointed out by Beane et al. (1986) and Mahoney
(1988). Therefore, caution will have to be exer-
cised in interpreting the gross structure of the
Deccan Traps. Further work is therefore required
in critical areas before a final conclusion could be
drawn.

Again the widely held view that a huge thick-
ness of Deccan Traps is downfaulted in the Ara-
bian Sea will have to be reviewed as the Deccan
Traps thin out both to the west of Bombay and to
the east on the Deccan plateau, attaining maxi-
mum thickness in the “Panvel Flexure” region
(K.G. Cox, pers. commun., 1992,).

The interpreted structure is akin to a half-
graben structure in the plate tectonic model sug-
gested for the Deccan Traps, in conformity with
the model suggested by Nielsen (1975) for the
East Greenland Coast (Nielsen, 1975; Larsen,
1988).

The present location of the Deccan plateau at
an elevation of over 1500 m is primarily the result
of post-volcanism uplift along the plume-flanks
(Campbell and Griffiths, 1990). The isostatic bal-
ance is maintained by subsidence in the axial
region of the plume aided by a system of deep
crustal faults. Subsidence is expressed in the form
of grabens, e.g., the Cambay Basin, the Narmada
Graben and the Bombay offshore Basin.

The little known west coast dyke-swarm com-
prises dykes that belong to more than two gener-
ations. The older dykes which show dips opposite
to those of the lavas may belong to the pre-
spreading stage described by Nielsen (1975) and
Larsen (1988) amongst others from East Green-
land. The alkaline dykes, which are later than the
above, are post-flexure. The high intensity of
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dykes seen along the west coast is therefore a
consequence of “flexuring” and foundering of the
lithosphere along a N-S oriented fracture system.
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