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ABSTRACT : The massive eruption of Late Cretaceous Rajmahal Traps at the palaeocontinental margin of the Eastern Indian
shield was in passive response to the rift-drift event of the Indian subcontinent. To understand the impact of the magmatic process
that originated in the deep mantle on the lower crustal level the conspicuous gravity anomalies observed over the region were
evaluated, integrating the available geophysical information. The region encompassing the Rajmahal Traps is well characterized
by an elongated nature of relative high Bouguer anomaly in contrast to predominantly low Bouguer anomaly in its surroundings.
The anomaly attains its peak amplitude over the shield edge along the western margin of the Rajmahal volcanics, with an average
wavelength of 100 km in an east-west direction. That the relative gravity high extends beyond the metamorphic-Gondwana
contact encompassing an even greater part of the Rajmahal volcanics, this long wavelength nature of the anomaly argues for a
source at some deeper level; possibility of crustal accretion at the base of the crust cannot be ruled out. The maximum amplitude
of the relative gravity high presents itself as the centre of the potential feeder channel for the Rajmahal Traps. It is suggested that
the crustal accretion is the imprint of the mantle plum head, when the eastern margin of the eastern Indian shield passed over the
hot spot. The nosing of the crustal accretion towards down south is the possible imprint of the subsequent magmatic intrusion
along the plume path.
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INTRODUCTION

The Archaean part of the Eastern Indian shield is
characterized by 3.3 Ga old nucleus of Singhbhum Granite
batholithic complex surrounded by arcuate Proterozoic belt
of Chotanagpur (Sharma et al., 1994). The Proterozoic
Simlipal volcanics at the centre is surrounded by two major
coeval volcanic dominant belts along or close to the southern
margin (Dhanjori volcanics) and the other extending to
northern margin of the Singhbhum craton (Dalma volcanics)
with limited occurrences. Otherwise Proterozoic to
Palaeoproterozoic granite gneiss of Singhbhum and
Chotanagpur with enclaves of micaceous and hornblend schists
are ubiquitous and also constitutes the basement complex for
the Bengal Basin towards east. Quaternary sediments with
limited outcrops of Gondwana, Mesozoic and Tertiary
sediments cover the Bengal Basin. Quaternary sediments of
the Purnea Basin, the easternmost part of the foredeep Ganga
valley, occupy the area to the north of the Rajmahal Traps.
Damodar Gondwana graben towards the southwest is another
characteristic feature of the region. The contact zone of the
Eastern Indian shield and the Bengal Basin is characterized
by the Rajamahal Traps of Upper Jurasic to Lower Cretaceous
basalts with sandstone and shale as Inter-Trappeans (Fig. 1).

Around 117 Ma ago the earth opened along this
palaeocontinental margin of Eastern Indian shield and huge

amount of molten rock poured on to the land blanketing an
area of about 4,100 km2 (Baksi, 1994). When identified
subsurface correlative basalt is considered, the Rajmahal Trap
extends southward below the surface for at least 100 km,
beneath the Tertiary sediments of the Bengal Basin covering
an area of about 2,00,000 km2 (Sengupta, 1966; Baksi et al.,
1987). The central part, with not less than 28 lava flows of 20
to 70 m, is about 0.6 km thick (Klootwijk, 1971; Pascoe, 1975).
Evidently, the event, which produced such a large amount of
basaltic magma on the continental surface, must have had a
profound influence on the crustal evolution including present
day configuration of the continental lithosphere. Contrary to
which its evolution and impact on the deep crustal
configuration is a matter of speculation and debate.

It has been suggested that igneous intrusion at the
base of the crust may underlie all shallow flood basalts (White
and McKenzie, 1989; Coffin and Eldholm, 1994). According
to Meissner (1986), a rising molten mantle material of a certain
excess temperature diverges laterally in an area with a strong
viscosity gradient. Zones of low viscosity, such as the
continental lower crust and the asthenosphere, are weak and
therefore act as the zones of decoupling, attracting lateral
movements of intruding molten mantle material. On
decompression, the molten mantle material with temperature
raised to 100-2000K above normal generates huge amounts
of melt (White and McKenzie, 1989). After the extrusion has
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set in, according to the model, no more shear stresses are
present and intrusion into the margin decreases. Cooling and
contraction leaves a rather homogeneous body at the base of
the crust. That the density of the generated igneous rock lies
midway between that of the mantle and the crust explains why
a considerable volume of the melt remains trapped as an
underplated layer (Furlong and Fountain, 1986; White and
McKenzie, 1989). This density inhomogeneity in the

continental crust would, in turn, give themselves away through
significant gravity signatures using which Singh and Meissner
(1995), Singh (1998, 1999, 2002), Singh and Mall (1998)
identified the magmatic underplating at the crust-mantle
boundary beneath the Deccan volcanic province
(Radhakrishna et al., 2002). The region encompassing the
Rajmahal Trap is no exception. V

P
 velocities of 7.2 to 7.5

km/s, a typical seismic signature of such magmatic layers
(Furlong and Fountain, 1986), are observed in the Bengal
Basin and suggested as crustal accretion due to Rajmahal
volcanism (Reddy et al., 1993; Mall et al., 1995). 2-D
magneto-telluric study has recently shown a uniform layer of
8 km thick conductive layer and interpreted as underplating
at a depth of 38 km beneath the Proterozoic Dalma and
Dhanjori volcanics in the adjoining Singhbhum craton
(Bhattacharya and Shalivahan, 2002).

NATURE OF THE BOUGUER ANOMALY

The Bouguer anomaly map of the Rajmahal Traps
region bounded between latitudes 21 to 260N and longitudes
86 to 890E (NGRI, 1978) along with the available seismic
profiles and course of the rivers Ganga and Damoder is shown
in Figure 2. The region encompassing the Rajmahal Traps is
well characterized by an elongated nature of relative high
Bouguer anomaly (0 to 25 mGal) along 87 0E in contrast to
predominantly low Bouguer anomaly (0 to -40 mGal) in its
surroundings. The anomaly attains its peak amplitude over
the shield edge along the western margin of the Rajmahal
volcanics, with an average wavelength of 100 km in an east-
west direction. That the relative gravity high extends beyond
the metamorphic-Gondwana contact encompassing an even
greater part of the Rajmahal volcanics, this long wavelength
nature of the anomaly argues for a source at some deeper level;
possibility at the base of the crust cannot be ruled out. A
relative gravity low (-10 to -20 mGal) abutting against this
gravity high defines the Damodar Gondwana graben in the E-
W direction. A steep gravity gradient outlines the northern
limit of the high anomaly against the Gangetic foredeep gravity
low (-50 to -100 mGal) that veers southeastward around the
eastern flank of the Rajmahal volcanics and areas further
southeast and attributed to the fault controlled basement
depression (Mukhopadhyay, 2000; Tiwari and Jassal, 2003).
Another characteristic feature of the Bouguer anomaly map
is a gravity high (0 to 10 mGal) over the Malda basement
ridge located further east to the Rajmahal and possibly extends
all along the India-Bangladesh boarder (Tiwari and Jassal,
2003). The Singhbhum granite batholith is characterized by a
number of gravity highs and lows indicating compositional

Figure 1: Generalized geology and crustal scale faulted contacts of
the Eastern Indian shield and the Western Bengal Basin.
Major geological formations in the region are: (1)
Quaternary sediments, (2) Laterite and Bauxite, (3)
Tertiary Sediments, (4) Gondwana, (5) Metamorphics of
Singhbhum, (6) Singhbhum Granite Gneiss, (7)
Chotanagpur Gneiss complex, (8) Singhbhum Granite (9)
Chotanagpur Gneisses complex of East India (10)
Rajmahal Trap (11)  Dalma, Dhanjori and Simlipal
volcanics (12) Gabbro and Anorthosites
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variations within the Singhbhum granite batholith (Verma et
al., 1978). The semi-circular relative gravity high (0 mGal)
over the Proterozoic Dalma volcanics around the Singhbhum
granite batholith extends partly over the Quaternary sediments
to the east suggesting its continuation in the Bengal Basin
(Verma et al., 1978). The second order gravity anomalies
superimposed over the described highs and lows are due to
the local density inhomogeneities in the region.

GRAVITY SIGNATURE OF CRUSTAL ACCRETION

The observed Bouguer anomaly of the region (Fig.2)
is in fact the ensemble of all subsurface sources. At least a
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part of the predominant negative bias, in the large wavelength
Bouguer anomaly over the Peninsular India, seems to be related
to the constitution of the upper mantle (Verma and
Satyanarayana, 1990). Satellite derived gravity maps show a
long wavelength anomaly centred over the Indian Ocean
geoidal low whose effect varies from near zero over the 250 N
to –48 mGal at the southern tip of the India (Marsh, 1979). To
determine the crustal sources of the Bouguer anomaly, the
component related to this Geoid variation equivalent to first
order polynomial approximation is removed from the observed
gravity field and shown in Figure 3. As is apparent from the
figure, nature of the major gravity anomalies remains the same
in the Geoid corrected field. It may be so because the effect of
the Geoid is nothing but the removal of the regional field by
first order polynomial approximation

Figure 2: Bouguer anomaly map (in mGal) of the Rajmahal Traps
region (NGRI, 1978) along with the course of rivers Ganga
and Damodar, the various available deep seismic profiles.
The map clearly shows the broad relative gravity high (-
15 to 25 mGal) over the Rajmahal Traps region and low
(-15 to -50 mGal) over the adjoining Bengal Basin region.

Figure 3: Geoid corrected Bouguer anomaly map of the Rajmahal
Trap region. It is nothing but the removal of the regional
field by first order polynomial approximation.
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The impact of the magmatic process that originated
in the deep mantle on the lower crustal level and the associated
gravity anomalies observed over the region needs to be
thoroughly evaluated. To decipher the gravity signature due
to the underplated layer the shallow structural features are of
no interest here, nor would it be appropriate to decipher on
such a large scale in the absence of detailed geological/
geophysical information. Their effects are therefore needed
to be adequately removed from the Bouguer anomaly corrected
for the Geoid effect. Regional and residual separation of the
crustal gravity fields is a vital subject in gravity interpretation.
One established procedure is to separate regional and residual
fields through convolution. Another common procedure is the
manual operation of smoothing. These two approaches are
complementary in the sense that “filtering” can be based on a
few general assumptions, whereas “smoothing” is more akin
to local modelling and interpretation in which more external
information is integrated into the process. It as has been
proposed by Jacobsen (1987) to use the upward continuation
as a standard suboptimum filter, which can solve a wide span
of separation problems when applied to real, non-random
anomalies. According to him the optimum filter for the
extraction of the field associated to sources below a certain
depths (Z

0
) is the upward continuation to the height (2Z

0
) above

the measurement plane. A thickness of 15 km for the horizontal
layer representing the upper crust is chosen as a compromise
(Kaila et al. 1992) and the Bouguer anomaly corrected for the
Geoid effect was then subjected to the upward continuation
to a height of 30 km for the extraction of the field associated
to sources be low 15 km depth. The resulting Bouguer anomaly
is shown in Figure 4.

The relative high gravity anomaly, of about +5mGal
over the Rajmahal Traps, is expected to be caused by the
magmatic underplating at the base of the crust. Obviously,
attribution of high frequency component of the anomaly,
filtered by upward continuation, to the sources at shallow
depths i.e. the upper crust, is strictly valid, it is not necessarily
valid to attribute the low frequency component to deep-seated
sources such as the magmatic underplating at the base of the
crust. Instead the long wavelength anomaly may also be due
to some broad, shallow feature within the upper crust. With
the constraint provided by available deep seismic sounding
studies (Mall et al., 1999; Reddy et al., 1993), the Rajmahal
volcanism along rifted palaeocontinental margin and
associated crustal accretion in similar provinces world over
(White and McKenzie, 1989; Coffin and Eldholm, 1994), the

Gravity Signatures of Accreted Igneous Layer Beneath the Eastern

uncertainty about the underplated layer responsible for the
referred anomaly is considerably reduced. The maximum
amplitude of the anomaly over the shield edge along the
western margin of the Rajmahal traps presents itself as the
feeder channel through which the volcanic output took place.
The nosing of the gravity field along the 87o Longitude
suggests the possible plume path after the major hotspot out-
burst.
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Figure 4: Filtered Bouguer anomaly map (in mGal) of the Rajmahal
Traps region. The Geoid corrected Bouguer anomaly (Fig.
3) was subjected to the upward continuation to a height
of 30 km.
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