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ABSTRACT : Bouguer anomaly map of Saurashtra, prepared from the high precision detailed gravity data, depicts several highs
and lows of varying wavelength and amplitudes. The large amplitude circular gravity highs are associated with known volcanic
plugs of Deccan magmatism. However the most significant feature of the Bouguer anomaly map is the presence of a large
wavelength gravity low centered over Jasdan plateau, which bears an inverse relation with the topography and may be related to
crustal thickening due to isostasy.  An unbiased estimate of isostatic regional based on zero free air anomalies shows large

wavelength circular gravity low of 25 mGal in this region. Modelling of regional isostatic anomalies using constraints from DSS
studies reveals presence of anomalous thick crustal root in Saurashtra. The residual anomaly map of Saurashtra peninsula obtained
after subtracting the isostatic regional from the observed field still shows large wavelength gravity low over the eastern part besides
several medium to small amplitude gravity lows. The large wavelength residual gravity low appears to be the result of mass
deficiency in the upper mantle beneath the Cambay region, which also coincides with the low velocity zone observed in seismic
tomography experiments. The small wavelength gravity lows are interpreted due to sediments below the trap, which is clearly

brought out along Lodhika-Dhanduka and Kuranga-Latipur profiles. The later shows thickest sediments present in Saurashtra.

INTRODUCTION

Detection and delineation of subtrappean sediments
has been a longstanding exploration problem. The vast sheet
of volcanic cover, which lies over the Mesozoic acts as a
geophysical shield and inhibit the effective use of conventional
seismic method. However, integration of unconventional
methods like electrical, electromagnetic, gravity and seismic
could be utilized to provide realistic subsurface geological
model.

Presence of Mesozoic sediments beneath the Deccan
volcanic cover in Saurashtra Peninsula has opened a new
frontier for hydrocarbon exploration. In order to delineate the
subsurface disposition of sediments and shallow and deep
crustal structures, high precision detailed gravity data was
collected as a part of an integrated project sponsored by Oil
Industry Development Board (OIDB) and Oil and Natural Gas
corporation (ONGC), Ministry of Petroleum, Govt. of India. A
total of 11,000 stations were recorded by NGRI in the western
Saurashtra during two field seasons (1995&1996) at about 2
km spacing along roads and tracks. This new data were
processed along with additional 10,000 gravity stations
provided by ONGC from eastern Saurashtra and a composite
anomaly map was prepared. In this paper, we present the
results of gravity surveys carried out over Saurashtra
Peninsula.

GEOLOGY AND TECTONICS

The Saurashtra Peninsula, which is located at the
North Western margin of the Indian shield, occurs as a horst
block between the three intersecting rifts namely Kutch,
Cambay and Narmada (Inset, Fig.1) (Biswas, 1987). The western
margin of India and adjoining regions has been affected by
three major tectonic events during the Mesozoic period during
the northward drift of the Indian sub-continent after the

Figure 1:  Geology and tectonics of the Saurashtra region
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breakup of Gondwanaland. However, major geological and
tectonic events of Saurashtra are confined to Mesozoic and
Cenozoic Eras and are related to (i) breakup of Africa from
India along the western continental margin of India and (ii)
eruption of large volume of Deccan flood basalt from the
Reunion hotspot on the west coast of India (White &
McKenzie, 1989).

The Saurashtra Peninsula forms a rocky highland.
The major portion of the peninsula is occupied by the Deccan
lava flow with lower cretaceous sediments exposed in the
northeastern part of the area ( Fig.1). A broad domal
topographic rise centered on Jasdan is represented by the
outcropping part of the Mesozoic (Fig. 1). The eastern fringe
of Saurashtra is a low-lying ground interspersed with marshy
land and lakes.  The costal plains fringing the trappean
highland comprise a Cenozoic cover consisting of Tertiary
and Quaternary sediments.  The general stratigraphy of the
peninsula consists of a Precambrian basement overlain by
Mesozoic sedimentation followed by Deccan Trap basaltic
flows overlain by a thin cover of Neogone as well as Quaternary
sediments. The drainage of Saurashtra shows a radial pattern
from the central highland. Bulk of the Deccan basalt in
Saurashtra is of tholeiitic type with several intrusions of acidic,
alkaline and mafic/ultramafic plugs (Merh S.S., 1995), the major
ones being Girnar, Osham, Barda, Alech in the western part
and Vallabhipur, Palitana and Rajula in the south-eastern part
(Fig.1).

GRAVITY FIELD AND STATE OF ISOSTASY

Bouguer anomaly map of Saurashtra peninsula
(Fig. 2) shows large number of circular gravity high associated
with known intrusive plugs of Deccan Volcanism. It also depicts
number of medium amplitude short wavelength relative gravity
lows besides a broad gravity low centred over Jasdan. Mishra
and Gupta (1993) have interpreted this broad low due to mass
deficiency in the upper mantle. It is found that this large
wavelength low bears an inverse relation with topography
indicating deficit of mass due to thickening of crust caused
by isostatic compensation of excess topographic load on the
surface.

In general, Bouguer anomalies over a region of high
topography indicate negative value due to deficiency of mass
beneath the elevated topography (Woollard, 1959).  Presence
of zero free air anomalies in a region normally indicates state
of complete compensation (Woollard, 1959). Therefore, the
Bouguer anomaly corresponding to zero free air value

represents the effect of the compensating mass and is
designated as isostatic regional (Subba Rao, 1993) and the
elevation associated with zero free air valu es represent regional
elevation involved in isostatic compensation. Using this
procedure an unbiased estimate of isostatic regional field has
been obtained for the entire Saurashtra. Isostatic regional
obtained using this procedure is shown in figure 3. It shows a
circular gravity low with maximum amplitude of 25 mGal
centered on Jasdan.

Presuming that isostatic regional anomalies arise due
to compensating mass at crust-mantle interface, its modeling
along Navibandar to Amreli DSS profile (Kaila et al. 1980), has
provided anomalous density contrast (-0.15 g/cm3) across the
Moho interface  (Bijendra Singh et al., 2003).This discrepancy
can be explained due to (i) either the crustal root is
anomalously dense (ii) or the upper mantle is anomalously
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Figure 2: Bouguer anomaly map of Saurashtra region

Figure 3: Isostatic regional anomaly map of Saurashtra
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light (iii) or the combination of both. DSS experiment has not
indicated any anomalous velocity structure across the Moho.
Lighter upper mantle usually results due to thermal expansion
and Chemical depletion (Menke W., 1999). In the absence of
surface heat flow data from this region; thermal state of the
upper mantle could not be established. However, it may be
argued that the region which has experienced extensive
volcanism, lower crustal layer must have been modified to a
large extent due to addition of mafic layers at the base of the
crust. It is suggested that the mafic intrusions at the base of
the crust in the form of underplated mantle material may
underlie all provinces of volcanic flood basalt (White and
McKenzie, 1989). However, this may not be enough to account
for the required increase in density in the lower crust. In the
absence of conclusive evidence from other geophysical
method this issue could not be resolved.

MODELING OF RESIDUAL FIELDS

In order to enhance the signatures of shallow
features, isostatic regional anomalies based on zero free air
anomalies have been subtracted from the observed Bouguer
anomalies to get the residual anomaly map (Fig.4). Residual
anomaly map mostly depicts medium to small wavelength lows
and highs apart from a large wavelength low over the eastern
part of Saurashtra. This large wavelength residual gravity
low may be caused due to deep seated source unrelated to
isostasy and might be the result of mass deficiency within the
upper mantle beneath the Cambay region, which also coincide
with the presence of anomalous upper mantle low velocity
zone observed in seismic tomography experiments ( Kennet
and Widiyantoro,1999).  The small wavelength gravity lows
are interpreted due to presence of sediments below the trap.

Gravity Studies over Saurashtra Peninsula, India- Some New Insight

 Gravity modeling has been carried out along selected
profiles using constraints from other geophysical results and
available bore well information. Interpreted density model along
two such profiles namely Lodhika-Dhanduka (L-D) and
Kuranga-Latipur (K-L) profiles are shown in Fig 5a and 5b
respectively. The isostatic residual anomaly along L-D profile
shows large gravity gradients with low towards Dhanduka
suggesting large thickness of sediments at Dhanduka, which
is contrary to the bore well information. Therefore, large gravity
gradient is accounted due to deep-seated source as inferred
earlier based on its wavelength characteristics. The remaining
lows and highs modeled in terms of shallow sources agree
quite well with the bore well information. The east-west
trending K-L profile shows highs and lows of small wavelength
and is modeled due to variation in the thickness of trap and
sediments. Modelling indicates presence of large thickness of
sediments (about 2.5 Km) along this profile.

Figure 4:  Isostatatic residual anomaly map of Saurashtra
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Figure 5(a):Subsurface density model along Lodhika-Dhandhuka
profile

Figure 5(b) : Subsurface density model along Kurunga-Latipur profile
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CONCLUSION

Bouguer anomaly map of Saurashtra has brought
out several highs and lows of varying magnitudes and
wavelengths. The large amplitude circular gravity highs are
associated with known volcanic plugs of Deccan magmatism.
Large wavelength circular gravity low centered over Jasdan is
interpreted due to crustal isostasy. Modelling of regional
isostatic anomalies using constraints from DSS studies reveal
presence of anomalous thick crustal root in Saurashtra.
Modelling of residual anomalies shows presence of sediments
of varying thickness below the trap.
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