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ABSTRACT : A large unexplored sub-basin around Nagpur-Wardha with considerable thickness of Gondwana sediments was
identified in the northeastern part of Deccan Syneclise situated in the central part of India. The basin is covered with a thick trap
poured out during Late Cretaceous-Palaeocene time but is readily identified by a gravity low at Katol, west of Nagpur. To ascertain
the sedimentary thickness, 2-D forward gravity modeling along two profiles passing through Katol low are attempted. Gravity
modeling produces non-unique interpretations, thus Magneto-telluric (MT) information was used to ascertain the Deccan trap
thickness. The prospective area was identified initially on the basis of gravity low and subsequently mapped using an integrated
package of geological model and geophysical techniques. A thick sequence of Lower Gondwana sediments of the order of 5000m
below trap is predicted within the Katol low. Sediments of Barakar Formation of the order of 1500m estimated to be deposited in
it. The incremental thickness of source and reservoir rocks enhances the HC prospectivity of the basin. The gravity lows of less
sedimentary thickness mapped in the region may become important coal bed methane (CBM) exploration target, since the coal
seams occurring within 1000m depth with adequate overburden of basaltic cover are likely to be of suitable rank.

INTRODUCTION

An extensive trap covered area having areal extent
of approx. 273000 sq. km. in central and western India is known
as Deccan Syneclise (Fig.1). At places it is covered by alluvial
soil with sporadic outcrops of Lameta, Kamthi and Pre-
Cambrian formations to the east and south east of Nagpur.

A series of concealed grabens having a general NW-
SE trend are inferred below trap from geophysical data. These
are Buldana, Latur,  Kuruduvadi and Koyna rifts. The nature
of sedimentary fills in these troughs is not confirmed from any
direct data, but at places, extension of these basins is seen
around the periphery of the syneclise. Nagpur-wardha, the
easternmost low is collinear with the axis of Pranhita-Godavari
(PG) and it is generally considered sensu strictu as the northern
extension of PG basin.

In connection with the International Upper Mantle
Project, the Geological Survey of India had conducted regional
gravity surveys over the Deccan trap region in the Western
and Central India (Murty,1986). These regional gravity studies
were supplemented by spot refraction seismic soundings at a
number of selected points. These soundings have revealed
that the trap is thin in the southern and eastern margins and
thick in the western and north-western parts. GSI also carried
out deep electrical resistivity soundings (DRS).

In order to study the nature of the crustal structures,
configuration, thickness of the Deccan traps and the
underlying sediments, NGRI conducted DSS and Magneto-
Telluric (MT) and refraction seismic work sponsored by GSI.

Figure 1: Location map of Deccan Syneclise showing all the sub-
surface rift basins below Deccan trap and adjoining basins.
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Both the electrical soundings and seismic refraction/DSS
methods have indicated the presence of Gondwana sediments
below the trap in the Nagpur-Amravati-Akola area.

ONGC initiated geophysical investigations in Nagpur-
Pusad-Betul area with the aim of delineating the thickness of
the Deccan traps and the underlying sediments, if any. Under
this programme, the first gravity-magnetic surveys were
conducted during 1984-85 (Ghildiyal,1985). Broad conclusions
derived from this survey were that the thickness of sediments
is about 2.1 Km in the west of Wardha town and 4.17 to 5.74
Km (approx.) near Katol.

It appears that due to the inherent problem of thick
trap cover, not much attention has so far been paid to systematic
data generation and integrated study of different geophysical
inputs generated by different organisations from time to time.

The objective of this study is to illustrate the
interpretative resolution of the MT and gravity data in the
deepest part of the basin i.e. Katol low in Nagpur-Wardha
area. Both MT and gravity interpretations have been reviewed
and the gravity modeling along the MT line and revised
interpretation are presented in this paper. The contributions
of all types of data sets are constrained by the different rock
properties which they measure. The individual contributions
are illustrated with structural models and the benefits of an
integrated interpretation are shown. Conclusions are drawn
from the final interpretation.

GENERAL  GEOLOGY

The western coast of India is considered as primordial
rift along which basaltic flows poured out during Late
Cretaceous-Paleocene time and spread over thousands of
kilometers across the Gondwana land. In Indian part, trap
thickness varies from 300m to 800m in majority of trap covered
area. However in local depressions it may extend upto 2000m
(e.g. 1800m at Narmada sub basin). Pre Trappean sediments
primarily belong to two categories (i) Riphean and (ii)
Gondwana. Riphean sedimentary basins are primarily exposed
to the fringe of Deccan Trap.viz., Pakhal Sullavai, Bhima,
Kaladgi, Vindhyan etc., which are mostly mature platformal
deposit of shallow epiric sea.  Riphean sediments are deposited
on the Pre-Cambrian crystalline/metamorphic basement of
peninsular shield. Nagpur-Wardha basin is a Gondwana basin,
characterised by dominantly clastic fills (>5000 m). The
anticipated stratigraphy of Nagpur-Wardha sector is as below:

METHODOLOGY

Since oil occurs mostly in sedimentary rocks, a
reliable determination of the depth to the basement rocks and
its configuration, which gives a measure of volume of
sediments available in the basin, is of paramount importance.

In this study Bouguer gravity anomaly data acquired
by ONGC and processed with 2.85gm/cc Bouguer density has
been used for determination of basement configuration (Fig. 2).
To calculate the effect of  Deccan trap in the gravity models,
the data is reduced to 250 m above MSL. The average elevation
of the area is 300-400m. Forward gravity modeling along two
profiles AA’ & BB’ passing through Katol low has been
attempted for depth determination to the basement (Fig. 4 & 5).
The trap thickness is taken from MT models (Fig. 3) and
density information of different formations is taken from the
log data of well Anhoni-1 which is drilled in Satpura basin, the
adjacent Gondwana basin. The density values are adjusted
on the periphery of the low due to less overburden of
sediments and information collected from the shallow wells
drilled by GSI in the Kamthi area near  Nagpur. Shallow borehole
data in the south- eastern fringe of the depression confirms
the presence of the entire Lower Gondwana package below
Deccan Trap. Four to six layers are reported to be present in
the sedimentary section from the interpretation of DRS data
by GSI.

The geological map is superimposed on the Bouguer
gravity anomaly map and the basement exposures are marked.
The general geological strike of the basin is NW-SE,  but the
anomaly at Katol is nearly circular, hence data is picked-up
along 2D profiles that are nearly perpendicular to the features.
By taking a very gentle southerly dip of the basin, the regional
gravity is estimated graphically. The gravity response
computed from the geologic model is matched with the
graphically calculated residual gravity values. 2-D forward
gravity modeling is done on the state-of-the-art GM–SYS
software package based on Manik Talwani’s polynomial
technique (1956)

                  Age Formation Thickness
     (m)

Late Cretaceous to Palaeocene Deccan Trap 200
Cretaceous Lameta 30
Lr. Gondwana Kamthi 920
(Permo-Carboniferous) Motur 500

Barakar 1500
Talchir 450

Mid to Late Proterozoic Pakhal/Sullavai 1000
Archean Unclassified Gneiss
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ANALYSIS

The general trend of Bouguer anomaly contours is
NW to SE (Fig. 2).  A near circular broad gravity low (minimum
contour value – 133 mGal), at datum 250m above MSL is
present around Katol, WNW of Nagpur. In this study, gravity
modeling is done along profile AA’ (Fig. 4). It coincides with
MT profile from 20 to 140km. The maximum depth to the
basement at Katol low is 4.5km from the one dimensional MT
model whereas the depth is around 5.8km in the two-
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dimensional gravity modeling.  In general, MT data are more
sensitive to vertical resistivity changes and less to lateral
changes, in contrast with gravity and aeromagnetic data, which
are more sensitive to lateral rock property changes than the
vertical changes. MT produces a good definition of the base
of basalt and fair depth to electrical basement because of the
relatively poor resolution of sedimentary resistivities. Gravity
produces only fair estimates of the base of basalt and the
depth of high-density basement because, the density contrasts
of both horizons (compared to sediments) are similar. The
aeromagnetic data gives a good estimate of basement
undulations but unfortunately this data is not acquired in this
sub-basin and thus estimates have been made on MT and
gravity data only. The integrated interpretation of gravity &
MT data sets has enhanced the confidence in validating the
sedimentary thickness.

Similarly gravity modeling is attempted along profile
BB’ by using the same parameter (Fig. 5). The sedimentary
thickness at Katol low is same as in AA’. In other words, a
considerably thick sedimentary package appears to be present
below trap. Series of normal step faults are seen and sediment
thickness is maximum at the centre and reduces drastically
across the fault towards the periphery of the low. A thick
sequence of Lower Gondwana sediments of the order of 5000m
is predicted to be preserved in the gravity low at Katol covered
by Deccan trap. The considerable thickness of  main source
rock i.e. Barakar  may augur well for the basin which enhances
the HC prospectivity of the basin. The gravity lows of less
sedimentary thickness mapped in the region may become
important for the systematic exploration of hydrocarbons
especially for Coal Bed Methane (CBM) prospects.

Figure 2: Gravity anomaly map of Nagpur-Wardha sub-basin of
Deccan syneclise. The surface geology is superimposed
on the Bouguer anomaly map.

Figure 3: Subsurface geological model from 1D modelling of MT
data along part of profile AA’, Nagpur-Wardha sector.

Figure 4: Forward gravity modelling along a line AA’ passing over
Katol low in Nagpur-Wardha sub-basin. The model is
over the MT profile.
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CONCLUSION

Deccan Syneclise is an extensive frontier basin, which
is still under knowledge building stage for petroleum
exploration. The broad basin framework, nature of sediment
fill and subsequent modifications are still a matter of conjecture
as it is mostly covered by thick basaltic trap. Similar basins of
the world are found to be hydrocarbon bearing, hence an
attempt has been made in this study to understand at least the
broad architecture of Nagpur-Wardha subbasin, a concealed
subtrappean rift basin at the eastern extremity of Deccan
province.  Considering the MT and Gravity data, modelling
has been carried out along two profiles which has indicated
that  basement depth is of the order of 5000m in Katol low. A
thick sequence of Lower Gondwana sediments below trap is
predicted. Sediments of Barakar Formation are estimated to be
around 1500m in it. The incremental thickness of source and
reservoir rocks enhances the HC prospectivity of the basin.
Thus, Nagpur-Wardha sector has all favorable factors for
making a potential infra-trappean discovery of hydrocarbon
within Deccan syneclise. The gravity lows of less sedimentary
thickness mapped in the region may become important Coal
Bed Methane (CBM) exploration target, since the coal seams
occurring within 1000m depth with adequate overburden of
basaltic cover are likely to be of suitable rank.
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Figure 5: Forward gravity modelling along  line BB’ passing over
the Katol low and Wardha low in Nagpur-Wardha sub-
basin

The Nagpur-Wardha area has not witnessed much
of exploratory activity, therefore, the prime need is of systematic
data generation to upgrade the data base for further knowledge
building. For this regional seismic survey alongwith gravity-
magnetic survey with regular grid is recommended. This will
help in redefining the geological model of the sub-basin and
will throw light on the prospectively of the area.
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