
963

Structure of the Crust Beneath Chhattisgarh Basin Based on
Gravity and Magnetic Modeling

Sanjay K. Prajapati1, C.L. Singh2, B. Singh1 & A. Kumar2

1National Geophysical Research Institute, Hyderabad
2Banaras Hindu University, Varanasi

5th Conference & Exposition on Petroleum Geophysics, Hyderabad-2004, India  PP 963-966

ABSTRACT : The Chhattisgarh basin is located within the Indian shield comprising Archean- Proterozoic metasediments and
granitods of Bastar craton. It is one of the six purana basin of peninsular India.  Gravity and magnetic surveys were conducted in
an area of about 8000sq km covering south-eastern part of Mahanadi graben. An attempt is made to address the gravity and
magnetic signatures in term of lithological and structural features. The Bouguer anomaly and total intensity magnetic anomaly
map over Chhattisgarh has been analysed to interpret major crustal discontinuities along with shallow geological features. The
Bouguer anomaly and total intensity anomaly maps correlates well with north-eastern boundary of the basin and delineate coal
belt of Mahanadi graben due to its density and susceptibility contrast. Using 2-D inversion technique the combined gravity and
magnetic modelling along a profile suggests the thickness of sediment about 2-3 km below Chattisgarh basin and Mahanadi
graben. Spectral analysis has also been carried out for additional information and depth constrain of causative source. A prominent
high in vicinity Akalatara below Chhattisgarh basin shows the presence of high schist rock.

INTRODUCTION

The Chhattisgarh basin is located in the central part
of the Indian peninsula. It comprises Archean-Proterozoic
metasediments and granitoids of Bastar craton and sonakhan
greenstone belt in the south while WNW-ESE trending
Raigarh-Bilaspur metamorphics of satpura belt occur in the
north with a faulted margin. In the eastern part, the granitoids
of Bastar craton and Easten Ghat mobile belt are fringing the
basin while in the west, Kotri volcanics and the Chilpi Group
are juxtaposed against the Chhatisgarh sediments with faulted
contact. Gravity and magnetic surveys were conducted to know
the structure and basement configuration, which was
uninvestigated in detail so far. The Residual anomaly map of
Chhattisgarh basin and adjoining area shows number of low
and high which is well correlated with geology. The large low
in north-eastern part of the basin is due to Mahanadi graben.
Two prominent high closures in the vicinity of Bilaspur and
Akaltara  shows presence of high density schist below
Chhattisgarh. Total intensity magnetic anomaly map has been
able to demarcate the north-eastern boundary of Chhattisgarh
basin due to appreciable susceptibility contrast. The high
magnetic anomaly in the north-eastern corner of the area is
expected due to mafic content in the basement below the coal
belt.

GEOLOGICAL SETUP

The sedimentation of Chhattisgarh basin, the largest
one in central India was initiated with formation of Proto-

basin in the eastern margin during the lower Riphean period
probably due to tectonic activity in NNW-SSE trending eastern
ghat mobile belt in the east and NNW-SSE trending Sonakhan
greenstone belt in the west. The rocks in the main basin shows
a number of characters and have certain distinctive feature of
their own (Fig.1). The basement of Archean granites and
gneisses with associated metavolcanic-metasedimentary belts
known locally as Chilpi and Sonakhan group (King, W., 1985;
Krishnan, M.S., 1968). The basin shows evidences of
structural disturbance along the eastern, northern and western
margins. In the northern side of Raigarh and Bilaspur,
metamorphics of Satpura belt occur with a faulted origin. The
southern margin of the basin unconformably overlies the
Kanker granites, represented by unclassified crystalline
granites and gneisses. The southern and southeastern margin

Figure 1: Geological Map of Chattisgarh basin and adjoining area
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of the basin do not show any signs of disturbance. The western
margin of the basin is faulted against Chilpi group of
metavolcanics and metasediments and granites (Das et al.,
1992). The geological units of schist belt comprises of
hornblende schist, quartz mica schist, banded iron formation
and banded magnetite quartzite and traversed by granites and
pegmatites (Nitish Das et al, 1990).There are also pumicite
and other acid volcanic rocks very close to the margin of the
basin (Naik and Ashuthosh, 1999).

BOUGUER AND TOTAL INTENSITY ANOMALY MAP

An area of about 8000 sq. km lying between Lat.
21° 30’ N to 22° 30’ N and Long 82° E to 83° 30’ E as shown
in (Fig.1) was covered by gravity and magnetic survey. The
area also includes the part of Mahanadi graben, Bilaspur and
Raigarh-Surguja belt. Gravity and magnetic data was acquired
with a station spacing of 2-3 km depending on the
approachability of the road using a Warden gravimeter with
an accuracy of 0.01 mGal. The data was processed using an
international gravity formula based on 1967 ellipsoid and
revised international datum for the observed gravity (IGSN
1967). The elevations were obtained with American Paulian
System of Altimeter. Point of known elevation such as bench
marks, spot value has been included for obtaining elevation
as accurate as possible. The overall accuracy of this gravity
data is ±1-2 mGal. The Bouguer anomaly map has been
prepared applying the slab correction of 2.67gm/cm3.The
magnetic data is collected using Proton precision
magnetometer (Model G856) having sensitivity of 0.1nT. The
data is corrected for diurnal and normal variations. The
international Geomagnetic reference field (IGRF) is correct
by factor of 0.963 nT per kilometer.

The Residual Bouguer anomaly map obtained after
removing the regional field using finite element method
(Mallick, 1999) is shown in Fig.2. There is hardly any
correlation between residual Bouguer and magnetic anomaly
map except that the zero value contours between Raigarh to
north of Ratanpur coincides with the Southern margin of the
Mahanadi graben. The coal field belt of Mahanadi graben is
nicely mapped as a gravity low between Raigarh and
Dharmjaigarh. Prominent gravity high at Bilaspur and Akaltara
is expected due to presence of schist belt with higher density
below Chhattisgarh sediment. The low magnetic anomaly
(Fig.3) south of Ratanpur and Baloda clearly suggests the
northeastern extent of Chhattisgarh basin showing increased
sediment thickness towards southwestern part of the area. A
few prominent local magnetic highs aligned in WNW to ESE

from north of Ratanpur to Raigarh indicate the southern margin
of Mahanadi graben. The high magnetic anomaly in the
northeastern corner of the area is expected to be mafic in the
basement below the coal belt.

SPECTRAL ANALYSIS

It is well known that modelling of gravity and
magnetic data without additional information is non-unique.
As such spectral analysis has been carried out in order to get
the first hand estimate of the causative source. In this approach
depth to estimate of source is obtained by computing radially
averaged power spectrum (Marquardt, 1963) of the desired
gravity and magnetic anomaly map. The power spectrum when
plotted against wave number on semi- logarithmic scale shows
linear segments. The slope of each segment provides the depth
estimate of the source lying at different depths. The computed
radially averaged power spectrum of gravity and magnetic

Figure 2: Residual anomaly map of Chhattisgarh basin and
adjoining area
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Figure 3: Total intensity magnetic anomaly map of Chhattisgarh
basin and adjoining area (IGRF Field Removed)
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anomaly map is shown in figure 4 and 5. The shallow depth
represents the basement depth under Mahanadi graben and
Chhattisgarh basin and higher depth of the order of 11 km
probably reflects the bottom of high density intrusive schist
rocks beneath the Chhattisgarh basin. The computed radial
averaged power spectrum of magnetic anomaly also reflect
two depth. The shallow depth 2.65 km represents the basement
depth and deeper depth of 8.25 km expected to reflect mafic
material below Mahanadi graben.

MODELLING OF GRAVITY AND MAGNETIC
ANOMALY ALONG PROFILE A-A′′′′′

The profile A-A′ is 150 km long and oriented NW-
SE direction passing over Chhattisgarh basin, Bilaspur-
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Raigarh and Mahanadi graben (Fig. 6). Around 20 mGal
negative anomaly has been observed over Mahanadi graben
which has been interpreted as a low density 2.40 gm/cm 3

Gondwana sediment (Subrahmanyam, et al 1981). It is
associated with magnetic high 300nT which has been explained
with susceptibility 5×10-3 cgs unit and some remnant
magnetization with direction D= 11, I= -20 due to mafic content
in the basement. The gravity high over Chhattisgarh basin 30
mGal has been modelled due to higher density metamorphic
schist belt like hornblend schist which has been reported in
this area (Nitish das et al, 1990). It is difficult to explain such
high anomaly due to uplift of basement because there is hardly
any density contrast between gnessic basement and
Chhattisgarh sediments. There is no significant magnetic
anomaly over gravity high which can be modelled but for
completeness we have modelled it with susceptibility 5×10-3

cgs due to mafic content in schist belt.

CONCLUSION

The gravity and magnetic surveys have helped in
identifying the lithologies of entire section. Gravity high over
the Chhattisgarh basin with gravity low over the Mahanadi
graben in NW-SE direction forms the contact of gnessic
complex. North eastern margin of Chhattisgarh basin is better
demarcated by magnetic anomaly. From spectral analysis of
gravity and magnetic data we obtain a depth of about 3 km for
basement below Mahanadi and Chhatisgarh basin whereas
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Figure 4: Radially averaged power spectrum of residual gravity
anomalies

Figure 5: Radially averaged power Spectrum of IGFR corrected
total intensity magnetic anomalies
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Figure 6: Interpreted profile along AA′  indicate residual and
computed gravity and magnetic anomaly and geological
section derived by inversion with assumed parameters.
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inverse modelling gives the maximum thickness of 2.5 km.
The absence of magnetic anomaly suggest that schist belt is
devoid of volcanic content and is expected to contain mostly
chlorite schist.

ACKNOWLEDGMENT

The authors are thankful to the Director, NGRI,
Hyderabad for his kind permission to publish this paper and
first author is also thanks to CSIR, New Delhi for their partial
financial support. Thanks to Mr. N. C. Mondal and Santosh
Mishra for valuable discussion and preparation for manuscript.

REFERENCE

Das, K. P., Kundu, A., Das, N., Dutta, D. R., Kumaran, K.,
Ramamurthy, S., Thanavehi, C. and Rajaiya, V., 1992,
Lithostratigraphy and sedimentation of Chhattisgarh basin.
Indian minerals, v. 384, pp. 271-288.

Geological map of India, 1993,published by G.S.I.

King, W., 1885, Sketch of the progress of geological work in the
Chhattisgarh division of the central provinces. Rec. Geol.
Surv. Ind., v. 18, pt.4, pp. 169-200.

Mallick, K. and Shrma, K. K., 1999, A finite element method for
computation of the regional gravity anomaly. Geophysics,
v. 64, No. 2, pp. 461-469.

Marquardt,D.W., 1963, An algorithm for least squares estimation
of nonlinear parameters,. J. soc. Ind. Appl. Math, pp- 601-
602.

Naik, Ashuthosh, 1999, Tectonic of the northeastern margin of the
Chhattisgarh basin of central India. Nat. Symp. On
Development in geology, Mineral deposite and
seismotectonics of central indi, Barkatulla Univ., Bhopal,
Abstract. p. 4.

Nitish Das, Royburman, K. J., Vatsa, U.S. and Muhurkar, Y. V.,
1990, Sonakhan schist belt- A Precambrian granite
greenstone complex. Workshop on Precambrian of Central
India, Nagpur, August, G.S.I., Spl. Publ., v. 28, pp. 118-
132.

Subrahmanyam, C. and Verma, R.K., 1981, Densities and magnetic
susceptibilities of Precambrian rocks of different
metamorphic grade (Southern Indian shield), Journal of
Geophysics, v. 49, pp. 101-107.


