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ABSTRACT : Aeromagnetic data over the Cauvery basin in south-eastern India was examined in the light of known basement
structure inferred from gravity and seismic data. Although the major tectonic elements of the basin could be delineated from
aeromagnetics, the basement trends inferred from gravity and aeromagnetics differ in their orientations. The gravity trends oriented
in NNE-SSW direction appear to be dominated by the Eastern Ghat trend while those shown from aeromagnetic data are mainly
NE-SW and ENE-WSW.  The gravity anomalies also reveal that the basement beneath the basin might belong to the Eastern Ghat
group than the expected peninsular gneissic complex. The unusual increase of gravity anomaly from about  -100 mGal to the west
of the basin to about 10 mGal within the basin might be attributed to collision tectonics and suturing, the suture zone roughly
located along the western margin of the basin.  Further interpretation of gravity and aeromagnetic anomalies by means of residual
and pseudo-gravity maps reveal that the sedimentary thickness is maximum in the Ariyalur – Pondichery depression.  Good
correspondence of pseudo-gravity with available drill-hole depths to the basement shows the credence of aeromagnetic data for
basement mapping.   In the light of this interpretation, high resolution aeromagnetic survey over the basin might be very useful to
understand basement tectonics visa-vis the hydrocarbon potential of the region.

INTRODUCTION

The Cauvery basin, occupying an area of about
25000 Km2 in the southeastern part of the Indian peninsula,
extends by another 35 000 Km2 into the offshore (Kumar,
1983) and is considered to be one of the frontier basins in
India for oil exploration.  On the basis of available geological
and geophysical data, it was understood that the basin consists
of several depressions separated from one another by sub-
surface ridges that are extending into the offshore area.  Various
tectonic elements (Fig.1) of the basin are classified as follows
(Negi et al., 1968; Sastri, et al., 1973; Lakshman Singh, 2002;
etc.).

(1) Ariyalur-Pondichery depression
(2) Kumbakonam-Madanam ridge
(3) Tanjaore depression
(4) Tranquebar depression
(5) Karaikal ridge
(6) Nagapatnam depression
(7) Vedaranyam ridge
(8) Pathukottai-Mannargudi ridge
(9) Ramnad-Palk Strait depression

The sediments filling the basin range in age from
Permian to recent and are considered to be as thick as 6000
m.  Oil and gas accumulations have been found in fractured
basement and in sandstones of Cretaceous to Oligocene age.

Since 1956, geophysical surveys employing ground
gravity, magnetic and seismic techniques were carried out by
the Geological Survey of India and the Oil and Natural Gas

Fig. 1 Map showing various tectonic elements of the Cauvery basin,
inferred from geophysical data (After Sastri et al., 1973).
(1) Ariyalur-Pondichery depression, (2) Kumbakonam-
Madanam ridge, (3) Tanjaore depression, (4) Tranquebar
depression, (5) Karaikal ridge, (6) Nagapatnam depression,
(7) Vedaranyam ridge, (8) Pathukottai-Mannargudi ridge and
(9) Ramnad-Palk Strait depression.  The basement depths
from drill hole data at a few locations are also shown.
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Commission in various phases to investigate the oil and gas
potential of the basin (Avasthi et al., 1977).  The exploratory
efforts in the basin have resulted into discovery of 26 small
and medium sized oil and gas fields establishing a total of 93
MMT oil and oil equivalent of gas (Lakshman Singh, 2000).

While aeromagnetics is one of the prime tools for
assessing the structural prospects of any sedimentary basin,
surprisingly aeromagnetic survey was not carried out over this
basin in the Petroleum exploration point of view.  However,
during the years 1985-86, the Geological Survey of India
acquired aeromagnetic data over the Cauvery basin and the
adjoining region as a part of countrywide coverage.  The
survey was carried out at a mean altitude of 1500 m with a
line spacing of 4000 m.  In this paper, the aeromagnetic data
is examined to understand the regional structure and tectonics
of the Cauvery basin in conjunction with the gravity anomalies.

GRAVITY AND AEROMAGNETIC DATA AND
THEIR INTERPRETATION

Gravity data

The Bouguer gravity image of the Cauvery basin and
the adjoining region (after NGRI, 1978) is shown as Figure 2.
To the west of the basin, the gravity value is as low as -100
mGal while over the basin the value increases to 10 mGal.  It
appears that a large regional field originating at deeper levels
of the crust dominates the anomalies due to shallow structural
features such as the basement.  The gravity trends with in the
basin are parallel to the western boundary and are aligned in
NNE-SSW direction, along the Eastern Ghat trend. An
interpretation of few east-west profiles passing through the
basin (Subramanyam, 1978) with those observed across the
Cuddapah basin (Subrahmanyam, 1983; Singh and Mishra,
2002) and the Canadian Shield (Gibb and Thomas, 1976; and
Thomas, 1983) show that they are similar and representative
of collision tectonics and signify a cryptic suture, probably
related to the Precambrian times.  The boundary of the two
crustal blocks may roughly coincide with the zone of steep
gradient of gravity close to the western margin of the basin.
In view of this, the basement beneath the basin appears to be
related to the Eastern Ghat group of rocks (Charnokites and
Khondalites), which are denser than the peninsular gneissic
complex.

The residual gravity picture obtained from
wavelength filtering by applying a high pass (100 km) filter is
shown as figure 3. With in the basin, the residual gravity shows
three prominent lows (L1, L2 and L3) aligned in NNW-SSE
direction and are separated by highs. These lows correspond

Fig. 2 Bouguer gravity anomaly map of the Cauvery basin and the
adjoining region.  The tectonic elements shown in figure 1
are also marked here for reference.

to the Ariyalur-Pondichery depression (L1), the Tanjaore
depression (L2) and the Ramnad-Palk Strait depression (L3).
The highs (H1 and H2) are related to Kumbakonam-Madanam
ridge and Puthukottaim-Mannargudi ridge respectively.  The
steep gradients of gravity to the west of Ariyalur-Pondichery
depression and Tanjaore depression might be attributed to
faulting and thrusting.  The relief in gravity anomalies over
these three major depressions is about 60 mGal and might
correspond to a total sediment thickness of about 4000 m
(approximately) for an average density contrast of 0.4 g/cc.
Along the eastern part of the basin, two small lows (L4 and
L5) with a relief of about 20 mGal that are separated by highs
(H3, H4 and H5) could be seen.  The lows L4 and L5
correspond to the Tranquebar depression and the Nagapatnam
depressions respectively.  The highs may correspond to the
Karaikal ridge (H3), Vedaranyam ridge (H4) and Mandapam-
Delft ridge (H5) respectively.
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Aeromagnetic data

The reduced to pole aeromagnetic image (Fig.4)
shows several highs and lows with in the basin and the
adjoining offshore region.  For normal induction, the basement
highs and lows are represented by magnetic highs and lows
respectively on the RTP image.  Moreover, the frequency of
the anomalies is a measure of the depth to the magnetic
basement.   From the magnetic map, an attempt was made to
identify the tectonic elements shown in Figure 1.  Therefore,
the number given over the highs and lows correspond to the
same number provided in Figure 1.  The predominant low (1)
in a NE-SW direction at the north eastern part of the map
might be attributed to Ariyalur-Pondichery depression.  There
is a slight variation in the trend shown by gravity in this area.

The Tanjaore depression (3), exhibited as a gravity
low of 60 mGal has been represented by a magnetic high.

This may imply that the sediments within the Tanjaore
depression are either magnetic or thin or both. The Ramnad-
Palk Strait depression (9) is occupied by magnetic anomalies
of moderate intensities.  This may reveal that the sedimentary
thickness in this depression is less when compared to the
Ariyalur-Pondichery depression.

The expression of the Kumbakonam-Shiyali ridge (2),
Puthukottai-Mannargudi ridge (8) on the aeromagnetic map
are not as wide as those revealed by gravity.  This indicates
that the disposition and extent of the ridges is different, than
inferred earlier.

A series of ENE highs separated by broad lows cutting
across the coastline could be seen in the northern part of the
basin.  These highs (2, 5, 7 and 10) and lows (4, 6 and 9)
might represent graben and horst structure.  An additional pair
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Fig. 3 Residual (high-pass filtered, <100 km.) gravity anomaly map
of the Cauvery basin with tectonic elements superimposed.

Fig. 4 The reduced-to-pole aeromagnetic image of the Cauvery
basin and the adjoining region.  Tectonic elements inferred
from aeromagnetic image are marked and numbered.
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of graben and horst structure that are known earlier could be
delineated from aeromagnetics and numbered as 12 and 11
respectively.  Another ridge like structure just north of
Rameswaram (10) could also be identified from
aeromagnetics. Gravity anomalies (Fig.3) exhibit similar
pattern, supporting these observations.  The main difference
between gravity and aeromagnetic signatures is the orientation
of the trends.  A direct comparison of gravity and aeromagnetic
anomalies can be made by pseudo-gravity transformation of
magnetic anomalies.  If the source causing gravity and
magnetic anomalies is the same, then the anomalies should
appear on both gravity and pseudo-gravity images.  The gravity
anomalies are influenced by density and thickness variation
with in the sedimentary column and also due to some density
heterogeneities with in the basement.  In contrary, the pseudo-
gravity anomalies are not affected by variations in thickness
of various layers above the basement, as the sediments are
relatively non-magnetic.  Therefore, the aeromagnetic and
pseudo-gravity pictures appear as transparent to the
sedimentary column and hence provide a better picture of the
basement than gravity.

The pseudo-gravity image (Fig.5) of the study area
shows several highs (PH1, PH2 etc.) and lows (PL1, PL2 etc.)
in the basinal part and the adjoining offshore region.  A
comparison of the pseudo-gravity image with the residual
gravity (Fig.3) reveals the following.  The gravity low L1
corresponds to PL1, the trend of PL1 being more easterly.
The gravity highs H1 and H2 and the low L2 appear to have
been merged and shown up as PH1 in pseudo-gravity.  The
areal extent of L2 became smaller in PL2.  Similarly, PH2
corresponding to H2 is rather elliptical and confined to a
smaller area.  A good correspondence between L4, L5, L6
and PL4, PL5, PL6 can be observed. Another interesting
observation is the shift of L3 in a northeasterly direction
marked as PL3.  Two more features that could be seen are
PH5 and PL7.

The basement depths available from well data at a
few locations are also shown in Figure 3 and 5.  The most
interesting feature of the pseudo-gravity image is a big high
passing through Tanjaore and Mannargudi indicating shallow
basement.  Several drill holes over this zone show shallow
basement (about 1000m), agreeing well with the picture
depicted from pseudo-gravity.  Deeper basement (>3000m)
can be seen in the Ariaylur-Pondichery depression and can be
correlated with a low (PL1) in the pseudo-gravity.  Similarly,
the basement uplifts and depressions at other places can be
seen easily from the pseudo-gravity anomaly.  Therefore,
pseudo-gravity provides a synoptic view of the basement

structure in this area.  In general, the shallow basement is
encountered in areas of pseudo-gravity highs and deeper
basement can be seen in areas occupied by pseudo-gravity
lows.  This correlation is suggestive of the utility of the pseudo-
gravity anomalies for basement mapping.

CONCLUSION

Over the Cauvery basin, the gravity anomalies are
dominated by the NNE-SSW trends of Eastern Ghats.  The
gravity anomalies across the Cauvery basin suggest that the
Eastern Ghat group of rocks (Charnokites and Khondalites)
might form the basement. The gravity picture also suggests
collision tectonics and the presence of a cryptic suture close
to the western margin of the basin.

Fig. 5 Pseudo-gravity image of figure 4.  The pseudo-gravity lows
and highs are designated as PL1, PL2, etc., and PH1, PH2,
etc., respectively.  The basement depths from drill hole data
are also shown for comparison.
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The tectonic elements delineated earlier from gravity
could be deciphered easily from magnetics, but with a
difference in their orientation and disposition.  The pseudo-
gravity field shows good correlation with basement depths
obtained from well data.  It appears that the Ariyalur-
Pondichery sub-basin holds thicker sedimentary column than
the other sub-basins in the area.

In recent times, high-resolution aeromagnetic surveys
were used to map certain horizons within the sedimentary
column (Kivior and Boyd, 1998).  The aeromagnetic data used
in the present analysis was acquired over widely spaced (4000
m) lines at an altitude of 1500 m.  Now a days, high sensitivity
and high resolution aeromagnetic data with accurate position
location can be obtained, which provides very useful
information about the structures with in the sedimentary
column, in addition to the basement configuration.  In view of
the varied picture of the basement configuration provided by
gravity and aeromagnetics, coverage of the Cauvery basin by
high resolution aeromagnetics, (line spacing of 500 m and
flight altitude of 100-300) m will be of great help in reassessing
the hydrocarbon potential of the area.

ACKNOWLEDGEMENTS

 The authors are grateful to the Director, National
Geophysical Research Institute for his permission to publish
this work.

REFERENCES

Avasthi, D.N., V.V.V. Raju, and B.Y. Kashettiyar, 1977, A case
history of geophysical surveys for oil in the Cauvery basin:
In: Geophysical case histories of India (Ed.V.L.S.
Bhimasankaram),Vol.1, p.57-77, Assoc. Expl. Geophys.
India.

Irena Kivior and David Boyd, 1998, The contribution of high quality
aeromagnetic survey data to hydrocarbon exploration:
Exploration Geophysics, Vol. 29, p. 462-466.

Gibb, R.A., and M.D. Thomas, 1976, Gravity signature of fossil
plate boundaries in the Canadian Shield: Nature, Vol. 262,
p.199-200.

Kumar, S.P., 1983, Geology and hydrocarbon prospects of Krishna-
Godavari and Cauvery basins: Petrolium Asia Journal,
Vol.1, p.57-65.

Lakshman Singh, 2002, Oil and gas fields of India: Indian Petroleum
Publishers, Dehradun, India.

Negi, B.S., et al., 1968, Tectonic map of India, Oil and
Nat.Gas.Comm.

NGRI, 1978, Bouguer gravity anomaly map of India.
Sastri, V.V., R.N. Sinha, Gurucharan Singh and K.V.S. Murthy, 1973,

Stratigraphy and tectonics of sedimentary basins on east
coast of peninsular India: Bull, A.A.P.G., Vol. 57, p.655-
678.

Singh, A.P. and D.C. Mishra, 2002, Tectonosedimentary evolution
of Cuddapah basin and eastern ghat mobile belt (India) as
Proterozoic collision: gravity, seismic and geodynamic
constraints: Jour.Geodynamics, Vol. 33, p.249-267.

C. Subramanyam, 1978, On the relation of gravity anomalies to
geotectonics of the Precambrian terrains of the south
Indian shield: Vol.19, p. 251-263.

Thomas, M.D., 1983, Tectonic signature of paired gravity anomalies
in the southern and central Appalachians, In: Contributions
to the tectonics and geophysics of mountain chains (Eds.
R.D. Hatcher, H. Williams and I. Zietz): Geological
Soc.Am.Mem., Vol. 158, p.113-124.

A Reappraisal Of The Structure


