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and the coexistence as a mineral, calcite (CaCQj3), have
been observed in this, indicating that the recrystallization
of this quartz may have occurred during retrograde
metamorphic processes.
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A large number of earthquakes of different magni-
tudes are recorded over the years in the Indian sub-
continent, including Southern Peninsular shield.
Geophysical images enable one to understand the tec-
tonic and structural fabric of the region. The spatial
distribution of earthquakes and their correlation with
geophysical mega lineaments are demonstrated.

EARTHQUAKES of magnitude 7 and above are generally
confined to the Himalayan region, the northeast and parts
of western India. However, historical data suggest that
the subcontinent has witnessed several hundreds of
earthquakes of varied magnitude!=. Several workers have
prepared catalogues and maps giving epicentre, magni-
tude and other relevant parameters of these earthquakes.
The National Seismic Information Centre, World Data
Centre for Seismology of the United States Geological
Survey (USGS) Denver, USA also maintains a popular
site  (www.usgs.gov), which includes information on
earthquakes over the Indian subcontinent.

The long recurrence interval of moderate earthquakes
in the amplitude range of 4 to 6 in peninsular India gives
an impression that this region is relatively stable. The
1967 Koyna and 1993 Latur earthquakes have demon-
strated that earthquakes can occur in parts of peninsular
India but due to their scarcity, there have been fewer op-
portunities to study them. Clearly, there are many gaps in
our knowledge about the earthquake sources and proc-
esses in the southern peninsular shield. As is well known,
distribution of the seismic stations over the country is not
uniform and different stations have varying recording
sensitivities. Although there are difficulties due to these
inherent problems, the preponderance of seismic activity
over the subcontinent calls for a relook into the spatial
distribution of earthquakes and their correlation with tec-
tonics and structural fabric of the subcontinent in general
and the southern shield in particular. Geophysical data,
particularly the gravity and magnetics, provide a window
to understand the tectonic and structural fabric of the
region. The spatial distribution of earthquakes and their
correlation with geophysical mega lineaments form the
subject of this communication.

The recent development of an ‘Auto trace and Digitize
Methodology’® provided an opportunity to transform
large volume of available gravity and magnetic data from
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analogue to digital format, and present them in a user-
friendly image mode. The geophysical images are intrin-
sically better suited to bring out the structural lineaments,
regional fault-fractures and tectonic fabric in comparison
to the conventional contour maps’®. The gravity map
series of India on 1:5,000.000 scale’, when presented in
image mode, brought out many mega lineaments, which
were not seen or recognized on the contour maps'® pub-
lished earlier.

It would have been ideal to plot all the recorded earth-
quakes in India to study their spatial pattern. The earth-
quake epicentral data of India published by earlier
workers are seen to be incomplete and suffer from sev-
eral limitations. During our study it was noticed that the
data compiled by individual workers are incomplete and
many of the events reported by USGS are missing in
these works. For example, the widely-used catalogue of
Bapat et al* does not give the earthquakes listed by
USGS, as shown in Table 1. Similarly, USGS data do not
contain some of the earthquakes reported by Bapat et al®,
as shown in Table 2. It was also noticed that the map
prepared by Surendra Kumar® does not include some of
the well-known earthquakes in central India. The uneven

distribution of seismic stations precludes the use of 2 and
3 magnitude events, as their reliable recording is depend-
ent on the local observatories. To overcome this problem,
the epicentral data of earthquakes with magnitudes 4 and
above only are plotted from the USGS source, to which
the data shown in Table 2 are added. In view of the fact
that none of the data sets are complete and since the pur-
pose of the present work is not to prepare an earthquake
epicentral map of India, the USGS data are adopted for
this study. The earthquakes discussed in this communica-
tion are plotted by selecting symbol size and colour to
denote earthquakes of different magnitudes. It is beyond
the scope of this communication to examine the accuracy
of magnitude estimates of each of the events, and the data
as given by USGS are adopted. It is to be recognized
here, that there is an urgent need for compiling a com-
prehensive catalogue of the earthquake data and their
dissemination.

Major structural and tectonic features of the subconti-
nent, as collated from the published literature''?, are
shown in Figure 1. A study of the geophysical images
generated by us earlier’®1% clearly shows that all the
major structures and tectonic elements in the subconti-
nent are reflected well on these images. The shaded relief
image of free-air gravity map of India is shown in Figure

Table 1. List of earthquake events reported by USGS but not 2. A Cornparison of Figures 1 and 2 Clearly shows that all
included in the catalogue of Bapat e al.’ the well-known and reported tectonic features are well
Year Month Date  Latitude Longitude Magnitude
1950 i 18 27.7 94.6 6.7 Table 2. List of earthquake events not reported by USGS but
1950 12 24 24.4 o17 6.3 included in the catalogue of Bapat er al.*
1952 11 14 30 92 6
1953 7 26 9.9 76.3 5 Year Month Date Latitude Longitude Magnitude
1955 2 14 7.8 94 6.25
1955 6 17 32.5 78.6 6 1954 3 31 12.4 57.9 7.2
1956 9 7 7.1 94.1 6 1954 4 11 10.8 57.1 6.2
1957 12 12 24.5 93 6 1954 4 11 36.4 70.8 6.5
1957 12 13 17.3 73.7 5.5 1954 7 10 36.6 71.1 6
1958 1 4 27 92 6 1955 6 27 32.5 78.6 6
1958 1 6 25.6 96.8 5.75 1955 7 14 7.8 94 6.1
1958 2 13 27.6 92.5 5.5 1956 1 11 7.7 94 6.3
1958 3 22 23.5 93.8 6.5 1956 1 21 23.5 93.5 6.1
1959 6 7 24 94 5.5 1956 3 18 5.4 93.8 5.9
1959 6 10 30 91 5.75 1956 10 13 36.3 71.3 6.1
1959 11 2 28 93 5 1956 11 14 36.7 71.1 6.4
1960 8 21 264 88.6 5.5 1956 11 14 36.5 71 6.5
1961 11 6 26.7 91.9 6 1957 3 11 0.2 97.1 6.4
1962 9 1 24 73 5 1957 5 28 25.4 95 6
1962 9 15 31.9 76.2 5.5 1957 9 2 36.5 71.2 6.4
1962 10 30 26.6 933 6 1958 2 17 36.5 70.7 6.6
1963 1 30 29.5 80.9 6 1958 3 28 36.4 71 6.8
1963 2 22 27.2 87.1 5.25 1959 3 4 12.2 92.7 6.1
1963 10 22 10.4 94 5.1 1960 1 3 44 84.5 6.6
1963 11 27 30.8 79.1 5.1 1961 6 27 28 99.4 6.2
1965 11 18 299 80.3 5.2 1962 3 6 14 93 5.8
1967 3 27 15.6 80 5.8 1964 6 13 10 93 6
1968 5 3 23 86.6 5.6 1964 11 30 6.8 94.8 6.5
1969 2 26 26.6 92.4 5 1965 2 18 25 94.3 6
1969 4 13 17.9 80.6 5.7 1972 9 3 35.9 733 5.6
1970 5 9 24 94.1 5 1973 4 7 7 91.4 5.9
1972 7 29 11 77 5 1975 1 19 32.5 78.4 6.2
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Figure 1.

reflected on the gravity image. For example, the different
cratons (Dharwar, Bastar, Bhandara, Singhbhum and
Aravalli), the shear zones in south India (Moyar, Bha-
vani, Cauvery and Kerala lineaments), the proterozoic
Cuddapah basin, the Gondwana grabens (Godavari,
Mahanadi, Satpura and Damodar), the Western Ghats, the
Eastern Ghats and Aravalli fold belt and the Narmada—
Son Lineament are unmistakably evident in the image. In
addition, some of the new features, which are either un-
known or not well reflected in earlier maps, are also seen
in the gravity image. These include:

(I) A NW-SE trending mega lineament from Chennai
on the east coast to north of Mumbai and close to
Surat on the west coast, and extending further to-
wards NW into Saurashtra Peninsula.

(2) A near N-S trending lineament (Raval line)® starting
from Karakorum and passing through Ahmedabad

762

Tectonic map of India (modified from refs 11 and 12).

and extending further south into offshore region
through Laccadive and Maldives.

A NE-SW lineament starting east of Jaipur and its
extension into the Himalayas in an ENE-WSW
direction.

ENE-WSW trending Narmada—Tapti-Son Linea-
ment (NTSL) and similar parallel trends within the
Vindhyan and Indo-Gangetic plains.

The West Bengal shelf bounded by two prominent
arcuate N—S trends.

®)

)

&)

The earthquake epicenters with magnitudes greater
than 4 are superposed on the free-air gravity image (Fig-
ure 3). From the distribution of earthquakes, the Indian
subcontinent can broadly be divided into three zones, viz.
Western, Central and Southern. To be specific, the west-
ern region includes the entire area to the north and west
of Surat. Similarly, central India is to the east and north
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Figure 2.

Table 3. Distribution of earthquakes of different magnitudes in
Western, Central and Southern regions of India for the period 1063—
1997

Earthquake Western Central Southern
magnitude region region region
4-6 26 38 108
>6 7 16 9

of NTSL zone. South of Surat and NTSL zone is deline-
ated as the southern zone for convenience of discussion.
The distribution of earthquakes of different magnitudes
in these regions is shown in Table 3. The earthquake epi-
centres of all magnitudes in the Himalayas, from NE
India and Burmese Arc are excluded from the discussion,
as they are well studied and also do not form a part of the
Indian peninsular region, and reflect the earthquakes out-
side the SCR of India.

The earthquake epicenters with magnitudes between 4
and 6 are superposed on the free-air gravity image (Fig-

CURRENT SCIENCE, VOL. 83, NO. 6, 25 SEPTEMBER 2002

Free-air gravity shaded relief image of India.

ure 4a) and earthquake epicenters with magnitudes
greater than 6 are shown in Figure 4 b. Distribution of the
earthquake epicenters with magnitudes between 4 and 6
are mainly along (1) the west coast, (2) the Eastern
Ghats, (3) Narmada—Son Lineament and (4) the entire
western region comprising Saurashtra and Kutch penin-
sula. It is interesting to note that in south India, barring a
few, majority of earthquake epicenters are confined to the
high-grade granulite terrain. The few events in the gran-
ite-gneiss—greenstone terrain are distributed on either
side of the NW—SE Chennai-Mumbai line. It is interest-
ing to note that the large area confined between north of
Chennai line and south of Tapti fault comprising Deccan
trap and gneisses is devoid of any seismic activity. It is
also interesting to observe that Latur event is seen to be
in close proximity to the NW—-SE Chennai-Mumbai line,
while the Koyna events are mostly along the west coast
lineament. Further, the other earthquake epicenters are
seen all along the Eastern Ghats.

In central India, the earthquake epicenters are mainly
distributed along NTSL. In the western zone, majority

763



RESEARCH COMMUNICATIONS

35.00

30,001

20,00

15,008

10.004

#0.00

70.00 75.00
Magnitude Noof everts |

4.5 1847

} O 56 S50

O 6.7 4

1O 78 11
® >3 9 ‘
pi. L] \

Totul

Figure 3.

are in south Kutch region which is believed to be an an-
cient rift system and quite different from the rest of the
peninsular shield®. It is also noticed that earthquakes are
aligned mostly along the so-called Raval line® and a few
events are located along the Aravalli zone. The vast Indo-
Gangetic plains have less number of events compared to
western and southern parts of the country.

The earthquake epicenters with magnitudes greater
than 6 superposed on the free-air gravity image (Figure
4b) do not show any specific cluster or pattern for their
distribution. They are spread all over the country, with
specific clusters in the Kutch and north of Delhi. Earth-
quakes of magnitude greater than 7 are absent in southern
India and are confined to Gujarat and northeast India.
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Earthquake epicentral data of magnitude > 4 superposed on free-air gravity shaded relief image of India.

The Indian subcontinent is seismically active, with
different regions showing varying levels of seismic activ-
ity, and no part of the country can be said to be seismi-
cally inactive or stable. However, a large part of the
region confined between Tapti fault in the north, Chen-
nai-Mumbai line in the south and the Eastern Ghats in
the east, as shown in Figure 3, is devoid of any seismic
activity. As can be seen from Figure 1, the Godavari gra-
ben, Mahanadi graben, contact of Deccan trap and gran-
itic terrain are seen to be passing through this region. In
addition, this area is in close proximity to Chennai—
Mumbai lineament, Tapti fault, Satpura folding and is
obviously an area of tectonic interest and concern. In
view of the above, this region needs a closer look for
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Figure 4. Rangewise distribution of earthquake epicentral data for events @, 4 <M < 6; and b, M > 6 superposed on free-air grav-
ity shaded relief image of India.
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understanding the seismic processes responsible for lack
of energy release or otherwise, over a large area of more
than 250,000 kn?’ since historical times.
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