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THE LATUR EARTHQUAKE

A. M. PATWARDIIAN, pune.

INTRODUCTION

Earthquakes are generally assumed to be elas-
tic waves radiating out from a rupture in the
Earth that slips suddenly and generally in a
brittle manner. Since the advent ofthe concept
of Plate Tectonics, substantial progress has
been made in understanding the processes
causing earthquakes, butmuch ofthe attention
of seismologists has been devoted to those
recorded at the plate boundaries. Earthquakes
originating from continental interiors have been
relatively fewin comparison andwere regarded
so far as isolated incidences of stress release
due to rerxons not immediately explainable.
However, such incidences though less frequent
have caused great damage to human life and
properff and there is a growing opinion now
that intra-plate seismicity which is far less
understood deseryes serious at0ention (Johnston
and Canter, 1990).

INTRAPLATE SEISMICITY

Peninsular India has also been largely regarded
as one of the aseismic (stable), ancient
continental blocks on ttre globe, which has not
been subjected to orogenic movements or epi-
sodes offolding in younger geological histroy.
Such a belief was probably founded also be-

cause very few earttrquakes have interfered
with its stability, in the living memory, and
because of their fragmentary historical record
as compared to the earthquakes which fre-
quented the Himalayan region. Systematic
recording of peninsular earthquakes began
sometime inthe middle ofthis century afterthe
installation ofa seismograph atthe IMD, pune.
The region covering Nasil., phaltan, Rahuri,
Pimpalgaon, Dhorq Wai, Kara4 pandharpur
andHukeri is saidtohave zuffered an earthquake
of intensity VII in August 1764. The coastal
regions of Bombay, Bassein, Surat and Goa
are reported to have experienced earthquakes
ofmoderate intensityduring 1618, 1668, i67g,
1689, L7 5I aad 17 52. The most devastating of
the series has beenthe one which rocked almost
the entire Peninsula on June l6tlL I 8 19 and for
which the epicenter was located in Kutch. Its
magnitude was 8.3 and its impact had demon-
strated that major earthquakes can and do
occur also in continental interiors (intra-plate)
and not necessarily only on the plate margins.
This was followed by the Koyna earthquake of
10th December,1967, with a maximum mag-
nitude 6. 7 and recorfly by the Latur earthquakes
onthe 30th Septemebr, 1993, wittrmagnitudes
6.1 and,6.2.
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The major earthquake of 1E19 in the Kutch

region was not an isolated shock, many small

and big tremors have continued to rock the

region inttre last 50 years. The latest spurt of
seismicity began on the 24th August, 1993

when many shocks of magnitude 4, 5 and 6

have bee,n recorded with the epicenters in

Saurashtra but were felt severely also around

Bombay and Goa and Parts of western

Maharashtra. Close on the heels were the

quakes of 28th and 29th August and of 3rd

September, 1993, which had their epicenters

around Koynanagar and rocked a large part of
Maharashtra, northem Karnataka and Madhya

Pradesh. And then in the early hours (3.58

AM) of 30th September, 1993, the Latur

earthquake stnrck which took a toll of above

9000 people and thousand others lost their

houses and property in Maharashtra. The

maximum damage was done around the vil-
lages ofKillari and Umarga where an intensity

TRA}.ISACTIONS OF THE INSTITUTE OF INDIAN GEOGRAPIIERS

Fig.l Location map showing earthquake aftected region
, (6E06RAPHlcAL otTAlLs AFTER 0lxlTrl9!6)

of IX on the M M scale is estimated
(Ramakrishna st al 1994) but the earthquake

shocked practically the e,lrtire Maharashtra,

border regions of Gujarat, Madhya Pradesh,

Kamataka and Andhra Pradesh. it was felt

severely in Pune, Bombay, Satara, Kolhapur,

Solapur and Goa. According to the USGS the

magnitudes recorded for at least tlo severe

shocks were about 6.1 and 6.4 on the Richter

scale which fortunately lastod only a few sec-

onds but a large number of smaller shocks of
magnitude > 4 inflictod further damage an{
more than that, a chaos on the day and for the

following few weeks. The natural calamity

was most stunning and caught the population

unawares. The epicenter location givenbythe

USGS was at Lat 18.055 N and the Iong
76.424 E and the depth ofthe hypoce,lrter was

about 6 lon. Seismologists ofthe India Met€o-

rology Departnent calculate even a deeper

hypocenter at 15 lan. to which many others
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also agree. The area atrected severely by the
Latur earthquake experienced several shocks
in the previous two years, most of them of
magnitude < 4, before the calamity. In a couple
of months to follow it was shaken again by at
leasttwo shocks ofmagnitude > 5. Sincethen
frequenttremors oflow magnitude are reported.
Since there existed no historical record of
seismicity, the shocks in the couple of years
prior to the calamity were not taken seriously
and no one ever expected that in this region of
the peninsula a severe earthquake would take
place.

CONCTJRRENT EARTHQUAKES IN
KOYNA REGION

On the 30th September a couple of second
before the Latur earthquake struck, an
earthquake of magnitude 6 also struck the
Koyananagar region (reported in Kesari of
October lst) and more tlan 300 shocks of
smaller magnitude caused damage to public
utillty systems and to many buildings on the
very day. The cumulative effect of both did a
lot of damage also in the region east of Koyna
reservoir @atwardhan" st al, 1995). The seis-
micrty in the Koyna region has been a subject
of academic controversy, since ttre
earthquakes of 1967, regarding itsbeing
reservoir induced or not. The region has been
experiencing earthquakes (NI < 4) even before
the impounding of water in the Shivajisagar
reservoir (Guha et al, 1966). the seismicity
which started in 1993 has continued through
1994 intermittently, the latest shocks of
magnigude 3 and 4 originating fromthis region
on the 5th and 6th of September, 1995 have
shaken again a large part of Maharashtra.
Incidently, more than 50,000 tremors have
atready been recorded in the last 28 years of
which about 150 have been of magnitude > 4.

The continued seismicity and the depths of
their hypocenters speak more towards their

89

tectonic origin by the reactivation ofbasement
faults. On the 29th August, 30th Septemeber
and in the first week of October 1993 a large
number of shocks were recorded inthe Koyna
region also for which the epiceirters lie in the
region intervening the Koyna and the Varna
dams.

CRUSTAL STRUCTURE

Killari and the surrounding atrected region is
only ataL degrees arcdistance fromtheKo5ma
epicenters. No significant difference in the
crustal structure was therefore expected below
these two regions. The thickness ofthe upper-
most lithological unit, the Deccan Trap flows,
decreases considerably from 1.0 krn. around
Koynanagar to about 0.5 kn towards Killari.
West ofKoyna the thickness increases towards
the Ghats to a maximum of about 2 lan. In
spite of the cover of Deccan basalts which is
extensive but not very thick the entire region
shows negative gravity anomalies, the general
ares of which are in the NW-SE direction. It
is the reflection ofthe presence of athick crust,
underneath the basalts, with lower density,
grantitic and granodioritic composition and of
a comparatively deep-seated manfle. The thick-
ness ofthe continental crust is estimated to be,
on an average, about 3 5 km becoming thin near
the west coast. In the Koyna - Karad region the
- 100m gal Bouger anomaly is interpreted as
indicating a thick crust and a deep mantle. The
positive gravity anomaly at the west coast and
a steep gradient of the anomaly westward
indicates a tectonic heterogeneity in the
lithosphere and a sudden shallowing of the
mantle. The presence ofhigh density material
at shallow levels near Bombay coast was pro-
posed 60 years ago (Glannie, 1934) on the
basis of gravity measurements but the Deep
Seismic Studies undertaken in recent years
(Ifuila st aI, 1981) have revealed that the pre-
Trap surface is undulatory, blocls of the un-
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derlying crust have suffered vertical movenrent,

the lithosphere is not uniformly thich and the

MOHO, which is the transitional boundary

between the crust and the manfle, has also

suffered displacements.

LATUR REGION

The epicentral region of Latur earttrquakes

witU - tSm gals regional gravity anomaly is

located on an elevatedtopography (Fig' 1) just

like the epicentral region of the Koyna

earthquakes. The gravity anomaly shows the

presence of mantle at relatively shallow levels

than under the Koyna region, applying the

same anology. It is possible ttrat the elevation

ofthese regions has not yet fully compe'nsated

the densitydifference betweenthe crust andthe

deeper mantle. The residual manle left below

the lithosphere after it was depleted of the

material constituting the Deccan basalts ought

to be anomalous and denser. The volcanic

eruption which rifted the lithosphere 65 million

years ago should have also severely ruptured

itn 
"*ti"tttt 

t crust adding to its compositional

(Reddy, 1995) and stnrctural heterogeneity'

Volcanic material including the accompanying

fluids should have profusely entered the pre-

existing faults and &actures ofthe Proterozoic,

and creited new weak planes and compositional

boundaries. The seismic response and

behaviour of such a continental blook would be

certainly different from those which have not

been ridaea with such sudden and profuse

volcanic event.

GEOMORPHOLOGY

The present relief of the Decaan basalts, after

a prolonged period of erosion, seems to be

urrdercompensated and is perhaps undergoing

vertical adjustnents. Slow and episodic verti-

cal movements in the Peninsular region have

long been evisaged (Wadi 4 1944,p ' 32), based

on geomorphic and geological observations off

and along the west coast. It was also proposed

then that the characteristic drainage pattern on

the peninsla was an outcome of a southasterly

tilt it acquired after the underbuckling of its

norlhem fringes in the I{imalayan region. The

progressive incision by the southeasterly flow-

ing rivers Bhima, Godavari and its tributories

Tirna and Manjra andthe tributaries of Koyna,

Varna and Mon:a in the region of Satara

district (Patwardhan et al, 1995) is a signifi-

cant geomorphologic feature in this regard' It
indicates compensation by repeated minor up-

liffs in some parts and corresponding subsid-

ence in other parts along buried week planes

(Brown and Rellinger, 1986). As such

movernents seem to provide possible reasons

for the earthquakes, there are nuury questions

which still remain unanswered and require

indepth research and data generation. The

region affect€d severely between the stretches

of Godavari and Bhima rivers (Fig. 1) is a part

of the narrow almost northwesterly stretched

zone of high elevation (600 - 900M) depicted

in the relief map of Maharashtra (Dikshit,

1986), coveringparts ofthe Osmanabad Latur,

and Beed districts. A reverse fault solution

with the fault plane stiking NW-SE has been

proposed for the Latur earthquake by the pre-

ii*i"ary studies (Ramakrishnan et al, 1994)'

INTENSITY

It is necessary now to identi$ the two regions

as seismicity prone regions in Peninsular India

and to take steps in evaluating the ground

motion caused evenbythe shocks ofmagnitude

3-4 which are more frequenfly felt. Strategic

structures like dams and bridges should be

built and reinforced, taking into consideration

that they should be able to withstand the

ma:rimum amplitude of vibration during the

few seconds of duration of earthquakes of
magdtude 6-7. Complacence in this regard

may prove costlier in future years. Farthquakes
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of magnitude > 6, originating in Peninsular

Indi4 are felt over long distances of 6 to 9
hundred kilometers. This is a special

characteristic which is related to the
compositional heterogeneity ofthe crust. Much

of the loss of property and life in the Latur
earthquake, however, was caused because the

houses were located on loose ground and the

alluvial track of Tirna an4 of course, more

because of the poor quality of houses which

collapsed readily. Strong ground motion is the

single largest natural factor in causing
earthquake damage, including landsliding, fail-
ure of structures, loss of life and property
(Brown and Rellinger, 1986). The state of
Maharashtra has many small and big irrigation
projects located inthetrack ofNasikto Kolhapur

and in the Boe4 Osrnanaba4 Latur and Solapur

districts. There are proposed and existing

nuclear energy establishments nearer the west

coast. It is time the impending hazards ofthis

9l

seismicity were sensed and prwe,lrtive measgres

were planned to minimise or, if possible, avert
the same.

Shortterm earthquake prediction is still only a

rernote possibility. Geographers, geologists

and geophysicists have an important role to
play in identifring active faults, branch faults

and subordinate faults, even ifthey are hidden

and buried under the lava cover of Indian

Peninsula. It is necessary to identi$ also the

nature ofthese faults whstherthey are normal,
reverse or strike faults, as on reactivating they

achieve different orientations in response tothe
subjected stress. The Kutclq Ko1m4 andlatur
earCIrquakes which occurredinthat sequence in
the months of August and September, 1993,

were perhaps not isolated eveirts that rocked

the entire Maharashtra and surrounding states,

they may be inrcr-related features of the intra-
plate seismicity.
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