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SYMPOSIUM ON KOYNA EARTHQUAKE OF 1] DECEMBER 1967
AND RELATED PROBLEMS

(Calcutta, June 12, 1968)

The area around Koynanagar, district Satara, Maharashtra State, witnessed a great
earthquake in the early hours of December 11, 1967, and caused considerable loss of life and
damage to the structures. The epicentre of the earthquakes was very close to the Koyna dam
of the Koyna Hydro-Electric Project, and shook the western coast of India and the whole of
Maharashtra State. Due to the great cconomic, industrial and strategic importance of the
Koyna Projects, and the disaster it caused in the region, this earthquake has artracted great
attention  Detailed investigations have been carried out by the various organisations to study
‘the damage to the structure, behavior of ground, seismological data and related problems and
further studies are in progress. ' :

The Indian Society of Engineering Geology, Calcutta, the Institution of Bagineers
(India), Bengat Centre, Calcutta, Mining, Geological and Metallurgical Institute of India,
Calcutta and the Indjan Society of Earthquake Technology jointly sponsored a “Symposium.
on Koyna Barthquake of I'1th December, 1967 and Related Problems”, which was held on
June 1 and 2, 1968, in the hall of the Institation of Engineers (Tadia) Bengal Centre,
8, Gokhale Road, Calcutta—20, This report of the symposium gives. a commentry on the -

prediction and orign of the Koyna - Barthquake, the Inaugural Address of ‘Dr K. L. Rao,
~ Minister for Irrigation and Power, Goverament of India, New Dejhi and the - abstracts of
the various papers presented at the Symposium. , R o

KOYNA EARTHQUA_KE -

It is rather disconcerting that the Koyna carthquake of December 11, 1967, would stil]
remain an unsoived problem. D:vastating as it Was, it appears to have also shattered the
‘mythical stability of a crustal sector The damage to the Teputation of ‘the earth-scientists
seemed to be more complete ; and the embarrassment to the bureaucrats was infinite,
A lot has been wriiten ‘apd spoken on the Koyna event and a Jot more would come by,
In time wounrds would heal, the laymen would forget and the scare would recede. It may
be a long time, ~decades or centuries, till Koyna might rock again, Posterity wonld
probably take care of that, : : -

‘The most important issue is whether it was within human ability to predict this event

~or 1o know if such an event was possible in this area. The earth-scientists remain respon-
sible for an answer, . ' :

- Koyna is situated in a country underlain by about 2000 metres of basaltic: lava flows. -
A monocinal warp (the Panvei flexure} is close to this region. The west coast js believed to-
be faulted one, the fauls dating back to Miocene time, The west coast reveals a gravity high
corresponding probably to & mantle upwarp. This is followed to the east by a pronounced
low in the Koyna region. A lipear system of hot-springs in the neighbouring country lend
evidence of above.average thermal activity. Shears and smal| islocations are numerous in
and around Koyna. o ' o

Koyna earthquake was an event of magnitude 6.5. The focus could be either at a
~depth of 8 kms or even at depths of 30-40 kms. Seismologists do not agree. Koyna had
been trembling imperceptibly ever since the reservoir started filling up. The west coast hag
also experienced minor tremors, -There was a perceptible shock on September 13, 1947,
Rather fortunately instrumental installations in the Koyna Dam were sophisticated enougzh
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to permit detailed analysis_ of these events, Some correlation has also been claimed to exist
between the effect of waterload on the shears and dislocations and the triggering of the
tremors. : o

. Geophysicists tend to confirm that the basaltic lava pile in the area rests on a crystalline
basement offering greater resistance to elastic wave propagation. :

This is the backgroui:d from which the thoughts for future would be wrought.

We have travelled a long way from the classical ‘elastic rebound’ concept of Reid
‘about the origin of earthquakes Mateuzawa’s theory of the “earthquake field” provides a
thermodypamic approach to the problem. Reid’s apparently mechanistic theory failed to
provide a satisfactory treatment of the boundry conditions in the medium ; but Matsuzawa’s

theory remains vague about the mechanics of the process

Recently Lomnitz (1964) suggested three approaches to the problem of earthquake
stodies. Barthquakes can be viewed as (a) stress transieats, (b) process of energy release
and (c) random stochastic events. These approaches are mechanical, thermodynamical and
statistical respectively. ' . : -

Contrary to normal belief, it appears to be reasonable that the ultimate origin of
earthquake energy is in the internal heat pool of the earth. The earth caa be considered as
a heat engine driven by the thermal imbalance 'resulting from the difference between the
actual temperature and the adiastrophic temperature. If earthquakes are caused by a
process of thermal stress conversion in a continuous system it can be demonstrated that there
could be no outstanding periodic fluctuations. Major earthquake periodicities would be
likely in period ranges of decades or centuries and not ia smaller periods.

The rate of heat trensfer in the mantle by conduction/convection is not sufficient to

~"cause appreciable stress accumulation in view of the stress relaxation rates in the mantle.
‘With increasing depth there is less likelihood of storage of mechanical energy ; and such

energy storage is only possible. chemically, . This can be released abruptly, as a result of
spontaneous phase  change. Since it has been demonstrated that explosions could also
release energy as ‘S’ waves, the above process furnishes a better explanation of the mechanism
‘of at lesst the intermediate and deep focus earthquakes. Phase discontinaties within the
_mantle. and even at the mantle-crust -iaterface/transition may be tentatively visualised as
zones of such spontaneous release of energy. - :

The behaviour of a complex system c=n only be predicted on the basis of a dynamic
theory, since the present state and past history are not completely known  Svmilarly in
the case of earthquake prediction it is absclutely necessary to have some quantitative
kpowledge on the stress state of the earth. Since no such methods exist there is no
likelibood of any advance io the solution of the problem of earthquake prediction in the
pear future. However, the study of earthquake tims series provides another alternative
approach. Probability of return of large events can be calculated by standard methods,
Here the advantage is in the basic assumptioa of statioparity in time, Time spans of the
order of history of mankind are more thap three orders of magnitude smaller than the
therma! time constant of the earth’s crust. No appreciable changes in the earthe’s thermal
field is likely in such an interval. : : :

The Deccan lava flows and the Panvel flexure close to the west coast are interesting
from apother standpoint. The five major crustal flexures/downwarps are related to
extrusions of thick sequences of flood basalts, namely (1) the Panvel flexure and Deccan .

" Traps, (2) the Lebombo flexure and the Karroo lavas, Africa, (3) the East Greenland
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flexure and the associated basic dyke swarms and overlying lava flows, (4) Snake River

Basalts and the western Snake River plain graben and warp; Columbia River Basalts and

the fissures in the southern and eastern Columbia platean, - N. America and (5) the Red -
Sea volcanics, the Shugra Vo'canic field and ‘the Red Sea graben and Guif of Aden flexure.
As pointed -out by Gibson (1966) it is intriguing that in most of the cases dyke swarms are
associated with the flexures or warps. There are evidences at places to show that the dykes
and flexures were Contemporaneous with the lavas. Gibson adds that gererally tension
prevailed at the time of develnpments of faults and flaxures.

It is also significant that in Greenland and Westera India the ﬂexures/wafps"are
marginal to the continents and tend to parallel some mid-oceanic ridge. The Red Sea rift
and the warp/monocline on the north of Guif of Aden seem to be directly related to the -

- Carlsberg Ridge. Such ridges or rifts have ofien been considered to be aveaues of repeated

b asalt floods, some of which might have extented to the continental margin weighing it down

- to a warp. Marginal faulting may be an outcome of this ph=nomenon,

The purpose of the above discussion of processes and events of relevance to the Koyna
earthquake and the Deccan basaltic lavas is to indicate the complex nature of the processes
which might have caused the Koyna carthquake. o

There is of late an iocreasing consciousness about the possibilities of earthquake
prediction. Such a possibility, if based on mechanical determioations alone, ¢an provide a
novel solution of problems and safety from hazards. Those who are unipitiated may feel
highly optimistic about it, and may go ahead to regret the lack of foresight on the part of
many a responsible person. It would probably shock many if it is said that the Koyna event
was one of those unpredictable probabilities. ' _

A few higbly affluent nations are contemplating on initiating systematic studies with
a view to earthquake prediction. In these countries such planniog is bassed on systematic
earthquake observations spread over the past 40 years. The huge quantity of information
available enabled these nations to plan the programme of earthquake-prediction research.

- Scientists of Japan are oo the thershold of such an endeavour ‘which would run for 5 years.

From such studjes they hope to obtain only clues for actual prediction  Earthquake-predic-
tion research entails (1) observations in tide-gauge stations, (2) geodetic observations,
(4) continuous observation of crustal deformation by tiltmeters (horizontal, pendulum and
watertube types) and extensometers (invar-wire and silica-tube ' types), (4) observations

~on all earthquakes including the micro and ultra-micro earthquakes with the help of high

magnification seismometers and ultra-sensitive seismometers with electronic amplifiers,
(5) observations on variations in seismic wave velocities by explosion. seismology, (6) studies -
on active faults and folding, (7) experiments on rock breaking and studies in geothermy,
(8) magoetometric surveys, (9) precise observations of secular variations by proton-precision
magnetometers, (10) differential proton-precision magnetometer studies and (11) studies on
conductivity anomalies in the crust and mantle Such operations over a period of 5 years

-are going to cost 9,5 million U, S. dollar (71 million rapees) to the Japanese Governmeat,

Japanese scientists are not sure whether earthquake, prediction would be possible after this

- resarch programme is over, They forésse another similar psriod of study before feasibility

assessmen- is possible.

For India the cost of such studies may be four times as much provided the technical
know-how is readily available, ' : o

The above estimates may be an eye-opener for those who migth feel rather enthusiastic
about earthquake prediction. At the same time the foregoing discussions may convince those

~-:... who seem to demand the impossible from the eanh-sci_cnt-ist.
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-Nevertheless, even the minimum probably has not been done. There is hardly any
further scope for theoratical speculations, unless somebody is intent upon inviting embarrass.
ment. The information on Koyna possibly has not provided adequate clues as to the cause of
the earthquake. The principal avenues of exploration would be revealed by the interpreta-
tions of the seismological information and further seismology including studies on guided
waves, geodetic surveys, geophysical investigations on the first and second order’ discontinui-
ties and geothermal studies. ~ '

It needs to be emphasised that the stability of the Deccan Trap country particularly
near the western coast, is a conjecture subjected to verification. Suspicions on stability
are speculations too. These lava flows have blanketed a region of varied tectonic charac-
teristics, Rational extention of surface information may not be rewarding. The problem
- involves deeper layers of the crust and perhaps the mantle. Future investigations may -have
to ‘probe into these. These studies are intricate and indirect, and hence, qualitative and
even speculative. Spectacular and smashing results may be hard to obtain., These would
restrain the earth-scientist to apparent failures. The present generation may kindly .
tolerate them. - : ' ' ‘ '

INAUGURAL ADDRESS | | Dr. K. L. Rao,

Union Minister for Irrigation and Power

Mr. President and Friends,

Earthquakes are quite common in occurrence and humanity has to be prepared to
face these for many million years till the internal structure of the earth becomes stabilized.
We should not forget the fact that earthquakes occur quite in Jarge numbers every year.
There are a million shocks a year but fortunately only a few of them are disastrous. Never-
theless, since the beginning of this century earthquakes have, on an average, killed over’
15.000 persons annually snd caused thousands of ‘millions of rupees worth of damage each
year. Some countries such a3 China and Japan, Chile and Peru, Italy, Greece, Turkey and
Iran. bave suffered far more heavily than others. In India severe ‘earthquakes seem to océur
at intervais of 10 to 20 years,. : = ' '

.. . In a sense, there is not much one cando about earthquakes; there is certainly no -
means of stopping them. However, a lot is being dons 'to make them less dangerous. Al- -
though we are still far from being able to forecast” when earthquakes will occur, the patient
- accumulation of observations is making it possible to dsfine more accurately the zones where

the danger exists. Al! over the worid, more so within these danger zones, scientists are active
to find out the reasons for the occurrence of earthquakes and to design structures to make
life less unsafe against damages resulting from earthquakes. This research requires a
- co-ordinated effort of scientists of different disciplines. This work and knowledge obtained
therefrom, is extremely useful. - It may even in some eases determine the choice of site for a
dam, a power station, a factory or a new town. More often. however, other factors have
. over-riding importance and building must go ahead in certain places regardless of the
carthquake danger. This is where earthquake engineering spcialists have to scratch their

brains, to prepare appropriate designs that will make the structures carthquake-resistant or
earthquake proof. - '

In India we have been making scientific studies but our studies are not continuous.

When an earthquake occurs, we get active like after shocks but after that soon we forget till . -

another shock occurs. We should be sustained in our research. This shouid be the chief
resolution that we should adopt at this Earthquake Seminar, | ' ' :
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The Koyna Earthquake is very very distinct, It has occurred at a place where
geologists suspected the least. It has occurred in intensity which was not thought of. [ts
after shocks persisted quite appreciably and all after shocks were traced to the Koyna region.
We are building engineering structures in this region and therefore the subject has become

doubly impo:tant both for the safety of the people as also for the safety of these costly
structures. . '

As you are aware, in view of the magnitude and the peculiar nature of the
problem, an Iaternational Committee was appointed through the aegis of the UNESCO.,
The Committee consisted of experts from Eongiand, France, USSR and Japan and India.
They made very valuable studies and have submitted their final report recently. This
report is under study. ' o ' '

One important lesson of the recent enquiry is that we should always gather
histrorical information which may throw some light. Informaltion obtained for this western
region of the peninsular shield indicates the existence of seismic activity in the previous
centuries, It is said that during the last four centuries, some 30 earthquakes of varying
magnitude have been recorded in this region of the Indian Peninsula. One of these reported. . .
to have occurred 200 years back, if the reports are to be believed, seems to have been of
about the same magaitude as the December 1967 shock. The rest seem to have been
comparatively much smaller ones. These seem to include also the sizable aftershocks of the
main shocks.

No special tectonic investigations having been catried outin the. area, there is,
therefore, no data available; Geologists seem to be of the opinion that there is no evidenc=
of any major fault in Basalt rock in this area to which the origin of the earthquake caa be
ascribed, However, taking into consideration the fact that a number of shocks, most of
them minor and some of them larger have occurred recently in the Koyna region, one feels
curious. It seems that while there may bs no evidence of fault in the top covering of trap
rock itself, there is perhaps some seismogenic fault jower down in the basement rock,
responsible for these shoks. - '

Naturally various theories have been put forward as the probable causes of these
earthquakes. One-opinion relates the major shocks as well as the number of smaller
tremors experienced in the area in the last few years, 10 the formation of the Koyna Lake.
Some say that the presence of the thirty odd hot springs that exist along the western slope of
the western ghats between Bombay and Kolhapur and the reported increase in temperature
of the water afrer the shocks is another significient factor. Anoth:r school seems to relata
these shocks to possible underground nuclear testing in the antipodat area. Yet another
opinion is that these shocks, including all the eariier tremors are tec onic in origin. the
earlier significant shocks being merely the fore-shocks for the lage December earthquake,
Some seem 10 sugpest that the shocks may b: of an indication of volcanic oricin. The

- evidence in favour of everyone of these needs to be shifted and dispassionare attempts made

to get at the real or the most probable contributing ciuse  The UNESCO Study-Team went
into all these theories and came to the coonclusion that the (Koyna) reservoir was not
responsible for the two major shoks of September and De:cember, 1967 and the earthquake
was due to tectonic movement in the basement rock underlying the traps.

One good feature even in this grim pictore was the availability of records from
instruments instalied in the Koyna Dam and in its vicinity. It is very rare that an earthquake

shock of such a large magnitude occurs so near an important structure as in the Koyna

Project and rarer still that instrumental records indicating the behaviour of such strucrures
under the shock became available., The Koyna Earthquake of December 1967 is unique in
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this respect ; I am sure the results of the engineering studies of the behaviour of struétnres
will also be discussed some time soon.

So long as people suffer from earthqukes, education and research, studies and experi-
ments in seismology and earthquske enpineering must costinue with utmost speed. There
are now over 400 observatories installed in different parts of the world. This network of
sojsmological observatories must be improved and the accurate mapping of earthquake danger
zones should be extended to cover the entire earth. Design and construction of all the
structures must be adequately ensured, against dangers of earthquakes, Young scientists and
engineers should be trained to specialise in these new subjects.

In Todia, we have a special responsibility to pay more attention to the study of
earthquakes as a large part of the couniry, specially in the Himalayan region is subject to
occurrence of earthquakes. In particular we lack coordination and the main object of this
symposium must be to provide this common forum for the scientists of different departments,

Universities etc. to discuss and evolve safe and economic measures to overcome the effects of

earthquakes. _
I wish to thank Mr. Balasundaram and other friends, who have organised this useful

seminar. I wish complete success for your deliberations,

ABSTRACTS OF PAPERS Geology and Tectonics

SOME ASPECT OF KOYNA EARTHQUAKE OF 1ith DECEMBER 1967, G. C. Chaterji
and M. S. Balasundaram, Gelogical Survey of India. '

With the construction of 966m high Koyoa dam andthe filling up of the
Shivajisagar in 1961-62, minor tremors were felt in the Koyna area. Their intensity (not -

more than IV MM scale) and frequency increased from 1965 ultimately cuiminating in
two major shocks on 13th Sep:ember and 11th December, 1967 with intensities of VIT and
VI respectively. The occurrence of the major shocks in this part of the Deccan Plateaun
has aroused considerable contioversy in regard to the assumed aseismic nature of the

Peninsvlan shield. A few are of the opinion that the tremors may be due 10 the reservoir

loading. . :
Briefly the problems posed are as follows :— | _
1. Are the mipor and major tremors due to one and the same cause,

2. Did the reserveir loading trigger' the tremors and is it in any way connected with
the major earthquakes of September and December, 1967. - _ '

3. The damage caused is limited to an area within a radius of 30 km even though
the felt area is over a radius of 700 km.  Is there any explanation for this
restricted area of damage ? ' L

4. s it tectonic or volcanic in origin.

S. Has the Peninsular shield become unstable or is it only the narrow belt parallel to
the coast seismically active ? '

The authors in their brief paper have discussed some aépect of the problems but feel
that more definite opinion could be expresssed only whes the Deccan Voleanism in all
aspects viz, geological, geomorphological, geophysical, have been studied,

e
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FUTURE STUDIES OF DECCAN TRAPS, A. P. Subramaniam, Geological Survey of India.

The Deccan trap formation composed largely of flows of Tholeiitic basalt with a few
eruptive and plutonic  centies along lines of tectonic weakness, constitutes one of the most
important geological upits of this sub-continent. It is also perhaps the least studied lava
province in the world. Considering the acrial extent of the formation occupying as it does
over 5,00,000 sq. km in parts of western and central India, the geological knowledge on the
various aspects of this formation is stiil meagre It is, therefore suggested that every -
attempt should be made in the next few years oa the fol'oxing lines in order to understind
theftectonic and other features of the lava units and the coafiguration of the pre-volcanic
surface, _ _

1. Photogeological studies to dzcipher the main geomorphological features, tectonic
elements such as shear and shatter zones, dyke patterns and centres of eruption.

2. Ground check up and mapping on the scale 1:63, 360 in order to establish the
lava stratigraphy to decipher the fabrics and sequence of flows in different areas
to help in their correlation. Study of thermal springs in lava country to
determine their tectonic setting. : -

3, Detailed measurements of sections of lava flows along ghat sections for IrOck. )
colletions in specific columns ; these will be subject to petrographic, mineralogical
geochem_ical_and geochronological studies. : _ : . :

4. Critical geological mapping of | specific areas, more -particu!ﬁrly dyke swarms and
eruptive centres followed by detailed petrographic, geochemical and geochrono-
logical studies. _ o .

5. Detailed study of the Deccan trap inter-face with the older pre-volcanic surface,

6. Geophysical studies on a regional basis to establish the depth of the pre-volcanic

surface and the geomagnetic properties of the rocks

7. Putting down some drill holes in critical areas for collection of rocks from lava
unts at depths in order to decipher differentiation trends in various cooling units.

- The above comprehensive programme of study of the Deccan basalt spread over the
next 20 to 25 vears will contribute to: our fuller understanding of the generation aasd
mechanism of the emoplacement of basal:ic magma and the history of the Certaceo-Eocene
volcanism in India including the seismicity of the Dzccan Voicanics.

SOME ASPECTS Of THE TECTONICS OF WESTERN ‘MAHARASHTRA,
AP Subran_lania'm and Y. S Sahasrabudhe, Geological Survey of India.

The recent Koynanagar earthquake has awakened interest on the tectonics of western
Maharashtra. The major tectonic featores of this part of the stable shield have been
obscurcd by the thick pile of lavas extrud d during the Cretaceo-Eocans times over a period
of nearly 50 million years. The undulatory unconformable contacts of the lavas with the
underlying prevolcanic formations and absence of any evidence of trough faulting in the
rver valleys suggest that lavas gencrally occupied erosional valleys. The almost straight -
margin of the Western Coast trending NNW-SSE as weli as the roughly parallel coatinental

. divide, the almost similar trend of the major fault inferred along the continental shetf, the N-S

line of thermal springs of the Koakan and the Paavel flexure are some of the major tectonic
features, Furthermore there are many shear zooes aad shatter zones in the lava flows with
tread varying from NNW-SSE TO NNE-SSW. All thése tectonic features are suggastive of
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the continental margin having been a zone of crustal distnrbance. = This is also confirmed by
the several earthquakes in Western Maharashtra recorded in the historical past.

There have been also several vertical movemcﬁts | along the Western coast and the
Western ghats during the late Tertiary period. Among these are the postulated West coast .
fault, the uplift and tilt of the Charnockite massifs of southern India, the uplift of parts of

the West coast as in Kerala and Saurashtra and submergence of the Bombay dickyard area
in recent times. : '

The elliptical trends of the isoseismals of the recent earthquake with their longer axis

_ roughly aligned N-S, tbe general tread of the ground fissures produced by the earthquake,

and the alignment of the epicentres of Koyna earthquake tremors over the last four years
follow a trend nearly parallzling the major lines of weakness viz. N-S.

GEOLOGY OF THE KOYNA VALLEY, Y.S. Sahasrabudhe, V. V. Rane, S.S. Desmukh,
Geological Survey of India.

The paper cmbodies the results of critical study of the Deccan lava flows in the
Kumbharli ghat section (Karad-Chiplum road, 6 kms west of the dam) between Rls 450 and
2391 feet and geological mapping of the flows on the photostat enlargement on scale
11 15,840 of the Koyna river valley, up and down stream of the dam, between the reservoir
level and 2750 feet elevation, In the Kumbharli ghat szction as many as 23 flows have been
demarcated withia a vertical column of about 2000 feet, mazimum and minimum thickness
of the individual flows varying betweea 270 and 23 feet, respectively. Ia the Kovana valley
area 8 flows have been mapped between Rls 1950 and 2750 fe-t, the maximum and minimum
thickness of the flows being 200 and 50 feet, respectively., Massive and vesicular are the
two broad lithological varicties in the flows and thev show uandulatory contact. Therz are
no intertrappean beds and lava flows are devoid of dykes. The vesicular amygdular flows
at places are agglomeratic, brecciated tuffaceous and simulate the pyroclastic effusive rocks
Red bole beds separating the different flows have been encountered at elevations of 425, 500,
650, 1225, 2200, 23°0, 2475 and 2700 feet. X.ray diffraction studies on the tuffaceous rocks
below the reservoir level but from the Kumbbarli ghat section has revealed the presance of
montmorillonite a8 major clay mineral with traces of illite at place. :

The flows show a gentle dip of 1 or 2 degrees towards west and are traversed by
vertical joints predominantly in N-S and E-W directions. They have been traversed by
several shatter zones or shears which gsnerally trend roughly N-S and are traced over a
length of 6000 feet with a vertical extension of about 900 feet. These shears aad joint
patterns arz responsible for the en-echelon displacemet pattern of the hill trends forming

the continental divide and similar changes in ths Koyna river course. The study has not
- revealed any conspicuous fault along the Koyna river valley,

INTERPRETATION OF AERIAL PHOTOGRAPHS OF KOYNA "REGION B.G.
.Deshpande and P. N. Jagtap, Oil and Natural Gas Commission, Dehradun.

The paper embodies the results of a comparative study of two sets of aerial pboto-
graphs of the Koyna Project area taken in 1950 and afier the earthquake, in 1938, with
special reference to physiographic and structural features of the Deccan lava flows occupying
the entire area under consideration., Duz to different scales of the two sets of photographs
taken along different strips, many of the features could not be compared. However, presence
of lineaments mostly oriented in N-S and NNW-SSE direction and in conformity with the
apparent N-S course of the Koyna north of the dam together with bends and straights are
of significance. The comparison does not bring out (i) any change in the trends of the
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lineaments, (i) loosening of cliffs, (iii) major landslides or (iv) visible changes in the
stream courses, A number of circular dark patches sloping radially outwards with a ceatral
white toned area simulating volcanic vents are actually dry ponds which are restricted to

the topmost flow only. Ground work will be necessary to check whether they are of
- tectonic origin. Detailed photogeological studies of the area are recommended '

A NOTE ON THE GEOLOGICAL AND PHOTO GEOMORPHOLOGICAL OBSERVA-
TIONS OF THE KOYNA EARTHQUAKE AFFECTED REGION, MAHARASHTRA
S. A, Marawar and P. N. Jagtap, Directorate of Geology and Mines, Nagpur.

The N-S oriented cracks developed due to the severe earthquake of [1th Decambar 1967

and the NNW-SSE oriented fractures and lineaments as found out from the air-photo study

are discussed in the context of the existing structural data aod it is felt that northward
movement of Indian Peninsular shield along the Laccadive Chagos alignmsnt which pissss
very near to the western coast' between Goa and Bombay is the cause of th: frequent
earthquakes along the western coast. It is also-concluded that the western coast of
Maharashtra falls in the active zone of seismicity but due to the thick cover of the hard
Deccan trap rocks shocks fail to reach the surface with the severe intensity and hence this
region can still be called immune to earthquakes. : _ -

SOME ASPECT OF THE SE{SMICITY OF THE PININSULAR SHIELD, C.Karunakaran
and T.M. Mahadevan, Geological Survey of India.

The recent Koyna earthquake has set geoscientists rethinking on the suscepribility of
the Peninsular Shield to intense seismic disturbances. Numerous tremors have been
experienced in the past mostly in part of the Shield nearer the East and West Coasts, some
of which have touched intensities of VI MM In contrast to the earthquake in the aon-
orogenic terrains such as these expsrienced in the non-orogenic regions such as the Peninsw’ar
Shield are littie uaderstood, bscause of the contrasting geological setting obtaining in these
regions. An attempt is made in this paper to analyse the various geological factors
which have a bearing on the seismicity of the shield and to suggest lines of future studies
which would help in the understanding of the earthquakes in the Peninsular Shield. Such
studies should include (i) detailed gravity and seismic studies in select areas with a view
to determining the structure and configuration of ths crust and (i) an intergrated pro-

-gramme of seismological studies in select regions in the Peninsular Shield to pre-determine

the characteristics of future tremors.

THE KOYNA EARTHQUAKE AND IGNEOUS ACTIVITY, L. V.'Agashe, Chairman,
Board of Technical Examinations, ‘Maharashtra State, and R. B. Gupte, Cullege of
Engineering, Poona. ' '

The Koyna earthquake of 11th December, 1967 is considered to be of tectonic origiﬁ.
However, in view of the absence of any evidence of tectonic movements this explanation
seems inadequate, and it is suggested that this earthquake might have been caused by deep

seated magmatic activity.

Some basalt flows in the Daccan Trap region seem to be Iater to the establishment of
the existing drainage pattern. Such recent flows and the hot springs indicate recen! vo'canic -

- activity in the region. Itis on record that the temperatures of the hot springs rose s'gni-

ficantly after the earthquake suggestine a close relat onship between it and magmatic activity,.
The steep geothermal gradients in the Cambay and Ankleshwar wells of the O.N G.C. and
the *super heated stream reported to have been met with in som- wells also indicate the
proximity of igneous magmas. There is thus much evidence to suggest that the deep seated

magma movements may have been responsible for the earthquake,
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TECTONICS OF THE DECCAN PLATEAU AND KOYNA EARTHQUAKE,
V.D. Muthkayya and S.P. Subramanian, Indian Institute of Technology, Madras.

The severe earthquake that occurred in Koynanagar area on the 11th December, 1967

. is described to be something strange and quite new in the Deccan region which is considered
to be stable and not subjected to violent earthquakes in the past In this paper an attempt
it made to probe into- the causes for this ¢arthquake with particular reference to its possible

~ - relation to the tectonics of the Deccan platean. A summary of the stratigraphy and tectonics

of the Peninsular India is given together with the various views held by Seismologists,
Geologists and Geoscientists in this context, In conclusion it is emphasized that the rejuve-
nation of faults and shear planes by neotectonic movements has rendered this region seismi-
cally active and - therefore, the possibility of future earth tremors cannot altogether be ruled
out. In view of this, necessary modification of the seismic zones of India and the insta'lation.
of research stations to study neotectonic movements are suggested.

' POST MESOZOIC TECTONIC ACTIVITIES IN THE WESTERN PART OF INDIAN

PENINSULA AND THEIR EFFECTS ON THE DECCAN TRAPS, B N. Niyogi and
S.R. Pradhan, Geological Survey of India. :

Following the effusion of the Deccan traps in the late Mesozoic-early Tertiary period,
tlie Indian Pepinsula has been affected by major tectonic disturbances although their
character and intensity were relatively less spectacular than those in the Extra-Peninsula
region. - Nevertheless the tectonic events ushered insignificant changes in the Mesozoic
continental configuration in this part of the globe Uniike the mobile belt of the Himalaya,
the Indian Peninsula for a greater part of its ar:a has highly elastic crystaline rocks and
their response to the tectonic forces have been quite different from those in the Himalayan
Zone., _ ' _

The tectopic events from Eocene to the present day have been brieflv described ia this
paper and their effects on the rocks particularly in the western part of the Peainsula
(Maharashtra) have been indicated. Evidence of Tertiary and post-Tertiary tectonic
movements in this area have been presented. The geomorphic evolution of the area has

primarily been controlled by the tectonic events acd the analyses of ths former led to the
clues to the uanderstanding of the past tectonic events. ' ' :

Signiﬁcance of thermal springs occurring io the area on linear zones bas been
outlined. : : . -

~ Seismicity of the area in relation to the tectonic history has been discussed.

SAFETY PROBLEMS FOR DAMS WITH RELATION TO EARTHQUAKES, AND
WITH PARTICULAR REFERENCE TO KOYNA EARTHQUAKE (i1 DECEMBER
1967), S.S. Misra, Oil and Natural Gas Commission, Dehradun.

The Koypa dam site lies in the Deccan Trap area of the Peninsular India whers
- earthquake of high intensity were unknown earlier and was also considered 10 be a stable

region. At the dam the trap rocks comprise the basalt, tuff, flow breccias and ash beds and

the red bole. Thbe Geological Survey of India had carried out detail:d study of the geologi-

cal conditions at the dam site. The theory of under grounod thermonuclear blast, as a cause
- of this earthquake, and the role of the continental theory in the present earthquake has been
discounted. .The author feels that the reasons are mainly of the tectonic nawure, The
- additional load of impounded water, disintegration of red bole removing the support below
the basaltic layers, role of geothermal gradients and possibility of unstable conditions of the
western coast or in the shelf area on the western coast migth be the other reasons responsible
for the Koyna earthquake., -
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EARTH TREMORS OF 1963 AROUND KOZHIKODE, KERALA STATE AND THEIR

BEARING ON THE SEISMIC STABILITY OF THE WEST COAST, T.M. Mahadevan,
Geologicat Survey of India. _ ;

Numerous seismic shocks of relatively low intensity are being felt in different parts of
the Peninsular shield from time to time. Aan understanding of the geological causes of such -
‘tremors would help in the final evaluation of the seismic stability of the shield itself and
in understanding earthquakes like those affecting the Koyna Region. This paper presents
an account of a series of earth tremors that were experienced in . the neighbourhood of
Kozhikode between the 24th September and 4th October, 1961.- A maximam intensity of
IV MM was associated with one of these tremors which occurred at 1.25 P.M. on 26-9-1961,
The earth tremors were felt over a stretch of the coast 20 km long with Kozhikode in the
- centre and upto about 32 km east of Kozhikode. The iatensity waned towards tae interiog
from the Kozikode coast. On an analysis of the various factors related to the earth
tremors, it is concluded that they were the result of possible movements along weak
planes or faults in the off shore region near Kozhikode resulting from minor crustal

- adjustments. The bearing of these conclusions on the problems posed by the earthquakes
in Koyna is discussed. ' ' _ - : : -

A NOTE ON THB SUBTERRANEAN SOUND AND EARTH TREMORS IN HALBARGA
VILLAGE, BHALKI TALUK, BIDAR DISTRICT, MYSORE, D.S. Deshmukh,
Geological Sorvey -of India, _ _ . - S

Loud subterranean sounds and rumblings with feeble earth tremors were experienced
around village Halbarga (18°00" : 77°20") 27 km from Bidar, Bhalki taluk, Bidar District,
‘Mysore state between the 10th October and the 6th Novemb.r, 1956. There was no damage
to life or property. The tremors were very feeble and were felt in a very smali area and
not recorded even by tha seismogriph of the Indiaa Meteorological Observatory at
Hyderabad. The intensity of the tremors appears to b between 1Ll and IV MM,

Halbarga rests on hard, massive, dense dark grey Deccan traps with a thick cover of
black cotton soil. Though the area is generaliy believed to be aseismic, many feeble earth

lremors accompanied by rambling sounds ars rccorded in this part of the shield during
historic times, o - e :

The tremors are possibly due to development of some minor dislocations and
fractures in the trap below the mantle of soit and perhaps originated from shallow depths.
The bearing of thess observations. on the seismic susceptibility of the D:ccan Trap region in
general is discussed, '

A NOTE ON.GEOLOGIC AND SEISMO-TECTONIC SETTING OF PENIN_SULAR
INDIA WITH SPECIAL RFFFERENCE TO THE EARTHQUAKES IN MAHA-
RASHTRA., L.S. Srivastava and R S. Tipnis, School of Reserch and Training in

Earthquake Engineering, University of Roorkee, Roorkee.

A large part of the Peninsular Shield was stronely shaken by a severz earthquake on
December 11, 1967 with its epicentrs near Koynanacar. This earthquake caused great damage
resulting in considerable loss of life and proverty in the region. Due to lack of instrumental
data, sporadic minor earthquake activity and the shield charactzr of the Peninsula, this part
of Deccan was generally considered aseismic. Contrary to this belief, a careful study of all
the past historical records will reveal that there were many occurrences of earthquakes in the
western coast of Maharashtra showing that the area was seismologically active,
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. This paper describes in brief the geology and seismo-tectonics of the Peninsular
- Shield. Special reference is made to the earthquake activity in Maharashira and various
- theories regarding the or.gin of the earthquakes have aiso been discussed.

ENGINEERING

- KOYNA EARTHQUAKE AND ITS EFFECT ON THE KOYNA HYDRO ELECTRIC
PROJECT, M. S. Balasundaram and P. B. Srinivasap, Geological Survey of India.

This paper describes in brief the geological setiing of the Koyna Project area and the
effect of the Koyna earthquakes of 13th September and 11th December, 1967 on the project
~ features. The 96.6 m. high Koyna dam, tunnels and power house are all located in Deccan
- Trap formation cowmsisting of massive and amygdaloidal varieties. The latter is also
- agglomeratic and brecciated at places acd are separated by ‘red bole’ beds. They are
- horizontally disposed with occasional gentle flexures at the contac's of flows. The Koyna
- dam in monoliths 1~14 and 24-38 is founded on a massive flow between KRLs 1880 and
2000. In the river bed, the foundation was taken down to KRL 1840 in order to reach the
lower massive bssalt, In the dam a significant shear zone trending N-S iraversing monoliths
12to 14 and other shear zones in the tail race and head race tunaels were delincated and
treated. No fault was noticed at the dam site and in the valley now forming the lake.
~ Recent work has also not indicated any fault in the Kumbharli ghat szction near Koyna,

_ During the construction stage no tremors were experienced in Koyna. But from 1963
onwards soon after the reservoir filled up minor tremors started. These increased in frequency
- and intensity from 1965 onwards ; the intensity being never more than IV M M. scale and aa
average magnitude of 2.5 Richter scale (maximum 3.75). This was believed to be triggered
- by the reservoir loading as was the case in Lake Mead reservoir (U S A, Surprisingly on
the 13th September and 11th Dec:mber, 1967 two major shocks shook the Koynanagar, the
latter particuarly destroying the whole of Koynanagar and badly shaking the dam itself
resulting in the development of several cracks both horizontal and vertical and consequent
increased leakage, Comparatively there was little damage to the underground power houss
- and the appurtenant structuores. _

In the Koyna dam an acceleration of 0.05 of horjzontal was provided. During the
‘September and December quakes the accelerations are said to be 0.15 and ¢.40 (horizon'al),
respectively. Even though the epicentres are said to be close to the dam, it stood the shocks
well but was shaken badly resulting in the dsvelopment of cracks. This dam structure
requires both immediate as well as long term stabilization against future earthquake in the
area. In conclusion the paper also stressess the further regional studies required in the

Deccan platean particularly the area between the Western Ghats and the coast of
Maharashtra State, '

HYDRODYNAMIC EFFECTS OF 'IMPOUN.DING WATER UPON VIBRATION OF A

DAM, Y.C. Das, A.V. Setlur, and G.V, Berg, Indian Institute of Technology, Kanpur.

The frequencies and mode shapes of a dam play a major role in detremining the
- response of a dam suhjected to an earthquake. Upto the presnt time this hydrodynamic
effects of the impounding warer on the natural frequencies of a dam have not ‘been treated
ona dynamic basis.. Here, the dam and the impounding water are treated as composite
system interacting one against the other when the system is subjected to vibration. An
- analytical method is dev-loped to obtain the frequencies, mode shapes and the hydrodynamic
" pressure distributions when the ‘system is subjected to free vibrations. It is found that
* pressure distribution is dependant on the mode of vibration of the dam. Tne modes of the
composite system are shown to be orthegonal to one snother, '

&.
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. The response of a dam subjected fo grouad acceleration is obtained in a modal
series and the resulting pressure on the dam is also obtained in a series of the modal
pressure. - o . B

. This analysis is applied to the dynamié tespone of the Koyna Dam subjected to the
December 11th, J967 earthquake. - o

STUDY OF DAMAGES AND THROWS IN KOYNA BARTHQUAKE, R. N, Joshi,
Chartered Engineer, Bombay. -~ _ > I

: The paper reports the observations of damages to structures during the Koyna . earth~
quake., The zone of heavy damage appears to be an elliptical area. Most of the building
structures in the area are ground floored ones built in masonry. They are mostly in ruins.

. Study of cracks and failures of structures indicates several specific types . which have been

‘broadly analysed and presented. Likely seismic acceleration has been worked out in some

cases. Directionwise study of the throws of free objects has be¢n made 1o draw inferences

therefrom regarding the shaking during the carthquake. A scrutiny has been made to find
out if the structural failures indicate any similarity by directions and if this one fits in with -
the throws of free objects. Pictures have been given to indicated the observations made.

Desirability of upgrading of seismic zones in the Deccan has been discussed, The necessity

of educating the public in adopting the basic principles of earthquake resistant structures

is emphasised as it is felt that any possibility of recurrence of earthquakes in the Peninsular
region should be tsken with alertaess and caution rather than with panic. It is also
necessary to take a patioowide review of materials to be used extensively for earthquake
resistant construction. _ ) :

CONSTRUCTION OF SMALL BUILDINGS IN SEISMIC AREAS, A.S. Atya, School of
of Reserch and Training in Earthquake Engineering, University of Roorkee, Roorkee,

The general principles of earthquake resistant construction as evidenced by studies of
damage in various past earthquakes are first described. Then recommendations are given
for constructing buildings in masonry amd timber or tubular framework. Finally a few
designs of smal]l houses are presented which could be adopted for construction of houses in a
seismic area. _ _

GEOPHYSICS AND SEISMOLOGY

A PLEA FOR SYSTEMATIC EARTHQUAKE STUDIES IN INDIA, P.C. Hazra, Geological
Survey of India. - e

The need for systematic earthquake studies in India has been feit for some time past.
Catastrophic events like the recent Koyna earthqake focus our attention to this necessity
more acutely, Such studies are to be conducted from a network of stations scattered all over
the country, The locations of these stations should be bised on the knowledge regarding
the seismicity of the different tectonic blocks, status of faults and folds, evidences of Quater-
nary tectonism and the interpretations of geodetic data, In such an integrated programme
of study, seismologists and geologists as well as civil engineers have important roles to play.
‘The Jocations of 80 top-priority observation -stations have been indicated oa the basis of a
brief analysis of the available information. Earthscieatists are urged to make all out efforts
for an early implementation of a programme of systematic earthquake studies in the country
s0 that we may be better prepared for the future, '
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THE KOYNA EARTHQUAKE OF 11-12-67 AND THE DAMAGE CAUSED BY IT,
M. 8. Jain, G.S. Ghodke and N.G., Gajbhiye, Geological Survey of India. -

The earthquake which shook the 96.6 m high rubble concrete Koyna dam at 4.21 hrs.
on 11~12-67 had been felt over a radius of 700 km. To assess the extent, nature and type
of damage about 200 villages spread over an area of 800 sq. km. were visited and data
collected. The dam and its immediate vicinity exhibit damage pattern symptomatic
of intensity VIII on the M, M. scals as adopted by ISI {code No. 15: 1892-1966) Most of
the Pucca and semi-pucca houses within a radius of 10 km of the dam have been destroyed.
The reinforced concrete building have, however, withstood the shocks without damage. Itis
also to be pointed out that the electric aad telephone posts as well as pipclines and plumbings
have all remained virtvally unaffected though the roofs of the houses have all collapsed.

The shape of the various isoseists (VIII to VI) is that of a broad ellipse with the long
axis trending roughly N-S. The damage spectrum of the higher isoseismals is broader
towards the east and is narrower towards the west. Some of the stone pedestals have shown
movement both in the clock wise and aatictock wise directions, The nature and extent of
damages exhibited. in the area of the Veena, Krishna and Kudal valleys are rather on the
higher side even though within isoseist~V. This, however, gets reconciled wheo the damage
18 viewed in the light of the lacal geology.. : '

The Kadoli-Donachiwadi fissure has a N 10°W to N 25°E trend but it is confined
mostly to the soil capping. In addition the paper discussses the movement patterns of
objects thrown out, various rock-falls and soil-cum-rock slips in ths N-3 to N 10°W-S 10°E.

The direction of motion as ascertained from engquiries has besen mostly from N to S.
In majority of cases, the N-S walls of building have tilted to west at roof level. The
behaviour of Shivajisagar lake has been, however, very enigmatic. There has been no report
of any wave motion due to this earthquake which originated only about 6 km south to
the dam. ' . ' )

The type and the severity of the damage suggest that the focus is perhaps at shallow ,
depth and as per isoseismals the epicentre tract may be near the Rohine-Kadoli group of
villages, on the souih bank of the Koyna river near Helwak.

GROUND MOVEMENT CHARACTERISTICS OF THE KOYNA EAKTHQUAKE,
A V. Setlur, Y.C. Das, K.V.G K. Gokbale and G V. Berg. Indian Iastitute of Techanology,
- Kanpur. : SRR

Response spzctra can play an important role in the aseismic dssign of struciures, =ad
the special characteristics of particular earthquakes are revealed by the response spectra asd
the ground movements. Computation of ground movements requires spacial precautions on the
locations and adjustment of the base line of .the aceslerographs from which they are
computed. _ T . : .

This paper presents response spectra and computed ground wvelocities and grouad
displacements for the earthquake recorded at Koyna on S:ptember 13 apd December 11, 1947,
The peculiarities of the spectra and the ground mnvements are iaterpreted ia relation to the
geology of the region and the location of the accelerograph in the Dam, ' : '

RECENT SERIES OF EARTHQUAKES IN THE KOYNANAGAR, A POSS!BLE SOURCE
MECHANISM, T.K Dutta, Regional Reszarch Liboratory. Jorhat, Assam.

The occurrence of the recent earthquake shocks with a peak magaitude around 7 on
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Richter scale, in Koynanager poses a number of problems It is difficult fo trace this
occurence to any measurable fault movement along & known fault. Besides the energy
associated with this earthquake also precludes the possibilities of surface structural or load
changes as a causative factor. _ S .

In this note an attempt has been made to outline a possible source mechanism for,
this event. On the basis of geological evidences regarding intense voleanic activities in the
past, thermodynamically possible process, capable of releasing necessary emergy, is put
forward by applying principles of energy transfer during permissible phase transition in the
crust and the mantle of the earth, ' _ :

. STRAIN CHARACTERISTICS OF SOUTH INDIA AND THE KOYNA EARTHQUAKE,

R.K.S. Chouhan, Benaras Hindu University and V.K. Gaur, University of Roorkee.

The strain_accumulation and release curve for shaliow earthquakes of south India.
and its neighbourhood has bsen constructed for 37 years, from 1930 to 1967 using Richer
magnitude 4.7 and above, The curve shows that the rate of strain release is uniform
throughout although the activity is not a contiouovs one being intercepted by quiescent
periogg:’- This curve clearly defines the position of the Koyna earthquake of December
11, 1967,

Accumulated strain rebound increments of the aftershocks of the Koyna Earthquake
having unified magnitude 5 and above are shown diagramatically which show two segments
of recovery one corresponding to the compressional creep recovery and other for shear creep
rec&)very. The relaxation time for this sequence is about 14 days which eorresponds to Kelvin -
bedy. o . - .

Frequency magnitude analysis of the microtremors shows that the microseismic activity
can be defined by an equation of the form: , ' -

Log® = 465+087 M | |
where N is the number of earthquake having magnitude M or greater.

RECENT SEISMIC DISTURBANCES IN' THE SHIVAJISAGAR LAKE AREA OF THE-

- KOYNA HYDROELECTRIC PROJECT, MAHARASHTRA, INDIA. SK. Guba,

P.D. Gosavi, MM. Verma, S.P. Agarwal, J G. Padale & S.C. Marwadi. C.W. &
P.R.S., Poona. o s

Shivajisager Lake area of the Koyra Hydroeleciric Project was more or less free from
any earth tremor before the impounding of the reservoir. But subsequent to the filling up
of the reservoir in 1963, the reservoir area began to experience mild earth tremors whose
frequency of occurrence and magnitude rose steadily to highes values.. Until September 1967,
the maximum magnitude of the earth tremors was about 3.75 in Richter scale. But oa the
13th September 1967, a moderate earthquake of magnitude 5.7 occurred with *epicentre very.
near ths dam. The feit rad:us of this earthquake was about 120 km and the maximum
intensity was about VIl in the MM scale, This earthquake was followsd unexpectedly by
another major shock on the 11th December 1967; this time also the epicentre bemng very near
the dam. This earthquake had a magritude of about 7.0 and the radius of felt area was of
about 700 km. This can be rated as the largest earthquake ever to occur in historical time
in the Peninsular Shield of India which is considered to be a stable landmass. :

A SHORT NOTE ON GRAVITY AND SEISMIC INVESTIGATIONS IN THE KOYNA
- AREA, L.N, Kailasam, Geological Survey of India, R :

In order 1o investigate the structural features.in the Koyna area and to determine, if
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ible, the thickness of the Deccan trap, one seismic and one gravity party were deputed
or the investigation in the first week of January, 1963. The programme consisted of a few
gravity traverses 10 the south of the Koyna dam across the Koyna river to investigate 'the
possible occurrences of sheared or fault zone in this part of the area and one or two deep
refraction shots in the Pophali valley west of the continental divide. In the light of the data
obtained from the above investigation two additional regional gravity traverses were taken
" up along the Karad-Gubagar and Poladpur-Mahabaleshwar roads besides seismic soundings
at Karad and Rampur. - _ '

The gravity profiles across the Koyna river to the south of the dam have yielded some
interesting anomalies. The end poriion and the terrain  effects have to be corrected for. But.
the profiles appear to indicate a possible sheared zone in a north-south direction parailel to
the river course. To determine the exact nature and the magnitude of the anomalies

computation is now in progress.

_ The travel-time curves for seismic profiles indicate a possible discontinuity or interface
at a depth of the 300 to 600 m from the ground surface in the area in general. But the exact
base of the trap has to be determined by much longer profiles and this is not possible with
the existing seismograph unless it is provided with a special communication. After suitably
adopting the seismograph unit the work will be continued. S '

SEISMOMETRIC STUDY OF THE KOYNA EARTHQUAKE OF DECEMBER 11, 1867,
A.N. Tandon and H.M, Chandhury, India Meteorological Department, New Delhi,

The India Meteorological Departmeat in its Seismological wing 1s rcsp-o'nsible for the
instrumental study of earthquakes and the Koyna REarthquake was, therefore, studied in
some detail, The results are presented here. L '

The important parameters of an earthquake that permit instrumental study are (i)
Location of the epicentre, Origin time and Depth of Focus (ii) its magoitude  (jil) ite
mechanism and (iv) the aftershock activity. ' ' S

The location of the epicentre and depth were done to satisfy all the available P-wave
arrival times. We had about 150 readings from observatories outside the country exrending
to distance wpto 15,000 km, From within we used our data as weil as those from the very
close range observatories operated by the C. W. and P. R.S. and the Array Staiion at
Gauribidanur.  In the complete absence of any knowledge about the structure of the crust -
in the area, we had tQ make a very large number of trials with plausibls valuss of s:ismic
wave velocities and on the basis of the best fit bave accepted the following as the solution :

Epiceatre.  Lat. 17°22'4 N . -
‘Long. 73°44'.8 E ' '
- Origin times 22 :51: 19,0 GMT
~ Depth 8 km B
This is about 4 km south of the Dam.
The magnitude was determind from the Standard Wood-Anderson seismogramz hd

was found to be about 7§, But most of the observatories outsid: India reported lower
magnitudes. In view of this we had to use the body waves from the standardised seismo-
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grams as well as the surface waves recorded at Port Bair. These gave values of 63 in
agreement with the others. We have therefore accepted 63 as the. magnitude '

The very shallow depth of 8 km and the magnitude of 6} explains also the limited
area of damage and the rapid fali of the intensities with distances. Yet the larger distance
upto which the shock was felt i.e. about 700 km remain vaexplained: [t is possible that som
sort of channel propogation of the wave energy may be responsible for this.. -

The mechanism of the earthquake was also studied by the Byerly’s Method. We used
more then 70 first motion and found out that they can be explained by faulting in a N26 E
direction, dipping 66° towards N 296° the motion being left handed and almost strike slip. |

_ A number of stronger aftershocks recorded by our observatories were also located.
They all trend in a NE-SW direction, the compratively deeper ones lying towards the
western side of the zone. This lends support to the fauit mechanism fouad above’,



