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ABSTRACT—The authors have reviewed the results of macroseismic studies carried out for 5 major
earthquakes which have visited the northwest Himalaya in the last one and a half decade. The intensity decay
as well as accentuation in certain reaches and the isoseismal trends have been analysed with reference to focal
mechanism and the prevailing tectonic styles. The main conclusion drawn from these studies is that the
eastwest boundaries of the possible source of underthrusting crustal blocks along the detachment surface in
the outer Himalaya could be constrained by transverse fundamental fractures. These 3-dimensional boundary
conditions would help in assigning seismic potential of the crustal blocks.

INTRODUCTION

The macroseismic field surveys of major earthquakes
necessarily include the effects of dynamic forces caused
by the earthquakes on men, constructions as well as the
terrain on the earth’s surface. These surveys are
conducted on the basis of well-established intensity
gradings like the Rossi-Forel scale, Modified Mercalli
Scale (12 degrees), Mercalli-Cancani-Sieberg (MCS)
scale 12 degrees; Madvedev-Sponheuer Karnik (MSK)
scale which have been progressively improved upon to
include the categories of the structures which are
damaged so that the intensities could indirectly give the
ground motion characteristics. These post-earthquake
surveys provide on-the-spot knowledge of actual
situations created by the major earthquakes, assessment
of problems requiring immediate attention and also
response of structures to dynamic forces as well as the
source mechanism.

The Geological Survey of India has carried out field
investigations of major earthquakes since the pioneering
efforts of Thomas Oldham and the classic work on the
Great Assam Earthquake of magnitude 8.7 (1897),
Oldham® which is not only amongst the world’s
largest earthquake but is also one of those for which
most detalled studies were carried out and laid founda-
tions of modern seismology. Since then the officers of Geo-
logical Survey of India have investigated most of the
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damaging earthquakes. The authors in this write-up
intend to summarise the findings of those earthquakes
which have vistted the NW Himalaya in the last one
and a half decade. They have attempted to correlate
these with the possible sources, depending upon the
seismotectonic styles prevailing in the area and the
findings of these field surveys. The earthquakes studied
are the Kinnaur earthquake of 1975, the Dharamsala
earthquake of 1978, the Dharchula-Bajang earthquake of
1980, the Jammu earthquake of 1980 and the
Dharamsala earthquake of 1986,

TECTONIC FRAME WORK

The NW Himalaya including parts of Ladakh and
Karakoram have been divided into four NW-SE
trending linear belts on the basis of their distinctive
geological attributes®. The boundaries of these tectonic
belts are demarcated by thrusts and faults. In these
tectonic belts rocks from Palaeozoic to Recent ages are
exposed in different belts. The most important belt
relevant to the contemporary tectonics being the outer
Himalaya Tertiary belt bounded by MBF1, in the north
and the Foot Hill thrust in the south wherein evidences
of Neotectonic activity along various tectonic surfaces
abound. Based on the geological evidences, carbon
dating along some of the surfaces and geodetic
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measurements across some of the tectonic planes as
well as episodic measurements in some domains,
Narula et al.® have classified these neotectonic episodes
in three categories eg. younger neotectonic episodes,
older neotectonic episodes and undifferentiated neo-
tectonic episodes. The first author on the basis of
synthesis and interpretation of the data available on the
seismicity patterns, tectonic setup, contemporary de-
formation styles, focal mechanism studies, geophysical
attributes and geothermal manifestations has identified
discrete crustal blocks which display similar seismic
behaviour®. These identified seismic domains are the
Main Himalayan seismic zone, High Himalaya seismic
zone, High Plateau seismic zone, Kashmir syntaxial
seismic zone and the Foot Hill seismic zone, (figure 1).

The most important seismic zone, responsible for
most of the seismic activity in the Himalayan Reglon is
the Main Himalayan seismic zone which predominently
displays thrust type sources in the frontal portion of
the Himalaya. The major tectonic surfaces of regional
continuity in this zone are the MBF1 and the MCT. It
has also been interpreted that even this Main
Himalayan seismic zone could be subdivided into
discrete crustal blocks by transverse fault system. A
conceptual model on these lines has been postulated for
Kangra region by the first author?.

MACRO-SEISMIC STUDIES OF RECENT EARTHQUAKES

The NW Himalaya has been visited by a number of
large-magnitude earthquakes during the last century, the
most devastating of which was the Kangra earthquake
of 4th. April 1905 which took a toll of 20,000 lives and
damaged most of the buildings in the epicentral tract
Middlemiss®. The recurrence period of such great
earthquakes varies from one century to a few centuries
according to various authors (Srivastava® for
Himachal) and Slemmons’. Thus rare opportu-
nities are available for macroseismic investigations of
such earthquakes in any particular region. However,
lesser magnitude earthquakes of damaging nature are
more frequent and thus provide much more chances of
careful field studies of damage patterns to arrive at
prevailing deformation styles and probable source
mechanism. In the NW Himalaya the Magnitude 3
earthquake recurrence period is in the order of 2.5 to 3
yrs.”> and that of magnitude 6 is in the order
of 15 yrs®,

In the last 15 yrs., the NW Himalaya has been the
scene of 4 earthquakes of +5M and one of +6M,
namely the Kinnaur, Dharamsala, Dharchula, Jammu
and Dharamsala. Ground surveys for all these events
have been carried out by the officers of the Geological
Survey of India. This material has been examined and
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the salient findings are reproduced in table I and table
IT followed by description of individual events.

KINNAUR EARTHQUAKE OF 19TH. JANUARY 1975

The upper Sutle; wvalley in Himachal Pradesh was
rocked by a magnitude 7 earthquake on the 19th.
January 1975, in the midst of severe cold, continued
snowfall and at high altitudes of more than 4000 m. The
field investigations were -commenced from the 26th.
January 1975 as a lot of logistic support had to be
organised to reach the meisoseismal area because of its
being rendered inaccessible because of heavy snowfall
and the blockage of the only link road to the area, the
Hindustan Tibet Highway because of heavy landshdes
caused by this earthquake. A team of eight officers
headed by a Director undertook the field surveys amd
reached the spot of the maximum damage by trekking
as well as the use of a helicopter and remained in the
area for a period of about a month to assess the
damage patterns covering an area of about 45000 sq.
km. out of a felt area of about 0.25 million sq. km. The
data collected was analysed at headquarters and the
report finalised in April 1975!'° This shock was
preceded by a 5.1 magmtude earthquake only a few
minutes before while a series of aftershocks between M4
and MS continued even after one year of the main
event.

The isoseismals drawn using comprehensive Modified
Mercalli scale indicate that in the meisosecismal area
located near Kaurik village an intensity X had been
approached in a restricted area of about 89 sq. km. in
the Indian Teritory. Because of sparse population in the
area the casuality was only 42 dead and 278 houses
completely collapsed. The other relevant data about the
damages caused is included in table 1 and table Il. The
assignment of different Intensities was done on the basis
of the degree of damage caused to different types of
constructions and the terrain changes hke huge
landslides some of which caused temporary blockage of
streams like Parachu river between Sumdoh and
Kaurik, development of ground f{issures in loose
deposits, opening preexisting fracture surfaces, dislodge-
ment and rolling of boulders on steep slopes and
increase in discharge of hot springs. It was also
reported that at about 12.54 hrs. on the 17th. January
1978, t.e. about two days prior ta the event a magnelic
storm of severe intensity with variations of more than
2000 gamma was recorded at a distance of about
100 km. from the epicentral track and some investigators
related this to be a precursor'! while others interpreted
that this could have becn caused by Sun spot activity'?. The
1isoseismals drawn on the basis of these surveys are
reproduced in figure 2. The isoscismals have been
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FIGLRE 2. [sosetsmals of Kinnaur earthquake of 19th Jan. 1975 (Hukku-er. al.
1975) on Geological Base. J K-Jurassic-Cretaceous, C J-Carboniferous-Jurassic,
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restricted to Indian territory though Bhargava (1979)
has tried to extrapolate and close the isoseismals VIII
and IX for interpreting the possible source mechanism.
According to them the intensity attenuation on eastern
side is much more rapid than that on the western side.
The pattern has been attributed to the down-thrown
blocks of the Kaurik fault (possible source fault) to be
more active. However, the authors are of the opinion
that such an attenuation could be the result of a
combmation of two factors namely B contrasting
lithologies i.e. more competent crystallines and meta-
sedimentaries exposed on the eastern side than the
shales and limestones on the downthrown side of the
Kaurik-change fault B down dip fault propogation of
the source.

Fault-plane solutions of this earthquake and its
aftershocks have demonstrated normal faulting along
N-8 or NNW-SSE oriented nodal planes. (Chaudhary
and Srivastava, 1976 and Molnar and Tapponnier, 1978
in Verma et al.'3. These fault-plane solutions conform
to the isoseismal trends obtained by field surveys. On
geological conditions the nodal plane heading west-
wards could be the possible source fault of this earth-
quake and Kaunk-change fault is its surface trace
(figure 2).

DHARAMSALA EARTHQUAKE OF 14TH. JUNE 1978

Dharamsala and its vicinity was shaken violently at 21
h. 42 min. 9s. Indian Standard Time on the 14th. June,
1978 and was felt in the whole of Kangra valley. This
shock of magnitude 5 on Richter scale was preceeded
by a smaller shock. There was no casuality caused by
this shock but the damages caused in the form of cracks
in the buildings in and around Dharamsala town were
reported and in order to assess the damage patterns
and possible source mechanism, field surveys were
conducted by the officers of Geological Survey of India
and the data analysed to draw isoseismals. The
information obtained has been published**. Most of the
damage was caused to the old buildings and one wall in
the police lines collapsed while others developed gaping
cracks. Cracks also developed in many buildings,
constructed stone masonry in cement mortar like the
seismological laboratory and the civil hospital at
Dharamsala. The well-constructed R.C.C, frame struc-
tures with reinforced pillars displayed cracks only in the
partition walls, Maximum intensity assigned to this
earthquake 1s +VI and the isoseismals drawn are
reproduced 1n figure 3. On the basis of the isoseismal
trends Kumar et al.’* have interpreted that a N-S tear
exposed west of Dharamsala which has displaced even
the MBF-2 could have been the source fault, a strike
slip faull across the Himalayan trend.
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FIGURE 3, Isoseismals of Dharamsala Earthquake [4th
June 1978 (Kumar et al. 1981) on Geological Base. Q,-
Holocene, NQ,-Mio-Pliocene, PG4 N,-Oligo-Miocene,
Ptl, Pt2,5-Proterozoic,Y-Granites, FF-Fault, MBF, _,-
Main Boundary Faults,

Source Mechanism studies conducted by Das Gupta
et al'> have however indicated a thrust type of
mechamsm though the strike of the nodal planes
conforms to the isoseismal trends. Interestingly the
nodal planes are disposed across the regional trends of
the thrusts m this area and thus direct correlation of
the event with mapped geological structures has not
been possible. The authors are of the view that the
intersection of the detachment surface with the
transverse fault could have provided a locale for
anomalous stress butldup in response to the plate
tectonic forces. This anomalous stress build up with
compressional forces aligned across the general stress
fields caused by plate motion could have resulted in the
reverse fault type movemeént along the preexisting
transverse faults on the similar lines of the intersection
model suggested by Talwani'®. Implications of this
mode! on the earthquake patterns in the region are
further discussed in the next chapter.

DHARCHULA-BAJANG EARTHQUAKE OF 29TH. JULY,
1980

An earthquake of Mag. 6.1 rocked the border town of
Dharchula and Baang in Nepal in the afternoon of
29th. July, 1980 and according to media, extensive
damage was reported. A team of seven oflicers from

29
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Geological Survey of India fanned out in the area
between &th. and 20th. August 1980 to collect
information of damage patterns with an aim of drawing
the isoseismals, These surveys revealed extensive
damage to the poorly constructed masonry structures
in the villages between Kalka and Gothr and heavy
damage to masonry structures with ccment mortar hike
the PWD rest house and some higher structures
supported on wooden pillars in Dharchula town This
meisoseismal area demonstrated maximum damage and
the MM scale assigned to this was VIII. The isoseismal
drawn on the basis of damage pattern studies are
included in unpublished GSI report by Srivastava et al.
1980 and reproduced in figure 4. An interesting finding
in these surveys was heavy damage to masonry
structures bullt in cement mortar along two linear
ridges on rock foundations while the main market area,

though, of poorer construction and located on
overburden material escaped major damage. It is
possible that there was a considerable accentuation of
accelerations on the ridges and that too in buildings
located close to the major change in slope on these
ridges. Because of topographic reasons these ridges
have 60 m. of level difference {from general levels in the
area and are unconfined in the sides. The long axis of
the isoseismals is aligned in NE-5W direction (iable-1).
It was interpreted by Srivastava et al.'7 that this trend
coincides with that of the Moradabad fault and thus
could have a genetic relationship with that tectonic
surface aligned oblique to the Himalaya trend.

The focal mechanism studies conducted by Ni and
Barazangi (1984) in Verma and Kumar (1987) for this
earthquake have indicated a thrust type of deformation
with nodal planes oriented m 193° and 16°. Both these

0C \d;\

” 0 20 40 K. M
o~ | . L —
”
e Geolougy ofter

Ravishaonker et. gf.
{1989

FIGURE 4. Isoseismals of Dharchula Earthquake, 29th July 1980 (Srivastava et. al., 1980) on
geological base Q,-Holocene, NQ,-Mio-Pliocene, JK-Jurassic Cretaceous, C J-Carboni-
ferous Jurassic, O C-Ordovician-Devonian, Y-Granites. Pt,_,-Proterozoic, MCT-Main
Central Thrust, MBF, _,-Main Boundary Faults, F F-Fault.
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nodal pilanes do not tally with the trend of the
1soseismals and cannot be correlated with Moradabad

(strike shp) fault,

JAMMU-KATHUA EARTHQUAKE OF 24TH. AUGUST.
1980

A bifocal earthquake of magnitude 5.5 and 5.4 rocked
Jammu, Kathua, Udhampur and Doda districts of
Jammu and Kashmir in the early hours of 24th. August
1980 causing considerable damage to poorly-construc-
ted buildings while well-designed stone masonry houses
with cement mortar and wooden-framed structures
suffered only partial damage in two epicentral tracts one
in Bhaddu-Dudwara area and the other in Lohai Malar
area. The macroseismic surveys conducted by the
officers of Geological Survey of India have indicated
that the maximum intensity attained ‘by the bifocal event
in both the epicentral tracts is 1n the order of VII on
the MM scale!®. The salient features of various
isoseismals and the total damage caused by this
earthquake are tabulated in table-I and table If and
figure 5.

Ground fissures have been recorded in Trimbii and
Ramkote villages in the sandrock exposed along a spur
as well as in the areas covered by overburden material

Geology ufter \ N Q)

Rovishonier ¢t gat.
{1989 )

FIGURE 5. Isoseismals of Jammu-Kathua Earthquake 24th
August 1980 (Krishnamurthy et al. 1980} on geological
base. Q,-Holocene, N Q,-Mio-Pliocene, PG 3 N, -Oligo-
Miocene, CJ-Carboniferous Jurassic, Y-Granites, P, _ ;-
Proterozoic, M C T-Main Central Thrust, M B-F, _,-Main
Boundary Faults, F F-Fauls,

CURRENT SCIENCE, VOL. 62, NOS. | & 2. 25 JANUARY 1992

in Buddu and alluvial cover on the tank of Bhan river
near village Dudwara. A number of cround fesures
were reported in Chuchali, Bani and Dhagoar villaces.
Most of these fissures trend in the WNW-ESE.
Landslides and rockfall were also caused by this quake
near Najot village and Daggar willage respectively. Two
scparate sources for these events have been visualised, the
main shock assigned to the down dip extension of the
MBF1 and the second shock to a basement fault in the
extension of Suruin-Mastagarh anticlinal axis. The
authors are of the view that the twin sources could be
the asperities at the intersection of MBF! and the
basement fault in extension of surface trace of Suruin-
Mastagarh anticlinal axis with the detachment surface!®.
If it 1s accepted to be a bifocal event and the first shock
has triggered the second one, the time lag of 12 minutes
between the two events is anomalously high because the
distance between two epicentres is only 21 km, and
fault propagation/energy transmission would have been
of the order of 10 seconds only. It is, therefore probable
that instead of a bifocal eveat we are dealing with two
discrete shocks located on the detachment surface with
a timelag of 12 minutes being incidental.

The isoseismal patterns not only reflect a rapid
attenuation on the eastern side of isoseismal V but an
apparent termination along the projected trace of the
Ravi tear.

DHARAMSALA EARTHQUAKE OF 26TH. APRIL, 1986

The Kangra valley of Himachal Pradhesh, where
* 5 magmtude earthquakes are quite frequent, was rocked
by an earthquake of Mag. 5.7 in the afternoon of 26th.
April, 1986 and on the basis of media reports on the
extent of damages caused, a team of five officers was
deputed from the Geological Survey of India to carry
out the macroseismic studies of the damage patierns
and the Job was accomplished between the 4th. May,
1986 and 19th. May, 1986, The maximum damage was
caused mn the Nadeli village where almost all the houses
built in masonry with mud mortar collapsed while
almost all the houses with brick masonry in cement
mortar were badly damaged or parth collapaed.
Ground cracks trending in N70W-S70 Ewcre observed
in a slope inclined at 15° and covered by overburden
material. Gupta er al®® assigned intensity V{1l on
MM in a restricted area while intensity VII covers an
area of about 100sq. km. enclosing important town-
ships like Macleodganj, Dharamsala Cantt, Dharam-
sala depending upon the damasge pattern studied. The
gencral lectonic set up and the isoseismals are
incorporated in figure 6. Interesting findings from the
isoseismal patterns are that;

B The epicentral tract is oriented across the general
trend of the isoseismal in the lower intepsity ranges.
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F1GURE 6  Isoseismals of Dharamsala Earthquake, 26th Aprit 1986 (Gupta et
al., 1986) on geological base, Q,-Holocene, NQ-Mio-Pliocene, PG,N,-Oligo-

Miocene, Y-G
Main boundary falts, FF-Fault.

B The attenuation of intensity VII is quicker on the
SE side than on the northwestern side while the reverse
is true for intensity VI and V and once again the
attenuation of intensity IV has become rapid in the
south-easterly direction.

From these intensity decay patterns the following
interpretations have been made:

The source fault is aligned 1n the N5S5"W-5355°E
direction along the general trend of the isoseismals but
adjustments might have taken place along the N-5 tear
located west of Dharamsala township as vertical
accentuation caused by topography in the vertical
accelerations might not be the only cause of meizo-
seismal to be aligned 1n the N-S direction. It has been
found from the strong motion records of the earth-
quake that maximum horizontal ground acceleration
has been calculated at Shahpur?! almost south of the
epicentral tract but commensurate damages have not
been observed at in this township, may be the vertical
accentuation of accelerations have not taken place
because of its being located in ethe wvalley portion.
Another inference drawn by Chandrasekaran?! is that
the empirical formulae available in Iiterature for
attenuation do not predict the accelerations correctly
and the attenuations are much slower than the ones
obtained from the formulae. Thus the macroseismic

wtes, CJ-Carbo-niferous-Jurassic, Pt-Proterozoic, MBF, _,-

studies attain importance to qualitatively assess the
changes in accelerations observed particularly in the
near source areas, in the absence of strong motion
array.

DiSCUSSIONS

The seismicity in the outer Himalaya has been
explained either by the Evolutionary model ot by the
Steady state model of the colhision tectonics hypothesised
by various researchers. The steady state model first
proposed by Seeber and Armbruster'® and later
supported by Ni and Barazang: (1984) on the basis of
well constrained focal depths and fault-plane solutions,
1s the one which adequately explains the prevailing
deformation styles 1n the Himalayan Front. The main
premise of this model 1s that detachment surface under
thrusting Himalayan f[ront, within the crust, is the
locale of most of the present day seismic interaction.
However, none of the models constrain the crustal
blocks in the east west direction and these have mostly
been 1dealised as open ended sources. According to the
authors such an idealisation does not result 1n realistic
assessment of the source potential. The first auther
suggested that the Main Himalayan seismic zone is
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intersected by the transverse features dividing this zone
into  discrete  blocks of similar seismic behaviour
(Narula® and Narula® (in press).

The analysts of the isoseismal trends as well as their
attenuation patterns discussed in this paper reveal that
the seismic source(s} in the NW Himalaya are mostly
parallel to the Himalayan trend with localised modifi-
cations inferred to have been caused by attenuation as
well as accentuation of intensities along the geologically
well established transverse features. In fact some of the
isoseismal trends like that of Dharamsala earthquake of
1978 and that of Dharchula earthquake of 1980 are
markedly oblique (transverse) to the Himalayan trend.
The fault-plane solutions for these events are thrust
type and P-axis not in conformity to the prevailing
deformation styles. The authors feel that such modi-
fications 1n the isoseismal trends and changes in the P-
axis orientation might have been caused by intersection
of, and by the reactivation of the pre-existing transverse
zones of weakness. Such an inference is in conformity
with the intersection model of Talwani'®. The abrupt
attenuation and termination of isoseismal V for Jammu-
Kathua earthquake along the projected trace of Ravi
tear can only be explained by damping along this
feature. From the above discussions it can be concluded
that the transverse features have a significant role in the
generation and modifications of the source parameters.
The corollary to this inference is that these transverse
features mapped on the ground extend down atleast to
the detachment surface and deeper.
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