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Temporal and spatial variation in seismicity connected
with few earthquakes in Himalayas as precursor
to earthquakes
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ABST RACT. Experiments made on rock samples in laboratory and rock burst s in mines (Brady 1975.
1976) have shown thai four phases. viz .. dilatant, indusion, crack closure and finally failure. precede fault
growth. These behavioural phases have been found to be scale invariant and thus find appli cation 10 earth
quake processes. Spat ial and temporal varia tions of seismicity in the auershock area of seven earthquakes .
within magnitude (Alb) range of 5 10 6 .2, which too k place in Himala yas, have been observed. and the ab ..ave
conce pt has been used for earthqua ke prediction. Empirical relation s have been obt ained 10 predict the
magnitude and time of occurrence or an impending ea rthqua ke. .

on a smal l scale (Brady 1975, 1976). The phases
are: dilatcnt phase, inclusion phase , closure phase
and pilase of'failurc.T hese behavioural ph ases have
been shown to he scale inva riant over a wid e range
of sa mple sizes and. therefore, can be applied to
earthquake proce~s.

During dilatent phase crac ks form within the
rock rna" in respo nse to the applied far field stress
es. This ph ase culminates in the formation of crac k
clust ers (deformation hand) within the a noma
lous volume when the rock mass is within a rel'v
per cent of its ultimate strength. In inclusion phase,
additional cracks develop in response to local stress
co nditions exist ing within the deformation ba nd
as the applied far field stresses continue to increase.
Thus an inclusion zon e termed as "primary in 
clusion zone" develops within the deformation
band. 'Ibis zone represent! a region orhighly con 
cc ntra tcd dilatancy that forms at a tim e before
failure. 111i ~ lime of formati on is dependent only
on the magnitude of failure to follow and time
rate of change of the far field applied stresses
(Brady 1975. 1976). The primary inclusion zone
is charac terised by deviations in seismicity rate
from thcir normal pre-earthquake value. Crack
closure occurs in the focal region in response to
the decrease in magnitude of the local shear stress
and the corresponding in crease of the least princi
pa l stress. During this phase strain energy density
in creases throughout the focal region a nd app
roaches its maximum possible va lue when all
cracks that formed doring the dilatant phase are
closed. Also, when the focal region of the im 
pending failure is dry the seismic ' v·ave velocities

It has been experimentally demonstrated that for P and S will increase during the closure phase
four distin ct phases precede fault growth ill rock for rays passing through the focal region. However,
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1. Introducti on

Ever since the advancements made in seismic
instrumen tation, it has been reported that more
than a million earthquakes occur annually on the
earth. \Vhile most of them arc of very small magni
tudes, nearly an average of about twen ty happen
to be of moderate/strong in tensity a nd cause da
mage to life and property near their source. Due to
this effect , which has tremendous bearing on
human life and activities, the study of earthq uakes
in general and pred iction of earthquakes in parti
cular has special practi cal significance.

Seismo logists and other eart h scientists have
been try ing since long to find out ways for rC4
liable predicti on of earthq uakes. Highl y sophis
ticated instruments are being used in many coun
tri es to measure changes in various ph ysical para
meters connected with the occ urre nce of an earth
quake. \Vhile no fool proof result has so far em
erged out of such stud ies, quite good progress has
been made towards the goal.

More recently, studies on temporal and spatial
variation in seismicity in many sma ll regions have
revealed encouraging rcsults about the prediction
ofeart hquakes (Rikitake 1976, Brady 1976, Ohtake
1976). I n this paper spatial and temporal changes
in seismicity, connected with few earthquakes of
mag nitude (M.) five and avove, which occurred
in Himalayas, have been studied with a view to
evolve an emipirical relationship for prediction
of earthquakes in Indian subcontinent.

2. Theoretica l consideration












