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Temporal variations of I , /I p ratios before and after Koyna
earthquake of 10 December 1967 and calculation of its
magnitude

S. K . SAR~IAII and E. SIIABO:\'G

Department of Ph)'s;ts, Gauhali U";t'ersity, Gauhati

ABSTR ACf. An an alysis of the bo.Iy wave travelt ime ra tios (I slip) has been made for four seismogra phic
' lations Koyna Nagur, Sat urn, Mahabaleswar and Pune-frorn 24 Octobcrtn 15 December 1967. The arrival times of
bod y waves in different sta tions have been ta ken from published reports on Koyna Earthquakes. Origin limes o f
the fore-shocks and aftershocks of' the main Koyna ear thquake o f 10 December 1967 (.1{ = 6. 2) have been claculat
ed (rom the plots of s·p intervals and P arrival times at d ifferent stations. A plo t o f ' J/tp rati os again st lime shows
the anomalou s variat ion of the ra tio wit h a fa ll of about 10 to 14 %ream the mean val ues ror the period. under
considerat ion in Koyna Naga r. Satara and Mahabaleswar . No such I J!lp varia tions ha ve been observed in Pune
which shows more or less steady values. The time interval, which we call anomalous period, from the dale or fall of,
' Jl'p from the mean value upro tbc lime of OCCUrrence of the main shock on 10 December 1967 is 32 days in each
stat ion. Th is anomalous per iod seems to coincide with the repo rted ~ha rp and simultaneous cha nges indica ted by
some strai n gauge placed in Koyna Dam, for about a month prior to the occurrence or the main Koyna earthqu ake.
On using empirical rela tions based on dila tancy-fluid diffusion model. this amount of anoma lous period is equivalent
to that of a smaller shock of magnitud e between 4 and 5. Condderarion or af tershock area coupled with other
empirica l relations also indicates similar magnitude.

These facts lend 10 suggest either ( I) the empiri cal relations used here do not hold good for Koyna earthquake
or, (2) it smaller shock of magnitude between 4 and 5. occurring ju st ahead of the main shock. gave rise to " Ilp
anomalies.

I , Introduction

Recently several workers have reported anoma
lous temporal vari ati on of 1,1t" or r·'I/v, rat io
before certa in classes of ea rthqua kes {R ikitakc
1976). But until now, no such varia tion or the above
mentioned rati os have been repor ted to be associa
ted with the so called reservo ir rela ted earthquakes
such as Koyna earthq uake of 10 December
1967. In this paper we present some evidence of
what seems to be a shor t duration anomalous
1./lp variation with time before Koyna earthqua
ke.

2. Data

K oyna earthquake (.1[ = 6 ' 2) is one or the
most exte nsively studied ear thquakes. Severa l
seismog ra phic sta tions were ope rat ing before,
during a nd after the main event ncar abou t the
me izoseismal area. Detai ls of seismologica l an d
allied data tha t have bee n collected d uring Oc tober
1963 to December 1973, together with their
analyses have been published by Guha ' I at.
(1974). The present study is based on these data.
No correc tion of any SOrt has been applied to the
published data.

TIl e sta tions used in this study arc Pune
(PO O) , Xlahabaleswar (MAIl), Sa tara (ST A)
and K oyna " agar (KN I) . All the sta tions except
Pune are shown in the in-set of Fig. 4.

3~ ".nal ysls or data and presentation

O nly those events which were simultaneously
recorded by at least th ree sta tions were considered
here for study . The travel times of compressiona l
(Ip ) a nd transverse waves (t, ) were calculated for
each recording station by findin g the origin time
from a plot of the difference of arriva l times of
S, a nd P11 waves against P, arrival times for each
shock. Shocks for which at least three plotted
points did not fall on a straight line were not

"considered . For each shock 1./1" ra tio was ca lcula
ted for eac h station a nd plotted against time in
Fig. I. Average of . II I, /l p val ues for Ma ha ba les,
war , Satara and Koyna Nagar for a parti cular date
was calc ulated and plotted again st t ime in Fig. 2.
Assuming flat ea rth for short distan ces and using
the depth a nd locati on given by Guha et at.
(1974), the distan ce of eac h recording sta tion
from the hypocen tre of each event was found out.
Using travel time as ob tained above, PfI a nd SfI
veloci ties ( Vp and V. ) were ca lculated. The
ave rage of all velocities obtained in this way for a
particul ar"dat e was calcula ted for the three sta tions
mentioned above and plott ed ill Fig. 3.

Onl y those events which occu rred between 24
O ctober 1967 and 15 December 1967 were con.
sidercd here for study. The main shock occurred
on 10 December 1967. The main reason, for th is
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