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A surface reflected phase from Koyna aftershocks
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ABSTRAGr. It is 8uR:RHtall that tho eeeond M i~AI in the P.ph&'16 of the aftershocks from Koyna recorded at
Geuribidenur (ll ....S· l O) iA lIurfaca reflected signal . The fOOl\I depths of twentytwo aftershocks were determined
W'ing tho observed lalls between the two SigllAlsend t ha known valuee of Q and 0.9 for the oro t nclU' Geuriblda,
nne. It. is found tlu..t the depth of these events vaTWIl from" to 14 km. •

I. InlnlllueUon

The major enrthqua ke which occurred lit Koyn a
(75°. 75 E, 1j o· 40N) on 10 December 19f17 was
followed by II num ber of afters hocks which were
recorded at various seismic observatories (Tandon
and Ohaudhury 1968), Ambraseys and Sarma
(1968). In severa l afte rshocks observed at
Gauribidn nur (OBA 77°·40B, I3° '61N) seismic
array one finds a signal which follows the first
arrival after a lag of a few seconds . 0110 sees this
features ill every record where the noise back­
ground is low and the coda of the first arrival
decrease suffioiently in amplitude. In Figs.
I , 2 and 4 are shown typical seismograms of
Koyna aftershocks recorded at some of th e pits
of Gauribidanur array. One sees in these records
that the first signa l is followed by anot her after
II lag of 2·5 to 3·5 sec. The exact amount of
the lag cannot be determined in the records of
Figs. 1 and 2 all the onset of the second signal is
not quite clear, but it can be determined IICOU­

ra tely in the records of Fig. 4, which was ta ken at
Gauribidanur on :10 December 1967 lit 12:.f.l :
59· 2. This event is of low intensity (magnitude_ 0

approximately ·1· 7) lind the noise background was
also low that day. The onsets of the first lind
second signal are clearly seen on the records
lit some of the pits along the Blue and Red arms
of the GBA array_ As shown in Fig 4 the haso
of the first motion of the first arriving signal at
Il l> 133» R, lind R. is definite ly opposite to that
of the first motion of the second aignal which
arrives at all these pits after II lag of 3 ·3 sec.
In the "it R, also th e situ ation is very much
like that obtaining lit 13" B;" R, lind R. though
amplitude in the first motion of the second signa l
is not a9 IlIrge as it i, in the other records at
B" B;" R. and R,.

2. Surf""e reDotted signal

To interpret physically th e second signa l in the

P -phnae, we to have consider the following six
Jlossibilities of its (the second signal's) origin :
(a) multiple shocks, (b) signal generated noise,
(c) critical refraction lit different layers, (d) re­
frac tion lit a lower level followed by reflections
at free surface and at an intermediate layer,
(e) surface reflection followed by refraction,
arul (f) SP -phasc due to S-wnve incident at the
Moho discontinuity at the critical angle giving
rise to the refracted P ·wlIve which t ravels parall el
to thc Moho with the P -wave speed of the medium
below tb e Moho.

In the case of alterna t ive (a), the lag between
the two signals for each events in the P -phase
will be equal to that in the S-phllso, and will be
the same in the seismograms recorded at each
sensor of the array. In the case of alte rna tive
(b) the apparent speed of the second signa l will
be different from that of the first (Key 1967).
I n the case of alternative (c) also, tbe apparent
speeds of the two signals will be different . In the
case of alternative (d), the apparent speeds of
I he two signa ls will be equal and the lag between
the two signals will, irrespective of focal deptb,
be the samefor all events. In the case of alterna­
tive (0) the apparent speeds of the two signals
will be equeal in the P ·phase, and will also be
equa l in the S-phase, but the lag between the two
signals in t be S-phnse will be Inrger than that
in the P.phase. It is possible to haw lit the free
surface II reflected P ·wnve due to an incident
S-",.ve giving me to sP-phaso. One can show
that the travel time of sP-phase is longer than
that of pP- p!JUse. Therefore, the phase which
arrives first after reflection at the free surface
is the pP-p!JUse but not the sP- phase . In the case
of alte rna tive (fl , the SP-phasc can arrive earlier
than the p P·phase provided the focus is close
enough to the Moho discontinuity. Since th e
aftershock s"'!uence from Koyna is coming from
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