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Abstract : The amplitude and phase fluctuations of teleseismic P-waves across the
Gauribidanur Seismic Array (GBA) may be considered due to the effect of scattering by
random inhomogeneities which might be present beneath the array. The Chernov Theory
has been applied for the analysis of 24 earthquakes recorded at GBA. The phase

beneath the array region. Correlation length of 18.13 km for the Gaussian correlation
function has been derived. The estimated root mean square velocity fluctuation is around
1% under the array whereas the extension of the random medium is about 250 km.

Introduction

The observed irregular spatial variations of amplitude and travel time of seismic
waves at the earth surface limit the accuracy of seismic probes, which is used for studing
the earth’s interior and source mechanism, Scattering of seismic waves is the cause of
these variations. Thus, understanding of physical mechanism of scattering of the seismic
waves will give clue to look into an accurate evaluation of the capability of seismic probe
as well as the nature of inhomogeneities in the earth’s crust and upper mantle,

The stochastic approach is desirable for obtaining the statistical proporties of the
heterogeneities, when the medium beneath thr array has multi-scale and complex
heterogeneities!™S. The first statistical study has been done for the data of the Large
Seismic Array (LASA)L, Though, the variance of transverse correlation fluctuations of the
phase and log-amplitude fluctuations of the direct P-arrivals were utilized by the earlier
workers (Aki! for LASA; Berteussen er a/? for NORSAR and LLASA and Berteussen et
al3 for GBA). The phase fluctuation information was either transormed into slowness
fluctuations® or into time residuals®3, An attempt has been made to use the phase
fluctuation information directly by Tripathi and Ram.” Thus, structural heterogeneities
can be statistically described by Chernov Theory8 at specific location. The stochastic
model of the heterogeneous media was assumed to be uniform isotropic random media
with a Gaussian correlation function characterized by its relative velocity perturbations
and average scale length scale length a.
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Fig. 1 :Location and configuration of the Gauribidanur medium aperture seismiz array.
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The Gauribidanur array, located in southern India (fig. 1), gives an opportunity to
study the Scattering: mechanism for short period P-waves. Signal variations across the
array are shown in the figure 2. The random ; edia approch will be applied to estimate

The Gauribidanur Seismic Array (GBA)

The array, which is located in southern India, was sponsored by the UK. Atomic
Energy Authority (UKAEA) in the early sixties with the cooperation of the Bhabha
Atomic Research Centre (BARC), Government of India. The array became operational in
October, 1965. The array is located about 99 km rorth of Bengalore. The array is
L-shaped and each leg (called Blue and Red iines) contains 10 short-period (1s) vertical

km depth. The P-wave velocities were found to be 5.7 and 6.5 km 57! for these two layers
above mantle of 8.0 km 5!

Tripathi and Ram’. The selection was made on the basis of a best possible distance and
azimuthal Coverage. The corresponding P-wave records were characterized by good

amplitude and 20 phase delay measurements,
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Fig. 2 (a) : Seismogram as recorded at the GBA for the events.
Parameters of the events are given with the seismograms.
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Date: 09.08.1993: Time: 11:38:31 .7, Deita=2361; Az=343.60; Z=215
km;, m=5.7
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Fig. 2 (b) : Seismogram as recorded at the GBA for the events.
Parameters of the events are given with the seismograms.
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Statistical Properties of Amplitude and Phase Fluctuations

If it is assumed that the medium is uniform and isotropic random layer of thickness
R with Gaussian correlation function®, then the ‘wave parameter’ D can be given by
following relation :

(1) D = 4R?/ka?

where k is wave number and g is the correlation lenghth.

The parameter y is given as :

Oy _ (1 - (tan™! D)/D)"2
2 = ==
@) ! ¢ (I + (tan™! D)/DH2

=

|

Q

where u = log-applitﬁde (In A), and ¢ is the phase. c,and o o are standard deviation of u
and ¢, respectively.

The scale length a can be given as :
B a-= [—XzT/ log{O.S(pu + py + (pu - p¢)(tan—1 D) /D)Hl/z

where X, is the spatial distance between two seismometers.

0] Py = ujuy) / (u?)
and
(3) Po = (0 d2) / (%)

On the basis of Chernov Theorys, the varianves of phase delay and the logarithmic
of amplitude (In A) have been calculated using Fast Fourier Transform algorithm and the
correlation between them has been determined. The range of rms phase fluctuations is
from 0.63 to 1.03 and that of log-amplitude fluctuations is 0.24 to 0.84. In Chernov
Theory the ratio of standard deviation of log-amplitude to that of phase gives a clue to the
physical mechanism of scattering. The observed ratio is always less than unity and all of
the observed correlation coefficients (192 out of 192) are positive, as was predicted by
Chernov theory.

The spatial correlation of amplitude and phase delay fluctuations is very important
in the. Chernov theory, because their correlation distances are directly related to the
dimension of inhomogeneity of wave medium. The spatial autocorration for phase and
log-amplitude was calculated for each and every possible array pairs. If all the 20
seisometers are active at the time of earthquake recording then the total number of array
pairs will be 190. Thus with these 190 transverse autocorrelation coefficients for
log-amplitudes and phase fluctuations one can find out 190 correlation lengths toget best
possible result, which reduces the uncertainty affectivity. Statistical properties of
amplitude and phase fluctuations have been discussed in detail by Chernov8, Akil,
Capon, Berteussen er al2, Tripathi and Ram’.
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extent as proposed by the Berteussen et al.3 A summary of the transmission fluctuation
analysis for the various single layer models is given in Table 1. The crustal/upper mantle
scattering zone is also suggested by high semblance values for the Dharwar Cratons!? .
Anomalous time delays has also been observed for the telesiemic waves crossing beneath
the Closepet granite and recorded at the GBA !,

Thus, it is concluded that the heterogeneity of the medium beneath the GBA is
characterized by a Gaussian correlation length of about 18 km with about 1% velocity
perturbations and its extension is up to 250 km depth. The scattering coefficient, g for
the values of rms velocity perturbations (= 1%) and a (= 18.13 km) is obtained to be
5x 10% km™ at frequency 0.5 hz.
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