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ABSTRACT

A Fiji earthquake recorded on 30 December 1966, on a
vertical-component vertical array, was analyzed by means of
frequency-wave number power spectrum. The distance of the
teleseismic event was approximately 85°. The ambient noise
preceding the signal appeared to be predominatly composed of
Rayleigh Waves. The signal appeared as expected, but the
apparent up-going velocity was about 10-15% lower than the
down-going velocity. By imaging tbe vertical array about
the earth's surface the response was sharpened, from .75
cps to 1.75 cps. The coca appeared to display considerable
non-linear conversion or scattering phenomena above 1.00 cps.
The imaged response of the coda compared with the peak sig-
nal indicated substantial energy conversions at high freq-
uencies and energy losses that were larger at higher freq-

uencies.
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INTRODUCTION

-

This is one of a series of observations of teleseismic
signals and noise at vertical array sites. The purpose is
to compare the f-k spectrum of noise preceding the signal
and the signal-generated noise following the signal, with a
teleseismic signal. Another objective is to note any anom-
alous characteristics of the signal which may significantly

affect the design of vertical array filters.

Other reports on observations of f-k spectra are SDL

reports Number 196 and 197 by the author.
PROCEDURE

The Uinta Basin Observatory (UBO) vertical array site
is in a quiet ambient seismic noise environment located in
an inter-mountain basin in Utah. The average structi.e as
observed by an ultrasonic well survey of the compressional
velocity is primarily a nearly wu iform gradient between
3 km/sec and 6 km/sec at 5.7 km depth. For the deepest
sensor (2.71 km), the theoretical uphole time is 716 sec.,
indicating an average velocity of 3.8 km/sec.

The Fiji Island event which was analyzed was recorded
on 30 December 1966. The USC5GS depth of focus was 658 km,
magnitude 5.0, and approximate distance of propagation was
85°. '

The sensor depths are 1.13, 1.49, 1.80, 2.11, 2.47, and
2.71 km. The sample ot noise before the signal consisted of
2048 points sampled at the rate of 20 points per second.
Samples of 128 points and 256 points were taken about the
largest pulse characterizing the P wave received from the I'iji
earthquake event. The coda following the signal was sampled
with 1024 points immediately following the signal window.
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The SDL program for computing f-k spectra makes use of
the fast Fourier transform to compute average power as a func-
tion of frequency and wave number. Averages were based on time
integration with approximately U4 degrees of freedom per esti-
mate for the noise sample of 1024 points and 8 degrees of free-
dom for the ambient noise sample of 2048 points.

RESULTS

The f-k spectrum of the ambient noise preceding the sig-
nal is shown on Figure 1. The principal noise peak occurs at
.16 cps with the high frequency noise nearly centered about
the k=0 axis. This suggests that the ambient noise consists
predominantly of energy in trapped modes. The slight asym-
metry in the wave number pattern suggests a net flow of energy
downwards, possibly due to beds dipping roughly 5°.  The asym-
metry is more evident in the 1.85 cps peak. There is no sub-
stantial evidence of reflected P-pulses, although such a com-
ponent may be obscured by the array response. The main peak
of the signal.is shown on Figure 2 and 3. The apparent down-
going velocity is 4.51 km/sec and apparert up-going velocity
is 4.0 km/sec. This anomaly may be due to reflection from a
slightly tilted earth's surface, or to dipping beds or other
structural complexities. The spectrum shown in Figure 3 is
based on a 256-point sample of the peak pulse as compared to
a 128-point sample in Figure 2. The anomalous relative velo-
cities of the up-going and down-going peaks are retained and
any small difference between the two can easily attributed to
array response, which depends on sample length.

The f-k analysis of the signal coda is shown on Figure
4. It differs from both the signal peak and noise preceding
the signal by the striking asymmetry in the 1.0 to 1.75 cps
band indicating a net upflow of energy and an abundance of

L




conversion phenomena, as ¢c.mpared to the near f-k symmetry

shown for the preceding sanples. The apparent down-going
velocity of body waves in the coda is 4.8 km/sec and that of
the up-going waves is 4 km/sec which is similar to the peak
signal. The relative up and down peak amplitudes and peak
frequency in the coda are approximately the same as that of

the peak pulse.

In Figures 5, 6, and 7, the array is mirror-imaged in
order to attenuate the effects of conversions and produce a
wavenumber pattern which is neceesarily symmetrical about
the frequency axis. This operation will emphasize any re-
flected pulses by aligning the up-going and down-going pulses.
Rayleigh waves would be emphasized as peaks along the frequency
axis, and reflected pulses as peaks along the angular sectors,
the angle depending on the vertical phase velocity. One pro-
blem with the UBO array is that there is no surface instru-
ment. Due to the resulting large sample gap about the surface,
the impulse response of the array has large side lobes as in-
dicated on Figure 5, the f-k pPlot of the ambient noise pre-
ceding the signal. In this case the cylindrical pattern and
side lobes correspond to those shown for the array response,
which sugg:sts the apparent predominance of Rayleigh noise
and possible absence of reflected pulses in the ambient noise
field. The f-k spectrum of the peak pulse of the Fiji signal
on Figure 6 shows a much broader spectrum of the reflected P-
pulse with peaks at .75 cps, a broad peak from 1.0 to 1.5 cps
and 1.75 cps. For the signal ccda, shown in Figure 7, energy
in the reflected puises is shifted toward lower frequency,
and some dispersion may be indicated by the bending in the
trend of the peaks in the sector indicating reflected P-pulses.



This suggests a possible mechanism for the greater energy loss
at higher frequencies observed in the coda as surface scatter-
ing by conversion to trapped modes.
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Figure 1. Noise Preceding Fiji Signal,
UBO Vertical Array
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Figure 2. Fiji Signal, UBO Vertical Array
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Figure 3. Fiji Signal, UBC Vertical Array
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Figure 4. Coda of Fiji Signal, UBO Vertical Array
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Figure 5. Noise Preceding Fiji Signal, Imaged,
UBO Vertical Array
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Figure 6. Fiji Signal, Imaged, UBO Vertical Array
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