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Small-array Observation of Seismic Coda Waves in Izu-Oshima
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A temporary seismic observation with a small array was carried out in the Izu-Oshima volcano to
detect the heterogeneities causing seismic wave scattering. During the observation, we recorded
seismic waves generated by two dynamite sources and by natural intermediate-depth earthquake (M
=4.4, depth=71 km, epicentral distance=137 km). The semblance technique has been used to
determine the propagation directions and the apparent propagation speeds of the spatially coherent
components in the coda waves. The analysis reveals that neither of the coda waves from two
dynamite sources contain any coherent component across the array. This result for the dynamite
sources indicates that the scatterers are uniformly distributed in the shallow part of Oshima volcano.
The coda waves of the natural earthquake, on the other hand, contain a number of coherent
components especially in P-wave coda, while a small number of those are in S-wave coda. These
coherent components are continuously found in P-wave coda having an about 14-second duration.
The remarkable feature of the coherent components is that those have almost the same apparent
propagation speeds and directions. The coherent phases in P-wave coda are interpreted as channel
waves propagating in the low velocity layer at the upper part of the subducting Philippine Sea plate.

Key words: Seismic coda waves, Artificial earthquake, Intermediate-depth earthquake, Channel
wave, Subducting oceanic crust.
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(a) Izu-Oshima map showing the blasting points (Shot-1, 2) and the array observation area (open

square). The arrow indicates the direction of the epicenter of the intermediate-depth earthquake
detected with the array. (b) Configuration of the array: stations 4, 9 and 14 with three-component
recording, the others with vertical component only. The contours show the topography in this area.
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Fig. 2. Map showing the epicenter (solid circle)
of the natural earthquake.
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Fig. 3. Observed seismograms of the natural earthquake. (a) Raw data. (b) Low-pass filtered (f.=5 Hz)
seismograms showing P-wave coda only. The solid triangles denote the clear coherent phases in the

array.
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Fig. 4. Observed seismograms of the Shot-1.
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Fig. 5. Observed seismograms of the Shot-2.
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Fig. 6. A test for the resolution of the semblance technique in the case of 10 scattered wavelets. (a)
Synthetic seismograms for the 10 scattered wavelets which have random arrival times and random
slownesses. Each wavelet has the sine shape with one cycle. The array configuration tested is the
same as that for the present observation. (b) Random values of the arrival times 7 and the slowness
b given in the simulation, where p, is the slowness in the direction of linear array of station 1 to 9.
(c) Estimated values of 7 and p,- by using the semblance technique for the seismograms of (a). Regions
where S =0.3 are contoured, and the small dark regions pointed by the arrows are ones where $=0.6.
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Fig. 7. The resolution test in the case of 900 scattered wavelets. See Fig. 6 caption for more details.
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Fig. 8. A result of the test for the resolution of
the semblance technique. The abscissa D
stands for the mean number of scattered
wavelets generated in a period of the sine
wave. Open and closed circles show the
probabilities with which the values es-
timated from the semblance technique are
correct and incorrect, respectively. The
probability is defined as the number of cor-
rectly or incorrectly estimated scattered
wavelets (S = 0.3) divided by the total
number of the scattered waves in the model.
It is shown that less than 30% of the scat-
tered wavelets are recognized for D more
than 2.
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Fig. 9. The contour map of the semblance values as a function of the slowness p and the lapse time 7 for
the P-wave coda of the intermediate-depth earthquake. The left figure is the result for the slowness
P, in the direction of the linear array of the station 1 to 9 in Fig. 1(b), and the right one is for the
slowness p, in the direction from the station 9 to 17. The window length in the equation (1) is about
0.05 seconds. The regions where S=0.3 are contoured, and the small dark regions pointed by the
arrows are ones where S=0.6. It is noted that a number of coherent components continuously appear
in the duration of the P-wave coda with almost the same slownesses.
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Fig. 10. The contour map of the semblance values as a function of p, and p, at lapse times (a~e) in
seismograms shown on the upper right. p, and p, are the slownesses in the direction of east-west and
north-south, respectively. Contour interval is 0.2, and the regions where S =2 0.4 are shaded. The arrow
in each diagram points to the highest peak of the semblance, and its orientation and length indicate
the propagation direction and the value of the slowness, respectively, of the coherent phase.
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Fig. 11. The result of the semblance as a function of the slowness p, or p, and the lapse time 7 for the
S-wave coda of the intermediate-depth earthquake. The regions where S =0.3 are contoured. See Fig.

9 caption for more details.
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Fig. 12. The result of the semblance as a function of the slowness p,- or p,- and the lapse time 7 for the
Shot-1. See Fig. 9 caption for more details.
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Fig. 13. The result of the semblance as a function of p, and p, at lapse times (a~e) for the Shot-1. See Fig.

10 caption for more details.
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Fig. 14. The result of the semblance as a function of the slowness p,- or p, and the lapse time 7 for the

Shot-2. See Fig. 9 caption for more details.

(Shot-1) & 7=1.7 s (Shot-2) fHiL I IRIER D F [ %> SF|
%4 % Bo i EEH 35 km/s OFIEABENS. Thi3
E &)1 - fth (1987) psskeb r ik S S 500 m EZE I
T 5 PifEE 3.6 km/s OHIEZE > B TH S &

WHETXE. ZORIIFICIE—L Y 2DBWEOEIR
BESKYE, Trtr75 v 255020 EDERARIZ
BAa2THABEIEMbMS. bL Shot-l & Shot-2 Tla—
MEH %ﬁkﬁi]ﬁbi‘%ﬁ?‘% wodrhThotwr735 -



368 HRRA - FHRAS - B - )IBs 15

Shot-2

2

(=]

Py (s/km)

o 5
Px (s/km)

a

X
(4]

—+—>Z

Shot-2

(&)
Q
(4

p

o
¥
(o]

Py (s/km)
[e)
0
D)
o

0
@]
@)
A A e

N
(4]

[o] .5-5 (0]
Px (s/km) Px (s/km)

b C

.5 -5 (0] .5 -5 0 .5
Px (s/km) Px (s/km)

d e

Fig. 15. The result of the semblance as a function of p, and p, at lapse times (a~e) for the Shot-2. See Fig.

10 caption for more details.
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Fig. 16. (a) A model of velocity structure and
ray diagrams. The cross denotes the hypo-
center. The velocities of low velocity layer
examined are shown in the table on the
lower right. Poisson’s ratio in each layer is
0.25. (b) Synthetic seismograms for the
models A, B and C. The seismograms con-
tain all the reflection phases with the
number of reflections less than six times in
the low velocity layer.
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