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Synopsis

Seismic reflectors at the depth of Aira Caldera are presented through seismic array

analysis of the later arrivals in the controlled-source seismograms across northern

Kagoshima Bay on November 2008.

Though the first arrivals with a characteristic

pattern have been analyzed, later arrivals have never been analyzed vigorously. Seismic

array analysis of the seismograms resolves numerous PP and PS reflections from depth of

Aira Caldera in the basis of arrival time, back azimuth and apparent velocity.

It is

revealed that reflector structure in the eastern part is more complicated than that in the

western part down to 20 km depth and prominent PS conversion comes from 14 km depth

in the west part of Aira Caldera. The result provides fundamental knowledge to consider

activity of the caldera.
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Fig. 1 Project Sakurajima 2008. The red
The dots are the

temporary seismic stations with a 2 Hz sensor.

stars are the shot points.

The crosses are another type of the temporary
stations with a 4.5 Hz sensor. The rectangles a
— d indicate locations of the seismic arrays.
Shore lines are drawn. The labels M and K are
the summits of Minami-dake and Kita-dake.
The labels a — d correspond to the close-ups in
Fig. 2. The origin of the local coordinate is
located at 31° 35' 00.89879"N,130° 42
05.74741"E.
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Fig.2  The seismic arrays.

excluded stations in the array analysis. (a) the
array G04, (b) the array L15, (c) the array S07,
and (d) the array N-end.
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The filtering. The shot records in the profile Wakamiko are shown with negative polarity
a) raw seismographs, b) 2Hz LPF, ¢) 2 - 4.5 Hz BPF, d) 4.5 - 9 Hz BPF, ¢) 9 -18 Hz
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Filtered shot records for the shot S05 along the profile Wakamiko. a) Positive polarity

variable area and b) Negative polarity variable area. Significant later arrivals are labeled with
S05G04-A through -G. c¢) Close-up seismograms in the array including the later arrivals A through G.
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Arrivals at the array G04 on 20.7 km from the shot S05. Back azimuth of arrivals is shown

Vertical axis for north slowness component and horizontal axis for east

slowness component. Intensity of an arrival is indicated in gray scale. White represents the maximum

intensity in the panel. A circle and a cross on a plane represent 5 km/s and infinite value of apparent

velocity.
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Table 1 Arrivals at the array G04 on 20.7 km from
the shot S05

Code Center App. Pol. Type and
time (s) Vel. origin
(km/s)

A 5.4 4.5 P First
arrival

B 5.8 8.0 N PP 10 km

C 6.2 3.9 P PS 6 km

D 6.8 4.8 P PS 7 km

E 8.0 9.7 N PP 18 km

F 8.8 6.8 P PS 12 km

G 9.4 7.5 P PS 14-15
km

Table 2 Arrivals at the array L15 on 14.5 km from
the shot S06

Code | Center App. Pol. Type and
time (s) Vel. origin
(km/s)
A 6.2 5.7 N PS 9 km
B 7.0 13.8 N PP 17 km
C 7.6 11.6 N PP 19 km
D 9.4 5.3 N S?
E 10.0 8.7 P PS 18 km
L15
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Filtered shot records for the shot S06 on the SW end of the profile Wakamiko. a) Positive

polarity variable area and b) Negative polarity variable area. Significant later arrivals are labeled with

S06L15-A through -E. c¢) Close-up seismograms in the array with the later arrivals A through E.
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Table 3 Arrivals at the array S07 on 21.0 km
from the shot SO1.

Code Center App. Pol. Type and
time (s) Vel. origin
(km/s)
A 5.8 10.4 N PP 10 km
B 6.6 4.5 P PS 5 km
C 6.8 8.0 PP 14 km
D 7.2 8.4 N? PP 16 km
E 8.2 6.4 P? PS 11 km
F 8.8 13.5 N PP 21 km

Table 4 Arrival at the array N-end on 16.2 km
from the shot SO1.

AH LTS B ~ r ’%@130@@%&]7536]\% Code | Center App. Pol. | Type and
LT Bl ERBDENDA, “hbicl LT time (s) ‘fl' origin
WEbbEdTHERT S LICLTI 2T (km/s)
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Fig. 7  Arrivals at the array L15 from the shot S06. Back azimuth of arrivals is shown in each

slowness plane.
semblance in the panel.
velocity, respectively.

Intensity of an arrival is indicated in gray scale.

White represents the maximum

A circle and a cross on a plane represent 5 km/s and infinite value of apparent
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Filtered shot records for the shot SO1 at the NW end of the profile Aira-A.
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polarity variable area and b) Negative polarity variable area. Significant later arrivals are labeled with

S01S07-A through -F. ¢) Seismograms in the array with the later arrivals A through F.
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Fig. 11  Arrivals at the array N-end from the shot SO1.
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Intensity of an arrival is indicated in gray scale.

Back azimuth of arrivals is shown in each

White represents the maximum

A circle and a cross on a plane represent 5 km/s and infinite value of apparent
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Fig. 12
possible reflector depths at the array G04 from the
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Fig. 13
reflectors curve at the array L15 for the shot S06.

(a) Theoretical travel time from possible
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Fig. 14 (a) Theoretical travel time of the
reflections from various possible depths at the
array S07 for the shot SOI. (b) Theoretical
apparent velocity of the reflections at the array
S07 for possible depths of the reflector.
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Fig. 16 Reduced seismograms in fan-shooting along the line NS in the northeastern Sakurajima for
the shot S05. Reference shot distance is 20.7 km in the reduction. Positive azimuth is clockwise from
the north. Negative peaks are painted with solid blue. Larger solid circles are the stations that the later
phase occurs and the smaller colored ones are the corresponding reflectors in each inset. Arrows bind
range of each phase. (a) Reduced seismograms with reduce velocity of 8.0 km/s for the phase S05G04-
B. (b) Reduced seismograms with reduce velocity of 9.7 km/s for the phase S05G04-E. (c) Reduced
seismograms with reduce velocity of 7.5 km/s for the phase S05G04-G and referred to 20.7 km from
the shot point. (d) Reduced seismograms with reduce velocity of 7.5 km/s for the phase S05G04-G.

(ors
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Fig. 17 Reduced seismograms in fan-shooting along east shore of Kagoshima Bay for the shot S06.
Reference shot distance is 14.5 km in the reduction. Positive azimuth is clockwise from the north.
Negative peaks are painted with solid blue. Larger solid circles are the stations that the later phase
occurs and the smaller colored ones are the corresponding reflectors in each inset. Arrows bind range
of each phase. (a) Reduced seismograms for the phase SO6L15-A with reduce velocity of 5.7 km/s.
(b)Reduced seismograms for the phase S06L15-B with reduce velocity of 13.8 km/s. (¢c)Reduced
seismograms for the phase SO6L15-E with reduce velocity of 8.7 km/s.
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Fig. 18 (a) Stations showing the phase S01S07-A and estimated reflectors. Larger solid circles are

the stations and the reflectors with negative polarity and open circles are the stations and the reflectors

with positive polarity. (b) Reduced seismograms along the east coast of Kagoshima Bay in azimuth

order with reduce velocity of 10.0 km/s and referred to 21.0 km from the shot point. Arrows bind

range of the phase S01S07-A. Positive peaks are painted with solid red. (¢) Reduced seismograms with

negative painting. The label R marks the point of polarity inversion.
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Fig. 19 (a) Stations showing the phase SO1Nend-C and estimated converting reflectors. Larger solid

triangles are the stations and the smaller red brown ones are the converting reflectors. (b) Reduced

seismograms with reduce velocity of 6.44 km/s and referred to 16.2 km in the northeast coast of

Sakurajima. Arrow bind range of the phase SO1Nend-C. Positive peaks are painted with solid black.
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Fig. 20 The seismic reflectors beneath Aira Caldera. The circles are PP reflection points, and the

triangles are PS converted reflection points, respectively. Those depth are coded with following
colors; Khaki =5 - 9 km, Ocher = 10 - 12.9 km, Brown = 13 - 14.9 km, and Red > 15 km depth.
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Fig. A 1 Seismic velocity models. Italic numbers are P-wave velocity in km/s. (a) Aira profiles,

and (b) Wakamiko profile.
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Fig. A2 Forward modeling on first arrivals in the vicinity of the shots. Top panels are travel time

distributions; crosses are observed travel time and solid circles are the theoretical. (a) S06, and (b)

S05.
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Fig. A 3 Forward modeling on first arrivals in the vicinity of the shots. Top panels are travel time
distributions; crosses are observed travel time and solid circles are the theoretical. (a) SO1 and (b)
S06.
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