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Fig. 1 Location map of air-shock and seismic stations.
Air-shock is observed at SVRC. Solid circles denote
permanent borehole stations. Open squares indicate

broadband seismometers installed temporarily.
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Fig. 2 An example of velocity waveform of explosion
earthquake occurred at 04:55 on September 03, 1999. The
three traces represent vertical (V), radial (R), and transverse

(T) components, respectively.
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Table 1. Ranges of search and increment of parameters for waveform analyses.

Source parameter P phase D phase LP phase
Range Increment Range Increment Range Increment

Epicenter X5, Yo*: Fixed — X, Y, : Fixed — X,,Y, : Fixed
Depth Z,*: Fixed — Z, : Fixed —_— 0.05~1km 0.05km

" 1~3km 0.1km
Rise time of source 0.05~1s 0.05s 0.05~1s 0.05s 0.05~5s 0.05s
time function
Source duration 0.1~2s 0.05s 0.1~2s 0.05s 0.1~10s 0.1s
Origin time T,*: Fixed —— To~Tyt+2s 0.05s Ty~ Ty+4s 0.1s

* X, Yo, Z, and T, are hypocenter and origin time calculated from arrival times of P-wave first motions.
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Fig. 3 An example of result of the waveform inversion for
the P and D phases. The explosion earthquake occurred at
04:14, September 15, 1999. Waveforms of vertical (V),
radial (R), and transverse (T) components are plotted from
left to right. Two triangular source time functions P and D
corresponding to the P phase and following D phise are
displayed in the upper left. Bars with symbols “P” and “D”
under the waveform represent time window of waveform

inversion.
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Fig. 4 An example of result of the waveform inversion for
the LP phase. Triangular source time functions LP1 and
LP2 corresponding to the LP1 phase and following LP2
phase are displayed in the upper left. P and D in the time
axis of source time function represent origin times. Bars
with symbols “LP1” and “LP2” under the waveform

represent time window of waveform inversion.

LP1
0.7
0.6
05 |+ «** .
0.4 "

03 [-%, o

02 F
01 F

Residual

0 I I 1 L L 1 L H L
0 02040608101214161820
Depth from crater bottom (km)

LP2

0.7
06 | L
05 | o *

0.4
03 | % .o
02 |
01
0

Residunal

L 1 ! I | H L I i
002040608101214161820
Depth from crater bottom (km)

Fig. 5 Relation between source depths and residual.
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Fig. 6 Time sequence of origin times and depths of 4
sources generating the P, D, and LP phases. Solid and
broken lines indicate source time functions of horizontal

and vertical dipoles, respectively.
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Fig. 7 Schematic figure for calculation method of path of
air-shock (Minakami, 1970). S,, and Sy, represent path
from vents to crater rim of direction of the station: S and
Sgp» represent path from crater rim to the station SVRC. The
path of the air-shock from crater to the station is calculated

by adding S, to S,.
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Table 2. Origin times of air-shock and each phase of explosion earthquakes.

Date Vent v, t, T,
(m/s)

T, T

2 T T,
(Ta'Tl) (Ta'TZ)

(L-T)  (I,-T)

Nov. 16,1999 B

334.63 11:06:47.6 11:06:29.9 11:06:29.0 11:06:29.3 11:06:30.0 11:06:31.3

(0.9) (0.6)

-0.1) (-1.4)

Nov. 21,1999 A 33828 15:22:56.2 15:22:39.4 15:22:38.1 15:22:38.3 15:22:39.2 15:22:41.0
(1.3) (1.1 (0.2) (-1.6)
Dec. 12,1999 A 333.66 16:49:10.7 16:48:53.6 16:48:52.3 16:48:52.5 16:48:53.3 16:48:54.9
(1.3) (1.1) (0.3) (-1.3)
Dec. 17,1999 B 335.02 15:30:51.3 15:30:33.6 15:30:32.5 15:30:33.0 15:30:33.6 15:30:34.9
(1.1) (0.6) (0.0) (-1.3)
v, : Velocity of sound after atmospheric correction
1, : Arrival time of air-shock at SVRC
T, : Origin time of air-shock
T, : Origin time of isotropic expansion at a depth of 2km
T, : Origin time of cylindrical contraction at a depth of 2km
T, : Origin time of isotropic expansion at shallow part
T, : Origin time of horizontal contraction at shallow part
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Fig. 8 Relation between the amplitude of air-shock and the seismic moment of deep isotropic expansion (left) and shallow

isotropic expansion (right).
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Fig. 9 Time sequence of origin times and depths of 4 sources generating the P, D, and LP phases is shown in upper part.

Mechanics of explosive eruption is schematically shown in lower part,
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Mechanics of Explosive Eruption at Sakurajima Volcano
—Relation between Source Process of Explosion Earthquake and Air-shock—

Takeshi TAMEGURI, Masato IGUCHI and Kazuhiro ISHIHARA

Synopsis
Source process of explosion earthquakes that accompany explosive eruptions at Sakurajima
volcano, was investigated to clarify mechanical process of explosive eruption. The results of source

process showed that the explosion earthquake was initiated by an isotropic expansion and a
cylindrical contraction at a depth of 2km beneath the crater bottom. A shallow isotropic expansion at
depths of 0.25-0.5km beneath the crater bottom was followed by the explosion earthquake after 0.9-
1.1s. The origin time of shallow isotropic expansion coincided with generation of air-shock at the
crater bottom and seismic moments of shallow expansion source were correlated with the amplitudes
of air-shock. It is inferred that the isotropic expansion is caused by instantaneous pressure increase in
the gas pocket formed at the uppermost part of the volcanic conduit, which generates air-shock

Keywords: Sakurajima volcano; explosive eruption; explosion earthquake; air-shock; gas pocket
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