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On the very-long-period seismic pulses observed

during the 2000 Miyake-jima volcanic activity
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og

During volcanic activity started on June 26, 2000 at Miyake-jima island, a caldera of 1.8 km in its
diameter was formed and, at the same time, very-long-period(VLP) seismic signals were observed once
or twice a day. Source mechanism analyses of the VLP signals show that the moment tensor solution
is represented by a smoothed step function over a time scale of 40-50 second with dominant volumetric
change. Waveforms observed by the broadband stations in the island show much-detailed characteristics
of these impulsive signals. We propose a simple model that a vertical piston representing solid materials
in the conduit is intermittently intruded into the magma chamber triggered by the steady magma out-
flow. This model consistently explains the synchronous occurrence of these two phenomena, formation

of the summit crater and the occurrence of the VLLP pulses, as well as other observations.
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010000000000 0000000000000000000000000004100000
O000002000003900000 [Date and time of VLP pulses occurrence. Amplitude and pulse width
of each pulse is also show. Among all 41 events, two small events are eliminated from the table.]

Date Amplitude(cm) |Pulse width(sec)
2000/7/11 2:09 4.5 66
2000/7/12 0:34 2.8 64
2000/7/12 13:04 2.1 63
2000/7/13 3:43 2.5 55
2000/7/14 2:12 4.2 45
2000/7/15 23:32 2.5 51
2000/7/16 10:35 2.1 61
2000/7/17 2:09 1.6 59
2000/7/17 17:25 1.6 49
2000/7/18 6:35 1.7 48
2000/7/19 5:32 2.7 45
2000/7/20 1:14 1.4 58
2000/7/20 17:23 1.7 44
2000/7/21 9:27 1.7 50
2000/7/22 0:07 1.3 49
2000/7/22 14:01 1.8 49
2000/7/23 2:20 0.9 50
2000/7/24 1:36 1.6 46
2000/7/24 14:25 1.2 44
2000/7/25 4:55 1.8 41
2000/7/25 18:55 1.1 46
2000/7/26 5:10 1.3 47
2000/7/26 12:57 1.1 49
2000/7/26 22:29 1.7 41
2000/7/27 16:22 2.2 36
2000/7/28 16:07 2 38
2000/7/29 16:51 3.2 36
2000/8/1 7:45 2.7 40
2000/8/2 15:15 4.7 36
2000/8/4 4:16 2.8 35
2000/8/5 1:10 2.1 35
2000/8/6 9:23 3.4 33
2000/8/8 9:03 1.4 49
2000/8/9 2:11 2.7 36
2000/8/11 7:02 3.9 32
2000/8/13 15:40 3 36
2000/8/16 9:07 1.8 40
2000/8/17 0:56 2 43
2000/8/18 4:07 2.3 41



不明
表1:　地震波パルスの発生日時、時刻と変位振幅、パルス幅。観測された地震波パルス41個のうち、振幅の小さい2つを除いた39個を示す。[Date and time of VLP pulses occurrence. Amplitude and pulse width of each pulse is also show. Among all 41 events, two small events are eliminated from the table.]


T [ T I T o
KAS 3 CH .
JUL 14 (196), 2000 —
02:12:27.600 i,

orrse—oo0eror=l 0714 2:12

|

N
1

T ] T ' T
KAS 3 CH 7
JUL 26 (208), 2000
22:29:40.609 7

TR, 0726 22:29

]

T ' T I T
KAS 3 CH i}
AUG 02 (215), 2000
15:15:32.550 —

OFFSET: —1.000e+02 _ 0802 15:15

160 180 200
20 T T ' T l T ' T I T I T ] T l T 1
KAS 3 CH B
15— JUL 14 (196), 2000 —
10- 02:12:27.600 4
— OFFSET: -1.000e+02 — 071 4 2_12
7
2 o 2
> 8—— T T T T T T T T T T T T T T T =
6 KAS 3 CH ]
— JUL 26 (208), 2000 1
4 22:29:40.609 .
L OFFSET: —1.000e+02 | (0726 22:29
+ F E
T =
-4 II
F T T T T T T T T T T T T T —
2+ KAS 3 CH —
AUG 02 (215), 2000 -
1 15:15:32.550 —
OFFSET: -1.000e+02
f 0802 15:15
<|: -
=~ 1= 1 1 I | I | 1 | L | 1 | L | I 1 1 1 m
0 20 40 60 80 100 120 140 160 180 200

01:.000000000000@DO)0000@O)2HZzOODOOOODODOOOO
[Examples of very-long-period pulses. (Top) Unfiltered waveform. (Bottom) Low pass filtered at 2Hz.]


#####
図1:　長周期パルスの波形例。(上段) 生波形、(下段) 2Hz のローパスをかけた波形。
[Examples of very-long-period pulses. (Top) Unfiltered waveform. (Bottom) Low pass filtered at 2Hz.]
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#####
図2:　パルス幅と、その発生頻度。40-50 秒のパルス幅を持つイベントが大半を占める。極端に幅の狭いパルスや広いパルスは見られない。[Pulse width of seismic signals and their frequency. Majority of them fall into 40-50 sec range.]

#####
図3:　50秒パルス発生前後の上下動記録。1トレースが30分に相当する。パルス発生の7-8時間前から地震活動が活発になり、パルスの発生と共に地震活動がパタリと止む。[UD component several hours before and after the occurrence of a VLP pulse.  The horizontal axis corresponds to 30 minutes.  Seismicity activated 7-8 hours before the VLP pulse and the seismicity ceases suddenly just after the VLP.]
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#####
図4:　酒井(2000) による震源分布。(上) 6/26-7/17 の震源分布。左上: 平面図、中: 南北断面、左下: 東西断面、右上: 南北分布の時間変化、右下: 深さ分布の時間変化。(下) 8/10-8/30 の震源分布。[Hypocentral distribution by Sakai(2000). (Top) Hypocenter distribution during 6/26-7/17.  upperleft: plan view, upper middle: NS-section, lower-left: EW-section, upper right: temporal change in NS-distribution, lower right: temporal change in vertical distribution.]
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O O [Piston model. m: piston mass, S: piston section, V: volume of magma chamber, P: pressure of the magma
chamber, k: bulk modulus of magma, F: frictional force between the piston and the conduit, o : magma flow

rate from the magma chamber.]


#####
図5:　ピストンモデル。m: ピストン質量、S: ピストン断面積、V: マグマ溜り体積、P: マグマ溜り圧力、k: マグマの体積弾性率、F: 火道とピストンの間に働く摩擦力、α: マグマ溜りからのマグマ流出率。[Piston model. m: piston mass, S: piston section, V: volume of magma chamber, P: pressure of the magma chamber,  k: bulk modulus of magma,  F: frictional force between the piston and the conduit,  α: magma flow   rate from the magma chamber.]
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0000000000000 00000000D00000DOO0OoOgan [(a): Pressure change in the
magma chamber. Until t=0, piston does not move and the pressure decreases in a constant rate. Once the
piston descend starts, pressure increase and decrease occurs alternately due to magma outflow from the
chamber and the piston injection into the chamber. (b): Displacement of the piston. (c): Velocity of the piston.
Notice the similarity between the piston velocity and the velocity record of VLP pulses shown in Figure 1. (d):
Change in the frictional force when piston starts and stops its movement. This change in the force causes
relatively short period events just before and after VLP pulses. ]


#####
図6:　(a): マグマ溜りの圧力変化。時刻0 までは、ピストンは動かず、圧力は一定の割合で下がり続ける。ピストンの降下が始まると、マグマ流出による圧力低下とピストン突入による圧力上昇を繰り返す。(b):ピストンの降下開始から停止までのピストンの変位。(c): ピストンの降下開始から停止までのピストンの速度。図1 の速度波形との類似に注目。(d): ピストンの降下開始時と停止時の摩擦力の変化。これが、パルス前後の短周期波を励起すると考えられる。 [(a):  Pressure change in the magma chamber.   Until  t = 0,  piston does not move and the pressure decreases in a constant rate.   Once the piston descend starts,  pressure  increase  and  decrease  occurs alternately  due  to  magma  outflow  from the  chamber and the piston injection into the chamber. (b): Displacement of the piston. (c): Velocity of the piston. Notice the similarity between the piston velocity and the velocity record of VLP pulses shown in Figure 1. (d): Change  in  the frictional force when piston starts and stops  its  movement.  This  change  in the force causes relatively short period events just before and after VLP pulses. ]
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[Tilt change in Miyake-jima during June 14th to August 12th, 2000 (Ukawa et al., 2000). Before July 8th, the
record indicate hillside up change in tiltmeters. After July 8th, gradual hillside down and sudden up occurs
alternately. If we make this figure upside down, the similarity between this and the top panel of Figure 6 is
clear.]


#####
図7:　鵜川・他(2000) による三宅島の傾斜変動。7 月8 日までは山頂下がりの変化が続いていたが、7 月8 日の噴火を堺に、ゆっくりした山側の沈降とそれに続く急激な山上がりの動きを繰り返すようになる。上下を反転すれば、図6 に示されたマグマ溜りの圧力変化に良く似ていることが分かる。 
[Tilt change in Miyake-jima during June 14th to August 12th, 2000  (Ukawa et al., 2000). Before July 8th,  the record indicate hillside  up  change  in  tiltmeters.  After July 8th, gradual hillside down and sudden up occurs alternately.  If we  make  this figure upside  down, the similarity between this and the top panel  of  Figure 6 is clear.]
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[August 18th summit eruption and the collapse of the piston system.]


#####
図8:　ピストンモデルの概念図。ピストン降下中。
[Schematic figure of the piston model. During the piston descend.]

#####
図9:　8 月18 日山頂噴火とピストンシステムの崩壊の概念図。
[August 18th summit eruption and the collapse of the piston system.]
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#####
図10:　ピストンシステムの崩壊後の、火道内マグマ対流による浅部へのマグマ供給と大量脱ガスの概念図。[Fresh gas-rich magma is supplied from the magma chamber to the shallower region by the magma convection in the volcanic conduit followed by gigantic SO2 degassing. ]




