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Source Mechanism of Volcanic Explosion Earthquakes
During the 1988-1989 Mt. Tokachi Eruptions
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On December 16, 1988, after 26 years of dormancy since the last eruption in 1962, Mt.
Tokachi began to erupt. The eruptions were accompanied by a lot of explosion earth-
quakes. Seismic signals from the explosion earthquakes were recorded by strong-motion
seismometers at two stations. We investigate the seismic signals to elucidate the source
mechanism of the explosion earthquakes. The first motions of P-waves produced by the
explosions are directed outward away from the crater, and SH-waves are also clearly
observed. From a comparison between the observed seismograms and the theoretical ones
for various source modeis, we show that the source mechanism of the expiosion earthquakes
is expressed by an inclined downward single force. This single force represents a counter
force of eruption. We estimate the source parameters (azimuth, dip, peak amplitude, pulse
width and depth) for the single force by modeling the observed waveforms. The single force
with the azimuth of N230° and dip of ~50° at the depth of about 0.5km well explains the
distribution of ballistic rocks estimated from field observations. The peak amplitudes and
the pulse widths are 5.6~6.7x10°N and 0.5~0.9sec. Combining these parameters for the Mt.
Tokachi explosion earthquakes with those for the Mt. St. Helens and Mt. Asama explosion
earthquakes, we confirm that the peak amplitudes of the single force are proportional to the
squares of the pulse width. Finally we estimate the pressure in the reservoir before the
eruption and the vent radius based on the pressure release model for a volcanic eruption and
the source parameters for the single force. The initial pressures and the vent radii are 2
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~7MPa and 8~18m. Our estimate of the vent radius is reasonably consistent with that by
the field observation.

I. L & Iz

ALMEEOITITHRREB T, LS S EBENE EH 80 km 12 K3k E -+ AILFIFELEL T
5, TG, ToEERCMET 2-HBEXLECEL, 22 COREETH S, THBEIC]
ZEF 1750 m i, EEICAWEEH 700m N7 5> FROAXFH ), 2075 FROZEY) H
& icdbe SEEwEICTC, EBiekn, dmekn, BRLkO, hiekoE Gl), KiExA,
62 KMABEZL EABENEXIC E N ERIN T 5 (Fig. 1), 72, THBEOEREICIIIEELEIC
W7z IHME AT (KB R) 5°h 5, _

BEHELE KT, BC240 FUH, 1670 480, 1857 4F (L 4 47), 1887 47 (HHYA 20 4F), 1926
£ (KIE154F), 19624 (BEfI374E) i E T2 (BH-fb, 1987). 1926 £ AT,
RAODENIEBHIBIEI N, BMERK (KERER »5EL, FBH - ITHTHZ M4 LLHL
2. 1962 SEOBUKTIE, PRAODENHMP» LML WA o R ) XEAHSERE 2, HAIZLS
BEIRES 2kmicbEL, WMHERICL-T, 5&DEHEEZHLL. &8, ZoEAICLY,
77> FAOOEERIC 62— 0 ~MIAOHD RS 17z,

T 1988 4£ 12 A 16 H, 26 ENRIEHAM 2 85C, 62— 11k O b /AR T RESBRIC &
L AIEENZEBE L2, WMAEEIZ 12 A9 B 7y /R /< KERBRICBITL, 1989
F£3HA5HET, 721 MOBRABCKZEN B 72, Bk, DMLY L XD TRENTH
D, BREWE, BEET, PREARE, DRKFY—, KK, RBEROBHE, ki okl
BRPVBE S N, —EOB KBRS - 272012, Fwizd, ABEERLH - 25
ZREOWMEH TH->72Z L b > TRHERROLERMELE 2, BEERBO—IICHERY LT
Ensz (B - 4R, 1989).

BREMBORR A =X L1220 TIE, BEICLEDHBILINTWS, 5 (1980) i3
1973 FOXMIIBREHE D PRVBEI»EFMTH L THSEZ EICEBL, 20EEXH=X2%k
RRESRETVTHBEL T3, 2, He (1971) &, BKHEE & THOBRFEHMED P EAE)
DL, FlESAICERL, B#NEREEC TNV EZHACTEZOERA V=X HHL T

Kanamori et al. (1984) i3, 19804 5 H 18 H o St. Helens DM XI5 MIEMITHE & UHE
HURCER D EARBE TR & AT L, Z DHBERITE R OBORIC I 5 $51E T & ) Single Force 12
Lo T E N7z LD T b, FEkIc, RE - (1984) 13, 1983 SENEMILDBERME
NERPHMEBER 2L, COMEDER 4 7 = XA #$E TR & Single Force * @XM %
MASLELNFERICE DHEM L, $72, Takeoetal (1990) M@I-#E (1990) 1%, 1987
FENREREDEA DB X N R AMEBR -CIEMELR 2B L, <7< ThHCLH
BT 252 2ETTHEDSingle Force TXNEBEA A =X L 2B LT3
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BMETHE, BEMEBICOWTEL DESI L ENTw 5, Uhira and Takeo (1994), Iguchi

(1994), Uhira et al. (1995) 3L v /¥~ 3 ¥ i2 & » TRIEMWBNOEIR A /1 = X 1% KD
Twd, Zhick sz r, BEMEDEE X /=X A3, HOICEREBHEBOR EICERE NS
AWENDLTHFRANDEEERTE— AV VTV My &, ZOBBREEBRFIGET S Z &
#%%¢ Implosive source DA B LT L > THEAI N T 3,

1988 ~1989 FE D+ H-FRE K 12 £ ) BRHEIEIC OWTE, ZnE T, I —HBy@Er3n
Twb, kBE-flh (1989) 2 +EGERR (TDO) TBEIS /-2 A 8 H @R MMELEHE, 72
Nishimura and Hamaguchi (1993) (- +BE8RIbLE (TKC) T8 E 472 1 H 28 HOBRHM
TG EFITL, 215 DEE £ H = X2 BEWRH 33 5 T M & @ Single Force TR T
ErzZkEmLE,

T2 b=y 7 MBEOERA D = XLEBEHREET NV TERBATE S Z L —RIICH LT
Wh, LAL, BEHEOEBIFE A #= X422V, UEDL ) IcBr e T AhREINT
B, B~ nizlwn,

ARFFETIE, 1988—1989 £ HREEEAICHE ) BRMBORIFE A/ = XA D TEET 5,
F 9, 1988—1989 F 0+ KI5 BHREMEIC L 2 MBEEORH LIRS, Kic, 20K
BEREORGE &, BERWEE S BBEE L oEL L, HBEOBRREMENEIR 2 = X 47)° Single
Force TRHHATE 2 Z & 2R T, 2512, BTc L » THRLNTEBRE 7 A — 725 KINEED
Scaling low i2 oW TR 5.

II. #AlELUTF—9%

1988 ~1989 SN DER, JLHEE KA FEI BRI E (B, LiE RS BT
) 1%, 1988 SR S AEB)ICHE ) BEHEO N FEHBEL BT 52510, THBREOEREY
3 km O+BHRR (TDO) o HEAEE £ IR ICERE L (Fig. 1), KIIEA0J#fE %
BT 5T, BMKODOTE SIS THEACH ) BRIBZIRI NS Z L (BE&F L &lT
i b, £nfeoic TDO Iz, HERMEER VS— 1 GRRBHRE) »RE S . HER
HPLOWMNIF20Hz DY 7Y > 7T, FUINLI—F (FLF 448, PDAS—100) iz 4
~N2 b b ) A=FR TGRS 2. TDO TOBBIBIME, BRI AT 16 M %% 2 7245 TDO
Ti3 1989 £ 1/16, 1/20, 2/1, 2/4, 2/6, 2/7, 2/8, 3/5 D S BNBREME L i TE L d >
7z,

F 7z, AMEERFEEIEBARAOUBRET GR, dWEEAT RSB E AT SRR B E L
Wil > 7 —HERXILEBBIET  LUF UVO)I, 1985 £4 &+ &0 br# 2 km 12 & 2 8l
yol (TKC) T, BEARH S HomEst (PELS) 2RV THIEBBRN %1T-> Tz (Fig. 1), &
5iz, UVO i3, +BENIHL 3.5 km OHEE (BGK) < RAENKYRE KBFFerT & 316 TR &3
247074 ERBEL, BREMNEZIT-o2 Fig 1), TRC2ZBIF 7 —213, Bakss,
TFHoZEE LR Ty (FEF - 4, 1990). 22T, BT 2 X v —TiAAA,
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FNETUIA X LIz, KiZ, £h
3 HICHZAEEIL, 100 Hz T
> 7L, RGN % I,
P dwnghd: 54 1.5 B TR ) N
Twb, F, ZTNLIBKESHH,» S
FPEAL XLz, SRR
Rhdk 5, Fig. 2 ivaH - (1990)
ICH->Twa ) PFLDEEEZ
DT EA XL IEROB R,
AR TIE, Ei2 TDO ¢Esn
IR ERSBIC OV EIT). *
7z, UVO n#iRliE (TKC) T 5
N7z MErCE % fBRICH - 5. #
FicHW 2 BRMEIL TDO Cité
nEL N 1/16, 1/20, 2/1, 2/4,
2/6, 2/7, 2/8, 3/5D8DTH 5,
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Fig.1. Map showing topography of Mt. Tokachi and
locations of seismic observations (TDO, TKC). The
62-11 crater is the epicenter of the 1988-1983 Mt.

L

Tokachi explosion earthquakes.

BREMBEDOWERFEL TS 20
i3, 7, 20BEICET 2 BRI LETH
5. TBEICBIT A HERRSIL, IETHE
F L B oo, BERILEICE-> T
W3, FD7zHic, WEEN R ADZERY
Az & TET, EMLERELI RO Z LT
REETH 2, SHOBADOEIC, EKFEILE
B F— 23 FEMILEOK FBRICE W TR
T VA BHZTv, MEROBRARE E B
R R OMB R B L TRE X <R,
LFHBEORESEZRA LI L (FF, 1991
Nishimura et al., 1990). *7-, B (1993)
13 2 B R T P o ETEIES & K FEIES
DIRMEL & PRk DELERH % iV TRRHED
BRZ2HELZ, cnboRICLY, BHHt
BliE, —E0BRYEAIRRE L 62—-11kOD
ETH1~3kmoRE CRE -TREE» S
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Fig. 2. Anexample of original seismograms
(upper) observed at TKC and their digit-
ized seismograms (lower).
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Fig. 3. Upper: Epicentral distribution

of volcanic earthquakes at Mt.
Lower: Vertical cross
section on the X-Z plane. The 62-11
crater is also shown. X indicates
the seismic station. After Okada et

Tokachi.
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Fig. 4. An example of observed seismograms and par-
ticle motions on the radial-vertical (R-V) and the
radial-transverse (R-T) planes. Vertical lines on the
seismograms show the time window for the particle
motion analysis. On the particle motion diagram, a
dot indicates the starting point.

W AR N TV 5. Okadaetal. (1990) (&, —EOBKIEENC & 5 kIUMHEDE RS,
Fig. 3Dt 512 62— IIAKOICEPLTWBERNTWS, FROERELZZ T, BERMENE
#E62-1Ik0& L, BUEES NSES & EW B4 2 6, Radial 4 (BLF, RES) &
Transverse B4 (LLF, THS) 248K L 7. LT OKFEEBDFENICEWTE, ZbDREMS,

THSG % Hv 5,
N315) &% 5,

%, TDO & TKC ¥ ToRAHEM & H0iE, (2.8km, N 250°), (2.1km,

Fig. 41z, TDO R TKCic B 2 BBER OB 2173, PEDMEI> 5 1 ~ 2 HHICIZ VS,
REEGIZT TR TGN/ SV AFEDEBHEEINTWEZ RN 1DTH S, 62— 1T ki
FNFNOBAEOEREITX 2 ~3 km THY, THIIHEBEROITITIHEICHESL TS, Lir-s
T, TGO IV AWIE, B BECHEOME Y ZT T RMICREL 2B TR L, BR
THEALZSHEEEZ bits, SH#EIZ, 19834 4 A 8 HORMILDBRMEIC B W T L EH

ENTw3 (RE -1, 1984)
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Vs, RESGOPEEBbNIMEINEIEIT/NE {, F72 SV EMALFHETH 525 TDO
BIUOTRKCOELLTHPHOMENE (L] TH 5, BEF- (1990) 2 & 5 &, SEIEHTIC
T o 72 BB OWE L, FIENESS AN A L D3 TNT TKCIZH LT[ L TH 3.
Minakami (1960) (2, BRMBNOREHE LT, PREOWENZ & OFMOBRETL kO 5l
Ll ThaEEHLTWE, MEOBEHETE, TNToBMETAO»rLn [HL] THD
Pirighs Bl & T % (Iguchi, 1994). —5 T, 1970 ENRkKHE & (B9, 1971) % 1973
SENZMIL (TEE - fl, 1975) DBRMETIZ, kOHr 50 [#L], [51&] ¥H53BMEN
T 5, 1988—1989 S0+ O BEME TR, RS/ KOOEHIC R > TwdD T, §XC
DFRT THL] ) 2B TE W,

£BSHE D TDO R TKC T Particle Motion # RC4 %, R—V EREOMENES 13, *
FxOFEH»L L] ¢ ETHHID L R E#ML, Prograde DR T#E & Hiv T 5,
% D% &Iz Retrograde B THEF DO KIRIGOWH BN D DG b, TDZ e d b, VAL R
SDVEFRDRICEN L KIRIBOWIL, iV A4 ) —ELLBERENTWEETZ S, 223
RE VD, MO BFEHERSE D RBOREER-> T3,

V. BREAHZX L

KN KICPE D BREBEBOEBIE A = A2 DWTIE, [EBETHRL L) ICHEL LT A6
RENTWE, 22T, HBENBIERMEBEDRIE A 7 =X 42, WEIFMELY Single Force €
TNTHBETELZLERT, 2 LT, BB LHGHHREBL2HETZ L), ZOER
NG X—FERD L, BRERE & EREREOLEIZ, MEIL VM 2BEIcHER L TT). Bk
Wk K> b1 b7z » T, KRFBEREE 2 E L, I, EiB1REATS] (Kennett and Kerry, 1979)

Table 1. Source models of explosion earthquakes and radiation patterns of

P and SH waves for these models. Here we consider only up-going
waves from the focus.

Initial motion Radiation
Source model Reference
of P-wave of SH-wave

Explosive Source

4-{—' push NR Imai (1980)

Implosive Source

{
-5;4- pull NR Uhira & Takeo (1994)
Mzz

i push NR Iguchi (1994)

Single Force Kanamari et al. (1984),
1/% pull/ NR/R . Oshima et al (1989),
Vertical Inclined push & pull Nishimura & Hamaguchi
(1993)

NR: No radiation, R: Radiation
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& Discrete Wavenumber 3= (Bouchon, 1979)
#3IC L 7> Sasatani (1985) # v CRE L 7.
7, BIR% point 2AREL, #EME L LT
FZRHOPEEED3.0km/sec, D FH°5.5
km/sec, PUHE & SEEENHAT1.73 DK
SE—REREE (B - A, 1971) EAW 5,

T VRN, HBEOBSME D KB &
BEYTLEEETNVERD L, FREFEET VL,
T B E N 5 BB DR % Table 1142
FrHbd (2T, BE»s EHICHES
ML T 3), GO BREIE R DR
E LT, METLARNAL, PEAIEHVEH
DBRATIHLITHY, F7, SH s 8B
BRENZZETHE, ZOBMERE
THEFETT VL, Table 1 kD, V72 Sin-
gle Force DA TH 5, 7z, Fig. 5 iIcHBFE
T & 2B mER L BEEE SR, Zhd
5RO BBNT & &) BIRE T VL, Single
Force Th b2 o35 . ULL Y, KETiz
THEOBERMBEOEFEETVE L TEM L2
Single Force ®7 NW##HT 5.

1. Single Force €7

KL K ) BIEHBAEIE 2 7 = X L1
BIL ¢, Kanamorietal. (1984) 1%, $5&E Tifl
% o Single Force TEBRTE B Z L 28D T
7~ L7z, Kanamoriet al. (1984) (¥, 1980 fF5
H 18 H St. Helens DR ENEF L&

Fig. 6. Explanation of the single-force
model for an explosion earthquake
(Kanamori et al., 1984). Meanings of
various symbols are given in the text. A:
a pressure release model for a volcanic
eruption. B: Decomposition of the force
to a vertical single-force and an im-
plosive force.

Vertleal
Obs. DO
02/08
Inclined Sin@r%/\ﬂ/\/

Explosive source

Implosive source

Depth=0.4 km
Pulse width M=
={.7 sec
Radial
02/08
Inclined Single Force

Explosive source

Implosive source

00 100 200 30 4% 50 60
TIME [N SEC
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mograms and synthetic seismograms for
four source models. Upper: vertical com-
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ZMTL, Fig. 6 DETN2ZAWTERREHMEDEE X 7 = X457, KIUEBHOBHIZNT 2K
e S % FTEETH X o Single Force &~ 7 =) OBREICHE ) L * %7 Implosive
Source DA S LY THHTE 2 Z L 2R 72, FEBEEWIC Fig. 6 D& ) PRRES P,
EE 2, $FrOMENHB LTS, AR EMABRUHEF SN TV TEHEICE Fi(=
ar’Py), Fs, Fs DN EIWTWw3, Bkick ), BABFER) e b L, Fig. 6Bt Hictk
MEDS Frid, BUEICIEERT 55 Fs, Fsix, FIRROEN ERERRC, v % BENOWEHH
Y 20EE LTS L, txr/ve TRELBEBNICIR2ICEBYT S, 22T, Fr% Fig. 6BIloR
FEIICFn &, Fo, Fs LML Folco@® 45, 2975 &, FBICE 28R, SBRETH
% ) Single Force Fr1 & Implosive Source Fr., Fy, Fs DlAGHETRIATE L Z L4
% (Kanamori et al., 1984). Single Force & Implosive Source i2 & » TIN5 ZNFhD
HWEEHKRKEICHL TEVETEHRINS,

2. BRNZ A=2I12& 2 FENE(L

BHIEE E—8T 2BBER 2RO BICH12-T, 37T, BENESR, Single Force D% &
HAHZEAL L 2235 A BERE D E ORI ELT 2 2 %~ 5. Fig. 6 B @ Single Force i3 &1z
Vb EhoT, WK ) EWATEREERFLTY
BH, T2 TIREMIC Fig. TA® X J % pulse
width ¢ %83 2~V E ) iR FEBIE # e L

A
1 —

TDO vetcar TDO raca
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ow)

a
[ —
% o
g 3
=
gl
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i

* 1km

»=3.0km/sec
Ve=5.5km/sec

000 100 ”“I"IIIE‘I:‘SE cn.oo 50 8% oo 100 ’hmE‘IVP‘I”SE cn'm s s
Fig. 7. A: Assumed force time function (F = Fig.8. Synthetic seismograms for vertical
peak amplitude of the single-force, r= single-force models with various focal
pulse width). B: Source-station configura- depths. Closed and open circles indicate
tion used in computation of synthetic theoretical arrival times of direct P- and
seismograms. C: Coordinate system used S-waves. In these computations, the pulse

in this study. Source parameters for the width is fixed as r=0.7sec.

inclined single-force are the peak ampli-
tude, pulse width, azimuth, dip and depth.
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TDO vertica TDO rociar
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Fig. 9. Initial portion enlargement of the
synthetic seismograms shown in Fig. 8.
Theoretical arrival times of direct P-,
refracted P- and SP-waves are shown by
a closed circle, a closed square and a
closed triangle, respectively. SP wave
radiates from the source as S wave, and
is incident at the free surface with criti-
cal angle, and then travels along the free

B P wave Station surface to the observing point with the

speed of P wave (Kawasaki et al., 1973).
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E bbb, ZZTRLEFERR, WhWw 3 P MBI EE P o radiation pattern iz
DAFEHINDIDTR LW EEZRL TV,

EES

Single Force N E M\ T & 2 BEREEOZLOREF % Fig. 10 12R ¥, BIENHSI2 0.4
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Fig. 10. Synthetic seismograms for inclined single-force models with various dip
angles. In these computations, three parameters are fixed; the depth=0.4km,
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Fig. 11. Synthetic seismograms for inclined single-force models with various azimuths. In
these computations, three parameters are fixed; the depth=0.4km, the dip angle=60",
and the pulse width=0.7sec.
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DWTRS &, 0°& 180° TiE Transverse iz B\, 72, SH #13 0°~180° & 180°~360°

& T, MAEDHEEL T 5,

3. BRINSA—5 DR

PEn#R% 332 T, BHEELHHTS
BIR T A= 0@l #ET S, $7, BE
DRINZDOWTEZ 5, TDO, RV TKC iz
2 BRBEB I ORIBLNE W, ZHZ &
&, HmEEoBRNR S ITxT 5%t (Fig.
8)& N, BROBRIIBBLZ0.5kmLlike
HEIND, Rz, HUAICOWTELS, B

W ¥ W D Transverse KT I EH T % &,
TDO, TKC &% 6 TLMEE~A+ A TH 3
(Fig. 4). #- T, H@®EE & Hirf 0BG
(Fig. 1) & 9, FHfifi: TDO R TKC ¢

L b RTYH, 180 LIS TEZL 6%\,
& oT, INLDFEHEEMITHAAIRX N 135
~250° DFIFAIZ %0 2 (Fig. 12 O#HE). 25
2, BEIWE D Vertical ii4, &1 Radial 4y
OWENEHT 3 &, TDO, TKC ¥ 5 T3
L] THa, HMHEEE oML 2R
L FAAIE, 0°~90° B1r270°~360° TH
5, W-T, ZhbnFBemnzdT AR

TDO
N250°

- N
N34}0/._
TKQ -"'«.,'
N315
W R E
N225° N135°
S

Fig. 12. Constraints of Azm (azimuth) by

comparing the observed seismograms
with the synthetic seismograms shown in
Fig. 11. Minus initial motions of observed
SH waves at TDO and TKC constrain
Azm to be N135°~N250° (a region en-
closed by horizontal lines). Plus initial
motions of observed P waves at TDO and
TKC constrain Azm to be N225°'~N340°
(a region enclosed by vertical lines).
These two constraints show that the
range of Azm is N225°~ N250".

N 225°~340° 12 7 5 (Fig. 12 #HEEER) . 2 R & Lk o) Transverse i1z DWW T DR %2 #
AEbE b L, HAIX N257~250 iIClRESX NS (Fig. 12 DHERLE). Bk, HEizHow
T#2 5%, TDORUCTKCIC BT 32 £BREMENEREE L, FNFhoMEE 0BG KE (Fig

Table 2. Single-force source parameters estimated for Mt. Tokachi explosion

earthquakes.

Explosion Depth Azm Dip Peak Amp. of  Pulse width

Earthquake (km) Force (N) (sec)
1/16 0.3 N 230° 50° (2.94+1.1) x10° 0.9
1/20 0.3 N 230 50 (2.7£0.9) x10° 0.6
2/01 0.3 N 230 50 (1.240.8) X10° 0.8
2/04 0.3 N 230 50 (6.7£3.6) x10° 0.8
2/06 0.3 N 230 50 (5.6£3.5) <108 0.5
2/07 0.3 N 230 50 (1.7£1.1) x10° 0.9
2/08 0.3 N 230 50 (3.6+2.7) X10° 0.8
3/05 0.5 N 240 50 (1.6+0.8) X10° 0.7
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2, F 72 EEEEEBIE O pulse width (7) %2 0.1 B 2 ricBb3 v CHRER23TEL, 215
BB Vertical, Radial, Transverse B DW & ik L7z, 2 LT, BB R
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Fig. 13. Comparison between observed (solid lines) and synthetic (dotted lines) seismo-
grams at TDO and TKC. Numerals ahead of each trace indicate the peak-to-peak
amplitude (cm/s) of the observed seismograms.
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Radlal Radlal
Transverse Transverse

000 1.00 200 3.00 480 500 6.00 0:00 100 200 3.00 400 500 6.00
TIME IN SEC TIME N S5C

R-V & R-T B

RV A _ RT B
Obs——  Obs, S Obs.___°  Obs.
Synj Syn. r\ Syn. Syn.

%4

P bistribution 14
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Fig. 14. Comparison of particle motions for the obser-
ved and synthetic seismograms. Time windows
for the particle motion analysis are shown on the
upper panels. On the particle motion diagram, a
dot indicates the starting point. Fig. 15. Distribution limit of ballistic

blocks for the 1/20 explosion (upper)
and the 2/8 explosion (lower). After
Katsui et al. (1990)

W & BEmHT % Bl Fig. 13128 T, 1/20, 2/06 DBSHED Vertical 4>, % U* Radial 5%
4Tl TDO, TKC &5 5DBAATOIWMERHE N —%L < s, Mo BRBEZ L LD
BRRTY, MERIIE LKL T3, Fig 14 B3 & B#REF o Particle Motion 0
Bleamd. R—VPETE, MBS TiEMESTiTHE L Prograde B2\ T\ 5, % 72,
R-TFHETY, SHEIERICB VT, WEMIIE CHMICIREBI L TWa 2 & 35bhh b,
Table 2 DFERIZ, 2/08 DBEFEHBIZOWTOKE -4l (1989) BN BEIREHBEIZ ST HF
 (1991) 1ok 28R (BEORE [ 0.5km L%, BIUH0ME | BEHRICAEE? S 60°
~80°) &L <{—HL T35,

Katsui et al. (1990) 12k 3 &, 4HEN—ENEAIERIC & 5 BURERIZ IS » & B FH 2 5%
LTw3 (Fig.15). A& Single Force i3, %ici~7 k3 iz, KILE R HBICHT 2
BARHN I % RS £ &2 T b, MIHBERD DA F A NOEE & #58 & N7z Single Force D FH{r &
& (N230°, 50°) 1, ZDERZ*XHTHLDTH 5.
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1. RBIAED & & U KE$R

> = Tl%, Nishimura and Hamaguchi (1993) 9k LM kizxi3 % Perfect gas model % fiff
v, 3k L N 7- Single Force Wk E & (F) X pulsewidth () #BWwT7, WEOBELB L O
KEAEEZRDH S (Fig. 6 BH). ZOETILTIE, KIIEAZEBICEZ b2, UFoz &
IRET 5.

- ARNOWE (HHM) *TefkEd 5,
CBEHEEEEEE B L.,

Z Y&, Single Force D AkE X F, RUXBHDENNEERIZAL P(¢) 13, BARIOKED

EhE P ETHE FLER

F=nrr’Ph, (1)

P(t)= Po{1+—t-—l'( )2(7— t} T @)

Doy

LET B (Kieffer, 1989). = I Ty dEEEA L EREBANL, SidAE EROER (17,
KEOEE Qar’), vo 3MHNMEELZET, yidBBL21.1~1.4Th % (Kieffer,
1989) Single Force I3, Kk EPRNE & EEkic, Fig. 6 B @ £ 521213 Exponential {2 4§ %
N, Single Force @ pulse width %, KEWNDEHD P/felcic b TOBELEHT S &
(Nishimura and Hamaguchi, 1993), 2)& 1,

r=clv—: ' (3)
a=—ArFL 7“ Yo (5 —1) )
IRESL, yH1L1~1 4D E, aa=3F+0.3Th5, PUOICRAT S L,
2.,2
F= Tc’g') 7Py (5)

ARLND, T, BHWOFEE v id, Kieffer (1989) ik 2 &,
Vo= }'RTO (6)

EPF, SURDREH R

(22T, o BHMOEE, R:SGEHR T MlOEE)
zHWb L,
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Table 3. Vent radiuses and initial pressures for various explosion earthquakes.

Vol Vent Initial Reference
olcano Radius (m) Pressure (Pa)
Mt. St. Helens 447.9 4.,1X10¢ Kanamori et al. (1984)
Nishimura &
. . .0X10°
Mt. Asama 49.4 2.0X10 Hamaguchi (1993)
Mt. Tokachi 1/16 15.5+1.7 (3.8£0.8) x10° This study
1/20 12.5+1.2 (5.5+1.0) x10¢ This study
1/28 13.7 6.7X10° Nishimura &
Hamaguchi (1993)
2/01 11.7+2.8 (2.8+0.8) x10° This study
2/04 18.1+£3.2 (6.5+2.1) xX10° This study
2/06 7.7x1.7 (3.0£1.1) X10° This study
2/07 13.6+3.1 (2.941.2) x10° This study
2/08 15.5+4.6 (4.8%+2.4) x10° This study
3/05 11.8£1.9 (3.7+1.1) x10¢ This study
7P0 y
= 6
Vo 00 ( )
LEEHRZ NG, LT (6) #2@NAAT R L,
22
_ beCi7
R=C ®)
b, Eohiz, @FDITAAT S L,
e B Cry2 4
F=z% rr 9

PIELNE, 0L ) ITEBYNOEE 0 R y 2—%FfHE T 5 &, Single Force DKEX F B
& UF pulse width 7 #5RZ UL, KBEORE » PORL Y, XKERFIHES B H»B)RA L VKZ 5.
HHEDBRBEBIIN L THESNL F Rt bKdz v B Py % Table 3127 §, 22T
i3, WHMOHE o0 L EELBE EHBBEANI y %, ZNFN 2000 kg/m?, BRUF1.4 & L7z, %
DFNHF T, Mt. St. Helens (Kanamori et al., 1984), #FRlE L F+HBEND 1 A 28 HomEX

(Nishimura and Hamaguchi, 1993) IcBIL TiE, T TIcRE-Tw 3 F & e LEHEL 72,

THEOBEMBICNL TRHLNL 712 8~18m &4 ), ZhIE, LBEXARE (1990 a)
Ik - TEBICBMINEBONEREH 0m & L—HLTwb, £z Rid, Enkilid 2
MPa~ 7 MPa & %Y, Nishimura and Hamaguchi (1993) #%Ks 72185 HE O NEAIEE S
0.1MPa~10Mpa »&FEWNICH 2. THZ &5, EHFE ) FEBIZ#H 0.1 MPa~10 MPa £ T
DEHCREZ 6D, ZHEBL 5 LHREIN, FOXUDEIREBLBEAIEE S LE
ZbNb, BEVWIRZ B L. HMADIEFE BEME LT, KB ERICKH 0.1 MPa~10 MPa Ll EaFE
NBETHDET R 5.

fEMTH 53K b 47z Single Force Wk & & F & pulse width ¢ Bk % Fig. 16 iR¥. F &
T DRI
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Explosion Earthquake

VR4 T
£ @ Tokachi (this study)
8 VOBM3 [ o okachi Oishimura ot 1) o
E 1.0EH12 |—| ©Asama (Nishis ot of)
o ) St.Helens (Kenamori ot al) F=1.8log T +8.6
B 1.0E+11 T
|
%5 10E+10 Q
4 . . .
AL $ Fig. 16. Relation between the peak ampli-
E 10E+08 tudes and the pulse widths for the single-
E 1.0E407 force.

1.0E+06

o1 1 10 100

Pulse width (sec)

F=18logr+9.6
DERTETE S, G (6) RERAL, WAONEE L 2 &,

logF=2logr+g(Ps) (10)
g(Po)=2log Py+log(x 7/ cipo) (11)

#1% & 1% (Nishimura and Hamaguchi, 1993). (10) & g(Fy) i3 Table 3 DR HW5 &,
8.9~10.3 %1, Fig. 16 » F & r »B#RIZ (10) R0BEERABIR & L —H L T3, fE- T,
4 Eskey & 1172 Single Force -k % & & pulse width {3, Nishimura and Hamaguchi (1993)
EERERIZ, (10) ROBREZRMZZ T Z L4 L L7z,

2. Single Force & Implosive Source

I (IV— 1) TREMBOER A 7 = X 22, ¢81E T & Single Force & Implosive source
DMAELETEBRTELZ LR 2. T2 Tit, Single Force & Implosive source 2 i
izt &, PE LD source B b DOMBW A BRT 02 ONTEHRIRT 5, 22 THW %R
i3, Fig. 6 D& G LMENT Fr BEESICEETHEETNLTH 5,

Kanamori et al. (1984) 12 &k % &, iR BRSOESS+HH BN T 2854 (Far-field),
EEHE x OB T Implosive source & Single Force iz & 2B ORKIER U, U i3,

Nl M |~,37T7’3P0L
l4mocix | |dmoc®x T (13)

1

A F | | arh |
| Ul ldmoctx | |dmoc?x | (14)

EREND. 0 & c BEENOEE L MEREE, M3NARSDE— 2>+ 72 Y VM@Bar’ P
R 2Ry, e Ur Dtk & 5L,

Ui / =3 (15)

ERT B, HBEICBWTR, A 10m, ¢ 138 3 km/sec, r13#0.7sec TN T, U/ Urld
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0.014iz% 5. $t- T, Single Force iz ltX Implosive source DFI#E L 72 EKIZ NS & D),
TEEDIBREMEBENEEFE T T IWIE—ITl & L T Single Force TERHTE 3,
¥/, BFCBEAENOEE V4 (Near-field), Implosive source & Single Force iz &
LB OBKIRIE U, Ur i3,

Fr
Ui~ (16)
F
|~ gy (a7)
& (Kanamori et al., 1984), Far-field & LRSI Ui & Us DEZELS &,
1% UFH%} (18)

Ed, BRLBUAOEEE x 7%, FARICBVTL2 km U ELXD T, U/Urid 0.005 LTI
%Y, Implosive source 2FIHE L 7o MBI DIRMBIZ E LD TR L3, LEdr s, HHBENES
RMBOEBEET VL, & 180 LT Single Force TERTE L= b 5,

—7, MEDBREMENER A H =Xk, Uhira and Takeo (1994) < Uhira et al. (1995)
DA > 3—V 3 iz k - T Implosive Source THIHI N T2, BEIZ VT Implosive
Source DB EREL BB E LT, EE»AOETH2.5km &<, Fig. 17D L5 I2ER
BE 0 i L ORMBO T 5 KBS Frop D0 > () WD L, Frop & Foor DEDPNE
37280, THE Single Force #5/h& {72 1), #7284 Implosive Source i & 4 #iZE i H*
B L7722 E#E 2 515 (Uhira and Takeo, 1994), ZiicxtL €, +RECIZERSAOE
TH0.5km %<, EAEE) L OR
Wikl 5 KB4z k& {, Fig. 6 nk g
i Fr pIRREC IR L, Fr, Fo, RAIZE :

l down

up‘ Fiop

r

0 time T
EL <%, Ak & 9 iz Single Force 1z & Fbot
HHBEHEIHEBLI2LFEZ N5, Fig 6 &
Fig. 1712 RE N2 A H = XL DFERIZFE L
TH B, KEDEREFCL VBHENLH

BREORESRL 52 LICHEET 5 LEXD 0 time 1

- Ftop-Fbot
5. jectamotion
, ——=——=)p ¢jecta motion
sy fOrce direction  gown 0 time ©

r

0 time 7T

£
l;

3. BT S mFa—FeEBENNSA—9% Wave field : implosive force + single force

~ single force=ejecta motion + (Ftop-Foot)

T b=y 7HMEICEWTIE, BENH
BISHBEOKRE SITKFT 52 LoD - Fig. 17. Source mechanism for Mt. Sakura-
T b, BIMEN IS P D b LA jima explosion earthquakes. This mecha-

nism predominantly radiates wave-field
LGP T, 22T, IVETK from the implosive source.
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Explosion Earthquake

6 i
5 | & robep i ot )| 2
&
£ AR
g2l - ot Fig. 18. Relation between the seismic magni-
° 1 tudes and the vent radiuses for explosion
earthquakes.
° 1 10 100 1000

vent radius (m)

DOENTT A —F LB =F 22— FORERIZOWTHHNS, Fig. BlciE~/ =F2—F
(Kanamori et al,, 1984 ; Takeo et al., 1984 ; sLIREFX ARG, 1990b) & KEPEROBERETR
T, KBEERBRCHHL Tl =Fa—FIRELSE>TWBILFTPE, ZORKRE
Nishimura (1998) DR E—HT 2. N b, BIFA & =X L% Single Force €7 LT
HINHBREMEBOBRERIAODNOKRERIKFL TWSEEEL S,

VL. % & &

1988 —1989 £ N+ D KIS ) BREHEO B EIR, PRAWBIZTHEZL2 5 A0 L
DR 2 EDBMET L] THo7, T/, RMEHEML, SH D HRECBENI L,

TEEROBRRWENORIRE A 7 = X203, BEEOFME L&, RURRER BRER LD
Wiz k0, #E#L 72 Single Force THBATE 5 Z & 534 H - 72, Single Force D &34
N 2307, fZ1x 50" T, BEOEEIANETO05kmLIXTH b LHEEI NS, ZoFMB LV
BE3, SENOEAIC L ZEBWOSAE L FHNT 5.

BT L BB EIz L Y, Single Force Mk X X, RUf pulse width #R72. F41L
LNDKREEX|E5.6X10%~6.7x10°N, pulse width {2 0.5~0.9%THh - 72, F7, Single Force
DRk E R, pulse width 3T 2 i Bl § 5 BEZRA R 6172, Z DBEfRiZ, Nishimura and
Hamaguchi (1993) o kUM Xz #§ % Perfect gas model iz & 2 F#ll & iTiT—T 5.

Nishimura and Hamaguchi (1993) ¢ Perfect gas model IZft\vy, XEABIAE S & k2
BERDZ, KENWBENE 2 MPa~ 7 MPa &% Y, ZOENGET 5 & AE EXHHHE 2
N, MAIMWE -728FEZHN05E, KE-TKEPFLHWE~ =F2— FR2HBLIER X
EHREEHE~T =F 2 — FICIHEEYH D, KEFREIKE T ERBOBED E (%54
‘AR LN, TORREY, KBXIUDKEEEIKE L, BRESZTHA ) BRIBEOH
Bx TRTE 2RSS B,

BE AR THw LN TDO IS BT 2 BERET, BMLVWIRE EHI L h b6 T, B
PR NERE & X DRF R HAT E N HERYE R E LBl > F—nE DR L BUETE R
RN B ERABZEROSEBEROBNIC L > TRLNZLNTH S, T2, FLAYH
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