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Fig. 1 Eruptive activity of Sakurajima volcano during
the period from 1955 to 2008. Top: annual numbers of
explosive eruption. Bottom: annual amounts of volcanic

ash ejected from the summit crater.

7273'74'75'7677°78'79 80 81'82 83 84 8586 87 88 89 90 91 92 93 94 95 9697 98 99 00 01'02 03 04 05 06 07

BEIME

72/73'74'75'7677.78'79 80 81'82 83 84 8586 87 88 89 90 91 92 93 94 95 9697 98 99 00 01'02 03 04 05 06 07

et

72'73'74'7576 7778 79'80 81 82'83 84 85 86 87 88 89 90 91 92 9394 9596 97 98 99 00 01 02'03'04 05 06 07

Fig. 2 Monthly numbers of A-type, B-type and
explosion earthquakes during the period from 1972 to
2007
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Fig. 3 Hypocenter distribution of A-type earthquakes
during the periods 1997-2002 (top) and 2002-2007
(bottom)
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Fig. 4 Temporal change of cumulative volume of
magma reservoir beneath the Aira caldera since 1995.
Solid and grey circles indicate volume change of
pressure source and cumulative supply volume to the
reservoir.
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Fig. 5. Location of seismometers and shot points. Stars show shot points. Open and solid circles indicate

short-period (2 Hz) and ocean bottom seismometers, respectively. Squares aligned from S9 to S 12 and from

S6 to S15 are seismic arrays for reflection method.
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Table 1 Shot locations, times and charge sizes for 15 explosions in the experiment

Shot Latitude Longitude Altitude  Depth Date Time Charge

° ° m m JST kg
S1 31 44 5235 130 34 5392 21.68 72.33  Nov.6,2008 01h12m01.106s 300
S2 31 36 49.04 130 37  29.77 10.48 15.57 Nov. 6,2008 00h12m01.867s 200
S3 31 32 57.49 130 40  53.86 -5.21 21.18 Nov. 6,2008 01h37m00.870s 200
S4 31 26 39.98 130 45 5.53 6.45 72.10 Nov. 6,2008 01h22m01.048s 300
S5 31 43 36.79 130 51 26.45 253.77 2420 Nov.6,2008 01h27m01.006s 200
S6 31 36 13.22 130 42 23.69 -2.67 18.15  Nov. 6,2008 00h17m00.567s 200
S7 31 34 10.26 130 37  30.79 14.22  20.73  Nov. 6,2008 01h32m01.717s 200
S8 31 32 1.11 130 48  48.65 204.92 13.10  Nov.6,2008 01h17m01.046s 200
S9 31 35 147 130 42 5.05 66 13.13  Nov.5,2008 22h22m01.850s 20
S10 31 35 42.48 130 41 34.11 102 13.23  Nov. 5,2008  22h17m00.376s 20
S11 31 36 44.82 130 41 0.42 144 13.34  Nov. 5,2008  23h17m00.300s 20
S12 31 37  5.66 130 40 38.71 91 13.23 Nov.5,2008 23h22m02.320s 20
S13 31 36 3097 130 39 54.29 314 13.16 Nov.5,2008 22h12m01.304s 20
S14 31 36 2738 130 39 13.13 325 13.17  Nov.5,2008  23h12m00.793s 20
S15 31 36 17.87 130 38 18.21 369 2.9 Nov. 6, 2008  00h22m01.163s 20

The coordinates are based on WGS84. The altitudes are head level of the dynamites.
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Fig. 6 Record sections of seismograms on NW-SE line for (a) Shot S1, (b) Shot S2, (c¢) Shot S3 and (d)
Shot S4. Amplitude of each trace is normalized by the maximum value. The reduction velocity is 5.0 km/s.

Arrow indicates seismic station the closest to shot in each record section.
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(87)
Fig. 7 Record sections of seismograms on NE-SW line for (a) Shot S5, (b) Shot S6 and (¢) Shot S7.

Amplitude of each trace is normalized by the maximum value. The reduction velocity is 5.0 km/s. Arrow

indicates seismic station the closest to shot in each record section.
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BRI, O ERRIC S L CRL.0sETEREV, B TLI
AT D EEEMEOBFRREICBWTEEENOE

3

B S ITAE AR 72 BRI L CIR KR CIEEEN D
ZEFTTIZHMENTWVWDHZETHDLIN, TDI &

— 303 —



DA LTHUBEEIC L > TR TE -,

B, IBHSTIZOWTAT VY 7 B X UBT v 7 Tt
BRI N TE TR HE20b b, LN
HWOBLHSHE & BEOVBIRLEREARD bz, Zhb
OB SIS P IE OS] Z R L b E oL HR
BB T D, T—% v b —CIlLER 2L RN
T, B X O ERHE S OFEl 72
BRABLETH D,

6. F&H

200811 A BB KILICB W T AN THIEIC X 51
EREZTo72, MEBEBLIOWBEA VT T B0 OkE
Wlza26 OHER, IR VT T NOWHKIZ32E D
IR 23 @ Uiz, £72, BEEE» LI
2216 OMEEF 2 SR S5 SCGHERR A B L
Too EBNER OIS B VT T 4MEO8EFTIC B W T
200~300kgtk D X A F~ A N OIEWEITV, IS
NI HIE W 2 KI58% DEIG CRAFICBI T 5 2 &8
T& 2, 2 OWRRED S P AIEN A5 B O FEAHL D
BiTolo, WERRESEMNNOME - AR ILVT F
D 6 OV B = 540 00 U A3 % B U 7= RN
RO BT, AR~ 2 &3 N T HERE O
T ET, 4%, FMRMBIBLETH D,

#

A Bl OB LRI ER O 4 F5 X OVE 0 Kk
DEERDAE R D ZTHME - HE I Lo TEKT S
ZENTEEL,

MR ERT, BRSSP, mAKWASN, BEM
e, TRTETT, WAENES, IMaAT&S, B
VR B AR AES, viE b B Rk (L SRR, BRI
JNEEFBERT, BREREEHRMASESSR SHM
AR I ER O R ICH =0 oM, R
BOFEEK > TWEREEE Lz, ISHMEKRS
FERE RS S I TR FLO IR H - IRIEEE 2GS T A
STV E, FHEONEOERE) LB HERIRY
F L7z, £72, BRETMME BRE7 =Y —) ,
EALLAUME, BFZ2RAUME, R UME
WA O ERT & PR N7 & F L, #hiIES
AT B G ok o 2, BB % B
WL E LTz, SERRIE— B T3 R4 S HI= I3
EHEFOBRBEICOVWTHKEWELEEE LA, Al
T¥Hstticizae F—oERICET 257210 T
<, BINZOWT B W E & E Lz, EE
VAT ARSI BT - u A=AV L
F L7z, Uk, BEOHRENHKDEIZKDOOED Z
ENTEELEDOIRERO WA E ZHEO BT

Thbh, ZoHEEY TESHELP L LT ET,

AT VL TR L KT I FE S W) TEBE
INTZHDOTHY, SCHBFE Y RHITILE  #HALH
L EFET, o, [EGTHEKILEK LRI
Bk o —fHeAR L TCWEREEE Lz, BEHE
BN IR B R TR KT e i B 2 H L
F Lz, £, AL, HARUKFEHIENIEHT LR
g7 a7 LAoEMEZ T, RS Bt
EEPO—FIZTEYL LE L,

BB, KIEHEERED KSR L 257 —2ah
— ORI T EE - B CHRAE I INEEN IR
HRRF 40 B IR &I N ALK P4 BB DA
WczMahfzZ EEREETWIEEEET,

& Xk

BB - 584 (2008) : ERILIZIS T B A Ll
BRAE—REOME L PIFE O ERIZOWT—, FHT
KPR ST E R, %5834, pp.1-26.
FHOTEAN0989): kK LPEHIZEB L - BHO#EIOH L
Sl & oA, REKTBL KRR, 6 32 5
B-1, pp.13-22.
FOIEAN - {394 (2005) : AKREIMEXKLIZHET
HZANTHEEE—FEEOME L EOERIZON
T—, RHEKRFB KB E®R, H485B,
pp.297-322.
FHHIEAN - 174 (2006) : FREHZWE XK LIZIIT
2 NTHIERERE, sEKF R E#R, 649
5B, pp.339-353.
HOEN - R - BEZ (2008a) K ILTEEO
FRiEB—1997~20074F—, F10[EIEL B K (L DE A
B, pp.1-18.
FEHIEA - &L - g ACH - ZEOEEL - SR
A REARE A - KHEBER - B % (2008b) : GPS
BN R0 e tB O~ 7~ EE), FHEK
PSR, #5155 B, pp.241-246.
AEFEL (1988) : HiER#EFAOBIINIC X DR K
o~ 7 <0 B I OKEOHETE, 5K 2R ST
FEATAER, #5315B, pp.59-73.
AREFGL (1997) K ILBLHI A B R 7z K Il o R iE—
BB KILDE %D FRREE—, v 7/ v BRE—BUIR &
BE—, REKFY KR g s (—)
8K-67 L4, pp.1-7.
FEFAL - PR (1998) : B KILOMEIRE), 559
MR B K L DB i S BLHI (R 84F 10 A ~ F R 94

4A), pp.1-10.
TTHEJE R (1988) : BB KILEIC I 2 i A 6
—19824F-~19854F—, ZF6MmIEL S kL DOEFRES]

M, pp.15-19.

— 304 —



JLEERE R - 124 (1997) BRI LVT 7 MO
M —19914-12 H ~19964-10 H —, AR R FBh St
L, H405B—1, pp.49-60

KL - RiBEM - HF LA - AL EE 7 EE SRR
B V—7 (2003) : ALHRER S HICBT D AN LH
ERAE R O E—, HER SR B# 2 20034E 4
MR TR, V055-009.

MIBEM - fl (2003) : FERILICIH T D AN LHUER
E—EHB X OB OFE AR Y —, BT RKEHE
ZeRN LR, SB78%, pp.121-143.

WIREAM - FRAEZ - R R - EARIE— - B L -
ANV EERE - R B - g AREE (2005) @ A LHiFE SR
ALY HEE U7 FE AR L AR K L3R JE O P
WA, kb, ZE50%, pp.9-16.

FEILTEE - fthes84 (1995) : FEEAILBEZBIT DA
THIERE — BB L OWBOFAE Y, FHRKF
MRS, 570%, pp.33-60.

INIESES - VEUR - ILERET - EAE A (1980) A
B TE 5 O HIFRIR B & MR R SR, F3EE
KO FREEIR, pp.11-15.

FREER - th8o4 (2003) : BTERALIICIIT A AL
HEEE B L OB OF A L ) —, BA KRS
I EH, #5774, pp.303-336.

g FH(1999) ¢ 19974 VT S5 IR AL VE 5 M R D 4
B A AW KRBT 5P ERHERE O
M, RERFRFBE A IERHE i

B - 694 (2002) : BHFILCHTH A THIE
BEBNR OB ORI Y, AR BN
AT, $H77%, 1-25.

A - HRIEN - JORRE (2004) : FGHZWE
KILZ I T20034FE11 H W38 4 L 7= M8 K i 5E o 4))
BHAEAT, FARK P S FE T E ), 25475 B, pp.773
—1777.

R - fthes4 (1996) : A LHUEBIEAIZ L 5%
B LD HUE I H A E— XX L VIEIC K DM
Mr—, ki, #4155, pp.227-241.

R (2005) : HIEPHFEEZ AV KLE
EHRAEOHN EFE, ki, Fs0E, KHlE,
pp.S101-S114.

AR - 114 (2008) @ BLEE AR KL EAR KRR
T 0D i 58 S5t W T — R CL S B BRSBTS K D A
mOHEE—, Kb, 535, pp.1-14.

W (1976) R AKILOEBEIEHEIC OV T,
TR TP KA IEFTAETR, %19%5B-2, pp.69-73.
RIREZ - RRAE (1971) : BEIRBHIBOR—Y
VBB E O BT RIBE, BILERFHY
WALEE (M EWY) |, B4, pp.15-29.
BHIUATHEESE 7 L—7 (2004) : EHLlcs
I} 520034FE N THIFELRAS : FA EBR OB, Hiksk

EEHEFR2004FEE RS THE, V055-P017.
AR - 824 (1997) : EAflkilizH T 5 A THl
RRE—BIBS L OWEIDF A & D —, FAERT M
TRAFZEAT S, #5729, pp.167-183.

=W (1996) : FREKILBEFERE T — % DI
SHELER, ki, 41+, pp.159-170.

AR - fi114n (2008) : FIT 10RO TR LA
R OHER, F10EIEE KL O TR BLII,
pp.-137-142.

AREH— - WOz (1996) KL G O 72
DO EREENT — 2 v IF— 0%, kil, #41
%, pp. 127-139.

HWEL S (1987) ik BB FEHIER O 1B o3 A1, k1L,
%5327, pp.289-300.

IAET - 114 (2008) : KRUERIEIC K D85 K
Wk X TIE R AT 7 850 O #ilg T 28 —1996
F10H 722520074510 — 127 % T—, JUHER RS 5
WFZERTAE R, %5158, pp.247—252.

BETEE - HFDIEA - AEFI5L (2007) @ BORSMBR
BB > & Fx - B 5 e (3 LR I O BIE B, kil
#5524, pp.121-126.

D FH 3 - PraREBKILKILEERE 7 v —7
(2000) : N THIERIZ X 2 19994 (F K & Kk (L D 4
EERAE  EAEROME, HiEREKEBEE 22000
FHFEIRZTHE, Vb-015.

Aramaki, S. (1984): Formation of the Aira caldera,
southern Kyushu, ~22,000years ago, Jour. Geophys.
Res., Vol.89, pp.8485-8501.

Hidayati, S., Ishihara, K. and Iguchi, M. (2007):
Volcano-tectonic earthquakes during the stage of
magma accumulation at the Aira caldera, southern
Kyushu, Japan, Bull. Volcanol. Soc. Japan, Vol.52,
pp-289-309.

Iguchi, M. (1994): A vertical expansion source model for
the mechanisms of earthquakes originated in the magma
conduit of an andesitic volcano: Sakurajima, Japan,
Bull. Volcanol. Soc. Japan, Vol.39, pp.49-67.

Iguchi, M., Yakiwara, H., Tameguri, T., Hendrasto, M.
and Hirabayashi, J. (2008): Mechanism of explosive
eruption revealed by geophysical observations at the
Sakurajima, Suwanosejima and Semeru volcanoes, Jour.
Volcanol. Geotherm. Res., Vol.178, pp.1-9.

Ishihara, K. (1981): A quantitative relation between the
ground deformation and the volcanic materials ejected,
Abstract 1981 IAVCEI Symposium - Arc Volcanism,
p-143.

Ishihara, K. (1985): Dynamical analysis of volcanic
explosion. Jour. Geodyn., Vol.3, pp.327-349.

Ishihara, K. (1990): Pressure sources and induced ground

— 305 —



deformation associated with explosive eruptions at an
andesitic volcano: Sakurajima volcano, Japan. In
Magma Transport and Storage (Ryan, M. P. ed), John
Wiley & Sons, pp.335-356.

Tanaka, S., Hamaguchi, H., Ueki, S., Sato, M. and
Nakamichi, H. (2002): Migration of seismic activity
during the 1998 volcanic unrest at Iwate volcano,
northeastern Japan, with reference to P and S wave
velocity anomaly and crustal deformation, J. Vocanol.
Geotherm. Res., Vol.113, pp.399-414.

inferred from active seismic survey, Jour. Volcanol.
Geotherm. Res., Vol.138, pp.267-282.

Yokoyama, I. and Ohkawa, S. (1986): The subsurface
structure of the Aira caldera and its vicinity in southern
Kyushu, Japan, Jour. Volcanol. Geotherm. Res., Vol.30,
pp-283-302.

Yoshikawa, K.

accompanying with the recent activity of the volcano

(1961): On the crustal movement

Sakurajima (Part 1), Bull. Disast. Prev. Res. Inst.,
Kyoto Univ., No.48, pp.1-15.

Yamawaki, T. et al. (2004): Three-dimensional P-wave

velocity structure of Bandai volcano in northeast Japan

The 2008 Project of Artificial Explosion Experiment at Sakurajima Volcano

Masato IGUCHI, Takeshi TAMEGURI, Keigo YAMAMOTO, Hiromitsu OSHIMA*, Tokumitsu
MAEKAWA*, Hitoshi MORI*, Atsuo SUZUKI*, Tomoki TSUTSUI**, Mikihiro IMAI**, Kazuki
TSUSHIMA**, Naofumi, YAGI**, Sadato UEKI***, Takashi NAKAYAMA*** Yoshihiro
YAMAMOTO*** Ryota TAKAGI***, Shiori II***, Shoko KOGA***, Takeshi NISHIMURA***_ Titi
ANGGONO*** Mare YAMAMOTO***, Jun OIKAWA**** Noboru OSADA**** Mie ICHIHARA****,
Hiroshi TSUJI**** Yosuke AOKI**** Yuichi MORITA**** Atsushi WATANABE****_ Kenji
NOGAMI***** Teruo YAMAWAKI***** Toshiki WATANABE****** Haruhisa NAKAMICHI******,
Takashi OKUDA****** Kenji TACHIBANA****** Enrique HERNANDEZ****** Yy
HASHIDA****** Takashi HIRAI****** Masahiro YOSHIMOTO****** Kenshi YAMAZAKI*****%
Takuji MOURI****** Hiroshi SHIMIZU******* Manami NAKAMOTO******* Yusuke
YAMASHITA******* Hijtoshi MIKADA******** Kyoguke ONISHI********  Satoru
TANAKA******x% Yytaka OKANOQ******** Tetsuya KAWABAYASHI******%*  Junji
FUJITANTI******** Hironori SAKAGUCHI******%%* Nichiaki IMAIZUMI*******%% Takahiro
Ohkura********** Qhin YOSHIKAW A *****k3k%% yyyki ABE********** Takashi ANDO, Akihiko
YOKOO, Hiroki AIZAWA, Tetsuro TAKAYAMA, Tomoya YAMAZAKI, Mitsuhiro TADA, Nobuo
ICHIKAWA, Masato KAMO, Kazuhide TOMISAKA, Hiroki MIY AMACHT**#*#****%* Rejji
KOBAYASHI********%%* Hiroshi YAKIWARA***#**x*x%%  SQhyichiro HIRANQ* *******%%%  Chisato
TOMARI#*****xkx%% Qhingo NISHIY AMA******kxkk*  Sayyumi YOSHIDA*******k3%% Kengg
HATAKEYAMA**#*#kxkxk%%  Makoto NISHIDA*****kxkxki% Kouji KATQU******xkxkx%  Jun-ichi
MIYAMURA************’ Tomoyukl KOEDA************’ YOShirOu MASUDA************’
Hideyuki HIRAMATSU*#****kxkx%* Tajguke KOUNQ**#****k*kx%%  Qhin-ichi
MATSUSUE************’ FujiO OOSUKI************’ HirOhitO GOTO************, MakOtO

* Graduate School of Science, Hokkaido University
** Faculty of Engineering and Resource Science, Akita University
*** Graduate School of Science, Tohoku University
**%* Earthquake Research Institute, University of Tokyo
**x%% Volcanic Fluid Research Center, Tokyo Institute of Technology
***%%* Graduate School of Environmental Studies, Nagoya University
*AxAAXE Graduate School of Science, Kyushu University

— 306 —



wEkxAA*E* Graduate School of Engineering, Kyoto University
FHs s Interdisciplinary Faculty of Science and Engineering, Shimane University
*AdAAHxHE* Graduate School of Science, Kyoto University
Fokrssckxk ek Faculty of Science, Kagoshima University
FkAFARRHIARRE Japan Meteorological Agency
Fascicsciorioksx Hydrographic and Oceanographic Department, Japan Coast Guard

Synopsis

In order to make clear (1) basement structure of Aira caldera, (2) magma supply system of magma
reservoirs beneath Aira caldera and Minamidake crater and volcanic conduit and (3) magma path from the
magma reservoir beneath the Aira caldera to that beneath the Minamidake, seismic exploration using
artificial sources was conducted at Sakurajima volcano and Aira caldera, southwest Japan in November 2008.
A total of 646 temporal stations equipped with a 2 Hz or 4.5 Hz vertical component seismometer and a
portable data logger were deployed at land area. Sea area was covered by 32 Ocean Bottom Seismometers.
Dynamite shots with charges of 20-300 kg were detonated at 15 locations.

Keywords: Sakurajima Volcano, Aira Caldera, artificial explosion experiment, magma accumulation
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