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Is it true that great earthquakes induce large volcanic eruptions worldwide?

Junji Kovyama
Division of Natural History of Sciences, Graduate School of Science, Hokkaido University

(Received January 31, 2015)

After the 2011 Tohoku-oki megathrust earthquake of Mw 9.0, one of the great concern is
whether or not the megathrust earthquake induces large volcanic eruptions and disastrous
aftershocks in Japan. There exist 110 active volcanoes in Japan and large eruptions including
historical events of each volcano have been compiled in terms of Volcanic Explosivity Index
(VEI; Newhall and Self, 1982) from 0 (Non-explosive) to 8 (Mega-colossal).

According to “Volcanoes of the World” by Siebert et al. (2010), we could find 50 eruptions in
Japan since 600 A.D. classified as VEI 4 (Large) and 5~ (Very Large). Speaking about great
earthquakes whose earthquake (moment) magnitude M (Mw) is equal to or larger than 8.0, there
occurred 34 times since 684 A.D. in Japan.

I have compared the time of occurrences of Large volcanic eruptions and large earthquakes
(M>7.5) at first, taking examples of Mt. Fuji, Tokachidake, Hokkaido Komagatake and Sakurajima
volcanoes. Since I could not find any systematic correlation between them, I decided to compare
all the Large (and Very Large) volcanic eruptions and the great earthquakes (M>8.0) in Japan.
In order to develop the quantitative discussion, we need to introduce cross-correlogram analysis
(Perkel et al., 1967; Grun, 2009) for these two discrete point-processes.

All that I could find was very poor correlation between great earthquakes and Large volcanic
eruptions in Japan. It is true that many papers have been showing us the correlation between
large earthquakes and volcanic eruptions. However, speaking about Large eruptions (not speaking
about volcanic disasters), it is not true for the correlation between them. The reason is that some
small-scale volcanic activity out of many volcanoes has been activated by great earthquakes almost
all the time in the world. Even just after the 2011 Tohoku-oki megathrust, it has been reported
that the volcanic activity of about 20 volcanoes in Japan has been enhanced. It is also true that
some volcanoes are activated in the present, about 4 years after the megathrust.

The evidences should be added, which are the eruptions of Mt. Fuji in 1707 (VEI 5), 49
days after the 1707 Hoei earthquake of M 8.6 and of Bezymianny in Kamchatka in 1956 (VEIL
5), 4 years after the 1952 Kamchatka earthquake of Mw 9.2. Both of the volcanoes have spent
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about 900 ~ 1200 years of quiescence in the volcanic activity. All these would suggest that great
earthquakes might induce Large volcanic eruptions nearby, however it is totally dependent on its
own potential and preparedness to erupt of each volcano and the earthquakes just play a role of a
trigger.

I.IZ C & Iz

2011 42 3 A 11 RICHALHG KPP E— A v b~ 7 =F =2 — N Mw 9.0 OBE KHIZED J 4
L7z, BAROHRKEDOES TIIFRAIOMETH S, B2 EFEL 2 DBREORSEN - EEM2R
HWERYERABINIZ O L S RENIC L PREL RWBRICITEMTH Y, HMELITZOREEITD
EROHEMIC L F RN Z RN T W e, 5 F 7, 1896 4R = e FE# 1T 1933 4E M0 = [rHhiE
DFIFENTHEIA % 2, FOFRRRHEENR VIRTLEE S TRIXRH D B2, Lay et al,
2011). Z#id Kanamori (1971) DiLAIAAMHEN DK ZBEEL 2 b D THD., bHLAALID
L O MRS HBIRAET A Z L IFEETH D Z LRIV, LL, 4% TONFFERE & &
HLENCER D720 TlE, SBBEAET 00 LR WKE RNESCZOYERRICH L TEgEL 5 %
L2 Lo TH, B L L TERMBEREOYBELZIICHE S KEO TR ZG L EED b
DTV CUhil - #2L, 2014).

Fiz, BERHBESKLOKREKREFRETDHENITELDHD (B2 1E, Walter and Amelung,
2007; Bebbington and Marzocchi, 2011 ; &S, 2012 ; #8J11, 2013). 2B, BAARIC 110 & HiKEA72
KD 55 20 D kL3, 2011 FEHELITHEE KU D F8A B4 1B K LR R &, KL
TOM O POIEB ZIERI I T (KREUT 5 KK TR, 2011). HIER & KILME K D
BEMEE, B <o E IR TWD, B3 - K - BB O~ RMEEE &, kil
TEENC b AT - A 2B LEREERR/ B O KB E TORBEO K E S 2R 722V ES
k& ORGEMEOFEfRD S 5. BRI 72T B FR-CRERIF IR O i OB O e 2 &b &
%, 3BT, FEH (2012) IC KA, KILUMELK O A =X AICEE, HIEBIC X 2 HESS ) o
FIRERD, BB H Y, BEFICEAT DS OROEEORFMEZET LA N =ALbE X
LBITWD., TDOXDRERFRRETNVIMMZFFZ 2N A N =X LCHESE, KERMEN AL
MK Ze il U 7o R o Bl 2502 < B, IR (2012) XA HUER IS B ARSI E T O K LMK -
BERANT FEKOERIEZTEML TV 5.

2011 SEFRALH G R E KRHUER, MEN OB O~ 2 BERKEDORE 2 TOERMT D
ZliE, KEICHROETOME - 2O RR EEREOH DL THD, L, WEROHEL
KIEKICE T 52 < OBFRICRITTWD OIL, BT 2 & 402 HIE O & K LK DO HE,
I DTS OB ZRERIFEOHR, £ L CHIERRARKIEEOBE LB ok E B A%
Lighole, $olcBHHEEZRERPoTEEE S DORIUPFEL LI LICETFEmMNBITEAL
BRNZETHD, ZITIR, Lo@EmzlEx T, EXMENSKLOKREKEZRHES DD,
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LWORIWEBERFL TAS, BELTRBXZVOIE, Z 2 THANS KLU KOBE L 70/ XK1
Yo THRUZKEOHBMITIEL BERIHFHMETHY, T TOHREFTOEET, HEHRML
KILSKEREOBIRICHATT 5 2 LIXTE R\,

I. MEOHE - MIUEKORIE L T DHEE

WETHL, WO 22T ENLKOVOHBOMENEE D259 0, L&D x2HfEL
T&E7e Blxix, A, 2001). HEBEOBAIZ~/ =F 2— KM TRIIND. HEHKES2RHE
DOIFFEFEAMICIX, 763K Gutenberg (1945) NERL LEKEHE Y/ =F 2a— K Ms BHNLNTE 2,
CHTEH TEI S N 2 B 20 O RE R KIREPOIRESNS v/ =F 2— T, ko
RET~ 7 =F2—Fb Ms ICHERL 72O TH S, JAH 20 B oK 133 £ 23 100 km PAFRREE
T, ARZREETHD. Ms>8 725 X5 RE KHMEOHIEHEILZ DR I3 E km 1I2b 72
LRERMEHEETH S, T TITEROKREINPM 2RO IHEROWRELFREICZ X, Ms D
EREL SHBEORMZ KL 2 <725 &5 RENRDH -7 (Koyama and Shimada, 1985). T4,
ZTORBEMHEL, MMBT~T75 ZV/NSRMBHBOFMIATMs EAELRNWESIT, MABA8 %
BMAOERMBICLHEATES Y/ =F 2a—NAF— LT, =A< =F2—KMw»A
BASNZ, ZOEFT, HEOLEIHMKZRTHEE—A N Mo Z VT

log Mo = 1.5Mw + 9.1
ORAFRA Tl =415 (Hanks and Kanamori, 1979). T4, KT % 2011 FHALMEE KHED
L OITRICRERHBICEAL T, Mw iZHIET 5~/ =Fa—F2REERL TS, Z0X5IC
BB F IR END X972, Mw =90 &7 b8 Ic kK E B A HBE KHE, fEkBA
JILTHHEHEAAL TE729.0>Mw>80 DMHEZE KHE, 80> Mw>70 %2 K#MiiE, 70>
M2>50 ZHHigE, 50> M>30 2/ MEE, 3.0 >M> 1.0 2H#U/ MUE, 1.0 > M 2 g &
XAIL THEATNWS (L - #B2E, 2014).

KIMEKIZBEL T, Wo - 82T ERLSHWVOBRICINZ T, ED X5 kg TEN
1T E OB KRR Th 5 il s (Bl 2 1E, HH, 2012). 2 Z TIEKIUEAOFRBRED
o (CE AT S DIER WD, BKOHBZITICER L, ZOHBEHE ZiFEL < HWbhT
W5 VEIL (Volcanic Explosivity Index; Newhall and Self, 1982) T&x X 9. Z® VEI fHlilL&
LT ARG KILRE (2013) T, £7284TOHR O K LIEENICEI L T, Smithsonian AFFERT * 23,
E HITHEEOHIF O K ILMEKIZEI L T Siebert et al. (2010) 12Z OFHlAGTEH I TN S,

VEI FHM R 722 E R 2B O b, EZERR RN 6 b KILIMK O 2T T X 2
£ 90, KUK DR OMEHYEECHEEROE S 2 ED D 0025 8 DERREICK 7y D (Siebert
et al, 2010). Hl> TRPLFIIEA L RVFIE, BAEEYITIIKILIK, KILEE, B,

*http://www.volcano.si.edu/
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KRR EREA b OB Y, TNLOBIICKER T ANV F — X EFNENELR D, Ledio T,
) DEFEITHRAFE TS VELFHEIL, KIFEKDET R LF—Z2RTH O TRV, IS
BEFOWLERRRE, Ry h ARy MOHREER EOKLASENCRVE T~ Vv 0ER EUEE
KELEDL, ZNUHIFVELFHMEICEL < KBS ThinL, L TROKIUMEKICGERT 5 AH -
BENZZKUREORE I ZRT L OTIERY. [EYT (2013) TIX, VEI1 Z/hHM, VEI2,
VEI3 Z W #ifk, VEI4 Ll EZ KBUEHE KL AAGFETHEL TnWD, 2 2 TIESRRIC L RO
REREITIRETZ ENBRNE DT, FICVELL LLEDOEKIZOWTHELSE 2, MBI LAY
INELSEDEZVVVEL2 L RO KICEL TiBE LT 5

DA =)V THRAKDVEI8 & 534 & LT W % Yellowstone 1 /v 7 7 & JE R L 72 M K 1
Yellowstone 75 v h ARy b LGS0 THDETH5EXHDHY (Smith et al, 2009),
—EOEK TS NI HNVT T TR <, B0 VIR LEAIC X VRS ich O L HEfE S
T3S (USGS, 2014). 20 & 5 2E K72 K1, Supervolcano DWEK (A /RMEK) & FEITAL,
W T2 AR K U T2 BRI ANRIRER T IS T A v %7 RS0 e n < Bk E v (IR, 2012).
RN KV 4R Ic i B &40 (Mason et al,, 2004; Silva, 2014), ZOMEK A 1 =X LDIE S
TW2% (B 1E, Malfait et al., 2014; Caricchi et al., 2014). HAJEZ TiX, Yellowstone IZ & D
REMELEKITFLE S L TWIRWAS, VELT OIVT T WBRAINT Z, MEEAINT Z, B
HANTT) BEHRTND,

Siebert et al. (2010) OHEFHEZE L DD L, EHEREEOKEL L 72 59 VEI 8 FE DR FE K
TR 10 GHEIC 1 E, VEITZ B2 240721 Th 2 FHEREEIC1IEFEEL TWD, HARTI,
B X Z 7300 FRIOEFR A VT THKT, BTN G ILE—F ORESCA LK 1000 F/IEE, 20
AEERE STz D, B (2012) OEMEIE, 0O X9 RRICE Z 288 2z 2 HE O KL
WK DN AAEL THIMEICIEAEL TWDH T L, 2 7000 4ELL LT 7oV 2D & 5 ZRERRA 728 K
Wi BROELPLAENTND Z LICH L2003 LIVRV., ARELTHRS L, VEI4 U ED
KA 72 KM K I AD. 600 LA 50 [B], M A3 8.0 LLE D E KHIZE X AD. 684 4 LIk 34 [n] 5% 4
LTW5 (G - fh, 2013).

. EXHE & KILEXOREEE

HERTEEO K IR E S IHICIE R 2 AA T, W <22 HHUE & KUK OB I35 ST
5. /IMUEA (2002) D% LD¥ic LA, (DRI L TRAEL T LA Lokl z
BHCEARMEZ ERT Db D, Q) KIUEAD A B = XA EHMBIC L DIENIGEIPLEBZ L2
D, EHIT Q) HIBITHE S KITFB OB L 2R R BRI ESEERNICERTLDO, OX
IITHRRAIC O ZEL TE . (D) IFHUE - KK DOFIPRPLZN D OFRBICERR <, B

RIIEA (2002) 12d H3CERIY, EHERERICO DL RWIRDERTERL 2V,
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ZLORRED Z O R, (2) [THIFEIC & 2 LB 2 b BICHIEIE S35 DL L 8K & ZBEfRD
FT2bD0THD. QTEFOEERBRUNFEREZERMICHVWEHEREZT D0 (FI 21,
Pritchard et al., 2013; Takada and Fukushima, 2013) TR EERMICEZD LD TH
5. (DR IcdBEL TEAD Z &iE, MEOHRAITIMDLT, BAL KL, KINEEPZELL
CKILTZVT 22, KITEE O ZEEYHIE D K/ BRI AR O BIRME7Z T ZBER L T\ 5
RTHD, THIREETYS, 2011 FRALMEE RHERZOKITEHOFEm T RA6ND (]
Z ¥, Manga and Brodsky, 2006; Watt et al., 2009; Chesley et al., 2012).

20 AL LARE, HERMBICE A SN L HBEITHA T TS EIFEAEL TWD. VIR TR
DFMICZ D ORFEEMEITH 2 2%, 1952 4F Mw 9.2 Kamchatka, 1960 4F Mw 9.5 Chile, 1964 4F
Mw 9.2 Alaska, 2004 4 Mw 9.3 Sumatra, 2011 4F Mw 9.0 ALV O KB TH 5. T H 1T,
1957 4 Mw 8.6 Andreanof (& & B I%, Mw9.1), 1965 4 Mw 8.6 Rat Island & 2010 4F Mw 8.8
Maule BN EE NS Z L1 H D (Koyama et al, 2012). Z Z Tix, £ hdoiE kil
I&E) & 2 D% O KINTEEHC DWW TIRFEL TH 5.

31 2011 ERAABEXRMEZRO KILEE

HATORES ERARDOHIFEL 1707 F£5kHE (M86) LEbLNL TS (F4% - fll, 2013).
HEFA D 49 A BICE LUK K (SKMK VELS) L7z, Fig laid, BAREZO KWL ()
I 72 =A4) L 1900 LA O O KIEEI DM H AL TWA KL (S BATKEI) &R, 2011
FRALMEBE KHEER, 110 525 AARO KIS B 20 O K LM S 220 K IINEB) 2 1E R S &
7o (R&JT, 2011). Fig 1bICZN D #7579, Fig. 2 12 Fig. 1b ORI .0 S o B & i,
Z OFERED 100 km §g O FEFH TAILTEEY SR EL £ ICTEMEAL L 7okl & K IITEBNC 2 L 23 72 02 -
c KO ERT, TAHORMG, (1) ERICH b IEV RIS O KL ERE % BEE 22058
RS IRh ol Q) IERELEIED HEWIUN - MO KINTIEBIOZEA R 57z, (3)20 AT
BITTEBI L 722 < O KIUANERIL L 7o b Tided o 72, £, K87 (01D ki, @)k
HEE OB LITE ~ 2 2 AL TR T L7e. (5) Fali @ H ARSI B T K ITEB) OIEFEALITEEE 2 b
DTEHDH, HEHAFICRA O LT ILBETH HARFMEITZEOHBIL VEL T3REELTT
Y, KEBKILEKIIBE S TR,

o (D FEFICE <, #BOTHOEMD RS K E WHERO KL RS BOEELZZIT T,
KIUEKIZED DI TIERNZ EEZRLTWS, (2) b, HEZOXIEBIOTEMIIE, EIREEEE
W <EFEL TWA DT TIERWZ L 257U TW5. Fig 2205, JEEICEZL < 0 kIITHED
HEERLLZT TN NI EL ATHRND, ZoRIF%D THEmT 2., Q65252 1T,
gk 7e Z L 03¢t D S RIES 2 K INED ) TiEe <, IFEREN TH KL THRBETH S
ZETHD., H% 10, 204, 100 FRICKHBE KT 2000 LAVRWD, ZHUIZhIiTE
B OY IR - BIORREAROFETHD.

ELIIORELREAZFHEL RS L, ARISRKEA (ZRUTEWEIOEK) LRSI,
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Active Volcanoes in Japan
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Fig. 2. Number of active volcanoes since 1900 in the vicinity of Japan (by grey bars) and that of activated
volcanoes after the 2011 Tohoku-oki megathrust earthquake (by solid bars) within each 100 km-interval from
the center of the aftershock region.

800 4% VEI 4, 864 4% VEI3 & 1707 4% VEI5 @ 3[R T& % (Siebert et al, 2010). Frx XA <0
OEPS, BELITEKEGT TS EHEWL TWDER, ZORIBOIEE A S, WEIE L 2 HiEL
EDO/NERE R K ILITES) (DU, 1992) T, KERMEKEZRT SO TIERN,

Flz, BN T 7RO D HERMBELFEAE L 2RICELILUBEALZESND DL, ki
IRARTZEAME KT T GBI, 2013), FEME S 7 7RV OEAHE & LIS EIAILTIE, Ek
K A BRE, MUBRAR S FELUNICHAE L 2 KK ORIV, 800 FRE L, FEXE,
=ZFE, S, BEORBEE K (HBEAF - fl, 2006) 73869 4 HEIHIE (M83; =)
X887 F-FnHE (M85 MifE N7 7) IHEITL TWD, ZOHIE L ADREHOMBIfRIX
FOMOHARDKE K L ERMBORAENETIZIRNWEERNL, FEiitRomolik TiivwE KX
MR DOFAESZ OBTHE AR TH 5729, RRIETE R0,

3.2 #MEAMEBOFEEMLTOEK

COXOREMETDLE, MiQBEEZ L2 8522507 LOBMENLT S T5H. HEORA
ERINOMEKITIICEETFGRTE T, ZOFEE T2 DORFRINIOMBEZH] L Z LIXTTEX R,
D XD 72A IV AD G 72 D BER IR R FI D FEES A £ 121 Cross—correlogram f#AT L3 & 5
(1l 212, Nikolic et al., 2013; Donoghue Lab., 2013). Z#uiX, BfEmZH 2 1X5 42 L W
CXEIY, ZOMHNICHAE LB A5 A 5. [FARRICK Y] B 207 e #l Tk L K D[R %
FHMZ L ickx BF 5. o o0 M 2 IRIE OB 6 78 HRERFIT, HIEERAEDORED
Mz itEic, KEoNHHZT 6 L TRIIEAkDOEEZHZ, €03 T2 MEFREA OHIH
TRLADYE, ZORKTRT OO THD., T XTOME L KUEAREHL TS L, 0205
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S5FEOHIMICIZITRICKE RIRIE L 72D, HIE - KIUEKDPRITRRY FERICT F L0, H
X5 Z & DR OIRIE IR E OBIEZE TR E RIBR L 705 Z L1372 <, 5FOHM I L omg
KEFITEZIC T VXA LARELELRIEREE 5. b L 2 DORERFNCHEMZENRS WV FHL 720
D7D, ZORHZEICTHE L XS IR ICRK X RIBRA D Sbh s, 2 DORRINCER
PR D ERZES SV, ZOEH - BEFZEICHR L R E RERORER S bbb Z &
FIRRICERfE S D,

Fig. I AARTREALLEL Lo KME M > 75) OFAFELERECE L LD VEISLEE
VEI 2 LI EDOWEKIZOWT, ZOFAERIRDZE % FIZalk~7z Cross—correlogram T L 72 b D TH 5.
FAETIE, MKOKREZICERAZDITHEKRT, BAL—REEHZDDOTIE R, ZhEN
DMK D VEL OfE 2 iz, Fig 312k, AR ORIBICIEE R —2rR2 2Hbhd, HiE
SRR LTS K5+ 5 AN D I & 85 EME K AMESL DI A Th 5. AT 1Z 1703 4505k
HIFE & 1707 4K HIEEAS 1707 4EFRIKME KITHESE DA T, 147813 800 AEEH DM K 23 887 4E F L

HOMBEIT, FTKME KM 1793 4[ERT - BIOMBIZHSOHETH S, L, 864 FEHDK
HR e KT 2 B 1T 869 AEHBHIE 1T TH B, LA L, ZIUTKRERMEAZRL TEW
2, DED 20X S ITHERSIOMBRRIZ T HIXRFH RBR A SR T D 2 L IETE T,
R REEERFET D Z LT L WZ &R, MENRREELFETERNWI L E2RL T
W5, Fig. 3 TEZ TV DB KILTEED 1707 4 T > TWD OIE, 1707 452K Kk LI,
FELIUTIE VELI2 L EOE KT TH D,

= Major Eruptions of Mt.Fuji from 781 to 1707
2 15
)
i >
20 VEI 23
oy §
S 5|
= B
N I | I | N T
g 49 . 7 = = :
(NN
L9 r VEI 22
(@] L
s I
= I
e il | ||‘ il ‘
5 o LD NI I R b el
w -100 4 -50 0 0 14 50 2 100 0
-100 -50 0 50 100

Time Lag (Year) from Great Earthquakes

Fig. 3. Cross-correlogram of the number of volcanic eruptions of Mt. Fuji weighted by corresponding each VEIL
value as a function delay time lag (year) from large earthquakes (M>7.5) in Japan. Upper trace is for eruptions
equal to or larger than VEI3 and Lower for all eruptions equal to or larger than VEI 2. There is no volcanic
eruption eruptions equal to or larger than VEI 2 in Mt.Fuji since after 1707.
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3.3 1952 4 Kamchatka B # O X ILES)

§ 31 THl~R72Z LiE, %D % F Kamchatka 35 T b R4k T 1952 4 Kamchatka HIEE 5 LA
K INEENANESEIL (VEL = 2) L7cDFFEENIC 114 B2 kil (20 9 5 3 KN4 FIAMT T
LALTWRW) ©95 56 KILTHoTz (Fig.4). Zhupanovsky (1956 VEI2), Kamrymsky (1952
75 VEI2), M Semiachik (1952 VEI2), Tolbachik (1954 2% VEI2), Bezymianny (1955 225
VEL5), Kliuchevskoi (1953 225 VEI2) Th 5. MzRIT01D X5, Zh o 3EREEO
e B T4 L, 1952 4F Kamchatka #1750 BTV KL TiX 722 b2 - 72, Fig. 4 12 i,
Fig. 1 LRI, 20 EACLARRICT A & O K IWIEE 2 7R L 7o ki, BABICIEEI L 72 Lo 6 ki,
1952 4F Kamchatka H158 O BRI &2 773, {EBHIYTH - 72 kK123, BIFREUSE WKL K L 7z
DI TRARNZ LR —HTHBEEND, KT NS TR 3 4 T L 72 Bezymianny K ILIT
H5. AL VEIS & KK TH-oTm, 2 0kiLo 1955 4FLIRETO KM ki 950 4R & S 4
TS, KIUNEEND R & 720 o T B 2349 1000 FHH - 72 Z L1/ 5.

KAMCHATKA
PENINSUALA

ASIAN PLATE

KuRiILE ISLANDS

PACIFIC PLATE KAMCHATKA
(a) : PENINSUALA

(b)

Fig. 4. Left (a): Volcanoes in the Kamchatka peninsula and the Kurile Islands (indicated by red small triangles).
Aftershock area of the 1952 Kamchatka earthquake of Mw 9.1 is illustrated by a broken ellipse.
Right (b): Active volcanoes since 1900 are marked by fire symbols and six volcanoes activated within five
years after the 1952 Kamchatka earthquake are by heart-shaped symbols. Bezymianny volcano which registered
the eruption of VEIS locates in the northern part of the volcanic range.
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3.4 1960 £ - 2010 &7 Y HEZR O NIUE X EED

2010 4E 1T % /E L 7= Chile (Maule) #17E Mw 8.8 ™ 143 4 H #%, 2011 4E 6 A Puyehue-Cordon
Caulle ‘K [LiF£ D Cordon Caulle KILIAMNE KL 7. —7HEDMEK T VELS O KEURE K ZFLdk L T 5.
ZOEKIFENT, FPEREZICKLIREZEEHOL L, ALKV TOIUGG 4T 2011 5L
MG R BE KRB O ERRICH NPT D A 2RO, 20 KIliE 1960 4 Chile #i5E
Mw 9.5 DF2ICh VEI3 DMk z L, ERMESKIEKEZREL FE L THITFoN5.

FV - RV ET - TAE T VEIOLFAFRRITIE, 127 KI5 TS (Siebert et
al., 2010). Fig. 512F DB LT FIEFRLIGE 2 L TW A KILDART & HICK R L 72, Puyehue-
Cordon Caulle & [L11% 1960 4 Chile #1172 D EIFILHF J AL 3545, 2010 4F Maule HiEE D EiF 1
235 1% 400 km FREEEN TV 5, K OBBIZENEALVEIS & VEIS THhHH 5, HfEL kLo
FEEEDE VDS, AR KRZ WDIT TRV, 2O, #HEo/S72 VEI2 R VELL ©
BkZ LKL RLTHS, /MUEAN (2002) ZZFEIC Darwin 23tiEO@F CREAE Lz &
FShivd 19 et KUK bR Lz, 1960 45 - 2010 F & big, %3 L bEIET < Ok LmgEk
ZRIE L TWD DI TIERWO DR THRALS. Cordon Caulle K ILOMEKIE, 18 - 19 ffdic4 1 [A],
20 HAIZ 8 [FIDMEKASFEE S TV DAY, 1921 4212 A DK KE L, VEI3 Thol, Z0Hk
1922 £ 11 A2 M 8.5 D E KHIZE D Chile * Argentina EHE THA: L T\ 5. Kl K/ K Tl
860 4ERTZICE TENDIZY  (Siebert et al., 2010), Puyehue k111743 VEI 5 0> KFAEIE K & Z0 8%
LTWa., ZoE (9ftfil) oHEOREBESFIERV. ZOXSICEREKZFERY HL TE
ZAUE, 2011 4F & FIEAE DM KK 1150 4FRiE OB ERRAH 5 Z L1t/ 5.

3.5 2004 % Sumatra E& D K ILE MES)

Fig. 6 1T 2004 4 Sumatra HE KHIEE Mw 9.3 I OE RKMIEORER L, ERILL okl ZrRT.
FEALEDEKTEZOHBMNVEIZU TOHK TH 2, HESTXIEAEHZ2HIT S L,
Sumatra f&ALEBIC & % Sinabung ‘K ILIVERUKHIFE Z % VEI 2 Th 523, 2004 4 Sumatra HIEELARTIC
MK DFESEIL 7R <, Sumatra MENSHR S EEL TWDH EEZXZLND (HEARFTEFE, 2014).
Marapi ‘K [L11% Sumatra HIEBLIR12> 6, B VELL, 2 F2EE DMK & 18 e B 28I EL TV D
(Siebert et al.,, 2010). Krakatau KL% 1883 4D KMEFE - Bk (VEI6) DA%, 20 ftfdic 37 Bl
MK ZFLERL TS, £D 5 HIRAHIBLIL 1932 F & 1938 40D VEI3 TH 5.

Fig. 6 DFIAICIZ72\WAS, Java BEENCH 5 Kelud K11 Kelut) &, 1586 4F VEI 5 D K HIEME K
D%, 1826, 1919, 1957, 1966, 1990, 2014 4F L VEI4 O KM K% 6 [AFEV KL TW5DH, 2014 4F
DEKZEDEE, THNH\BEDEK LRI L ICEREX & OBRITA LRV, okl
I3 —%3L v 2007 4F Bungkulu #1538 O BRI A~ & 1200 km LA EBfEAL TV T, Sumatra 5 f # 3 <°
Java B T35 % < OIEEI 2 KIUBTFEEL TWD. 25 28 Fig 6 ICXR L e Bk o fiE% 1T
KIEK LT TidZew,
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. Palena
- 2013 (Ash)

*  Melimoyu

Fig. 5. Volcanoes with the name of each mountain near the Chile-Bolivia-Argentina border are located by red
triangles. Volcanoes with yellow triangles have little records of eruptions. Volcanoes which erupted after the
1960 Chile earthquake are indicated by the year of eruption with VEI value in open box, those after the 2010
Maule earthquake are the same in shaded box. Epicenter and aftershock area of both earthquakes are shown by
stars and illustrated by dot-dashed curves. Dotted line with Trench indicates the Chilean trench.

3.6 1964 £ Alaska HE®R D KILEE)

1957 4F Andreanof H17E LAt 2> 5 1964 4 Alaska #15E# 30 4 & TIT Alaska -5 B30 THAEL
7o KM 1%, 1974 4E Augustine K111 (VEI4) & 1992 4F Spurr k111 (VEI4) 7217 TdH 5. £DHH
Aleutian 51 5 J&30 Tt VEI 3 O K ILFE K23 10 22T 5. £R1O 72Kl b &8 T Z oHikicix
84 DKL % )5, 1965 4F Rat Island HU5E D REIFIE 2 & T2 O FEANCIEERE 2 K ILE 2. Zh
KT L — E D ZOHIE CHRDEEL TWDHDTHDC. LEN-T, 1FEAEDHE KT
1957 4 Andreanof HIFE D BRI AT D B4 TR Z 0, HEF A ICRERAIC—F TV K 1% 1960
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2012 Off-Sumatra * Kerinci 2007 1
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‘ Kaba20111 ()
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‘ ) Dempo 2006 1
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2,
2007 Bengkulu %
Mw8.5 %, -
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A Volcano =

= Great Sumatran Fault System \ =
el Tectonic movement (direction by arrow) Ke I u é

Fig. 6. Volcanoes in the Sumatra Island are shown by triangles on the curve of the Sumatra great fault. Volcanoes
which erupted after 2004 are attached by the name of volcano and the year of eruption with each VEI value.
Aftershock areas of the 2004 Sumatra earthquake of Mw 9.3 (with epicenter by a shaded star), the 2005 Nias
earthquake of Mw 8.8, the 2007 Bengkulu earthquake of Mw 8.5, the 2010 Mentawai earthquake of Mw 7.7 and
the 2012 Off-Sumatra earthquake of Mw 8.6 are illustrated by broken curves.

4 Okmok K 111#E kK VEI3 T& - 7z, Alaska 2 5 B0 128 % < O K I BTFEE L, Trident X1l -
Redoubt kLD VEI 3 DK ZZE L Th, 1957 FE0>6 0 37 FMICF A L 7z Alaska + Aleutian %]
BRI TOERMBRIZED 26 2DFE VEI4 22 25 X 9 R KBS K DFHER S hz b
s 20,

V. EX#tEROKREXILERK

KILOIEENI A OB LR E SE S 2L 500l 2 D IEAORRIRR Z 7o &> Tnbd, HRZ2
R DR S TAEST TWLEA L, Lieh-> T, Hx DKIIDOIEE N 25782 g T 25 2 ik L T
TERV. HLYHHZOERMTIE, £ OERBFAELHMINSRHOR S OHENLRD
CHEEOVHEIZFELNET D, TAIA—REOEZRDD. DX RIHITLDL, AT
&, PR O R RHER & KILO KB K ORFHEIAY - 22 FIRIBEEN: 2 i~ TAH T,

2011 E AL MG ACEE M E KB IT, 20 22ATIC b K5 B AL O KILDM & 20 K LiE

R KRS L 7L — MEFORSFRIT Nicobar + Andaman 3 B THTICH A 5415,
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AL AR L2 IR JAMEN TV S, FEFRESTE 2 BHiE, 4 E g% 4 FiF < 270
L, kLo, FfE - BEE XL OBKIEEERILL TWD, 2O X5 RIEEIL, 2 THAk
L9, WTFhOEARMEBOZICS REE 2 KINEHOZETHY, 1) B BTN S 72k
LA THY, 2) BFISICIERICDWKILICIR S 7220y, WhiTHE & K (L OFRWERBMETEEDS R
WIZERWE S 72, LA LRMBICILEHE L I8 Th 5. THIEHIEIC X 2 B 2252
DIKIMEK & FRT DO TIE R L, HEHPEWRMAKILEEZP ST ZLI1ck% (Linde et al,
1994) BB L AR,

b B AN, 1707 F&E L1 E KMk, 1955 4 Bezymianny *k 111, % 7z 2011 4F Puyehue-Cordén
Caulle DMEKD X 91T, HIEBZICIER ICAKBER KB XEB 2FH LI BbhERED
b5, INHEFEBEBIGEVWEKRSH DL, ELIBENEXEELH D, 72, EEL TS 2L
X, ZTNZNOKILTRSI ORI K % 72 EA0E, £ 900 42> 5 1200 FF8 B o i I B 23 1%
ETHIETHD, ZNZENOKIUT, BAKOZRVXF—RB+HEZ LI, HMBICIVFERIN
R PIKHBICTEL 2D LEZEZOND. BE<FET DAL KLPEKICEL R oTD
X, HWAICEDL TRV —DOEEPRY R olirbTHD.

D KILOPITIE, FESIC KEBOFRENR L, KEXEZRITKLUBRILSS Z &
Tho. ZHIEFANGRARTZKEKICE DI RN F—DORFICO I 2B BB KL B ICHEET
HHILLEEMTHD, TOLICEXIE, KLUEKIZY, EFENRTL— NEBICE 0T
HIR X — OEFE THET 5 HE O AL T Shimazaki & Nakata (1980) 23 % 7z, WEfH
THIET /L (Time Predictable Model) <°3 XV &I 7 /L (Slip Predictable Model) %% % %
ZEBTEDLOTIHRNWEA S D, KILOBZA TIXENENE KR, BEABREICHZD L0
59, ZOBEZPHEMIEATE R2VOIE, KIUMEAXOHE, 1) AR L A ORI O
THIS ES L THRERTPRIEBICR D, 2) BREEKO X S R KB Z2KEBIZ R O
HEMFEREET T2 EEBEZ O TS (Malfait et al., 2014 ; Caricchi et al., 2014), F&KHIAE
DPINE 72 BITDN, BADOZ R VF—ERD, BRKERNCRMIATOND Dh, 275 EH
KIHERDRNGHETTHEITL, HRIE < TOBMTIIZOEBOREPHL <2215 TH 5.

v T REK TR X —OEFBRELE L DKL THMD Z L ZEABOEEME 2> TV,
LoL, KILEROBRERIAZN D IZE > TWD BARDOKINFEDBBR SN TWE O HIHE
Thod. S%OBRIEH ZHILT 51T L Th, fEx O KILIOBMEMITIC I 2 2 E R 7 N
BETIN, MBREBTETVEBETILENDD. Fiz, Kelud KILTHIRML 208, Kk
FRFHIHRR T 3 5 Kb, 1000 4RI b & SEFR 28 TR O TRBUEE K23 5 kL, &
TE R PR K =R VX —DOFERIC L5 TRICITIEE N 2 K IIEBHS L Az ohbd, Fald,
Z IS REER R R K IIE K DY E T NVISLETH D LEZX D1, ZOX) R VF—Ff
MOARER2ENEERNICH LTS ZEBEPRELEZ TS,

Foex L, KIUEKTHE, EOBRUKHIOEE 2O, Wi BTk DX E RO KE KOS %
oD TR, ZOMEZRFHIICERMICEXOYEHET LV THm T NETHL LEZL TN
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%. 2000 FHERILOEKITAIEH G & O N D FRHBENHI EHREFEL, BADENI & E2R
L TWe, ZiiE, ZOR10 1977 FEOWCK TS FEORIBIEERH > 72 b Th D, 2000 F0
K TIE, FO X9 RfEEATEREL TW AR HRED, KLBINCEERBRL TWRNETD,

AUTRE KT B ITE N 2\ &Il LR E o801 2 ¥4 L 72 (L - 4, 2002 5 Yamamoto et al.,
2002). 2000 FEDHATE, KILIME KT EHRFFE D> & BEF 1Y 2205 K D B B 00 K D FIRL, 1 Kk D fk
BT O PRSIz b O TIEARd 72, 2000 4E D ZF B K T HIEFHE 2RI BIEEIC &0
JETOEKIEE D, FEROBEIERARENIZOBERT, KIUEKOREA TR (FH,
B, kR 235 - ToO Z & TRV, SEBHMER OB SE KANCAT DI Z LIFFEET
FH 250, 026 Z2Fo TKIWEKTFEICKI LIz T 200 (FIAE, FHH, 2012) B
FNTZ G 72 b DT B, B2l <iL, Zo= o0k kL%, HARTIIRREREDOH
FEOMEKAS, WS 2 B, =05 36, &ML - BEXE 1EOFH 7RSS, 205 bnTh
GRS - TR SN T E KA TN W, b B A AFRE 2014 FITHE K L T2 # 5kLo
e KD N2 EZ2 TT 20 TH R0 o7z,

KL K SKEEOBE D T2 DI N Z D KL TREBEZ FRIT 2V — K~ v TOMER I L
T3 (http://vivaweb2.bosai.go.jp/v-hazard/HMlist.html). T FUIXZALE 1L D k(L THE © 72k
WREBELIBEOTFRITHY, ERICED LS REKDNOTFRIE D 00 BEMER 22

I, I O REBLHARICORL TWD X9, ZRBAEMICIERA I TNWD ST 720, 4
OKINTEEMREKR TR, TOPHETAPBEIALTHRNLE, oD F—F
~ v 7 BENLRFIEREHK I AT RnDTREA 9,

B AUIZCIL 2013 4 8 H ORLEEKOFEFTEEL Xy NO ETHRALZ LITHE D, KHIEE
KCEESIISETORETHL Lotz ZOWEANAY I 2011 ERALMEBE KHEIC L %
YDOEA P ELETERS T, WICE LD LS iU T MRS FLIRAEBE O ERT -
FERT DO S TR BH N2 L ET. %%@kM%kﬁW FECHEELTWRW, £H NI
BRSO ZZ, KILOEKF L KILIKE - BFMABBRROFR L 132 <ES, LFETLHZ
ERHFENDEZEZTVE, ZNTHIEROHEEILIE K TBIEICR > T A% 2 0E LSRR,
ZNREICHIXHICEZ L HDEH HRMVOBB LRI SDTHD.
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