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Large-scale Pyroclastic Eruption and Collapse Caldera: Their Preparation and Eruption
Nobuo GEsHr™

Large-scale pyroclastic eruption is one of the most awful natural disasters on the earth. Though their frequency is
relatively low compare to the lifetime of human society, large-scale pyroclastic eruption can make serious impact on the
global environment. Frequency of the volcanic eruptions shows a negative correlation against their scale: global
frequency of the eruptions larger than VEI7 is approximately ten per 10,000 years, whereas more than 10 eruption of
VEI 4 occur every 10 years.

The storage of voluminous magma within a shallow crust is a key process for the preparation for large-scale
eruption. Inactive thermal convection in highly-crystallized magma bodies and visco-elastic behavior of the surrounding
host rock can allow the stable storage of voluminous felsic magma at the neutral buoyancy level in the upper crust.
Segregation of interstitial melt to form a melt pocket in highly-crystallized magma body can cause smaller scale of
eruptions, whereas the remobilization of entire part of magma chamber will result a large-scale eruption with caldera
collapse.

Rupture and collapse of the roof rock of magma chamber induced by rapid decompression of magma chamber is the
fundamental process of the eruption of voluminous magmas within short period. The decompression of magma chamber
activates the slip of ring fault at the marginal portion of the roof and consequently the caldera starts subsidence. The
collapse is controlled by the decompression inside the chamber and the strength of the roof rock. Ring fault turns to an
open ring facture through which the voluminous magma can erupt to produce large ignimbrite. The volume of magma
erupts during a caldera-forming eruption against the total magma chamber volume show negative correlation against the
chamber size. This means that the large fraction of magma can remain even after caldera collapse particularly in large
magma chamber.

Evaluation of “precursory process” for catastrophic eruption is important to understand the driving mechanism of
catastrophic eruption and also the hazard assessment. Accumulation of magma and building of a large-volume magma
chamber within the earth’s crust is a long-term preparation process for catastrophic eruption. Short-term process for
catastrophic eruption is the destabilization and rupturing process of the magma chamber.
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FRIE 1T 5 THEM I AIIRBEE AT ERILTE
) (Barberi et al., 1978), ZN 5D KIGILIE L B v 8=
Ty EREFE STV EH, BT ORI O LA
X142 TEIORBONTTH L TR HoLms &
TH# 300 TAPBEL TS, bAETL, #2791
SERMZIREL V75 B S W L 7z AT K FH o0 B33 45 ]
13, BRBEOIMEALOTRTRHEO—H4FE - T
V2% (Aramaki, 1984). 4512, BEIE B HLHE o B IREEC
KB IR OB 2 DR L T A ENTOHEHOF
FE P RKEKERIETH 25 (ER/ - 2, 2001 %2 &),
ZFORBIZEBETHONADEF LTV 5.

IO L B KHE N K O S AT DO E AR
LTI “9RD T hSWEEZLNLD, FOL
I BEMNIZT CTERBLAWRAETLZL13H 5EETIE
HEWTHASH. LoL, BEBEICHL VB TEHVWE
UL HEOLENH Y, BEHENER VL SNLHEC
L TOHOESEEH - TER - B Lz iudz s
HTWEIRA Y TIANT I Fr, PIZAEIET PER R
EIF LT, Z0L)RERENOEBELEZDT A Y
TR LTERL 2 v, bPETIE, BEOBEFHRE
BTzt A58 % 10 FERE ORI K 2 N
PENE L MR T BRI TW A ZEDHE MY,
[A BV KRSTESE L 723 A DR OWGEEe £ Ot A%
LILTWAE (B30, 2015). F 72, Bk 2 528
ELTUE, KREDKER KIUT ADKEENEAS
LI LI ARBEESOREMNERE SR, TOEEBIIA
FEehoETFsd 8L Lrhkvnikins B xid
Rampino, 2002). T & 9 % KBEBEE K OFEEIZDOW
T, BEATSELTHEZ RS2 Lid ks LTk
Fahiwn,

KT, ToL) R AHBEEAOREE 7oL AL
W, BV v OERBIR L EoEHBIRICER LT
FERT D, LERS, 0L EMAKOESS B VI
WayZa Fllo/-oicit, EXR~ 7 Vil ) 0EKEHRE
b EIHLDOBEKEEANZALFEREELILND
Mo ThHD, HEILYOEE, BbEREAKIZBIT DB
HeERKBRDOA DAL S E B TEELBET
5D, K TIIREOME LEIET 5. TAERFTE,
FIHEEOY I VIZE o TH SR IN5H KB
DWTHERT A, BAKERER, B2 S ML
THELTWALTHA ) KEMLAESHEBREA (B2
WIS ##% 8 EEDVAYE, Macdonald et al, 1989) 13
AN & o TIEERE KNI LD VT 7B A
EEEED VI F N OB TH 2T RESD D B

2, FNHICOVTOFEMIIMOBEIZED.

2. RIFBEAORELEE

BER#M SN TS, BRI BIT D EKD KK
289775 4 FEAMIIZA= b7 EHREO Toba H V77 H
5564 L 72 Youngest Toba Tuff X T, 3 & % 2,800 km®
HEVIEND O TwHhEH LI EEZSNTVD
(Rose and Chesner, 1987; Chesner and Rose, 1991). Z DFE
NERRKE LT, SFLERHBOBKIEEL TV D,
FAT A L 7RI & B o BB o s
HoniL, BEORE REXIT ESSEMEIIEL & 24
HAH ST, BEMOMESN - FERE0 75 BT
Mo, BB 10 kg 7 T ADEK (77 < IRER TS
~0.1~1.0km*) 1% 1,000 £ 2472 W) 443K T4k 100 [A,
FThbL 0FICHEIIEELTWLEEZLNL—)
BEHEAS 10 kg 7 T ADEN (< 7 < B E~100
km®) OFAGEEIT 1 FERICIKEARRE T, IZIEHLR
BEESARE DO B IX TS 7 5 7 MRy 2 A OB
B 5.

LarL, BEOEKERHKICD LI ENERDERT
X, BEOBENIIEZOBEEWOREFRE LA RENIC
Bz, BEORKE LT RMDP W% 256
WHHE, AU SITHEO NS LEKITERE
EEINRTVWIEEFEELLZITIVESR 5% (Brown er
al, 2014). F 7z, BMAXERDBEIIOVWTHEET L
ERHDH. DL RIEONAT AR BT, B
HURBL & A L RO SN TV D I AT DK ER SR
DHTIEL TAHZE, £2HIKEOBEADITITHEE SN
TWhEEZLNDMI: 10 FH (20052014 ) 1258
H L7210 kg (VEI4") 2 5 A DKL Smithsonian 71 ¥
ok nF 1 bFesns. T oK 50 £ (1960
2009) TiL, VEIS 256, VEI6 25 1 BB BHITHN D —7,
WERHA, S FOREIWHEIN T2 LS
5, BETEMIMSNTYS 10%kg (VEI7) 7 T R
DOKIE 8O THY, Rl EIHEEHEORMIZIZIZ
WARBEBARASH B T L R LTV B (Fig D).

FHLCRTAD &I &R O R OSBRI R
BEMRTIEAR <, VEL6 R BICZD0EEM X
BTEBESNA (Tatsumi and Suzuki-Kamata, 2014). =
D &) EKBE—ARE DA OB, 5 —TH
BLE D O REREAN, FLD/AS0 BE O K
IR AN AL > TEHBI SN TV AT e %
RELTWD,

M- RE OB RS HFHAIIE b ) — D DFFY

D VEL IO ) bR OB ETFRTIRUTH 2 OB EL AT /I OEMEIER L 30T LA —B LI

CHETLIUNENDH .
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Fig. 1. Relationship between the magnitude of eruption

and the frequency of eruption per 1,000 years. The fre-
quency of 1,000 years is calculated from the number of
the eruptions of VEI4, 5 and 6 from 1960 to 2009 listed
in the catalogue of Smithsonian Database. The results
of Tatsumi and Suzuki-Kamata (2014) are also plotted.

i3, BEREABPRIOKIEHEICISZ ZHETHL.
HEOKILTRTADS L, BRI LZEXITE
s, MEHREIC S S 2 E AT RHEE L EAHAKE W
ZEFRRLTWVS, L Dby, KBS KB A
Bk 2B XY, FAEAINVTIUTHE, TAH
HOEXIZ L 2EEEFSEEROPTRELREEGE S
B3 (Fig. 2). —7F. HEOEHW L) HEDOSNS ZEK
DOWEHEE, FOTRCEEFLTH Y AT LALREKDOE
HEICH T 2F 513/~ 8w, Fl21E, #F 10 FEMIC
BRANT L FDOBBLTEBLIYTYHED 80%
PEEH 2 FITHERMOAD KR EL L2 1 HoE
KIEKERZEI L CB Y (&M -1, 2001; (LIT, 2015),
FORBBEHIVFSHHET2H 6 THERMLUMERY R LE
KL TV AEHMEDOREHE (~20km®) 3 &4ED 10% &
EIZ@E RV (Fig 22). 7o, FPHIHXKLTIE, &3%20
FEBOEHE (Hayakawa, 1985; [LJG, 2015) @ 50%
U EEHHEINVTS BB LEZONE 3755 TF
BT ORI RIEF &4 1 5 5 TR0 /T KR %
L7z 2 MOEKIZE o ThHD SN S (Fig. 2b).

—7J5, LU CRBEL K ST, it/ R
LK EEEETRYET I ETEEOEEREZH-> T
WHKILBHFET S, TREEOBEKILTH L ELI
OHE, BFE1F I TEHOREREELEE (DRE)
42kxm® (E#i, 1988, 2007) D9 b, WAHEOVEE 864
FERAKOEHEI 1.2km’DRE TH Y, BEEED 3%
Wi v, 72720, MYERBRMAS —VICE-TZ
OEMITEDL Y, TBOKRBE 2 IITEE X DR E
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Fig. 2. The production ratio of magma during pre-caldera,
caldera-forming eruptions, and the post caldera acti-
vities of a) Aira-Sakurajima volcano during the last
100,000 years, and b) Towada volcano during the last
200,000 years. Data from Hayakawa (1985). Nagaoka
et al. (2001), and Yamamoto (2015).

2,200 EEFI TR E, RHROTEE 864 4FREN B U 1707
4E1E K (0.7km>DRE) O 2 [l ) KHIERE A O H & A3,
OO HE 2.6km®DRE O 70% U L% 5 5.
ZHEHz, EENEHEBEOEATHRET AL,
PO L T TR E BRBEORLRIC & o THRRBIZH
ET2KUOZODOMEAHH ), KBEEA 5] &
T HNTIRLEBEORENLFETS 5 WD
BB, TENE—2DKILY AT LAOHFT b IEHEL
THWEEM LSS, ERGVI/VRBTI VIV ER
L, I OEWEETAHBEZENET L5 4 TDK
Wk, #REAEICABIOT 7 <@ E ) B REET, B
PO OWENFZFOF FEBEEIITMT 2 AT ADH
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Fig. 3. Tllustration of the magma plumbing system of large felsic magma system. a: schematic illustration of a root

system of felsic magma system. b: shallow structure of collapse caldera.
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31 KIBEEAOTITVBEY
ﬁﬁﬁ@%%miéﬁ%tbuuﬂﬁW%K%§®7
IREBEMPETEHE TS, ThbbBARNEICE RS
777¢ib%%m¢%z?#%% HEREYIVOR
B  RHUIET LI LAy — V%25 E, 10~
100km® OEEREY~ 7~ % B P IZ AR - iS¢
Y =GR tliTﬂI*'eTz%% L7 T, K
HBERDFEET H20121E, FORILDOY AT AILH
6#Lb77\%ﬁ%éﬁ13<_t#%§T65Ak
RANEBI KB A B R~ BT VP HFELEL &
X, Bil% SIZERMIZA SN ATERAEEORHEBEE A
=2 (NI R) ofFEERANEHLS»THS (BIALIT
£ #1E, 2005). ABREFE/ NV Y A0dIE, BHEHE
AEI100km* ICR A D Db EBICHE SN, ZhH0E
S 1kmzBRLEEZEZLNLI DS, EREKT
S 20 L FAREOY 7T PFREIZHARAEI IS S
NTCwC eI NG, 205 FINEEIZLEA S
South Rocky Mountains volcanic field i, ##i {2 K3
GERENEESDH Y, Fish Canyon Tuff Z i3 L & ¢
D RIBEKFEFIENR DR N HIHTH 505, F20EH
HEWEBELOHTIIE RNV ADEEY AT
ADTFET BT EHRE SN, FOEMERIL 20km %
Bz 5 E#Z 55 (Lipman and Bachmann, 2015). 77,
Yellowstone 77 )V 7 F Tld#E I EEH &5 & g AES
KERZAREE A RHE SN TS (Farell e al., 2014).
IDL) L RBBEEKEFERITIITIATAD
SRFE, 7 PV ORSEMIC L BEHRE Y Yok

R, THHRICHA L7 SRE < O oS LEM R
FRAOT iR EH OO ERIZ L ZHEH AV P 0L

B, FELZANMOGE - FH, MR~ DER
HDLWIRL LMD TYOREE Vo BRSNS
b, WIS ERIZEDPAEKNTHEER Y AT ATHS E#
ZHND. INHDY AT AIBEFAFH - HEHE SR
W EZHOBAI XY ML Y BRE vy~ kol
BENLRDEEZSND (Fig. 3a). T/, WHMIZIX
ZOL)EAMEOEEERIE, 2R LTI Mo
(BB VISR E) fmmb“(/f\i‘] BB ehe LT
TELEAS., WEBERIZL > THALT S NIUOHTIZ
il S o2 b 2 BaRE B E IR A, 2o X
) IR L BB R OBARE R T L ELL
5.
ZDHL, WATIMEIIERIMI N YT
WiEEIL, HRR I HI AT YV AT ADRIER
IZBEZVIESH S (Fig. 3b). o T, #NFIRNES
GRBE L KBIET O BIFT 57201213, ®RdEV
TUTRBENDORGS T, HRREERIZINA BT it
ROV TOREEFO L HFEETH L.
WRENEICE R B RO~ /< 2 BT 550412
TRYOEEENTHTHDH I LA, HAEABICFD
AR—AFEEZ B ENRTEDLEMLE, ) —DEEL
FUL LTI/ EBRICEBIEFICv I v@EDIC
BRIRKENOT FERTELLBE2E L LLENH L. &
o BB LAY Y HPELICHRICEILT S % 518,
HWRBPERIZ Y VB E VR IR WS TH 5.
FBEL< 7 <BE ) BRI ETEL THEESES
T, BB IR BEATLLEN D S.
KBHFEBRAKOL TTMAERBE O~ Vv HFEH L T3
Edh, FORIEE YIRS BEOEHNIC
BHALTWAINEEZLND.
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< 7 DOEFINEIL, BIo< /<@ E D ICERETS
BEE, BEOTTIEENIHBRL TV IEENE X
LMD, BEOHEIIEL, BEO~ 7 BT HEE
LTWAHEALIGILTWAEANEZ b5, KW
ﬁgﬁﬁﬁvﬁﬁmT%iA WL~ 7 <IidR—0
IR BINIHEEEN TV EEZLDONRYETHA
7.Eﬁ@kkloT@&LKIWM1%tK%"77
AR TV ICET T A2 AXMLNTEY
(8l 1%, Fish Canyon Tuff, Bachmann ef al., 2002), 9 L
1AL R S E L L o= ST/ E ) 2
LIEAASELEELONSE, EXRERE~YSYHE
FOPER LD EZ SNATEEAENNVY ) AL, L
LR WL TS CHE MR T LD
D, WEALLE—O< BT ) PSERICHEE LG
Wo—o bk, —F, BROWEBIE> THETLY
7 OMEHET 2HER, BELALY 7y EET
LA, B0 vl T ) ICRERER S0l
A EREEDTFAE L T 5 (5l 2 1F, Crater Lake (Bacon
and Druitt, 1988) % Taupo (Milner et al., 2003)) 7, H» 5\
THEORR L I Tl N B Eo~ I/ ~#EY
PHEBEBR LI ENEZSRD, Za—T—FFD¥
v B A O Mangakino (A L2 & & 4E L 7z Kidnappers
AT, ERCHEAEORELRLD LI DDRT
2HEHLTBY, FhEFEMEY LA <#ENIC
I & ILTWiz & E 2 5T W5 (Cooper ef al., 2012).
< BT ) ORMEMREFILIBYT 2 Z LW T
HLH, BEI VT OREEIRIRE T Ty 7 B EDOHIC
L LB AR #0750 RE S 2FHFOR—DT
<8 E ) OFEHEERET S (Lipman, 1997). #Hik3 5 &
512, BERBEKIZE > TERENZER N 5 —
Bok&Es V7L, RKBTEIN o -1V b
7Oy AU TAI LI o TERENS, F07
O, vTEBIVAICTO Yy 2 RNAET A0, T
Oy DA XLEEHFNE LR BT
WNIZLETH D, T, IVTIOREELEINTT
FEHEAKOEENITIZ TS (Fig. 49 2 &id, 7
<EBE YO HER L CE U EMICRE T T
IDURELZEERIET S, ANTI IOy 7R~
NER7TOY 7 THHE, HEVEHIEEITLITOHIC
WL AL T 4 v ZIZBET AP hhbed, AT
S0y 7 PEE LB ARE L BN ZIEB BT~
BEIDMICBETH L. Thbb, AhEb—D0%
MEIC O LT LTIV O/ vBE ) OFENRERI VT
SORRASRBEESND. BEREIERE V) AOHFLE
bF7, v/ vE AR HRATICER SN D1
HIEERRLTWS
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Fig. 4. Relationship between the volume of the topographic
depression of representative caldera and their eruptive
volune.

3-2 vV EEARE

3-2-1 TITVBEYDIAN—ZADFERK

< 7wEBIYOBHEL <~ I/YEBIVAOYTTIE
hE, BEOEH @EFEETZ M=y 2 RIGHOR)
NETHLINE, BEDOT V7 b=y 7 REMRSII NS
Wig, HAHWVIIEIERIBHE T, < /vl ) sERE
FEEBLRLTV., FO0, 7B IYHFEHIIKT
FENIERT B gL ), ZOEREEDOYS
CEERTALMETBLESL. TOX)RIREGICE
T2 KB /Y AT AR L LTI, 13I13F
TIZEE L IR C X4 S N7 i H & KBS
KAFEET B KIS STER S N A BB Mo T
\» % (Aguirre-Dias and Labarthe-Hernandes, 2003) H &%
BOgE, B EEREO LB/ S WO R 5
RALHEEIZ A VT T RKILHEFR L T D00, #RER
BEA/NE L, vl E D ICE RTIERRIS 1 AT 89
RSB BROY TR EHR LD o L HEIS R
TWwa (BIAIX, &% 1995). LaL, w7 <@EEHIC
EHT A EB OIS, KIEBICEWEET 2 BATH
BRI E LB RIS HOERAGDED Y, MEEEEE
EFr r o ZRIBHRIREZLT L KT HLEE
v (Sl - FIE, 2007).
THHE»OTHBRLT KREOT TP EAT LY
&, BOBERZBUEESERPLERETIEEZON
5. BIZIE, TERMAR COEGARR, M LIERIC
Lo THESNEBEE 7 IIFENCLIoTLATS
BE FATEVROBAERPER ENZ755 (B
21E, Anma, 1997). 7275 L, BEMEBLEEASATEEZ IR HORE
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FTHEFELACT BT Y)OERTIE, 5147 BARE
NEOBEFKIZL AR 7Oy 7{LEA M- 7k
Vo Ze e PERE AR IZ 2 B
3-2-2 VIVBEY OHE
KEDT IV EMBARIZEZ 2720101, w7~
TN TPENLAVEALLY 52 L 2
é&éiukxﬁﬁﬂﬁéé,ﬁﬁﬁ777ﬁkﬁm%
IHRBLY Y EN RO RVEE LR T UL AL, W
U EEHOBG L OREEN RS LI E, Thbb
BEHLREEILYIIHFEATLTOLATHSL. ER
HANWDMOHBBEIZIZEAYORSTHIRELG L LS
Vr (Malfait er al., 2014) 708, THEH~REMBETHEE SN
TERE~ZIFNTLAL, BERIIAR S LE
MNTHET S, < 7v@BFYhobnd 4 JBAETT
YO RBEEORBIE AV DT Db DDFE)) TR
?é%iﬁmMMwmlumnﬁaé L2 LEMmIZ
KHEEMRE L~ 7B E D IEEEPI SRS
5 f:&’), FHPERDOBEHEOF E &2 5 L (3E 212K
WEA S
RIXBENDPOXITIPLATDANZALE, <
FRBEIVNOBMEOERHICL Y/ vBE DV REIC
FMENEHPER SN, TL2E-> T/ vHFHETT
P& BT L, SMEATHE. v UIEBINAD
WERITEAEIT DI oI < T ) BEEDOERNIC
GIRIGDET L, BAEOBKRE*BI AL F2H5
FOFINEPERT 2. HRIGEE 2O HIcvs
SOBEALZEHAICE, BRIV PIEET LI
FoTxI/vBIENEBLALY P HEHEB SRS,
oT, REFEL~7v@EN NI L0121, &
A7 2WWT 5 L5 ZIEHER T BEEOHEETI RS
ST IYRENOABERERT LAV ETH D,
1= FBH TR T O E A OTEWIRBE 1L 72 72 4 MPa A 5
10MPa F2ETH Y, IEHERIZL > THESITHNE N
BARELESL. 51 70BADEE )L b~ 7 <
FHNOBFEOEEORRE LT, LVEX»LD
«7«ﬂiU«®me&”7«@&L% «77Wi

&tﬁ%xbhé &5wiﬁ77MiD%ﬂbé<ﬂ
RNOIGTIREDOEAL NN EEROE 26N,
fto>T, W~V BHEDES R ERE, 21Ut D
RUIBENEBENOILIET I L L) 2 TOE
APELINE, v 7<BF OO EEE &SR N
Zt, ThbbLY /Y ERORALI ENWEETHS.
7B I N R GRS O~ 7 < il
imeﬁkiﬁaﬁé%bfwét@%Tw#k@é
NTETW5 (Gregg et al,, 2013). %7V EH OBK

12 & o TEERDIBA S NS LIRSS X b g
FEREAVNE Y ) B720, BUOSNWE 2R 25

RS DSREIEN L TR EF 2T 2. 20207
TYRBIVEDIERPBEATL I L2, v Iv@E
DARET B I EAHH ttéﬂomm%amwmmy
ZO%E, BEIHARICI WV REZERE2 IO LD
o, vUTEEY d)mj: fEo THIRICKE BB %
LVATSS S [ (N

3-2-3 ERBE~YITEERY

HWREPEMICB A Lo 7 =i, AR 2 s &
DM L o THH - HRIALISETT 2. v/ ~<i#EY
mwvﬁvmmmﬁﬁﬁ<ﬁ&ﬁﬁwEWfiﬁﬁmu

LEEGEICL Y, B E ) BESERN T 2 R
uamek777@iUW«me#£ﬁ¢%tb7
FRWENORELREKTAE LS (F Z1F Koyaguchi
and Kancko, 1999). #58EHH HHIME+ B2 THINT 5
& BOTHRAHIR SN B 2D BEED AT L o THEH
HETT 5B, Zoicd, HRBATICEFEICb > THE
L??}Z)V T E VL, LRWICESHR AR S S

ERET ST bbby Y aTHZENTWD EFE 2
67?1@ AR SN D HBREIET LI TS~
WEDPEEHTLI2oN, FDOBEPMEEINDL, *
D7z, RTBE YL RLOEEIIT TORES
FEA/NS RN, BYEE|Z L BIHININESERT T 5
N R OVASE7An g I JUN PULOE T 3 s 2 B
HIEY, IUTHEEN ERMMERIEL &0
THA9.

DL, TUAILTy AR ITEBEIYO
Wit [~ <BTN] OME*BRMT ILENH LA
I, BRIRARER e ) ATy 2ldFIC
BERNOBRE T HIHHEIT S 5 (2 £, Koyaguchi
and Kaneko, 1999) 72%, <7 <i#F 1) fulsd & #50%E,
SOIZBEEDOPICLREARIFEEL, ZRIHE-TY
L FEFRICENT L. Tabb, v/ vEARCIR
ROV 7= PEEOMERICEASNL D, YiEsE
FOEG-TE) EHEESER (BE-BA<S <) 31—
LTwW53 (Fig. 5a). L7 L~ 7 v D& & A0
ETT 224, <7< E ) dLE D SFBERZIN
o CHREIMET LEREIXEMT 2. 612, S50
HEICE o TlE, =7 BTV ABETIHRELRICLD
ERIIERAASIEA L C W BT REME D 5 (Fig. 5b). Wik
BED 7 ) AF Iy S 2 OUIBHER 73R 5 VT LS
EREILL TR PO—LENLIDTIER L, #l
THE SR OB S MR E oG AREE, R E
W R R ZITAEEZONS L, é% I -
EIHE - BRBEEZ S LT 20BN BE %

w»«ﬁm

N
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a) initial condition
intrusive contact
d

composition . )
intrusive
host
temperature magma temp.
e OS tEMP.
---------------- 100 %
cristallinity
""""" 0%

compositional boundary=
brittle-ductile boundary

Fig. S.

b) matured chamber
intrusive contact

wall
rock

__________ ._:____-.._\_'5_——-—

magma temp.

hosttemp.

4

+ 4 ® melting front
brittle-ductile compositional
boundary boundary

Schematic model of a magma chamber. a) initial condition of a magma chamber. Inside of the magma

chamber is filled with low-crystallinity magma, and is stirred by active thermal convection. Brittle-ductile
boundary corresponds to the intrusion contact. b) matured magma chamber. Highly-crystallized magma fills the
intetior of the chamber. The crystallinity is gradually increases to the marginal portion of the chamber, as the
temperature gradient. A part of the wall rock is heated and partially melted. The brittle-ductile boundary
corresponds to the point at which the crystallinity reaches ~75 % to form a rigid crystal framework, inside of the

magma chamber.

FEEAD . Foizd, [EER]TH 5 HERNIRIC [RE]
DRTIPFIZ LT WA EME I YBEY LEFT D
ZHiE, TOX)BEESE (HDHVITHE AN MR
WESEEMICELL T VB L) e /vl ho
(o) SR 2 isERTH Y, TMEER (BA
Lizv s v BELOMOBEAMR £b—HLzw
OB~ BT ) ITEE S h D PSR o
B ISR L A Y@ T ) OB AL
(LT RS H 5.

3-2-4 ZYXENTYIaARTORAIL MEE
KPR THEBT 227 <id, BERE (<15%)
DFRAT T HIEETIHAL, BOERE (>35%)
DFAF A4 MHFEHTEHEICRITELLEIND
(Hildreth, 2004; Cashman and Giordano, 2014). il
BRI OB, RERBEOMBEE ~ 7 < H 0
HT 5L, RERBORMEE~Y /Y E2ERT
B, EESMERT bbb < ofiibe
FEEALIZ X o THE U BREO DRI ETT 542
ENdHH. EEERFEIIBEREIGEL TWEY 7N

KOIERBL L2 ) AT VT v L aDBE, FORM
AV MERIZY ) HIBREFBOTEY, ThbbEktt
OFBAARITELTWE D, HREFEANV DS
HAEEETH L. EoT, ZVAINTy Valkov T
2 OFEER L ERE AL N ORER L SEA S = X b
MWEEIIZS, KBV OS5 EREFHD—FE
OFFH (50-75%) 12H B & XIHICHELLCBIHLHE
IbEND, Thbhh IITOERENBBLES0%
5D LR VISR BA DS TR T A0, wiic X
DEBERAICL > TRE— ANV MOSESTIITON 5.
Fhabb ELOoOHABRFERTEE LITON,
ERERE AN IS TE 2. —F, FHRED
T5% B BHE, 7NAZNTy L aDERICE>TD
AIEF- AN P ORI EITT B8, AV O EER
BEE RGO 7 L — 0T — 7 OEIREE & R ZERR SR
FOBBHRBEICTESNLBOTRENT DA LR
L. o T, #HRBILOBTIZ X YIRS L ERD
FER LK AN DOSHYERDIEMICELEY 1Y
%7 T# A (Bachmann and Bergantz, 2004). = M X 9 2R
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BT T, BREESLECERET CORER L RBEHRL
EOTTRANZLoTAN N OSEENFEBTI SN A, 4
DFEEHDUER, HREMSEOERIZL > THG L
B AN b ODEEDSSEEL, ERLIRB AL NI Y 2
NIy aDOHPIIANV ML ZREKRT S, BEEE~
TR O AN MERMEMR T D, BRI
TIREETHDH., 02D, 7IVASLTY S 255
BELZAN MIEDICEI Yy 2 PR T o o %
iohb.

—h, FURMEXIZL LIFLIFR SIS, O THEE
%w@&%@,7Uxﬁwvyzlf®t®#ﬁmLt
botEZLND. WU 21X, 309 MO La Garita
Caldera 7» % 27.8 Ma {ZFE 4 L 7= Fish Canyon Tuff [3#85&
sommakmﬁﬁh Z@ﬁmwi3&ﬂ%u&m
(Whitney and Stormer, 1985 ; Bachmann er al., 2002 & U8 %
DEIRICED. 70 ANV~ v 2 2 35 E A L
T7b—LT7—JBEEERLCLDOT, W57
OIE, HEROT V=LA — s EERTIEL, +oWRE)
ITEBIHTELENDDL. 7)AF VT 2T
W7z SN/ 7~ B E ) ERICEHETHEESEEDICE
U, BIZIET Y PSS ERLCER LTSy
PEATAEIRIENHDE, 2RI LTy all
MEHRERAPAMENDE, ZOKEZ VAT LY
/l@!fuﬁﬁjfﬁ);:@"““[m)'(mﬂ LT7L =L —7fEED
WIEIN, ERREY 7 ORI D L2
Ld., R, v/ <DEAIL T~
FHORBMENEET L, JVAILY Y 2 DERT
V=L — 7 OB SR bICRRT 2 7 vigE
DATOZ 7~ OmENE, RMOREIGIIREOENL
b/ L, FORRY VBTN OBEEOWITL ¥4
7 OBADREZ IS,

3-2-5 TIRERORA LRT—I

ENCHWVBDT A LA — LV TEBOERE Y 7 <H
EFELE2 20, KRB KOMEN B OB 2 7 — 1L
FHIBZIZTHBOTEETH L. T3, WgANHDs )
AZNTy 2 KEDORBE~ 7 <8 ) OkHrER
3, IO TE~I0 TEDA—F—THorLEILNT
5% (White et al., 2006 - FDFIMLHK). 5 -rY)
7 LI & R O£ S, KRBT D
WIS E N AR OFERTER 10 A ~100 FEIC K
KT EARENTWD (BIZIE, Toba # V75 : Gardner
et al., 2002). Long Valley ## JV5 5 Tl&, Bishop Tuff /&
KIHELD 140 HEU LRI SEHEE Y 7~ Y 25
BSIN Tz LM ST B (Halliday er al., 1989
Christensen and DePaolo, 1993). 72, 7LE L F oD
Cerro Galan IV 7T 3 A7 4 Tld, BHEYOEHZEGE

BOBEEZEILH, S 5.6~2Ma DRIZ 1,200km® BLED =
TIDPE L7 BENAOMRMIZBHL TS &%
2 HbN T3 (Folkes ef al., 2011). 105 FIHEHD
South Rocky Mountains volcanic field @Iift 1K B
12, ZOAUAHROREHESED S, MR TE» 5 0%
A 777®HA7&&%%1H00%57Ux5w
Ty abbhAhvIYBEYVIERESN, L LY
500 AR LLERREL L 72 & £ 2 51 Tv B (Lipman and
Bachmann, 2015).

IR & Z DT o RIEARM oMz A S5 1L A IEDH
Bhs, KL~ 7 ~#T Y OBME/ Ay — Lzt
WLREbHD (BIE, 1995). L72L, COERTIE
ZNZNORBEEN DO~ 7 IZEAKO - PICEREN
ST ENFHRE STV D, LhL, B3 2053 &
fifge 4 o X512, KEE 2D EAE VM R T
ST A %% e, BIETHNLS R, <
774ibu héntvﬁvﬁﬁﬁﬂmmﬂ’“#h

ﬁméhéﬁlw~
B 1,000km® DF A H A4 MBOZ )RS LTy

0)2‘11/]\0) k& SRR, fL NERIZ
ad
WEF RN R T GER A7 — VT ETH 2
(Bachmann and Bergantz, 2004). 54, gt IE - & 4R
TEASELY, ZURINTy VaNTEHEEOEEE AL b
HEIREH (B 100 85 D VEFNLT) TERLEBL L
DFERDPRENT WS (Fl 21, Charlier ef al., 2007;
Allaneral,2013). F 7z, #RAOIEHMED S, AR
DD THEIER BEELN) IS EIT L2 L W)
FRIMESINTVD (BIZIE, Wark eral., 2007; Druitt
etal, 20127 &), T L) BEEMTO AN NS
2, FHRALPEAIZZ VATV~ y 2 2 DEEZITTIE
HHLEBEZW, BZHL, 2RV Y adh
FXAINHDENRY A 7 DPBREN, FNFEBEoT AN
OB BE L AR D L #E 2 51D (Eichelberger
et al., 2006; Allan et al., 2013).

4. BHITOEX

4-1 HILTITRE X E ZOHIE
WO 7 <vBEN IR SN W I RKENY T~
DM T 2 &, [RHEEA] L 25. fitoT
KBEENEZET LA N ZALDb ) —DOFEEL T
Dkxu FNETHIED LEOEI 7 o THIAEEN
EICREIETRE STV rvE, SEIET CErHE
K?ﬁ?&ib#%%&éﬁ%xw_foﬁa
RBERE T LI L ILHRE D V7T ORE LS.
CANTIT EVIHEFOINIR, BBXZFHEE L
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Kt E#HZIETHIHAEE Lcegkshiod, W
BANFI R, T TBIOLLOTIIDORBI
FoTer/<@BENVRIPHEL TELLMREELE
#gansd (Flz1F, Lipman, 1997). fitoT. ©wELAK
EHORETLEEOKMEKREIIELY, ANVTIE
BMEKIE 7 <#lE D L KERED D OOMEDOWIE L
MEREIBNEERT S, L2AD, REINVTIO
WA B F OB KHBEIIHEIN TV ELIT TR
V. BEAVTIE, BRER I ORBEKIZI T
WX ND 3D, EHE~ Y <IC L BN
7 KINE BT D, X Y/ ILJEE A (Piton de la
Fournaise 2007 EM&:X ; Michon et al., 2007) %4 7 B A
(£ E 2000 MK ; Kumagai e al., 2001) 12X > T
NG, KBREXEEDZWNION VT TIZHICR
RELORB AL (Z£E 2000 41X : Kumagai ef al.,
2001 7 &) RWKRAL (T4 - FFTTZTHINTT:
Macdonald, 1965 72 &'; % 5 /3T A§45 Fernandes 1968 4F
FEX : Simkin and Howard, 1970 7z &) 128 BIASICTERK &
NE. ZOIHITTTOMBERLTEREK A A =X LD
Bl hrbsd, FNLoEEIwIny v/~
BEYWOLIHABEDOTT Y 79, BIROBEBICL -
T/ E IR T LI EIC Lo TR SN DR
% TdH B (Lipman, 1997; Acocella, 2007 7% &).

KIEEKIZ > TR SN D HED VT T IR TH
AL, VEITHBWVIEZNEBE 5 HEOKEEATIE
FIEN s CREI VT IR SN A, —F, VEIS
HBVEFNL Y BN SVKBTEK TR VT F 1
R SN2\ 2 EASE W (Geshi ef al., 2014). VEI6 7 7
ZOMEKTIZ, REAILFIHERINIHE BIZIL,
Krakatau 1883 AD, Indonesia; Mandeville ef al., 1996) &,
Sz wiF4a (Bl 21E, Huaynaputina 1600 AD, Peru;
Lavallée ef al., 2006) SIS TW5,

F7o, BB LAL ) REREEKINCR SIS, fh
ADRTIEARFNUIL ZMEKIZ LB H VT I
K, BRET 7 TOKBENILDHNVT I HEL
D BB PN S EHBTEESNS. FxIE, 2007
#2222 % » B Piton de la Fournaise KIUTIE LA
VT T W K O H R 100-140 X 10°m® & S 1B
(Michon et al., 2007). & 52, 1968 FEDH T /8T AFHE
Fernandina A 1% 2000 EDQ =B XILOBIO L 512, B
AANRYMZEoTHEESNEZINVT T HHFET .
#oT, HNVFIHBEK L EXHEOBRIE—H—T
v, 8512, L 0N VT IKILTIREFORAREE
DERIZBWTANTINRHR IR EEZLNLD,
EBRIZH DIEEOMEKDE VT T OB b oz b
VI EHEOTFMDFELN TV A KLEZIEESE R

V. ZDEAN, AT I EEKEOBIZIZVCD
bORFTREMESD Y, ANTIHEANY DA
MEEKOBE L FEFEHRLEVD, [ANVTIH
K] ORFEY [T IER] OBRTHEHTSLZ L
2L T2V,

42 HIFIHEZRTOER
MGRANFIETIBIEYPLOT I TOEBIZ
LoT, FYHENMWETL, v/ EBE W THFEDFY
TBEYMNCRET LI LICL o THEREND Bz
1, Lipman,1997). BVEHETY /<RI PHTT
< HIEH LA, v ViBE DO RBIEAEE
T3 REDVFIWBIRTLTLELIRIEET S
CHIERIEA” CRBH TEWVWERETHL Z LMo N
TWwWa. ANVFIMREIIETTS 7)) = —XEATH,
ML 40km DL EISET 2B A0H Y, FOEM
B < 7FvEUEOB OB (Carey and Sparks, 1986)
b, FOBHTZ 100kys BEICREEEZLONS
(Carey and Sigurdsson, 1989). TN X ) &ML~ /<&
FOHhoOTITOEETIE, <7 vET ) ORI
EAC A IBHAEMTE T, < /<@ EVHED
WL Z NI L DRI ANT T OMENRETHEEZ
ba. —J, RTRBEILLOYTIOMMLIEN
B, BlAE T R T 2 MREARDHEIZE,
SRR LTV B ISR R OB L B0 IR A5
EL, 7B 0@ENFHINDLS2L LALZN
FD, ANFIMREEFIERITOIE HHIE
EaBhHEAESLETH L.

HNFIMRBROBEHIE, v ORI oTT Y
TEEVIREL-AOBHAETHL. BHEILLETT
<BE ) OEHIEEY Y I E T ) 2ROBFII L
THHETEIBEORE, v/ YREVOBEEEIR<S
<BI D EEOBET A IvBEYLLTRM L
T I OERBROLIIBIL, FOWBIERI~ 7~ Dk
FHMEERTHE. ftoT, I/ v@BTHWo2MfRELEN
it~ 7w ORISR bR, BMEET 2D
LY VB IEYALIREON T IYOEPLT TV
BEOPERZTEELZPERFET LI ENTESI
TThs LhL, BEMEEL L bbb~ s vl
F ) EOBFBIIOVTIEEASEREZE T\, 20
BEIEELRTNE RS 2Vv0IE, TITWw) “v I
BED OFRKIE, BRI T IYRBENLLS
< HRFENL LN L BENWL OFES R SHE O
ZrEET. Pl EHMCENRAZo0 v < #
F N BEIMCOLD-oTnE 6, v/ <#EED
DB =0 v /< EEN OFFTERB. T,
2V OMRGHEE S KERFETH L. HERIEAV F
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DERTEBERIT L ODPOERIZEI kb TH Y,
FEBH R EE DA 14 T, 10'°~10"" Pa (Touloukian
etal, 1981) & RFED SN TV 5. EEHY OEFREYE
BHIIFA L Th D, HoT, SiasEhvervo
EFEMMEEE, 100~ 10" Pa BBETH B, —, M
DTN X 0 3B L, ~ 7 AR R &

LTIRDE D HE, HIEERD O LIEI X 254
DI Lo T 7P BT B KBRS 5.
SIaO RTEHME R IR A L b O Z UL ~ED T/
SV, R ET v oo RS AR
KF45. Thbb, v /vBITH2LDTITYOMEH
PHRNTO I E D OWMEITEIT LIS 2B,
BB~V OBEAD L VITRIEHEICEL DD VTSI
B2s, BERES 7 ONBRENIZ ARSI RN S WIEH
BETIHRINLIBHO—DIZ, v 7~ T ) HTOES
TR OFFDEIT L T2 Wizdd < 7 < OGS
PREL, PMELENETORELBENFEEL TS
DKL, KNI E DIV F IR TIEIY T~
WENATORBICE Y <7< OEBMLRPET T2
ZEIE ST, WNTFIRBICLERBTEISET I
LYW RKELRBEEESLEEL LI 005 LNGV,
WAL S B CITEAIZE L 2 HIVFIEIL,
EEMEO/NS 2R E R Y B L 2R VTS
#JZH$ % [incremental collapse] (Michon ef al., 2011) @
BrEboldl, BEREOH VT IFIIBIEEMEOKR
ELRMRES IRV LARERRE 22 LI0L » TEK S
112 (Stix and Kobayashi, 2008) & \» ) BIEHEY, <
ZEIE Y HNDOREREIZL 5~ 7 v OfEEERDE
W, ThbbEWEREEEEROIEREY ST, v
TEEINDLDOLBOT IYORETKE L AOBET
PHELBZOIIF L, AL RO EEEYERO vy < T
i, TOLBORMNTREL LIV SEOV T
DMLV LEE V) 2 THVITEREA .

YU EY OME ENGEDSSEAE L, BEIChDE
A 2G5 AR ICE T 5 &, v/ wi@BE
FEOWENBIET 2. fioT, RIEDMEEHIES
DN, RTRBEYRIEOMETH L. EBITIE,
BOEOLODMEL VI EVdL LAy vBENR
HICHFET HEENLZWETIIBIIAEREEI L L
P TE S (Kumagaieral,2001 %2 &), w7 <8F Hh Kt
DIIRIAKIF LSS OERDRE B L, FIh HHE
PRET 2. /Y BEVEROL IS ISEST S
ML, T BE DRIRGR KT T 2. BFL iz
AFRO~ 7B WK (FRafEdb R Lidhwn
) RRELITHE, < /BT ) KA BBEIC) ~
TIRIZISTIEFRDIETE. T, AT IMEELR

By oI, BEMESHELREAIE, R0
NERFEL LY/ vHBT Y ORFRISHEL, Lk
DT - THRICI D - TGERT 5. BIKEE&F
EEDT IO AMICTIBEIRBIZ D S vk, Tk
THRETERT Z2EPTELELTCLEY. #5T, &
VT RGEDHELTST 2800, v/ <BE ) OHTIC L
LRIUVBIWRINEGIETFTITAHD, BT 2 BRIRET
Betho (#IF) E#L% L2 2 & Ths (Kumagaier
al,2001 2 &), w7 7BEHYRIFTTOFRSIHREY, T
Zhb= 72 E Y RIEOESHE N & HBH ORI
FNFETREL RSB, F0L0, WVTFIREET]EE
CFDITERT YR EDIIERE YD KE R I
WENOWEPVLEE LD,

INHOBELS, ANTFIHEE CORMBKETE L
T, &SR 2@WENIFENS L INE TR
FY, BAKEL7TRBINVEE, KELHEEEZ L
BLTDIENbDDE, ERERTAHADLE, WREML0RE
FEFELZ@BENATCEVEESNTVET
4 A5 > FD Askja KILD 1875 £ AT 1.83km* ®
BHE THREI VT IHFBMEN TS (Carey e al.,
2009 KOV @5 | FSCHD) oloxh L, JE v KRE#E B
L, Y7~ EDOBESIHI0kn L) LEVEEZLSL
1% Huaynaputina 1600 AD, Peru D54, —HrK & 20§
HER 3 22b 0TIV FIMBILEEL TRV
(Lavallée et al., 2006).

o BVBRLANTIEAEL S LD & KILTI,
BTOWEZRE AT H LTI OFFREPIET D L E
AHNDB. FOHEINE, KO HNVT T RO MR
DB AN T T DO BKREGEOTEMIC & > THT
EMAHRT 25 AORENET L T2l DH
., KD RERERT bbb L) BEO/N S AR
R TH T I HEDSEE T AWMLY H 5

T, AINTIMEOBRBEMFIZOVTIE, v <@
FHOBFENERE Z ML LBEOWIEL 5 A 7 0
BALLBHEE, 70 b=y o 02 &%
BERICE 2RI DR (HDLVITEE) ORRE
L2 AENHY ) BLEDEZITNHDH B (Gregg et al.,
2012; de Silva and Gregg, 2014). /N D < 7~ i
FYOWE, v rvBITYOBEENERIZL-T, T
DI S ITE & T Ml BHET f 2 SR~ OIS £ T
FEL, ZORHRIYBEVDLOSDOTA 7 OB AN
LA FA7DEAEHBEANOBHEONL->Twr<illE
DO e HRERTLIEICLY, IR INICA
OBFEHNFE U THIRIZELE £ L ONE. ZOHE
T4 oHOMAIE, BEFO/NS KBS H O
Lo T = —HKORIBRE KA FEAET 5 & SN D (Gregg
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ground surface ground surface ground surface
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/ block subsidence

opening of
ring conduit

Schematic illustration of the development of caldera fault and ring conduit. a) early stage of magma

Fig. 6.
evacuation. A local extensional stress field surrounding the chamber arrows the oblique development of the ring
fault. b) onset of block subsidence by the development of a ring fault. The gravitational instability forms
secondary normal faults in the outside of the main ring fault. ¢) opening of ring conduit by the progress of the
subsidence of the caldera block. Magma intrudes into the ring conduit to erupt the surface.

eral,2012 72 &) HEM/NIELR A VT T OB E, FEik
OBBERIIZ 7Y = —REAPEEL TS BRI,
Campi Flegrei 71 V5 @ Campanian Ignimbrite X D ;
Rosi er al, 1999). —77, X WE K% (>100km’) KT
13, KEBAEOEBERIC 7Y = —RERPAH LN
T, X VEHEOKRE L IIRR OB D SR 550
monTwb (BlziE, Cerro Galan 1 V7 5 ; Sparks er
al., 1985).

<Y EIEY EAABEEEDLET IV (Gregg et
al.,2012) 12 kiU, REMER T~ 7 <R8I ) EBRO
BEDEELFIZL WV HEPEUERTLILI0EoT
ISHERIPHFI SN, ZOERIITEBINLLDT A
7 OREEFIHIENS. FOkD, TOLIBERE<
IYEBINOOENIL, SIER, B2 THER G
BORERZLIZE AT ETE Y RAEOWIENT | E 4
ELEEILNE WThOHBALYIYBI N 2L
DT TOERE T 7B E Y OETIE TP A NT T
BIIATRTHN, #NTIREREETOYIID
OB (7 = —RIBEK vs KEEREI &, Fak A
HEZAXLEDEBIIOVWTIRE S L LBEPLETHS
5. I, VT T REERIZETT T B RUERE K O AR
B, TN ==K B DD b VT KRRENIC %
B0, REOFIRCHEERL EOERPHRT 572
O, BEAHDZZXLZDLDL OEFEIIOWTHEL R
DR LETHS ).

4-3 IRUEE SRRAGE

FHE ) IS AAHELREEDE, < < E ) Ol
MW B E D IImd o TREWTIEMIT NS

720, v EENEETIEYSE I YRR LT
FEFANCR/NERICIPERE L, ERERSEE0
ERFMICEEL TS, 7@ ) oFAHIciE
Lo ABENEIE, RUDIZIZEERZIEE LTER
T B, M THIBLMERIZB T 2ISTIREE® S L ¢
HNFFREICAD o TEM L2 OHEET 2 2L 0%
K OTFu 7 EBRERPBPEEROMERPLMOEN TV D
(Roche ef al., 2000; Hardy 2008 7% &). ZD#ER, A7
F WISV ER T 2 S A QMETE L % 5 (Fig. 6a).
T/, BACHEMBIBEMNTICHETS L, WEOL
A3 72 o b BUIRETRE O /LN B AY 7 IE BTG HEA 5EE
L. #VFI LR ERIZ P o TES L & 9 TR
DR E 2 % (Fig. 6b).
RURBINVORS LRI CHINLG Y IYEE
H RHDHEZED . (caldera aspect ratio) /K SV, &< T
KEZV7VEBTEYOHAIE, RRBTHIN T
Oy 27—k o TihkL, €AY ) ¥ —HloD
#H V75 HERE (Lipman, 1997) SR &8 NG, —7, #<
TSI I<ETE ) OBE, BHAOBRIREIRY L
BENBD, hETD T Oy 2 I EO LIS
¢ A3HF &L (Roche et al., 2000; Roche et al., 2000), = FEIZ
WREEISNIANTIHEE (C—AI—-—VEIVT T,
Lipman, 1984 ; Branney and Kokelaar, 1994 ; Lipman, 1997)
PRI NS,
CCTEELZTNER S hvold, SHOINVTT
Faiz B DSTER S MR 70 v 7 DSREE I 2l D < IR
ENLZE—RI—LVEOILFTITHoTH, FHEH
2R TOWBAERISER T A0 Tld R {, &R
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ig. 7. Evolution of pressure condition during caldera collapse. Modified from Marti ef al. (2000). Pu:

magmastatic pressure, Py : lithostatic pressure, APy : increase of the lithostatic pressure caused by the intra-
caldera deposit on the caldera block. In the early stage of the eruption, the overpressure (Py - PL) promotes the
evacuation of magma through a central vent. Decrease of Py induces the collapse. The subsidence of caldera

block into the magma chamber promotes the eruption of voluminous ignimbrite. Additional weight of the

intracaldera deposit also promotes the eruption of ignimbrite. Subsidence of caldera block ceases when Py

becomes equal to P +AP;.

WifCRA &b IENAEF L TV B WG IZEE) A
T5—7, £ OHBIIZOEHZELLTVWEILT
5. Ruchetal (2012) DT F O VEBETIE, K&x%7T
Ay OB ETIIINE TOERFABEIZLED
Mg A > E0 X LM S NMRiE 7O v 7 13|
TS DA%, FREOMEST & HIZEMITE - & bl
I L, BEBF S NzRiR 7oy 2 R F N5 8
BUERY &R — R e L TR g 5 2 L2015 51
ol Lo, IOk REREEEE, FiEey 23
Wish/iod—23 - WilErsHoTwnsd, F4~
T4y 2R T Y e ES— kL LCitEYT 2
rEzbyvuyﬁ—JJ@%%Lﬁ%waé&wi
B, EoT, INTIOWERERERT LD 2 TIE,
D& LHiE L BRHOR-FICBET L ED D D.
ANTIREDRET L E, BETARITEBTIID
KF ANF570v2) OFRICERESAEIEIIZ
o TY 7 wHEAN - BT LI L8 ) BERAONE
MEND. AT T HBITYMENC @R 5 B oS
(Roche ef al.,2000) TH D /28, ANFI 70y 7 OkE
IHEVWIREBIZEADENE ICELL, 2008 E %
ffio T /<Al 5 (Fig. 6c). BESNAEHILFTT
KILOFEEBEFIIZLIT LIS O LD 2 BIRAOICDO 2
DVEBRERPZEN LTV, BIRKOIOEMIE, Hv
FIEMYHE A V=0 754 vhoREARFEEOS
i EHHRMEEMICREN S (FIZIE, Crater Lake )V
77 OB; Suzuki-Kamata ef al., 1993) &b H 5.
BT T MREOREE BRKODOERICE>T, <7
REE D EMEEOL CKBEDTREA AR 5.
DFER, VT T Rk BiG & Fo s KR 2 KIS
W T2 Z L ST RE L 2 B (Legros el al.,
2000). HV 7T MAEREE AT A BRIRAEIRO B L&

T 100m \ET D Z EAH Y (Miura, 1999), Ok
DESRPERIT, BHEOBEIR (B2 1E, Wada, 1994) 121
NTEHTRE V., 20 L) hKEHEOJEDOTRITE
OTHEWIY I TMEFRWHEE 5. S50, KRB R
EK@Q”&LT VEI7 H AW i iz 2o
KEERNAEIVT TP 7  Z DIEHE O KER D % KTk &
Lf@M?%.%@tb,maﬁwT7@Hw ZH v
FIRLEHELENA V=754 VEESGT D,
IR ORI L RS L BRI, ﬂﬁW%@@%%
BIRICIRT S¥ 5720, SHICEVIERE Y T5.
HBINT T TRy Y OIGEREIEIC l%kﬁﬁ@ﬁﬁﬂﬁ@
T & E Do DRI RIZE > T, $100~% 1,000
kP W RAT 7 R HMICEE S 2 2 E25TReE 7
LEEZLND.

44 HNLFZTOY I D%E

[iai 1 v 77 2 & O KB e KW 1 1 D BRE) A 7 =
A2, ANVTFT 70y 7 ORI L BBIRAEDOERK
DI, WNFT TRy IR EE Y RICET
HIELAYTYOME LHELEBL TWAS. AL
TIMBIE, VB E )L KENOESICKE LEL
#5.2%. Marti er al. (2000) tX, B VFIFHREICEES <
TFeBEY OB EFHER LA BARGEIZIE, KERM
D002 7 BRIEPLELRO, < 7/v@BEINE
HELLD BIME SN T2 (Fig. 7). BROFMEGE I
i /viEEY V)Jﬂﬂrliﬁ FL, P CHREEFRT

HUETHLRAOBEEIET A, MEHER, T4bb
%ﬁ%@@%mﬁuu_777@ibwﬁﬁu%ﬁﬁﬁ
HOBIBIZ X 5> THZOENTWAED, & 7-UBIREE
PR SN/ BEYORFOWEII Y/ viB T
DICEFRERT5. 20ORKE v r/vlT )y Ko<y
RENTIANVTITOY 2 DB EIIHYT AHHETE T
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HUMESNED Fig. 7). 3512, BT 5 KB0O
KEpIE LoodH b 70y 70 LW &b biaES
OHANFIRIHET L0, FONEL T <H
T WOEMIERT S (Fig. 7). ~7~# T H oMk,
TIeBEYLMRLOBOENAMREREST S
b, ERDO< T~ 75y 7 A%BIMEEL. BRAO
ORI L 5T, KEOMERSHRLTWED, <
FREENOMERL VRIS T T T v 7 A%
MEEEL. SNLOFRIZE Y, W IT T RREEER
Vv 7 ISR BTN 5

% OWMEA VT T T, WO & I RRHIE
DK EBET S, RBEINVTINTERSN
TR—) v TR, BRISNEREN VTS OREBED
fEATH S, MREANTIABMBIETLITLIZES 1km 2
BABENA VNI HNTF S KRB PHE L T
LT EBHONTWS, 4T HNF T KRR D
OREIFLIZLIZ 1km b 0idFnLEIET S (F
212, BER7 v 7 A I D Ora Caldera; Willeock ef al.,
2013 %2 ¥). T 0k D REWHEED X #IH KT % 18
D KRR & IR C & 45, KW H DA Z
DL HBEHNED LD LOFEL ThizhiFTidew/:
A5, FlzE, FEY LTI AETITh N IEEITIE,
iR 4 KFEFUEREYIZBE T I TOML TV B Z LM
LTWA (B4 -, 1997) 45, [ER 4 MEAGEHT IS HR
W 3 TETBEHRAFESD VT I PNUCTFEL CW/zEE
Wiz, E-T, 0L I AT THNEBICE  HE
L724 > b5 H VTS KGR Oz v 7
SH L 2 h3S F ORI KBRS - HELA-Z &
ERLTWA. A I HNVF T KERIERRY O#BDE
HZEWRZLIFLERS W2 IEHETEY (Lipman, 1976,
1997) 1X, H 7T ORERICAREML LI AN T T8
HARBEICRIEL, 1~ b I HNT T RIGERHERD o H
IZHELZODOTH Y, Zhd KEBENFmROBL &
VT T AR EST LW 2 & RIR S EEN L
WTHD.

KPR OB & 7 VT T OB FREIC S E T
5, bbb, KEBERBROBAITY LT T EEEE
BThrEVHZ L, INFIREFOLODF &4
RAHBHE OB Tk {, 2RISR DRIBRIEK
BRTOTITEINVORETHLILERLTVS,
BB KORRE L TEL LT/ vEBTI ) ORI O
B BIRWR O, BRI IR 72 KEfE O KED
Foilk, RUSZVEBINNOANTI 70y 7Ok
Lo TERKBHROBESEHINLEEZLNS. £
DI REXKE, /@ E)ORER LT~
FHORETILL - T I/YOREESEH SN D “&

e OWEKEGIRRGIIRE Y AT AN RL L. RS
VFoDEBIEDLIS L ) REREKOFERE—H
BOBGD, F0 &0/ IRBETHED VT 7 O T #
bR WEADOZFNEI1ZE 7% 5 (Tatsumi and Suzuki-Kamata,
2014) DIk, v/ vBIE Y RIFEOREIIL D EDR
BAIKRS, WVFI 7Oy 70kBEE VAN T T
EBEAICEED 7O AN FOEERY I Fu—
LTWwahsd Ltk

4-5 BHE LI VBT YEEORR

ANFIHEEKIIBWT, v/ <R@BEHhoT s <
FTRCEHRT 200, HIBREOYIIHFERTLOH,
BEELZMETHL. W D2POKILTIE, HEIER
BIZANTFI5HREEEED) L) RERERI—D20A LT
FRIT AT AP OR)BRLEETZ2HESHMONTS
D, FOEHT LY /v OEBERS, LT TR
b kA AR Ly <iBE ) O—EBARAEL
TBY, ZOEEHL > TEREAIEYRTEEZ
Lih. BlziE, Toba 71 V7 7 Tid 120 JT4EHI, 84 75
ERT, 50 FERTR O 74 FTHEANIKBBENRRE K5
L L TV2 5 (Chesner and Rose, 1991). DASETH, PIgEE
1~4 KFEFEKOFBHMSE N TS, g3 Lk 4
OE QBRI PHTETHY, ZOBICHE3 T
o o 7B E DR 4 OEHE 600km® %
CEBTAHEELLOIEIELVESS .

BAHNTINRIER D $72, v/ <EBEOIBRITLC
Vel ERRTHENRERELZD ) S WDKK
BOHNFI T, IVTFIRBEEKERICHLTIH
BT KB V< BANRIY, AT IRERER
&8 “FE F— L7 PR SN2 (Smith and Bailey, 1968).
FEF—A0KREZFLIFLIEE 100km® IZREE LA
&5 (de Silvaetal.,2015). BAE F—LE2ERTHIEAS
HiE, HRIOI VT IEEEAO~ 7 LEUL TV
ZEBBN. FOD, BT T RRIRLED KA
FRILAYIVRINVO—EIBRFLTEBY, £0FH
FEHREINSDOBINTFIEHEFERILTNDLE
Zhhb,

RTTEBI RS EORBEDOTTIHNINT T IEE
KCHEBL, LOBEOYIIIRETLION, Thb
L, HIVFSHERIZBT S B G LT IR E
BlERI4T IV AT LADNEREZ 25 ) A CIHEE
BNRGA=FThb. 42FTRBELALIC, INT
ShREIE 7B EYORHEC L THIERIINS.
frikbith  COWERE, <7 V@) 2RO RFEICN
THENITOTI/VBINLOOBEBENILE, <7
< DOEGH R EEEEEORTE A oN D, F72, K
Bfa&tE, BEICL2 AV FI 70y 7 %25 EFIF5
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DBEANTI70 7 2B T ETEROEEY EA2
Z & Tdh % (Kumagai et al, 2001). Geshi ef al. (2014) 1,
BN LA S KD NI H VT T KEE T TD
T (RBRREAIEE) &, BAENTEICL - TH
TEINET /TN ORS, HEFWILIY 5K 5
NDANT T 70y 7 OHE S HER L 72 W7 i 2
b, YUTBIHVOMEEHEBL. oML, <
7 ORI 51T b BRI O RS
%, AR A OBEHEO R WREOMEL Eh oK
ELUAFEESE; MDA, RKoohivr<@lE ) ok
3. TNZBLOHINT IRREKEEOBTE (Fi5kE
KO E &, BEFRGROKBIEXRROEEED &
) LD HKREW (Fig. 8a). I/BEEDOKELRHILFT
BET BT OFRBIEKE L, TABEBRIEIN
SR BMHENPFALND. Thbh, BEAHEIKE L
BHIEE, HLNEANTIOF A XHREL ZHITE,
BRFN I BENRGETHCIVYEBPNEL LD
LEZOHNA (Fig 8b). ZhiE, BHELHEF—LOF
BATKBUE B VT T I A 55 Z & (de Silva
etal,2015) LMW THH. T/, EIEG L HERE
72 b HE 7 S 172 South Rocky Mountains Volcanic field {2
BBV A EREYZ7EEY) oL HEil
L7z 25 OFIRE NG HERE W 22 S W S N B B R
D10 fFELLE & BFED 5TV % (Lipman and Bachmann,
2015).

5. KBEEXDOSHOER

ZIET, KEBERARSERIT I AT A
DVTHAEF T ED L) ZHALPEZONTETHD
PERBEBILA. FNEEE 2T KRB E BT
FTHIUDHT>TORELZ T EHTBEV. JFHEME A
EEZ D) ZTEERZ 7T, 1) KRB O HE N
ELToORI7=EBETOLAL, 2) KBEY<#@TY
O OEKRIEEBROZDIZHT LD

JHREE X OEMAR L LTIE, FESRIckED
YIIVEBEINTWALIE, $2bb, K~y
IV ENTVE I EDLETHL, EHMIC
DIco T EME D, LM S NI BERE < /v # 58T
HRUTBENIL TTIZERLZ LI ICEWERE
Lo TRFEDSIRI SN2 )R F VT y v alko<wr=
Tz SN TR EEZILNL. toT, KEHLAI MG
KORBFHMODHIE, FF2VAINTY Y 2RO
RIURBEYOFERHELRMT LI EBUETH
W, SLIZFDTYAZ VT Valk<e 7/ <iBT ) HNg
HL2o0OHBYATFLZOR, HEWVITIEREL L0
TR OUREEZTOOHLEHN LS AT ATHD
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Fig. 8. a) total volume of magma chamber (gray circles)

estimated from the magma volume of precursory
eruption (square) and the caldera geometry (area and
depth to the chamber). The diamonds shows the total
eruptive volume of each volcano. After Geshi ef al.
(2014). Indexes show the name of caldera-forming
eruptions: Tk: Tkeda 6.5ka, VP: Vesuvius Pompei 79
AD, Pi: Pinatubo 1991, Cj: Ceboruco Jala 1ka, Ma:
Mashu 7.5ka, Ks: Kusdach 240 AD, SM: Santorini
Minoa 3.5ka, CL: Crater Lake 6.8 ka, Sp: Shikotsu 45
ka, CFC: Campi Flegrei 39.3 ka, CFN: Campi Flegrei
15ka, AT: Ito AT 29ka, On: Oruanui 26.5ka, KA:
Kikai Akahoya 7.3ka, LB: Long Valley Bishop tuff
760ka. b) eruption ratio (ratio of total eruptive volume
of caldera-forming eruption against the estimated total
volume of magma chamber) plotted against the caldera
size. After Geshi ef al. (2014).

Dbk \odz, RTBE)OFEHEEHLICITEE
ENEETHL. FOHIE, LhELEFONL
FI2UEBVWTHEEEEREORE ALY/ vBE
DOBE|EEMT D EPRERELS. T, boE
DH VT T KIUD S HEEE O KPR XD FE T HI5E
(Bl Z LW DIFA, £ DI TS KTl AT
KT E L 2SE L2 (BIZITRAR) CLaxgx s,
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WO AN T 7 KIS FEE L KB 2 B3
HATEEMEDIIAIC, BER I VT IFBREN TV W
ECAIRIRAERNICERLSYEE N 2K
L, #ITHLR VT T EBINT HEXOMEBRED
EITL TV AW RELER T2 LENH L. wTNUIL
T, FERHEAERICEIT 2 E100km’ B VI Z D
FORGE< VT OBERERMT 52 A5, REEHEAK
DEHTFUMORIERYLRETHL. L LEads,
NI THLRTEALS T ST RYHIERIL, 0L
I VAINTy a2 E ) ORBITIEVEL
FEAEHIIL Ty

—F, RTRBI NI TTDFEADD L EEEE
LDFEL TWD L) e, WREESICLINZE0L)
BT rTBIE)OFEERMTRLEE S L. BIZE
HNFI RUEIPERWICEEL WL R (Bl
B VT Iguchi (2013) RN ZE DB ILHD T,
BT T FIERD S OF e~ <Dl z 222
H5 [EENL 7 <BE Y OFEFRIBEINL /D,
TN N A ORI 72 B fBAR AT L TV B 1%
WEEIDLILNTED.
ZOHOEELRHIERETH 5 ERKEXOBE AR
DVTIE, HRRREICRINEEMICEEL TV HRE
WO 7 <BENRED L I ICHHAL LEXIZES D,
HBHVIIIEE LIEAE BT ) OBBIIEL L
Vo KO A = A LAOBENEETHD. KH
KT CEBHIEA TV IEFIKONE L
T, DL R~ T7<BEOR Vo] [EDLHIC] E
KEDOPEEHTHI LT, BROBERA I 0%
HET 2 L o o KIUER L BRICE EE 59, KER
BEAERBETIICTHTA-DIEARTRTHE. FOLD
W4, FPRBIEARE A E R OEATRLBER M
PEID, BBETHIEEFNDSEDL I B AHNZZXLT
HETLOPFEBTLILPEO CEERZMETH
L. REBEKEEKOEROBHIIIIEACTFELE
Wi, FOERNCED L) RN ERNS o 7o
&) B EMBLOTEEY O BRI ETICES L
v, B -4l 000) 1E, BEANTIIIBTEAR
KFEFEE K Q9ka) IS OBRITFOEIH, BEA VT
SROFORFLH» o OBNEENEML, 204 s
KOBHEMETFT LAZELTWS, T, H2r0 KLY
AT LTRSS, AV TFIBEEROERNICRIN
LRSI 2 AR L FEET S (B, 2010).
F72, X DA H VT SRR B S REB KR
ROBEHNZ, H VT T TREN & L 7o~ 7= H5t
Bl LB s Twvd (FlZiE, Crater Lake 7
VTS K TE B L 72 Cleekwood #5745 ; Bacon

and Druitt, 1988). LA L, Zhs [RiJk] & 3hBHK
12, FREZNORBERBERIZE > TERZD, T24
FTHEAELTVEDLITTH ARV, ZRECEEMICEEL
TELREHY BT ) ORYEbs KL TS A
DRI RGBS I VT SR OBERNIFEET 21
B ETE 2. LeELAdS, ZoX) R
HHVITEHNLZERRENEDL ) BRIV AT A
OFEB/EERMLTBN . FAFED LI ITRBBA
TR KR 1 V75 BRIZIC IR T 2 DIl DV TERRIZ
HATELEFVIRIRB ISR TRV, FKTIZZ
NS OBRPABREKEXORIARTH S 2 & & F5
M T A LR TH L. KHBENEADE
WM7OLAZHEEL, Fhae 8Nt TFEIcETDT5
7ooi2iE, WHERWNET 70— F12 X B EBIES O fFEH
L, FNSHERBETELZEFNOBIMZREALITAZ L
HAREARTHS.

# i

IAVCEI @ Collapse Caldera Commission T3 Hh V75
T K R KIRME KIS BI T B84 iR 21T - TP
D, RHROABITFIICA) L IANPKREV. PEHA
v )N— T & % Peter Lipman, Joan Marti, Adelina Geyer,
Vallerio Acocella, Shan de Silva, Agust Gudmundsson @ %&
RICIHEICBELYELLY. T4, MO TIXK
Wk EEH OIHE R, BHBEL  BRFTROEFK
L ES. T, ARV AVWAZHAY - &FR
WK, WELEM S N-RAIMBRICEH L LET
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