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Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In this project, the following four items were studied to obtine the
knowledge to evaluate the influence of the low frequency natural phenomenon of
volcanic activity on the nuclear facilities.

Based on the findings obtained from this studied, we have summarized the
basic understanding on long—term evaluation of inactive volcanoes which have been
inactive (resting) for a long period, evaluation of current status volcanoes that
caused huge eruptions in the past, and concept on the evaluation method of
underground structure. Of the 1 to 3 studies, it was conducted as a commissioned

study except for the study on the parameter setting of the ash fall simulation.

(1) Research on evaluating the possibility of volcanic activity

We have survayed the eruption histories based on the published information
about 56 volcanoes in Japan and created cumulative magma volume—time diagrams.
Based on the obtained information, the average magma discharge rate was calculated
and it was judged whether the discharge rate was increasing or decreasing. The
change of discharge rate was interpreted by examining the compositional change of
the eruption products during the high discharge rate period and the low discharge
rate period. Case studies of the Daisen volcano and the Akagi volcano were conducted
We clarified that the change of the discharge rate would be caused by the difference
of magma supply system.

Tn addition, we investigated eruption details in the case of the Towada
caldera and the Shikotsu caldera which underwent huge eruption in the past. As a
result, we compiled the history of the volcanic activity and the eruption products
from the pre—caldera period to the post caldera period via caldera formation period

This history also explained the sequence of the Shikotsu caldera eruption.
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In the case of Shikotsu caldera, it was shown that the sequence of the
huge eruption started from the large scale plinian eruption and shifted to the
pyroclastic flow eruption and ended in the caldera collapse based on the
investigation of the eruptive material. Furthermore, paleomagnetic study for the
deposition of caldera forming eruption indicated that the caldera collapse occured

after significant time gap.

(2) Research on estimation of eruption scale and influence range

Petrological studies of the eruption products of a volcano that caused a
huge eruption in the past were carried out. As a result, temperature and pressure
conditions of the magma just before the eruption were obtained, and the accumlated
depth of the magma was estimated. From this research, the depth of the accumulated
magma which had caused a huge eruption was estimated to be 10 km or less

In addition, as a result of estimating the transition of the magma
composition and the change of the magma supply system during the preparation
process of the huge eruption, the caldera formation eruptions in the case of the
Towada caldera and the Shikotsu caldera were caused after the low discharge rate
period continued.

On the other hand, the characteristics of the erupted magma composition
were observed for Aso (Aso—4) and Aira caldera in Kyushu. From the Aso—3 eruption
(about 120 ka) to the Aso—4 eruption (about 90 ka), it was found that the magma
composition changed from mafic to felsic. In the case of the Aira caldera, the
composition of the magma did not change significantly, and since the Aira Fukuyama
eruption (about 90 ka), the siliceous magma was continuously discharged until the

caldera formation eruption (about 29 ka).

(3) Research on volcanic chservation method

A numerical simulation model which can evaluate the effect of viscoelastic
relaxation on the state of the subsurface magma reservoir (temperature, pressure
condition, etc.) considering for the activity of the caldera volcano and the wide
crustal variation pattern was constructed. Using this model, we analyzed the shape
of the magma chamber, pressure change, and uncertainties such as underground
structure, and estimated the relationship between the magmatic reservation
condition and crustal deformation.

We also surveyed the underground structure of the Aso and Aira caldera as

active caldera volcanoes. The MT method was investigated in the Aso Caldera, and



the seismic velocity structure was investigated in the Aira Caldera. As a result,
it was found that a low resistivity region from 2 km to 9 km beneath at Nakadake
crater of Aso caldera and the low velocity region exists about 15 km beneath of
the Aira caldera center.

Furthermore, analysis of the chemical composition of the deep underground
fluid of the Aso caldera suggested that mafic magma is supplied to the middle and
south side of the caldera. The result proved to be consistent with the current

volcanic activity of Nakadake.

(4) Survey of caldera volcano overseas
Regarding caldera volcancs, we investigated the unrest events and
underground structure that occurred in Yellowstone, Long Valley, Campi Flevlay,

and Taupo.
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BE SR A TFACRT ] OSERL 26 4R SRS KIRBIFAA, =Rtk | ESLRFEN Ak
ERE) ROFTF RS ORF M S S R G ZRER (R 26~30 FEKLIZE
SEAI AR B BTN BB, S R0 | ENITFBARIE A FEEEBITREITIERT, FEL 27
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kL~ 7= ORLE %8 8 7= RILK L OFES) & OIEEY FTREIMEIZ DV TIRET L7,
O KILFROME A & W5 B OMES
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Z OB REE /34 — IR ABEF L L ER OB E 2RTH O T EBK
XVNELER TOMBENKE 225, (La/¥Yb) n thd No/Y ORI L/ 7 —2
ORISR <. WP ORI S EE IR BENIR e v | BRI B OMRE
&M% ETER L TEMFEZEIELTWDZ DD,

EHEZ2 BRI LT, Sr/%Sr R UV Pb/*Pb L THERE S iz,

@ = /< fkash &~ U< ERELDO LR
< VMR OB S EHBEOBEN S, KILALUO~ 7w ERICOWT, RO
L REENRETANREZOND,
EYE N T 7 BILAAA TS U EES A T 7 XM E D S (LBSHR T CREITHAK L
Tt I F T s v Py« NEEERICEL T, A7 7 A0 hHERPTRER IR
BlchoTna (M2.1.13), Z0 k5 RETHEIR~ Y M OFENLIRNEGE.,
FEXNAAT T AN ORI, ANV MFOEKELZLIRD, BOIZHE
By MOBFENRKERBEIL. AT T AN FOEFEITEMIINS 2D HbDD,
AESND ANV NOBAKIIRELS 252 L %ﬂy~wm6@ﬁW®ﬁw%@ﬁ@
X 7%, BEPEH I DKP 2 DNP OFERE KRR 7Y =—RIE KA X 27 DITiE, B7kE
@@wﬁimvﬁv®ﬁfﬂ$TKf%D\l®ﬁVZ77%WF%%#MOTﬁT
FTAHZEIE Y M—ATT AN NISHEITLIZZ EOENTH L EEZ LA OND,
—J5 . BRI BN AR D L L bic, AT T AN MEENS ER LT, BATEE
BELLTNAZ &L, 9100 ka POIAE 7@~ v ML OBES 20 ka (ZiiE
LAER Y AP TE R oo LIRTE 5,
(2) +FRXLOEFFHE

+Fn BRI 1) B EE A K ILIEBNE, T HICIS T D A LTEEMEREA (1A
HIAEE DT — 22X 5) BT, 2.5 MaEIZBE L= & E 2 b, 2.5 Ma LAE~+
WEKW%@%#WOZW)if@Km%%@\ﬁ%<ﬁ@QQ5~L6m)kﬁ%(L6

~0.6 Ma) IZXKsransb,
w%(25~L6m)ﬁN@ﬁ@ﬁ%tﬁwVCKM%@M$Mﬁémto@%wwﬁﬂ$b
I OENE~TA YA b <AEH L, EIEE - KiE, )L - B

R LES, DY ERE SR E N, HEEDIT VAWE"F oS =l 7= N A
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HERE . BT ARHERE D 5725, T OOKILIEBIL, 1.7~1.6 Ma EHO-FIHE LS
EVEOEE R—LABOBRICL > T—BRTLIEEZEZDND,

%HA (1.6~0. 6 Ma) : AHURRIHEN CTAILITBIAHE T L, AblEIC RV TRILTE
BAEE ST, BEOEHTPL LY TREERZIE~T A A b= EHL, R
JIRERE . SRS - KHE., AEEE - kive., BORBEPER S, Zhb
DOIEED & RIRFAIC, ALHED TR TRAB A SR S L7,

0.6 Ma DLF& : AR 2 EIE L 55 0.6~0.2 Ma OFAE 2 KILEHMITED bILT,
FFIm AL OTEBIBILA (0.2 Ma) F TITIE, #4940 HEMOEBHR (b 5\ &)
DEELEZEHESIND,

PESR OB T, R K LTEBIBIAA LARTOME K S 3 RERE T do o 72 A3, ABFFEIC X
D AL OEBIBEELIN 0.2 Ma I THH Z &, FNLARNTIE 40 TR DK
LEBVARLE IS TEIET 2 2 L ONIBA Uiz, BIRERTIE, 0.6 Ma ARTO K LEEENC SN T
i AREA L S ERo L E LTRYVE ) ZEBRRETHHEEZ LN LUITIZ0.2Ma
LA Fa K (L OTEBNBEREIZ DV TR D,

@ -+ nEk L OTEENRIE

ARBFFECHE. BTR o X 5 2 HFn KL oOTEEBIRAREETIL 0. 2 Ma LARE S L, Sl
FSH (~$9 60 ka). HAT TR (61~18 ka), AT TH (15.5 ka~) D
SHICEAS & h5, K2 1. M ICHmBKIUOMEE S A ¥ 7T LERT,

EHNVTTENCRNT, BUROBE S A ¥ 277 M LhiE, 0.1 Ma ZA0BEH
TA LHHEIM LTV B, £, Bk Y — K Q LIATICH 2 J7 4 M RN HERE 23 &
4, L L, RO INT ITHOMEL A Y 7T ME, BET 7 7 ROGEND &xF
He S N K REFRHERE 7 — 2 TIER LT b O T, FGIRIE RS O 7 CRET DG & K
WINZDNWTIL, BEEY 2 A ¥ 275 ATIIRB T & T, £ OERIE, fRFUEHHIC
BWCRE DS E CHREAEZ 52 B TORWVEILS D, R, FHELARGR
HEABY) OB IR K FFHEREY 2BV THRE O RWERBBER RO o TRy, 7,
EHT 7T ORI OV T HHBENE SN TS, HFEALOEI LT T B
OIEBBREICHOWTIE, KRR REENLEIC LD,

HAFSTREIL, AT Y —FQhb LETOMEERSN %, 2o
13594 5 6 TEBTH D, AT THAIERMIC, BEITHMR STV, Jv
FSHAEIT. EHER ke’DRE PL LT R A, TEERIE 0 KFRNE K O FEAE THRASRAS
BB, ZOX D A KBHEE AL, AT TEITIERD HILTVWRY, LA
DK E 1o KPR IE, AT E Y — K Q (B : 61 ka, 4.8 k'), N (KAE)
Mgk ¢ 36 ka, 17.9 kn®) . L (\FMEk 15.5 ka, 20.3 kn®) D 3EIFEAELZ, Zhb
O 3 B KB ORI &, B HES kn®DRE LU T OBLAMEREIFAE L T 5,

%2 1.2 I H AT SR OEE kT Y — RIZOWT, EAER- #EB, £
EHE, HREMEAED—ERETT, DT TR O KL, 61 ka D&
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KTV — K QT BT Y =— AN REL BETRA- A2 ) THHER L,
FENT, v VwkERBANRE L, KIUEAZELETKLKBERHER L., 0
% KRR RAEL., BARICELSEN T2 &L bND, KIHRHEEY ORI
Hayakawa (1985) ®® |2k AL 4 kn'DRE & STV DH DS, -%@ﬁﬁ&%fi\A
HEIIKE L RAAREMNR B D, 2B, BT Y — K QORI BHOHI LT Z 5
BEShizeEZ LN TND B9,

0%, 58 ka ICHEKT Y — K P, 55.2 ka [Tk 'Y — R P’ 53 ka IZMEK
TEY—RONEELE, MATEY— P, 7V =—REAMBRELT, BTE
FHRHRE LT, AT Y — P T, <7 < KEKMEAD A L T, BakILH
BUYDOKILRBAHERE LTz, 40 ka AT E Y — R0 Tk, 7h / REKIC
0 FIREKILRBHEFE LT,

36 ka DA T E Y — RN (RARE) BNF4AE LTz, KEKT Y =—RIEADPRELEL,
KR — DHERN), TG KILUR S HERE U 7ot RS2 RS RAE L T+
AL 2l & U7 50~100 ki MBI KRRV T = 72, oL
FSORIENR . o7- EHEESND, FD%. 23 ka [FEKZ=EY — NN BRAEL
oo DN TV ) B TH Y FIREKLKPHERE L7z, 21,2 ka (I3
KT — MR LTz, ZOBKIE, DT TR T 4 & B IO R E 72
%kf W KHEB OSEIT R TH DM, KRG T Y =—2 &k, 7 =—3 WKL

BT KRS LTS S, KRR D RE LT,

17mm“i@kiBV~FM’ﬁ%ﬁbkomﬁﬁETWﬁ/ﬁ@KT%b\%
R LR S HERE LT, Bt T XL LT, ZOKILURBICITEBANANS
N3z eEnFEFonsd, +%DBJJ<LU“§H$%usx_ﬁlmﬁﬁ’é‘ihé@ I chsd, B
VT FRREITIL, kT e Y — R L, W #ERmIcoh, AR AR b1,
MDY —RLOK 2 kalZ L&H @Mmﬁ%ﬁAﬁWKMAm@mbfwt
Sl BEOYSIRERL TS EERBL TS, BAZEY— R W
VT K DLEERRE A & L TILEMN T DA FTREED H 5,

15.5 ka OB Y — R LT, BHEOE TN Z20°LE 25, +FHEK LR
O THD, KERT ) =—EANFAE L, Kt —VHERRY, BETEA - K
LR ASHERE U 7=, KRB R XPi s # A L +ﬁmkM%¢u&Lt#@5wv
100 km OHUFIZ KPR FEN T 70, T OWEKIC BERONAEEN 11 kn
OFFARANT T OFEHBTER LT,

DNT THBEEER L THDL L, TORVIBILIE (53 ka DKLV —F0
DARR) 13, /RS2 T L 2 RIE K (00N M) & HRERRFRAE O R & 7R A E U (N,
M, L) ARECHETAEARS D, WATEY—F0, N, W OXUKEX, 3
BECHUE 27 0w 7 IROF A YA h~FlCE THR SN TEY :h%@%k?i@
R AOTRRE RE o T ATRRER B, 3B B < ORI, IT T ERICER
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R bbbz 2 KIMABFEEL TR Y, BamEK (N M L) OEICKILRSHEES
NHZERBVELTWEEESND, £, WThoT s /7 REk (07, N,
M) b, AR (N, M, L) BFETSE 2~ kalTEZ > TWDH, ZNbDE Y b
3. SRRSO BT A, BRIC. W & Lo, HREAKLTEZ L
WESBANE R ST AT TS, DT A KA (00, N W) 1E BA
M (N, M, L) ODSEBRAOMES K & L CAIEM T O D AREMER & D,
® HNT IR T B~ /g

X 2. 1. 15 oA NT SO S A ¥ 7T LERT, AT TR T, K
HE A VT FWEKDFAELIMNC, MOFEBRH TIER OGN RWEBEDEED 6D, €
I, KR LT T KT A EMOER~Y 7/~ EBHEHOFETH D, #
VTSI, £ E LTHNE L1 kn'DRE/THRLE~ 7 <EHETHY | b
NFTERBANT THE Y SEHEEE (K 2.1.14), L LeRL, KRED
NF S OBEICERET AL, BATEY — RN QNER 27 5 TEMT I~
WEHEEAS 0. 11 knfDRE/T4E, MK VY — FN-Lfll28 2 75 5 HAEM T~ 7/ ~EHE
23 0. 15 kn®DRE/TAETH Y (K 2.1.15), b7 7 8% (4 HER) SHEv
FSH] (155 T4ER) LHBL Th v/ <EHEEREY (R2.1.14), £, K
Sk DBEFEIZ DV T h, AT Y — K Q-N 2% 0. 16 [El/T4F, M=t — KN-L
123 0. 15 @/FETH Y, BHLTITHO L2F/FTELY VABIEEETH 5,
LLED X 5ic, FHEN LT TEAKDRNCIE, 2 FEBBEOK~ 7/ <EHER - {0
SRR AT B EAIC B Do REM D LT T TRE K ORHIL, < 7/ <EHEs
HAE L | KA b ARSEE ©. MR SRS RS R 2R Th T & B X
HBhd, Z2OZEE, KBEI LT IEAERZT720I0E, £ THTIC<
T2 BERT OSSN ETHD I EERRL TN,

& 2.1.16 [T H AT SR BB BT T HIIHT TOMEYOSE Si0, By
BENE R, DT IR T, A Y — RQTCRIE~TA YA v
w MUEH L%, 28 SI0 BN L & HITHIE L, N & M THRRECE~ 7~ 238 H
T BB T, FO%, L TIIRRPEHEIC 2D b00, T4 VA h~HRUEICED
HO IR I\ R D~ 7= S LTz, 20X 912, IAT FEEICB TR, —
BLTCTA VA M~~~ EROEBI L 2o TS, LAL, BIALTTHIC
ABE . v/ HEEITARICEREERILAE~E B L, £0%, 1755 THEENT
THhx L EREER A DA~ L BT 2R ERT, 20X 7%, INVT T
W~ % DT T D~ V< BEOBFRELIZ OV T YO XV FEllas
ARSI NLETH D,

(3) XZHXKWDHEGFNE
T 5511 60 ka OFHEIE A D%, #0940 ka lo VT THAM A AR Z L THILV
FSEBR LKL TH S, AR T, DT TR K & T OEROE Y& HERIC
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L7=mR—Y v 7 El. R LT RE, ERE AR L. JORBE K AT b HE
A~ EDLEFEZRE LT,
O ZHKILDFE D NT T I OTEENERE

EHNFTHICBIT B 60 ka B KL, £HNT THOR LB OK X RE K
T, MEH BT 10~15 kn® DRE & RAESL STV 5, 60 ka fEAEMEKEHMIZONT,
THEITH 20 km OHE TOR—Y 7 3 7REL ZHWARTT 40 km RO FH]
JEE 40 km i35 B R LU FIRERE AR L, T oMYA ILEE (1994) B 2iF
FoT520a=y MK Lz, £0O#%, ZNHOEEHIZOVWT2=y FRD
%ﬁﬁﬁbﬁﬁ%%ﬁ%ﬁotm%\wkmﬁﬁ@k@m%* HEREHE S R OVE )
OREREMN S, A D C DKREL 3 SO 2=y MRS L (B 2.1 17~[4
2.1.20), B FALO Unit A IERAE TEOBKR T KARHEREY T, FeGa TR EZE &
THEERY (AL, A2) &F 0 LMD KUKHEREY A3) 26725, Unit BIE, Unit A%
B 9 2 a U 7 RO T XHREYD TEEMICBIREENFGEL T D RER

GYORABIRE LW AES % Bl-B4, BEIS L FRBEAMONRVELRE
+ AR BS & Lz ([K2.1.19, K2.1.20), & B AL Unit CIZA=Y 7TE
MK@MM%E%%*% Cl & ZFDB%OMET KFHEREY C2 »H72 5 (K2, 1. 18, B 2. 1. 20),

BIECO X 9 KA L7 Unit ADvD Unit Cld, T OHEREMEE, HEBY ORL
F&Uﬁﬁk%@ﬂ#ﬁﬂﬁ{m 5. FNENNERBE KT 2—X (Phase 1 : BAHED
7Y = —RMEA. Phase 2: A2 Y TEDOT Y =—AME K, Phase 3 : XFIEK) 12
M2 2 A BN o7 (K2.1.21),

Phase 1| CHZZEMIREME) LB TRAHBED /e SR (AL A2), 20
WSR3 AS TEHR L7 L E X HND, Phase 2 TIIMEEREREN—E TE22<MEH
ROBBHAZEIRLEN S (B1-B4) WEITEHEN EF LT\ ol, Bs THEEER
BB RIS 72 o 7203, T OFFEIIERE REY22ME K A fh 0 I U CEFH DR 72 2 B HEE D
TR SN TTREMEAE 2 B, F D% Phase 3 D AREFME A (C1) IZE o7z, KT
HeRE 2 TR O 1 T KRR (C2) 1X. Phase 2 #8H1 (B5) X VBALMNIHUED/NE
SRS B AR S W B BND, 60 ka LA TIL, %meZMMTﬁmm
B~ (Aa) 7)., BA~/< (@R - REER) PEHLIEICDDB, 7
4#4ngﬁ7(%ﬁ)ilw&mWMEwﬁk@%#6X%iT%ﬁfé*&&

WHEH LB TRY . BRE S~ (EERE~ ) noERE~ s~ (BERE
’«"/“\7) AR L B ICE S b o TV E WDKK T—RINCRA LN D b D &
TR STND B® — o, BEE~ S~ TA VA NEV I bRDRL
B~ 7B D H b OMEHIRCEI O KBS D OB CIIFAT 5008 L <, T
PRSI Lz~ F<BE O N R LT A A NE 7/ vidE oo~ 7<= Lid
RO A% @ - T L7z ATeEE 2 7R LT D,
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@ ZHKILDOHNT T TR OIEE)

T H LT T TERRNE K OV JAEARIT 43. 8 ka, MEHAFEIL 100~130 k’DRE & FLAH
b HN TS AR L o TRH I NT THEMEXIIRKEL 5 DDA = — A2
ASEEN (Phasel @ ~ 7 < /KEGME K, Phasell : Kl 7 ) =—3 IEAIZ LD
W TR HERE I LR ) O KRR MERE I BLE ~ DFATH, Phaselll : JHUELAHE
HEREIME B, PhaselV : BV JREERE 204 5 KRMTHEREMME HH], PhaseV :

L Stage2 ($£3€0 Spfl:PhasellI~V) DK XL 2 DR HFIN TV, Fik, =Tk
Phasel WEHMIE 3 DO = v NMIDT DNEKEYIINCIT#E A &SEDOTZ A b
RHFE NBE -T2 & E 2 HLDH Z & Phasel l MHMILE S TIH 2 D=y hDH
NADOLND T EPHERINT,

KR H OEKEEICI\O T, B, RO LR OERFEBICER LT,
THHNT S TERE KSR ANSF D6 D2 =y MIERS L7z (K 2.1.22),
Unit A D TRIZE O Unit F O I HENEET 528, A0 D F ORICIEEERITRR
BBV, —F T, Unit B-C. Unit C-D, Unit E-F RHZIXRFRIMIBRZ RS 55
AR bz (X 2.1.23),

Unit AVIEER 70 em T, Al, A2 D 20D H T a=y MRS EINDH, ALK T
B RAL ORI % £ 5 JRIED Y A X0 KW — DHEREY. A2 (TR R 2 & Tk
Tt — SHEREM & e TRRBHEREW DA JE T~ 7~ KREKEKICLE ) MM TH D &
Eibhb,

Unit BIZTFAIN S B FTRAHERY B1), ki — VR OKRGRHETED & & TERA
HERBMOEIE (B2). % LT 2 MO KHRMERY (B3) D307 2=y MIMD
. SEOBEIIN10 m ThD, Unit B & Unit C OEERITIE. EEFMBEIR
b, FOEAE EICITEHEENRD b,

Unit CIIIEVESS 2Lk O FHB 2 KFRHEREY CH 0 . BIEITHI 30 m 2T D,
REWEEEOTAL (C1) EERICET BAL (C2) D2 >D¥ T =y MIESIN
B, Cl & €2 ORICIIKE RERERII 2N &L BND, —HFH T, Unit C-
Unit DEREFIZIL. C2 MERISNTAUEFHEBMAFAEL TRV, 20 LETE
B AL BICEL LTV D 2k b BRI R O BRI IR 2SR S ke (2. 1. 23),

Unit D iZ. JBEH 3 m Ok - IEERE O/ NEBARIHERM TH 5, LRI
AT A TS BEEINDHN., TR HB MO Unit ECBET D Z &30,
DI ENE, KRN OH AT BULE S THE Unit ERHEFE LB LN
5

Unit B3, BER 2 m ORGSR NEBLKREHEREY Th 5. T O KRHRHERRY)
DAL IIRISHE L BHEREE SR b, £ OFHEEE oK LRI REL T
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2., ZOZEMb, Unit C-Unit DEER LS, Unit E-Unit FEEFICITHAIREW
AR A FEEL T EE 2 b D,

Unit FiZ 2 o0% 7= MIXS &, FL TR FEAYEFREY., F2 1 3XUER%
Gip kR — CHEEM TH Y . 2EOEEITN 50 cm ThH D,

FEORSICHE S TR ANT T HEKE D OB 5T 21T 7 (K
2.1.24 ; NEWE 2 BHE L ER O 3EKD), HAT T IAIEKEHYOREWEIL,
BEEICZ LVEET (Crystal-poor type : CP 2 A 7)) &, BHICBUEALOAZY
7 (Crystal-rich type : C(R A7) m672b, CP & A TOWFHEILS vol. $LAT,
Si0, BN 67 wt. %L ETH Y. CRFZA T (BEME 20 vol. %A L, Si0 & 67 wt. %Lk
) EIEBARRICXBITE D,

Unit A TIAEMWEN 80~90 vol. %% 5 HDIIR LT, Unit B TIXHEZ
R LS A BRI 5, Ol TEFRITARMT 52, 2 TiTefko 80
Vol %Ll BN E DA L 505, FORITEEAERY IR L ooE AR 40
vol.%RitE L 72 B, —F T, KEWEDH A 7IWZEBET S L. Unit A~Unit € TILCP
B A TRERTHDHH, Unit COFINTIFVED (R Z A THREH LIZL®, Unit D
~Unit F CREEEBIGET S Z LMBALMNTRT,

Unit A~Unit C & Unit DUAETAREWESL A 7OLFERRE LML, O
©CRETE AR B 721 ORI A EAET D Z & A5, Unit A~Unit C & Unit D
LI TERENEROE K E LTRSS TE B AREMENE X biLd, 20 XK 9 22 kHH
2RI A B CORRICOWT, LV ERNARREA S —VEFHET D720, X
LIS 9 O IR G AL D RIE % ATz, FOFER, Unit B & Unit C DB TIL,
[ i~ B 4E DR RIS & HEE S iz, 77, Unit C & Unit D DR T, 100 4
PLEoRRIRMAEET D Z ERHA LN o7 B

eoT. KHKILDWILT FHEEKOERIT, LTO LI ICHEEND,

v o RIERE K R OKER T Y =—H KT E o7 Unit A), £D%, KH
RARE 4 33 9P 1o~ 7w kI HE4T L, Phase2 TIE 7D =—RMEAKMBAE L7 (Unit
B), Phase 2 %I IIMEMAENRLEICRY . KWt — VHERRYS KR FEHERY 215
H L7, #0%. Phase 3 THIBERMAEKIC LY REOXPHRHERRM ZIEH L, &
LTSRS 57T Ly Fy RHERE L7 (Unit ©), & HIZZFOHRAERRIEH
FBNT, BHLFIEBICHIT LIS EZ bND, BA/LT FIEBN0 Phase 4 TIX
SN 72 KRR HERE D A R RIS H L 72 (Unit Dy Unit E)o KEREY—T %MD /D
B 7Y = —RIEARFAE LT (Unit F), AR BORME»L, ILVT T O
#13 Unit B THAE D . Unit CREIDT /7Ly F yEHIZL > TBEDOI T T
IR SN B ZBILD,
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DX SRR, IAT ITMRICEED T T Ly F e B S IZRIZ,
FARR 72 K KRB U KPR S HERE S5 &\ 9 Druitt and Sparks (1984) &%
DHNATF SR RDET L L TR-TW D,
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%211 KbLXEXKL=ZY bBFETTHE
Table 2.1.1 Stratigraphy of the Daisen volcano eruption unit and magma volume

EAE (ka) B (km’ DRE) JEh R (ke DRE) 15 T B m’DRE) | _&f (km’ DRE)
20.8 =k (SL) 15 x 10" |EISREN (AmP) 67 x 107 16 x 107
24 AR 34 x 107 34 % 107
28,6 Rl ML) 19 x 10" B (MsP) 73 % 107 FAh 1.3 x 107 28 x 10"
293 B4l (KLY 72 X 1072 o F (SsP) 1.0 x 16° FEY 44 x 10" 15 % 10°
416 HiR (MkP) 1.9 x 10" [ la ) 35 % 10 23 x 10"
60 B (DKP) 11 x 10’ 1.1 % 10"
67 A& (DSP) 30 x 10" 30 x 107
80 41 (ONP) 2.1 x 10° 2.1 x 10°
83 Jem 2 80 x 10% 80 x 102
93 bid::R| 24 x 107 24 x 107
100 | BFWED 36 x 10" | &% (wP) 13 x 10° 17 % 10°
115 FELR 8.7 % 107 87 x 107
130 WL (DMP) 9.9 x 10" 99 x 10
170 e 22 % 10" 22 x 107
190 A (DBP) 1.0 x 10° 1.0 x 10"
200 HPM2 16 % 107 1.6 x 107
210 $:2 (DOP) 1.9 x 10° 19 x 10°

W) ERETRATER (2017) &

#£21.2 HLTSHEHMOBATIEY—F-ER
Table 2.1.2 List of eruptive episode in caldera forming period at Towada

volcano
kI HSinpaat
?)E—)'f%: TI5E KR ﬁg (k?f’%%E) P} ?:;@ Cpx | Hb | Ol | Opq
L NE KERI oK~ ABRRE 15.5 20.3 QIO 0 O] tr O
M INBGTR JihasR 17.2 0.05 010100 @]
M B4, RE, ASETR [RYTKER TU=—R- KBTRE 21.2 3.1 0] 0|0 tr | O
N (N SRIER) Inhsk 23 osx | O] O 1 O O
N XT8, Vil KERT=—R—RBRRE 36 17.8 0|01 O o]
o (0" K LK) ThsR 40 0.09 Q0| O O
[s] &E J)=——= 53 14 Q|0 O o]
P T-25 T IKER 55.2 0.06 0|0 | O @)
P FEF T J)=—3 58 1.2 Q10O @]
Q B2H LK Tz —R— Y TKBER AR R 61 48 0|0 O tr | O

A ADHTUARDIH TGS, I BORFLY A ERTHS. S TTMRTRIURERRRERER LS.
HR) EERATGATIER (2018) BV
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) EERATHRETRA (2016) &2

2.1.8 KRLXLUEHMOER
Ahﬁﬁm%75~%kzﬁxm?75\kkﬂﬁ\bﬁﬁ~&ﬁTkﬂ%
Figure 2.1.8 Stratigraphy of eruption product of Daisen Volcano
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Figure 2.1.9 Accumulated magma volume-time diagrams at Daisen volcano
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Figure 2.1.10 K0 vs. Si0, diagrams for the eruption products of Daisen Volcano
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Figure 2.1.11
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Figure 2.1.12 Chondrite-normalized (La/Yb) n vs. Age and Nb/Y vs. age diagrams
for the eruption products of Daisen Volcano
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Japan (Add to Kimura et al., 2015)
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Figure 2.1.14 Accumulated magma volume-time diagrams at Towada volcano
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Figure 2.1.17 Column diagram of the eruption product (Shadai, 60 ka)
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Figure 2.1.18 Drilling Core Photo at E20 point
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Figure 2.1.19 Exposure Photo at E40 point
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Figure 2.1.20 Exposure Photo at NE40 point
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Figure 2.1.21 Eruptions transition of Shadai eruption at 60 ka
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Figure 2.1.22 Overall picture of model exposure

_36_



BRI HY

accretionary lapilli
‘ carbonized wood

i, gas segregalion pipe

stratified

erosion contact
S\ with or without
reworked deposit

HiB) FEEREMTHRATIZERAT (2018) B0
2.1.23 ZHHNTIHAEIDERX IR
Figure 2.1.23 Schematic diagram of Shikotsu caldera-forming eruption
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2.1.4 F&®

B B 56 ORI DWW T BB OE B 2 IS BB A U, M E &
R A TS A Y 75 LB ER LTz 2HDbOKILD I B, 29 KON T~
JEHEREEH L BHER ERH VT TRERICSH D021l 2 & LI, mE
HSRI] & (RS R O M DR b & T B huiEt Lz, 2 LT RIkLReaRagik
W Z AR H L LC, MHEOT(LOBERIZSWTRRE 5 2 7=, 2, BEIZEX
EAERZ L HRBEALT T, B AT T OEKEREFHMCAE L 7L T 73
NBB LT IR ERCHRINLT THNCED £ TOEIE, FOHM P OEHY DR
BAWD F i, Ein, XHHNAT THHEEOEKHETREY D O BRI RERHEBEZH D
M L7,
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2.2 BIMRERVEZEHEHRTEO-HORE - X
2.2.1 RUBETMO-HDT YT BBRFEEBIEDKRE

MMECE R KRS L kil z FLICE MY OB R PR 21TV, MKERTO <
JvDRERVENEELHET S L L b, BP0~ 7 vHROEES~ 7~
HISRO TR O~ 7 <8 0 OFREEREHTET 5, ~ 7/~ ORERENFRMFT, &
KERIO~ 7 <BEVOME (ES) 2RBLTEY., ZOXIRMENELNDSZ I
L0 KILOH TREIRIZ B BT R SRS 2 D, 7z, BB OFEN
BT AR OGR4 6B O AREE AWV CEBHIR PO~ 7 =il
R OEBE OV TE AP R a2 Bz,

Rk, AW, ISIITBUENR T HZ S HAR M O ZRETS (EAk 25 PR ILTEE)
O THREMET MR AER O LT =% U o 73T R e R R . S RE5T « ESIATZER R EA
FERFITRATIERT R OETFHEREIT ORTF MRS ST RELFER (FAK 26~30
U LU BB A 2 B R OB, BRTAE  ERNIATFURRgE N BRI G HTIE
AT BEEICL D ER LR,

(1) BRINAT FEHM OB LRI
SR VT T IR B L OTEBNC £ Y TR S 72 B 20 km, FEAE 17 km DK

RIH LT 5 ¢, BEIREEFEEEEORK 50 kn [ZfLET 5, BT 7 ORI ITE
BUTEY ., M EEITEERER - 78 - TSR E BEOSEEOHRTH D, EE
BRI 0.7 Ma 2 BIEBI R BASA L, BIEE CHHERICE )RR ki LT\ D @
0 NBF - f (1982) B0 [ LU, FOREANIIKREEIANT T, INT T
H# (0.6 Ma~7.3 ka). %AHATIH (7.3 ka~HE) o bhd, LT 7HIC
. ERE-ZIE < S =IC L D NEKILTER L TRECE-T A YA b Il LD EW
UEETROWE KD B o1, WNT T RN IIARB TR OFE 4 08 5 A2 2 UL E
Lo 0/NBEARERNRHY . 20D Ho 2EOEKTHLT TR LR LIz
ZHNTNWE B0 “p5h BHOIANT ITHEKNT.3 ka iZE 7 TRRAT VAR Y
k] T, FOWEHEMEIL 170 ke U EEEZHNTWE B0 BRINLT FHEICH
BRRT HAYEAOEHMT, HRTHO [EE (IA) BTEA) 2o Mo MY
BRI ) (CKBITE D, o, RAT ARYEAOER (9.5 ka) & [EEHRE
FTAaY 7 * KT AEADBEE TV D, HBHLT T b Mg 28 KRR 2 Hk0E L
Tl 7 OIEENC L o THREEN . LA~ 7~ OFENC L - TRAEDIZR S
oo B O~ <M KIT 19341935 £ OFHCA ~ 7~ I L HUBERELK T, BisE B O e
BB B AR L B, Shic, BT TEINCE, BAIREIE & BITIRSE
72 KL ATBHTEE AR LTV D,

BART A RYEKIIENCREEREFOILT TR TH DI, BAIZ L DHER

ORI - BE - TERDR L FRERFE ESTTEREE LTHWD Z e BEFTE,
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WE U OSEM LT D WEIREH 2 IV 5 2 & T /< EVOIRELZ, AV bE
BT OMBERMERES (H0, C0) OREHENL~ 7 DENZWET DI ENTE
B, WRT BRYHEAG O~ F<IBE D ICOWTIL, BRI B2 020 NEEY
SSHT B Jr U RFZEIC XY . F OCREIRFESOIRE - EASRERB LIS T
2. —F. BRTARYEKk~ S <BEVICONWTIE, Saito et al. (2001) B ©—
RO KFEFEHEREIIC DN T DIATHON TV BT T, REIZRRIT IR IZT b Twi
ot

7T, BRT AR YEAMEYOER (BE) B TRA L2 OB EICH D17 Bk
FHFEMIC B SN ABE & A3 ) 7 (LAR, (VB KPiiEa | T Bk x = Y 71,
YT D) I OWTETR RN & AV MBS ATV, BT B A
WH SN~ 7~ O MER G L, v 7 <l E Y DENFRHZ OV TR L
7

O BRT I RYEK 7~ DREOHTE

EE AR M TRA, MBXBREA - A2 ) 7 E2FR LIREcE~ 7~ RO
L~ 7w DRELY REL 5120, BFR~A 707 F 7Y — (EPMA) ZFVTH
FEHCE F 2 BENER & R OBERS (K 2. 2. 1) 2 OWTHUNRIBIESE Y
WFaER LT, RE~ 7 <ORERZMD -0, B (W) B TEAPN ORI
B & RITHER IR LT AEER (DAE THRNER - RITER T ) & 5,) 134,
PrE KR T = v MERIL 5 M, R = MEEIT 11, RS
bEp= oy MRE THRICOWT, FOBMEN S U LAOFHMEAE EPMA TIIEL, &
B MERICEREER 9 2@A Lz, 2. BlE~v 7 <o 0T, Mk
Feii b=y A3 ) FROEENER - RIEA T 4 IOV TRERO DT 2 3R
WLtz E. R IA) BTEA, MEKMRETHRECLES2=y MERIZOW
T BT 5 LT DIEERIE R O L A A F3EE LTV D BER (DA THEERAE -
ANAFA SR2T ) 2FTD) AL, FOBEMIE U AOFEHEKICEET 2 9
BEE QUILF 7'm 77 4) @A L,

FEMBERAEA LR, R (IR BTEA 902220 C, P B KEE Tl
=y MEA 910+12 °C. VB ARRPE= v MEA 90312 °C, R KIHRE LA
o=y MEA 8510 C, HIFERICEBEE THDZ LRI LE,

ZE~ 7 ThAMBKRRER2=y b A2 ) 7ORET 9755 Cllieo
7. Al M OBREL. BEtE~< < 0IREL Y bAEBEILEV, 2B, Bk L
U ATHEHUREICKERENTZ2 o7 (M2.2.1), Fi-, 9.5 ka DEKIZK

FEPEIE T A 2 U 7 OWEGART OALEHERIC OV T SR IRER &9 @M LER
BT ER . B O LR S 979118 TV HIRERSE LN (¥ 2.2.2),
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BRI ¥ UEIRER ORI, EB (A BTERAICOWTIHRE 87027 C,
kT AT 4 (log £0) —11.820.2, MEAFEE F#H=>=y MERITEE 874%
4 C. BEIH T+ (log £0,) -11.61+0.1, Pk iz =y NEAITEE
878+3 °C. MAETH LT 4 (log f0,) -11.4%+0.1 L 72-7 (K 2.2.3), HAIRE
L RREIZBRIC E DBWIEERD b Ro Tz GRE, BRIV T 1 &bl 21F
WIRZELIN) . FibERA 2RO FEEIL 87416 CThote, Tz, WAEERN
LR LHET DL, bIOIERVERSR LN DN, 2 BERZEURNICAL (K
2.2.4),

BT & IR O R L bR E IRV RACE ¥ 7 v IREOHEEE &
L CETF & ARBEEHT L B RCA R OWHE (87416 C) LIERIBEFHCE DV
IE (902415 C) & L7z,

@ WRTHERYERE CTO~ I IBEY OERE - EHERMt

R T R KERICME Y L ie~ 7 DEASRMEIC DN T, AN NEFEWSHTT
BT AV O H0 TR CO JREE & FARRAERLSY D AL b ~OWEREEE D DEATE
N P DN ARFIE % RIS - T, WRREITED LREIERET D, KICHES
LT iiidis~ 7<= OiRE 874 CRUN902 °C) t&E~ /< DiRE (9756 C), A
L NEAO B0 BTN CO M2 % | Papale et al. (2006) B TI|EINTWDST A
Bt A L R~ H,0 R TR CO, AR £ 7 VS L ¢ A A e 2 BRtE L7z (1
2.2.5), FORER, Fith~ 7/ <iRE T4 COBAE, B (HA) B TERIL 96~
937 MPa (165+45 MPa) . 14 B AT Filize = v MEA 1L 87~246 MPa (15560 MPa)
W KRR = o« NIRA X 84~276 MPa (15164 MPa) . 17 & kit LB~ = v
NMEFIT 61~172 MPa (11936 MPa), &72-o7z, ER (INAE) BTEANLIEAX
Peiispi = v b ETEFIC L ARENAREITR bW, Fk, itta~ 7 ~ia
FE 902 COHE. EE (MA) M TEAIT 96~235 MPa (16544 MPa) . 11 B KR
TFip = MEEAIE 87~240 MPa (155+60 MPa), Bkt~ =y MEAIL 84
~268 MPa (15164 MPa), /B /i b#fi= =y MEAIL 61~170 MPa (119136
MPa) L 720, <7 iR 874 COHEMRLIZER L TH T,

Fepts~ /< (R 874 COPE) OH ALIFIES (61~276 MPa) DIIHMEIL
14653 MPa (n=31) TH Y., ZDOEAE, MERFHEEE 2,500 kg/m® LAET H & B
X 62 km ITHRY T 5, 7o, MBAIERP - Efla=y FAaYTOTA FA b A
U MBI AWT b REEOFHE LA~ 7 <IRE 975 COFRETITV. &k
P =y X2 Y 7 98~177 MPa (131230 MPa), /B J#it EER~=> bR
2 7 83~170 MPa (10623 MPa) & 72-o7-, MBARRLE2=y hA2 YT O
SEHE L, PER = y M, RREOCEE R R T, AR EIATRE HIRTE
RENKXVOT, BELEEARW, o, BRWE~ T~ ORTH AEFES (83
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~177 MPa) 1E. Wi~ /'~ 0F AfFEI#B (61~276 MPa) WWEEhD, LI
e D H ZARFIE A OEHEIL 115427 MPa (n=21) TH Y, T OE/T, HiEk
B R 2,500 kg/m* FAET AL X 41 kn YT B, Wi OH A EERE
FOFHMEIE 133246 MPa THDHZ Enb, BRRATHRYEROI<BEY OE
RITEE 52 kn i oT2 & E 2B D,

WA, B AV NABEHHTC XD~ 7~ OEE (E5) #EOZ AR L
7o

W B KRR OB L SRR T — & & W CikCa = 7~ O R 21772
Vv, BRIShE~ S~ ORE BN - BKE - AV NE - REEEHELEL, w7
DEAZIRITICIL, ~ 7~ OESFEHE Y 7 b w7 MELTS B 755 &2 Az,

BN SARATIC T MR, TR AR =y MR OT = E AW,
B +ﬁi AR WESE, COIEE, B COMRBMLFHEEZET LI
rrrrr BRI, 1 DORESHRIZR L, BB 700~1400 CO#EH (1 CAA) .
FEAE 1 SJED D 1000 KIEOFFE (100 [EZA) . SKEIL 0. 1~10. 0 wt. %, BEE
ASFEIT FMQ (BEE)E % 7R 97 F84Z T Fayalite-Magnetite—Quartz) ~FMQ+4 © 7 2=

MBS ETERZ1T o7,

BT N R Y KOWREE~ 7~ OBENELERT & IO aiTr b
RMQH B 2=y REVWHERBLNTVS (K2.2.3), FEE~S <O 0 RE 3
T U6 wt. %, COJEEE 0.1 wt. %% {RE LT EROBNEHE LT o1, FhIiER
2 2.2.6 RO 2. 2. TI2ART, H0BE 6 wt. hiZ AV MEAWD B0 IRE DR AE
ThY ., ERO /v OEEEKBIZIZORELTEZELDND,

[EIS K DFREE ~ 7~ QIR 874 CE/-1L 902 °C. JEAX AN MELAEWD H0
Fo TR COLJREE AN D 61~276 MPa & AL bITHY ., IHOBEIE (RE - EN)
LEGSEEER (2,26, [2.2.7) U, HBLORE 3 wt. 90w ik
FE 874 COEA . BAVFEERERIT, AL ME 80~84 wt. %, FHRABLEE 15 wt. %,
BET An JBEE 30 FREE. AL N ALOSJREE 12 wt. % & 72 0 | BLAIE (A /v b 90 vol. %,
SEGBERLE 7 vol. %, AHEH An JEEE 42~62, FEN T A ALOIRE 13 wt. %) 123
2B, Ei-. H0 IR 6 wi. YOEEIT, v/ <RBE 874 CTw I/ <vHD AN MER
90~99 wt.%. RHEABESEE<10 vol. %, HHEFA An JBEE 35~40, AN T X AL iR
B 13~14 wt. %2720, ZOBALEROBME L FRFETHY AV MEAYO B K
TR COL M B HEE LT E NS O UM A R T DRERMBE LT,

SLRT RO 2 FTHERT (9.5 ka) OFEHERE T KRB % IER LIE KT
13, SiO. I 55~58 wt. %, IEEEN 979+18 CoORUE~ /~EEH Lz, 7.3 ka D
BRT ATV 7 OEEILFHCE (S10MBE 71~72 wt.%) T, TOWE -
TEFSMEE 87476 °C (T 7 HMIREF OBFA) . 14653 MPa Th o7, BAHE

_43..



MRS S b LB IR Vv (SI0 R 58~61 wt. %) MMEH L., £D

IBE - [EHSMEE 97525 C, 116427 MPa Thotz, BhAT FHICE, Pial e

b 5EOE A (5.2 ka, 3.9 ka, 1.1 ka, 0.5 ka, 1934-354F) 23FEAEL TWHDH B0

B0 -5 L, 3.9 ka OEALISME, £TRAT bR YA LR CHEM, RKZE

B DY~ VS~ BN LTS, —F, 3.9 ka OMATIE, BRRT HHRYEKE

D b FHCER (1020127°C) DZRAE~ 7w SR LTz, w7 < DENFRMIE, 3.9

ka D LRI~ 77N 70~120 MPa T, BRT HHEVEKOFACE~ 7/~ OHRAD

SN E/INOESIZIE Y, UL, 0.5 ka K TR 1934-35 MK OFECE~ 7~ DIE

FEAE 70 MPa LT &IV B9 Saito et al. (2001) B Tk, ZOEWENIZ

< T WHACRBFN T D10 EHEEL TG BB,

(2) FIERANT 7T OB B FAVRES

B[RED VT T, 4 BOFRBI RO & | & RO ORI LY /M7
LI OWERIEIEIT->CXF, THETIRAGN TSy ROV T o=y AN
HTHELNA= Yy hEEDTR2 2. 1ITE LD TR,

WEE 4 KTRFRHEREY & WTHE 3 KRERHERE ORI, ZROBTEARR T A2
7 BT RILR D B 72 B Hi MR 2 nE R (BIRE 4/3 1T 7 7) b TH
7 BEER) ey WEEA LT T CRAOE K TH Bk 4 EADO~ 7~ ORE -
[ES4AE L WRR 4/3 17 7 7 OFFfE & D E LTz,

O [TER4/3 M7 7 7 ORI

RTEE 4 KEFEHERY & AR 3 KEMHER OMICIE, Z2ROBRTRAPHRT A =
U7 BTF ALK D 6 7 D EI A/ NR A 2 A HERE ) (BIBR 4/3 7 7 7) pianbi
TG BIERD = B OB LR R UK LT T AR ST LTz,

K%E 4/3 R T T 7 5 OB S&EAE b, RIERCHEEM MR TEE, B
BIER OB THIBEENEWV, B X Y. F 2=y hTRENERZEA TN D,
SV BRI R G 729, 228, 727, 720, Z15 DT A= Y TIEAS Si0,=51~56 wt. %
DT RE~ TR ER LS, 76 IR $i0,= 62~T71 wt.%DERT A ¥4 F9b7

% (2 2. 2. 8) , FIEE 3B K DBtk D 3C KR LA E 22 1L (S10,=55~56 wt. %) |
FIZE 4 M KERID AA BXF A VA R (Si0,=67~70 wt. %) 72T, SiO B TiL, MR
3 DD HFTER 4 ORMBICHR X B LT & W2 D,

F-. KOGHERD Ny N, M 4/3 M7 7 7 ORI K0 EASEVIHR 3 12
SRV . 4250 K0 BAMEWRRE 4 IRV LB H D (K 2.2.9, K2.2.10),
LRNTHOXFREIVA KO EBO b Ly RS, Flff 3 2B FTER 4 120 ERLZZ
EETRT,

WAz, KUY T A DMK E = L X — R XROITERE (EDS) Tofrlic. £
DOFEREZE 2.2, 11177,
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KILA T AD Si0:K0 b Lo B Em LR & FFRICRTER 3 52 b MER 4 [0
STIETFTLTWAZ ENS25, Fio, FER 4 BEATTIE, Y0 X 2R THER 4 120
SLEETRT, BB, —WoTF 75 (26, 72) OXILAT T AE, MEE3 LY B K0
BT, TNOORBHIBETEEL TV D70 RSN D,

@ [tk 4 EKERTO~ 7~ ORE - FEJ154H

IR 4 Wiz = o N (PreAso—4) W& ENDHELK A )V AT A +OL5AHE
Bl A iR R S TIMAT B30 (5 A L EKEE O~ 7'~ OIRE L RS2 RO T,
< U OFEESEIL. P 1 AREK OO T B T FQ Ny 7 7 LRk
BETdhoT=DIkt L, [IRE 4 Bl =v b (PreAso-4), FfF4 (Aso—4 bot), %
LTHINLTIH (Posthso-4) OHOIE M LV b 1~2 wra=y h@Eliaolk
(M 2.2.12), <27~ ORET, WM& | KRGEXORTOR T XEEWIE 870~910 C
TEIRANTIEDR o TS Z & AVERECT, BIRTRR 4 0% T ki) o0 JEJEER I 860~970 °C,
HiTRAIRE 4 0> RSB T 830~880 °C. HITFIER 4 DB EALIT 820~860 °C. PikF 4 S
FHEREY) D FLECER L 790~870 °C. F L THINT THIO B DIE 900~920 CTH -
7 (F2.2.13), Z0L 5T, FIAR 4 BAIWA HFTRR 4 1223 ) T, B & & BITIEK
EED~ 7~ OBENHHEIICET Lz 2 AR ENT, Kaneko et al. (2007) &
59 | FAIRE 4 KFUIE K OWE] (AI-1P) o</ <iREL . $kF ¥ M) & EIERIRE
SO TG LT D, B IZHEAYRIE R 810~850 C. % ITHIEAIRIR R
900~960 CTh 5, ZODEWL, 86T & L EMNERO LRILHOR A I~ T
EERICEN E AR LTEY . 8F 7 U mBEFHIEAERT O~ 7 <{REE
ALTWBHEEXLNTND,

TITE ISR OV THRE LTz,

WIBE 4 Wil = b (PreAsod) B UNIER 4 KFEFHEREM D BIEER (Aso—4bot)
CEAEND AT OMAR L FMEEMICE N AT & N bHEES iz /<
DIREE% Anderson and Smith (1995) % D APIARENFHIAWTHEE LT,

< = DFEFNT 180°COOHE 3. 1~4. 3 kbar, 870 ‘COKF 0. 5~1.6 kbar & 725, F
7R DEER B S~ 7~ KJ5665 DAL E V5 & 880°CDEFZ 0.4
kbar L HEESND (K2.2.14),

Anderson and Smith (1995) ®% REWT 2 ENMIREERFLERRE VD, ~
7~ OES % EHCHET 5103 RA MR - mBEEZ REL S 2
LANEEICAR D, I ANRM2 2 13ITR LI L DI, FER 4 EKORNIZIE < 7 <
BROBENER L & HICBLLTED . BEHESNIEAFRMETIE—EDRIFE
T4, FIT, BIEEFERIC X I 4 OERERKS ~ 7~ KJ5665 OE IS
ORFEIT 72,

W BREE B R oy~ 7~ KJ5665 DBERARAA Y, BEAMERE BB 21RE - [T
B EGKE - BEFAKOSGERET S0, ARKTAERERE (ThTh
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SMC8600 (FkE/E /7 850MPa) . HARM200 (&£ 196MPa)) % MW TR mER# %
Fotr, TNEOMEBIT NI T ALRERETHZ & TRELBESELERET, &
T A A X TN D T D EREUE & BRI S HBARRL AV b (BT R) ZES
CHIETE B, EARBNIIST Z M L AHEFBESFHI LY W03 ™4 138
THDHEREDL LN TR B KJ5665 T OB MM S RS b BEFHS

QFM+2) £V HEWNC LD, ERPEIBEFHILHIET 25y 7 7 2 ALK
BB AT o1, EBRICHER L= 7 e AR ER 2.2.15 (a) (b) (TRT, KEEVY
— BB gy SR LR RIHC AN, ERFOT U —h T2 VROBREFERE
BEL - TWVW5, BEFHSIT. UToORIGRIZL WAFEEZN L THEIZT S,

Ni + H.0 & NiO + H,
oH, + 0, © 2H,0

T H G IR EBREOD NG E RV, T U H— 0T EAROK
HERBLADD T LI LV MERHSAHIET 2, @HIIK2.2.16 (aOh 7V
R EBWSA, Au-Ni ROFRLED 940°CHIEIEIET BT, EIEIRD IR
1% (o) O H 7B AR E RV,

Chou (1978) & {z X 1 200 MPa, 400 MPa IZ3BWTEEAID /N> 7 7 (Mn0-Mns0,
(MNO) . NNO, Fayalite-Magnetite—Quartz (FMQ). Hematite-Magnetite (HM)) 1233
B AEE LY —HOKEA A RE (CUIRE) AHESNLTVWD, ThHORE
EEEEOERE - BEFHAKICBWTREICAET S 2 & CHREFHRZ EL -
. EBREOKEY Y — R KN THE L, BEREEHE TREE P —ORNEY
BRI S, 2O ClREER A Ay 7av N7 4 —TRIETSH
LICLY., ERPOBREAIELAE LT,

HEEAS Y. BSOS, EPMAICE VT, £, WEWHEON T
AHOEKEL, FTIR (7— Y =ZBEGRIHERT : Jasco FT/IR-600 plus) (2
I ERBOFBEEERET B - & TRk, HEERIX, 4500 cm, 5200 et DY
— 7 & S %#H L, Dixon et al. (1995) # D LN RER % IV 2, #UBHEm I
ZAFEE U7y (B &3 168-297 pm) 2 AE L, 7 /3—F v —H XL 100X 100 pm,
FNFENOSHT AT 256 FIFER L T 21T 27,

MAEEEE iRk sy~ 7'~ KJ5665 0D EiEE LR D 7= 0 O HEWELFHR 2 3
2.2.210. ERGERE 2.2.3~2.2.4 12, BoNER (WPHE) Z%K 2.2.5~
2. 2.8 {7,

S U SRR, AER - VYRR - MER - BER - ANVATA v
FHA4 R, AREIZEE Likdiote, Eio, BERTS i LUT OfEEA E T, EPMA
WX AR EELVIEE /NSRS LI LR N,

ERAERDOREFHE LR 2.2.16, FBRIC X Y IRE Lk KJ5665 ORiEmELE T
BT AREEERER 2. 2. 1T RS, 7 U—OESIIskT & g O FHnRE &
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PR OMBEE 2T LTV 5, ERTRE L-RREAEMITEE 0EKENHE
2 BT An OB LHE T 2EMAH D (M 2.2.16), FEKESEET TENE
xR L. EEIEYE An 12, BEIFECE AN IZ2 5, FRFEHRDHEBER AT
LAWEABEZ 3 wt. 90FNLL T THHEROLNFLDOT, REEKED 2.9
wt. %D & XDOEROLER UTHRE - BN - AnfHofEZ ki Lz (K2.2.17)., B
& KJ5665 ORHERBES: 2 7HARLAS An30 2> 5 And0 72D T, #F ¥ HIIE R R
I ARENBLZ 80 CTHHILEEETDHEL. BLE 200 MPa NENLLTT
HOLVENHD Z ENbND,

F77. 50 MPa lZBIT AKIZZ LWy (~1.5 wt. %) EBRoOFRAMEBRLHETT
o h B E (K2.2.16), 251880 CIIRBWTHIAMMR E REANDZ En
BEKERVAL ED 1.6 wt.hL VITEW T LIRE D, 6o T, REAMENS
EHNE L% 200 MPa 3F LT, SKE2 1.5 wt. %l E 3.0 wt. WEAT TH D L #E
Eaxhb,

o T, MR B~ 7= KI5665 FIZE EN LM ML G DOE, MY
R A BT A4 AT IR BN, &4 0F/KEE, IRE 880°C, /£ 200 MPa
PIF. B7K& 1.56~3.0 wt. %& RFEL B 2 LR,

(3) FTHHNT T OEFFNBRT
O  INT TR ORE DR

BT IR OAREMITRIAOBNERNGR2Y | BAEEOEVDLRMRICE
L\ Crystal-Poor # A 7 (CP # A7) LBERIZE AT Crystal-Rich Z A 7" (CR ¥
S ) RS END (B (2000M8) B FILET), CP # A Fiaidaess 510,=66.7
~TT7.4 wt. $DFREE~T A A b, CR ¥ A TERIIEHE S10,=53. 5~70.5 wt. D
FAYA P~ZIETH D, Si0, BTHHRY IL—MHMNPER DM, P F A T
FOMEL N LY RIZCR ¥ A TBAE L ITPRICE R > T\ D Z EMeh5 (K2.2.18),

B OKAE DD P 2 A TRAICERT S L, SiGERT M0 06, LLT
D284 TRy ENE (F2.2.19),

- BYUMBZ AT (silicic type) :Si0; >72 wt.% 5D Mg0 <0.6 wt.%

« & U B & A7 (less silicic type) : Si0p <74 wt.% 2>D Mg0 >0.6 wt. %

BV EA TR TOEKT = — BT 5, HVT 7 HEEKEERDO 7
=2—R2  BITIHEL Y B Z A TRROBENDH, BT THREZRD T =— X 4121
T ENLFED BV,

@ WINTFIRAHO~ Sl iEROMEL < /T a A

HHHNT TR OAREMITBERICZ LWRECEE D P # A 7EA L&
BIRIEED (R ZA TEANLRY, WMEIREEESRO LN &Mk,
DTSR O~ V< HER TR, HERICZLVWERE-/ R (P 7<=~
AT L) CHRIEBELRIEES /R (RY T~ I~ AT L) BN L THE
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L. ERNCIES) Ui SRR U7, MUESRAORTIEORER, LT T MIRRICH] b oveks
FARAREAS S 1 . FHLIE CR # 4 THEENT L LTEEIL TWD Z B bk o
72

—F P A4 TEAILEK 7 c— A% BLUEH LTV, ®mY I B IA T
SRR —H LT, 1ADER b Ly REMNTOS2, Sr R
BIZHOWTIE, 7x— X407 =—XER2H Ly REH ZEBnholz
(2 2.2.20), 7. BERGMRO = 7-Y AR TiE, 72— 1~30a0EHL, )
MESAWE T, IF - WREEEL R LTHADICH L, 7 =—X 4 TIZ—RATHE
WhRERVESE BN SEND T ENNDoT, TNODORMIT. AU CP Y
Fo AT MMIBNT . BT THEERIS T 7/~ 7 a g ARk LR
NHDZLETFELTNEONE LR,

INE COMBEFIFEORER, INT THHEKIT T = —X 1~ 3ITHET 5
TEMS Mo TND, Tx—A1~3 TP A THRANEH L TEBY, INET
OFRIR L FIREIC, CP T~ I~ L AT AR HLT T kO EE 2~ 7 < ek
Thofob\nx b,

CP % A FUELTIE Si0, - MgO BN HE VY W FA TEJRS Y W HF AT D254 T

STED, BYYHZATIE, AL R Mg0 72 ¥ OB LA N —H — I8
T, 1AROEB N LY FaE#H< (12.2.21), Sr RALEMER D N—H—FIZBWTH
FERE DR R R, it\ﬂﬁﬁ-ﬂﬁﬁﬁﬂ%@:7ﬁ&i%%@m< 7 An -
Mt CIE BB E & | (6 An - K Mgt O RS 2R (M 2.2.22, [¥2.2.23),
TRHDTEND. (PH TS v AT AT, FEROMIRO R, FEEE~ 7
v LT YA NE S DRE. TRDLERE~ /v OEEMEE TW-EERD
ha,

@ wITEBEDZALRT—I

< P EREO I A WA —VEBR ST B, CP ¥ A THA DK Mg T
FEGICOWCREREEL T L, TR e 7y A VLY T ERD S A LAT
— L EBEL, BT =—XEOBENERE LT,

REHRHFEARGORNETR BED) ROTA T nT7 7 A iEReH
2. 2. 24 1R, A BT O R, FOTEGBGOREEET [0 & TRIME
) D2 FATFICKUMEND Z &R o7, PULEREEEL, HERRC
ﬁWM%%foé%&ﬁ%%ﬁ%-@%%ﬁ%%%?%@%%nﬁ\E%%%%&@

HEAE R G IRTEM LD LROND, JAY OBRIL, ZDXA TORGTEEE
b0, —F ., RIMEE R EEREIL, JER EVLE%%J%TL Z ORI ~MegH50
T b, LIRSS & ILEV, BVIEUZR LNV, BAMEMRAREED A%
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BB b LTS & EAMEE O O REMES L OMRNTET D05, TOlFEL
AENRZ=y b C2LRBBIZRDLIND X DI D,
B IEABER O Fe-Mg TTHRIBEEM 2 RAES o7z, BEICHTIZY | Fe-Mg it
SR EIE, Allan et al. (2013) B LY RBb o7z (Kd=3.23-5.58 * 107
umt/s), WEEIL 790°C (Fe—Ti BALMIRELET L W HEE %), BB T AT 4 1L NNO-
buffer & L7, £7-. IEEETOPEE O T 0 7 7 A /LT Mgt « Wo - ALOs BD T 1 7 7
S LINBHETE L IEET 1 7 7 A AR ST bIKEAS i E o 7o L ARUE LB H
Utz HOLER R OVRAMEE O BEHEE O THRILHFH R L ORREZX 2.2.25 12
Tt BIAEAHEROR LIRSS D Fe-Mg AL, MAka=y MZEBT
100~1, 600 4E & RAEL Hiv, 100~500 EH 7= W IZEHF T HRR E -7, THIEH
B RBNT T O Oruanui MK SHEEIT S B,
(4) HRRIIVT T ORAFHIERT

MR BT T OMEIIID 5 B AP KEFE K BATT DR8I TR A R
HEREY) . VRS TR BRIFM TERA, ROAFKRREAOY 7 2=y b THLHKR
RERE TR . ERARGEHIEY . JOHRBKHE T d B AN KR THEREY OB 0 F R R
DRETEAIT T,

O £EFHEM R OG L E/HRL

BRI NT SO A4S TETEERRE . HRABIEET v 7 ARDHT
S 2 T Lo, ST REIE R vl ) F 7 A2 A REH & LTRWDS T T A
b REEF Vo, KR - B TFEAHENT, ZRETROoBRAMN LI 10~20 ¢ %
S THIDTEL., SBICEDI B 16 g2 XV T AT U= FIVHDL D
TS T S L o TE T LI 2 S & U T, SR U 7RO IME S
JF AL 1110 OFRETRA L, BEEFE CER - BlESEH 2 LIZKVTT A
B R {ER LT, HIE L= FEREOEEIIRERES AV, ERTHERERS
Yo F — MR R 2 IV TIRIE L7,

BILIRENE K DI, AT KR KICE S £ TOBEMMRIE, EELHRTR
BIEY IEITE— O b Ly BRSO T D (K 2. 2. 26) , %5 7 KEFEK TR,
ZOERS L EZ ONARILE L AR 2TBEO~ 7~ REH L TWD, 2L,
WA THD & BP KBS TN EGKE A2 Y 7 &, mIUETEAIL,
FRLIBEOREMIMNIES Si0-Zr ® R Y Rhboin, K 7r FFEETRT (K
9.92.27), KM TR OFRERA L, BT THOEER TRALR LBV Ir &F
B2 RT Ly REb, 202 L%, BILETERA - A5 KRR OEE &
FRUBETIE, BE LrEsE~ /v NE Ir =/ <0 & Ir v /IR LT
e A REd 5,
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—J5, B KPHE K CEH L EERER S~ 7 Thoia~ /<, €
DHBOKRGERE TERA, G TERA, BB T KOS B AT KPTE X CHEH
T BFECE~ 7~ LIRIEE— O/ E b, L DOREEEY 7wk, W BIER
BT FTREINBEH L TWD Z ik, D7 & BB KIIRE AR, IERAF
KEFEEKICE D E TOK 3 FEMTIER I VT 7B TICHEE LIz RA—0fies ~
FBEOMNSEARBELTNWEEEZDBND,

@ AN NEEYOEREDEL

BB AT S OEERERE~ /<ICEENHHED AL NMOAMOEKEZH
E Ui, BKEOBIEIL, BDSIZ XA REREMELHHIE L -ME L ELETROD
WICESE AT AR DA A v mHRICH T HMBERNLEKRELHTET 57
B 2HWE, TOFERRVAEE, H7AEENDHROMBRFIRTEE
BT, L L, SRIE LB R AT TP K T AMERIEWE b T
BHAR T, AENDERT PO B T 1 wt. TN & EfERELTIRON
BEKREN 5 wt. YHIE Th o722 L b, SEOMIRORNHeEMEIHE SRR L
BB L LT,

BRSO DR B AT KIRREKICE S E T, MCaERRS~ 7/~ ICEE
NABEON T AGEYOEKEL, 4.0~8.0 wt. WREOFFICHBL, EAI L
CHEEREVCEL BNV, ZhUE, FRCEEONRSY~ 7~ OFEESD, & ILEE
FHE K LI KB KRR OB HICE - T AP KK E TIRE—ETH o722 &
BRIBET 5, BRI <BEY OFA RIEESNL BTSN EEZLLNDDT,
[ 2. 2. 28 7n LB E KB OMEEA T ILA T TIRABMIZEA T 5 B0 = 4 wt. %93~ 7
<E Y ORFFTOEINHEY T HEKRBEEBET DL, BBLE 100 MPa DO
BEABHESND (K2.2.29), MFRETOEER 2,000~2, 500 kg/m* L RET D
& AP AFGEKITSHAT UCEE L HRCE ~ 7 < E D ORFFORS TR 4~5
km FREE L HERIZ D, —F. BAFKRETEAY TRROEK T D EER TEA
OB Y T ABEWDEKREIL, FNE TOEHPIT A TORELS (H0 = 4.0 wt. %
BEOCHLONEZLEENTND,
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%221 WHEHAILTS, Kig, FAFMUOETEEHVOBRF &
Table 2.2.1 Stratigraphy and characteristics of major eruption product of Aso
caldera, Omine, and Akai volcano
WA FHK HTazwp REW 2 B AR R(SI02)
g AO R <90 ke B, BT XAEY B AT >EE 49-72%
(8 4B KRR #IEY BE>>A2U7F 64-70, 54%
FBRAKS K B EY( A /EZDYTHE) ATUT 50-62%
PEIERAT K BT HETR D L2 25) 67-69%
[ABSKBARERMAERATUTHR) RAQUF>EER 51-67%
FIEFAM AR RS ARBETD 2R 67-70%
faBsay AR TR IEY N\KBER 23 5) 67-70%
o 90 ka [ ER4H R BT TR OB FBEH M) g5
[k B ia (B AL B8
FIER 4O M B AR UNBERR) BH>>AU7F 64-69, 52%
[RIERAA KBTI TRD BE>>>AAYF  67-70,52%
FE4ATK B REREYD (BETARR)* BE>>R2)7 50, 60%
[ERAS K P T CRALA BT+ Ba 67-71%
T 3RALEE T ML R KR
FIE4X K BB B TREE (225 68-69%
K kil 90 ka KiEFARE, BEEBEE B BE AD)7 63-65%
YR TEBERE ®]Aa 68%
ABCDIR TEEEE #h 62-65%
EF$ FTERRE Bh 67-71%
CRTEEE L:¥2) 66%
HIBETEBERE 85 65-66%
JKLE TEEE #a 64-66%
MNIET&RE ¥ 66%
Bga/o 2B TRAOB B8R 69%
26 TERRE g0 65%
ZISRFRAYTE 27 51%
Z20 TRAOUTRE RAYTF 56%
221 TFTROVTRE AT 56%
228} T AT & AT 51%
229 T AU R AOYF 53%
P ER3C R R 227 55-56%
WTEs 120 ka BRTER3B K iR TR AOYT >8R 57-67%
IR SA K R TR BHE>>A4U7 63-69%
MW TERE BH 69%
U THRERE 2 35)
OPQE T& R - KILIKE 2R 68%
Figs/2 RIETEERE 3 66%
SBETERE (225 64%
P 2THRTRADVTE AT 57%
[ 8528 kR ETE D AT 56-60%
fal SR 2A MR R TE YD AT > >8R 66%
b2 140ka TR TR BE 63-66%
AR 2R K R TR
WE2VETROYTE 237 61%
T Al 150 ka FRFARE, EIBE WE, AaU7F 58-59%
Mgk EENEE PEBE BRBERE A% 54-63%
BT kY AT
Bﬂﬁi:c[&%g%ﬁ@ Bh
[E 1B AR A7, B8R 50%
FIERT 270 ka e 1 ki e HERR #n 65-68%
MEIPBRTERE ;5]
SERRR 270 ka ETERIEE BE 55-57%

SESEbiEL RS, WAR(1974), EEIEH(2004), KA IEM(1990), /INEF-TEID (1985), NEFIEM
(1977), BBEM 201N I=&D. «EFFHRURFR).

W) EERMRATIRR (2018) P
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Table 2.2.2 Chemical composition of starting material for high-temperature

high-pressure experiment of Aso—4 silicic end compound composition (KJ 5665)

Caproale # COY €S Clilin K 5665
Ry HGERS iR Gl webioke ook
FiMPS) 430 11354 193 (XRIY
17 1250 14H} 12%8)
russ duratived by ¥ i i 3 3
Caprsske AUSDIER) AuSiR 20 P AuBOPdEg AP0
0 46 s R7 62 2
{19y e o in io ia
S, =Nl .24 TR .26 32 64 67.16 0,38 .42 66,63 625 Tir 49 o9 32 48 034 T
Ty 042 003 47 45 610 .46 H.08 .49 (144 0.04 @47 042 LIRS 0.49
ALY, 1363 BT 1566 IENT 16 .6 .21 183 14.42 LIRS 15.26 1831 1362
Fo) 185 aid 204 .00 1N 1.79 0.2 .88 f.ot LiXGES 22 §Lus AL
M) (IR} (X)) it Lis ] ot .10 0,01 031 010 G0t [IR1i} (iR 1] i [N
MzO 145 004 .50 347 0.02 0.54 003 0.53 0.39 002 .54 R nos 054
Caly {42 ©@a3 t57 16 DRI 150 B0s .57 b4k .03 150 147 047 t.37
Na-() O 412 4.00 0.5 4.15 (L08R 4.38 .00 (B 430 427 (X2 $.33 437
KA 007 4.4 [LX4.6 s 0,08 5,28 491 .00 AH Sbt (L35 A 4,74
[REEN (X [t X1x3 a14a Lix 0.03 [} 0407 u.10 X 0.0 0 X (K [iX¢9 ([R5
S0 [iXEx T 11153 0.04 [iXH 001 [IX]ad vl
(& X8} £ 0E D0k 0.6y 0.0t 0,00 [{XH) ALY 144K} .06
tat AR L ORED DO 95,30 HLE XD B i) W6 URsS HETR ] RS
AW FEIR FEdE DB e R 457 BHetn 29%  DORR=TY aad 0dlestl §
H#) EEEITRATIRR (2018) BY
%2.2.3 KJ5665 #AL-EEBEERBOS v T—IIL1
Table 2.2.3 Run table 1 of high temperature and high pressure experiment using
KJ 5665
[ Hay 1160 s’ € € apadh
E: shabivgg w1 ed FANNEY  gnerdibg
b bz il 28]
[ “s i1 98 4), bt Loy, 0D
SERGYT C A4 A% e ) il AEA), Kefuldspant 2.9, b EA4), i By {ak
&t X v g S B, DY, B 00)

SUHGTY CGHE 44 4% e BT, pHA O B 1,69, .8y (a)

G Eay ERd] BT 3, epw( 260, pII2 N K- feklopare (18 i 0.5)
SHTE OIS WERNTH AT 29 4 e BEEA), ool LR pK L1 3), Bad 0.7y i) fak

Gl ki @R s O L4 A4 e k7.7, pkD. 3, N
SHGTS CGEHE ¥ iy i HE P E LAY R A% e b 90 05, pR6 ), 4), 7y (i}

[RVIER] fail E PN ALY 6.7 6.8 k(U8 1), B D), Hd0.0),
KPR CGHES HEG WERRBAY 19 43 miekt6d.6), pH 28 1), B0, Kofeblspart 3.3, it 1) (13

€0 ] YerbiihAd x i oK), Pl S, LT, Bel0.7)
SERETY CGEHY #E NEV A i) kA e b8 4Y, e 1 1), pYEEE), i) i iy

(S 51341 HE pobbay a4 44 s B9, 0.7y [
SHTR K wHAY [ LR S re 969}, B0, o 0,7) (i3 by

Er £3 44 4.4 L plif 2.3, by, ik

HEL) EEENTRATIER (2018) &0
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%£2.2.4 KJ5665 xR =-EEEERBOS T—TIL2
Table 2.2.4 Run table 2 of high temperature and high pressure experiment using
KJ 5665 '

fon # Capauls P { P dathwr prede HEM EiAd phoms® ot ajmn:
(MPay 1) [ iive i Sl § CARB il
i CGHD 195 Ay 1 {m)
Catig 1R wE w7
iy [R TR 19 i a1 % 0 103
194 e 414 44 03
COI 194 S a0 & 0
Gy CGH [EX e B NEE R 0y i
UGl 145 i HEEC) RN EAD 44 4.4
[RE I R HU @40 bk HEY & i
CGEse 0 R HE NEy 36
CLits) 100 ARy il I 8 ia
G 0GR o0 i [ REST = S L] &t ihy
(NHEN (B33 it tow Ny R dbAY
CGIeT 146 KK ok WEb R 1
LM e (13 Fied WHLFE NENEHAY & (hy
CGins 0 iy HiE L) NEREHLO Bé
C ) #5600 fed HWAFC Y WE R A a
G CGITY S 4} (38 HE s IENTT REA ih i
CGLR il 85 G133 FEEIUE NakN Lo
CGIm & Y AR RO NN i
OGP UGHR ih WK) tiE HE ST I S R LA thy
CGIR et akd 333 HOMIUE Nty 1
CGIEY S0 EEy T T e il
245 S Rl &l NEY in i
) (] (23 Ny 4
S0 A T eyl i3
) O A RSB LT
NiO DB DT B
2 ptes et ph pla
AChoug 1978110 4
D231 03 (nh, (B & 60
= 400 A B T (&30
HE) EEHITEEUIRE (2018)
s ] . — th fﬁ
%*2.2.5 EREFRMICETSRBOLPHER 1
Table 2.2.5 Chemical composition of each phase in experimental products 1
£ [E Y, Ty, ALY, ¥l My K (343 M dd EoAd 34 G, 81 Vel
iy CGET il 03 .44 .56 1.08 X R §.4n 184 A i ji 9173
9.4 083 .44 0.0% (1] 061 0 LR .18 aer
[SBEL 73 i 0,45 [EXTH 160 (X 048 (] i RNED £ 4.7t
Bed XN 0.4 13313 .t LIXE} Her 47 Lk X
(RO 13 pai 6752 €4 (RN ) .85 [IR1H .49 147 38 42 o480 9563
() [iX15) 0.3 014 (12334 0,03 X 13,655 G4 i3
“@ 3753 o.07 hzR 1] 0.3 (.03 064 &S 23 [irad 1) 101,01
.42 0.68 032 000 0.04 003 D7 i LR
[¥niixd G ek w 6877 043 .37 £33 X1 .46 L4 T 4457 Ladris
858 [iXix} (153 .15 .01 0.2 003 (XS 0.3
CGibh ok o H5 2% 0.43 1427 1.41 009 047 145 377 491 [t 921
674 003 023 010 0.1 fiXind 062 (i1} 813 X
CGie? 25 ] 24 ST 6% 46 1424 B} UATH 6.4% Lo k31 337 (28133 @67
Q.53 005 023 0.09 001 603 [iXe) LA (2] Q.08
n &0.29 (X143 n29 0,03 463 781 £.8% B LX) HO AN
63 06 (GLOR 0.03 0.02 3.4 024 6.3% [iXisd
ey % 34,30 0 178 17.58 150 2500 0.5 1108 @i [EXE5] 151,86
.45 (AT} 0,64 180 2 2K 014 [N wi ELAS
GEGR 6 ek i3 B &5 0.4 [EB 14 [EX1 .37 146 TR 4 i3 {681 9144
A4 (R 042 0.27 0.8 033 008 [i¥) @
i 2 .68 o 2877 oM .00 {04t B3 852 €4y 10117
Q0 306 032 0.06 0%} 0.6 817 18456 3X
bontie i N1 474 H.60 [ RN 0.3 [3Xi% 0.4 24} G55 L T
5.6 147 044 b4 007 0 e 45 [
s ! i 43,48 0.0 42,80 2.52 501 008 €ax .04 104,19

HEL) FEREATESTITAT (2018) B
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6 EERAERMIZHITHEHEDIFHM 2

Table 2.2.6 Chemical composition of each phase in experimental

products 2

Rt Unpra bt i Sir. Ti2, ALY, Pl Mady Mgty Cutd Nudd [ S1H] e S [a Teaal
CGI6s ek 32 aTal 3% 14.64 [ 1} 0.H) 03 146 19 K06 0.4 94,86
o4t 204 126 013 o0 [X0x) D406 008 005 0,02

Pl tase 13 i Q8 24.96 023 [Xix 0.0t 703 6.95 .88 003 TN
044 A06 033 (X 0,02 004 028 14 07 002
bintine A 3.3 3163 1431 1546 0.18 [6.60 0.06 @079 926 0,01 9741
0.45 0.39 [[RE} 070 0.07 .85 .06 103 033 001
CaGles ek 5 .54 .38 1341 (.23 o a3 () 354 5.69 0,09 9530
433 @08 (A8 43 0.01 a2 [[93] (15 3] 004 0403
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45 EBEMTEF A SR B, 2 E TOXILMEMREEICE Y 2 ERINET VDL
M. v il E ) BN IERICIEBINIC 2 0 ABITANE LT, £ OZAKICK Y D
HEEEETRT 2 LD bOThofs B BT 81 B8R 86 BEN - SF ) <
BN TIERIC o T D E DT E2IRX L) ETHHMATHD. LL, K
W ClE, < 7~ {GENERICR DN ORI~ /< BBE S TODIDED, HD
WL FTOREE - TV A v OREXMBIZIE, & LABEHOLB L DX DH
WMEAEFRIRICER L, ZOIRA B\ b~ /<l E Y ORZER A 7 — /L OE 2§19
THEZLEEXDVEND D,

ARFZEDBAEER TRV 3 KTARERTTAOBRRER 2.3. 11277, 31K
FEAFUVAFREESE == — R OREGANO_VE & 3% % 2 C, HENICRBIT o</ <l Y
DB /T B HE « = o ML OBIGHHVEISE OF 5 8\, FRICHIERE ISR 2 EE
EE A ERIICIERT 5, BEITSNTERTLENRTRY BERA S —/VRIEERS
L, (MUBEOE X) | TSR A — VT BN d (=7~ WE 0 OEE) | FitE3IEAER
MEEE pco (HUEROEETORMESR) | BERITEERMERICE L3~ v 7 A = VR
Bt (Enco/p. 22T p WRAMER) ©, Fhahkinlbai, B yva()
AT CHERTERZERT Z LT D,

_90_



5 EREERE LG~ - B REF AR, EEERA ) M REOFLICAEL, 2
HEZES 70 =100 AEFEICE ) =19.2) X (V) =19.2) ORILEHELTND,
EFOVEEIE, ESMNTHC =4 OHE L E S TN = 6 O~ MU TR S L. #E
I3 FEROBAE & TR OFERIEE O R T BIC T 20, < MV O A &
U, B - hT 7 v VEREMT, EFVERE X, v, 22 TOHAD KT 7 V3
EOE L. FOMOBEREIIATA T 4 v VEREMEL Lz, ZNENOEICEER
FEOEME 0 L LTKREFRMO RNT 7 vark 0 L5, 2085 7RET VNI
BT/ <BE ) OHEL4E LSS, 2RI EREREBONEZE L TET D,
EERLO 7. BAORITER L, Bilo~ 7 <l ) OBROZT 2RI
BERBERBRERE LTRD S,

Mgk - = 3 R ILOREEMIS A ORI RIT, FNEAEET S AR E . THICH LT
P AN SRR T AONERET AHEE - v Mo LA a U—cikET D, Mk v
RO LFE OB LT EFAEEPEE Y v 7 A = VAR ORI R
HATHED T &I T D, HEEPERIERNOREMER 5 13,

ne = ne exp e (L -2)]o i (2. 1)

THEIND & LT, 22T no (THEBOETOMMEE, o (OEEROR S BTN
RPHETLEMR. 2 IESThHDH, B H Of EEBICIIIEFICE VSR o7 = 107
BE 2T, FEMICIETEER L LTRSS K HIGEHILTWD, —F7, HhitE~ b
LN ORHERIT o, T—HEE T3, £/, BIEEH (K7 v Y ok v=10.25, T 7H
E =F/p =2 1+ v =205) TT5LefrBL ke L,

< B EYORVFNE LT, v/ <BEVORUENE—EIZLIcbDE~S
< EBE Y OEELEM TRET A LOOEE EEOETANINE TOERNETT
JUTEWTE 2 G TEfz BB RRFicisn L, v/ <BEY OMREEMT
HE L. 52 bAoA 5 H - < 3 bV ORERPERVE & ROl U7, B
HEXNS < 7 <{#E Y OWE. Melosh and Raefsky (1981) ®* [z X W BFEST
27 v b — RIEEAWTERERET VICEA L B9,

= FWE Y ORIT., VRO~ OBEY ZEE L, EERBIAELRE L
(K 2.3.2), VRO T<OWEY ZRETH/TA—Z T <MED O 3 T
L. 2O HLOFBEEENE LW, BERI ALY bEV A /2, £LT, [EiE
e L TEZ SN A METNS OB -T2~/ ~BEY DTS D', 2HE ST A
—H LI, 7 = DOFEETEZ OGN VLOES &%, BIEY &y OBKTH
D EEEREICKE LB S5, HOER L, BEE, v) TORSE, £ ORIH
TOX =y = 0RBIFAEEX A @) »ERORICLVRDEND,

d =d’ (1) [1- & /W)E- /W) (2.2)
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(2) BiEERER
D~ 7 <¥E 0 HBBERERCIZE U756 o R iR

M V= BE ) SRREICIERT D Z Lok T AR - v o bV OREEELR
Ik A, [X2.3.310 d) ORI (LAY, Rt = 0 THRRRANICIZR L.
40 3100 EWVWIEICE L VR = 7<= EE 0T, B Y > 0 IcBnWTEDRE S %
B LT B, d () IR TE L 22— EDEE RO T, Q2.2 2RO LD
WEZET,

do (t) =do’ = 100.. ... (2.3)

TOX I, ZOEHTId () EiFENY, Bz d EESZLIZT D T2 2
OETIE, RO SRFHEEEZERE Lawizn, @ DIZBITS ¢ id 0, Hik
< NVOMEERETEL, 1) Gnw) = 1. =175,

FPFREER W) VMR IIBED OBES D) ~OERFES OV THRES
L7z

2.3 4 ICEESD = 1TW = 0.5 2o ik~ ~BE 0 NIt = 0 THE
BRI IR U= o R e (BEEM U, ) 2787,

B LR OB R TV~ <l R ) SR LIcBa L L, RO
EXEH =1:D0 =W 27475, PHREREICLY, YR 7 <8 E D ORCKEE
Bax dy (D~20 WIREDOMEILE U,y (Rt = 0 TOEEZLEMM) MHELNLD, TOHl
FEARIL. VIR~ 7 E Y OREFEICKB L, LR OZERDT E 25,
MR B ORIIEIE Y AR~ 7 <8 E 0 OF IR R E B HREICHIT LI ALE
THLND,

IR OB D N R AR IR, B C > 0 TA U AKHMEETIC LD
BRI E & BT OR TV (K2.3.4), DEY ., ILOWIRIZ L ) MR E T &R
B, F OB EIC L VIR & & BB C BT,

Wi, [ 2.3. 5 ICHEEER U, O X = 00y RS 7 a 7 7 AMIHT H v
W 72 EE D OFGELER W) KFkE R, Bt =0, BEy =0 TOYH
TRIEZERT U 1EW IR L. W = 1 OBA & O~50 % W = 0.7 DFE & O~
33 % W = 0.5DEAd D~20% W =0.30FHE D ~ 8% W =0.10%5
B dd D~1 %L 2TV, $72, WBEECHEEL TWD BT,
O L, EBEAE L THREERSH LGN TV BRIZBNTHRLUZ EBF R,
SR Z 2 EE Y OFREER W) BKRE 2D LR OMRIIRE SR D,

2.3, 6 [ZHESD = 0.5 CHREIEW = 0.5 ZF o R~ 7 < E D HBBREE)
IR LR oS MR (EBEZEM U)) ORRETRT, tMoOET /37 A
2.3 4 DEALRILTHD, ZOHE. H = LIZFLTD = 0.5 THHI &
5. BB TO VR V<l E Y OREEAEE LT\ D, HEIEEISEIC S D
FEMRARIT A D500 . D = 1 ORFEEBRN CORBRD 7 — A L b REWA,
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BAENR L D B TAELENLTHD, D =1 (K2.3.4) Tik, BESETHRLNE
FHAREE SRR OB & & bR U S, Rt = 100 T & A SR IITHE
LT, L L. BB T VIR~ 7 <8 E 0 MR L7 ARy — A T, W
= 100 2BV TH df © 40 YREOHREEMEF SN TS, YIRS I<EBEDO
RERIIE T & 0 NI ESE SR HE— ISRV TH D,

2.3. 7T LN~V <BE Y OIER L ZOBROBML TR T 7 A VDU NVDER
W) DIERFEETT,

RERH 0 = 0, FEE Y = 0 COEALE, D A/NEWIE CWIHIRMERE L & D i
B U, HREL RoTnD, FOUz (X, D = 0.5 OFAIL d’ D50 %, D' = 1.0
OEAIE dy D~20 %. D' = L.5OPAIE A O~10 %. D' = 2.0 DHFAT A O
~6 %. D = 2.5 DEAITd’ D~4 %, ThbH, PHEREREICHE ) B, €0
RIS L BRI OB & L BICE L SR TN, Ll D = 0.5 DEEA,
A OMD BT, o D EOHEICLATRESh, BEENTO U R< S~
FVOBENKRESEEL TS ZLRDND,

FEOBEERICE Y. ~ 7 < ) OBRBRERIC KT 2 RIS EIC L D
HRFOBERET., 5x o~/ <BEVORLTOES () LT, TOR
X (D) LFEME W IRET A ENRbhot, DEV, VADHLTOES d
RbpiiE, B SN BRENSEES 0) LFRERE W) iEa=—2 IZRET
Ao LRAMREE 22 BN EEICIT dy bERMOAT A—FTH Y, BRlsh o RER
DHFHED I BIE dow D, WO ENbI=—2IZRDD Z LIETE R, BHIRE
T DT DLN G~ 7 <BE ) OBMEEHEEL LD L) RARTT /VORS
b, TNERLE IR LD THD,

$7. v 7T ) OREIEIC L 2 R I 0% ORBERRFIC LY H
LEBITWS I & 2R Uiz, FEMEEnIC X 2 MER ORI, DROWITEFLT
AT 225, IR X VI LW BERE (U, 25, w7 <#E Y OBk
OB R (Ue) O TH BN EV I BAHE Un/U) ITH > TR TIEEZ
2B L. HERORRIEEMEEE (= v 2 2y < VR © 10 FREORHEANT
HIUE, BOBROW~DEFIETENTH D Z LR DhoT,

SO LS ICRKEREEICTT AGREOHRBE, D D BSREMT, RKRELE
R AR OBEEKEEN D WEERDD ZENTE Db LW, £L
T, D& WARENE, BRREEOHIEND b ERDDZENTED, 2FD,
D & WIRMEREOREZE S (FORME (IR RERE IS HRMER), £L
T do IR BEOMHEN D, TRENROHENLDHEVI L THD,

HuEy oD RERMERETNRERT 00 10 (LA OBERASEER 22 & | FEMAEETMBRRE L v 2 iR~
S BEDOBEER LR E HHOIBREIHNTEDZ LR Lo, Tl LD
FIAGERLTH, TFIcv /BT RH L1759 EHRTE D0, =7 <v#EY
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ORFEIT L S BT EMN T HONENE ThHD, LrL, v 7 <BED ORER
R B PN AT oL T 45 A HEAR OO KPR MERB RN RERT 00 50~100 5 2A_L O ReE 23 ka9
AL EERHERERIEA TLEID T, v/ ~BEVOHHRLTEALEDLZ
CIEEELLS oo TLE D,

< V= EE D PEEE T RS 284, v/ vEBEVORRE & bICHRE
R B8, 7 O@IRITEIEE A A D o0, BONDBREEX, v/~
F 0 RBREICE LIS A I TN E L e B, HEko ¥R AR O 50~100
FEO E OB 2 T CIET A L S e~ /<% ) OBFEAHREDNORA DL Z
LB D EEZEND, LAL, FRUTOBMAS — VAT <BEDH
WAET HIEA1E. ~ 7~ ) ORERICB O OBMEEMR T RTET 50T
AN D T, v S ORESIEE B & | O% MR IZHRIEERIC L BERILE
ITHE L, = 7~ OREIMELL L0 bOEERRICE T 2EEBEL»L, v/ <l
FOOWMELRDD ZENHEDLEAH EBELLND,

O AT, FEEMEETREN S~ 2= E Y OEERIT S LV O HIETI,
LB DI & L HEROMIESRIKEL TVWD 2D, ZNbDRT A—F &b7e<
b ATREIIEI L7 < Tl S 720, B OE & & Mgk O MR ORIFIEIC D
WTRET LT EREE L DD,

BB IZ OV, BB OEINENEY, v/ YHEVOFRICIVELN
7= MR MR 28, BETRIEREF Ol LEEC 705, MM —E07 < | AEICHAERR T
PE U B MR B B OB DBA . < 7 <8 E D OIR TR b R ISR
IELALHL BN Z L FOMEREHER LT 5, v/ vBEVOEBRICLY
SRS NS ARSI LV SRS TV 2, v 7/ <BE VY OEHN
SRS T LIn kY MEEIILMEICEE U D, — T F OIS & A Uic iR
Y OFEHPEI L TFOWRBEME L XD &9 5, DF D, FMRNIC L0 #R
O A S B IIT. R L 0 A U HIERERD D OGRS TICEES T
W< T ERMETR D CHBESEMET S ROEEB L2 L HOBEDE
XEF - THRETAHVNERDH A Z L ERELTND,

Wz, = RVOREE (n,)) BRIk~ 7 < E D OFRKR ORHIEISEICS
2 BB AOVWTHE LT, K 2. 3. 8 (oI k~ 7<% U ABRERICEIRT 5Tk S
D& 2ELEEEXDIIVIRY T IRE Y ORBER L ZOBOENOSMETT,

Kr—Ak, VIR~ 7 <IBE ) NBREAICESET ARSI D A 2L LT D =1
DPE LY S L OISR MCEABE SN ARETH D, VIR 7 #E
Y OBRRAIAELT 5 2 WIS A CE B =R R O WA ML 232 O % DRI
B EVEERIE L LICEO LTV TN, ZhiEK 2.3. 4 DBA LR LTS
B, o T BT~ v MV OMMERREF N O—RRIRD BN EEZDENDH T L
AN
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@ WREGFEEE O~ 7 <BE Y ORISR IS E

VIR~ < IE D W DR AT TR T 5 Z LIk D - < bk
MRS 2 TR T B, VAR S EBEYOFL ;X =y =0 TOEESAR3 1.9
WRUIE & D R bETA & &5, FDESE,

do (') =doy /AL for t" SAU ... (2.4

dd ") = doy for t) D At ... (2.5)
WCEVIESNAMN, dy =100 & L, ZHO%OMR &N HFEE TH LD DM
BT,

B 2. 3. 10 [ ik~ 7 =18 FE 0 ORFRICHE D B OSE RS, YWk~ 7 <
F 1) OIESETICEVHIREOMREL B 5 2 &N TE  BRMERIE Ik~ 7 <R
) OES DD U =10 TELND, BoNDRAEEEL BRI VIR
7 IE 0 PR LA ORKEEEDENTRE T LNV, YR 7~ #E D
PFAET 2B B\ T IR R AN IS AFREIT L TV 2 b TH D,

2.3 11 1%, [®2.3.10 LEIUEHETD =0.5 & L7HE, 2D ViR~ s =
BE Y ORARSWEBNTE UEBAEOKRERLTND, ZOBA, BONDREK
MARIZE U< Sbike 7 <8E 0 OIENEDS t = 10 ThOHR, BN
L7BED 90 %REDHEEESESL 2 LN TEX D, HMEBNICHESER SIS
BRI L2V OT, MR L AMREEORDDRIREND N TH D,

2.3 1210 VR~ ~EBEYOE FoHER X =y =2 =0) TOREE
OEERAZLRY, SAOIEED = 0.2 DBE. KEMEEMNTZE L LFSRVD
T, EFNOREITIEITRESZISEN, L L, DT 02n8 b OBPEIS ) 2SR5
Bz b OIS, BREBICHT D0 b OFEHIESEIC L 2R mLEsAt’ < 10
DBSICRY BEINS, AU 2 50125 L, VWVR 7 <ilE D ORZRIZE D H
FEENERT AEEIZBWT, BITE RIS NETATEMSATLE> TN D, —
F. L OEEREBIOEVES D = 0.5 OE. VRS E D OIFZRICE YR
WA BRIC AT SN AIEAE L KX < 20 | BREBOREIERIIC L 5 EEL R
X%, L., At 2 50225 b, YUk~ <#E Y ORIC LY #iRm A
M 2 BRI B WO ORI ANIE L A E R T LT LEW, WV ORN IEE -T2
OMBMETITIZE AR, D = 0.5 DFAIAEL S DMRERIE,
AU = 1 OBATESNIRAKRERE AL > 50 THLNIRKEEE L DEWVIC
B,

SR~ I E D OENE GICHEOHBEB TELD &, VWK< VT
D OREIC & b 22 VE U ) BN B, BB TORICIENTERIIRE
B (D = 1, 1.5 DFA). k=<8 ORI L) iRESEEYS D
BRIZB O THEEERME LRI VDT, AV > 101222 L BONIRREEED
Wz /NS o TLED, At 2 50 TELNARAKBREII IR~/
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DERESOE%BUTTLNRY, Lial, At < ~50 2BV TE LR~ 7 <
F ) OJE SN0 E I R EMEAR TN BV DT, SoviR~ Z i E D OlgiRA 1L E
STHIITFEERMEBELENET D Z 222D,

(3) BUEEHREROELD
IR THESE U7 3 IRTEATRER T UIC L D HIEERR 1TV, KL AT (M

HWMORELE) 1052 2L DT A —FEEHERT, TORR, LTOL I 72

KAFPEDSBAREIC 2 o T2,

cw P IE Y ORI L A HFRERERIT. ~ /BT ORBELERET S
3OMNRTA—F (w/<WEVOES - FS - FERE) IKEFL, TOEEHNK
TVNF Y, FRELEBKEVTE, FLTHEWE ZATORRIZE, HREEERIT
KEL D, £ REERI BESICKHT HEFEDIZ I BRENWT LD
770

C e P lE Y OREEC XA METERIT, FO%Ad U REEETNBRIZLY
B L & HIC LEBIvTW S, KIS TR L7356 . BRRIIER . HiakokiH
PERRFIRSR] (= v 7 A7 = VEENEERT) O 50~100 (ERREDREA r— VT, F
FAMFETRRIIE LESNTLE ), —F. WERBN T/ ~EBEV BIRLIZS
& (BHCBEBOE X OEABRE LY bW L ZA TR LBE) . kO
B OMEEOBREIRE L THLEERIREERITHERI NI, BEBOE SO
80 UL VIENE T/ <ElEVRIIEDES. HEEBENTIIR LZBE LT
Lo ETE U A 7 — A CHIRmMERITE LE STV,

- = JBE ) OBREBEAES ORI THE LE b T < MR E MR DR R AL,
HIAROFEFRERI O 10 fELLA OBERIFEEIZ IV Tk, < 7 < E Y OFREFEITITE
& ERFLIRY,

= e EE V) QBRI RS OFSEMEETIIC X A E IR ORI, BEEOE SIZ
RIFELTRY , WEEAEVIE SRR EIINE <25, ZLT, BERORES
R0 DPA, ~ 7 <iBE D OBRKIEE T& S MR R, £ ORI ENT
LTHHEEICELL TN Z &30,

cwy MLOERIT, < 7B E D OBREARRE ORSRIEERIC X 2 HiR L Ok
BB bicEEB2 5255, LL, 7 <iBED ORSHPHBROES D50 %L0 b
BONEA. < ML OERIZEBICIKTE L MIFRE AL EI D O 1RO
R O 10 5L EORFARRB L ThETH D, v/ viBE N BENLLEDOERS
B BEATH ., HIBEROEFIRERI O 10 LA ORFRIFEEE T~ o ML OREERPFE
AN T B0NE, HIEEORMERD 10 50 1 BEIEWEEDALTHY . TOHE
T V<l E D OFRELEENHEOEE D 25 $RELNTHIL, v bLOks
PERITH FE 0 EE TRV,

_96_



= JIE O MR A 2T TIET 2BA b T ORAROETR I ORI & £
50T, ELNSHETEREITHEEETLOBRA LY b/hEL< 2D, v/ <lE
D OBREIIEIC X A HFEE AR F O%OREEBIIC LV EAE > T D LFE
Lk 5z, HEROEMIER O 50~100 fFL EORMENMT CHRET 277 v#ED
OEF AL N SR X D Z LI3EELYVY,

= = IBE O AR 2 2T TR B FRMMIEk R FIREE  50~100 LA
DEFRI A r— VTR b, FELRHFREREZES Z LN TE, v /<Ol
BARIEF T, FOMIRITEEMEETIC X D LRI LD 5,

c V2 IE Y AR Z 20T TR T 2B ICB VO TRIFHCA U 2 kg 23 A At
TSR OB T, HEROFEFIEEE O 10 % X 0 EWE A 7 — /LR T,
< 7B E Y OFE LRI HE VIRFE T, T I iBE D OERSITKFET D,
T ORI LY .~ P OHEHERIEE o B OBERES N L v/ wlE ) OBRS
SFEREERD D 2 L NFREIL D, T2, ROSBNIZ I VIBE D OHRSRE
REG LI, v /BT OESREREEOMKEN DR D T ENFREILL D,

(4) BEREMERRTI A Z R U7z KL AR S B ART E 7 VI & 5 SR
BB MEAR D 2 2 58 U 7 h LS S B ARAT & 5 L & AL E RGO B RE 0 LT T T

BRI X FE AN (2.3, 13) 188 Lz, T OHEVAE) bR ORMERS~ 7

< EAESLHR L, KLEHEYEENC I 1) D AR O PR A MGE L7, £ LR

B 7w EADKET & HIERERER & ik U, ~ 7~ iR BT 2 (& R AL

DL TWBDMNBE LT,

O BHEBEHINT T TOBRIES

B I NT T3, AEEEEIIET AERINT 7 Th D, HRETIZILY
VRO R L b o BREE o TWA Z EREABRMFEICIV AL,
ICERTNG BEE0 51Ie ey L7 5 HIFEIER 0. 4 Ma LARTA D £9 40 ka ORIOH
A U7 8 [RlOMBFAE KU L W R S 7z b O T ZNLRIORTA LT ZiEEIT
1.84 Ma BABIAND 0.87 Ma i/ THEBE L TV = e EZ HT\ 5 B F0 0
EU UK ITEEIE 115~120 ka LLETICAE LT TRV B 175 k' LA S O kL& HY)
Bl bR TNG BB g oh L S NI 35 ka IZHAED . T R FURL
ok L 2§ 30~20 ka ITERL LTV 5 B9 EITORECKITH 1.3 ka & HEFRNIC
T RBXTY KUTERZ TN E B,

B A NLT SAKRORFORN OMFHmASLIL, Japanese Earth Resources
Satellite JERS) -1 (=w 7 %—JX Fuyo-D)IZ XV, 19934 5 A5 1998 F£7 /i
P TERBES N TS, InSAR OF —# & v MIEHEEE (2006) F'°V (2 X0 ##AT
Xh. HEEEMSEEShTWS, 19934E8 A 13 H2H 1995484 4 21 HETO
o> 10S (Line-0f-Sight) Zfrd L #—%[ 2.3, 13{ZRLTWHA, 7 hHRT
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VEDICIE - X 0 & LRSS SN S (RIE - #EEE  (2006) 51 X9 5
D

BRSN-EET, 1993 FOREMSEAETHTTT M X7 (WA R L
hash -5, 1995 AEHREEIZ 2SRRI ER U7 (X1 2.3, 13), FEALIZ 1993 4E 8 H 13 A &
1994 4£ 9 A 13 BOBIO L 2N THE->TWA EBZXBNDEN, fT 21T D 720I2iX
FEETOUEND B0, AR, > - A 7 b—va VI ERBT D RERIT
1995 £ 4 H 21 A& 199449 H 13 BD 2 >OBAIE» LR/ ZRIEICIVERL
Tmo BBEBRANEENL 0 OB & ATET BRI L Y EBRAARE & 35 A5, 1993485 A 18
Ho 102 R Th D, RIS, BA N - A 7 L—3a VEIORBEEE & 6 b3 Bl
phia . 19954F 7 A 19 A& Se 2 LIED 9 SOBLRED G| e EH L7
B/ HREIC L R, BREERITY Y A T b— 3 VHIORERE R A L -
ST —a VHIOREREE ORZEE L, FEEORA T2 Ty AT
— g HiEEA N AT L—va BoERE L, 0T, Yo AT L
va OBIL 87 B & EE L,

@ HEEORMRE R LRE LZET L (UINV) OfffER

2.3.14 |7 UNV (Uniform Viscosity) EF /L& W TRl XNz OP.LIZE
7% LOS &% D OB LT ey bLE,

BHIEN LB LN Rl b &5< &, B t =t = 1200 B TO U/U 1
0. 54806 T. ZHEEFOFNENDSFMIKED SRR E LTHEHANTND, VLD
FESDETHELBRELOZATHOESND, FORRIL 128 10° Pa s LATO
EATORMELN., RELEEOREBOES HOBATHLRALTH D, /-, R
MBS D VITHERIEE N OV TR TE LN AHEA L HIUE £OmHIZE
THLNIBEELH D,

B 2.3.15 |2 UV EFATBWTHRA b » A 7 b—a VIO ER SRR (1)
TRD LN VL OESEFRT, BB no & W T, HREBN TORRIT t
PEDIZ LERAWEL 2o TV E 2 LTHEBARN TOZRRIFERS 2o T &)
BEADH D, Z ORI, VAOERSD AR E & HIZELL TS Z EE2RLTY
AOTIH2 L BREORBEIMOEBNHELE S RE R TPREEZRDTND L
5T LERLTCWD, AT, HAESD TEBLEVALVEZEZTHNDLDT, K
BEF VIR L N VL OESEMBIRE LIS VET VLT LR EDET
BT BV OESITENFNORBE TRE SRS OFHEE D, £72dHD 1
SO T ZENRE -7 L 5 REFNIEEET VOERNOHAL TV D,

[ 2. 3. 16 12 UNV 55 5V 3817 B R 0 .0 T LOS AL o FFRIZEA L & BlR=
OB ERT, n. Wik, POHOBEATH, FNEN 10T Pa s, 1 km &l
ENF, D & dy HHIZEKFELTEY ., H=20 km ®IFEITENEI 19.5 km, 138.09
m. H= 10 km DAL 9.5 ki, 32.89 mi FLTH =5 kn DFAILE5 km, 9.06 m &
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B, DIZEDHDOBEE L, WIS & AR & OFEIUTIEIZ SV OIRE MR
OoNicblFTHD,

BAE D AT 5 CERl SN EEEREOFBRIZE L, & ICHEREEOILRORFRH
TAIE. BN A Z I Lo K LSBT E 7L L ) . HGROREEER 1.
% 10" Pa s ATFEHOT 22 L TRATH 2 LN TE 2, HIBROKMER 10" Pa s
B D RNEEN D O HEE ST & TR ESR~10" — 10% Pa s B0 BB D
LIRVMEICHYS TS, 202 &, BURE LTO- IR FEEL TN S TH A H K
BIZ BT, RUARETHDLEELLND, EB, EREROMSE &P 10h
L 3% Newman et al. (2001) % 3~ <J@E b FFHOHE A ORMERIZ~500
- 600 °C T~10"7 = 10" Pa s (2725 LIR~_TUV 5,

FIEE DEMER TN DDA UEIC W THESNTWS, T A AT RO
Krafla U 7 MCBIT HEEOHE SNIZHERIT 0.8 - 1.1X10% Pa s THSD *
WEY 7 2 ) o) Three Sisters KA THUNE/ D HHETE S 7o BB,
AN D 3 km L DRV E T A CEMERA~10" - 5X10¥ Pa s BETHD L LTV
2B F T OT T 7BV TR, Dabbau (ZRITHEAA N MEDEE)
28, 17 km OE X FEOHBR T ORK L&~ > b 10%7° Pa s ORMERTHSH Z &
EAHEL TG Brrsns,
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Figure 2.3.1 Schematic diagram of three-dimensional finite element model
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100 Qm LA LS = RO EMEIRIHY T A& IRHE N B2 5 Z L AR ST,
O R AR T LT T R CRERR L TR D KIEE & OBTEREZ DTV D,

Komazawa (1995) 2 (385 —& % FWMITIZ L W DLT T RO EE
s A RO ZORBALZBHR LT D, TOBREANT, @A - (2000) 0 [XES
RS b L HRHTEARHESE O LR A 1TV, Rk 0 EO T CIEFE ISEV R A LIL, B
ERLYE B TNBZ L HR LTz, ZOREICOWCEA BB LHAHRRES R
Kz E DR SN TWB D EHERI LTV A, K VEHo~ 7 <ICBEd 5 & Bbnd
BRI L UCUTF 2% 55, Sudo and Kong (2001) B [IHIEIK MES T 7 410 &
DYEERF 6 km ATIEICIEEEE A R LTV 5, EHMEREE (2004) #1700 GPS &
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BT 15 km ABFIC S VR OEBRE R HEE S, & OZEBIROE T TIIIREMIKR B R
PNER XN TS B Tsutsui and Sudo (2004) ) [ 3FAE A BIR & LT LR
WP ATV, YBEREEEE 1~10 km (C334F % BNE/R SO & R L7z, Abe et al. (2010) #
199 1 Lo S B R O O HRIRR RS AT 21T\ TREE 15~-20 Jon (ARG
EEEH A B L. KT 15 WIRE ORASARLIC AR TS LHEL TV D, S TOERM
SERTELNTVA OIS, &0 EROLIEFEEZ kD, ThbOBAKER L
W42 2 L3, AEOREDO—o &2 D,

O TRk

B Mgk L REAS IR PR AR T K SRR ARAT 2 0 & L7238 K 50 km [ OFEERA T,
SERE 27 4EEEIC 56 /5. SERL 28 FEEEIT 45 AR, PR 20 AFEEIC 10 HIR THREEIT o T,
AbITREAS LR/ NEIRT | PRI AEASIRAEIRAT, BRI AT E T, IR LR & 14
FETATIC £ 72285 AHUBIIE R LRIEICAIE L TR Y . ATHEM L T T
20D OO, EERIBVCITETRCEREG, E LB & O IREEER
Ny AEF—FICEBRELS I ENEESh), FIDRELHR L, EE
7R 51 100 m BAERET 22 E O EIT o T2,

AFAA T, Phoenix #HBIO MT A AT LA BERA L, k16t b QRv
MEUE—FA) AL, HIEREOmMEER -7, T— 4 OMEER ST LT
BHAT ) A ZOHINERE 18 BE~BE s B JIE L, 1 AbT VRIK 2 Bl EOT
— 7 B ET A D U, MIESR IS, KRESTARRT DMK EEIORE 2/~
FTRAEAEK 3 Ll & 72 B RVIEAIIE, &R 7 AME CRET o0, MEMEZIT
EElr 2 TEAE R T o7z, IEREEIEL, 320~0. 000343 Hz £ TO 80 A TH
Do
@ 3 o IRGTEEARET

—E T — & ST L o TR 7= MT 57— & @ 80 J& 4 (320 Hz~0. 000343 Hz)
MG 16 B, (194 Hz, 79 Hz, 33 Hz, 13.7 Hz, 5.6 Hz, 2.34 Hz, 1.02 Hz, 0.43
Hz. 0.176 Hz. 0.073 Hz, 0.032 Hz, 0.0134 Hz, 0.0055 Hz, 0.00229 Hz, 0.00099
Hz. 0.00042 Hz) ZBOH L., A v E—F U XAFNET 4 v/ 32 A DY
MT BRSO 6 Fi % AHT—# & L= 3 IRITHEFIA »3— Y a Vgt & %
FFots ANTF—HILoNTiE, =7 —HNRELBEEORNEEZZONDT —F &
ERLAVWT L& L, & TORSEI W TR 2 OBUERIREZIT o T, 4
ey LT, Rk 27 AEREICERAS L7 55 A L | Ak 28 FREEICEHS L7 46 RDT —F &
(EA Ui, B ADT —2 O A Rx, 100X 16X 12 (HIRE X R X RS RE
HOH) Thd, 22T, REBEOKIT, MT ARSI ERLTHL I Lb 6X
2=12 £ 725,

AFRATCIE. IR © 5 AR 27 FERICHG LT 55 M7 —Z Ik > TR
HI=ET L (2016 FHTET L B99) ZEF L, B 1400 km, F7E 1400 km, FATE
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1001. 79 km (ME/KE LV FOHIE 1.79 km Z2&T) OREEKIC, #8K0.33 Qm, ZEX
108 Qm OHIRGEE 5 2, WAL ZERUS 0T v v 7 OIERHUEZ 20 S ¥R
T AR, HETT UL, Bk 106, P 100, $AE 74 OE/LVTHEKL
7. KPEOEME, Rk O ENSEENSIZHE- TREL Ro TS KO IZREL
THEY . BB OFA R, kO EARED 0.3X0.3 kn THY . HRE/OY
4 Z1F 150X 150 kn TH S (€ 2.3.20), £72, SAEFHD S Y v B X3, #i
WREOEEEHEALRY ZET S ENOD, HKEEY b EOFEEIZ >V T,
0.01~0. 06 km & #IH< Lz, —JF T, #/KE LV & T ORIV T, 0.01~300
km CHRERHETICONTRELARD KL IITRE L.

@ 3WITHRPEEET v

3 WIEA L o8— 3 UIRITIC L 0 4B ST RS T T L O K T & R AY
ZRPREE 2-2.5 km, 6-7 km, 9-10 km, 11.5-13 km, 15-17 km, 20-24 km 2D\ T[]
2.3.21 {2, sk O F AR5 6 JIFROIERE 20 km £ COSMEWT 2] 2. 3. 22 |
NC I

SNEWTE O profile Al. A2, A3 JX, N60° W-S60° E FMIOETE TH Y. profile
Bl. B2, B3 (. #hb L EAZTHMIE ThDH, £72, profile A2, BLIE, FEHE—
KOEREET LTV D, X5I0, RTORmICIE, HEOER (B 2003 4 1 A~
2013 4E 12 A OB OGERF— (LRI, #R3L : 2014 42 1 A ~2016 £F 12 H DR O
K[ET—TALER) 27 vy PLTWD,

£ 2.3.21 OAEWEE B2 L. FEEL AT 7RIS, PEORBLDICEE 2{RLE
FEEOT T Y2 CLAS, ESH20 km A HHKEICED D I TN LR~ LB
B2 L O WEET 5, ZOEEIRFTRT C1 X, 2016 AT ET L THHELA TV
BETHILN, FOFRNEY v —TIHRZ B, T AEEEO LI SIZEY
fRfeERNm ELTWA, 7. [[2.3.22 OEWE (profile A2, Bl) ZRD &,
EHIRFEE 7o v 7 CLIE, TEE—KODT~EMPTHDZ EDBmnDd T &
b ARFHERIES CL X, TEE—KDOBAEDENERE Lz~ /<IN L&
HThHDHETBRIND,

WIZ, BEETIICRWT, < 7 < 8% & OBIE )RR S 2 BE KR
B Cl okt UCER LT BRERE R 1T o7, BERE T, KHERAER 25 T0E
o 40 QullFTOT oy 7% 40 Qno7 oy 7 I ZBEEHBIEEET NV (RER
7‘3::%7’—“/») PR L. FOREREET M LTI+ U — Rt &7 o, BEH

\cHE TR Lo dEIE, A5 6.9 ko, HEPEFA 5.7 km, EEEJTME 1.5-24 km TH
% (I 9.3.23), BERETT /MK U THE S RMS 281, 195 &2 D REE
FNCET D RUS B2E 1. 82 M hiEm L, BMEL —B LRV HRICTho 2 & 2m
Ll 0 RMS BEOBR, TFAVMOARLEELTTE THLDERET BT
%, BEEEE 100X 12X16—1 GRASX RS X AL —1) T 9WERXMD F o
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WEERTToTm, FOME, RIS BEOMEN 1.84 2 B2 HET VL, RBEET VLI
BHERERZLOETFIINE L CHETE D2 EB0 o 7=, BEREET /L0 RMS 77
111,95 ThaHZENE, KLIEFER C1LIX, BONTREET VI E > TRHATH
h. BWEEEXETAHHEETHD LiERTTOND,
@ ARPUEEOHR
MIEED LT F N0 EEHERIC I, PEOILMN SR EE— KR mD-> TIEDD
BRI DIEHARFRF 0T 0 v 7 C1 REET 5, 2016 fEEET N &% T3, 2o
RIS AIELIE AR 7 0 v 7 KL, RE 15 km BELHEE LD, 361
20 km BB CIEMER 2R TEEN L E Sh A RN R I N, Z ORGSR
B3 EE D VT TIC381T B GPS SEREELAIT — & DT HEE STV D 2R D
FEEEDOEEE 16.5 knm E0 RO, HEE NES/ T 7 Ik o THESNL TV DR
B 6 kmlCH0 A b OBRKROEE B E T B AR L b ERT D & O i
Bal- P 5, oF D, (REEFEYE C1LIE, FEILT 70 BRI FET 2~ 7
AR (=~ OBBRE) WRELEZERETHD BN, D by RSP
FES KO TFICHDZ b, PEE - KOORAEDER & OREEIRE SN D,
F 7o EEH LT T O LB 1T B < AR, EREEICH UREAER &
NTW5B EHEEND,
T, EHIEREE o v 2 1 OLBES (BE2-9 km) OF90 ke’ DFFR
DAV EORIEL Y 21771,
EYHHEEE & /L7 OfEE LT, Cl D EBHAD AN NYEORBEL Y 217>
7. TORBEL VAT, eI, 2014 4F 11 A 26~27 BICHESE KD THEHL
72 23 Y T OALEESHTEER B9 235 Na0 3.26 wt. %, Si0, 58.62 wt.%, 1,113 °C
1,386 K. S7KE 1.0~2.0 wt. %M L Th A BE AL~ OHIRHUEZ SIGMELTS
(%mﬁﬁﬁko%LT\%meMHMW®%WF%$@%®ﬁ@mm%%VT%
N RNOEIGEEE L, B, v/ <EEYOENT, FEEL LTRE RS 6 kn
(164. 64 MPa). HIEXOEE % 2,800 kg/m’ & L7z) oA B AV b O HAEHUEIL,
0.56-0.64 Qm &L,
BRI AR EIRHIR S CL o _FBERA O HARHUE 40 Qm OFFEIL, 89. 3 kn® T,
T OIRIIRFRE T, A BIE AL FOWIEFETH S 0.56-0. 64 Qm OFEIRIL,
6.3 kn’ T D& BEL LIV, &FE LTI I0RECHRRE TH DL Z LBmho
7o
(2) WER(LFERT 70 —F 2k B~ 7~ PIEHEE FEORE
EALTHE, TSRO~ 7 <iBE D hLERER S OB H 2\ d~ 7~ O
(I E BT AT L0 | e 7 < WBUKREMEH SN EF LT o EEFEX 60T
3 (2.3.24), IAFFTRUNCBNTS, Kififl~ 7/ <iBE ) BT ICFEET D5
&, BEOBUKGE L HERREICH L TV D EE X b5, HTRIBO~Y 7 ~v#EY
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B Bk X A A BOKFRATE NaC1-HC0; (% L < X C0.) -S0,% (LR, NaCl-HCOs (-S0.) Y
ETB) THDHEEZBNTRY W knhbiHans~ 7 <EERY A (HC1-
S0.~C0y) 3B U MEIF M FAITIRA LT TE HIREEMEEVK (HC1-H50,MY) & bk LT
(WEHRE S R E < BB, BB T4 L BUKFRIL, WESEH W AKEZEDEKEDR
VKBS ZFI LT RS L BRI E O T AGRITIEA L, SAEBNTIERINCHRH T .
P T, NaCl-HCO, B DVEER IR O BUKIR A DIRA KR OF OEEIAH T ARFIZ BN T
Bz oL, 2007 T v 7 AENLEE~ 7~ E D OFRESEDL 2 LW
TE2,
O WD T T OXILPETATRE
BT T KIERD O # T KBRS KL AN LY | B~ 7 = ROk T
Sy A (BER~ Z<IBEYOER) RO~/ <lIFENAT T v 7 A (i~ 7~ &
FUYOFER) 2ROBZENTENL, INT 7 OB~ 7 <BE DL ORI OH
BOWREER NSO~ 7~ DR AFEB R EBERCEHLBEZLND, TI T, il
BEH VT BT, HUFAK, K, IBRAK, FIKO#EKLFIREZER L., <
T YRR O ZERRRN Y &~ /< RIFEREWE O 7 T v 7 A OV TR Z1T
277,
a HNT T IMAERDEROWIFRA
< 7 REPEEK R I A AT OREIR 00 72 b O BLHIFRE & B EE LT T O SMAl
DB TITo 1o, AT, AL BRI 9+ P, 393 [ 21 & 7T
Sl CRILJN) B 20 # AT, KEFJIGRIE 26 & 7. 4 #1150 18 » . #k 1]
ik 39 » P, AEF 132 ¥ T TH D,
< 7 R E DN B~DHEREEHEET 27200, FIINCEEND =T
< FRRA A I BE L R BER LB TH D, — I, TR EBR 21T > Th,
REL TV AHENBRITE WD, IEERTREIREZHET HOEFE LW, £
[ 253848 O R B EAME CEBFE « WokiiE - Ekit®E ®1) L BKEE
& 1) s 2 W TIRET R 1T o 12, TORER, 77 v 7 AFHEITM D) IR R,
FEREAKE RIS B R OISR ERE D DA TR E SR, £ 0 0. 65 [F & & RE L,
b AKESHT & ORER
< 7 BIROR AR RO D120k, ABERPHEERIROM S 22 L5 < &
RS D, WREBOZEIT 21T R 272 & T A, N0, NHi, NOp DA A L IRE
ISEVHLE AR S B R, & 7z, NOs, NHy, NO, DA A 3EREE T v E = 7 KO
TR AEVSALEERHCERNT A B X bND, £ T NARHESND
REO Cl A A, SOA A VIREORIERIToT,
Iz, FIARICEEND Cl A AV RSO A A OfERE LT, w7
HIEWE LM S . BKICE EN D HENE (BI3EERIR) 2H 5, B4 - HiE
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(2016) B BT < VS RIFEEWE DY 7 v 7 AFERICEKICEEND
VHERIRD CL A A RONS0, A AV REERRE L,

ANBHI R OMEK DB ZREL CL A A BEN 5 ng/L BAE, S0 1 A L REN
15 mg/L UL Ed D X5 i | FEM S S SBFET A, v~/ <R CL &
LTS Otk TH D LB T,
¢ v/ <iRBEHKO EHE D5

[ 2. 3. 25 WK D N A28 8 ARE LTz Cl A AV RE L SO A A RE
ORBR A FT, 4. i, BEEARUINRRUROERBHLT K & MEED VT 7L
HERAHTCEON S EBHITRD CL A A REE L S0 A AV IRE B OB
HFEIERICR LT,

IHETIC, MRS AT T NEFRENS A E BJUDOFIKRD C1 A A& S0 A
FAFe SR THAH 2 LR LTEY, FISIRD 2 /1, #)1 Ol
RO 45, ROKREIIERD 1 SE2bRE Cl A A WRE & S0 A A iR OB
ERT S,

AR ZEIRD 2 BT CL A AP L SO A AV PEENFNFH (279,316 mg/L)
& (205, 184 mg/L) 720, IERE AT > RO P TR > T <, FlEk
BT T RATEERE AT TE OB IERBH T KD C1 A AU IRE L S0 A Ak
EEORMRICIEFIHELL LT W B, BRI VT 7 AR ERME THE LN D IRE
HIFAK D S0, 4 A2 DILEE L RERNLBLLOBEN S, v /v RR THD LEZXD
MBI EMND, BHRFHROFNID C1 A A2 & SO0 A A DERIT~ 7 < EiRT
bHBEEZLND,

Sl ORI SR 4 s0E C1 A A HREED 2 mg/L FREETH D DI L S0
A A VPRENRE T 58 mg/L IZbie b mThH D, FERICTIEHIRA (B 2
b BIRSCE/NENT OB EER TS, SO A A BEN CL A AU IREIZIA~IER
KEWERABRELND, INO6DIEE2EXALED L HE) (RIWID ok
Ttz i, BRI OWRBICH HBRIERO L S, C1 A A REIZZ LS, SO
S AR EEDIEE T A EB I T K AMBIZ BB L TV A FTREENE 2 b5 08,
< 7= BIEME BRI ENTWAD O OWTITER TIFHA L TIERVO T,
EHICHMRAENLBETHDH EEZOND,

d < 7~ BIFERMEME O TKR~DT T v 7 AOHEE

< 7RI ADH FARRA~DT T v 7 ARWET D728, VT 7 ELOR
N Ut ORI Fguutl, REFJIL Sl (O ILAD . Foar U1 OhimLqal) |
I+ F W GUNILHRD OFKRIZH T, FIEFRTLTNSCl & SDRE
PHEE Uiz, RHEIILUTO L ST o7,

< BN BV T A AR EER OBKICE TN AR ZFRE Lz C1 X T S0,

AFVBELRSEL, Chi~/vRERYEREL T2,
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BRIV TIEABE O] E (PR X0.65) OHEEMERD D,
- BB BIEAREOW) R < /<R Cl & S BREEZANTE2O
FC FRTACLENS D75y 7 A%HET D,

1€ 2. 3. 26 {2 RAKFRIZIIT D CL & S D EF & (ton/day) 7R,

BRODCL &S OMENRSNDDIE)I EEILTT) THY, TOREILCL
T 18 ton/day. S T 41 ton/day T D, ZOOMIKIT, C1 2B L TIEHHIIIT
12 ton/day & )l 2/3 BFRED BT S A, ZH LA oMl 0. 2-
1.9 ton/day &. %< THEJID /10 BETHS LFEINL, —J5. SIZEL
TH—BHHEN KXW TY 2.5 ton/day & FJIO 1/I0LLTTHY . £D
L OHERIE 0. 2-1. 2 ton/day BBEE L. %< THAJID 1/30 LFTH L LFESH
7o B O Cl 7T v 7 AREWEBEARATSH 54, FLSOHIT T Cl,
S 75wy AL BITIEFITARL | FIERA LD B O~ 7 < IR A DOHTAKR~DR
By @)l AL T IR UAMTE A LRV EHETE S LD,

2. 3. 26 1, BEACEEF spiBic & HOKETEE - TDEH . ROVFNEEKEE, &
UMW E 2 5 DT EEAKBICBIT S CL L SOT T v 7 AOFEREHRL TW
B

KRS « TLERIEAKEE, M OVFASEKET EROK)INZLEXTS DT T v
AT, ST, HTKREIROBRLETE SN, FARREBITD 7T v I A%
EEA B L&, REARTEE LAY AU TETE S A EEAKERIC DV T, RTETIRR
L FADRIEIC 2 o T 0, BIOMY LERELTT Ty I AZERT DL
BRRNEEZ DN,

LI EOREERN S, WD LT T OIMUNCET DR~ SN~ 7~
ERMED Cl, S 7T vy AR, Full, Hgl G KEIL 3o )
BN OB FIRICIBNTE 2 b, A8t 16.1 ton/day U5 1 ton/day & RAR
LB, FEEANLT SHOIIZBLTHR T2 Cl. S 77 v 7 A2 (EhXh
17.9 ton/day B Ut41. 1 ton/day) &H#ET 2 &, Cl 77 v 27 ALTERE, ST
S r 213 1/8 DETH B, MEENIAT 7 ORI TIE, FIIRICHE S
%S 77y 7 AIBTERN VT TRREEDOKI 0 $THY | BT T OIMU~D S
ORI RN E bbb, . Cl 7T v 7 AIWERA VT TRD 53 % W
VT 5 DIMEITIIEG ) k23 35 % TH - 7225, T OfooHgdh S, Faull
TSI EE D LT T 5 10-20 km BENL TR0 . BRI BE L2 TRBN TH D0
NIRRT BALERD D, ) IFERNIC ER 35~ 7 <iltiiRo C1 OFIAIC
ST, BEFSTIRE S bnSRWA, 75 v 7 Z(12 ton/day) 2372V K&
W Emh, HTICEVK R UG B~ 7~ IERINEFELE T 2 AN H 5,
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@ B~ 7~ OREREE FIEOBET

RECIE. HTARICRAT 5= 7 <BRAVKE S OILFF-RE T 7 v 7 2%
Ao~ 7 <8 E VRN OREBHEE O FIEIC DWW TR D,

a v IEE Y OIREE L KT e ' R OBREIRES

KD LT IEAE ISR T /v 3 HERE~ /~Th D, ERRERE
< 7BED T, HEAKEMESNIERE~ /0, 1) BRSLER 5
WL 2) HIEMEROBREINC E > TTEALEEX LN TV D, KEICBNTE, L
TR TEHEARTTAERNE L, ERE~ 7~ bERE~ 7~ O, BElIZE
%7 at A THH S DBV RET LTz,

ERSLIER TR SN ESE < Vv 0 20~25 WEEDERE < 7 <k

R AL, BRI LIDESE BELAAERY) ZRRT D,

- R 2 I B DBV UEIVKIT Y A A NIRRT A S aiE. sl
ERRE Y %< (1~215) OEEE~/~RNERIND,

CERE~ S~ OAERBITHE SN ABUKERICRET 545, REOE TR
AR R L7220,

BEE~ -~ OER - BALICHE S BUkHE A EICIR B 5 72D, — A7 —
2L LT, v MADLEBENTERE~ 7~ D 25 WNHERE~ 7~ IR0
AlZOWTHRE ERIT o7z,

v I B ENDEREWE (M0, CLFE, 0, ST) 13, FNENDIEREOR
B SR e o BRI /v P& LTHFILL, 7 <IBEFELTY
LEFRMEITTOE FREEIN, [IAEBHoOREE Ebiiw /b aBish
BRRE LTSN D LB 2D, ~ 7~ PICRE L QWD HERWE TIRERE
NEL B THNDDIE H0 & 0. THhD, Cl FEIZDWVTIE, NaCl, KCI1, HCl 72
P s - BOKRIEKOSTRICEE L, <7~ OMABIKREEDL 5 - 08MTH
%, BT, ~ 7~ ORI Ul AR E R A T& 2o, HOBREOR
S EHELE ETCHETS LWVWIFER L D, iz, SEIZ>VWTE~ I~ -
BUKIBEE T T S0. HoS, SO7, ST ELRRARIFIEIER L D7, <7< DfLFHE
RRICIN 2 CEALRTTIREEI LT B 2 &2 810k, R ERL LSO T
WA, BT, = 7= b AR S N D BUKTARO LR ATV 5 £ T B0 &
CO, DEMREEITMEE - AR (1994) B 2k Lo bhfeT —F 2 MV, CLED~ 7
< LUK DSENT, BEEEE < 7~ - BUKE Tl Shinohara et al. (1989) B 1)
WP ' T 100 MPa (JRFEE~4 km) MUFTCl MEA AT B 2L, 100
MPa B D43 BMEIZ DV T Shinohara et al. (1989) B0 oF —& Mo EHE LT
ExAVS, STEICOVWTIHT —Z REDIZHEY by, 7l &~ 7 <@
F R U KB I O &S KU A R OUK LT R EWER S N D
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BRI DEKIZ DWW TIL, HAT FHEKICHEEY B~/ <EB TRV EE XK
Hi TR,

< 7B E D MR SN BBV OR#E R 5720, LLTIC T B L Lz
< JBEY OO T VA (FTV) RV (K2.3.27, [K2.3.28; 7272 L
FROBNIES ES) OENZT ThD), K 2.3. 27 IR LIckir 105 4
(MU D FOHE) ~EEIT L, RKERHIC, EREEROERDPINT FTEKD EL
HIDFER L 785,

) BUMICEREL~ /v 2 AR T ISR D EGE~ S BHEET D, T O
BE~ 7w RNhHEE (EhH) T, ERpEIcfamTnEkacE s, €
DRIAE~ = bBRFRE LTSIV 7~ LITMSLIC EAT 5,

2) FORR. TlArkolEHE~ /v N TE D,

3a) EEE < U WESEMEER (b3 WX, HEBmEOER) 12Xk, TOE
BO 25 WoiBN T AEEBE~ /< 2T D, BEREAY /it BHRE~
< NHITET R COEBRME A ZITRY . EE~ 7/~ idkidab LEE G
VAEERK) T3, BREE~ /< B2, [UaETER L, Buki ik
45,

3b) EERE ~ S RNEAEIC LY FOEEELTIUE, LA BRI ND,
FO, ERWEITIEET S TOBKGREE LTHgmicktt s s,

A)EEREE ~ 7~ BEUKIRH 24TV, BeieaicE L LIERSE R E2TERT 5,

AbY AR L EERE < /S~ N LR L, AT TER S SR I T,

0 2.3.27 (GEEE4 km) RO 2.3.28 (GRE S km) TH-HMHITIE, M
S~ 7w DERAIEES B,00 2 wt.%, €O 0.2 wt.%, Cl: 0.1 wt.%& L7z,
TS OMEIEASE, HHET AU TERINCHET H5XE bDOTHDH, T2 T
R - R (1991) B ITF LD EEE BB L TRELTWD, T OHHES
BHIZF LT, AN BIERFS ORTE A DRIBCBITT D, TDLE
DRI E AN PO R0, COMBLITAR - R (1994) M THETE 5, KA
BET S Cl AT, JONEEL WA, 2 2T 200 MPa TIXESE ~ /<0 bRid
17 CLIEASRBEN LAz BUD L U BEEE~ 27 < TlE, Shinchara et al. (1989) &
1O oy ANEMREE FAV Iz, 100 MPa TiE, &b b~/ < Cl ERKIBICBEIT S
Lz BUCEUD - b CRMET D & RE 4 km (100 MPa) 2w <l
=) REETZEES T, UHESE~ /< Ii3Ra L TR Y | &{e T C0./H0 k
(FILEE) A5 IZR D, C/Cl BEIITK T Th D, COITEALTEI KT SN
B, ZOEGE~ /< RRAOHERERE Lich L iZsls<iBEL LT, 220
r— AR EX T, FOOE D 3a) (X, EHEY SR EROLIEREZEZ L, 5%
e LILEEE & LTV A B a2 AR L, oz 26 W ITERR~ 7 <ilk
B, BB, I CIEHERSEE LTWAER, FHELIE, EERE~ =BT 0 25 %
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DERIZHT- DSR2 S WHERE~ /~2AE U THRUMERIZRD,
BB~ 7=, EREMOBEFTH Y KA A U TEURIE L LTHIHT 2,
FOKFRIED C/CL HlE. 0.3 THD, ZDLEIFEALETD MR AN MDD
SYAICRBEIT S, 100 MPa OEEEREE CHBUKHIARD C1 L NaCl AEETHY
(BUeE U NaC1-C0, IO BUKFRE & 72 B, DFE D BT TEKOEmERE T,
T Ok D R OBOKE R MR B L, BES D WIIH T ACGRIZEAT
2. b HUNEDDr—R 3b) 1T, EHE~ S~ PN TEABLT 2858 TH 5,
DL R T AT L TWEERESIPIRTEMEVKIERE LTRHENRDDT, £
OBUKFIARD ¢/C1 BRIIT, $90.5 &5, 3a) TEULEEREY/ <L KR
BOLTF SEA LB R ITRREEOH S~/ ~Thd, TOHRE~ 7 ~IX €
DEEMS A, B L CIEREEEZTRT 554 4a) LN T THEKIZBITT D
2D —ANEZ BB, 3a) OEMEFBBRICEVLTIE, o &IFER-TZ
EEE~ 7 < NELT 20T, B SN ABUKHRERIE NaCl B2 72, 20 C/C1 &
B389 0. 0005 TH D,

— S5 [ 2.3.28 1R LIVEX 8 km (200 MPa) o< /il E W BWEELIZESE
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Figure 2.3.20 Location map of MT observation points around Aso caldera
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Figure 2.3.27 Chemical characteristics of volatile substances released with

evolution of magma reservoir (100 MPa; depth 4 km)
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Figure 2.3.28 Chemical characteristics of volatile substances released with

evolution of magma reservoir (200 MPa; depth 8 km)
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Figure 2.3.31 Position of earthquake observation points used for tomographic
analysis
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Figure 2.3.33 The velocity distribution of P waves and S waves (RDE> 0. 6) at
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Figure 2.3.35 Horizontal distribution for each depth of receiver function

analysis result
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2.3.3 F&O

BT T KUOEBHIRE LI T o~ /<@L 0 ORE (RE. EHKMESE) LA
HELIEEh X — T BT A KRR RN ORI R & B R LI L A B S X 2 L
g VEFUEBEL, v/ viBE D ORIRREAE, BTHEEEOFEESZEEXT
AT ATV, ~ 7~ i8E D OFELM L HREBEOBRREMTE L, £/, INVTTK
IO FHEDHE L LT, MEEALT FIZBW TN A, BRI AT 7128V THIEREE
EEAEE T L AT IEETE X TN ENER LT, TORBE. M LT 7 T, FEOM
T 2~9 km (BB FEET D 2 8 MBRINT T Tl AT T HROLEOMT
15 km (ZAREEEIRAFET 5 Z ENH LR T,

X iz, MEEALT T OUEETIERDAL R E DT T 52 LI XD AINT TOHRRE
OB S4B ~ /< PG SN TV Z L 2RB T AN E L, BIEOPED KL
BRI CEAETAZ EERL,
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2.4 BHNOHILTIMLUAE

WADHINT T KUDT=F Y TR, T LA FER (BREHEDRVEREE & X
REABEHEGLEETS,) OHTHEEICETAMERESE=S ) V7R L &
LEESMBEZRAE LY, KE A X V7, =a—I—F Y FOANLT T KIZDWTE
TizE s,

2.4.1 XEOALTSKU (A TA—X =2, AVT L)

KEICE. A O —R h—on L S AV —EOEREKRERZ LV T 7 KILDBTE
ET5L, “HoOBT Tk, KEMEMERT (USGS : United States Geological
Survey) MHNCEREZIT > TVEMN, A 20— M=V BT T, oA REEDSBLRI O
RIS DB IR AT o TN D, ZHHOERT —4 b AT T KU O~ 7
< FE 0 ICBET ARMAEREE TS, UTIA = —A =V AAVTF T Er TN
VeIV TFFOT VA NEREE=F Y TIZONWTELED D,

(1) f=a—A =2 HONT T

fxa—A =N TIE, BCKETA A I TN E L, RFEOT Y TRA
To—2A b= ESARIEEINTVD, BEDA Tr—R b=V BT TIE, AF
— 7 Y R—EHOFINLE L TWB M, L, Ax—2 U IR
TPGH b B A~KILIEBNIE BB L7222 BIEEIAHkGE L T D, 0@ KILTEBI,
L~y FANITEET SRy F ARy b XUT~ > MYROBREESRE &5 2 5
ntws (®2.4.1),

BT T dtef Tu— A h—1 KILUOIEBBEIC DV T, Christiansen (2001)
(5150 325k | TN D, BIFEDA =i — X b — 2 KL CRAND B VT T TR K,
Huckleberry Tuff ZMEH{ L7249 2.1 Ma OMEK T, MEHEIIM 2,500 ke’ LHEE SN T
W5, FOHOK 1.3 Ma @ Mesa Falls Tuff 23 280 km', #J 0. 64 Ma © Lava Creek Tuff
231,000 k' A ETHBEEZLBNTND B9, BEOA =0 —R M=V T T Ol
F1k. Lava Creek Tuff ZWEH L7=BERMEXIZE VRS, TO%k, KL DERE
SRR AEOMIIC X D REOHE SRS hZEEL bR TVD (K2.4.2),

S xa—R h— BT T NOR BT LW KEBIE KT 72 ka T, ACEEOME
ANEH LT B

LT —A =V INATTOT LA NERIE, EIT, 1972 FELROMETFRE) & i
BEEART ONDE, WAT T ENE EONETEEOMBERRAEL TEY | 1975 F0
V6. 1 DHEEERED L HI G 1959 40D M7, 5 12V R B 1 |2 X 2 HEETREh D4
AT TND, £, BAT TR0 BERIE & U TRKOBIEHED 1985
S E R I LT T 00T L B850 K 570 2 FESE R 2004 4F 2009 4R,
2010 48 1~4 BIZEk ST, % E OBEFHEIZIING. 0 BOMER 16FEIZEN TV D,
HAFIRTHREL-EIL, BE 5 kn REOER TORREMERT, 1T TELT
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OHIET. EX 15 mBEOERTREL TS, (£, WLT THOMEDS I,
SRR UK RNRE L, IERRETNH LN HHIE (Norris Junction, Yellowstone
Lake, 0ld Faithful, West Thumb) TH4AL TVW5.

S xE—RA h— & FORDME TR T bR E TVD, K 2.43 (21 =m—
2R T T PR CHIELE BN A3 K X Uy Norris Geyser Basin & Sour Creek Dome (2
I30F B AKHERI R . GPS ¥ v oo J U InSAR (& & 2 HUSRZEEh & & MR O JE AR O
(LA B0 Mg ZREh L L CIE, 1976~1983 £EIC4FE 23 mn PR, 0%, RIS
U, e 2 bR A 4 0 &S, 2004 ELLE T0 m OFESEZ 5, ZOX D RATZr—R
h— LT S OMEREENT, MRS, MBOBROMELERT L, HTOwS
BT . BUKROELOEBEFRLTND EEXLRTND &%,

B BT, 1984~2011 410584 L7z 4520 [ o0 HIZRBLIAIFE A & VN 72 MR T
7574 (D2.4.4) 2o, HLTTOHT 5~15 km O S \THIFED 5-15 %03ED
VAR L 7= 200~600 kn® DL Y A HEow < ) F—rS— (REOV 7 <IME D) BIFLE
LTWA I EWFRENTND B9,

(2) sy RN —HNVT T

gL TN L— BT SIKED Y T AN =THOREICMEL, HLT TORES
130 knX15 kn T (& 2.4.5). HNAT FIGEMEKIE, 0.76 Ma k2 Bishop Tulf Z MEH
LIk THhDHEEZLNTWD B0 Zofh, IAT ITPICHELE A/ 5 A=Y P
7o HAF TR T, BbEH LW 250 F/Te0 (ZILEHE) MAZED T, Zhk
Y INEAE RIS K B AR X . Mono—Inyo dome ZTGRL L7z BETEI,

0y SN L— VT T OO XKILTERNIL., {9 250 4E70D Mono-Inyo Chain T,
ZOHIEOIE L A P, BB X 2 R K L AR TE DR TN D B,
FAFZ PRI Mammoth Mountain 233 %, Mammoth Mountain {7 AT SEROELIZ
BHETFA YA NEORBAILT, BEHHEMALEEZRL TS B

HU SR L—DT LA FESIE, 1979 FITHE Y, 1980 4E 5 A 26 RiZiEv =
Fo— K6 OHIE 3 EFAE Lz B0, Zh g & oI USGS 1k, Z oHiglaxf LT
INROHIE R EREM  (Barthquake Hazard Watch) ZFITL7Z, ZTOEL I =F a—
K6 OHIEARE S NI, —F. 1979 EE 5 1980 4RI T, AT R TILH
95 cm OEREMNINER S B30 peiY 1984 AT E CTHEMBELH-TOL
P (7 cm) BV BETEIN - LR, RALT T 00T 0 2~3 kn T THERK
G/ =Fa— K 5.9 OHBEBIGEE 5 ZORE 1982 4F 5 AiC, EERIKILK
S3@%0 (Notice of Potential Volcanic Hazard) 233EAT i/, Z omEL, BB
BT 5 I/ BIE L 19 78 1984 HE\C AL S EBATIABE L S e,

0%, = OHIERNTOFHBERFIR 1 B EY 5~10 BElIREHE S o/ MRBEE S
LT B LU TR Lz, 1989~2005 4RIZITEIREE D CO, W AN S D HE:
PRI - BRI 0003 LI, FRE AR HUEAENIFEAE LTV,
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FEOB I ANL— BT T O 1970 ERE LB T 5T v LA PERIZEBWVT,
BERMBOM Y E UKL, BAERF—L08 80 cn O, X/VT 7 FERZD Mammoth
Mountain &A1 B~ 7 <M EMUIRFE ORI, FOMo L3 hEgTto~ 7~
BENTAR 5 JKEIZ DUV C, Mammoth Mountain & Inyo Mono KLl & AT T T OHHER
~ LA EE T B V< IROME ., K& S LT oMEE, LT, Thbo~vs
< BN TFEHERS L3~ o FAROD~ 7 ff#55% & OBRICOWTIRET L T b, €D
L1978 AE~2004 DT L LA FHENPLHE SNDE /2 RELUTO X D ITHE
LTwWd,

CHAE R—AOHRREOBES 6 kn~7 km /) S 7RRZRIT

C ZFOFRNTIE. BT TNO SMSZ OBl e —7 F D & 2 CERRIFE

- Mammoth Mountain & OEIANE FOEE 10 km~20 km (23681 A HFHEIHGERA TRA
T EEEME S RO ZREESENIRD L <iTiov

CHUENE N E ST T AMEHT R D . PEE 15 kn~30 km (& PRI FEIBAELE

EENE . BAER—ATOES 6 knm~7 kn 12 0.3 ke® (81 km~2 km BAE) @
WEMII LTIz L E 2 bRz,

7. COp H ADRHBEEIZ OV TR, HEE 10 kin~20 km 0O PEIHIZA OFR O L
SRR L RSB ST CO ICBAR < Vv EREOLERHICI b0 L
E2 o5, FIEO EROBICE, BERMESRAE L, 1989 0 11 » RO REHE
CiE. HERTE L & b C0, DR A fE o7 B9,

B OWIZE T, a7 AL —AT T O T#EEE ., MT R X D ZRoT i
EAREEN B9 K2 46cmr S ANL—ANT IO 3 RTENEELTRT, B
AR HERAE S . A F— AT 2~8 km (2~5 %YOIHERE) I2H D, £,
Mammoth Mountain FIZIE S 8 km |2 & (RELIKH IS (5~10 %O XRAEE AR 2
HWESH T3,
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Figure 2.4.1 Volcanic activity history around the Yellowstone caldera (Add to
Smith et al., 2009)
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Figure 2.4.2 Current Yellowstone Caldera terrain (Add to Smith et al., 2009)
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Figure 2.4.4 Location of earthquake observation point and Seismic Velocity
Structure of Yellowstone Caldera (Modified from Farrell et al., 2014)

-157-



AN S T T YO AN TN ST S S S A
d o U [ P

: ek 2 - ‘
& Maono- Mono~Inyo
. \' Inyo rhyolite
y —r—ﬁ ¥
; ‘ 1 mtarrh '{ %-’ | Basalt
) § no | Min e
38°00" R 2 ~| System [ 1% i Trachy- o
L ak 4 [ dacile
od r e < e
- alll | Moat
rhyolite
ISERUERAN Early
Long BOSGo0Y .
‘ yolite
Valley | S8 4
g System| o786 Ma ‘ Bishop tuff
| (rhyolite)
. | (220 76 Glass Min
4 I ) MaA | thyolite -
L_| Mono-lnyo Range-front
Chain fault
Caldera
) < rim Glass Min
o [ g = - -"f‘\h‘l -
37°45 e =
1l 1: —_—— ~Ring-fracture
| : ‘N, Syste
u e
_ Mammoth Lor{?a"e ¥ -
| Mountain ‘y I i

2a:
4 3‘[ -

Deviis Pog

N
37°30 T

| 10 km i
! [ 1 ‘
Leriinly & ’
T T LT L N B i
119°00’ 118°4%'

2.4.5 AVHNL—HILTSOME (Hill (2006) * " [Z/nZE)
Figure 2.4.5 Outline of Long Valley Caldera (Add to Hill, 2006)

—-1568-



Depth (km)

E
£
a
[
a

Depth (km)

1H9'W 1850 18 40'W
T

o 1 2R ¢ s 1
ARV Y 7Y oy _‘cﬂ
i % P v 7 ; Y A 4 T w
. e N g L
[
b
B
.a
Zl
St
4
5
y o
:, & LVEW
il i o ¢ VT statlan
:;z; T ' } 5 At , ¥ MTPEW (1901)
s 25 0 n’, 1 ) = ’<" @ Hot Springs
Kitomwlors £ b - K o Welis

-5 [
Easting (km}

Depth (km)

e

Resistivity (2 m)
[ TEEEEREEEERES
10! 10° 10! 10° 10*® 10°

o ——

0 5 10
X246 OV NL—AILTSO 3 RTEREE
OILHILTSHTHRELEHMENER, HRLEEDOE 2014 FORREME
RD : B4 K—Z.. MM : Mammoth Mountain (Peacock et al. (2016) *'® % {R&)
Figure 2.4.6 Three dimensional resistivity structure of Long Valley caldera
(Modified from Peacock et al., 2016)

—-159-



2.4.2 4537 (hyEZLTLA)

BT LI ULABNATFE AV TREBORBTTH ST R Y iEFHAIEL T
%, EAIT 13 kn T, BT T OERESD Pozzuoli & e o TRV IBFIZKE L
TWB, —F . AL TR T 5 & R, £ < OERAKRETIE AL S0
W EAET BIER K EBAME LT\ D, I ET LT LA T T K39 ka il
#9300 km® O KIFAE 72 S W7k (Campanian Ignimbrite) Z4E D VT FRIE K AR L,
%15 ka |- VEI6 BB K (£ Sk (Neapolitan Yellow Tuff, 40 k') ZHEZ L
TS, FO%IE, HLTFIHNTEL OKILES (B9 10 ka, 8 ka, 4.7~3.0 ka) 2L
o THEIZE STV D,

BT LI LA BWTITOE=RY 7 IZESL K UERETZET (INGV) . XA YA
KILBHIFT T b T\, N2 EFKILBRIFT T, e 7 L7 b SR KL
PISMZ. A4 A% 7 (Ischia), A haRY (Stromboli) KILDBHEI LT TN D,
HRERICH LV ET LS LA T, BREE), BUkROER, HAORHCHEEEI2
OB DT VA NEENR D o TW5, 1538 FOME KL, HET7 LT LA T
Mok A — B e O EERHE S B IROIZ S LT B (1564 45, 1682 45, 1594 £, 1970
~T2 4, 1983~84 FEIR L) B,

MBI, foot 1~2 HICBE AN LB 2 b b r—<RROREY IR SN
TG E - gt EX 13 mORBAOENIADD (K2.4.7), ZOE
OFBEEEN S 4 n D& 2 A, WEREEYIMEST3 n OFRORVBSHL, Zh
1T, T OIS 2 ka ICHEPICIET L, ZOBBOMER LI AR LTS, 1538 40
WS, By r— U AN OB ORI, 1800 AL E TRE SIFED> TV
FEZONTND B Ky p— U TiE, REOHKE LD b 14 m TOMBEICMO
I DI R R S TE Y . MLV 2 EiE L T g BRI,

Z D%, 1969~1972 FIZNF THR Y Y 4+ — U T, AREME R, MAREEOBEENT
PRTWRNoT,) ZE bbb 1.5 m OMEEEINRA L & Z LT, 1970
G, Ry r—U D 3,000 MK RGN H SR ARIRELES I B L ©
169)

1982~ 1984 4E 00 K ILIEBHNL, MU OHBSH (V)07 7 & —F) ICB I 2HESILEHY
DHEA AR TE. ROVHS %2 CH, 72 8 O H APRFEDBINTHAE -7z ®7F 1, Zh
. By Y a—URNTK 3.5 n OBERRRETAANCRELE B, zok (THA
%), B~/ =Fa— K40 ORFHENRAE L B 1983 4E1TI3HKI 4 J7 A0SR
L7z, BEHHEORFEIL, MR TO I/ <wBEVRREL Lo TNDI 2R LTS L
IR SN, BIRO FFBENIRE X oo 7z B0, 1984 R E Tlo, HBR(LARIRZE
b, HEEE. ROMRIEED Lianiz B, ok, 2004~2006 £, BFEHTERD A
i’)ff; (1’43‘173)0

BT LA DV T T, #9915 ka DF 40 k'’ ZFEH L 7= Neapolitan Yellow Tuff
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P, BT FHTEL OKIEE (1910 ka, 8 ka, 4.7~3.0 ka) 23 Z > THIEL
FEoTHEY ., DT TRITE L OEEMIHERE L, EHERIC SV T O RHRERZ,
HILT S O FREEICHOWT S, %< OHENH T kn BREOKEL RTILL EELT
BY, T LA NEROMBIZIZE S Ty Emsm,
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2.4.3 Za—>—352F (A9KRALTI)

BRI NANT S a—0—F  ROIBOFRREIUALE L, # 7R KK (TVZ: Taupo
Volcanic Zone) TERGEICHBHAT I THD (®2.4.8) B, ZuRAkLIPi<L
L33 FAEREB LT\ B BB 33065 ka ORKIEREE, £O®RICEE LKL
FEEOMET L o TV B8 65~27 ka ORI, & VAKILOPRELL G
£ 10 EOMEANR BT L EZ BTG @B, SRk 6.5 FEMOS RN OF
Yiw /BT 0.2 nis? ThH Y, H—OWBCAE KL E LR TR L EREN L
(B 181-8 184)

B RANT TIE. 2T ka DANT A W B8 BWFE (2 IS TSz E B X
BRTWD, AT XA W AOEHEIT 530 kn® T, Fh3%m ARNZ DT> TREZRMIC
WEH U7 b2 2 SR TS B9 B ERIT Y 7~ L ROE AR EER DHERE i,
SR 7 KRR AR R % b 7 B L7e B9 e MEKIT & D HERM N K 0DIK
xR DS LEFRL, BERABKESIXHILILEELLNLTVD

— 30— 5 o R CHL GNS seience A3K L Tﬁ%a’% IZY 7o TWND, ZFURANVT T8

TN, T BOREBRMEST L 3 hTOMERHC X A BRI L 6 METO GPS BLATHN
TWb, Fio. Z 7 REERLITERALER ~'I DS 22 DPETERE STV D,

FILT XA W D% DIEB & L Toho T 28 BIOMEAD 5 5 27 EIEXH (77
5RO F IR AR L., WEOEHOL TR S SEHMIE | BIZZHTH
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Plate

00m,

2.4.8 ARAILTSOME (Gravley et al. (2016) & |ZinZE)
Figure 2.4.8 Outline of Taupo Caldera (Add to Gravley et al., 2016)
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