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Syneruptive magma ascent revealed by crystallization processes
—Recent progresses with decompression experiments—

Yuki Suzukr*

This paper reviews the principles and the methods used to investigate the ascent process of water-saturated

magmas based on crystal texture and composition, which are especially relevant to recent progress made in

decompression experiments. The primary cause of syneruptive crystallization is an increase in the liquidus

temperature and resultant undercooling due to a decrease in dissolved H,O in the melt. Analyses of ejecta crystal

texture provide time-resolvable information.

Firstly, recent decompression experiments have improved knowledge regarding crystallization kinetics and

have confirmed correlations made between ascent conditions, texture and crystal composition. The number

density of groundmass microlite, crystal size distribution, and crystal form all reflect effective undercooling (A

T.7). This increases with an increased pressure drop (AP), and also with an increased decompression rate (A

P/At). If AP or AP/At match in an experiment series, we can compare the texture of the run products with

respect to the other parameters. The experiments confirmed that the rates of crystal growth and nucleation show

classical bell-shaped curves with AT,. Growth rate reaches a peak at a lesser AT,; than for nucleation.

Variation of AT, causes a shift in crystallization style.

Secondly, decompression experiments help in estimation of the rate and style of magma ascent during a

specific eruption through replication of crystals found in ejecta. To best reproduce natural ascent conditions one

needs to know a) the number of syneruptive ascent stages, each of which can be assigned an approximate constant

speed, b) temperature and pressure of magma at the start and end of each ascent stage, c) how texture evolved

during the syneruptive ascent. Ascent conditions are estimated for each stage based on the experimental

reproduction of the texture and composition of the natural ejecta. Accuracy in the estimation of ascent rate is

thus influenced by errors in quantitative analysis of natural ejecta and the correlation of the decompression rate

with textural parameters. Such experimental approaches improve our interpretation of eruption mechanisms by

enabling us to combine observation made upon the eruptive product and time-resolved geophysical data. The

application of this approach to the 2000 A.D. eruption of Usu Volcano in Japan is presented. With further

improvement in the experimental techniques both laboratory and observational studies on ejecta will play a more

important role in linking various volcanology research fields.

Key words: rate and style of magma ascent, effective undercooling, nucleation and growth rates, quantification of

groundmass microlite, experimental replication of crystals
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b) Experimental study
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(in crystal) reflecting ascent for a)

: Evaluation of general effects of
crystallization to eruption processes
(changes in physical properties
which affect magma ascent)

Fig. 1.
procedure.

FAF Yy 7 AEPRT ZEELSFREG TV,
Fk o E BRI CIEERIC L 2 HEEICL-T, 5~
72Ny F OB ESUOBENREZLZH O »cT 5 C
LSTERETH B (Fig. la). T I Tl —4 v b A2 FERME
HEzofERTh 2 v MHEOZE IR, FRICEE
B~/ wEKEGRE L, 255 HE & PR %=
HNT 2 (LoEEL~ 7 <Th, KEEIEHO—BH
FFBUC R & 22 075 0). RRIT 2000 FELIRFRIC R L,
IO L E2— (flZ13 Cashman, 2004) THEEL L&
HDNTVREY, FEMERERICERZE . 2okl
LC, fEmIEHO—RBIR e B - 1of9E 35 &, FF
TEDEKA~DIGHE] (4 5) O 2 HEEZHNT 5. 2Bk
GEALEE D SIEKICBR L fce /< BED 4 4 2 R — Vi
b 2FHEE LT, GKEBEOBKDIELA T 4 7
2 Z&FIF L7z b D (]2 1E Rutherford and Hill, 1993) &
GENBN, BEICLE2—SNTED (Jaupart, 1998;
Rutherford and Gardner, 2000), A Tl L 72,

Procedures investigating magma ascent condition using crystallization.
Procedure and result at the starting point of arrow control those at the end point.

Italic letter indicates result in each
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FERIERE, WESEEE N> TilEcsn 3.
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HOMBICEZBSICE, v/ viREOELdAx 1
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WrE iz RIc X b kKOTR~ 7 <@ L0 ETCIEKT),
EREHOTERFRICIZE DLV, ok 5 Ik
BB o il & 2 EREMED B 2 DA, BIEFEIEICHE
IFEREATH D, AV hDEKENERTEIETY
F2MWERL, FERE L TRANNIHAET S & T
= &N 5 (Fig. 2a). V) + 7 2 EFUTEES @B
2 IR BED YA LR —VITBD SR L, BT
BEUZASS RO EBERE L > T B,
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AR EIESY (Fig. 3 (32—, MEKICER L /iERIER I3
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Fig. 2. Phase diagrams for isothermally decompressed felsic melt.
temperature with decrease of pressure for water saturated conditions.
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a) A diagram showing increase of liquidus
Modified from Eichelberger (1995).

200, 20, 1 MPa correspond to reservoir, conduit and near-surface, respectively. L, C and V represent liquid,

crystal and vapor, respectively. Boundaries of L vs. L+C and L+V vs. L+C+V denote liquidus.
reservoir magma is water saturated and free from vapor, its melt part locates at “Melt”.

When
As magma ascends

to surface and the melt is transformed to groundmass (“GMS”) of ejecta, the liquidus increases from T,y to

T,. b) H,O-saturated phase relations.

pressure side of phase boundary, except hornblende.

hornblende (Hb) and quartz(Qtz).

C DA I OISR L 2Nl (w4785
4 b Fig. 3) %, HEORES, = L CTHEN I 2K
IEiRE TV A, w4 7054 b oI, MK R
FE (AR, HERE (BAAE S 720 offif0, 4
o3t (A Rk BBEEOE(L) FEotFRAmtd
% EMTE 5. Fig 2b O PHKD/RT L ST, 2 v
rDEKEMET T BIcoN, IR EKIEY (B
ZEAPAD) TR L, BKIYIT EAT 5. ThwA,
FHAITPE- T, B S E LTREET L (B
Z13, Rutherford and Hill, 1993) #%&0ERLd 5. <
17054 0625548 FIREAGHEENLEDT
(B Z21E Fig. 3), REOGPEITOEL s~y b &5 5,
DT BRI HED S B, AREOME#EBIFROFIH
(2-2) FERILOEKET] « BEOERES 2 5 DIkt
L, fEfsE (23, 24) 13, HEKENCETLETO
~ 7 < BEHEOERE 5 A 5 3 d 5 (Cashman,
2004). & S AE O ZPRIc o W TR, —E K E
WU o= 7= BHoZ (Lot 2-3) &, flxro<r =
OBEERE GEEZLCEmOFEE2E8) FTRAM
7% (2-4) 12H ) TRl g 5.

22 HEEID I EHERDIFE

Blundy and Cashman (2001) &, BKIZEEL~< 7 <
OIEN—IREE R AP S it 2 2 EA2BME L,
GEA 5 ZHEE GBS % (Qz-Ab-Or) IZ7 B v b

Modified from Cashman (2004).

Each phase is stable over low-
Orhopyroxene (Opx), augite (Aug), plagioclase (Pl),

Fig. 3.
Usu 2000 eruption). Microlites are magnetite
(Mt), pigeonite (Pig) and plagioclase in order

BSE image of groundmass (micropumice in

of decreasing brightness. Skeletal plagioclase

microlite appears to show a swallow tail form
(S.T.) or to have a hollow filled with glass (H.
L.) depending on the orientation of the section
of each crystal.

TEHERBRE LI, H7RICEETNS An KON/ v
AT20% KiThHE, LD/ )V AJH (Qz, Ab, Or, An)
Mo, 7oy MW ZHIEE (Q2, Ab, Or) % HfEb
BT LIRS s 7z, BB T T VS ARG EIES 1
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™ Isothermal decompression
(water-saturated)

MP.
( Qz,,Ab,Or,)

Ab Or

Fig. 4. Crystallization path for water-saturated
isothermal decompression (800°C) plotted in Qz-
Ab-Or haplogranitic system. Crystallizing phases
are feldspar (fs) and quartz (qz).

lines, composition of H,0O-saturated minima

Cotectic

(filled circle) and eutectics are also shown as a
function of pressure. Redrafted from Figs 1
and 2b of Blundy and Cashman (2001).

THLT, TOEHEEN/ VAT I% KiETh 5T ED,
EEAERE SR DI (Ebadi and Johannes, 1991; Luth
et al., 1964; Tuttle and Bowen, 1958; Fig. 4) 2\ 55
thEts s,

Blundy and Cashman (2001) (%, 200 MPa T7KIZfafll

L7z= 7" < %2505 (800°C) D& IS H5&D £ v

 HHARZE(LA% S %, Tuttle and Bowen (1958) & Holtz et

al. (1992a) =ZH LFHE L7z (Fig. 4). BITIC Lo

V) A OEEFIK NG B (TuvAa ) EA-VY

7 G D ALRER S Qz By D Em Wl R EY). T Do

50MPa £ CTIE7 VA Y ELADANEET, WEEED

WAV D Qz MR T 5. 50MPa T 4 b bR A

AR FIcEEST 2 &, ) AEMORHbIAE D, £

VD Qz %Sy DEEKIZH Y Qz-Or LIl WIS E) 4

%. 30 MPa TH[ERlSA 800°C 1275 % 723, FliEIEM 1%

5879 5. Fig. 4 3—Fl2/RLTOVBITTEEOV,

() FEREHORSE CEEETMEVEE, 2 v i
Qz AT E D,

(b) &ATTY ) AP EETH - 1215 51 (v
) AN ER LT AR~ 7054 MET
HBHEDE), 27 TEEMETN L2 EERT.

VoI EMEESINS., i, GRTEAH vUA

FHHEAE L wiid (Fig. 4 OFERE 1), H7)&4EE

TLIEMAGETH B, BBV HFEEMITOVT, 20

MPa KiiTld b ) 71 =4 b LR KICE - T

ETH 5 DT (Tuttle and Bowen, 1958) , TN biEERAL
DEEESIEHEE T 2 T &85, IGE ¢ fih (2005)
&, KL 2004 FERE PO G E T 5 R ARG Qz' Bk
HITEA (QZ'=50), T/ v ) A EMEGNMILEL
TWB & o, RIS RILA IEN AT Gt
MPaLIF) Tilg&7cEEZ .
2-3 HREHND v T BB EIRSHELHTEA 1
—IERE - HBEICER U oEAERR OB R —

R SEREF OfEe %, <47 a54 Mgl
TIBH L7D1E, 8% 5 < Swanson et al. (1989) Tdh 5.
Z 0tk b5 KILIEEZME U~ S~ BB OZ(LEES
WFFEns,  fEESHRR O ke X - Titb i
1992 ; Gardner et al., 1998; Hammer et al, 1999, 2000;
Nakada and Motomura, 1999). 413, 3ZETHNT 5
X IR I EEAS R LR I s STV ish s oD
T, fhEER ORI PG R R L FEER DR R (f
Z1E, Dowty, 1980; Kirkpatrick, 1981; Swanson, 1977) %
WOFrE LTS SN, 158, & 5—HOEHY)
BHER L7 7= D, AR R O B R
AR BT & - THER T, T oSt (=<
O CORE « £ P—ThruBird s, <7<
BE 2SS 5, EREEEPEERR & W - 2Rk
Z(tig, DL S IO NT-.

<7< FROFEEIZOVTIR, BEEIH#HEEZI SN
3. << OREHEEICIEL Y F 52 EROEENE
L, fEE LTEINSBSHORE SNENT S (&
ERE—ER S, WHERENIREVWERELE:325
TR). FRAHIOKR & STk - T, BARGHE (35
& b4 2 o (A 1L Swanson, 1977; Fig. 5), <
17054 FDHEE»S, <7< FREEOE(LET
AN D EFZ . & SITEISEIOFEDRITKERIER
N E 2ICidd 2 RBEORMEZET 5 DT (Lasaga,
1981; Lofgren, 1980), FH-OBHENKZ B X 2 &fEHETE
MEEMSEC Sw T EMHEES e (FlZ1E, Cash-
man and Blundy, 2000). Hammer et al. (2000) (& # 5 &
D K= ABEITOVWTHRHN, <42 054 ~ OMERE
L= <~oOEERPBOHEBICH S 2RV L
(Fig. 6a). KIIiEE) 218 U CRERE v 7 < OEE
M—ETH > 1155, BHRIE~ 7~ LFOME A
LTWAZ &K 3B,

— BRI K & 2 K iEB 0E, < 7w h
KETHER L TWDE T ENTFRHING. Ui DA
MEFZBE L T—ET, ICELETTOY I < RO
HEHE U 51, (SRS AR o RE N E <
552 ENMFFTX %, Hammer ef al. (1999) 13, ©F
v R KL 1991 FEDIEE T B T B — VHEREMITh O AH

(Cashman,
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Nucleation

Rate

Growth

Y

ATeff

Fig. 5.

(AT, and crystallization rates (nucleation and
Modified from Couch et al. (2003).
Arrows indicate increases in ATeﬁr and rate.

Relationship between effective undercooling
growth).

Nucleation requires ATeﬁ' exceeds threshold.
With increase in AT, rates increase over small
AT, and decrease over large AT, This results
from interplay between thermodynamic driving
force and kinetic barrier.

PrE AT, KRR S AR OB v L <
V3 (Fig. 6b).

90 #4 % Tld Geschwind and Rutherford (1995) A3HE
—DIRITASRILERTH - e DT, WEIC & 2 HERIEM
», EOREOHRETRE ZDO0EN TN -7, Ln
L 75535 Cashman (1992), Gardneret al. (1998), Hammer
et al. (1999, 2000), Nakada and Motomura (1999) (4,
FLLBHIS o KE# 28R ET 5 &, BN
I A =5 — LA AR OB 2 FER L, A SR A
78, KILTEE) D UEf @I PRI & W s 7oy £ 4
R —VTEEN S T EE R LA HL, H—0kl
EEC BT B < 7 BB OB LICEREE WK T
Ho1oDT, HBEKANY FTHEE LI 7 <0BEH)
JEIE GREZLPEREET) KL TE, HEairat
NThH -1z,

24 FEREEND v T v EB TR D FHELHEE 2

—iERRIER ORI ICEIR U Bk —

=7 = EREST L bEHTES S b TIEE L, M
AL T 5. v 7~ EAOREEOZLIE,
FERME ORI L & LI S h B, BEiED
43 v OERRZEHYIOHE (2-4-1) 1T & > TS
EATOMERALDBIED 530 2 DITxt L, RS A X010
ORI (2-4-2) T 7~ E5EE U kbR b o @A
5T EMTES.

241 EREDY A I T DR ZELRYOEMLE

ZIFFERFICIE I LA SR Th - Th, mflr 72
MO A I VBRI EMD D, OB, NEE
Fro& 2 \SAERIERE 2 B E itk L cv 5. C
NOREER OMEE LTI, EREERIC, ok
INHERNER D HEIT L e S c TE 5. HR ORI
U 7o REE OIS 7S BARR L, A5 X D E7KED & ¥
Wranz.

FAAR o diHH (2001) 1E, B EELL 2000 FREK = 7 <7k
SUBFDEEMI CTh 54 7 XL ZM, < 7 <hiEKE
Tk - THEATE 4 3 vrTkibsnAER L2 EA2R
L7 (Fig. 7). 5613, #NoDOLAREREN—ETH
BT EMD, WKEEFETIREREMEEL TO i
5E L 7z. Noguchi et al. (2006) I&, #ifidt; 838 4EMEK DK
PERHERS I O AEYE A3, 35£5MPa DIf /1T~ /<
PKGESNER LI EER LI, ThoD k<17
054 b OBEERANESRICLOTEI UL, KR
WBEHETHDED D, MEKEISZEETETL, £
DB IIIERKRED AT LI T EER LT

242 #HERYAXHH

fE A X074 (LR CSD) Ofgik» 6, fERIER O
IREEDIFRIZA L 2 5e A B S &M TE 5, T TRINE
BJ7% CSD FilZi (Marsh, 1988, 1998) I & A @R D H 5%
T L5, FREANSIERAICOERT 3.

(1) CSD B & K72 CSD

fEERY A X0 (CSD) 2D & D13, EAHOiERY
1 ZDEHMAERINCEE T 220 HETH S, T
TR 1Imm® S DIEFRI A XD EEZL D, HBHY
YT DOVTH A X (mm) &FEREEL (mm %) O & X b
75 LESHNIE, A XDOKREWENCAID - TR
BrEELabE T Bl bRkvons, C0R
IR A M TS, 4 RIS RS (mm Y %
KB ENTED, BONFAEEEERE (mm) 0%t
B EFERY A ZOBIREE L2 b DOWER YA X9/ T
HY, TR 7oy v ThD (Fig. 8). FEmkE
FElE, FEB, Lok 2 b7 5 L olREIc, REKEY
A RMGTENBZEITE>TKRDB I ENTE B,

KIED CSD 0% < 1d, A7 e v ~ THEAHT
I & 3. Marsh (1988) (FLF TN cERI N
CSD Hi@ &G L, C DX S BHED CSD 28, RME
FARRBICH > I T EARRT EEZEZ . T OGEDETFIR
REL I3, fEEAbDEERIcE X, BB « R O
—ET, FEEREEREED Y 4 RITRIE LI &V S B
Thb. £/ CSD BRI, EWHL AL~ GRS L)
DEANCRANDIEELD 3 HED B 2 FABCRZE L TV
5.

CSD Higic X 52 &, HfIAREICH T 2EE L Off&
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Fig. 6. Correlations between eruptive parameters and
microlite textures. a) Effusive flux and number
density (modified from Hammer et al., 2000), b)
Repose time and crystallinity (modified from Hammer
et al., 1999).

B GRERECRTD) 13, 1REGI

n=n’exp(L/Gt) (1)

ZCT, n": EE, L EROER, G ERE, o i
bl Thd 2. n OFLKEE Ln (1) © L icxd
370y b (W7 ey b)) TR, HlE G TR
n’ DEFR LS.

TR (D 1,

J=nG )

DEERICDH 5. FED CSD DA Z 6, GBI TH
N LR ON, TOWbRFEICE . © 2 KB
I 5 OFGEIERT®, BARIEREKEST 2 2 & T,

A A

AR B T 2E - AEBEENRES Sh
(flZ1E, Cashman, 1992; Hammer, ef al., 1999). T 5
WRATOFERIGEE 2 BAfES - cEHEEH 250
O, BEMEELZZLHDPRV, RO RIS
FeeEThby, (1) XOWELHREL7HTH 5.

Marsh (1988, 1998) |4, RIRDORIRDEE & 1371
12, PASROFEERIER (batch crystallization) (2 & - TH
%94 % CSDIZDOWTHERLTED, HREOKMLE
EmdTAE, AT A ENTES. oA, ED
CSD (Fig. 8a) (&, fhfmkEME A —E DIRRET, A
T AFERBARIIC ER L2 2 & ARET B, (RICHER
BRESHREE 129 4 URIEMED B 575 O 1F, FGERGHEE—E
D F FREBEDFERY A X & HICHEHEEREIC BT
LRIRIC D » 7o T EART. LIN TR0 EHESIEIRD
CSD ZHfN 3 2 d o b, fHlEofERb2TE L
FEEZDL, THROLLERLOBEREROR S < /< DiR
G, HRORDPOONERIFEZ LV, I oIiEROA
Kebiswbord 3,

2 5L FOEEES D 515 AR L7 CSD 13, f&Ek
Fl R IC o 4 RIFHS s WE T2 &, HAEREOEK
RS ER OB DD - e T EERERT S, H
A ZO/NE W THEAKR E WS (Fig. 8b O 1D, B
RO FROHS BB TREL B -7 T & ZERS
5. ISBEIBZEIEAE L, hoOOEI SR A XD
D& TEERIT K E 78 5 A, €D CSD IR NI
MohfERIcRZ 206 LI (Fig. 8b O 2).

I A R/ NOFERFEDE DG B &, A DS VR
W CIEOAAF> CSD 234K 3 % (Fig. 8c). flifm#k
DT 2R E LT, BABGEREZEORDS L ids =
b7V NEREDH B, BT IR DEL L %S S
bDT, A XONSOEEREBIERIL, TS A XD
KEVERVPEET 5. 241 IR~ KEED Y 1 3 v
I DR —HOEHYIN O, BAFED 1 0 OfEEE
DR & TR D L7 2 E gAML NI, AR b T
FRGR bR & 2AHEESE VW E VWA B, A X TV KK
Bl ->THA ZORE VRS EF L CRE LBOVIER
», CSD DHEDHLERFOHN D 5, BARGHEE HHD
T IO LOIREAHEE T X 2 RHEMED B 5. 14
R EE AR 9™ B LIRTO CSD & LT, Fig. 8a, b l/Rd
L HBERIE Ny — vinb IS5 (Fig. 8c).

(2) CSD #HWiz~= 7~ FHRBEOWIE

CSD Atk L 72 1d 2 { s ST 548 (Armienti
et al., 1994; Cashman, 1992 ; Castro et al., 2003 ; Hammer
et al., 1999; Noguchi et al,, 2006; Sato, 1995; Suzuki et
al., 2006; A:4: < fth, 2006), = OHTHHTIERE <7 <
R EFETS T FIRLI NICBRES NS,
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b Textural evolution
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Mt. Usu
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Fig. 7. Magma plumbing system beneath Usu volcano, and ascent process (a) and textural evolution (b) of Usu

2000 magma supplied from shallow reservoir.

From Suzuki et al. (2006).

For reservoir at 10km depth,

Tomiya and Miyagi (2002) was referred. [ ) indicates experimental result in Suzuki et al. (2006).

EfR (Fig. 8a, Fig. 8¢ OfFl 1) @ CSD 13% < ft#kx
T A (Cashman, 1992; Castro et al., 2003 ; Hammer et
al., 1999; Noguchi et al., 2006; Sato, 1995; Suzuki et al.,
2006). Marsh (1988, 1998) ¢ CSD Himic i 113,
FE & TR DR BAE I B5 LT < fbE bs
—fREgE VWS T &I s, L L CSD Bim & ki,
FE AR E L O /M BIC & - THEARIRD CSD A S &
ZEFNVBIESNTED (Eberl et al, 2002; Maalge
et al., 1989), {lHl % DHERFNZ> W\ THAHBIBERNBKETH
%. 153 Suzukiet al. (2006) 1, HEkiL 2000 FEMEK D <
7= LAGBREEHEN, MEDO~v4 7 v 54 b CSD %k
T CHEERMMIE S TV WS E DL E LTI,
<4 7 0N ZOKEY A X9 IE A XO/NS Wl
Ao FR4 2Bk TH > T B Z 13 Fig. 8b D f
D, KUAERED AL~ 7 <oifsilitl T
(Fig. 7). CONd#dFEAEREO LA b b0 LG
5. L LAak~1 27054 o CSD ici3fEiERE,
FRIEHEMEIE L e EF 2 S,

Fig. 8b DX 573, 4 XDO/NSWHITHRD 74
BIRHIRD CSD (3, Armienti er al. (1994) &id4: « fth
(2006) ASECdk L TV 3. FiE B LA -EAS O LR A
~, FEREOERDS, BITICES U F 52 B S E

IR AN EZL LB U SR L7, &1
A K1 2004 FEE K OB 2 3 ) 7 AP,
T3 SR & 2B EIOERAIERIIC I, Fh
Z OB DASERECHE U tct20d, REHDE U7 &R S
nire.

3. REERR 1—REICHE S ERIER ORI —
I DR, B, HRIGHE 2 RN A A 1o TR T
5T LT, INOEMDREEIMBAN DRBEEFMT 5
&M TE 5. Geschwind and Rutherford (1995) DT
Bz, &Y hAL v X 1980 FEEKTOD = 7 < 58 &
BT EMERHNTS - 722, TR KR 13
EEIN, oM~ ETFMishTwia
ho fo, R, #URE & A b S B 2SR (Couch,
2003; Couch et al., 2003 ; Hammer and Rutherford, 2002 ;
Martel and Schmidt, 2003) % LI N C#Md 5. #UCH
FRAIIFZE DS EE L ERR SRR s RS S,
HERR o IEHE & Fig. 5 O & 5122 b L. WITEICES
EEIER 0BG, WIGEIN R S 736088 T 0 ®E O D
(Fig. 5) 13, 7KOBEZAICE B AV MkEM: R ORI,
B » iE OB /1% Lol - iR il & 5. 58
Martel and Schmidt (2003) OFEERTH RSNz L H (T,
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Ln(n)

Fig. 8.
volcanic ejecta. For interpretation, see text. a)
Linear CSD, b) Kinked CSDs, c¢) CSD with
negative slope at large sizes and positive slope at

Representative CSDs from groundmass of

small sizes.

HEREas~ 7 < TRBIRICKN X DEEEE  (>6,000
MPa/h) TR FNIBTEE « AL b h 5 DKDOEEZIZI3IE
i E R > THBIBHbNEDT, ZhbDFfiZa{E L
T T oEiwEB I8,

31 EBAE

HIFEWE O BUE A 58, PHO=Pua (PHO ZIKD %Y
[T, Pow 32T OEETITON Iz, HRYE R, EHY)
BB VIEEBIE %, EO RS T P b S
WERC L 7o, BHERTIC I, FERSE 2 NA 727 — R (Couch,
2003) &M T, Ak (Si0,=70-80wt.%; Table 1) &
EAEEL TV, BEREETITRbNE. —Eo
4% (Martel and Schmidt (2003) & LP; Table 1) %3

A A

&, HWRENEHELEFRO < 7 < MOHSIcH b (Ps;
Table 1), I3 KED SHFRMAITHYTH - 7o (Pf;
Table 1). WHIEDOENL Y =4y FTHERELD) +4
2 EERBEEDENS, AT (REEOATERSN
MY OBEHIORES) RS 5N/ (Fig. 9, Table
1). AV MANOKOEMEFEI T LY = 712 kL
BOOT, UFFAbEITHLY =7 IcZfbLisv
(Fig. 9). Fig. 9 ITRd L 91T, dAHETERICD 24
5AT I, KETHBERE L.

PG, BFFEIc & 597, SSD /> MSD (Hammer and
Rutherford, 2002 D7EE ) DL Fhh DX Tirbhr:.
SSD (single-step decompression) T, # ¥ 7 /LA KT
FTHOTHIE L, & SR TR RN tx—-5y
EWI{#H: L 72 (Table 1, Fig. 10). —7/ MSD (multi-
step decompression) Tld, #iGHEE TR 7 » 7RI, [H
U HERSIRSIRR CUE L 72 (Fig. 10).  SSD 3= 7 = h3 ki
TS BN (FIZ3 50 ZBY7ES)) &, MSD (3EE
H7s< 7 < FAROEBAZHE L 72 (Hammer and Ruther-
ford, 2002). 7SBHIHTSSD & MSD 2 &b TiT- 172
Hammer and Rutherford (2002) T3, U % TORIT
HEE A3 SSD T 675-3225 MPa/h - (F& ¥ T~ D Jal T 3RS 4
2y VI; Table 1) 2%t L, MSD %R T3 1.2 MPa/h
(Table 1) &, MSD &1 & SSD TR E M 7. THIHE
AL FRBSSEE TR E 2 C EEEKT 2D
TREBVWOTEERNMNETHL., BHBEMSDBRAT v 7
Kictz - 7o (Fig. 10) O, FECHRET 2 7o
ISR AN ETE EARIRECH 2 HBIC L 5.

32 EWNEESHOREREICLZEL

FEN IR EIORE S UIT ATy (&, fEEHA%E
KT 2ERD 1 >ThD, FEFEROMPUED - T
5., Lo LBEEEBRORI T, ATys GHEEDA
TEFRSINBHYD) AT OBARZLT L bIFHE I
LT (Couchet al. (2003) 1, ATz h3 R EEE &
HTHEINd 2 LFL LT3V 5.

ATy 03, WER (AP) 20 TH L, JEESE (AP/A
HICk-THETEEFELONE., CCTREFEDK
¥, MSD EERD & 9 75 2 7 » FIROHEIE (Fig. 10) 2%
Z 505, LIFTRITEHEE R, H227 9 7 TOHEETIE
154, RIEH R A AR IR R T - 7o AR 72 2 4
¥

WHER T v 7T, @SHBFRET S, LA LFEN
TIAGEER T L (v MBS L L), U+ 5%
BEME R4 5 2 & TERIGHIDIRET 2. S0z g
fERIER O LI, RONEFITES T &I 5.
WSHORHORE L, FHICHREFS N AEMAEWIE
EHERAEADSHED oD KREL D, 2FTEAELTEL
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3 &, WHEEV NS W (FEEICE» N SRS E D)
B, BSHoEREEE S, £TORTEEEL THRES
BRAROBGHIG/NS 125, BRAICETEEESIEE
IWREVES, WP THlRAREALE, LK
ELEES, ATHIFAT IR EGESL T EITE 5.
B CREFS N 258 WA X FEERIIITFL O SSD,
Table 1; Fig. 10) (T3, &URE TOREEL b AN 4 i
EERD
33 EEER

381

Rutherford (2002) @ SSD 53, JHHEROENNE I
WCHOERRE « RAERGERE DS 5L (Fig. 11), & 575 58500
TRYDICEE U B AR S e (GRvD i Fig. 1a 1R
4~ Hammer and Rutherford (2002) TD &), * 72#&ImT
T ORsfiRGE & T, BAERGRE 3D 3 5 (Fig. 11b).
Hammer and Rutherford (2002) iZ & % MSD %5 (Ps &
AP/ At I3EE; Table 1) Th, AT RS

B S 5 OBRD, DT O CRARG <1 7 8 5 1604 270%% SSD
A P EITORTH 5. :
331 BAEREE :
RIS —E DIEE D FEERD & IRIT R OZEDS, R PHoo :
ey ="2 E ~ 2 N NPt 2 :
—EOERD SWEREOREY, TRENEAMND. oo ;
(D FEHEOZHE :
Pl  meemsesccescccmecccnnecoan Quench
Couch (2003), Couch efal. (2003), Hammer and
250
Time
200
© Anneal
o 160 ===~
2 1504 Lo MSD
) Yeen
3 .
@ 1001 vems
o “ema
o P H.
50 1 H20 H
(MPa) b
e
0 , . , , . : ; Ps J «-.=Quench
600 700 800 900 1000 1100
T(°C)
Fig. 9. Undercooling simply defined by difference Time
between temperature (780°C) and plagioclase
liquidus (AT in text). Modified from Hammer Fig. 10. Styles of decompression. Modified from
and Rutherford (2002). Couch et al. (2003).
Table 1. Conditions of experiments for decompression-induced crystallization in felsic system.
Melt SiO, wt. % T Ps Pf AT SSD AP/ A tinMSD
before decom. (C) (MPa) (MPa) C) ToPf (min) AtPf (hour) (MPa/h)
Hammer & Rutherford 774 780 220 175-5 20-266 <4 0.33-931 12
Couch et al. 71.41 875 160  125-30 38-151 no data 1-504 0.18-13.75
Couch 73.03 875 160 125-30 35-167 <1 1-504 0.29-288
Martel & Schmidt (HP) 75 860 150 50 5->40 no run no run 0.06-57600
(LP) 80 860 50 15 >40-> 150 no run no run 0.06-7200

For detail of references, see text.

Decompression rate (m/s) in MSD experiments in Couch (2003) was calculated

assuming 100 MPa is equivalent to 2.5km. Martel and Schmidt (2003) tested the most variable decompression

rate in MSD experiments.
days.

When final pressure was set at 50 MPa, experimental time varied from 6 second to 15
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I B L TWwW3 (Pr=100 MPa, 50 MPa T (3 300-400
mm 2, 25 MPa T 1,000mm 2, 5MPa T 40,000 mm 2; i
XD Table 4).

() IRHEERE Oh R

UG 2 EE U 7oy, BUOERE « R ROHRE 23 a3
fE & i BSR4 2 @A %, Couch et al. (2003) (& MSD
FEhRIZ X > TRV L7z (Fig. 12). Martel and Schmidt
(2003) FRIEAICD W THRE B 238D 100 - 7o,
RIGMEG & Fe-Ti BLNC >\ T, JHEEREE o Bafn & 3t
W EAL, &5 ancRbicEs U2 BGRERE L.

TR BRI RS & i, FERhiis g B4 5
(3-2). % 7c SSD FEERDIKIHE TIE, ROE@EICAA L,
FENSEGEID NS K-> Tl 2hw i (D ()
TRl L7 AERGERE 0 &1 bid, BRERIIHIFL IR
(1213 Fig. 5) OFEREFMNTH 2. B 12 HITRER
ErZbs s ), BAEBGRE DT 2 vy
FMAZBWIEA G S 55, THIRRTEHE K
(- fcfcdbFl &I SN THA .

332 WMEEE

AR & [EIkE,  SEERAE SR O IR R & TR O %
WATEAIN 5.

Q) WEEOHE

Couch (2003), Couch ef al. (2003),
Rutherford (2002) 12Xk % SSD EERTIE, HRIEHEE A3
JER (AP) 2 HICWV 5 mAKEL D, S5BB3APOD
R EHITNE < 1 B BIRMED 5N B (Fig. 13). %7
EOWZETS, KR TORRIRGE & e, #ERNS
< 75 > 72 (Fig. 13b).

(3)  IRHEHERE Dh R

Couch et al. (2003) |& MSD FEZERIC & - T, JRiHEHEE
DR STl EERE ST 2% 2 KV L
(Fig. 14). Couch (2003) Tld, RKEHEEE &R )
=7 BBRIEED SN hr - 2 b DD, FITHEERAT
BRESHREE DSt I 75 2 f S A 15 7.

JRE B0 R T & i, FERR BN ER
%. %7z SSD FEEROIKIGIE TIERAEAFIC RV, FEEhTY
IS EINE 15 -5 TV, WA B S Nk
FE, BERGEIFER (B A S Fig. 5) EFAMNITH 5.
B 15 ATRITEE 22 (L S B 125 e (2), BREHEE SR
WEB ML Y RRAZBODIR, ETHES TR E
BipotclchThAS, GbET, KOBERITK S AV
MG LA OR &, BEOREN )OI TEIH L&
W, FERh SRS oZ ikt U TR EEEREE A L L 1S
WE—= 7 ffEToBE S, BN Ly FARZGVEE
D—o230d LN,

Hammer and

A A

P P P B 1O M ah A2
10 gr——— T T

T

Tt
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e
|
T
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0.01 + } t |
b) 100
| ] -
10 L x
~~~ a
'En x
) 1 "
1 L]
€ x u x °
A
\E/ 0.1{ [wan X . o
— x8h A . .
a24h . 2 °
001/ [*#8h 2 o A
! ©120h o o
A168 h
o504 h
0.001
0 40 80 120 160
AT (C)
Fig. 11. Relationship between AT (simply defined

by AP) and plagioclase nucleation rate (I) in
SSD. a) and b) are modified from Hammer
and Rutherford (2002) and Couch et al. (2003),
respectively. In SSD, AT is equal toAT,
(refer text). There exists time lag between
occurrence of undercooling and nucleation start.
In addition, nucleation stops when system ap-
proaches equilibrium and undercooling becomes
small (e.g. decrease in nucleation rate, as shown
in b)).
to compare samples held at final pressure for the
same duration. a) shows data from samples
which were held for 168 hours at final pressure,

To evaluate effect of AP, we thus need

while b) shows incremental rates for various
durations (4-504 hours).

333 iR

SSD FEE& T3, KImE ORI X - T, JEREIZZ L
9" % (Hammer and Rutherford, 2002). L» LU T, &
FEE A LT, FHERIRO iR~ -
HEHEIRFS S & Z5(L U 72 (Bl 213 Table 2; ik & & B
DFiE Fig. 15 22 ). JHER DA & HICE L7258
WENSIERL, RESE SN 5. 2IKEL, N
TN WEEE LS. NI SRIER L, R v
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1000
100
=10
»n
(Vll *
*
E 1 . .
o1
a
0.014{ [e8h o
o09%h a
A192h A a
0.001 v v v
0 40 80 120 160
AT (C)
Fig. 12. Relationships among AT (simply defined

by AP), decompression rate and plagioclase
nucleation rate (I) in MSD. Modified from
Couch et al. (2003).
rate is known from the legend showing duration

Relative decompression

of experiment.

INT 4 TIVISICHD A IV b HITOREEDS, fhE O

DETEL B 2HRTH B, T OFER, TLOAIEER

mOPRE LD b KEL, #EE SRPRoZt

hicbd. TGRS RILER (2

1980) &N HERTH 5.

34 FLO—TEHYBITANDRE—

Hammer and Rutherford (2002) (&, Table 1 5T

1115 - TG R 2 onic, JESH: &R R OBtk %

FLEHTVD (Table 2). 5D SSD, MSD F2E&IC 4,

IR TOMRFFICEN D B, L LITEEE D AT,

SSD T 675-3225MPa/h (Fijif) 1<xf L, MSD FEEi T

1.2MPa/h (Table 1) 75 DT, BEKHE DU AHY % 2

NENERLTVE T EITHE. DL BETHED

EONDS, HERSEO (FERN) MnHlEREs &

BRI, U TMSD EBRTRKE» >3,

IPREOZALS Th EFEHIN T, EE-CRBEHRES R

9 2T E(Z MSD O 525K X L (Table 2). T D%

B A, Table 2 ZFEXNIBISHIORE S (AT £V

SEEP OB ULET L, ROXIICK S,

(@) ATgz&/N (Pf=100, 50MPa ® MSD; Table 2) :
LD O b BEEHMORENE-L, w1 /54 M E
Bl FEES.

b)) ATy WRPREV: Lh 6 d 5 HEEOREDN
oo, ¥4 XnKE AR CEmigR o<
17854 0, bIEEOH, HFiK

(© ATyhREV: FAERMNERL, ¥4 X9/hE
<, ko< 4 27051 v, Ak

(@ ATy K (Pf=5MPa @ SSD; Table 2): < A

I¥, Lofgren,

a)
2.0
+
1.5 + ¥
. T + + T
= A
n M +
I + + ¥
€ 1.0 4 +% ; E3
pel +
g *og +
N + 1 * +
0.5 + ; ks + $ f
00 f——pm e e e
0 50 100 150 200
Pt (MPa)
b) Pf(MPa)
125 100 75 50 30

1x10%

1%107 /‘/"\‘

1x10°®

Gi mms-

—=—8h

—4—24h
—e—48h
——120h
—a—168 h
—8—504 h

1x10°

0 50 100 150 200
AT (°C)

Fig. 13. Relationship between AT (simply defined
by AP) and plagioclase growth rate (Y and G;)
in SSD. In SSD, AT is equal toAT,; (refer
text). a) is modified from Hammer and
Rutherford (2002) where average rates for 168
hours are shown. b) is modified from Couch
(2003) which includes incremental growth rates

(8504 hours). For

growth rate estimation, ten largest microlites

were used (both a) and b)).

for various durations

7 a5 MEERPEORIDIZ K5,

FREHT SRR S € — 2 20 A B AT, 13,
HWICHEK 5728 (Fig. 5, & %\ (3 Fig. 11a & Fig. 13a
D), (a)—(d) ORI EALHIE X %, Fig. 15 1TR
9 Suzuki et al. (2006) ® MSD EEREEV OFER b, Fh,
FAIROZALBIEN T O WA, AT, bk S BRI
(b EERFERE S NPl Tch b (AP —ETAP/ At 8K
1B). ok Ik, AT, ORVIEEICKL 5,
—7, AP & AP/At OiHFB AT, ODRESELEHLT
WBDT (3-2), Mk S AP AP/ At ZIFREICHEE S
5Ty, —HOKEENND > TOENEND 5.
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Fig. 14. Relationship among AT (simply defined by
AP), decompression rate and plagioclase growth
rate (G,,) in MSD. Modified from Couch et al.
(2003). Legend indicates duration of experi-
ment. Relative decompression rate is known
from the legend showing duration of experiment.

CDXIITAP/ At DFEEEHZEDD, AP ATy,
DORARMBERES 2HEEET 5L, RENPITHTAP
D/NE WIGEZRAT Tl REDS, AP DRE 155
FrCREAERD, ThEniEc o FneEbni s, 5
REEICT 5 ) F 7 2 FADEED, BETHLEKR
&< 15 (Fig. 9) T &b, TOHRIZMYD 2 H N,

JOEFRCHERESE IV UV E WS T &iE, 0
AN, <7 <l T L e BE o ps ke
DEWEWSITETHD, L LEHIZ~ /<D T,
GHEfER (71427054 ) BEKCBELUERSNTS &
DIEBDBTENE PN, ROFIZRRTIE, BEIEIRT
BB/ DI - 72 & WA B (Suzuki, 2001 ; Hammer,
2006). Blundy and Cashman (2005) (&, v b ~L v X
1980 MK M DO P, 7 5 2 AlEY O FR AL & &
KEF— 2 IckESE, AL - ERBE THERE
M B T & AT L. % 7 Suzuki (2001) 13, KIEZE
R CREBOIEN L D SBHRREE C 0 B v T &2k
D& IR BAKILZ Y FED 6 tHidrtaDEk T
AN L 2B G ofRIEABRE OB, <7<
%D (400MPa) 75 —100 MPa ~DEE D iliRhsik
ENTW3 (Fig. 16 DX An V) &), LH» L, ToOREEIC
L OEROERFESETORY (A~ 27054 b
DIFEAE L5\ ; Fig. 16). 100 MPa {4 % <3, HBUEIckt
T35+ 2 EAOEE /NS (Fig. 9), BEETH
ESNBBSH (AT) ZDbONAERERT 4123
R0 TH -tz EHEE SN D (Suzuki, 2001). B AIT,
< 7 SAROR T 0 B Wik 2R L7z b S

woAK h A

A7 a 54 bAEVDIE, 100MPa TOEME,
RFf] CHEH L, REEERSRITICBRET & 1342 - fofo
ThH5.

4. BEEER 2—TEAEERBAOHDISAAI—
FHE, RS IEER A AR 1L 2000 FERE KIS IS
L 72 (Suzuki et al., 2006). L% FFFE DWEK~DIEHHF] 1%
[R5 TW7z (Couch et al., 2003; Geschwind and Ruth-
erford, 1995). 7~ 7 <REchlfE 52 2 BIET,
WL RO ZHBBRSBEE SN TLEDL 5
fo. TITEEE, TOROEEDLFI» -

41 EBFE
MO FEERAHIRTHED 4 1 227 —VEFEDIC
&, IROTERPMETH S,

(@) <=7 ~<B#H», LAHREORNLZ, WD2DR
F=VIENUTEZ 200, $HbOH 5 — VHEITR
JE#EZL (SSD, MSD) & R #E A A & L 7526
7159 T ETROMERS EBO < 7 < BE £ H
BHT&2 EHOPETE 5 ; Fig. 1a-2). #HED 2
F=YhhndhE S kT 5 LT, 24 Tl
NIAEFD A AMhEH 2 HEPFEHTH 5
D.

(b)  FEBRINCHE T 2R s iR 7 — Y

(© A7 —VHEORAEKLSDET), WA H
J B, AoV MR, iR G ofa
EHA R FERE

T TCHEAFRIRGT & RRARTIC X A5 E T 1T
1> THLMEND S (Fig. la-1). B8 AITFEROGHE
L, A X HEE (o) 3, 3EOFEBRTRIMESNT
WS o tcbDo, FEERSCALGT 5. Tab
BIGER D A 5 = R L9320V b OAHOIREETIE 9
AR, MRS OEAER 1 b 2R 215513 “R
EERAERT RIS, AERGHIGIC AE L T 15
BHIOKRESBETETRE V. S SISk * v bR
DEEZ DR, HAEROR D 0 IR ESEE SN O
T (Fokin et al., 1999), HFfFfEE OB D 1 X bk
Al A A 5. € TR O ERER T~ 7
~ FADEIERET B8, HFAEWE Ok % FEZBE OB
EICTEBRVEST 2MEND 5.

HEELL 2000 £F 3 H 31 HD = 7 < KZEKUREFEIT LD
2 7 <HEFCBL T, YEEICE - T, <7< HIITH
R Z A%, PRILOHFICEREL 22 EHEESNT
Wiz (Fi « fth, 2002; Oshima and Ui, 2003). —/ 24—
2 T b7, AEWEOKIEY A X534 DIRITIC
£oT, =/ < EAMHEEORL S 2 27— VITHHET
5T EDPSICEN GHAR - R, 2002). BRRY
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Table 2. Textual change of run product with final pressure and decompression rate.

Relative Rates Feldspar Microlite Habit, Area Concentration of
of Nucleation Relative Size Microlites, mm 2
Py AT, (1) and Growth
MPa o (Y) at P, SSD MSD SSD MSD
100 70 small /, large Y equant euhedral, zoned small small
large phenocrystsb [500] [300]
50 125 small /, small Y swallowtail and zoned moderate small
hopper, small phenocrystsb [2,000] [400]
25 186 large 1, small Y skeletal and tabular and large moderate
dendritic, small swallowtail [12,000] [1,000]
S 266 very small J, resorbed tabular very small very large
very small ¥ phenocrysts® [<50] [40,000]

Excerpt of Table 4 of Hammer and Rutherford (2002). Results are from 168 hour experiments for
both SSD and MSD. AT,; in table corresponds to AT (simply defined by AP) in text.

=10 um

Fig. 15. BSE images of decompression products in Suzuki et al. (2006) where samples were decompressed from
125MPa to 50MPa. MSD and SSD show style of decompression (see Fig. 10). Numbers after MSD and
SSD indicate experimental time (hour). Phases are Fe-Ti Oxides (Ox), clinopyroxene (Cpx), plagioclase (P1),
glass and bubble in order of decreasing brightness. Most crystals are microlite. Crystals which existed before
decompression are labeled with pe (abbreviation of pre-existing). Plagioclase pe in MSD-1.5 is fragmented.
Plagioclase microlites in SSD-24 are skeletal (for reason, see caption of Fig. 3), while those in MSD products
are tabular and euhedral. Note systematic change in microlite number density with time in MSD run
(increases from MSD-60 to MSD-6 and decreases to MSD-1.5; also see text). Among all run products in
Suzuki et al. (2006), SSD-24 best resembles ejecta (Fig. 3) in terms of microlite. Actual magma was
decompressed to 10-5MPa after crystallization was completed (Stage-2; Fig. 7), so there exists textural
difference of bubbles between ejecta and SSD-24.
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Fig. 16. BSE image for plagioclase phenocryst
(P1-Ph) and groundmass (GMS) of a pumice
sample from Futatsudake eruption at the middle
of 6th century. Low-An rim records syneruptive
magma decompression from reservoir (400
MPa) to 100 MPa (Suzuki, 2001). Also note

no microlite in groundmass. Fr-Ph; fragmented

phenocryst.

I, =7 < 3L s I L s SIRES
(Fig. 7). £BKICE L GREICL 2 ) + 42 BRI
o) HREHo2T GiRkEYCql~<1 /7854 b
OGRS « KR A3, PEILHR chidd 2 DIET (R 5 —
Y —1;Fig. 7) ITHEE /T &N, wKEOHA IFET
< Ve BERE S NER L~ A 7 o8 3 2 ORARREE
E3A < thH, 2001) %, #E&Y A XA OREHT X b I

SMITIE > TV (2-4-1). 25— ¥ —2 THERIER AN
1o foDid, A v b OkED EF U AT TR
WS B EERAER OINE N EL 155 F, & SIiT#iiEIF
o< 7 <[l % TOREN < 7 < ONIETRE L 75 -
et Th b, T THEEHEIOBET, 25—V -1
D= IBEELEDL LT - IEOERICIE, ¥
HEINOFERE P 513, 27—V —1 0HRIY < 7 <~ BE)
ok (B2 12, Fig. 10 ® SSD & MSD @ L 4 iilr
Mo TeDM) BRHSIVEREFRD -/, TRbbREITK
HEER 4 ORcb DS TV b0, EHROFEES
i (w7 =EHOBE 2 RET 2 X5 ) BHE(LIE
- 1o (Fig. 17 ® F).

B0 (900°C, PH.0=125MPa) 7> S ILIHIT (50 MPa)
FTCOBHEFHTA2DIZ, FRD SSD, MSD #Ho
TIEFEER 21T - 72, FEERIEIZ SSD T 12-144 B (8%
IREE TO 2 ORIERMIEE W), MSD T 1.5
144 BRI S Z LS B 7o, BBEBOBE T, MSD HX
DIFEDH, 50MPa NfEi LicnffEEd b > 7. L

A A

L 50 MPa & T D JEH;# 23 SSD FEh& & [6] U < S0
W — 2 CREOS S o fo, #EERITIC MSD
+50MPa {REFDFEER ST N IL - 72,

42 TURBERKEIMLRT—I

FRD AR E UG, eSS (147 v 54
M) Oa7id, FUHEO* vk ho@EHLTwa T &
155, 3 7RHERE, IHEE S 2 S L TV B aliEED &
5. INEFML, %49 50MPa % COjRHRREE -
to. ®EA 3 7 O An RSy 13 SSD EEY) TR I <
(Angsea0.1), TRTEHE DR S K E W SSD EEYI CIEHIYIT
D (Angs 530) 1TV EDTRENI, Thid< 7 =i
P P O £ ©, HinysEisic bR Lz &

Wed %, L» LFEERIRERT o LBk MSD EEIC
SWC, ¥4 XDORET, RIEAYA /7854 a7
SVTDT A 1870 - 12723, 50 MPa & C D il 1455 % 4l
e B2 EBTERD . T THAEREE bR H
& IS RIEIIC B LT B2 &S (33-1), v4 /b
5S4~ OEEEGEEITIA ., <427 054 MEIE 50
MPa & TOE#RE D 5 (GEERER o) &k -
FU, BT HEO LA TR 5 A 2 RS
(Fig. 15 @ MSD; Fig. 5 & MK, FHEAH 7 7 k%
R 20T, FEREND 1S B E T, FE6R
FEMIO~A 7054 IS, EEE D bF L EL R
%. T TR L5 LD bEV T &5 -
7= (Fig. 7).

D& HIZ, SSD EERTORTEE I, EBE~< 7 <h
REER L 2w b o ST s, £ LI 50
MPa T OS2 1% - 7o, EBREfE <~ 27054
FEBE (vol. %) PHEEEOBG, S, <7 <3l
HUFAES DZERE (50 MPa) 1T 1-2 HIERE R & 1L B 4F
M BT EMNGHh -7t (Fig. 7; Fig. 10 O SSD {475 &
FB). R, EHYaEICEED S 2 IR~ 1 7
o5 4 + (Fig. 3) 75 MSD EEWIC 3 TEAEE S, SSD EEY)
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Fig. 17.
(modified from Oshima and Ui, 2003).

Seismic activity and ground deformation before and just after the 31 March eruption in Usu volcano
(B) temporal change in base line distance (for location, see (C)), (E)

hypocenter distribution in EW cross section, (F) temporal variation in hypocenter depth. Three phases in the
precursory seismicity (I-IIT), proposed in Oshima and Ui (2003), are shown with the vertical dotted lines in

(B) and (F).
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