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Timing of vesiculation and crystallization during

magma ascent
—Example of the phreatomagmatic phase in Usu 2000 eruption—

Yuki Suzuki* and Setsuya Nakada

Earthquake Research Institute, University of Tokyo

Abstract

A phreatomagmatic phase at Usu volcano, Hokkaido, on 31 March, 2000, issued essential dacite
pumice and micropumice in ash. The magma ascent process of the eruption was investigated using
these pumiceous samples.

Compositions of individual phenocryst (magnetite, plagioclase, orthopyroxene) rims and
groundmass (microlite plus glass, 75.0 wt.% SiO;) are uniform among the pumiceous fragments,
showing chemically homogeneous melt before eruption. The water content in the melt before
eruption is estimated to be around 5 wt.%, based on both indirectly estimated water content of glass
inclusions in phenocrysts and the phase relationship. This means that the magma had been
saturated with water at around 2kbar.

The essential fragments vary in vesicularity (15-80vo0l.%). The H:O content in groundmass
glass decreases with increasing vesicularity. These facts suggest that variable vesicularity resulted
from different quenching depths of the dacite magma in the aquifer, heterogeneity of H,O exsolu-
tion in dacite magma, or different response of H;O exsolution due to a changing ascent rate. The
water content of groundmass glass corresponds to the solubility at lower than 0.3 kbar. However,
the latter pressure is higher than the pressure under which the most plausible aquifer lies.
Fragmentation of pumices into small pieces may have been caused by water quenching, however,
highly vesiculated pumice of larger dimensions may have been formed without any interaction
with water.

Microlites in groundmass have a higher number density than phenocrysts, indicating that the
former nucleated under high degree of supercooling during eruption. Chemical compositions of
individual microlite species are homogeneous among essential fragments. This indicates that
microlites had been crystallized under a similar physical condition and independently from quench-
ing in the aquifer. Low water content in groundmass glass suggests the possibility of enough
decompression-induced undercooling for the crystallization until quenching. However, constant
microlite crystallinity among essential materials with various vesicularity can be explained by the
completion of crystallization before the final decompression.
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BKIZPES = /<o EFBRETE, BEICL3 2L
O DFEFEVERR S OB & Fif, K[BEDO < Twh S04
HE (A R), B & CHERMERS OBEAICHES 2 L+ OF
mlEH, SV BIRMF| RIS, ThHHR,
v IOt RS ¥, o FRAREEIHT 2—H
LBLHETEETH S, KLIEHYIE, ChoBHRORL
BAEAECHBEOMEME LTELTVWAESEH 5. #
I CHEEIE AW BIEOWRE, Ch SBR EEAEE
NOBFRZHR L, RGHIEKOED I EBT R FEEL
=L, HEREAPEATHE T EEZHES ML TS,
X5, M Eho~< s <o LRBRICE T S
HE L b, RRGEE, MR, kEgnssE, K
TORI72ORNEYEIICE F LT 3 & TR
boT&ET.

D& ERABETOERRE, BKicBI5<s
< DEEHEEFT VLT S ETEETH 315D ST,
TDFA I T, FiRBIGREER L IR D
O, 23 EFBRED, & 5B TS N7k,
ZoRICES IYEEcE D FEXshTLES T &
DBEVWIDTH B, L LRiREROEMRIE, RPEHEIC
WEER® S 258 CEEE L5, FIZISHERERI,
SURDKGIERR AR L, KiDEE - EiREEHE4 58]
fietkdid % LEREhTW3  (Klug and Cashman,
1994; Hurwitz and Navon, 1994). % Z TRflIck > T
KRELSEAINBEKDA H =R L%5EZ B, HE
DRIk E BRI 5 0B H 5.

FESBERBE~/ vHBAKOEDEELSHREL, Lk
LOBRED SEKIED < 7 v O LRBIROMITAIT-> T
&7 (Suzuki and Nakada, 2000). 75EE(L 2000 Mk
D, 3 A 31 HDO = 7 < /KEXBFEDEDC >V T IR
fT->TE 1 B8R - thH, 2000) A5, T OREKTIH!
BRI EARE R L S = 7 BHD ¥ 4 4 R — s
S Bicd, FABETOFRRFICOVWTH, XER
HIRMBAAELNE D EfFEN 2, KBTI,
2000 FEME K OREME OB AFHIME, GROKE - F
HOFH & R MR D EFROTHETY. &oices <
IKESURFEDOBEDS < 7'~ O _EFShOIREEZ KIS &
DERIFLTOWB I EEFIAL, #ERIER & RRORTRE
RIS 2BEETILS.

2. 2000 FHEARZEE, BAOBICEIFEXEHE
B3 200043 H 31 H 1388431, (LTEILFE 4

km OPELPEEE (Fig. 1) T 23430 K EBHIE L 72

4 A OHIRBERKICE X 12, TO< 7 < /KESERI,

" —
Kompirayama S
f' Craters &\

Nishiyama
Craters

Fig. 1. Map showing the distribution of fall deposits
deduced from the ASTER image (after http://
www. miti. go. jp / usuzan / index. html) and the
sampling site.

Inset indicates the location of Usu volcano in
Hokkaido.

2000 FEEKDBTHERDA XY N THote. TOEKT
&, KOD SWilehNc KUK EEAA S h, IRERE
BEOSEL 3,000m IT&E L. TOEKIE, BXLZE 20
BlikicidBEdE-72. 3A 3l BOEEYHKREIR, BL%
20 b ERBLONTWS GEFES, 2001). # 0D,
PHILPERE S, 4 A 1 H 13 B 40 SiciEE 2 BIE L - &
FRILFED (Fig. D &0 2 B T/RESUBER SRR L 2.
FoflELE L, BN — 2 OREZRE T 5 Rk
TEIDEEE U7z, 7535 3 A 31 HoARIARNIcIZ, (LTE
HIF 7-4 km > 5, WTE~FEILIC O 2EHAOMT
05-2km FEF T, w7/ <OBBE) L 7z & & ASHIBRMIEESA
B oiEEIh TV (KES, 2000; Ei55, 2000;
AR S, 2000). }

2000 FIE K OAREWHEIC D W T OERFHIGEHEHIE, B
E5 (20000, IS (2000) »fF-7. HES (2000)
13, 3 H 31 HOWXEY &G - KK <A 7o/
I R) OWEIALFHRAS, 1663 ELIEOERE LM Y
RO E R 2 LA RHL, Thol
A=A 70,3203, BEOEEYSEHERE LIz
T <, 2000 FEEKDAREYME CTH 5 Lfmo T .
FeeakoRTd, SHEOREYHE (Si0=69-70
wt.%) 13, 1944 5, 1977~1978 FDFHM & 13RI 3
CEMEMITEN TS (15, 2000). 2000 FEEHY)
KBWT, COREYEIERSNIZDIER, 31HE4
HlHObDIBRON S, k2 LEETIE, EEcs
35, TORMBERL L (FEH5, 2000; 5,
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3. HUTIINEREMEOEE

3-1 HrTILOER W
Colde
AR TlE, 3 H 31 HO = 7 = KESIBEIETOEY T Stay

HoH, BHEEFKIIKEER L LTFTE=7=
HoN, FmmBEobor<f 7a/v3 R, K

f ZMAKZIVLOEWMOEERT L. BH (215em
E) 13, 200044 H 5| Ei;ﬂrihﬁm'ﬂ]%.%'E{;iél'siéﬂf; Ho
T b,

P ekl tE, 2000 45 H 7 B, i 5 i o

y . S _ i . Fig. 2. Photograph of the fall deposit at Site A.
(HuS A Fig. 1) cflsh/, CoHuphE, @i i

Total thickness is about 1.5cm. Note that the lower

(ASTER) - {138 - WHEE DR T AT & 0 HUE 35 A layer covers the cover sheet of a boat directly.
AT (20000 A3 Loz, 3 31 B @ KL KRR i PH
(Fig. 1) 2{&Ed 5. ‘}([lll'}(w @3 1.5em iife TdH MgIMn

, ORI S 2F@h SRS N, FEEIRIKE, 6 ﬂ@"
B skt ch b (Fig 2), MEOLREIKTSH 5.5 ; Micropumicerigfre
4. ghdtic, S R - BF) o E AL, 5E B Pumice core
FEBlEooWrmicis, BRE mmBEO <4 7033 2 4.5 E X rim
HWIR T HEGEE Sz (Fig. 2). FEEsE 485 4 5 ‘EE OE
AR (Fig. 2 TlHFE—rOH—2FH) &, Hid A f;s 3.5 . . x.m
3 H 31 HoklkbE FREPHICiiE ¢ 6 S L h o, 2h6 3 3 | oaof "EB & ;
HERAS 3 H 31 HOMHM &S0 L HIcx 5. b, : Ce o o 3
Wk &l & 3 2 I A A W kKo &l 2+5 frGemTis %9

(3, B (220cm &) B shi. OO, 4 H
5 Hiclfmdim i E B A Icpl L Tn 5, i
‘(] (I IU) f‘ f‘l'l; 'f‘g)')ﬂl ]'}\‘U)LI‘HE;/JQiHJ LThsdl L

02 0.25 0.3 0.35 0.4 0.45
X' usp

, BRI MBI LA EZONA FFig. 3. Compositional zoning of the magnetite con-
3-2 AEWEOIEE 1alinedlin !)umices; and !ﬂi(‘t:f)plll]]i('{‘.‘;, ‘
o X'usp indicates the ulvospinel content of magnetite.
o250, Kbkic>u T FEE - BEEE R The micropumices containing magnetite with the

Fho, I AEERR L 2 kKoo bWk, ke composition plotted in rectangles were excluded
) - y —— from discussion, because they have a different

Ui g 4 A G in ik - etk oo PR ’ .

EMOERC 12, &5 L7 KIIRO#EH B composition from that of the essential material

%{'C'Ei MO A< 4 7043 2 (23mm (Tomiva et al., 2000), Rims with high X'usp content
%) PSR X e, (7L FUJ’;}ffﬂ'}j;}'_}'-ﬂ.if-]‘ﬁi*ﬂlfji‘d’ ) are thought to be cryvstallized along with that of

- e e g | % microlite because of the compositional resemblance.

ToT 4\ KT, w4 7m832 (18 P 42 Also refer to Fig. 8¢) showing the composition of

SR WTT, WES (20000 ORI U’[ U)ﬂ_’.' RNk magnetite microlite.

s, NEWMEHTH EhOMEREITT-72. © O

B, w170 220 TR M4SN, BOTEH 25T (Fig. 5b)).

M Z ok bk (Fig. 3) 2vlE o (2000) O

BRIC—d B e, £2T, ThoBEL&, 4. BRILH

w4 20/ 20N, B 1lmm P LOREEORILS 6 4-1 BEEHE

&h (Fig. 4) 2AEWHERZ LTS bDELTH B e <A 7 mov s 20, BEE & LR (BB & 2 <400

CRREHLF2, BB - =4 7 vy 2O RIS &L pm () #50, BREFEA (<4mm [%; Fig. 5a)),

L, @SR T Ao L cBIkTH MEES IR (<200pm K, 40 400um E; Fig.

HOITH L, BEMETE 70y 2K PRINTH 5 5b)), R (<200pm £, REEEIL (<2004m ),
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Fig. 4. Back-scattered electron image of essential materials cited in the discussion.

a) Micropumice in ash. b) Pumice. A part of a pumice fragment is shown. Numbers
show sample No. of micropumice and vesicularity (in parentheses). Width~4 mm in
all the photographs. Mt, magnetite; Opx, orthopyroxene; Pl, plagioclase.

TN A IS A, THGHEE - BRSO,
R E LTS 5, 772 LBESY (RHEAD, MBES s
[l DR Ak 5 C L div, Thb b SRR
SRS A A S5 A ot L, TS SRS (248
fHo &0 (Fig. 5¢)) bFfEd 5. BB Ol 2 #nk
9 5350 (WA E Fig. 5¢)) oG4, BEREDL BT
Al BEN - MECSILCAETH 5. BEE - MR o
VRS EhTH B, i l<af 7083 AT,

frdk & ‘mL{,H Mgk THEST SRHEICLY, B -
HELR SR LT3 C & Hd B (Fig. 5b) @ F.R).
aé-‘tle{]fﬂ:.mﬂ?’cw WAk 75 5 2 Gl - ZEBE AR
7555 VI (Fig. 5a-1) @ 8.C) &, #'3 2EAEWIC
Z LW, A (Fig. ba-1) @ CM.) hoti b
Ao i 5 2 G, BREC AR TH 2. HK
BT, 52 WIKESEGE SN, kb CalcELAET
ICEDODNTWA I EMMEGETE S, —F, FEAMMES
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Fig. 5. Back-scattered eclectron images of representative phenocrysts and microphenocrysts in
pumice and micropumice,
Scale is shown in each photograph. Pl, plagioclase; Opx, orthopyroxene; Mt, magnetite; Ap,
apatite.
a) Plagioclase phenocryst in pumice. a-1) All of phenocryst composed of sieved core (S.C.) and
clear mantle (C.M.). a-2) Magnification of a part enclosed by a rectangle in a-1). Irregular-shaped
glass inclusions (G.L.: vein-like and <100gm long) are found. b) Plagioclase microphenocryst at
the edge of a less vesiculated micropumice (3-2 in Fig. 4). Note the feature analogous to the clear
mantle (C.M.) of plagioclase phenocryst in a) although microphenocryst is lacking in sieved core.
Glass inclusions (G.L.) with irregular and round shapes appear to have clear contact with the
host crystal. Glass inclusions with or without bubbles (G.L. (w.b.) and G.L. (n.b.)) are found. Also
note the blocky and planer outline, and fractures (F.R.; indicated by arrow) cutting groundmass
phases and bubbles together with the microphenocryst. c) Polyphase aggregate of micropheno-
crysts in pumice.

(Fig. 6b)) &, SHEOHSEOAGENIEIEL L o e B (260pm £, UL (=20pm &), WEEEL
AR A, RIAROMET I, BHEA - wEkEL - 7o (=10pm %, I 20um R 64, LWIFREHIE
74 b, FRERE - ZHiEoN 7 2 (=20pm ThbH (Fig. 6). FEA~1 7054 M, ROMEHD
B) #6546 tddbh, FRCEEINTH S, BRI SRR TH B L Hlran S, cotl bR &
BESfE, SAUCARBHIE - Z2AFE0H S5 206 (=10 H, BEAERINTCSH - 20 (Fig. 6c) @ S.T.), {1k
um ) ES5C. B A7 20aWE, wdhb s R b H 5 ANEEOREART (£7um £ Fig. 6c) @
e DERNABTH L, Thbh SR LRSS £ HL) 720 THhd, BEOLEN T 2L, HROIES
iy (Fig. 5 @ a-2) & b)), Gl (Fig. 5 ® b)) L2 AMH TS LHs S, B - =M 2B RNOD
EHTAH56LH 5, Bflck->T, =1 7054 Hllk®, w1054
-2 RE LR s zaoRttic B biE i oy, kv A s
247054 bEHFITADLOHKESNS, w47 0F o83 R, WL EREAG~ M 2054 A GR
(3, BERAEH I BRI AT O (ﬁ"JV’?_ (¥ Fig. 5b)). % (Fig. 6a) @ F.R.)., Z OFRIBE, - fhE & (di L
»Ii.fé{[ cwA oI ZADTA IS4 ME, HOIcHE TWHLWOT, fRoEZ (Fig. 5b) © FR) L &
HHUT 20T, F EHTidhd 3. R ENbDEVAL. BUBHEATA 703
4-2-1 =A 270354k { b ORI 3, KESEFEL TV D,
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Fig. 6. Back-scattered electron images of groundmass in representative essential micropumices in
ash (a) 3-2, b) 8-1, ¢) 153-1 in Fig. 4) and pumice (d)).
Vesicularity increases from a) to d). Microlites are magnetite, orthopyroxene, and plagioclase in
the order of decreasing average atomic number. Fragmented microlites are found in a) (F.R.;
indicated by an arrow). Skeletal plagioclase microlite appears to show a swallow tail form (S.T.
in ¢)) or to have a hollow filled with glass (H.L. in ¢)) depending on the section of each crystal.
Note that the number of bubbles increases from a) to b) and then decreases from ¢) to d).
Coalescence of bubbles becomes dominant with increasing vesicularity (b) to ¢)).

4-2-2  FEIEE & FEHThAL o, WM+ X59d 2 < oht, CORENGHET
SRR, B - v A 2 ooy 2L BEREIN TR Uz EambEd 205, filx oKz XEld a2 L
HEch 5 (Fig. 4). LfyLHEmu_Dﬂf/)&‘uLttﬂ; fib K#TH 5
OB R T L 05| FLE SN TV EDOT, Sk FERE OV 7 0¥ 3 2 CH L, BREOSV
DERIEOEE, [HH L?’;#)\-) fo. FEHIEEIY, <A Z oy 4270283 R (13-1, 11-1; Fig. ) P8BATIEF, iEO
1A (#15~T70%; Fig, 4) icke~, @O0 (8 H A XK DARE A E 785, 5O 1 X
80%). FEIAHARIS, FMEIC X v RHMICELd 5 IiZ & vﬁ, KOS ETH S (Fig. 6 D ¢), d)).
ERBED w4 7053 2 (3-1, 3-2, 12-1, 8-1; Flg. MEEAOTI, <4708 Rk, KEVER (B
4) T, K1 Rk 0 0] Mj\f)\q{td (Fig. L% 100pum $%; Fig. 4b)) HEEETH S
4, 6). PhELEHE (<10pm ) 3, BEAETH L
(Fig. 6a) - b)) @izt L, AXWVWEif (/ZO[Jm{ DIl = 5. SHTHER
FHIE & L <, EEhhis & 2 2 ARIEA 245 5-1 BIS - MBS - w1 7054 bOILEER
(Fig. 4)., Fto=4 27 043 AT |- *;‘&J\:_, HEES - RS O Lz 1E, G - =4 7 ose s
INS IR - o1 XHBEKS 2 (Fig. 6) —F, K e, BEHETERLG G (Fig 3, 7). Z0{bF4k
FSicRE YR EAEA N WS B (&, Blic7— 7 248w Lk (Fig. 3) ofth, #HE
(Fig. 4). TEROED FH &M, PpEOLKROAF G- FAGIZBVWTY, a7 - ) allic, HEMEE
DEAE IS AN H Z (Fig. 6). £27TH, &FLAE WEIc b 5 (Fig. 7). BEAHE 2 705 5 Wik
FTNENOZIED, Uh, TOMOL S i HiE An b4y (100 - La/ Ca+Na)) #3950, ZDHiz
A b TS & LCRETETH 5. HBAREVE i 60 mitkic B d A, FHEAMBEES L) A 2R,
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Fig. 7. Chemical compositions of plagioclase and orthopyroxene phenocrysts and micro-

phenocrysts in micropumice and pumice.

Ph and Mph represent the phenocryst and microphenocryst classification, respectively.
a) Result of the line-scan analysis on plagioclase Ph and Mph. Data for parts more than 100

pm from rims are not shown.

a-1) Ph and Mph in pumice.

a-2) Mph in micropumice.

b) Zoning pattern of orthopyroxene Mph. Also compositions of the microlite are plotted for

reference. Pu; pumice, Mpu; micropumice.

FHEAHE T 7 ORI E B L 7R (Angose) %
Fo. ThoREAME - iR O Y & (Woum B &
Angssea TH YD, 3 SAANT LEEEIC An RO KT
LTws (Fig. Ta)). ®AEAMMRO 7713 Mg#
(100 + Mg/ Mg + Fe)ssisas * Wo (Ca/Mg + Fe +
Ca)igss, U &HT MgHsese12 " Wos1ss TH Y, ITHD
U LAl TOBRE S RAEE  12» (Fig. Th)).
=4 7u54 Mlkb, BA - <4703 205
Kk 3EIFEL, BEEY—TH5 (Fig.8). s
ERICRFHBEZZD ALV, ThThEEGIE
Anuasso, FAEGIE MgHssoeu © Wors-120, WEERSLIE
X'uspossosz - Mg/Mnyoro ThH 5, WA - HHHY 40
MR, chowA 7054~ OfkE—HT 5 bon
b 5. FRICHIEIL - RIS AMMES TR IO T
(Fig. 3, b)), REAVE - MR TIE, BEAL DR

mT—%1 3% (Fig.7a)). CO—¥id, <4 27a54 b
ORIERR & ERIC, BEE - MMEER Y s DEMIEE T
L&Y 5.

5-2 AEERE

B <4 70,03 ADERICE AEREESS, &
IF—5E (17-20vol.%) TH 3 (Fig. 9a)). IS4 D
247054 FHEOHERICS, BFICEZERETL
(Fig. 9a)).

5-3 HS RHEDOERSHERK

F1opm P Lo 5 AW ES L. RRAME
D33 Wika 7 oaFY (Fig. 5a-2)) 2BJIE, £0=F
R EEEHAR I, 121 —EHIcd 5 (Fig. 10). /i
5 REPEMIOERAFRRICIE, R R MEREICX 3%
B, GEY S 2, H52EAEWLD S SO ICED
(Fig. 10). EHIKEG - <4 70X XDY YT IVET
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a) Plagioclase b)Orthopyroxene C) Magnetite
Number Wo Mg/Mn
8 6
X s 4 o
%% 2 o°
T 0
6
X o
% 4 5108
)ﬁ( 2 08
0
6
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b ) 4 8 2
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6
X 4 N
X g
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fejoin} 0
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X
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X
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9 e % =
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4 =) ol 088
0 0
8 6 Fig. 8. Compositions of microlites in micro-
XX 4 o pumice in ash and pumice.
X 2 o° a) Histogram of An content of plagioclase.
- ] X 0 b) Mg#-Wo diagram for orthopyroxene. c)
40 45 50 55 60 65 50 55 60 65 70 025 035 045 . uspMe/Mn diagram for magnetite.
An mol% Mg# X'usp Sample No. is shown in the plagioclase
diagram.
a) O Tota! microlite b)
. . ® Plagioclase
Vesicularity(%) A Ortﬁopyroxene
100£llll ™7 TrT T x Magnetite TTTI T TTTITITYY LLLEN
Pumice g g KA .0 1t X0mx ]
K A e O 1E oo
foof .
Micro- 4 o K A o G 1t MOKIEX ]
pumice ,( A ° ') b - ]
. 1E | x oame
A e} 1 L S S
O D b i T FETTEPETTI FATTE APTL FTP T Fig. 9. Relationship of vesiculari-
0 5 :0_ 15 20 2577 78 79 . 80 81 ty against crystallinity (a)) and
Vol. % in groundmass SiO, Wt. % SiO; content of groundmass (b)).
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3.5 il 3 3V -' Fig. 10. SiO, variation diagrams of glass in-

3 ' 1.2 5 S - X _ clusions and groundmass glass in essen-
2.5 E & * 4 - tial materials.

2 1E e E Ph and Mph in the legend represent pheno-

3 cryst and microphenocryst, respectively.

1.5 E E E For the groundmass, both micropumice in

1 Beadoad oot biasd 0.8 = P L P P P P ash and pumice are plotted in the same

70 72 74 76 78 80 82 70 72 74 76 78 80 82 symbol. Pl, plagioclase; Opx, orthopyro-

Si02 (wt. %)

DR Z D S s (Fig. 9b)).

5-4 HZAHEDS, ClEFE

GEV S AoKE» S 0f#fick 5 S, ClEHEEIL
ZFNB I, [UEFE» S 10um £ TOHEFHE, X5
N RROBEGY 1 78514 PO EA (Fig.
6c) D HL) DOH 5 AL

75 2D ClERARRE, FERAHRERIEYIC~
BRI ZATEL, GREFI20ohTRIBERG<A 70
54 D IFATHV (Fig. 1), = S&FER, fE
aMmBasy ey Fig 1), BERiEE» 5 10
pm  TOFIPHTIR, KiED SOtk > T, GE
HIADS - ClERARIC, RENBSEIED IR
VR

Fig. 11 ISRTAEN I ZADS - CLEHERDIESH =

xene.

i3, FEEORL 35K (Fig. 6) O&L4IcbRoN5 b
DTH5B. LELCESEFREO Y- 7HE, BEOFV
B EEENMERD D 3.

5-5 HSXHEDEK=E

Fig.12a) Tid, &7 2GEMOERS 5 D& HE
A, R A MEY) - BhEIcR L. $4 5 REaBWT
ORMPEROFERIC LD, KBILTHERLTVWS, %
DAEEER, BB & %95-98% OFiHicd 5 (Fig.
12a)). 7K LKA - BROH28E6YT, PrEVE
mNid 5. 100% E&iHEOEREKEE T RIS, K
DA OFERMERR S 75, £ ORRES TN 5 M AH 2 EH
bb. TITRCOEBATLTVWIEW, ToEHEE<
7 < COBEFRRR, KICH~X1IHHEL, 2-3kbar TH
0.l wt.% BETHLEMMoNTWS (Holloway
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0.04
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Clwt.%
Fig. 11. S and Cl contents in glass inclusion and

groundmass.

For the groundmass, both micropumice in ash and
pumice are plotted by a single symbol. PI; plagio-
clase, Mph; microphenocryst, Gms; groundmass.

and Blank, 1994). %7:S, ClOSEED, HL DK
W (02 wt.% Ki; Fig. 1), £ TAHMEOZE(LR, &
KEELZE, BIERMLTWEEEZONSE. TIT,
2R - RUED B 54 5 REFEYOEKEIL, PREWE
MAH 5. OLSBaAEWE, Bk v s~ E
DInSD2 < DOBENREL ET, 2 MEYHIRSH
KR I N IR, BESh 2 &3k, x v bbb ook
DEFREFAPREZ D LTSNS, —HAaHEN >
2ADEFHER 98% Ll LicEdi L, BRATOR - &
dH5b00, HEED LR EIcaEE LTaEHED
LHET 5% (Fig. 12b)). AHEHF 52D S, ClOSHRED,
ERODEEHED 100% > S DRI, FLL DI
W (0.15wt.% Kif; Fig. 11). Lizdi-THES 52D
BIKEE, #52EFWICHANEL, AEORIE,SE
WEERWSDEHEES N B,

6. & B

6-1 2000 v/ v DHEHEMPSIKE
6-1-1 <= =oryLkt

WeE S (2000) IHSILBER(LFEMR S 2 = — 5
THBHIEDPS, 2000 FEKOREYE (#B4L - <47
/3 R) v rvREOBE DV, WELe =i
Hkd 5 AR SHONHFERTSH, 2000 F<
T=PIETH oo ED, BAKREIO~ S EDICE
B A0 RS, TEEKSELIADBIR D Y L5855 O R
MPoRERD.

b)Groundmass
Number

0
a)Glass inclusion , 13-1
B No bubble
Bubble bearing | 2
Number o-
4 | LIDL L LI | i ab.. !
[ C.M. of PI-Ph] - 8-1
C .
*I's.C. of PI-Ph ]
2
0
L] L I
4 PI-Mph
2
o M
4 T
Opx-Mph__
0 i 0
94 95 96 97 98 99100101 96 97 98 99 100 101
Wt. % Wt. %

Fig. 12. Histogram showing the analytical total of
major elements in glass inclusions in phenocryst
and microphenocryst, and groundmass glass.
Histograms in b) are arranged in the order of
increasing groundmass vesicularity upward. Num-
ber in b) shows the sample No. of the micropumice
from ash. Ph and Mph in the legend represent
phenocryst and microphenocryst, respectively. PI,
plagioclase; Opx, orthopyroxene; S.C., sieved core;
C.M,, clear mantle.

<47 w54 M3, B - BRI BB A E
(Fig. 5b)), WKBEORRE - ibEliclskd %, 28
HEHEC X > TEREh L EELZ NS, DT
b, TI2EEDTOAN ML, BEYOAE (<
47854 b+H352) IcxtiSd 5. EHIIC L ST,
vA7854 b - A5 HARBFELL, 05 0FFEH
M, FIF—ETHBE (Fig.8, 9, 10) »d, TDA
N OHRIIEETE - EEZONE, D AN ME
BRE, w4780 54 bETS ZOMAL - R OFESE
(Table 1) » 5318 L7z (Table 2),

FBKANIC 2 7220 TAN b EEHT D - Fok
fmid, B MR A TH B EEZONS. K
L) i KictEd <7< o oo BRdc A —
N—Zu—-2L, TOMEN<TA 7054 E—KT B
Ba, KoRMOEWTH A S, Th SO,
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Table 1. Average composition, volume and weight
ratios of the groundmass phases.

a)Average composition
Groundmass phase
wt. % Pl Opx
SiO, 58.7
TiO, n.a.
A1LO, 25.9
FeO 0.65
MnO 0.00
MgO 0.08
Ca0 9.17 n.a.
Na,O 5.43 n.a. n.a.
K,O 0.13 n.a. n.a.
Total 100 100 100
b)Average volume ratio
15.5 2.63 0.31 81.6
c)Average weight ratio
17.0 3.67 0.67 78.7
d)density used for the convertion from volume to weight
(g/cc) 3.67 3.40 5.20 2.35

n.a., not analyzed ; Pl, plagioclase ; Opx, orthopyroxene ; Mt,
magnetite ; Gl, glass.

Table 2. Average bulk-groundmass composition of
the essential material calculated from the average
composition and weight ratio of the groundmass
phases in Table 1.

wt. % a) b)

Sio, 7473 7466
TiO, 0.43 0.27
ALO, 13.57 13.24
FeO 3.12 2.60
MnO 0.14 0.06
MgO 0.85 0.37
CaO 2.92 2.46
Na,O 3.19 5.18
K,0 1.05 117
Total 100 100

a)estimated average bulk-groundmass composition of Usu-2000
essential material. b) representative composition of Usu-b
pumice, which is shown for comparison with a). Data of Usu-b
pumice is after Soya et al. (1981) and was recalculated excluding
H20(=%) , P20s5 with conversion of Fe203 to FeO.

BEA - -HAFHEEOKRE S, ROEEEICERT S
(Fig. D).

6-1-2 #IHAEKE
EKEL, KO, <7/<h<s/vZEohs
LF 9 288 cEFRMER il L FES 25 BT,
VEBIERTH B, B (1997) 25, KichE L 75
TRUFERR 21T - 7o Us-b BA ((FEk1L 1663 R HYD
DL, 20002 /D=2 /=T TOA

VRIS HLL TW B 7% (Table 2), % OFE-#RE
BEBEICTES, 2T <RES, AU b &
HE L BRSSP NE, <7 ~okGEWH T
EIKREERETHIEMTE S,

HE (1997) OERMIPIZIC LN, 2000 FEHY O
REMAGHLE GHEAHRESEHRAELD) ) +5
R TLRETH BIRREE, 750-900°C TH 5. WLk
® Mg/Mn Hld, =4 27054 bogEgEEcEREL
1L (B Xusp) EBRTIE, 4-25 OHEIFHTY L2 [mh
Wi d % (Fig. 3). WigkSio Mg/Mn Hid, RE &3
WIETd 32 &5 NTWS  (Bacon and Hirsch-
mann, 1988). % Z CLORRHMHEEE, SR 2 v
b D Mg/Mn BZ{LL TOEWE S, BREBETFERT
T EITE B,

—7, REAHE - #HR0) &1, M4 7a54 b
LHBEASRERICTHHDT, ML 7054 b &
HBIcEE L EEZONRE, DY, =7/<12FE0T
AU b EEEmIFE L LEEAR, VA (Anuaso) DT
A DAL (Ansseo; Fig. 7a) SHiES N 3. HE
(1997) OMEHEHBIRICE S, Anso OFRELVER
e B 7zoicid, 900°C T 2kb, N TORETRE
DEWVWIKDTBHIETH S, 900C - 2kb TD X I+
CAHEHAR; Table 2) ~DO/KDAEfFEE % Burnham @ €
5 (Holloway and Blank, 1994) i<k DEE T 3 &,
W50wt% L1 B. X 51T 2000 AE< 7 < DOIREEHT
13, * IV NDOIKDIERRDIBERGEIDIEL, &bl
BETREKOBHEREZEL . Ihool tickdy)
HEKER0wt% i, 2L ETH - EHEES R
3,

MDA S R EEW» O OFIHEKEOHETEICE, &
3 = /= EE0ICBY 3 KEROHREMET 2
12, FHEAI T D55 VIRE (Fig. 12a)) 2R 77—
sEHWlk IS H S 2aEMoFEmSHEE (Fig.
10) 1, AESHAL (Table 2) &0 & SIOBEATWS, E
Bizid, BEIT AV DBEIAT IR, S SRk
ENRE 3 droT, GHEMKE, 7 2aaME0
b SO B ERE > T &M sh3. #2TE
OSWHEDBRE, GEMRERE T 2 BRICHESHED
EHEEO RS v IicHRT 2BRENE L o (HES
), BRICEDAE i AL+ HEMERIERERC
LTWZEERBLTWAafend 5. REOEGS
IKOWT, K,O %4 va v 4 TAnHEE LTHMEE
ARFEb -k K. OWELH S 2EEY (913
wt.%) TROMEBIERRTH > 12 LITEBH, TDH
B, BEZE A% THB. L LERRETO EEEEH
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ARHA - HHEH

P E B4R, BMudhd L,

WBH I RAEYICIE, 55 KBNHPICL- T,
AEVIEREOEKEEZFH L TORRVWEEZIoNE b
DHH 5. TOHRRIE, HROMEBHEICBVLT, FiEP
AR TE R VAR TOHRE TL 3L H
5. ZITROEKEDOFE VS DY, AEYERE DD
#FAEFELTWAS (Johnsonetal,1994) #3255, £/E
RATHROAMTOFEE (fEF2R) 258 d5L, 56
wt.% OKDBBERL T bDEHEESN S, RICH S
ZAEYNTHERMUERAPREETWET 3L, #5
2 AV OEKESTER, WOATNICED A VD
BKEIVEEZLAEBb-TVWB T LT B, ML
BEBAREVE, SIMELHRYAZIBEOEKEDEG K
L85, FEERMESRATH 2546 20%) 12,
T 4-5 wt.% DKBBER L T it s, L
MoT, #5REAEWH SHEE S W A UIHE KR, #
EOUERSREE Tk Edhick 59, BVEHRE
DOHEEENIBKEE, BIE—HTB I &ic 3,

BB <EZE0DTO AN AR (GHEMER; Table
2) 12 5wt.% DIKMIERES 2 (2kbar) (3, HIERYFE
FHEN D SHFESN B < /<~ OBEMIEE - 7 EE
(9 7km &; KBS, 2000) & bFEfMTH B, Libknr
5 2000 FE= 7<= OFIHIE/KERE, BXZ bwt% LiftE
INB, Dl LEd, 2kb DIETIE, < 7 < 3 EFRM
SictEflL T b LRSI SN 5.

6-2 AEYMEOROESHHEORE

6-2-1 FEESHMEOKE

2000 K DREME (#h - KKthp <A 7 asx
I R) OFMEEE, 15-80vol.% ich -5 (Fig. 4, 9).
DI RFNEOLRMAELH L—oDHRE L
T, KiEZERT B <B0d L bEKE &L
Wolel ENEZONE, =4 7 03 2 ITIHIRT,
PERRAIBE I A RE 3 252K - 7o v 2 RO (Bl
W Fig. 5b)) & W o 7o K Bl #E o 88 (Self and
Sparks, 1978) B 3 Dic L, BHICIR, T SEHIE
Aoy, ZITEAR, kEEERT S =
HKBICE - TG SN o FodedDER LI EEZ S
N5, BOOREENZA 7 o 2IHNFVDR,
<RI PHIKEEBATHFRB LT IciedTH A S,
DX, FKBBIELELEMES < 7 < KO L
WK, WKEE <7 <S5 v 2 (Dobran
and Papale, 1993) %, < < &/KOEEIEHOAREYG
#: (Sheridanet al.,1981) Tk - THIXE & h s &
ZoNn5.

—h, =479, ROFMELERTH LML L

T, KGN B ETOKOBIEDORE S, By X OEE
B, ML~/ Thblik Th - 72 AJREMEAZET

o s, PIHiEKEIEEMCLSTHELVDOT (6-1-
2), KOBEADIRE ZREN 5 2 DEKRICRBENT
WA THSE. ARY T ROFESITEIHEI,
ahETES2ENH 5. HiRE ((HESR) £ZE
T2E, EWooxRBEHEICI-TELLbDEAL SN
5. =TI TERBRICE, BEREOFERSSITATHED T
E25, GHF S ZADEKBERLTVEEEZI SN S,
SEMEREHR SN TORWA, Fig. 12b) O95FH 5 i,
FiEO LR ETET T2 LD ICAZ S, ThRKS
Wiz, <7 <OEIc & 2KOBHES B BT 1352
BIiEE T, REESHEORKICE >/ &R
LTWa., —H, &KE LTHEN S 2DEKEEFE
i, BOMHBEIN S % (Fig. 12b) DT, A X ASFEiE
ERMEOREO—DIBE > TVWB EFEZL LNV, )
KHRO—2>Th i, HERY S 20EKEOHML /2
A7 a3, BRAFEOILSEPAHDOLNETH
A9,

6-2-2 JKISEMON 7 AEKEE, WKEBOENE
DOBR EEE

KE - BB (1997) & Ogawa et al. (1998) &, HE
oA mlEED Tic, HEFtt~E=foEHIER &
F~HOQm) BHIBOEEEESMITL, ThiEKE
KAM T 2 LR L, FKRE - BB (199D 13, &
FEOBKTKEE EH T3~ 7 < 8L < 7 <KER
BROFRE 12 - - HEKBOKEERA 7. 15 135K
[EDFEE%, HERZEEH SHEE S e~ 7 < FEE O
ZihE, <7< KEIBFOBIEIRD S B - 7.
SO ZOHEEL, fhEoMBHORBRF & OHEZTE
WV, FKEBRESRR O LRSS T E L. 3 A
31 HOMWEKDHIEZ » 781l (Fig. 1) HFic>WTA 5
&, KE - & (1997) WHIKED—> & 475 LI HijF
& (L EEss) »H200 mEICHEET 3 (\IE,
1992). COES BKOEREALUTTH Y, < 7 <k
SRR E DI DOEM AR LTV S,

—F, KAENI=A 7 0N ROGEN S 2DEK
B3, ZoEWsairaiHE (Fig. 12b)) OFED 5,
bEVER TR 2WtL% && X 57 3. Burnham O %
5 (Holloway and Blank, 1994) ic k hRd S5h 3,
JESEGHT 5 ZHRD 2 )V b NOIKDIARE ORERIC
£3&, TOEKEIIZ0.3kbar TOBEMERICHY T
5. Z?D03kbar EWAHHENE, #1km FEHELEDO LD
ThHs. TOFEER, HTKEBFEE (J9200mZ) Tk~
BEVERDH S E VR B,
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2 72 FRBRICBITAFRALERIEHO ¥ 4 3 v 7 —E L 2000 5K, < 7 < KESIRFOF—

TOEIRFEEDL VBNV, 1) w4 7 a3 2
PIEUE X 0 R 0K I & 0 IKIS S UTHER L 125,
2) < 7w LRI BE I UBERERS oa )
S E TORh -2 T EARKML TWO AR S
5. WBREEICE D <7 <h o 0ERER S OBEED L
RTIEF, oMt FERE IR SN, P
BEADSRIRE T BE 12, ~ 7 < Otk FR &R
T4 a2E Bz, Gardneretal, 1999) 22155
EBTES,

6-2-3 FEEEREME AR L o< 7 < BfE L TE

6-2-2 ILBIF B, <o v RIS KOYEADIET
HOFREMAZE T 5 &, FEEOLERE <A s noey
R &R BEFRITIE, D) RKISEENEZHTH -7 &
oftt, 2) H2HKEE TLARALTE v /< DOKOBEE
DOEEL, BREHREOZIbick 2B LT E0E
{t, »3VIEHE B RGEED 72D, BATH-1zEW
STREE G EZ ONB T &I B, RIEDOKEEEDE
FEMEL, ~ 7 < EORIIC L BAGEADKDFRA (She-
ridan et al., 1981) 2, $75 3 FEICH 2 EEOW/KE E
DEFMIZETRID S B EEAON 5.

DlEd & 5z, 2000 FEE kD < 7 < KESIBRTIE,
EkEBEUTRS &, kilix LRI 3~ 7 wmkissh
BOIEEP, KEINIGEITH, KeHo< s <vok
DEEATERE E RIENEHTH > 1 T EBDh -1 &
[T U 7o klifkig (TR, Fig. 2) @3IREwE<, HE
R 12 & 2 DB ASTE TV Y, Z I TKEDE
D, KEHD 2 < TOKOEAIRE O£, [E
o KGEE FR LW~ < N AR EE O,
Bz b2 RTw skt b b 5. 5k, HEZLER
570, KOEFEOEEYIERETd 5 FETH 5.

West-Nishiyama

~— .
\/ m OQuenching with diversity in H,0 in melt
due to different quenching depths or
heterogeneity in melt or different

response of H,O exsolution with a
changing ascent rate.

—>micropumice in ash
ONo quenching

—pumice
icrolite crystallizatio

ISaturation with H20 at 2kbar (start of vesiculation) J
L.
Under the Summit of Mt. Usu

Fig. 13. Schematic figure showing the magma ascent
process in the Usu 2000 eruption along with the
textural evolution in the magma.

6-3 AHBYA4054 bOREE, REBOFLIY
b

6-3-1 =427 a4 +OKKA

XIS v 7/~ o LEaE TcofRERORRIC
12, (6-1-1 T LIc & HIKEKDEE, </ <iR&ICK
% 2V AR WIEE), 5HIS L < 3, Ik
ANF SR LRI H S (Swanson, 1977; Kirkpatrick,
1981; Geshwind and Rutherford, 1995). % i Cash-
man, et al. (1997) 1%, 2kbar TKITEIFO L Fo * v b A3,
LROF F 1 KE T TRIE S AUKOBEEHS i & 72
Bé, U F 4 REEEA 100-200C B4 AL, 4
F 5 RBEDOEILD 1 kbar RiGTHEHFTH 2 L %25
WLTW3, BBERIERSEE 512, 497085
Eoft, SGEHBELTHS, HAEREOHRMET
H5 (PIzL, Lasaga, 1981). & T 2000 FEME KD~
72 IKESIBEFFEM TD~ A 7 0 54 b OFKR AR
B0, WEDM, <427 0¥ 225V TIIKESHKO
B GBS 2 0B 1D 5,

Ll A4 7o, 202, KEickb<wA47as54
b OHEREEES S 2 0O H 5. Thid, Bi—0
BRI THES - REHE»9ETcds L s, (170
54 b OMRIEEDO LD EEMT L ETH B, BiHE
ORI, BRPHRLE TESITKGEINILI EEY
Eo TV, RICBIEBE SN2 G5 0—IB4, KEE
Nic= V<Y EBSSICHB LI SDOICHEYT LD
3, TORITYETD, ZGGEREBEEE VS A
BtEbEET 20ENH S, L LSERFE S e AR
PIEICE, MBS ANERERB—DbE&EnEh o
DTERBOMNIEF LV, TOLI~<A 7051
DERNTHETH B &, <427 954 FHKibEL
BB OEAL TO R E TR b Pd L, Kb
ReD i & IR TR IS,

oA 703 2AD<TA 7054 bHBIKIBITED
R LD ThE, SRR RO YELE
SRS N B DT, ZOMEKIRKASHTORVIEE
ADHDEREE->TWVWARTTHA. LirLva4 7
54 MBRICIE, <A 70y R LG ETERLV
(Fig.8). #IT=A4 7R EBADZENENIT,
BORRABET 2 L ETEHVL

—7, = 72D LRI BECER LB EE
3, KOBEEMSBECH LEEHTH > feh itk S
3, ERIEAABIZEC IO ThHcEEI SN
4. Burnham @ % 5/ (Holloway and Blank, 1994)
WWENZ, KOMESROEATHVIEVWERTH->ThH
GHEA 7 2 DEKE (B 2wt.%) 1% 0.3 kbar Hijf% DA
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SRR - IR

Bic, 75 2AaY04aka #5wt.%) i 2kbar TD
BRI, ThENHEYUTEDTH 5.

6-3-2 <4 27054 MRHDS A I VI ELER

Hammer et al. (2000) %, #4759 1 3 v/ TRAKX
NIEHI O R R OFEERE & DS, #ERER O
ZOMT2OICEHTH B LIBELL. T2TR, fAE
TS5 ADEKENREL L <4 70,93 20 EMftic-
WTHNSE T &ET, KGHEHRIDOBEIC X 27KOBEEICLE
IRV TX3EEZIONS.

L2 L Fig. 9a) 1Z/Rd & 51, MEFEEICIIEEYIc &
BEEFNRV. FAEEERERLSIhTOWEVY, Fig
IR LN &S ICEFTOAREESF V. 22 TKA
EHAHCE, BERRLZ AV ELS5DOKROBEEICE > TR
BHPBELCENS, HRBROBERPEEREE TOA
DolebDEEZONE. WEHBEULNS, ok
IIEERERSREE TOWIEWEBE LT, Anioft
» OREERIER £ Tic ol uE kg T
EDBBF 5N D, BSHORE, SRR ToRM
ZiE, wrvolitEoRERcR B3 EBHION
TW3,

753 Klug and Cashman (1994) i, v b~L v X
1980 FEREK D 7Y =7 VIEKEEY) () %N, A
FROEROEED, [EORIERA(EHE L (Hurwitz
and Navon, 1994), ZDO— ThZE « &% IME4 5 Z
LEFERLIL, L LZOPIRTE, RgEt~v(sa35
1 FOERD Y4 32 v e W REERI N - 12,
chicxt UERIL 2000 SEE BT, <427 a54 b
DEHPTKISETCEHICTET U, KSR 3R D A 054
XTWIEbDEHEES T B, BE4% HEELZEDLYE
THESBHB ORI 2175 2 &ick b, 2000 4E~< 7" < D
D, BEBELREESTAZ DLEEZELITHS
B Z 1L Cashman et al. (1997) 3, BEEE < 7/ <IEAE
O A EAE AR E S, BRI K DEYTH B
B, H3ERETCOREENZ VI EEFEMPTLTY
5.

T EED

B 2000 KD < 7w KESERICB T 2488
e BRG - KUKBo<A4 7 0/,83 2) to0WT, &
AFERRRETC L BHEKAEIO /v EE D TOR <D
BYLEEMOMEE S, GROFM - FRE & bR
NEFRICK S, BAHO< s v GO TERE
7ot T OSR%E, HIERPEEAER, SHEES h
3= < BEoRE CKES, 2000; S#55, 2000; AR
5, 2000) &L, &M Fig 13 TH 3.

D W& AR (7<= EE0TOA N MRS MK
i, B XS FHETH B, £ I THREYE ZEE
K2/ <itHRT B EEESND. o srvopilis
KB, HEEBIRE, 75 REEYMOEKEEITIC,
BEZbowt% ThaEiEESNS.

2) AEYEOFKMEER, 1505 80vol% THD,
GEN S 20EKBEEREED LR DT 5. R
MEOZHMR, MAFENRL L E, H5VEBE
HEOZE LIk -T, WKEEEETERLTEL
< R DIKOBEBIRE DAL Th -1 EXRRBL TV
LAREMED D B, IR, IKISHERSEEE IS <A1 7 0%
IZREML, DI AXWMRELFHORVIEAIL, <
7o LR KEOEMMMBI T S1h - ERALICHEKRT 5 b
DEEZOLND,

3) AHEO<A7v54 biE, HRICHANBEERS
W, £TTRA7054 MR, < 7KK
% R4 3BT S Sh-AMnYELsick -
THRLEbDEZEL OGNS, KEETICEE kOB
B, RERERICTAIBISEEER LI AT 5.
ZITvA47u54 bRBEICE R )+ 52X ERCRE
UzelREES S WEWZ D, <4 7854 b ORSE,
IKDBEADIEENRIL <4 703 2k > TELL
i, w1278 54 FRIKGHEE BRNCRE LK
boTVhkbDEEZONS.

E i

At E T b 5 R RF IR AT O] —BREdZ, B
HEEEIRICTHO Iz 2 4 v M, AEORBICAREER
1ot BEY v, dbimEkFEoq)eAELI
SFTViEWin, HERFHIRRERF SR OEHE
AEEIE, CHEZ#ESAEL Tzl Ci-S
SOGESEHATO IR W, F1z, HERSHE
MHEROLHEMBIEIZIZIE, Cl- SHicsWTHE%S
Wiciiwic, kol i B oz LET.

T+ &8
1. EPMA IC&Z84 - HS5ADE - ERHS, H5X
HOEKERES*

FOARF RIS © HAE 74 JXA-8800R HF4y
#7 EPMA (MEEE 15k V, sVEHBETER 12nA) T,
ERD R OMERSD %2 L. flilEdkE LT, Bence
and Albee (1968) ZH W\ /2. EWHAMrIcHO I E— A
B, T lum, 52T 10um TH 5. FILEDLH
i, =2, Ny s rso v riic 10 E L.
BILFEE, ThENY 42701 (Na, Si, K, Fe), ¥4 7
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v 77 ERBBIC BT 2 RIELERIMERO 7 4 3 v 7~k 2000 FHEK, ~ 7 <RKEEREOH—

)2 (Al Ca, Ti, Mn), ¥4 713 (Mg) DJETHITE
i, THOERHTED, Hv v EcES <t
AR 2L, SEBEM 1 wt.% DOIBE 5% 12, 50
wt.% D& 05% EETH 5. # 9 RADERS TR
BEMED 100% & D&, TS5 20EKEE L.

ERATEMTEEEIC L 2 &KERES L, T
O Na D OfEs Rt g, K2 1wt% D EE
&, MOEFMERAEN 02 wt.% BEDH 5 21251
T, Rtz 05 wt.% ORETOMTETEEE T 5
(Devine et al., 1995). E£KICRdT L DI, TOFET
B 10pum FTE -2 RERL T EMURETH B, £
BThHsT LMo, GKENHEIET 2DITIFTIT
b KWBHAIAONaDERICEL T, 20 um @
- AZMEEE S TW3 (MorganlV and London,
1996) A%, T I TEAMHROY 4 XOHEEITLD 10
pm 2R, U LBEE - BERE T 5 288 (KX
i) tho, 1BIEE—EPr%, 20um & 10um O E— 4
BTHMT 57 R b OfER, 10um 2H0VIEA, Na
DHh Y v 5% EEEL 550, DRAFHEIE, &
LAEEPELIBWT EMERIL. KB NaDA Y v
N ORER, YA o2 LIETHEE LSS, Nad
o v MERE, MTRoMICEET LI EPHONT
W5 (Si®AlDAY Y DR, 2 THIFHA 27 v
2 IS TN BIERICOVT, BHEANTTOH Y v b
&, ¥4 2N 1 THFLEBEDH ¥ v MMl ik
37 METo1 BRELTHY Y MIZIE, O
Th, BEAFZREDONE AT P EOT EMD,
SAFE L5 ATR, E—4a%E10um T, NaiFsE
DFEENRILEALERVWEEL OGNS,

# 5 2 OMERS (CL S) ZRERL 2rd 51id,
EREOMESSHETSH S, L LEKEOMEL, Na
v OIREE, TOMITE~OEENDH D, MWEL
HE LB, TTTHINGHE L 2 ERD RO N v
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