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Crystal Size Distribution and Crystallization Process of the Ejecta from
the September 2004 Eruptions of the Asama Volcano, Central Japan

Tatsuro Tsucane*, Kuniaki MakiNno™*, Yasuyuki Mrvake** and Kou TakaHASHI®
y

The September 2004 eruptions of Asama volcano, central Japan, ejected essential materials such as pumice
with bread crust on September Ist and scoria on September 23rd. The textural and chemical analyses on the
materials reveal the crystallization processes in a deep magma chamber and a shallow vent.

Two distinct stages of crystallization can be recognized in size distributions and morphology of plagioclase
phenocryst and microlite both in the pumice and scoria. First stage (range I ): In a deep magma chamber,
pyroxene phenocryst began to crystallize out at 1150°C, and then pyroxene and plagioclase continued to nucleate
and grow slowly. Second stage (range Il ) is divided into two sub-stages for pyroxene or three (range Il a-c) for
plagioclase.
II'b-c: In a shallow vent beneath the crater, numerous plagioclase microlites like swallow-tailed shape precipitated

ITa: Magma left the chamber and rose slowly through the vent with ever increasing nucleation rate.
rapidly under a high undercooling condition induced by decompression. Plagioclase microlite in the pumice and
scoria developed a characteristic population density like a bell with a peak at the grain size of 0.003 mm, which is
interpreted to reflect a decrease in nucleation rate of plagioclase, in response to crystallization and establishment
of equilibrium during the time duration when the magma stayed in the vent. Magmatic temperatures estimated
from plagioclase-glass equilibrium decreased to 850°C before the September 1st eruption. The similarity in crystal
size distribution of the pumice and scoria implies that they had a common ascent history, although groundmass in
the scoria has lower crystallinity than that in the pumice, suggesting that the magma of the Sept. 23rd eruption
stood lower in the magma column than the Sept. 1st magma.
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Fig. 1.
(a) and the scoria (b). Groudmass is composed
of plagioclase (Pl), pyroxene (Px), oxide (Ox),
quartz (Qtz), glass (Gl) and vesicle (Ves). The
pumice and scoria have the different proportion
between glass and microlite.

Typical texture of groundmass in the pumice
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Fig. 2. Variation in population density over full range
of grain size in the pumice.
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Fig. 3. Variation in population density within 0-0.25

mm diameter for plagioclase (a) and pyroxene (b)
and within 0-0.08 mm for oxide (c) in the pumice

and scoria. Roman numerals indicate the range

divisions (see text).
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Fig. 4. Variation in population density within 0-0.08
mm diameter for plagioclase (a) and pyroxene (b)
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Table 1. Representative chemical compositions of constituent phases in the pumice and scoria.
two-pyroxene clinopyroxene plagioclase glass
pumice pumice pumice scoria pumice scoria pumice scoria pumice scoria
cpx opx CpxX  CpxX  Cpx pl pl pl whole glass glass glass glass
rim rim core rim microlite core rim microlite rock average average GL1 GL10
no. 1 2 3 4 5 6 7 8 9 10 11 12 13
SiO2 51.65 53.18 52.50 51.21 51.84 51.09 53.28 5345 6152 7644 73.76 76.30 73.62
TiO2 0.28 0.20 0.41 0.50 0.60 004 0.03 013 0.71 074 090 0386 0.95
Al20s3 1.56 0.75 1.68 2.67 2.34 31.11 29.02 29.13 16.12 11.70 1294 11.76 13.26
Cr203 0.34 0.16 0.31 0.33 0.18 023 0.11 0.26 0.00 0.00 0.00 0.00 0.00
FeO 11.06 21.46 997 11.03 12.59 054  0.77 0.81 6.53 3.34 3.98 2.86 3.88
MnO 0.26 0.48 025 027 0.19 0.00 0.00 0.00 0.11 005 0.05 005 0.00
MgO 14.50 22.50 14.67 14.45 17.10 0.12 0.03 0.06 3.92 0.43 0.58 0.52 0.63
Ca0 19.45 1.71 20.23 19.67 14.55 13.71 12.12 12.03 6.67 1.58 2.32 1.55 2.04
Naz0 0.30 0.17 036 0.13 0.02 298 409 379 3.10 3.07 3.08 322 3.19
K20 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 1.31 265 238 288 243
Total 99.40 0.00 100.28 100.26 99.43 99.82 99.45 99.66 100.00 100.00 100.00 100.00 100.00
0=6.00 0=6.00 0=6.00 0=8.00 cation fractions of oxides
Si 1.94 1.96 1.95 191 1.94 2.33 243 243 Si02 0572 0.726 0.700 0.722 0.697
Ti 0.01 0.01 0.01 0.01 0.02 0.00 000 0.00 TiO4 0.005 0.005 0.006 0.006 0.007
Al 0.07 0.03 0.07 0.12 0.10 1.67 1.56 1.56 AlO1s 0.177 0.131 0.145 0.131 0.148
Cr 0.01 0.00 0.01 001 0.01 0.01 0.00 0.01 CrOis 0.000 0.000 0.000 0.001 0.000
Fe3* 0.05 0.04 — - - - - - FeO 0051 0.026 0.032 0.023 0.031
Fe% 0.30 0.62 0.31 034 0.39 0.02 0.03 0.03 MnO 0.001 0.000 0.000 0.000 0.000
Mn 0.01 0.02 0.01 0.01 0.01 0.00 0.00 0.00 MgO 0.056 0.006 0.008 0.007 0.009
Mg 0.81 1.24 0.81 0.81 0.95 0.01 0.00 0.00 CaO 0.067 0.016 0.024 0.016 0.021
Ca 0.78 0.07 0.81 0.79 0.58 0.67 059 059 NaOos 0.056 0.057 0.057 0.059 0.059
Na 0.02 0.01 0.03 001 0.00 026 036 033 KOos 0.015 0.032 0.029 0.035 0.029
K 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 Total 1.000 1.000 1.000 1.000 1.000
Z cation 4.00 4.00 4.01 4.01 4.00 4.97 4.97 495
end-member component
Ac 0.022 NaR* 0.012 Jd 0.026 0.009 0.00 An 0.718 0.621 0.637
CaTs 0.052 R?Ti 0.006 AlCaTs 0.000 0.023 0.04 Ab 0.282 0.379 0.363
Wo 0.377 R*R®* 0.026 TiCaTs 0.024 0.031 0.01 Or 0.000 0.000 0.000
En 0.455 Wo 0036 CrCaTs 0.005 0.005 0.00
Fs 0.169 En 0641 DiHd 0.780 0.729 0.53
Fs 0.32 EnFs 0.176 0.215 0.41

Ac: Acmite,

CaTs: (Al-tschermakite) + (Ti-tschermakite) + (Fe-tschermakite) + (Cr-tschermakite),

AlCaTs: Al-tschermakite, TiCaTs: Ti-tschermakite, CrCaTs: Cr-tschermakite,
DiHd: diopside-hedenbergite, EnFs: enstatite-ferrosilite, R?>*: Mg?* +Fe?*, R*": Fe’* + A" +Cr’?,

Fe’' : calculated from pyroxene stoichiometry.

The pair phase to calculate the temperatures is as follows: 1-2, 3-9, 4-10, 5-11, 6-9, 7-12, 8-13.

43 ©%FY B

SRS 2 G wo T, fRADO X
IBRB-ZTD LV Y VERETAZERRHETH 5.
Lirl, Dl &4 005 00lmmHIzEICLT3>
OXENTET S, AL LY Y Ta, Ib, T ET
% (Figs. 2c, 3c).

Ly Yla: 2a ) 7OF =2V, BATRED
DISEE 2O ERITIELITE 5 (Fig. 2¢). L ¥ Y 1b:
WA, 23V 7ELLBORSDVISHERTD, T

NEREA, BOICkT & VB € — D
FRTAEW S EICER L D TH D, KOS REEER
DHERLTIREVEWEEZ 5N (Fig. 3c). L v VI
10.01lmm LN TR 37, B4& SRR 3R
BN < 785, BAOOREEBEE I L v YN
REcES>ENkEDT, MRRAITILHET 3 &G
23 7 OREREEE ORI KR TKEL, P/
S=3~5Td % (Fig. 3c). DB PPAHESE/S D

S ICERNT b0 EEZ 5N B, £, 0.002
mmUFTuﬂEExbﬁ%ﬁ7@%%®%ﬁﬁ%§ﬁ
=W (Figs. 3c, 4a).

5 RHIRE
BEHOWERE =MW T, KR~ 27054 D
EfSERE 2 HEE U7, TR O 7o ks o &R
HJ75{iE % Table 1 IZ/R9.
5-1 ERIRER
Alalo—#HOEK TOEHYIELT, RE LTy
2554 bEF =Y v a4 b L WG 28T 0T,
Lindsley (1983) OMEGREFT 2 MM L7z, 8h, 23
7, 9~11 HIZHEH L e ToZaRicEgEn sl
Al EN bl CHEEPICE N5 (5 - i, 2005) 7
b, TCTREHH, fAEICEk ST, WELGE DT, Y
IZD A543, Fig. 5 IR L7z, £ < OIRE IR 1,050°C
%mt,é%tbfu,uw&mcwﬁﬁﬁﬂuﬁéi
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Fig. 5.
two-pyroxene geothermometer at 1 atom (after
Lindsley, 1983).

Pyroxene components on a projection of the

5. B, WEGHAEET 2 Y AELoMEklE 1,030°C
FHTICEE L TVWBD, FNIT1,100C 282 B RE %
RITELDSD.

52 H{HER-EEREST

Lindsley (1983) OMAIRAETTA(E 5 113, Wilfa
FLTOWD I ENEETH 208, FBITE 51 THELN
fo & C ORI TG 23 E L Cnc & W S EEILIE
1\, % Z T Putirka er al. (2003) O HRMEA AR
IR AROT, RBEOHEELRKA S, COHETIRIE
FE LR E 208, BHESNBEE/IRIESD &
MREWV, Lo L, Slalieitail s 5 e < 1dimeE
DFEFRAEME DD T/NE W (1°C/kb) DT, IR 1
kb &fGE L THET 5. #E5% Fig. 6 ISR
HEMEABLE O 3 7 O & T d - fiiiic 2n
LR W5 &, Ol IE 1,074-1,152°C £ 75 5.
CCTHEELBRINRBBOBWEN 2S5, 14133
7 ERE - Th 2O DT, 43 L b
3RTOIMRFORL TRV & b5 1 ARHR
WG O EEE T, WM EZE k4 20T, Hoar
DN LB LR A R E T2 D I3RNEY TH 5
ETHB. Licni->T, HRMEODEL O 5 HFAGEE &
PRI N kS REEZRHAT 2 BN EEZ,
L150°C EHERED 2. RIC[EHSIE AT O S i 2 HEE L
fo. WEARRLE LT, HANEABR O ) 4 F 7o 3 BN
fa=A 7854 baEfEY, R E L TRAGES S R
DOIYPHLES Z I WHEE L 7o, 845 © 888-953°C, [
904°C, Z 2V 7T 887-945C, FH918°C ThB. &
AT, Putirka er al. (2003) O HEWEA-KAERET 15T
DY 308 PR P 3 e (IR S A8 1350K (1077°C) TH 0,
SEHLI) L&A 7054 b OFEERILIEREIE D
FHAA L2 DT, T TREBHEEET .

53 SRA - KHEEEENE

Putirka (2005) ORI EA-EHEEL/EHE2HV T, H

BIEE & R RIBEARRO 37, ) 4, REH~A 7
954 ORERE AT L. C ORI i

80 T PWRIN=94) Il Cpx-WR(n=52) '

70 | P4 Prlassin=44/{Eumice R Cpx-Glass(n=24){ Furmice
g 60
> 50
g
G 40
330
(]
i 20

10

0
Temperature (C)

Fig. 6. Frequency in crystallization temperatures of

clinopyroxene and plagioclase coexisting with melt
in the pumice and the scoria.
obtained at 1kb from clinopyroxene-liquid assem-

Temperatures are

blage (after Putirka et al., 2003) and plagioclase-
liquid (after Putirka, 2005). PlI-WR: core of
plagioclase phenocryst -whole rock. PIl-Glass:
plagioclase microlite and phenocryst rim-glass.
Cpx-WR: core of clinopyroxene phenocryst-whole

rock. Cpx-Glass: clinopyroxene microlite and

phenocryst rim-glass.

Hd 2123 H,0 B2 E225, HLOBAHHLEVLE
FbiEREIN TV S, fHEA & EHEOFHREO H, 0
i3, ER - EHERETRbN TV TR S, IR
BEAHSZEBREcHE. o, TITEHO
BAHH LS WE TV (Putirka, 2005; Table 2 (B) =)
TiltBEAIT-> 7. 6O b HEWEG AR T 15T &
[EIRRICIREE & )i —fEicsk & 208, Biish 2@
FooEnkEV., Ly LIREOEMKFM I 89T/
kb EFNNEBMTHBDT, ESlE1kb & LTEHE

L7z, #5513 Fig. 6 lTRd

RIEAPEED 3 7 OfSE IR 28I b - foiiE %
AL EGET 5 &, 941-1034°C &3k S,
52 Tl 7z D & AR O PR TRE AW O & BIAE
FEI1E 1,030C £ A 2D THA S, i, 6-1 T
5 & 90T, BRAHEG X% SR LG 7o aTREM:
NdH 50T, EE LMD SN % 10% B Rz
A KM E LTHET 2 L, T ORI 10C K
{185,

—J, REfA~A 27054~ OfERILEEEZRD 21
biz->Tld, W E LTH 5 2 DA AW IA, H
RGO RARRERE G & Bz v, SEYH S RS
AT, =A7054 b EZTNICHRET 24 5 2O E
Ho72bDFTNERTICLTHEEZB K- 2. &E
FHDY Ay B~ 4 27054 b OIRERZESLT 860
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901°C, V45 873°C, 22 7T 845-922°C, 45879°C
fRANCY

6. Bl

61 HE WMHROER‘E

Marsh (1988) ik % &, EFIREICHE <7< 1EED
D CSD FEHANITIS D, FEMREERE O hiikic
MLT7oay b9 5L, HE-1/GrDERICIES. T
TG BHERNESE, <7<l oEENRANED
DICET ZEMThH S, COLIBTI<EEO TR,
THEIE < 7<= DA « fithAid 0, i —E OHE
THRELTWVE., 2L D KIEOHED CSD (555>
ML, <7< TOL D BERIREEICH B &5
Z b7z (Marsh, 1988).

AR TIE, FEROTZREIIR D O BER- PR & L
L vV 1 BZORERORE S EERMEE OIS, S
e lEy RSN EBIRENS. LY 1aT
1, 2TOHYETEG, 23 )7 &bERBEENE
HOTEL, B RERIOESMRD 537 (Figs. 2a, 2b,
2¢, 3a,3b) Z/R9. R4, HioLr vy Y IbTid, 0
HXIZL Yy YIlakh bARERONGER S,

D& D 185 - I KGR, 20~ 7
< DRE& T &S 5 T & % Higgins (1996) 133w L T
W5, —7, Maaloeet al. (1989) &~ 7" < DG ELERE D
i3 2 LItz DERENRD, < 7 < DIRESPPE N
FTBEIEERL 574 Ny MRS - Fo A REME A HER L
TW3., HEDE I AEEZ DRI S 2 EHEFEONH &S
BIFENAERET 5T E3E LW, Dl Ebr vyl
D434l Armienti et al. (1994) Dk Lz kST, <A
7054 MERSEMEITHN, = 7<% 0 T L0
AT WRIE N, fhEERE D ClR 5 2 & TIE
ahsEEZLONS,

B, Za)TORIMDL Y Tae Ib TORAE
231 7 ® CSD O—F (Figs. 3a, 3b) 1&, MEHFE—<
IeREVRRETHIEERETS. D&, B
GERa) T OEELEMKR, BRI O AN F
E—Fd B (ZF « fh, 2005) T bEHHans. Kk
W=7 <12 E ONTOEIORERILREZ £ &0 5.

EET AMEAHE D OB N EARETC X AR
FE, HRME AR )52 O3k & 2 B LR
A7 OIREE &SR 1,150C THh 5 DT,
AP & b 1,150C TREHLBYTWREEZS
Nz, —4 #HELGOIT7TOREHBEEEE R BLz
1,030°C Tdh b, BEHRME D 3 7 O BT X
D, #1100°C 1EEEWV. Fig. 7 I 3RHEG S 4 DR
HISEEIRZ 7R L, RHR A O RS AMEA O B % el A

w

Fig. 7.
phenocryst observed in the pumice under an optical
microscope.

Pyroxene (Px) enclosed in plagioclase (Pl)

AL EIITE L TV AEREIZEDOENED, TD
WE VDT, REAIEL XD RBRICEHERG LS
tEHobL, HAlREADBEIGREICEND 2
CEEFELBO, kT, MARE B X OREA -
MEEH TR b EOHEBT % 1,020-1,030C 5= 7 < 12
O OPHBEEEEZ NS, BEIROMF ¥ vk
{Enc-owcid, MERGREEZ~ 7254 b4 L2 F
A MEEST (Frost et al.,, 1988) > 53k % & 900-1,020°C
L5 0, T OHAMEEREA O HBBEREZ ISV,
£-T, wr/wREYNTTTRERLEILHDCLT
HAH9.

BBLFROFER T, 9H 1 HEAKRRCR a2 L
o=/ =%2901 <7<, 9 A23 HEKKIc2 3 ) 72
B Llc~ 7 <% 923 < 7 < EFE3s,

62 $RATAU 054 +OER(LBEE

A, 23 ) TORER<A1 7054 ME, TR
VAP RAC R (ORASIA R AR o G i o S )
EORREA=A 7054 FE LIV S OH
PRFEERIC X D FBIS LT W3, Lofgren (1974) (3 XA
RO AR LR T, RUEA SO ORISR RE
EGHIFEOEVITL > THEL B T EEHL M L.
Couch efal (2003) &, JKIZHAFNL 7oiRkCaE Dkl
(Si0, wt% = 71.5) ORI I X 2 fh & LI %17 -
TW3, TOBR, 2R & BEREMISRIT O 2 O Jik
LD, FERNHRISHIEL (AT 1< & 2808 & RO
EW AL 7. IRk SRR I Hammer and Rutherford
(2002) 1T & 0 FACEHE DKL (Si0, wt% =T77.4) TE X
11, Larsen (2005) ZFALT A 44 NEOEVE (Si0,wt%
=70.6) % W CBIHHIE—E DM TEREITV,
EALBRICOWTHLE TV S,
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=55t (2005) BAFETHHA LB GERT ) T
DD E — N, SO 7 5 2 DT EEHRE L
TW5, IS DEE B DEED O LR DR b
AT % & Sio, A RIRTNTN 70, 68% FEEE &
5%, ZhoDERAE L FERICHV S h ik ofk
pRpc B W, L, BEFERESIELC,
REORA 7054+ OERLEIEEZZET 5.

WA, 2ay)r7ibLrryYlalci3eEiko~A 7035
4 MHERT S, <A 7051 MER(EFERICE S &,
ELRBHE A R AL D513 ATy 38°C,  EEPERYIRIE D
B3 ATy 38-98°C TRAHT 2 T EARSNh TS
(Couchet al, 2003). 7o, fEBBIEE L Y Y Ib XD
b E < B0 LI moTndlens
901, 9237w/ <iEL v ¥ I b ICH BB EIE D S < %
TERCR & E WVIRBEIC TS 72 2 &30 B,

B, 2a)70Lry Vb TR EbITKEREEEE N
IBFEHNCHEINL, <A 27 054 N SRR ORI ST
feA o, MEIROREA~A 7054 FRARTT,
AT 723 98°C DIFICD AL, 2UHHETD ATy 66°C
© 132°C %L, KRUBEMERNSEEFBR BB L /gv
(Couch et al., 2003). [E#£IC, Hammer and Rutherford
(2002) (&, SR DE;G ATw=120"C CHUBIRDFHR A
<4 7054 vDRETBEIEERLTVWS. ThoD
FEEER» SIRG, 22 ) TOMBRMEA~A 705
1 FDOIERKIL, ThENDO< 7= WRAICTIREL, —
SUT 100°C A< DG Mo bicoahicl stk
BLIEETE S, T/, BBHENIKEL LB L, R
E & O IEBGERE DSBS < 75555 (Hammer and
Rutherford, 2002; Couch et al., 2003 75 &), ZHhidL v
Vb DF L muiEREERICHE L TwA, R L
kS BEVEGBEEAZICS5Z 513, ER LA
RDORMISITE « A RICLB ) F 52D FRENS T
Ov2%2BEZLDONPERGEZYTHAS., —T, DL
BLyoIblckhN, Ly vllald, <7< 00 ok
NI E % OV ELEEE & i/ 2 3 & Higi 5 2 WIRRET
ek s LR TZ 5.

Bh, 22 7OREAT0.003mm F Tl EDR
DicEw BR L TR REGER 1L, 0.003mm LR T
GRS 15D B =7 ZRT 5. D& A,
Bl (B, 1992), = b KILOEL (Armienti ef
al, 1994) B ETHMENT WS, EERSLFHITFEE
W\ iF5E (Hammer and Rutherford, 2002; Couch et al.,
2003; Larsen, 2005) 7>5 CSD IZA 515 E— 7 ORYA
RO &S ICEREN S,

Couch et al. (2003) (F2URKERICEH T L fchHR A ok
G OEIZLARIE L TWE, ZOREEEE, AT

38-98°C €3 100-200 RFIFRME CTHESAEL ($ 31T —TE IC#
L CEfp), PIFEEEEREE 3 FASS 75\, Hammer and Ruth-
erford (2002) 1& AT 34°C T 168 F5fi], Larsen (2005) (&
ATy 35°C T 240 BRI TVWATICET 2 & O O FERL L 7ok
BASTWA. %7 Couch er al. (2003) 3EGUEHT B L
THIRIF OTHIME & & DAL ZRD T, P L ik
B cRRERIcE— 2 b ob b T EARLTVAS,
SF DIERES—EICE B EA R N7V NRERDE W T
FRIALAS#E 2 (Larsen, 2005). FEEEN—E & 78 - 7t4
B &% 400 Bk, R b X 0K EED LT,
RSO ©— 2 BN 3B (Couch et al.,, 2003, ATy
66°C DIED. - T, 901, 923 i~ 7 = (3, &\ B
ERcBhnicth b 3IE—EDSM Ficd 2 FEE DM
FRroh, BERES—EICEL, HAbERT, EReE
oY —7 %2k LIcl &gl b,

63 1Bh, H%FIUEHMT1I 054 FOFERIL
HaDOL Y Yla, IbD<A4 27854 hdHERT
)7 TEBICERRD SRR, 2R b o SRR
JEREAE b, O XD BN bV IEINEIE T
Gaiid % T &7 Lofgren (1974) D EREEH W EBT
HoMcEINTVWEDT, A1 70514 b bREA
=47 v A b ERBRICE VIBRAIE R TR LT &
Nohd, BF & BT ZIERIROEREEE> b D
bbs0T, INbFEEOEECRILICEELONS.
MG & §kF & v BRI O CSD MR IR 1E &0 s
, BlEAD X e —r &b, Thid, mi&ED
REEEN <1 7 0 54 RSN N TREAICHA~E
Wiz, F Rk 7ob FEGRIT & MR L OB ENIZ & A
FEvoniLwZ EiciERT 5 EEFZL oN, LT
g VB OR L v VBRI RIEA XD SHIRERMNC S
BT EEBFELIRW,

64 90177 7& 923 7D LEFERDEN
B2 a) 7 OfREERE REA, BLior vy
Ia, IbTRZNLZFNRBE-HLNGEFH-TV3
2, Ly Yla XORERTRER > enfhists s, %
Noo<4A7n8v 74 FOFHREE, TTh 6um,
S5um EXDEB/NSOVH, w4 7854 MEREICIR
28%, 14% EWEFH1L7D3SH 5 DT (Fig. 8), T o D&
WE L5 L7901 v/ <& 923 v/ =D R« fEE L
WEOERICSOVWTERT .

<< PRI H s L v Ve TREAD N A
a) 7 OFEREERE LD L. hiE0l s
DA 923 < 7= k0, MIEEENDE P ITE VIR
Hote T EEERT B, TNIFIT L 901 = 7 < hig
AToKiEE EF Lotk 923 w7/ < 3IED 51/
KtZH &P FERLEDOTEHE LI rotfctcd b
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Fig. 8. Accumulative microlite crystallinity against

the grain size in the pumice and scoria. Pm:
pumice, Sc: scoria, Pl: plagioclase, Px: pyroxene,
Ox: oxide.

LA\, F712, 901 = 7= DG hs—Bell, | FEs hs
Mo tets &, Wiv s <o ERHEEICEND > 1GAI
b, HTOBSHEDZEIEIY 5. Lirl, HHEMH
TZODFKNEREST 5 2 & R TH 5.
WIEAEERT ) TD=A 7 054 ~ ORI H
Sx, 2 /20 FREIcoVWTERT S, AFRLE
< = SGERICE T A & w1 2o 54 e E
505, T OGRRGEEBTOR S ITKkET 5. C
2T, AR TV FAGRIC & BB LEEE A 901 < /<
L9223 =Y THELVERET S, Wi~ 7 <hEERHC L
HAERBLL Y YIDO=A 7854 bR LIcET S
L, BAOEHERa ) 7oL 03 ERIRE VD
<, KEhOEEEHOEWZI ) T4 70514 b
ONFREDO I HREL B33 THS. Lrl, <4
7854 FOVERRERAL R TTIEEALED
SBVDT, M=/ ~D<A 27054 b OB LICEL
FRIEREFE Lo EETE S, T, 923 %
7213901 = 7 = k0 3EMIEEENT ERARB L
EEZOLND.

—7, BOE2a) 7ORRBEEIRECE LT >TVS

(Fig. 8) 7%, CNWEEBNMEBTDORA 7 v 54 MEKIH
DHERREIAKL TV, COXD HFEREDEI 1

oIl EEMETOREOEVWVNEL OND. Tk,
Hammer and Rutherford (2002), Couch et al. (2003) (4,
K OEE T CEENOEWEHIET UL, ERER XD
BB ELRLTVBDT, MEDERIIFERED
—EIGE LR TOETIOERIC K 205EEL b 5.
REA-WHRRELE TG » SRk fopHR A0 ) 2RO~
47854 b OFERLIRER, 901w/ <& 923 < s <
LTEZNENH8T0°C, #1880°CTHB. 923 </ <DJ
DBETERTH S0, TOERIEPLZOT, <1705

FREEERD PN - =R - @i BR

1 MEHEE O~ 7 < OREIZREFEL» -2 EEZX S
FOEUTH A, #E-T, <427 054 hOFERED
BV 901 = 7t 923 = v K DR R T HIT E E
LTWicEEZ 5N 5 (Fig 9C).

<4 7854 MRNIEROL vV lle TEHEGE R
) 7 T3 CSD IZZER AR SN, 0.002mm LI ETIREIC
B TED - TG R ECERE A 0.002 mm LIF T 2
3 TDOHTEL 5% (Fig. 4a). F 1o, BADREEBIC
BEUARENLDITH L, 23 ) TICRETIANEL, K
Ice A 7 a5 MPERERS ST 0 F S FVF
JHIEEA RO NE. T oDERILTNOL S 1, B
Mioli<v /7 <~0EEDEVICLZEEZONS. OF
D, 901 <7 < IIEENE (Fig. 9C (3)) TOHEIFT,
Wi 2 LS a K EITE LT, B4 0B I H
Rl QUSRS L 7o 72, EBEME T OME R L TV
5. —F 923 = /< ILEBENE (Fig. 9C (2)) THiA 2
L=A27o54 raRHLdE, KOEMMIETOR
58 (Figs. 9C (2)-E (4)) ICHUBA R LI L. T
OEFETR I ) THICRT 4 7 F 9 F ¥ F v 7
ks n, HLEAOMICE SITlBkio~ 12 a5 4 b
DI EES v fe,

i< 7 < IS OGBS EIE S L B0,
Couch et al. (2003), Larsen (2005) 23EHi L T\ 5 & 5
I, EREEHIEE MITd - T bR BIE L 75
WZ &, FREENOZSBEITH ST D, BT
<4 70540 PR ENBEZEEFREV. DT ENS
RHEA-RIHREETRTcRkdics A4 70 54 b LB
D) L DOFEFALIRE R, ThTho~ 7 ~OEEME
(Fig. 9C (2), (3)) TOWEARL TV B EEZ LN5,
AR L 7o & 5 icili~ 7' < DR A O IR (3 {0 72
DT, ZTORERIFFHELr-1EEZ, BonkF—
Y OREMED» SHli< 7 <132 2 N#850°C 1T L /2
%, WL EHETE S,

BRI R S FE TOMNIREE <A 2 a5 b
ORI R E b EfES 5. Couch et al. (2003) 50D
FEER T, FEREES—EICET 5 F TIT 24-240 B H
MoTWVWBT EMD, B4, 23 Tiliw /<& LR
ZBAlGTR, B L CORESES 52 ETORRIE, 1
S52MEILINTH e THAH. Fi, <4754 b
ORI b BB LTI T 2 EFEZ o s &,
RIS ~1 7054 b OERKEARBE O NS, M
FrEic B — 27 238 5 Couch et al. (2003) DFEERT
i3, ERlEniz~1 27854 b OFRIEIL 15um &7
% (504 I, 2N OHEET 2L BOER Y TDR
17854 b OPEFRRRZENZEN, 6um, 5um 75D
T, JOENTHERBENZIF—EIEL G T o,



FRRE KL 2004 FEREKE P DFEPIRL O & = 7'~ OfE S Lisfe 59

Bo
e e
T L L T L
late July
/lcvq cake

D N/ E
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Just before scoria erupfion

early August late August

B3
] 901 magma
X4 a8

ﬂ 923 magma

middle September late September

Fig. 9. Schematic illustration of magma ascent history.
The depth and volume of magmas are not to scale.
The number in a parenthesis represents relative
depth of the magma column. A) 901-magma left
the magma chamber and ascended through the
vent. B) 901-magma stopped under the crater.
C) 923-magma ascended through the vent and

stopped beneath 901-magma. D) 901-magma erup-

ted intermittently, accompanying with 923-magma

ascent. E) Lava cake was formed in the crater.

923-magma ascended up to beneath the crater.

e % % ¢ 12 HEREORESSE L Th A 5,
65 27D LERBEOHETE

fif E(2004) (3, GPS BN & LA 5N 7 HRAE)
2o EBHIO T, bR 2-3km IR & 0 0 E 72
FA VKD I E 0 OFEEREEL, THTNETA
22 T o= 7w NI B L ATREE D B T & &
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SN ER D~ 7= IE VS (ATy: 38-98°C, 5 v
7 A L 96-504 ), 10—1.4X 107 mm/s O R EH
BTV, COMEREMTRED - fohlmak R EEE
A= —TEF—HLTVWEDT, 01l ~<r/<vd~<r~
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CCETOHE LKL ERAZEDE L, <17
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ARG L (Fig. 9A), B H®RICKOEMT (Fig. 9B
G ICEE L. 923~/ <38 Ath-Fallc~ /<7
T o ERERGL, @b oA bR, 8T
o9 H I 901 =7/ <Dl NITERET 5 (Fig. 9C
(2)). 9H 1 HIT 901 = 7' < X IfI O k%4 %05, 9 H
14~18 H O KLIFTIT I3 £ 72Kl D iz 901 = 7=
DR L T\ (Fig. 9C (3)) @, 923 v/ <32 DH
TICEBT S E &Mt 9 14~18 H DK K
(Fig. 9D) . KAE~NDES T —F OBl %Z & - TKIE
oD 901 = 7 < i3ZIEEH Likb b, ZokdiicieicE
HL7290l v/ <& Ebic bR LTWA923 27w bk
CIEARHIT % ¢ E5 LT (Figs. 9C (2)-E (4)), 9 23 Hic
=P QO
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FeFE I IR E N KT D 2004 FEFE 7 0 ¥ = 7 b RS
2, R HIE AR ESLEISE B(2003-B-01) [74
Kilnz 1 2 EARER O W IIZEE & BRI K PRI E
BERIBFE (FRIDESAMAED) ), B AR AT F BT E
igh4 CGLERIZE (C): 17540435) THERIKILIEHYIO A
HAHR R LK T RIOME (=R | 2%
MXETWI W,
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Table Al. Conditions utilizing for taking digital pictures of the pumice and scoria.
Pumice Scoria
magnification 1000 350 100 40 40 750 350 100 40
back-scattered electron image (@] (e} (e} @] O (@]

optical image® (e} (o] (e} (@] O
reference area (mm? 0.076 0.728 7.846  28.298 181.321 0.112 0.484 5.674  10.369
maximum grain-size (mm) 0.009 0.035 0.123 0.261 13.484 0.012 0.024 0.087 0.204
minimum grain-size (mm) 0.001 0.009 0.031 0.092 0.369 0.001 0.008 0.022 0.072

image resolution (z m/pixel) 0.096 0.275 0.962 2.4 2.4 0.128 0.275 0.962 2.4

number of grains 647 168 253 186 105 574 79 225 63

* Images were photographed under reflected light and under transparent light with one- and crossed polarizer.
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