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On the Essential Ejecta of the September 2004 Eruptions
of the Asama Volcano, Central Japan
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and Shinshu University Research Group for Asama 04 Eruptions***

Asama volcano in central Japan became active on September 1st, 2004 with a vulcanian eruption which was
the biggest eruption among a series of small eruptive events from September to December in 2004. The ejecta of
the Sept. 1st eruption were mostly polygonal fresh andesitic lithic fragments. Most of them were derived from the
andesite body which played the role of cap rock for the rising new magma and escaping volcanic gas. Less
amount of pumice fragments were also ejected and most of them are mantled by the black and dense andesitic
crust, which is broken and expanded to form breadcrust structure. These breadcrust pumices are concluded to
have been the fragments of the new magma. After they were broken into pieces by the explosion, the outer
margin of them rapidly consolidated, and then degassing and inflation in the inner melt caused rupturing of the
outer crust. The pumices are clearly discriminated from the andesitic lithic fragments by their whole rock
chemistry. The next vulcanian eruption occurred on September 23rd. Majority of the ejecta were again
polygonal lithic fragments of andesite, although their chemistry corresponds not to the lithic fragments, but to the
pumices of the Sept. 1st eruption. Small amount of scoria are found among the Sept. 23rd ejecta. Their whole
rock chemistry and the assemblage and chemical composition of phenocrysts are quite similar to those of the Sept.
Ist pumice. The black appearance of the scoria is derived from the less crystalline, therefore less differentiated
groundmass glass in the scoria than in the pumice.

From these petrologic evidences the following magmatic processes are deduced. Before Sept. 1st, a column
of new magma had risen into the pre existing andesite body beneath the crater floor. On Sept. 1st, the built up
gas pressure surpassed the tensile strength of the andesite body to result in a vulcanian eruption. This eruption
provided fragments of the pre-Sept. 1st andesite as polygonal lithic fragments, along with smaller amounts of the
breadcrust pumices. In the course between Sept. 1st and Sept. 23rd, the column of new magma uplifted because
the cap rock had disappeared. The upper part of the column was cooler and more crystalline than the lower.
Some portion of the upper part of the magma column effused and made a dome inside the crater. On Sept. 23rd,
next vulcanian eruption took place. The ejecta consisted of the lithic fragments which had been upper part of the
consolidated magma column, and the scoria derived from the lower level of the same magma column.
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KBS Licw /= Ic2 W TEET S, 50 BIHK
IZBWTC, R/ EROMEERET 5 &, KD
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B, Fxrlz, 9A 14 HPS 18 HIThFTOEHYIO+
SBEREEZBETOE WD, B - (2004) LIBE -
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2. EHYOERKEES

2-1 9 A 1 B0OELY o

9 F 1 HOWHIIZ9 A 2 Hiz, AH » B (Loc. 1)
LRSS (Loc. 2) TERELL 72 (Fig. 1).

Loc. 1 TI&, HHLOTZ7 > VD EBLUZODMR
BOEHO ECERIL 7o, BHio FoBEHYIZE T o
ZHENLTWAS (Fig. 2a) T &0, HEMEHYORICHE
WKIIKEDEAE L T WA T &8 STk D Ao
ThsIEEEIL, By IRETEHE
ROLIEERTH % (Fig. 2b). TS IFFLER LD &
ZHEB OO E,. DEOBRAFbHD, TDEL
B D A Z FUE BN Z D PHOIE S 5~10mm Fi

Kama-yal

)
Maekake-yama

Fig. 1. Sampling localities. a: Index map. b-d:
Detailed map of Loc. 1-3. Topographic map
adopted 1: 25,000 quadrangle map
Kitakaruizawa (Geographical Survey Institute
of Japan, 1989).
the Kama-yama crater which is the youngest
central cone formed on the top of Maekake-

AVO: Asama Volcano Observatory.

from

The eruptions took place in

yama.

BOROORZRE B, Fld N v ERIRICEREL T
5. TS E/ YRR (Fig. 2¢, d) &3, #4113
NURIRBEAB L OEN S OB &, BEpgEE bR
WbDENDH B, ZFOREMICETN, FEEEIIALD
IKEE L TR PHES N RIER, BRoLE Lt
MEBs EORBEER bh -1, I TRMNS RS
FrENy RRIRBADRRKD S DIFZENEN 190g & 247 ¢
Tho-T.

Loc. 2 TlE, 1Z&A EOHEHYIE 2 cm A D k11
ThH -1, ARTED 6cm, 8.6g DFELGLH -7, C
2T, av 2 ) — b0 E1m PGS 250k 2R
L, WS E®k GEVST LT, 2~4.76 mm ORIED
750 v s v LRI N TR LA S S AEEIC
DHEL 7. F OfES A Table 11339, 7538, BABOR
MO KLKO—ERIFRDbN TV AE RS 5. &
INZLTORA (BOKBEO-OVbDLEE) O
BEE, 2EEYOEREDK 74wt.% Th - 1z,
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Loc. 1, 2 TERELL 7D & B A E £ 0.5 mm
BEOHN S 2 E—X%HOTRIE L 7SR % Fig. 3 1IR
T, SR DEEIR 1.7~27g/cm* TH D, Kik%E b1z
OB 1.0g/ecm? N TH 508, 73 VAR A O
13 0.8~2.7g/em® L EALITE L, R & NI O #A

Fig. 2. Photographs of the ejecta.
andesitic lithic fragment.
fragment with a polygonal outer shape.

of the scale is 10cm. d: Cross section of a breadcrust pumice.

a-d: Ejecta of the Sept. 1st eruption sampled at Loc. 1.
Grasses beneath the fragment were heated and scorched. b: Andesitic lithic

The length of the scale is 10 cm.

ORI > THhIBEEOKRESBIHEELZEC TV S,
22 9B 23 ADMELEY
SRS L72 9 A 23 HOMHYIE, 9 A 27 HicER
BEIHK Lig¥eE R F (Loc. 3; Fig. 1d) THELL 72. BK
% 24 HCED 5 27 BRI & COWieh 7S BE R D 723

a: The occurrence of

c: Breadcrust pumice. The length
The dark colored outer part is the

non-vesicular crust, which was ruptured by the expansion as a result of the vesiculation in the inner magma,

which is represented by the pale colored inner pumiceous part.
and f: Ejecta of the Sept. 23rd eruption sampled at Loc. 3.

The lower part of this sample is broken. e

e: Andesitic lithic fragments. f: Scoria.
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Table 1. Size distribution and the constituent rock
types of the Sept. 1st ejecta sampled at the Loc. 2.

Table 2. Constituent rock types of the Sept. 23rd
ejecta sampled at Loc. 3.

bulk density
(g/cm?d)
3.0
25 ..AI il Ll
= .
w0 | REEE o
’ A
s
A A
1.5 A
A
A A
1.0 Qﬁé— M Andesite(non—porous)
MOD O Andesite (porous)
05 A Breadcrust pumice
. g O Pumice without crust
0.0 L
0 50 100 .1 50 200 250 300
weight (g)
Fig. 3. Bulk density of the ejecta of the Sept. st

eruption.
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ShMEOERIEGHA L 72455 % Table 2 1Rd. £1<
BEAEROZLER (DLIEELILbDLEE) TH
D, ZOREPZAIANTHI5wt.%EENTWE, 23
TEVFNLH0Imm BV L 2N LOERE bSO
BRIV RiEEZ < GURKME b, BXnd 23 H
S ZICBATVED, 5 Z2D0—EI3EnmiciRal L
TW3, 23)TERZTOREIWhSVIBIL, 4fO
HEEE LD THSEEL - A, TOMIF 13
g/em® Th -7, ZTOMEE L LHBOHREELEbH
. 158, @iE « EMRAEERKIL 04 R E 7V —
7 (2004) 1%, WA BEFAT B EHE LI, ThoDT
NTR, ZIETAOBORN, 8N THEET 2 EEE
0.0l mm REOML L - KA EHFLEN I AMD
BAEATHY, HERE S L IRKREEER O FRRS
Tdb 5 A[HEHED S,

rein size | weight [ ;o4 in the 4.76~2.00mm fraction 9/23 ejecta at loc. 3
So52] 145 03% Took type —— Tweight @ wik __rock type weight () 1wt %
952~4.76] 1554 | _ 3.5%| [andesite 58.13] _89.9% andesite 75.09 80.0%
4.76~2.00 64.66 14.6%] Jlpumice without .crust 1.38 2.1%| scoria !b|ack) 11.10 11.8%
2.00~1.00] 142.01 32.1%] |breadcrust pumice 34 5.3%| . il d) 3.40 3.6%
1.00~0.50] 141.96 | 32.1% [others 1.75]__2.7% scoria (partly re : :
<0.50 76.68 | 17.3% ‘total 64.66] 100.0% others 4.28 4.6%
total | 442.30 | 100.0% total 93.87 100.0%
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Table 3. Modal compositions of the ejecta.
9/1 ejecta 9/23 ejecta

. lithic fragment breadc?rust pumice | lithic | scoria

in vol.% pumice
Sample no. 7 2 3 4 5 6 7 8 9 10 17 12
Plagioclase 27.4 25.3 30.4 31.9 29.5 253 21.2 23.6 134 11.8 275 20.3
Pheno— |Augite 47 2.7 3.3 3.9 3.1 4.3 42 4.1 1.2 0.9 2.7 2.4
cryst Enstatite 5.6 8.3 8.5 6.9 9.5 5.2 6.9 5.8 44 3.0 6.3 3.4
Olivine 0.7 1.0 0.2 0.9 0.4 0.7 0.0 tr 0.4 0.1 0.4 0.3
Opaque 1.2 0.5 0.9 tr 09 1.1 1.2 1.2 04 0.1 0.6 0.7
Groundmass 56.2 59.3 56.7 51.3 55.9 52.0 45.5 52.7 429 125 52.0 40.7
Vesicle 4.2 3.0 0.0 5.0 0.6 11.4 21.0 12.6 374 71.7 10.6 32.1

The No. 8 and No. 9 samples are the outer crust and inner pumice of a breadcrust pumice,

respectively. tr: Exist but less than 0.1 wt.%.

WPhenocryst O Groundmass O Vesicle |

9/1 lithic
9/1 lithic
9/1 lithic
9/1 lithic
9/1 lithic
9/1 lithic
9/1 lithic
9/1 pumice(crust)

9/1 pumice(inner)

9/1 pumice
9/23 lithic
9/23 scoria

I I

| I

T T T
40%  50% . 60%  70%  80%

< by 7 RRHIER YV, Crict LTSy 72 75w v
K, Z20OBEPOTHICIE RO T YT b U EERE T
BT HROMIE A2 E| 2 HETIT - 72, D&t 8211
AR« =5 (2001) ICFEICER STV B,

B, H52E—F{EKIcHD, 9H 23 HITHEH L
rEIER O—EEZ ) TORTIR, A DREH/N
SV EnD, BEoEFE2EDETHRAAS 2 E—
K& AERR L fc.

42 SDIHER

TR ol - WSS 1L Table 4 & Fig. 712779, 9 H 1 HOEH
[BPlagocies o @o WD S b, B, BEREELEEVLDE DL,
A S T L CHRE DR OHSY L BAOHLY S & ORI TR
1 e [ BEDEVEALNE, ZHICH L TEL ORILER
9/1 ithic 13, BAOMBD Sk L, BAOHMEKE O & Sio,
e 122 LR (Fig. 7g, h (WM THRA 226 1< 7 1 »
s;//11 pumi‘oe('crust; w—-——-———w—-————————“ ........ k é j/[,é ﬂm%ﬁ‘d)tﬁa ;P J:ﬂ: L/ t;ﬁ;{qt Q 5%ﬂ
o1 bumie i AR 70y P ENBbDbH 5, HHEENETE
o k mm ‘ " O RW/Z) THRA &, B E UG SR b

0%
volume %

Fig. 4. Modal compositions of the ejecta.

(Fig. 6 D A1k = RHD).
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41 HWAHE Frofik & 3EREICEL > TV,

SHEOERS ILHE EMETCT O 2 FHRFEFRE &%AM@%L&%%EA@E&%(%ﬁ-m,mm)
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fo. BABRRE 2g CRIFIOIMIZSEEY Fu L d4gt HPIO SI0ICZ LWV B D EFEIED SI0, 8% o0, Fe,
BAOLTHIRAE— FEER L. TECEOBRERIE 05 MgO, CaO B EDEHEMNZN S RIS, Fig. 7g,
HE A O BEERE Z W CTlER L 72, 2D se h i cHA KL —#oZlraid, RO, KIHOBEH

Pk, WIEFTEER ORI, = « fth (1996) 135
Wik RENTWAE, Fio, METLKEONITICE, WHE%
W TPERR L 7o fEHE 4 5 2 % BV TR #R & VERK L /2.

Y& T, N2 MgO, CaO B0 > TW3, =
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5. S OILEFHERK

BHRSEY, AR I 2BLU<A 7054 L OEHKS
{LAAFHER D 237 7 3 MR SF FAAR B R 0% © SEM
(AAE 151 ISM-5310E)-EDAX DX4 ¥ 2 7 4 (EDS)
TiTote. DGR E RS v & —F, SIisEERIT T
(2004) LRI TH BD, #72DOHHFICH->TR, 7
WA ) JEFR DR Z B < oI v — AR AN Thy
itz

51 BIREY

BEEASEA) D 15 3 Mrik 4 Table 5 & Fig. 8 IT/RT,
A D AFRITD VTR L 2B E D15 b 72 2k

a 9/1 breadcrust pumice (crust)

LR

b 9/23 lithic fragment

5mm

Fig. 5.
rim of the Sept. Ist breadcrust pumice. b:
Outer rim of the Sept. 23rd lithic fragment. c:
The Sept. 23rd scoria.

Microphotographs of the ejecta. a: Outer

OMEENZARFATH 25, 9 A1 HO®AE 9 A 23 HO R
a1 7 T Mg ED HHIRTHEE O &\ b O Ol % Table
50md. AHEAR, ToOREBIcOWTHR S & AnfHE
M 55~70 DEIFHIC A % b D BEATED B Z R D 3 KER
DA DTV (Fig. 8). BMOBHBIREE LD o
AnfHEICZ LW EDLW, =X I A T RT
DEGTET Mg {5 60~70 < 5 WicHEhd 2% &
D, FNITMgETICVWIEZETMgICEL b Db D
5. fH% OBEFORSEFHOMBICEVIEH F 0 13
W, A=V A bOHKIBEAEICESTIREALTFL
FRARIEIC 7 0w b XN B (Fig. 8). WM ORI

a 9/1 breadcrust pumice (crust)

|

ﬁ plagioclase
@ pyroxene
@ magnetite

‘ xenolith

5mm

Fig. 6. Sketches of the habits of phenocrysts by
tracing the microphotographs (Fig. 5).
and groundmass
arrows see the text.

Vesicles

are not shown. For the
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Table 4. Representative chemical analyses of the ejecta.
major 9/1 ejecta 9/23 ejecta
element| pumice 1 pumice 2 pumice lithic fragment scoria lithic fragment
(wt. %) Jpumice crust |pumice crust | without crust 1 2 3 4 5 1 2 3 4 1 2 3
SiO, 60.69 60.71| 60.71 61.03| 60.92 61.07(60.34 60.29 59.93 59.98 57.07]60.38 60.49 60.83 60.59|60.88 61.21 60.89
TiO, 0.69 0.71| 069 0.70 0.7 068} 071 075 0.71 0.72 0.71] 068 0.70 0.69 0.71f 0.71 069 0.70
Al,O; | 16.17 15.85| 16.06 15.76 1578 16.03|16.00 16.26 16.10 15.93 15.89]16.25 15.79 15.76 16.01(15.82 16.03 15.79
Fe,Of 6.98 7.33| 6.92 724 7.11 6.93| 695 694 742 745 753] 7.10 738 7.24 7.11| 7.13 694 7.20
MnO 0.1t 0.1t 011 0.1 011 o011 011t 011 0.11 0.12 0.5 0.11 0.12 O0.11 0.11] 011 0.11 0.1
MgO 380 3.90| 3.85 3.85 39 381 410 420 405 417 6.21] 387 411 395 375 3.80 372 3.74
Ca0 6.72 6.62| 6.70 6.54 65 6.38| 691 6.67 690 688 6.84] 6.71 6.57 654 6.71| 649 6.56 6.41
Na,O 309 3.03] 3.06 3.06, 3.06 296/ 3.05 3.04 309 3.09 3.87] 3.05 3.00 3.01 306/ 3.04 3.07 3.09
K,0 128 1.28| 128 133 132 132 125 122 120 1.15 1.05] 1.24 126 131 1.28( 1.34 131 1.33
P,05 0.12 0.12[ 011 0.12[ 012 0.12f 012 0.13 0.12 012 0.10f 0.11 0.11 0.12 0.12 012 0.12 0.12
Total | 99.65 99.66) 99.49 99.74| 99.52 99.41199.54 99.61 99.63 99.61 99.42]99.50 99.53 99.56 99.45|99.44 99.76 99.38
trace element (ppm)

\" 182 188 188 185 184 186 189 209 193 198 190] 181 189 188 193] 188 182 186
Cr 51.7 60.1] 545 542| 56.6 60.7] 66.3 69.8 545 548 70.1] 479 570 552 494| 509 682 504
Co 19.2 175 216 185 17.0 186 246 18.8 243 196 208] 199 223 155 21.2| 220 228 125
Ni 330 396| 331 41.1| 385 364| 375 39.0 36.1 363 475| 315 349 335 30.6/ 314 314 304
Zn 630 64.7| 642 649| 645 658 60.8 59.6 621 650 88.2] 639 660 642 644 629 638 643
Ga 169 163 172 169 166 166| 157 174 165 165 16.4] 169 162 170 16.6/ 167 152 16.1
Rb 30.2 303 300 313 309 303| 26.7 273 252 207 88| 295 304 300 31.2|] 310 31.1 306
Sr 305 295/ 301 291 294 298| 303 312 313 307 316] 304 295 292 301| 296 301 295
Y 16.3 175 160 16.8| 167 169| 157 166 163 16.2 150] 162 16.7 166 16.1| 168 186 16.8
Zr 93.8 93.5| 922 938] 950 939 91.0 922 89.2 889 821] 904 929 943 942| 976 96.7 955
Nb 1.5 141 24 20 2.2 24 16 22 12 13 14] 15 28 20 1.0/ 16 22 21
Rb/Zr | 0.322 0.324] 0.325 0.334] 0.325 0.323(0.294 0.296 0.282 0.233 0.107]0.326 0.328 0.318 0.331{0.318 0.322 0.321

Fe, 03*=Total Fe as Fe,0s.
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Fig. 7. Whole rock chemistry of the ejecta. The products of the Tennin and Tenmei eruptions are from
Takahashi e al. (2003). Fe,Os*=total Fe. All the data are recalculated on the basis that the total=100%.
See the text for the interpretation of the ellipses in the figures g and h.
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Table 5. Representative chemical compositions of the
phenocrysts.
olivine plagioclase
9/1 9/23 9/1 9/1 9/23 | 9/23
| pumice| scoria lithic | pumice]_lithic | scoria
Sio, | 39.59] 37.84 Sio, | 53.87| 5373 5359 | 52.12
FeO 16.26] 24.10 Al,O3 | 29.43| 29.75] 29.32| 29.86
MnO 0.21] 031 FeO 058| 058 064] 0.79
MgO 44.2| 36.75 Mgo | 003| o014] o.12] o019
Ca0 0.09] 024 CaO | 11.82| 1233 11.96 | 12.74
Total |100.62 | 99. Na,O | 423| 402] 4.15| 368
=4 K0 | o10] o0o01] oo01]| o007
Si 0.996] 1.001 Total |100.06 |100.56 | 99.79 | 99.45
Fe 0.342| 0.533| 0=8.001
Mn 0.004] 0.007 Si 2433 | 2417 2428 | 2379
Mg 1.658| 1.450 Al | 1567 1.577| 1.566 | 1.607
Ca 0.002] 0.007 Fe | 0022 0022 0.024| 0.030
Mi1+M2| 2.007 | 1.997 Mg 0.002 | 0.009 | 0.008| 0.013
Ca(%) 012 034 Ca 0.572| 0.594 | 0.581 | 0.623
Mg(%) | 82.79 | 72.85 Na | 0370 | 0.351| 0.365 | 0.326
Fe(%) | 17.09] 26.80 K 0.006 | 0.001 ] 0.001 | 0.004
g valug 8289 | 73.10 Ca(%) | 60.33 | 6286 | 61.39 | 65.39

Na(%) | 39.07| 37.08 | 38.55| 34.18
K(%) 0.61 006)] 006] 043
An(%) | 60.69 | 62.89 | 61.43 | 65.67

pyroxene

9/1 H_Euc 9/1 pumice 9/23 lithic 9/23 scoria_|
Au- Ens- | Au- Ens- | Au- Ens- | Au- Ens-
gite  tatite | gite  tatite | gite tatite | gite tatite
Si0, | 51.73 5331 5250 5244 5250 5327 | 51.63 52.52
TiO, 0.41 0.13] 041 016| 030 036| 044 0.14
A0, | 161 o058| 158 18| 157 o082| 164 o
FeO 10.67 20.57 9.97 2068| 1089 21.75| 10.05 20.84
MnO 0.23 0.65 0.25 0.45 0.28 0.54 0.36 0.53
MgO 1453 2335| 1467 2257 1428 2279 1483 2291
Ca0 19.81 1.14 | 20.23 1.66 | 20.28 1.53 ] 19.85 1.46

Na,O 019 000| 036 005] o026 o0.10] 031 0.05
Cr,0, 034 000}] 031 036] 033 016] 022 0.1
Total | 99.39 99.72 J100.29 100.25 }100.70 101.32] 99.34 99.27
0=6.000
Si 1946 1979 1954 1.942] 1954 1960 1.943 1.966
Al 0071 0.025] 0.069 0.082] 0069 0.036| 0073 0.031
Al 0.054 0021 ] 0046 0058 0046 0036] 0.057 0.031

Al 0017 0004 | 0023 0024} 0023 0000] 0015 0.000
Ti 0.012 0.004| 0011 0.004} 0008 0010} 0012 0.004
Fe 0336 0.639| 0310 0640} 0339 0.669] 0316 0.652
Mn 0.007 0.020| 0.008 0.014] 0009 0.017] 0011 0.017
Mg 0815 1.292| 0814 1.246| 0.792 1.250| 0.832 1.278
Ca 0.798 0.045| 0.807 0.066 | 0.809 0.060] 0.800 0.059
Na 0.014 0.000| 0.026 0.04] 0019 0.007] 0.023 0.004
Cr 0.010 _0.000 | 0.009 0.011] 0.010 0.005] 0.007 0.003
M1+M2] 2.009 2.005] 2.008 2.009] 2.008 2018] 2.017 2017
Ca(%) | 40.97 229 41.78 337 41.69 3.05] 41.08 2.94
Mg(%) | 41.81 6539 | 42.15 63.82| 40.84 63.14] 4269 64.26
Fe(%) | 17.22 3232 | 1607 32.81 | 17.47 33.81] 16.23 32.80
g valug 70.82 66.92 | 7240 66.05| 70.04 65.13| 7245 66.21

SV T3 Walker (1969) 1 & D fhod < v ERRK ISR D
BlEDVTHRIES N TV 3,

—FH, ZAROLLER 3T NTHRAOE 3R 51k
FHHEAE D - TV A, TAS5D S5, Si0-K, 0K &,
SiO-Rb/Zr KT, BAL D 0% Si0 102 LWL AERA
Lodfid A 0A (Fig. 7g, h IR THHA Z2fRI8) (o4
FoTFoy bah3—EHobolcowTlE, 991H
MEKEFICBRIC AR L O e Rk T 2 EFE A o
3. TOLEIEEROIEKEIC > W TIIARIHTH 353,
Ll C o2l % pred/1 Zis EFFA Tiliim 4 5. B
&b pred/1 Zirg & bR ZHBGEKICT B b &
Na2ZER 1, 2o & BBIOEAICHEKRT 5 EEZ
5N 5. flZ13 Table 4 ®9 H 1 HOL AR DRE
No. 513, oSGk &2 REMREICAE LT

POMBENTEY KOKRTHE LTHFEEL TV DD
ThHLEMRTEBEHDTH-1. HFLiTRTOE
FHZOXIICHETH - t@*ﬁ%ﬁf%fbéhif
VDS, OHHED IR0 Bl TV B T & FZTERE
AlchkT B EARELTVS.

612 91 23 ADMELY

9 H 23 Hic3ZfUE CRIRMICE GBS W L—HIRE
DZ ) TEH L7, Figs. 5,6 ICR8d B0, 23
7 OHG EBLRS ORRAE RS &, 9 1 HOBARK
WER 1 HE 23 HOZHIZIRER & 138 -><T, &R
I K - THREILIDUIEs TV EW S HEIRIF
ARSIV, s dwic, 23 7 oNENH
ORI DN IR > TRIEGNTWS T &%
W, SRR, 23 ) TOREN T REBL ST

LIS PPRIE & F RS 2P AE S > T, 5D
LA TH -1 EA2RTHDTH S, HtbLbED
HAMERTD - 1o &1L, IRFEFEOBEEIT X 2 Bk
A ftho 2 g & ERRICH A 5 2 &b EBUMTL
TEkEntzThH 9. i-TIH223HDOZRIN T H
KEMETH D EVZ B,

9H 23 HOEAKTSH, MWD > biRbEr 7D
Ll TH -1, UL, 9H 23 HOZIER D% ﬁ
ElE, TXCTIA1HOZUER L 3ERICEL>TH
D, 9H 1 HOBRAOOMKABICEE L T7ey F&h
% (Fig. 7). H&Spofdveg, MkbBEaeErT
HBDT, 9A 2B HORIEFDEZLDbDIE, 9A 1
HickRLC&k~r=oEkE LicEaThELEELD
DNFEHTH 5.

62 TUTDHEEOEIL
9H23HDZ 2 7 ORIk &b
29 H 1 HOWA EZED 575\ (Figs. 4,7). L7chi->T
SHIHE2IHETHEE LA/ ~BRILLDTH -

foElREMEDSE O, L, 22 ) 7T RAEMICELS, B
oA EIFRMT ERISS. 9 23 HIcEE LT

) 7R S IFVDIR, AEROKILN S ZABEETH B 1
WTHB, THITHLTIH 1 HOBELADHEED T 5 2
BBEHTH S, AEDOH 5 2O EEST S E, 9H
BHOZRIYTOHENIAITHOBRAGED bHEEIC
Si0; 122 L <, Fe icg Uk & 78 » TW 3 (Fig. 10). —
W, GEO<A4 7854 bDE— FRICOVTHET S
L, BANKIB0% IS L TR I ) 73K 14% Th b i
GED DDV (Table 6). 2% D, 923 HIC
BHL< /<32 B<A 7054 hOENDISVD
T, R RICEHPR /2 v B EDEAN LD EA
TLaTeHhIcEIuTV3, TAIHLTIHTHD=
7= 3T TIHASEERL L TV D T, T 5 DESHS
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Fig. 8.

EEICEONTEPHICKE >TVEEVI DI THAD.
fEO~A 7054 b DS5ET, 91 HOBLITEE
TNTVEAFL, A2 HOZRI ) FICREENATL
KO, AIE<A 7054 MO S B TREBICEHL
1EBEZAONBEDT, ThPRETBICE>THEWNI
H2BHOZa) 7o~ 7<Id9H 1 HOBRLDZ
N& v SIEKEOIRENE D - 12 AJREM S E L.

63 MEKDIERE

Vi Eo#ERICHESWT, 9 AT ok ofFi#iconwT
D% 7% Fig. 111IRT. KIS Lic~v 7 <I39AH
1 BEENS, 9 TR FISEAE L T pred/1 Zl
HEPICEA LK., R LU= 2 <0 0 RREITHES %
JANEC D, A pred/1 ISR EEEE LTZDOT
HIcER S Lic (Fig. 1la). ER LA RICiF < <
B onH kb oRELLbDBEETN TV ATRE
bbbz, 9H 1 HD Y RIRE S ORGSR FE R IC
LABENTTEIYD, ZOHNDLET S ZADEKE
EEKEF DAV RO EKEEZRLTVWEEEZLD
N, TORIF, FT-IR ICL D 0.6wt.% LiHllsh 3
Z DB 850°C DIHEBEEE < 7 = 2 50 bar DIF ST I
B 7o D BRI K A SR IS XY 3 5 (Silver et al,
1990). 7/ REKDEKFIO < 7 < i2hm b ES]
1, BEOSAMELEEOLREEDME 5 (Self

Compositions of pyroxene and plagioclase phenocrysts.

et al, 1979). Self et al. (1979) |&, ZIlrE DR R4
100200 bar &HEGE L 7243, 1@ « fth (1995) 1&, & 5D
ZrEDO—lE [ERE R Ty BB % 42 bar & EHHI L
tz. AEIOEKDIEE & 15 - 122415 O 5 [HEREE 13 AR
ThH BN, BHANCATT LT &b 50bar FREDO A
ZEMEBZ LN T W TSN 5.

B, BOERIERSNCRICGBIEREL TV 507K Hh
5, BODORE LS - o< 7 < ONERT DI IR D
EEOBERTIEE L, bl Lo R ITEERS 218508
RIER E< 7 <AL TEERIE L2 EEZ 5N
(Fig. 11b).

9 H 1 HOWEKDk, H U7 KO3 KOBEIE I
Lo THBIIToN L EHEIE NG D, ToIciEE %
KoTERLPILBow/<HENREALTEL. £
D= T=PRBT 5L 97 14~18 HOEFEE K Z# T L
el ES NG, B - fih (2004) iIT LN, 16 DO
HUIhOZ VB SR ICIEEWY 5 2 LB A 5 2R
o TED, WEEF - {th (2004) 139 A 16 HIHEH L
KIPKenz, A ) #EEE 0 b0 EHRE L
TW3, Likh->TIH1HIZEY 7 <D NEHICH -
72, Si0ITZ LK Fe lCEARMEREOEK VW~ /<0
DTAETICHIERMNEICETERLTETVWAEEZS
N3, TOBSE TIHENS D> tclcd< 7 <hbDK
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A 2 OEGRIGES IS SN, ko risokE EEOEK T CLBRER TRIER SR C -
Rtz V=B ERLTELIEICES. TO< 7 <H  (Smith et al, 2001) 72 EFZ o5, 9 H 16 HiTld K
9H2HOZa) 7ER-THKESAE, 23 ) 70K HEIE SV —FEOBEENGEAET 5 T & RARKEI
ANEKIE T, HERICARO AL TV 5 DI
A~ 7= OIS a2 1o, i 3BEHc

Table 7. The chemistry of the microlites and glass in

the groundmass of the Sept. 1st pumice and the
Sept. 23rd scoria.

a 9/ pumice (CTUSt) 9/1 pumice (crust)
T magne— ens— aug- pigeon— plagio— | microlite | glass

tite tatite ite ite clase | average | average
SiO, 0.42 5206 50.12 5258 54.54 51 .,27 75.%3
TiO, | 1606 039 095 049 0.09 219 0.77
Al,0, 1.67 151 263 1.81 2803 18.53 11.61
FeO | 70.65 1820 1520 1648 0.88 12.60 3.35
MnO 0.31 043 039 032 o001 0.12 0.04
MgO 1.32 2341 1490 21.21 0.09 4.00 0.42
Ca0 0.15 237 1484 688 10.99 8.07 1.55
Na,O 000 0.10 020 0.18 446 2.89 3.04
K,0 0.15 0.01 003 0.00 016 0.12 2.66
Total | 90.72 9848 99.26 99.95 99.25 100" 100"
9/23 scoria
Sio, 043 5262 4988 5146 54.07 52.32 73.76
Tio, | 1305 028 068 054 0.10 0.61 0.90
Al,03 224 144 281 2.69 28.85 21.26 12.94
FeO | 70.54 1648 1081 13.68 078 6.45 3.98
MnO 025 036 021 029 0.00 0.09 0.05
MgO 148 2451 1532 2146 0.11 5.65 0.58
Ca0 0.16 236 1712 7.73 1159 10.63 2.32
Na,0 006 005 020 0.18 407 294 3.08
K,0 008 001 002 0.00 005 0.04 2.38
Total | 88.28 98.11 97.05 98.03 99.62 100 1007

* . recalculated to be 100%

The average composition of microlite is calculated
using the data of chemical compositions, modal
compositions and density of constituent minerals.

Fig. 9. Back-scattered electron images of the Fe.Os (Wi%)
groundmass. a: The crust of Sept. Ist pumice.
b: Sept. 23rd scoria. Mg: magnetite, Pl: " ;:;: ::::(‘:ﬁst) WR
plagioclase, Px: pyroxene, Qtz: quartz. + A9/23 scoria WR
12 Aglass (9/1 pumice) Ll
~glass (9/1 crust of pumice)
¢ glass (9/23 scoria)
Table 6. Modal compositions of the groundmass 0 ::::::::: :: ’S"c‘;"r‘: ]
from the crust of the Sept. Ist pumice and the g
Sept. 23rd scoria. X B
6
9/1 pumice .
invol%| (crusty | 2/23scoria| ¢ X -
glass 69.7 85.9 2
plagioclase 21.1 10.7
silica mineral 2.4 0.0} % 55 60 65 10 75 80
enstatite 2.4 0.9 SiO: (Wt%)
augite 0.7 0.9
pigeonite 15 13 Fig. 10. Chemistry of the glass and microlites.
magnetite 22 0.2 WR: The whole rock compositions. The plots
total 100.0 100.0 of the microlites are the average compositions of

all constituent minerals as shown in Table 7.
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a before Sept.1st

crater floor

andesite already
N solidified
(pre 9/1 andesite,

gas built up
beneath thel;
andesite

new magma
temperature being
higher in the lower part

b Sept.1st

andesite
fragment

fragment of magma
which afterward
expanded to form
breadcrust pumice

¢ before Sept.23

solidified lava

L= —THlllshTnd CRA-fth, 2005. HZ5
<, 9H 1 HoWAH~ 7/ <0k »sHiskicit LT
BHEILL F—2%2{F-> TV bD EiFIRTE, 0%
ZNDNBE &1 > TEDO FITKILT ZADERFR S N (Fig.
1lc), 9 H 23 HICldZ DA R DIEFIc L - C, [l L 72
BWEERERIIL, ThicE-Tws<vbzxa)7&L
ThieoaNEHEESNS (Fig. 11d). 23 ) 704
HAS2ICEFNEKORIIK 01wt % &, 9A1HD
BAOLD b0 KN, ThidkEFE EFgucuk L
TLE->TVicdTHAS. 9H 23 HOMEKTIS pre
91 ZFICHRT AR kb ALOENTOVRVDTH
LN OB ETRIBEDOREZIZEAER L TY
oz,

VI LoiE» 5A T, 9 41 HE 23 HOMMEK & &1L
Bt 7 s REKTH -7 WH T ENTES, £
fz, WK E 2 DORD 14~18 HDOBEK D4 X TIZ[[E—

Fig. 11.
process.
depth are not in scale.

a: Before Sept. 1st, a column of new magma had
risen to some shallow level beneath the crater

The schematic illustrations of the eruption
The size of the magma column and its

floor and the decrease in pressure caused degas-
sing of volcanic gas which was built up beneath
the pre-Sept. 1st andesite body.

b: On Sept. 1st, the built up gas pressure
surpassed the tensile strength of the pre-Sept. 1st
andesite body to result in a vulcanian eruption.
This eruption provided fragments of pre-Sept.
1st andesite, altered older rocks and magma. The
magma fragments were originally polygonal-
shaped. While they were transported in air,
they inflated as the of the delay
vesiculation inside the magma and formed into
breadcrust pumices.

result

c: In the course between Sept. 1st and Sept. 23
rd, the column of new magma uplifted because
the cap rock had disappeared. The upper part
of the column was cooler and more crystalline
than the lower part in which the residual
magma was poorer in SiO, and more enriched in
Fe therefore it formed darker glass than the
pumice of Sept. lst eruption.
the upper part of the column effused and made a
lava dome.

Some portion of

d: On Sept. 23rd, next vulcanian eruption took
place.
already consolidated upper part in the magma

The ejecta consist of lithic fragments of

column and the scoria derived from the lower
level of the same column.
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