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Petrological Characteristics of the 2004 Eruptive Deposits
of Asama Volcano, Central Japan

Taketo SHIMANO® **| Akiko Itpa™*, Mitsuhiro YosHIMOTO*,

Atsushi Yasupa® and Setsuya Nakapa™

The 2004 eruption of Asama volcano, central Japan, was characterized by emergence of small amount of
andesite lava in the summit crater, strombolian explosions and a series of vulcanian explosions. There is a good
correlation between the degree of differentiation of glass in juvenile ash and repose times between successive
explosions. In contrast,
glass in ash from continuous strombolian explosions is less evolved chemically and is poorer in microlites. The
chemical compositions of the evolved glasses in the Qz-Ab-Or diagram suggest that the magma was degassed at
lower pressures. This is supported by low H,O contents of the least vesicular rinds on bread crust bombs. In
addition, complexly deformed fragments of white-colored volcanic sediment containing high SiO, glass and silica
minerals, which probably originated from beneath the volcano, shows substantial heating evidenced by partial

melting of the sediment and further modification by strong shearing along the conduit wall during magma ascent.

Glass in ash erupted after a long repose time is high in SiO, content and crystallinity.

The eruptive sequence can be modeled, as follows; 1) magma emerged continuously in the summit crater,
accompanied by strombolian explosions (lava emergence and strombolian stage). 2) Magma became stagnant
and crystallized at a shallow level in the conduit (repose period and crystallizing stage). 3) Vulcanian eruption
occurred when crystallizing magma was pressurized by addition of new magma and/or gas accumulation sufficient
to overcome the strength of a lava plug present below the crater (vulcanian stage). The 2004 eruption was
marked by repetitions of this cycle and the conduit probably was choked when magma supply stopped. The
deformed nature of volcanic sediment entrapped as xenoliths suggests significant shearing between viscous magma
and the conduit wall.
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JEick 2= 27 <0k ) + 5 2EEDO EFREMES 72
W, AV M IZEEEIREEIC S > THEEE S HETT 4 B
(Couch et al., 2003). #4F, MHD 7w h /2 XKD
Plic>WTIE, <7 <0 LAwiE s U 7o s
B & RARDEHIY & DD TThN, <7 <Okl
TR & BEE S T S T\ % (Hammer and Ruther-
ford, 2002; Couch et al, 2003). L L, #E~x IS
y—VERT TN REKIH LT, TDLSYE
PO ERNG F 727075, A A H =X L OFHEfiR
K37 — 5 OERBPBIETH 5.

AL 2004 529 H 1 H & 0 K ZEBIE L, 2004
FEARIT U T A D & BB o HibE cWrsen s KL
LK, kil E T 5 T ovh s B KIEE) %
To1z. AT O], BEKITOWTERYIO S,
MEHEO BRE O 2170 (A - fth, 2005), #kie) s
YHEBUCRRIH Lz, $72, 9 A 13 H, 10 A 29 Hicldil
TEREOHFEEIC L 0 KIIEREORB SN L . Ch
5 OIEHW A L 2ok IISIc oW T, T, HE
2 B 5 O BRI BRI 7 — s B o TH D
(K& « fib, 2005; &K « fth, 2005; FEA - fih, 2005; (11
A« fth, 2005), EFAMYPIC X ZEEOETEF R
H « fth, 2005b) &iTHbNTWAE. TD LI, KK
T ) RIEKD A H = X LR ZAINTELE S 5 TR
HOr—224 54 —Ic85&EZ N5, TR
XU, BRI 2004 FEIE K IE ) O S G SRR D
5= /< OB EZH S MiT L, <=7 <Dkl A
A A= RBCDVTELEEITS.

2. EXOPE

BRI, R S IEPER 130 km IS (& 9 2 RKE
Kiich v, R 2Eo7 ) =—2UEk (1108,
1783 45 K=, KMHBEK) %2f7- T2 OATHEIED
mklchd B Gk, 1993; 22t « fih, 1997; Fig. 1). —
05, WHIRERCLIRE, Akl R 7ov 2 2k
Z1T->TH D, 1910, 1930, 1950 4EFL, 1973 FEDTEH) I
BRICIERTH - 72 (I, 2003; i « fth, 2005). &b
TEFE TSI |3/ NEIRE 8 K R & FEAE S & 2 T5EF08 T m
KoKz K5 5 4km L _EgfEN 7ot ic B & &
LiEE T Ebb o7, UL, 1973 LI, /)N
Hlk K ESURF (1982, 2003 4F) ©EXIEFIOHE E
A onlen, WRFERTH O < 7 <EH AN G
MR SN TV - T,

2004 FEMEKIZ 9 H 1 HEE DIEKZRIEL, 20k
B ~BOER DRI % 35\ g ALK, KL,
KUPEBR DK iE#) %17 - 72 (Table 1). fHFIOE KX,
BHFTP SIEFAL LT HEEE) CRBLS B A5k

o : sampler (regular site)
: major peaks ®
5 klll —: contour (m)
— | —: major roads

Fig. 1. Locality map of Asama volcano.

Table 1. The 2004 eruption sequence summarizing
type of eruption, samples, and repose intervals of
the 2004 eruption.

Date Eruption ()* investigated sample repose (hour)
9/1 explosive (1) | ash, lapilli, volcanic block 188*
9/14 small (3) ash 295, 10,2
9/15 small (40) ash <9
9/16 successive | ash ~0
9/17-18| successive ash ~0
9/23 explosive (1) | ash, lapilli 119
9/24-25 small (2) ash 14,33
9/29 explosive (1) | ash, lapilli 90
10/1 small (2) no ashfall 47,6
10/10 | explosive (1) | ash, lapilli 222
10/15 small (1) no ashfall 107
10/16 small (1) no ashfall 26
10/18 small (1) no ashfall 44
10/19 small (1) no ashfall 31
10/28 small (1) no ashfall 206
11/14 | explosive (1) | ash, lapill 425
11417 small (2) no ashfall 66.2
11/18 small (1) no ashfall 9

The repose intervals are calculated from eruption
times by Japan Meteorological Agency. explosive:
vulcanian eruption, successive: strombolian eruption.
*: For the first eruption, repose interval is assumed
to be equal to the duration of glowing in the crater
before the event. *: number of eruptions.
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L9 H 1 H20: 0268, 7ovh s EKIT & 0 ERlG
L7z, TOBEKTIE, SRR EIEER) 250km D
EESEICENE L/ d, BFICL D KO 58 4km D
HPRITEL em~%$ m KR OV K LS BRASEIE L 7.
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5, REIO KBS pEEICE 72, LTI H 14 H
ISR OUNRB S IE K 2Bk L, WA KT EZEHT m
Wb B KL HIES % 9 H 18 H & TWiseiciT -
7. FRic 9 A 16 HE-17 HOBE K TR KOfhmic R L
roKIEEBIAS R & h 2 o psEiEE s, AT bHRIK
UKD IR Sz, £/, KOMICIZERR 140
m OHJECTRFISES ¥ — & GEFR, 557 —+) M
MENTWAEZ EMGROL -5 IcX RIS nT
(9 A 16 H 10: 40 [E - H Bz ; http: //www.gsi.go.jp/
BOUSAI/ASAMA/). % Of%, HIEIESE), KL
EML L 7o R oo KIS ke L, 9 A 23 HICH Y
HIEIEEOIEF{LO DB T v h ) RIEK AT - 12, VU
B, CoXSsiEE) CKMELS, HEEEERL—> 7 v
A1 KD % I~HolEfRbEc R Lichs, 12 AL
R % PE S B K 3R STV,

3. HEHYEREAE

Fr dEAKEEZO 9 H 2 HARH X 0 IEHYHEEETT
W, O b A TOREKIZD W T YIS TE A A 1k
s HIEFEICH T TIT - 72, FRic 9 ARFE~10 ARIZH
RS HUEBFZE A 3 F K BRI 12 5 B LIRS i 2
fo. e, RANC & - THA BAEMICHTS 25
TG 2720, 75 AF » 7 BIEA NTEK I H
58K 4-20km OEIPHICFTHH 60 H:%E L (Fig. 1), &
MR EUEHEIN & A ER AT - 72, £ 72, RKIBL
TATHEED FIcHERS U 22 & 52 L 2132, ek
BHZ D W T (RO 2 SFic L 0k L CTAW 72,
—7, 9 A 13 H, 10 A 29 HI<RAMLTERIOFH A%
TIPSR AR L 72, B, ThooEHEYIDNh
PRI, RIS W TIREA - fth (2005) THERT 5. D
Lo &S ikEEAIC X, For KO KRR
I L te, F 1o, BIIREBZEREMES 7ovn 7 g
KTld, RISk T L7c kLK, K720 5 10km DIN OH
IR T L7kt em oKL, S TERAICE LR
Bt em~# K 10m DLEDKEESE (idZ o—if) Off
7S 3 v A4 XMW ARG 5 & Easthiskre.

4. THEY O
41 KUK

A K D—BOTERIC X - T S o kLK, +
&Ll (RHEA, HA), #ERER T, 75 28

Table 2. Classification of ash particles and their
groundmass mineral assemblages.

particle type groundmass minerals

brown |Pl, Cpx, Opx, Ox
glassy
colorless |Pl, Opx, Si, Crd, Lm
brown |Pl, Cpx, Opx, Si, Ox

crystalline

colorless|Pl, Cpx, Opx, Si

P1: plagioclase, Cpx : clinopyroxene, Opx : ortho-
Ox: oxides,
cordierite, Lm: limonite.

pyroxene, Si: silica minerals, Crd:

WTFo3FEEOR TICX ks N5, & oIckiRE,
# o AERFICE, BEAIRN T (REe~Ets2d
BEOEVKILKOEIR) &Mk LK (e~
BEET 20N KILIKDORIR) WFETET 5 (Table
2). LWFhokFbREA, HAazias L TatEs
b5, LEIE L CESRER T, fBas s 28
THORERA, WA, 8T 5 VB, £ B
MO HZOITXL, MEH S 2B T3y ) hiY, ¥
O, B o s ENEMTH B, BB, YA
M E LT, AR MY T oA~ EER) ofiE
DRRD LN, W b/DE, MikiTh B0, 2
PN > W CliE £3589 2 D REETH 5.

fhEER 1, BN S RERFOARI & L TR,
BEA, OS2 TOBEHYNSEED 5h, 9 H 16-17 HEL
ADkIFITld ¥ Y AR D S b DTt L, 9 H 16—
17 HORFITid > ) AEIsEss S s\, Hic9 f 18
HLBOR TI2lE, AREICE DL OaR8kF 7 Vg
{tEECbOMBEHONG. £, BOT I 2Eh T
IZOWTIE,  FEEERLTIoX 4 2 BHAEKBIG% 9 A
17 H & TEIMEAERIC S - 7228, €DK, ThoDEEE
i, —Em v LD e 7R L7 (Table 3). —4,
Ao AER T DR (&R0 % ki) Th 503,
9 H 23 HUIR T8N 2 @R 2358) S i,

1535, BO~EEOE VIS RO RE & i
AL TWA LI THDM, ¥4 7854 b ORI
GEHERY CRHE G & BEMEE O ASEIHILY) DEWIZ X -
THZNT 2L TH B, £/, LOHKBIENETE
SEE R B & OB SER oG L, MEs 5 28
TR F CEHFAA2EL T EFIC L XEIT S
ENARETH B, EREFTAS IR Z IV
e, InooEIIKENLEDOTH 5.

42 KILEE . kilEsR

Fovd s K (OH 1, 23, 29 H, 10 410 H, 11 A
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14 H) Ik 0REH Lok g, BIKO~aRa B
a Afs, BES B4, 230 7k Bksns
(Table 4; Fig. 2¢). D5 HDOKES IZAEREZE S L
b5 (8-9ELI L), HEEESZHRSEOL SRS
Frc, BEHMROWEWIEHC £ > CHEENALHE~T V)
ROMIE- IR E 2 5. £72, 9/ 23 HLPRITEREY
Lziklicl, #EL Ao KRS (AsE) »
B D oNf, BEEIMTSOMNE LAERE
Mz imah oy, BIRRABS N bONZ OV, &

Table 3. Relative amount of ash particle types for
each eruption. Small eruptions were not sampled.

Date Ash particle type

9/1 | crystaline >> glassy, free crystal
914
9/15
9/16

9/17-18|glassy > > crystalline, free crystal
9/23
9/24-25| glassy > crystalline, free crystal
9/29
10/1

crystalline >> glassy, free crystal

crystalline >> glassy, free crystal

crystalline ~ glassy, free crystal

glassy > crystalline, free crystal

crystalline ~ glassy, free crystal

- A

AEAG, SEEBTRIANRE L, OEEES LEHD

AR O N VIR O S 5 5 L% REMERS 1
o (Fig. 2a). /S VEIRB A RBEINEHSFZE L Tiaw 72
¥, EHEEFHCHFEL TV B bONRE . NEBO SR
HE 1783 FED 7 ) = — KD NG (Fig. 2b) &6
HoFaks 6o, DERDONE 23 ) TIREL A
LThY, BBa~ROEzE v S 2ERER-> T
EME 0,

LHTERRE TR L 7oK a3t & KL & 1336 Uk
Tl S 15 503, FHTNEDHE & SFREE THRA L 72/ ¥ v iR
WKL R B SNtz FEOHH 3L TH
D, FULESOFEARE AR S & < [ELO RIS RTaREE AL
360, FIAEDOENICX BRSO LEHK oS %
Fo b0, SEMNHENE—ICHE L TV S b0 EN
Aot 7o, HRc 10 A 29 B L 250k 9 B
13H~10 28 HIcEH Lz b D) T3, FaLzAm
D KVHERE S BB ~Ht cm ® b D2 W, (RS ©
TN RS & LTI AA R GEBE LSS
ZEB oM, TOXD EHES L v XRITHEL 5]
TIEF SN L D18 DML - o (Fig. 2d).

B E~IREOERES, B8O, 230 713, B
FicklEq, HRlEA, RAEA» S0, BT 5 ViR
1), BIchADAFRESCEELH 5. AREYIE
EA, B, ©v e JEa» S0, RAEG, 8

n. a.
1010 | crystalline ~ glassy, free crystal F o VB, V) ASMESUES bS5, Chol
10A5 | n a e 7 ZE KRR, B KILRRLF & & < Ui
1048 |n.a Lzt s LTatha bbb 2, MIESEOLE S
1049 Ha' BB, EbLEoRME LT, GEYPEREOY S A E
1038 — KLk L [ERRic >~ ) A I, EHA, B> 518
o na. BT EDET SN,
4 | crystalline ~ glassy, free crystal 5. i EE
NAT |na Kl KBS O & 2RO N, Kl X
18 n.a IPKIF- O BEGRELY, FEE TR £ OGS 5 X4l
Table 4. Constituents of lapilli in vulcanian eruptions.
Date Lapilli type
9/1 Darkgray dense rock, Pumice (with crust), Altered rock, Sedimentary rock
9/23 |Darkeray dense rock, Pumice, Red dense rock, Altered rock, Sedimentary rock
O/29 |Darkgray dense rock, Pumice, Red dense rock, Altered rock, Sedimentary rock
10/10 |Darkgray dense rock, Pumice, Red dense rock, Altered rock, Sedimentary rock
11/14 |Darkeray dense rock, Pumice, Red dense rock, Altered rock, Sedimentary rock
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9/1 pumicé witl
dense crust

9/17 as

58 929 ash

Fig. 2. (a) Pumiceous bread crust bomb erupted on Sep. 1. (b) Pumices of the 1783 plinian eruption (upper
unit). (c) Lapilli erupted on Sep. 29. (d) Dense block with white elongated xenoliths at the summit of Mt.
Asama (Yellow arrows indicate xenoliths and the white arrow indicates a pull-apart structure). SEM images
of ash erupted on (e) Sep. 16, (f) Sep. 17, and (g) Sep. 29. Scale bars are 5cm for (a) to (c), 20cm for (d),
200um for (e) and (g), and 1mm for (f). The ash particles of Sep. 17 are glassy and vesicular, whereas

many particles erupted on Sep. 29 are crystalline and dense.
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FRDHEIEZETT - 7. e LRI R RS TRT
DH X FMHTEERE (Philips #15 PW2400 1) %W,
- fth (2002) ICHES B THET 10 S A E — K OEEL,
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fHEK (B & LR (3[R P EPMA 4 fr2 E
(JEOL #t#14 8800R %) % FH\» 15kV, 12nA DD T,
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HIEEFEOE—AF A —VICEBNaDA Y v bEDIE
10% A (FEXHE) T - 7.

7o, YO eEEKERER, Hitos —v
7 4w ¥y —TEEE (CEEAE cA-06 D ZH W
TUESEF « /NELT (2001) EFEIBEOTETIT- 7. H TR
RO &EKREICD W T, [6F M FTIR 4 i 2 E
(JASCO %! FT/IR-660V +1IRT-30) %\, 4Gaam,
HEENEBEEICL, <A 7 04— & CREERE L
IRFESEUR 2 IE U 7o, | VIBOEEE %L 3 Dobson et al.
(1989) D% M7 (8.840.8m*/mol m; for Si0,=
77.59wt%). 158, AESFEEEOHEENC S VTSR
(722 LK) &5 2DOMEEER L I2RINEES %

HELTVWB R, MEHIESKEOREMESZ 2 b
DEEZLND.
6. HITIER

61 KILEE - KILEROEELEHERK

B, ¢ RGO PERFIRE S 3 & O RGRER5D,
KILFED RS % 5 2K~ EEs O A
1 HAEBRL) o2E{bFHkid 3 3E—Tdh b (Si0,=
61-62 wt.%), I KILATHHAOE ), Ffic 1783, 1982
FEOBEYIE Gadk » B, 1982) & FF[E— kT
» 5 (Figs. 3,4). —4, 9 A 1 HFKBEAERES 3 C
noLEL AR THD (v Iz LYY, AiEE
DEHYIOHT & 1108 DY WK E R T
F72, 10 A29 HOKORBZHEE CLZRICED ShicH
O O 2E LML 135D T Si0, BAYE W\ (> 70 wt.
%). NS FERIKLEHY OH T A EINTEH L
FEITE VR TIE S 305, Na,O lcZLwisy, &
Mkl cohETicfEshTwaan (G5 - i,
2003 %) & 3FRs Ak AR

62 HISILMIHEARK

B, 9 H 23 BB fE#E S hoBRIY) (R
4, WG, RIAEG, $kF 2 YERILY, DA S AN
DORLEIZ D WTIE, 1783 FEEHIY CRpCBE PG M~
PED & OFEEIE WD SN (Fig. 5). #HEA
B O 37, U AHHAKIZENE N Ansss, Angoss TH 5.
F 7o, B SAHESEHERTO = 7 < OFREE % Sk L
TWbE9 56L&, HlfG, RGOS 5 Frost and

- TS
Lindslay (1992) OEEFA2H W5 &,
FRITH 1,050°C &3k 55 (Fig. 5b).
63 AEFY - [ESS XM
2004 FEME ) O GESFIHARE, 1783 EEHYIO b
D ELEADHIFHTIRIE T 5 (Fig. 62). %7, 2004 iF
KPR D GHA 5 241, WFhoEHY & b,
17830 7 ) = —XE K DRE NG D A 5 ZALRZAL
DIEE L7 a y b &h, RHEIC S0, &2%E W (Fig.
6b). Fr, KILKKIFEICA B &, BEA S B K
K, #EEEKILIK, TS 2B KUK DNEIT Sio, 843
B R AENMED 5N B (Fig. 7). & 51T, 2004 4F1E
oW, teten s ZEKIKKFOAES 5 2o
Zibic-ow<Tik, 9A1H, 1415 Ao kKIKk 1T
SIO, BEV iz L (v #EMES), 9 H 16-17 H
DORF T SIOEMELS (V) AEEPIE T ), 1783
RGO 2 ST W #EA %27~ 3 (Fig. 7). HI29 H 18 H
VI T SIO, B T5wt.% =A% b OHEICIEY
5N 5.

64 EKE

9 H 1 HIEH D/ v BEIRE A D INEFETaH oy I O Berist
oy oeaEKElE, ThEThi0.20wt.%, 0.45wt.%
Td» % (Fig. 8). —H, 9 A 1 HEHOAE#Z SO LS
GKEIFF0.15wt.% Th 5. Fi, HEEOIDITH
4T - 12 1783 FFE K D HYIc > W T ld, EFafE o
7 ) = — R KA D REEKENH 0.4-0.5wt.%, R
LA, RSB SIS 75 2 N YT
DERMNEHITH025wt.% Th 5. AR, BEMEE N T
BiET B0 WIh bFELEEITH 5720, Klic &
ZEBIIEALEVWEEZ ONS. 5B, FTIRICXK
D HITE U 7o v BRI D Sy DB A 5 2 EKE
359 03wt.% TH 5.

1783 MK & [H]

7. & =
71 BEHDOTIVH 7 KEKOHHKILESE « AL
9RA1H)

9 H 1 HoiGEh T, IREWL oSBT g 2 B 8
HExh, ol il cERofriZETcus
e, D b IO (HERES) HE
HBTh-to &R NG. —F, s HERO%
ML EY B APERES N TV 5 O1d 1958, 1973
Fe, ko RREAGE XU bobFERaNT
W3, LaL, 9H 1 HEAIZ EA EREREYD
D ONBOIFIEE SO TH 5. FilElOmEK (2003 4F)
TR IDOLD BHEESEA OB E72 < GFH - th,
20052), B DL WK EICHERS L 72 1973 FE O HY)
DHEES £ EEAL, ol S TSI
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Fig. 3. Whole rock compositions of the products generated in the 2004 eruption in comparison with other rocks of

Asama volcano (Kurofu, Hotokeiwa, and Maekake Stages; Takahashi et al., 2003).

White circles with SiO, >

70 wt.% are the compositions of white volcanic sediment.

o TS zEREZ ISV, £, 91 HE
KOEEAT1E 1958 OB & I3 A LA A S 0,
1973 FEDA & b THEL 5 (Pl - fh, 2005). & 51
9 H 16 HLFRITIE, 9 H 1 HICHEH LS v BRI &
[Fl—{bZfEk A & B, HopIv/<WEEEZ 5ND
e KOECEH L TWE, DEocsnrs, 971
T U 7o v BRI A 1 A R i B L e~
ISRICHE LD THBEEZONS.

—%, o RFEE 5D S 9 A1 HoRERGE KL
ERDE LR E 9 A 1 B v v BREA 0 Sl
EAFERI oY (1783 FHEHYI©ERTO 2003 FEREHY)
wE) EBHEBY, FEHnEWNWS & 1108 FEHYITIT

WEZ/RT (Fig. 6). O &M, Ihbld=r =i
o TS hioEEOERY) (A5 THEEHEALS
N5, Lrl, 2FcHitchdd, BRBERAR L
TWbTEDD, v/l LcbDTH 2 AREM D
SERICHET AT LI TERL,
72 2EIBLEDTIVA / RNEXDOHEXLES -
KB (9823, 298, 108108, 11814R)
9 A 23 HEIB&HEID 7 v 4 2 RIEKBFAE LT, =
Dz ICE IR E~REAERES GFLIE) oS
155 KA S e, Th SRR B~ R
EHOREFHKIE 9 A1 Ho N v IR G EFRl—Tdh
» (Fig. 4), PR FHELC, AABREI SV
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Fig. 4. Comparison of the whole rock compositions among the products of the 2004 eruption excluding the
volcanic sediments (gray symbols are pre-2004 products in Maekake Stage; Takahashi et al., 2003).
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(a) Anorthite content of

(b) Quadrilateral plot of pyroxenes (Lindsley, 1983). di: diopside, hd: hedenbergite, en:

enstatite, fs: ferrosilite. Thick broken, solid, and thin broken lines are 1000, 1050, and 1100°C isotherms,

respectively.
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Fig. 6. Glass compositions in comparison with (a) whole rock and groundmass compositions of the products in

the 2004 eruption.
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Fig. 8. Residual water content of the products

erupted on Sep. 1, 2004, compared to that of the
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Fig. 9. Qz-Ab’-Or’ ternary plot of glass composi-
tions of (a) the products of the 2004 eruption
with (b) experimental results summarized by
Blundy and Cashman (2001). Thick line:
decompression induced crystallization path at T
=890°C with the initial melt composition of
Qz'1s6Ab’75sOr’y containing 10% alkali-feldspar
crystals. The plagioclase crystals
before H,O saturation resulting in an Ab rich

dissolve

melt. After saturation with H, O, new plagioclase
crystallizes with decompression resulting enrich-
ment of the melt in Qz’. At 18 MPa, quartz
crystallizes, and the melt composition moves
along quartz-plagioclase cotectic line toward Qz'-
Or’ join with almost constant Qz’ (ca. Qz’so).
With further decompression, the melt encounters
the quartz-tridymite phase boundary at 16 MPa,
then reaches the ternary minimum at 9 MPa.
Thin line: quartz-feldspar cotectics at different
labeled pressures (P=Pu,0). Filled circle:
ternary minimum at each pressure, and *: at 0.1
MPa. Appearance of silica minerals in the
products of the 2004 eruption are labeled on the
thick broken line.
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