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Experimental Studies of Dehydration and Open-System Degassing of Magma

Satoshi OKUMURA*

1. FL®BHIC

YU RICEEN SRR O F T A &
&, KUK DRI D IR Z MRS 5 72 D IS ZEAT]
RTHB. FEFFINETIC, FICERNIFEEHRVT,
FRIZ< S <hOKDIRZENTOWTIIE L TE 12
BT, =7 <ok ERy 2ICEEL, #No6DA 4 =
R Lk, 2 LT KRR E ORIfRIC D W THFSL &
fT-C& /. Alnl, TOWMFAEFM L CTHE CFERK 19 4F
BEHAR K ASHFRRE), FED I E TOMEE
HNd A5 2 CTHV .

KL K SR IT KB 2 S H 4 5 & 5 TS REFEIINE K
I8 B0, ETRDAE N — 22T 5 & 5 75 Hi
RN BIEKICI 02Tl 5 2 &3, KILps% L&
FThO, rTOLI B E L ZEKIE, HikE
IR I Bk O R & 15 5. AR OS2 E A
W ERFERE LT, KENE LF7FT 2~ 7 <ok
i 2 BB 5 b (Fig. 1). ERTE3< 7 < 3BREES
nhikEEC L, ZofR~ 7w hickianElks
5. [REEOKIADIERIE, KUK DERE ) & 75 5.
— 5T, ERsniKiaRISAKRL, KiEk e T —
7RSS &, KIAND T A AR (B
HR) 35 ETHKDEEE5GD 5 b, £Dicw,
7K D IR & 5 A7 R DR 23K I LK D EEFENE: % [ R
KT BEEZONS. UL, KOS 2 0
LT ZEKRZHSHITENTE S F, BKOMEHRNME
PR ZTFHIT 2 T EIRFEH L V. FE Rk
i 2 DAL 9 5 BN A S it g 7201, E
BRIFEE O IR AT - T & e

ARETIR, FENT-> TEEBRIPIZE 2P~ 2

< ORI E A 2 ICBE T B IR A i « AN T 5. AR
2ETWE, <7~ ORUKEEE AL 2 HIgRIE 2 v b h
DIRDYEHREDS, A v b DAL & D & 5 ITikfF
TEPANT 5. T LT, EBHDIT- FEEROERE &
LT, EERRIE A v~ h o ZEfLEDSKGEREE £ KL 9 5 %
KDO—>Th HA[EEM:Z/RT. 3T, WA R IcBd
5INE TOWFRDOMN LN L, KiFRGREIESE Z
NI 2 FEF O LN 5. BARRNIE, kils
Z AR OEA 7S & SHEI S N BRI O < 7 =0 5
ORHAD A H =L E LT, =7 <OHWMERLOEE
PEAIRYT. 4TI 23EDE L&, a2 BT BHF
KOESHBOBER IOV CHEICRNS,

2. TUTORK

KILMEK DEXE S JD—> 13, < 7 < DR/KITPES S
e Td % (Fig. 1). YHEFLES LI L i O
FRIIITZEIC K, TEBURED R & S BKPR VI EX
TR A, AR AN < BB K S 12 KIC s 5
E#ZZ 5N 5 (Mason et al., 2006). F 7z, KILMEHPIC
Banalikre 7 » A VEREL, TOT BT 7 AL
LIEREARIF LT, v/~ EROMHZ 75— 1%
RS 250 17D N TV 5 (Humphreys et al. 2008; Liu
et al. 2007). TDXHIT, BRKD A H =X LZHFEL, 1E
KDOEZRMEZERINICTRIT 2 72D1id, SUaDTERuH
EEXIT 5 < 7~ OiKEEE, > F 0 IFEERRE A v b
DK DHLBURE A FERINNITIRE T 2 L ED D 5.

TR DIEBURE S TRACE FHR D EERREE A4 v b okt L CEF
LSHAXRSN TV S (e.g., Nowak and Behrens, 1997; Zhang
and Behrens, 2000; Zhang et al. 1991) 73, fthdfbEAHRK,
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Fig. 1.
eruptions with dehydration, bubble formation,

A schematic view of explosive and effusive

magma fragmentation and permeable flow degas-
sing.

Z o AV 2O W TOHE I3V, Oku-
and Nakashima (2004, 2006) |3 2475 L2 2 > K
Ro= 7 <%2BREL, 4THORL B O HREE
AV T U CHRER B A TRTE L, Ak D S IEEUR
ARSI FRIT 2 5k RR Lz, HREA v
DIKDYEENC BT BHFZZIc > W TiE, B (2006) 12 &3

LN ENTV S,

Okumura and Nakashima (2004, 2006) (%, K%z &SH:
RS 2 2L, L Cv 3ok o &7k E
DAL (OF D FUKEE) ZHIELL. £ LT, Pik®E
FED SEERRIG A v b o 75 2T DIk OYLEURE A UE L
fo. TOHETHIE L Iihsa 2 v oK ONEREL
&, BhicHmEshcwaEs B —#L 7 (Okumura
and Nakashima, 2004). Okumura and Nakashima (2004,
2006) T35 NIHLEUREZE, o TRES N TL
BH&E & HIT Fig. 2 1089, KOIBURE I &K E DR
TMTPEWAR XL 75 5728, Fig. 2 TREKED 1wt% D
BEDILEURE AR L TV A, TR LS 0 %
Witk D, BLRETS 1 LES SRS 5. £,
(LA A B TS B EIHIRER DIR LIRS 575 5 12,
TEBURE D R NBHR IR 1T & - TE(Ld 5. FIAIE,
700°C FEEE & 0 il T 3Rk A v b~ th DK DHEHFREL
NI BREL B0, 1400°C & D FHETRERSED Sk
BoE EEEEE S A0V b AnE SRR/ NS »

LHREE 7 v =9 270y b L TELETERRT
Dy) & b 2 V¥ — (E,) &, AV s ODEAE [NBO/
T: 4B B A 4 v (T) $ioxt 4 2 IE2LE R %=
(NBO) 4] @ Bi{% % Fig. 312/x3. NBO/T O A HE
m, > OReED b LEN L HEAEOEWERE S
D A v bTs 513 8, BIfEMIAT & s L = = v
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Fig. 2. Summary of water diffusivities at 1.0wt%
water in natural composition melts and glasses:
1. Rhyolite (Zhang and Behrens, 2000; Okumura
and Nakashima, 2004); 2. Basalt, Andesite and
Dacite (Okumura and Nakashima, 2006); 3.
Dacite (Liu et al., 2004) ; 4. Andesite and Dacite
(Behrens et al., 2004); and 5. Basalt (Zhang
and Stolper, 1991).

F—w@3nd 5. T, BIfEKRNRT EER LT 2ov
F—l3, TNEFNIEHD Y v v 7 IEEEE © 20L& —[EBE
EICBIRT 5 EEZ SNTWA (e.g., Chakraborty, 1995;
Lasaga, 1981). < @7z, RFERAT Lk b= % v
F—2NBO/T L IEOHAFE>D13, EAEE TS
HEH A 4 v REOKEET VA « Tuh ) HEHSE
BRI (NBO/T O 45 &, A v o
H,O 9 FHMIEL T & 2 AL BRI 4 % T & T
Ve v 7L T X VF —FEEENKRE BB IDIEEE
ZoNb. DF 0, EERE A OV hoEREE, A v
MESEHOZERICKR SN TV 3 A REM D S 3.
Okumura and Nakashima (2006) (%, Z OB%RZLITD
Lo TRL, FRA S LR OEERIE 2 v i
XL CIRER Tl cE 2 ko L.

Dy=C/0.7 X exp[10.82+10.0 X NBO/T] 1)
E,= 16700020000 X In(NBO/T+0.021) )

2T, ClEEKE (wt%) Th 5. Okumura and Naka-
shima (2006) Tl3, 0.7wt% DEBLEOREBAERLTH
v, Fig. 31213 1 wt% OHE O E ERAR L., 727
L, o EEKEHH (< ~1wt%) THROoNicHE
rr—s2bLicLTWVWAY, L0 EE/KETHEILA]
RETH 2035, WP TH B, £, HUIREK
DOETHREMEIC OV T A HROMRETRETDH 5.
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Fig. 3. (a) Pre-exponential factor (D) and (b) the

activation energy (E,) in the Arrhenius relation
for water diffusivity plotted as a function of
NBO/T. The plotted data are obtained based
on the data in Fig. 2: Zhang and Stolper (1991)
(Z&S’91) ; Zhang and Behrens (2000) (Z&B’00);
Behrens et al. (2004) (Behrens’04); Liu et al.
(2004) (Liu’04); and Okumura and Nakashima
(2006) (O&N’06). The dashed curves represent
the diffusivities calculated from equations (1)
and (2).

3. TUTDRAR

31 BE

WA 24, KL K OIS 29 2 B 7 o+
AZAD—DCTHbH. TDAH=RLELT, Eichelberger
et al. (1986) [F5ialE LvEik 4 5 2 & TRk s hvic
KA F y b7 — 7 2R LIRSS AT 2 23R L
7z (Fig. 1). TOETFVRIELSZFANLN, RT3
<RI DO DA R DHREREST H1HiT, £ O
FIC & > TRARKM ORBFEVAE SN T X (eg.,
Eichelberger et al., 1986; Klug and Cashman, 1996; Melnik
and Sparks, 2002; Rust and Cashman, 2004). L2>L, K
ARAEHIMIEANEE T 2 FTlicixa B 7o 2 (Kao

TAREIE « &k « IEERE) 2L TVwa T &hD,
KiERNZE FR L Do dH B < 7 < DRERE KRR O
s SRS 2 & & HEERICREch 5. 22T, E
Bc < 7= a2 gt s, A R ROZE LR B i
bt 51T & 7z (Takeuchi et al., 2005; Westrich and
Eichelberger, 1994). ZH 6 OWFFRIC LN, <7 <HD
SUANEIR LA 2R R0 EF 5 DId, FEIARE) 60
vol% RREELI & 15 > T 5 Tdh 5. DS 800°C THIM
KBRS 3wt% DFfE~ /=& EA D &, <7 <IiTkt
T BIKDNVHGTARREE 7 © 60 vol% DFEIARE N ERR S 2
DIFEHEE S00m FRETH 5 T Enpnansd GlERTD
K 2 IRGE L 758D, T o OfER® S, KiENZ LA
T 5~ /<O R FIIRAIEH Tie C 5 L Fah 5.
—)5¢, Ehp o Tl h 2 KERBTORA 2 TR
KL 2 fHR S & DBAIRE R AT T & L WIEES fJM}S
3. FIAE, ENREEE T 1992-1993 ORI I TE
& 7= KL 2 AR (CL/HL,0 £ S/7H,0) 1, HIF 3.9
km VIZRDOHTIT AV b &P 75 77 2 Ok & —E L
CHEFHITFE km D S ZADBAIG L Cwic 2 E &R L
TW 5 (Ohbaet al., 2008). PG4 v FE&ITdH 5 Montserrat
E5® Soufriére Hills KILT®, KiLim 2 DB S 1995
ELIFRITH km O ZEE > S IR NZB TR 1L A4 Rk Hs
FETWiEFZEZ SN TS (Edmonds et al., 2003). T
N5 OBIFERR I,  JOEPEESD SRIRINCL A R &k O
TAA=XLDEET BT E%RET 5.
M H 2 Z{gEd % 2 H =X LDEEME LT, <7<
DFRENLE S KT OZ LI Z T o n 5. RAEEH
DKIAIRDBERIL ED S, <7< OEEMNH 2 %2
THREMDIER S N TV S (e.g., Marti et al., 1999; Polacci
et al., 2001; Rust et al., 2003; Stasiuk et al., 1996). L >
L, <7 ~hcoXidaEtofE eI 2 ERI3
B, HIWEIRICES v 7= REFR0ELic>0 T
FEAEHEN TR TV, DIEo XS sl
FATC, FEERRAL o= 7 < OBMEITEER 21T - 72
(Okumura et al. 2006, 2008, submitted).
32 ALY TOBHHMERLER
JiazEU = /= OEEEREIINETIcbiThbnT
WB, 2L OPFRERA Vb &SRO 2 R T OGN
TERENHIITH D (e.g., Lejeune et al., 1999; Stein and
Spera, 1992; Stein and Spera, 2002), A% RERIC
HEH LRI E A EFEE LB, Okumuraet al. (2006,
2008, submitted) (378 L 7o < 7 < OB A HIE I 5 7
W, HETFTTREZREAFERER v ) vy —RoD

1 U SIS SRR 2 A L CHEBRE (T - 72, &l
Mk IEERICKECESN L o, BEeMG b, &

AkETa v bo—TE25RLDERI—HITHEER
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Fig. 4. Three dimensional (3-D) image of sheared
rhyolite (10 rotations at 0.5 rpm) obtained by
synchrotron X-ray CT (BL20B2, SPring-8) (Oku-
mura et al., 2008). The bubbles without inter-
connection are colored separately. The gray-
colored bubble is the largest bubble. The black
arrows represent the direction of rotation.

ST L CHFITH % (Paterson and Olgaard, 2000). FEEx
O HFPVEIIEFIE L 7oiRECE A v b 2V, FEERE
13 975C & L7z, F72, AU DHEZ0.2-1.0 [m)fz/F
(rpm) & U, &K 10 Bz & TRkl 22 Lic. o5
BB A b ot & RT3 T2 2X10°Pa-s
(Hess and Dingwell, 1996), 0.265N/m (Bagdassarov et al.,
2000) & b o1, EHELEEORKERENLEN
0.05s ' &35 Th 5. Kk, HkZREINL T, X#CT
Z O 7 KGasERk O #RZE (Fig. 4) (Okumura et al., 2006,
2008) &4 U0 AN AT & HEE Dy 7 ] DR H
DRNE % 1T > 72 (Okumura et al. submitted).

KUBD Y A ZEBRIY OFEE LG aoKmY 1 X
% Fig. 51TRd. [MUE 2 BREE TS, ZLE
HETIE () BE—-D0KREBRE (K TERME YR
1700pm) 2RS4, (2) FE 100-200 um FEEE D Kija
DML T0E, XHCT TR ONLER, SIS
MIEE ST, H—DORIRXILIEZHOKIANEmREE
LBk s hicry b7 —JHiEx b->T05 (Fig. 4 D
JKEDOSE). & Sicfilx oXuaiciEE L, ST A
~NBIEHIFENTVE T E b5 (Fig. 4). TOLXD
REJa Ay b7 — 7 OEBRIRE LS, ZRicky
2B AT 2 AlEEME AR LT\ A, Okumura et
al. (submitted) (FFIWIZIZICOE 5 iRBRDELEHFH NS
fod, ZIFERR DRINGR O 7 2 2B 2 HIE L 7.
T DFER, TOBTWATSAEL 5 L, ARG DiRE
i (1) 30vol% FRE DR caMic LR 5 2 &,
Q) B ENGE EENT24ERE LB EN

.3)
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Fig. 5. Bubble number density in the samples of

deformation experiments (A: 5 rotations at 0.3
rpm, and B:5 rotations at 0.5rpm) and vesi-
culation experiments without deformation (C
and D) in terms of the spherical radius of the
bubble with equivalent volume (data from Oku-
mura et al., 2008). The large bubbles (1500—
1700#m) formed via bubble coalescence are

found only in the samples of deformation ex-
periment (A and B).

b -t
KUADERGEPELOEE L, < 7~ 0Pt

OEFEL I E DN, B SIKkFT 5 (e.g., Lyu
et al., 2002; Rust and Manga, 2002). ‘Ki&EN% L9 2
<7 OERE R, HE QR & KGEEE OB (Goto,
1999; Tuffen et al, 2003) P& MY IcEETn 2R
RO R TR OSIEIIR (Rust et al., 2003 ; Rust and Cash-
man, 2007) X EM L <102 s T EELEEFE LA TL
5. IHIFEREHOFEANTH 5 (<0.05s7"). O

D, KENE FRIT < r7<icB0Thd, ERclEon
ToBIMA TS P 5 KA G RO (R & iRiE R o LR

- TCW5AEFEZ 5N 5. Okumura et al. (submitted) (&

<730 ERERT XA AWMEMREL T, KENZ L7
T3 7RI ELsEREIHAL, hEBROFEEER M
HEDE DT ETH N km OFEED SIEA 2 A2BAlEd
AulietEnmid 5 &R LT

4 FLHESHRDOEBE

ARETIE, EEDVIT->TEX= 7 ~DRKERAT R
ST, TG ORE ALY 2 ERIcEH Ui -
AL, 28T, HEBIE A v thoZEfLE ki
EAETRT 2ERDO—>Th b AN LI, 3ET
&, WA ZERG < S OFAE R T T, BMEE
WHIRIFET 2 EER L. kol suEFEEong



< 7 = DK &R 2B 2 FEERIVIIFF 211

TOWFICKD, <7 <DRKERA 2 DEE % X4
L¥ODOFERDBIH ST > TE 2, L L, ke
[aH 2D A S =X 592N 5 DFHEITD W TIFARLEAH
BELEZCKRD, BELHFATTHESED ST
5. DINi, BUEEESEDINCHD A TV 2 T
FEFEEAE ROy 2T 25 L SR OESE, &5
WS EER A O PR DI IC S W TR HIC R~ 5,
ARETIE, BIMEIELS < 7 ~hoiao Gk %z 2k
L, ZRAHROREREREL LRESES EEGNL
7o, TOXIBRLKIADEERITES A R 2T TIEL, §it
4 5~ 7~ OIS X - TER S 2 EN0H %R
LA 2 b, ShREEHAT 2 2G| ST 4 Hh =X
LAD—D12EFZ 5N TV S (Gonnermann and Manga,
2003). L» L, Fal o~ 7~ ONetEikiE s £y i
WLERIREEAERESNTESYS, ZOX =X 4
PR R RNERIZIH S IT E T WL, B - fil (2008)
WBFIA L b m A W b (XL b DEIKE0.5wt%) D
RO EEERZTY, TEMEFERE LT 780-830C
TRULOEEOERSE T O, Z OfGHRMEHIE b
5T EARRM U BEEBIES S T, AV b E <
g, @k L /OERATER S NS, C OIEER S T
RIS 7T RESHET 5. — 5T, ERo%EhiE~<
7RO EINA, EEHEDR LIt toiki
HEERENHILTLE S, ZORRELT, A RO
REFNFTLE HAREMD S 5. 513, BofEde
HalEE DR C 2RBEE L, A 2% ELALT 5
BRZHSPICL TOWS FETH S, COMELELEED
INETONE (KiEx y b7 —2 ZRA LT 2D
R LAEGDEBIET, RITORIRYREZN
XIS 2 EREREN] « EREICHEETE, TDXD
15 B 13 K LM K o f s o KR A Kl 9 2 I O
fiEne & KPR NB) O C RSB AR 45 .
Fio, kit~ 7 < OIS L K LR O F8AE 2
H=RLD—21EEZ S5NTWVWS (Goto, 1999). T
T3, Tuffenet al. (2003) %> Neuberg et al. (2006) 75 &1
& o THESH « HEFRIBRN S ZDETMIZOWVT
BEBITONT WA, F 7z, Lavalléeet al. (2008) +° Tuffen
et al. (2008) (F—iil « =HHEHEEE & &S~ 7 < DOffahk
WHAEICPES AE (73 —XT 4 v 7«23y vayv) fll
EEITV, =7 < OENKILEHIE O FE 2 4 = X A
D—>2ThH HAREMEZMIEL TW A, LA L Neuberg et
al. (2006) 1= & 1113 Soufriere Hills ‘K111 ZHFEE & <
72 ORI 2B I X v+ v Thb D, EE
D/NES O« ZBREREFER 72T T, KOEN A R L5
WEE 2~/ <~ A2HHTETLE1E D I bR
s, @it~ 7 < offeiEic B9 2 g plIE £ 20

78 <, MRS WP T OBMEIT K & A RlEE ]
W77 u—FIlE > TS SR ARRPIFR s N 5.

it B

ARG 19 - B A KIS E 02 E %
HICHEORAEZTHWV LD TH 5. BREIEZHICH
fooC, HILRF O ETERERIR % 13 Co EAR KL
FEOBREOBHICREBIGRCH D Lic, AfgT
AN LicEE oM, RILRFEo N ETEdEEdZ s
KKK O FBEHZ & DRzl e
bDOTH 5. BBRMEDL XL CT 2172 1chtz> T,
BIPRAFEFT O NE B L, RBcRFo il H%%
%, FEEERGUIATOhNE  GIfEL, SEEEDEREE
vy -0 EERMKICEEEE2EE E L, £,
R LERFOEEBR I EEENHEEMLED 5 1
THEIETEEA L CIHE, FOBEUREEECTE
DFEF. TTIKHEHLEL LS. rEEEL, 2515
WIERF OISR NMERI, B RFOTEEEE,
7.2 OFFES, BIELEOF M, SHA T T AR
HCIHEFE Lo, ECBH VLT, mILRFEo gk
ETEdeds, IR REREEE, B =W SHE
PRI, AfEAMET 210k ich KEBIERCHED £
L7, &, ELEGE SN AKE#EEIZO 2 2 v b
FOARBEEIRECAdEESNFE L

2% X#

Bagdassarov, N., Dorfman, A. and Dingwell, D.B. (2000)
Effect of alkalis, phosphorus, and water on the surface
tension of haplogranitic melt. Am. Mineral., 85, 33—40.

Behrens, H., Zhang, Y. and Xu, Z. (2004) H,O diffusion in
dacitic and andesitic melts. Geochim. Cosmochim. Acta,
68, 5139-5150.

Chakraborty, S. (1995) Diffusion in silicate melts. In Struc-
ture, Dynamics and Properties of Silicate Melts (Stebbins,
J.F., McMillan, P.F. and Dingwell, D.B. eds), Minera-
logical Society of America, Washington, 32, 411-503.

Eichelberger, J.C., Carrigan, C.R., Westrich, H.R. and
Price, R.H. (1986) Non-explosive silicic volcanism. Nature,
323, 598-602.

Edmonds, M., Oppenheimer, C., Pyle, D.M., Herd, R.A.
and Thompson, G. (2003) SO, emissions from Soufriere
Hills Volcano and their relationship to conduit permea-
bility, hydrothermal interaction and degassing regime. J.
Volcanol. Geotherm. Res., 124, 23-43.

Gonnermann, H.M. and Manga, M. (2003) Explosive vol-
canism may not be an inevitable consequence of magma
fragmentation. Nature, 426, 432-435.

Goto, A. (1999) A new model for volcanic earthquake at
Unzen Volcano: melt rupture model. Geophys. Res. Lett.,
26, 2541-2544.



212 B RS

Hess, K.-U. and Dingwell, D.B. (1996) Viscosities of hy-
drous leucogranitic melts: a non-Arrhenian model. Am.
Mineral., 81, 1297-1300.

Humphreys, M.C.S., Menand, T., Blundy, J.D. and Klimm,
K. (2008) Magma ascent rates in explosive eruptions:
constraints from H,O diffusion in melt inclusions. Earth
Planet. Sci. Lett., 270, 25-40.

Klug, C. and Cashman, K.V. (1996) Permeability develop-
ment in vesiculating magmas: implications for fragmen-
tation. Bull. Volcanol., 58, 87-100.

Lasaga, A.C. (1981) Transition state theory. In Kinetics of
Geochemical Processes (Lasaga, A.C. and Kirkpatrick, R.
J. eds), Mineralogical Society of America, Washington,
8, 135-169.

Lavallée, Y., Meredith, P.G., Dingwell, D.B., Hess, K.-U.,
Wassermann, J., Cordonnier, B., Gerik, A. and Kruhl, J.
H. (2008) Seismogenic lavas and explosive eruption fore-
casting. Nature, 453, 507-510.

Lejeune, A.M., Bottinga, Y., Trull, T.W. and Richet, P.
(1999) Rheology of bubble-bearing magmas. Earth
Planet. Sci. Lett., 166, 71-84.

Liu, Y., Zhang, Y. and Behrens, H. (2004) H,O diffusion in
dacitic melts. Chem. Geol., 209, 327-340.

Liu, Y., Anderson, A.T. and Wilson, C.J.N. (2007) Melt
pockets in phenocrysts and decompression rates of silicic
magmas before fragmentation. J. Geophys. Res., 112, B
06204, doi: 10.1029/2006JB004500.

Lyu, S.-P., Bates, F.S. and Macosko, C.W. (2002) Model-
ing of coalescence in polymer blends. AIChE J., 48, 7-14.

Marti, J., Soriano, C. and Dingwell, D.B. (1999) Tube
pumices as strain markers of the ductile-brittle transition
during magma fragmentation. Nature, 402, 650-653.

Mason, R.M., Starostin, A.B., Melnik, O. and Sparks, R.S.
J. (2006) From Vulcanian explosions to sustained explo-
sive eruptions: the role of diffusive mass transfer in con-
duit flow dynamics. J. Volcanol. Geotherm. Res., 153, 148—
165.

Melnik, O. and Sparks, R.S.J. (2002) Dynamics of magma
ascent and lava extrusion at Soufriére Hills Volcano,
Montserrat. In The eruption of Soufriére Hills Volcano,
Montserrat, from 1995 to 1999 (Druitt, T.H. and
Kokelaar, B.P. eds), The Geological Society, London,
Memoirs, 21, 153-171.

Neuberg, J.W., Tuffen, H., Collier, L., Green, D., Powell,
T. and Dingwell, D. (2006) The trigger mechanism of
low-frequency earthquakes on Montserrat. J. Volcanol.
Geotherm. Res., 153, 37-50.

Nowak, M. and Behrens, H. (1997) An experimental inves-
tigation on diffusion of water in haplogranitic melts.
Contrib. Mineral. Petrol., 126, 365-376.

Ohba, T., Hirabayashi, J., Nogami, K., Kusakabe, M. and
Yoshida, M. (2008) Magma degassing process during the
eruption of Mt. Unzen, Japan in 1991 to 1995: modeling
with the chemical composition of volcanic gas. J.
Volcanol. Geotherm. Res., 175, 120-132.

Bk FA (2006) ¥ ) Ak AV R FROIKDILEL HA
VIR, 35, 119-125.

7’
=

Okumura, S. and Nakashima, S. (2004) Water diffusivity in
rhyolitic glasses as determined by in situ IR spectrosco-
py. Phys. Chem. Minerals, 31, 183—189.

Okumura, S. and Nakashima, S. (2006) Water diffusion in
basaltic to dacitic glasses. Chem. Geol., 227, 70-82.

Okumura, S., Nakamura, M. and Tsuchiyama, A. (2006)
Shear-induced bubble coalescence in rhyolitic melts with
low vesicularity. Geophys. Res. Lett., 33, L20316, doi:
10.1029/2006GL027347.

Okumura, S., Nakamura, M., Tsuchiyama, A., Nakano, T.
and Uesugi, K. (2008) Evolution of bubble microstruc-
ture in sheared rhyolite: formation of a channel-like
bubble network. J. Geophys. Res., 113, B07208, doi:
10.1029/2007JB005362.

A MR e tpRSETE « ERSMERER » fili B -t
7] (2008) F&iE L 7o < 7 < e 6 3 5 FEER
R - DIWTIRE « BRI R D@ & 50 ? HA
HIERERR Rl A 2008 FEAL,  V230-P006.

Okumura, S., Nakamura, M., Takeuchi, S., Tsuchiyama,
A., Nakano, T. and Uesugi, K. Magma deformation may
induce non-explosive volcanism via degassing through
bubble networks, submitted to Earth Planet Sci. Lett..

Paterson, M.S. and Olgaard, D.L. (2000) Rock deforma-
tion tests to large shear strains in torsion. J. Struct. Geol.,
22, 1341-1358.

Polacci, M., Papale, P. and Rosi, M. (2001) Textural
heterogeneities in pumices from the climactic eruption of
Mount Pinatubo, 15 June 1991, and implications for
magma ascent dynamics. Bull. Volcanol., 63, 83-97.

Rust, A.C. and Manga, M. (2002) Bubble shapes and
orientations in low Re simple shear flow. J. Colloid
Interface Sci., 249, 476-480.

Rust, A.C. and Cashman, K.V. (2004) Permeability of
vesicular silicic magma: inertial and hysteresis effects.
Earth Planet. Sci. Lett., 228, 93-107.

Rust, A.C. and Cashman, K.V. (2007) Multiple origins of
obsidian pyroclasts and implications for changes in the
dynamics of the 1300 B.P. eruption of Newberry Volca-
no, USA. Bull. Volcanol., 69, 825—845.

Rust, A.C., Manga, M. and Cashman, K.V. (2003)
Determining flow type, shear rate and shear stress in
magmas from bubble shapes and orientations. J.
Volcanol. Geotherm. Res., 122, 111-132.

Stasiuk, M.V., Barclay, J., Carroll, M.R., Jaupart, C.,
Ratté, J.C., Sparks, R.S.J. and Tait, S.R. (1996) Degass-
ing during magma ascent in the Mule Creek vent (USA).
Bull. Volcanol., 58, 117-130.

Stein, D.J. and Spera, F.J. (1992) Rheology and micro-
structure of magmatic emulsions: theory and experi-
ments. J. Volcanol. Geotherm. Res., 49, 157-174.

Stein, D.J. and Spera, F.J. (2002) Shear viscosity of
rhyolite-vapor emulsions at magmatic temperatures by
concentric cylinder rheometry. J. Volcanol. Geotherm.
Res., 113, 243-258.

Takeuchi, S., Nakashima, S., Tomiya, A. and Shinohara, H.
(2005) Experimental constraints on the low gas permea-
bility of vesicular magma during decompression. Geophys.



< 7 < Ok & i A 212 BE 4 2 FEERITIFZE 213

Res. Lett., 32, 110312, doi: 10.1029/2005GL022491.

Tuffen, H., Dingwell, D.B. and Pinkerton, H. (2003) Re-
peated fracture and healing of silicic magma generates
flow banding and earthquakes? Geology, 31, 1089-1092.

Tuffen, H., Smith, R. and Sammonds, P.R. (2008) Evi-
dence for seismogenic fracture of silicic magma. Nature,
453, 511-514.

Westrich, H.R. and Eichelberger, J.C. (1994) Gas trans-
port and bubble collapse in rhyolitic magma: an experi-

mental approach. Bull. Volcanol., 56, 447-458.

Zhang, Y. and Behrens, H. (2000) H,O diffusion in rhy-
olitic melts and glasses. Chem. Geol., 169, 243-262.

Zhang, Y. and Stolper, E.M. (1991) Water diffusion in
basaltic melts. Nature, 351, 306-309.

Zhang, Y., Stolper, E.M. and Wasserburg, G.J. (1991)
Diffusion of water in rhyolitic glasses. Geochim. Cosmochim.
Acta, 55, 441-456.



