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Abstract

Magma viscosity is one of the most important factors controlling the activation of magmatic activity,
because the timescale of magma motion is essentially controlled by the balance between viscous resistance
and driving forces inside or outside magmas. Recent comprehensive petrological estimates of pre-eruptive
magma viscosity and a new simplified method for estimating pre-eruptive melt viscosity are reviewed.
Pre-eruptive magma viscosity means the viscosity of phenocryst-bearing magmas in pre-eruptive magma
reservoirs. Recent comprehensive viscosity estimates show that basaltic to rhyolitic magmas have pre-
eruptive viscosities over the range of 10' to 10®Pa's. With increasing bulk SiO» content, pre-eruptive
magma viscosities roughly increase from 10! to 10° Pa's. However, some andesitic to dacitic magmas have
viscosities up to ca. 108 Pa-s. This is due to a large amount of phenocryst (ca. 50 vol %) in andesitic to dacitic
magmas. Although bulk SiO2 content has often been used as a qualitative measure of pre-eruptive magma
viscosity, the recent study demonstrates that the bulk SiO2 content is not a good proxy for measuring pre-
eruptive magma viscosity, especially for andesitic to dacitic magmas. It is often difficult to obtain a full
petrological dataset for viscosity estimates (melt composition, melt water content, temperature, and
phenocryst content under pre-eruptive condition). A new method, called melt viscosity scale, is developed
based on the understanding that phase equilibrium in pre-eruptive magmas links magmatic properties.
The melt viscosity scale enables us to easily and promptly estimate pre-eruptive melt viscosity using only
melt SiO» content (groundmass SiO2 content) for sub-alkaline magmas and will be useful for evidence-
based future studies from a viscosity perspective.

Keywords : pre-eruptive magma viscosity, magma chamber, petrology

HERL, TOL) LRI TR oTETWVAS.

KIS OTEVAL DR IN % < 7 < iR D 72 F,
BELYRERNO—2 <~k Tths. < 7<D
MitEE, <7 <ICNTE, 5 WIEAMES A EREIIC X -
T, X7 INEET HBEOEILE LTl X, LA
DIALAT—VIIKES DB LEEZOLNLNHTH
B, KILBIS %2 # 2 5 Lo~ 7 < OfEIZ R o i
BCvb N AN R HHE SNTn5. 7Ok
HIXEAm SO, EEEBICHRTLEVI)BRERD,
< 7= Otk & KIS OSSR S, KL
RO L LIS T B S, Ly
Lh3s, <7< OWERHAN 3 BFA T BRI

<RI OYWHERBFEO AR ST, MERWES, WEEICB
WTKINBZR A E 2 DS ~ 7 < ORMEIZ LR 22
WThHsb. REDO~ T ~<OWERHAOML % KWL 72~
I ORECET 2 e R HRE AT L1, <
TGRS D 5 5RO R B ETH
TWEERIEZ TV,

Bl 2L, ERMEIC X - T S KIGE) 2% 2
AT, MR e MRS B & v ) Bl LTkl
PEFRADE D INET 2L v MEIC R L. RO
PR ICRDICON, ZOIREIHIL 25 L ERMICIE
EZOND. BukdbVIIAELTHE, 107°~1073

*e-mail: takeshin@criepi.denken.orjp (F270-1194 T #ILIRFE T IRFR T 1646)



A

Pas OREREE Fro KILERAETH D, HVInE 251
FEEND. BKDBVIIKER L KT 5 &, Kimdvr
THY, WREREOD B~ 27 <1 10'~10°Pas &\ 7) I
JRCHIEE < 7B E ) & TRD, &b BT R R
DDA -E Y 7~ Tld% L, “E»S T4 34 b
B~ Thb.

AT, Takeuchi (2011) 22DV T, w7/~ %
DGt Tco~ 7~ O (pre-eruptive magma viscos-
ity) \2BH LTS 4. F 72 Takeuchi (2015) 12X 5T
EREINTI7IWE Y EMETO XN P ORI (pre-
eruptive melt viscosity) OEE % KIFIZHEHILT 2 melt
viscosity scale IZDWTHF L, ThEiEHL245%D
WRICDOWTREZL 72\,

2. YUTHMOERNEMELHMETIV

ARETIE, FEBEOBKFHZ G L LRI BNT
Y IR EREET 57200y =L E LTHWLNRTE
TR TV EBBLL 22055, ~ 7 <Rt EAR 2
BaRRD, KiFTid, AV b Al REahEM
WHISH LT EVI) EEZMHT L. <7< Ok
PERFZEIE AV MREZ 78T % 3 L SO~ 7= &
T BVGDDOIIREL T ONE. PN E LT
DX MG R T Z O~ 7 <RI B im0 FE L
WL ¥a—& L Tk Mader et al. (2013) % Ni et al.
(2015) *d 5.

AV MREPEIZEE LT, 38500 % & O - TR -
JEIMEAFPE DS FEEBRBIZ R S, FMERTE E 7L O f 4
DHEATE 1960 4D 5 iSO F T XV MEEE
WE T 5 EERDRE AT, 1972 K - g
KT ARSI RE T VARSI N B2
Bottinga and Weill, 1972, Shaw, 1972). %12 Shaw (1972)
BEKEORREEGEOETMVLEINTEY, Z0O%, 20
ERLICh RIS BRI E LT, AV
D SiOy AL WIFE, EARRPMEVITE, REAMK
3E, AV MEEREL S B 5N 5. Shaw
(1972) OFMHEETFVET L =7 AT ORERF % %
L7 %W TWwzaAs, Hess and Dingwell (1996) 12
0, F7 V= 2RO ERFEE ZE L7208 A
ENBEEBIT, @R XV S ORERE T — 5 &G
OB TFTIMEHEATE, T2 L ) Shaw (1972) OFHE
ETFNVTIIEBL ENTW 4o 7R EKE - RS
TOFRIE AV b OKEDSTEREICFIETE L X912k
72. Hess and Dingwell (1996) & 7 )V IEFEHCE LR 12
PR 5T w7228, Hui and Zhang (2007) % Giordano et
al. (2008) 12X - T, WHEVHEIZOWTIET L= X

B2V MEEHREE T VSRS, 2ok, FIHS
N Tw5. Huiand Zhang (2007) % Giordano et al. (2008)
OECL Y, BLFMA SN TE 7z Shaw (1972) DEF
WS % #2223 5%, Takeuchi (2011) (2L - T
T2 7 BE VRO 7T 2RI LN
¥, Shaw (1972) ® €5 )V & Huiand Zhang (2007) %
Giordano et al. (2008) D#EFEDOFEIZT-HY 5 L 0.3log
unit LT3 1), Shaw (1972) ®E FI)VIZ X % pre-
eruptive melt viscosity DHEEIE THICAERMEZEZ SN
. o, XV MHEOETRAFEDOWE S 7T
W2 (f 2% Kushiro, 1976, Hui et al., 2009). LA Lk
RO~ I WE D RO AV bTIE, EIRAAEE
B EEZzon, BRINTWDS (Scaillet ef al., 1998,
Takeuchi, 2011, AndGjar and Scaillet, 2012).

B2 St~ 7~ ORMYERSEE, BEAHASRAHIC R L
7oz a— b riifkE LTORY v, S 5ISHEDO
HEERAFNEZ B L 72 = 2 — b Yk & LTORY
PNTTERE L T %, 5 3TN S LB O WK FB % 5f
% L L7z pre-eruptive magma viscosity @ @& 1) 2 W%
T, /Y OBENLREHZ2EZ R TnirnwZ e,
HREUATEE B LR~ 7~ O RE T VIS
VBB AT — 5 (BESY A X504 - BERIER R &)
ORGP HEER Z 05, BMAEEOATHSZEL~ S
<R OMMEFRHETEX LEF N (Marsh, 1981, Dingwell et
al., 1993) ZHWHLTW5E. WZEET~ 7~ ok
B L C, Marsh (1981) 12 & o T A X 1172 Einstein-
Roscoe As, do L bHMMAETNVE LTHETDH X
CHwBEMN L, Marsh (1981) OEFIVTIE, BEALE AT
30 vol% T A )V MK L T~ 7~ #5i:A% 0.8log unit
KEL %Y, 50v0l% T20logunit KEL &b, FOk,
Pinkerton and Stevenson (1992) 1%, FfREREE % FFb,
O3 ML & ITHMEIZILT 5 =2 — b ik
LT, BMRxat~ oMo HEEldkxmet L7z,
Caricchietal. (2007) % Champallier efal. (2008) 1%
WEESh R E RO < 7 ORI O O3 A sE R & FLER
BIZHLRIZL, 2H D7 — % %312 Costa et al.
(2009) TIXEFIMLD TN FFE=2— b Uik
L COIRBFENIIOWT, & F 15 BEARMARLT OTZIRIR
FPE D EBMICHET &z (121, Ishibashi, 2009).

Rk ai~ s~ ot RN R EBKE (B2
¥ Bagdassarov and Dingwell, 1992, Stein and Spera,
1992) %% C, FMEN x5 2% DO E RS
FrEg ) —¥ (Ca) IEKAFEL T, <7< DA
T2 ENMFEEINTz. BB 5 ETHRRLEBEOHNKE
B % %} 5 & 72 pre-eruptive magma viscosity ® /835G
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%2 (Scaillet et al., 1998, Takeuchi, 2011, Anddjar and
Scaillet, 2012) Ti, ¥ 7 <WF ) LM CHET bR iEH
RPRIEOHEIZWEET, ZoitEs] (B Z 11X Wallace,
2001, Gualda and Anderson, 2007) XRS5 TW5EZ &,
F 7o~ RIS 2 B BRI B AR N v
ZENDL, KIWOMBIEEE SN T2\, Stein and
Spera (2002) 2 X iix, Ca>10 s, ik oT
AV b ORI T 7 Otk E R T,
Ca<0.1 OHf, AV PO TRBEEL~ S
ORI KREL D, < AR OMNEZ E
BIICHEE T 5 121%, SAHG=RZT TR, AdafE - O
FAHRMPE - XV M-FIAORER DERSLETH 5.
W E Y EMTORIEE - O AMEE - KR O
bold b LWETIE, Cald1078~107°THY, Pal
(2003) DEFNEHWD &, 30 vol% DEIEE TIEEIL
Fate< < ORI AV OREIZ T 0.2log unit
P REL %5 LA S N7z (Takeuchi, 2011).

BEgh E a0 H 2 e~ 7~ ORI T 5 E L
L C, Bagdassarov etal. (1994) DJCERIZWFFE 12k &,
Pistone etal. (2012) % Truby etal. (2015) ASIT4E, #Ht
EENHD TS, Trubyetal (2015) T, 5tz &
A N BRI R EBAARE A L, U EARRE
TORET L0 VPO ETIMEERA TN S,

3. XUVBEYVERHGETOY T M

<7< E Y EMO~ <M (pre-eruptive magma
viscosity) 2%, X7 <BT O NLOEKBEFEEEZ S L
TIRDIEARW LML F2 5. GADOHHEE BHEOT
TH@ N T DL~ /< O’k ZOMKRO~ 7<)
BRUREB TR I TE 5%, T b H M2
LTwb~x 7~ T ) %M To preeruptive magma
viscosity ZFE L TWwWb EEZ b5, 7T O »
57N ER LRI & o THKDHEA ZZL&METIE,
R IRBE Y SN, v SRR AR LA T
5., XTIBWEOLS LA LA IIEWLELZHED, 2
W MCHETAATO A ROBFIEINET % L HB LB
KEGIESREIT. XAV M5 oBKICEY, FURET
HoTH AV MEEIZ ERST S, BRI ST, U
F T AMER AT AH7-012, MURETH->TH AL
FATOK LA IEE S (Cashman and Blundy, 2000).
INLEDORPICE 5T, 7T LMITHARDS LK
WA EHTE. <7< E D2 HEENZREOR RS
NTIE, FEEDSOEHHORE DR % < 3 5N
%h. IRHIIMA, RAEDEMEDIORTHS X ¥
Y9 ) —BIRGET 2T, WEIC L - TH L2 &EH

RO ER R EES. 0L HRTIE, Riak
Bfr ot~ 7~ OBRMRZE) (Truby et al., 2015) %
L2 HUENRD L, BABRICBW T I~ OfEIE4E
PRRBECTHAIIED D720, HEmOBRIZIEEZ TV b5
RIS LD EETH .

4. TIUTBEYZGETOY T IHMOHESE
MEmMICE SV ERFN R FHEITLD, pre
eruptive magma viscosity ZH#EE T 5 LA TE A,
N BTz o TR E R AA¥ M T—5 L LT, v7
SWE Y EMTO AN MK - AV N EKE - B - BE
AL LENRH L. AL MK - AV EKE - R
JEx AV MEETEE T VICRAL, AV MEEDSEHE
END. BMEEAES 7O, B~ s~0E
FVICHREZRATAZE TSNS, DL AN
FHTFT =5 2 B0l bNTWE LY R TiE%
Takeuchi (2011) ZZ&#12, DT TCTHEICT LD 5.
AV MRS U RS L 72K ILs oA S o #HRk %
5T EICEoTHELNS. HINFREOZGEIZ X ) A5
R TADEAIIZ, EPMA 2 w72 BT a0ic &
0, WEHNAESIHE G505, —JT, BHEOR
KREGHNZ X o THEIHM 28 (427254 M)
A L TWAEAIZIE, EPMA 2 w70 — FE—
L = A AF v ikl S X RO - Ak
SEEEREL DT - R & 5 A DACTEHIL F AR
WCHDWTHEITT AN 5N A, 72 Sato et al.
(2013) IZ& o TirbN-eE-BEM- Ao O HE RS
RERFEHIE A2 ANT VA ELHENTH 5.
<7< E D SEMTO R MEREOHEEI, P FE
BRI X B - BIIFET VIS X BEHE - B ho
T ABEMDGHT L o A E BA. REE, BE
Bl A G DG U7 Wi Est 2 W CHEE T 5. #
B A SRR A IS, HPFISEERIC L > T
HEEZATH) LEND L. BREOEEIE, WGBS
TTHRRHOEEZRDDLEAL Y b Ay VEdEL 1S
fibhTwd, w4 27054 bOFAEEL, AR
A EPMA 12X - TIHONBHE1CI1E, 2Bk
OMOEEFEAEZME Z V72~ AT ¥ AFHEIC
X0, REAHEET A ENTEL. BMEWIIEE
N, ANV MRBELRLTV KO BOAICEH LAY
ANG Y AFEIR O ML TETH S, SANT VR
I &AM RO R, 2 ST FE R A
MY b SR BRI ICEITH 5.
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ARECIE Takeuchi (2011) 123D &, AR R EHY
7 — % & pre-eruptive magma viscosity ? 4% % #EE
T5. GAFNT—FICIEDE, BMREROH LTI
@ pre-eruptive magma viscosity (2 2W T EIEIFTH
N7=WF721% Scaillet et al. (1998) SEERITH 5. 7272
L Scaillet et al. (1998) ZFMEE AN b2 HEH < I~
R RATR S T 7z, 2000 4EMRICA D, XD S0, i
WCZLWHBED AV P2 EGR 72220 TH aaF
F= I PE LG ENT-Z L %2, XD IRAVREDKIC
B4 L T pre-eruptive magma viscosity DGR 252 %
175 72®H% Takeuchi (2011) TH 5. FHFEOHEIZL -
TTNVH ) EE< T <IZR o TIrb L7z pre-eruptive
magma viscosity @ ‘& HF 38 & L T Andajar and
Scaillet (2012) 2% 5.

Takeuchi (2011) &, AV MM - AV b EKE - iR
B - BRSO LR T — ¥ % 32 784 )V L, Giordano et al.
(2008) DEFNIZH D E X)L M EEEZFR L, Marsh
(1981) @ Einstein-Roscoe Fi2FEDWT, BAKFEHDOH
% 83 HBI D~ 7= I 2 W T pre-eruptive magma vis-
cosity ZFHE L7, CoOHRTI7THloOEKTBEIN
4 FP o~ r<is. ENOEH TH 5. pre-eruptive
magma viscosity DHEFE D720 D E A FH T — & DG
SHHE, AL o TR 720, HIEShTwa K
IR K DFNZ R B & pre-eruptive magma viscosity
OHEEFNI V7. 83 HFIDF T, KIERIFE T4
ZRZ D KPEEKICHKE L TV B BIARZW—T, Kl
BRIREAVN S VIE BRI e,

BKFERHDODH B 7T ONWT, Rk EIc Ll
A% T =5 THEYIYWENFMBTD AL T SO,
B AV MEKE - REOMGRE TS, BKE
WMoOd b~ r~<ix, filR SN REOMRE RS
(Fig. 1). 2%V, $5 Si02#%E LD AN MIFHETE
HIMEHPHSE SN TWAD. AV b SiO ‘EAKEL &
5138, fETETREZIMEEAMK < % 5. Takeuchi (2015)
T, 7 ~<WE 0 4&M (<500MPa) TOHTHHEER
7L LN 80D F 5 A 54D A )L b
SiOp & - AV MEKE - REOTF—F & a8 VL
Takeuchi (2011) OEKEROH LI IIDT—F L &
HICHEEL 72 (Fig.1). ZoOfE%E, Takeuchi (2011) T
RoN72BRIE, PR ERT — & OB O Btk
EWERDLIENG otz (Figl). ZOZEhbRITY
WEYERMETO AN MK - AV b ERE - [REE IS
L > CHIFZZ T TV L HFTE 2.

BAFENT — 7 9 HEME &5 pre-eruptive melt vis-

x 0%
1300 ; , ; : ; e 1%
. 2%
x . 3%
1200 - ﬂ:%...( . . 5%
X[ n\‘:&‘ o
3] had o .
~ 1100 | e e x oe o . 8%
Q o LT
A LRl ).-.b( x .:. -.‘. .. ..Dl . o natural
£ 1000 O Rt o R .
2 ¢ e O,0
© Yemitiomiegse s AL CH
— *5%
2 900} oo
£ o g P Oy
q’ o ,).(.ﬂu?huﬁc
~ g0l Ba e mRly |
'E&'ﬁy, o
A
700 - em A
g
600 L I

45 50 &5 60 65 70 75 80
Melt SiO2 content (wt%)

Fig. 1. Relationships between temperatures and melt SiO»
contents of experimental melts and natural melts compiled
by Takeuchi (2011). Color-coded solid circles and crosses
represent experimental melts with different melt water
contents rounded down to the nearest whole number.
Open squares represent natural melts. Reprinted from
Takeuchi (2015) with permission from Springer-Verlag
Berlin Heidelberg.
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Fig. 2. Relationships between magma viscosities and bulk
SiOs contents, and melt viscosities and melt SiO contents
for sub-alkaline magmas compiled by Takeuchi (2011).
Open circles and crosses represent magma and melts,
respectively.
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cosity DX EUZ AV T SiOy 7 & O B EAREIYIZH]F S
NRERHS (Fig 2). ZOBEAMERIE, HPHsE
BOERFNT—F P oEHE IS AV b SOy it & Rk
OB E X {—%%3 % (Fig.3). pre-eruptive melt viscos-
ity IZ ANV b SiIO AR EL 2 BIFERELRY, KR
HRUE () 50 wt% SiO») Tix#9 10 Pass, #5371 HiAL
ERLE (89 75 wt% Si0s) TiE# 10° Pass @ pre-eruptive
melt viscosity # 2> (Fig. 2 BXU'3). HHAOREE
% L 7z pre-eruptive magma viscosity & lTA 5 &,
LZRED LRGBS 7R B12o0, H< % %60
Wb, RWEPLTAYA VEY T~ —HT
10°Pas I2F TR R 2 BIDEAET 5 (Fig. 2). @I
57T A A b D pre-eruptive magma viscosity 12
WoTHZHETD, ZOHMIE 10° 55 10°Pas © 5
Hilch72%., EfEOZNE»LTA A, VER IO
FRIE, K950 vol% 128 X RE OB, & 473 2 AL
FHANDMTH D, ZORME R SO 8 & BEf RO
Bt C/Rd (Fig. 4). Fig. 4 TEHMEOH%Z 100% 12
¥ CTHLER L, pre-eruptive magma viscosity # ¥ ¥ RV
DRESTERILL TS, Takeuchi (2011) 12 L1,
BESOM L MREME K IR SN 2RO
SiOg =1 46-62wWt% TH 5. WAlAE ANV b EHfFT 2
BESh O RSEEM T 522N, RSO SiO, & (46-62
wt%) (222 T, 4% SiOp 2% L, pre-eruptive
magma viscosity 233 5 2 & % Fig. 4 I 3I/RLTWw
5. EREOZNED S TA YA NE~ 7 <1 50 vol%
MBEOKRBEERACEE ANV N E2HFEOZ LD, &84
BES- AV b D SiO BD< ANT ¥ ZADBMTHB SN
b.

6. melt viscosity scale IC&B YT YBEYEHBETD
¥ J < HMEHEE DREEIL

Takeuchi (2015) &, XV b&/KE - REOHEHRZ X
BEET, ANV MLROEER S TH D AV b SO 7
D A THIZ pre-eruptive melt viscosity # €9 5
#: & L C melt viscosity scale # Z% L7, MifikER
D HIZ1E, pre-eruptive magma viscosity DIHEEIZ H
720 T, AV MRE - AV P EAKE - IRE - R RO T —
¥ R KR, 135 LEDRD L HBH =L EksT
WB I EPBEITOND. I, AV MEKE - REOHE
TED T2 DWW IZBE R 7203 Th <, MBEYOS
R X > TIIHETH 5. BIPIES SN T WIES
BT, REICE 0T AUEWORK - M LD5E
5. FLMHGBETOBEEZFLICLY, SWIRER
ELTHCOENDERT & Y BRALMBE DS~ 7<) &

Melt viscosity (log Pa-s)

8 T T T T T T

7h| o
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Fig. 3. Relationships between melt viscosities and melt SiOs
contents with water contents. Color-coded solid circles and
crosses represent experimental melts with different water
contents rounded down to the nearest whole number. Solid
line represents the fit of an empirical equation (i.e., the melt
viscosity scale). Two broken lines indicate the plus and
minus root-mean-square deviations of 0.4log units. Open
squares represent natural melts compiled by Takeuchi
(2011). Reprinted from Takeuchi (2015) with permission
from Springer-Verlag Berlin Heidelberg.
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contents of orogenic magmas shown

critical phenocryst
by Brophy (1991).

Thick bar indicates the average SiOs content of total
phenocrysts for basalt-to-rhyolite magmas compiled by
Takeuchi (2011). Reprinted from Takeuchi (2011) with

permission from John Wiley and Sons.
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HOREDOERE K> TLE I HEVHE. C0LH%
W HI @ pre-eruptive magma viscosity Ot & 13 KT
H5.

Takeuchi (2015) O FEOREPEL %> TWDHDIE, X
)V b SiO, #i & pre-eruptive melt viscosity DR B2
HNZEMYREBRTH S, Fig 1 TRLZEHIC= S
W E D EMTO AV MR - AV M EKE - B
AR X - THIZ 2T TB Y, RONLHPETLIE
IET&E v, RIRDO~ 7~ TR S N7 preeruptive
melt viscosity & 2V I SiOs =D EAK 2 B4R (Fig. 2)
\Z2WT, Takeuchi (2015) F&EKE - MK - IREOTE
Wk DOL WML EEO 7 — 7 # HICHET L (Fig. 3),
Z OEMREARD S WA A E N7

Takeuchi (2015) ZEHEBIRAD 5K E SN BIREK
i (<1wt%) OF— % # vz BT, ERRERZE T
5B TRL oM ) 157

log1 7=0.146Xsi0,— 6.3 (1)

Tyl A MR (Pass), Xsio, (& 2V b SiOz 3
(wt%) TH5H. ZORERN % melt viscosity scale & I
O, AN MERE EREORHRAM L TH AV b SiO,
DA DS pre-eruptive melt viscosity i€ T & 5 filj
e LCIRE L. AL MEkE L REOERE v
B SRR 2 AV MR E O AR, (1)
BRIV T R COERT — 71209 2 1
SRR % B2 04 log unit & E 7.

melt viscosity scale %3 {128 72 - TRl T 72k 4 204K
EA 5 Takeuchi (2015) & melt viscosity scale @ i# ]
Gt & TR ) BT 5.

(1) FET VIV ETT<TD A B

BB ES DI H o THO P ERT — 7 139
TIWAY)GERHED AN MIELNTWE72DTHS. T
VI ) ERIK D AV b DYy, Fig. 3 TAH LN EAME
B HRIKRE NS EDDH S (Takeuchi, 2011).

(2) BESHEAET 2 A0 b

LD EoBEs & 25T 20 F 5 2 &M00OM T
F— ¥ B IRBREE TV L0 TH D, Bl L
L, A== FF2AL40 XV FOY;4E, melt
viscosity scale [ZB/NEAFED D &b, LA L5,
WK FERHO D 5~ 7~ TRER I~ 7 <3RS
WCThbID, £ OE, TOFEMIIMBEIZR L.

(3) 2wt% ML EOEKEZFFO AL T

EHYZ2BRP O RECHAND 20, 1wtk LT OK
WAL MEKEDT = ZRWTWD L, 2wt% KD
v 2V M EKREFEORINGBE~RACG-E AV b DFE

BT— S BORONZHeEETH L, TOFRGFAL
B, 7272L, RTURMEVSFMEER D04, 2wth K
O 2V M E RS — T O B R e o P ReifEsE
ZREICEON, BNTHEE T2 7OAEICIE2
wt% PL o x v b EKE R OB % v (Scaillet et al.,
1998, Wallace 2005, Takeuchi 2011, Plank ef al., 2013).
WeoT, HAD XD 2 EBIROXKINEHICB T 5 pre-
eruptive melt viscosity &% 2z % \ZBHZ1d melt viscosity
scale WA SRMICEI LEZ LN L.

7. TITIHEOEB =D S DY T IEENEMIEDIRETIC
T

AFETlE, Takeuchi (2011) 12HD X, BAIEDODH
L7 7BE Y KM TORE (pre-eruptive
magma viscosity) & GO E OMRE RS
L& B2, 5O pre-eruptive magma viscosity DHEE
% 19 % Takeuchi (2015) @ melt viscosity scale (&
DWCREH L 72, pre-eruptive magma viscosity % #E &
TR HTo TOERENT — % ORISIIEME, HE1C
X o TIEWHEZZ - 72728, pre-eruptive magma viscosity
OF—=FFHIRTIIIEFICROND. [0 EE
T5IEIEREZNER DY, SHOBEL LTHESD
® @, pre-eruptive magma viscosity @ # & A% melt
viscosity scale |2 & ) fiififb s, X D% < OBURBIIC
Bg L T pre-eruptive magma viscosity D2 5 OFJE
DL %IIMETE . pre-eruptive magma viscosity @
B2 S = 7B O ZE 2 512 H 725 TIE, UL
TOL) BT —<PEELEZOLNS.

(1) FEDKINI BT KR L < 7 < itk D% B

KINDOWE KO TIGE)$ 5~ 7 < D pre-eruptive
magma viscosity DZEILZH LT 52 & IE~ 7~
BoWEEILICEb LR L 5 2 B EMNAH 5. pre
eruptive magma viscosity & W5 KHHEE O B4R 13 BLERZE
HEDO—DTH 5. BEOWMEFHOHTIEX, —2>DKIl
IZOWTHEBOMWEKFH % xR & L pre-eruptive magma
viscosity DZE &% 7 BIEMABICE S NS (Bl 213
Gardner et al., 1995, Takeuchi, 2004, Takahashi and
Nakagawa, 2014). %z ¥ White et al. (2006) 1Z—2>®
KILDFH 7% 4% SiOs 1 & AR IE I o B2 IEO M
MradHsbZerzmRl, MikomwEEL R~ <L,
BRI D222 0, 2V LIZ WE2BR
WAL B MM L 72, kD4 SiO, & & Mk
R D AHBES X Passarelli and Brodsky (2012) T U
SNTWE. KTl L7z &) 1c4as SiO, &1 pre-
eruptive magma viscosity D REE L TIEA 55 7% 72
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¥, pre-eruptive magma viscosity ? %E & & £:12 L 72 Ff
MET X EELZE & % 5. b L preeruptive magma
viscosity & IKIEIICBIRA D 2 5E121%, <7 ~®ED
OB L WKHEEDE T 7 (Bl 21F, Caricchietal.,
2014, Degruyter and Huber, 2014) @ B% 2 &, pre-
eruptive magma viscosity ZWEER/)NTF X — ¥ — L 7
%. % OKINZTDWTHEKBEIIFEAHE A TV 2 FEN D
Kk, 7Y 7B E S 2 ) AELEWRGELT
H5.

(2) X7 <EHRBLDOF £ 22—V &< 7Rt

ESEED

BOKERNCY 7 E DIEALTE2ER~Y 7 <
oT, BRIHATHWY 7T Y O~ 7 <D F
b X, convective overturn Z# LT, MKIZE -7z
LEZLNTO 200 5. FiREbDO s £ 27—
EXT7IREDY A A X — v (Nakamura, 1995,
Tomiya et al., 2013) 12445 & T, pre-eruptive magma
viscosity & DPIREMET 5 Z L IZEE LML 22 5.
Burgisser and Bergantz (2011) ®FFMEIZ XL, FHiRE)
fbEBLHIO~ 7T )~ 7~ LRt~ 7~ Ok
Bary b A PP REVITE, FHiBI{LE convective
overturn D% £ A A7 — VK EL BB I LHREN
TWa., ZOXIBETFVPLOREE, FEEOHY
P OHERETE BIEMRE IEIHGEST 2 LEPH 5. WL
79 B2ix, B L TWwW A< 7 < ® pre-eruptive magma
viscosity 721 T% <, THREMLZWAHI, Tobb<
~RE 7R3 AT O K 5~ 77 < @O pre-eruptive
magma viscosity DHEENNEE L 2 5. HEEMB L Tw
e\ WIS RS 7 OMEE 2 I L 2R A< 75
BONDIEROATHET 5 2 LIXHH TIIR WS, =
Al B HE I K DR A~ 7 <122 T Nakamura (1995)
PIToTALFHK b L v FERFH L7 ANT Y AR
R Holtz etal. (2005) AT -7280NT v AR E W72
HEORAL DD, TNE TG D AV MK - 2
WV b EKE - O IRASLEE T H - 7278, melt viscos-
ity scale THIUL AV MHIK DO A T/~ 7 < D pre-
eruptive melt viscosity DHEEDTHETH 5.

(3) HiERWBFRBE 7 — & &~ 7 < itk o Bk

T OME L IR BB S R < S~ D%
BoRfRL LT, 7—<H_ETE 5. Passarelli and
Brodsky (2012) Tl&, HiEiEEZ &2 H¥EE Sz
KT OHTIRIA ] & 2% Si0z = O B 55V IE DA B A3
ZBHIERBNTWVD. 404 SiO ®ZHMEORE, #i
RHMHORE S 27 7 <@ I ) P OMENDLEAD S A L
Ar—=NEEZBE, ZOMBIIMMEORVI<IZE

FOZ2»FCER LA 2RTEMNTES. L
2 UARF T L7z X 9124 % SiO, # 13 pre-eruptive
magma viscosity ® RJE & L TIE AR+ 5% 729, pre-
eruptive magma viscosity M€ mAb % #2 L 72 R
HERWIE L 7 5. pre-eruptive magma viscosity (& E
AOMIGRETH A I7IWE Y LBTORETH D,
FADOY A4 LR —VIZBD B KETO 7 <HiED R
LD R % G ATV W EIZEE 2 ET 525wk
IR & pre-eruptive magma viscosity ® BIfR % B & 12
T5ILRIMHOMIERERDESS.

(4) BERMESROWK E < 7 < Hitko Bk

ERHLGE & FEZEHIMIEH L TR > ko< 7=
|22\ T pre-eruptive magma viscosity & O B4R % B &
PUTT 5 T LB, BRI, KRR~ <
13 EHU R R SR A B I3 L TR R RS 5 5 &g
NG, EBRIHEICL->TMNI =8 eEZON
T\ B KFERFIZ DT pre-eruptive magma viscosity
WCHEBASH 5 7y, HED S E TORMIER & pre-
eruptive magma viscosity ® B DS 2 2 2sHedtxf
RThHA.

&!I

i

MR L WAV [ERMEAhE 3 2 Kk
FoOEMbEEE] OWFEREBED LN TV AR THEK
FOREBER—IKE L ORERFZOEHBURIII AL E S
WCHMRT A2 HELMAT S5 A THEFE L JLKED
WM E L ORI TERZORGER K2 0f&Ha
AV MIEOARRILEELF L Dhokxlc, Ok
DL ET

SE K
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