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Magma Reservoir: Pre-eruptive Magma Processes and the Conditions
That Lead to Volcanic Eruptions

Akihiko Tomiva™

Recent developments in the understanding of magma chambers (reservoirs), pre-eruptive magma processes, and the
conditions that lead to volcanic eruptions are reviewed mainly from a petrological point of view. A “magma reservoir”
consists of inner “magma chamber (s)” filled with eruptible magma containing less than ca. 50 % crystal, and outer
“mush” region with more than ca. 50 % crystal. Most of magma reservoirs are in a state of mush, so that “rejuvenation”
or “remobilization” is necessary before eruption. Magma can erupt if its viscosity is less than ca. 10° Pa s. More viscous
magma can erupt only after a precursory eruption of less viscous magma, such as a hybrid magma between the viscous
magma and a less viscous mafic magma. In this context, pre-eruptive magma viscosity, i.e. magma viscosity at the
magma reservoir, is an important measure to evaluate magma eruptibility. Dating for whole mineral or even its local
point (e.g., zircon age) and diffusion analysis for various types of minerals (e.g., magnetite, olivine, pyroxene, and
plagioclase) have revealed timescales of pre-eruptive magma processes. Eruption triggers, such as injection of high-
temperature magma, are inferred to occur days to months before the eruption in many cases. Magma residence times,
during which the magmas are in eruptible conditions, are years to decades for typical magma systems, but may reach
hundreds of thousand years for large caldera systems.
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= eruptible magma = uneruptible magma
L J
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‘magma reservoir’

Fig. 1.
‘magma chamber’ and ‘mush’. The relative size and

Schematic illustration of ‘magma reservoir’,

position of the ‘magma chamber’ may vary with
time and the formation process. After Bachmann
and Bergantz (2008).
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Fig. 2. Depths of some silicic magma chambers, assuming volatile saturation. The neutral buoyancy

levels are also shown for comparison. Every magma chamber is on or below its neutral buoyancy

level (cross stripes), and tends to migrate shallower (arrows) from the neutral buoyancy level of

basaltic magma (dotted). After Tomiya (1997).
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Fig. 3.

> time

Schematic diagram of a thermal history of a magma chamber (reservoir). There are a rapid cooling

stage with a vigorous magma convection and a slow cooling stage with no convection. In the former stage,
the magma is eruptible, but the duration is quite limited. In the latter stage, the magma is in a mushy state
and uneruptible because the temperature is below the effective fusion temperature (7),). Timescales
obtained by radiometric ages (e.g., U-series age) reflect the entire history, whereas those obtained by
diffusion in crystals reflect only the durations in which the temperature is higher than the closure tempera-
ture (7g4) for the diffusion process. After Koyaguchi and Kaneko (2000) and Cooper and Kent (2014).
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3 2 low-T dacitic magma
(mushy)

oy

sub-Plinian eruptions
(Jan. 26-27, 2011)
(c)

(before < 0.4 days)

high-T mafic magma

(continuous injection
since Dec. 2009)

overturn?
(before 0.4 to 3 days)

Fig. 4. Preeruptive processes prior to the 2011 eruption of Shinmoedake. (a) There was a low-temperature (low-T) dacitic
magma reservoir in a mushy state. High-temperature (high-T) mafic magma began to inject into it since December
2009, as recorded by the continuous crustal expansion. The mafic magma was denser than the dacitic magma, so that it

was underlying the magma reservoir. (b) A mobile layer with hybrid andesitic magma was growing between the low-T
and high-T magmas, as the high-T magma was accumulating. (c) The mobile layer grew so thick that an overturn and

significant magma mixing occurred 0.4 to 3 days before the eruption. The mixed magma ascend, incorporating the low-
T magma, < 0.4 days before the eruption, and resulted in the sub-Plinian eruptions on January 26th and 27th, 2011.

After Tomiya et al. (2013).
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R LETEICE T A E TNV L o THREF SN TE 278
PAETIEZ RSB 2 R 2 LA B DR 7S HEA T
W5 (eg., Karlstrom et al.,2010; Gregg et al.,2012). HZ
i, BBORENRY IYOBTCRO HbNG & Wk
LI & o THIPERIEASRA S N D 720, HEH»H D~
TFYMIREDR D> TO Y~ E ) OWEED LAY 12
AL BB ETHD. BRI LDE RO LIS
K, BRMIIY 7B EDIZERLL T 2 LIl
b, ZOT4—=FNy 2k, KHBERE <7 EN R
L7 FTERYIIYRENDOEK AT SR TEREE
Z 5N TWw5 (de Silva and Gregg, 2014).

Caricchi et al. (2014) &, EHP SR~ 7= HVE
ASNDER7BENIZBWT, BEENED LI IR
o T hxET ML ZoOK, REEoBEER
LEML, MM X - TR & & B IEBIE DT %
ThHEL. ZORE < 75<@WE YA XL TH
FEZ~ F IR RS E W EBREES LA LR L, D
BUEIE K DHHIE T 588 — Vil o7z, HEGEMEL 2
e, BEESERLICCLRY), MATLETOYS
<RSI 2, MMM E 1R ) eI R E L
otz ZZETIE, < Z<IEARL LSBT ORAS
BEKDO M) T =12 >TWAHTr—A GEAN) H—;
“triggered by injection of magma”) TH5c. ¥/ <HEE D
A AWREL DL, Y IIBESHEKE { n
FRY , KBRS E BRI IS 5 2 &N TE R,
ZOE, YTV BENREE LTI RERL
THhLTHRWVEBKRTERLS 2D (M) I —;

“triggered by buoyancy™). #JJ M) A —id, MEARE 103
L LEOBEREKDEIZH EEZLNT VS, &
B, RN STELEIL, vV BE ) 2 #mI
HMEFFCEY, FMLL THaRE 2 5.

YUYWL OBREIZ, Wk T DOEADEL
THFRE LD, MN8N L7z~ 7~ asi it
ThHE, ANV MNEGOREPIEA L, W RL R
ToHRFEVERL S 3B (Z kBB ; second boiling) L T
FEAEL S (eg., Taitetal, 1989). Degruyter and Huber
(2014) 1&, #VELERO~ 7Y IEASINDL Y T~
FDIZBNTD, EAH LTRSS TR CGi2Eh
W, SRBBE N ) =R A ERIR L. Thbb,
X TIMWHERIT T A IYWE YA X, Kb
BE, BES DSHPER AR RS 22, & Vo 2 DEVIZ X o
T, AN =, B M)A, Db T —,
LBV, EWV)RRA B8y — ST 81k 5.

%8B, Greggeral (2015) 1%, F)1% HiM L L T 72
WALDETIV (eg., Caricchietal.,2014) 5L TH 5
CERIRRWL, FO M)A =DHIE LD B
AR L TWwA. Gregg b DFUHEIHICHEDO &, Fh
WX o TETZBFEIETEHLICIEATITH-
7z, ZLT, BEREA (>10°km’) O MY A=t LA
W RER, Thbb~ 7~ F ) ORIEIIFIRE
EIZL > TENDL ZEHFARYET, B R~ 7~Y#lE
DOBER )T =D TH D, LIBRXTWE, 2O
BRI M) R RRT 500 EERTIE
v, ERBERD R =120 TE, BIIE 2w 2
b Ho TRIEM L KDL, Sthbrkc Bt <
Th»r9.

KBRS E Y 7Y OREDRE TnE, Ew)id
WERFWT— 5 Il &, v F~YEADPEKE MY
H—=F5EVIEZHTPLRNITH L0, Y7 ~YDRA
BAREEKOERTIE R CHRTH L, LWVIHIZITD
WY o. oF ), BEKERNCEE Y 7@ T ) (P
ALY B TERE R~ 7<) PHEIEL2H, BKHE
FoZLIZIVRANPRE, LW TEETH S
(e.g., Blake and Ivey, 1986; Woods and Cowan, 2009). ~
TRBE NI AP 2B ISR Z 26, e~
FRWME DO T~ IS EE TEDICL
ETHoTH, MHEORAEIHI D, 72721, FHiziofh
FENIZTRBOY 7 <IFERH» SR S D DT
HIHERICE O 2 L% <, WEISEIL L o TRED
KT EEDREERTERIL, F—N—F—VIZED
WiEtkd H 5 (eg., Ruprecht er al., 2008). Z D X 9512,
XY OWHED S WRIZE S £ T4 %702 AH
ZEZHNDHDT, EEIIEE T, Flzs
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HEWNT — 5 A EQ TGRS UENH L7259 .
5-3 EXMEHIERICEZ ZHE

KN H—=DR DY — 2 & LT, HEIEKEF
D, LW ERDDH L. HWELEEKOBMENEEZO
A J Z X BT VTR (2002) D F L DHAFEL W,
WERAEHE BT 2RO T2 L LEAFHLO—
DOERNZ% B )% (Davis eral., 2007), T L AHIFEIZ X S
S B DALY~ < E ) OIRFEZ L (L CHf
WL, BETHN) 25&RIT, LE2 50750
(Walter and Amelung, 2007 ; Walter et al., 2011). FEFZOH
FEAN A LIFFETE R VDS, ERHEOERIZHEA
PR ETVLHEFIIV OB HEENTHT, FEHIC
BIROHEZEZ 52 L b/RENTWS (eg, Linde and
Sacks, 1998). 7272, BIEAEED KL ETHEKT 5 Db
FCiE% <, Walter 5DETF IV CTFHENBIGHZELE
LWINTHD, 2O s, HWEEEIIEAL 72K
T, BRI EAR AT e A 72 R VIR I B - 72
DTIEHRWD, EEZHZEHTEDL. F72, HEIMHE
KEFHETDHEVHIRBIIIHEN L RBELH 5. Bz
WXZEE (2014) 1, #E T 1950 FELEICE X 2~ =
Fa—F M) 8.6 LED 9 DDOEKRMFEIZONT, Wk
KILDOWEIHE & OBIRE TRz 2 O/ER, B RME
% 3 AEM OWENHIE X Z N DA O & TGS
ftLCwWahorz, 72720, ERHEZIHUANZRS
L, BRI A THEHANEE TWT, Thid
Linde and Sacks (1998) DR L BEHITH 5.

HAIZ 2011 4E12, FARIC—EE L Wb A EKMET
& B FALH AR R (M9) 54 L, BT o R
EnBAbEZ 2. o KILTIR, KMEREZI2KL
HEHEOTEZAR~ 7Y E ) OB & RET 5 M2
B ST 5 (eg., Takada and Fukushima, 2013).
BIFIEFEOKILTIZ 2015 4F 12 ABUE T 72058 2 5
TS, b9 LEMY G THEAr—) i
ERINEFAERIL L T DT EEEL T AH%E
HH %< (eg., B8, 2012), BEARHE L EXKOBERIZO
WAL HED 5TV D (eg., /ML 2015).
FORHE & K & OB A 283 2 - CHRIBRE WG]
& LT 17 o ERM R O KITEE S 5. 5T
ER L) BEIM, RKIEIRRBIC & o 7-dvifEdEl - &, A
PRI, RGO 3 KILAS, 1640 4E, 1663 4F, 1667 4F12\»
FID KIBEIIER (VED S O 7)) = =R EHR L
PIBES A IEE 2 ) KT LISk >0 TH B,
CHIUTOWTIE, 1611 EOERHGE (BEME) AL
SNBSS DB SRR L
1663 £ A IRINED < 7/~ Y AT L OEBFEH IO 7%
o FZNFEEDSIER ST\ B (Tomiya, 1992). 7272,

17 A odbi#EE O YA, BERMED S X GHBIFE)
FCHTERD Y, WESEIIZEAE L2 2O H
IFEEL W

ST, WEIEAE BT LWL EZ L7290,
Fex B LT VBN L. Ak, BAEREEO
A LA =)V EEAFENICERARY , HE SBASE
EETORMERETAZ LT, ZOEFIVOKE)TH
BEE Db Litew,

6. BRTE2%M4

6-1 T<EATIHEELEVEGS

RTYBEDNRE S OF o IR S NS &
&, Y TYWEDICHEICHERITRE R~ 7~ 05h B4,
BLO M)A —=THEKICE VS, —T7, BRIRELR~
TP, ety v aThiud, F31F
< v ¥ 2 OFFRBMLEC L o TR ~ 7~ % Al
L2l 7 2w,

BAAELUT O RIFE TR & D B XE, miE o
RETHLLEZ LMD, BIZITHEHRALOEE, 1663
EVEBFR L 72, BT EBEICERE#)EL T
%, FNENOWEY R OB O R % s % 2
LT, X7V HE Y OMDFRANN . FUC LB L,
1663 -7 B I 0 2000 FHUKIZFE S £ T, HHLAYIZHE
OB & TCRIEFHATHE Z > T2 2 ERHL 2% -
7z (Tomiya and Takahashi, 2005). 300 4E[H DL B~ 7"~
T ) OIRFEDS Fig. 3 O Ty (RSN O ITCRIEFARI RN
B DEZEEOTR) DEichh, BKaHERIREEIC
HolbEZLND.

—h, BEEULOERIEIIHEOH % KILTE, AT
RER~ I~ DL TR WIREEYRH 5. S OWH,
~UYBEY (Rvva) AFERBESEL0IC, <
7 O EMIC b o TELEZ A THA )
MR ETZATEE & B~ 7 OBHEATE Z o 72 5 LW ik
&, LIZULIEBES, $RICoHimoRy BEFERET
WHAL L Z2v) FHREA O R - AR CRlsR S
T3 (eg., Andrews et al., 2008 ; Cashman and Blundy,
2013).

TITEEVNEA LY S ERETCE M
i, b Lm0 fiEa a0 g, 5-1 87T
AT X (BOEERT). LaL, #iickmiin~
T OUFEDHREI R )R EN, < /v BEOHIEEIL
BTWEIIRFENL ZEdH DL, 72 21E <7
T BHAGEEAT 0.1~ 1 km?*/ T4EAREE (HAIR 2 HAD KL D
EIIMEHE) oL &, <7< T okE S99 km’
DN CHIUIBAICHERETRE T 5 (Tsukui et al., 1986;
HE,2000). CNE D RELRT7EEDIE, IR
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E R~ SRR E E Z RIS C & v, LAY
e HAROKILTIE, BVAIE &R HER A < ()
B1991), WEKATfEZR < 7 < SREE S LT AT fEMEAS
. ZoZEiE, TREBRYIYOKILDIZI A, &
W - HEE 7oL LD b, BRIEHERNE <,
SEIME K IRy (White ef al., 2006), &\ 2 Bl
REELENTHS. 7B, Passarelli and Brodsky (2012)
&, U EERE T, AR Z ) T (I
KHTIRIARE (run-up time; M IZSEAT S % HEE (G B <> H
EBIOME) b, L LTWwAEY, ThEHikv
TRBE Y S HEADY T~ ERR MR S E
Wz, LEHAENTWS,

62 VITOHERTE - ki

<YW E DI RE R Y SN, I
KN A= N8 LTh, v 7O HIEASNEL
BUFIUEHEKTE 2\, w7 <l E ) CHEIERLT %
BT~ 7~ LA Lg%, @B LT 2 miichiis
FETLLEDNDH L. ZORA, <RSI EET
H5.

<7 ORMEE, R ORI A ZAE S AV ke
DOEKREETB L ORHEMUIC L > THAT 28, 0%
RIWZIED 7 4 = Xy 2005, Tbs, Bk
AR UL, BT AR AT ) R4, £
DI=DITHIEIEA L, EAREIX LSS v, 312,
R AT UL, WA A - BRI Ea L 2l
L LAY IHOTINGENEL 2o, FAHEEIR L
o T, Jto T, HEEDOIRERD 1 D THh 5,
BRI O~ 7 <BEVIZBIT LR, Thbbv s~
W E DKt (preeruptive magma viscosity ; Takeuchi, 2011)
DBEETH L. 7T Y RES~ 7 <R & AHR
LTCw5% (Tomiya et al,2014) L\Wofsfidd Y, 4k
HLOB LB TH L. < 7IHHIKE (51 7)
AL 055 EATA%E, OF ) B CRATITRER
RO EE DAL, 100Pa s TR AT FIR &
ESN TS (Rubin, 1995; Takeuchi, 2004). 4L L D
EREEZE ERAEBXCEPTEILLTLEIDOT
5.

—HT, ¥7YEED TEWIMEL RS Tz (BEd
WKWED) Y77 ) ==X THENT 52065,
T, BHHENZVI LS, ZOBKREY S
IBEYORKEMBEL T2 HBIEND,. 20
G, TN =AW E L5 LRk~ 7~ onns, £
DARREYED ~ 7 < ASEERIgIC B - K L TAOE E IR
LTWwWT, M. 8h/KEE &0 SRt k< 7=
BKTDEDE, EEZLENTWDS (eg, €T VKK
1991 4EME K - Pallister ef al., 1992 ; AtHEEEY # i 1929 4E

15K : Takeuchi and Nakamura, 2001; = DOM% ). JoEE
MR~ 7 <, R T~ v v alROREK~ 7~ L Hr
LI S h B~ <~ EDRA~ < TH Y, Fig.
4 OyiEhE (mobile layer) [ZHI4 LT 5.

gy R b gl » i, Mg (ReE~ 7 ~)
PR L 72 IR~ 7= DNEH L CRBA R IR -
720 =77, 52 BECIAHIAE 2011 R TIE, HAE
~ 7~ (ZWEEIKGER) PSEBYoOTEE 5D, <
FRWE )RR ERERLT AR~ 7~ (FAH A NEA
BIEA) 1SRRI E-72. b LIKE~Y
TR D O S AU RBIBEKIZ Z o 72 REME D B
AN, ZZEFTES L o720, KM~ r~<(wy )
DOREAE T E7z7zd b LitZ v (Takeuchi, 2004;
Tomiya et al., 2013).

RE~ 730N A Lt~y a2k~ <D
BAKICEETHLETLE, R TY LR~ T~ %
EDEHICRES LIV LERERMETH L. 2L zE
WELRA~ 7~ (hybrid magma) Z1ELEA, WHED
RPEI Y P T ARPREBEL L) FRELRNWT E
HHEIHI TV 5 (Sparks and Marshall, 1986). #it, =it
TTOEKYFVIREERSTabN, ~/~BEN &
HTFTOY I YREIEG 25~ 7 O REIRHS
7z (Laumonier ef al., 2015). ZOFEF, RAEIZEIR
R TRDEEFE LT S &, iR~ 7~ OREDMRIR~
FYOREL D BHELCE L o TRENIIL RS
EWg ot (MEHREEAEWIIZ->TLEY)). 202
L, vI~YRAETRNEERELDIZIE, SR~ T~
OWMEZ TRy (RELETIFRV) L9 I0RES 2
EDVLETH LI LB LTV 5.

7. XTI TOARRDEA LRIV

PR, 7 T 2 SRE BRI E R i NE I AT A
HE L2/, ARSI THEADI A LA =)V
WHEES I, FEmICHVWONE L) I hoz. ZTOHFIC
LTI, ZNZTTIHORDPETZIZIETHLL
(e.g., Dosetto et al., 2011), %< DL V¥ 2 —mXdbHTw
%5 DT (e.g., Hawkesworth et al., 2004; Turner and Costa,
2007 ; Costa, 2008; Costa ef al., 2008), = Z Tl T < fiijH
Wi s,
RIXTUEADY A DAY — VAHEETEICE 4 7
bOWHDH. RELFITHEFEID, WHFEREEIZLS
DL, FEMATOIEILHCKM DA AT 17 A
(BLRHEE, BB ES) 2R3 2 012550 6ns
7259,
BUFHEAHIEIZ & 2 b DI2ix, AL, SHAEE TOR
(AR R, SEMAY L L TH B BUE E TOI



290 HE N

L) b 5. SWFERIIOWTIE, 2 B THER
7YV aro U-Ph4ENR - U-ThERD L 912, JRET#T
WX VEEO RS ARy MIZAIETE S L) 12
o TWh,

EPAEAE AR & D b FEHISE W TTT, W
DEZER WL 7O R (residence time) &
W22 E25% % (eg., Costa, 2008). iid FFi (L, WEAHE
T 2 EE R FA2Y TH L. 2771, 5-1%F
R Fig. 3 THRZ X 912, HAEIZHE QA AN KR & F
744 DU autocryst (2 ) OHAEDMATH 5. antecryst
% xenocryst DM AERIT B FEE KO~ 7~ {HH) &L
R DT, Zofix v [ERm] 28 LTl
FoL, AYPICEWNEEZG 2 TLE Y. FHHEEMAEDT
EEBZD L) T =5 D% 1L, antecryst 55DV A
ZIVOTMREWA . 72720, BEREKE L7263~
~WE Y (RREEE km® UL BBWEGHIECDT,
EBROWRIEM A1 EOF =5 =12 b2 LiI3H N 1E
% (e.g., Costa, 2008).

BOHAEACHIE DAL D & 4 B A — VHESEFEE LT
W&, ST OTEEILE R o 22HEENIR AT TV,
o2, TR AICE o TR - AV b o
b2 &, B L L9 & L ORI CIRILEL
DEIY, SRR R = s Ta T 7 AL
L7 a 7 7 4V) R CTEDL. ZNERITTIUL, <7
YIRAENSEIETOY A AR —)b GEEER) A5k
O LA, JFHBE R AT 512D v T, Costa and
Morgan (2011) 255 L\, W ilZE X, BRI
FEREORESTWE I LSt E 20 5. IR,
SO H AL, RO, WEFICL > TRLLZD
T, TNENRLEDY A LA — VORFEREEL LN
T&5.

WEEh O Ti 225108, BH~%r DREEDSY L AR
= VOSSR T, Iz, BAER O
LA, BFICHEK N =T AR ESNT WS,
728 2, EAKiL (Nakamura, 1995a) €t 5 — b
A —71) T— )L KIl (Devine et al., 2003) D% N—
ABERIZBWTIE, Y7 <iREH S F CHOMMREE
DY A DNAT—=UHHFENTVE, TS F— AR
BAED EFENTWLIZL 20b 53, EBEEIZ X 59
FA LA —=VDHENVELLLZVI ERL, <77k
ENHIRIINEZ 5 TV DB Z EAIRENT. 52 BTl
A7ZHATG 2011 FFREK O KCEEfBFEOHEE (Fig. 4;
Tomiya et al., 2013) T, EkHLH O Ti IAH Al, Mg
A B DA T DIz B BILEURE R FEO
LREMAEGDLELZEIZLY, V== Tu774
WSERUZ X % b ODFEEIC L 2 b0 & HjTE

LEEBIZ, FA LA —NVHEEDKEREZ LIF 720 EH
HHZINT 2D THIENTEL. ZORE, BEE
Hx U (REE) OFBIEEAOH T H U LA, S,
WL N ) = RIS B HE R~ 7 ~iREe (FE~
IOME) 3B LZF 04~3 UM, ~ 7~ EHISHIG
T AR~ 7<) AAKIIHKHTB £ Z 04 H DA
X7, LiEEEN. ZoWMoMBREH Y RS L,
2009 4F- Lk kG r) 2 iR DA IE ~ 7~ ) AR
OYEZE LA R SN, 22T, BAEHRTO b
=k, ~ 7~ BIROH OV A (RO ZM D)
DEIRLIDOTIERL, Y~ I/YEEFYVAOF —/N—F —
YO RREZALDIEE A LR b ol b S L, L
&7z (Fig. 4; Tomiya e al., 2013). & B 1L ¥k
2011 AFMEKIE, HE - HAFNT— 5 %, HERW SR
F=F LD THRTELIFRIE Vo TI WS

3

A B AFF O Mg-Fe 1&, BEEkE51Z K\ CTHLEATHE

{, TNLEEDI A DA —VEERNDH S, %11
FE~HHERE L W) EIE SN TV (e.g., Nakamura,
1995b; Coombs et al., 2000; Costa and Chakraborty, 2004 ;
Costa and Dungan, 2005 ; Ruprecht and Plank, 2013). 7272
L, %> MY — =Kl 1925-28 FFMLKCIE, fF 7o 7 7
A VOIS % ERIHT Tl 7  PTBETARMNT CIT7% 9
Z e CEMsMREEEY BV, X EvwcTcE T 0
T ANEMNRE L ZRICED, mR~ 7 IDEK
D) 20~60 HENZHEA L THEKIZE 72, LfiawmL T
W% (Martin et al., 2008). %3, DL EOHFTEEL D
ZA DA =i, BEOWEK M) A= EZ HI2FR
REVLL LNV, HIINEAEOEVLAL AR
iE, vy MupbiRIFEEL L ENEEZLNST:
O, XY MPLHEAND LTS A LA =V ERT»
bl RBEENTNED,

MO Mg-Fe DILEE, $ T~ EFEBRED S 1 A
A7 —=NVx 5028 L Twb (eg, Tomiya and
Takahashi, 2005 ; Allan e al., 2013). #xi#ETl%, FE-EPMA
R S G IEAT T M EREE B, Bum DT O
V== TR RHIET, B AUNOY 4 AR =)
Lk SN T b (Kilgour et al., 2014). FHEAH O Mg
OIEEAS b, ML O Mg-Fe & 1FIZFRBED T 1 LA
= VA ESIN S, Druitt et al. 2012) 1&, ¥ M) —=
KD I 7 7HEKIZOWT, & Caa7 (WHE~ 7~
) HFOREA T O Mg OHLEIER % ko, HEE
RTIOEANS D IVT TN E CRE, SRR LTC
W5, FHEATOBMEICEOIHIL, Stk LhoTED
%, LAJICP-MS O e THHT— Z A2 Tw L
PG, HAEFD T, WAEE~ T, AV T T
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WO 7w T HX ADi#Em b, BE~HTHE0
i 5N Twb (eg, Gualda ef al., 2012b).

K b 4 27 4 7 AR FH L7z 2 O w84 e 3
ENPE LT, #E& A X456 (Crystal Size Distribution :
CSD; e.g., Marsh, 1988, 1998; Cashman and Marsh, 1988)
ZHVD LD L. ORI & EAE R IIAT
DTV BEE, T A XK E L A BI1E S
TRBBIEIIZ > TSRS D, ZDEEDOH A X
AR, R A RS A X (mm), m%%mmﬁﬁﬁ
(no./m*; %44 2B BB OIGTE S 720 4 Fel2
%)@ﬂﬁtLtks,ﬁﬁ?%ﬁé.&%&LEkm
EHEOPRDHVIZE - T, :@ﬁﬁ@@éﬁwbb
T E AR VIT R IEH AR V. B 21X, AR 1663
$7U:—ﬁkﬂmmﬂz777*®ﬂﬁﬁﬁm%42
DA B RO T2~ IR 10°~10° 4, 1663 4F
WKEDTA A b= 7~ HIZBIN - MBEF O~ 7~ il
B 10°~10" ELT, BB SN TS (Tomiya
and Takahashi, 1995). 7272 L, FEEEOH A ZX55345 13w
(BHOEMROMER) v LI ZR/88 — ¥ 2R
NS0, ﬁﬂ&aE%M£ﬁ%ﬁb 2 & RIR

DR, Fo, BT D120 R
G2 DUENRH, 777«&0@&7&L‘MF®
VRSN LM TH o THREEEARE Y (1~2
W) L) EEE S H 5. 5-1 % THIS L 72 Cooper and
Kent (2014) T, CSD 2* 63k 7=~ 7 < i R 0 7 —
FLa AL TBEY, WIFNRL 10 EUTOY A 4
AT —=NVEHZTnh,

8. ¥ & &

Y TRWE D) EWEEfGERE S KO MY T —
W, RIEOFME LIS, BHICFEO TR, ¥ 7
~WED I, PRIy 2RI D RT VI
W& 72 o TIEMKITREZ: ~ 7 < SHEf S LA LB H
ATl FOEMITY Y 2OFREMLICL > TREZY

|52 b, FmEbiZbmEmchr b, hEw
WA Fro, GHTTFEOESRICLY, YvarERRe

W OPFIEH 72 &5 4 DA AT —VICHT 5T — & 2%
fish, v/~ 7ut A0W@EIRKEHERLOOH S
CenEbMN LIz b, AR TEITI-EOLELD
EANREIE I F > TWb 2 &%, BLALT I TR
72& 72w,

WE S AT — 5 L BRI T — & O A,
SRITETEEICRDLEEZOND. EoT, ¥/
VAT AT BEMIE DA A=V OLEDVLETH
5. KEBZO—BE RILENTH S,
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El 3

Shanaka de Silva % (4 L T VNI KF) Lo~ s~
MEDICET 5 H 4 0k, ARz ELob LTHA
GRTRe Y b ehodz fREHEL/NEBEEL GRdbR
F) X LOMERBERDOH 4 \IIRFHEOEE 2 kS
EWzEnwis, BEREBETH A RS gHdb CuiE k)
BLOWAHME L (FAREKRY) 12X 200 CREM 72
aJXA MY, FERERE YEEEN. UEohic
WAL E T

51 A X ik
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