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Pre-eruptive timescales estimated by diffusion chronometry of

phenocryst minerals: A review

Takuya KANNO'™, Hidemi ISHIBASHI’

Abstract Diffusion timescale estimated from a chemical zoning profile in a phenocryst mineral indicates
the time between formation of chemical heterogeneity in the crystal and eruption. Therefore, diffusion
timescales offer important constraints for understanding pre-eruptive magmatic processes. In the last
two decades, many studies have reported data of diffusion timescales estimated for phenocrysts of
various mineral species in both pyroclasts and lavas from worldwide. In this study, we compiled published
data of diffusion timescales with information of eruption characteristics such as eruption style, eruptive
volume, and chemical composition of magma, and examine relationship between diffusion timescales
and eruption characteristics. Our results suggest that (1) the estimated maximum and minimum diffusion
timescales depend on species of mineral and element used for diffusion modeling, (2) estimation error
of diffusion time is at least larger than ~=30.4 log unit, which should be considered into account when
diffusion time is compared with geophysical observations, (3) each phenocryst records information about
its own growth history, not a history of whole magma chamber, as chemical zoning, (4) diffusion timescales
estimated for phenocrysts in pyroclasts of caldera-forming eruptions are systematically longer than those
of non-caldera-forming eruptions, although number of data is small for non-caldera-forming rhyolitic
eruption; this discrepancy may be attributed to differences of magma chamber volumes and/or mechanism
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of eruption triggering between caldera-forming and non-caldera-forming eruptions.

Keywords: diffusion, timescale, magma, phenocryst, zoning, caldera-forming eruption

1. FLoHIC

— MK K &, HMTO<7<EDICERELT:
<7<kl E ER LU THIRIEH T 28R TH L. K
METI, BAAEEZL < 7 <~ DEEBIIE LT 5IEK
R EFTO—HOBREL TEHXHEfFRE & X5 H
KIEMFBFETIX, ~ 27 <72 % ) hoREMIER, Ko,
<7< OEE, 7V 2 & <y v a (UL RSSO
BB X Z50vol.% &8z, WEhM: % 2% o 72451 - Bachmann

& Bergantz, 2008) DIEK & R, <7 <iRA, U A
REGKTBENEBZ 5, =7<IZEHhT, EXD
TR R CEKDOUER L S NDDH, Z OFEM %
%352 LRKUZELOFELANOOEDLEEZ DT
59, fEkoE kAR T 2L TIE, BAT 3
Moo= 27 <12% ) oYK - (LIRS (e.g., Devine
et al., 1998; Costa et al., 2004 ), MW KA[REZ < /< DIE
B c BEEA U =X (e.g., Jackson et al., 2003; Huber et
al., 2012; Pistone et al., 2015) Df#BHIZH 25 4T
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ET—hT, BWAKEMRRIZ»22 24 WA=V (B
%, WKHEMHE A DA —VE X)) BT 2D
F DA TV Lo Tz, AR A L AT —VIZET
LG, WAKDO M) =< /< bR L EOEKDE
WP T 29 2T, TRKUKEDY R 7 % iiis
2IZ2THHE L2720, ZOEEMEZHEFALTHL
TELZEERW,

WEKHEQ 2 A DA — v % REED 2 EELHHEITE,
BN PERIALARIE A 12 80 FERGE &, ffTton®
IEHETY) v 27 D2o553H % (Turner & Costa, 2007).
Turner & Costa (2007) 12k 3 &, Z D5 bR
RIETPATEAGEIE X, KU EAE CHE T HEES —
ZF—UTORMO RS DIELTVWZW) 2, RiEd
LNBHME <~ <123 ) T2 a4 0BG & Z R
2 Z RS TE LY., —HFTCRFERLEHET) v 7
1%, WYL EEY) - TEROMBICIEET 2 2 LT, HEFE
DTFOEWRRZERT 22 &N TE S, M2 T, RA
WEMR 7 — VTR RIS« A Z R KL
HPICE I N DL O OWT, FESRLT - AR
VIR 2RO B 2 ETE D 2 &0 h, O
T« fLAER & LTRSS Tz A Ry b (Rlt< 7 <iR
A) L ORHHHEETH B (e.g., Chamberlain et al., 2014;
Moore et al., 2014). Z ®7:%, Nakamura (1995a, b) 12
& o THATFIE LSS S L TR D 204E4% D T, BEALSEA
Y DALFERR Y — = > 75 bt B LR & RAE b 2 0F
72 05% i S 1 (e.g., Nakamura et al., 1995a, b; Zellmer
et al., 1999; Coombs et al., 2000; Costa et al., 2003; Costa
& Chacraborty, 2004; Morgan et al., 2004; Tomiya &
Takahashi, 2005; Costa et al., 2010; Saunders et al., 2010;
Druitt et al., 2012; Gualda et al., 2012; Matthews et al.,
2012; Allan et al., 2013; Costa et al., 2013; Tomiya et al.,
2013; Longpré et al., 2014; Moore et al., 2014), <7<
OALAERARR « B « B0 R 2 2 KI2oWT,
ZDEKERFRA DA — VDT —ZNE-Eh>0H
5. & 517, BESIEY) O JURIAER & Bk B RO B1
WF—&E2xs 2 2L, HBRYEHZOERN T — £
DIEFUZ D W T ERIAIHGEE T 234 b2 Tn D
(e.g., Tomiya et al., 2013; Jay et al., 2014; Kilgour et al.,
2014; Moore et al., 2014; Viccaro et al., 2016 ),

WA O TCHEIEEE 7V Y 7T 5 v 2 —i
121% Turner & Costa (2007), Costa et al. (2008), Costa
& Morgan (2011) Z&E2H D, ThLOimLTIIFEIT
TR ET ) V7 OFMRL XY v b, FEEALENZF
EDLNTWVWS, ZHIUTH LU TARIZE T, MEKDRHY
(= 7' < DALZEARER - WA - KRR & M K HE (iR
ORFREIFET 2 Z L HNE L, TEOWETRED
b TR O TR O 7 — X %, EHKORHH &
GbeTay ML, WEOMBREMEI LT, Kin
DHPETE, MEBYOTRILNE T ) v 7 OFEHITo
WL L, RAED & TR BUR R IR R A U 2 B
IZOWTHE L 72, #82TIE, ITAE DKM & 4 L A
T— VI T 2 ERIFIEE T & D, BRSO ITEREIR
Ml & K DR E DRIRICO W THRET L 72,

2. TRLHET Y VI OHE

2-1. ¥

SR COTLEIEMA D= AL BLUETY v 7O
2 ST oW TlE, Costaetal. (2008) < Costa &
Morgan (2011) IZEELWOT, b5 EBRE N,
22T, R ONBERIET 2 5 2 CRASPRBE
TCEILE TV ¥ 7 OFEIIZ oW CHHEICHET 3.

AV DL T RGO IE, £ OREOY
B bRt (202, Ak bk EkE, B
B, ED, BET 2TV TR E) BRMLTENLT 2.
BESSEMI R T 2 & & OBRIR O LEN S 1L
T2L, LHEHBROBRTREREEC D720, ERE
L ChRES AL AR Y — = ZafE o s, Ll
5, B 2B LAENBRE TR S TSI v T
BHENIEMTH 2 7: 0, HBEOERT V¥ v v
EEBAL & O LB EBZ L, MR L TR
DILFEMR Y —=> 7D 7a 7 7 A VHHEHHE & bITE
16$ 2%, ZOTEEHHOGAR LT IR SIREoF R IR
9.

aC(x,t) 0 <D aC(x, t)) 0

at  ox 0x

2 2T, DIIEEURE, ClZocEEE, «IXiEEE, xR
fMchs ZoMEZMAT 2L, SWHPOITLEDIREL
REDSBEFN D34, FEHT AL/ Y — = > 7 05k
FIER S LTH 5, BEAXBEOBINIT X o TIUHEILH DS
FEMICHE S NS T ToORMERD 2 Z & »FEHENIC
ARETH B, EBRITIX, DO UOE 2 IEEURE - 1)
G - BRSO TN IR RN TR 2 & T, 8
FROALZERLER 70 7 7 A v E R O BIE & L CHAEM 12
HE4 2, FLTC, HETu7 s A A0EMNTT T 74
NN OIRE CHILT RS, TOEIEBUCE L
7o) (HEBURERD) & AT,

WEET Y v 72T OBRITIE, b FdRHE LS
AR Y — = v ZOMEBUC X DB E b D TH B 2
EDIRE LD, 2D, MY —=v 7RI &
DS NI DD, BEIZL2DOrEHET 5 0HE
BH5, InEHT D 2T, HBEREDEFEL QNS
WitE (Flz i, »PALAAFOPRREAF O AnE
D) DY ==V TRE—v L DOHEDERTH S (Shea
et al, 2015), B2 6HH 70 7 7 A VERD D
BR, IEBUREL - WIS - SRRSO R Bl 2 3 A
1%, HEFRERXoME#E (e.g., Crank, 1975) % Hw
52 EDTE L, —HT, IEBUREL - U1 - RS
PEDS, R - Z2RC R LT LT 2 EIHE L — A T,
ENFEIC X 2R WS 2 L —fRINTH 5 (eg.,
Press et al., 2007; Faak et al., 2014). W DOLBEAITH
WThH, RDLNDILEER I, IEEREL - WIS -
BERGMOIEIZBR L RIFET 5.
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Figure 1

Summary of diffusion coefficients of elements in minerals. Abbreviations are as follows: plagioclase (plg), sanidine (snd), quartz

(qtz), olivine (olv), orthpyroxene (opx), magnetite (mgt). Numbers indicate source literatures; [1] LaTourrette & Wasserburg (1998) , [2]
Giletti & Casserly (1994), [3] Cherniak (2002), [4] Cherniak (1996), [56] Dohmen & Chakraborty (2007b), [6] Petry et al. (2004), [7]
Schwandt et al. (1998), [8] Freer & Hauptman (1978), [9] Cherniak et al. (2007).

2 - 2. IEREK

TCEILHURENE, S5 - OROFFEBHIZ X > THESR L
D, FTEREBIIOEREFELTCENT S, =/~ /GLT
RIS TR, RSSO T, 2 A 6 AT dFoilid [=100Mg/
(Mg+Fe?*)], Mfitho Mg# [=100Mg / (Mg+Fe?*)], #}
FH, ¥Y=7F4 vHhoMg, Sr, AHEFD Ti DL
V==V ZIZOWTIE T Y ¥ 7 d3fThb s 2 £ 03%
W, 215 OHYHF O TUHEIEHIRE O € T v, Costa &
Morgan (2011) 12X oTa v 84 vENTWS, Fig 1
12, 25D « TTEIZOWTREN ISR & R
EORRER LTz, JTEEINHULEWE LR % SR &
T2HRRTH 279, IEBURBUIARREL ORI L
THREEEBMWIZELT % (eg, ¥ 2V EY, 1963; Cherniak
et al,, 2007, 2010). Z D72 &, LEEIREOIEEREME X
K&, EO#HY - THETDH 100°CHEE DR E _EF IR
UCIEBUR BT B L 2 IMIRERE T, LidoT,
WRET Y v 7 OBIE T 2IRE ORI, PREURERH
DORIED ) OKE - ME*EART2—HWET . iz,
IR A R IC BB RS + 30°ClT i LT, R D
LD IR 2305 ~ 3EEEEE T 2 2 L RS 1

Tw2 (Chamberlin et al., 2014). 2D Z & 225, FEHL
Bz AL 2B, HWIB X F05B MU T ~3MEM 1
DBEDIMED Z L EBML TBLDELD 5.

TN TORATIIZE CHEENE O MBI &, T
FEILRE TV Y A LTS X CtHE oM L ©
R %R 3 (Fig. 2). WEEREEH o Ti T3 BURH ] ~ BUAE
F—X—, pEATRDOMg, »ALAAFDFoks, Ni
T H ~ B, A o Mg# ClIEGEM ~ T4
FREE, HPEH O Ti CIEBUE~BTE OB 23 2 e
AL O NTWD, i - TEITEICRED bk
B ORISR 2 2 2 L3, i) - TEOMA ALY
DEFEPUT L o T, A TR LB s b s Z &
TRET L, 72720, RAED D ABE L HREUR R o TR IR(E
X, SR DALFERL T D 22 REE IR E S B 12 O,
LRINREEO WO FEEH WS 2 LT, D l§E
TIEBE O 2 KT 2 2 LTS 3, flziE, &2
Mo #RE % H 3 2 FE-EPMA O A1, HA OEEE T
VY& Ry A — X —oiiE Mo gD ) 7
BEL LTWw3 (Kilgour et al, 2014), —4T, R D
AIHE T RERRE T 0 LRRAE L, IEBURE & AL A X
ko THIENG, 2D, FEL MR RIS
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Figure 2 Summary of estimated diffusion timescales for phenocryst minerals. Abbreviations are as follows: plagioclase (plg), sanidine (snd),

quartz (qtz), olivine (olv), pyroxenes (pyx), magnetite (mgt).

FNLTWVRDY, HERO<7<HOERPLREWA A LR
= VOUEBREOER Z T 2 Z S 3L W,

2—-3. WEEN - BREH

e T Y v Itk o TRO LN/ T 7 7 4 v
X, PG - ARSI MAKET 2720, Tnb
l:ow’Ci@’@JZﬁﬂii@T'@%?‘U yﬁ‘%%?ﬁ)d\%?ﬁ%é.

ZCHIERGM & F, SURIEEEEEC BT R O
TK?%EJJ‘JZ a7y ANvDZLEERT. KO 7
a7 7 A VOFEED O MG HEERITRO 5 2 L
WFEBIZAES TIE R L, Lo TS H RS 0
DUDPIUREIZFES LI 2G5V, b L fHbird
B OE N, Wihoa 7Ea L) A ER
WE<T, a7 - L5 CREIT AR A LT 5
EWwWHETFTNVTHD (Fig. 3; Costa et al., 2008).

MEATOMgiiEIcoWT# 2 2854, RER—X
N O Mg D EfRE o T &2 HEES 2 F
HEBHWSEND Z E23H B (eg., Costa et al., 2003, 2010;
Moore et al., 2014), REA—A v O Mg lctREix,
REAFOAnE [=Ca/(Ca+Na)] &M ZRT
(Bindeman et al., 1998). $Z&tb b, [F UILEMER O 2
Vb EFEE T 2RHRA T, AnfEDSEWIE ERER
FoMgEIFELS 3., ZoMFRIEE, @QXNcRsns
(Bindeman et al., 1998).

—26100X 4,—25700
#) )

Dyg = exp( T

22T, Dygld A v b—RIEEAMO Mg iRk (=
Mg™ / Mg™" ; 2 2 CTMg™" &L Mg™ Iz #nZENA NV B
IOREROMgEAR), RIZZMEER (8.3145 m? kg
s?2K2moll), TIFHREK), XanlZRHRADAnfliT
H 5. BERAHTO AN OILBUREIE Mg © £ Tk
RTELLNS WD (Grove et al., 1984; Liu & Yund,
1992), Mg OIEE %% z2 2 BRIz id AnfEIZRRIZ L L 7%

LB d Z L%\ (e.g., Costa et al., 2003, 2008;
Moore et al., 2014), % 2T, [A U{b2Epo A v b &4t
#9%, An=x&t An=yD20DRKAMTOMgED
FHRERIE, QX EEFE LAk TRENS,

plg plg _ —-26100(x—y)
Mghy /MGuny, = €xp (T) (3)
Costa et al. (2003) <ix, QXoEFRZH, REL
FEmP T E LRI L o THRE L L T vweEZ S
N2 DO Mg L Anfli» 5, MgihEsis 2 250

EEEP(DMg7°U774ﬂ/%:T&$L7:. DLzl T
RO TSR, FES— A v ME ORISR DR

B D EEE 2T 5. TLEDERED MR O
IR I IE T 2 2 L 3B BT D, T I THIE
T OMEDORHEEMEIK S WREORER & L 5,
TEIENETY Y 7B 28HREM L X, #22%
AR E oBRITB T MO Z L Th Y, R
LBICR OBEREMHITRII S NG, HEREE 2 254,
WHETY v 7527 5R (FaTo—#a) L47ED
MTRHELRBMBB IO LVWERELTWVWS, ZOHE,
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Figure 3 Schematic illustration of diffusion modeling. Red and black solid lines indicate initial and final (equilibrium) profiles, respectively.

Blue open circles are analyzed element concentrations.

ROPCHEEHRFAIDEK D 320 (e.g., Zellmer et al., 1999).
—HCTHBREFEZ 2%, RENFOM TR E
TV LINHOET T 2729, ROICEMDIRFRIZ
323, <7<PoREOr —ATiE, MR EDITER
WBZ2EEZLNLDT, BBRCTOIMMERET
%6 5% W (eg., Costa et al., 2003, 2008). BHKECR D
WHET Y v 7 E2T 258, RENFOEFIZEBIT 24
mn DL T —E EIRET 5 2 L35\, BT B
ZiERmoLERIzIE, Q=N & 5 LR aiifiEE i
WTRED o 72, S LT 2830 o SZlIfE A X <
Huwbhsd, BEOLE, TR IZHART
ARHEEMED/NES <, BRI o B D DI 2133 2
D/ NS WEEZ LN D,

3. RADEHYOHEES

ZZTIE, REMTHERIEY Z &2, OREILHRET Y
VT o THEKMEE R 4 DR — VSR & Tz Hi%8
HH EENT 5.

3— 1. WEERIL

WHILF O TIOIE T o 7 7 A V261X, BH~%»
ABEDOR A LA —VOIEREEL2 LN TEZD
(Fig. 2), EAKEMO< <70 x 20Kz LIZLIR
s s, Hlzix, Z4ikill (Nakamura, 1995a) <
Ty I —FEZX—7 Y — VK (Devine et al., 2003)
DU F— 2IEKITBWTIE, ki o TioykEk 7o

77 ANDE, <7 <iREDHHEKE TORMECER
BETHhoTEREDLNATWVWS, 25D F— AR
FBAEM BT W I b b 63, < I <iEA D OIE
KETORE A LS FTRELB L Lo Tz
Ziho, RN < 7 <BAESE STV Z L 2URE
Sz Mz, BEKILFRE D 20114 K TIZIE K
ERTD0.4~3HUPA (Tomiya et al.,, 2013), 75 A % -
MY F Y b KILD 1953 — 19744E K T 1 » A ~ 342U
P (Coombs et al., 2000) 12, BXD + Y T —ITHI6d
ZRUSBAEDLBEE TV I L HHBILOIEEE 7Y ~
To6ZENFIURE NIz, FTz, BWEEETIXAL, Mgo
WEET ) 712X o T, TirbRD 6 TR D
WEESATRE TS 2. Tomiya et al. (2013) TI%, Beskdh
oAl MglzowT ZhZ iRz RO L 25,
Tid b R b o 7ol & AN LR R 21572,

3—2. »ABAA

VAL AATE, ERSTHE7 2 VAT 74 b (Fo)
BNz T, Ca, Ni, MnO#EKS OILEME 7 0
7 7 A Ve W CHREIR I 2 A D 2 2 L ASHRETH 5.
FATHEOEHITIX, FolAD 7a 7 7 A Vit b
DOHBK¥E%E HO 5 (e.g., Nakamura, 1995b; Coombs et al.,
2000; Costa & Chakraborty, 2004; Costa & Dungan, 2005;
Ruprecht & Plank, 2013; Shea et al., 2015; Hartley et al.,
2016; Rae et al., 2016; Viccaro et al., 2016). Z 5 DHFf
o, <7<EEPLHKETORMLE LT, HH
~HHEOME»F LTS (Fig. 2).
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DAL AATIE, O EDDESMLDFoka OPEE 7o
7 7 ANV BR800 NI HRENR I %, Ca, Ni, MnOf&E
TCEME 7T 7 7 A v LB L RTAEE WIKT 5 Z & T,
ISR O RED VDX TNF = v 7 %fT) ZLNTSE
% (Costa & Dungan, 2005). Costa & Dungan (2005 )
T, FV - 2275 -9vFokUoZREaTDrA
LAFIZDOWTFok4r, Ca, Ni, Mn OHiEEH %K
O, <7 <RADP LK E TORRI25.4+254ETH 2
TEERRUT. ET, DAL A IR & IEEUREL
OB ELFARLNT WS 72® (e.g., Dohmen &
Chakraborty, 2007a, b), JCEILEUREI O B D HIZ Kk
ESAENAMOEERHET L ZEnTSE, £, &L

LR AN AT COET Y v /AR EF T 2 2 & THE
BRI D X 7 v F = v 7 23A]E Tdh 5 (Costa & Morgan,
2011).

Bl _72 X910z, BHETY v 72T o BRIz, &
RERDILEDY —=V TR L DR SN DD
PEIDVERETLIRLEND D, INEHERT LI 2T,
MHFBET, IR OIER I NS w Lo Y —=v 7
NRE—2 L OWBIENUFERTH L. 2ALAHDY
L, FOXOIOUTLELLTPEHITHNS, Sheaetal.
(2015) &, NVAE - X7V =7 KIIOBEHYFIZE
TN LSRR Z R T 2ALARIZOWT, P& Fofl
DXEp= v & TN R F NE ATV, EBE O S
R E ORI DB Z o TWVWB Z L ER LT,

AL AAFROITELIHE T ) v 27, <7 <iRED
LK £ TOREZIITIE R, =¥ FVEHED AV
BHIFITD 63N ETORMORMED D IHIHE
7:HHd H 2. il z1F, Ruprecht & Plank (2013) i
ARZN) D 45 RKID 1963 — 1965 4R K I iz
EENDPALAFADONIOY —=v 2o THECE 7
VY7 ETV, <Y PVTHEE L2 AL A DIEKIT
FoTHRIZHLENZ I TORRIZ B L 28 » A~
BUE L RAED o 72,

3-3. BA

AT, A LAAFRIC, Mg & Fe O AILE D
LILEREE 255K 5 T w5 (Morgan et al., 2004; Allan
et al., 2013; Costa et al., 2013; Chamberlain et al., 2014;
Kilgour et al., 2014; Singer et al., 2016), #f7+ D Mg# O
a7 7 AN bIE, BXERE~TEOIEURH % K
2z EnTE2 (Fig 2).

Kilgour et al. (2014) 1F, =2 —Y—=F Y F - 7R
7 KN D FHEA4EM O < 7 < X IEHY) 125 £ 5 8
HOMg# Iz oW TR 2 3k &, BEHTER o< 7
<MEKTIIAT, BRKOBPARIIIBZ o</ <iRE
PEKD )T —EBoTWB EERLL., ZOWET
1%, FE-EPMA % il CTHUSAAE R T 0 22 [ 0 fifee % b
, BumMTO Y —=v 7% @i+ 2 2 & Ty AN
TOHERHO RED D 25T L Twdb, Costaetal.
(2013) 1, £ Y FAY T « X7 KD 2006 4 X
UM VA K — LK) & 20104ERE K CREUME 22 7
Y =—XEK) OHYICE F 5 HRHEA O Mg# V) —
=¥ 7 Hh LHRBRE 2 3K &, MK ORI &SRB &

BREEE L., WHE< < DEADLLIEXK X TOR
Rii%, 20064EME K T2.4~5.04E, 20104FMEKC1.6~2.7
L FNZENRED bR, 201041 Kk D F 532006 41
KITEERTHEB 230 R0 W 2 E D B i o T2, FHE
LIZZ DK E LT, 20104E0E K D5 252006 4EME K X
D HLROFEPE < /< BFEAS NI TREMES D 5 L%
3 L7z, Singer et al. (2016) 1%, 19124EI27 9 2% » /
NG TRKINTHRE LT, INVT T 2B L % wRHE
7Y = — A (EHE~ 10km?) 12oWT, HEHY
128 £ N BRI HE O Mg ORI 2R D, RBOWE
Y E< /< DEADLIEKE TORM AN TH - 72
ZrZ%pmUL7z, Allanetal (2013) 1, =2a—Y—5 v~
R ZORKIUDANT 2L B NT TEKOBEHEYIE
FNDRBIERITOWT Mg# OIRECE 7V ¥ 7 %2170,
PEBURE I 23 10T ~ 103 4E D EEPHITIE 5D T & BaR L Te.
CORERPLEFEELIX, 7 ) AXNT YV ahb DO
HE ANV S QOHERDIE KD 16004 LR L 1Z D,
B #2304t —27 2z L@ LT, Ml X
HITHA L, WSRO XA E < 7 < 0 AR DT
BUAE< 7<IZE TR AN TH Y, 8>
AT 6 FEA — & —DHFHAT, IEERO RfED D
MHBETH 572, (LEFEMBRPIEE - EAEXOR L 2
< 7 <[ CHEKIE X A DR — V2 IS 2B H B
ThdLEEZ L.

3—4. R\ -Y=F14>

BER =74 >TlE, Mg, Ba, StOflk 70 7 7
A VD LI A RE D b, BX 2HH~ET+4ED
B35 5 T3 (Zellmer et al., 1999; Costa et al., 2003,
2010; Saunders et al., 2010; Druitt et al., 2012; Chamberlain
et al., 2014; Moore et al., 2014; Till et al., 2015; Singer et
al,, 2016; Fig. 2). RHRAD, HiA LRk, XREHE
DUAUHED< 7<IZE TR AL NP TH D, %
TR O B 2 O THR e BT, Rk oL
AHBK « E  IBAERO~< <l TOhKREIT) 5 2T
BFHTH 5.

Costa et al. (2010) TI&, FJ:¥F48 D Serocki #F5
ZZ) AV 7 FOERAIT aiﬂ%ﬂﬁﬁ@MgSM)
BE 707 74 VEROWTIEBRRZHEL, <7<k
ALK ETORME 7V — MEKHEE & ORIz
WCHES LTz, ZOfER, SerockiffB L a X&) 4 Y 7
FC, RO I7<RED» KT TORMMBZENZN
1~104F, BIH~104FTH 2 LW I FEREH. 2D
Eoh, <I<BEEPLEAKETORM E SV — MEK
L ORNTIEIBRE ZERIZED b v &SR TC
W2, Moore et al. (2014) 133 ANEFEE 9°50'N Hilgk o
2005 4EME K122 W CRHEA O Mg OIEHUIRR 2 RAiE b -
72, ZORER, BKO ) F—ERDE~< < DEADIE
KOPCEMBIIZE Z > TV 2 E 5 A2 L7z, Till et
al. (2015) BAZU—RA =Y INVTIHDRRA NIV
TIOWE R —LHIZEENE T =T 4 YOMEITOWT
WEE 2R D, 27V R Z V=< y v 2 RCHBITSE 2w
BRE<I7<EZ)NERE< /< OFEALZIT CHT
WK ATRE L IRBE I % 2 E COWH 8y A TH 5 L iim
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{J1F 7z, Druittetal. (2012) 1%, 3> bV —=Xk LD
B.C. 16004E3 V 7 AV F I KIZOWT, wWHE< /<
IR D Call B a7 % b oREAH O Mg Oy EE I %
K, HHE < 7 < OB 5IEK £ TORH DL
TAETH B RO T T2,

MER - Y=F 1 vHDMg, Ba, SrizfiETHETH
27:%, BHED & ZHHEH D%, MOHEYH 63K
DT HREE & OMEEICHWOREZDITE ET 7 — 2R
H » % (Saunders et al., 2010; Singer et al., 2016). L %
L%H 5, LAICP-MSE O ERETEEE 0L R T,
RHEHIDESHMEZ T ETFHEN D,

3—-5. A%

FAHEFRO TIHIBCAE ~ 7' <, R VT 7 EIE K
D= 7= 7ax ZADMGIEbR (e. g, Wark et al,, 2007;
Saunders et al., 2010; Gualda et al., 2012; Matthews et al.,
2012), Z OHLERR & L CTHE~BTHEDOEIH S N
TWw3% (Fig. 2). Matthews et al. (2012) 1, =2 —Y—
SYE e ZUBRKIUBEOY 7= VNV T IEHRE K (I
HE~1000 km?), 4 ¥ RAY7 « bANI VT 7 FERIE
K (EHE~3000 kmd), =a—Y—F v K3 h&A
FkRILD 7 — x&i4&77/bﬁk(@m§lOMﬁ
OWHBEBDORL 2300 H VT TR KO LYz
WT, ASEBESFOTIO VN —= v 78R — /kivﬁ%
RHOHKZTo 72, ZOFE, WIhoEHKIZBWT

BROEYE < 7 < DFEAD LIE K FE TORFMIZEL
TERRETH 5 2 LAURE Tz, Wark et al. (2007) 1%
ca. 760 kalZ 7 AV Y «a v I NV = VT 7 THRELT:
CYay 7ZI7IBEKOBEMITEE N AREFDOTIITD
WCTEIEHE T ) v 7270, SR SCOFHFRD
AV N DIEADB Z > Th LK E TOREHEAI100 482
WTH 2 LGz,

By 2B OIY TIERE T ) v 727w, BHohi:
LB 2 LL B & 725554 D H 5. Chamberlain et
al. (2014) 1%, ¥vavy 727 0EHMIcE T LA
FoTi, AFOMg#, y=7F 4 D Ba, Srizow
TZNZINBIRR 2 AL D, AR EZTo7:. 2
DFER, B IZOWTHE L WIEBUR 2L - =7 ¢
Y DOE L D b RN 1I~2HTFRE /NS 225 72, Chamberlain
etal. (2014) 1%, ZOFEFEE L THAH O Mg# DR
BRBOIHEEASCAELLATVE 2O TH L Lk
WL, Evay 7270 7<% ) oOFMEAKL S
MEKIZE S ZTORMIZI X Z5004ELINTH 5 LA
7z, %7z, FEL I, E—ofifEoficd, RHE
b O NI I ~2HIRREOIX b0 E D52 L
ZRLT:, FELIE, ZOELOSOREREELT, B
2RAIVITORIROBEAL IR I<IEZ DDA —
N—=R =y, Z0L5%, W—0iyiEcoll
BIFHOIX 5D &3, MoEBOMETHImMES LTV
% (e.g., Allan et al., 2013; Kilgour et al., 2014; Figs. 4,5).

4. HIRYEZH - CFOBRAT -5 LOBR

INFETIZWL O DFFE T, BEELIEY O 0 RILHUR
[ & HUERYP BRI « (LEWENA 7 — & (HE, HUsZEE),
KOO &) & DBHRAMRES S 11T 2 (Tomiya
et al., 2013; Kilgour et al., 2014; Moore et al., 2014; Rae et
al., 2016; Hartley et al., 2016; Viccaro et al., 2016). Rae
etal. (2016) &% 7 v = 7 KI119594EME KIZoWT, 1
KBNS < 7 <BEB Z o TRl (HA OFCEH
A &, REBHBEENERM L TR AT 2
Z L %R L7z, Viccaro et al. (2016) 1%, 7A ATV K«
IAYT 4% kT3 —27 b k20104 KBS L T:
< J<REVEKONIOHBI»bRE o7 £ 2R L,
CORI<BEFBIESBILIZEAAL RV A, [AKH
B S 7B DFRFETH 2 L ik L 72, Hartley et al.
(2016) X, 7A AT K « 1783 — 17844ED T 1 X v
BAIZBWT, =7<BEDDF—N—X—2HIEKD
BHBTIZHRE L ZEZWPEL2ITL, FIZZDXA I Y
THERFLSRIC X ZHEBIERIC ORI & —H T 22 L %
RUTz, FEBIT, Kilgour etal. (2014) TH=a—Y—
SUR - w?«7kM’kmf,ﬁk%@vivﬁ
BHRAIRERA (K D FH B HED) | Bﬂﬁ@@ﬁ@%wb
TWbZ ExERLT. uthou,v7v@ DI
T 2E 4 3 v 7 CHIETEE) 2E T 3 2 0l B BeIR S &
nNTw3, —FHT, HEGHOERLE<I<RELD
@ﬁﬁ%TE?‘éﬁﬁn%ﬂ‘%% % %. Moore et al. (2014)
AR 9°50 ' N Hilsk o 2005 4Rk iz oW, 1
HHIZE SN ERERA DO Mg E A4 W A7 —v &1
BB OMREREI LT, 20T, Bk Y I—
EEZ LN < 7 <REORIGE (ko HEAEMET)
EHIETE B O BRI (K @ 24E8T) »—Fe 3,
BIGE E < 7 ~BASHEMTBERIITWI EERLT.

R 7<BEAEOELGFEHAELT, =7/<OEAL<I<
REDDLIT=N—=Z—=UHBFEZ6NTWDE 5, HLRERRRH]
L HIGRAE) & O LR & T ZRRE L 7 WSE D B 5.
Tomiya et al. (2013) 1%, FHMED 2011 4EEKIZDOWT,
WRKDORN)T—ERD<IT<IBEDBI oA IV T
(Ek@04 3Eﬁ)fvﬁvﬁi0@ﬁ%&%ﬁ§m

BOLNL ol GIZIFERL, ZO<I7<iREEXHT:
&?7?4,\%%1##9?@\ ‘RITIREZEFDDSL —IN—& —
12L& 3 i’_u?ﬁnﬁﬂ L7z,

BESLSEY) D ICHRILEL R A b A — v & KO o{b2Efl
ROEMRIZOWTIE, =a—Y—F Y F - v 77K
IZBWTHE S Tws (Kilgour et al., 2014 ), Kilgour
etal. (2014) OFERIZL 2 &, 19694EDIFED 404E4 D
IZoWT, <7 <iRADBE & KO o{baamikiz
AR 2% 5 S, KT O LRI 22 5 < 7' <
BAZHMETS Z EI3HLWEFEm LT,

TR Rz XD, IHET V) V7L >oTRO LN
2 RERIS IR I D R EME D& 2 5R < 521, +30°C
DRI L CO5~3MERELE) T 5, J4FE, HIER
WIPRAAROEIN 7 — & & BRSO TCEEEUREE & L 3 2 A
THEEIML20H 25, TD &) BEEIT BT
T O R EME 2 @BHICE,RIER L LW & %,



54

CEiE/SE

e

10000 ——— Caldera-forming eruption ——
v T T WOO X 5
i WO o '
1000 | O 00 0WVOD :
1O 000 000 GANO-CEOMMIMMEERIIIN O (SRR oS !
~100 | E
= E o o i
I rmemmmnn e . E
210 " e I oo o o}
z :
=) | !
= : i
21 5
a :
E : o o o '
0.1 ' _+ + o+ H D
E om0 AAA i
E 0P % "Lonmonm o - |
001 /f o MIEINC AR ) :
'~ Non-caldera-forming eruption i~
0.001 ] Laoauaul L el 1 Lol | Lol 1 Ll Lt aul 1 L L LLLLL
0.001 0.01 0.1 1 10 100 1000 10000
Residence time in melt (year)
. . === Rhyolite (caldera-forming eruption)
b C;‘ﬂ(.iera-f g eruption Rhyolite (non-caldera-forming eruption)
A Plinian e=Dacite
O Subplinian —phreatomagmatic .
O Lavadome ::b altic andecit
X Flood basalt e
+ Lava —Basa
—=Tephrite

Figure 4 Eruptive volumes are plotted against estimated diffusion timescales of phenocryst minerals for caldera-forming and non-caldera-

forming eruptions. Diamonds, triangles, squares, circles, crosses and pluses indicate caldera-forming eruptions, Plinian eruptions, subplinian-

phreatomagmatic eruptions, lava dome eruptions, flood basalt effusions and lava effusions, respectively. Colors indicate compositions of

magmas; caldera-forming rhyolite (red), non-caldera-forming rhyolite (orange), dacite (green), andesite (light green), basaltic andesite (light

blue), basalt (blue), and tephrite (gray).

22Tk L TB L.

5. BXKERIALRAT—IVEBKDIFH EOBER

Table 1 & Fig. 4 3 & U'Fig. 512, H&ASEwHcoxs
ILEURE R 23 AR b & NI KFIZoWT, < 7 <K,
WEH R, MR, IRERERIIOHIE T 2 BRI, It
FBET ) Y 7AW S L CuFERO a v oA v
REEPRT., IALIIESVT, U TR RS
BRI A =2 — LBESEMIZOWT RS bk
LB & OBMR MR LT <,

EHET Y v 72k o CTREE D DK% 0
&, < I7<BEAEPLEAETORMEMBRE ATWS,
< IRBEVBI o7 EORILE LTI, BRSO
ATHBEDODC AN T T LABNALE—ZNIIHD LR
(e.g., Moore et al., 2014), #&E&hY 2ECORE LH %R
B4 2 ko Gk —=v 72—y (BEADAnER
WA O Mg#, PALAFDFoliE, AEOTISHE
o) RN 3 Z L (eg, Kilgour et al., 2014; Viccaro
etal,2016) L EBFETLND, < /<RAEHSBZ
TEELFRE LTE, (D25 0FHE~ 7'~ O3F
AL, Q2 VZ2Z V<Y Y2 DFBIEI < I<IEED
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1996 Ruapehu vol cano, New Zealand [13]
1995 Ruapehu vol cano, New Zealand [13]
1977 Ruapehu vol cano, New Zealand [13]
1971 Ruapehu vol cano, New Zealand [13]
1969 Ruapehu vol cano, New Zealand [13]
2010 Melapi volcano, Indonesia[14]

Irazu vol cano, Costa Rica[15]
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East volcanic zone, Iceland [17]
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Figure 5 Summary of estimated diffusion timescales compared with compositions of magmas. Symbols are the same as those in figure 4.

Colors indicate element and mineral used for diffusion modeling; Ti in magnetite (gray), Fo number in olivine (green), Ni in olivine (light

green), Mg# in pyroxenes (yellow), Mg in plagioclase (light blue), Ba and Sr in plagioclase (blue), and Ti in quartz (red). Numbers indicate
source literatures; [1] Matthews et al. (2012), [2] Saunders et al. (2010), [3] Chamberlain et al. (2014), [4] Allan et al. (2013), [5] Druitt
et al. (2012), [6] Till et al. (2015), [7] Singer et al. (2016), [8] Nakamura (1995a), [9] Costa & Chakraborty (2004), [10] Tomiya et al.
(2013), [11] Coombs et al. (2000), [12] Devine et al. (2003), [13] Kilgour et al. (2014), [14] Costa et al. (2013), [15] Ruprecht & Plank
(2013), [16] Viccaro et al. (2016), [17] Hartley et al. (2016), [18] Moore et al. (2014), [19] Rae et al. (2016), [20] Marti et al. (2013), [21]
Costa et al. (2010), [22] Nakamura (1995b), [23] Costa & Dungan (2005), [24] Morgan et al. (2004).
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DA —=NE = EDAFEHIE 2 b Tws (RE, 2016).
ZYRZEN=y Y aNTIE, BEHEISKIGHICEA Y b7 —
JEEEL TV, & s L CEREsRETH 2,
ZVAZNV= Y ¥V aDEIICER~ < FEASNDS L,
ZN5 OERTEIEAE GREE) 2Rk s 2L
TEERNEEIEL, V77ﬁi0é¢@ﬁ—ﬂ—5_
VBBE, JVAANTy YV aPBEEL T S<EED

32 % (Burgisser & Bergantz, 2011), —fi%iz, F—o®
EHYHTH - T H 2 2 PEHURER % R 3 BESAL T 3
FELTW3ZE2L (e.g., Allan et al., 2013; Kilgour et
al., 2014; Chamberlain et al., 2014; Figs. 4, 5), ¥t
I 70 7 7 A v B L N BERIE, BEIZE, <
FRPBPEFDEEEVD XD HHEEL OR TS TERED
B CThrtFEZOND, ZDOZ LXK, < II<EELHL
FTLIRI<RE D LERE—ITHET 2T TR LV
ZLERBRT D,

PR A DR — v EEKEROBRIERET 2 &,
BT FTIEREIEK & NS DB KEETIE, <7 <R
L LIEKETCORMIGENSEDLNS, EINVT T
R K TIE, <7 <EEPOEXE TCORBIZHEH~
BHEA— X —TH D, 100~ 10004+ — &£ — D3 %
RIS b (Fig. 4), #huzxfL, AT
T FERIE K Tl 100 ~ 1000 4F 4 — X — OB 2 oR §
FEmOE L v (Fig. 4)., ZoOfERI1E, 2T 7K
WK OUEGEIAR 23, FEA N T STHRE KD Z LR,
RMICEWAREEZRLTWS, L, <7 <oft
HHUR R 7Y v IO TSR - TR OMBEIRE T
57 —=74777 bPOFREMEDDHLDT, ZUIDWVT
UFIz#at 3 5.

Fig. 512< 7= DL K, =7V v 702w iz8i8 -
TGO & R OBIR L RS, AUEE < 7=
RoTRIGA, T 283D LTwdboD, FEINVTF
TEBRIE KT DWW T HFE D & L7z 55 A o Je B R ERERT 1%
I NT TR KD ZF AU R TRIEITE S, LilE
~TFTAYA FPETOI<TOMEFCHHZRT. F
7z, FEDNVT TR KD KA~ TR ~ 7 < DYk
B o EBRE, <7< oflkic X 53Rk E <EL
T, ZOZEE, mHEEHET) vkt
DL 25 < "< DAL R IC D £ D IRFEL Tt w
ZLEEMT 5. £7, HAEOMg#IIRo TRIZGA,
FEHNTF ITEREKITHARTH NV T IR KZE I
FEWIREIRE 2R L CwWa, 2 OIsERI, AoEFO
TiRRER V=54 > DBa, SIOILET ) ¥ 72
LIEONTAELBANTHE, ZOZ LXK, INVTIIE
B K TR S 2 RWIEEURE A3, 5% - soBE oIz
FoTNAT7RAENTVEHDTLEWT &2 FEKRT 3,
L7235 T, ANT 7 IERIEKOMEGRIED X £ LA —
NS, FEINT TIBIEKITEERTREWITE W EWD
LML LVWEEZLND,

D NT IR K EIED VT T TR K DT DIk
Y Z A L AT — VDLW, MEOMTO< I <HE

AR =R LDEVERLTWE EEZ LN
5. VT THEBEEKIE—#% 12 10km3 2L | (VEI>6) b

DEBO~ < ZHRMICEIE T 270, TOX4 7D
K EFHESEDIZBLEO< < EROIAL DR D

% (e.g., TH,2016). =¥ bbb/ <Lfass
KINZE o TREBHULEVWERET 2L, INVTT
TERME KDL D RWIEKERMHZE T2 LE2562 L
FHRTHSS. £, INVT IHREK MO KT
X, X7 <OEBRLEKN)T—DRA L= RXLDBHRT S
TEERRBLIMZED B 5. Bl 2R, BAOHE & SHE

BREFAOBBRERTL, BLZVEID6~THiRTZ
OBBRIZENT 2 Z LRI NTE Y, ZoHEEE

LTI DEE « HARXA D =X L DELHREETH
3 EiEwmS N TV (e.g., Tatsumi & Suzuki-Kamata,
2014). F 7z, Caricchietal (2014) Z=27=<72%H~
DOFED IR L=< 7 <iEAIT X ZiFEZLOREY I 2 v —
Va YETY, WHE - MIBEKE < 7<EAILL S
BRI X > TR ) =3 TvoIlz L, EE
e KRB A< 7<FEAICL->TEIEB 29 2L
L, =7=EE)OF A BN & > TFEH 4
RELULOEFFOMBELH D Z L ZR LT, ANVT T
JERRIE K DT I & £ 2 BEERSE 25 & D B HEBURE
M7%R4 Z & 1%, Caricchietal. (2014) D#fEHE L BAH
TH>D., Flz, INTIEREKTH-TDH, HMITH
8RS NI TR O TIRMEDS < 034, HEAX DO
E~HHERPUANTH L 2 E1F, IR LB <~
REDADSIT<FEADIFEAEDINT T HEREK %
BlEBZE T WI EEREBLTED, Zid Caricchiet
al. (2014) OFEREFIE LW, BELEIEY O ITCEILE L
ADAT = VOBUE L, WNT FIEREXKEIED VT
TR K DFENMIOWTHEIZHELRED 2 72121
TACEE < < DIED VT ZIRRIEKD T — X 25 ET

5, BRTIE, 20X 4723 TrTHY, W
REFEHRIEZ 22 EDLEEND,

FEANT ZIERBEXOENYIE 5B D TR
PR O #EPHIE, <27 < Dbz L o TR E (&1L
L7Zw (Figs. 4,5), =7 =72 DdhToR v Ot
KL, HPFEOHIRIIZ L o> THRE & XV M EKEDRIE
DB ESN D729, SiOr&H & & RWHHEY % 7% 9 (Takeuchi,
2015). L7:53o T, $EBURRH & = 7 < oLtk o
BIDSREHRGE Z 2 & 0%, FED VT T IERIE K DHEfi % 4 I
AT =S, RITXOKMEROFELZFIIS W LE
BHRLTWZ2O2d LR, <I/<BE)AD< T~
HEAPEKEZ M) =3 286, HEL L 2ERIEI<T
<PBEHVDOIARX, HEART DR, ~7/<EF )0k
HOBETHD, WINd< I <ORMER LML TH L
LEZLND, ZOZ EIE, EHEE - DNBEIEX < 7
<TEAIZE TR Y T —E N2 LD Caricchi et al. (2014)
OFEREFFELLTW, REL, #llt A= 1812o0
TIRSROMEZES 5.,
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Summary of diffusion timescales for phenocryst minerals with eruption parameters.

Table 1
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Table 1 (continued) Summary of diffusion timescales for phenocryst minerals with eruption parameters.
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Table 1 (continued) Summary of diffusion timescales for phenocryst minerals with eruption parameters.
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Table 1 (continued) Summary of diffusion timescales for phenocryst minerals with eruption parameters.

"BJEP ON = JUB[g
‘uondrua pue Juauryswuajdas uondrus
ewSew U2aM]aq SIWT WMUIXeU @100 -Sutuuog
3Je S AJUPISAI ULIPIIN e 32 SMIYNEJ\ sreak ¢/ 9 L arnd 000¢ a4 0) oAy
‘uondru? pue Judwysiuajdaz uondrua
rwSew U2aM}aq SIWT WNUIXeW €100 -Sutuuog
9J SIWW AJUIPISAI UBIPIJN T 32 SMIYNEN sreak ot 9 'L arnd 0001 < =I3PTE) oAy
‘uondrua
pue ewSew Jo UORRZMIGOW uondrua
-2 JSB]U23A32q SaUM (0100) arend -Butuwoy
WNWIXeW 352 SIWM DUPISy e 33 sispuneg seak 00¢ > 6 1138 ‘aseporgeld 00<1 I9PTE) amoAry
‘uondne pue 25reydas uondrua
ewSew YW OPYBW UIMIIq SIWR -Sunuuog
WNWIXeW 358 SIWn 20uapIsay (£007) Te 32 e seak 001 > 148 arend) 009 ®IPTE)D amodyy
‘uondrua pue RqweYd ewSew uondrua
Jo uoneuaanfazusamlaq sawm ¢100 318N ag  auaxorddoyuQ -Sutusog
WNWIEW 358 SIWR 30UapIsay e 32 trepaquey) seak (0 > TITCIT pueeg ] ‘sulpues Zuend) 009 ®I3PE) Aoy
RICLA
SAWQUOISTYRP  SISAn Jo  (s)uswafe () dwmjoa s3|l3s  suonisodwod
uonejadiayurJuaunuod EERIEI ) EN Jo aSuey ‘ourelo]  SuisngpQg S[RIUTIY] 2apduy aandrug onewsSy




BEALSE) DICRIEECE 7Y ¥ 73S KM X A 5 A 7 — )V OB O BLR 61

6. TLOHLSHRDOEE

AT, BRI OTELRE T Y v It S
WK HEf 2 4 WA — VIR OEAEDE A Z v 2 — L
72, 35107, HRATHFRTHRE S o B &, Zh
WRIGT 2K D~ 7 < ik, WEHE, WA, 88K
R AR THROMR, TLRILRET Y » 7128k
Yy« GEDOT—ZEa v XA L, BAHERE A DA 7r—
VLB KDOE E OBRIZOWTHERE LTz, AiFZE 5
TENRZTRICHERIZZ L0 5.

1. WHAT 28 - TEITLoT, RED LI
R O P A 70 2, BARRITIE, BEFRFEO Tilx
B~ ARRE OFWILEURE %2 3~ 3 0128
LTED, AREOTI ERER - =T 1 vHOD
Ba, Srid#{t+4E~ETIEDEWILHIRE 22
DIZHELTWD., REAFOMg, 2ALAAF
D Fo sy « Nilk, W#SEF DT L HEFDTI &
OFHN LI 22 DIz L TWwWa, Hf
DO MgH 5%, WEITF 72055 T2lEE WL
fZRDDLZENTE D,

2. RII<EBEEPLERKEITDRA LAT — v EHIBR
PR BIN 7 — & & LR U, HhERY LA B
F— ZPRTHEIIOWTWERSRNIHEET 2
MEEETbND LI LoT ST, <~/ <iR
ENBI XA IVIT, HEEREINEHRILT 2
B 2ERERE S L TWB—T, WEOBREE
ET LHEHD D270, FHEEFHHO RiED Dl
ZEERIIANTRENSBRLBETDH 5,

3. HETFOMEMHE Y —=v 7L LTisRs s
ML, <7<V efIETLIvOTIEEL,
2 OB L CE BB ERMRT2HDT
H23, LT:doT, WMEROHEME Y — = 7fE
WMrb< 7<) oRTSLEEZHEMERT 2
BRUCIIFELSDETH 5.

4, < I7<BEDPLBEKEITORIA LRT—NIE, b
NF TR EIEH VT T K & DI TH
MWITE LT 2, IVTIEREATE, <7<k
B IR E THEFE~BTHEOIEIFH % RS
fEmEratoizy L, EIVT IEREKTI,
BOH ~BAEF — X — OYLEEFE % R 3k D A4
HEENE, ZOEVE, WMHEOMTO< I <E
Fi e KA D =R L DiEWNZ KL T w2 AEEM:
2D 5,

SEOVE 2 —THLP I o722 L1, BIRTIER
WERE~ 7<DIEI VT TBEEKIZTONT, JEE A
KA — VDS 2324 (Till et al., 2015; Singer et
al., 2016) LEHZZLWIZ LAHITLNL, LHrL, &
VT IRIE K & F LD KD B3N EHETS 5
2T, WECEE~< 7 < DIED VT T TR K O K Y
RA DA = NVIZHT 2T =2 BRBETH L, SHROWF
BT, TOXA TOEKOMEFEA WA T — VDT —X&
D2 EDEEND,

EAiLz3

K LD BITHTY, HEXFEOIREm N LT
&, FRMRFEHAE O AN RFBI I, R UGES
5292 TCHIGTaAY MewliZsE L7, ZZIZidL
TRHEOEZRL L. RUFRIE, HAEAEMNREES O
i ge R Bl i (FEBERFZE C JP16K05605), HEKE
MBI RIS 7 a 775 & (2016G01) I X O3
BEEE [RMERKILZE - AMBER70Y =7 b OfF
BheZrE L.

51 Xk

Allan A. S., Morgan D. J., Wilson C. J. & Millet M. A. (2013),
From mush to eruption in centuries: assembly of the
super-sized Oruanui magma body. Contributions to
Mineralogy and Petrology, 166, 143-164.

Bachmann O. & Bergantz G. (2008), The magma reservoirs
that feed supereruptions. Elements, 4, 17-21.

Bindeman I. N., Davis A. M. & Drake M. J. (1998), Ion
microprobe study of plagioclase-basalt partition
experiments at natural concentration levels of trace
elements. Geochimica et Cosmochimica Acta, 62,
1175-1193.

Burgisser A. & Bergantz G. W. (2011), A rapid mechanism
to remobilize and homogenize highly crystalline
magma bodies. Nature, 471, 212-215.

Caricchi L., Annen C., Blundy J., Simpson G. & Pinel V.
(2014), Frequency and magnitude of volcanic
eruptions controlled by magma injection and buoyancy.
Nature Geoscience, 7, 126-130.

Chamberlain K. J., Morgan D. J. & Wilson C. J. (2014),
Timescales of mixing and mobilisation in the Bishop
Tuff magma body: perspectives from diffusion
chronometry. Contributions to Mineralogy and
Petrology, 168, 1-24.

Cherniak D. J. (1996), Strontium diffusion in sanidine and
albite, and general comments on strontium diffusion
in alkali feldspars. Geochimica et Cosmochimica Acta,
60, 5037-5043.

Cherniak D. J. (2002), Ba diffusion in feldspar. Geochimica
et Cosmochimica Acta, 66, 1641-1650.

Cherniak D. J. (2010), Cation diffusion in feldspars. Reviews
in Mineralogy and Geochemistry, 72, 691-733.

Cherniak D. J., Watson E. B. & Wark D. A. (2007), Ti
diffusion in quartz. Chemical Geology, 236, 65-74.

Coombs M. L., Eichelberger J. C. & Rutherford M. J. (2000),
Magma storage and mixing conditions for the
1953-1974 eruptions of Southwest Trident volcano,
Katmai National Park, Alaska. Contributions to
Mineralogy and Petrology, 140, 99-118.

Costa F., Andreastuti S., de Maisonneuve C. B. & Pallister
J. S. (2013), Petrological insights into the storage
conditions, and magmatic processes that yielded the



62 BN - ARHE

centennial 2010 Merapi explosive eruption. Journal
of Volcanology and Geothermal Research, 261,
209-235.

Costa F., Chakraborty S. & Dohmen R. (2003), Diffusion
coupling between trace and major elements and a
model for calculation of magma residence times using
plagioclase. Geochimica et Cosmochimica Acta, 67,
2189-2200.

Costa F. & Chakraborty S. (2004), Decadal time gaps
between mafic intrusion and silicic eruption obtained
from chemical zoning patterns in olivine. Earth and
Planetary Science Letters, 227, 517-530.

Costa F,, Coogan L. A. & Chakraborty S. (2010), The time
scales of magma mixing and mingling involving
primitive melts and melt-mush interaction at mid-
ocean ridges. Contributions to Mineralogy and
Petrology, 159, 371-387.

Costa F,, Dohmen R. & Chakraborty S. (2008), Time scales
of magmatic processes from modeling the zoning
patterns of crystals. Reviews in Mineralogy and
Geochemistry, 69, 545-594.

Costa F. & Dungan M. (2005), Short time scales of magmatic
assimilation from diffusion modeling of multiple
elements in olivine. Geology, 33, 837-840.

Costa E & Morgan D. (2011), Time constraints from chemical
equilibration in magmatic crystals. In: Dosetto A.,
Turner S. P. & Van Orman J. A. (eds.) Timescales
in Magmatic Process: From Core to Atmosphere.
Wiley-Blackwell, Chichester, 125-159.

Costa F., Scaillet B. & Pichavant M. (2004), Petrological
and experimental constraints on the pre-eruption
conditions of Holocene dacite from Volcan San Pedro
(36 S, Chilean Andes) and the importance of sulphur
in silicic subduction-related magmas. Journal of
Petrology, 45, 855-881.

Crank J. (1975), The Mathematics of Diffusion. Oxford
Science Publications, Oxford, 415p.

Devine J. D., Murphy M. D., Rutherford M. J., Barclay J.,
Sparks R. S. J., Carroll M. R., Young S. R. & Gardner
J. E. (1998), Petrologic evidence for pre — eruptive
pressure—temperature conditions, and recent reheating,
of andesitic magma erupting at the Soufriere Hills
Volcano, Montserrat, WI. Geophysical Research
Letters, 25, 3669-3672.

Devine J. D., Rutherford M. J., Norton G. E. & Young S. R.
(2003), Magma storage region processes inferred
from geochemistry of Fe—Ti oxides in andesitic
magma, Soufriere Hills Volcano, Montserrat, WI.
Journal of Petrology, 44, 1375-1400.

Dohmen R., Becker H. W. & Chakraborty S. (2007a), Fe—
Mg diffusion in olivine I: experimental determination
between700and 1,200 Casafunctionof
composition, crystal orientation and oxygen fugacity.
Physics and Chemistry of Minerals, 34, 389-407.

Dohmen R. & Chakraborty S. (2007b), Fe-Mg diffusion in
olivine II: point defect chemistry, change of diffusion
mechanisms and a model for calculation of diffusion
coefficients in natural olivine. Physics and Chemistry
of Minerals, 34, 409-430.

Druitt T. H., Costa F,, Deloule E., Dungan M. & Scaillet B.
(2012), Decadal to monthly timescales of magma
transfer and reservoir growth at a caldera volcano.
Nature, 482, 77-80.

Faak K., Coogan L. A. & Chakraborty S. (2014), A new
Mg-in-plagioclase geospeedometer for the
determination of cooling rates of mafic rocks.
Geochimica et Cosmochimica Acta, 140, 691-707.

Freer R. & Hauptman Z. (1978), An experimental study of
magnetite-titanomagnetite interdiffusion. Physics of
the Earth and Planetary Interiors, 16, 223-231.

THEMER (2016), RHBIKEK LRI NVT T 1 2D
W HEf & UGB, k1ll, 61, 101-118.

Giletti B. J. & Casserly J. E. D. (1994), Strontium diffusion
kinetics in plagioclase feldspars. Geochimica et
Cosmochimica Acta, 58, 3785-3793.

Grove T. L., Baker M. B. & Kinzler R. J. (1984), Coupled
CaAl-NaSidiffusion in plagioclase feldspar:
experiments and applications to cooling rate
speedometry. Geochimica et Cosmochimica Acta, 48,
2113-2121.

Gualda G. A., Pamukcu A. S., Ghiorso M. S., Anderson Jr.
A. T, Sutton S. R. & Rivers M. L. (2012), Timescales
of quartz crystallization and the longevity of the
Bishop giant magma body. PLoS One, 7, e37492.
Hartley M. E., Morgan D. J., Maclennan J., Edmonds
M. & Thordarson T. (2016), Tracking timescales of
short-term precursors to large basaltic fissure eruptions
through Fe-Mg diffusion in olivine. Earth and
Planetary Science Letters, 439, 58-70.

Huber C., Bachmann O. & Dufek J. (2012), Crystal-poor
versus crystal-rich ignimbrites: A competition between
stirring and reactivation. Geology, 40, 115-118.

Jackson M. D., Cheadle M. J. & Atherton M. P. (2003),
Quantitative modeling of granitic melt generation
and segregation in the continental crust. Journal of
Geophysical Research: Solid Earth, 108(B7).

Jay J., Costa F,, Pritchard M., Lara L., Singer B. & Herrin
J. (2014), Locating magma reservoirs using InSAR
and petrology before and during the 2011-2012
Cordén Caulle silicic eruption. Earth and Planetary
Science Letters, 395, 254-266.

Kilgour G. N., Saunders K. E., Blundy J. D., Cashman K.
V., Scott B. J. & Miller C. A. (2014), Timescales of
magmatic processes at Ruapehu volcano from diffusion
chronometry and their comparison to monitoring
data. Journal of Volcanology and Geothermal Research,
288, 62-75.

LaTourrette T. & Wasserburg G. J. (1998), Mg diffusion in



BEALSE) DICRIEECE 7Y ¥ 73S KM X A 5 A 7 — )V OB O BLR 63

anorthite: implications for the formation of early
solar system planetesimals. Earth and Planetary
Science Letters, 158, 91-108.

Liu M. & Yund R. A. (1992), NaSi-CaAl interdiffusion in
plagioclase. American Mineralogist, 77, 275-283.

Longpré M. A, Stix J., Costa F., Espinoza E. & Muiioz A.
(2014), Magmatic processes and associated timescales
leading to the January 1835 eruption of Cosigtiina
volcano, Nicaragua. Journal of Petrology, 55, 1173—
1201.

Marti J., Castro A., Rodriguez C., Costa F.,, Carrasquilla S.,
Pedreira R. & Bolos X. (2013), Correlation of magma
evolution and geophysical monitoring during the
2011-2012 El Hierro (Canary Islands) submarine
eruption. Journal of Petrology, 54, 1349-1373.

Matthews N. E., Huber C., Pyle D. M. & Smith V. C. (2012),
Timescales of magma recharge and reactivation of
large silicic systems from Ti diffusion in quartz.
Journal of Petrology, 53, 1385-1416.

Moore A., Coogan L. A., Costa F. & Perfit M. R. (2014),
Primitive melt replenishment and crystal-mush
disaggregation in the weeks preceding the 2005-2006
eruption 9° 50" N, EPR. Earth and Planetary Science
Letters, 403, 15-26.

Morgan D. J., Blake S., Rogers N. W., DeVivo B., Rolandi
G., Macdonald R. & Hawkesworth C. J. (2004), Time
scales of crystal residence and magma chamber
volume from modelling of diffusion profiles in
phenocrysts: Vesuvius 1944. Earth and Planetary
Science Letters, 222, 933-946.

Nakamura M. (1995a), Continuous mixing of crystal mush
and replenished magma in the ongoing Unzen
eruption. Geology, 23, 807-810.

Nakamura M. (1995b), Residence time and crystallization
history of nickeliferous olivine phenocrysts from the
northern Yatsugatake volcanoes, central Japan:
Application of a growth and diffusion model in the
system Mg-Fe-Ni. Journal of Volcanology and
Geothermal Research, 66, 81-100.

Petry C., Chakraborty S. & Palme H. (2004), Experimental
determination of Ni diffusion coefficients in olivine
and their dependence on temperature, composition,
oxygen fugacity, and crystallographic orientation.
Geochimica et Cosmochimica Acta, 68, 4179-4188.

Pistone M., Arzilli F.,, Dobson K. J., Cordonnier B., Reusser
E., Ulmer P, Marome E., Whittington A. G., Mancini
L., Fife J. L. & Blundy J. D. (2015), Gas-driven filter
pressing in magmas: Insights into in-situ melt
segregation from crystal mushes. Geology, 43,
699-702.

Press W. H., Teukolsky S. A.,Vetterling W. T. & Flannery
B. P. (2007), Nwmerical Recipes. Cambridge Univercity
Press, Cambridge, 1235p.

Rae A. S., Edmonds M., Maclennan J., Morgan D., Houghton

B., Hartley M. E. & Sides 1. (2016), Time scales of magma
transport and mixing at Kilauea Volcano, Hawai’ 1.
Geology, 44, 463-466.

Ruprecht P. & Plank T. (2013), Feeding andesitic eruptions with
a high-speed connection from the mantle. Nature, 500,
68-72.

Saunders K. E., Morgan D. J., Baker J. A. & Wysoczanski R. J.
(2010), The magmatic evolution of the Whakamaru
supereruption, New Zealand, constrained by a
microanalytical study of plagioclase and quartz. Journal
of Petrology, 51, 2465-2488.

SchwandtC.S.,Cygan R.T. & Westrich H. R. (1998),
Magnesium self-diffusion in orthoenstatite. Contributions
to Mineralogy and Petrology, 130, 390-396.

Shea T., Lynn K. J. & Garcia M. O. (2015), Cracking the olivine
zoning code: Distinguishing between crystal growth and
diffusion. Geology, 43, 935-938.

v a2V EYP G (1963), EHRPNOINE (FAFLE, AtEE—
FO. 2w, HE, 224p.

Singer B. S., Costa F., Herrin J. S., Hildreth W. & Fierstein J.
(2016), The timing of compositionally-zoned magma
reservoirs and mafic ‘priming’ weeks before the 1912
Novarupta-Katmai rhyolite eruption. Earth and Planetary
Science Letters, 451, 125-137.

Takeuchi S. (2015), A melt viscosity scale for preeruptive magmas.
Bulletin of Volcanology, 77, 41.

Tatsumi Y. & Suzuki-Kamata K. (2014), Cause and risk of
catastrophic eruptions in the Japanese Archipelago.
Proceedings of the Japan Academy, Series B, 90, 347-352.

Till C. B,, Vazquez J. A. & Boyce J. W. (2015), Months between
rejuvenation and volcanic eruption at Yellowstone caldera,
Wyoming. Geology, 43, 695-698.

Tomiya A. & Takahashi E. (2005), Evolution of the magma
chamber beneath Usu Volcano since 1663: a natural
laboratory for observing changing phenocryst compositions
and textures. Journal of Petrology, 46, 2395-2426.

Tomiya A., Miyagi 1., Saito G. & Geshi N. (2013), Short time
scales of magma-mixing processes prior to the 2011
eruption of Shinmoedake volcano, Kirishima volcanic
group, Japan. Bulletin of Volcanology, 75, 750.

FEIRE (2016), <7 <% D @ BAHEfEE & AP
. ki, 61, 281-294.

Turner S. & Costa F. (2007), Measuring timescales of magmatic
evolution. Elements, 3, 267-272.

Viccaro M., Giuffrida M., Nicotra E. & Cristofolini R. (2016),
Timescales of magma strage and migration recorded by
olivine crystals in basalts of March-April 2010 eruption
at Eyjafjallajokull volcano, Iceland. American Mineralogist,
101, 222-230.

Wark D. A., Hildreth W., Spear F. S., Cherniak D. J. & Watson
E. B. (2007), Pre-eruption recharge of the Bishop magma
system. Geology, 35, 235-238.

Zellmer G. F, Blake S., Vance D., Hawkesworth C. & Turner S.
(1999), Plagioclase residence times at two island arc



64

LSS

volcanoes (Kameni Islands, Santorini, and Soufriere,
St. Vincent) determined by Sr diffusion systematics.
Contributions to Mineralogy and Petrology, 136,
345-357.

- AR



