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Magma Reservoir: Pre-eruptive Magma Processes and the Conditions

That Lead to Volcanic Eruptions
Akihiko Tomrya™

Recent developments in the understanding of magma chambers (reservoirs), pre-eruptive magma processes, and the
conditions that lcad to volcanic eruptions are reviewed mainly from a petrological point of view. A “magma reservoit”
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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‘mush’

‘magma chamber’ (sensu stricto)
= eruptible magma = uneruptible magma
\ J
Y

‘magma reservoir’

Fig. 1. Schematic illustration of ‘magma reservoir’,
‘magma chamber’ and ‘mush’. The relative size and
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) trom the neutral buoyancy level of

basaltic magma (dotted). After Tomiya (1997).
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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 (7y,). 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 (Ty) for the diffusion process. After Koyaguchi and Kaneko (2000) and Cooper and Kent (2014).
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high-T mafic magma

(continuous injection
since Dec. 2009)

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

ascent
(before < 0.4 days)

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
signiﬁéant 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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B, BEENEF ISR, MATHETOTY
R ES . EAHRE 1 ENADEEEIERE L
ot S FETER, WIYEADLLBRHEOHAD
BRKOFYH o TWBEr—2 EAMNY I —;
“triggered by injection of magma”) TH 2. <7/ <@BI
FARXPKREL DL, v I IHEESHLRE LW
BRY, AR EZBREICET 5 LD TERW,
FOHE, v ENSEKE LTI RENDEESL
THrLTHRVWEBATELRL L FHMY T —;

“triggered by buoyancy”). #71 k) A —i3, MR 10°
EPFOBERBAOBIZBH EEZLNTWD, L2
B, BHRENSTEBHEE, TVEE )RR
MEFFT R, RILLCRIUERE %5,

Ty CEE Y OBME, BTk ST DEANE ¢
TLHELBL. HEEEMEM L o~ 7~ a1t
ToE, AN IRSOFEEIEIL, BFINE -
TRV HEE (TR second boiling) L T
FEZEL D (eg, Taitetal, 1989). Degruyter and Huber
(2014) iF, BVELBROT I PEASNLE IR
FNICBVTH, FEAE L THBILSTORES T
I, ZRkibE N T DRI LZEERLL. Tabb,
YT YHBEIINT A IR BENY A A, LS
B, BEEDSEE I SRR D, v o EHOB VI L o
T, ANUH—, FHM)F—, ZTREEFY T —,
XLV, LI BRA RN — O PETHI LD,

%3, Greggeral (2015) ¥, #% HALL CHho 7z
FLDEF NV (eg., Caricchi et al.,, 2014) DTEYTH S
ZERIEHL, BAMNIT=DEREL 08 B
MEELTWD. Gregg b OFEEIHICETC L, #H
Cd o TETIRFMEEFELE B IR TTTH-
72, ZLT, EREA (>10°km®) o P H—idb LA
NORER, Thbbv /vl ) ORFFNENRE
EILL o TEND ZEPERET, IWPEATIT#E
DOEX M) O THL, LliRTVD. Z0%
&, BIEEAN)A-EBRITHLODERRTIE
B BRIEKO R F—I20onTiE, BB WE
L b Ho TRBAZL EHE L, SHhbEHY RFERIHC
ThHsrI).

BKETNC BRI OREMEETNE, LWnIE
WELENT— 51 ETE, Y7V EANERE MY
H=FTBHEVIEIHPXENTHLHP, Y7 vORE
BAEEBROERTELHERTHS, LwIFLHD
Ko, oFh, MAERIKEY @I (TE
PLYBRTHKE L 7<) PEELID, BAHE
FolZLICENEANFREL, EVIHITEETHL
(e.g., Blake and Ivey, 1986; Woods and Cowan, 2009). ¥
FRRAVEKBEBICESZBNICRE 356, BB
FRBENOTE~Y P NICEEE TEIANICE
ETHoTd, MEOBRGIFERIL. 2L, #HHlilt
MENLTRBOY 7L S 4 S8 0TI
HEERMCEDL I EPEL, BEREIIL - TEED
BT LENAREXTIERIL, F—1N—F—VIlED
et b H 5 (eg., Ruprecht et al, 2008). DL 912,
TR OBESSEXIZE S T TIZER Y 27O AN
EXONBNT, EBRAFRES Colrid, s
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AZEMT— 7 #HABERTEIERT LLENH L5,

5-3 EAMEFIBRIEZ ZHE

BRI H—DFN D88 — L LT, MEIEKES
YL, LWIHIEZNDHL, HELEAKOBEER L ZF0
AHZABIZDW T (2002) D F L DHATFEL V.
WEEAEE~Y 7 VBENZIEST S EDWAFERO—
DOERNZ 7 BHY (Davis et al,, 2007), T LAHEIZLS
JEBIE I OEALD < 7B E ) OPREE (BETH
WL, BMETHE) #51&RIT, EZLBEHEV
(Walter and Amelung, 2007 ; Walter ez al., 2011). FEEEDFH
FEANZANIIFEETE L WY, BERBEDIZIZEAX
PHEE T B HEBNI D HRE ST T, HEHI
BHROFEMERZ 52 AR EN TV S (eg. Linde and
Sacks, 1998). 7272, BHGEBEONILPETHEAT LD
FTIE AL, Walter 5OEF LV TFHERINBLEIZE{LE
LMAINTHD, o hnh, MEERZIIEARLZKL
Tl BRI AEEM B R AT A ZZIRAUIRRE I B o /o
DTV, EFEZBIEHTED, T, HEHNE
K THEVIIGRIIIBEN LR RMb» 5. flz
IEETE (2014) 1%, HRT1950 FRFISR S v 7 =
Fa—F (M) 86 ED9ODEANHEIZOWT, HE
KIHDOWIAERE & OMFRE ST E0iER, BERME
% 3 EH OB AR I Z NSO & L~ TEIZIF S
LLTwhdod, 7720, HEAMEHIHUNERZES
L BB B CEAPSRE VT, Tl
Linde and Sacks (1998) DFE £ & HELHNTH 5.

HAIL 2011 42, FHRI—FE L vbh 2B K#MET
HBRAHF R HE (M9) 254EL, BHBOK
gt eZibs. —EHoKNTIE, KIEEHRIZAN
HHEOEHSL~ 7 <iBTE ) OEBLRIET 2 WALE
AN &N T2 5 (eg., Takada and Fukushima, 2013).
RIFLEOKILTIE 2015 4 12 AHET 2R HR T 5
TwiWY, AL LRI BHEAr—L) (125
ERIEIAEIIL L T DT EFEBE LTV LI
HLEZ( (eg, BIF. 2012), FEAME L HEXOBEEFRIZD
WCEIRFEDHED 51TV B (eg., /I, 2015).

EARMRE L AL OBERIRY 5 L THKEVWEY]
LT, 1T oJLEERER O KIS EH 5. KT
M E VS B, KEKEBIZH - /odbigER & A
TRl FATILO 3 KILAT, 1640 4E, 1663 4F, 1667 ZE{u
FTNHNUBEIIEH(VEDs 0 7)) = —RIFKEHES L,
VIAESZENEBEDEBRIRT LI ho70TH S,
SRUZDWTIE, 1611 FOERME (BEME) HEE
WG TS e H Tl s il R IR,
1663 EHIRINED V<L AF L OEBERICO%
o 7 REPEDTEI S LTV B (Tomiya, 1992). 7272,

S TL
5

P~

3
17 R OILEENSE, ERMED LA (EEFR)
TR EMS Y, HMEIERICERE L2 E O
18 Lva

CITIE HESEKREFET LR AEZ L0,

Ta B EETNERN L. Sk, BAEMERED
Y DAY =V EEAFIICHAIY, HEAS O
AFTONBELET I LT, ZOEF VOB
fEEmBird Lk,

6. HEATEDZM

61 TCHERTIHEELEVES

v URBEYANEIroH v MR sh s &
X,V WEDICBIEAEELE Y I LA,
BSLOM)H—THEKRIZENESL, —F, BEATREL T
IIHRL, b iEeEE Ty v aThuE, 9
7Y aOBFRBMLEIC L o TR~ 7 & 110
Lardude sz,

A E LT oM CTRAE D ESENE, fiEo
KETHDLEZ BN, BIZIEHHRNLOEE, 1663
FIEEHW Lo, MTEBEICHAEHYEL Y
L. FNEFNLOBEYFORGEORIEER LT 52
LT, R = E Yo LpSF AR, Fluc kb
1663 470 LRI 2000 EMKICE D T T, HEAICHE
BOBE L CEEHDTRI > Tz LW S Ik -
72 (Tomiya and Takahashi, 2005). 300 4L = 7 =i
1) OREA Fig.3 D Ty (RGN OILHEILHAT RIS
RIVEZEEOTR) DLizdh, mATEERIREEC
HolbEZLND.

=7, HEFU LRI OB 5 KILTHE, B

WA 7P ELEL TR WIEErS 2. Zofs
< TREEN (Rvia) BRI ELDI,
T ORI s THELREZATHA D
MU AT & iR~ 7 < OAE e & o 72 5 L VEEHL
13, LIELIEBEG, FIimRiiozy $HaET
WEALL 2v) SHEAOREHEE - BRI RS E
T\ % (e.g., Andrews ef al., 2008 ; Cashman and Blundy,
2013).

TITBE YA RER Y SR EFETE LM
2, b L¥iaEi~ s~ ad i hig, -1 87T
WAL I (BUTEDT). L2 L. #ikasii~
I OUEEHHEEEIEYESh, 2@ 0SB EIL
TWEHIREFSNAZ XSV HEL. e ziE, <7
VHHEEEDT 0.1~ Lk AR (JLEIAY & AR DKL D
EMWEH®R) ok %, <778 OoKRE SHHm?
DT CHIUSHIZHERFTAETdH S (Tsukui er al., 1986;
WHE,2000). TREWKELESIBENIZ FHICK

<



F<iBIn
v /ISR E R RTINS TE v, BRI
% AR RILTIE, Bkl 1&&1@38@“"&&4# (R

HL1991), MEAKEREL w I  SMRFF STV B AR DS
By ZoZ bz, TREEYI7TOKLDIEID, &
g BEEET 7oL Y b, BB BT
FEmE X EIEIIE (White ef al., 2006), &\ BRillAS
BREBAWTHL. 7B, Passarelli and Brodsky (2012)
3, v UREHRERIIY, FHEAEBIST TR

KETJCHAR (run-up time: WEAKIZSEAT 5 HRGEE)
BREEOE) bEV, EHRELTWEY, Ihhidw

TIPS HEADOT SV LRI S H
Wiew, LI TYS

62 YITTOHEPTS - fhE

7T E D ICEKIEER I IBEH SR, £IA
BER N YT =27 LT, w7/ hRA~FEL
ZITILEMEATE SV, w7 vi@E ) TARTREN%
BTy HF LR LIk otk GHBEILT 5 EC RN
FETHLESH L. ZOHE, YT YOMEFEET
5.

< Okt LR P OBEL AT A AL bR

OERBETBIUHERLIC X > THAT 2, Zo®)
RIFEDT 14— Ny 285805, bbb, WL
AAEEH BT Mﬁz@%mmﬁt:h%¢< =
DFDITHIEE AL, EAEEIR S v i,
MR AT AIUT, A2 - BRI REE 2D,
HLAET Y THORESEIEL o, LAFEIIEL
BoTwl. fto T EREOZRERD 1 >THSD,
BRERMOTZ7EINICBIT 2 Tebbvrv
#F DM (preeruptive magma viscosity ; Takeuchi, 2011)
FEETHL., v/ B s~ 7~ L HE
LT3 (Tomiyaeral,2014) LWHIERbHY, 4%
HLWENILETH L. T IHPINE(T A7)
R L0 LA THE 2F ) BATHEAITRE
RUTOTTE VREPEL, 10Pa s BEAT LR L
FEEN TS (Rubin, 1995; Takeuchi, 2004). SH L
AR, EASEBECRTTCELLTLEIDOT
H5.

—HT, vIEEHY TEHVREGETFo T (&
WEL) /< H 7)) =—XEKTHEET 2 2 055,
F/, BHEFZVWI RS, ZOEKEEYT IR
FYBIENVOREERER LTV LTSRS, Zo%
&, TV Z—RBKE LA S LRGSO/, &
DRSO~ 7~ DSEEEAGIC B & - KL TREER T
LTWT, MM SN KEF L) EEOREKY 7w )s
WRTHDE LELILNTVDS (eg, EF VKK

1991 4E MG K : Pallister e al., 1992; At HEE B # £ 1929 4

| RN AR & UK BIRA Sl 289

RN : Takeuchi and Nakamura, 2001; = D% $%). JLEK
%ﬁ%ﬁ77ﬁu RT= v ¥ alkORK< 72 & ¥

It S BBRY S Y L DREY YV TH Y, Fig
4 ODJ?T,@JF (mobile layer) WAHY L TV %.

¥y Ktk r & Tk, wBE (BA~ 7<)

ﬁ%&bt%mﬁ%vyvﬁ@mLftﬁﬁ%krﬁo

—F, 5-2 ETHRAIHMRAE 2011 FEHEATIE, BE
77«<yME%RéﬁE)#%m%®1%%£b.7
IeBIVAEERERT ARE~Y Y (F4H4 FEE
BEA) BIC—ERLAZFITICEE o7 L LERS
e AR R & USRS e o 72T D &
DM, FTETEL oD, R v (wy v a)
DOEDET E oD LAV (Takeuchi, 2004;
Tomiya et al., 2013).

REY 72 ORBHER LB~y Y alkv <D
BRICEETHDETHE, BBV VBRI IE
FOLICREZEDLNLBEELRMETHS. b zid
HEREA~T < (hybrid magma) Z{ERHE, WED
MDY FSAMPREBEZLIFCRES BRI E
AH SN T WD (Sparks and Marshall, 1986). &L, @E
TTOERT Z7REFEFFITob, ~7vEENE
BFTOv72RAIS %52 7 OBENH~S
i17- (Laumonier ef al, 2015). ZO#EE, REFIIHIR
T IRPEHERALT A E, BRI OBEMRIE
FIOHBEINDIELLEL o TRENII(L AT
LHphol (ERESAEDIC o(Liv) oz

i, vIrvRBATRUER{EL O, BRY I~
DREX T v (REXKETHR2W) LHIRELT
LPPETHALZ L EEKRL TS,

7. YIIXTARADEA LRr—I

WA, 75 v RFBEEACRE LU NESS T F A
BELID, Ak /T OEADI A LA —
PHEEN, FHRICHOSNDL LI o7z, ZOHI
BLTIZ, #RETTIMORIETLIZETHDL L
(e.g., Dosetto et al., 2011), L DL ¥ 2~ LHTW
%5 DT (eg., Hawkesworth et al., 2004 ; Turner and Costa,
2007; Costa, 2008; Costa ef al., 2008), T Z Tl T fifH
I,

VTR TUALADY £ b Ay — MEEFHICITE L %2
LOBHAH KEHTDLLF, BEFHERREICLS
DL, FHNTOTEILERHESLDOIA 2T 47 R
(A, UEAEES) 2FHT 200105605
AT

EHERIEIC L 2 b DI
B (BRAER) 2, S

1, MADPLBEL TOR
SEL CHhLBEE TOlR
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W GEWER) 5 5. SWFERICDOVTIE, 2 THA
72V na D U-PbHEMN - U-Th ERD L I 12, BN
DX DV HEOREFHEEY Ry MYICHETES L)1
oTwnh.

SRAERIEIEAER L ) D FEBMICHVET T, B
DFEEGER TN OFEEEME (residence time) &
52 EAHD (eg.,Costa, 2008). {HHMFRTIL, MENHE
EIEI T 2 EE R FEN LN TH D, 721 L, 5-1 %
% Fig. 3 TR LI, HMIcWg omsEem s &
%2 B O autoeryst (2 8) OBEDOATH A, antecryst
% xenocryst DI ERIIHFEBERO~ 72 iEB & 138
BIfZo0T, ZoEEHEWT RN 8B L CL
FHE, ABIRWHEEZE5ZTCLE ). HEBEEIED
FRMZDEI) BT D%, antecryst D) H 4
7 WOWEEMED S, 72720, BEREAZL64vS
< E ) (EREEE D) RBmEGAREVDT,
EROWEMEMA 10 FEOF—F—122bZ LidH B
% (eg., Costa, 2008).

MEHERBELDI D & 4 2 A — NHEEFEE LT
3 R ORI - 72 HEE D E AThLT w3,
T ZIE, vIRAILL o TRHR- AL FEOFEY
FasEhadk, BFEL LD & L THRMETILERILY
WRID, HRNTICERN R =y Ta T A0
T 7740 BTES, INEBTTIUE, <7
TREDPSHEEITOY 4 AT — N (HEEEERE) 25K
O OB, JEH RN E I 2 v T, Costa and
Morgan (2011) 2S5 LV, WFhizd &, IR
BERORE-ThB I ENRi L 22 BRI, &
OB, CHEOME, RESFIL-TRE D
T, FNENERLDL 9 A LA —VOFREB/LI LD
T&5.

TEERSEP O Ti A 61, BH~8r ARENS 1 42
=L OBERVPESNR T DR, BAER D
TA, BRI M) F—ICHT 2 MRS EL N TN S,
7o& 24X, Z4kil (Nakamura, 1995a) € >+ 55— b
BA—71) =K (Devine et al., 2003) DEE F—
LERIZBNTE, v 7 vRADSEE E CRBEMERE
DIALAT—=AHELNT VDL, ING F— A
BEEL LBV TW A2 Ahb o3, BEHEHI L 54
YA DRT—=NEHENEDLLRWI LG, v I7<il
BRI 5 TWAD T EATRE N 52 # Tk
RIFRE 2011 ERAN OB KRB OHEE (Fig. 4;
Tomiya ef al., 2013) TId, HEEKILHRO Ti AHC AL, Mg
AR DELMAT TN, Bl a5 &
TZREHAGLELZ LN, V== FTuT74
WA L B D ODREREREIC L2 b0r 2 HHITE

LEELIT, ¥4 LA LVHEEOREEE FF 0 @M
BEZIE DTN TEDL, ZORE, Bakl
BT GRBE) OEBIIEAXOH+HL Efid 5,
BERD P YA =BT AME R SRE (RINE~
ORI EB L E 043 UENS, v~ ERIIS
ALK~ VB SABIIR KA B & E 04 HUAIIZE
i, AN COHMoOMBLEHERS L.
2009 LA D ikFE R 2 R DM IE ~ v @ F ) KT
OFELELGTEAHF RSN, 22T, EAHBERO MY
Wi, 2T WIROH 7T A (BREOEBEE D)
DEIGRLDTIF %L, v/ vBTFYWHRNOF—1N—F—
vOEEEASIZEAE R Phokb b Ly,
& N7e (Fig. 4; Tomiya er al,, 2013). F B ILIFHIRE
2011 FREALE, W - BRFNT— 5 %, HIRPBEZK
T LU THRBTELMBIL Vs TE S
3.

A6 AT O Mg-Fe 1, TR 2RO TILRAE
(o INBEENS A L2 —VEEBIDH 5. %131
F~PHERE LI AR SILTV S (eg., Nakanura,
1995b; Coombs ef al., 2000; Costa and Chakraborty, 2004
Costa and Dungan, 2005 ; Ruprecht and Plank, 2013). 7272
L, o bU—=kil11925-28 SEMEK T, JEi 7o 7 7
1 VOTUE# ERHH Tl < RS E T RIEN T 7% 5
ZETEMMRES LY, T EWIE T TR T o
TrANVERRRE L IHIZLY, EiRv 7K
DFI20~60 HANMZIEA L TRARICE 72, L#EHRLT
V5 (Martineral, 2008). %6, DLohTERLLO
YA LR — L, HEOHEAK M) —EE2 BI2I13%
LEVRDL LAY, FIINIGEEDEHVDPAL AL
L, =7 M oBITEEL S SINIEELONL
O, TVIMMPLBEANOLEA Y A LA —VERTH
LERZEINTVED,

SETTH O Mg-Fe OFEHUE, #+~HEERED S A 4
Ay—=NVixRH520I1IC#EL T2 (eg, Tomiya and
Takahashi, 2005 ; Allan et al., 2013). #3T T3, FE-EPMA
R U EF IR TR liELt £V, Bum DT o
Ve TERABIET, MrAUADY 4 LA -
LR3I N TS (Kilgoureral, 2014). #ELH D Mg
DILEED S &, AT O Mg-Fe & IZITEBEDY 1 4 A
=W 5N 5. Dritt er al (2012) 1, > P —=
RIWD 3 THRIZOWT, @Caa7 (EHE~r~
i) #EOREAFO Mg OWEIGR Ko, HHHE
YINODEADPS AN T IENE THAE, ERERHLT
Wh, SERPORMEITREOMEIL, Sr 2 EfboTED
B, LAJICP-MS DER TCHBHT— 2 HHE L Tn LR
bhs, Afdo Tild, GRAEE~ I, HANVTs
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RO 7w T O AOFERIEDN, HE~HTEO
EPFESN TS (eg, Gualda et al., 2012b).

WESALA A 2T 4 7 ARFIAL 72 Z O iR e 4
EFEE LT, #& 1 A5 (Crystal Size Distribution:
CSD; e.g., Marsh, 1988, 1998; Cashman and Marsh, 1988)
VL ONd L. HEOBEKEKESEFICHT
bRTWABEE, WA XPREL RBIIEHREEUL
RHEHMIZH S T AR H L. oL DY (X
AAilE, MEEHSEY 4 X (mm), 0% RREE
(no./m*; BH 4 A2 BIT LRGSR OBTE L /-0 4 1%
%) OFIE L E BEHRTELL. HIEHGEEL K
EH#EOPRHVIZL o T, ZOBEBROEEHNFEDLD
HE DR IT EHREEEAS R . Bl I, AERAL 1663
E 7 == KEROFTRE < 7 v ROBRGHGET 1 X
BATH BRI I R 10°~10° 4E, 1663 4
BKEOT A H 4 e vRICB RGO~ I il
BT 10°~10" ELT., EHHEIN TV 3 (Tomiya
and Takahashi, 1995). 727°L, KEOT A XA ILEM
BHOEMOBEE) 2V LMEN LSy — v R2RT
ZERS N, R ERENREE ED RV R

ZEY LTV, T, BHEEHT S I0IIERNEERE
PHZLLENDY, w5 TBEOOL D) BBSHED
BVIEONEMETH > THLREERELAKEY (1~2
) v sEEdid b, 5-1 ETHEA L7 Cooper and
Kent (2014) TIZ, CSD %> L3R 727 7w A BEH 0 7 —
FHTUNANLTED, WTFNH 1P EUTDI A A
AT —=IE52Tn5D,

8. £ & &

< 7CBEY LEANERABREB LUK M) T —IID
W, RITOBE PO, BRIIFLDOTAL v 7
VHE DL, BRIy L aRizh ) RTnwI E,
KIZH 7o o TIREKIRER < 7 M S NBLESH
LI l, FOHMET Y YA OFRELICE o TRIY
HBrzl, BREMLRENESEMThL L, k%
WAz Fh, AMFEOM#ESICLY, DL rERR
S OIEEER R Y A LA —VICET AT — 5%
Bah, wr7v 70k AOBMEIAE GERLOOH S
ZERELBMALL. BB, AWTHEFLEHTIEED
BABEKIR- T2 L%, BLASTITARCE
JAE-F AN

HE AR T — & L HIREEN T — ¥ ORA I,
SHITIESTEBIIRLEELIOND. toC, YTV
VAF AT BEMEE DA A— VOEEILETDH
5. KB FO—BEBRIVUEFENTH S,

E 2

Shanaka de Silva #3% (X LI VM KE) Lnwr<
WMEYICETAH ORI, KB T LHLH ETHA
HETR Y Mol MEHEMNEFEEL (BHLR
2) FUDRERBSOH A IR RHEOHE RS
FwisEvi, BREETHLIES FTHEEOLHEREKRSF)
BLUHARRAE L (BMOKSE) L HWHETHEMZ
DAY MIED, FRRRACEESN UEosx
IMRE LAVA U 3
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