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Abstract: alphaMELTS 1.9 is a modelling program designed to simulate magmatic processes under various
geological settings, based on the thermodynamic models, MELTS, pMELTS, and pHMELTS. The text-based
interface and compatibility of alphaMELTS 1.9 with both Windows and Mac systems offer greater accessibility
and usability, compared to conventional thermodynamic models. This paper outlines the installation procedure
and basic usage of alphaMELTS 1.9, and provides guidance on troubleshooting common execution errors.
Additionally, it presents examples that implement representative magmatic processes—including equilibrium
and fractional crystallization, assimilation-fractional crystallization, equilibrium, continuous and fractional
melting, and flux melting—using alphaMELTS 1.9. Furthermore, the modelling results are compared with
natural sample data. This study aims to assist researchers in utilizing alphaMELTS 1.9 for understanding the
magmatic processes and evolution of mantle and crust.
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o}, whH, pMELTSE 2-2(1000-2500 C), 32¢H(14 GPa)
Z704 HE A 2 8gE] HAES AFE = 2
=5 MELTSS €938t ndlg 43t 22 ayho g
3] ME £§ A mdHst=n EslE o] vt

(Ghiorso et al., 2002). "}A| 2.2 pHMELTSE &9]
EAsks B0l WE 8§ HFe Adsh=d AT
3l g o]t} 7]& MELTS Algl27} H,0S 3¢
FEY E8E, fAdW B 5 de v,
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g FEE AR F AEE, 7 7
FAEHE, AT BA0E 54 AREH Agdez
Solx o3& 4= UEF 43T alphaMELTS®] T
A et S8 2 17 A4S alphaMELTS 52 &9
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2(ksHE FEE 327]) 4422 'Initial Compositions:
element value'Rto] B2 02 ¥ E|ojof sl FH
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(assimilation)-H 27 2H&-, A4 €8 (flux melting)
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Checking for updates...

by citing the appropriate references with any results:

Smith & Asimow (2005) -- front end
Ghiorso et al (2002) —- pMELTS thermodynamic model

http://magmasource.caltech.edu/alphamelts/ and
http://magmasource.caltech.edu/forum/

Choose:
1. Read MELTS file to set composition of system
2. Twiddle starting or continuation parameters
3. Single (batch) calculation
4. Execute (follow path, mineral isograd or melt contour)
5. Set f02 buffer or aFe
6. Set H20 (ppm) or aH20
7. Impose initial entropy, enthalpy or volume
8. Adjust solid phase setting(s)
9. Turn liquid on / off
10. Turn phase diagram mode on / off
11. Update state using restart file
12. Update composition using MELTS file
13. Write out restart file
14. Write out MELTS file
15. Write thermodynamic output for all phases
16. Calculate integrated melt and output file(s)
17. Fit parental melt composition (amoeba)
18. Cumulate Invertor (not yet implemented)
-1. Turn off menu display for options 1-18
0. QUIT
Your choice:

Asimow & Ghiorso (1998) —- subsolidus calculations (if used)

There may be others, depending on the exact calculation performed
and the source and / or partition coefficients (e.g. D(P,T,X)) used.
See Smith & Asimow (2005), documentation and the forum for details.

Unable to automatically check for updates; check for updates at

*%% alphaMELTS 1.9 (Aug 29 2018 16:02:51) —-- pMELTS isentrope w/ or w/o liquid

This front end is the work of Paul Asimow and Paula Antoshechkina

(nee Smith) and it uses the MELTS and pMELTS algorithms developed by
Mark Ghiorso & co-workers. You are welcome to use and distribute this
program, under the condition that you acknowledge all the contributors

Fig. 1. The screenshot of alphaMELTS 1.9 menu prompt.

=™, alphaMELTS menu prompt”’} YERHTH(Fig. 1)
alphaMELTS7} ¥t H o2 072 e 7
alphaMELTS &2 ZAFEHE £5 9 thA] 4] Z]—?\Sl— _7_

AN =k e A,

-f settings_file -p output path [Enter]

alphaMELTS menu prompt

B e 7t A5 AT 1up Zlsl, 2
SAE] &8 WL wA] Aol AgAIs] Z1eEe] STt

1. Read MELTS file to set composition of system:
melis_fileS $10] So] melelo] AL 27] 4R
ox, %Y Fol 27% Yk gAolth

2. Twiddle starting or continuation parameters:
melts_ fileo1} settings_file| X s 27] 229 o
s WA A shks Al ofv] #4145 ]
&ot] mdge FY AFfolle, Lm0k o4y Hst
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=t 2Hzke] ol Aol
Z7% jER o= A
A itk AR REvE st AElelM &
A A ol obd HAS AHeH, Ao SRt
H,0 5% (H,0 activity, aHZO)7} B4 FR =Y
St 2%, 98 A HIE = 5 'Bracket
reactions ﬁmﬁﬁf} Aol FAgke] 1A o] &
Ash= &=, 48 Z7(Follow affinity=0 contour'2
LYK A9 A 5 ek

4. Execute (follow path, mineral isograd or melt

contour): melts_ﬁlei AH= i7] AE 2 248 9]

= azA4l

ryzye "sgb‘H:} 0”/\]',_ _%3’} ZA3 374 mjgk
z7 Z 1dge 7] 2AL A9 4 g}
:'

"Follow afﬁmt}ﬁo contour’Q
ket A4, ke A S EAEHA e 98

Z0M BdEe s Fe vk 54 3] Aol
opd HAE AHEtL EARY H0 EF= FAIE o
Hehd 7 215 ke &%, oY 208 et
2d5S 485 A (' Bracket reaction's €/d3}gt 74
) Fage] WA Aol EAlehs £, o 24S et
FdES 3% 4= Jh('Follow affinity=0 contours
25 A5).

5. Set £O, buffer: 2H2> 7 EIE A4 8k= Aol
settings_file?l~ 273 ¥ 'ALPHAMELTS_IMPOSE fO,'
7} @dstE o] loH, HA BdE oA AHE
AR FFAEIRS R AETh v g 8 W
7F HIEPgstE| o] QoW AP A4 FIHAE] Wl
TAERT], SAYT, 53 (isochoric) HH L +AL
o 2713k o 2t o] 853, RdFo] =gl uet 2}
To® WAH

6. Set H,O (ppm) or aH,0: pHMELTS 292 ©|-&-
3171 S50 settings_fileoX] ¥73 ¥ 'ALPHAMELTS
DO_TRACE_H,07} &43ste]o] dohd, aid 54
ol-gste] 7] & g AL o vk 2¥A &

0 =3 1 ©J3l9] aH,0& UEsle] aH,0 HIE 4
9 5 Slek, ok, A F7ElS YA SAE
29, gy, 54 H4e FEY e 2lgos
5 ol g8, S groe wYHA etk

7. Impose initial entropy, enthalpy or volume: settings

]}\

filel) e wes A EIE B9, FAER, 5

s, 540 3] slgske Qels AT Aok
Aol alE SrAlo] s l o™, alphaMELTS
Zeose] AFoR 27 £E, Y 208 27
1% e Aol 2] ol g

8. Adjust solid phase setting(s): =23 %— 54 A
ae] Pgshe Adairt ek §4ol
filedl AE AR S Gole,

9. Turn liquid on / off: A& 5 Ax|Je] P&

]?‘5]—6‘]‘741,} A &= S’_}\ﬂ o]q_

10. Turn phase diagram mode on / off: JE3 =
2 SAssleE A0 E F 71A9] 2= ('Bracket

reaction' ®2= 'Follow affinity=0 contour') % sh}+&
Aasr = 9ok A E ReEs E]—/\4§],o}o:] LA 33}

melts

42 HelshE EX Alo] ok sl o2 Thx|ste] By
Yo A+ Aok, olo] tle AT 2EY e
4 33} 490 714510 Qe

11. Update state using restart file: restart file S

glojEol= AN restart fileS 34 1302 3T
T AE o)X (binary) FAE &3 FA e RE FHE
xgketar Sk A 34 118 ©]8314] alphaMELTS

zaado] Jgsid 2 g 20E RS
AR 4= Aok 54 119 82 &8-S 32
< (Antoshechkina and Asimow, 2016)°| 4] Zro}&

S

12. Update composition using MELTS file: enrichment
_file& F712 ¢o] E9 7|9EE =L Fds=
Aol enrichment file V] /382 g &3t
SHE AT F Jon, T nFdAs AR
BT Sl AV A AR 1 A
13. Write out restart file: 341 1194 o] &5+
sh= FAlolth

rir

restart fileS E¢

14. Write out MELTS file: 293 43 & FAJw
LGB} TAEL HES melts fileZ 8= &

Aoltt,
15. Write thermodynamic output for all phases: 7} '

del €98 AR E FYste FAoth &Y e
o]F°] _thLtxt® BUYEE AAsH Rdy T8 &

output_path=. &7AZIT},
16. Calculate integrated melt and output file(s):

3-8 R ehuwl Fo olgshs g, 7t
Ao BHE A B S4B HES 2
o 1-D(71%5 %)%k 2-D(E) 7 7 88 49+
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PR o] 3 E2EET 29 9d9] o5&
_thltxt= FUES dYskd ndw &
path= A},

17. Fit parental melt composition (amoeba): =
858 95 ARtshe Y 5 skl Amoeba 8-S
T o= FAlolth

18. Cumulate Invertor (not yet implemented): & =}
HA 71 A S FAdelth

-1. Turn off (or on) menu display for options 1-18:
alphaMELTS menu prompt®] 3l &£¥-& 113 A=
ENCRES

0. Quit: ZE= IS FHSI= FAlolth T A4S
ol-gste] T5 Al, R 53 T links_folder W
2 299 29 U E T _thltxtE Fy= U S
output_path® ©]&3Hc},

2 % output_

of Al

FollMe UM 2703 alphaMELTSS] 71558 7F
gk A E Bl AR sk, 2 ARE A g 7}
& A= alphaMELTS -2 ©] X] (https://magmasource.
caltech.edu/alphamelts/)l] == oA 2 YJIik 215
S FaEte] AAE AL AR oA o= ALE
A ThFsE 83 W E AT o =N, ol wet
dsh= s S FAsH AT 5 Tt webA
B o] 2242 alphaMELTSS] BE 7)%5S £
2 AW Rrhe, AAA sPdeke] 24E olsfiske
ol A5 285 2 3P 4852 alphaMELTSZ
TFshks WS Avletar dgshedl Ut o] Aol
A OFA] 2 875 W] Al AR A Tkl
7120l 23 G vl <L (Antoshechkina and Asi-
mow, 2016y 3}z 4= 9lor, gt sidaA =
95 Aty 2209 P AES 24 A
MELTS A E g0} ARE-A} 37 (https:/magmasource.
caltech.edu/forum/)2] A2 E & A-S @A
alphaMELTS’} #3402 Q0 /& E¥sl= 49 o
T S AEE & B 2is Witk 1) 9 9dH,
=9 TdH ¥ 9 A2 o] BE EUHE R
W73, 2) FdH 3 ZrHoA BE & S 9]
g5 B2 AIA, 3) oY 9t f QB B retE H
Bol A4, 4) 35T 48 IS BF links_folders-
w74 L4 Ad2 9, 5) alphaMELTS 3 A7
B F5 9 oA AlZL

o

>
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12212 918 alphaMELTS 1.9 A w7 117

agst

B B 2 27| ME, Z7(settings_file, melts_file)

installation_folder Y] frac_xtal_env.txtS £ 2%
288 Fdsted ot 34 WeE xdsith B
=2l e NG settings fileS 733K A3}
Rdgox &8t EdskE 37 S AR

iorj

9, T > 498 mdl F MELTSE o]t
(ALPHAMELTS VERSION MELTS) &% %4

(ALPHAMELTS_MODE isobaric; ALPHAMELTS
DELTAP 0014 255 | T4 "o AL 4=
&31== alphaMELTSOl|A] %% $HALPHAMELTS _
DELTAT -1). 58}, ¥Hs AlAE 5 WHEojAe A1
AdA AQstES & 3t (ALPHAMELTS_
FRACTIONATE _SOLIDS true), &% 24 #8S =
gt ANE 73T Y, 2% ¥9e 247 1-
30000 bar, 500-2400 Co.Z A|g&HALPHAMELTS
MAXP 30000; ALPHAMELTS MINP 1; ALPHAMELTS
MAXT 2400; ALPHAMELTS_MINT 500).
installation_folder Y] Morb.melts 312 273} =
de dash 27 2%, o, 24 20S it
o] BAE A3l o] o] AA3) RS MYk
Ol melts_file= €83t Th. Morb.melts 7S &7
'Final' ¥ 'Increment’, 'Mode', 'dp/dt 2 A 2ot =

Z

o

Title: Mean mafic EPR (PetDB)
Initial Composition: SiO, 48.49
Initial Composition: TiO, 0.95
Initial Composition: Al,O; 16.67
Initial Composition: Fe,O; 1.90
Initial Composition: Cr,O; 0.06
Initial Composition: FeO 7.49
Initial Composition: MgO 11.14
Initial Composition: CaO 11.68
Initial Composition: Na,O 2.29
Initial Composition: K,0 0.06
Initial Composition: P,O5 0.08
Initial Composition: H,0 0.3
Initial Trace: Cr 1

Initial Trace: Sr 1

Initial Trace: Ba 1

Initial Trace: Zr 1

Initial Trace: La 1

Initial Temperature: 1200.00
Initial Pressure: 500.00

Log fO, Path: FMQ

Log O, Delta: 0




118 eSS

At g}, o] 55 2H e &4 WS E frac_xtal
env.txtol| Al A7) wTolth. A& ,
ol o} o] MASINTE FUAL RS A A3t
8} o o] B W] ©] 22<1 PetDB(www.earthchem.org/petdb)ell
20249 129 19974 S5€ BH G SIE A
oF =, MgO ¥HFo] 9.5 wi%s el A 852 ¥
7+ 3L 7INke 2 St WS fls) MeE v
U] g BT 12 ARSI, 2M38 melrs_file
23 7t} 91478 mean_morb_9.5.melts2} 3171t}
B 20| ofAlelPE frac xtal envixt IDS- settings file
=, mean_morb_9.5.meltsS melts filez ©]-&3sl T}
&t AAst mdES st oju, Ry &
Aol we} 273 WEE W7 9 Frkeh AN X8
som, 778 Ak 7} dlAlolA 7legith

OHAM ToP| A 2YE EY AE
222 alphaMELTS2] 71322 9] A}-g-
5 A% 285 A¥sks Zleltt ol
e Asle W e A Mesilen, =7
=] A9E Faleta 2 A4S B
SYHE L skt 247 Hlaekdct.
settings_file T frac_xtal_env.txt 3} oA T}
3 W] S 90002 WSl RdlEe] A 2
T S5 900 TE W73},

— Ho o
0% Mo 24 dlo

|

=

43 =500 bar)llMe= oF 85.5 g2 &-§E A oF
7.8 g°] A, 7.7 g0 AFEA, 0.1 g0l HARM o T
Q€ 2 Z3o] 9o R TP MRS HelET)
H,0 == 0.0542 ARKEH, ol 88E W & &
2H(0.35 wt%)yS W 3ith,

2 A= melts_files &3l A A 24 (bulk
composition)?} FAT 249] -§F 100 %= °]F0]
A AE ARstete o] BHolng wdly] 27| &
T2 A L oo g ojFolof Fit) &A1 2,
38 WhE ARG-EPH ARGARTF AR ol
¥ S AN alphaMELTSS] AHEE =
g Ak ol 24 102 53 AHEE Be
g4938lsta, Al Wl dAde] vlgo] oF 100 %7}
g W7kA] 2=E 2Fsks WEolth Akt Foll &4

= 259 A= KOZ melts files} settings_filel
A PEshe 220 ©9(C)e} taug Foyh g

O

-

|y
T
=

(it

il
Mool e

d
i ofo

10 [Enter]
2 [Enter]
3 [Enter]
liquid [Enter]

ALPHAMELTS MINT 900

298 $£3): frac_xtal env.txtS settings fileZ
Asle] alphaMELTSE 323 5, 34 1S Agsie
mean_morb_9.5.melts®] I HZE 3},

1 [Enter]
mean_morb_9.5.melts [Enter] // melts_file 74=

alphaMELTS menu prompt®] &4 38 53 x|
PEE 2, o 9 AR 20 FHE o= A
& ARt A4st A8 7] Wil A
b zAo R A 23k 2A(1)S AEEit)

\#

=
X

3 [Enter]
1 [Enter]
AR Azbe A4 &%, o4 2ARE = 1200 C;

#4128 Agslel, By ZErE w Hrd P9

‘Starting Temp'ell 23 H/FH 2:=ghe S913ic).
Aol A} AxbE 93 1258.47 et
2 [Enter]
A gl
0 [Enter]
0 [Enter]

A ] A el A AH 482w
7) 9lal Wag 27 24 % AYYek o)Al {4
Al

=

xtal_env.txtol| A A% D12 Ale] 25 124 Uig]
w2 A% 28 2dFo] XgH)

10 [Enter]
0 [Enter]
4 [Enter]

Al4to] Y YAl alphaMELTS menu prompt”t
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PEAE 93} alphaMELTS 1.9 AR v 119

et 5 05 ASste] 22O S SRS A ik e s 2 et 9] 949

output_path=. =% 343 &4 5 3ot st 2ol 278t} AlrtE = Zlo] obd Eejet

< 5ol =2E 7 A % Al 24 3 E=ANE

0 [Enter] SE=-%= 7+ BojAlret Aetsto] ALt 7t v

A Ao] Ful] AAatoll= alphaMELTSS| A %% Hul

oIl Hat TLATATY HEAN B BE X s0) 14271 0] 7138500] A, o) alphaMELTS

A= DA FARE A2 = F(Initial Composition: 517120 S32%] default_trace_data.txtol A 8918

H,0 value)it 0, 0.6, 0.9 wt%= W73l RAHS 4 2= o)t} Al kA pEby] B B AR 28 7

Bl o, SR ouput_pathS 18 SHA A o) muige BAs Hgated, mPUL FF Wl
9 UG wrkth 4B HolANAY] BB A2 = aasug

2dye Y ol M2 T2 output paths 273l
Frofof i), e H 3} Alste] BuA] 9 Al e
W g 7 melgo] Mtk ctrl +CRI=
ot W FA)E =l AL TR links_folderl
AN FEoRE Y AU T2t

29 A 717t o)A A outpur_path®]
Liquid_comp_tbLtxt= -8 Z#3kS 7H4 ¢ FeOr
MgO9} Al,0,-MgO =%E 183 Bl Y SYaH
A= skl 2403 v wel R AKFig. 2). & TS 1
wit% ©late] Ml oA ML B E, o] 2
I3l Frese mhant w3k g o] WstE B A
ool Bxsh= TUE s 249 tiRES A9
o Atk AAIR TR sieke] g thd
nlzel ] & ko] ApolRto & A w]x] iR, o]
= o8] 82l o5 A EE nlant X1} A ellA
7} 9]lo] 7K 83 F5 5 U= alphaMELTS
o] 73S & HejEt

N

0|28l AHA
MELTS €98} dle] Az Hglo}de] =X

25

o East Pacific Rise

« H,0=0.0 wt%
H,0=0.3 wt%

« H,0=0.6 wt%

«H,0=0.9 wt%

a Initial composition

(@)

20

o

o
a O
o ©

0 3 6 9 12
MgO (wt%)

settings_file 573 frac_xtal_env.txt T4 T}
7 Wi gkol 15 AA|ste] WA RUHS 24
sheitt, 28] mdRe] i 2% HOIE 900 T2
ik i

ALPHAMELTS_MINT 900
ALPHAMELTS_DO_TRACE true

Bl 78 P AN ARG melss_file A
Wb 7], AHPE B S B AL A AL

B3t} dsiol & WRS FelshH vt 2

=]
Ty

=]
I

1 [Enter]

mean_morb_9.5.melts [Enter] / melts_file 74 =
10 [Enter]

2 [Enter]

3 [Enter]

liquid [Enter]

10 [Enter]

0 [Enter]

4 [Enter]

1 [Enter]

25 -

AlLO; (Wt%)

0 3 6 9 12 15
MgO (Wt%)

Fig. 2. Binary diagrams of (a) FeO-MgO and (b) ALO;-MgO exhibiting results of fractional crystallization modelling. For the
comparison, compositions of volcanic rocks from the East Pacific Rise (EPR) are plotted together. The EPR data were compiled
from the PetDB database (www.earthchem.org/petdb) on 19" December 2024.
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A

Trace element enrichment (C,/Cy)

—O0=—F=1 =0=F=0.99
=0=F=0.95 =0==F=0.90
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MgO (wt%)

(=2}

Fig. 3. (a) The spider diagram depicting the variation of trace elements along with the mass fraction of liquid (F). (b) The diagram

of Cr and Sr contents against MgO contents in liquid.

293 As}: Trace_main_tbltxt2] 'Liquid Trace:'
oA el A E&(F)el 22t 1, 0.99, 0.95, 0.9,
0.8, 0.7, 0.6, 0.5° =& AA3tE 7S An| =%
(spider diagram)E 12 X #}(Fig. 3a). ¥ 274 28
o] Mgl we} 855 e 34 44 F
A3l H|SAA Y4 T2 Fkele @] SRl
t}. Trace main_tbLtxt9} Liquid comp_tbLtxto] A]

o) 7+

74z} fslarg o wE wRd A wlo]E ek MgO A%
S 7129 MgO-Cr 2 MgO-Sr =32 12 ¥ 2K (Fig.

3b). o5 Sl £3 SAlIN 54 Feol AEEe A
A RIS = St ZF £3h SN FE7 B

ZR9l E2)318H4] 542 Phase_main_tbltxt 5014

FRORS
2

g

1,

settings_file ¥: WA, Zdlgo] i 2% HIE
900 C= 7%t} Wy 24sks 78sh7] flsir=
AN A sk = IAVFS AllA] A L8R 92 A
o ARES o] Yook 122, frac_xtal_env.txt U]
317 W4 'ALPHAMELTS FRACTIONATE SOLIDS
true's H|Z/ds}eith 22|a v s S RY Y
3171 918 7 W< 'ALPHAMELTS DO TRACEZ
2]

SREL

ALPHAMELTS_MINT 900
!ALPHAMELTS FRACTIONATE_SOLIDS true
ALPHAMELTS_DO_TRACE true

2y $£30: b Aol YA melts file Y
g, A4 2], e e A 2 AL A o

32 st vhest

d2 g FRsfoF & FHS

W

iy
=

1 [Enter]

mean_morb_9.5.melts [Enter] / melts_file 7=
10 [Enter]

2 [Enter]

3 [Enter]

liquid [Enter]

10 [Enter]

0 [Enter]

4 [Enter]

1 [Enter]

249 A5 298 44 A8 oA 2 oA

Bulk_comp_tbLtxtol|A] &%= 2 MgO AdE7S o]
& L% -MgO EXE 18] BA(Fig. 4a). o] 7

7y 25}

Aol ek, 2 2wk gagel wek, 18 A%
§ BdoAE A MgO o] A& o 7hast
Agr WY A A4 mAeE Ak FME w5
o] ek AL A Aol DY FAHT.

TS, 7} oAl 2] Trace_main_tbl.txte] A58 &85}

o
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PEAE 93} alphaMELTS 1.9 AR v 121

1120 1170 1220 1270

Temperature (°C)

25

oCr oSr olLa eBa eZr

05 |

Trace element enrichment (C,/Cy)

(b)

0.4 0.6 0.8 1
Mass faction of liquid (F)

0

Fig. 4. The comparison between fractional and equilibrium crystallization models. (a) The diagram of bulk MgO contents against
temperature (°C). (b) The diagram of extent of trace element enrichment against the mass fraction of liquid (F). Dark and light
symbols represent the result of fractional crystallization model and equilibrium crystallization model, respectively.

of A Fe] A Bgol we vkl Fek Wl
EX2 YEREAKFig. 4b). £ dAel e &3
Bo] A7} 3% kol = AR} zhgo] n]gry
Azt 37 2ol UAE AR 2= 2 4
2Hg-(x18H A A, Fig. dbjel B3P A4 8%

Fig. 4b)Kt} U] F238 v re] Wsls ¥el

Q1% % ek,

ol By ol

>

ﬂJIO 1=
e

J

=524 22X (assimilation-fractional crystallization)

ulzrhs FA ol g x)ate] 2ojzhe i A%
28-S 7] wiol] ] A7 = A e
B AES 9T QUrh A O FsARge] o
S EolErt w2 nfavks o] g F3kE-o] 9
e 238} RS- ZH=t}, 2 o|A)= alphaMELTSS:
gsto] 3kt A 28-S 735k, Wanless er
. (2010)91A] HILH 9°N SEIH S T3l oA A
== dIAl] E(dacite)] #|8}et &S A gt

settings_file 577 : 31248 FWehe £ 24
218-2- A A3H7] 2190 frac_xtal env.txtol|A] T3 37
HEES A3} 2 At

kr

2 o

~

a

]

ALPHAMELTS IMPOSE FO, true
ALPHAMELTS_ASSIMILATE true
ALPHAMELTS_MODE isenthalpic
ALPHAMELTS DELTAT 0

57 4 F7IE 204 SahE A4 48

ndgS $8)517] 918 ' ALPHAMELTS _IMPOSE FO,
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9} 'ALPHAMELTS_ASSIMILATE'S 43}t 1
2|37 Rdlg)o] 2%0] 7k} opd F3lkgo] Fls)H e
utg} Y E =5 'ALPHAMELTS DELTAT'S 022
27g7th olf, B of|Aje] REHE F 2Ho £9o]
dofuiARt e-ete] o wgho] gle-S 7Fgat7] wiol
Sagty] g o g 71 StHALPHAMELTS MODE
isenthalpic).

melts_file R enrichment file 273: Wanless et al.
(2010)0llA B33 9°N FEIH Y SYalH Hrle|EL]
A5}t A A ] Qe FLI A HeAA A=
HF2H(265-43; Wanless et al., 2010)2] A|&}sF HE-S
Z27] 4EO= o] 83Tt FAH-2 265 43.melts=
som, 8- oo} Zrt.

Title: 265-43 Wanless et al. 2010
Initial Composition: SiO, 50.5
Initial Composition: TiO, 1.92
Initial Composition: ALO; 13.9
Initial Composition: Fe,O, 0
Initial Composition: FeO 11.6
Initial Composition: MnO 0.21
Initial Composition: MgO 6.98
Initial Composition: CaO 11.14
Initial Composition: Na,O 2.86
Initial Composition: K,O 0.13
Initial Composition: P,O; 0.19
Initial Temperature: 1400
Initial Pressure: 1000

Log fO, Path: FMQ

Log fO, Delta: -1




=3512h80] 083} X7+ AE-S Nakamura ef al.
(2007)014 Rrsh A& Hd d5etke] Haghs I}y
SIAL). o8 2| =S| 8N enrichment file
2 zZgstslen &2 ool Ak s
Mean_Ltype_basalt.meltsZ 3},

Title: Mean L-type Basalt (Nakamura ez al., 2007)
Initial Composition: SiO, 50.29
Initial Composition: TiO, 1.22
Initial Composition: Al,0, 16.15
Initial Composition: FeO 0
Initial Composition: Fe,O; 8.93
Initial Composition: MnO 0.14
Initial Composition: MgO 8.07
Initial Composition: CaO 11.73
Initial Composition: Na,O 2.76
Initial Composition: K,O 0.17
Initial Composition: P,0O5 0.11
Initial Temperature: 500

Initial Pressure: 1000

=l 54 A AN AR melrs_file 9
2, ohal 3], ARAE BE A Sadin. 44
sl & WS Helehe thew 2.

1 [Enter]

265_43.melts [Enter] // melts_file 74 =
10 [Enter]

2 [Enter]

3 [Enter]

liquid [Enter]

10 [Enter]

0 [Enter]

w4 45 o] &3t F3hd A% A8 mdy
Fa gt A 9 Slge 65011, 7] ALt 24
NP 23 2= A4t F3kakgol of&
EA (assimilant)?] = oM, zF dHAIE 2 I+
o] ek 1 go 2 A3} X2 O 2 Mean_
Ltype_basalt.melts®] 25 YJsle] RS A%}
g},

fr a% o e

122 g e R

)
=0T

4 [Enter]
65 [Enter] // Y3l= ALt 43 314
1 [Enter]

1 [Enter] / 538280l ©]&& E4 (assimilant)®] F
1 [Enter] // 2t SAEE FFHE 4412 2%(g)
Mean_Ltype basalt.melts [Enter] / enrichment file 74 =

dFAor rdgo] =, 'Maximum number
of iterations reached. Successful return from alphamelts...'
o] Z=Hr}.

84 02 olgeled, TR g Faska, wdy 2
= output_path= ©]53H},

0 [Enter]

293 A output path W Liquid_comp_tbLtxt
ol 4 MgO ¥ K,0, FeO, Fe,0, A &S o] &3}
K,0-MgO, FeO-MgO =% 2 & ¥ AKFig. 5). 53}
2-g-o] P FRI] A8l TS 27 AR R 2
=, o 2704 Felsh v 2 A4 28 mdlE)
o] A4S A EAISIATHES A4, Fig. 5). W= &
A4 sl e FHHEY tA)Ee] 22 K0
b Sk FeO, -8 AW 4 AT HdE X7t
o] FeHE-S 3L :
SHHG trtelEe] Xstet S & gt v}
awte] st g F Fee Q] B e
7] SlaiM = Fatatgol Tizet o) F99h 2 A
slsl QIS s =28 F ot AR, sl =Yl
ANE T FIA JRno R Falzkgo] sg v}
2nte] X3} ol HEIS 7s S ERIE A Atk

=

Bl H== gl X7| ME, ZZ(settings_file, melts _file)
WE F5-8-8 2eleol] e s 3 W= installation
folder ] isentropic_melt_env.txtoll Z3F=o] it} s
settings_file> pMELTSE ©]-8-3}>(ALPHAMELTS_
VERSION pMELTS) @& 73} 8-8- 8 (ALPHAMELTS _
MODE isentropicys R dsh= $7 WSS X3t
o o 2 2= W= 77z 10000-40000 bar
(ALPHAMELTS MAXP 40000; ALPHAMELTS
MINP 10000), 500-2400 °C(ALPHAMELTSiMAXT
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PEAE 93} alphaMELTS 1.9 AR v 123

25
(a) - Assimilation-fractional crystallization
= Fractional crystallization
2 O 9°N EPR dacite (Wanless et al., 2010)

0%

MgO (wt%)

25

(b)

20

=
(8]

0%

FeOr (wt%)
=

0 2 4 6 8
MgO (wWt%)

Fig. 5. Diagrams illustrating the result of assimilation-fractional crystallization model. For the comparison, the fractional crystalli-
zation model is displayed together as a red curve. Cross marks represent the crystallization extents with 10% intervals. Open cir-
cles are data of dacites from ~ 9°N East Pacific Rise (Wanless et al., 2010).

2400; IALPHAMELTS MINT 500)& A|3H=m, 24l
Z} 2HA] 7F k2] ek 1000 bar(ALPHAMELTS
DELTAP -1000)°|t}. ®|&24gste &4 W
'ALPHAMELTS CONTINUOUS MELTING= 248 %
vlanpz} AAEA S alphaMELTSOA W& gk}

installation_folder U] Sun_McDonough_PM.melts
2} Workman_Hart DMM.meltst §%8§ =4
of At s 27| AR ¥ 2US XTSI ot
288 2d"S 79T 0 o]&sh= pMELTS=
MnO$} NiOol| thall Z 2] Hgo] =] A 949k7] wjwo|
"Tnitial Composition: MnO'¢} 'Initial Composition:
NiO'= 28, 3F YAasS vFdda JEo=
Fallof gt} 22]3 pMELTSE K,0 or P,0sS 7+
She] B 2FHEIHA, APLSIAL BAIEIAL HRA
S = QU7 wlEell - YA BEgh vl Ao R
F=sliof gt ool At TR melss_files 217}
Sun_McDonough PM_modified.melts2} Workman_
Hart DMM_modified.melts= 7 2] 3} t}. &2 A&
isentropic_melt envAxtZ settings file=, Sun_McDonough
PM_modified.melts2} Workman_Hart DMM_modified.
meltsE melts_fileZ |83l 2 71X HE-8-§ 34
of thet R gg FPstal 2 Al5e] A5 ¢} vl
S 1 Aske ol @k. 295 A% Bk 2,
2] BHo| WE melts filed} settings file2] 73
AP ZF Aol A A gt

—
88 S Bdsly] flal Al WA )
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2 alphaMELTS2]
7)%5E 53l R A&t ske 271 2108 Al
=l

il

=
A A
L5 ofalAl SohH, A/A1S WA Altteof gt 2
A2 AT e Vled

settings file TR: +8 J4AS A4tslr] 98]
isentropic_melt_env.txtol| 4] T 84 WSS G435}
Eig=

ALPHAMELTS_CONTINUOUS MELTING true // 243}
ALPHAMELTS_MINF 0.005 // €43}

°]& 'ALPHAMELTS CONTINUOUS MELTING
true'?} '"ALPHAMELTS_MINF 0.005'S &4J3}3to
24 mdey F RG] ATt 0.5% ool =W
AlCA rtarpt AAEE A& 55 AR Al
U Axde] Ho) ZHHE 0] ofd Foz HA3s)
o §8 S A 2L ol Rl 2
FHE 002 2GS u BT Q/FE A
fAgteltt.

2d3 #8): g4 15 93], Workman_Hart_
DMM_modified.meltsZS 2]o]E<IT},



124

1=

o,

1 [Enter]

Workman_Hart DMM_modified.melts  [Enter] //

melts_file 4=

40000 barol| A 9] S 3171 218l
sl 7] &= FA4
WA 283 34 1
= ZA3}sit)

12!
hl
=
=

2 [Enter]

0 [Enter]
40000 [Enter]
10 [Enter]

1 [Enter]

i= )

T S dYshke

3 [Enter]

1 [Enter]

liquid [Enter]

1 [Enter]

-1 [Enter] // settings file®] 'ALPHAMELTS MINF'
we e

0 [Enter]

4 28 Adsl, o
'Starting Temp'®l] 3£7]%
B o Ao A] -3 31248 1535,

EREEE
skl i},

2 [Enter]

2,
;

p

-
SN EMzE, 23 =AML 27| 25 FFol|

NE 8§ B A& = A 257
old 57 A& (potential temperature)S ©]-&3) 4]
AR IE st AR Ee 54 2%, " 20
A WE S 8§ glo] T AHS Bl 1 bar,
= AFHOE IAZS WE 7Pe 7P 0]
o b 2ok ob 2e A A2t | bar
2 A-s & 54 Y7 9 b A9 S st
W Fo)R Aol tigske 54 el &=
2715 & T Aok

settings file T4: FALEE Aitst7] sl

isentropic_melt_env.txt]| 4] 'ALPHAMELTS_MINP'
S 10000014 12 W73k, H 4 o4 M9IE 1 bar
2 -3

ALPHAMELTS MINP 1 // %+ ¥7

299 3 54 12 93], Workman_Hart_
DMM_modified.meltsS o] 21T},

1 [Enter]
Workman_Hart DMM_modified.melts [Enter]

£4 28 AdEste] A 2ES 1350 T2 275
sl 271 =9 HE Z47F 1350 T} 1 barZ
Rk, $4 98 Mefslol mae 3 AL AT
2 [Enter]

1350 [Enter]
1 [Enter]
9 [Enter]
0 [Enter]

A 38 ekl 1350 T} 1 baroll A 2] 923t

AEZI|E AL, ol), o] EAsH] e

AR wEel] 27] AR 2AS TR HE 22
002 Bsha, s DAY 223 e,
2 eA)e] Aol 2 WA,

4034 APYRA,
34, Mol

Korean J. Mineral. Petrol.



PEAE 93} alphaMELTS 1.9 AR v 125

3 [Enter]

0 [Enter]

olivine [Enter]
orthopyroxene [Enter]
clinopyroxene [Enter]
spinel [Enter]
feldspar [Enter]

x [Enter]

A 78 Yt AlLHE dEZ 9 (current total
entropy)s <1313, 1919 375 9
ERvE Ze3h B g L3 dEZIE
256.363 J/Ko|t}.

=

7 [Enter]

&4 28 olg3le] 2] 48 =AW WAH
Y2 sk, g A== 3
2, A WAL= o
3

FEEE Bde AALe] Aol vt HY &8,
1 &8, 9% 850 FEE Utk B M=
alphaMELTSS ©]-&3te] 7t RdES F3ste W
< A9sly 2 A3E Wang and Liu (2025)014] A1 €
Fog U<t 2l&ele] E(Eastern Pyrenean lherzolite)2]
A|3k8t A3t Bl st

X

settings_file 73: W3 &&§5H TN EA
isentropic_melt_env.txtol|A] Th2-2] 37 HE4E 74

Siss )

ALPHAMELTS IMPOSE_FO2 true

ALPHAMELTS DELTAP -100

ALPHAMELTS MINP 5000

ALPHAMELTS CONTINUOUS MELTING true

ALPHAMELTS MINF 1 // @4zlido] whadubz &= ol
2 20] Az
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B2dg F9: 033 Zo] FA 1S o] &3hA,
Sun_McDonough PM_modified.meltsS- 2] o] S-21T}.
ojwf, B4 ALk, o A9 7] &= T3t
7] ZollA Arg gk WhHS o]-g-ate] AN, 2 oA <]
A Z73(Sun_McDonough_PM_modified.melts)2]
A= 1350 Col s Fete AdEEZIE 255.907 I/
Kolth. 54 78 ddste], 7] AEZIE 255907
JK= AR

1 [Enter]
Sun_McDonough PM modified.melts [Enter]
7 [Enter]

255.907 [Enter]

84 58 Agsle], 12 F/MIEIE FMQ-12 473
82, &4 28 Melsled, 7] 4L 4 GPa 4%

5 [Enter]
3 [Enter]
-1 [Enter]
2 [Enter]
0 [Enter]
40000 [Enter]

$A 45 AEsla A m 240y A8k,
wd e Pt} dEE FEA B2, AL
W3 AN, HAAE et

4 [Enter]

0 [Enter]

olivine [Enter]
orthopyroxene [Enter]
clinopyroxene [Enter]
spinel [Enter]

x [Enter]

0 [Enter]

27| JEZIE AH7] wZel Y= 4= @ GPa)
2 A E(Sun_McDonough PM_modified.melts),
EZy] 271(255.907 J/KYS ZA=E alphaMELTS7} 2}
To2 27| 2xE Altsle mdgo] SaE T




126 eSS

E AoA A% isentropic_melt_env.txtol] A
'ALPHAMELTS_MINF' %2 038 &-§), 0.005(%)
Aol WU 4= = HaA A7 0.5% A%
£8)0 2 v T 2L gt

298 A A THO FEES R A% F
Solid_comp_tbLtxtol| 4] MgO, ALO,, TiO, &= 7t
9} TiO,/ALO;-MgO =%S 2|3 o] E Syl et
#Eeto|E2] A3} Hlws| AL (Fig. 6). FE 48 =
g2 FIH Ut HEe|EL] ARET 2 TiO,/
ALO; F1&S 83 v, 1 883 A% 88 =
gL fEepo|EC] RS & Adgt) o= 99
Yot gjE&glolEV} oF 8-20% BP0 B &8 e
A EFoF FAHAS AATT B 2P oA
= FEATS IEEIAR, v A AR 59
2 AR ARE I sk S YR elEeolE

J

o] 4 HS TS A3 =2 < JE Aolrh

N

T3 &
ALt
MELTSS} pMELTSE 7= 38 W =9] &4 Rd3
FokebA] 7] weel 73t 885 73| faiH=
pHMELTSE ©]&3jjof it} & oAM= e W &

040

2 S5 SE=(aggregated melt) ME

L 300 ppmO2 7Y 53} §8 BAPL Y
sle} a1 spIekel Ashe Y MRSt @
o). ofnl, Fsle ISR T g 23] WEo

A @ &FEol HiE &S Ao] oid, vt 2
ol X PAFH wiawprt A RE ey FHe
=3} 37 23 885 (aggregated melt))Z 32 =7]
o] 2 Al £ 852 e Atk W
W= E3e

settings_file 7 : pHMELTS 2 =5 #43}s)7]
3l isentropic_melt_env.txtol| A T2 37 WSS W
733t

ALPHAMELTS_IMPOSE_FO, true
ALPHAMELTS DELTAP -100
ALPHAMELTS_MINP 1
ALPHAMELTS_CONTINUOUS_MELTING true
ALPHAMELTS_MINF 0.005
ALPHAMELTS DO TRACE true // W34 A4k
ALPHAMELTS DO TRACE H,0 true / pHMELTS
ALt st

Q3 - g

)
=0T

4 GPa'tH H-E8&§ RdgS Fq517] w2
'ALPHAMELTS_VERSION'S pMELTS RE=& A%
gt} o|wj, pHMELTS =25 843}s7] S8 874 W
'ALPHAMELTS DO TRACE'9} 'ALPHAMELTS DO
TRACE_H,0'% &4s}sitl.

249 #8): 34 12 J93te], Workman_Hart_
DMM_modified.melts $]o] ST}

1 [Enter]
Workman Hart DMM_modified.melts [Enter]

SH 62 Aeslel, 27] % IS AU 2 o

7 o= .

pmO. = A3

2
=
>
e
w M
()
S
=]

6 [Enter]
300 [Enter]

AEZIZ 8215}37(256.787 J/K), ¥l &= ¢
g3le] 0|5 27] JEZTZ At}

7 [Enter]
AEZ Bl
-1 [Enter]
0.05
0.04 |
O"’ 0.03
=
<
N
Q o002 |
i
Continuous melting
0.01 }|==== Fractional melting
= = = Equilibrium melting
¢ Eastern Pyrenean Lherzolite
0 n

35 40 45 50
MgO (Wt%)

Fig. 6. The results of equilibrium, continuous and fractional
partial melting modelling. For the comparison, the data of
the Eastern Pyrenean lherzolites (Wang and Liu, 2025) are
plotted together. Open circles represent the partial melting
degrees with 5% intervals.
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$A 59} 28 o] 83
AAslaL, 34 45

A= ke F

il
H r
g b
o
tlo
4
Og‘:”,
%
e
2
X

5 [Enter]
3 [Enter]
0 [Enter]
2 [Enter]
0 [Enter]
40000 [Enter]
4 [Enter]

27] Ak A mIRE 27(0) R 27] IE
235 A7) "ol d¥E ¢4 GPa) R A&
(Workman_Hart DMM_modified.melts), 3 E Z 3
271(256.787 JK)S 272 alphaMELTS7} AF5-0. 2
By AlZ 2EE AlLtste] R g]o] et A
THog nddo] $FEW 'Minimum Pressure
reached Successful return from alphamelts..'0] &

Ak,

A 165 e, & 8829 &S AMNS
o 7 R 29 85 AEE EYsv] Sl
'pressure integral' (1) Mgt} Rdgle] o W}

Eko] UA3H7] wjiZol 'simple rectangle rule' (1) Al

et mpxeto 2 &gt &-gEo] FULs} rgdAa
/\qu £ 59| o8- 4R UL} o), suno
_thLtxt= BULEE Ao 223 £8 T A FO

i}

25

o East Pacific Rise

Aggregated melt
20

< Fractional crystallization

FeOr (wt%)
>

==
o

MgO (wt%)

= output_path=. ©| % T}

16 [Enter]
1 [Enter]
1 [Enter]
aggmajor_tbl.txt [Enter] / ¥3l= Id™ 4=
aggtrace_tbl.txt [Enter] / Yol= oI 4=
0 [Enter]
0 [Enter]

2 A3 output path Y aggmajor_tbl.txtsS &
o] 'Aggregated Liquid:'®] CaO%} Fe,0;, FeO, MgO
ARG o]-&3ke] FeO,-MgO, CaO-MgO LX) A
SAK(Fig. 7). HIaLE $lsl el SISl shket 4
= 7 =ATEHATE T, FYelE sk ok
g A=) AAstE AW Wil £ &85 =Y
o A7E ol&ste] Falgh i A4 28 mdE 4
5 I =ASAtHERE v R R, Fig. 7). B Y 5
JallE Aol A zke] FA7F F 5-6 kmo]7] Wil
(Aghaei et al., 2014) 8 A% 28 B Holl= 1500
barol| A1 €] &3 %%% QRS 27) QRO E o] g3}
Rom, npanprp S X7t sk AL 7MY
of 28 A4 280l ‘QOMW L 500 barZ A7
sich Rd Y ks SUEE sketollA] Az
FeO8} CaO Ad-2] W3l [ S & At o] &
Fall YalE skl 2AY wkek(primary magma,
S AR B2 vianhe] 4= AE W 2]

l

rlr

18

16 |

14 F

=
o N

CaO (wt%)
o

0 4 8 12 16 20 24
MgO (wt%)

Fig. 7. Diagrams illustrating the compositions of aggregated melts calculated from hydrous mantle melting modelling. For the
comparison compositions of volcanic rocks from the East Pacific Rise (EPR) are plotted together. The blue diamonds represent
the result of fractional crystallization modelling at 500 bar using the aggregated melt composition at 1500 bar as a starting com-

position.
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M 22

128 g e R

)
=0T

%, T EAZE 714 90 %y L&t HAH >
hydrousfluid.melts= 3H, W-§-& ofzfj 2} 7},

$A) £4C 4 T= ke 2o TFoT & Title: hydrousfluid
SH o] Yol A= WE £-§o|t) B oA= Initial Composition: H,O 100
54 o=, g 2294 L] {HAE I Initial Mass: 0.02
A &85 732, Kimura (2017)04 AAE L Initial Trace: Rb 27.3
B ololE] Ak Zlolo] E(tholeiite)] AW X4 A4 Initial Trace: Ba 801
(LILE, large-ion lithophile elements)2} S EF-H4 4] Initial Trace: Th 1.28
B3} 0 AFE v)wsi) Initial Trace: U 0.53
settings_file R melts_file $3: 54 88 +ds} Initial Trace: Nb 1.87
7] $13} isentropic_melt_env.txtol 4] TS 37 HES Initial Trace: Ta 0.06
A 9 Z7)si, Initial Trace: La 12.4
Initial Trace: Ce 40.2
ALPHAMELTS_MODE isobaric Initial Trace: Pb 12
ALPHAMELTS DELTAP 0 Initial Trace: Pr 2.73
ALPHAMELTS CONTINUOUS MELTING true Initial Trace: Nd 8.93
ALPHAMELTS_MINF 0.005 Initial Trace: Sr 1450
ALPHAMELTS DO _TRACE true Initial Trace: Zr 19.8
ALPHAMELTS ASSIMILATE true Initial Trace: Hf 0.85
Initial Trace: Sm 0.94
%X_H _g_% - ;g% %—_% 1;; %_01} _‘X_‘Z_‘]oﬂ/ﬂ ?—@_6‘]‘7] Initial Trace: Eu 0.22
W&o mde) =42 SUALPHAMELTS MODE | nitial Trace: Gd 051
isobaric) 710 8 W78}, ez ex WMaleks o Initial Trace: Tb 0.05
QAT 2 AN E fAle) Fel00k migeie gy | Initial Trace: Dy 024
S I 0}88 Zo)7] whEel 'ALPHAMELTS DO TRACE Initial Trace: Ho 0.04
9} 'ALPHAMELTS ASSIMILATE'S &4 3}31514] 2, Initial Trace: Y 1.02
mFggs AR mdgd ggsux Ivhd Initial Trace: Er 0.08
'ALPHAMELTS_FLUX_MELTING'< #98}spa gicy, | Initial Trace: Yb 0.05
Workman_Hart DMM_modified.meltsl A 71} Initial Trace: Lu 0.01
AR Qa0h SER AL ARG ANl Fget7) g | Log FO, Path: None

3 ol o7l HHEE A

Initial Trace: K 50

2R £ 54 1S A9k, 4 E Workman_
Hart DMM_modified.meltsS ]| ST},

Initial Trace
Initial Trace
Initial Trace
Initial Trace
Initial Trace

: P20

: Ni 1886
: Cr 3900
: Mn 822
: Ti 716.3

1 [Enter]
Workman_Hart DMM_modified.melts [Enter]

i

enrichment file ZtA: 355
Kimura (2017)14 A8 /A4 AEEHHE 719 10

FA 42 Qo] 84 §¢ BYYS A
ofn] Y A A7) whze] F7HHl e AL
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A Sttt AR 8 Sl 700 3= Y
A F= VielH, 24 GAE R FHEE
A enrichment file Wl 2 E 'Initial
Mass' #0224 s17] 98l -15 A} v 2o
2 enrichment file 325 YEslo] ZdHS AJ2RsH)
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700 [Enter] // 93l AAE 30 Sl

1 [Enter] / f-A12] 4~

-1 [Enter] // 3= FA12] Z%S 'Initial Mass' &t
o=z 43

hydrousfluid.melts [Enter] // enrichment file 73 =

'Maximum number of iterations reached. Successful
return from alphamelts...0] EH =W, 2dgo] /434
o= gm¥ Aotk

A 165 AdEete], &3 884 HEs 29T
o} oldf, T gelnR
Aelste] #HF £3F &850 AER 29t 74
2oh A AR S 9] ds 24 git

293 A3 output path U] aggtrace_tblLtxtol 4]
) EFAL S dYste] BEFYal 8 T AN-
MORB) #toll 3EF8}st An] =H (Fig. 8)o TAI813
o P85 ATt SRS EA4E 8589 v

AL FFE P25 Rb, Ba, St 2 Ak
AN QL] P9 oL US FslhFig 8). 25%

X
FEE522 P4E rlrrte] -2 Kimura (2017)
o] AAEF o]otH]| 4F Le|ofo] EollA e = F3hE
it 2 dAsch(Fig. 8). ol et &

e} o - —/‘:
I AYE AR WERY 44 Tt §8E
go= o8 Wil Y gel 24

e
o ofo
oo
o

H =RoXE alphaMELTS A2 9 AL HPES 4
Makar, oheet 2719 243t 2 iE 8§ JHS =
shehe S-S A FAsk o] FHeA st
933t B ofg] WAt wim) 246 rXe 4
S 1 4 JYTE 2y Ao} AA) #)35}s) 2}

o

SE v Ay, P85 9 B A4 28 FY
16 [Enter] I & 3, 2k F7E 2700] BE S TJEE 8t
0 [Enter] 2okl theFet A gtet RS AT 7 USRI
aggmajor_tbl.txt [Enter] // ¥t 4™ oE stoirh. =gk, Wee] A% &8 3w 8 2dY
aggtrace_tbl.txt [Enter] // 93k= od™ 91 < FYEUStH BETo| B U4 AL dYs=
0 [Enter] o] Aol om, g4 &8 RIdE o] 4 &
0 [Enter] glofo] ES] Rl Abg A 4 Aol &fFellA
e FARNE 7198 HolEnth
10
m
o
(@)
=
Z
2 1
o
©
©
o
2
I ——5% —0—10% —0—15% —0—20% —@—25% ~—— lwate Volcano Tholeiite
0.1
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Fig. 8. The spider diagram showing results of flux melting modelling. For the comparison, the primary magma composition of
the Iwate volcano tholeiite is plotted together (Kimura, 2017). Normalization is conducted using the compositions of normal
mid-ocean ridge basalt (N-MORB) reported by Sun and McDonough (1989).
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T}et, alphaMELTS 1.9 2 7H4] $HA1S 287]
ol ARgell o7t D asitt WA, =& & S 7t
R 74 vl M o] s olut A ool
wAskE RIS G eks FRlskA] Roke S
zr=t}. o] 739-o|= alphaMELTS 1.9%.t} Rhyolite-
MELTS(Gualda et al., 2012; Ghiorso and Gualda, 2015)
1} alphaMELTS 2.39] ARS-S At} B8k, MELTS
AElze 5 e A5 20 MR E AlY 2
o} e, A 27108 gAkshs 7150l St uhebA
s 2H8-e] Aot x2S Fgstaat gobi, A
22 HAIY 24 Al (chemometer), = A3 HloEE
283t 214 vlar} B} HEslthe.g., Putirka, 2008;
2016). PEAEtO. 2 MELTS Al2]|2e] gt Alike 3
Y el E HAZ s17] wliEell alphaMELTSE Y49
Fhta 22 v A4S PR E). weba
olg|gh AL AAEIL, FAol we} v 3t
a3 vwale] A-s =g Helskes Zlo] a8}
TH(e.g. Connolly, 1990; Holland and Powell, 2004;
Putirka, 2008; de Capitani and Petrakakis, 2010; Gualda
et al., 2012).

H)E alphaMELTS 1.9% YUl¢|E7} SEEHAA,
MELTS €98} el ApA|= H<38] A=A et &
£0f, MELTSY| CI-F-S A&A7} 28= 132 (Ghiorso
et al., 2023), Wl©]1X]}(Bayesian) 2] E#]o]dS E3)
&3 2d L8 $4 3= 5(Wolf and Ghiorso, 2024)
MELTS®] €98t mule x]&20 =7 shd e gt
Z ol A% alphaMELTS 2.3 &3 pHMELTSS X
FHete 5 F7H Y ArllelETt oA = o] Qith o]
el #< MELTS 7H¥ Z2godAe dEshe 99st
B9y Z2ago] BF £8 /FetES slol, AHg
A7} Ao e T2aYe AREA B A
W 5 QI IS TET ITHENKI portal A7
S=]©]A], https://enki-portal.org/index.html; alphaMELTS
2 A )9 o] ], https://magmasource.caltech.edu/
alphamelts/version2.php). Wehx 3377l st o
S getstar g A8t ARRE ] flsliMe
MELTSE ¥3et gojst mdg z2 3o guo|E
Abslre A 743]._7_, o A o) wA A A3] &g AL

=0 2 A=

AL AL

o] =E-2 20229 % AE(HE7 e HEAF)] A

o2 FFATAT] ALL Wol 58 AU No.
RS-2022-NR070842).
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