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Review on Element Partitioning for Olivine-Liquid and Plagioclase-Liquid
Toru SUGAWARA*

Published experimental data on element partitioning between olivine-liquid and between plagioclase-liquid
are compiled, and the thermodynamics of the element partitionings is discussed. Published thermodynamic and
empirical models for the element partitioning between olivine-liquid and between plagioclase-liquid are reviewed.
The parameter values obtained in the previous models are re-examined based on the experimental data compiled
in this study, and the accuracies are compared in terms of the compositions of olivine and plagioclase and also the
predicted equilibrium temperature. The results of comparison suggest that errors are the smallest in the models
of Gee and Sack (1988) and Carmichael and Ghiorso (1990) for prediction of MgO content of olivine, Beattie
(1993) model for prediction of olivine liquidus temperature, Ghiorso and Sack (1995) and Grove et al. (1992)
models for prediction of CaO content of plagioclase, and Kinzler and Grove (1992) model for prediction of
plagioclase liquidus temperature, respectively.

For prediction of olivine and plagioclase compositions and liqudus temperature of plagioclase, Ghiorso and
Sack (1995) model gives the most reliable results among the models of Nielsen and Dungan (1983), Arislkin et al.
(1993) and Ghiorso and Sack (1995). It suggests that the liquid line of descent calculated by MELTS is the most
accurate among the three different computer programs to simulate magma differentiation proceses, EQUIL,
COMAGMAT and MELTS.
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Table 1. Sources of experimental data of olivine and plagioclase-liquid.
MgFeMn Ni Pl MgFeMn Ni Pl MgFe Mn Ni Pl
Agee and Walker (1990) | 4 4 4 Grove et al. (1982) 25 25 37 | |Nielsen et al. (1988) 18 18
Baker and Stolper (1994)} 7 7 Grove et al. (1990) 10 10 12 | |Panjasawatwong et al.(1995) 21
Bartels and Grove (1991)] 14 9 9 | |Hirose and Kushiro (1993) 26 Roedder (1974) 9 9
Bartels et al. (1991) 19 19 21 | |Johnston (1986) 4 | |Sack and Carmichac! (1984) 13 13 3
Bender et al. (1978) 13 11 6 | [Jurewicz et al.(1993) 21 21 8 2 |[Sacketal. (1987) 60 60 35
Bertka and Holloway(1993) 5 5 Juster et al. (1989) 8 23 | |Sato (1989) 4 4 14
Draper and Johnston (1992) 10 10 14| {Kennedy et al. (1990) 9 9 8 | |Seifert and O'Neill (1987} 19 11
Dunn and Stringer (1990)] 3 3 33| {Kinzler et al. (1990) 10 10 Snyder and Carmichael (1992)| 21 21 21 1
Dunn and Sen (1994) 20 20 27| {Kinzler (1997) 4 3 Snyder et al.(1993) 17 2 13
Ehlers (1992) 23 15 Kinzler and Grove (1985){ 10 10 2 | |Stolper (1980) 2 2
Fram and Longhi (1992) | 2 2 9 | [Kinzler and Grove (1992)| 30 30 9 | |Takahashi (1978) 9 9 9
Fujii and Bougault (1983} 1 1 Longhi and Pan (1988) 28 1 ||Takahashi (1986) 3 2
Gee and Sack (1988) 18 18 Longhi and Pan (1989) 5 5 Takahashi and Kushiro (1983)| 34 1
Ghiorso and Sack (1995) | 35 35 15| [Longhi et al. (1983) 5 1 | |{Thompson (1974) 2 2.
Grove and Bence (1977) | 4 Longhi (1978) 7 6 Thompson (1975) 4 4
Grove and Bence (1979) | 10 10 7 | |Mahhod and Baker (1986y 7 S 11 | |Toplis and Carroll (1995)| 22 32
Grove and Bryan (1983) | 33 33 23 | |Meen (1987) 10 44 | [Tormey et al. (1987) 21 21 21
Grove and Juster (1989) | 34 34 361 |Meen (1990) 32 10 | |Walker et al,(1976) 6 5
Grove and Raudsepp (1978) 4 | |Montierth et al. (1995) 12 12 7 | |Ussler and Glozner (1989) 19 10
Grove and Vaniman (1978) 9 9 2 | [Murck and Campbell (1986) 16 16 Yang et al. (1996) 26 26 24
Total 848 579 78 528
MgFe; the number of experiments of Fe-Mg partitioning between olivine and liquid
Mn; the number of experiments of Mn partitioning between olivine and liquid
Ni; the number of experiments of Ni partitioning between olivine and liquid
Pl; the number of experiments of Ca-Na partitioning between plagioclase and liquid
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Fig. 1a, b. Na,0+K;0 and SiO, variation diagram
showing compositional range of liquid compiled
in Table 1. (a) Olivine-liquid pairs; (b) Pla-
gioclase-liquid pairs. Symbols are as follows; +,
P=0.0001 GPa; O, 0.0001 GPa<P.
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D, —HHAEEEMERVEEROE TN S0, REL
BROBFEDL L & b Si0,-AL0;-FeO-MgO-Ca0-Na,0
D6 R EELHERT — 5 EERICH V.

EERF— 4 DAV MHIKRIZB T B Na,0+K,0 & SiO,
DOBAfR% Fig. 1 IKRT.

ARG T3 Kress and Carmichael (1991) O (7) iT &
D, BRIV ER, BE ES, BRSE»S AL
F D Fe,0; BAERD 7. BEFKER®D > B, Takahashi
and Kushiro (1983), Takashi (1985), Grove et al. (1990),
Fujii and Bougault (1983), Thompson (1974), Thompson
(1975), Stolper (1980), Hirose and Kushiro (1993), Baker
and Stolper (1994) T3, KRB OBRAESHIEE /23
HESLTVWEWL, T 6DERD S B Groveet al.
(1990) it £ 5 —EROEERRERRL &, TNTHI 57 74

b TNV ERWIEERTH S, Thompson and Kushiro.

(1972) KL B3 EBETDS 5774 VAT VHOR
{LBTTIREER, Fe-CORKBIFBY X YA + DEESH
B, 2% b IW & MW buffer DfSlicdh 5. EHOREMIC
15 BALETTRIED buffer 51 V13, 1 SEOHA LY
SRFHICEBREAEMIPPY 7ML, TOKES
i2, NNO buffer ® 3 & 10kbar ® [F A Micxt L T
logfo, TH1 0.5 Td % (Kress and Carmichael, 1991). &
DELRHS IW B LU MW buffer It LT HRILTH 3
LIRET B &L, 30kbar IFDY 244 + DEEFREBIT 1
SUETD MW buffer Biitgd, 37 &0 ERRES
Eflicd 5., £ ThBETREDERF— 20Tk
1 [ETD MW buffer 2{KE L, # VD Fe,0, &%
REb- . TOHMBRINRTOERF—sicBVT
Fe,0; DBEF2HD 1 &IV PIT &ML, HATLIwt
%, FIITHI0.4wt% TH > 7. Kress and Carmichael
(1991) R (7) 2V Fe,0, BORMS b 0#E#E I
+0.42 wt% (Kress and Carmichael, 1991) T& b, i

EERF — 7123t LT MW buffer & b bIERRENTERE
HERE L T b Fe,0./FeO 3B E&FN /L L
W, AN RO Fe,0, B/ W »iT, Fe,04/
FeO LD RS b 0BZCERT 2EET TOHY-#
W D FeO ORFFREOBRED/NEVWEFI LN B,

ARTR, BRTIBLENEE FVOEUR OB
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EDLIREBZ200EUKT I DI, EBRF— 9%
RO IR L, $bb ) av 4Lkt
NTORERMET— 5, ) 1 K[RETITbh i TESE
T—=4%, (3) * v BERRE~RINEHK TO o EET
DORLEFZENE T — % (A v+ D Si0, BH 40 wt% Pl E 60
wt% PIF, Na,0+K,0 B450 wt% DI, EAH10
kbar LIFO&HOTXTE#HLTF—9). #v 5 VG-
ANVEPEIRETEERE (W)~QB) 22 hEhF—s &y
b1 (N (F— % 0¥ =848), 2(N=650), 3(N=515)
EFY, REA-ANVMEICHT2ERSE, 2hEh
F—% &y b 4(N=528), 5(N=422), 6(N=289) &FE3s
93,
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Fig. 2. Plots of partition coefficients of FeO, MnO and NiO between olivine and liquid against that of MgO. The
lines with numbers show exchange partition coefficients. Circles represent the results of experiments at 1 bar

pressure and triangles those at higher pressures.
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Fig. 3. Plot of exchange pértition coefficients of

Fe and Mg between olivine and liquid against

Na,O+K,0 contents of liquid. Symbols as for
Fig. 2.
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Fig. 4a, b. (a) Plot of partition coefficients of MgO
between olivine and liquid against equilibrium
temperature; (b) plot of equilibrium temperature
against MgO content of olivine saturated liquid.
Symbols are as follows; O, P=0.0001 GPa;
A, 0.0001 GPa<P=<1GPa; X, 1GPa<P=
2 GPa; +, 2 GPa<P<=3 GPa.

BEd B MMM H 5. Fig. 2 O X 575 DF—Dy Ric B
FAREAEAEBEOEZR, e BLUL O 2HRICE
¥ BERSY i, j ORBIRIEODECARE, KY Th 5 (Beat-
tieet al., 1992). Roeder and Emslie (1970) I3k, # v 5 v

A-A N bEICB T B Fe-Mg SHNEREL K9m0 12
R P REAM DT 030RTRT—ETH 5 T EHEL
MonTEEM, =92y b 1OF—%Ti30.1~05
FTEAT 5. TO KMo DEALIZ A )V D Na,O+
KOBOZEILEMHBEMNSH 2 L 5 IcH A B (Fig 3).
Kb & FIRRIC, KBlomso & & 72 0.1~0.5 & THAL
15, Uh LFEEE KMo #3033 THBDIcst L
K3iomgo 13024 TH B, & 12 K4, 13 Na,O+K0 B
TREAL KWV, —FH Km0 13 KB Mo B & T
Kfidomo & DK E WV, KMo 13 1~3 £ TEALL,
DYis B LU DY OBEMME &bt KEL B AR D
5.

K383 g0, KSfidomso, Kifidmgo D VT HICDWVWT b
1bar & BEE T OE TSRS Z S0,

Fig. 4a ic¥— ¥ & v b 1ick % DY L EHEEOM
HAERT. PHEECET >N TDWS 3¥mL, %
HEEOBA, RHABETH B3 L DYE MY 5.
T & S BRI DI, D B & O DG &R DR
KBWTHHRLGN S,

Fig. dbic7— %y b LItk BH Y5 v AHEFIA L
t D MgO B &SRB OBfR %R 9. Ramsay et al.
(1984) B 1KETITLbhELERERF L 5 50 OHE
HEED a2 v VT — F kD%, %71 Helz and Thor-
nber (1987) ¥ & ¥ Montierth et al. (1995) i¥, ZHhZEh
NTA, FS5UTTERYFFTOEREEZHAVIZIE
FTOMEHERICESE, »vs vABIIA VRO
MgO & & PHIEE P EMRBR IS N5 T & 215
L7z, Fig. 4b IZiRT & D1, # )V bihid MgO & &
B OHBMGRIL, FETOF -7 0k S BIFEVHRK
HWHEEET 2 KIBELETEDONDS. AV bhO
MgO BA—ED L %, ZHEETH 213 ELHRE L
Bl R BERMH B, KFOF—F €y b 1~3Kxtl
T, FAEHREE, * o MgO BB L UCHEAORMFRIE
KA TEMTE 5.

F—% %y b 1: T(C)=1041+12.92 Xi,0(mol%)

+0.0045P(bar) R: 0.95 (1a)

F— gy b 2 T(C)=1043+12.89 Xi4,0(mol%)

R:0.93 (1b)

F—% &y b 3 T(C)=1031+13.35 Xi%o(mol %)

+0.0041P(bar) R: 0.91 (1c)
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Fig. 5 iflEA-# v I o DEE-DRIS, DEE &34
BB & U DR, DRI & 4 v b thd CaO ROBERE R
4. DR i3 1.1~4.7, DR(8 13 0.4~40  TE hEhZfL
T %. DR DZE{hid DEG & HE L TR R E Wit
%, Fig. 5 Tl DRIS M TRIUR L 72, D¥E—DRIS
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Fig. 5a, b, c. (a) Plot of partition coefficients of
Na,O between plagioclase and liquid against
that of CaO; (b) plot of partition coefficients of
CaO between plagioclase and liquid against equi-
librium temperature; (c) plot of partition
coefficients of CaO and K,O between plagioclase
and liquid against CaO content of liquid. For
DR and, DR{3 symbols as for Fig. 4. All data
for DR/& are shown with diamonds.

TR, WS VvA-ANVIETHEONIZEDE, 2D5D5
BRI O EARAIBERAS 7S (Fig. Sa). & 7 DS &5E
HEEOBRICOVWTS, BECET EEHDOMEC &
AOMBKOEMIDUSOBAEEFETITL
(Fig. 5b). HEATIRZVHHBRESERAERVWHE 20
DU E AN O CaiORBDBEBRNICBWTTSH 3
(Fig. 5¢). X JV b @ CaO %% 10 mol% LI LD & % Dpfia i3
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0~1 % TEALT 24, FEHMICIZ02~03 TERIF—F
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Fig. 6. Plot of partition coefficients of total FeO
between plagioclase and liquid against that of
MgO. Symbols are as follows; O,1<<ANNO;+,
—1<ANNO=1; [, ANNO= —1.

Th5.

BEA-A NV EOBBILRAREICEL T UR
Lo B DL Fe DSYELTH 5. Sato (1989) ¥ X U Phin-
ney (1992) i3, S$HEA-A VI EO2#E 2HTH S &
RFE Ut 5y BLGREL, DWES HBEFENHE (logfor) DHEME &
HIEEMT 32 &2 ME L. 0% ORRIIITBIRK
FKIEOEORRRHIEZER LBV THIEASATVS
(Miyashita et al., 1995; {47, 1996; thH « &K, 1997).
AEDOF— 52y b 41CB T 5 DY & logfo, & D HEE
% Uk, mEoMCHBBEREA O Ehst, T
M i3 DY OIRE B &k ORI logfo, KFEH: & b
bHEMITAKE W & &, R logfe, THEEBOHEREIC
LD AW DFe0y/FeO EALT 2 &Itk 3. %
CTROBRILETIREEZREZ LWL IcERT DI
ANNO (B D logfo, — FH#REE D Ni-NiO buffer i< ¥
i} % logfos) (Sato, 1978; Carmichael and Ghiorso, 1986)
DEVIZE D DHE EXFIL, DU & OBIRER N
(Fig. 6). 2% LT DV oEinE & & ic DR 318
L, DS B—ED & EZRDBBRILATH 513 & DS 3K
<73, & ANNO HiPH T O D & DR OBIRIZIR
RTEMUTE 3.

1<ANNO: D¥§=2.55D}i§+0.025  R:0.91 (2a)
—1<ANNO<1: D¥I§=0.65Dk5+0.052  R:0.64
(2b)

ANNO< —1: D¥§=0.53D{¥8+0.033 R: 0.79 (2c)
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VS VAR 2LEOLENSEBERT IHE L TREY
ORI Z2FEEOE M1 & M2) Bbdh, ThiodE
MHTHBEIRETHBE, v vHDUKAS % MSi 0,
M 2oL BrHK) LEHBELTLY., TTTHYS
VANV INEDRDODRIGEEA .

MSig s0;(olivine) = MO(liquid) +0.58i0,(liquid) (3)

MSi, s0,(olivine), MO(liquid) ¥ & U SiO; (liquid) D1t
FRT VY I, s, 0p L Mo, MiyTs0, BETNTH,

13 %big 0, = Ha Wiy jo, — TSA Wi, o, + PV 3 W&, 0,

+RTInXsks, 0, +RTIn7% %esi, 0, (4a)
1 o =Hiy o — T'STyvo + PV fyvio + RTInX o
+RTInyf o (4b)
1 Fsi0,= Higslb, — TSBy s, + PV s, + RTInXSh,
+RTln7i; 0, (4c)
EEDLTIEMNTES. TITHYESHOE VALY 3%
heEh, i HiTB W 28457 j QRE T (K), £71 P (bar)
TOHEDOZ vy VE—, TV IrnE—-BLUEE R
BSAEER, X3 iHORSj OENGER, 13T, P
B2 i HOBS OERRHTH S, (LFEET T
BRIS (3) DML TLFERF v v ABH LV, §Hb
5,
L3t sy 0, = ik, o + 0.5 1l "sio, 5)
K (5) I (da)~(4c) ZRA L THHET 5 &,
DRige
™ 0.666(Xkb, )
_ (4HYF P +PAVRE P +ugi" T)/R
T

1

— ASYTP/R

AGO T, P+ ex, T, P

— Eq3 RT,UEqs (6)
E18B, BB T, HEREDU, BET, EHPIC
B ARG (3) DBEULFE K T v ¥ v VDAL pgg" T,
RIG (3) KB 280 v ¥ vE -t 4HYEF, <
v o el 48T, BREEL ANST, BXUHEK
TR NVF - AGYS T ERWT,
D= 0~666X(}’v|15i0v502/X o,
pis™ F =RTIny o (7 si0,) /75 My 50,
AHYY P =H,Tido +0.5H7, 60, — Hoi %S, 0,0
ASEE P =8%To+0.55%Th, —S% &, 0,0
AV 2F F=V llido 0.5V {756, — V. M, 0,0
AGYE P =AHLS P —TASYY P +PAV S & B XX Jo.
AHYE?, ASYEE, AVIET BWEFNG T, P OB TH 5
2, K6 (3) OWE TOHEHE, BiZREK, AR
ROZEMWNES WD, BE, EHOEALIE% 1000~
1600°C, 1 bar~30kbar F2 & i FR & 4 1 i3, 4HYTE,
ASEFE, AVEF? BELZThERHEKETE S, A (6)
KEWT, pg"® ORE, FEIEEESNS O ERET

b7i
5E, Xip B—EDE XD DS HEE, BERSKE
BB ENDM B,
B KRET, uip" P B—ETH L ERET B EE,
X (6) BIRD & i1 %,
ol/liq
TTT, AV POBAI%E I/bar & L,
Apy = (AHYF P+ AV 85+ /R,
Begy = — 4S%3 */R
LEEEAZ .
Pl Eo#EwiE, SEA-2 v EOEEREI LT
bEHETH 5. RO & S BEHRIE, :
CaAlSi,05(anorthite) =
CaO(liquid) +2Al10, s(liquid) + 28i0,(liquid) (8a)
NaAlSi;Os(albite) =
NaO,s(liquid) + AlO, s(liquid) + 3SiO,(liquid) (8b)
LT, ufm ' BLE RS B—ETHEERET S
&, 1 KREOTHESEBRIGRK TELTSE 5.

1

DY Apgsa
In 0 +Bra 9a
020Kko Kib)T T o
D l;li
1 Rad = A +Brgss (9b)

" 02Xk, (X%) T
Fig. 4a iR Lk S, DS 2B MBS 5 DI
stLC, Fig. SbicRLickDdic, DY LBEOMEB
HETRY, coldid, RO KBLT (X)) 0%
AN viovic, BRENRE LT DS MR Z0
U, X 9a) KBV T (Xikb, X8b,) DE(LBKRE VW
Wiz, BES—ETS DEFHPTILTsILERLTY
3.

TRIT (TN =mMey M5 M =res USen T M T —ETH 5
EVWHIRENEYTH 50 EMERET 5. Fig. 71,
F—&€y b 2BLVS5EHVT M=Mg, Fe iZBd 3
R (7) BL U (92), (9b) OELENRD, BEOFHEICKT
T3E(LER UL, B N_RETRES W B DRI
L AEBEREE Table 2 Itk &3, = (6) D 4G} *F %
Bh¥EF— s 2RV TEELENOREICT LT,
HBHENTIcB T 3R (6) DEL LEEOFEKOMFRED
Ly TRAR T EMNTE S, Fig. 71013, Berman
(1988) It £ B h v 5 vEEFELGOBNFREL LU
FACT database (CRCT, 1997) i< & 3 & @B/ L¥RAD
BO2EHEHOTHEL &, 1 KUE D% w8 v-ms
TN e, U Ty L T BRIT O VT HBIR L e,

R (7) s BAERIE BB <, ui =me U8 M =Fe
BREIE—ETHBLRETELILERLTY
% (Fig. 7a,7b). 2 % b, KIS 3) O oH AR &
AGREFP O LI KR ES HEBAERZ Y TE D, Dis H
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Fig. 7a, b, ¢, d. Correlations of the left hand side of Eq. 7, 9a, 9b with 10000/T (K). Solid lines with numbers
represent changes of excess chemical potentials of reactions (kJ/mol) (see the text).

Table 2. Two constants 4; and B; found by re-
gression of the data set 2 onto Eq. 7 and the
data set 4 onto Eq. 9a and 9b.

Eq. Reaction n A B r
7 3, M=Mg 650 8639 (£157) -3.612 (£0.109) 0.824
7 3,M=Fe 650 8898 (+147) -4.928 (+0.101) 0.849
9a 8a 422 1942 (£344) 4.080 (£0.243) 0.182
9b 8b 422 2965 (£496) 1.441 (+0.351) 0.193
n; the number of experiments used
r; the correlation coefficient of the regression

DY X n dEICKE WV (Fig.2) T &3, EROEE, F
HEFN T AT fiomg > G Sr TH 5 T & WK
LTW3, —%4, R (9a), (9b) ioxtd 2R I2HERE s
W (Fig. 7c, 7d). TO T EFRIG (8a), (8b) B3
U ¥, s T SBT3 L, KIS (8a), (8b) DILFES
BC BY % 25, AGYRT, 4GART O AL & & b i ufyr
vy T OFELIC D RECEEEZYTVE T LEEKT
3. An-Ab R A [E A 0 B 13/ & W (Blkins
and Grove, 1990) 7c¥, uier ®, ufeh P OZHX, A Vb
OFBERMMEICERLTWS, Lizdi- THEG-4 Vb
MIOTERERFRERBEL LS LT 384, Vo
B AE IS RBETE 232 FAVBUETH 3.

4. TE/EEFN
A V5 Va2V BIUREA AV EOTRAE
B RE-EA-HROBMKE LTEbT BT, Th

T TIRE L OBAFN T - 3RBRNER MRS S0 T
e, L LusoRERohsO|ETIR, RNickl
BEMARET BBICHVBERT — 5 2D VIEAM
£, ThoDF -y O@WHERL TEORENFTSE
200, FhHGEINALEE T UETHEEPEE Y
DEHIBEBSHZOM, W72 ERIBEAERNS
NTVRY, ARTRCOR[ERLGMIZT 50, 4
BEFVOEKET— 5ty b 1~6 EFOTHREL
7.

AR BT 2EHORERIR/N_RETIT> 1o, BE
(BlAlE & P 0E) 0 FfE=//IMELd 2, HE
EFNERE UALEREE CTHAEY, ARBTRE/N
LT 2HEZEEFVAROELICBL bDET S, DT
i, AETRHELAKEF VOV TIRANG,

4-1 Two-lattice melt model

Drake (1976), Nielsen and Drake (1979) i3, £hFh
HEABICEAR 2V FEHDO IKE, AV BTE
E~RINEHKOEBR T~y 23 v LML, THhHOD
SERBOMBIEFHEEEZER L, AV hOBKS DR
BOHERBVWTA VI EEOHREZEE LILEF L
ZIRIB L 72, T D ® 5V 3 Two-lattice melt model & IFE
XN 3, Two-lattice melt model (3% D%, Neilsen and
Dungan (1983) i & 0, 1 K, # v+ BERE~ZL
BHRICB IR v 5 VA, RER -4 EE S
LTdibHS .
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Two-lattice melt model DOE:E(L, Bottinga and Weill
(1972) Ik B ¥ U 74 b AU b Ok BE Y 2R
% %. Bottinga and Weill (1972) itk B &, ¥ ) &4 b %
W hiE SiFO AL EAREE DL D, SiF0-Si DEE&D
BRI L > TSNS 5. SiO, TAHEIE O RTE A
BHEACE> TR TVLWAES, ChicdBR(tY%
ma s &, #Earvlohn, EEEbd s, S0, 2 b
I ALO; 20X 12354 b tho S/BRR LIRS,  Hhidd 3
g BB, Si0ALO; X VM iT 1% 2 oSBT
b 2 LR T 5, BT, Al & L lio&RBrHkE
OHM1:1, 2MHORBITRE DA 2: 1 O & ZichhtE
BEKICIE D, K>Na>Ca>Mg>Fe OIFICRIRAA X
), Bottinga and Weill (1972) i3 Th %, AV T Al
DK, Na, Ca 12 & & & b2, KAIO, NaAlO,, CaALO, &
W BRI S TR L, Si0, & & bIEAID
2 THDEEZL. BEEEEKT 5253 TF i3 Net-
work-former & IEiTh, BAEBEAOKBIKA DT
Network-modifier & FE{E4 5. Nielsen 5, X )V bHST
@ Network-former & Network-modifier & W 5 2 ¥ F 1§
EE2HBL, KB & UNai3AlL A L T Network-
former & U CEj%, Ca, Mg, Fe 73 & D Z DDA B &
U, K, Na &#4E L THR - 72 Al i3 Network-modifier i
155 EEZ, FLETENEL OBTREEICEVTEM
BATAEFELE. TDEX, S0, NaAlO,, AlO;s
& U MO (M=Fe, Mn, Mg, Ni, Ca) DIFRIBIRD &L i
EbLTTENTES:!

a8, =x%,/NF (10a)

aNaao, =X o, ,/NF (10b)

alls, ;= (Xo, ,— X¥o,,— X, ,) /NM (10c)

ans=X¥o/NM (10d)
TTT, NF=Xb,+X¥b, +Xo,,

NM= %:X iH+X 1}?01 +X '&203 + X fniﬂo” —-X 'rilgaool5 —X ‘li&)(,vs)

B Y5 vR-A N BIORER- 2V HOFERIG,

MSiy sO,(olivine) =MO(NM) +0.55i0,(NF)  (1la)
CaAl,Si,0z(anorthite) =
CaO(NM) +2A10; 5(NM) +28i0,(NF) (11b)

NaAlSi;Os(albite) =NaAlO,(NF) +38i0,(NM) (11c)
wBWT, 45 VAEBIUMEAVEREBKTHD,
R (11a)~(11c) Ol T DEEL#, BEERE, K
BMWROZEINNS WERTET 3 ERXNEHB 3.

A4
T
T T T Kihion BRIGR I KB 1T A EEEHTH 0, KIG

(Ma)y~(lle) I L TERENRD X H I8 B,

+B; (12)

]nK iluction -

&=
Table 3. Two constants 4; and B; of Eq. 12.
Source of constants Reaction n A B r
Nielsen and 1la,M=Mg 6700 -3.181
Dungan (1983)  11a,M=Fe 6874 -4.421
11a,M=Mn 9091 -6.151
11a,M=Ni 11230 -5.191
Thisstudv ~ 11a,M=Mg 848 5368 (£72) -2.418 (+0.05) 0.864
Datasetl  1la,M=Fe 848 4854 (+£94) ~-3.200 (+0.06) 0.766
11a,M=Mn 579 5770 (£226) -4.092 (+0.15) 0.582
11a,M=Ni 78 10443 (+£482) -5.053 (+0.31) 0.859
Thisstudy  1l1a,M=Mg 650 6292 (£89) -3.070 (+0.06) 0.883
Dataset2  1la,M=Fe 650 6551 (£103) -4.387 (+0.07) 0.860
11a,M=Mn 482 6275 (£257) ~4.448 (+0.18) 0.600
11a,M=Ni 67 11279 (+457) -5.580 (+0.30) 0.900
Thisstudy ~ 1laM=Mg 650 8074 (£114) -4.298 (+£0.06) 0.883
Dataset2*  1laM=Fe 650 8864 (£139) -5.980 (+0.09) 0.860
11a,M=Mn 482 17415 (£714) -12.13 (£0.50) 0.600
11a,M=Ni 67 13930 (+565) -7.300 (£0.30) 0.900
Thisstudy  1laM=Mg 515 5681 (+83) -2.675 (+0.06) 0.898
Dataset3  1la,M=Fe 515 6233 (£85) -4.136 (+£0.06) 0.908
11a,M=Mn 352 6558 (£301) -4.651 (+0.20) 0.617
11a,M=Ni 64 10294 (+£567) -4.964 (+0.36) 0.841
Drake (1976) 11b 16667 -7.710
1lc 9031 -4.640
This study 11b 528 9454 (£567) -2.515 (£0.40) 0.440
Data set 4 1lc 528 7725 (+339) =3.714 (£0.24) 0.556
This study 11b 422 9846 (+830) ~-2.79 (+£0.59) 0.364
Data set 5 1lc 422 10814 (4+484)  -5.93 (+0.34) 0.592
This study 1lb 422 74512 (£6280) ~48.48 (+4.10) 0.364
Data set 5 1lc 422 30872 (+1383) -20.10 (£0.90) 0.592
This study 11b 289 11657 (£764) -3.991 (+0.53) 0.519
Data set 6 1lc 289 10373 (+523) -5.607 (+0.36) 0.620

n; the number of experiments used
r; the correlation coefficient of the regression
* Constants found by least square regression onto Eq. 14

. (X%0/0.666)
Kllllelction_ aﬁ%(ag‘;gz)o‘s (138)
(X¥:0/0.2)
K ction™ ~Sou i e 5 13b
Reactiol agx)(ax%uaggz)z ( )
) 2
llllecwtion = (X&BOM/O‘ ) ( 130)
ﬁfmo, (ﬂggz)s

R LR REBLTVEY, HiZETRIRED
BEULERF vV vy VB—FETH B EE L 2D ix
L, BETRREOBEULFER T v v » v OB
% Two-lattice melt model THL L, # v b OFEER M %
ERCEDIEVD E WS HTRILS,

Nielsen and Dungan (1983) 5 & Uf Drake (1976) i &
5% A4,B L, AEOF—5€y b I~6DORESH
7R3 D fli % Table 3 iT £ & ¥ /2. 7 B Nielsen and
Dungan (1983) 28EE U 7 R8s, A v b o 28k %
FeO TH 2 ENELTRES NI SDTH BH, AFT
BAR L7 & 8D Fe*/Fet AN L, FREEREL
7.

T/ —=HA b=A NI BRET NS b=2 Vb EIOF
HEL & EBFEOMG% Fig. 8 1IR3, Fig. 7 (&L T
BEOWHICK T 2SR L > TVE T L bk
3. R(12) 27 v 5 vABIURERO{LERRNS
%%#,%mﬁ@%6$;UX&ﬁxm%=uzéﬁﬁT
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11b
Reaction

InK

Reaction

11c

InK

7 7.5 8

10000/T(K)

Fig. 8a, b. Correlations of InK with 10000/7(K),
when melt component activities were calculated
using the two-lattice melt model. (a) InK for
reactions (11b); (b) InK for reactions (11b).
Solid lines, regression of Drake (1976); broken
lines, regression of data set 4 for Eq. 12; dotted
lines, regression of data set 4 for Eq. 14.

BZEickb, AWMHE»SED AV EHETE S
V5 VH, RBEAOHMBRBLUBREARDBEIENTE
3. LT, &2 iHT 3B/ N R TRES
NI A, B 13, InKkeacion DEZE D _FMEH/MET
BEETHY, A bHERD SFRIS N BEE &G

BOBELR/MET 2 bOTRREVC LICERT 548
BHsb. N(12) BROL S iKEFTE 3.

1 _ v, i B

? - A; anReacuon Ai (14)

R /T 0oBEOZFHE2H/MELTE X i, 1/4;
Bi/A4; K, FEA,BERETHLSARETH 5.
COHETTF— 52y b 2BLU5hOIELEBE
A, B; b Table 3 iZ/R L7z, InKhepetion BEL U I/T DR A
OEED_FHEB/IMET 2 & 5 ICHRE L1 F¥ 4, B
H, FNENRB -MEEB B, COXHE, BMLY
AIHOBWVICERNT 2 £ 7 VEKOEWE, 7R
S EAEERT — 5 OHBESBVIZEKREL LB,

4-2 Ariskin model

Ariskin et al. (1987) 3 & U Ariskin and Barmina (1990)
i, 15ETiTbh e XRE~Rsikics i 2 71 0
AVSIVAR-ANVIBIUSSORER-A NV EOHE
EBRF-sE O ChoonEoRBEREZEL
Fo. % 0%, Ariskin et al. (1993) i3 Ariskin et al. (1987)
# X U Ariskin and Barmina (1990) @ & )L % 12 kbar
ETOREIMKFEHEEZEET 5 X5 kL. FRTR
I 5 %A2—F5 L T Ariskin model &IE3C &icd 5.

Ariskin model T {3 Two-lattice model T 35 ¥ % Net-
work-former & Network-modifier D% 4 BSEHAAEEST 5
EEE T, Th o 0FEMEE X UTEI RGO
kW% ZE T 2 HERRIIC (12) oG8
IR TH 3.

InK iRenclionz T‘:Il() +B; P;IZII)Z; )
LIZTER, BEMEMSH Y5 VADEER, Xio,, /X, #
BODE X, (X¥o,, TX&b, )Xo, , /(X8,)% Kkeaction 13
R (12a), (12b), (120) LEILTH 5. #72L Ariskin
model T2 AL HBARTFEDIEA & 3 72, Kheaction B
KU alf, 2 & RBTFENIC R EEHERB L UOER TR
BV, Ay S vAERIA VN ieB T 3 ol ol OFEA
HmizEnEhR (102), (10d) EFELTH 5. REAKM
ANV MR LTI, 3XTO AlOys »3 Network-modifier
2183 EFEZ, NF=Xb,+Xo,

+Ci+DinE (15)

NM=EXiio +X¥o, + X80, alf,, =X}, /NF £ ¥ 3,

Ariskinet al. (1993) K X 2 REBLUABOF— 4
ey b 1~6 ZHVTHRE L 72 {5%% Table 4 It &0
7.

4-3 Beattie model

Beattie er al. (1991) 33 & UF Beattie (1993) i3, ks
LRE~TRECE, REED 1060~1860°C, FESIH3 1 bar~
40 kbar & TEALT 3, 898 DFEBEDH VI Y H-A WV b
MONMER T — & iIcE S WTESIENEELTY, T
FORBMGREERIL L 2. AR Tid T h % Beattie model
LIEST L2 5. Beattieet al. (1991) i2 X 3 &, DYda
& DY OBARIRIRR TEMTE 5.

Di3I=AmDS +Bwm (16)

TTZT MEMgPAD 2 ik TH 3. T4 Fig.
2 OBAREYLE o LIRBIKTEMT 2R TH 5.

Beattie et al. (1991) BPRE L1, B8LTFF—95 €y
FI~3DOPRES NI A & By % Table 5 iIcF &
» 71z, Beattieetal. (1991) it & 3 &, K (16) BIRDIE
oticBrhs, THbE (1) 71 VAT S54 + ORR
IVINE=N, Dh VS5 YRR OB v & v
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Table 4. Constants 4;, B;, C; and D; of Eq. 15.
Source of constants Reactlon n A B C Dy r
Ariskin et al. 1la, M=Mg 71 5543 2.4° -1.914 0.2100
(1986) 11a, M=Fe 71 6467 2.4 -3.814 0.0840
This study 1la, M=Mg 848 5500 (+69) 5.7 (£0.8) -2.128 (+£0.052) 0.3459 (£0.011) 0.923
Data set 1 1la, M=Fe 848 5383 (+114) 11.1 (+1.3) -3.523 (£0.087) 0.0494 (+0.018) 0.781
This study 1la, M=Mg 650 5747 (+78) -2.298 (+£0.059) 0.3372 (+£0.013) 0.915
Data set 2 1la, M=Fe 650 6559 (+110) -4.451 (£0.083) -0.0594 (+£0.018) 0.849
This study 11la, M=Mg 515 5734 (£74) 11.0 (£1.5) -2.384 (£0.056) 0.2753 (£0.013) 0.932
Data set 3 1la, M=Fe 515 6634 (£81) 264 (£1.6) -4.314 (+0.061) 0.0883 (+0.015) 0.930
Ariskin and 11b 58 10641 2.0° 0.289 0.3690
Barrmina (1990) llc 58 11683 4,0 -4.5650 -0.1190
This study 11b 528 20413 (£741) 41.6 (£7.7) -8.164 (£0.528) 0.2446 (£0.017) 0.698
Data set 4 llc 528 3693 (+£325) 48.5 (+3.4) -1.074 (+0.231) -0.2211 (+0.008) 0.673
This study 11ib 422 21793 (+865) -9.136 (£0.615)  0.2457 (£0.018) 0.687
Data set & 1lc 422 3700 (+385) -1.100 (+0.274) -0.2273 (£0.008) 0.698
This study 11b 289 18660 (+859) 79.3 (£11.6) -7.779 (£0.596) 0.0569 (+0.017) 0.669
Data set 6 11c 289 3113 (£499) 44.7 (+£6.8) -0.713 (+0.347) -0.2257 (+0.010) 0.709
n; the number of experiments used
r; the correlation coefficlent of the regression
* Ariskin et al. (1993)
Table 5. (a) Two constants 4; and B; of Eq. 16. (b) AN BT A ) EHEOBE, ETVIVEDEAE

Constants A H, AS and AV of Eq. 19.
(@)

Source of constants M n Ay Bu r
Beattie et al. Fe 898 0.279 0.031
(1991) Mn 898 0.259 -0.049
Ni 898 3.346 -3.665
This study Fe 848 0.286 (£0.003) 0.179 (£0.018) 0.896
Data set 1 Mn 579 0.257 (£0.006) -0.036 (£0.033) 0.777
Ni 78 3.161 (+0.073) -3.157 (+0.268) 0.958
This study Fe 650 0.297 (+0.004) 0.132 (£0.022) 0.904
Data set 2 Mn 482 0.258 (£0.006) -0.040 (£0.036) 0.796
Ni 67 3.132 (£0.080) —~2.982 (£0.305) 0.957
This study Fe 515 0.333 (£0.004) 0.023 (£0.018) 0.927
Data set 3 Mn 352 0.245 (£0.011) 0.042 (£0.049) 0.632
Ni 64 3.288 (£0.077) -3.380 (+0.262) 0.964
(b)
Source of constants n AH AS AV r
Beattie (1993) 898 113100 52.056 0.411
This study, dataset 1 848 117591 57.47 0.260  0.946
This study, dataset2 650 117777 57.52 0.941
This study, dataset 3 515 113836 54.84 0.247  0.970

n; the number of experiments used
r; the correlation coefficient of the regression

i LW, () B S BHEOLEEPSEL V. 3) AV
Z v a-A v I OTERFRIE (7 oy ¥s0) /(7 o7 Bo) 73
—E. BHOBNEF-shOoRIET B EKFEQ) &
(2) BBLZRDILD. Beattie et al. (1991) ZH ¥ 5 v
A2 b 2 i D THROSEARMOBIHRY, = (16)
KEOERTES DS, BRITERE (3) BERILY
& LT

Beattie et al. (1991) {3 K8y, DN KRR 7 — 413
FEHTIRIEWE L, KD HER/NT 0.13 1275 3 Meen
(1990) DEERT — ¥ BEXIICHE Au & By DRED
12HOF—9 bW, LhLAvsvaeitEds

HBE U T Ky, MMEL 783 T £ 13, Beattieet al. (1991)
MavNg -5 & UTEH LD - 12 Gee and Sack
(1988) % Sack and Carmichael (1984) I & % fSE#EER
KWEDEIESNTEY, NayO+K0 K EGHRAET
fTbft: Meen (1990) DEEEF — & 128\ T K%y, 71
INELIRB LB TE S, K (16) TI3HENIT Fig. 2
2B 5 DD OBk E LSBT B & MT
X 52, DIS-DWHS B & U DUE-DURKic BT 3
K9 & Ko OZEALZHETE Y, coT &1,
(7 %07 ¥0)/ (r Rheo7 o) B—ETRB WV L iERL TV
BZLEEZOLND, K9 B LU KM DELE AT
BicER LT B c0icid, v o vREA VL OFERFR
BHoZEEIULBEEFVELBEERBAS,
K6 EH VS VE@N:“%"%:‘:WJ%U%%#%X%
0.666 %8174 3 Z & TRRAEB 3

Ko =X§ggo<o.666 - gmx%) /

an

3 (17) IT Table 5 OFE¥ A & By 2RAT B Lick
D, XNV MHEROADLEH VT VHEDMgO KD B T
ENTE, ThaRKJU6)IRRATHIE, FRE A & By
BRE->TWBTRTDOH v 5 VAEBOTLEDORE AV
MHRO B H5RD B T EBTE B,

Beattie (1993) &% v 5 v AfEFIA W b OHK & Ty
BEOMEREROL S LTERLLE. drv 5 v -
AV b [ OFHEIIE,

<Xl}i?go + %:A MXlri«fo>
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Mg, SiO,(forsterite) =2MgO(liquid) + SiO,(liquid)
(18)
KBWT, Avs vAZEMBRE L, EHEEHOL
BHEL HAX 2 vF -FDBRE & 1 o—REEEK
23 ERET Y, ’®RREE 5.

(XRig0/0.666)*
(aifyo)’alh,
IIT, 4H, 48 BV A4V B, ThEhRIGIKBIT S
TVHNE—, TVIoE—, AEELTHS. hE

BRI W,

T (4H+PAV)/R __ 20)

A4S/R +2In(X%,0/0.666) — 2Inald;o—Inal,

Beattie (1993) ($ERITHRINIT allo B L U aly, #IMUT
B0 FVERS L IR (16) OFREAw &
By 2RELLERT— ¥ ZHWT, 4H, 45 BV 4V
ZHSE L, Two-lattice melt model iZXG{ld 2k DAZE
Wik x, BETROBEEIDIRWE L,

RTIn =AH—TAS+PAV (19)

t
alfo=Xlho / (gx'.‘gc,) (212)
(M=Mg, Fe, Ca, Mn, Co, Ni)
alih, = (3X,) (1~ Xio, )2(1 — XY’ (21b)

K (20) ©, 4H, A4S BL U AV I2DWVT, Beattie (1993)
BRELIME, BLUAROF—9 2y b I~30h 58
SEENIfEA Table 5 1c& Edt. R (20) iKk (17) %
RATBET, ANrlBOADOH v S VBN
WV OREETRITE 3,

44 FERIBEETIN

R (12) BLU (20) 3, RIGOBBULERT V¥ v
OB AIHA MK OB E L GEHL, RIGOH
M3V F-—Z(icfid 3I0%, HEERF -5 bH o
BRICHRET 26D TH -, L LEEBLCKHED
B 3 EERS & & RTICERNICRE TR
550 TH 5D, K, EE-EHEEOTTHESERRE
WALICHES BT~ 5 ERAMDH 2 bDTH
GRS, H YT V-4V EOREREEEE
A&, @i Lic&dic, R (6) KB 3 RILDBELL
BRF VY v ugy"t

(=RTInyy Mo (7l 5si0,) /75 Yy 50,) 1, BAHIEF— 5
5 AGYFP RHEL, SEERT - 16K (6) DL
BERONWIHETEX 2, —F, # v 5 v HOFEHR
Btk MR & DR AEBRCIERAE R X O &R
MR BEEERD» SHOLIR SN TEY, R, o0,
R OB E LTI ST WS (Sack and Ghi-
orso, 1989; Hirshmann, 1991). X - T, #WHDBEE{LE
® 7 ¥ ¥ v, RTInR Mo & RTInyi %0, 2 1EHIAK €
FUREEAOTHBOBMMKE L GEML, a0

4Gyt A v 5 v -2 v b EOEEHBKBERE LU
RTInRls 0, £ BT 3 & 512, ERAROMEMAE
BARD BT Licky, EH-KHEMOTRSEMRE
BE-FES-$R OB & LTERLT BT &N TE 5.
T D& S IEHHFEHS Ghiorso D 7' Iv— itk » THED ST
7c (Ghiorso and Carmichael, 1980; Ghiorso et al., 1983;
Hirschmann and Ghiorso, 1994; Ghiorso and Sack, 1995),

Ghiorso and Sack (1995) ZRDEE, EF1h5 900~
1700°C, 1 bar~40 kbar, #&KAa<F 74 b, HERB X
UROLERSE, KiE, FAH4 M EEDETVIVE
BLULNIHA NEEDT N VERHYT 5 KLEE
AUV ERITEBY 5, 1423 OPE{RET SEH—KHEHO
HEOF -2y Mok, AnbEZEAAKRSREL
BN ERIT AT o, STV YA AN
12 %4 % @ 8 {t ¥ (Si0:-TiO,-AL0;-Fe,0:-MgCr,0,-
Fe;S104-Mg,8i104-CaSi03-Na,S103-K AlSi04-Ca; (P Oy),-
H,0) DRABKTH 5 EIEShi. TD&EDEHE-
ORI E, BB 3RS OLER, 0
BRI BT 5 kK BB OIS DILFER e, BLTZ DAL
FERBHRK v FHVT,

(Pp=k§lvp, kCx (22)

E—ffbd 5 & &, WLITHIET BILFERT V¥ v U
FLWTEDORAERS.

upt=2u{ ub%, + RTIn X+ 3 WX
k iG#)

1"" N
~ 5 Shwnex) 23)

CTT, up ZEHEp DILERT V¥ v b, ufl, o D
MBEOLERT v v v v, Wy BB 3 i5 Eoi
HYEF%ETH 5. Ghiorso and Sack (1995) i34 v 5 ¥
A, ¥R, BER, AN, $F 5 VBRIV, ) 2 —
FA b, TRIAL, ZYVRINTLPBEOLY Ty
<4 b2 v b EOEREEIC LT 1) 2&Rb L,
B OB ¥ 57 — 5 L ARHEER T - s 2RATEC
ek, BNTHET 66 DWHOERIERK S A —
S (W) ZREL. Thickb, LFEROEME AV
Mo RAEBFRHER-RE - OB & L TERL
aht.

WEMNRE L - ERNAK € 7 Vic BT 2 HEERGRE
RROT AV MER EEAD S EE & EHEOMBRERD
IR ULTRDZIENTES, AVSVR-ANVLEE
FORER-# )V EO(LEEHEICE LT, ROKRIG%E
EZL5.

Mg, SiO.(forsterite) =Mg,Si0,4(liquid)

Fe,Si04(fayalite) = Fe,Si04(liquid)

(24a)
(24b)
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CaALSi,05(anorthite) = CaSiO;(liquid)

+ ALO;(iquid) + SiO,(liquid) (24¢)

NaAlSi;Oy(albite) =0.5Na,8i0; (liquid)
+0.5AL,0;(liquid) +2.58i0,(liquid) (24d)

KAISi,0,(sanidine) = K AISiO; (liquid)
+28i0,(liquid) (24e)

ZOESE A v P HERSERO & &, AT RRABOK
BEEES ¥ 5 VADBE 2T, Xo(Xio=0.666—
%s0)), FHEA DA & 3(T, Xeo, XRio,,(XKo,,=0.2—
X‘E‘aO—Xg}aOM)) THbH. —H, ﬂ’;iqzﬁi—l‘—'c@ﬁ Va4
ARG (242) & (24b), FHELEBKIG (24c), (24d) B
LU Qde) dEnZnIcH LT, K (23) BRILT 3.
Lo THUVRARAMOKLEFHEHOBBEFL L,
Newton-raphson iEic & D BEHIDE S & v MK &
LFF T 2 GLRERR & S ERE BN RETE 3. -
loolk, K (23) OBIFEHIC>VT, HEHA
Vb OMELERBREERET 3o it HOWIER, Tk
b B 2 bR K LT Ghiorso and Sack (1995) @
Table Al Off, # v 5 VvAEPELROBERS LT
Berman (1988) ®Offi (7 / —#%# 4 b2\ T3 Ghiorso
and Sack (1995) @ Table Al Off), » v 5 v AHERER
DRSS OBSFEEMH I L TE L Z 1 Sack and Ghiorso
(1989) ¥ & U Elkins and Grove (1990) D% F\\ 5.4
BERd b,

45 ZOMO/WEFN

AR L7z 4 70, BOTEMNER(LcE S ks
EBROZERTH - 1. Th o, EBRF— 5ok
DWTRERIIC S v 5 VR A Vb BXURER-2 Vb
BOTHEAERFREERDT DD, WL >hDELURDS
FLHEINTVWE, CCTREDMSIRODVWTHMNT
3,

451 AVSVR-AIb ,
SEEET B v 5 v -2V S OEE-E -
BRI T 5 7o sd O b BHEL R, BRI
D% RE-FEH RO TENT 22 & TH B, T
hETIch v 5 vR-A IV EORBSEREE LYY
BT ORBHILBRSHES LTV,

=iFE (1986) RSB XRE I Th & PHRET
B V5 VABREEMA TR~ 7~ OHMEBAH#HTET 5 &
W EFNETEETS BT, Kb, OHMBIKEHE%
EETeBIAT Y VE VS VEORRERT— 9B
JULHREMR TONRER 7 — s c BT ERF L1
Z DFER, M-Mg 33HAAARE (M=Fe, Mn, Ni) 23R
THEMUTEZ & Lk,

K3is = A+ Bu(X ko +0.33X10) 25)

LR 2 fitch s EKET 5. K (25) % Taka-
hashi and Irvine (1980) iZ & %R,

0.666
Hm+§mmMX%
WHRAT BT ET, ANV MIKR» O H v 5 v AOHEA
FRITE 3,

Gee and Sack (1988) XA Y54 bxT7=2YFA b=
72 OHEEEEND DI, 1 KE, QFM buffer ic
WTT VA VEEROCHEEHEREITV, X7
Yy Va—FA bBRUAYSA M REEEETEH Y
VAR, AVbED KW BIET VAV EOBRE L
DHELS BB EEHOMII L, FLTHREOER
F— %I, Sacketal. (198T) KL BUHVYFA L, TN
#)ZREB LU Groveet al. (1982) ik BV L7 A b
MR (WFhs 1KE) TOERF -4 2MA 45
116 ORFCHER T — ¥ ic D &, Ko, DEEERITICIRA
TEMTES L L.

Dijis=

(26)

. s
ol/li = -
InKbtehwe =4 +B gy
+C (—S )’ 27
S+CA+M @7

CCT,

S=Xlb,—2XW 0 4X¥0
CA=X8o+Xl,0,+X¥0,+ 33X o+ X0 — 3 X¥o,

M=XHo+Xho+X¥ho

Carmichael and Ghiorso (1990) 374 ¥ 5 v G-2 L b
BOLEEH It 2 MBS ERER ARG L, F—o
KiBEERVEBRESFEOR 3 (QFM & Air) EEO
HEEZEBEL TS, K BE/ALLTWVWT &b
5, Kifgws PBEDEKEL BV 2R UL
L, HENI L VLA N PO SO, B2
419 wt% Pl L 66.6 wt% LI, BEE L BEAENZHE
1 1064~1400°C, logfo, T—0.68~—14.1 ¥ TZALd 5
At 296 D1 KEOERF — 7 icET< &, Ky I
BB ENESH 0, RORTEUTE S & L1,

B
T(K)

InK 9y =A + +C(X 0+ X¥ 0) +DXSo

(28)

Putirka et al. (1996) 3 HEHVER L - BAMEREE
Ttk T4, = Fr7oKBCILTIERT 3
B, FFKLETTHEABBRLKELTVEI VS VE
BESAS X EFEHTH I hEPERIES 2ENT, 2
BERF -5 Da v XA VITE DA V5 V-4V
DO THSECRARORE-HE - MBREE 2~ 2L
THEASZE{tHS 1 bar~100 kbar, LREEF & 24506 E
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Table 6. Constants of Egs. 25, 27, 28 and 29.

Source of constants Equation n A B C D r
Takahashi (1986) 25, M=Fe 35 0.270 0.0030
Takahashi (1986) 25,M=Mn 33 0.190 0.0021
Takahashi (1986) 25, M=Ni 34 2.800 -0.0330
Gee and Sack (1988) 27 116 -2.575 5.057 -4.28
Carmichael and Ghiorso (1990) 28 296 -1.361 1095 -5.11 -3.242
Putirka et al. (1996) 29 190 -1.870 11.07 1.670 -14.11
25,M=Fe 848 0.242 (£0.003)  0.0028 (-:0.0002) 0.302
25, M=Mn 579 - 0.241 (£0.007)  0.0007 (+0.0005) 0.042
This study 25, M=Ni 78  3.070 (£0.079) -0.0443 (£0.0035) 0.698
Dataset 1 | 27 848 -2.513 (£0.084) 4,711 (£0.398) -3.689 (£0.469) 0.592
28 848 -1.294 (£0.058) 700 (£92) -4.183 (+£0.152) -1.550 (+0.129) 0.549
29 848 -1.577 (£0.061) 10.10 (£1.42) 0.923 (+0.127) -20.33 (+£0.856) 0.492
25,M=Fe 650 0.256 (+0.004) 0.0017 (£0.0002) 0.185
25,M=Mn 482  0.243 (+0.006) " 0.0007 (£0.0004) 0.047
This study 25, M=Ni 67 3.088 (£0.079) -0.0440 (£0.0037) 0.705
Data set 2 27 650 -2.353 (£0.071) 3.781 (£0.344) -2.517 (£0.412) 0.713
28 650 -2.292 (+0.068) 2289 (+105) ~-4,738 (£0.137) -2.370 (£0.110) 0.689
29 650 -2.732 (+0.126) 1434000 (+182200) 1.310 (£0.132) -23.37 (£0.993) 0.559
25,M=Fe 515 0.299 (+0.004)  0.0001 (£0.0002) 0.021
25,M=Mn 352 0.256 (£0.010) -0.0001 (£0.0006) 0.007
This study 25, M=Ni 64  3.180 (£0.091) -0.0473 (£0.0038) 0.726
Data set 3 27 515 -6.097 (+0.682) 19.44 (£2.787) -18.75 (£2.843) 0.335
28 515 -1.671 (+0.059) 1090 (+£96) -2.491 (£0.236) -0.903 (+0.128) 0.361
29 5156 -1.705 (£0.084) 17.06 (£2.63) 1.191 (+0.179) ~-16.84 (+1.379) 0.350
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n; the number of experiments used
r; the correlation coefficient of the regression

ER 57— %I Gee and Sack (1988) D7V H UFHDF— ¥
EMASEEH 190 OEBR 7~ 5 icHE T &, Koy 58
ORTEMTES & L1

P(kbar)

anf)l{:‘iﬁMg =A+B W

+CXl%, + D (X, X0, ,)

(29)
BB 2METH 3 LIRET 5.

=X (25), (27), (28), (29) KD WVWT, BEXETHESh
ROBEEE, FBOF—5 o b I~3DLOPESH
7 4%%%, Table 6 {2733, M=Fe, Mn D= (25) OFEE
BROThoF—5 €y b LTOEL, K (27), (28),
(29) DAEBIREIZ 7 — s £y b 2L TKREL, 7—
gy b 3T LTHED,

Kofidve WEHNTEILT 5725 5 . Ulmer (1989) i3 4
EHEOXREME (25 0 SO, B 45~47 wt%, ALO; &
11~14 wt%, MgO & 12~20 wt%, Na,0+K,0 & 2.6~
L4wt%) O R K %2 B v, BE, E 7 1000~
1450°C, 1bar~30kbar Th ¥ 5 ¥ H-* )V bEDILHES
BEROBRE-FENKEHEEEEL . T OME,
Ko, (SRR L VA ORI ELF L T
mL, RATELTE S L EHEHLE.

InK§fi9, = —0.5214 +0.00323P(kbar) (30)
X (30) It X 3 &, 1bar~30kbar OFEHEALicK LT
K89y, 13 0.30~0.37 £ TEALT 5. L LA S Fig. 2
IWRLIEDIC, 1bar TITONWIERF -2 DB EE

A TH Kifd DEALIZEI O RZVHDOTH Y, FFED
F—F by b 3BT B 1bar TOERERDOIZEAL
7 KBfims=0.27~0.39 OFIFARIC 5 5. Ulmer (1989) O
RS VWHEBREENTITbh b0 THB. 2% D
K3, O IR BHBURTE M & T 5 &M & <,
X (30) DBARIZH 5 W AHBROKRA K L TEEN
KON bDTRBWEEL LN S, :

452 fEE-AIF

FREA-A v+ HOTRSERFRORRIIMR & L
TRIRO DD 3.

Groveet al. (1992) (3 MORB D#ER A BWERA % 2 £ T
%1%, MORB % fi\\ T 1 bar~10 kbar O % T
EEERETT - 2. 7 U CHEERIR % IRE-FE -k
oM E LTERMLL TRESIWEREEF Y V7
THDI, WHEORRT — 5 CKRE~LILEMK,
1 bar~27 kbar TifTH /oD 7 — & 2MA f- &5t
171 OFRIEA-A WV ORI ER T —sickb, #
BfA-# v @O Ca-Na RS EAI (Kn) EIRD
&5 ERRBRA TIEM L .

In K888y, =A4 +BP(bar) + C(1—X¥ao0,)

+D(1—X¥uo,)’ 31
T T T, KB =XPoXib, XWuo,/ XFPo,, X&a0,) TH
5.

Kinzler and Grove (1992) 3#58H i< v v vic B

Z5MHEBER Qb-dys vEHERA—-Y v 4
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Table 7. Constants of Egs. 31, 32, and 33.
Source of constants Eq. n A B C D E r
Grove et al. (1992) 31 171 11.1068 -0.03380 ~4.4719 -6.9707
Kinzler and Grove (1992) 32 39 1242 9.00 -120 -88.8 -6.60
Panjasawatwong et al, (1995) 33 20 -63970 -164.1 -2575.3 41.836 33.434
This study 31 528 10.1050 (£0.337) -0.03496 (£0.00269) -7.3997 (+0.3005) -3.3677 (£0.3926) 0.724
Data set 4 32 528 1297 (+4.32) 7.02 (£0.22) -204 (£9.28) ~75.3 (+5.80) ~7.15 (£0.89)  0.864
33 528 -99823 (+12903) —-38.7 (+15.6) -1048.7 (+104.5) 36.102 (+£1.014)  8.744 (£1.673) 0.826
This study 31 422 10.9043 (£0.361) -8.1014 (£0.3488) -3.5433 (+0.4505) 0.755
Data set 5 32 422 1304 (+3.90) -248 (+8.66) -49.2 (£5.29) -3.29 (+0.82)  0.820
33 422 -103919 (£15584) -19.5 (+18.6) 34.258 (+1.154)  5.969 (£1.916) 0.808
This study 31 289 -0.9339 (£1.240) -0.00003 (+0.00001) -9.6221 (+0.4977) 9.8691 (£1.4251) . 0.617
Data set 6 32 289 1289 (£4.05) 7.41 (+0.35) -213 (+8.75) ~17.6 (+10.0) -7.52 (+£0.98)  0.899
33 289 -181045 (£14728) -46.7 (+18.7) -816.6 (:£139.2) 60.594 (+1.481) -4.509 (+£1.679) 0.915
n; the number of experiments used
r; the correlation coefficlent of the regression
Table 8. Standard deviations of prediction of olivine compositions (mol%) and temperature (°C).
[Data set 1 [Data set 2 [Data set 3
Equation or Model Model parameter | T MgO MnO NiO| T MgO MnO NiO| T MO MnO NiO
Eq. la,1b,1c This study 30 28 25
Two-lattice melt model Nielsen and Dungan (1983) 46 28 008 056 36 28 007 060 38 1.6 0.07 039
This study* 53 27 008 069 33 1.7 007 049 39 19 0.08 0.50
This study® 29 1.7 0.10 0.63
Ariskin model Ariskin et al. (1986,1993) 40 28 36 28 35 1.6
This study 40 26 36 25 32 1.9
Beattie model Beattie et al. (1991), Beattie (1993) 59 19 0.08 037 45 19 007 040 45 1.7 0.08 026
: This study 32 18 008 031 27 1.7 0.07 033 21 12 008 0.25
Reguler solution model Ghiorso and Sack (1995) 4 18 40 1.7 38 17
Eq. 25 Takahashi (1986) 24 0.10 037 24 0.10 040 1.5 0.09 036
This study 2.1 008 034 2.1 007 037 14 008 028
Eq.27 Gee and Sack (1988) 14 1.2 1.2
This study 14 1.2 1.1
Eq.28 Carmichael and Ghiorso (1990) 1.5 1.3 1.2
This study 14 1.2 1.1
Eq. 29 Putirka et al. (1996) 22 2.0 14
This study 1.8 1.6 13

Model parameter; the parameters of equation or model used to predict olivine compositions and temperature

* the parameters found by least square regression onto Eq.12
* the parameters found by least square regression onto Eq.14

PR (FREY s VHEER)) TERERA VM
B ORE, £/, el {tEH 3%, MORB
% BT 9~16 kbar @ FEJ#H CHEHFERETT - .
WER, TREMRTET S HMEEL TV AERD
ERF— s 2MAt, BE FEHELH 1140~1374°C,
1 bar~16 kbar iZb 7 5 &Ft 39 DERF— s KD %,
IS SHEMEET 5 & XOEHERL, KATEMUT
X3 L&KL

T(°C) =4 +B(P(kbar)—0.001) +C(1—Mgi)

+DNaK#+ETiO, (32)
TIT, &% 2 EBE L, Mgh=Xifo/ (Xifo +X10),
NaK#=(Na,0+K,0)/(Na,0+K,0+Ca0) (& & H),
TiO, & wt% T& 5.

Panjasawatwong et al. (1995) i3 Bl © L K & ®
MORB B & THIEIND T/ — 41 RO KECHRE
AEANVPORLEDSEMRBOENBLIT AV D
HOBICHN T 2E/{EH2HHNT, RE 940~
1340°C, [E/7 5~10kbar, dry B L UOLEDO H,OR2 £
723 5 wt% DM THREREIT»7c. T L TRPE

KOBER, RNEROT/ —H4 PERSRE AV
B BEBIUCEHERROLS SBEFENS 5 EEH
11

4
T(X)

P(kbar)
T(K)
liq
+D 1“( ngol‘:;;;;% >
i
+E1n<}§§"—1%ﬁ)—) (33)
x (31), (32), (33) K2 WVT, BEXETHES K
DFEBE, AROF -5ty b d4~6 B ORES NI
¥, Table 7 IoRd, R (31)~(33) RLEREHKOE
BhoRBHNIKEVWVEIN AL DOTH - ehs, -5
v b 4T AMHBREENBYL. collidchd
DOXMPLRER A A FRA VA ER X L TIEH
HWHETH B T L EIRT

An(mol%) = +B+C

5. BEESEEFIDOBEEDTME
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Fig. 9a, b, c. Systematic variations of differences

between calculated MgO content of olivine and
equilibrium temperature against that of the
measured values. (a) Plot of differences between
calculated and measured olivine compositions as
a function of Na,0O+K,O content of liquid;
calculation by Eq. (25) using parameters of
Takahashi (1986); (b) plot of differences
between calculated and measured olivine com-
positions; calculation by Eq. 17 using parameters
of Beattie et al. (1991); (c) plot of differences
between calculated and experimantal equilibrium
temperature by Eq. 20 using parameters of
Beattie (1993).

D O UEMIHRR &SP HIRE £ 7 R, B, BEHS S
SRR A TFRIT 3L %, BACECOREOEENH
D, FOEFINDEENDIENDIEL S, AT
BN LB EFTVOEL BRBE~F LB L TER
ShicbDTH B, BEF NG OMBREH AL TH
HLAcLELDXHIBWREEELLDEA 5D, KT
BIhoZRET A0, BXHTHEShzEeFL
FEBLUOEBOT— sty b I~6 XD BES O K
EFVERBEROTRETHB X CHRTRZTY, &
RTEH S h 5 EERE o,

o=/Trxi—X)/n (34)

nBF—5 D8, x RiFHOF— 5 OEHAE, X it
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i ZBHOF— % OFHIE
EHBEICHKT 5. BBLUEBARTER (34) TEHEX
NOEEAZELHICEELERODET S, bLOKTF
R34 2REHDIELC & SEBERESL L LSO
BEIVBREVESE, Chi3BEEOELELITE
W, Holloway and Wood (1988) 2 HSE#ERIC BT 28
BOBER, EBRE, ERAEICID £1~30C £ TLE
LOVR/ZELTVE, FLAEABOI VAL VF— 52
BTN EBY, HvSVEBLUMEGOIF A v
BoMsd 2 —EDEURAOT— 5 2HVWTWS, Th
SORDS, AR TREEICO>VWT £10C, #v5 VA
DMgO BB X UKERD CaO Bic2\\WT 0.5 mol%
DIEOBEENS BHEEGIOVWTDS, ThirEROEE
T35,

5-1 Hr5ROHEME SUESEETRHOSEE

BEFNCBIBH V5 Y EOMBKTHIE L OEER
ETFROBRES Table 8 It LD 5. B THEsH
rEFNVROBREER VL EEDF—S€y b LITBIT
LEREDORMMIZEILE Fig. 9 IZ/RT. Two-lattice melt
model, Ariskin model, Takahashi (1986) i= & 3=, (25) *
BAuwitZicitEshah 5 v HEDOMgORIE, A
b D Na,0+ K0 O¥EINE & bic, EHIEL D D7k
{ 1% % (Fig. 9a). Beattie model Tl X5, 51 0.7 LI FOE
B, FEINZHI VS VAOMO BRERIBL Y b2
(B BEMHBH 5 (Fig. ). Th>OMEMIZ, BXERT
HES T VRORE, ARTHREL 2B VT
NERAVEEA T BY 5Nz, 7 Beattie model i
L BREFHTIE, Beattie (1993) 2 & 2RECE V2
Ba, HESNIEEIEABE D b2EMIcH 50T
&\ (Fig. 9¢).

K (la)~(lo) K & ZRETFROEE T IIRHMEAL
BRDHONIEP >, TOTERR (lay~(lc) iITfhd
2V s MR OITRE M A T b IRE-E R oA 12 25
DORWT EEERKT S, BEFRIc> VTR (la)~
(lc) B&L T Beattie (1993) DR, (20) K AFETHREL 1=
FREE RO BARGEESDII W,

Gee and Sack (1989) ® = (27), Carmichael and Ghi-
orso (1990) O (28) # H VW IB SO TRIO M E
B, F—%€y b 1~3 L THENRE L B AE

AWiEa, BLUARBTRELZERERVWREAD
VWENHRZREDL LS, AR THRELELEF VDS B
TREGREMWDIZV, 2 hoDEFVELUR
FEPRE L BB RAREO 3 v V7 — 5 02MkE
KRB, EHEBEcH L TARTX B,

Two-lattice melt model, Ariskin model, Ghiorso and
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Sack (1995) IC X 2B E F V2 BT 5 &, RE
FRIOEZERZVWTH LD SV, HEKTFHlicowT
BF—%+ty b1 BIT 2L CEAIAKE F VDR
Endhv. KRE~RIEHKTHET7— 52y + 3
K LTINS 3 DDEFIVOBERLT LS,
H1v5YHO M0 LU NIO FillicowTid, vy
hOEFLVHBERILAEEDLSKV, ARTRIY
EF ot h vy 5 VA4V IO Mn, Ni 2EED
ERAbIE Kinzler et al. (1990) # & ¥ Hirshmann and
Ghiorso (1994) iIC X » THfTbh TV, ThbidA N
bkt U CIERIAER E 7 V& RE L, TTROEBEFR %
HET 3L CHAFRRBEREST 200TH 5.
Hirshmann and Ghiorso (1994) it & % L HFED €7V,
Kinzler et al. (1990) @ % 7 )V & U Beattie et al. (1991)
DEFNIZEBEH Y I VADMO B X UNIO FHID
3% b 59, Hirshmann and Ghiorso (1994) ¥ Z @
HRERTUEOBRENINERELABEORESSTS
5hHEZELITVED,

52 MERADERS LULEEHEEFAORE
BEF VBT 3REAOMR TS L CSEEHRET
ROMEES Table 9 Ik &5, EXMTHRES W E
FNROEHRER VL EEDTF— 52y b 4ITBT DR
EDRHNIZAL% Fig. 10 i</8 9. Two-lattice melt model
HAER® CaO THlB L CRETFTHOEZN A v b
D Si0, B & ¥ H % (Fig. 10a,b). T & H LA
AR THRE L EEERVEES, BLUX (14) oxt
TAERN_BETHEE L LBREERVWLEAC A LN
7-. Ariskin model IZZEHHE U R E=H Wi L i
HEIHZEHEE L, An>09 OBEEAEL D bF
U< &< (Fig. 10d), # ViAo MgO BOBDEE D
KHEShAHMELO CaSORBREREL D DR

IR

v
% (Fig. 10c). Panjasawatwong et al. (1995) it X 3=
BGHIRBOVT, WESRELLEHERHWKEE, AV
b D CaO/ALO; DB E & b ICRIRA D CaO B iZ
EREL © &1L 153 (Fig. 10e).

Groveet al. (1990) DX, (31), Kinzler and Grove (1990)
ORXB2) BLUARTREL LFREHAVILEED
Panjasawatwong et al. (1995) O (33) KL W EEH
ZREAD CaO BREEHREORERB T TOF— 5
vy PTEDLLT, FRBESDBTV.DEHTILS
ORRBAERFO T v A VF— 5 DEHRB L CRE,
FEA B e U T@EATE 5. Two-lattice melt model,
Ariskin model, Ghiorso and Sack (1995) i< & % IE 7AW
EFNVERBT S L, $RTOF—-F 2y bizD2VTH
FEOO CaO B & FHEEOBRED VTN SIERIAK T
FNOBESR DT,

6. HVSVR-FIIEIUMRER-XI PHEOTHE
HEICETI5HROBRHE
BRI v vE- ANV BLURERA-4 )V EOT
FOMICBT 2 5%OBBFELE LT, EHFOEX LR
L, ABTHEA LD v vRE-A )V EOTHESER
BROBKEFNDS L, H vV HOHMBUADOERD S
FHILIH v vAEDMgOBOEENBKE LD VLD
I3, Gee and Sack (1988) ¥ X ¥ Carmichael and Ghiorso
(1990) DR TH -7z, Th5DHid, AWV DO NaB &
UK OIS s % Kfow, OBDERBELTWAS. &
v vhAEANNDED Fe & Mg OSEREFRAS A L b
O NaBLUKOBRICIKET 3 Lic>WTHEYL
FHBREEXL A EREETH 5 ). Takahashi
(1978) i3 SiO-FeO-MgO-K;0 RiC 81} 5 Kifiduy DRI
IR RIE L, KO OIEMITHE KBfigws #50.38 25

Table 9. Standard deviations of prediction of plagioclase compositions (mol%) and temperature (°C).

Data set 4 Data set 5 Data set 6
Equation or Model Model parameter T CaO KOQpi| T CaO KO, T CaO KO,

Two-lattice melt model Drake (1976) 50 24 43 24 43 20

This study* 66 26 57 28 47 21

This study® 38 22
Ariskin model Ariskin and Barmina (1990), Ariskin etal. (1993) 56 3.8 55 40 63 32

This study 41 1.8 40 1.7 30 18
Reguler solution model Ghiorso and Sack (1995) 35 1.2 018 32 1.2 0.18 32 1.0 0.12
Eq.31 Grove et al. (1992) 1.7 1.6 1.5

This study 1.5 1.4 13
Eq.32 Kinzler and Grove (1992) 33 30 27

This study 29 25 22
Eq. 33 Panjasawatwong et al. (1995) 2.3 22 2.5

This study 1.4 1.5 1.0

Model parameter; the parameters of equation or model used to predict plagioclase compositions and temperature

* the parameters found by least square regression onto Eq.12
b the parameters found by least square regression onto Eq.14
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Fig. 10a, b, ¢, d, e.
and experiental observations. (a), (b) CaO con-
tent of plagioclase and temperatutre for plagio-
clase-melt pairs calculated by the Twolattice
melt model using parameters of Drake (1976) as
a function of liquid SiO, content; (c), (d)CaO
content of plagioclase and temperatutre for
plagioclase-melt pairs calculated by the Ariskin
model using parameters of Ariskin and Barmina
(1990) as a function of liquid MgO and An
content of plagioclase, respectively; (e) CaO
content of plagioclase calculated by Eq. 33 using
parameters of Panjasawatwong et al. (1995) as a
function of CaO/AlLO; ratio of liquid.
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