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Thermometer

Reaction Facies Calibrations and Comments

garnef-clinopyvroxene

aim+3di=py+3hed oia, ecl Ellis and Green (1979), Powell (1985),
Krogh (1988), Pattison and Newton
(1989), Perkins and Vielzeuf (1992)

amphibole-plagioclase-guartz

ed+4q=tr+ab amph Blandy and Holland (1990,

parg + 4 q=hb+ab 1992a, b), Hammarsirom and
Zen {1992), Rutherford and
Johnson (1992), Poli and
Schmidt (1992), Helland and
Blandy (1994)

plagioclase-alkali feldspar amph, gra  Powell and Powell (1977b).
Brown and Parsons (1981; 19853),
Fuhrman and Lindsley (1988), Elkins
and Grove (1990), Hovis et al. (1991},
Kroll etal. (1993)

Geobarometer
Reaction Facies Calibrations and Comments
Al-contents in hornblende granitic Hammerstrom and Zen (1986),
rocks Hollister et al. (1987), Johnson and
Rutherford (1989)
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T = (7843 + AV (P - 6000))/( 1.9872LnK , +5.699 )
AV =-0.0577
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1(144Y) O, e 5 by Sl
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X = Fef(Mg + Fe+ A" +Ti)

:144Y) "o, e 5 L,
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%/I}{sen and Fei;; Mg .
€1er PX
K= 2475
D1 2 o [
(1972) Fecn, "Mg g, " Tk _+ 0781 27315
Raheim &
Green _ 3686 +28.35 -Pkbar 97 15
©74) ¢ LnK +2.33 :
Mori and Green 2800
T =—————-273 .15
(1978) ¢” InK_+1.19
Ellis & Green 3104 X +3030 +10.86 -P
(1979) T.= (K T50 ~273.15
Saxena
(1579) - 8288+ 27.6.7,, +A+B ..
1.987.LnK ;, + 2.4083
Ganguly 4801 + 11.07 . Pkb + 1586 -XG + 1308 -XS
(1979) T = al i P 273
c LnK ot 2.93
Ganguly 4801 + 11.07 - Pkbar + 1586 XGrs + 1308 -XSps
1979 T = - 273
( ) c LnK ot 2.93
Dahl 22 +0.022 P +1509 X, X, +2810 -X_ +2885 X
(1980) T.= 273 .15
c 1987 - LK __
Powell 279 +10 -P, _ +3140 -X
(1985) T = K 173 -273 .15
o
Krogh 2
(1988) _ - 6173 -XGrs+10 -Pkbar + 6731 -XGrs+1879 o7 15
c LnK _+1.3% :
Pattison & 3 2
Newton (1989) | ; _ AP.X__+BP.X__+CP.X__+DP L55.(p,, ey o
forXers=020 | "¢ |k LA +B.X2 +C.X_ 4D Kbar
D1 Grs Grs Grs
Sengupta and A
others a’XGrs'(1'52 -5.17 .XAIm)
1989 ¢
(1989) b=X,, (010 +2.26 -X, )
¢= X Koy - ((3.01 -6.67 - X, ) +1.05- X, -~ 15X,

d=xGerSps ~(0.98 -4.08 ~xAIm)
e =X, X, (0.02 +3.71 -xAIm)

yFe=exp[a+b+c+d+e]

a:Xilm -(1.23 -2.26 -Xpyr)

b:)(zsps -(—0.26 +3.00 -Xpyr)

€= Xire Xam -((3.53—4.85 -Xpyr)+2.58 Ky — 238 - X

Grs
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LnK ,, +1.076
Ganguly et al. _
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! Ishihara

% Hammarstrom and Zen
3 Johnson and Rutherford
4 Thomas and Ernst
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3.5 T T T
3.0 |
25 |
= Johnson and Rutherford (1989
= 20 - at~760 ec Hollister et at, (1987)
o (empirical)
E 9 Hammarstrom and Zen (1986)
15 F (empirical} -
P Schmidt (1992) 1
1.0 b=l at ~ 675 °C -
I ~ Blundy and Holland (1990) 1
at 700 °C
0.5 L L L L 1 . 1 " 1
2 4 6 8 10 12

Pressure (kbar)

oL b 1) gmdeT Al o B3I 359 (VAAP) 05 5 g e yo JL o)
Sl s o Sy b BT 350 o e ) ot 3 8 K0 0T 3 JpmieT o
:J;;Q)}ﬁp&‘ﬁgu\;bwﬁb‘)b#/\u* du)ué).ﬁ‘ﬁd.w)u“é
P(+3Kbar)=-3.92+5.03x Al
1D gas
P(+1Kbar) =476 +5.64x Al _
el ol
P(+0.5Kbar) =346 +4.23x Al_
Sl aloe (Sl 9315 o 5 e 1) Jpe b ) VAY) Coadl
13 o 151 LS W B Y0 (slaylid 55 Jputal 1S5
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P(+0.6Kbar) = -3.01+4.76x Al__

o3bitl Lol S o €)1 1) _sgolie 5 ¢T3 (sla)Lad g genl ST ol dan
S dls G5 50 (GS Sl G a5 gazme 5 gl s Lagin ) L3S )
R Ty S G GO 0 I PTGV JUPRE RPPPRIC WY

SSnlty Slwdls b 5 55058 L pled 53 8 JpmieT 4l L g5 ires
(Y440) Caanesl 3 0 gyl (Yoo} (s 5 pnl) 555 03Ul Soliloes 53 Cal
OT 534S W gad @11 diliygn )5 393 g0 Al _eiwnjLid (gl 1) (sl Jge b
1 ol a5 (fO2) 038 | il g8 5 L8 o> g elyl 4

T,

o, =675
P(+0.6Kbar) =-3.01+4.76x Al,,, _{((C)SS) X[0.53x Alp, g +0.005294x (T, —675)]}

Ao o H0.6Kbar sydo 53 HLid dcnles 55 foole (Glas OV J g0 p ol o
Lad 50 <(1840) ol 9 O gy bl 55 9 (VR4Y) O gyl slgiiy 4 4 5 b

Al PP’ e )1>0.25 5 Fe#<0.65 (5l 1> b

4.5 14 Kbar

4t 12 Kbar
-2 10 Kbar
<
m
72}
'5 3L 8 Kbar
=
O 6 Kbar
'
g’ 2F 4 Kbar
5]
£

L ! 1 1 1 1 1 1 1 1 1 1 1
600 650 700 750 800

Temperature (°C)
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1 elie HLEs (slaosgdoes NS 050 — Ohew ion T = 25,8 5 5,158
dla 1y glacubits ol 4 (Yo oV (O S 5 Kie Kgnr) ins o Ol
23t Sas . See z st oLl Gble L Sl oSS
b LU Zn polis ol dias ad 0L GASP 5 GBMAQ (slagmiwLid
Ol 5B 5 e 3 Fe ety s 3 AT (s Lis Ol i i1 s
predS oS LB L S8 8 slaas same (51, GBMAQ e )Lid das ool
Wb 585 e 5 (SN S WS NS LN 5 (Se/ew)
oV b 8 58 K gr) Ao cnlis D 5500

T 5 55,068 + g s + S +os,8 S S5 48 ez
RSP T SO I g S N INC. COMTCH L S I 1
o3lial GASP peiw)lis | OB e T 5 IS 05 s Sojsee >
OB 5 SN ede Cose 53 (Yer) Caldpn)  3sb e
GMPQ pein )l b (Y00 F (01, 5 59) GBPQ priw,Lid 51 Sl yie oI T
GBMAQ gein L8 .35 8 o oalinad (Yo 8 T 515 5 55 ¥ oF O 5 59)
5318 Sl )3 AR B AT s 53 ey 5 ek (slacibibie 0350 s
9 (Yoo) colden Cfgo — 23,8 zles bl y LGkS /Y B /A Les
geolid 5o (ol sl ol ol o I8 (Yoo V) (gl 42 GASP Tl

! GBMAQ
2 GASP

3 Holdaway
4 Zhao
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WS 5 s &K gm) ol odd 5,57 5 LS E/A 550 5 GBMAQ
Yooy
5 BnS ) ol 0h 0 IS 5 Jgep O gots GBMAQ i L
((YooV 0o S
P(bars)=(1-AH"JAV* )+ T(K)(AS"/AV")
w4 -)
Hrs A (e +x -1)

A e e : ()
+(7 = JAV )X =X+ (1 AV ){ RTLn[ V0T }
+T(Fe +3.68X" +238.585X" +370.39X "
—3.68X "X —238.585X X"
~37039X X" )+Fe, Plbars)+Fe -5333.0X"
~209850.0X * ~310990.0X * +5333.0X “ X =
+2098500X X" +3109900X " X }

I(Y"Vcoﬁ;)&f&ﬁ)w‘oﬁox:ﬂfﬁj&)y@

P, = 23641.1431.41927 - 26116 15X x (X7 + X —1)-1489211.0X

¢

() ]
(o)
7 (Fe +3.68X " +238585X " +370.39X " ~3.68X " X"
~238.585X "X ~37039X X" )+ Fe —5333.0X"209850.0X *

(X +X* —1)-27822956X X * —0.2637 x {RTLn(

310990.0.X ™ +5333.0X X * +209850.0X *X = +310990.0X *X = |} /(1=0.2637Fe,)
oS 9 3 giudS i 5l
. \ - . b -
)JJ?}AK}N& ‘CI' d‘}l}:ﬁ)‘ ‘(Y"') )\%}Mw}) d"bj
dslre 3eslizad Y3 51 S 5 gas onlital HLid (g Ol o b S 5 1
(VY = Y/FKbar/ 8+ °C) slos (Sl s 51515 Loy ot o8 ol ol 5 5L

! Nimis and Taylor
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OC) &Sjﬁ}ﬁ’)‘)bAl d‘}:m Af.lf.j @‘) du‘fu.w)u“é 44 w ‘djsdf.li
b o (Y=Y kbar/ 0+

Plkbar) = L8 1nlam Jo15483.10) S| L TED 1078
1269 7)) 7138

Al e C,#=( Cr j, a®, =Cr—081-Cr#(Na+K) YU alslas >
Cr+ Al

(Ko — a3 39 395) oo 3 — S 933 395 o sid

SV 00 Jad 4550185 laas gamee oy 4 (VAAY) o5k BT
o GLas m S aY S 8 s, (AL e sl g
2SpHSQoT STy ol o 38 ol 3 55 03,5 5 1y s il 5 530S
Wl 1 oy g ould 10 I35 ol el oS iy b LBl e Cd

P=P Fe-(RT In (a {pe/ca Cd}/ a {rersp sz}/ AVs)
P Fe=-8.4T° C+9 295

T° K=-1,763/In Kd+0.378
AVs=1.075 cal/bar

okl
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S o5 9 439 duwulone 0523

JwT -
3
Ty S -
X = Mg X = Fe”!
M3 Mg+ Fe?" +Mn + Ca Fe Mg+ Fe’ +Mn + Ca

M2 M2
Xg, = (X))
GIn Fe®* Al

L) O 5 Sl s $0AVR) 0 pusylan, 5 e Ve olad

08T 05550 5 g 5
2 3 2 4
Vac ( M4) ( M3) M2 ( T1)
Agn =X K/ XMg AX L] Xy
2 3 2 4
_ Vac ( M4) ( M3) ( sz ( T1)
a _XA ’ XCa ’ ng ’ XMg ’ XSi

3 4 4 4
A Mj ( M3) ( sz M2 ( T1) T
B = Xiae Ko XMg ' XMg ' Xei) XAI ¥
2 3 2 4 4 4
A ( M4) ( M3) ( sz M2 ( T1) T
e g =Xy "\ Kea) ng ' XMg ' XAI L) K)o XAI i

1088+ V8AR) Ll g oS Ve el

2 2

() () (%)
Pr g—1:16. Xo) Ka) K
bt ()
Prg-2 Al Fe2 Na

"4+ Mg+Mn +Ca

2

a = 2 Mo '(XA )
Tr -2 Fe Na

++Mg+Mn+Ca

! Molar Fractions

% Holland and Richardson
3 Trzcienski

4 Triboulet and Audren

® Kohn and Spear
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2

( T1)4 Mgtot
a, =X/ - 2+ tot
Fe

+ Mg

( T1)4 Fe2+
e Tt 3 XSi ) o

Fe® + Mg
2

- T1 Fe'* ( Aa)
aFePrg_4'(XA|)'[Fe2 J Xy

"+ Mg+ Mn + Ca
2

2+
_ Fe ( Aa)
Are act _[F 2+ J Xy

e + Mg+ Mn + Ca

2

2

256( T1) ( T1)3 Mg™
aTS=?XAI Xe) =

Fe2+ " Mg tot

3 2 2
256 ( T1) ( T1) Fet
e 15— 27 XAI ’ XSi ’

Fe2++ Mgtot
:&JWT).} &Y el Y-
Ln K, o = (25 -Ln aG“)Jr (6- Ln0.5)—(6 -Ln aTr) -(9-Ln0.11)
Ln KGIn,Ts _Prg,MgHbl (Ln aEd) - (Ln arr)

(\ﬂ/\/\) Q)J}‘}dﬁ; LIML’”‘J"

LnKreprg = (25 - Lnayy) — (13 - Lnagy) - (0.5)"? - (7 - Lnagy)
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Pt P i
i s —1-Y
p — Mg
P'P Fe®" + Mg + Mn + Ca
Fe2+
X =
Am - Fe®* L Mg+ Mn + Ca
X = Ca
Grs 2+
Fe” + Mg + Mn + Ca
X = Mn
Sps 2+
Fe” + Mg+ Mn + Ca
# mg (in %)=00 - 2M9
Fe™" + Mg

xPr p X
W, =|200 - —————|+|2500 - —Am
xPr p + xAIm xPr p + xAIm

2 ST 4 by e el aen an ) 1 le (Sliast g gust —Y-Y
Ldileds a3,V TZ0°C b
HO0AVF) ' 1S, 5 SIS

2
(3300 B 1'STK) .(XPyr +XPyr .XAIm)

LnYPyr = R-T
K
2
L _ (3300 B 1'STK) .(XGrs + XGrs .XAIm)
Mers = R-T
K
lha, =3 (Ln«ypyr +LnX,

Ln aGrs =3 (Ln%rs + LnXGrs )

(VAV4) 1S,
W1=3480 —(1.2~TC)
W2=4180 —(1.2~TC)
W3:1050 —(1.2 'TC)
2 2
W, Xy tW, 'XPyr +(W3_W1+W2) X am XPyr

LnYG"S: R'TK

! Ganguly and Perkins
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2 2
W3 .XGrs + W1 ’ xPyr + (W3 - W2 + W1) ’ xGrsxF’yr
R-T
K

pm =P [3 ' (LnyAIm +LnX )]
a,  =exp [3 . (LnyGrs + LnX Grs)}

LnY =

- 3

2
(13800 -6.28 TK) '(Xers +XAlm ~XGrS +XSps ~XGFS)
a =|X_-exp
Pyr Pyr R- TK
- , 3
(13800 -6.28 TK) (Xpyr + XAlm ~XF,yr + XSps ~XPyr)
aGrs = xGrs " exp R-T
L K
3
(13800 —6.28TK) ~(— XGrS ~XPyr)
By = | Kam P R-T
K

1OAAY) 1S 5 s
=13.087 —(0.0063 -TK)

Grs —Pyr

WGrs —Pyr ( 2 )
aGrs = xGrs “exp R-T ’ xPyr + xPyr xAlm
K
Grs —Pyr ( 2 )
aPyr = XPyr - eXp T ’ XGrs + XGrsXAIm
K

(VAAA CO1yISan 5 L,k dam s 48l o) HO0AAT) 70 5uSCt 5 LTS L
2
LnyAlm =(XGrs -(1.520 -5.165 -XAlm )+
((XPyr XGrs -(—0.259 -2.583 -XAlm —1.498 -XPyr +1.498 'Xers)))
2
Lnypyr = (XGrs ~(— 0.261 +2.997 ~XPyr )) +
((XAlm XGrs ~(0.259 +1.498 ~XPyr +2.583 ~XA|m -2.583 'Xers)))

Apm = P [3 ' (LnX am Y an )}
By — O[3 (X -Lny, )]

Pyr

! Newton and Perkins
% Saxena and Erikson
3 Paria, Bhattacharya, and Sen
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(b @YD) e 5 1S daw s o) (OVAAF) LTSl 5 JSSE

2
a=X,, - (1.24 -3.0 -XGFS)

2
b=X,. -(-107+5.16 X __
o= Xp Xun -(0.05 +1.08 - X, 113X, —1.13 -xAIm)
d=X,, Xg, -(70.99 -15. xGrs)

e=X, X (0.23 +2.58 -xGrs)
Lny  =a+b+c+d+e
Grs

a:XiIm -(1.23 -2.26 -Xpyr)

2
b:XGrs -(—0.26 +3.0 -Xpyr)
ore Xam -(0.92 +0.37 -XPyr +2.53 X, —-2.33-X
d=X Xsps-(2.14—1.13-XPyr)

Alm

c= Grs
2
e=1.48 -XSps +XGrSXSps -(1.96 +1.50 -Xpyr)
Ln«ypyr —a+b+c+d+e
2
a=XGrS~(1.52 -5.17 ~XA|m)

b=X2Pyr ~(0.10 +2.26 ~XA|m)

c:XGrSXPyr - (0.40 - 1.45 -XAIm +1.50 -XGrs -1.50 -XPyr

d= X Xg, -(0.23 ~-2.58 -xAIm)
e=X, Xg, -(0.66 +1.13 -xAIm)

LnyAlm —a+b+c+d+e

m P [3 ' (LnX am Y A )}
a,, =exp [3 - (LnX oy L”prr )}
aGrs = exp |:3 ' (LnX Grs ' LnyGrs)]

(A O en 5 5 e Ja g Sl (VAAF) LTS L 5 IS

2
a=XPyr ~(4047 -1.5.T, -6094 ~XGrS)

2
b=X, - (150 -1.5.T 7866 ~xGrs)
c=Xy, Xy - (3290 -3.0-T, —866 - X _+2300 (xGrs - X ) + 4620 (1 -2. xGrs))
! Perkins and Chipera

2 Moecher, Essene, and Anovitz
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d=Xor Xam -(2117 -3.0-T,-3933 -X__+2300 (Xers’xmm - 1967 (mz-xGrs))

e:XPyr Xsps . (2524 -3.0.T,-3047 X, +2300 (XGrs —XAIm)— 1524 (1—2 'Xers))

F=2300 (X, X, X))

LnyGrs =[a+ b+|§.+Td+e+f]

a= X (1000 -15.T -6094 ~XPyr)

b= xAlm ~(2500 - 4600 X, ))+(3ooo ~xzp3)
0= Xy Xy (1757 + 747 X, = 3993 (X =X, ) +4640 (1-2-X, )
=Xy, X, -(4350 ~2300 - X, +1150 (1-2-X, )

e=X X -(5524 + 3047 -XPyr - 1524 (1—2 -Xpyr))

Grs = Sps

f =393 (XGrs Alm XSps)
Lny _(at+tb+ct+d+e+f
Pyr R~TK

2
a=XF,yr ~(200 + 4600 ~XAIm)

bzszr (4083 -1.5. T - 7866 .XAIm
c=X,.X oyr (943 - 1633 - X~ -3047 (XPYF—XGFS)—4640 (1‘2'XA|m))
d=xSp ore (2117 -15.T, —3933 K +1917(1‘2'XA|m))
e= X, X, ( 1650 +2300 -X, - 1150 (172-xA|m))
f=3048 (XGrs Pyr XSps)
Ln _(a+b+c+d+e+f
T am = R.TK

Bpm — P [3 '(LnyAlm +LnX )]
a,, =exp [3 ~(Lnypyr + LnXPyr)}

aGrs =exp |:3 ’ (LnyGrs + LnXGrs)j|



7f ey l2d ey g oriwled e sla g, s SAL;.&T
Caals! -
(oo Sy —)-T

2+

% e Fe
Fe Fe"" + Mg+ Mn + Ca

_ Mg
M3 Fe?* 4+ Mg+ Mn + Ca

XMn -— Mn
Fe” + Mg+ Mn + Ca

X = Ca

®  Fe® 4+ Mg+Mn +Ca

(2 slast 4::“5.9::’1 -y

4

Fe2+_ Fe?*
gl ¥
(oo s -1-F

2+

_ Fe

o™ Fe® + Mg
Mg

Mo Fe’t 4 Mg
(2l slas! gt -Y-F
(Sl osbizad L T<T27°C (gl y Jute o) :(V8A) | ol

2
aFo = (XMg)

2
aFa - (XFEZJ

(Sl o3kl B TEO°C (gly Jute o) :08VR) 55 5

2
B XMg - 990
Ve, = SXP R T
4.184 K
! Engi

2 O'Neill and Wood
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2
X -990

Fe’*
R
. T
4 .1842 K
aFo = (XMg 'yFo)

2

@y de o) VAT SO 5 gy 68 o Sk (VAN LIS g 54

Tra = X

(ol e3lizal 6 T# 0°C
2
2000 - (1-X,.)- X,
R-T
K

Tro = XP

1000 - (1+ 2xFeZJ .szg

Tra = XP

R-T
« 2
2
a. = (XMg ~VF°) ag, = (XFe“ '“/Fa)
Wi -0
(a0 Sl yus” —1-0
X —__Na
Ab Na+ Ca+ K
X —-__Ca
An - Na+ Ca+ K
X K

or Na+ Ca+ K

g5 ool i Led 0T L5 a5 IS 5 500 4551 @ 2@ (Slins! 4 sl Y0
(ol dnles 8 sl o T# 0°C 5
(VT Ll
a, =1.276 ‘X,

Ab An

! Wood and Kleppa
% Ghiorso
3 Orville
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1(04V0) S 15 5, S

2

3 =X '(2 _XAb)
2 XAn
aAn=(1+XAn) 2

(VA oL 5 o

WAb = 2025 WAn =6742
2
_ Xpo '(WAn +(2 '(WAb 7WAn) 'XAn))
Yan = &XP R-T
K
2
B Xan '(WAb + (2 ) (WAn - WAb) 'XAb))
Ypp = P R-T
K
2
XAn .(1+XAn)
A =V T4
2
B Xpn (2 B XAb)
A “ T 4

(@ DYIAD ez 5 55 5 Lo (gobn D1 k) 1V AY) (5 5

2
B X, -(1032 + 4727 -xAn)
yAn = exp T
K

2
XAn ) (1 JrXAn)
' 4

8 = Tan

610 .34
a, =X -exp[—70.3837 ]

K

(T>T700°C (gl YAM OIS 5 Lk o g5 Sl o) ((VAAY) (550

[XAn ) (1 + XAn)Zj
4

2 1032 + 4726 -XAn
a. = - exp XAb —
K

! Kerrick and Darken
% Newton, Charlu, and Kleppa
3 Hodges and Royden
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(9l 9 95) LS9 -F
(o0 Sl s —1-F

vi tot iv
Al = A - Al

- A" +Ti+Cr+Fe® + Fe2M+1
M Fe2M:+ Mg’vI1 + A" FE T Cr 4+ Ti
2+
M1 _ Fevvn
Fe™" F62M+1+ Mg+ A" +Fe¥ 1 Cr+Ti
xvvn _ Mg’vI1
M - .
¢ Fe2M:+ Mgm1+AIvI +FeE T4 Cr+Ti
2+
XM2 FeN|2
Fe'" Fe2M+2+ Mg+ Ca+ Mn+ Na
M2 Mg .
Mo Fe2M+2 + Mgw|2 + Ca+ Mn + Na
M2
Xca - — Ca
Fe’v|2 + Mg’v|2 + Ca+ Mn + Na
(L) 2 slast -Y-#
Jd =100 - Al" + Na+ Cr
A" + Na+Cr+ Mg + F€ +Mn +Ca
Mg + Fe”" + Mn
Hy =100 - -
Al +Na+ Cr+Mg+Fe’" +Mn + Ca
Wo=100 - — Ca
Al" +Na+ Cr+Mg+Fe’ +Mn + Ca
vi
Jd =100 - — Al
Fe +Vg+Ca +2Ag A A R
3+
Ae=100 - — Fe
—Fe ++2/Ig+Ca +AIVi +Fe
Fe?™ + Mg + Ca
Aug= 100 -

Fe?* s Mg+ Ca:2 (A" . Fe**)

vi

Jd = 100 [ 2 Na ]. AL
2-Na+Fe” +Mg+Ca) Fd* 4 Al
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3+

Ae=100 [ 2 Na ] Fe _

2 Na+Fe’" +Mg+Ca) Fe’'+ Al
Fe’ +Mg +Ca

Q=100 - >
2-Na+Fe " +Mg+Ca
Wo = 100 Lz
Ca+ Mg+ Fe™"
En =100 .M—92
Ca+ Mg + Fe™"
Fe2+
Fs =100 s
Ca+ Mg+ Fe™"
(ol slas! 4 gt Y7
:(yavw) }3\-3};}}
M2 M
aEn:XMg. Mg
M2 M
aDI_ ca Mg
M2 M
a =X - X
Fs Fe 2+ Fe 2+
10AVF) Gl 5 &5 5
M2 M
aCa—Ts = XCa X Vi
Al
(YA VAAY VAR il
Cpx
WG =24000 +2
M
Ln = ngx - XAI
Ydd = R T,
Ayg = (x/“fﬂj *YJd
HVAAF) o5 a5 5 SGLE
M2 m
Qg Ts — XMg X,

Al
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08A8) ' jla 3 o Sl
M1 M1 M1
-P__-0.2827 -X (x +X j
bar Vi vi Cr
= exp Al Al
en R-T
M1 M1 M1
~P__-0.2827 ~(1—x X )'(1‘)( ]
ar G cr v
= exp Al Al
YMg -Ts R- TK

(Note: if T=0°C or P=0 kbar then T=

M2 L\l
8 =Xea o2t
M2 M
a,=Xa X,
Al
X 2+
% o — Fe
Fe Fe" " + Mg+ Mn + Zn
X M
XM = 2+ 2
9 Fe" + Mg+ Mn +2Zn
X
XMn Sp— Mn
Fe™ + Mg+ Mn + Zn
X
in S— Zn
Fe" + Mg+ Mn + Zn
tot
Y Al
X o tot 34
:(*' Al +Cr+Ti+Fe
Xer =~ o ) 3+
Al +Cr+Ti+Fe
v .
X = u ) 3+
Al +Cr+Ti+Fe
v Fe3+
3+: tot
Fell AT 4 Cr+Ti+Fe”

! Chatterjee and Terhart
% El-Shazly, Coleman, and Liou

600°C and P= 5 kbar)

O8N O, 5 5 0

1188 0) "ol 5 J5adl

{0 Sl )Y
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2
- WMgAI —Spl) ’ [X:)rj + (2 (W MgAl -Spl

(2l slast gt -Y-Y
VAVF) ayle 55 5

((VAAD) Sosla s 5 > Sl

-TK) + (0.0182 -Pbar)
-TK)+ (0.0504 -Pbar)

3

- WMgCr _spl )) ’ [X:)rj

R-T,
2 3

Y Y
~Wom *SP') '(1 ~ Xij - (2(WM9Cr —spl WMgAI —Spl)) ) (1 B Xcrj

Y-
Al tot
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