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Table 1. Compositions and abbreviations for mineral phases and oxygen buffer assemblages

Cz=
Ep=
Ps=Pistacite, Ca:Al:FeSi:0:(0OH)
Ad=Andradite, CasFe:Siz:Ow
Gr=Grossular, Ca:AlSiz:Or
Am=Almandine, Fe:Al:Si:On

Clinozoisite, Ca:Al:Si:01:(0H)

Epidote, CasAl:+xFei1-xSiz:01:(OH) where x< 1.05

Gt=Garnet, (Ca,Fe): (Fe,Al):Siz012
An= Anorthite, CaAl:S1.0s
Mt=Magnetite, Fe;Os

HM = Hematite-Magnetite
NNO=Nickel-Nickel Oxide
SS=Solid Solution
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Table 2. Synthetic run data of grossular, andradite, garnet solid soutions, zoisite and epidote solid solutions

Run No. Starting composition Temperature(C) Pressure (Kb) Time (days) Run products
K1 CasALFeSisO glass 800 2 20 grossular
K-12  Ca:ALFeSisOu glass 800 2 25 grossular
K-2 CasFe:51:012 gel 650 2 19 andradite
K-19 CazAl:FeSi:On(OH)gel 500 4 23 pistacite
K-20 Ca:ALFeSis:02(0H)gel 500 4 19 pistacite
K-85 Ca:ALFeSi:On(0OH)gel 500 4 19 pistacite
K-21 Prehnite +Hematite 560 4 15 Ps+Hm+ Prehnite
K-22 CasFexStsOr gel 650 2 20 andradite
K-43 Ca:Al:Si:01:(OH) oxide 620 16 15 zoisite
K-43-1 CaALSiz0:(0OH) oxide 740 18 15 zoisite
K-62 Ep (Psw) gel 450 4 12 epidote(Psw)
K-85-2 Ep (Psw) gel 560 4 15 epidote(Psu)
K-63-3 GrsAds gel 800 2 7 garnet(GrsAdss)
K-64 GrsoAds gel 720 2 7 garnet(GrsoAdso)
K-64-1 GrsoAds gel 725 2 7 garnet(GrsAdso)
K-64-3  GrseAds gel 720 2 8 garnet(GrsoAds)
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Table 3. Electron microprobe analyses of synthetic

254 9

minerals formed at various conditions.

K-1 K-2 K-64
Garnet (800C, 2 Kb, 20 days) (650, 2 Kb, 19 days) (720c, 2Kb, 7 days)
(n 2 @ 2 0))] (2)

SiO: 39.948 39.903 35.314 37.890 36.623 37.489
AlLOs 21.970 22418 0.000 0.349 10.396 10.694
Fe:0s 0.436 0.443 32.007 31.718 34.129 35.246
CaO 36.901 38.171 32.729 30.500 16.602 16.967
Total 99.335 100.925 100.131 100457 97.750 100.396

Number of ions on the anhydrous basis of 12(0)
Si 3.018 2.977 2.986 3.138 2.991 2.983
Al 1.956 1971 0.000 0.034 1.001 1.003
Fes 0.025 0.025 2.042 1.977 2.987 3.005
Ca 2.993 3.051 2.965 2.707 1.020 1.016
Total 7.992 8.024 7.993 7.856 7.999 8.007
Epidote K-20 K-43

(500T, 4 Kb, 19 days) (620C, 16 Kb, 1.5 days)
(1) (2) (1) 2) 3)

Si0: 35.353 35.959 39.662 39.772 39.267
AlLOs 22.069 21.960 34.001 33411 34.059
Fe:0s 20.380 17.118 0.275 0.660 0.309
CaO 21.094 20.140 25.303 25.115 25.024
Total 98.896 95.177 99.240 98.958 98.660

Number of ions on the anhydrous basis of 12.5(0)
Si 2.845 2.964 3.010 3.029 2.990
Al 2.094 2.133 2.967 2.925 2.989
Fe*® 1234 1.061 0.016 0.036 0.068
Ca 1.819 1.779 2.007 1.999 1.996
Total 7.992 7.937 8.000 7.989 7.993

#ALol= Fe? 33-50] YAEwHA] gt=zgr}e]e FA ZEA(Gro Adw) 429 AE FA B, -
= A Fejo)g FH(inside)?} F FH.(outside)d] °]F

el =zl

=9 sy

o] oF 3u|X] 4ule]A o] L
g AR Fr} 3adek=zirol
EPMAS| ¢]s] 215} Table 3

ofl A M mpefzle] A Bl o] AR A gs] X

ek

Qo A4E EYI 4L

=2 (Grso Adso)

=
HFA

Aee wEGew, 3

e

=W

A

Free] HM w2 ¥l
ABabs zAstgich 2Kb, 72009 20 7
R S R EA R
Ads)E A sl Table 2).

A A 24A(Grse Adw)e] B2 34

84 (Grso

W] glake] 271 4fA SulelZE Awolw

drtel=ge] A4¥S vepdck 2 SR
EPMA®] ]3] <3l Table 33 o] ) A
AEAT 79 Fdsich

LgA

(Grossularite : 50%, Andradite : 50%)< A< 4|4l
A TR AL A Bolssle] $4& A1=3)
At} & teririe| B AT 22 wew A

i

A
T FEE

A

ZZOIAPOIE

J. Petrol. Soc. Kovea

33 e ofe =7kl A

o 1 no



Mg Helazhel AokRely wate] Ba Agaraay 189

Table 4. Experimental run data of the cation exchange reaction; Andradite+ Clinozoisite = Grossularite + Pi-
stacite starting from oxide mixtures (A); molar(andradite : clinozosite : grossularite : pistacite)=(3:1:1: 3), (B);
(1:1:1:1), (C); (1:3:3:1), (D); molar (pistacite : GrsAds)=(2 : 98), (E); molar (clinozoisite : GrsosAds)=(2 :
98), (A"); molar(pistacite : andradite : grossularite)=2:1: 1.

Run No. Starting mix Buffer P(Kb) T(C) Duration(days) Condensed run products
K-28 C HM 2 450 38 Epidote + Garnet
K-29 B HM 2 450 38 Garnet + Epidote
K-30 C HM 2 450 38 Epidote + Garnet
K-31 A HM 2 500 35 Epidote+ Garnet
K-37 B HM 2 450 38 Garnet + Epidote
K-38 C HM 2 450 38 Epidote + Garnet
K-39 A HM 2 475 45 Garnet+ Epidote
K-40 B HM 2 475 45 Garnet + Epidote
K-41 C M 2 450 38 Epidote + Garnet
K-45 A HM 2 500 35 Garnet + Epidote
K-54 C HM 4 450 37 Garnet + Epidote
K-57 A HM 4 475 37 Garnet + Epidote
K-58 E HM 4 475 37 Garnet + Epidote
K-65 A HM 4 600 35 Garnet + Epidote
K-66 A HM 4 600 35 Garnet + Epidote
K-68 D oM 4 600 35 Garnet + Epidote
K-69 E HM 4 600 35 Garnet+ Epidote
K-71 D HM 2 400 35 Garnet + Epidote
K-72 D HM 2 400 35 Garnet + Epidote
K-73 B HM 2 450 34 Garnet+ Epidote
K-74 B HM 2 450 34 Garnet + Epidote
K-76 B HM 4 500 36 Garnet+ Epidote
K-77 B NNO 10 700 7 Epidote + Garnet
K-81 D NNO 10 650 18 Garnet + Epidote
K-82 B NNO 10 650 18 Epidote + Garnet
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Table 5. Electron microprobe analyses of garnet s.s. and epidote s.s. formed at experimental runs demonstrating

the cation exchange reaction; Andradite+ Clinozoisite =

Grossularite + Pistacite.

2 Kb Runs 4 Kb Runs 10 Kb Runs
Garnet  K-31 K-73 K-74 K-66 K-65 K-57 K-76 K-58 K-54 K-77 K-82
Si0- 37139 37528 37695 | 37420 37.776 36.883 36.884 36915 38.946 | 38429 38464
AlLOs 10459 11.733 11.739 | 10.387 9939 7329 12668 11570 13.954 | 15763 14.464
Fe:0: 17.805 15.813 14533 | 18690 18548 21,370 15290 17.387 12.193 | 10.262 13.000
Ca0 35083 35127 35601 | 33913 34.680 34930 35590 35.007 35.689| 35178 34.761
Total 100.487 100201 99.560 {100410 100.943 100512 100.433 100.880 100.782 | 99.631 100.690
Si 2962  3.061 3.002 | 3059 2998 298 2979 3030 3.050 | 2955 3.114
Al 0.983 1.083 1.102 0.950 0.930 0.699 1.144 1.097 1.330 1.467 1.380
Fe 1.069 0.932 0.872 1.091 1.108 1.302 0.882 1.052 0.742 0.610 0.792
Ca 2.998 2947 3.030 2.820 2.949 3.029 3.004 3.017 3.003 2.976 3.015
Total 8012 8023  8.006 7920 798 8015 8004 8196 8125 8008 8299
And 531 46.3 44.2 535 54.4 65.6 44.0 49.0 35.8 30.0 35.8
mol % .
Epidote K-31 K-73 K-74 K-66 K-65 K-57 K-76 K-58 K-54 K-77 K-82
Si0: 38034 37951 38201 | 36920 37.109 37356 37420 37.701 38.703 | 37593 37.366
AlLOs 23122 26480 26.300 | 21502 22.151 24.882 26311 25112 30.721 ) 23983 25.795
Fe.Os 13770 8920 9312 | 15751 15790 14.950 11.322 10.702  3.924 | 12.883 11.597
Ca0 22288 23421 23507 | 23.812 22940 21.621 23751 23303 23536 | 22350 23.863
Total 97.215 96.772 97.320 | 97985 97.990 98.809 98804 97.818 96.884 | 96.809 98.621
Si 3.041 2997 3.002 2981 2961  3.023 2930 3.010 3.038| 3.010 2.979
Al 2.178 2.464 2443 2.040 2.070 2.253 2431 2.351 2771 2.264 2.360
Fe 0.828 0530 0551 | 0955 1961 0865  0.672 0641 0226 ( 0776  0.677
Ca 1.909 1.981 1.984 2.050 1.949 1.771 1.990 1.990 1.929 1.918 1.985
Total 7.956  7.972 7.980 | 8026 7941 7.911 8.023  7.992 7964 | 7965  8.002
100XFe/ 275 17.7 184 321 31.0 27.7 222 214 7.5 25.5 224
(Fe X AD™®
Ko 0.52 0.38 042 0.60 057 042 0.50 0.44 0.21 0.85 0.63
Run numbers are the same as those of Table 4.
Ko : partition coefficient, Xa/Xn
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Fig. 1. Phase-correspondence diagram to show par-
titioning of Fe™ and Al between coexisting garnet and
epidote based on experimental results at 2 Kb.
Epidote and garnet are equilibrium reactant and pro-
duct (Tables 4 and 5).
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Fig. 3. Phase-correspondence diagram to show par-
titioning of Fe** and Al between coexisting garnet and
epidote based on experimental results at 10 Kb.
Epidote and garnet are equilibrium reactant and pro-
duct (Tables 4 and 5).
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Fig. 2. Phase-correspondence diagram to show par-

titioning of Fe™® and Al between coexisting garnet and
epidote based on experimental results at 4 Kb.
Epidote and garnet are equilibrium reactant and pro-
duct (Tables 4 and 5).
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Fig. 4. Phase-correspondence diagram to show par-
titioning of Fe** and Al between coexisting garnet and
epidote based on experimental results at 500C.
Epidote and garnet are equilibrium reactant and pro-
duct (Tables 4 and 5).
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Table 6. P-T formation parameters for some garnet-
epidote rocks

Locality (author) X xar
Mistake Creek, New Zealand
(Coombs et al., 1977) 003 049 2~3 330

Dun Mountain, New Zealand
(Coombs et al., 1977) 023 067 2~3 390

Chichibu Mine, Japan

P(Kb) T(T)

(Kitamura, 1975) 024 055 1 480
Tyrnyaus, North Caucasns

(Aranovich, 1979) 024 053 1 470
o Al
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An Experimental Study of Iron-Aluminium Exchange
between Garnet and Epidote

Hyung Shik Kim*, Jin Seop Kim**, Gi Young Kim*, Seol Kyoung Yi*,
Eui Cheol Shin* and Yong Wan Kwon*

* Department of Earth and Environmental Science, College of Science,
Korea University, Seoul 136-701, Korea

** Department of Geology, Pusan National University, Pusan, Korea

ABSTRACT : An experimental study of iron-aluminium partitioning between synthetic garnet
and synthetic epidote was carried out, as equilibrium was maintained in the exchange reaction
expressed as follows :

CasFe:Sis0 + 2 CazAleISiaOu(OH):C33A125i3012+ CazAleeSi3012(OH)

andradite clinozoisite grossular pistacite

Temperature has a pronounced effect on the distribution of Fe and Al between the minerals.
'However, the pressure effect is not so drastic as in the exchange reaction.

With increasing temperature, Fe** becomes redistributed from garnet into epidote, whereas
Al becomes redistributed from epidote into garnet. This is in line with the general principle
of phase correspondence, as the temperature increases the more electropositive metal alumi-
nium redistributes from epidote into garnet.

The agreement between the experimental results of this study and the natural samples su-
ggests that Ko=Xn/Xr may be a useful geothermometer for metamorphic rocks containing
garnet and epidote that are close to binary Fe-Al compounds.

Key-words : Metamorphic petrology, high pressure, high temperature, geothermometer, epi-
dote, garnet, experimental petrology, starting material.
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