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Fig. 1. Geological map around the Daeheung Talc
Deposits.
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Table 1. Chemical composition of banded gneiss around the Daeheung talc deposits (wt %)
D90-1 D90-17-4 Bi12 S3 12 D9 D90-10 7 SD(7) 28 C3 C15 D154

Si0: 6594 5322 5832 7541 7249 6761 7404 6890 6819 7242 7360 6820 7090
ALOs 1496 1648 1730 1202 1186 1490 1418 1540 1633 1337 1400 1500 1590
FeO 545 6.03 6.88 272 463 647 139 520 250 408 370 530 4.00
MgO 1.68 8.88 374 0.90 152 198 027 160 068 125 110 160 120
MnO 0.05 0.05 0.11 0.04 0.04 008 001 - 004 003 - - -
Ti0. 0.74 1.29 075 042 048 059 015 056 037 042 030 047 035
Ca0 2.82 0.65 5.28 1.06 0.67 083 049 040 218 018 020 050 110
Na:0 3.60 543 0.06 194 145 135 375 024 546 189 225 124 225
K0 2.74 478 511 2.39 265 417 358 478 176 369 325 511 286
P:Os 021 0.36 021 0.13 0.06 011 021 006 023 007 008 007 010
ig. loss  — - - - - - - 1.70 - - 160 240 130
Total 9819 9717 9776 9704 9585 9808 9807 9884 9774 9740 100.08 9989 99.96

Fe/Fe+Mg

0747 0382 0626 0734 0735 0748 0824 0747 0770 0748 0754 0751 0.752
Table 2. Chemical composition of granitic gneiss around the Daeheung talc deposits (wt %)
6 D702 A22 48 B26 E1l D15-3 C36 B3

SiO: 68.14 67.09 66.47 59.76 63.70 68.90 73.20 75.10 76.70
ALOs 15.78 11.68 15.76 16.53 18.70 1540 14.90 15.70 13.60
FeO 6.27 3.78 442 5.25 7.00 5.20 2.40 170 2.10
MgO 176 1.66 1.67 2.75 2.00 1.60 0.80 0.60 0.60
MnO 0.07 0.05 0.05 0.06 - - - - -
TiO: 0.57 0.38 0.57 1.15 0.56 0.56 0.22 0.28 024
Ca0 0.01 47 144 4.46 0.20 0.40 170 0.10 0.70
Na.O 0.52 2.97 2.15 2.63 0.34 0.24 2.88 1.54 2.66
K0 3.68 240 446 447 391 4.78 2.29 3.04 2.30
P:0s 0.07 0.18 0.15 0.79 0.12 0.06 0.07 0.11 0.09
ig.loss - - - - 340 1.70 1.60 1.70 1.00
Total 96.87 94.90 97.13 97.85 99.93 93.84 100.06 99.87 99.99
Fe/Fe+Mg 0.764 0.675 0.707 0.635 0.761 0.747 0.732 0.721 0.761
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Fig. 2. ALOs;, Fe:0;, MgO and Na.O+K:O versus
SiO:(wt%) in the biotite banded gneiss and granitic
gneiss around the Daeheung Talc Deposits : (; ba-
nded gneiss, @; banded gneiss included in granitic
gneiss, A; biotite granitic gneiss, A; quartz-feldspa-
thic granitic gneiss, [; muscovite-rich granitic gneiss.
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Fig. 3. K:0-Na:0-CaQ triangular diagram showing
chemical variations of the biotite banded gneiss(open)
and granitic gniess(solid).
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Fig. 4. Variation of banded(Q)) and granitic gneisses
(@) in ALO:-FeO-MgO(wt%) system.
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Table 3. Chemical composition of plagioclase and structural formula based on sum cation=>5 in banded and
granitic gneisses

D90-17-4 D90-1 D90-10 SD(7) 48 (gr, gn)

5 8 5 6 7 16 2 5 6 12 8 9 3 5 7
Si0, 6658 6541 5958 59.79 60.77 6491 6793 6811 6810 6745 6545 66.60 57.83 5830 56.16
ALO, 1938 1955 2469 2467 2497 2126 2035 1967 1976 2006 1944 1920 2676 2625 27.64
Ca0 012 039 492 460 468 147 071 037 007 042 054 042 666 602 771
Na0 1213 1183 858 833 862 911 1100 1193 1148 1178 1145 1152 7.03 737 6.50
K:0 007 013 016 024 012 171 011 012 009 012 011 006 016 009 0.15
Total 9828 9731 9793 9763 99.16 9846 100.10 100.17 99.50 99.83 9698 9780 9843 9803 98.16
Si 2967 2946 2689 2700 2699 2893 2961 2977 2984 2959 2954 2983 2597 2623 2538
Al 1033 1054 1311 1300 1301 1107 1039 1.023 1016 1041 1046 1017 1403 1377 1462
Ca 0033 0.054 0311 0300 0301 0107 0.039 0023 0016 0041 0046 0017 0403 0377 0462
Na 0967 0942 0679 0685 0694 0796 0956 0972 0979 0954 0949 0983 0587 0.618 0.528
K - 0.004 0010 0015 0005 0097 0005 0005 0005 0005 0005 — 0010 0005 0.010
An 33 54 311 300 301 107 39 23 16 41 46 17 403 377 462

FaO + MgoO

Fig. 5. Classification of the biotite banded(Q), and
granitic gneiss(@) according to their principal che-
mical constituents, AlOs-K:0-FeO-+MgO-CaO(wt%)
system.(Bard, 1986). 1. granitic orthogneiss(meta-ar-
kose, meta-granitic), 2. silico-aluminous gneiss(meta-
pelites, phyllite, schist), 3. silico-alumino paragneiss
(phyllite, schist, meta-pelite), 4. plagioclasic parag-
neiss(meta-graywacke), 5. eclogites, orthcamphiboli-
tes(meta-basalt, basic meta-tuffs), 6. pyroxenites(talc
schist, serpentinite, meta-peridotite) 7. calc schist
(para-amphibolite) 8. marble.
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Table 5. Chemical composition of biotite and structural formula based on sum cation—38 in granitic gneiss (M

: coexisting with muscovite) (wt %)
D702 C31 E1l 48
1 2 3 8 13 1 3 4 2 4 6
Si0: 35.27 35.83 34.54 34.93 34.90 32.69 35.17 35.15 36.66 36.86 36.57
AlLOs 17.90 17.72 17.78 1755 17.54 16.92 16.47 16.93 17.79 16.67 16.69
FeO 21.29 19.75 19.60 19.57 19.68 2147 21.71 21.17 19.76 20.56 19.92
MgO 10.01 9.81 10.10 10.79 9.32 7.39 8.18 8.25 11.01 10.54 10.67
MnO 0.13 0.03 0.11 0.07 0.02 0.14 0.10 0.13 0.38 0.30 0.16
TiO: 2.29 2.53 2.53 1.76 2.65 2.83 2.04 1.99 0.51 1.75 2.12
Ca0 - 0.01 — — — 0.06 — — 0.02 0.05 0.31
Na:O 0.06 0.07 - 0.06 0.11 0.12 — 0.05 0.07 0.05 0.04
K:0 9.58 9.29 8.84 8.57 943 9.93 9.83 9.52 10.01 10.10 9.93
Total 96.53 95.04 93.50 93.30 93.65 91.55 93.50 93.19 96.21 96.88 96.41
M M M
Si 2.732 2816 2.757 2.781 2.787 701 2.839 2.842 2814 2.833 2.823
AlY 1.268 1.184 1.243 1.219 1.213 1.299 1.161 1.158 1.186 1.167 1.177
Al" 0.366 0.457 0.430 0.428 0.438 0.349 0.406 0.455 0.423 0.343 0.342
Fe 1.379 1.298 1.308 1.303 1.314 1484 1.466 1.431 1.268 1.322 1.286
Mg 1.156 1.149 1.202 1.281 1.110 0.910 0.985 0.994 1.259 1.208 1.228
Mn 0.009 0.002 0.007 0.005 0.001 0.010 0.007 0.009 0.025 0.20 0.011
Ti 0.133 0.150 0.152 © 0.105 0.159 0.176 0.124 0.121 0.029 0.101 0.123
Ca - — — — — 0.005 — - 0.002 0.004 0.025
Na 0.009 0.009 — 0.009 0.017 0.019 — 0.008 0.011 0.007 0.006
K 0.947 0.932 0.900 0.870 0.961 1.047 1.012 0.982 0.980 0.991 0978
Fe/Fe+Mg 0.544 0.530 0.521 0.504 0.542 0.620 0.598 0.590 0.502 0.523 0.512
A HEEEE) el AAFIAEE AT havel wef Seaadal o Aols) A @]
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Fig. 6. Al(vi)+Ti: Mg; Fe+Mn triangular diagram
illustrating tschermakitic substitution in biotite of the
biotite banded and granitic gneisses. Symbols: @, O
and A, A :P-type(solid) and S-type ones(open) in
the banded and granitic gneiss, respectively.
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Fig. 7. Al(vi) versus Mg/Mg+Fe in biotite in the
biotite banded and granitic gneisses. Symbols are
same as in Fig. 6.

£ Rolx Fu ahd 54 A7) 95 o
g FEFTES Tes Aol AL A

stsitKTable 49} 5). o]&-& Ab&fatel ubg
ol °1XIE1 7 kot shadel wfebre o7k Abo)
slt}l o]7 Fig. 694 ZAS-wHAulolsl 317}
PAReIYe] AE) ohh ShE ool el

Vol. 3, No. 2, 1994

cel
east

Si+Fo+Mg +Ti—3
5
;

e,
By
1.0 1.5 2.0 2.8 3.0 3.5
Al as R™
Fig. 8. Plot of total Al versus Si+Fe+Mg+Ti—3 to
illustrate the ideal dioctahedral and trioctahedral
substitutions in biotite and muscovite in the biotite
banded and granitic gneisses. Digram based on plots
by Brown(1968), Tracy(1978) and Guidotti (1984). Sy-
mbols are same as in Fig. 6 , Abbr. : bt; biotite, cel;
celadonite, east; eastonite, mu; muscovite.
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Table 7. Chemical composition of muscovite and structural formula based on sum cation=7 in granitic gneiss

(B : coexisting with biotite) (wt %)
C31 E1 6
3 5 1 2 5 2 7 10 11
Si0e 44.34 '44.60 45.67 46.36 45.37 45.59 4548 45.55 4558
AlQOs 33.35 33.55 33.74 34.15 34.82 35.23 35.96 35.46 36.74
FeO 2.46 0.91 145 0.96 111 1.46 0.91 1.14 0.80
MgO 1.50 0.81 0.83 0.95 0.79 0.90 0.53 0.71 0.45
MnO — - 0.07 - - 0.04 0.07 — 0.02
TiO: 0.02 - 0.20 - - 0.22 0.03 0.17 0.11
Ca0 0.02 - - 0.01 - - 0.01 0.02 —
Na.0O 0.42 0.90 0.66 0.68 0.64 0.47 0.48 0.60 0.60
K:0 11.24 10.85 11.06 10.51 11.30 12.37 12.36 11.86 12.29
Total 93.35 91.63 93.68 93.62 94.03 96.28 95.83 95.51 96.59
B B B B

Si 3.010 3.070 3.089 3.133 3.049 2.995 2.998 3.014 2977
AlY 0.990 0.930 0911 0.967 0.951 1.005 1.002 0.986 1.023
Al" 1.678 1.792 1.779 1.753 1.807 1.723 1.791 1.779 1.805
Fe 0.140 0.054 0.082 0.054 0.062 0.080 0.050 0.063 0.044
Mg 0.152 0.083 0.084 0.096 0.079 0.088 0.052 0.070 0.044
Mn - - 0.004 - - 0.002 0.004 — 0.001
Ti 0.001 — 0.010 — — 0.011 0.002 0.008 0.006
Na 0.055 0.120 0.087 0.089 0.083 0.060 0.062 0.077 0.076
K 0.973 0951 0.954 0.906 0.969 1.037 1.039 1.001 1.024

Fe/Fe+Mg 0479 0.394 0.494 0.360 0.440 0.476 0.490 0474 0.500

o) Zrk $AEEREAvgRY] A9 § 32 Al(vi)
Wk op]e} Mg/Mg+Feo] wislafo] o] =k &=
AR Al(vi)e] F7FeH Mge S718k= 25 9
wjgho 2 odubAql Hwuirte| B A Wi EH =
Aotk Ptk Avwieke] AXr} of =& Mg/
Mg+Fe v]-& zt= 3AS-2-2nlqle] & A2 gt
] Ao A9 vlamleel EAGAE et
d hAeld) o2 H 39me) Mg/Me+Fe
Al s7ershabaol SJsle] Jge Wsrow ol
419) 74 Mg=Fee] Xgho] FE 1A WA
A9L & F 2k Guidotti(1984)o) 2]}
WA AS ol zeiel oA MY
H X AHsubamphibolite to granulite facies)<
veldlE o= 7Y HASRFEE Mg/Mg+Fe
vl7h 27k 8 AlY] ek AR ZRashy
Mg/Mg+Fer|7} 05 o]a}Ql -5 ojuf gt AIA =
e A gtk shdek o] WA A4 ol

11?., oﬁ:l, &2
o 2 rlo 4
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Fe 1 Mg

Fig. 9. Relationship of Al(iv), Al(vi) and Fe+Mg of
muscovite in the banded and granitic gneisses., Sy-
mbols are same as in Fig. 6.

d% Adehe 9AS gk ole £4
wgnlore] AL 3retalabgel] ¢ldle]

42
S He



148

o4 H5F

Table 8. Chemical composition of chlorite and structural formula based on sum cation=10 in banded and granitic

gneiss (wt %)
D-9 SD(7) C31 6
1 11 13 18 21 2 5 4 7 3

SiO. 25.50 26.91 2543 28.13 25.67 24.24 24.49 2344 2842 26.67
Al:Os 20.80 20.30 21.46 19.69 21.53 19.71 20.24 1991 17.90 23.61
FeO 26.70 26.15 26.97 25.46 26.89 30.02 31.96 26.90 2448 27.35
MgO 12.57 12.35 12.81 11.66 12.69 9.01 9.86 11.86 9.99 10.25
MnO 0.38 0.36 - 0.28 0.35 0.09 0.11 0.07 0.08 0.35
TiO: 0.02 0.25 0.09 0.61 0.04 0.04 0.04 0.06 132 0.36
Ca0 — 0.01 - - — - — - - 0.09
Na.O 0.04 — 0.04 0.09 0.06 - 0.04 0.02 0.02 0.05
K:O0 0.03 0.99 0.02 2.65 0.04 0.02 0.02 0.39 435 0.20
Total 86.04 87.31 86.82 88.57 87.27 83.13 86.76 82.65 86.56 88.93
Si 2.784 2.900 2.749 2.987 2.762 2.810 2.721 2.672 3.105 2.848
Al" 1.216 1.100 1.251 1.013 1.238 1.190 1.279 1.328 0.895 1.152
Al" 1.463 1474 1478 1.450 1491 1511 1372 1.347 1.409 1.819
Fe 2443 2.354 2437 2.259 2419 2915 2.970 2.564 2.237 2.442
Mg 2.049 1.979 2.066 1.844 2.037 1.562 1.633 2.016 1.627 1.632
Mn 0.033 0.032 — 0.026 0.032 0.007 0.010 0.007 0.007 0.032
Ti - 0.019 0.006 0.051 0.006 0.007 0.003 0.005 0.108 0.029
Ca - — - ~ - - - - — 0.010
Na 0.013 — 0.013 0.013 0.013 — 0.009 0.004 0.04 0.010
K — 0.142 - 0.357 - — 0.003 0.057 0.606 0.027

Fe/Fe+Mg 0544 0543 0541 0551 0543 0652 0645 0560 0579 0598

AR AR W Y Al 2ol D SR ALE Ao A 19
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Fig. 10. Classification of chlorites based on two pri-
ncipal type of ionic replacement(after Foster, 1962).
Symbols : A; biotite banded gneiss, A; granitic
gneiss. Abbr. : rip; ripidolite, brun; brunsvigite, dia;
diabantite.
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Fig. 11. Classification of chlorites according to rela-

tionships between Si, Fe/Fe+Mg and total Al (after
Hey, 1954; Foster, 1962). Symbols are same as in
Fig.10.
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Fe\,

Fig. 12. Variation of chemical compositions in Al*-K-Fe system between coexisting biotite and muscovite in the
biotite banded and granitic gneisses. Symbols : biotite; o, 0; o,0;biotite, A, A, muscovite of &, A P-type(solid)
and S-type(open) in the biotite banded and granitic gneisses, respectively.
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Fig. 13. Distribution of Fe and Mg between coexisting
biotite and muscovite in the biotite banded and gra-
nitic gneisses. Symbols : biotite of P-type(solid) and
S-type(open) in the biotite banded(circle) and granitic
(triangle) gneisses, respectively.
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Fig. 14. Al(iv)-Al(vi)-Fe+Mg diagram showing a tschermakitic substitution between coexisting biotite and
muscovite in the biotite banded and granitic gneisses. Symbols are same as in Fig. 12.
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Fig. 15. Equal-area projection of foliation(a), joint(b),
and quartz vein(c) developed in the biotite banded
gneiss and granitic gneiss around the Daeheung Talc
and Samkwang Gold Deposits.
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Geochemistry and chemical equilibria of coexisting minerals in

the gneisses around the Dacheung Talc Deposits, Korea

Sang Hun Lee and Gi Ju Choi

Dept. of Geology, Kangweon National University
Chuncheon 200-701, Korea

ABSTRACT : Granitic gneiss containing biotite banded gneiss relict around the Daeheung talc
deposit are widely distributed which were formed by regional metamorphism of both epi-
dote-amphibolite and later greenschist facies and granitization. They were derived from same
silico-aluminous rocks of sedimentary origin. The mineral assemblages, which are common
in the biotite banded gneiss, formed during regional metamorphisms, are survived in the
granitic gneiss. The mineral assemblages of the latter greenschist facies may be formed re-
trogressively from the first epidote-amphibolite facies. The chemical compositions of biotite,
muscovite, and chlorite, the important constituents of the gneisses, were controlled by the
bulk composition, the chemical composition of the original mineral, and environment of the
regional metamorphisms and granitization. The chemical equilibrium between coexisting mi-
nerals, especially biotite and muscovite, is relatively well established, which was controlled
mainly by tschermakitic and phengitic substitutions. Cholrite was formed mainly from either
biotite or muscovite by retrogressive alteration or granitization, and have nearly similar che-
mical compositions regardless of the occurrences. The orientation trend of the foliation, joint
and quartz vein developed in the gneisses was analyzed by equal area projection which the
latter two show nearly identical trend in the strike and dip. This may suggest that the hy-
drothermal solution was introduced along joint during wet granitization.

Key words : Granitic gneiss, regional metamorphism, granitization, chemical equilibrium, equal

area projection
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