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Fig. 1. (a) General sketch map of the Korean peninsula
showing major tectonic provinces. Central Gyeonggi mas-
sif lies between the Imjingang and Ogcheon belts. (b)
Simplified geologic map of the central Gyeonggi massif
(modified after Kim, 1989). Previous studies on the cen-
tral Gyeonggi massif were also indicated as boxes (Kim,
1989; Lee and Cho, 1992; Cho and Kim, 1993; Lee and
Cho, 1995).
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Fig. 2. Geologic map of the study area (modified after
Hong et al., 1981), showing the observed mineral as-
semblages (+ quartz + plagioclase + K-feldspar). Analyz-
ed samples are indicated by their sample numbers. For
mineral abbreviations refer to Table 1.
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Table 1. Mineral assemblages and modes (in percent) of the analyzed gneisses

Sample no.  Grt Bt Crd Sil Ky Mus* Chl Pl Ksp Qtz Others**
G46 2 5 12 8 tr 7 15 1 50  Spl, Crn, Opg#, Rt
G55 1 35 5 1 tr 4 19 tr 35

H42 1 30 tr 2 8 45 4 10 Opg

H50 1 15 10 25 10 1 tr 38 Opq, Tur
H52 1 15 10 25 10 1 tr 38

H53 1 11 2 2 5 5 39 35

J7 3 20 tr 2 tr 14 9 20 tr 32

N1 5 20 8 1 10 3 12 2 40

Né 11 15 4 tr 1 18 20 1 30 Opq

N36-1 9 22 3 7 2 3 28 1 25 Opq, Tur

* Muscovite is mostly secondary, and commonly occurs as sericite.
** Most of the samples contain trace {tr) amounts of zircon.
# Opaque (Opq) minerals consist of ilmenite, magnetite and pyrite.
{Abbreviations]
Bt: biotite Chl: chlorite Crd: cordierite Crn: corundum Ksp: K-feldspar Ky: kyanite Mus: muscovite Pl plagioclase
Qtz: quartz  Rt: rutile Sil: sillimanite Spl: spinel Tur: tourmaline

0.05mm e . ¢

Fig. 3. (a) Garnet enclosed by cordierite; (b) Garnet enclosed by plagioclase; (c) Kyanite surrounded by muscovite within
plagioclase (sp. G55); and (d) Spinel and quartz mantled by cordierite, suggesting the reaction, Spl + Qtz = Crd.
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Table 2. Representative analyses of biotite

Sample no. G25-1 H53 G46 G46 G55 G55 J7 J7 N36-1 N36-1
SiO, 36.09 33.90 34.91 35.11 34.82 34.83 33.83 34.52 34.21 34.69
TiO, 2.94 417 3.87 3.52 2.94 2.20 3.08 3.84 4.00 2.08
Al,Oq 16.11 19.13 18.60 18.67 18.79 19.20 19.28 18.74 18.56 18.11
Fe0* 17.18 25.49 22.19 20.36 20.77 2254 21.59 20.13 19.23 22.86
MgO 11.13 3.52 7.76 841 9.03 8.34 6.75 7.23 712 6.49
MnO 0.56 0.11 0.18 0.16 0.15 0.26 0.16 0.06 0.30 0.18
Ca0 0.02 0.03 .00 0.00 0.01 0.00 0.01 0.00 0.19 0.04
Na,0 0.10 0.08 0.28 0.33 0.24 0.17 0.19 0.17 0.20 0.23
K0 9.19 9.88 8.94 9.28 9.00 9.09 3.81 8.93 9.10 9.38
Total 93.31 96.30 96.73 95.84 95.76 96.63 93.71 93.63 9291 94.05

cations per 11 anhydrous oxygens

Si 2.786 2.645 2.652 2.673 2.655 2.653 2.649 2.683 2.680 2.731
Ti 0.171 0.245 0.221 0.202 0.168 0.126 0.181 0.225 0.236 0.123
Al 1.467 1.761 1.667 1.677 1.691 1.726 1.782 1.719 1.716 1.682
Fe** 1.109 1.663 1.409 1.296 1.324 1.436 1.413 1.309 1.259 1.505
Mg 1.280 0.409 0.879 0.954 1.026 0.947 0.788 0.837 0.831 0.761
Mn 0.037 0.007 0.011 0.010 0.010 0.017 0.011 0.004 0.020 0.012
Ca 0.001 0.002 0.000 0.000 0.001 0.000 0.001 0.000 0.016 0.004
Na 0.015 0.012 0.042 0.049 0.035 0.025 0.029 0.026 0.030 0.035
K 0.904 0.983 0.866 0.901 0.875 0.883 0.880 0.886 0.909 0.942
Fe/(Mg+Fe)  0.464 0.803 0.616 0.576 0.563 0.603 0.642 0.610 0.602 0.664

* Total Fe as FeQ
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Fig. 4. Compositions of biotite plotted in terms of Fe/(Mg
+ Fe) and Ti Open and closed symbols represent cor-
dierite-bearing and cordierite-free samples, respectively.
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Table 3. Representative analyses of garnet
- - - 5;

Sample n0. 010 U Gore tim_ cofe i core om coe am mm M2 N6 N
SiO, 38.17 36.00 38.10 37.43 37.13 36.05 38.19 37.39 3839 3804 3651 36.03 36.97 37.81
TiO, 000 000 000 003 000 006 003 004 000 009 000 002 0.03 001
A0, 2215 21.79 21.70 20.88 21.90 20.79 2145 20.89 21.93 22.33 21.39 21.60 21.05 21.63
FeO* 32.09 3447 3373 3593 3331 3399 3272 33.05 17.71 16,13 37.14 3507 34.10 31.52
MgO 593 370 499 287 456 276 392 276 38 335 098 324 292 304
MnO 158 206 223 448 158 323 275 413 1100 873 299 382 391 495
Ca0 120 130 118 109 115 160 141 108 595 966 160 148 108 1.21
Na;0 001 005 000 005 000 005 001 004 001 003 002 000 000 004
K0 002 000 000 000 003 003 000 000 002 002 000 001 002 000
Total 101.15 99.36 101.94 102.76 99.66 98.55 100.48 99.38 98.87 98.36 100.64 101.27 100.08 100.20

cations per 12 oxygens
Si 2977 2917 2980 2971 2965 2962 3.026 3.026 3.034 3.003 2.967 2.896 2986 3.019
Ti 0.000 0.000 0.000 0.001 0.000 0.004 0.002 0.003 0.000 0.005 0.000 0.001 0.002 0.000
Al 2.038 2.083 2003 1955 2.063 2.016 2005 1995 2.044 2081 2051 2.048 2.006 2.037
Fe®* 2093 2336 2.206 2384 2224 2336 2168 2236 1170 1.065 2524 2357 2.303 2.104
Mg 0.690 0.447 0.582 0.340 0543 0.338 0462 0.333 0.454 0394 0.119 0.388 0.352 0.361
Mn 0.104 0.141 0.148 0.301 0.107 0.225 0.184 0.283 0.736 0.584 0.206 0.260 0.267 0.335
Ca 0.106 0.113 0.099 0.092 0.099 0.141 0.120 0.094 0.504 0.817 0.13%9 0.127 0.093 0.103
Na 0.001 0.007 0.000 0.008 0.000 0.008 0.001 0.007 0.002 0.005 0.003 0.000 0.000 0.006
K 0.002 0.000 0.000 0.000 0.003 0.003 0.000 0.000 0.002 0.002 0.000 0.001 0.002 0.000
Fe/(Mg+Fe) 0.752 0.839 0791 0875 0.804 0.874 0.824 0.870 0.721 0.730 0.955 0.859 0.868 (.854
Xam™* 0.701 0.769 0.727 0.765 0.748 0.769 0.739 0.759 0.409 0.373 0.845 0.752 0.764 0.725
Xpp* 0.231 0.147 0.192 0109 0.183 0.111 0.158 0113 0.158 0.138 0.040 0.124 0.117 0.124
Ko™ 0.035 0.047 0.049 0.097 0.036 0.074 0.063 0.096 0.257 0.204 0.069 0.083 0.089 0.115
Xers™ 0.034 0.037 0.033 0.030 0.033 0.046 0.041 0.032 0.176 0.286 0.047 0.041 0.031 0.036

* Total Fe as FeQ

* Xam=Fe/M; Xpy,=Mg/M; Xsp=Mn/M; Xc=Ca/M, where M=Fe+Mg+Mn+Ca
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Fig. 5. Compositional zoning profile of garnet in J7. Xg.
= Fe/(Mg + Fe); XMm = Fe/M; Xryp = Mg/M, Xsps =
Mn/M; and Xg,, = Ca/M, where M = Fe + Mg + Mn +
Ca.
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Table 4. Representative analyses of cordierite

Sample no. G46 G46 Gbh5 G55 N36-1 N36-1
Si0. 44.63 47.84 46.94 47.95 47.87 47.94
TiO, 0.00 0.00 0.00 0.00 0.00 0.00
ALO, 32.90 32.72 31.65 32.88 31.70 31.52
FeO* 9.43 9.19 8.58 9.71 11.22 10.32
MgO 6.52 7.74 6.63 6.92 5.85 6.15
MnO 0.25 0.17 0.28 0.46 0.53 0.42
Ca0 0.00 0.00 0.74 0.00 0.03 0.00
Na 0 0.65 0.42 0.39 0.63 0.29 0.24
K0 0.00 0.00 0.64 0.00 0.00 0.00
Total 94.37 98.07 95.83 98.55 97.48 96.60

cations per 18 oxygens
Si 4.842 4.967 5.007 4.974 5.048 5.074
Ti 0.000 0.000 0.000 0.000 0.000 0.000
Al 4.211 4.009 3.983 4,025 3.944 3.936
Fe”* 0.855 0.797 0.765 0.842 0.989 0.914
Mg 1.054 1.198 1.053 1.070 0.920 0.970
Mn 0.023 0.015 0.025 0.040 0.047 0.038
Ca 0.000 0.000 0.085 0.000 0.003 0.000
Na 0.138 0.084 0.080 0.127 0.058 0.050
K 0.000 0.000 0.087 0.000 0.000 0.000
Fe/(Mg+Fe) 0.448 0.400 0.421 0.441 0.518 0.485
* Total Fe as FeO
=28y o] A Holr|x jre} M| An F7he A%

A9 2HA9] FUx AR 2 9712 wt%
2(Table 4), #3A 02 {55 nle} zho] AAF£
2 £2 e HOY CO. 59 FAEA} EAgE
AAbgke}, AL S-gne w2 ZF Al
A Az AT X 3 7Y, G-469] 5 €l
oo 2 HFA IHE N9 X Fho] 71A R
(matrix) o4l B} 0.05-0.1 BHF =}, ol2¥ AE
Wste 2HAo] vlwA melAe FEHA A
B0 AldA 0 & Hbgo eI 2-& AAljc)

a A

AAE | agde] -l Al (Any ) 224,
Al gl weba Ancke] 7] A 11 mol%7}
A WHgch(Table 5). AP 317F WollM= A
3p7p £3] WA= dbHe gz FAl Rl
F2 AFE Ane] SV, Wi =EAl= 2wk

¢

Al He] Zae A AAZ M=, FAb9
79 2olf7h £ A o

K-Z4e] A4 DAE(=K/(K+Na+Ca)) 2
83-96 mol%=A ] T A8 helr]e] w3 & 5
mol%el =it

Andn) 2=

234 | AL}o] E(hercynite) Aol 81-83
mol%®| ]2 Fe-29dl 3-4-Fojct(Table 4). ¥
AojAgtell A 2oL AR @A AAdEke] Zn
€ ZFY + gl o dAFdAe B4
2sith G46 FFollA] FdshAl #3AF 2L v
#(0.15-0.35 wt%)®] Fe0:& A#l3lze &3t
ALO; A& Blch 7388 G463 Zo] Aofo]
TR Gl = B sy] digell, HARRS- o
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Table 5. Representative analyses of plagioclase
Sample no. G46 G46 G55 G55 N6 N6 N1 N1 N36-1 N36-1 7 J7
SiO, 58.74  58.62 59.27 60.33 6240 5894 60.35 57.60  61.60 63.08 6044 60.56
TiO, 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.00
AlLO; 26.05 2617 2563 2461 2295 2426 2421 2586 2451 2360 2413 24.02
Fe0Q* 0.03 0.10 0.04 0.00 0.06 0.05 0.02 0.11 0.00 0.29 0.00 0.02
MgO 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
MnO 0.02 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.03
CaO 7.32 7.53 7.08 5.85 3.99 5.70 5.22 7.52 5.97 3.54 5.33 5.30
Na,0 7.78 7.43 7.47 8.20 9.37 8.27 8.53 7.09 8.40 9.08 8.52 8.49
K0 0.30 0.30 0.23 0.26 0.29 0.20 0.28 0.24 0.12 0.74 0.12 0.15
Total 100.27 100.17 99.71 99.27 99.05 9742 98.62 98.43 100.61 100.35 9855 98.56
cations per 9 oxygens
Si 2622 2618 2650 2702 2789 2693 2718 2616 2719 2784 2722 2.727
Ti 0.001 0.001 0.000  0.000 0.000 0.000 0.000 0.001 0.000  0.000 0.000  0.000
Al 1.372 1379 1352 1301 1210 1308 1.287 1.385 1.277 1.229 1.282 1276
Fe** 0.001 0.004 0.001 0.000 0.002 0.002 0.001 0.004 0.000 0.011 0.000  0.001
Mg 0.000 0.001 0.000  0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000  0.000
Mn 0.001 0.000 0.000  0.001 0.000 0.000 0.000 0.000 0.000 0000 0000 0.001
Ca 0.350  0.360 0.339 0281 0.191 0.279 0.252 0.366  0.283 0.168  0.257 0.256
Na 0.673  0.643 0648 0.712 0812 0732  0.745 0624 0719 0.777 0.744 0741
K 0.017  0.017 0.013 0.015 0.016 0.012 0.016 0.014 0.007 0.042  0.007 0.009
Xa* 0.336 0.353 0.339 0279 0.187 0273 0.249 0364 0.280 0.170  0.255  0.254*
* Total Fe as FeO
* Xan = Ca/(Cat+Nat+K)
HAULE 2| and Holdaway, 1994):
A7ANe] FE2F FAAWVA= Fig. 69 2 49F4 + 444 + 5 49 (+ HO)
AFM 4z} 2% (Thompson, 1957)9l4] & Aw= =334 (2)

. & 234 HrighollA £3] wAE = Aol #
E2¢2(Table 1) olle] B9 vhe-2 Aot
(Holdaway and Lee, 1977):

2em + FA4 + 49
= ZHA F AR KRN A HO (D)

(DAL SAX G+ AFA)el Fr-me) 444
Y42 AREE AARe) e d7R]Y 9
AFAL &3] 2N Jd LHE2 Jehdr) 9 F
o (DAJHF 2= T A 2| 4SS AHslr] oi7ch
o|2qt ¥ { AL ZAA o] HFAE Avjsie A
Aahe ohg2] d5ikgel o8 AdwE 4 gl
(Fig. 7; Holdaway and Lee, 1977, Mukhopadhyay
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AL P-T 71€717F ¥4 3&& 7Hle 2oz
22 g2} (Richardson, 1968; Holdaway and
Lee, 1977), #29] Ay ZAo] oJspd 9 e
7He Aed  RaEglciMukhopadhyay and
Holdaway, 1994). 28l Est3, (2)A& P/T
71871 kel Aobr] Lol A F]}F ubwd
o W13 vhgoluh, wleba] 2R Ade] Al og &
7] BEE AAEshs 233 548 A dniglel
AFAo] AR Hu wAAHE o) F ko) s1s}
£ ASHRE Y3 olu|ghch, mERF ARRFA
Well 275 s A7 AP gHed w1
743k obel) WbgAlE B3l WA 9ko)
A AlRkeHGhent, 1976):
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+ Ksp, Qtz, H,O

M

Fig. 6. AFM diagram showing phase relationships among
garnet, cordierite, biotite and sillimanite in the presence
of excess K-feldspar, quartz and aqueous fluid. With
increasing metamorphic grade, divariant assemblage
of biotite-granet-silimanite converts to univariant
assemblage of cordierite-biotite-garnet-sillimanite. See
text for further details.

azget + 2 4 + A9 = 3 AR (3)

e AR Waa) Amde Hda g4 23
A Yol Z/HEZ A, o]2d FATAE o
o] ukgof of& e %= gk

2 294l + 5 A9 = 2HA 4

()4 =3 AH o2 e =7ksbd (Hollaway
and Lee, 1977), 2548 EH3hs 2N AHE%
o] slztate MA A AA-& A A jMcE,

HA2rol i

=2

X2 A

At e HALEE FAs7] st HF
A-53ew U AFH-TAHA AAE ARk
(Table 6). AFA-2-2 5 2| 2A9] 7-$ Perchuk
and Lavrent'eva(1983; PLB) #-glo] o}zl Ber-
man(1990)¢] M A% Fe-Mg-Ca-Mn A F4je] &
5 798 A43 Ferry and Spear(1978; FSB)

2] A& o] g3t 1 A= HFA Y FAF A
B3 AR & Ti s /Hle FXEE A
slede o PLBY 7% 715-853°C, FSBe] 7%
865-1237°Ce] 255 B Fu}. FAe] A% v]e]
Ao 22 252 Hol v, Berman(1990)2]
A B55E 48 AR 49tE A el
AV Ay doAle}, ARG TAHA HukehA
Y 22 WA e A F2R0| Ti ool 2
7] w-Zol(Table 2) F&2 &A2 wjoji=
(non-ideality)”} &713c}. wpeja] ojejHo s
L £EE HolE FSBY A$ EF259 TIKES
28R B35hr] wtol Wshde] A gl A
£o] g}, ¥ld A= e AFANECl 24
A% =A% w7t 9loi(e.g., Chipera and Perkins,
1988). ol wlsle] PLBe A% A4t 32 E
AbgEte] e Aolmg Ao E2-re Hlo]
A% E FSB B} & Advdicl & oA w2 W
Aere AFA £-wo vy A 7dF
TFsAE wjald 4 glch(Spear, 1993, p. 614-
622). 2t AFA e Fure JdAE £
AEe olgslgdS « PLBY A4 624-712°C,
FSB9] 7% 665-916°C £X& B 79, F A
2AE AR FAR AR 8] Aot ohit
7AA 2 300°C olAte] &5 HAE walr} wlzhA
FSB A &AE Tt T8¢ F+28 st o
gHotate] WA ghell A48 A¢ vldAA] 2S5
e A2 Q7R

AF4-2384 2249 3% Perchuk and
Lavrent 'eva(1983; PLC)%} Bhattacharya ef al.
(1988; BET)Y] A& Abg-siglct. U3 234
o dsled AFHe FA 0] 43S o
PLC®] 7% 739-754°C, BET#2} 7% 790-817°C,
a=ly FHRE o]48lslg o 77 586-639°C
9} 632-688°Ce) & x& ® eIt} (Table 6). 7A
oo ZHAL R HFHE AFERE ZH3
Ao g Frld AAHA7] AT, HFA
FHRol THAL ol &3l T 2xvx TAY
Anlgle] HF PP L vjehd Aoz Y7d
o} AFA-TAN ALAE e I 2 WY
£ PLBS MF4-3-22 x|248 Aze} vlwA
2 d x|},

A=) H o
T x&"\r‘e‘
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X e Al

A7xge WANHS FIr]) sk HFA-
ALLSiOs-A 3 -AFAH (GASP)  ®I8Hl(Koziol  and
Newton, 1988)9} 4741 -FE41-ALSIOs- el A 4
(GRAIL) A|4tAl(Bohlen et al., 1983)F ¢| &34
o AFA 2 AAY FAR AR diFiy
GASP A9HAE AH8-3le] 3k 9b2 750°Ce] W
Aes s 71stgdE wh 4.2-7.1 kbaro|cH(Table
6). T AFA 2 A FHE JEE 0838
o] 650°CeliA] 7-3F GASP 942 2.0-3.2 kbaro|t}.
ol X3 AMFAle] FAlY-oF T oA AL qrH e
zlol WAIHRE FAIZ e 53 kY |
AAE AZe A} 8 HFA oA §ek
o] H& oddtd MES |43l GRAIL AsHAlE
Aoz MY azgel AJEE o|fIE
GASP | ¢Alll vlstd &7l Z|ghAlo|th
Bohlen et al.(1983)2] GRAIL A|YAIE o] &3}
148 Al8(G46) A 73 e WA ExE
750°CE 71 8td & »f 8.3 kbar2A GASP A
2 7%} 4.2 kbar B} ¢}

o 9 =
AYHALFAN AR A I 2

FE2, A7 AHe] G NN AN o2 Aojshe
AlAEREe] WAL e AR A AR 2

U, dAEA dAMoR dise 2] WARee
A BA o & gloh. A7) M3 wHAdzhg
& BHH oz AEsh= s Wghe] 23N +
AFA + A + KA FE2PeE EARY
Ak, AFA-5-88 Y MFA-THA XA, 28l
GASP ¥ GRAIL A YAE o83l 22 Hw 2%~
48 2AL 700 - 850C 4 - 8kbar® ¥}
(Fig. 7). o218} |z WA =4 wg-m (+4199)2] &
o b ge deixn, Eg-me} FAlAe] THA +
Aoz vige (1) 439 P-T 27 (Holdaway
and Lee, 1977)5 3 Ux3c}, AT A g HAAFE
z3t9 HaHAdzAe Aox Ar|HeiehEg)e]
A= B GAe] 7 WAl S AYEESE A
Alghe}, o)aidt A= 3pA -k X|Hella|e] wigigh
A (el 254, 1994; Cho e dl., 1996)3 $7)
771529 A zde] xjE7kA] deial ARzt
A ErH(Na, 1979) of 2 22 B3] =
@519 8- AR

AT A FElAgEL AFA + FAMe]
S 02 Holahe d4uks (2) 2t SR
A, 2o 7hae) g o] A3] 1743k
& 7o g ALY (Fig. 7). TR AP e]
A, 454, F34 T ANAE LR a373-& A4
e FES EAshe 22 ol® o e A
3-8 AN ), w3 e B AFEL) A4F
L Ao L£x-gte o] vl A wha A wis)
L& AlAHEeL

Table 6. Pressures and temperatures estimated from geothermobarometry

T (O)* P (kbar)**
Sample no. PLB FSB PLC BET GASP GASP GRAIL
G46(0) 853 1237 754 817 42 8.3
G46(r) 663 750 586 688 23
G55(c) 727 887 739 790 43
G55(r) 624 665 548 632 21
N36-1(¢) 715 865 768 790 7.1
N36-1(r) 692 809 639 680 3.2
J7(0) 757 965
J7() 663 756
G25-1(r) 712 916

c=core; r=rim; For other abbreviations, see the text.

* Pressure is assumed to be 6 kbar for the temperature calculation.
** Temperatures are assumed to be 750°C and 650°C, respectively, during core and rim growths of garnet.
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olAte] AFANE A2 o] dFR|Fe P-T
A2} AAMERE & £ 951, 7|29 A A
(013213 2541, 1992; Lee and Cho, 1995)9} 3
A Fig. 741 EA85ich A7) WA F=
7163 el Zuiskel Ar|AviekEgtAd] sfs}
o, TEAET-E o) 5 7 EE HEs e #AFE
9| ddolt} ol 5 Fukgt F Al WAStRE
25 @ Mo] FAA o2 Holshz AlAMEF] P-
T A2E BeiFe, Ay oz 7luighe] 23z WA
257} v} LS & 4 vk et g A9
TollAl Bz & H A arg-e] 2ol o]n] o]
wH(1973)¢ 2Jste] 2& g v} lc) =3k A7AY
HE2 BRo) $)x)she AP Gl o] FAH &
41(1992)2 270¢] A= o} P-T 2214 F3}aL o]

olsd

Eo] FUS WA AR o3 du=EE Ao
AZrsde), 2, A A He] st A A S
T2 £XE 33l AsiMe Byl o) &2 P-T
A= Fig. 70l Bejzl ule} o] 2749 A& &
P-T 720 o) A€ & glc}. $% 437183 W
9] 7]HksjtellA AFE = EA Ao HR (o] 321
Z2FA, 1992, 2EAF ZE5, 1993; o d+)
HAx 4 2 de Ar|HvitEgHAsl A4y ¥
Agzhgol] obA oty WA AHEHSS A
Alge). wely A71SRE Ay wHAAA
(metamorphic facies series)2] 7]8tets} 93] ¥
AAHAe] AR S T(AAAN LR d$5d] FEI=
Ze.g., Na, 1978, 1979)& AW epxj o2 Feolv|at
4 9l

14
lm:[ﬂ:[m] Cheongpyeong area
B (Lee and Cho, 1992)

12 2 Grt-Crd geothermometry together
with GASP and GRAIL gecbarometry

[T ™ 7| Grt-Bt geothermometry together

T
This stud

L — — . with GASP geobarometry
10 F
P-T path of the

0 /' Gubongsan Group

- (Lee and Cho, 1995)

P-T path of the
L study area

Pressure (kbar)

300 400 500 600 700 800 900 1000
Temperature (°C)

Fig. 7. Clockwise P-T path of the study area inferred from geothermobarometric data. Dotted and dashed boxes represent
the P-T condition during the growth of cordierite. The reaction (1), Bt + Sil + Qtz = Crd + Grt + Ksp + H0 (P;10=0.5),
is from Holdaway and Lee (1977), while reaction (2), Alm + Sil + Qtz + H,0 = Fe-Crd (Pyo=1.0), is from
Mukhopadhyay and Holdaway (1994). The GASP reaction, Grs + Sil + Qtz = An (3), using the analyzed compositions of
garnet and plagioclase, is from Koziol and Newton (1989). The numbers for each reaction are same as those described in
text. Granite melting curve is adapted from Luth ef al. (1964). Other reactions are calculated from the GEO-CALC
program (Berman, 1988). Mineral abbreviations are listed in Table 1. P-T condition of the Cheongpyeong area (hatched
box; Lee and Cho, 1992) and P-T path of the Gubongsan Group (dashed curve; Lee and Cho, 1995) are also shown for
comparison.
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dAMolA FAM R Holdhe AAWES] P-
T AZE dS553E0) S MAAIsA 2ol
(England and Thompson, 1984). Lee and Cho
(1995)% &3 3To] o572 (intercontinental) &
¥rps= ohS9h ¥ (intracontinental)oj| 18] FAkE-
Zd] o5 ¥AH Aog AUt vpr} ek - A
7157 9] WA A3 fAeiste] sukgk 2 AR
2704 oA fA1%E P-T AR F7HA 84
o] rFestct. AA), A7 HuitE§ael AT
o] Ztz} A7) & deshe AT o)l PAH
A, Az A$ o) F& HARXEE AYAS
7VsAeldh. 4, 24727 WAAN-S op|#
ZAV-Foll o5 r]uietel A HeitEgA e Fd
g A7)oll ALAE S 7FsAdelet. o] A &3
279 FU4y HAAES dogl 2ARFe] vl
A B oz doirsS F3Y £ o, FX
A&7} AFFE] & AN S8 A 5 U
t}, 2, AR Arsaue st ' A9E
T Aubel] ti3k ghAshA 2 "oy xpw7) #5381
of A71&3e] WAALE Y8l el ool Bk
E3] I A7FHT ole S dAESFEAT T
e 2 o=ch= 714 (Yin and Nie, 1993; Ernst
and Liou, 1995)e]] v]3e] Hel 77|82l 7|4t
oF @ AR STl didt x| 72 ML FeAE
7k glow ko2 wr) xpAIg R sk g AA
Adiehy Q7) dAls) 7=

AL AL

2
L

M
t.ﬂ.

£ ojw AdAQ BB & AFHE Y
A, 44, A% w5 ZHARRY o] At ¥
et et B4 7] 247-(94-0703-03-01-3) ol 2J3 #]
Angiel.
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Granulite-facies metamorphism and P-T evolutionary path of cordierite
gneisses in the Cheongpyeong-Yangpyeong area

Yoonho Cho'’, Moonsup Cho' and Seung Ryeol Lee'
"Department of Geological Sciences, Seoul National University, *Korea Industrial Development Co. Ltd.

ABSTRACT : Precambrian metamorphic rocks of the Cheongpyeong-Yangpyeong area, central Gyeonggi
massif, comprise gneiss, schist, quartzite and amphibolite. Mineral assemblages of pelitic gneisses are
characterized by biotite + cordierite + garnet + sillimanite + K-feldspar + plagioclase + quartz together
with minor muscovite, spinel and corundum, and represent the granulite facies metamorphism. In
particular, kyanite occurs as fine-grained relict phase inside plagioclase of three gneiss samples.
Metamorphic conditions are estimated from garnet-biotite and garnet-cordierite geothermometers in
conjunction with garnet-ALSiOs-quartz-plagioclase (GASP) and garnet-rutile-AlLSiO;-ilmenite (GRAIL)
geobarometers. They are 700-850°C and 3.2-8.3 kbar, and 580-690°C and 2.1-3.2 kbar, respectively, when
the core and rim compositions of garnet are used. Garnet of the GASP assemblage increases rimward in
the Fe and Mn contents but decreases in the Mg content, whereas its Ca content does not vary
significantly. Together with the occurrence of relict kyanite and the result of P-T estimates, compositional
zoning patterns of garnet indicate a clockwise P-T history. Moreover, the preservation of high-pressure
minerals such as kyanite in plagiocalse, even after the medium-pressure granulite facies metamorphism,
suggests a rapid change in P-T conditions.

Key words : granulite facies, phase equilibria, geothermobarometry, cordierite, kyanite
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