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Fig. 1. The geologic map of the study area, modified from 1:50,000 geologic maps of Danyang(Won and Lee, 1967), Sang-
kumgok(Shin and Choi, 1968) and Punggi(Lee et al., 1989). GM, Gyeonggi Massif; OM, Ogcheon Metamorphic Belt; T,
Tebeaksan area of the Sobeaksan Massif; G, Girisan area of the Sobeaksan Massif; GB, Gyeongsan Basin.
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Fig. 2. (A) Stromatic structure of the migmatitic gneiss, (B) fibrous sillimanite in the transitional zone of amphibolite to
granulite facies, (C) garnet-cordierite-sillimanite-biotite assemblage in the migmatitic gneiss, (D) plagioclase inclusion within
garnet porphyroblast in the garnet granitic gneiss, (E) orthopyroxene-clinopyroxene-biotite-plagioclase assemblage in the
metabasite, (I) thin layer garnet between clinopyroxene and plagioclase in the Grt-Cpx metabasite. Mineral abbreviation are

modified from Kretz(1973).
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Fig. 3. The metamorphic facies map and mineral assemblages of the study area.
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Table 1. Representative chemical composition of the gneisses in the study area.

Rock type *Mig Gn Mig Gn Grt Gr Gn Bt Gr Gn Grt-Opx Gm. Metaba
Si0, 42.64 69.98 68.04 68.58 50.86 48.03
AlyO4 25.69 15.01 14.96 15.09 19.42 14.83
Fe,Og** 14.74 4.55 6.19 6.54 9.51 13.73
TiO, 1.36 0.80 0.70 0.61 0.92 0.86
MnO 0.12 0.05 0.08 0.08 0.06 0.19
Ca0 1.34 3.02 3.62 1.59 6.49 12.67
MgO 5.86 1.83 2.25 2.03 4.80 7.79
K50 3.17 1.92 1.43 2.76 2.05 0.20
Na,O 1.30 2.64 1.93 2.00 2.96 0.33
P04 0.08 0.06 0.03 0.09 0.83 0.08
LOI 1.63 0.00 0.58 0.65 0.42 0.46
Total 97.93 99.85 99.82 100.01 98.30 99.17

*_ cordierite bearing migmatitic gneiss; Gn, gneiss; Grn, granulite; Gr, granitic; Metaba, metabasite;

** Fey04 as Total FeO+Fe,03; L.O, loss of ignition
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Fig. 4. (A) corundum cross cut spinel within cordierite porphyroblast in the migmatitic gneiss, (B) Corroded garnet and

quartz inclusion in orthoamphibole altered from orthopyroxene, (C) hornblende-orthoamphibole-plagioclase-biotite mineral
assemblages of the metabasites in the amphibolite facies, (D) late stage andalusite which crosscut high Ti biotite.
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Table 2. Representative composition of plagioclase in the study area.

Rock Mgn Mgn Mgn Ggn Ggn Ggn Bgn Bgn Gopx Gopx Goam Goam Mba Mba
Sample 4845-1 4845-1 0252 031 031 031i 4625 4625 014 014 4972 4972 DY1l 4847
Si0O, 6350 6054 60.74 5858 5873 5663 6119 62.87 5792 5377 5632 5593 44.17 4731
TiO, 0.01 - 001 001 0.09 - - - 007 021 - 0.05 - 0.00
ALO; 2276 2429 2407 2627 2574 2719 2401 2330 2645 2950 2740 2736 34.51 33.21
FeO 013  0.07 - - 0.08 0.14 - - 019 010 004 - 041 -
MnO - 005 014 - 0.05 - - - - 0.02 - - - -
Ca0 38 584 616 768 754 938 581 434 809 1169 951 970 1918 1640
Na,0 881 801 766 684 707 622 788 866 663 483 595 587 084 197
K,0 013 020 045 018 0.09 0.08 - - 027 009 003 004 - 0.04
Total  99.17 99.00 9923 9956 9939 99.64 98.89 99.17 99.62 10021 99.25 98.95 99.11 98.93

Cations per 8 oxygens

Si 2821 2717 2722 2624 2636 2551 2739 2794 2601 2425 2544 2536 2.066 2.190
Al 1191 1284 1271 138 1361 1442 1266 1220 1399 1567 1458 1461 1901 1.810
Ti 0.000 0.000 0.000 0.000 0.003 0.000 0000 0000 0.002 0007 0000 0002 0.000 0.000
Fe?t  0.005 0.003 0.000 0000 0.003 0.005 0000 0.000 0.007 0004 0002 0.000 0.016 0.000
Mn 0.000 0.002 0.005 0.000 0.002 0.000 0.000 0000 0.000 0.001 0.000 0.000 0.000 0.000
Ca 0182 0281 029 0369 0363 0453 0279 0207 0389 0565 0460 0471 0.961 0.813
Na 0759 0.697 0.666 0594 0615 0543 0684 0.746 0577 0422 0521 0516 0.076 0.177
K 0.007 0.011 0.026 0010 0005 0.005 0.000 0000 0015 0.005 0.002 0.002 0000 0.002
Xab 080 0.71 067 061 063 054 071 078 059 043 053 052 007 018
Xan 019 028 030 038 037 045 029 022 040 057 047 048 093 0.82
Xor 001 001 003 001 001 001 000 000 002 001 000 000 000 0.00

Mgn, Migmatitic Gneiss; Ggn, Garnet Granitic Gneiss; Bgn, Biotite Granitic Gneiss; Gopx, Garnet-Opx Granulite; Goam, Gar-
net-Oam Rocks; Mba, Metabasite; i, inclusion; Xab=Na/(Na+Ca+K), Xan=Ca/(Na+Ca+K), Xor=K/(Na+Ca+K)
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Fig. 5. Compositional variation of plagioclase in the study
area. The composition of plagioclase in the metapelites and
metabasites belong to oligoclase-andesine and bytownite-
anorthite, respectively.
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Table 3. Representative composition of biotite in the study area.
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Rock Mgn Mgn Mgn Mgn Mgn Mgn Ggn
Sample 4718 4718 4746 4845-1 025-2 4990 031
Location in rim rim matrix matrix matrix matrix

Ggn Ggn Bgn Gopx Gopx Gopx Gopx Goam
031 031 4625 014 014 014 014 4972
matrix rim rim in  matrix rim  rim in

Si0, 3630 3524 3537 3456 33.79 3340 34.93
TiO, 371 349 186 252 323 343 140
Al,O3 1759 1730 1829 17.84 1878 18.51 18.09

Cr05 - - - 024 011 016 0.09
FeO = 1462 1582 20.88 20.28 2240 24.47 1952
MnO - - - 008 013 - -
MgO 1307 1163 842 829 620 471 1051
Ca0 - - - 005 - 009

Na,0 046 028 037 042 044 041 045
K,0 963 935 966 980 968 995 965
Total 9538 93.11 94.85 94.08 94.76 95.13 94.64

34.94 3521 34.64 3565 3499 3585 3528 35.87
221 058 090 341 536 169 058 194
17.61 1843 1872 1600 1501 1642 17.26 16.79

- 0.16 - - 014 003 0.05
19.15 19.24 21 94 18.93 19.98 1873 19.80 18.31

0.03 - 0.53 - - - 0.12
1022 1040 798 1135 10.76 11.83 11.53 11.40
- - - 0.03 - 0.08

049 059 0.29 044 042 035 041 052
9.77 1009 919 898 882 932 941 980
94.42 9470 94.19 94.76 9534 9436 9442 94.76

Cations per 11 oxygens

Si 27706 2.708 2.732 2699 2.646 2.639 2.6%4
AIV) 1294 1292 1268 1301 1354 1.361 1.306
AI(VD) 0250 0274 0396 0340 0.378 0.361 0.337
Ti 0.208 0.202 0.108 0.148 0.190 0.204 0.081
Fe,, 0911 1.017 1349 1325 1467 1617 1.259
Cr 0.000 0.000 0.000 0.015 0.007 0.010 0.005
Mn 0.000 0.000 0.000 0.005 0.009 0.000 0.000
Mg 1452 1333 0970 0.965 0.724 0.555 1.208
Ca 0.000 0.000 0.000 0.004 0.000 0.008 0.000
Na 0.066 0.042 0.055 0.064 0.067 0.063 0.067
K 0916 0917 0.952 0976 0.967 1.003 0.949
Xre 039 043 058 058 067 074 051

2,700 2715 2711 2730 2685 2.757 2.728 2.749
1300 1.285 1.289 1270 1.315 1243 1272 1.251
0303 0.388 0.436 0.173 0041 0244 0.300 0.264
0128 0.034 0.053 0.196 0309 0.098 0.034 0.112
1238 1.241 1436 1212 1.282 1204 1281 1.173
0.000 0.010 0.000 0.000 0.000 0.009 0.002 0.003
0.002 0.000 0.035 0.000 0.000 0.000 0.008 0.000
1178 1195 0931 1.296 1.231 1356 1.329 1.302
0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.007
0.073 0.088 0.044 0.065 0.062 0.052 0.061 0.077
0.963 0.992 0917 0.877 0.863 0.914 0.928 0.958
051 051 061 048 051 047 049 047

Same abbreviations in Table 1 are used. in, inclusion of garnet or Opx; rim, contact with garnet; XFez +/(Fe2+ +Mg).

J. Petrol. Soc. Korea



FNAY At HolehE3A o] wisi b WA g - B A AbS3] 9] bl stel XA - 191

1-5 1 T T ¥ 0-4 T L 7 T T
1.4 ['g- A i
0.3}
Po S o A
; 134+ %30 R v
= o F o2 v ¥ouh 1
< 42} -4 ? ] lh,
il | 01} K% 2 5 5‘1 .
A %cﬁ“
1'%.3 04 05 06 07 0.8 °‘°o.o 01 02 03 04 05 08
Fel(Fe+Mg) Al(VI)

@ : Migmatitic Gn(m), ®©: Grt Gr. Gn(m), 4 : Grt-Opx Granulite(m), < : Bt Gr. Gn{r),
O : Migmatitic Gn{r), O :Grt Gr. Gn(r), 4 : Grt-Opx Granulite(r), §

Fig. 6. Fe*/(Fe?* +Mg) vs Al(IV) and AI(VI) vs Ti of biotite in the study area. The composition variation of biotite shows
slightly different due to the rock chemistry. Ti contents of biotite inclusion(in) of the garnet and orthopyroxene and matrix
biotite(m) are higher than that of biotite contact with garnet(r).

[ & : Migmatitic Gn(in), @ : Grt Gr. Gn(in), V : Grt-Opx Granulite(in}, v : Grt-Oam,

of FEHAA o) el TABIAY FEEE A R WA FuM WeEE WA = A

Moz wolgle-e gk, Aen)3aE RN AL 1202 BEsksielc
(Table 4). lwtetol 4 uletet 54 37t
Mma A FeijklA dehde AFAS 27 Almpg

Prp17.255p80.4Grsy 4, Almgg 79Prp14 275psy 4Grs35
MFAL ulanjele| EA HAnpetzt MFA 3} o2 azgelel AsMEl ghgpe] B amld A
st Hviglell A 510 mme] WHPHA S o] FH & FAol} 22w 3Pshal vk Almgg 74Prpg.

Table 4. Representative composition of garnet in the study area.

Rock Mgn Mgn Mgn Mgn Mgn Ggn Ggn Bgn Bgn Gopx Gopx Goam Goam Mba Mba
Sample 4845-1 4845-1 025-2 025-2 4718 031 031 4625 4625 014 014 4972 4972 DY11 4842-1
core  rim

Si0, 3790 3735 36.64 3638 37.19 37.90 3691 3629 3642 3749 37.89 37.29 3733 37.01 36.62
A1203 2141 2123 20.79 2067 21.02 21.73 2091 2098 20,54 21.52 2145 20.79 21.37 2053 20.44
FeO 3228 33.61 3578 36.06 34.61 30.65 33.82 3299 2867 30.74 3045 33.13 30.79 28.44 26.86
MnO 018 036 118 296 058 068 171 625 1137 099 090 179 177 444 591
MgO 637 591 318 167 475 661 38 216 140 620 7.00 410 538 214 1.66
Ca0 077 093 104 100 073 175 136 115 109 208 18 199 193 6.99 7.78
Na,0 038 033 041 030 026 020 053 - 025 040 047 034 019 - 0.34
Total 9929 99.72 99.02 99.04 99.14 99.52 99.09 99.82 99.74 99.42 100.02 99.43 98.76 99.55 99.61

Cations per 12 oxygens

Si 2993 2.951 2966 2979 2983 2973 2966 2952 2974 2951 20951 2.986 2.980 2.978 2.940
AlIV) 0.007 0.049 0.034 0.021 0.017 0.027 0.034 0.048 0.026 0.049 0.049 0.014 0.020 0.022 0.060
AIQ’I) 1983 1.926 1947 1.973 1.968 1.980 1944 1963 1.950 1.946 1918 1946 1989 1.924 1.873
Feft 2132 2221 2422 2470 2321 2010 2273 2245 1958 2024 1983 2218 2.055 1914 1.804
Mg 0.750 0.696 0.384 0.204 0568 0.773 0461 0262 0170 0.728 0.813 0.489 0.640 0.257 0.199
Mn 0.012 0.024 0.081 0.205 0.039 0.045 0.116 0.431 0.787 0.066 0.059 0.121 0.120 0.303 0.402
Ca 0.065 0.079 0.090 0.088 0.063 0.147 0.117 0100 009 0175 0.155 0171 0.165 0.603 0.669
Na 0.058 0.051 0.064 0.048 0.040 0.030 0.083 0.000 0.040 0.061 0.071 0.053 0.029 0.000 0.053
Xam 072 074 081 083 078 068 077 074 065 068 066 074 069 062 0.59
Xpp 025 023 013 007 019 026 016 009 006 024 027 016 022 008 007
Xgrs 002 003 003 003 002 005 004 003 003 006 005 006 006 020 022
Xgps 000 001 003 007 001 002 004 014 026 002 002 004 004 010 013
Xre 074 076 086 092 080 072 08 09 092 074 071 082 0.76 088 090

Same abbreviations in Table 1 are used. X, Fet/(Fe?*+Mg+Ca+Mn); Xprp Mg/(Fe’* +Mg+Ca+Mn); Xg Ca/
(Fe** +Mg+Ca+Mn); Xgps, Mn/(Fe?* +Mg+Ca+Mn); Xg, =Fe?*/(Fe?* +Mg).
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Xprp Of core part higher than that of rim part in the garnet
granitic gneiss. Garnet in the migmatitic gneiss is difficult
to discern between core and rim by retrogade metamor-
phism.
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2 zhashes dabel adn ojegt A2 AN
HulEete| & x| wWgiehake] HA Aol ¥ FE
Al AR EE Y rdlrERE AAEH
(Tracy, 1982).
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Fig. 8. Photomicrographs(A) and compositional profiles(B)
of the garnet granitic gneiss sample 031. Toward the rim,
Xpe and Xy, are increased whereas X, is decreased by
the retrogression process.
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Table 6. P-T condition of the migmatitic gneiss and granitic gneiss.

. Grt. Gr. Bt. Gr.
Rock Type Mig. Gn. Gn. Gn.
Sample 4845-1 025-1 031 4625
c-C r-r Cc-C r-r in r-r r-r r-r I-r
Grt Xum 072 076 082 082 068 077 079 074  0.65
Xpp 025 021 013 012 026 016 014 009 006
Xgps 001 001 002 003 002 003 004 014 026
Xge 002 002 003 003 004 004 003 003  0.03
Bt Xpe 049 046 053 052 . 047 045 043 050 050
X5 003 002 007 004 004 003  0.00 002  0.02
Xaqvy 016 020 014 017 010 012 014 015 016
Pl Xan 027 028 . 029 030 045 038 037 021 021
Crd Xpe 0.28 0.47
Spl Xpe 0.90
aP(kb) 7 5 7 5 7 5 5 5 5
T(°C) 872 776 728 678 832 633 572 567 500
aT(°C) 850 750 750 650 850 600 550 550 500
PKN(kb) 7.1 6.1 7.0 6.0 8.2 5.0 4.7
PH(kb) 3.0 1.8
TIWQoCy 916 - - - 866 726 - 597 498
PTWQ(kh) 6.6 - - . 7.5 4.8 - 44 2.3

¢, core; 1, rim; in, inclusion; aT, assumed Temperature; aF, assumed Pressure.
KN, Koziol and Newton(1988); H, Hoisch(1990), TWQ, TWEEQU(Berman,1991).

10

Migmatitic Gneiss ; g?,"‘:g,:?;ls« f"'“,,
Sample: 4845-1 3 Phi+35il = 35pH3Qtz+Sa+H20
9 1 CKMASH system 4 Prp+25d = 35pi5Qz
5: 108#+5Grs+Crd = 15An+25pl
. 6: SPhi+156i = 8Spl+5Sa+3Crde5H20
| &9 7. 2Phi9Qtz+6SH = 282+3C+2H20
8 8: 26i+Prp = Crd+Spl
9; 2Prp+5QIz+4Sil = 3Cnd
916C 10; 9Sil+Phi+3Grs = SAn+Sa+35phH20
7 6.6kb 11: 3Gra+2Sa+9QMz+6SpH2H20= 2Phl+9An
12: 12Si+Prp+5Grs = 15An+38pl
8 13: Grs+60tz+35p! = Prp+3An
14: 5PhISSI = BSpie3Prp+5Sa+5H20
6 15: Pri+2Qtz+Sil = Prp+Sa+H20
. 16: 25a+3Prp+2H20 = 3Spi+Qtz+2PhI
17: 3Crd+9Grs+288+125il+2H20 = 2Phi+27An

Pressure (kb)

) 18: 9Crd+15Grs+10Sa+12S8pi+10H20 = 10Phl+45An
5 19: 3Crd+3Grs+2Sa+2H20 = 6Qtz+2 Ph+9An
4 ) | 20: 3Crd+5Grs+65i = 2Prp+15An
21: 15An+5Pmp = 3Spl+5Grs+6Crd
4+ 18 22 6An+2Prp+3Qtz = 2Grs+3Crd

23; 3Sil+8Prp+5Sa+5H20 = BCrd+5Phi
24: 10Sa+15Prp+3Spl+10H20 = 10Ph+3Crd
25: 4Sa+6Prp+4H20 = 3Qz+4Phi+3Cnd
3 1 26: 3Si+Prp+Sa+2Grs+H20 = 6An+Phl

27; 35pi+3Pp+4Sa+3Grs+4H20 = 9An+4Phi
28: Grs+2Sa+2Pp+2H20 = 3Qtz+2Phk3An
| | { | 29: 4Pp+28a+3An+2H20 = 3Crd+Grs+2Phl

200 400 600 800 1000 1200
Temperature (C)
Fig. 10. TWEEQU results for the migmatitic gneiss sample 4845-1 calculated using chemical compositions of garnet, biotite,

cordierite, spinel and plagioclase in CKMASH system. P-T condition is calculated from INTERSX program of Berman(1991).
Numbers indicates the equilibria in this rock.

NRe) 2] WA WS AMANE FAG A TWEEQUE o|-43te] CKMASHAS) sl A2
242 %3 Qo] AFA FURS AR & T A3 8CEIKbS] LEUHS TFakact
240 me AN HAARE Sl (Table 7, Fig. 12). Harley(19849)2) A 74 Api-3i4
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Table 7. P-T condition of the garnet-Opx granulite and garnet-Cpx metabasites.

Rock Type Grt-Opx Grt-Opx Grt-Cpx
Sample 014 014 4842-1 DY11
in I-r c-C c-C I-r r-r r-r rr
Grt Xam 068 069 0.66 0.66 0.56 061 062  0.62
Xpp 024 024 027 027 : 0.04 0.06 007 008
Xgps 002 005 0.05 0.05 0.27 023 020 020
Xore 006 001 0.02 0.02 0.13 010 010 010
Bt Opx Cpx
Xpe 045 042 Xps 0.72 0.70 0.26 029 066 066
Xg 011 007 Xgn 0.28 0.30 0.25 026 034 034
Xuqy 001 006 Xwo 0.00  0.00 0.48 045 000  0.00
Pl Xan 0.40 040 042 0.97 090 093 093
aP(kb) 6 6 6 6 5 5 5 5
T(CC) 755 722 THaocy 761 751 TEGC) 607 655 620 682
T2(°C) 899 897 TPC) 750 689 649 771
aT(°C) 700 700 800 800 700 700 700 700
PHkb) 62 PE(kb) 8.4 8.0 PEGD) 2.0 32 2.1 3.1
PPMEkh) 59 5.7 PPkb) 1.8 3.0 1.8 2.8
PPFekh) 5.9 5.7
TIWQec) 826 812 635 694 650 707
P™WAwh) 63 6.1 4.7 53 41 49

¢, core; I, rim; in, inclusion; aT, assumed Temperature; aP, assumed Pressure.
Ha, Harley(1984); EG, Ellis and Green(1979); D, Dahl(1980); H, Hoisch(1990); B, Perkins and Chipera(1985);
E, Eckert et al.(1991); Po, Powell(1985); TWQ, TWEEQU(Berman,1991).

10 10
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Inclusion P-T condition Rim P-T condition

8 8 - )&
= 7 = 7 B
x = L
g ¢ g°
2 7] 726°C
s 25 4.8kb

| =8

a a 5

4 4

1; 3Sil+Kfs+2Grs+Alm+H20 = Ann+6An
1 2: Grs+2Kfs+2Prp+2H20 = 30tz+2Phi+3An
3 3 3; Kfs+Prp+H20 = Sil+2Qtz + Phl
4: 28il+Qiz+Grs = 3An
1: 3Si+Kfs+2Grs+Alm+H20 = Ann+6An 5: 2Alm+Grs+2Kfs+2H20 = 3Qtz+3An+2Ann
2r 2: Grs*2Kfs+2Pm+2H20 = 30iz+2Phi+3An 2 §: Kis+AIm+H20 = Ann+ 2Qtz+Sit
3: Kfs+Prp+H20 = Sil+2Qiz + Phl 7: Phi+Alm = Ann+Prp
| | 4: 28il+ =3An 1 | 8: 3Sil+Prp+Kfs+2Grs+H20 = 6An+Phl
1
200 400 600 800 1000 1200 200 400 600 800 1000 1200
Temperature (C) Temperature (C)

Fig. 11. TWEEQU results for the garnet granitic gneiss sample 031 calculated using (A) chemical compositions of biotite
and plagioclase inclusion and adjacent garnet in CKMASH system, (B) rim compositions of garnet, biotite and plagioclase in
CKFMASH system. P-T condition is calculated from INTERSX program of Berman(1991). Numbers indicates the equilibria
in this rock.

2] &-A) 9} Perkins and Chipera(1985a, b)2] AF-4- =418S Ro|3 gl =3 HFAo] EHEeig]
ARbEA A S o]gsle] AAE 2EE 761°C Feuel I AFH A ¥ £xEx
/5.9kbZ TWEEQUS] Z3}e]l ulaje] ofzk B & 755°CE A wikdt &8 Hol 23 AH3lA| o
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9 |~ | CFMAS system

1:Grs+2Pp+3Qz=6En+3 An
8 [23En+Am=3Fs+Pmp
3:3Qz+Grs+2Am=3An+6Fs

3 7 e )

e - Fd

© 8}

5 "84T/

@ 5l 5.3kb T

I ®-
o L-

3 | Grt-Cpx Metabasite
Sample: 4842-1( (7 ),DY11(A)
CFMAS system

/ 1 I 1

4 26re+Prp+aQu = 3Di3AD
§: Alm+3Di = Prp + 3Hd

200 400 600 800 1000 1200
Temperature (C)

1 s:lAlmfzerv[aotz:stlrIaAq

Fig. 12. TWEEQU results for the garnet-orthopyroxene
granulite(sample 014; solid line and filled circle) calculated
using core composition of garnet, orthopyroxene and plagio-
clase and garnet-clinopyroxene metabasites(dashed line,
representative equilibria; 4842-1, open square; DY11, open
triangle) calculated using rim compositions of garnet, pyrox-
ene and plagioclase. P-T condition is calculated from
INTERSX program of Berman(1991). Numbers indicates
the equilibria in this rock.

= AR APEEA S o] 4T 228 = AXE
A= 4 lS-E A3

AT AR AR A g 9] FERFHE o F
= WG 1Ak AlE 4842-1¢F DYl e}
e}, TWEEQUE- o] 83| AAkEl AJE 4842-19]
L5912 635-694°C/4.7-5.3 kbe]n] A& DY11¢]
L% 912 650-707°C/4.1-4.9 kb2 SAMSE A&
x| A1 ghch(Fig. 12). Ellis and Green(1979)2] 474
SIAEA =]-2A4) 2} Eckert et al.(1991)2] AFA -5
AL AP ZSHA| S AMSste] AlAbE H 4]
B 4842-13} DY11®] &%=-943-& 7}7} 607-655°C/
2.0-32kb%} 620-682°C/2.1-3.1 kb= TWEEQUS
Aol nvlsle] ol wAIdIAG] Me]e) AAL
H =41 s gl 3o IS A4
3l Fue) I8 B FEMAYAE dX3
o}, ghAbg Mol FExog wAS ol ZhAA 3}
H REF AsllA FE37] E A0 2E ¢l
o A EE AN 2GS o] 83l AARS
& A, A A T AP A e-AgAL] A
e o ¢4EHE BolAl o= of3 WAMEA
£ H3l] L2 AlAbsle] okslv). 7AiM sle
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Fig. 13. PT condtion and infered P-T path of the north-
western part(dotted arrow) and southwestern part(bold
arrow) in the study area. The peak metamorphic conditions
of the study area and Girisan area(Song, 1999) show the
similar range(800-900°C/6-7 kb) although slightly broad
temperature range(750-900°C). Retrograde metamorphism
due to tectonic denudation(TD stage) and/or erosional den-
udation had reset the P-T condition to 600-700°C/4-5kb as
low pressure metamorphic condition and thin layered gar-
net between clinopyroxene and plagioclase in the metaba-
site was grown in the isobaric cooling stage(IBC stage).
Finally, retrogression process has continued to andalusite
stability field in the northwestern part(late andalusite stage,
LA stage).

AR AP A A A FE )
2% 3PEA Hnrjglell M= HFA Y AlEo)
3] AgHHoln] AsM" ko] wi$- o} HE
g HARIAE $5=31717) AL ol 55 AFH-
-7 9w AP FEZFS AT 9= Al
B 46259] EX2E TWEEQUe| 483 23} 498-
597°C/2.3-44kbE Ho]m AMFAM-Eem A 9}
AT -E-FEAPA A9 (Hoish, 1990)5 <]
sled Alalgt A3} 500-567°C/1.8-3.0kb & ®H<lch
(Table 7). ©]8j3t £x=512 u|avlelo| EA #Hu}
3k HFA sk ivjglel] wlste] e WA
P2z AsME o] & HFANA dAys}
= 25d 7FsAd el Fot A EAI7E Qleh

Eo| 9l @&

ARSI A B9 Eetol EA] s
A3 WS BT W) Eetol B} R
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T Eeto| EAS AX= FEEAga4-g e e
2 od=iA SldvHel Tt ¢, 1981; oAkt 713
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Granulite facies metamorphism of the Punggi area
in the Sobeaksan Gneiss Complex
-Crustal evolution and environmental geology
of the North Sobeagsan Massif, Korea-

Yong Wan Kwon!, Eui Sheol Shin?, Chang Hwan Oh3, Hyung Shik Kim! and Ji Hoon Kang*

1Dept. Earth & Environmental Sciences, Korea Univ,, Seoul, Korea,
ZKorea International Cooperation Agency,
3Dept. Earth & Environmental Sciences, Chonbuk Univ,, Chonju, Korea,
“Dept of Earth & Environmental Sciences, Andong Univ, Andong, Korea

ABSTRACT : The Sobeaksan Gneiss Complex in the Punggi area is composed of mainly migmatitic
gneiss, porphyroblastic gneiss, garnet granitic gneiss and biotite granitic gneiss. Metamorphic grade
increase gradually from the amphibolite facies of northwestern part to the granulite facies of south-
western part in the study area. Representative mineral assemblage in the amphibolite facies is
biotite-muscovite-K-feldspar-plagioclase+ garnet + epidote, needle shape or fibrous sillimanite occur in
transitional zone from the amphibolite facies to the granulite facies. In the granulite facies, the gar-
net-Opx granulite shows garnet-orthopyroxene-biotite-plagioclase, the metabasite shows clinopyrox-
ene-plagioclase+ hornblende* orthopyroxene+ garnet and the migmatitic gneiss shows garnet-biotite-
sillimanite-cordierite + spinel as representative mineral assemblage. Retrograde metamorphism after
the granulite facies metamorphism made corundum and andalusite in the migmatitic gneiss and the
thin layer garnet between clinopyroxene and plagioclase in the metabasites. The peak P-T conditions
of the migmatitic gneiss and the garnet-Opx granulite are 916°C/6.6 kb and 826°C/6.3 kb, respectively.
The P-T condition of biotite and plagioclase inclusion, which indicates the progressive condition of the
granulie facies, within garnet is 866°C/7.5kb and that of rim composition of garnet and biotite is
726°C/4.6 kb, which infer the clockwise P-T path of the granulite facies metamorphism. The temper-
atures calculated by the rim composition of garnet and biotite in the migmatitic gneiss and garnet
granitic gneiss have a wide range of 556-741°C, which indicate that the retrograde metamorphism
after the granulite facies metamorphism has effected differently. It is difficult to determine the P-T
condition of the hiotite granitic gneiss because less occurrence and higher spessartine content of gar-
net. The P-T condition of the thin layered garnet between clinopyroxene and plagioclase in the
metabasite is 635-707°C/4.1-5.3 kb. This texture indicates the isobaric cooling(IBC) condition of the
retrogressive metamorphism. As a result, the metamorphic evolution of the Punggi area has under-
gone the isobaric cooling after the granulite facies metamorphism which has undergone the clockwise
P-T path.

Key words : Punggi, Sobeaksan Gneiss Complex, granulite facies, clockwise P-T path, isobaric
cooling(IBC)
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