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Metamorphism of the Meta-Sedimentary Rocks in the
Osu-Jinan Area, Cheonrapuk-Do, Korea*
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ABSTRACT : Precambrian metapelites and metapsammites of the Jinan-Osu area (so-called Seologri and Yongamsan
Formation) consist of black slate, phyllite, mica schist, quartzite and rarely calc schist. They are intruded by Sunkagsan
granite gneiss, Foliated granodiorite, Amphibolite, Sunchang foliated granite and Namwon granite. Mylonite texture,
crenulation cleavage and minor shear zone are common. The meta-sedimentary rocks include various rock-fragments xe-
noliths in size (up to 3 cm) and rock-type. They have various porphyroblastic spots in size (up to 1 cm) and their min-
eral composition is different. The xenoliths are schists, granite and quartzite, which are rectangular or lens form and re-
crystallized muscovite, chlorite and quartz. Spots are andalusite and biotite aggregates extensively replaced by chlorite.
The metamorphic terrain is divided into three zones of progressive metamorphism on the basis of mineral assemblage.
They are chlorite zone, chloite-biotite zone and andalusite-biotite zone ascending order, from west to east approximately.
Isograd reactions are phengitic muscovite + chlorite = less phengitic muscovite + biotite + quartz + H,O and muscovite +
chlorite + quartz = andalusite + biotite + H,O between the chlorite zone and chlorite-biotite zone, and between the chlorite-
biotite zone and andalusite-biotite zone, respectively. Sample B6 (exposed near the Obong-ri) includes staurolites and
greenish biotites, that is different in mineral assemblage and chemical composition from the meta-sedimentary rocks.
Sample A12 (exposed near the Shinam-ri) has greenish white spots (up to 1 cm in diameter) mainly composed of K-

feldspar, quartz and sillimanite replaced by muscovite.

M oA

o Ao 2HE WHEE AT WL YT
24g Aol RESE AAHALTI B3PS WY
£2 delsi gtk o] A7 Ashe A ugAe W
Q&S olsheht 712487k @ Rolch. o WA H e
FE YUT 5N FRAAE WA Xt A 3
4Km), %5 WY @A BFoze FE) 1 2E
o] Zo| ZojEr. Rolol MHHALRE F2 UYFS
FAdes F4sel o ayel APANALE 5

*ReF0) wER VxyEAdFA gadFaAy] (BSRI-
95-510)¢F tdArel FmEhAld 5F712ATY] (9%6-
0703-06-61-3)l|l 1 F-EH o2 2|9 Wk

* zAgtn A3t w &3 (Dept. of Earth Sciences Edu-
cation, Chosun Univ., Kwangju 501-759, Korea)

*x Adjsty 2 @eka} (Dept. of Geology, Chonnam Na-
tional Univ., Kwangju 500-757, Korea)

163

gt} APzl e FAYYEE SS9
BRo Mdegzoz W% dt) 1EA (1970) 2
RS 2uligIe] TAUR TFAA HAAE +
o, 197330l B35 LAFJN] FALFE
g3l dusigint. gm0 /duh (1988) AWARS:
Az pREArh 1:25% AdE AFEE (1973) X
2 ARE At ESH o &3t HY (PCso)2
2 FEPgon 1:59% LFEE (AFE F 1984)3 e
EZ (AFE, ol FE, 19840 E o1& a2 WolE
olm o, £AEE (M3Ql, 1966)dMe HFE
FY Ao Fasl] 2AFFUR FHFHUh 1
Ao ¥ (BE$ 5, 1995) M= SHEIHE 7
Aste 5 o] A& Utk o] oHFel AAF2A
o &2&E wEle AL o] MEel i T/ AXA.
A o ohye), ddSI e} SHEIY Alele] HAE
waks) & $a% 9t 8 AR Algdrt



164 I - BEF A

B Al dig RSN dpe A (1970), AN wER e Fld BYE g dadgedl 9
Kim (1973), ©]/33F (1980, 1987) ol 2Jaf o] FolH o, & 7t HEZudirgel s Y€ AP oz FA
284 (197002 SAFIU) A& AibgeletE gt gt Edo] MAEAgRe] TAFE FM 2
AL FoM HANE ATt a0l oahd Boe] ¥y TE (FAE 5 1984)- e AR 2N, Ay
HAGRE &%, gEo] 7MY 22 A zonedll 4310 24| 4 = (1995)2 2 Eo|=8 B1udtn glo] WAt
FE2A WBeR, SN (gt HERAM TR A7 A e ZPsta ot
AE)E St oA (1980)2 XAk de] WMA A&

o] AFol|A 330 A FAAHAEE VY-S B XENR

31, E GESHY AubAel Mg AT (1987)M e

o] Wlen-= -2 (59)E FE k= =4 Fig. 1& d7x99 AF2A 93 (a; FLF 5,
Hebde MAEE Uehle Zlog Bl 1995)8} A gjAt&H 8 FA sk A, ST X &S

o] MAEHAYR FEAYN sl GY=E YHebd =9 (b))% 7RG99 AR ()& FAso gl
(BEE, oldF, 1984)0M e HLF el HFAo & o}, Bodo] rjutete) Eewsltuniole A7 Hew
ol A B0 ¢4 =, uiFF 500°C, 6-8KbY] & s} o de] Bxats, gHza o gddst s
A AE Aoz Y7t £ BYFole FAE SdAdozA NGNS ERHo7 T3 (3
FEQA AR Z MR A olelo] 475z Fg Mol T8 5, 1984; A&F, A3, 1988) A Zh4tsitd v,
A gl uet FEEctn 7l e, EERHT 9 G el el Eota 24 ol ofs) et

(A)

North China

Platform -
1. Imjingang belt

2. Kyonggi Massif

3. Okchon fold belt
4. Ryongnam massif
5. Kyongsang basin
6. Pohang basin

Il PROTEROZOIC
E== ARCHEAN

i T LT Namwon granite
SO0 Sunchang foliated granite
AR Foliated granodiorite
4+ o+ 4 (Amphibolite)

+ + + + + + + [F_3 Sunkagsan granite gneiss
+ o+ k4 i

R Metasedimentary rocks
+ o+ o+ o+

Ao e, Biotite granite gneiss

Fig. 1. (a) General sketch map of the Korean peninsula showing major tectonic provinces. (b) Simplified geologic map of
southwestern part of the Ryongnam massif (so-called Jirisan gneiss complex, modified after “geologic map of Korea”, 1995).
(c) Geologic map of Jinan-Osu area {modified after Kim, 1984 and Kim, 1990)
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Fig. 2. Photographs showing: (A) Elongated schist xenolith in the cutted rock surface (sample B11), (B) Various size of schist
rock-fragments xenoliths in rock surface (sample B89), (E) Andalusite porphyroblasts in weathered rock surface and (G) Green-
ish white spots in cutted rock surface (up to 1cm in diameter, sample A12). All scales represent 1 cm. Photomicrographs (X
20) showing: (C) Recystallized xenolith rimmed by chlorite (Chl) and biotite (Bt) (sample B29, open nicol), (D) Recrystallized
schist xenolith (sample B13, closed nicol), one side of rim altered with chlorite (Chl) along the cleavage crack and remnant
side is recrystallized by quartz (Qz) and biotite (Bt), (F) Andalusite (And) porphyroblast with biotite (Bt) (sample B26, open ni-
col), (H) Small niddle form of sillimanite psudomorphs in K-feldspar (Kfd) of the greenish white spots (sample A12, closed ni-
col), (I) Biotite aggregate extensively replaced by chlorite (Chl) and elongated quartz (Qz) grains (sample A20, open nicol),
and (J) Elongated staurolite (St) porphyroblast with biotite (Bt), magnetite (Mt) and tourmaline (Tou) (sample B6, open nicol).
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Table 1. Representative analyses of biotites.
CB Zone AB Zone

B6-1 B6-2 Bl10-1 BI0-2 A20-1 A20-2 B29-1 B29-2 Bl-1 Bl-2 Al2-1 Al12-2 B26-1 B26-2
Sio, 3485 3439 3563 3773 3551 3533 3479 3505 3409 3473 3476 3457 3443 3462
TiO, 1.44 125 1.70 1.80 1.71 1.66 1.57 1.65 2.32 2.40 2.77 2.64 2.56 2.64
AlLOs 1872 1797 1778 1666 1861 1936 1870 1825 1894 1869 1780 1801 19.04 19.29
FeO* 2135 2209 1862 1706 1867 1775 21.17 2166 2031 2010 21.77 2186 19.63 20.13
MgO 8.85 923 1163 1236 942 956 943 9.49 9.80 9.64 8.65 8.40 9.47 8.86
MnO 0.18 0.07 0.19 0.15 0.14 008 0.08 0.09 0.09 0.10 0.27 0.25 0.24 0.27
Ca0 0.03 0.03 0.05 0.04 0.09 0.09 0.01 0.01 0.01 0 0 0 0.01 0.03
Na,0 0.24 0.13 0.09 0.07 0.04 004 007 0.07 0.13 0.11 0.05 0.08 0.24 0.21
K0 9.00 9.16 8.74 8.73 7.97 7.50  9.14 9.05 8.40 8.67 9.34 9.45 8.79 8.44
Total 9466 9432 9443 9460 9216 9137 9496 9532 9409 9444 9541 9526 9441 9449

Cation per 22 Oxygens

Si 5393 5377 5440 5680 5511 5492 5362 5391 5269 5342 5367 5354 5296 5318
Al 2607 2623 2560 2320 2489 2508 2638 2.609 2731 2658 2633 2464 2704 2.682
Al™ 0808 0688 0640 0636 0925 1.040 0759 0699 0719 0730 0607 0640 0750 0811
Ti 0168 0147 0.195 0204 0200 0194 018 0190 0270 0278 0321 0308 0296 0.305
Fe™ 2763 2888 2378 2148 2424 2308 2729 2786 2624 2586 2.810 2831 2526 2.586
Mg 2041 2150 2648 2775 2179 2214 2167 2177 2256 2211 1990 1938 2173 2.030
Mn 0023 0010 0024 0020 0018 0010 0010 0012 0011 0014 0035 0033 0032 0.035
Ca 0.005 0005 0007 0006 0015 0014 0001 0002 0002 0.001 0 0 0002 0.005
Na 0072 0040 0026 0019 0013 0011 0019 0021 0038 0032 0015 0024 0072 0062
K 1776 1827 1701 1677 1577 1488 1798 1777 1656 1700 1839 1867 1726 1.653
Mg' 0425 0427 0527 0564 0473 0490 0443 0439 0462 0461 0415 0406 0451 0.440

Mg'; Mg/(Mg + Fe), Total Fe as FO.
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Fig. 4. Compositions of biotite, plotted in terms of Mg/(Fe+
Mg) and Ti. Open and closed symbols represent AB zone
and CB zone samples, repectively.

Table 2. Representative analyses of muscovites.
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CB Zone AB Zone

B6-1 B6-2 Bl10-1 B10-2 A20-1 A20-2 B29-1 B292 B1-1 Bl-2 Al2-1 Al12-2 B26-1 B26-2
Si0, 4584 4603 4637 4649 4670 4623 46.05 4642 4633 4612 4610 4582 46.62 46.84
TiO, 050 040 068 073 022 016 005 029 113 110 068 070 003 004
Al,O; 3451 3498 3481 3491 3516 3607 36.62 3550 3529 3587 3537 3599 3584 3599
FeO* 300 278 083 108 111 109 099 129 092 106 116 1.09 151 1.52
MgO 065 057 088 088 050 0.64 045 072 065 059 056 049 070 085
MnO 0 009 007 001 0 0.05 0 0 0 0 0 0 0 0
Ca0 002 001 0 0 019 0 003 001 0 013 0 0 003 004
Na;O 096 090 052 043 144 108 111 066 061 064 028 04 117 111
K0 979 980 1010 1041 876 958 950 1004 992 1004 1051 1021 930 9.10
Total 9528 9556 9426 9494 9408 9490 9480 9493 9495 9555 9466 9474 9504 9549

Cation per 22 Oxygens

Si 6112 6.112 6196 6.184 6224 6.144 6.107 6166 6145 6.097 6.151 6101 6.150 6.161
Ti 0.050 0.040 0068 0073 0022 0016 0005 0.029 0113 0.109 0.069 0070 0.003 0.004
Al 5424 5474 5483 5474 5524 5.626 5725 5558 5534 5589 5563 5560 5593 5580
Fe™ 0302 0278 0.083 0108 0.111 0108 0099 0129 0091 0.105 0.117 0109 0.150 0.150
Mg 0.129 0112 0175 0714 0099 0125 0090 0142 0129 0.116 0111 0.09 0.139 0.167
Mn 0 0010 0008 0.001 0 0.005 0 0 0 0 0 0 0 0
Ca 0.002 0.001 0 0 0028 0 0.004 0.002 0 0002 0 0 0.004 0.005
Na 0.248 0231 0135 0.110 0371 0278 028 0169 0.156 0.164 0072 0113 3.000 0.282
K 1.665 1.661 1722 1767 1490 1617 1.607 1701 1.678 1693 1790 1734 1571 1.527
Mg' 0299 0287 0.678 0617 0471 0536 0476 0524 0586 0526 0487 0468 0481 0527
Na' 0.130 0.122 0073 0.059 0199 0147 0151 0.090 0.085 0.088 0.039 0061 0.160 0.156

Total Fe as FeO, Mg' = Mg/(Mg + Fe), Na'=Na/(Na+K)
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Table 3. Representative analyses of chlorites.

1
Fa98 Aoz A8, A4 9 4245 3
wt.

A& B6Z H9| o] 53] w3 (2.5~3. %), Si, B1 A20-1  A202 B29-1 B29-2
Al (mol%)Te] AAAAT 2 AEdes UE ASS Si0; 2442 2402 2388 2443 2503
BaoZr} (Fig. 63} 794 A o2 Bojz HE) EXg TiO, 0.13 0.05 0.06 0.05 0.09

AlLO, 21.55 23.03 22775 2249 2172
FeO* 26.34 28.05 2723 2645 26.74

05 . i . . . MgO 13.37 13.44 1391 13.99 14.36
'I&‘\\ A BO6 MnO 0.15 0.18 0.21 0.24 0.20
t S = B10 Ca0 0.02 0.01 0.03 0.04 0.03
Laa s Bao Na,0 0.00 0.00 001 001 0.02
04f 1 Y A B0l ] K0 014 002 000 003 000
oA o A12 Total  87.12 8880 8808 8773 8819
Fe+Mg o B26 1
° Cation per 20 Oxygens
03 q Ju = T Si 5.247 5.074 5.072 5.184 5.823
0o Om 4 Ti 0.022 0.007 0.010 0.008 0.014
A 2o Al 5.459 5.735 5.697 5.627 5.405
02} o e * 1 Fe* 4913 4955 4838 4694 4721
Mg 4.283 4233 4.406 4.426 4.519
] 1 Mn 0.027 0.032 0.038 0.043 0.036
0.1 . 1 . 1 . Ca 0.005 0.003 0.007 0.009 0.007
6.0 6.1 . 6.2 6.3 Na 0.000 0.000 0.004 0.003 0.009
Si K 0.038 0.005 0.000 0.009 0.000
Fig. 6. Compositions of muscovite, plotted in terms of Si Mg' 0.466 0.461 0477 0.485 0.489

and Fe+Mg. Open and closed symbols represent AB zone
and CB zone samples, repectively. Mg'=Mg/(Mg + Fe), Total Fe as FeO.
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Table 4. Representative analyses of Feldspars and Staurolites.
Feldspars Staurolites (B6)
B26-1 B26-2 B10 Al2-1 Al2-2 1 2 core 2 rim
Sio, 58.02 61.32 65.52 63.28 62.88 SiO, 27.48 27.53 27.66
TiO: 0.00 0.00 0.03 0.01 0.00 TiO, 0.53 0.48 0.51
AlLO; 25.70 23.56 20.87 18.42 18.48 ALO, 53.97 54.56 5371
FeO* 0.01 0.05 0.00 0.04 0.01 FeO* 12.87 13.10 13.02
MgO 0.00 0.00 0.00 0.00 0.00 MgO 1.24 1.27 1.19
MnO 0.00 0.02 0.00 0.00 0.05 MnO 0.29 041 0.39
Ca0 7.79 543 2.12 0.00 0.00 Ca0 0.02 0.01 0.00
Na,0 713 8.69 10.85 0.81 091 Na,O 0.03 0.01 0.04
K,O 0.04 0.04 0.06 15.08 14.79 K;0 0.01 0.00 0.00
Total 98.69 99.11 99.45 97.64 97.12 Total 96.44 97.37 96.52
Cation per 8 oxygens Cation per 20 oxygens
Si 2.647 2.759 2.905 2.981 2.976 Si 9.042 7.988 8.093
Al 1.382 1.250 1.901 1.023 1.031 Ti 0.116 0.104 0.112
4.029 4.009 3.996 4.004 4.007 Al 18.608 18.656 18.518
Ca 0.305 0.207 0.080 0.000 0.000 Fe 3.148 3.177 3.186
Na 0.631 0.758 0.933 0.074 0.083 Mg 0.540 0.549 0.520
K 0.002 0.002 0.004 0.906 0.893 Mn 0.072 0.101 0.095
0.938 0.967 1.017 0.980 0.976 Ca 0.005 0.003 0.000
An(%) 125 214 790 0 0 Na 0.015 0.003 0.020
0 o B .
Ab(%) 67.3 78.4 91.7 7.6 85 K 0.002 0000 0.000
Or(%) 0.2 0.2 0.4 92.4 91.5 Mg' 0.146 0.147 0.140
Total Fe as FeO. Mg'=Mg/(Mg + Fe).
AEdste AHuplo]lE  (tschermakite)X| 3, F (Mg, Wilo] Uso] AR E Aoz Mgt Agd U s
Fe*) +5i=AI" + AI"0] els) et Eete AIE B29olN gEel R0l 2LF =UME
& @r el BEake Semsl 2 WHt Ao 97
=UN 3 2 EEEt 2 MgHl & 2=t

%@@&%ﬂwﬂw

LN

513124 (Table 3)olA4 Mg/Mg + Fedt
2 0.46914 0.499] HHE JePdTt Table 394 A8
B19) 3&tzA e uiZ A3 SR} jlo] HlwEty]
E 959} Mghl7F FAMEE Ao @l

EEHA HEY wdaAR S

AR A& A209] A FHe Zenelel RujAls (K
= =14 9] MgHl/Z-& 52 Mgt))7} AL 100 71749 o]
& 13149 HU A9 vk A o] ope} E& 59| utd

MR 4RI

o] AlgolAM AN e AR 27E Zev 4
F BAE e 9 AP &2 e =8tk AP o
A L ngd2-2uld (An 21-33)0]9 Yulo]ER 4t
290} (Table 4). AMH L Qdate] =7)71 ew Yzt
Wellde) Aedgs A9 gich 3L €& 549
wbddd (o A7 1em)E 71 A8 Al129] WA
2 FASE BEZ ST W JAY $2E 2
gla Qlth o] Al ulellA HPA S st del &
ole A9 glon, FAM AR (Or)E 92 mol% 7
zolrt,

A7 Ao M AN TF3E A& B6S SRV
g2 o] Fe/Mgh]7} £ ot ALFe] TR KT} of
F A vehdth AAE L nlERE e AY WA
wilg o 2 A Zole 1mmold L%, AEN 53
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Al &3, AAA el Mghl= 0.14~0.158] HE 24,
SUNE ol ARst QA e BAR SR 3
wxo) g Rushe Ao gtk (Table 4).

ol ¥ HE

AFR G AR E A UF 2 FR9] FeldsdeF
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Ade] WARHARE SHSFTU Y ST F o=
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