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Fig. 1. Geological map (Kim ef al., 1967; Lee and Kim 1968) and metamorphic zones (Ann, 1991; this study)
of Mungyong area. KZ, K-feldspar zone; CDZ, cordierite zone; BZ, biotite zone; CZ, chlorite zone.
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Fig. 2. (A) Hornfelsic metapelite of cordierite zone with cordierite porphyroblasts (94); (B) Hornfelsic metapelite
of cordierite zone with andalusite porphyroblast (81-1); (C) Metapelite of biotite zone (85-b) with well developed
foliation; (D) Metapelite of chlorite zone with strong foliation and week crenulation cleavage (101). All scales
represent 0.3 mm. And, andalusite; Bt, biotite; Chl, chlorite; Crd, cordierite; Ms, muscovite; Qtz, quartz.
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Fig. 4. (A) Coarse-grained metabasite of the greens

chist facies (16); (B) Coarse-grained metabasite with stipno-

SRR 79

o w HPTos

melane (16); (C) Coarse-grained amiphibolite of the epidote amphibolite facies (6); (D) Coarse~grained amphibo-
lite of the amphibolite facies in which fine-grained amphibole patches grow in coarse plagioclases and igneous
origin clinopyroxenes are replaced by coarse-grained amphiboles (91). All scales represent 0.3 mm. Amp, amphi-

bole; Chl, chlorite; Ep, epidote; Pl, plagioclase; Stp, stipnomelane.
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Ab Xab in PLAGIOCLASE An

1 1 1

L=y
1.0 0.8 0.6 0.4 0.2 0.0

Ed XNa(A) in AMPHIBOLE Act

Fig. 7. Plots of Xab in plagioclases vs. Xy in coexis-
ting amphiboles from Mungyong metabasites. An,
anorthite; Ab, albite; Act, actinolite; Ed, edenite.
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Fig. 8. The composmonal change of biotite with inc-
reasing AI(VI) in biotite. X represents the total of
interlayer site atoms, K+Na+Ca.
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Table 2. Plagioclase compositions in metabasites

Sample no. 93 95(QR) 95(R) 4 105 105 8 6 108 103 16

Meta. zone AM AM AM AM AM AM AM EA EA GR GR

SiO, 4656 6233 6282 5898 60.80 6745 50.62 67.79 6729 6394 6754
ALO; 3491 2396 2332 2523 2537 2064 30.37 2035 2021 2309 19.82
FeO* 0.14 0.08 0.02 0.07 0.04 0.02 0.17 0.00 0.11 0.13 0.14
MgO 0.05 0.01 0.00 0.00 0.06 0.01 0.00 0.00 0.00 0.01 0.00
Ca0O 16.78 490 4.09 6.88 6.12 097 13.23 0.56 0.45 3.53 0.17
Na,O 1.77 9.12 9.67 7.96 837 1166 4.38 11.74 1201 9.80 12.03
K0 0.01 0.04 0.04 0.18 0.02 0.00 0.02 0.00 0.03 0.03 0.08
Total 100.22 10047 10000 99.38 100.81 10076 98.82 10045 100.12 10055 99.79

Number of ions on the basis of 8

Si 2132 2751 2781 2652 2683 2936 2334 2955 2949 2808 2.966
Al 1884 1246 1217 1337 1319 1059 1650 1.045 1044 1195 1.026
Fe(2+) 0.005 0.003 0001 0003 0001 0001 0006 0000 0004 0.005 0.005
Mg 0003 0.001 0.000 0000 0.004 0001 0000 0.000 0000 0.001 0.000
Ca 0823 0232 0194 0331 0289 0045 0653 0.026 0021 0166 0.008
Na 0.157 0.781 0830 0694 0716 0984 0392 0992 1021 0835 1025
K 0.001  0.002 0.002 0010 0.001 0000 0001 0.000 0002 0002 0.004
Total 5005 5017 5026 5030 5016 5026 5038 5019 5041 5012 5035
Albite 1600 7693 80.88 67.00 7114 9561 3745 9741 9779 8326 98.78
Anorthite 8394 2284 1890 3200 28.74 439 6245 2.58 203 16.58 0.79
Orthoclase 0.06 0.24 0.22 1.00 0.12 0.00 0.11 0.01 0.18 0.17 043

Same abbreviations in Table 1 are used.

Table 3. Biotite compositions in metapelites

Sample no. 94 94 1 70 81-1 81-1 106 106 106 7
Meta. zone ucCz Ucz UCZ Ucz Ucz UcCz LCZ LCZ LCZ BZ:
Si0. 33.75 33.09 35.07 34.00 33.95 35.97 36.19 34.35 35.70 37.37
Al,O4 20.00 19.56 20.56 20.06 18.89 18.54 2148 21.07 20.21 17.03
FeO* 1943 19.11 19.20 20.68 20.81 20.25 17.98 18.15 17.13 19.17
MgO 7.12 7.26 8.74 6.00 7.26 744 7.38 791 8.50 8.88
Ca0O 0.00 0.00 0.04 0.03 0.09 0.04 0.33 0.12 0.04 0.04
Na,O 0.24 0.18 0.11 0.11 0.17 0.09 0.18 0.17 0.25 011
K,0 9.05 8.48 8.30 7.92 9.36 9.64 8.70 842 8.55 8.67
TiO, 3.24 2.93 1.32 2.73 247 2.81 2.38 1.46 1.34 1.26
MnO 0.10 0.12 0.16 0.17 0.01 0.06 0.18 0.19 0.09 0.23
Cr,04 0.09 0.09 0.03 0.02 0.07 0.07 0.00 0.04 0.03 0.01
Total 93.02 90.82 93.53 91.72 93.08 94.91 94.80 91.88 91.84 92.77
Number of ions on the basis of 22
Si 527 5.28 5.39 5.38 5.35 5.52 5.45 5.36 5.53 5.79
Al(IV) 2.73 272 2.61 2.63 2.65 248 2.55 2.64 247 291
AI(VD 0.96 0.97 1.11 1.11 0.86 0.87 1.26 1.24 1.22 0.91
Fe(2+) 2.54 2.55 247 2.73 2.74 2.60 2.26 2.37 2.22 249
Mg 1.66 1.73 2.00 141 171 1.70 1.66 1.84 1.96 2.05
Ca 0.00 0.00 0.01 0.01 0.02 0.01 0.05 0.02 0.01 0.01
Na 0.07 0.06 0.03 0.03 0.05 0.03 0.05 0.05 0.08 0.03
K 1.80 1.73 1.63 1.60 1.88 1.89 1.67 1.68 1.69 1.72
Ti 0.38 0.35 0.15 0.33 0.29 0.32 0.27 0.17 0.16 0.15
Mn 0.01 0.02 0.02 0.02 0.00 0.01 0.02 0.03 0.01 0.03
Cr 0.01 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.00
Xmg 0.40 0.40 0.45 0.34 0.38 0.40 042 0.44 0.47 045
Total 15.44 1541 1543 15.25 15.56 15.43 15.24 15.39 15.35 15.38

*FeQ, total FeO; Xy, Mg/(Mg+Fe); UCZ, upper cordierite zone; LCZ, lower cordierite zone; BZ, biotite zone.
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Fig. 9. The compositional change of muscovite with
increasing Al in muscovite.
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Table 5. Chlorite compositions in metapelites

Sample no. 9 94 81-1 102B 102B 11 11

Meta. zone UCZ Uucz UCZ BZ LBZ LBZ CZ CZ

Si0, 25.12 24.26 27.34 28.34 2422 2445 25.62 2591
AlLO; 22.69 22.06 20.07 19.73 23.82 23.03 22.81 22.61
FeO* 24.34 256,51 29.49 26.35 32.08 31.60 25.04 24.60
MgO 1140 11.77 8.86 10.56 7.150 7.13 9.98 9.56
Ca0 0.03 0.01 0.11 0.11 0.04 0.01 0.00 0.00
Na,O 0.00 0.02 0.09 0.00 0.00 0.03 0.05 0.07
K0 0.15 0.01 0.28 0.36 0.13 0.05 0.31 0.78
TiO, 0.18 0.15 0.22 0.09 0.04 0.16 0.03 0.05
MnO 0.37 0.38 0.06 0.29 0.26 0.27 0.39 0.44
Cr0; 0.00 0.03 0.08 0.07 0.09 0.05 0.01 0.02
Total 84.28 84.20 86.60 85.90 87.83 86.78 84.24 84.04

Number of ions on the basis of 28

Si 5.48 5.35 5.94 6.10 5.28 5.38 5.60 5.68
AIIV) 2.52 2.65 2.06 1.90 2.73 2.62 2.40 2.32
Al(VD) 331 3.08 3.08 3.10 3.39 335 348 3.53
Fe(2+) 444 4.70 5.36 4.714 5.84 5.81 458 4.51
Mg 3.71 3.87 2.87 3.39 2.32 2.34 3.25 3.13
Ca 0.01 0.00 0.03 0.03 0.01 0.00 0.00 0.00
Na 0.00 0.01 0.04 0.00 0.00 0.01 0.02 0.03
K 0.04 0.00 0.08 0.10 0.04 0.01 0.09 0.22
Ti 0.03 0.03 0.04 0.02 0.01 0.03 0.01 0.01
Mn 0.07 0.07 0.01 0.05 0.05 0.05 0.07 0.08
Cr 0.00 0.01 0.01 0.01 0.02 0.01 0.00 0.00
Xwig 0.46 0.45 0.35 042 0.28 0.29 0.42 041
Total 19.6 19.77 1951 1943 19.67 19.62 19.50 19.51

Same abbreviations in Tables 3 and 4 are used. CZ, chlorite zone.

FE3= 9404 249 Xy, #4(0.53~0.58)°] 7}
Ax FL R Xy w04)e] 7B zhewm H1i4 9
Xmg?(0.45~046)°] F7kal Azt ZAA YA
WAEs FrlsbiA A4 F5e] Xuhtol
Zradhe Ae B AEHAA Y2+
YA+ A ed =24+ TR +H0 ubs4e] e
vpi A B3 meh A4 Xy 7t AFadehs Speer
(1982)8} Pattison(1987)2] -7 ZAx}e} AX|grt

1) A1¥= Blundy and Holland(1990)<l 213}
5l 2P A-APA A AL EAE o] f3he] AW
Aol Aol WA dr|Aete) wWAdeEE FA43H
t}. GEOCALC(Berman, 1988)9} TWEEQU(Ber-
man, 1990, 1991) T2 2WES o]&3le] WA H
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A
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WA ofy|Mete] MMRE-et X
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15~28kb(Lee, 1991)2 tHzALR A48}
HALEE AT EAX G -
A A LAE o4ty HAE gt MRS
Table 73} ). AT AA)A 7H4 w2 HAE
e o AzEE HA G iAgel 9344 7+
AT AR pgAte e AR 2NE AAE
WALEE 914~988T ol ZHA A4 A
H A”A WA A7IA 40l 433~566C,
600~704C 9] F 1F WAL= FAHAUST
g el A AR =3d 1A 9714
o} 950l A= A A} AlAA 9] Fhgate] AR
XE] 5 Ao HA-Lxel 454~523C 9} 717~789
T7b 2REAL o] F A MR d=A 49
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Table 6. Cordierite compositions in metapelites

87

Sample no. 94 94 94 1 1 1 70 70 106 106
Meta. zone UCzZ UczZ ucCz UCzZ UCZ UcCz ucz uCz | LCZ LCZ
Si0, 47.01 47.33 47.68 47.69 50.53 55.67 47.65 45.73 48.82 48.58
AlLO3 32.74 3345 3341 32.60 31.22 26.84 33.47 32.28 33.34. 33.01
FeO* 8.99 9.05 8.79 10.16 9.29 8.00 10.73 11.74 8.95 8.30
MgO 5.82 6.60 6.83 6.58 6.40 5.58 5.79 5.55 . 6.74 ©7.04
Ca0 0.01 0.00 0.02 0.02 0.01 0.00 0.04 0.07 0.05 0.02
Na,O 1.11 0.36 0.28 0.14 0.21 0.29 0.22 0.52 0.19 0.22
K0 0.01 0.10 0.02 0.01 0.00 0.00 0.05 0.08 0.03 0.04
TiO, 0.00 0.00 0.01 0.01 0.00 0.00 0.00 1.28 0.00 0.02
MnO 0.23 0.27 0.24 0.36 0.40 0.23 0.48 0.32 0.46 0.54
Cr;04 0.00 0.04 0.01 0.09 0.02 0.00 0.00 0.05 0.04 0.03
Total 95.92 97.20 97.29 97.65 98.07 96.62 98.43 97.62 98.62 97.80
Number of ions on the basis of 18 ‘
Si 5.00 4.96 4.98 499 5.22 5.75 4.96 4.86 5.03 5.03
Al 4.10 413 411 4.02 3.80 3.27 4.11 4,04 4.05 4.03
Fe(2+) 0.80 0.79 0.77 0.89 0.80 0.69 0.94 1.04 0.77 0.72
Mg 0.92 1.03 1.06 1.03 0.99 0.86 0.90 0.88 1.04 1.09
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Na 0.23 0.07 0.06 0.03 0.04 0.06 0.04 0.11 0.04 0.04
K 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00
Mn 0.02 0.02 0.02 0.03 0.04 0.02 0.04 0.03 0.04 0.05
Cr 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Ky 0.54 0.57 0.58 0.54 0.55 0.55 0.49 0.46 0.57 0.60
Total 11.07 11.02 11.00 11.01 10.90 10.65 11.01 11.08 10.97 10.97

Same abbreviations in Table 3 are used.

Table 7. Temperatures estimated from Mungyong
amphibolites

Metamorphic Sample no. 15 kb 2.8 kb
zone

Amphibolite 93 943~988C 914~943T
Facies 95 R1 736~789C 717~770C
R2 467~523C 454~508C
4 Rl 616~704C 600~687C
R2 446~566C 433~550C
105 R1 821~828C 801~816TC
R2 487~544T 485~529C

8 Rl 825C 806C
R2 708~730C 689~712C
Epidote-Amphil- 108 431~464T 418~450T
bolite Facies 6 415~429C  403~416T
Greenschist 103 412~547C  399~532T
Facies 16 508~512C  466~497C

R1, hornblendic or tschermakitic amphibole rim; R2 ac-
tinolitic amphibole rim.

AHeere AW e=uch ¥rh 4Agda
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Table 8. T-t paths followed by country rocks located
at six distances in the contact aureole of Mungy-
ong Cretaceous

CRETACEOUS GRANITE

Time: 2000000 years

Distance INT 1100T INT 800T
IBR 42km 84km 42km 84km
50m IT  585C 595C 440C 450
PT 640TC 650C 500C 510C
RPT 200000yr 450000yr 200000yr 550000yt
PPT 300000yr 1050000yr 150000yr 1050000yr
500m IT  325C 465C 270C 360T
PT 610T 620C 480C 485C
RPT 200000yr 650000yr 250000yr 850000yr
PPT 300000yr 200000yr 1150000yr
1km IT  120C 320C 120t 260
PT 570T 595C 455C 470C
RPT 300000yr 950000yr 250000yr 950000yr
PPT 300000yr 200000yr 500000yr
2km IT  120T 120 120C 120T
PT 520 565C 405C 430 .
RPT 400000yr 1250000yr 350000yr 1150000yr
PPT 150000yr 350000yr 500000yr
4km IT  120T 120C 120 120C
PT  440T 490C 340 380C
RPT 700000yr 1850000yr 550000yr 1750000yr
PPT 600000 yr 800000 yr

INT=Intrusion Temperature; IBR=Igneous Body Ra-
dius; IT=Initial Temperature of country rocks; PT=
Peak metamorphic Temperature of country rocks;
RPT=Time needed to Reach Peak Temperature; PPT
=Preservation Period for Peak Temperature.
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Thermal metamorphism of metabasites and metasediments
in the Mungyong area by Cretaceous granite

Chang Whan Oh, Soung Weon Kim and Jong Seab Kim

 Department of Geology, College of Natural Science,
Chonbuk National University, Chonju 560-756, Korea

ABSTRACT : Metabasites and metapelites in the Mungyong area were intruded by Cretaceous
granites with radius of 4~8 km. As the distance from granite body increases, the mineral assemb-
lage of metabasite changes from amphibole+ plagioclase through amphibole+ plagioclase + epidote

to amphibole + plagioclase+ epidote + chlorite. The compositional variations of amphibole and pla-

gioclase according to the change of metamorphic grade and bulk rock compositions are very comp-
lex. Towards the Mungyong Cretaceous granite body, the mineral assemblage of metapelite changes
from chlorite + muscovite(chlorite zone) through biotite + chlorite + muscovite(biotite zone) to anda-
lusite + biotite + muscovite* chlorite or cordierite + hiotite +muscovitet chlorite(cordierite zone).
The estimated metamorphic conditions of cordierite zone are 480~580C , 1.5~3.3 kb. The theoreti-
cal study on the thermal metamorphism caused by the Cretaceous granite with radius longer
than 4 km in the Mungyong area suggests the followings: The degree of metamorphism is mainly
determined not by the size of granite body but by the temperature of granite intrusion; The
country rocks within 2 km from Cretaceous granite have undergone metamorphism with tempera-
ture higher than 500T, which is consistent with the petrological study in the Mungyong area.
Mungyong Cretaceous granite caused a low P/T thermal metamorphism to the country rocks;
the amphibolite facies metamorphism to the country rocks within 1~2 km from the granite body
and the epidote-amphibolite and greenschist facies metamorphism to the country rocks within
2~5 km.

Key Words : the Mungyong Cretaceous granite, low-P/T metamorphism, andalusite, the amphibolite
facies, cordierite zone
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