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Abstract: In the northwest Okcheon metamorphic belt, the metaigneous rocks in the Gyemyeongsan
Formation have wider chemical ranges for major, trace and REE elements compared with metaigneous
rocks in the Munjuri Formation and do not represent bimodal igneous activity which is characteristic for
a continental rifting. The metaigneous rocks in the Munjuri Formation are regarded as products of single
magmatic evolution, whereas those in the Gyemyeongsan Formation may be formed through multiple
magmatic episodes. The felsic metavolcanic rocks in the Gyemyeongsan Formation show weaker Eu
negative anomalies compared with those in the Munjuri Formation but those in both formations show
similar degrees of enrichment from LREE to HREE. The metabasites in the Munjuri Formation do not
show Eu anomalies but those in the Gyemyeongsan Formation show both positive and negative Eu
anomalies(0.59<Eu/Eu*<1.28). The metabasites in the Munjuri Formation are plotted in the fields of alkali
basalt from intracontinental rift and continental basalt in the Y-La-Nb diagram, whereas those in the
Gyemyeongsan Formation are plotted in the fields of alkali basalt from intracontinental rift, continental
basalt and calc-alkali basalt. SHRIMP U-Pb zircon concordia age from the felsic metavolcanic rock in the
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Gyemyeongsan Formation is 2686 Ma. All zircon grains have typical magmatic zoning and do not show
either older core or younger overgrowth. The geochemical and geochronological data obtained from the
Gyemyeongsan Formation indicate that the Gyemyeongsan Formation does not belong to the Okcheon
metamorphic belt but the Late Archean basement of the belt.

Key words: Okcheon metamorphic belt, metaigneous rocks, intracontinental rift, bimodal igneous activ-

ity, SHRIMP zircon U-Pb concordia age
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Fig. 1. Generalized tectonic map of northeastern Asia
(modified from Chang 1996). A series of large-scale dex-
tral strike-slip fault movements defines the Honam shear
zone (HSZ). IB, Imjingang belt; GM, Gyeonggi massif;
OMB, Okcheon metamorphic belt; TB, Taebacksan
basin; YM, Yeongnam massif; GB, Gyeongsang basin;
HSZ, Honam shear zone.
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Fig. 2. Geological map of the Chungju area in the north-
eastern part of the OMB.
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Table 1. Major element (wt%) from the felsic metavolcanic rocks and metabasites in the Gyemyeongsan Formation.

Rock Type Felsic metavolcanic rock m ;;Eegr;:gglsa;z ok
Sample 32 34 39 40 43 123 413 553 821 822 830 504 116
Sio, 6626 7480 7341 6088 6696 71.68 7075 6368 7141 7667 7296 5591 56.84
TiO, 045 052 048 074 080 044 021 070 056 039 027 190 091
ALO, 15.93 738 1068 1741 1465 1121 1487 1922 1029 996 649 1608 14.69
Fe,0, 7.81 9.12 561 792 637 7.62 1.88 423 8.01 384 1127 8.55 7.16
MnO 0.03 017 019 018 012 014 006 004 010 004 018 011 0.12
MgO 08 096 075 089 05] 079 047 1.66 070 0.28 1.08 345 427
CaO 0.07 1.11 2.05 1.19 1.31 083 021 1.07 017 004 1.13 233 573
Na,0 007 037 032 269 299 0.8 352 071 022 030 048 727 263
K,0 587 233 472 641 438 479 701 587 667 653 457 315 578
PO, 006 022 004 015 010 004 009 017 005 003 003 087 044
LOI 221 .16  0.76 1.52 1.34 1.67 085 236 062 047 014 027 095
Total 99.58 98.12 99.01 9998 9951 9941 9991 9971 98.80 9834 9859 9989 99.52
Rock Type Metabasites
Sample 55 62 312 410 411 557 560 618 813 819 825
Sio, 5292 5379 4628 4211 4397 4838 4813 4994 5002 4785 47.60
TiO, 0.53 0.98 209 309 306 1.88 210 214 248 203 2.74
ALO, 9.58 1449 1801 1698 1699 1558 17.39 1667 1450 16.14 14.28
Fe,O, 9.28 700 1347 1686 1597 1251 1395 1147 1090 11.89 12.80
MnO 0.13 0.10 028 024 021 020 017 021 024 022 025
MgO 1382 706 7.08 826  7.81 695 438 312 559 333 536
CaO 8.83 8.07 642 536 479 971 1044 781 1064 935 9.94
Na,0 1.53 2.38 379 380 434 336 1.65 1.14 287 1.04 385
K,0 1.36 1.88 046 012 012 035 072 434 099 415 1.78
P,O; 008 032 021 033 033 028 024 1.01 0.55 1.11 0.58
LOI 1.68 374 223 286 272 1.02 094 1.91 .10 271 1.00
Total 99.76  99.82 10033 100.00 100.32 100.22 100.11 9976 99.88 99.82 100.17
BEAS TS AAS FFEe 3) FAR 94, 1 otk AH] o8 EE BAL HF A AL
F % AEF A2E BYSYTHIble 1, 2. BHd A ARG A FA BEED 1% YEo2 AR
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28 4oA PhilipsAte] X-A¥FEA7I(XRE, X-ray AT HAASEUES Si0, T Na,0 +K,09

Fluorescens Spectrometry/PW 1480)2 #4J31%]c}, vk
Aae vF Jtde e ARE A B3l A ¥
NV Rzet 2 EY HEE4E 25 Ba, St Y,
Gae =7|2A A AATHY] =A% ZTk=a £
FEA7|(ICP-AES)E ¥418}3 Ni, Cr, Nb, Y, Cs, U,
Th, Pb, Sm, Nd 5§ JEH 92E F#=223F Zat=v}
FFEA71(ICP-MS, VG-Elemental PQ3SSTE)E 4
sttt 2 8 Zr, Hfe ASE 4Ze] B8%es &
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Table 2. Trace and rare earth element abundances from the felsic metavolcanic rocks and metabasites in the Gyemy-

eongsan Formation,

Rock type Felsic metavolcanic rocks
Sample 32 34 39 40 43 123 413 553 821 822 830
Sr 26.6 2358 68.0 122.3 67.1 353 307.0 202.6 439 29.0 43.1
Rb 187.9 143.4 186.4 198.4 157.9 1594 205.4 276.0 216.4 2320 1554
Ba 278.0 426.9 259.3 398.0 4355 6674 13973 775.1 100.5 68.3 83.2
Sc <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 54 <0.01 <0.01 <0.01
Cr <0.01 <0.01 <0.01 <0.01 <0.01 113 54 93.1 58 <0.01 22
Ni 0.8 4.1 0.8 0.8 0.8 0.8 3.1 30.8 44 0.5 1.1
Cu 6.9 7.1 6.1 8.6 9.8 5.8 114 33.6 93 4.6 6.0
Zr 2095.0 25932 507.9 908.4 18565 1239.6 62.1 1215 27456 30103 20525
Y 113.0 365.7 1842 524 129.3 49.0 155 29.1 239.4 142.9 344.6
Nb 2322 4234 162.3 61.8 2417 99.5 2.6 16.2 236.8 259.3 160.1
Hf 11.9 39.8 13.7 16.0 275 9.2 0.3 27 47.1 31.2 4.0
Pb 7.6 12.5 9.0 10.5 8.9 3.1 9.6 26.5 5.8 5.6 72
Th 40.0 90.0 619 157 45.0 26.8 125 235 46.1 59.4 55.5
U 32 10.0 5.0 38 6.6 2.6 26 35 59 6.2 9.9
La 624 4285 585.2 1235 283.8 1548 425 515 3032 265.5 436.8
Ce 171.3 8050 11715 2713 570.0 3289 758 99.5 605.2 533.3 9274
Pr 15.1 97.1 1349 272 64.0 36.5 8.8 11.9 737 59.7 112.5
Nd 84.1 469.5 651.4 144.1 3258 177.8 420 583 361.0 296.5 558.9
Sm 124 70.3 75.4 16.7 40.4 19.6 55 8.1 499 36.0 86.1
Eu 1.2 133 6.6 34 4.7 2.1 1.2 1.5 32 1.8 14.0
Gd 19.2 86.8 75.5 182 427 19.6 55 8.8 55.0 303 100.0
Tb 38 139 8.8 2.1 5.6 24 0.7 1.2 82 6.1 144
Dy 24.2 76.9 40.8 10.3 29.3 123 30 6.1 46.2 34.6 76.5
Ho 5.0 15.3 7.4 20 57 24 0.6 1.2 9.3 6.9 15.0
Er 13.6 41.6 21.3 6.2 16.6 7.0 1.8 34 27.0 20.4 41.8
Tm 19 54 25 09 22 0.9 0.3 0.5 37 29 55
Yb 115 312 149 6.1 135 6.1 1.8 3.1 227 19.2 329
Lu 1.3 37 1.8 0.9 1.8 0.8 03 04 3.0 23 43
EwEu* 0.24 0.52 0.27 0.60 0.35 0.33 0.70 0.55 0.19 0.15 0.46
TiO,, P,0, 8%5L Zadte ATS EAFIT K0 BIHE Cluzel(1992)7 Lee er al.(1998)2] £52|39
FEFe Sk AYE R9F, ALOM NaO= 7 HASAE LS AR vE S48 Rogye i 2

&g 2 RAFA PetiFig ).

AEAE] HASIY Y wRA R gEe A3
22 IS HENAE HAFH(Table 2) 53] Nb,
Y ¥ Zre $EHE] @97t Hgol RuEdoe
A3} 424, 1995). Zr, Hf, Nb, Ta, Y ¥ Ti¢} Z-&
248 YAMHFSE: high field strength elements)s= ©|
241 WA} HAAEAINE FEAC] flenz
Si0, W Na,0+K,09] #¥ =Xt} Nbv/Y ™ Zi/Tio,
=ob S WAz HRA HEE xAEe
d o AFsEnh NvY B ZoTio, EdM s 7124

AT Cluzel(1992)8] AlB4tEe] WA AS=
AR HIE HAFEA 3 A, A4 2 g8 A
B e ¥ A mAHE Ao EAo|thFig.
6). I3 Irvine and Baragar(1971)2] AFM(K,0+Na,O-
FeO*-MgO)=(Fig. NellA 58359 A &
ol Eftholeiitic) AEe] EIAZE Z Ho] Ty
Hhe] AR HAdEe &8lote] Eftholeiitic)?}
Zr 342 (Cale-alkaline) A€ol AXA vehl &
3t B AR E H9FR] @et) ol AgaE: H
Asldstel 7o) Bl ol 73 AlAget Bt
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Table 2. continued.

Rock Type Metabasites
Sample 55 62 312 410 411 557 560 618 813 819 825

Sr 238.1 558.0 244.2 147.1 144.2 397.0 3912 523.6 831.2 530.4 561.8
Rb 40.6 53.2 12.7 1.6 1.8 83 273 121.3 328 107.6 97.6
Ba 4134 679.9 155.4 39.1 36.4 117.6 3154 11270 5249 982.1 2109
Sc 10.9 5.2 9.5 14.6 15.0 9.6 10.6 42 72 34 8.0
Cr 1308.6 4345 78.0 439 424 275.9 255 3.0 111.5 <0.01 718
Ni 293.2 184.1 343 63.6 49.6 140.6 36.7 2.0 759 2.1 573
Cu 68.7 432 833 368.0 39.3 74.7 245 18.1 28.2 17.5 36.4
Zr 449 157.1 123.1 1275 107.8 70.4 69.0 318.9 107.5 2150 473
Y 12.0 183 338 424 415 25.0 398 35.1 331 344 106.7
Nb 74 52 15.8 11.0 14.8 19.0 13.6 62.7 39.0 53.6 138.1
Hf 2.7 1.5 0.6 0.6 0.9 0.3 0.2 14 09 29 1.8
Pb 72 19.8 54 45 50 6.1 36.3 49 4.8 4.6 7.8
Th 59 85 4.1 35 3.0 23 35 7.6 5.1 6.1 52
U 0.8 1.5 0.7 0.6 0.6 0.3 0.8 1.9 1.0 1.8 2.8
La 20.1 444 16.5 212 221 16.5 23,5 74.5 385 55.8 39.8
Ce 378 855 40.2 50.1 51.2 373 50.9 165.9 81.4 120.4 110.9
Pr 43 10.1 5.6 7.0 7.1 5.0 6.8 205 10.5 157 164
Nd 21.9 499 28.7 362 36.6 26.1 34.1 102.0 527 78.4 80.3
Sm 32 64 6.2 7.7 7.8 52 6.8 15.6 8.6 124 172
Eu 0.9 19 1.7 28 26 1.9 27 6.6 3.0 52 37
Gd 3.5 6.6 7.6 9.9 10.1 6.5 8.5 16.2 9.6 13.2 20.9
Tb 0.5 0.8 1.2 1.5 1.6 0.9 1.3 1.9 1.3 1.6 35
Dy 24 38 6.8 8.7 8.6 52 74 8.7 6.8 7.9 20.3
Ho 0.5 07 14 1.8 1.7 1.0 1.5 1.5 1.3 1.4 4.1
Er 14 20 39 4.8 48 2.8 44 40 39 38 11.8
Tm 0.2 0.3 0.5 0.7 0.6 04 0.6 0.5 05 0.5 1.7
Yb 12 1.7 32 4.1 4.1 23 32 27 35 2.7 10.5
Lu 0.2 03 04 0.5 0.5 03 04 04 05 0.4 14

Euw/Eu* 0.83 0.89 0.78 0.98 0.89

1.00 1.09 1.28 1.00 1.24 0.59

WA AZ4(1995)= AA

ZF i mu e AR AgitEe 719E
é_IOI theke Ao FEIC

g MORB %}t&i WA e HF e ¥
£ X F8K(Pearce, 1983) 3td E=AIS AR HEX
(spider diagramydoll A= AAE2] W3l o] &
FE) 30 W] AR Har He Hid =
AlEchFig. 8). ABARE A WA HAA
OS2 S, Ba, P Ti7t Aldo g g dinwrt ZY
ol glow ﬂ%‘“‘ ANEE Nb Hf= l‘@r(-) OI*Ji%
Yepdc, E5
< BAFA| T Nb-4 ]*J 63%01 ’é} &7‘5411 %=
THFig. 8a). 15 AL Lee er al(1998)2 Z24+9)
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Fig. 4. Total alkali-SiO, diagram for metaigneous rocks
from the Gyemyeongsan and the Munjuri Formations in
the Chungju area. Open square, metavolcanic rocks
from the Gyemyeongsan Formation; Plus, metaigneous
rocks from the Gyemyeongsan Formation studied by
Cluze 1 (1992); Open circle, metaigneous rocks from the
Munjuri Formation studied by Cluzel (1992); Closed cir-
cle, metaigneous rocks from the Munjuri Formation
studied by Lee et al. (1998).

#Zrglo|lEg HZ3(Sun and McDonough, 1989)3} 3|
EF P42 Table 29} Fig. 8a9t 2t} AMHo=z A
PAE A WAdslekR Ule] 74 SER A A
BEHde 248 94 9 vk AR B 5d3
A Lee et al.(1998)0] &3} EF2)FA Bad F&
geno Qob e F F o) A HdsIgE
o] HREE$} LREES] 7ZA}1&7]= vl AE4t
2 A4 WAEae W Bu B9 o4 AX(0.15<Ew
Eu*<0.70)= 585 A HAsgAM By &
(Lee et al, 1998) Eu ()¢ ©] 4B E(0.04< Euw/
Eu*<0.11)2.t} Zth(Table 2, Fig. 9a).
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Fig. 6. In the Zr/TiO,-Nb/Y diagram (Winchester and
Floyd, 1977), metaigneous rocks from the Gyemyeongsan
Formation are plotted in a wide range compared with
that of the Munjuri Formation. Symbols are the same as
Fig. 4.

dMe F3t FEY FOFEH B ol A=
(0.59<EwEu*<1.28)% Th¥ahAl B FETh(Table 2, Fig.
9b).
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Fig. 7. The chemical compositions of metaigneous rocks
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Formation (Lee et al., 1998).

X7= 8
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Ti-Y-Zro] 23z fdno 7|&e] g 25y B
Fa] g AgEel #4719 wAskEYe Ti, Y, Zr &
E(Cluzel, 1992; Lee er al., 1998)2} B Agojr &
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£ TAIBH YRAEEC] thah Az A Yol
UAg dutd oz Fhll i ge =AEThFig. 10a).
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Fig. 8. MORB-normalized spider diagram for the felsic
metavolcanic rocks (a) and matabasites (b) of the Gye-
myeongsan Formation. Average MORB abundance of
Pearce (1983) are used. Symbols are the same as Fig. 4.
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Fig. 9. REE abundances in the felsic metavolcanic rocks
(a) and metabasites (b) of the Gyemyeongsan Formation.
Symbols are the same as Fig. 4.
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Fig. 10. Ti-Y-Zr (a) and La-Y-Nb (b) diagrams for
metaigneous rocks of the Gyemyeongsan Formation.
Symbols are the same as Fig. 4.
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Fig. 11. Cathodoluminescence (CL) images of zircons analyzed from sample 40 (felsic metavolcanic rock) in Fig. 3. Ana-
lyzed areas are shown as circles with numbers used in Table 3, labeled as per Table 3.

ula] Ak A sk 23R FEElg) Algat Z %ol HaFe Z1& 42 ARAES SHY
2o HAEHo] EE3PY o7 us] ArEx Zahy ZINte 2 By AuFH7I1eS o)Fqt, 1995; AT,
A THCluzel, 1992; Lee et al, 1998). AHAE L &3 1968, 1970; ©|thA), 1974).

F?i

TR die F2 FNET oK Reedman er al., A9 o] 55(1992), Lee and Chang(1997)5%
1973; Lee, 1986; Cluzel er al., 1991; Kang, 1994) Cluzel(1992)2 Sz A3 o ’\}%Qh A714 WA
AR 2L AEAEC] SHRETH Y Ao SHUFEC] Y @ JER Y& X3} sto] visd}

Vol. 12, No. 4, 2003



166 HEA - A

Sample 40

0.58

ZMPb
*Pp O

0.38

Concordia Age = 2685 £ 11 Ma
{95% confidence, decay const. errs included
8 10 12 14 16
b 7 1)

Fig. 12. Ahrens-Wetherill concordia plot (Wetherill,
1956) of SHRIMP-II zircon analyses. Analyses are plot-
ted as radiogenic ratios corrected for common **Pb and
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