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ABSTRACT

The CHIME (Chemical Th-U-Total Pb isochron method) dating was carried
ou t f or monazi tes fr om k yanite-staur ol i te -ga rne t schis t of t he Yeoncheon
Group (Cheolwon area), and from sillimanite-garnet gneiss and two-mica gran-
ite in the central Gyeonggi Gneiss Complex (Hwacheon area). Monazites from
the kyanite-staurolite-garnet schist yield an age of 255±8 Ma, and date the time
of the regional metamorphism for the early-middle Proterozoic (?) Yeoncheon
Group . Al though t he Geonggi Gneiss Complex h as b een beli ev ed to b e o f
Archean-early Proterozoi c age, monazite s f rom the sillimanite-garnet gneiss
yield a CHIME age of 245±3 Ma. Since one monazite grain from the gneiss con-
tains ca. 1700 Ma core of det ri ta l origin, the sedimentation of the gneiss proto-
lith took place in the post-middle Proterozoic. The two-mica granite, intruding
the Gyeonggi Gneiss Complex, yields a CHIME monazite age of 172±5 Ma. The
p resen t CHIME geoch ronologi cal s tudy r eveals t ha t metamo rphic rock s not
only in th e Yeonchen Group bur also i n some par t o f th e Gyeonggi Gneiss
Complex were formed through the ca. 250 Ma regional metamorphism. The late
P erm ian - ea rl y Tri as s i c m eta mo rph i sm an d Ju rr a s ic p l ut o ni sm we re mo re
widespread than has been thought in the Korean Peninsula.

INTRODUCTION

The Gyeongg i Massif occ upies the central par t o f t he Korea n Peninsula ,
a nd together with the Yeongnam and Nangrim Massifs, i t i s one o f the major
tectonic unit s where metamorphic rocks widely occur ( Fi g. 1 ). Metamorphic
ro ck s in the Gyeonggi Massif are divided into the Gyeonggi Gneis s Complex
(Archea n-ear ly Pr oterozoic? ) and the Yeoncheon and Seosan Groups ( ea r ly
to middle Pro terozo ic? ). The former consists mainly o f high-grade bneis s and
schist , while t he l at ter consist s dominant ly o f l ow-grade schist , phyllit e an d
slate (Na and Kim, 1987).

T hree s tages o f metamorphi sm have been propo sed wi th in th e Gyeongg i
M ass i f : (1 ) Precambrian regional metamorphism o f amphibol i te f ac ies , ( 2 )
po s t- Pr ecambr i a n r egi o na l me t amorph is m, a n d ( 3 ) Ju r a ss i c t he r ma l even t
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Fig. 1. Geologic framework of the Gyeonggi Massif, and location of the Cheolwon (CW)
and Hwacheon (HC) areas. I : Gyeonggi Massif, II: Ogcheon Belt, III: Yeongnam
Massif, IV: Gyeongsang Basin and IFB: Imjingang Fold Belt proposed by Ri and
Ri (1990) and Cho et al. (1995). The Nangrim Massif distributed in the northern
part of the insert map (B) is not shown.

possibly related to the intrusion of the Daebo Granites (Na, 1978) . Sys tematic
geochronological studies, however, have not been fully done in this massif, and
r epo r ted K -A r, Rb -S r a n d Sm-Nd a g e d a t a a re w i de ly s c a t te r e d f r om la te
Proterozoic to middle Jurassic (Na and Lee, 1973; Lee et al ., 1974; Na, 1977; Cho
et al., 1995; Chwae et al., 1996).

In the northern part of the Gyeonggi Massif, there lies the so-ca lled Imjin-
gang F ol d Be l t ( IFB i n F i g. 1 ) . Thi s bel t wa s orig ina l ly named by Nor th
Korean geolog ists (Ri and Ri, 1990). The western part o f the Imjingang Fold
Be lt i s characterize d by an EW structura l trend, and compris es the Devonian
volcano-sedimentary s trata of the Imjin Group and some parts of the Gyeonggi
Massif in cluding t he Yeoncheon G roup (Chwae e t al . , 1996). Recently severa l



CHIME da t in g o f monazi tes f rom Gyeonggi Mass i f 51

authors suggeste d that t h e Imj ingan g Fo ld B el t r n s through t h e c en t ra l par t
o f the Kirean Peninsu la (Fig. 1 ) , a nd together wi th the Ogcheon Fold Bel t , i t
might b e an eastward continuation o f the Dabie-Sulu Collisional Bel t i n China
(Ri and Ri, 1990; Cluzel et al., 1991; Cluzel, 1992, Liu, 1993; Yin and Nie, 1993;
Erns t et al. , 1994 ; Ch o e t a l . , 1995) . However, nor ther n and souther n boun-
dar ies a s wel l a s westward and eastward c on t inuat ion s of the Imjingang Fold
Bel t have no t been clear ly defined ye t . Furthermore, n o u l tr a-h ig h pressure
indi cator l ike diamond- o r coesite-bearing e cl ogite i n the Dab ie- Sul u Belt h as
been known from the imjingang Fold Belt.
To under s tand th e tectonic evolu ti on o f t he Gyeonggi Mass if , w e made a

p re liminary CHIME age determination o n monazites f rom metamorph ic r oc ks
o f the Yeoncheon Group and t he Gyeonggi Gneiss Complex, and a granite i n -
t rudin g the Gyeonggi Gneis s Complex. This is the firs t CHIME age dating for
the Gyeonggi Massif in the Korean Peninsula .

GEOLOGICAL OUTLINE AND SAMPLE DESCRIPTION

Samples were collected f rom the Yeoncheon Group in the Cheolwon a rea
and the Gyeongg i Gneiss Complex in the Hwacheon area (Fig . 1). These areas
have been mapped in 1:50,000 sca le under the national basic project o f Korea
Inst itute o f Geology, Mining and Materials (KIGAM) (Chwae e t al. , 1996; Park
et al., 1997).

Cheolwon area
The geologic map of the Cheolwon area is given in Fig. 2. Metamorphosed

strata in this area have been regarded as the Devonian Imjin Group. However,
recent ly Chwae e t al. ( 1996) repor ted t ha t me tamorph osed s tr ata belong to
the Yeoncheon Group, and newly devided them i nt o th e Misan, Daegwangri
and Cheonduksan Forma t ions i n ascend ing o rder ( Fig . 2 ) . Th e Yeoncheon
Group shows a general EW trend wit h d ips toward north, and a reverse shear
sense wi t h 3 40 m i ne ra l s t re tch in g . Two di ff er en t t yp e s o f metamorph ic
rocks are i dentified in t he Yeoncheon Group; o ne i s low-gr ade metapsammite ,
phyll i te and crystall ine limestone , and t he o ther includes amphibolite-facies
peli t ic schis t o f t he garnet and k yanite zones o f B arrovian type (Cho e t al .,
1995; Chwae et al., 1996).
On e s ample o f m edium-gr ained ky ani te-s tau ro l i t e-g arn et s ch i s t (s ample

CH-10) from the Daegwangri Fo rmation was s elect ed for CHIME age dating
(Fig . 2). I t consists of quartz, plagioclase, b iotite (partly chloritized), musco-
v it e , g ar n et, s taurol i te , ca lc ice and kyan it e, wi th ac cessor ies o f monazi t e ,
apatit e and rutile. Monazite, tiny, less than 0.05 mm and anhedra l, rarely oc-
curs in biotite flakes.

Hwacheon area
The Hwacheon area is about 60 km east of the Cheolwon area (Fig 1). As

s hown in Fig . 3, th i s a r ea i s underlain b y metamorphic rocks and g r ani to id s .
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Fig. 2. Geologic map of the Cheolwon area and sample location (simplified and modi-
f ied from Chwae et al., 1996). The Misan, Daegwangri and Cheonduksan Forma-
tions are included in the Middle Proterozoic (?) Yeoncheon Group. DMZ: demili-
talized zone.

S evera l authors sugges t ed tha t t h e no rther n pa r t o f t h e Hwacheon area b e-
l o ng s t o the Imji ng an g Fold Bel t (Fig. 1) , a nd h as u ndergon e the granuli t e
facies metamorphism (Ri and Ri, 1964; Lee and Cho, 1994; Cho et al ., 1995).

Detailed mapping o f the Hwacheon a re a (Par k e t al . , 1997) r evealed that
amphibolite- fa cies metasedimentary rocks s uch a s banded gneiss, migmatitic
g neiss, biot it e g ne iss a nd mica schi s t ar e wide ly expo sed , wi th su bo rdinate
garne t-bearing granit e gneiss and amphibolite . The metasedimentary rocks of
the Gyeonggi Gneiss Complex show well-deve loped gneissosity or schistosity.
T h e s e p l an a r s t r u c t u r e s s ho w ma j o r t r e n d s o f N E an d N S . T h e E W
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Fig. 3. Geologic map of the Hwacheon area and sample locations (simplified and modi-
fied from Park et al., 1997). The schist and gneiss complex, migmatitic gneiss and
garnet-bearing granite gneiss are included in the Archean-early Proterozoic (?)
Gyeonggi Gneiss Complex.
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s t ruct ura l t re n d, dominant i n t h e Cheo lwo n a re a , doe s no t con t inue t o t he
Hwacheon area.

Two samples were chosen for CHIME age dating (Fig. 3) . They ar e si ll i -
mani te-ga rnet g neis s o f the Gyeonggi Gneiss Complex a nd two-mica granit e
intruding the Gneiss Complex. The sillimanite-garnet gneiss (sample H-8) i s
medium-grained and c ons is ts o f quar tz , p lag ioc lase , or thoclase , s il li man it e ,
garne t , bioti t e a nd muscovit e , wit h accessor ies o f monaz it e , z ir co n ( rou nd) ,
a p at i t e an d ru t i le. Sma ll monaz i te gra in s a r e common l y f oun d i n biot i te
f lakes. They ar e mos tl y 0 .07 -0.1 mm and subhedral , but l arger (up t o 0.2 mm)
anhedra l grains also o ccur r ar el y.

The two-mica granite (sample H-2) is massive and medium-grained, consist-
ing mainly o f quar tz, p lagioclase, perthitic m icrocline, b iotite, muscovit e and
g arne t . Accessory mineral s include monaz i te an d z i rcon . Hydrothermal o r
deut er ic al teration o f the gran it e i s indicated by ubiquitou s occurrence o f se-
ricit e in plagioclase and chlor itized biotite. Monazite grains, 0.03-0.1 mm, are
subhedral o r euhedral .

SAMPLE PREPARATION AND ANALYSIS

Monaz it e s i n p ol ished thin sec tions and/or mou nte d on glass s l ide s wi th
p etropoxy we re analyzed by using the JEOL JCXA-733 electron microprobe.
Since detail s on procedures o f sample preparation, m ic roprob e analysis a nd
CHIME age calculation were described elsewhere (Suzuki and Adachi, 1991a,b,
1994; Suzuki e t al., 1991, 1994), we do not repeat them here . The ThO2, UO2

a nd PbO analyses o f monazites, ap par en t ages and calcul ated ThO2* concen-
tra ti on s a re l iste d i n Table 1.

RESULTS

Kyanite-staurolite-garnet schist (sample CH-10) from the Daegwangri For-
mation of the Yeoncheon Group

A total of 29 spots on 6 monazite grains were analyzed in polished thin sec-
tions . One monazite grain (M03) i s eztraordinarily rich in ThO2 (23.0-28.2%)
and UO2 (1.54-2.14%), and is highly metamict. Spot M01-6, containing 19.8%
ThO2 and 1.31% UO2, is also metamict. Except these data (cross in Fig. 4), the
rest 24 data (circle in Fig. 4) show 3.50-12.5% if ThO2, 0.10-0.65% of UO2 and
0 .0 44 -0 .140% o f PbO . Th e y a r e r eg res s ed b y an i s o ch r on o f 2 5 5±8 M a
(MSWD=0.10) w it h a n intercept va lue o f -0.0011±0.002 5 (errors quoted in
this paper for ages and interc ep t values a re o f 2σ) .

Sillimanite-garnet gneiss (sample H-8) from the Gyeonggi Gneiss Complex
A total of 172 spots on 21 monazite grains were analyzed. Apparent ages of

the mos t grains concentrate between 235 Ma and 258 Ma, and 118 da ta points
(circle in Fig. 5) yield an isochron age of 245±3 Ma (MSWD=0.05) with an in-
tercept va lue of -0.0001±0.0011 in the PbO vs . T hO2* plot . Th e core par t o f
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Table 1. Electron microprobe analyses of ThO2, UO2 and PbO of monazite grains from
kyanite-staurolite-garnet schist of the Yeoncheon Group and sillimanite-garnet
gneiss and two-mica granite in the Gyeonggi Gneiss Complex, Korea.

249
246
265
255
247
259
246
256
241
252
160
144
95
93
250
251
243
251
249
257
252
244
267
244
202
247
248
254
254

M01-01
M01-02
M01-03
M01-04
M01-05
M01-06
M02-01
M02-02
M02-03
M02-04
M03-01m
M03-02m
M03-03m
M03-04m
M04-01
M04-02
M05-01
M05-02
M05-03
M05-04
M05-05
M05-06
M05-07
M05-08
M06-01m
M06-02
M06-03
M06-04
M06-05

3.50
4.23
5.92
8.26
8.99
9.75
10.3
12.5
6.69
6.87
24.7
27.3
22.9
28.1
4.22
7.09
6.29
5.26
5.01
4.43
4.82
7.75
3.93
4.24
19.8
3.88
4.41
8.95
8.46

0.210
0.451
0.144
0.160
0.253
0.179
0.184
0.125
0.096
0.132
1.54
2.14
1.98
2.09
0.232
0.328
0.239
0.216
0.144
0.255
0.469
0.451
0.646
0.288
1.311
0.365
0.435
0.247
0.266

0.0440
0.0593
0.0716
0.0946
0.103
0.113
0.114
0.140
0.0715
0.0778
0.200
0.208
0.117
0.137
0.0526
0.0866
0.0725
0.0632
0.0578
0.0572
0.0676
0.0951
0.0680
0.0534
0.206
0.0530
0.0611
0.105
0.100

4.18
5.69
6.39
8.78
9.81
10.3
10.9
12.9
7.01
7.30
29.6
34.1
29.3
34.8
4.97
8.16
7.06
5.96
5.47
5.26
6.34
9.21
6.02
5.17
24.0
5.06
5.82
9.75
9.32

M01-01
M01-02
M01-03
M01-04
M01-05
M01-06
M01-07
M01-08
M01-09
M01-10
M02-01
M02-02
M02-03
M02-04
M02-05
M02-06
M02-07
M02-08
M02-09
M02-10
M02-11
M02-12
M03-01 s
M03-02 s
M03-03 s
M03-04 s
M03-05 s
M04-01
M04-02
M04-03
M04-04
M04-05
M04-06
M05-01
M05-02
M05-03
M05-04
M05-05
M05-06
M05-07
M06-01

5.47
5.71
5.50
5.15
6.60
3.76
5.04
6.00
4.58
6.10
5.05
5.97
6.12
5.97
5.76
5.52
5.78
5.08
4.86
5.46
3.77
5.84
5.18
5.37
4.34
5.10
5.73
8.73
10.3
6.81
10.1
11.7
6.60
5.87
7.93
5.64
6.25
6.03
6.10
5.43
3.69

0.304
0.297
0.321
0.376
0.331
0.353
0.406
0.415
0.402
0.376
0.389
0.340
0.373
0.363
0.305
0.348
0.336
0.289
0.372
0.393
0.389
0.294
0.136
0.176
0.462
0.150
0.195
0.354
0.398
0.417
0.465
0.518
0.272
0.320
0.445
0.458
0.384
0.336
0.482
0.510
0.472

0.0662
0.0663
0.0688
0.0663
0.0778
0.0502
0.0658
0.0760
0.0643
0.0759
0.0665
0.0729
0.0760
0.0726
0.0701
0.0689
0.0716
0.0618
0.0632
0.0695
0.0521
0.0701
0.0441
0.0459
0.0588
0.0478
0.0495
0.101
0.120
0.0845
0.117
0.139
0.0770
0.0729
0.0958
0.0726
0.0782
0.0760
0.0782
0.0720
0.0531

242
235
249
246
240
242
244
244
258
245
249
244
245
240
246
245
246
243
246
244
245
244
186
183
238
202
184
243
244
245
238
246
243
250
241
241
246
252
241
240
240

6.46
6.68
6.53
6.37
7.67
4.90
6.36
7.35
5.89
7.32
6.31
7.07
7.33
7.15
6.75
6.65
6.86
6.02
6.06
6.74
5.03
6.79
5.62
5.93
5.84
5.58
6.36
9.87
11.6
8.16
11.6
13.4
7.48
6.90
9.38
7.12
7.50
7.12
7.67
7.08
5.22

Spot# ThO2
(wt.%)

UO2
(wt.%)

PbO
(wt.%)

Age
(Ma)

ThO2*
(wt.%)

ThO2*
(wt.%)

Age
(Ma)

PbO
(wt.%)

UO2
(wt.%)

ThO2
(wt.%)

Spot#

Kyanite-staurolite-garnet schist
(Sample CH-10)

Sillimanite-garnet gneiss
(Sample H-8)

ThO2*: sum of the measured ThO2 and ThO2
equivalent of the measured UO2

Note;
m: metamict part of monazite grain
c: core part of monazite grain
r : rim part of monazite grain
s: sill imanite-containing monazite grain
t : t iny monasite grain
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Table 1. (continued).

M06-02
M06-03
M06-04
M07-01
M07-02
M07-03
M08-01d
M08-02d
M08-03d
M08-04d
M08-05 d
M08-06d
M08-07d
M08-08d
M08-09d
M08-10d
M08-11r
M08-12
M08-13
M08-14
M08-15
M08-16d
M08-17d
M08-18
M08-19
M08-20d
M08-21
M08-22d
M08-23d
M08-24d
M08-25d
M08-26d
M09-01
M09-02
M09-03
M10-01
M10-02 r
M10-03 r
M10-04
M10-05
M11-02
M11-02
M11-03
M11-04

3.12
8.87
6.61
6.93
11.2
9.63
5.62
5.56
5.54
5.65
5.61
5.57
5.42
5.33
5.40
5.49
6.47
6.65
5.57
5.42
5.71
5.80
5.74
4.61
4.36
5.60
6.34
5.91
5.54
7.12
5.43
5.65
5.92
5.99
5.51
5.56
5.37
5.46
5.09
5.44
5.55
6.22
6.87
6.59

0.491
0.490
0.403
0.484
0.404
0.389
0.382
0.392
0.415
0.399
0.395
0.407
0.365
0.366
0.421
0.406
0.294
0.270
0.267
0.244
0.248
0.413
0.419
0.258
0.282
0.348
0.331
0.344
0.328
0.379
0.391
0.373
0.579
0.607
0.558
0.316
0.327
0.313
0.317
0.312
0.310
0.441
0.379
0.314

0.457
0.182
0.173
0.168
0.173
0.360
0.473
0.243
0.233
0.373
0.348
0.528
0.377
0.324
0.151
0.157
0.165
0.150
0.397
0.362
0.363
0.450
0.501
0.461
0.422
0.427
0.383
0.342
0.355
0.343
0.388
0.397
0.400
0.353
0.362
0.341
0.324
0.353
0.276
0.359
0.294
0.312
0.269
0.290

9.35
5.19
5.88
6.13
6.11
6.46
7.20
5.72
5.76
11.1
11.2
8.96
10.1
13.2
5.68
5.57
5.90
5.62
5.33
5.26
5.67
6.64
6.21
6.59
4.99
5.71
5.51
6.04
5.51
5.30
4.38
5.93
6.31
5.86
5.66
5.60
5.31
5.62
4.42
5.99
5.61
5.39
5.73
5.44

0.0487
0.108
0.0802
0.0875
0.129
0.114
0.511
0.518
0.520
0.531
0.508
0.523
0.513
0.508
0.508
0.500
0.0626
0.0753
0.0633
0.0644
0.0591
0.551
0.497
0.0560
0.0569
0.143
0.0698
0.533
0.510
0.197
0.509
0.529
0.0842
0.0841
0.0750
0.0699
0.0516
0.0584
0.0616
0.0663
0.0695
0.0799
0.0839
0.0791

0.113
0.0502
0.0495
0.0564
0.0621
0.0786
0.0890
0.0492
0.0673
0.127
0.129
0.110
0.119
0.149
0.0500
0.0646
0.0630
0.0624
0.0646
0.0655
0.0628
0.0825
0.0834
0.0797
0.0622
0.0739
0.0696
0.0745
0.0714
0.0644
0.0564
0.0699
0.0830
0.0730
0.0712
0.0698
0.0678
0.0695
0.0573
0.0714
0.0590
0.0650
0.0681
0.0671

244
244
239
243
242
247
1661
1690
1682
1701
1644
1687
1730
1733
1670
1637
199
237
232
245
215
1717
1567
243
255
497
223
1697
1723
552
1691
1718
255
250
242
251
190
213
238
243
250
247
245
246

245
205
182
200
220
244
241
179
244
245
246
244
249
247
192
251
231
242
231
241
217
241
252
233
231
246
244
246
253
237
236
229
258
246
246
246
252
243
255
236
213
240
244
248

4.71
10.5
7.91
8.50
12.5
10.9
7.03
7.00
7.06
7.12
7.06
7.07
6.77
6.68
6.95
6.98
7.42
7.52
6.44
6.21
6.51
7.32
7.26
5.44
5.28
6.75
7.41
7.17
6.75
8.38
6.87
7.03
7.79
7.95
7.32
6.59
6.43
6.47
6.12
6.45
6.56
7.64
8.10
7.61

10.8
5.78
6.44
6.67
6.67
7.62
8.74
6.51
6.51
12.3
12.3
10.7
11.3
14.3
6.17
6.08
6.43
6.10
6.61
6.44
6.84
8.10
7.83
8.09
6.35
7.09
6.75
7.15
6.66
6.41
5.64
7.21
7.60
7.00
6.84
6.71
6.36
6.76
5.32
7.15
6.56
6.40
6.60
6.39

M11-05
M12-01t
M12-02t
M12-03t
M12-04t
M13-01
M13-02
M13-03r
M13-04
M14-01
M14-02
M14-03
M14-04
M14-05
M15-01r
M15-02
M15-03
M15-04
M16-01r
M16-02
M16-03r
M16-04r
M16-05
M16-06r
M16-07r
M16-08
M16-09
M16-10
M16-11
M16-12
M16-13r
M16-14r
M16-15
M16-16
M16-17
M16-18
M16-19
M16-20
M16-21
M16-22r
M16-23r
M16-24
M16-25
M16-26

Spot# ThO2
(wt.%)

UO2
(wt.%)

UO2
(wt.%)

Spot# ThO2
(wt.%)

PbO
(wt.%)

PbO
(wt.%)

Age
(Ma)

Age
(Ma)

ThO2*
(wt.%)

ThO2*
(wt.%)
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Table 1. (continued).

M16-27
M16-28
M16-29r
M16-30r
M16-31
M16-32
M16-33
M16-34
M16-35
M16-36
M16-37
M16-38r
M17-01
M17-02
M17-03
M17-04
M17-05
M18-01
M18-02
M18-03
M18-04
M18-05
M19-01r
M19-02
M19-03
M19-04r
M19-05
M20-01
M20-02
M20-03
M20-04
M20-05
M20-06
M20-07
M20-08
M21-01
M21-02
M21-03
M21-04
M21-05
M21-06
M21-07
M21-08r

5.80
6.96
7.33
6.32
7.67
6.07
6.95
6.61
6.42
7.00
7.05
6.93
6.05
6.38
6.34
6.46
6.23
5.55
6.29
5.59
5.89
7.13
5.74
6.02
6.06
5.66
6.38
8.08
6.54
6.22
6.77
5.78
5.79
6.55
5.42
6.15
6.09
6.13
6.08
5.90
6.45
5.66
5.76

245
241
224
225
240
245
246
244
246
241
240
238
242
240
246
235
242
256
241
252
235
248
205
242
236
217
244
241
246
250
261
235
240
251
235
241
250
244
250
253
246
242
207

4.91
5.86
6.34
5.24
6.18
5.00
5.88
5.56
5.57
6.06
6.06
5.95
5.17
5.43
5.35
5.65
5.34
4.69
5.37
4.71
4.65
5.92
4.89
5.11
5.12
3.92
5.31
7.09
5.47
5.29
5.68
4.98
4.98
5.66
4.55
5.19
5.11
5.21
5.13
5.01
5.46
4.83
4.96

0.0600
0.0709
0.0695
0.0601
0.0778
0.0630
0.0725
0.0683
0.0669
0.0713
0.0716
0.0697
0.0620
0.0648
0.0661
0.0642
0.0639
0.0602
0.0642
0.0596
0.0585
0.0749
0.0497
0.0616
0.0606
0.0519
0.0659
0.0825
0.0682
0.0659
0.0747
0.0574
0.0588
0.0696
0.0540
0.0626
0.0645
0.0633
0.0642
0.0633
0.0672
0.0580
0.0504

0.275
0.340
0.308
0.335
0.460
0.329
0.332
0.323
0.264
0.289
0.307
0.302
0.271
0.292
0.306
0.252
0.276
0.266
0.285
0.270
0.384
0.373
0.266
0.279
0.289
0.539
0.329
0.305
0.330
0.289
0.336
0.247
0.250
0.275
0.269
0.295
0.304
0.284
0.294
0.274
0.305
0.256
0.247

� ��

Two-mica granite
(Sample H-2)

M01-01
M01-02
M01-03
M01-04c
M01-05
M01-06
M01-07c
M01-08
M01-09
M02-01c
M02-02
M02-03
M02-04
M02-05
M02-06
M02-07
M02-08
M02-09
M02-10
M02-11
M02-12c
M02-13r
M02-14
M02-15c
M02-16c
M03-01
M03-02
M03-03
M03-04
M03-05
M03-06
M03-07
M03-08c
M03-09c
M03-10
M03-11
M03-12
M03-13c
M03-14
M03-16
M04-01
M04-02

9.89
10.6
10.5
5.99
10.2
8.51
5.40
10.4
5.58
5.26
4.73
13.5
14.0
12.8
13.1
13.9
17.8
13.2
9.31
12.3
8.99
6.13
8.59
8.83
5.65
9.53
9.86
10.2
8.99
9.86
6.87
6.91
10.38
10.2
10.0
10.0
9.63
10.3
10.4
10.1
8.53
4.03

0.275
0.206
0.198
0.146
0.187
0.202
0.182
0.186
0.137
0.132
0.121
0.214
0.248
0.198
0.200
0.243
0.373
0.218
0.187
0.209
0.151
0.309
0.224
0.161
0.550
0.084
0.104
0.150
0.110
0.109
0.055
0.033
0.117
0.097
0.114
0.100
0.097
0.099
0.117
0.095
0.224
0.083

0.0780
0.0883
0.0806
0.0529
0.0848
0.0669
0.0539
0.0802
0.0415
0.0484
0.0380
0.107
0.112
0.101
0.0967
0.100
0.141
0.100
0.0776
0.0938
0.0818
0.0419
0.0629
0.0791
0.0639
0.0762
0.0760
0.0754
0.0641
0.0803
0.0508
0.0525
0.0935
0.0884
0.0809
0.0806
0.0695
0.0878
0.0783
0.0767
0.0716
0.0326

171
185
171
194
186
173
213
172
163
201
175
178
179
178
167
161
175
170
185
171
204
139
160
200
203
184
176
168
162
186
170
177
205
199
185
184
165
195
173
174
183
180

10.8
11.3
11.2
6.46
10.8
9.16
5.99
11.0
6.03
5.69
5.12
14.2
14.8
13.4
13.7
14.7
19.0
13.9
9.910
12.9
9.48
7.12
9.31
9.35
7.43
9.80
10.2
10.6
9.34
10.2
7.05
7.03
10.8
10.5
10.4
10.4
9.94
10.6
10.7
10.4
9.25
4.29

Spot# Spot#ThO2
(wt.%)

ThO2
(wt.%)

UO2
(wt.%)

UO2
(wt.%)

PbO
(wt.%)

PbO
(wt.%)

Age
(Ma)

Age
(Ma)

ThO2*
(wt.%)

ThO2*
(wt.%)
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Table 1. (continued).

5.15
7.25
8.69
6.49
6.58
9.06
6.73
7.45
7.23
5.65
6.97
7.19
7.04
6.60
6.77
6.20
5.69
7.18
6.96
5.21
3.40
4.90
4.20
4.41
5.49
6.64
6.15
4.08
3.68
6.91
6.56
6.40
5.47
4.14
4.32
4.14
4.94
6.44
6.06
5.72
4.89
7.74
4.20
3.95

3.00
4.01
3.81
3.75
3.38
3.88
6.43
5.34
4.62
3.97
2.97
3.60
3.32
3.16
3.84
3.71
4.21
4.07
3.18
4.40
3.53
2.69
2.33
2.78
3.28
4.14
3.81
5.37
4.21
3.59
3.64
4.13
3.07
4.55
4.10
4.96
5.16
3.76
5.33
4.96
4.16
7.19

� ��

191
197
180
172
96
159
184
75
116
190
193
74
130
162
158
162
131
158
148
186
231
120
183
154
147
159
147
158
243
150
138
170
154
144
179
163
187
158
169
148
218
202
205
182

140
173
194
156
167
171
148
155
132
176
133
177
132
148
157
161
169
200
191
101
148
184
196
193
167
230
123
206
165
190
228
188
169
183
261
176
209
185
127
158
174
187

��

0.0415
0.0605
0.0661
0.0472
0.0268
0.0609
0.0523
0.0236
0.0353
0.0454
0.0569
0.0224
0.0386
0.0453
0.0453
0.0425
0.0316
0.0481
0.0435
0.0409
0.0332
0.0249
0.0326
0.0288
0.0340
0.0447
0.0382
0.0272
0.0378
0.0437
0.0382
0.0459
0.0356
0.0252
0.0327
0.0285
0.0391
0.0429
0.0433
0.0359
0.0451
0.0662
0.0365
0.0304

0.0177
0.0294
0.0313
0.0248
0.0238
0.0281
0.0403
0.0349
0.0258
0.0295
0.0167
0.0270
0.0185
0.0198
0.0254
0.0252
0.0301
0.0344
0.0257
0.0189
0.0221
0.0209
0.0193
0.0227
0.0231
0.0404
0.0198
0.0468
0.0293
0.0288
0.0351
0.0328
0.0220
0.0352
0.0452
0.0369
0.0456
0.0294
0.0286
0.0332
0.0305
0.0568

� ��

0.134
0.043
0.048
0.222
0.240
0.379
0.133
0.197
0.340
0.189
0.260
0.361
0.150
0.110
0.166
0.131
0.125
0.179
0.173
0.081
0.107
0.105
0.102
0.086
0.131
0.142
0.088
0.036
0.040
0.145
0.152
0.139
0.121
0.108
0.097
0.083
0.069
0.192
0.157
0.144
0.136
0.342
0.100
0.080

0.179
0.094
0.116
0.112
0.070
0.091
0.060
0.119
0.115
0.120
0.314
0.122
0.211
0.124
0.185
0.103
0.104
0.105
0.106
0.250
0.199
0.154
0.191
0.306
0.174
0.176
0.128
0.055
0.118
0.116
0.112
0.047
0.002
0.065
0.096
0.122
0.109
0.071
0.109
0.328
0.265
0.184

� ��

4.71
7.11
8.54
5.78
5.81
7.83
6.30
6.82
6.14
5.04
6.13
6.03
6.56
6.25
6.24
5.78
5.29
6.61
6.40
4.95
3.06
4.56
3.88
4.14
5.07
6.18
5.87
3.96
3.55
6.45
6.07
5.95
5.08
3.80
4.01
3.87
4.73
5.82
5.55
5.26
4.45
6.64
3.88
3.69

2.42
3.71
3.43
3.39
3.16
3.59
6.24
4.96
4.25
3.58
1.96
3.20
2.64
2.76
3.24
3.37
3.88
3.73
2.84
3.60
2.89
2.19
1.72
1.79
2.71
3.58
3.40
5.19
3.83
3.22
3.28
3.98
3.07
4.34
3.79
4.56
4.81
3.53
4.98
3.90
3.30
6.60

� �

M04-03
M04-04c
M04-05
M05-01
M05-02r
M05-03
M05-04
M05-05r
M05-06r
M05-07
M05-08
M05-09r
M05-10r
M05-11
M05-12
M05-13
M05-14r
M05-15
M05-16r
M05-17
M05-18c
M05-19r
M05-20
M05-21
M05-22r
M05-23
M05-24r
M05-25
M05-26c
M05-27r
M05-28r
M05-29
M05-30r
M05-31r
M05-32
M05-33
M05-34
M05-35
M05-36
M05-37r
M05-38
M05-39c
M05-40c
M05-41

M05-42r
M05-43
M05-44c
M04-45
M05-46
M05-47
M05-48r
M05-49
M05-50r
M05-51
M05-52r
M05-53
M05-54r
M05-55r
M05-56
M05-57
M05-58
M05-59c
M05-60
M05-61r
M05-62r
M05-63
M05-64
M05-65
M05-66
M05-67c
M05-68r
M05-69c
M05-70
M05-71
M05-72c
M05-73
M05-74
M05-75
M05-76c
M05-77
M05-78c
M05-79
M05-80r
M05-81
M05-82
M05-83

� � �� �

Spot# Spot#ThO2
(wt.%)

ThO2
(wt.%)

UO2
(wt.%)

UO2
(wt.%)

PbO
(wt.%)

PbO
(wt.%)

Age
(Ma)

Age
(Ma)

ThO2*
(wt.%)

ThO2*
(wt.%)
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Fig. 4. Plots of PbO vs. ThO2* of monazite grains from the kyanite-staurolite-garnet
schist (sample CH-10) of the Yeoncheon Group. Circles represent data points for
transparent portions, and crosses do data points for metamict portions. Error
box in the figure represents 2σ analytical uncertainty, and error quoted for age
is of 2σ.

M8 grain (square in Fig. 5) is much older than others, concentrating around the
1700 M a re fe r ence i so chron . The co re al s o d i ff er s i n composi t ion ( ThO2/
UO2=12-17) from the ca . 245 Ma rim (ThO2/UO2=15-24). Th e c a. 1700 Ma
core, formed under different chemical environments from the ca. 245 Ma rim,
appears to be detrital. One monazite grain (M03) contains sillimanite (f ibrol-
ite) in it s rim portion , indicating an overgrowth after the formation of s illima-
nite. The core of M03 grain shows 238 Ma apparent ages, while the s illimanite-
containing r im gives 183-186 Ma apparent ages. S imilar young ages (cross in
Fig. 5 ) ar e al so recognized from a timy grai n (M12) and rims o f some large
grains (M13 and M15). The age zoning of monaz ite suggests tha t the s illima-
n ite-garnet gneiss underwent an inten sive thermal even t during Ju rassic time
after the ca. 245 Ma high-grade metamorphism.

PbO (wt.%)

ThO2* (wt.%)

0.2

0.1

0
0 10 20 30

255±8 Ma
(MSWD=0.09)

Kyanite-staurolite-garnet schist
(Sampl e CH-10)

from the Yeoncheon Group
29 analyses on 6 grains

Analytical uncertainty
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PbO (wt.%)

0.60

0.40

0.20

0
0 5 10 15

1700 Ma Sillimanite-garnet gneiss
(Sample H-8)

from the Gyeonggi
Gneiss Complex

172 analyses on 21 grains

245±3 Ma
(MSWD=0.05)

Analytical uncertainty

ThO2* (wt.%)
Fig. 5. Plots of PbO vs. ThO2* of monazite grains from the sillimanite-garnet gneiss in

the Gyeonggi Gneiss Complex (sample H-8). Circles represent data points used
for age calculation. Data points for the core of zoned M08 grain are shown by
squares, and those for sill imanite-containing M03 grain, t iny M12 grain and rim
portions of unzoned grains are shown by crosses. Explanation for errors is the
same as Fig. 3.

Two-mica granite (sample H-2) from the Gyeonggi Gneiss Complex
A total of 128 spots on 5 monazite grains were analyzed. Some spots on the

cores o f individual grains (square in F ig . 6 ) show apparent ages of 190-261
Ma, and those on grain edges and rough-surface parts (cross i n Fig. 6 ) give
younger apparent ages of 74-154 Ma. Except these, the rest 80 data (circ le in
Fig . 6), showing 1.72-17.83% ThO2, 0.00-0.38% UO2 and 0.019-0.141% PbO,
y i el d a n i s och r o n o f 1 7 2±5 M a (MSWD= 0.45 ) wi t h an i n t e rc e p t val ue
-0 .0003±0.0012. Th e c or e age c orrespo nd s to the age f or the s i l limanite -
garnet gneis s o f the Gyeonggi Gneis s Complez in which the two-mica granite
intruded. The olde r cores are xenocryst s derived f rom surrounding gneisses.
They might survive from entire loss o f Pb during th e gran it e consolid at ion,
since the closure temperature of Pb di ffusion in monazit e (650-700 C, Suzuk i
et a l., 1994) is close to the solidus temperature o f hydrous grani ti c magma a t
moderate pressures (Stern e t a l., 1975).

o
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PbO (wt.%)

0.15

0.10

0.05

0
0 5 10 15 20

Two-mica granite
(Sample H-2)

from the Gyeonggi Gneiss Complex
128 analyses on 5 grains

250 Ma 172±5 Ma
(MSWD=0.45)

100 Ma

Analytical uncertainty

ThO2* (wt.%)

Fig. 6. Plots of PbO vs. ThO2* of monazite grains from the two-mica granite (sample
H-2) in the Gyeonggi Gneiss Complex. Circles represent data points used for age
ca lc ul at ion . Dat a points for core and r im porti on s o f indiv idual g ra in s a re
shown by squares and crosses, respectively. Explanation for errors is the same
as Fig. 3.

K-Ar muscovite age of this two-mica granite is 151±4 Ma (Park et al ., 1997).
The blocking t emperature o f muscovite (350±50 C, Dodson and McClel land-
Brown, 1985) is lower than that of monazite (650-700 C, Suzuki et al., 1994).
Since most of the Jurassic Daebo Granites cooled slowly at middle crust level
(Cho and Kwon, 1994) after the consolidation, the CHIME monazite and K-Ar
muscovi te ages are reasonably regarded as the t ime of emplacement and sub-
sequent cooling of the two-mica grani te.

DISCUSSION

Monazite begins to form as metamorphic mineral at the lower amphibolite-
facies condition (Smith and Barreiro, 1990). Thus, the CHIME monazite age of
255±8 Ma for the kyanite-stauroli te-garne t schist can be regarded as the t ime
o f th e r egional metamorphism for th e ea rly-midd le Pro te rozoic Yeoncheon
Gr ou p i n t h e s o-ca l l ed Imj ingang Fo ld Be l t . Th e metamorph i c a g e f o r t h e

o

o
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Yeoncheon Group was a lso dated through the Sm-Nd and Rb-Sr minneral iso-
chron methods (Cho e t al ., 1995). The Sm-Nd and Rb-Sr garnet-plag ioclase-
who l e r o c k i soch ron a g e s of amph ibo li t e f r om t h e Mi s an Forma t ion a re
231±30 Ma and 224±24 Ma, r espectively. Although the ages ar e overlapped
within erro r l imits, the CHIME monazite age appears t o be significantly older
than the isotopic ages. Presumably, the CHIME monazite age represents the
t ime for the first att ainmen t o f the lower amphibolit e f acies, and the Sm-Nd
and Rb-Sr ages date the t ime of cooling related to uplift.

The s i l limani te- garn et gneiss f ro m the Gy eonggi Gnei s s Complex g ives
CHIME monazit e a ge of 245±3 Ma. A s stated earli er, t hi s g neiss sampl e con -
ta ins monazit e wit h ca . 1 70 0 Ma c or e of detr i ta l origin. Therefore , the se -
d ime nta t ion age of t h e gne i s s p r otol i t h i s p os t -mi d dle Pr ote r ozo i c . Th i s
clearly demonstrates t ha t a l l of the Gyeongg i Gneiss Complex is n ot t he Ar-
chean-ear ly Proterozoic complex so fa r believed (Na and Kin , 1987; R i and Ri ,
1994; Chwae , e t al . , 1995) . Th e post-middl e P rote rozoi c sediment underwent
the l a te Pe rmia n-ea r ly Tr i a ss i c amphibo l i te - fac ies me tamo rph i sm an d t h e
Jurass ic thermal e vent .
Despite the different geolog ic province a nd te cton ic set ti ng (Figs. 1, 2 a nd

3 ) , CHIME monazite ages for the Yeoncheon Group and the Gteonggi Gneiss
Complex are nearly identica l. This suggests that the late Permian-early Trias-
si c reg iona l metamorphism oc curred no t only i n th e Imjingan Fold Belt b ut
also i n some parts o f the Gyeonggi Gneiss Complex. The late-Permian-early
Triassic r eg ional metamorphism i s also recognized from the central par t o f the
Ogcheon Fold Belt in the Korean Peninsula (Adachi e t al. , 1996). Outside the
Korean Peninsula, th e late Permian-early Triassic regional metamorphism oc-
curred i n th e Hida Terr ane, Southwest J apan (Suzuki and Adachi , 1994), the
Q inling -Dabie-Sulu Collisional Belt , China (Lie, 1993 ) and so on. Although
many hypotheses o n t h e t ec ton ic co r rel at ion o f China-Korea - Japan -Russ ia
have been proposed (Adachi et al., 1996; Suzuki and Adachi, 1994; Cluzel, 1992;
Ernst et al., 1994, Liu, 1993; Yin and Nie, 1993), details in terms of tectonics are
st i l l unclear.
I t is no tew orth y tha t t he metamorphi c rocks o f th e Yeoncheon G rou p and

t h e Gyeonggi Gneiss Complex are particularly comparable in mineral assemb-
lage as well as in age with the Unazuki Schist of the Barronvian type and the
Hida Gneiss of the Buchan type in the Hida terrane of central Japan, r espec-
t ively. The Yeoncheon Group and the Gyeonggi Gneis s Complex were exten -
sively i nt ruded by the Jurassic Daebo Gran ites including the 172±5 Ma two-
mica g ran it e , and the Unazuki Schist and the Hida Gne iss i n central Japan
were intruded by the ca. 175 -190 Ma (Shibata and Nozawa, 1984; Khan e t al .,
1995 ) Funatsu Granite . The overall similarlity in metamorphic age , mineral as-
semblage and plutonic age shows that both the Gyeonggi Massif i n the Kir ean
Peninsula and the Hida terrane in central Japan once shared a common geo-
logic province.
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CONCLUDING REMARKS

On th e bas i s o f th e p r el iminar l y CH IME geochronolog i ca l s tudy we ca n
d r a w th e f o ll ow i ng c o n c lu si o ns o n t he Gy e o ng g i M a ss if i nc lu d in g t he
Yeoncheon Gr oup .
(1) The CHIME monazite age for the kyanite-staurolite-garnet schist from the
Yeoncheon Group i s 2 55±8 Ma.
(2) The sill imanite-garne t gne iss from the central part of the Gyeonggi Gneiss
Complex shows a CHIME monazite age of 245±3 Ma. This suggests that some
parts o f the Gyeongg i Gneis s Complex formed through the late Permian-early
Triassic regional metamorphism.
(3 ) The c a. 250 Ma metamorph i c ages re vea led in the Gyeongg i Massi f a r e
equivalent to the age for the regional metamorphi sm in the central part o f the
Ogcheon Fold Belt in Korea, the Hida Terrane in Japan, and the Qinling-Dabie-
Sulu Collisional Belt in China. Presumably, the ca. 250 Ma metamorphism and
plutonism t oo k place more widely i n E ast Asi a than has been thought .
(4 ) Th e c a. 1700 M a core i n a monazi te g ra i n fr om t he s i l l imani t e-ga rn e t
g n e is s i n the Gyeonggi Gneis s Complex constrain s the s edimentation age o f
th e gneiss protolith t o b e post-middl e Proterozoic.
(5) The two-mica gran i te in t rudi n g t h e Gyeonggi Gnei ss Complex y ie lds a
CHIME monazite age of 172±5 Ma.
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