Jour. Petrol. Soc. Korea Vol. 12, No. 2, p. 79~99, 2003

23X HMr| HAME[Xto] K-Ar Y “Ar/PAr LR} 1 2j9|

UM+ QBE - 0552 0|YF

e Fzoarl, R0 X787 7}

K-Ar and “Ar/®Ar Ages from Metasediments in the Okcheon
Metamorphic Belt and their Tectonic Implication

Sung Won Kim"#, Chang Whan Oh’, Deok Su Lee’ and Jeong Hu Lee’

'Basic Science Research Institute, Chonbuk National University, Jeonju 561-756, Korea
*Department of Earth and Environmental Sciences, Chonbuk National University, Jeonju 561-756, Korea

D2 HAY MR SRIK Y SR v S5EAY sole] wdeld AR Y Y 3Rl 9l
SR} Wew g E KA} “ArPAr g T AR ARG Be uEe] ol A+
Lol Q23 HA A AALFERE T3 Ser9l Wew KA} “ArPAr AtlE 149-180 Ma©|
v ZExde) vox wukEe] o] X7z deolld AFHE wWAeld AMdGFERE 73 S5}
T K-Ar Gl Mg s de vs] B33 AUEZE Kol W] Al 99 102-105
AL 142-194 MaGEl71), 216-234 Ma(H 3 71571-571) 3 241-277 Ma(dH 7127121571 $71)4
o}, ATt A7IRE AE7] ddEee B o] BRol wnk e Y & Zgx|dol 2
Al FRolet 23R ohE XA AE FEiSvlel AFEh AgR shiAY 2 B )
A-FEAGY FFAFY K-Arsh CArPAr SR Ben AYER FelEVIR o5 WA =R
HE] Aozl FEb15719] YArPArd K-Ar S8R9 Wene] Adiel A9 dxsh ol T dAIZF B4
of Wzbel Apde AL AR x| gal 22 nd Ao Be gy 2 wulE wejoA Red
SRR 4, e BF A w99 Edss AN 33533359 A vl £ Wl FJEHh
HAGEFoR B o SyEdde HAgge-g e FAXGe] B wyf GRAME 2 o 2
28 AAEhe AR 4, wol Ve olE AYoiM ZeRe WeR K-Ach YArPAr AUzt FEbr)
Z7ld AFH= AR, o8 XYE W B9 es #9s sl AdAgxane WAzt FelE)
9l Abal, ey FElr] st Sl 500°C o4 ASkE wWAuyt ¥A4E Re FdFom AAFES
Y3 FHAARE o|F FIIZ/N()-F7IA Yot ARyl Hodan Gugarg-g e gl s
Aet Fed GugdEgel o3 WAdFEEsle SFUYEER 1-2km JelAR X =Y ole FFete] WE
Waol o8l 1-2km B FEFo] Wk W FEI 717t Fo] FEHA SRS AXEH. 3,
2PN YRS FURe wAolA A AYewRE 24Y SeEel Wow KA YArPAr ddle 3
20 o|E Aol Rug Sl F FARGREAIA AT HEV|RT] o5 WAAES 7
Ot} 3], WA F2 SEAGe] FRM 57 AR W] w3 SeRet WeR K-Ar |
¢l 241-249 Ma®} 263-277 Ma® M E71%7] HE7]%7) (ca. 280-300 Ma) HHEAU ] FHAA7] 1% 280-
300 Mai-E] 263-277 Ma Alelolld] ok 350°C7x)e] WS ¥zbal 263-277 MaE] 241-249 Ma Alololi] of
30007kl =8 Wz AAJETE SRnE of A7 EE21Y duivt SEAGe] SR FEtEo]
Ehj=Aol i3t & J 2 A7 Zasio)

MO SPUAG, K-Arst CArPAr 9], §28e) 4, 7t ¥z

L

Z QLN FO
(L dot

Ho

A o § 4
2 o

g:

\ -

oL

Abstract: Muscovite and biotite from 52 metasediments and 5 granites in the Hwasan area, the southwest
of the Okcheon metamorphic belt and the Miwon-Jeungpyeong area, central Okcheon metamorphic belt
were dated by the K-Ar and “Ar/*Ar methods. Muscovite and biotite ages from metapelitic and psammitic
rocks (metasediments) of the Boeun and Pibanryeong units in the Hwasan area are concentrated in the
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mid-Jurassic (149-180 Ma). K-Ar and “Ar/*°Ar ages for metapelitic and psammitic rocks of the Boeun and
Pibanryeong units in the Miwon-Jeungpyeong area show complicated age distribution. Muscovite and
biotite ages are classified by three groups, 142-194Ma, 216-234 Ma, and 241-277 Ma. Younger
(Cretaceous) ages occur only in metasediments close to Cretaceous granitic rocks in the southeastern
region and the older ages of 216-277 Ma are restricted to the middle part of the Jeungpyeong area. Most
ages in the other area of the central Okcheon metamorphic belt fall between 142-194 Ma (Jurassic). K-Ar
and “Ar/®Ar ages for granite from the northern part in the both the southwest and central Okcheon
metamorphic belt also gave middle Jurassic ages (156-168 Ma). The similar ages from both metasediments
and granites in the study areas indicate simultaneous cooling of both rocks to 300-350°C during the middle
Jurassic. The state of graphitization of carbonaceous material of all metasediments in the study areas
indicates fully ordered graphite falling within a small range, from 3.353 to 3.359 A, which indicate
amphibolite facies regional metamorphism. In the southern sector of the Boeun unit from the Hwasan area,
metamorphic grade indicated by mineral paragenesis during regional intermediate-P/T metamorphism is
greenschist facies. Whereas, the d,,, values for carbonaceous materials in the same sector show fully
ordered graphite (ca. 500°C) indicating amphibolite facies. This result with the concentration of mica ages
of metasediments into the middle Jurassic, the presence of low-P/T thermal metamorphic zone (>500°C)
in the metasediments close to the Jurassic granite and the regional intrusion of Jurassic granites and their
middle Jurassic intrusion and cooling ages may indicate the low-P/T regional thermal event during the
early(?)-middle Jurassic after main intermediate-P/T metamorphism which formed main mineral
assemblage regionally in the study area. The regional thermal event failed, however, to reset the mineral
assemblage of regional intermediate-P/T metamorphism except for narrow aureole (1-2 km) around Jurassic
granite because the duration of thermal effect was relatively short by repid cooling of the Jurassic granite.
In the middle part of the Jeungpyeong area, central Ogcheon metamorphic belt, muscovite and biotite K-
Ar ages from 5 samples are 263-277Ma and 241-249 Ma, respectively. An intermediate-P/T
metamorphism is currently accepted to have occurred between 280 and 300 Ma. Therefore, the muscovite
and biotite ages can be interpreted as cooling ages after M1 metamorphism indicating rapid cooling to ca.
350°C between 280-300 Ma and 263-277 Ma, and biotite ages indicate slower cooling to ca. 300°C
between 263-277 Ma and 241-249 Ma. However, more detail study is needed to confirm why the Permian
to Triassic ages occur only in the middle part of the Jeungpyeong area.

Key words: Okcheon metamorphic belt, K-Ar and “Ar/°Ar ages, d,, values for carbonaceous material,
cooling
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Fig. 1. (a) Simplified tectonic map of South Korea (adapted from Chough ez al. (2000)). A series of large-scale dextral
strike-slip fault movements defines the Honam shear zone. (b) Litho-tectonic map of the Okcheon metamorphic belt

(OMB) adapted from Cluzel ef al. (1990).
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Fig. 2. Geological and litho-tectonic map of the southwestern part of the OMB, showing age dating and carbonaceous
material sample localities. The Boeun unit in the southeast and the Pibanryeong unit in the northwest of the study area
are interpreted as being a transitional domain between the outer shelf and deep basin, and a deeper part of the basin,

respectively. SJ1, SJ2 and SJ3 are granite sample localities.
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Table 1. K-Ar age data of muscovite and biotite from metasediments and granites in the southwst of the Okcheon meta-

morphic belt.

i i . . i Rad. ® Non-Rad.
le(:]ti;tomc Sa;r:)ple Mineral Fraction Pmﬁ;;n (10* CcS'?li /a) Age (Ma) DAL (%)

S1 Biotite 61-74 pm 529+0.11 318832 1489132 2.9

S2 Biotite 61-74 um 6.65+0.13 420339 155.8+3.3 1.4

S3 Muscovite 2-4 um 5.87%0.12 3714x35 156.1+3.2 33

S3 Muscovite 4-8 pm 6.03£0.12 3854140 157.5+34 1.9

S4 Biotite 61-74 um 6.73£0.14 4207+41 150.9£3.2 3.6

S4 Muscovite 61-74 um 5.60£0.11 3725+39 164.3£3.5 3.6

S5 Biotite 61-74 um 6.54£0.13 412441 155633 0.9

S5 Muscovite 2-4 ym 3.01£0.06 1934121 158434 6.1

Boeun unit S5 Muscovite 4-8 pm 4.1410.08 2606127 155.5+3.2 34

S6 Biotite 61-74 um 72210.14 455045 155.6£33 1.8

S6 Muscovite 61-74 um 6.3810.13 4043 48 156.3£34 2.1

S7 Muscovite 61-74 pm 6.41x0.13 410838 158.1+34 2.0

S14 Biotite 61-74 um 7.16£0.14 4724+ 46 162.6£3.5 0.9

S14 Muscovite 61-74 pm 578+0.12 3853+%38 1642+3.5 19

$17 Muscovite 61-74 um 8.29+0.17 6075 %60 179.6+3.8 13

S19 Biotite 104-147 pm 6.54+0.13 4370+ 44 164.4£3.5 1.3

S19 Muscovite 104-147 um 4.42+0.09 3212432 178.0£3.8 2.1

520 Muscovite 104-147um  6.82+0.14 4656+47 167.9£3.6 1.8

S20 Biotite 104-147um  6.96+0.14 4641132 164.1x35 1.1

S21 Biotite 61-74 pm 7.31£0.15 4852147 163.4£3.5 0.6

! S22 Biotite 61-74 um 743+0.15 4908 148 162.7£3.5 14

PlbaLlll;)i/fong S23 Muscovite 61-74 um 7.94£0.16 5134452 159.4+34 2.3

524 Muscovite 104-147 um 6.19£0.12 404341 156.7+3.4 22

$25 Muscovite 61-74 um 591£0.12 382637 159.7+34 1.1

S26 Biotite 61-74 um 535%£0.11 3402 %34 156.8+34 3.1

S26 Muscovite 61-74 um 597£0.12 3852139 159.8+£34 35

sl Biotite ~ 104-147pum  625%£0.13  3953%£39  1559+33 17

Granite sI2 Biotite ~ 104-147pm  733%£0.15 462645 1557433 07

s13 Muscovite  104-147pum  843+0.17  5396%53 1557434 0.8
shix s} Mag i thh B9 AUEEE nAE 7] AARD)Y WU HelZTHTble 2). HMU.ZHe)
ChTable 3). 22 TelelA Z8R At 105 MaH ARAG e g #7157 Qg BT v
2}7]), 157-176 Ma(F2}71), 234 Ma(3H8 715719} %7 & FFAANM e HeprloA HE/A S
AR HHE BT HEEE 102Ma%t 170 = onE o
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Aol 242} 142194 Ma(Fa}71), 216-224 MadHH 715
71), 241-249 Ma(HA 71 27])2] M98 HeFn W
RE 164-190 Ma@FEl7)), 263-277 Ma@l£71% 79} 2
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Table 2. “Ar/’Ar analytical data of muscovite and biotite from metasediments in the southwst of the Okcheon meta-
morphic belt.

T (°C) ¥ Ar Frac*! Ij&:?%g' DOArFAr eér;o)r A P AT ?;O)r (Ahfae) ?:i_o)r
S3 biotite
500 0.003 90.4 4.652 2789 2.975 0.115 41.15 24.39
600 0.011 66.3 8.201 1.268 0.750 0.028 71.92 10.90
700 0.056 5.8 18.908 0173 0.120 0.006 161.71 1.45
800 0.247 22 18.498 0.103 0.035 0.001 158.35 0.90
900 0.379 1.7 18.716 0.089 0.095 0.002 160.14 0.80
950 0.495 23 18.278 0.170 0.744 0.006 156.55 1.43
1000 0.639 1.3 18.743 0.087 0.294 0.002 160.36 0.78
1050 0.745 04 18.567 0.118 0.042 0.003 158.91 1.02
1100 0.875 35 18.114 0.134 0.081 0.002 155.20 1.14
1200 0.962 1.4 18.241 0.140 0.231 0.011 156.25 1.19
1500 1 54 18.268 0214 0410 0.016 156.46 1.78
Intergrated age=157.2+0.5
S11 biotite
500 0.003 100.7 -5.944 6.937 0.000 0.000 -53.98 63.95
600 0.014 412 21.322 0.926 0.619 0.016 181.35 7.50
700 0.089 19.1 19.846 0.138 0.000 0.000 169.36 1.17
800 0.363 11.9 18.250 0.104 0.029 0.001 156.32 091
900 0.581 0.0 18.915 0.062 0.005 0.001 161.77 0.60
950 0.801 0.6 18.877 0.071 0.037 0.001 161.45 0.67
1000 0.892 03 19.421 0.127 0.009 0.003 165.90 1.09
1050 0.958 0.0 19.282 0.103 0.162 0.003 164.77 0.90
1100 1 0.0 19.375 0.201 0.122 0.005 165.52 1.67
Intergrated age=161.1+0.5
S11 muscovite
500 0.000 39.0 514.770 3244.000 144.574 904.686 2287.21 8169.23
600 0.037 154.5 -4.497 9.399 4.334 0.665 -40.70 86.02
700 0.123 324 9.553 2282 1.857 0.062 83.51 19.50
800 0.468 439 10414 0916 3.703 0.336 90.85 7.80
900 0.662 11.0 17.975 0.709 0.847 0.018 154.06 5.84
950 0.711 0.0 18.812 5.169 0.928 0.218 160.92 42.30
1000 0.806 0.0 18.601 0.892 0.400 0.025 159.15 7.69
1050 0.878 0.0 18.422 0930 0.597 0.034 157.39 7.70
1200 1 1.2 19.401 0.968 0.354 0.015 165.74 7.91
Intergrated age=149.3 £5.3
$11 muscovite
500 0.010 84.0 1.994 5.029 3.399 0.146 17.75 44.56
600 0.031 349 12.030 2.305 1.731 0.044 104.55 19.47
700 0.075 211 14.854 0.601 0.782 0.015 128.24 5.02
800 0.228 13.7 17.175 0.565 0.778 0.022 147.48 4.67
900 0.551 8.9 17.676 0.280 0.200 0.002 151.60 232
950 0.683 39 18.398 0.162 0.298 0.006 157.53 1.37
1000 0.775 0.0 19.194 0211 0411 0.010 164.04 1.75
1050 0.902 0.7 18.493 0.240 0.070 0.010 158.31 1.99
1100 1 1.0 19.661 0.245 0.124 0.006 167.86 2.02

Intergrated age=152.1+1.3
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Non-Rad.

T (C) A Frac*! BAr (9 WA AT ?lo)r 37 ArCa/39 Ar, ?If_l—o)r (/I?/Ig:) fifio)r
S12 biotite
600 0.020 0.0 33.193 0.897 0.306 0.393 24495 6.34
700 0.102 0.0 23.609 0.460 0.187 0.063 177.57 345
800 0.278 0.0 23.585 0.257 0.105 0.028 17741 2.11
850 0.579 73 21.297 0.259 0.022 0.024 160.94 2.09
900 0.827 51 21.757 0.899 0.100 0.020 164.94 6.56
950 0.898 4.8 22.482 1.036 0.428 0.075 168.16 7.82
1000 1 0.0 22,692 2.480 0.293 0.047 170.99 2.04
Intergrated age=168.4 1-2.5
S12 muscovite
600 0.013 1.3 22.429 2.863 0.739 0.142 169.11 20.63
700 0.04] 0.3 22,942 1.357 0.116 0.061 172.80 9.80
800 0.138 35 24.036 0.450 0.070 0.017 180.63 3.38
900 0.496 0.9 22.883 0.244 0.035 0.007 172.37 2.01
950 0.640 0.0 22923 0213 0.082 0.013 172.65 1.83
1000 0.796 1.9 23.008 0.292 0.000 0.000 173.27 232
1050 0.885 0.1 23.395 0.422 0.172 0.019 176.04 3.19
1100 1 1.4 23.825 0.384 0.185 0.018 179.12 2.94
Intergrated age=174.44 1.8
S13 biotite
500 0.007 31.0 4319 0.819 0.787 0.009 38.24 7.17
600 0.018 12 11.657 0.405 0410 0.007 101.40 3.43
700 0.034 27 16.837 0.141 0.337 0.004 144.68 1.20
800 0.073 0.8 17.954 0.165 0.138 0.002 153.89 1.39
900 0.435 23 18.738 0.127 0.192 0.004 160.31 1.09
950 0.571 1.0 18.600 0.157 0.108 0.006 159.18 1.32
1000 0.660 1.7 18.541 0.116 0.114 0.001 158.70 1.00
1050 0.838 0.5 18.685 0.089 0.066 0.000 159.88 0.80
1100 1 0.4 18.845 0.087 0.108 0.001 161.19 0.78
Intergrated age=158.1+0.6
S13 muscovte
500 0.006 21.0 72.562 10.893 4722 0.720 554.56 71.68
600 0.086 0.0 21.635 0.280 0.740 0.026 183.88 2.29
700 0.289 0.0 20.049 0.247 0212 0.011 171.02 2.04
800 0.465 0.6 19.782 0.257 0.154 0.013 168.40 2.13
900 0.604 0.0 19.601 0.177 0.239 0.028 167.36 1.48
950 0.807 0.0 19.871 0.195 0.088 0.018 169.57 1.62
1000 0911 0.0 19.298 0.246 0.257 0.019 164.90 2.03
1100 1 0.0 19.582 0.299 0.508 0.026 167.21 2.46

Intergrated age=170.6+1.2

7 sl PR SHAHE) Hiol AEHe )
o SLANA “APAr HoE ArhEE P
(Fig. 5). #gr9 T 2w E9 A 160-168 Mao] ™
SRR ] wagel Ak erel alrhsh frAtehey.
424 910032 o A=l PRI U-Pb Heb
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Table 2. continued.

T (C) 9 Ar Frac*! I:I"OAnr 1;;::)1. 0A L OAL (zrriO)r YAr, PAr, e(r;o)r (AN%:) e(r;o)r
$16 biotite
500 0.005 98.8 0.870 1.474 2.924 0.153 7.76 13.13
600 0.017 90.8 2212 1342 1.112 0.208 19.69 11.88
700 0.068 223 18.937 0.288 0.221 0.032 161.94 2.38
800 0.222 21.0 17.502 0.326 0.103 0.003 150.17 2.70
900 0.377 6.2 18.299 0.182 0.000 0.000 156.72 1.53
950 0.617 14 19.476 0.095 0.052 0.002 166.35 0.84
1000 0.835 20 19.047 0.104 0.036 0.026 162.85 0.91
1050 0.963 3.5 18434 0.142 0.045 0.002 157.83 1.20
1100 1 0.0 19.441 0.310 0.158 0.006 166.06 2.55
Intergrated age=157.8£0.7
S$16 muscovite
500 0.005 0.0 13.862 1.073 3.350 0.177 119.95 8.99
600 0.020 0.0 14.443 0.348 0.768 0.031 124.81 291
700 0.042 31 19.099 0.401 0.153 0.024 163.27 3.30
800 0.208 1.9 19.531 0.199 0.099 0.008 166.80 1.66
900 0.577 0.0 19.597 0.082 0.073 0.001 167.34 0.75
950 0.652 19 19.130 0.195 0.098 0.006 163.53 1.62
1000 0.757 0.0 19.539 0.091 0.173 0.007 166.86 0.81
1050 0.915 1.2 19.106 0.152 0.070 0.004 163.33 128
1100 1 0.0 20.619 0.127 0.112 0.005 175.65 1.08
Intergrated age=166.1 £ 0.6
S20 muscovite
500 0.01 48.1 14.428 1.191 1.326 0.046 124.69 9.95
600 0.037 18.2 16.786 0.238 0.609 0.017 144.26 1.98
700 0.149 32 18.783 0.258 0.154 0.004 160.68 2.14
800 0.341 1.3 19.773 0.354 0.091 0.003 168.77 2.90
900 0.603 14 18.738 0.158 0.048 0.002 160.31 1.33
950 0.834 4.2 18.304 0.188 0.089 0.002 156.76 1.57
1000 0935 6.5 19.505 0.150 0.069 0.006 166.58 1.27
1050 0.974 112 17.708 0.221 0314 0.015 151.87 1.84
1100 1 384 11.891 0.804 0.638 0.019 103.38 6.79
Intergrated age=159.2+ 0.9
S24 biotite
500 0.006 1074 -2.061 2399 1.343 0.053 -18.53 21.68
600 0.014 52.1 7.797 0.888 1.406 0.034 68.44 7.65
700 0.096 10.0 17.482 0.150 0.067 0.003 150.01 1.27
800 0.512 2.5 18.331 0.183 0.063 0.001 156.98 1.54
900 0.750 12 18.541 - 0.148 0.032 0.001 158.70 1.26
950 0.842 32 18.913 0.103 0.062 0.002 161.75 0.90
1000 0.891 25 18.879 0.185 0.379 0.005 161.47 1.55
1050 0924 0.0 19.081 0.138 0.378 0.008 163.12 1.17
1100 1 1.6 18.248 0.155 0.968 0.010 156.30 1.31

Intergrated age=155.9+0.8
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Table 2. continued
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TCC)  ®ArFract %‘X‘rl({%‘;’ avear TS Tagfan T &f; o
S24 muscovite
500 0.009 0.0 13.216 0.831 0.000 0.000 114.53 6.98
600 0.038 144 5974 3.790 0.000 0.000 52.68 3293
700 0.132 0.0 17.840 1.579 0.000 0.000 152.95 12.98
800 0.755 0.3 18.585 0.252 0.020 0.001 159.06 1.87
850 0.816 0.0 15.080 3.128 0.000 0.000 130.12 26.04
900 0.825 0.0 17.455 0.516 0.000 0.000 149.78 426
950 0.848 0.0 3.499 4.403 0.000 0.000 31.04 38.73
1000 1 29 14.124 2.824 0.183 0.025 122.14 23.61
Intergrated age=144.7+5.0
“Ar*=radiogenic “’Ar; *1=Normalized *Ar cumulate.
g gy welA BeE BEEe 4, @2 EF A AT A EY] 545 E Axg Wi Ax
el HAE ArskE 3.353-3359 Ao - F o WAAEdE AT,
< Mol AFENFg. 6). F AGY] HAEARETLE
AHE o F AHo] FUFY FAAYFES o} MR W SFX[Hol| gt F2k7| SHZAH|

W7 Be ©ejolA Iy TR, & B
o7 Z4E SMPGHESEEU)AIN 2 AEF
Ao, A4 o' Frisithe 71Ee A3 At
dAatA] =Tt
e Ahl7}ob)] (Sanbagwa beltyoll A= ZHA o]
A AHAYE AR FUFEA B2 EY 4, 3
& 3.853-3403 AU, 3403-3.357 AAFAIT)
. 283 3357-3356 AGEME A AgS B
&Z™(Fig. 7 in Nishimura er al, 2000), 3.357-
3.356 Aol BAES 4,, 3+ Yehlie Aot o
WA GAA FHE HPLEE o 550°C A=
o] th(ltaya, 1981). FZA=2] 9}7}E] T o (Wakatipu
beldllM = A G5B el Al 2@
HE 248 SZES d,, 3] 3413-3.38390A4 3.360
ols} o=z 7ZATTh(Fig. 7 in Nishimura et al,
2000). £ ol5 AHoM = AU ZHA
AQEo 7 AHEE ANske AFA = 371 SE2E
o} d, 39 7+49} 37 Halo|E9) K-Ar Ay}t B
AHo" A4t

MAFECOR 2 o AU wReS
< PN Be de] PeME sAqdPYE A
Aok @Z29 dy, o] obd ZHRE ol 2
& Arske @B 4y, wol Yepe olE Ao
A Fems} e K-Ark “ArAr Ad7t Fe1E
Zlel AFErk ole R WA HgHgo] HAAAY
Aol HAuFe) FEFS YANAL F A 9
AAEE M2 FETE YYNZ 0F S A3t
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THCho et al, 2001; Ree et al, 2001; °]5E 9
2003; A4 9], 2003). bR, AHE 71579
(Cho et al, 2001; Ree et al, 200D)= A
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Fig. 4. “Ar/®Ar age spectra and Ca/K ratios of single biotite and muscovite grains from pelitic and psammitic rocks

in the southwest OMB.
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Table 3. K-Ar age data from metasediments in the study area of the central Okcheon metamorphic belt.

Lithotef:tonic Sample Mineral Fraction Potassium Rad. “Ar Age Non Rad.
unit no (Wt%)  (10° cc STP/g) (Ma) AT (%)

Cl Biotite 61-74pum  6764+0.135 2843128 1052+23 1.1

2 Muscovite 61-74pum 542010108  2225+22  102.8+22 1.8

C3 Biotite 61-74pm 680240136  4526+45  163.8+3.5 1.5

Booun unit c4 Biotite 6174um  6970+0.139  4516+45 159.7+3.4 1.4
Cs5 Biotite 61-74pum  5251+0.105  3345+33 157.1£34 25

Co Muscovite 61-74um  4585+0.092  3175%32 1702%£3.6 1.8

C7 Biotite 61-74pum  6996+0.139  4965+50  175.9+37 25

C8 Biotite 61-74pm  7055+0.141 6843167  234.1+49 1.2

C9 Biotite 61-74pm  5643+0.113  5221£52  2240%47 1.6

C10 Biotite 61-74pum  6033+0.121  4802+48 194.3+4.1 1.5

cn Biotite 61-74um  7.058+0.141 5475154  189.6%4.0 12

CI1 Muscovite 61-74um 468810094 3644136  189.9%4.0 15

c12 Biotite 61-74um  6812+0.136 6882168  2432+5.1 1.2

c12 Muscovite 61-74pm  4385£0.088 5087150  276.6+57 1.4

C13 Biotite 61-74pm  6788+0.136 7018170  248.5%52 1.0

C13 Muscovite 61-74pum  6201+0.139 690554  267.814.0 1.3

Cl4 Biotite 61-74um  6036+0.121  5381+54 2163146 1.8

C15 Biotite 61-74pum  5503%£0.110  5538%55  242.3%51 13

C15 Muscovite 61-74pm 436940087  4790+47  262.5+55 1.1

C16 Biotite 61-74pm  7.044+0.141 7060169  2414%50 0.8

. C16 Muscovite 61-74pm  6014+0.132 6843150 2735146 1.2
Plbafl‘zte"“g c17 Biotite 61-74um  6698+0.134 6165161 222947 11
C18 Muscovite 61-74um  6288+0.137  T072+60 2704147 15

C19 Biotite 61-74um  6832£0.137 6189161  2195+46 15

20 Biotite 61-74um  7.047+0.141 6530165 2243147 12

21 Biotite 61-74pm  5356+0.107 4862148  220.0+4.6 1.3

Cc22 Biotite 61-74pum  5790+0.116  5292+52  221.4+46 0.9

23 Biotite 61-74pm  6204+0.124 4775147 188.2+4.0 24

C24 Biotite 61-74pm  681010.140 4358143 157.9+34 1.8

C25 Muscovite 61-74pum  5640£0.110 376838 164.3+3.5 2.1

26 Biotite 61-74um  4823£0.096  3265+32  166.6+3.6 15

27 Biotite 61-74um  6326£0.127  4155+43 161.8+3.5 2.9

C28 Biotite 61-74pum  7488+0.150  5723+57 186.9+4.0 1.4

29 Biotite 61-74pm 745010149  5054%50  1669+3.6 0.9

C30 Biotite 61-74um  7.000+0.140  4020%39 142.3+3.1 0.7

48 AAshes 354 A4 2FsRs FETO] 71Zko] ZloJAH 480°C o)ite] IRiFAES doF
veRbE (288 9], 1997, 1998. 1999; Min and Cho, £ Ae g9o] HWold Aot Ayt FElrl skt

1998) o5 AgtHdzg-o 3l AA=He v8 4H-
LEZAL 2.1-50kb, 540-698°Co|tH LS 9}, 1997,
1998. 1999). 2438t 9)(1997)2] Aol W= g7kt
olel B F 05my. ool FEl] sl B
gk S8 Tkm olWlolE 600°C ol3e] GEA%
&9 4km °|Holl= 480°C o]Ate] w0l o
ol g7 2 dggE g Rt 2AY 4 35
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Table 4. “Ar/Ar analytical data of muscovite and biotite from metasediments in the central of the Okcheon metamor-

phic belt.
TeO)  UarFuct WENOG canfar T TagPan T e P
C32 biotite (pelitic schist)
500 0.001 1137 -21.707 7.314 69.088 8.358 -207.28 74.01
600 0.011 112 20419 2212 10.032 1.549 175.39 18.12
700 0.083 9.1 19.160 0.426 1.764 0.215 165.06 3.55
800 0.530 34 19.150 0.204 0.667 0.084 164.97 1.77
900 0.688 6.7 19.068 0.358 0.986 0.099 164.21 3.01
950 0.750 38 19.076 0.284 3.051 0.157 164.36 241
1000 0.836 22 19.034 0.271 1.674 0.090 164.02 2.30
1150 0.909 29 18.822 0.294 2.766 0.132 162.27 249
1200 0.952 29 19323 0.303 3.837 0.409 166.40 2.56
1430 1 33 20.523 0.517 3.052 0.176 176.24 427
Intergrated age=163.6+ 1.4
C31 muscovite (pelitic schist)
500 0.015 0.0 5.782 2.675 5.673 1.035 51.42 23.46
600 0.060 0.0 13.565 0.550 4.124 0.987 118.40 4.66
700 0.232 7.6 18.633 0.347 0917 0.263 161.74 2.82
800 0.568 74 18.721 0.441 0.661 0.132 162.50 371
900 0.619 1.1 18.584 0.509 1.042 0.298 161.32 4.26
1000 0.824 1.0 18.987 0.176 0.679 0.065 163.63 1.56
1100 0912 0.8 18.287 0.647 0.293 0.014 157.86 5.38
1311 1 1.7 18.968 0.241 0.286 0.016 163.48 2.06
Intergrated age=160.6 £ 2.4
C27 muscovite (pelitic schist)
500 0.009 0.0 0.000 15.155 17.850 21.264 0.00 135.39
600 0.026 149.5 -1.589 5.094 14.367 4.342 -14.25 45.87
700 0.071 12.3 13.633 1.789 7910 1.292 117.26 14.99
800 0.112 142 15.081 1.952 5.061 0.747 129.94 16.24
900 0.185 3.6 21.543 1.541 0.190 0.227 182.87 12.49
950 0.328 3.8 18.496 0.673 0.619 0.082 158.11 5.59
1000 0.520 43 18.459 0.519 0.425 0.086 157.81 4.36
1050 0.624 0.0 18.989 0.980 0.430 0.125 162.29 8.03
1100 0.718 20 18.874 1.046 0.217 0.123 161.20 8.60
1150 0.829 2.5 19.466 0.894 0.144 0.133 166.03 7.35
1300 1 1.2 19.229 0.594 0.392 0.114 164.10 4.95
Intergrated age=155.9+1.6
o 2Rt Wero K-Ardt “Ar/PAr A7t frALSH o Seme}t Wer o KAt “ArPAr A7t fAKS
Az 2 R s FNkE g e Be WA 3L o]E Atz AolE B EHER)E U-Pb At &
FHRATFHEAE 9, 1995; Oh er al, 1995, £ Aol HAFA o AL FeEp] gkl was)
9], 1995, 1998, 1999; Min and Cho, 1998; Kim BZEAEE AXN ST ol 77| S4YeA 2km
and Cho, 1999; Z&A4 ¥ AEA, 2002) oA B3 = ol el "ol A HollA IRAGAE R AT ¥
Axo] ofu] M Aol 500°C o) Fe] FRALAHEE Ferd ABAE Aol FEA XSS AT
ARHG] WRol HYY EY S 12kmE A9 Th AW BE A9 gaBol AP oo
S U A2 BERS YHANA B we Aple FE) sgdel B94d 9138
stk E@ 2 AFelM Feb) sdgoRRE T o] BU4Y By YYE BB TAssE
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Table 4. continued
TEC)  ArFract! %‘X‘;l({;b‘;' oarPar T TaPan T ﬁae) o
C26 biotite (pelitic schist)
500 0.006 0.0 0.000 30.745 68.687 66.589 0.00 274.68
600 0.016 2184 -5.623 5.310 18.387 9.441 -50.94 48.80
700 0.045 439 7.181 1.975 5.152 1.113 63.04 17.04
800 0.098 15.8 16.826 1.808 5.861 0.812 144.39 14.94
900 0.545 35 18.878 0.533 1.041 0.368 159.52 448
1000 0.657 6.2 18.046 0.995 2.209 0.124 154.42 821
1050 0.706 4.1 20.264 2.173 1.791 0.226 17252 17.68
1100 0.790 1.9 18.907 1.179 1.611 0.225 161.47 9.68
1150 0.904 0.9 19.522 0.927 1.183 0.240 166.49 7.62
1200 0.966 0.9 19.701 1.679 1.733 0.333 167.95 13.71
1300 1 0.4 19.070 2938 1.162 0.294 162.80 24.00
Intergrated age=149.8 2.4
C26 muscovite (pelitic schist)
500 0.002 13.0 29.950 24444 164.890 24.235 249.50 190.18
600 0.008 237 9.863 5.619 4432 2.449 86.03 4787
700 0.026 7.4 12.652 1.975 7.098 0.732 109.64 16.62
800 0.065 15.7 14.930 0.975 2.379 0.299 128.68 8.15
850 0.112 59 18.662 0.264 0.847 0.273 159.46 237
900 0.226 2.4 18.034 0.373 0.999 0.073 154.32 3.20
970 0.359 25 19.528 0.242 1.893 0.106 166.53 222
1020 0497 26 19.873 0.326 1.251 0.113 169.34 2.85
1100 0.705 1.3 20.035 0.159 0.588 0.031 170.24 1.67
1150 0.835 1.5 20.129 0.168 0.339 0.120 17143 1.71
1200 0.947 1.8 19.739 0.144 0.443 0.114 168.25 1.56
1300 1 20 19.544 0.284 1.348 0.155 166.67 2.53
Intergrated age=165.0+ 1.4
C25 biotite (pelitic schist)
500 0.013 21.1 22.699 8.838 3.723 1.053 179.83 66.65
600 0.058 103 17.697 1211 2.112 0.238 141.72 9.35
700 0.177 4.5 20.671 0.201 1.616 0.175 164.47 1.67
800 0.360 4.7 20.754 0.127 0.705 0.121 165.11 1.09
850 0.517 5.6 20.561 0.138 0.721 0.122 164.05 1.17
900 0.689 1.1 20978 0.183 0.435 0.118 167.25 1.53
950 0.785 0.9 19.856 0.139 0.946 0.205 158.47 1.20
1000 0.863 34 19.030 0.155 1.340 0.244 15192 1.66
1200 0.973 33 19.553 0.121 3241 0.725 156.07 1.07
1300 1 14 19.270 0.369 3.859 1.231 153.79 2.96
Intergrated age=157.8+0.7
M7l e 288 AAe AL A S 9% = ZgA0le] LAWY S5l Ui of
= AFelA K-Ar BT “ArSAr AHSES Y
EYXY FZUR9 E2}0]0tAT]-HIEI| K-Ar 3 Xt o2 olfie Ao diREe] EER
elcjel o|o| s M eRAEt AYEE AN stDgel way
ZHAGNA F2A7] ARG AN HHATE 3 BAHN ANZ)Y Alke W) BEolt). s
717 QS BL o9 BRe mvE o) F AR tiaiMe A dAA Y CArfAr AUlSA
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Table 4. continued
T(C)  ®ArFrac¥! I:IO‘XII 1({02‘)1' OAPPAr ‘Z‘;"; A PAr ?fi")r (‘;;o’; "g";
C25 muscovite (pelitic schist)
500 0.007 40.6 16.388 2.800 0.000 0.000 131.03 27.59
600 0.033 12.8 20.772 1.251 2924 0.792 165.72 8.73
700 0.081 82 21.070 0.729 0.653 0.157 169.26 53
800 0.232 5.7 19.613 0.984 1.065 0.113 157.63 6.87
900 0.466 4.8 20.065 0.673 0.657 0.182 161.24 492
950 0.781 4.6 19.982 0.510 0.275 0.091 160.58 3.79
1000 0.898 4.2 19.873 0.482 0.400 0.128 159.71 3.59
1200 0.944 39 18.673 0.827 0.692 0.328 150.13 6.03
1300 1 4.1 19.502 0.121 0.573 0.107 156.75 6.34
Intergrated age=159.8 £ 1.6
MI1 biotite (granite)
500 0.005 83.0 18.677 5.594 2.153 4.278 161.08 46.16
600 0.034 13.7 15.714 0.789 2210 0.520 136.46 6.62
700 0.123 02 18.674 0.290 1.043 0.123 161.05 2.45
800 0.244 1.3 18.524 0.339 1.200 0.211 159.81 2.85
900 0.450 09 18.891 0.180 0.416 0.087 162.84 1.59
1000 0.693 1.1 18.492 0.302 0.901 0.116 159.55 2.56
1050 0.755 49 17.703 0.377 1.309 0.256 153.02 3.17
1100 0.826 2.6 18.696 0.395 1.499 0.156 161.23 331
1150 0.881 3.6 17.852 0.553 1.936 0.212 154.26 4.61
1200 0.933 2.8 18.194 0575 1.427 0.208 157.09 4,78
1250 0.955 7.2 16.687 0915 1.391 0.674 144.58 7.64
1335 1 5.1 16.761 0.926 1.656 0.245 145.20 772
Intergrated age=158.36 + 1.4
MI1 biotite (granite)
500 0.004 66.4 15.055 1.339 0.000 0.000 130.95 11.24
600 0.040 8.1 18.797 0.408 0.000 0.000 162.06 341
700 0.104 1.6 19.318 0.350 0.000 0.000 166.35 2.94
800 0.201 0.9 19.165 0.245 0.876 0.044 165.10 2.10
900 0.306 2.5 19.406 0.258 0.568 0.256 167.08 2.20
950 0.480 04 19.443 0218 0.475 0.033 167.39 1.88
1000 0.639 1.0 19.112 0.287 0.218 0.043 164.66 2.43
1050 0.774 05 18.603 0.163 0.283 0.244 160.47 1.46
1100 0.863 1.6 18.668 0.171 3.289 0.211 161.00 1.52
1150 0.905 1.1 19.993 0.444 3.128 0.255 171.90 3.69
1200 0.932 22 17.388 0.652 2.881 0.207 150.41 5.44
1423 1 1.5 20.577 0.531 1.276 0.063 176.68 4.38
Intergrated age=165211.3
< FHlFol Aok 2l 2EA 2(1995)2] Aol 93924-8 A|ZEZHE] AL 174 Ma}h 9392442 A|EE
¢} uhE7EA 2 Kim(1990)°] E3Lg+ 286 Mast 319 Ma RE AL 196 Mas 247t Z2= Wl 1.659 3.66 wt
9 £ A ol ATIM e & YT o] () $E K FFOE vlFo] Hol A3H AR
AGM 284 (1995 93330-1-2, 93924-4-2, A2zt Dol FY Aol tig] £ A7l A

93924-8 ABEFE FErlzrldA AR 71E7(174-
213 Ma)ol] 313t AE AU A

Zem

WAl uE Fewe K
W2 Aol dolrl A

$HEH(5.64-7.05y8 L5t
71(216-242 Ma)®] & -¢X

= -
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Table 4. continued

A i |

A K-Ar 2 “ArPAr Adigt 1 9)g)

95

T CC) ®Ar Frac*! Ijoczlr-l;;g. OAHPOAL e(ri_o)r ¥ Ar /Ay ?10; (AN%;T) irio)r
MJ2 biotite (granite)
500 0.001 93.8 5.118 4.551 26.293 8.091 45.59 40.03
600 0.027 9.3 19.835 0.629 0.321 1.009 170.60 5.19
700 0.111 3.1 19.371 0.513 0.428 0.047 166.79 4.26
800 0.274 1.2 19.673 0.350 0.290 0.028 169.27 2.94
900 0.453 0.8 19.688 0.177 0.743 0.041 169.39 1.57
950 0.600 1.2 19.366 0413 0.404 0.025 166.75 345
1000 0.719 0.6 19.756 0.455 0514 0.040 169.95 3.78
1050 0.839 1.1 19.261 0.238 0.841 0.126 165.89 2.04
1100 0.898 37 19.510 0.275 1.083 0.086 167.94 234
1150 0.945 0.0 19.383 0.278 1.546 0.100 166.89 2.36
1200 0.966 0.0 19.347 0423 2.619 0.158 166.60 3.53
1301 1 0.0 18.305 0.651 1.089 0.186 158.00 5.41
Intergrated age=167.7+ 1.5
MIJ2 biotite (granite)
500 0.001 121.8 -0.380 14.184 22,518 7.649 -390.27 158.87
600 0.017 10.5 19.393 0437 0.707 0.202 158.73 3.65
700 0.097 42 19.597 0.299 0.778 0.093 168.65 2.52
800 0.130 0.0 18.972 0.350 1.569 0.121 163.51 294
900 0.180 0.1 19.011 0.445 0.826 0.064 163.83 371
950. 0.245 0.0 19.184 0.398 0.294 0.084 165.25 333
1000 0.311 0.0 20402 0.312 0.692 0.255 175.25 2.63
1050 0.403 2.0 19.594 0.237 0.149 0.037 168.63 2.03
1100 0.548 0.6 19.515 0.226 0.447 0.022 167.97 1.92
1150 0.732 1.4 19.217 0.143 0411 0.018 165.53 1.31
1200 0.805 0.0 19.810 0.256 0.853 0.084 170.40 2.18
1353 1 14 18.864 0.140 1.570 0.040 162.62 1.29
Intergrated ag =166.3+1.2
@izt Atk BEED $H, Bend Sow E o

i lo

Aozt A B8 l Ao 57f AsE Y Al
ol 4 241-249 Ma(Z-252)9} 263-277 Ma(H &-2)2] ®]
48 HoFEr) I Cheong e al(2003)3} Kim et
al.200h)°] o1& A Ao HHrr) Weg o
K-Ar 2t} && Pb-Pb g3} CHIME $-ehvolE,
a3 R4 U-Pb AUlEHEE o] &ste] SAWA
the] FHAA7]7} 281-300 MadS 23Tt wabs 27t
AEAHe] HAeEs 2T o #E7)9 K-Ar
Wow Adiel 272719 K-Ar
BAgA 71 WU R PR AN, &4
of} A4 ‘?J_HWOE BIFHI e FE)-43 7

Aol ot
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HA7b2]) SR o] MAH S =odted o]
WP“ S8 =3g oA 4 2
J WAERES AES Aoz BY HI Yo AS
2], 1998, 1999, 2002; Min and Cho, 1998; Kim
and Cho, 1999; =&4d3 €3, 2002; Cheong er
al., 2003). <+ LAWY FHFA QA Cheong er
al(2003)= ZAHAQ AFESZHE Pb-Pb A
CHIME $& o] E(uraninite) AHWZHHS o] 83}
o 281-291 MaZ F3HE, 3, Kim et al(2001)
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Fig. 5. “Ar/®Ar age spectra and Ca/K ratios of single biotite and muscovite grains from pelitic and psammitic rocks
and granites from the western part of the Pibanryeong area, central OMB.
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Fig. 6. Frequency distribution of d,, values for carbon-

aceous materials from pelitic and psammitic rocks in

both the Boeun and Pibanryeong units in the study
areas.
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