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ABSTRACT: We report zircon SHRIMP U-Pb ages for Jigokri migmatitic gneisses at Garorim Bay, southwestern
Gyeonggi massif. The age data can be subdivided into four groups based on the internal structures and Th/U ratios
of'the zircons. The Group 1 and Group 2 are inherited cores of the zircons. They have high Th/U ratios (0.11-1.62)
with well-developed zoning (such as, oscillatory, concentric, and banded zoning), indicating its igneous origin.
The upper intercept ages on the Tera-Wasserburg concordia diagrams for the Group 1 zircons are 2502 + 92 Ma
and 2528 + 100 Ma, whereas that of the Group 2 zircons is 2051 £ 25 Ma. The Groups 1 and 2 ages are considered
to represent the timing of magmatism in this area. The Group 3 zircons are characterized by unzoned or faintly
zoned internal structure, and have relatively low Th/U ratios (0.01-0.16). The Group 3 zircons yield an upper
intercept age of 1833 + 10 Ma, which is interpreted as the age of metamorphic recrystallization. Lastly, the Group
4 zircons have a relatively high Th/U ratio (0.44-1.43), and yield an upper intercept age of 1695.5 + 5.4 Ma,
representing possibly the timing of high-temperature metamorphism accompanied by the breakdown of monazite.
The Groups 1 and 3 ages are consistent with the timing of the regional igneous and metamorphic activities (ca.
2.5 and 2.0-1.8 Ga) in the Gyeonggi massif. Especially, the Group 1 age coincides with the oldest Neoarchean
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formation age (ca. 2.5 Ga) of tonalitic migmatite at Daeijak Island, western Gyeonggi massif. However, ca. 2.1
and 1.7 Ga ages of the Group 2 and Group 4 zircons have not been reported in previous studies. The newly reported
ages indicate that studies on locally generated Precambrian thermal activity in the Gyeonggi massif are still lacking.
To better understand Precambrian crustal evolution of the Korean Peninsula, it means that additional precise
geochronological and petrological data must be collected in the future.
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77} REST Yo, F2 DAY Yo o]
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A& 7FA| 3L Quek(Lee et al., 2003a; Oh ef al., 2009;
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Ztsle HupelFoltiGeological Society of Korea,
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U7l st 24 33] ol4to] 22 FHHA WA
T} WEAg 0 SIS o) AE Welth el
SItH(Na, 1978; Kim, 1989; Geological Society of
Korea, 1999; Cho et al., 2017). 37183 EAF A
Holl= ettt Aol A F2 G5 A Zol AAES
O BREe A HEdR HEES, 1
SO BESIIL gloH o|F tees A7 |HvES
Aol FA=|o] ATH(Na, 1992; Geological Society of

115°E 120°E 125°E 130°E

Korea, 1999; Cho et al., 2006). A=< ¢] 7]8ket
< AzrEeo| A5ESat AAS 9 St
Foz FAE 3, o]F AW HAYRA 2L
A gjgtSo] 2oz v Estal glom U7 7|
aollA 719t F2h] PRI Bdshe AR
tcH(Kim and Hwang, 1982; Cho et al., 2006, 2010;
Cho, 2007; Choi et al., 2009; Lee et al., 2016a; Kim
et al, 2019) (¥ 1). A FES2 2 A FojlA] 1
719 GROR F2 ZLHAPYOR o RolH o
U BemAe SUNHY, S 2 23
Hejoktt 79F Sol FurE 2o wet S}
Ueste] i et dS 97| ohaL, SPaEH
Tk WAl S EE HolAY, A
HgH o] thae g E o] A HuA S B
= 3FH(Kim and Hwang, 1982). AAta9] €4
T W A A ofZef tigt SHRIMP U-Pb Ath
54 d3o] o5, A4tEte] B HA7]= 9F 1.78
Ga 0|52l Aoz A& A ek(Cho et al., 2006). A
A5 7-E BRUSHRL Sk 7ol chat SHRIMP
126°14°E
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(a) :
30°N+

North China
Craton

40°N 1+
Yangtz Craton

Triassic-Jurassic granitoid
[] vate Paleozoic Taean Formation
|:| Precambrian granitic gneiss
- Early Proterozoic Seosan Group
E Precambrian Jigokri Formation

(b)

Fig. 1. (a) Tectonic province map of the Korean Peninsula and eastern China, and (b) simplified geological map
of the study area with sample location (after Kim et al., 2019). Abbreviations: NM, Nangrim Massif; IB, Imjingang
Belt; GM, Gyeonggi Massif; OB, Okcheon Belt; YM, Yeongnam Massif; TB, Taebaeksan Basin; GB, Gyeongsang

Basin.
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U-Pb #o]Z A5l st o] sdantere] o
QA7) oF 1.70-1.65 Gadl Aoz FAEHKIm
et al., 2018).

Table 1. Modal analysis for Jigokri migmatitic gneisses.

Sample no. HSRO3 HSRO04
Mode (vol%)

Quartz 41.0 51.6
Orthoclase 47.7 39.9
Plagioclase 7.6 1.3
Biotite 2.8 43
Muscovite 1.0 2.9
Total 100.0 100.0

(a) HSRO3
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SAEE AAA] BEH 542 S HN36°85 747
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Ao|Z SHRIMP U-Pb AiSH<S AT Al
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Bl AHHHATHTH 2a, 2b).
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o] Zemo|thE 1; 19 3a). YN AHAL AL
23} =i gl

HSRM4 A&+ F-2Hdo|n, ARk o2 HSR03
AREG A7) T7)7h 22 A& SR Ag

(b) HSR04

Fig. 2. Outcrop photographs showing Jigokri migmatitic gneisses at Heukseok-ri area of Garorim Bay, southwestern

Gyeonggi Massif.

imm

Fig. 3. Photomicrographs of (a) HSR03 and (b) HSR04 migmatitic gneisses. The photos were taken under cross-po-
larized light. Abbreviations: Bt = Biotite; Kfs = K-feldspar; Ms = Muscovite; Pl = Plagioclase; Qtz = Quartz.
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Fig. 4. Representative Cathodoluminescence images of zircons from Jigokri migmatitic gneiss (HSR03 and HSR04).
Circles indicate the locations for SHRIMP U-Pb analyses and include the spot numbers. Numbers represent the
apparent **Pb-corrected 2”’Pb/**Pb ages, except Triassic zircons in (a) where the numbers represent *’Pb-corrected
206pp/238( ages.
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Fig. 5. Tera-Wasserburg concordia diagrams for SHRIMP zircon U-Pb analyses from Jigokri migmatitic gneisses
(HSRO03 and HSRO04). The data-point error ellipses are plotted with 10 errors. Symbol colors as in Fig. 4.
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Table 2. SHRIMP zircon U-Pb isotopic data for Jigokri migmatitic gneisses (HSR03 and HSR04) in the southwestern
part of the Gyeonggi Massif.

R . N Apparent Ages (Ma
) U Th ThU Z2Th2U 2% 27Pb 2%Pb" +% b’ U 4% - I;F; 2(;(:7’: 206 )
(ppm) (ppm) Pb/”°U age *"’Pb/"*’Pbage

Spot number “pp, (%

HSRO03

HSRO3-1.1 0.08 367 233 0.64 0.66 2.08 0.1622 2.4 04597 13 2438 £27 2479 40
HSRO03-2.1 0.16 310 34 0.11 0.11 3.66 0.1168 0.5 03054 14 1718 21 1907 =10
HSRO03-3.1 0.06 291 232 0.80 0.82 0.19 0.1459 3.8 04332 3.2 2320 +62 2298 +65
HSR03-4.1 0.06 733 78 0.11 0.11 027 0.1572 3.2 03842 24 2096 +43 2426 =+54
HSRO03-5.1 0.07 479 188 0.39 041 0.19 0.1128 0.7 0.2964 0.8 1674 12 1845 =12
HSRO03-6.1 0.18 102 95 092 095 0.75 0.1328 1.2 03870 1.3 2109 +24 2135 +22
HSRO03-7.1 0.06 674 694 1.03 1.06 0.14 0.1032 03 0.2998 0.6 1690 +9 1683 +6
HSRO03-8.1 0.08 149 88 0.59 0.61 032 02757 0.7 0.6795 0.8 3342 21 3339 =II
HSRO03-9.1 0.09 310 143 046 048 025 0.1370 22 03855 0.9 2102 17 2189 <+38
HSRO03-10. 0.04 420 195 0.46 048 065 0.1137 04 03221 0.6 1800 =10 1860 =+7
HSRO3-11.1 0.08 221 125 0.57 059 026 0.1685 0.4 04531 0.7 2409 =15 2543 £7
HSRO3-12.1  0.06 580 345 0.60 0.61 069 0.1492 09 04073 1.5 2202 +28 2337 =I5
HSRO3-13.1  0.06 544 196 0.36 037 021 01227 1.2 03254 1.0 1816 =16 1996 <+21
HSRO3-14.1  0.16 106 68 0.64 0.66 035 0.1430 0.7 03915 19 2130 +34 2263 =+I3
HSRO03-14.2  0.00 722 25 0.03 0.04 091 0.1128 03 03109 0.6 1745 10 1845 =5
HSRO3-15.1  0.11 168 214 1.27 1.31 026 0.1556 1.2 04553 2.1 2419 +43 2408 +20
HSRO3_16.1 0.01 140 39 0.28 028 041 0.1147 0.6 03146 0.8 1764 =12 1875 =11
HSRO03_17.1  0.00 943 21 0.02 002 585 0.1171 04 02929 09 1656 +13 1912 48
HSRO3_17.2  0.03 608 23 0.04 0.04 050 0.1107 0.7 0.2601 1.1 1490 =15 1811 I3
HSRO03_18.1 -0.05 145 66 0.45 047 034 0.1568 2.8 0.4121 2.3 2225 +44 2421 48
HSRO03_18.2  0.02 633 16 0.02 003 062 0.1162 08 02754 1.0 1568 =+£14 1899 =I5
HSRO03_19.1  0.01 173 115 0.66 0.68 1.63 0.1509 1.2 0.4180 1.7 2251 432 2356 +20
HSR03-20.1  0.14 101 46 0.46 047 040 0.1351 1.9 03743 1.9 2050 +34 2165 <33
HSR03-20.2  0.02 444 9 0.02 002 080 0.1152 04 03019 0.7 1701 =10 1882 7
HSRO03-21.1  -0.01 184 158 0.86 0.89 0.70 0.1543 1.0 0.4235 1.9 2276 +£36 2394 +17
HSRO03-21.2  0.06 436 121 0.28 029 024 0.1125 04 03110 09 1745 =14 1841 <7
HSR03-22.1  0.11 513 208 0.40 042 020 0.1213 04 0.2818 0.7 1600 +9 1976 =£7
HSR03-22.2  0.03 1223 120 0.10 0.10 049 0.1116 03 02569 0.8 1474 =£11 1825 <5
HSRO03-23.1  0.10 160 89 0.56 058 029 0.1560 23 04507 0.8 2398 15 2413 +39
HSR03-23.2  0.01 1216 13 0.01 0.0l 068 0.1144 02 0.2980 0.6 1681 +9 1870 =4
HSR03-24.1  0.13 406 259 0.64 066 019 02919 08 0.6392 09 3186 =+22 3428 =+13
HSRO03-242  0.81 92 39 042 043 044 02156 5.1 04783 2.9 2520 +60 2948 +83
HSR03-25.1  0.02 907 315 0.35 036 0.16 0.1581 2.0 04011 1.8 2174 £32 2435 +34
HSRO03-26.1  0.02 318 130 041 042 023 01591 29 03929 1.8 2136 +32 2446 49
HSRO03-28.1  0.02 1613 121 0.08 0.08 036 0.1132 0.6 02590 0.6 1485 +£8 1851 =10
HSR03-29.1  0.03 693 52 0.08 0.08 0.60 0.1141 0.6 02901 0.8 1642 =+11 1866 =10
HSR03-30.1  0.02 528 10 0.02 0.02 325 0.1122 1.1 03001 1.7 1692 +25 1835 =19
HSRO03-31.1  0.00 531 321 0.60 062 0.16 0.1418 1.3 03832 1.5 2091 +26 2249 +23
HSRO03-32.1  0.09 294 63 0.21 022 051 0.1303 1.5 03154 0.7 1767 +£10 2102 +26
HSRO03-33.1  0.02 551 200 0.36 038 0.19 0.1141 0.3 03165 0.6 1773 +£10 1866 +6
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SO MoiZ0f CHeh SHRIMP U-Pb ACH

FTYH =011, 28 6a)F 7AW, Foit27} §A
U Bu)k e 22 S Hols 3L A4 WA
9] Ao]Z(Th/U < 0.1)2.2 3|4 Fck(Hoskin and
Black, 2000; Rubatto, 2002; Hoskin and Schaltegger,
2003). 61714 Bult FjERE 30| TAFolA
O] A2 Fet 3] AKX A Z7F 2719 3
Q22 AR 2= o]2gh Ao]Z-& Group
302 BR300 H U-Pb Ad|&4 4% +=1828-
1888 Ma #¢]2] *’Pb/*Pb A E7] AjE Bt}
Group 3 Ao{Z9] £43]= BF dA5AS Ao
U ZAIEE, EYRA] tiet AR A
1833 £ 10 Ma (n =5, MSWD = 2.3)o]tH(1 5a).

Group 4: o] 7159 #Ao|F2 1720-1609 Ma
919] "Pb/ P @iy AThE A gl
AR7F QAFA ol EAEY, 45 £ &
U 4g 22 BAEo} Pb £42 AW Ao
2 39tk Th/U u]7} 044-1.43 (5943 = 1.07)
9] HAZ k& IF(Th/U = 0.01-0.67, 4% = 0.37)
o Hjste] ATjH R e ghe Xk Zo] B4
O[THLH 6a). BUX A1) AR A A= 16955
+5.4 Ma (n =16, MSWD = 1.2; 1¥ 5a)o|t}.

5.2.2 HSR03 #]o]&

*Pb/**Pb 17] Al oJte HSR03 A o2
2 2543-2102 Ma (n = 18)2} 1996-1841 Ma (n = 7)
9 & OFo 2 BRdn o]52 Tera-Wasserburg
230l A] TR o] EYA] AtiE HolHA

10000
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EAR| A& o] ZrH1 5b). 0]2Jof| Tera-Wasserburg
Z3pAA} EAJ =)= 1683 + 6 Ma (HSR03-7.1) 2] 22
LA A o123} 3339 + 11 Ma & 3428 + 13 Ma 9]
TAY AojFo] WARCTHIH 5b). 2543-2102
Ma %9]9] 57| drji= Aol 2 1 &3l st
o @ojdl EAX 2 ti7lf WEF Fol+2E 7HIH
HSR04 A 0122] Group 19} tjH]HtH ¥ 4b). o]
S0 Th/U ] 0.11-1.27(Z%3k = 0.58) W o]t
(72 6b). 1996-1841 Ma H19]e] Ax7] AYZ 7}
A= Ao ZL Fi27t fIAY B In|et F
F22 Bo|w, Th/U v 0.11-046 (3947t = 0.36)
© 2 HSR04 #o22] Group 3¢ tjH|Ht(2d 4b
and 6b). Group 3 A ©]Z2] Th/U H]+= Group 1 A
ool ghurh wol, MALES W Eet Hojz

2 Zalol| A Th &4lo] Whget Aokl Aoz
e cH(Hoskin and Schaltegger, 2003). HSR03 #]
o]29] Group 13} Group 3 E4Jx]of gt A1
2} AdjE= 2528 + 100 Ma (n = 27, MSWD = 13)
olt}. A @27} 21, MSWD7H =& ZHe 71X
= AL SHAU WA E HE AES oA Pb
&4 5o) o] WARlY] whEe] Ao §oun,
ufeby §] BRI Ao SHRmAR Arh(1532 + 120
Ma) eln) gl X Adn|= 177} ofeie Aow
AZRITH 1) 5b). T, AT Aol AR 1683
+ 6 Ma2] 24 x]= HSR042] Group 4 Ao O
ul=je, 9ApEe] Yol A AX/ske Th/U b](1.03)
¢} *’Pb/*Pb AthE 7}k LAY S

10000

(b) HSR03

1000

100

Th (ppm)

1 10 100 1000

Lo Lo

10000
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Fig. 6. U vs. Th contents of Jigokri migmatitic gneisses (HSR03 and HSR04). Symbol colors as in Fig. 4.
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Lee and Cho (2012)+= 3t 9] AziH glo}7] 7]
A S A Bang A AR E $EST, 37
$3), Gdg2 o] u]weli o] 2 vpeto.2 7
A3e] Hgtrloly) A2HsAIE Asic. Az
Bajolr] 9h419] Aol E Bl A b o
ol Atk oF 36 Gaz, FikEON AzkEelols] A
2}o] 7]gl0] TAYLY AJ7]0] o] AZFE|HEL A
3tch(Lee and Cho, 2012). 737153 # o= 2] Ak
3l AfEEZ oA = 9F 3.4-3.2 Ga Al7]of F=-313t &
t5-9-2(age peak)7} A CHLee and Cho, 2012).
o] o} 2827 Gaol thA] AT E-$217} vhehbs]
(Lee and Cho, 2012), A3§1512] Nd 2l ofjof| uk
29 o] 7] WEolA AAF4719Ed0] 54
Al7]o]th(Lan et al., 1995; Cheong et al., 2000; Lee
et al., 2003b; Cho et al., 2017). ©]Z AH7|S-3] A o]
ZAEY A=A oF 25 Gaoll FE27 o
thg-7-27F Ueht=t, ol WEoA F=HUE A
7134 719E4 0] 9F 200 Ma®] AAAI71E A% &
AH&/g3t Eo o] Al7]5%t A 7181 2| iEE
o] FAH A2 A|AIgtHLee and Cho, 2012). 1
U 737153 gA R ol o] Edelol B T4
oAl Hugl Adh(2F 2.5 Ga; Cho et al., 2008) ©]£]
ofl= 24/ AIE &3] obd Z28E Aol o
S A o] 2o AT A7} obA] HarE ] ¢kt §loy,
Aol FAE A Zko] PR AT = ol YA = &
gr Ao FAEh LAY T(9F 2.0-1.8 Ga) 9] 3
I HAASE-E W] e B2t Y= A o2 o
A gler, FEH|ol/ FHColumbia/Nuna) 2T
5ol A4 4 EE A E RARFYAER 7=
E2 Qlck(Lee et al., 2000, 2014a, 2014b, 2016b,
2016¢, 2017a, 2017b, 2018; Lee and Cho, 2003; Oh
et al., 2006a, 2006b, 2015, 2019; Kim et al., 2008,
2014; Na et al., 2012; Park et al., 2014; Santosh et
al., 2018). & 7A7]&-3 AFo 2F 1.70-1.65 Ga A
719] 3 3toA ABAEE SR (rift-related
granites) 50| £Z3}= Zlo] B H H} gl o} (Kim
et al,, 2018), 3HAl 71 2] SPEFE] o3t Heket A

Aol A W A L3teA Rl At EE
H} glek

A 32] EAHUQt A|RE2] #o}E SHRIMP U-Pb
dAdl SAZTE= A5 FAF Aol = Az
HEjol7|(AAY -8 ) Al7]1E¢t S84 E
Hghgo] EAeHH S-S Hehdeh HSR03 #0129
Aol A AojRl oF 34-33 Ga A A7]L81]
#)2k9] 7)go] ALY Al7]o] AZFE| STk A%
A B3 (Lee and Cho, 2012)¢} Y X|3= AT}o]
t}. HSR03 {02 ¢] 2528 + 100 Ma Group 1 At
(& 5b)2} HSR04 #o]£2] 2502 + 92 Ma Group
1 AN(ZE 5a)= A7181 7|9k Aol 29 A%
WA Fol Moz Uehbs @y U 5y 25 <
(¢F 2.5-2.4 Ga; Lee et al., 2000; Oh et al., 2006a,
2006b, 2019; Cho et al., 2010; Kim ef al., 2011; Song
et al., 2011; Park et al., 2014; Santosh et al., 2018)<}
Ax)3ke}. W&t A, Cho ef al. (2008)2 77
|3 AR to|Fwof Exst= EYo|EF &
‘ol thste] Aol A& of| tigh 2578 + 30 Ma
Aot 7374 & dFof] gk 2508 + 18 Ma A&
B gk vh qlok A& AeFdxrt & U
319 ™ Th/U H|7} 0.46-0.529] 7H 714 4l
Edeto|E npante] A4 Az s = ick v
o]ZE 2028 QAR 37| S AXSh=
0.1 o]4F¢] Th/U H](0.37-1.98) & 7}A|7]+= 3lLt, +
27 SR gAY oS- o A4S Ho
EdulolEE AN EAUSE dUE 34
HAJHCho et al., 2008). Lee and Cho (2013)+= djf
ol 9] TAUTIE-S F2 7 (fluid-present) 2]
S/38H7 (arc-related) ol A H]HH-8-§2] AHE= 3
213t 1} 9Jr}. HSR033} HSR04 A]£.2] Group 1 A
o o4 QoiAl AT dolatol 4 Bag h4
25o) Al71et 22 9] tellk] PRJEtet BHEe] Group 1
Ao]Zol|A TEEl= 2 S0t 3M7199 Th/U
1)(0.11-1.27; 1% 6a, 6b)2 1|20} Ho} HSRO3T
HSR04 Group 1 Ao} &0 A Yelb= 2F25Ga
= dol&=9] Egeto| EE utaut A4 Al7]9
tuE 7FsAdol e Ao g wE

HSR042] Group 2 A o]ZE2 37| Ao
EA AEFdt27E 2 g 9lew Th/U H]
T3 M7 he A AISh= 0.1 o9 3k 7HA, o]
A o] Zof| A FL 2051 + 25 Ma Al SAFAH=
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SiAE Tk 22y HSR04 Al=} QIR AraxoflA]
ZHF g HSR03 Al 2ol A= o] 254 22 Ao &
Ao UehA] o2 H o= w|Ro] £ o, & Ao
2ol EAsh= &S A4 Aol 718t
7] Hrh= 3H4 7199 dAloA SFE RS 7Hs A
o] & Aoz 7 I 1o Y
5(2F 2051 Ma)ofl 23l K371 GA7F L oA (F
25 Ga) WA A7toz BASAT, ol F Holul
4 W Spgahgo] B ol2olxEl A7](oF 18
Ga)ol| 9o HAESIZ-E(metamorphic differ-
entiation) 2.2 I&j| A5 22> EAdHpgo] I
A HAS 7Hs/d 0] ok ey A Foll A
= ARl o 2o Wk, Asle @ 7ok 5ol
A2 E7] g &of(Kim and Hwang, 1982), A7+ A
2o] figto] HHek 7hsy wat As) AT
S gtk ool Hstel ATe)FoA The: B
L o] N TR WA oA SRl
SRS AR whgo] MARE-S W BT WY
Ho] FAHET gEA Qo1 HMason, 1990; Winter,
2001), AR Bl Aoto] TARAEEE WAL ot
o] A% 5E AR FoE AP 72}
FAE 4= Qloj(Mehnert, 1968; Pinarelli et al., 2008),
A5E|5 E4dHntee] Y 7|9 7HsE
Al = Yok 2ot At A2 gekE flsiAe
27h49 B2 AR, GH R APEE o
F7h SeEolop B Ao Wtk okge & A
oM AT Aol YAk A B 233702, 44
A(detrital) Ho}2o] Golu|gt At HEZ 217] 9]
3 Do sicka AeHEE 607) 0]4He] &0} 2 YA}
th3t B4 (Link ef al.,, 2005) 7% Hrhe RE5)
Holt}. 1ejm 2 A e gto] HlZigtolah,
B Ae] Aol dthEy Azke Ugke] 719 U
A= A7 498 59 A4S I3t tiE:do] ¢
ohal B27] of9m, Tt F7]&3 EA Rl
ARE 3 D HAAZREY A7) gt A ETS
Alggtoha & 4= ek

1833 + 10 Ma2] A& Ho|= HSR042] Group
3 AolEE BT o) WEshA| fom 2
Th/U ¥](0.01-0.16, 243} = 0.11)2 7}A ©47] 9
o2 SR $A AFTHpe o] 9F2.0-18 Ga
£ TRE=o A S R By 1 S50l A
AR A7 2 =] HzkE Eobr] oA oflA] &3

S0t Mo{Zol| chet SHRIMP U-Pb 2icH 201

By ddjelth 22|22 Group 39 A=
A AFA Gl UMD ZF 8o 2T A
TAE FAAGZE AI71E vepdnka & 4= 9l
ok & g7 E4dHnigto] 3¢t 71¥ol2h Group
3 Aol ddie AFAFAA DAL HY%
&9 A7]1E A A8h= BHH, E/4Hutete] egto] ¥
Aol At Group 3 Aoj 2ol A L2 A= A
FESOE FUE 719X 9 HAY dHE rlsh=
Aoz At

HER|EEO 2 16955 + 5.4 Ma St)E 7}X|+= HSR04
9] Group 4 AolE€& AFrd WA= Frtie
Wi 25 7 o8 AojE E4 3 v st
= 4 AR &2 Th/U HIE 7HA= 5401 A
TH1¥ 4a, 6a). HSR03 Ao} 29] BAx] % A==
A AJol] TAE)= 3 A(1683 + 6 Ma; HSR03-7.1)=
HSR04 2] Group 4 Athe} 21 9] WollA 4]t
o, 2489 Th/U = 22 99 = 74 (2
d 6b) T4 A AT A 9] AdiE Uehli= A
o= AZHEn} A=5e] S44Hvete] Group 4 Ao
ZolA @12 1695.5 £ 5.4 Ma A= 7153 &
AR B st HnReke] oF 1.7 Ga (Koh et al.,
2015)5 AQJstars AP AN HaEA] g™
Aeholth. Kim ef al. (2018)0|4 A H ulof| 25HH
AR 1 7= R ol oF 1.70-1.65 Ga A
7)o &g el A AP E SRSl skl
Us Aoz FHEY, o] YTl gt Fest
AiEH © G4 AT obF o] FofA|A] g
defoleh AFSALY &A= & uf o] A7)0 A
A GAESLE ool BAEE LA A=
AhstAL HYsh EARTE 2By 2= A+
A H 9| ope|Alo A THAFE S SFAAE LA
A= FSHATh HEo] A5 5-S Aitkste] 5t
959 7eket w), HSR042] Group 4 A0} 2] A]
UeEhts oF 1.7 Ga ddi= MgFol 3 BA
opampo| A FEEo] FAHE AojEe dd=
SjAst7] Heks oA e Mg se s ¢
3 A HulelA| o] a2 A2 Aol 7H7ke-
Aoz Az Group 4 AolZA Ueh= =
& Th/U #](0.44-143; 1% 6a, 6b)= 2 Ao}
o] 3Pzl o FHEHUETE AT A=
3 4sl= A o] A4olut, Yakymchuk et al. (2018)
o oJstd FA == (A, Al2" el EAsk=
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Thx} U9 3, mhante] @zhal 233128 ¢t
FEo| sl S5 5ol et v Aoj22 Th/U
H & =2 32 7H = Qlohs ARdo] €A Qi
53| a4 (suprasolidus) #7304 F== A
0|29 Th/U Hl:= HFAJe oA Aol F&EsH
= BURto] Eof oJsf Fe-Hot. BUAPO|EE A
B BE 2 Tho] A Y(budget) H3H ghria o
A om =7 F7HEE ¥ w2 Th 32 7t
A& EAJo] QIth(Engi, 2017; Yakymchuk et al.,
2018). HUApo|EZF 12 W 22/ J2go|ut
ORL}E)A| A (anatexis) THg 7o) 5T =H -85
(melt) 2] Th gegFol| F718HA =1L, The] go]
7t 8841} B E ol 7 FAE WA A
&2 A eg & Th/U HIE 7HAA "t
o|¢} Z-2 7|Zto 2 I EAdHnte] Group 4
Ao|2 Th/U v7} & 3 7HIA H 9 7Hs
do] 9lom, 1695.5 £ 5.4 Ma A= AFA| HollA
AP 12 E= 2U2HAAEEY AI7IE AA
Sk 2o g 4= ok il HAEE2 Kim
et al. (2018) )| A] A% 2 37 o] s dEsoll 5=
U Ao §58 5 glov, Bk FEit sjAS
A= F7H 0 A7 28t
7.8 2

7153 AR Z7t=2EThe] x| A4dHnket
oA &It AojZelA 578% SHRIMP U-Pb &

= AFAGNA AzFE o] (KA F -8
o)) 2t - 3 E HARE0] S A
AlstH, 7] S ol A FH A Q1 31 W HAZ Ao
it A 2F 2.5 Gagt 2.0-1.8 Ga A]7] o]¢]
o, 221 Ga ¥ 1.7 Ga Al7|o] 542 %1 3Hd &
/A2 o] AP S 7He A= stk ot J2
A7 UEE 5t A% A od x4 A
o]l st A A7t 2o Hux glon,
= o] AztHE globy] RIS Hit A2s]
olsjsl7] flsliAes F7HAQl A A e} eHAle 9
A 3ls A= 7L X &2 02 =3 E|ojok & Ao|t}

ZAe 2

o] g7= 20183 & S EH St St HH] o] 2

- 01715 - O I}

Ytk =8 A el A A b
o] B AU A= R
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