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o] Ao A A3f AUE A o] EX3H= T F7] At HihsS tio 2 WAzl A7|E
ga]7] 3l 5994 AdEES st et ezRE EejE WAy 7Y geho|Ed dis|
SHRIMPE o] €3} 232.5 + 3.0 Ma **Pb/”*U sz d dgE algon, YA Ar gloj# 22 o 24
< B3] WL m QRS FAI51e] 230.7 + 1.0 Ma9} 228.8 + 1.0 Ma®] 73 AtE 39t 48 FEo
AE A B L 242 7 FES ez} ol d Aoz 2AHCE IR gekEe] A&t
L glelbolE9] U-Pb Athe} wiem o] “Ar Ar Avhs Wzt Aoz} obd, BiekEe] WA 1712 Sjulsh, ¥
J2-go] 37] EgtolotA7|of Yojdtis R A XSt EAH W= WY E R oF2 A2 A A HA)
RG-S gh o] Agke] = HA-HIY L2 E VIR EAY, Z g oxlulsk et HegatA EX)glitt. o]
£ HiotSo] Wem o] Ao oA 21 9] A A AE-S AXYSS uigich W w A AHEYHEL 237
Ma9] 7|15 BE511 9lon, o] st ¢ o Hof TAiet eietso] $32Hgat BE Ao g Hr),

FR0%: A%, Bk, Elehto] = SHRIMP, Wl “Ar/”Ar #lo] 4] B3, Egto]ofxy]

Koenraad de Jong, Seok young Han, Gilles Ruffet and Keewook Yi, 2014, First age constraints on the timing
of metamorphism of the Taean Formation, Anmyeondo: concordant 233 Ma U-Pb titanite and 231-229 Ma
“Ar/®Ar muscovite ages. Journal of the Geological Society of Korea. v. 50, no. 5, p. 593-609

ABSTRACT: Isotopic dating has established that the Middle Paleozoic turbidites of the Tacan Formation on
Anmyeondo in the West Sea were affected by metamorphism during the Late Triassic. We obtained a 206pp/ Aty
lower intercept age of 232.5 + 3.0 Ma (95% confidence, MSWD = 1.2) of metamorphic titanite from a calc-silicate
rock by Multi Collector Sensitive High-Resolution Secondary lon Mass Spectrometry and “Ar/ P Ar laser probe
pseudo-plateau ages of 230.7 + 1.0 Ma and 228.8 + 1.0 Ma (10) for two single grains of metamorphic muscovite.
We consider that the metamorphic temperature was below the closure temperatures of titanite and muscovite.
Consequently, the concordant U-Pb and “Ar/* Ar mineral ages are not cooling ages but demonstrate that the
metamorphism of the Taecan Formation on the island occurred in the earliest Late Triassic (Carnian). The dated
muscovite occurs as undeformed grains that cross-cut the main tectono-metamorphic fabric in greenschist facies
metapelites, or form undeformed grains in rocks with a well-developed secondary crenulation cleavage. This
suggests that the two phases of ductile deformation that affected these Paleozoic sediments occurred earlier. The
muscovite age spectra show evidence of an earlier isotopic system of about 237 Ma, which could relate to the
observed pre-magmatic folding of the Tacan Formation.
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1. Mo

SWIES o] F= 7|Rkere) W RE-2 A H e
of7] th& AZto= o|RojA glom, o]52 BX
olAFE ¢, A7), Y= EREtH(aE 1).
ol A9 T2 WAGAES T2 gy Het
PO = o] FoA glown, 0] ZAYT-AI LAY &
A, 78|31 A 2| S 8P| = $HHe.g, Lee and
Cho, 2012; Oh, 2012; Chough, 2013; Choi, 2014).
ol5 A7iHeolr] 7RIS o 2 WA, HE
TS AR ALY 57)- 18 5, 57 B2t
shleke 2 o]ol2l A217te S Aol 23]
TF-E= o]t (Chough et al., 2000; Lim et al., 2005;
Cho et al., 2007, 2013; Choi ef al., 2012; Chough,
2013; Choi, 2014; 13 1). 27|83 2] A& AgMA Y
of AXT A4, HHE-EE 2 Y, 1
I FEEAAE-HRE AGoAs, HFLRE
EEe A HES w2 WA E R o] 4k&st
o, o] 52 SAA o2 751 9] Ao xRt

Sea of Japan
(East Sea)

100 km &

[ Cretaceous sediments (Gyeongsang basin) [_] Nangrim massif

[ Cretaceous granitoids
Jurassic foliated granitoids
Jurassic massive granitoids [ Ogcheon belt

[ Triassic granitoids [ Yeongnam massif
I Triassic gabbro, monzonite, diorite, mangerite, syenite, porphyritic granite
[ Permian granitoids

[ Imjingang belt, and correlatives
[ Gyeonggi massif

Fig. 1. Simplified tectonic map of Korea.
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(T 1). A QPO A= Z|4 49 oo B 2+
&o] AR FHH, 7 IAUA= HAAFES T2
Ao PAFI DT THes ol & nlo]am
2B (SHRIMP)E 0|83 AolZ Afj24 g o}
of o] 2] 2 5 ARE Fep|o} 37] Eefolota
71l doftol B Frh(Han, 2014). Z27H4]
& BH4J0] A2 ot AR o}r]o] A3l
EFZ0 2 2450 21KNa, 1992) 2|+ SHRIMPE
o[- g3t Y AojE dAd S8 F3to] HitS
H430] 37] A elo}] ol Fo] el Ao B
A H(Cho, 2007; Cho et al., 2010; Kee et al., 2011;
Na et al., 2012; So et al., 2013; Han, 2014). gjt&
AR W A AojE A Bx= A7 el
A AR AR} Hl%3 RS Bl (Cho ef al,
2005; Han, 2014) S/ T) 9] L | Zo| A= H]
5%t A3 RO = Qek(Cho et al., 2013). $HH, €|
¢FSoll A AEE Aol YRS AT oA AY
AE AR FAZE U7 gFot SHRIMP £4&
ol §A AI7IE BEs] ¢7] ofgoh o= HitHSE:
oflAl MYt FE] 2T 2ol FES] =
& SE(R ZHYAIL T olate] WA
dojuz] ks A& A AIZCH(Williams, 2001;
Parrish and Noble, 2003). A 7HA] it AF9]
423 Aol2 )Rl A ZHH Arfi ~280 Ma
(Kee et al., 2011)0]c}. o] AT v O Z, o] A
TFollAde YAr/ Ar Folx - 2wzt U-Pb
SHRIMP 24W& ol§slo] Weme} elehto]=
£ A5t QMo A AR = HIQHE2 B4 A
718 ZASIAHY 2). LmFo ol YAE T4
She 28 BES olgslel EHULE 2T R
2 FAEEES o8k Ao vls 4 2TE F
o A AF Akl IHEAIE 5= rk= Aol Sl
t}. Han (2014)0 4] 245 233 + 3 Ma(E]eh}o] &,
U-Pb SHRIMP), 230.7 + 1.0 Ma®} 228.8 + 1.0 Ma
(M2, YAr/PAr) et o] ATl HuEE
Ak AAAZ Aot 2B dherol WA o
dolct. Ea, 245 Anfol that AF2A ojslo
Al 22 SHHE A E o5t 1 gt

71sH(1E 1) = HAAETA A F2 a8
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%71(~1.93-1.83 Ga) IHH/JA-E-Z W2 Huleta}
oreFsl A ElZ ¢e.g., Lee and Cho, 2012; Lee et
al,, 2014), 1231 YF= 7187 AFel FRoA
AFEEE ALEAT(0.9-0.75 Ga) 9] SHd oot 2 ete
2 FAE ] Qlk(Lee et al., 2003; Kim et al., 2008;
Oh et al., 2009). 3, 77183 AR A= A
O] ZJHuel, WA EjZ o] Eash, E3H A H7
AJe(metabasite), TAAY, A=A =2 Yeht=
AHEEHE 20 A FAo] A ArEETH(EE Y
23H); Kim and Kee, 2010; Kim et al.,, 2011b,
2011c). F AFEHEoIM = TF 594 IARES
A 54 v ol 3t PR Ad 8 F W gtol
EEn, 7o SEPAAAREY F3S Wt o]
=2 Ego]otA7]of(Guo et al., 2005; Kim, S.W. et
al., 2006) 775-850°C £} 1.65-2.1 GPa (Oh et al., 2005;
Kim, S.W. et al., 2006; Zhai et al., 2007) 2] ZZA3}o]
A WAREE Wokeo] WA ol vigtoz,
Kim et al. (2011b, )2 A4 A Y2 77|87} of
J, s 5o AR sl 2ot 9% o
FollA ol ajet 9} v kS o] AAT(770-742
Ma) <] =l eh(d A 2] Hulek; Oh et al., 2005; Kim,
S.W. et al., 2006, 2008) 2} o] Qctal s oH,
A AGE B71E1 9 ER= HolEqith Park et
al. (2013)2 ALY o F2A}0|ES] Hto] s
Sh= GAZH A B8 Y] g FHE 313
A 2P Huloks BT AR AYsiart
24 AGolA 1 WP edo] AEEE A7 Y=
370¢] A E o} K1) FoA Egfolofi7]o] ¥
GOl At S W2 X goE Bl o]
= S R AR FES0] 250215 Ma g
9 92 A E, 53] tiFE 235231 Ma Ale]9
HEAYRES Hol= A4 o 3= ItkKim, SW.
et al., 2006, 2008; Oh et al., 2006b; Kim, .M. et al.,
2008; Kim et al., 2009; Suzuki, 2009; Yi and Cho,
2009; Kee et al., 2011; Cho et al., 2013b; Lee et al.,
2014; Yengkhom et al., 2014)

AR 1) 263-250 Ma®] 5] 9
J2HE g2 dZ(Ree et al., 1996; Cho et al.,
2005; Kee et al.,, 2011) Egto]otA7|o S, F-1-2
9] k24| (Barrovian type) (T = 500-800C; P:
1.2 GPa ©]3}: Cho et al., 2007) ZZA0|A Lot A
T2EFol o FFE WUt SH AN (TE

1)9] A= E3F o2 119 SHE= WA HY
2h-8-9] FaF AR X7 ol vsf iAo
2 u3E 2=ot o 248l Ud A o= Azt
(T = 500-650C; P = 0.4-0.8 GPa: Cho and Kim,
2005). =2 5 Y4 A= ~290 of| A ~160 Ma
(10-15% 9] 222 Wb ol= g 71519 A
Hoj e} v]s=3tthe.g. Cliff ef al., 1985; Cheong
et al., 2003; Oh et al., 2004; Kim, 2005; Kim et al.,
2007). oA AgE 2=-948 2052 Hekg
A7, 223 L3 o] WA, | 280l
A8} 20-35 km ZloJof|A] dofiton] F5 279
7Fs/d& AARIT o] YAES B ofnfE A
B o] 9] 37153 FHE wEt HEd= EE
ST 1Y O] RIHA| B 75T FHOE Fot
H(accreted) 2179] EHZF0IS AL= FHHh
PR} - = AF2A o= B35 Edlof A
(Chough et al., 2013) B3| (Chough et al., 2000)
24 220 13-l 279 WYY B o
AP0 el QAT FARR A7z BEe o
=9] Fo|thRee et al., 1996; Lee and Cho, 2003; Oh
et al., 2005, 2006a; Kim et al., 2006b, 2008, 2011a-c;
Zhai et al., 2007; Kwon et al., 2009; Oh, 2012; Chough
et al., 2013; Choi, 2014; Lee et al., 2014; Yengkhom
etal., 2014).

R O] T RELO] 2|9 ErfolofAr| e} 72l
o] 2 AAALA I o8l TA=ATHTH 1; Sagong
et al., 2005; Park et al., 2010; Kee et al., 2011; Kim
et al., 2011a). £3|, EgtoJotA7] &7](Carnian to
early Norian)o]| &= 3Hd&50] &3] dojup =&
F8 A7z G FUHAY 1). Edfolorrr]
37] Wheiel-B R ol £, A2 237219
Mae] #leithel, Aol N faviold £
& HAZEHOh et al., 2006b; Jeong et al., 2008; Choi
et al., 2009; Williams et al., 2009; Seo et al., 2010;
Kee et al., 2011; Kim et al., 2011a). ©o]2Jgt F7F9]
Mge} Ko| S35t npantE2 =2 WMo A B4
) dubr oz o 2 27 (extensional
tectonic setting)o] ZAJE| 1S Alof| v|wA] ZRe- 7|7+
SRS Aoz ZogErk(Bonin, 1986; Liégeois
and Black, 1987; Davies and von Blanckenburg, 1995;
Turner et al., 1996; Liégeois et al., 1998; Gill et al.,
2004; Dilek and Altunkaynak, 2009; von Raumer
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et al, 2014). o) vk ThF FE B FHHE =
o= opw, FHks] X7E Al2do] Bl
2|2 = @UAT, EgtojotAr] $7] 3HeE
2 HE o] F=T o|F o] Agsh= A
=27 g7 o 2 9] H3K(Williams et al., 2009; Kim et
al., 2011a)of| o3t YA 2= A =fm oFA A9 vtz
(delamination) (Choi et al., 2009) &2 3f|F=o] T+
Z(oceanic slab break-off)o]] ©W-Z(Seo et al., 2010;
Oh, 2012; Choi, 2014) SeFH2] §7|¢} dZ2E =
At}

3. EjQt

Ol

PHIOA BtFH(TE 2)2 B Ao ARt
o] =L BN 9] o]ZQte] WE 3, M3 Aptat
gt 28a EEA A2 AR Y F
o] §FAI(< 1~2 cm) ARSI} BS9S] A E2 A
AR oA Rl Ao 2 S =1 Qltk(Lim
et al., 1999; Choi et al., 2008; So et al., 2013). 2434
A o2 o] 3t SHRIMP U-Pb £.4 A3} 713 e

Sea of Japan
(East Sea)

\] Cheonsuman

-36°40" 8 Bay

. e g
O 12JK70 ) R T 4}
Yellow Sea ¢

100 km

(West Sea)
Cheonsuman Fm.
Cretaceous Clastics

3635
]
O 12JK20

Syenite
Triassic

Taean Fm.
middle Paleozoic
"‘\‘T:j;'—'j Seosan Gr.
N Proterozoic gneiss

-36°30"

<@ U-Pb titanite sample

<> 13JK09

O Ar/Ar mica sample

West Sea
13625 (Yellow Sea)
126°15 126°20°

| f

126725’ 126°30°
I I

Fig. 2. Geologic sketch map of Anmyeon Island and ad-
jacent areas with sample locations. Modified from So
etal (2013).
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g AoZ59] ML 18 F7I 431
o]l A 420 Ma (~1%2] 22} o] (Cho, 2007; Cho et
al., 2010; Kee et al., 2011; Na et al., 2012; So et al.,
2013; Han, 2014), o]= Hitso] AFolr] 7]
ol o) HH Tk 2 ojulwi,

B¢ W WA o]FeY] 38 BAARES S2
2o} wgmoln, Yol Ak BE(HRH E
£ 35S gl whEo] ARAL e E2A 2
A gtet. FeO-MgO-Al,0s-Si0,-H,02] 673 E-A| o] A
Srnjio] 4 w4 o Hgt ) SemE 400C 3
Lol A A=, HFA2450C RToA] A==
o2 B thBucher and Grapes, 2011). 18
U Bucher and Grapes (2011)+= ¥4 o]2d W 457
Ho) Tkt o] A Aol SlaiA Al o
W 2= BAE 5= 2-S AFSHRTh ol &
Sleld: AThE ol AHSE Ao e Tk Aeke
SRl g o] =44, EeRjoE(titnite), 2
2l Z 0| ALo] E-=F H(clinozoisite-epidote) & 2
TRHAT Zedol 2 12&(grossular)
ARASE BHER) gt ol Fus, B
Fo] W82 450C ofste] F-ohi HAlTAr
O] 27N dolitS Aoz At

Hetzols % we] W Hgo] SHE] ek
HA AYE G S EEA e FebeAt
59 SHAYEA ©A o]F ol FAFH LR
] St o] 512 A gt x| £3E Al
gEo] Jlow, fujg2 F2|of FaPsiel WA ARRE
of|A] &g o) mefo] BT WS 2 WSt
A2 2 WA et RS S EgES
o FRUAEAE Rolx) T, FA Mo
2044 0) 4728 21 Fe7h AR e ae
woll Y A== I3 559 & Gl Ale]7} 10%¢
A] 120° (tight to open) HoJA 1 H5T- o] F =
Z=°] A=of tisjA rlm R F2E 2= v|23}
S|k, o] HIL w4 o] Ak weslel glx
o] &30 ZH A2 Beu) Szt wiA Alre)
353 2hg ol 0] weslelch

IR PRI HEIA FEE el X
Zb= g u|gof @oks £ |71/ S Bl
b, glue] 22,8 glojo] ko 2 vl A}

ARE I 29 AFUHAFE, AFFA
o] o 2 Ho|R| o= AHA7IR] theFsict. o

ot

i o H o
S
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o] Y T2 (amygdules)tt TYUA] o FAF
of B4 4= 3= EAZ 91 FZ(ex, chilled margin)
7hole A o= Hop AR o= 202 oA TS
Aot} o] YU FA|F oz & Wit S G,
P53, 2 SU9 S8 BoH Adt) 2 oY
B2 S2E7FERSH O 27|= 4 gEnER 2
ol gHiEo] HAS USE & U= Yuldtth
BAPE(OY 2o HeHE, 23N E= 5
A0 Ad7geto] 7THlE FAI A7 Gl Efet
39 AAE A=H TS o] 22 Fjo] A
HH} o] o EZFo] TS EA=ET
Aol A @2 Aol 2 AHE ST 2, 2296
+ 3.5 Ma **Pb/**U Atj7} 245 %00 (Han, 2014),
o]+ Cho (200704 Foj= ~229 Ma U-Pb A<k
F3Re o] AU AlE nEd A4S =8
o= gol 23k, 2 7= A A
Ejn|ERE = ug 2719 GAIE o|FH fEe
78 ARl Wz (chilled margin)S HojETt
TS EA G W2 el AFEst] AAA
o= ujo] FAHeIh F A Atole] Bipalet
HFe| A} 1EE A BA R BsHA T
23t 35 & (flow banding)= F &4 E5F A
FHI= SRR HA=e Apo| = s A= 4
o|A WS HoEth AU +A AlEnE
FAL Aditzel Hxrl 2 IEd =AY
(ultra-mylonite) F£Z& 7}X| 2 QJt}. o= 1A A
Biofl A o] AF2HFS e, SHdgAlSel |
3 EZe] wiFgo] B o]Fof BASHHAAT, 2
FEEAF2LF G| AdE= HAEH

&

4. X|&ALH

A

4.1 A2 FH|

4.1.1 13JK09 (sH139H

A& 13]JK09 (36°2820.60”N; 126°19'38.84"E) =
549 BRSO A EEgt EEto|Eol,
SH 7 FRE ol ATt i skl Qi WA
o|AUTAA = S L BT S 27 WEE ]
ATt EJERO] E=100-250 um 7] 2 HER}E of| A
A5 2] FEiE EolaL, R Eo|U ot FE7H
dutzoln tha npEE A= FFELH IF
A M= EeEA o2 Azt 2850 BEE

o}, SAREA ARG A (Back-scattered electron im-
ages)ol| 4] EJERL}O|E QA5 HEA o SR Y
P Fou BRE 2 R E Hol, FY
A= 22 Holth2¥ 3). AP (patchy) Fo+=
A FEE =), o] HAATY Bt WA 249
HFRIL o]of vhE-5to] A F 5} 2§ B W&t
go] dojt Aoz weltkUeda et al., 2012).

4.1.2 12JK20, 12JK70 (Z-&-% @ A4jo]-eh

A& 12JK20 (36°352.11"N; 126°17'32.01"E)
MRS WA gk, 12 mm 270} WA 719 wem
QAfolch. o] QA gajate] Akt Vel Al e,
SR FRG S om 729 HFET Sel 4 £
shgon S,k AQHe] Seloh BAE ol Rtk AR
12JK70 (36°35'50.72"N"; 126°17'11.74"E)2 2.5-3.0
mm 279 Wem Qgtols, o] YAHEL 44 em
A9 WA AN HY-SLmwemE o]
o7l F WPTE 5% WA} 22 WIS

HojE) 52 F1 AReke] S-2le} 7| 9] sttt

4.2 U-Pb ALIEH

421 U-Pb EJER}O|E A&

Elgfo|EE 2 ElEhs 1HAE(CaliSios) 2
2, A7 Yol SekeS TEste Aol mirjolE
2} v|5=%t 2L 71t} EJEto]EE Tilton and
Grunenfelder (1968)°]] 2J3}] 3]&-2.2 U-Pb gt
ol AR E Lo, o] T2 X|F1E S-Fut AT o

Fig. 3. Cathodoluminescence and backscattered elec-
tron images of representative zircon and titanite grains
from calc-silicate rock 13JK09 at Kkotji Beach. Scale
Bar 100 micron.
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Table 1. U-Th-Pb isotopic results for metamorphic titanite (uncorrected) from calc-silicate 13JK09 at Kkotji Beach.

Spot Pbeommon’ (%) U (ppm) Th(ppm) Th/U  “Ur"pb =%  *Pb/"Pb  +%
JK09-1.1 15.52 52 29 0.58 23.78 1.8 0.1748 2.9
JK09-2.1 72.81 23 35 1.56 7.02 2.8 0.6341 1.1
JK09-3.1 14.50 50 17 0.36 23.44 1.9 0.1668 2.1
JK09-4.1 20.22 53 24 0.46 21.05 1.8 0.2128 1.8
JK09-5.1 11.29 91 37 0.42 23.53 1.4 0.1413 1.7
JK09-6.1 38.57 34 28 0.85 16.61 2.3 0.3595 1.6
JK09-7.1 24.72 31 24 0.80 20.21 2.4 0.2487 22
JK09-8.1 26.71 29 19 0.66 20.62 2.5 0.2643 22
JK09-8.2 16.78 65 43 0.69 22.94 2.0 0.1850 1.8
JK09-9.1 15.99 55 28 0.54 23.78 3.4 0.1785 2.0
JK09-10.1 39.04 35 15 0.43 16.68 2.4 0.3631 1.6
JK09-11.1 19.23 42 13 0.31 21.88 2.0 0.2047 2.0
JK09-11.2 10.11 90 32 0.36 24.02 1.4 0.1318 1.7
JK09-12.1 8.85 88 54 0.63 25.08 1.4 0.1216 1.8

207

*The proportion of **Pb. by*’Pb correction.

3Hd, WAERE Aol AME-E itH(Corfu and Muir,
1989; Getty and Gromet, 1992; Cliff et al., 1993;
Scott and St. Onge, 1995; Resor et al., 1996; Frost et
al., 2000; Tanner and Evans, 2003; Ueda et al.,
2012; Spencer et al., 2013; Yi et al., 2014). EJERL}o]
EE 22 #%(closure temperature)(ca. 650-
700C) 8 7P glon] wAeroln 47 e 4
oA A, B A, B ) FYAL
EXof ZgsIch(Scott and St. Onge, 1995; Frost et
al., 2000; Tanner and Evans, 2003). EJEfL}o]Ex=
B3 WA FE 2ol =37 gzol, Eehe|E
7t (A AR of = FE53 Ti, Cag w8 3h
THScott and St. Onge, 1995). 2382 Z}Hg o]
U o B2 WA 2004 A= G E HeptolE=
HH 2= ost2 WzHE Al7]7} ohd, ¥ 2gof| 9
3t AAs}e] A7) & 7] E31A Hk(Resor ef al., 1996;
Frost et al., 2000; Tanner and Evans, 2003).

422 BXA=}

HEols JAEE BHA BE FaEe A}
g3te] Belugick. 94 ARES Geduh]elA
5§ YU(ing mil) & AHgSte] HES WY
oF. o U A2 HA 63245 um F7]9] L
23t F g (panning) Fite] FHEL B
stk Ao ARES A 3o Bojs

ob2l 3 AAAE oA 100-150749) Elehtol=g
SRS ST o8 o2 nheEd] EE BE
BLR-1 (Ontario metamorphic megacryst, 1047.1 +
0.4 Ma, *Pb/™ U = 01764, U = 261 ppm; Aleinikoff
et al,, 2007)3} 7 BFe) SR nd, Azke] Z7bol
w2E REZ )24 BILES uji § Fow
aEsten Qg YR F2E BEH] 9,
o] R} R} G A (second electron images, SEI) I} 3
WA AS BE|zsdTde] XY
JEOL JSM-6610LV SE=ARPARFE 0] 7 (scanning elec-
tron microscope, SEM)E ARg3slo] &FstTt
U-Pb A= 371 23kek -l 442 SHRIMP
e AMgatE.om, B4 B2 Williams (1998),
Ireland and Williams (2003), Yi et al. (2014)° 7]
=9 e g 17 oleue] ZEe A7)
2934 nh, 25 mP.om, Z BAL 7r, Pb, Ut} &
B A4S SHY AWkt w5 “TPb/ M Pb
H]-&-2 Terra-Wasseburg =304 EXHEQ] 3
AT Y= o] ny o2 7H o2 ALt
Aok 48 A2E2 SQUID A v 2 227
W(Ludwig, 2009)¥} ISOPLOT/Ex & 1(ver.
3.75) (Ludwig, 2012)< AR&-3to] 72]akach.

4234 7}
127)2] EjEhitol = tolA 14712] BAE A4
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SFATHE 1). Terra-Wasseburg =3 oA EX4HE
o3 gele NAH A eh Rz}, o] 4z}
Ax|ZAe] P RRE 2325 + 3.0 Ma (n=14;
MSWD =1.2)9] sH-a g Adj7F ARt oh(1H 4).
3|72 A7} Y Tke] w42 0.8400 + 0.0130]H, o]=
o] M ZFEH 02 AN BB e] Pb/ Db
H]-g-o]t}. o] 2k Stacey and Kramers (1975)2] &
Dkl 0.8513}F @2f Qhof| A A|7itt.

43 “Arf’Ar CIC|=H
431 8494
&Y N BE B4I5t] 23T} 7] o|A FF=

5200

data-point error ellipses are 68.3% conf

y-intercept = 0.8400

0.8

o
=)

207pp/206pp

o
~

=
N
N
N 9%
0.2 =
S ﬁo\
< ~N
N
0.0
0 4 8 12 16 20 24 28
238U/205Pb

Fig. 4. Concordia diagrams showing the SHRIMP spot
analyses of titanite from calc-silicate rock 13JK09 from
the Taecan Formation at Kkotji Beach.
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37 M7 o, 03 - 20 mm 2719] WL A4S
< AT 2 YAES EE s Y1
mm % 11 mm x 0.5 mm)of] 28 & A} 7l (irradiation
can)of @tth SR S22 ZYH(neutron flux
monitor)= 8~10712] Alzuiet A= it Al =29

F34E(Z44 Hb3gr Adi: 1081.0 + 0.11% Ma;
Renne et al.,, 2010, 2011)©] &7 McMaster ¥1-5-2
(Hamilton, Canada, location 8E)o|A 7JI= o2
RoA7) AL 298 AIZHESE ZAFES WSkew, |/his
5.86 x 10° h'o|ch. 242} Z8jA FuiE + 0.2%<]
AHote e mUEYH Fof A2 FEEL YAr/ Ar
oA 718 ¥ (step-heating technique)S ©]-83}
EHg o, ARE A= 232 9] Geosciences
Renneso] A X% Synrad® CO, continuous laser
ojc}. B4 Ax}= Ruffet et al. (1991, 1995)5 whsk
oh A& BHE A7} glo]l BAS Aastgen,
ol T o 35 HAOlA WHEBl T, o] 2
£ A2 A E4E 71A iS5 A
L3Ik FHUL B2 MAP215° H|ZH4 717
A% BA71E gt 5719 Ar F9daet
W 71227 g 2 AT 1Y 2o
o, peak-jumping B EE AN T BE A
L A 2y avel oy o2z 4R e @S 1
23}o] Lee et al. (2006)3 Mark et al. (2011)<] 2+
A& AXH A=Y, K, Ca, Cloj 23 avt=
st mR7R 2 S Skl 5 e
Renne et al. (2011) 9] A& ARSI T

300

2375+ 0.4 Ma 2371+ 04 Ma
260
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180
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I 12JK20 Muscovite (biotite-bearing meta-pelite)
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Fig. 5. Step-heating age spectra of an undeformed muscovite grain in (a) 12JK70 cross-cutting the penetrative S,
and (b) 12JK20 with a well-developed crenulation cleavage S,, both from biotite-bearing meta-pelites in the Tacan

Formation at Gomseom.
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YAr/PAr B4 A= F 20) glom, dAd) A
EFP oA 17 5a, 5boll =AIGHYTE SAH A
9] 9= 10 P2 EAEA, YArt/ P Arc vl&
7 2UHY Ad), gl tigh o7 E3E
A ket o] BAoflA= 71 (pseudo-plateau) &
HE AL, 1 ol Y29 B3 (plateau)
Ao gubrl o & 70% olAke] PAro] A 3 T
ool BA oA FEE o] 0|52 Ath7t 1004 U
x|3teof Y= A gk o] BA A= Y Arfe] &
o5 vEShE AYE 4| £5197] Eo|d, of
Al 7k BA 9] 715 S43te] o]8 7Y A
2 oty YArt/YAr Bl &I mUE] o
o, Bkl digh @7 vhx|d 7HE Y Ad) A
Aba} o] Fof 1-§-¥ ZHzko] AdiEel taljA] E3E
o] AAt= gt

43274 7}

“Ar/VAr ol B SFYoR wens B
A A, £ @ HeK(saddle type)o] Atk
AHEo] ZAEQITHIE 5a, 5b). A& 12JK70
o] 5 849 AL, 1 DAl A3 A
7} A= 9 0 m(95% 9] PAr 32) 230.7 + 1.0 Ma
(1) 7} Ahet 57t 2= SANA 7H ge
Athel 226.8 + 0.3 Ma7} Z Q= QUch 1Y 5a; & 2)
AR 12JK20& F o 7z o mope] drf 20
Eflo] AH O, 7hed] FEoA 2288 + 1.0
Ma (1o, 25% “Ar $&)9] 7}8 9 dei7t S
ok W A2} 11 DA A ) B4 2172375
+04Ma2}237.1 + 04 Ma®] A7t = St

5. o A

EJgl}o] Eof|A] ¢ojA 2325 + 3.0 Ma 3127
AdjE W emof A doj 230.7 + 1.0 Ma, 228.8 +
1.0 Ma “Ar/¥Ar 7188 el A=)z} o] 5 Y
SR = HeHEY] oAt A WA A2 S T2
£ 712 A 2AU(12]K70), S; = YollA AZEA S}
H FE(12JK20) 2 2Agich. drbg o=, wAdote|
A9 YA QS T A AlAd”Ho] &
A 2% o2 WHZE AlHE S5, AN &
=2 ol B FHEL7HEE 2 Yol +A =
EOE 25 5F 02 Hold H=(closure

A - Gilles Ruffet - 017|=

temperature) (Dodson, 1973), E= ZAgd oz A
95 FZ2-2% (blocking temperature) (Purdy and
Jager, 1976)2kaL F-Et}. o] Aol BAE F=
o el A QS L F7ke] WabE
oA Elehto]EL] - 660-700C (Scott and St.
Onge, 1995; Frost et al., 2000)0] 31, ¥-&-1= ~350C
(Robbins, 1972)0|t}. 3124, A|AE 0] Hj4fj= 2%
mel ojje} FE 9| slak(Fe/Mg H]&, T2
S 5), B T2, YAk 37, Wk Lo} g
ZA o= Jg2 vh=c}(Lister and Baldwin, 1996;
Harrisonet al., 2009; Villa et al., 2014). o] o] A
+ Harrison et al. (2009)o|A &3 H 71 2419
Shak A S AT 6). WA 2717} 051
mm¢] W 9Jz}o] AL 1-100C /Ma2) Yzhs:
ZofA] Hlf &= ~420 Cof|A] ~520C 72| Hslet
tH1¥ 6). de Jong and Ruffet (2014)-2 &4 2|
o4 AHEek e 44T Sens Bas
o] 230-228 Ma (1o 22} 1 Ma)<] “Ar/*Ar 4%
(hEE oS Fon, o) 1 WAEgo] o
g Aoz |48krH100-150 C /Ma). BA7HA]
71509 3/ A HollA HilH $7] Egjojofs
7] U-Pb Aol 2 Ao HA| Bls2gt i fjof] #2351
(Guo et al, 2005, Kim, SW. et al.,, 2006, 2008,
2011a, 2011b; Kee, 2011), 0] &A] T4 Pzkz-gof
et 7hs e AR B tSo AR = 7]
EztojotA7] oA dojid W A7}

600

—— 100um
— == 500um
1000 um

Muscovite

5504 Spherical model

500 -

as0{ o

Activation energy E: 63 kcal/mol
Frequency factor D : 2.3 cm?/s
(Harrison et al., 2009)

1 10 100 1000
Cooling rate (°C/Ma)

Fig. 6. Variation of closure temperature with cooling rate
and diffusion dimensions between 0.1 and 1 mm appro-
priate to 0.5 GPa pressure for Arrhenius parameters
(activation energy, E and diffusion coefficient, Dg)adopted
from Harrison et al. (2009) and Pitra ez al. (2010).

Closure temperature (°C)




QIHE0f ZESk= ENRKER| BRI 2 Z&:

233 Ma U-Pb EIELIOIE iCHt 231-229 Ma “A/*Ar iR 2UX| oLl 601

Table 2. 40Ar/”Aranalyticaldataoﬂaserstep heating of a muscovite singlegrainsfrom a biotite-bearing metapelites

Taean Formation (Sinon Unit) at Gonseom.

12JK20 Muscovite 16 steps
Laser power Atm. Cont. Arc/ Arg At/ Ar % Arg  Ar*/°Arg *Ar*/*Arg Apparent age Error
(mW) % Error Error Ma) (Ma)
350 48.71 0 0.21 0.04 6.89 1.85 205.1 520
530 4591 0.12 0.07 0.13 4.47 0.68 1358  20.0
560 12.35 0.15 0.01 1.78 6.93 0.05 2063 1.7
561 3.51 0.01 0.01 1.10 7.80 0.05 230.6 1.8
570 7.29 0.03 0.06 0.16 7.24 0.60 2149 16.8
600 1.99 0 0 10.52 8.05 0.02 237.4 1.1
610 0.85 0 0 5.35 8.01 0.02 236.3 1.1
630 0.56 0 0 8.53 7.99 0.02 235.7 1.1
650 0.87 0 0 6.83 7.88 0.02 232.8 1.1
680 0.93 0 0 6.28 7.80 0.02 230.6 1.1
700 0.34 0 0 16.54 7.74 0.01 228.9 1.0
730 0.15 0 0 6.48 7.72 0.01 228.4 1.0
780 0 0.01 0.01 6.46 7.74 0.02 228.9 1.1
830 0 0.01 0.01 7.42 7.82 0.02 231.2 1.1
900 0 0.01 0.01 1.15 7.82 0.09 231.0 2.6
2222 0 0.01 0.01 21.25 8.04 0.01 237.1 1.1
12JK70 Muscovite 13 steps
Laser power Atm. Cont. 37ArCa/wArK 37ArCa/wArK %39ArK 4OAr"‘/wArK 4()Ar”‘/wArK Apparent age  Error
(mW) % Error Error (Ma) (Ma)
400 68.12 0.13 0.01 0.08 8.26 0.89 2432 244
500 33.97 0 0 0.06 8.05 0.94 237.6  26.1
570 13.52 0 0 0.86 7.80 0.06 230.6 1.9
590 1.88 0 0 3.95 8.19 0.02 241.4 1.1
591 1.81 0 0 32.55 7.81 0.03 230.8 1.3
600 0 0 0 1.19 7.68 0.08 227.3 2.4
640 0.34 0.01 0.01 4.32 7.81 0.02 230.8 1.17
660 0.24 0.01 0.01 12.31 7.78 0.02 230.0 1.1
690 0.38 0.01 0.01 5.37 7.80 0.02 230.5 1.1
740 0 0 0 19.17 7.66 0.01 226.8 1.0
800 0 0 0 7.52 7.77 0.01 229.7 1.0
900 0 0 0 3.81 7.75 0.02 229.1 1.1
2222 0 0 0 8.81 7.85 0.02 232.0 1.1
J parameter  error J Age monitor Age monitor (Ma) Mass Discrimination Date Irradiation
Ma) Error (1+e)
1.74E-02  6.21E-05 1081 1.1891 1.008148 8/23/13
of B W AR FHU) ofS PO, o] F2 WK G ML ARjolq WY 4 glom

Aol end HyeEes JHoR &
o 3N g3, Aol HlmA LY WAL=
(~10C/Ma)E 71l A 214 = 450°C o]4F9] o
HEEg 7|the 4 YeHAY 6). o] S 05GPa
o] grelolq AXLEom, 1 GPaslHE H4hem
7} 20°C Ak53cHHarrison et al. 2009). 500-550 C 2]
e AHEE oA W F LA Agolt ¥

(Villa et al,, 2014), 2 AL A B2 9z} €A ¥
B W) galeh. etz o] HFFo] W va
£ LEL 400450C Y A0 A, o)
Eftol 2ot HAheE, o3 ArhEel Wz A
AbEl W9 o) H4| Lz R} o] ik, aEE
o] AToNA] AR AT W2 L} ok, WA
4o o3 A2 Hgo] Yot A7l T
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4 Stk ARH o 2, HighE9] MR A7) = F
9] A A7HEA A Eo| A 7E= U oK(Carnian,
AR Egtololr] F 714 S Aol st
(Cohen et al., 2013).

o] “Ar/PAr A 2HMEFEL tha ¢
g HFo B E Holn, 12JK209] ¢ A&, 12
SAl A Z+zF 237.5 Ma®} 237.1 Ma2Q] YX|sh=
A7t A= ITHZE 5b, & 2). BikSo o
Aol BH8 Wem “Ar/7Ar A 2ol
T 240-243 Ma2o] €7} 2+ AHEZo|A] ok =
oA B4 2719k F7] T vehdeh(Han,
2014). 9P meke] “Ar/Ar A 2HER L vt
spigtel Eahel Memol F2 Uehie Aow
Z 4 A 1o H(Cheilletz et al., 1999; Alexandrov
et al., 2002; Castonguay et al., 2007; deJong et al.,
2009; Tartese et al., 2011), Cheilletz et al. (1999)<}
Alexandrov ef al. (2002)= $tA 9] FAFS HEZ O
2 A3} 22 A2 = AR HollA o2
O] EAE £xof o3t 82l 2 A5ttt o
PR A 242 g Bl& Y of= AiS 7=
FEES 24 F 47 o8 &% oA of=
7IAE WEeeh AAAE 280 FFdFe A &
of HEE BEL AL, 12 dA A 7A7 HE
o, = AT AERE 2-go] dojt 7
22 3 2= AN 7IA7F E o P &
FO| o HFES o] ot A A3 Ao 2 At
M2 F-2 FEo] A2 A2 274 of wpA|9)
HAE 715 o e, A4 "I oY /A
wgho] o3t Igof| FF2 nlE 4= Qlth(Tartese
et al., 2011). B AlROA @ojzl QP e
A 2EEY Y] A2, AR 12JK20 (17 5b)9] &
A A= 237 Maol dojd 2| A8 Abro] ~229
Maoj| dojit 273t 2480 o FrHoez F
Helol A0 49 4 gl

HiHo), A|& 12JK70 (I3 5a)2 ~231 Mao] ¢
oft 74 A e 2l 3l b Dotk M ek
o) 7120] AR AL Bolu, AR 12]K70
o] AY) 2EEelN BREE M e A
~227 Ma= A 23} 74 9] upR|uf @A o] A)7|1E
A A&t} o]= ofe] ARl HhH #hEkE FofA=
o 5 Qledl, BAE Hes ST WAz

L e A = |

82 we olugel 30 WUy FAE FteA

A - Gilles Ruffet - 017|=

T GAIZKI0), & wae sppaer Hays,
MR g YARA EAF3Hol(12]K20), et
o 7 Aol 2819] AN WG APHSL A4
gtk PR e F o A7t BasAw, A
o AslEg o] ojujshs 22 etFo] ofn] 240
£ 3 Mao] WAAEL WSkoR, WemSo] thy
208231 Maol) 243} -6-2 W Aoz Halck
£ Rolek,

6. E 9

231, 229 Ma9] W81 Ae} 233 Ma E|gjL}o]
E Ati(T2™ 2)& BARE oA 22} 53 ¥4
Zof EehES BT ARl 229.6 + 3.5 Ma
SHRIMP “Pb/™U Aol dAdjelz Hisich
(Han, 2014). 231802, ¢hH oA gj¢tSo] ut
2 ARG kY] Bl AL vt A7
o dojt Ao QYzrect BAH Lxet et
o|EQ] A& A= HAAAZEH 6.5 ~ 20 km
A= AE T glon, A FdAe 3
S Zgo] BHERA] okt aBR o] A
A BAE AdEL Agde] TdFEo o
YA o2 P w2 Zlo] o, EFF o5 W
32§ P2 T8 A2H a1 ot
o] Wbt Ao 2 B 2= it} #X) shtw o) Bxs)t
L Egjo|otA7| £7](237- 219 Ma) ¥Heor-E 21}
O|E, AAU-SAIES HlwA Aqtre] 1Y
H = Exrh2E 1). o= ATE] A F9
B2 717t 51t el ZHgo] Yol s x|zt A] €]
g 3] AT e AFE = A 9
ogitt A7183 ARl Bxste SAHuiel
gt SHRIMP Aol At 34 Aite B2 59
Ao} 2 YA} 2 FEo]| A 237-228 Ma (2.2} 3-5 Ma)
Adi7t AFEH, ol FAHgZ g 2t Aoz
A HHKim et al., 2006, 2008; Kee et al., 2011).
o] B4 272 & YEA|A] gyt AojEe] oA
F7 A2 98] Hsiale Hadt AR 2t
o] WA 20| 993t (Williams, 2001; Parrish
and Noble, 2003), o]&]st 8212 H7|53 A&
oA AFEEl= Hupgtoll A AREH o2 oA A
(anatexis) 27} W& E= A= A7t 37
7] 5 etjal A oA = 12 km o] A4 F A&
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g ZRUO|E I A WollA An)dol] s23
H ool 4hEE ™, SHRIMP Aol Ao 4
A3} 228.7 £ 0.9 Ma (Jeong et al., 2008)2] A7}t
SAEALL, A B =T AEE] =8E AL
2(T:900C o]A; P = 0.75 GPa, Oh et al., 2006a)
ok @A7HA Y] AT S HE e F
7153, 974 HulekAl, €32 534, 18 4
5 ) zo]| YA etA A HFE7HA] 7] EgtojopA
7)ol ZRto] Yol FAHY2-ga 328l
T W= € e, o5 mE A2 A
25T HA0] IS 9u|tth

oFe] GALE Fal HiteS TSk e A%
H A7 e HekEol AAET F A Y
A HP Aol ojit Tof WsHHZo] BHE A
o}t A7 dHET Al 299 |71 29
Al(enclave)= Aol o HHYH FAE A2+
27} Aol o8 oA gpolAe ATz 8
(extensional regime) 2.2 H&eE off TASH2S
A A8, o]= Egfolofiy] Z7]of dofdt 3}/d&t
|3 §AZRgo] AElo] Zhsl Rl 7ol A] X]Zto]
GFoFRHA] ut1mte] S ZH(underplating) o] ©]
FolA d9| Fo] wEA o] Foi Xl At A=
= 7Fs /S HolEth AF2F o= A2 o] 7}sA|
= AQoH s EAL A E2o| &53to &
4 &80l Yojut, o|= s H71A wkanrt
A =] o] sHRRPo] o] FojA|=H], o]A o] $HA A
PE T w2 2 or A WES HE &
= goqit) o] & &g oJste] ALzl
(calc-alkaline) w}1ul7} AJAE 4= Qlom, o]2 <l
slo] 7FeHR-oF & B (shoshonitic) §F HAE0]
AtEEtH(von Blanckenburg and Davies, 1995;
Turner et al., 1996; Gill et al., 2004; Dilek and
Altunkaynak, 2009; von Raumer ef al., 2014). 23}
Zo=, o] ufanE Y T £g(slab detach-
ment), B= F7 YR o4 H 9] ¥z (delamination)
of o] BAE T g Aok EFo| ASdt
TEol7 Ao, ol= F B AR drAdol dof
O =AE 220 =EFH o 4AHEY &5 o]
SHA| |t ol2et oA, A EY gHer o
oF WhSo) ek (AskElo 2 RE) de] A, ©
+ vt1mtke] o]F(advection)of] &J3) do] FFHch
(Bodorkos ef al., 2002). Zx}& o2 G HL] A2

THill(geotherm)7} 4581A| HH, S5 x| Ztof| 41 €]
T, 13 S FS oIsHA "ok o|FA
HAokHo] A HETIR] 53t A2 T oA = oHE
Azt = ol g FHol st HAAR E =25
HolA| &n, o]= 57, AR Ao =2 FaF v|AA
Hth(Bakker et al., 1989; Loosveld and Etheridge,
1990; vanWees et al., 1992; Bodorkos et al., 2002).
I Y] FHL ofuE Eajololrr] F7] 7
71430k AR 2\7te] ehorgol Qofet Felwyat
82 907l agle] P 4 9 Aoz poEtt
A, 77183 (Suzuki, 2009; Lee et al., 2014;
Yengkhom et al., 2014)2} AZ173H(Cho et al., 2005;
Kim et al., 2014)0] 4 Ao 2&S 23 g2 FAE
FEE9 U-Pb ddf| A= 245-260 Ma (L2} 3-16
Ma) 9] A EZE 7H Ao = ZRIF I} o] 5 &
th7h P8-S Yrlste A A ZATL A
A=]|Z] ghgkont, Ee A5 e 250 Mad] ti&
50| gojut Ao 2 A5 Uth(Ree et al., 1996;
Kwon et al., 2009; Chough et al., 2013; Choi, 2014;
Yengkhom et al., 2014). SFA|T, T 34 A H|
ZESh= AZFEA0| Efeclogite)9F 1147 WPt
of| thgt U-Pb Ao 2 A& Aip=231 £ 3 Ma®
A7) AgE AR o FoHGuo et al., 2005; Kim
et al.,, 2006). o] Ath= FHREEA 4 ¥k (Choi
et al., 2009) &2 3| & (Seo et al., 2010; Oh,
0122 A5 SAHEI BelUAEgo] Lol
X712} YA)3te} Gerya (2010)] 2J5t 42| =9
29, 2|Zto] st AlY =2 g 24 =
Rt AT AR X2 o) ARbE= Al AL
olof =15 Ma¥] 7H4 o] X3ttt o] 7HA2 A A
dhe] mEofA WE7} & 5HR oHAlE Fo] B¢t
R aL, 7ol s AlA =t Zag A=
v]5=3}tH(England and Houseman, 1989; Bodorkos
et al,, 2002). A7] AFLEZ vlgo 2, TA 2| F9
FEANLEE AE ojZRAo| 20} H5A wg
949] ca. 231 Ma Tl A% Efoloba] sh4igt
£3 B gl oJsto] e e Aoz
Az ) 22 2 o] £ixst= HuldAlES 2
o2 SEHAYRES FA%l.on, 53] 237-231 Mao]
k= A7l B 2ga} FHdZ S H AT
Ao 2 BIE 3 Jrk(Kim et al., 2006, 2008; Kee et
al,, 2011). o|Hgt XAt ALASL A E2A|E
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Adjel A8tz AolZ2] U-Pb FH¥a AAE
27)3Kreset) P AL = K It} de Jong et al. (2009)
2 = dAkA AMEEE YT WA =3
AojZol] FA12 Gl ol 2715k 35 thRaL
o, o] YA & T IS5 (post-collisional
magmatism) ¥+ A= 0] Q] ct.
7.8 8

AU A AEE= Y F7] B -5 gt
Zol ST FARAPNAE S Fom, WA
EJE}L}0| E(232.5 + 3.0 Ma, SHRIMP U-Pb s}
Had), ¥L-m(230.7 + 1.0 Mag} 228.8 + 1.0 Ma
“Ar/PAr 719% Ad)) B4 237} AEEYh
o] WATHE F A2le] SHE Fofl T AA
I} 9714 srule] Belah 2 Al7lof Yolxet.
A7) ddEe A7STeIN ZHE Wy
(228-237 Ma) o} gk -2 1bo| B, A7 -31749t
o] YA AT (226233 Ma)sk A}, Efol
ofA7] 37] ¥4 W S ES YT 9 =
AAA drEof osf grobxl Azt mhanke) sH
Ao g op7jd WE 4 Fgo] HAEHIE 7Fs
gol AAEt o]2et Atz Aol A= FHE A
Ztozo] 4 Fgo| Aot WA & BxE
HolA Hu, o= 7, AR Aoz g3 1A
A ot g9 AHEL H71S5H L} HitFollAl
e = A9 aglo] HUE Ae= A
Zr=Eleh wew o] A AHEZ o)A ca. 233-229
Ma®] 2| AeH4 Abzdo] 237 Ma®] $HA 715 3
E]9lew, 237 Ma A= obat= efhgol ey &
&o] dojupr] A &=, B AES Yulsk= A
© 2 gEr

AL A

o] =EL 2011 E AR (L)) oz g
AT 712 ATFAG Y A Y-S ol = E
U TtHNRF-2011-0012900). Goj& A4 H =2
o] 2 Hstal HYS =okE A, S
A ZARE U =22 AABHEA oM gle]
Z2AsFA A8 BAPE 3 g o] HARRPEA 2

A=Yt

A - Gilles Ruffet - 017|=
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