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Metamorphic Evolution of the Ogcheon Metamorphic Belt:
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Abstract: Metamorphic evolution of the Ogcheon metamorphic belt has been studied by many
investigators for the past few decades. P-T conditions of the Ogcheon metamorphic belt were estimated as
4.2-9.4 kbar and 490-630°C, corresponding to the medium-pressure type. In addition, the clockwise P-T-t
path suggests a crustal-thickening event in association with the formation of thrust nappes. However, some
details on deformation and orogeny of the Ogcheon metamorphic belt have been ambiguous yet. Although
the metamorphic age has been also equivocal, recent isotopic studies strongly suggest that the peak
metamorphism in the Ogcheon metamorphic belt has occurred at ca. 300-280 Ma between Late
Carboniferous and Early Permian. It is thus inferred that the Ogcheon metamorphic belt and the
. Taebaegsan basin have evolved as separate terranes and that both were sutured at ca. 250-220 Ma. These
results are partly in contrast with those of previous workers and require a revised framework for tectonic
evolution of the Ogcheon belt. In addition, it is likely that the Ogcheon belt is correlative with the Hida
marginal belt and the Hida metamorphic belt.
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Fig. 1. Tectonic map of central Ogcheon metamorphic belt showing various lithotectonic units. Adapted from Cluzel et
al. (1990). Stars designate the locations of samples analyzed for X-ray compositional map: 1, non-spiral garnet (Fig. 2);

2, spiral garnet (Fig. 3).
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Fig. 2. Two-dimensional X-ray maps of pre-kinematic, non-spiral garnet from the upper lithotectonic unit. Note the
euhedral shape of garnet at the margin of inclusion-free intermediate part. Maximum diameter of garnet porphyroblast
is ca. L8 mm. X-ray maps were acquired with JEOL 8900 electron microprobe at Seoul National Univeristy. Analytical
conditions were 15 kV accelerating voltage and 100 nA beam current. Beam size and analytical interval are 2pum and
4 um, respectively, and counting time is 0.08 second per pixel.

Fig. 3. X-ray maps of syn-kinematic, spiral garnet from the lower lithotectonic unit. Abrupt compositional change at
the outer part is recognized where modal abundance of the inclusion phase decreases and internal orientation of inclu-
sion trails changes. Maximum diameter of garnet porphyroblast is ca. 1.7 mm.

J. Petrol. Soc. Korea



ETe] A7EY =% 3

A%

127

10
Ogcheon Metamorphism

9 Kim et al. (1995)

=] Min and Cho (1998)
8 =

Kim and Cho (1999 <

[[IT] Kim and Gho (1999) kim (2000)
7 L Songrim Metamorphism f

Min and Cho (1998) 300 - 280 Ma

’

Pressure (kbar)
(5,

-

And

0.69 g/em? (CO,)

0.89 glem3 (CO,)

Sil

200

400 500

Temperature (°C)

600 700

Fig, 4. Schematic P-T-t evolution of the Ogcheon metamorphic belt, characterized by two metamorphic events at 300-
280 Ma (Ogcheon orogeny) and 250-220 Ma (Songrim orogeny), respectively. Each polygon represents peak metamor-
phic conditions estimated from various geothermobarometers by Kim et al. (1995), Min and Cho (1998) and Kim and
Cho (1999). These P-T conditions are inconsistent with those given by Oh et al. (1999; not shown) who have apparently
overestimated the temperature. P-T-t path estimated from a schist sample of the Pibanryeong unit using the Gibbs pro-
gram (Kim, 2000) is shown in thin-dashed curve. After the Ogcheon peak metamorphism, the post-peak P-T array
could be defined by either single or two distinct clockwise paths. These two possibilities of P-T-t evolutions are shown:
I and II. In case I, the P-T-t evolution is assumed to have thermally relaxed to typical continental geotherm of ca. 30
C/xm. Then, the Ogcheon metamorphic belt was affected by another regional heating event during the Songrim orog-
eny. In case II, the retrogression from the peak metamorphic condition was too stow to reach the ca. 30°C/km geotherm.
Stippled polygon represents the P-T condition estimated from fluid inclusions of a deformed quartz vein (Min and Cho,
1998). Isochores of H,0 and CO,-rich fluid inclusions are also shown. Thermal metamorphism may produce a spike
along the low-pressure, clockwise loop after the peak Songrim metamorphism, but this spike is not shown for clarity.
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4 Ao 3 H-&-S Fig. 50 AeEo] glow o}
ol 0 AFES Fich

SAHAY e MAAAZIN g FHALA AdE AL
/3] A AAT =L Cliff er ol (1985)2 29 &
ZejFe] ses-Hgel sl GAEH =EA )
F AAgE Rb-Sr AiE 7R ¢SS 9F 200Ma A
Feigzkgo] NI, olF oF 190-150 MaZ}HA]
g YWZAE Aggcky Bagol olF Kim(1987)
gy SAHFAYGoA 73 Rb-Sr WA &
Ad, 29 “Z#E =Y oHCaledonia)’ ZAHEEF0] L)
AA doute-g Aotsidnt o] AL Cluzel er al
(1990)°) 2l&l Wolsodd «Lx zAbgErolgt sid
S B27pR dEstA "ok ol F v 91995y 474
o] MM o2 RE AR K-Ar AWH(675 £ 30 Ma)
E ARX, AN BRI T AdeM B
23 Sm-Nd ZHd et Ath(677 +91 Ma)st A 434
718 AN 2oz A3tk AT oJE K-Ar

= 45 dAsle 495 Bz BTty &
o Arel] 1§ EAHE 2t A} Cho er al(1999)S
973 2(1995)7F AHEE A ANRES YaeR
YAAr SHYAH S HEst A Are] EAE &
A3k, webd 675Ma AtlE XA o2 gu)rt
S-S W 9 vl g Ko A& PAy
BAr 494 Adle AEs 2AaErE sXe, o 500-
400 Maoll SFEE AR A& Beo] F2At) o)

2

o |7
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(
o3
pii=A

3 Aze HAo]E Y] Rb-Sr A At (440-400 Ma,
Kim, 1990; A=} A2, 1998)9) &7 A4
HAZE Bohe 038 gzl 2459 7t
4E€ U AN £ RARY. 28y ol st A
2 @A #(2001), Kim er «l(2001)3 Cheong et al.
(2003)2] A Aol o3 eF o] WHF

LAWATe] S e WA Q0NS T
2 &3l (step-leaching)l] 213 ANSHWH S A
o7 HEsl, oF 237424 Ma®] Pb-Pb HAG
2%t} ©}F Cheong et al(2003)2 HHz #F 9
A ANEEZRE oF 290 Ma2] A Pb-Pb A
e ek, T3 oF 280 Ma®] $EU U] E(ura-
ninite) CHIME(Chemical Th-U-total Pb Isochron Method)
Ags 7tk 38 Kim er a/.(200132 2338 A
Aol 2&ste AFAZMEAN AL ZRE WAH &
UE AFgsl 4749 U-Pb I 300-280 Ma)S
TEAT) ol8d e AFAFEs SHAAAYY F
QA go] o)Hel BIH wiel= g Hyy] $7]
-HE7] 2719 dodE-g AR Fr

S Adachi er al(1996)2 49 S7ta)Ee FEA
el AHEste sPdvitd o 2R Axeld 3t
BURO|EE Egls] CHIME 4dl& it 5 %
B 25 A7idelolca. 1.7 Ga) AE Hole F
FE 7Y, FHE Agls 9 370 Maclt) gt
A BEds U wer.maay Hada B
g dehte|E9] CHIME GthE%E 251+ 10Mad] |
AA71E AU, Adachi er al(1996)S FHeE vl
otel MATI} ¥y W&o ol #E JAAuE
HZ ojxlo] wrEoiRti A sttt webA FEA
ujgre] ke oF 370Ma o, Elal 3 WAz
A7 250 Ma) oA Aetr|.glE71o] HAHATH
Aetstd). ol#idt F#e AFx23F uizt F ¢
Ae T, F 7R "HellA 4Fs] dESor & A
R R B e B B e R P g i AR L] Sl
B ol 7heAe e FAg)or sty AE}
Y Adachi er al(1996)9] T3 B S92 Al
A= AdE 5 917 wEolti(McNaughton er al.,
1999). 5 HAZ ZEs] Holof & AL HyLw

T BAgle] WA whgol oA 7 RARAEo)
ANZ 02 7hsAolt) ¢l & E¢], Smith and Bar-
reiro(1990) 525+ 25°Co) g = A ge HY
WellA, BuztolErt A zgo] o) AAAH
o Bargk v ok whEka] Aol B3k £ A4
g AR glo] 2F 370 Ma®] CHIME thrb wHAIA]7]
A 7hsAE 943 miAE) AP Th E3) Cliff e

T T

AU

A}

S

=
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=
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o] WAzkge <
i o AR o] Al71"
(1996)° A Wgrre 2 A3l7] ofgx, goz F
o ZFAEE A7l ol AEEojoF T Aolrh oF 370
Ma2] gl&7] 7] dAvjes AQsH oz st vgte]
ZY9A M AT AP ZE] 2718 XA e, ohy
EAvid A BAAAE e SR XA T
o7 FA Zujze duldd E”do] glvh
é%%i 2P = e A AT 4
& RHE AR AEE 771 $71(300-280 Ma)
of aloiM% Aoz Nzt olA|7kA] AtE o] gk
W eEEH|AY| ARl Ty Efojolir|oes
zlol7t itk ks ZE7] AR AT £ ot
S271 AU gule] dsiae F9 drslger &
Aolth 370 Mad] dlE7] A 3@ A=
oJu7b QA gjor & Rolt}. ¢ oAy vhaksk A
H7] AuiEo] dojxeX| ofF BRHalA vt ok
I olfe dRE SHEAAU AES vheAd o E
zhgo] goz 9 4 g Aotk =FEA 2(1995)
E Habgs Ao AdEsie 529 K-Ar 9o £
7} Edelolxr] 37] WA FEbr] 2719 FH A
A argel] o8 AE 4 ok Agkg vt At
olE& KAr 235 Ayt S el £33
2l £ Hole Hol
Ro}es Fepr] 9@ 9ot
7] 5}&?;91 Aol s HEFoM REHOE X
Aol 43 dFoz AFHFFHUSS FHIUG. 2
gt sgoduAdzhg ol Al7]7F 300280 MaZ A EA) A
otg o], Egfolol27] A(eF 250-210 Ma; CLiff e
al, 1985; ZE4 9l 1995; Adachi et al, 1996)7}
E g& wxdzee A7E dehlleA, ofvd 3y
WA g o]F WA Ao xide] W2 E g A4

StEA HEoF @ Zlojth

kil
B

2,

4
ml
e
i

U -RE-AIZ B2

o A7 Exng WAYE, £ 2 A7kl Hek z}
EE Fig. 40] AElsldet Hangzne el 7]
&8 uhe} 7ol SRR A AX viwAH 4X
8}” aﬂré iai—"r , oF 5 9kbar9+ 500-600°Cell o

L o ¢
2g et RS Be 7@% ’“ZI b Aed 9
(199572 FUZEA S ZHe A5 AR QR
ARsh FAY 242 olgsel NEA 4T 2719

ERER

’

F7)e P P-T 234-S ANz, 4
o

712k Beb Lol Hlste] gheo] 343 %7}8}%
T AL, ol T Ak AR ARA ALl
o) BYBAS /1D ol RS We 5 AY. 2

21} Kim(2000)°] 4154 9] rulgdiEst 3122(Gibbs) Z
2713 (Spear and Menard, 1989)% ©]&3te] A4Hgh
P eE A= WA 9(1995)7} Aetet upAH )

¢ F3 S E RAZTFg. 4. ARG LEF
ot 2T ol o] FUlshe PT AE= 3
WA e FRAANME BAHYTHEEE 9, 2002).
Wb SHHAY Ao AX FGH=AE 717HE
<t ¢EF 22t EM l —7}§3u < ¢ # 3}_\11 o]

g

LU Aol & FFENCluzel er al., 1990,
1991; Koh and Kim, 1995). H2HA 28 o]F 4
dEo] §7|AH NN AR, )52 A4-HY HE
&5 7IZHEe HEEHS Aoem Azt w}aw a
otg. 2% Z71-2 Min and Cho(1998)0] #|A)gh 2k

3 kbar®} 350-500°C2] ® 9ol &8 Zo= aﬂd%q. a
Ay A o]y dH-x Z7e] WY FwAy
gL EsHeA] ol ©H] §HA e R s
Hed oz o FAERojok it HAtY A PT-
t A2 F /9 2 doop)el = AolgA|et, T2}
o] AL AJAMFEFY v maEle] s A ErhFig.
4). AZA H4 o= P-Tt A=V} geA FE|
ool FYHAEE olF SHWAY = T o
BEPR Abte) Bl o) @wgAe-g wgten,
2 A7 A2 d Fdel 9 P-T 2uto](spike)7t
Jaginh ol wole] A EW, SHHFN
P-Tt A2E & Y A&%E A 1‘”3&«1 YE YR
vtz @A s7) o= el 2

o

¢

X|H =% T3}

LAl ArzA AA U AFgHA M E L
B Be A7 BEAYOU), WSES AT,
1976; Chough, 1981; Cluzel er al., 1990, 1991; Koh
and Kim, 1995; Min and Cho, 1998; Chough er al.,
2000; Ree et al, 2001), o= =] A&= 5 Sl
ey FHe B FY 1eue AtiAREe] ¥RE
o et AduE A7 mdE ANE 5 A =
Atk BE FAFHQA SAY A5 FR HflAE o}
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A wFeARt oAb wEd A wEen =
AT £ e Fa lgg okl i

SHERE HH2E AE(half graben)?] FejE HolFl
= Rifyyell g2 Aoz AWzZEE ™ (Cluzel er
al., 1990; Koh and Kim, 1995), AR Q- ERAFE QF.
ojdLEH g E}010}‘%‘5}01E(diarmcnte)ﬂ FdH T
) T3E SRSt R
e oo]:_o,] kB §;]./\}o]- T #Holokx) ZTE3)
SHAHANE A5 H4EAY B HATIYEY
Ty 22 e 242 1.8-14Gad 1.3-0.8 Ga=, 77)
SV FdSHolA E3] EIH 2.0Ga oA A
o} & AolE H(lan er al, 1995; Lee and
Chang, 1997; Lee, KS. er al, 1998; Lee, SR. er
al., 2003). ol& A7 Eo}l sluigto] FAE Hoj, o
E7199] M2E vl SREAY A9 FY
=& AA S SAAY Yol A&l WA
UFES vHdAL ¥ FEFAL 21388 4] 7|
o] H]&=3h glo 7 olul: 748 A7)e) & E #Y
3 7
o]

141
N

< 2oz AgErkLee and Chang, 1997). 221}
218k a4 2 BRI A7) A M3
#ste-Holx FH7A-HAAN L@ E]

o]
AHE317] EHE—OH =2 FE St weF AgE gt
= ]ou Fobd wianirh #]y/
7 B &0l 2
H ﬂéOI AzEA el 719
2, ol Aleld] AEdAE ke A
A &3¢ %‘H B AoF & Fiojrt
2

Chough et al., 2000) °|& Z3tele iﬂ %%%LPJ
EZA7] Al HE3] olsfst oy AE I} BE)
S ke oigld Welr BR3E IH) F(archaco-
cyatha) 344 9] A& (o|tiAd €, 1972)7 M4 thololy]
Efo]| 29 gatddel Ry E IEE I 28
(Lee et al, 1989y AN ZA7F I3 U &
of AEZHo2 s ojEgo) k. 2RA T,
FE=A 7] WE(Nanhua) G7H= AL 2k 900
Mat¥ 22 =827 71 E5dolid AL 2@,
1998) HlF=o} Rol, SHEAE A3 od 7|7k A
A HAHEO] #AE 7FeAeA WA ofHoh
7170 AR SHAEA7 FAHATDT e, Rz
o] WIviE S e Hol B £ 7] WEd £x]9]
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=R

= L EFEDERE
g,
A

ATFRE EE HEAeE

a4

T35S 98k w3 HASYge »
Z AI7IE U-Pb Ho|E JdU2RE 756 MaE &3]
TaFeH, of YAy HEFL T SHRIMP ©]
LU S B8 gz, veE AR,
Az oz B o] Al7[d ZriUol(Rodinia) Zth
Fo| A BEEIH(Li et al, 1999), LHHAT)
N FF=AA S ulI A Z(Li et al, 2003) HER
ol W An atgEoe] @ B&Fo) g}

==

SHEX 9 BE-F HY/MYXE

SHEA7E ofd Flol| o3 23)A HAsAE obF
BA A9 olele Aw@Akg 7|74 HEb) &
7158 HAE] 271(2F 300-280 Ma) Alelo] B2 A
o= Azt of 7|7l SHEAL] HALELS A
3k F 15-30 km ml 1<°k 59kbar>7z}x1 uﬂiﬂ&ifwﬁ

thi Wolzch EZ % H éltﬂ Tvﬂ HE 10km
=2 Aoz 4HA U o] Zo wjs) 3

0
o= 2.3 wloll FHE BH & (shortening)o] A
S Aoz Q7Y 2z %ﬂ?—% 7R MY
AHAd AN FeFog Fgals nigd F350
o) EAANAH, vd e tifE SeiE o
Fo 71438 ez M HEHCluzel er al, 1990,
1991; Koh and Kim, 1995). Cluzel et al.(1990)2 ©]
Hlglo 2 2.3 RALES AerslFom 1 A7)
AFE o El 2718 fAFsA Tk 28y, dellA
=938 ute} o] SxwWA e F WA IS
300-280 Ma®| B2, S 24He5E Me)-#E7] AL

o] ‘34_01‘;&%% ?a + ATk
15

'LJ}oml

o

m[ru il

< EFste Jé?f-?—%—;“’l *o“%’@I B A
HA = A} %?}
A} A

Ut ﬁé?l—“r%b% ] 5E] ?%t Hh‘/}"ﬂ*i Rl
Ao zRE AlFE HgrldE 34 HAERE A
olghks ol 54# ], Yin and Nie(1993)°] <8 &
=9 HEFE A3 9dE e sXE v ok
olglg Meole £98] Az ARH ddHol o
U ok B84 HEe] "ot slolX 2 Al7le) 919
of WA =3t7l ek g B0, eHAtER o
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Al Ag7] 3719 ¥)gge] BEE (Chough er al,
2000) ol=°] A <F 300-280 Maol] X LAAA )
o] FHAME T 2EY JuA FF dAFsojo}
g Aol et AA o= Hol, HekrEFy B
XU HAA], HEEA 52 SAHAYCA de B
A7l FHEA dAd 2 $4 km AsM dojd
FgudAas Az 2 z3HEdy B ojFY o
2hA o] T 2 FxM Alololle & PR EAT £
Sl wlem, 2 3% Al7le 280Ma o)¥ 282 A
A% FFEwe HE Al|(Erfe|otxr] Fr]-Fal
7] A7) o] o E AZAHET T3 SHHAAY ) Het
T (‘31"3)?4’“"%12 TYS Egtolo}2r) Y
Ao A= oF 220 Maol U3 HAtslrlet
A; Cho et al., 2001 Ree et al., 200D)H T} o]A
Zolh, mEtA, SA™AY YoM Ry HAgA
A EFig H2 vlns] 2, gz el 231wy
el B3 A7) oF 250-220 MaZt 7HE {88 HQl
ok olEdt ddl e AU B wigx
Y X st (Ree et al., 1996; Cho et al., 2001), A=
935S h5 A SHUS gitEz]e] 2§
o] o]FojF ozt FHHY.

Aol 71 AAF2F Fade 9 F83 o7
o] ‘)'“E} =) gx*“ﬂ*étﬁﬁ} el AbRA] Abolo] B3
5 me A 228t
= zA. ﬁé"i—?%% g2 gtate] B3 AAolY. olE
T A Atolel] & & mjEZlolrt A3 Alold A
.?_
Al

[e5

, ZAReEO e e Syt 27" g. e,
HAIZE HrEE GA] Al et Haje AT
AEE e E FAASL 713k %Pﬂ}(eg o]
29, 1992; FAA T 2EA 1995). dE , F
A3 22199572 HAFEE EHDPHL Aol
ollA oF 3.5-5.0 kbarell S|FHE HAYLHE AT
ub o} HebpEo] BHA Fo FYsh ¢tEEI) o
Al SRR T WM o] Tol) BAE Ak
HEsPRA ] AY ool g HolnZ, 23t
o] oF 250-220 Maoll UJ-S AR 3},

o] 9] A4 L& Ree er al(2001)0] A3, SHHA
degE=A7)et sy 2 AR A& ES=A)
oto] A7t eF 220Ma o] Fo)| dojd 5% A
il oE Gojdts a3 wiX "L Ree er al
(2001)2] A7z Edol ofahd, (1) FhE-& A Ao
AEete 2H-FHATEEy AER BEEIAYEY
= FFFAAd &89, (2) o] F Aol FE
AIZ1E oF 220 Ma o8 AHn}. A= F2 11\1
RS HAYEZ A "Ry B

T

>

H8R

AFe &grhe o)E
AHAdolA Bid
Hol] wols0]7) %%
oll= 2y, &
+HFEE) A}OH B B
A dgE Ae2 Az}

Lee(2000)2 SHthe] HIPALE A Hel (a) NE-
SW S| ¢S o R Qs NW F3e] "yt o
=23k o)& (b) NW-SE Hheko] ol-za_é Q&) g;ﬂt‘ﬂ
Aoie] FdEde] siFEe NE Wake] Axzs}t
%}6}%1?5 FAAT 2= Eg F AR 248
9 B FZ(coaxial) HPGEo] WE Rz} Fr<)
7}7} AL T, FHEAZ A3 24 By &
%o} B]%EZ(non-coaxial) HE Z-go] Yoyt A
33tk & SAHATY] FHEL §7]o] #HE o
A =20l «16& Aoz gMst Aol gt 9
oA 7t HAXEFAZS MAA 7= ol8 g Azt
4 & A3 1 W%E}. 5 1ol Lee(2000)0& NE-
SW HFEke giE:do] ¢ EF= A|H Y UEE A
e AR {33 on), U-Pb AF4 At
X gt mA] FR e B AENE Jx
WP 72 EosteulE A7 YSe BT
dZ AR

e SHHAge] FHAAME ST AVle dR
o} &tieHul(Hida Marginal Belt) (= 3 of| T (Renge
Beltydh 2 E2)$-= ZeAANOA B2arE 9F 300 Ma
o] WA 28 (Kunugiza er al., 2002)3% |2 4
o] Hothol M= A2 EEAIES B]Za) FAH
U3 22 IebAA Y-Sl WA H o (Tsujimori et al,
2000) A&7 =709 HYdist EAHSE A AT
TS Gollth= 2F 250-240 Ma dol] HAARL-S A
FeHSuzuki and Adachi, 1994; Sano et al., 2000;
Kunugiza et al., 2002) slthdA e} S Fatz 9
o) & AFz0) Alele] TAE Yo 7|&T %zdtﬁﬂ
o] MRSl xslHoln, WA EE HHA7]
& o, SdEddrt slgaddlel el Hetw
w2 SthAAd e =] HYF unE ste
S Ao olEgh Azhe pAdde] o F WA
, CHIME @Y & ZAZ SHHENE 3)vhdA
oﬂ thH]) &t Hiroi(1981)2} Suzuki and Adachi(1994)%)
e} zpolE Bt

9 B AEHY, A= &

HgA71E ARty ojgr) o
o). w24, Ree et al.(2001)2] A
gy e} EH”“’*TZ] & ZNAFSE
F= 5 Ale] 9

(L ofy ol mz

-
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}m 2
:rxi
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r
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Fig. 6. A schematic diagram showing the pressure (or depth)-time evolution of the Ogcheon metamorphic belt. In this
belt, the Ogcheon orogeny at ca. 300-280 Ma is responsible for the peak metamorphism at ca. 5-9 kbar and 490-630°C,
Another regional metamorphic event at ca. 1-5 kbar and 350-500°C has occurred during the Songrim orogeny at 250-
220 Ma. Then, the Ogcheon belt comprising both the Ogcheon metamorphic belt and the Taebaegsan basin was
intruded by ca. 220 Ma granitoids, which were subsequently affected by dextral ductile shearing (e.g., Cheongsan shear

zone, Ree ef al., 2001). Finally, non-marine sedimentary

rocks of the Daedong Supergroup were deposited during late

Triassic to early Jurassic, and affected by the Daebo orogeny (e.g., Cluzel, 1992). The Daebo metamorphism is likely to
be limited in regional extent, and its P-T condition is poorly constrained.

Euoll vl gkl chay *?94%_— 1&g %&7}

AFFAE ST E BEBEE AFEEEAAE
F e =3 p-Tt FE7F Uelhd 4 UtH(Thomp-
son and England, 1984; Ermst and Liou, 1995). T+F
HI e A F A0 Ak e 2o wEA
Hd, A S §7148F A 22 dsS BPsA
Ho A= Al 2% F FHIL(peak) HAGZT vt
2A "ot HAAAAE o] Foll= HlZE F29
& AEZE RY 5 s, ole HAMdEdAY
ol &g 4 Aol FAsP] ot
3 FEe AEE olF mEA §TIHe 7
AEe vEE do ANAILEAZe} v
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2o} 7} %iﬂl EJE} WAL
SHAANNY Pt AEE oluts IRl sk A
o2 FHEHFig. 4).

SHAMEANE oF 15-30km X34 Yot 8
g olF HwE wa DYHAJL Aot XER
=Z2E7\Roke AdEes ¢e Zold Asle HE
H AUg Holth of 7I7HEt I& o] Hthermal
relaxation)ol] 9l8) 9 FF ALFuE HAYS
Aotk o] oF 250-220 Ma 717k THA] & =ARS
5 AYsen AMANEe) PT 238 RYE A
L2 F2HNFg 4). 28 o] B WA P-T ARE
SHHGY] 712" AFgte 2 FE3] FHE] o
Y, o3| HelhyEre td”ov“”oi%ﬂ—lii (e.g.,
YAH I 2FA, 1995) O B2 AHE 42 5 YL
g2 FAEeh 37t o) ¥ WA 2% oy
F= 5 FE A #EES ez Azign

of



o]% LxHA e} ewAEAE AR E 7Zhe
HZE 8kS Ao, o] HAE Ree et al.(2001)

ol 98] FE whe} Pk

ool A =elg e Helsp Fig 67 .
SHWAWE o|A7N g wehe ﬂl‘ﬂé
zFgol )77} oF 300-280 Mao|t}. ©) % §

of -
ol F
o oX
=

Cluzel et a1(1990)°l SA 54%%3;

424‘
o
L 2ot rlo o U

r° Jo

24 8
k) }Eﬂl 4454%10?48} *M’Eh:} Eg}olofs
719 EolM A E M= SEAR # E ¢f
E }Jdow AskE s EHH"*PEZIQP BEA "ok
I A7) oF 250-220 Ma®, 8 ZiheTo sigd

o T AFEdE $AL 01—?, T Y 2ALLE

HE7)o 53 AT LETS AP Aom F
A}t o)#) 3t 4L Ree er al.(2001)0] A3 2]+
Z 243 g, 53] 3719 dAdATEE Al

718 el e ol & Aelrt Ut olE A s
7] 91314, Ree er al.(2001)°] FHZH = 2E(COT)
2 9 SAAue} BaiEx| e AR} Hitk
9] AAATUNZE AAZ AR =R AFRoz
yele o] Fasir).

2
HollA] Zrj2em, ojE9] 5o
e 7Fx7F 28] sloh 4=, o1EY Ty, Eé ?ﬂ_
t(1.8-08 Ga)y= A715H dgdSHo Bud o
HN>20Ga)ETH o, O}UPE A 7)ol A2
A4Edo] SHEAE w AEZRH PTF 19
HeS AlAlgich A %271«1 s &F ol
) FatEF gAY B2rb dul BELgR] ge
2 a7sE 7127 gk $9, 49 F3EES 74
e WA tololulglo|Ex 1 7]gdo] ofF & *2‘6}1
= %A ¥HChough, 1981; °]F14 2], 1998; Chough e
al., 2000), 1914 21 (1998)°] At W AE & *J
23 diEe Ado & @53 AA 2ud W)
HH g9 Ty 7HsAEY ol A2 HEHeR
?_‘-94 23 9= T o|A|F(Snowball Earth; Hoffman et
, 1998, %) o|23x AFAE & 7] wion). uf
EW v} gl AZxded, A sed Ags

=

o g Wapridde S8ty wEd

<)

fsivds

SAvigUe] FAHPLS F vl A Aot
2 A€ Min and Cho, 1998), °o|E2 Z17}+
A9 F8 2459 AHEE Az ofA7EA
GEE ATES G2 vl 93, Cluzel er al
92) 84 2esel A7k o
300-280 MaQl WHA, S E-F2] Al7lE oF 250-220 Ma
2 23dE daes Fu dgdged sdEs B
ZFEE FUoLh, T4 A9 SHAA FEZF
Abzo] Aol MAXS AL HEsIE oY oL
Huf o7l FHAEEge] A AelE Aoz Azt
tHAhn and Cho, 1996; Min and Cho, 1998). ©l#{&
ARES FTHEYE, A9 09 MARIAE ofqf
T F N9 A2l(oop)E ©lFolF AlAREE] -2
A7 AR2 ulEEe $9udEE P-T 2900
ag AYHoR vrsold FEprl-wer)e] gz
o] EHolgta gAY, o]e} 7he WA=
sleleivivie} sk gdujola Bard A4 3ok (Kunu-
giza et al, 2002) & o xshy, T T Bl R
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