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ABSTRACT: Stratigraphic interpretation for Okcheon Supergroup in Korean peninsula is difficult due to
deformation and metamorphism. The sedimentation ages and tectonic environments have beenunder active
debates. Recently Choi et al. (2012) hypothesized that the part of Okcheon Supergroup formed during the
Neoproterozoic through Snowball Earth event based on correlation with stratigraphy in South China Craton. In
this hypothesis, the Hwanggangni and Geumgang Limestone formations were interpreted as glaciogenic diamictite
and post-glaciogenic Cap Carbonates, respectively. Despite of its importance, however, the Geumgang Limestone
formation has not been well investigated. In this study, we conducted a series of geochemical analyses for the
Geumgang Limestone formation: Especially, we focused on X-Ray Fluorescence analysis, and isotopic
measurements of carbon and oxygen for carbonates that occur in Okcheon, Goesan, Jaecheon and Chungju Lake
areas. In the cross-plot diagram of carbon and oxygen stable isotopes, the analyzed samples are grouped in several
distinct ranges according to their rock chemistry and degree of metamorphism. Dolostone samples have similar
isotopic values with those from other typical Cap Carbonates (-3 ~—5 %), while calc-silicates and marbles which
experienced strong metamorphism show more depleted carbon isotopic values. Isotopic alteration during
metamorphism may explain the isotopic depletion, but further intensive isotopic and petrological studies are
requried for accurate and quantitative interpretation of the origin of the Geumgang Limestone.

Key words: Okcheon supergroup, Geumgang limestone, snowball earth, cap carbonates, carbon and oxygen stable
isotopes
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S 75 IR E5-FANFE 7= A
B FH-ISUHEAN, 55 HFeE2EE H7|AY
of, HA WFor= PR gol §ler, Yy
+ 50 kmoJA}, Z2o]&=350 km o]Aro]tH(Choi et al.,
2012). &4 32 1960y o] = A&k}
ol g8l 9% 53 59 A7 AFEY o g
2 A7) dafiAl= oFF] =gto] Wt Al el
A Ao o] 2= 7| 7F Ft SRS EF o]
o|FoHS Aolgt AAX AR, E|FFof| A WA
£ 3Ho] EEa1, M AR89 ATt Al
T2A sjAa Flda Al SHo] e A F
2 o= SHA oA &H 3 A= St
=A4jo] Fiz ol o]chNa, 2009). &3z} 5
AA71o i = A7kE ol (Precambrian)2

= F4 7K Reedman and Fletcher, 1976; Choi et
al., 2012) 7] ZrE 2] o]dj(Post-Cambrian) 2 E=
F 7 9] Ao =2 o]tk (Lee et al., 1998; Yi
et al., 2000; Suzuki et al., 2006; Kim et al., 2009). =
AFSo AzEgold EAHHLE n|3AZE9
AT A4 FAMS 78 =A= 4=t ole
o|% Ay SAHS v L& g ASollA JHbE o
A o, 7R AFE2 F7] FHE ol
A dof FAE FaL Aok 22y 22 Choi et al.
(2012)9 4 & T3 FH(EANA F=¢HE
o2& A|Y) 9 AF(FeEL} T3 Alo] 2 9)9
&5tz X901 53 EA A WAE= 7343
%5 AU 27l €hA (cap carbonates) &2 &
oz S4at, S7 2ol YE= 2|7 (South
China craton) ] AZFAlo] sttty FAge 2
W T S age] Aztaaobd) Bl o
Al9] Tl WA = ot

LA RS2 TFSE THOE AT F
At 2ok, iRt S, 8%, ol 3
3 24 A3UF, Begso] AdA &5
o 2 1ghs] Eaxslal QIth(Na, 2009; Choi et al.,
2012). A& 9] S0l tigt Aol AR5 2
52 AL A P, S
o o]F= SA47F A AR, ALY BY
©}7](1,000 Ma ~ 850 Ma)oj| A A o) d|&7](419.2
Ma ~ 358.9 Ma)o|$-¢] E|7 7|7ks Z3Hha Bl

tHCho et al., 2004; Kim et al., 2006; Ryu and Kim,
2009; Park et al., 2011). B85 o] 52 SAo i
A= 7P EAA o 2 E 7R S
FHLE sfAo] o]RojFrh FAFT2 AEE 7]
A (matrix) Well = A m|E H=o] YH|E 74 &
AEo| Y(grave) L2 EXot= AT =W Z
Z2H|H o)) 2 A4S 7t Sl &
A= S o] tha) Suzuki et al. (2006)0] 4= 370
Mag] el Holt HZUnlAE Busige
™, Kim et al. (2009) T3} 415 Ma®] Q8-S K 5}
At ol5 A AT S A2 54 47|
7} AT €l27)(419.2 Ma ~ 3589 Ma) 0] 5L
oJulate}. Lee et al. (1998)0 4 8732l 43)9}
oA HAH FLe=EVF 2 QELEH|AT|of A
S== SHoate AT HA AE2] SRSl
gt A Sl ZAN T L AI7IE A
95712 F4sIelt} E3F srE el e
Z9] 2B Q| B B3 & (striation), o
713 9 W (facet) 5= TAZ S Aol ¥
517]¢ tholotulEto] E(diamictite) & 74, W
SH(tillite) © = FA] 343 H3}HE| Ao o) L=eht
1 &(Gondwana Continent) ] 485 74431 3t
Yol &4 F3to] AP AS T8kt
Y, Choi et al. (2012)0f14 5L3HA F4el5-2 |
5l 7199 SA = sfAsh, EE=A 2 eke] A
= v o2 e Sn S 30y H4 A7)
£ 217} A1 98| 2ol @AY o}r](720 ~ 635 Ma)
S} ofltfolrkebr1(635 ~ 541 Ma)et 7H3tw, chol
olulelo| E(diamictite) 2} B/ BAMFEY S22 3
SFETHE 1). o= 94 St 24 ATHCho et al,
2004; Kim et al., 2006; Ryu and Kim, 2009; Park et
al., 2011)E vl o= st= 1At 7| 7= At
Heode s, AAAR A5 B 5L Qlrt
A UFE ol SHFFTEY FA F
23 AAE ATT 5 Uk FAAAGS FA F
A Tt £ A4S Hol, 210 m H &=
o] v|w& YAZ FAZ 7HAH(Na, 2009; Choi et
al., 2012). 723} o] E50] FA & &
of A&ste] Uehts 37443932 B4 79
TS YU 5 Jlen, Fa% AFTA AbdE
o] AYES YeERd 5 ok S 5529 AlA
Q1S40 S flelA 2748dE 54 &
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Table 1. Comparison of the stratigraphy of Chungcheong basin in Korea with Nanhua basin in South China (Choi

etal., 2012).
Nanhua Basin .
_ (South China) Tectonic o
Age Chungcheong Basin (Korea) i eventsin  Major lithology
langnan - goythChina
Yangtze Gorge Ridge
Gounni Dengylng/ Piyuancun limestone,
Formation Liuchapo Fm Fm dolostone,marble
(542-551 Ma) ’
. Seochangni . ... dark gray to black
Ediacaran  Member  Doushantuo Lantian Fm deglaciation slate/phyllite
Myeongori G Fm —_—
Formation ‘Y¢umgang i
Limestone  (551-635 Ma) fimestonedt
olomite
Member
Nantuo Fm  Leigongwu
(656-635 Ma) Fm/
Suanbo Nantuo Fm
Group Xiangmeng/
. Datangpo Fm Xiangmeng .
fhvanggangnl (663,654 Ma)  Fm/ OO giamicrite
Dongshanfeng &
Changgan/ Fm
Fulu Guiping/
Tiesiao Fm  Xiuning Fm/
(725-663 Ma) Zhitang Fm
.o Liantuo Fm/ nd_; .
: Munjuri - 2 riftstage  volcamics,slate
Cryogenian Ju Banxi Gp S Lo
Formation (748 Ma) (820-720 Ma) phyllite&schist
Dachyangsan milky white
Quartzite quartzite
Hyangsanni dolostone,
Dolomite limestone
Chungju Sibao/
Group Lengjiaxi/ schist,
Gyemyeongsan Shuanggiaoshan 2“driftstage phyllite,
Formation Gp (850-820 Ma) volcanics,
(825-842 Ma; quartzite
878-879 Ma)
Paleo- Busan/Bakdallyeong migmatic
. . bandedgneiss,
Proterozoic Gneiss Complex . .
schist,quartzite
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analysis), XAl )& £ (X-ray diffraction)5-2] 1+

< B3l AR 24E ettt & Ave A
S22 ST o] B ekt 24 7R A4S
ARG Ao, F4E ghEel digt i o] 2
o] Tk oA thE Aotk

2. =HOIX| T 714

A QA Feto] e A Yolr] Fet A= Al &)
Fr o] A% W& S AR AAZG
(Hoffman et al., 1998). TX|R}7| & EXof wtel &
Al A BZof] A5t A2 FAH=UEE
oA = AT Wst7|He] thojotulElo] E E|F
Zo] Utk 2L SRIsIRLn, ol 5 thojofule}
o= o] A%sto] Ueht 7 BAHAeHcap
carbonate) 2] E= 4l Wsr1el EAAQ
Az z ST w3 o)A 7Hd (Snowball
earth hypothesis)-2 o]g|3t E|F 1= H3E 23}
sto], SAABS, 2FE2F Y 59 A
Ao Wst7] ZEA|(proxy)d] 7€ ZHHOR
A= 7H 2, A4 A (Kirschvink)of 3] 4]
< A|AI=E A ek(Kirschvink, 1992). =9 o)A+ 7+
2 d-ojflo] 45 ¢l = Z-&(run-away
ice albedo feedback)S B3l sl AA|7 ol&
<3} Mgl o8l =2 H o 7] o]itslgtae] 9f
3t 73 A & I (super greenhouse effect) 2 3|1
o] doluths AL F8 Yo sh, o|F sat
2 TG Z 7oA SdL R FEEE g
7F @70 gAb T 22 2 E wEo] WS A
Halth(Hoffman et al., 1998). o] A5 Al
A ®str|eF 2HH7) 3o HAUYSS HIReHE
A A 2 v E s A ol iRt AR st
A EAES A7 FA= A Lo, A AAH
O 2 AEEs Ul eHtEUS Y SRS 49
7HdE s 7R E FAE AAZITHKump
and Arthur, 1999; Tziperman et al., 2011). @71 &
HEY 39 B L Bgol £ g tholojuitol
E(diamictite)3-2] EjZgHg oA G BAE
=4 g0 20| FAst sk, €j7) Yefe] T (tepee-
like structure), & el 2] == (tube structures),
FA &) S 4] (barite fans) 59 S0l B &
=, T F9194 w702 g9 We o wist

o] Al 7FA| 2 g k= th(Jiang et al., 2006). ©]Fol|A
= B 9 v Wk 7P JS5A e A
7} o] R0l FEolm, FA| ohAdT FEAY ¥
3 9l g7 sAFE ] 7)ol Rt ZEA| AR R
A ARE T Itk (Ridgwell et al., 2003; Rothman ef
al., 2003; Bartley and Kah, 2004; Olcott et al., 2005;
Bjerrum and Canfield, 2011; Mills et al., 2011).

Choi et al. (2012)04 B2k} B741510k20]
ohulgt 5= tol(Nanhua) 24)9] YHE@(Nantuo)
53 = 4FE 2 (Doushantuo) 3 3H4- @7 €4
UL P o] ATES F) B4 Aol 2 4
Yol Qlon, B4 7272 nEE AgA o)
=2t ®]7](Marinoan glaciation) 9] t}ololdglo] E
S G/ EAg S0l th(Jiang ef al., 2003; Condon
et al., 2005; Zhang et al., 2008). B}2] =St Bl 7| = 1S
Fgto] AUt W7](younger Cryogenian glaciation)
2, 15719 E3E0] 15719 11dE{paleocontinents)
o] tfxrie] Aol A el FTAel YL B
A} WA (ice sheet) o] FE| = Q1% th 55 U5
o] HE-2 53 FAE 9 eHEE U (cap carbo-
nates)o] A MAIZ o2 A5 F7(~ 18 m)= Lk
U (Jiang et al., 2006; Hoffman and Li, 2009), o5
) BhAIGRE 80%o01A3e] ZAo] wke(dolomite)
FEZH, & FEH 20| E(peloid) 2] FEZ F
2 g]o] ZA)3tcH(James et al., 2001). TFHEO] A
o] wL.g 402 o] 2olA] 3l7]o] ) BateerEL
S7) wl-2-9(cap dolostone) 2.2 Ba]7| = Fich &
AT E 0] ZAjol et 5HA B4 72
of ghaje] 24, WoiA wha 919 H]E Sl
2t LAY 24 £ ST S gS
Al dojRl Az o tisf vt As AR &
HE2 39t} ol =AY oA A
71Eof| gt Choi et al. (2012)9] =45 AR T
A, EE=rate g obd] SA7F & PR
B S+ ] 7o) gt AFekekE
3|4 o]},
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Goesan lake

/7
Geumgang

Rest Dalcheon river

Mesozoic granitoids

Myeongori Formation
Seochangni Mb
Geumgang Ls Mb

Hwanggangni Formation

Munjuri Formation

Fig. 1. Geologic map of study areas. (a) Geumgang rest area, Okcheon (GG and DS sites), (b) Goesan (GS site),
(c) Chungju lake and Hwanggangni (CJ, HG, HP , HC sites), and (d) classification of each strata in Okcheon Group.
The stratigraphic classification of the maps is from Choi et al. (2012). Our sample collection was focused on

Geungang limestone in Myeongori Formation.
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Fig. 2. Outcrop photographs of Geumgang Limestones at different study sites. (a) Hwanggangni formation at
Geumgang rest area (GG site), (b) boundary between Hwanggangni formation (left) and Geumgang limestone (right)
in Geumgang rest area (GG site), (¢) granitoid rock in Geumgang limestone (DS site) near Geumgang rest area.
The granitoid rock was suspected to be a dropstone (Choi et al., 2012), (d) limestone in Goesan area which shows
lamination (GS site), (e) dark limestone outcrop in Hwanggangni area (HG site), (f) white limestone outcrop in

Hwanggangni area (HP site).
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Table 2. XRF analysis results. Orange area samples are Mg-rich, green ones are Slica-rich, and yellow ones are Ca-rich.
The GS-01 sample is from fault gouge and CJ-02 from shale.

Sample SiO, ALO; TiO, Fe;O3 MgO CaO Na,O KO MnO P,Os LOI  Total
GS-01 51.75 0.63 002 094 326 2515 001 0.01 006 001 18.06 9991
GS-02 334 178 005 1.01 2047 3134 001 029 040 005 4121 99.94
HG-01 4.00 152 006 061 19.06 3243 028 029 0.04 008 4148 99.87
GG-01 53.00 9.07 045 342 566 1326 053 294 0.08 0.10 11.31 99.82
GG-05 53,57 6.70 033 322 1027 1963 069 289 0.07 0.08 239 99.83
DS-01 7.10 116 0.02 041 085 51.05 008 0.18 0.03 0.06 39.01 99.95
CJ-01 874 196 006 077 0.73 4891 0.02 036 0.04 006 37.89 99.55
CJ-02 2751 593 022 258 096 3268 030 132 004 016 2786 99.56
HC-02 575 194 004 0.78 0.58 5070 0.63 021 004 0.07 39.09 99.83
HP-02 4838 355 011 099 127 2473 0.15 088 0.03 0.06 19.72 99.86
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o v v v

-10

Doushantuo 1 (Jiang et al., 2003)
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Doushantuo 3 (Jiang et al., 2003)
Goesan area (GS)

Hwanggangni area (HG)
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Hwanggangni area (HC)
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Fig. 4. Cross-plot diagram of carbon and oxygen isotope ratios. Black symbols (upright triangles, upside dwon tri-
angles and diamonds) are from three different sections in Doushantuo formation, South China (Jiang et al., 2003).
Open squares are from Mackenzie Mountains, Canada (James ef al., 2001). Blue diamonds are fromlimestones in
Taeback basin, Korea, which thought to be formed during Paleozoic Era (Kim, 1980). The purple upside down tri-
angles are from previous study (Yoon, 2009) for Okcheon group limestones (Youngweol, Samcheok, Jeongsun,
Pyeongchange, Danyang, Jaeccheon, Geumsan, Jangseong, Muan). Red dots are from Geumgang Limestone for
this study. The units of the data are per mil (%). The isotopic data are grouped and indicated by color domains accord-
ing to their rock types and elemental compositions classified in Table 2: Orange, dolostone ; green, calc-silicates;
and yellow, marbles. The blue ellipse domain indicates data from Taebaek and Okcheon group conducted in prevous
studies (Kim, 1980; Yoon, 2009). Typical isotopic range for peritidal to shallow-marine organogenic dolomites
(Mazzollo, 2000) is symbolized by grey shade.
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Table 3. Carbon and oxygen stable isotope data obtained for this study. The samples were analyzed with IRMS in
Stable isotope laboratory at Oregon State University, USA.

Sample No. Strat. Height (m) Lithology §°C (%VPDB) 60 (% VPDB)
GS-02-1 1.120 Fault gouge -1.74 -17.56
GS-02-2 1.100 Dark gray dolostone -1.77 -16.79
GS-03-1 0.960 Dark gray dolostone -2.36 -13.93
GS-03-2 0.940 Dark gray dolostone -2.59 -15.81
GS-04-1 0.885 Dark gray dolostone -2.51 -12.31
GS-04-2 0.865 Dark gray dolostone -2.55 -12.98
GS-05-1 0.835 Dark gray dolostone -2.64 -12.00
GS-05-2 0.815 Dark gray dolostone -2.90 -14.44
GS-06-1 0.775 Dark gray dolostone -2.64 -12.02
GS-06-2 0.755 Dark gray dolostone -2.91 -11.33
GS-07-1 0.710 Dark gray dolostone -3.60 -17.08
GS-07-2 0.690 Dark gray dolostone -2.95 -13.10
GS-08-1 0.640 Dark gray dolostone -2.99 -11.89
GS-08-2 0.620 Dark gray dolostone -3.29 -11.24
GS-09-1 0.500 Dark gray dolostone -3.13 -11.86
GS-09-2 0.480 Dark gray dolostone -3.15 -12.11
GS-10-1 0.365 Dark gray dolostone -2.67 -10.40
GS-10-2 0.345 Dark gray dolostone -2.74 -11.93
GS-11-1 0.205 Dark gray dolostone -2.73 -9.97
GS-11-2 0.185 Dark gray dolostone -2.67 -10.86
GS-12-1 0.020 Dark gray dolostone -3.00 -12.40
GS-12-2 0.000 Dark gray dolostone -3.10 -12.37
DS-01-1 0.000 Light gray marble -8.08 -21.36
DS-01-2 0.100 Light gray marble -8.49 -19.00
DS-02-1 2.000 Light gray marble -8.02 -18.64
DS-02-2 2.100 Light gray marble -7.53 -18.94
DS-03-1 4.000 Light gray marble -8.28 -15.00
DS-03-2 4.100 Light gray marble -8.13 -15.99
DS-04-1 6.000 Light gray marble -8.91 -14.63
DS-04-2 6.100 Light gray marble -8.93 -15.83
DS-05-1 8.000 Light gray marble -8.39 -12.58
DS-05-2 8.100 Light gray marble -6.95 -18.82
DS-06-1 10.000 Light gray marble -8.30 -15.60
DS-06-2 10.100 Light gray marble -8.57 -15.67
GG-01-1 0.000 Light gray calc-silicate -0.12 -19.92
GG-01-2 0.100 Light gray calc-silicate 0.54 -19.75
GG-06-2 8.000 Light gray calc-silicate -4.31 -24.66
GG-08-2 10.100 Light gray calc-silicate -5.38 -26.07
HC-01-1 N/A Bright gray marble, pyrite-rich -7.38 -25.69
HC-01-2 N/A Bright gray marble, pyrite-rich -8.79 -26.10
HC-02-1 N/A Bright gray marble, pyrite-rich -7.61 -26.86

HC-02-2 N/A Bright gray marble, pyrite-rich -8.81 -23.08
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Table 3. Continued.

Sample No. Strat. Height (m) Lithology §C (%VPDB) 60 (% VPDB)
HC-03-1 N/A Bright gray marble, pyrite-rich -8.65 -19.16
HC-03-2 N/A Bright gray marble, pyrite-rich -8.89 -22.77
HC-04-1 N/A Bright gray marble, pyrite-rich -8.91 -18.02
HC-04-2 N/A Bright gray marble, pyrite-rich -8.85 -18.60
HG-01-1 0.000 Dark gray dolostone -3.26 -11.15
HG-01-2 0.050 Dark gray dolostone -3.18 -10.03
HG-02-1 1.300 Dark gray dolostone -3.53 -9.10
HG-02-2 1.350 Dark gray dolostone -3.47 -9.66
HG-03-1 1.600 Dark gray dolostone -3.20 -10.37
HG-03-2 1.650 Dark gray dolostone -3.21 -10.83
HG-04-1 2.700 Dark gray dolostone -3.21 -12.26
HG-04-2 2.750 Dark gray dolostone -3.02 -12.08
HP-01-1 0.000 Dark gray marble -7.18 -14.74
HP-01-2 0.100 Dark gray marble -7.49 -14.49
HP-02-1 2.000 Dark gray marble -4.10 -22.37
HP-02-2 2.100 Dark gray marble -4.46 -22.61
HP-03-1 4.000 Dark gray marble -7.57 -13.61
HP-03-2 4.100 Dark gray marble -7.52 -14.79
HP-04-1 6.000 Dark gray marble -6.37 -18.71
HP-04-2 6.100 Dark gray marble -6.48 -17.44
CJ-01-1 0.000 Bright yellowish marble -8.48 -12.44
CJ-01-2 0.100 Bright yellowish marble -8.37 -12.23
CJ-02-1 0.700 Dark green shale -7.48 -11.62
CJ-02-2 0.800 Dark green shale -7.60 -12.02
CJ-03-1 1.400 Bright yellowish marble -7.86 -18.54
CJ-03-2 1.500 Bright yellowish marble -7.58 -24.63
CJ-05-1 2.800 Bright yellowish marble -8.26 -12.20
CJ-06-1 3.500 Bright yellowish marble -8.22 -12.40
CJ-06-2 3.600 Bright yellowish marble -8.17 -12.82
CJ-07-1 4.200 Bright yellowish marble -8.32 -12.86
CJ-07-2 4.300 Bright yellowish marble -8.78 -13.31
CJ-08-1 4.900 Dark green shale -7.84 -10.01
CJ-08-2 5.000 Bright yellowish marble -8.01 -12.90
CJ-10-1 6.300 Bright yellowish marble -7.97 -13.71
CJ-10-2 6.400 Dark green shale -7.51 -12.58
CJ-11-1 7.000 Bright yellowish marvel -7.68 -8.65
CJ-11-2 7.100 Bright yellowish marvel -7.57 -15.27
CJ-12-1 7.700 Bright yellowish marvel -8.05 -11.86
CJ-12-2 7.800 Bright yellowish marvel -8.23 -11.85
CJ-13-1 8.400 Dark green shale N/A N/A
CJ-13-2 8.500 Bright yellowish marvel -8.04 -11.92
CJ-14-1 9.100 Bright yellowish marvel -7.82 -12.53

CJ-14-2 9.200 Bright yellowish marvel -5.28 -14.50
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BEIHTHTY 4). WA SARIE AR Bt
A2 QPS94 H)E= 7]& E2L Vienna Pee Dee
Belemnite (VPDB)Z 3lo] ZA =it digdo]
B 9 Ak P EQUAE 212528 ~ —8.91%0, —
12.58 ~ —26.10%0 Ato]9] EEZE Kl om, B
Azo) ks 9 Ak QPHEAULE 217236~
3.60%0, —9.11 ~ —17.08%0 Ato]9] BEE, Zhs-F4t
Ao A ZBEL Ea 0.54 ~ —7.57%0, A4 -13.61 ~ —
25.7%0 Ato] 2] P F 4 H] HE2E HETHE3;
a3 4).

20 AlESoA iRl 'ha E Ak oHEE
AP v]E= -2.36 ~ -3.60%0 AFo] HYZ, Jiang ef
al. (2003) 9] F5= FFol(Nanhua) £ 9] =24F
=9 (Doushantuo) B/ EHIA} ZolA ol

£, James et al. (2001) & Zivict G SAME S &=
of| A BolX FrE} vl Mol &3ttt B, o
ot A 2o} Za-4tE ARES ©H 28E 59
i H|E Holr, T Ao tigh WA} ZA A=
2ot AR R E o2 Y2 W ol EaEith
Aol gk g4 P E ¥4 vl gt
Z9] o E A FoflA Bojzl Fholut & Al
et o2 Aol A ol ghaks FEEE Heel
AAZEHTE 4). 71€Y wBol ATt 7HolA ©
7N grAtA kel A Bha Py E S eA 3] gl
= ALY W7o E3kE AEEE o g 7|/t
HEHzl8(fractionation) 9] Tr4e}, A FoZ R
g 339 O/ 29E olitshetag] A 9 w7
o|Z o] FZ3t FFo = |3tk (Hoffman et al.,
1998). FE5=oA dojxl B4 2= EYE o
€t 3}o| = o] E (methane hydrate) 2} 28 ufj-$- 2
P g FFEY ARGl o3t B4 TheAE
AAZF = Qo (Jiang et al., 2003), o] £ A}t
oA 1ot Zo] AP A HE UL Hl=
ShRIE]A] ghoketh

71&9] Q7 BAFE S-Sl e A2 2
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= A 2 7HdsHnh 28y S RS
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o], gifEo] A HE A (greenschist) oA ZHd
(amphibolite)o]] o]2&= 2 WA A=E HAtt
(Lee et al., 1998). WA ZHE-IA oA E=9] §-U&

ot < AL F= 9loH,
A2 E|F FAfof| Aol MY FHHA vlofA B
ot ZFE 7R A "th(Zheng and Hoef, 1993).

A& Y Fro) ERlat AT 7| 4E sk
A H3F AuAE o] g5t TFo] o]Fo|HH (1™
5). Mot A|2= oF 25 ume] A& Hol= Ald
Z w207 S0 §lom, 40 um Z o] gF
o] PR o] W2 K (muscovite) FEo] YAt v
o2 A gsta gt Bl 95% HEE Al
HE WEAo] Apx|skaL glom, W we} Hha
4] W (calcite vein)o] eFsHA| Ueht= FiEo] £
gitt. o] Ao A AQFHT S5 24ke] GS ==k
Z5 A 272 HG kFof w29k b2 714
249 WA el 27 FE FA0 SlolA]
Aol dAJeh, =2 ¥ HAEE AXsH= FE
AFZE|R] okt o] = W29t A|REo] EF 7Y
G0 g, HAARES A oA AUE THeAES
A Azt

20 ghs, the] et Al 8= iR 400 pm o]44<]
A& 7H = 2829 oA 2AE= TFAE
Ao, B4 287 (calcite twin)o] F-3i51A LEt
dth 7 FAL B2 DS =59 35 B2
5 digjet AlRek= e, Al e B2 HC
5 g AEs elA dRbe Aol ol ql
= Al 3 & (microfolding structure) & H.o]
o, AN FEo] 1 mm FE9 AHS 7HA| AL ®l
Al A=dh o2 diE e Al S0l Bl8) ¥
S AGel M 7HAH, A42Hgol s AAAH
A0 R Hol= FHA O &A= HCeFoA 9 of
2ot A 27} 4S9 28-S WeLe-S A A%

Zra-THAFE Y A RE 200 pme) BH)A 9JAF A
o] A, 2N} ZE A FEo] A
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FI 2 E 7t
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O] A, 2N} Z2 AL FEo] G
vebpdth A Qe BhefA W E=5H10 um JEO F
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Fig. 5. Microscopic pictures of thin sections for carbonates samples under crossed (a, ¢, and d), and open (b) nicols.
(a) dolostone (GS-12) from Goesan, (b) dolostone (HG-1) from Hwanggangni, (c) light gray marble (DS-1) from
Geumgang rest area, (d) calc-silicate (HP-1) from Hwnaggangni.
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Fig. 6. Isotopic composition variations of dolostones (GS and HG sites) in Geumgang limestone. The axes in the
right-hand side indicate distance from the fault boundary between Hwanggangni formation and Geumgang
limestone. Oxygen isotope ratios from Goesan area rapidly decrease toward the fault boundary.
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