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Dong-Jin Lee, Yong-Mi Choi, Dong-Chan Lee, Jeong-Gu Lee, Yi-Kyun Kwon, Lin Cao and Suk-Joo Choh,
2013, Upper Ordovician and Silurian deposits in the Pyeongnam Basin: Sangsori and Koksan series.
Journal of the Geological Society of Korea. v. 49, no. 2, p. 181-195

ABSTRACT: In the early 1970s, Silurian corals were found from the upper part of the Mandal Series in the
Suan-Koksan-Singye areas, Hwanghaebuk-do, which has previously been considered as the Middle Ordovician
in age. The discovery led to the designation of the Koksan Series, and the subsequent finding of Agetolites from
the base of the Koksan Series in 1975 paved way for the recognition of the Sangsori Series. Corals of the Sangsori
Series show the remarkable resemblance to those in the border area between the Jiangxi and Zhejiang provinces
of southeastern China. This similarity strongly suggests intimate paleobiogeographic relationship between the two
areas. The corals of the Koksan Series mainly consists of tabulates and are compositionally similar to those of
the Silurian corals in the clasts of Early Jurassic (?) Songrim Conglomerate. These corals of the Sangsori and Koksan
series are not previously known from the Sino-Korean Platform and are instead comparable to those of the South
China fauna known for its endemic characteristics. The normal marine carbonate deposits of the Sangsori and
Koksan series contrast the origin of the Songrim Conglomerate which resulted from erosion and deposition of
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Silurian to Devonian (?) strata during the Early Jurassic. North Korean geologists postulated the existence of a
narrow seaway of the “Miru” and “Koksan-Songrim” seas extending from the South China to Pyongnam Basin
as the main depocenter of the Sangsori and Koksan series. On the other hand, South Korean geologists do not rule
out the possibility that these are the remnant of the Late Permian to Trassic collision between the Sino-Korean
and South China blocks. It warrants a detailed regional stratigraphic correlation between the two Koreas in order
to fully comprehend the Phanerozoic crustal evolution and accretional processes of the east Asian continent.

Key words: Pyeongnam Basin, Sangsori Series, Koksan Series

(Dong-Jin Lee, Department of Earth & Environmental Sciences, Andong National University, Andong 760-749,
Korea and College of Earth Science, Jilin University, Changchun 130061, PR China; Yong-Mi Choi, Department
of Earth & Environmental Sciences, Andong National University, Andong 760-749, Korea;, Dong-Chan Lee,
Department of Earth Science Education, Chungbuk National University, Cheongju 361-763, Korea, Jeong-Gu
Lee, Exhibition Planning and Coordination Division, Gwacheon National Science Museum, Gwacheon 427-060),
Korea; Yi-Kyun Kwon, Department of Geoenvironmental Sciences, Kongju National University, Gongju 314-701,
Korea; Lin Cao, College of Earth Science, Jilin University, Changchun 130061, PR China,; Suk-Joo Choh,
Department of Earth and Environmental Sciences, Korea University, Seoul 136-701, Korea)
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Bl Quaternary basalts

LEGEND Mesozoic granitoids

[E= Nangrim and Jungsan groups and their migmatites

I Cretaceous volcano-sedimentary rocks
B Lower Jurassic(?) strata
B Upper Ordovician~Silurian strata (Sangsori and Koksan series)

B upper Paleozoic strata

[T cambrian~Middle Ordovician strata
[___] Upper Proterozoic metamorphic rocks

Fig. 1. Distribution of the Upper Ordovician and Silurian deposits in the Pyeongnam Basin. Modified after Ham

(1982) and Om et al. (1996).
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Fig. 2. Stratigraphic correlation of the Upper Ordovician and Silurian strata in the central Pyeongnam Basin. 1.
Nangrim Massif Region, 2. Northern Pyeongnam Basin, 3. Hwangju-Songrim area, 4. Suan-Koksan-Singye area,

5. Poptong area. Modified after Ham (1982).
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Fig. 3. Distribution of the Upper Ordovician Sangsori and Silurian Koksan series in the Poptong area. Modified

after Ham (1982).
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Fig. 4. Distribution of the Upper Ordovician Sangsori and Silurian Koksan series in the Suan-Koksan-Singye area.
Modified after Ham (1982).
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Fig. 5. Distribution of the Upper Ordovician Sangsori Series in the Hwangju-Songrim area. Modified after Ham

(1982).
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Table 1. List of corals and coralomorphs known from the Upper Ordovician Sangsori Series in the Koksan and Poptong
areas. Note that Agetolitella and Holocatenipora are regarded as junior synonyms of Agetolites and Catenipora,

respectively. Fossil localities A. Wolyang-ri, Koksan; B. Songrim-ri, Koksan; C. Sangso-ri, Poptong.

GENUS SPECIES ALOCAII; ITIES C REFERENCES

Agetolites multitabulatus Lin X

Agetolites huangi Lin X

Agetolites oculiporoides Lin X

Agetolites yushanensis Lin X Pak, 1976, 1986;
) : ) Lee and Lee, 1990

Agetolites miruensis Pak

Agetolites tenus Pak X

Agetolites regularis Pak X

Agetolitella huangi gracilis Lin X

Agetolitella crassiseptata Lin et Chow X

Agetolitella maxima Lin et Chow X Pak, 1983c;

Agetolitella longseptata Pak X Lee and Lee, 1990

Agetolitella raritabulata Pak X

Agetolitella multiseptatus Pak X X

Favistella alveolata (Golfuss) X

Favistella obliquiseptata Yu

Favistella intermediata Yu X Pak, 1976, 1983c;

Favistella irregularis Yu X Lee and Lee, 1990

Favistella grandiformis Pak X

Favistella crassa Pak

Catenipora zhejiangensis Yu X Pak, 1976;

Holocatenipora orientela Yu Lee and Lee, 1990

Rhabdotetradium nobile Sokolov X

Rhabdotetradium Sp. X Pak, 1976

Heliolites giyangensis Chow X Pak, 1985c;

Heliolites sp. X Lee and Lee, 1990

A A EIE 8012 A7 ARE Ao 7o
(B o Qo] goig A4 dao] fojohs 4t
olshu, G5 WE7E AW, TARTA Fol9 B
= A3 22Eolo} g AR Az,
APREIE S 4% 27 Bh4 o] o] Theol
U BAHET} 8 BB B A eua
7] 3718 A|NFEHE oIk, 4k 24kl 2
&A1Y Aol Exzsh= A F Y s Sl
A A== Rhabdotetradium nobile Sokolove= -S-AFAF
THAES (tabulatomorphs) @1 APFFAES (tetradiids) 9] St
40 2 71X A 4| FEIS 712 Rhabdotetradium 2
tEFo|m Aol SAlofA 7] L2 EH|AT] F9
A Aol A Lhe= 291 3H4 o2 A
2tHSokolov, 1955; Ham, 1982). S-=rofl A= Xinjiang
(#758)4 Fuyun (F#) ¥ 9] Jiabosar Formation

(e K Jg; Late Ordovician)¥} Basitawukuduke
Formation (B #r 5 E#5i /g, Late Ordovician)of|
A Abzo] &#f A IhLin and Wang, 1987). T
NHE FE2F BEF9 I EE 3o A& Y
AT = A G XA koW, Rhabdotetraduim<
A EEY s EEAES A X YA
SRolth AAEEe AR A3 Sl st
5, 2250} 3 R. nobile SokolovsE E3}s}te] t}
ot AbEo} S AMES Bljo] eFelA] QITH(E 1), Ak
3} o] 739t E vlg-x o] H71(Pak, 1983a, 1983b,
1983c, 1986)5 HIH O 2 3t o2 F o5 ERF 9]
Axtoh oA 53] st9] Biaol BR9el §
BYS AHOR 583) olele Wo] glom, F
F B 7202 e Peade) te ulmet ol
Hgko 2 7|18 1153} Aol Gt wole) v
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HoZ F ool& 7R YT IH 6). Agetolitids
£ ARHEE Y] e £l & ddE 2 (septa)
I As o] £E4 1 Wg(mural pores)S A T
H|3E 27] FA4IE Y] 3 £ RTo = 1 7]} A
THAE &5 WEA JA g WY A
Ats F(favositids) U AFAMAES. Favistella@} F-AFSH
S 7HA ool A FREo] o HE F97H e
U, ubgbRol AR 417 T8 EIC(1 6). Agetolitids
9] 3421 Agetolitest= 7FAE A Changiz AP
BEEE NP PR PP I S
2 7= %2 H(Sokolov, 1955) Agetolites ©] ]|
= Agetolitella Kimo] &2 A it} 28} T 53
H P24 (morphometrics) A12] Ail= o] F &
= s TSR R E4d0] glom, webi Agetolitella
£ Agetolites®] 8] o] (junior synonym) .2 A&
A& v} ItHSun, 2011).

AT e DAY FERE 5] 2de X199 Ha
A 22 F2 AHA Helol F3tEo] £t
ot 53] Agetolites= Fgotr|ote] FHxpE A8kt
SZH|7| A%, 5=, BHREAE e 25
WHGondwana) & g9 T7] 22 xH|AY]
ZolAT AR 4555 53 @7(Zhan and
Cocks, 1998) A|He] whe} & FEAS Hol= AL
2 dHA QUth =i A A QoA L2 EH]AT
AR Zo0] 71 & dhdE Jiangxi (JL7H)-Zhejiang
(L) AT LL(CY area)o]] HEZH @ ==H]

i
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27| 7] Xiazhen Formation (TF4&/&) =} Sanqushan
Formation (ZE (L&)l 4] agetolitids= 7H3 &5
A AREEE AT I 082 AEA] 9T} EF e
of me} 57k EE Sre] WMot vl 2 HEH &
EZ(endemic species) 2] EA4-S BRIt} A4 ElE
e AF7HA] 450 A58 32515 85:2] Agetolites
2} 3%9] AF-S EZ3ISE 659 "Agetolitella’7} 7| A
=] %l o 1(Pak, 1983a, 1983b), A5 A 2]t ageto-
litids 9] 73&0] 27 JCY A FolA 7| F53 5
AakAL fAehTh Shc) 2 4 E [CY A
agetolitids 4k5.9] @71(Sun, 2011)= ¥Hg419] A
T3 (Pak, 1983a, 1983b)et A 2 LR|H= AL
2 HQIt} 44 E]F agetolitids o] A|gHA Q1 7] 7)<t
EFER AR RO = EFSEAL = A Fof|A] A

xr “‘“n» E gzt ® ﬁ?":
LD n" S ot ';:'3@;"‘—" & S
Fig. 6. Agetolites of the Upper Ordovician Xiazhen
Formation of Yushan, Jiangxi Province, China. A, B.
Field photos of Agetolites coralla, diameter of coin is
2 cm; C. Field photo of Agetolites coralla forming a
small patch reef. D. Transverse thin section of Agetolites
yushanensis Lin, Scale bar =2 mm. E. Transverse thin
section of Agetolites cf. insuetus Kim, Scale bar =2 mm.
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H agetolitids 7tolli= & & H| 27} 7 & A =9
73t FATA T 1=, 53] FA17] agetolitids
7} 7WA = 73t FEA n|Ro] o2 YT F
B2 A Ao g ggtEh Abx el se] Ak
T3S tiste] Pak (1986)2 0] RAE 5= A
g E Agtstglen, ‘SEdRsEA T Y &
ABATE s WRTh o] Aol F=9 A7) 1Y
o AvE ATAE] QlA)ThE A ghLin, 1983;
Lin Baoyu, personal communication, 1993).

A EolA BarE ARES AAALE Catenipora
zhejiangensis Yu (I 7) EZHCY XG4 A& E|
£ IEFTY PR FA19 277 2kew, W H ot
713 9] lacunae ({8, AH&S] d4= 23l F7het
2 el 2% (septal spines) = SYE, W
A9 CY Ao Ao] AR e 2TH|AY] FELY
787 FATAE vEbdIt) o] vhol= M F AMAM:E
& Favistella®} GAAFEAYS. Rhabdotetradium-2 JCY
Y 7] e 2EH|A7] Fo tfi#F] 3oz ¢F 7
47 74 TAEA A FAVAS Sk 2]
2} & = Qlrk A EEe] AdRollk= ‘ Palaeofavosites’
(T 235 U F=rol| A B3] ARESE Paleofavosites
9] @7]|= ¥Fo] /HAH Y] Ao Ugl= favosi-
tide] gt £9° 2 Faovosites?] YA|Fo 2 HE A
7} Qlrhe] RiE gl o1(Pak, 1986) 0] 4& U3
29 9 2wENAY] 57] ZoA LR vt Qo] 1
% B 5A 0| A2 o} 57} o E n ek

Bl A ApaZelos] H7]-57] Z(Early
to early Late Silurian)9] ZAFS-2 Sl &= 4=20-

e aret® S

-
A
Q
&

Fig. 7. Catenipora zhejiangensis Yu from the Upper Ordovician Xiazhen Formation of Yushan, Jiangxi Province,

TR AT} U W 2ol Exahn o
A, 23 9 54 TA BZX A1 A7R]
o AFEE WA Uk AN ES AR oz ¢
I Qe DAL Fuel, Ak HEY A9
o 3202 © sua HEM Mo 9% A
HZoz FHRATHHam, 1982; Pak, 1986; Kim,
1990). TAHE O] ZF 1 SHH2 58-64 m, AHRZ 214
m oA}, & 7| 270-280 m (Pak, 1976), 31512 58-64
m, A2 214 m oA, F 57 160-280 m (Pak, 1986),

SR2 555 m, AFR2 140 m o] AH(Ham, 1982), 3}
HZ9-55 m, AH% 26-140 m, & F7 195 m (Om
et al,, 1996) 5 R-E 2|3} A7kl ufe} o2}, o]
B 0] A+= Pak (1985a, 1985b, 1985¢, 1985d)°]l <]
o TASS S FE akEeH o 2RE mETh
AEFE A QAR FAFENA LR AL R o] £
2L o2l ISEE, U, HER, 2T
Z(stromatoporoids) EjXEE{bryozoans), 4EZ,
NN (=N8F)ek F57E ZRIthHam, 1982
Pak, 1986; Kim, 1990; Om et al., 1996).
ST} TRIZIA R SAAE M= AR
4t3 (tabulate corals)= 7P &3] 4h&E= 3H4 2
42 YR Skt dgEiet S H AAT 3
23|, A g2 FEENA 7=, ¥
S AYolM= SAHA AUTHE 2; Pak, 19853,
1985b, 1985¢, 1985d). IHAkg-2] Ab&s1A]e Y 4F
AES 2 favositids) 7| 7| A1E2] 60% o)A Hgtch
E3] Pak (1985b)-2 2AFE2] 315504 Paleofavosites
o} “Mesofvosites 7} S5, AH-FO2 ST7HEA

=

o N I LN

y

China. A. Corallum in growth position, diameter of coin is 2 cm; B. Transverse thin section of C. zhejiangensis,

Scale bar =2 mm.
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Table 2. List of Silurian corals of the southern Pyeongnam Basin. Fossil localities A. Jugyeong-ri, Suan; B. Haepo-ri,
Singye; C. Wolyang-ri, Koksan; D. Songrim-ri, Koksan; E. Sangso-ri, Poptong. S; and S, denotes the Early and Late
Silurian, respectively. Remarks 1. Misspell of Paleofavosites; 2. Also found from the Songrim Conglomerate; 3.
Synonym of Paleofavosites; 4. Synonym of Favosites; 5. Synonym of Catenipora; 6. Not considered to be a halysitid;
7. Considered as a syringoporid by Pak (1985d).

LOCALITIES AGE

GENUS SPECIES REMARKS REFERENCES
A B CDE Si $
Palaeofavosites  balticus (Rukhin) X 1
Palaeofavosites  balticus chuannaensis Yang X 1
Palaeofavosites  balticus var. amisanensis Pak X 1
Palaeofavosites  aspera d’Orbigny X 1,2
Palaeofavosites  paulus var. kogsanensis Pak X 1
Parafavosites shimizui (Ozaki) X X 2,3
) o ) Pak, 1985a
Mesofavosites  shigianensis Yang X X X 3
Mesofavosites  zoniformis Chow X 3
Mesofavosites  kogsanensis Pak X 3
Mesofavosites baemsanensis Pak X 3
Mesofavosites  gungulsanensis Pak X 3
Mesofavosites ~ miruensis Pak X 3
Favosites songrimensis Ozaki X X 2
Favosites songrimensis var. regularis Ozaki X 2
Favosites rectiformis zhizhina X
Favosites minor Ozaki X 2
Favosites oculiformis Pak X
Favosites cf. gotlandicus Lamark X X 2 Pak, 1985b
Favosites sp. X X
Sapporipora Jfavositoides Ozaki X X 2,4
Sapporipora miruformis Pak X 2,4
Sapporipora woljangensis Pak X X 4
Heliolites fenggangensis Yang X X
Heliolites arboreus Sugiyama X X
Heliolites sp. 1 X X
Heliolites sp. 2 X X Pak, 1985c¢
Propora cf. magnifica Pocta X X 2
Propora sp. 1 X X
Propora sp. 2 X
Quepora ozakii Hamada X X 2,5
Quepora sindoensis (Ozaki) X X 2,5
Quepora ozakii minor Pak X X 5
Labyrinthites guizhouensis Yang X 6
. Pak, 1985d
Troedssonites sp. X X 7
Syringopora bifurcata Lonsdale X X 2
Syringopora ronggiensis Pak X X
Syringopora héporinsis Pak X X
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BEZ(EVE) S ol F= 22/ (EHEM) Favosites7} &
A6 2 AEEE= AMLE B st ‘Mesofavosites”
= 9ol A AAE e Ho| Fokre} 7}
HHelo] B 1 gl SAE 272 A %o
U, o] 718 WUALS threl SolA] s
AoR el £& Hshe 7|zl HA] Fat.
wabA] o] &2 Paleofavosites2 E-F3h= Ao| EfG
SICHHill, 1981; Lee and Noble, 1988). Azl A
Pak (1985b)©] 7| A8t Sapporipora T3t Favosites 2]
519 ol o2 HotEct. Sapporipora= S G Lol
A AL HuE HYASFTE A R o] 2t
Hgo] Bo] FofRo) A5t BFo] o] ¥
Zolo)1/3014 o2 a3 ZAHdEo] glon, A=
&= WAZE Yl QA7 v A A S48t
EAol 2Ast Al&o2 AR E G S (Shimizu
et al., 1934), R&o0] E5F3t T Eof|A o] FelabE
o] 2& & AAste A 7Ieol E = Sl=
A& o Fo|th

TAFEolAe AT A E F(favositids) 8t
o Tt B9 AbS 34 E0] 4hEH Tt Pak
(1985¢) 8] A&4EE Quepora= B2 B 2h2 Wk
< 7H EA o) Qo= Catenipora®} Th2X] ko H,
w2k Catenipora®] 3+¢] o0 2 FE ch(Laub,
1979). BAVE S8 2]9] TABo A ARSAE 2 B
315 Labyrinthites (Pak, 1985c)= 2 47} 243
WA 7} A4S (syringoporoid) FE S| 2AE
A3l= tetraporellidih(f})ol] &3l oAtz 2
(Sokolov, 1950) ZE Ao} TFA| L] Q2T H|
27| FoA AEEY SO oF A Fol A= AMd
2o}y] sS04 B TH(Hill, 1981). ZAHE
A= HTALS Syringopora (Pak, 1985¢)Lt AL
A& Heliolites 9 Propora (Pak, 1985d)&= 2 31E| %}
ot 92| 2] AAEE FAE Syringopora= @
A L E7Mo| ZTANS OF FARRE FElR 2 2 EH|A
7] #7104 Hekr] F717A) A RIS R
WALt A AbolE A= FZF 2] (coenenchyme)
9] wofo whgt Heliolites (LEZ=H| A7 F7]-d|E
7] 715 AA]) = Propora (LEZH|AY] F7]-
At o] 2715 AN FL2 BRI 1976
W o]F Pake]] 2J3]} o] X|HEA 71 H AH5 4 9f
FTEL ARG AFAY HE & 29 297513
t} 0|9} M= 2 Ham (1982)2 =94k 2| & o] ZA}

T SHE S=(R7] Ard T2 o)) ol A Cystiphyllum
ompymiforme, Favosites forbesi, Favosites sp., Fletcheria
sp., Halysites elongatus, Strepteplasma sp., Syringopora
aff. bifurcata, Tryplasma kaolingpoense, Tryplasma sp.
5 A SR AT 371 Z)ollA Cystiphyllum
ompymiforme, Cystiphyllum sp., Favosites cf. ma-
lungensis, Favosites forbesi, Favosites sp., Halysites sp.,
Heliolites sp., Tryplasma cf. kaolingpoense, Tryplasma
cf. lojopingenseS 7] (30 ik) T =A](E/R) §lo] B
ahgc.

YRS TAFEOA BT ABAES) ER
° AT B Sl oo Yee A2 Aks
M3 HR| AT Squameofavosites$y Parastriatopora
o 22 gli27] o] ATl S EREE E
A3taL YA s Aol 2A8k] AHE9| 4FE s}
M ARE HIFOR I AGAIYE AR FEor] A
7|- At ZEeobr] &7] 22 B Pak (1985b)e] As|
o St

4. E9|Q} AHA

1930 A7) F2471(7) SBILS A3l
A A E F7) 29 4R e E V1o R B
A9 o7 A HofA] E1E 2 En|Ay] AFEeL
At Fejolr] 9 gl 27] A5 EA= HFHA A
o S FFE EH2R 19009=E = o] e
AXF o LEEH|AY] Z7]oX M&t7] F7]o]
o|2&= M EFFo] Fte] AR =Tt
= oW F9S AT FES Fostt TLol
AAEsol 1 oo waE B AR J4kE
AREA O ke Bt A AFAE s 34t
9 B0 FHAYTE 2 or o=k
2718} Apd R ol7] A S oA A E= e A
F(EMER) olghz 8ol A7|1=en o= J3t
AR (Pak, 1984; Pak and Kang, 1987) Afo]o]
A AEHE Je Ao Helr FgEA|e o2
LZH|A7] 7] AdA gl A E1E Agetolites ALS
= A5 HHAZIE EZT Eut ofyzt o] 4%
7 4 ZELRY tf 59 Al A H e 113
A FAVAE HojFe 24 gu|E 7t &
= ok EZE Al Eol A A4S 4HE/ fAMEE
3H(E 1)°o] FFS=HA AF2] FA7] FollA &3



AREEE ARSI T} GARE S ol AR,
55| @S=A A 99 e 2wn|A7] 27 FEIH
oA Ueht= st (940 §A e of B
A& FE= JCY A9z 77k X f4A
BAl A= Tk Aot SHIYe I
Z(Shimizu ef al., 1934) o] o]o] HHE | 2] FUFof|
A ZRIE At ol At BHA EFF S HA
F AT AR e AdFe]o7|E Llandovery-
Wenlock)oll A AFEH S} 2} djul€oh. 53 A
TAES A FY AFE 3 o] A ske m| 4t
TEET 2 REEHAY] 7] A A AA)
£ 91 Q9 vt @ 2EH|AY] 37] HASAH L
2 o] shFstHA HERA GRA Y Yol
oleld al(vl5e)) o) Akgoln, ‘mlsay
ThA] B o] Aol 9IRS ShIAEN(FHT
)2 Aaslo] glgickm MglekPak, 1986).
ik FELL Sl A2E 243} 3
BT R E Aol oAl aeo] 4
SetEA 2017 Ardgelols] vhriel “FAk
3 o] fAe 2 345t % tHPak and Kang, 1987).
tl27] dRXAE BEFA FHEH O A} A
HeEAS) Qi Aelol 1) 5719 ‘A%
7R B 0 2mHA] 37, AdRelo], P
7] et bk Golslgick 218 A%shs Aol
St THPak and Kang, 1987). o|= X|2714] 35
A (Sino-Korean Platform) x| <] F-FH 42
2 QA E ol u8) 5719 i AF e A
=, 53 AFAE0] BERA A= LSl
A4 om BRItk FsH S8 247} 9
A th(Pak, 1984; Pak and Kang, 1987).

BeERA oA L 2En| 27|04 AFYFE o7 o
0|2 BE A|Fo] A& R EHEH T 53
A=Y Adfjol vhsl, BAEE o] AFE°l &
%3 gAolA] HHE F 2R LES Fotol B
of 9312 o) F3te] BEE 9] ol B 7154
< A|71%t B $lck(Lee ef al., 2013). YA B
A A GoA LE2EH|AY] F7] WEE7HA 9] F
A|oF 3} o] TR 9] MF A EAS Holuy
L2rr|A7] 37] AAgEolA 5= dAA Y
O] BEAE-S Xt ST E FHEHH(Lee
et al., 2013), AL FEo}7] FAHFAA = HETHA|
Aol A &R vt Yl FE=iA AH9Y 1G5
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oh ZRSHE ST A Aol 755
Itk BEA o] F2A 54 B o] MR e
sk o2 Heldh $9-35-A-HES
= B APae] AR Tt AR BEA 2

A3 2 Aol et Bag 249
Aol WyEAe] FEH 727 SYo|cHPak,
1983c, 1984). 2 2EH|A7] RN gl7]9] §
AL FHEA] FRolvt =gt o] Exsi, S5
Aol A= WA= A F=tt. 53] Fe=A] dHel
ARBHE AARIETE 2R dlelglo] ko) %
Fof Fof glom IR Ho7 AR oL FFE 7
ZIth(Ham, 1982; Ro and Pak, 1987; Lee and Lee,
1990). A 2083 e YA A AHEL T
HhEol A 472450l TS FAT o] 2
oM WER HEwve] 35 U YT U
3t #THo] & Aoz 4313 Qurk(Cluzel et al.,
1990, 1991; Cluzel, 1992; Chough et al., 2000). &
FaW @O WolAt PG| BT
o QR FPL I FER Aste] ARG} B
SRR 2oL e FEUBE ol SN} &
T-SAAFH(2HLE)HE FAsHTHRee et al,
1996; Chough et al., 2000). A-E2 o|HsF L9
=N A 4 F2HYPS Tt HEEA XY
o] Mg FitEol FEHAA EZLRE 54
=lo] A2 Yx]o FolA | 7Hs/dS A ALt
gttt o] 7Hd-2 3t S A B Gl
FHEETY S x3s= F71-9717 28
o] X34 EAZo| A A Fo| Wi F4A
EEZPE 7S AAske Aol7l= sttt A
7HE3 AR ETES 2 s W 2o 7F 1S
O] SAtfH| e}, AXF o= FolA|of X H o I
1A Y W e GETe SIS A=
QA olsfish= dli= Wulgh §HA|7} it whaka] &
T EEY SA, I E, B, WA @ 2245
ATATH FFOR Polshe 4 A7 whEA 4
H=jofof 8 o2 A7,

Ko

50, it

e

AF A

o] =2 AT 3 |emAIS Y HE
TP | U SREFSAIRY(K2090300113811D010000810)
T} kAR QAR (KRF-2006-312-C00690; KRF-
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2007-331-C00247; NRF-R1A4007-2010-0011026) 2 2012
A A4 AR Ao o7& B
(KETEP) 2] X]J(No. 2011201030006B)-2- 1o} <=2 =]
it 27] o] BE3 g A9l frefshar A
AHY 2A& A 2 agd It o] HARE
oA FAFERT. o] = et AFToh Ao
AR} 3L Eg-A A7 BERI
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