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2 9 1962d gt AFAES FHA 3

| Aoz FHEE S4S55EY Fu5E S o} o] 5L XFshe AFS HHIERTH Hesl

ARAA 2 AASATE o] F AZIAY] o8] EEA|A wAE F7] vl S, S0t 5

oloyade o AFAAUE BYshs 244 247t HUTh HEEX| 9 A8 Aoldl Bxse Y=

AR ALY, FeEE FHE, IETE 2 EAN dx|e 4
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He ok TAUEIHE 9 QUL T S ARNS Tt QUA6N £3) AEde 9%
BR4E 9EFUA UE7] AF0Id Qe AT B TN KA B ol UEFAe] FEFL
TR o] T Ao} Alole] 1A A 2ADAZ AR DA ADAE ATA W2 A
glov}, vEr] B2 wi dslzh Aujdelr, 9N AR vir) F7 A2 Rl a &
o] APAEL HEsl] YERel vt ke S48 Qs v EAeilon], meby dAst |

244 AAE Boln FAHo= T

AR HHE] Zo st dAE B2 A uet A

Ad TFE Bk A2 59 A BEA =AHAN S o7 AT A wiEo] nuHglon,

Wl BEF AXIAL AR AAFT] HHU|Y WY B 2o EHIAE)] U Aew

A, A FEA Anbell A BN FH-FETHE AHNSTS AARRIT RS el 4%

o] Rz 7haA Hilow yAAgdr AMdHR v AR vRolE W, 71§39 5RAY

g YR7HE T &7 (Dabie-Sulu) BES] AFF=2 FSIUAs} FSuiA o] SEUHALH, A= =
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AL Al AN 71N LI HEFeR eIt} dFUWATE SESEAM H
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Abstract: The ‘Imjin System’ (or Rimjin System) was established in 1962 as a new stratigraphic unit
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o] Hilz ghiwelN 7] IAUSe] 22 Ths
e AELR AR F1
BEEA e 7] e2EH2Y)
op7]
of /M FHE Hae] ARE wEeR ke
Aol Exshe w7l dRIAL] oA, S49) 3t
A9e T8I 2 onls Wl 919 ek, ol A3k o] FEATTE YH AT 19659 3

dFeop|E AAsh= AbEsiA o] 23k ARdo] &
2 A W A (Shimizu er al., 1934; Kobayashi, 1935;
Yabe and Sugiyama, 1937), 2 o o]2]dt 3}
H{baE)e] sHdel HAS HHFo] AT Ao
2 71=E ek 1960 d) o] % =3E &
g 53 A9AEd] $EATE S
At Felo}r] Bk ofuz} w7
AA s S E EJFE o] Qe ARde] dEFle

=

S

3]_9_:,] C AT

olgH - oFzt - olFF - ol - XY - olFH

separated from the Upper Paleozoic Pyeongan System based on the discovery of brachiopods and
echinoderms of possible Devonian age. Subsequent discoveries of the Middle Devonian charophytes
confirmed the Devonian age of the system. The Imjin System is distributed in the Imjingang Belt between
the Pyongnam Basin and the Gyeonggi Massif, spans from the eastern areas including Cholwon-gun of the
Gangwon Province, Gumchon-gun, Phanmun-gun, and Tosan-gun of the Hwanghaebuk Province, to the
western areas of Gangryong-gun and Ongjin-gun of the Hwanghaenam Province, and includes the
Yeoncheon Group (metamorphic complex) to the south. Unlike the lower Paleozoic strata in the Pyongnam
Basin which solely produce marine invertebrate fossils, the Imjin System yields diverse non-marine plant
and algal fossils. Brachiopods of the system are similar to those from the Devonian of the South China
Block and include taxa endemic to the platform, implying a close paleogeographic affinity to the South
China Block. The Imjin System is generally considered as of Middle to Late Devonian in age, although
there have been suggestions that the system is of the Middle Devonian to Carboniferous in age. North
Korean workers postulated that the Imjin System was deposited in the current geographic position, where
the “Imjin Sea” (an extension of the South China Platform) was located during the Devonian. The Imjin
System displays strong local variations in stratigraphy and its thickness. It has recently been reported that
the strata are repeated and overturned by thrust faults in many exposures. The Yeoncheon Group a
southward extension of the Imjin System, also experienced intense tight folding and contractional
deformation. Northward decrease in metamorphic grade within the system suggests that the northern part
of the Gyeonggi Massif and the Imjingang Belt are probably an extension of the Dabie-Sulu Belt between
the South China and Sino-Korean blocks, and the Imjin System is an remnant of accretion resulted from
the collision between the two blocks. In order to understand tectonic evolution and Paleozoic
paleogeography of eastern Asia, further studies on stratigraphic, sedimentologic and tectonic evolution of
the Imjin System involving scientists from the two Koreas are urgently needed.

Keywords: Pyongnam Basin, Imjingang Belt, Imjin System, Yeoncheon Group, Devonian

A 9 = HT HGA A2elM BAE 2T stssl
(Kim et al., 2011) 53 A 7] ZANFe] Ex

A7F 27k dEFd Auo o \iles

g 2H(Lee et al., 2013a)7}
Al 9 AR FE
I4H59] 7]%3 H7KLee et al., 2013b)el] ©]

kil

103045 B0 ¥ ATAE Slole] BA sl BE FAE QA WA W] B9 AEx
E ROIE@ $44) AN Feb) tEAS) 71 S E(Ham, 1981) A ALARE SPshe
ARG olFE AL AUAFEAA ol A BYA 4D k90w, 1980dre] o] YA

o FEANA Y FHFEE
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o 7
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o] JojA o] AxIAL] XA A& EFE
e Agr] 7] A A = S THPak, 1996).

shite oA = A AZIA

2

>

Ay,

19609t % SaRws} 7w Ao gak 22
ZAF FAH oA AT glEy] FHFEE 344 7]
zste] QA RN E B2 Rimjin Systemyek
T o, W) FewEe wel AR E71%)
o), QXA 3 TAT AAAY 2 7]

3} 3H(Ham,
% A& sldo]
ASATH(Kang, 1984). 1990dt]olls =9} 3
B Ao E¥sle dRAY A SA A"
= 4555 o] w4
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i olst s

™ (Pak, 1976; Kim, 1990; Lee et al., 2013a), ©]
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ZoAZ U] AtiEAel ost] FHIE= QF
doie] =HotE 2 Are H5 ddSTe] A4
7b "lE7]12 F4€ 8l Ath(Cho et al., 2005; Kim
et al., 2009; Cho et al, 2010; So et al., 2013).
5gho] AFAEL WA Wi —6%7] LETH|A
7] ZAEERE "2 AT BE AFEC]
A MAE olFH, wabA T ﬂxﬂ Eigla=vds
&3ttty AZts] 2 Skt A (Sino-Korean Platform)
9 Y 719 AT (QLEEH| A
7] F71Ae7] Z7])e] Aok dix Eho= o
A ketiy FA3tHeg., Pak, 1996). waEhA
AXAY] 712 Ao vk AFH olall= B
A 9] A EE B FAEd $A gl A
A B3} A7} 2181 iAo AR Aloks Al
Algk Ao 2 AET)

A HilA ARgsle SAES] AAlE 19661
of AXRE RS S v Z(Kim, 1990) Al
7+Z A 9] (time-stratigraphic  unit)} A A T
(lithostratigraphic unit)s &3t AWUA|ZSFEES]’

oJt}. o] z"ip}-r]oﬂ o3t BHL FE ol A
SAAAZE G2 Ao R - A FA TE(Murphy
and Salvador, 1999)9] Aol F33h= SAFTAEEY]
2 iR E ool & Zlojr}. 2 % E—T?l'g] A=

oFZke] W3yt AE. dE , G5 ZHECA
ARNAPE Y RZ(Imjin Group) _E, IFE, S

5, AEEE A S, Y, s eE
X718 A7t Ao WH(Kim er al., 2012) ol &Y
SAELI] BAS T AEg ZoR TIE SAA
Al F4E oulske A& ot w&E3E Ale]9
Jolgt ZATS ALgol 7191g T Egle] FA
@47 R E7] A7AE A8 5 gle wAlolH,

webr] A5 @ A= SakelA dA) AR
HE SAERE U2 AMShs Aol E3s 7]
A S Ao R AXSTH(Lee ef al., 2013b). FEZF
SAES] ALE2] o]FAL o] X tiu|9} Al
ol & AdEe] Ha o, doz 7P 494

o= sjd=olof & At

—{o

19624 i 247 e dd
2 1:200,000 AAEEZE 24} 34 S B
< F A
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A EEE SR SEEES FuEE HA4S
WAskaL, o] S Ee] AEHE ASS HMART
B BEglsle] <RA = A5 tH(Kang, 1984; Pak,
1987; Riu et al., 1990; Om et al., 1996; Pak,
1996; Kim et al., 2012). ©]o] 19653 &&= E
AP 79 1:50,000 ARE Aol o
o] sl FHFEE s A vlEIE A=
A=Z 34 Sycidium  melo var.  puskowensis
KarpinskyE 2o} 1X171¢] AlthE 7|2 2gs)
Ath(Pak, 1987; Riu et al, 1990; Om et el.,
1996; Pak, 1996; Kim et al., 2012). & AZA
9,] 2‘3/\1: ;W_EE_H o‘_}g% 1?_01-5 =i ALL&E_E

T th(Kang, 1984; Om et al, 1996; Pak,
1996; Kim et al., 2012).

Riu et al(1990)2 S3ll&E=
ke XAl AZ 7Hedl sS4
U5 Y BEAIE A 9gEe 4 7
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= dlgel 23
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Xé% 7k 944 Xl%%% tﬂ%ﬂ Ol%j«l AFo® W
som, WA AeEd dAuTvez P HE
7] S-%719] FAAE AT 28y o] AlQt
2 dE] 78 JA] Zon, mEpa] o] =EellA
= ARESA] =t
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= Yo Bxse dXAY st 3]
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A3 e FAEFoE e o
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o} o] AY AZIA A ZFelA *PZEJL JHEL
Fito] gliy] F71E ArlEhe S8 FEAFEER,
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G 2 A1 Al 5 dEl, ) de

7] 22 HYrHHam, 1981). Kang(1984) o] A<
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ERE HATkPak, 1987; Om ef al., 1996; Fig. 1).
ARE TR Hjsle] YA AHoE A3l Hst
=

gl
T

b, HEoR A% BRe] AXFS
AHTHRee er al., 1996). AHHAILEG A =
= ARTe] el Aol st AT

1995; Chwae and Choi, 2009). ©] =% A
TS e A AYS AR B¥shes AL
2 IS e FHE|Ye W el
Cho et al(1995)9] AS et} AAFTe] A&
Al #38led Yamaguchi(1951)ys 2AE 348 2
AR AFger|-HEr|2 FASHOM, Cho e

o
o2
fru
Al
ol

J. Petrol. Soc. Korea

www.dbpia.co.kr



111

North Korea

20k iZﬂSouth Koreaﬁi

7~8

:I Quaternary alluvium

l:l Quaternary basalt

\:l Cretaceous volcanic rock

|:| Cretaceous sedimentary rock
[ 3urassic volcano-sedimentary rock

[ ] Mesozoic granite
I Lin System [ e o 3

(M Paleozoic) - Yeoncheon Group

Samgot
Unit

- Hwangju System (L Paleozoic)

I:l Sangwon-Kuhyon systems (M-U Proterozoic)
- Hwanghae System (L Proterozoic)

E Archean-Proterozoic gneisses and schists

_~ Fault

-7 Inferred fault

/ Military Demarcation Line

Fig. 1. Distribution of the Devonian deposits in the central Korean Peninsula. Modified after Om et al. (1996) and
Lee et al. (1999) for geologic map of North and South Korea, respectively. Yamaguchi (1951), Ree et al. (1996),
and Kim et al. (2000) were used for detailed geologic map of the Imjin System in North and South Korea. Yechuk,
Jingok, and Samgot units are part of the Imjin System which experienced differential metamorphism; darker color
corresponds to higher grade metamorphism (cf. Yamaguchi, 1951; Ree et al., 1996). The Yeoncheon Group is
depicted as the southern extension of the Imjin System in South Korea. Numbers indicate section locations in Fig. 2.

al (1995y2 A-Ze] WMAo|ELF7E 371 dE7]
(Ham, 1981) B 217] Agb7lol] sigdsles dxI7Al

B EZA| 9] 2hdEel tiHE Zle R FEsISlTh
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A 23 ddol F=2 EEZsh=H|(Fig. 1), L &5
= Bl SAlE Fi= A3ttt 7
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2 7244E WAL S71eFH(Yamaguchi, 1951; Cho
et al, 1995; Ree et al, 1996; Choi and Chwae,
2007).

PXIA] F5= AR 2o, e, &9}
=37 Adie], ZLA 79k Sl =l XAl
AA 242 vges Ao oF 3000~4000 mE 7
3l2 YO uk(Figs. 1, 2; Kang, 1984; Pak, 1996;
Kim et al., 2012), A3 HFIE3 2450 e
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Calcareous phyllite
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Silty phyllite
] Calcareous sandstone
1 Calcareous silty phyllite

Terrestrial plant fossil
[@J1nvertbrate fossil

Chara fossil

Siltstone
Conglomerate
@ Extrusive rock

Fig. 2. Stratigraphic correlation of the Devonian strata across the Imjingang belt area. Localities 1. Kangryong-gun
2. Gaepung-gun 3. Kumchon-gun Kyejung-ri 4. Kumchon-gun Wolam-ri 5. Kumchon-gun Hyunnae-ri 6. Tosan-gun
Midang-ri 7. Cholwon-gun Puap-ri 8. Cholwon-gun Daejon-ri. Modified after Pak(1996). For location, see Fig. 1.

o] sM= FE YE Yo PAHE AdUFos
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ARAS] Fx7t F LEixl AR FHLAS
= AFekE ofe] Baok vk o AEd
A AR XAl S E olelde
A Ao TP FaeH A, AE 3P e 2
AlZI7F H7] e AR 35 s Ase] B
H ¥} AthkPak, 1976; Ham, 1982; Riu er al.,
1990; Kim, 1990; Lee et al., 2013a). <= Kim
et al.(2011)°] FEA L] Sl Xk HFA] =
Sl B¥she W QIR F7)) AN
S5 9F 40~50 me] ERAEAA BAs BAE AL
AWIS Calceola EE3TF o] 7FsAdS Slubasitt, o]
Calceola &2 ‘F%F= WA Yunnan(Zid) 92
Guangxi(J~#6) A golA RIE C  sandalina
(Linnaeus)®t ARSI, HI27] 715 AAehs Ao
2 FA HtH(Zhang and Pojeta, 1986; Galle and
Ficner, 2004; Kim and Kim, 2007; Yu, 2007). L
woll XA A Fo] AbAskE WA ThEL, ST
ARE, S 49l BExA e 2hdEe] I
7} =ZEo] vk iR Edkr vdgElel Aes
BTt Fdgelle FekEol A dekikea
A AR Hallen, e BxsA] F=th
(Fig. 2).

<]

o

gl

—L
=]
939

AR AR AP

AZA A AHEE sELS ¢ (brachiopods)
(Table 1), =T (gastropods), Bl A5 (bryozoan),
vlohube] (cerinoids), ©]7 )R- (bivalves), 7R 3% (ostra-
cods), AAF}FS (rugose corals)E XE8Hsl= s F3F
%2 (Table 2), 283 ZF(algae), X}5Z(chara)2}
$4 2 E(Table 3) 508 TFA¥PTHKang, 1984;
Pak and Kang, 1984, 1985, 1986; Pak, 1987;
Riu et al., 1990; Pak, 1996; Kim, 2012; Kim
et al., 2012).

Ham(1981)°] 4ZIANA 7143 144 24%2] &
4 FAFEE ol F718te] Kang(1984y 174
240 ol2& thFe S AEs i FHF
& PES RIS OH, Pak and Kang(1984,
1985, 1986)°] T<E5AoA 145 1859 S A&
38 A2 71AEAT. Pak(1996y A, F4, 7
B Agd| Bxsle XAl ARrRIEE FAEE

Zgalo] B 328 49%9] 4 FHFEE

ps
o
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SRS A 113

s §4 AEstie 71T AlE7A 4XA
ol EAHE 3}e Kim(2012) 2 Kim er al(2012)
o] T AA FrhE 214 22%9] i FAHF
= e xFel] s FEFsE 605 15T
(Table 1, 2a, 2b)a 27 % 84 A& 295 47%
(Table 3) & EF 89% 162F°] ¢#HA Urh
Table 1~3& HI7H] E70d 53] 2dAEE £
e Aoy, BRolAe efe AAsitEke 714
| spgorzat o7t &8 waEw, webr &
5 o] spEel g NS FEs] s &
o] AHE 9@ ARV 2o Zlow Helth
PLANAM e 3 7hed FHoE 7P
sk A AEAY Ao FaskAl ARE
HEFELS AT 25% 4680] LElA SUrh(Table
1; Fig. 3). Pak(1996)2 Seliae 313 7Fd= 2
Ao FEE HEY] 719 dEs= sk
AR EelA Aer] H71E ARAS= Camarotoechia
panderi  (Semenow et Moeller), Schizophoria cf.
upensis Sarytcheva, Glyptospirifer chui (Grabau),
Punctospirifer kusbassicus Besnossova”} AtZ ¥ ™,
b AXIA L] AFEAE HE7] F710A Ag7)
A7 A S AL BOkTHOm et al., 1996;
Pak, 1996). 2 Kim et al(2012)2 Pak(1996)
o] Mer] [71E ANelE PEFE e w1
ZFFAAM HE7] F~3718 AASk= Yunnanellina
triplicata Grabau, Tenticospirifer vilis var. kwangsiensis
Tien, Foreticularia maureri var. altirhynchus (Grabau),
Athyris hudlestoni var. sinensis Tien, A. gurdoni var.
trasversalis TienS 71ASIATE. Kim er al(2012)2
53] 2R3 dolA] di2r] $71 AAIH R &
X3te 83 2 E38MA Leptophloeum rhombicum
Dawsons} Bl&27]9] ZF3AQ0 /NP SF Cavellina
devoniana Egorov, C.? dushanensis Shi, Bairdia
dushanensis Shi, Knoxiella compressa Rozhd 5=
Bsle] XA AR Aihe HE7] W E
=35I THKiIm, 2012; Kim ef al., 2012).
HeathAe vidr] $-97] AFe] 2 ddE
Hunan(@#fg) X Helx g<5=9] 3t (Assemblage
Zone)= 712 EjEciMa and Zong, 2010). 53],
g&7] 37]¢] Xikuangshan Formation(lL//g) 735
AA AZE=  Yunnanellina-Sinospirifer -3t <}
Yunnanella-Hunanospirifer 3ol Fa=0iA] &
o] At FEXA (endemism)S 7FA= Yunnanella®}
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Table 1. List of brachiopods fossils known from the Devonian Imjin System
Genus Species ALocgltles T D, DzAgeDs o) rrljaer-k References
Camarotoechia panderi (Semenow et Moeller) X X X 6,7
shetienchiaoensis (Tien) X X 6,7,8
sp. X 6,7
sp.1 X 6
Pleuropugnoides cf. kinlingensis (Grabau) X X 6
Spinatrypina lungkouchungensis (Tien) X X 6
semilukiana 1jaschenko X X 6,7
Retzia sp. X 6,7
Arctospirifer sp. X 6
Hunanospirifer cf. ninghsiangensis X X 6,8
ninghsiangensis (Tien) ? X 7
Cleiothyridina cf. seriata Grant X 6,7
Punctospirifer kusbassicus Besnossova X X 6,7,8
Kosmoclimenia? sp. X ? 6
Atrypa cf. richthofeni (Kayser) X X 6,7
cf. hunanensis (Grabau) X X 6
hunanensis (Tien) ? X 7
sp. X 3,6,7
douvilli var. lungkochungensis (Mansuy) X X 1,3,7
desquamata mut. hunanensis Grabau ? X 8
Spirifer tersiensis Rotay X X 6,7,8
sp. X 1,3,6,7
Schizophoria cf. upensis Sarytcheva X X X 6,8
sp. X X 1,3,6,7
Cyrtospirifer sinensis (Grabau) X X 6,78
cf. rudkinensis Ljaschenko X X 6
hsichiawaensis (Ozaki) X X 6,8
sp. X 6,7
Tenticospirifer tenticulum (De Verneuil) X X 6,7,8
vilis var. kwangsiensis Tien ? X 7
Schuchertella matyrica Nalivkin X X 6,7
Glyptospirifer chui (Grabau) X X 6,7
Athyris hudlestoni var. sinensis Tien ? X 7.8
gurdoni var. transversalis Tien ? X 7.8
cf. pauca Wang et Rong ? X 7
grandis (Davison) ? X 7
cf. elongata Wang et Rong ? X 7
Eosophragmophora  cf. parva Wang et Rong ? X 7
FEoreticularis maureri var. altirhychus (Grabau.) ? X 7,8
Yunnanellina triplicata Grabau ? X * 7,8
Emanuella cf. transversa Grabau ? X 7
Meristella athyrisformis Grabau ? X 7
Buchanathyris subplana (Tien) ? X 7
Lingula sp. X X 3,6,7
Ptychomaletoechia  shetienchiaoensis (Tien) X X 6
sp.1 X X 6

Localities A. Cholwon area; B. Kumchon area; C. Kangryong area; References 1. Ham, 1981; 2. Pak and Kang, 1984; 3. Kang, 1984;
4. Pak and Kang, 1985; 5. Pak and Kang, 1986; 6. Pak, 1996; 7. Kim, 2012; 8. Kim et a/., 2012. Remark * = only found in Hunan,
South China.
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Genus Species ALocegmesC D] DzAgf;)S C References
Leperditia severa Shi X X 3,6,7,8
sp. X X 6
guangxiensis Sun X X 3,6,7
mansueta Shi ? X 7,8
equiangularis Hou et Sun ? X 7
Guangxinia ovata Sun X 6,7
Healdianella mutica Abushik X X 3,6,7,8
cf. usualis Sun X X 6
Bythocypris cf. hilaris Shi X X 3.6
hilaris Shi ? X 7
Quadraticavellina pulchra Shi X X 3,6,7,8
Bairdia fabaeforma Polenova ? X 7,8
0 cestriensis Ulrich ? X 7,8
s dushanensis Shi ? X 7,8
t  Orthobairdia oklahomaensis (Harlton) ? X 7,8
r squalida Li ? X X 7
a  Dipinnaria triangularis Shi ? X 7
c semicircularis Shi ? X 7
O Acratia gibba Zaspelova ? X 7
(Sj mayselae Egorov ? X 7
Cavellina dushanensis Shi ? X 7,8
hunanensis Sun ? X 7
devoniana Egorov ? X 7.8
Acratinella valida Shi ? X 7.8
Carbonita lentiforma Shi ? X 7
Bolbozoe largiglobosa Wang et Zhang ? X 7
Chamishaella anhuiensis Chen et Bao ? X 7
Alatacavellina parva Li ? X X 7,8
Knoxiella compressa Rozhd ? X 7.8
Eukloedenella shizikouensis Chen et Bao ? X 7
Pseudobythocypris lunata Li ? X X 7.8
Necrateria rectagona Grundel ? X 7,8
Aparchites auriculiferus Rozhd ? 7.8
Tropidodiscus curvilineatus Conad X 3,7
Phragmolites sygyoriensis Lee et Ham X X 1,3,6,7
G sygoyriensis var. similis Lee et Ham X X 1,3,6,7
a gangryongensis Lee et Ham X X 1,3,6,7
s cf. gangryongensis Lee et Ham X X 1,3.6,7
t sp. X X 1.3.6,7
(r) FEuomphalus sp. X 6,7
p laevis d'Archiac et de Verneuil X X 6
o Hormotoma sp. X 6
d  Porcellia sp. 1 X 6
S sp. 2 X 6
sp. 3 X 6
cf. primordialis Schlotheim X X 6

A. Cholwon area; B. Kumchon area; C. Kangryong area; References 1. Ham, 1981; 2. Pak and Kang, 1984; 3. Kang, 1984; 4. Pak and
Kang, 1985; 5. Pak and Kang, 1986; 6. Pak, 1996; 7. Kim, 2012; 8. Kim et al., 2012.
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Table 2b. List of marine invertebrate fossils known from the Devonian Imjin System

. . Localities Age Re-
Genus Speciesspecies A B C D D gD3 Cmark References
Mpllusga Ctenodonta coreanica Kobayashi ? ? * 1,3,7
(Bivalvia)
Thysanophyllum sp. ? X 7
Cnidaria  Peneckiella sp. X 6,7
(Anthozoa) cf. raritabulata Fan X 6
Stringophyllum cf. isactis (Frech) X 6
Bryozoa  Monotrypa hsui Yang X X 1,3,6,7,8
Pentagonocyclicus paucus Dubatolov X X 1,3,6,7
imatschensis Yelt et Dubatolov X X 1,3,6,7
mundus Dubatolov X X 1,3,6,7
Jjucundus Dubatolov X X 1,3,6,7
glaber Yelt X X 3,6,7
levidensis Dubatolov X X 3,6,7
sp. 1 X X 7
Echino- sp- 2 X X 7
dermata sp. 3 X X 7
(Crinoidea) sp. 4 x X 7
Pentagonopentagonalis sp. 1 ? X 7
sp. 2 ? 7
Anthinocrinus aft. floreus Yelt X X 1,6,7
sp. ? 7
Hexacrinites ? humilicarinatus Yelt X X 1,3,6,7
sp. ? 1,7
Cyclocyclicus sp. X X 1,3,6,7

Localities A. Cholwon area; B. Kumchon area; C. Kangryong area; References 1. Ham, 1981; 2. Pak and Kang, 1984; 3. Kang, 1984;
4. Pak and Kang, 1985; 5. Pak and Kang, 1986; 6. Pak, 1996; 7. Kim, 2012; 8. Kim et al., 2012. Remark * = Ordovician.

Yunnanellina7} AH&Eth(Pak, 1996; Ma and Zong,
2010). ©] S5 vl F2 A BE2E A,
t27] wos sz gEr)el e AAS
Atst=d 85T (Pak, 1996; Ma and Zong,
2010). Pak(1996y> Az1A|9] F9Hea Ha=rtA<]
HunanA|¥ Hl27] 5-57] AZdA AEse 957
3PS A tiHlEY, EEEtiRe] TESS XA
gME BHaERA gerhal stk 22y Kim
(2012)2 FH 235 AHAA FE=dIA Hunan
Aol HE7] F7] TEZ Yunnanellina triplicata
Grabaud] AH=-S H sl AYRIAIZE FE=diR|e} 2
A7 ZABA N UL gyt

A7 oz YA FHom FHIA
ZHE S4 2531 (Table 3y SeiE= 4T
welell #xsle Fked dE Wel o+ 7 S5

e

A B E9tHKang, 1984; Pak, 1996; Fig. 4). Pak
and Kang(1987)> 21E3}A o] FFsP AEse B
=X e] HE7] Wutong Formations} JZ1Aol|A] AF
ZHe A #AS Hlask] T AY Alele]
A A ZABAT At 74353t Wutong
Formation®] 24]E3}& AAZoZ FHIIT E¥
£ 7He "7 571 2E34] Leptophloeum
rhombicum Dawsoni} 3 Ho=tX] 529 TE
% Hamatophyton verticillatum Ghu et ZhiE 3}
SFCHLi and Wu, 1996; Klavins, 2004; Wang et
al., 2005; Taylor er al., 2009). YRIANA A=5]
= 392183} Wutong Formation®] 2)E31 40|
AASAE gout, AFH A e Aow
A4 Ao (Kang, 1984; Pak and Kang, 1987),
ol F Ay 7He] aAF FABAE ST
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Table 3. List of algae and terrestrial plant fossils known from the Devonian Imjin System
Genus Species AL oce}gmesc D] ngi:)s C mlzil;s References
Litanaia radiosa Shuysky X X 3,6,7,8
Algae Girvanella sp. X X 6
Koninckopora cf. inflata De Koninck X X 3,6,7
Sycidium reticulatum Sandberger X X X X X 7.8
anhuaense Wang X X 7
Chara melo var. puskowensis Karpinsky X X X 6,7
Trochiliscus sp. X X X 3,6,7,8
ingricus Karpinsky X X 6
zhanyiensis Wang et Lu X X 3,6
Hostimella hostimensis Potonie et Bernard X X X 3,6,7
Aneurophyton germanicum Krausel et Weyland X X 3,6,7
Lycopodites oosensis Krausel et Weyland X X X 3,6,7
Leptophloeum suzhouense Chang X X 6,7
rhombicum Dawson X X X 2,3,6,7,8
Tomiphyton primaevum Zalessky X X 4,7
Hamatophyton verticillatum Ghu et Zhi X X X X * 4,7
Sublepidodendron  shimenense Feng et Meng X X 47,8
wusihense (Sze) X X 6,7
Blasaria sibirica Kryshiofovich X X X + 4,7
Cyclostigma kiltorkense Haughton X X 4,7
Psilophyton goldschmidtii (Halle) X 6,7
princeps Dawson X X X 3,6,7.8
Plicochonetes? vat transversa (Nalivkin) X X 6
Taeniocrada decheniana (Goeppert) Krausel et Weyland x X 2,3,6,7,8
dubia Krausel et Weyland X X X 5,7
cf. dubia Krausel et Weyland X X 3,6
decheniana cf. langi Stockmans X X 3,6,7
Plant sp. X X X X 6
Pseudosporochnus  krejcii Potonii et Bernard X 6,7
Asteroxylon elberfeldense Krausel et Weyland X X 2,3,6,7,8
Protopteridium minutum (Halle) X X 2,3,6,7,8
hostimense Krausel et Weyland X X 2,3,6,7
Hyenia elegans Krausel et Weyland X X X X 3,6,7
Pseudouralia sibirica Petroxyan X X 3,47
Protocephalopteris praecox (Hoeg) Ananiev X X 3,6,7
Archaeopteris archetypus Schmalheim X X 3,4,6,7.8
sibirica Zalessky X X 3,4,6,7
sp. 1 X X X 6,7
sp. 2 X X X 6,7
Aphyllopteris sp. X X 2,3,7
Archaeocalamites (.1, s (Schmalheim) Zeiller X X 3,4,6,7,8
(Asterocalamites)
Lepidodendropsis 7 dzungariensis Sze X X 3,6,7
guangzhuangensis Feng et Meng X X X 3,4,6,7
sinensis (Hsu) Ghu et Zhi X X 4,7,8
hirmeri Lutz X X 4,7
? sp. X X X X 6

Localities A. Cholwon area; B. Kumchon area; C. Kangryong area; References 1. Ham, 1981; 2. Pak and Kang, 1984; 3. Kang, 1984;
4. Pak and Kang, 1985; 5. Pak and Kang, 1986; 6. Pak, 1996; 7. Kim, 2012; 8. Kim et al., 2012. Remarks * = only found in China; +

= only found in Kazakhstan.
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Fig. 3. Brachiopods of the Imjin System. Modified after Pak (1996). 1. Schizophoria cf. upensis Sarytcheva; 2.
Schizophoria sp.; 3. Schucertella cf. matyrica Nalivkin; 4. Camarotoechia panderi (Semenow et Moeller); 5.
Ptychomaletoechia shetienchiaoensis (Tien); 6. Pleuropugnoides cf. kinlingensis (Grabau); 7. Atrypa cf. richthofeni
(Kayser); 8. Spinatrypina lungkouchungensis (Tien); 9. Retzia sp.; 10. Spinatrypa semilukiana Ljaschenko; 11, 12.
Cyrtospirifer sinensis (Grabau); 13. Cyrtospirifer cf. rudkinensis Ljaschenko; 14. Cyrtospirifer sp.; 15. Hunanospirifer
cf. ninghsiangensis (Tien); 16. Tenticospirifer tenticulum de Verneul; 17. Spirifer? sp. All scale bars are 1 cm in

length.

Aoz e,

Pak(1996)2 F3li&= F3w Azl 3ol
NEHE AHESRES "] F71E, o sKiule]
7Rl HRHE shellA AEEE AEs e HE
| 3715 AAskEE HdEa Fsol Ad4d
VAYS FstL, webr fdxIAe] AFAE H
7] S7158 Av] 7172 FEEel. 28
Y} Om et al(1996)% Kim et al (20122 4ZIA|<]
g BN THS RS BB S
b7 2718 AAEe 7] Y= Psilophyton
princeps Dawson3}  Protopteridium minutum(Halle)
o), SHIES) BRI HRT) F18 Arshe =
2y 4

~
off gt

N
o

2% Leptophloeum rhombicum Dawson,
Asterocalamites  scrobiculatus(Schloehiem) Zeiller$};
Sublepidodendron shimenense Feng et Meng©] Ak
Z5S R A A7 GHEHUE TFEE
A71skE g, 2 AAANE 7] $~9712 F
R =

XA AthE gate o] 484 9T 3 A
%% (Chara, £%) 32 AF7HA] BT 2% 65|
g3 A th(Kang, 1984; Pak, 1987; Riu et al.,

1990; Pak, 1996; Om er al., 1996; Fig. 5). 7]
uit] FEeA] 2R 7EXE0] AP o]FH &
s BollA] o]Fo] g A2 AR o]

o] HZxROA 7IHT AR dHA doH

(Grambast, 1974; McCourt et al., 2004), dE7]s}

MRS A= ¢ 2 el A STk

(Grambast, 1974). X2 U2 E2] 2xEr]9} H]

ot FEE 7R THAIE U1 2/FEA, - (algae)

N S AER s Wie SEAR Azt
™ (Graham, 1996; Feist et al., 2005), TAoll= 5

2 G5t =E2A 715 A AAeit AsxRe

53] Fejol A HollN HxFot B FAMS

s 237 ol AA] 713e] o FH 5

]9 5535 715 v ZFHu A8 Eske]

H EFeR AFEIE s, A7 sAF
xgkele] 6% 2505 A=t dElA Aok SR
A7) GHIREE, nucule; XX, o725, X2

ol A w9 Slell 7= Bl AR s

ZW7|CEIIA B S $He BAEEEE FHo o]

spo g HEET] &olgt 7iE, SA12 |9l X
AAE] el vl f-&38HeH(Choi er al., 1995).

N i O ol r
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Fig. 4. Terrestrial plant fossils from the Imjin System. 1. Taeniocrada decheniana cf. lata Tsch., from Kang (1984);
2. Psilophyton cf. princeps Dawson, from Kang (1984); 3. Asteroxylon elberfeldense Krausel et Weyland, from
Kang (1984); 4. Protopteridium hostimense Krausel et Weyland, from Kang (1984); 5. Pseudouralia sibirica
Petrosjan, from Kang (1984); 6. Protopteridium minutum Halle, from Kang (1984); 7. Hostimella hostimensis
Potonie et Bernard, from Pak (1996); 8. Leptophloeum suzouense Chang, from Pak (1996); 9, Leptophloeum
rhombicum var. rhombicum Jum. 10. Leptophloeum rhombicum var. minutum Jum. from Pak (1996). All scale bars
are 1 cm in length.

K
77

K

/]

Fig. 5. Chara fossils from the Imjin System. A. Chara-bearing outcrop natural monument in Kangryong-gun,
Hwanghaenam Province; B. Close-up view of the Chara-bearing strata in the vicinity of the natural monument. C.
Sycidium reticutatum Sandberger. Lateral, apical, longitudinal and cross view of gyrogonite, from Kang (1984); D.
Sycidium anhuaensis Wang. Front, apical and bottom view of gyrogonite, from Kang (1984). All scale bars are
0.5 mm in length.
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L A8 AEx AACM s 27 0.2~03
mm =¢8] AaL T FEje] Frr|7t 3154 A3
A AEY 71™] =3y e (Institute for Peace
Affairs, 2008), 19801 &3ke] HA7IHE A1328=
A= ATHFig. 5). Pl 4E 2 FelR= 24
I AAE e AA9 jEelA AEE sz
Sycidium melo var. puskowensis Karpinsky2] “&&t
7= Y = 8 (sphere)S 2 52 ZHAFFY
FHE 7Y HE27] F715 AAITHKang, 1984;
Feist et al., 2005; Fig. 5). ©] 3¥iF0] 2&d =5
oAM= S reticulatum Sandberger, S. anhuaense Wang,
Trochiliscus ingricus Karpinsky, T zhanyiensis Wang
et Lus XEgshs O A5 o] | Asdd
(Kang, 1984; Pak, 1996; Kim, 2012; Kim et al.,
2012).

AXANA Barg spM o] S Tk, o
Aol AN E 9552 22 @ I8 54 4
3ol AN Ehe 7] S~F71E Be A8
(Kang, 1984; Kim et al., 2012)7} A5k, Ex=
A o] HHZ AR Fojdth ey g Mgk
715 AARTL A SEE XAl XA o

7

< [

AP 5 A7} 3

el
to
o
ui

skt BE AHoA vehes 7S FEig
SAA 5L 22 wH|27] 7oA Aer] 7]
o2& IAY F7] HAZ AFo=, oyt
< RO E o9 glo] AEH= FoR AR
SFcH(Chough er al., 2000). 22t 1930:dt) Hd+&
AlA AL 7NAREE o)F= FHALe] Ao
AdFE & A skE S ARSIt EFHE AR
1A, st F7] IAYFe] EAT 7Fe
o] Loz AZFYeE. 1960 o] F E3 2|2
S50 A Ay 2EQL oA dER|A] ¢k
U QB EH|AT] AFRA AR E AAlslk= S
< 233l 7] dAUTe] BHEA) 2 9 <l
9] oAy AGol|x] oldo} UBAHA HHEX] 9}
I dujjelle shite el g tid3E A1719] H
ZAFo] EZsh= ARo] RISt AR ol E

HZ0] 719 At FE A=Y ML TA 9
ZeH, ol Yo7 IMIEE FAO 7 Fh= Fop
ofe] AZHISAEE olafslr] flsix] fAlx o Fof
of & zA|o]t}.,
Bt AyAled dXAVT AMEE 2 ks
WA @Al fRA FHE AR (FHK) A5
o= M3ttt ol XNF7HA RS E3 At
| AAsle d3d A=A gdek ArES 7t
} 2 oldg Hole FEolth 5§ AFAES ©|
7] F7] BA9] bRl <QURls| (= S8 7T ¢
W g gule] HARAE gAsilon, gEr] %
e vt} %02 SESHA UXIA e 3
A5} 4N §4F0l H¥H Zes By 9t
(Pak and Kang, 1987). 252 &= w7 A
7ol EABHA ekgkomr, o] Fnire]
I
pZs

ok

2

‘_(—{E

==

A e gt sfjo] ik A2 FFHEA]o] 3HF
27150l doE olfrE AHstion, XA}
FA AZe] obd 3 LAY deA 2 FEA 9
o EliH Aoz Al thPak and Kang, 1987;
Pak, 1996). B3t XA x| ZFo] AA| ] FEA| A
A AT Tl gt 2AR s AU o
Aol Exske P s AHEGETS 7IAS
doz A3 thPak and Kang, 1987; Pak,
1996). 28t} The H3 AFAEL o2 A
g0 71AAPe] ofd = ol s AAdHE 7
g 7heAd S Al7Istl o™ (Kim and Kang,
1993), < a5 ST dWE oA Ak F
AtEo] EAE(Kim et al., 2012) °]23 7S
SR ele AR Btk gk WA wAF

Aoz Fxshes e e BEAY
oA Holx QS W ofe}t T A Fo] FBY e
GFoR A HESH o, AdxIA Qe
T 9 dEaiA Aol FEHoE AEEE
TEA S AE3M Hamatophyton verticillatum
Ghu et Zhi®} $=ZFE Yunnanellina triplicata
Grabau B8+ QIZIAI7F @A) ] fIR|ollA EAE Ao]
obdS sl eAlsh, webd QUXIAl LA PAE S
T8&37] ojHth

PHAE EFFste] HiAo wxshes 571 24
o] B2 A Ao A=Ak 3 AT
& oE°] AFRH 55 F5t olF
HAS Aolgta Aztste @ A+AES] 4
(Chang, 1997; Oh, 2006; Kwon et al., 2009)3}
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A 2. xREL H3o Hil(Lee ef dl.,
2013a, 2013bjellA] HFEA ] EEdl= Q2wH]A
71 371 MEles AT o] F4kE, aBal &
At FEAUe] FEANYE 71 AN AFES
B5 =Rl EHE o A72eEel oS
A7) YHZ ol FH FEAY 7FsAE AT
(cf. Kwon et al., 2009; Sajeev et al., 2010).
1990t ol a3 sstiAe] FEH J
Igo] ghitwe] A FFA e o AR HZ=A 0
gk B A7t FAEASH, el Foljof
AAL] B9E Sl )9 IS Lottt o
2] AFAEC Qal $PRAkFo| FEFYA|9} 3
FTURAL] = Hl e Ado] IS Aoz
FAEHNSH(Cluzel er al, 1990, 1991; Cluzel,
1992a, 1992b; Chough er al., 2000), ©]1¢} 37 <)
7ot FEAe] A W 3 SdESol
F=gol o3k HYPES A48 (Kim, 1993; Chough
et al., 2000), ©] ARl 273l RS FF9]
=3 HES] 5% AFoR He v gHE
o] AAFATHYin and Nie, 1993; Cho et dl.,
1995, 2007; Ree et al., 1996; Kwon et al., 2009).
93 X e] JRA BEEA(AHST)F Bl A
gz ko s Aok, |, 7, AsEds 7+
Ao g o]Folxl MAUE Akl Blsl, 53
Aol Ex3= dRAIE AGH "zt 7= &
1,]_ x‘j}ﬂ—;ﬁ'gi @Aé_x]:_y} LPO 7(4:4_01— UJ iquHo]—;q_ feig
A AL WS A 2 A3, AESY, 0|39,
2 EE 2 XVU\M%E EX%
T dom, LXlEl el oujzt 2 kS xghsh
oh ARAA AAEE S} 9] Aldle Hl7] ZollA
27 FA ] 22 ANk 2R ole s
tAollA Bard vh gle W ool ol T Y
AdE5FE 9 S HE S B ARl
EAS te AR dA ok dxIAe &
R0l AXZe] WA ol - W (metapelites)o] oi-$- 7+
st PR 02 YA-SARTI(tight to isoclinal
fold)S olF= AMEZE v|Fo] & w(Ree e al,
1996) MIAES] HAx7E Qlovt XA Hnke] AA
B AEHE % Fr- T wEl
A ZAow FHHEL JAYY Bl UdxA e F
A7F FEA 0wt \AxE Ak A 9o w B
B FAL FFE UeEille a4 Ha o1

Al o EEAAM BE FgdSe] o3 A5

r& O{I:l e

Vol. 24, No. 2, 2015

IS A=A 121

o] oA W W FAF} AfEe AR FFE.

S A A58 Yamaguchi(1951)
A7 % 9 dyoA] BZEo =7 A4E WAL}
sk= A& L"’ﬁ’}‘ﬁguﬂ( E t %8 SANZ

M
Edd g /ﬂ‘:&ﬂl EEH—4 737153 <} @iob— 91‘:
AASF(AAAZGEGA elA 55 3oz A4

S e A, A3 (calc-silicate) 2!
7o g 49 i *éEH(ﬂ‘:L‘}:q]), FHAES} I
WAL AAF-E Arshe 784 AABENEF
EHIH) :Lg]j_ %}ﬂ}\ EQ/] N;]_)d_,+ A E/H H:VHS’J—%
7t ZAFd2 AR FHAHR FHI~)(Ree et al.,
1996)(Fig. 1). ol= 7% o] 5 3 A4 th ]
$7E HEad St FEshe A AA
ufEEo] IQHAIFA WA o2 HAdRNES
WO}, o] x| o2 RE W AZIA FxA| 9] FH-
o} i = Ao v Axo] HARES W
71322l n}Z4]9ks (Barrovian sequence)2] FZIHA
Z+2-(prograde metamorphism)2 UYER)= Z o2 3
2= thRee et al., 1996; Chwae and Choi, 2009).
o] AR &3t Ao BxE AXA AZA AR
7} 7Fseh o] v EAEH (X)), At
Aok 5o Aol F2 e FEolA
AEE A, A 2 FHAE WSS AT
U A& Z] o] AhdBollA Mk} FA IR A
5 Zlo8 B Hso] H2 At Ayl &
F3letch(Kang, 1984; Om et al., 1996; Pak, 1996)
(Fig. 1).

AF7H AEE dEe] SHER vFolE ),
WAe St &38R e 2o2 AlsHTh
A3 E "4"3]-%—?— HES & AGORE HF=2
sstEe = 3 4 ] Al AdE SEUE
7P, e ti5e] FEC wWE Sl 711
g gt FEAL ofUH, FEHtiAl e He
A9 gkstiA|ol] Hek FHF] A|E] UJT 7]
S l(Cho et al., 1995; Ree et al., 1996; Chough
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