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ABSTRACT: We review paleontologic evidence from the Upper Ordovician to Devonian strata in the Korean Peninsula and dis-
cuss their tectonostratigraphic origin. The Upper Ordovician-Devonian fossil-bearing strata are largely distributed in North Korea,
and tectonostratigraphically in the southern margin of the Pyeongnam Basin and in the northern part of the Imjingang Belt. The
fossils have been regarded as evidence that the “great hiatus” of the middle Paleozoic is not a prevalent phenomenon across the
Sino-Korean Block. Examination of selected fossils with stratigraphic and paleogeographic significance reveals that the fossils from
the Sangsori, Koksan and Wolyangri series and the Rimjin System are of the Late Ordovician to Devonian and display affinity to
those of the coeval strata of South China. In addition, the fossils included within clasts of the Songrim Conglomerate, the basal
unit of the Jurassic Taedong System, are of the Silurian to Devonian, which also display affinity to South China. The faunal and
floral affinity suggests that the Upper Ordovician to Devonian strata in North Korea most likely formed in a basin(s) of or periph-
eral to the South China Block, which indicates that the strata are allochthonous, contrary to the traditional interpretation of their
autochthonous origin by North Korean geologists. The Permo-Triassic collision between the two Chinese cratons which resulted
in the amalgamation of three massifs of the Korean Peninsula is considered to be responsible for the accretion and juxtaposition
of the Upper Ordovician to Devonian strata onto the Sino-Korean Block. The autochthonous origin of the strata suggests the
absence of the “great hiatus” at least in North Korea, whereas the allochthonous origin its presence across the Sino-Korean Block.
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1. INTRODUCTION

The Paleozoic strata in the Korean Peninsula are distributed
in the Pyeongnam and Taebaeksan basins (Figs. 1 and 2) in
which Japanese geologists designated the lower Paleozoic Joseon
and upper Paleozoic Pyeongan systems (Tateiwa, 1926; Kawasaki,
1927; Kobayashi, 1933; Shiraki, 1940; Yosimura, 1940; Aoti, 1942).
Since Willis et al. (1907) first noted the existence of a “great
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hiatus” between the lower and upper Paleozoic strata across
northern China, subsequent studies confirmed the absence of
middle Paleozoic strata in the Sino-Korean Block, but its presence in
the South China Block (see Meyerhoff et al.,, 1991 for references).

In the 1930s, Japanese geologists reported occurrences of
middle Paleozoic fossils in the Pyeongnam Basin, challenging
the notion of the middle Paleozoic “great hiatus” in the Sino-
Korean Block (Shimamura, 1929; Kobayashi, 1930; Shimizu et
al., 1934; Kobayashi, 1935; Yabe and Sugiyama, 1937). The
importance of these discoveries was not fully appreciated until
additional findings were made in North Korea during the 1970s
and 1980s. Based on these findings, North Korean geologists
designated the Hwangju System as a chronostratigraphic unit in
the Pyeongnam Basin that includes the Silurian strata as well as
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Fig. 1. (a) Tectonic map of China and Korean Peninsula modified after Zheng et al. (2013, figs. 2, 3, 5). (b) Localities of the strata where the
Late Ordovician to Devonian fossils occur and those of which the age is determined to be middle Paleozoic by zircon geochronology. 1, Son-
grim Conglomerate in the Songrim area (Fig. 3c); 2, Sangsori Series in the Hwangju-Songrim area (Figs. 3a and c); 3, Sangsori and Koksan
Series in the Suan-Koksan-Singye area (Figs. 3a and d); 4, Sangsori and Koksan Series in the Poptong area (Figs. 3a and b); 5, Rimjin System
in the Kangryong area (Fig. 4); 6-9, Rimjin System in the Kumchon and Cheolwon area (Fig. 4); 10, Possible Rimjin System in the Seungho
area; Y, Yeoncheon complex; T, Taean Formation; H, Hoedongri Formation in the Jeongseon area; S, Sapyeongri Conglomerate in the Danyang
area. "“OB” is the Okcheon Metamorphic Belt or Okcheon Basin; the areal extent of the Imjingang Belt is modified from Ree et al. (1996, fig.
1) and Cho et al. (2007, fig. 1); the Nangrim and Yeongnam massifs are regarded as part of the Sino-Korean Block and the Gyeonggi massif
as part of the South China Block (Chough et al., 2000; Chough, 2013; Choi, 2014), although there are different opinions on their tectonic affin-

ity to the two blocks (Jeong and Lee, 2000; Oh, 2006; Oh and Kusky, 2007; Zhai et al., 2007; Kwon et al., 2009).

the lower Paleozoic Joseon System, and the Rimjin System as a
Devonian unit in the Imjingang Belt (Pak, 1986; Pak and Kang,
1987; Ryu and Ri, 1994; Om et al., 1996; Fig. 2). It was noted that
the middle Paleozoic fossil assemblages display similarity to
those of the Yangtze region of the South China Block (e.g.,
Shimizu et al., 1934; Pak, 1976, 1984, 1986; Pak and Kang, 1987;
Pak, 1996), contrary to the fact that the Cambrian to Middle
Ordovician assemblages of the Korean Peninsula are assignable
to the Sino-Korean platform fauna (Kobayashi, 1966a, b, 1967).
North Korean geologists did not interpret such important faunal
and floral disparities from a plate tectonic perspective, and
accordingly interpreted the Hwangju System as an autochthonous
unit, suggesting that the “great hiatus” is absent at least in North
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Korea.

The biostratigraphic and paleobiogeographic significance of
the Late Ordovician to Devonian fossils in North Korea has
seldom received attention. Recently, Lee et al. (2013a, b) and
Choi et al. (2015) compiled the occurrences of these North
Korean fossils and provided tectonostratigraphic implications
of the selected fossils with stratigraphic and paleogeographic
significance. This paper aims to summarize and introduce the
paleontologic findings in the Pyeongnam Basin and Imjingang
Belt to the international community; and discuss their implications
for the understanding of tectonic evolution of the Korean
Peninsula and adjacent regions.
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Fig. 2. Comparative stratigraphic summary of the Paleozoic-Mesozoic strata in South and North Korea (modified after Om et al., 1996 and
Choi and Chough, 2005). The Late Ordovician to Devonian fossil-bearing stratigraphic units in North Korea are shaded. English translation
of stratigraphic and tectonic province names in literatures in South and North Korea correspond to each other as follows; Yeongnam =
Ryongnam, Nangrim = Rangrim or Rangnim, Gyeonggi = Kyonggi, Pyeongnam = Phyongnam, Joseon = Chosun, Pyeongan = Phyongan,
Imjin = Rimjin, and Daedong = Taedong.
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Fig. 3. Geologic map of the Upper Ordovician and Silurian outcrops in the Pyeongnam Basin. (a) Distribution of the outcrops; geologic map
is modified after Om et al. (1996) and rectangular areas magnified in (b)—(d) are modified after Ham (1982) and Lee et al. (2013b, figs. 1, 3-5).

(b) The outcrop near Poptong area. (c) The outcrop near Hwangju-Songrim area; very small outcrops of the Songrim Conglomerate (Lee et al.,
20133, fig. 1) are exposed in the area of Jurassic sedimentary rock’ in the northwest corner. (d) The outcrop near Suan-Koksan-Singye area.
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2. STRATIGRAPHIC NOMENCLATURE IN NORTH
KOREA

In most stratigraphic schemes and geologic maps, North Korean
geologists primarily employed chronostratigraphic units such
as ‘System’ or ‘Series, which is defined as “bodies of rock formed
during the same spans of time,” instead of lithostratigraphic
units such as ‘Group’ or ‘Formation’ which is based solely on
“lithic characteristics and their relative stratigraphic position”
(Murphy and Salvador, 1999). In this respect, a special attention
must be paid when referring to the North Korean stratigraphic
schemes. In two representative articles that summarize geology
and stratigraphy of North Korea (Ryu and Ri, 1994; Om et al.,
1996), the usage of stratigraphic units is confusing. For example,
Ryu and Ri (1994) described the Devonian strata as the Rimjin
‘Group; whereas Om et al. (1996) designated the same unit as
the Rimjin ‘Systen’; the Sangsori Series is divided into the ‘lower
formation’ and ‘upper formatior’ in both literatures. This indicates
that the middle Paleozoic sedimentary strata were initially defined
as chronostratigraphic units based on paleontologic evidence,
not taking into account of lithologic characters. We consider
that without sedimentologic and structural re-examination of
the sections described by the North Korean geologists, the
chronostratigraphic units they erected cannot be directly re-
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designated as lithostratigraphic units, as such revision should
follow strict procedures outlined by international stratigraphic
guide (Murphy and Salvador, 1999, section 3B). In this regard,
we follow the chronostratigraphic units summarized in Om et al.
(1996) as the representative of the North Korean stratigraphic
nomenclature in the present study.

3. LATE ORDOVICIAN TO DEVONIAN FOSSILS
IN NORTH KOREA

Late Ordovician to Devonian fossils occur in the Sangsori,
Koksan and Wolyangri series, Rimjin System, and Songrim
Conglomerate. The Sangsori, Koksan and Wolyangri series are
exposed along the southern margin of the Pyeongnam Basin, in
the Hwangju-Songrim, Suan-Koksan-Singye, and Poptong areas
(Figs. 1 and 3); the Rimjin System is distributed within the
Imjingang Belt, in the Kangryong, Kumchon, and Cheolwon
areas (Figs. 1 and 4); and the Songrim Conglomerate is exposed
in the Songrim area (Figs. 1 and 3).

3.1. Sangsori Series

The Sangsori Series overlies the Middle Ordovician Mandal
Series and underlies the Koksan and Wolyangri series (Ryu and
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Fig. 4. Distribution of the Devonian Rimjin System in the central Korean Peninsula (modified after Choi et al., 2015, fig. 1). Geologic map of
North and South Korea are modified after Om et al. (1996) and Lee et al. (1999), respectively. Detailed geologic map of the Rimjin System
in North and South Korea is modified after Yamaguchi (1951), Ree et al. (1996) and Kim et al. (2000). Yeocheok, Jingok and Samgot units are
part of the Rimjin System which experienced differential metamorphism; darker color corresponds to higher grade metamorphism (cf. Yama-
guchi, 1951; Ree et al., 1996).
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Fig. 5. Corals in the Sangsori and Koksan series in North Korea and the same species from South China. Corals of (a), (c)-(e), and (h)-(m) are
figured in Hong et al. (1997) where those of (a) and (c)-(e) are described as Ordovician fossils and those of (h)-(m) as Silurian fossils. Although
their stratigraphic occurrences were not specified, it is most likely that corals of (a) and (c)-(e) are from the Sangsori Series and those of (h)-
(m) from the Koksan Series (cf. Fig. 2). No scale was given for each figure in Hong et al. (1997). (a) Catenipora sp. assignable to C. shiyangensis;
transverse thin section showing characteristic elongated shape of lacunae. (b) C. shiyangensis from the Upper Ordovician Xiazhen Formation,
Jiangxi Province of China (Liang et al., 2016, fig. 13-4); this species is one of the most common chain corals, endemic to southeastern China;
scale bar = 5 mm. (c) Upper surface of Agetolites. (d and e) Agetolites sp. assignable to A. yushanensis; (d) Transverse thin section; (e) Vertical
thin section. (f and g) Agetolites yushanensis from the Xiazhen Formation (Sun et al., 2016, figs. 5A and B), scale bar = 5 mm; (f) Transverse
thin section; (g) Vertical thin section; this species is also one of the most common agetolitids, endemic to southeastern China. (h and i) Paleo-
favosites sp.; (h) Transverse thin section; (i) Vertical thin section. (j) Heliolites sp., vertical thin section. (k and 1) Syringopora sp.; (k) Transverse
thin section; (I) Vertical thin section. (m) ‘Quepora’ (= Catenipora) sp., vertical thin section.

http://dx.doi.org/10.1007/s12303-017-0046-0
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Table 1. Summary of global stratigraphic range of tabulate corals occurring from the Sangsori and Koksan series and Songrim Conglomerate

in North Korea

Catenipora Zhejiangensis

Halysitidae

Age
Stratigraphic  General Taxonomy Ordovician Silurian Devonian  Carboniferous
unit name
L M U LI W Lu P L M U Miss Penn
Paleofavosites [
Favositidae i f ”
|
Clasts of wostres
Songrim Halysitidae Catenipora [
C Coral —
onglomerate/ Heliolites |
Koksan Series Heliolitidae
Propora |
Syringoporidac ____ Syringopora -
Agetolitidae Agetolites yushanensis
Tetratiidae Rhabdotetradium nobile
Sangsori Series  Coral ~ Columnaridae Favistella

Catenipora shiyangensis

“G" denotes the taxa showing strong endemism.

Table 2. Summary of global stratigraphic range of fossils from the Rimjin System

Stratigraphic unit General name Species

Carboniferous
Miss

Silurian

Penn

Sycidium anhuaense

Charophyte

Sycidium reticulatum

Sycidium melo var. pskowensis

Brachiopod

Yunnanellina triplicata

Tenticospirifer vilis var. Kwangsiensis

Eoreticularis maureri var. altirhychus

Arthyris hudlestoni var. sinensis

Arthyris gurdoni var. trasversalis

Rimjin
System

Terrestrial
plant

Leptophloeum rhombicum

Hamatophyton verticillatum

D

Psilophyton princeps

Protopteridium minutum

Asterocalamites scrobiculatus

Sublepidodendron shimenense

Cavellina devoniana

Ostracod Bairdia dushanensis

Knoxiella compressa

“G" denotes the taxa showing strong endemism.

Ri, 1994; Om et al,, 1996; Fig. 2). Diverse corals occur in the
strata (Lee et al., 2013b, table 1; Fig. 5, Table 1), some of which
are particularly useful in determining the age of strata and
paleobiogeographic affinity of the fauna.

The Sangsori Series consists of the lower dolostone and upper
limestone units in which Agetolites, Favistella, Catenipora,
Rhabdotetradium and Heliolites occur (Lee et al., 2013b, Table 1).
Rhabdotetradium nobile of the lower unit and Agetolites of the
upper unit are the highly reliable age indicator for the Late
Ordovician (Sokolov, 1950; Hill, 1981; Ham, 1982; Lin and Wang,

1987; Lee et al,, 2013b; Sun et al,, 2016). Agetolites has been
reported in Central Asia, South China and Tarim, and is regarded
as a highly endemic taxon (Lee et al., 2013b; Sun et al., 2016).
The Agetolites species of the Sangsori Series are identical or
remarkably similar to those of the Upper Ordovician Xiazhen
and Sanqushan formations in the Yangtze platform (Pak, 1983a,
b; Sun, 2011; Sun et al., 2016; Figs. 5¢c-g). This suggests that the
Sangsori coral fauna is biogeographically closely linked to those
of the platform at species level (Lin, B.Y., 1983; Lee et al., 2013b).
Lee et al. (2013b) regarded Catenipora zhejiangensis, Favistella

http://dx.doi.org/10.1007/s12303-017-0046-0
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and Rhabdotetradium as further indicators for the close
paleobiogeographic affinity between the Sangsori and Yangtze
platform fauna.

3.2. Koksan and Wolyangri Series

The fossil assemblage of the Koksan Series is predominated
by tabulate corals, and the favositids occupy more than 60% of
the coral assemblage (Lee et al., 2013b, Table 2). The coral
assemblage is remarkably similar to those occurring in the clasts
of the Songrim Conglomerate (Lee et al., 2013a, table 2; Table 1).
Pak (1985b) suggested that the age of the Koksan corals ranges
from the early to early late Silurian. Lee et al. (2013b) confirmed
the Silurian age of the Koksan coral assemblage based on the
absence of Agetolites (the diagnostic Late Ordovician coral; Hill,
1981) and Squameofavosites and Parastriatopora (the common
post-Silurian corals; Hill, 1981). The Koksan and Songrim coral
faunas are comparable with the Silurian (Llandovery) coral fauna
of Guizhou and Sichuan provinces of South China (Pak, 1985a,
b; An and Ma, 1993; Lee et al,, 2013a, b), indicating a close
biogeographic affinity of these Silurian coral faunas. The Llandovery
tabulate coral fauna of the South China, which is restricted to
the Yangtze block, is regarded as highly endemic at generic level
(Rong and Chen, 2003).

The Wolyangri Series was recognized as the upper Silurian
strata separated from the lower Silurian Koksan Series (Ryu and
Ri, 1994; Om et al., 1996). Along with the various species of tabulate
(Favosites, Halysites and Heliolites) and rugose (Cystiphyllum
and Tryplasma) corals, fossils indicative of the early late Silurian
age such as cephalopods, gastropods and crinoids also occur in
the Wolyangri Series in the Sangsori area (Om et al., 1996). The
Retziella brachiopod fauna, which is diagnostic to the late Silurian
(Rong et al., 1995), is known to occur in the Wolyangri Series
(Yang, 1989; An and Ma, 1993; Rong et al., 2003; Rong and
Chen, 2003).

3.3. Rimjin System

The Rimjin System which mainly comprises terrigenous and
volcanogenic sediments with a few intercalation of carbonate
layers overlies the Precambrian Sangwon System or the lower
Paleozoic Hwangju System (Kang, 1984; Kim and Kang, 1993;
Pak, 1996; Om et al., 1996; Kim et al., 2012); its basal contact is
known to be structural or unconformable in different localities.
Yamaguchi (1951) reported the occurrence of Monograptus, a
Silurian graptolite, and Cypridea, a Devonian non-marine ostracod
from ‘the uppermost formation of the so-called [Precambrian]
Sangwon System near the Kumchon area; the uppermost formation
represents un-metamorphosed Yeocheok unit of the Yeoncheon

http://dx.doi.org/10.1007/s12303-017-0046-0
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complex, which is often regarded as part of the Rimjin System
(Cho et al,, 1995; Ree et al., 1996; Kee et al., 2008). It is unfortunate
that Yamaguchi (1951) did not provide illustration and
systematic description for these fossils with biostratigraphic and
paleobiogeographic significance.

In the 1960s, Devonian brachiopods and echinoderms were
discovered from the strata which had been previously assigned
to the upper Paleozoic Phyongan System. The discovery led to
the establishment of the Devonian Rimjin System separated
from the Phyongan System (Ham, 1981; Kang, 1984; Pak, 1987;
Riu et al,, 1990; Pak, 1996). The discovery of a charophyte genus
Sycidium including S. melo var. pskowensis, S. reticulatum and S.
anhuaense (Figs. 6ab-ah) confirmed the Devonian age of the
Rimjin System (Kang, 1984; Pak, 1987; Riu etal., 1990; Om et al,,
1996; Pak, 1996). Sycidium is a diagnostic Devonian charophyte in
Eurasia and North America (Conkin et al., 1972; Feist and
Grambast-Fessard, 1991; Mamet, 1991; Feist et al., 2000; Table
2)and S. reticulatum is regarded as a cosmopolitan species (Feist
et al,, 2000). It is of interest that the Sycidium species of the
Rimjin System also occur in the Devonian strata of South China
(e.g., Wang and Chang, 1956; Wang, 1976; Sun, 1989).

Various marine invertebrate fossils such as brachiopods,
gastropods, bryozoans, crinoids, bivalves, ostracods and rugose
corals, microfossils such as algae, and terrestrial plants were also
documented from the Rimjin System (Choi et al., 2015, tables
1-3; Fig. 6). The brachiopods are the most abundant component
of the Rimjin marine fauna (Figs. 5a-q). Pak (1996) interpreted
that the age of the brachiopod assemblage ranges from the
Middle Devonian to early Carboniferous. On the basis of the
additional materials including brachiopods, ostracods and plants
from the Rimjin System (Table 2), Kim et al. (2012) claimed that
the system ranges from Givetian (Middle Devonian) to Famennian
(Late Devonian). Pak (1996) considered that the brachiopod
assemblage of the Rimjin System is comparable to Late Devonian
Yurnmanellina-Sinospirifer and Yunnanella-Hunanospirifer assemblages
of the Xikuangshan Formation of the Hunan area, South China
(Maetal., 2009; Ma and Zong, 2010). Kim et al. (2012) reported
Yunnanella triplicate [= Yunnanellina triplicata] from the Rimjin
System. Yunnanellina is the predominantly Famennian taxon
that abundantly occurs in the Hunan and Guangxi areas of South
China (Ma, 1995); Y. triplicata occurs in the Upper Devonian
Xikuangshan Formation of the Hunan area (Wang and Bai, 1988)
and Liujiang Formation of the Guangxi area (Zhang and Pojeta,
1986). This supports a close paleobiogeographic affinity of the
Rimjin System to the Hunan-Guangxi area, the south-central
part of the South China Block where shallow marine carbonates
and clastics were deposited (Ma et al.,, 2009, fig. 2); the area stretches
over the Yangtze and Cathaysia blocks. The second most abundant
component of the Rimjin fossil assemblage is the Devonian
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Fig. 6. Representative brachiopods, land plants and charophytes from the Rimjin System. (a)-(q) Brachiopods figured in Pak (1996), scale bar
=10 mm; (a) Schizophoria cf. upensis Sarytcheva; (b) Schizophoria sp.; (c) Schucertella cf. matyrica Nalivkin; (d) Camarotoechia panderi (Seme-
now et Moeller); (e) Ptychomaletoechia shetienchiaoensis (Tien); (f) Pleuropugnoides cf. kinlingensis (Grabau); (g) Atrypa cf. richthofeni (Kayser);
(h) Spinatrypina lungkouchungensis (Tien); (i) Retzia sp.; (j) Spinatrypa semilukiana Ljaschenko; (k and |) Cyrtospirifer sinensis (Grabau); (m) Cyr-
tospirifer cf. rudkinensis Ljaschenko; (n) Cyrtospirifer sp.; (o) Hunanospirifer cf. ninghsiangensis (Tien); (p) Tenticospirifer tenticulum de Verneul;
(q) Spirifer? sp. (r)-(aa) Terrestrial plant fossils from the Rimjin System; specimens of (r) to (w) are figured in Kang (1984) and those of (x) to
(aa) in Pak (1996); scale bar = 10 mm; (r) Taeniocrada decheniana cf. lata Tsch; (s) Psilophyton cf. princeps Dawson; (t) Asteroxylon elberfeldense
Krausel et Weyland; (u) Protopteridium hostimense Krausel et Weyland; (v) Pseudouralia sibirica Petrosjan; (w) Protopteridium minutum Halle;
(x) Hostimella hostimensis Potonie et Bernard; (y) Leptophloeum suzouense Chang; (z) Leptophloeum rhombicum var. rhombicum Jum; (aa) Lep-
tophloeum rhombicum var. minutum Jum. (ab)-(ah) Charophyte fossils figured in Kang (1984), scale bar = 0.5 mm; (ab)-(ae) Sycidium retic-
ulatum Sandberger; (ab) Lateral view; (ac) Apical view; (ad) Longitudinal cross-section view; (ae) Transverse cross-sectional view; (af)-(ah)
Sycidium anhuaense Wang; (af) Lateral view; (ag) Apical view; (ah) Bottom view.

http://dx.doi.org/10.1007/s12303-017-0046-0
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terrestrial plants (Table 2; Figs. 6r-aa). Kang (1984) considered
that the assemblage is the Middle to Late Devonian in age on the
basis of the occurrence of Leptophloeum, the Middle to Late
Devonian cosmopolitan lycophyte (Li et al., 1986; Wang et al.,
2005). Pak and Kang (1987) claimed that the Rimjin flora is
comparable with that of the Upper Devonian Wutong Formation
in South China. In particular, the occurrence of Leptophloeum
rhombicum and Hamatophyton verticillatum from the Rimjin
System (Choi et al., 2015, table 3), which are the most dominant
and widespread plants in the Late Devonian (Famennian) of
South China Block (Cai, 2000; Wang et al., 2006) suggests that
the Rimjin System was biogeographically closely linked to the
South China Block. H. verticillatum is the Famennian species
endemic to the Jiangsu-Anhui-Hunan area (Wang et al., 2006)
where coastal-marine clastics were deposited (Ma et al., 2009,
fig. 2); the area stretches over the Yangtze and Cathaysia blocks.
Kim et al. (2011) reported four Devonian corals from the upper
part of the Middle Ordovician Mandal Series in the Seungho
area near Pyeongyang (Fig. 1). Choi et al. (2015) considered that
Calceola sp. of these corals (Kim et al., 2011, fig. 5-1) is similar to
Calceola sandalina from the Lower Devonian strata of the
Guangxi and Yunnan areas (Zhang and Pojeta, 1986; Yu and
Ruan, 1988). C. sandalina is a species that widely distributed in
Gondwana during the late Early to Middle Devonian (Wright et
al.,, 2010; Mergl, 2014). This suggests that the Rimjin System
might have been exposed in wider area outside the Imjingang
Belt.

3.4. Songrim Conglomerate

The Songrim Conglomerate is a fluvial deposit that constitutes
the basal unit of the Songrimsan Series of the Jurassic Taedong
System (Fig. 2). The conglomerate is exposed in small outcrops
near the Songrim area where it unconformably overlies the
lower Paleozoic Hwangju System (Lee et al,, 2013a, fig. 1; Fig. 3c).
Shimizu et al. (1934) first reported invertebrate fossils which are
included as clasts in the conglomerate and not the Mesozoic in
age. Tabulate corals are the most abundant components, and
other fossils such as cephalopods, brachiopods and stromatoporoids
occur as minor components (Shimizu et al., 1934; Yabe and
Sugiyama, 1937; Hamada, 1958; Pak, 1976; Kim, 1990). Favositids
and halysitids predominate the tabulate coral assemblage, and
heliolitids and syringoporids occur as subordinate components
(Lee etal., 2013a, table 2; Fig. 7).

The Songrim Conglomerate is divided into the lower calcareous
and upper clastic units (Pak, 1976), and it was previously
suggested that the age of the tabulate corals in the lower part
ranges from the Late Ordovician to late Carboniferous (Shimizu
et al,, 1934; Yabe and Sugiyama, 1937; Pak, 1976; Kim, 1990).
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The worldwide stratigraphic occurrences of these corals (Hill,
1981) are summarized in Table 1, and their common stratigraphic
ranges suggest that the age of the coral assemblage of the
Songrim Conglomerate ranges from the Late Ordovician to late
Silurian. Lee et al. (2013a) noticed the absence of agetolitids
such as Agetolites, a diagnostic Late Ordovician coral taxon
(Hill, 1981) in the conglomerate, and suggested that the tabulate
coral assemblage of the Songrim Conglomerate is most likely to
be the Silurian. However, subordinate occurrences of corals and
other fossils of the Devonian or even Carboniferous age in the
conglomerate (Pak, 1976; Ham, 1982; Riu et al., 1990; Kim, 1990)
suggests that the clasts bearing these fossils may have been also
supplied from the strata younger than the Silurian (Lee et al.,
2013a).

4. MIDDLE PALEOZOIC STRATA IN SOUTH KOREA

In contrast to the discoveries of the Late Ordovician to
Devonian fossils in North Korea, comparable paleontologic
evidence has yet to be found in South Korea. It is the only
exception that Lee (1980) reported Silurian conodonts in the
Hoedongri Formation exposed in the Jeongseon area of the
Taebaeksan Basin (Fig. 1). Recently, Lee et al. (2016) reported a
new conodont assemblage in the formation that includes Distornodus
kentuckyensis, the nominate species of the early Llandovery
‘global standard’ conodont zone (Cramer et al., 2011, fig. 3).
However, the highly deformed strata in the Jeongseon area generally
inhibits precise stratigraphic and sedimentologic interpretation
of the strata including the Hoedongri Formation; Chough (2013)
further argues that the stratigraphic scheme of the Jeongseon
area established by Lee (1980) is invalid. It is of interest that the
conodont assemblage of the Hoedongri Formation (Lee et al.,
2016) difters from the Llandovery conodont fauna from South
China (e.g., Lin, B.-Y,, 1983; Wang and Aldridge, 2010; Chen et
al., 2014). This contrasts the close paleobiogeographic affinity of
the Silurian strata between North Korea and South China (see
above). No occurrence of any other macrofossils in the Hoedongri
Formation comparable to those of the Koksan and Wolyangri
series suggests that the formation was not biogeographically
linked with the North Korean strata.

Recent studies based on radiometric age data have suggested
possible existence of Devonian strata in South Korea such as the
Yeoncheon complex and Taean Formation (Fig. 1). The Yeoncheon
complex is distributed near the border between the two Koreas
(Yamaguchi, 1951; Kee et al., 2008, fig. 3-2; Choi et al., 2015, fig.
1; Figs. 1 and 4) and often regarded as southward extension of
the Rimjin System (Cho et al., 1995; Ree et al., 1996; Kee et al.,
2008). SHRIMP (Sensitive High Resolution Ion Microprobe)
U-Pb zircon age of an igneous rock intruding the metamorphic
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Fig. 7. Tabulate corals indicative of Silurian age from the Songrim Conglomerate figured in Shimizu et al. (1934); all figures are x3 unless oth-
erwise noted. (a and b) Plasmopora follis Milne-Edwards and Haime; (a) Transverse thin section; (b) Vertical thin section. (c and d) Propora
yabei, Shimizu, Ozaki and Obata; (c) Transverse thin section; (d) Vertical thin section. (e and f) Favosites cf. gotlandicus Lambe; (e) Transverse
thin section; (f) Vertical thin section. (g and h) Favosites kennihoensis Shimizu, Ozaki and Obata; (g) Transverse thin section; (h) Vertical thin
section. (i and j) Syringopora bifurcata Lonsdale which was described as Syringopora bifurcata d’Orbigny in Shimizu et al. (1934); (i) Transverse
thin section; (j) Vertical thin section. (k)-(m) Catenipora escharoides Lamark which was was described as Halysites escharoides Fischer-Benson
in Shimizu et al. (1934); (k) upper surface of the specimen, x0.4; (I) Transverse thin section; (m) Vertical thin section.
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rocks of the Yeoncheon complex and detrital zircons from
metasedimentary rocks indicates its possible maximum depositional
age to be the Devonian (Cho et al., 2005; Kim et al., 2009; Han et
al., 2017). This result confirms the Devonian age of the Rimjin
System suggested by the paleontologic evidence (see above).
The Taean Formation in the western part of South Korea and
on the Gyeonggi massif (Fig. 1) is another sedimentary unit
often regarded as coeval to the Rimjin System. The Taean
Formation has been interpreted as a “deep-water turbiditic
sequence” (Lim et al., 1999; Choi et al., 2008; So et al., 2013) and
considered to have experienced transitional greenschist-amphibolite
metamorphism (Cho et al., 2010). SHRIMP U-Pb dating of
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the Rimjin System (Cho et al., 2010; Kim et al,, 2014; Han et al,,
2017). The latest SHRIMP U-Pb age dating studies suggest that
there might be additional middle Paleozoic outcrops in the
Gyeonggi massif (Kee et al,, 2011; Choi S.J. et al,, 2012; Na et al,,
2012; Choi, 2014; Kim et al., 2014; Cho and Lee, 2016; Choi P-Y.
et al,, 2016). It should be noted that the possible existence of
Devonian strata in South Korea has only been suggested by detrital
zircon age dating results from low-grade metamorphic rocks,
and no fossils comparable to those of the Rimjin System has
been discovered to date.

5. STATIC VS. GEODYNAMIC VIEW

detrital zircons of the formation indicates that the deposition
may have commenced in the Devonian or later, suggesting that
the formation might be part of the Imjingang Belt along with

The discoveries of the Late Ordovician to Devonian fossils in
North Korea challenge the traditional notion of “great hiatus”
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Fig. 8. Comparison of the autochthonous and allochthonous origin of the Late Ordovician to Devonian strata in North Korea based on the
paleobiogeographic closeness between North Korea and South China during the Late Ordovician to Devonian; different colors of the sed-
imentary strata display paleobiogeographic differences. (a) Stratigraphic and geographic distribution of the Cambrian to Jurassic sedimen-
tary strata in the Korean Peninsula; rectangle with dotted outline denotes the strata of which age and/or paleobiogeographic affinity is
questionable (Cambro-Ordovician Hwangju System in the Imjingang Belt, possible Silurian Hoedongri Formation in Taebaeksan Basin, and
possible Devonian strata in the central part of the Pyeongnam Basin); rectangle with dotted outline and filled with dots denotes the strata
in the Gyeonggi massif which are determined to be middle Paleozoic (probably Devonian) in age only by zircon geochronology. (b) The inter-
pretation of the autochthonous origin of the Late Ordovician to Devonian strata in North Korea requires to invoke a corridor in the ocean
between the Sino-Korean and South China blocks. The interpretation of the allochthonous origin indicates that the strata were deposited
in marine and continental basins within or peripheral to the Yangtze block of the South China Block; “?” with number denotes that geologic
evidence is not known that the strata were deposited on the Gyeonggi massif. The autochthonous origin is suggestive of the absence of the
“great hiatus” at least in North Korea, whereas the allochthonous origin the presence of the “great hiatus” in the Sino-Korean Block. Abbre-
viations: SKB = Sino-Korean Block; SCB = South China Block; TB = Taebaeksan Basin; PB = Pyeongnam Basin; YB = Yangtze block; CB = Cathay-
sia block; YP = Yangtze platform; YM: Yeongnam massif; NM = Nangrim massif; GM = Gyeonggi massif; IB = Imjingang Belt; The Yangtze
platform (YP) is regarded as a marine sedimentary basin in the Yangtze block (YB) from the Cambrian to Silurian.
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for the middle Paleozoic across the Sino-Korean Block including
the Korean Peninsula. North Korean geologists claimed that the
middle Paleozoic strata in North Korea are conformable with
the underlying strata and thus advocating their autochthonous
origin. An alternative interpretation of the presence of the
middle Paleozoic strata in North Korea is plausible on the basis
of recent progresses in understanding geologic history of the
Korean Peninsula and adjacent regions (Fig. 8).

5.1. Static View

The Middle Ordovician Mandal, Upper Ordovician Sangsori,
and Silurian Koksan series were interpreted as a conformable
succession (Pak, 1984; Pak and Kang, 1987; Ryu and Ri, 1994;
Om etal,, 1996) and therefore, the Hwangju System was designated
to encompass the Cambro-Ordovician and Silurian strata (Fig.
2). At the same time, it was claimed that no evidence indicative
of unconformity or structural contact between the Mandal and
Sangsori series has been described (Om et al., 1996). Along with
the stratigraphic conformity, the faunal similarity between North
Korea and South China led North Korean geologists to postulate
Late Ordovician ‘Miru’ and Silurian ‘Koksan-Songrin’ seas, as a
narrow extension of Yangtze Sea in South China (Pak, 1976,
1986; Pak and Kang, 1987). The ‘Miru Sea’ was regarded as a
remnant of the Yangtze Sea during the Late Ordovician eustatic
sea-level fall and ‘Koksan-Songrim Sed’ as part of Yangtze Sea
during the ensuing Silurian sea-level rise. Likewise, Devonian
‘Rimjin Sea’ connected with Yangtze Sea, was envisioned for the
Rimjin System (Pak and Kang, 1987; Pak, 1996). These authors
thought that marine sediments were deposited in the Middle

South Korea
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Devonian, and later as the ‘Rimjin Sed’ retreated, continental
sedimentation ensued in the Late Devonian. Accordingly, they
interpreted a sandy conglomerate bed at the base of the Rimjin
System found in the Cholwon area (Choi et al,, 2015, fig. 2,
locality 8) as a basal conglomerate overlying the Precambrian
basement.

Recent reviews (Lee et al., 2013a, b; Choi et al., 2015) and this
study ascertain the paleobiogeographic closeness between the
Late Ordovician to Devonian strata of North Korea and South
China. Paleogeographic reconstructions generally depict that
the Sino-Korean and South China blocks were separated from
each other during the Ordovician to Devonian (Torsvik and
Cocks, 2016, figs. 6.4, 7.4, 8.4) by a deep ocean such as ‘Shangdan
Ocean’ (Dong et al., 2013). Paleobiogeographic analyses of the
Ordovician faunas such as trilobites, brachiopods and conodonts
assert that the two blocks were discrete biogeographic areas
(e.g., Whittington and Hughes, 1972; Williams, 1973; Cocks
and Fortey, 1990; Jeong and Lee, 2000; Zhen and Percival, 2003;
Adrain etal,, 2004; Zhou and Zhen, 2008), although their latitudinal
and longitudinal positions show variations. Provided that the
Late Ordovician to Devonian strata in North Korea are autochthonous
and the two blocks were separated as discrete biogeographic
areas, the paleobiogeographic closeness between North Korea
and South China should be interpreted as indicating that the
marine and continental basins in the South China Block were
connected to those in North Korea during these periods (Fig. 8).
This interpretation is supportive of Rong et al. (2003)’s claim
that North Korea may be part of the Sino-Korean Block but
located near the South China Block during the Silurian based
on the occurrence of a probable Retziella brachiopod fauna in

North Korea
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Fig. 9. Comparison of fossil contents of the clasts of the Jurassic Songrim Conglomerate in North Korea and Sapyeongri Conglomerate in
South Korea which yield the Paleozoic fossils. The clasts of the Songrim Conglomerate include the Cambrian to Carboniferous fossils, whereas
those of the Sapyeongri Conglomerate the Ordovician and Carboniferous fossils, lacking the Silurian to Devonian fossils. This can be taken
as evidence for the absence of the “great hiatus” at least in North Korea.
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the upper Silurian Wolyangri Series. Thus, the static interpretation
contends that the “great hiatus” is absent at least in North Korea.

Comparison of fossil contents in the clasts between the
Songrim Conglomerate in North Korea and correlative Sapyeongri
Conglomerate in South Korea appears to manifest the difference
regarding the “great hiatus” (Fig. 9). The Songrim Conglomerate is
200 to 300 m thick and divided into the lower part including
numerous clasts of the middle Paleozoic fossils and the upper
part with relatively fewer clasts of lower Paleozoic fossils (Pak,
1976). In comparison with the Songrim Conglomerate, the
Sapyeongri Conglomerate of the Jurassic Bansong Group in the
Danyang area contains limestone clasts which rarely yield Ordovician
and Carboniferous conodonts and late Carboniferous fusulinids
(Park and Cheong, 1975; Cheong and Park, 1979), but lack
Silurian and Devonian fossils. This indicates that the Silurian to
Devonian strata were apparently absent in the source area in the
Jurassic, which contrasts the case of the Songrim Conglomerate
(Fig. 9).

The clasts in the lower part of the Songrim Conglomerate are
mostly angular, 10 to 20 cm in diameter, with the maximum of
up to 50 cm. The Late Ordovician to Devonian age of the fossils
(see above) suggests that the clasts are likely to have been
supplied from the Koksan Series and Rimjin System (Lee et al.,
2013a). However, the current exposures of these two strata as
potential source rocks for the clasts are too small and located too
far away to supply such large and angular clasts (Lee et al.,
2013a, b). As the clasts of the Songrim Conglomerate contain
corals, foraminifers and plants of Devonian or even Carboniferous
age, Choi et al. (2015) suggested that the geographic extent of
the Rimjin System may have been much greater than the current
exposures. The occurrence of Devonian corals in the central
part of the Pyeongnam Basin (Kim et al,, 2011; Fig. 1) further
supports this notion of previously greater extent of the Rimjin
System. Based on identical detrital zircon age distributions from
metasedimentary rocks of the Yeoncheon complex and Taean
Formation and other units in the Gyeonggi massif and Okcheon
Metamorphic Belt, Cho et al. (2017) postulated that the entire
Gyeonggi massif might have been covered by these middle
Paleozoic sedimentary strata.

5.2. Geodynamic View

The paleobiogeographic closeness of the Late Ordovician to
Devonian fauna and flora between North Korea and South
China invites an alternative interpretation of the presence of the
middle Paleozoic strata in North Korea from a dynamic perspective
of tectonic movement of the Sino-Korean and South China
blocks and pertinent massifs of the Korean Peninsula. Since 1990s,
numerous studies have pointed out that the Permo-Triassic
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collision between the Sino-Korean and South China blocks
caused the late Paleozoic to early Mesozoic Songrim orogeny in
the Korean Peninsula (e.g., Cluzel et al., 1990, 1991; Cluzel,
1992a, 1992b; Chough et al,, 2000). Several studies have suggested
that the Imjingang Belt be an eastward extension of the Dabie-
Sulu Belt between the Sino-Korean and South China blocks
(Yin and Nie, 1993; Cho et al,, 1995, 2007; Ree et al., 1996),
although there are still disagreements in terms of tectono-
stratigraphic identity of the belt (e.g., Oh et al., 2006; Kwon et
al., 2009; Cho et al,, 2017).

On the basis of zircon geochronology and metamorphic
studies, the Imjingang Belt including the Rimjin System and
Yeoncheon complex is considered to have tectonic affinity to the
South China Block (Ree et al., 1996; Kim ].-N. et al., 2000; Li et
al., 2003, 2008; Kim and Cho, 2008; Zhao and Zhou, 2009; Cho
etal, 2010,2017; Wuetal., 2010; Kim B.S. et al., 2012, Kim S.W.
etal, 2014; Han et al.,, 2017), although Cho et al. (2017) recently
suggested based mainly on SHRIMP U-Pb zircon ages that the
Gyeonggi massif may be a composite terrane involving some
component of a microcontinent. The fossil contents of the Rimjin
System are supportive of the affinity to the South China Block
(Fig. 8). The Rimjin System displays large variations in stratigraphy
and thickness (Choi et al, 2015, fig. 2). Contrary to the
traditional contention of autochthonous origin of the Rimjin
System (see above), Kim et al. (2012) recently proposed that the
distribution of and variations in the outcrops of the Rimjin
System resulted from tectonic movement (see also Ro and Pak,
1987; Kim and Kang, 1993). They reported the occurrences of
Late Devonian fossils in the lower part of the Rimjin System and
Middle Devonian fossils in the upper part in the Kumchon area,
respectively, and further noted that the stratigraphic overturn is
also observed in other localities. They suggested a possibility
that the strata of the Rimjin System were overturned by thrust
and accordingly interpreted the basal conglomerate in the Cholwon
area (see above) as breccia formed by a thrust movement.

Unlike the Rimjin System, no other evidence than paleobio-
geography has been sought to investigate for tectonic affinity of the
Sangsori, Koksan and Wolyangri series. Scattered small outcrops
of these strata are located at topographic highs along the axial
trace of synclines and distributed only in the southern part of
the Pyeongnam Basin (Lee et al., 2013b, figs. 3-5; Figs. 3b-d); the
coeval strata are not known to exist in the northern part of the
basin (Ryuand Ri, 1994; Om et al., 1996). The paleobiogeographic
closeness between North Korea and South China (see above) in
the Late Ordovician to Silurian indicates that the Sangsori and
Koksan series were likely deposited in or a basin(s) peripheral to
the Yangtze platform. Lee et al. (2013a, b) postulated that the
strata were thrust onto the Middle Ordovician Mandal Series
during the Permo-Triassic collision. Therefore, these strata are
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not regarded as autochthonous, but as allochthonous klippes.
This appears to provide a plausible explanation for the small size
of the outcrops and their location at topographic highs along the
axial trace of synclines (Fig. 3). This interpretation of the
allochthonous origin of the middle Paleozoic strata supports the
presence of “great hiatus” in the Sino-Korean Block (Fig. 8). It is
interesting to note that up to 16 m thick “basal mudstone” with
intercalated mudstone and dolostone occurs in the base of the
Sangsori Series (Ham, 1982; Lee et al., 2013b, figs. 2-5). In a
similar fashion, the Koksan Series overlies the Sangsori Series
with up to 5 m thick “basal siltstone” interval in the lowermost
part (Ham, 1982; Lee et al., 2013b, figs. 2-4). These “basal
mudstone” and “basal siltstone” layers at the base of scattered
small outcrops of the Sangsori, Koksan and Wolyangri series
should be investigated in the future in order to delineate the
nature of stratal contact. The relationship of the Late Ordovician
to Silurian strata, in particular the Sangori Series with the
underlying strata warrants detailed examination in terms of
structural geology and stratigraphy.

6. CONCLUDING REMARKS

The biostratigraphic review of the fossils from the Sangsori,
Koksan, Wolyangri series, Rimjin System and Songrim Conglomerate
in North Korea confirms that the fossils are of the Late Ordovician
to Devonian in age, and the paleobiogeographic review points
out that the fossils display affinity to those from the coeval strata
of South China. The interpretation of the autochthonous origin
of these strata suggests that the “great hiatus” is absent at least in
North Korea, whereas that of the allochthonous origin suggests
that it is present in the Sino-Korean Block. The following
paleontologic evidence needs to be incorporated into a tectonic
model for the Korean Peninsula and adjacent regions: 1) the
Cambrian to Middle Ordovician strata in the Pyeongnam and
Taebaeksan basins contain fossils which also occur in other
regions of the Sino-Korean Block, suggesting that the two basins
belonged to the Sino-Korean platform; 2) the Sangsori, Koksan,
and Wolyangri series contain fossils with South China affinity,
implying that the strata may be the remnant of klippes which
were thrust onto the Middle Ordovician strata of the Pyeongnam
Basin, and consequently they are tectonostratigraphically irrelevant
and allochthonous to the Sino-Korean Block; 3) the Rimjin System
contains fossils with strong South China affinity, indicating that
the strata was deposited in a basin connected with the South
China Block; 4) the clasts of the lower part of the Jurassic Songrim
Conglomerate containing the Siluro-Devonian fossils are large,
angular and calcareous, suggesting that the Koksan and Wolyangri
series and Rimjin System as probable source areas for the clasts
were exposed in much larger area than currently exposed.
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