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Kayseraspis (Trilobita) from the Mungok Formation in
Yeongwol area and its significance for the Lower Ordo-
vician biostratigraphy and chronostratigraphy of the
Taebaeksan Basin, Korea
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ABSTRACT: This study reports the occurrence of a trilobite Kayseraspis from the uppermost part of the Mungok Formation, Yeo-
ngwol Group, Korea. This genus has been known to occur in the upper part of the Dumugol Formation of the Taebaek Group and
in the lower part of the Yeongheung Formation of the Yeongwol Group, and to indicate the lowermost Floian in the Taebaeksan
Basin. However, the occurrence of Kayseraspis from the Mungok Formation and the comparison between the biostratigraphy of tri-
lobites and graptolites suggest that the Kayseraspis-bearing faunas in Korea can be assigned to the upper Tremadocian. Accordingly,
it is plausible that the base of the Floian may be positioned in the overlying strata, the Yeongheung Formation of the Yeongwol Group and
the Makgol Formation of the Taebaek Group. In order to consolidate the Lower Ordovician chronostratigraphy of the Taebaeksan

Basin, additional integrative studies on trilobites, graptolites, and conodonts are required.
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1. INTRODUCTION

Trilobites have played a crucial role in establishing biostratigraphic
schemes of the lower Paleozoic Joseon Supergroup (Cambrian
Stage 4 to Darriwilian) of the Taebaeksan Basin, Korea (Choi et
al, 2016). Nineteen and 22 trilobite biozones have been established
respectively for the Yeongwol and Taebaek groups of the Joseon
Supergroup. The boundaries of the biozones from the Wuliuan
Stage of Cambrian to the Tremadocian Stage of Ordovician are
well correlated with those of the international chronostratigraphic
units. In contrast, the boundaries of the biozones overlying the
Tremadocian ones do not well correspond to those of the
chronostratigraphic units due to the relative paucity of trilobite
occurrences (Choi et al,, 2016). The base of the Floian has been
suggested to be roughly coincident with the base of the Kayseraspis
Zone of the Taebaek and Yeongwol groups.
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Kobayashi (1934) recognized the Asaphellus and Protopliomerops
zones in the Dumugol Formation and the Clarkella Zone in the
overlying “Jikdong Limestone (= lower part of the current Makgol
Formation)” of the Taebaek Group. Although thelatter was established
based on the occurrence of the eponymous brachiopod genus,
Kobayashi (1966) emphasized that the five trilobite species of
Kayseraspis and associated taxa are crucial for biostratigraphy
and international correlation of the Lower Ordovician strata.
Kim et al. (1991) re-defined the Clarkella Zone into the Kayseraspis
Zone, and concluded that it is assignable to the upper part of the
Dumugol Formation and to the lower Arenigian (= Floian). Choi
(1998a) reported a Kayseraspis-bearing trilobite faunule from
the Yeongwol Group in Danyang area, and correlated it to the
lower Floian Kayseraspis Zone of the Dumugol Formation. In
the Yeongwol Group, three trilobite biozones underlying the
Kayseraspis Zone were established in the Mungok Formation,
the Yosimuraspis, Kainella, and Shumardia zones in ascending
order (Kim and Choi, 2000). Kim and Choi (2000) suggested that
the entire Mungok Formation was assignable to the Tremadocian
based on no occurrence of Kayseraspis.

As a result, Kayseraspis is crucial for determining the boundary
between the Tremadocian and Floian in the Joseon Supergroup.
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This study aims to report the occurrence of Kayseraspis for the
first time from the Mungok Formation of the Yeongwol Group,
to discuss its biostratigraphic significance, and to reevaluate the
geologic age of the Kayseraspis-related faunas of the Joseon
Supergroup.

2. GENERAL GEOLOGY, FOSSIL LOCALITY, AND
MATERIAL

The Taebaeksan Basin, a tectonic province located in the mid-
eastern part of the Korean Peninsula, mainly comprises the lower
Paleozoic Joseon Supergroup and disconformably overlying upper
Paleozoic Pyeongan Supergroup. The Taebaeksan Basin was
located in the northeastern margin of the Sino-Korea Platform
(Chough et al., 2000; Choi and Chough, 2005; Kwon et al., 2006;
Choi, 2014). The Joseon Supergroup (Cambrian-Ordovician)
consists of the mixed carbonate-siliciclastic sequences, and is
subdivided into three groups based on their unique lithologic
succession and geographic distribution: namely, Taebaek, Yeongwol,
and Mungyeong groups (Choi, 2014; Choi et al.,, 2016). Of the
three groups, the Taebaek and Yeongwol groups have been
intensively studied in terms of paleontology, sedimentology,
and stratigraphy.

The Taebaek Group consists of ten formations: Jangsan (or
Myeonsan, the lateral equivalent), Myobong, Daegi, Sesong,
Hwajeol, Dongjeom, Dumugol, Makgol, Jigunsan, and Duwibong
formations in ascending order. The Cambrian-Ordovician
boundary lies within the lower part of the Dongjeom Formation.
The stratigraphy of the Taebaek Group is well established (Choi
et al., 2004; Choi and Chough, 2005). The Yeongwol Group is
distributed in the western half of the Taebaeksan Basin, and
consists of the Sambangsan, Machari, Wagok, Mungok, and
Yeongheung formations in ascending order (Yosimura, 1940;
Kobayashi, 1966; Choi, 1998b; Kwon and Kwon, 2020). The lower
three formations are assigned to the Cambrian and the upper
two to the Ordovician (Kobayashi, 1966; Choi, 1998b). Although
there have been controversies on the paleogeographic locations
of the Taebaek and Yeongwol groups due to lithologic and
stratigraphic differences (e.g., Cluzel et al., 1991; Yin and Nie,
1993), the two groups are generally considered to have been
deposited in carbonate platforms within the Sino-Korea Platform
(Choi, 2009; Kwon, 2012). Trilobite studies also represent strong
paleogeographic proximity between the Taebaek and Yeongwol
groups (Choi et al., 2016).

The Mungok Formation consists mainly of limestone with
occasional intercalation of shale beds, and is up to 200 m in
thickness and subdivided into four members: Garam, Baeiljae,
Jeommal, Dumok members in ascending order (Kim and Choi,
2000). The Yosimuraspis and Kainella zones were established for
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Fig. 1. Locality map. (a) Location of the Taebaeksan Basin in the
Korean Peninsula (shaded area) and the study area indicated by an
arrow, (b) geologic map showing fossil locality (modified from Hong,
2014, fig. 1).

Fossil locality

the basal part of the Garam and Jeommal members, respectively,
and the Shumardia Zone for the lower to middle part of the
Dumok Member. The lithostratigraphy of the Mungok Formation
can be found in Kim and Choi (2000) and Kim et al. (2014).

The present specimen of Kayseraspis was found in a locality
immediately south of a small crop field along an abandoned
road of the Baeiljae Pass at Bukssang-ri, Nam-myeon, Yeongwol-
gun (N37°13'39.21", E128°23'52.70") (Fig. 1). The fossil-yielding
interval consists of greenish-gray shale intercalated by thin
marlstone layers. This interval corresponds to the uppermost
part of the Chommal-II section of Kim and Choi (2000, fig. 4),
which is correlated to the upper part of the Dumok Member of
the Mungok Formation. In the outcrop, the Dumok Member is
overlain by the Wagok Formation probably with a thrust fault
contact, with no exposure of 15 to 20 m-thick interval between
the two formations.

The fossil-bearing slab is a thin greenish-gray shale with a
dimension of 12 x 10 cm long. Two trilobite fossils are preserved
on one surface: an internal mold of a pygidium of Kayseraspis sp.
and a poorly preserved external mold of a pygidium of an
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unidentifiable asaphid. This material is deposited in the fossil
arthropod collection (prefix KIGAM-9H) of the Geological
Museum, Korea Institute of Geoscience and Mineral Resources,
Daejeon, South Korea.

3. SYSTEMATIC PALEONTOLOGY

Class Trilobita Walch, 1771

Order Asaphida Salter, 1864

Family Asaphidae Burmeister, 1843

Kayseraspis Harrington, 1938

Type species: Kayseraspis asaphelloides Harrington, 1938 from
the San Bernardo Formation, Salta, Argentina (Floian, Ordovician).

Kayseraspis sp.

Fig. 2

Material: One pygidium (KIGAM-9H-355)

Description: Pygidium subtriangular in outline with a short
terminal axial spine; sagittal length 13.5 mm (57%) and maximum
width 13.5 mm excluding axial spine. Pygidial spine 3.6 mm
long, 4.4 mm wide anteriorly, strongly tapering backward, and
very weakly convex. Conical axis narrow, weakly convex, and
4.4 mm wide occupying 19% of pygidial maximum width, reaching
to posterior border furrow; axial rings not well defined. Pleural
field with a convex anterior band of the anteromost pleural rib
defined by well incised first pleural furrow; rest of pleural and
interpleural furrows faintly defined. Border concave, separated
from pleural field by distinct break in slope; width of border
more or less uniform, 35% of pygidial length sagittally; doublure
as wide as border.

Remarks: This specimen is characterized by a short terminal
axial spine. Although incompletely preserved, the outer margin

Fig. 2. Internal mold of a pygidium of Kayseraspis sp. from the upper-
most part of the Mungok Formation, KIGAM-9H-355. Scale bar is 5 mm
wide.
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of the pygidium is clearly deflected near the posteromost end,
indicating the presence of an axial spine. No information on
cranidium precludes the further assessment down to species
level.

4. DISCUSSION

4.1. Importance of the Occurrence of Kayseraspis
in the Mungok Formation

In Korea, Kayseraspis was first reported from the Taebaek
Group (Kobayashi, 1966; Kim et al., 1991; Cheong et al., 1993).
Kim et al. (1991) established the Kayseraspis Zone based on the
dominant occurrence of Kayseraspis laticauda in association
with Asaphopsis nakamurai in the upper part of the Dumugol
Formation. The Kayseraspis Zone was assigned to the Arenigian
(= Floian) on the ground of that the eponymous genus has
been known mostly from the Arenigian strata of many other
paleocontinents, except for the Tremadocian occurrence in North
China. The faunal assemblage is closely similar to the constituents
of the Floian Asaphopsis trilobite biogeographic province
recognized by Whittington and Hughes (1973). It should be
mentioned that this study follows Jell and Stait (1985) who
transferred all but the type species of Asaphopsis to Asaphopsoides.

Subsequently, Kayseraspis was reported from Maepo, Danyang
area in association with Asaphellus? sp., Kayseraspis sp. cf. K.
laticauda, Asaphopsoides maepoensis, indeterminate asaphid
trilobite, and some gastropods and ostracods (Choi, 1998a).
The Danyang area is generally regarded as the southwestward
extension of the Yeongwol Group, although the strata are strongly
deformed (Choi, 2014). The Kayseraspis-bearing fauna of this
area was correlated with the Kayseraspis Zone of the Dumugol
Formation of the Taebaek Group on the basis of the strong
similarity between the two trilobite assemblages characterized
by the common occurrences of Kayseraspis and Asaphopsoides
(= Asaphopsis) species, and was assigned to the Floian (Choi,
1998a). Later, the Danyang fauna was with hesitation included
in the Yeongheung Formation because the lithologic succession
of the fossil-occurring interval is not comparable to any part of
the typical Mungok Formation and the faunal assemblage has
not been reported from the Mungok Formation (Choi et al., 2016).

Consequently, the base of the Floian Stage in the Taebaeksan
Basin has been placed at the base of the Kayseraspis zones in the
upper part of the Dumugol Formation of the Taebaek Group
and with some doubt, the basal part of the Yeongheung Formation
of the Yeongwol Group (Choi et al., 2016, fig. 8). However, the
occurrence of Kayseraspis in the upper part of the Mungok
Formation in this study suggests that the uppermost part of the
Mungok Formation may be assigned to the Floian or the Kayseraspis
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zones previously assigned to the lower Floian should be reassigned
to the upper Tremadocian, both of which are incompatible with
the current chronostratigraphic scheme of the Joseon Supergroup.
Otherwise, the occurrence of Kayseraspis from the Mungok
Formation can be simply regarded as the oldest (late Tremadocian)
record of Kayseraspis in the Taebaeksan Basin, while the other
Kayseraspis-Asaphopsoides associations belong to the Floian.
Hence, to test these possibilities, it is necessary to reevaluate the
Tremadocian-Floian boundary of the Joseon Supergroup by
incorporating the biostratigraphy and international correlation
based on fossils other than trilobites.

4.2. Reassessment of the Age of the Kayseraspis-
bearing Faunas in the Taebaeksan Basin

The Global Stratotype Section and Point (GSSP) of the Floian
Stage was defined by the first appearance of the graptolite
Tetragraptus approximatus at the Diabasbrottet section in
southwestern Sweden (Bergstrom et al., 2004). The absolute age
of the boundary was estimated as 477.7 + 1.4 Ma (Ogg et al,, 2016).
The first appearance datum of T. approximatus is consistent
with the base of the T. phyllograptoides Zone of the Scandinavian
graptolite biozonation and was close to the base of the conodont
Oelandodus elongatus-Acodus deltatus deltatus Subzone of the
Paroistodus proteus Zone and the trilobite Megitaspis (Paramegitaspis)
planilimbata Zone (Bergstrom et al., 2004).

However, as Bergstrom et al. (2004) pointed out, it is somewhat

Seung-bae Lee

problematic to use the Baltoscandian fossil assemblages for the
correlation of the strata deposited near the paleoequator because
the Early Ordovician trilobites and conodonts display a strong
provincialism, while the graptolite T. approximatus shows a
cosmopolitan distribution. Since the Taebaeksan Basin was located
in the peri-equatorial region during the early Paleozoic (Choi et
al., 2001), the comparison of biostratigraphic schemes based on
trilobites and graptolites may provide more reliable age of the
Kayseraspis-bearing faunas in the Taebaeksan Basin.

Although graptolites are not known to occur in the Dumugol
Formation of the Taebaek Group, they have been relatively well
studied in the Mungok Formation of the Yeongwol Group (Kim
et al., 2006a, 2006b; Cho and Kim, 2007a, 2007b; Kim et al,, 2009).
Cho and Kim (2007a) established five Tremadocian graptolite
biozones in the interval spanning from the Jeommal Member
of the Mungok Formation to the lower part of the overlying
Yeongheung Formation, namely the Anisograptus matanensis,
Adelograptus ct. tenellus, Callograptus spp., Paradelograptus antiquus,
and Aorograptus victoriae zones in ascending order (Fig. 3). The
lower three graptolite biozones were correlated with the trilobite
Shumardia Zone of Kim and Choi (2000), indicating that the
base of the Floian should be placed within the Yeongheung
Formation. This assignment is supported by the correlation
with the graptolite biostratigraphy of the Diabasbrottet GSSP,
Britain, and Australasia (Fig. 3). Two graptolite specimens were
observed in the outcrop adjacent to the Kayseraspis sp.-yielding
interval, which are identified as Callograptus sp. and Dictyonema
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Fig. 3. Correlation of the Tremadocian to the early Floian graptolite and trilobite biozones, compiled from Bergstrom et al. (2004) for Dia-
basbrottet section, Ogg et al. (2016) for Britain and Australasia, Cho and Kim (2007a) and Kim and Choi (2000) for the Mungok Formation,
and Kim et al. (1991) for the Dumugol Formation. An asterisk indicates the stratigraphic position of Kayseraspis from this study.
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Fig. 4. Tremadocian graptolites from the outcrop in the vicinity of the Kayseraspis-yielding interval. (a) Callograptus sp., (b) Dictyonema sp.

Scale bars are 10 mm wide.

sp. respectively (Fig. 4). Such dendroid graptlites are common
members of the Callograptus spp. Zone of the Mungok Formation,
and Callograptus are commonly found in the Aorograptus victoriae
Zone of North China (Zhang and Erdtmann, 2004) to the lower
part of which the Callograptus spp. Zone is correlated (personal
communication with Dr. Cho, H.S.). This association of Kayseraspis
and dendroid graptolites leads to conclude that the occurrence
of Kayseraspis sp. can be assigned to the Callograptus spp. Zone
above the Shumardia Zone (Fig. 3). Thus, the interval yielding
Kayseraspis from the uppermost part of the Mungok Formation,
Yeongwol area, is most likely to be the late Tremadocian in age.
The upper Tremadocian occurrence of Kayseraspis in the
Mungok Formation of the Yeongwol Group does not necessarily
indicate that the other Kayseraspis zones of Taebaek and Danyang
area should also be assigned to the Tremadocian. The occurrence of
a single specimen of Kayseraspis in Yeongwol area, which is not
assignable to the specific level, hampers direct faunal correlation
with the other Kayseraspis zones within the Taebaeksan Basin.
No record of Asaphopsis (= Asaphopsoides), the constituent of
the Floian Asaphopsis province, in the Mungok Formation of
Yeongwol area suggests that the Kayseraspis-Asaphopsoides
assemblages in Taebaek and Danyang areas may be younger.
Nevertheless, the assignment of the Kayeraspis Zone in the
Taebaek and Danyang areas to the upper Tremadocian is still
plausible on the basis of the following two reasons (Fig. 3). Firstly,
Kayseraspis has been known to occur in the Tremadocian of
North China (Zhou and Fortey, 1986) and Australia (Shergold,
1991), although it has been reported from the Floian of Canada
(Kobayashi, 1955), Argentina (Harrington, 1938; Harrington and
Leanza, 1957), and Australia (Legg, 1976; Laurie and Shergold,
1996). The species of Asaphopsis (= Asaphopsoides) also have been
reported from the upper Tremadocian strata in China as noted
by Kim et al. (1991). Based on the close paleobiogeographic
relationship addressed by Choi et al. (2001), the Tremadocian

occurrence of these genera in North China lends support to the
upper Tremadocian age of Kayseraspis zones of the Taebaeksan
Basin. In addition, since the trilobite faunal similarity has been
known to be stronger between the Yeongwol and Taebaek groups
in the Lower Ordovician than in the Cambrian (Choi et al., 2001;
Choi, 2009; Choi et al., 2016), it seems reasonable to consider
the appearance of Kayseraspis synchronous than diachronous
across the Taebaeksan Basin that was a relatively small local
basin in the Sino-Korea Platform.

Secondly, the global conodont biostratigraphic correlation of
the Dumugol Formation of Yeongwol-Taebaek area by Seo et al.
(1994), which was favored by Choi (1998a) to assign the Kayseraspis
Zone to the Floian, should be reassessed in reference to the recent
studies. Seo et al. (1994) established four conodont biozones in
the Dumugol Formation, namely the Chosonodina herfurthi-
Rossosdus manitouensis, Glyptoconus quadraplicatus, Paracordylodus
gracilis, and Triangulodus dumugolensis zones in ascending order.
The Tremadocian-Floian boundary was placed within the
Glyptoconus quadraplicatus Zone. Later, Seo and Lee (2010)
correlated these four biozones to those below the Serratognathus
bilobatus Zone of North America and North China. It is
noteworthy that the base of the S. bilobatus Zone is regarded as
consistent with the base of Floian in the Jiangnan Slope Belt of
South China and the North China Platform (e.g., Zhen et al,
2015; Wang et al., 2019). It implies that the entire Dumugol
Formation, including the Kayseraspis Zone, can be assigned to
the Tremadocian.

5. CONCLUSION

It is necessary to evaluate the local biostratigraphic schemes
in accordance with the GSSP criteria to facilitate international
stratigraphic correlation. In the lower Paleozoic Joseon Supergroup
of Korea, the Ordovician biostratigraphy and chronostratigraphy

https://doi.org/10.1007/s12303-020-0009-8
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have been relatively poorly understood compared to the Cambrian.
The occurrence of a trilobite Kayseraspis from the Mungok
Formation in Yeongwol area shows that the Kayseraspis-bearing
faunas in the Taebaeksan Basin may be assignable to the late
Tremadocian rather than the Floian. This interpretation is based
on the comparison of the graptolite biostratigraphy to the trilobite
faunal succession in relation to the GSSP criteria. Although it seems
now more complicated to define the Tremadocian—Floian boundary
in the Taebaeksan Basin, the base of Floian can be drawn somewhere
above the Kayseraspis zones or the genus-bearing intervals in
the Taebaekan Basin, i.e., within the Yeongheung Formation of
the Yeongwol Group and the Makgol Formation of the Taebaek
Group. As in this study; the integrative and comparative approach
using different fossil groups will facilitate more reliable Tremadocian—
Floian boundary in the Taebaeksan Basin. Since biostratigraphically
valuable taxa such as trilobites, graptolites, and conodonts are
relatively diverse and abundant in the Lower Orodivician than in
the Middle Ordovician, multidisciplinary studies are required for
the Mungok and Yeongheung formations of the Yeongwol Group
and for the Dumugol and Makgol formations of the Taebaek
Group in order to establish more precise chronostratigraphy of
the Joseon Supergroup in the Taebaeksan Basin.
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