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ABSTRACT

The Cambrian-Ordovician boundaries in Korea have been traditionally placed bet-
ween the Hwajeol and Dongjeom formations in the Duwibong-type sequence of the
Joseon Supergroup and between the Wagog and Mungog formations in the Yeong-
weol-type sequence of the Joseon Supergroup. Primarily stimulated by the efforts of
the International Working Group on the Cambrian-Ordovician Boundary initiated
in the early 70's. this study attempts to review the faunal features, mainly focused
on the trilobites and conodonts, across the potential Cambrian-Ordovician boundary
intervals in Korea. Although the currently available biostratigraphic data do not per-
mit the resolution of the global stratotype that can provide a guide for the definition
of the Cambrian-Ordovician boundary, two biostratigraphic intervals in Korea show
faunal features close to the Cambrian-Ordovician boundary point. One is the Fryxello-
dontus inornatus-Monocostatus sevierensis-Semiacontiodus lavadamensis Zone in the uppe-
rmost part of the Hwajeol Formation and the other is the lower fauna of the Mungog
Formation. The lower fauna of the Mungog Formation is characterized by the occur-
rence of Yosimuraspis, Jujuyaspis, and Pseudokainella and is presumed to be equivalent
to the Cordylodus intermedius-Utahconus beimadaoensis conodont zone. These faunal
features suggest that the Cambrian-Ordovician boundary of the Duwibong sequence
may lie within the uppermost part of the Hwajeol Formation, while that of the Yeong-
weol sequence below the base of the Mungog Formation.

INTRODUCTION

In Korea, the Cambrian-Ordovician boundary lies within the Joseon Supergroup, a thick
(1500—2000 m) sequence of late Early Cambrian to Middle Ordovician age. The Cambrian-
Ordovician boundary has been traditionally placed between the Hwajeol and Dongjeom for-
mations in the Duwibong-type sequence of Joseon Supergroup and between the Wagog and
Mungog formations in the Yeongweol-type sequence of Joseon Supergroup (Kobayshi, 1966;
Lee, 1987). These Cambrian-Ordovician boundary interval strata have seldom been critically
examined, until recently Lee and Lee (1988), based on a conodont study, suggested a possibi-
lity that the boundary may lie within the uppermost part of the Hwajeol Formation in Duwi-
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bong area. Similarly, Choi (1992) doubted that the Cambrian-Ordovician boundary in Yeo-
ngweol area may be placed within the uppermost part of the Wagog Formation on the basis
of a preliminary study of trilobite occurrences in the Mungog Formation.

During the past two decades, the Cambrian-Ordovician boundary sequences around the
world have been examined in detail by the International Working Group on the Cambrian-
Ordovician Boundary (Bassett and Dean, 1982;Norford, 1988). The main objectives of the
working group are (Norford, 1988, p.324) :

1) to stimulate intensive study of the boundary interval and its faunas and floras, 2)
to document the best stratigraphic sections spanning the boundary in the various part of
the world that have the sequences through the boundary interval, 3) to consider recommen-
dations for the biostratigraphic or other event to serve as the boundary and to decide on
the most appropriate horizon, and 4) to decide on an accessible type section within a suita-
ble type region to serve as the permanent reference (global stratotype) for the Cambrian-Or-
dovician Boundary.

It is however frustrating that in spite of intense efforts of the working group international
agreement for the definition of the Cambrian-Ordovician boundary on a worldwide basis
has not been made yet. Thus, it may be premature to place precisely the Cambrian-Ordovi-
cian boundary in Korea. Nonetheless, it would be worthwhile to examine the sequences spa-
nning the boundary intervals, to document their faunal successions, and to compile up-to-
date informations on the putative Cambrian-Ordovician boundary intervals in Korea. The
specific objective of this review is to synthesize the biotic successions of the Cambrian-Ordo-
vician boundary intervals in Korea, mainly focused on conodonts and trilobites, so as to
provide a basis for better understanding of the Cambrian-Ordovician boundary in Korea.

STRATIGRAPHY OF THE CAMBRIAN-ORDOVICIAN
BOUNDARY INTERVALS IN KOREA

The Cambro-Ordovician sedimentary rocks in southern Korea, which collectively make
up the Joseon Supergroup, are mainly exposed in the Taebaegsan region. Five types of se-
quences were recognized in the Joseon Supergroup, each with distinct lithologic succession
and geographic distribution ; i.e., Duwibong, Yeongweol, Jeongseon, Pyeongchang, and Mu-
ngyeong sequences (Kobayashi et al., 1942). Of these, the Duwibong and Yeongweol sequen-
ces are by far the most intensively studied owing to their prolific occurrences of trilobites
and conodonts. Figure 1 summarizes the stratigraphic nomenclature of the Duwibong and
Yeongweol sequences discussed in the following.

Duwibong Sequence

The Duwibong-type Joseon Supergroup comprises ten formations : the lower five forma-
tions (Jangsan, Myobong, Daegi, Sesong, and Hwajeol formations) were attributed to the
Cambrian in age, while the upper five (Dongjeom, Dumugol, Maggol, Jigunsan, and Duwi-
bong formations) to the Ordovician (Kobayashi, 1966). The Sesong and Hwajeol formations
were originally identified as separate stratigraphic units by Kobayashi (1935, 1966), whereas
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Cheong (1969) incorporated the Sesong and Hwajeol formations into the Hwajeol Formation
(sensu lato). treating the Sesong Slate as a member of the Hwajeol Formation (sensu lato).
Kobayashi (1935, 1966) recognized two trilobite zones (Stephanocare and Drepanura zones)
from the Sesong Slate and five trilobite zones (Prochuangia, Chuangia, Kaolishania, Dictyites,
and Eoorthis zones) from the Hwajeol Formation. These trilobite assemblages have generally
been known to represent Late Cambrian in age. Recently, Lee and Lee (1988) proposed four
conodont zones in the Hwajeol Formation, namely Proconodontus, Eoconodontus (E.) notch-
peakensis, Cambrooistodus minutus, and Cordylodus proavus zones in ascending order and cor-
related these zones with the Late Cambrian ones of China, Iran and North America. They
suggested that the Cambrian-Ordovician boundary may lie within the uppermost part of the
Hwajeol Formation.

The Dongjeom Formation underlain by the Hwajeol Formation is composed of light to
dark gray sandstone with occasional intercalations of shale and limestone lenses. Pseudokai-
nella iwayai is so far the only known trilobite species from the Dongjeom Formation, which
led Kobayashi (1966) to draw the Cambrian-Ordovician bounary in the Duwibong sequence
between the Eoorthis Zone of the Hwajeol Formation and the Pseudokainella iwayai Zone
of the Dongjeom Formation. The overlying Dumugol Formation is an alternating sequence
of limestone and shale layers and measures 150—200 m in thickness. Kobayashi (1934) esta-
blished two trilobite zones in the Dumugol Formation, whereas Kim et al. (1991) recognized
three trilobite zones within the formation in the Gumunso section. The lower two zones.
Asaphellus and Protopliomerops zones, were assigned to the late Tremadoc, while the upper
Kayseraspis Zone to the Arenig. The conodont assembalges (Seo et al., 1994) also indicate
that the Dumugol Formation ranges from the late Tremadoc to Arenig in age, but placed
the Tremadoc-Arenig boundary to the stratigraphically lower horizon than suggested by Kim
et al. (1991).

Yeongweol Sequence

The Joseon Supergroup in Yeongweol area was divided into five formations ; namely, Sam-
bangsan, Machari, Wagog, Mungog, and Yeongheung formations in ascending order (Yosi-
mura, 1940). Although somewhat different views on the stratigraphy and geologic age of
the Yeongweol-type Joseon Supergroup were suggested (GICTR, 1962;Son et al., 1969;Kim
et al.. 1973), recent investigations of Yeongweol area generally follow the lithostratigraphic
scheme proposed by Yosimura (Lee, 1975, 1980;Kim et al., 1985;Lee et al., 1986;Lee et al.,
1991;Park et al., 1994).

The Middle to Late Cambrian Machari Formation, the most fossiliferous formation in
the Cambro-Ordovician sequences in Korea, attains a thickness of up to 400m. The lower
part comprises dark gray dolomitic limestone, shale, and lime breccia and yields abundant
and diverse Middle Cambrian trilobites (Kobayashi, 1935, 1962). The middle part consists
dominantly of dark gray to black laminated calcareous shale with occasional intercalations
of thin dolomitic limestone beds. Trilobite fossils are particularly abundant in this interval.
The upper part of the formation is characterized by alternations of thin-bedded gray dolomi-
tic limestone and finely laminated black shale beds, showing a distinctive banded appeara-
nce, but has been known to be poorly fossiliferous. The overlying Wagog Formation is com-
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posed exclusively of light gray to gray massive dolostone. Kobayashi (1960, 1966), based on
the occurrence of some trilobites and brachiopods, considered the age of the Wagog Forma-
tion as latest Cambrian.

The Mungog Formation is characterized by alternations of diverse lithotypes (Paik et al.,
1991;Choi et al., 1993;Park et al, 1994) and measures up to 200 m in thickness. Park et
al,, (1994) recognized four informal members within the Mungog Formation, based on the
association of dominant lithofacies such as ribbon rock, grainstone to packstone, flat-pebble
conglomerate, and marlstone to shale facies. The basal member, ca. 45 m thick, consists
mainly of ribbon rock and grainstone to packstone with intercalations of thin flat-pebble
conglomerate beds. The lower member is recognized by the occurrence of a thick (30—35
m in thickness) sequence of massive dolostone. The middle member, 35—60 m thick, is
characterized by alternations of ribbon rock and flat-pebble conglomerate lithofacies with
occasional intercalations of grainstone to packstone beds. The upper member, 50—60 m
thick, comprises ribbon rock, grainstone to packstone, flat-pebble conglomerate, and marls-
tone to shale facies. The Mungog Formation has been known to produce fairly diverse inver-
tebrate faunas which indicate an Early Ordovician in age (Kobayashi, 1960;Park et al., 1994;
Kim and Choi, 1995). The conodont fauna of the Mungog Formation also suggests an age
of Tremadoc to early Arenig (Won and Lee, 1977;Choi, 1993).

TRILOBITE BIOSTRATIGRAPHY

Historical Review

Kobayashi (1933) developed the first biozonation for the Late Cambrian strata in Korea.
In 1934, Kobayashi introduced three Ordovician zones for the Dumugol and Maggol forma-
tions ; namely, Asaphellus, Protopliomerops, and Clarkella zones in ascending order. In a mo-
nographic study for the Cambrian faunas of South Korea, Kobayshi (1935) proposed 13 bios-
tratigraphic zones for the Cambrian strata of the Duwibong sequence.

In the Yeongweol sequence, the Yosimuraspis Zone was established at the basal part of
the Mungog Formation, while the invertebrate faunal assemblage above the Yosimuraspis
Zone was collectively correlated with the Asaphellus, Protopliomerops, and Clarkella zones of
the Dumugol fauna (Kobayashi, 1960, 1966). The trilobite fauna of the Machari Formation
was described comprehensively by Kobayashi (1962) who proposed five biozones for the Ma-
chari Formation. The contrasting faunal contents between the Duwibong and Yeongweol
sequences resulted in two separate biostratigraphic frameworks for the Cambro-Ordovician
sequences of South Korea (Kobayashi, 1966). Over twenty biozones or fossiliferous beds were
recognized in the Duwibong sequence, whereas eleven zones were established in the Yeong-
weol sequence (Fig. 1).

Recently Kim et al. (1991) confirmed three trilobite zones in the Dumugol Formation and
Park et al. (1994) recognized two trilobite assemblages from the Mungog Formation. Lee
and Choi (1994) and Choi and Lee (1995) established two early Late Cambrian zones in
the Machari Formation. Lee and Choi (1995) recognized three additional trilobite zones from
the Machari Formation which occupy the interval above the Glyptagnostus reticulatus Zone 3
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namely, Proceratopyge tenue, Hancrania brevilimbata and Eugonocare longifrons zones in asce-

ding order.

Late Cambrian Biostratigraphy

The Late Cambrian trilobite biostratigraphy of the Duwibong and Yeongweol sequences
will be discussed separately, as their faunal contents are quite distinct from each other. Unfo-
rtunately, we had no opportunity to study the Late Cambrian trilobites from the Sesong
and Hwajeol formations of the Duwibong sequence. Thus the biotratigraphic information
of the Duwibong sequence is summarized following the work of Kobayashi(1966). On the

Duwibong Sequence Yeongweol Sequence
Macrofossl| Macrofossil
Formation i Conodont zone Formation . Conodont zone
one
Aurilobodus serratus
Duwibon Actl Id
Wibong | ACNOcerolds | prectoding onychodonta Actinocerolds
Eo th // -
Jigunsan | Orthocerolds Placognathus suecicus
E. Jgunsanensls Yeorighsiing Baslllella
Slgmorthoceras o
o Polydesmia Aurllobldus leptosomatus
99 Manchuroceras
Clarkella
Proto BIGHIER Trangulodus dumugolensls Trangulodus dumugolensls
P Paracordylodus gracllls unnamed
Dumugol Glyptoconus quadraplicatus Glyptoconus quedraplicatus
Chosonodina herfurthl - Mungog Chosonodina herfurthl -
Asaphellus Rossodus manitouensls Rossodus manltouensis
T — Cordylodus Intermedius -
Dongleom | Pseudokalnella Utahconus belmadaoensis
Eoorthis Cordylodus proavus Wagog Aphagoorthis
Dictyltes Cambroolstodus minutus
Hwajeol Kaollshanla Eoconodontus (E.) Preconedontus maellen -
Chuangia ridtehpeakansis Hancranla Cambroolstodus cambricus
Prochuangia Proconodontus clenys
Drepanura Machari Gapparcdus blsuicatus =
Sesong Stephariocars Westergaardodina matsushital -
Iwayaspls W. moessebergensls
Olenoldes Eochuangla
Daegl Solenoparia Tonkinella
Megagraulos Metagraulos
Sambangsan Yabela
Balllella
Mapanla
Myebong Elrathia
Redlichla
Jangsan

Fig. 1. Lithostratigraphic and biostratigraphic nomenclature of the Duwibong and Yeong-
weol-type sequences of the Joseon Supergroup in Korea (compiled from Kobayashi,

1966 ; Lee and Lee, 1986 ; Lee and Leel988 ; Lee et al, 1991 ; Choi, 1993 5 Seo et

al,, 1994).
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other hand, the Machari Formation of Yeongweol sequence produces abundant and diverse
trilobites of Late Cambrian age. Some of the preliminary results will be described in the
following.

Duwibong Sequence. The Late Cambrian trilobites were known from the Sesong and
Hwajeol formations in the Duwibong sequence. Kobayashi (1935, 1960, 1966) established two
zones (Stephanocare and Drepanura zones) from the Sesong Slate and five zones (Prochuangia,
Chuangia, Kaolishania, Dictyites, and FEoorthis zones) from the Hwajeol Formation (Fig. 1).

The Stephanocare Zone stands for the lowest Upper Cambrian zone in the Duwibong se-
quence and comprises three species such as Stephanocare richthofeni, Pseudagnostus douvillei,
and Eodiscus (7 ) sp. Similar faunal assemblage has been known from the Blackwelderia Zone
of Noth China (Chang, 1988). The overlying Drepanura Zone produces a fairly diverse trilo-
bite fauna including Pseudagnostus douvillei, Stephanocare bergeroni, S.(?) quinquispina, Da-
mesella paronai, D. cf. brevicaudata, Blackwelderia monkei, B. sinensis, B. paronai, Parablackwelde-
ria spectabilis, Drepanura ketteleri, D. premesnili, Lorenzella quadrata, and Liostracina krausei.

The Prochuangia Zone occupies the lowest zone of the Hwajeol Formation and contains
Pseudoliostracina monkei, Prochuangia mansuyi, and P. posterospina. The suceeding Chuangia
Zone yields Homagnostus hoiformis, Pseudagnostus chinensis, Kabutocrania fossula, Prochuangia
angusta, Chuangia nitida, C. taihakuensis, C. aff. batia, Lioparia vulgaris, L. coniculus, and Mala-
dioides coreanicus. Althlough Kobayashi (1966) placed the Prochuangia Zone below the Chua-
ngia Zone, Shergold (1980) doubted that the latter may precede the former in reference to
the faunal successions in Australia. The Kaolishania Zone comprises Pseudagnostus cyclopyge-
Jormis, Kaolishania granulata, K. obsoleta, K. ( 7 ) latiura, K. (?) orientalis, K. sp., Kaolishaniella
transita, Tingocephalus magnus, Lioparia obsoleta, Koptura typa, Calvinella (?) sp., Shirakiella
elongata, S. laticonvexa, and Megamansuyia glabra. The Dictyites Zone yields a very diverse
triloite fauna including Geragnostus obsoletus, G. cambria, Pagodia shumardoides, P. coreanica,
Prolloydia orientalis, Kaolishania (?) sp., Mimana eurycephala, M () sp., Haniwa quadrata,
H. oblongata, H. convexa, H. conica, Iddingsia orientalis, Plethometopus longispinus, Megamansuyia
glabra, Mansuyia trigonalis, Kingstonia parallela, Tsinania canens, T. ceres, Dictyites dictys, D. trigo-
nalis, D. depressa, D. longicauda, Coreanocephalus kogenensis, C. ( ?) cylindricus, Saukia sp., Sau-
kiella sp., Prosaukia (?) sp., Calvinella walcotti, C. sp., Tellerina coreanica, Platysaukia euryra-
chis, Asioptychaspis subglobosa, Changia chosensis, Quadraticephalus teres, Q. coreanicus, Q. quad-
ratus, Q. elongatus, Mareda mukazegata, and Lichengia eurychephala. The uppermost Eoorthis
Zone comprises mostly fossils of Cambrian affinity, such as Pseudagnostus cyclopygeformis,
Chuangiella elongata, Haniwa (?) sp., “Pseudokainella” maladiformis, Coreanocephalus (1) te-
nuisulcata, Tellerina coreanica, and T. (?) obsoleta.

Yeongweol Sequence. Late Cambrian trilobites of the Yeongweol sequence are known
from the Machari Formation. Kobayashi (1962) proposed biostratigraphic zones for the Ma-
chari Formation : i.e., Olenoides (including Tonkinella and Eochuangia faunas), Komaspis-Iwa-
yaspis, and Olenus-Glyptagnostus zones in ascending order, and the Hancrania shale was consi-
dered to be correlative of olenus-Glyptagnostus Zone. The inappropriateness of this biostratig-
raphic zonation has been discussed elsewhere (Choi, 1992;Lee and Choi, 1994;Choi and Lee,
1995). The Late Cambrian trilobite stratigraphy of the Machari Formation has recently been
modified by Lee (1995), which is summarized in the following.

The oldest Late Cambrian biozone of the Machari Formation was recognized by the occu-
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rrence of Olenus asiaticus and Glyptagnostus reticulatus (Kobayashi, 1944, 1962). Apart from
the occurrence of Olenus asiaticus and Glyptagnostus reticulatus, five more species were found
associated with them : they are Glyptagnostus stolidotus, Pseudagnostus leei, Aspidagnostus stictus,
Innitagnostus innitens, and Peratagnostus obsoletus (Lee and Choi, 1994). Based on the stratigra-
phic occurrences of these trilobites, two trilobite zones, i, e., Glyptagnostus stolidotus and Glyp-
tagnostus reticulatus zones, are proposed. The Glyptagnostus reticulatus Zone is equivalent to
the previous Olenus-Glyptagnostus Zone, while Glyptagnostus stolidotus Zone occupies the inter-
val just below the Glyptagnostus reticulatus Zone (Choi and Lee, 1995).

The overlying Proceratpyge tenue Zone represents rather sparsely fossiliferous interval of
the Machari Formation. Trilobites include Proceratopyge tenue, Erixanium sp., Pseudagnostus
idalis, and Peratagnostus obsoletus. The Hancrania brevilimbata Zone is dominated by the nomi-
nal species and also contains Proceratopyge elongata, Stigmatoa coreanica, Innitagnostus inexpec-
tans, Peratagnostus obsoletus, Phalagnostus minor and Pseudagnostus idalis. The Hancrania brevili-
mbata Zone can be equated with the Hancrania shale (s.s. Kobayashi, 1962). The succeeding
Eugonocare longifrons Zone comprises Eugonocare longifrons, Proceratopyge praelonga, Irvingella
prisca, Erixanium similis, Kormagnostella sp., Peratagnostus obsoletus, Pseudagnostus idalis, and
Innitagnostus sp. The Proceratpyge tenue, Hancrania brevilimbata and Eugonocare longifrons zo-
nes are collectively comparable to the lower to middle Changshanian of China, middle to
upper Idamean of Australia, and middle to upper Dresbachian of North America (Lee and
Choi, 1995).

Above the Eugonocare longifrons Zone, three biozones are recognized . i.e., Oncagnostus ma-
chariensis, Irvingella antigena, and Pseudoyuepingia asaphoides Zones in ascending order. The
Oncagnostus machariensis zone is easily identified by the occurrence of some diagnostic taxa
such as Irvingella, Jegorovaia, Haniwoides, Eochuangia, Oncagnostus, Ivshinagnostus among
others. This zone should include the previous Eochuangia Zone (Kobayashi, 1966), as Eo-
chuangia is found exclusively in this interval. The Irvingella antigena Zone is extremely diverse
and comprises Haniwoides, Eugonocare, Irvingella, Proceratopyge, Chuangia, Agnostotes, Innitag-
nostus, Kormagnostella, Neoagnostus, Oncagnostus, Pseudagnostus, and Ivshinagnostus. Of these,
the occurrence of Agnostotes is significant, as this genus has a restricted geographic distribu-
tion and narrow stratigraphic range. The succeeding Pseudoyuepingia asaphoides Zone is disti-
nct form the lower zones in having relatively long-ranging trilobite taxa. The genus Pseudoy-
uepingia has a priority over Iwayaspis, and thus this zone should comprise the previous Ko-
maspis-Iwayaspis Zone. The Pseudoyuepingia asaphoides Zone is the youngest zone recognized
in the Machari Formation and can be correlated with the middle Changshanian of China,
lower Iverian of Australia, and middle Franconian of North America.

The upper part of the Machari Formation is poorly fossiliferous and an attempt to find
fossils from the Wagog Formation was also unsuccessful. Therefore no paleontological infor-
mation for the uppermost Cambrian sequences in Yeongweol area is available for the mo-
ment.

Early Ordovician Biostratigraphy
Duwibong Sequence. As stated in the preceding, it cannot be ruled out that the Camb-

rian-Ordovician boundary may be placed within the Eoorthis Zone of the Hwajeol Formation.
Undoubtedly more paleontological data should be gathered for defining the Cambrian-Ordo-
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vician boundary within the interval. The Pseudokainella Zone of the Dongjeom Formation
was established based on the sole occurrence of Pseudokainella iwayai (Kobayashi, 1953). Ho-
wever, the holotype, the only known specimen of the species, is poorly preserved and its
assignment to Pseudokainella seems doubtful. Therefore, the currently available data show
that the earliest Ordovician trilobites are poorly represented in the Duwibong sequence.
The Lower Ordovician trilobite faunas of the Duwibong sequence have been known to
be relatively diverse (Kobayashi, 1934) and were differentiated into three biozones : i. e., Asa-
phellus, Protopliomerops, and Clarkella Zones in ascending order. The Asaphellus and Protoplio-
merops zones of the Dumugol Formation were assigned to the Tremadoc, while the Clarkella
Zone of the Maggol Formation to the Arenig (Kobayashi, 1966). Recently Kim et al. (1991),
however, recognized three biozones within the Dumugol Formation, namely Asaphellus, Proto-
pliomerops, and Kayseraspis zones in ascending order, which modifies slightly the biozonation
proposed by Kobayashi (1966);i. e., the Kayseraspis Zone replacing the previous Clarkella
Zone has been extended down to the upper part of the Dumugol Formtion. Kobayashi (1934)
reported a fairly diverse trilobite fauna comprising 13 species from the Asaphellus Zone, while

Kim et al. (1991) listed only three species. This zone is roughly comparable to Chosonodina
herfurthi-Rossodus manitouensis and Glyptoconus quadraplicatus conodont zones (Seo et al.,
1994) and was considered to be late Tremadoc in age (Fig. 1). The Protopliomerops Zone
has also been known to contain fairly rich trilobite fauna (Kobayashi, 1934). Kim et al.
(1991) identified Apatokephalus (? ) sp. from the Protopliomerops Zone and considered its
age as late Tremadoc. This interval may correspond to the Paracordylodus gracilis conodont
zone (Seo et al, 1994). which was however assigned to the early Arenig. The Kayseraspis
Zone was originally recognized from the Maggol Formation and comprises a distinct trilobite
assemblage (Kobayashi, 1934). It is of note that Asaphopsis nakamurai is associated with Kay-
seraspsis nakamurai as a member of Asaphellus Zone. The known geologic age of Asaphopsis
elsewhere and the co-occurrence of Asaphopsis and Kayseraspis in the Dumugol Formation
strongly suggests that Asaphopsis nakamurai must have been included in the Clarkella Zone.
The Triangulodus dumugolensis conodont Zone approximately corresponds to this zone, which
was assigned to the Arenig (Seo et al, 1994).

Yeongweol Sequence. Trilobite occurrences in the Mungog Formation are confined to
the three widely separated intervals, which are herein refered to the lower, middle and upper
faunas, respectively. The lower and upper faunas were procured from the lowermost part
of the basal member and the lower half of the upper member, which were formerly designa-
ted as assemblages A and B, respectively (Park et al., 1994). The middle fauna was recently
documented from the middle member (Kim and Choi, 1995).

The lower fauna, equivalent to the Yosimuraspis Zone of Kobayashi (1960) and Assemblage
A of Park et al. (1994), is characterized by the dominance of kainellid trilobites. The fauna
consists dominantly of Yosimuraspis and subordinately of Jujuyaspis and Pseudokainella. Bra-
chiopods occur commonly at some horizons and include Lingulella, Eoorthis, and Aphaeorthis.
The occurrence of the lower fauna is confined to the lowermost several-meter-thick interval
above the boundary between the Wagog and Mungog formations, where planar-to nodular-
bedded ribbon rock facies is dominant. Although Kobayashi (1960, 1966) reported Asaphellus
tomkolensis from the Yosimuraspis Zone, no specimens of Asaphellus are so far found in
the lower fauna. Instead, it is noteworthy that Jujuyaspis and Pseudokainella are associated
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with Yosimuraspis, as these genera are representative trilobites of early Tremadoc age. This
fauna may be comparable to either part of the Eoorthis Zone of the Hwajeol Formation
or Pseudokainella Zone of the Dongjeom Formation of the Duwibong-type Joseon Superg-
roup, as the latter two zones have been known to yield Pseudokainella (Kobayashi, 1966).
Similar faunal assemblages to the lower fauna are however better represented in North
China. The genus Yosimuraspis has been employed as a zonal taxon for the lower Tremadoc
sequences of North China (Zhou and Zhang, 1984;Chen et al., 1985;Chen et al., 1988). The
association of Jujuyaspis and Pseudokainella with Yosimuraspis has also been documented in
Hebei Province, North China (Chen et al., 1983;Zhou and Zhang, 1984;Duan et al., 1986;
Chen et al.,, 1988). Thus, the lower fauna of the Mungog Formation is well correlated with
the Yosimuraspis Assemblage Zone of North China.

The genus Jujuyaspis has been known to be one of the most diagnostic trilobites in recog-
nizing the Cambrian-Ordovician boundary, as having a short time range and a wide geogra-
phic distribution (Stitt and Miller, 1987;Acenolaza and Acenolaza, 1992). In Scandinavia,
Jujuyaspis keideli norvegica occurs within the Boeckaspis Zone at a slightly higher horizon
than Dictyonema flabelliforme and the putative Cambrian-Ordovician boundary has been
drawn at the base of the Boeckaspis Zone, about three meters below the Jujuyaspis-bearing
horizon (Bruton et al., 1982, 1988). The conodont species associated with Jujuyaspis Norway
(Bruton et al., 1988) are Cordylodus proavus, C. lindstromi, Eoconodontus notchpeakensis, Phake-
lodus tenuis, and lapetognathus preaengensis. In South America, the occurrence of Jujuyaspis
keideli associated with Dictyonema flabelliforme has been reported in the ‘Parabolina argentina’
Zone (Harrington and Leanza, 1957;Acenolaza nad Acenolaza, 1992). Jujuyaspis sinensis was
reported from the middle upper part of the Yosimuraspis Assemblage Zone in North China
(Zhou et al,, 1984;Zhou and Zhang, 1984). The associated conodont species include Cordylo-
dus intermedius, C. prion, C. proavus, “Acodus” oneotensis, Utachconus utahensis, Prooneotodus
gallatini and Teridontus nakamurai. The Dictyonema flabelliforme-Staurograptus dichotomus Zone
has been correlated with the upper part of Yosimuraspis Zone and the lower part of Wanglia-
ngtingia Zone. In the western United States, the genus Jujuyaspis has been known to occur

in the basal Ordovician (Winston and Nicholls, 1967;Norford, 1969;Dean, 1989;Stitt and Mil-
ler, 1987;Loch et al., 1993).

The middle fauna is represented by the sole occurrence of Kainella sp. cf. K. euryrachis,
Kobayashi, 1953 from the basal part of the middle member (Kim and Choi, 1995). The genus
Kainella has been reported from North America, South America, and Asia. In Korea, Kainella
euryrachis has previously been known to occur in an argillaceous limestone bed, Sangdong
area (Kobayashi, 1953). The precise stratigraphic position of Kainella euryrachis is however
uncertain, albeit Kobayashi (1966) listed the species as a member of the Asaphellus Zone
of the Dumugol Formation. In North America, Kainella has been exclusively reported from
Zone D and E which are approximately correlated with the middle Tremadoc (Ross, 1982).
Three species of Kainella have been documented from the lower Tremadoc of South America
(Kobayashi, 1935;Harrington and Kay, 1951;Harrington and Leanza, 1957). The interval pro-
ducing Kainella sp. cf. K. euryrachis can be correlated with Zone D of North America and
Kainella meridionalis Zone of Argentina. This conclusion is consistent with the occurrence
of an early Tremadoc trilobite Jujuyaspis in the lower fauna of the Mungog Formation (Park
et al,, 1994), Zone A of North America (Dean, 1989) and Parabolina argentina Zone of Arge-

www.dbpia.co.kr



66 J. PALEONT. SOC. KOREA. V. 12. NO. 1, 1996

ntina (Harrington and Leanza, 1957).

The upper fauna, equivalent to the Assemblage B of Park et al. (1994), includes Micragnos-
tus coreanicus Kobayashi, 1934, Shumardia pellizzarii Kobayashi, 1934, Apatokephalus hyotan
Kobayashi, 1953, Hystricurus megalops Kobayashi, 1934, Dikelokephalina asiatica Kobayashi,
1934, Asaphellus sp., and Koraipsis spinus Kobayashi, 1934. Apart from trilobites, observed
are inarticulate brachiopods, ostracods, crinoids, Sphenothallus, Plumulites, and Anatifopsis. The
upper fauna of the Mungog Formation as a whole shows a close resemblance to the Dumu-
gol fauna (Kobayashi, 1934;Kim et al., 1991). However, it should be noted that the biostratig-
raphic zones of the Dumugol Formation are not directly applicable to the upper fauna:in
other words, the upper fauna collectively comprises elements of the Asaphellus Zone, Protop-
liomerops Zone and Kayseraspis Zone. Comparable faunas to the upper fauna are also found
in the upper Tremadoc sequences of North China, South China and Australia. In North
China, Chen et al. (1983) and Zhou and Fortey (1986) reported the occurrence of Asaphellus,
Hystricurus, Koraipsis, and Dikelokephalina along with other endemic genera from the late
Tremadoc Asaphellus trinodus Zone (or horizon 1 in Zhou and Fortey, 1986) of the Yehli
Formation. The co-occurence of the trilobite genera mentioned above suggests that the upper
fauna is correlative with the Asaphellus trinodus Zone of the Yehli Formation. The fairly
abundant and diverse late Tremadoc trilobite faunas were also recorded from the South
China (Peng, 1990b). Although their faunal contents are quite different from the upper fauna,
the occurrence of some cosmopolitan genera such as Asaphellus, Shumardia, and Apatokepha-
lus makes it possible to correlate the upper fauna with part of the Apatokephalus latilimbatus-
Taoyuania affinis and Shumardia acutifrons-Asaphopsoides assemblage zones of the Jiangnan
Slope Belt.

CONODONT BIOSTRATIGRAPHY

Historical Review

Muller (1964) was the first to report the occurrence of conodont fossils from Korea. Since
then, the conodont was the most intensively studied fossil group in the Cambro-Ordovician
Joseon Supergroup of Korea.

Lee (1970, 1975) described a fairly diverse conodont fauna from the Dumugol Formation
and concluded that the conodont assemblage indicates an Arenig age. Lee and Lee (1971)
made a reconnaissance study for conodont assemblages of the Duwibong sequence, which
provided a basis for subsequent conodont stuies. However, it was in recent years that the
Late Cambrian and Early Ordovician conodont faunas of Korea have been intensively inves-
tigated. Subsequently it has been claimed that the uppermost part of the Hwajeol Formation
contains the earliest Ordovician conodonts (Lee and Lee, 1988;Lee, 1989a, 1989b, 1990;Lee
and Lee 1993). Seo et al. (1994) recognized four conodont biozones in the Dumugol Forma-
tion, ranging from late Tremadoc to early Arenig age. Lee and Lee (1986) established a co-
nodont zone, Eoplacognathus suecicus-E. jigunsanensis Zone, in the upper part of the Jigunsan

Formation and two conodont zones, the Plectodina onychodonta and Aurilobodus serratus Zo-
nes, in the Duwibong Formation. Lee and Lee (1990) supplemented the previous works to
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recognize the Aurilobodus leptosomatus Zone in the Maggol Formation.

Won and Lee (1977) reported the first conodont faunal assemblage from the Mungog For-
mation of the Yeongweol sequence. Lee (1989) described conodont assemblages from the
Yeongheung Formation, which were interpreted ranging from Arenig to Caradoc. Lee et al.
(1991) found some Late Cambrian conodont assemblages from the Machari Formation.
Choi (1993) reported a fairly diverse conodont fauna from the Mungog Formation, indicating
of an age of Tremadoc to Arenig.

Duwibong Sequence

The conodont zones for the Late Cambrian Hwajeol Formation were first proposed by
Lee and Lee (1988) and include Proconodontus, Eoconodontus (E) notchpeakensis, Cambrooisto-
dus minutus, and Cordylodus proavus zones in ascending order. These zones were correlated
with Distacodus ? palmeri-Prooneotodus rotundatus, Proconodontus-Rotundoconus, and Cordylodus
proavus zones of North China and with Proconodontus and lowermost Cordylodus proavus zo-
nes of the western United States. They suggested a possiblity that the Cambrian-Ordovician
boundary may lie within the uppermost part of the Hwajeol Formation. Similar biozones
were subsequently confirmed and/or modified by Lee (1989a, 1989b, 1990, 1992). Lee (1992)
added a new conodont zone, Fryxellodontus inornatus-Monocostodus sivierensis-Semicacontiodus
lavadamensis Zone, above the Cordylodus proavus Zone, and suggested the Cambrian-Ordovi-
cian bounary at the base of the Fryxellodontus inornatus-Monocostodus sivierensis-Semiacontiodus
lavadamensis Zone. Recently Lee and Lee (1993) presented a considerably revised conodont
biostratigraphy of the Hwajeol Formation and also stated that the Cambrian-Ordovician
boundary lies within the uppermost part of the Hwajeol Formation : the Proconodontus, Eoco-
nodontus notchpeakensis, and Cambroositodus minitus zones put collectively together into the
Proconodontus Zone ; the Cordylodus proavus Zone maintains to represent the uppermost Ca-
mbrian ; and the Semiacontiodus nogamii Zone occupies the basal Tremadoc. This implies
that the Cambrian-Ordovician boundary can be drawn between the Cordylodus proavus Zone
and Semiacontiodus nogamii Zone in the Duwibong sequence. The overlying Dongjeom For-
mation is composed of light-to dark-gray sandstone and has been so far known to yield
no conodont fossils.

The succeeding Dumugol Formation comprises a diverse conodont fauna. Seo et al. (1994)
recognized four biostratigraphic zones in the Dumugol Formation:i.e., Chosonodina herfurthi-
Rossodus manitouensis, Glyptoconus quadraplicatus, Paracordylodus gracilis, and Triangulodus du-
mugolensis Zones in ascending order. These biozones are correlated with the Cordylodus rotu-
ndatus-Acodus oneotensis, Scolopodus quadriplicatus-S. opimus, and Scalpelloldus tersus Zones of
North China, with the Cordylodus angulatus, Drepanoistodus deltifer, Parositodus proteus, Prionio-
dus elegans, and Oepikodus evae Zones of the North Atlantic Province, with the Fauna C
through Oepikodus communis Zone of North America, and with Chosonodina herfurthi-Acodus
and Drepanodus( 7 ) gracilis-Scolopodus sexplicatus Zones of Australia. Seo et al. (1994) referred
the lower two zones to the Tremadoc and the upper two to early Arenig in age.

Yeongweol Sequence
Lee et al. (1991) established two conodont assemblages in the Machari Formation. The

lower Gapparodus bisulcatus-Westergaardodina matsusitai-W. moessebergensis Assemblage has
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been compared with early Late Cambrian faunas of the Duwibong sequence, China, and
northern Europe. The upper Proconodontus muelleri-Cambrooistodus cambricus Assemblage is
correlated with the middle Late Cambrian Proconodontus Zone of the Hwajeol Formation,
North China, and North America. No conodont fossils have been reported to occur in the
Wagog Formation.

Choi (1993) recognized five conodont zones from the Mungog Formation:i.e. Cordylodus
intermedius-Utahconus beimadaoensis, Chosonodina herfurthi-Rossodus manitouensis, Glyptoconus
quadraplicatus, unnamed, and Triangulodus dumugolensis zones in asecending order (Fig. 2).
The biozones above the Cordylodus intermedius-Utahconus beimadanoensis Zone basically fol-
low those of the Dumugol Formation (Seo et al., 1994), which implies that conodont faunal
assemblages of the Yeongweol and Duwibong sequences are closely comparable to each
other.

The Cordylodus intermedius-Utahconus beimadaoensis zone occupies the lower part of the
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Fig. 2. Stratigraphic ranges of selected conodont species from the Mungog Formation (com-
piled from Choi, 1993).
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basal member and the top of the zone is defined at the base of Chosonodina herfurthi-Rossodus
manitouensis Zone. Among the taxa found in this interval are Cordylodus intermedius, C. lenzi,
C. rotundatus, Acodus oneotensis, Drepanodus homocuvatus, Oneotodus erectus. Protoconodontus
posterocostatus, Prooneotodus tenuis, Teridontus nakamurai, Utahconus beimadaoensis, Valiabilico-
nus bassleri, and Scolopodus sp. (Choi, 1993, fig. 5). Of these, Cordylodus intermedius, C. lenzi,
C. rotundatus, Protoconodontus posterocostatus, and Prooneotodus tenuis are confined to this zone.
It is noteworthy that Cordyeodus intermedius and C. rotundatus occur in the Cordylodus interme-
dius-Utahconus beimadaoensis Zone, as these species have been employed as key taxa to recog-
nize the Cambrian-Ordovician boundary interval in North America (Miller, 1988).

The Chosonodina herfurthi-Rossodus manitouensis zone collectively covers the upper part of
the basal member and presumably the lower member. The base of the zone is at the lowest
occurrence of Chosonodina herfurthi and Rossodus manitouensis, while its top is at the base
of the overlying Glyptoconus quadraplicatus Zone. Conodont species include Chosonodina her-
furthi, Rossodus manitouensis, Acanthodus lineatus, Cordylodus angulatus, Acodus tetrahedron, Aco-
ntiodus iowensis, Drepandodus arcuatus, D. concavus, D. deltifer, D. parallelus, D. tenuis, D. toomeysi,
Drepanoistodus inaequalis, Paltodus parvus, Prooneotodus gallatini, and Furnishina (?) sp. Of
these, Chosonodina herfurthi, Rossodus manitouensis, Acanthodus lineatus, Cordylodus angulatus,
Drepanodus tenuis, Paltodus parvus, Prooneotodus gallatini, and Furnishina (7) sp. occur exclu-
sively in this zone.

The Glyptoconus quadraplicatus zone is a range zone of the nominal species and roughly
occupies the middle member. This zone comprises many conodont species which range from
the Cordylodus intermedius-Utahconus benimadaoensis Zone to the Triangulodus dumugolensis
Zone. The conodont taxa restricted within the zone are Glyptoconus quadraplictus, Distacodus
stola, Protopanderodus sp., Scolpopodus warendensis, Utahphospha sp. and Acontiodus shuiyuensis.

The unnamed zone is stratigraphically rather narrow and occupies the interval between
the last occurrence of Glpytoconus quadraplicatus and the first occurrence of Triangulodus du-
mugolensis. It may be comparable to the Paracordylodus gracilis Zone of the Dumugol Forma-
tion, as the two faunas share such conodont species as Acodus dumugolensis and Scolopodus
triplicatus. Drepanodus gracilis and Oistodus selene appear to be restricted within the zone.

The Triangulodus dumugolensis zone represents the youngest conodont zone of the Mungog
Formation and is recognized within the upper member. Most of the species in the zone
have a relatively long range, whereas Triangulodus dumugolensis and Scolopodus cornuformis
are restricted within the zone.

Choi (1993) considered that the lower three zones, i. e., Cordylodus intermedius-Utachconus
beimadaoensis, Chosonodina herfurthi-Rossodus manitouensis, and Glyptoconus quadraplicatus
zone, are assignable to the Tremadoc, while the upper two zones to the Arenig. Although
Choi (1993) did not mention the Cambrian-Ordovician boundary in the Yeongweol sequence,
the biostratigraphic scheme presented above suggests that the Cambrian-Ordovician boundary
should be placed within the Wagog Formation.

INTERCONTINENTAL CORRELATION

Precise correlation of the Cambrian-Ordovician boundary sequences of Korea with those

www.dbpia.co.kr



70

J. PALEONT. SOC. KOREA. V. 12. NO. 1, 1996

of other parts of the world may not be easy due to the sporadic fossil occurrences in the
putative Cambrian-Ordovician boundary intervals in Korea. Nevertheless, trilobites and co-
nodonts from the basal member of the Mungog Formation apparently represent one of the
earliest Ordovician faunal assemblages in Korea, which provides a good starting point for
discussion on the Cambrian-Ordovcian boundary intervals of Korea. Even though trilobite
data from the Hwajeol Formation of the Duwibong sequence has not been substantiated
during this study, recent investigations on the conodont assemblages from the Hwajeol For-
mation (Lee and Lee, 1988;Lee, 1989a, 1989b, 1990;Lee and Lee, 1993) and Dumugol Forma-

tion (Seo et al., 1994) assist the discussion on the faunal features across the Cambrian-Ordo-
vician boundary intervals in Korea.

North China

Trilobite assemblages of the Mungog Formation are closely comparable to those from No-
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Fig. 3. Correlation of the Late Cambrian-Early Ordovician trilobite biostratigraphy of Korea
with coeval ones of North China, South China, Australia, and North America : 1.
Park et al. (1994), Lee (1995), Kim and Choi (1995) ; 2. Kobayashi (1966), Kim et
al. (1991) ; 3. Zhou and Zhang (1984), Chang (1988), Chen et al. (1988) ; 4. Lu and
Lin (1989), Peng (1990a, b), Peng (1992) ; 5. Shergold (1975, 1980, 1991) ; 6. Palmer
(1965), Stitt (1971, 1977, 1983), Ross et al. (1982), Dean (1989), Loch et al. (1993).
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rth China (Fig. 3, colunm 3). The genus Yosimuraspis appears to be very abundant and has
been employed as a zonal taxon for the lower Tremadoc sequences of North China (Zhou
and Zhang, 1984;Chen et al., 1985;Chen et al., 1988). The association of Jujuyaspis and Pseu-
dokainella with Yosimuraspis has also been documented in Hebei Province, North China
(Chen et al.,, 1983;Zhou and Zhang, 1984;Chen et al., 1988). Thus, the lower fauna of the
Mungog Formation is well correlated with the Yosimuraspis Assemblage Zone of North
China.

Kainella chinensis Duan and An in Duan et al., 1986, has been reported from the Wanliang-
tingia Assemblage Zone of North China and its stratigraphic occurrence appears to fall wi-
thin the range of the Tremadoc. However, the Chinese species does not appear to be typical
Kainella as its preocular sutures are less divergent and its glabella is distinct from that of
the genotype, Kainella billingsi (Wallcott, 1913). Therfore comparable faunal assemblages to
the middle fauna of the Mungog Formation cannot be recognized in North China with
certainty.

Chen et al. (1983) and Zhou and Fortey (1986) reported the occurrence of Asaphellus, Hyst-
ricurus, Koraipsis, and Dikelokephalina along with other endemic genera from the late Trema-
doc Asaphellus trinodus Zone (or horizon 1 in Zhou and Fortey, 1986) of the Yehli Forma-
tion. The cooccurence of the trilobite genera mentioned above suggests that part of the Du-
mugol fauna (Asaphellus and Protopliomerops zones) and the upper fauna of the Mungog
Formation are correlative of the Asaphellus trinodus Zone of the Yehli Formation. In sum-
mary, overall similarity of the Tremadoc trilobite faunas of Korea to those of North China
is evident. Nonetheless, the supposedly lowest Tremadoc zone recognized in North China (i.
e., Missisquoia perpetis Assemblage Zone of Zhou and Zhang, 1984;Leiostegium Assembalge
Zone of Chen et al, 1988) has not yet been found in Korea.

The conodont zones established at the Dayangcha section of North China are Proconodon-
tus tenuiserratus, Proconodontus (with P. posterocostantus and P. muelleri subzones), Cambrooisto-
dus, Cordylodus proavus (divided into three parts), C. intermedius, C. lindstomi and C. angulatus-
Chosonodina herfurthi zones in ascending order (Chen et al., 1985;Chen et al., 1988) which
are partly comparable to those of Korea (Fig 4, column 3).

The Proconodontus Zone, the oldest conodont zone in the Duwbong sequence(Lee and
Lee, 1988), and Eoconodontus (E.) notchpeakensis of the Hwajeol Formation may be collecti-
vely comparable to Proconodontus tenuiserratus and Proconodontus zones of North China, as
they share many conodont species in common with each other. The overlying Cambrooistiodus
minutus Zone is also recognized in the Dayangcha section of North China as Cambrooistodus
Zone. The succeeding Cordylodus proavus Zone of the Hwajeol Formation comprises a rather
small conodont fauna, but can be broadly compared with the Cordylodus proavus Zone of
North China. Lee (1992) added a new conodont zone, Fryxellodontus inornatus-Monocostodus
sivierensis-Semiacontiodus lavadamensis Zone, in the uppermost part of the Hwajeol Formation
and suggests that the Cambrian-Ordovician boundary can be drawn at the base of Fryxellodo-
ntus inornatus-Monocostodus sivierensis-Semiacontiodus lavadamensis Zone. All of these name-
bearing species have been documented in the Cordylodus intermedius and C. lindstromi zoens
of the Dayangcha section. Chen et al. (1988) favord to place the Cambrian-Orodvician boun-
dary within the Cordylodus intermedius Zone, more specifically at the level of first appearance
of Hirsutodontus simplex, Cordylodus drucei, and Albiconus postcostatus, thus equating with Lee’s
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(1992) suggestion.

The Cordylodus lindstromi Zone in the Dayangcha section appears to be comparable to
Utahconus beimadaoensis-Monocostodus sevierensis Zone established in the northeastern China
(An et al, 1983). The trilobite Yosimuraspis occurs exclusively in the Cordylodus lindstromi
Zone in North China (Chen et al., 1988), and thus the Cordylodus lindstromi and Yosimuraspis
zones of North China are well traced at the basal part of the Mungog Formation in Korea
as Cordylodus intermedius-Utahconus beimadaoensis Zone and lower fauna, respectively. The
Cordylodus angulatus-Chosonodina herfurthi Zone underlain by the Cordylodus lindstromi Zone
(Chen et al., 1988) is also comparable to Cordylodus rotundatus-“Acodus” oneotensis (= Rosso-
dus manitouensis) Zone (An et al., 1983), and in turn to the Chosonodina herfurthi-Rossodus

-
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Fig. 4. Correlation of conodont biostratigraphy at the Cambrian-Ordovician boundary inter-
vals based on the information derived from the following : 1. Lee et al. (1991), Choi
(1993) ;2. Lee and Lee (1988), Lee (1992), Seo et al. (1994) ; 3. An et al. (1983),
Chen et al. (1985) ; 4. An et al. (1985) ; 5. Shergold and Nicoll (1992) ; 6. Miller

(1988).
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manitouensis zones of Korea (Choi, 1993;Seo et al., 1994). This implies that the Cambrian-

Ordovician boundary in the Yeongweol sequence should be very close to or slightly below
the boundary between the Wagog and Mungog Formations.

South China

The fairly abundant and diverse Tremadoc trilobite faunas were recorded from South
China (Peng, 1990a,b). Although their faunal contents are quite different from those of the
Mungog Formation, a somewhat generalized correlation can be made (Fig. 3, column 4).
The oldest trilobite zone, Onychopyge-Hysterolenus Zone, in the Jiangnan Slope Belt has been
correlated with Yosimuraspis Assemblage Zone of North China (Peng, 1990b), which is com-
parable to the lower fauna of the Mungog Formation. The co-occurrence of some cosmopoli-
tan genera such as Asaphellus, Shumardia, and Apatokephalus makes it possible to correlate
the upper fauna of the Mungog Formation with part of the Apatokephalus latilimbatus-Taoyua-
nia affinis and Shumardia acutifrons-Asaphopsoides assemblage zones of the Jiangnan Slope
Belt.

Two Tremadoc trilobite zones have been established in the Nantsinkwan Formation of
the Yangtze Platform : i, e., the lower Apatokephalops yanheensis-Songtaoia cylindrica Assemb-
lage Zone and the upper Dactylocephalus latus-Asaphellus inflatus Assemblage Zone (Peng,
1990a). The genus Yosimuraspis has been known to be scarce, while Apatokephalops and Song-
taoia are abundant there. Although most of the trilobite elements in the Yangtze Platform
are endemic, the occurrence of Yosimuraspis, Asaphellus, Shumardia, and Geragnostus indicates
that the lower fauna may be roughly comparable to part of the Apatokephalops yanheensis-
Songtaoia cylindrica and Dactylocephalus latus-Asaphellus inflatus Assemblage zones of the Ya-
ngtze Platform.

An et al. (1985) established five conodont zones in the Nantsinkwan Formation : Monocos-
todus sevierensis, Acanthodus costatus-“Acodus” oneotensis (= Rossodus manitouensis), Scolopodus
pseudoplanus, Scolopodus quadriplicatus, and Scolopodus paucicostatus zones in ascending order
(Fig. 4, column 4). The Monocostodus sevierensis Zone is comparable to Utahconus beimadaoe-
nsis-Monocostodus sevierensis Zone (An et al., 1983) and Cordylodus lindstomi Zone (Chen et
al., 1988) of North china, and in turn to cordylodus intermedius-Utahconus beimadaensis Zone
of the Mungog Formation (Choi, 1993) and presumably part of Fryxellodontus inomatus-Mo-
nocostodus sivierensis-Semiacontiodus lavadamensis Zone of the Hwajeol Formation (Lee, 1992).
The Acanthodus costatus-“Acodus” oneotensis Zone is equivalent to Cordylodus rotundatus-"Aco-
dus” oneotensis Zone of North China (An et al., 1983) and should be comparable to Chosono-
dina herfurthi-Rossodus manitouensis zones of Korea (Choi, 1993;Seo et al, 1994).

Australia

The trilobite fauna across the Cambrian-Ordovician boundary in Australia is poorly repre-
sented. The Mictosaukia perplexa Assemblage Zone recognized by Shergold (1975) is the you-
ngest Cambrian trilobite Zone in Australia and is certainly younger than the Cordylodus
proavus conodont Zone (Shergold, 1988). A late Tremadoc trilobite fauna along with some
late Cambrian and Arenig assemblages has been reported from the Pacoota Sandstone, Nor-
thern Territory (Shergold, 1991) (Fig. 3, column 5). The late Tremadoc trilobite assemblage,
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designated as Assemblage 2 by Shergold (1991), shows a close similarity to the upper fauna
of the Mungog Formation, in sharing several genera such as Asaphellus, Shumardia, Apatoke-
phalus, Hystricurus, and Koraipsis.

Meanwhile, conodont faunas across the Cambrian-Ordovician boundary intervals in Aust-
ralia have been known to be well represented (Druce and Jones, 1971;Jones et al., 1971;Nicoll
and Shergold, 1991). Recently, Shergold and Nicoll (1992) examined the Cambrian-Ordovi-
cian boundary interval at Black Mountain region and recognized nine successive conodont
zones in the interval : i. e., Teridontus nakamurai, Hispidodontus resimus, Hispidodontus appres-
sus, Hispidodontus discretus, Cordylodus proavus, Hirsutodontus simplex, Cordylodus prolindstromi,
Cordylodus lindstromi, and Chosonodina herfurthi-Cordylodus angulatus zones in ascending or-
der (Fig. 4, column 5). They recommended the Cambrian-Ordovician boundary at the base
of the Cordylodus lindstromi Zone.

The conodont assemblages of the Cordylodus intermedius-Utahconus beimadaoensis and Cho-
sonodina herfurthi-Rossodus manitouensis zones of Korea (Choi, 1993;Seo et al., 1994) are clo-
sely comparable to Cordylodus lindstromi and Chosonodina herfurthi-Cordylodus angulatus zones

of Australia, respectively. Meanwhile, the Fryxellodontus inornatus-Monocostodus sivierensis-Se-
miacontiodus lavadamensis Zone of the Hwajeol Formation (Lee, 1992) cannot be equated
with the Cordylodus lindstromi Zone of Australia with certainty, as all the elements of the
former occur in the Cordylodus prolindstromi Zone or below in Australia.

North America

It is difficult to correlate the Late Cambrian-Early Ordovician trilobite faunas of Korea
with those of North America, as a few taxa occur commonly in both regions. As described
above, Jujuyaspis borealis occurs within the Symphysurina bulbosa Zone in the western Rocky
Mountains, Canada (Norford, 1969;Dean, 1989;Loch et al. 1993), which allows correlation
of the strata bearing this genus with those of the western United States (Winston and Nicho-
1s, 1967;Stitt and Miller, 1987). Loch et al. (1993, fig. 4) placed the Cambrian-Ordovician
boundary at the base of Missisquoia depressa Subzone, well below the first appearance of
Jujuyaspis borealis (Fig. 3, column 6).

In the western Texas, Jujuyaspis borealis is associated with a conodont faunal assemblage
of the lower part of Fauna B (=Cordylodus lindstromi Zone in Miller, 1988) (Stitt and Miller,
1987);identified taxa are Cordylodus drucei, C. intermedius, C. lindstromi, C. prion, C. proavus,
Iapetognatus preaengensis, Monocostodus sevierensis, Utahconus utahensis, Acontiodus proinquus
and Semiacontiodus nogamii. Therefore, the Jujuyaspis-bearing trilobite faunas and associated
conodont assemblages in North America can be correlated with those of the basal part of
the Mungog Formation.

DISCUSSION

Henningmoen (1973) noted that three horizons were justifiable for serving the Cambrian-
Ordovician boundary ; namely the base of the Tremadoc Series, the base of upper Tremadoc,
and at the base of Arenig Series. Subsequently, the Cambrian-Ordovician Boundary Working
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Group has been accepted the base of the Tremadoc Series as the base of the Ordovician
Period. However, it has not been resolved yet what faunal features can serve as the base
of the Tremadoc.

In the traditional type area of the Tremadoc Series in North Wales, it has been known
that there is a hiatus in the faunal record between the Tremadoc and underlying Olenid
Series (Henningsmoen, 1973;Rushton, 1982). In the Baltic region, the base of the Tremadoc
Series has been frequently taken at a horizon marked by the sudden immigration of early
planktonic Dictyonema graptolites. For instance, an olenid trilobite Boeckaspis hirsuta occurs
slightly below and within the range of planktonic Dictyonema and this trilobite has been
regarded as a typical Tremadoc trilobite at Naersnes section of Norway (Henningsmoen,
1957;Bruton et al.,, 1982).

In North America, the base of the Ordovician has frequently been placed at the base
of the Canadian (=Ibexian) Series, lying within the Hirsutodontus hirsutus Subzone at the
base of the Cordylodus proavus Zone on the conodont biostratigraphic scheme and at the
Missisquoia depressa Subzone on the trilobite scheme (Miller et al., 1982:Stitt, 1977). In the
mean time, the base of the Tremadoc tends to be placed progressively higher during the
last decade. Fortey et al. (1982) suggested that the base of the Tremadoc should be younger,
lying above the Missisquoia typicalis Subzone and close to the base or within the Symphysurina
Zone. Landing (1988) also placed the base of the Tremadoc close to the base of Fauna
B (=Cordylodus lindstromi Zone of Miller, 1988) and within the Symphysurina brevispicata
Subzone. Landing (1993) further favored the Cambrian-Ordovician boundary to be placed
at the lowest occurrence of Dictyonema flabelliforme assemblage within an interval with lower
Fauna B-aspect conodonts.

In Australia, Jones et al. (1971) originally considered that the first appearance datum of
conodonts belonging to the Cordylodus proavus Zone could have defined the base of the
Datsonian Stage, which in turn formed the hase of the Ordovician. The Cambro-Ordovician
condont biostratigraphy has been well established (Shergold and Nicoll, 1992), while contem-
poraneous trilobites are poorly known in the Black Mountain region. Shergold and Nicoll
(1992) revised the Cambrian-Ordovician conodont biostratigraphy of the Black Mountain

region and recommended the Cambrian-Ordovician boundary at the first appearance of Cor-
dylodus lindstromi, i, e., the base of the Warendian Stage in Australia, thus drastically modify-
ing the previous concept of Cambrian-Ordovician boundary in Australia.

The Cambrian-Ordovician boundary intervals in North China have been intensively stu-
died as the Xiaoyanggiao section at Dayangcha yields diverse faunal assemblages of conodo-
nts, graptolites, and trilobites (Chen et al., 1985;Chen et al., 1988). Chen et al. (1988) recom-
mended four biostratigraphic horizons for the potential Cambrian-Ordovician boundary stra-
totype : namely, 1) the first appearance datum (FAD) of Cordylodus intermedius, 2) FAD of
Hirsutodontus simplex-Cordylodus drucei-Albiconus postcostatus, 3) FAD of Semiacontiodus lava-
damensis-Utahconus utahensis-Monocostodus sevierensis, and 4) FAD of Cordylodus lindstromi in
ascending order. They favored the FAD of Hirsutodontus simplex-Cordylodus drucei-Albiconus
postcostatus within the Cordylodus intermedius Zone as the Cambrian-Ordovician boundary
stratotype.

In summary, the comparatively well-studied sections across the Cambrian-Ordovician bou-
ndary interval described above reveal that at least four biostratigraphic horizons may have
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been considered as having potential for standardizing the boundary point . namely, the base
of Cordylodus proavus Zone, the base of the Cordylodus intermedius Zone, the base of Cordylo-
dus lindstromi Zone (cf. Miller, 1988), and the lowest occurrence of nematophorous dendroids
of the Rhabdinopora flabelliformis-type within an interval with lower Fauna B-aspect conodo-
nts (Landing, 1988, 1993).

The base of Cordylodus proavus Zone is the lowest horizon among the boundary point
candidates and has long considered as the base of the Ordovician in Australia (Jones et
al, 1971). It is characterized by the extinction of Proconodontus and Cambrooistodus and the
appearance of Cordylodus proavus and species of Hirsutodontus. Slightly above the Cordylodus
proavus Zone, there is another potential boundary point, the base of the Missisquoia depressa
Zone, which also marks the base of Canadian (or Ibexian) in North America (Stitt, 1977;Lu-
dvigsen, 1982;Loch et al.,, 1993). The base of the Cordylodus intermedius Zone received little
support for the boundary point. In North China the Cambrian-Orodvician boundary has
been favored within the Cordylodus intermedius Zone, however.

The base of Cordylodus lindstromi Zone is the youngest conodont zone under consideration
for the boundary point and appears to have been increasingly favored by members of the
Working Group of the Cambrian-Ordovician boundary. However, the validity Cordylodus lin-
dstromi as a species has been distrusted by conodont specialists (cf. Landing, 1993). In addi-
tion, Landing (1993) demonstrated that the conodont distributions are controlled by deposti-
tional environments and the lowest local occurrences of euconodonts may have been diach-
ronous, and subsequently recommended that the Cambrian-Ordovician boundary should be
defined by the lowest occurrence of nematophorous dendroids of the Rabdinopora flabellifor-
mis-type within an interval with lower Fauna B-aspect conodonts.

Although the currently avaiable biostratigraphic data do not permit the selection of the
global stratotype that can provide a guide for the definition of the Cambrian-Ordovician
boundary, it seems worthwhile to discuss two biostratigraphic intervals in Korea which are
apparently close to the Cambrian-Ordovician boundary. One is the Fryxellodontus inornatus-
Monocostodus sivierensis-Semiacontiodus lavadamensis Zone which occupies the uppermost part
of the Hwajeol Formation (Lee, 1992). The stratigraphic ranges of the conodont species repo-
rted from the Fryxellodontus inornatus-Monocostodus sivierensis-Semiacontiodus lavadamensis
Zone overlap the ranges of the Cordylodus proavus, C. intermedius, and C. lindstromi Zone
in western North American platform strata (Miller, 1988, fig. 2), North China (Chen et al.,
1988, fig. 6) and Australia (Shergold and Nicoll, 1992, fig. 2). Therefore, there is a good
possiblity that the Cambrian-Ordovician boundary in the Duwibong sequence lies within
the uppermost part of the Hwajeol Foramtion. The other is the Cordylods intermedius-Utahco-
nus beimadaoensis Zone at the basal part of the Mugog Formation. This zone is correlatable
with the Cordylodus lindstromi Zone established elsewhere, most likely with the upper part
of the Cordylodus lindstromi Zone. The occurrence of Jujuyaspis along with the lower Fauna
B-aspect conodonts in the interval is also consistent with the results from North America
(Loch et al., 1993), China (Zhou and Zhang, 1984), and Norway (Bruton et al., 1988). Al-
though the base of the Cordylodus intermedius-Utahconus beimadaoensis Zone has yet to be
determined, the trilobite and conodont data suggest that the Cambrian-Ordovician boundary

in the Yeongweol sequence may lie slightly below the base of the Mungog Formation.

www.dbpia.co.kr



CHOI et al. - CAMBRO - ORDOVICIAN BOUNDARY 77

ACKNOWLEDGEMENTS

This study has been supported by a grant from the Korea Science and Engineering Foun-
dation (KOSEF 931—0400—015—2). We are grateful to members of the Paleontological La-
boratory of Seoul National University for discussion and suggestions on the various stages
of this study. Constructive reviews by anonymous reviewers are greatly appreciated.

FEYE A 2192 Fueel-e=xulxd FA AR

*NeYetn AATetg e A
AR olTy e AT (2T)

L %

Sejved A FEgol—eawn A AAEe iAoz FHRYE ZHAFZFT
A 3AZ3 FHATLSE Alolo 1dx JYY 2AFFEY A A5FH &
Zatolo] EAse Ao 2 AR gt 2 FAHoz LA NYHo &
BEloj—Q @ wu|AA ZFAR g JFY BRI o] AFAE FHE}-2=
eo|2A AA FHA P 8% AU FxEES AEF ST dE A8E
vlgto 2 SalgeleAey gBaol—earuAA AR dF =& FHud. o3
grgol—eesu A ZAd iy st FAHez FPHA k7] WE
P43 282 WY FE AT, AZA g2 AFAA F F A FAAA
BEol—o =g A AARY FHT 5L HAFE HoAM FEEH e F
ABY ZAHFEZo A HFF NN AXE Fryxellodontus inornatus-Monocostatus
sevierensis-Semiacontiodus lavadamensistl o8}, & 3stue EXF H}FdAM &
32 M Fo|th. BX2o & AT Yosimuraspis, Jujuyaspis, L Pseudokainellas
A& 34 A2 9 ot EAAE F oy, I EE 3o % Cordylodus inter-
medius-Utahconus beimadaocensistholl ti¥]| 8 4 Utk o5 AT EA 39,
LgPgeoN g grEe-eesn2d ZAAe FUEY ZMAFZFZdAME FEF
AR agx FYY ZAFRSETANE 433 EZF FARG o EAT
7FeAel & AeE AZEn

www.dbpia.co.kr



78 J. PALEONT. SOC. KOREA. V. 12. NO. 1, 1996

REFERENCES

Acenolaza, F. G. and Acenolaza, G.F., 1992 . The genus Jujuyaspis as a world reference fossil
for the Cambrian-Ordovician boundary. p.81—92. In-Webby, B.D. & Laurie, J.R.
(eds.) Global perspective on Ordovician geology, Balkema, Rotterdam.

An, T, Zhang, F., Xiang, W., Zhang, Y., Xu, W., Zhang, H., Jiang, D., Yang, C., Lin, L.
Cui, Z. and Yang, X, 1983 : The conodonts of North Chinan and adjacent regions.
Science Press, Beijing, 223p.

An, T, Du, G. and Gao, Q., 1985 ! Ordovician conodonts from Hubei, China. Geological
Publishing House, Beijing, 64p.

Bassett, M. G. and Dean, W.T. (eds), 1982 : The Cambrian-Ordovician boundary : sections,
fossil distributions, and correlations. National Museum of Wales, Geology Series no.
3, Cardiff, Wales, 227p.

Bruton, D.L., Erdtmann, B. D. and Koch, L., 1982 ! The Naernes section, Oslo region, Nor-
way . a candidate for the Cambrianl-Ordovician boundary stratotype at the base of
the Tremadoc Series. p. 61—70. In:Bassett, M. G. and Dean, W. T. (eds), The Cambrian-
Ordovician boundary : sections, fossil distributions, and correlations. National Museum of
Wales, Geology Series no. 3, Cardiff, Wales.

Bruton, D.L., Koch, L. and Repetski, J.E., 1988 . The Naernes section, Oslo Region, Nor-
way . trilobite, graptolite and conodont fossils reviewed. Geological magazine, v. 125, p.
451—455.

Chang, W.T,, 1988 . The Cambrian System in eastern Asia, correlation chart and explanatory
notes. International Union of Geological Sciences, Publication No. 24, 81p.

Chen, J.Y, Qian, Y. Y, Lin, Y. K,, Zhang, J. M., Wang, Z. H, Yin, L. M. and Erdtmann, B.D.,
1985 © Study on cambrian-Ordovician boundary strata and its biotas in Dayangcha,
Hunjiang, Jilin, China. China Prospect Publishing House, 138p.

Chen, J.Y, Qian, Y.Y, Zhang, J.M,, Lin, Y.K,, Yin, L. M., Wang, Z. H., Wang, Z. Z., Yang,
J.D. and Wang, Y.X,, 1988 : The recommended Cambrian-Ordovician global boun-
dary stratotype of the Xiaoyanggiao section (Dayangcha, Jilin Province), China. Geo-
logical Magazine, v. 125, p.415—444.

Chen, 1. Y, Teichert, C., Zhou, Z.Y., Lin, Wang, Z. H. and Xu, J. T., 1983 : Faunal sequences
across the Cambrian-Ordovician boundary in northern China and its international
correlation. Geologica et Palaeontologica, v. 17, p.1—15.

Cheong, C. H,, 1969 : Stratigraphy and paleontology of the Samcheog Coalfield, Gangweondo,
Korea (I). Journal of the Geological Society of Korea, v. 5,p.13—56.

Choi, D.K,, 1992 : Trilobite studies in South Korea-Retrospect and prospect. Paleont. Soc.
Korea, Special Publication No. 1,p.61—75.

Choi, D.K. and Lee, J. G., 1995 : Occurrence of Glyptagnostus stolidotus ©pik, 1961 (Trilobita,
Late Cambrian) in the Machari Formation of Korea. Journal of Paleontology, v. 69, p.
590—5%4.

Choi, J. Y., 1993 . Conodont biostratigraphy and paleoecology of the lower Paleozoic Mungok
Formation in the Yeongweol-gun and Pyeongchang-gun, Kangweondo, Korea. MS the-
sis, Yonsei University, 129p. (in Korean)

www.dbpia.co.kr



CHOI et al. - CAMBRO - ORDOVICIAN BOUNDARY 79

Choi, Y. S., Kim, J.C. and Lee, Y.I., 1993 | Subtidal, flat-pebble conglomerates from the Early
Ordovician Mungok formation, Korea : origin and depositional process. Journal of the
Geological Society of Korea, v.29,p.15—29.

Dean, W.T., 1989 : Trilobites from the Survey Peak, Outram and Skoki Formations (Upper
Cambrian-Lower Ordovician) at Wilcox Pass, Jasper national Park, Alberta. Geological
Survey of Canada Bulletin 389, 141p.

Druce, E.C. and Jones, P.J., 1971 : Cambro-Ordovician conodonts from the Burke River
Structural Belt, Queensland. Bulletin of the Australian Bureau of Mineral Resources, 110,
158p.

Duan, J.Y., An, S.L. and Zhao, D., 1986 : Cambrian-Ordovician boundary and its interval
biotas, southern Jilin, Northwest China. Journal of Changchun College of Geology,
139p.

Fortey, R. A., Landing, E. and Skevington, D., 1982 : Cambrian-Ordovician boundary sections
in the Cow Head Group, western Newfoundland. p.95—129. In : Bassett, M. G. and

Dean, W.T. (eds.), The Cambrian-Ordovician boundary : sections, fossil distributions,
and correlations. National Museum of Wales, Geology Series no. 3, Cardiff, Wales.

Geological Investigation Corps of Taebaegsan Region, 1962 : Geological maps of Taebaegsan
region. Geological Society of Korea, 46p.

Harrington, H.J. and Kay. M., 1951 . Cambrian and Ordovician faunas of eastern Columbia.
Journal of Paleotology, v.25,p.655—668.

Harrington, H.J. and Leanza, A.F., 1957 . Ordovician trilobites of Argentina. University of
Kansas, Department of Geology, Special Publication no. 1,276p.

Henningsmoen, G., 1957 : The trilobite family Olenidae with description of Norwegian mate-
rial and remarks on the Olenid and Tremadocian Series. Skrifter Utgitt av Det Norske
Videnskaps-Akademii Oslo, 1. Mat.-Naturv. Klasse, no. 1,303p.

Henningsmoen, G., 1973 . The Cambro-Ordovician boundary. Lethaia, v.6, p.423—439.

Jones, P.J., Shergold, J. H. and Druce, E.C., 1971 . Late cambrian and Early Ordovician sta-
ges in western Queensland. Journal of the Geological Society of Australia, v.18,p.1—32.

Kim, D.H. and Choi, D. K., 1995 : Kainella (Trilobita, Early Ordovician) from the Mungog
Formation of Yeongweol area and its stratigraphic significance. Journal of the Geologi-
cal Society of Korea, v.31,p.576—582.

Kim, I.S., Cheong, C.H. and Lee, H.Y., 1985 : Trilobites from the Sambangsan Formation
in the eastern side of Pyeongchang area, Kangweondo, South Korea. Journal of the
Geologial Society of Korea, 21,45—49.

Kim, K. H.,, Choi, D. K. and Lee, C.Z., 1991 : Trilobite biostratigraphy of the Dumugol For-
mation (Lower Ordovician) of Dongjeom area, Korea. Journal of the Paleontological
Society of Korea, v.7,p.106—115.

Kim, O.J, Lee, H. Y. Lee, D.S. and Yun, S., 1973 . The stratigraphy and geologic structure
of the Great Limestone Series in South Korea. Journal of the Korea Institute of Mining
Geology, v.6,p.81—114. (in Korean)

Kobayashi, T., 1933 . Upper Cambrian of the Wuhutsui basin with special reference to the
limit of the Chaumitien (or Upper Cambrian) of eastern Asia, and its subdivision.

Japanese Journal of Geology and Geogeraphy, v.23,p.37—61.

www.dbpia.co.kr



80 J. PALEONT. SOC. KOREA. V. 12. NO.1, 1996

Kobayashi, T., 1934 . The Cambro-Ordovician formations and faunas of South Chosen. Pa-
laeontology, Part II, v.3,p.1—84.

Kobayashi, T., 1935 . The Cambro-Ordovician formations and faunas of South Chosen. Pa-
lacontology, Part Ill, Cambrian faunas of South Chosen with special study on Camb-
rian trilobite genera and families. Journal of the Faculty of Science, Imperial University
of Tokyo, Section II, v.4,p.49—334.

Kobayashi, T., 1944 . Discovery of Olenus in South Chosen. Proceedings of the Imperial Aca-
demy, v.20,p.227—233.

Kobayashi, T., 1953 . On the Kainellidae. Japanese Journal of Geology and Geography, v.23,P.
37—61.

Kobayashi, T., 1960 . The Cambro-Ordovician formations and faunas of South Korea. Part
VI, Palaeontology, V, Journal of the Faculty of Science, University of Tokyo, Section II,
v. 12, p. 217—275.

Kobayashi, T., 1962 : The Cambro-Ordovician formations and faunas of South Korea. Part
X, Palaeontology, Vi, The Machari fauna. Journal of the Faculty of Science, University
of Tokyo, Section II, v.14,152p.

Kobayashi, T., 1966 : The Cambro-Ordovician formations and faunas of South Korea. Part
X, Stratigraphy of the Chosen in Korea and South Manchuria and its relation to
the Cambro-Ordovician formations and faunas of other areas. Section A, The Chosen
Group of South Korea. Journal of the Faculty of Science, University of Tokyo, Section
I, v.16,p.209—311.

Kobayashi, T., Yosimura, 1., Iwaya, Y. and Hukasawa, T., 1942 : The Yokusen geosyncilne
in the Chosen Period. Brief notes on the geologic history of the Yokusen orogenic
zone, 1, Proceedings of the Imperial Academy, v.18,p.579— 584.

Landing, E., 1988 . Cambrian-ordovician boundary in North in North America : revised Tre-
madocian correlations, unconformities and “glacioeustasy”. In : Landing, E. (ed), The
Canadian paleontolohgy and biostratigraphy seminar. New York State Museum, Bulletin
462, p. 48— 58.

Landing, E., 1993 : Cambrian-Ordovician boundary in the Taconic allochton, eastern New
York, and its interregional correlation Journal of Paleontology, v.67,p.1—19.

Lee, B.S., 1989a : Conodonts from the Hwajeol Formation (Upper Cambrian-lowest Ordovi-
cian) in northern district of Taebaeg City, Kangweon-do, Korea. Journal of the Geologi-
cal Society of Korea, v.25,p.322—336.

Lee, B.S., 1989b : Upper Cambrian-lowest Ordovician conodont fauna of the Hwajeol For-
mation, Cheungsan area, Kangweon-do, Korea. Journal of the Geological Society of Ko-
rea, v.5,p.124—136.

Lee, BS., 1990 : Conodont fauna of the Hwajeol Formation (Upper Cambrian-lowest Ordovi-
cian) in the Sabuk area, Kangweon-do, Korea. Journal of the Geological Society of Ko-
rea, v.26,p.293—303.

Lee, BS., 1992 : Additional conodonts from the (Upper Cambrian-Ordovician boundary beds
in the Paekunsan Syncline. Journal of the Geological Society of Korea, v.28, p. 590—603.

Lee, B.S., Choi, D.K. and Lee, H. Y., 1991 : Conodonts from the Machari Formation (Mid-
dle ? -Upper Cambrian) in the Yeongweol area, Kangweon-do, Korea. Journal of the

www.dbpia.co.kr



CHOI et al. -CAMBRO - ORDOVICIAN BOUNDARY 81

Geological Society of Korea, v.27,p.394—408.

Lee, B.S. and Lee, H. Y., 1988 : Upper Cambrian conodonts from the Hwajeol Formation
in the southern limb of the Baegunsan Syncline, eastern Yeongweol and Samcheog
areas, Kangweon-do, Korea. Journal of the Geological Society of Korea, v.24,p.356—375.

Lee, B.S. and Lee, J. D, 1993 | A reassessment on conodont biostratigraphy of the Cambrian-
Ordovician boundary sections in the Paekunsan Syncline. Jouran! of the Paleontological
Society of Korea, v.9,p.155—165.

Lee, H.Y., 1970 : Conodonten aus der Chosen Gruppe (Unteres Ordvozium) von Korea.
Neues Jahrbuch fu Geologie und Palaeontologie, Abh. 136, p.303—344.

Lee. H. Y., 1975 : Conodonts from the Dumugol Formation (Lower ordovician), Kangweondo,
South Korea. Journal of the Geological Society of Korea, v.11,p.75—98.

Lee, H. Y., 1980, Lower Paleozoic conodonts in South Korea. Geology and Palaeontology of
Southeast Asia, v.21,p.1—-09.

Lee, H.Y. 1987 . Paleozoic Erathem, Choson Supergroup, p.49—82. In: Lee, D.S. (ed,),
Geology of Korea, Geological Society of Korea, Seoul.

Lee, H.Y. and Lee, J. D., 1971, Conodont fauna from the Great Limestone Series in Dong-
jeom Distric, Samcheog-Gun, Gangweon-Do and its statigraphic significance. Journal
of the Geological Society of Korea, v.7,p.89—101.

Lee, H. Y, Yu, KM, Lee, J.D., 1986 . Sedimentological, stratigraphical and paleontological
study on the Sambangsan Formation and its adjacent formations in the Yeongweol-
Pyeongchang area, Kangweondo. Journal of the Geological Society of Korea, v.22,p.69—
86.

Lee, J. G., 1995 : Late Cambrian trilobites from the Machari Formation, Yeongweol, Korea.
Unpublished Ph. D. dissertation, Seoul National University, 418p.

Lee, J.G. and Choi, D.K., 1994 : Glyptagnostus and associated trilobites from the Machari
Formation, Korea. Journal of the Paleontological Society of Korea, v.10,p.117—136.

Lee, J.G. and Choi, D.K,, 1995 : Late Cambrian trilobites from the Machari Formation,
Yeongweol-Machari area, Korea. Journal of the Paleontogical Society of Korea, v.11,p. 1
—46.

Lee, K. and Lee, H. Y, 1990 : Conodont biostratigraphy of the upper Choseon Supergroup
in Jangsung-Dongjeom area, Gangweon-Do. Journal of the Paleontological Society of
Korea, v.6,p.188—210.

Lee, S.J.,, 1989 . Conodont biostratigraphy and paleontology of the lower Paleozoic Yeo-
ngheung Formation in the Yeongweol area, Kangweondo, Korea. MS thesis, Yonsei
University, 107p.

Lee, Y.N. and Lee, H.Y., 1986 : Conodont biostratigraphy of the Jigunsan Shale and Duwi-
bong Limestone in the Nokjeon-Sangdong area, Yeongweol-Gun, Kangweondo, Korea.
Journal of the Paleontological Society of Korea, 2,p 114—136.

Loch, J. D, Stitt, J. H)., and Derby, J.R., 1993 : Cambrian-Ordovician boundary interval exti-
nctions . Implications of revised trilobite and brachiopod data from Mount Wilson,
Alberta, Canada. Journal of Paleontology, v. 67, p.497—517.

Lu, Y.H. and Lin., 1989 : The Cambrian trilobites from western Zhejiang. Palaeontologia Si-

nica, New Series B, no. 25,287p. (in Chinese with English summary)
Ludvigsen, R., 1982 ! Upper Cambrian and Lower Ordovician trilobite biostratigraphy of the

www.dbpia.co.kr



82 J. PALEONT. SOC. KOREA. V. 12. NO. 1, 1996

Rabbitkettie Formation, western District of Mackenzin. Royal Ontario Museum, Life
Sciences Contributions 134, 187p.

Miller, J. F., 1988 : Conodonts as bostratigraphic tools for redifinition and correlation of the
Cambrian-Ordovician boundary. Geological Magazine, v.125,p.349—462.

Miller, J. F., Taylor, M. E, M. E, Stitt, J. H., Ethington, R. L., Hintze, L. F. and Taylor, J.F,
1982 : Potential Cambrian-10rdovician boundary stratotype sections in the westerm
United States. p. 155—180. In : Bassett, M. G. and Dean, W.T. (eds.), The Cambrian-
Ordovician boundary . sections, fossil distributions, and correlations. National Museum of
Wales, Geology Series no. 3, Cardiff, Wales.

Muller, K.J., 1964 : Conodonten aus dem unteren Ordovizium von Sudkorea. Neues Jahrbuch
fiir Geologie und Palaeontologie, Abh. 119, p.93—102.

Nicoll, R.S. and Shergold, J.H., 1991 : Revised Late Cambrian (pre-Pattonian-Datsonian)
conodont biostratigraphy at Black Mountain, Georgina Basin, western Queensland,
Australia. BMR Journal of Australian Gelolgy and Geophysics, v. 12,p.93—118.

Norford, B.S., 1969 : The early Canadian (Tremadocian) trilobites Clelandia and Jujuyaspis
from the southern Rocky Mountains of Canada. Geological Survey of Canada, Conti-
butions to Canadian Paleontology, Bulletin 182 : p.1—15, p. 56—59.

Norford, B. S., 1988 : Introduction to papers on the Cambrian-Ordovician boundary. Geologi-
cal Magazine, v.125,p.323—326.

Paik, 1.S., Woo, K. S. and Chung, G.S., 1991 . Stratigraphic, sedimentologic and paleontolo-
gic investigation of the Paleozoic sedimentary rocks in Yeongweol and Gabsan
areas . Depositional environments of the Lower Ordovician Mungok Formation in
the vicinity of Yeongweol. Journal of the Geological Soeiety of Korea, v.27,p.357—370.

Palmer, A.R., 1965 : Triobites of the Late Cambrian Pterocephaliid biomere in the Great
Basin, United States. U. S. Geological Survey Professional Paper, 493,105p.

Park, K. H., Choi, D. K., and Kim, J. H., 1994 : The Mungog Formation (Lower Ordovician)
in the northern part of Yeongweol area : lithostratigraphic subdivision and trilobite
faunal assembnlages. Journal of the Geoloical Society of Korea, v.30,p.168—181.

Peng, S.C., 1990a . Tremadocian stratigraphy and trilobite fauna of northwestern Hunan.
1. Trilobites from the Nantsinkwan Formation of the Yangtze Platform. Beringeria,
v.2,p.1—53.

Peng, S.C., 1990b : Tremadocian stratigraphy and trilobite fauna of northwestern Hunan.
2. Trilobites from the Penjiazui Formation and the Madaoyu Formation in the Jiang-
nan Slope Belt. Beringeria, v.2,p.55—171.

Peng, S.C., 1992 : Upper Cambrian biostratigraphy and trilobite faunas of the Cili-Taoyuan
area, northwestern Hunan, China. Memoir of the Association of Australasian Palaeontolo-
gists, 13,119p.

Ross, R.J. (ed.), 1982 : The Ordovician System in the United States, correlation charts and
explanatory notes. International Union of Geological Sciences, Pubiication no. 12,73p.

Rushton, A. W. A, 1982 : The biostratigraphy and correlation of Merioneth-Tremadoc Series
boundary in north Wales. In : Bassett, M. G. and Dean, W.T. (eds.), The Cambrian-
Ordovician boundary . sections, fossil distributions, and correlations. National Museum of
Wales, Geology Series no. 3, Cardiff, Wales.

Seo, K.S., Lee, H.Y. and Ethington, R. L., 1994 : Early Ordovician conodonts from the Du-

www.dbpia.co.kr



CHOI et al. -CAMBRO - ORDOVICIAN BOUNDARY 83

mugol Formation in the Baegunsan Syncline, eastern Yeongweol and Samcheog areas,
Kangweon-do, Korea. Journal of Paleontology. v. 68, p.599—616.

Shergold, J. H., 1975 : Late Cambrian and Early Ordovician trilobites from the Burke River
Structural Belt, western Queensland, Australia. Bulletin of the Australian Bureau of Mi-
neral Resources, 153 (2 vols), 251p.

Shergold, J.H., 1980 : Late Cambrian trilobites from the Chatsworth Limestone, western
Queensland. Bulletin of the Australian Bureau of Minerces, 186, 111p.

Shergold, J. H., 1988 . Review of trilobite biofacies distributions at the Cambrian-Ordovician
boundary. Geological magazine, v.125,p.363—380.

Shergold, J. H., 1991 : The Pacoota Sandstone, Amadeus Basin, Northern Territory : Stratigra-
phy and Palaeontology. Bulletin of the Australian Bureau of Mineral Resources, 237, 93p.

Shergold, J. H. and Nicoll, R.S., 1992 : Revised Cambrian-Ordovician boundary biostratigra-
phy, Black Mountain, western Queensland. p.81—92. In : Webby, B. D. & Laurie, J.R.
(eds.) Global perspective on Ordovician geology, Balkema, Rotterdam.

Son, C. M., Kim, H.S., Paik, K. H. and Lee, M. H,, 1969 : Geologic structure of Yemi-Yeong-
weol area. Journal of the Geological Society of Korea, v.5,p.123—143. (in Korean)

Stitt, J. H., 1971 : Late Cambrian and earliest Ordovician trilobites, Timber Hills and Lower
Arbuckle Groups, western Arbuckle Mountain, Murray County, Oklahoma. Oklahoma
Geological Survey, Bulletin 110. 83p.

Stitt, J. H., 1977 : Late Cambrian and earliest Ordovician trilobites, Wichita Mountain area,
Oklahoma. Oklahoma Geological Survey, Bulletin 124,79p.

Stitt, J. H., 1983 : Trilobites, Biostratigraphy, and Lithostratigraphy of the Mckenzie Hill Li-
mestone (Lower Ordovician), Wichita and Arbuckle Mountains, Oklahoma. Oklahoma
Geological Survey, Bulletin 134. 54p.

Stitt, J. H. and Miller, J. F., 1987 : Jujuyaspis borealis and associated trilobites and conodonts
from the Lower Ordovician of Texas and Utah. Journal of Paleontology, v.61,p.112—
121.

Walcott, C.D., 1913 : Cambrian formations of the Robison Park District, British Columbia
and Alberta. Smithsonian Miscellaneous Collection 57, p.327—342.

Winston, D. and Nicholls, H., 1967 : Late Cambrian and Early Ordovician faunas from the
Wiberns Formation of central Texas. Journal of Paleontology, v.41,p.66—96.

Won, M. Z. and Lee, H. Y., 1977 : Age and biostratigraphy of the Mungog (Samtaesan) For-
mation by means of the conodont fauna. Journal of the Geological Society of Korea,
v.13,p.97—107. (in Korean)

Yosimura, I, 1940 : Geology of the Neietsu District, Kogendo, Tyosen (Korea). Journal of
the Geological Society of Japan, v.47,p.112—122. (in Japanese)

Zhou, Z.Y. and Fortey, R. A, 1986 . Ordovician trilobites from North and Northeastern
China. Palaeontographica Abt. A, 192, p.157—210.

Zhou, Z.Y. and Zhang, J.L., 1984 . Uppermost Cambrian and lowest Ordovician trilobites
of North and Northeast China. Stratigraphy and paleontology of systemic boundaries
in China, Cambro-Ordovician boundary (2). Anhui Science and Technology Publi-
shing House, p.61—163.

Zhou, Z.Y., Wang, Z. H., Zhang, J. M., Lin, Y.K. and Zhang, J.1,, 1984 : Cambrian-Ordovi-

www.dbpia.co.kr



J. PALEONT. SOC. KOREA. V. 12. NO.1, 1996

cian boundary sections and the proposed candidates for stratotype in North and Nor-
theast Chin Stratigraphy and paleontology of systemic boundaries in China, Cambro-
Ordovician boundary (2). Anhui Science and Technology Publishing House, p. 1—60.

www.dbpia.co.kr



	THE CAMBRIAN-ORDOVICIAN BOUNDARY IN THE TAEBAEGSAN REGION, KOREA : A REVIEW
	ABSTRACT
	INTRODUCTION
	STRATIGRAPHY OF THE CAMBRIAN-ORDOVICIAN BOUNDARY INTERVALS IN KOREA
	TRILOBITE BIOSTRATIGRAPHY
	CONODONT BIOSTRATIGRAPHY
	INTERCONTINENTAL CORRELATION
	DISCUSSION
	ACKNOWLEDGEMENTS
	요약
	REFERENCES


