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Early labechiid stromatoporoids of the Yeongheung 
Formation (Middle Ordovician), Yeongwol Group, mideastern 
Korean Peninsula: Part II. Systematic paleontology and 
paleogeographic implications
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ABSTRACT: Three species belonging to two genera of labechiid stromatoporoids are described from the Yeongheung Formation
(Darriwilian, Middle Ordovician), Yeongwol Group of the Taebaeksan Basin, mid-eastern Korean Peninsula. Sixteen stromatoporoid-bear-
ing stratigraphic intervals have been recognized in the Namgyo section. All stromatoporoids occur in the peloidal and bioclastic
packstone to grainstone facies. Labechia yeongwolense sp. nov. is the dominant species, occurring throughout the lower and middle
parts of the section. In contrast, Labechiella mingshankouensis is restricted to the lower-middle part and Labechiella regularis occurs
mostly in the upper part of the section. The occurrence of the early labechiids in the Yeongwol Group is suggestive of a close biogeographic
affinity with the Liaoning and Shandong provinces of northeastern China.
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1. INTRODUCTION

This paper is the second part of an investigation of the early
labechiid stromatoporoids in the Yeongheung Formation in
the mideastern Korean Peninsula (Park et al., 2017). It focuses
mainly on the systematic description of the stromatoporoids
and their paleogeographic implications. Stromatoporoids are
a group of extinct invertebrates consisting of a massive calcareous
skeleton with a variety of structural elements (Stearn et al., 1999).
They have a certain resemblance to some tabulate corals and
were previously regarded as the hydrozoan cnidarians, but are
now generally placed in the Phylum Porifera, mainly because
of the similarities in their skeletal growth pattern and astrorhizal
canal system to those of sclerosponges (Boardman et al., 1987).
Stromatoporoids generally inhabited warm, shallow carbonate
platforms and shelves with good circulation in low paleolatitudes

during the Paleozoic (Kershaw, 1998, 2015; Kershaw and Brunton,
1999; Webby, 2015a; Webby and Kershaw, 2015) and Mesozoic
(Leinfelder et al., 2005). They were especially abundant in the
Siluro-Devonian and often built reefs as a primary constructor
associated with corals (Copper, 2002; James and Wood, 2010).

East Asia, including the Korean Peninsula and Northeast
China, is one of a few main areas worldwide where the labechiids,
the first ‘indisputable’ stromatoporoids, are recorded in upper
Middle Ordovician (middle to upper Darriwilian) successions
(Webby, 2004, 2015a; Stock et al., 2015). The stromatoporoids
of the region have been the subject of research since the early
studies nearly a century ago (Yabe and Sugiyama, 1930; Ozaki,
1938; Sugiyama, 1941); a few subsequent studies examined
stromatoporoid species in Anhui, southeastern China (Dong,
1982) and the Korean Peninsula (Lee and Yu, 1993; Kano et
al., 1994; Kano and Lee, 1997).

The stromatoporoids in the Korean Peninsula documented
to date include Labechiella variabilis (Yabe and Sugiyama, 1930),
Lblla. regularis (Yabe and Sugiyama, 1930), Labechia coreanica
(Yabe and Sugiyama, 1930), and Lblla. ohsei (Sugiyama, 1941)
in the Middle Ordovician Mandal Series of the Pyeongnam
Basin, and Lblla. regularis in the upper Middle Ordovician
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Yeongheung Formation of the Yeongwol Group, Taebaeksan
Basin (Lee and Yu, 1993; Kano et al., 1994; Kano and Lee, 1997).
The presence of another labechiid, Cystostroma, has recently
been recognized in the Duwibong Formation (upper Middle
Ordovician) of the Taebaek Group, Taebaeksan Basin (Oh et
al., 2015).

This study complements the previous work by Lee and Yu
(1993) and Kano et al. (1994) on the stromatoporoids in the
Yeongheung Formation. In this paper, we re-evaluate the
previous reports of Lblla. regularis and describe two additional
species, Lblla. mingshankouensis (Ozaki, 1938) and Lb. yeongwolense
sp. nov., from the formation. The findings will enhance our
understanding of the origin, dispersal, and paleogeography of
early stromatoporoids in East Asia.

2. GEOLOGICAL SETTING AND MATERIALS

The lower Paleozoic sedimentary rocks of the Korean Peninsula
crop out in the Taebaeksan and Pyeongnam basins, which are
located in the southeastern and northcentral parts of the Peninsula,
respectively (Choi and Chough, 2005; Chough, 2013; Fig. 1a).
The Taebaeksan Basin contains mixed clastic-carbonate deposits
of the Joseon Supergroup, which is subdivided into the Taebaek,
Yeongwol, Yongtan, Pyeongchang, and Mungyeong groups,
based mainly on their geographic distributions and lithology
(Choi, 1998; Choi and Chough, 2005; Chough, 2013). The
Taebaeksan Basin has traditionally been regarded as an extension
of the North China Block supported by paleontological and
sedimentary studies (Chough, 2013). Ordovician trilobites

and stromatoporoids from the Yeongwol Group implies that
the group belongs to same biogeographic province with the
North China Block (Kano et al., 1994; Choi et al., 2001).

The Yeongheung Formation is the topmost lithostratigraphic
unit of the Yeongwol Group. The formation overlies the Mungok
Formation and is unconformably overlain by the Upper Paleozoic
Pyeongan Supergroup (Choi, 1998; Choi and Chough, 2005).
It consists of lime mudstone to wackestone, peloidal and bioclastic
packstone to grainstone, laminated dolomitic lime mudstone,
and algal laminite (Park et al., 2017). Based on the occurrence
of the trilobite Basiliella, actinoceratoid cephalopods (Kobayashi,
1966), and conodonts (Lee, 1979), the formation has been estimated
to be middle to late Darriwilian in age. All stromatoporoids in
the Yeongheung Formation occur in packstone to grainstone
facies (Fig. 2), with mollusks, crinoid ossicles, brachiopods,
siliceous sponge spicules, ostracods, trilobites, bryozoans
(Dianulites sp.), and Ortonella-like calcimicrobes, which are
indicative of deposition under moderate to high energy, well-
oxygenated open marine conditions (Park et al., 2017).

Most specimens described and illustrated in this study were
collected from the Namgyo section, in which 16 stromatoporoid-
bearing units (S1 to S16) are recognized (Figs. 1b and 2). Most
stromatoporoids in the studied interval are not distinctly
identified in the field except for Lblla. regularis mostly occurring in
the upper part of the interval (e.g., S14~S16), with domical
external morphology and a massive or irregular growth pattern.
Other stromatoporoid species, Lblla. mingshankouensis and Lb.
yeongwolense sp. nov. with laminar growth forms are present
throughout the lower to middle parts of the section. A few

Fig. 1. (a) Simplified tectonic map of East Asia and the study area in mid-eastern Korea (black dot), modified after Chough (2013). (b) Sample
locations in the Namgyo section, Yeongwol. NM = Nangrim Massif, PB = Pyeongnam Basin, IB = Imjingang Belt, GM = Gyeonggi Massif,
TB = Taebaeksan Basin, OB = Okcheon Basin, YM = Yeongnam Massif, GB = Gyeongsang Basin. 
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specimens obtained from the same section in the course of
previous studies (Lee and Yu, 1993; Kano et al., 1994) are also
included, though those specimens are not used in figures.
Materials from localities 1 and 2 of Lee and Yu (1993) and Kano
et al. (1994) are correlated with present stromatoporoid-bearing
units S10-2 and S16. Polished slabs and more than 120 large-
format thin sections were prepared for the measurements and
descriptions of the internal morphology of stromatoporoids.
Suprageneric assignments and terminology of the internal and
external morphology of stromatoporoids follow those of Webby
(2015b, 2015c). Type and figured specimens are deposited in
the Geological Collections, Natural Heritage Center (NHCG)
of the Cultural Heritage Administration in Daejeon, Korea.

3. IMPLICATIONS OF THE NORTH CHINA LABECHI-
IDS FOR EARLY DISPERSAL OF STROMATOPOROIDS 

The record of early stromatoporoids is not fully understood.
The sudden emergence of labechiid stromatoporoids during
the late Middle Ordovician coincided with ongoing major
biodiversification during that time (Webby, 2004, 2015a; Stearn,
2015). Although their origin is still unclear, it has been
suggested that a simple, non-calcifying sponge acquired the
ability to secrete a mineralized skeleton more or less simultaneously
with the major diversification event (Nestor and Webby, 2013).
The present study and a recent report of Cystostroma from
the Duwibong Formation, Taebaek Group (Oh et al., 2015)
conform to the recent conclusion of Nestor and Webby (2013)
that both the North China Block and Laurentia were the
centers of diversification of the earliest labechiids.

Of the five early labechiid stromatoporoid families, the
distribution of Rosenellidae and Labechiidae clearly demonstrates
that their near-simultaneous initiation centered on the Korean
Peninsula and North China, and eastern North America (Table
1). In the Rosenellidae, Pseudostylodictyon was one of the first
cosmopolitan genera, being concurrently recorded in the
Darriwilian of the North China Block, Laurentia, Baltica, and
Kazakhstan. Cystostroma was also present during the Darriwilian in
both the eastern part of the North China Block and Laurentia, and
later, during the Sandbian, in Baltica, Australia, and Siberia.
After the first occurrence of Rosenella in the Darriwilian of
the North China Block and Malaysia, the genus later appeared
in Australia, Laurentia, and Siberia during the Sandbian and
Katian. Priscastroma was the only Darriwilian form endemic
to Siberia.

Similar to the Rosenellidae, the Labechiidae, Labechia was
present in the Darriwilian of Yeongwol (Lee and Yu, 1993;
Kano et al., 1994) and Pyongyang (Yabe and Sugiyama, 1930)
of the Korean Peninsula, the eastern North China Block (Yabe

Fig. 2. Sedimentary log of the Namgyo section with stromatoporoid-
bearing horizons (S1 to S16). M = lime mudstone, W = wackestone,
P = packstone, G = grainstone, C = conglomerate. 
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and Sugiyama, 1930; Ozaki, 1938; Sugiyama, 1941), and Laurentia
(Kapp and Stearn, 1975; Webby, 1979a; Table 1). Labechia has
been subsequently recorded in the Sandbian of Tarim, Australia,
and Russia. The earliest record of Labechiella is from the
Darriwilian of the North China Block and Malaysia, with other
reports from the Sandbian of Tarim and Australia, and the
Katian of Siberia and Kazakhstan. Similarly, for the Stylostromatidae,
Pachystylostroma initially appears in the Darriwilian succession
in Laurentia, and is also known from the Sandbian of Tarim
and the Katian of Siberia, Mongolia, and Australia.

In contrast, other early labechiids, the families Aulaceratidae
and Lophiostromatidae display mostly limited distributions
which first occurred in the Darriwilian of the North China
Block and has also been recorded from the Sandbian of Laurentia
and the Katian of Laurentia, Siberia, and Australia. The remaining
Aulaceratidae, the genera Ludictyon, Thamnobeatricea, and
Sinodictyon, all have their first appearance in the Darriwilian
in the North China Block, but remained restricted to the
block and the adjacent region: Ludictyon is sporadically known
from the Katian rocks of Mongolia and Thamnobeatricea
occurs in the Sandbian and Katian successions of Australia.
Sinodictyon is known only from the Darriwilian of the North
China Block. Similarly, Lophiostroma, first recorded in the
Darriwilian of the North China Block, only occurs in Mongolia
and Siberia in Katian strata.

Given the scarcity of studies of early labechiids from the
North China Block (Table 1), it is remarkable that the North
China labechiids were more diverse than their Laurentian
counterparts, as noted by Nestor and Webby (2013). Of twelve

Darriwilian labechiid genera, the only ones that did not continue
into the Late Ordovician were Priscastroma and Sinodictyon,
which were endemic to Siberia and the North China Block,
respectively. Nine of the other ten genera appeared in the
North China Block, whereas the other four occurred in Laurentia
(Table 1; Fig. 3; Webby, 2004). It suggests that the North China
Block was the center for diversification during the rise of the
stromatoporoid root stock, which might have provided the
foundation for further diversification in the Late Ordovician.

4. SYSTEMATIC PALEONTOLOGY

Phylum Porifera Grant, 1836 
Class Stromatoporoidea Nicholson and Murie, 1878
Order Labechiida Kühn, 1927 
Family Labechiidae Nicholson, 1879
Genus Labechiella Yabe and Sugiyama, 1930

Labechiella regularis (Yabe and Sugiyama, 1930)
Figures 4a–c
Labechia regularis Yabe and Sugiyama, 1930, p. 56, pl. 18,

figs. 5 and 6, pl. 21, fig. 8; Ozaki, 1938, p. 210, pl. 26, figs. 2a, b,
c and d; Yavorsky, 1955, p. 59, pl. 24, figs. 4 and 5; Yavorsky,
1957, p. 29, pl. 13, figs. 1 and 2, Webby, 1969, p. 649, pl. 120, fig.
1, pl. 121, figs. 3, 4, 5 and 6, pl. 124, figs. 1 and 2.

Labechia regularis var. tenuis Yabe and Sugiyama, 1930, p.
57, pl. 3, fig. 1, pl. 4, figs. 1 and 2; Yavorsky, 1957, p. 30, pl. 43,
figs. 1, 2 and 3.

Tuvaechia regularis (Yabe and Sugiyama) Bogoyavlenskaya,
1971, p. 35, pl. 2, fig. 1.

Labechiella regularis (Yabe and Sugiyama) Webby, 1991, p.
200, fig. 3g; Kano et al., 1994, p. 453, figs. 3, and 4a, b, c, d and e.

Material: Five specimens from the units of S10, S14, S15,
and S16 (Figs. 1 and 2), middle to upper part of the Yeongheung
Formation (Middle Ordovician, Darriwilian), Namgyo, Yeongwol
County, Gangwon-do, mid-eastern Korea (Figs. 1 and 2).

Diagnosis: A species of Labechiella with well-developed
continuous pillars 0.50–8.40 mm in length and 0.10–0.33 mm
in diameter. Low, long, and flattened cyst plates are 0.20–0.36
mm in height.

Description: The specimens of this species are domical
with a massive or irregular growth pattern and commonly show
ragged margins containing sediment layers. The largest specimen
measures 61 cm across and 60 cm high (height estimated from
preserved portion).

In longitudinal section, the skeleton consists of vertically
well-developed, closely placed, mostly persistent, and rarely
branching pillars, although the pillars are selectively preserved as
flanged and hollow, or without any outlines; pillars extend

Fig. 3. Paleogeographical distribution of labechiids during the Mid-
dle Ordovician based on Nestor and Webby (2013), and Stock et al.
(2015). Paleogeographic map modified after Scotese (2001), Webby
(2002), Blakey (2008), Golonka and Gawęda (2012), and Burrett et
al. (2014); locations of the North China, South China, and Tarim
blocks based on Metcalfe (2013) and Burrett et al. (2014). LR = Lau-
rentia, SB = Siberia, BA = Baltica, NCB = North China Block, SCB
= South China Block, AU = Australia, GD = Gondwana.
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through at least four cysts and are 0.50 to 8.40 mm in length
(species average 2.60 mm; n = 152). In transverse view, pillars
mainly exhibit flanged circular to ellipsoidal forms, 0.15 to
0.37 mm in diameter (species average 0.24 mm; n = 47). Cyst
plates are long, low, and moderately parallel to other cyst plates, or
slightly concave; their height ranges from 0.20 to 0.36 mm
(species average 0.28 mm; n = 34).

Occurrence: Middle Ordovician: common in the Yeongheung
Formation at Yeongwol, Taebaeksan Basin, Korea (Fig. 2; Lee
and Yu, 1993; Kano et al., 1994); Pyongyang, Pyeongnam Basin,
Korea (Yabe and Sugiyama, 1930); and the upper Majiagou
Formation, Shandong Province and the Tofangkou Formation,
Liaoning Province, China (Yabe and Sugiyama, 1930). Upper
Ordovician: Siberian Platform (Yavorsky, 1955; Bogoyavlenskaya,
1971), New South Wales (Webby, 1969), and the Den Formation
of Mole Creek, Tasmania, Australia (Webby, 1991).

Remarks: Labechiella regularis (Yabe and Sugiyama, 1930)
has been reported from the Middle Ordovician of the Korean
Peninsula (Yeongwol and Pyongyang), Shandong and Liaoning
provinces of northeastern China, and from the Upper Ordovician
of New South Wales and Tasmania, Australia, and the Siberian
Platform and Tuva, Russia. Yabe and Sugiyama (1930) originally
erected Labechiella regularis as a species of Labechia, although
the specimens from Liaoning show regularly spaced, parallel
cyst plates and straight, persistent pillars, all of which are
considered diagnostic of Labechiella (Webby, 1979a, p. 92).
The material of Lblla. regularis described from Liaoning by
Yabe and Sugiyama (1930) is very similar to the Yeongwol
specimens except for the smaller pillar diameter (0.12–0.25 mm)
than in the present specimens (0.15–0.37 mm, species average
0.24 mm).

The Yeongwol material closely resembles that described
and illustrated by Ozaki (1938) from the upper Majiagou
Formation in Shandong and the Tofangkou Formation in
Liaoning, on the basis of the persistent, regularly spaced, straight
vertical pillars and flattened cyst plates, although Ozaki’s
material has slightly smaller pillar diameter (0.15–0.21 mm).
The specimens described in this study are identical to Lblla.
regularis of Kano et al. (1994) from the Namgyo section in most
respects, although the latter possesses well-developed mamelons
and common latilaminae.

The specimens of Lblla. regularis reported from the Upper
Ordovician of Stony Tunguska River and a tributary of the
Kotuy River, Siberian Platform (Yavorsky, 1955) and from
New South Wales (Webby, 1969) are considered to be conspecific
with the present material, although both the Siberian and
Australian specimens have updomed cysts, which are rare in
the Middle Ordovician forms of the North China Platform
(cf. Webby, 1969).

Labechiella mingshankouensis (Ozaki, 1938)
Figures 4d and e
Actinostroma mingshankouensis Ozaki, 1938, p. 207, pl. 23,

figs. 1a, b, c, d and e.
Material: Three specimens from the units of S7, S8, and

S12 (Figs. 1 and 2), lower part of the Yeongheung Formation
(Middle Ordovician, Darriwilian), Namgyo, Yeongwol County,
Gangwon-do, mid-eastern Korea (Figs. 1 and 2).

Diagnosis: Labechiella with hollow unflanged persistent pillars
(length 1.15–3.90 mm and diameter 0.16–0.37 mm) extending
through flattened and widely spaced cyst plates 0.47–1.72
mm in height.

Description: The skeleton consists of conspicuous, continuous,
unflanged, stout, erect, structureless, aligned, and widely spaced
pillars. In vertical view, the pillars are persistent, stout, and
straight with lengths of 1.15–3.90 mm (species average 2.90 mm,
n = 13) and diameters of 0.16–0.37 mm (exceptionally 0.48 mm,
species average 0.26 mm, n = 30). The entire pillar is hollow without
outline. In longitudinal view, the cyst plates are characteristically
long, low, and parallel to other plates, and form slightly
concave, lamina-like features filled with sediments or peloids;
cyst height is 0.47–1.72 mm (species average 1.02 mm, n = 22). In
transverse section, pillars are preserved as unflanged ellipsoidal
to circular shapes. An obvious astrorhiza can be recognized
in one specimen (Fig. 4d).

Occurrence: Middle Ordovician: rare in the middle part of
the Yeongheung Formation, and in the upper Majiagou Formation
of Liaoning and Shandong provinces, China (Ozaki, 1938).

Remarks: Closely set, vertically continuous, stout and hollow
pillars that are radially aligned to form astrorhizae, widely
spaced laminae, and laminae-like cyst plates are typical attributes of
Lblla. mingshankouensis (Ozaki, 1938). The material described
in this study from Yeongwol closely resembles that reported by
Ozaki (1938, p. 207), who noted the difference between Lblla.
mingshankouensis from the Shandong and Liaoning provinces
as “…pillars which are somewhat slender in the specimen of
South Manchuria than in the other; however, the two are
tentatively regarded as conspecific”. Because of the insufficient
number of measurements available for the previously published
material, direct comparison of the pillar diameters of specimens
of Shandong, Liaoning, and Yeongwol is not possible at present.

Genus Labechia Milne-Edwards and Haime, 1851
Labechia yeongwolense sp. nov.
Figures 4f–h
Derivation of name: The new species is named for Yeongwol

County, mid-eastern Korea.
Types: Holotype NHCG 10923 (Figs. 4f and g; specimen
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with one transverse (NHCG 10923-T) and one longitudinal section
(NHCG 10923-L)), horizon S6 (Figs. 1 and 2), Namgyo, Yeongheung
Formation (Middle Ordovician, Darriwilian), mid-eastern

Korea. Paratype NHCG 10924 (Fig. 4h; specimen with one
longitudinal section (NHCG 10924-L)), horizon S10-2 (Figs. 1
and 2), Namgyo, Yeongheung Formation (Middle Ordovician,

Fig. 4. (a)–(c) Labechiella regularis (Yabe and Sugiyama, 1930) from the upper part of the middle Yeongheung Formation, Namgyo section.
(a) Transverse section of NHCG 10921 from stromatoporoid-bearing unit of S14. (b) Vertical section of NHCG 10920 from S14. (c) Branched
pillars (white arrows) of Labechiella regularis in vertical section of NHCG 10920. (d), (e) Labechiella mingshankouensis (Ozaki, 1938) from
the middle part of the middle Yeongheung Formation, Namgyo section. (d) Transverse section showing astrorhiza and radially arranged pil-
lars of NHCG 10922 from S7. (e) Vertical section of NHCG140922. (f)–(h) Labechia yeongwolense sp. nov. from the lower to middle part
of the Yeongheung Formation, Namgyo section. (f) Transverse section of holotype NHCG 10923 from S6. (g) Unflanged hollow pillars (white
arrows) in vertical section of holotype NHCG 10923. (h) Solid pillars (white arrows) in vertical section of paratype NHCG 10924 from S10-
2. Scale bars in all photomicrographs = 2 mm. 
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Darriwilian), mid-eastern Korea.
Material: Forty-two specimens from the units S1 to S11,

lower to middle part of the middle Yeongheung Formation
(Middle Ordovician, Darriwilian), Namgyo, Yeongwol County,
Gangwon-do, mid-eastern Korea (Figs. 1 and 2). 

Diagnosis: A species of Labechia with patchily developed,
short, round, small pillars 0.40 to 2.65 mm in height, moderately
convex cysts 0.13 to 0.44 mm high.

Description: Skeleton composed of less continuous and
rather sporadically developed, short, round and slender pillars
forming a cone-in-cone structure with upward low-convexity
cyst plates. In longitudinal view, pillars variably and selectively
preserved as hollow or solid forms; pillars range from 0.40 to
2.65 mm in length (species average 0.99 mm; n = 61) and 0.07
to 0.31 mm in diameter (species average 0.17 mm; n = 176).
In transverse sections, pillars appear either as hollow or dark
solid ellipsoidal to circular features. Cysts are moderately convex
and vary in size, with heights ranging from 0.13 to 0.44 mm
(species average 0.27 mm; n = 15). Latilaminae up to 1.38 mm
high are common.

Remarks: Labechia shanhsiensis Yabe and Sugiyama (1930), Lb.
coreanica Yabe and Sugiyama (1930), Lb. changchiuensis Ozaki
(1938), and Lb. chingchiachuangensis Ozaki (1938) from the
Middle Ordovician of Korea and northeast China all share the
trait of possessing straight, regularly spaced, stout, persistent
pillars (Yabe and Sugiyama, 1930; Ozaki, 1938). In contrast,
Lb. yeongwolense sp. nov. displays notably patchy development
of pillars. Lb. yeongwolense sp. nov. appears to show some
resemblance to Lb. banksi Webby (1979c)) from the Cashions
Creek Limestone (Upper Ordovician, Sandbian) of Tasmania,
Australia. Both species have patchy development of pillars with
similar cyst heights, but the cyst plates of Lb. yeongwolense sp.
nov. are less convex, the pillars are smaller than those of Lb.
banksi (up to 4.0 mm long; usually 0.1 to 0.2 mm in thickness;
Webby, 1979c), and Lb. banksi has patchily developed denticles
(Webby, 1979c).

Kano et al. (1994, Fig. 4f) illustrated an unidentified, poorly
preserved specimen from the Namgyo section that possesses
key characteristic features of Lb. yeongwolense sp. nov.; i.e.,
more convex cyst plates, rather sporadically developed solid
pillars, and identical dimensions of pillars, and is thus herein
regarded as being conspecific with Lb. yeongwolense sp. nov.

ACKNOWLEDGMENTS

We are grateful for helpful discussion with Jeong-Hyun Lee
(Chungnam National University) and careful reading of the
manuscript and helpful comments from Jongsun Hong (Korea
University) and Sung Kwun Chough (Seoul National University).

We also thank Mirinae Lee and Hyo-Jeong Cho of Andong
National University for their assistance in the field and with thin-
section preparation. We greatly appreciate constructive comments
from Akihiro Kano and an anonymous reviewer. This work
was supported by a grant from the 2016 Research Fund of
Andong National University.

REFERENCES

Blakey, R.C., 2008, Gondwana paleogeography from assembly to breakup-
A 500 m.y. odyssey. In: Fielding, C.R., Frank, T.D., and Isbell, J.L.
(eds.), Resolving the Late Paleozoic Ice Age in Time and Space.
Geological Society of America Special Paper, Boulder, 441, p. 1–28.

Boardman, R.S., Cheetham, A.H., and Rowell, A.J., 1987, Fossil Inverte-
brates. Blackwell Scientific Publications, Palo Alto, 713 p.

Bogoyavlenskaya, O.V., 1971, Ordovikskie i silurijskie labekhiidy Tuvy
(Ordovician and Silurian labechiids of Tuva). Paleontologichesky
Zhurnal, 3, 32–38. (in Russian) 

Bogoyavlenskaya, O.V. and Lobanov, E.Yu., 1990, K poznaniiu drevnei-
shikh stromatoporat (On knowledge of the earliest stromatporates). In:
Sokolov, B.S. and Zhuravleva, I.T., (eds.), Iskopaemye problematiki
SSSR (Fossil Problematica of the USSR). Akademiia Nauk SSSR,
Sibirskoe Otdelenie, Trudy Instituta Geologii i Geofiziki, 783, p.
76–87. (in Russian)

Burrett, C., Zaw, K., Meffre, S., Lai, C.K., Khositanont, S., Chaodum-
rong, P., Udchachon, M., Ekins, S., and Halpin, J., 2014, The config-
uration of Greater Gondwana – evidence from LA ICPMS, U-Pb
geochronology of detrital zircons from the Palaeozoic and Meso-
zoic of Southeast Asia and China. Gondwana Research, 26, 31–51.

Choi, D.K., 1998, The Yongwol Group (Cambrian–Ordovician) rede-
fined: a proposal for the stratigraphic nomenclature of the Choson
Supergroup. Geosciences Journal, 2, 220–234.

Choi, D.K. and Chough, S.K., 2005, The Cambrian–Ordovician stratig-
raphy of the Taebaeksan Basin, Korea: a review. Geosciences Jour-
nal, 9, 187–214.

Choi, D.K., Kim, D.H., and Sohn, J.W., 2001, Ordovician trilobite fau-
nas and depositional history of the Taebaeksan Basin, Korea: impli-
cations for palaeogeography. Alcheringa, 25, 53–68.

Chough, S.K., 2013, Geology and sedimentology of the Korean Penin-
sula. Elsevier, Amsterdam, 363 p.

Copper, P., 2002, Silurian and Devonian reefs: 80 million years of global
greenhouse between two ice ages. In: Kiessling, W., Flügel, E., and
Golonka, J. (eds.), Phanerozoic reef patterns. SEPM Special Publi-
cation, Tulsa, 72, p. 181–238.

Dong, D.-Y., 1982, Lower Ordovician stromatoporoids of northern
Anhui. Acta Palaeontologica Sinica, 21, 577–582. (in Chinese with
English abstract)

Dong, D.-Y., 2001, Stromatoporoids of China. Science Press, Beijing,
423 p. (in Chinese with English abstract)

Galloway, J.J. and St. Jean, J., 1961, Ordovician Stromatoporoidea of
North America. Bulletins of American Paleontology, 37, 345–480.

Golonka, J. and Gawęda, A., 2012, Plate tectonic evolution of the south-
ern margin of Laurussia in the Paleozoic. In: Sharkov, E. (ed.), Tec-
tonics – Recent advances. InTech, p. 261–282.



Ordovician stromatoporoids from Korea 339

http://www.springer.com/journal/12303 http://dx.doi.org/10.1007/s12303-016-0055-4

Grant, R.E., 1836, Animal Kingdom. The Cyclopaedia of Anatomy and
Physiology, 1, 107–118.

James, N.P. and Wood, R., 2010, Reefs. In: James, N.P. and Dalrymple,
R.W. (eds.), Facies models 4. GEOText6, Geological Association of
Canada, Newfoundland, p. 421–447.

Kano, A., Lee, D.-J., Choi, D.K., and Yoo, C.-M., 1994, Ordovician
(Llanvirnian) stromatoporoids from the Youngwol Area, southern
Korea. Transactions and Proceedings of the Palaeontological Soci-
ety of Japan New Series, 174, 449–457. 

Kano, A. and Lee, D.-J., 1997, Flourite replacement in the Ordovician
stromatoporoid skeletons. Boletin de la Real Sociedad Espanola de
Historia Natural, 92, 67–76.

Kapp, U.S. and Stearn, C.W., 1975, Stromatoporoids of the Chazy
Group (Middle Ordovician), Lake Champlain, Vermont and New
York. Journal of Paleontology, 49, 163–186.

Kershaw, S., 1998, The applications of stromatoporoid palaeobiology in
palaeoenvironmental analysis. Palaeontology, 41, 509–544.

Kershaw, S., 2015, Paleoecology of the Paleozoic Stromatoporoidea. In:
Selden, P.A. (ed.), Treatise on Invertebrate Paleontology. Part E
(Revised), Porifera, vol. 4–5. The University of Kansas Paleontolog-
ical Institute, Lawrence, Kansas, p. 631–651.

Kershaw, S. and Brunton, F.R., 1999, Palaeozoic stromatoporoid tapho-
nomy: ecologic and environmental significance. Palaeogeography,
Palaeoclimatology, Palaeoecology, 149, 313–328.

Kobayashi, T., 1966, Stratigraphy of the Chosen Group in Korea and
South Manchuria and its relation to the Cambro-Ordovician for-
mations of other areas, Section A, The Chosen Group of South
Korea. Journal of the Faculty of Science, University of Tokyo, Sec-
tion II, 16, 1–84.

Kühn, O., 1927, Zur Systematik und Nomenklatur der Stromatoporen.
Zentralblatt für Mineralogie, Geologie und paläontologie, Abtelung
B, 546–551.

Lee, D.-J. and Yu, C.M., 1993, Middle Ordovician stromatoporoids
from the Yeongheung Formation and its biostratigraphic implica-
tions. Journal of the Paleontological Society of Korea, 9, 131–142.
(in Korean with English abstract) 

Lee, H.-Y., 1979, A study on the biostratigraphy and bioprovince of the
Middle Ordovician conodonts from South Korea. Journal of the
Geological Society of Korea, 15, 37–60.

Leinfelder, R.R., Schlagintweit, F., Werner, W., Ebli, O., Nose, M., Schmid,
D.U., and Hughes, G.W., 2005, Significance of stromatoporoids in
Jurassic reefs and carbonate platforms – concepts and implications.
Facies, 51, 287–325.

Metcalfe, I., 2013, Gondwana dispersion and Asian accretion: Tectonic
and palaeogeographic evolution of eastern Tethys. Journal of Asian
Earth Science, 66, 1–33.

Miline-Edwards, H. and Haime, J., 1851, Monographie des Polypiers
fossiles des Terrains Paléozoïques, précédée d’un tableau général de
la classification des Polypes. Archives du Muséum d’Histoire naturelle,
Paris, 5, 502 p.

Nestor, H. and Webby, B.D., 2013, Biogeography of the Ordovician and
Silurian Stromatoporoidea. In: Harper, D.A.T. and Servais, T. (eds.),
Early Palaeozoic biogeography and palaeogeography. Geological
Society of London Memoir, 38, p. 67–79.

Nicholson, H.A. and Murie, J., 1878, On the minute structure of Stro-

matopora and its allies. Journal of the Linnean Society, Zoology 14,
187–246.

Nicholson, H.A., 1879, On the structure and affinities of the Tabulate
Corals of Paleozoic Period. Blackwood & Sons, Edinbugh and Lon-
don, xii + 342 p.

Oh, J.-R., Choh, S.-J., and Lee, D.-J., 2015, First report of Cystostroma
(Stromatoporoidea; Ordovician) from Sino-Korean Craton. Geo-
sciences Journal, 19, 25–31.

Ozaki, K.E., 1938, On some stromatoporoids from the Ordovician
limestone of Shantung and South Manchuria. Journal of the Shang-
hai Science Institute, 2, 205–223.

Park J., Hong, J., Lee, J.-H., Choh, S.-J., and Lee, D.-J., 2017, Early
labechiid stromatoporoids of the Yeongheung Formation (Middle
Ordovician), Yeongwol Group, mideastern Korean Peninsula: Part I.
Environmental distribution. Geosciences Journal, 21, 317–329.

Scotese, C.R., 2001, Atlas of Earth history. Paleomap Project, Arling-
ton, 52 p.

Stearn, C.W., 2015, Diversity trends of the Paleozoic Stromatoporoidea. In:
Selden, P.A. (ed.), Treatise on Invertebrate Paleontology. Part E
(Revised), Porifera, vol. 4–5. The University of Kansas Paleontolog-
ical Institute, Lawrence, Kansas, p. 593–597.

Stearn, C.W., Webby, B.D., Nestor, H., and Stock, C.W., 1999, Revised
classification and terminology of Palaeozoic stromatoporoids. Acta
Palaeontologica Polonica, 44, 1–70.

Stock, C.W., Nestor, H., and Webby, B.D., 2015, Paleobiogeography of
the Paleozoic Stromatoporoidea. In: Selden, P.A. (ed.), Treatise on
Invertebrate Paleontology. Part E (Revised), Porifera, vol. 4–5. The
University of Kansas Paleontological Institute, Lawrence, Kansas, p.
653–689.

Sugiyama, T., 1941, On a new form of the genus Labechiellata from
Tyosen (Korea). Journal of the Geological Society of Japan, 48, 75–77.

Webby, B.D., 1969, Ordovician stromatoporoids from New South Wales.
Palaeontology, 12, 637–662. 

Webby, B.D., 1979a, Ordovician stromatoporoids from the Mjosa district,
Norway. Norsk Ggeologisk Tidsskrift, 59, 199–211.

Webby, B.D., 1979b, Presidential Address: The Ordovician stromatoporoids.
Proceedings of the Linnean Society of New South Wales, 103, 83–
121.

Webby, B.D., 1979c, The oldest Ordovician stromatoporoids from Aus-
tralia. Alcheringa, 3, 237–251.

Webby, B.D., 1991, Ordovician stromatoporoids from Tasmania. Alche-
ringa, 15, 191–227.

Webby, B.D., 2002, Patterns of Ordovician reef development. In: Kiessling,
W., Flügel, E., and Golonka, J. (eds.), Phanerozoic reef patterns.
SEPM Special Publication, Tulsa, 72, p. 129–179.

Webby, B.D., 2004, Stromatoporoids. In: Webby, B.D., Paris, F., Droser,
M.L., and Percival, I.G. (eds.), The great Ordovician biodiversifica-
tion event. Columbia University Press, New York, p. 112–118.

Webby, B.D., 2015a, Origins and early evolution of the Paleozoic Stro-
matoporoidea. In: Selden, P.A. (ed.), Treatise on Invertebrate Pale-
ontology. Part E (Revised), Porifera, vol. 4–5. The University of
Kansas Paleontological Institute, Lawrence, Kansas, p. 575–592.

Webby, B.D., 2015b, Glossary of terms applied to the hypercalcified
Porifera. In: Selden, P.A. (ed.), Treatise on Invertebrate Paleontol-
ogy. Part E (Revised), Porifera, vol. 4–5. The University of Kansas



340 Juwan Jeon, Jino Park, Suk-Joo Choh, and Dong-Jin Lee

http://dx.doi.org/10.1007/s12303-016-0055-4 http://www.springer.com/journal/12303

Paleontological Institute, Lawrence, Kansas, p. 397–416.
Webby, B.D., 2015c, Labechiida. In: Selden, P.A. (ed.), Treatise on Inver-

tebrate Paleontology. Part E (Revised), Porifera, vol. 4–5. The Uni-
versity of Kansas Paleontological Institute, Lawrence, Kansas, p.
709–754. 

Webby, B.D. and Kershaw, S., 2015, External morphology of the Paleo-
zoic Stromatoporoidea: Shapes and growth habits. In: Selden, P.A.
(ed.), Treatise on Invertebrate Paleontology. Part E (Revised), Porif-
era, vol. 4–5. The University of Kansas Paleontological Institute,
Lawrence, Kansas, p. 417–486. 

Webby, B.D., Wyatt, D., and Burrett, C., 1985, Ordovician stromatoporoids

from the Langkawi Islands, Malaysia. Alcheringa, 9, 159–166.
Yabe, H. and Sugiyama, T., 1930, On some Ordovician stromatoporoids

from south Manchuria, North China and Choseon (Corea), with
notes on two new European forms. Tohoku Imperial University, Sci-
ence Report Series 2, 47–62.

Yavorsky, V.I., 1955, Stromatoporoidea Sovetskogo Soyuza (Stromatoporoids
of the Soviet Union) Part 1, Trudy vsesoyuznogo nauchno-issledo-
vatel’skogo geologicheskogo instituta, n.s., 18, 1–173. (in Russian)

Yavorsky, V.I., 1957, Stromatoporoidea Sovetskogo Soyuza (Stromatoporoids
of the Soviet Union) Part 2, Trudy vsesoyuznogo nauchno-issledo-
vatel’skogo geologicheskogo instituta, n.s., 18, 1–167. (in Russian)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


