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ARTICLE INFO ABSTRACT
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Sub-metre-scale patch reefs composed primarily of stromatoporoids and bryozoans are reported from the
Duwibong Formation (upper Middle Ordovician), Taebaeksan Basin, Korea, in the eastern margin of the Sino-
Korean Block. The reef framework is constructed of alternating thin laminae of the primitive labechiid stro-

Darriwilian matoporoid Cystostroma, the bryozoan Nicholsonella, subordinate Solenopora and minor siliceous sponges.
Reef evolution . . . . .
GOBE Alternating laminae of stromatoporoids and bryozoans are largely responsible for the formation of a globular

framework composed of columnar, branching, bulbous to irregular masses. Solenopora sporadically occurring as
tiny patches or thin laminae attached to the stromatoporoid-bryozoan framework is considered to be sub-
ordinate encrusters. Siliceous sponges occur within the stromatoporoid-bryozoan framework and within the
growth framework and bored cavities, interpreted as subordinate encrusters and cryptic dwellers. The compact
globular framework of the Duwibong stromatoporoid-bryozoan consortium represents a new type of Ordovician
skeletal bioconstruction, but with a certain structural similarity to Lower Ordovician bryozoan reefs in the South
China Block. Together with coeval labechiid reefs occurring near the current study area, the Duwibong reefs
suggest that incursion of the primitive stromatoporoids into the earliest bryozoan reefs resulted in the dom-
inance of reef-building stromatoporoids in peri-Gondwana in contrast to coeval reefs in Laurentia, which
commonly contain tabulate corals.

1. Introduction skeleton, prior to the advent of other principal reef elements of early

skeletal reefs such as corals and stromatoporoids (Taylor and Ernst,

Bryozoans were one of the earliest skeletal reef builders to form
reefs alone without the aid of microbes (Cuffey et al., 2013). They can
produce plastic colony forms to adapt various environmental condi-
tions, e.g., erect, branching, fenestrate and lobate forms as well as
sheet-like skeletons up to 1 m across (Hageman et al., 1997; Amini
et al.,, 2004; Taylor and Ernst, 2004; Taylor, 2005; Moissette et al.,
2010), and commonly settle on hard to firm substrates or stabilised
sediments (Taylor and Ernst, 2004). Globular colonies of encrusting
bryozoans can occasionally form free-rolling nodules called bryoliths;
they also form reef frameworks where corals are absent in present day
(Cuffey, 2006).

The fossil record of bryozoans goes back to the earliest Ordovician
(Tremadocian), when they suddenly appeared with a mineralised
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2004; Webby, 2004a; Ma et al., 2015). In the Early to Middle Ordovi-
cian, they were an integral part of the earliest skeletal reefs char-
acterised by the superposition of laminar bryozoans or other metazoans
(Webby, 2002; Taylor and Ernst, 2004; Adachi et al., 2011, 2012, 2013;
Cuffey et al., 2013). The successive appearance of tabulate corals, So-
lenopora and labechiid stromatoporoids by the Middle Ordovician
paved the way for the construction of diverse skeletal reefs, and
eventually led to the major turnover from microbial- to skeletal-domi-
nated reefs in the Middle to Late Ordovician (Webby, 2002). As larger,
robust metazoans diversified during the Middle and Late Ordovician,
the contribution of bryozoans to skeletal reefs diminished, and they
were largely overshadowed by corals and stromatoporoids until the
Late Devonian, when bryozoans once again were common components
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in Mississippian mud mounds (Copper, 2002; Webb, 2002; Webby,
2002; Cuffey, 2006).

The current study reports a new type of early skeletal reef from the
upper Middle Ordovician of Korea, primarily formed by the trepostome
bryozoan Nicholsonella in concert with the primitive labechiid stroma-
toporoid  Cystostroma. The  globular  structures of a
Cystostroma—Nicholsonella consortium are superficially analogous to
those of the compact crust mounds dominated by the trepostome
bryozoan Nekhorosheviella in the upper Tremadocian of Hubei Province,
China (Adachi et al., 2012; Cuffey et al., 2013) and skeletal reefs built
by various sheet-like metazoans in the upper Darriwilian of New York,
USA (Pitcher, 1964; Cuffey et al., 2000; Kroger et al., 2017). Taken
together with recently reported upper Middle Ordovician stromato-
poroid-dominated reefs from Yeongwol, Korea (Hong et al., 2017; Park
et al., 2017), composition and formation processes of these early ske-
letal reefs from the Sino-Korean Block reveal the impact of the un-
folding Ordovician radiation on the oldest type of skeletal reef eco-
system, and its implications for the earliest pathway of skeletal reef
evolution during the Early and Middle Ordovician.

2. Geologic setting and methods

Lower Palaeozoic strata are widely distributed in the Sino-Korean
Block, occurring over > 1500 km from the Taebaeksan and Pyeongnam
basins of the Korean Peninsula in the east to the Ordos Basin of north-
central China in the west (Meng et al., 1997; Chough, 2013; Fig. 1A).
The Taebaek Group at the eastern margin of the Sino-Korean Block
represents mixed siliciclastic-carbonate successions deposited from
Cambrian Epoch 2 to the Middle Ordovician (Kwon et al., 2006). The
skeletal reefs investigated in this study are from the Duwibong For-
mation, the uppermost unit of the Taebaek Group. The formation,
which is 40-80 m thick, is composed of oolitic and fossiliferous lime-
stone with intercalated dolostone and shale, interpreted to have been
deposited in a shallow subtidal carbonate ramp environment (Hyeong
and Lee, 1992; Lee et al., 2001; Kwon et al., 2006). The unit has been
estimated to be late Middle Ordovician (mid to late Darriwilian) in age
based on the occurrence of the Plectodina onychodonta and Aurilobodus
serratus conodont biozones (Lee and Lee, 1986, 1990).

The reef described in this study is located at the Sorotgol section, as
part of a 7-m-thick exposure of the upper Duwibong Formation occur-
ring along the road-cut section (Oh et al., 2015; Fig. 1). The reef con-
stituents were analysed from polished slabs and several sets of large-
format (5.2 x 7.6 cm) thin sections covering the slabs. The “white card
technique” (Delgado, 1977; Zenger, 1979; Folk, 1987) was employed to
differentiate the original microstructures of the constituents. The two-
dimensional distributions of reef-building components within the fra-
meworks were calculated using JMicrovision software (Table 1).

3. Results
3.1. Duwibong stromatoporoid-bryozoan reefs

The Duwibong reefs, which are about 80 cm wide and 30 cm high,
are composed of compactly stacked hemispherical laminae of stroma-
toporoids, bryozoans, minor Solenopora and siliceous sponges (Figs. 1B,
2). The reef-bearing bed overlies bioclastic packstone to grainstone with
fragments of ramose bryozoans, siliceous sponges, brachiopods, gas-
tropods and cephalopods, and is laterally surrounded and overlain by
partly dolomitised bioturbated mudstone to wackestone (Fig. 1C).

3.1.1. Reef constituents

The stromatoporoids are characterised by laminar to crescentic
structures with smooth outlines, and are up to 8 cm wide and < 3 cm
high. Their internal structures are generally poorly preserved, and can
only be recognised by means of the white-card technique. Faint micritic
ghosts of stacked convex-upward cysts without denticles are present,
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which may be assignable to the stromatoporoid Cystostroma (Oh et al.,
2015; Fig. 2A, B). The stromatoporoids constitute about one-third
(34%) of the Duwibong reef in cross section (Table 1). Bryozoans are
laminar to crescentic, or minor slender ramose forms < 3 cm in size,
comprising up to one-sixth (16%) of the Duwibong reef in cross section
(Table 1). Their isolated zooecia enclosed by a granular wall structure
and zooecial tubes with complete, straight diaphragms are character-
istic of Nicholsonella (Fig. 2C, D; Bassler, 1953). Subordinate Solenopora
is composed of bundles of tubes within small domal or lamina-shaped
outlines (Fig. 2E), comprising about 4% of the reef. Another component
is unidentified siliceous sponges with irregular spicule networks and
indistinct outer boundaries (Fig. 3A-D), which make up about 0.1% of
the reef. In cross section, up to 42% of reef constituents with poor
preservation of internal fabric are classified as uncertain type (Table 1),
though some of these uncertain elements are similar to the basal
zooecial tubes of bryozoans (Fig. 3E) or are very thin layers with
smooth surfaces resembling those of the stromatoporoids (Fig. 3F). It is,
therefore, concluded that these uncertain elements probably represent
poorly preserved bryozoans and stromatoporoids.

3.1.2. Reef structure

The sub-metre-scale domal reefs of the Duwibong Formation consist
of columnar to branching structures a few centimetres wide and up to
10 cm high, with subordinate larger irregular structures up to 20 cm
across and high (Figs. 4, 5). The frameworks are separated by burrowed
wackestone a few millimetres to several centimetres wide and often
show smooth and sporadic ragged margins, although sharp margins
truncating these frameworks are also rarely found. The growth direc-
tions of the structures vary, but many are sub-vertical to horizontal with
minor downward-growing examples (Figs. 4, 5). They consist of several
globular units up to 3 cm high, within which the growth directions of
the components are consistent (Fig. 5). Each globular unit is made of a
characteristic millimetre-scale laminated framework consisting of ra-
mose bryozoans and minor irregular siliceous sponges at the base of the
unit, overlain by succeeding encrustations of laminar to crescentic
stromatoporoids and bryozoans with minor Solenopora and siliceous
sponges (Figs. 3D-F, 5). These units are attached to the tops or sides of
the other units. The growth directions of them are commonly variable
by about 10° to 20°, though up to 60° difference between the attached
units is also present, forming columnar or branching structures overall
(Fig. 5). These structures are occasionally enclosed by successive larger
reef elements, resulting in the formation of accreted irregular masses
(Fig. 4). Rare elongate cavities, up to a few centimetres long, occur
between the stromatoporoid and bryozoan laminae. These cavities
contain patches of sponge spicule networks pendant from the ceiling,
with the rest of the space filled with lime mud (Fig. 3B). Similar spicule
networks also occur rarely inside cylindrical borings < 1 mm in dia-
meter that penetrate the laminated stromatoporoid-bryozoan skeletal
laminae (Fig. 3C, D).

3.2. Interpretation

The sub-metre-scale Duwibong patch reefs are constructed of
stacked hemispherical encrusting laminae (Fig. 5). The reefs appear to
have initiated by attachment of stromatoporoids and bryozoans to
scattered ramose bryozoans and other grainy sediments where these
reef elements follow the underlying bioclasts in shape. Subsequent
numerous encrustations of stromatoporoids, bryozoans, intermittent
attachments of subordinate Solenopora and rare siliceous sponges
formed the globular units. Upward, inclined attachments and ag-
gregations of these units led to the formation of centimetre- to deci-
metre-scale columnar or extended bulbous to digitate forms. In some
cases, several structures are further bounded by laminar reef elements,
creating larger irregularly shaped frameworks (Fig. 4). The micritic
sediments surrounding these skeletal frameworks (Figs. 4, 5) and
smooth outline of the frameworks indicate that their growth was in a
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Fig. 1. A) Location of the study area (black arrow) in the Sino-Korean Block and simplified geologic map of the area (modified from Chough, 2013). The location of the reefs investigated
in this study is marked by a white arrow. B) Cross-sectional outcrop photograph of a reef showing characteristic stacked encrusting layers (dashed lines) that are well exposed on the
weathered surface. C) Stratigraphic section of the outcrop. The reef-bearing interval overlies bryozoan packstone to grainstone and is overlain by bioturbated mudstone to wackestone.

Table 1
Areal percentage of the component in the Duwibong reef frame-
works.
Component Areal percentage
Stromatoporoid 34.3
Bryozoan 16.1
Solenopora 3.9
Siliceous sponge 0.1
Dolomite 1.7
Internal sediment 1.5
Uncertain 42.4
Total 100.0

relatively low-energy environment (e.g., James and Wood, 2010). The
presence of some erosive features and sideway-pointing frameworks
(Figs. 1B, 4) might reflect the effect of occasional high-energy events
such as storm currents.

Based on the frequency of occurrence and areal percentage of reef
constituents, the stromatoporoid Cystostroma and the bryozoan
Nicholsonella are the main reef framework-builders, and their upper
surfaces were available for further attachments. They blanketed the
underlying reef constituents as well as several columnar to branching
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structures, and are thus considered to have functioned as encrusters and
binders. Minor (< 5% of the framework) Solenopora and siliceous
sponges also attached to the upper surfaces of the main reef con-
structors and are interpreted as encrusters. The rare siliceous sponges in
borings and attached to the ceilings of cavities are interpreted as cryptic
dwellers. In summary, the Duwibong skeletal reef framework can be
characterised as a centimetre-scale skeletal framework, primarily
formed by multiple encrustations of bryozoans and one of the earliest
genera in stromatoporoids, containing primary cavities harbouring
cryptic metazoans.

4. Discussion

The Cambrian radiation (Cambrian Explosion) and Ordovician ra-
diation (Great Ordovician Biodiversification Event, or GOBE) resulted
in the origin and diversification of early Palaeozoic sessile organisms,
eventually leading to the rise of bioconstructions containing metazoans
(Webby, 2002; Adachi et al., 2011, 2012; Kroger et al., 2017; Li et al.,
2017). Lower Palaeozoic reefs witnessed a large-scale turnover from (i)
Cambrian-lower Middle Ordovician microbial-dominated reefs with
limited clusters of conical to branching skeletal organisms (archae-
ocyaths, siliceous sponges and calathiids) to (ii) upper Middle to Upper
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Fig. 2. Photomicrographs of reef constituents in the Duwibong reefs. A) Layered Cystostroma stromatoporoids with partially obscured internal microstructure replaced by neomorphic
calcite. B) Longitudinal-cut photomicrograph of a stromatoporoid taken using the “white card technique”. The well-preserved convex-upward cyst plate is the diagnostic characteristic of
Cystostroma. C) Photomicrograph of a ramose bryozoan Nicholsonella. Isolated zooecia surrounded by granular wall structure and straight diaphragms are well-developed. D) Bryozoan
encrustations alternating with possible stromatoporoids with poorly preserved internal structures. E) Solenopora with barely visible cross-sectional partitions overgrown by poorly
preserved stromatoporoids. F) Layers of uncertain tubular organisms with various tube dimensions that repeatedly encrust poorly preserved stromatoporoids. The limited longitudinal

views of the organism inhibit its proper identification.

Ordovician skeletal-dominated reefs composed of laminar encrusting to
robust skeletal organisms (bryozoans, corals, stromatoporoids and So-
lenopora; Rowland and Shapiro, 2002; Webby, 2002; Servais et al.,
2010; Lee et al., 2015; Kroger et al., 2017). This major shift from mi-
crobial- to skeletal-dominated reefs occurred within a 20-Myr interval,
from the first appearance of the oldest known skeletal reefs in the Lower
Ordovician of South China (Adachi et al., 2011; Cuffey et al., 2013) to
the upper Middle Ordovician when various skeletal reefs became
dominant for the first time in the geologic record (Webby, 2002). Such
diachronous transformation in reef composition across different regions
associated with physiochemical and biological changes have been
considered as a characteristic of the GOBE (Servais et al., 2010) (Fig. 6).

Bryozoans pioneered the skeletal reef framework revolution, as the
first appearance of trepostome bryozoans resulted in the initiation of
the oldest known skeletal reefs in the Lower Ordovician of the South

129

China Block (Xia et al., 2007; Adachi et al., 2011, 2012; Cuffey et al.,
2013; Ma et al., 2015). These skeletal reefs were built by aggregated
globular colonies (up to 2 cm across and 5 cm high) of the laminar
bryozoans Nekhorosheviella, together with subordinate skeletons of li-
thistid sponges, calathiids and pelmatozoan holdfasts (Fig. 6). However,
with the exception of bryozoan skeletal reefs and skeletal frameworks
from South China, the record of early skeletal reefs is surprisingly
sparse throughout the upper Lower to lower Middle Ordovician (Fig. 6).
The propagation of bryozoans, coupled with the advent of tabulate
corals in Laurentia, became a foundation for various skeletal reef fra-
meworks built in concert with pre-existing and newly emerged reef-
building skeletal organisms in the Chazyan (upper Darriwilian) of
Laurentia (Pitcher, 1964; Kobluk, 1981; Desrochers and James, 1989;
Cuffey et al., 2000, 2013; Webby, 2002). Such skeletal reef frameworks
include centimetre- to decimetre-scale stacked colonies of the laminar
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Fig. 3. Photomicrographs of siliceous sponges and components of uncertain affinities of the Duwibong reefs and their substrates. A) Siliceous sponges co-occurring with fragments of
bryozoans, gastropods, brachiopods and mollusc shells in substrate of the boundstone. B) Spicule networks (arrows) with rounded outer boundaries attached to the roof of a cavity. C)
Tubular borings (arrows) cut through poorly preserved stromatoporoid latilaminae. D) Enlarged view of the area indicated by the rectangle in Fig. 4C, showing spicule networks (SN)
occurring inside a boring. E) Uncertain encrusting elements with poorly preserved microstructures. Arrows point to areas resembling the microstructure of bryozoans. F) Microstructure of

an uncertain encruster (white arrow), similar to that of stromatoporoids (black arrow).

bryozoans Batostoma and Ceramopora, which constituted the bulk of
skeletal reefs, and were sometimes intergrown with lithistid sponges
and pelmatozoans (Pitcher, 1964; Pratt, 1989; Kroger et al., 2017;
Fig. 6). These laminar bryozoans often occurred in conjunction with
new reef-builders such as the laminar to low domal tabulate coral
Billingsaria, the subordinate encrusting Solenopora, hemispherical to
irregular bundles of the tabulate coral Eofletcheria, and the ramose to
fenestrate bryozoans Batostoma, Nicholsonella, Stictopora and Phyllo-
porina (Pitcher, 1964; Desrochers and James, 1989). Bryozoan-bearing
bioconstructions were persistent until the early Sandbian, in that ra-
mose and encrusting forms contributed to the formation of cor-
al-stromatoporoid-algal reefs, bryozoan-dominated reefs and mud
mounds (e.g., Read, 1982; Ruppel and Walker, 1982; Cuffey and Cuffey,
1995; Hender and Dix, 2008), and subsequently became less prominent
(Webby, 2002). Sheet-like bryozoans as one of main reef-builders were
also reported from sub-metre- to decametre-sized reefs and mounds in
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the Katian to Hirnantian successions of eastern Canada (Kobluk, 1981)
and northern Estonia (Kroger et al., 2017).

The earliest indisputable stromatoporoids are labechiids, and prin-
cipally heralded the biggest boom of skeletal reefs in the geological
record (Copper, 2002; Webby, 2002). The oldest known labechiid is
preserved in the Lower Ordovician lithistid sponge—Calathium reefs of
South China, in that Cystostroma was a minor cryptic element within the
internal cavities of Calathium (Li et al., 2017). The subsequent di-
versification of early labechiid stromatoporoids and their incorporation
into reef frameworks took place in both the Sino-Korean Block and
Laurentia during the Darriwilian (Webby, 2015). These early labechiid
stromatoporoids (Pseudostylodictyon, Labechia, Pachystylostroma and
Cystostroma) were subordinate encrusters in various Chazyan skeletal
reefs, forming stacked laminar labechiid skeletons 0.15-1 m across with
Billingsaria, lithistid sponges, Solenopora, Batostoma, and calcimicrobes
Rothpletzella and Girvanella (Pitcher, 1964; Kapp, 1975; Kapp and
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Stearn, 1975; Desrochers and James, 1989; Webby, 2002; Kroger et al.,
2017; Fig. 6). In the Sino-Korean Block, decimetre-scale labechiid ske-
letal reefs, composed primarily of laminar Labechia (~80% of the reef)
up to 15 cm across with minor bryozoans, were recently reported from
the upper Darriwilian Yeongheung Formation of Korea (Hong et al.,
2017; Fig. 6).

The centimetre-scale laminar framework of the Duwibong reefs is a
new type of early skeletal reef framework in terms of both reef-building
components and shape. The framework superficially resembles that of

[ stromatoporoid

[ oryozoan

D uncertain reef
constituents

D micritic sediment

2cm
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Fig. 4. A) Photograph and B) interpretive tracing
of a polished slab of a reef. Variously shaped
globular to columnar (arrow 1), branching
(arrow 2) to irregular or massive (arrow 3) fra-
meworks are present. Note the prevalence of
discrete globular, columnar and branching fra-
meworks (yellow area), and several reef elements
(red area) that interconnect and form larger ir-
regular frameworks. (For interpretation of the
references to colour in this figure legend, the
reader is referred to the web version of this ar-
ticle.)

the Lower Ordovician bryozoan reefs in the common occurrence of
bryozoans and their globular structures, but was primarily built by the
primitive stromatoporoid Cystostroma (Khromych, 2010; Oh et al.,
2015; Li et al., 2017) and the bryozoan Nicholsonella. In this regard, the
Duwibong Cystostroma-Nicholsonella skeletal laminar reef reflects the
advent of stromatoporoids into one of the oldest metazoan reef fra-
meworks primarily built by bryozoans. This occurrence also signals the
advent of skeletal reefs built by the more structured labechiid Labechia,
as demonstrated by some of the oldest known labechiid-dominated

Fig. 5. A) Thin sections of the columnar to ex-
tended bulbous reef frameworks used for con-
stituent analysis (Table 1). B) Tracing of the reef
frameworks made up of laminar reef elements
such as stromatoporoids and bryozoans, enclosed
by micritic sediments.
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Fig. 6. Spatio-temporal patterns of Lower to Middle Ordovician skeletal reefs and diversity of reef-building metazoans. The Duwibong labechiid-bryozoan reefs (5) have a similar
framework structure to Lower to Middle Ordovician laminar bryozoan skeletal reefs (1, 2 and 4). Note the distinctive reef composition of Sino-Korean reefs (5 and 6) compared with
coeval Laurentian reefs (3, 4 and 7) and changes in relative abundance of reef frameworks indicated by grey spindles. 1: bryozoan skeletal reefs (Cuffey et al., 2013); 2: bryo-
zoan—-pelmatozoan and bryozoan-lithistid sponge reefs (Adachi et al., 2012, 2013); 3: coral reefs (Desrochers and James, 1989); 4: bryozoan reefs (Pitcher, 1964; Kobluk, 1981; Cuffey
et al., 2000); 5: labechiid-bryozoan skeletal reefs (this study); 6: labechiid reefs (Hong et al., 2017); 7: pelmatozoan-bryozoan—coral reefs and bryozoan-lithistid sponge frameworks, and
bryozoan, coral, Solenopora, lithistid sponge and labechiid frameworks of reefs (Pitcher, 1964; Desrochers and James, 1989; Pratt, 1989; Kroger et al., 2017). The diversity of bryozoans,
corals, and stromatoporoids is after Taylor and Ernst (2004), Webby (2004b), Webby et al. (2004), Adachi et al. (2011), Nestor and Webby (2013) and Li et al. (2017).

reefs in the Yeongheung Formation of Korea (Hong et al., 2017). In
terms of reef constituents and frame structure, the Duwibong reef is
broadly similar to coeval Laurentian reefs, in which bryozoans, la-
bechiid stromatoporoids, Solenopora and siliceous sponges are con-
tributors to frameworks. However, the stromatoporoid-bryozoan fra-
mework in this study is fundamentally different from the Laurentian
skeletal frameworks, notably in terms of the dominance of stromato-
poroids and lack of tabulate corals (cf. Pitcher, 1964; Desrochers and
James, 1989; Webby, 2002).

Therefore, the Duwibong Cystostroma—Nicholsonella reefs in the
upper Middle Ordovician of the Sino-Korean Platform would have
showcased the incorporation of stromatoporoids into bryozoan-domi-
nated reefs and their impact on the evolutionary path of early skeletal
reefs in which corals were not yet reached in this region and not in-
volved in reef frameworks. The contribution of bryozoans to early
skeletal reefs was suggested to have been declined during the Late
Ordovician with the arrival of sturdy reef-building corals and possibly
stromatoporoids, based on Laurentian examples (Cuffey, 2006). As
described in the current study and for the coeval Yeongheung reefs
(Hong et al., 2017), the emergence of stromatoporoids as the principal
reef builders and the eventual minor occurrence of bryozoans within
the stromatoporoid frameworks illuminate early evolution of skeletal
reefs, when bryozoans began to lose their dominance in the develop-
ment of skeletal reefs with the advent of stromatoporoids in early
skeletal reefs. It has become more apparent in recent years that
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although our current understanding of the evolutionary pattern of Or-
dovician skeletal reefs remains patchy (Fig. 6), regional variation on
diversification of reef-building metazoans and types of skeletal bio-
constructions would have resulted in dissimilar evolutionary paths of
the earliest skeletal reefs in time and space during the Great Ordovician
Biodiversification Event.

5. Conclusions

Upper Middle Ordovician skeletal-dominated patch reefs are re-
ported from the Duwibong Formation of the Taebaeksan Basin, Sino-
Korean Block. These reefs are composed mainly of labechiid stroma-
toporoids (Cystostroma) and bryozoans (Nicholsonella) with subordinate
Solenopora and siliceous sponges. Stacking-up of laminar to low domal
stromatoporoids and bryozoans primarily formed columnar, branching,
amalgamated bulbous and irregular masses that eventually formed
globular reef frameworks. The framework shape and common presence
of bryozoans in the Duwibong reefs are analogous to Lower Ordovician
bryozoan reefs in the South China Block, suggesting a persistent de-
velopment of earliest skeletal bioconstructions in the Sino-Korean
Block. This early skeletal reef transition from bryozoan- to stromato-
poroid-dominated consortia was different in Laurentian skeletal reefs,
in which tabulate corals were incorporated and were the major reef-
builders during the late Middle to Late Ordovician. These findings re-
veal regional variations in early skeletal reef evolution and additional
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findings of early skeletal reefs made from upper Lower to lower Middle
Ordovician strata of South China, Siberia and Laurentia would enable
us to resolve the puzzle of the early skeletal reef revolution.
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