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Abstract The Carboniferous period was a unique period for reef developments during the
Late Paleozoic; however, in past years, studies dealing with the Carboniferous reefs in China
were very rare. In recent years, the Carboniferous reefs were studied in detail and diverse
types of reefs have been discovered in different areas of China. In these areas, the Missis-
sippian reefs were primarily built of bryozoans and rugose corals, which were associated with
various kinds of calcareous algae. During the Pennsylvanian, in South China, the reef build-
ers were composed of the rugose coral Fomichevella and phylloid algae, whereas in North
China, the reef builders were composed of Chaetetes, bryozoans and corals. There are two
main reef-building communities within Carboniferous reefs in China; an algal reef-building
community and a reef-building community dominated by colonial coral. No evolutionary rela-
tionships between these two types of communities can be detected, thus indicating that two
different linerages of reef-building communities evolved during the Carboniferous; the former
community consists of cyanobacteria, bacteria and calcareous algae, while the latter one con-
sists of various skeletal metazoan organisms. Through careful study of the developments of
Chinese Carboniferous reefs, the evidence indicates that various communities of organisms
played important reef-building functions during this period. The occurrence of these metazoan
framework reefs also indicates that, during the Carboniferous, most areas in China would have

been dominated by the environments with a tropical or subtropical climate.
Key words Carboniferous, reef, China, evolution, marine ecosystem

1 Introduction

The Carboniferous represents an important orogenic pe-
riod with complicated tectonic movements in geologic
history. Since the end of the Mississippian, the global
structure had been a subject to the great change due to the
formation of Pangaea. Significant continental collisions
occurred, and resulting in extensive orogenic belts. The
Carboniferous tectonic movements obviously influenced
the formation and evolution of biocommunities, palaeo-
biogeographic differentiation, palaeogeography and pa-
laeoclimate. The Carboniferous reefs of China were con-

structed based on this geological background (Gong, 1997).

The Carboniferous could be regarded as a unique period

* Corresponding author: Professor. Email: gongep@mail.neu.edu.cn.
Received: 2011-12-15 Accepted: 2012-02-29

for reef-building in the Late Paleozoic, during that period
abundant rugose corals flourished, which were associated
with other reef-building organisms such as stromatolites,
sponges and bryozoans. In past years, the papers related to
the Carboniferous reefs were very rare, which might be
caused by the Frasnian/Famanian mass extinction events
and also that there have been relatively few studies per-
formed on these Carboniferous reefs (Gong and Guan,
1998). In recent years, these reefs were studied in detail; as
the results, the diverse types of reef were discovered (Gong
et al., 2004; Guan et al., 2004, 2007; Zhang et al., 2010).

2 Geological setting and stratigraphy of
the Carboniferous reefs in China

In China the paleogeographic framework of the Mis-
sissippian age was inherited from the Late Devonian. On
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the continent of China four marine sedimentary areas
were divided by two uplifts, i.e., Tarim-Sino-Korean
landmass and Upper Yangtze-Kangdian landmass (Wang
et al., 1990). During the Mississippian, the area of South
China was covered by a continental sea that gradually
became shallow in the direction from the southwest to the
north-northeast with many carbonate platforms of various
sizes. During the Datangian stage of Visean age, some
coral-bryozoan patch reefs were developed on the car-
bonate platforms, while stromatolitic algal reefs were
built on the margins of carbonate platform (Fang and Hou,
1987; Zhou and Zhang, 1991). There are possibly some
Carboniferous reefs within the late Mississippian and the
early Pennsylvanian Eostaffella Zone and Pseudostaffella
Zone respectirely. The existence of these reefs is pre-
sumed by comparing with the reef-developing factors of
Akiyoshi reef in Japan. They were distributed in the fol-
lowing counties: the Lianyuan, the Lengshuijiang, the
Xiangxiang, the Shuangfeng, the Xinshao, the Shaoyang
and the Shaodong counties in the central part of the Hu-
nan Province (Liu, 2002).

During the Pennsylvanian, widespread carbonate
sediments were deposited as a result of expansion of the
South China Sea, and various types of reefs were devel-
oped on the margin of carbonate platforms. Some red
algae reefs occured in the Maping Formation of the
Beibuwan sea area in Guangxi Autonomous Region.
Parachaetetes and Ungdarella are the main reef-building
organisms. Calcareous green algae are also associated
with these reefs (Gong, 1997). In recent years, phylloid
algal reefs, coral reefs and reefs built by an unnamed or-
ganism were discovered in the lower portion of the Map-
ing Formation (Xiaoyaoian Stage) in southern Guizhou
Province. All three types of reef were developed on the
carbonate platform margin during the Pennsylvanian (Tan,
1991; Fan and Rigby, 1994; Gong et al., 2003, 20074,
2007b, 2007c; Guan et al., 2004, 2007; Zhang et al.,
2007; Gong et al., 2009; Zhang et al., 2010). Fomichev-
ella coral reefs are the most common Pennsylvanian car-
bonate buildups in southern Guizhou Province. During
the Huashibanian Stage (Moscovian), patch coral reefs
from the bottom of the Jiadaogou Formation, Chifeng,
and bryozoan-calcareous alga baffling mounds found in
the Qijiagou Formation, the eastern Xinjiang occurred in
the Tianshan-Xingan active ocean trough (Gong, 1997;
Zhang and Liao, 1998). During the Pennsylvanian the
North China Plate evolved into a series of hemipelagic
coal-bearing basins alternating between marine and con-
tinental environments. During this period, the North
China Sea was formed as a result of a large transgression

containing abundant reef-building organisms, and Chae-
tetes-coral reefs occurred during the Benxian Stage
(Moscovian) (Gong, 1994). In the southwest of the Tarim
Basin, the patch reefs built by corals, sponges, bryozoans
and cyanobacteria are found in the Pennsylvanian to
Early Permian Kangkelin Formation (corresponding to
the Xiaoyaoian and Zisongian). The reefs in this area
were dominated by algal reefs during the Pennsylvanian
(Wang et al., 2006).

A summary of the spatiotemporal distributions of
Chinese Carboniferous reefs from the study is shown in
Table 1 and Fig. 1. The reefs of the Mississippian were
primarily built by bryozoans and rugose corals, but also
included various types of algae. During the Pennsylva-
nian, in South China, the reef-builders mainly included
the rugose coral Fomichevella and phylloid algae,
whereas in North China, the reef-builders were Chaetetes,
other corals, and bryozoans.

3 Types and models of development of
the Carboniferous reefs in China

The Carboniferous reef building communities found in
China are relatively monospecific, and few reefs are con-
structed by more than two different reef-building organ-
isms. Comparing with the reefs of the Devonian and
Permian, both the methods of reef-building and the Car-
boniferous reefs themselves are very simple.

3.1 The Mississippian reefs in China

3.1.1 The bryozoan-coral reefs in Guangxi Autonomous
Region

The bryozoan-coral reefs discovered near the Lang-
ping ard the Tianlin County, Guangxi Autonomous Region
are the only Mississippian framework reefs discovered in
China to date. These reefs are almost 200 m long and up
to 114 m thick, as compared to contemporary deposits
elsewhere in the region, which are only 83 m thick. The
reefs developed symmetrically and are composed of reef
core facies and reef flank deposits without forereef and
backreef deposits, therefore these are pinnacle reefs, de-
veloped in the interior of carbonate platform (Fang and
Hou, 1987). The main reef-building organisms are Thy-
sanophyllum and Fistulipora, with abundant Syringopora
and Lithostrotion. The growth pattern of the coral colo-
nies is fasciculate, and the bryozoan colonies have or-
bicular, hemispheric, orthogon-massive, and tuberose
morphologies. The organisms associated with the reef are
crinoids, brachiopods, solitary corals, forams, gastropods,
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ostracodes, algae, and many others. Four growth cycles
can be recognized in the reef, and they are, from bottom
to top: 1) Thysanophyllum framework reef, 2) Fistulipora
framework reef, 3) Thysanophyllum framework reef, and
4) Thysanophyllum-Fistulipora framework reef. Each
growth cycle developed upon a biodetritus bank, and
corresponds with an increase of shallow-water organisms.
Based on the palaeogeography of South China, similar

reef groups were probably developed on other carbonate
platforms or carbonate platform margins of the Missis-
sippian in the Napanjiang Basin.
3.1.2 Stromatolitic reefs in the Laibin Area of Guangxi
Autonomous Region

Abundant algal boundstones and the Mississippian
stromatolites are widely distributed in Laibin County of
Guangxi Autonomous Region, and they are found mainly

Table 1 Spatiotemporal distributions of the Carboniferous reefs of China
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Distribution of reefs
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Fig. 1 The distribution of the Carbonifeorus reefs in China
1 —Tianlin Area, Guangxi; 2 — Laibin Area, Guangxi; 3 — Benxi Area, Liaoning; 4 — Ziyun Area, Guizhou; 5 — Central Hunan; 6 —

Beibuwan Area, Guangxi; 7 — Eastern

Tianshan, Xinjiang; 8 — Tarim Basin
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in the upper part of Datangian Stage, overlying a dark
gray micritic limestone bearing Caniostrotion sp. with
siliceous banding. The reef limestone is composed almost
entirely of stromatolites with diverse morphologies, five
types of which can be recognized: laminar, wavy-laminar,
hemispheric, bulbous, and flabellate. The Mengcun vil-
lage reef in Laibin County of Guangxi Autonomous Re-
gion is a typical example of the Mississippian stroma-
toloitic reefs (Zhou and Zhang, 1991). The stromatolitic
reefs are the first described Mississippian stromatolitic
buildups in South China (Shen and Qing, 2010). Stroma-
toloitic reefs occur multiple times in the section, and the
reef complex itself is more than 100 m in thickness in
stratigraphic succession. The reef rock is composed of
laminated-columella or laminated stromatolitic limestone.
The algal stromatolites have turbinate, hemispheric and
fan pillar morphologies. The flabellate stromatolites
measure up to 60 cm in height, and they form the frame-
work of the reef. The stromatolitic reefs in this area de-
veloped on a carbonate platform margin. The stromatolites
grew in a relatively low energy, deep-water setting (Shen
and Qing, 2010). The diverse morphologies of the stroma-
tolites are controlled by fluctuations of the sea-levels and
water energy.

3.2 The Pennsylvanian reefs in China

3.2.1 The Moscovian sponge-coral reefs in eastern Liao-
ning Province

Only a few small-scale, Pennsylvanian reefs developed
in North China, and they are distributed mainly in the
Taizi River Basin, eastern Liaoning Province. At the be-
ginning of the Pennsylvanian, a massive south-north
transgression occurred in this region. The sedimentary

environment changed from fan delta to fiord coast and
then into a carbonate platform, and thus several reefs with
a nearly east-west trend were built on the nearshore side
of the platform. These reefs are relatively small, with
thickness of 2—4 m. There are abundant benthic organ-
isms found in these reefs, and the biotic content is up to
60% of the reef volume. Arachnastraea manchurica and
Chaetetes penchiensis are the dominant building organ-
isms in these reefs (Fig. 2). Their colonial skeletons are
tabular in shape with varying thickness. Multithecopora
penchiensis is the secondary building organism in the reefs
of this region, and it mainly occur in the spaces between
Chaetetes and Arachnastraea. There are also such binding
organisms in the reef as Archaeolithoporella and Girvanella.
The organisms associated with the Chaetetes coral reef are
fusulinids, foraminiferans, brachiopods, ostracodas, bryo-
zoans, gastropods and various genera of algae.

3.2.2 The Pennsylvanian coral reefs in Guangxi Auto-
nomous Region

Carbonate platforms were widespread in South China
during the Pennsylvanian, and several coral reefs were
developed on the margin of these platforms. Coral reefs
mainly occur in the Huanglong and Maping Formations
of Tianlin County, Guangxi Autonomous Region. Reef
outcrops are generally found about 3—4 km northwest of
the town of Langping (Fig. 3). Antheria, Paralithos-
trotion and Cystophorastraea are the main reef-building
organisms for these Pennsylvanian reefs.

(1) Spatiotemporal distributions of the Pennsylvanian
reefs in Guangxi Autonomous Region

The Pennsylvanian reefs in the Tianlin County,
Guangxi are discovered in different horizons and differ-
rent sedimentary environments (Table 2). These reefs

A-The thin, spreading sheet of Chaetetes penchiensis (arrow); B— Cross- sections of Arachnastraea manchurica on a weathered lime-
stone surface
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Fig. 3 The geological map and distribution of the Pennsylvanian reefs in Guangxi Autonomous Region
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Table 2 Spatiotemporal distributions of the Carboniferous reefs of Tianlin County, Guangxi Autonomous Region

Stratum Location Size and morphology Reef-building organism Sedimentary environment
Lower part of Maping . . . 5 Ivanovian (coral),
Formation Near Wangjiantuo Village, Langping Town  Patch reef ? Cystophorasiraea Carbonate platform
Near Longjiang Village, Langping Town Large-scale reef gr?tr;]c;;;?gllum, Carbonate platform margin

. Near Xiadong Village, Langping Town
Huanglong Formation

A group of patch reefs

Paralithostrotion,
Syringophyllum,
Donophyllum,
Antheria

Carbonate platform margin

Near Xinzhai Village, Langping Town

Small-scale patch reef

Antheria Carbonate platform margin

West to Gandongzi Village, Langping Town

Small-scale patch reef

Bryozoan,

Antheria Carbonate platform

Upper part of Datangian

Formation Near Gandongzi Village, Langping Town

tower reef

Thysanophyllum,

Fistulipora Carbonate platform

were built up by different organisms, including Dono-
phyllum, Cystophorastraea, lvanovian (coral), Antheria,
Paralithostrotion and so on.

(2) Basic features of coral reefs in the Langping
County and the Tianlin County, Guangxi

The Pennsylvanian reefs in the Langping County,

Guangxi Autonomous Region are relatively small, but
they occur in several locations and they are mainly com-
posed of groups of coral patch reefs. The location and brief
description of some typical reefs near Langping are as fol-
lows: O Bryozoan reef in the Huanglongian Formation,
west of Gandongzi Village, Langping, with a length of
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5-7 m and a thickness of 3-4 m; @ A group of coral
reefs in the Huanglong Formation (Fig. 4), near Longji-
angdong Village, Langping, composed of three platform
margin patch reefs which are located not far from each
other. They have the same developmental model and
reef-building community. Thus, they likely belong to one
large lamella coral reef divided into three sections (Fig.
5). The length of the entire reef could reach up to 400 m.
The exposed length of the largest lamella coral reef is 300
m. The unnamed reef-building organisms found in this
reef also occur in the Huanglong Formation of Longji-
angdong Village, which is similar to that reported by
Guan et al. (2007) in Ziyun County, Guizhou Province
(Fig. 6); ® Patch coral reefs in the Maping Formation,
north of Wangjiatuo Village, Langping. The outcrops of
coral reefs in the Maping Formation are not as abundant as
those in the Huanglong Formation, and only one patch coral
reef is found in outcrop, about 3 km west of Gandongzi

Growth direction

Village. In general, coral reefs in the Maping Formation are
relatively small and few in number in this region.

(3) The features of coral reef communities

In the course of this study, some significant character-
istics of the coral reefs in the Huanglong and Maping
Formations in the Langping region, Guangxi Autono-
mous Region have been discovered: the composition of
the reef-building community is very monotonous; there
are only one or two builders in each reef-building stage.
The reef-building process is very simple; each part of the
reef has been built separately by various reef-building
mechanisms, and most of these parts was built using one
building mechanism at a time. There have been only a
few parts built by two coexisting building mechanisms.
The process of reef building is often discontinuous and
lacks transition between the reef-building communities.
The main builders of the reefs in the Huanglong Forma

Fig. 4 In situ outcrops of the patch coral reefs in the Huanglong Formation of Longjiangdong Village
A — Photograph of fasciculate Donophyllum corallites; B— Field view of the core of the patch coral reef of Longjiangdong Village;
C — Field view of relatively concentrated corallites of Donophyllum; D — Field view of relatively thick corallites of Donophyllum on
the weathering surface of the limestone.
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300 m

Fig.5 Outcrop view of the coral reefs in the Huanglong Formation of Longjiangdong Village
The three exposures (R1, R2 and R3) are exposed in a nearly E-W orientation; they thus likely belong to one large lamella coral reef
divided into three sections. The exposed length of the large lamella coral reef is 300 m. Reef 1 (R1) has a thickness of 15 m and an
exposed length of 35 m; Reef 2 (R2) has a thickness of 20 m and an exposed length of 50 m; Reef 3 (R3) has a thickness of 8§ m and
an exposed length of 15 m. The direction indicated by the white arrow is west (W).

Fig. 6 Field view of in situ unnamed reef-building organisms in Huanglong Formation of Longjiangdong Village (A-B)

tion include Paralithostrotion, Fistulipora, Syringopora,
Chaetetid, Caninia, Antheria, and an unnamed building
organism. Massive colonies of the coral Ivanovia, the
unnamed building organism and the coral Cystophor-
astraea were common reef builders in the Maping forma-
tion, but only Cystophorastraea built a small patch reef.
These features of the reef communities in the Pennsylva-
nian of Guangxi Autonomous Region shows that
reef-building organisms were widely distributed in the
region and that no large-scale reefs were built due to the
unstable sedimentary environment.
3.2.3 The Pennsylvanian reefs in southern Guizhou Provine

(1) Bianping Village, Ziyun County

A large Pennsylanian coral reef is found in the Bian-
ping Village about 4 km west of Houchang Town in Zi-

yun County, southern Guizhou Province. The Bianping
coral reef (Fig. 7) is exposed in a nearly N-S orientation,
and occurs in the Triticites Zone of the Maping Forma-
tion (Gzhelian, uppermost Pennsylvanian). The reef,
80-100 m high and about 700 m long, may be one of the
largest Pennsylvanian metazoan frameworks in the world.
It developed on a carbonate platfrom margin, and the
main builder of the reef was the rugose coral Fomichev-
ella (Fig. 8). Fomichevella built a firm framework against
waves with its thick, long, tightly-adhering corallites.
Other reef-building organisms, such as phylloid algae, mi-
crobes, Ivanovia cf. manchurica, and Antheria, also took
part in the construction of the coral reef (Fig. 9).

1) Lithology of the reef rock

The rocks comprising this coral reef have a simple
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structure, which can be divided into basement, inter-reef  of reef rocks are Fomichevella framestone (Fig. 10A),
deposition, reef core, backreef, reef cap, efc. according to  Ivanovia cf. manchurica skeletal coverstone (Fig. 10B),
the exposure of reef core and reef back. The main types  phylloid algae bafflestone (Fig. 10C), cyanobacteria

A fault

Fig. 7 Field view of the outcrops of the Bianping coral reef
The two exposures (Reef 1 and Reef 2) are separated by an apparent fault; they thus likely represent the same reef complex. The

Bianping coral reef is approximately 700 m long. The direction indicated by the white arrow is south (S).
DERRTTYE W Vg - 3 P i ;

Fig. 8 Field view of Fomichevella framestone

The Fomichevella corallites appear as cross-sections on the bedding surface of the limestone (A—B).
The length of the pen is 15 cm.
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Fig. 9 The structure sketch diagram of the Bianping coral reef showing distribution of reef building components

Fig. 10 Types of the Pennsylvanian coral reef limestone at Bianping Village, Ziyun County
A — Fomichevella framestone; B — Ivanovia cf. manchurica skeletal coverstone; C — Phylloid algae bafflestone; D — Field view of the
mud mound built by cyanobacteria boundstone;
The mud mound has an exposed length of 2.5 m and a thickness of 1 m.
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boundstone (Fig. 10D), and bioclastic limestone that
contains Fomichevella.

2) Features of reef-building communities

This reef contains abundant organisms, and the princi-
pal reef-builders are Fomichevella, Ivanovia cf. man-
churica, phylloid algae and cyanobacteria. In different
stages of the building process and associated habitats,
these reef builders constructed various types of reef as the
key species in the community, and formed a special reef
complex that is unique to southern Guizhou Province.
Three main reef-building communities can be found in
the Bianping reef. From bottom to top of the reef section,
they are a cyanobacteria-lvanovia cf. manchurica-phyl-
loid algae community, a Fomichevella-brachiopods com-
munity and a Fomichevella community (Fig. 11).

(2) Phylloid algal reefs of the Pennsylvanian in sou-
thern Guizhou Province

The well-exposed phylloid algal reefs were wide-
spread in Houchang Town, Ziyun County, southern
Guizhou. Stratigraphically, the algal reefs belong to the
Maping Formation (Triticites Zone, Gzhelian, uppermost
Pennsylvanian). Phylloid algae are the only reef-building

organism in these reefs (Fig. 12). Phylloid algae have
different growth forms, which enable them to construct a
framework as a barrier to the waterflow; then reefs are
built around this framework. The associated organisms in
the algal reefs mainly include brachiopods, foraminifera,
fusulinids, corals, crinoids, bryozoans, gastropods and
Tubiphytes. The sizes and morphologies of these reefs are
diverse, and the following three forms are recognized: @
phylloid algae patch reef, with a thickness of 1.5 m and an
exposed length of 4-5 m; @ superimposed phylloid algal
reef complex of different sizes, and seven reefs can be
seen in a profile with a maximum thickness of 8 m. Most
of them are lenticular and pinch out on both sides, with an
exposed length of 30 m or even more; and 3 large-scale
phylloid algae reef, with an exposed length of 55 m and a
thickness of 18 m (Fig. 12). The Pennsylvanian phylloid
algal reefs were developed on a carbonate platform margin.
Furthermore three growing stages with distinct parts are
recognized: (D the reef base consisting of a bioclastic shoal,
@) the reef core, when phylloid algae proliferated and con-
tributed to reef growth, and 3 the reef cover indicating the
termination of phylloid algal growth.

Stratum Section l Reef-building communities Biological composition Lithology Ecology
Triticites Sch ]
" u_‘! ?S “ wagerma. Bioclastic packstone and Benthic
Choristites Squamularia grainstone
Crinoids
E Fomitchevella
Triticites Phacelloid
Schwagerina Massive Fomitchevella
ﬁ Fomitchevella community Choristi
éf‘} oristites framestone
g g Martinia erect
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> E é}
HE T
g | & =
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1
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Fig. 11 Sketch diagram of the community succession of the large Bianping coral reef (after Gong et al., 2007a)
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Fig. 12 Field view of the phylloid algal limestone of the Pennsylvanian in southern Guizhou Province
The complete and broken phylloid algal blades are well-preserved and unabraided, indicating that the phylloid algae is in sifu. Phyl-
loid algal thalli (arrows) appear as broad “v” or “u” shapes on the surface of the limestone.

Fig. 13 Field view of the outcrop of the large phylloid algal reef in Houchang Town, Ziyun County
It occurs in the Triticites Zone of the Maping Formation (Gzhelian). It has since been destroyed by mining processes.

. . . types of Carboniferous reefs: (1) phylloid algal reefs, (2)
4 A comparison with global Carboniferous stromatolic reefs, (3) coral reefs, (4) Waulsortian mounds,
reefs (5) Chaetetes reefs, (6) microbial-algal reef, and (7) algal
Many Carboniferous reefs have been well reported in ~ reefs. The following is the comparison between the Car-
Europe and North America (Fliigel and Fliigel, 1992;  boniferous reefs in China and the ones from other regions

Wahlman, 2002; Webb, 2002). There are seven common  around the world (Table 3):
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Table 3 Comparison of the Carboniferous reefs in the worldwide

Characters of the reef China Japan Europe North America Australia
Coral Coral
Phylloid algae Coral Microbes Chaetetids Microbes

. T— . Bryozoan Bryozoan Coral Phylloid algae Coral

The main reef-building organisms Stromatolites Stromatolites Alage Bryozoan Stromatolites

Chaetetids Chaetetids Bryozoan Microbes Alage

Calcareous algae

Calcareous algae

Framework reef
Baffling reef

Framework reef

Reef-building model

Binding mounds
Framework reef

Binding mounds

Framework reef Baffling reef

Binding mounds Baffling reef Baffling reef Baffling reef Framework reef
Large scale Large scale Large scale Large scale Small scale
Scale and number of the reef Moderate A few Many Many Afew
Visean
Moscovian Visean-Middle - . "
The age range of the framework reefs Kasimovian Permian Visean Moscovian Visean
Gzhelian
The age range of the Waulsortian Visean Tournaisian-Early Tournaisian-Early Tournaisian-Early

mounds and stromatolitic

Visean Visean Visean

The age range of the algal reefs Kasimovian-Gzhelian

Kasimovian-Gzhelian Kasimovian-Gzhelian

Early Carboniferous (Mississippian): During this
period, the reefs were distributed in eastern Australia, the
western Newfoundland in Canada, Europe, North Africa,
southwestern United States, the Urals of Russia, Japan,
and China (Flugel and Flugel, 2002, 1992; Shen and Qing,
2010). The earliest known Mississippian reef occurred
very near to the Devonian-Carboniferous boundary in
Queensland, Australia (Webb, 1998, 2005); and it was
constructed mainly by microbes, including stromatolites
and thrombolites. Microbial activities were, at that time,
the dominant factor controlling the reef development.
During the Tournaisian to the Early Visean, reefs domi-
nated by Waulsortian mounds or similar mounds with
rich carbonate mud had a widespread distribution: Bel-
gium, lIreland, Northern England and the southwestern
United States(James, 1984; Lees et al., 1985; Lees and
Miller, 1985, 1995; West, 1988; Brown and Dodd, 1990).
Although the numbers of carbonate mud mounds were far
greater than those of framework reefs, there are some
framework reefs presented in the middlelate Visean
(Webb, 2002). An organic reef system composed of bar-
rier reef and reef-reef flat-lagoon was developed on the
shelf margin in Derbyshire, England, in which reef-
building organisms are mainly Lithostrotion irregulare
and algaes, or bryozoans (Wolfenden, 1958; Adams,
1984). A middle Visean coral atoll was constructed mo-
stly by dense clusters of branching rugose corals (Naga-
tophyllum and Hiroshimaphyllum), accompanied by as-
sociated organisms, which was found in southern Honshu,
Japan. The associated organisms including stromatolitic
algae, bryozoans and Chaetetids could baffle and bind
sediments (Fagerstrom, 1987). The associated reef-bui-
Iding organisms is similar to which of the late Visean

coral-algae reef in Australia (Webb, 1987; Shen and
Webb, 2005). A Visean framework reef was also reported
in Nova Scotia, Canada, which consists of algal bound-
stone and the tabulate coral Clandochonus comprise the
framework of the reef (Schenk and Hatt, 1984). Further-
more, there is a Late Visean small-scale framework reef
in Alabama, United States, and the framework is built by
in situ Caninia flaccida (Kopaska-Merkel et al., 1998;
Kopaska- Merkel and Haywick, 2001). In China, the re-
ported Mississippian reefs mainly occurred in the Visean,
including the stromatolite reef complex in the Laibin
County of Guangxi Autonomous Region, and the bryo-
zoan-coral reef in Guangxi Autonomous Region. The
Waulsortian mounds or similar mud mounds of Tournai-
sian to Visean age have not been reported from China. In
China during the Mississippian period, reef- building
organisms that made framework reefs mainly include
Thysanophyllum and Fistulipora, with some Syringopora
and Lithostrotion. Consequently, the framework types of
the Carboniferous reefs between China and the other re-
gions of the world are similar; framework reefs domi-
nated by corals occur mainly in the Visean.

Late Carboniferous (Pennsylvanian): During this
period, the reefs were distributed in the southwestern
United States, the Arctic Islands of Canada, western
Europe and the Alps, North Africa, the Urals of Russia,
Japan, and China (Flugel and Fliigel, 1992; Samankassou
and West, 2002; Gong et al., 2007c). There are some
small-scale framework reefs in the Early Pennsylvanian
(Bashkirian), such as the coral reef bioherms in Okla-
homa, USA (Sutherland and Henry, 1977). During the
Moscovian, the framework reefs were further developed
further, and the main reef-building organisms were Cha-
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etetes sponges (Fagerstrom, 1987). These reefs are
dominated by sponges in Nevada, USA, and accompa-
nied by fusulinids, algae (Ivanovia, Donezella and
Dvinella), rugose corals (Caninia, Amandophyllum,
Caniniostrotion, and Tschussovskenia), tabulate corals
(Syringopora and Multithecopora), and bryozoans (Wil-
son, 1963; Nelson and Langenheim, 1980). The reefs
dominated by Chaetetes degenerated at the end of the
Moscovian, and phylloid algae reefs dominated the reef
ecosystem from the Late Pennsylvanian to the Early
Permian (West, 1988). From the Kasimonvian to the

Gzelian, phylloid algal reefs had a worldwide distribution.

These reefs were mainly constructed by red and green
algae, such as lvanovia, Eugonophyllum, Anchicodium,
Archaeolithophyllum, and Archaeolithoporella. Ivanovia
and Eugonophyllum are the most significant reef builders
(Heckel, 1974; Wilson, 1975; Wahlman, 2002), especially
in North America (West, 1988). During the Pennsylva-
nian, not only is the development of framework reefs
relatively all over the world obviously, but also the diver-
sity of reef-building organisms is more abundant (West,
1988; Wahlman, 2002). The large, massive reef-building
organisms were nevertheless absent in the Pennsylvanian,
and, outside of China, reefs were built mainly by huge
quantities of relatively small colonial organisms (Wah-
Iman, 2002). Thus, the developmental model of the Pen-
nsylvanian reef was similar throughout the world. The
most important difference was that, outside of China, the
phylloid algal reefs dominated the reef ecosystem from
the Kasimonvian to the Gzelian, whereas the typical
metazoan framework reef occurred in China, especially
large coral reef in the Ziyun.

5 The evolution of the Carboniferous
reefs and marine ecosystem in China

The Frasnian-Famennian mass extinction event wiped
out the coral-bryozoan reef-building communities of the
Late Devonian (West, 1988; Webb, 2002). During the
Carboniferous, new reef-building communities were es-
tablished; however the organisms that constructed them
were different from those that inhabited the Devonian
reefs. Two types of reef communities in the Mississippian
are recognized. One is an algae reef-building community,
which shows features of junior reef-building communi-
ties. The presence of these minor communities may indi-
cate the influences by the Late Devonian mass extinction
event. The other is a reef-building community dominated
by colonial coral, which was formed independent of the

mass-extinction event by blooms of new coral communi-
ties during the Carboniferous. There is no evolutionary
relationship between the two types of communities. They
appeared at the same time (Datangian Stage) but devel-
oped separately. As a result, two distinct types of reefs
existed in the Mississippian.

The Mississippian reefs in the South China mainly
occurred in the Datangian Stage (Visean), and the
reef-building communities of this time period included a
microbial reef community and a coral-bryozoan commu-
nity. The structures of microbial reef communities were
simple, and they were composed almost entirely of stro-
matolites with laminated, sinuate, hemispheric, turbinate,
and fan pillar morphologies. Because the reefs are
mound-shaped in outcrop, therefore, they represent a
group of reefs developed on a carbonate platform margin.
In China the typical Mississippian framework reef was
built by coral-bryozoan communities; their reef-building
organisms are mainly Thysanophyllum and Fistulipora,
followed by Syringopora and Lithostrotion. Associated
organisms that have no relation to reef-building were
abundant in these reefs. All of the facts indicate that the
reef-building communities of the Mississippian in China
were relatively mature.

Clearly, the Pennsylvanian reef-building communities
were obvious more developed and advanced than the
Mississippian communities; their characteristics ex-
pressed numerous significant changes. During the Early
Pennsylvanian, Chaetetes dominated the reef-building
communities. Coral reef-building and phylloid algal reef-
building communities are more common in the Late
Pennsylvanian in China, furthermore phylloid algal reef-
building communities have a worldwide distribution dur-
ing this period. The Pennsylvanian reefs that developed
in North China mainly occurred during the Moscovian,
and they were distributed mainly in the Taizi River Basin,
eastern Liaoning Province. Chaetetes and Arachnastraea
were the main reef-building organisms in these commu-
nities. Multithecopora was the secondary building organ-
ism in these communities, and it is usually found in the
space between Chaetetes and Arachnastraea. Chaetetes
was not only the typical reef-building organism of the
Early Pennsylvanian in North China, but it was also an
important reef-builder in other shallow-marine carbonate
environments during this period.

The reefs of the Late Pennsylvanian mainly occurred
in the Xiaoyaoian Stage (Gzhelian) of South China.
Phylloid algae and rugose coral Fomichevella were the
main builders of this period, and they dominated the de-
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velopment of the reef-building communities. The struc-
ture of the Pennsylvanian phylloid algal communities is
simple; the different growth forms of phylloid algae, built
reefs as a baffling organism. The sizes and morphologies
of the phylloid algal reefs are diversified which include
the patch reefs complex superimposed reefs and the
large-scale reefs. In China the largest Pennsylvanian
framework reef was built by the rugose coral Fomichev-
ella, which had a phacelloid growth form. This very
large framework reef has a high biotic content, and the
main reef-builders are Fomichevella, Ivanovia cf. man-
churica, phylloid algae and cyanobacteria. In the differ-
ent stages of the building process and in the reef habitats,
these builders constructed various types of reef as the key
species in the community, and they created different reef
complexes. The development of the Pennsylvanian reef
ecosystem has a close relationship with the marine eco-
system of this time period. The Yunan-Guizhou-Guangxi
basin first formed during the Devonian, and after the fur-
ther development during the Carboniferous into the Per-
mian, subsidence was halted at the end of the Permian.
During the Pennsylvanian, a small number of patch coral
reefs were developed in the Moscovian and Kasimovian
of Tianlin County, Guangxi Autonomous Region (east of
this basin) and a large coral reef developed during the
Gzhelian of Ziyun County, Guizhou Province (west of
this basin). The Pennsylvanian reefs of Guangxi are
mainly patch reefs and lamella reefs; however the coral
reef of Guizhou is the largest Pennsylvanian framework
reef in China that has been discovered to date. Therefore,
the reefs of Guangxi are therefore, not well-developed if
compared with the massive coral reef in Guizhou. This
may indicate that the reef ecosystem of Guangxi devel-
oped in an earlier stage of the marine ecosystem evolu-
tion than the reef of Guizhou. The reefs of Guangxi are
very different from the coral reefs of Guizhou in terms of
reef builders, reef size, building mechanisms, biological
components and reef-building environments, as well as in
several other respects. These conditions indicate an on-
going gradual stabilization of reef building environment,
increasing the reef size, increasing complexity of reef
structure, and more mature reef-building communities in
the marine ecosystem of the Yunan-Guizhou-Guangxi
basin. The occurrence of the largest coral reef in Guizhou
indicates that the marine ecosystem had entered a special
period, in which the environment was stable enough to
permit the production of large reef complex.

6 Conclusions

The Frasnian-Famennian mass extinction event wiped
out the framework reef-building communities in the Late
Devonian. During the Carboniferous, new reef-building
communities were built up again and were different from
those of the Devonian. In China, the Mississippian reefs
were built mainly by bryozoans and rugose corals, fol-
lowed by various types of algae. During the Pennsylva-
nian in South China, the dominant reef builders were the
rugose coral Fomichevella, and phylloid algae, whereas
in North China, the reef builders were Chatates, bryo-
zoans, and corals. Algae reef-building communities and
metazoan-colonial coral reef-building communities were
the two main reef-building communities of the Carbonif-
erous reefs in China. There is no evolutionary relation-
ship between the two types of communities, indicating
that two separate reef-building organisms evolved during
the Carboniferous.

Coral-bryozoan communities built the typical Missis-
sippian framework reef in China, which indicates that
these Mississippian reef-building communities were rela-
tively mature. The Pennsylvanian reef-building commu-
nities were more advanced, and the metazoan framework
reef-building communities dominate the reef ecosystem
of this period. The large coral reef built by Fomichevella
is the archetypal Pennsylvanian framework reef in China.
The diversity and development of the Carboniferous reefs
shows that the reef communities of this period had re-
covered their reef-building functions after the Late Devo-
nian mass extinction.

The metazoan framework reefs were strongly devel-
oped during the Carboniferous in China. The dominant
building organisms of this particular reef ecosystem are
all shallow marine benthic organisms. The builders and
associated organisms of these Carboniferous reefs fa-
vored shallow, warm, and clear seawater, which indicate
that most areas of China had a tropical to sub-tropical
shallow marine paleoenvironment during this period.
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