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Abstract The Carboniferous period lasted about 60 Myr, from ~358.9 Ma to ~298.9 Ma. According to the International
Commission on Stratigraphy, the Carboniferous System is subdivided into two subsystems, i.e., Mississippian and Pennsyl-
vanian, including 6 series and 7 stages. The Global Stratotype Sections and Points (GSSPs) of three stages have been ratified, the
Tournaisian, Visean, and Bashkirian stages. The GSSPs of the remaining four stages (i.e., the Serpukhovian, Moscovian,
Kasimovian, and Gzhelian) have not been ratified so far. This paper outlines Carboniferous stratigraphic subdivision and
correlation on the basis of detailed biostratigraphy mainly from South China, and summarizes the Carboniferous chronos-
tratigraphic framework of China. High-resolution biostratigraphic study reveals 37 conodont zones, 24 foraminiferal (including
fusulinid) zones, 13 ammonoid zones, 10 brachiopod zones, and 10 rugose coral zones in the Carboniferous of China. The
biostratigraphic framework based on these biozones warrants the precise correlation of regional stratigraphy of China (including
2 subsystems, 4 series, and 8 stages) to that of the other regions globally. Meanwhile, the Carboniferous chemo-, sequence-,
cyclo-, and event-stratigraphy of China have been intensively studied and can also be correlated worldwide. Future studies on the
Carboniferous in China should focus on (1) the correlation between shallow- and deep-water facies and between marine and
continental facies, (2) high-resolution astronomical cyclostratigraphy, and (3) paleoenvironment and paleoclimate analysis based
on geochemical proxies such as strontium and oxygen isotopes, as well as stomatal indices of fossil plants.
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1. Introduction

The Carboniferous (358.9–298.9 Ma) is the main period of
coal formation in Earth history. It is one of the main target
strata of fossil energy that presently yield coal in middle and
east Europe. Rocks of this age hosted the earliest oilfield in

US history, and shale gas is being exploited in the central US
today. An international collaborative organization for Car-
boniferous research was established as early as in 1927 when
the first Carboniferous Congress was held in Heerlen, the
Netherlands. Since then, totally 18 congresses have been
regularly held around the world, which greatly promotes
regional and global correlation of the Carboniferous, and
establishment of subdivision standard.
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The Carboniferous is a period of intense global tectonics.
The Hercynian Orogeny, which started in the early Carbo-
niferous, resulted from collision between the Euramerica and
Gondwana continents, forming the Variscan-Ouachita-Alle-
ghanian (VOA) orogenic belt. The orogenic uplift likely
enhanced continental weathering and increased organic
carbon burial (Saltzman et al., 2000). Expansion of land
plants at this time might also have increased organic carbon
burial (Popp et al., 1986; Berner, 1990, 1997; Mii et al.,
1999). These two events collectively resulted in the Carbo-
niferous glaciation (Chen et al., 2018), one of the major
icehouses of the Phanerozoic. Waxing and waning of gla-
ciation caused frequent glacio-eustatic changes, which re-
sulted in common occurrence of stratigraphic discontinuities,
especially in Euramerica due to the superimposed orogenic
uplift.
The Carboniferous is a period of rapid evolution of marine

invertebrates, including conodonts, foraminifera, ammo-
noids, rugose corals, brachiopods, bryozoans, echinoderms,
and radiolaria, among which foraminifera and conodont are
the main index fossils for subdivision and correlation of
shallow- and deep-water successions, respectively. During
the Mississippian, the oceans were well interconnected, and
the endemism of marine invertebrates was not so distinct,
whereas in the Pennsylvanian, endemism became more ob-
vious (Walliser, 1995) due to closure of the Rheic Ocean
(Montañez and Poulsen, 2013). Amphibians evolved rapidly
during the Carboniferous; certain types had been free from
water and evolved into early amniotes. Giant dragonflies
with a wingspan of close to 1 m also occurred at this time.
Land plants flourished during the Carboniferous. Mis-
sissippian plants are similar to those of the late Devonian,
dominated by primitive ferns, whereas true ferns and seed
ferns existed in the Pennsylvanian. Gymnosperm has also
arisen at this time. With expansion of land area, land plants
invaded continental settings from coastal regions, forming
large-scale forests and swamps, which provided prerequisite
conditions for coal formation.
In a very general sense, the Carboniferous can be clearly

subdivided into two deposits with respect to facies. The older
deposits, dominated by marine deposits, is called Mis-
sissippian in North America, Dinantian in Europe, and
Fengningian in China, respectively. The younger deposits are
characterized by coal-rich, mixed marine and continental
deposits in North America and Europe, and called Pennsyl-
vanian and Silesian, respectively. The younger deposits in
China, the Hutianian, are dominated by marine facies. Ac-
cording to the clear two-unit characteristics of the Carboni-
ferous, the Subcommission on Carboniferous Stratigraphy of
the International Commission on Stratigraphy voted for two
subsystems for the Carboniferous in 1998 and 2000, i.e., the
Mississippian and the Pennsylvanian. This is the only period
that contains sub-periods in the International Chronostrati-

graphic Chart. Although the Carboniferous has long been
well studied in Western Europe and North America, the two
regions lack continuously deposited marine successions,
which hinders the establishment of Global Stratotype Sec-
tions and Points (GSSPs) for a global chronostratigraphic
framework. However, near-continuous, marine carbonate
successions are developed in the Russian platform, South
Urals, North Spain, and South China, which potentially
provides ideal outcrops for establishing a global Carboni-
ferous chronostratigraphy.

2. Brief history of Carboniferous chronostrati-
graphic studies

2.1 Establishment of international chronostratigraphic
chart of the Carboniferous

The Carboniferous was named after coal-bearing strata in the
North England by Conybeare R D and Phillips W in 1822
(see Ramsbottom, 1984). Afterwards, a number of stages
were established prior to the beginning of the 20th century in
west and east Europe, such as the Namurian in South Bel-
gium, the Westphalian in West Germany, and the Stephanian
in middle to southern France. These represent widely dis-
tributed coal-bearing paralic strata in West Europe. The
Tournaisian and Visean strata in South Belgium, and the
Serpukhovian, Moscovian, and Gzhelian strata in the Mos-
cow Basin of Russia, represent marine carbonate strata.
Munier and Lapparent (1893) established a Carboniferous

chronostratigraphic framework based on marine strata of
East Europe, including (in order) the Dinantian, Moscovian,
and Uralian stages, the latter two of which correlate to the
Westphalian and Stephanian of West Europe, respectively.
This chronostratigraphic scheme was, however, not com-
monly used, and the Moscovian and Uralian are now used for
totally different strata. Instead, a Carboniferous chronos-
tratigraphy representative of West Europe was adopted in the
first Carboniferous Congress held in 1927, which includes
the lower Carboniferous Dinantian and the upper Carboni-
ferous Namurian, Westphalian, and Stephanian stages (see
Wagner and Winkler Prins, 2016).
In the 7th Carboniferous Congress held in Krefeld of

Germany, 1971, the Carboniferous was subdivided into the
Dinantian and Silesian subsystems, representing the previous
Lower and Upper series, respectively. The Dinantian in-
cludes the Tournaisian and Visean stages, and the Silesian
contains the Namurian, Westphalian, and Stephanian stages.
With the increasing demand for global correlation, studies of
the Carboniferous marine successions of East Europe and
North America have been better recognized worldwide. By
the 8th Carboniferous Congress, held in Moscow of Russia
in 1975, the chairman of the congress, Bouroz A first pro-
posed the currently widely accepted stratigraphic scheme,
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which includes the Mississippian and Pennsylvanian sub-
systems, the former containing the Tournaisian, Visean, and
Serpukhovian stages in ascending order, and the latter
comprising the Bashkirian, Moscovian, Kasimovian, and
Gzhelian stages in ascending order. The scheme, based on
marine successions from West Europe, Russia, and North
America, had been widely recognized.
The Subcommission on Carboniferous Stratigraphy of the

International Commission on Stratigraphy voted for the
Mississippian and Pennsylvanian subsystems for the Car-
boniferous in 1998. In the next year during the 14th Carbo-
niferous Congress held in Calgary of Canada, chairman
Heckel P proposed the use of the 1975 scheme as the inter-
national Carboniferous chronostratigraphy (Heckel, 2001),
and this was later officially approved by the Subcommission
on Carboniferous Stratigraphy. Although the international
Carboniferous chronostratigraphy was established, almost
every country was still using their own regional chronos-
tratigraphy. The stage-level chronostratigraphy of West
Europe, Moscow Basin and Urals of Russia, and Mid-
continent of U.S. has been studied in detail, but these fra-
meworks are still difficult to use for global correlation.
In the established Carboniferous chronostratigraphic chart,

the Tournaisian and Visean stages are both named after
marine successions in Belgium (see Hance et al., 2006a,
2006b). The Serpukhovian, Moscovian, and Gzhelian stages
were proposed based on strata from the southern part of the
Moscow Basin by Nikitin (1890). The Bashkirian Stage was
established by Semikhatova (1934) based on strata of the
Bashkirian Mountains in the South Urals of Russia. The
Kasimovian was originally included as a part of the Mos-
covian Stage by Nikitin (1890), and later renamed as Kasi-
movian Stage by Teodorovich (1949).
The GSSP of the base of Carboniferous and the Tournai-

sian was approved in the La Serre section of France early in
1990 by the International Union of Geological Sciences
(IUGS). The Hasselbachtal section of Germany and the
Nanbiancun section of China were selected as the auxiliary
stratotypes. The Mississippian-Pennsylvanian boundary, i.e.,
the base of the Bashkirian, was approved by the IUGS in
1996, and the GSSP is located in the Arrow Canyon section
of Nevada, US. The GSSP of the Visean approved in 2008 is
located in the Pengchong section of the Liuzhou City,
Guangxi, China (Devuyst et al., 2003; Hou et al., 2013). The
remaining 4 stages, including Serpukhovian, Moscovian,
Kasimovian, and Gzhelian, have no GSSPs so far.

2.2 History of Carboniferous chronostratigraphy of
China

Establishment and application of the Chinese Carboniferous
stratigraphic divisions were initiated by the first generation
of Chinese geologists including Ting V K, Wong W H, Lee J

S, Chao Y T and others. Ting V K named the Carboniferous
strata in East Yunnan and West Guizhou, South China as the
Weining system in 1914. The result, however, was published
22 years later (Ting and Grabau, 1936). After investigations
of the strata in South China by Ting V K and others, WongW
H, Lee J S, and Chao Y T established the Taiyuan and Penchi
series, which were coeval to the Weining system, based on
investigations on the coal-bearing strata in North and
Northeast China in 1925 and 1926. They subdivided the late
Carboniferous strata into, in ascending order, the Penchi,
Taiyuan, and Shansi series. Later in 1931, based on in-
vestigations on the Carboniferous in North Guangxi and
South Guizhou regions, Ting established the Fengningian
system, including Aikuan and Tatang series, which are again
subdivided into Gelaohe, Tangbagou, Jiusi, and Shangsi
stages, in ascending order. Together with these geological
studies, paleontological studies also made significant pro-
gress. Many paleontologists including Lee (1927), Chen
(1934a, 1934b), Chao (1927, 1928, 1929), Grabau (1936),
and Yin (1932, 1933) published papers on Carboniferous
fossils such as fusulinids, brachiopods, and mollusks. These
works provided substantial paleontological data for Ting V K
and Grabau to propose the Carboniferous subdivision
scheme of China during the 16th International Geological
Congress in 1933 (Ting and Grabau, 1936). They divided the
Carboniferous into two subsystems, using the American
Mississippian and Pennsylvanian nomenclature, which con-
tain lower, middle, and upper parts. The Aikuan and Tatang
series were correlated with the European Tournaisian and
Visean, respectively. This subdivision scheme provided a
basis for later studies on the Carboniferous of China, espe-
cially for the establishment of series- and stage-level
chronostratigraphy.
During the 1950s to 1970s, the Carboniferous subdivision

of Chinese stratigraphy was adopted similar to the three-part
scheme of the former Soviet Union; the previous Upper
Carboniferous was subdivided into two series, namely mid-
dle and upper Carboniferous Series. The Lower Carboni-
ferous series and stages were retained the same. Yang et al.
(1962) summarized the Carboniferous litho-, bio-, and
chronostratigraphy of China, proposing three series; the
Lower Carboniferous series was again subdivided into Ai-
kuan and Tatang stages, whereas the middle and upper Series
were not further subdivided. Since the 1980s, the main
progresses on the Carboniferous subdivision of China lies
mainly on the following events. First, the Carboniferous was
re-subdivided into two series, without opposed opinion
(Yang et al., 1979; Hou et al., 1982), which is consistent with
the Carboniferous depositional sequences and biotic evolu-
tion. Second, Chinese researchers were actively competing
for the GSSPs of the Carboniferous stages. The auxiliary
stratotype of the base of the Carboniferous is located in the
Nanbiancun section of the Guilin City, Guangxi (Yu, 1988).
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With collaboration with foreign researchers, the GSSP of the
Visean was ratified in Guangxi in 2008. Third, the 11th and
16th International Carboniferous (and Permian) Congress
were held in Beijing, 1987 and Nanjing, 2007, respectively.
The regional Carboniferous chronostratigraphy of China

was gradually established during the 1980s to 1990s, based
mainly on the strata in Guizhou, Guangxi, Yunnan and Hu-
nan; most of the Chinese stages were named after lithos-
tratigraphic units (Rui et al., 1987; Zhang, 1987, 1988;
Zhang et al., 1988). Among these stages, the Luosuan Stage
was established based on a conodont-rich carbonate slope
succession (Rui et al., 1987); the rest of the regional stages
were all based on shallow-water successions (Wang and Jin,
2000). Since the beginning of this century, no new stage
names have been proposed. Instead, Chinese researchers
focused mainly on the biostratigraphy of deep-water suc-
cessions, high-resolution correlation with other regions
globally, and the search and correlation of index fossils for
the GSSPs of the four unratified stages.
The regional Carboniferous chronostratigraphy of China

includes two subsystems, i.e., the lower Fengningian Sub-
system and the upper Hutianian Subsystem, which are cor-
relative to the Mississippian and Pennsylvanian,
respectively. The Fengningian Subsystem was subdivided
into two series, i.e., Aikuanian and Tatangian series, and the
Hutianian Subsystem into Weiningian and Mapingian series.
The Carboniferous of China includes 8 stages, i.e., Tangba-
gouan, Jiusian, Shangsian, Dewuan, Luosuan, Huashibanian,
Dalaun, and Xiaodushanian stages in ascending order (Fig-
ure 1; Jin et al., 2000; Wang and Jin, 2003, 2005).

3. Integrative Carboniferous stratigraphic time
scale of China

Biostratigraphy is the basis for establishing Carboniferous
chronostratigraphy, which is the requirement in the “Inter-
national Stratigraphic Guide” published by the International
Commission on Stratigraphy. The basic working unit (stage)
of chronostratigraphy is defined by the First Appearance
Datum (FAD) of descendant species of an evolutionary
lineage. Recently, chemo-, magno-, and event-stratigraphy
and radiogenic ages have been utilized to supplement global
chronostratigraphic framework. Among the four stages
without GSSPs, the base of the Gzhelian will be the FAD of
the index fossil conodont Idiognathodus simulator. Index
fossils for the other three stages (i.e., Serpukhovian, Mos-
covian, and Kasimovian) are still under discussion, but will
most likely be based on conodonts (Richards, 2013). The
nearly continuously deposited marine carbonate slope suc-
cessions in South China, Russian Urals, and North Spain
provide ideal sections to search for these GSSPs. The car-
bonate slope successions in South China formed at a rela-

tively rapid sedimentation rate, have continuous outcrops,
and yield abundant conodonts with almost complete linea-
ges.

3.1 Biostratigraphic framework

Conodonts are the primary fossil group for subdivision of
Carboniferous chronostratigraphy. Foraminifera are sec-
ondary, and are regarded as the key bridge for correlation
between carbonate slope and shallow-water platform suc-
cessions. Ammonoids are another index fossils for carbonate
slope successions and are regarded as the key fossil for the
subdivision and correlation of the early Carboniferous.
Brachiopods and rugose corals also play a role in subdivision
and correlation of shallow-water platform successions.

3.1.1 Conodont biostratigraphy
The thick carbonate strata of the Naqing section in Guizhou,
South China were rapidly deposited in a carbonate slope
setting during the Carboniferous. A nearly complete Car-
boniferous conodont succession was recognized at this sec-
tion. The Naqing section has been recently selected as the
GSSP candidate for the four unratified Carboniferous stages.
The conodont biozones established in the Naqing section
have been applied as the standard Carboniferous conodont
zonation of China, and is becoming more important globally.
The conodont zones of China mostly followed those of the
Russian Platform, Donets Basin, Urals, and North America,
where Carboniferous conodonts have been studied and zoned
for a long time. In recent decade, significant progress has
been made on the conodont biostratigraphy of the Naqing
section, which is noted internationally. Twenty-six conodont
zones represented the most complete conodont succession in
one single section, have been recognized in the Naqing
section. Adding 11 conodont zones established from other
sections in South China, 37 Carboniferous conodont zones
have been established in China and can be correlated with
other regions globally (Figure 2).

3.1.2 Foraminifera biostratigraphy
Non-fusulinid foraminifers are important fossils in Mis-
sissippian carbonate successions. The biostratigraphy and
biozones established based on foraminifers are useful in re-
gional and global correlations, given their rapid evolution.
For example, the FAD of Eoparastaffella simplex, in the
lineage of “E. ovalis group” to E. simplex, has been officially
approved as the biostratigraphic criterion to define the base
of the Visean Stage (Devuyst et al., 2003). After decades of
research on Chinese Mississippian foraminifera (Wang,
1983; Lin et al.,1990; Wu, 2008; Hance et al., 2011; Sheng,
2016; Sheng et al., 2018), there are 12 foraminiferal zones,
three in the Tournaisian, five in the Visean, and four in the
Serpukhovian. However, compared with European zones
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(Figure 3), Chinese foraminiferal zones from the Tournaisian
and Visean stages need further work.
Fusulinids are the dominant marine fossil of shallow-water

platform strata around the world. Due both to global tec-
tonics that caused closing of the equatorial seaway, and to
frequent changes in global sea level during this time, pro-
vincialism of benthic fusulinids became pronounced, which
makes it difficult for correlation between Eurasian fusulinid
biozones and those from North American. However, corre-
lation of fusulinid biostratigraphy within Eurasia is certainly
possible. There is a long history of research on Chinese
Carboniferous fusulinid biostratigraphy (see Wang and Jin,
2003), and integrative works in recent years include Zhang et
al. (2010) and Shi et al. (2012). Around the world, studies
of fusulinids from the Donets Basin and Russian Platform
are the most detailed, and the associated zones are gener- ally
divided by the evolution of species, although in the past,
Chinese fusulinid zones were partly named for genera (e.g.,
Jin et al., 2000). This paper follows the 12 Pennsylvanian
fusulinid zones proposed in Zhang et al. (2010) (Figure 4).

3.1.3 Ammonoid biostratigraphy
The macrofossil ammonoids can easily be recognized in the
field, and they record relatively distinct evolutionary stages
that allow for low-resolution chronological designation. For
this reason, in the early research of Carboniferous biostrati-
graphy, ammonoids served as a very important tool in sub-
division and correlation of strata, especially in Western
Europe (Schmidt, 1925; Korn and Klug, 2015). The re-
stricted distributions of many ammonoid species have been
recognized by further research and it turns out that the cor-
relation between two regions/continents far away from each
other can only be roughly done at genus level. In addition,
the distribution of ammonoids is also controlled by sedi-
mentary facies, e.g., rarely found in shallow water facies.
The localities for Carboniferous ammonoids in China are
mainly in Xinjiang, Gansu, Ningxia, Tibet (Xizang), Guiz-
hou, and Guangxi (Yang, 1978; Ruan, 1981a, 1981b; Sheng,
1983; Ruan and Zhou, 1987; Liang and Wang, 1991). They
are most productive within limestone, calcareous sandstone
or marl, as well as the calcareous concretions or lens, which
are usually not fit for continuous sampling. Since many
species of ammonoids co-occurring, the ammonoid zonation
in China is much rougher than those based on the single
section or better lithological correlations in Western and
Central Europe. Except for the study of the Tournaisian
ammonoids in Xinjiang (Zong et al., 2015), no other
significant progress has been made for nearly two decades.
Therefore, in this paper, we still follow the composite
zonations, summarized by Wang and Jin (2003), with minor
revisions of the indexes and their ranges. Thirteen
Carboniferous ammonoid zones are recognized in China
(Figure 4).

3.1.4 Brachiopod biostratigraphy
Brachiopods are an important marine fossil group in Car-
boniferous strata. They are widely distributed in many types
of ecological environments and sedimentary facies. They are
most commonly found in shallow water carbonate facies, as
well as in turbidites or slumps in shelf facies. Mississippian
brachiopods record high rates of evolution and diversifica-
tion, resulting in distinct palaeobiogeographic provinces.
Thus, the brachiopod zonation has relatively high resolution
and is useful in stratigraphic subdivision and intra-provincial
correlation. In the Pennsylvanian, however, their diversity
decreased and the rate of evolution slowed, which resulted in
reduced biostratigraphic resolution. A succession of 10
brachiopod assemblage zones was recognized in the Car-
boniferous in South China (Figure 4).

3.1.5 Rugose corals
Rugose corals are one of the dominant fossil groups com-
monly found in shallow marine carbonate facies in the
Carboniferous. Similar to the brachiopods, they also de-
monstrate high rate of diversification and evolution in the
Mississippian. Yu (1931, 1933) established a biostratigraphic
succession of four rugose coral zones for the Mississippian
of southern Guizhou, in acending order, the Cystophrentis,
Pseudouralinia, Thysanophyllum, and Yuanophyllum zones.
This coral zonation scheme has been widely used afterward
in stratigraphic subdivision and correlation of shallow-water
facies. In the late 20th century, rugose coral biostratigraphic
studies were carried out extensively in South China and re-
lated areas (see Wang and Jin, 2003). As a result, some areas,
such as western Guizhou and eastern Yunnan (Wu and Zhao,
1989), received much attention and provided abundant data
for research subject. Based on the accumulated data of sev-
eral decades, we propose a rugose coral succession of 10
zones (Figure 4).

3.1.6 Biostratigraphic framework for regional chronos-
tratigraphy in China
Given the variable sedimentary facies in different regions of
China, it is practical to retain Chinese stages for the time
being, although it is necessary to use the global standard
chronostratigraphy whenever possible. This study follows
the subdivision of the Carboniferous proposed by Jin et al.
(2000), which includes 2 subsystems, 4 series, and 8 stages
(Figures 1, 4). The biostratigraphic scheme of those stages is
briefly summarized as follow (Figure 4). The Tangbagouan
Stage can be correlated to the Tournaisian. Biostratigraphy of
shallow-water successions is represented by the Dushan area,
and biostratigraphy of the deep-water successions by the
Wangyou and Muhua formations in the Changshun region.
The Jiusian Stage is correlative to the lower part of the Vi-
sean, including two rugose coral zones, one brachiopod zone,
and two conodont zones. The base of the Jiusian Stage is
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defined by the FAD of Eoparastaffella simplex. The
Shangsian Stage is correlative to the upper part of the Visean.
The base of the Shangsian Stage is defined by the FAD of
either the rugose coral Yuanophyllum or brachiopod Vitili-
productus groberi-Pugilis hunanensis in shallow-water
successions, and by the FAD of conodont Gnathodus bili-
neatus bilineatus in deep-water successions. The Dewuan
Stage can be correlated to the international Serpukhovian,
the base of which is roughly defined by FAD of rugose coral
Aulina rotiformis or brachiopod Gigantoproductus edelbur-
gensis in shallow-water facies, and by the FAD of conodont
Lochriea ziegleri in deep-water facies. The base of the
Luosuan Stage is the same as that of the Bashkirian, and is
defined by the FAD of conodont Declinognathodus noduli-
ferus s.l. and the fusulinid Millerella marblensis. The Hua-
shibanian Stage is generally correlated to the fusulinid
Pseudostaffella zone, including one brachiopod zone and
three conodont zones. The Dalaun Stage is correlative to the
previous fusulinid Profusulinella zone and Fusulina-Fusu-
linella zone (Jin et al., 2000), which is now subdivided into 6
fusulinid zones (Zhang et al., 2010). The Xiaodushanian
Stage, the base of which is correlative to that of the inter-
national stage Kasimovian, is defined by the FAD of fusu-
linidMontiparus or Protriticites, and by the disappearance of

Fusulina and Fusulinella. The upper boundary is defined by
the FAD of Pseudoschwagerininae. The Xiaodushanian
Stage includes 10 conodont zones.

3.2 Sequence and cyclo-stratigraphy

Development of depositional sequences and high-frequency
cycles during the Carboniferous was closely related to the
waxing and waning of Gondwanan glaciation (Ross and
Ross, 1988; Li et al., 1997; Rygel et al., 2008; Ueno et al.,
2013). The alternating occurrences of glacial-interglacial
periods resulted in frequent and episodic eustatic changes,
which led to development of cyclothems in low-latitude re-
gions, including South China. During glacial periods, dra-
matic eustatic fall led to subaerial exposure, deposition of
siliciclastic and dolostone units, carbonate carbon (δ13Ccarb)
and oxygen (δ18O) isotope anomalies, biotic extinction and
turnover events, as well as disappearance of reefs (Wang et
al., 2013).
Li et al. (1997) summarized the Carboniferous Deposi-

tional sequences (DS) of South and North China. Two third-
order sequences were identified in the Tournaisian and Vi-
sean in South China. Each of the Serpukhovian, Bashkirian,
and Moscovian to Lower Kasimovian contains one third-

Figure 3 Mississippian foraminiferal and rugose coral zonations of China and their correlation with western Europe (Belgium and North France). Data of
western Europe are from Poty et al. (2006). Pal.=Palaeospiroplectammina; K.-P. interval = Keyserlingophyllum-Parazaphriphyllum interval; C.-U. t.
interval=Cystophrentis-Uralinia tangpakouensis interval.
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order sequence. The upper Kasimovian to Gzhelian has two
third-order sequences. In North China, the Mississippian is
missing, and the Pennsylvanian is characterized by alter-
nating shallow-marine and continental deposits. The third-
order sequences can be correlated to those of South China (Li
et al., 1997). The second- and third-order sequences of the
Carboniferous can be correlated between South China,
Europe, and North America. High-frequency sequences are
well developed in the Moscovian to Gzhelian worldwide in
low-latitude regions (Ross and Ross, 1987; Li et al., 1997).
Recently, Ueno et al. (2013) studied high-resolution Penn-
sylvanian cyclothems in the Zongdi section, Ziyun, Guizhou,
South China, using fusulinid biostratigraphy. A total of 21
depositional sequences (DS), separated by subaerial ex-
posure surfaces, were recognized in Moscovian (8 DS),
Kasimovian (5 DS), and Gzhelian (8 DS) strata. The duration
of each sequence is about 400–450 ka, consistent with an
eccentricity driver (Ueno et al., 2013). These cyclothems can
be well correlated to those developed coevally in the Mid-
continent of the U.S. (Heckel, 2008).

3.3 Event stratigraphy and reef evolution

Multiple global regression events, δ13Ccarb anomalies, biotic
extinction, and turnover events occurred during the end-
Devonian to mid-Carboniferous interval (Caplan and Bustin,
1999; Wang et al., 2013). The extensive development of
Hangenberg sandstone units and occurrence of the Hangen-
berg extinction event were triggered by global significant
regression event at the end of the Devonian, resulting in the
dramatic decline and/or elimination of stromatoporoids, ru-
gose corals, ammonoids, conodonts, and trilobites (Caplan
and Bustin, 1999; Kaiser et al., 2016). Microbial mats in
carbonate platform globally proliferated in the earliest Car-
boniferous (early Tournaisian), and can be traced across
southern and northwestern China (Hou et al., 2011; Yao et
al., 2016). During the middle Tournaisian, a distinct regres-
sion event occurred, characterized by deposition of silici-
clastic and dolostone strata. This event is likely the sea-level
fall at the Kinderhookian-Osagean transition in North
America, which is accompanied by a positive shift in δ13Ccarb

(Wang et al., 2013; Yao et al., 2015). Then, under the sea-
level rise in the late Tournaisian, Waulsortian-like carbonate
mud mounds developed at the Longdianshan area in Liuzhou
City, Guangxi, South China, corresponding to the coeval
Waulsortian mud mounds widely distributed in Europe and
North America (Lees and Miller, 1985; Aretz et al., 2012).
During the latest Tournaisian, a distinct sea-level fall oc-
curred in South China, which resulted in exposed surfaces
and siliciclastic deposition. This was the same regression
event recorded in western Europe that is coincident with the
disappearance of the late Tournaisian Waulsortian mud
mounds, intensified meteoric diagenesis in shallow carbo-

nate facies. and the prominent negative excursion in δ13Ccarb

(Aretz and Chevalier, 2007; Qie et al., 2011; Wang et al.,
2013). In the latest Visean, another distinct regression event
took place in South China, coinciding with that in Europe
and North America, and it represents the initial glacial de-
velopment on Gondwana continent during this time; it also
resulted in a global positive shift in δ13Ccarb (Fielding et al.,
2008; Grossman et al., 2008; Chen J T et al., 2016).
The reef evolutionary pattern is almost consistent between

South China and other regions. The latest Visean regression
event caused the disappearance of coral reefs, coral bios-
tromes, and coral-microbial-bryozoan reefs in South China
(Aretz and Webb, 2007; Yao and Wang, 2016). In the Ser-
pukhovian, reefs greatly declined, and few coral, chaetetid
biostromes, and microbial reefs are present in the Lianyuan
and Lengshuijiang, Hunan Province (Liu, 2002; Gong et al.,
2012). During the mid-Carboniferous boundary interval
there was a distinct sea-level fall, development of exposure
surfaces, and deposition of dolostones extensively across
South China, in correspondence with both the wide devel-
opment of glacial deposits on the Gondwana continent and a
global positive shift in δ13Ccarb and δ

18O isotopes (Chen B et
al., 2016). An important turnover event occurred in marine
faunas and reef ecosystem during this transition from the
Mississippian to the Pennsylvanian, characterized by the
replacement of large dissepimented solitary corals by com-
pound corals, and the evolution of small sized brachiopods
(e.g., Choristites) replacing large-sized brachiopods (e.g.,
Gigantoproductus), the diversification in fusulinids into
important index fossil in shallow-water facies, and the
changes from metazoan reefs into algal reefs (Fan and Rigby,
1994; Gong et al., 2007; Wang et al., 2013; Yao and Wang,
2016).

3.4 Carbon isotope stratigraphy

Global carbon cycle perturbations in geological history are
recorded by carbon isotopic compositions (δ13Ccarb) of the
whole rock or fossil calcite. Resulting isotopic chemistrati-
graphic curves are used as an important tool for stratigraphic
division and correlation. Carbon isotope studies carried out
in Europe and the United States sections revealed three major
shifts in δ13Ccarb value for the Carboniferous: (1) a significant
positive shift in the Tournaisian, with magnitude up to 5–7‰
(V-PDB), representing one of the largest δ13Ccarb excursions
in the Phanerozoic (Mii et al., 1999; Saltzman, 2002;
Saltzman et al., 2004); (2) a Serpukhovian decline (Saltz-
man, 2003; Batt et al., 2007); and (3) a positive δ13Ccarb shift
again starting at the lowermost Pennsylvanian. The magni-
tude of the latter is different between Western Europe and
United States records, with an increase in δ13Ccarb of ~1.5‰
in North America, but 3.0‰ in Europe (Mii et al., 1999;
Bruckschen et al., 1999; Veizer et al., 1999; Saltzman, 2003).
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The Tournaisian and Visean carbon isotope records for
South China are mainly based on the data from carbonate
platform sections, which may be influenced by meteoric
diagenetic alteration. The middle Tournaisian positive
δ13Ccarb shift was well identified in the Longan section, an
isolated carbonate platform succession in Guangxi (Qie et
al., 2011), and the Malanbian section situated at the near-
shore shallow-water setting in Hunan (Yao et al., 2015). The
δ13Ccarb values increase from 0 to 6‰ in the Malanbian
section, but only increase from 0 to 3‰ in the Longan sec-
tion. Local environmental or hydrogeographic differences
may explain this variable magnitude (Yao et al., 2015). The
Visean to Serpukhovian carbon isotope record from the
Longan section shows similar trends to that of the Naqing
section (Figure 5). However, distinct differences in δ13Ccarb

values exist in the two sections, which might have resulted
from chemical differences in water mass associated with
ocean circulations or water depths between the two sections.
The Naqing Section is located in the southwest part of

Luodian County in southern Guizhou, where a continuous
Carboniferous to Permian carbonate succession with abun-
dant conodont elements crops out. The section is thought to
have been deposited in a carbonate slope setting of the
Luodian basin in the Dian-Qian-Gui Sea. The carbon isotope
record from the Naqing section shows slight variation in
δ13Ccarb values (~3‰) from the Visean to Serpukhovian, a
gradual increase from the earliest Bashkirian to latest Mos-
covian (~4‰), a short-lived period of lower values (~2‰)
near the Kasimovian-Gzhelian boundary interval, and a rapid
rise to 5.5‰ in the Gzhelian (Figure 5; Buggisch et al., 2011;
Chen et al., 2018). Although the direct link between δ13Ccarb

changes and ice volumes is not straightforward, the high
δ13Ccarb values in the Gzhelian is interpreted to reflect ex-
tensive ice sheets expansion for the late Paleozoic ice age
(Buggisch et al., 2011). The increase in δ13Ccarb values is
generally regarded as an indicator of increasing organic
carbon burial, which would result in lowering of atmospheric
CO2 concentrations and climatic cooling (Mii et al., 1999;
Saltzman, 2002, 2003; Saltzman et al., 2004; Buggisch et al.,
2008; Chen et al., 2018). It is worth noting that δ13Ccarb

profiles of many platform successions show low values from
Gzhelian to lowermost Permian (Buggisch et al., 2011),
which are attributed to digenetic alteration due to platform
exposure to meteoric water during sea-level fall as a con-
sequence of increased glaciation (Buggisch et al., 2011).

3.5 Oxygen isotope stratigraphy

The oxygen isotope ratios preserved in fossil skeletons
(calcite or phosphate) are dependent on the oxygen isotopic
composition and temperature of seawater in which organ-

isms lived. Thus, ancient seawater temperature can be in-
ferred by measuring δ18O values in fossil skeletons if their
primary oxygen isotopes signal is preserved and the ancient
seawater δ18O value is known or can be reasonably assumed.
The Carboniferous–Permian is one of the most notable
“icehouse” periods in the Earth history. Reconstructing fossil
δ18O records for this critical time can provide information
about changes in ice volume and seawater temperature, both
of which are key parameters to define a glaciation magni-
tude.
Grossman et al. (2008) complied Carboniferous δ18O data

of brachiopod shells from North America and the Russia
platform. In the North American record, they found a ~3‰
(V-PDB) increase in Tournaisian to middle Visean strata,
followed a further ~1‰ rise at the Serpukhovian to Bash-
kirian transition. δ18O values remain relatively stable with
values from –3‰ to –1‰ throughout the entire Pennsylva-
nian. Oxygen isotope record from the Russian platform
shows a 3‰ increase at the Serpukhovian-Bashkirian tran-
sition. Buggisch et al. (2008) identified two major δ18O po-
sitive shifts in the Mississippian of Europe and North
America, as recorded by conodont apatite and brachiopod
calcite one in the Tournaisian with magnitude of ~1.5‰ (V-
SMOW) and the other in the Serpukhovian to Bashkirian
transition with a magnitude of ~1‰ (V-SMOW). These in-
creases in δ18O values are interpreted as a record of con-
tinental ice sheet buildup and/or climatic cooling. Since ice
preferentially absorb 16O, lower temperatures and the
buildup of ice sheets result in 18O enrichment in seawater.
Recently, Chen B et al. (2016) reported a continuous

δ18Oapatite record spanning the late Visean to Middle Permian
from South China (Figure 5). They found the average δ18O
values slightly above 22.0‰ for the late Visean, and a minor
decrease to around 21.2‰ in the early Serpukhovian. These
were followed by a prominent positive shift from 21.2‰
(early Serpukhovian) to the maximum value of 23.3‰ in the
middle Bashkirian. The δ18O values decrease to 22.0‰ at the
Bashkirian-Moscovian boundary, and further decrease to
21.5‰ in the Gzhelian.
Overall, the Tournaisian and Serpukhovian–Bashkirian

increases are two major oxygen isotope changes that can be
identified in the Carboniferous δ18O record. δ18O values rise
in the Tournaisian. High values in the Visean are thought to
maybe related to local aridification in North America
(Grossman et al., 2008), but currently no coeval data is re-
ported from the Russian platform and South China, and
therefore whether this increase is of global significance or
just a reflection of regional aridification still requires further
data to confirm. The significant δ18O increase in the Serpu-
khovian-Bashkirian boundary interval is demonstrated to
have occurred widely and is interpreted as indicating the ice
volume maximum for the late Paleozoic ice age (Chen B et
al., 2016). Rising carbon and strontium isotopes ratios pre-
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served in brachiopod fossil shell or carbonate is in agreement
with this interpretation. The former reflects an increase in the
burial of organic carbon, and the latter indicates an enhan-
cing of continent weathering rates, and both have the po-
tential to trigger climate cooling, culminating in large-scale
ice sheets buildups (Bruckschen et al., 1999; Grossman et al.,
2008). Significant sea-level decline and exposure surfaces
(Ross and Ross, 1987; Alekseev et al., 1996; Eros et al.,
2012; Wang et al., 2013) are assumed to have resulted from

ice sheet build-up in high latitudes, and are widely found in
uppermost Mississippian to lower Pennsylvania strata in
North America, Russia, South China, as well as other low-
latitude regions, which further reinforce this interpretation.

3.6 Strontium isotope stratigraphy

Given the long residence time (1–3 Myr) of strontium in the
ocean relative to the short ocean mixing time (~1.5 ka),

Figure 5 Carboniferous bio- and geo-events and chemostratigraphy of China. Bio-events, regression and cyclothem based on Wang et al. (2013); carbon
isotope data from Qie et al. (2011) and Buggisch et al. (2011); oxygen isotope (conodonts) data from Chen B et al. (2016); strontium isotope (conodonts) data
from Chen et al. (2018). See Figure 2 for conodont abbreviations. Geyero. = Geyerophyllidae, Keping. = Kepingophyllidae, Waageno = Waagenophyllinae;
Pseudosch. = Pseudoschwagerina, Sphaero. = Sphaeroschwagerina, Robusto. = Robustoschwagerina.
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seawater strontium is regarded as homogeneous at any given
time. Thereby, strontium isotopes (87Sr/86Sr) can be used for
stratigraphic correlation and dating, especially for intervals
with simply rising or declining trends in 87Sr/86Sr (McArthur
et al., 2012). Seawater 87Sr/86Sr is controlled mainly by in-
puts of more radiogenic isotopes from continental weath-
ering and less radiogenic isotopes from hydrothermal
exchanges through mid-ocean ridges. Therefore, seawater
87Sr/86Sr can reflect continental weathering, global tectonics,
and paleo-climate conditions (e.g., Kump and Arthur, 1997;
Chen et al., 2018). The Carboniferous 87Sr/86Sr curve was
traditionally constructed using calcitic brachiopods from
North America and East Europe (Bruckschen et al., 1995,
1999). However, due to the discontinuities and uncertainties
in the Carboniferous of the two regions, and the possible
diagenetic influence on brachiopod calcite, the existing 87Sr/
86Sr values show great scatter.
Chen et al. (2018) analyzed 87Sr/86Sr of Carboniferous

conodonts recovered from the Naqing section, Guizhou,
South China. The conodont-based 87Sr/86Sr curve is largely
consistent with previously published data, especially with
those of brachiopods from the Panthalassic open-ocean set-
ting (Brand et al., 2009) and of conodonts of the Russian
Urals (Henderson et al., 2012). The Naqing section is a near-
continuously deposited carbonate slope succession in the
east Paleo-Tethys Ocean. This newly established 87Sr/86Sr
curve based on conodonts is the most complete Carbonifer-
ous curve to date, which, when integrated with high-re-
solution conodont biostratigraphy, provides a reliable tool for
global stratigraphic correlation.
The Carboniferous 87Sr/86Sr curve shows four phases: (1) a

rapid fall from high values (~0.7084) around the Devonian-
Carboniferous boundary to the nadir (~0.7076) in the middle
Visean, (2) a long-term rise from the middle Visean to the
high values (0.7083) in the middle-late Bashkirian (~318
Ma), (3) a ~15 Myr plateau (318–303 Ma), and (4) a rela-
tively rapid fall from the early Gzhelian (~303 Ma)
throughout the Permian (Veizer et al., 1999; Chen et al.,
2018). The long-term rise in 87Sr/86Sr from the middle Visean
to Bashkirian was a result of increased continental weath-
ering triggered by the Hercynian orogeny, and also partly
from flourishing rainforests (intensifying weathering) (Chen
et al., 2018). The 87Sr/86Sr plateau from the Bashkirian to
lower Gzhelian would have been caused by sustained high
weathering rate during the western propagation of the Her-
cynian orogeny from Europe to North America. The onset of
rapid decline in 87Sr/86Sr in the early Gzhelian is consistent
with floral restructions and the onset of widespread pantropic
aridification in the Euramerica, implying that it was caused
by decreased continental weathering. The continued decline
in 87Sr/86Sr during the Permian might also have been related
to basaltic eruption and opening of the Neo-Tethys.

4. Carboniferous lithostratigraphic provinces
of China

The Carboniferous deposits of China are recognized in four
provinces that have total 11 subprovinces (Jin et al., 2000;
Wang and Jin, 2003). They are briefly described from north
to south (Figure 6).
(1) The Junggar-Hinggan Province is subdivided, from

west to east, into the Junggar, Inner Mongolia-Jilin and
Hinggan subprovinces. In the Junggar subprovince, the
Carboniferous consists mainly of siliciclastic, carbonate, and
volcanic rocks, and the Inner Mongolia-Jilin subprovince
contains thick siliciclastic strata and carbonate debris flow
deposits. The Carboniferous fauna generally belong to the
Boreal Realm, whereas paleoflora are found in the Angaran
region.
(2) The North China-Tarim Province can be subdivided

into the Tarim, North China, and Qilian-Helan Mt. sub-
provinces. This province generally contains stable shallow
shelf facies with the Tethyan fauna and flora varying from
Euramerican to Cathaysian affinities. Deep-water deposits
occur in northern margin of the Tarim subprovince and
southwestern margin of the North China subprovince.
(3) The Qiangtang-South China Province is subdivided

into the Qiangtang-Hengduanshan subprovince and South
China subprovince. This province contains a complete Car-
boniferous succession dominated by carbonate platform fa-
cies, with typical Tethyan fauna and floras varying from
Euramerican to Cathaysian affinities.
(4) The Tibet-West Yunnan Province can be subdivided

into the South Tibet, Gangdise, and West Yunnan sub-
provinces, which belonged to the northeastern margin of the
Gondwana. The Mississippian is dominated by carbonate
and siliciclastic shelf facies, whereas the Pennsylvanian is
characterized by diamictite and volcanics, or missing along
an unconformity. The fauna have Gondwanan affinities.

5. Index fossils and stratotypes of the unratified
Carboniferous stages

Carboniferous stratotype research is hindered mainly by in-
tense paleogeographic endemism, which was triggered by
differential climates due to glacial-interglacial shifts and
isolated geography due to global tectonics. Currently four
stages have not yet been ratified for the GSSPs, including the
Mississippian Serpukhovian and Pennsylvanian Moscovian,
Kasimovian, and Gzhelian. Conodonts are the primary fos-
sils for defining the stratotypes, with supplement of for-
aminifera (fusulinids) and ammonoids.
Although the index fossils for the base of the Serpukho-

vian has not been determined, the international working
group for the Carboniferous focuses on the evolutionary
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lineage of Lochriea nodosa-L. ziegleri, the FAD of the latter
being regarded as the base of the Serpukhovian. There are
currently two stratotype candidates. One is the Verkhnyaya
Kardailovka section in the Russian Urals. Russian re-
searchers reported the Lochriea nodosa-L. ziegleri lineage
from this section. There is not many L. ziegleri specimens
found to date, and few other typical Serpukhovian conodonts
such as L. senckenbergica in the section. The typical Ser-
pukhovian foraminifera Asteroarchaediscus postrugosus
occurs about 7 m above the horizon that yields L. ziegleri in
the section. The other candidate is the Naqing section,
Guizhou Province, China, which consists of thin- to med-
ium-bedded limestone. Almost each of the limestone bed
contains abundant conodonts, about 100 conodont specimens
on average in 1 kg limestone samples. The section yields the
complete Lochriea nodosa-L. ziegleri lineage and abundant
conodonts representative of the lower Serpukhovian, such as
L. cruciformis and L. senckenbergica. The foraminifer that
represents the base of the Serpukhovian, Janischewskina
delicata, exists at 2.15 m above the FAD of L. ziegleri.
There is, unfortunately, no substantial research progress on

the stratotype of the Moscovian. The Moscovian GSSP

working group has proposed four candidate concepts: (1) the
FAD of the latter of the Declinognathodus marginodosus-D.
donetzianus conodont lineage, (2) the FAD of the latter of the
Diplognathodus aff. orphanus-Di. ellesmerensis conodont
lineage, (3) the FAD of certain species of Profusulinella, and
(4) the FAD of the latter of the Verella-Eofusulina lineage.
The FAD of D. donetzianus is the closest level to the base of
the traditional Moscovian Stage, but it is not present over
wide areas and has not been found in China so far. The FAD
of Diplognathodus ellesmerensis is also close to the base of
the traditional Moscovian Stage and has a wide distribution.
It has distinct, easily identified characteristics, and therefore
holds more potential for global correlation (Qi et al., 2016).
Because of distinct endemism, it would be difficult to search
for a fusulinid species with worldwide distribution. Two
stratotype candidates for the Moscovian Stage include (1) the
Basu section in the South Urals, Russia that yields the con-
odont Declinognathodus marginodosus-D. donetzianus
lineage as well as the fusulinid Depratina prisca, and (2) the
Naqing section that yields abundant Diplognathodus elles-
merensis conodonts, as well as the fusulinid Profusulinella
(Wang et al., 2011) but no specimens of the conodont D.

Figure 6 Subdivision and correlation of Carboniferous lithostratigraphic provinces in China
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donetzianus.
The base of the Kasimovian may also defined by con-

odonts, most likely either Idiognathodus turbatus or I. sa-
gittalis. The FAD of the two is close, both about one substage
higher than the traditional Kasimovian (Villa and Task
Group, 2008). Recently, Rosscoe and Barrick (2013) defined
a new species, I. heckeli, which is the direct ancestor of I.
turbatus. The FAD of I. heckeli is closer to the base of the
traditional Kasimovian (Ueno and Task Group, 2014). The
FAD of Swadelina subexcelsa was recently proposed by
Russian researcher as the boundary marker, which would
mean reversion to the original definition of the Kasimovian
Stage (Ueno et al., 2017). The FAD of fusulinids Protriticites
andMontiparus can be used as an auxiliary fossil in shallow-
water facies. There are currently three stratotype candidates:
(1) the Usolka section in the Russian Urals yields I. sagittalis
and fusulinids, but the section consists of alternative mud-
stone and limestone; (2) the Afanasievo section in the Rus-
sian Moscow Basin contains abundant fusulinid fossils
including Montiparus and conodonts I. sagittalis and Sw.
subexcelsa, in typical shall-water facies containing several
horizons of paleosols and hiatus (Goreva et al., 2009); and
(3) the Naqing section in South China yields I. swadei-I.
heckeli-I. turbatus lineage and conodont Sw. subexcelsa (Qi
et al., 2012; Hu and Qi, 2017), as well as some fusulinids.
The base of the Gzhelian Stage is defined by the FAD of

the conodont Idiognathodus simulator (Heckel et al., 2008),
but the direct ancestor has not been found yet. Idiognathodus
eudoraensis is regarded as having affiliation with I. simu-
lator. The reason why it is difficult to establish the complete
lineage might be due to the global regression at this time
interval. There are currently three stratotype candidates. (1)
The Usolka section in Russian Urals, which yields I. simu-
lator and abundant fusulinid Rauserites. The boundary in-
terval, however, contains intercalations of mudstone and
limestone, not single lithofacies. (2) The Gzhel section in the
Russian Moscow Basin, the type Gzhelian section, contains
I. simulator and fusulinid Rauserites rossicus, possibly as
auxiliary fossils. The section, however, represents shallow-
water facies and there is a significant hiatus less than one 1 m
below the FAD of I. simulator. (3) The Naqing section in
South China yields I. simulator as well as other abundant
transitional conodonts between I. eudoraensis and I. simu-
lator, which has great potential to find the direct ancestor of
the latter. The fusulinids are, however, not rich in this sec-
tion.

6. Summary and discussion

AChinese Carboniferous chronostratigraphic framework has
been established on the basis of detailed biostratigraphy
mainly from South China. The high-resolution biostrati-

graphy reveals 37 conodont zones, 24 foraminifera (fusuli-
nid) zones, 13 ammonoid zones, 10 brachiopod zones, and
10 rugose coral zones. It is practical to retain the regional
Carboniferous chronostratigraphy of China, which includes
2 subsystems, 4 series, and 8 stages, which can be correlated
with other regional frameworks such as Russian Moscow
Basin, Russian Urals, and Midcontinent of United States.
The chemo-, sequence-, cyclo- and event-stratigraphic stu-
dies of Chinese Carboniferous have also been carried out and
correlated with those of other regions of the world.
Radiogenic age dating of Carboniferous rocks in China has

been hindered because in situ volcanic ash layers have not
been found. Geochronologic dates of the Carboniferous
based on the U-Pb ID-TIMS are mainly from the Devonian-
Carboniferous boundary interval from the Rhein region of
Germany and the Pennsylvanian succession from the Donets
Basin of Ukraine and South Urals of Russia (Trapp et al.,
2004; Davydov et al., 2010; More recent and most precise
dates in Myrow et al., 2014).
The Carboniferous magnetostratigraphy in China has

made no progress, due mainly to remagnetization of the
Carboniferous successions by multiple tectonic and thermal
events in South China. In fact, there is no significant progress
in Carboniferous magnetostratigraphy globally, not only
because of re-magnetization but also due to the fact that the
Permian-Carboniferous Reverse Superchron (PCRS) oc-
curred from Pennsylvanian to the Early Permian (Tarling,
1991). Regardless, several normal polarities were recognized
in the PCRS, and as many as 16 normal polarity zones were
recognized from the Visean to Serpukhovian, which can be
used for stratigraphic correlation (Hounslow et al., 2004).
The Carboniferous is overall the apex of the late Paleozoic

ice age. The integrated studies on paleoenvironments and
biotic evolution have become major subjects worldwide.
China has varied Carboniferous sedimentary facies, includ-
ing mid- to high-latitude Gondwanan successions and low-
latitude Paleo-Tethys successions. Future studies should fo-
cus on Carboniferous paleoenvironments and paleoclimate,
based on variable proxies such as strontium and oxygen
isotopes and stomatal index of fossil plants. Stratigraphic
correlation between shallow- and deep-water successions, as
well as high-resolution astronomical cyclostratigraphy, need
to be further stressed to promote the research level and in-
ternational status with respect to the Carboniferous of China.
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