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A good study has been made of the marine facies Permian–Triassic boundary
stratigraphy sequence, biome change and geological events. Meishan D section in
Changxing of Zhejiang, China and its base of 27c bed has been chosen as the GSSP
(Yin et al. 2001) due to the work of the Chinese geologists for decades since Yin
et al. suggested that the first appearance of the Conodont species Hindeodus parvus
should mark the base boundary of the Triassic. This definite has put a good end to
the important boundary stratigraphic study in marine environment.

However, the determination of GSSP for the marine Permian–Triassic boundary
arouses people’s interests to work out an accessory section and point of terrestrial
facies for such a boundary. Attention is focused on the interrelationship between the
environmental change and biologic extinction when the continent was more sensi-
tive and critical in preserving the fossils. It will be more complicated to determine
a stratotype boundary because of particularity of the biologic preservation on land.
Therefore, some specialists working for the boundary stratigraphy suggest to make
a continental boundary stratigraphy division and correlation to those of the marine
facies (Lozovsky 1991; Lucas et al. 1992). While some geologists tend to find terres-
trial accessory section and point (ASP) in South Africa (Lucas et al. 1996) as the
Permian–Triassic Beaufort Group of Karoo Basin yields abundant vertebrates and
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is thus an important area for the study of terrestrial Permian–Triassic boundary.
In contrast, China, located in the eastern Tethys area, is not only one of the best
studied areas for marine facies Permian–Triassic stratigraphy boundary in the world,
but also an area with well-developed terrestrial Permian–Triassic strata. Particu-
larly, the Junggar Basin in Xinjiang consists of a complete series of continental
Permian–Triassic sequence with continuous depositions and fine outcrops and also
contains abundant fossil fauna (e.g. ostracods, bivalves, vertebrates) and fossil plant
near Permian–Triassic boundary. It is one of the ideal areas to study and establish a
terrestrial Permian–Triassic stratotype Section and Point. In addition, similar areas
for the ASP are found in Moscow Terrane of Russia, Ural areas of Kazakhstan,
Sydney Basin and Bowen Basin of Australia, and Germany and its adjacent areas.

1.1 International Studies

1.1.1 Research of Terrestrial Permian–Triassic Boundary

It is known in the study of the terrestrial stratigraphic sections that terrestrial verte-
brates diversify apparently above and below the Permian–Triassic boundary. Angara
flora in Russia and Cathaysian flora in China, prosperous in Late Permian, disap-
peared at the end of the epoch and thus fossil plants could rarely be found in early
Early Triassic. It was only in basalmost Triassic that some simple new plant assem-
blages began to appear. In Sydney Basin, southeastern Australia, there is obvious
change of terrestrial plants, with the sudden decrease in flora diversity and local
species diversity and the total disappearance of Glossopterids. It was not untilMiddle
Triassic that the flora began to recovery in the area. While in Israel, Lueckisporites
virkkiae assemblage, the gymnosperm pollen, predominant in Late Permian disap-
peared totally in the claystone below the boundary but marine acritarch and large
amount of Lycopsida spore occurred instead. This indicates an important break in
the palynomorph assemblages. Ochev (1973) attributes the change of vertebrates
at terrestrial Permian–Triassic boundary to the change of sedimentary facies and
suggests that the real change should happen between Early and Middle Triassic. On
the contrary, Smith (1995) andWard (2000) believe that the biologic extinction must
have influenced the environment during their study of the Permian–Triassic boundary
in Karoo Basin, South Africa. It is generally thought that the change of bended river
into braided river reflects the increase of the river slope, and that this is resulted from
the orogeny,which is the idea of some early researchers of theKarooBasin. However,
Smith (1995) and Ward (2000) maintained that no tectonic orogeny has happened
near the Permian–Triassic boundary. Therefore, the change of the river type, from the
highly bended river to lowly bended river (anomaly layer) in Late Permian to braided
river deposition in Early Triassic, should have been caused by the biologic extinction
rather than the change of the slope. They stated that the increase of the deposition
load caused the bended river to change into braided river when the ground surface,
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especially the river bank, lost its protection from the plants because of the biologic
extinction, in particular the death of plants of large root systems in big numbers. This
kind of biologic extinction and environment change of global characteristics should
lead to the 13C deviation near the Permian–Triassic boundary.

Thepaleobiologists (Visscher et al. 1996; Peng et al. 2006) has founda fungi events
in the terrestrial Permian–Triassic boundary strata from Europe, North America,
Africa, Australia, Madagascar, Israel, Greenland and South China, characterized by
the widespread Reduviasporonites (Tympanicysta) and the equivalent Chordecystia,
which can be correlated in paleontology and geochemistry with other records. They
believe that this fungi event could have been brought about by the serious air pollu-
tion caused by the large-scale volcanic eruption in Siberia. While Krassilov (1999)
assumes that this could be resulted from the ground water rise and wide distribution
of rivers due to the global transgression. Wang Ziqiang (1997) has also found a large
number of fungi and algae traces in the remains of gymnosperm in North China and
also a lot of small tumors on the seeds owing to the parasitic fungi. He proposes
that the terrestrial ecosystem evolution falls into three steps: progressive declining
of the ecosystems in Permian, collapse of the ecosystems (cluster extinction) in
Late Permian and continual revival and development of the ecosystem in Triassic.
He suggests that the entire biologic evolution is closely related to the environment
change-the global desertification (the change from semi-arid climate to arid climate).

1.1.2 Research to Terrestrial Permian–Triassic Transition
Flora

Before 1920s, almost all the paleobotanic research was completed by international
specialists. Even at the present time, the Chinese research level in the field of pale-
obotany may be 10 years behind that of other countries. For the research on the
terrestrial Permian–Triassic plants is now mainly conducted in Europe, America,
Australia and India. The following aspects are focused on the study of the biologic
evolution between Paleozoic and Mesozoic.

1. International Cooperative Research on the response of the equatorial subtropical
vegetation to the Ice Age in Late Paleozoic, reorganization of Terrestrial Plant
Ecosystem during the end of an Ice age: “A Geosystems Approach to the Intert-
errestrial Comparison of Early and Mid-Permian floras”. This group makes up
of many paleobotanists from china, France, Holand, Germany, Brazil and South
Africa and so on. The scientific implication of this collaborative research lies
in the fact that the global greenhouse effect triggered by the glacier melting in
Late Paleozoic is more correlative than other elements in other ages and/or since
Late Cenozoic in the geologic history and so can be used to infer the climate
change in modern times. It is assumed that the rapid glacier melting resulted
in the obvious change of the floras, including extinction, spatial distribution



4 J. Yu et al.

changes of the equatorial and temperate zone vegetation, and even the vegeta-
tion structural change on a global scale. Although the Late Paleozoic floras and
their geographic distribution are different from those in the present earth, their
changemechanism, the geographic distribution features and changing ratio may
be the pattern for the correlation of the similar modern greenhouse effect in the
world.

2. One of the international paleobotanic research focuses is on the ecologic char-
acteristics of the floras for different floral Provinces in the critical P/T geologic
period, from the angle of relationship between the fossil plant taphonomy and
cuticles anatomy and the environment change and the response of the vegetation
to the global climate change in Late Paleozoic to make a prediction of future
CO2 change in atmosphere.

3. International paleobotanists are nowmore interested in the sudden (unexpected)
mass extinction of the floras in the end of Permian and the new Lycophyta flora
in Early Triassic. Some of them believe that the former happened in a long time
with only variations of time in different areas, while others tend to agree that the
catastrophic event is related with the vascular plant evolution (Retallack 1995;
Eshet et al. 1995; Steiner et al. 2003; Nowak et al. 2019, 2020).

1.2 Studies in China

The terrestrial Permian–Triassic strata in China is mainly distributed in its northern
area, while they are outcropped in a few numbers on the massif margins in the
southern area, with typical area found in western Guizhou and eastern Yunnan.

1.2.1 Establishinga Fairly Complete Framework
of Stratigraphic Units in Western Guizhou and Eastern
Yunnan

Many geologists have done great jobs on the strata formed at the turn of Permian
and Triassic in their previous researches. Yang Ruiji, Li Peixian, Zhou Tongshun
and Qu Lifan have made a systematic study of the terrestrial Permian–Triassic strata
in Dalongkou, Jimsar of Xinjiang, which is presented in their monograph “Terres-
trial Permian–Triassic Stratigraphy and Faunas, Dalongkou, Jimsar of Xinjiang”. Li
Zishun, Zhan Lipei and Dai Jinye have made a detailed study of the marine strata
near Permian–Triassic boundary in Sichuan and Shaanxi, represented by their book
“Permian–Triassic Biostratigraphy and eventostratigraphy in Northern Sichuan and
South Shaanxi”. The research groups headed by the two academicians, Prof. Yang
Zunyi and Prof. Yin Hongfu, have made world-known achievements in the study of
the Permain-Triassic stratigraphy. They have already finished many projects funded
by IGCP (IGCP-106,203,359) and China Natural Science Fund, represented by their
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books “Permian–Triassic Boundary Strata and Faunas in South China”, “Permian–
Triassic Transition Geologic Events in South China”, “Permo-Triassic Events in the
Eastern Tethys” and “Proceedings of the International Conference on Pangea and the
Paleozoic–Mesozoic Transition”.

Terrestrial Permian–Triassic stratigraphic study in South China started in 1930s,
when some famous geologists, Yue Senxun, Huangjiqing,Wang Zhuquan et al. made
investigations of the Late Permian strata in the area. In 1970s, Nanjing Institute of
Geology and Paleontology of the Chinese Academy of Science made a special study
of Permian–Triassic biostratigraphy, represented by their books “Late Permian Coal-
bearing Strata and Palaeontological Fauna in western Guizhou and eastern Yunnan”
and “Palynology of Upper Permian and Lower Triassic Strata of Fuyuan District,
eastern Yunnan”.

On the base of the previous worker, the further study (including paleontology,
event stratigraphy, sequence stratigraphy and the analysis of biomarker and geochem-
istry (Wang and Yin 2001; Peng et al. 2002, 2005, 2006; Yang et al. 2005; Yin et al.
2007; Yu et al. 2007, 2010, 2015; Chu et al. 2016, 2020; Feng et al. 2019) in western
Guizhou and eastern Yunnan has developed one after the other in recent years. These
studies had laid a good foundation for further research on the Permian–Triassic
boundary correlation with the marine section, patterns of extinction and survival of
the flora and so on in South China.

1.2.2 Research on the Paleofloras

The study of Permian floras in China can be said to be closely related with the
coal exploration and the discovery of gigantopterids. However, such study made
with modern method was mainly started by some European scholars roughly in
mid nineteenth century. Schenk (1883), Halle (1927), and Stockmans and Mathieu
(1939) studied Permian plant fossils and made their publications one after the other.
Although literature on this aspect is rather rare and the record of the fossils beds
is not clear, the particularity of the Permian floras dominated by gigantopterids is
quite outstanding. “Palaeozoic Plants fromCentral Shansi”, published by the famous
Sweden paleobotanist Halle in 1927 is considered as the classic for the Carboniferous
and Permian flora studies, thus amilestone for theChinese paleobotanic development
indicating a new stage for the Permian flora study in China.

It was in 1930s that the Chinese geologists and paleobotanists began their studies
on Permian flora. Among whom Sze (1933, 1942, 1947) made greater contributions.
The birth of New China brought the spring of science to the study of the paleoflora.
Some new and important achievements written by the Chinese paleobotanists were
made either in depth or on scale of the study. The studies include chiefly (1) the
classification and evolution of gigantopterides by some scholars (Li andYao 1983a, b;
Yao and Crane 1986) based on their morphologic classification, propagation organs,
wood anatomy and alteration; (2) the discovery and investigation of the Permian
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Glossopterids flora fromQinghai-Tibet plateau, Cathaysian flora and the Cathaysian-
Gondwana mixed flora(?), represented by the achievements made by Li and Yao, Li
Xingxue (1986), Xu et al. and Li et al. (1991), which have filled up the blank of the
Permian flora research in the area and provided practical example for the approach
to the forming and evolution of the plateau and the relationship between Cathaysian
flora and Gondwana flora; (3) study of the geographic system of the Permian plants:
represented by the achievements made by Li et al. (1980), who is the first to divide
the Cathaysian flora into North China flora subregion and South China subregion and
by Xu Ren and Li Xingxue (1986), who have discussed respectively the relationship
between the Gondwana flora and Cathaysian flora in terms of plate tectonics; and (4)
some new understandings in the study of the Permian–Triassic plant alteration and
extinction, illustrated by the publications of Yao Zhaoqi et al. (1980) andOuyang Shu
(1980), Wang Ziqiang (1993 and 1997), Fang Zongjie (2004) and Yu et al. (2007).

The Triassic flora research in China began in the late nineteenth century, mainly
represented by the study of the plant fossils fromXujiahe of Sichuanmade byGerman
paleobotanist Schenk (1884). The first Chinese paleobotanist on the Triassic flora
should be late Si Xingjian (Sze 1933, 1935, 1936), who studied the plant fossils from
the Late Triassic coal-bearing strata. After this study was the study of the Yanchang
flora in north Shaanxi made by Pan Zhongxiang (Pan 1936). Great achievements
have been made in this area since 1949, especially in the discovery and detailed
investigation of the Late Triassic flora fossils.

However, theEarly andMiddleTriassic floraswerefirst formally reported inChina
only at the end of 1970s. The first discovery of Pleuromeia from Early Triassic
Heshanggou Formation in Qinshui Basin, Shanxi made by Wang Ziqiang (Wang
Lixin et al. 1978) aroused the great attention of the paleobontanists both from China
and other countries. At the same time, Zhou et al. (1979) reported the discovery of
late Early Triassic flora in Jiuqujiang of Qionghai, Hainan, which laid the foundation
for the Early Triassic flora research in South China. More research made by Meng
Fansong (1992) in the area has enriched the study of the Early Triassic flora. Since
1980s, new advances have been made in the Early Triassic research in North China,
especially the flora study of the upper part of Shihchienfeng Group., Liujiaogou
Formation and Heshanggou Formation (Wang Ziqiang 1982; Wang Ziqiang et al.
1990). This not only clarifies the basically same characteristics of the Early Triassic
flora in North China as those from the West European Buntsandstein flora, but
also provides important evidence for the formal classification of the Shihchienfeng
Group in the area.Moreover, the discovery ofAnnularia shirakiiKaw.,Gigantopteris
dictyophylloidesGuet Zhi, etc. in the basement of theLower TriassicKayitou Forma-
tion on the border of Yunnan and Guizhou (Yao et al. 1978, 1980) and their occur-
rence in the same layers or overlying layers of the Early Triassic bivalves should be
of great significance for the understanding of the floral assemblages in the beginning
of Triassic in South China and for the evidences of continuous deposition between
Paleozoic and Mesozoic.

Presently, the Chinese Triassic flora studies are characterized by the noticeable
progress in the entire reconstruction of the ancient plants, reproductive biology,
plant anatomy and systematic evolution. More achievements are also made in the
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comprehensive study of the geographic provinces based on the data of plate tectonics,
paleomagnetism and paleozoology (Wu Shunqing 1983; Wang Ziqiang 1985; Yin
Hongfu et al. 1986; Sun Ge 1987, 1993; Yu et al. 2010; Feng et al. 2019).

To sum up, the Chinese studies of Permian–Triassic plants have undergone over
one hundred years of history. They have developed from themorphologic description
to the probing of basic theories, integrating rich practical information with the study
of the global geologic system. This indicates that paleobotany parallels with other
basic geologic theories in studying the whole earth.

1.3 Studies in the Research Area for the Monograph

The research area situated on the border of western Guizhou and eastern Yunnan,
belongs to the South China subregion of Cathaysian flora. In this area, coal-bearing
strata of terrestrial and marine-terrestrial facies are developed with abundant gigan-
topterids. The earliest study was started by Xie Jiarong, who studied the Permian–
Triassic fossil plants when investigating Xuanwei coal series. Then, Yunnan Geolog-
ical Bureau and Guizhou Geological Bureau made some simple collection and iden-
tifications of plant fossils to determine the dating of coal beds when prospecting
coal in the area. While the real systematic study of the Permian–Triassic flora in the
area began in 1970 and 1980s. During this time, paleobotanists and palynologists,
represented by Yao Zhaoqi (1978), Zhao Xiugu (1980) and Ouyang Shu (1986), clar-
ified the Permian–Triassic flora assemblage outlook and main characteristics with
the study of the preserved fossil plants. Their results suggest that the genera and
species of the assemblage in the bottom of the Lower Triassic are very monotonous,
containing relict elements ofLatePermianCathaysianflora, and thus should represent
the declining period of the flora.

Recently, many scholars have been making further research of the Permian–
Triassic biologic extinction in the area. For instance, Wang and Yin (2001), in their
study of the boundary strata in the area, proposes that an extinction event happened
in the terrestrial biome in the turn from Permian and Triassic and the plants alternated
in sudden change while showing a progressive alternation in the process. Yang et al.
(2005), Yin et al. (2007) and Yu et al. (2007, 2015) point out that the composition of
the flora near the boundary does not have substantial change, showing only a gradual
reduction of the genera and species number, and so they should be of an extinction
mode of multi-stages. Whereas the finding of many new plant fossils in Kayitou
Formation of marine-terrestrial transition strata in the last ten years has certainly
provided new information for the boundary determination and the study of the plant
revival after the extinction (Yu et al. 2010; Feng et al. 2019).

It should be noted that arguments are nowheated on the geological time ofKayitou
Formation, for it has a lack of standard fossils. Yao et al. (1980) assumes that it should
be Early Triassic. Wang and Yin (2001) suggest that this formation should be a time-
crossing lithostratigraphic unit in the terrestrial strata such as those in Zhejue of
Weining and Mide and Laibin of Xuanwei and should be the deposition of late Late
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Permian and early Early Triassic and that the marine facies deposition in Panxian-
Shuicheng area should be Early Triassic. Liu and Yao (2002) think that it should be
the earliest Triassic. Chen Jinhua, on the other hand, believes that the marine strata
of the Kayitou Formation should be the product of transgression in Late Permian
and so should be dated Latest Permian. Until now, the geological age of Kayitou
Formation is divergent in the field of paleonotology (Shen et al. 2011; Yu et al. 2015;
Chu et al. 2016; Feng et al. 2019).
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