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The Global Stratotype Section and Point (GSSP) of the
base-Wuchiapingian Stage was formally ratified at the
Penglaitan section in South China in 2005. However, the
riverside GSSP section at Penglaitan and its auxiliary section
at Tieqiao have been permanently flooded since 2020. We
herein designate an excavated section at Penglaitan as
the new GSSP and the Fengshan section as a new Stan-
dard Auxiliary Boundary Stratotype (SABS). In addition,
we revised the original definition based on a detailed
restudy of the conodont succession from the two sections.
We define the GSSP of the base-Wuchiapingian by the First
Appearance Datum (FAD) of Clarkina postbitteri within
the lineage Jinogondolella granti — Clarkina postbitteri —
C. dukouensis. It represents a major evolutionary turn-
over in conodonts from Jinogondolella fo Clarkina and
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marks the end-Guadalupian extinction event. The U-Pb
date of 259.51 = 0.21 Ma from the uppermost part of the
Emeishan basalt is adopted for the GLB age. 67 C,,,, che-
mostratigraphy at the SABS exhibits several excursions
between 3%o and 5%o across the GLB interval. Carbonate
YSr/°Sr ratio is 0.707244 at the GLB. Remarkably, the
SABS contains six normal and six reverse geomagnetic
polarity zones in the uppermost Capitanian and three in
the lowest Wuchiapingian.

Introduction

The Lopingian Epoch is the last epoch of the Permian Period of the
Paleozoic Era and has been widely documented as one of the most
critical intervals in terms of biological and geological evolution of the
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Earth (Erwin, 2006). The base of the Lopingian Series (also the top of
the Guadalupian) recorded one of the largest marine regressions of the
Phanerozoic (Haq and Schutter, 2008). Massive volcanism associated
with the Emeishan igneous province (He et al., 2007; Chen and Xu,
2019) and a pre-Lopingian biotic crisis (Jin, 1993; Jin et al., 1994) or
end-Guadalupian mass extinction (Stanley and Yang, 1994; Shen and

Shi, 2009; Wignall et al., 2009) characterize this boundary. The Global
Stratotype Section and Point (GSSP) for the Guadalupian/Lopingian
boundary (GLB) was originally defined by the first appearance datum
(FAD) of the conodont Clarkina postbitteri postbitteri within the lin-
eage Jinogondolella granti— Clarkina postbitteri hongshuiensis—C.
postbitteri postbitteri—C. dukouensis at the base of Bed 6k of the
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Figure 1. Photos showmg the normal water level of the Hongshui River and the new section with the newly defined GSSP. All bed numbers

are prefixed with

” to differentiate from those of the original GSSP section under water.
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Penglaitan section in the Laibin area of Guangxi Province (Jin et al.,
2006). This base-Lopingian GSSP was formally ratified on Septem-
ber 3, 2005 by the International Commission on Stratigraphy (ICS) of
the International Union of Geological Sciences (IUGS). It has been
well protected by the local Laibin Government of Guangxi Province,
and two monuments were established after the GSSP was formally
ratified.

The GSSP section (23°41'43", 109°19'16") (Fig. 1A) cropped out
along the southern bank of the Hongshui River at Penglaitan, about
13 km southeast to the Laibin City in Guangxi and was easily accessi-
ble in most seasons of the year except during the summer flooding.
The Hongshui River is one of the main tributaries of the Pearl River in
the Guangxi Province of South China. A dam with a hydroelectric sta-
tion for protecting tens of millions of people from periodic flooding
was constructed 80 km downstream from the GSSP section during the
past six years. Filling the dam reservoir elevated the water level in the
Hongshui River by ~15 m and caused both the Penglaitan GSSP sec-
tion and its auxiliary Tieqiao section near the Laibin City to be sub-
merged permanently since 2020.

In order to remedy the accessibility problem, an international team
was organized six years ago to work on the base-Lopingian GSSP and
search for a replacement section. On the one hand, two boreholes were
drilled intersecting the middle Wuchiapingian to the middle Guadalu-
pian at the Penglaitan section, and a square metre trench at the origi-
nal GSSP section was cut. The rock slice across the main GLB interval,
which is about 50 m long, has been moved to a storage museum on the
Penglai Islet near the Penglaitan section. On the other hand, the team
searched for a new replacement section for the Penglaitan GSSP sec-
tion since the dam had been planned a decade earlier. The new GSSP
at Penglaitan and the SABS at Fengshan have been formally ratified
by the ICS, IUGS and SPS in July, 2023. In this paper, we provide a
detailed report for the new GSSP for the base of the Wuchiapingian
Stage (also the base of the Lopingian Series) and document a Stan-
dard Auxiliary Boundary Stratotype (SABS) (Head et al., 2022) for the
Guadalupian-Lopingian boundary interval at Fengshan, Liuzhou City
in Guangxi, South China.

New GSSP Section and Revised Definition for the
GLB at Penglaitan

New Section at Penglaitan

The river banks at Penglaitan were heavily covered by Quaternary
alluvium and vegetation before the GSSP was flooded. In order to
explore the presence of additional GLB strata beneath the surface, we
excavated the river bank in a place about 10 m above the original
GSSP. An excellent short section with the GLB interval was found
(Figs. 1 and 2). The new outcrop contains the stratigraphic interval
from Units 2-6 of the Laibin Limestone of the uppermost Maokou
Formation to the lowest part of Unit 7 of the basal Heshan Formation.
Large samples for conodonts were collected repeatedly from the Laibin
Limestone and the basal part of the Heshan Formation. The Laibin
Limestone at the new section is mainly composed of massive crinoid
limestone, and bedding planes are difficult to trace laterally from the
original GSSP point. This might be related to differential weathering.
Our studies indicate that Bed n6k contains some specimens of Jino-
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gondolella granti (Figs. 3.1 and 3.2) and the Bed n6L to Bed n6m
contains Clarkina postbitteri and transitional forms between Jinogon-
dolella granti and Clarkina postbitteri, which are more or less compa-
rable with C. postbitteri hongshuiensis (e.g., Figs. 3.9-3.19). The
population contains transitional forms from the morphotypes with rel-
atively straight platform, obtusely pointed posterior margin, relatively
low blade and discrete denticles on the blade (e.g., Figs. 3.11-13, 16)
and the other morphotype with a wide and slightly anteriorly arched
platform with a high blade and fused denticles (e.g., Figs. 3.10, and
3.17-19). The former morphotype is relatively small or immature, there-
fore, possesses some characters inherited from Jinogondolella granti,
the later morphotype is relatively large and has more characters of
Clarkina postbitteri. Thus, the lineage from Jinogondolella granti—
Clarkina postbitteri—C. dukouensis is recovered at the new GSSP
section in association with transitional forms between Jinogondolella
granti and Clarkina postbitteri. The original GSSP was recognized
and correlated by the FAD of the conodont C. postbitteri postbitteri
within the lineage Jinogondolella granti— Clarkina postbitteri hong-
shuiensis—C. postbitteri postbitteri—C. dukouensis (Jin et al., 2006).
However, transitional forms existed in the topmost part of Jinogon-
dolella granti Zone and throughout the Clarkina postbitteri Zone, and
the two subspecies could not be resolved stratigraphically at the new
section in terms of sample population approach, which is about 10 m
higher topographically than the original GSSP (Fig. 1). The new sec-
tion is still flooded during much of the year. We therefore recommend
that the GSSP for the base of the Wuchiapingian Stage is to be main-
tained at Penglaitan and also formally document the Fengshan sec-
tion as a SABS for the GLB interval. The new GSSP section at
Penglaitan and the SABS section at Fengshan are described in Appen-
dices 1 and 2 respectively, and will be practically used for future stud-
ies of the GLB.

Revised Definition of the GLB

The base-Lopingian GSSP at the Penglaitan was previously defined
at a point at the base of Bed 6k of the Laibin Limestone, which was
deposited during a major lowstand associated with a widespread
regression recognizable globally (Jin et al., 2006; Yuan et al., 2017).
Based on the discussions above, we suggest that this GSSP is slightly
modified to correspond to the base of Bed n6L at the new section at
Penglaitan, which can be recognized and correlated by the FAD of
Clarkina postbitteri sensu lato within the lineage Jinogondoella granti
—Clarkina postbitteri—C. dukouensis (Figs. 1 and 2) (Jin et al., 2001b).
In South China, a widespread unconformity caused by the Dongwu
uplift and global eustatic lowstand at the GLB (Hu, 1994; Hou et al.,
2020) is present and marked by the Wangpo Shale and is commonly
associated with a purple limonite bed. Continuous GLB intervals with
complete conodont succession are very rare and have only been docu-
mented from the Penglaitan and Tieqiao sections in the Laibin area,
and the Fengshan section in the Liuzhou area of Guangxi, the Doul-
ing area in Chenzhou, Hunan Province (Mei et al., 1994b, 1998; Shen
and Zhang, 2008). Therefore, there was considerable debate regard-
ing the conodont lineage and the definition for the GLB (Jin, 2000;
Wang, 2000, 2001; Jin et al., 2001a; Kozur and Wang, 2002; Henderson
et al., 2002; Wardlaw and Henderson, 2002). Jin et al. (2001b) pro-
posed two positions for the base-Lopingian GSSP: Option A was the
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Figure 2. Correlation of conodont ranges across the Guadalupian-Lopingian boundary interval between the original and new Penglaitan sec-
tions. A, new GSSP section; B, original GSSP section (after Jin et al., 2006).

lowest occurrence of the conodont C. postbitteri in Bed 6i upper;
Option B was the lowest occurrence of C. dukouensis at Bed 7e at the
Penglaitan section (Fig. 2B). Option A is excellent as it represents the
FAD of the conodont genus Clarkina globally and it has been proven
that this position represents a major evolutionary changeover and the
end-Guadalupian mass extinction level within the conodont lineage
from the Guadalupian Jinogondolella to the Lopingian Clarkina
(Henderson et al., 2002). However, this position was previously opposed
by some conodont specialists who raised the questions about the
ancestor of C. postbitteri and whether or not there is a small gap or
diastem (at the bedding plane) between Beds 6i lower and 6i upper
because no transitional morphotypes between Jinogondolella granti
and its successive species Clarkina postbitteri were found at Penglai-
tan (Wang, 2000, 2001; Kozur and Wang, 2002). As a result, two sub-
species of C. postbitteri, C. postbitteri hongshuiensis and C. postbitteri
postbitteri, were separated and described (Henderson et al., 2002).
The base-Lopingian GSSP was largely defined at a transitional inter-
val between Jinogondolella granti and Clarkina postbitteri using the

FAD of the conodont C. postbitteri postbitteri within the lineage Jino-
gondolella granti—Clarkina postbitteri hongshuiensis—C. postbitteri
postbitteri—C. dukouensis (Henderson et al., 2002; Jin et al., 2006),
which could be interpreted as the FAD of Clarkina postbitteri (s.1.).
Since the two subspecies to define the base-Lopingian GSSP can-
not be resolved in stratigraphic order in the new Penglaitan section,
we herein revert to the first definition of Jin et al. (2001b) and pro-
pose that the GSSP to be defined by the FAD of Clarkina postbitteri at
the base of Bed n6L at the new Penglaitan section (“n” is prefixed for
all bed numbers of the new section to differentiate from the original
GSSP bed numbers). The main reasons for this modification are as
follows. 1) The new definition represents a turning point in the evolu-
tionary change of the Permian conodonts from the Guadalupian Jino-
gondolella to the Lopingian Clarkina and the end-Guadalupian mass
extinction interval, and the FAD of C. postbitteri has been practically
used for identifying the GLB as the GSSP was formally defined. The
two subspecies of C. postbitteri (C. postbitteri hongshuiensis and C.
postbitteri postbitteri) are more or less transitional (Henderson et al.,
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Figure 3. Key conodonts from the new GSSP section at Penglaitan. 1-8 Jinogondolella granti, 1, 2 from Sample n6k, 3, 4, 6-8 from Sample
n5a, 5 from Sample n6j; 9-19 Clarkina postbitteri, 9-14, 19 from Sample n6m, 15-18 from Sample n6L-n6m.

2002; Jin et al., 2006). In addition, undisputed specimens of C. postbitteri Although C. postbitteri hongshuiensis has been reported from West
hongshuiensis have rarely been found elsewhere outside of Penglaitan. Texas (Lambert et al., 2002), Panthalassa (Nishikane et al., 2011),

Episodes Vol. 47, No. 1
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South China (Sun and Xia, 2006; Zhang et al., 2008) and Oman (Baud
et al., 2012), most of those records have since been revised and included
in other species (Yuan et al., 2017; Shen et al., 2020). 2) Clarkina postbit-
teri coexists with Jinogondolella granti in the lower part of the Clarkina
postbitteri Zone at both the Fengshan (see below) and the new Pen-
glaitan sections. Some transitional forms with a relatively narrow
platform and nearly parallel lateral margins between Jinogondolella
granti and Clarkina postbitteri postbitteri exist in the C. postbitteri
population at the new Penglaitan section (Figs. 3.9-3.19) (e.g., Yuan
et al., 2017, figs. 4.10, 4.11). Thus, based on the stratigraphy and
conodont successions (Henderson et al., 2002), the clear ancestor of
C. postbitteri is determined to be Jinogondolella granti at the Penglai-
tan sections in South China (Henderson et al., 2002; Jin et al., 2006;
Yuan et al., 2017) and the ancestor-based objection to the usage of
Clarkina postbitteri is no longer valid. The base-Lopingian GSSP at
Penglaitan was ratified nearly two decades ago, and, so far, there has
been no record of C. postbitteri having any other lineage. 3) The FAD
of C. postbitteri occurs at a major sequence boundary at a lowstand
representing a significant global mass extinction interval at the end of
the Guadalupian, therefore, it can be widely applied to different regions
(Mei et al., 1999; Mei and Henderson, 2001; Shen and Shi, 2009). 4)
The interval represented by the entire C. postbitteri Zone is narrow
(less than 1 m), and a further separation of the two subspecies is diffi-
cult both taxonomically and stratigraphically everywhere else in the
world.

Geochronology of the GLB

Tuffaceous beds have been documented from the bioclastic lime-
stones of the GLB interval at the Penglaitan GSSP (e.g., Jin et al.,
2001b; Jin et al., 2006). Zhong et al. (2013) studied six of these beds
and concluded that they were claystones of clastic origin, as opposed
to volcanic ash beds, and not suitable for geochronology. Their con-
clusions were based on a) mineralogy and bulk geochemistry of the
rocks suggesting a clastic origin from both mafic and felsic provenances
and, b) analyses of separated zircons by the LA-ICPMS (microbeam)
technique showing a wide range of U-Pb ages indicative of detrital
zircon. Nevertheless, three of the analyzed samples yielded major
peaks in their zircon ages at ~260 Ma to ~269 Ma, which considering
the large uncertainties of the analytical technique (average of £5 Myr),
tend to fall within the expected age range of the upper Guadalupian
and lower Lopingian. Therefore, the possibility of acquiring meaning-
ful depositional ages by careful zircon screening and suitable analyti-
cal methods must not be ruled out. In the newly excavated section at
Penglaitan, more pronounced and well-bedded ‘ash beds’ have been
found (Fig. 2). Samples from these beds have been collected for high-
precision U-Pb geochronology by the chemical abrasion thermal ion-
ization mass spectrometry (CA-ID-TIMS) method to be carried out at
MIT, which will be published once they are available.

In the absence of radioisotopic age data directly tied to the GLB marine
biostratigraphy at any location, geochronology from the Emeishan large
igneous province and associated volcanic rocks in southwest China
and northern Vietnam have been used as a proxy for the GLB age.
With the rare exception of direct *’Ar/°Ar geochronology from basalts
(Li et al., 2018), the majority of high-precision age constraints on
Emeishan come from U-Pb zircon geochronology of intrusive rocks

(Shellnutt et al., 2012), interlayered ignimbrites (Zhong et al., 2014),
overlying rhyolites (Shellnutt et al., 2020; Huang et al., 2022) and
basalt in situ paleosol horizons (red boles, see Huang et al., 2022).
Tuff beds from sedimentary succession above and below the Emeis-
han basalts have also yielded U-Pb zircon ages (Yang et al., 2018), which
place maximum and minimum age limits on the Emeishan magma-
tism. The bulk of reported CA-ID-TIMS geochronology constrains
the Emeishan magmatism to between 259.69 + 0.72 Ma (Ji et al., 2009)
and 256.91 + 0.77 Ma (Huang et al., 2022).

The age of GLB was initially estimated at ~259.1 Ma by Shen et al.
(2010). Later, the CA-ID-TIMS U-Pb age 0f 259.51 + 0.21 Ma from
the uppermost tuff of the Puan volcanic sequence in the eastern
Emeishan large igneous province by Yang et al. (2018) was consid-
ered the best age estimate for the GLB (Ramezani and Bowring,
2018; Shen et al., 2020; Wu et al., 2020). The latter has been adopted
for the age of the GLB in the latest international Permian timescale
(Shen et al., 2020), pending direct geochronology from the new Pen-
glaitan section.

A Proposal for the Fengshan Section as a Stan-
dard Auxiliary Boundary Stratotype (SABS)

Since the new Penglaitan section for the GSSP is short and flooded
during much of the year, we herein also report the Fengshan section as
a Standard Auxiliary Boundary Stratotype for the GLB interval to
support the GSSP of the base of the Wuchiapingian (also the base of
the Lopingian Series).

Location and General Stratigraphy of the Fengshan Section

In addition to the excavation of the river bank at Penglaitan, other
potential replacement and auxiliary sections have been intensively
searched for during the last six years. The Fengshan section located in
a low mountain area (GPS: 24°31'05", 109°17'01") near Fengshan
Town has been extensively studied (Fig. 4A). This section is 30 km
northwest to Liuzhou City and 93.3 km north to the Penglaitan GSSP
section (Fig. 4). Liuzhou City is the largest industrial city of Guangxi
Province. The Sanyuan Expressway passes by the Fengshan Town
with multiple exits. A simple highway is available from the Fengshan
Town to the section. Conodont samples were collected previously to
study the base-Lopingian GSSP at the Fengshan section and the cono-
dont Clarkina postbitteri was briefly reported (Mei et al., 1994b, 1998).

The Permian strata are well developed in the Fengshan area and
mainly distributed in the Fengshan syncline with the central part of
Lower Cretaceous purple sandy mudstone containing gypsum depos-
its (Fig. 5). The Permian System is fully comparable with that in the
Laibin area. It comprises the Maping, Chihsia, Maokou, Heshan and
Talung formations, in ascending order. The Maping Formation is
composed of pale thick-bedded limestone containing abundant fusulines,
and ranges from the Bashkirian (Carboniferous) to early Artinskian
(Shen et al., 2019). The Chihsia Formation is composed of a coal-
bearing Liangshan Member in the basal part, which represents the
Chinese Longlingian Stage and approximately corresponds to the Art-
inskian Stage and a main dark thick-bedded limestone member with
chert nodules. The main limestone member of the Chihsia Formation
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Figure 4. Map of Guangxi Province, South China showing the studied sections (4) and paleogeographical reconstruction map of the South
China block during the Guadalupian/Lopingian boundary (after Hou et al., 2020) showing the locations of the Penglaitan, Tieqiao and Feng-
shan sections (B).

above the Liangshan Member contains abundant fusulines, rugose widely distributed Permian limestone basically covering the entire
corals and brachiopods and mainly represents the Kungurian in South South China Block and it contains the same diverse marine faunas.
China (Sheng and Jin, 1994). This formation is composed of the most The overlying Maokou Formation represents the Guadalupian Series
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Figure 5. Geological map showing the distribution of Permian strata and the location of the SABS in the Fengshan area.

in South China, and it mainly consists of pale thick-bedded limestone
containing abundant fusulines and conodonts. This formation is con-
formably overlain by the thin- to medium-bedded dark limestone with
cherty nodules of the Heshan Formation, which is occasionally inter-
bedded with coal beds in the studied area (Figs. 5, 6). The Guadalu-
pian-Lopingian transition is continuous because the Fengshan section
was situated in the Dian-Qian-Gui basin during the end-Guadalupian
lowstand (Fig. 4B). The Heshan Formation is generally equivalent to
the Wuchiaping Formation of carbonate facies and the Lungtan For-
mation of the coal-bearing clastic facies in South China. The uppermost
Talung Formation is mainly composed of thin-bedded fragile sili-
ceous rocks and volcanogenic tuffaceous sandstones containing abun-
dant ammonoids, which is mostly equivalent to the Changhsing Formation
of carbonate facies in South China.

Biostratigraphy of the Fengshan Section

The Fengshan section contains abundant conodonts, fusulines, bra-
chiopods and crinoid fragments. Rare bryozoans and rugose corals
have been also observed (Fig. 7).

Conodont zonation

Conodonts from the GLB interval at both Penglaitan and Fengshan
sections are dominated by Jinogondolella in the Guadalupian and
Clarkina in the Lopingian. Transitional morphotypes between Jino-
gondolella and Clarkina are present in the topmost part of the Laibin
Limestone of the Maokou Formation. Sweetognathus fengshanensis,
Iranognathus sp. and Hindeodus sp. have been commonly found. Clarkina
postbitteri as the marker of the boundary interval from the Fengshan
section has been reported in the top 0.55 m of Bed 18 of Mei et al.
(1994b) and Mei et al. (1998). The complete conodont succession used
for defining the base-Lopingian GSSP at Penglaitan can be found in
the Fengshan section as well (Figs. 7-9).

Jinogondolella prexuanhanensis Zone (-6 m ~13.3 m): This zone
is not fully revealed at the measured section (Unit 0-2 to a part of Unit
17) and starts by the first occurrence of the zonal species. All the spec-
imens are basically transitional morphotypes from J. prexuanhanen-
sis to J. xuanhanensis. Sweetognathus fengshanensis is rarely found
in this zone (Figs. 7, 10).
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Maokou Fm.

, ) top of the section
‘Meshan Fm.
5 R

Figure 6. Outcrops of the Fengshan section (SABS) showing the lithology of the Maokou and Heshan formations. A, thin- to medium-bedded
limestone with chert interbeds of the lower Maokou Formation. B, massive limestone of the upper Maokou Formation. C, D, Heshan Forma-

tion at the upper part of the section. E, F, the lithologic boundary between the Maokou and the Heshan formations and the Guadalupian/
Lopingian boundary at the SABS. G, the basal part of the Heshan Formation.

Jinogondolella xuanhanensis Zone (13.3 m ~ 61 m): This zone is fragmentary. Sweetognathus fengshanensis can be found commonly
dominated by the zonal species only, but many of the specimens are in this zone. Transitional morphotypes from Jinogondolella prexuan-
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Figure 8. The Guadalupian-Lopingian boundary interval and detailed fossil zones at the Fengshan section.

hanensis to J. xuanhanensis are observed from the underlying 13.3 m. bert et al., 2002; Zhang et al., 2008) (Figs. 7, 10).

In the upper part of the zone, transitional morphotypes from J. xuan- Jinogondolella granti Zone (61.0 m ~ 62.0 m): This zone is found
hanensis to J. granti are found between Units 23-24 (27.7 m ~ 59.5 m). from Unit 25 and the most part of Unit 26 (61 ~ 62 m) at the Feng-
This zone has been widely reported from the Penglaitan section and shan section. J. xuanhanensis and transitional morphotypes from J.
many other sections in the world (Mei et al., 1998; Wardlaw, 2000; Lam- xuanhanensis to J. granti are also commonly found in this zone. J.
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modified GSSP are shown in the Penglaitan section.

granti ranges into the overlying Clarkina postbitteri Zone. Sweetog-
nathus fengshanensis and Hindeodus sp. are also present in this zone
(Figs. 7, 11).

Clarkina postbitteri Zone (62.0 m ~ 63.05 m). This zone ranges
across the lithologic boundary between the uppermost part (Unit 26)
of the Maokou Formation and the basal part (Unit 27 and Unit 28) of
the Heshan Formation. It is marked by the first occurrence of Clarkina
postbitteri. Rare specimens of Jinogondolella xuanhanensis and J.
granti continue to be present in this zone. Sweetognathus fengshanensis
and Hindeodus sp. are also found. The specimens of Clarkina postbit-
teri from the uppermost part of the Maokou Formation have slightly
more elongate outline and straight platform, which suggest the transi-
tional morphotypes to Jinogondolella granti (e.g., Yuan et al., 2017,
figs. 4.10, 4.11), therefore, more or less like Clarkina postbitteri
hongshuiensis of Henderson et al. (2002) (e.g., Fig. 11.8). The zonal
species ranges into the overlying Clarkina dukouensis Zone in the
basal part of the Heshan Formation (Figs. 7, 11).

Clarkina dukouensis Zone (63.05 m ~ 69.5 m): This zone is
mainly present in dark thin- to medium-bedded limestone in the low-
est part of the Heshan Formation. It is widely reported from the basal
part of the Wuchiapingian Stage in South China and Iran, which was
deposited during the initial stage of the widespread transgression in
the Lopingian. In the basal part, Clarkina postbitteri is yet present.

Episodes Vol. 47, No. 1

Iranognathus sp., Hindeodus sp. are also found from this zone. Some
questionable specimens similar to Clarkina asymmetrica are also
found in the middle part of the zone (Figs. 7, 12).

Clarkina asymmetrica Zone (69.5 m~75.7 m): This zone is
marked by the first occurrence and then dominated by the zonal spe-
cies. Hindeodus julfensis is commonly found in this zone too. In the
uppermost part, some questionable specimens of Clarkina guangyu-
anensis are present. The uppermost 4.2 m (71.5 m ~ 75.7 m) has no
samples, therefore, is tentatively assigned to this zone below the first
occurrence of reliable C. guangyuanensis at 75.7 m (Figs. 7, 12).

Clarkina guangyuanensis Zone (75.7 m ~ 80.0 m): This is the top-
most zone at the measured section at Fengshan. It is dominated by the
zonal species. Merrilina divergens, Hindeodus julfensis are occasion-
ally found in this zone. In the upper part (79 m ~ 80 m), several ques-
tionable incomplete specimens similar to Clarkina liangshanensis or
C. transcaucasica are found (Figs. 7, 12).

Fusuline zonation

In the Fengshan section, the Maokou Formation comprises thin- to
thick-bedded limestone of deep shelf facies in the lower part contain-
ing the fusuline Neoschwagerina craticulifera Zone and the Colania
majulensis Zone. This part is exposed on the mountains near the
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Figure 10. Key conodonts from the upper part of the Maokou Formation at the Fengshan section. 1-4 Jinogondolella prexuanhanensis fran-
sitional to J. xuanhanensis, from Sample 12.7 m; 5-12 Jinogondolella xuanhanensis, 5 from Sample 14.3 m; 6 from Sample 17.8 m; 7 from
Sample 19.5 m; 8 from Sample 34.5m; 9 from Sample 39.5m; 10 from Sample 44.6 m; 11 from Sample 47 m; 12 from Sample 50.2 m. 13-16
Sweetognathus fengshanensis, 13 from Sample 11.8 m; 14 from Sample 14.3 m; 15, 16 from Sample 40.2 m.
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Figure 11. Key conodonts from the GLB interval at the Fengshan section. 1, Jinogondolella xuanhanensis transitional to J. granti, from
Sample 55 m. 2-4 Jinogondolella granti, from Sample 61.9 m. 5, 6 Jinogondolella sp., from Sample 62.0-62.3 m. 7-9 Clarkina postbitteri, from
Sample 62.0-62.3 m. 10-14 Clarkina postbitteri, from Sample 62.9 m.
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Figure 12. Key conodonts from the lower part of the Heshan Formation of the Fengshan section (SABS). 1-4 Clarkina dukouensis, I from
Sample 64.5-64.75 m; 2 from Sample 68.7 m; 3 from Sample 64.9-65.0 m; 4 from Sample 69.0 m. 5-7 Clarkina asymmetrica, 5 from Sample
69.5 m; 6 from Sample 70.5 m; 7 from Sample 70.0 m. 8-10 Clarkina guangyuanensis, from Sample 2017-26.5 m.
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Fengshan section. The measured upper part of the Maokou Forma-
tion is composed of thick-bedded to massive sponge-bryozoan-algae
bioherm limestone of platform margin facies, which is the counter-
part of the Laibin Limestone at Penglaitan. The Maokouan fusulines
occur in the thick-bedded bioclastic limestone very abundantly and
reach about 30% of the total composition of the rock. This part con-
tains two fusuline zones, the Metadoliolina multivoluta Zone in the
lower and the Lantschichites minima Zone in the upper. Codonofisi-
ella is very abundant in the uppermost part of the Maokou Formation
at the Fengshan section. The overlying Heshan Formation is mainly
composed of dark, thin-bedded limestone with chert beds of deep-
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shelf facies in the lower part and algae limestone of platform facies in
the upper part and contains rare fusulines. Only one species, Reche-
lina changhsingensis, ranges from the Maokou Formation into the
Heshan Formation. The widely distributed Codonofusiella fauna in
the Wuchiapingian in South China is not found in the lowest part of
Heshan Formation. The following fusuline zones can be recognized.
Metadoliolina multivoluta Zone (4 m ~ 17.8 m): This zone is in the
massive bioclastic limestone in the upper part of the Maokou Forma-
tion (equivalent to the Laibin Limestone) at the Fengshan section. It is
dominated by Metadoliolina multivoluta, M. douvillei and M. delicata.
Neoschwagerinids are rare and only two specimens of Neoschwager-
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Figure 13. Fusulines from the uppermost part of the Maokou Formation of the Fengshan section (SABS). 1, 2. Metadoliolina multivoluta (Sheng,
1963). 1, 176682, axial section; 2, 176691, axial section. 3. Metadoliolina douvillei (Gubler, 1935), 176692, subaxial section. 4-6. Metadoliolina
delicata (Yang, 1978). 4, 176688, axial section; 5, 176681, axial section; 6, 176690, axial section. 7, 8. Chusenella douvillei (Colani, 1924). 7,
176646, subaxial section; 8, 176683, subaxial section. 9. Chusenella globularis (Gubler, 1935), 176689, axial section. Scale bar=1 mm.
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Figure 14. Fusulines from the GLB interval of the Fengshan section. 1-3. Schwagerina serrata Ding, 1978. 1, 176685, axial section; 2,
176687, subaxial section; 3, 176684, axial section. 4-7. Kahlerina pachytheca Kochansky-Devide and Ramovs, 1955. 4, 176668, subaxial section;
5, 176645, subaxial section; 6, 176643, axial section; 7, 176641, axial section. 8-13. Lantschichites minima (Chen, 1956). 8, 176639, axial
section; 9, 176644, axial section; 10, 176640, subaxial section; 11, 176660, transverse section; 12, 176654, axial section; 13. 176637, subaxial
section. 14-20. Chenella changanchiaoensis (Sheng and Wang, 1962). 14, 176667, axial section; 15, 176665, axial section; 16, 176658, axial
section; 17, 176652, axial section; 18, 176653, axial section; 19, 176647, axial section; 20, 176657, axial section. 21. Neoschwagerina sp.,
176677, oblique section. 22, 23. Nankinella nanjingensis Zhou and Zhang, 1984. 22, 176642, subaxial section; 23, 176655, subaxial section.
24-27. Codonofusiella paradoxica Dunbar and Skinner, 1937. 24, 176673, transverse section; 25, 176676, axial section; 26, 176675, axial
section; 27, 176674, axial section. 28-31. Reichelina simplex Sheng, 1955. 28, 176662, axial section; 29, 176663, axial section; 30, 176636,
axial section; 31, 176649, axial section. 32, 33. Kahlerina sinensis Sheng, 1963. 32, 176650, axial section; 33, 176686, axial section. 34, 35.
Codonofusiella extensa Skinner and Wilde, 1955. 34, 176661, subaxial section; 35, 176664, transverse section. 36, 37. Rauserella erratica
Dunbar, 1944. 36, 176656, transverse section; 37, 176638, subaxial section. 38-42. Codonofusiella schubertellinoides Sheng, 1956. 38,
176672, subaxial section; 39, 176670, subaxial section; 40, 176669, subaxial section; 41, 176659, axial section; 42. 176651, oblique section.
43-48. Reichelina changhsingensis Sheng and Chang, 1958. 43, 176679, subaxial section; 44, 176678, subaxial section; 45, 176671, axial
section; 46, 176666, subaxial section; 47, 176680, axial section; 48. 176648, axial section.
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ina sp. were found in the middle part of the zone. Chusenella globu-
laris and C. douvillei are common. (Fig. 13).

Lantschichites minima Zone (17.8 m ~61.9 m): Lantschichites
minima first occurs at 17.8 m in the upper part of Maokou Formation
and marks the base of this zone, but it gains a dominant composition
from this level until the GLB. Large Metadoliolina species continue
to be present in the Lantschichites minima Zone. The disappearances
of large fusulines at 58.9 m in the latest Guadalupian probably marked
the profound environmental deterioration globally. Above this level,
only small fusulines continue to be present. Lantschichites minima is
commonly associated with some Codonofusiella species such as C.
extensa, C. schubertellinoides and C. paradoxica. This zone is most
abundant in the topmost part of the Capitanian Stage and it has been
occasionally reported from the lowest part of the Wuchiapingian at
the Penglaitan section in the Laibin area (Wang et al., 2020). In other
regions of South China, the Lantschichites minima Zone is either
missing or absent (Fig. 14).

Brachiopods

Brachiopods are also abundant in the interval between 8.8 m and 39
m at the Fengshan section. The brachiopod fauna is characterized by a
mixed character between the upper Guadalupian and Lopingian ele-
ments (Fig. 15). In fact, the appearance of typical Lopingian brachio-
pod species in the Capitanian has been observed not only in sections
of South China (Shen and Shi, 2009), but also in Iran (Crippa and
Angiolini, 2012) and the Mediterranean region (Verna et al., 2010).
The typical middle-upper Capitanian brachiopod Urushtenoidea
crenulata is found at 27 m and a local Lengwuan (= Capitanian) spe-
cies Zhejiangospirifer abnormalis is present at 15.5 m. Urushtenoidea
crenulata has been widely reported from the upper part of the Capita-
nian and never reported from the Lopingian anywhere in the world
(Shen et al., 2003; Shen and Zhang, 2008; Shen, 2018). On the other
hand, some very abundant species in the Wuchiapingian in South China,
Iran, Transcaucasia (Kotljar et al., 1983; Garbelli et al., 2014; Shen,
2018) including Transennatia gratiosa, Permophricodothyris elegan-
tula and Juxathyris guizhouensis, are present in this interval. Therefore,
this brachiopod fauna obviously indicates that the horizon is close to
the latest Capitanian, which is fully comparable with that of the Pen-
glaitan section (Shen and Shi, 2009). These are typical lower-middle
Wauchiapingian taxa, which are found abundantly also in Tethyan sec-
tions (Angiolini and Carabelli, 2010; Ghaderi et al., 2014; Viaretti et
al., 2022).

Chemostratigraphy
513Ccarb and 51806arb

8"Ca and 80, based on bulk samples were analyzed in order
to establish the §"C.,, chemostratigraphy (Fig. 7). 269 bulk samples
were analyzed for the 80.3 m interval across the GLB at the Fengshan
section. 8"°C.,, values are between -1.09%o and 4.76%o with an aver-
age of 1.68%o for the whole section. The values in the basal 4.5 m (-6
m to -1.5 m) are between 2.47-4.07%o in the section, then declined to
~1%o at the base of the Jinogondolella xuanhanensis Zone. §"Ceyy
values remain around ~1%o through the J. xuanhanensis Zone until
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58.3 m, then frequently fluctuated between -1.09%o and 4.76%o across
the GLB interval. At least five negative and positive excursions are
present within the interval from 58.3 m to 73 m (Figs. 7, 9). 8" Ceas
values rapidly increased from 0.16%o at 57.3 m to 3.02%o at 59.8 m at
the base of the J. granti Zone. Then, 8"*Cy,, values declined with two
minor negative excursions of ~2%o in the J. granti Zone. 8"C .y, val-
ues bounced back to 3.53%o at the top of the Clarkina postbitteri
Zone, followed by another negative excursion of 4.62%o with the low-
est value -1.09%o at 64.6 m in lower part of the C. dukouensis Zone.
Above this negative excursion, two more negative carbon excursions
with a magnitude of 4%o respectively in the uppermost part of the C.
dukouensis Zone and the basal part of the C. asymmetrica Zone are
present. After that, §"°C,, values fluctuated between +1.44%o and
4.67%o (Fig. 7).

8% 0y values from all bulk samples are between -9.2%o and -4.94%o
with an average -6.69%o, therefore a diagenetic effect may be present.
Moreover, the large multiple fluctuations in 30, values around the
GLB are obviously different from all other coeval sections (Fig. 7).

8 Sr/5Sr ratio

The strontium isotope ratio (*’Sr/**Sr) has been widely used to date
marine sediments and fossils to achieve a temporal correlation among
different regions. The non-parametrical LOcally WEighted Scatter-
plot Smoother (LOWESS) Version 5 established with a statistical
regression was widely used to interpolate the strontium isotope ratios
of temporally undetermined marine sediments (McArthur et al., 2012)
and it has been updated by McArthur et al. (2020). The Capitanian
Stage is characterized by the Capitanian minimum with the lowest
value of ¥’Sr/*Sr ratio between 0.7068-0.7070 in the Phanerozoic,
therefore, it has been regarded as a very useful tool for correlation
(Korte et al., 2006; Kani et al., 2013, 2018; Wang et al., 2018, 2021;
Kani and Isozaki, 2021).

In order to investigate *’Sr/**Sr chemostratigraphy at the Fengshan
section, 63 whole rock samples were collected (Fig. 7) (see Wang et
al., 2018 for methdolgy).

About 10 mg of the powders were weighed for ¥Sr/**Sr analyses,
and a weak acid (0.2 N HAc) leaching method was used to dissolve
the powders. We also tried a sequential-leaching method followed
Bellefroid et al. (2018) to obtain the least-altered seawater St isotopic
signal. Sr was extracted by cation exchange resin, and the isotopic
composition was measured by Neptune-MC-ICP-MS at the Nanjing
Institute of Geology and Palaeontology (NIGP), Chinese Academy of
Sciences. The contents of the trace elements Mg, Fe, Mn, and Sr and
the main element Ca were also analyzed to test whether these sam-
ples were altered by subsequent diagenesis or not. Major and trace
elements of samples were analyzed on an Agilent 710 ICP-OES.

The results show that two leaching methods yield similar Sr isoto-
pic trends (Fig. 7). Based on the samples with Mn/Sr < 1, a cutoff widely
used for identifying diagenetic alteration (Bellefroid et al., 2018;
Wang et al., 2018), the ¥Sr/*Sr ratios in the Fengshan section varied
from 0.707043 to 0.707276. Due to the high Mn/Sr ratios around GLB,
most of the analyzed samples were considered not to represent the
open marine seawater ¥’St/*Sr ratios, thus the minimum of ¥Sr/*Sr
ratios, a unique stratigraphic marker for the Capitanian (Liu et al.,
2013; Korte and Ullmann, 2016; Li et al., 2021; Wang et al., 2021),



164

Figure 15. Brachiopod fossils from the Fengshan section (SABS). 1, 2, Haydenella kiangsiensis (Kayser, 1883). ventral and posterior views,
68.3 m. 3, 4, Tyloplecta yangtzeensis (Frech, 1911). 3, 4, ventral views, 68.3 m. 5, 6, Transennatia gratiosa (Waagen, 1884). ventral and pos-
terior views, 15.5 m. 7-9, Urushtenoidea crenulata (Ting, 1962). ventral, dorsal and posterior views of a conjoined shell, 27 m. 10, 11, Ortho-
tichia sp. dorsal and anterior views, 68.3 m. 12, Enteletes kayseri Waagen, 1883. lateral view, 32 m. 13, 14, Uncinunellina timorensis
(Beyrich, 1864). ventral and anterior views, 20.7 m. 15-18, Juxathyris guizhouensis (Liao, 1980). ventral, dorsal, lateral and anterior views of
a conjoined shell, 68.3 m. 19, Zhejiangospirifer abnormalis Liang, 1990. ventral view, 15.3 m. 20-22, Alphaneospirifer anshunensis (Liao,

1980), ventral view, 39 m; ventral view, 39 m; ventral view, 15.5 m. 23, Permophricodothyris elegantula (Waagen, 1883). ventral view of
anterior portion of ventral valve, 17.8 m. 24, Martinia sp. ventral view, 23 m.
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was not detected in this study (Fig. 7). However, two values in the
basal part of the section and nine values in the basal part of the Hes-
han Formation around 0.7070-0.7072 (blue points in Fig. 7) are very
close to the Capitanian minimum.

To investigate the reasons producing the profound offset between
the Fengshan section and global data is beyond the scope of the pres-
ent paper. Many reasons such as the intensity of continental weather-
ing, volcanism, diagenetic effects and different leaching methods may
lead to variations in ¥Sr/*Sr. Since the average *’St/*Sr ratio at the
Fengshan section is much higher than that of the Penglaitan section
and many samples yield Mn/Sr > 1, global factors such as continental
weathering, volcanism etc. can be excluded. Depositional water depth
may be another reason to affect the results of *’St/*Sr ratio. However,
facies analysis indicates that the GLB interval at the Fengshan and
Penglaitan sections are both characterized by shallow shoal and bio-
herm settings (see below). Thus, it seems that diagenetic alternation
of the samples at Fengshan is the most likely reason to produce higher
7Sr/*Sr ratios.

Magnetostratigraphy

Magnetic polarity zones can serve as a very useful tool for global
correlation in both marine and terrestrial sequences. Magnetostrati-
graphic investigation was carried out by Manfred Menning and Shu-
zhong Shen in the Laibin area during 1994. They collected 640 oriented
cylinders from the Chihsia, Maokou and basal part of the Heshan for-
mations at the Tieqiao section and from the GLB interval at the Penglaitan
section. Partial or total remagnetization complicates the magneto-
stratigraphic research (Menning et al., 1996) and so far no result has
been published. More than 150 paleomagnetic samples were collected
from the new Penglaitan section. Unfortunately, a preliminary test
suggests that most of those samples suffered subsequent remagnetiza-
tion. To establish a magnetostratigraphical framework, high-resolution
samples across the GLB at the Fengshan section have been collected
as well (Fig. 6E). A new high-resolution magnetostratigraphic sequence
(ca. 260.85-258.75 Ma) on the Fengshan section in South China is
established. Below the GLB, the magnetic polarity sequences are
characterized by a mixed interval consisting of six normal (FS1n-FS6n)
and six reverse (FS1r-FS6r) magnetozones. In the early Lopingian
three magnetozones (FS7r, FS7n, and FS8r) are recognized. The GLB
is in the reversed polarity interval (FS7r) (Zhang et al., in prepara-
tion). The Jinogondolella granti Zone is within the upper part of normal
magnetozone FS6n and the reverse magnetozone FS7r, the Clarkina
postbitteri Zone is within FS7r, which is 0.75 cm above the boundary
between FS6n and FS7r. The C. dukouensis Zone is across three
polarity zones from FS7r to FS8r.

Generally, the Carboniferous to early Guadalupian belongs to the
reverse polarity Kiaman Superchron; whereas, the interval from the
mid-Guadalupian and above belongs to Permian-Triassic mixed polarity
Illawarra Superchron. Its boundary is marked by the first normal
polarity zone called Illawarra Reversal largely in the Wordian (Houn-
slow and Balabanov, 2018). The Capitanian is normal polarity domi-
nated (Jin et al., 2000; Steiner, 2006; Hounslow and Balabanov, 2018),
but detailed polarity zones and their biostratigraphic and geochrono-
logic constraints are unclear so far. The Fengshan section, for the first
time, provided a high-resolution magnetostratigraphical timescale and
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will have great potential for correlation across the GLB between the
marine and terrestrial sequences (Zhang et al., in preparation).

Recently, high-resolution samples for magnetostratigraphy at the
new Penglaitan GSSP section were collected and analyzed. A reversed
magnetozone from the top of the conodont Clarkina granti to the
lower part of C. dukounesis Zone, which is correlative with FS7r at
Fengshan, is defined. Unfortunately, partial remagnetization in the
Middle Jurassic and Middle Triassic hampered establishing a high-
resolution magnetostratigraphic sequence across the GLB at the Pen-
glaitan GSSP section (Zhang et al., in preparation).

Lithofacies and Sequence Stratigraphy

The Fengshan section is composed of an 87 m-thick carbonate
sequence with diverse and abundant fossils (Figs. 7, 16). The lowest
5.3 m (Unit 0) consists mainly of dark grey, thin- to medium-bedded
packstone, wackestone and lime mudstone. The upper part is rich in
chert nodules, and the lower part contains abundant thin- to medium-
bedded chert. Fossils in limestones are dominated by sponge spicules
and minor calcispheres. Bioclasts in chert nodules and bedded cherts
are dominated by benthic fossils, such as crinoids and gastropods. The
lithofacies and biofacies indicate that Unit 0 was deposited in a deep
shelf environment below the storm-wave base, representing the final
highstand stage before the global end-Guadalupian regression.

Overlying the basal deep-shelf facies is a set of light grey, medium-
to thick-bedded bioclastic grainstone (Units 1 to 20) (Fig. 16A), inter-
calated by packstone, wackestone, and rudstone. Fossils in this inter-
val are dominated by abraded debris of shallow benthos, such as crinoids,
brachiopods, gastropods, foraminifers, bryozoans, calcareous sponges,
and Tubiphytes. At the base of this interval, the sedimentary environ-
ment changed from the deep shelf settings to shallow shoal settings,
marking a rapid shallowing representing the onset of the great end-
Guadalupian regression event. Therefore, this surface corresponds to
a significant drop of relative sea level and represents a type 1 sequence
boundary.

Units 21 and 22 comprise mainly light grey or dark reddish grey,
thick- to very thick-bedded sponge bafflestone (Fig. 16B), and minor
rudstone. Calcareous sponges, mainly sphinctozoan and inozoan sponges,
dominate the baffling fauna. The spaces between baffling sponges are
filled mainly by lime muds, with minor calcite-spar-filling voids. Some
gastropods and crinoid debris are present sporadically in the lime mud.
The lithofacies and biofacies demonstrated that this interval represents
low- to moderate-energy reef facies formed below the fair-weather
wave base (FWB), representing a minor higher-order transgression
during the long-term end-Guadalupian lowstand stage of the relative
sea level.

The reef limestone of Unit 22 is overlain by a thick succession
(29.9 m) of light grey to greyish white, thick- to very thick-bedded,
bioclastic packstone, grainstone, and rudstone (Unit 23) (Fig. 16C),
with a 1.9 m-thick sponge bafflestone on the top (Unit 24) (Fig. 16D).
Fossils are dominated by crinoid skeletons, small foraminifers, fusulines,
and brachiopods, bryozoans, and calcareous sponges. Similar to the
interval of Units 1 to 20, Units 23 and 24 represent mainly the high-
energy, agitated bioclastic shoal or open marine platform facies above
the FWB (Unit 23) with a minor transgression in the topmost part
(Unit 24).



166

3 %
ot il o ™ M bl

Figure 16. Sedimentary microfacies of the Maokou and Heshan formations of the Fengshan section (SABS). A, shoal facies, bioclastic grain-
stone containing abundant crinoid debris and Tubiphytes, Unit 3 (4.75 m). B, reef facies, sponge bafflestone showing the dominance of cal-
careous sponge and minor gastropods in lime mud matrices, Unit 22 (21.5 m). C, shoal facies, crinoid-bioclast grainstone consisting of
abundant crinoid debris, foraminifers, and micritic bioclasts, Unit 23 (50.6 m). D, reef facies, sponge bafflestone showing the calcareous
sponge-dominant fossil group and the lime mud-rich matrix, Unit 24 (57.7 m). E, subtidal zone facies. bioclastic grainstone consisting mainly
of abraded debris of crinoids, ostracods, and brachiopods, Unit 26 (61.2 m). F, subtidal zone facies, bioclastic packstone containing abraded
debris of crinoids, ostracods, small foraminifers, and micritic bioclasts, Unit 26 (62 m). G, deep shelf facies, fecal pellet-calcisphere wacke-
stone showing common calcispheres and worn fecal pellets, as well as some ostracods, Unit 28 (64 m). H, deep shelf facies. Calcisphere-bio-
clast packstone composed mainly of calcispheres and micritic fossil debris, Unit 29 (65.3 m).

March 2024



The topmost 3 m of the Maokou Formation is composed of light grey to
dark grey, thin- to medium-bedded or nodular, bioclastic grainstone/
packstone/wackestone (Fig. 16E, F). Grains are dominated by heavily
abraded skeletons of crinoids, brachiopods, ostracods, and foramini-
fers. Greyish-green clay minerals altered from volcanic ash are common
in this interval. The lithofacies and biofacies suggest that this interval
formed in a high- to moderate-energy subtidal zone above the FWB,
representing the shallowest part of the topmost Maokou Formation.
This interval corresponds to the uppermost lowstand system tract
during the end-Guadalupian regression which co-occurs with Emeis-
han volcanism in South China.

The basal Heshan Formation comprises dark grey to greyish black,
thin- to medium-bedded wackestone and lime mudstone with pack-
stone interbeds (Fig. 16G, H). Fossils are dominated by calcispheres,
sponge spicules, and minor thin-shelled bivalves, ostracods, echino-
derms, and fecal pellets. All these features indicate that this interval
was deposited in a deep shelf environment below the storm-wave base,
representing a rapid transgression after the global end-Guadalupian
regression.

Correlation Between the GSSP Section and SABS

The Fengshan SABS section is basically consistent with the GSSP
section at Penglaitan in terms of conodont and fusuline biostratigra-
phy and sedimentary sequence around the GLB interval (Figs. 7, 9).
Thus, it is an ideal SABS to support the base-Lopingian GSSP. Future
studies around GLB may rely on the Fengshan section because it has a
long well-exposed succession and will not be flooded.

The conodont succession around the GLB including the Jinogon-
dolella prexuanhanensis, J. xuanhanensis, J. granti, Clarkina postbit-
teri (including C. postbitteri hongshuiensis, C. postbitteri postbitteri
and transitional morphotypes), C. dukouensis, C. asymmetrica and C.
guangyuanensis zones in ascending order is fully recovered at the
Fengshan section. Thus, they are completely correlative with those at
the Penglaitan and Tieqiao sections in the Laibin area (Figs. 7, 9).

Fusulines dominated by Lantschichites minima and some small
Codonofusiella in the uppermost part of the Maokou Formation are
also comparable with those at Penglaitan and Tieqiao sections. In the
Tieqiao section similar assemblages have been found in the topmost
part of Maokou Formation which include Metadoliolina douvillei, M.
spheroidea, Lepidolina parasuschanica, Schwagerina pseudocom-
pacta, Chusenella zhonghuaensis, Kahlerina sinensis, Lantschichites
minima and Reichelina changanchiaoensis. Yabeina and Lepidolina
have not been found at the Fengshan section. In the Tiegiao section,
the third fusuline assemblages contain both Yabeina gubleri and
Metadoliolina douvillei (Shen et al., 2007). A slight difference is that
the basal part of the Heshan Formation at Penglaitan and Tieqiao is
characterized by the Codonofusiella kueichowensis Zone, but repre-
sentative elements of this zone have not been found at the Fengshan
section. Codonofusiella species are abundant in the topmost part of
the Guadalupian and Reichelina changhsingensis ranges across the
GLB at the Fengshan section. In addition, Lantschichites minima ranges
into the basal part of the Wuchiapingian at Penglaitan (Wang et al.,
2020), but it is restricted to the Maokou Formation at Fengshan.

Lithologically, the thick-bedded Laibin Limestone in the topmost
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part of the Maokou Formation at Penglaitan and Tieqiao in the Laibin
area, which represents a lowstand system tract deposited continu-
ously on the slope setting in the GLB interval, is also well developed
at the Fengshan section. A minor difference is that the equivalent massive
Laibin Limestone at Fengshan contains relatively less crinoid frag-
ments and more abundant fusulines and foraminifers, and it is charac-
terized by the sponge-bryozoan-algae bioherm facies. The topmost
part of the Laibin Limestone at Penglaitan contains greenish tuffa-
ceous ashes in the coarse crinoid bioclastic limestone (Fig. 9A), which
directly indicates a temporal link with the Emeishan large igneous
province in southwest China. These ashes have been also observed at
the Fengshan section (Fig. 9B).

Furthermore, high-resolution magnetic polarity zones are estab-
lished at the Fengshan section. This magnetostratigraphy will provide
a basis for the correlation between marine and terrestrial sequences
around the GLB. §"C_,, values across the GLB at the Penglaitan show a
gradual increase from 3.7%o in the base of Jinogondolella granti Zone
to 5.06%o in the basal part of Clarkina postbitteri Zone, followed by a
decline of ~ 2% in the upper part of C. dukouensis. The broad inter-
val with relatively low values in the Jinogondolella xuanhanensis Zone
and the generally increasing 8'°Ce,, trends in the uppermost part of
the J. xuanhanensis Zone are largely comparable between the Pen-
glaitan and Fengshan sections (Fig. 9) (Shen et al., 2020). However,
obvious differences are also present. The Penglaitan section has higher
8"3C . values and does not have multiple excursions across the GLB.
All the §"C., chemostratigraphical signals need to be investigated if
they suffered diagenesis because previous reports of those 8'"Cey
excursions are in different horizons and quite variable in magnitude
and time (Isozaki et al., 2007; Wignall et al., 2009; Bond et al., 2010;
Chen et al., 2011; Nishikane et al., 2011; Liu et al., 2013; Shen et al.,
2013).

In summary, the base-Wuchiapingian is defined by the FAD of the
conodont Clarkina postbitteri within the lineage from Jinogondolella
granti—>Clarkina postbitteri—C. dukouensis. The secondary markers
for the base of the Wuchiapingian Stage include a geochronologic age
259.51 + 0.21 Ma and potential more precise ID-TIMS dates from the
GSSP section, a distinct global regression at the GLB, the disappear-
ance of large fusulines slightly below the GLB, the reversal porality
zone FS7r and potential §"°C.,, isotope excursions with global signif-
icance around the GLB.

Correlation with Other Regions

Other Areas in South China

The conodont succession established from the Fengshan, Penglai-
tan and Tieqiao sections can be mostly recognized in many other sec-
tions in South China. However, the Jinogondolella granti and Clarkina
postbitteri zones in the GLB interval are largely unidentifiable and
represented by a distinct unconformity indicated by the Wangpo Shale, a
purple limonite bed and greenish volcanic ash with no conodonts (Mei
and Wardlaw, 1996; Yuan et al., 2017, 2019; Hou et al., 2020). The under-
lying Jinogondolella xuanhanensis Zone and the overlying Clarkina
dukouensis Zone can be widely identified in most areas of South
China, suggesting sea water withdrawal in South China in the latest
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Jinogondolella xuanhanensis Zone and returned in the Clarkina duk-
ouensis Zone although at different times in different sections (Hou et
al., 2020).

Sun and Xia (2006) recognized some Clarkina postbitteri hong-
shuiensis in the Dachongling section in Pingxiang, Guangxi. How-
ever, they are difficult to identify because the figured specimens are
broken and unclear. Zhang et al. (2008) recognized the C. postbitteri
postbitteri Subzone in the Maoershan section, Hubei, South China.
However, most illustrated specimens appear to have serrations (e.g.,
Zhang et al., 2008, pl. 2, fig. 4), which is a character of Jinogondolella.
Other specimens may be assignable to Clarkina leveni (e.g., Zhang et
al., 2008, pl. 3, fig. 10). Shen and Zhang (2008) recognized this zone
in the uppermost part of the Douling Formation in Chenzhou, Hunan.
Thus, this zone has only been recognized in a few localities of South
China.

North America

The Guadalupian Series and its three component stages are repre-
sented by the sequence in the Guadalupe and Glass Mountains areas
and it is overlain by the evaporite deposits of the Castile Formation in
North America. Most of the conodont zones of the Capitanian Stage
including the Jinogondolella postserrata, J. shannoni, J. altudaensis,
J. prexuanhanensis and J. xuanhanensis zones can be recognized in
both South China and North America, providing a good correlation
basis for the Capitanian Stage between South China and North Amer-
ica (Mei et al., 1994a; Wardlaw et al., 1999; Shen et al., 2020). However,
the conodont zones above the J. prexuanhanensis zone are controver-
sial between North America and South China (Mei et al., 1998; Wang,
2000, 2001; Henderson et al., 2002; Kozur and Wang, 2002; Lambert
et al., 2002) and they all show some disagreement over the FAD of
Clarkina postbitteri, its identification and evolutionary lineage. Rare
specimens of Jinogondolella granti and Clarkina postbitteri hong-
shuiensis were reported from the Reef Trail Member of the Bell Can-
yon Formation in the Guadalupe Mountains National Park in West
Texas (Lambert et al., 2002;Lambert et al., 2010; Wardlaw and Nest-
ell, 2010; Bell et al., 2015). Based on the latest study on the Guadalu-
pian conodonts from West Texas and South China, these specimens
were re-assigned to Jinogondolella altudaensis, which is the most
common species in this member (Yuan et al., 2017; Shen et al., 2020).
Wardlaw and Nestell (2010) illustrated two specimens as Clarkina
postbitteri hongshuiensis from the Apache Mountains, West Texas. They
coexist with very abundant Jinogondolella altudaensis in the same
samples. These two specimens still have a broad platform, dense den-
ticles, and a very small cusp, which are the characters typical within
the sample population of J. altudaensis. Thus, Yuan et al. (2017) did
not regard them as Clarkina postbitteri hongshuiensis and re-assigned
these two specimens to Jinogondolella altudaensis based on a sample
population approach. The strata above the J. altudaensis at the Apache
Mountains are represented by the evaporite deposits of the Castile
Formation (Yuan et al., 2017; Shen et al., 2020). According to Yuan et
al. (2017), the topmost zone in West Texas is near the Jinogondolella
prexuanhanensis Zone, and no transitional population from J. altudaensis
to Clarkina postbitteri hongshuiensis has been found and there are at
least three more conodont zones (the Jinogondolella prexuanhanen-
sis, J. xuanhanensis and J. granti zones) between the J. altudaensis

Zone and the Clarkina postbitteri Zone in South China. Therefore, the
evolutionary relationship between Jinogondolella altudaensis and
Clarkina postbitteri hongshuiensis cannot be demonstrated based on
the West Texas specimens.

Problems for the GLB correlation between South China and North
America were also raised by ammonoids (Zhou, 2017). Six Permian
ammonoid zones were recognized in South China and the upper three
zones are correlative with those from the Permian of Las Delicias,
Coahuila, Mexico and west Texas, USA (Zhou, 2017), of which the
uppermost Eoaraxoceras spinosai-Difuntites furnishi Zone from the
3" Member of the Shaiwa Formation in Ziyun, Guizhou Province has
been regarded as the counterpart of the Eoaraxoceras spinosai-Difun-
tites Zone of the upper Capitanian in Coahuila, Mexico and west
Texas, USA (Miller, 1944; Wardlaw, 2000). Thus, ammonoids provide
direct correlation between the uppermost Capitanian and the lower
part of the 3™ Member of the Shaiwa Formation in Guizhou, South
China (Zhou, 2017, fig. 9). However, Zhou (2017) assigned the
Eoaraxoceras spinosai-Difuntites furnishi Zone in the 3™ Member of
the Shaiwa Formation to the Wuchiapingian of South China because
this zone is found between the 4™ Member of the Shaiwa Formation
containing the conodonts Clarkina cf. guangyuanensis and C. subcar-
inata, and the Waagenoceras Zone in the Chongtou Member below,
which contains Jinogondolella aserrata and J. postserrata (Hao et al.,
1999; Wang et al., 2016). Thus, Zhou (2017) claimed that the Wuchia-
pingian Stage in South China partly overlaps with the uppermost Gua-
dalupian in Coahuila, Mexico and west Texas, USA. However, a re-
examination suggests that none of the conodonts illustrated by Hao et
al. (1999) from the 4™ Member have been correctly identified. The
single specimen assigned to “Clarkina subcarinata” only has a lower
view, which is not identifiable. Even if those conodonts were of
Wuchiapingian or Changhsingian in age, it does not indicate that the
underlying 3™ Member is of Lopingian in age. On the contrary, the
same latest Guadalupian ammonoid zone between the 3™ Member of
the Shaiwa Formation and the uppermost Capitanian in Coahuila, Mex-
ico and west Texas, USA suggests that the 3 Member of the Shaiwa
Formation is latest Capitanian in age. This correlation is supported by
a subsequent conodont study in which Sweetognathus inornatus and Sw.
paraguizhouensis (both may be assignable to the Guadalupian Sw. sub-
symmetricus) were reported from the 3rd Member of the Shaiwa Forma-
tion (Ji et al., 2009) in Ziyun, Guizhou, South China (Shen et al., 2019).

Chemostratigraphy across the GLB interval has been previously
intensively studied in order to unravel the causes of the end-Guadalu-
pian biotic crisis and environmental changes (Isozaki et al., 2007;
Wignall et al., 2009; Bond et al., 2010; Saitoh et al., 2013; Shen et al.,
2013). The different chemostratigraphical signals may have some
potential to be used for the correlation around the GLB. However, so
far many data are controversial due to different reasons.

Iran

The Permian and Lower Triassic succession in central Iran was first
classified into 12 units, among which Units 1-7 belong to the Permian
and Units 8-12 to the Lower and Middle Triassic. Units 1-3 were
assigned to Surmaq Formation, which is largely lower and middle
Guadalupian. The overlying Abadeh Formation consists of Units 4a,
4b and 5 of mainly black shale and thin-bedded limestone (Iranian-
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Japanese-Research-Group, 1981; Taraz et al., 1981). Traditionally, the
GLB in the Abadeh area was placed at the base of Unit 6, that is, the
base of the Hambast Formation, marked by the brachiopod Araxilevis
Bed followed by the ammonoid Araxoceras tectum Zone and the
conodont Clarkina leveni Zone. A distinct lithologic boundary between
Units 5 and 6 is well recognized in the outcrop at Abadeh, central
Iran. The small and specialized fusuline Codonofusiella is abundant
in Unit 5. A re-examination of the conodonts collected by Walter
Sweet suggests that the base of the Hambast Formation contains the
conodont Clarkina dukouensis and possibly C. postbitteri in the basal
part of Unit 6 (Shen and Mei, 2010). Subsequent collecting of the
conodont and geochemical samples suggests that the upper part of
Unit 5 already contains Clarkina and some minor, but distinct §"Cyy,
fluctuations are present in the upper part of Unit 5 in association with
the beginning of the rising trend of ¥Sr/*Sr ratio (Liu et al., 2013).
This GLB is also well recognized at the base of the Julfa Beds in the
Kuh-e-Ali Bashi area of northwest Iran (Shen and Mei, 2010).

Oman

Middle Permian to Lower Triassic rocks are exposed at Buday’ah
in the Oman Mountains, Oman. The Buday’ah Formation ranges from
the Guadalupian to Lower Triassic. The GLB interval is developed in
the basal part of the section. Unit 1 consists of pillow basalt that pro-
vided a base for the Permian-Triassic sedimentary succession above.
These volcanic and sedimentary rocks formed in a deep oceanic set-
ting along the southern margin of the Neotethys. Unit 2 is a dm-1.2 m
thick pelagic red ammonoid-bearing limestone, which is overlain by
the radiolarian-bearing cherts. The Wordian-Capitanian ammonoid
Timorites sp. and Waagenoceras cf. mojsisovicsiis were reported in
the basal part of this unit. In the topmost part of this unit, Clarkina
postbitteri hongshuiensis was found and illustrated (Baud et al., 2012).
A reexamination shows that the population is slightly different from
those specimens at Penglaitan, but the horizon is very close to the
GLB based on the overlying Wuchiapingian radiolarians Pseudoal-
baillella fusiformis and Follicucullus ventricosus.

Accessibility and Protection

The new Penglaitan GSSP section is about 10 m above the original
GSSP section and is still flooded periodically during the high water
season of the Hongshui River. The SABS at Fengshan is located in a
small valley in a low mountain area near Fengshan Town with direct
paved road access. A simple highway is available directly to the sec-
tion. The section is easily accessible by any vehicle, and it will be
fully protected by the local government after it is ratified as the
SABS. Heavy vegetation on either side of the creek will be cleared. In
addition, a dedicated access road will be built along the section, and a
monument will be erected. Sample collecting for research purposes
will be guaranteed.
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Appendices: Descriptions of the Studied Sections

Appendix 1: Description of the new GSSP section at
Penglaitan (Figs. 1, 2)

Heshan Formation

Unit n7. Black thin- to medium-bedded chert with multiple volca-
nic ash beds, 3.3 m (11.7-14.0 m)

Bed n7j, black medium-bedded chert, yielding conodont Clarkina
dukouensis, 1.28 m (12.72-14.0 m).

Bed n7i, volcanic ash, 2 cm (12.70-12.72 m).

Bed n7h, brownish chert, 6 cm (12.64-12.70 m).

Bed n7g, greenish volcanic ash, 4 cm (12.60-12.64 m).

Bed n7f, dark grey medium-bedded chert with limestone lenses,
28 cm (12.32-12.60 m).

Bed n7e, greenish volcanic ash, 2 cm (12.3-12.32 m).

Bed n7d, dark grey medium-bedded chert, fragile, yielding cono-
dont Clarkina dukouensis, 35 cm (11.95-12.3 m).

Bed n7c, greenish volcanic ash, 5 cm (11.90-11.95 m).

Bed n7b, black thin-bedded chert with limestone lenses, fragile,
yielding abundant conodont Clarkina postbitteri, 10 cm (11.80-11.90 m).

Bed n7a, greenish volcanic ash bed, 10 cm (11.70-11.80 m).
conformity:

Maokou Formation (Laibin Limestone)

Unit n6. Coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials, 2.07 m (9.63-11.70 m).

Bed n6m, coarse dark grey medium-bedded crinoid limestone,
yielding conodont Clarkina postbitteri and transitional forms to Jino-
gondolella granti. 15 cm (11.56-11.70 m).

Bed n6L, coarse dark grey medium-bedded crinoid limestone, yield-

ing conodont Clarkina postbitteri and Jinogondolella granti, 21 cm
(11.35-11.56 m). The base of this bed has been defined as the new
GSSP at Penglaitan.

Bed n6k, coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials, yielding abundant conodont Jinogon-
dolella granti and the solitary corals Cania, 29 cm (11.06-11.35 m).

Bed n6j, coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials and the conodont Jinogondolella granti,
11 cm (10.95-11.06 m).

Bed n6i, coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials, 20 cm (10.75-10.95 m).

Bed n6h, coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials, 16 cm (10.59-10.75 m).

Bed n6g, coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials, 22 cm (10.43-10.59 m).

Bed n6f, coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials, 12 cm (10.31-10.43 m).

Bed n6e, coarse dark grey medium-bedded crinoid limestone con-
taining tuffaceous materials, 11 cm, (10.20-10.31 m).

Bed n6d, dark grey medium-bedded crinoid limestone, 14 cm, (10.06-
10.20 m)

Bed n6c, ash bed, 6 cm, (10.00-10.06 m).

Bed n6b, dark grey thin-bedded limestone with cross-bedding,
yielding the conodont Jinogondolella granti, 10 cm, (9.90-10.00 m).

Bed n6a, Dark grey medium-bedded crinoid limestone with cross-
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bedding, 27 cm (9.63-9.90 m).

Unit n5. Medium-bedded limestone with tuffaceous materials, 85
cm (8.78-9.63 m).

Bed n5e, ash bed, 3 cm (9.60-9.63 m).

Bed n5d, dark grey thin-bedded limestone containing abundant
tuffaceous materials, 8 cm (9.52-9.60 m).

Bed n5c, dark grey thick-bedded limestone containing volcanic
materials, limestone breccia, abundant brachiopods, corals Cania and
the conodont Jinogondolella granti, 35 cm (9.18-9.53).

Bed nSb, dark cherty limestone with 3 cm ash bed at the base, con-
taining brachiopods Spinomarginifera lopingensis, 18 cm (9.0-9.18 m).

Bed n5a, dark grey medium-bedded limestone containing the bra-
chiopod Spinomarginifera lopingensis, the conodont Jinogondolella
granti, ammonoids and corals, 22cm (8.78-9.0 m).

Unit n4. Dark grey medium-bedded crinoid limestone, 1.48 m (7.3-
8.78 m).

Bed n4k, dark grey medium-bedded crinoid limestone, 11 cm (8.67-
8.78 m).

Bed n4j, dark grey medium-bedded crinoid limestone with thin
cherty bands, containing abundant nautiloids and conodont Jinogon-
dolella granti, 15 cm (8.52-8.67 m).

Bed n4i, dark grey medium-bedded crinoid limestone, containing
abundant conodont Jinogondolella granti, 11 cm (8.41-8.52 m).

Bed n4h, dark grey medium-bedded or lenticular crinoid limestone,
containing abundant conodont Jinogondolella granti, 11cm (8.3-8.41 m).

Bed ndg, dark grey thin-bedded or lenticular crinoid limestone, 5 cm
(8.25-8.30 m).

Bed n4f, dark grey medium-bedded crinoid limestone, containing
abundant conodont Jinogondolella granti, 25 cm (8.0-8.25 m).

Bed nde, dark grey medium-bedded crinoid limestone, containing
abundant conodont Jinogondolella granti, 13 cm (7.87-8.0 m).

Bed n4d, dark grey medium-bedded crinoid limestone, containing
abundant conodont Jinogondolella granti, 12 cm (7.65-7.87 m).

Bed ndc, dark grey medium-bedded crinoid limestone, containing
abundant conodont Jinogondolella granti, 14 cm (7.51-7.65 m).

Bed n4b, dark grey medium-bedded limestone, containing some
reddish breccia and abundant crinoid fragments and abundant cono-
dont Jinogondolella granti, bedding plane corrugated, 13 cm (7.38-
7.51 m).

Bed n4a, dark grey thin-bedded limestone with cherty bands, con-
taining abundant crinoids and conodont Jinogondolella granti, 8 cm
(7.30-7.38 m).

Unit n3. Pale grey thick-bedded limestone containing abundant
brachiopods including Spinomarginifera lopingensis. 2.95 m (4.35-
7.30 m).

Unit n2. Greyish thin- to medium-bedded limestone with chert
bands along the bedding plane, 0.94 cm (3.41-4.35 m).

Unit nl. Mostly covered

Appendix 2: Description of the SABS at Fengshan (Fig. 4)

The section is measured about 87 m in thickness and every metre is
marked with paint on the outcrop. Limestone beds are dominant and
33 lithological units have been identified, with some units subdivided
into several subunits. Samples of conodonts, fusulines and brachio-
pods and other fossils were collected from this section. More than 130
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samples with an average weight between 5-20 kg have been collected
from each limestone bed across the GLB.

Lower part of Lopingian Heshan Formation (18.5 m thick in total)

Unit 32. Dark grey to greyish, thin- to medium-bedded, bioclastic
wackestone and lime mudstone, intercalated with thin-bedded bio-
clastic packstone, yielding conodont Clarkina guangyuanensis, Hin-
deodus julfensis, H. sp., Merrilina divergens; and fusuline Reichelina
changhsingensis. 8.3 m (72.5 m-80.8 m).

Unit 31. Pale grey to greyish thick-bedded rudstone and floatstone
containing fusuline Reichelina changhsingensis. 0.75 m (71.75 m-
72.5m).

Unit 30. Dark to pale grey, thin- to medium-bedded, bioclastic
packstone or wackestone with cherty nodules and bands. Containing
conodont Clarkina asymmertica, Hindeodus julfensis, H. sp.; and
fusuline Reichelina changhsingensis.2.4 m (69.35 m-71.75 m).

Unit 29. Dark grey to greyish, thin- to medium-bedded bioclastic
packstone, wackestone and lime mudstone with cherty-nodules, yielding
conodont Clarkina dukouensis, Hindeodus julfensis, H. sp., Iranog-
nathus sp.; and fusuline Reichelina changhsingensis. 4.7 m (64.65 m-
69.35m).

Unit 28. Dark grey to greyish, medium-bedded wackestone and
lime mudstone, yielding conodont Clarkina postbitteri, C. dukouensis,
Hindeodus sp. and Iranognathus sp. 2.15 m (62.5 m-64.65 m). This
unit has been further subdivided into 9 subunits.

28-9. Dark grey, thin- to medium-bedded, bioclastic wackestone-
lime mudstone, yielding the conodont Clarkina dukouensis. 0.3 m
(64.35 m-64.65 m);

28-8. Dark grey, thin- to medium-bedded, bioclastic packstone-
wackestone, yielding the conodonts Clarkina dukouensis, Iranog-
nathus sp., Hindeodus sp. 0.94 m (63.41 m-64.35 m);

28-7. Dark grey, medium-bedded, bioclastic wackestone-lime mud-
stone, yielding the conodonts Clarkina dukouensis, Hindeodus sp. 0.2 m
(63.21 m-63.41 m);

28-6. Dark grey, lenticular, bioclastic packstone-wackestone. 0.05 m
(63.16 m-63.21 m);

28-5. Dark grey, medium-bedded, bioclastic wackestone-lime mud-
stone, yielding the conodonts Clarkina dukouensis, C. postbitteri,
Hindeodus sp. 0.18 m (62.98 m-63.16 m);

28-4. Dark grey, lenticular, bioclastic packstone-wackestone. 0.04 m
(62.94 m-62.98 m);

28-3. Dark grey, medium-bedded, bioclastic wackestone-lime mud-
stone, yielding the conodonts Clarkina postbitteri, Hindeodus sp. 0.11 m
(62.83 m-62.94 m);

28-2. Dark grey, lenticular, bioclastic packstone-wackestone. 0.08 m
(62.75 m-62.83 m);

28-1. Dark grey, medium-bedded, bioclastic wackestone-lime mud-
stone, yielding the conodonts Clarkina postbitteri, Hindeodus sp.,
Iranognathus sp. 0.25 m (62.5 m-62.75 m);

Unit 27. Grey medium-bedded bioclastic grainstone, pinching out
laterally, it may contain an ash bed within it. 0.2 m (62.3 m-62.5 m).
conformity-

Upper part of Maokou Formation (68.6 m in total)
Unit 26. Grey to dark grey, bedded to nodular bioclastic packstone,
wackestone and grainstone, yielding conodont Clarkina postbitteri,

Jinogondolella granti, J. xuanhanensis, Sweetognathus fengshanensis,
Hindeodus sp. and fusuline Reichelina changhsingensis, R. simplex
and Lantschichites minima. 1.2 m (61.1 m-62.3 m). This unit is subdi-
vided into three subunits:

26-3. Grey to dark grey, nodular, bioclastic packstone-wackestone,
yielding the conodont Clarkina postbitteri, Jinogondolella granti,
Sweetognathus fengshanensis, Hindeodus sp. 0.5 m (61.8 m -62.3 m).
The Guadalupian/Lopingian boundary is correlated at 62.0 m in this
bed, 30 cm below the top of Unit 26 (Fig. 8). The sample between
62.0-62.3 m contains both Clarkina postbitteri and Jinogondolella
granti, and some transitional forms between these two species.

26-2. Dark grey bioclastic grainstone-rudstone, yielding Jinogon-
dolella sp. 0.1 m (61.7 m-61.8 m);

26-1. Grey to dark grey, nodular, bioclastic packstone-wackestone,
yielding the conodont Jinogondolella granti, transitional to J. granti,
J. xuanhanensis, Hindeodus sp. 0.6 m (61.1 m-61.7 m).

Unit 25. Pale grey, medium-bedded bioclastic wackestone, pack-
stone and grainstone yielding conodont Jinogondolella granti, transi-
tional to J. granti, J. xuanhanensis, Hindeodus sp.; fusuline Chenella
changanchiaoensis, Codonofissiella extensa, C. paradoxica, Kahlerina
pachytheca, Lantschichites minima, Rauserella erratica, Reichelina
changhsingensis, R. simplex. 1.6 m (59.5 m-61.1 m). This unit is sub-
divided into 8 subunits.

25-8. Pale grey medium-bedded bioclastic grainstone-rudstone, yield-
ing the conodonts Jinogondolella granti, Hindeodus sp. 0.2 m (60.90
m-61.10 m);

25-7. Pale to dark grey, nodular, bioclastic packstone, wackestone
or lime mudstone, yielding the conodonts Jinogondolella xuanhanen-
sis, transitional to Jinogondolella granti. 0.25 m (60.65 m-60.90 m);

25-6b. Pale grey medium-bedded bioclastic grainstone-rudstone,
yielding the conodonts Hindeodus sp., transitional to Jinogondolella
granti. 0.2 m (60.45 m-60.65 m);

25-6a. Pale grey sponge-brachiopod floatstone. 0.1 m (60.35 m-
60.45 m);

25-5. Pale to dark grey, nodular, bioclastic wackestone-lime mud-
stone, yielding the conodont Jinogondolella xuanhanensis. 0.1 m
(60.25 m-60.35 m);

25-4. Pale to dark grey, nodular, bioclastic wackestone-lime mud-
stone, yielding the conodonts Hindeodus sp., transitional to Jinogon-
dolella granti. 0.25 m (60.0 m-60.25 m);

25-3. Grey to pale grey, medium-bedded, bioclastic wackestone,
packstone or grainstone, yielding the conodont Jinogondolella sp. 0.3 m
(59.7 m-60.0 m);

25-2. Pale grey nodular bioclastic wackestone. 0.05 m (59.65 m-
59.7 m);

25-1. Pale grey, medium-bedded, bioclastic grainstone-rudstone.
0.15m (59.5 m-59.65 m).

Unit 24. Dark reddish, grey, thick- to very thick-bedded and mas-
sive reef limestone yielding conodont Jinogondolella xuanhanensis,
transitional to J. granti, Sweetognathus fengshanensis; and fusuline
Chenella changanchiaoensis, Codonofusiella schubertelloides, C.
paradoxica, C. extensa, Kahlerina pachytheca, Lantschichites min-
ima, Reichelina simplex, Nankinella nanjingensis, Rauserella errat-
ica, Schwagerina serrata, Metadoliolina multivoluta, M. douvillei. 1.9 m
(57.6 m-59.5 m).

Unit 23. Pale grey to greyish, very thick-bedded, bioclastic pack-
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stone, grainstone and rudstone yielding conodont Jinogondolella
xuanhanensis, transitional to J. granti, Sweetognathus fengshanensis,
Hindeodus sp.; fusuline Reichelina changhsingensis, R. simplex, Lantschi-
chites minima, Kahlerina pachytheca, K. sinensis, Codonofusiella
paradoxica, C. schubertelloides, Chenella changanchiaoensis, Raus-
erella erratica, Metadoliolina multivoluta, M. douvillei, M. delicata,
Schwagerina serrata, Nankinella nanjingensis, Chusenella douvillei,
C. globularis, Neoschwagerina sp.; and brachiopods Alphaneospir-
ifer pyramidiformis, Juxathryis guizhouensis, Enteletes kayseri, Mar-
tinia sp.29.9 m (27.7 m-57.6 m).

Unit 22. Dark reddish grey, very thick-bedded, reef limestone yielding
conodont Jinogondolella xuanhanensis, Sweetognathus fengshanen-
sis, Hindeodus sp.; fusuline Chenella changanchiaoensis, Lantschi-
chites minima, Kahlerina pachytheca; and brachiopod Urushtenoidea
crenulata, Martinia sp., Juxathyris guizhouensis, Juxathyris sp., Unc-
inunellina timorensis, Permophricodothyris sp. 9.8 m (17.9 m-27.7 m).

Unit 21. Pale grey, very thick-bedded, bioclastic and lithoclastic
rudstone containing conodont Jinogondolella xuanhanensis; and fusuline
Lantschichites minima, Reichelina changhsingensis, Rauserella erratica
and brachiopods Permophiricodothyris elegantula, Alphaneospirifer
sp., Juxathyris sp., Spinomarginifera sp., Enteletes sp., Zhejiangospirifer
abnormalis.2.8 m (15.1 m-17.9 m).

Unit 20. Pale to dark grey, nodular, bioclastic wackestone-lime
mudstone. 0.25 m (14.85 m-15.1 m).

Unit 19. Pale grey medium-bedded bioclastic grainstone. 0.3 m (14.55 m-
14.85 m).

Unit 18. Grey to dark grey, nodular, bioclastic packstone, wackestone
and lime mudstone yielding conodont Sweetognathus fengshanensis
and Jinogondolella xuanhanensis. 0.3 m (14.25 m-14.55 m).

Unit 17. Pale grey, medium- to very thick-bedded, bioclastic grain-
stone yielding conodont Jinogondolella xuanhanensis and fusuline
Schwagerina serrata. 1.55 m (12.7 m-14.25 m).

Unit 16. Pale to dark grey, nodular, bioclastic wackestone and lime
mudstone yielding conodont transitional to Jinogondolella xuanhan-
ensis. 0.15m (12.55 m-12.7 m).

Unit 15. Pale grey, thin-bedded, bioclastic grainstone. 0.1 m (12.45 m-
12.55 m).

Unit 14. Pale to dark grey, nodular, bioclastic packstone, wacke-
stone and lime mudstone yielding conodont transitional to Jinogon-
dolella xuanhanensis. 0.2 m (12.25 m-12.45 m).

Unit 13. Pale grey, medium- to thick-bedded, bioclastic grainstone.
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0.3m (11.95 m-12.25 m).

Unit 12. Grey to pale grey, nodular, bioclastic wackestone and lime
mudstone yielding conodont Sweetognathus fengshanensis, transi-
tional to Jinogondolella xuanhanensis. 0.25 m (11.7 m-11.95 m).

Unit 11. Pale grey, medium- to thick-bedded, bioclastic grainstone
yielding fusuline Metadoliolina multivoluta, M. douvillei. 0.8 m (10.9 m-
11.7 m).

Unit 10. Grey to pale grey, bioclastic wackestone, lime mudstone
and rudstone yielding conodont Sweetognathus fengshanensis, transi-
tional to Jinogondolella xuanhanensis. 0.15 m (10.75 m-10.9 m).

Unit 9. Pale grey, medium- to thick-bedded, bioclastic grainstone.
0.35m (10.4 m-10.75 m).

Unit 8. Grey to dark grey, nodular, bioclastic packstone, wacke-
stone and lime mudstone. 0.2 m (10.2 m-10.4 m).

Unit 7. Pale grey, medium- to thick-bedded, bioclastic grainstone
yielding conodont transitional to Jinogondolella xuanhanensis. 0.7 m
(9.5m-10.2 m).

Unit 6. Grey to dark grey, nodular, bioclastic wackestone and lime
mudstone. 0.1 m (9.4 m-9.5 m).

Unit 5. Pale grey, medium- to thick-bedded, bioclastic grainstone
yielding conodont Sweetognathus fengshanensis, transitional to Jino-
gondolella xuanhanensis. 0.7 m (8.7 m-9.4 m).

Unit 4. Dark grey nodular bioclastic wackestone. 0.05 m (8.65 m-8.7 m).

Unit 3. Pale grey to greyish, thin- to thick-bedded, bioclastic wacke-
stone, packstone and grainstone yielding conodont Sweetognathus
fengshanensis, transitional to Jinogondolella xuanhanensis; and fusuline
Schwagerina serrata, Metadoliolina multivoluta, Kahlerina pachytheca.
6.95 m (1.7 m-8.65 m).

Unit 2. Pale grey to greyish, medium- to thick-bedded, bioclast-
lichoclast rudstone. 1.15 m (0.55 m-1.7 m).

Unit 1. Pale grey, thick-bedded, bioclast-lichoclast rudstone yielding
conodont Sweetognathus sp., transitional to Jinogondolella xuanhan-
ensis. 0.55 m (0 m-0.55 m).

Unit 0-1. Dark grey, thin- to medium-bedded, bioclastic wacke-
stone containing cherty nodules yielding conodont Sweetognathus sp.
and transitional to Jinogondolella xuanhanensis. 4.2 m (-4.2 m-0 m).

Unit 0-2. Dark grey, thin- to medium-bedded, bioclastic wacke-
stone and packstone alternating with dark to dark grey, thin-bedded
cherts yielding conodonts: transitional to Jinogondolella xuanhanen-
sis. 2.1 m (-4.2 mto -6.3 m).



