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ABSTRACT: A continuous sedimentation at the Xinmin Section, Anshun, Guihzou Province, with the
Upper Permian Talung Formation dominated by bedded siliceous rocks, and the Lower Triassic Luo-
lou Formation consisting mudstones and marls as well as siliceous mudstones at its basal part indicates
that it represents a deeper-water basinal facies across the Permian-Triassic boundary. Based on a sys-
tematic conodont biostratigraphic work, nine conodont species belong to two genera have been identi-
fied in this study. It enable us to establish five conodont zones at this section, in ascending order, they
are: Clarkina changxingensis Zone (beds 1-3—4-2), Clarkina yini Zone (beds 4-3-5-1-1), Clarkina me-
ishanensis Zone (beds 5-1-2-5-2), Hindeodus changxingensis Zone (beds 5-3-1-5-3-2) and Hindeodus
parvus Zone (beds 5-3-3-5-3-4), respectively. According to the first occurrence of Hindeodus parvus in
bed 5-3-3, the Permian-Triassic boundary is placed at the base of bed 5-3-3. This conodont zonation of
the Xinmin Section provides precise biostratigraphic framework for further investigations on the geo-
logical events across the Permian-Triassic boundary at this section. In addition, the new conodont data
also reveals that several siliceous beds occurred at the basal Triassic. It provides an exception of Early

Triassic Chert Gap.
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0 INTRODUCTION

According to the comparison among conodont zones from
more than twenty Permian-Triassic boundary (PTB) sections in
South China, combining with isotopic records from some of
these sections, Yin et al. (2013) demonstrated that a widespread
end-Permian regression took place in South China and could be
related with causes of the mass extinction. In this regression,
most of the Yangtze carbonate platform and isolated carbonate
platforms were exposed and experienced sedimentary hiatus
(Yin et al., 2013). Deeper-water basinal facies section has the
advantage of recording complete information across the PTB.
In Hunan-Guizhou-Guangxi Basin, bedded siliceous rocks
representing a deeper-water basinal facies spread widely on the
top of Upper Permian. Among this kind of deep water sections,
only few received detailed conodont study. By far, numerous
researches had been conducted on the Dongpan Section,
Guangxi (e.g., Luo et al., 2008; Feng et al., 2007; He et al.,
2007). The first appearance of conodont Hindeodus parvus
marking the base of Triassic (Yin et al., 2001), is also very
important to define the PTB at basinal facies sections. However,
the conodonts from two beds of lense-like limestone in the
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Talung Formation belonging to Neogondolella yini (=Clarkina
yini) Zone (Luo et al., 2008), are not enough to precisely define
the PTB at the Dongpan Section. Progresses have been made
on the Bianyang Section, Guizhou Province recently. On this
basinal margin section, with detailed conodont zonation, the
PTB has been defined at the base of bed 6 with the first occur-
rence of Hindeodus paruvs (Yan et al., 2013).

The Xinmin Section is located at Xinmin valley, Puding
County, Guizhou Province, South China (Fig. 1) and is easily
accessible, well exposed, and displays a continuous sedimenta-
tion from the thin-bedded siliceous mudstone in the Talung
Formation and mudstone in the Luolou Formation, indicating a
deep water basinal facies. Previously, primary works have been
carried on the adjacent area of this section. Yao et al. (1980)
have found abundant ammonoids, gastropods, brachiopods and
foraminifers at the Jiaozishan Section, which is about 4 km
south to Xinmin. Research on Guizhou stratigraphy (Dong,
1997) showed that ammonoid Pseudotirolites is common in the
Talung Formation in this area, associated with brachiopods,
bivalves, gastropods, trilobites and fossil plants. Recently,
many researches related to the end-Permian event were focused
on the Xinmin Section. Feng et al. (2011) first described the
strata across the PTB and reported trilobite Pseudophillip sp.
from the top of Changhsingian at this section. Hu et al. (2012,
2011) found organic carbon isotope exhibited a distinct nega-
tive shift in bed 5. According to the magnetic susceptibility
curve and combining with some geochemistry index, Xu et al.
(2012) figured out three paleoclimatic stages across the PTB.
Based on geochemistry works, Shen et al. (2013, 2012)
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Figure 1. Map showing the location of the Xinmin Section.

discussed the volcanism records at this section. Conodont bio-
stratigraphy at this section were literally reported (without
conodont image illustration, e.g., Shen et al. (2013, 2012), Xu
et al. (2012), Feng et al. (2011), Hu et al. (2011). Xu et al.
(2012) have reported that Hindeodus parvus in the upper part of
bed 5-3, suggesting that the PTB should be placed in bed 5-3.
Unfortunately, conodonts have never been illustrated in these
references leading to the PTB at the section incredible. During
the past 4 years, we carried out intensive conodont biostrati-
graphic works at the Xinmin Section. Hereby, we provide the
first-hand conodont data to define the PTB at this section. This
will be helpful to improve correlations among basinal sections
and sections from other facies and promote the research in the
basinal facies sections of the PTB.

1 MATERIALS AND METHOD

In this study, 46 conodont samples (about 4 kg for each
sample) were collected from the uppermost Permian and low-
ermost Triassic (beds 1-6) of the Xinmin Section. The bed
numbers used in this paper are the revised numbers of Shen et
al. (2013, 2012), Xu et al. (2012) and Feng et al. (2011) (see
Fig. 2). Thickness of each bed is showing in Figure 2. For sam-
pling, bed 5-1 (0.1 m in thickness) has been divided into 3
sub-beds, respectively 5-1-1 (0.02 m), 5-1-2 (0. 04 m) and
5-1-3 (0.04 m); bed 5-3 (0.24 m in thickness) has been divided
into 4 sub-beds, respectively 5-3-1 (0.08 m), 5-3-2 (0.08 m),
5-3-3 (0.03 m) and 5-3-4 (0.05 m). Limestone samples have
been processed by acetic acid dissolution procedure (see Jiang
et al., 2007). Mudstone and clay samples were first processed
by 10% acetic acid dissolution procedure, then soaking in water.
Siliceous rock samples were processed by 5% hydrofluoric acid
dissolution procedure, collecting residues per 24 h. Conodont
separation method is the same with Jiang et al. (2007).

2 CONODONT BIOSTRATIGRAPHY

For the first time, useful conodonts have been found from
the Permian-Triassic transition interval of the Xinmin Section
(Plate 1 and Plate 2). Their occurrences and distribution in each
bed or sub-bed are shown in Fig. 2. These data enable us to
establish five important conodont zones across the PTB at this
section, in ascending order, they are: Clarkina changxingensis

Zone, Clarkina yini Zone, Clarkina meishanensis Zone,
Hindeodus changxingensis Zone and Hindeodus parvus Zone
respectively.

Clarkina changxingensis Zone (beds 1-3—4-2)

Lower limit: First occurrence of C. changxingensis.

Upper limit: First occurrence of C. yini.

Associated taxa: C. wangi, C. postwangi, C. sp.. Previously,
Hu et al. (2011) assigned beds 1-2 to C. postwangi Zone. Xu et al.
(2012) assigned beds 1-2 and the base of bed 3 to C. zhangi Zone.
However, both zones lack basic description and have never been
formal reported before. Shen et al. (2012) assigned beds 1-2 to C.
changxingensis-C. postwangi assemblage zone. It must be point
out that a more precise and correlatable conodont zone is normally
named by a single species with the first appearance of the key
species marking the lower or upper limit of the zone, especially in
researches on the Permian-Triassic transition, e.g., Jiang et al.
(2011, 2007), Shen and Mei. (2010). Conodont assemblage zone
was reported before, for example, Zhang et al. (2009) reported the
C. changxingensis-C. deflecta asemblage zone and C. yini-C.
zhangi asemblage zone, but C. changxingensis-C. postwangi
assemblage zone has never been reported.

Clarkina yini Zone (beds 4-3-5-1-1)

Lower limit: First occurrence of C. yini.

Upper limit: First occurrence of C. meishanensis.

Associated taxa: C. sp.. The species C. yini was estab-
lished based on the specimen from the top of Changxingian at
Meishan, Zhejiang (Mei et al., 1998). Mei et al. (1998) first
established C. yini-C. zhangi assemblage zone at the Meishan
Section. Later, it was replaced by Clarkina yini Zone by Yin et
al. (2001). Hu et al. (2011) assigned bed 3 and the lower part of
bed 4 to this zone. While Xu et al. (2012) put most part of bed
3 and bed 4 to this zone. Shen et al. (2012) considered that
strata from base of bed 3 to the middle part of bed 5 belong to
this zone. As we mentioned above, all these biostratigraphic
data are lack of conodont figures. Hu et al. (2011) also reported
Clarkina hauschkei Zone in bed 4 at this section. There is some
controversy about this species and this zone (Jiang et al., 2007,
p- 50 therein), and we have not found any specimens similar to
C. hauschkei based on our careful checking on all specimens.

Clarkina meishanensis Zone (beds 5-1-2-5-2)

Lower limit: First occurrence of C. meishanensis.

Upper limit: First occurrence of H. changxingensis.

Associated taxa: C. changxingensis, C. tulongensis, C. sp.
A (Jiang), C. sp., H. sp.. Species C. meishanensis was estab-
lished in Zhang et al. (1995). Later, Mei et al. (1998) first es-
tablished this zone at the Meishan section. Hu et al. (2011)
assigned beds 5a—5b (comparable to beds 5-1-5-3 in this study)
to this zone. Xu et al. (2012) put the upper part of bed 4 and
lower part of bed 5 to this zone. While Shen et al. (2012) put
the upper part of bed 5 and bed 6 to this zone.

Hindeodus changxingensis Zone (beds 5-3-1-5-3-2)
Lower limit: First occurrence of H. changxingensis.
Upper limit: First occurrence of H. parvus.
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Figure 2. Lithology, conodont ranges and zonations across the PTB in the Xinmin Section.

Associated taxa: C. changxingensis, C. meishanensis, C.
sp. 4 (Jiang), C. sp.. Previously, this zone has been reported at
Meishan, Zhejiang (Zhang et al., 2009; Jiang et al., 2007),
Shangsi, Sichuan (Jiang et al., 2011), Yangou, Jiangxi (Sun et
al., 2012), Bianyang, Guizhou (Yan et al.,, 2013). The
significances of the first appearance of H. changxingensis or
the zone have been discussed respectively (Jiang et al., 2011;
Metcalfe et al., 2007). The first establishment of H. changxin-
gensis Zone at Xinmin made it could be better correlated to the
sections mentioned above.

Hindeodus parvus Zone (beds 5-3-3-5-3-4)
Lower limit: First occurrence of H. parvus.
Upper limit: No conodont specimen has been found above

bed 5-3-4. We currently define the top of this zone in terms of
ranges of species of H. parvus. So the upper limit of this zone
is tentatively placed at the top of bed 5-3-4. It is possible that
the Hindeodus parvus Zone extends above the bed 5-3-4.
Associated taxa: H. praeparvus, H. sp.. Xu et al. (2012)
assigned the upper part of bed 5-3 and the above beds to this
zone. According the reliable H. parvus specimens in this study,
we precisely defined the first appearance datum of this key
species and the PTB, which located at the base of bed 5-3-3.

3 DISCUSIONS
3.1 The PTB at the Xinmin Section

Although lacking image illustration of any conodont
speimens, the PTB at the Xinmin Section has been defined in
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different horizons in previous studies. According to the
occurrence of conodont Clarkina meishanensis and bivalve
Claraia primitiva in bed 5-3, ammonoid Ophiceras sp. in bed
6-2, Feng et al. (2011) presumed the PTB at the base of bed 5-6
(Fig. 2). Xu et al. (2012) have put the PTB in bed 5-3 based on
the appearance of H. parvus in the upper part of this bed
(Fig. 2). This is close to the PTB defined in this paper.
Nevertheless, Shen et al. (2012) still presumed the PTB at the
base of bed 6-2 (Fig. 2).

The organic carbon isotope exhibited a distinct negative
shift in the lower part bed 5 (Hu et al., 2012, comparable to
beds 5-3-1 in this paper) (Fig. 2). Such a negative shift
occurred in Hindeodus changxingensis Zone, consistent with
the pattern around the PTB at Meishan (Cao et al., 2008),
implying the end-Permian mass extinction boundary was
probably at this horizon. This extinction boundary has been
assigned in bed 5 (Shen et al., 2012, comparable to bed 5-5-1 in
this paper) or at the base of bed 6 (Shen et al., 2013). After
checking the order of references citation, we guess Shen et al.
(2013) was earlier accepted but published later. Both mass
extinction boundaries (Shen et al., 2013, 2012) are higher than
the PTB defined in this study. But further detailed researches
on various fossil faunas need to be carried out to define the
extinction boundary.

The PTB is unmatched with the first appearance of H.
parvus in some sections. At Shangsi Section, for example, the
PTB is lower than the first appearance of H. parvus by
consulting to mass extinction boundary, carbon isotope,
occurences of key ammonoids and first occurrence of Early
Triassic conodont Isarcicella (Jiang et al., 2011). In contrast, at
Zhongzhai, Guizhou, Zhang et al. (2014) recently put the PTB
above the first appearance of H. parvus by consulting to carbon
isotope and the U-Pb age dating, and proposed that the first
occurrences of Hindeodus parvus are diachronous in different
sections. To precisely define the PTB at Zhongzhai Section and
checking the only exceptional case where the Hindeodus
parvus occurred in the Late Permian, more works on detailed
fossil records including the conodont fauna need to be con-
ducted at the Zhongzhai Section. However, considering cono-
dont data and carbon isotopic pattern, we suppose that the first
appearance of H. parvus is the reliable index for determining
the PTB at the Xinmin Section, which defined at the base of
bed 5-3-3 (Fig. 2).

3.2 Comparison with Other Sections in South China
Previously, parallel gondolellid zones and hindeodid zones
have been established at both Meishan (Jiang et al., 2007) and
Shangsi (Jiang et al., 2011) sections, which have the most com-
plete conodont biostratigraphic sequences during the
Permian-Triassic interval. According the first appearances of
the key conodonts, Zhang et al. (2009) arranged these zones in
one order, in ascending order, ther are: C. yini Zone, C. me-
ishanensis Zone, H. changxingensis Zone, C. taylorae Zone, H.
parvus Zone, 1. staeschei Zone and [I. isarcica Zone. Based on
this order, Sun et al. (2012) defined a detailed conodont bio-
stratigraphy at the Yangou Section, Leping, Jiangxi, only with
absence of Clarkina meishanensis Zone. After minor revision,

Yin et al. (2013) compared the conodont zones across the PTB

among over twenty sections in South China by this one order
zonation scheme.

Comparably, we think beds 4-3-5-1-1 (Clarkina yini Zone)
at Xinmin correspond to bed 24 at Meishan (Jiang et al., 2007),
bed 26 at Shangsi (Jiang et al., 2011), bed 3 at Bianyang (Yan
et al., 2013), beds 19-20 at Yangou (Sun et al., 2012). Beds
5-1-2-5-2 (Clarkina meishanensi Zone) at Xinmin correspond
to bed 25 at Meishan (Jiang et al., 2007), bed 27 to lower part
of bed 28a at Shangsi (Jiang et al., 2011). Beds 5-3-1-5-3-2
(Hindeodus changxingensis Zone) at Xinmin correspond to
beds 26-27b at Meishan (Jiang et al., 2007), the upper part of
bed 28a to bed 29b at Shangsi (Jiang et al., 2011), beds 4-5 at
Bianyang (Yan et al., 2013), beds 21-1-21-3 at Yangou (Sun et
al., 2012). And beds 5-3-3-5-3-4 (Hindeodus parvus Zone) at
Xinmin correspond to beds 27¢—27d at Meishan (Jiang et al.,
2011, 2007), beds 29c¢ to 30a at Shangsi (Jiang et al., 2011), bed
6 at Bianyang (Yan et al., 2013), beds 21-4-24 at Yangou (Sun
etal., 2012).

Jiang et al. (2011) discussed the significance of Hindeodus
changxingensis Zone, concluding that the absence of this zone
probably indicates a hiatus at the PTB section. They supposed
that the Great Bank of Guizhou isolated platform was exposed
at the end of Permian, which caused a disconformity around the
extinction level. And this was supported by later researches
(Jiang et al., 2014; Yin et al., 2013). From the comparison
above, there is a complete conodont biostratigraphis sequence
at the Xinmin Section and could be well correlated with other
PTB sections. The complete conodont zones at this basinal
facies section will contribute to better discussing the records of
geological events during the Permian-Triassic transition.

3.3 Early Triassic Silicious Deposition at Xinmin

Biogenic silicious depositions from the Middle Permain to
Late Permian have been reported in the northwest magin of
Pangea or even worldwide (Beauchamp and Baud, 2002;
Murchey and Jones, 1992). This Permian Chert Event (PCE)
was caused by the end-Permian mass extinction. The dropdown
of radiolarian or sponge spicule productions restrained the
formation of silicious rocks in this event and that caused PCE
to the end (Racki, 2003, 1999; Beauchamp and Baud, 2002;
Isozaki, 1997). Following the Early Triassic Chert Gap,
silicious depositions recovered from the Anisian. During past
years, Early Triassic silicious depositions have been reported at
some pelagic sections in New Zealand (Takemura et al., 2002;
Yamakita et al., 1999) and Japan (Sano et al., 2010; Takahashi
et al., 2009; Kakuwa, 1996). Recently Yang et al. (2012) firstly
found a Griesbachian chert at the Gaimao Section, Guizhou, in
Tethys area.

At Xinmin Section, silicious mudstone is recognized
above the PTB at bed 5-3-4 and bed 6-1 above the PTB (Fig. 3).
Numerous silicious mineral-agates are observed in thin sections
under polarizing microscope (Fig. 4). However, further work
on checking the genesis of silicious sediments at basal Triassic
at this section should be carried for in discussing the Early
Triassic Chert Gap event. Even so, the new finding proved that
the exception of Early Triassic Chert Gap did occurred in
Tethys area in addition to the Gaimao Section.
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4 CONCLUSIONS

Based on our first-hand conodont materials at the Xinmin
Section, five conodont zones are established. According to the
first occurrence of Hindeodus parvus, the PTB is placed at the
base of bed 5-3-3. The established conodont biostratigraphic
scheme at Xinmin section provides a precise comparison with

that of other PTB sections, and will be helpful for further in-
vestigating and understanding on the geological events across

the Permian-Triassic boundary. The siliceous rocks occurred at
bed 5-3-4 and bed 6-1 above the PTB at the Xinmin Section
also provides a new example of Early Triassic siliceous sedi-
ments in Tethys area.

Figure 4. Thin sections showing agates in bed 5-3-4 and bed 6-1 in the Xinmin Section (under polarizing microscope).
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Plate 1. SEM photos of Permian conodonts. Scale bar equals to 100 pm. All specimens are housed in Faculty of Earth Sciences,
China University of Geosciences, Wuhan. 1. Clarkina wangi (Zhang), lateral upper view, XM3-3/002. 2-10. Clarkina
changxingensis (Wang and Wang); 2. lateral upper view, XM1-3/001; 3. lateral upper view, XM2-8/002; 4. upper view,
XM3-3/001; 5. lateral upper view, XM5-1-2/046; 6. lateral upper view, XM5-1-2/101; 7. lateral upper view, XM5-1-2/088; 8.
lateral upper view, XMS5-1-2/037; 9. lateral upper view, XM5-1-2/008; 10. lateral upper view, XMS5-3-1/005. 11. Clarkina
postwangi (Tian), upper view, XM2-10/001. 12. Clarkina tulongensis (Tian), upper view, XM5-1-2/072. 13. Clarkina yini Mei,
upper view, XM4-3/002. 14-17. Clarkina meishanensis Zhang, Lai, Ding, Wu and Liu; 14. lateral upper view, XM5-1-2/077;
15. upper view, XM5-1-2/097; 16. lateral upper view, XMS5-1-2/142; 17. upper view, XM5-3-1/012.
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Plate 2. SEM photos of Permian-Triassic conodonts. Scale bar equals to 100 pm. All specimens are housed in Faculty of Earth
Sciences, China University of Geosciences, Wuhan. 1-2. Clarkina sp. A (Jiang); 1. lateral upper view, XM5-1-2/122; 2. upper
view, XMS5-3-1/002. 3-11. Clarkina spp.; 3. lateral upper view, XM3-3/003; 4. upper view, XM4-3/001; 5. lateral upper view,
XMS5-3-1/003; 6. upper view, XM5-1-2/054; 7. lateral upper view, XMS5-1-2/113; 8. upper view, XM5-1-2/068; 9. upper view,
XM5-1-2/108; 10. upper view, XMS5-1-2/161; 11. upper view, XM5-1-2/129. 12. Hindeodus changxingensis Wang, lateral view,
XMS5-3-1/007. 13—16. Hindeodus parvus (Kozur and Pjatakova), lateral view; 13. XMS5-3-3/B_001; 14. XMS5-3-4/B_002; 15.
XMS5-3-4/B_003; 16. XM5-3-4/B_004. 17-18. Hindeodus praeparvus (Kozur), lateral view; 17. XM5-3-4/B_005; 18.
XMS5-3-4/B_006. 19-20. Hindeodus spp., lateral view; 19. XMS5-3-4/B_007; 20. XM5-3-4/B_008.



