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ABSTRACT: Deep-water facies sections have advantages of recording complete
information across the Permian-Triassic boundary (PTB). Here we present a detailed
study on the conodont biostratigraphy and carbon isotope profile ranges from the
Wuchiapingian-Changhsingian boundary (WCB) to the PTB of two deep-water facies
sections at Zhugiao and Shiligou in the Middle Yangtze region, western Hubei, South
China. Fifteen species and three genera are identified. Eight conodont zones are
recognized, in ascending order, they are the Clarkina orientalis, C. wangi, C.
subcarinata, C. changxingensis, C. yini, C. meishanensis, Hindeodus parvus and
Isarcicella isarcica Zones. The onset of deposition of the deep-water siliceous strata of
the Dalong Formation in western Hubel began in the late Wuchiapingian and
persisted to the late Changhsingian. Carbon isotope negative excursions occur near
both the WCB and PTB in both sections. The WCB 6%*Ccarb Negative excursion isin
the C. orientalisand C. wangi zones. The PTB ¢'3Ccarb Negative excursion began in the
C. yini Zone and extended to the |. isarcica Zone. The absence of several
Changhsingian zones may indicate the difficulty of extracting conodonts from
siliceous strata or the presence of an intra-Changhsingian hiatus.
KEY WORDS: Dalong For mation, conodonts, 6'3Ccarb isotope, Wuchiapingian-Changhsingian boundary,
Permian-Triassic boundary
O INTRODUCTION
The end-Permian saw the largest mass extinction in history with 95% of marine species
75% of terrestrial species disappearihg (Shen and Bowring,| |2}m4n, 200¢|Benton and
|Twitchett, ZOO.ﬂJin et al., ZOOH)Raup and Sepkoski, 19|&epkoski, 198|1). In contrast, the losses
of conodont were relatively moderate, they are more likely to record some effectivelyatitor
about Permian-Triassic mass extinction compared with other contemporaneous or (Lai et

al., 2018). Conodont plays an important role in constructing biostratigréplmework during
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this period. For example, the first appearance of Hindeodus p&rthes marker for the base of

Early Triassic|(Yin et al., 20(b1), and some key conodonts could be used to establish conodont
zones and make global comparison (|e.g. Lyu et aI.,||3mJar—Jurkov§ek et al., 2018||Brosse e{

al., 2017|Wang et al., 201[iang et al., 20144, 20[l1, 2dP7uan et al., 2014zZhang et al., 2014

Yang et al., 201Ha\/letcalfe et al., ZOdIZhao et al., ZOdPPerri and Farabegoli, 20b3). Especially,

a high-resolution conodont zonation across the PTB has been reported at the Meishan section,
South China (Chen et al., 2015; Yuan et al., 2014; Zhang et al., 2009; Jiang et al., 2007). Based on
the conodont biostratigraphy, the timing of the PTB mass extinction has been constrained from the
top part ofC. yini Zone to thd. staeschei Zonm Meishan| (Song et al., 20H8hen et al., 2011

|Yin et al., 200’7 |Jin et al., 200b). Moreover, the conodont fauna was sensitive to
palaeoenvironmental and climatic changes during the PTB period, which has been confirmed by
the studies of conodont size variatibn (Chen et al., Iin:EaaI et al., Zoib_uo et al., ZOOb)
Furthermore, conodont oxygen isotope has become a valuable tool for reconstructing sea-surface
temperatures curve in the PTB interval, and a major temperature rise form th@daisisin to

the Early Triassic has been reporied (Schobben et al.l 20adhimski et al., 20

[2014).

South China, with its well exposed PTB strata in the Yangtze region, remains one of the best
studied regions| (Lai et al., 20|18’in et al., 201‘{1). However, the conodont occurrences in the
deep-water, basinal facies of western Hubei area, located in the Middle Yangtze region, are
amongst the least studied in South China. A few works on Changhsingian conodont
biostratigraphy have been documented at Ganxi (Lyu et aI.,;|Bmti9et al., 200{5) and Tiangiao
[Wang and Xia, 2004a) in Xuanen County. Conodonts from the PTB and Early Thiagsibeen
reported from Jianshi, Enshi City (Lyu et al., 2019) and Xiakou, Xingshan C et
|201Gi|Wang and Xia, 2004b) in western Hubei area.

Basinal sections have the advantage of recording more complete information across the PTB
[Lai et al., 201HJiang et al., ZO]HSYin et al., 20141), whilst most documented sections are in
shallow-water, carbonate platform facies (Bai et al., ng et al., 201HJiang et al., 20]|4;
|2001|Chen et al., ZOdSbTong and Zhao, 20¢|5Yin et al., 2001). Reports of conodonts from
deep-water, bedded siliceous rocks are rare and restricted to reports from Dongpan in Guangxi
) and Xinmin in Guizhu (Zhang et al., 2014).

Here we present a detailed study on the latest Wuchiapingian to earliest Triassic conodont
biostratigraphy and carbon isotope profile from the deep-water basin facies of the Zhugiao and
Shiligou sections in the Middle Yangtze region of western Hubei, South China.

1 GEOLOGICAL SETTING

In South China, during the Changhsingian (Late Permian), the Middle Yangtze Block was
mostly carbonate platform (Fig.1c), whilst siliceous strata of the Dalong Formation datedn
in deep-water on the northern and southwest margin of the l|3|ock (Yin et aIHFE@and Gd,

). Contemporaneously, the western Hubei Basin was a large rift basin that formed an
embayment in the northwestern margin of the Middle Yangtze dlock (Liu et aI.|,|Zﬁl16 et aI.]

) (Figs. land 1b). The Zhugiao and Shiligou sections were located in the western Hubei
Basin during the PTB (Fig.1a). The Dalong Formation occurs extensively in western &heisi
considered a record of deep-water basin and deeper-water slope environments during the latest

Permian| (He et al., 2013). There are three sedimentary types of the Dalong Formitie @iea
from west to east, and they are siliceous rock to limestone and mudstone type, mudstone to

siliceous rock type and siliceous limestone to mudstone|type (Niu et alf, 2000). The fixgic¢a/o

are of deep-water, basin origin, whereas the last type is a transitional type béigvbasih and
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platform facies.

The Zhugiao section is located next to the Zhugiao hydropower statigm Borth of
Zhugiao village, Wufeng County, Yichang City, western Hubei Province, South China (Fig. 2).
The exposed strata at the Zhugiao section include the Late Permian Wuchiaping and Dalong
formations, and the Early Triassic Daye Formation (Fig. 3). The top of WuadhiBpimation is
composed of grey, dolomitic limestone with bed thicknesses of more than 1 m. The Dalong
Formation consists of grey to dark grey thin-bedded siliceous mudstone and carbonaceous
mudstone witha few interbeds of dark grey medium- to thin-bedded limestone, forming rhythmic
stratification, and with well-developed thin laminations. Planktonic or nektonic fossilglingl
ammonoids and radiolarians are common in the thin-bedded siliceous mudstone. Thus,
predominately siliceous facies of the Dalong Formation at Zhugiao are considered a deep-water
basin facies and belong to the mudstone to siliceous rock type of Niu et al. (2000). The Daye
Formation consists of mudstone and muddy limestone with thin-bedded claystone.

The Shiligou section is located in Xinglong Town, Fengjie County of Chongging City, along
the roadside of the “Tourism Circle Way” (Fig. 2). The strata at Shiligou belong to the western
Hubei Basin and consist of the well exposed Dalong and Daye formations (Fig. 3). The lower part
of Dalong Formation is grey to black, thin-bedded siliceous mudstone and calcareous mudstone,
similar to the Zhugiao section, whereas the middle and upper parts consist of grey, niedium-
thin-bedded limestone with calcareous mudstone interbedded. The Dalong Formation of the
Shiligou section is also a deep-water, basinal facies and belongs to the siliceous rockdondimes
and mudstone type of Niu et al. (2000). The overlying Daye Formation is composed of grey,
thin-bedded limestone with interbedded mudstone.

2 MATERIALSAND METHODS

A total of 42 and 28 conodont samples (about 3-5 kg per sample) were collected from the
Dalong and Daye formations at Zhugiao and Shiligou respectively. Limestone samples were
processed by dilute acetic acid (10%) (Jiang et al., |2007), mudstone samples were cracked by
dithionite solution and hydrogen peroxide, and siliceous mudstone samples were dissolved by
dilute hydrofluoric acid (5%). LST-an inorganic heavy liquid was used in conodont separation as
described by Yuan et al. (2015). Fifteen species belonging to three genera (Clarkinaditinde
andlsarcicella) of conodontiRelements were identified (1553 from the Zhugiao section and 91
from the Shiligou section), and some key species are illustrated in Plate 1 to 4.

For 53Cca, and 6*%0 measurement, 106 and 60 fresh, whole rock samples were taken from
the Zhugiao and Shiligou sections respectively. Weathered surfaces and large calcite veins were
avoided, and all samples were crushed to less than 200 meshes with a dentist drill. Wwaalysis
conducted at the State Key Laboratory of Biogeology and Environmental Geology, China
University of Geosciences (Wuhan) with a MAT-253 mass spectrometer with standard
methodology (see Supplemental data).

A positive correlation betweet'3Ccarn and 5*0car is usually explained as a sign of the
influence of meteoric diagenesls (Meyers and Lohmann, |1985). Most of'4Deg, values
obtained from Dalong Formation in our sections range fr&f%o to -8.0%o, indicating a weak
influence of meteoric diagenesis. This conclusion is supported by the finding of the weak
correlation (R=10* and 1) betweens'*Ccarn, andé*®Ocarn (Se€ Supplemental data).

3 CONODONT BIOSTRATIGRAPHY

A total of eight conodontones have been identified indicating ages ranging from the latest
Wuchiapingian to earliest Triassic from the two sections in the western Hubei area. In ascending
order, they are the C. orientalis in the latest Wuchiapingian, C. wangi, C. subcafnata,
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chamgxingensis, C. yinandC. meishanensis zones in the Changhsingian, H. parvus and I. isarcica
zones in the Griesbachian. The Zhugiao section has the C. orientalis, C. wangi, C. meishanensis,
H. parvus and |I. isarcica zones, whilst the Shiligou section has.thae@talis, C. wangi, C.
subcarinata, C. changxingenarsdC. yini zones.
3.1 Clarkina orientalis Zone

This zoneis discovered at both Zhugiao (0-10.85 m, beds 1-24) and Shiligou (0-7.24 m,
beds1-6) (Figs. 4 and 5). The lower limit of ta@neis undefined because there was no sampling
below this level. The upper limit is defined by the first occurrence (FO) of Qgiw&. orientalis
is the dominant species in thiene especially abundant at the Zhugiao section, where it occurs in
most of the lower part of Dalong Formation. Besides the zonal conodont, only a few C.
guangyuanensis, C. transcaucasica and C. liangshanensis were found in sample ZQC-1 at
Zhugiao.

The C. orientalis Zone was first established by Kozur (1975) in Archura, Transicearch
is widely known in South Chin|a (Shen and Mei, ZMBBen et al., ZOdIZJin et al. ZOOHSNafi et|
[al., 2008{Mei et al., 199%andIran [Shen and Mei, 20¥azdi and Shirani, 2002). Though the
range of C. orientalis could extend into the C. wangi Zone of basal Changhsingian, Shen (2007)
particularly researched the spatial and temporal distribution of C. orieatadishowed that
populations of this species aeélistinct late Wuchiapingian maker. The base of C. orientalis Zone
at the Zhugiao and Shiligou sections are undefined, butztime can be correlategvith the
Neogondolella orientalis-N. longicuspidata Zone and C. longicuspidata Zone at thlgaMei
section|(Yuan et al., 20H4Zhang et al., 20d9), Ganxi sectidm (Nafi et al., 21006) and Shangsi
section|(Shen etal., 20|13) in South China and the C. orientalis Zone established by $fen and
(2010) in Iran. Theageof thiszoneis late Wuchiapingian.
3.2 Clarkina wangi Zone

This zoneis identifiedat both Zhugiao (10.85-10.96 m, bed 25a) and Shiligou (7.24-11.39 m,
beds 6-8) (Figs. 4nd5). Lower limit: the first occurrence of C. wangi. The upper limit of this
zoneat the Shiligou section is defined by the first occurrence of C. subcarinata. Hoateher,
Zhugiao section, the upper limit is defined by the first occurrence of C. meishaindeis 25b.
Associated conodonts are C. orientaligl C. sp. C. wangi hagts maximal abundance in the C.
wangi Zone, especially in Zhugiao, and we found hundreds of C. wpé&gjmens

Mei and Henderson (2001) first estabéidhhe C. wangi-C. subcarinata Zone at the Meishan
section and C. wangi had not been discovered outside South China at that time. Beckuser
part of the zone is dominated by C. wangi, Mei et al. (2004) subsequently distingaighed
wangi Zone from the C. wangi-C. subcarinata Zone. The Global Stratotype Section and Point
(GSSP) for the basial boundary of the Changhsingian Stage was then defined at the first
appearance datum of the conodont C. wangi within the C. longicuspidata to C.waageliby
Jin et al. (2006).
3.3 Clarkina subcarinata Zone

This early Changhsingian zone is only recognized in the Shiligou s€@fid39-28.14m,
beds8-12) (Fig. 5). Lower limit: the first occurrence of C. subcarinata, uppér fhe first
occurrence of C. changxingensis. Associated conodonts are C. orientalis, C.ama@i,sp.
This zonehas been widely studied around the wd)rld (Yuan et aI.,||ZSl’j§n and Mei, Zoibli et|
|a|., 200]" Kozur, 2005|i|2004). Nafi et al. (2006) failed to differentiate thgnefrom the C. wangi
Zone at their Ganxi section. The C. wangi Zone of Ganxi actually consists of both tlaagi. w
and C. subcarinata zones. This zone at Shiligou is equivalent to the C. subcarinata Zone of
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Meishan {Yuan et al., 20]]4andShangsi (Yuan et al., 20ﬂ9hen et al., 2013) and sections in Iran
[Shen and Mei, 2010).
3.4 Clarkina changxingensis Zone

This middle Changhsingiarzone has only been identified in the Shiligou section
(28.14-31.64 m, beds 12-15) (Fig. 5). Lower limit: the first occurrence of C. changxingensis
upper limit: the first occurrence of C. yini. Associated conodonts are C. defled@ sp.. Wang
and Wang (1981) first established the C. deflecta-C. changxingensis assemblage Zone at the
Meishan section in South China, and the C. changxingensis Zone was since been widely reported
around Paleotethys (Lyu et al., 20/Bi et al., 201[fYuan et al., 2014fizhang et al., 201Shen|
|and Mei, 201ﬂZhang et al., ZOdI:Nafi etal., ZOOHMei et al., 199HOrchard and Krystyn, 195198).
The C. changxingensis Zone of the Shiligou section is equivalent to the middle and uppar parts
the Neogondolella changxingensis-N. deflecta Zone of Zhang et al. (2009), and the C.
changxingensis Zone of Yuan et al. (2014) at the Meishan section.
3.5 Clarkinayini Zone

This late Changhsingian zone is only found at Shiligou (31.64-35.39 ni,3aE8) (Fig. 5).
Lower limit: the first occurrence of C. changxingensis, although we only found a few C
changxingensiandC. yini individuals in bed 15 and 16 at Shiligou. And abundant Early Triassic
bivalve Claraia and ammonoid Ophiceras are found in the bottom of bed 1Tt wWes pupper
limit of this zone in the uppermost part of bed 16. It is largely equivalent to the Neogtayiaiel
Zone at the Meishah (Jiang et al., 2b07) and Shangsi set:liang et al., 20]]1), and the C. yini
Zone of the Ganxi sectidn (Nafi et al., 2006).
3.6 Clarkina meishanensis Zone

This late Clanghsingian zonés only identified at Zhugiao (10.96-11.01m, beds 25b) (Fig. 5)

Lower limit; the first occurrence of C. meishanensis, upper limit is placed &ghef bed 25b
No conodont species were found from bed 25c to bed 27, wo could not identify any zone in this
interval. Just a few C. meishanensis were found in zbite and preserved badly, because a
dithionite solution and hydrogen peroxide were used to crack the black mudstone of samples for
conodont extraction. This zone was first established by Mei et al. (1998) at the Viséshian.
The C. meishanensis of the Meishan section is in bed 25b of dark gray clay. The C. meishanensis
at the Zhugiao section may be equivalent to the Neogondolella meishanensa ktegighan
(Jiang et al., 2047).
3.7 Hindeodus parvus Zone

This zoneis only discoveredt Zhugiao (12.15-12.8m, beds28-30) (Fig. 4). Lower limit: the
first occurrence of H. parvus. Upper limit: the first occurrence of Isarcicelleidsa Associated
taxa: C. orchard, Hsp., and Csp. The First Appearance Datum of H. parvus was used to defined
the GSSP for the basal boundary of the Triassic System by Yin et al. (2001), and it has been
widely used sincee(g.Lyu et al., 2019|Bai et al., 201|7|Yuan et al., 20:IHZhang et al., 20]|4
|Zhao etal., ZO]HSJiang et al., ZOdIPerri and Farabegoli, 20b3). However, the first occurrence of
H. parvus in our study was in bed 28, 0.36m higher than the first occurrence of Oplviceed
27, which we use to define the beginning of the Triassic in our section.

We have not found H. parvus in the Shiligou sectiart,abundant Early Triassic Claraia and
andOphiceras were found in the bottom of bed 17. Furthermore, we found H. aff. gakviis
fig. 21) from Sample SLG-17C3 in bed 17. So, we consider the age of bed 17 at the Shiligou
section to be the Earliest Triassic.
3.8 lsarcicellaisarcica Zone

This mid Griesbachian zone is only found in the Zhugiao sectidB-13.96m, beds30-34)
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(Fig. 4). Lower limit: the first occurrence of Isarcicella isarcica. Uppet Isniincertain, because
no samples were taken from above bed 34. Associated taxa: H. parvussgnd.Hsarcica was
first obtained by Huckriede (1958) in northern Italy. The I. isarcica Zone usuallyesvérg .
staeschei Zonla (Zhang et al., Zﬂmao et al., ZOJHDiang et al., 20d7). However, we failed to
establish thizoneat Zhugiao, where the |. isarcica Zone of the Zhugiao section is believed to
correspond to . isarcica Zone at Meisﬂ|an (Jiang et al.,| 2007) and Dakiakou (Zhao et |a|., 2013).
4 CARBON ISOTOPE STRATIGRAPHY

Carbon isotope variations in the PTB interval show a rapid and large negative excursions in
both 6**Ccam and §13Corq records and provide an age control independent of conodont stratigraphy
(e.gIShen et al., 201|350ng et al., 20:IHEKorte and Kozur, ZO]H)Xie et al., 200?). The carbon
isotope excursion around the WCB is also well documented in South Chipa (e.g. Wei et al., 2015
|Shen etal., Zoihlin etal., ZOO#Shao etal., 20d0). However, whether 84& excursion across
the WCB is a global event or a special phenomenon influenced by regional factors is still
unknown. Shao et al. (2000) documented®® anomaly at the WCB in Guizhou and Guangxi of
South China, and considered this WCB excursion to be a global negative carbon isotopic
excursion because moféC-rich CQ was released into the atmosphere. Shen et al. (2010)
documented that the negative excursion around the WCB showed different magnitudes and
patterns, and proposed that whether this excursion is due to local or global controls still remai
unresolved. Wei et al. (2015) considered the significant negative excursion at the WCB was
probably a global signal and mainly caused by the low primary productivity. Liao et al. (2016)
suggested that the change in sedimentary environment had an important influence’'8é the
values across the WCB. Here, we document carbon isotope data from WCB to PTB at the Zhugiao
and Shiligou sections (Fig. 6).

At Zhugiao, thes**Ccan, profile shows a gradual negative decline in the C. orientalis Zone
with the values beginning to decline from 0#@lat 3.77m in bed 7 to the minimum -29%@5at
9.96m in bed 22, followed by the brief positive peak between %0.8fd +0.8%0 around the
WCB. The negatives**Ccan excursion near the PTB is also showed. The excursion shows a
negative excursion trend form the C. meishanensis Zmrieisarcica Zone with the average
-0.75%o. The d'3Ccap values are variable around the PTB, and can not be compared with the
Meishan sectiof (Shen et al., 2(X3e et al., 207) and other section in South Chi al.,
|2015]|Shen et al., 2013), which is filfult to explain. It seems there are some noises of the carbon
isotope excursioat the PTB of Zhugiao, the carbonate dolomitization is obvious near the PTB of
Zhugiao section (Fig.3 b), the carbonate dolomitization maybe one possible explanation.

The 6'3Ccap data should show a clear negative excursion across the WCB at Shiligou. The
o0"Ccarb curve indicates a negative excursion trend in the C. orientalis Zone and C.Zsangi
with the average0-85%o, then the rapid recovery to stable values with the average value 0.64%o
from the C. subcarinata to the C. yini zones. The negative excursion around the POi® is m
clearly observed at Shiligou. T&*Ccarn values are stable during the most part of Changhsingian
with the average +0.64%o from the C. subcarinata Zone to the C. yini Zone, which are consistent
with the 6%Ccar, Values in the Changhsingian of many other sect|ons (Shen et aII, 2013). The
0"Ccarb Values begins to gradually decline at the base of C.Zyiné from 0.92%o to -0.01%o,
followed by a sharp negative shift 3.62%o from 0.81%o to -2.81%o in the upper part of C. yini Zone,
which may compare with the sharpiSdecline within the C. meishanensis Zone at the Meishan

section|(Xie et al., 2007). Above the PTB, théC.., values are stable on the avera@80%o in
bed 17.
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5 DISCUSSION
5.1 Definition of the Wuchiapingian-Changhsingian Boundary

The Global Stratotype Section and Point (GSSP) for the base of the Changhsingian Stage was
defined at the First Appearance Datum of the conodont C. wangi within the lineage from C
longicuspidata to C.wan06). C. wangi occurs in both the Zhugiao and Shiligou
sections, with the C. orientalmone below. We suggest that the WCB of the Zhugiao section
should be placed at 10.85m in the base of bed 25a and the WCB of Shiligou section should be laid
at 7.24m in the lower of bed 6.

5.2 Definition of the Permian-Triassic Boundary

At the Zhugiao section, the first occurrence of H. parvus is in bed 28 which is 0.86en hi
than the first occurrence of Ophiceras (Figs.aBid 3c) in bed 27. We define the PTB of the
Zhugiao section by the first occurrence of Ophiceras in bed 27(11.74 m), which is 0.36 m below
the first occurrence of H. parvus.

H. parwvus is not found at Shiligou, baibundantEarly Triassic Claraiand Ophiceras are
found in bed 17 instead, where H. aff. parvus also occurs. So, we consider the age of bed 17 at
Shiligou section should be the Earliest Triassic. Taking the negative excursion around the PTB
from the Shiligou section into account, we suggest the PTB of the Shiligou section is at 35.39m,
which is the bottom of bed 17.

5.3 Thetemporal and spatial distribution of Dalong Formation in western Hubel

In South China, chert deposition in the Dalong Formation has been found to persist into the
earliest Triassic in the Gaimdo (Yang et al., 2012) and Xinmin sed@vang et al., 2014) of
GuizhouProvince, although generally this unit is considered to record latest Permian siliceous
sedimentation in deep-water basin and slope environrents (He et allCp@h®t al., 2010).

Since the definition of Dalong Formation was confirmed by Zhao et al. (1978), the Dalong
Formation in western Hubei area is usually considered to beCbianghsingian ag I,
), although the ammonoids recorded by Niu et al. (2000) indicate a Late Wuchiapingian to
Changhsingian age. Our conodont studies at Zhugiao and Shiligou confirm this age range.

Three conodont zones (C. subcarinata, C. changxingamd(S. yini Zones) are absent from
the Dalong Formation at the Zhugiao section between the C. wangi Zone and C. meishanensis
Zone. This may partly reflect the difficulty of extracting conodonts from siliceoasasthat
dominate this section. Previously reported conodont studies at siliceous-dominated sections at
Dongpan8) and Xinnlin (Zhang et al., 2014) also show that the conodorit zones
both sections are not complete. If this reason is right, the three missing zones are Sopposed
within the C. orientalis Zoneand further research is needed to differentiate them from the C.
orientalis Zone. Alternatively, the absence could be due to a hiatus, possibly be between bed 24
and 25a at the Zhugiao section. Evidences for this hiatus is: 1. a sudden change of lithology
between beds 24 and bed 25a from siliceous mudrock to limestone, 2. the surface of limestone in
bed 25a is irregular (Fig. 3d), 83Ccarb values shovanincrease at 24/25a boundary. If this reason
is correct, the hiatus in Zhugiao section may be caused by a regional regression, which is
potentially attributed to the regional crustal uplift which should begin from the south koimort
the Western Hubei Basin, as a result the Shiligou section is almost unaffected and with no
conodont zone absenuring the Late Permian, the western Hubei Basin was a longitudinal
tensile depression rift basin with many faults, especially in the east, which may cagsenal
crustal uplift chuo et al., 200|9).

6 CONCLUSIONS
Fifteen species belonging to three genera (Clarkina, Hindesdlisarcicella) of conodont
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P:1 elements were identified and eight conodont zones are recognized from the Dalong to the lower
Daye Formations at the Zhugiao and Shiligou sections near the western Hubei Provirtte, Sout
China. In ascending order, they are C. orientalis, C. wangi, C. subcarnata, C. chanigxi@igens
yini, C. meishanensis, H. parvasd I. isarcica zones. Severabnes are missing from the
Changhsingian (C. subcarinata, C. changxingensis and C. yini Zones) either due to collection
failure or the presence of a hiatus.

There are both carbon isotope negative excursions occur near the WCB and PTB at the
Zhugiao section and Shiligou section. The W&EC.ar» negative excursion is in the C. orientalis
zoneat the Zhugiao section with the average -%0&ollow by the brief positive peak between
+0.51%0 and +084%. around the WCB. At the Shiligou section, the WCB*C.an negative
excursion occurs in the C. orientatind the C. wangizones, then there is a rapid recovery to
stable values with the average valu&@, from the C. subcarinata to the C. yimes. The PTB
6%Ccab NEgative excursions are also showed. At Zhugiao, the negative excursion ranges from the
C. meishanensis Zon® the I. isarcica Zone. At Shiligou, the PTB3C.ap values begin to
gradual decline at the base of C.yini Zonéh a sharp negative shift62%o. in the upper part of C.
yini Zone, followed by a stable negative values on the averaf¥®0during the Early Triassic.

On Basis of conodortones and carbon isotope data, the WCB of the Zhugiao section is
placed at 10.85 m in the base of bed 25a and the WCB of the Shiligou section should be laid at
7.24 m in the lower of bed 6, meanwhile, the PTB of the Zhugiao section is drawn at 1ih.74 m
bed 27 and the PTB of the Shiligou section is placed at 35.39 m in the bottom of bed 17.
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Figure captions

Figure 1. (a) Paleogeography during the Changhsingian Stage in the Middlépgadl Yangtze Region, modified
from Feng et al. (1997) and He et al. (2013); (b) Paleogeogsipiwing the position of South China during the
end-Permian extinction, modified after Scotese, 2001; (c) Distributiosleep-water environments during the
Changhsingian in South China, modified from Yin et al. (2014) %ud et al. (1989)klocation of the Shiligou
section, Alocation of the Zhugiao section. NMBY = North marginal basin of Yamdelatform; HGGB =
Hunan-Guizhou-Guangxi basin.

Figure 2. The locations of the Zhugiao and Shiligou sections, western HubénBep South Chinaklocation of
the Shiligou sectionaA location of the Zhugiao section.

Figure 3. Photos of field outcrops and fossils at the Zhugiao and Shiligou seatidihe western Hubei Province,
South China. (a) Panorama of the Zhugiao section; (b) Litholodyedf25 to bed 29 at Zhugiao, insert is a
dolomitic mudstone of bed 26; (c) Ophiceras in the bed 27 o Bay. at Zhugiao; (d) rugged limestone surface
at the base of bed 25a of Dalong Fm. at Zhugiao; (e) overvidve WCB at Shiligou; (f) the PTB at Shiligou.

Figure 4. Distribution of conodont fossils at Zhugiao, Wufeng County, Yichang, @igstern Hubei Province,
South China.

Figure 5. Distribution of conodont fossils at the Shiligou section in Xinglongi,oFengjie County, Chongging
City, South China.

Figure 6. Changhsingiani'3Ccan chemostratigraphy at the Zhugiao and Shiligou sections comparedheit

Meishan and Shangsi records fflom Shen et al.(2013).

Plate 1. SEM photos of conodonts from the Zhugiao section. All illustration®aeéements, Scale bar=10é. 1,
Clarkina guangyuanensis (Dai and Zhang, 1989), from sample ZQg-@larkina transcaucasica Gullo and
Kozur, 1992, from sample ZQG@%; 3, Clarkina liangshanensis (Wang, 1978), sample DQG4-25. Clarkina
orientalis (Barskov and Koroleva, 1970), 4-7, sample 2Q@-25, sample ZQ@®38-01.


http://ir.nigpas.ac.cn/handle/332004/335225
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Plate 2. SEM photos of conodonts from the Zhugiao section. All illustratioed?aelements, Scale bar=1@h.
1-28, Clarkina orientalis (Barskov and Koroleva, 1970), 1-2 pga@QC-19, 3-8, sample ZQC-20, 9-14, sample
ZQC-21, 15-17, sample ZQC-22, 18-23, sample ZQC-23, 24-26, sa@@eZ01,27-28, sample ZQ5-01.

Plate 3. SEM photos of conodonts from the Zhugiao and Shiligou sectidlhillustrations are Pelements, Scale
bar=100um. 1-8, Clarkina orientalis (Barskov and Koroleva, 1970), Shiligotia®cl, sample SLG-01, 2-5,
sample SLG-05, 6-7, sample SI08-02, 8, sample SLG31-02; 9-23. Clarkina wangi (Zhang, 1987), 9-16,
Zhugiao section, sample ZQZ5-01, 17-23, Shiligou section, 17-21, sample 0601, 22-23, sample
SLG-06-02; 24-27, Clarkina subcarinata (Sweet, 1973), Shiligou se@Qi26, sample SL®8-02, 27, sample
SLG-09; 28-33, Clarkina changxingensis (Wang and Wang,)198iligou section, 28-29, sample SLG-12, 30-31,
sample SLGE3-01, 32-33, sample SLE3-02.

Plate 4. SEM photos of conodonts from the Zhugiao and Shiligou sectihillustrations are Pelements, Scale
bar=100um. 1-5, Clarkina changxingensis (Wang and Wang, 1981), Shiligou sedicsample SL35-01, 2,
sample SLGE5-02, 3-4, sample SLA6-02, 5, sample SL@6-03; 6, Clarkina deflecta (Wang and Wang, 1981),
Shiligou section, sample SLA@5-01; 7-9, Clarkina yini Mei, 1998, Shiligou section, 7, samdl&d5-01, 8,
sample SLGE5-03, 9, sample SLG6-02; 10-12, Clarkina meishanensis (Zhang et al., 1995), Zhsgieiion,
sample ZQC25-02; 14, 19-20. Hindeodus parvus (Kozur and Pjatakova,1976)gidh section, 14, sample
ZQC-28, 19, sample ZQB4-01, 20, sample ZQB4-02; 13, 15, Hindeodus sp., 13, Shiligou section, sample
SLG15-01, 15, Zhugiao section, sample ZQC-28; 16, Clarkina odcfiddei, 1996), Zhugiao section, sample
ZQC-28; 17, Hindeodus pisai Perri and Farabegoli, 2003, Zhug@mrsesample ZQ30-02;18, Isarcicella
isarcica (Huckriede, 1958), Zhugiao section, sample 2Q02; 21. Hindeodus aff. parvus, Shiligou section,
sample SLGLE7-03.
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