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ABSTRACT: Deep-water facies sections have advantages of recording complete 19 

information across the Permian-Triassic boundary (PTB). Here we present a detailed 20 

study on the conodont biostratigraphy and carbon isotope profile ranges from the 21 

Wuchiapingian-Changhsingian boundary (WCB) to the PTB of two deep-water facies 22 

sections at Zhuqiao and Shiligou in the Middle Yangtze region, western Hubei, South 23 

China. Fifteen species and three genera are identified. Eight conodont zones are 24 

recognized, in ascending order, they are the Clarkina orientalis, C. wangi, C. 25 

subcarinata, C. changxingensis, C. yini, C. meishanensis, Hindeodus parvus and 26 

Isarcicella isarcica Zones. The onset of deposition of the deep-water siliceous strata of 27 

the Dalong Formation in western Hubei began in the late Wuchiapingian and 28 

persisted to the late Changhsingian. Carbon isotope negative excursions occur near 29 

both the WCB and PTB in both sections. The WCB į13Ccarb negative excursion is in 30 

the C. orientalis and C. wangi zones. The PTB į13Ccarb negative excursion began in the 31 

C. yini Zone and extended to the I. isarcica Zone. The absence of several 32 

Changhsingian zones may indicate the difficulty of extracting conodonts from 33 

siliceous strata or the presence of an intra-Changhsingian hiatus. 34 

KEY WORDS: Dalong Formation, conodonts, į13Ccarb isotope, Wuchiapingian-Changhsingian boundary, 35 

Permian-Triassic boundary  36 

0 INTRODUCTION 37 

The end-Permian saw the largest mass extinction in history with 95% of marine species and 38 

75% of terrestrial species disappearing (Shen and Bowring, 2014; Erwin, 2006; Benton and 39 

Twitchett, 2003; Jin et al., 2000; Raup and Sepkoski, 1982; Sepkoski, 1981). In contrast, the losses 40 

of conodont were relatively moderate, they are more likely to record some effectively information 41 

about Permian-Triassic mass extinction compared with other contemporaneous organisms (Lai et 42 

al., 2018). Conodont plays an important role in constructing biostratigraphic framework during 43 
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this period. For example, the first appearance of Hindeodus parvus is the marker for the base of 44 

Early Triassic (Yin et al., 2001), and some key conodonts could be used to establish conodont 45 

zones and make global comparison ( e.g. Lyu et al., 2019; Kolar-Jurkovšek et al., 2018; Brosse et 46 

al., 2017; Wang et al., 2017; Jiang et al., 2014, 2011, 2007; Yuan et al., 2014; Zhang et al., 2014; 47 

Yang et al., 2012; Metcalfe et al., 2008; Zhao et al., 2007; Perri and Farabegoli, 2003). Especially, 48 

a high-resolution conodont zonation across the PTB has been reported at the Meishan section, 49 

South China (Chen et al., 2015; Yuan et al., 2014; Zhang et al., 2009; Jiang et al., 2007). Based on 50 

the conodont biostratigraphy, the timing of the PTB mass extinction has been constrained from the 51 

top part of C. yini Zone to the I. staeschei Zone in Meishan (Song et al., 2013; Shen et al., 2011; 52 

Yin et al., 2007; Jin et al., 2000). Moreover, the conodont fauna was sensitive to 53 

palaeoenvironmental and climatic changes during the PTB period, which has been confirmed by 54 

the studies of conodont size variation (Chen et al., 2015; Schaal et al., 2015; Luo et al., 2006). 55 

Furthermore, conodont oxygen isotope has become a valuable tool for reconstructing sea-surface 56 

temperatures curve in the PTB interval, and a major temperature rise form the latest Permian to 57 

the Early Triassic has been reported (Schobben et al., 2014; Joachimski et al., 2012; Sun et al., 58 

2012). 59 

South China, with its well exposed PTB strata in the Yangtze region, remains one of the best 60 

studied regions (Lai et al., 2018; Yin et al., 2014). However, the conodont occurrences in the 61 

deep-water, basinal facies of western Hubei area, located in the Middle Yangtze region, are 62 

amongst the least studied in South China. A few works on Changhsingian conodont 63 

biostratigraphy have been documented at Ganxi (Lyu et al., 2019; Nafi et al., 2006) and Tianqiao 64 

(Wang and Xia, 2004a) in Xuanen County. Conodonts from the PTB and Early Triassic have been 65 

reported from Jianshi, Enshi City (Lyu et al., 2019) and Xiakou, Xingshan County (Zhao et al., 66 

2013; Wang and Xia, 2004b) in western Hubei area. 67 

Basinal sections have the advantage of recording more complete information across the PTB 68 

(Lai et al., 2018; Jiang et al., 2015; Yin et al., 2014), whilst most documented sections are in 69 

shallow-water, carbonate platform facies (Bai et al., 2017; Liang et al., 2016; Jiang et al., 2014; 70 

2007; Chen et al., 2009; Tong and Zhao, 2005; Yin et al., 2001). Reports of conodonts from 71 

deep-water, bedded siliceous rocks are rare and restricted to reports from Dongpan in Guangxi 72 

(Luo et al., 2008) and Xinmin in Guizhou (Zhang et al., 2014). 73 

Here we present a detailed study on the latest Wuchiapingian to earliest Triassic conodont 74 

biostratigraphy and carbon isotope profile from the deep-water basin facies of the Zhuqiao and 75 

Shiligou sections in the Middle Yangtze region of western Hubei, South China.  76 

1 GEOLOGICAL SETTING  77 

In South China, during the Changhsingian (Late Permian), the Middle Yangtze Block was 78 

mostly carbonate platform (Fig.1c), whilst siliceous strata of the Dalong Formation accumulated 79 

in deep-water on the northern and southwest margin of the Block (Yin et al., 2014; Feng and Gu, 80 

2002). Contemporaneously, the western Hubei Basin was a large rift basin that formed an 81 

embayment in the northwestern margin of the Middle Yangtze Block (Liu et al., 2019; Zhuo et al., 82 

2009) (Figs. 1a and 1b). The Zhuqiao and Shiligou sections were located in the western Hubei 83 

Basin during the PTB (Fig.1a). The Dalong Formation occurs extensively in western Hubei, and is 84 

considered a record of deep-water basin and deeper-water slope environments during the latest 85 

Permian (He et al., 2013). There are three sedimentary types of the Dalong Formation in this area 86 

from west to east, and they are siliceous rock to limestone and mudstone type, mudstone to 87 

siliceous rock type and siliceous limestone to mudstone type (Niu et al., 2000). The first two types 88 

are of deep-water, basin origin, whereas the last type is a transitional type between the basin and 89 



 
 

platform facies. 90 

The Zhuqiao section is located next to the Zhuqiao hydropower station, 2 Km north of 91 

Zhuqiao village, Wufeng County, Yichang City, western Hubei Province, South China (Fig. 2). 92 

The exposed strata at the Zhuqiao section include the Late Permian Wuchiaping and Dalong 93 

formations, and the Early Triassic Daye Formation (Fig. 3). The top of Wuchiaping Formation is 94 

composed of grey, dolomitic limestone with bed thicknesses of more than 1 m. The Dalong 95 

Formation consists of grey to dark grey thin-bedded siliceous mudstone and carbonaceous 96 

mudstone with a few interbeds of dark grey medium- to thin-bedded limestone, forming rhythmic 97 

stratification, and with well-developed thin laminations. Planktonic or nektonic fossils including 98 

ammonoids and radiolarians are common in the thin-bedded siliceous mudstone. Thus, 99 

predominately siliceous facies of the Dalong Formation at Zhuqiao are considered a deep-water 100 

basin facies and belong to the mudstone to siliceous rock type of Niu et al. (2000). The Daye 101 

Formation consists of mudstone and muddy limestone with thin-bedded claystone. 102 

The Shiligou section is located in Xinglong Town, Fengjie County of Chongqing City, along 103 

the roadside of the “Tourism Circle Way” (Fig. 2). The strata at Shiligou belong to the western 104 

Hubei Basin and consist of the well exposed Dalong and Daye formations (Fig. 3). The lower part 105 

of Dalong Formation is grey to black, thin-bedded siliceous mudstone and calcareous mudstone, 106 

similar to the Zhuqiao section, whereas the middle and upper parts consist of grey, medium- to 107 

thin-bedded limestone with calcareous mudstone interbedded. The Dalong Formation of the 108 

Shiligou section is also a deep-water, basinal facies and belongs to the siliceous rock to limestone 109 

and mudstone type of Niu et al. (2000). The overlying Daye Formation is composed of grey, 110 

thin-bedded limestone with interbedded mudstone. 111 

2 MATERIALS AND METHODS 112 

A total of 42 and 28 conodont samples (about 3-5 kg per sample) were collected from the 113 

Dalong and Daye formations at Zhuqiao and Shiligou respectively. Limestone samples were 114 

processed by dilute acetic acid (10%) (Jiang et al., 2007), mudstone samples were cracked by 115 

dithionite solution and hydrogen peroxide, and siliceous mudstone samples were dissolved by 116 

dilute hydrofluoric acid (5%). LST-an inorganic heavy liquid was used in conodont separation as 117 

described by Yuan et al. (2015). Fifteen species belonging to three genera (Clarkina, Hindeodus 118 

and Isarcicella) of conodont P1 elements were identified (1553 from the Zhuqiao section and 91 119 

from the Shiligou section), and some key species are illustrated in Plate 1 to 4. 120 

For į13Ccarb and į18O measurement, 106 and 60 fresh, whole rock samples were taken from 121 

the Zhuqiao and Shiligou sections respectively. Weathered surfaces and large calcite veins were 122 

avoided, and all samples were crushed to less than 200 meshes with a dentist drill. Analysis was 123 

conducted at the State Key Laboratory of Biogeology and Environmental Geology, China 124 

University of Geosciences (Wuhan) with a MAT-253 mass spectrometer with standard 125 

methodology (see Supplemental data). 126 

A positive correlation between į13Ccarb and į18Ocarb is usually explained as a sign of the 127 

influence of meteoric diagenesis (Meyers and Lohmann, 1985). Most of the į18Ocarb values 128 

obtained from Dalong Formation in our sections range from -4.0‰ to -8.0‰, indicating a weak 129 

influence of meteoric diagenesis. This conclusion is supported by the finding of the weak 130 

correlation (R2=10-4 and 10-2) between į13Ccarb and į18Ocarb (see Supplemental data). 131 

3 CONODONT BIOSTRATIGRAPHY 132 

   A total of eight conodont zones have been identified indicating ages ranging from the latest 133 

Wuchiapingian to earliest Triassic from the two sections in the western Hubei area. In ascending 134 

order, they are the C. orientalis in the latest Wuchiapingian, C. wangi, C. subcarinata, C. 135 



 
 

changxingensis, C. yini and C. meishanensis zones in the Changhsingian, H. parvus and I. isarcica 136 

zones in the Griesbachian. The Zhuqiao section has the C. orientalis, C. wangi, C. meishanensis, 137 

H. parvus and I. isarcica zones, whilst the Shiligou section has the C. orientalis, C. wangi, C. 138 

subcarinata, C. changxingensis and C. yini zones. 139 

3.1 Clarkina orientalis Zone 140 

This zone is discovered at both Zhuqiao (0-10.85 m, beds 1-24) and Shiligou (0-7.24 m, 141 

beds1-6) (Figs. 4 and 5). The lower limit of this zone is undefined because there was no sampling 142 

below this level. The upper limit is defined by the first occurrence (FO) of C. wangi. C. orientalis 143 

is the dominant species in this zone, especially abundant at the Zhuqiao section, where it occurs in 144 

most of the lower part of Dalong Formation. Besides the zonal conodont, only a few C. 145 

guangyuanensis, C. transcaucasica and C. liangshanensis were found in sample ZQC-1 at 146 

Zhuqiao. 147 

The C. orientalis Zone was first established by Kozur (1975) in Archura, Transcaucasia and 148 

is widely known in South China (Shen and Mei, 2010; Shen et al., 2007; Jin et al., 2006; Nafi et 149 

al., 2006; Mei et al., 1994) and Iran (Shen and Mei, 2010; Yazdi and Shirani, 2002). Though the 150 

range of C. orientalis could extend into the C. wangi Zone of basal Changhsingian, Shen (2007) 151 

particularly researched the spatial and temporal distribution of C. orientalis and showed that 152 

populations of this species are a distinct late Wuchiapingian maker. The base of C. orientalis Zone 153 

at the Zhuqiao and Shiligou sections are undefined, but this zone can be correlated with the 154 

Neogondolella orientalis-N. longicuspidata Zone  and C. longicuspidata Zone at the Meishan 155 

section (Yuan et al., 2014; Zhang et al., 2009), Ganxi section (Nafi et al., 2006) and Shangsi 156 

section (Shen et al., 2013) in South China and the C. orientalis Zone established by Shen and Mei 157 

(2010) in Iran. The age of this zone is late Wuchiapingian. 158 

3.2 Clarkina wangi Zone  159 

This zone is identified at both Zhuqiao (10.85-10.96 m, bed 25a) and Shiligou (7.24-11.39 m, 160 

beds 6-8) (Figs. 4 and 5). Lower limit: the first occurrence of C. wangi. The upper limit of this 161 

zone at the Shiligou section is defined by the first occurrence of C. subcarinata. However, at the 162 

Zhuqiao section, the upper limit is defined by the first occurrence of C. meishanensis in bed 25b. 163 

Associated conodonts are C. orientalis and C. sp.. C. wangi has its maximal abundance in the C. 164 

wangi Zone, especially in Zhuqiao, and we found hundreds of C. wangi specimens. 165 

Mei and Henderson (2001) first established the C. wangi-C. subcarinata Zone at the Meishan 166 

section and C. wangi had not been discovered outside South China at that time. Because the lower 167 

part of the zone is dominated by C. wangi, Mei et al. (2004) subsequently distinguished a C. 168 

wangi Zone from the C. wangi-C. subcarinata Zone. The Global Stratotype Section and Point 169 

(GSSP) for the basial boundary of the Changhsingian Stage was then defined at the first 170 

appearance datum of the conodont C. wangi within the C. longicuspidata to C.wangi lineage by 171 

Jin et al. (2006). 172 

3.3 Clarkina subcarinata Zone 173 

This early Changhsingian zone is only recognized in the Shiligou section (11.39-28.14m, 174 

beds8-12) (Fig. 5). Lower limit: the first occurrence of C. subcarinata, upper limit: the first 175 

occurrence of C. changxingensis. Associated conodonts are C. orientalis, C. wangi, and C. sp.. 176 

This zone has been widely studied around the world (Yuan et al., 2014; Shen and Mei, 2010; Ji et 177 

al., 2007; Kozur, 2005, 2004). Nafi et al. (2006) failed to differentiate this zone from the C. wangi 178 

Zone at their Ganxi section. The C. wangi Zone of Ganxi actually consists of both the C. wangi 179 

and C. subcarinata zones. This zone at Shiligou is equivalent to the C. subcarinata Zone of 180 



 
 

Meishan (Yuan et al., 2014) and Shangsi (Yuan et al., 2019; Shen et al., 2013) and sections in Iran 181 

(Shen and Mei, 2010).  182 

3.4 Clarkina changxingensis Zone 183 

This middle Changhsingian zone has only been identified in the Shiligou section 184 

(28.14-31.64 m, beds 12-15) (Fig. 5). Lower limit: the first occurrence of C. changxingensis, 185 

upper limit: the first occurrence of C. yini. Associated conodonts are C. deflecta and C. sp.. Wang 186 

and Wang (1981) first established the C. deflecta-C. changxingensis assemblage Zone at the 187 

Meishan section in South China, and the C. changxingensis Zone was since been widely reported 188 

around Paleotethys (Lyu et al., 2019; Bai et al., 2017; Yuan et al., 2014; Zhang et al., 2014; Shen 189 

and Mei, 2010; Zhang et al., 2009; Nafi et al., 2006; Mei et al., 1998; Orchard and Krystyn, 1998). 190 

The C. changxingensis Zone of the Shiligou section is equivalent to the middle and upper parts of 191 

the Neogondolella changxingensis-N. deflecta Zone of Zhang et al. (2009), and the C. 192 

changxingensis Zone of Yuan et al. (2014) at the Meishan section. 193 

3.5 Clarkina yini Zone 194 

This late Changhsingian zone is only found at Shiligou (31.64-35.39 m, bed 15-16) (Fig. 5). 195 

Lower limit: the first occurrence of C. changxingensis, although we only found a few C. 196 

changxingensis and C. yini individuals in bed 15 and 16 at Shiligou. And abundant Early Triassic 197 

bivalve Claraia and ammonoid Ophiceras are found in the bottom of bed 17, we put the upper 198 

limit of this zone in the uppermost part of bed 16. It is largely equivalent to the Neogondolella yini 199 

Zone at the Meishan (Jiang et al., 2007) and Shangsi sections (Jiang et al., 2011), and the C. yini 200 

Zone of the Ganxi section (Nafi et al., 2006).  201 

3.6 Clarkina meishanensis Zone 202 

This late Changhsingian zone is only identified at Zhuqiao (10.96-11.01m, beds 25b) (Fig. 5). 203 

Lower limit: the first occurrence of C. meishanensis, upper limit is placed at the top of bed 25b. 204 

No conodont species were found from bed 25c to bed 27, wo could not identify any zone in this 205 

interval. Just a few C. meishanensis were found in this zone and preserved badly, because a 206 

dithionite solution and hydrogen peroxide were used to crack the black mudstone of samples for 207 

conodont extraction. This zone was first established by Mei et al. (1998) at the Meishan section. 208 

The C. meishanensis of the Meishan section is in bed 25b of dark gray clay. The C. meishanensis 209 

at the Zhuqiao section may be equivalent to the Neogondolella meishanensis zone at Meishan 210 

(Jiang et al., 2007). 211 

3.7 Hindeodus parvus Zone 212 

This zone is only discovered at Zhuqiao (12.15-12.8m, beds28-30) (Fig. 4). Lower limit: the 213 

first occurrence of H. parvus. Upper limit: the first occurrence of Isarcicella isarcica. Associated 214 

taxa: C. orchard, H. sp., and C. sp.. The First Appearance Datum of H. parvus was used to defined 215 

the GSSP for the basal boundary of the Triassic System by Yin et al. (2001), and it has been 216 

widely used since (e.g. Lyu et al., 2019; Bai et al., 2017; Yuan et al., 2014; Zhang et al., 2014; 217 

Zhao et al., 2013; Jiang et al., 2007; Perri and Farabegoli, 2003). However, the first occurrence of 218 

H. parvus in our study was in bed 28, 0.36m higher than the first occurrence of Ophiceras in bed 219 

27, which we use to define the beginning of the Triassic in our section. 220 

We have not found H. parvus in the Shiligou section, but abundant Early Triassic Claraia and 221 

and Ophiceras were found in the bottom of bed 17. Furthermore, we found H. aff. parvus (Pl. 4, 222 

fig. 21) from Sample SLG-17C3 in bed 17. So, we consider the age of bed 17 at the Shiligou 223 

section to be the Earliest Triassic. 224 

3.8 Isarcicella isarcica Zone 225 

This mid Griesbachian zone is only found in the Zhuqiao section (12.8-13.96m, beds30-34) 226 



 
 

(Fig. 4). Lower limit: the first occurrence of Isarcicella isarcica. Upper limit is uncertain, because 227 

no samples were taken from above bed 34. Associated taxa: H. parvus and H. sp.. I. isarcica was 228 

first obtained by Huckriede (1958) in northern Italy. The I. isarcica Zone usually overlies the I. 229 

staeschei Zone (Zhang et al., 2014; Zhao et al., 2013; Jiang et al., 2007). However, we failed to 230 

establish this zone at Zhuqiao, where the I. isarcica Zone of the Zhuqiao section is believed to 231 

correspond to I. isarcica Zone at Meishan (Jiang et al., 2007) and Daxiakou (Zhao et al., 2013). 232 

4 CARBON ISOTOPE STRATIGRAPHY 233 

Carbon isotope variations in the PTB interval show a rapid and large negative excursions in 234 

both į13Ccarb and į13Corg records and provide an age control independent of conodont stratigraphy 235 

(e.g. Shen et al., 2013; Song et al., 2012; Korte and Kozur, 2010; Xie et al., 2007). The carbon 236 

isotope excursion around the WCB is also well documented in South China (e.g. Wei et al., 2015; 237 

Shen et al., 2013; Jin et al., 2006; Shao et al., 2000). However, whether the į13C excursion across 238 

the WCB is a global event or a special phenomenon influenced by regional factors is still 239 

unknown. Shao et al. (2000) documented a į13C anomaly at the WCB in Guizhou and Guangxi of 240 

South China, and considered this WCB excursion to be a global negative carbon isotopic 241 

excursion because more 12C-rich CO2 was released into the atmosphere. Shen et al. (2010) 242 

documented that the negative excursion around the WCB showed different magnitudes and 243 

patterns, and proposed that whether this excursion is due to local or global controls still remain 244 

unresolved. Wei et al. (2015) considered the significant negative excursion at the WCB was 245 

probably a global signal and mainly caused by the low primary productivity. Liao et al. (2016) 246 

suggested that the change in sedimentary environment had an important influence on the į13C 247 

values across the WCB. Here, we document carbon isotope data from WCB to PTB at the Zhuqiao 248 

and Shiligou sections (Fig. 6). 249 

At Zhuqiao, the į13Ccarb profile shows a gradual negative decline in the C. orientalis Zone 250 

with the values beginning to decline from 0.41‰ at 3.77m in bed 7 to the minimum -2.85‰ at 251 

9.96m in bed 22, followed by the brief positive peak between +0.51‰ and +0.84‰ around the 252 

WCB. The negative į13Ccarb excursion near the PTB is also showed. The excursion shows a 253 

negative excursion trend form the C. meishanensis Zone to I. isarcica Zone with the average 254 

-0.75‰. The į13Ccarb values are variable around the PTB, and can not be compared with the 255 

Meishan section (Shen et al., 2013; Xie et al., 2007) and other section in South China (Yuan et al., 256 

2015; Shen et al., 2013), which is difficult to explain. It seems there are some noises of the carbon 257 

isotope excursion at the PTB of Zhuqiao, the carbonate dolomitization is obvious near the PTB of 258 

Zhuqiao section (Fig.3 b), the carbonate dolomitization maybe one possible explanation.  259 

The į13Ccarb data should show a clear negative excursion across the WCB at Shiligou. The 260 

į13Ccarb curve indicates a negative excursion trend in the C. orientalis Zone and C. wangi Zone 261 

with the average -0.85‰, then the rapid recovery to stable values with the average value 0.64‰ 262 

from the C. subcarinata to the C. yini zones. The negative excursion around the PTB is more 263 

clearly observed at Shiligou. The į13Ccarb values are stable during the most part of Changhsingian 264 

with the average +0.64‰ from the C. subcarinata Zone to the C. yini Zone, which are consistent 265 

with the į13Ccarb values in the Changhsingian of many other sections (Shen et al., 2013). The 266 

į13Ccarb values begins to gradually decline at the base of C. yini Zone from 0.92‰ to -0.01‰, 267 

followed by a sharp negative shift 3.62‰ from 0.81‰ to -2.81‰ in the upper part of C. yini Zone, 268 

which may compare with the sharp 5‰ decline within the C. meishanensis Zone at the Meishan 269 

section (Xie et al., 2007). Above the PTB, the į13Ccarb values are stable on the average -0.80‰ in 270 

bed 17.  271 



 
 

5 DISCUSSION 272 

5.1 Definition of the Wuchiapingian-Changhsingian Boundary 273 

The Global Stratotype Section and Point (GSSP) for the base of the Changhsingian Stage was 274 

defined at the First Appearance Datum of the conodont C. wangi within the lineage from C. 275 

longicuspidata to C.wangi (Jin et al., 2006). C. wangi occurs in both the Zhuqiao and Shiligou 276 

sections, with the C. orientalis zone below. We suggest that the WCB of the Zhuqiao section 277 

should be placed at 10.85m in the base of bed 25a and the WCB of Shiligou section should be laid 278 

at 7.24m in the lower of bed 6.  279 

5.2 Definition of the Permian-Triassic Boundary 280 

At the Zhuqiao section, the first occurrence of H. parvus is in bed 28 which is 0.36 m higher 281 

than the first occurrence of Ophiceras (Figs. 3b and 3c) in bed 27. We define the PTB of the 282 

Zhuqiao section by the first occurrence of Ophiceras in bed 27(11.74 m), which is 0.36 m below 283 

the first occurrence of H. parvus.  284 

H. parvus is not found at Shiligou, but abundant Early Triassic Claraia and Ophiceras are 285 

found in bed 17 instead, where H. aff. parvus also occurs. So, we consider the age of bed 17 at 286 

Shiligou section should be the Earliest Triassic. Taking the negative excursion around the PTB 287 

from the Shiligou section into account, we suggest the PTB of the Shiligou section is at 35.39m, 288 

which is the bottom of bed 17. 289 

5.3 The temporal and spatial distribution of Dalong Formation in western Hubei 290 

In South China, chert deposition in the Dalong Formation has been found to persist into the 291 

earliest Triassic in the Gaimao (Yang et al., 2012) and Xinmin sections (Zhang et al., 2014) of 292 

Guizhou Province, although generally this unit is considered to record latest Permian siliceous 293 

sedimentation in deep-water basin and slope environments (He et al., 2013; Chen et al., 2010).  294 

Since the definition of Dalong Formation was confirmed by Zhao et al. (1978), the Dalong 295 

Formation in western Hubei area is usually considered to be of a Changhsingian age (He et al., 296 

2013), although the ammonoids recorded by Niu et al. (2000) indicate a Late Wuchiapingian to 297 

Changhsingian age. Our conodont studies at Zhuqiao and Shiligou confirm this age range.  298 

Three conodont zones (C. subcarinata, C. changxingensis and C. yini Zones) are absent from 299 

the Dalong Formation at the Zhuqiao section between the C. wangi Zone and C. meishanensis 300 

Zone. This may partly reflect the difficulty of extracting conodonts from siliceous strata that 301 

dominate this section. Previously reported conodont studies at siliceous-dominated sections at 302 

Dongpan (Luo et al., 2008) and Xinmin (Zhang et al., 2014) also show that the conodont zones in 303 

both sections are not complete. If this reason is right, the three missing zones are supposed be 304 

within the C. orientalis Zone, and further research is needed to differentiate them from the C. 305 

orientalis Zone. Alternatively, the absence could be due to a hiatus, possibly be between bed 24 306 

and 25a at the Zhuqiao section. Evidences for this hiatus is: 1. a sudden change of lithology 307 

between beds 24 and bed 25a from siliceous mudrock to limestone, 2. the surface of limestone in 308 

bed 25a is irregular (Fig. 3d), 3. į13Ccarb values show an increase at 24/25a boundary. If this reason 309 

is correct, the hiatus in Zhuqiao section may be caused by a regional regression, which is 310 

potentially attributed to the regional crustal uplift which should begin from the south to north in 311 

the Western Hubei Basin, as a result the Shiligou section is almost unaffected and with no 312 

conodont zone absent. During the Late Permian, the western Hubei Basin was a longitudinal 313 

tensile depression rift basin with many faults, especially in the east, which may cause a regional 314 

crustal uplift (Zhuo et al., 2009). 315 

6 CONCLUSIONS 316 

Fifteen species belonging to three genera (Clarkina, Hindeodus and Isarcicella) of conodont 317 



 
 

P1 elements were identified and eight conodont zones are recognized from the Dalong to the lower 318 

Daye Formations at the Zhuqiao and Shiligou sections near the western Hubei Province, South 319 

China. In ascending order, they are C. orientalis, C. wangi, C. subcarnata, C. changxingensis, C. 320 

yini, C. meishanensis, H. parvus and I. isarcica zones. Several zones are missing from the 321 

Changhsingian (C. subcarinata, C. changxingensis and C. yini Zones) either due to collection 322 

failure or the presence of a hiatus. 323 

There are both carbon isotope negative excursions occur near the WCB and PTB at the 324 

Zhuqiao section and Shiligou section. The WCB į13Ccarb negative excursion is in the C. orientalis 325 

zone at the Zhuqiao section with the average -1.08‰, follow by the brief positive peak between 326 

+0.51‰ and +0.84‰ around the WCB. At the Shiligou section, the WCB į13Ccarb negative 327 

excursion occurs in the C. orientalis and the C. wangi zones, then there is a rapid recovery to 328 

stable values with the average value 0.64‰ from the C. subcarinata to the C. yini zones. The PTB 329 

į13Ccarb negative excursions are also showed. At Zhuqiao, the negative excursion ranges from the 330 

C. meishanensis Zone to the I. isarcica Zone. At Shiligou, the PTB į13Ccarb values begin to 331 

gradual decline at the base of C.yini Zone, with a sharp negative shift 3.62‰ in the upper part of C. 332 

yini Zone, followed by a stable negative values on the average -0.80‰ during the Early Triassic.    333 

On Basis of conodont zones and carbon isotope data, the WCB of the Zhuqiao section is 334 

placed at 10.85 m in the base of bed 25a and the WCB of the Shiligou section should be laid at 335 

7.24 m in the lower of bed 6, meanwhile, the PTB of the Zhuqiao section is drawn at 11.74 m in 336 

bed 27 and the PTB of the Shiligou section is placed at 35.39 m in the bottom of bed 17. 337 
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 563 

Figure captions 564 

Figure 1. (a) Paleogeography during the Changhsingian Stage in the Middle and Upper Yangtze Region, modified 565 

from Feng et al. (1997) and He et al. (2013); (b) Paleogeography showing the position of South China during the 566 

end-Permian extinction, modified after Scotese, 2001; (c) Distribution of deep-water environments during the 567 

Changhsingian in South China, modified from Yin et al. (2014) and Sun et al. (1989). մlocation of the Shiligou 568 

section, Ÿlocation of the Zhuqiao section. NMBY = North marginal basin of Yangtze Platform; HGGB = 569 

Hunan-Guizhou-Guangxi basin. 570 

 571 

Figure 2. The locations of the Zhuqiao and Shiligou sections, western Hubei Province, South China. մlocation of 572 

the Shiligou section, Ÿlocation of the Zhuqiao section. 573 

 574 

Figure 3. Photos of field outcrops and fossils at the Zhuqiao and Shiligou sections in the western Hubei Province, 575 

South China. (a) Panorama of the Zhuqiao section; (b) Lithology of bed 25 to bed 29 at Zhuqiao, insert is a 576 

dolomitic mudstone of bed 26; (c) Ophiceras in the bed 27 of Daye Fm. at Zhuqiao; (d) rugged limestone surface 577 

at the base of bed 25a of Dalong Fm. at Zhuqiao; (e) overview of the WCB at Shiligou; (f) the PTB at Shiligou. 578 

 579 

Figure 4. Distribution of conodont fossils at Zhuqiao, Wufeng County, Yichang City, western Hubei Province, 580 

South China. 581 

 582 

Figure 5. Distribution of conodont fossils at the Shiligou section in Xinglong Town, Fengjie County, Chongqing 583 

City, South China. 584 

 585 

Figure 6. Changhsingian į13Ccarb chemostratigraphy at the Zhuqiao and Shiligou sections compared with the 586 

Meishan and Shangsi records from Shen et al.(2013). 587 

 588 

Plate 1. SEM photos of conodonts from the Zhuqiao section. All illustrations are P1 elements, Scale bar=100 ȝm. 1, 589 

Clarkina guangyuanensis (Dai and Zhang, 1989), from sample ZQC-01; 2, Clarkina transcaucasica Gullo and 590 

Kozur, 1992, from sample ZQC-01; 3, Clarkina liangshanensis (Wang, 1978), sample ZQC-01; 4-25. Clarkina 591 

orientalis (Barskov and Koroleva, 1970), 4-7, sample ZQC-01,8-25, sample ZQC-08-01. 592 
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 593 

Plate 2. SEM photos of conodonts from the Zhuqiao section. All illustrations are P1 elements, Scale bar=100 ȝm. 594 

1-28, Clarkina orientalis (Barskov and Koroleva, 1970), 1-2, sample ZQC-19, 3-8, sample ZQC-20, 9-14, sample 595 

ZQC-21, 15-17, sample ZQC-22, 18-23, sample ZQC-23, 24-26, sample ZQC-24-01, 27-28, sample ZQC-25-01. 596 

 597 

Plate 3. SEM photos of conodonts from the Zhuqiao and Shiligou sections. All illustrations are P1 elements, Scale 598 

bar=100 ȝm. 1-8, Clarkina orientalis (Barskov and Koroleva, 1970), Shiligou section, 1, sample SLG-01, 2-5, 599 

sample SLG-05, 6-7, sample SLG-08-02, 8, sample SLG-11-02; 9-23. Clarkina wangi (Zhang, 1987), 9-16, 600 

Zhuqiao section, sample ZQC-25-01, 17-23, Shiligou section, 17-21, sample SLG-06-01, 22-23, sample 601 

SLG-06-02; 24-27, Clarkina subcarinata (Sweet, 1973), Shiligou section, 24-26, sample SLG-08-02, 27, sample 602 

SLG-09; 28-33, Clarkina changxingensis (Wang and Wang, 1981), Shiligou section, 28-29, sample SLG-12, 30-31, 603 

sample SLG-13-01, 32-33, sample SLG-13-02. 604 

 605 

Plate 4. SEM photos of conodonts from the Zhuqiao and Shiligou sections. All illustrations are P1 elements, Scale 606 

bar=100 ȝm. 1-5̍ Clarkina changxingensis (Wang and Wang, 1981), Shiligou section, 1, sample SLG-15-01, 2, 607 

sample SLG-15-02, 3-4, sample SLG-16-02, 5, sample SLG-16-03; 6, Clarkina deflecta (Wang and Wang, 1981), 608 

Shiligou section, sample SLG -15-01; 7-9, Clarkina yini Mei, 1998, Shiligou section, 7, sample SLG-15-01, 8, 609 

sample SLG-15-03, 9, sample SLG-16-02; 10-12, Clarkina meishanensis (Zhang et al., 1995), Zhuqiao section, 610 

sample ZQC-25-02; 14, 19-20. Hindeodus parvus (Kozur and Pjatakova,1976), Zhuqiao section, 14, sample 611 

ZQC-28, 19, sample ZQC-34-01, 20, sample ZQC-34-02; 13, 15, Hindeodus sp., 13, Shiligou section, sample 612 

SLG15-01, 15, Zhuqiao section, sample ZQC-28; 16, Clarkina orchard (Mei, 1996), Zhuqiao section, sample 613 

ZQC-28; 17, Hindeodus pisai Perri and Farabegoli, 2003, Zhuqiao section, sample ZQC-30-02;18, Isarcicella 614 

isarcica (Huckriede, 1958), Zhuqiao section, sample ZQC-30-02; 21. Hindeodus aff. parvus, Shiligou section, 615 

sample SLG-17-03. 616 



 
 

 617 

 618 



 
 

 619 



 
 

 620 



 
 

 621 

 622 



 
 

623 



 
 

 624 


