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ABSTRACT: The Nanpanjiang Basin is a key area for paleontological and biostratigraphical study of 
the Middle Triassic. Herein we studied Middle Triassic conodonts from a well-exposed section, the 
Shaiwa Section, which is located at the northwest end of the Nanpanjiang Basin. A total of six Anisian 
conodont zones are recognized; in ascending order, they are: the Nicoraella germanica Zone, the Ni-
coraella kockeli Zone, the Paragondolella bulgarica Zone, the Neogondolella constricta Zone, the 
Neogondolella cornuta Zone, and the Paragondolella excelsa Zone, respectively. The first occurrence of 
Nicoraella kockeli defines the Bithynian-Pelsonian boundary. The Pelsonian-Illyrian boundary is de-
fined by the first occurrence of Neogondolella constricta. The Anisian-Ladinian boundary cannot be 
recognized at the Shaiwa Section due to the absence of conodont indicative of the Ladinian. However, 
the new conodont data indicate that the uppermost strata could be very close to the boundary. The 
abrasion of conodont surfaces provides evidence for demonstrating reworking at the Shaiwa Section, 
which makes some conodonts possess a longer stratigraphic range than previously recorded. The varia-
tion in relative abundance between blade-shaped conodonts and platform conodonts indicates that 
segminiplanate elements probably preferred deeper and oxygenated environments whereas a restricted 
marine environment is more suitable for segminate elements. 
KEY WORDS: conodont biostratigraphy, Middle Triassic, Shaiwa Section, Nanpanjiang Basin 
 

0  INTRODUCTION 
The end-Permian mass extinction is thought to be the most 

severe biotic crisis of the Phanerozoic, in which over 90% of 
marine invertebrate taxa were eliminated (e.g., Erwin et al., 
2002; Sepkoski, 1984). The alteration of the marine ecosystem 
structures from Paleozoic-type to Mesozoic-type started here, 
following several million years of continued catastrophic envi-
ronmental conditions, until the ecosystem fully recovered in the 
Middle Triassic (Chen and Benton, 2012). Thus, the Middle 
Triassic is a key period that recorded the recovery and exten-
sive radiation of the marine biota after the end-Permian mass 
extinction. Conodonts play important roles in dating and cali-
brating Middle Triassic strata (Ogg et al., 2016).  

The earliest reported conodonts of the Middle Triassic 
were from the Muschelkalk limestone of Germanic Basin by  
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Tatge (1956), who first described several conodont species, in-
cluding Neogondolella mombergensis and Nicoraella kockeli. 
From then on, Middle Triassic conodonts were identified from 
the Muschelkalk facies across Europe (e.g., Chen et al., 2019; 
Escudero-Mozo et al., 2015; Kozur, 2003; Vörös, 2003; 
Zawidzka, 1975). In North America, Middle Triassic conodonts 
have been described from the Prida Formation (Fm.) in north-
western Nevada of the USA (Mosher, 1968; Mosher and Clark, 
1965), and from the Montney and Doig formations of the western 
Canada Sedimentary Basin of British Columbia in Canada 
(Golding, 2018; Golding and Orchard, 2018, 2016; Golding et al., 
2014; Orchard and Tozer, 1997). In Asia, Middle Triassic cono-
donts have been found in Malaysia (Metcalfe, 1990), the Spiti 
valley of India (Goel, 1977), and the Kiso (Koike et al., 1971), 
Inuyama and Tsukumi areas (Muto et al., 2019) of Japan. In 
China, Wang and Wang (1976) first established Middle Triassic 
conodont zones in the Tulong Group from the Everest (Qomo-
langma) region, where the Ng. regale Zone, the Ng. constricta 
Zone and the Paragondolella excelsa Zone were recognized. 
Subsequently, Middle Triassic conodonts were identified in other 
regions of Tibet (Xizang) (Wu et al., 2019, 2007; Zhou et al., 
2006; Zhao and Zhang, 1991; Tian, 1983), Sichuan (Rao et al., 
1985; Wang and Dai, 1981), Guizhou (Liang et al., 2016; Sun et 
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al., 2014, 2006; Orchard et al., 2007b; Wang et al., 2005; Yao et 
al., 2004; Wang and Zhong, 1994), Yunnan (e.g., Huang et al., 
2009; Zhang et al., 2009; Dong and Wang, 2006; Wang and 
Zhong, 1994), Guangxi (e.g., Chen et al., 2020; Yan et al., 2015; 
Wang and Zhong, 1994; Yang et al., 1986), and the Nadanhada 
Range of Northeast China (Buryi, 1996). 

The Nanpanjiang Basin, which was bordered on the north 
and west by the Yangtze shallow-marine carbonate platform, 
formed a deep marine embayment in the southern margin of 
Yangtze Block, and received nearly continuous deposition of 
deep-marine carbonates and some debris-flow breccia from the 
adjacent platform throughout Paleozoic to Late Triassic (Fig. 1) 
(Wang and Shi, 2008; Lehrmann et al., 2003; Wu, 2003). It is 
an ideal area to study the end-Permian mass extinction and the 
recovery of marine biotic ecosystems in the Triassic (e.g., Song 
et al., 2011; Lehrmann et al., 2007; Payne et al., 2006). Nu-
merous Permian and Triassic sections in this basin have been 
well studied in terms of conodont biostratigraphy (e.g., Liang et 
al., 2016; Chen et al., 2015; Yan et al., 2015; Wang et al., 2005), 
magnetostratigraphy (Chen et al., 2020), astrochronology (Li et 
al., 2018), carbon isotope stratigraphy (e.g., Song et al., 2013; 
Payne et al., 2004), strontium isotope stratigraphy (Song et al., 
2015), geochronology (Ovtcharova et al., 2015; Lehrmann et al., 
2006), paleo-seawater temperatures (Sun et al., 2012), and the 
occurrence of oceanic anoxic events (Song et al., 2012). The 
Shaiwa Section is located in the northwestern part of the Nan-
panjiang Basin, and received continuous deposition from the 

Early Permian to the Middle Triassic. Previously, studies at the 
Shaiwa Section were mainly focused on the Permian (Wang et 
al., 2016; Ji et al., 2009; Yuan et al., 2009; Gu et al., 2002; Gao 
et al., 2001; Yang and Gao, 2000) and the Early Triassic strata 
(Hu et al., 2006). Here we present a detailed Anisian conodont 
succession at this section for better understanding the Middle 
Triassic conodonts in South China. 

 
1  GEOLOGICAL SETTING  

The Shaiwa Section (25°35′13″N, 106°09′75″E) is located 
at Shaiwa Village, approximately 3 km northwestern to Sida- 
zhai Town, Ziyun County, about 200 km southwestern of Gui-
yang City, Guizhou Province (Fig. 1). This section is well ex-
posed and easily accessible, and dominated by marine carbon-
ate sedimentation during the Early–Middle Triassic. 

Triassic strata exposed at the Shaiwa Section are repre-
sented by the Luolou, Xinyuan and Bianyang formations. The 
researched Xinyuan Fm. is ~371 m in thickness, which is sub-
divided into the sandstone member (beds N1–N9, Fig. 2) in the 
lower part and the limestone member (beds 1–38, Fig. 2) in the 
upper part (Figs. 3a, 3b). The entire succession records con-
tinuous sedimentation in a deeper water environment. The 
sandstone member is composed of thin- to medium-bedded 
clastic rock intercalated with thin-bedded or lenticular lime-
stone; fossils are absent in this interval (Figs. 3g, 3h). The thin- 
to medium-bedded limestone, argillaceous limestone interca-
lated with thin-bedded mudstone, medium-bedded bioclastic  

 

 

Figure 1. Paleogeography and location of the study section. (a) Paleogeography of the Yangtze Platform and Nanpanjiang Basin; (b) paleogeographical location 

of the Shaiwa Section (red star) in the Nanpanjiang Basin during the Middle Triassic; GBG. the Great Bank of Guizhou, modified from Lehrmann et al. (2015); 

(c), (d) location map of the Shaiwa Section; (e) Early–Middle Triassic paleogeography (modified from http://www.scotese.com). 
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Figure 2. Stratigraphic distribution of Middle Triassic (Anisian) conodonts at the Shaiwa Section. The ratios of segminate and segminiplanate conodonts are 

shown on the right. 1. Segminiplanate elements (Sp); 2. segminate elements (S); 3. shale; 4. siliceous mudstone; 5. mudstone; 6. sandstone; 7. conglomerate; 8. 

micrite; 9. bioclastic limestone; 10. calcirudite; Ch. Chiosella; Gl. Gladigondolella; Mg. Magnigondolella; Ng. Neogondolella; Ni. Nicoraella; Pg. Paragon-

dolella; Tr. Triassospathodus; Fm. Formation; By. Bianyang Formation. 
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limestone and calcirudite are predominant in the lower part of 
the limestone member, whereas the upper part is dominated by 
thin-bedded mudstone intercalated with limestone, yielding 
foraminifers, brachiopods, gastropods, ammonoids, ostracods, 
bivalves and echinoderms (Figs. 3c–3f). 
 
2  MATERIALS AND METHODS 

The section was sampled over four field campaigns from 
2013 to 2015. A total of 131 rock samples, each weighing about 
5 kg, were collected during the field work from the Xinyuan 
Fm. for conodont extraction. Each sample was crushed into 
1.5–2 cm3 size fragments and dissolved in 10% diluted acetic 
acid, wet sieved through 20# and 160# meshes and air-dried at 
room temperature. Subsequently, heavy liquid separation (solu-
tion of lithium heteropolytungstates in water) was used to con-
centrate conodonts from the insoluble residues, following the 
methods documented by Yuan et al. (2015). Conodonts were 
then handpicked under a binocular microscope.  
 

3  CONODONT BIOSTRATIGRAPHY 
A total of 3 940 conodont specimens were obtained from 

70 samples, including about 2 792 P1 elements (Table 1), 
among which specimens belonging to the genera can be identi-
fied: Chiosella, Cratognathus, Gladigondolella, Neogondolella, 
Neospathodus, Nicoraella, Magnigondolella, Paragondolella, 
Spathicuspus and Triassospathodus. Based on the stratigraphi-
cal distributions of key conodont species, six conodont zones 
can be established (Fig. 2), as described below. The well-  
preserved conodont materials (Pl. 1–9) enable us to evaluate the 
Middle Triassic biostratigraphy at the Shaiwa Section. All 
specimens are housed at School of Earth Sciences, China Uni-
versity of Geosciences, Wuhan. 

 
3.1  Nicoraella germanica Zone  

The base of Ni. germanica Zone is defined by the first oc-
currence (FO) of Ni. germanica, and the top is defined by the 
FO of Ni. kockeli. At the Shaiwa Section, the FO of Ni. ger-
manica is at the base of Bed N8. Since the strata below Bed N8 
are mainly composed of clastic rock intercalated with thin- 
bedded or lenticular limestone, although seven samples were 
collected in this interval, no conodonts have been retrieved. So, 
the actual base of this zone at the Shaiwa Section is uncertain 
while the upper limit is at the base of Bed 1. Associated taxa 
include Spathicuspus spathi, Ch. n. sp. A (sensu Orchard et al., 
2007b), Ni. microdus, and Cratognathus kochi. Mosher (1968) 
considered that “Neospathodus microdus” was only known 
from the upper Ladinian. However, Chen et al. (2016) reviewed 
the evolution of the Middle and early Late Triassic conodonts, 
suggested that the species “Nicoraella microdus” had a strati-
graphic range from Bithynian to Pelsonian of Anisian. Other 
microfossils include fish materials and foraminifers. 

The zonal species was originally described by Kozur 
(1972) from the Lower Muschelkalk of the Germanic Basin and 
was used to define the Ni. germanica Zone, which character-
ized the Bithynian Substage in the Germanic Basin. Outside the 
Germanic Basin, this species was only found in a few areas of 
Tethys and western Panthalassa (Nicora, 1977). In China, Ni. 
germanica was identified from the Leikoupo Fm. in Sichuan 

(Wang and Dai, 1981), the Guanling Fm. in Guizhou (Sun et al., 
2009) and Yunnan (Huang et al., 2011; Zhang et al., 2009), the 
Luolou Fm. (Wang et al., 2005) and the Poduan Fm. (Liang et 
al., 2016) in Guizhou, the Gejiu Fm. and Huoma Fm. (Dong 
and Wang, 2006; Wang and Zhong, 1994) in Yunnan, and the 
Baifeng Fm. in Guangxi (Yang et al., 1986). 

 
Table 1  Numerical distribution of segminiplanate elements (Sp) and seg-

minate elements (S) at the Shaiwa Section. The numbers in parentheses are 

in situ specimens 

Bed Sp S Ramiform  Total Sp : S S : Sp 

38 4(4) 11(0) 31 46 100 0 

37 4(4) 0(0) 16 20 100 0 

36 9(9) 0(0) 3 12 100 0 

35 138(136) 37(2) 58 233 98.551 1.449 

34 3(3) 1(0) 0 4 100 0 

33 53(53) 32(4) 73 158 92.982 7.018 

32 1(1) 4(0) 10 15 100 0 

31 50(50) 10(0) 22 82 100 0 

30 2(2) 0(0) 1 3 100 0 

29 0(0) 0(0) 0 0 100 0 

28 1(1) 2(0) 0 3 100 0 

27 2(2) 6(0) 9 17 100 0 

26 121(119) 738(20) 108 967 85.612 14.388

25 12(12) 41(2) 37 90 85.714 14.286

24 67(65) 71(8) 40 178 89.041 10.959

23 27(27) 30(4) 41 98 87.097 12.903

22 2(2) 5(2) 2 9 50 50 

21 56(55) 73(11) 66 195 83.333 16.667

20 51(46) 28(2) 69 148 95.833 4.167 

19 90(88) 288(26) 237 615 77.193 22.807

18 2(2) 0(0) 2 4 100 0 

17 134(133) 27(26) 40 201 83.75 16.250

16 1(1) 2(2) 0 3 33.333 66.667

15 0(0) 22(22) 14 36 0 100 

14 1(1) 3(3) 0 4 25 75 

13 1(1) 1(1) 1 3 50 50 

12 0(0) 2(2) 40 42 0 100 

11 40(39) 33(12) 2 75 76.471 23.529

10 28(28) 17(15) 59 104 65.116 34.884

9 17(17) 14(12) 3 34 58.621 41.379

8 2(2) 31(30) 46 79 6.25 93.750

7 1(1) 54(48) 37 92 2.041 97.959

6 0(0) 53(51) 7 60 0 100 

5 0(0) 123(117) 3 126 0 100 

4 0(0) 7(5) 0 7 0 100 

3 0(0) 2(2) 0 2 0 100 

2 0(0) 36(32) 4 40 0 100 

1 1(1) 19(16) 31 51 5.882 94.118

N6 0(0) 48(38) 36 84 0 100 

Total 921(905) 1 1 148 3 \ \ 
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Figure 3. Outcrop and thin section photographs of the Xinyuan Formation. (a) The panorama of the Shaiwa Section; (b) outcrop view boundary of the sand-

stone member and the limestone member; (c)–(f) thin sections of bioclastic limestone from the limestone member; (g)–(h) thin sections of micrite limestone 

from the sandstone member, both thin sections consist of fine micrite calcite and lack bioclastic. ① Luolou Formation; ② Xinyuan Formation; ③ sandstone 

member; ④ limestone member; ⑤ Bianyang Formation. Abbreviations: bi. bivalve; br. brachiopod; c. Tubiphytes; ec. echinoderm; fo. foraminifer; ga. gastro-

pod; os. ostracod. 
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Nicoraella germanica is identified as an index fossil of the 
Bithynian (Narkiewicz and Szulc, 2004; Yang et al., 1999), i.e., 
the second substage of the Anisian stage, Middle Triassic (Ogg et 
al., 2014). The first appearance of this species has been inter-
preted as indicating the base of the Bithynian (Lehrmann et al., 
2015, 2006; Kozur, 2003). In North America, Ni. germanica has 
a first rare occurrence in the beds corresponding to the uppermost 
Aegean ammonoid Pseudokeyserlingites guexi Zone and be-
comes common in the succeeding lowest Bithynian ammonoid 
Siberlingites mulleri Zone (Nicora, 1977). However, the first 
appearance datum of this species in the Germanic Basin is late 
Bithynian, rather than early Bithynian (Narkiewicz and Szulc, 
2004); this phenomenon is also supported by the conodont suc-
cession from Silesia, where Ni. germanica first appears in the 
latest Bithynian (Zawidzka, 1975) and the Holy Cross Mountains, 
where the first appearance is as late as the Pelsonian (Trammer, 
1975). The interpretation of this phenomenon is that those areas 
were in restricted marine environmental conditions in the late 
Bithynian, that was more suitable for the late development of 
Nicoraella (Narkiewicz and Szulc, 2004). 
 
3.2  Nicoraella kockeli Zone 

The lower limit of this zone is defined by the FO of Ni. 
kockeli in Bed 1, and the upper limit is marked by the FO of 
Paragondolella bulgarica at the base of Bed 7. Conodonts 
from this zone include the relatively abundant Ni. kockeli and 
its antecessor Ni. germanica, as well as transitional forms be-
tween Ni. germanica and Ni. kockeli. One platform element 
was found in this zone (Plate 4, 10a–10c). The other associated 
conodont species include Ni. microdus, Ni. parabudaensis, Ch. 
n. sp. A, Cratognathus kochi, Triassospathodus symmetricus, Tr. 
homeri, and Cratognathus sp.. Other microfossils in this zone 
mainly include fish materials and foraminifers. 

Huang et al. (2011, 2009) distinguished two morphotypes 
of Ni. kockeli based on the different basal cavity in P1 elements: 
Ni. kockeli type 1 (the basal margin is straight) and Ni. kockeli 
type 2 (the anterior and posterior basal margin is straight while 
the basal cavity has a curved appearance). These two morpho-
types are also identified in our material (Plate 2, type 1: 11, 12, 
17–19, 21; type 2: 13–16, 20, 22, 23). 

Nicoraella kockeli was thought to have evolved from Ni. 
germanica (Sun et al., 2006; Narkiewicz and Szulc, 2004; 
Meco, 1999; Trammer, 1975), which was first reported from 
the lower Muschelkalk of the Germanic Basin in German 
(Tatge, 1956) and characterizes the Pelsonian both in the Ger-
manic Basin and the Tethyan oceanic areas (Kozur, 2003; Ni-
cora, 1977). Subsequently, this species has been widely identi-
fied in Nevada of the USA (Carey, 1984; Nicora, 1977), Ma-
laysia (Metcalfe, 1990), Poland (Narkiewicz and Szulc, 2004; 
Narkiewicz, 1999; Trammer, 1975, 1972, 1971; Zawidzka, 
1975), Austria (Kozur et al., 1994), Albania (Meco, 1999), and 
the Balaton Highland in Hungry (Vörös, 2003). In China, the 
Ni. kockeli Zone is present in the Guanling Fm. in Guizhou 
(Sun et al., 2014, 2006; Wang and Zhong, 1994) and Yunnan 
(Huang et al., 2009), the Luolou Fm. and the Guandao wedges 
(Wang et al., 2005), the Poduan Fm. (Liang et al., 2016) in 
Guizhou, the Baifeng Fm. (Yang et al., 1986) in Guangxi, and 
the Huoma Fm. (Dong and Wang, 2006) in Yunnan. The strati-

graphic range of this species encompasses the entire Pelsonian 
(Narkiewicz, 1999). 

 
3.3  Paragondolella bulgarica Zone 

The Pg. bulgarica Zone begins with the FO of Pg. bulga-
rica and ends with the FO of Ng. constricta, ranging from Bed 
7 to the lower part of Bed 19. The conodonts are abundant and 
diverse in this zone. Associated taxa include Ni. kockeli, Ni. 
germanica, Ni. microdus, Ni. parabudaensis, Ns. excelsus, Tr. 
symmetricus, Ch. timorensis, Spathicuspus spathi, Cratog-
nathus kochi, Pg. bifurcata, Pg. hanbulogi, Magnigondolella 
(Mg.) dilacerata, Mg. julii, and Cratognathus sp.. Other mi-
crofossils are mainly fish materials. 

Paragondolella bulgarica is a widespread species in Middle 
Triassic strata, which was originally reported from the Golo- 
Bardo Mountains in Bulgaria (Budurov and Stefanov, 1972). This 
species is also found in the Holy Cross Mountains and the 
Muschelkalk facies in Poland (Narkiewicz and Szulc, 2004; 
Trammer, 1975, 1972; Zawidzka, 1975) and eastern Iberia   
(Escudero-Mozo et al., 2015), the pelagic strata of Albania (Meco, 
1999), Nevada of the USA (Nicora, 1977), northeastern Spain 
(Márquez-Aliaga et al., 2000), and the Balaton Highland in Hun-
gry (Vörös, 2003). In China, Pg. bulgarica was recorded in the 
Guanling Fm. (Sun et al., 2014, 2006), the Xinyuan Fm. (Xie et al., 
2019; Ding and Huang, 1990), the Poduan Fm. (Bo et al., 2017), 
the Qingyan Fm. (Ji et al., 2011), the Yangliujing Fm. (Chen and 
Wang, 2009) and the Guandao wedges (Wang et al., 2005) in 
Guizhou. The stratigraphic range of this species is from Bithynian 
to lower Illyrian (Márquez-Aliaga et al., 2000; Trammer, 1972).  

In the Germanic Basin, the appearance of Pg. bulgarica is 
contemporaneous with that of Ni. germanica within the 
Bithynian (Narkiewicz and Szulc, 2004), and the Pg. bulgarica 
Zone is contemporaneous with the Ni. germanica Zone and the 
succeeding Ni. germanica-Ni. kockeli assemblage zone (Kozur, 
2003). In China, the Ni. germanica Zone and the Ni. kockeli Zone 
are generally representative of platform facies, whereas the Pg. 
bulgarica Zone indicates basin facies (Yang et al., 1999). At the 
Shaiwa Section, in ascending order, the Ni. germanica Zone, the 
Ni. kockeli Zone and the Pg. bulgarica Zone can be identified, 
respectively. A similar conodont succession was recognized at the 
Guandao Section (Lehrmann et al., 2015; Wang et al., 2005). 
Therefore, the conodont succession at the Shaiwa Section can be 
well correlated with that at the Guandao Section (Fig. 4). 

The genus Magnigondolella was established by Golding 
and Orchard (2018) from the Anisian of British Columbia in 
Canada and Nevada in the USA. This genus is characterized by 
species with high and fused carinas, which were previously 
referred to Neogondolella ex gr. regalis (e.g., Lehrmann et al., 
2015). This uniformly high, fused carina distinguishes Mag-
nigondolella from Neogondolella. The genus Paragondolella is 
similar to Magnigondolella in the height and fusion of its ca-
rina; nevertheless, the highest part of the carina is at the mid 
point and it descends to both sides of the element in contrast to 
that of Magnigondolella. Magnigondolella dilacerata was 
originally assigned to Ng. dilacerata (Golding and Orchard, 
2016) and was later placed into Magnigondolella by Golding 
and Orchard (2018) due to its uniformly high and fused carina. 
This species is characterized by an asymmetrical posterior 
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Figure 4. Correlation of the Middle Triassic (Anisian) conodont zonations. Abbreviations: Ng. Neogondolella; Ni. Nicoraella; Pg. Paragondolella. 

 
platform, an equal size of cusp and posterior denticle, strong 
fusion of the posterior two thirds of the carina, and has a strati-
graphic range from the ammonoid Lenotropites caurus Zone 
(Grambergia nahwisi Subzone) to Paracrochordiceras ameri-
canum Zone of the lower Anisian in North America (Golding and 
Orchard, 2016). Magnigondolella julii ranges from the ammon-
oid Lenotropites caurus Zone to the upper Anisian (Golding and 
Orchard, 2018). In our materials, some specimens of Mg. julii are 
similar to Ng. constricta but can be distinguished from the latter 
by the high and fused carina (Plate 4, 8a–8c). 
 
3.4  Neogondolella constricta Zone  

The Ng. constricta Zone begins with the FO of Ng. con-
stricta in Bed 19 and ends with the FO of Ng. cornuta in the 
lower part of Bed 26. The associated taxa include Ni. kockeli, 
Ni. germanica, Ni. parabudaensis, Cratognathus kochi, Ch. 
timorensis, Mg. dilacerata, Pg. bulgarica, Pg. bifurcata, Pg. 
hanbulogi, Mg. julii, Ng. curva, and Cratognathus sp. Other 
microfossils are mainly fish materials and foraminifers. 

Since Ng. constricta was first identified by Mosher and 
Clark (1965) in northwestern Nevada of the USA, this species 

has been widely recognized over the world, for instance in Po-
land (Narkiewicz, 1999; Trammer, 1975), Austria (Kozur et al., 
1994; Mosher, 1968), northeastern Spain (Márquez-Aliaga et al., 
2000), the Balaton Highland in Hungry (Kovács, 1994; Kovács 
et al., 1990), southern Alps (Kovács et al., 1990), eastern Iberia in 
the western Tethys (Escudero-Mozo et al., 2015), and the western 
Canada Sedimentary Basin (Orchard and Tozer, 1997). In China, 
the Ng. constricta Zone has been reported from the Xinyuan Fm. 
(Xie et al., 2019; Ding and Huang, 1990), the Qingyan Fm. (Qin 
et al., 1993), the Xuman Fm. (Wang, 1996), the Guandao wedges 
(Wang et al., 2005), the Longtou Fm. (Wu et al., 2008), the 
Guanling Fm. (Sun et al., 2014, 2006) and the Poduan Fm. (Bo et 
al., 2017) in Guizhou, the Banna Fm. and Lanmu Fm. (Wang and 
Zhong, 1994) in Guangxi, the Falang Fm. and Gejiu Fm. (Dong 
and Wang, 2006; Wang and Zhong, 1994) in Yunnan, and the 
Tulong Group from the Everest (Qomolangma) region of Tibet 
(Xizang) (Zhou et al., 2006; Wang and Wang, 1976). 

Neogondolella constricta is a comprehensive species that is 
typical of the Illyrian (Orchard, 2010). In North America and 
Tethys, the stratigraphic range of this species spans the middle- 
upper parts of the Illyrian to the Fassanian (Ladinian stage) 
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(Lehrmann et al., 2015; Márquez-Aliaga et al., 2000; Yang et al., 
1999; Mosher, 1968), corresponding to the upper parts of 
Paraceratites trinodosus to Eoprotrachyceras curioni ammonoid 
zones (Márquez-Aliaga et al., 2000). However, some scholars 
have demonstrated that this taxa appeared well below the Anisian- 
Ladinian boundary (Orchard, 2010; Kozur, 2003; Wang and Wang, 
1976), suggesting even perhaps that the upper range-limit of this 
taxa does not overstep the Illyrian ammonoid Paraceratites beds 
(Kozur et al., 1994), whereas the lower limit may extend to the 
latest Pelsonian (Lehrmann et al., 2015; Sun et al., 2006). 

The associated species Ng. curva was first introduced by 
Golding and Orchard (2016) from British Columbia of Canada 
and Nevada of the USA, where the stratigraphic range corre-
sponds to the ammonoid Lenotropites caurus Zone to Holland-
ites minor Zone and Pesudodanubites nicholsi Subzone to Au-
gustaceras escheri Subzone respectively. 

 
3.5  Neogondolella cornuta Zone 

The Ng. cornuta Zone ranges from the lower part of the 
Bed 26 to the lower part of Bed 35. The lower limit of this zone 
is defined by the FO of Ng. cornuta and the top is marked by 
the FO of Pg. excelsa. Co-occurring conodonts are Ni. kockeli, 
Ni. germanica, Ni. microdus, Ni. parabudaensis, Cratognathus 
kochi, Ng. constricta, Ng. curva, Ng. longa, Pg. bifurcata, Pg. 
hanbulogi, and Cratognathus sp.. 

Neogondolella cornuta was originally identified from the 
Golo-Bardo Mountains in Bulgaria (Budurov and Stefanov, 1972) 
and is very common in the Illyrian ammonoid Paracetatites- 
Reitziites bed (Brack et al., 2005; Kovács, 1994; Kozur et al., 
1994). The last appearance datum of this species is considered to 
be below the Anisian-Ladinian boundary (Chen et al., 2016; 
Brack et al., 2005) and the Ng. cornuta Zone represents the upper 
part of the Illyrian (Budurov and Stefanov, 1972). In China, the 
Ng. cornuta Zone was previously regarded as the Ng. constricta 
cornuta Zone, which could be recognized from the Guandao 
wedges (Wang et al., 2005), the Xinyuan Fm. (Xie et al., 2019) 
and the lower part of Yangliujing Fm. (Sun et al., 2014) in 
Guizhou, corresponding to the upper part of the Anisian.  

It is noteworthy that Kovács (1994) suggested that Ng. 
cornuta and Ng. balkanica (Budurov and Stefanov, 1975) were 
morphotypes of Ng. constricta. However, Kozur et al. (1994) 
differentiated these three species based on the outline of plat-
form of which Ng. constricta possesses a distinct constricted 
posterior platform, Ng. balkanica has a slender platform and an 
erect cusp surrounded by a distinct platform brim, whereas Ng. 
cornuta displays a posteriorly inclined cusp fused with the 
platform end. In our materials, Ng. constricta and Ng. cornuta 
are recognized whereas Ng. balkanica cannot be identified in 
terms of the description by Kozur et al. (1994). 

 
3.6  Paragondolella excelsa Zone 

The FO of Pg. excelsa defines the base of this zone in the 
lower part of Bed 35 and its upper limit is not defined because 
the beds above this horizon are devoid of index conodonts. The 
abundance and diversity of blade-shaped conodonts decrease in 
this zone, as only Ni. kockeli and Cratognathus sp. are recog-
nized. Other associated conodont species include Gladigon-
dolella malayensis, Gl. budurovi, Ng. constricta, Ng. cornuta, 

Mg. dilacerata, Ng. longa, Pg. bifurcata, Pg. bulgarica, Pg. 
hanbulogi, and Pg. tornaensis. Other microfossils are mainly 
fish materials and ostracodes.  

Mosher (1968) first introduced the zonal species in Europe 
and Western North America, which first appeared in the upper 
Anisian. Later, the Pg. excelsa Zone was also identified in other 
areas of the Europe (Zawidzka, 1975; Budurov and Stefanov, 
1972) and the pelagic deep-sea bedded chert of Kiso and Tsu-
kumi areas in Japan (Muto et al., 2019; Koike et al., 1971). In 
China, Pg. excelsa was recognized from the Tulong Group in 
Tibet (Xizang) (Tian, 1983; Wang and Wang, 1976), the 
Xinyuan Fm. (Wang, 1996), the Guanling Fm. (Sun et al., 
2014), the Bianyang Fm. (Qin et al., 1993), the lower-middle 
part of Lanmu Fm. (Wang and Zhong, 1994) and the Xuman 
Fm. (Wang, 1996) in Guizhou, and the uppermost part of the 
Banna Fm. in Guangxi (Wang and Zhong, 1994).  

In China, the Pg. excelsa Zone was used instead of the Ng. 
mombergensis Zone as the first conodont zone of the Ladinian 
(Wang, 1991) whereas in Guandao Section, the Pg. excelsa 
Zone was regarded as the latest zone of Anisian (Lehrmann et 
al., 2015). The stratigraphic range of Pg. excelsa is considered 
to span the upper Illyrian to lower Fassanian (Orchard, 2010; 
Kozur et al., 1994). In China, this species appears to range from 
the Anisian ammonoid Ptychites rugifer Zone to the Ladinian 
Paraceratites ladinum Zone (Wang and Wang, 1976). 

The P1 element of Gladigondolella is characterized by dis-
crete, low and rounded carina nodes. This genus is considered to 
be a pelagic conodont which is restricted to the Tethys, a few 
areas of Panthalassa and the western margin of North America. 
The species Gl. malayensis (Nogami, 1968) is thought to be re-
stricted to the Tethys (Orchard, 2010), with a stratigraphic range 
from late Ladinian to Carnian (e.g., Chen et al., 2016; Balini et 
al., 2000; Nogami, 1968). However, the oldest records of this 
species appear in the upper Anisian, equivalently to the Reiziites 
reitzi Zone (see Orchard, 2010, fig. 8). Many studies have docu-
mented Gl. malayensis in parts of Tethys and Panthalassa (e.g., 
Zhang et al., 2019; Hornung, 2006) whereas it is very rarely re-
ported from South China. Zhang et al. (2017) documented Gl. 
malayensis from the Zhuganpo Fm. in Guizhou Province and 
assigned it to the Julian substage, Carnian. Balini et al. (2000) 
and Chen et al. (2016) noted that the species Gl. budurovi 
(Kovács and Kozur, 1980) is morphologically very similar to Gl. 
malayensis; however, it can be distinguished from the latter by its 
shorter, thicker and broader platform, lower carina, an undevel-
oped cusp and a subterminal basal cavity, and a stratigraphic 
range that is restricted to the Anisian (Zhang et al., 2017; Chen et 
al., 2016). In our materials, both of these species are able to be 
identified, of which Gl. malayensis (Plate 4, 6a–6c) possessed a 
more slender, longer platform and a more developed cusp, dis-
tinguishing it from Gl. budurovi (Plate 4, 1–5). 

 
4  DISCUSSION 
4.1  Stage/Substage Boundaries  
4.1.1  The Bithynian-Pelsonian boundary 

Previously, the base of Pelsonian has been identified by 
the first occurrence of ammonoid Balatonites balatonicus in the 
area of the Balaton Highlands in Hungary (Vörös, 2003). 
Lehrmann et al. (2015) constrained the Bithynian-Pelsonian 
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boundary at an uncertain horizon between the last occurrence 
of Ng. ex gr. regalis and the first occurrence of Pg. bulgarica, 
and suggested using the first occurrence of B. balatonicus ac-
companied by Pg. bulgarica as the proxy for the base of the 
Pelsonian. At the Shaiwa Section, however, the appearance of 
Pg. bulgarica is lower than the appearance of Ng. ex gr. regalis 
(assigned to the genus Magnigondolella in this study), and it 
appears as though Pg. bulgarica occurs higher than other Pel-
sonian species such as Ni. kockeli (Fig. 2). Therefore, the first 
occurrence of Pg. bulgarica does not indicate the Bithynian- 
Pelsonian boundary at the Shaiwa Section.  

The usage of the first occurrence of Ni. kockeli as the 
proxy for the base of the Pelsonian has been supported by nu-
merous publications due to its wide distribution (e.g., Liang et 
al., 2016; Lehrmann et al., 2006; Narkiewicz, 1999). In South-
west China, the Panxian Fauna in Guizhou (Hao et al., 2006; 
Sun et al., 2006) and the Luoping Biota in Yunnan (Huang et al., 
2011, 2009; Zhang et al., 2009) are restricted to the Ni. kockeli 
Zone and are interpreted to be Pelsonian. At the Shaiwa Section, 
the first occurrence of Ni. kockeli is at the base of Bed 1; above 
this horizon, the lithology is dominated by limestone, which is 
significantly different from the underlying strata dominated by 
clastic rock (Fig. 2), indicating transgressive conditions that 
enabled a rapid dispersal of Ni. kockeli in the Pelsonian 
(Narkiewicz and Szulc, 2004). Consequently, the first occur-
rence of Ni. kockeli at the base of Bed 1 is interpreted as mark-
ing the Bithynian-Pelsonian boundary at the Shaiwa Section.  
 
4.1.2  The Pelsonian-Illyrian boundary 

The Pelsonian-Illyrian (middle/upper Anisian) boundary is 
typically placed at the horizon between the ammonoids Bu-
logites zoldianus Zone and Rieppelites cimeganus Zone, which 
is characterized by the disappearance of Acrochordiceras, Ba-
latonites and Bulogites and the appearance of Rieppelites 
(Monnet et al., 2008). Lehrmann et al. (2015) placed the   
Pelsonian-Illyrian boundary at the first occurrence Pg. excelsa 
at the Guandao Section, slightly higher than the first occurrence 
of Ng. constricta, suggesting this horizon approximates the 
transition from the Bulogites zoldianus Zone to the Rieppelites 
cimeganus Zone. At the Shaiwa Section, the first occurrence of 
Ng. constricta is also lower than the first occurrence of Pg. 
excelsa, and the typical Illyrian Ng. cornuta Zone is recognized 
between the Ng. constricta Zone and the Pg. excelsa Zone. 
Thus, at the Shaiwa Section, the Pelsonian-Illyrian boundary is 
placed at the lower part of Bed 19, on the basis of the first oc-
currence of Ng. constricta. 
 
4.1.3  The Anisian-Ladinian boundary 

The Anisian-Ladinian (A-L) boundary is defined based on 
the first appearance of the ammonoid Eoprotrachyceras curionii 
or the lowest occurrence of the conodont Budurovignathus prae-
hungaricus near the top of ammonoid Nevadites secedensis Zone 
in the uppermost Anisian (Orchard, 2010; Brack et al., 2005). 
Unfortunately, neither of the above ammonoid or conodont has 
yet been discovered in China. The first occurrence of the cono-
dont Bv. truempyi, the successor species of Bv. praehungaricus, is 
within the E. curionii Zone (Muttoni et al., 2004). This species 
was used as the proxy for the A-L boundary at the Guandao Sec-

tion (Lehrmann et al., 2015; Wang et al., 2005). At the Shaiwa 
Section, Bv. truempyi has not been retrieved.  

Brack et al. (2005) and Chen et al. (2016) suggested that 
Ng. cornuta does not occur above the A-L boundary. At the 
Shaiwa Section, the latest appearance of Ng. cornuta is at the 
top-most of the Xinyuan Fm. (Fig. 2). Consequently, the A-L 
boundary cannot be recognized at the Shaiwa Section. Tong et 
al. (2019) suggested that the FAD of Pg. excelsa can be a useful 
proxy for the base of the “Xinpuan” age (a Chinese stage 
equivalent to the Ladinian stage) in China. In addition, the Pg. 
excelsa Zone was adopted as the first conodont zone of the 
Ladinian (Wang, 1991). However, although Pg. excelsa is often 
more abundant near the A-L boundary, it appears well below 
the boundary and ranges across it (Orchard, 2010; Lai and Mei, 
2000). At the Shaiwa Section, the first occurrence of Pg. ex-
celsa is at the lower part of Bed 35. Therefore, the uppermost 
stratum of Shaiwa Section may be very close to the boundary 
between the Anisian and the Ladinian. 
 
4.2  On the Problem of Stratigraphic Ranges of Some 
Conodonts  

The genus Triassospathodus is characterized by an incon-
spicuous cusp and a straight or slightly downward curved pos-
terior end of the lower margin (Kozur et al., 1998), and ranges 
from the upper Olenekian (Spathian) to the lowermost Anisian 
(Aegean) (Chen et al., 2016; Goudemand et al., 2012; Orchard 
et al., 2007a, b; Wang et al., 2005). In our research, this genus 
has a longer range than previous reports, and the youngest re-
cord is Pelsonian (Fig. 2). The genus Chiosella is characterized 
by its mid-lateral rib and lack of platform on the P1 element, 
with a stratigraphic range from the uppermost Spathian to Ae-
gean (Chen et al., 2016). However, Wang et al. (2005) docu-
mented that Ch. timorensis co-occurred with Ni. kockeli in 
Guandao wedges, and the youngest record of this species ap-
peared in the Pelsonian (Liang et al., 2016; Orchard et al., 
2007b). At the Shaiwa Section, the latest occurrence of Ch. 
timorensis is in the Ng. constricta Zone, which is equivalent to 
the lower part of the Illyrian (Fig. 2, Plate 3, 2a–2d). The P1 
element of Spathicuspus spathi (Sweet, 1970) is a small seg-
minate element with a large prominent cusp and a few posterior 
denticles, which ranges from the Spathian to the basal Anisian, 
where is overlaps with the appearance of Gl. tethydis (Huck-
riede, 1958) (Orchard, 2010; Orchard et al., 2007b; Wang et al., 
2005). The population of this species increases first followed 
by a rapid disappearance within the Olenekian-Anisian bound-
ary interval (Orchard et al., 2007b). However, at the Shaiwa 
Section, the latest record of this species is in Bed 8 (Fig. 2), 
corresponding to the lower part of Pelsonian. The genus Ni-
coraella was originally assumed to have evolved from the ge-
nus Neospathodus (Kozur, 1989), and is considered to be one 
of the most significant conodont genera for the Middle Triassic, 
and its stratigraphic range does not extend beyond the Pelson-
ian (Chen et al., 2016). The Early Carnian species Nicoraella 
postkockeli (Kozur, 1993) was assigned to the genus 
Mosherella (Orchard, 2005) based on its evolutionary lineage 
(Chen et al., 2016). In our materials, the range of Nicoraella 
spans the whole section, and the youngest representative of this 
genus is Illyrian (Fig. 2 and Plate 2, 24). 
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As noted above, the stratigraphic ranges of these recorded 
conodonts are inconsistent with previous studies. Indeed, the 
longer stratigraphic range or mixing of various conodonts identi-
fied at the Shaiwa Section is likely explained by the reworking of 
some specimens. As is well known, conodonts are composed of 
apatite, which is highly resistant to destruction by weathering and 
the preservation of conodonts can indicate the sedimentary set-
ting. The processing of conodonts from host rock could damage 
the specimens (i.e., loss or breakage of platform or denticles), 
nevertheless, by contrast, the abrasion of the conodont surface is 
likely to indicate that the fossils were transported before being 
deposited. In our materials, these abrasions are found both in 
segminiplanate and segminate elements, spanning from the base 
to the top of the section (Figs. 2 and 5). In addition, the presence 
of conglomerate in the current section provides another evidence 
for reworking. Nevertheless, more detailed studies, especially the 
analysis of sedimentary facies, are needed to verify our inference. 
As a precaution, those species which may have been reworked 
were not included in the establishment of the conodont zonation 
presented herein. 

 
4.3  Change in Conodont Assemblages and Conodont Pa-
leoecology 

The change in the composition of conodont faunas may re-
flect the environmental changes across the Permian-Triassic 
boundary and in the Early Triassic (Jiang et al., 2007), and the 
distribution of Triassic conodonts is most likely controlled by 

paleoenvironmental conditions (Li et al., 2019; Lai and Mei, 
2000; Trammer, 1974). Lai and Mei (2000) identified “evolu-
tionary stages” and “events” and considered the evolution of 
Triassic conodonts to be dominated by an “Extinction-Survival- 
Recovery Pattern” based on the change of conodont faunas. 
Narkiewicz and Szulc (2004) and Chen et al. (2019) documented 
two episodes of conodont faunal change that took place in the 
Germanic Basin, which were controlled by eustatic sea-level 
change during the Middle Triassic. At the Shaiwa Section, three 
successive conodont faunal assemblages can be identified, when 
reworked specimens are not considered (Fig. 2 and Table 1). 

The first assemblage (below Bed 8, Fig. 2) is characterized 
by a marked abundance of blade-shaped conodonts (Nicoraella 
and Cratognathus) and a lack of contemporaneous platform 
conodonts. In this interval, the blade-shaped conodonts comprise 
nearly 100% of the collection (except for the four platform ele-
ments from Bed 1, Bed 7 and Bed 8). The lack of platform 
conodonts in the early Anisian has also been identified in the 
central part of the Germanic Basin by Narkiewicz and Szulc 
(2004) and Chen et al. (2019). This phenomenon was suggested 
to be one of most important conodont biogeographical phenom-
ena during the Middle Triassic, in which environmental condi-
tions (more restricted conditions) precluded the development of 
platform conodonts in the basin (Narkiewicz and Szulc, 2004). 

The second assemblage (beds 9–26, Fig. 2) is characterized 
by the co-existence of blade-shaped and platform conodonts 
(e.g., Neogondolella and Paragondolella). The abundance and 

 

 

Figure 5. The photographs of abrasion of conodonts surface at the Shaiwa Section. (a)–(e) Nicoraella sp.; (f) Cratognathus sp.; (g) Neogondolella sp.; (h) 

Gladigondolella sp.; (i)–(k) Paragondolella sp.; (a) from Bed 1; (b), (c) from Bed 5; (d) from Bed 17; (e) from Bed 2; (f), (g) from Bed 11; (h), (j), (k) from 

Bed 35; (i) from Bed 26; red arrows show the corrosion of conodonts. 
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diversity of platform elements increased in this interval. At the 
Shaiwa Section during this interval, the lithology is mostly 
dominated by limestone, indicating that the sedimentary envi-
ronment returned to normal (open) marine conditions (e.g. 
more oxygenated). The appearance of platform conodont fau-
nas at this time most probably indicates that open marine con-
ditions were likely more suitable for the development of plat-
form conodonts (Narkiewicz and Szulc, 2004).  

The third assemblage (beds 27–38, Fig. 2) is marked by the 
turnover of blade-shaped and platform conodonts. The blade- 
shaped conodonts, although present in this interval, nevertheless 
constitute a low percentage of conodont faunas, which are domi-
nated by platform conodonts. This changeover between     
segminate-dominated and segminiplanate-dominated also oc-
curred during the Early Permian (Sun et al., 2017; Wang et al., 
2016) and the Early Triassic (Li et al., 2019; Chen et al., 2015). 

Many authors have documented that the segminiplanate 
conodonts dominated are replaced by the segminate conodonts 
dominated during the Permian-Triassic transition (e.g., Jiang et 
al., 2011, 2007; Lai et al., 2001) and the Early Triassic (Chen et 
al., 2015). In our study, the segminate conodonts dominate below 
the Pg. bulgarica Zone, decline in abundance from Bed 9 to Bed 
26 and then are largely replaced by segminiplanate conodonts 
from Bed 27 to Bed 38 (Fig. 2 and Table 1). This change in the 
composition of the conodont faunas is probably due to paleoen-
vironmental change. Indeed, marked lithological change can be 
observed: the lower part of the section (below the Pg. bulgarica 
Zone) is dominated by clastic rocks intercalated with few car-
bonate rocks, whereas from Bed 9 to Bed 38 limestone predomi-
nates. To date, the ecology of segminiplanate conodonts remains 
debatable. Orchard (1996) suggested that offshore, deeper, and/or 
colder marine water environments are more suitable for segmini-
planate conodonts. Lai et al. (2001) and Chen et al. (2015) be-
lieved that segminiplanate conodonts probably favored oxygen-
ated deeper water habitats. Nicoll et al. (2002) considered that the 
limpid condition is more suited for segminiplanate conodonts 
whereas segminate conodonts were adapted to higher levels of 
turbid water. Li et al. (2019) concluded that temperature was the 
factor which controlled the distribution and evolution of platform 
conodonts. Based on the change of lithology at the Shaiwa Sec-
tion, the depositional environments below the Pg. bulgarica 
Zone probably can be assigned to a restricted shallow marine 
environment, and segminiplanate conodonts are almost absent in 
this interval; above this horizon, the environment became more 
oxygenated and suitable for the conodont animals with segmini-
planate elements.  
 
5  CONCLUSIONS 

Six conodont zones, the Nicoraella germanica Zone, the 
Nicoraella kockeli Zone, the Paragondolella bulgarica Zone, the 
Neogondolella constricta Zone, the Neogondolella cornuta Zone 
and the Paragondolella excelsa Zone in ascending order, can be 
established for the Middle Triassic succession at the Shaiwa Sec-
tion, Guizhou Province, Southwest China. This new investigation 
promotes a better understanding of the Middle Triassic conodont 
succession in South China and provides potential local and re-
gional correlation. The Bithynian-Pelsonian boundary is placed at 
the base of Bed 1 based on the first occurrence of Ni. kockeli. The 

Pelsonian-Illyrian boundary is marked by the first occurrence of 
Ng. constricta at the lower part of Bed 19. The Anisian-Ladinian 
boundary is not recognized currently, although the uppermost 
stratum of the Shaiwa Section could be very close to the base of 
the Ladinian. The shift in relative abundance between blade- 
shaped conodonts and platform conodonts, together with 
lithological changes, indicates that the lower part of the section 
could be a restricted marine environment that precluded the de-
velopment of segminiplanate elements, whereas the middle and 
upper parts of the section were deposited in an oxygenated 
deeper seawater environment that was more suitable for segmini-
planate conodonts.  
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Plate 1. SEM photographs of the key conodont elements from the Shaiwa Section. 1. Spathicuspus spathi (Sweet, 1970), from Bed 1; 2, 4. Nicoraella sp., 2 

from Bed 7, 4 from Bed 19; 3. Nicoraella cf. kockeli (Tatge, 1956), from Bed 11; 5, 6, 21. Triassospathodus symmetricus (Orchard, 1995), 5, 6 from Bed 11, 21 

from Bed 2; 5a, 6a, 21a lateral view; 5b, 6c, 21b lower view; 7, 8. Neospathodus homeri (Bender, 1970), from Bed 4; 7a, 8 lateral view; 7b lower view; 9. Chi-

osella timorensis (Nogami, 1968), from Bed 11; 9a, 9d lateral view; 9b lower view; 9c upper view; 10, 11. Cratognathus kochi (Huckriede, 1958), 10 from Bed 

11; 11 from Bed 5; 12, 13. Cratognathus sp., 12 from Bed 5, 13 from Bed 11; 14. Triassospathodus sp., from Bed 11; 15, 16. Neospathodus excelsus (Wang and 

Wang, 1976), 15 from Bed 9, 16 from Bed 11; 17–20. Nicoraella microdus (Mosher, 1968), 17, 18, 20 from Bed 5, 19 from Bed 6. 
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Plate 2. SEM photographs of the key conodont elements from the Shaiwa Section. 1–8. Nicoraella germanica (Kozur, 1972), 1, 2, 3, 4 from Bed 19, 5, 8 from 

Bed 2, 6, 7 from Bed 26; 9, 10. Nicoraella parabudaensis (Sun et al., 2009), 9 from Bed 5, 10 from Bed 35; 11–24. Nicoraella kockeli (Tatge, 1956), 11, 13, 14 

from Bed 35, 12, 21, 22 from Bed 2, 15, 19, 20 from Bed 19, 16 from Bed 26, 17 from Bed 1, 18, 23 from Bed 5, 24 from Bed 38; 25, 26. Chiosella n. sp. A 

(Orchard et al., 2007b), 25 from Bed N6, 26 from Bed 10; 27. Nicoraella sp., from Bed 5; 27a lateral view; 27b lower view; 28–31. Chiosella sp., 28 from Bed 

19, 29 from Bed 9, 30, 31 from Bed 2; 28a, 29, 30, 31 lateral view; 28b lower view; 32. Neospathodus sp., from Bed 2; 32a lateral view; 32b lower view; 33–35. 

Nicoraella aff. microdus (Mosher, 1968), 33, 34 from Bed 5, 35 from Bed 26. 
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Plate 3. SEM photographs of the key conodont elements from the Shaiwa Section. 1, 2. Chiosella timorensis (Nogami, 1968), 1 from Bed 7, 2 from Bed 20; 1a, 

1d, 2a, 2d lateral view; 1b, 2c upper view; 1c, 2b lower view; 3, 4. Neogondolella cornuta (Budurov and Stefanov, 1972), 3, 4 from Bed 33; 3a, 4a, upper view; 

3b, 4b, lateral view; 3c, 4c, lower view; 5, 6. Neogondolella longa (Budurov and Stefanov, 1973), 5 from Bed 33, 6 from Bed 35; 5a, 6a upper view; 5b, 6b 

lateral view; 5c, 6c lower view; 7. Magnigondolella julii (Golding and Orchard, 2018), from Bed 10; 7a upper view; 7b lateral view; 7c lower view; 8, 9. Mag-

nigondolella sp., 8 from Bed 33; 9 from Bed 26; 8a, 9a upper view; 8b, 9b lateral view; 8c, 9c lower view; 10. Magnigondolella sp., from Bed 26; 10a upper 

view; 10b lateral view; 11. Magnigondolella dilacerata (Golding and Orchard, 2016), from Bed 24; 11a upper view; 11b lateral view; 11c lower view. 
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Plate 4. SEM photographs of the key conodont elements from the Shaiwa Section. 1–5. Gladigondolella budurovi (Kovács and Kozur, 1980): 1, 2, 3, 5 from 

Bed 35, 4 from Bed 36; 1a–5a upper view; 1b–5b lateral view; 1c–5c lower view; 6. Gladigondolella malayensis (Nogami, 1968), from Bed 35; 6a upper view; 

6b lateral view; 6c lower view; 7. Paragondolella bifurcata (Budurov and Stefanov, 1972), from Bed 9; 7a upper view; 7b lateral view; 7c lower view; 8. Mag-

nigondolella julii (Golding and Orchard, 2018), from Bed 20; 8a upper view; 8b lateral view; 8c lower view; 9. Neogondolella sp., from Bed 24; 9a upper view; 

9b lateral view, 9c lower view; 10. Paragondolella sp., from Bed 1; 10a upper view; 10b lateral view; 10c lower view. 

 



Middle Triassic (Anisian) Conodont Biostratigraphy at the Shaiwa Section, Guizhou, South China 

 

611

 

Plate 5. SEM photographs of the key conodont elements from the Shaiwa Section. 1, 2. Paragondolella bulgarica (Budurov and Stefanov, 1972), 1, 2 from Bed 

11; 1a, 2a upper view; 1b, 2b lateral view; 1c, 2c lower view; 3–5, 8. Paragondolella bifurcata (Budurov and Stefanov, 1972), 3 from Bed 11, 4 from Bed 20, 5 

from Bed 35, 8 from Bed 20; 3a–5a, 8a upper view; 3b–5b, 8b lateral view; 3c–5c, 8c lower view; 6, 10. Paragondolella cf. bifurcata (Budurov and Stefanov, 

1972), 6, 10 from Bed 20; 6a, 10a upper view; 6b, 10b lateral view; 6c, 10c lower view; 7. Paragondolella cf. tornaensis (Kovács, 1983), from Bed 35; 7a 

upper view; 7b lateral view; 10c lower view; 9. Paragondolella cf. liebermani (Kovács and Krystyn in Kovács, 1994), from Bed 35; 9a upper view; 9b lateral 

view; 9c lower view; 11. Paragondolella sp., from Bed 20; 11a upper view; 11b lateral view; 11c lower view. 
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Plate 6. SEM photographs of the key conodont elements from the Shaiwa Section. 1, 2. Paragondolella cf. bifurcata (Budurov and Stefanov, 1972), 1 from Bed 

36, 2 from Bed 9; 1a, 2a upper view; 1b, 2b lateral view; 1c, 2c lower view; 3. Paragondolella cf. tornaensis (Kovács, 1983), from Bed 35; 3a upper view; 3b 

lateral view; 3c lower view; 4, 5. Paragondolella tornaensis (Kovács, 1983), from Bed 35; 4a, 5a upper view; 4b, 5b lateral view; 4c, 5c lower view; 8, 10, 11. 

Magnigondolella sp., from Bed 11; 8a, 10a, 11a upper view; 8b, 10b,11b lateral view; 8c, 10c, 11c lower view; 6, 7. Neogondolella sp., 6 from bed 11, 7 from 

Bed 35; 6a, 7a upper view; 6b, 7b lateral view; 6c, 7c lower view; 9. Magnigondolella cf. julii (Golding and Orchard, 2018), from Bed 11; 9a upper view; 9b 

lateral view; 9c lower view; 12. Magnigondolella dilacerata (Golding and Orchard, 2016), from Bed 11; 12a upper view; 12b lateral view; 12c lower view. 
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Plate 7. SEM photographs of the key conodont elements from the Shaiwa Section. 1, 10. Magnigondolella dilacerata (Golding and Orchard, 2016), 1 from Bed 

19; 10 from Bed 35; 1a, 10a upper view; 1b, 10b lateral view; 1c, 10c lower view; 2. Neogondolella cf. cornuta (Budurov and Stefanov, 1972), from Bed 26; 2a 

upper view; 2b lateral view; 2c lower view; 3. Paragondolella bulgarica (Budurov and Stefanov, 1972), from Bed 35; 3a upper view; 3b lateral view, 3c lower 

view; 4. Neogondolella cornuta (Budurov and Stefanov, 1972), from Bed 33; 4a upper view; 4b lateral view; 4c lower view; 5, 6. Paragondolella hanbulogi 

(Sudar and Budurov, 1979), 5 from Bed 20; 6 from Bed 9; 5a, 6a upper view; 5b, 6b lateral view; 5c, 6c lower view; 7. Paragondolella cf. tornaensis (Kovács, 

1983), from Bed 36; 7a upper view; 7b lateral view; 7c lower view; 8. Paragondolella cf. bifurcata (Budurov and Stefanov, 1972), from Bed 11; 8a upper view; 

8b lateral view; 8c lower view; 9. Paragondolella tornaensis (Kovács, 1983), from Bed 35; 9a upper view; 9b lateral view; 9c lower view; 11. Paragondolella 

excelsa (Mosher, 1968), from Bed 35; 11a upper view; 11b lateral view; 11c lower view. 
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Plate 8. SEM photographs of the key conodont elements from the Shaiwa Section. 1, 3. Paragondolella cf. bifurcata (Budurov and Stefanov, 1972), 1 from Bed 

26, 3 from Bed 11; 1a, 3a upper view; 1b, 3b lateral view; 1c, 3c lower view; 4. Paragondolella bifurcata (Budurov and Stefanov, 1972), from Bed 36; 4a upper 

view; 4b lateral view; 4c lower view; 2. Neogondolella curva (Golding and Orchard, 2016), 2 from Bed 19; 2a upper view; 2b lateral view; 2c lower view; 5. 

Paragondolella bulgarica (Budurov and Stefanov, 1972), from Bed 11; 5a upper view; 5b lateral view; 5c lower view; 6. Neogondolella cf. tenera (Golding and 

Orchard, 2016), from Bed 35; 6a upper view; 6b lateral view; 6c lower view; 7. Paragondolella sp., from Bed 21; 7a upper view; 7b lateral view; 7c lower view; 

8–13. Neogondolella constricta (Mosher and Clark, 1965), 8, 9 from Bed 35, 10 from Bed 19, 11 from Bed 24; 12, 13 from Bed 20; 8a–13a upper view; 8b–13b 

lateral view; 8c–13c lower view. 
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Plate 9. SEM photographs of the key conodont elements from the Shaiwa Section. 1–3. Neogondolella curva (Golding and Orchard, 2016), 1, 2 from Bed 19, 3 

from Bed 20;1a, 2a, 3a upper view; 1b, 2b, 3b lateral view; 1c, 2c, 3c lower view; 4. Paragondolella bulgarica (Budurov and Stefanov, 1972), from Bed 11; 4a 

upper view; 4b lateral view; 4c lower view; 5. Paragondolella excelsa (Mosher, 1968), from Bed 35; 5a, upper view; 5b, lateral view; 5c, lower view; 6–8. 

Paragondolella bifurcata (Budurov and Stefanov, 1972), 6 from Bed 24, 7 from Bed 9, 8 from Bed 11; 6a, 7a, 8a upper view; 6b, 7b, 8b lateral view; 6c, 7c, 8c 

lower view; 9–11. Neogondolella cornuta (Budurov and Stefanov, 1972), 9, 10, 11 from Bed 33; 9a, 10a, 11a upper view; 9b, 10b, 11b lateral view; 9c, 10c, 11c 

lower view. 
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