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Abstract. A well preserved Late Ordovician conodont fauna of 18 species has been recovered from seven lime-
stone samples of the Gongwusu section in the Wuhai area of Inner Mongolia, North China. This conodont fauna 
is composed of Ansella sp., Belodina monitorensis, Coelocerodontus trigonius, Complexodus sp., Dapsilodus viru-
ensis, Drepanoistodus sp., Gen. et sp. indet, Oslodus semisymmetricus, Panderodus gracilis, Periodon cf. aculeatus, 
Protopanderodus cf. cooperi, P. varicostatus, Protopanderodus sp., Pseudooneotodus mitratus, Scabbardella altipes, 
Venoistodus cf. balticus, Yaoxianognathus sp. A, and Yaoxianognathus sp., and shows a mixture of North Atlantic, 
North China and North American Midcontinent affinities. The presence of Belodina monitorensis, Periodon cf. 
aculeatus, Protopanderodus varicostatus, Scabbardella altipes and Yaoxianognathus sp. A in the fauna indicates 
an early Sandbian (late Sa1) age. The fauna is dominated by Periodon cf. aculeatus, Scabbardella altipes and 
Panderodus gracilis and these together with the occurrence of Protopanderodus species, Drepanoistodus sp. and 
Ansella sp. characterize the Periodon Biofacies, typical of a deeper water (upper slope) setting. Because of its 
slope habitat, the Gongwusu fauna differs from the contemporaneous faunas reported from the interior North 
China Platform, but shows a similarity to the coeval faunas in Baltoscandia, South China and Argentina.
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Introduction

Late Ordovician conodont faunas are relatively rare in 
North China, where they are mainly confined to the plat-
formal Fengfeng Formation composed of shallow-water 
carbonates (e.g. An et al., 1983) and to the Upper Ordo-
vician formations the strata of which accumulated in the 
platform margin to slope settings (e.g. Lin et al., 1984; 
Wang and Luo, 1984; An and Zheng, 1990). The Feng-
feng Formation is mainly distributed in the central North 
China carbonate platform, while the deep-water Upper 
Ordovician formations are extensively exposed along the 
southwestern and northern margins of the North China 
Craton (e.g. Feng et al., 2004, 2014; Zhen et al., 2016). 
The Wuhai area was located on the western slope of the 
North China Craton in the early Late Ordovician (Fig-
ure 1), and consists of fossiliferous carbonate and clas-
tic sedimentary rocks with a total thickness of ca. 285 m 
(An and Zheng, 1990). These Upper Ordovician strata are 
assigned to the upper part of the Wulalike, Lashizhong, 

Gongwusu and Sheshan formations (An and Zheng, 
1990; Wang et al., 2013a; Jing et al., 2015).

The present study centers on the Gongwusu Formation. 
So far, there have been several reports and descriptions 
of graptolites, conodonts and trilobites (Lin, 1980; Chen 
et al., 1984; Wang and Luo, 1984; An and Zheng, 1990) 
from the Gongwusu Formation in the Wuhai area. The 
present authors investigated the Gongwusu Formation of 
the Wuhai area in August of 2011. New conodont collec-
tions from this formation are from the type section for the 
Gongwusu Formation and provide significant new infor-
mation on genera and species occurrences and ranges, 
and necessitate revisions of and additions to the biostrati-
graphic data provided previously.

Regional geological and stratigraphic setting

The North China Craton, the largest and oldest cratonic 
block in China, is bounded in the north by the Central 
Asian Orogenic Belt and in the south by the Qinling-
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Dabie-Sulu Orogenic Belt (Figure 1.1; also see Zhu et 
al., 2012). The North China Craton experienced a long 
and complicated geological history, stabilizing during 
the Paleoproterozoic and subsequently received a thick 
succession of Mesoproterozoic to Cenozoic sedimentary 
deposits (Zhao and Zhai, 2013; Zheng et al., 2013). The 
Precambrian sedimentary rocks are predominantly marine 
dolostone and siliciclastics, and mainly developed in 
continental rift basins (Zhao and Zhai, 2013). An uncon-
formity, which separates the Precambrian and Paleozoic 
strata of the North China Craton, resulted from a regional 
uplift during the Neoproterozoic (Myrow et al., 2015). 
The Paleozoic strata are dominated by marine carbonates 
and characterized by a great sedimentary hiatus from the 
latest Ordovician through the latest Mississippian (Zhen 
et al., 2016), whereas its sediments were primarily of 
continental origin from the Permian onwards. The Ordo-
vician rocks of the North China Craton can be subdivided 
into two major depositional settings, i.e., the broad North 
China Platform and the narrow western slope to northern 
and southern marginal platform (Yang et al., 2005; Cao et 
al., 2011; Feng et al., 2014; Zhen et al., 2016). Our study 
site is located in the western slope setting, which was rep-
resented in the eastern flank of a northeast-trending aula-
cogen–the Helan Aulacogen (Figure 1.1; also see Sun and 
Liu, 1983; Myrow et al., 2015).

The Gongwusu Formation, which comprises greenish-
gray thin-bedded limestone, argillaceous siltstone and 
sandstone, is lithologically distinctive and has a zonal dis-
tribution on the northeast side of the town of Gongwusu 

(Figure 1.2). It is overlain conformably by the Sheshan 
Formation consisting of turbidite sandstone, bioclastic 
limestone and shale, and underlain conformably by the 
Lashizhong Formation dominated by turbidite sandstone 
and siltstone. At its type locality (namely the Gongwusu 
section; location coordinates: 39°23′12″N, 106°55′22″E; 
Figure 1.2) near a newly built industrial park about 5 
km northeast of the town of Gongwusu, southern Inner 
Mongolia, the Gongwusu Formation is composed of a 
115 m-thick succession of grayish-green to gray thin-
bedded limestone and silty mudstone, with medium- to 
thin-bedded sandstone in the top part (Figure 2; also see 
Chen et al., 1984). Just as described by Chen et al. (1984, 
p. 9) and An and Zheng (1990, p. 38), the stratigraphic 
contact between the Gongwusu Formation and the under-
lying Lashizhong Formation is covered by Quaternary 
fluvial sediments. However, unfortunately, both the 
already rarely exposed Sheshan Formation and its strati-
graphic contact with the Gongwusu Formation were also 
covered recently by the above-mentioned industrial park.

Previous work

Conodonts from the Gongwusu Formation were first 
reported by Chen et al. (1984, p. 8). The conodont fauna 
consists of two species (using their original assignments), 
Periodon grandis and Protopanderodus insculptus, 
which were recovered from the middle part of the Gong-
wusu Formation of the Gongwusu section. On this basis, 
Chen et al. (1984, table 3, p. 27) proposed the Protopan-

Figure 1. Simplified geology of North China and location maps. 1, Major tectonic stratigraphic framework of the Ordovician (modified 
after Zhu et al., 2012), and the location of the field area in the western Inner Mongolia region. The dashed ellipse indicates the approximate 
area of the Helan Aulacogen. The inset map showing the location of the North China Craton within China. 2, Close-up map showing the 
distribution of Ordovician rocks in the study area, the location of the Gongwusu section is marked by a black star.
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derodus insculptus Assemblage Zone for the fauna, and 
correlated it with the North American conodont fauna 9 
to fauna 12, and the similar faunas from the Pagoda For-
mation of South China. Shortly afterward, Wang and Luo 
(1984, p. 242) documented in more detail the conodonts 
of this formation. A more diverse conodont fauna, includ-
ing (Wang and Luo’s original identifications) Belodella 
devonica, Drepanodus? altipes, gen. et sp. nov., Pandero-
dus compressus, Periodon grandis, Periodon sp. A and 
Protopanderodus liripipus, was recorded from the Gong-
wusu Formation. Moreover, the same authors recognized 
the Protopanderodus insculptus-Phragmodus undatus-
Drepanodus? altipes-Periodon grandis Assemblage Zone 
and referred it to both the Gongwusu Formation and the 
overlying Sheshan Formation (Wang and Luo, 1984, p. 
239, table 3). An and Zheng (1990, p. 37) subsequently 
reported a rather low-diversity conodont fauna, which 
contains five species including (authors’ original identifi-
cations) Panderodus sp., Paroistodus sp., Periodon gran-

dis, Periodon sp. and Protopanderodus cf. liripipus, from 
the Gongwusu Formation. A correlation of the Gongwusu 
Formation with the top part of the endemic Tasmanog-
nathus sishuiensis-Erismodus typus Zone established in 
the Fengfeng Formation was suggested (An and Zheng, 
1990, table 3).

In these publications, however, conodont data were 
only provided in the stratigraphic logs of the Gongwusu 
section, with neither any illustrations nor any detailed 
systematic treatment for the conodont fauna given. Thus, 
it is almost impossible to reassess the previous identifi-
cations by using the latest taxonomic views. The pres-
ent paper together with two other contributions (Jing et 
al., 2015, 2016) aims to provide a more precise conodont 
biostratigraphic correlation and age interpretation for the 
Ordovician successions deposited in the slope setting of 
the North China Craton.

Conodont fauna

Our current investigation of the Gongwusu Formation 
at the Gongwusu section has resulted in the recovery of a 
much more diverse conodont fauna consisting of 18 spe-
cies (Table 1, Figures 3, 4), among others, includes Ansella 
sp., Belodina monitorensis Ethington and Schumacher, 
1969, Coelocerodontus trigonius Ethington, 1959, Com-
plexodus sp., Dapsilodus viruensis (Fåhræus, 1966), 
Drepanoistodus sp., Gen. et sp. indet, Oslodus semisym-
metricus (Hamar, 1966), Panderodus gracilis (Ethington, 
1959), Periodon cf. aculeatus Hadding, 1913, Protopan-
derodus cf. cooperi (Sweet and Bergström, 1962), P. 
varicostatus (Sweet and Bergström, 1962), Protopander-
odus sp., Pseudooneotodus mitratus (Moskalenko, 1973), 
Scabbardella altipes (Henningsmoen, 1948), Venoistodus 
cf. balticus Löfgren, 2006, Yaoxianognathus sp. A and 
Yaoxianognathus sp. Overall, this represents a mixed 
assemblage of North Atlantic (with representation of spe-
cies of Complexodus, Dapsilodus, Oslodus, Periodon, 
Protopanderodus, Scabbardella and Venoistodus), North 
American Midcontinent (Belodina monitorensis and Pan-
derodus gracilis), and North China (Yaoxianognathus 
species) affinities.

In the present collection, however, several stratigraphi-
cally important species (e.g. Protopanderodus insculptus, 
P. liripipus, and Periodon grandis) reported previously 
from the Gongwusu Formation were not found. Instead, 
we obtained some stratigraphically older species of the 
corresponding genera, such as Protopanderodus varico-
status and Periodon cf. aculeatus. Moreover, biostrati-
graphically significant species in the present study also 
indicate a relatively older age (see below) for the fauna 
than that was previously regarded. Most conodonts in 
the present collection are relatively long-ranging, conse-

Figure 2. Ranges of selected species of the Gongwusu For-
mation at the Gongwusu section.
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quently we selected five biostratigraphically significant 
species, comprising Belodina monitorensis, Periodon cf. 
aculeatus, Protopanderodus varicostatus, Scabbardella 
altipes and Yaoxianognathus sp. A in the following dis-
cussion for the age constraint of the present fauna.

Belodina monitorensis is a significant species for the 
age determination of the present fauna, although the 
stratigraphical range of this species is relatively worse 
known than those of the descendant B. compressa and 
B. confluence (Bauer, 1990, 1994; Zhen et al., 2004). 
Bauer (1990, 1994) reported that B. monitorensis occurs 
under the range of Plectodina aculeata in the Bromide 
Formation of Oklahoma. Pyle and Barnes (2003) made 
a similar discovery in the Skoki Formation of northeast-
ern British Columbia, Canada. However, B. monitorensis 
was recorded as having a stratigraphic range up to the B. 
compressa Zone in the Wahringa Limestone Member of 
Central New South Wales, Australia (Zhen et al., 2004). 
Nevertheless, what is clear is that B. monitorensis ranges 
across the Middle to Late Ordovician boundary, occur-
ring stratigraphically much earlier than the widely known 
zonal index species B. compressa. Based on the mate-
rial from North America, B. monitorensis ranges in the 
Chazyan and Blackriveran regional stages (Sweet, 1981), 
which correlates to the late Darriwilian to late Sandbian 
interval (Bergström et al., 2009).

The species Periodon aculeatus had been treated as 
a long-ranging taxon bearing a broad species concept 
until a revision of the species definition of Periodon was 
recently made by Stouge (2012) for the Dapingian and 
early Darriwilian species. Similarly for the upper Darri-

wilian, numerous specimens identified as Periodon acu-
leatus by previous authors need to be reassessed. Stouge’s 
(2012) concept, which shortens the stratigraphical range 
of P. aculeatus, is followed herein to define the taxon as 
a Pa element bearing five anterior denticles. According 
to this redefinition, Periodon aculeatus is considered as 
the descendant of P. zgierzensis and the ancestor of P. 
grandis, and stratigraphically ranges from the late Dar-
riwilian Pygodus serra Zone (Stouge, 2012) to the middle 
Sandbian Baltoniodus gerdae Subzone (Lindström, 1977; 
Bergström, 2007).

The presence at the study section of Protopanderodus 
varicostatus, a species that does not range any higher than 
the Baltoniodus variabilis Subzone of the Amorphogna-
thus tvaerensis Zone in Baltoscandia (Bergström, 1971, 
2007), indicates that the studied fauna is not younger than 
this conodont subzone unit.

Scabbardella altipes has a cosmopolitan distribution 
and occurs in variable numbers in different facies depos-
its of the Upper Ordovician (Orchard, 1980; Tolmacheva 
et al., 2009). This taxon has its stratigraphically lower-
most record in the Pygodus anserinus Zone (Dzik, 1994; 
Rasmussen, 2001), and went extinct in the second part of 
the Hirnantian (Tolmacheva et al., 2009).

Yaoxianognathus sp. A is reminiscent of Yaoxianog-
nathus wrighti Savage, 1990, which was erected based 
on material from the Gleesons Limestone Member of 
the Upper Ordovician Cliefden Cave Limestone Group 
in central-western New South Wales, Australia (Savage, 
1990). Although only one specimen (Figure 4.16) was 
found in the present study, this relatively well preserved 

Table 1. Distribution of conodont species in the Gongwusu Formation at the Gongwusu section.
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Figure 3. 1, Ansella sp., geniculate element, inner view, from N-7-2, CUGB-jxch882. 2, Belodina monitorensis Ethington and 
Schumacher, 1969, compressiform element, lateral view, from N-4-2, CUGB-jxch864. 3–6, Oslodus semisymmetricus (Hamar, 1966); 3, Sa 
element, lateral view, from N-9-1, CUGB-jxch889; 4, 5, Sc element, lateral view; 4, from N-2-1, CUGB-jxch861; 5, from N-7-2, CUGB-
jxch349; 6, M element, lateral view, from N-2-1, CUGB-jxch341. 7, 8, Dapsilodus viruensis (Fåhræus, 1966), distacodiform element, lateral 
view, from N-4-2, CUGB-jxch878, CUGB-jxch342. 9, Drepanoistodus sp., drepanodontiform element, lateral view, from N-2-1, CUGB-
jxch340. 10, Complexodus sp., Sd element, posterior view, from N-4-2, CUGB-jxch344. 11, Gen. et sp. indet, lateral view, from N-4-2, CUGB-
jxch343. 12–18, Panderodus gracilis (Branson and Mehl, 1933); 12, 13, graciliform element, lateral view; 12, from N-4-1, CUGB-jxch863; 
13, from, N-9-1, CUGB-jxch891; 14–16, aequaliform element, lateral view, 14, from N-4-2, CUGB-jxch879, 15, from N-9-1 CUGB-jxch892, 
16, from N-7-2, CUGB-jxch884; 17, arcuatiform element, lateral view, from N-9-1, CUGB-jxch890; 18, falciform element, inner view, from 
N-4-2, CUGB-jxch351. 19–21, Scabbardella altipes (Henningsmoen, 1948); 19, 20, drepanodiform element, lateral view; 19, from N-9-1, 
CUGB-jxch887; 19b, detail of the fine striae on the surface of the cusp; 20, from N-2-1, CUGB-jxch858; 21, distacodiform element, lateral 
view, from N-4-2, CUGB-jxch877. Scale bars are 50 μm.
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specimen shows distinctive features of an Sd element of 
Y. wrighti (see further discussion under Systematic Pale-
ontology section). Considering a formal apparatus recon-
struction including the Sd element for Y. wrighti has not 
been formally proposed, the specimen at hand is tenta-
tively referred to Yaoxianognathus sp. A, but is treated 
as representing the same evolutionary stage as Y. wrighti. 
Savage (1990) determined a middle Caradocian (late Sa1 
to Sa2) age for the temporal distribution of Y. wrighti 
according to the co-occurring age-diagnostic conodonts. 
On the basis of a large collection from the Bowan Park 
succession, central New South Wales, Zhen et al. (1999) 
suggested an extended stratigraphical range for this spe-
cies, up to the middle Eastonian (middle Katian). Thus 
the range of Yaoxianognathus sp. A, as age equivalent to 
Y. wrighti, can be considered to be from the early Sand-
bian to the middle Katian.

To sum up, this species association of the Gongwusu 
fauna enables us to constrain its biostratigraphical posi-
tion in a range from the Pygodus anserinus Zone to the 
Baltoniodus varabilis Subzone of the Amorphognathus 
tvaerensis Zone. Furthermore, the conodonts of the under-
lying clastic-dominated Lashizhong Formation were also 
investigated by An and Zheng (1990, p. 36) and the pres-
ent authors, but unfortunately, neither the former authors 
nor we obtained biostratigraphically useful taxa to effec-
tively constrain the age of this formation. Jing et al. (2015) 
reported the conodont fauna of the Wulalike Formation 
which underlies the Lashizhong Formation, and ascribed 
the top part of the formation to the earliest Sandbian age. 
Therefore, we concluded that the Lashizhong Formation 
is restricted to the upper part of the Pygodus anserinus 
Zone, and the Gongwusu Formation is confined to an 
interval ranging from the uppermost part of the Pygodus 
anserinus Zone to the Baltoniodus varabilis Subzone of 
the Amorphognathus tvaerensis Zone.

Conodont paleoecology

The Gongwusu fauna is numerically dominated by 
specimens of Periodon cf. aculeatus, Scabbardella 
altipes and Panderodus gracilis (Table 1). Among them, 
Periodon cf. aculeatus is usually pandemic and likes the 
deeper water offshore to deep water upper slope environ-
ments (Rasmussen and Stouge, 1995; Rasmussen, 1998; 
Zhang, 1998), Scabbardella altipes is more or less pan-
demic like Periodon (Tolmacheva et al., 2009), while 
Panderodus gracilis is common in high-energy near-
shore environments (Sweet, 1988; Zhang et al., 2006). 
Additionally, the presence of Protopanderodus, Drepa-
noistodus and Ansella also suggests an outer shelf - slope 
setting (Rasmussen and Stouge, 1995; Serra et al., 2015), 
whereas some minor components such as Belodina moni-

torensis and Yaoxianognathus sp. A are probably benthic 
and show an inner shelf or platform environment (Zhen 
et al., 1999, 2004).

The dominance of Periodon characterizes a Periodon 
Biofacies sensu Pohler (1994) and Zhang (1998). Com-
bined with lithology, we consider the Gongwusu fauna 
lived in an upper-slope environment, whereas the shal-
low-water taxa represented in the fauna are referred to 
down-slope transportation.

Correlations

The Gongwusu conodont fauna differs in composi-
tion from the contemporaneous conodont faunas reported 
from the interior North China Platform, but shows a simi-
larity to the coeval conodont faunas in Baltoscandia and 
South China. Additionally, the present fauna shares a few 
characteristic taxa with the coeval faunas of the North 
America Midcontinent. The correlations of the Gong-
wusu fauna are shown in Figure 5.

North China.—Conodonts of the platform margin–
slope setting are significantly different from the counter-
parts of the North China Platform, although these regions 
are geographically close together. As a representative of 
the Sandbian successions in the slope setting, the fossil-
iferous Pingliang Formation in eastern Gansu Province 
has been intensively investigated for biostratigraphic 
purposes (e.g. An and Zheng, 1990; Finney et al., 1999; 
Wang, 2001; Wang et al., 2013a, b, 2016b). In a recent 
review of the conodont biostratigraphy of the Pingliang 
section, Wang et al. (2013a) recognized four conodont 
zones in the Pingliang Formation in ascending order: the 
Pygodus anserinus, the Plectodina aculeata, the Erismo-
dus quadridactylus and the Belodina compressa zones. 
The Pingliang Formation and the Gongwusu Formation 
share several biostratigraphically useful species, such as 
Belodina monitorensis, Periodon cf. aculeatus, Proto-
panderodus varicostatus and Scabbardella altipes, which 
allow a correlation of the Gongwusu Formation with the 
lower part of the Pingliang Formation (i.e., the strati-
graphic interval including the upper Pygodus anserinus 
Zone and the lower Plectodina aculeata Zone).

The Fengfeng Formation in central Shandong Province 
typifies the Sandbian successions of the shallow-water 
interior platform setting. A detailed documentation of 
the conodont zonation for the Fengfeng Formation was 
provided by An and Zheng (1990), who proposed the 
Scandodus handanensis Zone in the lower part of this 
formation (the Gezhuang Member) and the Tasmanog-
nathus sishuiensis Zone in the upper part of the forma-
tion (the Badou Member), respectively. Tasmanognathus 
sishuiensis co-occurs with Belodina compressa in the 
Badou Member of the Fengfeng Formation (Badou sec-
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Figure 4. 1–12, Periodon cf. aculeatus Hadding, 1913; 1, 2, Pa element, inner view, from N-4-2, CUGB-jxch876, CUGB-jxch874; 
3, 4, Pb element, outer view; 3, from N-7-2, CUGB-jxch885; 4, from N-4-2, CUGB-jxch347; 5, 8, Sa element, lateral view, from N-4-2, 
CUGB-jxch353, CUGB-jxch348; 6, 7, Sb element; 6, inner view, from N-2-1, CUGB-jxch857; 7, outer view, from N-4-2, CUGB-jxch871; 
9, 10, Sc element, outer view; 9, from N-9-1, CUGB-jxch888; 10, from N-7-2, CUGB-jxch881; 11, 12, M element, lateral view, from N-4-2, 
CUGB-jxch873, CUGB-jxch872. 13, 17–19, Venoistodus cf. balticus Löfgren, 2006; 13, drepanodotiform element, lateral view, from N-9-1, 
CUGB-jxch350; 17–19, oistodontiform element, lateral view; 17, from L-2-1, CUGB-jxch860; 18,19, from N-4-2, CUGB-jxch886, CUGB-
jxch862. 14, Protopanderodus cf. cooperi (Sweet and Bergström, 1962), scandodiform element, inner view, from N-4-2, CUGB-jxch346. 15, 
Protopanderodus varicostatus (Sweet and Bergström, 1962), symmetrical bicostate element, lateral view, from N-4-2, CUGB-jxch870. 16, 
Yaoxianognathus sp. A, Sd element, posteriolateral view, from N-7-2, CUGB-jxch883. 20, Pseudooneotodus mitratus (Moskalenko, 1973), 
Pa element, upper view, from N-7-2, CUGB-jxch880. Scale bars are 50 μm.
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tion: the type section of the Badou Member, see An et 
al., 1983, text-figure 8), which indicates that the older B. 
monitorensis-yielding Gongwusu fauna is restricted to an 
interval corresponding to the S. handanensis Zone. Con-
sidering that the S. handanensis Zone spans the base of 
the Sandbian to the base of the B. compressa Zone (Wang 
et al., 2016b), the Gongwusu fauna is consistent herein 
with the middle part of the S. handanensis Zone.

Yangtze Platform.—Sandbian conodonts from the 
Yangtze Platform have been reported by several authors 
(see, for instance, An and Ding, 1982; An et al., 1985a; 
An, 1987; Ni and Li, 1987; Wang et al., 1996, 2016a; 
Chen et al., 2011; Bagnoli and Qi, 2014; Wu et al., 
2016), but there have been some disagreements regarding 
the biostratigraphic interpretation. Wang et al. (2016a) 
recently summarized the Sandbian conodont zonation of 
the Yangtze Platform, referring the Sandbian conodont 
succession to the upper Yangtzeplacognathus jianyeensis-
Pygodus anserinus (Assemblage) Zone, the Baltonio-
dus variabilis Zone and the Baltoniodus alobatus Zone, 
in ascending order. What should be noted is that the B. 
variabilis Zone of the Yangtze Platform is not age equiva-
lent to the Swedish B. variabilis Subzone, because the 
Chinese B. variabilis Zone with its base marked by the 
first appearance of the zonal species (Wang et al., 1996, 
p. 36) has a stratigraphically lower base than the Swedish 
B. variabilis Subzone with its lower boundary defined by 

the appearance of Amorphognathus tvaerensis and Bal-
toniodus variabilis. The B. variabilis Subzone extends to 
the appearance of Baltoniodus gergae, which however 
is a species that has not been recorded from China. For 
practical purposes, Bagnoli and Qi (2014) and Wu et al. 
(2016) proposed to apply FAD of B. variabilis (namely 
the base of the B. variabilis Zone in Yangtze Platform) 
for the base of the Sandbian. Therefore, the Gongwusu 
Fauna corresponds to the middle part of the Baltoniodus 
variabilis Zone of the Yangtze Platform.

Baltoscandia.—The Sandbian conodont biostrati-
graphic framework proposed by Bergström (1971) and 
then slightly revised by Bergström (1983) has been used 
as a standard reference for Baltoscandia. Following this 
standard zonal succession, the base of the Sandbian Stage 
is very close to the lower boundary of the Amorphogna-
thus inaequalis Subzone of the Pygodus anserinus Zone, 
while the top of the Sandbian was placed in the upper 
part of the Amorphognathus tvaerensis Zone and is strati-
graphically higher than the top of the Baltoniodus aloba-
tus Subzone. Most of the identified species in the Gong-
wusu fauna are common to the conodont species of the 
coeval faunas in Baltoscandia, and this allows an easily 
operated correlation between them. As constrained in the 
Conodont fauna section above, the Gongwusu fauna is 
comparable with the stratigraphic interval from the top-
most part of the Pygodus anserinus Zone to the Baltonio-

Figure 5. Conodont zones for the Darriwilian and Sandbian stages (from stage slice Dw2 to Sa2 of Bergström et al., 2009) in North 
China (slope setting after Jing et al., 2015, 2016; Wang et al., 2016b; platform setting after An and Zheng, 1990; Wang et al., 2016b), Yangtze 
Platform of South China (after Zhang, 1998; Wang et al., 2016a), and correlation with the standard Baltoscandian zonation (after Löfgren and 
Zhang, 2003; Bergström, 2007; Bergström and Leslie, 2010), Argentine Precordillera (after Albanesi and Ortega, 2002; Feltes et al., 2016) 
and North America Midcontinent (after Webby et al., 2004) conodont successions. The stratigraphic position of the coeval units in the Wuhai 
area, the correlations of the Sandaokan and Zhuozishan formations are adopted from Jing et al. (2016), the Klimoli and Wulalike formations 
are from Jing et al. (2015), the correspondences of the Lashizhong and Sheshan formations are based on An and Zheng, 1990. Gray color 
marks a stratigraphic interval of the Gongwusu Formation based on the present study.
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dus varabilis Subzone of the Amorphognathus tvaerensis 
Zone in Baltoscandia.

Argentine Precordillera.—Upper Ordovician con-
odonts were documented from several stratigraphic sec-
tions in the Argentine Precordillera (e.g. Albanesi et al., 
1998; Lehnert et al., 1999). Albanesi and Ortega (2002) 
reviewed the Ordovician conodont biostratigraphic units 
of the Argentine Precordillera, and proposed a similar 
Sandbian conodont biostratigraphic framework to that 
of Baltoscandia. The Pygodus anserinus Zone and the 
Amorphognathus tvaerensis Zone of the Argentine Pre-
cordillera were correlated with the homonymous zones of 
Baltoscandia, respectively. However, the subdivisions—
on the subzonal level—of these two zones have not yet 
been made. Similarly to the correlation with the Balto-
scandian succession, the Gongwusu fauna is consistent 
with the top part of the Pygodus anserinus Zone to the 
lower part of the Amorphognathus tvaerensis Zone in the 
Argentine Precordillera.

North America Midcontinent.—The Ordovician con-
odont-based biozones reported by Sweet (1984) were 
widely employed as a standard zonal succession for the 
North America Midcontinent. Following this conodont 
zonal succession, the upper Cahabagnathus sweeti, the 
Plectodina aculeata, the Erismodus quadridactylus, the 
Belodina compressa and the lower Phragmodus unda-
tus zones are included in the Sandbian Stage (Webby 
et al., 2004; Goldman et al., 2007; Cooper and Sadler, 
2012). Nevertheless, the Gongwusu conodont fauna are 
significantly different from the counterparts of the North 
America Midcontinent, only one stratigraphically use-
ful species, Belodina monitorensis, can be used directly 
to correlate the present fauna with the North America 
Midcontinent zonation (see discussion under the Con-
odont fauna section). Combined with the matches of the 
North Atlantic and North America Midcontinent con-
odont zonal successions (Bergström, 1986; Webby et al., 
2004; Goldman et al., 2007; Cooper and Sadler, 2012), 
the Gongwusu fauna is comparable to the interval includ-
ing the uppermost part of the Cahabagnathus sweeti Zone 
and the lower part of the Plectondina aculeata Zone.

Systematic paleontology

All specimens illustrated and described in this study are 
housed in the School of Earth Sciences and Resources, 
China University of Geosciences (Beijing), with the pre-
fix CUGB. Collection numbers of all illustrations shown 
in Figures 3 and 4 are prefixed CUGB-jxch. Most of the 
conodont collections so far obtained from the Gongwusu 
Formation are well known taxa that have been described 
adequately in previous publications. The material at hand 
is sparse, and therefore does not add anything substan-

tially new to the current understanding of the species. 
Only two species of biostratigraphically significant taxa 
are described below. Taxa documented herein are alpha-
betically listed according to their generic assignment, 
with family level and higher classification omitted.

Genus Periodon Hadding, 1913

Type species.—Periodon aculeatus Hadding, 1913

Periodon cf. aculeatus Hadding, 1913
Figures 4.1–4.12

cf. Periodon aculeatus Hadding, 1913, p. 33, pl. 1, fig. 14; Lindström, 
1955, p. 110, pl. 22, figs.10, 11, 14–16.

Material.—Thirty-eight specimens from five samples 
(see Table 1).

Remarks.—The Sb elements (Figures 4.6, 4.7) of our 
specimens are closely similar to the holotype described 
and illustrated by Hadding (1913, p. 33, pl. 1, fig. 14) 
and again by Lindström (1955, p. 110, pl. 22, fig. 14). 
However, the Gongwusu specimens are slightly more 
advanced than the holotype in several respects, such as 
having a distinguished large denticle on the posterior 
process. The present specimens most likely represent an 
intermediate species between Periodon aculeatus and 
P. grandis (Stouge, 2016, personal communication), 
but it seems impossible to erect a new species based on 
the insufficient material at hand. We prefer to use Peri-
odon cf. aculeatus for these advanced conodonts until a 
detailed taxonomic revision can be undertaken.

Genus Yaoxianognathus An in An et al., 1985b

Type species.—Yaoxianognathus yaoxianensis An in 
An et al., 1985b.

Yaoxianognathus sp. A

Figure 4.16

Material.—One Sd element (CUGB-jxch870).
Description.—Digyrate Sd element has a recurved 

cusp and two lateral processes. The cusp, flanked by 
small denticles, has a diamond-shaped cross section and 
sharp anterior and posterior margins. The inner-lateral 
process is sharply curved posteriorly, with almost straight 
lower margin which is, however, poorly preserved dis-
tally. The denticles on the inner-lateral process vary in 
size and comprise four small denticles close to the cusp 
and a large flattened denticle between two small flanking 
denticles farther from the cusp. Unfortunately, the outer-
lateral process is broken off.
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Remarks.—Zhen et al. (1999, p. 97) suggested a sep-
timembrate apparatus including a digyrate Sd element 
for Yaoxianognathus ani. The single specimen recovered 
from the Gongwusu Formation resembles the Sd element 
of Y. ani in outline, but the latter has a more complex 
denticle pattern (hindeodellid denticles) than that of the 
former. The Gongwusu specimen is morphologically 
more primitive than Y. ani and shows a quite similar 
denticle pattern to the S elements of Y. wrighti, which 
was erected and reconstructed by Savage (1990, p. 826). 
However, Savage (1990) did not recognize an Sd element 
for Yaoxianognathus wrighti. Since the material at hand 
is too sparse to reconstruct the species apparatus, whether 
this specimen, as an Sd element, can be grouped into the 
apparatus of Y. wrighti will remain uncertain until a sep-
timembrate apparatus is formally proposed. To be prac-
tical, the single specimen was tentatively referred to as 
Yaoxianognathus sp. A.

Acknowledgments

This study was supported by the Grants from the “973–
Program” project of China (2011CB403001), National 
Natural Science Foundation of China (41502026), and 
State Key Laboratory of Biogeology and Environmental 
Geology, China (GBL21511). We are indebted to Svend 
Stouge (Copenhagen) for making valuable improvements 
of the manuscript, and to Zhentao Wang, Qiang Fang, 
Xianteng Song, Tingting Chuan and Lupeng Yuan from 
China University of Geosciences (Beijing) for assistance 
within sampling. Guillermo Albanesi and an anonymous 
reviewer are thanked for constructive criticism and com-
ments, which improved the manuscript significantly. 
Thanks also to the Chief Editor Yasunari Shigeta for 
many helpful suggestions.

References

Albanesi, G. L., Hünicken, M. A. and Barnes, C. R., 1998: Bioestrati-
grafía de conodontes de las secuencias ordovícicas del cerro Potre-
rillo, Precordillera Central de San Juan, R. Argentina. Actas de la 
Academia Nacional de Ciencias, vol. 12, p. 7–72.

Albanesi, G. L. and Ortega, G., 2002: Advances on conodont-grap-
tolite biostratigraphy of the Ordovician System of Argentina, In, 
Aceñolaza, F. ed., Aspects of the Ordovician System in Argentina, 
Série Correlación Geológica, no. 16, p. 143–166. INSUGEO, 
Tucumán.

An, T. X., 1987: Early Palaeozoic Conodonts from South China, 238 
p. Peking University Publishing House, Beijing. (in Chinese with 
English abstract)

An, T. X. and Ding, L. S., 1982: Preliminary studies and correlations 
on Ordovician conodonts from the Ningzhen Mountains, Nanjing, 
China. Acta Petrolei Sinica, vol. 4, p. 1–12. (in Chinese with 
English abstract)

An, T. X., Du, G. Q. and Gao, Q. Q., 1985a: Ordovician Conodonts 

from Hubei, China, 64 p. Geological Publishing House, Beijing. 
(in Chinese with English abstract)

An, T. X., Zhang, A. T. and Xu, J. M., 1985b: Ordovician conodonts 
from Yaoxian and Fuping, Shaanxi and their stratigraphic signifi-
cance. Acta Geologica Sinica, vol. 59, p. 97–108. (in Chinese with 
English abstract)

An, T. X., Zhang, F., Xiang, W. D., Zhang, Y. Q., Xu, W. H., Zhang, H. 
J., Jiang, D. B., Yang, C. S., Lin, L. D., Cui, Z. T. and Yang, X. C., 
1983: The Conodonts of North China and of the Adjacent Regions, 
233 p. Science Press, Beijing. (in Chinese with English abstract)

An, T. X. and Zheng, Z. C., 1990: The Conodonts of the Marginal 
Areas around the Ordos Basin, North China, 199 p. Science Press, 
Beijing. (in Chinese with English abstract)

Bagnoli, G. and Qi, Y. P., 2014: Ordovician conodonts from the Red 
Petrified Forest, Hunan Province, China. Bollettino Della Società 
Paleontologica Italiana, vol. 53, p. 93–104.

Bauer, J. A., 1990: Stratigraphy and Conodont Biostratigraphy of the 
Upper Simpson Group, Arbuckle Mountains, Oklahoma. Okla-
homa Geological Survey Guidebook, vol. 27, p. 39–53.

Bauer, J. A., 1994: Conodonts from the Bromide Formation (Middle 
Ordovician), South-Central Oklahoma. Journal of Paleontology, 
vol. 68, p. 358–376.

Bergström, S. M., 1971: Conodont biostratigraphy of the Middle and 
Upper Ordovician of Europe and eastern North America. Geologi-
cal Society of America Memoir, vol. 127, p. 83–162.

Bergström, S. M., 1983: Biogeography, evolutionary relationships, and 
biostratigraphic significance of Ordovician platform conodonts. 
Fossils and Strata, vol. 15, p. 35–58.

Bergström, S. M., 1986: Biostratigraphic integration of Ordovician 
graptolite and conodont zones—a regional review. Geological 
Society (London), Special Publications, vol. 20, p. 61–78.

Bergström, S. M., 2007: The Ordovician conodont biostratigraphy in 
the Siljan region, south-central Sweden: a brief review of an inter-
national reference standard. In, Ebbestad, J. O. R., Wickström, 
L. M. and Högström, A. E. S. eds., 9th Meeting of the Working 
Group on Ordovician Geology of Baltoscandia, Field Guide and 
Abstracts, p. 26–41. Geological Survey of Sweden, Uppsala.

Bergström, S. M., Chen, X., Gutiérrez-Marco, J. C. and Dronov, A., 
2009: The new chronostratigraphic classification of the Ordovi-
cian System and its relations to major regional series and stages 
and to delta C13 chemostratigraphy. Lethaia, vol. 42, p. 97–107.

Bergström, S. M. and Leslie, S. A., 2010: The Ordovician zone index 
conodont Amorphognathus ordovicicus Branson & Mehl, 1933 
from its type locality and the evolution of the genus Amorphog-
nathus Branson & Mehl, 1933. Journal of Micropalaeontology, 
vol. 29, p. 73–80.

Branson, E. B. and Mehl, M. G., 1933: Conodont studies. University of 
Missouri Studies, vol. 8, p. 1–349.

Cao, J. Z., Feng, Q., Zhao, W., Zhou, S. C., Wang, Q. Y., Liu, Z., Lu, Y. 
J. and Li, Y. L., 2011: Sequence Stratigraphy of Ordovician Strata 
in the South Part of Ordos Area. Acta Sedimentologica Sinica, vol. 
29, p. 286–292. (in Chinese with English abstract)

Chen, J. Y., Zhou, Z. Y., Lin, Y. K., Yang, X. C., Zou, X. P., Wang, Z. 
H., Luo, K. Q., Yao, B. Q. and Shen, H., 1984: Ordovician bio-
stratigraphy of Western Ordos. Bulletin of Nanjing Institute of 
Geology and Palaeontology, Academia Sinica, vol. 20, p. 1–31. 
(in Chinese with English abstract)

Chen, X., Bergström, S. M., Zhang, Y. D., Goldman, D. and Chen, Q., 
2011: Upper Ordovician (Sandbian–Katian) graptolite and con-
odont zonation in the Yangtze region, China. Earth and Environ-
mental Science Transactions of the Royal Society of Edinburgh, 
vol. 101, p. 111–134.

Cooper, R. A. and Sadler, P. M., 2012: The Ordovician Period. In, 

Downloaded From: https://bioone.org/journals/Paleontological-Research on 03 Apr 2025
Terms of Use: https://bioone.org/terms-of-use



Conodont biostratigraphy of the Gongwusu Fm 193

Gradstein, F. M., Ogg, J. G., Schmitz, M. D. et al. eds., The Geo-
logic Time Scale 2012, vol. 2, p. 489–523. Elsevier, Amsterdam.

Dzik, J., 1994: Conodonts of the Mójcza Limestone. Palaeontologica 
Polonica, vol. 53, p. 43–128.

Ethington, R. L., 1959: Conodonts of the Ordovician Galena Forma-
tion. Journal of Paleontology, vol. 33, p. 257–292.

Ethington, R. L. and Schumacher, D., 1969: Conodonts of the Copen-
hagen Formation (Middle Ordovician) in central Nevada. Journal 
of Paleontology, vol. 43, p. 67–69.

Fåhræus, L. E., 1966: Lower Viruan (Middle Ordovician) conodonts 
from the Gullhögen quarry, southern central Sweden. Sveriges 
Geologiska Undersökning C, vol. 601, p. 1–40.

Feltes, N. A., Albanesi, G. L. and Bergström, S. M., 2016: Conodont 
biostratigraphy and global correlation of the middle Darriwilian 
–lower Sandbian Las Aguaditas Formation, Precordillera of San 
Juan, Argentina. Andean Geology, vol. 43, p. 60–85.

Feng, Z. Z., Peng, Y. M., Jin, Z. K. and Bao, Z. D., 2004: Lithofa-
cies Paleogeography of the Cambrian and Ordovician in China, 
233 p. Petroleum Industry Press, Beijing. (in Chinese with English 
abstract)

Feng, Z. Z., Zheng, X. J., Bao, Z. D., Jin, Z. K., Wu, S. H., He, Y. B., 
Peng, Y. M., Yang, Y. Q., Zhang, J. Q. and Zhang, Y. S., 2014: 
Quantitative lithofacies palaeogeography. Journal of Palaeogeog-
raphy, vol. 3, p. 1–34.

Finney, S. C., Bergström, S. M., Chen, X. and Wang, Z. H., 1999: The 
Pingliang section, Gansu Province, China: Potential as global stra-
totype for the base of the Nemagraptus gracilis Biozone and the 
base of the global Upper Ordovician Series. Acta Universitatis 
Carolinae, Geologica, vol. 43, p. 73–75.

Goldman, D., Leslie, S. A., Nolvak, J., Young, S., Bergstrom, S. M. 
and Huff, W. D., 2007: The Global Stratotype Section and Point 
(GSSP) for the base of the Katian Stage of the Upper Ordovician 
Series at Black Knob Ridge, southeastern Oklahoma, USA. Epi-
sodes, vol. 30, p. 258–270.

Hadding, A. R., 1913: Undre dicellograptusskiffern i Skåne jämte några 
dågra därmed ekvivalenta bildningar. Lunds Universitets Årsskrift, 
Ny Följd, Afdelningen 2, vol. 9, p. 1–90.

Hamar, G., 1966: Preliminary report on conodonts from the Oslo-Asker 
and Ringerike districts. Norsk Geologisk Tidsskrift, vol. 46, p. 
27–83.

Henningsmoen, G., 1948: The Tretaspis Series of the Kullatorp Core. 
Bulletin of the Geological Institution of the University of Uppsala, 
vol. 32, p. 374–432.

Jing, X. C., Zhou, H. R. and Wang, X. L., 2015: Ordovician (Middle 
Darriwilian-earliest Sandbian) conodonts from the Wuhai area of 
Inner Mongolia, North China. Journal of Paleontology, vol. 89, 
p. 768–790.

Jing, X. C., Zhou, H. R. and Wang, X. L., 2016: Biostratigraphy and 
biofacies of the Middle Darriwilian (Ordovician) conodonts from 
the Laoshidan section in the western margin of the North China 
Craton. Marine Micropaleontology, vol. 125, p. 51–65.

Lehnert, O., Bergström, S. M., Keller, M. and Bordonaro, O., 1999: 
Ordovician (Darriwillian-Caradocian) conodonts from the San 
Rafael Region, west-central Argentina: biostratigraphic, paleoeco-
logic and paleogeographic implications. Bollettino Della Società 
Paleontologica Italiana, vol. 37, p. 199–214.

Lin, B. Y., Qiu, H. R. and Xu, C. C., 1984: New observations of Ordo-
vician strata in Shetai District of Urad Front Banner, Nei Mongol 
(Inner Mongolia). Geological Review, vol. 30, p. 95–105.

Lin, Y. K., 1980: Ordosograptus—A new graptolite genus and its affin-
ities. Acta Palaeontologica Sinica, vol. 19, p. 475–481.

Lindström, M., 1955: The conodonts described by A. R. Hadding, 
1913. Journal of Paleontology, vol. 29, p. 105–111.

Lindström, M., 1977: Genus Baltoniodus Lindström, 1971, In, Ziegler, 
W. ed., Catalogue of Conodonts, p. 67–90. Schweizerbart’sche 
Verlagsbuchhandlung, Stuttgart.

Löfgren, A., 2006: An Oistodus venustus-like conodont species 
from the Middle Ordovician of Baltoscandia. Paläontologische 
Zeitschrift, vol. 80, p. 12–21.

Löfgren, A. and Zhang, J. H., 2003: Element association and morphol-
ogy in some middle Ordovician platform-equipped conodonts. 
Journal of Paleontology, vol. 77, p. 721–737.

Moskalenko, T. A., 1973: Conodonts of the Middle and Upper Ordovi-
cian on the Siberian Platform. Akademiya Nauk SSSR, Sibirskoye 
Otdeleniye, Trudy Instituta Geologii i Geofiziki, vol. 137, p. 1–143.

Myrow, P. M., Chen, J. T., Snyder, Z., Leslie, S., Fike, D. A., Fanning, 
C. M., Yuan, J. L. and Tang, P., 2015: Depositional history, tecton-
ics, and provenance of the Cambrian-Ordovician boundary inter-
val in the western margin of the North China block. Geological 
Society of America Bulletin, vol. 127, p. 1174–1193.

Ni, S. Z. and Li, Z. H., 1987: The Ordovician conodonts from Yangtze 
Gorges area. In, Wang, X. F., Ni, S. Z., Zeng, Q. L. et al. eds., Bio-
stratigraphy of Yangtze Gorges area. (2) Early Paleozoic Era, p. 
102–114 and p. 387–447. Geological Publishing House, Beijing. 
(in Chinese with English abstract)

Orchard, M. J., 1980: Upper Ordovician conodonts from England and 
Wales. Geologica et Palaeontologica, vol. 14, p. 9–44.

Pohler, S. M. L., 1994: Conodont biofacies of Lower to lower Mid-
dle Ordovician megaconglomerates, Cow Head Group, western 
Newfoundland. Geological Survey of Canada Bulletin, vol. 459, 
p. 1–71.

Pyle, L. J. and Barnes, C. R., 2003: Conodonts from a platform-to-
basin transect, Lower Ordovician to Lower Silurian, Northeastern 
British Columbia, Canada. Journal of Paleontology, vol. 77, p. 
146–171.

Rasmussen, J. A., 1998: A reinterpretation of the conodont Atlantic 
Realm in the late Early Ordovician (early Llanvirn). Acta Palae-
ontologica Polonica, vol. 58, p. 67–77.

Rasmussen, J. A., 2001: Conodont biostratigraphy and taxonomy of 
the Ordovician shelf margin deposits in the Scandinavian Cale-
donides. Fossils and Strata, vol. 48, p. 1–180.

Rasmussen, J. A. and Stouge, S., 1995: Late Arenig-Early Llanvirn con-
odont biofacies across the Iapetus Ocean. In, Cooper, J. D., Droser, 
M. L. and Finney, S. C. eds., Ordovician Odyssey: Short Papers 
for the Seventh International Symposium on the Ordovician Sys-
tem, p. 443–447. SEPM, Pacific Section, Fullerton, California.

Savage, N. M., 1990: Conodonts of Caradocian (Late Ordovician) age 
from the Cliefden Caves Limestone, southeastern Australia. Jour-
nal of Paleontology, vol. 64, p. 821–831.

Serra, F., Albanesi, G. L., Ortega, G. and Bergström, S. M., 2015: Bio-
stratigraphy and palaeoecology of Middle-Late Ordovician con-
odont and graptolite faunas of the Las Chacritas River section, 
Precordillera of San Juan, Argentina. Geological Magazine, vol. 
152, p. 813–829.

Stouge, S., 2012: Middle Ordovician (late Dapingian-Darriwilian) con-
odonts from the Cow Head Group and Lower Head Formation, 
western Newfoundland, Canada. Canadian Journal of Earth Sci-
ences, vol. 49, p. 59–90.

Sun, G. F. and Liu, J. P., 1983: Helan Aulacogen and front basin and 
their evolution. Oil and Gas Geology, vol. 4, p. 236–245. (in 
Chinese with English abstract)

Sweet, W. C., 1981: Genera Belodina Ethington, 1959, Phragmodus 
Branson and Mehl, 1933 and Plectodina Stauffer, 1935. In, Ziegler, 
W. ed., Catalogue of Conodonts, p. 61–304. Schweizerbart’sche 
Verlagsbuchhandlung, Stuttgart.

Sweet, W. C., 1984: Graphic correlation of upper Middle and Upper 

Downloaded From: https://bioone.org/journals/Paleontological-Research on 03 Apr 2025
Terms of Use: https://bioone.org/terms-of-use



Xiuchun Jing et al.194

Ordovician rocks, North American Midcontinent Province, U.S.A. 
In, Bruton, D. L. ed., Aspects of the Ordovician System, Palaeon-
tological Contributions from the University of Oslo, no. 295, p. 
23–35. Universitetsforlaget, Oslo.

Sweet, W. C., 1988: The Conodonta: Morphology, Taxonomy, Paleo-
ecology, and Evolutionary history of a Long-Extinct Animal Phy-
lum, 212 p. Clarendon Press, Oxford.

Sweet, W. C. and Bergström, S. M., 1962: Conodonts from the Pratt 
Ferry Formation (Middle Ordovician) of Alabama. Journal of 
Paleontology, vol. 36, p. 1214–1252.

Tolmacheva, T. Y., Degtyarev, K. E., Ryazantsev, A. V. and Nikitina, 
O. I., 2009: Conodonts from the upper Ordovician siliceous rocks 
of Central Kazakhstan. Paleontological Journal, vol. 43, p. 1498–
1512.

Wang, Z. H., 2001: Ordovician conodonts from Kalpin of Xinjiang and 
Pingliang of Gansu across the base of Upper Ordovician Series. 
Acta Micropalaeontologica Sinica, vol. 18, p. 349–363.

Wang, Z. H., Bergström, S. M. and Lane, H. R., 1996: Conodont prov-
inces and biostratigraphy in Ordovician of China. Acta Palaeonto-
logica Sinica, vol. 35, p. 26–59.

Wang, Z. H., Bergström, S. M., Song, Y. Y., Ma, X. and Zhang, Y. D., 
2016a: On the diachronous nature of the top of the Ordovician 
Kuniutan Formation on the Yangtze Platform: Implications of the 
conodont biostratigraphy of the Dacao section, Chongqing. Pal-
aeoworld, doi: 10.1016/j.palwor.2015.12.002.

Wang, Z. H., Bergström, S. M., Zhen, Y. Y., Chen, X. and Zhang, Y. D., 
2013a: On the integration of Ordovician conodont and graptolite 
biostratigraphy: new examples from Gansu and Inner Mongolia in 
China. Alcheringa, vol. 37, p. 510–528.

Wang, Z. H., Bergström, S. M., Zhen, Y. Y. and Zhang, Y. D., 2013b: 
New discovery of conodonts from the Upper Ordovician Pingliang 
Formation of Pingliang, Gansu, China and its significance. Acta 
Micropalaeontologica Sinica, vol. 30, p. 123–131. (in Chinese 
with English abstract)

Wang, Z. H. and Luo, K. Q., 1984: Late Cambrian and Ordovician con-
odonts from the marginal areas of the Ordos Platform, China. Bul-
letin of Nanjing Institute of Geology and Palaeontology, Academia 
Sinica, vol. 8, p. 239–304. (in Chinese with English abstract)

Wang, Z. H., Zhen, Y. Y., Zhang, Y. D. and Wu, R. C., 2016b: Review 
of the Ordovician conodont biostratigraphy in the different facies 
of North China. Journal of Stratigraphy, vol. 40, p. 1–16. (in 

Chinese with English abstract)
Webby, B. D., Cooper, R. A., Bergström, S. M. and Paris, F., 2004: 

Stratigraphic framework and time slices. In, Webby, B., Paris, F., 
Droser, M. et al. eds., The Great Ordovician Biodiversification 
Event, p. 41–47. Columbia University Press, New York.

Wu, R. C., Stouge, S., Zhan, R. B., Liu, J. B. and Liang, Y., 2016: 
Conodont faunal dynamics across the Middle and Upper Ordovi-
cian boundary in the Yichang area, western Hubei Province, South 
China. Canadian Journal of Earth Sciences, doi: 10.1139/cjes-
2015-0217.

Yang, Y. T., Li, W. and Ma, L., 2005: Tectonic and stratigraphic con-
trols of hydrocarbon systems in the Ordos basin: A multicycle cra-
tonic basin in central China. AAPG Bulletin, vol. 89, p. 255–269.

Zhang, J. H., 1998: Conodonts from the Guniutan Formation (Llanvir-
nian) in Hubei and Hunan Provinces, south-central China. Stock-
holm Contributions in Geology, vol. 46, p. 1–161.

Zhang, S. X., Barnes, C. R. and Jowett, D. M. S., 2006: The paradox of 
the global standard Late Ordovician-Early Silurian sea level curve: 
Evidence from conodont community analysis from both Canadian 
Arctic and Appalachian margins. Palaeogeography, Palaeoclima-
tology, Palaeoecology, vol. 236, p. 246–271.

Zhao, G. C. and Zhai, M. G., 2013: Lithotectonic elements of Precam-
brian basement in the North China Craton: Review and tectonic 
implications. Gondwana Research, vol. 23, p. 1207–1240.

Zhen, Y. Y., Percival, I. G. and Webby, B. D., 2004: Conodont faunas 
from the Mid to Late Ordovician boundary interval of the Wah-
ringa Limestone Member (Fairbridge Volcanics), central New 
South Wales. Proceedings of the Linnean Society of New South 
Wales, vol. 125, p. 141–164.

Zhen, Y. Y., Webby, B. D. and Barnes, C. R., 1999: Upper Ordovician 
conodonts from the Bowan Park succession, central new South 
Wales, Australia. Geobios, vol. 32, p. 73–104.

Zhen, Y. Y., Zhang, Y. D., Wang, Z. H. and Percival, I. G., 2016: 
Huaiyuan Epeirogeny—Shaping Ordovician stratigraphy and 
sedimentation on the North China Platform. Palaeogeography, 
Palaeoclimatology, Palaeoecology, vol. 448, p. 363–370.

Zheng, Y. F., Xiao, W. J. and Zhao, G. C., 2013: Introduction to tecton-
ics of China. Gondwana Research, vol. 23, p. 1189–1206.

Zhu, R. X., Yang, J. H. and Wu, F. Y., 2012: Timing of destruction of 
the North China Craton. Lithos, vol. 149, p. 51–60.

Downloaded From: https://bioone.org/journals/Paleontological-Research on 03 Apr 2025
Terms of Use: https://bioone.org/terms-of-use




