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Early Cambrian Hyoliths from the North China Platform and their 1 

biostratigraphic and palaeogeographic significance 2 

 3 

BING PAN, CHRISTIAN B. SKOVSTED, HAIJING SUN, GUOXIANG LI 4 

 5 

An assemblage of hyoliths, consisting of ten genera and fourteen species, is reported from the lower Cambrian 6 

Xinji Formation (Shangwan and Sanjianfang sections) and Houjiashan Formation (Xiaomeiyao section) along the 7 

southern margin of the North China Platform. Most species are represented by both conchs and opercula. The 8 

orthothecids identified include Conotheca australiensis, Cupitheca holocyclata, Cupitheca costellata, 9 

Neogloborilus applanatus, N. spinatus, Tegminites hymenodes, Triplicatella disdoma, Triplicatella xinjia sp. nov. 10 

and Paratriplicatella shangwanensis gen. et sp. nov. The hyolithids contain Protomicrocornus triplicensis gen. et 11 

sp. nov., Microcornus eximius, M. petilus, Parkula bounites and Parakorilithes mammillatus. However, some taxa 12 

possess characteristics of both Hyolithida and Orthothecida, such as C. australiensis, Neogloborilus and 13 

Protomicrocornus triplicensis. Protomicrocornus may belong to a sister group of other hyolithids. Teeth of Parkula 14 

bounites and clavicles of Parakorilithes mammillatus are discovered for the first time in specimens from North 15 

China and South Australia. Conotheca rotunda Qian, Yi & Xiao, 2000 and Conotheca cf. australiensis of Qian et 16 

al. (2001) are revised as C. australiensis. Meanwhile, C. australiensis of Wrona 2003 is revised as N. applanatus. 17 

Aimitidae of Qian & Zhang 1983, operculum type VI of Qian 1989 and operculum A of Zhang et al. 2017 are 18 

revised as N. spinatus. Hyptiotheca Bengtson in Bengtson et al., 1990 is recognized as a junior synonym of 19 

Parakorilithes He & Pei, 1984 with Hyptiotheca karraculum Bengtson in Bengtson et al., 1990 and Parakorilithes 20 

teretiusculus Qian, 1989 being junior synonyms of Parakorilithes mammillatus He & Pei in He et al., 1984. 21 
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Parkula ? sp. of Malinky & Skovsted 2004, P. esmeraldina Skovsted, 2006 and Parkula cf. P. esmeraldina of 22 

Kouchinsky et al. 2015 are excluded from Parkula. Specimens identified as H. karraculum of Wrona 2003 are 23 

revised as P. bounites while opercula identified as P. bounites of Wrona 2003 represent the operculum of 24 

Parakorilithes mammillatus. The hyolith assemblage from the three sampled sections in North China probably are 25 

coeval and can be correlated with the upper Cambrian Stage 3 to lower Stage 4. Many hyolith taxa are distributed 26 

globally and may have potential for the global stratigraphic correlation in this interval. The hyolith assemblage of 27 

North China is most similar to that of east Gondwana, especially with South Australia, but also show similarities 28 

to Laurentia. North China Platform could be much closer to South Australia in the early Cambrian than to other 29 

paleo-plates.  30 
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 44 

THE early Cambrian hyolith assemblage from the southern margin of North China Platform 45 

were first described by Xiao & Zhou (1984) and Qian (1989). Xiao & Zhou (1984) described 46 

eight genera with nine named species and four unidentified species from the Yutaishan 47 

Formation. The specimens illustrated by Xiao & Zhou (1984) are poorly preserved, which 48 

makes their taxonomy quite problematic. Qian (1989) also reported five genera, seven species 49 

and three types of unidentified opercula from the Xinji Formation. The majority of the 50 

specimens illustrated by Qian (1989) are well preserved which makes their taxonomy more 51 

credible although some of these taxa still need to be revaluated. Some additional hyolith taxa 52 

from North China Platform have been described by other authors as part of faunal assemblages 53 

(He et al. 1984, Yi 1992, Pei & Feng 2005, Yun et al. 2016) or in specialized treatments of 54 

single taxa (Pan et al. 2015, Skovsted et al. 2016). 55 

The hyolith assemblage from North China is early Cambrian in age (Cambrian Epoch 2) 56 

based on the occurrence of other shelly fossils (He et al. 1984, Zhou & Xiao 1984, Pei 1985, 57 

Feng et al. 1994, Li et al. 2016, Yun et al. 2016, Pan et al. 2018a, b) and trilobites (Zhang & 58 

Zhu 1979, Zhang et al. 1979). To date, hyoliths from this interval of the Cambrian has been 59 

reported from many localities worldwide, including South China (Qian & Zhang 1983, 1985, 60 

Qian et al. 2001), Tarim (Qian & Xiao 1984, Duan & Xiao 1992, Xiao & Duan 1992, Qian et 61 

al. 2000), Australia (Bengtson et al. 1990, Gravestock et al. 2001, Skovsted et al. 2014), 62 

Antarctica (Wrona 2003), North-East Greenland (Malinky & Skovsted 2004, Skovsted et al. 63 
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2004, Skovsted 2006a), western Newfoundland (Skovsted & Peel 2007) and Siberia 64 

(Kouchinsky et al. 2015). Many hyolith genera, such as Microcornus, Parkula, Conotheca, 65 

Cupitheca and Triplicatella have turned out to have a wide or even global distribution at this 66 

time interval (Wrona 2003, Malinky & Skovsted 2004, Skovsted et al. 2004, 2016). Herein, we 67 

describe the hyoliths assemblage from the lower Cambrian Xinji and Houjiashan formations at 68 

three sections along the southern margin of the North China Platform. The new, well preserved 69 

hyolith specimens from these sections will not only afford an opportunity to revise the 70 

taxonomy of the hyoliths from North China, but can also shed new light on the 71 

palaeogeographic distribution, biostratigraphic utility and evolution of the hyoliths in the early 72 

Cambrian. Herein, we focus on the taxonomy, palaeogeographic distribution and stratigraphic 73 

range of the hyoliths from the Xinji and Houjiashan formations including a revision of some 74 

taxa originally described from time-equivalent faunas of other paleo-plates. 75 

 76 

Geological setting 77 

 78 

The transgressive lower Cambrian strata along the southern margin of the North China Platform 79 

disconformably overly the Precambrian clastic Luoquan or Dongpo formations (Zhang et al. 80 

1979, Liu 1986, Liu et al. 1991, Miao 2014). The thickness and lithology of the lower Cambrian 81 

strata varies in different regions (Liu 1986, Miao 2014). In western Henan Province and eastern 82 

Shaanxi Province, lower Cambrian strata is composed of the Xinji Formation, consisting of 83 

clastic rocks interfingering with carbonate and the overlying dolostones of the Zhushadong 84 
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Formation, while equivalent strata in western Anhui Province contains black siltstones of the 85 

Yutaishan Formation followed by dolostones of the Houjiashan Formation.  86 

The Xiaomeiyao (XMY) section is located to the west of Madian Town, Huoqiu County, 87 

Anhui Province, near the boundary of Anhui and Henan Provinces (Fig. 1B). This section is 38 88 

m thick and composed of the Luoquan, Yutaishan and Houjiashan formations in ascending order. 89 

The samples with hyoliths were collected from the basal 3.4 m thick bioclastic dolostone of the 90 

Houjiashan Formation (Fig. 1F), conformably overlying the Yutaishan Formation. The base of 91 

the Houjiashan Formation is a 20 cm thick phosphorite bed. The dolostone above the fossil 92 

layer was excavated by mining, with only 1.4 m left at the time of sampling. The underlying 93 

Yutaishan Formation is mainly composed of argillaceous siltstone with abundant phosphatic 94 

nodules in the basal part. Abundant brachiopods are found in the uppermost siltstone layer 95 

(30.5–32.3 m, Fig. 1F) of this formation (Zhou & Xiao 1984, Miao 2014), which indicates a 96 

Cambrian age. No fossils have been reported below this brachiopod bed. At this locality the 97 

Yutaishan Formation comformably overlies the diamictite of the Luoquan Formation and the 98 

exact base of the Cambrian is uncertain. When Zhou and Xiao (1984) described the lithology 99 

and molluscs of the early Cambrian in this area, they assigned the bioclastic dolostone with 100 

abundant small shelly fossils (SSFs) to the Yutaishan Formation. However, this bed and the 101 

underlying phosphorite layer are here assigned to the overlying Houjiashan Formation. 102 

Trilobites, such as Estaingia (Hsuaspis) and Redlichia had been reported from the basal 103 

bioclastic dolostone of the Houjiashan Formation in the Huoqiu area, Anhui Province (Zhang 104 

et al. 1979, Zhou & Xiao 1984, Miao 2014). 105 



 

 6 / 86 
 

The Sanjianfang (SJF) section is situated at Baoan Town, Ye County, Henan Province (Fig. 106 

1D). Here, the Xinji Formation is more than 110 m thick but the base of the formation is not 107 

exposed (Fig. 1E). The 90 m thick lower part consists mainly of siltstone, quartz sandstone, 108 

argillaceous siltstone and feldspathic quartz sandstone. A single 10 cm thick phosphorite layer 109 

is found at the top of the lower part of this formation. The 20 m thick upper part consists mainly 110 

of argillaceous or sandy dolostone. The samples with abundant shelly fossils were collected at 111 

the basal 2 m thick bioclastic argillaceous dolostone of the upper part of the formation. The 112 

purple dolostone of the Zhushadong Formation conformably overlies the Xinji Formation. Lots 113 

of SSFs and some trilobites (Estaingia) had been reported from the bioclastic argillaceous 114 

dolostone of the Xinji Formation at this area (He et al. 1984, He & Pei 1985, Pei 1985, Yu & 115 

Rong 1991, Feng et al. 1994). 116 

The Shangwan (SW) section is located close to Shimen Town, Luonan County, Shaanxi 117 

Province. In this section, the Xinji Formation is disconformably overlying the Luoquan 118 

Formation and is composed predominantly of conglomerates, gravel-bearing siltstones and 119 

shales (for stratigraphic column see figure 1 in Li et al. 2014). The Xinji Formation is about 20 120 

m thick and can be subdivided into two parts. The 11 m thick lower part is composed mainly of 121 

sandy phosphoritic limestones, shales and siltstones. The ca. 0.8 m thick basal phosphoritic 122 

sandy limestones contains abundant SSFs. The hyoliths described here are found in this bed. 123 

The upper part of the formation consists mostly of calcareous sandstones and dolomitic 124 

limestones with trilobites, but scarce SSFs. The Xinji Formation is conformably overlain by the 125 

Zhushadong Formation (Li et al. 2014). 126 
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The fossil-rich layers of the bioclastic dolostone of the Xinji Formation and the Houjiashan 127 

Formation yield nearly the same trilobites and SSF assemblages and are considered to be coeval 128 

(Zhang & Zhu 1979, Zhang et al. 1979, He et al. 1984, Zhou & Xiao 1984, Li & Zhou 1986, 129 

Miao 2014). The trilobite assemblage of this interval is composed of Estaingia (Bergeroniellus) 130 

lonanensis Hsiang in Lu et al., 1965, Estaingia (Hsuaspis) houchiuensis Chang in Hsiang, 1963, 131 

and Redlichia cf. R. nanjiangensis Zhang & Lin in Lee, 1978 (Zhang & Zhu 1979, Zhang et al. 132 

1979, Miao 2014), which can be correlated with the Drepanuloides Biozone of the middle 133 

Tsanglangpuan stage (Cambrian Stage 4) on the Yangtze Platform (Zhang et al. 1979, Zhang & 134 

Zhu 1979, He & Pei 1985, Li et al. 2014, Miao 2014, Yun et al. 2016). The Estaingia trilobite 135 

assemblage can also be approximately compared with the Pararaia janeae trilobite Zone of 136 

South Australia (Paterson & Brock 2007, Miao 2014, Yun et al. 2016).  137 

In South Australia, Redlichia occurs in Stage 3 (Pararaia bunyerooensis Zone in Paterson 138 

& Brock 2007; Dailyatia odyssei Zone of Betts et al. 2016) rather than only in Stage 4 as in 139 

South China. In addition, Estaingia is known from upper Stage 3 to lower Stage 4 in South 140 

China, rather than being restricted to Stage 4 as in South Australia. The opposing distributions 141 

of Estaingia and Redlichia in South China and South Australia suggest more detailed sampling 142 

is required to accurately determine the stratigraphic ranges of these trilobite taxa in both terranes. 143 

As the base of Stage 4 has not been formally defined, it remains possible that both Redlichia 144 

and Estaingia could co-occur in Cambrian upper Stage 3 which would mean the trilobite 145 

assemblage from the Xinji Formation could also be upper Stage 3. 146 

Furthermore, abundant SSFs have been reported from the Xinji and Houjiashan formations, 147 
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including Pojetaia runnegari Jell, 1980, Mackinnonia rostrata Zhou & Xiao, 1984, Stenotheca 148 

drepanoida He & Pei in He et al., 1984, Pelagiella madianensis Zhou & Xiao, 1984, Cupitheca 149 

holocyclata Bengtson in Bengtson et al., 1990, C. costellata Xiao & Zhou, 1984, Yochelcionella 150 

chinensis Pei, 1985, Cambroclavus absonus Conway Morris in Bengtson et al., 1990, 151 

Apistoconcha cf. apheles Conway Morris in Bengtson et al., 1990, Microdictyon sp., 152 

Paterimitra pyramidalis Laurie, 1986, chancelloriid sclerites and sponge spicules etc. (He et al. 153 

1984, Pei 1985, Feng et al. 1994, Li et al. 2014, Pan et al. 2015, 2018a, b, Li et al. 2016, 2017, 154 

Skovsted et al. 2016, Yun et al. 2017). Most of these fossils have been reported from the 155 

Dailyatia odyssei Zone (Cambrian Stage 3–4) in South Australia (Bengtson et al. 1990, 156 

Gravestock et al. 2001, Topper et al. 2009, Betts et al. 2016, 2017). However, more detailed 157 

biostratigraphic work on the Cambrian Stage 3 and Stage 4 still needs be completed to revise 158 

the international correlation of this interval.  159 

 160 

Materials and methods 161 

 162 

The rock samples collected from the Xiaomeiyao, Sanjianfang and Shangwan sections were 163 

processed by digestion in respectively 4%, 6% and 10% acetic acid. The selected specimens 164 

were placed on stubs, gold coated and photographed using the Scanning Electron Microscopy 165 

facility (LEO 1530VP) at the Nanjing Institute of Geology and Palaeontology, Chinese 166 

Academy of Sciences (acronym NIGPAS), Nanjing. All the illustrated specimens from North 167 

China are housed and cataloged at storage facilities of the NIGPAS, Nanjing. The specimens 168 
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collected from South Australia are housed and cataloged at the palaeontological collections of 169 

the Swedish Museum of Natural History (acronym NRM), Stockholm. 170 

 171 

Systematic palaeontology 172 

 173 

Class Hyolitha Marek, 1963 174 

Order Orthothecida Marek, 1966 175 

Family Circothecidae Missarzhevsky in Rozanov et al., 1969 176 

 177 

Remarks: This family was erected by Missarzhevsky (in Rozanov et al. 1969) based on the 178 

genus Circotheca Syssoiev, 1958. However, Berg-Madsen & Malinky (1999) considered the 179 

diagnosis of Circothecidae to be too broad and inclusive and even in contradiction with the 180 

characteristics of the type specimens of Circotheca. It is true that numerous, nearly featureless 181 

tubular fossils have been referred to this family due to its simple and unrestricted diagnosis and 182 

the family is in need of revision (Berg-Madsen & Malinky 1999). However, at the present time 183 

no revision of the diagnosis of the family has been published and recent investigations have 184 

retained the simple diagnosis (e.g. circular or slightly oval cross-section, straight or slightly 185 

bent conch, transverse growth lines) of this family (Parkhaev & Demidenko 2010). Herein, we 186 

temporarily follow this simple and unrestricted diagnosis until the reasonable and reliable 187 

taxonomic revision of the family have been carried out.  188 

 189 
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Conotheca Missarzhevsky in Rozanov et al., 1969  190 

 191 

Type species: Conotheca mammilata Missarzhevsky in Rozanov et al., 1969, Tommotian 192 

Stage, lower Cambrian, Siberian Platform. 193 

 194 

Remarks: The exact Family level assignment of Conotheca is problematic. The genus was 195 

erected by Missarzhevsky (in Rozanov et al. 1969) based on tubular fossils from the lower 196 

Cambrian of Siberia and assigned to Circothecidae Missarzhevsky, 1969. This assignment was 197 

retained by Bengtson et al. (1990) and Parkhaev & Demidenko (2010). However, Qian & 198 

Bengtson (1989) placed Conotheca under “other tubular shells” and suggested it cloud even be 199 

related to anabaritids. Malinky & Skovsted (2004) considered the genus to be of uncertain 200 

affinity and pointed out that it combines characteristics of both Hyolithida and Orthothecida. 201 

Presently no consensus about the classification of the early Cambrian hyoliths, or their 202 

evolutionary relationships. We are cautious about establishing new Family level groupings to 203 

accommodate individual taxa as we feel these would add further confusion to the hyolith 204 

taxonomy. Consequently, we retain the hyolith affinity and the original family assignment of 205 

Conotheca until a detailed analysis of Cambrian hyoliths and their relationships have been 206 

carried out. 207 

 208 

Conotheca australiensis Bengtson in Bengtson et al., 1990 (Fig. 2A–F) 209 

1990 Conotheca australiensis Bengtson in Bengtson et al., p. 213–216, figs 143–144. 210 
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1996 Conotheca laurentiensis Landing & Bartowski, p. 756–757, fig. 7.1–7.8, 7.20. 211 

2000 Conotheca rotunda Qian, Yi & Xiao, p. 406–407, pl. Ⅱ, figs 1–12. 212 

2001 Conotheca australiensis Bengtson in Bengtson et al., 1990; Gravestock et al., p. 98–99, 213 

pl. 10, figs 1, 2. 214 

2001 Conotheca cf. australiensis, Qian et al, p. 33–34, pl. Ⅰ, figs 6–10. 215 

Non 2003 Conotheca cf. C. australiensis Bengtson in Bengtson et al., 1990; Wrona, p. 191–216 

192, fig. 5A–E. 217 

2004 Conotheca australiensis Bengtson in Bengtson et al.1990; Malinky & Skovsted, p. 572–218 

574, fig. 14. 219 

 220 

Material. NIGPAS167807, 167809 from the Xinji Formation at the Shangwan section; 221 

NIGPAS167806, 167808, 167810, 167811 from the Houjiashan Formation at the Xiaomeiyao 222 

section; more than 200 additional specimens from the three section in herein. 223 

 224 

Description. Slightly curved conch with circular to oval cross-section. The length and diameter 225 

are up to 0.96 mm and 0.34 mm respectively. The protoconch is bulbous. The angle of 226 

divergence is low close to the protoconch, increasing to ca 20° at the aperture. The apertural 227 

plane is perpendicular to the long axis of the conch. The outer surface of the conch is smooth 228 

or bears transverse growth lines. One specimen bears a blunt termination (Fig. 2B), suggesting 229 

breakage along an internal septum. Opercula are circular in outline. The outer side is flat or 230 

slightly concave and is smooth or with faint concentric growth lines. The inner surface bears 231 
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two flattened, straight cardinal processes with tapering apex, diverging at ca 30° and being 232 

about the 2/5 the length of the opercular diameter. A circular ridge situated inward from the 233 

edge of the operculum emanates from the cardinal processes.  234 

 235 

Remarks. The specimens described herein are assigned to Conotheca australiensis based on the 236 

similarities of both opercula and conchs to the type material from South Australia (Bengtson et 237 

al. 1990). A number of specimens, both conchs and opercula, discovered outside South 238 

Australia have been assigned to this species, including material from New York State (identified 239 

as Conotheca laurentiensis by Landing & Bartowski 1996, see discussion in Malinky & 240 

Skovsted 2004), North-East Greenland (Malinky & Skovsted 2004), South China (Qian et al. 241 

2001) and North China (herein). However, the majority of these specimens differ from the type 242 

material by having a circular ridge along the internal margin of the operculum instead of the six 243 

clavicle-like tubes of the Australian specimens. This difference may be caused by the variations 244 

in fossil preservation in the different areas. Another small difference observed in one operculum 245 

from North China is the slightly inward curvature of the cardinal processes (Fig. 2E), which is 246 

interpreted as intraspecific variation herein. Compared with the conchs from South Australia, 247 

the conchs of C. australiensis from North China and North-East Greenland (Malinky & 248 

Skovsted 2004) are normally more strongly curved. This could also be regarded as intraspecific 249 

variation. 250 

Qian et al. (2000, pl. Ⅱ, figs 1–12) reported the opercula of Conotheca rotunda co-occurring 251 

with two associated conchs (C. subcurvata in Qian 1989, pl. 4, figs 13, 14) from the Yuertus 252 
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Formation (Qiongzhusian Stage) in Xinjiang Province. These flat, rounded opercula with two 253 

flattened, straight cardinal processes situated at the marginal zone and 6–10 pairs of clavicle-254 

like tubes along the lateral sides are very similar to the specimens of C. australiensis described 255 

by Bengtson et al. (1990, fig. 144) from South Australia. The conchs are poorly preserved and 256 

show few characters to distinguish them from other species of Conotheca, although Qian et al. 257 

(2000) considered the conchs to be shorter, more curved, more evenly diverging and without 258 

bulbous protoconch (obviously due to damage) compared to C. australiensis. We consider the 259 

poorly preserved conchs to be undiagnosable and the characters of the associated opercula are 260 

more reliable features for specific identification. The difference in number of clavicles between 261 

C. rotunda and C. australiensis could be interpreted as intraspecific variation and thus, C. 262 

rotunda reported in Qian et al. (2000) is here regarded as a junior synonym of C. australiensis.  263 

Wrona (2003) reported internal moulds of orthothecid conchs with well matching opercula 264 

from Antarctica of doubtful affinity to Conotheca australiensis. Herein, these Antarctic 265 

specimens are excluded from C. australiensis, because their cardinal processes and clavicles 266 

are definitely different from that of the opercula from Australia (Bengtson et al. 1990) and we 267 

refer these Antarctic fossils to Neogloborilus (see the discussion below). Wrona (2003) also 268 

illustrated Conotheca sp. A (fig. 5G–H) and Conotheca sp. B (fig. 6A–F). These two undefined 269 

species may represent the same taxon, because both bear quite rounded globular protoconchs 270 

of similar diameter (ca 200 μm). The relatively complete conchs of Conotheca sp. B have 271 

prominent dorsoventral differentiation with a planar venter and a broad rounded dorsum. 272 

Consequently, these fossils are definitely different from the cylindrical conchs of Conotheca 273 



 

 14 / 86 
 

with no or very slight dorsoventral differentiation and should be excluded from Conotheca. 274 

 275 

Stratigraphic range and distribution. Cambrian, Stage 3–4; Australia, South China, North 276 

China, Tarim (Northwest China), USA (New York State, Laurentia) and North-East Greenland. 277 

 278 

Family Cupithecidae Duan, 1984 (emend.) 279 

 280 

Diagnosis. Conch straight or curved, cross-section circular, oval or subtriangular, divergence 281 

angle low. Older parts of conch successively aborted during ontogeny in connection with the 282 

formation of secondary, transverse walls (septa) sealing off the apical end. Initial apex unknown. 283 

Operculum low, sub-circular to sub-triangular with low sloping conical shield and narrow semi-284 

circular cardinal shield, raised central concave apex and two blade-like cardinal processes or 285 

with a planar interior and concave outer surface and a pair of bilobate cardinal processes. 286 

(emend from Duan 1984) 287 

 288 

Remarks. Cupithecidae Duan, 1984 and Emeithecidae Duan, 1984 were firstly established by 289 

Duan (1984) according to numerous specimens from the Xihaoping Formation in the 290 

Shennongjia District, Hubei Province, South China. The differentiation of these two families is 291 

solely based on the depth of incision around the convex terminal wall which is likely to 292 

represent individual or preservational differences according to the study of the well preserved 293 

specimens from South Australia (Bengtson et al. 1990). Thus, only an single Family 294 



 

 15 / 86 
 

(Cupithecidae), with a single genus, Cupitheca Duan, 1984 (Bengtson et al. 1990), is 295 

recognized. The original diagnosis of Cupithecidae written by Duan (1984) just contains a few 296 

simple sentences about the shape of the conchs. Pan et al. (2015, in Chinese) added the 297 

decollating ontogeny as well as the associated structures as suggested by Bengtson et al. (1990) 298 

as the main diagnosis of Cupithecidae. Herein, we consider that both the distinct decollating 299 

ontogeny and the configuration of the opercula later discovered by Skovsted et al. (2016) and 300 

Sun et al. (2018) should be the most important diagnostic characteristics of Cupithecidae.  301 

 302 

Cupitheca Duan, 1984 303 

 304 

Type species. Paragloborius mirus (He) in Qian, 1977, Fortunian Stage, Cambrian, South China. 305 

 306 

Diagnosis. Conch straight or curved, with circular, oval, or subtriangular cross-section, low 307 

angle of divergence. Older parts of conch successively aborted during ontogeny in connection 308 

with the formation of secondary transverse walls sealing off apical end. The transverse septum 309 

is surrounded by micro-rods at the countersunk rim. Initial apex unknown. Operculum low, sub-310 

circular to sub-triangular, with radiating and concentric ribs, low sloping conical shield, narrow 311 

semi-circular cardinal shield, a raised central concave apex and two blade-like cardinal 312 

processes or with a planar and interior concave outer surface and a pair of bilobate cardinal 313 

processes. (modified from Bengtson et al. 1990) 314 

 315 
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Remarks. The full synonym of Cupitheca was discussed by Bengtson et al. (1990, p. 203) and 316 

Gravestock et al. (2001, p. 96). The generic name Actinotheca Xiao and Zhou, 1984 was 317 

recognized by Demidenko as a junior synonym of coral genus Actinotheca Frech 1889 and was 318 

replaced by Cupittheca Duan in Xing et al., 1984 (in Gravestock et al. 2001). Wrona (2003) 319 

considered that Cupittheca is an inadvertent misspelling of Cupitheca Duan 1984 in Xing et al., 320 

1984 which has been widely accepted in later papers (Malinky & Skovsted 2004, Topper et al. 321 

2009, Pan et al. 2015, Skovsted et al. 2016, Vendrasco et al. 2017). Cupitheca was distributed 322 

quite widely in the early Cambrian, including South China (Qian 1977, 1989, Duan 1984), 323 

North China (Xiao & Zhou 1984, Pan et al. 2015, Sun et al. 2018), Tarim (Qian & Xiao 1984), 324 

South Australia (Bengtson et al. 1990, Gravestock et al. 2001), Antarctica (Wrona 2003), North-325 

East Greenland (Malinky & Skovsted 2004) and Newfoundland (Skovsted & Peel 2007), and 326 

many species have been established (detailed list in Bengtson et al. 1990, p. 203). However, 327 

many species, including the type species, are preserved as steinkerns revealing few characters, 328 

which hampers the taxonomic work (Bengtson et al. 1990, Malinky & Skovsted 2004). The 329 

external surface ornamentation is considered to be a distinctive feature of some species 330 

(Bengtson et al. 1990, Malinky & Skovsted 2004, Skovsted et al. 2016). Due to its enigmatic 331 

growth pattern and the lack of unequivocal operculum, the affinity of Cupitheca has been 332 

considered problematic (Bengtson et al. 1990, Gravestock et al. 2001, Wrona 2003). However, 333 

Skovsted et al. (2016) reported well matching opercula of C. holocyclata from South Australia 334 

and North China supporting an affinity with orthothecid hyoliths.  335 

 336 
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Stratigraphic range and distribution. Cambrian; South China, North China, Australia, 337 

Antarctica, Tarim, Western Newfoundland and North-East Greenland. 338 

 339 

Cupitheca holocyclata Bengtson in Bengtson et al., 1990 (Fig. 2F–K) 340 

 341 

1989 Operculum type Ⅲ, Qian, p. 107–108, pl. 19, figs 6, 7. 342 

1990 Actinotheca holocyclata Bengtson in Bengtson et al., p. 204, figs 134–136. 343 

1990 Actinotheca clathrata Bengtson in Bengtson et al., p. 204, figs 141, 142. 344 

2001 Cupittheca holocyclata Bengtson in Bengtson et al.; Demidenko in Gravestock et al., p. 345 

97, pl. 9, fig. 1. 346 

2003 Cupitheca holocyclata Bengtson in Bengtson et al.; Wrona, p. 200, fig. 11.A–F, G2, G3. 347 

2004 Cupitheca holocyclata Bengtson in Bengtson et al.; Malinky & Skovsted, p. 568–570, fig. 348 

12A–E. 349 

2007 Cupitheca holocyclata Bengtson in Bengtson et al.; Skovsted & Peel, p. 7 38, fig. 5 D, 350 

E. 351 

2015 Cupitheca holocyclata Bengtson in Bengtson et al.; Pan et al., p. 389, fig. 4A–L. 352 

2016 Cupitheca holocyclata Bengtson in Bengtson et al.; Skovsted et al., p. 123–130, fig. 2–353 

4. 354 

2017 Cupitheca holocyclata Bengtson in Bengtson et al.; Vendrasco et al., p. 95–105, fig. 1–355 

4. 356 

 357 
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Material. NIGPAS160844, 160849, Xinji Formation, Shangwan section; NIGPAS163156, 358 

163157, 163159 from the Xinji Formation at the Sanjianfang section; more than 600 additional 359 

specimens from the above two sections and the Xiaomeiyao section. 360 

 361 

Description. Straight or slightly tapering tubular conch with circular to subtriangular cross-362 

section (Fig. 2G, K). The outer surface is covered with straight or slightly sinuous transverse 363 

annular ribs with flat or concave spaces of equal width (ca 20 μm) (Fig. 2K). The diameter of 364 

the conch is up to 1.61 mm. The apex of the conch is sealed off by a transverse septum-like 365 

wall with a flat or convex surface and an abruptly contractive rim exhibiting traces of fine 366 

phosphatized rods (Fig. 2G1). 367 

The operculum is sub-circular to subtriangular with concentric and radial ribs on the outer 368 

surface (Fig. 2H). The sloping conical shield is low (Fig. 2I). The semi-circular cardinal shield 369 

is narrow along the dorsal margin of the operculum (Fig. 2H, I). The furrow between conical 370 

and cardinal shields is poorly defined. The raised apex is situated at the dorsal margin of the 371 

conical shield (Fig. 2H, I). The average diameter of the apex is ca 100 μm. In lateral view, the 372 

edge of the operculum is flat. On the inner surface, narrow distal ridges exist along the dorsal 373 

and lateral margins. The two thick blade-like cardinal processes extend almost perpendicularly 374 

from the inner side of the marginal ridge close to the dorsal margin (Fig. 2J). The angle formed 375 

by the two cardinal processes is ca 60° (Fig. 2I). The inner surface of the operculum is smooth. 376 

 377 

Remarks. Conchs of Cupitheca holocyclata from North China was recently described by Pan et 378 
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al. (2015) and the associated opercula by Skovsted et al. (2016). The coarse transverse annular 379 

ribs covering the outer surface of the conchs fit well with the description of C. holocyclata from 380 

Australia (Bengtson et al. 1990). Cupitheca holocyclata differs from C. hemicyclata from South 381 

Australia and C. costellata Xiao & Zhou, 1984 from North China by external ornament 382 

dominated by transverse annular ribs circling the entire shell. Another Australian species, C. 383 

clathrata Bengtson et al. (1990, p. 210, 211, figs 141, 142) exhibits both transverse and 384 

longitudinal ribs forming a clathrate ornament. However, Skovsted et al. (2016, fig. 2) reported 385 

specimens of Cupitheca bearing an ornament intermediate between that of C. holocyclata and 386 

C. clathrata suggesting that C. clathrata represents an ecophenotypical variant of C. 387 

holocyclata.  388 

 389 

Stratigraphic range and distribution. Cambrian, Stage 3–4; North China, Australia, Antarctica, 390 

Western Newfoundland and North-East Greenland. 391 

 392 

Cupitheca costellata Xiao & Zhou, 1984 (Fig. 2L–N) 393 

 394 

1984 Actinotheca costellata Xiao & Zhou, p. 147, pl. 2, fig. 29. 395 

2015 Cupitheca costellata Xiao & Zhou; Pan et al., p. 391, fig. 2A–N. 396 

 397 

Material. NIGPAS160863 from the Xinji Formation at the Shangwan section; NIGPAS167812, 398 

from the Xinji Formation at the Sanjianfang section; 825017(holotype specimen numbered in 399 
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Xiao & Zhou 1984, originally stored at..., now in the collections at NIGPAS) from the 400 

Yutaishan Formation in Huoqiu area; more than 550 additional specimens from the Shangwan, 401 

Sanjianfang and Xiaomeiyao sections. 402 

 403 

Description. The conch is straight or curved, slightly tapering with circular to subtriangular 404 

cross-section. The outer surface is covered with straight or slightly sinuous longitudinal ribs 405 

with flat or concave spaces in between. The diameter is up to 1.15 mm. The apex is abruptly 406 

contracted with countersunk rim with many small phosphatized rods along the surface (Fig. 2N, 407 

N1), representing the separation of older parts of the conch by a flat or convex transverse 408 

septum-like wall. 409 

 410 

Remarks. This species was firstly reported as Actinotheca costellata by Xiao & Zhou (1984) 411 

from the lower Cambrian uppermost Yutaishan Formation (the lowermost Houjiashan 412 

Formation herein), Anhui Province, North China. Pan et al. (2015) reported this species from 413 

another section (Shangwan section herein) and renamed it as Cupitheca costellata Xiao & Zhou 414 

1984. The specimens described from North China bear the typical characters of Cupitheca, such 415 

as a septum-like transverse wall with countersunk rim at the apical end (Bengtson et al. 1990). 416 

In North China, C. costellata always occur with C. holocyclata, but this form is considered to 417 

be a distinct biological species rather than a variation of C. holocyclata due to the distinct 418 

longitudinal ornament and the lack of intermediate forms. 419 

 420 
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Stratigraphic range and distribution. Cambrian, upper Stage3 to lower Stage 4; North China. 421 

 422 

Family uncertain 423 

Neogloborilus Qian & Zhang, 1983 424 

 425 

Type species: Neogloborilus applanatus Qian & Zhang, 1983, lower Cambrian Qiongzhusian 426 

Stage, South China. 427 

 428 

Diagnosis. Elongated conch curved dorsally with circular to elliptical cross-section and straight 429 

aperture. Protoconch spherical in outline with a small apical spine. Outer surface covered with 430 

faint growth lines. Operculum circular to elliptical in outline with concentric ribs on the flat or 431 

concave outer surface. Acentric rounded summit situated near the dorsal margin. On the inner 432 

surface, the prominent, conjoined cardinal processes with rounded summit and low angle of 433 

divergence situated near the dorsal marginal edge and laterally transforming into two steeply 434 

dipping, widely diverging clavicles (emended after Qian & Zhang 1983, Qian 1989). 435 

 436 

Remarks. This genus was established by Qian & Zhang (1983) based on the spherical 437 

protoconch with a small spine at the apical end from the Qiongzhusian Stage, Fang County, 438 

Hubei Province, South China. This genus is similar to Paragloborius in its bulbous protoconch 439 

and circular or subcircular cross-section, but its spiny apex and dorso-ventrally curved conch 440 

are distinct from the smooth apex and laterally curved conch of Paragloborius. The conchs 441 
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discovered from North China match well the characteristics of Neogloborilus. In addition 442 

opercula coinciding well with the internal mould of the operculum at the aperture of conchs of 443 

Neogloborilus (Fig. 3F–J) are common in the material. Similar opercula have previously been 444 

illustrated by Qian & Zhang (1983, pl. Ⅰ, figs 1, 2, Aimitidae gen. et sp. indet.) occurring 445 

together with the conchs of Neogloborilus. Thus, we consider it reasonable to assign both the 446 

conchs and opercula illustrated herein from North China to Neogloborilus. 447 

Qian et al. (2000) assigned opercula originally described as Tegminites hymenodes by Duan 448 

& Xiao (1992) from Tarim to Neogloborilus. However, this suggestion was merely based on 449 

the observation that the shape of these opercula could match the morphology of the associated 450 

conchs of Persicitheca levis Xiao & Duan, 1992, P. prolata Duan & Xiao, 1992 and N. 451 

scorpioides Duan, 1984 (all referred to Neogloborilus by Qian et al. 2000). In the description 452 

of Xiao & Duan (1992, p. 222), Persicitheca levis has an elliptical cross-section and short dorsal 453 

and ventral ligula. Actually, the published figures (Duan & Xiao 1992, pl. Ⅰ, figs 15, 16) show 454 

that the apertural part is broken and the cross-section is rounded triangular with inflated venter 455 

which matches the morphology of the ridges of the inner surface of the opercula of Tegminites 456 

hymenodes illustrated in Qian et al. (2000, pl. Ⅰ, figs 1–10). However, the flat venter of 457 

Persicitheca levis is obviously different from the circular to elliptical cross-section of 458 

Neogloborilus. So, both the conchs described by Xiao & Duan (1992), Persicitheca levis, and 459 

the associated opercula, Tegminites hymenodes, from Tarim should be excluded from 460 

Neogloborilus.  461 

Wrona (2003, fig. 5A–E) illustrated some well matching conchs and opercula from 462 
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Antarctica which were referred to Conotheca cf. australiensis. However, no structures can be 463 

used to unambiguously refer the conchs to Conotheca and the Antarctic opercula, bearing two 464 

prominent cardinal processes extending laterally and transforming into two erect clavicles 465 

(Wrona 2003, figs 5A–E) are distinct from the opercula of Conotheca australiensis reported by 466 

Bengtson et al. (1990, fig. 144). Both these Antarctic conchs and opercula are instead quite 467 

comparable to Neogloborilus from North China (Figs 3H–J, 4A, I, 5A–E).  468 

Similar opercula also have been reported from other Cambrian strata, such as Operculum 469 

type VI from North China (Qian 1989, pl. 20, fig. 6), Operculum A and B from North-East 470 

Greenland (Malinky & Skovsted 2004, figs 6C–E, 7), Operculum A from western 471 

Newfoundland (Skovsted & Peel 2007, fig. 5H, I) and Operculum type 1 from Siberia 472 

(Kouchinsky et al. 2015, fig. 30A). All of these opercula, with a rounded or subcircular outline, 473 

a round summit near the dorsal side and two prominent, conjoined cardinal processes extending 474 

laterally and transforming into two nearly erect clavicles, could belong to Neogloborilus, 475 

although the identification remains uncertain as the associated conchs have not yet been 476 

identified from these areas.  477 

The distinct cardinal processes and clavicles of the opercula of Neogloborilus are 478 

reminiscent of the opercula of hyolithids. However, they differ from typical hyolithid opercula 479 

by the lack of clear separation between cardinal processes and clavicles as well as the lack of 480 

distinct cardinal and conical shields separated by furrows. Further, the cross-section of the 481 

conchs of Neogloborilus are rounded which is normally taken as a characteristic of orthothecid 482 

hyoliths. Thus, Neogloborilus is more likely to be an orthothecid, but the combination of typical 483 



 

 24 / 86 
 

hyolithid and orthothecid characteristics suggests this genus may be an intermediate form 484 

between hyolithids and the orthothecids.  485 

Qian & Zhang (1985) established Paragloborilidae Qian & Zhang, 1985 including 486 

Neogloborilus Qian & Zhang, 1983 and several other genera (Conotheca Missarzhevsky in 487 

Rozanov et al., 1969, Salanytheca Missarzhevsky, 1980, Paragloborilus Qian, 1977). However, 488 

the operculum of Paragloborilidae is conical without dorsoventral differentiation according to 489 

the definition (Qian & Zhang, 1985: p. 11) and we remove Neogloborilus from the 490 

Paragloborilidae  due to its flat or concave operculum with well-differentiated dorsum and 491 

venter.  492 

Hitherto, a number of species of Neogloborilus have been proposed based on material from 493 

South China and Tarim (see discussion on species below) but in our view only two species can 494 

be maintained; N. applanatus Qian & Zhang, 1983 and N. spinatus Qian & Xiao, 1984.  495 

 496 

Stratigraphic range and distribution. Cambrian, Stage 3–4; North China, South China, Tarim, 497 

Antarctica and possibly Siberia, Western Newfoundland and North-East Greenland. 498 

 499 

Neogloborilus applanatus Qian & Zhang, 1983 (Figs 3A–J, 4A) 500 

 501 

1983 Neogloborilus applanatus Qian & Zhang, p. 84, pl. Ⅳ, figs 10, 11. 502 

1984 Stimulitheca scorpioides Duan, p. 160, pl. 2, figs 17, 22, 23. 503 

1984 Persicitheca persicina Duan, p. 161, pl. 2, figs 12, 13, 26. 504 
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1985 Neogloborilus applanatus Qian & Zhang; Qian & Zhang, p.7, pl. Ⅰ, figs 8, 9.  505 

1989 Neogloborilus applanatus Qian & Zhang; Qian, p. 130, pl. 19, fig. 12, pl. 81, figs 6, 12. 506 

1992 Neogloborilus scorpioides Duan; Xiao & Duan, p. 222, pl. Ⅰ, fig. 13. 507 

2003 Conotheca cf. australiensis Wrona, fig. 5A–E. 508 

 509 

Material. NIGPAS167813, 167814, 167815, 167816, 167817, 167821, 167823 from the 510 

Houjiashan Formation at the Xiaomeiyao section; NIGPAS167818, 167819, 167820, 167822, 511 

from the Xinji Formation at the Sanjianfang section; 50 others specimens from the above two 512 

sections. 513 

 514 

Description. The curved conchs with elliptical cross-section have a strongly elevated 515 

protoconch. The protoconch is bulbous with a spine at the apex. The divergence of the conch is 516 

8–10°. The diameter of the protoconch is usually between 150–180 μm, with an average of 160 517 

μm. The outer surface of the conch is ornamented with faint circular lines (Fig 3C). The aperture 518 

is straight or slightly oblique to the long axis of the conch, and its width/height ratio is about 519 

1.2. The elliptical operculum has a round or oval summit with diameter ranging from 90 to 140 520 

μm situated near the dorsal side, and concentric growth lines around the summit. Normally, the 521 

width/height ratio of the opercula is 1.2. On the inner surface of the operculum, there are a 522 

couple of high, protruding cardinal processes conjoined at the base and extending laterally 523 

toward the ventral side and a pair of sharply dipping clavicles. An inward fold mark the 524 

transition between cardinal processes and clavicles. In small opercula, a smaller process is 525 
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found adjoining the main cardinal processes (Fig. 3H).  526 

 527 

Remarks. According to Qian & Zhang (1985) and Qian (1989), Neogloborilus applanatus is 528 

mainly distinguished from N. spinatus by its elliptical rather than circular cross-section. Herein, 529 

we consider that the diameter of the protoconch could also be used to distinguish N. applanatus 530 

(150 μm in average) and N. spinatus (usually 100 μm in average although some specimens 531 

illustrated herein reach 150μm). In addition, the apical part of N. applanatus is strongly curved, 532 

while the conchs of N. spinatus bend mildly at the apex (Qian & Zhang 1985, pl. Ⅰ, figs 1–7) or 533 

are almost straight except for the slightly elevated protoconch (see the figs in Qian & Zhang 534 

1985; Qian 1989 and Fig. 4B–F herein). The operculum of N. applanatus is different from that 535 

of N. spinatus by its elliptical outline and inward fold between the cardinal processes and the 536 

clavicles. As discussed above, conchs assigned to Conotheca cf. australiensis by Wrona (2003, 537 

fig. 5A) exhibit no structures that unambiguously suggest an affinity to Conotheca and 538 

associated opercula (Wrona 2003, figs 5A–E) are distinct from the opercula of Conotheca 539 

australiensis as reported by Bengtson et al. (1990, fig. 144). Both these Antarctic conchs and 540 

opercula are closely comparable to Neogloborilus applanatus from North China (Figs 3H–J, 541 

4A, I, 5A–E) and are here included in its synonymy. 542 

 543 

Stratigraphic range and distribution. Cambrian, Stage3–4; North China, South China, Tarim 544 

(Northwest China) and Antarctica. 545 

 546 
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Neogloborilus spinatus Qian & Xiao, 1984 (Figs 4B–I, 5A–E) 547 

 548 

1983 Aimitidae gen. et sp. indet., Qian & Zhang, p. 85, pl. Ⅰ, figs 1, 2. 549 

1984 Paragloborius spinatus Qian & Xiao, p. 70, pl. Ⅳ, figs 8, 9, 23. 550 

1985 Neogloborilus spinatus Qian & Zhang, p. 6, pl. Ⅰ, figs 1–7. 551 

1989 Neogloborilus spinatus Qian & Xiao; Qian, p. 129, pl. 19, figs 8–11, 13–17; pl. 81,  552 

fig. 5, text-fig. 24. 553 

1989 Operculum type VI, Qian, p. 110, pl. 20, figs 4–6. 554 

2000 Neogloborilus spinatus Qian & Xiao; Qian et al., p. 407, pl. Ⅲ, figs 5–8. 555 

2017 Opercula of hyolith operculum A, Zhang et al., fig. 9. 556 

 557 

Material. NIGPAS167824, 167825, 167826, 167827, 167828, 167829, 167830, 167831, 558 

167832, 167833, 167834, 167835, 167836 and 40 additional specimens from the Houjiashan 559 

Formation at the Xiaomeiyao section; 20 additional specimens from the Xinji Formation at the 560 

Sanjianfang section.  561 

 562 

Description. The slender conchs with circular cross-section are normally straight except for the 563 

elevated spherical protoconch which bears a small terminal spine. The divergence angle of the 564 

conch is low (5–10°). The diameter of the protoconch is usually 90–110 μm (rarely reaching 565 

150 μm), with an average of 100 μm. The outer surface of the conch (including the protoconch) 566 

is ornamented with faint circular growth lines. The circular opercula have a round or oval 567 
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summit (diameter about 90–150 μm) situated near the dorsal side. On the internal surface, two 568 

prominent cardinal processes are joined at the base. The cardinal processes slowly become 569 

lower as they extend laterally toward the ventral side and successively transform into the 570 

clavicles. In ventral view, the combined cardinal processes and clavicles form a rounded W-571 

shape. Both cardinal processes and clavicles consists of many small, fused tubular structures 572 

(Fig. 5C2, C3). In one well preserved operculum, many microscopic pits are preserved on the 573 

inner surface (Fig. 5C1). 574 

 575 

Remarks. Neogloborilus spinatus Qian & Zhang, 1985 was established based on the specimens 576 

from the Shuijingtuo Formation in the Zhenba County, Shaanxi Province (Qian & Zhang 1985). 577 

Qian (1989) recognized that Paragloborius spinatus Qian & Xiao, 1984 (Qian & Xiao 1984, 578 

pl. Ⅳ, figs 8, 9, 23.) from the Yurtus Formation in the Wushi–Aksu region, Xinjiang Province 579 

(Tarim) and Neogloborilus spinatus Qian & Zhang, 1985 represent the same species. Thus, 580 

Neogloborilus spinatus Qian & Xiao, 1984 should be the formal name.  581 

The conchs of Neogloborilus spinatus from North China compare well with the conchs of 582 

this species from South China (Qian & Zhang 1985, Qian 1989) and Tarim (Qian & Xiao 1984, 583 

Qian et al. 2000). To date, no articulated operculum and conch or internal mould of the 584 

operculum at the aperture of the conch have been discovered. The main characteristics of the 585 

opercula assigned to N. spinatus are similar to that of N. applanatus, but their outline is rounded, 586 

matching the cross-section of the conchs of N. spinatus, while the opercula of N. applanatus 587 

are elliptical. In addition, the internal cardinal processes and clavicles are W-shaped without 588 
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the fold observed in N. applanatus.  589 

 590 

Stratigraphic range and distribution. Cambrian, Stage 3–4; North China, South China and 591 

Tarim (Northwest China). 592 

 593 

Tegminites Duan & Xiao, 1992 (emended) 594 

 595 

Diagnosis. Conch straight, with rounded triangular to sub-rectangular cross-section. Dorsum 596 

convex. Venter plan or slightly inflated. Dorsoventral transition rounded. Apertural margin 597 

straight and slightly oblique with the ventral margin projecting beyond the plane. Angle of 598 

divergence low (ca. 10°). Fusiform or bulbous protoconch with an apical spine. Operculum with 599 

sub-circular to sub-rectangular outline. Outer surface plane with concentric growth lines. 600 

Circular summit shifted towards the dorsal side. Inner surface with a thick central area 601 

consisting of radial lines and bounded by an elevated marginal ridge. The ridge forms a curved 602 

dorsal edge with two thick folds in the middle reminiscent of cardinal processes. The lateral 603 

edges of the marginal ridge are strongly developed while the ventral edge is low and straight. 604 

(emended) 605 

 606 

Remarks. Tegminites Duan & Xiao, 1992 was established by Duan & Xiao (1992) based on 607 

only opercula which were interpreted as problematic fossils with uncertain affinity from Tarim. 608 

Qian et al. (2000) associated these specimens to the conchs of Neogloborilus based on 609 
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comparison in outline with co-occurring conchs referred to Persicitheca levis. However, no 610 

directly articulated specimens or conchs bearing the internal mould of these opercula were 611 

illustrated by Qian et al. (2000). In our view, Tegminites, as well as the conchs of Persicitheca 612 

levis, from Tarim should be excluded from Neogloborilus (see remarks under Neogloborilus) 613 

due to the rounded triangular cross-section and the slightly inflated venter. In fact, the 614 

specimens illustrated by Duan & Xiao (1992) are quite similar to the conchs and opercula 615 

illustrated herein (Figs 5F–J, 6A–E). We retain Tegminites as the generic name for both the 616 

conchs and opercula from Tarim and North China. However, Persicitheca should be regarded 617 

as a junior synonym of Neogloborilus as discussed by Qian et al. (2000). The original diagnosis 618 

of Tegminites by Duan & Xiao (1992) is too crude and only defines the opercula and herein, we 619 

present a new and more detailed diagnosis of both conchs and opercula of Tegminites. 620 

Tegminites is characterized by its bulbous protoconch with an apical spine, the rounded 621 

triangular to subrectangular cross-section and obvious dorsoventral differentiation, the straight 622 

aperture, the rounded trapezoidal operculum with flat outer surface and rounded pentagonal 623 

thickened central area consisting of radial lines defined by the marginally elevated circular ridge. 624 

Tegminites is somewhat similar to Neogloborilus with both taxa characterized by the dorsally 625 

curved apical part, the low angle of divergence and the spherical protoconch with an apical 626 

spine. However, Tegminites can be distinguished by the sub-triangular to sub-rectangular cross 627 

section of the conch, the relatively larger protoconch and the circular marginal ridge on the 628 

inner surface of the opercula rather than well-developed high cardinal processes and clavicles 629 

in Neogloborilus. 630 
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The opercula of Tegminites are somewhat similar to the opercula of Allatheca sp. reported 631 

from Siberia (Rozanov et al. 1969: pl. 11: 4, 8; Meshkova 1974: pl. 11: 12; Dzik 1994: fig. 15) 632 

by the thickend central area of the inner surface. However, opercula of Tegminites can be 633 

distinguished from Allatheca sp. by the curved dorsal edge with two thick central folds and 634 

radial lines of the thickend area on the inner surface. Illustrated conchs of Allatheca from 635 

Siberia are very large and lack information on the detailed morphology of the protoconch, but 636 

Dzik (1994, fig. 15B) illustrated an inflated protoconch with a tiny apical spine (quite similar 637 

to the protoconch of Tegminites) and tentatively identified it as Allatheca. However, uncertainty 638 

remain concerning the affinity of this single protoconch and we retain Tegminites and Allatheca 639 

as separate genera.  640 

 641 

Stratigraphic range and distribution. Cambrian; Tarim, Siberia, Western Newfoundland 642 

(Laurentia) and North China 643 

 644 

Tegminites hymenodes Duan & Xiao, 1992 (Figs 5F–J, 6A–E) 645 

 646 

1984 operculum of orthothecids, Qian & Xiao, p. 70, 71, pl. Ⅱ, fig. 10. 647 

1986 operculum of orthothecids, Xiao in Gao et al., p. 173, pl. 6, fig. 10. 648 

1992 Tegminites hymenodes Duan & Xiao, p. 345, pl. Ⅰ, figs 22–25. 649 

1992 Tegminites hymenodes Duan & Xiao, Xiao & Duan, p. 230, pl. Ⅰ, figs 31–33. 650 

1992 Persicitheca levis Xiao & Duan, p. 222, pl. Ⅰ, figs 15, 16. 651 
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1992 Operculum of hyolithids, Yue & Gao, p. 155, pl. 5, figs 12, 13. 652 

2000 Neogloborilus hymenodes Duan & Xiao, Qian et al. p. 407, 408, pl. Ⅰ, figs 1–10. 653 

2015 Operculum type 3, Kouchinsky et al., p. 453, fig. 30C–E. 654 

Diagnosis. Same as the genus. 655 

 656 

Material. NIGPAS167844, Xinji Formation, Shangwan section; NIGPAS167837, 167838, 657 

167839, 167842, 167843, 167845, 167846, Xinji Formation, Sanjianfang section; 658 

NIGPAS167840, 167841, Houjiashan Formation, Xiaomeiyao section; 30 additional specimens 659 

from the above three sections. 660 

 661 

Description. The conch is straight with dorsally curved apex. Length is up to 1.28 mm. The 662 

apertural rim is straight and perpendicular to the longitudinal axis of the conch. The cross-663 

section is rounded triangular to subrectangular. The width of aperture (up to 0.38 mm) is slightly 664 

longer than the height (up to 0.33 mm). Venter planar or weakly inflated. The dorsum is convex 665 

and seems to be divided into two sides by a weakly expressed ridge. The dorsoventral transition 666 

is rounded. The angle of divergence is low (ca. 10°). The protoconch is bulbous with an apical 667 

spine. The diameter of the protoconch is 180–250 μm. The operculum is rounded trapezoidal 668 

with a flat outer surface. On the inner surface, a rounded pentagonal thickened central area is 669 

defined by a well-developed marginal ridge. The height of the ridge along different sections 670 

differs. At the dorsal side, it forms two moderately high and slightly thickened medial folds. 671 

The lateral part of the ridge is strongly developed and much higher than the rest. The ventral 672 
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part of the ridge is straight and low. 673 

 674 

Remarks. The conchs of Tegminites hymenodes are normally preserved as steinkerns and are 675 

relatively small compared with the opercula. No articulated specimen was found. However, the 676 

outline of the operculum and the conch aperture match very well. Thus, we assign both to the 677 

same species. Both the opercula with thickened central area defined by marginally elevated 678 

circular ridge on the inner surface and conchs with rounded triangular cross-section and bulbous 679 

protoconch bearing an apical spine from North China are quite comparable to the opercula 680 

(originally named Tegminites hymenodes Duan & Xiao, 1992) assigned to Neogloborilus by 681 

Qian et al. (2000) and the associated conchs (Persicitheca levis Xiao & Duan, 1992; only 682 

conchs were reported), from Tarim  and we assign them to same species. This species should 683 

be excluded from Neogloborilus (see remarks of Neogloborilus and Tegminites). Persicitheca 684 

Xiao & Duan, 1992 is regarded as a junior synonym of Neogloborilus Qian & Zhang, 1983 685 

(Qian et al. 2000). Thus, we retain the original name of the operculum, Tegminites hymenodes 686 

Duan & Xiao, 1992, as the valid species name. 687 

Skovsted & Peel (2007) noted that the opercula of Allatheca sp. from western Newfoundland 688 

are more closely comparable with the opercula of Tegminites hymenodes Duan & Xiao, 1992 689 

(Neogloborilus of Qian et al. 2000) from Tarim than those of Allatheca from Siberia (Rozanov 690 

et al. 1969, pl. 11: figs 4, 8, Meshkova 1974, pl.11: fig.12, Dzik 1994, fig.15). The 691 

Newfoundland opercula (Skovsted & Peel 2007) should be assigned to Tegminites hymenodes 692 

rather than the problematic Allatheca. 693 



 

 34 / 86 
 

Operculum type 3 from Siberia (Kouchinsky et al. 2015, fig. 30C–E) is also quite similar to 694 

Tegminites hymenodes from North China. The difference is that the lateral parts of the circular 695 

ridge on the inner surface of the Siberia opercula are composed of several radial lines which 696 

are more similar to the fused radial structures of the opercula from Tarim, while the opercula 697 

from North China only exhibit some concave lines along the lateral parts of the ridge. This 698 

difference may be caused by differences in preservation (compare the discussion on 699 

preservational variation in clavicles of Conotheca australiensis and Parakorilithes 700 

mammillatus above). Thus, the opercula from Siberia (Kouchinsky et al. 2015), Newfoundland 701 

(Skovsted & Peel 2007), Tarim (Qian & Xiao 1984, Xiao & Duan 1992, Duan & Xiao 1992, 702 

Yue & Gao 1992, Qian et al. 2001) and North China may belong to the same species, Tegminites 703 

hymenodes.  704 

The opercula of Petrasotheca minuta Landing & Bartowski, 1996 from the Taconic 705 

Allochthon of New York are similar to Tegminites hymenodes, but differ by the strong 706 

development of the dorsolateral lobes rather than ventrolateral lobes of the concentric ridge 707 

(Skovsted & Peel 2007). 708 

 709 

Stratigraphic range and distribution. Cambrian, Stage 3–4; Tarim, Siberia, Western 710 

Newfoundland (Laurentia) and North China. 711 

 712 

Triplicatella Conway Morris in Bengtson et al. 1990 713 

 714 
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Type species. Triplicatella disdoma Conway Morris in Bengtson et al. 1990, lower Cambrian 715 

of South and central Australia. 716 

 717 

Diagnosis. Conch narrow, cone-shaped, gently curved dorsally and with a rounded to sub-718 

triangular cross-section. The outline of the operculum is ovoid, rounded triangular or rounded 719 

trapezoidal. Ventral margin bears 3 or 2 folds. Dorsal margin bears 1 to 4 folds. Outer surface 720 

ornamented with concentric and radial growth lines. (modified from Bengtson et al. 1990, 721 

Skovsted et al. 2004, 2014). 722 

 723 

Remarks. Hitherto, the corresponding conch is only known from the type species, Triplicatella 724 

disdoma from South Australia (Skovsted et al. 2014). Thus, species of Triplicatella are mainly 725 

based on the morphology of the opercula, such as the outline, number and morphology of the 726 

folds at the dorsal and ventral sides and the outer surface sculpture. Four species of Triplicatella 727 

have been reported from South Australia (Bengtson et al. 1990, Gravestock et al. 2001, 728 

Skovsted et al. 2014), North-East Greenland (Skovsted et al. 2004), Newfoundland (Skovsted 729 

et al. 2004, Skovsted & Peel 2007) and Siberia (Skovsted et al. 2004, Kouchinsky et al. 2015). 730 

Herein, we report the first discovery of the opercula and conchs of Triplicatella from North 731 

China. Two species are present, T. disdoma (Fig. 6F, G) the material of which is not described 732 

in detail herein as it is closely similar to the Australian type material described by Conway 733 

Morris (in Bengtson et al. 1990) and the new species T. xinjia sp. nov.  734 

Although, the biological affinity of Triplicatella was considered uncertain (possible hyolith 735 
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operculum;Bengtson et al. 1990; Skovsted et al. 2004), the discovery of its associated conchs 736 

from South Australia (Gravestock et al. 2001, Skovsted et al. 2013), show that there is no doubt 737 

of its hyolith affinity. According to morphological and functional studies (Skovsted et al. 2004, 738 

2013), the operculum of Triplicatella was retractable within the apertural part of the conch 739 

which is common in the orthothecids (Marek 1966). Furthermore, the combination of this 740 

feature and the lack of ligula, helens and clavicles (characters of the hyolithids) suggests 741 

Triplicatella is more closely related to orthothecids than hyolithids. The non-planar operculum 742 

without the definite cardinal processes (the long inner extension of the marginal folds in T. 743 

sinuosa Skovsted et al., 2004 and T. papilio Kouchinsky in Kouchinsky et al., 2015 may be 744 

convergent in terms of function with cardinal processes) also makes Triplicatella different from 745 

later orthothecids (Marek 1966). Considering all of the above, Skovsted et al. (2013) suggested 746 

that Triplicatella may represent the ancestral group of orthothecids. 747 

Holoplicatella margarita Clausen & Álvaro, 2006 from Spain is quite similar to Triplicatella 748 

papilio Kouchinsky et al., 2015 (Siberia) by the presence of two prominent concave folds at the 749 

dorsal side and the relatively planar ventral side. The main difference is that H. margarita has 750 

a circular outline and more undulant outer surface. We consider H. margarita more likely to be 751 

an operculum rather a part of a larger scleritome suggested by Clausen & Álvaro (2006). 752 

 753 

Stratigraphic range and distribution. Cambrian, Stage 3–4; Australia, North China, Siberia, 754 

North and North-East Greenland and Western Newfoundland. 755 

 756 
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Triplicatella xinjia Pan, Skovsted, Sun & Li sp. nov. (Figs 6H–L, 7A–D) 757 

 758 

Etymology. Xinji the formation where the holotype of the operculum of this species was 759 

discovered. 760 

 761 

Holotype. Operculum, NIGPAS167850 (Fig. 6I), from the Xinji Formation at the Sanjianfang 762 

section, Ye County, Henan Province.  763 

 764 

Diagnosis. Species of Triplicatella with rounded triangular and strongly convex operculum. 765 

Three well developed, sub-equal folds at the ventral margin. One large central fold and two 766 

inclined smaller folds at dorsal margin. Concentric growth lines on the outer surface. Long thick 767 

ridge beneath the dorsal margin on the inner surface. Conchs dorsally curved with rounded 768 

triangular cross-section. 769 

 770 

Material. NIGPAS167849, 167850 (holotype of operculum), 167851, 167852, 167853, 167854, 771 

167855, 167856, 167857 and 60 additional specimens, Xinji Formation, Sanjianfang section; 772 

30 additional specimens, Houjiashan Formation, Xiaomeiyao section. 773 

 774 

Description. The opercula are strongly convex with rounded triangular outline. The width and 775 

length of the operculum is up to 1.66 mm and 1.06 mm in respectively. Three long, well 776 

developed and sub-equal folds situated at the ventral side. A single large central fold and two 777 
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smaller, inclined lateral folds at the dorsal side. The prominent summit is situated close to the 778 

dorsal margin. The central fold on the dorsal side extends from the summit to the dorsal margin 779 

of the operculum. The two small lateral folds are separated from the middle fold by two deeply 780 

concave and laterally folded invaginations. The angle formed by the two lateral flanks of the 781 

operculum is ca 100° (Fig. 6I3, J, K). The outer surface has concentric growth lines and the 782 

inner surface has a long and thick ridge along the dorsal margin (Fig. 6H1, L). 783 

A few small and broken steinkerns of conchs bearing internal moulds of the opercula of 784 

Triplicatella were found in the material. The conchs are slender and have a rounded triangular 785 

cross-section with an angle of divergence of about 12°. The moulds of the opercula are strongly 786 

convex with a marked subcentral summit and with three vague ventral folds and a single dorsal 787 

fold. The height of the internal mould of the opercula is 0.20–0.34 mm and the width is 0.26–788 

0.47 mm. 789 

 790 

Remarks. The opercula of Triplicatella xinjia are distinguished from those of T. sinuosa, T. 791 

peltata, Triplicatella sp. A, Triplicatella sp. B and Triplicatella? sp. from Greenland and 792 

Newfoundland (Skovsted et al. 2004) by its three dorsal folds. They are also obviously different 793 

from the opercula of T. papilio from Siberia by their highly protruding middle dorsal fold, the 794 

shallow lateral dorsal folds and the quite convex outline. The opercula of T. xinjia are similar 795 

to T. disdoma in many aspects, such as the outline, the number of ventral folds, the prominent 796 

summit and the concentric growth lines. However, the operculum of T. xinjia is distinct by the 797 

differentiated dorsal folds, the dorsally shifted position of the summit and the prominent inner 798 
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ridge. Triplicatella xinjia always have three dorsal folds, one highly upright middle fold and 799 

two smaller, inclined lateral folds, while T. disdoma usually only have one dorsal fold although 800 

occasionally 3 non-differential folds are developed (Bengtson et al. 1990, fig. 158L, M). There 801 

is always a thick ridge along the dorsal margin of the inner surface of the opercula of T. xinjia, 802 

while only narrow concave ridges are present in T. disdoma.  803 

The associated small conchs are referred to Triplicatella xinjia due to the highly convex 804 

shape and distinct, dorsally shifted summit of the operculum’s internal mould at the aperture 805 

which match the morphology of the isolated opercula well. The conchs are very small compared 806 

to the isolated opercula and the lack of differentiated lateral folds on the dorsal side of the 807 

operculum on the internal moulds of the small conchs is probably an ontogenetic feature. It is 808 

otherwise not easy to distinguish the conchs of T. xinjia from conchs of T. disdoma (Skovsted 809 

et al. 2014).  810 

 811 

Stratigraphic range and distribution. Cambrian, upper Stage3 to lower Stage 4; North China. 812 

 813 

Paratriplicatella Pan, Skovsted, Sun & Li gen. nov. 814 

 815 

Etymology. From the Latin Para, similar, Triplicatella, a genus of hyolith; referring to the 816 

similarity to these two genera. 817 

 818 

Type species. Paratriplicatella shangwanensis Pan, Skovsted, Sun & Li gen. nov. sp. nov.. 819 
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 820 

Diagnosis. Conch straight with slight dorsal curvature. Cross-section rounded triangular. Low 821 

angle of divergence (about 17°). Dorsum convex. Venter plane or slightly inflated. Dorsal 822 

apertural margin straight and slightly protruding forward. Ventral aperture with short, 823 

semicircular ligula, slightly longer than the margin of dorsal aperture. Operculum convex with 824 

rounded triangular outline. Outer surface ornamented by concentric growth lines. Dorsal side 825 

with one central fold and ventral side with two divergent folds. Summit sub-centrally situated, 826 

where the dorsal and ventral folds are conjoined. A thickened internal area is attached to the 827 

inner surface along the dorsal edge of the operculum. The thickened area is formed by a single 828 

row of inclined rod-like structures close to the dorsal margin. 829 

 830 

Remarks. The conchs and opercula of this genus are similar to those of the co-occurring 831 

Triplicatella. The angle of the dorsal conch aperture in Paratriplicatella is obtuse and larger 832 

than in Triplicatella. However, the most significant difference is the highly developed ridge 833 

composed of rod-like structures along the inner surface of the dorsal margin of the operculum 834 

in Paratriplicatella, where Triplicatella is smooth or with a long thickened ridge. The opercula 835 

of Paratriplicatella are not differentiated into cardinal and conical shields and have no cardinal 836 

processes or clavicles, although the internal ridge may have had a function similar to that of the 837 

hyolithid clavicles. Thus, we consider Paratriplicatella more likely to be an orthothecid hyolith.  838 

 839 

Stratigraphic range and distribution. Cambrian, upper Stage3 to lower Stage 4; North China. 840 
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 841 

Paratriplicatella shangwanensis Pan, Skovsted, Sun & Li gen. nov. sp. nov. (Fig. 7E–L) 842 

 843 

Etymology. Shangwan for the section where the conch was discovered. 844 

 845 

Holotype. Operculum, NIGPAS167864 (Fig. 7K) from the Xinji Formation at the Sanjianfang 846 

section; Conch, NIGPAS167865 (Fig. 7L) from the Xinji Formation at the Shangwan section. 847 

 848 

Diagnosis. As for the genus. 849 

 850 

Material. NIGPAS167858, 167859, 167860, 167861, 167862, 167864 and 40 additional 851 

specimens from the Xinji Formation at the Sanjianfang section; NIGPAS167865 from the Xinji 852 

Formation at the Shangwan section; NIGPAS167863 and 30 additional specimens from the 853 

Houjiashan Formation at the Xiaomeiyao section. 854 

 855 

Description. Only one conch has been recovered (Fig. 7L). This specimen is a straight steinkern 856 

with slight dorsal curvature and low angle of divergence (about 17°) preserved with a mould of 857 

the operculum at the apertural end. The width and height of the aperture is 0.6 mm and 0.4 mm 858 

respectively. The cross-section is rounded triangular with convex dorsum and planar or slightly 859 

inflated venter (Fig. 7L1). The dorsal apertural rim is divided by two nearly straight lateral 860 

margins forming an obtuse angle protruding forward (Fig. 7L). The ventral aperture is short 861 
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with semicircular ligula protruding slightly beyond the dorsal aperture (Fig. 7L, L2).  862 

The rounded triangular operculum is slightly convex. The width and length of opercula are 863 

up to 0.85 mm and 0.79 mm in respectively. The outer surface is covered by the concentric 864 

growth lines (Fig. 7F). The dorsal and ventral side has one central fold and two divergent folds 865 

respectively. The acentric summit is situated closer to the dorsal side where the dorsal and 866 

ventral folds conjoin. An internal ridge is present on the dorsal inner surface and is formed by 867 

a palisade-like row of rod-like structures along the dorsal margin of the operculum (Fig. 7E, I–868 

K). The rods are hollow (Fig. 7K3) and about 20 μm in diameter. The dorsal margin above the 869 

rod-like structures is slightly arched (Fig. 7E, E1, J, J1, K1, K2).  870 

 871 

Remarks. Numerous opercula were recovered from the Sanjianfang and Xiaomeiyao sections 872 

while only single conch was found at the Shangwan section. The hyolith fauna from the 873 

Shangwan section is dominated by conchs, while the Sanjianfang and Xiaomeiyao sections both 874 

yield conchs and opercula. As discussed for other hyolith faunas (see remarks of Parkula 875 

bounites in Malinky & Skovsted 2004), this pattern was probably caused by hydrodynamic 876 

sorting on the sea floor. However, the single steinkern from Shangwan preserves the internal 877 

mould of an operculum which matches well the opercula of Paratriplicatella shangwanensis 878 

and can be differentiated from co-occurring Triplicatella xinjia by the low summit and the lack 879 

of folds and ridges at the ventral margin as well as the mould of the internal ridge along the 880 

dorsal margin. 881 

 882 
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Stratigraphic range and distribution. Cambrian, upper Stage3 – lower Stage 4; North China. 883 

 884 

Order Hyolithida Sysoev, 1957 885 

Family uncertain 886 

 887 

Protomicrocornus Pan, Skovsted, Sun & Li gen. nov. 888 

 889 

Etymology. From the Latin protos, first, Microcornus, a genus of hyolith, referring to the 890 

similarity to Microcornus. 891 

 892 

Diagnosis. Conch straight and slender with subtriangular cross-section and rounded dorsal 893 

median ridge. The dorsal aperture protrudes slightly forward. The ventral aperture has a short 894 

ligula. Operculum triangular with abrupt transition between the narrowly crescentic cardinal 895 

shield and the highly convex triangular conical shield. Circular summit situated at the dorsal 896 

margin of the conical shield. Two medially conjoined cardinal processes protruding nearly 897 

vertically under the cardinal shield, laterally connected to the blade-like clavicles below the 898 

junction of the cardinal and conical shields. 899 

 900 

Remarks. The conchs of Protomicrocornus are all preserved as steinkerns. However, several 901 

specimens preserve the internal mould of the operculum at the apertural opening. The internal 902 

moulds of the opercula preserved in these conchs match well the morphology and size of the 903 
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isolated phosphatized opercula in the rounded triangular outline, the three ventral folds, and the 904 

forward protruding dorsal apertural edge (Fig. 8C1, H). The conch of Protomicrocornus is 905 

similar to Microcornus in the triangular cross-section, the median ridge and the slightly inflated 906 

ventral surface. They also show some similarities in the configuration of the opercula, such as 907 

the triangular shape, the convex conical shield with a rounded summit on the dorsal side and 908 

the narrow plate-like cardinal shield. However, Protomicrocornus can be easily distinguished 909 

from Microcornus by the protruding dorsal medial aperture and the lack of lateral sinuses in the 910 

conch and  furrows between the conical and cardinal shields of the operculum.  911 

Paramicrocornus Qian, 2001 was first described by Qian et al. (2001) based on conchs from 912 

the Qiongzhusian Shuijingtuo Formation in Shaanxi Province, South China. The associated 913 

opercula were described as Conotheca? sp. (Qian et al. 2001, pl. Ⅱ, figs 5–7), but Zhang et al. 914 

(2017) identified these opercula as belonging to Paramicrocornus. Paramicrocornus shows 915 

great similarity to hyolithids in the sub-triangular cross section, the short ligula, the 916 

differentiation of the cardinal and conical shields in the operculum and the well separated 917 

cardinal processes and clavicles. However, the lack of lateral sinus of the conchs and furrows 918 

of the opercula suggests this genus lacked helens inserted between the operculum and conch, a 919 

character thought to be characteristic of the hyolithids. Thus, Paramicrocornus was interpreted 920 

as a hyolithids genus without helens, perhaps constituting part of a sister group to other 921 

hyolithids (Zhang et al. 2017). Based on the great similarity in the configuration of the conch 922 

and operculum, such as the rounded cross-section, the somewhat inflated ventral surface, the 923 

low angle of divergence, the short ventral lip, the highly protruding cardinal processes, the 924 
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blade-like clavicles and the lack of the lateral sinus and furrows, we suggest that 925 

Protomicrocornus may belong to the same hyolithid sister group as Paramicrocornus. 926 

Protomicrocornus can be distinguished from Paramicrocornus by the rounded median ridge, 927 

the forward protruding dorsal aperture, the sharp transition between the cardinal and conical 928 

shields and the absence of a gap between the cardinal processes and the clavicles. The 929 

undifferentiated cardinal processes and clavicles of Protomicrocornus suggests it could be a 930 

more primitive hyolithid.  931 

Skovsted (2006b) reported Parkula esmeraldina Skovsted, 2006 from the latest early 932 

Cambrian basal Emigrant Formation of Nevada. Opercula with similar morphology had been 933 

described as Parkula? sp. by Malinky & Skovsted (2004, fig. 4C, D.) from the early Cambrian 934 

Bastion Formation in North-East Greenland. These opercula are very similar, although the 935 

Greenland specimens have no comarginal growth lines preserved. Kouchinsky et al. (2015, fig. 936 

31) reported similar specimens (identified as Parkula cf. P. esmeraldina Skovsted, 2006) from 937 

the uppermost Emyaksin Formation at section 1 of Malaya Kuonamka River (lower Botoman 938 

Stage), northern Siberian Platform. The morphology of the opercula from these 3 areas are 939 

nearly identical and could belong to the same genus. However, they differ from Parkula by the 940 

lack of the lateral furrows and the configuration of the laterally divergent cardinal processes 941 

which are attached and protruding in front of the cardinal shield rather than under the cardinal 942 

shield . When Skovsted (2006b) established P. esmeraldina, he also emphasized that the 943 

sculpture of rounded comarginal ribs on the conch without longitudinal ribs or wrinkles are 944 

distinct from the conchs of Parkula as described from Australia (Bengtson in Bengtson et al. 945 
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1990). The configuration of these opercula are reminiscent of the opercula of Protomicrocornus 946 

and Paramicrocornus in the narrow cardinal shield, the convex conical shield, the lack of 947 

furrows and the frontal attachment of the protruding cardinal processes and clavicles. These 948 

characteristics suggest they could be closely related. However, the opercula from Nevada, 949 

North-East Greenland and Siberia can be easily distinguished from Protomicrocornus and 950 

Paramicrocornus by the short and well differentiated cardinal processes and clavicles, the 951 

slightly wider and more upright sigmoidal cardinal shield, the lower but much longer conical 952 

shield and the obvious dorsal median sinus of the conch. Their exact relationship remains to be 953 

analyzed.  954 

 955 

Stratigraphic range and distribution. Cambrian, upper Stage 3 to lower Stage 4; North China. 956 

 957 

Protomicrocornus triplicensis Pan, Skovsted, Sun & Li gen. nov. sp. nov. (Fig. 8A–J) 958 

 959 

Etymology. Latin Tri, three and plic, fold; referring to the three folds at the ventral margin of 960 

the conical shield of the operculum. 961 

 962 

Holotype. Operculum, NIGPAS167875 (Fig. 8J); conch, NIGPAS167868 (Fig. 8C), both from 963 

the Xinji Formation at the Sanjianfang section.  964 

 965 

Diagnosis. Same as for genus. 966 
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 967 

Material. NIGPAS167866, 167867, 167868 (holotype of conch), 167869, 167874, 167875 968 

(holotype of operculum) and 40 additional specimens from the Xinji Formation at the 969 

Sanjianfang section; NIGPAS167870, 167871, 167872, 167873 and 34 additional specimens 970 

from the Houjiashan Formation at the Xiaomeiyao section. 971 

 972 

Description. All preserved conchs are steinkerns lacking the apical part. The conch is slender 973 

with low angle of divergence (9–13°) and rounded triangular cross-section. The width (330–974 

575 μm) / height (230–415μm) ratio of the aperture is 1.3–1.5. The median ridge is rounded 975 

(Fig. 8A1, B1, D1). The dorsal aperture slightly protrudes forward (Fig. 8C1). Ligula is short. 976 

The internal mould of the operculum is triangular with a protruding apex close to the dorsal 977 

side and 3 weak folds on the ventral side (Fig. 8B1, D1). The phosphatized opercula are 978 

triangular with width (290–1210 μm) / length (280–840 μm) ratio of 1.05–1.4. The crescentic 979 

cardinal shield is narrow and nearly vertical in relation to the conical shield. The middle section 980 

of the cardinal shield curves backward. The conical shield is strongly convex with a circular 981 

summit at the dorsal margin and three prominent folds extending nearly from the summit to the 982 

ventral margin (Fig. 8H–J). The diameter of the summit is 70–80 μm. The outer surface of the 983 

operculum is covered by comarginal growth lines and radial striations (Fig. 8G, H). On the 984 

inner side, two large, medially conjoined cardinal processes, laterally extended into blade-like 985 

clavicles, are nearly vertical to the cardinal shield but protrude slightly forward (Fig. 8G–J). 986 

Both cardinal processes and the clavicles are composed of fused radial, rod-like elements (Fig. 987 
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8H). 988 

 989 

Remarks. All available conchs are steinkerns lacking apex but normally with the internal mould 990 

of the operculum at the aperture. The internal mould of the operculum is triangular in outline, 991 

with a protruding dorsal summit and three ventral folds, exactly matching the morphology of 992 

the associated disarticulated operculum.  993 

 994 

Stratigraphic range and distribution. Cambrian, upper Stage 3 to lower Stage 4; North China. 995 

 996 

Microcornus Mambetov, 1972 997 

 998 

Type species: Microcornus parvulus Mambetov, 1972, lower Cambrian, Kazakhstan. 999 

 1000 

Diagnosis. Conch small with rounded triangular cross-section, dorsal side with pronounced 1001 

median ridge and flattened flanks, ventral side weakly convex. Dorsal apertural edge straight 1002 

or with weak median sinus. Ventral ligula semi-circular. Protoconch bulbous, delineated from 1003 

the adult shell by a constriction, and usually curving towards the dorsal side. Surface sculpture 1004 

consisting of fine wrinkles parallel to the apertural margin. Operculum narrow with an 1005 

eccentrically located summit, a broadly rounded convex conical shield and a relatively small 1006 

and flat cardinal shield. The conical and cardinal shields are separated by the weakly concave 1007 

furrows. (emended after Mambetov 1972, Bengtson et al. 1990) 1008 



 

 49 / 86 
 

 1009 

Remarks. The conchs of Microcornus are globally distributed in Cambrian stages 3 to 5, and 1010 

are known from Kazakhstan (Mambetov 1972), South China (Qian & Zhang 1983, Duan, 1984), 1011 

England (Hinz 1987), South Australia (Bengtson et al. 1990), Germany (Elicki & Schneider, 1012 

1992), Antarctica (Wrona 2003), North-East Greenland (Malinky & Skovsted 2004), Korea 1013 

(Lee 2008) and Siberia (Kouchinsky et al. 2011, 2015). It seems that the external configuration 1014 

of the opercula of Microcornus is quite similar to Protomicrocornus and Paramicrocornus Qian, 1015 

2001. However, the opercula of the latter two genera have no furrows and the inner surface 1016 

morphology of the opercula of Microcornus is still unknown. Yang et al. (2015, fig. 8M3) 1017 

illustrated an internal mould of an operculum at the aperture of one specimen of Microcornus 1018 

parvulus from the Shuijingtuo Formation, South China. However, Zhang et al. (2017) pointed 1019 

out that the internal moulds of apparently identical opercula were also illustrated in the same 1020 

paper (Yang et al. 2015, fig. 8O2) in the aperture of an associated conch referred to Cupitheca 1021 

mira, and Zhang et al. (2017) noted that the respective opercula in both these specimens are 1022 

poorly fitted to the conch’s morphology and interpreted them as fortuitously preserved opercula 1023 

of an orthothecid hyolith (Operculum A of Zhang et al. 2017, here assigned to Neogloborilus 1024 

spinatus; see remarks under N. spinatus above).  1025 

 1026 

Stratigraphic range and distribution. Cambrian, Stages 3–5; Kazakhstan, Siberia, South China, 1027 

North China, Korea, South Australia, Antarctica, Germany, North-East Greenland, Western 1028 

Newfoundland and England. 1029 
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 1030 

Microcornus eximius Duan, 1984 (Fig. 9A–D) 1031 

 1032 

1984 Microcornus eximius Duan, p. 153, pl. Ⅰ, fig. 5. 1033 

1984 Microcornus pinyuis Duan, p. 153, pl. Ⅰ, fig. 10. 1034 

1989 Microcornus breviligulatus Qian, p. 94, 95, pl. 15, figs 22–25. 1035 

1990 Microcornus eximius Duan; Bengtson et al., p. 221–223, fig. 148. 1036 

2001 Microcornus eximius Duan; Gravestock et al., p. 99–101, pl. 10, fig. 12. 1037 

2003 ? Microcornus eximius Duan; Wrona, p. 193–197, fig. 7A–C. 1038 

2004 Microcornus eximius Duan; Malinky & Skovsted, p. 555–557, fig. 3A, B. 1039 

2009 Microcornus eximius Duan; Topper et al., p. 224, fig. 8H–J. 1040 

 1041 

Material. NIGPAS167876, 167877, 167878, 167879 and 38 additional specimens from the 1042 

Houjiashan Formation at the Xiaomeiyao section; 62 additional specimens from the Xinji 1043 

Formation at the Shangwan and Sanjianfang sections. 1044 

 1045 

Description. The conchs are straight or slightly curved dorsally in the apical part with an angle 1046 

of divergence of 22–29° and a length of 0.8–3.0 mm. Cross-section is sub-triangular with the 1047 

weakly inflated venter changing gradually into rounded lateral edges and the convex dorsum 1048 

bearing a prominent median ridge (Fig. 9A1, B, B2). The two dorsal flanks are planar or weakly 1049 

inflated (Fig. 9A1, B1, B2). The ligula is semicircular and appears orthogonal to the dorsal edge 1050 
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of the aperture (Fig. 9A, B2). There is a prominent median sinus at the dorsal aperture (Fig. 1051 

9A). The dorsal surface is ornamented with the equally spaced fine growth lines which curve 1052 

towards the aperture along the flanks and converge to form a V-shape at the median ridge (Fig. 1053 

9B2). The ventral growth lines are parallel to the outline of the ligula. The protoconch is bulbous 1054 

and separated by a distinct constriction (Fig. 9A, C). The surface of the protoconch is smooth 1055 

with growth lines only at the apertural part (Fig. 9A). In well preserved specimens, there is a 1056 

sharp apical spine (Fig. 9D). The length of the protoconch is 270–370 μm. 1057 

 1058 

Remarks. Microcornus eximius is distinct from other species of the genus by its large angle of 1059 

divergence and the well-developed median sinus. It has been reported from South China (Duan 1060 

1984), South Australia (Bengtson et al. 1990) and North-East Greenland (Malinky & Skovsted 1061 

2004). Specimens of problematic affinity to M. eximius were reported from Antarctica by 1062 

Wrona (2003). This is the first report of M. eximius from North China although Qian (1989) 1063 

established a new species, M. breviligulatus, from the Xinji Formation at the Zhangwan section, 1064 

Luonan County, Shaanxi Province, North China. The illustrated specimens are exactly identical 1065 

to the type material of M. eximius from South China and those illustrated herein, with quite 1066 

large angle of divergence (about 25°) and a prominent median sinus. Thus, M. breviligulatus is 1067 

regarded as a junior synonym of M. eximius.  1068 

 1069 

Stratigraphic range and distribution. Cambrian, Stage 3–4; South China, North China, South 1070 

Australia, Antarctica (?) and North-East Greenland. 1071 
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 1072 

Microcornus petilus Bengtson in Bengtson et al., 1990 (Fig. 9E–L) 1073 

 1074 

1990 Microcornus petilus Bengtson in Bengtson et al., p. 217, figs 145–147. 1075 

2001 Microcornus petilus Bengtson in Bengtson et al.; Demidenko in Gravestock et al., p. 99–1076 

100, pl. 10, fig. 10. 1077 

2003 Microcornus petilus Bengtson in Bengtson et al.; Wrona, p. 194, fig. 8A–H. 1078 

2004 Microcornus petilus Bengtson in Bengtson et al.; Malinky & Skovsted, p. 556, fig. 3C, D. 1079 

 1080 

Material. NIGPAS167880, 167881, 167882, 167883, 167884, 167885, 167886, 167887 and 26 1081 

additional specimens from the Houjiashan Formation at the Xiaomeiyao section; 23 additional 1082 

specimens from the Xinji Formation at the Sanjianfang section. 1083 

 1084 

Description. The conch is slender and straight or slightly curved dorsally with length up to 2.3 1085 

mm and an angle of divergence of 10–14° (Fig. 9E–L). The dorsum is low with a triangular 1086 

cross-section (Fig. 9K1). The aperture is nearly orthogonal with a semicircular ventral ligula 1087 

(Fig. 9G, K, L). The dorsal surface has a faint median ridge (Fig. 9F2, J, K) and lateral ridges 1088 

are also visible (Fig. 9F, K). The ventral side is weakly convex with regular growth lines parallel 1089 

to the outline of the ligula (Fig. 9G, K2). The sculpture of the dorsal surface is complicated. 1090 

The dense transverse, sub-parallel growth lines curve towards the aperture and join in a V-shape 1091 

at the median ridge (Fig. 9E–L). The superimposed, fine wrinkles stretch across or overlap the 1092 



 

 53 / 86 
 

growth lines on the middle portion of the lateral flanks (Fig. 9E1, J1, I1). Some dorsal growth 1093 

lines are much more prominent than others (Fig. 9E1, J1), but no such variation is obvious near 1094 

the lateral ridges (Fig. 9J1).  1095 

The protoconch is slightly inflated (Fig. 9E–L). There is a weak constriction (200–390 μm 1096 

from the apex) separating the protoconch from the mature conch(Fig. 9J). Faint growth lines 1097 

appear before this constriction (Fig. 9J, L). Disproportionate distribution of the growth lines on 1098 

the dorsal and ventral surface of the protoconch suggests that growth of the dorsal and ventral 1099 

aperture of the protoconch were allometric during the larval stage (Fig. 9F, F1).  1100 

 1101 

Remarks. The specimens of this species from North China are nearly identical to those described 1102 

and illustrated from South Australia by Bengtson et al. (1990, figs 145–147). Microcornus 1103 

petilus can be easily distinguished from other species of Microcornus by the smaller angle of 1104 

divergence and the complicated dorsal surface sculpture. It has been reported from the early 1105 

Cambrian of South Australia (Bengtson et al. 1990), Antarctica (Wrona 2003) and North-East 1106 

Greenland (Malinky & Skovsted 2004) but this is the first report of the species from North 1107 

China. 1108 

 1109 

Stratigraphic range and distribution. Cambrian, Stages 3–4; South Australia, Antarctica, North 1110 

China and North-East Greenland. 1111 

 1112 

Parkula Bengtson in Bengtson et al., 1990 1113 
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 1114 

Type species: Parkula bounites Bengtson in Bengtson et al., 1990, Stage 3–4, lower Cambrian, 1115 

South Australia. 1116 

 1117 

Diagnosis. See Bengtson et al., 1990.  1118 

 1119 

Remarks. Parkula was first established based on conchs and the morphologically matching 1120 

disarticulated opercula from the Parara Limestone, South Australia (Bengtson et al. 1990). 1121 

Since then this genus has been reported from Antarctica (Wrona 2003), North-East Greenland 1122 

(Malinky & Skovsted 2004), Nevada (Skovsted 2006b), western Newfoundland (Skovsted & 1123 

Peel 2007) and Siberia (Kouchinsky et al. 2015). This is the first report of this genus from North 1124 

China. However, as discussed above (see remarks of Protomicrocornus), the opercula referred 1125 

to Parkula? sp. from North-East Greenland (Malinky & Skovsted 2004), Parkula esmeraldina 1126 

Skovsted, 2006 from Nevada (Skovsted 2006b) and Parkula cf. P. esmeraldina from Siberia 1127 

(Kouchinsky et al. 2015) may belong to another genus, which is more similar to 1128 

Protomicrocornus and Paramicrocornus than to Parkula. The occurrence of this genus in 1129 

Antarctica (Wrona 2003) also needs to be revised (see discussion below). 1130 

 1131 

Stratigraphic range and distribution. Cambrian, Stages 3–4; South Australia, Antarctica, North-1132 

East Greenland, Western Newfoundland (Laurentia) and North China. 1133 

 1134 
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Parkula bounites Bengtson in Bengtson et al., 1990 (Figs 10A, B, 11A–J) 1135 

 1136 

1990 Parkula bounites Bengtson in Bengtson et al., p. 223, figs 149–151. 1137 

2001 Parkula bounites Bengtson in Bengtson et al.; Demidenko in Gravestock et al., p. 101, pl. 1138 

Ⅸ, figs 12, 13. 1139 

2003 Hyptiotheca karraculum Bengtson in Bengtson et al.; Wrona, p. 197, figs 9, 10. 1140 

non 2003 Parkula bounites; Wrona, p. 197, fig. 5F. 1141 

2004 Parkula bounites Bengtson in Bengtson et al.; Malinky & Skovsted, p. 559, figs 3G, 4A, 1142 

B, 5. 1143 

2009 Parkula bounites Bengtson in Bengtson et al.; Topper et al., p. 225, fig. 8K–M. 1144 

 1145 

Material. NRM Mo183656, 183657, from sample Bun4b of the Wilkawillina Limestone at 1146 

Bunyeroo Gorge, South Australia; NIGPAS167896, 167897 and 26 additional specimens from 1147 

the Houjiashan Formation at the Xiaomeiyao section; NIGPAS167888, 167889, 167890, 1148 

167891, 167892, 167893, 167894, 167895 and 61 additional specimens from the Xinji 1149 

Formation at the Sanjianfang section. 1150 

 1151 

Description. The conch is straight with length up to 1.08 mm and width of aperture up to 0.33 1152 

mm. The angle of divergence is low (8–12°). The cross-section is lenticular with a more convex 1153 

dorsal side (Fig. 11I1, J). Weak lateral ridges are present along the junction of the dorsal and 1154 

ventral sides. The dorsal side has a weak median ridge and a straight aperture (Fig. 11I1–J). The 1155 
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elliptical ligula is short, with width/length ratio of about 2–3 (Fig. 11J). The sculpture of the 1156 

dorsal surface consists of transverse growth lines paralleling the apertural margin, usually with 1157 

superimposed weak, longitudinal or somewhat chaotic lines. However, in one specimen only 1158 

the regular transverse growth lines are present (Fig. 11I1, J). The protoconch is bulbous (about 1159 

0.2–0.3 mm in length) and separated from the mature conch by a weak constriction (Fig. 11J). 1160 

The opercula have a rounded and convex conical shield, a highly raised crescentic cardinal 1161 

shield with two well-developed lateral furrows (Fig. 11A–E). On the inner surface, the two 1162 

short blade-like cardinal processes are situated beneath the cardinal shield and curve (about 90°) 1163 

laterally, with their roots extending dorsolateral (Fig. 11A). In one specimen, several long 1164 

furrows are present on the cardinal processes (Fig. 11D, D1). One pair of big blade-like clavicles 1165 

attach along the margin between the cardinal and conical shields and extend to the lateral 1166 

margins of the operculum (Fig. 11A2). Numerous, closely set teeth-like folds are sometimes 1167 

present along the dorsal margin of the cardinal shield (Fig. 11A, A1). They are usually about 40 1168 

μm in width. In one operculum, two parallel rows of teeth-like folds are present (Fig. 11B).  1169 

 1170 

Remarks. The conchs and opercula from North China illustrated here are very similar to those 1171 

described by Bengtson et al. (1990, figs 149–151) from South Australia although some 1172 

differences can be observed. Many opercula from North China have distinct teeth-like folds 1173 

along the margin of the cardinal shield (Fig. 11A, B). Although not reported by Bengtson et al. 1174 

(1990), this structure also occur in some specimens of P. bounites from the early Cambrian of 1175 

South Australia investigated by us (Fig. 11A, B) and Malinky & Skovsted (2004) also reported 1176 
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one operculum from North-East Greenland with some radial concave folds on the conical shield 1177 

(Malinky & Skovsted 2004, fig. 4A). This recurring characteristic is interpreted by us as an 1178 

example of intraspecific variation in P. bounites. Another difference is that some conchs from 1179 

North China only have transverse growth lines on the dorsal surface of the conch, which could 1180 

also represent intraspecific variation. 1181 

A single Antarctic operculum referred to Parkula bounites was illustrated by Wrona (2003, 1182 

fig. 5F). This operculum is almost planar with the cardinal shield nearly horizontal to the conical 1183 

shield. According to the description of Wrona (2003, p. 197), there is a distinct marginal brim 1184 

on the inner surface. We consider that the combination of these characters demonstrates that 1185 

this operculum is more likely to belong to Parakorilithes mammillatus He & Pei, 1984 (see 1186 

discussion of Parakorilithes below). However, we consider the associated conchs described as 1187 

Hyptiotheca karraculum by Wrona (2003, fig.9, 10) to belong to Parkula bounites, as these 1188 

specimens are straight rather than ventrally curving (a distinguishing characteristic of 1189 

Parakorilithes). Instead, the morphology of these conchs, the straight shape, the lenticular 1190 

cross-section, the short ligula, the transverse growth lines and the bulbous protoconch coincides 1191 

with the morphology of the Australian specimens of P. bounites (Bengtson et al. 1990, fig. 149). 1192 

The only difference is that these Antarctic conchs bear no longitudinal lines on the dorsal 1193 

surface, which could represent intraspecific variation or preservational differences. 1194 

Consequently, these Antarctic conchs are here referred to P. bounites. 1195 

 1196 

Stratigraphic range and distribution. Cambrian, Stage 3–4; South Australia, Antarctica, North-1197 
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East Greenland and North China. 1198 

 1199 

Parakorilithes He & Pei in He et al., 1984 1200 

1984 Parakorilithes He & Pei in He et al., p. 352. 1201 

1989 Parakorilithes He & Pei in He et al.; Qian, p. 84. 1202 

1990 Hyptiotheca Bengtson in Bengtson et al., p. 228.  1203 

1993 Hyptiotheca Bengtson in Bengtson et al.; Brock & Cooper, p. 777 1204 

1996 Insolitotheca Landing & Bartowski, p. 758. 1205 

2001 Hyptiotheca Bengtson in Bengtson et al.; Demidenko in Gravestock et al., p. 102. 1206 

2004 Hyptiotheca Bengtson in Bengtson et al.; Malinky & Skovsted, p. 560. 1207 

 1208 

Type species. Parakorilithes mammillatus He & Pei in He et al., 1984, lower Cambrian, North 1209 

China. 1210 

 1211 

Diagnosis. Conchs with ovoid cross-section and ventrally directed longitudinal curvature. 1212 

Lateral sinuses form a V-shape. Ligula semi-elliptical, inclined at 120° to dorsal apertural 1213 

margin. Dorsal aperture slightly protruding, almost as long as ligula. Surface sculpture of 1214 

distinct growth lines and faint longitudinal striations. Opercula with broad cardinal shield, well-1215 

defined furrows, cardinal processes about 1/4 length of the operculum width. Several pairs of 1216 

low fused clavicles on the inner surface of the opercula (emended from He et al. 1984, Qian 1217 

1989, Bengtson et al. 1990). 1218 
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 1219 

Remarks. He et al. (1984) and Qian (1989) reported conchs of Parakorilithes He & Pei in He 1220 

et al., 1984 from the early Cambrian Xinji Formation of North China without opercula. The 1221 

diagnostic characteristics of Parakorilithes are the swollen, drop-shaped protoconch, the ovoid 1222 

cross-section, the short ventral ligula, dorsal lip almost as long as the ligula, the V-shaped 1223 

sinuses at the lateral sides, the transverse growth lines and faint longitudinal striations (He et 1224 

al. 1984, Qian 1989). Hyptiotheca Bengtson in Bengtson et al., 1990 was established based on 1225 

conchs and the associated opercula from South Australia. However, the characters of the conchs 1226 

of Hyptiotheca match well the diagnosis of Parakorilithes. Herein, we report opercula identical 1227 

to Hyptiotheca, occurring together with conchs of Parakorilithes from the Xinji and Houjiashan 1228 

formations (Fig. 12A–D). Consequently, we consider Hyptiotheca Bengtson in Bengtson et al., 1229 

1990 as a junior synonym of Parakorilithes He & Pei in He et al., 1984.  1230 

Bengtson (Bengtson et al. 1990) and Malinky & Skovsted (2004) didn’t mention clavicles 1231 

on the inner surface of the opercula of Parakorilithes. However, it seems that one operculum 1232 

illustrated by Bengtson et al. (1990, fig. 155G) exhibits several radial lines on the inner surface. 1233 

We consider these as potentially representing a primitive style of low clavicles, as we can 1234 

clearly demonstrate in the specimens from North China (Fig. 12A) as well as in new material 1235 

from South Australia investigated by us (Fig. 10C, C1, D). These clavicles are always fused 1236 

together and thus often form a thickened central area as identified in the less well preserved 1237 

specimens by Bengtson (Bengtson et al. 1990) and Malinky & Skovsted (2004).  1238 

Opercula referred to Sulcavitidae from the early Cambrian of South China by Qian & Zhang 1239 



 

 60 / 86 
 

(1983, pl. Ⅰ, figs 3, 4) and Qian (1989, pl. 20, figs 1, 2) are very similar to the opercula of 1240 

Parakorilithes in the smooth dorsoventral transition, the long and flat cardinal processes, the 1241 

fused clavicles, the prominent furrows and teeth. Qian (1989) mentioned that these opercula 1242 

may have close affinity with Microcornus, because they usually co-occurr with Microcornus. 1243 

However, their morphology is obviously different from the operculum of Microcornus (see 1244 

diagnosis of Microcornus above) and probably represent Parakorilites or a closely related 1245 

genus. As Qian & Zhang (1983) and Qian (1989) argued, these opercula may represent one of 1246 

the earliest opercula bearing such complicated structures. 1247 

 1248 

Stratigraphic range and distribution. Cambrian, Stage 3–4; South Australia, Antarctica, North-1249 

East Greenland, USA (New York, Laurentia) and North China. 1250 

 1251 

Parakorilithes mammillatus He & Pei in He et al., 1984 (Figs 10C, D, 12A–I) 1252 

 1253 

1984 Parakorilithes mammillatus He & Pei in He et al., p. 353, pl. Ⅰ, figs 14–18, 23. 1254 

1989 Parakorilithes mammillatus He & Pei in He et al.; Qian, p. 85, pl. 14, figs 7, 12–14, 16, 1255 

17, text-fig. 16B.  1256 

1989 Parakorilithes teretiusculus Qian, p. 85, pl. 14, figs 1–6, 8–11, 15, text-fig. 16A.  1257 

1990 Hyptiotheca karraculum Bengtson in Bengtson et al., p. 228, figs 152–155. 1258 

1993 Hyptiotheca karraculum Bengtson in Bengtson et al.; Brock & Cooper, p. 777, figs 11.13–1259 

11.15, 12. 1–12.4, 13.1, 13.2. 1260 
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1996 Insolitotheca communis Billings; Landing & Bartowski, 758, figs 7.14–20. 1261 

2001 Hyptiotheca karraculum Bengtson in Bengtson et al.; Demidenko in Gravestock et al., p. 1262 

102, pl. 10, figs 3–6. 1263 

2003 Parkula bounites; Wrona, p. 197, fig. 5F. 1264 

2004 Hyptiotheca karraculum Bengtson in Bengtson et al.; Malinky & Skovsted, p. 560–561, 1265 

figs 4E–I, 6A, non fig. 6B. 1266 

 1267 

Material. NRM Mo183658 from sample AJX-M-260 of the Ajax Limestone at the AJX-M 1268 

section, Mt. Scott, South Australia (Betts et al. 2016); NRM Mo183659 from sample L1877 of 1269 

the Ajax Limestone at Mt. Scott (Bengtson et al. 1990); NIGPAS167902, and 31 additional 1270 

specimens from the Houjiashan Formation at the Xiaomeiyao section; NIGPAS167898, 167899, 1271 

167900, 167901, 167903, 167904, 167905, 167906 and 63 additional specimens from the Xinji 1272 

Formation at the Sanjianfang section; 11 additional specimens from the Xinji Formation at the 1273 

Shangwan section. 1274 

 1275 

Description. The conchs curve ventrally and has an ovoid cross-section (Fig. 12E, E1, G). The 1276 

dorsal side is more convex than the ventral side (Fig. 12E, E1). There is no dorsal median ridge. 1277 

The length of the conchs is 0.85–2.35 mm and the width of the aperture is up to 0.72 mm. The 1278 

angle of divergence is 16–18°, but the aperture of the steinkerns is more divergent than the rest 1279 

of the conch (Fig. 12H, I). The rim of the aperture is semi-elliptical with the dorsal lip of the 1280 

aperture nearly the same length as the ventral ligula (Fig. 12E–H). The conch surface is 1281 
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ornamented with transverse growth lines paralleling the rim of the aperture (Fig. 12E, F1). The 1282 

protoconch is usually not preserved.  1283 

The opercula are ovoid in outline (width, 0.87–1.90 mm; length, 0.67–1.50 mm) with a broad 1284 

cardinal shield, two obvious furrows and a low conical shield (Fig. 12A–D). The summit is not 1285 

prominent. The transition between the cardinal and conical shields is smooth, forming a very 1286 

low angle (Fig. 12B–D). The dorsal and ventral rims nearly reach the same level (Fig. 12B–D). 1287 

The outer surface is covered with concentric growth lines (Fig. 12C). The two cardinal 1288 

processes are long, about 1/4 length of the width of the operculum (Fig. 12B). Several pairs of 1289 

low clavicles are usually fused together with narrow intermediate furrows (Figs 10C, D, 12A, 1290 

B). 1291 

 1292 

Remarks. Parakorilithes mammillatus He & Pei in He et al., 1984 was established based only 1293 

on conchs from the Xinji Formation of North China (He et al. 1984). According to the original 1294 

description, P. mammillatus has a ventrally bending mammillate or drop-shaped initial part, an 1295 

ovoid to lenticular cross-section, a longer ventral ligula and a shorter dorsal lip, a slightly 1296 

inflated venter and more convex dorsum, transverse growth lines and faint longitudinal 1297 

striations (He et al. 1984). Qian (1989) also emphasized that the conchs bear two V-shaped 1298 

sinuses at lateral sides and a small spine at the apex of the protoconch. Consequently,  no 1299 

substantial difference exist between Hyptiotheca karraculum Bengtson in Bengtson et al., 1990 1300 

and Parakorilithes mammillatus He & Pei in He et al., 1984, and H. karraculum should be 1301 

regarded as a junior synonym of P. mammillatus.  1302 
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Qian (1989) established Parakorilithes teretiusculus Qian, 1989 based on conch steinkerns 1303 

from the Xinji Formation at the Yanglou Town, Fangcheng County, Henan Province, North 1304 

China. These steinkerns are slightly different from the associated phosphatized conchs by the 1305 

more divergent lateral rim of the aperture. However, this feature was likely caused by the 1306 

gradually thinning of the apertural shell in Parakorilithes mammillatus. Thus, Parakorilithes 1307 

teretiusculus is considered to be a junior synonym of Parakorilithes mammillatus.  1308 

Opercula of P. mammillatus (H. karraculum) have also been discovered from North-1309 

EastGreenland by Malinky & Skovsted (2004) although without the associated conchs. 1310 

However, one operculum (Malinky & Skovsted 2004, fig. 6B) should be excluded from 1311 

Parakorilithes as this specimen apparently has no cardinal processes. In this operculum, only 1312 

two folds of the central thickened area are present on the inner surface of the operculum rather 1313 

than true cardinal processes.  1314 

As discussed above, conchs referred to Hyptiotheca karraculum from Antarctica (Wrona 1315 

2003 figs 9A, B, 10A–E) belong to Parkula, while the associated operculum referred to Parkula 1316 

(Wrona 2003, fig. 5F) is interpreted here as Parakorilithes mammillatus. (see the remarks of 1317 

Parkula above). 1318 

Malinky & Skovsted (2004) mentioned that three opercula of Insolitotheca communis 1319 

Billings, 1972 reported by Landing & Bartowski (1996) from the Browns Pond Formation of 1320 

the Taconic Allochthon in New York State should be referred to Parakorilithes mammillatus 1321 

(Hyptiotheca karraculum). Herein, we extend this argument to include the co-occurring conchs 1322 

of Insolitotheca communis Billings, 1972 reported by Landing & Bartowski (1996) because 1323 
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these conchs have the typical characteristics of Parakorilithes mammillatus, such as the slightly 1324 

ventral curvature, nearly same length of the dorsal lip and ventral ligula, the ovoid cross-section 1325 

and the transverse growth lines paralleling the apertural rim. However, the synonyms of 1326 

Insolitotheca communis listed by Landing & Bartowski (1996) are not included in the species 1327 

as they are usually much larger, compressed specimens and are difficult to compare to the 1328 

microscopic and 3-dimensional specimens. 1329 

 1330 

Stratigraphic range and distribution. Cambrian, Stage 3–4; South Australia, Antarctica, North-1331 

East Greenland, USA (New York State, Laurentia) and North China. 1332 

 1333 

Disscussion: Biostratigraphy and palaeogeography of the hyolith fauna from 1334 

North China 1335 

 1336 

Biostratigraphy 1337 

The hyolith assemblages from the three section (XMY, SJF and SW) of North China are nearly 1338 

identical in composition (Fig. 13). All hyolith taxa illustrated herein are found in the SJF section 1339 

while the XMY section lacks Triplicatella disdoma and the SW section lacks Neogloborilus, 1340 

Triplicatella xinjia, Protomicrocornus triplicensis, Microcornus petilus and Parkula bounites. 1341 

At each section, all of the recovered hyoliths were extracted from one bioclastic dolostone bed 1342 

with abundant SSFs. This suggests that the fossil layers of the three sections are roughly coeval 1343 

as also indicated by the co-occurring trilobites (Estaingia) (Zhang et al. 1979, Zhang & Zhu, 1344 
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1979) and many other SSFs (He et al. 1984, Zhou & Xiao 1984, Yi 1992, Feng et al. 1994).  1345 

To date, most of the hyolith taxa (ten genera, 14 species) recognized herein from North China 1346 

have also been reported from other paleo-plates in the early Cambrian, especially in Epoch 2 1347 

(Fig. 14). Six genera and seven species are in common to North China and Australia. In 1348 

Australia, these taxa normally occur in the Abadiella huoi to Pararaia janeae trilobite zones 1349 

(Bengtson et al. 1990, Gravestock et al. 2001, Topper et al. 2009, Skovsted et al. 2013) and the 1350 

approximately equivalent upper Micrina etheridgei to Dailyatia odyssei shelly fossil zones, 1351 

which represent Cambrian Stage 3 and lower Stage 4 (Betts et al. 2016, 2017, 2018). 1352 

Parakorilithes mammillatus (as Hyptiotheca karraculum) have also been reported from the 1353 

latest early Cambrian, Toyonian of South Australia (Brock & Cooper 1993) which is slightly 1354 

younger than the above mentioned trilobite and shelly fossil zones. The five genera and six 1355 

species in common with Antarctica (Wrona 2003) are reported from early Cambrian limestone 1356 

erratics which corresponds in age with the Dailyatia odyssei Zone of South Australia, Cambrian 1357 

Stage 3–4 (Betts et al. 2017). The four genera and four species also found in South China were 1358 

reported from the Xihaoping member of the Dengying Formation and the coeval Shuijingtuo 1359 

Formation, which belong the Qiongzhusian, Cambrian Stage 3 (Qian & Zhang 1983, Duan 1984, 1360 

Qian et al. 2001, Yang et al. 2015). The four genera, four species shared with faunas from Tarim 1361 

were reported from the Yuertus Formation (Duan & Xiao 1992, Xiao & Duan 1992, Qian et al. 1362 

2000), Xinjiang Province, Northwest China. The SSF assemblage and trilobites suggest the 1363 

Yuertus Formation can be correlated with the Qiongzhusian of South China and Atdabanian of 1364 

Kazakhstan, Cambrian Stage 3 (Qian 1989, Yue & Gao 1992, 1994, Qian et al. 1999, 2000). 1365 



 

 66 / 86 
 

The seven genera and six species reported from North-East Greenland were derived from the 1366 

early Cambrian Bastion Formation (Malinky & Skovsted 2004). SSFs and trilobites indicate 1367 

that the age of the Bastion Formation is middle Dyeran, correlating with the Botoman Stage or 1368 

Cambrian Stage 4 (Skovsted & Peel 2001, Gubanov et al. 2004, Malinky & Skovsted 2004, 1369 

Skovsted 2004, 2006a, Skovsted & Holmer 2005). The four genera and two species reported 1370 

from western Newfoundland (Skovsted & Peel 2007) were recovered from the middle Dyeran 1371 

Stage (Stage 4) Forteau Formation and  two genera and two species were described from the 1372 

late early Dyeran Stage upper Browns Pond Formation (the lower Elliptocephala asaphoides 1373 

fauna) of New York State (Landing & Bartowski 1996). Five genera and one species are in 1374 

common with the Emyaksin Formation of the Atdabanian to lower Botoman, Stage (Cambrian 1375 

3) in Siberia (Kouchinsky et al. 2015). Consequently, according to the provisional international 1376 

stratigraphic correlation, the stratigraphic ranges of the genera and species common in North 1377 

China Platform and other palaeocontinents can be approximately correlated with the 1378 

undetermined Cambrian Stages 3 to 4 which coincides with the correlation of the other SSFs 1379 

and trilobites from the Xinji and Houjiashan formations (see the geological setting). However, 1380 

more detailed stratigraphic ranges of these hyolith within this interval is still uncertain. The 1381 

detailed stratigraphic range of the hyoliths from these palaeocontinents still need to be revised 1382 

and it is anticipated that a more elaborate stratigraphic framework for Cambrian hyoliths may 1383 

be useful for intercontinental biostratigraphic correlation and the subdivision of Cambrian 1384 

Epoch 2, although some taxa may have very long stratigraphic ranges. 1385 

 1386 
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Palaeogeography 1387 

As outlined above, a detailed comparison of hyolith faunass from Cambrian Epoch 2, we find 1388 

that the hyoliths from North China have a wide distribution among the different paleo-plates 1389 

(Fig. 14). North China have a number of species in common with South Australia (7), North-1390 

East Greenland (6), Antarctica (5 or 6), South China (4), Tarim (4), New York State (2), 1391 

Newfoundland (2) and Siberia (1). It is obvious that the hyolith assemblage of North China 1392 

share the highest similarity with that of east Gondwana (Australia and Antarctica) and the 1393 

blocks near Gondwana (South China and Tarim) (totally with eight genera, ten species), with 1394 

only a few endemic species (C. costellata, T. xinjia, P. shangwanensis and P. triplicensis) 1395 

discovered in North China. The assemblage of hyoliths from North China also show relatively 1396 

high similarity with that of Laurentia (eight genera, seven species), especially with North-East 1397 

Greenland (seven genera and six species). This reflects a strong similarities among non-trilobite 1398 

shelly faunas between these areas (Skovsted 2004, 2006a; Betts et al. 2018) and may indicate 1399 

that North China Platform may have been located relatively close to both Gondwana and 1400 

Laurentia. Five genera are in common to North China and Siberia with only one common 1401 

species, which indicates a substantial distance between these two areas. The closest similarity 1402 

of the hyolith assemblage shared between North China and Australia indicates that North China 1403 

possibly had a closer palaeogeographic position with South Australia compared with other 1404 

paleo-plates in early Cambrian. The almost cosmopolitan distribution of hyolith in the early 1405 

Cambrian Epoch 2 may also suggest that many hyoliths had a pelagic larval developmental 1406 
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stage, and this seems at least to be the case for Conotheca, Neogloborilus, Cupitheca, 1407 

Triplicatella, Microcornus, Parkula and Parakorilithes. 1408 
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 1651 

Fig. 1. Locality map and lithostratigraphic column of the sampled sections. A, Map of China 1652 

with area of study marked. B, the detailed location of the Xiaomeiyao (XMY) section, Madian 1653 

town, Huoqiu County, Anhui Province. C, the detailed location of the Shangwan (SW) section, 1654 

Shimen Town, Luonan County, Shaanxi Province. D, the detailed location of the Sanjianfang 1655 

(SJF) section, Ye County, Henan Province. E, the lithostratigraphic column of Sanjianfang 1656 

section. F, the lithostratigraphic column of the Xiaomeiyao section. 1657 

 1658 

Fig. 2. A–F, Conotheca australiensis Bengtson in Bengtson et al., 1990. A–D, conch in lateral 1659 

view. B1, C1, conch in oblique apertural view. E, operculum in lateral view. E1, operculum in 1660 

oblique dorsal view. E2, operculum in exterior views. F, operculum in interior view. A, 1661 

NIGPAS167806. B, NIGPAS167807. C, NIGPAS167808. D, NIGPAS167809. E, 1662 

NIGPAS167810. F, NIGPAS167811. G–K, Cupitheca holocyclata Bengtson in Bengtson et al. 1663 

1990. G, conch in apical view. G1, enlargement of minute phosphatized rods of the rim. H, 1664 

operculum in exterior view. I, operculum in oblique dorsal view. J, operculum in interior view. 1665 

K, conch in lateral view.  G, NIGPAS160844. H, NIGPAS163157. I, NIGPAS163156. J, 1666 

NIGPAS163159. K, NIGPAS160849. L–N, Cupitheca costellata Xiao & Zhou 1984. L, M, 1667 

conch in lateral view. L1, conch in apertural view. N, conch in apical lateral view. N1, 1668 

countersunk rim. L, 825017 (holotype specimen from Xiao & Zhou 1984, now stored in 1669 

NIGPAS). M, NIGPAS160863. N, NIGPAS167812. A, C, E, F from XMY section. H–J, N, 1670 

from SJF section; B, D, G, K, M, from SW section. Scale bars = 200 μm, except G1, N1 = 20 1671 
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μm. 1672 

 1673 

Fig. 3. A–J, Neogloborilus applanatus Qian & Zhang, 1983. A–E, conch in lateral view. F, 1674 

conch in oblique apical view. F1, conch in oblique apical view. G, conch in oblique lateral view. 1675 

G1, conch in dorsal apical view. G2, conch in apical view. H, operculum in lateral view. H1, 1676 

operculum in exterior view. H2, operculum in oblique interior view. I, operculum in interior 1677 

view. I1, operculum in oblique interior view. I2, operculum in dorsal view. J, operculum in 1678 

lateral view. A, NIGPAS167813. B, NIGPAS167814 C, NIGPAS167815 D, NIGPAS167816. 1679 

E, NIGPAS167817. F, NIGPAS167818. G, NIGPAS167819. H, NIGPAS167820. I, 1680 

NIGPAS167821. J, NIGPAS167822. A–E, I from XMY section; F–H, J from SJF section. Scale 1681 

bars = 200 μm. 1682 

 1683 

Fig. 4. A, Neogloborilus applanatus Qian & Zhang, 1983. A, NIGPAS167823, operculum in 1684 

exterior view. A1, enlargement of the summit. A2, operculum in oblique dorsal view. A3, 1685 

operculum in interior view. B–I, Neogloborilus spinatus Qian & Xiao, 1984. B–F, conch in 1686 

lateral view. B1, conch in oblique apertural view. B2, enlargement of protoconch. H, G, conch 1687 

in apertural view. I, operculum in exterior view. I1, enlargement of the cardinal processes to see 1688 

the fusing tubular structures. B, NIGPAS167824, C, NIGPAS167825. D, NIGPAS167826. E, 1689 

NIGPAS167827. F, NIGPAS167828, G, NIGPAS167829. H, NIGPAS167830. I, 1690 

NIGPAS167831. A, from SJF section. B–I, from XMY section. Scale bars = 200 μm, except 1691 

B2, I1 = 50 μm. 1692 



 

 82 / 86 
 

 1693 

Fig. 5. A–E, Neogloborilus spinatus Qian & Xiao, 1984. A, D1, E, operculum in lateral view. 1694 

A1, B, D, operculum in exterior view. B1, operculum in dorsal exterior view. C, operculum in 1695 

interior view. C1, enlargement of the minute pits on the internal surface of the operculum. C2, 1696 

operculum in lateral interior view. C3, operculum in dorsal interior view. C4, operculum in 1697 

ventral interior view. A, NIGPAS167832. B, NIGPAS167833. C, NIGPAS167834. D, 1698 

NIGPAS167835. E, NIGPAS167836. F–J, Tegminites hymenodes Duan & Xiao, 1992. F–H, 1699 

operculum in interior view. F1, operculum in lateral view. H1, enlargement of the dorsal middle 1700 

folds of the ridge. I, conch in lateral view. J, conch in apertural view. F, NIGPAS167837. G, 1701 

NIGPAS167838. H, NIGPAS167839. I, NIGPAS167840. J, NIGPAS167841. A–E, I, J, from 1702 

XMY section. F–H, from SJF section. Scale bars = 200 μm, except C1= 20 μm. 1703 

 1704 

Fig. 6. A–E, Tegminites hymenodes Duan & Xiao, 1992. A, C2, E, conch in lateral view. B, C, 1705 

conch in apertural view. A1, conch in oblique apertural view. C1, D, conch in dorsal view. E1, 1706 

conch in lateral apertural view. A, NIGPAS167842. B, NIGPAS167843. C, NIGPAS167844. D, 1707 

NIGPAS167845. E, NIGPAS 167846. F, G, Triplicatella disdoma Conway Morris in Bengtson 1708 

et al., 1990. F, G, operculum in exterior view. F, NIGPAS167847. G, NIGPAS167848. H–L, 1709 

Triplicatella xinjia Pan, Skovsted, Sun & Li gen. nov. sp. nov. H, I4, operculum in dorsal 1710 

exterior view. H1, I2, L, operculum in interior view. I, operculum in ventral exterior view. I1, 1711 

operculum in lateral exterior view. I3, J, K, operculum in dorsal view. H, NIGPAS167849. I, 1712 

NIGPAS167850 (holotype). J, NIGPAS167851. K, NIGPAS167852. L, NIGPAS167853. A, B, 1713 
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D–L, from SJF section. C, from SW section. Scale bars = 200 μm. 1714 

 1715 

Fig. 7. A–D, Triplicatella xinjia Pan, Skovsted, Sun & Li gen. nov. sp. nov. A, conch in dorsal 1716 

view. A1, B, D1, conch in apertural view to see the steinkern of the operculum. A2, B1, D, 1717 

conch in lateral view to see the lateral outline of the steinkern of the operculum. C, conch in 1718 

oblique dorsal view. C1, conch in lateral view. A, NIGPAS167854. B, NIGPAS167855. C, 1719 

NIGPAS167856. D, NIGPAS167857. E–L, Paratripiclicatella shangwanensis Pan, Skovsted, 1720 

Sun & Li gen. nov. sp. nov. E, K2, operculum in dorsal exterior view. E1, K3, enlargement of 1721 

the dorsal rim to show the tubular clavicle-like structures. E2, operculum in interior view. F, K, 1722 

operculum in exterior view. G, K1, J1, J2, operculum in lateral exterior view. H, operculum in 1723 

ventral exterior view. I, operculum in lateral interior view. J, operculum in dorsal view. L, conch 1724 

in dorsal view. L1, conch in apertural view. L2, conch in lateral view. E, NIGPAS167858. F, 1725 

NIGPAS167859. G, NIGPAS167860. H, NIGPAS167861. I, NIGPAS167862. J, 1726 

NIGPAS167863. K, NIGPAS167864 (holotype). L, NIGPAS167865. A–I, K, from SJF section. 1727 

J, from XMY section. L, from SW section. Scale bars = 200 μm, expect E1, K3 = 40 μm. 1728 

 1729 

Fig. 8. A–J, Protomicrocornus triplicensis Pan, Skovsted, Sun & Li gen. nov. sp. nov. A, C, 1730 

conch in dorsal apertural view. A1, B1, D1, conch in apertural view. B, D, conch in lateral view. 1731 

C1, conch in dorsal view. C2, enlargement of the aperture. E, H1, J, operculum in exterior view. 1732 

E1, G1, operculum in lateral view. F–H, I, J1, operculum in dorsal view. H2, operculum in 1733 

dorsal exterior view. J2, operculum in interior view. A, NIGPAS167866. B, NIGPAS167867. 1734 



 

 84 / 86 
 

C, NIGPAS167868 (holotype). D, NIGPAS167869. E, NIGPAS167870 F, NIGPAS167871. G, 1735 

NIGPAS167872. H, NIGPAS167873. I, NIGPAS167874. J, NIGPAS167875 (holotype of 1736 

operculum). A–D, I, J, from SJF section. E–H, from XMY section. Scale bars = 200 μm. 1737 

 1738 

Fig. 9. A–D, Microcornus eximius Duan, 1984. A, B2, C, conch in dorsal view. A1, B, conch in 1739 

dorsal apertural view. B1, D, conch in lateral view. A, NIGPAS167876. B, NIGPAS167877. C, 1740 

NIGPAS167878. D, NIGPAS167879. E–L, Microcornus petilus Bengtson in Bengtson et al., 1741 

1990. E, F2, H–J, L, conch in dorsal view. E1, J1, I1, enlargement of the dorsal surface sculpture. 1742 

F, G, K, conch in lateral view. F1, enlargement of the protoconch. J2, conch in dorsal apertural 1743 

view. K1, conch in apertural view. K2, conch in ventral view. E, NIGPAS167880. F, 1744 

NIGPAS167881. G, NIGPAS167882. H, NIGPAS167883. I, NIGPAS167884. J, 1745 

NIGPAS167885. K, NIGPAS167886. L, NIGPAS167887. A–L, from XMY section. Scale bars 1746 

= 200 μm, expect L1 = 100 μm. 1747 

 1748 

Fig. 10. Opercula from South Australia. A, B, Parkula bounites Bengtson in Bengtson et al., 1749 

1990. A, B, operculum in exterior view. A1, B1, enlargement of the cardinal shield to show the 1750 

teeth like fold. A2, operculum in oblique dorsal view. A, NRM Mo183656. B, NRM Mo183657. 1751 

C, D, Parakorilithes mammillatus He & Pei in He et al., 1984. C, NRM Mo183658, operculum 1752 

in interior view. C1, enlargement of the clavicles. D, NRM Mo183659, operculum in dorsal 1753 

interior view. A, B, from Bun4b (Wilkawillina Limestone, Bunyeroo Gorge, South Australia) 1754 

C, from AJX-M-260 (AJX-M section, Mt. Scott). D, from the Ajax limestone in Mount Scott 1755 
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Range in Bengtson et al. 1990 (sample L1877). Scale bars = 200 μm.  1756 

 1757 

Fig. 11. A–J, Parkula bounites Bengtson in Bengtson et al., 1990. A, operculum in interior 1758 

dorsal view. A1, enlargement of the cardinal processes and teeth-like folds. A2, C1, D, F, 1759 

operculum in interior view. B, C, G, operculum in exterior view. D1, enlargement of the cardinal 1760 

processes. E, operculum in lateral view. H, operculum in interior lateral view. I, J, conch in 1761 

dorsal view. I1, conch in dorsal apertural view. J1, conch in lateral apertural view. A, 1762 

NIGPAS167888. B, NIGPAS167889. C, NIGPAS167890. D, NIGPAS167891. E, 1763 

NIGPAS167892. F, NIGPAS167893. G, NIGPAS167894. H, NIGPAS167895. I, 1764 

NIGPAS167896. J, NIGPAS167897. A–H, from SJF section. I, J, from XMY section. Scale 1765 

bars = 200 μm.  1766 

 1767 

Fig. 12. A–I Parakorilithes mammillatus He & Pei in He et al., 1984. A, B, D1, operculum in 1768 

interior view. A1, enlargement of the clavicles. B1, C, D, operculum in exterior view. B2, D2, 1769 

operculum in lateral view. E, G, H, conch in lateral view. E1, conch in apertural view. F, conch 1770 

in dorsal apertural view. F1, H1, I, conch in dorsal view. A, NIGPAS167898. B, NIGPAS167899. 1771 

C, NIGPAS167900. D, NIGPAS167901. E, NIGPAS167902. F, NIGPAS167903. G, 1772 

NIGPAS167904. H, NIGPAS167905. I, NIGPAS167906. A–D, F–I, from the SJF section. E, 1773 

from the XMY section. Scale bars = 200 μm.  1774 

 1775 

Fig. 13. The distribution of the species of hyoliths from the three sampled sections along the 1776 
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southern margin of North China Platform.  1777 

 1778 

Fig. 14. Distribution of the hyolith taxa discovered from the Southern margin of North China 1779 

Platform and other paleo-plates in Cambrian Epoch 2. 1780 

 1781 

 1782 
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