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Abstract – Non-biomineralizing Ediacaran macrofossils are rare in carbonate facies, but they offer
valuable information about their three-dimensional internal anatomy and can broaden our view about
their taphonomy and palaeoecology. In this study, we report a new Ediacaran fossil, Curviacus edi-
acaranus new genus and species, from bituminous limestone of the Shibantan Member of the Dengy-
ing Formation in the Yangtze Gorges area of South China. Curviacus is reconstructed as a benthic
modular organism consisting of serially arranged and crescent-shaped chambers. The chambers are
confined by chamber walls that are replicated by calcispars, and are filled by micritic sediments. Such
modular body construction is broadly similar to the co-occurring Yangtziramulus zhangii and other
Ediacaran modular fossils, such as Palaeopascichnus. The preservation style of Curviacus is similar
to Yangtziramulus, although the phylogenetic affinities of both genera remain unresolved. The new
fossil adds to the diversity of Ediacaran modular organisms.
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1. Introduction

Although macroscopic Ediacara-type fossils have been
known from all major continents except Antarctica
(Waggoner, 2003; Narbonne, 2005; Shen et al. 2008;
Xiao and Laflamme, 2009; Laflamme et al. 2013), cur-
rent understanding of their body construction, palaeoe-
cology and phylogenetic affinities remains incom-
plete. For example, there are divergent opinions about
their phylogenetic affinities, with some Ediacara-type
fossils compared with various animal groups (Glaess-
ner, 1984; Fedonkin, 1990; Gehling & Rigby, 1996; Fe-
donkin & Waggoner, 1997; Sperling & Vinther, 2010),
microbial colonies (Grazhdankin & Gerdes, 2007),
lichens (Retallack, 1994) and giant protists (Seilacher,
Grazhdankin & Legouta, 2003) or assigned to com-
pletely extinct higher rank taxa (Seilacher, 1989).
These divergent and controversial interpretations are,
in part, due to the poor understanding of the mor-
phology of Ediacara-type fossils, which are typically
preserved as casts and moulds in siliciclastic rocks
(Gehling, 1999; Narbonne, 2005; Antcliffe, Gooday &
Brasier, 2011; Liu, 2016). Internal structure and ana-
tomy are often lost in cast and mould preservation,
making it difficult to arrive at a full appreciation of
the three-dimensional morphologies of Ediacara-type
fossils. Therefore, alternative taphonomic windows in
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limestones and shales need to be explored in order
to achieve a better understanding of the morphology,
taphonomy and palaeoecology of the Ediacara biota
(Grazhdankin et al. 2008; Zhu et al. 2008; Xiao et al.
2013; Bykova et al., unpub. data 2017). Bituminous
limestone of the upper Ediacaran Shibantan Member
of the Dengying Formation in the Yangtze Gorges area
offers a rare opportunity to explore the preservation of
different Ediacara-type fossils (Sun, 1986; Xiao et al.
2005; Shen et al. 2009; Chen et al. 2014).

The Shibantan Member is known to host Edi-
acaran soft-bodied fossils that are taxonomically sim-
ilar to those from other Ediacaran localities in South
Australia, Russia and Namibia (Chen et al. 2014);
these taxa include Rangea Gürich, 1929, Pteridinium
Gürich, 1933, Charniodiscus Ford, 1958, Aspidella
Billings, 1872 and Hiemalora Fedonkin, 1982. It also
yields several unique forms, including Paracharnia
Sun, 1986, Yangtziramulus Shen et al. 2009 and Wu-
tubus Chen et al. 2014. Of these genera, Yangtziram-
ulus and Wutubus have been studied in thin-sections,
revealing three-dimensional internal structures (Xiao
et al. 2005; Shen et al. 2009; Chen et al. 2014).

Among the diverse Ediacara fossils, Palaeopas-
cichnus represents the most widespread genus in
the world, and has been discovered from nearly all
Ediacara fossil localities (Palij, 1976; Urbanek &
Rozanov, 1983; Narbonne et al. 1987; Sokolov, 1990;
Gehling, Narbonne & Anderson, 2000; Haines, 2000;
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Lan & Chen, 2012; Grazhdankin, 2014; Mángano
& Buatois, 2014). Although it has a wide range of
variation in size, Palaeopascichnus consists of serially
arranged, curved or crescent-shaped segments or mod-
ules (Shen et al. 2007). It was originally interpreted
as a trace fossil (Palij, 1976), and was used as an
index fossil for upper Ediacaran – lower Cambrian
strata (Narbonne et al. 1987; Crimes, 1992). However,
the trace fossil interpretation was rejected (Jensen,
2003), and later studies indicate that Palaeopascich-
nus is a body fossil instead (Seilacher, Grazhdankin &
Legouta, 2003; Seilacher, 2007b). It has been further
proposed that Palaeopascichnus and other modular
Ediacara fossils might be affiliated to a type of giant
protist, or xenophyophore (Seilacher, Grazhdankin &
Legouta, 2003). The protozoan interpretation is further
supported by Palaeopascichnus-type fossils from the
upper Ediacaran Liuchapo Formation in South China,
which preserve the connection between modular seg-
ments (Dong et al. 2008). But the Liuchapo samples
are an order of magnitude smaller than Palaeopascich-
nus materials from other localities. Antcliffe, Gooday
& Brasier (2011) analysed the growth pattern of Pa-
laeopascichnus and confirmed its protozoan affinity,
although these authors questioned the xenophyophore
or foraminifer interpretation. It should be noted that all
the aforementioned studies were based on fossils pre-
served in siliciclastic rocks, and no Palaeopascichnus
fossils have been reported from carbonate rocks.

In this paper, we report a new Palaeopascichnus-
type fossil, Curviacus ediacaranus new genus and
species, from the Shibantan limestone. In order to
reveal the internal structures, we used destructive
thin-section techniques to analyse this taxon, which
revealed a modular architecture with serially arranged,
curved, narrow chambers that justify the establishment
of a new taxon.

2. Geological setting

Fossils described in this paper were collected from
the Shibantan Member of the Dengying Formation in
the Muzhuxia section (30° 45.03′ N, 110° 59.48′ E) on
the southern bank of the Yangtze River. The Yangtze
Gorges area was located on the platform shelf of the
Yangtze Block during the late Ediacaran Period (Ji-
ang et al. 2011; Fig. 1). Here, the upper Ediacaran
Dengying Formation overlies the Doushantuo Forma-
tion and underlies the basal Cambrian Yanjiahe Form-
ation (Fig. 2). Based on currently accepted strati-
graphic correlation and available radiometric dates
from the uppermost Doushantuo Formation in the
Yangtze Gorges area (Condon et al. 2005) and from
the Ediacaran–Cambrian boundary in Oman (Schmitz,
2012), the Dengying Formation is likely 551–541 Ma
in age; an alternative stratigraphic correlation sug-
gests that the Dengying Formation might be older than
551 Ma (An et al. 2015), but the validity of this cor-
relation has been questioned (Zhou et al. 2017). The
Dengying Formation is divided into three lithostrati-

Figure 1. (a) Map showing the geographic location of the
Yangtze Gorges area (star) in the Yangtze Block. (b) Geological
map showing the location of the Muzhuxia section (solid circle)
in the Yangtze Gorges area.

graphic members, in ascending order, the Hamajing,
Shibantan and Baimatuo members (Fig. 2). In the
Muzhuxia section, the Hamajing Member is ∼20 m
thick and consists of dark grey, medium- to thick-
bedded dolostone with late diagenetic chert nodules.
In the Yangtze Gorges area, karstic features and teepee
structures occur in the lower Hamajing Member, sug-
gesting deposition in a peritidal environment. The fos-
siliferous Shibantan Member is ∼160 m in thickness
(variable at different sections) and composed of dark
grey, thin-bedded bituminous limestone. The domin-
ance of microlaminated limestone and the occasional
presence of rip-up clasts indicate deposition below
fair weather wave base but likely above storm wave
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Figure 2. Stratigraphic column of the Ediacaran succession in
the Yangtze Gorges area. Sample horizon is marked by an arrow.
HMJ Mbr – Hamajing Member; SBT Mbr – Shibantan Member;
BMT Mbr – Baimatuo Member; YJH Fm – Yanjiahe Formation;
Fm – formation.

base (Meyer et al. 2014). In the Yangtze Gorges area,
the Shibantan Member contains abundant microbial
structures (Meyer et al. 2014), algal fossils tradition-
ally identified as Vendotaenia antiqua Gnilovskaya,
1971 (Zhao et al. 1988), trace fossils including sur-
face trails and horizontal under-mat tunnels with a
vertical component (Ding, Xing & Chen, 1985; Chen
et al. 2013; Meyer et al. 2014), as well as at least
seven types of macroscopic Ediacara-type fossils (Sun,
1986; Xiao et al. 2005; Shen et al. 2009; Chen et al.
2014). The Shibantan limestone is overlain by up to
60 m thick, light grey, thick-bedded dolostone of the
Baimatuo Member, which features abundant dissolu-
tion structures and is unconformably overlain by the
lower Cambrian Yanjiahe Formation. The Baimatuo
Member in the Yangtze Gorges area and its equi-
valent strata in southern Shaanxi yield the biominer-
alized tubular microfossils Sinotubulites and Cloud-
ina (Zhao et al. 1988; Hua et al. 2000; Cai et al.
2010, 2011, 2015), while the Yanjiahe Formation bears
basal Cambrian small shelly fossils, the tubular mi-

crofossil Megathrix longus Yin, 1987 and acritarchs
(Asteridium–Comasphaeridium–Heliosphaeridium as-
semblage) indicative of an early Cambrian Terren-
euvian age (Chen, 1984; Yao et al. 2005; Dong et al.
2009; Guo, Li & Li, 2014; Shang et al. 2016).

3. Systematic palaeontology

Genus Curviacus new genus

Type species. Curviacus ediacaranus new genus and
species.

Diagnosis. As for type species.

Etymology. Genus name derived from Latin curvus-
(curved) and acus (needle), with reference to the
curved chambers bearing acute projections.

Occurrence. As for type species.

Curviacus ediacaranus new genus and species
Figures 3–6

Diagnosis. Macroscopic fossil preserved on bed-
ding surface with millimetre-scale vertical relief and
centimetre-scale width and length and consisting of
serially to irregularly arranged chambers. Chambers
are narrow and curved, with their convex sides point-
ing in the same direction. Some chambers are pierced
by a conical projection on the convex side.

Descriptions. Fossils are found on the bedding sur-
face of bituminous limestone. In a fresh limestone slab,
two individuals are identified (Fig. 3a). The holotype is
about 14 cm long and 12 cm wide (Fig. 3b, marked by
white dotted lines in Fig. 3a). The second specimen is
about 5 cm long and 4 cm wide (Fig. 3c). The fossils
are slightly raised above the bedding surface, with
a ∼1 mm positive relief. In bedding plane view, the
fossils consist of a series of narrow and curved ridges,
with their convex sides pointing in the same direction
(Fig. 3). The ridges are 0.77–1.39 mm in thickness (av-
erage 1.13 mm, n = 8), and are separated by an inter-
ridge groove with slightly lower relief. The inter-ridge
grooves are 0.99–1.66 mm in width (average 1.35 mm,
n = 8). On a polished slab, it is clearly seen that the
ridges are composed of calcispars, while the inter-ridge
grooves are filled with micrite (Fig. 4a, b). Thus, each
ridge is actually a chamber wall shared by two adja-
cent chambers. Such a reconstruction is supported by
thin-section views perpendicular to the bedding plane
along the fossil axis (Fig. 5). Because the calcispar of
the chamber walls is more resistant than the cham-
ber interiors filled with micrite, the chamber walls are
preserved as ridges with a positive relief. The cham-
ber interior is exposed on the bedding surface, prob-
ably due to erosion. The micritic filling of the cham-
bers indicates that either the chambers were open to
the exterior or micrite precipitated directly within the
chambers.
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Figure 3. (Colour online) Reflected light photographs of bedding surface views of Curviacus ediacaranus. (a) Overview of a slab
containing Curviacus specimens, with labelled rectangles denoting areas magnified in (b–d). Specimen to the right (marked by white
dotted line) is designated as the holotype (VPIGM-4675). (b) Enlargement of rectangle b in (a), showing dark-coloured ridges consist-
ing of calcispars. (c) Enlargement of rectangle c in (a). (d) Enlargement of rectangle d in (a). White arrowheads indicate where multiple
chambers converge laterally. Black arrows indicate conical projections. Scale bars are 1 cm and 2 cm for (c) and (d), respectively; coin
is ∼1.9 cm in diameter.

The chambers are tightly arranged, with two adja-
cent chambers sharing a single wall (Figs 4, 5a, b).
The chambers are curved or arched on the bedding
surface, with their convex sides pointing towards the
same direction, but they are not regularly arranged in
a single series. Instead, the chambers have unequal
lengths of 14.5–26.7 mm (mean = 19.3 mm, n = 10;
measured on the bedding plane but perpendicular to
the arching direction), with some shorter than others
and thus terminating before reaching the lateral mar-
gins of the fossil (white arrowheads in Fig. 3b). This
relationship sometimes gives a false appearance of a
branching series of chambers (Fig. 3b). The chambers
are 1.7–2.9 mm in width (mean = 2.1 mm, n = 10;
measured on the bedding plane along the arching dir-
ection). Some ridges can converge laterally, suggesting
that the corresponding chambers can also converge lat-
erally (black arrowheads in Fig. 3b).

In places, a conical projection emerges from a cham-
ber. The projection typically points towards the convex
side of the chamber and transects one or more cham-
bers in that direction (black arrows in Fig. 4b–d). The
projections are outlined by calcispar that surrounds

micrite or discontinuous carbonaceous material in the
centre (black arrowheads in Fig. 4b). This calcispar ap-
pears to grow centripetally towards the projection in-
terior, as evidenced by the well-shaped crystal termin-
ations oriented inside the projection (Fig. 4b, d). Thus,
the projections are both outlined by and partially filled
with calcispar, while their residual voids are filled with
micrite and carbonaceous material. The projections
may have functioned as connections between different
chambers, or openings to the external environment.

Thin-sections cut perpendicular to the bedding
plane, along the fossil axis, show that chamber walls
are ∼1 mm thick and consist of two layers of calcis-
par with a dark carbonaceous middle layer which is
typically 0.05–0.1 mm thick (Fig. 5a, b). This middle
layer possibly represents remains of the primary or-
ganic chamber wall. The calcispar cement lacks a dis-
tinct boundary with the chamber interior and has well-
developed crystal terminations oriented towards the
carbonaceous layer (white arrowheads in Fig. 5a), sug-
gesting centripetal growth of calcispar into a void that
appeared after the chamber wall degradation. In some
specimens, however, this tripartite structure (a middle
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Figure 4. (Colour online) Reflected light (a) and transmitted light (b–d) photographs of bedding surface views of Curviacus edi-
acaranus on an unpolished slab and in thin-section. VPIGM-4676. (a) Unpolished slab. Calcispar is dark-coloured and micrite is
light-coloured. (b) Same as (a) in thin-section. Under transmitted light, calcispar is more transparent and thus is lighter-coloured than
micrite. Calcispar replicates chamber walls and grows into chamber and projection interiors. Labelled rectangles mark areas enlarged
in (c) and (d). Arrowheads mark discontinuous carbonaceous trace within calcispar ridge. (c) Enlargement of (b) showing a conical
projection pointing to the right. The projection interior is partially filled with calcispar while the residual void is filled with dark-
coloured micrite. (d) Enlargement of (b) showing a projection pointing to the right. The projection interior is almost entirely filled with
calcispar. Scale bars are 0.5 cm in (a–c), and 0.2 cm in (d).

carbonaceous layer surrounded by centripetally grow-
ing calcispar crusts) is not well preserved (Fig. 4b–
d), probably owing to recrystallization; but even in
these specimens, a discontinuous carbonaceous layer
is observed (arrowheads in Fig. 4b). In places, cal-
cispar partially fills chamber and projection interiors
(Fig. 4b–d). Unlike the tripartite structure of the ver-
tical chamber walls, the roof and floor walls consist of
calcispar only. It is possible that the partial preserva-
tion of the roof and floor is due to truncation related
to weathering and stylolitization (Fig. 5d–i). Meas-
ured in vertical thin-sections, the chamber interior is

1.30–2.17 mm in width (average 1.66 mm, n = 8; the
variation is partly related to whether the chamber is
cut along the arching direction) and 0.38–0.88 mm in
height (average 0.71 mm, n = 8), and calcispar crust
in the roof wall is 0.19–0.33 mm in thickness (average
0.27 mm, n = 8). In one sectioned slab, there appear to
be at least two and possibly three storeys of Curviacus
ediacaranus fossils preserved in successive sediment
layers separated by stylolites and fractures (Fig. 5d–i).

Etymology. Species name refers to the Ediacaran age
of this taxon.
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Figure 5. (Colour online) Transmitted light photomicrographs of Curviacus ediacaranus in thin-sections cut perpendicular to its
longitudinal axis and perpendicular to the bedding plane. (a) and (b) show vertical chamber walls with traces of carbonaceous material.
Note calcispar crystals (white arrowheads) growing towards each other (i.e. centripetally towards the carbonaceous residue), replicating
a void that was formed after the degradation of the chamber wall. Calcispars can also grow into and partially fill the chambers. Serial
thin-sections VPIGM-4677 and VPIGM-4679, respectively. (c) A chamber with calcispar crystals growing on roof and floor walls,
which are truncated by weathering and a stylolite (white arrow). Thin-section VPIGM-4678 of the same hand specimen. (d–i) Three
storeys of chambers stacking into at least three sedimentary layers. Black arrowheads point to micrite between two successive layers.
Serial thin-sections: (d) VPIGM-4680, (e) VPIGM-4681, (f) VPIGM-4682, (g) and (h) VPIGM-4683, (i) VPIGM-4684, which are
serial thin-sections of the same hand specimen. Scale bar is 1 mm for (a–c) and 5 mm for (d–i).

Holotype. VPIGM-4675, marked by white dashed lines
in Figure 3a. Reposited in Virginia Polytechnic Insti-
tute Geosciences Museum (VPIGM).

Material. Two specimens on a slab from the Shibantan
Member at the Muzhuxia section in the Yangtze
Gorges area, South China. Reposited in Virginia Poly-
technic Institute Geosciences Museum (VPIGM).

Occurrence. The upper Ediacaran Shibantan Member
of the Dengying Formation in the Muzhuxia section,
Yangtze Gorges area, P.R. China.

Remarks. The modular architecture of Curviacus
ediacaranus is similar to other Ediacaran modular
fossils such as Palaeopascichnus Palij, 1976, Yelovich-

nus Fedonkin, 1985, ‘Neonereites’ Seilacher, 1960,
‘Horodyskia’ Yochelson & Fedonkin, 2000, Shaanxi-
lithes Xing, Yue & Zhang in Xing et al. 1984, Har-
laniella Sokolov, 1972 and Orbisiana Sokolov, 1976.
Of these modular organisms, Palaeopascichnus is per-
haps most similar to Curviacus.

Palaeopascichnus is a widespread genus that has
been reported provisionally from Podolia (Ukraine),
the White Sea coast, the Urals, Siberia (Russia), New-
foundland (Canada), Wales (UK), South and West-
ern Australia, Norway, India, North China and South
China (Cope, 1982; Sokolov & Iwanowski, 1990;
Gehling, Narbonne & Anderson, 2000; Haines, 2000;
Grazhdankin et al. 2005; Shen et al. 2007; Dong et al.
2008; Antcliffe, Gooday & Brasier, 2011; Parcha &
Pandey, 2011; Dong et al. 2012; Lan & Chen, 2012;
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Figure 6. (Colour online) Idealized reconstruction of Curviacus
ediacaranus. (a) Bedding plane view showing an irregularly
arranged series of chambers with the development of conical
projections. Projections may have functioned as connections
between chambers or as openings to the external environment.
(b) Cut-away view illustrating modular chambers and conical
projections.

Högström et al. 2013). Previously interpreted as a trace
fossil, Palaeopascichnus has recently been reinter-
preted as a body fossil consisting of serially arranged
chambers (Jensen, 2003; Seilacher, Grazhdankin &
Legouta, 2003; Seilacher, 2007a; Shen et al. 2007;
Dong et al. 2008). Its chambers can also be curved
or crescent in shape, but they are more regularly ar-
ranged than the modular chambers of Curviacus edi-
acaranus and they sometimes widen towards the con-
vex direction. Palaeopascichnus specimens from the
Wonoka Formation in South Australia and the Ran-
ford Formation in Western Australia show evidence of
dichotomous branching (Haines, 2000; Lan & Chen,
2012). In Palaeopascichnus minimum, the first cham-
ber on the concave end of the chain seems to be
spherical rather than crescentic in shape (Dong et al.
2008), although Antcliffe, Gooday & Brasier (2011)

question the placement of this species in the genus
Palaeopascichnus owing to the significantly smaller
sizes of the Chinese materials. Compared with the
type species of Palaeopascichnus (P. delicatus, whose
chambers are 2∼10 mm in length as measured per-
pendicular to the arching direction), the chambers of
Curviacus are longer and more variable in shape and
size, and they are more irregularly but tightly arranged.
Furthermore, some chambers of Curviacus have been
transected by conical projections pointing towards the
convex direction (Fig. 4b–d). This feature has not been
reported in Palaeopascichnus.

Like Palaeopascichnus, Yelovichnus is also com-
posed of serially arranged chambers. Jensen (2003)
suggested that these two genera might represent two
different styles of preservation of the same taxon. Yel-
ovichnus is characterized by ovate chambers, which are
different from the narrow and elongate chambers of
Curviacus.

Similarly, ‘Horodyskia’, Shaanxilithes, Harlaniella
and Orbisiana are also composed of serially arranged
chambers. For example, chambers in ‘Horodyskia’ are
normally spheroidal to ellipsoidal in shape, and are
normally widely spaced (Grey & Williams, 1990; Fe-
donkin & Yochelson, 2002; Shen et al. 2007; Dong
et al. 2008; Grey et al. 2010). The ellipsoidal cham-
bers might originate from the compaction of origin-
ally spheroidal chambers. Although it is debatable
whether the Chinese fossils described in Shen et al.
(2007), Dong et al. (2008) and Dong et al. (2012)
can be assigned to Horodyskia (Antcliffe, Gooday &
Brasier, 2011), they do resemble the Mesoproterozoic
Horodyskia fossils in having serially arranged spher-
oidal or ellipsoidal chambers.

Shaanxilithes, previously interpreted as a trace fossil
but now as a body fossil (Hua, Chen & Zhang, 2004;
Shen et al. 2007; Meyer et al. 2012), is another com-
mon element in the Dengying Formation and equival-
ent strata in South China (Xing & Yue, 1984; Xiao
et al. 2016), as well as upper Ediacaran strata in the
North China and Chaidam blocks (Shen et al. 2007),
India (Tarhan et al. 2014), Siberia (Zhuravlev, Gámez
Vintaned & Ivantsov, 2009; Cai & Hua, 2011) and
Namibia (Darroch et al. 2016). It is composed of
closely spaced annulations (Shen et al. 2007) or seri-
ally arranged discoidal structures (Meyer et al. 2012).
In addition, the Ediacaran fossils Gaojiashania Yang,
Zhang & Lin in Lin et al. (1986) and Conotubus Zhang
& Lin in Lin et al. (1986) are also characterized by
serially arranged modules (Cai et al. 2011; Cai, Hua &
Zhang, 2013). However, Gaojiashania consists of seri-
ally arranged rings (Cai, Hua & Zhang, 2013), whereas
Conotubus is composed of a series of nested tubes (Cai
et al. 2011).

As another enigmatic Ediacaran modular organism,
Harlaniella has been reported from the Ediacaran suc-
cession in Ukraine and Newfoundland (Sokolov, 1972;
Narbonne & Hofmann, 1987). Harlaniella can be iden-
tified by its obliquely aligned chambers with irregular
outline (Jensen, 2003) or alternatively reconstructed
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as a tubular body fossil (Ivantsov, 2013). Orbisiana,
first reported from Russia and subsequently discovered
from the Ediacaran Lantian Formation in South China,
is composed of circular or cylindrical units (Sokolov,
1976; Wan et al. 2014). Although all these genera are
composed of serially arranged units or chambers, Cur-
viacus is distinguished from these fossils by its elong-
ated rather than spherical to ellipsoidal chambers, by
its less regular arrangement of chambers and by the
presence of conical projections.

4. Preservation and palaeoecology

The preservation style of Curviacus ediacaranus is
very similar to Yangtziramulus zhangii from the same
lithostratigraphic unit (Xiao et al. 2005; Shen et al.
2009). Like in Yangtziramulus, the three-dimensional
preservation of Curviacus is achieved by the cal-
cispar cement that grew centripetally to replace the
chamber walls (Fig. 5a, b). It has been suggested that
the precipitation of calcispar cement was facilitated
by partial degradation of Yangtziramulus (Xiao et al.
2005; Shen et al. 2009), but the cement precipita-
tion must have occurred before the complete collapse
of the chamber walls of Curviacus to allow three-
dimensional preservation. Because both sides of the
vertical chamber walls are surrounded by centripet-
ally growing calcispar, a tripartite structure (with a
middle carbonaceous layer flanked by calcispar crusts)
is apparent (Fig. 5a, b). The roof and floor walls ap-
pear to be replicated by calcispar cement only on
the inner surface (Fig. 5d–i), but this could be re-
lated to truncation by weathering and stylolitization.
Thus, the calcispar is basically void-filling cements
that precipitated during or shortly after the degrad-
ation of the wall organic matter, whereas the cham-
ber is filled with micrite. Essentially, the fossil is
preserved owing to calcispar moulding of the cham-
ber walls and micrite moulding of the chamber in-
terior. Thus, Ediacaran fossil preservation in carbonate
rocks is noticeably different from that in siliciclastic
rocks, where early pyrite formation plays a key role
(Liu, 2016).

Also like in Yangtziramulus (Xiao et al. 2005), the
preservation and exposal of Curviacus was facilitated
by a thin-veneer of silts or clays, which may have bur-
ied the organisms and created a local microenviron-
ment within the sediments where calcispar cementa-
tion occurred. This silty or clayey layer also creates a
parting surface to facilitate fossil retrieval, because it is
easily weathered relative to the crystallized limestone
layers. Finally, stylolitization represents a destructive
process that truncates the roof and floor walls of Cur-
viacus chambers.

We infer that Curviacus was preserved in situ as a
thin sheet on the bedding surface, without any evid-
ence for distortion, rupture or folding, which would
have occurred if the fossils were transported by wa-
ter currents or sank from the water column. This ta-
phonomic inference also implies that Curviacus was a

possible procumbent benthic organism that lived near
the water–sediment interface. However, whether it em-
ployed an epi-, intra- or under-mat lifestyle (Droser
et al. 2014) cannot be determined, because micro-
bial mats in the Shibantan Member are often highly
compacted and sometimes truncated by stylolites. Fi-
nally, we also speculate that, in living Curviacus, its
chambers may have been filled with micritic sedi-
ments and perhaps chemoautotrophic bacteria. Altern-
atively, it may have been a saprotrophic or osmotrophic
organism.

5. Possible phylogenetic affinities

Based on its external morphology and internal struc-
tures, Curviacus can be reconstructed as an organism
with narrow, elongate and curved chambers that are
tightly but somewhat irregularly arranged into series,
with conical projections occasionally appearing from
the chambers (Fig. 6). This is a unique morphology
that is not readily compared with any living organisms.
Below, we examine the comparison of Curviacus with
trace fossils, algae, fungi, xenophyophores and other
modular Ediacaran fossils in very general terms.

5.a. Trace fossils

Palaeopascichnus and Curviacus superficially re-
semble feeding traces with a systematic meandering
pattern. However, as pointed out by others, neither the
ridges nor the chambers are laterally connected at their
ends and thus do not form continuous meanders (Palij,
1976; Jensen, 2003). The chambers of Palaeopas-
cichnus and Curviacus have been confirmed here and
in previous studies (Jensen, 2003; Seilacher, Grazh-
dankin & Legouta, 2003). In Curviacus, the cham-
bers are irregularly arranged, with some not reaching
the lateral margin of the fossil (Fig. 3b, white arrow
heads), casting further doubt on the meandering trace
interpretation.

5.b. Algae or fungi

Curviacus can be compared with encrusting algae (e.g.
coralline algae) or encrusting fungi. This hypothesis is
attractive given that fungal growth can be indeterm-
inate (Klein & Paschke, 2004). However, the cham-
bers of Curviacus are much larger and have a much
greater aspect ratio than coralline algal cells. These
chambers are not easily reconciled with the filament-
ous mycelia of fungi. Although Curviacus could share
certain ecological features with encrusting coralline
algae or fungi, it is unlikely a crown group of these
clades. However, whether Curviacus is a stem group
coralline alga or fungus cannot be easily rejected.

5.c. Xenophyophores

Xenophyophores are a group of giant protists in mod-
ern deep sea environments (Tendal, 1972; Gooday,
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1991). Seilacher, Grazhdankin & Legouta (2003)
proposed that some Ediacara-type fossils could be
fossil xenophyophores, although this interpretation
has been questioned by Antcliffe, Gooday & Brasier
(2011). Indeed, the modern xenophyophore Stanno-
phyllum zonarium is remarkably similar to Curviacus
in several aspects. Stannophyllum zonarium is an erect
epibenthic organism with a stalk and a leaf-like test
ranging from 3–19 cm in height and 1–2 mm in thick-
ness (Tendal, 1972). The leaf-like test is internally
compartmentalized, consisting of serially arranged
zones that are somewhat similar to the chambers of
Curviacus. Stannophyllum is made of agglutinated
material, while its chambers are filled with various
metabolic end-products, possessing distinct elemental
and mineralogical signals (Tendal, 1972).

However, there are also fundamental differences
between Curviacus and Stannophyllum that preclude
a direct comparison. Unlike Stannophyllum, the cham-
ber walls of Curviacus seem to be composed of car-
bonaceous material rather than agglutinated particles.
Furthermore, Stannophyllum is an erect epibenthic
organism with a stalk, whereas Curviacus is inter-
preted as a procumbent epibenthic organism. Finally,
xenophyophores are likely phylogenetically derived
from within the foraminifers and probably evolved
in Phanerozoic time (Pawlowski et al. 2003a,b).
Thus, although there are some intriguing similarit-
ies between palaeopascichnids and modern xenophyo-
phores (Seilacher, Grazhdankin & Legouta, 2003), it is
possible that such similarities are superficial and con-
vergent.

5.d. Comparison with other modular Ediacaran fossils

Modular fossils are very common in the Ediacaran
Period (Jensen, 2003; Narbonne, 2004; Laflamme
& Narbonne, 2008). For example, Yelovichnus,
‘Neonereites’, ‘Horodyskia’, Shaanxilithes, Har-
laniella and Orbisiana are all characterized by a
modular construction (Jensen, 2003; Shen et al. 2007).
In addition, all rangeomorphs are also modular (Nar-
bonne, 2004), although they also have a fractal-like
aspect in their morphological construction. The mor-
phology of the constructional modules can be variable
among these taxa, ranging from spherical, crescent,
cylindrical units to branching units. However, the
serial or nearly serial arrangement of their modules
is similar. Although a modular construction likely
evolved independently among multiple clades, in
future investigations it is useful to consider these
Ediacaran fossils with serial modular construction as a
possible morphogroup so that they can illuminate each
other’s functional morphology and palaeoecology.

6. Conclusions

Curviacus ediacaranus new genus and species from
the Shibantan limestone of the Dengying Formation in
the Yangtze Gorges area represents another Ediacaran

taxon preserved in carbonate rocks. Our study of un-
polished slabs and thin-sections shows that Curviacus
ediacaranus consists of serially and tightly arranged,
narrow and curved chambers. Some chambers bear a
conical projection pointing towards the convex side
of the chamber. Curviacus ediacaranus shares a sim-
ilar preservational style with Yangtziramulus zhangii.
Its chamber walls are preserved as residual carbon-
aceous material surrounded by calcispar cements. The
chambers are either completely or partially filled with
micrite. Curviacus ediacaranus is interpreted as a
modular organism with a procumbent benthic lifestyle.
Although its phylogenetic affinity remains unknown,
Curviacus ediacaranus shares a serial modular con-
struction with other Ediacaran fossils such as Palaeo-
pascichnus, Harlaniella, ‘Horodyskia’, ‘Neonereites’,
Orbisiana, Shaanxilithes and Yelovichnus, highlight-
ing the ecological importance of modularity among
Ediacaran organisms.

Acknowledgements. This study is supported by the Na-
tional Natural Science Foundation of China (41272017,
41322021 and 41272011) and US National Science Found-
ation (EAR-1528553). We thank two anonymous reviewers
for their constructive comments on an earlier version of this
paper.

References

An, Z., Jiang, G., Tong, J., Tian, L., Ye, Q., Song, H. &
Song, H. 2015. Stratigraphic position of the Ediacaran
Miaohe biota and its constrains on the age of the upper
Doushantuo δ13C anomaly in the Yangtze Gorges area,
South China. Precambrian Research 253, 243–53.

Antcliffe, J. B., Gooday, A. J. & Brasier, M. 2011. Test-
ing the protozoan hypothesis for Ediacaran fossils: a de-
velopmental analysis of Palaeopascichnus. Palaeonto-
logy 54, 1157–75.

Billings, E. 1872. Fossils in Huronian rocks. Canadian
Naturalist and Quarterly Journal of Science 6, 478.

Cai, Y. & Hua, H. 2011. Discussion of ‘First finds of prob-
lematic Ediacaran fossil Gaojiashania in Siberia and its
origin’. Geological Magazine 148, 329–33.

Cai, Y., Hua, H., Xiao, S., Schiffbauer, J. D. & Li, P. 2010.
Biostratinomy of the late Ediacaran pyritized Gaoji-
ashan Lagerstätte from southern Shaanxi, South China:
importance of event deposits. Palaios 25, 487–506.

Cai, Y., Hua, H. & Zhang, X. 2013. Tube construction and
life mode of the late Ediacaran tubular fossil Gaojiash-
ania cyclus from the Gaojiashan Lagerstätte. Precam-
brian Research 224, 255–67.

Cai, Y., Schiffbauer, J. D., Hua, H. & Xiao, S. 2011. Mor-
phology and paleoecology of the late Ediacaran tubular
fossil Conotubus hemiannulatus from the Gaojiashan
Lagerstätte of southern Shaanxi Province, South China.
Precambrian Research 191, 46–57.

Cai, Y., Xiao, S., Hua, H. & Yuan, X. 2015. New material
of the biomineralizing tubular fossil Sinotubulites from
the late Ediacaran Dengying Formation, South China.
Precambrian Research 261, 12–24.

Chen, P. 1984. Discovery of Lower Cambrian small shelly
fossils from Jijiapo, Yichang, west Hubei and its signi-
ficance. Professional Papers of Stratigraphy and Palae-
ontology 13, 49–66.

https://doi.org/10.1017/S001675681700036X Published online by Cambridge University Press

https://doi.org/10.1017/S001675681700036X


1266 B. S H E N A N D OT H E R S

Chen, Z., Zhou, C., Meyer, M., Xiang, K., Schiffbauer,
J. D., Yuan, X. & Xiao, S. 2013. Trace fossil evidence
for Ediacaran bilaterian animals with complex behavi-
ors. Precambrian Research 224, 690–701.

Chen, Z., Zhou, C., Xiao, S., Wang, W., Guan, C., Hua,
H. & Yuan, X. 2014. New Ediacara fossils preserved
in marine limestone and their ecological implications.
Scientific Reports 4, 4180, doi: 10.1038/srep04180.

Condon, D., Zhu, M., Bowring, S., Wang, W., Yang, A.
& Jin, Y. 2005. U–Pb ages from the Neoproterozoic
Doushantuo Formation, China. Science 308, 95–8.

Cope, J. 1982. Precambrian fossils of the Carmarthen area,
Dyfed. Nature in Wales 1, 11–6.

Crimes, P. 1992. Changes in the trace fossil biota across the
Proterozoic–Phanerozoic boundary. Journal of the Geo-
logical Society, London 149, 637–46.

Darroch, S. A. F., Boag, T. H., Racicot, R. A., Tweedt,
S., Mason, S. J., Erwin, D. H. & Laflamme, M. 2016.
A mixed Ediacaran-metazoan assemblage from the Za-
ris Sub-basin, Namibia. Palaeogeography, Palaeocli-
matology, Palaeoecology 459, 198–208.

Ding, Q., Xing, Y. & Chen, Y. 1985. Metazoa and trace
fossils. In Biostratigraphy of the Yangtze Gorge Area,
(1) Sinian (eds Z. Zhao, Y. Xing, G. Ma & Y. Chen),
pp. 115–9. Beijing: Geological Publishing House.

Dong, L., Song, W., Xiao, S., Yuan, X., Chen, Z. & Zhou,
C. 2012. Micro- and macrofossils from the Piyuancun
Formation and their implications for the Ediacaran–
Cambrian boundary in Southern Anhui. Journal of
Stratigraphy 36, 600–10.

Dong, L., Xiao, S., Shen, B. & Zhou, C. 2008. Sili-
cified Horodyskia and Palaeopascichnus from upper
Ediacaran cherts in South China: tentative phylogen-
etic interpretation and implications for evolutionary
stasis. Journal of the Geological Society, London 165,
367–78.

Dong, L., Xiao, S., Shen, B., Zhou, C., Li, G. & Yao, J.
2009. Basal Cambrian microfossils from the Yangtze
Gorges area (South China) and the Aksu area (Tarim
Block, northwestern China). Journal of Paleontology
83, 30–44.

Droser, M. L., Gehling, J. G., Dzaugis, M. E., Kennedy,
M. J., Rice, D. & Allen, M. F. 2014. A new Edi-
acaran fossil with a novel sediment displacive life habit.
Journal of Paleontology 88, 145–51.

Fedonkin, M. A. 1982. New generic name for the Pre-
cambrian coelenterates. Paleontologicheskiy Zhurnal 2,
137.

Fedonkin, M. A. 1985. Paleoichnology of the Ven-
dian Metazoa. In The Vendian System. Historical–
Geological and Palaeontological Basis. 1: Palaeonto-
logy (eds B. S. Sokolov & A. B. Ivanovskiy), pp. 112–6.
Moscow: Nauka (in Russian).

Fedonkin, M. A. 1990. Systematic description of Vendian
Metazoa. In The Vendian System, Vol. 1: Paleontology
(eds B. S. Sokolov & A. B. Iwanowski), pp. 71–120.
Heidelberg: Springer-Verlag.

Fedonkin, M. A. & Waggoner, B. M. 1997. The late Pre-
cambrian fossil Kimberella is a mollusc-like bilaterian
organism. Nature 388, 868–71.

Fedonkin, M. A. & Yochelson, E. L. 2002. Middle
Proterozoic (1.5 Ga) Horodyskia moniliformis Yochel-
son and Fedonkin, the oldest known tissue-grade colo-
nial eukaryote. Smithsonian Contributions to Paleobio-
logy 94, 1–29.

Ford, T. D. 1958. Pre-Cambrian fossils from Charnwood
Forest. Proceedings of the Yorkshire Geological Society
31, 211–7.

Gehling, J. G. 1999. Microbial mats in terminal Proterozoic
siliciclastics: Ediacaran death masks. Palaios 14, 40–
57.

Gehling, J. G., Narbonne, G. M. & Anderson, M. M.
2000. The first named Ediacaran body fossil, Aspidella
terranovica. Palaeontology 43, 427–56.

Gehling, J. G. & Rigby, J. K. 1996. Long expected sponges
from the Neoproterozoic Ediacara fauna of South Aus-
tralia. Journal of Paleontology 70, 185–95.

Glaessner, M. F. 1984. The Dawn of Animal Life: A Biohis-
torical Study. Cambridge, UK: Cambridge University
Press.

Gnilovskaya, M. B. 1971. The oldest Vendian water plants
on the Russian platform (Upper Proterozoic). Paleonto-
logicheskiy Zhurnal 3, 101–7 (in Russian).

Gooday, A. J. 1991. Xenophyophores (Protista, Rhizopoda)
in box-core samples from the abyssal northeast Atlantic
Ocean (BIOTRANS area): their taxonomy, morpho-
logy, and ecology. Journal of Foraminiferal Research
21, 197–211.

Grazhdankin, D. 2014. Patterns of evolution of the Edi-
acaran soft-bodied biota. Journal of Paleontology 88,
269–83.

Grazhdankin, D. V., Balthasar, U., Nagovitsin, K. E. &
Kochnev, B. B. 2008. Carbonate-hosted Avalon-type
fossils in Arctic Siberia. Geology 36, 803–6.

Grazhdankin, D. & Gerdes, G. 2007. Ediacaran microbial
colonies. Lethaia 40, 201–10.

Grazhdankin, D., Maslov, A., Mustill, T. M. R. &
Krupenin, M. T. 2005. The White Sea Ediacaran-type
biota in the Central Urals. Doklady Adademii Nauk 401,
784–8 (in Russian).

Grey, K. & Williams, I. R. 1990. Problematic bedding-
plane markings from the Middle Proterozoic Man-
ganese Subgroup, Bangemall Basin, Western Australia.
Precambrian Research 46, 307–28.

Grey, K., Yochelson, E. L., Fedonkin, M. A. & Martin,
D. M. 2010. Horodyskia williamsii new species, a
Mesoproterozoic macrofossil from Western Australia.
Precambrian Research 180, 1–17.

Guo, J., Li, Y. & Li, G. 2014. Small shelly fossils from the
early Cambrian Yanjiahe Formation, Yichang, Hubei,
China. Gondwana Research 25, 999–1007.

Gürich, G. 1929. Die altesten Fossilien Sudafrikas. Zeits-
chrift für Praktische Geologie 37, 85–6.

Gürich, G. 1933. Die Kuibis-Fossilien der Nama-Formation
von Südwestafrika. Paläontologische Zeitschrift 15,
137–54.

Haines, P. W. 2000. Problematic fossils in the late Neo-
proterozoic Wonoka Formation, South Australia. Pre-
cambrian Research 100, 97–108.

Högström, A. E. S., Jensen, S., Palacios, T. & Ebbestad,
J. O. R. 2013. New information on the Ediacaran–
Cambrian transition in the Vestertana Group, Finnmark,
northern Norway, from trace fossils and organic-walled
microfossils. Norwegian Journal of Geology 93, 95–
106.

Hua, H., Chen, Z. & Zhang, L. 2004. Shaanxilithes from
lower Taozichong Formation, Guizhou Province and its
geological and paleobiological significance. Journal of
Stratigraphy 28, 265–9.

Hua, H., Zhang, L., Zhang, Z. & Wang, J. 2000. New
fossil evidence from latest Neoproterozoic Gaojiashan
biota, south Shaanxi. Acta Palaeontologica Sinica 39,
381–90.

Ivantsov, A. Yu. 2013. New data on late Vendian prob-
lematic fossils from the genus Harlaniella. Stratigraphy
and Geological Correlation 21, 592–600.

https://doi.org/10.1017/S001675681700036X Published online by Cambridge University Press

https://doi.org/10.1038/srep04180
https://doi.org/10.1017/S001675681700036X


Ediacaran modular fossil from South China 1267

Jensen, S. 2003. The Proterozoic and Earliest Cambrian
trace fossil record: patterns, problems and perspectives.
Integrative and Comparative Biology 43, 219–28.

Jiang, G., Shi, X., Zhang, S., Wang, Y. & Xiao, S.
2011. Stratigraphy and paleogeography of the Edi-
acaran Doushantuo Formation (ca. 635–551 Ma) in
South China. Gondwana Research 19, 831–49.

Klein, A. D. & Paschke, W. M. 2004. Filamentous fungi:
the indeterminate lifestyle and microbial ecology. Mi-
crobial Ecology 47, 224–35.

Laflamme, M., Darroch, S. A. F., Tweedt, S. M.,
Peterson, K. J. & Erwin, D. H. 2013. The end of
the Ediacara biota: extinction, biotic replacement, or
Cheshire Cat? Gondwana Research 23, 558–73.

Laflamme, M. & Narbonne, G. M. 2008. Ediacaran
fronds. Palaeogeography, Palaeoclimatology, Palaeoe-
cology 258, 162–79.

Lan, Z. & Chen, Z. 2012. Possible animal body fossils from
the Late Neoproterozoic interglacial successions in the
Kimberley region, northwestern Australia. Gondwana
Research 21, 293–301.

Lin, S., Zhang, Y., Zhang, L., Tao, X. & Wang, M. 1986.
Body and trace fossils of metazoa and algal macro-
fossils from the upper Sinian Gaojiashan Formation in
southern Shaanxi. Geology of Shaanxi 4, 9–17.

Liu, A. G. 2016. Framboidal pyrite shroud confirms the
‘death mask’ model for moldic preservation of Edi-
acaran soft-bodied organisms. Palaios 31, 259–74.

Mángano, M. G. & Buatois, L. A. 2014. Decoupling
of body-plan diversification and ecological structur-
ing during the Ediacaran–Cambrian transition: evolu-
tionary and geobiological feedbacks. Proceedings of
the Royal Society B: Biological Sciences 281, doi:
10.1098/rspb.2014.0038.

Meyer, M., Schiffbauer, J. D., Xiao, S., Cai, Y. & Hua,
H. 2012. Taphonomy of the upper Ediacaran en-
igmatic ribbon-like fossil Shaanxilithes. Palaios 27,
354–72.

Meyer, M., Xiao, S., Gill, B. C., Schiffbauer, J. D., Chen,
Z., Zhou, C. & Yuan, X. 2014. Interactions between
Ediacaran animals and microbial mats: insights from
Lamonte trevallis, a new trace fossil from the Dengying
Formation of South China. Palaeogeography, Palaeocli-
matology, Palaeoecology 396, 62–74.

Narbonne, G. M. 2004. Modular construction of early Edi-
acaran complex life forms. Science 305, 1141–4.

Narbonne, G. M. 2005. The Ediacara Biota: Neoprotero-
zoic origin of animals and their ecosystems. Annual Re-
view of Earth and Planetary Sciences 33, 421–42.

Narbonne, G. M. & Hofmann, H. J. 1987. Ediacaran biota
of the Wernecke Mountains, Yukon, Canada. Palaeon-
tology 30, 647–76.

Narbonne, G. M., Myrow, P. M., Landing, E. &
Anderson, M. M. 1987. A candidate stratotype
for the Precambrian–Cambrian boundary, Fortune
Head, Burin Peninsula, southeastern Newfoundland.
Canadian Journal of Earth Sciences 24, 1277–93.

Palij, V. M. 1976. Remains of non-skeletal fauna and trace
fossils from upper Precambrian and Lower Cambrian
deposits of Podolia. In Paleontology and Stratigraphy
of the Upper Precambrian and Lower Paleozoic of the
South-West part of the East European Platform (ed. V.
A. Ryabenko), pp. 63–77. Kiev: Naukova Dumka (in
Russian).

Parcha, S. K. & Pandey, S. 2011. Ichnofossils and their
significance in the Cambrian successions of the Parahio
Valley in the Spiti Basin, Tethys Himalaya, India.
Journal of Asian Earth Sciences 42, 1097–116.

Pawlowski, J., Holzmann, M., Berney, C., Fahrni, J.,
Gooday, A. J., Cedhagen, T., Habura, A. & Bowser,
S. S. 2003a. The evolution of early Foraminifera. Pro-
ceedings of the National Academy of Sciences of the
United States of America 100, 11494–8.

Pawlowski, J., Holzmann, M., Fahrni, J. & Richardson,
S. L. 2003b. Small subunit ribosomal DNA suggests
that the xenophyophorean Syringammina corbicula is a
foraminiferan. Journal of Eukaryotic Microbiology 50,
483–7.

Retallack, G. J. 1994. Were the Ediacaran fossils lichens?
Paleobiology 20, 523–44.

Schmitz, M. D. 2012. Appendix 2—Radiometric ages used
in GTS2012. In The Geologic Time Scale 2012 (eds
F. Gradstein, J. Ogg, M. D. Schmitz & G. Ogg), pp.
1045–82. Boston: Elsevier.

Seilacher, A. 1960. Lebensspuren als Leitfossilien. Geolo-
gische Rundschau 49, 41–50.

Seilacher, A. 1989. Vendozoa: organismic construction in
the Precambrian biosphere. Lethaia 22, 229–39.

Seilacher, A. 2007a. The nature of vendobionts. In The Rise
and Fall of the Ediacaran Biota (eds P. Vickers-Rich
& P. Komarower), pp. 387–97. Geological Society of
London, Special Publication no. 286.

Seilacher, A. 2007b. Trace Fossil Analysis. Berlin, Heidel-
berg: Springer-Verlag.

Seilacher, A., Grazhdankin, D. & Legouta, A. 2003. Edi-
acaran biota: the dawn of animal life in the shadow of
giant protists. Paleontological Research 7, 43–54.

Shang, X., Liu, P., Yang, B., Chen, S. & Wang, C. 2016.
Ecology and phylogenetic affinity of the early Cam-
brian tubular microfossil Megathrix longus. Palaeonto-
logy 59, 13–28.

Shen, B., Dong, L., Xiao, S. & Kowalewski, M. 2008. The
Avalon explosion: expansion and saturation of Ediacara
morphospace. Science 319, 81–4.

Shen, B., Xiao, S., Dong, L., Zhou, C. & Liu, J. 2007.
Problematic macrofossils from Ediacaran successions
in the North China and Chaidam blocks: implications
for their evolutionary root and biostratigraphic signific-
ance. Journal of Paleontology 81, 1396–411.

Shen, B., Xiao, S., Zhou, C. & Yuan, X. 2009. Yangtziram-
ulus zhangi new genus and species, a carbonate-hosted
macrofossil from the Ediacaran Dengying Formation in
the Yangtze Gorges area, South China. Journal of Pale-
ontology 83, 575–87.

Sokolov, B. S. 1972. The Vendian Period in the Earth his-
tory. In International Geological Congress, 34th Ses-
sion, Reports of Soviet Geologists, 7: Palaeontology,
pp. 114–24. Moscow: Nauka (in Russian).

Sokolov, B. S. 1976. Organic world of the Earth on the
way to the Phanerozoic differentiation. Vestnik Aka-
demii nauk SSSR 1, 126–43 (in Russian).

Sokolov, B. S. 1990. The Vendian System: historical, geo-
logical and paleontological substantiation. In The Ven-
dian System, Volume 2: Regional Geology (eds B.
S. Sokolov & M. A. Fedonkin), pp. 226–42. Heidelberg:
Springer-Verlag.

Sokolov, B. S. & Iwanowski, A. B. 1990. The Vendian
System, Volume 1: Paleontology. Heidelberg: Springer-
Verlag.

Sperling, E. A. & Vinther, J. 2010. A placozoan affinity
for Dickinsonia and the evolution of late Proterozoic
metazoan feeding modes. Evolution & Development 12,
201–9.

Sun, W. 1986. Late Precambrian pennatulids (sea pens) from
the eastern Yangtze Gorge, China: Paracharnia gen.
nov. Precambrian Research 31, 361–75.

https://doi.org/10.1017/S001675681700036X Published online by Cambridge University Press

https://doi.org/10.1098/rspb.2014.0038
https://doi.org/10.1017/S001675681700036X


1268 Ediacaran modular fossil from South China

Tarhan, L. G., Hughes, N. C., Myrow, P. M., Bhargava,
O. N., Ahluwalia, A. D. & Kudryavtsev, A. B. 2014.
Precambrian–Cambrian boundary interval occurrence
and form of the enigmatic tubular body fossil Shaanxi-
lithes ningqiangensis from the Lesser Himalaya of In-
dia. Palaeontology 57, 283–98.

Tendal, O. S. 1972. A monograph of the Xenophyophoria
(Rhizopodea, Protozoa). Galathea Report 12, 7–99.

Urbanek, A. & Rozanov, A. Y. (eds) 1983. Upper
Precambrian and Cambrian Palaeontology of the
East-European Platform. Warszawa: Publishing House
Wydawnictwa Geologiczne.

Waggoner, B. 2003. The Ediacaran biotas in space and
time. Integrative and Comparative Biology 43, 104–13.

Wan, B., Xiao, S., Yuan, X., Chen, Z., Pang, K., Tang, Q.,
Guan, C. & Maisano, J. A. 2014. Orbisiana linearis
from the early Ediacaran Lantian Formation of South
China and its taphonomic and ecological implications.
Precambrian Research 255, 266–75.

Xiao, S., Droser, M., Gehling, J. G., Hughes, I. V., Wan,
B., Chen, Z. & Yuan, X. 2013. Affirming life aquatic
for the Ediacara biota in China and Australia. Geology
41, 1095–8.

Xiao, S. & Laflamme, M. 2009. On the eve of animal radi-
ation: phylogeny, ecology and evolution of the Ediacara
biota. Trends in Ecology & Evolution 24, 31–40.

Xiao, S., Narbonne, G. M., Zhou, C., Laflamme, M.,
Grazhdankin, D. V., Moczydlowska-Vidal, M. &
Cui, H. 2016. Towards an Ediacaran time scale: prob-
lems, protocols, and prospects. Episodes 39, 540–55.

Xiao, S., Shen, B., Zhou, C., Xie, G. & Yuan, X. 2005.
A uniquely preserved Ediacaran fossil with direct evid-
ence for a quilted bodyplan. Proceedings of the Na-
tional Academy of Sciences of the United States of
America 102, 10227–32.

Xing, Y., Ding, Q., Luo, H., He, T. & Wang, Y. 1984. The
Sinian-Cambrian boundary of China. Bulletin of the In-

stitute of Geology, Chinese Academy of Geological Sci-
ences 10, 1–262.

Xing, Y. & Yue, Z. 1984. Southwestern Shaanxi. In The
Sinian–Cambrian Boundary of China (eds Y. Xing,
Q. Ding, H. Luo, T. He & Y. Wang), pp. 111–26.
Beijing: Geological Publishing House.

Yao, J., Xiao, S., Yin, L., Li, G. & Yuan, X. 2005. Basal
Cambrian microfossils from the Yurtus and Xishanblaq
formations (Tarim, north-west China): systematic revi-
sion and biostratigraphic correlation of Micrhystridium-
like acritarchs from China. Palaeontology 48, 687–708.

Yin, L. 1987. Microbiotas of latest Precambrian sequences
in China. In Stratigraphy and Palaeontology of Systemic
Boundaries in China, Precambrian–Cambrian Bound-
ary 1, 415–94.

Yochelson, E. L. & Fedonkin, M. A. 2000. A new tissue-
grade organism 1.5 billion years old from Montana.
Proceedings of the Biological Society of Washington
113, 843–7.

Zhao, Z., Xing, Y., Ding, Q., Liu, G., Zhao, Y., Zhang,
S., Meng, X., Yin, C., Ning, B. & Han, P. 1988. The
Sinian System of Hubei. Wuhan: China University of
Geosciences Press.

Zhou, C., Xiao, S., Wang, W., Guan, C., Ouyang, Q. &
Chen, Z. 2017. The stratigraphic complexity of the
middle Ediacaran carbon isotopic record in the Yangtze
Gorges area, South China, and its implications for the
age and chemostratigraphic significance of the Shuram
excursion. Precambrian Research 288, 23–38.

Zhu, M., Gehling, J. G., Xiao, S., Zhao, Y.-L. & Droser,
M. 2008. Eight-armed Ediacara fossil preserved in con-
trasting taphonomic windows from China and Aus-
tralia. Geology 36, 867–70.

Zhuravlev, A. Yu, Gámez Vintaned, J. A. & Ivantsov,
A. Y. 2009. First finds of problematic Ediacaran fossil
Gaojiashania in Siberia and its origin. Geological
Magazine 146, 775–80.

https://doi.org/10.1017/S001675681700036X Published online by Cambridge University Press

https://doi.org/10.1017/S001675681700036X

	1. Introduction
	2. Geological setting
	3. Systematic palaeontology
	4. Preservation and palaeoecology
	5. Possible phylogenetic affinities
	5.a. Trace fossils
	5.b. Algae or fungi
	5.c. Xenophyophores
	5.d. Comparison with other modular Ediacaran fossils

	6. Conclusions
	Acknowledgements
	References

