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† INTRODUCTION

Late Proterozoic deposits of many regions of the
Earth often enclose relatively large (up to several cen�
timeters in diameter), simply organized round struc�
tures, the so�called cyclic fossils. They occur in both
terrigenous and carbonate sections, coarse and fine�
grain rocks, sometimes preserved as three�dimen�
sional molds at the soles of sand lenses and, some�
times, as flat imprints inside layers of clayey or clayey–
carbonate deposits. To date, the following ten species
of six genera of these fossils have been described: Bel�
tanelloides sorichevae Sokolov, 1965, Beltanelliformis
brunsae Menner, 1974, Nemiana simplex Palij, 1976,
Medusinites paliji Gureev, 1987, Beltanelloides podoli�
cus A. Istchenko, 1988, Hagenetta aarensis Hahn et
Pflug, 1988, Beltanelliformis minutae McIlroy, Crimes
et Pauley, 2005, Namamedusium wendti Zessin, 2008
and also Nemiana bakeevi Becker, 1992 and Beltanel�
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loides amorphus Menasova, 2003. All species, except
for the last two, completely lack primary sculpturing or
internal structures, show intense postmortal compres�
sion, and are capable of forming abundant monospe�
cies accumulations, in which the outlines of crowded
individuals sometimes change from initially circular to
polygonal. They are sometimes arranged in layers
unseparated by sediment, but neither cut each other
nor fuse. Nemiana bakeevi and Beltanelloides amor�
phus do not show evident distinctive features, so that
they were probably erroneously referred to these gen�
era. Other species should be divided into two groups
termed here “Nemiana” and “Beltanelloides” (see also
Narbonne and Hofmann, 1987). In a typical case,
“Nemiana” (Nemiana, Medusinites, Hagenetta,
Namamedusium, and in part Beltanelliformis brunsae)
looks like a low nodule circular in plan view, convex
from below, with a smooth surface, or flattened, with
concentric folds of contortion at the lateral edges. A
nodule is sometimes three�dimensional, completely
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separated from enclosing matter not only from below,
but also from above. In this case, its apex occasionally
has a small depression. It is commonly believed that
this is the internal or external body mold. “Beltanel�
loides” (Beltanelloides sorichevae, B. podolicus, and
Beltanelliformis) is preserved in the shape of a flat or
slightly convex imprint, smooth in the center and hav�
ing concentric folds at the periphery. Imprints of “Bel�
tanelloides” frequently have modified organic matter
of its body. In the Khatyspyt Formation of the Olenek
Uplift, specimens with traces of slight syndiagenetic
phosphatization of this substance have been found. A
number of researchers believe that “Nemiana” inhab�
ited hydrodynamically active shallow waters and all of
their remains have been recorded in their habitats in
the lifetime positions. On the contrary, “Beltanel�
loides” followed a planktonic mode of life and were
buried in relatively quiet, probably more deepwater
conditions. The majority of species were marine and
only Beltanelliformis minutae could dwell in freshwater
basins (Callow et al., 2011). Remains of B. brunsae
sometimes co�occur within the same member with
feeding traces of Proarticulata and Kimberella
(Epibaion sp., and Kimberichnus teruzzii Ivantsov, 2013)
and also various remains of palaeopascichnids or even
on the same bedding surfaces. A large specimen of Edi�
acaria sp. overlain by molds of Nemiana simplex has
been found (Fedonkin et al., 2007, text�fig. 282). Bel�
tanelloides sorichevae is sometimes accompanied by
Palaeopascichnus sp. and, sometimes, by the macro�
phyte Archyfasma sp. (Leonov, 2007a, 2007b). Burial
conditions of these forms were common for some
other Vendian macroorganisms.

A generally accepted system of the two groups has
not been elaborated. The species composing them are
often combined in different variants. It has also been
proposed that all of these forms belong to only one
species. Their nature is also discussed. Three�dimen�
sional molds are regarded as remains benthic Meta�
zoa: polyps (Palij 1976; Palij et al., 1979; Fedonkin,
1981, 1987; Gureev, 1985, 1987; Vendskaya sistema …,
1985; Zessin, 2008; Grazhdankin et al., 2010);
sponges (Leonov, 2007b); or animals closely related to
brachiopods (Hahn and Pflug, 1988); while flat
imprints were considered to represent planktonic or
benthic green algae (Sokolov, 1976, 1997; Xiao et al.,
2002; Xiao and Dong, 2006; Leonov, 2007a) or colo�
nial bacteria (Steiner, 1997; Steiner and Reitner,
2001). The validity of these interpretations, particu�
larly in the case of assignment of forms from different
groups to one species, is doubtful. The resolution of
these questions is necessary in connection with the
importance of the fossils discussed for gaining an
understanding of conditions in habitats and burials of
communities of macroorganisms and for correlation
of different facies in the Late Precambrian beds.

Of ten “Nemiana” and “Beltanelloides” species
listed above, seven were described based on specimens
coming from the former Soviet Union. Most of them

are housed in the richest collection of Vendian fossils
of the Borissiak Paleontological Institute of the Rus�
sian Academy of Sciences, Moscow (PIN). Results of
the study of this collection and type specimens of Bel�
tanelloides podolicus, B. amorphus, Medusinites paliji,
and N. simplex, which are stored in the National
Museum of Natural History of the National Academy
of Sciences of Ukraine, Kiev (NNPM) and Taras
Shevchenko Kiev National University of Kiev
(KNU), are considered in the present paper.

HISTORY OF THE STUDY

In the 1920s, a school teacher from the village of
Ozarintsy of the Mogilev District transferred several
plates with round imprints coming from the beds dated
then as Silurian sandstones to the Museum of the
Geological Laboratory of the Ukrainian Academy of
Sciences. The name of this teacher is not known; how�
ever, he probably helped the geologist A.V. Krasovsky
in investigations in the vicinity of the town of Mogi�
lev–Podolskii as early as 1913. In the only publication
concerning these studies, which was named “a prelim�
inary report,” Krasovsky (1916) mentioned by the way
the finds of Silurian sandstone pieces with ripples and
imprints resembling traces of rain drops. Kaptarenko
(1928), who looked through the material from
Ozarintsy and familiarized herself with the studies by
Krasovsky, was sure that he considered the imprints
brought to Kiev. Thus, early finds were made not later
than 1913 and Podolia is the third known locality in
the world (along with Newfoundland and Namibia) of
Vendian macrofossils (Fedonkin et al., 2007). The
geologists who paid attention to “sandy bubbles” from
Podolia initially regarded them as traces (Pl. 1, fig. 1).
In particular, Lungershausen (1939) was sure that they
are traces of air bubbles which were pressed out of
coastal sand by incoming waves and Stashchuk (1958)
proposed that these are pits formed by drops of water
regularly falling from a hypothetical eave. Voznes�
ens’ky (1956) compared them to burrows produced by
extant larval amphibians. However, even Kaptarenko
considered the hypotheses of abiogenic origin of fos�
sils from Podolia and rejected them. Based on a thor�
ough description of both fossil remains and geological
conditions in which they occur, she proposed that they
are of animal origin and convincingly compared them
with imprints of jellyfish bodies (Kaptarenko, 1928).
Zaika�Novatsky and Palij (1968, 1974) initially pro�
posed that these are imprints of jellyfishes and desig�
nated them by the Latin name Nemiana simplex. A for�
mal description of Nemiana was published only two
years later (Palij, 1976).

At present, the hypothesis that Nemiana belongs to
a sedentary polyp buried in its habitat in a lifetime
position is most popular. The statement that this is
body remains rather than traces of digging is supported
by usual presence in Nemiana of various folds of con�
tortion and the absence of mutual mechanical dam�
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ages, except for plastic distortion caused by dense
arrangement of individuals (Palij et al., 1979). Regard�
ing Nemiana and similar formations, Palij (1976; Palij
et al., 1979) noticed that “animals of such a shape and
size were apparently formed of at least two cell layers
separated by mesogloea providing necessary rigidity”;
these polyps “had a sacciform body open from above
and lacking tentacles and inhabited oozy substrate, as
corroborated by the confinement of surfaces with
imprints of Nemiana to clayey interbeds in sand�
stones.” Palij (1976, pl. XXII, fig. 2) provided a figure
of a specimen with a hardly discernible laterally posi�
tioned tubercle and interpreted it as evidence of vege�
tative reproduction. Fedonkin (1981, 1984, 1987;
Vendskaya sistema …, 1985) regarded thin concentric
folds observed on the sole of some specimens as traces
of ring muscles of an animal. Zaika�Novatsky and Palij
(1974) indicated that fossil remains of N. simplex are a
mold of the internal cavity of an organism rather than
depressions formed by it on the bottom of the basin.
However, Fedonkin and Runnegar (1992) compared
these fossils to traces in deposits. Seilacher (1992;
Seilacher and Goldring, 1996) assigned Nemiana to
the class Psammocorallia established by him, includ�
ing it in the genus Protolyellia Torell, and proposed
that the polyp incorporated sand grains in mesogloea
during the animal’s life; a massive sand pillow located
at the basal end of the body could have been an anchor
of a sedentary animal.

Based on the presence in three specimens of Nemi�
ana (two of which belong to a group of imprints iden�
tical in all other aspects and designated by Palij as the
holotype of N. simplex (Pl. 1, fig. 1)) of a poorly pro�
nounced groove in the shape of an oblique cross,
Gureev (1987) proposed to establish a separate coe�
lenterate genus. The form with a sharply distinguished
central tubercle he described as a separate species,
Medusinites paliji Gureev, 1987, which is phylogeneti�
cally remote from N. simplex. Note that, in all other
characteristics, including the ability of forming dis�
tinctive dense accumulations, these species and
“genus” do not differ from N. simplex (Pl. 5, fig. 2).
Moreover, Gureev observed a preservation type of
Nemiana “in the shape of a ring ridge in a positive
hyporelief, sometimes with a tubercle in the center”
(Gureev, 1985). Gureev (1988, pl. IX, fig. 5) explained
the similarity between this form and M. paliji by mys�
terious “postmortal convergence.” At the same time,
it remains uncertain which criteria were applied to
show that identical structures sometimes occurred
during the animal’s lifetime and sometimes were
formed after death. The susceptibility of Nemiana to
intense crumpling sometimes results in the formation
of stable pseudostructures resembling morphological
elements of Phanerozoic animals. In particular, Hahn
and Pflug (1988) have recorded the presence of an iso�
metric area in the center of several convex molds from
the Nama Group in southwestern Namibia, which
they interpreted as the dorsal valve of a bivalve shell

(Hahn and Pflug, 1988). They apparently incorrectly
oriented the molds in space, turning them upwards by
the convex side. As a result, the fossils actually resem�
ble remains of an advanced creature, which the
researchers named Hagenetta aarensis. However, the
photographs of imprint accumulations provided by
Hahn and Pflug distinctly show that the establishment
of Hagenetta resulted from incorrect interpretation of
crumpled remains of Nemiana. Based on two frag�
ments of Nemiana accumulations from Namibia, one
more new genus and species, Namamedusium wendti
(Zessin, 2008) has recently been established. However,
diagnostic characters of Namamedusium (small flat
round structures with polygonal boundaries), as that of
the previously established M. paliji (round positive
imprints, with a central tubercle of unstable size, irreg�
ularly rounded shape, and concentric folds at the
periphery) do not fall beyond the variation range of
N. simplex. Becker (1996) recorded remains of Nemi�
ana in the Late Vendian beds of the southern Urals;
however, the assignment of these fossil remains to the
genus in question is doubtful. The radial rugosity of
“N. simplex” from the Zigan and Basa formations
(Becker, 1996), the presence of a tubercle in the center
of discoidal imprints of N. bakeevi Becker from the
Bakeevo Formation (Becker, 1992), and isolated posi�
tion in burials of specimens of both species strongly
contradicts the concept of genus. It is more probable
that N. bakeevi should be referred to Cyclomedusa
sensu lato. Some structures determined as N. simplex
from the Histria Formation of the Moesia Platform
(Oaie et al., 2005) and cf. Nemiana from the Marninsk
Formation of the Sayany Region (Sovetov and
Komlev, 2005) are probably sedimentological struc�
tures.

The first photographs of Beltanelliformis brunsae,
with remarks that this is a “medusoid organism resem�
bling Beltanella gilesi Sprigg” were published by Men�
ner (1963); the name Beltanelliformis brunsi was intro�
duced by him somewhat later, in the figure caption in
a paper of Kirsanov (Menner, 1963; Kirsanov, 1968).
However, a complete paleontological description of
the genus and species, with improved species epithet
and designation on the holotype appeared only in 1974
(Keller et al., 1974). In that paper, it was indicated that
the name Beltanelloides sorichevae introduced by B.S.
Sokolov in 1965 is a junior synonym of Beltanelliformis
brunsae. Fedonkin agrees with this point of view and in
the studies of Palij et al. (1979) and Fedonkin (1981,
1984, 1987), Beltanelloides is not mentioned. How�
ever, in the fundamental collective monograph
devoted to the Vendian biota, the description of the
species Beltanelliformis brunsae is accompanied by the
reference to plate IV, in the explanation to which the
fossil is named Beltanelloides sorichevae (Vendskaya
sistema …, 1985). In a subsequent publication,
Fedonkin (1992) reprinted the same photographs and
repeated the name Beltanelloides. This was probably
the basis for Sokolov (1997, p. 20, footnote) to propose
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that Fedonkin had changed his opinion. However, in
the book published recently, the two genera remain
independent (Fedonkin et al., 2007).

Menner proposed that Beltanelliformis is a jellyfish
with the umbrella having a smooth central part and
crumpled concentric folds at the periphery (velar
zone). The convex side of the imprint is formed by the
umbrella apex turned upside down in the burial
(Keller et al., 1974). Fedonkin (1981, 1984, 1987;
Vendskaya sistema …, 1985) treated Beltanelliformis
differently, proposing that this is remains of a seden�
tary polyp. Its lower prominence corresponds to the
basal body side. The main arguments for this interpre�
tation are the absence of overlapping imprints (which
would have been observed in mass material, if the bod�
ies occurred in the burial, falling from the water col�
umn) and the presence of a high relief even in the
smallest imprints (which is impossible for jellylike
umbrellas of jellyfish). He considered the concentric
folds at the edges of the imprint as traces of ring mus�
cles and indicated that they are not necessarily
present, since they are absent in the specimens less
than 5 mm in diameter. Fedonkin (1981) frequently
observed upward curvature of imprint margins and
explained this by the fact that the polyp body was wid�
ened basally. It is evident that descriptions and inter�
pretations of Nemiana simplex and Beltanelliformis
brunsae by Fedonkin are almost identical. The only
distinction is variation in preservation of Nemiana,
which sometimes shows an imprint of the oral polyp
side, with a depression in place of presumable mouth
opening (Vendskaya sistema …, 1985; Fedonkin,
1987).

In addition to Eastern Europe, fossil remains with
species characteristics of B. brunsae have been
revealed in the Late Precambrian beds of the Wernecke
Mountains (Canada) (Narbonne and Hofmann,
1987), in the Doushantuo Formation of the Yangtze
River valley (China) (Chen et al., 1993; Steiner, 1997;
Steiner and Reitner, 2001; Xiao et al., 2002, 2014;
Wang et al., 2011), and in the Ediacaran Member of
the Flinders Range (Australia) (Xiao et al., 2014). A
separate species, Beltanelliformis minutae, was
described by McIlroy et al. (2005) from the Neoprot�
erozoic (Long Mynd Supergroup) of Great Britain.
This taxon is characterized by small size of individuals
and the absence on imprints of secondary sculpturing;
however, it is difficult to identify because the main
characters distinguishing it are also observed in young
B. brunsae. Nevertheless, it seems valid, since its indi�
viduals are always less than 1 cm in size and it is con�
nected with textures of microbial mats to a greater
extent than B. brunsae. It has been shown that, in
freshwater deposits, B. minutae appeared already in
the Late Riphean (Callow et al., 2011). Similar fossils
have been recorded in the Late Proterozoic Cama�
rinha Formation of Brazil (Drefahl and Silva, 2007),
in the Marwar Supergroup (Rajasthan, India) (Kumar
and Pandey, 2009; Srivastava, 2012), in the Jibalah

Group of Saudi Arabia (Vickers�Rich et al., 2010), in
Zilmerdak Formation of the southern Ural Mountains
(Grazhdankin et al., 2012), and in the Siberian Plat�
form (see below).

The first figures of Beltanelloides sorichevae were
published by Kortsenshtein (1953). The researcher
marked its distinctive characters, i.e., the presence of
remains of organic matter and sharp concentric folds
at the edges of imprints (Pl. 1, fig. 2). The name was
introduced by Sokolov (1965) in the theses of his
report at the Symposium on Paleontology of the Pre�
cambrian and Early Cambrian, referring to the figures
in the papers by Menner and Kortsenshtein. Original
photographs by Sokolov were provided in later works
(Sokolov, 1972a, 1972b, 1973). In these studies, the
type specimen was not designated and precise paleon�
tological description was not provided. In our opinion,
the only sentence in the explanation of a plate,
“Imprints on mudstone of accumulations of flattened
spheroid forms with concentric rugosity at the periph�
ery (? medusoid), 10–20 mm in diameter” (Sokolov,
1972a) may not be taken for such a description. A
more or less detailed diagnosis was published much
later (Gureev, 1987; Gnilovskaya et al., 1988) and
description of the species Beltanelloides sorichevae was
published only recently (Leonov, 2007a). Judging from
publications, Beltanelloides sorichevae is completely
identical to Beltanelliformis brunsae. The only distinc�
tion is the presence of carbonaceous admixture on
imprints of the first form, which may not be taken for
a taxonomic character. Therefore, we share the initial
opinion of Fedonkin and, in the old dispute concern�
ing the priority of the name of this taxon, we regard
Beltanelliformis brunsae Menner, 1974 as a senior syn�
onym, a valid description of which was the first to be
published. The names Beltanelloides sorichevae forma
major and Beltanelloides sorichevae forma minor
(Sokolov, 1972a, pl. IV), which have not been
described, should be regarded as nomen nudum. The
absence of a precise diagnosis of the type species pro�
voked the establishment of carbonaceous specimens
from Podolia (Pl. 4, fig. 6) as a separate species, Bel�
tanelloides podolicus A. Istchenko (Gnilovskaya et al.,
1988); however, this seems incorrect (Leonov, 2007a).

Sokolov (1965, 1972a, 1972b, 1973) initially
regarded Beltanelloides sorichevae as a multicellular
coelenterate and, then, probably in connection with a
find of remains of carbonaceous organic matter,
changed his opinion and assigned it to plankton algae
resembling extant colonial green algae of the order
Volvocales (Sokolov, 1976, 1997). Comparing Bel�
tanelloides with spherical Chuaria circularis Walcott,
1899, the researcher indicated that the envelope of the
first was fragile, while, in the second, it was elastic,
although he did not refer to particular specimens. The
presence of basically plastic prediagenetic distortions
in the specimens examined by us and figured in pub�
lished works suggests that the envelope of Beltanel�
loides was also elastic. Fossil remains of large Chuaria
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and small Beltanelloides are very similar, so that it is
sometimes impossible to distinguish between them.
For example, flattened discoidal organic bodies from
the Pusa shale of the Vendian–Cambrian boundary
beds of Spain are identical in morphology to Chuaria
circularis and only the size, reaching 7–8 mm, and
occurrences in large accumulations suggest that they
probably belong to Beltanelloides (Brasier et al., 1979;
Vidal et al., 1994). Analyzing the character of burial of
Beltanelloides podolicus, Ishchenko concluded that, at
early ontogenetic stages, these organisms were free�
floating (small specimens are buried separately) and,
then, they probably settled down on the bottom (since
relatively large specimens are densely spaced, distort�
ing each other). The vegetative nature of these remains
is questionable, although Ishchenko definitely named
them phytoleims and assigned Beltanelloides, along
with several other genera of algal fossils, to the new
class Chuariaphyceae (Gnilovskaya et al., 1988). Judg�
ing from descriptions, a flattened double�layer phy�
toleim has not been recorded; however, all researchers
confidently ascertain that a typical specimen initially
looked like a spherical envelope. Within phytoleims,
clots of relatively dark organic matter are sometimes
observed, resulting in the conclusion that “the organ�
ism consisted of randomly arranged coccoid cells sur�
rounded by a common envelope” (Gnilovskaya et al.,
1988, p. 26). The well�known expert on the Vendian
flora of Ukraine Aseeva (1988) has cast doubt on the
assignment of the specimen from Podolia to the genus
Beltanelloides, indicating that its accumulations con�
tain both round and pear�shaped or shapeless imprints
and lack distinct boundaries. She treated the struc�
tures resembling concentric folds as thickenings
caused by nonuniform growth and proposed that this
fossil is a fungal colony (Aseeva, 1988). Based mostly
on the material from Doushantuo preserved as car�
bonaceous films, Steiner (1997; Steiner and Reitner,
2001), following Sokolov, combined Beltanelliformis
(=Beltanelloides) and Chuaria in one group. However,
he assigned them to colonial cyanobacteria or eubac�
teria rather than eukaryotic green algae. Xiao et al.
(2002, 2014; Xiao and Dong, 2006) compared these
structures to benthic gametophyte of the extant green
alga Derbesia.

Two more discoidal macrofossils probably related
to the objects examined here, i.e., Bronicella podolica
(Zaika�Novatsky, 1965) and Beltanelloides amorphus

Menasova, 2003, were described from the Late Ven�
dian beds of Podolia. The earliest report on the first
fossil named Beltanella podolica was rather brief
(Zaika�Novatsky, 1965). The generic name Bronicella
and photographs were provided by the same researcher
somewhat later (Zaika�Novatsky and Palij, 1968;
Zaika�Novatsky, 1971) and a formal description was
published by Palij (1976). Bronicella has much in com�
mon with small specimens of Beltanelliformis and very
large Chuaria and, in opinion of Zaika�Novatsky and
Palij, is similar in morphology to Nemiana. Like
Nemiana, it is umbrella�like in shape, with a round
outline and the margins curving inside; it is flat or con�
vex, with the height equal to 0.2 diameter (Pl. 5, fig. 1).
Distinctions between them are only the smaller size of
Bronicella and the fact that it has not been recorded in
dense accumulations (Zaika�Novatsky and Palij,
1968). According to Palij (1976), the absence of traces
of organic matter on Bronicella imprints is evidence
for its animal nature, since plant remains in the Ven�
dian of Podolia are well preserved. However, Gureev
(1987), referring to Aseeva, paid attention to the fact
that, in the Bronnitsy Beds, the only area where Broni�
cella has been recorded, vegetative organic matter is
virtually absent and this is not connected with the
nature of fossils, but may have a taphonomic explana�
tion. Table 1 shows that imprints of Bronicella are
equal in diameter to the smallest specimens of Nemi�
ana. Note that Bronicella is only known from a few
imprints and poorly understood; therefore, it is incor�
rect to conclude that this form was completely incapa�
ble of forming large colonies. Nevertheless, this fact
actually takes place, along with the absence on Broni�
cella imprints of traces of organic matter and, conse�
quently, it is presently impossible to establish its rela�
tionships with Beltanelliformis, on the one hand, or
with Chuaria, on the other hand. The second species,
Beltanelloides amorphus, was described based on one
very large distorted specimen (Menasova, 2003) (Pl. 5,
fig. 3). Contrary to the name given to it, it does not dis�
play certain characters supporting affinity to the genus
Beltanelloides. Similar fossils of uncertain sacciform
shape are rather frequent in Late Vendian localities
throughout the world and may belong to different fos�
sil groups. Therefore, Beltanelloides amorphus is not
considered in the present study.

Fedonkin (1981) was probably the first to combine
fossils of different preservation types, describing large

Table 1. Measurement of fossil remains after different authors (diameter/height, in mm)

Menner (1974) Fedonkin (1981) Sokolov (1972a) Palij (1976) Gureev (1987)

Beltanelliformis brunsae ≤15 <5–20

Beltanelloides sorichevae 5–44

Nemiana simplex 10–30/0–3 2–60/0–10

Medusinites paliji 3–17

Bronicella podolica 2–5/0–0.6
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molds preserved at the sole of sandstones of the Onega
Peninsula under the name Beltanelliformis brunsae, flat
imprints of which had previously been known only from
mudstones. Unfortunately, this important step was not
provided with argumentation. Fedonkin assigned two
genera, Beltanelliformis and Nemiana, to the coelenter�
ate class Cyclozoa established by him; however, he pro�
posed that they deserve a high taxonomic rank (may be
class?) (Fedonkin, 1984, 1987; Vendskaya sistema …,
1985). Gureev (1985, 1987) combined Beltanelloides
(=Beltanelliformis) and Nemiana in one genus. Indi�
cating that B. sorichevae and N. simplex do not show
objective distinctions, he remained for uncertain rea�
son the second taxon as valid, concluding that, possi�
bly, in the future, it will turn out that B. simplex should
be regarded as a subspecies of B. sorichevae (Gureev,
1985, 1987). Narbonne and Hofmann (1987)
described under the name Beltanelliformis brunsae
high� and low�relief molds from sandstones of the
Wernecke Mountains (identified by them as Nemiana
and Beltanelliformis (=Beltanelloides), respectively)
and regard them as forms of preservation of one spe�
cies of round biological objects of uncertain nature
(Narbonne and Hofmann, 1987; Hofmann, 1992).
Similarly, Leonov (2007a, 2007b) believed that low�
relief molds from sandstones and flat imprints from
mudstones of the Ust’�Pinega Formation of the White
Sea are two preservation forms of the initially spherical
bodies of Beltanelloides.

According to the data of Grazhdankin (2010), in
the Sylvitsa Group of the Middle Ural Mountains,
remains of  “Beltanelloides” and  “Nemiana” occur in
different types of deposits and are preserved differ�
ently. In facies of thin�layer siltstones and mudstones,
there are imprints of flattened and variously crumpled
envelopes, which sometimes contain carbonaceous
organic matter. Judging from the published photo�
graph, imprints are arranged randomly, overlying each
other (Grazhdankin et al., 2010, text�fig. 24a). Grazh�
dankin determined them as Beltanelloides sorichevae
and proposed that the burials are allochthonous, with�
out significant transportation of remains. He deter�
mined the three�dimensional molds occurring in the
facies of wavy�layered sandstones or facies of gutter
casts as Nemiana simplex and, following Seilacher,
assigned them to psammocorals (Grazhdankin et al.,
2005, 2010). These fossils were buried in their habitats.
In the sedimentation model developed by Grazh�
dankin, the facies of thin�layer siltstones and mud�
stones determines quiet conditions of oozy plains,
while filling of channels marks high�energy conditions
of sand bars (Grazhdankin et al., 2005). As a result of
comparative analysis of biostratinomy and morphol�
ogy of B. sorichevae and N. simplex from the White Sea
and Podolia, Leonov (2007a, 2007b) became strongly
convinced that these fossils differ in nature; the first
belongs to vegetative macroplankton, while the second
represents benthic sponge�like animals.

Thus, despite obvious similarity of the groups
“Nemiana” and “Beltanelloides,” scientists fre�
quently believe that they sharply differ in nature.
However, in the present paper, it is accepted that the
two groups are only different preservation forms of
biogenic formations of the genus Beltanelliformis.

BELTANELLIFORMIS 
IN THE ZIMNIE GORY LOCALITY

Fossil remains identified as Beltanelliformis, Bel�
tanelloides, and Nemiana in terrestrial localities of the
Arkhangelsk Region have been discovered in the
Lyamtsa Formation of the Lyamtsa coast of the White
Sea, in the Verkhovka Formation of the Syuz’ma
River, in the basal Zimnie Gory Formation and Erga
Formation of the Zimnie Mountains (Palij et al., 1979;
Fedonkin, 1981; Vendskaya sistema …, 1985; Grazh�
dankin, 2004; Leonov, 2007a, 2007b). They are
present in several facies, which Grazhdankin assigned
to a wide range of marine conditions, varying from the
distal part of the delta to coastal underwater plain, but
do not fall beyond the photic zone (Grazhdankin,
2003, 2004). In the material from the Arkhangelsk
Region, Leonov (2007b) recognized two preservation
forms of Beltanelloides sorichevae; the first is typical
(phytoleim imprints in mudstone) and the second
resembles the preservation of Ediacaran organisms
(convex imprints on the sole of sandstone layers).
According to Leonov, Nemiana simplex only occurs in
the Erga Formation; however, molds with morpholog�
ical characters of “Nemiana,” like imprints of “Bel�
tanelloides,” have been recorded in the Lyamtsa For�
mation in the vicinity of the village of Lyamtsa (Pl. 1,
fig. 4) and in the Verkhovka Formation of the Syuz’ma
River (Pl. 1, fig. 8).

In the Zimnie Mountains, the remains in question
occur at the base of the section and in its upper part
(bottom of the Zimnie Gory Formation and the mid�
dle part of the Erga Formation after Grazhdankin;
Members nos. 3 and 11 after Fedonkin, respectively).
At both stratigraphical levels, imprints are confined to
the sole of sandstone lenses, representing covers rela�
tively small in area and molds of fossil erosive cuts,
where they are arranged in groups on accumulative or
erosive surfaces (Leonov, 2007b).

The lower level was found by an expedition team
headed by M.A. Fedonkin in 1991; a number of local
accumulations were excavated there by Ivantsov (in
1993 and 2012) and Leonov (in 2003). A series of frag�
ments coming from different burials within this level is
housed in the Borissiak Paleontological Institute of
the Russian Academy of Sciences; Vernadsky State
Geological Museum of the Russian Academy of Sci�
ences, Moscow; and State Darwinian Museum, Mos�
cow. Leonov (2007b) classified fossils from this level as
B. sorichevae, represented by the unusual second pres�
ervation type. Actually, these fossils do not differ from
imprints from mudstones, except for the absence of



PALEONTOLOGICAL JOURNAL Vol. 48 No. 13  2014

REVISION OF THE PROBLEMATIC VENDIAN MACROFOSSIL BELTANELLIFORMIS 7

traces of organic matter, the preservation of which in
sandy deposits is problematic.

Fossils found here show characters of “Nemiana”
and “Beltanelloides” (three�dimensional molds with a
smooth surface or flat imprints with concentric folds at
the edges) displayed in pure and mixed form. They
sometimes overlap within the same bedding plane
(Pl. 2, fig. 3) or on different, sometimes very closely
positioned planes (Pl. 1, fig. 3). Many specimens of
“Beltanelloides” have isometric depressions, where
flat mudstone pebbles lie under a thin sandstone layer
(Pl. 1, fig. 7; Pl. 2, fig. 1c). They were probably brought
by a stream of sediment into depressions on the surface
of inhabited substrate. The depressions were left as the
bodies were removed probably by the same stream.
At the same level, the largest known imprints of “Bel�
tanelloides” are found, the largest of which reaches
92 mm along the long axis (Pl. 2, figs. 1a–1c). Even in
these imprints, the concentric folds of contortion
occur near the edges. This possibly means that large
individuals were initially relatively low and definitely
were not completely spherical. Within the same bed�
ding plane, imprints of “Beltanelloides” sometimes
co�occur with feeding traces of Metazoa and remains
of palaeopascichnids (Pl. 2, figs. 2a, 2b). Palaeopas�
cichnids encrusting the surfaces of microbial mats are
presently regarded as Protista (Seilacher et al., 2003).
Undisturbed burial of their buildups is evidence of its
autochthonous character. The presence on the same
bedding plane of “Beltanelloides” apparently means
that they were also benthic and dwelt in conditions typ�
ical for the majority of other Vendian macroorganisms.

The upper level was found by Fedonkin in 1977
(Fedonkin, 1981). It was represented for a long time by
fragmentary material from a talus; however, it has
yielded excellent samples, which are exhibited in the
Arkhangelsk Regional Museum and mobile exhibi�
tions of PIN. Excavations in local burial Z15(XXVI),
representing the only accumulation in parent rock at
this level, were performed by Ivantsov in 2011 and
2012.

Accumulation Z15(XXVI) is located in the middle
part of the Erga Formation, in a member of thin inter�
bedding gray sandstones and silty mudstones, with
inclusion of lenses of massive and undulate�layered
sandstones, representing small covers and fillings of
paleogrooves. The area of imprints with morphologi�
cal characters of Nemiana simplex Palij and Beltanel�
loides sorichevae Sokolov is confined to a flat elon�
gated lens of brownish gray fine�grain sandstone 1.2 m
wide and 3.5 m of exposed length, and up to 6 cm
thick, with a wavy roof and even sole. This flat lens
overlies several spindle�shaped sand lenses and is sep�
arated from them by a 2–3�mm�thick interbed of vis�
cous clay. The productive lens consists of three layers
separated by thin clayey interlayers; the upper layer is
cross�bedded, with traces of ripples and cracks of
syneresis in the roof (up to 60 mm thick); the middle
layer has rough cracks of syneresis filled with the mat�

ter from the underlying layer (0–15 mm thick); and
the lower layer is 1–2 mm thick. Imprints 1–2 cm in
diameter closely adjoin each other and are regularly
distributed over the sole of the middle layer; however,
the roof of the lower layer and the sole of the upper
layer also participate as counterparts in the formation
of fossils. There are several preservation variants of
fossils, with transitions between them.

(1) Low�relief slightly convex imprints with con�
centric folds at the edges overlapping edges of each
other (“Beltanelloides” of the second preservation
form after M.V. Leonov) (Pl. 3, fig. 1).

(2) Polygonal concave cells. Sometimes, sandstone
disappears in their centers and the layer becomes lat�
ticed; substance from the upper layer falls in the cen�
tral part of cells of this lattice, filling the space of col�
lapsed bodies, although sand layers are not fused nor
form an integral structure (Pl. 3, figs. 2a, 2b).

(3) Similar cells with a tubercle varying in size in
the center (Pl. 3, figs. 3, 4a–4c).

(4) High tubercles with a smooth surface of
“Nemiana” (the same photographs).

(5) Three�dimensional nodules limited on all sides,
i.e., molds of “Nemiana.” The upper side of one
three�dimensional mold has a distinct ring structure
probably marking the presence of a canal, through
which deposits penetrated into the cavity (Pl. 3, fig. 5).

The scenario of the formation of a burial is
described below (reconstruction is based on the prin�
ciple of “death mask” (Gehling, 1999)). The burial is
formed by a small sandy cover, which buried a group of
organisms with spherical or high�lenticular body
occupying oozy ground (Fig. 1). The deposited sand
layer varies in thickness (from a fraction of millimeter
to 6 cm in the modern condition of sandstone), caus�
ing distinctions in the preservation form of fossils. In
the case of the maximum thickness of the layer (areas
with low�relief convex imprints), the bodies were flat�
tened. The imprint formed in these sites is formed by
the upper body side, but its generally convex relief is
accounted for by the lower side, which is partially
embedded in substrate. In the case of intermediate
thickness of the layer, the bodies are compressed with�
out flattening (areas with concave polygonal
imprints). The generally concave relief of the imprint
and details of its structure are formed by the upper
body side alone. In the case of the minimum thickness
of the layer, sand filled only the spaces between distant
bodies and grooves on the surface of densely spaced
specimens. As a result, the lattice part of the layer was
formed. It is probable that beyond sand lenses, there
was aa area of flat imprints in mudstone. However, in
the locality in question and similar burials near large
sand bodies, which subsequently provided passage for
oxidizing solutions; organic matter rapidly collapsed
and imprints were not preserved. The morphological
series of concave polygonal imprint—concave
imprints with projection varying in height in the cen�
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(a)

(b)

(c)

(d)

1 2 3 4 5 6

Fig. 1.  Presumable scenario of the formation of the initial burial of  B. brunsae:  (a–c) successive taphonomic events, (d) preser�
vation variants of fossils (sole of lithified deposits of event b). Designations: (1) clay, (2) sand, (3) microbial mat with clayey par�
ticles, (4) mudstone, (5) sandstone, (6) carbonaceous organic matter. All the above preservation variants are observed within a
single burial, except for the typical version “Beltanelloides,” carbonaceous films on mudstone. However, it is rather probable that
it was formed here in the case that the colony was partly covered by a clayey tail of a suspended stream.

ter—high tubercle shows stages of penetration of sed�
iments inside the body. This staging is evidence of
gradual replacement of internal body substance by
sediments; and the maintenance of envelope in a
stretched state during the entire process of filling was

possible in conditions of approximately equal pressure
inside and outside it. Both facts suggest that the inter�
nal body substance was rather viscous.

The talus of the same sandstone member has
yielded a plate with a fragment of accumulation of
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“Beltanelloides,” which probably comes from a differ�
ent layer, which has not been recognized in the parent
rock. The matter composing it is denser and darker
and low�relief imprints seem to have more distinct
outlines (Pl. 2, figs. 4a, 4b). This sample is a prominent
example of complete overlap of “Beltanelloides” spec�
imens (Fig. 4b). The plate also shows a fragment of a
paleocut mold, with distinctive ridges (traces of
grooves of plowing) extending along an abrupt slope
(Fig. 4a). The accumulation is sharply restricted by the

line of water erosion, which partially cut imprints. In
this situation, both imprints and filling of the cut are
composed of the same rock and, hence, they were
formed simultaneously. In this case, the cut probably
exposed and partially disrupted the previously formed
burial. In that initial burial, “Beltanelloides” bodies
were compressed between layers of aleuritic silt. The
multilayer accumulation of dense envelopes, which
was enclosed in the forming sediments, could have
partly interfered with erosion and facilitated the for�

(a)

(b)

(c)

(d)

Fig. 2. Presumable scenario of the formation of the secondary burial of  B. brunsae:  (a–c) successive taphonomic events, (d) pres�
ervation variants of fossils (sole of lithified deposits of events b and c). For designations, see Fig. 1.



10

PALEONTOLOGICAL JOURNAL Vol. 48 No. 13  2014

IVANTSOV et al.

Plate 1

1

2

5

3

4 7

8

6



PALEONTOLOGICAL JOURNAL Vol. 48 No. 13  2014

REVISION OF THE PROBLEMATIC VENDIAN MACROFOSSIL BELTANELLIFORMIS 11

mation of secondary molds. Perhaps, the burial of
“B. sorichevae” described by M.V. Leonov (see below)
was formed following this pattern.

Several large fragments of an extensive accumula�
tion of fossils in question are housed in PIN (Pl. 4,
figs. 1a, 1b) and exhibited in the exposition of the
Arkhangelsk Regional Museum (KPAOKM, no.
44687). These fossils show three main preservation
variants: high, regularly convex molds without folds of
contortion (“Nemiana”); discoidal slightly convex
imprints with sharp concentric folds of elastic crum�
pling at the edges (“Beltanelloides”); and concave
imprints, smooth or having chaotic and radial grooves
of fragile crumpling. Several molds are elliptical and
their folds of contortion are positioned longitudinally;
they are apparently remains of individuals that under�
went strong lateral compression (Pl. 4, fig. 1b). In most
of the fragments, molds and imprints do not adjoin
each other and are positioned at approximately equal
distances. This suggests that fossils apparently retain
the lifetime position (Pl. 4, fig. 1a). The height of
molds shows that spheroids of B. brunsae were embed�
ded in substrate deeper than their equators.

BELTANELLIFORMIS 
IN THE LATE VENDIAN OF PODOLIA

The three�dimensional molds of Nemiana simplex
forming extensive accumulations are typical, widely
known in the Vendian of Podolia (Ukraine). They
occur in the Lomozov and Yampol beds of the Mogilev
Formation, Bernashevka Beds of the Yaryshev Forma�
tion, and Dzhurzhevka Beds of the Nagoryany For�
mation and have been recorded in many sections (Palij
1976; Palij et al., 1979; Gureev, 1985, 1987; Velikanov
et al., 1990). Plates of Yampol sandstones, with abun�

dant remains of “Nemiana” at the sole, are stored in a
number of museums of Ukraine, Russia, and other
countries and are easy to study. They show a wide vari�
ation of the shape of remains, ranging from flat and
even concave imprints to high molds, and the surface
relief, ranging from completely smooth to compli�
cated with various folds. Concentric folds, which are
observed on three�dimensional molds of Nemiana
simplex from Yampol sandstones (Pl. 1, fig. 5), are
identical to the folds of contortion in Beltanelloides,
which are considered as a diagnostic character of this
genus (Gureev, 1987; Gnilovskaya et al., 1988). A
prominent feature of Podolian “Nemiana” is a trend
towards the formation of accumulations of individuals
widely varying in size. In particular, in a sample
housed in PIN, molds range from 2.1 mm (Pl. 5, fig. 4,
upper left corner) to 28.5 mm in diameter (the same
photograph, bottom). There are weighty arguments to
assume that such accumulations are lifetime colonies.
The mosaic pattern of their distribution, which is
sometimes observed on the bedding planes probably
represents an early stage of colonization of substrate by
“Nemiana” (Pl. 5, fig. 5). Along with abundant
remains of “Nemiana,” Yampol sandstones have
yielded several ”Cyclomedusa” species, palaeopas�
cichnids, and an attaching structure of Hiemalora stel�
laris (Fedonkin, 1980); however, the macrofossil
assemblage is at most half as diverse as that of the
underlying Lomozov Beds (Martishin, 2012), where
“Nemiana” is rare.

“Beltanelloides” are represented in Podolia by the
species Beltanelloides podolicus, the type locality of
which is mudstones of the Bernashevka Beds of the
Borshchov Yar section in the vicinity of the town of
Mogilev–Podolskii (Gnilovskaya et al., 1988). Fol�
lowing A.A. Ishchenko, we collected carbonaceous

E x p l a n a t i o n  o f  P l a t e  1

Fig. 1.  Group of type specimens of  Nemiana simplex  Palij, 1976 (holotype after Palij (1976); lectotype is imprint on the lower
right, designated by Gureev (1987)); KNU, specimen no. 17p7; collected by V.M. Palij; Podolia, village of Ozarintsy; Late Ven�
dian, Mogilev Formation, Yampol Beds.
Fig. 2.  Neotype of  Beltanelloides sorichevae  Sokolov, 1972 (large imprint in the center), designated by Leonov (2007a), specimen
PIN, no. 3992/501; collected by M.A. Fedonkin; Arkhangelsk Region, borehole Yarnema, 118.2 m of depth; Late Vendian, Ust’�
Pinega Formation.
Fig. 3.  Remains on two closely positioned bedding planes; specimens in accumulation located closer to the observer show char�
acters of “Nemiana” (three�dimensional molds with a smooth surface), remote accumulation is “Beltanelloides” (flat imprints
with concentric folds at the edges); specimen PIN, no. 5010/186; Zimnie Mountains, lower level with fossils.
Fig. 4.   Nemiana simplex,  specimen PIN, no. 4716/5002; Arkhangelsk Region, Lyamtsa coast of the White Sea; Late Vendian,
Lyamtsa Formation.
Fig. 5.   Nemiana simplex,  specimen PIN, no. 3994/3029, somewhat compressed three�dimensional mold dropped out of rock;
Podolia, left bank of the Dniester River, Novodnestrovskaya Hydroelectric Power Station; Upper Vendian, Mogilev Formation,
Yampol Beds.
Fig. 6.   Nemiana simplex,  specimen PIN, no. 3994/3015, counterparts on the roof of a sandstone layer underlying accumulation;
the same locality.
Fig. 7.   Beltanelloides sorichevae  of the second preservation type, specimen PIN, no. 3993/5260; Zimnii coast, lower level with
fossils. Depressions and cavities of the mold surfaces correspond to mudstone pebbles, which were brought by a flow of sediments
in depressions on the surface of inhabited substrate, which were retained after destruction of bodies (pulling away by the stream?).
Fig. 8.   Beltanelliformis brunsae,  two preservation forms on one erosive surface: “Beltanelloides” on the left and “Nemiana” on
the right. A pit on the surface of the right specimen was formed after exposure of mudstone pebbles. The original from Fedonkin’s
works (Palij et al., 1979; Fedonkin, 1981;  Vendskaya sistema …,  1985); specimen PIN, no. 4464/115; collected by
M.A. Fedonkin; Letnii coast of the White Sea, Syuz’ma River, 5 km upstream from the mouth, right bank; Upper Vendian,
Verkhovka Formation.
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E x p l a n a t i o n  o f  P l a t e  2

Beltanelloides sorichevae  of the second preservation type; Zimnie Mountains.
Fig. 1.  Specimen PIN, no. 3993/9524, accumulation of very large imprints, straight lines of contact and concentration of folds
of contortion at the edges are evidence of the lenticular initial shape of objects; lower level with fossils: (1a) largest known speci�
men (on the right); (1b) detail of the same specimen, (1c) pebble of layered mudstone inside one of imprints.
Fig. 2.  Specimen PIN, no. 3993/9525, imprints on a surface with small buildups of  Palaeopascichnus  sp. (indicated by arrows)
and imprints of particles of uncertain detritus (abundant pits in the center); lower level with fossils: (2a) accumulation fragment
and (2b) individual imprint.
Fig. 3.  Specimen PIN, no. 5079/52, mutual compression and significant overlap of specimens; lower level with fossils.
Fig. 4.  Specimen PIN, no. 3993/9526, multilayer burial on a step of paleocut; the same sand structure retains imprints and cuts
the surface with them; upper level, burial Z15(XXVI), talus: (4a) general appearance of accumulation, hatched paleocut’s margin
is seen on the right; (4b) detail, relatively small imprints are both in spaces between large imprints (somewhat above the center)
and within them (arrow).

remains of B. podolicus in the type locality. We
recorded several accumulations of imprints in the
middle part of the Bernashevka Beds, in an interbed of
dark gray thin�layer splintered mudstones. Inside this
interbed, organic remains, including “Beltanel�
loides,” form relatively small accumulations at differ�
ent levels. An accumulation of “Beltanelloides” was
traced for 0.5 m along the strike of layers and disap�
peared at the boundary of a local fault. Imprints are
large, up to 3 cm in diameter, round, arranged overlap�
ping each other, and differ in color from enclosing
matter (Pl. 4, fig. 7). Imprints are brown due to the
presence of transformed organic matter, or rusty
brown due to iron hydroxides; this, along with the pres�
ence of admixture of small gypsum crystals, is evidence
of preceding pyritization of some specimens. Imprints
have distinct outlines, with rough subconcentric folds of
contortion near the edges. The fact that this is folds
rather than growth lines (as E.A. Aseeva believed) is
supported by the interruption and darker color of these
folds caused by the thickening of organic matter (Pl. 4,
fig. 8). The same interbed contained accumulations of
lighter fossils with indistinct outline. In this case,
organic matter probably underwent weathering to a
greater extent. Thus, we deal with usual difference in
the extent of preservation, which is characteristic of all
carbonaceous fossils of Podolia, for example, Vendot�
aenia antiqua (Ishchenko, 1983; Gnilovskaya et al.,
1988), and most completely preserved remains show
all characters typical for “Beltanelloides.” Thus, the
conclusion of Aseeva concerning special nature of fos�
sils from the Bernashevka Beds of Borshchov Yar is
groundless.

BELTANELLIFORMIS IN THE PRECAMBRIAN 
OF THE SIBERIAN PLATFORM

A representative collection of “Nemiana” was col�
lected by M.A. Fedonkin in the northern Siberian
Platform, in the Late Vendian part of the Khor�
busuonka River section (Olenek Uplift). These
remains were found in dark brown leaflike detrital
limestones of the upper part of the Khatyspyt Forma�
tion (Fedonkin, 1984; Vendskaya sistema …, 1985).
They are located on the lower side of layers and repre�
sented by both three�dimensional molds and more or

less flat imprints (Pl. 4, fig. 2). There are also concave
structures, which are apparently imprints of the upper
side of buried “bodies.” The same beds contain typical
Late Vendian macrofossils, such as Ediacaria flindersi
Sprigg, 1947, Charnia masoni Ford, 1958, Hiemalora
pleiomorphus Vodanjuk, 1987, etc. (Vendskaya sistema …,
1985; Vodanyuk, 1989).

Imprints with characters of “Beltanelloides” were
found by Ivantsov in 2001 in the middle part of the
Khatyspyt Formation, in beige thin�layer siliceous
limestones. In the same limestones, but on other bed�
ding planes, there are abundant carbonaceous plant
remains, which sometimes reach huge sizes for the
Precambrian (up to 1.5 m long). Imprints of “Bel�
tanelloides” are relatively small (up to 2 cm in diame�
ter), flat, hardly discernible due to the color, some�
what darker than enclosing matter (Pl. 4, fig. 3). They
show morphotaphonomic characters typical for the
group, i.e., almost round shape, the presence of sub�
concentric folds of contortion, and formation of accu�
mulations with overlapping individuals. The surface of
some specimens is covered with a thin interrupting
film of brown substance with wax shining. Element
analysis performed in PIN has revealed that it is essen�
tially phosphatized (Fig. 3). The study of film frag�
ments with the aid of a SEM has shown that its mineral
matrix contains mass rod�shaped bacterium�like
objects 1.5 µm long and about 0.4 µm wide (Pl. 4,
figs. 4a, 4b) (Ivantsov, 2013a, 2013b). The bacterial
nature of these structures is quite probable; however, it
is impossible to establish their relation to disrupters of
organic matter or builders of the “body” of B. brunsae.

Fossils resembling Nemiana simplex have been
found in the eastern Siberian Platform, in the Late
Vendian Aim Formation of the Yudoma River (Pl. 4,
fig. 5). In the same section of the Aim Formation,
traces of (?) Nenoxites curvus Fedonkin, 1976, errone�
ously determined as Gaojiashania annulicosta Zang,
Li et Dong, 1992 (Zhuravlev et al., 2009), have been
recorded. It should be noted that Nenoxites, which is
sometimes interpreted as a trace of a highly organized
animal (Rogov et al., 2012), co�occurs with B. brunsae
in the middle part of the Khatyspyt Formation of the
Olenek Uplift and in the middle part of the Verkhovka
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Formation of the Syuz’ma River in the southeastern
part of the White Sea coast (Fedonkin, 1976).

In the southern Siberian Platform, the Dal’nyaya
Taiga Group of the Baikal–Patoman Plateau has
yielded Beltanelloides sorichevae (Leonov and Rud’ko,
2012). However, these fossils may be treated differ�
ently; the small size, mostly positive and rather high
relief, and the absence of well�pronounced concentric
folds are more typical of B. minutae. The last species
was found in the southwestern Siberian Platform, in
the Moshakov Formation of the Irkineeva Uplift,
along with other biogenic structures tentatively dated
Late Vendian (Liu et al., 2013). The identifications
suggested in that paper are questionable; the most
plausible are B. minutae and textures of the microbial
mat Arumberia banksi Glaessner et Walter, 1975.

DISCUSSION

A preservation variant of fossils of the “Nemiana”
group is counterpart on the upper side of sand layers,

which looks like a low and wide pit with indistinct
edges. The groups of such pits considered separately
from direct imprints of bodies are closely similar to
burrows of larvae of extant anuran amphibians, giving
rise to the hypothesis of Voznesens’ky (1956). Feeding
traces of living larval amphibians are observed at the
beginning of the summer in abandoned clay quarries
of the middle zone of European Russia. For example,
tadpoles of the common toad (Bufo bufo) produce
large fields of closely positioned crateriform pits at the
bottom of puddles in a quarry in the Leningrad
Region. Feeding on the upper ground layer rich in
microorganisms, tadpoles form their holes at a mini�
mal and equal distance from each other; therefore, the
entire surface of the bottom of an inhabited puddle
acquires a polygonal–cellular relief (Ivantsov, 2003).
However, in each puddle, these pits are generally uni�
form in size, because tadpoles renew them every day,
increasing with their growth, which is more or less
synchronous throughout population. Renewing pits,
tadpoles temporarily change the shape of pits, uniting
some of them and cutting others. Such distortions are
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Fig. 3.  X–ray spectrum of mineralized substance of  B. brunsae,  specimen PIN, no. 3995/2181 (PIN, ZIESS EVO50 XVP, with
microanalyzer INCA Oxford 350); photograph of specimen shown in Pl. 3, fig. 4; Yakutia, Olenek Uplift, Khorbusuonka River;
Upper Vendian, Khatyspyt Formation.

E x p l a n a t i o n  o f  P l a t e  3

Fossils of “Nemiana” and “Beltanelloides” from a joint burial; Zimnie Mountains, upper level with fossils, burial Z15(XXVI).
Fig. 1.  Low�relief slightly convex imprints with concentric folds at the edges, overlapping each other by their margins (Beltanel�
loides sorichevae,  second preservation type after M.V. Leonov), specimen PIN, no. 3993/9528�3.
Fig. 2.  Specimen PIN, no. 3993/9527, concave polygonal cells, lattice part of the layer; sand layer forming burials was thin here,
so that it could cover completely only the lowest individuals and fill grooves between higher ones: (2a) general appearance of site
and (2b) fragment.
Fig. 3.  Specimen PIN, no. 3993/9528�1, imprints of the upper side of “Beltanelloides” (cells) and molds of internal space of
“Nemiana” (tubercles).
Fig. 4.  Specimen PIN, no. 3993/9528�4, transition from the preservation form “Beltanelloides” to “Nemiana”: (4a–4c) succes�
sive stages of filling the internal space of fossils with sediments (α–δ).
Fig. 5.  Specimen PIN, no. 3993/9632, three�dimensional mold of the preservation type “Nemiana,” top view; ring structure is
in the center, marking point of penetration of sediment into cavity, «mouth opening.»
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rather usual for traces of different genesis, although
they have not been observed in “Nemiana” imprints
(Palij et al., 1979). Therefore, finding indistinct pits
alone on the roof of layers, similar to those shown in
Pl. 1, fig. 6, it is possible to state with certainty that we
do not deal with burrow traces.

The analysis of distribution of “Nemiana” and
“Beltanelloides” in the Late Vendian beds of the White
Sea shows that fossil remains of both groups occur
within the same members and frequently in the same
burials. Exception is provided by “Beltanelloides”
with traces of organic matter, which have not yet been
recorded in sandstones. However, as mentioned above,
the neighborhood with sand strata interferes with long
preservation of organic matter and, hence, such finds
are improbable. The presence of both groups in the
same burials, similarity in morphology, and presence
of transitional forms confirm the conclusion of Nar�
bonne and Hofmann that they are preservation vari�
ants of the same species of biogenic structures. Dis�
tinctions between them are accounted for by unequal
substitution of the body by sandy deposit. This conclu�
sion results in a nomenclature problem, since six
names for this taxon have been published, with a con�
fusing history of introduction: Beltanelloides soriche�
vae (Sokolov, 1965), Beltanelliformis brunsae (Keller et
al., 1974), Nemiana simplex (Zaika�Novatsky and
Palij, 1968), Medusinites paliji (Gureev, 1987), Bel�
tanelloides podolicus (Gnilovskaya et al., 1988), and
Namamedusium wendti (Zessin, 2008). The senior
synonym is apparently Beltanelliformis brunsae, since
this name is supported by the earliest publication of a
valid description.

Ishchenko proposed that, at least at early ontoge�
netic stages, “Beltanelloides” were planktonic;
Leonov concluded that this mode of life was constant
for these creatures (Gnilovskaya et al., 1988; Leonov,
2007a, 2007b). Actually, the allochthonous character
of localities of “Beltanelloides” and apparent occur�
rence in various facies conditions corroborate this
hypothesis. However, the confinement of fossils to thin

interbeds inside more or less homogeneous strata and
accumulation on one or closely positioned bedding
planes suggest that remains were transported and accu�
mulated rather than dropped from plankton. It is plau�
sible that multilayer burials of “Beltanelloides” were
formed as a result of transportation and accumulation
of bodies of B. brunsae shifted from natural habitats.

The body density of a planktonic organism, even if
it settles down on the bottom, is only slightly greater
than water density. Consequently, it is impossible to be
buried at the base of a sedimentary rhythm under a
layer of much more dense and mobile sand suspen�
sion. This remark is true not only of “Beltanelloides,”
but also of all other Vendian organisms that were ini�
tially considered to be jellyfishes. Describing preserva�
tion of “Beltanelloides” on erosive soles of layers,
Leonov (2007b) provided a drawing of a burial of the
Zimnie Gory section. In this case, the surface with
imprints is located with angular unconformity relative
to layered enclosing deposits (Leonov, 2007b, p. 261,
text�fig. 5). Imprints could be fixed on such a surface
if living organisms had body density higher than the
suspended sand deposits and were transported by a
stream along the bottom, like pebbles, or if they were
attached to the bottom and paleocut walls. Since there
is no evidence of horizontal transportation of fossil
remains, the bodies were probably fixed and, hence,
“Beltanelloides” was a sedentary organism. However,
admitting that Leonov’s drawing of the section was
erroneous and, in fact, the site of sand lens with
imprints lies on a single bedding surface without cross�
ing several layers of enclosing rock, the treatment of
taphonomic events changes. The paleocut could have
exposed an earlier burial of “Beltanelloides,” the for�
mation of which had already been accomplished in
interbedding thin�layer mudstones and sandstones.
The surface with compressed, elastic, densely
arranged envelopes probably showed certain resistance
to erosion and could become the basis for new molds
(Fig. 2). If this is the case, the burial of “Beltanel�
loides” bodies and formation of their imprints on
sandstone occurred nonsimultaneously and under dif�

E x p l a n a t i o n  o f  P l a t e  4

Fig. 1.   Nemiana simplex,  specimen PIN, no. 3993/5610; Zimnie Mountains, upper level with fossils: (1a) accumulation frag�
ment, (1b) the same, specimens compressed strongly laterally in the center (one of them is marked by arrow).
Fig. 2.   Nemiana simplex,  specimen PIN, no. 3995/610, accumulation fragment; collected by M.A. Fedonkin; Yakutia, Olenek
Uplift, left bank of the Khorbusuonka River, 5 km downstream from the mouth of the Anabyl Creek; Upper Vendian, upper part
of the Khatyspyt Formation.
Fig. 3.   Beltanelloides sorichevae,  specimen PIN, no. 3995/2181, accumulation of the phosphatized remains; the same locality,
middle part of the Khatyspyt Formation.
Fig. 4.   Beltanelloides sorichevae,  specimen PIN, no. 3995/2223, phosphatized “body”; the same locality and stratigraphical
level: (4a) general appearance and (4b) fragment of surface; rod�shaped bacterium�like bodies (arrow) included in phosphatic
film are seen (PIN, TESCAN VEGA\\XMU).
Fig. 5.   ?Nemiana simplex,  specimen PIN, no. 5119/1001, accumulation fragment; collected by A.Yu. Ivantsov and
A.Yu. Zhuravlev; Yakutia, right bank of the Yudoma River, about 3 km upstream from the mouth of the Kyra�Ytyg Creek; Upper
Vendian, Aim Formation.
Figs. 6–8.   Beltanelloides podolicus,  flat imprints with preserved changed initial organic matter; Podolia, vicinity of Mogilev–
Podolskii, Borshchov Yar; Upper Vendian, Yaryshev Formation, Bernashevka Beds: (6) holotype NNPM, no. 2235/3; collected
by A.A. Ishchenko; (7) specimen PIN, no. 3994/3021, accumulation fragment; (8) specimen PIN, no. 3994/3023, imprint with
well�pronounced concentric folds of contortion.
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ferent conditions. Other burials could have been
formed following the same pattern (Pl. 2, figs. 4a, 4b).
Thus, co�occurrence of “Beltanelloides,” on the one
hand, and traces of Metazoa with buildups of palaeo�
pascichnids, on the other hand, does not necessarily
means that they dwelt in the same habitats.

Flattened imprints of “Beltanelloides” retaining
organic matter, in the formation of which the entire
external surface of the body participates, are uniform
in morphology throughout this surface. The same
concerns low�relief imprints of “Beltanelloides” and
“Nemiana” in sandstones, which show that lifetime
nonuniformity on the upper body side is absent. Only
a part of the highest three�dimensional molds of
“Nemiana” display an apical depression, which
apparently corresponds to an opening, through which
sediments penetrated into the envelope. However, this
opening apparently appeared secondarily.

The body shape of B. brunsae has never been con�
sidered in detail. In connection with the presumable
planktonic lifestyle of “Beltanelloides,” its envelope
was apparently considered to be spherical. However,
strong flattening of all known specimens prevents reli�
able establishment of this fact. The body proportions
of “Nemiana” are also uncertain. Even in the most
voluminous molds, the height is considerably inferior
to the diameter and this is not always attributable to
compression of sediments. Concentric folds of con�
tortion, a characteristic feature of many B. brunsae,
were apparently located in the sites with the maximum
steepness. Gravitation of these folds to the edges of
imprints, which is particularly strongly pronounced in
large and very large specimens, suggests that lateral
sides were convex to the greatest extent, while the cen�
tral region was relatively flat. Thus, the body of
B. brunsae could have been spherical or lenticular,
changing the proportions with an increase in general
size. But even in relatively low specimens, the volume
of internal cavity was very large. In addition, it com�
pletely lacks internal septa. An animal with such a gas�
tral cavity would have been a macrophagous predator.
However, the absence in B. brunsae of catching struc�
tures and trend to the formation of extensive monospe�

cies colonies are evidence of more likely autotrophic
feeding mode.

Sandstone that fills molds of B. brunsae bodies is
identical in composition and granulometric character�
istics to sandstone in the enclosing bed, composing a
single whole. Infilling of molds shows lamination sim�
ilar to that of enclosing matter (Narbonne and Hof�
mann, 1987). Consequently, the formation of molds
and their sand covering occurred synchronously.
Moreover, siltstone–clayey pellets are frequently
observed inside “Beltanelloides” and, occasionally,
inside “Nemiana.” Depression of the mold surface
above pellets is evidence that they were compressed
later than the taphonomic event. The presence of non�
consolidated oozy structures inside the organism dur�
ing the animal’s life seems senseless from the biologi�
cal point of view. Pellets apparently got inside the
envelope of B. brunsae or in the pit in place of its body
during the formation of the enclosing sandstone layer.
Note that, if B. brunsae had filled its cavity with depos�
its by itself or incorporated sand grains in body tissue,
its typical preservation form would have been a three�
dimensional mold restricted on all sides. However, this
mold variant is extremely rare. These facts and apparent
absence of sand in the substrate of habitats contradict
the hypothesis of Seilacher (1992) and Grazhdankin et
al. (2010) concerning active absorption by “Nemiana”
of sand grains during its life. Thus, the assignment of
B. brunsae to psammocorals is groundless.

Thus, the above facts suggest that B. brunsae was
neither coelenterate nor any other multicellular ani�
mal. It seems more correct to compare it to bacteria,
protozoans, or algae, for which a sphere with an enve�
lope is a usual life form. The main difficulty in the
interpretation is the extraordinary large size of some
imprints of B. brunsae, reaching 9 cm in diameter,
while the cell diameter of a multinuclear protozoan,
colony of volvocaceous algae, or gametophyte of bry�
opsids is at most several millimeters. The restricted
size is determined by physiology and cannot be over�
come by the above listed organisms. At the same time,
some extant prokaryotes, for example, hormogonious
cyanobacteria of the genus Nostoc can form spherical

E x p l a n a t i o n  o f  P l a t e  5

Fig. 1.   Bronicella podolica  (Zaika�Novatsky), 1965, holotype KNU, no. 17p24; collected by V.S. Zaika�Novatsky; Podolia, vil�
lage of Yastrebna; Upper Vendian, Mogilev–Podolskii Group, Yaryshev Formation, Bronnitsy Beds.
Fig. 2.   Medusinites paliji  Gureev, 1987, holotype NNPM, no. 2127/1; collected by Yu.A. Gureev; Podolia, right bank of the
Nemiya River, 5 km downstream from the mouth; Upper Vendian, Mogilev–Podolskii Group, Mogilev Formation, Lomozov
Beds.
Fig. 3.   Beltanelloides amorphus  Menasova, 2003, holotype KNU, no. 17p42, isolated large imprint of a sacciform biogenic struc�
ture of uncertain taxonomic position; collected by A.S. Menasova; Podolia, left bank of the Dniester River, Novodnestrovskaya
Hydroelectric Power Station; Upper Vendian, Mogilev Formation, Lomozov Beds.
Fig. 4.   Nemiana simplex,  specimen PIN, no. 3994/3028, fragment of an accumulation of individuals varying in size; Podolia,
left bank of the Dniester River, Novodnestrovskaya Hydroelectric Power Station; Upper Vendian, Mogilev Formation, Yampol
Beds.
Fig. 5.   Nemiana simplex,  specimen NNPM, no. 2525/1, colony composed of more or less isolated groups; the same locality.
Fig. 6.   Nemiana simplex,  specimen NNPM, no. 2525/2, counterparts on the roof of a layer with symmetrical ripple marks, which
do not show signs of interaction with counterparts of fossils embedded in them, suggesting that sand deposits and “Nemiana”
colony on it were formed nonsimultaneously; the same locality.
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long�living colonies several centimeters in size. Colo�
nies of Nostoc pruniforme reach 2.5 kg of weight and
persist for more than 10 years (Dodds et al., 1995). In
these colonies, abundant cyanobacterial cells orga�
nized in single�row trichomes are embedded in
mucous extracellular matrix, which becomes more
condensed towards the external margin (Vasser et al.,
1989). As a colony died, the external zone of the
matrix behaves for some time as a hollow cartilaginous
envelope of approximately the same density and flexi�
bility as thallomes of brown algae. Probably, it can be
preserved in fossil condition as a discoidal imprint or,
if sediment penetrates inside, a three�dimensional
mold. The substance composing the envelope of
spheroid B. brunsae differed in composition from that
of thallomes of eukaryotic algae, such as, for example,
Vendotaenia. In conditions of increased circulation of
pore solutions usual for sand sediments it rapidly col�
lapsed. Therefore, on the sole of sandstone lenses,
only imprints or molds of B. brunsae are expected,
whereas remains of Vendotaenia and similar algae are
frequently consist of carbonaceous organic matter. In
the recognition of the nature of B. brunsae, the struc�
tures resembling bacteria found in phosphatized spec�
imens from the Khatyspyt Formation of the Olenek
Uplift may be helpful. If it is possible to show that
these bodies are remains of colony builders rather than
destructors, it will be possible to conclude that the fos�
sils in question are of bacterial nature. However, the
bodies found are smaller by an order of magnitude
than cells of extant hormogonious cyanobacteria and
they are not arranged in chains. This suggests that
hypothetical microorganisms composing colonies of
B. brunsae belong to a different bacterial group. This is
rather probable, since, in the Precambrian when the
pressure of eukaryotes was relatively weak, the diver�
sity of colonial prokaryotes could have been much
wider than in the modern biosphere (Steiner and Reit�
ner, 2001).

It is possible to reconstruct the main parameters of
environments of B. brunsae based on the study of
localities of the “Nemiana” group. Judging from all
known characters, “Nemiana” was buried in place of
natural habitats, without changing the lifetime posi�
tion. It is possible to describe the habitat as a hydrody�
namically active marine shallow water, apparently cor�
responding to the upper subtidal zone (Narbonne and
Hofmann, 1987). Grazhdankin attributed this region
to the system of the prodelta and even restricted it to
the channels of underwater canals (Grazhdankin
et al., 2005); Korenchuk (1983) proposed that the
water at these sites was 3–4 m of depth.

Kaptarenko and Palij indicated that molds of
“Nemiana” from Podolia are restricted from below by
a clayey–micaceous interbed (Kaptarenko, 1928;
Zaika�Novatsky and Palij, 1968; Palij et al., 1979). The
absence of interaction between ripple marks and

counterparts of “Nemiana” included in them is evi�
dence that sand sediments and colonies under study
were formed nonsimultaneously (Pl. 5, figs. 6a, 6b). In
sandstones of the White Sea Region, the clay interbed
underlying imprints is sometimes very thin, but it is
always present. Consequently, the substrate inhabited
by B. brunsae was oozy. Although obvious markers of
biogenic structures on the surface with imprints have
not been recorded, it is highly probable that this was a
microbial mat incorporated clayey or micaceous par�
ticles. Judging from the shape and height of “Nemi�
ana” molds, individual spheroids were deeply embed�
ded in this substrate, sinking for half of own height
and, sometimes, even deeper. Thus, it is possible to
conclude that B. brunsae grew at small depths, but
under quiet hydrodynamic conditions, where clayey
particles either fell directly from the water column or
were caught by the microbial mat. Occasional roiling
and washing up sediments, which are usual for shallow
waters, resulted in separation of spheroid B. brunsae
from substrate and transportation to quieter sea areas.
In these areas, but mostly in clayey beds, allochtho�
nous burials of the “Beltanelloides” preservation type
were formed. However, the absence of significantly
damaged envelopes is evidence that the range of trans�
portation was insignificant and, hence, habitats of
“Nemiana” and burials of “Beltanelloides” were not
far from each other.

As Wang et al. (2011) have shown, B. brunsae
appeared in the section of the Doushantuo Formation
against a background of sharp impoverishment of
eukaryotic macroalgal community. The same is true of
the Mogilev Formation of Podolia, the beds with
“Nemiana” are characterized by an impoverished
composition of Metazoa community (Martishin,
2012). In all known localities, other macrofossils have
not been recorded near “Nemiana” colonies, except
for rare specimens of simply organized Cyclomedusa,
which may also be microbial colonies (Grazhdankin
and Gerdes, 2007). At the same time, habitats of mac�
rophytes and macrozoobenthos were somewhere
nearby. Perhaps, B. brunsae required certain special
conditions; possibly it was adapted for dwelling in the
most shallow parts of a normal marine basin. A trend
towards embedding in substrate, which is characteris�
tic of B. brunsae, is not typical for photosynthesizing
organisms, although in extreme conditions, it may
develop even in higher plants. In particular, plants of
the genus Lithops growing in deserts of South Africa
are almost entirely embedded in soil. Only the upper
leaf margin of this plant remains shadeless, providing
passage for light into internal colorless tissues. There,
it refracts and passes to lateral green sides of leaves to
provide photosynthesis. A similar adaptation was
probably characteristic of B. brunsae. However, this
was adaptation to a high solar radiation on the shallow
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water, rather than to deficient moisture, as in the case
of Lithops (Fig. 4).

PALEONTOLOGICAL DESCRIPTIONS

Regnum incertae

Genus Beltanelliformis Menner in Keller et al., 1974
Beltanelliformis: Kirsanov, 1968, p. 90 (nomen nudum); Keller

et al., 1974, p. 132; Vendskaya sistema …, 1985, p. 70.
Beltanelloides: Sokolov, 1965, p. 80 (nomen nudum); 1972a,

pl. IV (nomen nudum); Gureev, 1987, p. 22; Gnilovskaya et al.,
1988, p. 24; Leonov, 2007a, p. 92.

Hagenetta: Hahn and Pflug, 1988, p. 3.
Medusinites (part): Gureev, 1987, p. 30.
Nemiana: Zaika�Novatsky and Palij, 1974, p. 59 (nomen

nudum); Palij, 1976, p. 70; Vendskaya sistema …, 1985, p. 70.
Namamedusium: Zessin, 2008, p. 44.
Protolyellia (part): Seilacher and Goldring, 1996, p. 211.
Ty p e  s p e c i e s. Beltanelliformis brunsae Men�

ner, 1974.
D i a g n o s i s. Three�dimensional spherical or

lenticular biogenic structures from 2 mm to several
centimeters in diameter, consisting of thin flexible
envelope and relatively less dense homogeneous filling
matter. Envelope dense, lacking pores or larger open�
ings. Benthic forms tolerant of certain transportation,
growing into substrate of habitats; forming accumula�
tions of individuals equal or varying in size, in which
densely spaced individuals frequently distorting each
other. Probably colonies of bacterial microorganisms.

S p e c i e s  c o m p o s i t i o n. In addition to the
type species, Beltanelliformis minutae McIlroy, Crimes
et Pauley, 2005.

O c c u r r e n c e. Neoproterozoic of Great Britain,
Eastern Europe, Eastern Siberia, China, North America,
Brazil, Namibia, Saudi Arabia, and South Australia.

Beltanelliformis brunsae Menner in Keller et al., 1974

Plates 1–4; Plate 5, figs. 2, 4–6

Mysterious fossils: Kaptarenko, 1928, text�figs. 1–9; Lunger�
shausen, 1939, text�fig. 3; Voznesens’ky, 1956, text�fig. 1; Stash�
chuk, 1958, text�fig. 2.

Organic�walled problematics: Kortsenshtein, 1953, p. 859.
Medusoid organism resembling Beltanella gilesi Sprigg: Men�

ner, 1963, p. 505, pl. 18, figs. 8 and 8a.
Imprints with concentric rings: Zaika�Novatsky and Palij,

1968, p. 135, plate, fig. 1a.
Beltanelliformis brunsi: Kirsanov, 1968, p. 90, text�fig. 1

(nomen nudum).
Beltanelliformis brunsae: Keller et al., 1974, p. 132, text�fig. 10;

Palij et al., 1979, p. 65, pl. LVIII, fig. 5, pl. LIX, fig. 5; Fedonkin,
1981, p. 58, pl. I, figs. 1–6; Vendskaya sistema …, 1985, p. 71, pl. V,
fig. 2; Narbonne and Hofmann, 1987, p. 664, pl. 75, figs. 1–8;
Steiner, 1997, pl. 1, fig. 1; Xiao et al., 2002, p. 355, text�figs. 4�1–4�3;
Yuan et al., 2002, p. 54, text�fig. 57.

Beltanelloides sorichevae (nomen nudum): Sokolov, 1965,
p. 80; 1972a, pl. IV, figs. 1, 2, and 4; 1976, p. 138, text�fig. a; 1997,
p. 120, pl. XI, fig. 1, pl. XII, fig. 1; Sokolov, 1973, p. 213, text�
figs. 5�1, 2, and 4; Vendskaya sistema …, 1985, p. 71, pl. IV, figs. 2
and 3; Fedonkin, 1992, p. 96, text�fig. 1; Grazhdankin et al., 2010,
p. 42, text�fig. 24a.

Beltanelloides sorichevae: Leonov, 2007a, p. 92, pl. XIII, fig. 1.
Beltanelloides sorichevae forma minor (nomen nudum):

Sokolov, 1972a, pl. IV, figs. 3, 6, and 7; 1972, p. 53; 1976, p. 138,
text�fig. a; 1997, p. 120, pl. XI, fig. 2; Sokolov, 1973, p. 213, text�
figs. 5�3, 6, and 7.

Beltanelloides sorichevae forma major (nomen nudum):
Sokolov, 1972a, pl. IV, fig. 5; 1997, p. 121, pl. XII, fig. 2; Sokolov,
1973, p. 213, text�fig. 5�5.

Fig. 4.   B. brunsae,  reconstruction of the lifetime position.
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Beltanelloides simplex: Gureev, 1985, p. 97, pl. XXXV, figs. 1–3,
pl. XXXVI, figs. 1–3, pl. XXXVII, fig. 1, pl. XXXVIII, fig. 1; 1987,
p. 23; 1988, pl. IV, figs. 3–7, pl. V, figs. 1 and 7, pl. VI, fig. 2, pl. IX,
fig. 5.

Beltanelloides podolicus: Gnilovskaya et al., 1988, p. 25, pl. I,
figs. 3–7; Chen et al., 1993, pl. I, figs. 1–4.

Hagenetta aarensis: Hahn and Pflug, 1988, p. 3, pls. 1–3.
Medusinites paliji: Gureev, 1987, p. 32; 1988, pl. VIII, figs. 1–3.
Nemiana simplex: Zaika�Novatsky and Palij, 1974, p. 59

(nomen nudum); Palij, 1976, p. 70, pl. XXI, fig. 5, pl. XXII, figs.
1–3; Palij et al., 1979, p. 64, pl. XLIX, figs. 1, 5, and 6; Vendskaya
sistema …, 1985, p. 70, pl. V, fig. 3; Fedonkin, 1981, p. 57, pl. III,
figs. 2 and 9; 1984, pl. III, fig. 4; Fedonkin, 1992, p. 96, text�fig. 2;
Grazhdankin et al., 2010, p. 42, text�fig. 24d.

Namamedusium wendti: Zessin, 2008, p. 44, text�figs. 19
and 20.

Protolyellia simplex: Seilacher and Goldring, 1996, p. 212,
text�fig. 8.

H o l o t y p e. Specimen figured by V.V. Menner
(Keller et al., 1974, text�fig. 10; Kirsanov, 1968, p. 90,
text�fig. 1) and Sokolov (1972a, pl. IV, fig. 2); borehole
Loino 14, 1709.8–1707.4 m of depth. In the study of
Sokolov (1997, pl. XI, fig. 1), a photograph of better
quality, with additional information is provided: Red�
kino Horizon, Kairovo Formation, found by
Z.P. Ivanova in 1965. The depository of the holotype is
not known.

D e s c r i p t i o n. Round; in the case of dense
arrangement, polygonal, simply organized biogenic
structures without initial concentric or radial ele�
ments. In the fossil condition, they are preserved in the
beds of mudstones and layered carbonates in the shape
of carbonaceous films and imprints of flattened enve�
lopes; frequently arranged in layers. At the sandstone–
mudstone boundary, they are preserved as positive,
negative, or mixed�relief internal and external, vari�
ously convex molds and imprints. Occasionally, if the
underlying mudstone layer is thin, they sometimes
form concave counterparts on the roof of the underly�
ing layers. Individual specimens usually overlap each
other to a varying extent, distort neighboring speci�
mens because of close positions. The surface of molds
and imprints is smooth or shows traces of secondary
crumpling, such as concentric folds (occupying
mostly the periphery of specimens), dents, chaotic or
subradially directed grooves. The folds are sometimes
fused or branch and are not regularly concentric; they
are not always preserved; in small individuals, less than
5 mm in diameter, they are usually absent.

M e a s u r e m e n t s. Diameter of round imprints
or long axis of oval imprints, from 2 to 92 mm.

R e m a r k s. Becker (1996) described the mono�
typic genus Jurtia based on the species Medusinites
paliji Gureev, 1987, known from Podolia; however, the
“holotype” was designated from his private collection
from the Bashkirian Mountains. Becker’s specimen,
with its small size and poor set of features, may be a
juvenile of many cyclic “organisms,” including those
described from the same locality. Without an addi�
tional series of differently preserved fossils, it is impos�
sible to prove that it belongs to Medusinites paliji.
Here, we propose to retain the generic and species

1
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name Jurtia paliji Becker for the specimen from the
Central Geological Museum, no. 1/11406 (305/89),
until Vendian collections from Bashkiria are revised.

O c c u r r e n c e. Late Precambrian (Ediacaran,
Vendian) of Eastern Europe (Mogilev, Yaryshev,
Nagoryany, probably, Khmelnitsky formations of Pod�
olia; Ust’�Pinega Formation (Lyamtsa, Verkhovka,
and Zimnie Gory formations after D.V. Grazhdankin)
and lower part of Mezen Formation (Erga Formation
after D.V. Grazhdankin) of southeastern White Sea
Region; Chernyi Kamen’ Formation of the middle
Ural Mountains; probably, Zigan and Basa formations
of the southern Ural Mountains); Eastern Siberia
(Khatyspyt Formation of the Olenek Uplift); China
(Doushantuo Formation of the Yangtze River valley),
northwestern Canada (Blueflower Formation of the
Wernecke Mountains), southern Namibia (Dabis For�
mation), and South Australia (Ediacara Member of
the Flinders Range).

M a t e r i a l. Specimens housed in PIN, coming
from the Late Vendian beds of several regions
(Arkhangelsk Region: PIN, nos. 3993/5260, 9524,
9525, 5010/186, 5079/52, Zimnie Mountains, basal
Zimnie Gory Formation; specimens PIN,
nos. 3993/5610, 9526, 9527, 9528�1, 3, 4, 9631, 9632,
Zimnie Mountains, middle part of the Erga Forma�
tion; specimens PIN, no. 3992/501, borehole
Yarnema, Ust’�Pinega Formation; specimen PIN,
no. 4464/115, Syuz’ma River, Verkhovka Formation;
specimen PIN, no. 4716/5002, Lyamtsa coast of the
White Sea, Lyamtsa Formation; Podolia: specimens
PIN, nos. 3994/3015, 3994/3028, 3994/3029, quarry
of the Novodnestrovskaya Hydroelectric Power Sta�
tion, Mogilev Formation, Yampol Beds; specimens
PIN, nos. 3994/3021, 3023, vicinity of the town of
Mogilev–Podolskii, Borshchov Yar; Upper Vendian,
Yaryshev Formation, Bernashevka Beds; Yakutia:
specimens PIN, nos. 3995/610, 2181, 2223, Olenek
Uplift, Khorbusuonka River, Khatyspyt Formation;
specimen PIN, no. 5119/1001, Yudoma River; Upper
Vendian, Aim Formation). KNU: holotype of Nemi�
ana simplex, specimen no. 17p7, Podolia, village of
Ozarintsy, Late Vendian, Mogilev Formation, Yampol
Beds. NNPM: holotype of Beltanelloides podolicus,
specimen no. 2235/3, Borshchov Yar; Upper Vendian,
Yaryshev Formation, Bernashevka Beds; and also
specimens of Nemiana simplex, specimens nos. 2525/1
and 2, quarry of the Novodnestrovskaya Hydroelectric
Power Station, Mogilev Formation, Yampol Beds. A
specimen from the exposition of Arkhangelsk
Regional Museum: KPAOKM no. 44687, Arkhan�
gelsk Region, Zimnie Mountains, middle part of the
Erga Formation.

CONCLUSIONS

Centenary history of the study of Beltanelliformis
brunsae clearly shows the complexity of understanding
and reconstruction of Late Precambrian macrofossils.

1
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The preservation of Vendian–Ediacaran remains is
not so good as it was commonly thought. Beltanellifor�
mis, like most of Precambrian macrofossils, is only
represented by a rough imprint of the densest body
structures, whereas all soft parts usually completely dis�
appear without leaving a trace. The absence of obvious
analogues of living creatures in the Phanerozoic biota
makes our reconstruction rather vulnerable. Neverthe�
less, our study results in drawing several conclusions,
which seem rather trustworthy. A series of species
names, i.e., Beltanelloides sorichevae, B. podolicus,
Hagenetta aarensis, Medusinites paliji, Nemiana sim�
plex, and Namamedusium wendti, are synonyms of
Beltanelliformis brunsae Menner, 1974. Fossils are pre�
served in two main forms: “Nemiana,” three�dimen�
sional molds on the sole of sandstohe beds; and “Bel�
tanelloides,” flat imprints inside the strata of mud�
stones or thin�layer carbonates. During its life,
B. brunsae was a large spherical or lenticular object
with a dense smooth envelope without openings. Its
internal space was filled with homogeneous viscous
substance. Of modern biogenic structures, colonies of
hormogonious cyanobacteria of the genus Nostoc are
most similar to this reconstruction, which was initially
indicated by Steiner (1997). These fossils are probably
remains of a colony of photosynthesizing bacteria
enclosed in a mucous extracellular matrix, which
becomes denser towards external margins. However, at
present, it is premature to assign B. brunsae to hor�
mogonious cyanobacteria.

In spite of a wide geographical distribution of
B. brunsae and occurrence of its remains in deposits of
different facies, its local habitats were apparently
rather uniform. It required very small depths of water
and presence of oozy ground, which was probably
bound by a community of microorganisms. Spheroid
B. brunsae were deeply embedded in substrate; this
could have been an adaptation for increased solar radi�
ation on the shallow water.
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EXPLANATION OF PLATES

Diversity of preservation types of the Late Vendian
biogenic structure  Beltanelliformis brunsae  Menner,
1974; all specimens, except for specially marked, are
collected by the authors of this study. Levels with fos�
sils of the Zimnie Gory locality (Zimnii coast of the
White Sea; Upper Vendian): lower is basal Zimnie
Gory Formation, upper is the middle part of the Erga
Formation. Scale bars and scale bar’s division values,
1 cm (except for Pl. 4, fig. 4b; Pl. 5, fig. 1).
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