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Abstract—A new assemblage of Early Vendian (Middle Ediacaran) microfossils, including acanthomorphic
acritarchs and various filamentous remains, as well as sphaeromorphic striated vesicles of Valeria, which are
not characteristic of deposits of this age, is described from the Ura Formation of the Dal’nyaya Taiga Group
of the Patom Basin. A new species of acanthomorphs Hocosphaeridium crispum sp. nov. is recognised. The
Ediacaran eukaryotic phytoplankton taphocoenoses are shown to be selectively restricted to the open-sea

proximal facies of the inner ramp.
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INTRODUCTION

The thick (more than 2 km) sequence of postglacial
deposits of the Dal’nyaya Taiga Group of the Ura
Uplift contains rich fossil biotas, which mark an
important stage in the diversification of eukaryotes
preceding the appearance of Ediacaran organisms
(Chumakov et al., 2013). The main fossils of these bio-
tas are various acanthomorphic acritarchs, represent-
ing the phytoplankton population of the open sea
basins of that time. The associations of these micro-
fossils play a decisive role in the construction of the
global Early Ediacaran biostratigraphic scale and, at
the same time, provide important material for paleo-
biological and paleoecological reconstructions
(Sergeev et al., 2011; Moczydtowska and Nagovitsin,
2012; Vorob’eva and Sergeev, 2018; Liu and Moczy-
dtowska, 2019 ). Until recently, organic-walled micro-
fossils in the thick section of the Dal’nyaya Taiga
Group were known only from a 20-m member of
greenish-gray mudstones in the uppermost part of the
Ura Formation. In recent years, the paleontological
record of the Dal’nyaya Taiga deposits has been
noticeably expanded by finds of organic-walled
microbiota in the underlying Barakun Formation
(Vorob’eva and Petrov, 2020), as well as finds of mac-
roscopic algae remains in the Ura Formation (Petrov
and Vorob’eva, 2022). In this study, we present a new,
unique organ-walled microbiota from the middle part
of the Ura Formation, interpret the paleobiology of
the fossils and the patterns of their facies-ecological
distribution in the Dal’nyaya Taiga basin.

STRATIGRAPHY, AGE, AND TAPHONOMY
OF THE VENDIAN FOSSIL MICROBIOTA
OF THE URA UPLIFT

The Vendian deposits of the Ura Uplift, more than
5 km thick, accumulated in the inner (pericratonic)
part of the Patom Basin, which flanked the southern
margin of the Siberian Platform. The Ura Formation,
800 to 1000 m thick, is confined to the middle part of
the section of postglacial deposits of the Lower Ven-
dian Dal’nyaya Taiga Group (Fig. 1) (Chumakov
et al., 2013). The formation conformably overlies the
limestones of the Barakun Formation and is overlain
by limestones of the Kalancha Formation with a grad-
ual transition at the top (Petrov, 2018). Rich associa-
tions of acanthomorphic acritarchs known from the
uppermost part of the section of the Ura Formation
(Sergeev et al., 2011; Moczydtowska and Nagovitsin,
2012), as well as from the underlying Barakun Forma-
tion (Vorob’eva and Petrov, 2020), make it possible to
correlate all these deposits with the upper part Lower
Ediacaran in the interval 580—565 Ma (Liu and
Moczydtowska, 2019). The top of the Dal’nyaya Taiga
Group is very close in age to the beginning of the larg-
est global 63C Shuram anomaly in the history of the
Earth (Pokrovsky and Buyakaite, 2015; Pokrovsky
et al., 2021). The beginning of this event is dated at
574 £ 4.7 Ma (Rooney et al., 2020). Thus, according
to modern data, the age of the Ura Formation can be
estimated at 580—575 Ma. The recently obtained
Pb—Pb isochron dating of limestones of the Dal’nyaya
Taiga Group, equal to 581 * 16 and 575 + 20 Ma
(Rud’ko et al., 2021), despite a large error, generally
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Fig. 1. Stratigraphy, facies zones, and levels of fossil microbiota in the section of the Lower Vendian postglacial deposits of the
Dal’nyaya Taiga Group of the Ura Uplift. Facies-stratigraphic levels of microbiota: (1) Barakun, after (Vorob’eva and Petrov,
2020); (2) Middle Ura, this study; (2a) level with single finds of microfossils in the most distal part of the ramp, after (Vorob’eva
and Petrov, 2020); (3) Upper Ura, after (Sergeev et al., 2011; Moczydtowska and Nagovitsin, 2012), with modifications and addi-

tions.

confirms the indicated time interval. At the same
time, the maximum possible age of the Barakun biota
is 597 Ma.

Substantially argillaceous sediments of the Ura
Formation accumulated within a deep-water (below
the storm wave base) gently sloping homoclinal ramp
(Petrov, 2018). In such settings, taphocenoses with the
best preservation of organic-walled microfossils, as
well as phytoleims of macroscopic algae, were con-
fined to the proximal zone of the ramp, namely, to the
frontal zones of progradation of carbonate platforms
(Vorob’eva and Petrov, 2020; Petrov and Vorob’eva,
2022). At the foot of such platforms, the total rate of
suspension and landslide sedimentation was maxi-
mum, which was the decisive factor that determined
the degree of preservation of these fossil micro- and
macrobiotas. The Middle Ura taphocenosis consid-
ered in this paper is confined to the distal zone of the
inner ramp (Fig. 1). Among the sedimentary textures
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of this facies zone, there are no signs of either large-
scale slope landslide or gravity flow deposits. How-
ever, the increased amount of fine-grained siliciclas-
tics in comparison with the underlying and overlying
mudstones indicates a short-term and, probably, local
increase in the rates of suspension sedimentation,
which provided a reasonable state of preservation of
the Middle Ura fossil microfossils.

MATERIAL AND METHODS

The studied material comes from a small outcrop
on the right bank of the Ura River, 8.5 km upstream of
its mouth (GPS: 60.280333° N, 117.1344° E). The sec-
tion with an apparent thickness of 26 m is represented
by an alternation of gray and greenish-gray mudstones
and silty mudstones with occasional beds of black silt-
stones and fine-grained sandstones. Some beds con-
tain a small amount of carbonate. These deposits
occur in the middle part of the Ura Formation, 360 m
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above its base and about 500 m below the top of the
formation within the western limb of the Ura Anti-
cline. A total of 26 samples were taken, 17 samples
contained identifiable fossils. Laboratory sample
preparation and maceration of organic-walled micro-
fossils from silty mudstones, as well as the prepara-
tion of permanent preparations, were carried out
according to the standard method described in our
previous publication (Vorob’eva and Petrov, 2020).
The macerate of all studied samples containing
microfossils contained a large amount of highly
decomposed organic matter as finely dispersed
masses and structureless sapropel-like films up to
2 mm across. In general, the preservation of the stud-
ied microfossils can be assessed as satisfactory. Most
of the identified forms have signs of intense corro-
sion, obviously associated with postmortal syn- and
early diagenetic bacterial destruction. In this case,
the vesicles of acanthomorphic microfossils are
largely destroyed, but processes are well preserved.

The microfossils were photographed in transmitted
light using a Zeiss Axio Imager Al microscope
equipped with an Axio-CamMRc-5 digital camera
and an RME-5 microscope equipped with a Canon
EOS 300D digital camera. All material is housed in the
Geological Institute of the Russian Academy of Sci-
ences (Moscow), paleontological collection no. 14715.

MIDDLE URA MICROBIOTA

In the studied association of morphologically
diverse microfossils (Pls. I—VI), spheromorphic
acritarchs are the most numerous group of microfos-
sils. They were found in all samples containing any
identifiable microfossils at most levels of the section
where samples were taken. Many spheromorphites
represent the species Leiosphaeridia crassa (Nau-
mova) emend. Jankauskas, L. jacutica (Timofeev)
emend. Mikhailova et Jankauskas, L. minutissima
(Naumova) emend. Jankauskas, and L. tenuissima
Eisenack (40% of the total sample of microfossils).
These forms include vesicles 150—250 um in diameter,
with characteristic annular and sickle-shaped creases
(PL. II1, figs. 9, 11). These vesicles can formally be
attributed to the taxon L. jacutica, however, the regular
concentric arrangement of the folds brings these forms
closer to Simia nerjenica A. Weiss. At the same time,
the absence of a discoid internal body does not allow
us to attribute these microfossils to this taxon. Another
remarkable and relatively numerous (about 3% of all
microfossils) group of spheromorphic acritarchs is
Valeria aff. lophostriata (Jankauskas) (Pl. 1I). The
genus Valeria Jankauskas emend. Nagovitsin has a
very wide stratigraphic and geographic distribution.
To date, the oldest finds of V. lophostriata are known
from the Ruyang group with an age of 1.75—1.4 Ga,
China (Pang et al., 2015), and in the Mallapunyah
Formation, 1.65 Ga, Australia (Javaux et al., 2004),
while the youngest are from the Chuar Group, 0.78—
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0.74 Ga, Grand Canyon, Arizona (Riedman and Por-
ter, 2016). In the deposits of the Vanavara Formation,
which belongs to the lower Upper Vendian (or to the
middle part of the Ediacaran), only one find of a small
(70 um) striated vesicle cf. Valeria lophostriata (Nago-
vitsin and Kochnev, 2015, p. 754, text-fig. 4.20). How-
ever, the quality of the presented material does not
allow us to confidently attribute this form to this
taxon. Thus, the Ura striated vesicles represent the
first and most numerous finds of such acritarchs in
Lower Vendian deposits. The significantly increased
stratigraphic interval of their distribution confirms the
suggestion of X. Hofmann (Hofmann, 1999) that
Valeria may represent a whole class of organisms, and
not just one biological species. Various filamentous
microfossils make up the most significant (more than
45%) part of all microfossils found. Filament bundles
of Siphonophycus robustum (Schopf) emend. Knoll et
Golubic, comb. Knoll, Swett et Mark (P1. IV, fig. 3)
and S. typicum (Hermann) comb. Butterfield are com-
mon. These forms usually form colonies of randomly
intertwined filaments over 1 mm long. Other species
are also abundant in the association: S. solidum
(Golub) comb. Butterfield, .S. punctatum Maithy, and
also Oscillatoriopsis obtusa Schopf emend. Butterfield
(PL. 1V, figs. 4a, 4b). Polytrichoides lineatus Hermann
(pl. I, fig. 14) and single specimens of Glomovertella
rotundata (Kolosov) comb. Vorob’eva et Petrov
(PL 1V, figs. 1, 2) are less common. A large number of
microfossils are large structureless films, as well as
tubular and ribbon-like thalli, which can be straight,
sometimes curved, or twisted into a long flat spiral
(PL. IV, figs. 9—13). In the association, ribbon-like
thalli of Tyrasotaenia podolica (Gnilovskaya) (P1. 1V,
figs. 15, 17) and Vanavarataenia insolita Pjatiletov
(PL 1V, figs. 5—8) are relatively rare. Together with
them, there are single presumed fungal forms; Caudo-
sphaera expansa Hermann et Timofeev, as well as an
unidentified two-layered thallus with swellings, inside
which are putative sporangium-like structures (PI. IV,
fig. 16). The association contains single taxonomically
indeterminate remains of possible multicellular organ-
isms (Pl. III, figs. 7, 10). These fragments are pre-
served in the form of films with cells significantly
larger than in previously described similar forms. Sim-
ilar remains found in cherts of the Doushantuo For-
mation in China have been interpreted as possible
florideophytes (Ouyang et al., 2021; Shang and Liu,
2022). Acanthomorphic acritarchs make up about
10% of the entire sample of microfossils. The associa-
tion is dominated by Knollisphaeridium coniformum
Liu et Moczydtowska (7.5%) (Pl. 111, figs. 1—5) and
Hocosphaeridium crispum sp. nov. (2.8%) (P1. 1). The
latter form, judging by the published data (Grazh-
dankin et al., 2020), is almost identical to the speci-
men diagnosed as Mengeosphaera sp. from the post-
Ediacaran deposits of the Nemakit-Daldynian Stage
(Kessyusa Group) of the north of the Siberian Plat-
form. The Middle Ura microfossil association also
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contains a few Appendisphaera tenuis Moczydtowska,
Vidal et Rudavskaya, emend. Moczydtowska, Eotylo-
topalla strobilata (Faizullin) and Tanarium digitifor-
mum (Nagovitsin et M. Faizullin) Sergeev, Knoll et
Vorob’eva.

In general, the studied Middle Ura microfossil
association shows a relatively impoverished set of
acanthomorphic acritarchs compared to both the
Upper Ura (Sergeev et al., 2011; Moczydtowska and
Nagovitsin, 2012) and the underlying Barakun For-
mation (Vorob’eva and Petrov, 2020) associations. At
the same time, the association of acanthomorphites
of this association is dominated by the species Hoco-
sphaeridium crispum sp. nov. On the other hand, a
characteristic feature of the Middle Ura association
is the predominance of various filamentous forms, as
well as spheromorphic acritarchs, among which
numerous striatal sheaths of Valeria stand out, which
are not known in other associations of the Dal’nyaya
Taiga Group.

FACIES-STRATIGRAPHIC DISTRIBUTION
OF MICROFOSSILS
IN THE DAL’NYAYA TAIGA PALEOBASIN

A comparative analysis of the taxonomic composi-
tion of various associations of microfossils of the Bar-
akun and Ura formations (Fig. 1) suggests interpreta-
tion of the paleoecological structure of the communi-
ties of the Dal’nyaya Taiga paleobasin. Generally, the
differences in the taxonomic composition between
different-aged and heterofacies associations of fossil
organisms are determined by three parameters: the
rate of evolutionary radiation of the groups of organ-
isms under consideration, the facies area of their hab-
itat and the area of their dispersion, all other tapho-
nomic conditions being equal. Here we consider three
groups of such organisms. The first group consists of
the Early Ediacaran eukaryotic phytoplankton, repre-
sented by various acanthomorphic Doushantuo-Per-
tatataka acritarchs. Facies analysis allows distinguish-
ing of taxa of narrow and relatively wide distribution.
Widely zoned representatives include only three spe-
cies—Appendisphaera tenuis, Knollisphaeridium maxi-
mum (Yin), emend. Willman et Moczydtowska and
K. coniformum, while all the rest have a very narrow
range of distribution, limited by the proximal zone of
the inner ramp. The only exception is Hocosphaerid-
ium crispum sp. nov., confined to the distal facies of the
Middle Ura association (Fig. 1). The second group is
represented by cyanobacterial communities, most of
which have the widest range of distribution, and only
two species, Rugosoopsis tenuis Timofeev et Hermann,
emend. Butterfield, Knoll et Swett and Segmentothal-
lus asperus Hermann are restricted to proximal facies
(Fig. 1). The third group includes forms of micro- and
macroalgal, as well as supposed fungal nature. In this
group, the remains of previously described macro-
phytes Liulingjitaenia Chen et Xiao and Jiuqunaoella
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Chen emend. Xiao, Yuan, Steiner et Knoll (Petrov and
Vorob’eva, 2022) are confined to the proximal zone,
while the fungiform taxa Vanavarataenia insolita and
the algal thalli Tyrasotaenia podolica are present only
in the distal facies of the Middle Ura association
(Fig. 1). All these associations of acanthomorphs of
the Dal’nyaya Taiga Group reflect a single Middle
Ediacaran stage in the evolution of eukaryotic phyto-
plankton. Most of these microfossils, as well as macro-
phyte remains, are confined to the facies of the proxi-
mal part of the inner ramp against the background of a
wide distribution of planktonic and benthic cyanobac-
terial communities. Obviously, all these organisms
constituted a specific paleoecological system of the
open sea basins of that time. Mass appearance in the
Middle Ura interval of atypical representatives of
Vanavarataenia, Tyrasotaenia, and striated vesicles of
Valeria, which are more characteristic of shallow-
water facies (Hofmann, 1999), could be related to the
transfer of these remains from the coastal zone of the
basin. Probably atypical acanthomorphic vesicles of
Hocosphaeridium crispum sp. nov. have the same ori-
gin. Such interzonal transport was quite possible in
the absence of extensive carbonate platforms that had
not yet formed in Middle Ura time. On the whole,
the facies trend of distribution of microfossil associ-
ations of the Dal’nyaya Taiga basin is part of the gen-
eral trend from shallow water basins of the interior
regions of the Siberian Platform to deep water peric-
ratonic basins of the Patom Zone (Nagovitsin and
Kochneyv, 2015).

SYSTEMATIC PALEONTOLOGY
INCERTAE SEDIS
GROUP MICROFOSSILS
SUBGROUP ACRITARCHA EVITT, 1963

Genus Hocosphaeridium Zang in Zang et Walter, 1992
emend. Xiao, Zhou, Liu, Wang et Yuan, 2014

Hocosphaeridium crispum Vorob’eva et Petrov, sp. nov.
Plate I, figs. 1-9
Mengeosphaera sp.: Grazhdankin et al., 2020, Fig. 4E.
Etymology. From the Latin crispus (curly).

Holotype. GIN RAS, specimen no. 14715-885,
preparation 21040-6, site 4, Baikal-Patom Highlands,
Ura River, 8.5 km upstream of its mouth, right bank
(GPS: 60.280333° N, 117.1344° E), Ura Formation,
Dal’nyaya Taiga Group, Vendian.

Diagnosis. Large vesicle with numerous
closely spaced large homomorphic processes with
hooked terminations. Processes hollow, communi-
cating with the vesicle cavity and basally separated
from each other. Expanded base of the processes
passing into a wide tube, which gradually tapers to a
pointed, hook-shaped termination. Processes bent
basally by 90°—270°.
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Description. The vesicles are oval and spheri-
cal, densely covered with large homomorphic pro-
cesses. The size of vesicles varies from 240 X 325 to
325 X 485 um (average 291 X 396 um; holotype 220 x
430 um). Length of processes from 50 to 90 um
(average 71 um, 19% of shell diameter; holotype from
75 to 82 um, 23%). Base of processes are 11—22 um
wide (16 um on average, holotype 15—17 um) passes
into a straight tube 9—13 um wide (10 um on average,
holotype 10—12 um). The end of the tube narrows to
2—4 um and bends basally, sometimes almost forming
a ring. The number of processes along the circumfer-
ence of the vesicle varies from 60 to 150 (the holotype
is more than 120).

Comparison. H. crispum is distinguished from
all other species by larger vesicle sizes and a greater
number of processes. It differs from H. anozos (Will-
man) Xiao, Zhou, Liu, Wang et Yuan in larger pro-
cesses, and from H. dilatatum Liu, Xiao, Yin, Chen,
Zhou et Li in wider processes.

Remarks. The shape of the processes base may
vary slightly in different specimens, sometimes
within the same form. In some processes, the bases
can be only slightly widened and can gradually taper
towards the main process tube. Some processes have
a highly expanded conical base with a flexure that
becomes a tube.

Occurrence. Ura Formation, Baikal-Patom
Highlands, Vendian; Oppokun Formation, Nemakit-
Daldynian Stage, Lena-Anabar Depression, Lower
Cambrian.

Material. 13 complete specimens of satisfactory

preservation and 18 incomplete fragments of poor
preservation.

Genus Knollisphaeridium Willman et Moczydtowska, 2008,
emended Liu et Moczydtowska, 2019

Knollisphaeridium coniformum Liu et Moczydtowska, 2019
Plate 111, figs. 1-5

Knollisphaeridium maximum (Yin, 1987) Willman et Moczydtows-
ka, 2008: Xiao et al., 2014, p. 30, text-figs. 19.1—19.7; Sergeev
et al., 2011, p. 995, text-fig. 7.5.

Knollisphaeridium coniformum Liu et Moczydtowska, 2019: Liu
and Moczydtowska, 2019, pp. 115—118, text-figs. 62A—62H; Ouy-
ang et al., 2021, p. 20, text-figs. I5SA—15F, 15 H—15G; Ye et al.,
2022, p. 39, text-fig. 27.

Holotype. Specimen IGCAGS-NP1-197,
Yangtze Gorge Region, South China, NP6-4-14,
J37/2; cherty concretions of the Doushantuo Forma-
tion, Member II of the Chenjiayuanzi section.
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Description. Large spherical vesicles 170—
475 um in diameter, bearing numerous, uniformly and
closely spaced processes of the same length. The pro-
cesses are hollow, communicating with the internal
cavity of the vesicles. The processes have an expanded
base, with a slight bend turning into a thin termina-
tion. The bases of the processes are close, but not con-
nected. Length of processes is 4—10 um, width of bases
3—5 um, distance between the bases 1—5 um, number
of processes 10—20 per 50 um along the contour of the
vesicles

Remarks. Almost all processes in all specimens
of K. coniformum have terminal extensions less than
1 um in diameter, often funnel-shaped, which are
not typical for the diagnosis of this genus (Pl. III,
figs. 3¢, 5b). Only a few processes do not have such
extensions. Extensions could be both a morphological
feature of the organism and the result of taphonomy.
The single pointed ends of the processes are more
likely the result of the loss of the extended part during
burial rather than the acquisition of such extensions
during fossilization. The submicron size of the objects
does not allow us to confirm this.

Comparison. It differs from K. maximum in
more numerous and densely spaced processes, which
gradually, without inflection, narrow from base to apex.

Occurrence. Doushantuo Formation, Hubei
Province, South China, Ediacaran; Ura Formation,
Baikal-Patom Highlands, Russia, Vendian.

M aterial. 82 specimens of satisfactory preserva-
tion.

Genus Valeria Jankauskas, 1982, emend. Nagovitsin, 2009
Valeria aff. lophostriata (Jankauskas, 1979) Jakauskas, 1982
Plate II, figs. 1-8

Kildinella lophostriata Jankauskas, 1979: Jankauskas, 1979, p. 192,
text-figs. 1.13—1.15; Volkova, 1981, p. 71, pl. 8a, 8b.

Agidelia reta Pjatiletov et Karlova, 1980: Pjatiletov and Karlova,
1980, pp. 63, 65, 126, pl. 2, fig. 11.

Agidelia lophostriata Pjatiletov, 1980: Pjatiletov, 1980, p. 74, pl. 5,
figs. 1, 2.

Kildinosphaera lophostriata (Jankauskas) Vidal, 1983: Vidal and
Siedlecka, 1983, p. 59, text-figs. 6A—6G; Vidal and Knoll, 1983,
text-figs. 1D, 1E; Vidal and Ford, 1985, p. 361, text-figs. 4C, 4E—4F.
Valeria lophostriata (Jankauskas, 1979) Jankauskas, 1982: Jankaus-
kas, 1982, p. 109, pl. 39, fig. 2; Jankauskas et al., 1989, p. 86, pl. 16,
figs. 2—5; Butterfield and Chandler, 1992, pp. 948—949, text-
figs. 5A, 5B; Hofmann and Jackson, 1994, p. 24, pl. 17, figs. 14—
15; pl. 19, fig. 4; Xiao et al., 1997, p. 201, text-fig. 3e; Veiss et al.,
1998, p. 25, pl. 1, figs. 18, 19; Samuelsson, 1997, p. 180, text-figs. 10B,
10C; Samuelsson et al., 1999, p. 15, text-fig. 8E; Javaux et al.,

Plate I. Hocosphaeridium crispum sp. nov. (1, 1a) specimen GIN, no. 14715-871, preparation 21040-4, site 15, (1a) magnified frag-
ment; (2, 2a) holotype, specimen GIN, no. 14715-885, preparation 21040-6, site 4, (2a) magnified fragment; (3) specimen GIN,
no. 14715-908, preparation 21040-8, site 10; (4, 4a, 4b) specimen GIN, no. 14715-952, preparation 21040-15, site 6, (4a, 4b) mag-
nified fragments; (5, 5a) specimen GIN, no. 14715-876, preparation 21040-5, site 5, (5a) magnified fragment; (6, 6a) specimen
GIN, no. 14715-839, preparation 21040-1, site 6, (6a) magnified fragment; (7, 7a) specimen GIN, no. 14715-706, preparation
21038-11, site 18, (7a) magnified fragment; (8, 8a) specimen GIN, no. 14715-841, preparation 21040-1, (8, 8a) magnified frag-
ment; (9) specimen GIN, no. 14715-372, preparation 21037-3, site 6. The sample numbers correspond to the first five digits in

the preparation numbers.
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2001, p. 67, text-fig. 1D; Javaux et al., 2003, p. 125, text-figs. 1.1-2;
Knoll et al., 2006, p. 1026, text-figs. 2d, 2e; Lamb et al., 2009,
p. 97, Fig. 4a; Nagy et al., 2009, p. 2, text-figs. 1A, 1B; Nagovitsin,
2009, p. 144, Fig. 4E; Stanevich et al., 2009, p. 9, pl. 2, figs. 5, 11, 12;
Pang et al., 2015, p. 255, text-fig. 3; Tang et al., 2015, p. 308, text-
fig. 11; Wellman and Strother, 2015, p. 16, text-fig. 3I; Riedman
and Porter, 2016, p. 10, text-fig. 4.1; Porter and Riedman, 2016,
p. 842, text-figs. 19.1—19.3; Baludikay et al., 2016, p. 174, text-
fig. 7H; Javaux and Knoll, 2017, p. 219, text-figs. 7.1-7.4; Agié
et al., 2017, p. 119, text-fig. 12-1; Adam et al., 2017, p. 388, text-
figs. 3D—3E; Beghinet al., 2017, p. 72, pls. 4j—4k; Javaux and Lep-
ot, 2018, p. 72, text-figs. 2a, 2b; Loron et al., 2018, p. 3, text-
figs. 1IC—1D; Miao et al., 2019, p. 194, text-figs. 11a—11f; Strother
and Wellman, 2021, p. 6, text-figs. 3a, 3b; Sharma et al., 2021,
text-fig. 7C; Loron et al., 2021, p. 6, text-fig. 4.1; Shuvalova et al.,
2021, p. 44, text-figs. 3g, 3h;

Valeria aff. lophostriata Jankauskas: Gladkochub et al., 2009, text-
fig. 3, figs. 10, 11, 13.

Holotype. LitNIGRI, no. 16-62-4762/16,
copyspecimen 1; Bashkir Urals, Kabakovo-62 Bore-
hole, interval 4762—4765 m, Upper Riphean.

Description. Large ellipsoidal vesicles, from
180 x 120 to 450 x 325 um in diameter, with surface
ornamentation of evenly and closely spaced concen-
tric ridges. The width of the ridges is about 1 um, the
height of the ridges is less than 1 um, the distance
between the ridges is from 0.8 to 1.3 um. The walls of
the vesicles are thin, translucent, with numerous
crumpling folds. There is no striation at the poles.
Some vesicles show a medial cleavage oriented along
the ridges.

Comparison. The distinctly pronounced stria-
tions of the vesicles makes it possible to identify them
as representatives of the genus Valeria. However, the
vesicles found by us differ from the characteristic rep-
resentatives of V. lophostriata in the absence of pro-
nounced striations at the poles, which can be both a
biological characters and a consequence of the poor
preservation of the material.

Material. 13 intact specimens and 18 poorly
preserved fragments.

Occurrence. V lophostriata has a wide strati-
graphic occurrence, from Late Paleoproterozoic
(Javauxet al., 2004; Agi¢ et al., 2017; Miao et al., 2019)
to Cryogenian (Nagy et al., 2009). V. lophostriata was
also found in the presumably Lower Cambrian
Gouhou Formation of North China (Tang et al., 2015;
He et al., 2017). We found Valeria aff. lophostriata in
the Ura Formation, the Ediacaran age of which is now
confirmed.

VOROB’EVA, PETROV

FAMILY OSCILLATORIACEAE (S.F. GRAY)
KIRCHNER, 1900

Genus Glomovertella Reitlinger, 1948

Glomovertella rotundata (Kolosov, 1984)
comb. Vorob’eva et Petrov, 2022

Plate 1V, figs. 1, 2
Volyniella rotundata Kolosov, 1984: Kolosov, 1984, pl. XIV,
figs. 3a, 3b, pl. XV, fig. 1.
Volyniella torta Kolosov, 1984: Kolosov, 1984, pl. X1V, fig. 2.

Glomovertella rotundata (Kolosov, 1984) comb. Kolosov, 1989:
Jankauskas et al., 1989, pl. XLV, fig. 1.

Circumiella torta (Kolosov, 1984) comb. Kolosov, 1989: Jankaus-
kas et al., 1989, pl. XLV, fig. 2.

Glomovertella rotundata (Kolosov, 1984) comb. Vorob’eva et
Petrov, 2022: Vorob’eva and Petrov, 2023, pl. I, figs. 1, 2, 4, 6.

Holotype. YaF GS SB RAS, no. 87-101, prepa-
ration 565-80/1, c.s. 39.8:119.5; Eastern Siberia, West-
ern Yakutia, Srednebotuobinsk Field, Borehole 23,
depth 1911.5—1915.2 m; Vendian, Kursov Formation;
Kolosov, 1984, pl. XV, fig. 1.

Description. Tubular filaments with a width
of 15 to 42 microns, coiled into 2—3 planispiral whorls.
The size of the spiral is from 230 to 400 um. Some of
the filaments have segmentation, the length of the seg-
ments is 1—4 um.

Comparison. Thisspecies differs from G. ampla
Yakschin in the thinner filaments. It is distinguished
from G. eniseica (Hermann), G. glomerata (Jankaus-
kas), and G. miroedikhia Hermann in the larger size.

Occurrence. Kursov, Byuk, Zherba forma-
tions, Eastern Siberia, Upper Vendian. Ura Forma-
tion, Baikal—Patom Highlands, Vendian.

M aterial. Nine poorly preserved specimens.

FAMILY VENDOTAENIACEAE GNILOVSKAYA, 1986
Genus Tyrasotaenia Gnilovskaya, 1971
Tyrasotaenia podolica (Gnilovskaya, 1971)

Plate 1V, figs. 15, 17

Tyrasotaenia podolica Gnilovskaya, 1971: Gnilovskaya, 1971,
p. 106, pl. XI, figs. 1-5; Gnilovskaya, 1976, pp. 11—12; Gnilovs-
kaya, 1979, p. 41, pl. XLIV, figs. 4, 6; Gnilovskaya, 1985, p. 120,
pl. 34, figs. 1, 3, 4; Gnilovskaya et al., 1988, pl. IX, fig. 4, pl. XIV,
figs. 1—4; Zaine, 1991, pl. 10; Leonov et al., 2009, p. 92, text-
fig. E-7; Cohen et al., 2009, p. 120, text-fig. 9.3; Ragozina et al.,
2016, p. 32, pl. 1.1.

Holotype. IGGD RAS, no. 6931/1; Podolsk
Transnistria, Kanilov Group, Studenitskaya Forma-
tion, Vendian.

Description. Isolated long ribbon-like films,
thin, translucent, with longitudinal folds, curved and

Plate 11. Valeria aff. lophostriata (Jankauskas). (1, 1a) specimen GIN, no. 14715-355, preparation 21037-2, site 1, (1a) magni-
fied fragment; 2, (2a) specimen GIN, no. 14715-357, preparation 21037-2, site 3, (2a) magnified fragment; (3, 3a) specimen
GIN, no. 14715-384, preparation 21037-5, site 2, (3a) magnified fragment; (4, 4a, 4b) specimen GIN, no. 14715-809, prepa-
ration 21038-21, site 6, (4a, 4b) magnified fragments; (5, 5a) specimen GIN, no. 14715-540, preparation 21037-17, site 7,
(5a) magnified fragment; (6, 6a) specimen GIN, no. 14715-971, preparation 21040-18, site 7, (6a) magnified fragment;
(7, 7a) specimen GIN, no. 14715-365, preparation 21037-2, site 11, (7a) magnified fragment; (8, 8a, 8b) specimen GIN,
no. 14715-446, preparation 21037-9, site 2, (8a, 8b) magnified fragments. The sample numbers correspond to the first five dig-

its in the preparation numbers.
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twisted. Film length ranges from 0.45 to 1.4 mm, width
from 0.08 to 0.12 mm.

Occurrence. Studenitskaya Formation,
Podolsk Transnistria, Ukraine, Vendian. Moldova:
Ferapontiev Formation, Upper Vendian; Tigech For-
mation, Lower Cambrian. Dabis Formation, Nama
Group, Namibia, late Ediacaran. Tamengo Formation,
Corumba Group, Brazil, Ediacaran. Tsaganolom For-
mation, Western Mongolia, Upper Vendian. Ura For-
mation, Baikal—Patom Highlands, Russia, Vendian.

M aterial. Nine specimens in a satisfactory state
of preservation.

Genus Vanavarataenia Pjatiletov 1985
Vanavarataenia insolita Pjatiletov 1985
Plate 1V, figs. 5—8

Vanavarataenia insolita Pjatiletov, 1985: Pjatiletov, 1985, p. 935,
figs. la—1le; Jankauskas et al., 1989, p. 134, pl. 46, figs. 7, 8;
Marusin et al., 2011, p. 662, text-fig. 3d; Nagovitsin and Kochney,
2015, p. 754, text-fig. 4, figs. 33, 34, 37; Golubkova et al., 2020,
p. 104, pl. 9, fig. 7.

Holotype. IGiG SB RAS. Siberian Platform,
upper reaches of the Podkamennaya Tunguska River,
Borehole Sobinskaya no. 10, Vanavara Formation,
Vendian.

Description. Fragments of unbranched thalli,
30—70 um wide, straight or curved. The width of the
thalli is variable, may vary throughout or decrease
towards the ends. The length of the fragments reaches
750 um. The thalli bear lateral and terminal sporan-
gium-like structures, spherical vesicles ranging in size
from 40 % 25 to 140 x 100 um. Lateral vesicles are sol-
itary, sessile, closely adjacent to the thallus. One thal-
lus may contain one terminal and several lateral mem-
branes of different sizes, which may correspond to the
stages of growth of sporangium-like structures.

Comparison. It has been suggested that the
similarity of the main morphological elements of the
structure and size in the genera Vanavarataenia Pjati-
letov and Vendomyces Burzin may indicate that they
may belong to the same genus (Vorob’eva and Petrov,
2014) or to be identical (Nagovitsin and Kochneyv,
2015). An analysis of the material published and avail-
able to us shows an obvious difference between these
taxa. Compared to Vendomyces, in Vanavarataenia the
“sporangia” are always solitary, they do not form clus-

VOROB’EVA, PETROV

ters, they have neither a neck nor opening structures,
and the thalli themselves never branch.

Occurrence. Upper subformation of the
Vasileostrovskaya Formation, East European Plat-
form, Upper Vendian. Vanavara Formation, Siberian
Platform, Vendian. Starorechenskaya Formation,
Anabar Uplift of Siberia, Upper Vendian. Ura Forma-
tion, Baikal—Patom Highlands, Vendian.

M aterial. Twenty-four species in a satisfactory
state of preservation.

Gen. et sp. indet. 1

Plate 111, figs. 7, 10
Unnamed multicellular form with relatively large cells: Ouyang
et al., 2021, p. 11, text-fig. 91.
Unnamed species B: Shang, Liu, 2022, p. 16, text-fig. 13.

Description. Fragments of single-layer films,

consisting of cells tightly adjacent to each other. The
shape of the cells is trapezoidal, five- and hexagonal.
Cells tend to be densely packed. The cell walls are thin
and transparent. The cell size is from 45 X 40 to 80 X
40 um. The film is up to 300 wm across.

Comparison. This species differs from other
described multicellular and colonial forms by a larger
cell size.

Occurrence. Doushantuo Formation, Hubei
Province, South China, Ediacaran. Ura Formation,
Baikal—Patom Highlands, Russia, Vendian

Material. Two specimens.

Gen. et sp. indet. 2
Plate 1V, fig. 16

Description. Tubular thallus of irregular
width, has local swellings and constrictions, smooth,
without septa. The specimen is 360 um long, 10 um
wide at the constrictions, widened up to 65 um in
places of swelling. The thallus is two-layered; the top
layer is a thin film that tightly envelops the internal
contents. Inside the swelling there is a spherical body
(sporangium?) with a diameter of 50 um, which does
not completely occupy the internal space.

Occurrence. Ura Formation, Baikal—Patom
Highlands, Vendian.

Material. One specimen.

Plate I11. Microfossils from the Ura Formation. (1—5) Knollisphaeridium coniformum Liu, Moczydtowska: (1, 1a) specimen GIN,
no. 14715-188, preparation 20006-10, site 1, (1a) magnified fragment; (2, 2a) specimen GIN, no. 14715-168, preparation 20006-8,
site 1, (2a) magnified fragment; (3, 3a—3c) specimen GIN, no. 14715-243, preparation 20006-20, site 3, (3a—3c) magnified frag-
ments; (4, 4a) specimen GIN, no. 14715-912, preparation 21040-9, site 4, (4a) magnified fragment; (5, 5a, 5b) specimen GIN,
no. 14715-854, preparation 21040-3, site 6a, (5a, 5b) magnified fragments; (6) Tanarium digitiformum (Nagovitsin et M. Faizul-
lin) Sergeev, Knoll et Vorob’eva: specimen GIN, no. 14715-299, preparation 20008-1, site 1; (7, 7a, 10) Gen. et sp. indet. 1:
(7, 7a) specimen GIN, no. 14715-367, preparation 21037-3, site 1, (7a) magnified fragment; (10) specimen GIN, no. 14715-237,
preparation 20006-19, site 6; (8) Eotylotopalla strobilata (Faizullin), specimen GIN, no. 14715-140, preparation 20006-3, site 2;
9, 11) L. jacutica (Timofeev) emend. Mikhailova et Jankauskas: (9) specimen GIN, no. 14715-665, preparation 21038-8, site 5;
(11) specimen GIN, no. 1471520, preparation 17131-3, site 2. The sample numbers correspond to the first five digits in the prepa-

ration numbers.
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Plate IV. Microfossils from the Ura Formation. (1, 1a, 2) Glomovertella rotundata (Kolosov) comb. Vorob’eva et Petrov: (1) spec-
imen GIN, no. 14715-790, preparation 21038-20, site 1, (1a) magnified fragment; (2) specimen GIN, no. 14715-266, prepa-
ration 20006-22, site 12; (3) Siphonophycus robustum (Schopf) emend. Knoll et Golubic, comb. Knoll, Swett et Mark, specimen
GIN, no. 14715-375, preparation 21037-3, site 9; (4) Oscillatoriopsis obtusa Schopf, emend. Butterfield, specimen GIN,
no. 14715-949, preparation 21040-15, site 3, (4a) magnified fragment; (5—8) Vanavarataenia insolita Pjatiletov: (5) specimen
GIN, no. 14715-191, preparation 20006- 10, site 4; (6) specimen GIN, no. 14715-813, preparation 21038-21, site 11; (7) specimen
GIN, no. 14715-464, preparation 21037-11, site 1; (8) specimen GIN, no. 14715-153, preparation 20006-5, site 3; (9—13) struc-
tureless tubular and ribbon-like thalli: (9) specimen GIN, no. 14715-166, preparation 20006-7, site 4; (10) specimen GIN,
no. 14715-825, preparation 21039-1, site 8; (11) specimen GIN, no. 14715-301, preparation 20008-2, site 2; (12) specimen GIN,
no. 14715-66, preparation 17138-6, site 4; (13) specimen GIN, no. 14715-744, preparation 21038-16, site 1; (14) Polytrichoides
lineatus Hermann, specimen GIN, no. 14715-490, preparation 21037-13, site 4b; (15, 17) Tyrasotaenia podolica (Gnilovskaya):
(15) specimen GIN, no. 14715-633, preparation 21038-2, site 11; (17) specimen GIN, no. 14715-1039, preparation 21042-2, site 10;
(16) Gen. et sp. indet. 2, specimen GIN, no. 14715-67, preparation 17138-6, site 5. The sample numbers correspond to the first
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five digits in the preparation numbers.

CONCLUSIONS

In the middle part of the section of the Ura Forma-
tion, a new representative association of Early Vendian
(Middle Ediacaran) microfossils was found, among
which there are forms unknown in the previously stud-
ied fossil microbiota of the Dal’nyaya Taiga basin. Large
(up to 450 um) striatal spheromorphic vesicles of Valeria
and densely ornamented acanthomorphic vesicles of
Hocosphaeridium crispum sp. nov. up to 330 um. The
fungiform Vanavarataenia insolita and thalli of Tyraso-
taenia podolica are also atypical representatives of the
Middle Ura association. Comparative analysis of the
taxonomic composition of associations of acanthomor-
phic acritarchs at different stratigraphic levels of the
Dal’nyaya Taiga Group indicates the absence of any
pronounced evolutionary trend. All these associations
reflect a single Middle Ediacaran stage in the evolution
of eukaryotic phytoplankton and can be considered
within a single complex biozone. Most representatives
of Ediacaran eukaryotes in the studied taphocenoses
gravitated towards relatively narrow facies zones of the
inner ramp in comparison with the cyanobacterial com-
munities widespread in the basin. Both of them made up
the paleoecological system of the open sea basins of that
time. The appearance of atypical representatives in the
Middle Ura microbiota could be associated with their
transfer from the shallow water zones of the basin, in
particular, from the inner basins of the Siberian craton.
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