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INTRODUCTION

The Riphean type succession exposed in the western
limb of Bashkirian meganticlinorium, the southern
Urals, is of priority significance for biostratigraphy of
the Precambrian, because microfossil and stromatolite
assemblages identified here represent the comparison
standards for successive biotas of that time, which are
established in other regions. At present, microphytolog-
ical characterization of the Riphean stratotype is based
on diverse organic-walled (Yankauskas, 1979a, 1979b,
1982; Keller and Yankauskas, 1980; Veis 

 

et al.

 

,

 

 

 

1990;
2000; 2003) and silicified microfossils (Schopf 

 

et al.

 

,
1977, 1979; Nyberg and Schopf, 1984; Sergeev and
Krylov, 1986; Krylov and Sergeev, 1986; Sergeev,
1988, 1992a, 1992b, 1994, 2003; Sergeev and Lee
Seong-Joo, 2004). Organic remains of both types
belong to several successive assemblages of different
taxonomic composition, which are indicative of certain
stages in evolution of microorganisms during the Late
Precambrian. According to modern demands however,
biostratigraphy of the Riphean type and reference sec-

tions must be clarified further based on research of new
collections and reexamination of formerly described
materials. Moreover, the taxonomy of microfossils has
been recurrently revised during the last 10–15 years,
and Uralian microbiotas described before need in a for-
mal correction of their taxonomic composition. Conse-
quently, it is necessary to pay attention once more to the
Riphean stratotype of southern Urals in order to get a
deeper insight into its microphytological characteriza-
tion based on materials collected recently and parallel
reexamination of microbiotas described before at the
modern level of understanding. Chert samples perspec-
tive for discovery of microfossils have been collected
from the Riphean type section of the Urals during the
field seasons of 1998–2000 and 2003. New data on
silicified microfossils from the Lower Riphean Satka
Formation are already published (Sergeev and Lee
Seong-Joo, 2004). In this work, we present new infor-
mation on taxonomic composition and stratigraphic
interpretation of silicified microbiota from the Avzyan
Formation of the Middle Riphean stratotype.
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Abstract

 

—New investigations considerably extended taxonomic list of microbiotas from cherts of the
Kataskin and Revet subformations of the Avzyan Formation in the Yurmata Group, the Middle Riphean strato-
type in southern Urals. It is recognized in distinction from previous works that found remains of eukaryotic uni-
cellular organisms represent a considerable percentage of fossil microbial population buried in the Kataskin
Subformation. In addition to cyanobacteria known before, cherts of the subformation yielded fossil microor-
ganisms representing eukaryotic phytoplankton. These remains described formerly as organic-walled microfos-
sils from siliciclastic sediments of the Zigazino-Komarovo and Avzyan formations had not been known from
cherty–carbonate strata of the Middle Riphean. The discovery is consistent with recent data on microfossils of
complex morphology present in silicified microbiotas, which has been regarded as prokaryotic exclusively.
Layered inorganic precipitates found for the first time in the Kataskin Subformation are widespread in pre-
Upper Riphean successions and disappear near the Middle–Upper Riphean boundary. Besides, silicified cyano-
bacterial remains described formerly from the Avzyan Formation are revised, and their formal composition is
corrected in accord with the present-day classification of fossil blue-green algae. The correction results and new
microfossils found elucidate microphytological characterization of the Middle Riphean that is important for
biostratigraphic correlation of Proterozoic deposits and helps to solve some problems of taxonomy of Precam-
brian microfossils. The assemblage of microfossils from the Avzyan Formation offers a unique opportunity to
understand a transitional moment in history of Proterozoic microorganisms, when entophysalidacean and
stalked cyanobacteria developed jointly parallel to expansion of eukaryotic unicellular algae into prokaryotic
ecosystems. The work includes description of 10 microfossil species attributed to 7 genera.
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STRUCTURE AND AGE LIMITS OF THE MIDDLE 
RIPHEAN TYPE SUCCESSION

 

Stratigraphy of Middle Riphean deposits.

 

 The
Riphean type succession up to 15 km thick in total is
composed of weakly altered sedimentary and subordi-
nate volcanogenic rocks, which are divided into the
Burzyan, Yurmata, and Karatau groups separated by
unconformities. The groups representing large sedi-
mentary cycles are authorized as stratotypes of the
Lower, Middle, and Upper Riphean respectively
(Figs. 1 and 2). The Yurmata Group corresponding to
the Middle Riphean type section consists of four con-
formable subdivisions: the Mashak (siliciclastic and
volcanogenic rocks 1500–2000 m thick), Zigal’ga (pre-
dominantly quartz sediments 200 to 600 m thick),
Zigazino-Komarovo (sandstones and shales 650–1500
m thick), and Avzyan formations (shale–carbonate suc-
cession 900–1800 m thick).

 

The Avzyan Formation

 

 of dolostones, calcareous
dolostones and limestones, which are intercalated with
shale, siltstone and sandstone members and interlayers,
is divided in turn into the Kataskin, Malyi Inzer, Usha-
kovo, Kutkur, Revet, and Tyul’men subformations.

 

The Kataskin Subformation

 

 is composed predomi-
nantly of dark gray dolostones, calcareous dolostones,

and limestones. Subordinate rocks are shales and less
frequent siltstones and sandstones. Carbonate rocks
enclose lenses and interlayers of black cherts contain-
ing microfossils. In dolostones, there are magnesite and
limonite sheet deposits, which originated after siderite
oxidation. The subformation is 350–750 m thick.

 

The Malyi Inzer Subformation

 

 of gray to brown-
gray quartz and arkosic sandstones and siltstones with
intercalations of quartz-sericite-clay and sericite-chlo-
rite-clay slates is 250 to 400 m thick.

 

The Ushakovo Subformation 

 

is represented by gray
to dark gray dolostones and dolomitic limestones con-
taining interlayers of sericite-quartz-clay slates. Car-
bonate rocks also enclose lenses of black and gray
cherts, which are found to be barren of microfossils.
The subformation is 80–250 m thick.

 

The Kutkur Subformation

 

 of green to bluish green
and dark red quartz-sericite-clay shales encloses subor-
dinate interlayers of gray to greenish gray siltstones and
sandstones. In its upper part, there are dolostone inter-
beds and local sheet deposits of brown iron ore. The
subformation is 100–250 m thick.

 

The Revet Subformation 

 

is composed mostly of gray
to pinkish gray dolostones, less frequent dolomitic
limestones, and subordinate thin shale interbeds. Char-
acteristic of the subformation are stromatolitic bio-
herms of 

 

Baicalia, Jacutophyton

 

, and other stromato-
lite forms. Dolostones lacking stromatolites contain
lenses of white, gray, and black cherts. Black cherts
confined predominantly to the upper subformation
interval contain microfossils. The subformation is 200–
500 m thick.

The Tyul’men Subformation, terminal one in the
Avzyan Formation section, is composed of gray and
variegate dolomitic siltstones and sandstones. The
apparent thickness of sediments is not greater than doz-
ens of meters. It is determined imprecisely, because the
subformation is exposed fragmentarily, being known in
general from drilling results. Variegate siliciclastic
rocks appearing in the unit, which resemble visually the
basal sediments of the overlying Zilmerdak Formation,
grounded the idea of conformable relations between the
Yurmata and Karatau groups (Keller 

 

et al.

 

,

 

 

 

1983;
Kozlov 

 

et al.

 

,

 

 

 

1997). However, the traditional viewpoint
(Shatsky, 1945; Garan’, 1963) suggesting the discor-
dant boundary between the groups is confirmed in later
works (Maslov 

 

et al.

 

,

 

 

 

1998, 2001).

 

Age of Middle Riphean deposits in southern
Urals.

 

 The lower age limit of the Yurmata Group is
determined by isotopic dates obtained for the Ber-
dyaush rapakivi granites, which crosscut the underlying
Burzyan Group and are discordantly overlain by volca-
nogenic-sedimentary succession of the Mashak Forma-
tion. The Rb–Sr and U–Pb isochron ages of granites
correspond respectively to 1348 

 

±

 

 13 and 1354 

 

±

 

 20 Ma
(Krasnobaev, 1986). These dates are consistent with
age values obtained for volcanic rocks of the Mashak
Formation: the Rb–Sr age of whole-rock dacites and
liparite-dacites from the formation is 1346 

 

±

 

 41 Ma,
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 Studied localities of microfossils from the Avzyan
Formation, southern Urals: (1) exposure of the Kataskin
Subformation sediments with microfossils; (2) exposures of
the Revet Subformation sediments with microfossils;
(3) exposure of the Kataskin Subformation sediments,
where microfossils have not been discovered.
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Fig. 2.

 

 Schematic structure of Riphean deposits in southern Urals and stratigraphic relations between subdivisions of the Avzyan
Formation containing silicified microfossils: (1) limestone; (2) dolostone; (3) siltstone, shale; (4) sandstone; (5) conglomerate;
(6) tillite, tilloid; (7) bioherms with columnar stromatolites; (8) columnar stromatolites of the 

 

Conophyton

 

 group; (9) tuff, tuffaceous
sandstone; (10) dolostone with chert lenses and interlayers; (11) magnesite; (12) flakestone; (13) marl; (14) gneisses of basement;
(15) hiatus, unconformity; (16) azimuthal discordance; (17) samples with microfossils; (18) samples barren of microfossils. Sub-
formations of the Avzyan Formation: (I) Kataskin; (II) Malyi Inzer; (III) Ushakovo; (IV) Kutkur; (V) Revet; (VI) Tyul’men. Indices
of formations: (Ai) Ai; (St) Satka; (Bk) Bakal; (Mh) Mashak; (Zg) Zigal’ga; (Zg-km) Zigazinskii-Komarovo; (Av) Avzyan;
(Zl) Zilmerdak; (Kt) Katav; (In) Inzer; (Mn) Min’yar; (Uk) Uk; (Kr) Krivaya Luka; (Ah) Asha Group. Numbers of stratigraphic
columns correspond to section numbers in Fig. 1; sample numbers are plotted to the right of columns; isotopic ages (Ma) of strati-
graphic boundaries are shown to the right of the generalized column of Riphean succession.

 

and U–Pb age of zircons from these rocks corresponds
to 1350 

 

±

 

 30 Ma (Krasnobaev, 1986; Kozlov 

 

et al.

 

,
1989). As is decided at the 3rd All-Russia Conference
on General Problems of Subdividing the Precambrian

(

 

Resolutions…

 

, 2001), the Yurmata Group lower
boundary is 1350 

 

±

 

 30 Ma old according to the above
U–Pb zircon age. The upper age limit of the group is
determined less precisely. The K–Ar dates obtained a
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while ago for mineralogically unstudied glauconites
from the Avzyan Formation and basic dikes crosscut-
ting this formation correspond to 1200 and 1170–
1010 Ma (Keller, 1973; Keller 

 

et al.

 

,

 

 

 

1983), but these
dates are reasonably regarded now as outdated. The Pb–
Pb isochron age of 836 

 

±

 

 25 Ma obtained for limestones
of the Katav Formation of the overlying Karatau Group
is reliable in methodological aspect, but it determines
the time of early diagenesis (Ovchinnikova 

 

et al.

 

,
1998), and contribution of microphytological data to
the problem solution is certainly decisive. Important
changes in assemblages of organic-walled microfossils,
which are established at the base of the upper Zilmer-
dak Subformation (Veis 

 

et al.

 

,

 

 

 

2000, 2003), are similar
to those observed in Siberian succession at the level of
about 1030 Ma (Semikhatov 

 

et al.

 

,

 

 

 

2000). This date
suggests that upper horizons of the Yurmata Group are
1050 Ma old, not younger.

Successive assemblages of organic-walled micro-
fossils from the Riphean stratotype demonstrate a clear
trend of secular changes (Yankauskas, 1979a, 1979b,
1982; Mikhailova and Podkovyrov, 1992; Veis 

 

et al.

 

,
1990, 2000, 2003). In the Yurmata Group, microfossils are
known from the Zigazino-Komarovo and Avzyan forma-
tions. The mass abundance of large acritarchs of the genus

 

Kildinella

 

 (including 

 

Kildinella nordia

 

 forms with
tumuli), tabular 

 

Satka elongata

 

, colonial 

 

Synsphaeridium

 

sp. and spheroids 

 

Leiosphaeridia bicrura

 

 thorn to halves
is recorded first in the Zigazino-Komarovo Formation. On
the other hand, 

 

Symplassosphaeridium undosum, Satka
favosa, Protosphaeridium flexuosura

 

, and 

 

Leiosphaeridia
ternata

 

 widespread in the Lower Riphean almost disap-
pear at this level. Similar though less diverse microfossil
assemblages are characteristic of the Avzyan Formation as
well. The most remarkable subdivision of the latter is the
Tyul’men Subformation containing abundant and diverse
microbiota. In addition to frequent 

 

Leiosphaeridia

 

 forms
(

 

L. incrassata, L. minutissima, L. jacutica, L. bicrura

 

) and
other transit taxa, this microbiota includes morphotypes-
newcomers typical of the Karatau Group: 

 

Navifusa majen-
sis, Ostiana microcystis, Sphaerocongregus variabilis,
Polytrichoides lineatus, Asperatofilum

 

, and some others
(Yankauskas 

 

et al.

 

,

 

 

 

1989; Yankauskas, 1982; Veis 

 

et al.

 

,
1990, 2000; Kozlova, 1993).

Silicified microfossils of the Riphean stratotype are
known from the lower and upper Kusa subformations
of the Lower Riphean Satka Formation, from the
Kataskin and Revet subformations of the Middle Riph-
ean Avzyan Formation, and from the Upper Riphean
Min’yar Formation (Nyberg and Schopf, 1984; Sergeev
and Krylov, 1986; Krylov and Sergeev, 1986; Sergeev,
1988, 1992a, 1992b, 1994; Sergeev and Lee Seong-Joo,
2004). The most diverse assemblage of microfossils
occurs in cherts of the Kataskin Subformation. It
includes abundant remains of eukaryotes, stalked cyano-
bacteria, and some other morphotypes, whereas the
assemblage of the Revet Subformation is considerably
less diverse, represented by cyanobacterial remains
occurring more persistently over the distribution area.

KATASKIN MICROBIOTA

 

Geographic locality.

 

 Cherts containing microfossils
have been discovered at one site, in the Kataskin Subfor-
mation section exposed on the right bank of the Katav
River directly upstream of the abandoned narrow-gauge
railway bridge 2 km away from the town Katav-Ivanovsk
(Figs. 1 and 2; Exposure 1; sample nos. 4688/22–24, 26,
28, 29–31, 59, 60). Cherts are confined to dolostone and
magnesite layers displaying wavy microlamination
(alternation of dark- and light-colored laminae).

 

Composition of microbiota.

 

 Microbiota includes
the following taxa: 

 

Siphonophycus robustum

 

 (Schopf),

 

Siphonophycus typicum

 

 (Hermann), 

 

Siphonophycus
kestron

 

 Schopf, 

 

Siphonophycus solidum

 

 (Golub),

 

Eomicrocoleus

 

 sp., 

 

Eoentophysalis dismallakesensis

 

Horodyski et Donaldson, 

 

Eoentophysalis belcherensis

 

Hofmann, 

 

Eosphaeronostoc kataskinicum

 

 Sergeev,

 

Polybessurus bipartitus

 

 Fairchild ex Green et al.,

 

Gloeodiniopsis lamellosa

 

 Schopf, 

 

Sphaerophycus
medium

 

 Horodyski et Donaldson, 

 

Coniunctiophycus
conglobatum

 

 Zhang, 

 

Eosynechococcus amadeus

 

 Knoll
et Golubic, 

 

Leiosphaeridia crassa

 

 (Naumova), 

 

L. atava

 

(Naumova), 

 

L. jacutica

 

 (Timofeev), and 

 

Paratetraphy-
cus

 

 aff. 

 

P. giganteus Zhang

 

 (Fig. 3).

 

Dominant and mat-forming forms.

 

 Dominant in the
microbiota are entophysalidacean algae 

 

Eoentophysalis
dismallakesensis

 

 originally described as 

 

Eogloeocapsa
avzyanica

 

 Sergeev, because distinct palmelloid colo-
nies of the fossils have not been observed (Sergeev,
1992a, 1992b, 1994). Nevertheless, besides these colo-
nies the microfossils in question posses the other diag-
nostic features of entophysalidacean algae. The species
are of a rather variable morphology, but prevalent in the
material studied are isolated 

 

Gloeocapsa

 

-like colonies
frequently containing two or three generations of nan-
nocysts, which are successively enclosed into common
envelopes. Spheroids are from 6.0 to 22.0 

 

µ

 

m across,
and envelopes surrounding them range from 15.0 to
45.0 

 

µ

 

m in diameter. Colonies of this kind begin to pre-
vail in the life cycle of entophysalidacean algae in
response to a high sedimentation rate (Golubic and
Hofmann, 1976), and this factor exactly seems respon-
sible for prevalence of 

 

Gloeocapsa

 

-like colonies 

 

E. dis-
mallakesensis

 

 in the microbiota (Sergeev, 1992a,
1992b, 1994). Dark coloration of cells periphery and
colonization of hard grounds, the characteristic features
of many Precambrian entophysalidacean forms, are
also typical of their representatives from the Kataskin
Subformation (Plate I, figs. 1, 6). In some cases, elon-
gated spheroids 

 

E. dismallakesensis

 

 show unidirec-
tional polarized growth (Plate 1, fig. 2), one of the car-
dinal characters of entophysalidacean cyanobacteria
(Golubic, 1976; Mendelson and Schopf, 1982). 

 

Eoento-
physalis belcherensis

 

, the second species of the genus, is
represented in microbiota by single specimens. Spheroids
of this species have one-, maximum two-layered enve-
lopes 2.0 to 10.0 

 

µ

 

m in diameter and form colonies of hun-
dreds specimens dark-colored along periphery.
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Microbiota also includes abundant empty sheaths of
three species representing hormogonian cyanobacteria
of the genus Siphonophycus. These are S. robustum,
S. typicum, and S. kestron, which have diameter ranges
2.0–4.0, 4.0–8.0, and 8.0–16.0, respectively. The colo-
nies of sheaths usually consisting of many hundreds
interlacing specimens are widespread in the Kataskin
microbiota. We encountered as well the larger sheaths
(16.0–22.0 µm) identified as S. solidum in the formal
classification nomenclature suggested by Butterfield
(Butterfield et al., 1994). It is possible that mat-forming
microorganisms of the Kataskin microbiota are also
represented by polytrichotomous filaments Eomicroco-
leus sp. Fascicular aggregates of filaments, which did
not preserve septae in many cases, are set in common
sheaths ranging in diameter from 4.0 to 40.0 µm. This
taxon resembles some cyanobacterial species of the

genus Microcoleus, which form mats widespread in
intertidal zone of present-day sea basins. Mats of the
genus have been likely widespread in the same zone of
Proterozoic basins (Horodyski and Donaldson, 1980;
Hofmann and Jackson, 1991; Kah et al., 1999), but hav-
ing a poor taphonomic potential, sheaths disintegrated
leaving dispersed inner trichomes (Horodyski et al.,
1977; Venetskaya and Gerasimenko, 1988). In the fos-
sil state, these remains are suitable to be identified
either as representatives of the genus Siphonophycus (if
transverse septae are not preserved), or as taxa of mul-
ticellular trichomes (septae are retained).

Coccoidal symbionts. Mats Siphonophycus robus-
tum consisting of interlacing sheaths enclose species
Gloeodiniopsis lamellosa (spheroids 10.0 to 45.0 µm
across) that represents remains of chroococcalean
cyanobacteria similar to Gloeocapsa or Chroococcus.
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Originally smooth walls of spheroids G. lamellosa
experienced bacterial (?) destruction to become cor-
roded and having pseudospines, which are surrounded
sometime by a membranous film. In such a case, micro-
fossils resemble acanthomorphic acritarchs (Sergeev,
1992a, 1992b, 1994). Also belonging to coccoidal sym-
bionts of microbiota under consideration are colonies
of small (0.5 to 3.5 µm in greatest dimension) ellipsoi-
dal spheroids Eosynechococcus amadeus, which occur
between filaments Siphonophycus and Eomicrocoleus
sp. (Plate I, fig. 7) or in the colonies Eoentophysalis.
Colonies E. amadeus likely represent remains of
cyanobacteria similar to Synechococcus or bacteria that
developed in dead algal mats.

Associated coccoidal forms. Species Polybessurus
bipartitus is one of peculiar taxa of the Kataskin micro-
biota and represents coccoidal microfossils having
multilayer stalks. The preserved fragments of stalks
usually are 15–50 µm in diameter, but being up to
300 µm long they are up to 100.0 µm across at the ter-
mination. The mat-forming function of Polybessurus
bipartitus recognizable in some Precambrian microbio-
tas (Green et al., 1987) has not been established in the
Kataskin microbiota containing only isolated speci-
mens of this stalked cyanobacterium.

Rare components of microbiota, which deserve spe-
cial attention nevertheless, are microfossils Eosphaer-
onostoc kataskinicum.1 This species exemplifies the
intricate clews of small sheaths (up to 5.0 µm in diam-
eter), which are surrounded by spherical envelopes up

1 Nagovitsyn (2000, 2001a, 2001b) considered genus Eosphaer-
onostoc Sergeev, 1992, as synonym of the genus Glomophycus
Yakshin, 1991 (Yakshin, 1991), because they both represent fos-
sil analogues of sphaeronostocalean cyanobacteria belonging to
the genus Sphaeronostoc Elenk. However, the analysis of Kotui-
kan and Yusmastakh microbiotas from the Anabar Uplift clearly
showed that type species G. tortilis of the genus Glomophycus
represent an artefact, i.e., the result of fossilization of spheroids
Myxococcoides grandis and Myxococcoides sp., thus having no
relations with nostocalean cyanobacteria (Sergeev et al., 1995).
The problem is even more complicated, because Nagovitsyn
(2000, 2001a, 2001b) revised the genus Glomophycus and distin-
guished two new species in its composition: G. bistratosus Pri-
matchok et Nagovitsin and G. amplus Primatchok et Nagovitsin,
which actually represent spherical colonies of filamentous micro-
fossils but are of specific structure owing to surficial localization
of filaments. The problem of relations between genera Eosphaer-
onostoc and Glomophycus remains open therefore and their syn-
onymy suggested by Nagovitsyn is not accepted in this work.

to 200 µm across. Colonies of this type are characteris-
tic of contemporaneous nostocalean blue-green algae
of the genus Sphaeronostoc, and relevant specimens
from the Kataskin microbiota may represent their fossil
analogues. It cannot be excluded also that some smooth
spheroids more than 200 µm in diameter, which occur
in the biota and have been described as Leiosphaeridia
atava, represent empty envelopes of colonies
Eosphaeronostoc kataskinicum.

Among other morphotypes present in the Kataskin
Subformation, there are remarkable colonies Sphaero-
phycus medium and Coniunctiophycus conglobatum
with diameter ranges of spheroids corresponding
respectively to 2.5–10.5 and 1.0–4.0 µm. These taxa
most likely represent remains of planktonic cyanobac-
teria of the Microcystis type (Sergeev et al., 1995,
1997), although some of them may be fragments of col-
onies belonging to Eoentophysalis belcherensis or to
other small benthic chroococcalean cyanophytes
(Zhang, 1981).

Problematic eukaryotes and eukaryotic phytoplank-
tonic forms. Some forms identified in the Kataskin
microbiota can be interpreted as eukaryotic microor-
ganisms tentatively divisible into benthic and plank-
tonic groups. The first group includes large spherical
envelopes containing several spheroids inside (Plate II,
figs. 7–9). In morphology, they resemble chroococ-
calean cyanobacteria of genera Chroococcus or Gloeo-
capsa, being however different from prokaryotic
microorganisms in dimensions (individual spheroids
are 20 to 50 across and their colonies are 30 to 100 µm
in diameter) and presence of real pyramidal tetrads.
These remains are identified as representatives of the
genus Paratetraphycus used to be classed with red
algae, although this conclusion needs verification.

In the second group, at least some smooth-walled
spheroids can be certainly regarded as remains of phy-
toplanktonic eukaryotic microorganisms (Plate II,
figs. 1, 2, 5, 6). They are attributed to different spe-
cies of sphaeromorphic acritarchs of the genus
Leiosphaeridia (L. crassa, L. atava, L. jacutica) whose
diameter ranges are 30 to 50 × 700, 180 × 250, and
80 × 225 µm, respectively. However, taxonomy of
eukaryotic phytoplankton is rather problematic,
because the majority of Leiosphaeridia species likely

Plate I. Coccoidal and filamentous microfossils from the Avzyan Formation
(1–4, 6) Eoentophysalis dismallakesensis Horodyski et Donaldson: (1) specimen GIN no. 750, sample 4688-60, thin section 894-04,
point 20; (2) specimen GIN no. 751, sample 4688-60, thin section 894-04, point 12; (3) specimen GIN no. 60, sample 4688-22, thin
section 415-85, point 5; (4) specimen GIN no. 40, sample 4688-22, thin section 422-85, point 19; (6) specimen GIN no. 752, sample
4688-60, thin section 894-04, point 14. (5) Sphaerophycus medium Horodyski et Donaldson, specimen GIN no. 70, sample 4688-30,
thin section 432-85, point 20. (7) Eosynechococcus amadeus Knoll et Golubic among filaments Eomicrocoleus sp., specimen GIN
no. 56, sample 4688-22, thin section 421-85, point 32. (8, 9) Eomicrocoleus sp.: (8) specimen GIN no. 753, sample 4688-22, thin sec-
tion 899-04, point 13; (9) specimen GIN no. 754, sample 4688-22, thin section 851-01, point 21; (10) Siphonophycus kestron Schopf,
specimen GIN no. 54, sample 4688-25, thin section 431-85, point 8. (11, 12) Siphonophycus solidum (Golub): (11) specimen GIN
no. 755, sample 4688-60, thin section 894-04, point 12; (12) specimen GIN no. 88, sample 4688-34, thin section 442-85, point 3. Spec-
imen 755 is from the Revet Subformation of the Avzyan Formation, Exposure 2; all other specimens are from the Kataskin Subforma-
tion of the Avzyan Formation, Exposure 1 (ordinary and double scale bars correspond to 10 and 50 µm respectively).
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represent heterogeneous remains of different microor-
ganisms, and the genus includes the form species only
(Yankauskas et al., 1989). Nevertheless, microfossils
identified as Leiosphaeridia crassa have thick robust
walls that is a diagnostic character of unicellular
eukaryotic microorganisms. In addition, some speci-
mens of this species have problematic spines at the sur-
face (Plate II, figs. 2a, 2b, 2c). On the other hand, the
originally smooth spheroids of chroococcalean cyano-
bacteria G. lamellosa may have surficial pseudospines,
and we cannot state for sure that external processes of
L. crassa are their inherent feature thus leaving the
problem solution for the future. With due account for
different preservation state of Leiosphaeridia forms in
the Kataskin microbiota, we assume in general that
microfossils under consideration represent remains of
different microorganisms, including the real unicellular
eukaryotes and presumable empty envelopes of colo-
nies of prokaryotic phytoplanktonic microorganisms.

Non-organogenic precipitates. These precipitates
discovered for the first time in the Kataskin Subforma-
tion represent peculiar microfacies originally carbonate
and progressively silicified later, which can be deter-
mined as microstratified laminae (Bartley et al., 2000;
Sharma and Sergeev, 2004). Individual microlaminae
range in thickness from 2.0–3.0 to 4.0–5.0 µm, being
up to 400–500 µm long. Jointly they form a lamina up
to 200–300 µm thick and 500–900 µm long. Precipi-
tates occur sporadically in the Kataskin Subformation
as single microscopic patches. They are lacking
remains of diverse cyanobacteria (Plate III, figs. 8, 9) in
distinction from similar microstructures occurring in
the Lower Riphean Kotuikan Formation of the Anabar
Uplift, Jaradog Fawn Limestone of India, Middle Riph-
ean Sukhaya Tunguska Formation of the Turukhansk
Uplift, and in some other successions (Sergeev et al.,
1995; Bartley et al., 2000; Sharma and Sergeev, 2004).

Paleoecological interpretation. Species Eoento-
physalis belcherensis present in the Kataskin micro-
biota suggest that relevant association of microorgan-
isms likely dwelt in a closed lagoon with elevated water
salinity. The suggestion appears to be valid, because
modern analogues of jointly occurring Polybessurus
bipartitus are known from lagoons and intertidal zone
of Bahamas (Golubic, 1976; Green et al., 1987). Empty
sheaths S. robustum abundant in the Kataskin micro-

biota are oriented in many cases at the right angle rela-
tive to bedding planes. This orientation of fossil cyano-
bacterial remains has been interpreted as reaction to the
high sedimentation rate in intertidal settings (Sergeev,
1994; Sergeev et al., 1995). Contemporaneous hormog-
onian blue-green algae show the same orientation,
when their mats experience desiccation and subsequent
flooding (Horodyski et al., 1977). On the other hand,
the microbiota under consideration includes remains of
prokaryotic and eukaryotic phytoplanktonic microor-
ganisms, and this suggests that the Kataskin Subforma-
tion is composed of alternating sediments, which have
been deposited in intertidal and upper subtidal zones.
As is assumed, these environments of carbonate sedi-
mentation within a shallow shelf were characteristic in
the Kataskin epoch over the entire area of the Bashkir-
ian meganticlinorium (Maslov et al., 2001, p. 65,
Fig. 47).

REVET MICROBIOTA

Geographic localities. Cherts containing microfos-
sils have been discovered in three exposures of the
Revet Formation sediments (Figs. 1, 2): on the left bank
of the Katav River 4.5 km upstream of the abandoned
narrow-gauge railway bridge in the Katav-Ivanovsk
district (Exposure 1, sample nos. 4688/47 and
4688/48), near the Kataskin farm (Exposure 2, Sample
4688/34), and at the Verkhnii Avzyan site (Exposure 3,
sample nos. 4688/40 and 4688/41). Dolostones con-
taining cherty lenses with microfossils are microlami-
nated, and lamination of this kind is traceable in cherty
nodules as well.

Composition of microbiota. The Revet micro-
biota consists of three species only, namely of
Siphonophycus robustum (Schopf), S. solidum (Golub.),
and Gloeodiniopsis lamellosa Schopf (Fig. 3). Coccoi-
dal microfossils Gloeodiniopsis lamellosa dominant
in this microbiota are represented by spheroids rang-
ing in diameter from 11.0 to 45.0 µm like in the
Kataskin microbiota. Abundant colonies of this taxon
consist of hundreds spheroids loosely set in amber-
yellow cherty mass, being in a perfect preservation
state sometimes. Colonies of sheaths Siphonophycus
robustum (2.0–4.0 µm in diameter) are rare and
poorly preserved. Sheaths Siphonophycus solidum

Plate II. Coccoidal microfossils from the Avzyan Formation
(1) Leiosphaeridia atava (Naumova), specimen GIN no. 756, sample 4688-59b, thin section 902-04, point 1. (2, 5) Leiosphaeridia
crassa (Naumova): (2 and 2b) specimen GIN no. 757, sample 4688-59, thin section 891-04, point 10 under different focus depth
(rectangular in 2b); (5) specimen GIN no. 758, sample 4688-596, thin section 902-04, point 6. (3, 4) Sphaerophycus medium Horo-
dyski et Donaldson: (3) specimen GIN no. 759, sample 4688-22, thin section 903-04, point 11; (4) specimen GIN no. 760, sample
4688-22, thin section 903-04, point 3. (6) Leiosphaeridia jacutica (Timofeev), specimen GIN no. 761, sample 4688-22, thin section
913-04, point 7. (7–9) Paratetraphycus giganteus Zhang: (7) specimen GIN no. 762, sample 4688-22, thin section 908-04, point 5;
(8) specimen GIN no. 763, sample 4688-22, thin section 901-04, point 4; (9) specimen GIN no. 764, sample 4688-22, thin section
903-04, point 11. (10) Eosphaeronostoc kataskinicum Sergeev, specimen GIN no. 765, sample 4688-22, thin section 913-04, point
6. All specimens are from the Kataskin Subformation of the Avzyan Formation, Exposure 1 (ordinary and double scale bars corre-
spond to 10 and 50 µm respectively; scale bar in fig. 2a is valid for fig. 2b, in fig. 3 for fig. 4, and in fig. 8 for fig. 9).
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ranging in diameter from 16.0 to 20.0 µm occur as sin-
gle specimens.

Gloeodiniopsis lamellosa does not form mats in the
Revet Subformation despite abundant colonies of this
microfossil. Studying similar colonies G. lamellosa in
the Bitter Springs Formation of Australia, Knoll and
Golubic (1979) arrived at the conclusion that they rep-
resent remains of chroococcalean cyanophytes, which
dwelt in little pools of intertidal zone in ancient sea
basins. In the Revet Subformation, colonies G. lamel-
losa are however almost lacking nannocytogenesis, and
their abundance seems to be indicative of a slow sedi-
mentation in an epicontinental basin. Siphonophycus
robustum, the most widespread mat-forming microor-
ganism of the Proterozoic, is considerably less abun-
dant than Gloeodiniopsis lamellosa, and this fact is
likely a consequence of taphonomic factor. The point is
that chroococcalean cyanobacteria Chroococcus have
outer walls highly resistant to destruction and turn into
fossilized state more frequently than other microorgan-
isms (Knoll and Golubic, 1979). It is likely therefore
that mats of Siphonophycus robustum had been more
widespread in the Revet basin and were destroyed by
fossilization.

Lateral distribution and paleoecological inter-
pretation. The Revet Subformation composed predom-
inantly of dolostones is of persistent composition all
over the western limb of the Bashkirian meganticlino-
rium. Its sections remote from each other yield assem-
blages of microfossils, which are of low diversity and
specific in composition. These data suggest that the
Revet microbiota developed in upper subtidal and inter-
tidal zones of a shallow epicontinental basin that is con-
sistent with sedimentological criteria specifying the
accumulation environments of the subformation
(Maslov and Anfimov, 2000).

CONCLUSIONS

Shallow-water coastal habitat environments of the
Kataskin and Revet microbiotas determined their con-
servative character. In majority, microfossils of both
microbiotas are represented by taxa of extremely wide
stratigraphic range, which existed since the Early Prot-
erozoic until present. Phytoplanktonic forms of com-
plex morphology, having spines and processes, which
are known from the Middle–Upper Riphean boundary
deposits (Yan and Zhu, 1992; Sergeev et al., 1997; Xiao

et al., 1997; Yin, 1997) and presumably even from the
Lower Riphean (Javaux et al., 2001) do not occur in the
studied microbiotas. Nevertheless, it can be stated now
that the Kataskin microbiota originally attributed to the
prokaryotic type (Sergeev, 1992a, 1992b, 1994)
includes remains of morphologically simple eukary-
otes. Abundant remains of presumably eukaryotic phy-
toplankton known before from shales of the Zigazino-
Komarovo and Avzyan formations (Yankauskas,
1979b, 1982; Veis et al., 1990, 2000) have never been
discovered in cherty-carbonate successions of the Mid-
dle Riphean. The tendency of discovering a growing
number of eukaryotic microfossils in microbiotas
regarded formerly as prokaryotic in origin is character-
istic of the current microphytology of the Precambrian.
Remains of eukaryotic phytoplankton are getting now
new significance for the Precambrian biostratigraphy,
especially for biostratigraphy of the Upper Riphean.
They occur in both the organic-walled and silicified
microbiotas confined to sedimentary facies of open-
sea settings. At present, however, it is difficult to
judge about stratigraphic significance of eukaryotes
from the Avzyan Formation, because the whole set of
Precambrian microorganisms, especially of those
confined to the pre-Upper Riphean successions, is
known inadequately. The exact stratigraphic evalua-
tion of new microfossil morphotypes discovered in
the Avzyan Formation is a problem of future that can be
solved when similar remains will be found in other sec-
tions.

An important new peculiarity of the Kataskin Sub-
formation consists in carbonate precipitates occurring
in this subdivision. Similar non-organogenic sedimen-
tary structures precipitated from seawater without
direct participation of cyanobacterial mats and wide-
spread in the Archean, Lower Proterozoic, and Lower
Riphean are less abundant in the Middle Riphean and
disappear almost completely in the Upper Riphean and
Vendian. Many researchers relate this tendency of pre-
cipitates reduction in the Earth geological record with
evolution of sedimentation settings and physicochemi-
cal conditions on the planet surface, first of all with the
content of atmospheric carbon dioxide and composition
of seawater (Grotzinger, 1986, 1989, 1994; Kah and
Knoll, 1996; Bartley et al., 2000; Sharma and Sergeev,
2004). It is remarkable that precipitates in question are
extremely rare near the Middle–Upper Riphean bound-
ary, being actually known from the Sukhaya Tunguska

Plate III. Pedicellate and coccoidal microfossils and precipitates from the Avzyan Formation.
(1–4) Polybessurus bipartitus Fairchild ex Green et al.: (1) specimen GIN no. 766, sample 4688-22, thin section 421-85, point
24; (2) specimen GIN no. 767, sample 4688-22, thin section 421-85, point 11; (3) specimen GIN no. 768, sample 4688-22,
thin section 899-04, point 4; (4) specimen GIN no. 769, sample 4688-22, thin section 908-04, point 1. (5–7) large spheroidal
morphotypes: (5) specimen GIN no. 770, sample 4688-22, thin section 899-04, point 4; (6) specimen GIN no. 771, sample
4688-22, thin section 899-04, point 4'; (7) specimen GIN no. 772, sample 4688-22, thin section 899-04, point 12. (8) non-
organogenic precipitates, sample 4688-22, thin section 908-04, point 2; (9) enlarged rectangular area in fig. 8. All specimens
are from the Kataskin Subformation of the Avzyan Formation, Exposure 1 (ordinary and double scale bars correspond to
10 and 50 µm respectively).
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Formation of the Turukhansk Uplift at the level of the
upper Middle Riphean only, where they occur in tight
association with remains of cyanobacteria Eoentophys-
alis dismallakesensis (Sergeev et al., 1997; Sharma and
Sergeev, 2004). In opinion of many researches, prima-
rily the evolution of grounds was responsible for this
paradoxical biostratigraphic differentiation of conser-
vative cyanophytes in the vertical succession. Entophy-
salidacean cyanobacteria colonized most readily the
hard grounds, which were widespread in the Early Pro-
terozoic and Early–Middle Riphean, being formed in
response to the early lithification of deposited precipi-
tates. In addition, specific facies environments of pre-
cipitates formation were favorable for the total ger-
mination of filaments of nostocalean cyanophytes
(Knoll and Sergeev, 1995; Sergeev et al., 1995; Kah
and Knoll, 1996; Bartley et al., 2000). When soft
ground became prevailing in the Late Riphean, com-
position of microbiotas changed significantly: abun-
dance of entophysalidacean and nostocalean cyano-
phytes reduced sharply, and they gave way to stalked
cyanobacteria Polybessurus, which developed in
abundance and colonized the soft grounds exactly
(Kah and Knoll, 1996).

In general, assemblages of microfossils from the
Avzyan Formation offer a unique chance to view that
transitional moment, when entophysalidacean and
pedicellate cyanobacteria coexisted in Proterozoic
communities of microorganisms. That was the epoch of
expansion of unicellular eukaryotic algae into prokary-
otic ecosystems.

DESCRIPTION OF MICROFOSSILS

New microfossils found in the Avzyan Formation
are described below along with characterization of sev-
eral taxa formerly identified in microbiota under differ-
ent names. All the materials described are stored at the
Geological Institute, Russian Academy of Sciences,
collection no. 4688.

KINGDOM EUBACTERIA WOESE AND FOX, 
1977

DIVISION CYANOBACTERIA STANIER ET AL., 
1978

CLASS COCCOGONEAE THURET, 1875

ORDER CHROOCOCCALES WETTSTEIN, 1924

FAMILY ENTOPHYSALIDACEAE GEITLER, 1932

Genus Eoentophysalis Hofmann emend.
Mendelson et Schopf, 1982

Type species Eoentophysalis belcherensis Hofmann, 
1976

Eoentophysalis dismallakesensis Horodyski 
et Donaldson, 1980

Plate I, figs. 1–4, 6

Eoentophysalis dismallakesensis Horodyski and
Donaldson, 1980, pp. 146–149, figs. 10 A–10 D, 11 A–
F, G, 12 A, B; Ogurtsova and Sergeev, 1987, Plates X,
11, 12; Sergeev, 1992, p. 83, Plate XXII, figs. 7–9; Ser-
geev et al., 1994, p. 33, Plate II, figs. 1–10.

Eoentophysalis arcata Mendelson and Schopf,
1982, pp. 76, 77, Plate 2, figs. 1a–1b, text-figs. 5, 6;
Yankauskas et al., 1989, p. 90, Plate XIX, figs. 11–12;
Schopf, 1992, Plate 10, fig. E; Knoll, Sergeev, 1995,
fig. 5; Petrov et al., 1995, Plate I, figs. 11, 14, 16, 17;
Sergeev et al., 1997, pp. 222–224, fig. 10A–10D, 11A–
11F.

Eoentophysalis yudomatica Lo, 1980, pp. 146–150,
Plate II, figs. 4–8; Sergeev, 2002, p. 31, Plate I, figs. 5–11.

Eogloeocapsa avzyanica Sergeev, 1992b, p. 109,
Plate IX, figs. 6, 8, 12, Plate X, figs. 5–10; Sergeev,
1992, p. 79, Plate VI, figs. 4–10, Plate VII, figs. 9, 12,
Plate VIII, figs. 1–10; Sergeev, 1994, pp. 245, 246,
figs. 5A–5H, 6G–6I, 7E–7G.

Microfossils, type 4, Sergeev, 1988, p. 709, figs. 1f–1k.
Eogloeocapsa arcata Golovenok, Belova, 1992,

pp. 115–116, figs. 1a, 1b, 2, 1993, Plate I, figs. a–d, Fig. 4.
Unnamed microfossils, Golovenok and Belova,

1993, Plate II, fig. 3.
Holotype, Geological Survey of Canada, thin sec-

tion 57987; Lower Riphean, Dismal Lake Group, North
America.

Description. Multilayer spheroids occurring in
dyads, triads, and tetrads form colonies consisting of
few to thousands specimens. The colonies are of
diverse morphology, varying from “loose” clusters of
Gloeocapsa-like spheroids to irregular or cubiform
aggregates and palmelloid colonies, which form contin-
uous or discrete spherical and hemispherical mats cov-
ering perceptible areas. Individual spheroids are spher-
ical to ellipsoidal, frequently elongated-ellipsoidal in
shape probably because of unidirectional accelerated
growth of algae, which tried to escape burial under con-
ditions of high sedimentation rate. Many colonies are
dark-colored in their periphery, although this is not a
characteristic feature of the genus. Frequently enough,
spheroids are preserved in peripheral zones of colonies,
which are empty in central areas. External layers of
spheroid walls are semitransparent, fine-grained, about
0.5 µm thick. Inner layers are almost opaque, medium-
to coarse-grained, approximately 1.0 µm thick. The
opaque spherical inclusion 0.5 to 3.0 µm in diameter is
attached to the inner side of the wall internal layer. The
outer diameter of spheroids (“diameter of the wall outer
layer”) is from 6.0 to 22.0 µm, whereas the inner diam-
eter (“diameter of the wall central layer”) ranges from
4.0 to 13.0 µm. The Gloeocapsa-like colonies are from
15.0 to 45.0 µm across.

Comparison. E. dismallakesensis is greater in size
than E. belcherensis.

Remarks. (1) In distinction from type population of
the species, largest representatives of microfossils
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attributed to E. dismallakesensis in this work are some-
what greater in dimensions (spheroids E. dismallake-
sensis from the Dismal Lake Group are 4.0–13.0 µm
long and 3.0–10.0 µm wide). In the type population
however, outer layers of spheroids E. dismallakesensis
are transformed into amorphous mass (Horodyski and
Donaldson, 1980, Fig. 11), and above dimensions of
spheroids from the group correspond in fact to inner
size parameters of spheroids under consideration.

(2) E. dismallakesensis from the Kataskin Subfor-
mation of the Avzyan Formation has been originally
described as Eogloeocapsa avzyanica (Sergeev, 1992b)
based on respective morphology of discovered spheroid
clusters lacking features of typical sessile palmelloid
colonies. Reexamination of microfossils from the
Avzyan Formation showed that they have signs of uni-
directional polarized growth, which are typical of ento-
physalidacean algae, and form in fact the sessile
palmelloid colonies, although these are rare because of
a high sedimentation rate in particular settings (Ser-
geev, 1992a, 1992b, 1994). Based on these diagnostic
features of entophysalidaceans, we include the studied
microorganisms into the genus Entophysalis.

(3) After a thorough reexamination of fossil popula-
tions E. dismallakesensis from the Debengda Forma-
tion, E. arcata from the Sukhaya Tunguska Formation,
and E. yudomatica from the Yudoma Group, it became
clear that they represent one species that must be iden-
tified as E. dismallakesensis according to the priority
principle. Spheroids of the species are greater in size
than those of E. belcherensis. However its distinctions
from other large representatives of the genus Entophys-
alis, e.g., from E. croxfordii (Muir, 1976) and E. magna
(McMenamin et al., 1983) with spheroids up to
20.0 µm across, are not so clear. Subsequent research
may show that these two species are synonyms of
E. dismallakesensis or, in contrast, have no relation to
the genus Entophysalis, like for instance, the postmor-
tem cell clusters of chroococcalean cyanobacteria
Gloeodiniopsis lamellosa from the Min’yar Formation,
which have been erroneously identified earlier as colo-
nies of E. yudomatica (Sergeev and Krylov, 1986).

Distribution. Middle Riphean: Dismal Lake Group,
Canada, Debengda Formation, Olenek Uplift, Siberia,
Avzyan Formation, southern Urals; Middle–Upper
Riphean: Sukhaya Tunguska Formation, Turukhansk
Uplift, Siberia; Upper Riphean (?) or Vendian(?):
Chuchkan Formation, southern Kazakhstan; Vendian:
Yudoma group, Uchur–Maya region, Siberia.

Material: hundreds colonies from the Kataskin
Subformation of the Avzyan Formation.

CLASS HORMOGONEAE THURET, 1875
ORDER OSCILLATORIALES ELENKIN, 1949
FAMILY OSCILLATORIACEAE (S.F. GRAY) 

DUMORTIER EX KIRCHNER, 1898
Genus Eomicrocoleus Horodyski et Donaldson, 1980

Type species Eomicrocoleus crassus Horodyski 
et Donaldson, 1980
Eomicrocoleus sp. 

Plate 1, figs. 7–9
Description. Trichomes disposed in a parallel man-

ner, surrounded or not surrounded by common sheath,
are poorly preserved because of compression after
death of microorganisms. Transverse septae of tri-
chomes are almost invisible, and their lateral walls are
coarse-grained. Diameter of trichomes is 1.0–2.0 µm,
and their sheaths, if present, are 4.0 to 40.0 µm wide.
Coarse-grained walls are about 1.0 µm thick.

Remarks. Eomicrocoleus sp. from the Kataskin
Subformation of the Avzyan Formation are almost
identical in morphometric parameters to E. crassus. We
identified these microfossils in open nomenclature
because of a worse preservation state.

Material: approximately ten poorly preserved fila-
ments from the Kataskin Subformation of the Avzyan
Formation.

ORDER NOSTOCALES OR OSCILLATORIALES

Genus Siphonophycus Schopf emend. 
Knoll et Golubic, emend. Knoll, Swett et Mark, 1991

Type species Siphonophycus kestron Schopf, 1968
Siphonophycus solidum (Golub) comb. 

Butterfield, 1994
Plate I, figs. 11, 12

Siphonophycus solidum Butterfield et al., 1994,
p. 67, figs. 25H–25I, 27D; Sergeev et al., 1997, p. 231,
figs. 14I, 14K; Sergeev, Lee, 2001, p. 11, Plate I,
figs. 1–3; Sergeev, 2001, pp. 442–443, fig. 7.7; Sergeev,
2002, Plate II, fig. 15.

Omalophyma solida Golub: Golub, 1979, p. 151,
Plate 31, figs. 1–4, 7.

Large-diameter “Oscillatoriacean” sheaths, Men-
delson and Schopf, 1982, pp. 62–63, Plate 3, figs. 4, 5.

Siphonophycus sp., Sergeev, 1992b, Plate IX, fig. 5;
Sergeev, 1994, p. 251, fig. 10A.

Siphonophycus sp. 2, Sergeev, 1992a, Plate X, fig. 2.
Microfossils of the third category, Sergeev, 1988,

p. 709, fig. 1b. (complete synonymy is presented in
monograph by Butterfield et al., 1994)

Holotype, collection at the All-Russia Institute of
Geology, St, Petersburg, Russia, preparation no. R-163/3;
Upper Vendian, Smolensk Formation (Borehole Rudn-
yanskaya, depth interval 747.8–763.3 m); East Euro-
pean platform, northern part of the Orsha basin, Russia.

Description. Non-branching tubular morphotypes
aseptate and fistulate, which occur as separate speci-
mens in general. These tubular structures are from 16.0
to 20.0 µm in diameter. Lateral fine-grained walls about
1.0 µm thick are smooth at the surface. The maximum
length of encountered filaments is 150 µm (a specimen
preserved incompletely).
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Comparison. Filaments have greater diameters
than other species of the genus Siphonophycus.

Remarks. In the Revet microbiota, dispersed speci-
mens of Siphonophycus solidum usually occur in asso-
ciation with filaments S. robustum and spheroids
G. lamellosa. It is possible to assume that tubular fistu-
late morphotypes S. solidum are empty sheaths rela-
tively large in size of monotrichomatous Lyngbia-like
or polytrichomatous Microcoleus-like cyanobacteria.

Distribution. The species is widespread in assem-
blages of Proterozoic microfossils.

Material: several tens of specimens from the Revet
Subformation of the Avzyan Formation.

INSERTAE SEDIS

Genus Paratetraphycus Zhang Z., 
emend. Zhang Y. et al., 1998

Type species Paratetraphycus giganteus Zhang Z., 
1985

Paratetraphycus aff. P. giganteus Zhang Z., 
emend. Zhang Y. et al., 1998

Plate II, figs. 7–9
Paratetraphycus giganteus Zhang Z., 1985, p. 166,

Plate I, figs. 1, 4, 6, 7; Plate II, fig. 6; Yuan, Hofmann,
1998, p. 208, figs. 12 A–12D; Zhang Y. et al., 1998,
p. 46, figs. 20.4–20.8.

Gloeodiniopsis lamellosa (partim), Sergeev, 1992a,
Plate IX, figs. 5, 6, 8, 9, Sergeev, 1994, figs. 8G (for
complete synonymy, see Yuan and Hofmann, 1998).

Holotype, paleobotanical collection no 62354 at the
University of Beijing, thin section M-21-1A, coordi-
nates England Finder S-24-2; Vendian, Doushantou
Formation, China.

Description. Spheroids with one-layer walls, which
occur isolated or in dyads, triads, tetrads (flat and pyra-
midal), and colonies of dozens closely spaced speci-
mens. Spheroid walls are usually semitransparent,
spherical to elongate-ellipsoidal in shape. The outer
surface and lateral walls 1.0 to 1,5 µm thick are
medium-grained. Spheroid diameters range from 20.0
to 50.0 µm. Spherical or irregular envelopes of spheroid
clusters are transparent, one- or two-layer in structure,
ranging in size from 30.0 to 100.0 µm across. External
surface of envelopes is medium-grained like their
walls, which are 1.0–2.0 µm thick. Daughter spheroids
present inside envelopes are semitransparent, 4.0 to
8.0 µm in diameter. Their medium-grained walls are
1.0–1.5 µm thick.

Comparison. The genus consists of one species.
Remarks. The described spheroids have been orig-

inally identified in the Kataskin Subformation as
Gloeodiniopsis lamellosa (Sergeev, 1992a, 1992b).
Additional specimens found recently show however
that they are of a larger size and belong presumably to
remains of eukaryotic algae. Despite the greater size,
these microfossils are very close in morphology to

Paratetraphycus giganteus identified in the Doushan-
tou Formation of the Lower Vendian in China ((Zhang,
1985; Zhang et al., 1998; Yuan and Hofmann, 1998).
Based on morphometric parameters, Paratetraphycus
forms are comparable with red bangiomorphic algae
(Zhang et al., 1998), and their occurrence in the Avzyan
Formation may characterize one of the stages in evolu-
tion of eukaryotic microorganisms, because approxi-
mately concurrent deposits of the Hunting Formation in
North America yielded oldest representatives of doubt-
less filamentous bangiomorphs (Butterfield, 2000,
2001). Being less definite in terms of morphometric
parameters, forms from the Avzyan Formation are
attributed in this work to Insertae Sedis. In general,
these microfossils may represent remains of other
eukaryotic taxa, for instance, of green algae.

Distribution: Middle Riphean, Avzyan Formation,
southern Urals; Vendian, Doushantou Formation,
China.

Material: several hundreds specimens from the
Kataskin Subformation of the Avzyan Formation.

Genus Leiosphaeridia Eisenack, 1958

Type species Leiosphaeridia baltica Eisenack, 1958
Leiosphaeridia jacutica (Timofeev). 

comb. Mikhailova et Jankauskas, 1989 
Plate II, fig. 6

Leiosphaeridia jacutica (Timofeev), Yankauskas
et al., 1989, pp. 77–78, Plate XII, figs. 3a, 3b, 7, 9; But-
terfield et al., 1984, p. 42, fig. 16H; Sergeev, 1999, Plate 1,
fig. 8; Sergeev, 2001, p. 444, figs. 8.7–8.10 (for com-
plete synonymy, see monograph by Yankauskas et al.,
1989).

Holotype, paleontological collection at the Institute
of Precambrian Geology and Geochronology, St.
Petersburg, Russia, preparation no. 452/1; Upper Riph-
ean, Lakhanda group, Neryuen Formation, Uchur–
Maya region, Siberia (lost holotype).

Paratype, paleontological collection at the Institute
of Precambrian Geology and Geochronology, St.
Petersburg, Russia, preparation no. 1821/1; Upper
Riphean, Derevnya Formation, Turukhansk Uplift,
Siberia.

Description. Solitary spheroids with one-layer
opaque walls; their walls 2.0 to 3,0 µm thick and outer
surface are coarse-grained or granulated. Spheroid
diameters range from 80.0 to 225.0 µm.

Comparison. L. jacutica differs from other
Leiosphaeridia species in dimension of spheroid diam-
eters and wall thickness (see Yankauskas et al., 1989,
pp. 24–25, Plate III).

Remarks. In this work, we follow the formal classi-
fication of morphologically simple coccoidal phy-
toplanktonic microfossils and Leiosphaeridia species,
which is suggested in monograph by Yankauskas et al.
(1989). According to this classification, genus
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Leiosphaeridia includes all smooth-walled spherical
microfossils, which are less than 1000 µm in diameter.
In such an understanding, genus Leiosphaeridia
includes many taxa, which have been considered as
representatives of other genera (Trachysphaeridium,
Kildinella, Protoleiosphaeridium), and small morpho-
types of the genus Chuaria. Species of the genus
Leiosphaeridia are identified based on formal criteria,
mainly on diameters of spheroids and thickness of their
walls. Species L. jacutica correspond to morphologi-
cally simple spheroids with diameters 70–800 µm and
thick (2.0 µm and thicker) opaque or semitransparent
one-layer walls.

Distribution: a component of many Proterozoic
assemblages of microfossils.

Material: 10 specimens from the Kataskin Subfor-
mation of the Avzyan Formation.

Leiosphaeridia atava (Naumova) emend. 
Jankauskas, 1989

Plate II, fig. 1
Leiosphaeridia atava Naumova 1960, Plate III, fig.

15; Yankauskas et al., 1989, pp. 74–75, Plate X, figs. 4–
7 (complete synonymy is presented in monograph by
Yankauskas et al., 1989).

Holotype, paleontological collection at the Institute
of Precambrian Geology and Geochronology, St.
Petersburg, Russia, preparation no. 452/1; Upper Riph-
ean, Lakhanda group, Neryuen Formation, Uchur–
Maya region, Siberia (lost holotype).

Description. Solitary spheroids with one-layer
semitransparent walls whose surface and walls about
1.5 µm thick are fine-grained. Spheroids are up to
180.0–250.0 µm in diameter.

Comparison. L. atava differs from other
Leiosphaeridia species in dimension of spheroid diam-
eters and wall thickness (see Yankauskas et al., 1989,
pp. 24–25, Plate III).

Distribution: a component of many Proterozoic
assemblages of microfossils.

Material: two specimens from the Kataskin Subfor-
mation of the Avzyan Formation.

Leiosphaeridia crassa (Naumova) emend. 
Jankauskas, 1989
Plate II, figs. 2a–2c, 5

Leiosphaeridia crassa Naumova, 1949, Plate I, fig. 3;
Yankauskas et al., 1989, pp. 75–76, Plate IX, figs. 5–10;
Butterfield et al., 1994, pp. 40–42, figs. 16F, 23K (com-
plete synonymy is presented in monograph by
Yankauskas et al., 1989).

Holotype, Naumova, 1949, Plate I, fig. 3; paleonto-
logical collection at the Institute of Precambrian Geol-
ogy and Geochronology, St. Petersburg, Russia, prepa-
ration no. 452/1; Lower Cambrian, Lontova Formation,
Estonia.

Description. Solitary spheroids with one-layer
opaque walls; their walls thicker than 2.0 µm and outer
surface are coarse-grained or granulated. Spheroid
diameters range from 30.0 to 70.0 µm.

Comparison. L. crassa differs from other
Leiosphaeridia forms in dimension of spheroid diame-
ters and wall thickness (see Yankauskas et al., 1989,
pp. 24–25, Plate III).

Remarks. Some specimens of L. crassa have
acanthi at the surface (Plate II, figs. 2a–2c), but at
present it is unclear whether they are of primary or sec-
ondary origin.

Distribution: a component of many Proterozoic
assemblages of microfossils.

Material: 47 specimens from the Kataskin Subfor-
mation of the Avzyan Formation.
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