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ABSTRACT

Sergeev VN, Sharma M & Shukla Y 2008. Mesoproterozoic silicified microbiotas of Russia and India—Characteristics
and Contrasts. The Palaeobotanist 57(3): 323-358.

The paper analyses eight silicified Mesoproterozoic microbiotas of peritidal and shallow subtidal settings from
Siberia, Ural and India. These microbiotas, subdivided into three main types - Kotuikan, Satka and Kataskin-are characterized
by different taxonomic composition of microfossils. Mat-building entophysalidacean Blya@ophysalisellipsoidal
akinetes of nostocalean cyanobacteria gefchaeoellipsoidesand spherical large planktic microfossi/xococcoides
grandis of uncertain affinities dominate the Kotuikan-type microbiotas, the short trichomes are a rare but a distinctive
element of these assemblages. The Satka type microbiotas are dominated by mat-building hormogonian cyanobacteria of
genusSiphonophycusind chroococcacean dwellers gen&ilaeodiniopsis EosynechococcusSphaerophycyswhereas
entophysalidacean cyanobacteria are conspicuously missing and akinetes oAgdraepellipsoideccur but never
abundant. Besides, microbiotas of Satka type include morphologically simple remains of phytoplanktic eukaryotic
microorganisms—sphaeromorphic acritarchs geatka Pterospermopsimorphasranomarginat® andLeiosphaeridia
The late Mesoproterozoic Kataskin-type microbiotas contain mat-forming entophysalidacean, oscillatoriacean and
nostocalean as well as mat-dwelling and planktic chroococcacean cyanobacteria, but the most typical feature of these
microfossil assemblages is the presence of a stalked cyanobactBdlyiessurudipartitus

Almost all-available data on relevant silicified Mesoproterozoic microbiotas from China, Greenland and North
America have been analysed. Further different types of Mesoproterozoic silicified microbiotas have been compared with
Palaeo- and Neoproterozoic microbiotas in cherts as well as with the assemblages of organic-walled microfossils throughout
the world and explained differences and similarities in their composition. The analysis indicate that the Mesoproterozoic
microbiotas have their own specific taxonomic composition and differ from the Palaeo- and Neoproterozoic microfossils
occurring in the same and different palaeoenvironmental setting. The presence of newly evolved type of cyanobacteria,
red algae and acanthomorphic acritarchs in the Kataskin-type microbiotas and contemporaneous open-shelf facies
suggest that the terminal Mesoproterozoic can be separated as an independent biostratigraphical unit.

Key-words—Mesoproterozoic, microfossils, cyanobacteria, India, Southern Urals, Siberia.
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INTRODUCTION microorganisms in the Mesoproterozoic microbial communities
of middle to inner and probably of outer shelf settings where
HE time span of Mesoproterozoic (aged 1.6—1.0 billiothey are preserved mainly as organic-walled microfossils in
years) with each new discovery holds a great promiseshales (Peadt al, 1978; Veis & Vorob’eva, 1992; Xiaat al,
our understanding of the early life. During Mesoproterozoid,997; Javauet al., 2001, 2003, 2004). The prokaryotic
cyanobacteria occupied almost all ecological niches rangioganobacterial communities dominated in extremely shallow-
from supratidal flats to open shelf marine environments. Theater peritidal environments and have been preserved mainly
eukaryotes were restricted to open shelf facies where from thecherts. However, record of Mesoproterozoic silicified
undoubtful remnants of morphologically complex and largprotista are rare and confined mainly to the latest
protista have been reported at least from the youngedéesoproterozoic deposits (Butterfield, 2000, 2001; Butterfield
Mesoproterozoic deposits (see below). Probably, some simpleal., 1990; Petrowt al., 1995; Sergeeet al, 1997).
spherical unicellular eukaryotic organisms were incorporatéonsidering this, present investigation on the
in prokaryotic communities preserved in silicified peritidaMesoproterozoic microbiotas included not only the remains
facies, but those are unrecognisable in the fossil record. Durimigunicellular eukaryotes preserved in chert lenses and nodules
Mesoproterozoic, the nucleated microorganisms evolvedmlit also fossilised protista preserved as compressions in shales
significantly that finally resulted in the explosive diversificatiormainly from the inner shelf facies. In view of the presence of
of morphologically complex eukaryotes and sharp changesthre newly evolved eukaryotic and prokaryotic microorganisms
microbiota composition near the end of Mesoproterozoin Mesoproterozoic assemblages it was earlier suggested to
(Knoll, 1992; Knoll & Sergeev, 1995; Sergeetval, 1996; separate the Mesoproterozoic into two stratigraphical units:
Sergeev, 2006a). The Mesoproterozoic silicified microbiotdee Anabarian (Kotuikan- and Satka-type microbiotas) and
of peritidal setting demonstrate well known biostratigraphi€urukhanian (Kataskin-type microbiotas) proterohorizons
paradox: despite dominance of evolutionary conservati&ergeev, 2006b). Based on analyses of about two dozen
cyanobacteria, these microbiotas differ from thé&lesoproterozoic silicified microbiotas, the authors have
Neoproterozoic assemblages inhabiting the similastablished three distinct types of assemblages, namely,
environments (Knoll & Sergeev, 1995; Serge¢al, 1995; Kotuikan, Satka and Kataskin. The paper deals with the
Sergeev, 1997). However, there are lateral variations in tblearacteristic features as well as differences among the three
Mesoproterozoic silicified microfossil assemblages related thstinct kinds of silicified Mesoproterozoic microfossil
environmental distribution of microorganisms in ancient basimssemblages and compare those to the microbiotas of Palaeo-

and probably to palaeoenvironmental zonation. and Neoproterozoic age.
During last decade, discoveries of numerous
exceptionally well preserved silicified and organic-walled MATERIALS AND METHODS

microfossil assemblages from peritidal and open marine

environments have improved our understanding of taxonomic The paper is based on the study of original materials
diversity and ecological complexity of Mesoproterozoic life. Ifrom the Kotuikan, Yusmastakh, Sukhaya Tunguska, Sveltyi
demonstrated the abundant presence of nucleatand Debengda formations of Siberia, the Satka and Avzyan
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formations of southern Ural Mountains and the Salkhamell as some Siberian microbiotas from areas where from the
Limestone Formation of India (Figs 1, 2). Analysis of eachuthors had not the original material are also included in the
assemblage of microfossils is supported with the sufficiepresent analysis to strengthen resulting conclusions.
data on their geological setting, depositional environmen®omparisons have also been made to the different types of
and age constraints. Furthermore, while comparing tidesoproterozoic microbiotas in the cherts of Palaeo-and
assemblage, almost all-available data on relevant silicifiéteoproterozoic assemblages of silicified and organic-walled
Mesoproterozoic microbiotas throughout the world have beemicrofossils and efforts have been made to explain differences
included. The characteristics and contrasts are based mauhyl similarities in their composition.

on the comparison of their composition, and not restricted  Allillustrated micro-organisms in the paper were studied
only to the formal taxonomical comparison, but also, wherever petrographic thin sections of black cherts. Microfossils were
necessary emendations have also been provided. Tgtetographed under transmitted light on a REM5 and Leitz
contemporaneous silicified and some organic-walleahicroscopes and measured with an eyepiece graticule to the
microbiotas from China, Greenland and northern America agarest micrometer. For some specimens England Finder
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Fig. 1—Geographic distribution of the different kinds of Mesoproterozoic silicified microbiotas. Squares—indicate locattidofuikan type
microbiotas, Star — the Satka type microbiotas, circles — the Kataskin type microbiotas. Names of fossiliferous unitsKofuikéme
Formation; 2 - the Yusmastakh Formation; 3 - the Debengda Formation; 4 - the Kuytingde Formation; 5 - the Salkhan Limestone
Formation; 6 - the Dismal Lakes Group; 7 - the Gaoyuzhuang Formation; 8 - the Wumishan Formation; 9 - the Narssarssuk Formation
10 - the Satka Formation; 11 - the Revet Member of the Avzyan Formation; 12 - the Svetlaya Formation; 13 - the KataskimfMember
the Avzyan Formation; 14 - the Sukhaya Tunguska Formation; 15 - the Society Cliff and Victor Bay formations; 16 - the Hunting
Formation.
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coordinates and slide numbers are provided. For other The Upper Member of the Kotuikan Formation is
specimens the coordinates cited refer to the numbers of thterpreted to have formed principally in a variety of restricted
points on the strips of paper attached at the end of the slidesirine, peritidal and probably supratidal environments. The
The strip of paper is glued covering the thin section of rockusmastakh Formation represents alternation of restricted
and the positions of the microorganisms are marked on th@rine tidal-flat environments with less restricted environments
paper as numbered points by a sharp pencil. lllustratefishallow marine setting. The beds of its Lower Member
specimens are deposited in the Palaeontological Collectioncgitain cherts with abundant microfossils and precipitated
the Geological Institute of the Russian Academy of Scienctgxtures are considered to have also deposited in peritidal
(GINPC), bearing numbers # 4684, 4689, 4690 and 4694 a@vironments with subaerial exposure (Barteyl, 2000;
Palaeobotanical Collection of BSIP, Lucknow, India. BesideSergeeet al, 1995; Sergeev, 2006a).

some illustrated microfossils from the Kotuikan and

Yusmastakh microbiotas of the Anabar Uplift and thdhe Debengda Formation, Olenek Uplift, Siberia
Debengda microbiota of the Olenek Uplift which appeared in ~ The Solooliiskaya Group consists of ~1500 m of quartz
earlier publications by Sergeeval 1994 and Sergeet al arenites, shale and carbonates and divided into the
1995 were subsequently deposited in the Palaeontologicfdynakhtakh, Kyutingde, Arymas, Debengda and Khaipakh
Collection of the Yakutian Institute of Geological SciencefPrmations. The Debengda Formation (ca. 200-250 m thick) is
(PCYIG) of the Russian Academy of Sciences, Yakutsk, Rus&gnstituted of sandstones, siltstones, and argillites, as well as

and in the Palaeobotanical Collection of the Harvard UniversiPundant limestone and dolomite with stromatolites, oolites,
Herbaria (HUHPC), Cambridge, USA. pisolites and intraformational conglomerates. The fossiliferous

cherts and precipitates occur in its Upper Member (Sergeev

GEOLOGICAL SETTING. AGE CONSTRAINTS AND al., 1994). The age of Solooliiskaya Group is poorly constrained
DEPOSITIONAL ENVIRéNMENTS OF DIFFERENT by radiometric data and based principally on stromatolite and

MICROFOSSILIFEROUS MESOPROTEROZOIC microfossil biostratigraphy. Stromatolite assemblages permit
FORMATIONS reliable correlation of the Khaipakh Formation to the Upper

Member of the Yusmastakh Formation of the Anabar Uplift
and microfossil assemblage are in favour of Mesoproterozoic

In this section brief information on geology, for the Kvutinad d Debenada f . Semikh
palaeoenvironment and age of different formations containiri%e or the Kyutingde and Debengda formations (Semikhatov,

the analysed Mesoproterozoic microbiotas is provided bas P1; Sergeeet al, 1994). The Solooliskaya and Billyakh

on published accounts and our experience of field researctflifuPS belong to the same basin and their intrabasinal

. . . orrelation is beyond doubt. Considering the new data on the
these areas. It will facilitate reader to assess the relatlonsﬁl#:])abar Uplift, the age of the Solooliiskaya Group should be
of microfossil assemblage and depositional environment. bracketed betWeen 1500 and 1250 Ma asywell (Goroktaly
1991, 1995, 2001).

The depositional environment of the Debengda
Formation is similar to other Mesoproterozoic formations
Siberia containing_ silicified dplomites gnd precipitates. Data_ for t_he

The Billyakh Group is constituted of the Kotuikan palaeoenvironmental interpretation of the Debengda microbiota

'have been derived both from the lithological evidence as well

Yusmastakh and Ust—Il'ya formations. The Kotuikan an%s from the fossils themselves. These support the interpretation

Yusmas_takh are predommgntly cark_)o_nate rocks and _t Fthe fossiliferous deposits as tidal flat facies (Sergeal,
underlying Ust'—II'ya Formation is terriginous-carbonate N 994

nature. This group contains succession of abundant

stromatolites, organic-walled and silicified microfossils, bufhe Svetlyi Formation, Uchur-Maya Region, Siberia
conclusions on the age of these deposits are contradictory g gyetlyi Formation consists of mixed siliciclastic and

(e.g. Veis & Vorob'eva, 1992 vs. Sergestal, 1995). However, c4rhonate sediments: first and third units are predominantly

considering all biostratigraphic data on stromatolitic ang,iomitic whereas the second and fourth are composed of
microfossil assemblages, as well as new chemostratigrapigyjes and sandstones. The microfossils occur in cherts of
and isotopic-geochronological data, age of the Billyakh Groyge first and third units (Sergeev & Seong-Joo, 2001; Sergeev,
can be considered between 1500 and 1200 Ma (Ba&tiiy  20064a). The Svetlyi and the underlying Talynskaya formations
2001; Gorokhoetal, 1991, 1995, 2001). The microfossils arg;onstitute the Aimchan Group that is separated from the
known mainly from the Upper Member of the Kotuikan anginderlying Uchur and the overlying Kerpy! groups by angular
the Lower Member of the Yusmastakh formations where theconformity. Latest U/Pb dating yielded 1700 Ma age for the
are three dimensionally preserved in early diagenetic cher{gs|cano-plutonic deposits underlying the Uchur-Maya

Siberia

The Kotuikan and oémastakh formations, Anabar Uplift,
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Name of the
fossiliferrous unit

Geographic locality

Stratigraphic position on
International and Russian

scales and estimated age, Ma

Isotopic age, Ma

(wherever available)

References

The Ust'-llya
Formation

The Kotuikan
Formation

The Yusmastakh
Formation

The Sukhaya
Tunguska
Formation
The Burovaya
Formation

The Svetlyi
Formation

The Totta
Formation

The Lakhanda
Group

The Satka
Formation

The Avzyan
Formation

The Myn’yar
Formation
The Kyrpy Group

The Kyutingde
Formation

The Debengda
Formation

The Chichkan
Formation

The Salkhan
Limestone

The Anabar Uplift,
northeast Siberia

The Anabar Uplift,
northeast Siberia

The Anabar Uplift,
northeast Siberia

The Turukhansk
Uplift, northeast
Siberia

The Turukhansk
Uplift, northeast
Siberia

The Uchur-Maya
Region, southeast
Siberia (Yakutia)
The Uchur-Maya
Region, southeast
Siberia (Yakutia)
The Uchur-Maya
Region, southeast
Siberia (Yakutia)
The southern Ural
Mountains

The southern Ural
Mountains

The southern Ural

Mountains
The Cis-Ural Area

The Olenek Uplift,
northern Siberia

The Olenek Uplift,
northern Siberia

The southern
Kazakhstan

Central India

Lower Mesoproterozoic
(Lower Riphean)
1500-1400
Lower Mesoproterozoic
(Lower Riphean)
1500-1300
Middle Mesoproterozoic
(Lower-Middle Riphean)
1400-1200
Upper Mesoproterozoic
(Middle Riphean)
1100-1000
Neoproterozoic
(Upper Riphean)
1000-850
Lower-Middle
Mesoproterozoic (Middle
Riphean) 1500-1300
Middle-Upper
Mesoproterozoic (Middle
Riphean) 1300-1200
Upper Mesoproterozoic
(lower Upper Riphean)
1030-1000
Lower Mesoproterozoic
(Lower Riphean)
1500-1400
Upper Mesoproterozoic
(Middle Riphean)
1200-1000
Neoproterozoic (Upper
Riphean) 800-850
Lower Mesoproterozoic

(Lower Riphean)
1500-1300
Lower Mesoproterozoic
(Lower Riphean)
1500-1250
Lower Mesoproterozoic
(Lower Riphean)
1500-1250
Neoproterozoic (Upper
Riphean? — Vendian?)
650-550

Lower Mesoproterozoic
(Lower Rihean) ~ 1600 Ma

1483 £ 5 — Rb-Sr
1459 + 10 — K-Ar

Gorokhovet al, 1991;
Sergeeet al, 1995

Bartleyet al, 2001;
Gorokhovet al, 2001

1284.8; 1272.8 — Rb-Sr Gorokhovet al, 2001;

1270 — K-Ar

1017+91,1035 + 60 —

Pb-Pb

130045 — U-Pb

100544, 974+7 — U-

Pb

1635+30 — U-Pb
1354420 — U-Pb

1200 and 1011-1167?

— K-Ar

780+ 50 — Pb-Pb

1601+ Pb-Pb
160145
159948 Pb-Pb

Precambrian
Geochronology..., 1968

Ovchinnikovaet al.,
1994, 1995

Knoll et al.,1995;
Gorokhov
et al., 1995

Sergeev, 2006a

Khudolegt al, 2001

Rainbirdet al, 1998

Krasnobaev, 1986;
Kozlov et al., 1989

Keller, 1983; Bibikoveaet
al., 1989; Sergeev, 2006

Ovchinnikow al.,,
2000

Veiset al, 2000;
Sergeev, 2006

Gorokhovet al, 1991,
1995, 2001

Gorokhovet al, 1991,
1995, 2001

Sergeev, 2006

Rayet al.,2002;
Sarangiet al, 2004

Fig. 2—Names and locations of the fossiliferous Meso-Neoproterozoic units from Russia (including adjacent areas) and India.

Proterozoic sedimentary succession (Latiml, 1997) and The dolomites with fossiliferous cherts possibly were
1300 Ma for the basal horizons of the Kerpyl Group (Khudolegeposited in the peritidal environment on a very broad tidal
et al, 2001). Therefore, the Svetlyi Formation seems to lilat. However, the lithological data on the Svetlyi carbonates
Mesoproterozoic in age bracket probably between 1500 aark insufficient to prove any reliable interpretation of its
1300 Ma. depositional environments. Data on the microfossils
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themselves are also insufficient due to absence of one of tligh rank and can be divided into four groups (in ascending
typical palaeoenvironmental indicators of intertidal settingerder)-Burzyan (a Lower Riphean stratotype-early

the entophysalidacean cyanobacteria. Almost exclusiveesoproterozoic), Yurmata (a Middle Riphean stratotype-late
empty sheaths oSiphonophycusepresent the Svetlyi Mesoproterozoic), Karatau (an Upper Riphean stratotype—
microbiota that is a characteristic of very harsh environmerl¥goproterozoic) and Asha (Vendian). The Burzyan and Yurmata
(Knoll, 1982; Knollet al, 1991). The depositional environmentsdroups comprise of thick succession of lithologically varied

during accumulation of the Svetlyi carbonates could rang€dimentary rocks and subordinate volcanics. The Burzyan

Sergeev, 2006a). and predominantly carbonate Satka (up to 2000-2400 m thick)

and Bakal formations. The lower 80% of the Yurmata Group
consists predominantly of turbiditic shales and greywackes,
Siberia vv_ith i_ntercalated acidic \_/olcanics (Mashak, Zigalga and
The 530-670 m thick Sukhaya Tunguska Formatio igazino-Komarov formations) overlain by 900-1800 m of
olomites, limestones and intercalated siliciclastic sediments

consists mainly of limestones and dolomites, with fossilifero & Avzyan Formation). The Avzyan Formation itself can be
cherts in its lower and upper parts. Reported Pb/Pb age dajes y X y

for early diagenetic carbonates within the formation are 101 I\;Fwded Into six members (in ascending order) - Kataskin,
91 and 1035 + 60 Ma (Ovchinnikow al, 1994, 1995). aloinzer, Ushakov, Kutkur, Revet and Tulmen (Keller, 1983).

Bi . hi d ch X hic d b he first, third and fifth members consist largely of carbonates-
lostratigraphic and chemostratigraphic data are broagjy,qastones, with subordinate dolomites, marly limestones and
consistent with Pb/Pb data suggesting the

: Iatf"lalblomitic limestones. The second, fourth and sixth members
Mesoproterozoic age for the Sukhaya Tunguska Formatiqtynsist predominantly of dark-grey argillites and sandstones.

For the most part, the Sukhaya Tunguska cherts preserve fopgih microbiotas in cherts are known from the Kataskin and
populations and precipitates from a limited range of peritid@eyet members.
environments (Petroat al, 1995; Sergeest al, 1997). Petrov The radiometric data on the volcanic rocks from the Al
etal (1995), based on compelling sedimentological evidengegrmation yielded 1635 + 30 Ma age (Krasnobaev, 1986)
proposed that the entire Upper Member records depositsyiifereas Rb/Sr and U/PB dating for the basic volcanic dykes
peritidal setting, probably of restricted coastal environmengd granites (the Berdyaush intrusion) penetrating the Burzyan
within local depressions separated by elevated ridges subjeebup yielded 1348 + 13 Ma and 1354 + 20 Ma age, respectively
to subaerial exposure, and with its uppermost beds indicatifigrasnobaev, 1986). Whole rock Rb-Sr ages and U-Pb zircon
inter to supratidal conditions. For the fossiliferous beds of tlegjes determined for Mashak Volcanics at the base of the
Lower Member, deposition is inferred to have taken place belotrmata Group, some 5 km below the Avzyan Formation, are
storm wavebase in a relatively deep inner shelf environmegonsistent and yielded ages of 1346 + 41 and 1350 + 30 Ma,
respectively (Krasnobayev, 1986; Kozlev al., 1989).
Southern Ural Mountains Therefore, the Satka Formation seems to be bracketed between
1650 + 50 and 1350 + 50 Ma (Semikha¢bwal, 1991).
The Satka andv&yan formations, western slope of southern ~ The isotopic age of the Avzyan Formation is poorly
Ural Mountains constrained. Mineralogically unstudied glauconite from the
The Meso-Neoproterozoic rocks on the western slope BPPer part of the Avzyan Formation and diabase dykes cutting
the southern Urals comprise a type section for establishiffjough the formation were reported to have K-Ar ages equal
the Riphean as a Proterozoic time-stratigraphic subdivision9f1200 Ma and 1011-1167 Ma (Keller, 1983). However, these

The Sukhaya uhguska Formation, drukhansk Uplift,

PLATE 1 H
Microfossils from the Lower-Middle Riphean (Mesoproterozoic) Kotuikan Formation, Anabar Uplift, Siberia.

1. Filiconstrictosusex gr. majusculus slide 563, 0-29-2, p. 4, 8. FiliconstrictosuscephalonSergeev and Knoll, slide 53-A, G-
HUHPC # 62946. 61-3, HUHPC # 62922.

2, 3, 6, 11 Partitiofilum yakschiniiSergeev and Knoll, 2 - slide 565, O- 9, 10. Myxococcoideggrandis Horodyski and Donaldson, 9 - slide
34-3, p. 17, GINPC # 479; 3 - slide 571, L-48-2, p. 18, HUHPC 452, M-36-4, p. 12, GINPC # 498; 10 - slide 452, L-41-2, p.
# 62944, 6 - slide 551, N-34-0, p. 15, GINPC # 480; 11 - slide 24, HUHPC # 62926.
551, O-37-1, p. 16, GINPC # 481. 12. Oscillatoriopsismajesticum(Allison) Butterfield, slide 578, M-

4. Filiconstrictosus magnu¥akschin, slide 574, P-41-2, p. 17, 59-2, p. 12, HUHPC # 62945.
HUHPC # 62943.

5. Eosynechococcumoorei Hofmann, slide 560, A-36-0, p. 2, For all figures shown on the palaeontological plates 1-4 and 7-
HUHPC # 62930. 12, thin scale bars equals to 10 pm and thick — to 50 pm. For the

7. EoentophysalidelcherensisHofmann, slide 461, P-43-3, p. specimens the slide numbers, England Finder coordinates, the
16, GINPC # 396. point numbers at the attached strips of paper, as well as the

specimen numbers are provided.
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determinations were obtained in the late 1960’s and théie finest layers are preserved (Sergeev, 1994). Earlier the similar
reliability may be questioned (Bibikowet al, 1989). The interpretation was proposed for the Bitter Springs microbiota
Neoproterozoic Karatau Group, the type section of the Uppey Southgate (1986), who studied the sedimentology of the
Riphean, unconformably overlies the Avzyan Formation. THaitter Springs Formation in detail.
boundary between Middle and Late Riphean is estimated at
1030 Ma, but reliable radiometric age determination of the basal India
Karatau Group rocks has proven difficult (Semikhabal.,
1991). Considering the above data, the depositional age of fiee Salkhan Limestone, Bihar
Avzyan Formation seems to be bracketed between 1200 and The Vindhyan Supergroup is unmetamorphosed,
1000 Ma. tectonically almost undisturbed Proterozoic sedimentary
There are no relevant publications analysing the Satkaquence in India that can be divided into Semri, Kaimur, Rewa
and Avzyan sedimentology. Published accounts dealt widmd Bhander groups. The Semri Group is best-exposed in Son
only gross lithologies and stratigraphic successions. For thialley area of the Sonbhadhra District, Uttar Pradesh, where it
reason, we rely principally on palaeontological data in drawing divided into Mirzapur, Kheinjua and Rohtas subgroups.
inferences about their palaeoecology (Sergeev, 1992, 1984einjua Subgroup in turn is divided into Olive Shale, Koldaha
Sergeev & Seong-Joo, 2004, 2006) although, the interpretati®hale, Salkhan Limestone and Katudanr Glauconitic Sandstone
of the particular layers that contain microfossils cannot Hermations. The Salkhan Limestone Formation consists of
extrapolated to the entire formations, which is up to maright-grey, thick-laminated, wavy-bedded dolosiltites and
hundred meters thick. The fossiliferous beds of the Satk&romatolitic, oolitic and intraclastic dolomites and limestones
Formation are interpreted as deposits of subtidal origin dueitterbedded with fine-grained dolarenites, edgewise
lack of entophysalidacean cyanobacteria and abundancecofglomerates, and fine-grained siliciclastic lithologies up to
phytoplanktic microorganisms. The abundant silicifie®0 m thick. The lenses and nodules of black fossiliferous
edgewise-conglomerate pebbles contain fossilisdzedded and stromatolitic cherts are common throughout the
cyanobacterial communities that suggest the depositiorfatmation.
environments in the upper subtidal above storm wavebase in Recent SHRIMP U-Pb Zircon geochronological dating
a relatively shallow water shelf environment. This shows the&f the Semri Group have provided a robust data set for Lower
environmental/staphonomical bias of any assemblage.  Vindhyans. Rasmussest al (2002) have shown that the
In the Kataskin dolomites, the presence o$edimentswere deposited between 1,628 +8 Maand 1,599 +8
entophysalidacean and stalked cyanobacteria sugg®t, respectively. Ragt al (2002) have dated the rhyolitic
intertidal-peritidal marine or lagoonal (possibly semi-aridyolcanic horizons from the Deonar Formation, between the
environments with at least locally high sedimentation raté&jrahat and Rohtasgarh Limestone that yield U-Pb zircon
during the accumulation. Possibly, zones of high and lowages of 1,631 + 5 Ma and 1,631 + 1 Ma. Sarahgl (2004)
rates of sediment accumulation occupied contiguous ardasve reported a Pb-Pb isochron age of 1,599 + 48 Ma for the
along the Kataskin peritidal environmental gradient, as it Rohtas Formation in central India. These results suggest that
typical for modern intertidal environments (Sergeev, 1994). the Kajrahat Limestone is of latest Palaeoproterozoic age and
For the Revet Member, it may be suggested that tiiee Rohtasgarh Limestone of Rohtas Subgroup is of Early
microorganisms inhabited a series of nonmarine saline lakggsoproterozoic age. The fossil-yielding horizon of Salkhan
and ponds on a coastal plain. Saline groundwaters ‘picklddmestone is therefore early Mesoproterozoic. Kuetzaal
the Revet cyanobacterial communities and inhibited their eal001) dated glauconites occurring in the Basal Shale of the
bacterial degradation. Such an explanation accounts fidirzapur Subgroup exposed in the Chitrakut area in the central
exceptionally good preservation of microfossils, in which eveindia and suggested 1,600 + 50 Ma minimum age for the onset

PLATE 2
Microfossils from the Lower-Middle Riphean (Mesoproterozoic) Yusmastakh Formation, Anabar Uplift, Siberia.

1, 7. ArchaeoellipsoidedactroformisSergeev and Knoll, 1 - slide 9. Phanerosphaerops magnicellulariakschin, slide KG92-60,

496, V-37-1, p. 7, GINPC # 422; 7 - slide KG92-60, M-45-0, B-49-3, HUHPC # 62927.

HUHPC # 62924. 10. Myxococcoides grandislorodyski and Donaldson, the speci-
2, 5, 6. Archaeoellipsoides majoGolovenok and Belova, 2 - slide 496, men showing vermiform invaginations, slide 497, S-46-3, p. 2,

H-30-1, p. 45, GINPC # 421; 5 - slide 558, W-42-3, p. 8, GINPC # 426.

GINPC # 487; 6 - slide 496, F-36-3, p. 34, GINPC # 486. 11. Myxococcoidessp., the specimen with secondary pseudospines,
3, 4. Archaeoellipsoides grandidorodyski and Donaldson, the speci- slide 487, T-30-4, p. 9, GINPC # 429.

men showing vermiform invaginations, slide KG92-60, 0-49-12. Eosynechococcus brevignoll, slide 489, X-37-2, p. 6, GINPC

4, HUHPC # 62938. # 420.
8. Gloeodiniopsissp., slide 489, X-38-0, GINPC # 476. 13. Coniunctiophycus gaoyuzhuangendkang, slide 489, X-38-

2, p. 11, GINPC # 458.
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of earlier Vindhyan sedimentation (for present status of the The Kotuikan type microbiotas
age of different formations of the Vindhyan Supergroup, see Mat-building entophysalidacean algae, ellipsoidal
Venkatachaleet al, 1996; Sharma, 2006b). Therefore, th@kinetes of nostocalean cyanobacteria genus
fossiliferous strata of the Salkhan Limestone Formation afegchaeoellipsoideand spherical large planktic microfossils
considered to be older than 1400 Ma and probably about 1@@9xococcoidegrandis of uncertain affinities dominate the
Ma old. microbiotas of Kotuikan type. Populations of mat-forming
Data for the palaeoenvironmental interpretation of thescillatoriacean and nostocalean as well as associated
Salkhan Limestone like many other Proterozoic fossiliferoushroococcacean cyanobacteria also occur and their
formations come both from the lithological evidence and frormbundance varies from one assemblage to another. However,
the fossilised microbial communities themselves. Flaggy finenequivocal remains of morphologically complex protista still
grained clastic carbonates, small scale symmetrical ripplésve not been reported from numerous biotas of this kind.
mudcracks and voids as well as presence of entophysalidac&éhe microbiotas of Kotuikan type were very widespread in
cyanobacteria suggest that the Salkhan Limestotiee Mesoproterozoic restricted peritidal environments and can
accumulated in arid, intertidal to supratidal, probably sabkhbe termed as the ‘typical Mesoproterozoic microbiota’.
like environments where some evaporatic minerals could have
formed contemporaneously with the cyanobacterial mahe Kotuikan microbiota
formation (Sharma, 2006a). The characteristic microbiota of the Kotuikan type occurs
in the silicified peritidal carbonates of the Kotuikan Formation,
TYPES OF THE MESOPROTEROZOIC SILICIFIED Anabar Uplift, Siberia (Pls 1, 3) and contains excellently
MICROBIOTAS preserved and abundant remnants of entophysalidacean
cyanobacteria§oentophysalibelcherensisas well as other
On the basis of taxonomic composition, all the studiechroococcacean cyanobacteria of benthic (genera
silicified microbiotas in cherts of Mesoproterozoic age can i@loeodiniopsis EosynechococcysSphaerophycysor
divided into 3 main types: Kotuikan, Satka and Kataskin. Thepéanktic setting (genug€oniunctiophycuy planktic
names are relevant to the formations containing the masicrofossilsMyxococcoidegrandisandPhanerosphaerops
typical, diverse and exceptionally well-preserved microbiotasagnicellularis of almost ideally spherical shape and
of each kind. The differences between microbiotas is mainlyncertain affinities Anabaendike akinetes of nostocalean
related to their taxonomic composition and abundance ofanobacteria (various species of geAtchaeoellipsoidés
different kinds of microorganisms. We used the followinghort and long trichomes composed from constricted as well
features of taxonomic composition for the microbiotaas non-constricted cask-like and pill-like cells (genera
classification: (1) presence and abundance dfiliconstrictosus Orculiphycus  Partitiofilum,
entophysalidacean cyanobacteria; (2) abundance of akine@escillatoriopsis Veteronostocalg empty sheaths of
of formal genusArchaeoellipsoides(3) presence of hormogonian cyanobacteria of LPP type (genus
assemblages of short trichomes; (4) abundance of the she&hhonophycysand unbranched empty cylindrical tube-like
of mat-forming hormogonian cyanobactetigngbya- structures consisting of elongate funnel-like segments nested
Phormidium-Plectonem@_PP)-type genuSiphonophycuys one within anotheareknown asCircumvaginaliselongatus
(5) presence of pleurocapsalean stalked cyanobacterig&ergeev, 1993, 2006a; Sergeesl, 1995).
Polybessurusipartitus, (6) presence or abundance of some  The Kotuikan microbiota is dominated by akinetes of
other conspicuous microorganism of uncertain affinities, e.grchaeoellipsoidespherical microfossils dflyxococcoides
coccoidal microfossMyxococcoidegrandisand (7) presence grandis which at least partly possibly also are akinetes, and
of morphologically complex eukaryotic microorganisms andonspicuous and abundant entophysalidacean cyanobacteria
acanthomorphic acritarchs. EoentophysalibelcherensisThe sheaths @iphonophycus

PLATE 3 R

Microfossils from the Lower-Middle Riphean (Mesoproterozoic) Kotuikan (1-6, 8) and Yusmastakh (7, 9) formations, AnabaGibplit,
and the Lower Cambrian Chulaktau Formation, Lesser Karatau Ridge, Kazakhstan (5).

1. FiliconstrictosusmagnusYakschin, slide 576, F-38-0, p. 26, 6. CircumvaginaliselongatusSergeev, slide 471, L-33-2, p. 14,
GINPC # 478. GINPC # 391.

2, 4. Archaeoellipsoidesnajor Golovenok and Belova, 2 - slide 576, 7, 9. EoentophysalidelcherensisHofmann, 7 - slide 485, G-42-4,
S-29-3, p. 2, GINPC # 494; 4 - slide 482, p. 48, GINPC # 801. p. 18, GINPC # 415; 9 - slide 485, p. 12, GINPC # 802.

3. ArchaeoellipsoidegostatusSergeev and Knoll, slide 576, F- 8. Myxococcoidegrandis Horodyski and Donaldson, slide 482,
39-3, p. 1, GINPC # 465. p. 26, GINPC # 803.

5. Obruchevellaparva Reitlinger, slide 365, p. 2, GINPC # 200.
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robusturmare common, but this taxon is not the overwhelminffom Neoproterozoic as well as some Mesoproterozoic
element of the microbiota in contrast to many other Proterozaricrobiotas. The overlying Yusmastakh Formation of the
microfossils assemblageSircumvaginaliselongatusis of  Billyakh Group (PIs 2, 3) contains almost the same microbiota
particular interest in that it appears to be the empty sheatheft differs only by absence of assemblage of short trichomes
a nostocaleaBcytonemidike cyanobacterium which inhabited (Sergeewet al, 1995) that are interpreted to be the initial stage
periodically emerged environments. All these taxaof akinetes germination or hormogonia and hormocysts (Knoll
Eoentophysali®elcherensisSiphonophycusobustumand g Sergeev, 1995; Sergeev al, 1995; Sergeev, 1997). The
Circumvaginaliselongatusin the Kotuikan Formation are yysmastakh Formation contains abundechaeoellipsoides
remains of mat-building microorganisms. Trichomes constitutgssils and absence of the short trichomes suggests significant
arare but distinctive element of the Kotuikan Assemblage aghhonomical bias in favour of the preservation of these fossils.
differ from younger examples in that most specimens are qujifthe Kotuikan Formation as well as in many other formations,
short. The short length of these trichomes supports thgife short trichomes were entombed in the precipitates and
interpretation as possible hormogonia and hormocysts @iy cementation helped in their preservation prior to
filamentous cyanobacteria or germinated akinetes. The smgfloification. Otherwise, they would have decomposed as there

EOCCOidal mic@rgfossils h gener%cs:ph_aerqphgcus are no good short trichome assemblages in the silicified
osynechococcushanerospnaeropan _on|unct|op YCUS " golomites of the Yusmastakh Formation where precipitates
often occur in the Kotuikan Formation mainly scattered amongd, Jbsent

the precipitates.
These precipitates are the special associated structuf%sé Debengda microbiota

superficially resembling stromatolites, but they are of inorganic Another example of the Kotuikan-type microbiota came

or mixed biosedimentary origin. At least cyanobacteria did ngt : e e
take active part in the formation of these textures although tgrom the Debengda Formation of the Olenek Uplit, Siberia (P

. o ﬁThe taxonomical composition of the Debengda Assemblage
remnants of cyanobacterial mats are found inside o

precipitates. Bartlegt al (2000) have recognised four different" §|m|lgr tothe Kotun'(an, Yusmas_,takh and Salkhan Limestone
textures in the Kotuikan silicified carbonates: radial—fibroug"_CrOb'_OIaS’ but V.V'th some differences. The Dt_abengda
fans, microlaminated stratiform laminae, poorly Iaminate[fp'crOb'Ota ?ISO IS dom|_na_ted by entophysahdac_:ean
stratiform laminae and laminated, micritic texture (describin%?:anObaCterla and two distinct speciésentophysalis

the Kotuikan precipitates, terminology used as by Sharma

smallakesensiandE. belcherensigonstituting more than
Sergeev, 2004). The entophysalidacean mats often colonp® of all individuals. But in contrast, the sheaths of

the surfaces of radial-fibrous fans and remnants of othefPhonophycuare also abundant and mats containing mainly
microfossils often occur inside of precipitates, especiallyiPhonophycug/picumand less commo8. kestronands.
trichomes where they are very well preserved probably due'Rpustunarely intercalated witBoentophysalipopulation’s
early sea floor cementation. It is noticed that the precipitati§ninae. Other, less abundant taxa kikeeodiniopsisaff.

are abundant almost in all microbiotas of the Kotuikan typ@mellosa G. gregaria, Eosynechococcumediusand
and their presence as well as composition of the microbfalonophycussp. occur as loose colonies between filaments
communities is related to the particular environments of t Siphonophycusobustumor in close association with

Mesoproterozoic tidal flats. EoentophysalisSingle individuals represent the trichomes
Palaeolyngbyaatenataand the akinete&rchaeoellipsoides
The Yismastakh miobiota grandis whereas the short trichomes are absent in the

Silicified Kotuikan fossils are strikingly similar in Debengda assemblage. Most types of precipitated textures
taxonomic composition to many other Mesoproterozoiknown in the Kotuikan and Salkhan Limestone (Jaradag Fawn
assemblages from peritidal facies, but differ in significant waysmestone) formations are observed in the cherts from the

PLATE 4
Microfossils from the Middle Riphean (Upper Mesoproterozoic) Debengda Formation, Olenek Uplift, Siberia.

1. Vertically oriented bundles @iphonophycusypicumHermann, 6. Eoentophysalislismallakesensisiorodyski and Donaldson, slide
slide 91-11-2A, L-46-3, HUHPC. 2-91-3, M-45-4, PCYIG.

2. Gloeodiniopsisgregaria Knoll and Golubic, slide 2-91-2, M- 7, 9. Eoentophysali®elcherensifHofmann, 7 - slide 2-91-3, N-50-
45-1, PCYIG. 4, PCYIG; 9 - slide 3-91-3, J-55-3, PCYIG.

3, 4. Clonophycussp., 3 - slide 546, Q-35-1, GINPC # 563; 4 - slide8. Siphonophycukestron Schopf, slide 549, L-42-2, GINPC #
2-91-2, G-55-4, PCYIG. 568.

5. Poorly preserved filament oPalaeolyngbyacatenata 10. EosynechococcusediusHofmann, slide 2-91, L-56-1, PCYIG.
Hermann, the arrows indicate the outline of the sheath, slide 2-1. Archaeoellipsoidegrandis Horodyski and Donaldson, slide 2-

91, S-55-4, PCYIG. 91-3, Q-45-2, PCYIG.
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Debengda Formation and the radial-fibrous fans argtandis, Tetraphycus hebeiensis, T. major, Sphaerophycus
microlaminated stratiform laminae are easily recognisable. mediumand Diplococcoussp. — are rather separate taxa of
The difference of the Debengda microbiota from othathroococcacean cyanobacteria.
microbiotas of Kotuikan type is mainly related to absence of  Trichomes are rare but also a distinctive element of the
short trichomes and paucity of akineteAafhaeoellipsoides  Salkhan Limestone assemblage and several taxa can be
In this case, the relationship between ellipsoidal akinetes a(mgtinguished morphologicall¥iliconstrictosusmajusculus
short trichomes is quite evident because precipitates are Wecillatoriopsisonga Oscillatoriopsissp. andrculiphycus
developed in the Debengda Formation and absence of g”pa Most specimens are quite short that support their
short trichomes cannot be explained as in a case of {Qgrpretation as hormogonia and hormocysts or germinated
Yusmastakh microbiota by the taphonomical bias. Considerigginetes of nostocalean cyanobacteria. The akinetes-
the assemblage of the silicified microfossils from the Debengdgipsoidal microfossilsArchaeoellipsoidesnajor and A.
Formation, as a microbiota of the Kotuikan type, is questionall&nor—occur in the Salkhan Limestone assemblage, but they

and all similarity is related mainly to abundance of thg.e not abundant (Sharma, 2006b). The simple spheroidal
entophysalidacean cyanobacteria. However, in the framewqg¢qi|s Myxococcoidesninor, Myxococcoides muricata

of all available Mesoproterozoic silicified assemblages, thef\ﬁyxococcoide$p Clonophycus elegans, C. ostiolum

is_not an alternative opportunity, but to plage the Debeng%nhemisphaera pendulua, Leptoteichus golubacid
microbiota among other microbiotas of Kotuikan type. Leiosphaeridiesp. could be the remains of planktic prokaryotic

. . . or eukaryotic microorganisms, e.g., spherical akinetes of
The Salkhan Limestone microbiota nostocalgan cyanobacq[eria 9. SP

Another very close counterpart of the Kotuikan A variety of precipitates are abundant in the Salkhan
Assemblage came from the Salkhan Limestone Formation of y o precip

India (Pls 5, 6) (McMenamiet al, 1983; Kumar & Srivastava, Limestone (=Jaradag Fawn Limestone) Formation and they

1995; Srivastava & Kumar, 2003: Sharma, 2006a). At least th gee very similar to the precipitated carbonate textures from the

distinct mat-building populations are present in the Salkh ptuikan Formatlo_n (Shar_ma & Serg_eev, 200‘_1)' The rad|gl-
Limestone cherts: Eoentophysalis belcherensis ibrous fans and microlaminated stratiform laminae are easily

Siphonophycumbustumands thulenemaAll three taxa are recognisaple and almqst identical in the Salkhan !_imestone
widely distributed in Proterozoic cherts, but like the Kotuika@nd Kotuikan formations, but second texture is not so
assemblage, on. belcherensiss the overwhelming element widespread in former whereas in latter _|t is qU|tt=T r_:lbunda_mt.
in the Salkhan microbiota whereasobustumandsS typicum However, the Salkhan Limestone Formation containing radial-
are minor components of the assemblage. Oth8prousfanswithmammillated surface have been reported only
chroococcacean cyanobacteria are also abundant, but séffg Jaradag locality and that makes the Salkhan Limestone
other described tax@eniunctiophycugiaoyuzhuangense Precipitates easily recognisable.

Palaeoanacystisulgaris, Sphaerophycuparvummay turn Some differences between the Kotuikan and Salkhan
out to be developmental or preservational variants &fmestone microbiotas nonetheless exist. The ellipsoidal
EoentophysalibelcherensisChroococcacean cyanobacterie{nicrofossiIsArchaeoeIIipsoideand coccoidal microfossils
can produce different morphologies and as a ruldyxococcoidesare overwhelming in the Kotuikan and
distinguishing entophysalidacean and associatedismastakh microbiotas, but in the Salkhan Limestone,
chroococcacean cyanobacteria is a difficult task. Wherev@mnants of these microorganisms are not so abundant. The
Eoentophysalibas been described, its developmental varian@&rcumvaginaliselongatusfilaments do not occur in the
have been distinguished as a distinctive taxa and the Salkisatkhan Limestone microbiota, but this cyanobacterium is
Limestone Formation is no exception. But remains of otheonspicuously missing in almost all other Mesoproterozoic
coccoidal microorganisms Eosynechococcus medius, Emicrobiotas as well.

PLATE 5
Microbial assemblage recorded from Salkhan Limestone of the Semri Group. In this and Plate 6, slide catalogue numbez Bieb&brIahni
Institute of Palaeobotany Museum (BSIP) and stage coordinates for each fossils or population illustrated are given. Xland Y sli
coordinates given are for Leitz Diaplan Microscope. Scale = Single bar = 10 um; double bars = 50 pum.

1. Palaeoanacystis vulgariSchopf, BSIP # 10906, 34.0/99.7. 4. Tetraphycus majoOehler, BSIP # 10906; 34.3/102.8.

2. ConiunctiophycugnajorinumKnoll et al, BSIP # 10907, 40.3/ 5. Eosynechococcus moorkiofmann, BSIP # 10906, 31.5/98.7.
100.0. 7. Eosynechococcus moorkiofmann, BSIP # 10907, 44.2/97.2.

3, 6. Eoentophysalis belcherensi$éofmann, BSIP #13143, 32.4/ 8. Myxococcoides mino6chopf, BSIP # 13142, 42.4/96.5.

105.0; 6 — BSIP # 13142, 39.4/96.5. 9. Diplococcussp., BSIP # 10907, 34.4/105.1.
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Other Mesoproterozoic microbiotas of Kotuikan type Dismal Lakes Group (L. Kah, personal comm. 1996 to VNS).
Besides our materials from Siberia and India, there afithe Dismal Lakes microbiota is extremely similar to the
many other Mesoproterozoic Kotuikan-type microbiotas. Th@icrobiotas known from the Kotuikan, Yusmastakh, Salkhan
similar silicified microfossils assemblage has been describeimestone, Gaoyuzhuang and Wumishan formations and
by Yakschin (1990, 1999) from the Kyutingde Formation of thehare many elements common with Debengda and
Solooliiskaya Group, Olenek Uplift, Siberia. This assemblageyutingde.
is also clearly dominated by entophysalidacean cyanobacteria The Kotuikan type similar microbiota has also been
(Sergeewet al, 1995). However, from our point of view, reported from the Narssarssuk Formation/Group, Thule
Yakschin (1990, 1999) has described many synonymous taggoup/Supergroup (Knoll, 1985; Strother al, 1983)
and the taxonomic composition of the Kyutindge microbiotg&reenland which is considered to be around 1200 Ma on
needs revision as it was done earlier for the Kotuikan microbiaige basis of chemostratigraphic correlation (Kahal,
(Sergeewet al, 1995). Without establishing true taxonomicj999). Although this microbiota is not diverse yet it can be
position of the microfossils any comparison of the Kyutingdgonsidered as Kotuikan type mainly on the basis of presence
microbiota with other Mesoproterozoic assemblages woulgf entophysalidacean cyanobacteria. The akinetes of
be meaningless. Archaeoellipsoidesiescribed a€osynechococcus
_Probably, one of the best microfossil assemblag_es @uleénsisand the short trichomes assigned to
Kotuikan type came from the Gaoyuzhuang and Wumishgillatoriopsisvariabilis are present, but they are neither
formations of China. Radiometric dating of the Gaoyuzhuang,minant nor remarkable elements of the microbiota. The
Formation, based on Pb-Pb isotopic analysis of galena, yieldggrssarssuk silicified microfossils assemblage contains

anage 1434 +50 Ma (Yu & Zhang, 1985). There are not absoldigne other cyanobacterial remains including empty sheaths

radiometric data on the Wumishan Formation and its age cgp Siphonophycusobustumand Siphonophycusp.

be approximately estimated as 1200 Ma(Seong—Joo&Gc_)lubé(écondar”y coiled cyanobacterial sheaths of
19_99;bZ_hang, 19853- The Gadoygzhuang ahnd V\II_L(‘jm'Sh%@/ictospirulinaminuta long trichomesOscillatoriopsis
microbiotas are dominated by entophysalidaceap, apijis (see Butterfieldst al, 1994, for synonymy) and

(Eoentophy_sal|sbelcheren5|sandCoccostratusnspergen)s some benthic and planktic chroococcacean cyanobacteria:
and associated chroococcacean cyanobacteria (genEr

Coniunctioph E h Pal i oasynechococcuamadeus Coleoglebaauctifica,
oniunctiophycustosynecnococcystaaeoanacystis Gyalosphaerdluitans and possiblyMyxococcoidessp.

4o date, the precipitates have not been reported from the

Palaeolyngbya Oscillatoriopsis  Partitiofilum, Narssarssuk Eormation.

Filiconstrictosu$, abundant akinetes @frchaeoellipsoides
and coccoidal microfossiyxococcoidegrandis(Cao Fang,
1992; Seong-Joo & Golubic, 1999, 2000; Zharg &, 1989;
Zhang Y, 1981, 1985). In contrast to the Salkhan Limeston?
and Kotuikan formations, the sheathsSgbhonophycuare °
also abundant in the Gaoyuzhuang Formation, but the
hormogonian cyanobacteria preferentially colonised so
substrates above the precipitates surfaces. The precipit 8§ynechococcu§phaerophyc_:uan_d some o_thers th".’“
from the Gaoyuzhuang Formation are very similar to oth elled on thesg mats. The_mlcroblot_as of this typg differ
Mesoproterozoic, especially from the Salkhan Limestone af®™ the Kotuikan type in following ways. First,
Kotuikan formations. Seong-Joo and Golubic (1999, 2000) ha78t0Physalidacean cyanobacteria are conspicuously absent
described the upward radiating crystal fans (=Radial—Fibrol/s these microbiotas; second, akinetes of
Fans), flat crustose coating (=Microlaminated stratiforfi"chaeoellipsoidesccur, but they never are a dominating
laminae) and spherulites and botryoids from the Gaoyuzhua®§ment and, third, short trichomes are almost missing in
Formation which we consider as variations of Radial~Fibro8€ Satka type assemblages despite presence of long
Fans. filaments. In addition the Satka microbiota, from its type
Another diverse assemblage of the Kotuikan type jgcglity, include the morphologically simple buF large sized
known from the Dismal Lakes Group of Canada for which 12¢¢Titarchs geners&atka Pterospermopsimorpha
Ma age is suggested (Horodyski & Donaldson, 1980). THeranomarginat® andLeiosphaeridia- the phytoplanktic
Dismal Lakes Group contains microfossil assemblaggicro-organisms of undoubtful eukaryotic origin.
dominated by entophysalidacean algéeentophysalis Microbiotas of Satka type are not widespread and only a
dismallakesensijsakinetesArchaeoellipsoidesshort few microfossil assemblages of this kind have been reported
trichomes, coccoidal microfossiidyxococcoidegrandisas from the Mesoproterozoic deposits. The best microbiota
well as remains of other cyanobacteria (Horodyski &as been recorded from the Satka Formation of the type
Donaldson, 1980). The precipitates are also present in g$getion of the Lower Riphean, southern Ural Mountains.

The Satka type microbiota
The Satka type microbiotas are dominated by remains
mat-building oscillatoriacean or nostocacean
%anobacterium of genusSiphonophycus and
roococcacean cyanobacteria of ger@@eodiniopsis
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PLATE 6
Microbial assemblage recorded from Salkhan Limestone of the Semri Group.
1, 5, 6.Siphonophycus robustuinoll et al., 1 - BSIP # 13142, 26.7/ 7. Palaeoanacystis vulgariSchopf, BSIP # 10907, 40.3/100.0.
100.6; 5 - BSIP # 13142, 26.8/99.0; 6 — BSIP #10907, 40.38. Conhemisphaera penduldaio and Wang, BSIP # 10907, 26.5/
100.0. 99.9.
2, 4. Oscillatoriopsis longaTimofeev and Hermann, 2 - BSIP # 9. Myxococcoides minoSchopf, BSIP #10906, 38.8/103.2.
10907, 43.2/98.8; 4 — BSIP # 10906, 36.8/98.2. 10. Eoentophysalis belcherensiéofmann, BSIP #10907, 35.0/
3. Oscillatoriopsis mediaMendelson and Schopf, BSIP # 10906, 102.0.

38.1/98.5.
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The Satka microbiota are also probably remnants of planktic micro-organisms due
Empty sheaths of gen&phonophycuforming dense to their pattern of distribution in the cherts of Satka Formation.
mats dominate the microbiota of Satka Formation (PIs 7, 8ut the nature of these fossils as well as other species of
These mats contain abundant remains of chroococcacegmusMyxococcoideds uncertain. These can either be
cyanobacteriunsloeodiniopsidamellosawhich occur either remnants of chroococcoid cyanobacteria or unicellular
as the laminae or the clusters in the silicified edgewismikaryotic microorganisms.
conglomerates. Other coccoidal microfossils are also nested The composition of the Satka microbiota varies from one
inside Siphonophycusmnats and some fossils (e.g.locality to another as well as in up-sections and in some
EosynechococcumooreiandE. amadeusdemonstrate better outcrops it reduces significantly where only the sheaths of
preservation among the almost completely decompos&iphonophycusand chroococcacean cyanobacteria
sheaths that can be in favour of their interpretation as tB@haerophycusnd Eosynechococcusccur. In these
remains of heterotrophic bacteria (Sergeev, 1992, 1994).laealities, the abundant radial-fibrous fans are present, but
addition to these taxa, the Satka microbiota contains rdfeey are devoid of any microfossils. The unequivocal
elements of possibly some other benthic cyanobacteria&ntophysalidacean cyanobacteria have not been reported from
polytrichomatous filament&omicrocoleuscrassus, these facies thus far.
monotrichomatous filamen®alaeolyngbyeacatenata long
trichomesOscillatoriopsisvermiformisand short trichomes The Svetlyi microbiota
Filiconstrictosussp. (Sergeev & Seong-Joo, 2004; Sergeev, The Svetlyi microbiota is practically monogeneric in its
2006a). A few available trichomes of the latter species atemposition and represented almost exclusively by empty
replaced by pyrite and their nature can be questioned.  sheaths ofSiphonophycugPl. 9). The microbial diversity
The phytoplanktic forms are abundant and they represesgiems to be one of lowest among the Proterozoic microfossil
both prokaryotic and eukaryotic microorganisms. The formassemblages despite occasional very good preservation of
includes colonies of small spheroi@oniunctiophycus Siphonophycusand a few associated taxa of filamentous
gaoyuzhuangensand Corymbococcusexii comparable to microfossils, e.gPalaeolyngbyacatenata Coccoidal forms
modern chroococcacean cyanobacteria geNBcaocystis are represented only by small poorly preserved microfossils
and Aphanocapsand some microfossils of ellipsoidal Myxococcoidesp. about 10.0 um in diameter. Of course, itis
morphologyArchaeoellipsoidemajor that are considered as difficult to draw a comparison between the Svetlyi microbiota
akinetes of nostocalean cyanobacteria (Sergeev & Seong-Jaay other Mesoproterozoic silicified microfossils communities
2004). The remnants of eukaryotic microorganisms include the basis of its conservative restricted composition.
relatively large (up to 130.0 um in diameter) robust-wall oFherefore, merely on basis of absence of entophysalidacean
double-and multiple spherical envelope that occur as scattemg@nobacteria in the composition of the Svetlyi microbiota, it
individuals among th&iphonophycuslusters or sometimes would not be reasonable to consider it as a Satka type. Such
they are incorporated in these mats as the allochthondaw-diversity of communities of cyanobacteria are represented
elements. The eukaryotic nature of these microfossils is proveyl remains of mat-forming microorganisms whereas mat
by their large size, presence of central large cyst-like bodyvellers are conspicuously missing, probably owing to very
inside Pterospermopsimorphgileiformis) and shagrinated harsh environments of deposition, as according to Golubic’s
appearance of singleLgiosphaeridiaatavaandL. crassg regulation, “...species diversity is inversely proportional to
or double-walled robust envelopgsr@nomarginat® sp.). harshness of environmental conditions” (Golubic, 1976, p. 166).
The envelopes oBatkasp. are composed of compressedensely woven mats of thick-sheath@igphonophycusvith
scales and could not be the result of a degradation of tlesv associated taxa characterise more restricted parts of tidal
smooth-walled large diameter spherical envelopes d&ts; these are comparable to the sheaths of oscillatorian
prokaryotic colonies. The simple spheroidd/yikococcoides cyanobacteria found frequently in exposed portions of other
inornataandMyxococcoidesp. (30.0-50.0 um in diameter) ancient (e.g. Knolt al, 1991; Oehleet al, 1979) and modern

PLATE 7
Microfossils from the Lower Riphean (Lower Mesoproterozoic) Satka Formation, southern Ural Mountains.

1, 2. Pterospermopsimorphaileiformis Timofeev, 1 - slide 6, p. 9- Eosynechococcusoorei Hofmann, slide 125, p. 13, GINPC #

25, GINPC # 701; 2 - slide 878, p. 7, GINPC # 703. 25.
3. Granomarginata? sp., slide 867, p. 14, GINPC # 709. 10. Archaeoellipsoidesnajor (Golovenoc et Belova), slide 872, p.
4. Leiosphaeridiaatava (Naumova), slide 1, p. 19, GINPC # 707. 17, GINPC # 719.
5, 6. Leiosphaeridiacrassa(Naumova), 6 - slide 851, p. 12, GINPC 11.  GloeodiniopsisamellosaSchopf, slide 175, p. 1, GINPC # 15.

# 706; 5 - slide 865, p. 21, GINPC # 705. 12. PalaeolyngbyacatenataHermann, slide 337, p. 6, GINPC #
7. Siphonophycugestron Schopf, slide 865, p. 21, GINPC # 723. 33.
8 Myxococcoidesp., slide 2, p. 20, GINPC # 711.
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tidal flats. In general, these communities of cyanobactenmicroorganism communities probably occupied peritidal or
inhabited the tidal flat or upper tidal flat environments whereon-marine environments of coastal planes. Any assignment
high evaporation could provide reasonable conditions for tieéthe Revet and Svetlyi microfossil assemblages to the Satka
growth of precipitate textures. type microbiotas could be questioned because the
The precipitates of the Svetlyi Formation are composdghytoplanktic eukaryotic microorganisms are absent in these
of radial-fibrous texture where blades of fibrous crystals argicrobiotas. However, on one hand, entophysalidacean algae,
50.0-100.0 pm across and 800.0-2000.0 um long. Laminae witBiport trichomes, akinetes @frchaeoellipsoidesind some
these radial—-fibrous textures are delineated by layers @her microfossils typical for the Kotuikan type microfossil
(probably) finely dispersed dark organic matter distribute@ssemblages are absent in the Svetlyi Formation and the Revet
perpendicular to the direction of crystal growth. Laminae afdember of the Avzyan Formation, and, on the other hand,
discontinuous and broken by the crystals into separated chotéflked cyanobacteriuRolybessurusipartitusknown from
like segments. The upper surfaces of the fans are wavy—tB? Kata_skm type microbiotas is als_o I’_]Ot presgnt. Therefore,
flat-laminated or sometimes the significant deepening aftf consider both Revet and_Svet_Iyl microfossil assemblages
elevations are observed. The precipitates of the Svetf{ P€ closer to Satka type microbiotas.
Formation can be considered to be purely inorganic due to
lack of any fossils inside or nearby these sedimentary
structures.

The Kataskin type microbiotas
The Kataskin type microbiotas contain many microfossils
typical for both Kotuikan and Satka-type microbiotas. Mat-
forming entophysalidacean, oscillatoriacean and nostocalean
as well as mat-dwelling and planktic chroococcacean

. . L cyanobacteria are widespread in the microbiotas of this type
lamellosa which forms loose colonies containing man . . )
o hereas abundant akinetes Afchaeoellipsoidesand
hundred of individuals (PIl. 10). The empty sheaths g : . : .
Sioh h bustumf the low-densit lati associated short trichomes are essentially absent. The remains
Iphonophycusobustumrorm e low-censity popuiations ¢ morphologically complex protista also occur here as well as
oriented roughly parallel to lamination wherea

Sioh h lid i individual 3 the relevant more deep-water facies. The most typical and
Iphonophycusolidum occurs as solitary Individuals o5 4 cteristic feature of the Kataskin type microbiotas is
(Sergeev, 1992, 1994).

; , ) presence of stalked cyanobacteriBolybessurudipartitus
The Rev_gt'r.mcrol'mota.dlffers from most of the Otherp|eurocapsalean affinities which still has not been reported
Proterozoic silicified microbiotas of the shallow-water setting ,m the older deposits. Therefore, the taxonomical composition
by dominance ofsloeodiniopsisamellosaspheroids. But o the Kataskin-type microbiotas as we already said can be
these forms are not mat-forming organisms as they occurdgnpsidered as the basis for separation of the uppermost part
loose clusters and rather probably inhabited small po”dsd?rMesoproterozoic as an independent stratigraphical unit.
puddles in shallow depressions of intertidal environmenigowever, this type of microbiotas interfingering with Satka-
(Knoll & Golubic, 1979) or a series of nonmarine saline Iake@pe, occur in the Middle Riphean (late Mesoproterozoic)
and ponds on a coastal plain (Southgate, 1986). On the ot§&étion of southern Ural Mountains, the Kataskin Member of
hand, the mat-forming role 8iphonophycuspp. in the Revet Ayzyan Formation underlying the Revet Member. Distribution
microbiota is unclear. Where&iphonophycusobustum of the Kataskin type microbiotas is restricted to the latest
probably formed some mats of restricted distribution, thelesoproterozoic and there are a few relevant occurrences of
sheaths ofs solidumoccur as single individuals and couldthese kinds of silicified microfossil assemblages.
be either remains of mat-forming communities or mat-dwellers.

The Revet microbiota like Svetlyi is characterised by veryhe Kataskin microbiota
low diversity; however mat-forming sheathsSgphonophycus The microbiota found in the cherts of the Kataskin
is its minor components and non-mat forming chroococcaceiiember of the Avzyan Formation, southern Ural Mountains,
cyanobacteria are abundant. Both the Revet and Svetlyi

The Revet microbiota
The Revet microbiota is dominated @yoeodiniopsis

PLATE 8
Microfossils from the Middle Riphean (Late Mesoproterozoic) Sukhaya Tunguska Formation (1), Turukhansk Uplift, Siberia and
the Lower Riphean (Lower Mesoproterozoic) Satka Formation (3) and the Middle Riphean (Upper Mesoproterozoic) Kataskin
member of the Avzyan (2, 4-7) Formation, southern Ural Mountains.

1. Eoentophysalisrcata Mendelson and Schopf, slide 637, p. 39,5. EosphaeronostokataskinicumSergeev, slide 421, K-49-2C,
GINPC # 516. p. 24, GINPC # 47.

2, 4. EogloeocapsavzyanicaSergeeyv, 2 - slide 425, O-38-2, p. 19,6, 7. Polybessurudipartitus Fairchild ex Green and al., slide 421, 6
GINPC # 40; 4 - slide 425, p. 7, GINPC # 64. - J-50-4, p. 24", GINPC # 804; 7 - p. 11, GINPC # 805.

3. GloeodiniopsisdamellosaSchopf, slide 130, p. 10, GINPC # 3.
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is considered as one of its kind of Mesoproterozoic microfossihd similar to colonies of modern nostocalean cyanobacterium
assemblages (PIs 8, 11). The Kataskin microbiota is domina®ghaeronostacOther planktic micro-organisms of genus
by Eoentophysaliglismallakesensisvhere spheroids form Leiospheridia (L. crassa, L. atava and L. jacuticaplitary,
monospecific palmelloidal crusts in rare cases only and ocagiherical structure from 30.0 to more than 200.0 pm in diameter—
mainly in gloeocapsoidal colonies. The Kataskin cherts agan turn out to be either empty envelopes of prokaryotic
dominated also by spheroidal unicellular microfossilgolonies or unicellular eukaryotic micro-organisms (cells). Some
Eogloeocapsavzyanica- small colonies with dispersed envelops of.. crassabear the problematic spine-like processes,
spheroids set within a common envelope found as 100ggt considering presence of pseudospines on the originally
populations (envelope diameters range from 24.0 to 60.0 Lgfaooth surface @dloeodiniopsisamellosathese forms were
spheroids - from 8.0 to 23.0 ungiphonophycusobustum assigned to genuseiosphaeridia.

sheaths, commonly gregarious and sinuously intertwined, aré The sedimentary precipitates also have been reported
quite conspicuous in the Kataskin microbiota, but it is not §gym the silicified microfossil-bearing strata (Sergeev & Seong-
abundant as£. dismallakesensiand E. avzyanica S. 3o 2004; Sergeev, 2006a). These are microlaminated stratiform
robustum mats contain chroococcacean unicell§yminae comprising 2.0-5.0 um thick and totally up to a few cm
Gloeodiniopsislamellosa,Eosynechococcuamadeus long layers and often are colonised Byentophysalis

Abundance of nqn—mat—forming C.yanObaCt_eriu”ﬁismallakesensi&lling up small depressions on their surface
Eogloeocapsavzyanicaand gloeocapsoidal colonies Of(chasmoendoliths sensu Golubtal, 1981)
Eoentophysalislismallakesensim the Kataskin microbiota B '

can be explained by at least locally high instantaneous rate]%fe Sukhaya uhguska miwbiota
the sediment accumulation along the Kataskin peritidal The Sukhaya Tunguska microbiota is quite close in its
environmental gradient (Sergeev, 1992, 1994; Sergeev & Seoncoz— " . . .
] . . composition to the Kataskin one, but more diverse. The choice
Joo, 2006; Sergeev, 2006a). Some coloniés afzyanicare . : . i . .
S L . in favour of the Kataskin Formation as a name-bearer is mainly
very similar to those dEoentophysaligismallakesensiand

one of us (Sergeev, 2006a) considered them as synonym Slsated to its localisation in the Riphean stratotype section,

However, some differences between above mentioned for Lét the Sukhaya Tunguska microbiota was named typically

in morphology, size and distribution patterns are evident a o the Turukhansk Proterohorizon (Sergeev, 2006b). The

therefore we rather prefer to differentiate these species. >ukhaya Tunguska microbiota is dominated by
The second species of genBsentophysalis E. entophysalidacean cyanobacterié&oentophysalis

belcherensis forms monospecific palmelloid colonies andliSmallakesensiand mat-forming sheaths 8iphonophycus
their upper margins are marked by dark-brown pigmentPustum S typicumandS. solidum (Pls 8, 12). Despite
leaving the central part light. Unlike the type and many oth@Pundancé. dismallakesensis the Sukhaya Tunguska, as
described Precambrian populations, the Kataskin fossils iighe Kataskin microbiota, it almost lacks attached palmelloid
not constitute dominant mat builders, but occur only as &®lonies. Such colonies occur only locally, but they show
isolated population in close association vttobustum The ~ unidirectional, polarised growth and, therefore, the
most typical microfossil in the Kataskin assemblage i&ntophysalidacean affinities of this population can be
Polybessurubipartitus- a distinctive cylindrical fossil usually demonstrated. Another species of geiasntophysalis cf.
found as successively stacked, concave-upward envelofebelcherensisis a rare component of the Sukhaya Tunguska
15.0-60.0 um in diameteolybessuruipartitusoccurs as microbiota occurring in loose clusters to densely packed,
solitary individual and only in one lamina that containgregular, broadly globular colonies.
practically all other taxa of the Kataskin microbiota. Polybessurubipartitusis the most typical microfossil
The prokaryotic planktic forms in the Kataskin microbiotdn the Sukhaya Tunguska as well as in the Kataskin assemblage.
are represented by rare spherical envel@psphaeronostoc Sukhaya Tunguska specimens occur principally as isolated
kataskinicum(50-200 um in diameter) containing tangledndividuals withinS. robustummats; unlikePolybessurus
masses of empty sheath-like structures (3.0-5.0 pm in diameter)

PLATE 9
Microfossils from the Middle Riphean (Upper Mesoproterozoic) Svetlyi Formation, Uchur-Maya region of Siberia.
1, 2, 7. Sheaths o$iphonophycusolidumin colonies formed by 4. PalaeolyngbyacatenataHermann, slide 788, p. 10, GINPC #
sheaths ofS. robustum S. typicumandS. kestron 1, 3 (indi- 652.
cated by an arrow in 1) - slide 837, p. 8, GINPC # 650; 7 - slid8, 9. Myxococcoidesp., slide 803, 8 - p. 8, GINPC # 657; 9 - p. 5,
# 846, p. 4, GINPC # 651. GINPC # 656.

2, 5, 6. Sheaths d®iphonophycusobustumand S. typicum slide 788,
2 -p. 9, GINPC # 654; 5 - p. 9, GINPC # 653; 6 - p. 97,
GINPC # 655.
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populations in other assemblages, these have not been fopnécipitates. Like all other described precipitates,
as monospecific crusts. Eoentophysaliglid not build these laminates and does not

Other chroococcacean cyanobactdét@aphanocapsa occur within the stratiform laminae. It should also be noted,
oparinii, Gloeodiniopsislamellosa Eosynechococcus that the precipitates are not very common in the Sukhaya
moorej E. medius SphaerophycumediumandS. parvum  Tunguska Formation.
occur as loose colonies between filamentSiphonophycus
robustunor in close association witoentophysalisSheaths - Other Mesoproterozoic microbiotas of the Kataskin type
and trichomes of other hormogonian cyanobacteria The silicified microfossil assemblage, extremely similar
(Calyptothrix sp., Eomicrocoleussp., Uluksanellasp., o the Kataskin and Sukhaya Tunguska microbiotas, has been
Oscillatoriopsismedia Palaeolyngbyasp.) constitute less gescribed from the Society Cliff and Victor Bay formations,
than 1-2 % of all individual<ircumvaginalissp. is confined - yjyksan Group, Bylot Supergroup, Baffin Islands, Canada
to a single sample from a proximal peritidal setting (P&#0V (Hofmann & Jackson, 1991; Kah & Knoll, 1996). Multiple lines
al., 1995): The pIanknc_form_s are represented by eukar_yotlcg( evidence including palaeomagnetic, radiometric,
prokaryotic Myxococcoidesninor, M. inornatum M. grandis  chemostratigraphic and biostratigraphic constrains suggest
Myxococcoidessp., andLeiosphaeridiasp.) as well as |46 Mesoproterozoic age of the Society Cliff sediments about
cyanobacterial remainssalosphaeragolovenokiiand 1500 va (kah & Knoll, 1996; Kah, 2000; Kahal, 2001). The
ArchaeoelI|p30|de$10I|chum)__ Uluksan Group microbiota is dominated by mat-forming

Gyalosphaer@elovenokus comparable to some ger_]eraentophysalidacean cyanobacteri&oentophysalis
of ”_‘Ode”‘ planktic chroqceccacean cyanobacteria, Icherensis sheaths of oscillatoriacean or nostocalean
particular Gomphosphaeridiunand CoelosphaeraA. ?yanobacteria of genuSiphonophycusS. septatum S.

0

dolichumis interpreted as the preserved akinete . ; .
. T . roPustumStypmumandS kestron(Siphonophycuspecies
nostocalean cyanobacteria, but this is a minor componentct?

the Sukhaya Tunguska microbidtéyxococcoideminor, M. Iassllfécga:on IS g'VTln accor<|j|r:g. t% rews;on byf.ll3utterfnt§11d f
inornatum M. grandis Myxococcoidessp., and al., ) as well as polytrichomatous filaments o

Leiosphaeridiesp. are all simple spheroidal fossils that coul scHIat_orlacean cyan_obecterEsomlcrocoleuscrassus

be the preserved cells of protista, cyanobacterial cell walls, utterﬁeld, 2001) consideririg crassusas well asi kestron

the extracellular envelopes of coccoidal cyanobacteria. escribed from th? Uluksan Group by Hofmann aed Jackson
A different association of microfossils occurs in thd1991) as the junior synonym Salomenunavutensissee

relevant open-shelf facies of the Lower Member of the Sukha§!oW] andUluksanellabaffinensis The mats of these
Tunguska Formation where large (up to 320 pm in diamet 2”“090”'&1” cyanobacteria are associated with
acritarchs cfTrachyhystrichosphaeraith poorly preserved Chroococcacean cyanobacteria of probably benthic setting—
processes are securely placed among the protista. Desﬁ{@eodmlopsdamelIosa(accordlng to revision by Sergeev
this, assemblage is of low-diversity composition, the presen@kal, 1997) G. micros EosynechococcusediusE. grandis

of these problematic spiny acritarchs provides a reliable glimpdéachypleganorsp., Sphaerophycuparvum S medium

of eukaryotic phytoplankton in contemporaneous open shélfilaeoanacystisp. and some others. Plausible planktic forms
Mesoproterozoic environments and allows separating thlude rare akinetes #fchaeoellipsoidemajor (=A. obesus
Kataskin-type microbiotas from the older ones. see Sergeeet al, 1995), two species dlyxococcoidesv.

The Sukhaya Tunguska precipitates are representedrinorandM. grandisandPhanerosphaeropsapitaneushat
microlaminated stratiform laminae, consisting of individuatould be either preserved cells or extracellular envelopes of
laminae 2.0-3.0 to 5.0-7.0 um thick. Individual laminae are @irotista or cyanobacteria. The remnants of problematic
uniform thickness and traceable throughout their lengths; theykaryotic organisms include coccoidal and filamentous
are defined by concentration of organic matter, producing amcrofossilsCymatiosphaera sp.,Eupoikilofus® sp. and a
alternating pattern of thin dark and thicker light laminaecouple of unnamed forms.

Microfossils are not preserved in this texture, but the colonies Stalked cyanobacteriurRolybessurudipartitus-the

of Eoentophysaliglismallakesensigre closely associated diagnostic feature of all late Mesoproterozoic microbiotas of
and sometimes demonstrate the unidirectional, polaris&etaskin type—is conspicuous in the cherts of the Uluksan
growth that could be an attempt to escape burial by growiggroup. Hofmann and Jackson (1991) have described only one

PLATE 10
Microfossils from the Middle Riphean (Upper Mesoproterozoic) Revet Member of the Avzyan Formation, southern Ural Mountains.
1, 3-8.GloeodiniopsislamellosaSchopf, 1 - slide 440, p. 4, GINPC # 6, GINPC # 90; 7 - slide 442, p. 1, GINPC # 89; 8 - slide 428,
237; 3 - slide 440, p. 4, GINPC # 238; 4 - slide 441, p. 6, p. 7, GINPC # 87.

GINPC # 89, 5 - slide 441, p. 7, GINPC # 91, 6 - slide 441, 2. Siphonophycusp., slide 442, p. 3, GINPC # 88.
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good preserved specimen of this alga, but subsequently Kafcrofossils assemblage (Butterfield, 2000). This filamentous
and Knoll (1996) pointed out th&tolybessuruds quite microfossil has the undoubtful affinity of eukaryotic
abundant in th&iphonophycu&omicrocoleusassociations bangiophytic red algae and its presence differentiate the
of the Society Cliff Formation Hunting microbiota from the older Mesoproterozoic and

The precipitates are conspicuous among the Society Cldbntemporaneous Kataskin-type microbiotas as well.
Formation carbonates as well as other evaporatic lithologies

(Kahet al, 2001). The radial-fibrous fans are easily recognisable DISCUSSION
in cherts where they were named as laminated tufa microfacies
(Kah, 2000; Kah & Knoll, 1996). Mats dfoentophysalis A careful analysis of a number of well-documented

colonised upper lithified surface of these radial-fibrous fanbesoproterozoic assemblages studied by the authors from
whereas théPolybessuruglominated communities are various regions as well as described elsewhere has been done.
characteristic of micritic deposits on soft substrates. The mag@bout fifteen years ago the Neoproterozoic fossil record
fossiliferous carbonate microfacies of the Society Cliftontained more Lagerstétten than any other era. However,
Formation (cement-and micrite-dominated) occur within a higknowledge of Precambrian life is expanding rapidly and now
intertidal to supratidal flats, but locally microfacies arehe Mesoproterozoic fossil record documented so far is almost
distributed as interfingering mosaic, reflecting relatively sma#ls good as that of the Neoproterozoic. New discoveries of
differences in seawater level (Kah & Knoll, 1996). various eukaryotic remains in the open-shelf environments
The silicified microfossil assemblage of the Huntingevealed high diversity and complexity of nucleated organisms
Formation, Arctic Canada, 1200 Ma years old also can rethe Mesoproterozoic ecosystems and questioned the time
considered as the Kataskin-type microbiota. However, tlod ‘big bang’ of nucleated organisms diversification and
similarity is based mainly on the presence of abundant stalkétoproterozoic revolution’ (see Knoll, 1992, 1996; Sergetev
cyanobacteriunPolybessurusipartitus in the Hunting al., 1996; Sergeev, 2006a). In the paper, the authors first
microbiota (Butterfield, 2001), whereas the entophysalidaceanncentrated on the remains of essentially prokaryotic
cyanobacteria are conspicuously absent in this formation. Tb@mmunities from the peritidal environments and analysed
Hunting cherts include diverse and abundant assemblagendfy these communities differ from the older and younger
chroococcacean cyanobactegimeodiniopsisdamellosa(the  microbiotas of the same and different facial setting. Besides,
following taxa described by N. J. Butterfieldtoeodiniopsis discussed the nature and stratigraphic distribution of various
magn& Myxococcoideglistola, probably ?Pterospermo- eukaryotic remains from both silicified and organic-walled
psimorphasp. and “Eoentophysalisp. are considered asmicrobiotas and tried to evaluate biostratigraphic and
the junior synonymies of this species), some sphericavolutionary importance of recently found Mesoproterozoic
Bicamerastigmata Gloeodiniopsisnicros Myxococcoides microfossils of complex morphology.
cf. grandis M. cf. stragulens ?Coniunctiophycussp.,
?Clonophycusp.-and filamentous microfossi&igosoopsis Biostratigraphic and evolutionary paradox of the Kotuikan
tenuisandSalomenunavutensisre of problematic eukaryotic type microfossil assemblages
or prokaryotic affinities. The empty sheathSgfhonophycus The Kotuikan type assemblages document a
robustumandS typicumform the mat-like colonies, but they geographically widespread biota dominated by cyanobacteria.
are not the overwhelming elements of the microbiota. In maMo unequivocally recognisable eukaryotes have been
samples,Siphonophycuss entirely absent, and the demonstrated in these assemblages, but some morphological
assemblage instead is dominated by the stalk-formirsgmple spherical fossils can be either remains of cyanobacteria
cyanobacteriunPolybessurubipartitus and by abundant, or protista. Anyhow, morphologically complex acritarchs
vertically oriented filaments of the red alBangiomorpha reported from the open-shelf facies are missing in the peritidal
pubscencs assemblages of Kotuikan type. Nonetheless, almost for fifteen
Presence of the bangiophytic red aBmngiomorpha years, the microbiotas of the Kotuikan type demonstrated well
pubescencss the most remarkable feature of the Huntinggnown evolutionary and biostratigraphic paradox (Sergeev

PLATE 11
Microfossils from the Middle Riphean (Upper Mesoproterozoic) Kataskin Member of the Avzyan Formation, southern Ural Mountains.

1-3. EoentophysalidelcherensisHofmann, 1 - slide 424, p. 7, 7. SiphonophycugestronSchopf, slide 431, p. 8, GINPC # 54.
GINPC # 71; 2 - slide 421, p. 36, GINPC # 69; 3 - slide 432, B, 9. Gloeodiniopsis lamellos&chopf with pseudospines, slide 421,
20, GINPC # 70. p. 20, 8 - GINPC # 83; 9 - GINPC # 82.

4, 5. Eogloeocapsa avzyanic@ergeev, slide 432, p. 22, GINPC #10. Cross-section of the stalked cyanobacteri®olybessurus
67; slide 415, p. 4, GINPC # 60. bipartitus Fairchild ex. Green and al., slide 433, p. 7, GINPC #

6. Gloeodiniopsis lamellos&chopf, slide 416, p. 10, GINPC # 78.

72.
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al., 1994, 1995; Knoll & Sergeev, 1995; Sergeev, 1997, 2006&eoproterozoic shales, where the organic-walled ellipsoid
These microbiotas are similar to each other, but differ iforms were described as gerevitrichoides(Yankauskas
significant ways from Neoproterozoic as well asetal, 1989). Probably, high level of CaC8upersaturation
Palaeoproterozoic biotas. This difference can be related égident from the abundant precipitate structures triggered
either changes in the environments through the Proterozaite full transformation oAnabaendike filaments into chains
Era or evolution and expansion of eukaryotic microorganismgf akinetes that additionally explain the abundance of the
Mesoproterozoic peritidal assemblages contain abundant afgchaeoellipsoidesakinetes in the rocks of the
morphologically distinctive microfossils that find C|039Mesoproterozoic age (Sergeshal 1995, Fig. 14.1-14.3, and
counterparts in living cyanobacteria, but many of these formg; 16: Zhang 1985, Fig. 8.B; Horodyski & Donaldson 1980,
are rare or absent in cherts from Neoproterozoic tidal flats. |i’]gs_ 13.B, 13.E, 13.F). The dominanceMyxococcoides
part, Mesoproterozoic/Neoproterozoic differences igyangisin the Mesoproterozoic Kotuikan-type microbiotas
permineralized prokaryotes may be a further reflection Qfiso can be related to the precipitates abundance, especially

evolving eukaryotes as well as the changing substrates. ¢qnsjdering their possible interpretation (at least, in part) as
_ The dominance of the entophysalidacean cyanobactefig, gpherical akinetes of nostocalean cyanobacteria.
in the pre-Neoproterozoic microbiotas is clearly correlated to Mesoproterozoic peritidal silicified microbiotas are

precipitate abundance in the same facies. Entophysalidac E?Qarly distinguishable from those in different facial
cyanobacteria are widespread mat builders in recent interti lacoproterozoic setting. There are two kinds of the
environments (Golubic & Hofmann, 1976), but they have nq{,a '

. . laeoproterozoic silicified microfossils assemblages — the
been reported from the Neoproterozoic marine rocks, Whe{'funflint and Belcher types 2000-1600 Ma old (Hofmann &
Eoentophysali®ccur as scattered colonies in assemblag

dominated by other organisms (Kneli al, 1991; Sergeev, PSSchopf, 1983; Knoll, 1996; Sergeev, 1992). The Gunflint

1992, 2006a). Earlier it has been suggested (Knoll & Sergeem/'crOb'Ota is dominated by remains of non-photosynthetic

1995; Sergeest al, 1995, 1997: Kah & Knoll, 1996) that the prokaryotic microorganisms of complex morphology (genera

distinctive nature of Palaeo- and Mesoproterozoic peritidéﬁakab_ek'a anstrlon_ Xenothrix Archaeor(_esysand
environments, with their widespread deposition of seaflodgroastrion as well as filamentous (gene@unflintia and
precipitates, may explain the near absen&oehtophysalis ~\NiMikia) and coccoidal (genekturoniospora Galaxiopsis
dominated assemblages in the Neoproterozoic successiongPtoteichondCorumbococcusnorphologically simple
Eoentophysalipreferentially colonised the hard substrate&icrofossils of cyanobacterial, bacterial or even eukaryotic
and, therefore, clearly thrived in environments where thgeneraeosphaeraandEomicrhystridiumjaffinities and of
precipitates formed. When such precipitates ceased to foffgNthic or planktic habit (Barghoorn & Tyler, 1965; Awramik
near the close of the Mesoproterozoic Eaentophysalis & Barghoorn, 1977; Lanier, 1989). Silicified microfossil
dominated assemblages disappeared along with them. assemblages very similar to the Gunflint microbiota are known
The abundance of akinetes of nostocalean cyanobacteffigm 5-6 iron formations and subtidal carbonates of
genusArchaeoellipsoidesand associated assemblages oPalaeoproterozoic age from northern America, Asia and
short trichomes is also correlated to widespread precipitatégstralia (Hofmann & Schopf, 1983; Knef al, 1988; Knoll,
in the Mesoproterozoic rocks. Today eukaryotic alga&996).
dominate the freshened peritidal pools inferred to be the habitat The microbiota in silicified tidal-flat carbonates of the
of Archaeoellipsoidegroducing cyanobacteria and it is contemporaneous McLeary and Kasegalik formations of the
reasonable to hypothesise that radiating Neoproterozdielcher Supergroup, Canada, differs entirely from the Gunflint-
eukaryotes displaced previously dominant nostocaledype microbiotas. The Belcher microbiota is dominated by
cyanobacteria. Of coursérchaeoellipsoidesioes occur entophysalidacean algaoentophysalibelcherensisand
locally in Neoproterozoic cherts such as Chichkan Formatickssociated chroococcacean cyanobacteria genera
of southern Kazakhstan (Sergeev, 1989, 1992, 2006a) or in sofp@€eodiniopsis SphaerophycysTetraphycusand some

PLATE 12
Microfossils from the Middle Riphean (Upper Mesoproterozoic) Sukhaya Tunguska Formation, Turukhansk Uplift, Siberia.
1. Eoaphanocapsaparinii Nyberg and Schopf, slide 518, p. 33,5. Sphaerophycuparvum Schopf, slide 518, p.25, GINPC # 525.
GINPC # 517. 6. ConiunctiophycusonglobatumZhang, slide 648, p.6, GINPC
2. Eoentophysalisarcata Mendelson and Schopf, slide 648, p. 3, # 532.
GINPC # 518. 7. Circumvaginalissp., slide 617, p. 7, GINPC # 537.
3. Siphonophycusypicum (Hermann), slide 541, p. 7, GINPC # 8. Gloeodiniopsislamellosa Schopf, slide 635, p. 47, GINPC #
536. 506.
4. GyalosphaeragolovenokiiSergeev and Knoll, slide 613, p.5, 9. Polybessurudipartitus Fairchild ex. Green and al., slide # 531,

GINPC # 503. p.1, GINPC # 554.
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others (The authors provide composition of this microfossficritarchs from the Satka type microbiotas

assemblage according to modern approach to the classification The Satka microbiota in its type locality contains the
of fossil cyanobacteria) whereas the sheaths @hytoplanktic organisms-undoubtful remains of eukaryotic
Siphonophycusobustumis a subordinate element of themicroorganisms that are similar to the organic-walled
assemblage (Hofmann, 1976). The Belcher-type microbiotgycrofossils known in coeval shelf shales. Indeed, the
are known from numerous Palaeoproterozoic formations ¢ritarchs currently found in the Satka cherts (Sergeev &
northern America (Hofmann & Grotzinger, 1985) and Australi@E0Ng-J00, 2004) are very similar to those previously described
(Muir, 1976; Oehler, 1978; Hofmann & Schopf, 1983) and iffom the shales of the Satl_<a and Baikal formations of the
general similar to the Mesoproterozoic assemblages $futhern Ural Mountains (Veis al, 1990; Yankauskas, 1982).
Kotuikan type. The precipitates are widespread and abundg}qtthese microfossil assemblages contain morpholog|cally
in the Palaeoproterozoic carbonate formations (Grotzinger, 19 g,nple an(_j ot so very large envelopes (the b_|gg_est
1989, 1993; Grotzinger & Reed, 1983; Grotzinger & Kastin eiosphaeridiaatavafrom the cherts of Satka Formation is

1993) that easily explain the abundance of entophysalidacea?’no um irdiameter) with robust wall and sometimes with large

bacteria in th ks. H th ¢ ot _k_c st-like bodies inside (gent&erospermopsimorphaBut
cyanobacteria in the same rocks. However, the Most SWKIRR, st walChuarialike acritarchs larger than 500 pm in
difference between the Palaeo- and Mesoproterozoic periti

. ) . o ) meter and morphologically complex acanthomorphic
microbiotas is the absenceAichaeoellipsoidesiominated 4 rjtarchs are conspicuously absent in this kind of microbiotas.

assemblages and associated short trichomes, where as Oy, the shales of the Satka Formation Yankauskas (1982) has
few ellipsoidal akinetes were described from the Epworth Grodgscribed small (less than 20 pm in diameter) spherical
(as genusrevitrichoide of northern Canada (Hofmann & acritarchs with tiny spines adicrhystridiumsp. However,
Grotzinger, 1985) and from the Franceville Group of Gabagonsidering the relevant finds @loeodiniopsislike
(Amrad & Bertrand-Sarfati, 1997). microfossils with secondary spines on their originally smooth
All main types of cyanobacteria are already known frorwalls in the cherts of the Avzyan Formation (Sergeev, 1992,
the assemblages of Belcher type (Knoll, 1996; Schopf, 1992094, 2006a), the small spine-like structures on the surface of
In molecular phylogeny, based on the sequence comparissaitka fossils are considered to be of secondary origin.
of 16S rRNA's, the Nostocales and Stigonematales form the The organic-walled microbiotas of another kind are known
shallowest branch of the cyanobacterial tree (Giovangionifrom the open-shelf facies of the Ust-Il'ya and the Lower
al., 1988; Wilmotte & Golubic, 1991). Therefore, it is possibldlember of the Kotuikan formations of the Anabar Uplift and
that the relatively late appearance of the group in the fospm the Kaltasa Group of Cis-Ural (Petrov & Veis, 1995; Veis
record reflects the timing of its evolutionary origin. However& Vorobyeva, 1992; Veigt al, 1998; 2000). These biotas,
considering the presence of a few akinetes in tHesides the simple and relatively small filamentous and
Palaeoproterozoic rocks, we are rather inclined to explain th@ccoidal  microfossil Leiosphaeridia Ostiang
virtual absence of thérchaeoellipsoideslominated SPhaerocongregusSiphonophycusRectiaand akinetes

microfossils assemblages in the Palaeoproterozoic depogfgvitrichoides(zArchaeoeIIipsoid@scontain large, up to 1

by much worse sampling. At present the Palaeoproterozéﬂi"'me“tar n g'amete'cr:rl:a”i’ brancﬂngUlophytonllkg f
microbiotas are less studied than their Meso- any®ments and some other forms. HOWEVEr, remans o

Neoproterozoic counterparts (exception the Gunflint Irc)%canthomorpmc and other morphologically complex acritarchs

Formation) and one can expect thechaeoellipsoides with spines and processes are absent in these microfossil
. " P -haceoctip ~.._assemblages. The similar kind of organic-walled microbiotas
dominated communities to be found in silicified penUdaE

re known from the late Mesoproterozoic deposits worldwide:
carbonates older than 1.6 Ga. It should also be noted that Totta Formation of the Uchur-Maya Region (Veis, 1988);

all peritidal Mesoproterozoic silicified assemblages of thg,. Tuimen Member of the Avzyan Formation, southern Ural
Kotuikan type are dominated by akinetes Ofyountains (Veital, 1990); the Adams, Arctic Bay, Society

Archaeoellipsoides Cliff, Victor Bay and some other formations of the Bylot
o ) ) Supergroup, Arctic Canada (Hofmann & Jackson, 1994); the
Grouping in the Satka type microbiotas Dundas and Narssarssuk formations/groups of the Thule

Group/Supergroup, Greenland (Samuelssat, 1999); and
The Satka type microbiotas in fact contain 2 differerthe Agu Bay Formation of the Fury and Hecla Haek Group,
groups of microfossils: first, the remains of widespreadreenland (Butterfield & Chandler, 1992). Considering the latest
cyanobacteria; and, second, the phytoplanktic eukaryotiating on the Uchur-Maya Region (Khudogtal, 2001), the
micro-organisms known only from the type locality, southerdifference in age between the Totta and Ust'-II'ya—Kotuikan
Ural Mountains, and the contemporaneous organic-wallesicrobiotas are not so significant as it was supposed about 10
microfossil assemblages. years ago.
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A very special kind of the organic-walled microbiotashroococcacean cyanobacteria are dominated. Co-occurrence
has been recently reported from the Mesoproterozoic opef-benthic cyanobacterial mats and eukaryotic phytoplanktic
shelf deposits of the Ruyang Group of China (Xéal, forms in the type locality of the Satka microbiota possibly is
1997) and the Roper Group of Australia (Javeual, 2001, explained by its shallow-water upper subtidal setting or by
2003, 2004). Besides the large filame@tsyarialike spheroids frequently changing of upper subtidal and lower intertidal
up to 500 pm in diameter (Pestal, 1978) and acritarchs environments.
generavaleria, DictiosphaeraandSatka(Javauet al.,, 2001, The dark-brown colour of son&phonophycusheaths
2003, 2004), these microfossils assemblages contdiom the Satka Formation, comparable to the scytonemin
morphologically complex acritarchs with true spines angigment, produced by modern cyanobacteria in response to
processes of gene&uiyousphaeridiupTappaniaand some direct sun radiation, can indicate to the subaerial exposure.
others (Javauat al, 2001; Xiacet al 1997; Yan & Zhu 1992). The sharp reduction in diversity of cyanobacterial communities
The Roper Group has areliably U-Pb age almost exactly 1580d lack of planktic forms in the Svetlyi and Revet microbiotas
Ma (Jacksoret al, 1999) while the Ruyang Group was dateduggest their occurrence in very harsh environments, probably
long ago and is roughly estimated to be older than 1000 Ma the broad tidal flats.

(Xiaoet al, 1997). Report of acanthomorphic acritarchs inthe  However, the cyanobacterial components of Satka-type
Mesoproterozoic rocks are sharply contradictory to the existimgicrobiotas are very similar to the Neoproterozoic silicified
dogmatic statements about the absence of spiny microfossilecrofossil assemblages of the peritidal setting. Almost
in pre-Neoproterozoic deposits for more than 20 yeaidentical to the Satka microbiota, assemblages of filamentous
(Butterfieldet al, 1994; Knoll, 1984, 1992, 1996; Schopf, 1977and coccoidal forms have been reported from the
1992; Sergeev, 1992, Sergeshal, 1996). Of course, these Neoproterozoic Min’yar Formation of the Upper Riphean type
Mesoproterozoic acanthomorphic acritarchs are taxonomicafigction, southern Ural Mountains (Nyberg & Schopf, 1984;
different from those known from the Neoproterozoic rockSergeev & Krylov, 1986; Sergeev, 1992, 2006a), from the
where spinate forms of the gentisachyhystrichosphaera Allamoore Formation of Texas (Nyberg & Schopf, 1981), from
are dominant (Butterfiel@ét al, 1994; Knoll, 1994, 1996; the Burovaya Formation of the Turukhansk Uplift (Sergeev,
Sergeev, 1992, 1999, 2001). Nonetheless, any spiny pi®99, 2001), from the Gillen Member of the Bitter Springs
Neoproterozoic microfossils have not been reported from tis®@rmation, Australia (Knoll & Golubic, 1979; Schopf, 1968),
most complete and well-studied organic-walled microfossitom the Draken Conglomerate Formation, Spitsbergen (Knoll,
successions of southern Ural Mountains and Siberia. T®82; Knollet al, 1991), and from many others. Some
explain this apparent paradox, Javaixal (2001) have Neoproterozoic formations, e.g. the Draken Conglomerate
suggested that the Uralian and Siberian organic-walléegrmation, besides remains of cyanobacterial communities,
microfossils assemblages, even of the open marine settingntain phytoplanktic morphologically complex forms that in
came from the inner shelf whereas the Roper Growgeneral resemble the relationship of the benthic and planktic
phytoplanktic community inhabited the far distance outer shetficro-organisms in the Satka microbiota. Of course, the
environments. However, the current studies of acritarch frosilicified acritarchs reported from the Neoproterozoic
the deep-water facies of Kotuikan and Ust’-II'ya formationsnicrobiotas are taxonomically different from the phytoplanktic
did not yield any remains of morphologically complexmicro-organisms of the Satka Formation.

eukaryotic micro-organisms, and onGhuaria- and

Leiosphaeridialike smooth-wall envelopes occur (Sergeev The Kataskin type microbiotas and stalked

et al, 2007). Additional detailed investigations are apparently cyanobacterium problem

necessary to clarify the precise level of the spiny microfossils  The microfossil assemblages of Kataskin type contain a
appearance in the fossil record. mixture of taxa and their composition is intermediate between

the Meso- and Neoproterozoic microbiotas of peritidal setting
Cyanobacteria from the Satka-type microfossil assemblagas well as between different kinds of Mesoproterozoic
and the Neoproterozoic microbiotas assemblages. On one hand, such ‘typically’ pre-Neoproterozoic
Finally, returning to the Satka type microbiotas, let'sossils as entophysalidacean algae dominate almost all
analyse the distribution and varieties among the group Kétaskin type microbiotas. But, on the other hand, mat-forming
morphologically simple filamentous and coccoidal microfossilgscillatoriacean or nostocacean cyanobacteria genus
supposedly cyanobacterial remains. Besides the type localByphonophycusre also abundant and contain remains of
the remains of mat building filamentous and nested insidgdiroococcacean algae gener&oaphanocapsa
coccoid forms occur in the Svetlyi Formation and the Rev@&loeodiniopsis Eosynechococcuand SphaerophycusThe
Member of the Avzyan Formation. But taxonomic diversity oflominance of the hormogonian cyanobacterial mats nesting
the Svetlyi microbiota reduced to the sheaths dhside coccoidal dwellers is rather typical for the microbiotas
Siphonophycuswhereas in the Revet Member only theof Satka type and their Neoproterozoic counterparts. The
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akinetes of nostocalean cyanobacteria is a minor componenhsidered to be early Mesoproterozoic about 1600 Ma old.
and short trichomes are conspicuously absent in the Kataskiowever, before accepting it to be unambiguous record, the
type microbiotas. The planktic forms are represented loyly find of Obruchevellasshould be tested carefully and until
eukaryotic or prokaryotic generdyxococcoides replicated by others from the same horizons. Appearance of
Leiosphaeridiaand Gyalosphaeraof simple spherical the spiral cyanobacteria in the Neoproterozoic can be explained
morphology. The silicified microfossil assemblage from th&om the data of molecular biology, because geéSpisulina
lower part of the Sukhaya Tunguska Formation contains tieone of the two morphologically complex cyanobacterial taxa,
phytoplanktic eukaryotic forms with evident, but not very wellvhose systematic position based on morphology does not
preserved spines, and these eukaryotic microorganisms frooincide with sequences of the 16S ribosomal RNA (Wilmotte
the open shelf environments essentially differentiate tl&eGolubic, 1991). Unfortunately, the modern counterparts of
Kataskin-type microbiotas from the older microfossithe Polybessurusiave not been studied by modern method
assemblages. of 16S rRNA's comparison, probably due to problems to grow
Another diagnostic feature of all these Kataskin-typthis alga in laboratory environments.
microbiotas is a presence of the pleurocapsalean stalked Another explanation of the late appearance of
cyanobacteriunPolybessurusipartitus. This fossil Polybessurudipartitusin fossil record may be related to its
apparently was absent in the assemblages older than 1200rd#ure. Broadly accepted interpretation of this microfossil as
possibly due to evolutionary innovations or secular changasstalked cyanobacterium is based mainly on the paper by
in taphonomic or ecological conditions. Kah and Knoll (19968kreeret al (1987). In this publication, the authors brilliantly
have suggested that distribution of entophysalidacean astibwed the morphological similarity between the Greenland
stalked cyanobacteria in the Proterozoic silicified microbiotd®olybessurubipartitus fossil population and modern still
was related to the Neoproterozoic precipitates decline anthdescribedCyanostylionlike cyanobacterium from the
therefore, environmental evolution in Precambrian. While tf@ahama Islands. However, they did not show differences in
entophysalidacean cyanobacteria preferentially colonise thess morphology betwe&yanostyliorike cyanobacterium
hard substrates, the stalked cyanobacteria prefer saftd other stalked forming eukaryotic algae, e.g. red alga
substrates. Therefore, after almost complete extinction Bufusiella Therefore, we still cannot completely rule out an
precipitates in the Neoproterozoic fossil recordopportunity that this late Mesoproterozoic—Neoproterozoic
entophysalidacean cyanobacteria abundant in prstalked-forming microorganism is not a cyanobacterium, but a
Neoproterozoic microbiotas apparently declined, bugukaryotic alga. At least, in the Hunting Formation the stalks
Polybessuruvecame widespread, colonising preferentiallpf Polybessurusre closely associated by filaments of red
the soft ground. However, Polybessurudistribution is algaBangiomorphgubescenButterfield, 2000, 2001) that
purely controlled by substrate, one could expect the presemam be considered as indirect evidence in favour of its
of stalked cyanobacteria in early Mesoproterozoic andterpretation as eukaryotic alga. Whatever may be the solution
Palaeoproterozoic rocks. Pending the discovery of relevasftthe problem, the presence of this stalked microfossil in the
finds Kah and Knoll (1996) hypothesis can not benicrobiotas of Kataskin type marks one of the most easily
unequivocally accepted. recognisable benchmarks in the Proterozoic microfossil record.
Alternatively, Sergeev (1997) has explained thidlonetheless, we should not forget that this fossil distribution
phenomenon by cyanobacterial evolution and ‘hiddens restricted vertically as well as laterally and in the type section
expansion of morphologically simple unicellular eukaryotes iaf the southern Ural Mountains the Kataskin Member is
cyanobacterial communities. Possibly, drastic changes awerlain by the Revet Member containing the microbiota of
dominating substrates near the Meso-Neoproterozdite Satka type, wherolybessurudipartitus as well as
boundary triggered the evolution of some forms o&canthomorphic acritarchs are missing.
cyanobacteria, e.g. stalked cyanobacteria. Despite
evolutionary conservatism of cyanobacteria, some CONCLUSIONS
evolutionary changes could be observed during their
Proterozoic palaeontological record. The oldest finds of the 1. There are at least three different kinds of the
spiral cyanobacterum gen@®ruchevellgfossil counterpart Mesoproterozoic microbiotas — Kotuikan, Satka, and Kataskin
of modern alg&piruling Pl. 3.5) are reported only from thethat differ from each other as well as from most Palaeo- and
basal Neoproterozoic deposits (Belova & Golovenok, 1998teoproterozoic microbiotas of various facies.
Sergeev, 1992; Schenfil, 1983), demonstrating then significantly 2. The Mesoproterozoic microbiotas of peritidal setting
increasing in size during late Neoproterozoic (Golovenok &re dominated by and may be composed exclusively of
Belova, 1994; Sergeev, 1992). Recer@iruchevellyparva prokaryotic microorganisms. Morphologically complex
has been reported from the Salkhan Limestone Formationwfdoubtful remains of eukaryotic microorganisms are absent
the Son Valley Area, India (Rai & Singh, 2004), which isn these microbiotas.
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3. Nonetheless, the Mesoproterozoic prokaryotg\wramik SM & Barghoorn ES 1977. The Gunflint microbiota.

dominated microbiotas of Kotuikan type demonstrate evident Precambrian Research 5: 121-142. . .
biostrati hi d uti d Most t f Barghoorn ES & Tyler SM 1965. Microorganisms from the Gunflint
iostratigraphic and evolutionary paradox. Most taxa from o Seionce 147: 263.577

these microbiotas have counterparts among different grougstiey Jk, Knoll AH, Grotzinger JP & Sergeev VN 2000. Lithification
of modern cyanobacteria, however, as a whole, these silicifiedand fabric genesis in precipitated stromatolites and associated peritidal

microfossil assemblages differ from those of same facies in carbonates, Mesoproterozoic Billyakh Group, Siberia. SEPM, Special
. . Publication 67: 59-73.
the Palaeo-and Neoproterozoic. This phenomenon can é’:ﬁ‘tley JK, Semikhatov MA, Kaufman AJ, Knoll AH, Pope MC &

related to the environmental evolution and probably the jacobsen SB 2001. Global events across the Mesoproterozoic-
‘hidden’ expansion of the lowest morphologically simple Neoproterozoic boundary: C and Sr isotopic evidence from Siberia.
eukaryotes in prokaryotic ecosystems. Precambrian Research 111: 165-202.

: . : lova MY & Golovenok VK 1999. Late Riphean Mineralised
4.The assemblages of morph0|oglca”y S|mple fllamemcn?seMicrofossils from the Valyukhta Formation of the Baikal-Patom

and COCCOid?" micrqorganisms knOV_Vn from the Highiand. stratigraphy and Geological Correlation 7: 313.
Mesoproterozoic microbiotas of Satka type in many featur@sikova EV, Lobach-Zhuchenko SV, Semikhatov MA, Shurkin KA &
are indistinguishable from the silicified Neoproterozoic Scherbak KA 1989. The Geochronological scale of Eastern-European

assemblages which inhabited extremely shallow-water P'atform and surrounding areas. lzvestya AN SSSR, Seria
environments geologicheskaya 4: 3-21 (in Russian).

) ) ) Butterfield NJ 2000.Bangiomorpha pubescens. gen., n. sp.:
5. The eukaryotic organisms known in the implications for the evolution of sex, multicellularity and the
Mesoproterozoic microbiotas of Satka type from subtidal Mesoproterozoic-Neoproterozoic radiation of eukaryotes.

cherts are similar to most contemporaneous organic-walled”2/€obiology 26: 386-404. .
. . P . 9 Eutterﬂeld NJ 2001. Paleobiology of the late Proterozoic (ca. 1200
microfossil assemblages of the same facies. However, thesq\,la) Hunting Formation, Somersed Island, Arctic Canada.

microbiotas do not contain any morphologically complex precambrian Research 111: 235-256.
acanthomorphic acritarchs. Butterfield NJ & Chandler FW 1992. Palaeoenvironmental distribution

6. The late Mesoproterozoic microbiotas of Kataskin type of Proterozoic microfossils, with an example from the Agu Bay

d trate b d it f diff t mi " il Formation, Baffin Islands. Palaeontology 35: 943-957.
eémonstraté broad variety of dirrérent microtossils angutterfield NJ, Knoll AH & Swett K 1990. A bangiophyta red algae from

evolutionary changes among prokaryotic and eukaryotic the Proterozoic of Arctic Canada. Science 250: 104-107.
microorganisms, emergence of stalked cyanobacteria, aBditerfield NJ, Knoll AH & Swett K 1994. Paleobiology of the
presence of morphologically complex eukaryotic micro- Neoproterozoic Svanbergfjellet Formation, Spitsbergen. Fossils and

. . h trata 34: 84 pp.
organisms In contemporaneous open shelf facies. These I"@A@ Fang 1992. Algal microfossils of the Middle Proterozoic

evolved eukaryotric and prokaryotic micro-organisms Gaoyuzhuang Formation in Pinggu County, Beijing. Geological Review
differentiate the Kataskin-type microbiotas from the older 38: 382-387 (in Chinese).

microfossil assemb|ages and allow Separation of terminal pgﬁzein MV 1990. Cyanobacteria or Rhodophyta? Interpretation of a

of Mesoproterozoic as an independent stratigraphic unit. . Precambriam microfossil. Biosystems 24: 245-251.
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