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Silicified microbiota from the Bohemian Late Proterozoic
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Rich and diverse benthic microbiota has been detected in dark silicites of Precambrian age (Kralupy—Zbraslav Group,
Tepld—Barrandian Proterozoic).

The evaluation of in situ preserved cyanobacterial colonies allows to characterize supratidal, intertidal and subtidal
fossil sedimentary environment. Bacterial degradation, permineralization by iron sulphides and early diagenetic
silicification were the main factors controlling the preservation of organosedimentary structures and textures such
as low-relief bicherms, firm algal mats, fenestral fabrics, bird-eye structures, dessication cracks, plastic deforma—
tions and other phenomena.

A Gunflint type of microbiota (Huroniospora psilata — Gunflintia minuta) has been ascertained in the Nizbor anti—
cline. Benthic associations from lydites and siliceous shales from the north of Prague (Kralupy environment) and in
the SE part of the basin( Blovice area) resemble in some aspects analogical finds from the Arctic Canada (Dismal
Lake Group, Belcher Island Group). Silicified graywackes and stromatolitic iron-rich cherts from the St¥ibro — Plasy
Belt and Svojsin Belt (Siphonophycus — Podolina angulata palacocommunities) may be well compared with the

supratidal facies of the Draken Conglomerate Formation.

Introduction

The present investigation is primarily concerned
with the palaeoecological assessment of the fossil
communities of microorganisms ascertained in
the Kralupy-Zbraslav Group, a lower unit of the
Bohemian Late Proterozoic. Organic remains
were studied mainly in thin sections, less exten—
sively as palynological residua obtained by acid
maceration (HF, HC1) and in SEM observation
of silicite fragments.

Preliminary results of the study were re-
ported in the paper by Vavrdovd and Mrdzek
(1991) in which a short outline of previous
paleontological investigations is given. More de—
tailed information is summarized by Konzalova
(1988).

A special attention has been given to
stromatolitic textures,ascertained in the SE part
of the Tepld-Barrandian region (Blovice area)
by Pouba in 1973. Subsequent micropaleonto—
logical investigations (Pacltova and Pouba 1975)
confirmed the presence of silicified microbiota,
namely bacterio—algal mats indicating shallow
environment.

The Kralupy-Zbraslav Group, assigned to
a combined petrotectonic association of rocks on
the convergent boundary between oceanic and
continental plates by Chdb (1979), represents a
volcano-sedimentary complex with predomi-
nance of graywackes, siltstones and basaltoid
volcanics. Black shales rich in pyrite and fre—
quent lensoid bodies of dark cherts occur in belts

of mainly NE-SW orientation (text-fig. 1).
Twenty localities were investigated in the
present study, as well as extensive comparative
material from cherty horizons which occur in the
sequences of the Early Paleozoic (Silurian, Early
Devonian) and younger age.

The material studied is stored in the Col-
lections of Geological institute, Czech Academy
of Sciences, Prague, No. MP 2001-2030. Detail
localization of samples is presented in Vavrdova
and Mrazek (1991).

Preservation of microfossils

Different modes of preservation of microfossils
has been noted during the study, which may
contribute to the reconstruction of fossil envi-
ronment and diagenetic processes in silicites.
Patchy accumulations of microfossils in
thin sections usually reveal relatively quick
changes in the preferential modes of preserva-—
tion: primary biopolymeric envelopes are rela—
tively rarely preserved (pl.I, fig.1). More com—
mon are ferrous oxides or sulphides forming
outer sheats,or layers of finely disseminated
limonite. Unicells are frequently ruptured by
subsequent formation of quartz crystals, dis—
torted by framboidal pyrite and gradually dis—
integrated into amorphous organic dust.
Repeated alternations of horizons with Fe
sulphides and oxidized layers with limonitized
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Fig. 1. Distribution of lensoid silicite bodies in the area north of Prague (after A Matéjka in Ciniburk 1962, (simplified)
1 = Proterozoic greywackes and shales; 2 — spilitic rocks; 3 - lydites; 4 — granodiorite, diorite; 5 - ditto; 6 — porphyrite, porphyre;
7 — Permocarboniferous; 8 ~ Cenomanian; 9 — Turonian rocks; 10 ~ Qurternary; 71 - faults; 12 - foliation
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Fig. 2. Sinusoid veinlets in organic-rich layer. x330, Dolany Fig. 3. Layers of pure, interlocking quartz grains and or-
near Kralupy ganic-rich dark layers of microcrystalline quartz. x200.
Dolany near Kralupy
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Fig. 4. Plastic deformation of quartz veinlets
(?Fodichnia) in eryptocrystalline silicite. @ —
x166, b - x330. Locality: Vratek site, 3 km NW
of Rokycany

microfossils reflect apparently the
quickly changing conditions, corre—
sponding to the agitated, near—shore
fossil environment. Relatively low
degree of degradation has been noted
in thin sections immediately adja-
cent to the layers of pure, crypto-
crystalline milky white quartz sev-
eral cm thick.

Chertification, obviously closely
connected with the volcanic activity
phenomena such as submarine
therms, volecanic ash, and leaching of
basaltoic bodies acted as a major fac—
tor in the preservation of the micro-
biota. Plastic behaviour may be fre—
quently observed in thin sections
(pl.11, fig. 2 ). Closely similar textures
were according to Martini (1990) in—
dicators of gelatinous soda silicates
precursors of chert. Frequent vugs
filled with chalcedony or quartz
crystals (pl. IV, fig. 2), as well as
microbreccias with matching frag—
ments, were observed both in the
lydites and in High Magadi Beds,
pleistocene abiogenic soda-rich sili-
cites (Schubel and Bruce 1990).

Comparisons with younger findings

Nematoclasts of a cyanophycean and other af-
finities have been studied in thin sections and
macerates obtained from the Early Palaeozoic
silicified nodules, radiolarites, spongilites, su-
brecent geysirites and terrestrial extant forms,
in order to recognize effects of various degrada-
tional and diagenetical processes.

The preservation varied from excellent (in
silicified carbonates) to very poor (in euxinic
radiolarites). '

Amber-yellow chains of cyanophycean ori—
gin, assignable to species Kidstoniella Croft et
George, 1959 were identified in thin sections of
silicified nodules from Zlichov Limestones (lo—
cality Zlichov, southern Prague). Irregular
threads of barrel-shaped, thick—walled cells,
usually with pyrite crystals within each cell at—
tain the length of 20 to 120 micrometers. In the
same thin section, colonial graptolites occur.

In deeper facies of approximately same age
(Zlichovian, locality Pekédrktiv mlyn), dark brown

_ radiolarites contain acritarchs, chitinozoans as

well as regular chains of pyrite framboids, appar—
ently strongly degraded cyanobacteria (aff. Nos—
tocomorpha prisca Sin et Liu, 1978. A suscepti—
bility of cellulose, lignin, sporopollenin, and other
plant substances to migrating silica solutions is
well known (Geeslin and Schafetz 1982). Further
studies are needed for correct interpretation of
primary and secondary features of organic re—
mains, such as “morus-like” surface (pl. IV, figs.
1, 3, 4), chalcedonic linings of vase—shaped bodies
and fibrous quartz fillings of cavities.

Palaeoecology
1. Subtidal facies

Massive silicites with evenly distributed amor—
phous organic matter and other minuscule dark
particles prevail among the studied silicites.
Regular microbanding in the scale of several
micrometers to 0.5 mm is less common. Alter—
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nation of transparent layers of pure, interlock-
ing quartz crystals with dark laminae of micro—
crystalline quartz with clastic particles and uni-
cells (pl. II, fig. 2) is especially well developed at
the locality Nevid near Rokycany and Roznévice
near Perndrec. In younger sequences, similar
microbanding is usually explained as alterna-
tion of clastic (during humid winter) and chem-—
ical (in hot summer whiting periods) sedimen—
tation (Eugster and Surdam 1973, Surdam and
Stanley 1979, Druckmann 1981). Horizons with
extensively developed microlaminites are most
probably indicators of a sheltered, low—energy
subtidal sedimentation.

In some cases, regular lamination is dis—
torted by transverse veins with sinusoid shape,
suggesting a plastic behaviour of silica. Analogi-
cal sinusoidal textures were explained by Marti-
ni (1991) and other authors as indicators of soda
silicates precursors of chert, leached from uder—
laying basaltic bodies (Magadi-type of chert).

2. Intertidal facies

More agitated fossil environment may be pre—
sumed for the relatively rare horizons with
peloidal textures and structures, crackle brec—
cias and flat-pebble conglomerates. Thin sec—
tion with subangular clasts and milky white in—
terstitial quartz is illustrated in pl.IT (locality
Broumy near Kublov). Patchy accumulations of
coccoid unicells are concetrated within some of
clasts, while thin filaments made irregular clus—
ters both in clasts (usually as pyrite casts) and
i interstitial quartz (usually as finely dispersed
limonite “ghosts fossils “, pl. I, fig. 6).

3. Supratidal facies

Firm, densely arranged algal mats of filamen-
tous (Siphonophycus kestron, Siphonophycus
capitaneum) and occasional coccoid colonies
(Myxococeoides ecantabrigiensis) are well devel -
oped in the eastern part of the studied area, in
Svojsin and St¥ibro—Plasy metamorphic belts.
Fenestral fabrics, zebraic textures and laminae
with birds—eye fabrics indicate shallow fossil
environment. According to Knoll et al. (1991),
well definable zones can be recognized in this
facies, corresponding to predominant species
forming mats, to the sediment versus fossil ra—
tio and a degree of diversification of preserved
biota. Supratidal algal mats were identified es-
pecially at the localities in a vicinity of village
Zachlumf, in chalcedonie silicites, stromatolites
and fenestral graywackes (pl. IV, figs. 1-4).
Three generations of benthic microbiota

has been preliminarily distinguished. The fol—
lowing localities were investigated:

Generation I,
Huroniospora-Gunflintia

Predominatig filamentous mat—forming species:
Gunflintia minuta Barghoorn, 1965
Characteristic microfossils: large agglomera—
tions of Huroniospora psilata Barghoorn, 1965

Broumy near Kublov

Abandoned quarry at the margin of Hiréliny forest, approxi-
mately 1.8 km south of the village. Massive silicite of vari—
egated colours (black, dark grey, violet, tan, pinkish grey).
Horizons with crackle breccias and subangular peloids (3-8
mm in size) in milky white quartz. (Plate II, fig. 1).

Cernd skalka near Podmokly -

Abandoned quarry in the north slope of the hill, approxi-
mately 30 m below the top. Massive and laminated grey
silicites with pink quartz veinlets. Degraded stromatolitic
structures and textures, abundant stylolites.

Generation II,
Eomicrocoleus — Protosphaeridium

Predominating filamentous mat—forming spe—
cies:
Eomicrocoleus erassus Horodyski et Donaldson,
1980
Characteristic microfossils: Protoleiosphaeri—
dium laccatum (Timofeev) Fensome et al., 1990

Dolany near Kralupy

Oucrops in a dust road in the SW part of the village. Dark
grey silicified shales rich in organic matter. Very pure
silicites with pronounced lamination (meso— and micro—
banding). Sparse degraded algal mats.

Divokd Sarka, northern Prague

Large body of silicite of prevailingly grey colour. Randomly
oriented veins of white quartz.

Druzec near Slany

Dark grey massive silicites and metapelites with abundant
randomly oriented quartz veins. Accumulations of alloch—
thonous unicells. Degraded stratiform algal mats.

Koksin near Spdlené Po#ici

Rock debris in a dust road in the S slope of the hill. Breccias
(clasts 3-30 cm in size). Macroscopic stromatolitic textures
and structures. Laterally linked nodular stromatolites
(Colleniella spp.). Chaotic coarse breccias.
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Lugisté near Blovice

Abandoned quarry at the margin of Vranovka forest, 1 km
north of the village. Massive dark grey silicite with randomly
oriented veinlets of white quartz. Degraded stromatolitic
textures in situ. Frequent remobilization of organic matter.
Pseudomorphs after dolomite and possible evaporitic min-
erals. Nodular stromatolites of the Colleniela type (later—
ally linked hemispherical nodules). Chalcedony fillings of
void spaces.

Nevid near Rokycany

Abandoned quarry “Na kudli¢kdch”. Medium grey uniform
silicites with pronounced mesobanding. Plastic microdefor—
mations, (PL. II, fig, 1).

1

Unétice near Prague, “Kozi hibety “ site

Large lensoid body of pure ferrous silicites. Stromatolitic
textures in situ (LLH~type of mats). Horizons with breccias
and subangular peloids in orange yellow quartz.

Generation III,
Siphonophycus — Podolina
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Silicifikované mikrofosilie éeského mladsiho proterozoika

Bohaté a druhové diverzifikované asociace bentickych mikrofosilii byly zjistény v tmavych silicitech proterozoického stéii
(kralupsko~zbraslavskd skupina tepelsko barrandienské jednotky). Kolonie sinic a daléi mikrofosilie umoznuji charakterizovat
subtidélni, pfibojovou a supratidalni facil. Rand mineralizace sinicovych povlalki a roho#f umoznila zachovani slabs pogkozenych
organickych a organosedimentdrnich struktur a textur, jako jsou ploché Fasovosinicové bichermy, povlaky cyanobaltérii,
plastické deformace, okaté struktury, stopy po vysychdni, zebraické textury a dalsf znaky mélkovodni sedimentace.

V niZborské antiklindle bylo zjiténo spoleéenstvo typu Gunflint chert Formation (Huroniospora psilata — Gunflintia
minuta). V buliZnicich a kiemitych biidlicich na S od Prahy (Kralupsko) a v jv. kitidle (Blovicko) byly nalezeny typy mikrofosili
pripominajici spoletenstva z arktické Kanady (Dismal Lakes Group, Belcher Island Group, Generace Eomicrocoleus erassus —
Protoleiosphaeridium asperatum,).

Silicifikované droby a rohovee se stromatolitickymi texturami ze svoj$inského a sttibrsko-plasského pruhu jsou dobie
srovnatelnd se supratiddlnimi faciemi souvrstvi Draken Conglomerate (Siphonophycus kestron — Podolina angulaia).

Explanation of plates

Plate I

1. Siphonophycus capitaneum Nyberg and Schopf, 1984 organic wall with transversal ruptures. No, MP 2001. x1000. ‘
Zéchlumi near Svojéin.

2. Modern blue—green algae, isolated from the mat. x330.

3. Podolina angulate German in Timofeev et al., 1976, Section 4034, Zdchlumi near Svoj&n. x1000. MP 2002.

4, Kidstoniella Croft et George, 1959. x330. Zlichov, southern Prague, cherty nodule in Zlichov Limestones, Devonian.

5. ?Buedingiisphaeridium spp., acanthomorphid acritarch with blunt hollow processes and apical pylome, Section 4034,
Zéchlumi near Svojéin. x1000. MP 2005. ¢

6. Gunflintia minuta Barghoorn, 1965, x330. Broumy near Kublov. Mineralized casts of thin filaments. MP 2006.

Plate I1

L. Silicified breccia, microclasts (algoliths) with fitting margin in milky white chert. x16. Broumy near Kublov.

2. Silicite with well~developed microlamination. A - Stratiform accumulations of allochthonous unicells; D - plastic de~
formations of quartz veinlets. Nevid near Rokycany.

Plate 111

1. Silicified tuffites with lenticular microbanding and poorly developed hirds-~eye fabrics. Zdchlumi near Svojéin, x16,

2 Macroscopic stromatolitic textures. Discordant type of nodular lamination. Zelezny Ujezd near Nové Mitrovice. x1.2.
MP 2010. Leg. J. Holubec.

Plate IV

1. Regular distribution of transverse sections of filamentous mats of Siphonophycus spp. MP 2011, x166.

2-4.  Myxocoecoides cantabrigiensis Knoll, 1982, 1, 2 - x166, x330. Size 263 pm. 4 — fragment of the colony. x1000, MP 2012,

2013.
Eomicrocoleus crassus Horodyski et Donaldson, 1980. x330. MP 2014. Locality: Zéchlumi near Svojsin.

ot
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Plate V

1,2. Tetrad of Leiosph\aeridia asperata (Naumova) Lindgren, 1982. 1 - x1000, 2 - x330. MP 2015.
3,4.  Siphonophycus kestron Schopf, 1968. x330. MP 2016, 2017.

5. Unicell with rugulate surface sculpture. x1000. MP 20018.

6.

Coiled organic—walled filament in ferruginous sheath. Not determined. MP 2019,
Localities: 1~4, 6 — Zachlumi near Svojin, 5 — Dolany near Kralupy.

Plate VI

1. Unicell with deformations after framboidal pyrite. SEM of a silicite fragment. x3000. MP 2020,
2, Protoleiosphaeridium laccatum (Timofeev) Fensome et al., 1990. SEM. x1500,

3,4.  Unicells within pure, interlocking grains of quartz. x1750, x1500.

5, 8,

Microlamination formed by organie-rich and organic—pure layers. x250. MP 2021.
Photographs by J. Brozek and Ing. Z. Kotrba
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DISKUSE

Co pFinasi novy navrh regiondlniho
geologického ¢lenéni Ceského masivu na
uzemi Ceské republiky

Ukol zpracovat nové regiondlni geologické tlenéni Ceské
republiky, ktery si dala Ceskoslovenska siratigraficka
komise, je sice neobytejné zdsluZny, ale nezdvidénihodny,
protoZe obtizné Fesitelny. UZ proto, Ze trochu paradoxné se
kazd4 klasifikace s daldfm rozvojem pozndni stdvd zastaralou
a Ipéni na jejim disledném dodrzovani miize byt i brzdon
dalitho rozvoje védeckych ndzorii. Proto také publikovany
vysledek préce kolektivu autort (Cas. Mineral, Geol., 37,
1992, 4, 267-275) zdkonité vyveldvd hned pii svém vzniku
fadu otdzek a novych problémi,

Pro béZné vyuzivani napt. v databankdch Geofondu,
v bibliografickych rejstficich i p¥i publikaci vysledki
vyzkumt v geologickych véddch je nutné, aby élenéni
pokryvalo celé vizemi stétu. Clenéni Zapadnich Karpat na
vzemi Moravy nebylo do elabordtu zahrnuto, pieste, ze bylo
kolektivem prof. Musila zpracovdno, T kdy# je jisté mozné
spoléhat na dodatetnou publikaci, jednotn celek v této etaps
Jjiz nemuze vzniknout. UZ proto, #e — na rozdil od ostatnich
utvard - je v publikované &dsti zpracovén kvartér pro celé
uzemi, nebo proto, Ze autochtonni jura a kiida v podleii
karpatslé predhlubng jsou piifazeny k Ceskému masivu. Do
disledku vzato bychom pak museli jako autochtonui
jednotku k Ceskému masiva poéitat i karpatskou pfed--
hluben, jeji% nékteré édsti (mofsky terciér) jsou k Ceskému
masivu fazeny. Vithec se zdd, Ze nedostatek definice Ceského
masivu je tim zdkladnim problémem viech &lenéni.

V diskutovaném ndvrhu je kuptikladu brnénska
jednotka (jak zni prioritni, a tedy spravnéjii, ndzev
brunovistulika podle Zapletala 1932 a Misafe 1964) zatazena
k moravskoslezské oblasti. Pak ovem Cesky inasiv neni
ohrani¢en klasickou linii Znojmo-Vyskov—-Karving a
brnénskd jednotka, at’ uz ji povazujeme za souédst kadomid
nebo Fenosarmatie je zafazena nesprdavné jako soudsst
variské vétve evropskych hercynid.

Ve srovnani s navrhem z roku 1976 nastala v mnoha
piipadech zména ndzva, Vétsinou ku prospéchu véci, éasto
smerem k racionalizaci (napf. pouziti ndzva pénev, relikt,
vyskyt v jednotkéch karbonu a permu, vyvoje v éeské kifdové
pédnvi aped.). Podle principl, k nimZ se autofi v tivodu hldsi,
by viak tyto i dalsi zmény nazvi mély byt vysiovné zdivod—
neny:
ostrovni zéna (1976) =» metamorfované ostrovy
severoteska panev (1976) = mosteckd pdnev
meravsky devon a
spodni karbon (1976) = moravskoslezské

paleozoikum
sasko~vogtlandské
krystalinikum (1976) = durynske-vogtlandské
krystalinikum atd.

Nejednotné je Fedeno psani poédteénich malych a
velkych pismen. Stard i nové pravidla vyslovné uvadsii, se
geologické ndzvy se pisi s malymi pismeny (nap¥. barran—
dien), geografické s velkymi. Je to déelngé, protoze miZeme i
pravopisem rozliSit tfeba TFeboniskou panev ve vyznamu
geografickém od rozsahem odligné tiebonské panve ve
v¥znamu geologickém.

0Od karbonn pfestdvaji byt zdkladem nového élenéni
Jjednotky strultturné geologické a nastupuje zdkladni &lendni
stratigrafické (z néhoZ oviem, podobné jako v r. 1976, vypadl
zeela trias, a tav. polickd panev je uvedena jen jako vizemi
hejSovinského vivaje Eeské kifdové pdnve). V disledkn toho
mus{ byt napf. jihoéeské pdnve uvadény pod riznymi dtvary,
coz neodpovidd zdkladnimu prineipu regiondlniho geolo-
gického élenani.

Zcela nové a podle mého ndzoru skuteéné tviraim
zplisobem jsou zpracovdny zejména kapitoly o svrchnim
karbonu a permu a o kvartéru. Nové élenéni karhonu a
permu bere také nejvice ohled na zahraniéni pokratovéni v
Polsku a uvddi do porddku hierarchie nazvii (panev, relikt a
vyskyt). Otdzkou je vhodnost pouziti terminu revir, coz je
jednotka administrativné—sprdvni a nikoliv regiondlné
geologickd. Termin pdnev je tu spravné chdp4n jako termin
strulturné geologicky, poptipadé geomorfologicky, a nikoliv,
jak uvadéjf autofi kapitoly o starsim paleozoiku jako termin
paleogeograficky. Tento vyznam mu nelze v Zddném piipadé
pFisuzovat ani v pripade pdnvi pithramsko-jinecké a
prazské, i kdy?z byly na zdkladé paleogeografickém poprvé
vymezeny.

K publikovanému elabordtu je tfeba mit i nékolik
véenyeh piipominek:

Nekolikrét je pouzit termin “svahy Ceského masfvu”, Jde o
vyraz slangovy, ktery by se nemél v regiondlné geologickém
clenéni objevit.

Ceskobudéjovicks pénev je termin konstituovany
Cepkem pro oblast ubelns tézby v okoli Ceskych Budéjovice.
Spravny nazev kifdové a terciérni panve je pdnev budajo-
vickd.

Nekteré jednotky v ndvrhu chybéji, Krome jiz
uvedeného triasu a polické pdnve jsou to podbeskydskd
péney, lounsky phiton, resp. zdpadofesky pluton zahrouty
do ndvrhu z roku 1976 aj. Neraciondlné jsou vymezeny
relikty terciéru a vulkanity. Sotva mzeme pominout detailni
€lenéni vulkanitit podle Kopeckého v Eeské kiidové panvi
nebo zatadit vulkanickou oblast Nizkého Jeseniku pod nic
nefikajici ndzev “rozptylené alkalické vulkanity”. Durbachity
jsou zahrnuty do stfedofeského plutonu, ale oddéleny jako
samostatnd skupina od plutonu moldanubického. Navic
rastenbersky masfv neni souédst{ moldanubika zdpadni
Moravy.

V nékolika pfipadech jsou nejasné definice. Kromé
vztahu moldanubika Ceského lesa a moldanubika Sumavy
a jiznich Cech k bavariku, které Jje dokonce definovéno i
geologicky, a k moldanubiku Miihlviertlu jsou to napf.
nejasnd hranice cblasti moldanubické a kutnohorsko—
-svratecké v édslavském krystaliniku, zafazeni dylefiskyeh
svorti, u nichz neni uvedena pozice k litométickému zlomu,
a nelogické json i statigrafické definice nékterych jednotek
regiondlnégeologickych (napt. krkonogsko—jizerské krysta—
linikum).

Pro prekladatele by bylo déelné uvést hierarchii
Jjednotek a jejich ndzvy v prevnfm pddu a také ptived nézvu
(jesenicky podle Jesenice nebo Jeseniki, strazecky podle
StrdZe & Strazku), podobné jak tomu bylo v ndvrhu z roku
1976.

Pias uvedené vihrady je v3ak tfeba publikovany
ndvrh respektovat v co nejvatsi mive. Je to v zdjmu nds viech,
ktefi mdme co do ¢inéni s geologickymi védami.

Milog Suk
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M. Vavrdovd: Silicified microbiota from the Bohemian Late Proterozoic (Pl. T)
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For explanation see p. XXX
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M. Vavrdovd: Silicified microbiota from the Bohemian Late Proterozoic (P1. II)
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M. Vavrdova: Silicified microbiota from the Bohemian Late Proterozoic (P, III)
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M. Vavrdovd: Silicified microbiota from the Bohemian Late Proterozoic (Pl, IV)
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M. Vavrdovd: Silicified microbiota from the Bohemian Late Proterozoic (Pl. V)
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M. Vavrdovad: Silicified microbiota from the Bohemian Late Proterozoic (P1. VI)




