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INTRODUCTION

This volume represents contributions for the final
meeting of the International Working Group of Project
493 “The Rise and Fall of the Vendian/Ediacaran Bi-
ota™ (2002-2007, leaders M.A. Fedonkin, P,Vickers-
Rich and 1.Gehling) of the International Geoscience
Programme (IGCP, UNESCO), The meeting includes a
week-long geological excursion to the uniquely fos-
siliferous deposits of the Vendian of the White Sea
coast, a two-day Conference hosted at the Geological
Institute of the Russian Academy of Sciences in Mos-
cow, and an open day for the examination of the Ven-
dian Fossil Collection housed at the Paleontological
Institute RAS in Moscow.

The two day Conference includes both presentation
of papers and discussions at the Geological Institute
RAS. The joint work facilitated by participants of
IGCP493 of specialists representing the earth and life
sciences (palcobiology, stratigraphy, paleobiogeogra-
phy. paleoclimatology. geochemistry, geophysics. zo-
ology and molecular biology) brings understanding of
the nature, dynamics and interplay of environment and
biota characteristic of the Neoproterozoic — a plexus
that led to the modern style biosphere.

IGCP Project 493, like a number of other projects
of this UNESCO program devoted to the Neoprotero-
zoic geological history, exemplifies the cutting edge of
modern geosciences in terms its multidisciplinary, in-
ternational and biosphere-oriented approach. It is a
project that has worked in cooperation with other IGCP
projects (in particular Project 478 “Neoproterozoic-
Farly Palaeozoic Events in SW-Gondwana”, Project
512 “Neoproterozoic Ice Ages™ and Project 497 “The
Rheic Ocean: Its Origin. Evolution and Correlatives"),
another international cooperative project funded by
German DFG and Chinese NSFC (“From Snowball
Earth to the Cambrian bioradiation: an interdisciplinary
study of the Yangtze Platform, China™), as well as a
number of research projects funded by the Russian
Fund for Basic Research and by the Russian Academy
of Sciences.

During 2002-2007 the IGCP493 participants car-
ried out a number of geological expeditions in Russia,
Namibia, South Australia, Newfoundland and Argen-
tina. These expeditions netted new fossil material of
fundamental importance and a number of papers have
been published. or are now in press and under prepara-

tion. Significant public outreach of the 1GCP493 is
exemplified by a state of the art publication “The Rise
of Animals™ by Johns Hopkins University Press
(Washington) due out in October 2007 and by a scien-
tific monograph, a Geological Society of London Spe-
cial Publication 286, containing papers presented in the
course of earlier meetings of the 1GCP 493 in Prato.
Italy and Kyoto. Japan, due out in August 2007 ("The
Rise and Fall of the Ediacaran (Vendian) Biota).

A multinational exhibition devoted to the Precam-
brian Life and accompanied by educational Kits was
arranged by the Monash University. Melbourne. South
Australian Museum, Adelaide (Australia), and Paleon-
tological Institute, RAS, and launched at the Fukui Pre-
fectural Dinosaur Museum in 2006, with close to
100,000 attendees, the most successful traveling exhi-
bition hosted by this museum in its history. These
groups also organized a stamp issue in 2005 that cele-
brated the Neoproterozoic metazoans. issued by Aus-
tralia Post.

We hope that the five-years of research activity of
the IGCP 493 and the related public outreach will con-
tinue to benefit society via improvement the public
understanding of" factors controlling global climatic
and biotic change, via transfer information internation-
ally  (including the project's internet  sites:
www.vend. paleo.ru  and  www.geosci.monash.edu.aw/
preesite), in providing training of student participants
from many countries. via offering opportunities for
both undergraduate and post-graduate research studies
and in facilitating cooperative projects in the future
between many of the more than 100 participants from
26 countries in the future,

The Organizing Committee of the events related to
IGCP Project 493 expresses their gratitude to the Earth
Science Department (Russian Academy of Sciences).
to the Geological Institute. RAS, Paleontological Insti-
tute, RAS. IGCP National Committee of Russian Fed-
eration, School of Geosciences. Monash University
(Melbourne, Australia), South Australian Museum
(Adelaide). and Chisholm Company and the Hunt fam-
ily for their support and cooperation.

Organizing Commitlee,
Meeting of the IGCP Project 493,
August 20-31, 2007



PART I
THE VENDIAN (EDIACARAN) BIOTA
YACTh 1
BEH/ICKASI QUAKAPCKAS) BUOTA

DYNAMICS OF EVOLUTION AND BIODIVERSITY IN THE LATE VENDIAN:
A VIEW FROM THE WHITE SEA

M.A. Fedonkin, A.Yu. Ivantsov, M.V. Leonov, E.A. Serezhnikova

Paleonlological Institute RAS, Moscow, Russia,
¢-mail: mfedon@paleo.ru

The paper represents some results of taxonomic
and statistical study of the Vendian Fossils Collection
accumulated by the staff of the Laboratory of the Pre-
cambrian Organisms (PIN RAS) after thirty years of
paleontological and stratigraphic research in the White
Sea region, Only part of the Collection — over 3100
specimens from 27 stratigraphic levels — is put into
the database so far. This is first attempt to estimate
all the data concerning distribution of all fossils from
this sucession on the basis of exact databasing and
statistics.

The Vendian shallow-water siliciclastic succession
(>600 meter thick (fig. 1)) has preserved a uniquely
rich fossil record of the soft-bodied invertebrates, bio-
turbations, megascopic algae, organic-walled micro-
organisms, and bacterial mats. The exposed interval
of Ust’-Pinega and Mezen formations related to Red-
kino and Kotlin Regional Stages of Upper Vendian
(Aksenov et al.. 1978, Stankovski et al., 1981). The
time range of the documented fossil record goes well
bevond the radiometrically dated interval 558-
555 Ma (Martin et al., 2000). The stratigraphic distri-
bution of the fossil taxa is controlled by the ta-
phomomic, paleoccological and paleoclimatic factors
that is reflected in the step-wise mode of the biodiver-
sity change, punctuated occurrence ranges of the taxa,
and severe alterations in the structure of the succes-
sive faunal communities preserved in situ. Distribu-
tion of the cosmopolitan taxa may be also related to
the changes in the paleobiographic connections of the
Vendian palacobasin. Beside, the fossil records of the
fauna and flora are representative in different degree.
Nevertheless one can see the distinct trends in biodi-
versity.

Index names
of fossilliferous
levels

Ust-Pinega borehole section
(after Stankovski et al., 1981,
with changes)
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Fig. 1. The stratigrapic position of the major fossillifer-
ous levels in a sequence of the Upper Vendian deposits in
the White Sea Area, based on the lithostratigraphic correla-
tion of the discrete locality sections with the borehole sec-
tion. Radioisotope datings after Martin et al., 2000.

Abbreviations: L. — Lyamtsa beds; A — Arkhangelsk
beds; Vr — Verkhovka beds; S — Suzma beds; Vz - Vaizitsa
beds; Z — Zimnie Gory beds; E — Erga Beds; M — Mela beds
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Metazoan Fossils

In a recent study were used data about intervals of
distribution of all valid taxa of Metazoan body fossils
from White Sea area (taxonomy according to Fe-
donkin, 1985; Fedonkin et al., in press) (fig. 2, A). The
number of taxa for the curve of biodiversity is esti-
maled on the basis of potential existence of the taxa on
the level, non only the real existence, This method al-
lows to smooth the gaps that caused by facial-contolled
character of distribution in the assemblages.

The metazoans diversity shows gradual growth on
the first part of sucession (fig. 2. Phase [). The most
groups of soft-bodied animals oppear in the lowermost
part of succession. but diversity in these groups grows
gradually.

On the second phase there is some leap. followed
by a period of stability (tig. 2, Phase [I) that character-
ized by the higest level of potential diversity. Never-
theless the discrete assemblages show various com-
position and number of taxa, controlled by facies dis-
tribution.

The third phase shows some decline by the end of
the fossiliferous Vendian succession in the region
(fig. 2, Phase 111). On this background we observe an
increasing portion of the bilaterians represented by the
body fossils and bioturbations. Decline in biodiversity
by the end of the Vendian succession may be related to
the regressive trends and to the change from the marine
to the brackish environments.

Algae and cyanobacteriae

The primary producers making the base of the food
pyramid in the Vendian ocean are represented by the
cyanobacteria, bacterial mats, diverse eukaryotic phy-
toplankton and macroscopic algae.

Some recent scientific conceptions (Burzin, 2001)
proposed that during the late Precambrian there was a
gradual appearance of new and more advanced alga,
more similar to Phanerozoic forms, rather than their
predecessors.

But after a detailed review of términal Proterozoic
algal assemblages. it seems that trends of their evolu-
tion were rather more complicated and not so gradual.
The oldest of the diverse Vendian (Ediacaran) floras is
Doushantuo flora (Xiao et al, 2002), The Doushantuo
assemblage includes algae with compact, laminated
thalli of tissue-grade organisation. Many Doushantuo
taxa are characterized by regular dichotomous branch-
ing and the presence of holdfasts or rhizoids for at-
tachment to the substrate. The Laymtsa assemblage
(Archyfasma flora) (Leonov. 2006) of the Eastern
European Platform is contemporary to or slightly
vounger than the Doushantuo assemblage. It is re-
ported from the basis of Upper Vendian succession of
the region (Lyamtsa and Archangelsk beds (fig. 3))

(Gnilovskaya. 2003. Leonov. 2006. Leonov, Ragozina,
2007). Laymtsa taxa demonstrate thalli with tissue or-
ganisation and differentiation into layers.
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Fig. 3. The distribution of macroscopic carbonaceous
algae in White Sea section and cstablished assemblages

The younger Redkino assemblage (Eoholynia flora)
(Gnilovskaya et al.. 1989) includes exclusively sim-
pler. crust-like and bush-shaped thalli. It is established
in a section of the central part of the Eastern-European
platform and then documented from the Verkhovka.
Suzma, Vayzitsa and Zimnie Gory beds of White Sea
section. A significant part in Redkino assemblage is
represented by prokaryole taxa. such as oscillatorian
cyanobacteria, which form biofilms. The uppermost
Vendian Kotlin assemblage is typified by its Vendo-
taenia flora and cvanobacterial biofilms. The dominant
eukaryotic taxa — members of family Vendotaeniceae -
is more morphologically primitive when compared
with older forms. It seems that this more simple mor-
phology (more primitive branching and growth) corre-
sponds with less evolutionary advanced anatomy of
thallus. Biodiversity is low— 1—4 taxa versus around
20 in the Doushantuo assemblage. The highly organ-
ised algae and diverse algal assemblages appear in geo-
logical record again only in Cambrian (Walcott, 1919:
Ivantsov et al., 2005),

Thus there is a stage that falls outside the gradual
trend for the overall evolutionary “progress™ of eu-
karyotic algae. This stage corresponds to the second
part of the Upper Vendian (558-543 ma). To under-



stand the causes for this phenomenon further research
is needed of such abiotic factors as the increased oxy-
genation of the environment, the brief periods of glaci-
ation and related variations in carbon concentrations,
and tectonics that affected the wide distribution of epi-
continental seas with restricted water circulation.
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Fig. 4. The comparison of the development stages for
the animal and algae assemblages. Note the almost con-
temporary changes near Redkino-Kotlin boundary. Abbre-
viations: See fig. 1.

The major trends of White Sea biota evolution
Biodiversity dynamics of the photosynthesizing eu-
karyotes and that of the metazoans went not in the con-
cert during the Vendian. Maximum diversity of the
tissue-grade algae is documented at the base of the

succession (prior 558 Ma. Archyfasma flora) marked
by low metazoan diversity (Phase | (fig. 4)). On the
contrary, the major leap in the metazoan diversity cor-
responds to the domination time (between 558 and 555
Ma) of the cyanobacterial benthic communities with
low participation of the cukaryotic algae.

The revealed biotic trends in addition to the high
variety of the fossil groups provide a solid basis [or the
biostratigraphy of the Vendian as well as for the pa-
leoecological reconstructions.

The study is supported by the Russian Foundation
of Basic Research, project 05-05-64825. President
Grant of the NSh-28899.2006.5 and the Program 18 P
of Presidium of RAS “The Origin and Evolution of the
Biosphere™.
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NEOPROTEROZOIC SHELLY FOSSILS OF SPAIN

JA. Gamez Vintaned, E. Linan, and A. Yu. Zhuraviev

Area y Museo de Paleontologia, Departamento de Ciencias de la Tierra, Facultad de Ciencias,
Universidad de Zaragoza. Zaragoza, Espafia;
email: gamez@unizar.es

Recent finds of rich fauna with mineralized skele-
tons in the Ediacaran (Vendian) strata of Namibia,
China, Siberian Platform (Russia). and Spain turns our
thinking about Precambrian/Cambrian events to a dif-
ferent way. Many explanations of this sequence of
events tied closely with skeletal mineralization, thus,
do not look fully correct now. Radiometric isotope data
from ashes of Oman, Namibia, and Siberian Platform
frame the Ediacaran shelly fauna within the interval of
533-543 Ma (Grotzinger et al., 1995 Brasier ef al.,
2000: Semikhatov ef al., 2003).

At least nine genera of calcareous skeletal fossils
are described of which tubicolous Cloudina and goblet-
shaped Namacalathus are the most ubiquitous and
widespread forms. They are known from all regions
where Ediacaran carbonates are present. Dozens of
new mineralized fossils are awaiting for their adequate
study. There are two distinct new genera of such a kind
in Spain only, apart four others. Here, Cloudina and
other diverse Ediacaran shelly fossils are found at least
in three different tectonostratigraphic zones, namely, in
the Galician-Castilian and East Lusitanian-Alcudian
zones as well as in the Cadenas Ibéricas (probably. the
Cantabrian Zone) where such fossils are restricted to
scarce thin carbonate units (e.g.. Fuentes and Membril-
lar olistostromes). -

None of Ediacaran skeletal fossils can be affiliated
firmly either with any modern phylum or even with
any of diverse Early Cambrian shelly groups immedi-
ately following them. The skeletal morphology of
Ediacaran shelly fossils is very distinet and not simple.
In this aspect they resemble famous Ediacaran vendo-
bionts which also lack any close descendents if any
descendents at all, Similarly, Ediacaran skeletal fauna
vanished completely at the beginning of the Cambrian,
about 541 Ma, Also, some primitive trace fossil pro-
ducers, soft vendotaenid algae. tubicolous organic-
walled sabelliditids. and even some calcareous cyano-
bacteria (Angusticellularia. Gemma. Korilophyton)
disappeared approximately at the same time.

It is difficult to image now if it was a global extinc-
tion event or a step-by-step replacement of an old biota
by a new one. Some specialists speculate on various
extrinsic factors which could cause a global extinction
of the entire Ediacaran biota. for instance, an infamous
asteroid impact (Hsu et al., 1985) or a widespread de-
velopment of oxygen-deficient shallow marine envi-
ronments either due to a transgression of deep anoxic

waters onto shelves or on a contrary due to a regression
led 10 a massive release of methane-hydrates stored in
marine sediments (Kimura & Watanabe, 2001). Both
later suggestions are mostly based on the presence of
a pronounced negative stable carbon isotope shift abut-
ting the Precambrian/Cambrian boundary in many
regions.

More recent data indicated a multiplicity of such
isotope ratio shifts (Kouchinsky et al., 2005). Besides,
the diversification of Early Cambrian biota continuous
across these shifts and in many sections the latest Cdia-
caran elements co-occur with the earliest Early Cam-
brian ones (e.g.. Cloudina with anabaritids on the Sibe-
rian Platform: vendotaenids with complex trace fossils
in Spain, Vidal et al.. 1994: vendobionts with trace
fossils of the Phanerozoic aspect in Namibia. Jensen &
Runnegar 2005).

These facts hints of favour of a step-by-step re-
placement. The more advanced Early Cambrian fauna
could take other Ediacaran fauna by a predator pressure
as well as by a devastation of environments because
vendobionts depended firmly on microbial films
(Seilacher & Pfliiger, 1994) while Ediacaran shelly
organisms were too weakly mineralized to withstand a
bulldozing effect of Cambrian vagrant animals. That
replacement had not happened at one stroke but, how-
ever. during a very short interval of about 5 m.y.: strata
of 545 Ma age contain pure Ediacaran biota while
those of 340 Ma completely lack such fossils.
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EDIACARAN FOSSILS ON BONAVISTA PENINSULA, AVALON ZONE,
NEWFOUNDLAND, CANADA

H.J. Hofimann', S.J. O 'Brien” and A.F. Kfng3

' Department of Earth and Planetary Sciences, and Redpath Museum, McGill University, Montreal, Canada.
email: hofmann@eps.mcgill.ca:
? Geological Survey, Newfoundland and Labrador Department of Natural Resources, St. John’s, Canada;
* Department of Earth Sciences, Memorial University of Newfoundland, St. John’s, Canada

The diverse Ediacaran fossils discovered on the
Bonavista Peninsula in 2003 correspond closely with
those in the renowned Mistaken Point and Fermeuse
assemblages on the Avalon Peninsula more than
200 km to the south (fig. 1). As in the latter area, the
Bonavista remains are generally found as remarkably
well preserved biocoenoses on interturbidite siltstone
beds below thin layers of volcanic ash. The fossilifer-
ous sequence is exposed throughout a more than | km
thick section that embraces the deep water turbiditic
Mistaken Point and Trepassey formations, and the
overlying pro-delta and delta facies siltstones of the
Fermeuse and Renews Head formations (O'Brien &
King, 2004, 2005; Hofmann et al. in press) (fig. 2).

Fig. 1. Key areas of Ediacaran fossils in the Avalon
Zone of Newfoundland: B — Bonavista Peninsula, C -
western Conception Bay area, M — Mistaken Point area
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Fig. 2. Generalized stratigraphic section of study area
on Bonavista Peninsula and fossil horizons. (SHG - Signal
Hill Group.)



The Bonavista fossil assemblage includes Aspidella,
Bradgatia, Charnia (3 species), Charniodiscus (3 spe-
cies), Fractofusus (2 species), Hiemalora, Ivesheadia,
and, possibly. Blackbrookia, demonstrating its close
Avalonian and Charnian affinities. Other forms are re-
ferred to “strings”, “brush-like fossils”, and “ladder-like
bodies™. In addition, there are large enigmatic Aspidella-
like dubiofossils several decimetres across.

Some specimens of Hiemalora have attached stems
and fronds, supporting earlier interpretations that the
characteristic radial processes, often branching distally.
are root-like structures rather than tentacles. Such
specimens can attain decimetric size, with a central
disc diameter ol the order of 7.5 cm, and overall di-
mensions (including the processes) as much as 16 em,

The stratigraphic ranges of certain genera on the
Bonavista Peninsula are longer than previously re-
ported from the Avalon Peninsula, with Fractofusus
present in the Trepassey Formation, and Bradgatia and
Charniodiscus extending as high as the Fermeuse For-
mation.

Charnia and Charniodiscus fronds in the area ex-
hibit strong unimodal felling alignment in a northerly
direction, with mean trends rotating clockwise up-

section from NNW in the Mistaken Point Formation. to
NNE in the Trepasscy Formation, and NE in the Fer-
meuse Formation.

The Bonavista fossil localities are clearly part of the
same paleogeographic province in the Avalon Zone
that includes the Ediacaran Mistaken Point and Fer-
meuse assemblages in southeastern Avalon Peninsula,
and the more recently described intermediate occur-
rence in western Conception Bay,
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TRILOBOZOA AND COELENTERATA:
PARALLELS IN EVOLUTION OF LIFE FORMS

A Yu. vanisov

Paleontological Institute RAS, Moscow,
email: ivancov(@paleo.ru

The Ediacaran (Vendian) Period is traditionally re-

garded as the time of Coelenterate radiation because of

reconstruction of “cyclic” and “pinnate’ fossils as me-
dusoids or pennatularians (Glaessner. 1984). Indeed,
these forms dominate in the Ediacaran communities,
and in some fossil localities only these forms are pre-
served, Radial symmetry, medusoid appearance of “cy-
clic” forms and pinnatularian appearance of the frond-
like ones are the main evidence supporting such an
interpretation, but it does not seem to be the necessary
and sufficient criterion for Coelenterate grade. An ab-
sence of some characters casts doubts in the assign-
ment of Ediacaran “polyps™ and “jellyfishes” to Coe-
lenterata: there are no signs of tentacles, neither mouth
nor coelenteron. Recognition of new morphological
features of the Vendian fossils previously interpreted
as medusoid organisms has completely changed their
reconstructions. Many of “cyclic” forms are now rein-
terpreted as attachment disks of organisms, whose rela-
tionships are not yet understood (Gehling et al., 2000).
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Coelenterate organisms that can be directly compared
to Phanerozoic members appear to have still been ab-
sent in the Vendian.

Ediacaran organisms are characterized by different
kinds of radial symmetry including threefold organiza-
tion, which is not typical of modern non-colonial
Metazoa. All the Vendian and Early Cambrian organ-
isms with triradial body plan were classified as Trilo-
bozoa (Fedonkin, 1985). These fossil organisms can be
attributed to four main life-forms: (1) sedentary frond-
like organisms with basal anchoring bulb (triradial at-
tachment disks); (2) sedentary hemispherical organ-
isms (Tribrachidium, Albumares. Anfesta). (3) ovoid
planktonic organisms (Ventogyrus and some other
Petalonamae); (4) sedentary forms with tubular conic
exoskeleton (Vendoconularia and some Angustio-
chreida). We could expect medusae-like planktonic
Trilobozoa to be found. Thus, trilobozoan living-forms
appear to have been simulated the living-forms of coe-
lenterates (including ctenophores).



Being the closest relatives of the Vendian bilaterians,
true Cnidaria are to be expected not early than Cambrian
that is consistent with the data on comparative anatomy.
embryology and molecular biology: namely metameric
organisms with alternating left and right segments might
be considered among possible ancestors of Cnidaria
(Malakhov, 2004), Ovoid pelagic metameric trilobozo-
ans, which developed a gastral cavity, seftled on the sea
bottom and could become the ancestral forms of
metameric organisms mentioned above, This assump-
tion can be the explanation for obvious parallelism be-
tween the life forms of Trilobozoa and Coelenterata:
evolutionary trends in both Palaeozoic Coelenterata and
their Precambrian ancestors might be uniform.

The work is supported by the Russian Foundation
of Basic Research. project 05-05-64825, President

Grant of the NSh-28899.2006.5 and the Program 18 P
of Presidium of RAS “The Origin and Evolution of the
Biosphere™.
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ONTOGENETIC VARIABILITY IN THE LATE VENDIAN PROBLEMATICS
PARVANCORINA GLAESSNER, 1958

A Yu. Ivantsov & E.B. Naimark

Paleontological Institute RAS, Moscow. Russia.
e-mail: naimark@paleo.ru

Parvancorina is a bilateral Precambrian animal
originally described from the Ediacaran sediments of
Australia. Morphology of the casts of the dorsal shield
of Parvancorina is relatively simple: the most distine-
tive structures are the elevated margin and the central
anchor-shaped structure. Overall. the dorsal shield
gives little information about the constitution of the
animal. The reconstruction of phylogenetic relation-
ships of Parvancorina remains elusive, although the
arthropod nature of Parvancorina is generally accepted
as the most plausible. In the absence of distinct mor-
phological characteristics of extant animal phyla and
classes. data on the ontogeny and growth parameters is
of great importance. 1t is believed that the Australian
species Parvancorina minchami Gleassner, 1958 were
growing isometrically and had no metamorphosis
(Glaessner. 1979). Among the arthropods, isometric
growth without metamorphosis is typical for some che-
licerates and arachnomorphs.

In 2000-2006 a large collection of Parvancorina
was collected in the Late Vendian deposits of the
White Sea region. This material contains two species:
P minchami Gleassner, 1958 and P. sagitia [vantsov,
2004, These two species differ, among other things. in
the length/width ratio of the shield. The material from
the White Sea provides an opportunity to examine a
wider range of growth parameters and clarify the on-
togeny of Parvancorina.

We examined 490 individual specimens ol Parvan-
corina from the Late Vendian deposits of Southeast
White Sea. They were collected in several locations.
Stratigraphic range of this locations include Lyamisa,
Verkhovka, Zimnie Gory and Erga formations (strati-
graphic subdivisions by D.V. Grazhdankin (2003)). All
specimens in each sample were collected strictly from
one surface of a layer, so animals in each sample can
be considercd maore or less synchronous.

Length of P. minchami from the White sea varics
from 1.8 to 18.6 mm. width from 1.6 to 25.5 mm. The
majority of specimens (96%) in all samples irrespec-
tive of facial identity are small. The representation ol
age ranges is associated with the location and ta-
phonomic characteristics and does not reflect biologi-
cal or ecological features of Parvancorina populations.

Specimens of P. sagirta are from 2.2 1o 11,7 mm
long and from 1.1 to 5.5 mm wide. Larger specimens
were not found. In 2. minchami from the White sea.
the shield was growing faster in width than in length.
while in P. sagitta length and width increased evenly
(fig. 1. a).

The most distinct age-related changes in shield pat-
tern can be seen in 2 sagitta (pl. 1, fig. [-4). In the
smallest specimens, the future anchor looks like an
undivided bulge; its lateral lobes start 1o separate later.
eventually forming typical anchor-like structure. In
P minchami. the smallest specimens already have lat-



eral lobes separated from the central part, although the
former are very short, and the latter is long and broad.
The lateral lobes in P. minchami become longer in the

course of growth, while the central part of the anchor
becomes narrower and shorter. Extension of the lateral
parts is associated with expansion of the whole plate,

. Pmincham

() Psagia

Fig. 1. Growth of Parvancorina min-
chami Glaessner, 1958 and P sagitta
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The data permit a comparison of growth patterns in
Australian and White Sea parvancorinas (Figure 1, b).
The Australian parvancorinas are characterized by
isometric growth (Glaessner, 1979, 1980; Gehling,
1999). The White Sea population of P. minchami is
characterized by allometric growth, plate width grow-
ing faster than its length. P. sagirta was growing iso-
metrically, but their dorsal plate is noticeably narrower
than in Australian parvancorinas. We presume that the
parameters of growth in Australian parvancorinas may
be substantially more variable than it is shown in the
published papers. This is well illustrated by images of
ediacaran fauna from Flinders (Gehling. 2005)

Three main arguments in favor of arthropod kinship
of parvancorinas are currently discussed, First, the ob-
lique striation on the lateral surfaces of the shield may

may represent the vestiges of legs. Secondly, the an-
chor-shaped structure and the elevated margin are the
same as similar structures in the Early Cambrian ar-
thropods Scania and Primicaris. The third feature is
isometric growth without metamorphosis, which char-
acterises some chelicerates and, formerly, arachno-
morphs. Our results provide an opportunity to apply
some corrections to the latter two “arthropod™ evi-
dences. First, the anchor-like structure in parvancorinas
is formed during the development, while in Primicaris
it is present at all growth stages studied (Zhang et al.,
2003). Secondly. the growth of parvancorinas can be
allometric. as exemplified by 7. minchami from the
White Sea.

The similarity of growth patterns in parvancorinas
and early arthropods (Lin et al. 2006) appears to be



misleading. Additional sampling of P. minchami from
the White Sea demonstrated growth variability well out
of the range described for Australian parvancorinas and
early arthropod species from China (fig. 2).

Thus, the evidence for close relationship between
parvancorinas and arthropods remain scarce and rely
purely on the adult morphology. Age-related changes
observed in parvancorinas. especially in their central

anchor-shaped structure, vary within the genus and can
not be considered as straong evidence in favour of the
“arthropod” hypothesis.

The work is supported by the Russian Foundation
of Basic Research. project 05-05-64825, President
Grant of the NSh-28899.2006.5 and the Program 18 P
of Presidium of RAS “The Origin and Evolution of the
Biosphere™.

Fig. 2. Growth of dorsal shields in Seania
sandbergi from Kaili location (China), Prinii- 35,004 /
caris larvaeformis from Chengjiang (China), Parvancaiina minchaii "
Parvancorina minchami trom Ediacara, and Australian
Parvancorina minchami from the White Sea. 30.001
From Lin et al., 2006, with addition of data on
the White Sea populations 25.004
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BO3PACTHAS UBMEHYUBOCTD MMO3HEBEHJICKHUX MPOBJEMATHUK
PARVANCORINA GLAESSNER, 1958

A1O. Heanyos, E.B. Hatinapx

[MTaneonronornycckuii uuctutyt PATL. Mocksa;
e-mail: naimarki@paleo.ru

Parvancorina — npokeMOpHiickue OnnaTepaibHLle
AMBOTHBIC, BMEPBBIE OMUCAHHLIC W3 JHAKAPCKMX OT-
noxenuii Apctpanun. Mopdonorus oTnevyaTKoB CruH-
Horo muTka Parvancorina OTHOCHTENLHO MpoCTa: Hau-
Gonee OTUETAMBON CTPYKTYPOH ABAAIOTCH NPHNOAHA-
Tlif Hag Kpaem OOPTHK M HEHTPAIbHAA AKOPEBHAHAA
cIpyKkTypa. B tenom crnuHHOI MTOK AaeT mano Oec-
CTIOpHOI HH(pOPMALIMK O CTpOEHHH DTHX cyurecTs. [To-
JTOMY  PEKOHCTPYKIMA  uiIoreHernyeckux  cpsaseil
Parvancorina octaerca guckyccuoHHoil, HanGonee
000CHOBAHHLIM MPH3HACTCH NPUHAIIKHOCTE [1APBAH-
KOPHH K 41eHHCTOHOrUM. [TpH OTCYTCTBHM OTHETIMBRIX
MOPHONIOrHYECKUX [MPU3HAKOB COBPEMEIHHBIX THUIOB U
KaccoB JKHBOTHLIX ©0JiblIOe 3HaveHHe npuolbpertaror
JaHHBLIE 110 OHTOTEHE3Y W napaMeTpaM pocra. Cunraer-

CH, 4TO aBCTPWIMICKHE napsaHkopunnt (Parvancorinag
minchami Gleassner, 1958) passusamicst 6e3 meramop-
thoza u pocmn msomerpuuno (Glaessner, 1979). V apt-
PONoA pasHOMEPHLIH pocT Be3 MetaMopdiosa xapaxTe-
PEH JUIA HEKOTOPIX XEAHIUEPOBLIX H TPHIOOHTOB.

B 2000-2006 ronax OGbuia cobpaHa npeiacrasi-
TENLHAA KOATEKLHT NapBaHKOPHH M3 OTIOKE]]
nosaxero senna besoro mops: Benomopekuii Marepu-
al BKAOWAET ABA BHIA NApBaHKOpHuH: P. minchami
Gleassner, 1958 u P. sagirta Ivantsov, 2004, Jtu aga
BHAA OT/HYAKTCA MOMHMO MPOYEro M pasMepHLIMI
COOTHOLICHHAMH JJIHHB! W LUHPHHBL WHTKOB. [TorTomy
DenoMOpCKHi MaTepHan J@eT BO3MOXKHOCTh M3YUNTh
fojiee WIMPOKHIT CIEKTP NApaMeTpoB PocTa HapRAHKO-
PHH H YTOUHHTDL XOJ1 MX OHTOreHe3a.



Plate 1. Age-related changes in Parvancorina from the White Sea (5 - natural cast, others - latex casts, scale 2 mm);
14 — P. sagirta Ivanstov, 2004, Solza location, local assemblage SL1 (VI1): 1 - specimen PIN No.4853/91, 2 — specimen
PIN No.4853/101, 3 —specimen PIN No.4853/93, 4 - specimen PIN No.4853/92: 5 — Parvancorina sp., Lyamtsa location,
local assemblage 1.2 (XI1), specimen PIN No.4716/5010: 6-11 - Parvancorina minchami Glaessner, 1958, Zimnegorskoe
location, local assemblage Z11 (XXI1): 6 — specimen PIN No.3993/6156, 7 - specimen PIN No.3993/6214, 8 - specimen
PIN No0.3993/6298, 9 — specimen PIN No0.3993/6382, 10 ~ specimen PIN No.3993/6290. 11 - specimen PIN
N0.3993/6215

Tada. 1. Bospactasie wsMenenus Parvancorina w3 otaoxennii benoro mops (5 - satypaibhblii 01M€9aT0K, BCE 0C-
TAIBHBIE — JATEKCHBIE caenku. auHeiika 2 wm) 14 — P, sagirta Tvanstov. 2004, mectonaxoxkzenie Consa. JOKabHOe
ckomenve SLI(VID: 1 — ax3, TTHH. Ned853/91. 2 — a3, TTHH. Ned®53/101. 3 - ors. [IUH, NedB53/93, 4 — ks [MUH,
Ned853/92: 5 — Parvancoring sp.. mecToHaxo#sierme JTavua, JokanwHoe ckoruenue L2(XID), sk3. I1 HH, Ned4716/5010; 6
11 — Parvancorina minchami Glaessner, 1958, MecToHaxoxacine 3UMHEropekoe, NoKaLHoe ckoenme Z1 L(XXII): 6 -
33, TTMH, Ne3993/6156, 7 — ax3. [TMH, Ne3993/6214. 8 — a3, [THH, Ne 3993/6298, 9 — 3k, TTHH. Ne3993/6382. 10 —3k3.
[TAH, Ne3993/6290, 11 — k3. [THMH, Ne3993/6215
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SMATEPHANOM [OCIYRMIA KOSmeKuns u3 490 k-
semiigpos Parvancorina 13 no3saHeBeHACKMX OT/10%e-
niax 10ro-soctounoro benomopss. OHM Ghiiin cobpa-
Hbl B HECKOJIBKHX MECTOHAXOMAECHMSIX, CTpaTurpadin-
YECKHil WHTEPBAT KOTOPHIX OXBATBLIBAET NAMHLKYIO,
BEPXOBCKYIO. 3HMHETOPCKYH) W EPrHHCKYIO CBHTHI
cxembt JL.B. I'paknankuna (2003). Bee sr3emMnnspbl 13
Kaw0il sutGopkit Bbuti coBpalbl CTporo ¢ oanoii no-
BEPXHOCTH HAMIACTOBAHMA, TAK YTO KHBOTHBIX B KaK-
A0il BLIOOPKE MOMHO cuMTaTh OOMee MAM MeHee CHH-
XPOHIBIMH.

Juanazon pasmepos benomopckux P. minchami —
anuna ot 1.8 no 18.6 mm. a tmpuna o1 1.6 10 25.5 MM,
Hanbonsiuee uncao sxseMnnapor (96%) Bo Beex Bbi-
popKax De30THOCHTENLHO K (DALHaIbHON MPHHALIEK-
HOCTH OTHOCHTCS K MEJIKOMY pPasMepHOMY Kiaccy.
[lpesicraBnenHOCTL BO3PACTHOTO PA/d B paipe3ax Cra-
3aHd € T{I[I'IOHDMI-K‘-IBCKHMH XHDE}KTCPHCTI'IKHMII MECTO-
HAXOJK/ICHIA W e OTpanaeT OHOTOTHYECKHX M JKOJIO-
FHYECKHX XAPAKTEPHCTHK NOMYIALIIT HapBatkopHH.

Pasmepusiil amanason P saginta paunia ot 2.2 go
[1.7 ms, wimpuia o1 3,5 10 1,1 MM, T.€. KPYHILIX K-
JeMIISPOR  HallneHo He Obuto. YV BeloMOpekmx
P. minchami \WUTOK pacTeT B mupuHy ODLICTpee, ueM B
HY. Ay P, sagitla JuniHa W IMpUKHa yBeNIHBaIoTCA
pasnomepHo (puc. |, a).

BospacTHble npeoOpa3oBakna WKTKOR Y I sagitia
npocieKuBaTes Hanbonee verko (radn. |, 14). V
CAMBIX MEIKHX IK3EMILIAPOB OyaylUHMH SKOpEK umeeT
dopMy HepacceqeHHOH OBAILHON  BLIMYKIOCTH. #
TOMBKO 1OTOM HaunHaeTes obocobnenne DOKORLIX
yacTeit M OhopMIsSeTCA AKOpPeK oO0bIMHOIO Buad. VYV
P. minchami y caMbIX MEIKHX K3eMIIAPOB Y)Ke BHa-
HO pa3/lefieliie Ha UEHTPaIbHYK W DOKOBbIE HUCTH,
xota GOKOBLIE HACTH OYEHL KOPOTKHE, A LUEHTPA/ibHAA
YacTh AAMHHaA W luwpokas. [lo mepe pocta vy
P minchami ynnunsitores GOKOBBIE JIONACTH, 4 LEH-
TPAILHAR HACThL AKOPbKA CTAHOBMTCA OTHOCHTENTHHO
yixe H Kopoye. YiuiHHeHHe DOKOBBIX yacteil e¢nocob-
CTBYET PACIIHPEHHIO BCErO HINTKA,

Hmeiolunecs qaHHbie NO3BONAIOT COMOCTABHTL POCT
BeJOMOPCKHX M aBCTpanuiickux napsaskopun (puc. |
6). [nst acTpasHicKMX DapBAHKOPHH XapakTepeH u3o-
serpuunbii pocr (Glaessner, 1979, 1980: Gehling.
1999). Jns Benomopckoit nonyaauny P minchami xXa-
paKTepeH HEH3IOMETPHUHBIH POCT ¢ MPEHMYIIECTBEH-
HEIM paciupestem HmTka, MzomeTpuuneiii poct cBoii-
creeHen P, sagifta. HO Y HHX CIIMHHOH 1HTOK 3aMETHO
yiKe, HCM Yy aBCTPANHIlCKuX napsankopun. Tyt neobxo-
JIMMO 3AMETHTh. HTO M Y aBCTPANHHCKHX MapBaHKOPHH
HMEHUHBOCTL MOKasaTenelt pocra Moxer ObITh Cylle-
cTBeHHO Donbiue, HeM JTO MoKasano B ony6IHKoBal-
HLIX HCCEAOBAMIAX. DTO XOPOIIO BHIHO 110 11300pa-
SKCHHAM, JAEMOHCTPHPYIOUIMM 3AMaKapekyio ayHy u3
xp. ®aunzepe (Gehling, 2005).
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B dactoswiee Bpemsi obcy:KaaeTcs TPH OCHOBHLIX
N0BOAA B 110/1L3Y apTPONOIHOIO POACTEA [1APBAHKOPHH,
Bo-nepebix. OTHEYATKH KOCLIX HACceYeK Ha OOKOBbIX
MOBEPXHOCTAX IIMTKA, KOTOpbLIE MOryT ObiThb caeiami
HOXeK. Bo-BTOpbIX. AKOpEBHIHAA CTPYKTYpa H MpH-
noauaTeiii Sopruk. Nomumo Parvancoring nonoGHbie
CTPYKTYPbl XapaKTepHbl Wi paHHeKeMOpuitcknx uie-
nuctonorux Scania u Primicaris. B-tpersnx. pocr nap-
BAHKOPHH — H3OMETPHUHBLIA 1 03 metamopthosa. Tak
PACTYT HEKOTOPLIX XENHMUEPOBLIE W B MPOLLIOM apax-
HoMop(bl. Pesyibratel u3yueHust OelloMOpCKMX nap-
BAHKOPHH MO3BOIRKT BHECTH HEKOTOPBIE KOPPEKTHBLI K
JIBYM  [OCHCIAHHM  «ApPTPOMOAHBIMY  CBHAETSILCTBAM.
Bo-nepBhiX, SKOpeK Y [APBANKOPUL [TOABISETCS H
(hopMupyeres ToibKO B Xojae pocra. Ay Primicaris
AKOPEBHHAA CTPYKTYPA HEM3MEHHA HA BCEM MPOTIIKE-
HHH m3ysenHoro passirus (Zhang ef af., 2003). Bo-
BTOPBIX, POCT MAPBAHKOPIH. KAK 2TO BHIIIO ¥ 6enomop-
ckoit P. minchami MOKET ObITh Il HEHIOMCTPHUHBIM.

CXoOcTBO TAPAMETPOB POCTA y TAPBAHKOPHH N
paHHux uneHucTonornx (Lin er al. 2006) okazanocs
obmanuuseiM. Jlononnutenssas Bhibopka no Oeno-
smopekeit P minchami. oseBuaro, Haxonmtes sue 0d-
JHCTH M3MEHUHBOCTH MHJMBHLYATILHOrO POCTA ABCT-
PAIMIICKIX NapBaHKOPHH N KHUTAHCKMX BHAOB PAHHUX
YIEHHCTOHOTHX (pHuc. 2).

TakuM oOpa3soM. aprymeHTbl B MOAL3Y OAM30CTH
(IAPRAHKOPUH K apTpOIogaM OCTAlOTCS NO-TPERHEMY
CKY/IHBIMK | texar 8 obnacti mopdonorin, Bospac-
THEIE MIMEHEHWA NAPBAHKOPHH, B TOM MHCIE M HX
HEHTPANLHON SKOPEBUANOH CTPYKTYPLI, BApbHPYIOT 8
(pe/eax pojla M He MOrYT HAAEKHO CBHAETENLUTBO-
BaThH B MOAL3Y apTPONOALIOH FHIOTE3LL.

Pabora nposojunack npu QHHAHCOBOM NOAAEPIKKE
aporpammit [pesuienta PO «Hayunvie wikons Pocenii-
ckoil egepaunmy (npoext HIL-2899.2006.5). PODH
(npoext 03-05-64823) u TTporpammst | 8-11 [pesuamyma
PAH «[Ipoucxoxaetue u aBomouns duocdepsi,
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PALAEONTOLOGY OF THE BOOLEY BAY FORMATION, CO. WEXFORD,
IRELAND: IMPLICATIONS FOR THE FALL OF THE EDIACARAN BIOTA

B.A. MacGabhann, J Murray, P.D. Ryan & C.Nicholas

' Department of Earth and Ocean Sciences, National University of Ireland, Galway, Ireland,
email: b.macgabhann]@nuigalway.ie;
? Department of Geology, Trinity College, University of Dublin, Ireland.

The demise of the Ediacaran biota has proved to an
extremely complex problem for Precambrian palaeon-
tologists, inextricably linked as it is to the various
competing theories on the nature or the organisms,
animal or otherwise. Originally assumed to be simply
ancestral members of modern animal groups (e.g.
Sprigg 1947), Seilacher (1984) controversially pro-
posed that these instead represented a distinet King-
dom, separated from later animals by a mass extinction
at the start of the Phanerozoic. However, the report of
two common discoidal Ediacaran genera, Ediacaria
and Nimbia, from the Booley Bay Formation, Co.
Wexford, Ireland (Crimes et al.. 1995) apparently pro-
vided compelling evidence against a terminal Precam-
brian mass extinction. Described as occurring in Upper
Cambrian deep-marine turbiditic sediments, the speci-
mens apparently extended the range of the Ediacaran
Biota far beyond the end of the Precambrian (Crimes et
al, 1995), seemingly corroborating earlier reports of
potential Middle Cambrian-aged Ediacaran remains
preserved in a different taphonomic style (Conway
Morris, 1993). However, the original report left several
unanswered questions, particularly with regard to ta-
phonomy. Due to the significance of the site, both the
structures and their sedimentological context have been
re-examined.

The Booley Bay Formation sediments consist of
thinly to medium-bedded fine-grained siliciclastic
sandstones and siltstones interbedded with grey mud-
stones, with occasional metre scale black shale units.
Sedimentary structures are commonly observed in the
siltstones, both on the soles of overturned beds, and in
profile where the exposure is predominantly orthogo-
nal to bedding. Occurrence of wrinkle marks, similar to
structures interpreted as due to the presence of micro-
bial mats at other locations (Hagadorn & Bottjer,
1997), suggest that the Booley Bay substrates were
microbially bound. This is consistent with the occur-
rence of small pre-depositional burrows filled with

later sediment (Burke & Orr 2004, 2005). Cross-
lamination is common, indicating a unidirectional pa-
laeocurrent flowing to the west (present co-ordinates),
and corroborated by tool marks on the soles of some
beds (plate I, fig. 1).

However, two additional sets of structures sub-
parallel to this direction are more complex in nature.
The first, contained within generally parallel-laminated
poorly sorted beds, are substantial rolled-up fragments
of well-sorted silt-grade sediment (plate [, fig. 2).
These beds are perhaps best interpreted as debris or
slurry flows, with the direction of flow orthogonal to
that of the well-sorted siltstone units. The second, a
suite of sole structures previously interpreted as flute
casts (plate | fig. 3). are demonstrably not erosional
structures but are in fact better interpreted as sofi-
sediment deformation due 1o down-slope creep of mi-
crobially-bound soft-sediment. Importantly. this im-
plies that the sediments were deposited on a slope. and
that the palaeocurrent flowed primarily in an along-
slope. not down-slope, direction. This is consistent
with the occurrence of metre-scale pull-apart struc-
tures, and metre scale syn-sedimentary folding concen-
trated around thick mudstone units, interpreted to be a
product of large-scale slumping. Additionally, vertical
sequences within the sediments do not correspond con-
fidently to complete or partial turbidite sequence mod-
els, but more closely resemble idealised contourite se-
quences (e.g. Stow & Lovell. 1979; Stow & Mayall,
2000). However, contour currents generally carry only
sediment supplied by down-slope sediment processes,
suggesting that a turbidite influence is likely. The Boo-
ley Bay sediments thus appear to have been deposited
on a microbially-bound slope by a combination of con-
tour currents, turbidity currents, debris flows, and he-
mipelagic sedimentation.

The fossils assigned to Ediacaria were placed in a
new species, E. booleyi. Two distinet surfaces were
described; a dorsal surface consisting of an inner flat



Fig. 1. Tool marks on a bed sole: note chevrons on the example at bottom right. | coin for scale. Fig. 2. Rolled-up
fragments of well sorted sediment contained within a poorly sorted bed. | coin for scale. Pen lor scale Fig. 3. Structures
previously (incorrectly) interpreted as MNute casts. Fig. 4. Examples of specimens previously (incorrectly) assigned to Edia-
caria. ') com for scale Fig. S. Large swing mark on a silistone bed sole  evidence that large stalked organisms lived on
the Booley Bay substrates. Camera lens cap tor scale. Fig. 6-13. Fxamples ol structures previously assigned to Nimbia
occlusa, but better interpreted as small swing marks produced by stalked tethered organisms living on the Booley Bay sub-
strates. Note overlapping specimens in 6, 11, 12, 13; and specimens indicating rotation in a conical fashion close o the
sediment-water interface in 9, 10, 12, 13. All scale bars | mm
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disc. a steeply sloped middle area. and an outer flat
zone; and a generally flat ventral surface with a central
depression. A range of concentric and radial ornamen-
tation was described on both surfaces. These were in-
terpreted as medusoids, transported within a turbidity
current, and impacted into a muddy seafloor to form a
mould, allowing coarser sediment to cast this on decay
of the organisms (Crimes et al., 1995).

Our re-examination of the site has included the ex-
amination of over two hundred specimens, a vast in-
crease on the 27 noted by the original authors (Crimes
et al., 1995), None of the specimens correspond to the
original description (MacGabhann et al., 2007). In-
stead, all are partial discs preserved in positive hypore-
lief on the soles of siltstone beds, and exhibiting a con-
centrically-ornamented area often surrounded by a
flared margin (plate I, fig. 4). They cannot be assigned
to Ediacaria, and indeed show very little resemblance
to any constituent of the Ediacaran Biota.

Specimens containing primary depositional structures
(parallel and cross-lamination) within the casts confirm
that at least some of the moulds were empty voids in the
muddy seafloor when deposition of the casting sediment
occurred, This firmly rules out the original taphonomic
model, instead suggesting the organisms to have been
benthic and preserved in situ, or with the organisms re-
moved from their anchorage on the seafloor prior to bur-
ial. Preservation was likely to have been by moulding of
the lower surfaces, and was facilitated by entrainment
within microbially bound sediment creeping down-slope.
Statistical analysis of measured data for 210 specimens
(MacGabhann e# al., 2007) appears to support this, show-
ing the size distribution of the fossils to be consistent
with mass-mortality of a typical population of benthic
organisms preserved in situ. Further, statistical analysis
of the orientation of the fossils indicates a strong pa-
lacocurrent influence, suggesting perhaps alignment of
the fossils due to current-deflection. It is thus likely the
organisms had appreciable upper soft-parts which are not
preserved, on which the current could exert a force. This
interpretation may be supported by tool marks in the
sediments (plate I, fig. 1), which are indicative of the
presence of large organic fragments carried by the cur-
rent — perhaps examples of the organisms which had
been removed by the current and dragged across the sea-
floor (Haines, 1997). Additionally, large sets of concen-
tric ridges on fossil beds (plate I, fig. 5) are interpreted as
swing marks (scratch marks in the sediment produced by
current-driven rotation of benthic organisms), attesting to
the presence of tethered stalked forms. An interesting
interpretation of the fossils may be that these represent
holdfasts of benthic, stalked. filter-feeding organisms
supplied with food by contour currents.

The structures assigned to Nimbia were described as
small disc-like bodies with one or more concentric rings
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and a central tubercle, and were placed in the existing
species N. occlusa. These were subsequently re-
examined briefly by Jensen et al. (2002), who reinter-
preted them as swing marks. Our re-examination of
these has confirmed this interpretation, and has eluci-
dated more details about the producers of these traces. A
new process involving Image Analysis of digital photo-
graphs combined with statistical analysis of the resulting
data collected was developed to produce high-resolution
morphometric and palacoecological information. This
has indicated that the organisms lived in definable clus-
ters on the seafloor, and confirmed the traces to be
aligned with the palaeocurrent, corroborating the swing
mark interpretation. The morphology of the traces is
seen to be highly variable (plate 1, fig. 6-13), with be-
tween one and eight rings present; additionally whilst
most specimens produced near-circular rings in a broad
area surrounding the point of attachment (plate I, figs.
6-8, 11-13), a subset instead produced near-conical
structures with highly-inclined rings by rotation in a
narrow fashion around a central axis sub-parallel to the
palaeocurrent direction (plate 1. figs. 9-10). However,
all specimens are consistent with production by stalked,
branched organisms of millimetre to centimetre height.
The undoubted presence of such organisms indicated by
the swing marks is thus entirely consistent with the simi-
lar interpretation for the larger discs previously de-
scribed as E. booleyi, in that it confirms that the envi-
ronment was suitable to sustaining such organisms.

Neither of the described fossils from the Booley Bay
Formation thus provide any evidence that any member
of the Ediacaran biota survived beyond the Precam-
brian-Cambrian boundary. However, the presence of
stalked tethered organisms living on a microbially-
bound substrate and supplied with food by contour cur-
rents is very similar in terms of ecology to Ediacaran
rather than Phanerozoic environments (e.g. Ichaso et al.,
2007: Wood et al., 2003). This raises the possibility that
although Ediacaran organisms may have disappeared at
the end of the Precambrian, the ecological structure of
deep marine environments, prior to their colonisation by
typical Phanerozoic organisms, may have remained
similar to that of the terminal Precambrian.
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PROBLEMS OF IDENTIFICATION OF THE VENDIAN ECHINODERMS
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The Vendian beds yielded several radially symmet-
rical skeletonless forms that are tentatively assigned to
echinoderms based on certain similarity to Edrioaster-
oidea. They are similar in the flattened rounded shape
of the body and three or five grooves, which radially
deviate from the center. In 2005, A.Yu. lvantsov found
new radially symmetrical imprints of animals resem-
bling Edrioasteroidea, but distinguished from both 7¥i-
brachidium and Arcarua in the Zimnii Bereg (Winter
Coast) locality of the White Sea (Rozhnov & Ivantzov,
2006). Prior to the assignment of these specimens to
echinoderms, one should analyze characters that must
have been present in skeletonless animals belonging to
echinoderms. These characters should be derived from
the concepts of evolutionary morphology. embryology,
and paleontology on skeletal organisms.

All extant phyla of multicellular animals appeared
within a very short time interval from the end of the
Vendian to the beginning of the Cambrian (Rozhnov,
2001; Valentine, 2005), which lasted for about 20 m.y.
(Convey Morris, 2000). The first skeletal remains of
echinoderms are known from the Atdabanian Stage of
the Lower Cambrian of Siberia, Mongolia, and North
America. These are taxa with pentaradiate symmetry in
the position of food-gathering grooves (Edrioasteroidea
and Eocrinoidea). spindle-shaped taxa with three am-
bulacra (Helicoplacoidea), and bilaterally asymmetric
Carpoidea (Soluta, Cornuta). These animals are as-
signed to echinoderms based on the presence of any of
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three characters of extant representatives of the phy-
lum, i.e., the ambulacral system, pentaradiate symme-
try, and calcitic skeleton of plates with a special
stereome structure. For the identification of skele-
tonless echinoderms, the presence of the ambulacral
system and its developmental features are of particular
importance. The pentaradiate body symmetry of living
echinoderms is induced in ontogeny by the ambulacral
system. This reflects the evolution of morphogenesis of
the pentamerism, since in the earliest echinoderms it
initially embraced only the ambulacral system; later, it
expanded onto many other structures, including the
skeleton. Therefore, the recognition of the earliest
skeletonless echinoderms and their ancestors is primar-
ily based on the search for traces of the ambulacral
system and inferences concerning the extent to which it
is developed. The ambulacral system of echinoderms is
marked on the body surface by the food-gathering
grooves (the radial ambulacral canal extends under
their bottom) and madreporite, which connects the cav-
ity of the ambulacral system with environment through
the stone canal. Therefore, the ambulacral system n.ay
be represented in imprints by grooves deviating frm
the mouth opening. The hydropore or madreporite are
not necessarily seen in imprints because of small pore
size. In historical development, the ambulacral system
appeared not earlier than the formation of a through
intestine, which is marked in fossil prints by the mouth
and anus. The mouth opening and anus would have



been well-pronounced in some specimens, as they were
probably preserved in imprints to at least the same ex-
tent as the ambulacral grooves.

Judging from the morphogenesis of the ambulacral
system in living echinoderms and reconstruction in
Early Paleozoic skeletal taxa, the ambulacral system
was initially represented by an ambulacral sac with the
only canal deviating from it and giving rise to alternat-
ing right and left tentacle triads (Soluta). Subsequently,
the sac-shaped hydrocoel partly embraced the esopha-
gus, becoming arcuate, with two radial canals deviating
from the ends of the arch to the right and to the left
(Cincta). At the next stage of evolution of the ambulac-
ral system, the hydrocoel became horseshoe-shaped,
with three radial canals deviating from it (Helicopla-
coidea). Finally, in the first pentaradiate taxa, two ra-
dial canals branched near their beginning and the ends
of the horseshoe hydrocoel approached each other
(?7Edrioasteroidea, ?Eocrinoidea); then, they fused to
form the ambulacral ring, which is characteristic of all
extant adult echinoderms (fig. 1).

As the ambulacral grooves are radially symmetrical,
they are probably characterized by certain distinctive
features. Let us consider this point in greater detail. Ra-
dially symmetrical figures may be identical but consid-
erably differ in constructional pattern. For example, a
five-point star may be constructed differently. Two vari-
ants, i.e., division of a circle and closure of a border, are
similar to, for example, the arrangement of septa in cor-
als and the development of the ambulacral ring in echi-

SOLUTA

EDRIOASTEROIDEA
HELICOPLACOIDEA

noderms, In some cases, it is possible to recognize the
developmental pattern ("morphogenesis") of a geometri-
cal figure using abnormal specimens. In paleontology,
these abnormal specimens are both aberrant individuals
of a species and taxa of various taxonomic rank deviat-
ing from a standard, for example, small echinoderm
classes of the Early Paleozoic.

A surprising morphological feature of living echi-
noderms is the perfect pentaradiate symmetry com-
bined with the pronounced asymmetry. The morpho-
logical diversity of early echinoderms displays designs
corresponding to the combination of pentaradiate
symmetry and asymmetry, as in extant echinoderms.
The ontogeny of living echinoderms shows that their
radial symmetry develops through curving and closing
the metamery. This suggests close relationships of the
origin of radial symmetry of echinoderms with asym-
metry, which has evolved by coiling and closure of the
initial metamery (Rozhnov, 2002). This coiling and
subsequent closing could have developed through
asymmetric development of the right and left sides of a
metameric ancestor. This resulted in the reduction of
the right anterior and right middle coeloms and dis-
placement of the posterior coeloms. Judging from the
development of coeloms, the initial metamerism of
echinoderms was tripartite. The primary ftripartite
metamerism undoubtedly induced the primary ftriradi-
ate symmetry of echinoderms. Therefore, the pentara-
diate symmetry of many echinoderms shows clear
signs of triradiate symmetry.

Fig. 1. A morphological series of the development of pentaradiate symmetry in the ambulacral system (in black), as

displayed by fossil taxa

Puc. 1. Mopdororiuduecknii psui pasBuTHs OATHIYMEBOH CUMMETPHH aMOy1aKkpallbHOH CHCTEMBI (TOKa3aHa YCpHbIM),

OTpa)keHHBIH B HCKOTIaeMbIX (hopmax



In adult echinoderms, the primary triradiate symme-
try is infrequent, or even completely absent. Appar-
ently, triradiate taxa are only represented by Helicopla-
coidea, known from the Lower Cambrian of North
America. Therefore, the three grooves radiating from the
mouth opening are evidence that such an animal is an
echinoderm. However, at least some specimens must
necessarily show traces of the anus, since it is preserved
not worse than the ambulacral grooves. Tribrachidium
Glaessner, contrary to the initial treatment (Glaessner &
Wade, 1966), should not be assigned to echinoderms
because of both the morphology of its grooves (Fe-
donkin, 1987) and the absence of anus.

The five grooves deviating from the mouth suggest
to assign these animals to echinoderms in the case that
two grooves branch from two primary grooves (model
2-1-2). A possible variant is the presence of four
grooves. with the fifth undeveloped. However. their
arrangement should not contradict the echinoderm
model of pentaradiate symmetry (2-1-2). with the
obligatory presence of the anus. Well-preserved speci-
mens must have retained traces of the madreporite.
Arcarua Gehling, 1987 does not meet these conditions,
since its grooves do not correspond to the echinoderm
model. while any trace of the anus is absent.

The new records from the Zimnii Bereg locality are
closer in morphology to echinoderms. They are circular

imprints 0.5-2 cm in diameter, with a negative relief

on the bottom of a sandstone bed (Pl. I). Below, the
morphology is described based on rubber casts with a
positive relief, The central zone usually has five crests,
three of which deviate from the center, while two
branch secondarily. The crests may be folds that cover
ambulacral grooves. Despite the heavily damaged cen-
tral zone, the arrangement of grooves distinctly display
the echinoderm model (2-1-2). In two specimens, the
nonbranching crest is opposed to rounded formations,
which are interpretable as traces of the anus. The pe-
ripheral zone has coarse concentric folds, which appar-
ently result from postmortem sedimentation and the
burial in deposits. If the presence of the anus is cor-
roborated in the future, these organisms will be as-
signed to echinoderms with confidence.

It is more difficult to identify skeletonless echino-
derms that had not developed the radial symmetry.
Theoretically, it is expected that, in the Vendian, primi-
tive echinoderms were bilaterally symmetrical and bi-
laterally asymmetrical rather than radially symmetrical.
However, bilaterally symmetrical forms are difficult to
identify, as their imprints could have been similar to
other Bilateria. In our opinion, Parvancorina sagitia
and Temnoxa., which have been recently described
from the Vendian of the White Sea (lvantsov et al.,
2004), probably belong to these primitive echinoderms
or the closest relatives of their ancestors,

Asymmetric development of the right and left
coeloms apart. comparative embryological data sug-
gest that the common ancestor of echinoderms was a
bilaterally symmetrical, three-segmented. freely float-
ing animal. Its descendants turned to a bottom mode
of life and initially laid on the bottom by their left
body side (according to a different hypothesis. by the
right side): this resulted in asymmetrical development
of coeloms. This approach seems mechanistic. A dif-
ferent approach is based on the fact that. if a spherical
animal has something like the anterior end. the oppo-
site end is by definition the posterior end. If any side
of this animal becomes flattened along the anteropos-
terior axis. the right and left sides appear in addition
to the dorsal and ventral surfaces. This gives rise to a
bilaterally symmetrical animal. However. as it grows
in size retaining the bilateral symmetry. the right and
left body sides have to grow synchronously. with the
same rate. The correlated growth of the right and left
sides required the development of special mecha-
nisms: until then, the right and left sides could have
developed asynchronously. with different growth
rates. One lineage comprises bilaterally symmetrical
animals, while the other includes asymmetric animals.
Thus. one should distinguish between morphological
symmetry, symmetry in shape, and morphogenetic
symmetry (symmetry in process). The asymmerric
development of the right and left sides was completed
by the transformation of metamery into cyclomery.
['rom this point of view, the bilaterally asymmetric
echinoderms that are placed in Early Paleozoic Car-
pozoa classes are life forms that were realized in the
lineage where the morphogenesis of radially symmet-
rical echinoderms was established. These life forms
could have appeared at different stages of develop-
ment of both radial and bilateral symmetry. In addi-
tion, they could have evolved from radially symmelt-
rical forms by pedomorphosis. Asymmetric skele-
tonless imprints of typical shape could have been as-
signed ro echinoderms; however, they have not been
recorded in the Vendian. The absence of these [orms
is probably connected with the fact that must have
had an articulated process, which provided the
movement of animals (symmetric forms probably
moved using the cilia covering the body). The mouth
or anus have not been recognized with certainty in
Vendian animals, and the overwhelming majority of
them lack processes that could have performed food-
gathering, locomotor, or other functions. The excep-

tion is provided by Parvacorina minchani Glaessner,

which possibly had buttresses, since some specimens
of this species had transverse banding on the body.
and a new genus the anterior metamer of which gave
rise o two well-pronounced tentacles (lvantsov,
2006). These restrictions on the morphology of Ven-



dian animals could have resulted from insufficient
development of genetic system that regulated their
morphogenesis. If this is the case, the presence of the
ambulacral system in Vendian ancestors of echino-
derms seems hardly probable, since the development
of the ambulacral system is based on the tentacle ap-
paratus, which could have appeared and undergo evo-

lutionary changes only against a background of a
well-developed regulatory genetic system.
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Plate 1. (Rozhnov & Ivantsov)

New representatives of the Vendian biota, resembling echinoderms from the Zimnii Bereg locality of the White Sea:

a— print on the bottom of a sandstone bed (negative relief) and b
PIN, no. 3993/6425. Scale 10 mm

3993/5823, 2 — PIN, no. 3993/5853, 3
Taoan. 1. (K cratee C. B. Poxuosa u A. KO, Msaniora)

rubber cast (positive relief), specimens: |1 — PIN; no.

HoBble Tipe/cTaBHTeNH BEPXHEBEHICKOH OMOTHL, CXOMHEIE C WITIOKOXKUMH, 3umuui Geper benoro Mops, ycTe-
MTHHEXKCKAs CBHTA, 3UMHETOPCKHE CIIOHM: 4 — OTIEHaTKN HA MOJONIBe CIO8 Mecuanuka (oTpuiaTensHetii pensed), b — na-

TEKCHBIE CTenkH (I0oNoKUTeNbHb pensed): |
3993/6425. Juneiika 10 MM

[THH, sk3, 3993/5823, 2 — I1UH, oxs. 3993/5853, 3 — [THH, 3k3.
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B BeHjie M3BECTHO HECKONBKO pPalHaTbHO-CHM-
MeTpuuHbix OecckenerHuiX (opMm, KOTOphiE 110 HEKO-
TOPOMY CXOACTBY € 3JIDHOACTEPOHMJEAMH C TOH MIH
HHOM CTEMEeHbIO BEPOSTHOCTH OTHOCHIIM K UTTIOKOJKHM.
CxoncTBO 3aKMIOYAETCA B YIIOIEHHO-OKPYIioi ¢op-
Me Tena ¥ TPeX MJIH MATH KeNobKax, paaHaibHO 0TX0-
pawux o1 uentpa. B 2005 rony A.FO. MBanuossim, Ha
3umueM bepery benoro mops Obinu HalieHbl HOBbIE
pamlHanbHO CHMMETPHYHBIE OTMEYATKH JKHBOTHBIX,
UMeEoLLHe CXOACTBO ¢ sapuoactepongeamu (Rozhnov,
Ivantzov, 2006), Ho oTauuaromMecs u ot Tri-
brachidium w ot Arcarua. TIpexe 4eM OLEHHUTL BEPO-
ATHOCTH OTHECEHHA DTHX HAXOJAOK K HITIOKOKHM, Clie-
AYET NPOaHAIM3UPOBATEL TPH3HAKM, TIPHCYTCTBHE KO-
TOpbIX HeobX0aMMO Yy Tex OeCCKeNeTHBIX OCTATKOB,
KOTOPbIE MOXHO YBEPEHHO OTHOCHTL K HIJIOKOMHM.
Hanuuue 3THUX NPU3HAKOB JONMKHO OBITH COTNAacOBAHO
¢ MpeACTaBACHUAMH IBOMIOLMOHHON MOP]OIOruM,
9MOPHONIOTHM M JIAHHBIX MAIEOHTOIOIHH M0 CKeleT-
HBIM OCTATKAM.

Bce coBpeMeHHEIE THIBI MHOTOKJISTOYHBIX JKHBOT-
HbIX MOSIBUIHCE B O4EHbL KOPOTKHI1 TIPOMEXKYTOK Bpe-
MEHH, OXBAaThIBAIOIIMH KOHELl BeHAA — HA4alo KeM-
6pus (Valentine, 2005; Rozhnov, 2001). B abcontor-
HOM MCHMC/IEHMHM OH OXBaThiBaeT okono 20 miuH ser
(Convey Morris, 2000). [lepBble ckeneTHbIE OCTATKH
HTTIOKOKHX M3BECTHBl M3 OTJIOJKEHMId aTaabaHCKoro
spyca HuxHero kembpus Cubupu, Monronun, Ce-
sepHOii AmMepuku. OHHM TpencTtasneHsl opMamy.
MMEHOLIMMU (IATHITYYEBYI0 CHMMETPHIO B PacrosioikKe-
nuit  muuectopueix kenodkor (Edrioasteroidea w
Eocrinoidea), sepereHoBHaHBIMU (opMamMu ¢ Tpems
amOynakpamu (Helicoplacoidea) wu Ounarepansho-
ACUM-METPHYHBIMH KAPNOMJIHBIMU HMIIOKOHHUMH (So-
luta, Cornuta). OcTaTku THX JKHBOTHBIX OTHOCHAT K
UIJIOKOMKHM 110 HAIMYUIO XOTA OBl OHOro M3 Tpex
NPM3HAKOB, XapaKTePHBIX U1 COBPEMEHHBIX MpeACTa-
BuTeNell TMna: amOynakpanbHas CHCTEMA, [ATHIIyYe-
Bas CUMMETPHS M KalbLUHUTOBBIH CKelleT U3 Tabnuuek ¢
ocoD0i cTepeomMHOH cTpykTypoil. [lns mnpentuduxa-
uuy  DECCKeNeTHBIX WITIOKOXKHX TNaBHOE 3HAYEHUE
HMeeT HanuuHe aMOynakpanbHOH CHCTEMBI M 0CODEH-
HOCTH ee pasBuTHA. [laTwiydesas CHMMETpUA Tesa y
COBPEMEHHBIX HMIJIOKOKHX ONpeeNsieTcs HHIYIH-
PYIOIIMM BJIHAHHEM B OHTOreHe3de amOysakpambHOW
chcTeMbl. DTO OTpaxkaeT MCTOpHuecKHH Mopdorenes
NeHTaMepnH, TaK Kak y JPEBHEHLINX HUITIOKOKHX OHa
CHayana OXBAThiBana JHIIL amMOylakpajbHYIO CHCTe-

MY, a 3aTeM pacnpoCTPaHHIACh H Ha MHOTHE Jpyrue
CIPYKTYphl, 8 ToM uuciie u ckener. [Tosromy s
HaeHTUDHUKAOHKY ApeBHEHIINX BecCKeNneTHBIX HITIOKO-
AHX H UX [PEJIKOB MPEXKE BCETO CACLYET NCKaTh Clie-
Ibi amOynakpasbHONR CHCTEMbI ¥ M0 BO3MOMKHOCTH OI1-
penensitb  ypoBeHb ee pasBuTus. AmOynakpaibHas
CHCTEMa MITIOKOXKHX HA MOBEPXHOCTH TeNa MapKupy-
ercs nunrecbopHeMi Kenobkamu (Mo UX JHOM MpPo-
XOAHUT PagHaTbiblii aMOynaKpanbHbI KaHal) M CHd-
pOTopoii, COEAHHAIOULYIO MOJOCTh aMOyadKpanbHoi
CHUCTEMBbl Yepe3 KaMEeHHCThIH KdaHall ¢ BHEIIHEH cpe-
no#. Iosromy amBynakpanbHas CHCTEMA Ha OTHEYaT-
Kax MoKeT OLITL BhIpaKeHa B BHM/E We/oOKOB, OTXO-
OALAX OT POTOBOrO OTBEpCTHA. [ Miaponopa MM Maj-
pernopur He 06s3aTENLHO pasnUYMMBL HA OTIEYAaTKaX
M3-3a MaleHLKOro pasmepa nop. AmbynaxpanbHas
cUcTeMa B UCTOPHYECKOM PA3BHTHM BOZHMKAET HE pa-
Hee MOMBJIEHUS CKBO3HOIO KMILNEUHMKA. KOTOPBIA HA
HCKOMaeMOM MaTepuaie, Ha OTreyaTKax. AoKeH Map-
KIHPOBAThCA PTOM M aHycoM. PoTomoe oTeepcTHE H
aHyC A0/KHB! ObITH XOPOIIQ BBIPAKEHb! XOTA Obl Ha
HEKOTOPLIX 00pa3ilax, TaK Kak BO3MOMXKHOCTE MX CO-
XPAHEHMS Ha OTrevaTKax [okHa ObITh HE MeHbLIe.
4yeM y aMOyaKpaibsHLIX jKenobKoB.

Cynsa no mopdorenesy amOynakpanbHoH CHCTEMbI
Yy COBPEMEHHBIX HIJIOKOIKMX M PEKOHCTPYKUMH ee
CTPOEHMs Yy paHHenaneo3oickux ckeneTHslX (Gopm.
amMOylakpaJbHas CHCTEMa CHauana NpesicTaBisia co-
60it amObynakpambHbI MEUIOK C €IHHCTBEHHBIM OTXO-
OAIIAM OT HEr0 KAHANOM, OT KOTOPOro NONEpeMeHHo
CIpaBa M CIEBA OTXOMMIN TpHaaw wynanel (Soluta).
3areM MEIIKOBHAHLINA, THAPOLEb, OXBATLIBAS 4acTh
NHieBoIa, npuodpen QyroBUIHYIO (OPMY. H OT KOH-
LOB JYr'H HANPABO M HAJIEBO OTXOAWNM [IBA pPaialib-
Heix kanana (Cincta). Ha cnepyioiiem jtane KOHCT-
PYKTHBHOTO paseuTHst amOylakpaisHOil CHCTEMBI TH-
pouens npuobpen noakosoobpasuyio gopmy ¢ Tpems
OTXOMIILMMHY OT HEro paauanbHbiMi Kaxamamu (Heli-
coplacoidea). Hakonell, y nepBbix NATHAYHEBLIX (OPM
[Ba PafManbHBIX KaHala Pa3sBeTBMIIMCL HEJANEKo OT
MX Hayand, a KOHILl MOAKOBL! rUapouens OIM3Ko co-
numes (?Edrioasteroidea, ?Eocrinoidea), a 3atem cnu-
nuck, obpaszoBas aMOynakpaikHbIH KONLLUEBOM, xapak-
TEPHBIA 118 BCEX B3POC/bIX COBPEMEHHLIX HMIJIOKO-
wKHX (puc. 1).

Ecny ambynakpanbHble KeN0BKH pacrooyKeHbl
pajnansHo-CHMMETPHYHO, TO Takad pajiuanbHas CHM-
MeTpusl JoiKHA obnasath onpeiesieHHbIMIU 0cobeH-



HocTamu. OCTaHOBHMCA Ha 5TOM noapobHel. Pamu-
ANLHO-CHMMETPHYHBIE QUTYphl MOTyT 6bITh abcomoT-
HO OJIMHAKOBBIMH, HO CIOCOOBI MX MOCTPOEHHS MOTYT
CHILHO pasnuuathes. Hanpumep, NATHKOHEYHYIO
3BE3/1y MOXHO NOCTPOHTh MHOTMMH crocobamu. [lBa
W3 HMX, JENEHHEM Kpyra u 3ambikanueM Gopziopa,
AHATOrHYHB], HATIPUMED, 3aIOKEHHIO CENT Y KOPanios
1 Pa3sBUTHIO aMOYNaKpamTbHOTO KOJbLA y HTTIOKOKHX.
[TyTs mOCTPOEHUS reOMETPHUECKOH (PUIypbL, €e «Mop-
(horenesy, ecnu Mbl He MOYKeM HaOIOAaTB €ro Hemno-
CPEJCTBEHHO, MOXKHO OINPENENHTh Mo OpakoBaHHBIM
aK3emMmIspaMm, B naneoHTonoruy 3tum «GpakoBaHHBIM
IK3EMIIAPAMY  COOTBETCTBYIOT Kak abeppaHTHbIE
(opMbl, OTBEHAlOIIHE HHAMBHUAYANLHOH W3MEHYMBO-
CTH BHJA, TAK H Pa3HBIE «YKJIOHAOIIHECH» TAKCOHI
paznuyHOro paura. Hanpumep, Majible KIacchl HIJIO-
KOXHX B PaHHEM MaJie030€,

B mopdonorus coBpeMeHHBIX HTIOKOKHX 110paxa-
€T COYeTaHWe BEChMa COBEpPLUGHHOH MSTHIYYeBOI
CUMMETPHH C SPKO BBIPAXKEHHONH acummerpueid. B
MOP(HONOrHYecKOM pPa3HOOOpa3HH IPEBHUX HIJIOKO-
KMX €CTb COOTBETCTBHE COYETAHMIO [ATHIYHUEBOH
CUMMETPHH M aCHMMETPHM B MOP(OIIOrHy COBpEMEH-
HBIX Urnokoxnx. OHTOreHe3 COBpeMEHHBIX HIJIOKO-
KMX MOKa3LIBACT, YTO X JTyUeBas CHMMETPHA BO3IHUK-
1a MyTEM 3aKpyrieHus W 3amblkanus meramepun, [lo-
TOMY MOMKHO MPEAnONOKHTb, YTO PaaHaibHas CHM-
METPHA Y HITIOKOXKMX TECHO CBA3aHA B CBOEM MPOHC-
XOJKACHMH C acuMMeTpueil, chopMHpOBABLIMCH MYTEM
3aKPYYHBAHHUA M 3aMBIKAHHMA HCXOIHOH MeTamepHu
(Rozhnov, 2002). Takoe 3akpyuHBaHHE H TOCIENYIO-
IEE 3aMBLIKAHHE METAMEPHM MOTJO MPOM30HTH MpH
ACHMMETPHYHOM Pa3sBHTHU IPaBOH M JIEBOH CTOPOHBI
meTtamepHoro mpenka. C 9THM cBA3aHa pepyKuus npa-
BBIX NEPEIHEro H CPeIHETO LENOMOB M NepeMelieHHe
3aaHuX LenomMoB. Mexoauas meTtaMepusi HITIOKOKHX
GblIa TPeXpas3[enkHOM, Cy[as [0 PasBHTHIO LEITOMOB.
Tepeuynas TpexpaseibHas MeTaMepus HECOMHEHHO
0Ka3a/10 CBOE BIMAHHE HA MNEPBHYHOE IOABICHHE
TPeXJIy4eBoil cuMMeTpuu y uriokoxux. [osromy B
[ATUIIYYEBOH CHMMETPHH MHOFHX HIJIOKOXHX SCHO
MPOCBEMHBACT UMEHHO TPEXITYUEBas CUMMETPHA,

V B3pocibix GOpM MITIOKOXKHX TEpBHYHAA Tpex-
fAy4esas CHMMETPHA ABNAETCA OUYEHb PEKOH, a, BO3-
MOKHO, M COBCEM OTCYTCTBYET. Takumu TpPEXIIyuyeBbl-
Mu opmamu  ABAAIOTCA, BeposTHo, nuuie Helico-
placoidea, w3BecTHele M3 HuxKHero kemOpus Cesep-
Hoii Amepuxu. ITosromy Tpu GOpo3AKM, paavanbHO
OTXOMAIIME OT POTOBOFQ OTBEPCTHA, MOTYT CBHje-
TEJIBLCTBOBAThE O BO3MOMKHOCTH OTHECEHMS TAKOro >KH-
BOTHOrO K urinokoxum. Ho namuuue cnepos auyca
xoTs Obl Ha HEKOTOPBLIX IKIEMILIApax, 00A3aTe/NLHO,
TAK KAK aHyC He MOMKEeT COXPaHAThCHA 3HAYHTENBHO
xyse, yeMm amBynakpanbhble xenobxu. Tribrachidium
Glaessner, BOIpPEKH MepPBOHAYAIbHBIM MpeCTaBICHH-
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am (Glaessner, Wade, 1966). He MOXKeT OTHOCUTLCS K
HITIOKOXHM HE TOJNBKO 1o Mopdonorun 60po3nok
(Pemouxkun, 1987), HO M 1O OTCYTCTBHIO CEI0B
aHAMLHOTO OTBEPCTHUA.

[TsaTs Gopo3mok, OTXOAALMX OT POTOBOro OTBEp-
CTHS, MOT'YT CBHIETENLCTBOBATL 00 OTHECEHHH TAKHX
MCUBOTHBIX K MITIOKOXKHMX TIPH YCIIOBHM, €C/IH JABA M3
HHX OTBETBIAIOTCA OT ABYX NEPBHYHBIX (Monens 2-1-
2). Bo3MoKeH BapMaHT, KOT/la Beero uerhipe Gopo3a-
K4, a naras He passuiack. Ho Takoe pacnonosxkenue
HE [OJUKHO I[IPOTHBOPEYHTH WI/IOKOXKHOW MOIENnH
nATHAY4YeBroH cummerpun (2-1-2). Ilpu sTOoM Hamu-
e cleqos aHyca obdssarensao, [Ipn Xopome# co-
XPAHHOCTH JOOJKHBE OBITE W CHEAbl THAPOTOPSI.
Arcarua Gehling, 1987 He ynoBneTROpseT 3TUM YC-
JIOBHAM, TAK KaK pacloloxeHne 00po3oK Ha Heil He
OTBEYAET MINIOKOXHOHW MOMAEHIH, a Clelbl anyca oT-
CYTCTBYIOT.

Hossie npeacragurenu ¢ 3umuero Gepera o cgoel
mopdonorun MoryT GeiTh Gnuke K urnokoxum, Onu
npencrasisoT coboi okpyrieie ortnedarkn 0,5-2 cm
ANAMETPOM B HETATHBHOM penbede Ha MO/OIIBE CIIOM
necuanuka (rabn, 1). Jlanee mopdonorusa omnucaHa 1o
JATEKCHBIM CJIENKAM B [OJOXKHTEIEHOM penkede. B
LEHTPAJILHOM 30HE PACMONOXKeHk! 0BLIHHO NaTh rped-
HEl, TPH M3 KOTOPLIX OTXOMAT OT LEHTp4, 4 JBa B
pansHeineM BetaTes. ['pebuu MoryT ObiTh CKIaaKa-
MH, TIPHKpBIBAIOIIMMK aMmOynakpannhbie KerobKu.
Hecmotps Ha cuibHyto JedopMaluio LeHTpanbHOMH
30HBI, BBHIPUCOBLIBAETCS WIJIOKOXKHAN MOAEAL B MX
pacnionoxennn (2-1-2). YV aByx 3K3eMnasapoB Hanpo-
TUB HEBETBAIMIErocs rpeGHs HAXOAATCH OKPYIribie 06-
pa3oBaHus, KOTOPbIE MOXKHO HMHTEPIPETHPOBATh Kak
cnenpl anyca. [Mepudepuueckas 30Ha OCNOKHEHA IPy-
OBIMH KOHLIEHTPUYECKUMH CKIAAKAMH, BOIHHKIIMMH,
No-BHAMMOMY, B Pe3ylbTaTe OCeAaHHd Tena mnocie
CMEPTH W 3aXOpOHeHUs B ocanke. Ecnu B nanbueiiuem
MOATBEPANTCS HATMUME aHyca y ITUX OPTaHU3MOB. TO
BEPOATHOCThL MX OTHECEHHS K UITIOKOKHM OyaeT noc-
TATOMHO BEIIHKA.

Cnoxnxee naeHTH(puunpoBaTs GecCKeNneTHBIX HITIO-
KOKMX, €lIe HE MMEBIUMX PajHaNbHON CHMMETPHH.
Teoperuueckd Mbl ¢ Gonbliell BEPOATHOCTBIO MOITTH
OBl OXHAATE B BEHAE HAX0AKH OHnaTepanbHO-CHM-
METPHYHBIX ¥ OMIaTepaIbHO-aCHMMETPHUHEIX (OpM
NPUMHTHBHEIX — HIJIOKOMKHX, YEM  PajIHa/IbHO-CHM-
MeTpuuHbix. Ho BumatepaibHO-CUMMETPHHHBIE (hop-
MBI TPYAHO TOYHO HACHTH(MIMPOBATH, TaK KaKk HX
OTNeYaTKH MOryT OBITh cXoamsl ¢ apyrumu Bilateralia.
C naweif Touku 3peHus Takne (popmel kak Par-
vancorina sagitta w Temnoxa, HeJABHO OMHCAHHBIE W3
senpa Benoro mopa (Meauuoe u ap., 2004), moryr
OKa3aThCsi MMEHHO TAKUMM TPUMMTHBHBIMH HTJIO-
KOKUMH Wi OJHXKAAIMMH  POJACTBEHHHKAMH  HMX
NpPenKoB.
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CpaBHHTENLHO-9MOPHONIOTMMECKHE NAHHBIE TIO-
3BOJIAIOT, €CJ/IM OTBJIEYLCS OT ACHMMMETPHHMHOrO pas-
BHUTHS NPABBIX U JIEBBIX LEJOMOB, PEKOHCTPYHPOBATH
ofulero npeaka MIIOKOXKHX Kak OuiarepanbHo-
CUMMETPHYHOE TpexcermentTHoe cBoboAHONIIABAD-
ee KHBoTHOE. Ero moTOMKM mepewiu K NpUiIoHHO-
My o0pasy »HM3HH M CHauyana Jerid Ha AHO JI€BOH
CTOPOHOIT Tena (1o Apyroi, rurnorese, Npasoii), 4To i
NpHBENO K acuMMeTpHH uenomos, Takoit moaxon ka-
KETCd MEXAHMCTHYEeCKHMM. MOXKHO B3IJIAHYTH Ha
MPHYMHBI ACHMMETPHH € ApPYToi ToukH 3penns. Ecmom
y LIaPOBMAHOIO )XKHBOTHOrO HaMe4eH MepeaHMH Ko-
HELl, TO [MPOTHBOMNONOXKHKIH €My KOHELL N0 onpenesne-
HUIO CTAHOBHUTCA 3aQHUM. ECIM y Takoro »}HBOTHOrO
BIOJL MepejiHe-3aIHel ocH ymouaeTcs kakas nubo
CTOPOHA, TO TMOABAAETCH HE TOMBKO COMHHAA WU
GplolnHas NOBEpPXHOCTL, HO W MpaBas U JeBas CTOpo-
el Tak Bo3HHMKAET MOPPOSOrHHECKH OnnaTepankHo-
cumMMeTpHuHOe kuBoTHoe. Ho npu ero pocre pans
coxpaHeHus OwjaTepanbHOH CHMMETPHH [paBas H
JieBas CTOpOHA Tela JOJDKHLI PACTH CHHXPOHHO H C
OMHAKOBOI CKOpPOCTBIO. MexaHN3MBI Takoi Koppe-
JAIMK POCTA NPABOH M JIGBOH CTOPOHE! JIOJIKHBI BhI-
pabotaTthCs, a MOKa OHH He BhlpaboTanHCh, TO HE Me-
HEE BEPOSATEH APYTOil MYTh PA3BUTHA MPABOi H NEBOI
CTOPOHB] — ACHHXPOHHBIH M C PazHBIMM CKOPOCTIMM
pocra. B onHOH nuHMM pasBUTHA KUBOTHOEe Oyuer
GunarepansHO-CHMMETPHYHLIM, a B JApyroil — Guna-
TEpPAILHO-aCHMMETPHYHLIM. 3aBepileHneM acHMMeT-
PHYHOTO Pa3BUTHA MPAaBON M NEBOW CTOPOHBI ABIAET-
csi [peBpalleHie MeTaMepuu B HukinoMepuio. C 1ol
TOUKH 3peHHs OulaTepanbHO-aCHMMETPHYHLIE HIJIO-
KOKHE, [MOMELIAEMBIE CpelH paHHenaleo30HcKux
KJIACCOB KAaprO30MHBIX MWITIOKOXKHX, [PECTABIAIOT
coboit Ku3HeHHble (OpMbL, OCYyLUECTBUBLIUECS HA
MyTH CTAHOBJIEHUA Mopdorenesa pajgHaibLHO-CUMMET-
pHUHBIX HITTOKOXKMX. JKnsHeHnHbie QOPMBI TaKMX KK~
BOTHBIX MOTJIH OCYILECTBIATLCA HA pa3HbIX dranax
pa3sBUTHA B HAMPABICHUM KAK PaavanbHOM, Tak H GH-
narepanbHoit cuMmmerpuu. Kpome Toro, oHH MOIrnu
BO3HHKAThb NyTeM nenomopdosa u3 yxe chopmupo-
BaBUIMXCH pajuansubix (opm. Becckenerusie acum-
METPUHHLIE OTMEYATKH XapaKTepHo# (GopMbl MOKHO
ObUI0 OB IOCTATOMHO YBEPEHHO MACHTH(HIIMPOBATH
K4K HITIOKOJKUX, HO OHM B BeHJe He BCTpedeHbl. Mx
OTCYTCTBHE MOXKET OBITE CBA3AHO ¢ HEOOXOAMMOCTLIO
ansa Takux GopM HMETh WIEHHCTBIH OTPOCTOK, C I0-
MOLIBI0 KOTOPOro OHH MOrnmu Obl JABUraTbCs KPyro-
obpasHo (11 CHMMETPHUHBIX (DOPM BO3MOMKHO Hps-
MOE [BMIXKEHHE C MMOMOLILIO PECHMYEK, [MOKPLIBAN-
wnx Teno). Y nopasnsoumiero GOMBIMMHCTBA BeH/-
CKHX JKMBOTHBLIX HeET NMILecOOpHBIX, JIBUIaTE/IbHbIX
HIH BBUIOJNHABUIMX ApyrHe QyHKUMH oTpocTKoB. o
HACTOAILEr0 BPEMEHH Y HHX JOCTOBEPHO HE N0KA3aHO
Hanuuue pra ¥ anyca. HMckniouenue npencraBisiorT
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s Parvancorina minchami Glaessner, y koTopoil
MOXKHO MPEIANOI0XKHTL CYLIECTBOBAHME HOXKEK M3-3a
NonepevyHoH MCYEPYEHHOCTH €e Tena Ha HEKOTOPLIX
obpa3znax, ¥ HOBBIH PO, OT MEpPeJHero MeraMepa Ko-
TOPOH OTXOAAT ABAa XOPOLIO BhIPAKEHHBIX YCHKa
(Ivantsov, 2006). Takue orpannyeHuns 8 MOp(oNOrny
BEHICKHX JKHBOTHBEIX, KAK MHE Ka)KeTCH, MOTYT CBH-
JleTENhCTROBATE O HEAOCTATOMHO BBICOKOM YPOBHE
Pa3BUTHS Y HUX peryaupyrolneii MopdoreHes reHeTn-
4eckoil cuctembl. Ecnu 3To npeanonoxeHHe BepHO,
TO Haluuue amOynakpallbHOH CHCTEMbl ¥ BEHICKHX
NPEAKOB MITIOKOXKHX KaKeTCs COMHMTENLHBIM, TaK
KaK B OCHOBe aMOynakpanbHOH CUCTEMbl JIEXKHT [y-
NalnbUEBLIA anmapart, [OABIEHUE KOTOPOro, a TeMm
Gonee ero gannHeliliue npeolpazoBaHms, BO3MOKHEI
TONLKO TPU YXKE XOPOUIO Pa3BHUTONH PEryIATOPHO-
IeHETHYECKOH cucTeme.

Pabota npopoaunace npu (JMHAHCOBON nojiepkKe
nporpammel Tlpesnpenta P@® «Hayussle mkossl Poc-
cuiickoit @epepaumuy» (nmpoexr HII-2899.2006.5),
PODH (npoext 05-05-64825) u IMporpammsr [8 [Tpe-
suauyMa PAH «[Ipoucxoknenue u 3omoums Ouo-
ctheprn.
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VENDIAN ATTACHMENT DISKS AS SYMBIOTROPHIC STRUCTURES
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Palaeontological Institute RA S, Moscow, Russia,
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Abstract

Currently, modern symbiotic systems and those of
the past are under careful consideration. There is no
doubt that symbiosis was one of the key factors in de-
velopment of the early biosphere, especially with re-
gard to the origin and evolution of eukaryotes.

Recognition of new morphological features of the
Vendian fossils previously interpreted as medusoid
organisms completely changed their understanding and
reconstructions. These forms are now reinterpreted as
attachment disks of organisms. whose relationships are
not yet understood (Gehling, 2000). This causes some
questions on the nature of the attached species and
their relations to substrate. The Vendian basal struc-
tures can be attributed to four main morphotypes: (1)
discoid cyclic attachments, e.g. Ediacaria; (2) cone-
like attachments bearing cyclic radial processes, e.g.
Eoporpita; (3) cone-like attachments bearing radial
processes rather randomly arranged, e.g. Hiemalora
from Siberia: (4) composite forms showing a combina-
tion of some features of the above three morphotypes,
e.g. Palaecophragmodictya. These morphotypes seem
to be ecological and ethological groups rather than true
taxa. The diversity of the Vendian basal structures situ-
ated inside and above the sediments in life position
appears to reflect the variety of attachment modes and

substrate use. Widespread microbial mats on the ocean
floor and minor bioturbation common for the Vendian
environments were resulted in abrupt transition from
oxygenic conditions in the bottom water to anoxic ones
inside the sediments (Seilacher, 1999). The close asso-
ciation and likely symbiosis of these attachments pre-
sent in the Vendian is noteworthy. Evidence supporting
such an interpretation include: (1) the considerable
morphological diversity and complex structure of these
basal structures, (2) the rapid cyclic isometric growth,
(3) the absence of recognizable alimentary system, (4)
the sedentary life-style, (5) large surface of attachments
contacting with the substrate, (6) the preferential fos-
silization of the basal parts, (7) abrupt changes of fossil
community with these sedimentary sequences, (8) the
absence of apparent modern analogues, (9) indications
of HsS in sediments, (10) simultaneous extinction of
many Vendian groups and abrupt decline of microbial
substrates. Taphonomic and morphological studies in-
dicate that such Vendian attachments could be sym-
biotrophic structures. Bacterial symbiosis may indeed
be the driver for morphological peculiarities of the
Vendian attachments. This idea is supported by newly
discovered symbiotic relationships between some liv-
ing animals and sulphate-reducing, methanothrophic
and photosynthesizing bacteria.

MNPUKPEIMUTEJBbHBIE JUCKHW BEHICKHNX OPTAHU3MOB
KAK CUMBHOTPO®HBIE CTPYKTYPbI

E.A. Cepescnurosa

[Naneontonornuecknii uacTutytT PAH, Mockga;
email: serezhnikova@paleo.ru

CumbHOTHHECKHE B3aMMONEHCTBHA CPENM TMEpPBbIX
MHOI'OKJIETOYHBIX OPTAHM3MOB OTHOCATCA K BOMpOCaM
npobeMaTHUHbIM: ObLIOE TPHCYTCTBHE CBA3e Hempo-
CTO JIOKA3aTh HA HCKOMAeMOM MATEpHANE M3-3a O4EBH]I-
HBIX OIPaHNYEHMIl, HAJTaraeMbIX HENOTHOTOH manmeo-
HTOJNIOrHUecKOH netonucH. Tem He MeHee, Takyl HC-
C/Ie[I0BATEILCKYI0 3a1auy HeoOXOIMMO CTaBHTh XOTA
Ob! NOTOMY, 4TO COITIACHO TEOPHH CUMOMOTEHE3a B pas-
BHTHH OBKAPHOT HA pPaHHUX dTanax (opMUpPOBaHHS
Guocepsl coBpeMeHHOro THMa cumbuo3 omken Obii
ABMATLCS BECHMA 3HAUMMbIM ABJICHHEM B MPOLIECCE CTA-
HOBJIEHHS CJOXKHBIX OHonormueckux cucrem. [lo-
BHAMMOMY, H B #CH3HH COOOIIECTB BEHACKHX MHOIOKIE-
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TOYHBIX OPraHM3MOB CHMOMOTHHECKHE B3aHMOEHCTBHA
UIPany HEMAIOBAXHYIO poib. O BO3MOMKHOM IPHCYTCT-
BHM CHUMOMOHTOB Yy 9/MAKAPCKHX OPraHH3MOB paHee
ynomunanocs neogHoxpatho (Seilacher, 1999, Fedon-
kin, 2003 u ap.). K 2710ii runorese HHTEPECHO BEPHYThL-
Csl, MOCKOJBKY MHOTHE [THKIHYECKUE HCKOMAEMBIE, CHH-
TABLIMECs MEeIarudecKuMi U OSHTOCHBIMH ME/y30M/a-
MH, GBUIH PEKOHCTPYMPOBAHbI KAK IPHKPENHTEILHbIE
CTPYKTYyps! nipobnemarianbix kuBoTHbIX (Gehling et al,
2000). CeobomHO XHUBYIIME Memy3hl, TAKKe KaK U KO-
Paibl, UMEIOT CHMDNONTOB, MANE BCETO — DBRAPUOT-
Hble OJHOKIETOMHBIE BOJOPOCHH, ONMCHIBAEMBIE [10]]
Ha3BaHMEM (GooKcaHTewis»., Ho npuKpenHTenbHbie



JPraHbl BEHIACKUX JKHBOTHLIX, MOTPYKEHHBIE B OCA/IOK,
He MOrIM UMEThb (POTOCHHTESHPYIOUMX CHMOHOHTOB.
Bo3HMKaeT 3aKOHOMEPHbLLE BOTPOC — WUMENW JIH OHM
poobine cumbnroTHYeckue (HOPMBI MHKPOOPraHH3MOB?
OTBET HA 3TOT BONPOC B 3HAUMTE/ILHOM CTENEHH JICKHT
B 00NACTH B3aMMOJEHCTBHS OpraHu3mMos, obaagaBiuimx
UMM CTPYKTYpamu, u cybcTpata, Ha KOTOPOM OHH
pOurany. B 3aBUCHMOCTH OT MPHKH3IHEHHOTO MOJI0MKe-
s, 00pasa KH3HH U BO3MOKHOTO HCIIOIL30BAHNSA CYO-
CTpaTa BEHACKHE OPraHu3Mbl ObIIW CrPYIIUPOBAHEL 110
sxonornueckum tunam (Seilacher, 1999).
CrietpuueckMmMn  0COOEHHOCTAMH OEHTAIH BEHI-
CKHX MOpeil Ha3pIBalT OOIIMPHOE Pa3sBUTHE MHKPOOH-
ATLHBIX TUIEHOK HA MOBEPXHOCTH [IHA, HH3KYIO CTENEHB
COPTHPOBKM oOCajika M ciabyto nepepaboTky TpyHTa
nonnbivu opranu3mamu (Fedonkin, 2003). Cregcrsuem
3T0r0 ObUI PE3KMIA MEepexo OT aIpPUPOBAHHOI Cpe/ihl B
TOJIIE BOJALL K BECKUCAOPOAHLIM 00CTAHOBKAM BHYTPH
ocanka (Seilacher, 1999); koceeHHO 00 3TOM CBHE-
TEALCTBYIOT Cl€/lbl CEPOBOAOPOAHOIO 3apakeHus W
BLICOKOE COMAEPKAHNE AWCHEPCHOro  OpPraHHYecKoro
BEIECTBA B [IMHHCTHIX # KapOOHATHBIX OTIOKEHUSIX
penna. Bewnackue OaszasibHble CTPYKTYPhL OTIHYAIOT
chokHOE crpoeHue U Mopdonornueckoe pazHoobpasue,
H3-3a (hparMeHTapHOi COXPAaHHOCTH H BCEBO3MOMKHBIX
rahOHOMHYECKUX BapHaluii MPH MX ONHCAHUM BO3HH-
KatoT TpyaHoCcTH. [TOBCEMECTHO paclipOCTPaHEHHBIMH H
ACTKO IMarHOCTHPYEMBIMM MOP(OTHIAMH ABIIAIOTCH!
JIMCKOBHIHBIE TMKIMYECKUE, YIUIOWEHHBE B TOH Win

uuol crenenn (Ediacaria, Cvelomedusa); KOHyCOBHI-
HBIE € PANWATLHBIMH BBIPOCTAMH, PACHOTOKEHHEIMH
kak xaotndecku (Hiemalora, cubupekas (opma), Tak 1
yropsaouenno, uukiugeckn (Eoporpita); nomycdepu-
YECKHE, C PasHOODPa3HBIMH CKENETHLIMU 31EMEHTaMH
(Palaeophragmodictya); mucku-nneHkd u ap. (puc. 1:
tadm. I, dwr. 1-6). Dt MophoTHIIEI NPEACTARIAIOT CO-
00l He cHCTeMaTHYECKHe IPYTIIMPOBKH, & 3TONOrHYe-
CKHE M IKOJIOTHUYECKHUE, T.€. OTPaXal01 PasHbie CrIOCOOHI
3aKkperuienus B cyOCTpaTte M, BEPOATHO, €r0 HCIONb30-
ganus. CornacHo Ta)OHOMHUYECKHM HAOMONCHHAM W
mopthonioryaeckuM  OCOOEHHOCTAM, TIPH JKH3HH OTH
CTPYKTYPBl PACIIOJIATAIIMCH M HA MOBEPXHOCTH 1THAHO-
OaKTepHaIbHBIX MATOB, W B TOJNIE OCA/KOB, HHOI/A
N0BONBHO peiXibix, Takum oOpasom. pasHbie 4HacTH
HPUKPEIUICHHBIX  OPraHN3MOB  B3aMMOJCHCTBOBANN C
NPHHUMITHATBHO PazHbIMU (DAKTOPAMHA CPEIbl: BEPXHSS
HAZIOHHAS YacTh Tela npedhiBaia B A3PHPOBAHHON
BOJIHOH cpefie, a riyDOKO NOrpy eHHbIH B OCAJIOK MTpu-
KpeNuTelbHEI OpraH HaXOIMICs B YCIOBHAX MOCTOAH-
HOH aHOKCHM, 4T TpebOBAll0 COOTBETCTRYIOMNX (-
IHONOrMUECKHX  (OHOXMMHMYECKHX) CPEICTB  3aliNThI
HIDKHEH yacTH Tena o1 (JAKTOPOR XUMHUECKH arpeccHB-
HOl cpenbl. [1o-BUAUMOMY, TAKYH0 POJIb MOLITH HIPaTh
cUMOMOTHYECKHE MUKPOOpraHusmsl (ctporue wm da-
KyJIbTaTUBHbIE aHadPOOk!), HACENABLIME TKAHH MPHKpPE-
NMUTENIRHLIX OpraHoB. Huke nOpHBENEeHbl HEKOTOPhIE
KOCBEHHbIE [TPU3HAKH, BEPOATHO, YKa3bIBAIOLIHE HA He-
[POTHBOPEHHBOCTDL MOA0OHOH TPaKTOBKH,
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Fig. 1. Vendian attachments: main morphotypes (tentative schematic reconstructions of preserved fossils from the
Vendian sequences of Arkhangelsk Region and Arctic Siberia, Russia)

Puc. . OcHOBHBIC MOP(OTHTIEL BEHICKHX TPUKPEIHTEIbHBIX CTPYKTYP (CXEMATHYECKHE PEKOHCTPYKIIMHU, C/leialHbIe
o MatepHanam U3 oOHaKeHwH Bepxero seHna [Oro-Boctounoro beromopes u Ounenekckoro nojgHaTua Cubupekoi

naargopmel)
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Tabdanua |

Fig. 1-6. Imprints of Vendian attachments from the soles of fossiliferous strata: | — Cvelomedusa sp., PIN 3993/6597,
Arkhangelsk Region, Zimnii Bereg of the White Sea. Upper Vendian, Zimnii Gory Formation; 2 — Ediacaria flindersi
Sprigg, 1947; PIN 3993/5287, Arkhangelsk Region, Zimnii Bereg of the White Sea, Upper Vendian, Verkhovka Forma-
tion; 3, 4 — Palaeophragmodictva spinosa Serezhnikova. 2007, PIN 4853/418, 4853/425, Arkhangelsk Region, Onega Pen-
insula, Solza river, Upper Vendian, Ust’-Pinega Formation: § — Hiemalora pleiomorphus Vodanjuk, 1989, PIN 3995/251,
Arctic Siberia, Oleniek Uplift, the river Khorbusuonka, Vendian, Khatyspyt Formation: 6 — Eoporpita medusae Wade,
1972, PIN 3993/6444, Arkhangelsk Region, Zimnii Bereg of the White Sea. Upper Vendian

@ur. 1-6. OTrieyaTki BEHICKAX IPHKPENHTE/BHBIX THCKOB Ha NOAOIIBAX (POCCHACHOCHBIX cioes: | —C yelomedusa sp.,
yics, TTMH Ne 3993/6597, Apxanrensekas 001, 3umnnii beper Besioro Mops: Bepxuuii BEHIL 3MMBEIOPCKas CBHTA 2 - Edia-
caria flindersi Sprigg. 1947: 93, TIMH Ne 3993/5287, Apxanreibekas o0, SuMuui Geper benoro Mops; BEPXHHI BEILL,
yers-nuHekckas ceuta: 3, 4 — Palaeophragmodictva spinosa Serezhnikova, 2007, sx3. TTHH. Ne 4853/418 u No 4853/425
Apxanre/bekas 0011, Onexcexmit 1-08, p. Cossa: BepXHUH BCHIL BEPXOBCKAA CBUTA 5 - Hiemalora pleiomorphus Vodanjuk,
1989, o3, TTMH Ne 3995/251, Onenexcxoe nojmsirie, p. XopOycyoHKa, BeH)L, XaTsiCHbITekas cauta; 6 — Eoporpita medisae
Wade. 1972, axs. [THH Ne 3993/6444, 3umimii Geper besoro Mops; epxauii sexz. MacurraGusiit orpesok | ¢
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Pasznoobpaszue nianog cmpoenus bazaneHslx opaa-
Ho&, ux ciodicnas mMopghonozus, Gonviias niowads co-
npukoctiogetisl ¢ ocadkor. TIpHKpEnHTeNbHbIE THCKH
110 APYCHOMY PACTIONOKEHHIO B cyBCTpaTe «KOMUPYIOT»
KOPHEBYIO CHCTEMY HA3eMHBIX pacTeHuii, a no mopdo-
NMOTHH Y/IMBUTEILHO TIOXOKM Ha DazansHbie gucki Oy-
puix Bonopocaeil, Tem He MeHee, BEHICKHE OpTraHU3MbL
BCE JKC NPHHATO paccMaTpuBaThL Kak Metazoa, B ToM
unene, 1 M3-3a TAQOHOMHYECKUX XAPAKTEPUCTUK — BE-
LIECTBO PACTHTENBHOTO TMPOHCXOKIEHHS COXpaHAETCs
uHave, PaHAIbHAS CUMMETPHA M «Me1y30110100HOCTE
BEHJICKMX [IMKITHYECKMX HCKOMaeMbiX OBUTH riaBHBIMH
APryMEHTAMH B TMOJL3Y CHCTEMATH3ALMM HX  Kak
Coelenterata, ojiHako, npu BCEH Macce HAKOTUIEHHOTO
NANEOHTONOMMYECKOTO MaTepHala, He HW3BECTHB! OTne-
HATKH AOCTOBEPHLIX LUYIIANEL, POTOBOIO OTBEPCTHS;
ML B GAMHWMHBIX CAyuasx HabMoaaloTes  criejibl
BHYTpeHHel (ractpansHoii?) nonoctn. Paszeurthe pas-
JIMMHBIX BBIPOCTOB, MPOHH3LIBAIOIMX OCAJIOK, MIEHOY-
HbLIX MOBEPXHOCTEH, YBENHUYMBAIOLIMX [UTOUAIL COMPH-
KOCHOBEHHS € OCAIKOM, MOXKHO PaccMaTpuBarh Kak
fipu3Hak cumonoTporocT. C Apyrofl CTOPoHLL, Cylie-
CTBOBAHME B BbICOKO[HMHAMMYHBLIX 1UeIb(oBLIX 06cTa-
HOBKax M orcyrcrsue kamennoro ama (hard-ground)
COBPEMEHHOro 00nMKa mMornu ObITh OTBETCTBEHHBI 3a
pasBUTHE CIOKHBIX H PasHOOOPa3HbIX npucnocodneHuii
JINA 3aKpenienns s cyberpare.

[Mpuscusnennoe nonoxcenue & ocadke. AHOKCHS,
CEPOBOAOPOAHOE 3APAKEHHE OCALKA, CNIEAbl KOTOPO-
ro HabmonalTes B BEHACKMX OTnoxeHuax [Oro-
Bocrounoro benoMopbst, ABAAIOTCS HeONArONPUATHLI-
Mi  (pakropamu Ui cyulectBoBaHHs OOILIIMHCTEA
opraun3Mop. OQHHUM W3 BO3MOMKHBIX BAPHAHTOB CYIIE-
CTBOBAHKA B 110100HbIX 06CTAHOBKAX ABJIAETCS PazBy-
THE B KNEeTKaX, TKAHAX HJIH OKPYKAIOUMX CITH3HCTHIX
NOKPOBAX, HAnpuMmep, CyJb(arpegyuupyonux HiH
METAHOTPOMHBIX BaKTEPHit, 4TO XapaKTEPHO JUTs MHO-
rHX COBpEMEHHLIX opranuimos (I'pomos, 1998). bora-
ThIE OPraHHKOH HEAIPUPOBAHHBLIC BEHICKME OCA/IKH,
No-BUAHMOMY, SBIASUIHCH OOTaTBIM HMCTOYHMKOM CO-
EANHEHUI, NPUTOIHLIX A1 XEMOTPOPHOro nHTAHMU 33
CUeT OKHCJIEHHS COOTBETCTBYIOMIMMI BakTepusimi co-
enHenit cepbl w/unn Merana. C Apyroi cTOpoHsl, OT
ryOnTeNBHOrO BO3AEHCTBUA CPE/ibl OPraHuiM MoryT
NPEIOXPAHATL MOLIHBIE CAU3HCTLIC 00pa3oBaHuA, Ha-
NHYHE KOTOPBIX TAKXKE HE HUCKIIOHEHO Y BEeHJICKHX
Metazoa.

Tuzanmuzn. Hexoropsle BeHICKHE MPUKPETHTENE-
HBIE CTPYKTYPhI JAOCTUIAIOT 3HAYNTENLHLIX PAIMEPOB,
B LENIOM, MMIAHTH3M CHYMTAETCs OTIMMMTENLHON uep-
Toil npenacrasureneit Benackod Ouotw (Fedonkin,
2003). I'uranTH3M COBPEMEHHbIX KUBOTHLIX CBA3aH, B
TOM 4MClIE, H ¢ pa3BHTHEM BakTepHanbHbIX CHMOHOH-
TOB, KaK Hanpumep, y fonsiunucTa obureliei ruapo-
TepManbHbIX 0bacTedl, repMaTHIHEBIX KOPAUIOB U JIp.
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C npyroft ¢cTOpOHbLL, T.H. «NOAAPHBIL MMraHTH3IMY) Xd-
PAaKTEpPEeH JUIA OPraHU3MOB XOJIO/IHOBOIHBIX DacceilHoR
H BbI3BAaH N300MIHEM MMKPOIMITAHKTOHA.

Poem. [Jokazano, 4TO HEKOTOPBLIM JAHAKAPCKHM Op-
raiu3MaM [pucyiln neorpanuuennnii (Peterson et al.,
2003) nsometpuueckuit (Runnegar, 1982) pocr. He xa-
PAKTEPHLIH [/ MHOTOKJIETOHHLIX SKUBOTHBIX, HO CBOH-
cTBeHHbli rpubam, MukpoOHeiM Kononusim. Eci npu-
NIEPXKHBATLCA B3rIAA4 O META30HHOI NPUPOJIE DAHaKap-
CKHMX OpPraHM3MOB, He CTOMT OTKA3LIBATLCH OT Npeirno-
JIOKCHHA, 9TO HMeHHO OaxrepualbHble CHMOHOHTEI
NpH/aBanyd CcBOeoDpa3zue MNpoleccaM pocTa, Henas HX
OTIHHYHLIMK OT HIPUBLIYHBLIX «METAZOHHLIXY cxem. Llnk-
aH4ecKHH poct, Hanpumep, y Anthozoa, ceazad ¢ pas-
HOH CE30HHOMH, AHEBHOM AKTMBHOCTHIO CHMOHOHTOB, a Y
BakTepuanbLHbIX KOAOHUH OH BBI3BAH CYTOYHBLIMM XU-
MutecKuMI tukmamu. KpoMe Toro, BeHACKHE OpraHns-
Mbl C TPHKPENMHUTENBHBIMH CTPYKTYPaMH, NO-BUANMOMY,
POcan AOCTATOUHO BLICTPO, T.K. MX OCTATKH, KAK [PaABH-
10, HAXOJAT B IEbL(POBBIX (PalHAX ¢ BLICOKHMH CKOPO-
cTaMM ocaaxoHakornenus. C aApyroil CTOpoHbI, eciu
peub maeT of OTASNLHBIX OPraHax, W30METPHHECKMI
POCT HMMEET UIMPOKOE PACTIPOCTPAHEHME, & LMKIHYE-
CKME MPOLIECChl POCTA Hallle BCEro CBA3aHbLI ¢ YEPea0Ba-
HHEM KITHMATHHYECKHX YCIOBHIL

llpeumyugecmeennas  hoccunusayust  npuxpent-
menbhblx duckos. TpyHHOCTH NPH CHCTEMATH3AlIMK
BEHNICKMX OPTAHMIMOB BOIHHKAIOT, B TOM HHCHE, H3-3d
pazo0IUEHHOCTH OCTATKOB, MPHUYEM OTAENbHbLIE TPH-
KpeIUTelbHbIE CTPYKTYPBI, M3peaka ¢ (parmMentasmn
cteluis, coxpaugioTes B GOJILUIMHCTBE OPHKTOLEHO3OB.
Jlokazano, 4TO MHKpPOOPraHWU3Mbl MIPAIOT BAKHYIO
pors B mnpoueccax docecuanzammu  (bakrepuansuas
naneontonorus, 2002), NMo3TOMY HE HCKIIOMEHO, HTO
runoTeTnieckne cuMOuoTHUecKne Bakrepuu npukpe-
TINTENIbHLIX AMCKOB OBUIH B KAakOH-TO MEpe OTBETCT-
BCHHBL 38 UX u3buparensuyo poceunusaunio. C apy-
roit cTopoHsl, B 06CTaHOBKAX pasBuTHs DakTepHaib-
HbLIX MAaTOB CO3MAIOTCH WCKIIOUYMTEILHbIE YCITOBHA A5
doceunnzauun markux tradei (Wilby e al., 1996). a
BLICOKHME KOHLEHTPAUMH 3aXOPOHEHHOTO OpraHHnye-
CKOIr0 BeLIeCTBA W jKejiesa cnocobeTBYOT ObICTPOI
nocMepTHoil mpuTHsanuu (Petrovich, 2001). Kpome
TOIr0. B BBICOKOIHHAMUYHLIX 0OCTaHOBKAX MpPHKpPeri-
TEJbHbIE CTPYKTYPbl, HalpUMEp. OPAOBHKCKHX CTe-
GenbyaTeX MITIOKOXKHX. BETBHCTRIX MUIAHOK W 1.
TAKIKE COXPaHAIOTCH MPEUMYLIECTBEHHO H OTIEIbHO
OT BEPXHMX “acTeil.

Peskas cwena ghaynucmuveckux KoMMaekcoe no
paspe3y OTMEHAETCs [MOBCEMECTHO KAK XapakTepHasn
0COOEHHOCTE BEHACKHX M 3/lHakapckux paspesos (de-
noukun, 1985, Gehling er al., 2000), Bo3moxubIMK
OOBACHEHMAMH JTOH KApTUHBL, BEPOATHO, ABJIAIOTCH
KaKk MHOroakTopHOCTL YCHOBMIL, O0OXOAMMBIX IS
CO3/1aHMA (GKMBBIXY) CYOCTpATOB, TaKk W [OCTENEHHOE



obenHeHne THX CyOCTPaToB (CHHKEHHE KOHLEHTpPAaIHK
METaHa MJIM CEPOBOAOPOAA) B npolecce cuMOHoTpodHO-
ro nutanns. C apyroil CTOpoHLL, pe3Kas CMEHAa KOMILICK-
COB [10 pa3spe3y CBA3aHA C JKH3HLIO B BBLICOKOAMHAMMUY-
HbIX ODCTAHOBKAX, ¢ KaTACTPO(QHUYECKUMH CODBITHAMH —
wropMamu 1 T.. Kpome Toro, B aHOKCHYHBIX Borateix
OprasuKoi cosix yenoBus s hoccunusanun nebnaro-
TPUATHBIE, T.K. TPOHCXOHT O4EHb DLICTPOE PasiioKeHHE
opranuueckoro seuecrsa (Petrovich, 2001), u Takum
00pasoM Co31al0TCa NPEINOChUTKH JIIs BecbMa M30upa-
TEJILHOM, NOCIOHHON hocCHN3aLMH.

Odnospemetnoe pe3koe cokpawjenue niouaoen
MUKPOBUQRbHIX NOGEpXHOCHIEN U HcHesHogenue nped-
cmasumeneii 6eHOCKoU Guomel ha epanuye Kemopus
CBHMIIETEILCTBYET O 3HAUNTENLHON 3aBMCUMOCTH BEH/-
CKHX OpPraHM3MOB OT XapakTepa cyfcrpaTa; ¢ HaYaIoM
KeMOpHsSl  CBA3BIBAIOT  «PEBOSIFOLMIO  CyOCTpaToB»
(Bottjer et al., 2000). C apyroil cTOpoHbl, ¢ HaCTyILIE-
HHEM (haHepo30s npou3oLLIa rIodankhas nepecTpoiika
Beeit Buocdepst, uTo ObLIO BLI3BAHO KAK BHYTPEHHUMU,
Tak u BHemHnMHK daxtopamu (Butterfield, 2007).

Heodnosnaunocmes cucmemamuzayuu, Beuackue
HCKOMAEMbIE XapakTepu3yloTcs PpALoM crennduue-
CKHMX MPU3HAKOB, M3-33 KOTOPLIX NMOAB/AETCH MHONE-
CTBO HMHTEpHpeTauuii nx ob/InKa H CHCTEMATHIECKOTO
nonoxenus. Moxer 6biTh, HMEHHO CHMOHOTHUECKOMY
B3aHMOJICICTBHIO ¢ OaKTEPHAMH HEKOTOPBIE BEHICKHE
MCKOMAaeMple 00f3aHbI pPAa3sBUTHEM 3THX crheuuduue-
ckux Npu3HakoB. Tak, HapUMep, Y COBPEMEHHBIX BeC-
TuMenTHdEp TONBKO TOcne BHEApeHHA OakTepuii B
JIMYMHKY OPOMCXOOUT paisutue cuMOGuoTpoHOro op-
raxa, Tpo()OCOMBL, ¢ TTOCNEIYIOUHM aroNnTO30M HEKO-
TOPLIX TKaHCHl M OPraHOB, CHYKMBLIMX JIHYHHKE
(Nussbaumer et al., 2006). C npyro#t CTOpOHBI, Kak
MHOTOKJIETOYHEIE JKHBOTHbLIE, HECKONBKO OTIMYAIO-
IIHECS OT COBPEMEHHBIX, DOJILIIMHCTBO BEHOACKHX Op-
raHU3MOB HAXOJAT MECTO CPeJM M3BECTHBIX UAPCTB M
tunos (Glaessner, 1984, ®deponxun, 1985), Cpoeob-
pazHoe (pakTaibHOE CTPOEHHE M OTCYTCTBME OHYEBH[-
HBIX COBPEMEHHEIX AHAJIONOB MHOTHX MpEACTaBUTENeH
BEH/ICKOH OMOTEI CTANIO OCHOBAHMEM JUIs BLIIENCHHA
HOBOI'0 THITA I'MIAHTCKHX MHOIOKJIETOYHLIX MPOCTEM-
mux (Seilacher, 1989, Zhuravlev, 1993). OcobennocTi
toccunuzauny (HEIHAYHTEILHOE NOCMEPTHOE YIUIOT-
HEHHE OPraHM3MOB), POCTa 4 MOP(OIOrHIECKOE CXO/1-
cTBO (pasBuTHE KOHUEHTPHYECKUX KONEN W paaualb-
HLIX CTPYKTYP) HE NPOTHBOPEHAT OTHECEHHIO HEKOTO-
phiX npejcTaBuTeell BeHACKOH OMOTHI K THIIAHHHKAM
(Retallack, 1994), Gaxrepuanstsim kononusm (Grazh-
dankin, 2003) uin rpubam (Peterson ef al., 2003).

TTo-BHAHMOMY, COBOKYIHOCTL NPUBENEHHBIX [PH-
3HAKOB MOXKET CIYKHTh KOCBEHHBIM [0OKA3aTEILCTBOM
CYNIECTBOBAHHS CUMOHOTPOMIN Y BEHICKUX OpPraHms-
MOB, 4 BIHAHHIO DaKTepuaNbHBIX CUMOMOHTOB MOXKHO
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NPUIIMCATL Pa3sBATHE OCODEHHOCTEH, Nalouux MoBox
I pasHoyTeHMH npu ux cucrematusauuu. Ilogobuas
MHTepIIpeTalus MoxeT ObITh MOJKpenieHa pesyibra-
TAMM MCCJIEIOBaHHI MHOTOYMCICHHBIX COBPEMEHHLIX
OpraHu3MOoB, JKHBYIIMX B cuMOMo3e ¢ cyasarpeny-
UMPYIOLIMMY, MeTaHoTpO(HEIMY, (OTOCHHTEIUPYIO-
MK GakTepHAMH, OTKPHITHEM B3aHMHOTO BIIHSHHS
reHOMOB CHMOUOHTOB.

Uckpennss  OnarogapHocts  M.A. @eaoHKHHY,
A1O. HUsannosy, M.B. Jleonoy (ITHH PAH) 3a npe-
NOCTABACHHbIE KOMIEKUHH M KOHCyastTamuu. @Doto-
rpadun BumonHens! B dotonadoparopun ITMH PAH
A.B. Ma3uusim,
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PO®U (npoexr 05-05-64825) wu [Iporpammer 181
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HOBOE MECTOHAXOX/IEHUE BECCKEJETHBIX METAZOA
BEH/I0-3/IMAKAPCKOI'O TUIIA HA IOT'O-3ANTAJIE CUBUPCKOMU INVIAT®OPMbI:
OCEJIKOBASI CEPUSI, BUPIOCUHCKOE ITPUCASIHBE

K. K. Cogemos

Wuctutyt Hedrerazoroii reonorun u reopuzuxn CO PAH, Hosocubupcek, Pocens,
email: sovet@uiggm.nsc.ru

Mouorpadmueckne onucanus 1 0630phl MECTOHAXO-
JKIIeHHIT ocTaTkoB BHOTHI 3mMakapekoro THna (Denou-
kun, 1981, 1985, Cloud & Glaessner, 1982, Coxkosos,
1984, 1997, T'ypees. 1988) nokaszanu, 4ro B KOHIE [PO-
Tepo3os (CpeaHnil BeHA, MIHAKapuil) YHHKaIbHOE oHo-
cheprioe cobbite TECHO CBA3AHO C KINMATHYECKHM,
DKCOAHCHHM  CJIOHON  DMAKAPCKOH  WIN  BEHIO-
DIMAKAPCKOi GHOTHI HA IIHPOKHE TEPPHIEHHLIE W TEp-
purenHo-KapOoHaTHble 1Welb()bl KPATOHOB MPEIIECTBO-
BJIO TO0ANBHOE ONEIEHEHHE MATEPUKOB, a €€ paccere-
HIE TECHO CBA3AHO C JETIALMALIHER 1 MOPCKUMH TPaHC-
rpeccusmit (Coxonos, 1997, Cloud & Glaessner, 1982).
ConpsykeHHOCTh BO BPEMEHH ONENCHeHUs 1 TIOSBICHNA
9/MAKapcKoii OHOTHI APKO BhIpAXKEHA B BHUPIOCHHCKOM
[pucasube Ha woro-3anage Cudupekoi nnat(hopmsL.

Dpuakapekas buora na Cubupcekoii nnardopme Obl-
N4 paHee OTMEueHa B Tpex palloHax: B XaTbICTILITCKOH
caute Onenexckoro nojgusatus (@enouxun, 1985), no
eOMHHYHBIM HAXOAKAM B PEAKOJIECHOH CBHTE Ha lore
Enuceiickoro kpsuka (Yeuwens, 1976) u 8 kypTyHCKOI
ceure [lpubaiikanes (Coxonos, 1975). Bee apyrue
CITETIKH 1 OTTIEHATKH M3 HHIKHMX FOPU3OHTOB OCAI0UHO-
ro uexna Ha iwro-3anage Cubupckoit nnartdopmol, B
KEpHE CKBAXKHH He()Ternonckororo OypeHus, Ha NepBoM
9Tane u3yveHHs ObUIM OTHECEHB! K npobneMaTHKe He-
ACHOTD CHCTEMATHYECKOTD W BO3PACTHOTO TOMOKEHHA
WM CUMTANHCh JOBEHACKAMH, KAK W OTIOKEHHA, B KO-
Tophix OHi Obimi Haiigenst (Cokonos, 1975). Touxa
3peHis 0 no3gHepudeickom BO3pacTe KPYHHbIX JOKEM-
OpuiiCKHX OCANOuHBIX Cepui Ha toro-3amane Cnbup-
ckoil raropMel (TaceeBCKOM, OCENKOBOH, Oaiikaib-
CKOH, A@ILHETAHIMHCKOM) MMEET CBOMX CTOPOHHHKOB
(XomenTosckuit u ap., 2004, Ak, 2005).

Juroctparurpaduieckas Koppensius, CTpaTHrpa-
duuecky cBA3aBlaf TO3AHENOKEMOPUHCKHE OTIOKe-
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HUS MEPeloBLIX MPorubax ¢ OTHOCHTENLHO MaNOMOLIL-
HbIM  BEHJICKHMH TEPPHIEHHBLIMH H  TEPPUreHHO-
KapOOHATHEIMKH  OTIOKeHHAMH  uexna  Cubupekoi
riatopMbl ObIIa OTHOCHTEIBHO HEJABHO MOAKPETie-
HA [ANCOKIUMATHYECKHM MAapKepoOM — TOPH30HTOM
tunnutoB (Cosetos, 20035, Sovetov, 2002). Tunnntsl
GLUIM JETANLHO H3YyYeHBl B OCHOBAHMM MapHHHCKOM
cBuTBL ocenkoBoil cepun B [Tpucasnckom nporube,
[POTECTHPOBAHLl B OCHOBAHHM DalKanhCKo CepHH B
[TpnGaiikanbekom Nporude, a UX aHAJ0IH B OCHOBAHHN
4allCKOH cepuM pasnuuHbix palioHos Esnceiickoro
KpsoKa M JansHetairunckol cepumu Ilatomckoro naro-
pest (Coseros, 2005). Pannesennckuil BO3pacT onejie-
HEHHS TOATBEPIK/IEH TAKIKE HE3aBUCHMbIMN MAIEOHTO-
NOTHYECKUMHI ¥ TEOIOTHHECKUMI JaHubIMK (HyMakos,
IMoxposcxuit, Menesxuk, 2007).

OTrieyaTky, CAENKN U Cledbl DeCCKEeNeTHRIX MHO-
FOKJIETOMHBIX JKHBOTHLIX OBIIM HaflieHLl B TpaHcrpec-
CUBHBIX OTJAOKEHWSIX MAPHHHCKON CRHTLI HIDKHEN
HACTH OCENIKOBOH CEPHM, TEPEKPLIBAIOLNX THILIITEL i
XapakTep YriaepoaHoil M30TOMHOW KPHUBOH NOATBEPIILI
NOCTBAPAHIEPOBCKHI BO3PACT OCTATKOB MAIKOTEBIX
scuBoTHBIX (Cogreros, 2005). Ilocse nepBeix HAXOL0K B
2001 r., nomosHUTENbHBIE cOOpLl ObLIAM CHENAHLI B
2002-2006 rr B apyrux gactax [pucagHexoro nporu-
64, 4TO, B UEJOM, CTABHT YTOT PETHOH B Paspai OJHOr0
W3 MEPCMEKTHBHBIX AU M3YHEHHS BEHI0-2AHAKAPCKOH
6uorsl Ha Cubnpekoit nnardgopme. bonee pannune Ha-
xonkn Meduzoides B TeppureHHo-kapboHATHOH OCT-
POBHOH CBUTE. MepeKpbiBaloliell Ha Iro-pocToke Ein-
CeiiCcKoro Kpska TaceeBckyio ceputo. Buaikalina w
Preridinium ® [Mpubaiikanbe B aHATOMHYHON CTPATH-
rpajmueckoit  nosummun  (Coxonor, 1975, YHeuens.
1976), Gbum BeCKMM ApryMeHTOM TPOBONTE HIMK-
HIOIO [PAHUIY BEHJA B CAMOI BEpXHEH 4acTH TeppH-



FEHHOrO KOMIJIEKCA 110 MOAOLIRE YCTHTATYJILCKOH CBRU-
Bl K ee ananoros (Xomenrosckuii, 1985, XomeHTOR-
ckuit ¥ ap., 1972). Haxonku, obcyslaeMbie B HTOM
cooblieHuH, ¢renannl B Hacceline pexk Yna u buproca
OIM3K0 OT OCHOBaHHA OCE/IKOBOH cepHM, uTo Ha 2000-
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2500 M crpaturpadMyueckn HHKE BBILIEHA3BAHHBIX.
OTOT AKT COYIKAT 1N1aBHBIM ODOCHOBAHMEM, KaK M
GasanbHBI FTOPH3OHT THIUIWTOB, MPOBEAEHHS HHKHEH
rpaHullbl BEHIA B OCHOBAHMH OCEIKOBOH CEpHH H €¢
crparurpaduueckux ananoros (Coseros, 2003).



Ocenkorag cepus B [IpucasHCKOM MEPEAOBOM IIPO-
rube 3aneraeT Ha HK3apPALMOHHON MOBEPXHOCTH, Ti1y-
OOKOBpE3AHHOA PAHHEBEHICKMM JIEAHHKOM B Kaparac-
CKyl0 cepuro BepxHero prdies u noapasjensercs Ha
MAPHHHCKYIO, YAMHCKYIO W aicHHCKYl0 CBHTHI (XO-
MEHTOBCKMH M ap., 1972). HcOoJib3yeMeIX [pPH Te0JIo-
FUYECKOM KapTHpOBaHHM. MapHHMHCKas H YAHHCKas
cBUTHl B Dacceiine p. Y aa Xopolio cTpaTHULIMpOBatbl
(Bparud, 1985), n noapaspenenst Ha 11 nauex ¢ cob-
cTeRenHbIM nanmenosanuem (Coseros, 2003, puc. 3). B
Gacceiine p. Yia B MapHWHCKOH CBHTE MPOCICKEHEI
B4 CENUMEHTALMOHHLIX UMKIA 3-ro nopsaka (ymiix-
CKHIt M OFHUTCKMI CHKBEHCBHI), paiiefieHHbie penbed-
HBIMM [1OBEPXHOCTIMH pa3MbiBa. OCTaTKH . ClEjih)
MATKOTENbIX JKUBOTHBIX HaXOAATCA B TPAHCIPECCHB-
HBIX MACTAX THX CHKBEHCOB.

Vasxckuit cukpenc obpasoBaH B HipKHell vacTn ana-
MUKTHTAMI  (TWIIMTAMM), IPAHEHO-BATYHHLIMU  Opex-
YUAMM, TIAUHOMTIOBHAILHBIMI BANYHHLIMH KOHTJIOME-
paTaMu . [ECUAHUKAMH, HEPHBIMH W CEPBIMH TAMUHUTO-
BBIMII ANEBPOJIMTAMH 1 APIHILTHTAMY, @ B BEPXHEH 4acTH
- BEHYAIOIMME TOJOMHATAMH (KITI-A0JIOMUTAMH) 03ep-
KHHCKOI navuky. BeiieieHs! ABa THIA paspesa 03epKMH-
CKOIl MauKy — JJAMHHHATOBBIX W CTPOMATOIHTOBBIX Z0J10-

MHTOB BHYTPEHHHX JIATYH M TIECHAHMCTBIX AOJIOMHTOB H
NeCYaHHKOB DApLEPHOI0 KOMMIEKCA M MecHaHblX BOJH.
MHorouncnenssie passHooOpasHble NPECTABHTENN HX-
uopaunn Crusiana Hailiensl B CpenHeil n sepxHeit vac-
TaX 03epKuHCKOH nauku (60140 M) B nUpHTH3MPOBaH-
HBIX T1ECYAHMKAX W YEPHbIX AAEBPOMHTAX MekOApOBbIX
JIOOMH M B IecuaHnKax nojAsoAnsIx noH. [1peobnanaior
Thalassinoides w Planolites cornacuo knaccumKarinm
Penberton, MacEachern & Frey (1992).

HauGospluyo BEIEPAKAHHOCTE B PErMOHE HMEIOT
TPACTPECCHBHBIE OTMNOXEHHS BEPXHEN WACTH OrHUT-
CKOro cHKBeHca — OouniieaficHHeKas nauka. boneaii-
cunckas nauka (105-165 M) mpeacrasieHa, B OCHOB-
HOM, MEIKHMH IHKIHHECKUMH TOCHIEA0BATENLHOCTSI
mu (5-20 ¢M) NECHAHUKOB M AJICBPOJIHTOB. MPEACTAB-
nAImUX coB0il OTN0KEHHS IITOPMOB (TEMITECTHTR!) H
npunuBoB (TainuiauTel). B GonblieadcHuckol navke
Ha p. Yia HallieHbl OTNEHATKH U CHENKH MAIKUX TE
HecckeneTnnix Metazoa u3z rpynmn Radialia n Bilateria,
npunapexawx  tunam  Coelenterata, Proarticulata,
Petalonamae. OrtneuaTkn MEAy30MIHBIX OPraHH3IMOB
otHecens K knaccam Cyclozoa u Inordozoa cornacuo
M.A. @enouxuny (1985). Hanbonee kpynuas no 4mc-
ay ax3emnspos (Gonee 80 7x3.) komekuus Cyclozoa

Tadmmua 1. Bee 06pasust xpansares B komutekin UHIT CO PAH. 1-9 — [pucannse, p. Yia, BeHi. MapHUHCKAs CBI-
ta. Gosbiueaiicuuckas nadka: 1 — Muorocoittnte ckonenus npeicrasuteneit Cyclozoa u Inordozoa na nosepxsoctit
TOHKOZEPHHCTOrO necuarika, Nol1270-1, cnenku mMely3 HAIOKEHEL APYI HA IPYra, @ KOHTYPhI HX Tel B HIKIEM Ci0¢
«rpocBeynBaloT) Yepes Bepxunil. [peoGnasaior rnankue QopMbl ¢ UEHTPAILHON AMKOH (Byropkom). B Hibkueil yacTh
cHIMEKa nenonnnii cnenok cf. Preridinium, x0,6: 2 — ¢f. Hiemalora Fedonkin s nesoii uactu u cf. Paliellu Fedonkin cripa-
a. Nel1270-1. nerans BepxHeii siesoit yacti cHumka 1. Jlsa cienxa Hiemalora yactu4HO HAMOXKEHB! APYE HA 1pyra,
1Ipe/icTaBIeHb! OPAILHOH CTOPOHOH H OTIHYAIOCH KPYIHON UEHTPAILHOM SIMKOH, OTIEJIGHHOI BAJIMKOM OT PailalibHo
CEerMeHTHPOBAHHOI BHEWIHEH YacTn ¢ peskum pensedom. Orneyarok Paliella (cnpasa) MMEET 04eHb TOHKYIO KOJILLEBYIO
M PAIHANLHYIO CKYIBITYPY, MENKHIl HEHTPaibHbIl GYropoxk M BHEIWHHA KonbLEeBOI Bauk, x1,7; 3 - cf. Dickinsonia
Sprigg, Ne7039-5. BunatepatsHO-CHMMETPHMHBIA AMCTOOOPsHBIH HENMOMMBI OTHEYATOK ¢ Pa3IeINTeILHOM riryBoxoit
BOPOIAKOLT M CErMEHTaMU, OTXOMALIMMY 0T GOPOIIKH W IUIABHO H3rHOAIOLMMHUCS K CYIKAIOMICHCH HaCTH IHCTI. Cer-
MeHThl GYIaBOBMINO YTOMUAIOTCS B AMcTansHoil wacti. X |; 4 — [MpoGnematnka Radialia, nMeromias cXoAcTso ¢ ceiet-
TAPHEIMH OJMHOMHLIMH KMLUIEUHONONOCTHBIME, Nol12508-1, BlTyKiibie OKPYriibie (hopMbl HEACHON pauuailbHOl cerMen-
TaIMei i NOCTMOPTHANBHOH MOPUIHHHCTOCTEIO, CO Cab0 BhIPAKEHHbBIM LCHTPAILHLIM GYrOpKOM HAXOUATCH BHYTPH
necuadoro cnos. Jedopmalus nocae 3aX0poOHSHUS MATKOIO Telld CMECTHIE UCHTP CHMMETPIH, X 1.3: 5-7 — INpobuenmarn-
Ka Bilateria HescHOTO cHCTeMaTHUecKoro nonokenns: 5 — 12508-1, 6 - 12508-4-1, 7 — 12508-4-2; 5, 6 — (hopmbi €O CIHOK-
HOI [1I2KOM TOBEPXHOCTBIO KOHYCHBIE MM C KOHYCHBIMH dIeMeHTamu, 7 — APYrHe GopMbl B BHIE HONYKPYTd OTHOCH-
TeJILHO IPOCTHIE YILIOMEeHHLIe OiucuMmerputnbie. Haxoudres 8 acconmaumm ¢ OMHOUHBIMH Radialia BHyTpH llecyaHoro
CIos 1 OTHeceH ! K Gexrocy. (5, 6) —x1, 7— x1,7; 8 — Cyclozoa nanbonee mopdosoruyeckn 6muskue k Paliella Fedonkin,
HO BOBMOKHO 3TO CaMOCTOSITEILHBI poll, opaibHas cropona, Ne7039-3, Haxoaures Ha MOBEPXHOCTH TOHKOISPHUCTOIO
necYanHKa B aAcCOUHAIHH ¢ MHOMOYHCICHHBIMH PazHOPASMEPHBIMH H1EaTLHO prl’]lthH IKIEMILIAPAMHF DNHBKIK 110
CTPOGHHIO MeJly3. CJIENOK BHEIIHETO BATHKA, LEHTPa/bHAA AIMKA U CIIA00 BHIDAKEHHBIC OBAIbHbIE TENd (roHaipl) yrasbi-
BAIOIIHE HA YeTLIPEXIyueByio cummerpuio. x1; 9 — [Ipobnemaruxa Bilateria HEACHOr0 CHCTEMATHYECKOIO HONOKCHMS,
Nel2508-3. MmeeT cxoneTBo ¢ 0Ho# croponst ¢ Radialia — opusounbimi GeHTOCHBIME (JOPMaMKL KHILEYHONOIOCTHEIX
(4), ¢ ApYroii — ¢ KUBOTHBIMI BUCHMMETPUUHOTO CTPOeHA 6e3 pasie/IoWer0 BAHKA HIll Ooposakit. Haxounres sHy -
PH CJI0A NECYAHHKA B NIPIKHZHEHHOM MONOXKEHIH, HPeACTaBisieT coboii BhIIyKiyio HEeMO00PasHYH (POPMY PALHAILHO
(B IMCTATBHOIT 4aCTH) W IPOAOILHO (B MEAMAHHOMN 49aCTH) CErMEHTHPOBaHHYI0. BXoanT B accoumanuio DeHTOCHBIX Oi1-
HOMHBIX Opranu3MoB sMecte ¢ hopmamu 4-7. X2, 1011 — Tpobnemaruxa Kachergatia. BarOHOBUUHBIH CISIIOK € yelLye-
06pasHofi CKYJILIITYPOH # IPOAOIBEHOR MOPUIMHHCTOCTEIO, | — BIIL CO «CIMHHOH» CTOPOHbI, 2 — Bujl cOOKY. UMEET OMera-
pizHsI nonepeurslit cpes, Nel 1304, TIpusuakamMy OHOIOTRUECKOTO MPOHCXOKACHUA AaBTOP CHHTACT CKYILITYPY: B KOTO-
POH coueTalores cyOnepneHIHKyIAPHbIC APYT APYTY CErMEHTAUNA H MOPLUHHHCTOCT. x6; [Ipubaiixkanse, p, [onoycruas,
BEHIL KAUEPraTckas CBHTA, IKOPJIMKCKas NauKa
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NpeAcTaBIeHa pasHopasMepHbIMH oT 3 0 20 MM B
AHAMETPE MICAILHO KPYIIILIMH [UIOCKMMHU [AAAKHUMH
OUEHb TOHKMMH TeJbLAMM MEAY3 ¢ LEHTPAILHON AM-
KO 0e3 KOHUEHTPUYECKOH I pagHanbHOil CKYILNTYPb
(tabm. 1, gur. 9). Panee ot dopmst GLUIH OTHECEHB! K
pony Nemiana (Cosetos, 2005), HO AOMONHUTENbHBIE
cOopbl MOKA3aMM OTHET/IHBO MJIAHKTOHHOE MPOUCXOXK-
ACHHE 9THX OpPraHM3MOB, BBIPAKEHHOE B MHOrOCION-
HOM (0 Tpex Cn0eB) CKOTUIEHHWH pa3HOpasMepHbIX
ocofeil Ha NOBEPXHOCTH TAIATOR. Msrkue Tenbna
Melly3 orubaT MUKpopenked) BOIHOBOH MOBEPXHOCTH
TOHKO3EPHHCTRIX [ECYAHHMKOB, @ KOHTYPbI Tell, JeKa-
LIHX HIKE, GIPOCBEHMHMBAIOTY Hepe3 BEepXHHH psn
(rabn. 1, mr. 1). Hdedopmuposanusie ocrtarkn cf,
Tirasiana Pali] B omHOM 3K3eMape oOHapyKeHbl Ha
noBepxHocTH  Wwtopmosoro  necuanuxa  (Cosetos,
2005). Ipencrasurenn knacca Inordozoa ¢ paanans-
HOIl CcerMeHTaunei, HMEKT XOpPOUO BHIPAKEHHYIO
roy0oKyl0 UeHTpanbHyK aMmky. Haiizeno tpu ok3em-
aspa aumamerpom  10-15 mm poma cf. Hiemalora
Fedonkin B accounauun ¢ Gosee 0OMILHBIMH Hecer-
mentupoBanubiMi Cyclozoa (taba. 1. qur. 2).

Cpeni HalIEHHEIX OCTATKOR CTh OOJibIIas IPyIa
(Dosnee 20 7K3eMIUISIPOB) HECErMEHTHPOBAHHBIX 005~
EMHBIX TPEXMEPHBIX OPraHU3IMOB, HECOMHEHHO OcH-
TOCHBIX. DTH Opranu3Mel o1 5 g0 50 MM 00 ANHHHON
OCH UMENH KOHYCHYI0 KyOKOBUIHYIO, KalUleBHIHYIO,
JMCKOBMHYIO WIH CIOKHYK HENpaBuIbHYIO (hOPMBI,
B CeYEeHNH ODhIYMHO OBAILHO-TPEYroibHbLIE, YIIIOIIEH-
HbIE K OCHOBAHHIO, MIIH OBOMjHBIE, MaccoBoe ckon-
JeHHe TaKNX OpraHu3mMoB HaileHO B TecYaHMKax
HPOKCUMAIILHBEIX  IITOPMOBLIX OT/OXeHUH Haubonee
Oausknx K meky. [Mosepxuocth (opm raagkas wid
MOPLUIHMHHCTAS. ONEPeUHAs K YIUTMHEHHIO HIH pajii-
aibHas HHOTJA C CHMMETPHUHBIMH HACEUKAMM — ITPO-
tocermMenTami. Ha momepxHocTH nocioiiHoro ckona
opmpl cambie pasHoOOpasHbie OT OKpyrneix, 6o6o-
BH/IBIX J10 HEMPABHIBHEIX CO CHOKHOH MITKO M3CH-
Haroweiies nogepxuoctsio (Tabn. I, dur. 47, 9). Ouun
IKIEMIIAD HMEET BHIIMOE CXOJACTBO ¢ H300pameHnem
u onucanuem Baikalina sessilis Sokolov (Cokonog,
1975). DTta rpynna sKMBOTHLIX MO PYIUMEHTAPHOH Gu-
naTepPAILHON CHMMETPHH CTPOEHHS! TENa OTHECEHA K
pasnenam Radialia u Bilateria.

JIncropnanstii  nmosuTuBHeIM  oTneyatok  cf.
Dickinsonia Sprigg 6bi1 00HapyKeH Ha MOBEPXHOCTH
CI0s  TIECHAHMKA  IITOPMOBOIO  HMPOMCXOMKIEHMS
(tabn. 1, ¢ur. 3). Opranusmbl cemeiictea Pteridinidae
[PENCTABAEHR TPEMA CNENKAMU HEMOMHBIX 2K3EMIIs-
POB, NEPEOTNOKEHHKIX NITOpMOBLIMU Tedenusamu (Co-
setos, 2003).

KpoMe BblllIEHA3BAHHBIX B BEPXHEH 4aCTH OCEIKO-
BOil cepun (aiicuHckas cBuTa) ObUTH coOpaHbl MHOTO-
YMC/IEHHBIE CAENKM W3 Mpob/ieMaTHYHOW rpyInbl
Arumberia. DTH OCTATKM TECHO CBA3aHbI C OTJIONKE-
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HUAMN  AJUIIOBHAJILHBIX  PABHHH, MOP(OAOrnuecKy
pasnoofpasHel W OTHeCeHbl K HazemHbiM Metaphyta
(Coseros, 2006). B BepxHeii yacTH Ka4epraTtckoi cBu-
Tl (llpubaiikanse) — crparurpadguueckom aHanore
aiicuHcko# ¢BuThl (ITpucasnbe) — ObIH HalJCHBl He-
obbiuHbIe cnenky o 50 cM B nomepeyHHKe, Ha3BaH-
unte Kachergatia (Coseros. 2006). DTH ocTaTKH Mpo-
6neMatHyHOro (KHBOTHOIO WM  PACTHTENBLHOr0?)
MPOHCXOKICHHST UMeloT GaToHosuaHyio (Tabn. I, dur.
10-11) uau ynaoweunyto, AHCKOBUANYIO opMmy, Cer-
MEGHTHPOBaHbl € YELIYHYATEIM HUIOKEHHEM CErMeH-
TOB, KOTOPBIE B CBOIO OYEPE/lb MOKPLIThI NOMNEPEHHbL-
Mu mopumngamy, bonee peransuoe n3yueHHE Tpex
obpasuos Kachergatia npusenu K 3akII0YEHHIO, ‘TO
yewyiyaTtas TeKeTypa ¢ AONOAHUTENLHON CKYNBATY-
poit He cBA3aHbLI ¢ (puzHHeckuM mpoueccom, OTeyTeT-
BHE MPOAOJILHOH OCH CHMMETPHN HE [O3BONAET OTHO-
CHTBL 3TH OCTATKH K cemeiicTy Pleridinidae, BosmMoykHO
Kachergatia noBeiii pon uin Dosiee BLICOKHI TAKCOH
Petalonamae.

['eonnuamuueckoe 1 naneoreorpauueckoe 1osuo-
erne OMOT BEHIO-IIHAKAPCKOTO THIA HA CEBEPO-
soctoke Boctouno-Esponeiickoit (Grazhdankin, 2004)
v toro-sanane Cubnpexoi  maaropmer  (Sovetov,
2002) cxompo. DT OnOTH! OBUIM TECHO CBA3AHLI ©
(popmupoBannem nepupepnueckux hopnamnosbix dac-
ceilnos — crencTeueM Kagomckoit (Oaiikano-Tuman-
CKOI) OpOreHHH.

HMceneopanue BBLITIONHAETCS B PAMKaX KOMILIEKC-
Hoil nmporpammei [pesnauyma PAH «llpouncxoxaenne
1 asooLus Buocdepni,

Astop Grarogapen J1.B. [paxkaaHkuny 3a KOHCY b=
Tanun 1 nonesusie obcykaenus npobiem naneoHTo-
JIOrUK BEHA.
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PRECAMBRIAN MICROFOSSILS
YACTb 2
JOKEMBPUNCKUE MUKPO®OCCHUJIUU

3AMETKH O HOBOM ILJIAHE CTPOEHUSI IMO3ITHEPU®ENCKUX
MUKPO®OCCWUJIUU CYPANDINIA

T H. I'epman, B.H. ITodkosbipoe

WuctutyT reosoruu u reoxpouonorun gokemopus PAH, Cankr-TlerepOypr,
email:vpodk@mail.ru

IMpeameroM nanHOi mybnukanun sBisioTCA 0OHA-
pyKEHHBIE B JIAXaHJIMHCKOH MukpobuoTe (BO3pact
1020-1030 Mnn# NeT) MHOTOYMCIEHHBIE, CcBOeoOpas-
unle  mukpodoceunmun  Cypandinia  supracomposifa
Hermann, ornecennsie B rpynmny akpurapx (I'epman,
Moakosuipos, 2002). AxpurapXxm B TNPHKH3HEHHOM
cocTosaHuy, B DONBIIMHCTBE Ciydaes, ObM 11apoob-
pasuoit popmel. OGnasas 1OCTATOUHO TIPOHHON U dJ1a-
cTHUHO 000JIOUKOH (KIETOYHON CTEHKOH), akpuTapxu
COXPAHSIIOTCH B [OCTMOPTAIBLHOM COCTOSHHMM B BHIE
MI0CKNX cep, MpHiKU3HeHHbH 00beM KOTOPhIX YXO-
AT B pazimdHo oBpasyeMble CKIAMkH cMaTHA. Tun
coxpannoctn Cypandinia. yKa3plBaeT Ha TO, YTO 3TH
MHKpPO(OCCHIHN MO CBOEH OpraHu3alnn He MOLIH
ObiTh maposnaHsive. OHK He uMeloT aeifocepnoro
THIA CKJAN0K H [PEACTAB/INETCH BAXKHBIM 00paTHTH
BHUMAHME HA LMMAHIMHHUIL, Kak HA chenuuyecKyo
rPYNny JAPEBHUX OPTAHU3MOB C HOBBIM — YalIEBHIHBIM
[JTAHOM CTPOEHMA HX TENA M OTPAKAIONIMX BpeMs M0-
SBJICHUS HOBOTO MOP(OTHIIA B IBOJIOIHOHHON HCTO-
PHH OPraHM4ecKoro MHPa BEpXHEro pudies.

[MNOTEeTHYECKN ITH OPIaHH3MBLI MOTIH OEITE HU3KO
KoHu4eckoi opmul. B uckomaeMoM COCTORHMH TEO
LUHNAHAMHANI OKpyriioe B oyepTannu, juamerpom 300
500 MKM, nIOCKOE, NoApa3sfeNneHo Ha TPH KOHIEHTPH-
YECKHE 30HbI, PA3IHYAIOLIMECH 110 MJIOTHOCTH MX TEK-
cTyphl U ugery. Y MHKpodocCHIMil BBIICIAETCS TEM-
HO-KOPHYHEBLIM [IBETOM LEHTPANbHAS TJ0THAS TOMO-
TEHH4s 30HA OKPYIIoil, peke oBaIbHON (opmel, ITa
j0Ha MPONOHFHpYETCs B MeHee MIoTHYw M Oonee
CBETNYI0 (KOPHUHEBOTO LBETA) 30HY, KOTOpAas nepexo-
OUT B KPACBYIO 30HY, YTOHYEHHYIO L0 [UIEHOYHOH
TOMLIMHB], CBETIO-KenToro nsera, [lenrpanbHas 30Ha
Gonee wiK mexee 0bocobnennas, a rpaHuLd nepexoid
BTOPOHl 30HB! B KPAEBYIO — pasMmbitas, Heu&rkas.
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WUmenHo orta, nepudiepniidags 30HA [ICHOYHOI TOJN-
HmIMHBL, TpuBIekaeT K cebe ocoboe uumanue. KoHtyp
ee He BCerja POBHLIA B OuepTaHiui: MoTyT ObiTh Hac-
TH4Hble OOpLIBLI W pemkHe 3arudel TOHKOTO Kpas.
[lpy BHAMMO#N YTOHHEHHOCTH 3TOH 30HbI, OHA [OCTa-
TOMHO YCTOiuMBas, BeposTHo ynpyras. Ilepudepnii-
Hblii Kpail OpraHu3MoB HWHOIAQ HONOAHsIOT NPEphI-
BMCTBIE, KOHUEHTPHYECKH PACIOJIOKEHHBIC YIBTPa-
TOHKHE MOPWHHKW. BO3MOKHO, B NPHKH3HEHHOM
coctoanuu, Tteno Cypandinia OKpyXKajd CIM3NCThII
4exoll.

Jlpyroit 0coBeHHOCTLI0 MHKPO(OCCHTINH ABNIAETCS
HATHYNUE PAAHAILHO HANPABAEHHKIX Y3KHUX W MPAMBIX
wryyeii-kananoey — Goposuox. OHKM OTXOIAT OT LEH-
TPILHOI — YNIOTHEHHOM HACTH OPraHu3MOB, POXO-
JSIT 4EpE3 BTOPYIO 30UY M TEPAIOTCS B CaMOil TOHKOH
kpaesoil 3oHe (puc. . a. 6). OaHO3IHAUHO OOBLICHNTh
MPUCYTCTBUE THX CTPYKTYD 3artpyauutensno. [pen-
MOMOMKEHNE, YTO OHM BTOPUUHBIE H MOINH 00pa3oBaTh-
Cs NpH JIABJIEHHH M [IOTHYIO HEHTPWILHYIO 30HY.
Maio BeposTHO. B aTOM ciiydae cernbie 00po3aku
JIOIPKHBI OTPA3MTBCA HA MJIOTHOM, HECKONLKO 00bEeM-
HOI, LEHTPATHLHON HACTH OPraHu3MOB U He oBA3aTelh-
HO B BHJE NPIMBIX JTyueil. BO3MOXKHO, JIyHeBbie CTPYK-
TYphI HMenn (yHKIHOHATbHOE HasHaueHne. Hexoro-
phie OTANYHA B MHTCHCHBHOCTH MPOABJICHHA JTY4YEBbIX
CTPYKTYP, H B Pa3AeneHnu Tella Ha KOHUEHTPHUCCKHE
30HBI, BEPOATHO, CBA3aHbl ¢ (hasamu passutist Cypand-
inig, DK3eMOIAPLL, 3AIKCHPOBAHHLIR € HEZHAYUTEb-
HbIM CMEIIeHHEM UEHTPAILHOM 30HLI B DOKOBOE MO-
JOXKEHUE, MOKA3LIBAIOT HApacTalOlIEE paclIdpeHie
BBEPX BTOPOH W TPeThEH 30H 10 OTHOWIEHMIO K LCH-
TPANLHON — yIIOTHEHHOH. [1peinooKUTeNbHO, HMEH-
HO 3TOH, LEHTPAILHON, HECKONLKO o0beMHOIl 30HOI,
OpraHu3Mbl MOTITH KPEnuThes K cybeTpary.



Puc, 1. a — Cypandinia supracomposita Hermann,
2002 R uckonaeMom cocTosiHumn; § — npeanosaraemas
pexoncrpykuusa Cypandinia

TlputuMas BO BHHMaHue OJIATONPHATHYH 3KOIO-
IHHECKVIO CPENy OCAaIKOHAKOTIIEHHA [1aXaHIHHCKOro
naneobacceiina u xopowyio coxpannocts Cypandinia,
paccmarpuBaembie (JOCCHANK. N0 00pasy KU3HM, HH-
TEPHPETHPYIOTCS KaK OEHTOCHBIE OpraHM3Mbl, 3aX0PO-
HEHHBIE Ha MecTe WX oburanms. B croxoitHoi obcra-
HOBKE [POMCXO/MI0  ObICTPOE  OCANKOHAKOTIIEHHE.
ITpu orcyTcTBHM TypOyneHTHOCTH, Oe3 HajibHeHIero
riepenoca ocaaka no JaHy DacceiiHa, 3TH CHAAYHE MUK-
POOPraHH3MBI, [TPH 3aCBINAHMK UX TOHKOAHCIIEPCHBIM
FAHMHUCTBIM OCAIKOM COXPAHAIH [UIOCKYIO 1 OKPYIITYIO

(opmy Tena ¢ NOAPA3NENEHUEM €ro Ha TPH KOHLEH-
TPHUECKHE 30HBI, PA3HBIE [0 MIOTHOCTH HX TEKCTYPhL.

[lnan crpoenus, HaOMOJAEMBIH Y [MMAHIMHHIL,
HAITOMWHAET [LIAaH CTPOEHHMS HEKOTOPBIX BEHICKHX
KUILEYHOTIONOCTHBIX IPOCTOrO. CTPOEHMS, CHMMETPHS
KOTOPHIX Ha3BaHa MOHAKCOHHOM reTepornospHoi 6ec-
koneuno Oousuioro mopaaka, Cioma OTHOCHT KITAce
Cyclozoa, gacTh #3 KOTOPBIX, IEMOHCTPHPYET KOHLEH-
TPUHECKYIO AH((EPEHIMALIMIO TEla U HMEET panalib-
Hble 2aeMerTs Moponoriu. [pucyTeTRYOUIHE Y HUX
y3KHE [PEPHIBUCTRIC KOHLEHTPHYECKHE MOPIUHHbI
YKA3bIBAOT HA BO3IMOXKHYIO PaJHaIbHYH) COKpaTH-
MOCTB TeNd, CBOWCTBEHHYI MPUKPEIIEHHBIM Opra-
puaMam (@enorkuH, 1987). OTMeuaeMsle [IPU3HAKH Y
perzickux Cyclozoa, noxoike, MOBTOPAKT [PH3HAKH
Gonee ApeBHUX (NO3AHEPHPEHCKHX) OPraHHu3MOB, KO-
TOpblE MOTYT NPENCTABASATL CODOW NMpUMEP AEHCTBHA
crabummsupytonieii  GopMsl  €CTECTBEHHOTO OTOOPA.
Cypandinia MOTYT paccMaTpuBaThCs KAk OPraHH3Mbl.
aNanTUpOBaHHbIE B TIPOLECCE MCTOPHYECKOrO pasBi-
THH, K H3IMEHEHHAM Cpelibl 00HTaHuUs, KOTOpPbIE TTPHOD-
pesiM HAlpPABIAEHHKI XapakTep 1eneco0bpasHbIX peak-
uuii (Ilmaneraysen, 1941), a Tak e Kak OpraHu3Mbl.
KOTOpBIE MPHOOPEIH YCTOWUHMBBIE CBOHCTBA HOBOH
CTPYKTYPBI, Pa3BMBAIOIIEHCA, 3aMOMHMBLIEACH, azan-
THpOBaHHOI U Heobpatumoi (Paytuan, 2006).

PaGora BumonHena npu nomiepxke [TporpamMmbi
18 Mpesuanyma PAH u rpanra P@OH 07-05-00906.
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Haxo/ikH KpYTHBIX OPHAMEHTHPOBAHHLIX MHMKpPO-
occHnii, KOTOPBIE B CBOE BPEMsl MOCITYKHIIM OCHO-
BAHHEM JUISI BbIAEIEHH: LIMPOKO LIMTHPYEMOTO HbiHE
cubupckoro kommiekca [116, u3secTHsl U3 BepXHENPO-
teposoiickux oTnoxkenui Hencko-boTyoOHHCKOH aH-
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rexmu3bl 1 baitkano-Ilatomcxoro npornda CuOHpPCKoii
riaThopmsl HaunHas ¢ 80-bIX TO/I0B TIPOLIIOTO CTONE-
THA. M3nHayaneHo olumbovHOe OTHECeHHEe OOHapyKeH-
HBIX IMMOBaTHIX 0D0J04eK K pouy Baltisphaeridium n
OCHOBaHHOE Ha 3TOM CONOCTABIEHHE BCEr0 KOMIIEKCa



MHKPODOCCHINIT ¢ HIKHEKEMOPUHCKAM TIOKATHHCKHUM
komruiekcoM  Boctouno-Epporieiickoit  nnardopmel
APUBENO K PA3HOMIACKHSIM B MHTEPIPeTaluy BO3pacTa
BMELIAIOIINX  OTHMKeHHH. D70 00CTOATENBLCTBO He-
CKONBKO MOAOPBANO [0BepHe K MuKpodmTonoruye-
CKOMY METO/Y i MPHOCTAHOBHIO AalbHeHllee u3yue-
HHe oOHapyweHHbIX Guor. [locneaylomas TaKCOHOMM-
yeckas PeBH3HA 3aTPOHYTA TOILKO KPYIHbie chepuye-
ckue oBonouku ¢ Beipoctami (Moczydlowska et all..
1993; Moczydlowska, 2005), ocraBus 3a npeaenamu
paccMoTpeHus  QOJIbLIYH) TPYINY COMYTCTBYIOUIMX
MukpodoccHImil.

Jlannas pabora MOCBAIIEHA HW3YHEHHIO [OJIHOrO
MHOTOOOpA3NA BCTPEUACMBIX MUKPOOCTATKOB, yTOYHE-
HHIO O0UIel TAKCOHOMMYECKOH XapakTepMCTHKH pe-
KOHCTPYMpYEMOro mukpobuansHoro coobuiectpa, a
TAKKE BLUIBJICHHIO OCODEGHHOCTEH €ro naTepalbHoOro
pacnpocTpaHeHust B BEHACKHX OTIOKEHHAX BHYTPEH-
Hux paiioHos CubupH.

B pafore rnpuBejieHbl PE3YJIbTAThl H3YUEHHUs [15TH
ckBakuH, uersipe u3 xortopsix (ITeneimyiickan 750,
Osepran 761, 3anannas 741 u 3ananunas 742). cornac-
Ho npunsToMy (aunamsHomy paiionuposanuio (Peme-
aus..., 1989), pacrionoxensl B mpenenax [lemernyii-
CKOH CTPYKTYPHO-(haLMaILHOH 30HBI KOI0-BOCTOMHOIH
gactn Hencko-boTyoOHHCKONH AHTEKNH3BL, 4 naras —
Orpagnusckas 314-1 HAXOAWTCA B CEBEPHOH HacTy
Hiofickoil (auuansuoi 3onbl  bajikano-ITatomckoro
npornba. Bo Beex ckBaxuHax mukpodoccnimn odHa-
pYKeHbl TOINBKO B MOPOAAX MAPHIMHCKOH CBUTLI He-
[ICKOI'0 FOPH30HTA BEHiAA H HE BCTPEYEHbl HU B MOJ-
CTHAANOIINX, HH B [IEPEKPLIBAIOIIMX OTI0KEHHAX.

BumecTe ¢ TeM, BhiABJIEHHBIE B 0Obeme npubnnsn-
TEnLHO OJHOTO CTPATHTPA(PHYECKOro HHTEPBANA, MUK~
POJOCCHINN CHATaloT Pa3zAnuHbIE TAKCOHOMHYECKHE
accoumauun. Ortuenieo obocobnsKOTEs [BE accoLMa-
1IMH, KOTOPLIE 110 MPUCYTCTBUIO HAMOOJIEe Xapakrep-
HBIX TAKCOHOB HA3BaHbl HAMH YCIOBHO KaK KOMILIEKC |
¢ Appendisphaera grandis — A. tenuis — Talakania
obscura n xomnnexe |1 ¢ "Polygonium " cratum.

[lepBbiil  KOMIUIEKC XapakTepH3YeT OTIOKEHHs
MapUIMHCKOH CBUTBL, BCKPBITHIE B YETBIPEX CKBIKMHAX
[Tenemyiickoil cTPYKTYpHO-(palManbHON 30HBI, H CO-
nepixuT Gorathiid Habop aKaHTOMOP(HLIX AaKpuUTapx
Appendisphaera grandis (Moczydl. et al.). emend.
Moczydl., 4. tenuis (Moczydl. et al.). emend. Moc-
zydl., Cavaspina acuminata (Kol.). emend. Moczydl.
et al., Tanarium conoideum (Kol.), emend. Moczydl. et
al., T ruberosum Moczydl. et al., a Takxke o6onodkn ¢
npononbHbIMH - TmKamu  Cucumiforma  vanavaria
Mikh.. asyxcnoiiuste Pterospermopsimorpha insolita
(Tim.). emend. Mikh. u osamsunie opmel Navifusa
majensis Pjat., npocrsie chepudeckue Leiosphaeridia
atava (Naum.), emend. Jank., L. minutissima (Naum.),
emend. Jank.. L. tenuissima Eis. 1 o0MIbHBIE HUTHA-
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toie opmet Talakania obscura Kol., Polytrichoides
lineatus Herm., Glomovertella glomerata Jank., Si-
phonophycus spp. n nexotopsie apyrue. OcoOslil nu-
Tepec BhI3LIBAIOT 00ONOUKH HalieHHke B CKB. 3anaj-
Hag 742 (rn. 1820 M) ¢ MHOrokpaTHO BETBAILMMHUCH
TOHKMMM @HACTOMO3UPYIOLUIMMI BhipoCTaMu, 0Opa-
3YIOIUME HEPETYIAPHYIO CeTKY MIIH CPacTaloliuMHUCs
B NPHYYUIMBYIO ClIyTaHuyio kaiimy (tabn. I, ¢mr. 1-3).
Hx BuioBas ¥ poA0OBas MPHHAIEKHOCTL OKA HE Ofl-
penenenst. [loxoxuil nnan crpoenns obosioueK mpo-
CMATPHBAETCA Yy HEKOTOPBIX ABCTPANHICKHX MUKPO-
doccunuit u3 Tlepraratakckoit Popmaumn (Zang.
Walter, 1992). B BeHOCKHMX OTAOKEHUAX HaleH Tep-
putopuu Takue (OpMel peskae He ObINK UIBECTHbL.

Btopoil kommnexe otnuqaerces donee DEAHBIM CO-
CTaBOM MHKPO(OCCHIINIL I YCTAHOBIIEH MOKA TONLKO B
oanoit cke. Orpapaunckas 314-1 (rn. 2603-2604.4 m).
B 0npoBoBaHHBIX OTIOKECHUAX [EPEHHCIEHHBIE BbllLE
akantomopdHbie akpuTapxu He BcTpedensl. Ha done
Tpau3uTHBIX  cdepuueckux  obonouek L. crassa
(Naum.) emend. Jank., L. minutissima (Naum.), emend.
Jank.. L. tenuissima Eis. w wmuruatsix Siphonoplycus
robustum (Schopf), Knoll. Siphonophycus sp. B 60mb-
1IOM KOJIMHUECTBE MPHCYTCTBYIOT TOMNBKO CBOEOOpasHble
(opmer “Polygonium” cratum (Zang). emend. Grey
(tabm. I, ¢ur. 8-10). D1u Gopmsl TaxixKe oOHAPYKEHBI
na teppuropuit Poccun srepssie. [Tpesxie ouu Oslin
OTIMCAHBL] TOJILKO B ABCTPAIMH U3 OTIOMKEHUH opma-
uun Ileprararaka (Zang, Walter, 1992) u B Kurae. B
dopmaunu [oywansto (Zhang et al., 1998), rae ouu
ObIIM HaiieHbl B acCOLMalMK C JAPYTHMM AKaHTO-
MOP(HBIMH AKPHTAPXAMH.

Kpurnueckui aHainus # COMOCTABICHHE [THANAOHOR
CTPATHIPAHHECKOTO PACIPOCTPAHEHHS YCTAHOBIEHHDIX
TAKCOHOB B fipenenax CHOHPCKOH MIaTOPMbl 1 JIAIEKO
34 €€ MPAHULIAMHI, OCHOBAHHBIA HA COOCTBEHHBLIX JaHHbIX
n nybnuxaumsix apyrux asropos (Konocosa. 1990, 1991:
Zang, Walter, 1992: Moczydlowska et al.. 1993: Zhang
et al., 1998: Harosuunia n ap.. 2004; Moczydlowska.
2005), nossomser 0e3 TeHH COMHEHWIT CUMTATL «TTap-
LIMHCKOEY COODIIECTBO MUKPO(DOCCHINIT B LIETTOM HIGK-
HeBeHACKNM, PasnutiHoe cOOTHOILEHHE TAKCOHOB W Bhi-
paKEHHOE 3aMerlienne OJHMX (GopM ApyruMu no mate-
pany SBNAETCH, BO3MOXKHO, OTPDKEHMEM YIyOscHUs
facceiina B BocrouHoM Hanpasnenun. OjtHAKO JULs N071-
TBEPIKACHHMsT HAMEHCHHOI B3aHMOCBA3H  HEOOXOMMO
u3yHeHHe G0MbUICro KOMHHECTRA MaTepHana ¢ y4eToM
pe3yJIbTaToB naneo(alnalibHbIX HCCIeA0BaHNH,

HeeMoTps Ha TO, 4T0 Ha npoTsokenuu nourH 30-m1
eT K PACCMOTPEHHIO BEHJACKUX MuKkpodocennuii Ch-
GUpH ¢ TOH WIM WMHOM CTeneHbo IeTanbHocTH 0bpa-
MATHCL MHOTHE CIIELMANHCThL. HHKHEBEHACKHH ypo-
BEHb, XAPAKTEPU3YIOUIMIICA MOABIEHHEM M LIUPOKHM
Pa3BUTHEM HOBLIX MOP(ONOTHUYECKUX THIOB IBKAPI-
OTHBIX MHKPQOPraHM3MOB, OCTAETCH, NO-TPEKHEMY,



Tabuuua 1. Mukpoocclini MapiiMHCKOR CBUTHL HEIICKOIO TropuzonTa Hukiero sexia. Cnbupekas nnartdopma,
Baiikano-Iatomekuit nporu6: gmr. 1-3 — gen. et sp. indet., cks. 3anannas 741, rn. 1820 m; dmr. 4 — Appendisphaera te-
nuis (Moczydl. et al.), emend. Moczydl.. cks. Osephas 761, . 18761884 m: dwmr. 5 — Tanarium tuberosum Moczydl. et
al., cks. Ozepuas 761, rn. 18761884 m; dmr. 6 — Appendisphaera grandis (Moczydl. et al.), emend. Moczydl., cks.
Sanagnas 741, rn. 1820 m; ur. 7 — Tanarium conoidewm (Kol.), emend, Moczydl. et al., cke. Ozepuas 761, rn. 1876
1884 m; dur. 8-10 — “Polvgonium " cratum (Zang), emend. Grey, cks, Orpaguunckas 314-1, rn. 2603-2604,5 m
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Haumenee usydeHHbM. [losTomy, TakcoHOMHYECKHE
ucenenoBanns GoraThlX paHHEBEHACKMX MHKpoOUalb-
HbIX COOOLIECTB, M3yHYEHHE CPE/ibl HX 0OMTAHHA U B3aH-
MOOTHOLIEHHH ¢ OIHOBO3PACTHLIMM OMOTAMM 3]HAKApP-
CKOTO THIIA HBIAIOTCA MEPBOCTENEHHBIMH 3aja4ami
OmKaiinmx ner.

Pabora Beinonuena npu noanepxke rpanta POOH
07-05-00906 n Tiporpammst 18 TTpesunuyma PAH.
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MICROFOSSIL ASSEMBLAGES FROM THE VYCHEGDA FORMATION OF THE EAST
EUROPEAN PLATFORM PASSIVE MARGIN — A BIOSTRATIGRAPHICAL MODEL
FOR THE UPPER RIPHEAN (CRYOGENIAN)/VENDIAN (EDIACARAN) BOUNDARY

N.G. Vorob'evd', V.N. Sergeev' & A.H. Knoll’

' Geological Institute of RAS, Moscow, Russia;
2 Harvard University, Cambridge, USA;
email: sergeev(@ginras.ru

The uppermost Precambrian succession of the East
European Platform (EEP) has long played a key role in
evolving ideas about terminal Proterozoic stratigraphy
and. indeed, was selected as the type section of the
Vendian system (Sokolov, 1997). This thick siliciclas-
tic succession contains abundant and diverse remains
of soft-body Metazoa and microfossils that document
Ediacaran biological diversity, providing paleontologi-
cal characterization of the Vendian system stratotype.
Assemblages of large acanthomorphic acritarchs of
Pertatataka type or Ediacaran Complex Acanthomorph
Palynoflora (ECAP) have not previously been found
here. These microbiotas occur in the relatively narrow
stratigraphic interval of the lower Ediacaran (Vendian)
and have been reported from numerous localities
throughout the world (see Knoll, 1992; Zhang er al.,
1998: Grey, 2005 and others). Recently, however,
large. profusely ornamented acritarchs have been re-
ported from the Vychegda Formation, deposited along
the margin of the EEP (Veis et al., 2006; Vorob’eva
et al., 2006).

The Vendian type section consists of a platform
succession deposited unconformably on top of crystal-
line basement and Riphean aulacogen deposits. The
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Laplandian, Redkino, Kotlin and Rovno successions
(in the international scale, the Rovno belongs to Lower
Cambrian) can be traced across the EEP. Laplandian
tillites are overlain by Redkino siltstones and argillites
that contain a diverse biota of Ediacaran soft-body me-
tazoans (Fedonkin. 1981, 1987). The Redkino and
overlying Kotlin horizons contain relatively diverse
acritarchs. with abundant remains of coccoidal and
filamentous microfossils of various morphologies. but
diverse acanthomorphic acritarchs are essentially ab-
sent from this succession (Volkova et al., 1983: Burzin,
1994; Sokolov, 1997 et al.). The absence of Pertata-
taka-like assemblages in the EEP succession has been
attributed to a hiatus between the Laplandian and Red-
kino horizons (Burzin, Kuz'menko, 2000), an interpre-
tation supported recent radiometric dates. Constraining
dates on tillites in the Ural Mountains (Semikhatov,
1991) are consistent with U-Pb zircon ages from China
and South Africa that indicate deglaciation about 635
myr ago (Hoffmann ef al.. 2004; Condon et al., 2005;
but see Calver et al., 2004). Yet, the Redkino trans-
gression that deposited a thick and fossiliferous blanket
of siliciclastic rocks across the EEP began no more
than 555-560 myr ago (Martin et al., 2000).
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Fig. 1. Location map of the “Kel’tminskaya-1" borehole in the Timan Ridge area (A) and its stratigraphic section
(B). Black color areas show the natural outcrops of the Protrozoic rocks and position of main map is shown by the filled
arrow on the insert map of Eastern European Platform. The section of the southern Ural Mountains Riphean and Ven-
dian deposits is shown to the lower left corner of figure | (C).

Abbreviations, formations: U-Pn — Ust’- Pinega, Ks — Krasavin, Mz — Mezen, Pd — Padun.

Key: 1 - dolomites and limestones. 2 — dolomites with cherts, 3 — shales. 4 — siltstones. 5 — sandstones, 6 — con-
glomerates, 7 - stromatolitic bioherms, 8 — unconformities, 9 — lower Vychegda microfossil assemblage, 10 — middle
Vychegda microfossil assemblage, 11 — upper Vychegda microfossil assemblage (Kel’tma microbiota)
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The succession, however, builds downward toward
the passive margin of the EEP near the Timan Uplift
along its northeastern flank. The Timan trough is lo-
cated between the Russian and Timan-Pechora plates
and contains thick upper Proterozoic and lower Paleo-
zoic sedimentary successions complicated by numer-
ous thrusts and folds (fig. 1A). There are not many
natural outcrops of the Proterozoic rocks in this region,
so data about these successions comes mainly from
boreholes. The new finds of acanthomorphic microfos-
sils come from the borehole "Kel'tminskaya-1", located
near the Dzhezhim-Parma Uplift (fig. 1A). The bore-
hole revealed the following upper Proterozoic succes-
sion (in ascending order according to the stratigraphic
scheme of V.V. Teresho and S.1. Kyrillin [1990]): the
Yshkemess (4902-3943 m, 960 m), Vapol® (3943—
2910 m. 1000 m). Vychegda (2910-2312 m, 600 m),
Ust’-Pinega (2312—1880 m, 430 m). Krasavino (1880—
1725 m, 150 m). Mezen (1725-1527 m, 200 m) and
Padun (1527-1330 m. 200 m) formations (Fig. IB. in
the brackets the borehole Kel'tminskaya-1 depth levels
and total thickness of units are provided). The upper
three formations belong to the Kotlin horizon and can
be traced into the adjacent Mezen syneclise, whereas
the Ust'-Pinega Formation is correlated to the Redkino
horizon (Fedonkin, 1981, 1987: Sokolov, 1997). How-
ever, the Vychegda Formation thins toward the Mezen
syneclise and has no counterpart in that region. The
pre-Vychegda part of section is easily correlated to the
type section of the Riphean deposits of the southern
Ural Mountains (Gechen et al., 1987. Raaben and
Oparenkova. 1997). Therefore, the Vychegda Forma-
tion seems to be firmly bracketed between the Upper
Riphean (Cryogenian) and upper Vendian (Ediacaran)
deposits. Tillites are missing from this area.

Large, profusely ornamented acritarchs occur in all
sections of the Vychegda Formation; however, fossil
assemblages can be separated into three microbiotas
according to their taxonomic composition. The upper
part of the formation. from core depths of 2779-2312
m, contains abundant large acanthomorphic acritarchs
comparable to those of the Pertatataka and other coeval
assemblages. We refer to this as the “Kel’tma microbi-
ota”, distinguishing it from subjacent assemblages. The
bulk of assemblage comprises taxa of morphologically
complex eukaryotic remains, including Alicesphaerid-
ium medusoidum, Tanarium conoideum, Cavaspina
acuminata, Asterocapsoides sinensis, Ericiasphaera
polystacha and some others known from the contempo-
raneous lower Ediacaran (Vendian) assemblages (PI. [:
D, E, K, L). as well as taxa not previously described
from other localities. These acritarchs may well include
the diapause egg cysts of early animals (P1. I; F-J). The
Kel'tma microbiota also inlcudes morphologically
simple filamentous and coccoidal microfossils of broad

44

stratigraphic range, like Chuaria circularis, Poly-
trichoides oligofilum, Polysphaeroides filiformis, Elat-
era binata, Bavlinella faveolata and others. In general.
the Kel’tma microbiota seems comparable to the first
(Ab/Am/Gp) assemblage zone proposed by K. Grey
(2005. p. 14) for the ECAP of Australia.

The lower Vychegda assemblage occurs in borehole
depths ranging from 2910 to 2780 m. It contains such
typical Upper Riphean index taxa as Trachyhysivichos-
phaera aimika (Pl. 1; B) and Prolatoforma aculeata
(Pl, 1; C), as well as the filamentous and coccoidal
forms like Chuaria circularis, Polytrichoides oli-
gofilum, Glomovertella sp., Cucumiforma sp. and oth-
ers. The lower assemblage also contains numerous cu-
ticular remains of the putative animal Parmia anastas-
siae. The middle assemblage contains only remains of
morphologically simple transitional filamentous and
coccoidal microorganisms.

The observed vertical succession of Upper Riphean
(Cryogenian) and lower Vendian (Ediacaran) micro-
fossil assemblages distribution through the Vychegda
Formation section can by interpreted in two ways.
First, the lower and upper assemblages could reflect
Late Riphean and Ediacaran deposits respectively,
separated by a cryptic unconformity or the condensed
layers corresponding to the Laplandian glaciation, as
proposed by Vorob'eva er al. (2006). Second. the en-
tire formation could be Ediacaran, with the system-
subtending ice age falling at the time represented by
sub-Vychedga unconformity in the Kel'tminskaya-]
borehole. a view earlier championed by Veis et al.
(2006). The second hypothesis is supported by the data
from Australia, where Pertatataka-like acritarch assem-
blages, or ECAP, appear about 150 m above the Mari-
noan tillites; between is the Ediacaran Leiosphere Pa-
lynoflora composed exclusively by morphologically
simple coccoidal forms (Grey, 2005). Similarly, in
China, diverse acanthomorphic acritarchs of the middle
and upper Doushantuo are preceded by simpler and
less diverse microfossils. with uncommon acan-
thomprhs (Yin er al., 2007 and references therein).
These data imply that many microorganisms survived
the Marinoan glaciation and their major biological re-
organization occurred later, in association with mid-
Ediacaran redox change. animal radiation. or the Ac-
raman impact event (e.g. Corsetti et al.. 2003, 2006:
Grey, 2005).

Continuing research will provide increasingly
strong tests of these hypotheses. For now, the new acri-
tarch assemblages provide a potential means of estab-
lishing the lower boundary of the terminal Proterozoic
system using biostratigraphic criteria. Currently. both
the Russian Vendian and International Ediacaran sys-
tems have lower boundaries related to Laplan-
dian/Marinoan glaciation. The Vendian Period’s base



was established at the base of the tillites and thus coin-  thus coincides with the end of the ice age. In general,
cides with the onset of glaciation. The beginning of the  the new data obtained on the Vychedga Formation mi-
Ediacaran Period is defined by a GSSP placed at the  crofossils support the current Ediacaran system lower
base of cap carbonates that overlie Marinoan glacio-  boundary definition, but they also provide an illuminat-
genic rocks in South Australia (Knoll er a/.. 2006) and  ing biostratigarphic model for this boundary.

Plate L. (Vorob’eva et al.)

The microfossils from the lower (A—C) and upper (D-L) parts of Vychegda Formation: A — Acritarchs with hair-like
processes: B — Trachyhystrichosphaera aimika Hermann; C — Prolatoforma aculeata Mikbailova; D~ Tanarium con-
oideum Kolosova; E - Cavaspina acuminata (Kolosova); F— Unnamed form |; G — Unnamed form 2: H — Unnamed form
3; I — Unnamed form 4; J — Unnamed form 5; K - Alisesphaeridium medusoidum Zang; L — Ericiasphaera polystacha
Grey. Single scale bar equals to 50 pm, double — to 100 pm
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The significance of the Vychegda microfossil as-
semblages can be summarized as follows:

First. the discovery of the Pertatataka-like Kel’tma
microbiota on the EEP passive margin fills the strati-
graphic gap recognized earlier post-glacial rocks of the
Vendian lype section. Until now, the lack of paleon-
tological or geochemical evidence for lower Ediacaran
(Vendian) strata on the EEP created uncertainties in the
correlation of EEPS successions to contemporaneous
deposits throughout the world.

Second, the more-or-less continuous succession of
the Vychegda Formation, including successive Cryo-
genian (Upper Riphean) through lower Ediacaran
(Vendian) microfossil assemblages, provides an un-
usual opportunity to document changes in the organic
world during this interval of important evolutionary
transition.

Third, the presence of the Upper Riphean index-
microfossils and annelidomorphs in the lower part of
the Vychegda Formation and the Pertatataka-like mi-
crofossils assemblage (ECAP) in its upper part (the
Kel'tma microbiota) pave the way toward the devel-
opment of biostratigraphic criteria for the recognition
of the lower boundary of the Terminal Proterozoic Sys-
tem (Ediacaran or Vendian) based on remains of phy-
toplanktonic microorganisms and early animals.
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Glacial horizons

Upper Precambrian glacial deposits are known in
the North, Middle and South Urals. They are best ex-
posed at the Churochnaya River, Poludov Ridge of the
North Urals (the Churochnaya Formation = Fm.) and at
the right tributaries of the Chusovaya River (Koyva,
Sylvitsa, Serebryanka, Mezhevaya Utka rivers) of the
Middle Urals (the Tany, Koyva formations, and Lower
Starye Pechi Subformation) (fig. 1).

The Churochnaya Fm. (350-500 m thick) is com-
posed by massive and bedded diamictites. sandstones.
and less frequently conglomerates. Diamictites contain 2
to 10% of stones very variable in size, roundness, and
composition. Among the stones there are also erratic and
stones abraded by glaciers. Some strata have relict till
fabric of elongated stones (one dominating and subordi-
nate transversal orientation of log axis). Such fabric as
well as typical varved clays with dropstones are evi-
dence of continental glacial origin of some members of
the Churochnaya Fm. Other strata show indistinct bed-
ding, rare stone nests, thin lenses and interbeds of sand-
stones and shales, They are likely of marine-glacial ori-
gin. Diamictites with well-rounded stones of medium
size were most likely deposited by seasonal glaciers.
Erratic stones are dominated by granites, gneisses, and
schists derived from the crystalline basement of the Rus-
sian plate. The diamictites are overlain by a marker bed
of dolomites (up to 18 m) very similar to “cap dolo-
mites™ (fig. 2). The dolomites are slightly calcareous,
variably crystalline, nonuniform in structure and texture,
frequently massive or brecciated, locally thinly bedded
and distorted by subaqueous slumps. Abundant carbon-
ate, chert, and quartz veins cut dolomite and crusted
fragments of breccia. The dolomites have typical for cap
dolomites negative §C values (from —3 to —5%o).
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Above cap dolomite there is a member of black shales
with higher phosphor content. The features of the
Churochnaya Fm. suggest glacial sedimentation on oc-
casionally emerged shelf of the Russian plate. The
basement and sediments of the Russian plate were main
sources for the Churochnaya deposits. Surfaces of many
sand particles of the diamictite matrix bear signs of wind
action. The particles were most likely derived from in-
terglacial or Riphean eolian sands.

A glacial succession of the Middle Urals is more
complicated. Diamictites occur at three stratigraphic
levels: in the Tany and Koyva formations of the Sere-
bryanka Group and higher, in the Lower Starye Pechi
Subformation of the Sylvitsa Group (fig. 2). The Tany
Fm. (800 m) consists of two members of massive dark
gray diamictites divided by a sandstone member. The
thicker lower member of diamictites is crown by cap
dolomites. A considerable portion (up to 45%) of stones
consists of acid ignenous rocks which increase in abun-
dance and size in southwestern direction, toward the
Russian plate (Ablizin et al, 1982). Some blocks of gra-
nite-gneisses are up to 3.5 m across. Nests of medium
and large stones are common. Some shale interbeds con-
tain dropstones. The Koyva Fm. contains diamictites
only to the north of the Sylvitsa River. In general.
diamictites are similar to those of the Tany Fm. but dif-
fer in reddish color and occurrence of members of bed-
ded diamictites and laminated shales with dropstones at
the top of the formation. Father to the north, at the Vilva,
Us’va, Kosva rivers the Koyva Fm. diamictites contain
members of alkali basalts. In the Us’va section they are
associated with banded hematitic rocks and ores. In the
stratotype section at the Koyva River diamictites are
overlain by a transitional member of thin-bedded varie-
gated shales with small dropstones and cap dolomites,



Fig. 1. Vendian and Upper Riphean depos-

its at North and Middle Ural. 1 — Phanerozoic;
2 — Upper Vendian; 3 — Lower Vendian; 4 -
Upper Riphean; 5— some disjunctive disloca-
tions; 6 — main sections; Numbers in circles:
1 — Mezhevaya Utka R.; 2 — Serebryanka R.:
3 - Sylvitsa R.; 4 - Koyva R.; 5 — Vil'va R.;
6 — Us’va R.; 7, 8, 9 — Poludov Ridge (Polud-
Kolchim anticlinorium): 7 — Tulym-Parminsk
anticline; 8 — Kolchim anticline (Churochnaya
R.). 9 - Poludov Ridge anticline (Nizva R.)

Puc. 1. PacnpocTpaHeHue BEHACKMX M

BepxHepubeiicknx ornmrennii Ha CesepHoM
i Cpenuem Ypane. Ycnosueie 3Hagu: 1 —
(harepo3oiicKkne OTJIOKeHHsa; 2 — BepxHuil
BEHJI, 3 — HIDKHUI Benll; 4 — sepxuuil pudeii;
5 — HEeKOTOpkIC pPa3iioMbl; 6 — OCHOBHLIE pas-
pesst. Uudpei B kpymxax: 1 — p. Mexesan
Vrra; 2 — p. Cepebpanxa: 3 — p. Colunuua;
4 — p. Koiisa; 5 - p. Buissa; 6 —p, Yensa, 7,
8, 9 - [TIlomogos Kpsx ([lomonoso-
Kostuumexnit anTunmbopuii): 7 — Tyibim-
[TapMuHckas anTHKIMHANL, 8 — KomuuM-cxast
anTHK/IHHANL (p.p. Kominm u Yypounas). 9 —
[MomonoBekas aHTHKIMHANS (p. Husbsa)

very large ones), as well as banded iron
rocks and impoverished with 8"C cap
dolomites allow to suggest that the Tany and
Koyva diamictites are typical marine-glacial
deposits. The flysch habit of deposits lying
under, between and over the diamictites
suggests that the Serebryanka Group was
formed in the outer shelf, submarine fans
and continental slope.

In the Lower Starye Pechi Subformation
Zsg* diamictites alternate with thin-bedded

YA shales containing scattered large sand and
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locally small pebbles in form of dropstones.
Stones of the formation are dominated by
fragments of underlying rocks but some
erratic pebbles of plagiogranites occur lo-
cally. At the bases of the some strata there

which have 3"°C values from —3 to —5%o. It is worthy
noting that to south of Koyva R.. where there are not
diamictites, dolomites of Koyva Fm. keep similar 8"C
values (from —2 to —5.5%c). Presence of massive and
bedded diamictites, dropstones, erratic stones (including

1 2 ‘ 3 _‘///// 4 //
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are diamictite wedges. The common sug-
gestion is that between the Lower Starye
Pechi Subformation and the underlying
® 6  Kernos Fm. there is hiatus (Ablizin er al..
1982) but locally the formations grade into
each other (Chumakov, 1998). The set of
features: massive and bedded diamictites, dropstones,
erratic stones, diamictite wedges, wide spatial distribu-
tion, and confinement to certain stratigraphic level are
evidence for marine-glacial origin of the Lower Starye
Pechi deposits.
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Fig. 2. Stratigraphy of Lower Venian glacials at the North and Middle Ural (Ablizin et al., 1982; Chumakov, 1998:
Ronkin et al., 2007 and oth.); Key: 1 - diamictites and other glacial sediments: 2 — sandstone: 3 — quarzitic sandstone: 4 —
shale; 5 — dolomites; 6 — limestone: 7 — clayey limestone; 8 — cap dolomites; 9 — volcanics; 10 — stromatolites: 11 — onco-
lites; 12 — non-sceletal Metazoa; 13 — Metaphyta; 14 — microphytolites assemblages; 15— Obruchevella etc; 16 - glacialy
abrased stones; 17 — erratic stones; 18 — dropstones; 19 — cap dolomites; 20 — stone nests; 21 — varves and varve like
shales; 22 — erratic blocks; 23 — relict till fabric of stones; 24 — till wedges: 25 — subaquatic slump structures; 26 -
subaquatic slump rolls; 27 — banded iron ores and rocks; 28 — posphates shows; 29 — radio-isotopic data (K/Ar, G - glau-
conites; Rby — Rb/Sr, granites; Pb/Pb — Pb/Pb, zircon; U/Pbz — U/Pb, zircon; Sm — Sm/Nd)

Puc. 2. Ctparturpadimueckoe f0J0XKeHue PAHHEBEHICKHX JTeIHHKOBRIX oTiokeHnii Ha Cepeprom u Cpemnem Ypane
(AGmzun 1 ap., 1982; Muamunx, 1983; Uymakosa, 2004; Ponkus 1 ap., 2007); yenoBHubie obo3Hadenns: 1 — neIHUKOBBIE
OTAOKEHUA (THIUTHTEL, MIECYAHHKH, KOHTTIOMEPATHI, TOHKO3EPHHCTIE OTIOKEHNS ¢ YIABIINMH KaMHAMH — «dropstones»); 2 -
KOHTTIOMEpAThl; 3 — NecyaHHku; 4 — KBapLUUTOBHIULIE IECHAHNKA, 5 — cnaHipl: 6 — 1070MUTbI; 7 — U3BECTHAKH: 8 — BEH-
ualouIHeE A0NOMUTHI — «cap dolomites»: 9 — adhy3usHbie nopoisl; 10— crpomatomutsi; 11 — oukonuthl; 12 — GecckeneTHbie
metazoa; 13 — metaduTsr; 14 — kommnexen Mukpodoceunmii; 15 — o6pyqesessl; 16 — aeaunkossie kKamuu: 17 — spparme-
ckue kamuu; 18 — ynasmme kamun (dropstones); 19 — Benuaoume nonomuts (cap dolomites); 20 — ruésna kamueii; 21 —
BapBhl M BapBONOAOOHBIE ClaHlbl;, 22 — FppaTHyeckue ribIObl; 23 — PeIHKToBas OPHEHTHPOBKA YTHHCHHBIX KamHeit; 24 —
THINOBbIE KITAALA, 25 — NOABOAHO-OMONIZHEBbIE HAPYIUEHHS; 26 — TIOBOAHO-ONO/3HEBbIE KOTOOKH; 27 — HKEIC3HbIC PY/Ibl H
sKene3ucTbie noposst; 28 — docthatonpossienus; 29 — paauounsorortsie garnporkn (K/ArG rnaykonut; Rb— Rb/Sr — adipy-
3uBbl; Rby — Rb/Sr rpanuter, U/Pbz, — U/Pb nenst, uupkon; Pb/Pb rpasuTsl, uppkon; Sm — Sm/Nd)
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Stratigraphical position

At the Middle Uralian above the glacial deposits in
Chernyi Kamen® Fm. occur abundant nonskeleton
Metazoa characteristic of the White Sea and Eriacaran
biota and obtained U-Pb zircon SHRIMP-II date for a
tuff interbed is 557+13 Ma (Ronkin et al., 2007). This
date defines the upper age limit of the entire glacial
succession of the Middle Urals. More controversial
dates were obtained for glacial formations constituting
the succession. Grano-syenites of the Troitsk massif
cut the Tany and Garevka formations of the Serebry-
anka Group at the Kosva River. There is common
opinion, that they were injected in the pre-Sylvitsa
time. If so, the Starye Pechi glacial horizon is younger
than 630420 or_621+12 Ma (Pb/Pb and Rb/Sr datings
for zircon and rock respectively — Petrov et al., 2005).
It cannot be excluded however that the supposition on
the pre-Sylvetsa age of the Troitsk massif is not cor-
rect. It may be of older age and the glacial Starey Pechi
Horizon may be younger than 569+42 or 559+16 Ma;
the dates being obtained for the Koyva volcanogenic
rocks by the Sm-Nd u Rb/Sr datings for the rock and
clinopyroxen respectively (Petrov ef al., 2005). In the
both cases. the Starye Pechi Horizon is younger than
the glacial Nantuo Fm. of South China (characterized
by age >635 — <660 Ma) and its supposed analog, the
Marinoan ( more exactly — Yerelina) glacial horizon, of
South Australia. In stratigraphic position the glacial
Starye Pechi Horizon is probably correlative of upper
glacial horizon of the Lower Vendian of the Russian
plate (the Glussk and Mortensnes formations) and the
glacial Gaskiers Horizon of Newfoundland. The glacial
Tany Horizon, which is cut by the Troitsk grano-
syenites (620-630 Ma) and lies above trachytes of the
Shchegrovitsy Formation (Rb/Sr date of 671424 Ma),
may be correlated to the lower glacial horizon of the
Lower Vendian of the Russian plate (the Blon’ and
Smalfjord formations), the glacial Nantuo Formation

(and its supposed analog glacial Yerelina horizon of
South Australia). A position of the glacials of Koyva
Fm. is less definite. Stratigraphically it is closer to the
Tany Fm. They both are supposed to form a common
glacial complex, in which the Koyva Fm. may be a
facial analog of its upper part. The supposition is cor-
rect if the radiometric dating yielded younger ages of
the Koyva volcanites are rejuvenated. The Tany Fm. is
separated from the Klyktan Ff. by two hiatuses and the
underlying Basegi Group, The Klyktan Fm. contains
stromatolitic assemblage and carbonates with 813C
values from —0.8 1o 0.6%o. By this aspects it is similar
to the Upper Riphean Karatavian Group of the South
Urals (Podkovyrov ef al., 1998),

Age of the Churochnaya Fm. is also a subject of
discussion. Geological mapping extends the Sylvitsa
Group northward up to the Poludov Ridge. where it
corresponds to the [I’ya-Vozh and Kocheshor forma-
tions, but regional correlations of the formations are
difficult. Absence of significant stratigraphic hiatuses
between the Churochnaya and llI'va-Vozh formations
and within the Sylvitsa Group suggests that the glacial
deposits of the Churochnaya Fm. and Lower Starye
Pechi Subformation may be coeval (Fig. 2). It should
not be excluded however that the supposed hiatus at
the base of the Kocheshor Formation embraces the en-
tire lower part of the Sylvitsa Group. In this case. the
Churochnaya and [I'ya-Vozh formations together may
correspond to the Serebryanka Group and the hiatus at
the base of the Churochnaya Fm. is not appears so es-
sential. The traditional correlation of the Nizva Forma-
tion to the Upper Riphean (Karatavian) stratotype of
the South Urals and the Klytkan Fm. of the Middle
Urals is supported by close radiocarbon dates for the
Nizva Formation (813C values from —0.5 to 2.0%o).

Our investigations were supported by Program Nol8
of Presidium of RAS, Projects of RFBI No 05-05-
64949 and Ne 07-05-00455.
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AernnkoBoie ropH3oHTsI
[Mozanenokembpuiickie JEAHHKOBLIE OTIIOXKEHM
nisectHbl Ha Ceseprom, Cpeaunem u Hxnom Vpane.
Jlyumme ux paspessl Haxoaatca Ha CepeproM Ypane, B
[Tonronosom Kpsake na p. Hypounoil (4ypouuHcKas
ceura) u wa Cpemuem Ypale Ha NpaBblX MPHTOKAX

p- Yycosoit, pp. Kofiga, Chutsuua. Cepebpanka, Mexe-
gag YTka u Ap. (TAaHMHCKAs M KOHBEHCKAs CBMTHI W
HIDKHecTaporieyeHeKkasn nojcenra: puc. ). Hypounu-
ckasg cButa (350500 M) crnoxkena MAcCHMBHBIMM
CIOMCTBLIMM [UAMIKTHTAMH (THIMOMIAMI) Ceporo i
KpacHo-0yporo LBETa, NecHaHUKAMH U PEXKE KOHIIIO-



meparamu, JuamukTuThl cojepikat ot 2 jio 10% Bech-
Ma paszHooGpa3HbIX M0 Pa3MEpy, OKATAHHOCTH M COCTa-
BY KAMHE, B TOM HMHUCJIE IPPATHYECKHX W C ABHBLIMU
cnepamu neanukosoi obpaborkn. B HexoTopeIxX mura-
CTax YIUIMHEHHbIE KAMHH JAHAMHKTHTOB HMEKOT PeTHK-
TOBBIC Cl€/lbl OPMEHTHPOBKH CXOIHOH € MOPEHHOMN
(om0 mpeobafatoliiee HaNpaBaeHHE H KOCOE K HEMY
BTOpOCTENEHHOE). DTO, HApsly C MPHCYTCTBMEM Xa-
PAKTEPHRKIX NEHTOYILIX (TIHH C KAMHAMM YIABUIMMHK Ha
nosepxuocts ocanka (“dropstones”), ykaseieaeT Ha
Y4aCTHE KOHTHHEHTANLHBIX NEeIHNUKOBRIX (pauuii B pas-
pese 4ypouHHCKOH cBHTHL. pyrue naukn 1naMuKTHTOB
XAPAKTEPH3YHOTC HEOTHETIMBOR CJIOUCTOCTLIO, PEi-
KUMH Kamiami, o0paszylolMMi THE3NA, M COJAepKar
TOHKHE THH3B! ¥ [POCIIOH TeCYaHUKOB 1 cnanues. Onu
ABJIAIOTCH, [10-BUAMMOMY, MApHHO-CIALHATBHBIMU OT-
nokenusmit. Cpean HUX BCTPEYaroTes JHAMUKTHTLI ©
XOPOLLIO OKATAHHBIMU KAMHSIMI CPEIHEro pasmepa. 3Tu
[OPO/bl, CKOPEE BCErO, NMPEACTaBIAIOT OTNOKEHUA Ce-
30HHbIX JibgoB. Cpem IppaTHHecKuX KamHuell rpeod-
NAIAIOT MPaHuThL, FHEffchbl W CAaHibl M3 KPHCTALIMYE-
ckoro (pyimamenta Pyccxkoll miutel. JJnaMuxTHTSI f1e-
PEKPHITHI MAPKHPYIOLIHM MAACTOM JOJ0OMHTA MOLIHO-
cTi 10 18 M, upe3BRIYAHO HANOMUHAIOIINM THIHYHbLIE
BEHUAIOWINE [OJIOMMTEL JIEAHMKOBBIX Tomis (“cap
dolomites™). BeHuawmmi JI00MUT CNErKka H3BECTKO-
BHCTBI, B PA3HON CTENEHM KPUCTAJUIMHECKHIl, BEChMA
HEOJHOPOAEH W NO CTPYKTYpPE M MO TEKCTYPE: 4HacTo
MACCHBHBII WM OpeKyMpoOBaHHbLIA, a HA OTAE/NLHBIX
YHACTKAX € HAPYLIEHHOH TOHKOH C/IOMCTOCTHIO N
(pparmentami ctpomatonuTos. B naacre nabnonaorces
MHOrOYHCIEHHbIE KapOOHATHBIC, KPEMHEBBLIE W KBaplie-
Bbie CEKYIIHME, MPOXKHIKM M OTOPOUKH BOKPYT 00IOM-
KOB. JIoIOMUTBL  XapakTepU3YIOTCs THITHYHLIMU Ans
“cap dolomites™ oTpHuIATENbLHBIMI 3HAYEHUAMH §"°C
(o1 —3 10 —3%o). Bhlile A0MOMHUTA 3aMErdeT Na4uKa Yep-
HBIX CHAHILEB, OTIMYAIOIIMXCS TMOBLIMIEHHBIM COIep-
satem hocthopa. Xapaktep 0TI0KEHHH 1YPOUHHCKOH
CBUTA CBHAETENLCTBYET O TOM, HTO OHA OTJIACANach Ha
wenspe Pycekoit nanTsl, nuoraa ocymasmemcs. Myi-
JAMEHT U OCAJ0UHBIA MOKPOR IUIMTEI ObUT OLHWM W3
[IABHBIX MCTOHHHKOB CHOCA JUIA YYPOMHHCKHMX MOPOLL,
[MoBepxHOCTL MECYMHOK M3 MaTPHKCA [HAMMKTHTOB
HepeIKo HeceT cie/ibl 20,1080 obpaboTku. ITH nec-
UHHKH, CKOpee BCero, ObUTM 3auMCTBOBAHBLI M3 MEN-
NEJHUKOBLIX HITH PHEHCKIX YOI0BbIX TECKOB.

Bonee cnoxuoi  ABasercs  MOCHEHOBATE/ILHOCTh
nejHnKoOBLIX oTiIoKeHuid Ha Cpensem Ypane, 3pech
IMAMHKTHTBl BCTPEYAIOTCH Ha Tpex crparurpadmue-
CKMX YPOBHSIX: B TAHHHCKOH M KOHBEHCKOH CBMTAX Ce-
pebpsiHCKOi cepuy, a Takke B HIDKHEH 4acty crapore-
UEHCKOII CBUTHI BbllIenexalleil ChUIBHUKON cepuu
(puc. 2). Tanunckas ceura (800 M) cOCTOMT M3 ABYX
NaueK MacCHBHBIX THAMHKTHTOB TEMHO-CEPOTO 1BETa,
pasaencHHbIX nadkoil mecuanukos. Hipknss, Oonee
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MOLIHAA — TIYKA  JHAMMKTHTOR  BeHuyaeres  “cap
dolomites™ (& M), 3HAUHTENBHYIO HACTh KAMHEN TaHHH-
CKMX AMMHUKTHTOBR (110 45%) COCTOMT M3 KMCIIBIX W3-
BEPIKEHHLIX MOPOJ, MPHHEM UX KOJIMHECTRO H PA3MEPSI
YBEJMMHBACTCH B 1Or0-3aMd/IHOM HAMPABAEHHH. B CTO-
poHy Pycckoii mautsl (AGausun u dp., 1982). Cpean
KamHeil BeTpedaloTest G7I0KH rPaHuTO-rHeicoB 10 3.5 M
B MOMEPEYHAKE, @ TAKIKE I'HE3]d CPEJHHX M KPYIHBIX
BANYHOB. B peikux npocrosx claHues o8Hapy/KeHsb!
aponcroyisl  (“dropstones’™). B kolierckoit csute
MMEMHKTHTE BCTPEUAIOTCA JIHILL B pazpesax pacrnono-
HKEHHBIX K cerepy oT p. Chinsnua, 3TH IHaMUKTHTLL B
LEJIOM AHANOTHYHLl TAHHHCKHAM, HO OTIHHMAKOTCS Kpac-
HOBATOH OKPACKOH W [PUCYTCTBHEM TMavek CIOHCTBIX
THUIMTOB ¥ TOHKOCIIOHCTBIX CIIAHLCE C JIPONCTOYHAMH
8 sepxuedl yactu. Eie cepepuee Ha p.p. Bunwsa. Yeb-
pa. KochBa AMAMUKTHTEL KOWBHHCKOH CBUTBI COMEPIKAT
nauku wenounbix 6azansros. Ha Yense B accounaiuy
C HUMHM M JIMAMUKTHTAMH TIOABIACTCH [10/10CUATHIE I'e-
MATUTOBLIE TIOPOI W PYAbl. B cTpaToTHONYECKOM pas-
pese Ha p. Koiipa INaMUKTHTHL NOKPLIBAIOTCA mepe-
XOAHON MayKoil TOHKOCHOUCTLIX CHIAHLECE € METKHMI
ZIPOTMCTOYHAMM W 3aTEM BEHUAIOUIHM JOJOMHTOM ("cap
dolomite™) MotHOCTHIO 6 M. OH xapdl(repn’symu_umcs
OTpHLATENLHLIMA 3HAYEHHAMN 8"C (o1 -3 no —5%).
WurepecHo OTMETHTh. 4TO B IOXKHBIX paspesax, rie
NUAMHKTHTEI B KOHBEHCKOH CBWTE OTCYTCTBYHOT, CO-
XpaHsieTes J0JOMHTOBAs Mavuka ¢ ONM3KHMI BEIHHH-
Hamn 8°C (o1 -2 110 —5,5%0). ITpHCYTCTBHE MACCHBHBIX
¥ CIOHCTBIX [AMAMUKTHTOR, APOINCTOYHOB, Jppariie-
CKMX KaAMHEH, B TOM HHCJIE OUE€Hb KPYNHLIX, & TaKKe
NOMIOCHATLIX HKENE30PYAHLIX NOPoJL 1 obeHeHHbIX He
BEHUAIOWINX AOAOMHTOB — Bee 9TO cOMMIKAET TaHIH-
CKYI0 M KOHBEHCKYH) CBHThI ¢ THINUYHBIMH MapHHOTLS-
LuansHsIMK obpasosanusmu. Mauenonobusiit 0dnuk
OTNOKEHHH MOJACTHIAIOLIMX, TIOKPBIBAIOUIMX M Tepe-
CNAMBAIOUIMXCA € JAMAMMKTHTAMA TMO3BOJAET CUHTATD.
urto cepeGpsHCKas cepus (JOPMHPOBAIACHL BO BHELIHEH
yacTH Liesibda. Ha MOABOMHLIX KOHYCAX BhIHOCH W KOH-
THHEHTATLHOM CKIIOHE.

JIMAMHKTHUTBl  HIDKHECTApOIeYeHCKOH  NOICEHThI
qepenyloTes ¢ TOHKOCIOHCTBIMM  FIMHUCTO-ANEBNO-
MUTOBLIMHM  CHAHIAMHE, COOEPIKAUMMH  PAcCesaHHbII
rpaBuil, KPYNHEIE NECHHHKN 1f M3PENKa MENKYI0 ralk-
Ky B BHJE IporncTtoyHos. Cpean KaMHel B JUTAMHKTH-
TAX HIKHECTAPOTICHEHCKOM IOJCBHTHLL 11peobaanaioT
0BJOMKH OACTHIAIOUIMX OCAJOYHBIX MOPOJL, HO HHO-
r/ia BCTPEUarTes IPPATHHECKHE FallbikH TIArHorpati-
TOB. B OCHOBaHHH HEKOTOPHIX MUIACTOB BCTPEYAIOTCH
NHAMUKTHTOBBIE KIMHbs. OBLIMHO B OCHOBAHHN HHK-
HECTAPONCHEHCKOI MOJCBUTBL  OTMEYAETCS  PA3MEIB
(AGauzuH v dp.. 1982), HO MeCTaMH MEKY CBHTaMH
oTmeuaercsa nocreneHHuii nepexos (Yymakos, 1998).
CoueraHne AMAMMKTHTOB M APOICTOYHOB, MPUCYTCT-
BHE JpparHHecKkuX O0OMOMKOB M AMAMHKTHTOBBIX



KJIHHbBEB, IIMPOKOE PAcpoOCTpaeHHe TMaAMHKTHTOB 110
MI0MaAM U IPUYPOUEHHOCTh K ONpe/Ie/IeHHOMY cTpa-
THrpaHHECKOMY YPOBHIK MO3BOMSET PaccMaTpHBaTh
HIDKHECTAPONEUEHCKHE OTJI0MKEHHS, KaK TIIaBHLIM 00-
pPazoM MapHHOrsIHANLHBIE 0Opa3oBaHus.

Crparnrpaudeckoe nojroxenne

B paspesax Cpensero Ypana B BepXHEil MOJIOBUHE
ChUIBHIKOI cepud (4EPHOKAMEHCKOH CBMTE), Bhbille
NEeHUKOBLIX OTNOXKEHWil HallleHbl MHOrOMMCIeHHbIE
becckenetHble Metazoa, xapakrepusie i Oenomop-
ckoil Buotei, a U-Pb merogom (SHRIMP 1) no uupro-
HY H3 npocios Ty(os nonyden BospacT 557+13 min
ner (Pouxun u ap., 2007). 214 nanHble onpenensaoT
BepXHHUIl BO3PACTHON Npe/ien BCero KOMIUIEKCa JeiHH-
KoBbIX oTinoxenui Cpegnero Ypana. Bonee nportuso-
pedMBble JAHHBIE MMEIOTCS OTHOCHTENBLHO BO3pacTta
OTHENbHLIX JEIHHUKOBLIX CBUT COCTABIAOLIMX HTOT
komnieke. ['paHo-cueHHTsl TPOMLIKOro MaccHupa, mpo-
PLIBAIONIIME TAHMHCKYIO W rapeBCcKylo CBHThI cepeb-
paHckoil cepun Ha p. KocbBe, BHeIpHIHMCL, TO MHe-
HUIO psjia HCCNenoBaTeneil, B NPEACLUIBHLIKOE BPEMS.
Ecnn 910 feiicTBUTENBHO Tak, TO CTAPONEUMHCKHH
NMEIHHUKOBLIA  ropusoHT  monoxke  630+£20  wumm

21+12 MnH ner, KOTOPble COOTBETCTBEHHO IOJIY4EHbI
MO LMPKOHAM ¥ mopoje and sToro maccusa Pb/Pb u
Rb/Sr meronamu ([letpos u ap., 2005). Opnako He
MCKIOYEHO, HTO MPENONoKeHHe O MNPeiChUIBeLKOM
Bozpacre TpouLKOro maccuBa OMMOOYHO, YTO OH
IpEBHEE M UTO CTAPOMEYEHCKHH TIOPH3OHT MOJOXNKe
569442 ywm 559+16 Man neT, KOTOpLIe NOay4Yethl ULl
KOHBEHCKHX BYJIKAHOMEHHBIX I10POJ, COOTBETCTBEHHO
no kiauHonupoxceny u nopoge Sm-Nd u Rb/Sr mero-
namu (TMerpos u ap., 2005). Ognako npu oboux npej-
MOA0KEHUAX CTAPOMEUEHCKUI TOPHU3OHT Oyner Mono-
Ke JeHuKoBoit  ¢BuThHl HauwToy 1oxkHoro Kuras
(>630, <660) n eé npennonaragMoro aHajora JeiHHu-
KOBEIX OTHOXEeHMIH MapuuHo, a TtouHee Epenuna,
10. Asctpamuu. CtaponeueHcKuil NeJHHKOBLII Tropn-
30HT JNEKUT B pa3pese OTJI0KEHUH, COrMaCHO MOACTH-
HaMUX cion ¢ 6eoMopekoil OHOTOH M, OHEBMIIHO,
COOTBETCTBYET REPXHEMY JIGAHHKOBOMY COPH3OHTY
Benja Pycckolt rumrsl (cBuTam rirycckoit 1 Moprenc-
HEC) M, MO-BUIHMOMY, TEIHHKOBOMY ropusouty [ac-
kbe (Gaskiers) Hetoaynanenaa.

TanuHCKHIA IGAHUKOBBIH FOPH30HT, KOTOPbIH Mpo-
pBad TPOHLKHMH TPaHO-CHEHHTAMK C Bo3pacTom 620
630 MIH meT W 3ameraeT BbIIIE TPAXUTOB LIETPOBHT-
ckoil cBuTel ¢ Rb-Sr natuposkoii 67124 mnn ner,
MOXKET COOTBETCTBOBATH HIDKHEMY JIEJHHKOBOMY rO-
PU30HTY HHKHEro BeHaa PycckoW nnuThl (CBHTaM
Gnonsckoil 1 Cmansduopn), neauukosol ceure Hane-
TOy (M e€ mpearnonaraeMoMy aHauory — JEIHHKOBBIM
otnoxwennsM Mapuuno K. ABctpanun). Menee onpe-
NENEeHHbIM SIBMSETCS CTpaTUrpaduuecKoe MON0KEHHE
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KOMBEHCKOrO JIeAHMKOBOro ropuzonta. CrpaTturpa-
huHuecKH OH TecHee CRA3AH ¢ TAHUHCKOH CBHTOI, M.
KaK MPenoiaralT HeKOTOpbIe ucciieaoraTeny. obpa-
3YIOT ¢ TAHMHCKOW CBUTOMN €/1MHbIH JIEIHUKOBBLIA KOM-
[UIEKC, B KOTOPOM KOIIBEHCKas CBUTA TIPEACTABIAThL
(haumanbHBIH AHANIOr BEPXHEN 4acTH MocienHero. JT1o
MPEANONOKEHHE PEAILHO, €CIH PaJHOM30TONHBIE Jla-
THPOBKH BY/IKAHUTOB KOMBEHCKON CBHTLI OMOJIOIKEHBI.
TanuHCKas CBUTA OTAEJCHA NBYMS nepepbiBamu u Ha-
CErcKoil cepueil OT HIbKeNeKalled KIbIKTAHCKOH CBH-
Thl, KOTOpast MO COCTABY CTPOMATOAMTOB M BechbMa 0/l
Hobpazomy H30TOITHOMY cocTaBy yriaepoia (or —0.8 10
0,6%o0) 6nuska k BepxHepudeiickum kapbonaram Kapa-
TaBckoi cepun 0. Ypana (TToakosbipos u ap.. 1998).

Bo3spacT wuypoHMHCKOH CBUTHI TOXKE ABIAETCH
npeameroM auckyccuu, [‘eonornueckoit chemxoil yc-
TAHOBIEHO, HTO OTNOKEHUS CHUIBULKOW Cepri IpoTs-
rUBalOTCs B CeBepHOM Hanpasnenuy go ITlomojosa
KpsKa, e UM B OCHOBHOM COOTBETCTBYIOT ULABOXK-
CKasd M KOYELIOPCKas CBMTbl. 0JIHAKO NOCBHTHaA KOp-
pensuus CBHT 9THX /IBYX PErMOHOB 3aTPYIAHWTCILHA.
Mexay 4ypOuUMHCKOH M MILABOXKCKOH CBHTAMH W
BHYTPH CBUIBHIKOI CEpHH HET, MO-BHIAMMOMY, 3HAYH-
TENLHLIX CTPaTHIpPa(MHUecKHX MepepbiBOB, MOMKHO
NPEANONOKHTL, YTO HMYPOUMHCKWE M HHXKHECTapore-
YHHCKHE JIC/HMKOBRIE OTAOKEHHA OIHOBO3PACTHEI
(puc. 2). Henb3s NOMHOCTBEIO UCKITIOYHTh, OQHAKO, YTO
crpaturpaduyecknii odveM NpeanosaraeMoro mnepe-
phlBa B OCHOBAHMM KOYEIIOPCKOH CBUThI COOTBETCTRY-
eT BCell HIUKHEH 4acTH ChUIBHUKOR cepuu. B Taxom
Cliydae 4ypOdHMHCKAS M WILAROJKCKAA CBHTBI MOTYT
COOTBETCTRBOBATL 00Iblliei 4acTH CcepeOpAHCKOI ce-
PHH, & TEPEpPhIB B OCHOBAHHHM UYPOUHHCKOH OKaKeTcs
HE CTOJIL NPOAOIKUTELHBIM, KAK MOKa3aHo Ha puc. 2.
TpanuuuoHuas KoppensuHs HHU3LBEHCKOH CBHT C
BepxHUM pudeem cTparoTunuyeckoro paspesa HO.
Ypana u ¢ kabikraHckoit ceurod Cpeanero VYpana
MOAKPETUIAETCH CXOAHLIMH YIIEPOJHBIMH H30TOMHEI-
MM XapaKTEPHCTHKaAMHM HHM3BEHCKOR CBHTHI (8"°C or -
0.5 no 2,0%o).

HccnenoBanus mpoBeieHsl © (pHHAHCOBOH nol-
nepxxoi nporpammit Nel8 Tlpesnanyma PAH u npo-
extoB POMU Ne 05-05- 64949 1 Ne 07-05-00455.
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The Precambrian basement of Central and Western
Europe consists mainly of Late Neoproterozic volcano-
clastic sediments deposited in marginal basins in a ac-
tive margin setting of the Avalonian-Cadomian Oro-
genic Belt at the Gondwanan margin. In places gla-
ciomarine tillites in combination with passive margin
sequences occur in the sedimentary succession. Neo-
proterozoic to Early Palaeozoic marginal basins, island
arc remnants, and postkinematic plutons are referred to
as the Cadomian basement of the Avalonian-Cadomian
Orogen. Remnants of the Cadomian basement are in-
volved in the peri-Gondwanan microplates of Avalonia
and Cadomia. The Cadomian basement is cropping out
in the Bohemian and Armorican Massifs in places in
spectacular sections.

Most Precambrian rocks in these massifs are meta-
morphosed and deformed by the Variscan Orogeny.
Less affected Neoproterozoic rock units of Bohemian
Massif are cropping out in the Saxo-Thuringian Zone
and in the Tepla-Barrandian Unit and occupy around
25% of the pre-Permian surface of the massif. In the
Armorican Massif Neoproterozoic rocks with a only
weak Varsican overprint are concentrated in the tec-
tonostratigraphic terranes north of the North Armorican
Shear Zone.

We have used U/Pb LA-ICPMS data of detrital zir-
cons from different Neoproterozoic (Ediacaran) sand-
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stones of the Saxo-Thuringian Zone and the northern
Armorican Massif’ to characterize the provenance of
the detrital material and the maximum ages of deposi-
tion. In general the maximum age of the sedimentary
units is not older than 570-580 Ma. Sedimentation was
running contemporary to the activity of the Cadomian
active margin. Neoproterozoic sediments including
glaciomarine tillites are not older than 580 Ma. A link-
age to the Snowball Earth is not very likely. U/Pb ages
of the youngest detrital zircon grains point to a glacial
event younger than 580 Ma in the Cadomian Orogenic
Belt, The minimum age of the sedimentary units is
given by igneous rock complexes that intruded into the
sediments at around 540 Ma. In addition, a horizon
from the Cadomian basement of the Iberian Massif
possibly glaciomarine in origin will be presented.

Currently. there is much debate about the palaeo-
geography of the Avalonian-Cadomian Orogen. Poten-
tial source areas are Amazonia, the West African Cra-
ton and the Sub-Sahara Metacraton. Parts of these cra-
tons became recycled during the Cadomian orogeny at
the Gondwana margin. These three cratons differ in
their mean age and the presence or absence of certain
zircon populations with distinct age patterns, The zir-
con age pattern of the Precambrian rocks of the Saxo-
Thuringian Zone and the Armorican Massif suggests a
provenance from the West African Craton.



PART 4
PALEOECOLOGY, GEOHRONOLOGY AND
STRATIGRAPHY OF LATE PRECAMBRIAN
YACTb 4
IMAJIEOSKOJIOI'Us, 'TEOXPOHOJIOI'Us
H CTPATUTPA®US ITO3JHETIO JOKEMBPUSI

THE PRECAMBRIAN/CAMBRIAN BOUNDARY IN SPAIN:
ICHNOFOSSIL PALAEOBIOLOGY AND ZONATION
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Universidad de Zaragoza, Zaragoza, Spain,
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The Neoproterozoic of Spain
and the IGCP

The existence of Precambrian rocks in Spain was
accepted after the works of José MacPherson by the
end of the XIXth century. They crop out in the [berian
Massif (from north to south, Cantabrian Mountains,
central Spain and Sierra Morena) —which is the west-
ernmost exposure of the European Hercynides— and, in
a minor extent, in the Iberian Mountains (Eastern Ibe-
rian Chain and Sierra de la Demanda; NE Spain).

Similarly to other regions in the world, Precambrian
studies in Spain ran parallel to the issue of placing the
boundary between the Proterozoic and Phanerozoic
eons, whose advances benefited particularly from
IGCP projects n® 29 and 303. Later on, [GCP projects
n® 319, 320, 366, 376, 440 and 453, as well as the cur-
rent 493, helped to deepen the existing lines of research
and to open new ones, as the national and international
co-operation between working groups intensified.

Palaeontology and age of the Neoproterozoic
of Spain

Palaecontological research done mainly since the
1980°s have shown that most Precambrian successions
are late Neoproterozoic in age (Vendian, or Ediacaran).
The works revealed excellent sections to study the Pre-
cambrian/Cambrian transition, thanks to a good conti-
nuity in the record and the existence of diverse palae-
ontological groups (stromatolites, ichnofossils, acri-
tarchs, bacteria or cyanobacteria, and metazoans with
either calcitic, phosphatic or carbonaceous envelopes)
(Palacios Medrano, 1989; Vidal er al., 1994; Giamez
Vintaned and Lifian, 1996; Palacios ef al., 1999). Up to
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now, the most “genuine and famous™ representatives of
the Ediacara biota (forms such as Dickinsonia) are still
unknown in Spain.

The Precambrian/Cambrian boundary
in Spain

The best successions straddling the Precam-
brian/Cambrian boundary in western Europe are lo-
cated in Spain. Lindn et al. (1984) established the basis
for the palacontological analysis and correlation of the
boundary in the country. In several areas. successions
are interrupted by hiatuses originated by terminal
Cadomian deformation. but this transition is recorded
without important breaks in the central part of Spain.
Here, trace fossils are fairly diverse and abundant. The
Ibor and the Valdelacasa anticlines (Toledo Mountains)
are two of the most suitable areas to study the palacon-
tology of this interval, particularly the rio Huso section
(also spelled *“Uso™; Brasier et al., 1979: Palacios
Medrano, 1989, Gamez Vintaned, 1996) (fig. 1). At the
latter section in the Valdelacasa anticline, fine silici-
clastics of the Pusa shale crop out providing a fairly
rich record of ichnofossils. Small shelly fossils, trilo-
bites and other groups are also present in neighbouring
localities of the Pusa shale. Cambrian-diagnostic trace
fossils first appear in basal greenish shales (a monofa-
cial succession deposited under sublittoral marine con-
ditions) of the lower member of the Pusa shale at the
rio Huso section, including Phycodes pedum, Mono-
morphichnus lineatus and small specimens of Psam-
michnites ichnosp., among others, suggesting that the
Precambrian/Cambrian boundary lies at level 157

(fig. 1).
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Fig. 1. Biostratigraphy of the rio Huso section, showing key fossils around the Precambrian/Cambrian transition: a -
full relief in bottom view, specimen UCMIGEP4/2-112(6); b — convex hyporelief. field photograph: ¢ — convex hyporelief,
specimen UCMIGEP4/2-112(5); d — concave epirelief, specimen UCMIGEP4/2-159: e — full relief in bottom view, speci-
men P2/17. collection of Prof. M.D. Brasier, University of Oxford

Palaeobiological implications
of the palaeoichnological record
Data obtained after the paper by Vidal er al. (1994)
was published confirm that Phycodes aft. P. pedum
occur together with Monomorphichnus lineatus and
Phycodes pedum in the same levels of the rio Huso
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section (fig. 1). Phycodes aff. P. pedum is a distinct
ichnospecies (yet undefined formally) consisting of a
series of short “probe” burrows about | mm in diame-
ter. connected to each other but lacking a true main
burrow to start from. This rather primitive behaviour
represented by Phycodes aff. P. pedum is also recorded



at several levels of the underlying Upper Vendian
Estenilla and Cijara formations (Domo Extremerio
group) at the rio Huso section. In contrast, Phycodes
pedum consists of a master burrow bifurcating succes-
sively into shorter distributary burrows (all directed
first to the same side and then upwards). Therefore
Phycodes pedum represents a more complex and
evolved expression of behaviour, differing substan-
tially from Neoproterozoic-type burrows. It also differs
from ichnospecies of the Cambrian ichnogenus 7rep-
tichnus —with which it is confused in some recent lit-
erature— in having a master burrow. The architecture of
P. pedum reflects a novel strategy of deposit feeders to
exploit the benthic marine habitat at the beginning of
the Cambrian explosion.

This ethological evolution leading to novel strate-
gies (perhaps entailing also the appearance of new
animal groups) was paralleled by the appearance of
arthropods (provided with stiff appendages capable of
a wide range of behaviours). as evidenced in rocks of
the rio Huso section, first by simple raking traces
(Monomorphichnus lineatus) and shortly after by more
complex raking (Dimorphichnus) and walking traces
(Diplichnites) (fig. 1).

Late Vendian-early Cambrian ichnofossil
zonation

The widespread distribution of selected trace fossils
throughout late Vendian-early Cambrian successions
allows to establish a zonation for the Iberian Peninsula,
consisting of three ichnofossil zones (fig. 2), which are
from bottom to top:

— Torrowangea rosei Zone (uppermost Vendian). It
records the ichnofossils Bergaueria? ichnosp., Coch-
lichnus ichnosp. A and B, Gordia ichnosp., Helmin-
thopsis ichnosp., cf. Megagrapton, Neonereites aff.
N. uniserialis, Planolites ichnosp., Phycodes aff.
P. pedum. Phycodes? n. ichnosp. and Torrowangea
rosei. as well as the body fossil Nimbia occlusa.

— Phycodes pedum + Monomorphichnus lineatus
Zone (Lower Corduban; lowermost Cambrian). [ts be-
ginning coincides with the Precambrian/Cambrian
boundary event (Lifidn et al.. 2006). It records the
ichnofossils Belorhaphe ichnosp., Bilinichnus ichnosp.,
Cochlichnus ichnosp. A and B. Dactyloidites cabanasi,
Dimorphichnus ichnosp., Diplichnites ichnosp.. Gordia
ichnosp., Helminthopsis ichnosp., Megagrapton cf.
M. irregulare, Monomorphichnus lineatus, Neonereites
uniserialis, N. aff. N. uniserialis, Phycodes pedum,
Phycodes aff. P. pedum, Planolites montanus, Psam-
michnites gigas, Psammichnites ichnosp., gr. Scolicia,
Torrowangea rosei, Treptichnus bifurcus and Trep-
tichnus ichnosp.

— Rusophyeus avalonensis + Rusophyeus bonnaren-
sis Zone (Upper Corduban). lts beginning coincides
with the Lower/Upper Corduban event (Lifian et al.,
2006). It records the ichnofossils Arenicolites ichnosp.,
Cruziana cantabrica, Dimorphichnus obliquus, Dip-
locraterion ichnosp.. Gordia ichnosp., Monocraterion
ichnosp., Monomorphichnus ichnosp.. Phycodes ich-
nosp., Rusophycus avalonensis (= R. fasciculatus),
R bonnarensis (= R. cantabricus) and Teichichnus
ichnosp., among others.

{\Qf:- Q&? Ichnofossil Central Spain Ichnof Southern Spain Ichnof.| Northeastern Spain
c"f' ‘7':"h Zone Ibor anticline | Vadelacasa anticl. | Zone (Sierra Morena) Zone {Iberian Chams)
(13 | Rusophyeus Embid Fm. (pars)
W t avalonensis g
- | e + : ; = Julia
; C ; : ;
E1CIP Rusophycus Azorejo Formation 3 E Member | ©
ol bonnarensis g
c | d 3 s
L o
A |u = £ 3
M | Db Monomorphichnus _g ]33 m!}Qld
B |a|L lineatus 3, = . Formation
R |[n]? + 2 = Tierna
I pe Phycodes Ibor Rio Huso| @ = Member @
w
A ’ pedum group group | 2
T N PPLLLS -
UE| § o~
PN Torrowangea )
pD| | rosei i Volcano-sedimen- @ Paracueilos
g1 i Domo Extre- | Domo Extre- | tary Complex Group
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Fig. 2. [chnofossil zonation around the Precambrian/Cambrian boundary in Spain and correlation of stratigraphic units

in selected areas.
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The zonation described above may be correlated
with similar ichnological records in other areas of the
world, and it can be compared with the zonation made
by Crimes (1987), our two first zones corresponding
respectively to Crimes’ Zone | (Upper Vendian) and
Zone 1l (Nemakit-Daldynian to Lower Tommotian).
The Rusophycus avalonensis + Rusophycus bonnaren-
sis Zone correlates only with the lower part of Crimes’
Zone |1 (Upper Tommotian-Lower Atdabanian), being
the upper part of the latter correlatable with the 4stro-
polichnus hispanicus Zone of Spain, which is Lower
Ovetian (=Lower Atdabanian) in age.

Conclusions

Trace fossils from late Vendian to early Cambrian
successions in central Spain record evolutionary pat-
terns in primitive metazoan behaviour and the incom-
ing of new animal groups. which do not appear to be
directly related with environmental facies changes
because relevant ichnological innovations occur in
monofacial successions. Among these innovations, the
FAD of the Monomorphichnus lineatus + Phycodes
pedum  assemblage  delineates the Precambrian/
Cambrian boundary (Gamez Vintaned & Lifian, 1996).
Actually, both ichnospecies appear at very similar
stratigraphic positions in numerous sections in the
world (Crimes, 1987).
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BODY FOSSILS AND TRACE FOSSILS FROM THE VENDIAN-CAMBRIAN
SECTION OF DZABKHAN ZONE, WESTERN MONGOLIA
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Results of biostratigraphic research in the thick sec-
tion (over 1000 m) of siliciclastic and carbonate sedi-
ments of Tsaagan Oloom Formation (Neoproterozoic
I11) and Bayan Gol Formation (Lower Cambrian) are
reporied. Ediacaran problematic biota (presumably,

L]

Beltanelloides, Beltanelliformis or Nemiana); numer-
ous fragments of cyanobacterial mats (with dominant
taxon Siphonophycus). colonies of coccoid microfos-
sils; mineralized multi-layered algae. which probably
regarded to Thalophycoides and rich assemblage of



trace fossil were discovered in the section. Algae of
genus Thalophycoides demonstrate cellular construc-
tion and thallus structure of pseudo-parenchymatous
type comparable to that of red algae. The complex of

trace fossils let us make the reconstruction of the first
Cambrian bioturbators and some conclusions on the
ichnostratigraphy in the Precambrian-Cambrian bound-
ary interval.

OPTAHUYECKUE OCTATKH U UXHO®OCCHUJINH B BEH/10-KEMBPHHCKHNX
OTJIOKEHUSAX J3ABXAHCKOH CTPYKTYPHOM 30HbI
3AINAZTHOU MOHI'OJIMH

A.JI. Pazosuna', J, loprcnamxcaa’, A.B. Kpatowrun', E.A. C epearcwmea'

| )
[Naneonronornuyeckuit uHcTHTYT PAH, Mockaa, Poccus,
e-mail: ragozina@paleo.ru;
F A " "
“ Ieonornueckuit unctutyt Mouronsckoit AH, Vaan-bBatop. Mouroims

I'panuua jokemOpug H KeMOpUs B NrEOCHHKIMHATb-
HBIX 0Onactax J13abXaHCKOH CTPYKTYPHOH 30HBI (pas-
pe3 Cananpl-I'on) Haubosiee MoONHO OXapakTepH30BaHa
B Tpydax CoBercko-MOHTOIBCKOH DKCneAuuuu u B
pamkax MIITK, npoext Ne29 (Bopouuu u jp., 1982,
Ecakosa, Keramno, 1996). Boratele KOMIUIEKCH! ApeB-
HEHIIHX CKEeNeTHbIX OPraHU3MOB, BOMOPOCAH U MHK-
pOMHTONHTE TO3BOMUAKM Pa3rpaHH4UTh ITH OTIONKeE-
HMA W [POBECTH 30HANLHYIO OuocTpaTHrpaduo
gixHero kemOopus (ToMMoTCKui Apyc). Muorue opra-
HMYECKHE OCTATKH, NIPUCYTCTBYIOLIHE B 3TOM paspese,
pacrpocTpaHeHsl Takke Ha Cubupckoii, Bocrouno-
Eeponeiickoit nnarpopmax u 8 Kurae, 4to nospouser
OpoBO/MTE  GuocTpaTHrpaUyecKyo  KOppEenalHio.
Jlanpuelimme 3HauMTelbHbLIE paboTBl B 9TOM paHoHE
OB [MPOBEAEHB! TPYIMONH CHOUPCKHX H MOHIO/Ib-
CKHX TEOJIOTOBR COBMecTHO ¢ MexnyHapoaHoil pa-
Ooueld rpynmoit no npoexkty Ne303 B 1996
(1. Jlopxnamskaa, B.B. Xomentosckuii, A.C. I'nbep,
M.Bpasse, P.l'onapusr u ap.). B pesyisrare 3THx pa-
60T B HWKHEH 4YacTH LAraHOJOMCKOHW CBHTBI (BEHI)
GbUIN BIEPBbIE YCTAHOBICHBI THI/LUINTHI BAPAHIEPCKOro
ojelleHeHns, B BepXHe#d 4acTH — mnpobieMaTHuHbIe
OCTATKH BEHICKMX OpPraHW3MOB, pa3HOOOpa3sHbie HX-
Hooceunun ¥ npobneMaTnku. Hapany ¢ THITHUHBIMY
KeMOPHICKHMH ClE/laMy  KH3HEAEATEbHOCTH JpeB-
HUX OpPraHW3MOB B BEPXHEH 4YacTH paspesa pyubs ba-
su-I'on  (DasHronsckas CBHTA) ONPENENEH TakKe
Treptichnus pedum, 4TO BbI3bIBAET COMHEHHS B [Ipa-
BOMEPHOCTH MPOBEXCHHSA MPAHMLEBI JOKEMOpHUS H KeM-
OpHs 10 5TOMY HXHOPOJY.

B pesynsrare coBMecTHRIX paboT B pamkax Poc-
CHIICKO-MOHIO/ILCKOH [TaNEOHTONOIHHECKOH IKCTIEaH-
wn 2006 r. B J[3abxanckom paiioHe Oblia CYIIECTBEH-
HO IOMOJHEHa MAaleOHTONOIHYECKas XapaKTepHCTHKA
BEHI0-KeMOPHIICKMX OTIOXEHWH paspe3a Cyxoro pyc-
na pyubd basu-Ton (puc. 1).

Puc. 1. Paspes BeHACKHX W HipkHekeMOpuiickux o1-
HOKEHHH cyxoro pycia p. basu-I'on: a — naranonomckas
cBuTa, ciaom 9-11; 6 — Dasuronabekas ceura, cnon 18-19
(nymepauys cioes o Khomentovsky. Gibsher, 1996)

ITpoGireMaTHYHBIC OCTATKH BEHJICKHY
OpraHHIMoB

IepBrie HAXOOKH HA0KeMOPHHCKMX MHOIOKIETOY-
HBIX OpraHu3MoB B MOHTOJIMM OTHOCATCS K JEBSHO-



CTBIM IO/1aM ITPOLLIIOTO BEKA: OTKPBLITHE PaspO3HEHHBIX
coukyn rybok kiacca Hexactinellida noxreepauno
cyliecTBoBaHne Hauboliee NPUMHTHBHBIX MHOTOKIIE-
TOUHBIX B [IO3IHEM NPOTEPO30€E, IO FTOI'0 HIBECTHBIX B
IPEBHUX OTAOKEHHAX JHITb MO MOJICKY/ISPHBIM OCTaT-
KaM — GuoMapkepam. ClOXHOOPraHH30BaHHBIE CITHKY-
anl Hixactinellida Obun HalideHs! B KPEMHHMCTBIX [10-
ponax BepXHEeH YacTH LaraHoNoMCKOH cBuTsl (Brasier
et al., 1997). XemocTpaturpau4eck 3TH OTIOKEHUS

Tabauuna |

TIPHHATO KOPPEIHPOBaTh € 3/[MAKAPCKHMH YacTAMH
nokeMOpHICKHX paszpe3os cesepo-3anaja Kaunaast u
ypostem ¢ octarkamu Clouding rpynmer Hama s Ha-
muOuu (Brasier et al., 1996). B xone noneBeix pabor
MEKIIYHAPOIHOM Fxcneauuny B 1990-x rogax 8 paspe-
3e pyusbst basn-1"051 B rIMHUCTO-KapOOHATHOM MPOCII0E
BepxHeil uacTH UATaHONOMCKOH CBHTHI BliepBLie 00Ha-
PYKEHbI OCTATKHA HIWAKAPCKUX OPraHu3MOB, B YAaCTHO-
cTH, Rangea Giirich, 1929,

®ur. 1-4 — npobuemarnynbie 0CTATKH AAHAKAPCKOTO (BEHICKOTO) OOJIMKA; HATAHONOMCKAsR CBHTA, BEPXHHHA BEHA

p. basiti-lon, 3anannas Monrosms.

®ur, 5 — 10BepXHOCTL (OCCHICHOCHOIO CO%; [AFAHOTOMCKAR CBUTA, BepxHMH Bewx; p. basu-lon, sanagnas

Monrosus
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B 2006 r. cotpyanuxamn HoxemBpuiickoro orpsna
CosmectHoit Poceuitcko-MOHPOMBCKOH NaneoHToNnor -
HeCKOH DKCHEAWHHMM B TOHKOCHOMCTBIX aJIeBPOIMTAX
BEpXHell 4acTH LaraHoJIOMCKOR CBMTHI Ha pyube Basin-
Fom (cnoit 10 no crpaturpaduueckoii cxeme B.B. Xo-
mentosckoro . A.C. I'mbuepa  (Khomentovsky,
Gibsher, 1996)) cobpana komiekums npodaeMaTHYHbIX
OTNEYaTKoB 3Maxkapckoro obika. OHa npexncrapiieHa
JBYMs! TPYIINaMK OCTATKOB, COXPAHAIOIUXCA HA KPOB-
X M 1OJIOUIBAX [TIMHUCTO-KapBOHATHBIX TOHKOCIOH-
CThIX OMTYMMHO3HBIX a1€BPOJIMTOR! 1) OKpyrimie mio-
ckue mnu cnabo-pensedusie (radn. 1, dur. 1, 3, 4);
2) MesiKHe  OBAllhHble  JIBYCTOPOHHECHMMETPHYHBIE
(tabn. I, dur. 2, 4). Ocrarky OpraHu3MoB NEPBONt rpyr-
Mbl PACTIONIOMKEHB! MOOIHHOUKE WIIH HE3aKOHOMEPHBIMH
CKOILIEHHSIMM, HHOTAA HEOONLIINMH, 110 3-4 IKICMILIs-
pa. uenoukamu. OTnedaTkH TemHee OCHOBHOro (poHa
HOPOIibl. Ha BLIBETPE/ILIX MOBEPXHOCTAX — CBETIEE, T.€.
B HEKOTOPBIX CiIyHasAX coxpatsercs yriuedHiuupoBatHoe
opranuueckoe seluectso. Hemuorouncnenusie pemnsed-
HbIE OCTATKH TMPEACTABIEHRI HETATHBHBIMM OTTIEHATKA-
MM Ha I]UBCPX]IOC'I‘H KPDBJU'L 1pu ATOM Upl"ﬂ['lH'{{?CKDC
BElIeCTBO He coxpansercs. Pasmepnl ot 3 no 17 mm. Ha
HEKOTOPLIX JK3EMIUISPAaX 3aMeTHLI cliabble KOHLEeHTPH-
yeckue HOpPO3NKK, Pa3BUTBLIE MPEUMYILIECTBEHHO MO Te-
puhepuy; eMHUUHBIE IK3EMIUIIPL! HecyT HeGOJLILON
bDyropok B UeHTpankHOH uacTH, Mopdonorngeckn
CXOJHBIE NO3AHENPOTEPO3OHCKUE LMKIHYECKHe Opra-
HH3MbI, OTJIHYAIOIINECA OT THIHYHBIX MHOTOK/IETOYHBIX
9HAKapCeKoro THna, onucansl 8 Kurae, duora Muaoxe
(Miaohe), BepxHss uacTe Qopmaunn JloywaHeTo
(Doushantou) (551.1+0.7 Ma. natupoBka BepxHel rpa-
el no Condon et al,, 2005). Oun onpenensiores
neck kak Beltanelliformis Menner, 1974 (B mpoxom
cMbicne, Bkmouas RBeltanelloides Sokolov, 1965) u
CPaBHUBAKOTCA C TNPUKPENICHHLIM TaMeTo(uToM co-
BPEMEHHBIX 3eNeHLIX Bonopocneii Debresia (Xiao et al.,
2002), ConocraBumele pasMmepkl, CXOmHY dopmy co-
XPAaHHOCTH HMMEIOT OT/E/ILHBLIE MPEACTABUTENN OUOTHI
Jhiunkenan (Jinxian) — OKpyriible OpraHN3MEl C IIMKITH-
yeckoil psabbio, oOHApY)KEHHBIE B MIMHHUCTBLIX CHAHLAX
topmannn Keunrmuukyn (Xingmincun) ¢ abecomoTHOl
aaruposkoit 650 Ma (Zhang et al., 2006). Mopdonoru-
YECKM CXOJIHbIE IMCKOBHIIHBIE OTMEYaTKH 0OHApYKEHbI
B ropasio Oonee ApeBHMX, HWKHENPOTEPO3OHCKUX
(>1870 Ma), nopoaax yIOKAHCKOH cepuH 3anaaHoi
vactH Anpavckoro tuuta (Cunuua o ap., 2003), Ouu
onpeleneHbl KaKk THMOMYHbBIE BEHIACKUE OPTAHH3MbI
Cyclomedusa, Nimbia. Nemiana w paccMatpuBaroTcs
Kak ceiaeHTapHble Memysonjabl. B xome manbreiimmx
HCCNEeN0BAHIMIT 9TH OTHEHATKY MHTEPIPETUPOBAHBI Kak
OCTAaTKH CHAOKHOOPraHW30BAHHBIX MHKPOOHBIX CO00-
uteets — Dakrepuii, nporucros, rpubor (Tepiees n ap.,
2006). [To mopdrosornueckinM NpU3HAKaM HUKIHYECKHE
OPTaHM3Mbl W3 [AraHONOMCKOI CBMTHI MOIyT ObITh
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BECbMa YCJIOBHO OTHeCeHbl K pojam Beltanelloides.
Beltanelliformis nma Nemiana. NOCKONBKY COXPAHHOCTD
MaTepHana He IaeT BO3MOMmHOCTH Ama Gonee TOMHOro
onpezeneunst. BbllleHa3BaHHBIE POJA  HOBCEMECTHO
pacmpoCcTpaHeHbl B BEPXHEBEHACKUX MOCNE0BATENLHO-
CTAX, M3PENKA MX ONPENensioT 1 B Oosee NPEBHHX OT-
noxeHuax. OcTaTku OpPraHM3MOB BTOPOH Tpynnbl —
€IMHUYHLIE HErATHRHEIE YIeQHIIHPOBAHHEIE OBANLHBIE
OTNeYaTKu pasmepom 3—5 MM Ha kposiie cios. OTneua-
TOK JIENAT TOHKHE BOpO3/bl, OrpaHHYHBAIOIINE OTHET-
JMHBBIH LUEHTpaNTBHEIN Bamuk. HaiimenHas dopma orna-
SIEHHO HANOMHMHAET Menkne d3eMmusipet Kimberella
Glaessner et Wade, 1966, poaa, pacnpocTpaHEHHOrO B
sauaKapekux (BeHjckux) paspesax. OTaenbHble YepTbl
cxozacTBa oOHAPYAKMBAKOTCS U € MPEACTaBHTEMAMN POA
Anabylia Vodanjuk, 1989, onucannbiMu panee JIMlib U3
XaTLICTLITCKOI CBUTHI Benla ceBepo-3anana Cubupekoii
mnardopmsl. K cOKICHHIO, HEMONHAS COXPAHHOCTH
CKYZIIOCTb MaTepualia He MO3BOMSIeT IHArHOCTHPOBATL
9TH OPTaHU3MBL

Takum obpasom, npobnemarivHbie OCTATKH, cO6-
PAHIIBIC B TEPPHICHHON MAUKE NEPEC/IanBaNI BEPXHEI
4aCTH LAraHONOMCKOH CBMTBI, HECKOIBKO OTIAHYAIOTCS
OT THIIMYHLIX dMaKapcekux (Benackux) (opm. Otnens-
HBIE LHMKIHYECKHE OPraHU3Mbl HECYT YEPThl CXO/CTBA ¢
npeacrasutesiamMu duorsl Muaoxe (Miaohe) u3 pepxueil
yactu opmannn Jloymansto (Doushantou).

Mukpogoccuani it BOJopocTin

B BepxHeil yacT LAraHONOMCKOH cepuu (cinon 9—12
no crparurpatuyeckoii cxeme B.B. XoMeHToB-CKOIO U
A.C. 'uburepa (Khomentovsky. Gibsher. 1996)) s Ton-
e MepecianBaHus MMHHHCTO-AICBPO-JIHTOBLIX M Kap-
OOHATHLIX [OPOJA € [POCHOAMH HEpHLIX KpeMHeH M
(hocthopHTOB  YCTAHOBAEHBI MHOTOYMCHICHHBIE LHAHO-
Gakrepun popa Siphonophycus Shopf emend. Knoll.
Sweet et Mark. 1991, cnaralomme HMTHATHIE LMAHO-
fakrepuanbable Marte! (tadm. 11, dur. 1, 2). Boinensiores
BHIBI, pamIMyalollyecs MexIy coboil pazmepamm: S
septatum (1.0-2.0 mxm), S. robustum (2.0-4.0), nocnen-
HHH  OOBIYHO ABASETCA [JIABHBIM MaTooOpazyroLmm
KOMIIOHEHTOM B J0KeMOpuicknx OeHTOCHBIX LHAHO-
BaxrepuanbHbix coobuiecTrax, XapakrepHoil ocoben-
HOCTBIO HTHX MHKPOBOLOPOCHEH ABIACTCH MpeHMyLle-
CTBEHHO rnagkas Tpybuartas (opmMa, OTCYTCTBHE Kile-
TOYHBIX MEPEropojioK 1 BeTeaeHus. B nacrosiuee spemst
MHOI'HE MCCNEIOBATEN PACCMATPUBAIOT MHUKPO(OCCH-
nun pona Siphonophycus Kak MycTble HeX/bl OCLMILIA-
TOPUEBLIX MM HOCTOKOKKOBLIX LMaHOGaKTepHil, cXom-
HBIX C cOBpeMeHHbIMH. [10 MaHHBIM MHKpONaneo(puTo-
NOrHYecKHX HCeleoBanni UHaHobaKTepHANbHbIX CO-
obuiecte B XybeyrynsckoM thocoputosom Oacceiine
Mouronuu mukpodoccunu poaa Siphonophycus 0bna-
PY)KHBAIOT [MOPA3HTENBHOE CXONCTBO ¢ UMaHobaKTe-
pusami poaa Microcoleus (MKeranno, Posanos n ap.,



2000). B KpeMHHCTEIX MPOCTOAX BEPXHEH HacTH 1ara-
HOJIOMCKOH CBHTBI YCTAHOBIEHBI POOIEeMaTHIIBIE pac-
THTE/IbHbIE MakpodocCHIuKu BOMOPOCIEBOH TTPHPO/IEL
Ouu  npesacTapBieHbl  (PparMeHTaMiH  MHOIOKIETOUHBIX
CHIOEBMLL € TICEBAONAPCHXHMATO3HON CTPYKTYpPOi o
MHOTOUHCIIEHHBIMH CepoHIHBIMH  KieTKkamu. Paszmep
TAIJIOMOB OT HECKOJBKHX MM 10 1 ¢Mm, cdepouiHkie
kinetk — 1.5-3 mkm 8 anamerpe. M3-3a cuabHO MHHeE-
PATH3ALKMN H MEPEKPUCTALIN3ALINH (OCCHIHIA BO MHO-
FUX CIyYasx 3aTPY/HEHO BBLISTEHHE CEPALEBUHHBIX H
KOPKOBBIX KIIETOK. HO TPHCYTCTBHE MCEBAONAPEHXUMA-
TO3HOI CTPYKTYPBL. XapakTepHoil s GOIBIINHCTBA

KPACHLIX BOJOPOCAEH, MPOABISETCS A0CTATOUHO OTHET-
nuBo. [leeBnonapenxMaTo3HbIC TAIIOMb! BO3HHKAIOT B
pesyNbTATe MeperueTeHns. U cpacTanis GOKOBLIX BeT-
Beit MbO 0HOM OCH, HEOrPAHWHEHTIO HapacTarllei ¢
MOMOIBIO BEPXYLIEUHOH KneTku, MO0 MHOMHX TakHX
oceii (Topbymosa, 1997). Bosmo:kHo, 3TH 00paszoBaHns
OTHOCATCH K JIpeBHeH rpyTine KPacHBIX BoJopocnei
Rhodophyta — pox Thallophycoides Zhang Y. et Yuan,
1992 (7. sp.). [ouoGunie Gopmbl OBLIM OMUCAHBI W3
REpXHEll 4acTH TepMuHANLHOTO npoteposzos (Heonpo-
Tepo3oii) opmanuu Joyumansto (Doushantou), HOx-
uelit Kurait (Zhang er al., 1998).

Tabauua Il

HuTuarhie MUKPOGOCCHIIME 1 BOLOPOCTH B BEPXHEHT HACTH LATaHOIOMCKOM CBHTHI (Berz. py4. basu-Ton):

¢ur. 1

AETAN KASTOMHO CTpYKTyphl choesumt Thallophycoides sp.. 06p. 82/10; ur. 2 — iHanoGakTepHaIbHbIH

Mar, ciokenubiil Siphonophicus septatum (Schopf) w Siphonophicus robustum (Schopf), 0bp. 82/10; dmr, 3, 4 — (ppar-
MeHTbl cnoesnni sofopocaeit Thallophveoides sp.. 0bp. 82/10 (3), utmd.
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Hxnogoceninn

B paspese basu-lon uxnodoccunui ObutH  006-
HAPYHKEHBI B CIEAYIONIMX cnoax (crpaturpadus u moy-
mepauus cioe 1o cxeme (Khomentovsky, Gibsher,
1996)):

Laeanonomeras ceuma (chon 1-17 — Benn u nepe-
XojaHbIie oK B KeMOpuit). B nepekpeipaommx crpo-
MATONHTEI KapOhoHATAX M TOHKOCIOMCTHIX AJIEBPOIHTAX

Tatauua I

C KpeMHUCTHIMH npocioamu 9 u 10 cnoes Haiinens
pOCTBIE TOPH3OHTAIBHBIE X016l (Tabmn. LI, dur. 1). B
CHOMCTRIX W3BecTHAkax 12 u 13 cnoée HaljeHsl Bep-
THKaILHBIE HOPBI, TPOHH3BIBAIOLINE CTONKH HACKBO3b,
Ha nx wporie ofpasyercs xoiMoo0pazHOe BO3BHIILIE-
HHE, Ha CIMHWYHBIX 00pa3nax BH/HLL pacxoaAlIHecs

OT YCTb TOHKHE PaAHAIbLHbLIE HHTH HESCHOIO IPOMC-
xoxcenus (tadmn. UL, dur. 2).

@ur. 1. [pocTbie ropH3OHTATEHLIE XOJIBL; LAlAHONOMCKas cBuTa; Ber, basii-T'oi, Mouromms,

@ur. 2. Beprukamsusie X0/l 8 kapGonartax: uaranonoMckas csura; penn; basu-Ion; Monronis.

dur. 3. Helminthoida cf. miocenica Sacco, 1886; GasHTonbCKas cBUTa: KNI kemOpuit: basn-T'on: MonTomus.
®ur. 4. Monomorphichnus isp; GasHronkeKas ceHTa; HIDKHUH kemOpwit: basu-Ion; Motromms.

®ur. 5. Didvmaulichnus cf. miettensis Young, 1972; 6asHronbckas CBHTa; HHKHUI kemOpuii; bagn-I'oa; Monronus.
®ur, 6. Treptichnus pedum (Seilacher, 1955): basuronnekas CBHTA; HUKHUH KeMOPHii; basn-1"on; Mouronus,

Macurrabnas Jivpeiika — | cm
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baanzonscrxan ceuma (cn. 18-25 — mukanii Kem-
opuii). B cnoe 18 HaligeHW MHOrOMHCIEHHBIC
Planolites isp., n1oTHO nokpeiBaoue donbLIME TO-
BEPXHOCTH [MOAOMIB MfecyaHukos: Oonee peakue
Cochlichnus isp. n Didymaulichnus isp. (tabm. 111,
¢dur. 5). B cnoe 20 Tax ke BcTpedaloTes HXHOpPOJA
Planolites, Cochlichnus v Didymaulichnus, ¥ KoTOphIM
nobasunuce: Helminthoida isp. (tabn. I, dmr. 3),
rpyina «Cclelos YIEHHCTOHOTHX» Rusophycus isp. —
Diplichnites isp. — Monomorphichnus isp. (tabn. II1,
dur. 4), Palaeophycus isp., cf. Plagiogmus isp., cf.
Taphrhelmithopsis isp.. pasHbie UXHOBUILI Treptichnus
(tabn. U1, dur. 6), cf. Hormosiroidea isp.

Ouenn GeaHblit COCTAB IOKEMOPHICKMX HMXHOKOM-
[UIEKCOB M OTCYTCTBHE OIPaHHYEHHBIX HEOMPOTEPO30EM
cnenor B paspese baan-I'ona oGycnosreHsl, BEPOATHO,
KapOOHATHLIM THIIOM OTJIOKEHNMI BEH1A B 9TOM paioHe.
Treptichnus pedum (Seilacher), mapxupysouii ocnoga-
Hue kemOpus B THnosoMm paspese TI'CIT na Heiogay-
nenae, obHAPYXKEH B acCOLMAIMHA CO CNeIaMH, TOsB-
JAFOMIAMHICA  CTPATHIPaMUECKH 3HAUMTE/ILHO BhILUE
(BepxHeTOMMOTCKas-HIDKHeaTAa0anckas uxuHosona Il
no Crimes, 1987). ITostomy, BeneacTBHe CHILHOM (ha-
UHaNBHONH 3aBHCHMOCTH CHENOB, B AdHHOM paspese
TOUHYIK IpaHuuy nokemMOpus M xemOpus no uxHodoc-
CHIIHAM YCTAHOBHMTb HEBO3MOXKHO, HTO MOIATBEPKIAET
MHEHHE HEKOTOpBIX MccreaoBareneil 06 omwmbounocTn
seiGopa TI'CI™ (Posanos u dp., 1997 u ap.).

Yacts daumii, B KOTOphIX HaifeHbl nxHOMOCCHIHH
3 18 u 20 cnoes, oOHApYXHBAIOT HEPTHI, KOTOpPbIE
MOXHO ODBACHMTH TOMBKO OHMOCTaOMMM3alMei ocamka
OPraHUYeCKHMH MaTaMi. DTH OCODEHHOCTH — HacToTa
BHYTPH()OPMALIMOHHBIX ~ KOHITIOMEPATOB, OTCYTCTBHE
NPOMOHH M OPOAMPOBAHHLIX MMOJOMWB  COOBITHHHBIX
IITOPMOBBIX CJI0EB, Y370BATAas MJIH TOPH3OHTAILHAS
crpomatonnrononobuas cnoucrocts (Goldring, Jensen,
1996). D10, B CBOW OYEpEelb, TAKKE CNOCOOCTBYET CO-
XPaHHOCTH MHOTOUYMC/IEHHBIX COMKHBIX MEAHIPHYECKHX
CEN0B, JATPYAHHUTENLHOH B MENKOBOJHO-MOPCKHX YC-
NIOBMSIX OTIOXEHHS JIAaHHBIX MOpo. To ecTh B 3TOM paH-
HEKCMOpPHICKOM, TaK Ke Kak M BO MHOTHX BEHICKHX
facceiHax, CTeMeHb COXPAHHOCTH C/EIOB 3aBUCHT OT
pasBuTocTH BnomaTon. M3 9TOro MOJKHO 3aK/IHOUHTh, HTO
BEHJCKME W TepBbie KeMOpPUICKHE MaNeOUXHOLEHO3LI
Go7ee MOIHO OTPAKAIOT PealbHOE MareopazHoodpasue
cnesio, a bonee MONOIbIE — TOJILKO YaCTh BLIDOPOYHO
coxpatuslmxca dopm. B naneneitinem, nom BAMAHHEM
Ouorypbaumii komuyecTBO OMOMATOB COKpaluaercs, M
clIglbl COXPaHAIOTCS B T€0IOTHYECKOH JIETOMHCH TOJILKO
3a cyer cBoeil Maccosoctd. Takum obpazom, peskoe
yBe/IMHYeHHe HHTEHCHBHOCTH OnoTypbanuii B «Tpraobn-
toBom kemOpuu» (Ekdale ef al., 1984 u np.) MoxHO 06b-
ACHHTL COBMECTHBIM JIeHCTBMEM  Ta(OHOMHYECKHX
(OuocTabunuzaums ocagka) W IBOJIHOIMOHHBIX (MOABIC-
HHE HOBLIX BWIOB) HpuuuH, ONHCAHHOE BblllIE XOPOLIO
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HIUIOCTPHPYET THTIOTE3Y O «KeMOPHIICKOH pPeBOmOKI
cyberpatoe» (Bottjer et al., 2000 n ap.).

Jakarouenie

B pesynwrate GuocTpartirpaduueckux Ucc/enosa-
nuii 8 MomHoi Tonmute (Goaee 1000 m) TeppHreHHo-
kapbOHaTHBIX TMOpPOJl LaraHanoMcKoi (Bena) v Gadn-
ro/isekoif (HYKHHA KeMmOpHiT) CBUT B pa3zpese cyxoro
pyvcia pyuss Basu-I'on 6buin ycranosneust: (1) sena-
cKkue npobieMaTHYHbIe OPraHu3Mbl 3AHAKAPCKOTO 06/1H-
ka (npeanonoxurenuno. Beltanelloides, Bellanelliformis
win Nemiana): (2) MHorovucienuslie (parMenTsl mma-
HODAKTEPHANBHBIX MATOB, CIOKEHHBIX NPEMMYLLECT-
BEHHO HMTYATLIMK LHanobaxkTepuaMu pona Siphonophy-
cus, KOJNOHMHM KOKKOMIHBIX MHKPODOCCHIIMIL, @ TAKIKEe
MHHEPAJIN30BAHHEIE MHOTOCIOMHLIE BOJIOPOCIN C KIle-
TOYHOH CTPYKTYPOH, H#HUEMCTOH TKAHLIO TCEBAOTIAPEH-
XMMATO3HOTO THIA, BOZMONKHO, OTHOCHIIHECH K Kpac-
HeiM Bogopocisim (Rhodophyta); (3) B HinkuekeMOpuii-
CKHX MIMHHCTO-AICBPOINTOBLIX ocaikax GasHrolbekoi
CBHTBI onucaHa Ooraras accouMallus HXHO(POCCHIMIT,
MO3BOJIAIOMIAN  PEKOHCTPYMPOBATL IKMBOTHLIX, OCIAB-
NSABLUIMX NOAOOHbIE CHEib! JKH3HEAEATETLHOCTH,

Aptopsl BhipaxatoT Onarogapiocts MLA. @enonKn-
"y (ITMH PAH) u B.H. Cepreey (I MH PAH) 3a nen-
ueie coetsl. E.A. Weramio (TTIMH PAH) sa nomotlb B
pabore na SCAN, A.B. Masuny (ITMH PAH) 3a doro-
paboTel, @ TAKKe CTYAEeHTY-AMIIOMHHKY 2nx-baatopy
(MHP) 3a yuactue B 9KCOEAHUHOHHBIX padoTax,

Pabora nposenena no teme Ne23 «buoreorpadus,
dayna u ¢nopa nozguero gokemOpus M naneosos
MoHroauu» ¥ npu nompaepxke rpadtos POOI-05-05-
64825, Tlpesunenra PD HII-2899.2006.5, Ilporpam-
mbt 1811 Ilpesuauyma PAH «llpoucxoxnenmne u 78o-
nonus ouochepsy.
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A RELIABLE ABSOLUTE MOLECULAR CLOCK, IS IT POSSIBLE?
A.M. Simonetia

Dipartimento di biologia animale e genetica, Universita di Firenze, Italia,
email: alberto.simonetta(@katamail.com

Ladies and Gentlemen, not being a palacontologist. |
am a bit of a fish out of water here as, when | have stud-
ied some fossils this was sometimes in cooperation with
a real and qualified palaeontologist and, anyway. look-
ing at these organisms purely with the attitude of a com-
parative anatomist. You will, therefore, or, at least |
hope that you will, forgive me for not offering any con-
tribution to the strict topics of this meeting, but rather to
submit some considerations of a general impact on some
common approaches to the dating of evolutionary events
and to the problem of the origin of Metazoans.

My topics will be the following: a) is a molecular
clock at all feasible? b) do the constraints of reproduc-
tion provide some criteria for the assessment of the
hypotheses on the origin of metazoans?

Let us begin with the molecular clock. The feasibil-
ity establishing a chronology of evolutionary events on
molecular evidence has been enthusiastically advo-
cated by a number of scholars, while probably as many
have been much more conservative and have main-
tained that the chronology of the events of phylogeny
as reconstructed on molecular and genetic evidence
must be adjusted to the palaeontological evidence,
which should be assumed as the basic one for dating
evolutionary events.

It is well known how there are a number of in-
stances when some chronologies advanced on purely
molecular evidence were found so wildly at variance
with the palaeontological, geological or geographical

64

evidence to be clearly objectionable when not plainly
impossible. Therefore a number of attempts have been
made to find ways to adjust the chronology based on
molecular evidence with that suggested by the evi-
dence provided by other fields of research.

1 wish to point here some considerations that make
me sceptical as to the feasibility of any general method
to calliper the molecular evidence so as to get a reliable
“molecular clock™.

Molecular and genetic evidence has been assembled
concerning basically three subjects: the evidence pro-
vided by chromosomal DNA, that of mitochondrial
and. finally that of ribosomal RNA. These three
sources of evidence in fact are subject to some extent
to different constraints.

Mitochontrial DNA has often been assumed to be
especially significant as it is assumed to be inherited
only through the female lineage. This is certainly true
for such animals where only the head of the sperm en-
ters the egg, but it is not definitely established for the
many animals where the whole sperm or at least the
head and the neck of the sperm, with its complement of
mitochondria penetrate the egg. Moreover the mito-
chondria are functionally concerned with cell respira-
tion and energetic metabolism, and not, as far as we
know, with the development and morphology of the
organism, so that they may well be of limited evolu-
tionary significance, not to mention a very general
problem that we shall discuss further on.



Some such reservations may apply to the signifi-
cance of ribosomal RNA as both messanger and ribo-
somal RNA are concerned with templates for the
mounting of functional molecules and as we know of a
number of instances, such as visual and respiratory
pigments where precisely the same or closely related
functional molecules have been repeatedly evolved in
entirely separate lineages, there may be reasons to
think that precisely the same mutations have been in-
volved in their evolution, thus casting some doubts as
to their evolutionary significance.

Clearly the basic motor in evolution has been the
interaction of the genetic variability of chromosome
DNA and selection, but here we meet with a compound
of problems, some common with the general problem
of the evolution of nucleid compounds and some pecu-
liar to the evolution of Chromosome genome.

Molecular and genetic methods of analysis. at least
in principle, should allow for the determination of the
number of generations needed to attain certain changes
of the genome, or rather of given sections of the genome
of a given population (or, if one likes to call it so, spe-
cies) or of a given bunch of populations. Indeed it is well
known that different genes or, perhaps better, sequencies
may well evolve with remarkably different tempos.

However all methods proposed fail to consider:

a) That, even among living animals, in a number of
natural metapopulations the number of generations for
any time unit. for quite different reasons, are different.
For instance several insects are “polivoltine” (that is:
they have a number of generations by year) in some re-
gions and “univoltine™ (one generation per year) in oth-
ers, and, clearly we can not even guess whether, when
and where univoltine and polivoltine phases may have
succeeded each other during the evolutionary process.

The individual development of the members of each
population may be quite different and, therefore, sexual
maturity may obtain at different ages among individu-
als of the same species according, for instance, envi-
ronmental conditions and may well have considerably
changed in the course of evolution of any given line-
age. Therefore, even if we happen to know the rhythm
of succession of generations in a living population, it is
obviously impossible to know if, when and how it may
have changed in the past millions of years.

h) Some species which have long larval stages and
brief adult lives are, in fact, a composite of entirely
separated populations. even if they are completely
sympatric. Take, for instance, our cockchafer (Melolo-
tha vulgaris) with its three-years larval lifespan and a
few weeks as the adult; so while yearly present, it is. in
fact, a species made up of three genetically entirely
separated populations, and, obviously we can not know
in all such cases when such conditions begun to obtain.
Moreover many animals with a reasonably long life-
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span (up to centuries in some reptiles such as Spheno-
don, which reaches sexual maturity around seventy), at
least as far as chromosomic DNA is concerned, there
are no separate generations, but a true maze. which
may be further compound by the possibility of prefer-
ential reproduction by some classes of the population
or by a greater or lesser promiscuity,

Just to take an obvious example: can anyone be-
lieve that our shrew-sized ancestors of the late Triassic
had the same number of generations per century and
the same social organisation of sexual behaviour as
modern elephants or of ourselves?

As it is clearly impossible to guess if, when, how
long ete. in each lineage these and other facts which may
invalidate the classical models of population genetics
may have worked, it appears that it is impossible to de-
rive from molecular evidence any absolute chronology.

Indeed. even allowing for the reliability of phylog-
enies arrived by the implementation of methods based
on the assumption of an evolution going by dichoto-
mies (which is questionable by itself) and assuming, at
least as a working hypothesis, that our molecular phy-
logenies are correct, it would be necessary to adjust in
each instance and for each, possibly very short, seg-
ment of the phylogeny itself, a different temporal aver-
age tempo based on the actual palaeontological evi-
dence, which must, in turn, be adjusted to the geologi-
cal date. A clearly impossible task!

We may now come to our second topic.

It may be safely said that Haeckel’s “Fundamental
biogenetic Law”, that of recapitulation. has been se-
verely criticized, and with good reason, since it was
proposed, although it has always been rightly recog-
nised that the morphology of embryonic or larval or
juvenile stages does generally provide quite significant
evidence for the morphologic interpretation of adult
structures and for phylogenetic reconstruction. Yet the
idea that ancestral metazoans must have been compara-
tively simple and small organisms is still by and large
with us, but is it justified?

When we consider that by far the majority of ani-
mals reproduce and multiply by sexual reproduction. it
is self evident that in order to achieve its purpose the
prerequisite conditions are either: a) that gametes are
produced in such numbers that, even if their individual
chances of meeting with the proper partner are few, yet
the probability of successful matings are many. Or that,
il comparatively few gametes are produced, these are
shed under conditions that prevent their dispersal.

Now this second condition obtains under one of the
following conditions: internal fertilisation, no matter
whether this is done by the operation of an intromittent
organ, by packaging the gametes into spermatophores
and the like, or by releasing the gametes into such a
confined space that the dispersal of gametes is pre-



vented. Such a condition might occur, for instance in
an interstitial environment. In any case conditions that
require a rather specialized morphology. Again, a small
animal, the size of most larvae, may successfully
counter the reproductive disadvantage of a low produc-
tion of gametes if it lives is large colonies: many colo-
nial animals have very small individuals, but these,
being associated by the thousands actually make up
both the total bulk and the gamete production of a
comparatively large animal.

For animals which have a more or less early segre-
gation of the reproductive cell lineage (germinal cell
lineage). it is plain that a level of organisation and size,
such as that of, for instance, a trochophora, is totally
incompatible with reproductive activities. The problem
is somewhat different for animals which do not have
such separation, such as. for instance, Coelenterates,
Sponges, Bryozoans. However, even for such animals
there are definite constraints.

First of all, if the animal is a sedentary one or one of
limited range of movement, in order to breed success-
fully, it must produce an enormous number of larvae
capable of quick dispersal, so that at least some may have
a chance to settle in a favourable environment. Indeed, so
long as the local carrying capacity of the environment is
not saturated, most larvae will settle in the immediate
proximity of the parent individual(s), so that conditions
analogous with those of colonial animals will obtain.
However, as there never was an locality with unlimited
carrying capacity for any organism and local environ-
mental conditions may well change, the long term sur-
vival of any lineage depends on its ability to produce
large numbers of larvae capable to disperse and explore
the availability of new settlements, so that, we are back
to our previous situation. On the other side, a highly
movable animal requires an efficient tissular organisa-
tion. Such an elaborated structure is needed also for sed-
entary organisms unless the solidity of the structure is
provided by a skeleton. Indeed. calcareous sponges,

whose cells are joined only by the simplest and more
labile of cell junctions, can withstand the turbulence of
water just because of their mineral skeleton. Likewise the
small Acoelian flatworms, probably the simplest moving
animals and with least organized tissular organisation,
yet just, in accordance with our previous considerations,
do net shed their sperms, but inject them into the body of
their partner and thence the sperms move among the
body parenchyma to search for the eggs.

As whole, I think that, when we envisage he earliest
possible metazoans we shall imagine an organism
which is capable to alternate sexual and asexual repro-
ductions, the sexual reproduction producing planctonic
dispersal larvae, perhaps like planulae, which thence
evolve into a more complex individual, again possibly,
with a level of complexity comparable with that of the
simplest flatworms.

It should also be considered that, if the organism is
envisaged as a planktonic or nektonic animal then it is
prerequisite that it had a set of contractile structures and
a sufficiently organised nervous system to gather and
process information and to coordinate its movements, as
ciliary movement is possible for a planktonic animal
only if it is extremely small and, anyway, it will not al-
low for any displacement beyond a range of a few cen-
timetres, thus leaving the animal entirely to the chances
of waves and currents. Ciliary movement is, indeed pos-
sible and obtains in different sizeable animals which
slide on the bottom, but, again it must be controlled by a
sufficiently organised nervous and sensory system.
Anyway it looks as our first metazoan had to be consid-
erably more complex both in structure and behaviour
than it is commonly assumed, the transition between the
organisational level of a colonial protozoan and that of
the early metazoans being hard to conceive.

| have titled this little paper “Something to think
about™ as [ have no suggestions to offer as an answer to
the problems envisaged here, but 1 hope that it will
spark a lively debate and that I may profit from it.

THE TRANSGONDWANAN SUPERMOUNTAINS: THE ENVIRONMENTAL
CATASTROPHE THAT SPAWNED ANIMALS

R.J. Squire', LH. CampbelP’, C.M. Allen & C.J.L. Wilson®

" School of Geosciences, Monash University, Clayton, Victoria, Australia,
email: Rick.Squire@sci.monash.edu.au:
? Research School of Earth Sciences, Australian National University, Canberra, Australia;
3 School of Earth Sciences, University of Melbourne, Australia.

Abstract
Early Palacozoic quartz-rich sandstone units with
dominant Pan African (~650-550 Ma) and secondary
Grenvillian (~1200-900 Ma) age peaks are found in
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Africa, South America, Arabia, India, Australia. New
Zealand and Antarctica. The timing of this sediment
influx from a remarkably similar source broadly coin-
cides with the convergence of East and West Gondwana.



We suggest that diachronous convergence between
these enormous palacocontinents between ~650 and
515 Ma generated an 8,000-km-long mountain chain,
the Transgondwanan Supermountains, the root-zone of
which is presently referred to as the East African—
Antarctic Orogen. Huge volumes of sediment were
transported down the rivers that drained either side of
this gigantic mountain chain, which was located near
Earth’s equator, and were deposited in a series of
enormous sedimentary fans (i.e., the Gondwana Super-
fan System). We estimated that at least 100 Mkm™ of
quartz-rich detritus, equivalent to covering Russia with
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5.8 km of material, was deposited in to Earth’s oceans
from this mountain chain. This resulted in an unprece-
dented flux of Sr, P, Fe, Ca and bicarbonate ions into
the oceans. Continentally derived Sr drove seawater
S1/*Sr to the highest levels in Earth's history,
whereas the addition of P and Fe provided the vital
nutrients to support blooms of primitive life that in turn
fed the Cambrian explosion of animal life. The influx
of Ca and bicarbonate ions led to an increase in CaCO;
supersaturation in the oceans, allowing species in nu-
merous phyla to simultaneous develop skeletons from
~545 Ma.
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Fig. 1. Summary of the major late Neoproterozoic to Ordovician geological, biological and environmental events asso-
ciated with the development of the Transgondwanan Supermountains and Gondwana Super-fan System. The intervals re-
cording the greatest flux of quartz-rich sediment associated with the Gondwana Super-fan System are stippled, whereas
those with lower depositional rates are shown in grey; dashed lines during the Ediacaran period indicate that the deposi-
tional rates are inferred (i.e., sedimentary units not preserved). N-D — Nemakit-Daldynian: To — Tommotian; A — Atdaba-
nian; B — Botoman; T — Toyonian; Mid — Middle. From Squire ef al. (2006)
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Problems explaining the ‘big bang’ of animal
evolution

The late Ediacaran to Early Cambrian period (=575
to 510 Ma) is not only marked by the sudden appear-
ance and explosive radiation of animals, but is punctu-
ated by several catastrophic tectonic and environmental
events (Fig. 1). These include dynamic plate-tectonic
activity associated with formation of the superconti-
nent Gondwana (Boger & Miller 2004:; Jacobs & Tho-
mas 2004) and a variety of dramatic shifts in global
environmental conditions such as the rapid rise in Sr
isotopic values of seawater to the highest-known levels
in Earth’s history (Brasier & Lindsay 2001; Shields &
Veizer 2002), the escalation in oceanic (Fike et al,
2006; Canfield er al, 2007) oxygen levels, over a dozen
large fluctuations in inorganic 8"C values (Halverson
et al. 2005) and major glaciations that included the
youngest “snowball Earth’ event (~635 Ma Marinoan
Glaciation (Hoffman et al. 1998)) (Fig. 1). Unfortu-
nately, difficulties in correlating these broadly overlap-
ping environmental, biological and tectonic events
have made it difficult to interpret which, if any, trig-
gered the ‘big bang’ in animal evolution.

Proposals for the cause of the ‘big bang" in animal
evolution are wildly varying, and commonly involve of
single cataclysmic event (e.g., devastating meteorite
impacts (Grey er al. 2003), a ‘bottleneck and flush’
response to *Snowball Earth® (Hoffmann et al. 2004) or
a convulsive reaction to large and sudden changes in
orbital obliquity (Williams 1993)). However, the 60-
million-year time gap between the appearance of Edia-
caran biota at ~575 Ma (Bowring er al. 2003; Nar-
bonne & Gehling 2003) and the sudden peak in diversi-
fication of genera in the Botoman stage (~515 Ma)
(Kirschvink & Raub 2003) suggests that the cause of
this radical biological episode was long-lived and rap-
idly evolving. Therefore, the most likely cause of this
biological catastrophe involved an interaction between
the dramatic tectonic and environmental events of this
interval. Although resolving this problem is compli-
cated by uncertainty about the timing of amalgamation
events in Gondwana and the geometry of the fragments
involved (Boger & Miller 2004; Jacobs & Thomas
2004), we show these difficulties may be overcome by
tracing the history of collisional orogenesis through the
sediments derived from the uplifted terranes. Using
detrital-zircon age spectra from broadly contempora-
neous early Palaeozoic quartz-rich successions, which
display remarkably similar age populations (Fig. 2), we
provided a refined interpretation of the timing and na-
ture of amalgamation (Fig. 3).

Supermountains and the rise of animals

This abstract provides an overview of results and in-
terpretations from our recently published paper (Squire
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et al. 2006) that links the appearance and explosive ra-
diation of animals on Earth to the environmental catas-
trophe generated during formation of an enormous
mountain chain during amalgamation of Gondwana. In
the paper, we proposed that rapid erosion of the Trans-
gondwanan Supermountains resulted in the entry of an
unprecedented flux of dissolved weathering products,
including Sr, Fe, P, Ca and bicarbonate ions, into the
oceans. The flux of these elements exceeded that re-
corded during any previous period of Earth history. Of
importance to the appearance of animals is the enormous
build-up of P and Fe in the oceans. This provided the
vital nutrients to create an unprecedented bloom of
primitive life, especially green algal, which in turn, pro-
vided an abundance of food from which more complex
live forms were able to evolve. In other words. the pe-
riod from ~580 Ma was unique in Earth’s history be-
cause it was the first time that the P and Fe contents of
the oceans rose to the level where they could sustain
abundant primitive life. More-advanced life forms ex-
ploited this opportunity, aided by the (related?) rise in
oceanic oxygen (Fike er al. 2006; Canfield er al. 2007),
to multiply rapidly and evolved.

By contrast with the Late Paleocene thermal maxi-
mum, during which surface waters rose by 4 to 8°C
and mammalian fauna radiated dramatically, the explo-
sive increase in biodiversity during the Early Cambrian
(Fig. 1) may have been aided by the release of large
volumes of methane gas (Kirschvink & Raub 2003).
We argue that the hydrocarbons necessary to generate
the greenhouse gas methane were probably created
following rapid deposition of organic-rich material
from the uplifted margins of East and West Gondwana.
This rapid erosion during the Early Cambrian may also
have been responsible for the sudden appearance of
skeletal marine fauna. High erosion rates must have
resulted in a dramatic increase in the Ca and bicarbon-
ate flux down the rivers that drained the enormous
mountain chain and to a coincident increase in sea-
water-CaCOj supersaturation. Data from halite fluid
inclusions (Brennan et al. 2004)and cyanophytes (Rid-
ing 1982) support this interpretation. Therefore, skele-
tal marine phyla suddenly appeared ~545 Ma (Martin
et al 2000) when an increase in CaCO; super-
saturation in seawater made it possible for the phyla to
precipitate CaCO; for the first time.
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THE TRANSGONDWANAN SYPERMOUNTAIN, OCEAN “SWEETNERS,”
AND THE MARINE PLAYGROUNDS OF NEOPROTEROZOIC EARTH:
THE GLOBALIZATION OF ANIMALIA
P.Vickers-Rich

School of Geosciences, Monash Univesity, Melbourne, Australia,
email: pat.rich@sci.monash.edu.au

Introduction

For much of Earth history, beginning around 2.5
billion years ago, the planet has had a rather mild cli-
mate, despite its rather “toasty” beginnings and its cur-
rent glacial leanings. Thus, the rule of thumb which
palaeontologists use to interpret the past, uniformitari-
anism (the present is the key to the past), may not al-
ways be appropriate. However, during one period of
time, from around 700 million to at least 580 million,
perhaps it is appropriate — or is it? This was a period of
numerous glacial events, some of which were of a
global nature, and likely much more severe than the
glacials of the past 2 million years on Earth, the Pleis-
tocene. Such severely cold conditions, even at the
Equator, and the variability of climate, from cold to
warm and back to cold again over more than 180 mil-
lion years, was the time in Earth history when the first
undoubted metazoans appear in the fossil record. They
initially appear as tiny embryos and adults recorded in
China (Doushantuo) (Xiao ef al., 1998; Li, 2006) and
somewhat later as macrofossils known from many
places around the globe, most notably from Newfound-
land, Russia, Australia and Namibia.

Cold Cradles, Giant Mountain Ranges, Sweet
Waters and Weedy Environments

What was so special about this time which fos-
tered such advances in complexity - leading from a
world dominated by microbes to one resplendent in
complex. often mobile macro-animals and eventually
shelled and skeletonized forms that began to appear in
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the latest Neoproterozoic (Cloudina, fig. 1)7 “Weedy
environments” are often sites of innovation — those
environments that are new and variable. Neoprotero-
zoic environments were certainly such weedy places —
variable in salinity, oxygen content, temperature and
likely saturation of certain minerals needed for con-
struction of hard parts. Knauth (2005) has noted that
ocean water salinity could have played a major role in
controlling accessibility to global oceans for complex
metazoan metabolism. Sometime during the period
from about 625 to around 500 million years ago giant
salt deposits formed. This would certainly indicate
massive removal of salts from the oceans. Such low-
ered salinity could well have favored metazoan me-
tabolism and also enhanced oxygen saturation. Add to
that significantly colder temperatures during glacial
events, which would have further enhanced oxygen
concentrations, and global oceans may have been
most inviting to the expansion of metazoans - verita-
ble “global playgrounds.”

Metazoans may well have developed elsewhere
than in the global hypersaline oceans (perhaps as high
as 1.6 to 2 times modern salinities (Knauth. 2005;
Land, 1995), prior to massive halite deposition in the
late Neoproterozoic and early Phanerozoic, which
changed the world's seas profoundly. Major salt depo-
sition (reflected by *saline giants™) is known to have
occurred on Earth only a few times in its history, two
of those occurring between 500 and 700 million years,
with major deposits preserved today in Australia,
Oman, Saudi Arabia, Iran and Pakistan. These signal



Fig. 1. Cloudina, late Neoproterozoic, Namibia. Some
ol the (irst CaC03-shelled metazoans (photo by Fedonkin
& Vickers-Rich)

the sequestering of halite on the growing continents,
thus significantly lowering salinity in the global
oceans, Knauth (2005) has suggested that metazoans
could have first developed in fresher, sweeter waters
because of their lower salinity (which would have been
accompanied by higher oxygen saturation) during
times when the global oceans were too saturated with
salts to favor a metazoan presence (fig. 2).
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Fig. 2. Times of massive salt deposition (“Saline Gi-
ants”) in Earth history (Knauth, 2005)

Fedonkin (1996) noted that metazoans could have
developed in “cold cradles” during the lowered tem-
peratures of the Neoproterozoic glaciations. This could
have happened in cold, freshwater cradles or in deltal
areas where incurrent fresh waters lowered the salinity
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of the open oceans of the time and in places where
lowered temperatures also enhanced oxygen solubility.
Then, with deposition of the “salt giants” later seques-
tered on the growing continents, the floodgates to
global oceans may have been opened as salinity
dropped, oxygen saturation escalated in oceanic “play-
grounds” that would have been widespread. Within 4
million years of the meltdown, the Gaskiers Glaciation
dated at around 581-579 million years BP (Bowring &
Condon, pers. com. 2006; Halverson, er al., 2005) fully
developed, complex metazoans appeared. The degree
of complexity of these organisms, despite the uncer-
tainty of their relationships with crown groups of to-
day, and the data provided by molecular studies
(Hedges, et al., 2004, Blair & Hedges, 2004 and many
others), clearly indicates that complex metazoans were
present BEFORE 581-579 million years BP.

And further, add to that the rise of an 8000 km long
mountain chain (the great Transgondwanan Super-
mountain of Squire, et al., 2006), which, when eroded,
could have significantly altered seawater composition.
Such dynamic conditions would have greatly altered
global marine environments, providing a new, “weedy”
set of opportunities for the further development and
expansion of metazoans,

Where to look for the older Ediacarans?

Where might one look for the older fossils of the
Ediacarans? As mentioned above, Knauth (2005) has
echoed a suggestion made before that perhaps metazo-
ans were living in environments not frequently pre-
served, such as in fresher waters, e.g. estuaries — sedi-
ments which need intensive investigation in the future.
Such less saline environments would certainly have
provided a more “pleasant” abode for most metazoans
and with or without the cold, a place with more oxygen
needed to nurture metazoan metabolism. Despite the
oceans of the Phanerozoic being ideal environments for
the most diverse metazoan communities, this may not
have been the case in the Neoproterozoic. Knauth
noted that the acquisition of shells in the Early and
Middle Cambrian may have been the result of changing
ocean saturation in calcite, silica and phosphate. Per-
haps also related to changing salinity is the erosion of
continental shell sediments exposed during lowered
glacial sea levels or the erosion of a lengthy mountain
chain in the early Phanerozoic brought about by plate
tectonics. Degradation of these highlands would not
only have introduced nutrients and new environments
(Brasier & Lindsay, 2001; Squire et al., 2006) but also
would have supersaturated the global oceans with the
building blocks of hard parts.

Where Did the Ediacarans Go?

And where did the Ediacarans go? Some clearly
were stem groups which have relationships to crown



groups — Kimberella (fig. 3) to the Mollusca (snails,
bivalves, etc.), as an example. Others may simply have
disappeared because their way of life came to an end
(e.g. the rangeomorphs, fig. 4). With the demise of the
vast microbial mats, which so characterized the Neo-
proterozoic and before, the “jobs™ of such organisms as
Yorgia and Dickinsonia came to an end. These likely
“vacuum cleaners” or “cleaning sponges,” which may
well have absorbed their way into the microbial mats
as a way of “feeding.” then moved on to the next “deli-
cious” spot leaving their long-lasting absorption pat-
terns (“footprints’) behind, may simply have run out of
food widespread enough to maintain their lifestyle. Just
what brought about the demise of the microbial mats
and the beginning of deep burrowing and bioturbation
disrupting these mats forever? It may have been a
change in ocean chemistry and the development of

more efficient feeding styles. greater mobility of the Fig 4. Rangea from Namibia, some of the Neoprotero-
newly evolved organisms, including an ability to bur-  zoic metazoans (photo by Vickers-Rich & Fedonkin)

row, at first shallowly and then deeper - changing the
seabeds forever.
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UNIQUE LOCALITIES FOR IMPRESSIONS OF VENDIAN METAZOANS
IN THE ARKHANGELSK REGION ARE IN DANGER
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2 Department of Natural Resources, Administration of Arkhangelsk Region, Russia;
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The localities for the earliest metazoans situated in
the Arkhangelsk Region (AR) are unique in Russia and
the finest in the world. These localities were only re-
cently discovered. and are still poorly studied. How-
ever there is a danger that they could be destroyed by
illegal collectors.

The first wide expansion of metazoans in the his-
tory of the Earth was in the Vendian (650-540 Ma). In
the Late Vendian, diverse organisms occupied the seas
of all continents from the tropics to the boreal regions.
However, these were peculiar organisms that differed
considerably not only from modern animals, but also
from those of the Cambrian (that immediately followed
the Vendian). To some extent their study can be com-
pared to a study of extinct life of some other planet.
Only through studying fossil remains it is possible to
understand how this life was organized, which factors
determined its global expansion and evolution, and what
caused its disappearance (if that has occurred).

The largest localities for the remains of the Vendian
metazoans are found in South Australia, Namibia, Can-
ada, and European Russia. However, the best are those in
the Arkhangelsk Region, Russia. There are many reasons
for that. A particular fine-grained structure of rocks in this
area and high proportion of clay allow the preservation of
the finest detail of the fossils. The rock is so soft that the
impressions and casts can easily be prepared or even
taken apart manually enabling the study of the internal
structure of these ancient fossils. A high diversity of the
fossils, the presence of species known from localities in
Australia, Namibia, Canada, England, Northern Yakutia,
and endemic species (only found from the localities in the
Arkhangelsk Region) facilitates paleontological, bio-
stratigraphic, and other studies impossible to perform
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based on fossils from elsewhere in the world. The distri-
bution of fossils in the entire thickness of the Upper Ven-
dian rocks (this thickness reaches 1 km in the Ark-
hangelsk Region) and the latest isotope dating allow the
study of trends and rates of evolution of organisms in the
Late Vendian and suggest that biostratigraphic subdivi-
sion of these beds is possible. These topics are priority
tasks for science both in Russia and abroad. In Ark-
hangelsk Region., Late Vendian rocks are exposed on the
surface in an area about 350 km long and 250 km wide
bordered to the north and west by the southeast coast of
the White Sea, from the south by the middle reaches of
the Onega River, and from the east by the mouth of the
Pinega River. The Upper Vendian beds are mainly rep-
resented here by green silt, shale, and sandstone, all
weakly lithified. The remains of the metazoans are pre-
served as impressions on the bedding planes of sand-
stone or siltstone, or inside the more or less thick lenses
of massive or slightly bedded sandstone. The presence
of biogenic surfaces, i.e. surtaces produced by microbial
mats covering large areas of the bottom of the Vendian
sea is an important searching tool. The first localities of
the Vendian fossils in the Arkhangelsk Region were
found in 1972-1977 by a group geologists from the Geo-
logical Institute, Russian Academy of Sciences led by
B.M. Keller (Keller et al., 1974; Keller and Fedonkin,
1976; Fedonkin, 1978). Most subsequent research in this
region was conducted by the Laboratory of Precambrian
Paleontology (currently Laboratory of Precambrian Or-
ganisms) organized by Academician B.S. Sokolov in the
Paleontological I[nstitute, Russian Academy of Sciences.
In the last thirty years, the following localities were re-
corded in the Arkhangelsk Region: Lyamtsa, Agma,
Syuzma, Karakhta, Solza, Zimnie Gory, and Yamema



(Stankovsky, 1997, Stankovsky & Fedonkin, 2000; Ivant-
sov et al., 2005). Each of these localities provided mate-
rial for world-class discoveries. Among the most inter-
esting recent discoveries are large, even huge specimens
of Vendian animals (0.5 m and longer), and the traces of
feeding and movement of these animals, the latter being
a landmark in the study of the nature of the Vendian
animals: it revealed that these animals were capable of
fast movement, and could collect food particles, i.e. they
belonged to the kingdom Animalia (Ivantsov and Fe-
donkin, 2001; Ivantsov and Malakhovskaya, 2002). The
results of the study of the Vendian metazoans from the
Arkhangelsk Region are published in numerous scien-
tific and semi-popular papers, monographs (see
http:/www.vend.paleo.ru), and have been repeatedly
reported in the newspapers (e.g., see the newspaper “lz-
vestiya” for 10.01.02, 20.05.03, 17.06.03). Some of
these finds are exhibited in the geological, paleontologi-
cal and natural history museums in Moscow, St. Peters-
burg, Arkhangelsk, etc., whereas some material was
displayed in temporary exhibitions such as “Dawn of
Life” and “Conquerors of the Earth™ that were displayed
in many Russian towns. However, the wide distribution
of scientific and semi-popular publications, the appear-
ance of newspaper articles about the paleontological
research, and traveling exhibitions sure enough caused
an increase in the activity of private fossil collectors.
The potential value of their activity (discovery of new
outcrops, or previously unrecorded occurrences of im-
pressions) is greatly outweighed by the cost (impover-
ishment of localities, finishing of small occurrences,
destruction of host rocks, loss of valuable geological
data, and a greal decrease in the probability of discover-
ies of rare fossils species). There were reports of impres-
sions of organisms unknown to science from Zimnie
Gory and Suzma localities being sold at geological fairs
in Germany and America, and reported from the collec-
tions of geological museums in Europe (Fedonkin,
2001). Scientific papers are published based on illegal
material from the Arkhangelsk Region (Steiner and
Reitner, 2001; Reitner and Worheide, 2002; Zhang and
Reitner, 2006). These fossils are sold by at least one US
company advertising itself on the web (see
http://www.thenaturalcanvas.com/Softbodied/
index.html). Apparently, nothing stops private salesmen
from taking illegally collected impressions of the Ven-
dian organisms outside Russia.

The general abundance of the impressions of Ven-
dian metazoans is extremely low. These beds are in most
cases paleontologically barren (contain no soft-bodied
remains). The remains are usually concentrated in rela-
tively dense, but very infrequent accumulations. Each of
these are unique, always containing several species that
are restricted to the accumulation. Such accumulations
are not more than several tens of meters long along the
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strike of an outcrop and can be finished during one field
season. However, arguments about the uniqueness of the
localities, each one often the only one of its kind on the
whole of the Earth, do not stop private collectors.

In 20052006, illicit digging of Vendian metazoans
in the Arkhangelsk Region became massive. The scale
of one-time diggings by paleontological poachers in the
Solza locality is striking. On one of the outcrops of this
locality the diggers made excavations of 200 m’,
whereas the total area of the excavated surface with im-
pressions exceeded 100 m’ (for details see “Severnyi
komsomolets™, 06 October, 2006, issue 57). Excavation
on a similar scale in the Yarnema, Syuzma, and
Karakhta localities would lead to complete destruction
of these localities during one season. The damage is not
only being done to Russian science and the national
prestige of the country which is allowed to be robbed
unpunished, but also irreparable damage is done to
world science, as the possibility of studying whole
groups of the earliest fossils, which can be found only in
these unique localities, can be lost forever. It is time to
for unhesitant and constructive measures to stop illicit
excavations. The world precedent in this respect is very
clear. All countries that have large sites containing im-
pressions of Vendian metazoans (Australia, Namibia.
and Canada) have forbidden commercial collecting and
export of  the impressions (see  http://
www.spnhc.org/documents/fossilprotection.htm),  and
the localities were given the status of national nature
reserves, geological, or paleontological landmarks, or
parks. UNESCO coordinates and directs this work in the
framework of the Program of Geoparks (see
http://www.unesco.org/science/earth/geoparks.shiml).

The geological community has for a long time been
attempting to preserve the localities of the Vendian ani-
mals in the Arkhangelsk Region (Karpunin ef al., 1998:
Ozhigina, 1999; Stankovsky, 2000; Stankovsky and Fe-
donkin, 2000; Ivantsov, 2001). Some steps in this direc-
tion have already been made. The Administration of the
Arkhangelsk Region and Northern Committee of Natu-
ral Reserves of the Ministry of Natural Resources of
Russian Federation adopted a decree prohibiting paleon-
tological collecting on the territory of the region (Deci-
sion of the Administration of the Arkhangelsk Region
and Northern Committee of Natural Resources at the
Ministry of Natural Resources of 14 February, 2000, no.
461 (Galimzyanov and Malyutin, 2001)). On the initia-
tive of the above institutions, the Paleontological Insti-
tute produced a catalogue of the localities of the Ven-
dian metazoans in the Arkhangelsk Region, with a de-
tailed description of the most important accumulations
of fossils, and proposed recommendations for their pres-
ervation (lvantsov et al., 2005). Regional organizations
of Ministry of Internal Affairs and Federal Security Ser-
vice are prepared to join forces to help protecting the



localities of the Vendian animals (“Severnyi komso-
molets”, no. 59 of 20 October, 2006), thereby setting a
precedent for the preservation of Vendian metazoans in
the Arkhangelsk Region. However, this is only the be-
ginning. The next step, in our opinion, should be in
granting the localities of the Late Vendian metazoan
impressions the status of the Paleontological Landmark
of a regional, and later of a federal level. This action is
long awaited by the world scientific community, be-
cause only after the above official status is received by
the localities of the Vendian fauna, UNESCO can begin
the procedure of transferring them from the candidates
for World Natural Landmark Sites (where they have
been listed for over 20 years) to the actual members.
This status should not exclude the possibility of scien-
tific studies for the leading Academic institutions in
Russia and of other human activities that would not
harm the localities (Fedonkin et al., 2007). This includes
education (field trips for university students), and ever
growing popular scientific tourism.

The work is supported by the Russian Foundation of
Basic Research, project 05-05-64825, President Grant of
the NSh-28899.2006.5 and the Program 18 P of Presidium
of RAS “The Origin and Evolution of the Biosphere™,

References

Fedonkin M.A. 1978. New occurrence of sofi-bodied Metazoa
in the Vendian of the Winter Coast. Doklady Akademii Nauk
SSSR, 2399(6): 1423-1426 [In Russian].

Fedonkin MA. 2001. A well to the past 600 million years
deep, Nauka v Rossii. 6: 5-15 [In Russian].

Fedonkin M.A., Ivantsov A.Yu., Leonov M.V., and Serezhnik-
ova E.A. 2007. Vendian occurrence of the White Sea Region.
Prospects of conservation as geological landmarks. P. 28 in Alek-
seev, A.S. (Ed.), Paleostrat-2007. Program and Abstracts. Mos-
cow [In Russian]|.

Galimzyanov R.M, and Malywtin E.I 2000, State and major
trends of the regional geological studies in the Arkhangelsk Re-
gions, Pp. 59 in Galimzyanov, R.M. (Ed.), Ocherki po geologii 1
poleznym iskapaemym Arkhangelskoi oblasti. Pomorskii Univer-
sitet, Arkhangelsk [In Russian].

Ivantsov A Yu. 2001. Paleontological Fossils in the Vensian of
the White Sea Region and Ordovician Trilobites of the Leningrad
Region as export objects, Razvedka i okhrana nedr, 6: 73-76 |In
Russian],

Ivantsov A Yu., Leonov M.V., Serezhnikova E.A., and Malak-
hovskaya Ya E. 2005. Localities of Late Vendian metazoans in the
southeastern White Sea Region (Arkhangelsk Region), Otchet po
dogovoru no. 5, May 11, 2005. 19 pp. Moscow (manuscript).

Ivantsov A.Yu. & Malakhovskaya Ya E 2002. Giant impres-
sions of Vendian animals. Dokladv Akademii nauk. 385(3): 382—
386 [In Russian].

Ivantsov A Yu. & Fedonkin M.A. 2001, Movement traces is
the final evidence of the animal origin of Ediacaran organisms.
Pp. 133-137 in Podobina, V.M. (Ed.), Materialy Il Mezhdu-
narodnogo simposiuma " Evolyutsiya zhizni na zemle", NTL,
Tomsk [In Russian].

Karpunin A M., Mamonov 8. V., Mironenko O.A., and Soko-
lov A.R. 1998. Geologicheskie pamyatniki prirody Rossii [Geo-
logical Landmarks of Nature in Russia], 200 pp.. St-Petersburg
|In Russian].

Keller BM., Menner V. V., Stepanov V.A., and Chumakov
VN 1974, New occurrences of Metazoa in the Vendomian of
the Russian Platform. [zvestiva Akademii Nauk SSSR. Seriva
Geologicheskaya, 1974(12): 130-134 [In Russian].

Keller B.M. and Fedonkin M.A. 1976, New Fossil Occur-
rences in the Valdai Series (Precambrian) on the Syuz’ma River
Il Izvestiva Akademii Nauk SSSR. Seriva Geologicheskaya,
1976(3): 38-44.

Ozhigina O.5. 1999. Geological landmarks and their conser-
vation in the Arkhnagelsk Region. Pp. 278-280 in: Geodi-
namika I geoekologiva. Materialy mezhdunarodnoi konferentsii.
Arkhnagelsk, 1999 |In Russian].

Stankovsky A.F. 1997, The Vendian of the southeastern White
Sea Region. Razvedka i okhrana nedr, 1997(5): 4-9 [In Russian].

Stankovsky A.F. 2000. Geological landmarks in the north-
western Arkhangelsk Region. Razvedka i okhrana nedr, 2000(3-
4): 4345 [In Russian].

Stankovsky A F. and Fedonkin M A. 2000. Localities of the
Vendian Soft-Bodied Fauna of the Southeastern White Region.
Pp. 142-154 in Galimzyanov, R.M. (Ed.), Ocherki po geologii |
poleznym iskopaemym Arkhangelskoi oblasti. Pomorskii Uni-
versitet, Arkhangelsk [In Russian].

Reitner J. and Worheide . 2002. Non-Lithistid Fossil
Demospongia — Origins of their Palacobiodiversity and High-
lights in History of Preservation. Pp. 52-68 in Hooper, IN.A,
and Van Soesl, R.W.M. (Eds.), Svstema Porifera, vol. 1. Kluwer
Academic/Plenum Publishers. New York.

Steiner M. and Reitner J. 2001, Evidence ol organic struc-
tures in Ediacara-type fossils and associated microbial mats,
Geology. 29(12): 1119-1122,

Zhang X. and Reitner J 2006, A Fresh Look at Dickinsonia:
Removing it from Vendobionta // Acta geologica Sinica, 80(5):
636-642.

LOOKING BACK IN TIME: SCIENTIFIC ART OF THE PRECAMBRIAN
Peter Trusler & Patricia Vickers-Rich

School of Geosciences, Monash University, Melbourne, Australia;
email: pat.rich@sci.monash.edu.au

Understanding the physical and biological condi-
tions and how they interfaced over time. particularly
during times of change, requires the interaction of re-
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searchers with diverse backgrounds. Sometimes the
differences of detail and terminology between disci-
plines can be confusing or even unrecognized because



of the lack of awareness and access. Excellent “in-depth™
overviews, such as those by Eriksson ef al., 2004; Val-
entine, 2004; Schopf & Klein, 1992) on events in the
Precambrian help to alleviate this and bring together
masses of information accumulated over recent dec-
ades. They serve to bring a better understanding of the

Earth’s history, from its beginnings over 4405 million
years ago to the present, to a wider scientific audience.
In this respect, “"art” can also be a critical “*Esperanto”
or “Lingua Franca™ allowing cross-disciplinary com-
munication, encouraging discussion, generaling new
ideas and new approaches to solving old enigmas.

Fig. 1. “Creatures of the Slime™- the metazoans of the late Neoproterozoic — fossils and reconstructions (Charniodis-
cus, Spriggina, Kimberella. Tribrachidium, Dickinsonia and Inaria). Courtesy of the Australian Postal Corporation, the art
for a stamp issue in 2005. Artist Peter Trusler working together with palaeontologists Jim Gehling, Patricia Vickers-Rich

and Mikhail Fedonkin




Intense interest has been focused on times of major
change, such as tectonic Superevents, examples being
those at 2800-2700, 2200-1800 and 800—600 million
years when major tectonic activity, such as super-
plumes, were underway. Other times under intense
scientific scrutiny are those when Earth was gripped by
cold from 2400-2200 Ma and again from 750 Ma to
perhaps as little ago as 560 million years. This last ma-
jor series of glacial events in the Precambrian is of spe-
cial interest to paleontologists attempting to understand
the driving forces behind the appearance and diversifi-
cation of early metazoans The conditions of this time
certainly led to dynamic, “weedy” environments (ones
that favor evolutionary novelty), but the preservation of
the early metazoans in these environments is so un-
usual that the exact detail of just what happened and
when have been difficult to define. Furthermore, the
identification of the specific driving forces that led to
the origin and radiation of metazoans, their ultimate
fate and the outcomes of the Early Cambrian, are still
far from being understood.

Detailed, thoughtful art that interfaces scientist and
artist, genuinely encourages cross-disciplinary communi-
cation — and this is not illustration that follows in the
wake of scientific discovery, dictated by the researchers

only. Over the past 30 years one artist, Peter Trusler, him-
self with a Bachlor's Degree in Science. has worked
closely with a number of geoscientists and neontologists
to render reconstructions. His illustrations are rendered in
intricate detail and both capture and promote current sci-
entific research. This “cooperative™ art requires both sci-
entist and artist to work in close association, and in the
end provides a highly accurate summary of the current
understanding of physical environments, climate and the
biological entities that inhabited such a prehistoric mé-
lange. Current interactions will lead to a series of recon-
structions through the Ediacaran (fig. 1); from the cold
depths of the Mistaken Point and Fermeuse biotas of
Newfoundland (in cooperation with Guy Narbonne) dated
at around 580 Ma, the White Sea Vendian biota from
northern Russia (and other northern locales in Siberia, the
Urals and the Ukraine) (with Mikhail Fedonkin, Andrey
Ivantsov, Maxim Leonov. Ekaterina Serezhnikova and
Dima Grazhdankin), the assemblages from the type sec-
tion of the Ediacaran in Australia (with Jim Gehling and
Richard Jenkins) to the Nama Group of Namibia (with
Patricia Vickers-Rich, Mikhail Fedonkin, Andrey [vant-
sov, Charlie Hoffmann and Maxim Leonov) dated at 541
Ma; times that skirt the last of the “*Snowball Earth” gla-
ciations, ending with the Moelv at 560 Ma.

VENDIAN VERSUS EDIACARAN: PRIORITIES, CONTENTS, PROSPECTIVES
M A. Fedonkin', B.S. Sokolov', M.A. Semikhatov?, N.M.Chumakov’

" Paleontological Institute RAS, Moscow, Russia, e-mail: mfedon@paleo.ru;
*Geological Institute RAS, Moscow, Russia, e-mail: semikhatov@ginras.ru, chumakov@ginras.ru

Philosophy and methodology of stratigraphy is
based on a long-term experience of the Phanerozoic
research and on the essentially European tradition.
Immense length of the Achaean and Proterozoic geo-
logical record, the duration of which was particularly
realized after introduction of the radiometric dating of
the rocks, became the major challenge for the stratigra-
phers and the earth scientists in general. Long lasting
and seemingly poor fossil record, domination of the
problematic organic remains of uncertain nature, loose
bases for a stable systematics and nomenclature of the
fossils made a strong contrast to rich fossiliferous
strata of the Phanerozoic deposits. This contrast com-
pelled the geologists to rely upon the non-biological
stratigraphic approaches to the Precambrian sequences.

Methods of historical geology, for example, litho-
stratigraphy, tectonics and climatostratigraphy, added
later by the radiometric dating and supported later on
by the Hi-Tech chemostratigraphy and magnetostrati-
graphy, formed the base for the Precambrian chrono-
stratigraphic chart. However. being effective at the
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the scale of regional geology, the whole set of the
methods mentioned above can not help to overcome
the complex of inferiority, every experienced stratigra-
pher (we mean the Phanerozoic experience) should
feel: none of these methods gives something even dis-
tantly similar to the biostratigraphy at the global scale.
The fundamental, quality difference between the bio-
stratigraphy and all other abiotic approaches to the pe-
riodization of the geological record is the uniqueness of
a signal the biostratigraphy deals with. This unique
signal is a biological species with its recognizable im-
age, specific environment. limited time range of exis-
tence, and its place in the evolutionary or phylogenetic
succession.

Classical biostratigraphy has proved its effective-
ness and reliability during two centuries of practical
work in the Phanerozoic interval of the geological re-
cord. Irreversible process of the biological evolution
marked by a succession of the fossil species makes a
solid frame for the stratigraphy and opens enormous
possibilities for more detailed elaboration of the scales



and high precision of the correlation with the help of
all other methods available at present. So, the key rule
of the classical stratigraphy is to establish a succession
of unique signals (biological species) and then to trace
it laterally using all possible characters, methods and
techniques according to the Principle of the Chrono-
logical Interchangeability of the Characters formulated
by S.V. Meyen).

The Precambrian stratigraphy in many cases could
not follow this principle in the absence of the fossils.
But the non-biological stratigraphic methods alone,
including the modern ones with their topmost preci-
sion, could not replace the biostratigraphy: neither the
geochemical signals (such as a carbon isotope ratio)
nor the geophysical ones (such as paleomagnetic orien-
tation) are time-specific or time-relevant. The sets of
these signals have much in common with the borehole
logging in regards of bitumen, gas, magnetic suscepti-
bility, electrical conductivity, redox potential etc. But
the borehole logs can not be, and are not used as the
geochronometric instrument. Nevertheless, recent prac-
tice of the Precambrian stratigraphy demonstrates
growing role of the non-biostratigraphic methods that
built some sort of the logging traces without much care
of the pitfalls of theses methods, for example, their
inability to detect the hidden time-gaps in the sedimen-
tary sequence or the actual magnitude of the signal
distortion by the postgenetic processes.

But is the biostratigraphy hopeless indeed in the
realm of the Proterozoic? Modern paleobiology shows
that duration of life on Earth exceeds the time span of
the preserved geological record and that most of the
geological record is actually fossiliferous (Schopf,
1992: Sergeev er al.. 2007). Even the prokaryotic fossil
microorganisms demonstrate some trends such as an
increasing cell size, diversity, and morphological com-
plexity through the Achaean and Proterozoic (Schopf,
1999; Knoll, 2003). As to the eukaryotic fossil record
that seemed to start in the late Achaean, it is becoming
a recognizable stratigraphic instrument only Mezopro-
terozoic and later on (Yakshin, Nagovitsin, Faizullin,
2004; Butterfield, 2000, 2004). Particularly fast evolu-
tion is demonstrated by the planktonic unicellular mi-
croorganisms that inhabited the open marine environ-
ments (Sergeev, 2005 and references therein). Even the
megascopic eukaryotic fossils are becoming the notice-
able time markers from 1.9 Ga (Hofmann, 1994; Fe-
donkin and Yochelson, 2002) and later, particularly,
after 850 Ma ago (Fedonkin, 2003 Porter, 2004).

The late Neoproterozoic, especially the time interval
corresponding to the Vendian/Ediacaran, was a period of
dramatic change in biota related to the fast growing im-
portance of the eukaryotic organisms, giobal expansion
of the megascopic life forms, increasing biodiversity in
terms of morphology, physiology and life style, and
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growing complexity of the ecosystems. All these events
have been accompanied by the contrast climatic
changes, increasing oxygenation of the atmosphere and
ocean, fast paleogeographic changes etc.

The Vendian biota with its very special characteris-
tics represents its transitional nature. [t was transition
from the archaic ecosystems dominated by the prokary-
otic organisms to the modern style ecosystems in which
a key role belong to the eukaryotes. The further strategy
of the Proterozoic stratigraphy depends very much now
on our choice: 1) shall we continue the study of diverse
and abundant fossils in order to understand their nature.
ecology, systematics so that this rich and invaluable in-
formation could serve as an instrument for the division
and correlation of the sedimentary sequences; or 2) we
neglect these data accumulated by the generations of
paleontologists and will continue our exercises with
non-biological techniques and methods. One should not
forget though that the latter techniques and methods are
becoming meaningful and effective indeed in the well-
defined biostratigraphic framework.

Representatives of the Russian geological school
develop for decades the Phanerozoic (chronostrati-
graphic) approach to the division of the Proterozoic.
They were the first who applied the biostratigraphic
methods to the division and correlation of the Riphean
and Vendian deposits on the basis of the organic-
walled microfossils (papers by Timofeev, Volkova,
Yankauskas and other) and stromatolites (see the pa-
pers by Krylov. Komar, Serebryakov, Raaben. Semik-
hatov and other). This approach was accepted and de-
veloped in a number of other countries. At present the
paleontological study combined with that from sedi-
mentology, lithochemistry, chemostratigraphy and ra-
diometric dating are forming a basis for the system
approach to the geological record. This multidiscipli-
nary approach is documenting the changes both in bi-
ota and in the environment during the extended time
intervals thus creating the most powerful instrument of
the Proterozoic stratigraphy.

The late Neoproterozoic, in particular, the time in-
terval that is equivalent to the Sinian, Vendian or Edia-
caran, makes a strong and happy contrast to the most of
the Proterozoic fossil record. On the background of the
dramatic decline of the stromatolites one can see the
growing domination of the eukaryotic organisms
among the primary (photosynthesizing) producers, ac-
celeration of the evolutionary processes and of the spe-
cies renewal, global expansion of the megascopic mul-
ticellular animals and algae in marine environments,
increasing heterotrophy, biofiltering, bioturbation, and
biomineralization. All these processes exerted tremen-
dous influence upon the global biogeochemical cycles,
sedimentogenesis, ocean and atmosphere chemistry
and climate. The Vendian was a culmination period in



the process of transition from the archaic biosphere to
the modern one. Long term paleontological studies of
the Vendian of the Eastern-European Platform (Soko-
lov, 1997). for instance, the successions in Ukraine,
White Sea. and more recently, in the Urals revealed a
uniquely rich fossil record. This record includes abun-
dant microfossils, megascopic algae, metazoan fossils,
and ichnofossils. Every fossil group demonstrates its
space-time distribution pattern which, in addition to the
evolutionary factor, is controlled by a number of fac-
tors related to the paleogeography, paleoecology, ta-
phonomy and paleoclimate. These factors being under
the systematic multidisciplinary study reveal the fossil
record as interplay of biotic and abiotic processes and
create a causal determinacy of the Vendian stratigraphy
at the regional and global scale. The Vendian in its
type area consists of large subdivisions such as Lap-
landian. Redkino, Kotlin and Rovno Regional stages
(Sokolov and Fedonkin, 1984; The Vendian System,
1990). Three latter stages have distinct paleontological
characteristics which were essentially enriched during
a couple of last decades. The data accumulated up to
now lets us establish the lower rank biostratigraphic
subdivisions that can be traced globally. The task of
the stratotype selection for the Vendian subdivisions
and their boundaries can be put now on the agenda on
the Ediacaran Subcomission of the ICS. Following the
principle that the subdivision boundaries make the
boundaries of the geological system, the problems of
the upper and lower boundaries of the Vendian can be
considered as well.

The Vendian concept was formed stratigraphically
top-down, and the lower boundary of the Cambrian
became the upper boundary of the Vendian (Sokolov,
1952, 1956. 1997). Paleontological substantiation of
this boundary was worked out separately for the silici-
clastic basin (base of the Baltic Stage of the Eastern-
European Platform, Sokolov, 1965) and for the carbon-
ate basin (base of the Tommotian Stage of the Siberian
Platform. Rozanov et al.. 1969). The body fossils only
were involved into the boundary definition. The GSSP
of the lower boundary of the Cambrian on the SE New-
foundland approved by the International Commission
on Stratigraphy as a preferred alternative to the base of
the Tommotian Stage in Siberia was selected on the
basis of the ichnofossils. In the history of stratigraphy
it was the first case of usage of the bioturbations for the
System boundary definition. This decision has created
enormous difficulties for the stratigraphers (Rozanov et
al., 1997). The point is that the ethological (behavioral)
and paleoecological variations of the bioturbations
make their systematics difficult and loose (Jensen et
al., 2000). Beside, in the most cases an ichnological
taxon can not be assigned to any of the known body
fossil. Organisms that belong to different taxa often
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produce similar or identical bioturbations related to
their basic functions. Most of ichno-taxa have a long
time span and the highest degree of the paleoenviron-
mental control. As to the Treptichnus pedum, a refer-
ence ichnofossil for the lower boundary of the Cam-
brian, its usage for the stratigraphic detection of this
boundary is always risky because of occurrence of very
similar trace fossils belonging to the Treptichnids
group well below the 7. pedum in Namibia, Spain and
Newfoundland (Gehling et al. 2001), and possibly, in
the west of USA. The stratigraphic range of 7. pedum
overlaps the range of the Ediacaran fossils in Namibia,
and probably in Spain. The return back to the Siberian
standard of the Vendian/Cambrian Boundary based on
the stratigraphic succession of the distinct assemblages
of the mineralized skeletal remains (small shelly fos-
sils) seems necessary and inevitable (see Khomen-
tovsky and Karlova, 2005).

Lower boundary of the Vendian was suggested to
be defined at the base of the Varanger (Laplandian)
tillites (for references see Sokolov. 1997). Here below
we would like to consider the correlation of the Ven-
dian and Ediacaran, in what degree their geobiological
contents overlap or coincide. This comparison may
help to develop the strategy planning in terms of re-
search and international collaboration. However, there
are some obstacles related to the Ediacaran concept.

The formal recognition of the Ediacaran System
and Period and designation of the Lower boundary
GSSP for this system at the base of the cap carbonate
(Nuccaleena Formation), immediately above the
Elatina diamictite in the Enorama Creek section, Flin-
ders Ranges, South Australia was approved on Febru-
ary 16th, 2004 by the International Commission on
Stratigraphy and ratified by LLU.G.S. on 19 March
(IUGS E-Bulletin, March 2004). However, in spite of
the democratic vote, this decision contradicts to the
fundamental principles and clauses of the International
Stratigraphic Guide, to the recommendations of the
International Geological Congress in respect of the
stratigraphy (Montreal. 1972), as well as to the strati-
graphic tradition that has proven to be effective for
more that two centuries of the practical work.

1) The definitions of the lower and upper bounda-
ries of the Ediacaran are based on different principles:
biostratigraphic (though non-classical, paleoichnologi-
cal) substantiation of the upper boundary, and non-
biological (basically, lithostratigraphic!) approach to
the lower boundary.

2) The Ediacaran does not have a hierarchical struc-
ture of its internal subdivision (series, stage, zone) of
which any Geological System must consist.

3) The procedure of the Ediacaran substantiation
was right the opposite to the recommendation of the
International Stratigraphic Guide (1994. Second Edi-



tion, p. 82): "A primary step in refining the definition
of a system is to decide just what stages and series are
to be included into in the system. The definition of
these component stages and series then automatically
defines the system and its boundaries”. The reason why
the proponents of the Ediacaran did not follow this rule
may be explained by the fact that the reference section
of the Ediacaran is not subdivided into stages and,
probably, does not have a prospective for that so far.

4) The substantiation of the Ediacaran System via
GSSP  of its lower boundary based on non-
biostratigraphic approach, contradicts the recommen-
dations made by the International Geological Congress
in Montreal, 1972. The IGC recommended the bio-
stratigraphic principle of definition of the stratigraphic
boundaries between and within the Geological Systems
(see Martinsson A. (Ed.), The Silurian-Devonian
boundary. IUGS, Series A, No. 3. 1977).

5) International Stratigraphic Guide strongly rec-
ommends that the boundary stratotypes of standard
global chronostratigraphic units should be located
within marine homofacial fossiliferous sections
where the faunal or floristic elements are as diverse
as possible (Murphy & Salvadore, 1999). From that
widely accepted point of view, the sharp facial
change at the contact between Elatina diamictite and
Nuccaleena cap carbonates makes this level a “worst
possible choice™ for any stratigraphic boundary as it
is indicated in the International Stratigraphic Guide
(Salvador 1994, pp. 90-91). The base of the Nuc-
caleena cap carbonate is a bad choice for a number
of other reasons.

6) Like any kinds of rock, cap carbonates cannot
serve as a time marker for it is not unique in the
geological record. The number of Neoproterozoic gla-
cial events is in question, and there is always a danger
of misidentifying the base of Ediacaran in other re-
gions.

7) Cap carbonates generally have a restricted geo-
graphic distribution (due to specific conditions of their
precipitation) and usually the siliciclastic sediments
replace laterally the cap carbonates in a rather short
distance.

8) Cap carbonates do not occur above every tillite
elsewhere in the world. Very often the same kind of
carbonates occur inside the glacial deposits (like the
beds of dolomite inside the marino-glacial Tanin For-
mation, Middle Urals, according to Chumakov, 1992)
so the presence of the cap carbonates does not neces-
sary mean the end of the glacial period.

9) Intercalation of dolomites with the marino-
glacial deposits (such as Koiva Formation) indicates a
few episodes of the carbonate precipitation in the cold-
water basins, not a single-act event during and after
glaciation (Chumakov, 1992).
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10) Cap carbonates are normally non-fossiliferous
and, thus, unsuitable object for biostratigraphic dating
and correlation.

1'1) Any of the geochemical markers such as an iso-
tope ratio can not be considered a reliable and time-
relevant signal. The Sr- and C-isotope chemostrati-
graphic characteristics obtained for contemporaneous
cap carbonates in different parts of the world may be
variable in a wide range owing to different degree of
secondary alteration of carbonates, dissimilar criteria
used for selection of the least altered samples. and. as
far as the C-isotope data are concerned, due to primary
lateral variations of & ”Cwb in the upper layer of the
ocear.

12) There are not any prospective for the radiomet-
ric dating of the Nuccaleena cap carbonates because of
absence of suitable minerals such as the zircon form
the volcanic ash beds. Without a direct radiometric
dating on the Nuccaleena cap carbonate, no real cer-
tainty as to which of the several Neoproterozoic glacial
events the Marinoan represents.

The time interval for the Marinoan glaciation is de-
termined so far very loosely between 660 and 600 Ma
(Kendall er al., 2004; Calver et al., 2004: Zhou et al..
2004). The radiometric age of zircons from the lower
part of the Doushantuo (628.3+5.8 Ma) in Southern
China is often considered as the end time of Marinoan
glaciation (Yin Chongyu et al., 2005), however this
opinion is hard to prove. Global correlation of the
Neoproterozoic glacial periods (MacGabhann, 2005)
shows four distinct glaciations but their duration is de-
termined with a wide range of uncertainty (RU indi-
cated in Ma): Gaskiers — 585-582 Ma (RU 3), Mari-
noan — 660635 Ma (RU 25), Sturtian — 715-680 Ma
(RU 35), Kaigas — 770-735 Ma (RU 35). In the same
paper the author suggests to consider the Vendian as
the Upper Ediacaran. and the lower boundary of the
Vendian to be put at the level that marks the end of the
Gaskiers glaciations. However, the precise time corre-
lation of the Gaskiers tillites and the Waranger (Lap-
landian) glacial deposits is yet to be established.

Neither International Stratigraphic Guide nor the
scientific traditions require the global stratotype for a
System. And there are no such stratotypes for the Pha-
nerozoic systems. Nevertheless, the type section for the
Ediacaran in the Flinders Range, South Australia is
considered now to be the standard section (or the major
reference succession) for the Terminal Proterozoic Sys-
tem (Period). From the point of view of the global stra-
tigraphy it is the worst of any possible choices.

The type section of the Ediacaran consists of about
three kilometers of practically non-fossiliferous quartz-
ite between the cap carbonate below and the base of the
famous Ediacara Member (about 100 meters thick) at
the very top of the section. So the most part of the



Ediacaran type section is non-informative in terms of
biostratigraphy, but not only in this respect. This sec-
tion doesn't contain extensive carbonate succession or
ash beds that would provide additional means for C-
isotope correlation and radiometric dating.

The Ediacara Member, rich in the soft-bodied meta-
zoans, represents very short time interval of a long his-
tory of animal life. This is contrasting to the extensive
fossiliferous sections in Russia, Ukraine, Canada and
even Namibia. Long experience of the detailed sedimen-
tological, stratigraphic and paleontological research of
the Ediacaran, made by prominent Australian geologists
and by many foreign specialists leaves no much hope
that the situation may be improved in terms of new fos-
siliferous levels and biostratigraphy in the future. Thus,
the Ediacaran succession in Flinders Ranges has no dis-
tinct time-markers (except the topmost Ediacara Mem-
ber) and has no prospective for detailed subdivision of
the Ediacara System. for the dating and correlation. The
section seems to be hopeless in terms of further progress
in the Neoproterozoic stratigraphy.

Conclusions

All the above suggests that it was premature to ap-
prove the Ediacaran as a new Geological System and
Period. Formally the Ediacaran does not fit to any of
the stratigraphic categories recommended by the Inter-
national Stratigraphic Guide in terms of the strati-
graphic nomenclature. The Ediacaran has no internal
structure of the subordinate unites. Its upper boundary
(defined paleoichnologically) is blurred or, rather, un-
certain, The identification and correlation of the Edia-
caran lower boundary beyond its GCCP can not be
realized because of absence of the time-relevant char-
acters in the Nuccaleena cap carbonates. The approval
Ediacaran puts the Proterozoic stratigraphy in the state
of crisis that directly affects many areas of activity in
Earth sciences and applied geology (from the stratigra-
phy and geological mapping to the paleotectonic and
paleogeographic reconstructions).

Type section of the Ediacaran makes sharp contrast
to the extensively fossiliferous successions of the same
age in Newfoundland, Namibia, Russia etc. These sec-
tions being extremely rich in diverse and uniformly
distributed fossils provide opportunities for the bio-
stratigraphic substantiation of the Terminal Proterozoic
System via its subordinate units (subdivisions). Pro-
gress in the multidisciplinary study of the Neoprotero-
zoic during past few decades demonstrates that princi-
ples of the Phanerozoic chronostratigraphy can be ef-
fectively applied to the late Neoproterozoic marine
deposits, and this experience has to be considered in
the substantiation and definition of Terminal Protero-
zoic System and its subdivisions. Extensive paleobi-
ological data from the Terminal Proterozoic that were
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obtained in Russia, Namibia, Australia, Canada and
elsewhere opened a possibility to expand the realm of
the biostratigraphic method down to the uppermost
Proterozoic. It is at least non-practical that these data
have been ignored in the process of the Ediacaran sub-
stantiation. In part it may be related to the characteris-
tics of the type section of the Ediacaran.

Over two decades ago, the Redkino, Kotlin and Rov-
no regional stages have been substantiated in the type
area of the Vendian on the basis of the abundant
organic-walled microfossils, megascopic algae, meta-
zoan body fossils and ichnofossils (see English version
of 2-volume monograph “The Vendian System” edited
by Sokolov, Iwanowski, and Fedonkin, 1990). Since
then abundant paleontological and stratigraphic data has
been collected and a series of radiometric dating has
been obtained (some are presented in this volume).
These data let us put on agenda the substantiation of the
detailed biostratigraphy of the Vendian (Fedonkin er al.,
2003, 2007 and this volume) with the globally traceable
subdivisions and their boundaries, including its lower
one. The lower boundary of the Vendian could have a
biostratigraphic substantiation as well taking into con-
sideration the worldwide occurrence of the Pertatataka
assemblage of giant acantomorph acritarchs (some of
which can be metazoan eggs or egg cases) documented
in Central Australia, north-east parts of the Eastern-
European Platform, central Siberia, in China and other
regions (see the papers in this volume). The time range
of the Pertatataka microfossil assemblage as well as the
age of the Doushantuo phosphatised metazoan embryos
and eukaryotic algae certainly predate the typical Edia-
cara fauna and associated microfossils.

We suggest that the study of the geobiohistorical
content of the Upper Proterozoic should be further de-
veloped on the international basis, including the IGCP
and ICS, in order to identify the globally recognizable
hierarchy of the biostratigraphic unites. Results of this
work will make a firm ground for definition of the time
range and the boundaries of the system. The Vendian
sequences of the Eastern-European Platform (purely
siliciclastic paleobasin) and of the Siberian Platform
(carbonate paleobasin) offer the best possibility for
characterizing  biochronologically,  chemostrati-
graphically (C- and Sr isotope methods) and radi-
ometrically the terminal part of the Proterozoic re-
cord, thus providing a framework for global correla-
tion and further detailed elaboration of the Neopro-
terozoic chronostratigraphic scale with the growing
arsenal of other methods.

The study is supported by the Russian Fund for Ba-
sic Research (Grant No (05-05-64825), The President
Program “Scientific Schools of the Russian Federa-
tion” Grant Ne 2899.2006.5), Program 18 of the RAS
Presidium and IGCP Project 493 (UNESCO).
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