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INTRODUCTION

Important Late Precambrian–Early Cambrian biotic
events are accompanied by the reorganization of
geochemical cycle and variations in carbon, sulfur, and
strontium isotopic compositions of sedimentary rocks
(Logan et al., 1995; Braiser and Lidsay, 2001). Models
of the biosphere–hydrosphere system are traditionally
used to explain variations in the phosphorus cycle and
carbon and sulfur isotopic compositions (Cook and
Shergold, 1984; Braiser, 1992a), whereas increase in
the 

 

87

 

Sr/

 

86

 

Sr value in oceanic water at the end of Pre-
cambrian is attributed to increase in the erosion rate of
radiogenic Sr-rich rocks during the Pan-African orog-
eny (Derry et al., 1994). Attempts were made to create
models combining all known geological–geochemical
features of rocks formed at the Precambrian–Phanero-
zoic boundary (Sochava, 1992).

These models are based on isotope–geochemical
data on Late Precambrian and Early Cambrian carbon-
ate sequences.

Vendian stratotype sections of the East European
Platform are only composed of terrigenous sediments.
Unlike the underlying and overlying sediments, Ven-
dian sequences of the East European Platform do not
contain carbonates, and authigenic calcite is absent in
clayey rocks of these sequences. Pioneer investigations
of the composition of basement and sedimentary
sequences of the Russian Platform under the supervi-
sion of A.P. Vinogradov and A.B. Ronov revealed that
Vendian mudstones have unusually low contents of
alkali earth elements and CO

 

2

 

, as compared to the
Riphean and Phanerozoic shales. The detailed study of
compositional variations in mudstones throughout the
Vendian sequence of the East European Platform
(Sochava et al., 1992, 1994) completely confirmed the
depletion of clayey rocks in alkali earth elements. Fur-

ther investigations made it possible to distinguish the
levels with extremely low contents of Ca (0.26 wt %)
and Sr (~70 

 

µ

 

g/g) in Upper Vendian reference sections
(Felitsyn, 2004). This geochemical feature of Vendian
clayey rocks of the East European Platform suggests
the influence of Vendian sedimentogenesis on the cycle
of alkali earth elements in Late Precambrian.

The aim of the present work is to analyze the distri-
bution of alkali earth elements in the largest Vendian
structures of the East European Platform. Since Ca, Sr,
and Na are most mobile during the continental chemi-
cal weathering and can migrate as cations (Nesbitt et
al., 1980), variations in the Sr and Ca contents across
the section in fine-grained terrigenous sediments
should reflect variations in the geochemical cycle of
elements mentioned above.

MATERIALS AND METHODS

Element content data on fine-grained terrigenous
rocks were taken from the PRECSED database com-
piled under the supervision of A.V. Sochava at the Insti-
tute of Precambrian Geology and Geochronology, Rus-
sian Academy of Sciences. The sampling was supple-
mented with 650 analyses of major element contents in
mudstones from the reference Vendian sections of the
East European Platform and Sinian system of the South
Chinese Craton. The analyses were carried out using
the conventional chemical method at the Experimental–
Methodical Expedition of the Sevzapgeologiya Indus-
trial Geological Association. Average error in the deter-
mination of Ca, Mg, and Na contents was no more than
7%. Principles of the database compilation and some
results of its processing were published in (Sochava
et al., 1992, 1994). Therefore, we present below only
data on samples corresponding to the problem formu-
lated in this article.
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The bulk mass of Vendian clayey rocks (more than
95%) in the East European Platform was deposited in
the Late Vendian. In order to characterize these rocks,
we used data on the chemical composition of mud-
stones of the Redkino and Povarovka groups and lower
part of the Baltic Group in the largest Vendian struc-
tures (Moscow syneclise; Lvov–Kishinev, Mezen, and
Shkapovo–Shikhany depressions). The Sr content in
the basement rocks was determined for borehole sam-
ples from the Lvov–Kishinev depression and north-
western and central parts of the Moscow syneclise. The
samples were taken at a depth of no less than 20 m
below the pre-Vendian erosion surface and character-
ized by the lack of signs of supergene alterations. In
addition, we used the following materials: unpublished
data of M. Moczydlowska on the composition of clayey
rocks of the Upper Vendian Bialopole, Lublin, and
Wludawa formations of the Lublin slope (borehole
Lopenik IG-1, Helm area, eastern Poland); data on
lithologies and stratigraphy of Vendian rocks on the
Lublin slope (Strauss et al., 1997); and data on the
chemical composition of mudstones from the upper
part of the Visingso Group, Vättern basin, southern
Sweden. The mudstone sequence (580 m) mainly con-
sists of clayey rocks with a high content of organic car-
bon and units of phosphate nodules in the upper part.
Sandstones and dolomites are subordinate (less than
30% of the section). Sediments of the upper part of the
Visingso Group were deposited in a shallow-water
marine basin (Morad and Vidal, 1989). Their microfos-
sil assemblage testifies to the Late Riphean–Early Ven-
dian age (Knoll and Vidal, 1980). The presence of phos-
phorites suggests that the sediments are younger,
because the unit of similar phosphorite-bearing sedi-
ments in Vendian sequences of Ukraine is considered a
regional lithological marker of Upper Vendian rocks
and is used to correlate sections (Velikanov, 1986).

We analyzed mudstones of the Zherba, Tinnaya, and
Moty formations of the Yudoma Complex—strati-
graphic analogue of the Upper Vendian of the East
European Platform in the Siberia (Sokolov, 1997). The
studied samples characterize the western and eastern
slopes of the Anabar Shield, Aldan massif, Olenek
uplift, Nepa–Botuoba anteclise, and the Uchur–Maya
region. The stratigraphy and composition of Late Cam-
brian terrigenous rocks of the Siberian are reported in
(Sochava et al., 1994).

In order to characterize Upper Precambrian fine-
grained terrigenous rocks of the South Chinese Craton,
we used data on the Sinian stratotype section in the
Huangling anticline (30 km north of the town of
Yichang, Hubei Province, China). In the Yangtze can-
yon area, the Sinian carbonate sequence (~1100 m
thick) overlies the Early Proterozoic Kunlien gneisses
and Huangling granites. The U–Pb zircon age of gran-
ites is 

 

819 ± 7

 

 Ma (Ma et al., 1989). The Sinian fine-
grained terrigenous rocks include mudstones of the
Dengying and Doushantou formations that account for
10% of the section. The Upper Sinian Dengying and

Doushantou formations are considered stratigraphic
analogue of the Upper Vendian of the East European
Platform and the Yudoma Complex of the Siberian Cra-
ton (Sokolov, 1997).

In addition to the PRECSED database, we used
analyses of Sr and Ba concentrations in 1200 clayey
rock samples by the energy-dispersive X-ray fluores-
cence analysis (EDFA) at the Institute of Precambrian
Geology and Geochronology, Russian Academy of Sci-
ences. The average relative measurement error was less
than 7% (

 

3

 

σ

 

) in the concentration range of 50–499 

 

µ

 

g/g
and less than 4% in the concentration range of 500–
999 

 

µ

 

g/g.

RESULTS

Table 1 presents the contents of alkali earth ele-
ments in the Upper Vendian and Lower Cambrian
clayey rocks in the largest Vendian structures of the
East European Platform. The stratigraphic subdivision
is given after (Sokolov, 1997). The Ca, Sr, and Ba con-
tents in the fine-grained terrigenous rocks from all areas
of the platform are significantly lower than those in the
standard Composite Post-Archean Shales (PAAS): Ca
0.93 wt %, Cr 200 

 

µ

 

g/g, and Ba 650 

 

µ

 

g/g (Taylor and
McLennan, 1985). The Ca content in the Vendian mud-
stones from different structural zones based on the
study of intricately mixed samples (Ronov and Kaza-
kov, 1983) corresponds to data in Table 1. The Ca con-
tent is 4.3 wt % in the bulk shale sample from the sedi-
mentary cover of the East European Platform (Migd-
isov et al., 1994). Thus, the Upper Vendian and Lower
Cambrian mudstones and clays are significantly
depleted in Ca and Sr relative to the representative
PAAS samples. Mudstones of the Povarovka Group
(and Kanilov Group, a stratigraphic analogue of the
Povarovka Group in the Lvov–Kishinev depression)
show the lowest contents of Ca, Ba, and Sr as compared
to the underlying Redkino Group and the overlying
Cambrian clayey rocks.

We have detected regularity in the areal distribution
of Ca and, especially, Sr in the Vendian rocks of the
East European Platform. According to the IR-MS anal-
ysis data, mudstone fraction 1–2 

 

µ

 

m (80% illite and
20% chlorite) from the middle part of the Stappogiedde
Formation (Varanger Peninsula, northern Norway) con-
tains 47 

 

µ

 

g/g Sr (Gorokhov et al., 2001). The Ca con-
tent in 26 bulk mudstone samples from the middle part
of the Stappogiedde Formation varies from 0.21 to
0.34 wt % (A. Sochava, personal communication).
According to the Neoproterozoic correlation schemes
of Baltica (Vidal and Moczydlowska, 1995), the middle
and upper parts of the Stappogiedde Formation corre-
spond to the Upper Vendian Lublin and Wludawa for-
mations on the Lublin slope of east Poland. In the Ven-
dian mudstones from the northeastern part of the Ger-
man basin (within the North Arkon block sandwiched
between the Bornholm and Rügen islands), where the
Vendian sequence is 55 m thick (Franke, 1993), the
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Sr content varies from 53 to 58 

 

µ

 

g/g (McCann, 1998).
Mudstones from the upper part of the Visingso Group
are also characterized by an extremely low Sr content
(

 

58 

 

± 

 

8

 

 

 

µ

 

g/g, 

 

n

 

 = 10). Table 2 shows Ca and Sr contents
and Al

 

2

 

O

 

3

 

/Na

 

2

 

O ratio in the Vendian mudstones from
different areas of the Baltic plate. The mudstones dem-
onstrate increase in the Sr and Ca contents by four and
two times, respectively, over a distance of ~2500 km
extending from the northernmost field of Late Cam-
brian clayey rocks (Varanger Peninsula) to the south-
ernmost field (Podolia).

Losses of Ca and Sr during the formation of the Ven-
dian clayey rocks in the East European Platform are
significantly higher relative to similar Late Precam-
brian sediments in the Siberian and South Chinese cra-
tons (Table 3). Validity of the comparison of chemical

compositions of the basement rocks and Upper Pre-
cambrian clayey rocks is justified by the following fact:
in all three ancient platforms, Upper Precambrian sedi-
mentary complexes record the onset of the platformal
evolution stage of lithospheric blocks, and the sedimen-
tary rocks immediately overlie the basement. In terms
of Na and Mg contents, the Vendian mudstones of the
East European Platform do not apparently differ from
mudstones of the Siberian and South Chinese cratons.
The Al

 

2

 

O

 

3

 

/Na

 

2

 

O ratio is 47 

 

±

 

 12 (

 

n

 

 = 86) in mudstones
of the Yudoma Complex of the Siberian Craton and
41 

 

±

 

 9 (

 

n

 

 = 42) in Sinian mudstones of the Yangtze can-
yon district.

These data indicate a certain geochemical anomaly
of the Vendian clayey rocks in the East European Plat-
form: mudstones are depleted in Sr and Ca (and, to a

 

Table 1.

 

  Abundance of alkali earth elements in the Vendian and Lower Cambrian clayey rocks from various areas of the East
European Platform

Stratigraphic position Mg, wt % Ca, wt % Sr, 

 

µ

 

g/g Ba, 

 

µ

 

g/g

Central part of the Moscow syneclise

Lower Cambrian 1.13 

 

±

 

 0.38 (30) 0.28 

 

±

 

 0.18 (30) 79 

 

±

 

 11 (79) 433 

 

±

 

 87 (59)

Povarovka Group 1.08 

 

±

 

 0.24 (84) 0.24 

 

±

 

 0.08 (84) 77 

 

±

 

 14 (102) 356 

 

±

 

 40 (38)

Redkino Group 1.39 

 

±

 

 0.13 (183) 0.42 

 

±

 

 0.06 (183) 102 

 

±

 

 21 (165) 497 

 

±

 

 111 (13)

Northwestern part of the Moscow syneclise

Lower Cambrian 1.03 

 

±

 

 0.42 (74) 0.21 

 

±

 

 0.11 (74) 87 

 

±

 

 18 (52) 483 

 

±

 

 103 (74)

Povarovka Group 0.81 

 

±

 

 0.42 (80) 0.24 

 

±

 

 0.14 (80) 76 

 

±

 

 14 (40) 426 

 

±

 

 92 (5)

Redkino Group 0.74 

 

±

 

 0.34 (56) 0.29 

 

±

 

 0.11 (56) 84 

 

±

 

 33 (18) 680 

 

±

 

 247 (12)

Mezen and Shkapovo–Shikhany depressions

Povarovka Group 1.28 

 

±

 

 0.41 (238) 0.21 

 

±

 

 0.09 (239) 74 

 

±

 

 12 (181) 383 

 

±

 

 46 (100)

Redkino Group 1.81 

 

±

 

 0.35 (94) 0.47 

 

±

 

 0.13 (94) 96 

 

±

 

 26 (51) 485 

 

±

 

 92 (102)

Lvov–Kishinev depression

Lower Cambrian 1.23 

 

±

 

 0.28 (52) 0.51 

 

±

 

 0.29 (52) 107 

 

±

 

 47 (24) 448 

 

±

 

 78 (52)

Kanilov Group 1.40 

 

±

 

 0.36 (133) 0.40 

 

±

 

 0.17 (133) 97 

 

±

 

 26 (191) 428 

 

±

 

 51 (75)

Mogilev–Podol’sk Group 1.33 

 

±

 

 0.28 (192) 0.54 

 

±

 

 0.23 (192) 156 

 

±

 

 37 (205) 597 

 

±

 

 103 (49)

 

Note: Average values and standard deviations (

 

X

 

 

 

±

 

 2

 

σ

 

) are given. Number of analyses is shown in parentheses.

 

Table 2.

 

  Average contents of Ca (wt %) and Sr (

 

µ

 

g/g) and the Al

 

2

 

O

 

3

 

/Na

 

2

 

O ratio in Vendian clayey rocks from various areas
of the East European Platform

Location of the area Ca Sr Al

 

2

 

O

 

3

 

/Na

 

2

 

O

Vättern Basin – 58 –

North German basin* 0.30 55 65

Mezen basin 0.29 78 16

Northwestern Moscow syneclise 0.19 78 92

Central Moscow syneclise 0.36 89 15

Southwestern East European Platform, Lublin slope 0.47 110 14

Southwestern East European Platform, Lvov–Kishinev 
depression

0.53 127 22

 

* Data from (McCann, 1998).
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lesser extent, in Ba), but they are similar to coeval
clayey rocks from the Siberian and South Chinese cra-
tons and to the average PAAS in terms of Mg and Na
contents.

CALCIUM AND STRONTIUM DEPLETION
IN THE VENDIAN MUDSTONES

OF THE EAST EUROPEAN PLATFORM

Low Ca and Sr contents in the Vendian mudstones
distinctly correlate with the absence of authigenic cal-
cite in them and the predominance of minerals, which
lose alkali earth elements during weathering. Accord-
ing to (Ronov et al., 1990), the kaolinite content in the
Vendian mudstones is 20 wt %, which is significantly
higher than that in the Riphean and Phanerozoic clayey
rocks (10 and 13 wt %, respectively). The predomi-
nance of clay minerals with low contents of alkali and
alkali earth elements is corroborated by K

 

2

 

O/Al

 

2

 

O

 

3

 

 val-
ues in the Vendian mudstones (0.21, 

 

n

 

 = 872). Similar
values are typical of the recycled clayey sediments
(Cox and Lowe, 1995), whereas erosion of the base-
ment rocks and/or folded framing is considered a deci-
sive factor in the formation of the Vendian sedimentary
cover of the East European Platform (Bekker, 1988;
Sochava et al., 1992). Based on 1094 EDFA determina-
tions (present communication), the average Rb content
in the Vendian clayey rocks of the East European Plat-
form is 174 

 

µ

 

g/g. Correspondingly, the Rb/Sr ratio in
them is 2.1, which is significantly higher than 0.8 in the
average PAAS (Taylor and McLennan, 1985).

The absence of carbonates in the Vendian of the East
European Platform was presumably caused by desali-
nation of epiplatformal basins, which was previously
established for the Moscow syneclise (Ronov and
Kazakov, 1983; Pirrus, 1989; Afanas’eva et al., 1995)
and the Lvov–Kishinev depression (Ryabenko, 1988;

Shnyukov, 1993), with maximum desalination in the
Povarovka time. The Ca and Sr distribution in mud-
stones (Table 1) is consistent with the previous litholog-
ical and mineralogical data indicating that the Vendian
basins of the East European Platform had low salinity,
which prevented the precipitation of authigenic calcite.
The nature of low salinity in the Upper Vendian basins
of the East European Platform is unclear. However, the
desalination of subsurface waters is consistent with the
model of stratified Late Precambrian ocean character-
ized by restricted mass exchange between units with
different contents of nutrient elements (Cook and Sher-
gold, 1984; Brasier, 1992a; Yang et al., 1999; Gaucher,
2000). This assumption is based on the fact that low
salinity is noted both for basins in the central part of the
platform (central Moscow syneclise) and for the shelf
of its western margin (the Lvov–Kishinev depression
and the Lublin slope).

In the air-dry clayey material of present-day bottom
sediments of the Gulf of Finland (Baltic Sea), the con-
tents of characteristic elements are as follows: Ca
0.65 

 

±

 

 14 wt %, Sr 178 

 

±

 

 18 

 

µ

 

g/g, and Ba 610 

 

±

 

105 

 

µ

 

g/g (average from 44 EDFA analyses; A.
Kol’tsov, personal communication). These values are
significantly higher than those in the Vendian mud-
stones of the East European Platform, although the
Gulf of Finland can be considered an analogue of epi-
platformal Vendian basins in the East European Plat-
form in terms of salinity and climatic conditions. At
present, Quaternary glacial deposits and Early Paleo-
zoic sedimentary rocks (including carbonates) are the
main sources of clastic material in the Gulf of Finland,
and authigenic calcite is absent in the bottom sedi-
ments. Therefore, the observed depletion of the Ven-
dian mudstones in Ca and Sr is an indicator of not only
low salinity of the Late Vendian basin, but also of the
absence of carbonate rocks in the provenances.

 

Table 3.

 

  Contents of MgO, CaO, Na

 

2O (wt %), and Sr (µg/g) in basement rocks and Late Precambrian clayey rocks of the
East European, Siberian, and South Chinese cratons

Object MgO CaO Na2O Sr Al2O3/Na2O

Vendian of the East European Platform 2.3 (872) 0.61 (872) 0.74 (872) 82 (1094) 20

Basement of the East European Platform (Ronov and 
Migdisov, 1970)

2.3 2.9 2.6 252 (35)*

Yudoma Complex of the Siberian Craton 3.0 (86) 1.1 (86) 0.83 (86) 143 (121) 47

Basement of the Siberian Craton (Sochava, 1986) 2.3 3.7 3.3 260

Sinian system of the South Chinese Craton, Yangtze can-
yons

2.2 (42) 1.1 (42) 0.70 (42) 146 (31) 41

Basement of the South Chinese Craton, Yangtze canyons 
(Kunlien gneisses and Huangling granites)

2.1 (18) 3.8 (18) 3.4 (18) 238 (18)

Average Post-Archean Composite Shale (Taylor and 
McLennan, 1985)

2.2 1.3 1.2 200

Modern upper continental crust (Taylor and McLennan, 
1985)

2.2 4.2 3.9 350

* Original data. Number of analyses is shown in parentheses.
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The relatively high Mg contents in the Vendian
clayey rocks of the East European Platform are attrib-
uted to the significant contribution of volcanogenic
rocks in the Vendian sedimentary cover formation
(Bekker, 1988; Sochava et al., 1992; Felitsyn and Soch-
ava, 1996; Felitsyn, 2004). The chlorite content in the
average sample of Vendian clayey rocks of the East
European Platform is 5%, which is higher than that in
the Riphean (1%) and Paleozoic (3%) mudstones
(Ronov et al., 1990). Although the mineral composition
of clayey rocks was determined by the semiquantita-
tive method, increase in the chlorite content in the
Vendian mudstones, relative to the Riphean rocks,
seems to be significant and can be considered an
indirect evidence for a higher contribution of volca-
nogenic material in the Vendian clayey rocks as com-
pared to the Riphean one.

Mobility of Ba in the supergene zone is constrained
by its adsorption on clay minerals, while the present-
day oceanic cycle of Ba is mainly defined by biogenic
carbonates and organic matter, since most BaSO4 in the
surface waters is related to the biogenic calcite and
organic matter (Dehairs et al., 1980). Therefore, the Ba
distribution in the Vendian sedimentary cover of the
East European Platform cannot be unambiguously
explained, especially, when one takes into consider-
ation principle differences between the structures of
biota and trophic chains in the Precambrian and Phan-
erozoic. In the present-day environment, increase in the
Ba influx into sediments is related to the increase in
bioproductivity (Braiser, 1992b) and the sorption of Ba
by the decomposing organic matter in water column. In
kerogens extracted by acid maceration from the Ven-
dian clayey rocks of the East European Platform (Fel-
itsyn and Pshenichnova, 1992; Felitsyn et al., 1998), the
Ba content determined by the INAA data (present
work) is 420 ± 160 µg/g (n = 13) in the Redkino Group,
240 ± 95 µg/g (n = 8) in the Povarovka Group. In the
Lower Cambrian clayey rocks, the Ba content is 510 ±
100 µg/g (n = 4). Bioproductivity in the epiplatformal
basins decreased in the Povarovka time, as is evident
from the lowest Ba content in organic matter dissemi-
nation of the corresponding stratigraphic level. Some
decrease in the Ba content in mudstones of the Pov-
arovka Group, relative to the underlying and overlying
beds (Table 1), is also attributed to the decrease of Ba
inflow to the bottom of desalinated sedimentation
basins in the East European Platform, since Na2SO4 is
the major component of the buried Ba influx (Dehairs
et al., 1980).

ALKALI EARTH ELEMENTS IN THE UPPER 
PRECAMBRIAN CLAYEY ROCKS 

OF THE SOUTH CHINESE AND SIBERIAN 
CRATONS

Formation conditions of the mature terrigenous
material in the Siberian and South Chinese cratons cor-
respond to their low-latitude position in the Late Pre-

cambrian–Early Cambrian, as follows from paleogeo-
graphic reconstructions in (McKerrou et al., 1992;
Torsvik et al., 1995). In averaged samples of the Ven-
dian mudstones of the East European Platform, the
Al2O3/Na2O value ranges from 16 (Ronov et al., 1999)
to 20 (Sochava et al., 1994). In the Vendian mudstones
of the near-equatorial Siberian and South Chinese cra-
tons, this ratio is 47 and 41, respectively. Based on the
Al2O3/Na2O value (<30), most Vendian clayey rocks of
the East European Platform pertains to low-maturity
sediments, except for mudstones from the northwestern
Moscow syneclise and German basin with Al2O3/Na2O >
60, which is typical of high-maturity clayey rocks. The
Vendian fine-grained terrigenous rocks of the Siberian
and South Chinese cratons correspond to moderate-
maturity sediments (30 < Al2O3/Na2O < 60)
(Akul’shina, 1985).

Although the Vendian mudstones of the Siberian
and South Chinese cratons are more mature than those
of the East European Platform, the former rocks have
significantly higher Ca and Sr contents owing to normal
marine conditions in the Siberian and South Chinese
basins dominated by carbonate sedimentation in the
Late Precambrian. Mudstone samples from these
basins contain authigenic calcite (2–4%).

Results presented above are consistent with data on
the maximum mobility of Ca and Sr (higher than Na
mobility) at the earliest stages of the continental chem-
ical weathering during the decomposition of calcic pla-
gioclases (Kronberg et al., 1979; Duddy, 1980; Nesbitt
et al., 1980; Stefansson and Gislason, 2001). Strontium
is the most mobile alkali earth element. Its mobility in
supergene conditions was higher than that of Ca during
the formation of Late Precambrian terrigenous sedi-
mentary sequences in all three platforms. Therefore, the
delivery of Sr from provenances to Panthalassa was
intense. However, unlike the East European Platform,
carbonate platforms were characterized by precipita-
tion of Sr in the epiplatformal basins. For example, in
limestones of the Doushantou Formation and lower part
of the Dengying Formation of the Sinian sequence in
the Yangtze canyon area, the average Sr content is
940 ± 130 µg/g (n = 26).

SOURCES OF CLASTIC MATERIAL
IN THE VENDIAN STRUCTURES 

OF THE EAST EUROPEAN PLATFORM

Results presented in this communication indicate
the specificity of chemical composition of the Vendian
mudstones of the East European Platform. Low matu-
rity of the fine-grained terrigenous sediments is associ-
ated with low contents of Ca and Sr. The problem of Ca
(and Sr) depletion in the sedimentary cover of the East
European Platform seems to be even more impressive,
because the sedimentary cover is enriched in Ca, rela-
tive to the upper continental crust (Galimov, 1975;
Ronov, 1980).
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In the East European Platform, accumulation of the
Vendian sediments in areas with weakly differentiated
relief was accompanied by the formation of kaolinitic
weathering crusts in stable parts of denudation zones
and the significant contribution of material from prove-
nances located beyond the platform (Sochava et al.,
1992; Shnyukov, 1993). The presence of erosion prod-
ucts of juvenile volcanic rocks in the Upper Vendian
sedimentary cover of the East European Platform has
been established by mineralogical (Kopeliovich, 1965)
and geochemical (Sochava et al., 1992; Felitsyn, 2004)
data. These data indicate that provenances located
beyond the platform began to play a significant role
since the Povarovka time.

Thus, the sedimentation basins accumulated clastic
materials of different degrees of maturity. The
Baikalide surrounding of the platform delivered rela-
tively low-maturity sediments of the molassoid forma-
tion (Bekker, 1983, 1988), whereas the basement inliers
delivered products of intense chemical weathering. In
the Vendian basins, the most mature clayey rocks are
found in areas mainly related to the delivery of material
from the Baltic Shield during the Late Vendian (north-
western Moscow syneclise and eastern German basin).
Hence, the contribution of material from provenances
located within and beyond the platform was different
for various parts of a single epiplatformal basin. Rela-
tively low-maturity terrigenous sediments of the molas-
soid formation dominated in the marginal troughs of
the platformal periphery (Varanger Peninsula, Mezen
depression, Lublin slope, and Lvov–Kishinev depres-
sion), while the clastic material was mainly derived
from the Hyperborean and Galician fold systems (Bek-
ker, 1988). Areal variations in the Sr content can be
related to the combination of two factors: (1) various
role of provenances located in the Baltic Shield (maxi-
mal in the northwestern part of the platform and mini-
mal in the central part of the Moscow syneclise); (2)
influence of climatic zoning on the intensity of chemi-
cal weathering. Salinity regime in the Vendian epiplat-
formal basins prevented the precipitation of authigenic
calcite. Therefore, the Vendian sedimentary cover is
significantly depleted in Ca and Sr.

According to conceptual models of relationships
between the tectonic activity, volcanism, atmospheric
CO2 content, weathering, and geochemical cycles
(Fisher, 1986; Sochava, 1992), the rate of chemical
weathering is maximal during transgressions, which
accompanied the breakup of supercontinents (e.g.,
Rodinia and Pangea). The Vendian transgression was
one of the largest transgressions in the Earth’s history,
and this episode was manifested in almost all ancient
platforms (Sokolov, 1997). In the East European Plat-
form, the maximum transgression took place in the
Redkino time (Aksenov, 1998). The presence of terrig-
enous sediments with the lowest Ca and Sr contents in
the Povarovka and Kanilov groups is consistent with
the concept of maximum chemical weathering during
the largest transgression in the East European Platform

regardless of the provenance type (within or beyond the
platform).

INFLUENCE OF VENDIAN 
SEDIMENTOGENESIS ON CALCIUM

AND STRONTIUM CYCLES

The degree of the study and preservation of the Ven-
dian fine-grained rocks of the East European Platform
make it possible to estimate the amount of Sr and Ca,
which were not removed from geochemical cycle with
platformal sediments. The amount of Sr and Ca buried
with fine-grained terrigenous rocks during the forma-
tion of the Post Archean Shale from the upper continen-
tal crust accounts for ~60 and 30%, respectively, of
their contents in the provenances (Table 3). Compari-
son of Ca and Sr contents in the basement of the Sibe-
rian and South Chinese cratons versus mudstones of the
Yudoma complex and Sinian system yield similar val-
ues. In the Vendian terrigenous rocks of the East Euro-
pean Platform, Sr and Ca account for only 30 and 20%,
respectively, of their contents in the basement. If Sr and
Ca transported from provenances to platformal clayey
rocks account for ~60 and 30% of their contents in the
provenances, their concentrations in the Vendian mud-
stones should be equal to 150 µg/g and ~0.8 wt %,
respectively. These values are the lower estimates,
because we have supposed only intraplatformal prove-
nances. The presence of volcanics of the folded framing
in the provenances during the formation of the Vendian
sedimentary cover (Sochava et al., 1992; Felitsyn,
2004) implies higher Ca and Sr contents in the denuda-
tion areas.

Datings of tuffs from the Lower Vendian Slawatycze
Formation of the Lublin slope, eastern Poland (551 ±
4 Ma) (Compston et al., 1995) and from the Upper Ven-
dian Ust–Pinega Formation at the Zimnii Coast of the
White Sea (553.3 ± 0.3 Ma) (Martin et al., 2000) indi-
cate that the Vendian clastic sediments of the East Euro-
pean Platform were mainly accumulated in ~10 Ma.
Given that the volume of Vendian rocks is 0.5 × 106 km3

(Ronov et al., 1990), the rate of terrigenous material
sedimentation in the East European Platform in Late
Precambrian was 0.12 × 1015 g/yr.

Deficiency of Sr and Ca in the Vendian clayey rocks
(discrepancy between calculated and observed con-
tents) is 70 µg/g and 0.36 wt %. The excess amounts of
Sr and Ca delivered to the oceanic basin during the Ven-
dian, as deduced from their deficits in the clayey rocks,
was no less than 0.09 × 1018 and 3.6 × 1018 g, respec-
tively. It should be emphasized that these values define
precisely the “excess” amounts of Sr and Ca, which
were not removed from the cycle together with authi-
genic carbonates in epiplatformal basins of the East
European Platform. The calcite content of 1–2 wt % in
the sedimentary cover of the East European Platform
would have been sufficient to remove the calculated
amounts of Sr and Ca from the geochemical cycle with
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authigenic calcite. Taking into consideration the forma-
tion duration (~10 Ma) and volume of the Upper Ven-
dian sedimentary cover, the excess annual runoff of Sr
and Ca from the Eastern European Platform was 0.01 ×
1012 and 0.4 × 1012 g/yr, respectively.

The present-day annual Sr runoff is (1.9–2.0) ×
1012 g/yr (Chaudhuri and Clauer, 1986); i.e., the annual
delivery of Sr and Ca from the East European Platform
to oceanic reservoir at the end of Precambrian was less
than 1 and 0.2%, respectively, of the present-day conti-
nental runoff. The average Ca and Sr contents in the
present-day river water are 15 and 0.07 µg/g, respec-
tively (Voitkevich et al., 1990). Thus, the annual river
runoff of ~140 km3/yr from the East European Platform
at the end of Precambrian is sufficient to remove the
amounts of Ca and Sr indicated above. Such a runoff
value is trivial and typical of many modern large rivers
in the world with a drainage area of less than n ×
106 km2.

CONCLUSIONS

The Vendian fine-grained sediments of the East
European Platform are depleted in Ca and Sr, relative to
the more mature coeval clayey rocks of the Siberian and
South Chinese cratons. The specific compositional sig-
nature of the Vendian mudstones is most probably
related to the significant contribution of erosion prod-
ucts of basement inliers subjected to intense chemical
weathering and the low salinity of the Vendian epiplat-
formal basins of Baltica, which was responsible for the
absence of authigenic calcite in the Vendian mudstones.

Although the amount of Sr delivered from the prov-
enance during the formation of Upper Precambrian
sedimentary cover of the East European Platform was
less than the continental Sr runoff in the Phanerozoic
ranging from 1 × 1010 mol/yr to 3.5 × 1010 mol/yr
(Kump, 1989), the general impact of the Vendian sedi-
mentogenesis on the Sr geochemical cycle could be
much more significant. According to (Akul’shina,
1985), the Vendian epoch of intense chemical weather-
ing and weathering crust formation was a global event
recorded in mature clayey materials and weathering
profiles around the world. According to the model of
geochemical cycle presented in (Sochava, 1992), the
chemical decomposition of cratonic rocks governs the
Sr isotopic composition of oceanic reservoir during the
epochs of high rates of delivery of acid-forming com-
ponents together with volcanic products into atmo-
sphere. Increase of the CO2 content in atmosphere and
intensification of chemical weathering are likely to be
responsible for the specific evolution of sedimentation,
as well as Sr and C isotopic compositions of carbonates
in Late Precambrian basins surrounding the Amazonian
Craton (Alvarenga et al., 2004; Gaucher et al., 2004).
High 87Sr/86Sr ratios in the oceanic crust are typical of
the epoch of the global Vendian transgression when the
rate of chemical weathering attained the maximum,

according to the models in (Fisher, 1986; Sochava,
1992).

At present, ~20% of continental Sr runoff is deliv-
ered from provenances containing rocks with
87Sr/86Sr > 0.715, i.e., from ancient shields (Holland,
1989). During the Vendian transgression, the ancient
shields, the most stable blocks of the continental crust,
continued to deliver clastic material. Therefore, their
contribution to the continental Sr runoff could be sig-
nificantly higher than at the present time. Let us assume
that the area of shields in the Vendian was ~25 mln km2

and the 87Sr/86Sr value in rocks therein was ~0.730. In
this case, in order to increase the 87Sr/86Sr ratio in sea-
water from 0.7072 in the Early Vendian to 0.7087 in the
Early Cambrian, Sr should be annually removed from
the shield rock volume of 1.1 km3 with the chemical
weathering intensity similar to that during the forma-
tion of the Vendian clayey rocks in the East European
Platform. The rate of chemical weathering of the base-
ment inliers is estimated at 0.04 mm/yr, which is com-
parable with the present-day rate of the chemical
weathering in the humid tropical climate (Kukal, 1987).
Therefore, increase in the 87Sr/86Sr ratio of seawater at
the end of Precambrian can be related not only with the
Pan-African orogeny, but also with increase in the
delivery of radiogenic Sr from continents owing to the
denudation of weathering profiles in ancient shields at
the end of Precambrian.
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