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Methodological problems and the approach proposed 
 

Using paleoclimatic reconstruction methods developed for the Phanerozoic 
(Semikhatov, Chumakov, 2004) in the Vendian  is hampered by four circumstances. The main 
difficulty arises because of the low resolution of Vendian chronostratigraphy when compared 
with that of the Phanerozoic. For the Vendian, interregional and especially global stratigraphic 
correlations can be made only to an accuracy not exceeding tens of millions of years. In two 
to three of the best studied sequences, the Vendian has been divided into five widely 
correlative units on the basis of ichno- and microfossil complexes, Ediacaran metazoan 
faunas, radiometric dates and stable isotope signatures, and glacial horizons (Knoll, 2000; 
Walter,  et al., 2000). Six stratigraphic levels have been identified in White Sea sequences of 
the Middle Vendian based on metazoan faunal assemblages (Fedonkin, 2003). In the great 
majority of other Vendian sequences, the set of stratigraphic data is insufficient to subdivide 
and especially to globally correlate regional units. On a global scale, only three units in 
Vendian sequences appear to be currently distinguishable and correlatable. The remaining 
stratigraphic horizons noted in the Vendian System are regional. At best, interregional 
correlations are possible only on the basis of incomplete paleontological and isotopic data. 
Therefore, it is very difficult to constrain the age and prove synchroneity of climatically 
significant Vendian deposits and climatic indicators on different continents. Purely lithologic 
comparisons in inter-regional and especially for intercontinental correlations of Vendian 
deposits cannot be used owing to the inevitable facies variations, which are particularly 
evident during glacial periods. Such correlations, at best,  lead to highly speculative models, 
which might appear plausible but nonetheless are flawed. In addition, the inadequacy of the 
stratigraphic basis leads to the summation of paleoclimatic data for large time intervals, and it 
may well cause the superposition of indicators of different (occasionally even antagonistic) 
climatic zones. Such cases require great caution and refined paleoclimatic analysis. 
Paleoclimatic reconstructions for long stratigraphic intervals, in any case, reveal only regions 
of predominantly cold and predominantly warm climate because, irrespective of the relative 
positions of deposits, areas where indicators of cold zones occur will generally be at higher 
latitudes than areas containing indicators of warm zones. One should always consider the 
possibility of very rapid climate changes and asymmetry of climatic zones.  

The second substantial difficulty in studying Vendian paleoclimates arises from the 
absence of reliably reconstructed positions of continents. The available reconstructions differ 
greatly and occasionally fundamentally. Many researchers suggest that in order to check and 
correct terminal Proterozoic paleogeographic reconstructions, which are based mainly on 
paleomagnetic evidence, one should crosscheck using paleoclimatic indicators (Khain and 
Yasamanov, 1987; Chumakov, 2001; Smith, 2001; etc.). 
  A third impediment to reconstructions of Precambrian climatic zones is that, as the 
age of the deposits increases, the variety and range of lithologic and paleontological climate 
indicators drastically narrows. The main lithologic indicators that can be used in Vendian 
reconstructions are tillites, evaporites (gypsum and salts), and carbonate platform sediments. 
Carbonates, and especially noncarbonate red beds,  are more ambiguous (unless, of course, 
there are additional indicators: mineralogical, structural, etc.). Humidity indicators are 
particularly scarce in the Vendian. Bauxites in this stratigraphic interval occur only in 
exceptional cases, and their origin is frequently unclear. Gray colored terrigenous rocks, 
which are generally not reliable enough as an indicator of humid environments, are often of 
secondary origin in such ancient rocks. As a result, paleoclimatic reconstructions usually 
reflect the maximum spread of the most striking and trustworthy indicators: tillites and 
evaporites. This leads to an exaggerated estimate of glacial and arid zones at the expense of 
humid zones.  Biological, or, to be more precise, bio-lithologic indicators are represented in 
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Vendian only by stromatolitic reefs, which make up occasionally thick sequences and indicate 
a warm climate. Note that actualistic interpretation of the conditions of origin of Precambrian 
rocks is equally difficult because of the peculiar depositional environments. This peculiarity is 
due to the differences in (i) life forms, (ii) atmospheric composition, (iii) velocity of the Earth’s 
rotation, (iv) intensity and structure of insulation, (v) tectonic regime, etc. Vendian deposits 
are frequently marked by disturbances in isotopic systems, precluding their use for 
paleotemperature determinations and study of stable isotopes, unlike the situation in the 
Phanerozoic. The use of other geochemical indicators in ancient deposits is also considerably 
complicated by the likelihood of sediment reworking (Maslov, et al., 2003). 

Finally, the fourth problem in reconstructing Vendian climatic zones is the fact that 
present-day outcrop areas of Late Precambrian deposits are greatly separated in space. This 
is due to the long history of their subsequent erosion and to their being overlain by younger 
deposits, necessitating interpolations and extrapolations to be made more frequently than 
usual. They also limit the accuracy of reconstructions. 

Thus, the difficulties in reconstructing Vendian climate are fairly large. My approach to 
this problem is based on two main principles: use only the most reliable data and draw only 
those conclusions that available data allow. This relies solely on those Vendian localities that 
are at least partly dated and also exhibit reliable paleoclimatic indicators. These restrictions 
allow only the most general, but more reliable, conclusions on global climates of the Vendian.  
 
Data Base 
 

Stratigraphic distribution of climatic indicators in key sections of the Vendian system 
on all continents (Fig. 1) were analyzed.  Based on the distribution of Ediacaran, small-shelled 
fossils and other multicellular faunal remains, multicellular algae, ichno- and microfossils, 
glacial horizons, and radiometric dating, it was possible to define three units in the Vendian, 
which are here loosely referred to as "Early," "Middle," and "Late Vendian" and are 
designated VI, VII, and VIII in Fig. 1. The "Early," "Middle," and "Late Vendian" correspond on 
the Eastern European Platform to (a) the Laplandian Glacial Horizon; (b) the Redkino and 
Kotlin horizons; and (3) the Rovno Horizon of B.S. Sokolov (1998). In Siberia a likely 
stratigraphic correlative of the Rovno Horizon is the Nemakit–Daldyn Horizon. In addition to 
the Nemakit–Daldyn Horizon, the “Late Vendian” appears to include locally the lowest 
horizons of the Tommotian stage of the Cambrian because in many regions the lower 
boundary of the Cambrian is not constrained. This is particularly likely where nonfossiliferous 
glacial deposits occur near this boundary. Outside Russia, these three parts of the Vendian 
are usually referred to as Varangian, Ediacaran, and pre-Tommotian Cambrian.  
       The age of the lower boundary of the Vendian is tentatively estimated at 600±10 Ma, 
and that of the upper boundary at 535±1 Ma, indicating its total duration of about 60 to 65 
m.y. (Semikhatov, 2000). By analogy with Phanerozoic glacial events, one can assume that 
the Laplandian Glacial Horizon (“Lower Vendian”) corresponds to a time interval of about 10–
15 m.y. Formation of the Nemakit–Daldyn Horizon (“Upper Vendian”) lasted only a few million 
years to as long as 10–12 m.y. The main, middle part of the Vendian system sandwiched 
between the Laplandian and Nemakit–Daldyn horizons and including the Redkino and Kotlin 
horizons and their correlatives corresponds approximately to a time interval of 40 to 45 m.y. 
Thus, the shortest intervals for which Vendian paleoclimatic reconstructions might be possible 
(VI and VIII) are comparable in duration to very long stages in the Phanerozoic  and the 
longest (VII) are comparable to “normal” Phanerozoic periods. 
      The situation of using paleogeography as a basis for paleoclimatic reconstructions is 
more complex than it might seem. At present, more than 15 alternative reconstructions of 
continent positions in the Vendian have been published (for a review up to 1990s, see 
Chumakov, 1992; Kirschving, 1992; more recent: Scotese and McKerrow, 1990; Dalziel,  et 
al., 1994; Young, 1995; Mossakovsky,  et al., 1996; Piper, 2000; Dalziel and Soper, 2001; 
Smith, 2001; Atlas, 2002; Scotese, 2002; Kheraskova,  et al., 2003; Smith and Pickering, 
2003; and many others). All of these reconstructions differ from one another, occasionally 
considerably. Sometimes these differences are observable in reconstructions by the same 
author whose dates of publication are two or three years apart! This situation reflects the 
vigorous being made to refine such reconstructions – and, positively, many of these are 
beginning to converge.. In this paper, the paleoclimatic schemes are based on the 
paleogeographic reconstructions proposed by Smith and Pickering (2003) for the Early 
Vendian (600 Ma) and on tentative ones by Smith (2001) for the Middle Vendian (580 Ma) 



and the earliest Early Cambrian (540 Ma). Abiding by the recommendations of the 
International Stratigraphic Commission, Smith assigned the Nemakit–Daldyn Horizon to the 
earliest Early Cambrian; in this paper and in Russia in general, this horizon is regarded as the 
upper horizon of the Vendian. Smith’s reconstructions are based on the most reliable 
paleomagnetic and paleotectonic data, with an intention to place early Vendian tillites in high 
and middle latitudes. This may not be the case, however.  Nevertheless, such reconstructions 
appear to be the most plausible in an attempt to coordinate paleomagnetic and geological 
data and these reconstructions will be used in this paper with insignificant changes. 
      The limited number of paleoclimatic indicators makes it particularly difficult to identify 
humid regions in the Vendian. At the same time, regions of cold climate can be delineated 
with confidence from the episodic development of glacial deposits; regions of warm climate, 
from carbonate platforms; and regions of arid climate, from the presence of evaporites and 
carbonate deposits, and occasionally noncarbonate red beds. 
 
Climatic Zonation of the Late Vendian Nemakit–Daldyn “Age:  (“VIII”)  
 

The climatic indicators mentioned above were plotted on the paleogeographic 
reconstruction for the Nemakit–Daldyn time. Interpolation between the areas where such 
indicators occur suggests the existence of three roughly EW trending climatic zones in the 
late  Vendian (and possibly in the earliest Cambrian):  two zones of cold climate (northern and 
southern), in which glaciations occurred at times, and a warm, locally arid, zone in-between 
(Fig. 2c). The northern climatic zone contains glacial deposits laid down near the Vendian–
Cambrian boundary in the Tarim and North China blocks (Hambrey,  et al., 1981). A striated 
basement has been preserved locally within the North China block beneath glacial deposits 
(Guan, et al., 1986). Judging from Smith’s reconstruction, at the peak of glaciation, terrestrial 
ice sheets in the Northern Hemisphere reached 45°N paleolatitude (PL). The southern cold 
zone, which is represented by Early Cambrian or Late Vendian glacial deposits in north and 
west Africa (West African glacial horizon - Chumakov, 1993; Bertrand-Sarfati, et al., 1995; 
Trompette, 1997), appears to have been limited to the high southern latitudes (more than 75° 
PL). Geographic positions of Late Vendian glacial deposits in Kazakhstan and the Tien Shan 
(Baikonur glacial horizon - Chumakov, 1978b) are not quite so obvious. In his reconstructions, 
Smith (2001) assigned the corresponding tectonic blocks to the Siberian continent shown to 
be in low latitudes of the Southern Hemisphere. Considering the Tien Shan blocks and the 
similarity of the Tien Shan Vendian–Cambrian sequences (in particular glacial) with the Tarim 
sequences, and furthermore taking into account the principle of the least subsequent 
movement, it would be more logical to assume that the Kazakh and Tien Shan blocks were 
relatively close to each other and were located in the Northern Hemisphere some distance 
from Tarim. In the most general sense, this position of the Kazakh and Tien Shan blocks 
during the Vendian is more consistent with the theories of geodynamics specialists 
concerning the Central Asian foldbelt (Mossakovsky et al., 1996; Atlas, 2002; Kheraskova, et 
al., 2003). Between the cold zones in the low and southern middle latitudes  during Nemakit–
Daldyn time, there was a warm to hot belt in which carbonate platforms, largely stromatolitic 
and oncolitic, were forming (the northwestern part of North America, Siberia, Arabia, and on 
the South China block). A large part of this zone was arid, as indicated by extensive deposits 
of salt, gypsum, and anhydrites in Siberia (Zharkov, 1974; Khomentovsky, 1990), Arabia 
(Brasier and McCarron, 2000; Walter, et al., 2000), Iran, and northwestern India (Strauss, et 
al., 2001). Of the evaporite basins, two regions are of enormous proportions - southern 
Siberian and the Iranian–Arabian region. The latter region appears to have included 
northwestern Indostan. Sebkha-type gypsum-bearing deposits and imprints of salt and 
gypsum crystals and anhydrite nodules are known outside these basins as well. All of these 
indicators attest to a warm to hot arid climate in the low and some middle latitudes in 
Nemakit–Daldyn time. Carbonate red beds are found in South Africa (Germs, 1995) and 
Australia (Walter, et al., 1995). Noncarbonate red beds showing evidence of aridity 
(gypsification, halite films, and desiccation cracks; Aksenov, 1990) are known in the Reshma 
Formation in the East European craton and in northern India (Tiwari, 1999; Kumar, et al., 
2000). These terrigenous red beds, partially carbonate-rich, occurred at midlatitudes 
sandwiched between the cold and hot zones and may have formed in a semi-arid climate. 
According to the reconstruction that we have used, the southernmost polymict redbed 
sequences lay at 60°S PL (Suvorovo Formation in SW Ukraine). Such data appear to support 



the conclusion that the cold zone of the Southern Hemisphere was restricted to high latitudes, 
with the midlatitudes hosting a semi-arid or even an arid belt. 

Analysis of the paleoclimatic reconstructions for the Nemakit–Daldyn stage leads to three 
essential conclusions. First , it is clear that such a reconstruction is consistent with the 
principal climatic regularities of the Earth today and, hence, Smith’s paleoclimatic 
reconstructions appear to provide an adequate picture for Late Vendian paleogeography. The 
second conclusion is no less important and it is that the global climate of the Late Vendian 
was strikingly glacial supporting a cold tolerant biosphere. A final conclusion is that climatic 
zoning at the end of the Vendian was asymmetric. This feature, together with the preceding 
one, renders the Late Vendian climate similar to glacial the Phanerozoic one. 
 
Climatic Zonation of the Middle Vendian Kotlin–Redkino “Age” (Ediacaran, “VII”) 
 

Using Smith’s reconstructions for Vendian paleogeography, climatic zonation on 
Earth in the “Middle Vendian” (Fig. 2b) can be examined. Low and middle latitudes were 
areas of carbonate precipitation – carbonate platforms (in Australia, Kazakhstan, northern 
India, Arabia, South Africa, South America, Siberia, and South China) and occasionally 
carbonate-rich as well as noncarbonate-rich red beds were deposited.   Episodic deposition of 
salts and gypsum in northern India, Siberia, South China, and in the region of the present-day 
Persian Gulf testifies to the wide distribution of arid environments within this climatic zone. To 
the south of this warm zone, in high latitudes of the East European craton and in the Cis-Ural 
region,  the sediments accumulating in the shallow Valdai Basin were dominated by bluish-
gray fine-grained and thin-bedded clays and siltstones, occasionally enriched in organic 
matter, entrapped  Ediacaran metazoans and metaphytes. In marginal areas of the Valdai 
Basin, fine-grained and thin-bedded rocks gave way to coarser grained, noncarbonate-rich, 
variegated and red beds with an admixture of kaolinite, indicating erosion of humid 
weathering mantles in source areas. This suggests that the land adjacent to the Valdai Basin 
had a warm and humid climate. Thus, the high latitudes in the Middle Vendian were 
apparently characterized by a humid and relatively warm climate. This assumption is 
consistent with the Middle Vendian having no evidence of glaciations.  

 
Climatic Zonation of the Early Vendian (Laplandian or Varangian Time, “VI”) 
 

Evidence of glaciations is very widespread in Early Vendian deposits (Fig. 2a). The Early 
Vendian age and glacial origin of many deposits has been amply confirmed by several 
generations of geologists (for a review see Chumakov, 1978, 1990; Hambrey et al., 1981; 
Evans, 2000). Early Vendian glacial deposits occur almost on all large continents and many 
microcontinents and it appears that many glacial deposits formed in low latitudes. Such a 
wide distribution indicates a pronounced glacial climate for the Early Vendian and raises the 
question of the scale of glaciation. Non-glacial facies of Early Vendian age are identifiable 
only in a few sequences (e.g., on the Patom Upland). Such sequences are fairly rare because 
the absence of glacial deposits is, in most cases, accompanied by breaks at the base of the 
Vendian. The widespread unconformities appear to have been due to the glacio-eustatic 
subaerial exposure of many shelves and inland basins, and it is quite feasible that the very 
limited occurrence of Early Vendian non-glacial sequences only reflects this period of either 
non-deposition or erosion. In the sequences where non-glacial facies are identifiable, there 
are usually no clear paleoclimatic indicators, precluding more accurate determination of the 
climate pattern in these areas. This situation supports the hypothesis of the Earth’s global 
glaciation in the Early Vendian.  in reality; but, still there are not so many indisputable proofs 
of the “Snowball Earth” hypothesis as might appear from the abundance of modern geological 
literature on the subject. This hypothesis is still based on limited paleomagnetic data. Late 
Precambrian glacial deposits and their host rocks have yielded only two paleomagnetic 
determinations of latitudes that meet all criteria for reliability (Evans, 2000). One of these, 
relating to the Liantuo Formation in South China (Upper Riphean), indicates middle 
paleolatitudes for glacial activity.   The second determination, from the red rocks of the glacial 
Yerelina (Early Vendian) Subgroup in Australia, indicates ice at low paleolatitudes. The 
paleomagnetism of the Yerelina rocks has been studied many times by various laboratories, 
and the results are considered very reliable. Some paleomagnetologists, however, express 
doubts as to the primary nature of this magnetization (Meert and van der Voo, 1995), while 
other researchers ignore these measurements (Smith, 2001; Smith and Pickering, 2003). In 



addition to the determination from the Yerelina Subgroup, there are two other less reliable 
low-latitude paleomagnetic measurements and several even lesser reliable ones (Evans, 
2000). 

Although there are currently no compelling counter-arguments against the “Snowball 
Earth” hypothesis, serious doubts as to its validity do exist. There are a number of reasons for 
these doubts: (1) the “Snowball Earth” hypothesis disagrees with numerous indications of 
frequent glacial oscillations and alternation of glacial and inter- glacial events of different 
ranks in the Early Vendian and Late Riphean (Chumakov, 1978, 1998, 2004; Hambrey et al., 
1981; Condon, et al., 2002; Leather, et al., 2002; etc.). “Snowball Earth” requires the stable 
existence of each global ice cover for several millions of years. Marked increase in the heat 
balance of the Planet’s surface would be required each time for the oscillations of glaciers or 
the termination of glaciation. Mechanisms for such rapid and multiple warmings are unknown; 
(2) the existence of areas showing gradual transitions from the Late Riphean to the Early 
Vendian and the absence of glacial deposits, as at the northern and eastern margins of the 
Patom Upland, indicating at the very least that the glaciation was not total; (3) these 
observations support well the numerical simulations of glaciations carried out for the late 
Proterozoic (Hyde, et al., 2000; Poulsen, et al., 2002; Poulsen, 2003); (4) fossils provides 
clear evidence for the continuous existence of phytoplankton and, hence, photosynthesis in 
the Late Precambrian (Fedonkin, 2003), suggesting that the world ocean was not completely 
covered by a thick ice as required by the “Snowball Earth” hypothesis; (5) increased data 
suggest the possibility of underestimating paleomagnetic latitudes determined from 
sedimentary rocks, particularly red beds. In Paleogene red beds of Central Asia, for instance, 
paleolatitudes were underestimated by 20°–30° (Bazhenov and Mikolaichuk, 2002). The 
possibility of secondary flattening of the NRM vector in much older Late Precambrian 
sedimentary rocks (in Yrelina Subgroup, for example) is even stronger due to solution, loss 
and redistribution of material in the rocks and reorientation of some clastic grains through long 
exposure to static load metamorphism (Kholodov, 1994). (6) a necessary condition for a 
“Snowball Earth” is the tropical position of most continents (Schrag, et al., 2002). At the same 
time, according to most reconstructions of continental positions published in recent years, 
significant landmasses were located in high and middle latitudes during the Vendian (Scotese 
and McKerrow, 1990; Dalziel, 1997; Piper, 2000; Powell, et al., 2001 – used by Hoffman and 
Schrag, 2002; Dalziel and Soper, 2001; Smith, 2001; Scotese, 2002; Atlas, 2002; 
Kheraskova, et al., 2003; Smith and Pickering, 2003). (7) the presence of cap carbonates 
above glacial deposits and banded iron formations is viewed in the “Snowball Earth” 
hypothesis as a result of global events related to rapid deglaciation. However, even though 
cap carbonates occur  very widely, they do not occur globally. They are shallow-water, post-
glacial sediments demonstrating regional facies changes. The South Australian Nuccaleena 
Formation, which is a typical cap carbonate and occurs over a large regional area, consists of 
paralic and shallow-water nearshore dolomites which grade into shales and sandstones 
laterally that were deposited in a more open basin (Preiss, 1987). Rapid replacement of cap 
carbonates by sandstones along strike is observable in the Kurgashly Formation in the South 
Urals (Chumakov, 1992, 1998) and in some other regions. In the South Urals, Spitsbergen, 
and in many sequences elsewhere, thin carbonate beds are found within marine–glacial 
deposits (Chumakov, 1992). The regional nature of Late Precambrian banded iron formations 
and manganese occurrences associated with glacial deposits is even more obvious 
(Chumakov, 1992; Young, 2002). Almost all occurrences and deposits of these ores are 
confined to volcanic areas, partly those of rift origin: Tien Shan (Dzholdoshev, 1965); 
southwest and South Africa (Martin, 1965); northwestern Canada (Yeo, 1981); West Africa 
(Trompette, 1981); Brazil (Ferran, 1982); South Australia (Preiss, 1987); California and the 
Middle Urals (Chumakov, 1992, 1998, etc.) In some cases, iron-rich rocks and iron ores occur 
between marine–glacial strata (the Tien Shan and Urals) or form the matrix of these strata: 
the Tien Shan and Canada (Dzholdoshev, 1965; Yeo, 1981; Eisbacher, 1981). These data 
lead  researchers studying Fe and Mn occurrences in glacial sequences to the conclusion that 
these metals precipitated locally from volcanic fluids in a zone where fresh glacial water and 
sea waters mixed. 
 
Conclusion 
 

Paleoclimatic reconstructions indicate that during the Vendian there were at least two 
glacial periods with non-glacial periods between. This change was responsible for 



reorganizations of climatic zonality, and it it had marked effects on the biosphere. The 
“Snowball Earth” hypothesis requires more convincing evidence for Early Vendian times to 
finally evaluate whether is was really “Snowball” time or “Slushball” time, which many 
geoscientists favour at the moment. 
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