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Abstract

An analysis of the Riphean sedimentary successions along the margins of the Siberian craton, together with recent

geochronological and palaeomagnetic data from Siberia, require a revision of the hypothesis that Siberia was part of Rodinia.

Some previously proposed Laurentia–Siberia reconstructions may be dismissed, whereas other models are permissible with

minor modifications and conservative assumptions about recent geochronological data from Siberia. A comparison of

Laurentian and Siberian apparent polar wander paths between 1050 and 1000 Ma shows a striking similarity. However, if

Siberia was part of Rodinia, it was probably not contiguous with the Laurentian craton. In this scenario, northern and southern

(Stanovoy block) margins of Siberia are possible candidates for conjunction with the rest of Rodinia. We propose a new

reconstruction of Laurentia and Siberia at ca. 1050–1000 Ma.
D 2003 Elsevier B.V. All rights reserved.
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1. Introduction Sears and Price (1978) suggested a connection
There is general agreement that most of Earth’s

continental crust was assembled in a supercontinent,

Rodinia, which formed during collisional events in

the late Mesoproterozoic and early Neoproterozoic

(McMenamin and McMenamin, 1990; Hoffman,

1991). The position of Siberia in Rodinia is dis-

puted, but it is generally shown as lying along

either the northern or the western margin of Lau-

rentia (all orientations in this paper are in present-

day coordinates).
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between northern and eastern Siberia with western

Laurentia (Fig. 1a), based on apparent similarities

between Precambrian crustal structures and tectonic

boundaries on both cratons. This model was criticised

by Condie and Rosen (1994), because ‘‘. . .the juve-

nile Early Proterozoic crustal belts in southwestern

North America do not continue into Siberia, which is

almost entirely Archean crust’’. Additionally, several

researchers proposed alternative counterparts (Aus-

tralia, Antarctica and/or South China) for the western

Laurentian margin in Rodinia, including SWEAT (SW

US–East Antarctica) (Moores, 1991), SWEAT with

some modifications (Li et al., 1995), AUSWUS (Aus-

tralia–SW US) (Brookfield, 1993; Karlstrom et al.,

1999; Burrett and Berry, 2000) and recently AUS-



Fig. 1. Six published reconstructions of Laurentia with Siberia in present Laurentian coordinates. The arrow shows to the present Siberian north.

Estimated (see text) Euler’s rotation parameters (Siberia to Laurentia: latitude of the pole, longitude of the pole, angle in degrees): (a) 65.8,

� 43.4, 86.7; (b) 0.0, � 171.9, � 22.2; (c) 63.3, 36.4, 58.2; (d) 76.4, 104.6, 129.0; (e) 78.1, 124.1, � 179.8; (f) 65.0, 159.3, � 69.6.
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MEX (Australia–Mexico)(Wingate et al., 2002) con-

figurations. The SWEAT model is used in most

Rodinia reconstructions (e.g., Hoffman, 1991; Dalziel,

1997; Weil et al., 1998). Sears and Price (2000)

argued in favour of their original model, employing

a detailed comparison of the Precambrian provinces of

Siberia and western Laurentia.

Other reconstructions of Siberia with northern

Laurentia (Fig. 1b–f) are based primarily on the

comparison of Archaean and Palaeoproterozoic crust-

al blocks that are assumed to have maintained their

integrity since their amalgamation in the late Palae-

oproterozoic. Hoffman’s (1991) juxtaposition of

northern Siberia and northern Laurentia (Fig. 1b) is

based, in part, on some similarities in the metamor-

phic histories of the Anabar shield (Siberia) and the

Thelon–Talson belt (Laurentia). Pelechaty (1996)

supported this model with stratigraphic and palae-

ontological evidence, and also proposed that separa-

tion between Siberia and Laurentia did not occur until

the early Cambrian, arguing that the 723 Ma Franklin

igneous event resulted in a failed rift. This conclusion

was criticised by Rainbird and de Freitas (1997) and

Khudoley (1997), who argued in favour of Frankli-

nian-age rifting rather than of early Cambrian one.

Condie and Rosen (1994) proposed a slightly different

fit (Fig. 1c), in which the Palaeoproterozoic Akitkan

belt of Siberia is a continuation of the Thelon–Talson

belt of Laurentia. Frost et al. (1998) juxtaposed

southern Siberia and northern Laurentia (Fig. 1d).

Their fit is based on the comparison of the Thelon

magmatic belt with the Aldan block of the Aldan

shield. Rainbird et al. (1998) juxtaposed southeastern

Siberia and northern Greenland (Fig. 1e) to explain

the presence of Grenville-age detrital zircons in Sette-

Daban of eastern Siberia. Unfortunately, neither of the

mentioned papers contains the rotation parameters for

their reconstructions, so one may find some minor

changes in our Fig. 1 in comparison with the original

illustrations. Pisarevsky et al. (2003) proposed a new

Siberia–Laurentia fit, based mainly on the available

palaeomagnetic data (Fig. 1f).

Generally, all reconstructions in Fig. 1 are based on

permissible, rather than conclusive arguments. As

mentioned above, there are other possible counterparts

for the western passive margin of Laurentia. An

evidence for ca. 1.2 Ga rifting [the giant 1267 Ma

Mackenzie Dyke Swarm (e.g., Ernst et al., 1996)] and
ocean development along the northern Laurentian

margin [a post-1.2 Ga ‘‘Poseidon’’ ocean northward

(Frisch and Trettin, 1991 and references therein)]

argues against reconstructions in Fig. 1b–d. These

reconstructions are generally based on comparisons of

Archaean and Palaeoproterozoic blocks, and if the

mentioned Poseidon ocean existed, they are irrelevant

at least for Rodinia times (ca. 1100–750 Ma). For the

reconstruction in Fig. 1e (Rainbird et al., 1998), it is

necessary to assume that collision between northern

Greenland and southern Siberia (Stanovoy block)

occurred after the intrusion of the Mackenzie dykes,

but before the Grenville orogenesis. To our knowl-

edge, there is no evidence for such collision.

However, the arguments above, in our view, are not

conclusive to prove or disprove any of these recon-

structions. In this paper, we analyse the Meso- to

Neoproterozoic sedimentary sections of Siberia’s

palaeomargins and available coeval palaeomagnetic

results from Laurentia and Siberia to determine a role

of the Siberian craton in Rodinia reconstructions. We

use the Russian stratigraphic scheme for the Protero-

zoic (Semikhatov, 1991), in which the Lower Riphean

(1650–1350 Ma) and Middle Riphean (1350–1000

Ma) correspond approximately to the Mesoprotero-

zoic of the International time scale (Harland et al.,

1990), and the Upper Riphean (1000–650 Ma) cor-

responds to the Neoproterozoic, excluding the Ven-

dian (650–545 Ma).

We carried out this research with full support of

Professor Powell both as scientist and as a Director of

TSRC. His outstanding knowledge gave a great con-

tribution to understanding of the Proterozoic tectonics

and to our study in particular.
2. Riphean margins of Siberia

The Siberian craton (Fig. 2) was assembled in the

Palaeoproterozoic, mainly between 1.95 and 1.90 Ga,

by the collision of several Archaean and Palaeopro-

terozoic crustal blocks (Rosen et al., 1994, 2000).

Siberia is surrounded by Neoproterozoic (southwest-

ern margin) and Phanerozoic sutures formed during

the assembly of Laurussia and Pangaea (Zonenshain

et al., 1990a,b). There are three major areas of

exposed basement: the Aldan shield/Stanovoy block,

the Anabar Shield and the Yenisey uplift. The remain-



 

 

Fig. 2. Sketch map of the Siberian craton.
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der of the craton is covered by Riphean, Vendian and

Phanerozoic sedimentary successions. A common

feature of the Riphean successions in the Siberian

craton is their gradual thickening towards the cratonic

boundaries (e.g., Khomentovsky et al., 1972; Khain,

1985), caused possibly by the development of passive

continental margins during the Riphean. To analyse

this hypothesis, we briefly describe the Riphean

sections adjacent to the Siberian craton boundaries.

2.1. Northeastern margin (Olenek uplift–Kharaulakh

uplift)

The northeastern part of the Siberian craton formed

in the late Palaeoproterozoic (2.0–1.8 Ga) as a result
of accretion of Archaean and Palaeoproterozoic

microcontinents (Rosen et al., 1994, 2000). The

accumulation of the Riphean platform cover com-

menced around 1650 Ma, after about 150 my of

erosion (Semikhatov, 1991, 1993; Rosen et al.,

2000). The Riphean succession here consists of shal-

low-water marine carbonate and fluvial to shallow-

water clastic sediments. The deep-water sediments

were found in the easternmost exposures. The lower-

most Riphean siliclastic Saginakhtakh Formation un-

conformably overlies Palaeoproterozoic rocks

(Mokshanzev, 1979). This contact has so far been

found only in the Olenek uplift (Fig. 3).

The thickness of the Riphean successions increases

to the east (Fig. 3), from 1200 to >2200 m. Strati-



 

                     

          

Fig. 3. Correlation chart of the Riphean successions at the northeastern margin of the Siberian craton.
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graphic correlations (Fig. 3) are based on paleonto-

logical data (stromatolite and microphytolite com-

plexes) and K–Ar dates on glauconite (e.g.,

Biterman and Gorshkova, 1962; Krasil’schikov and

Biterman, 1970) and on stromatolites (Ponomarchuk

et al., 1994). These ages range from 1480 to 850 Ma.

Local disconformities at the base of some formations

have been found, but no significant hiatuses occur in

the Riphean successions, although they are present in

rocks younger than ca. 850 Ma. Angular unconform-
ities occur between Riphean sequence and Vendian

sediments (Turkut Formation) (Leonov et al., 1965;

Komar and Rabotnov, 1976; Mokshanzev, 1979;

Sokolov and Fedonkin, 1985). The age of the lower-

most Vendian rocks is about 650 Ma.

Subalkaline dolerite sills and dykes occur in the

middle and upper parts of the Riphean succession

(Fig. 3). A K–Ar age of 1070 Ma was obtained for a

mafic sill intruded along the boundary between the

Arimas and Debengda Formations (Olenek uplift)
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(Chumakov and Semikhatov, 1981). Basaltic lavas

and mafic volcaniclastic layers were found in the

mid-Riphean Arimas and Ukta Formations and in

the upper part of the upper Riphean Sietachan For-

mation (Malich et al., 1987).

The Riphean succession on the northeastern mar-

gin of the Siberian craton clearly represents a passive

margin sequence. This is indicated by eastward thick-

ening and shallow-to-deeper water facies variations.

Ocean opening probably began between ca. 1600 and

1480 Ma. No significant igneous rocks have so far

been found at the base of Riphean succession, al-

though these rocks are not exposed in the eastern part

of this area. A positive magnetic anomaly in this area

(e.g., Zonenshain et al., 1990b) may indicate mafic

rocks related to the rifting phase of the suggested

continental breakup. Southeast and south of the de-

scribed area the Neoproterozoic boundary of Siberia is

concealed beneath the Mesozoic Verkhoyansk fold-

and-thrust belt, hence the presence and stratigraphy of

the Riphean sequences between 68jN and 64jN is

unclear (Fig. 2).
Fig. 4. Correlation chart of the Riphean successions at the southe
2.2. Southeastern margin (Sette-Daban Ridge and

adjoining areas)

The Riphean successions of this area (Fig. 4) were

deformed during Cretaceous accretion of the Okhotsk

massif (Parfenov, 1984; Natapov, 1988; Natapov and

Stavsky, 1985; Zonenshain et al., 1990a,b; Nockle-

berg et al., 1998). These successions are preserved in

asymmetric folds and west-vergent thrusts (Fig. 2).

The combined Riphean section (up to 14 km thick) is

probably the most complete one in Siberia (Khomen-

tovsky et al., 1972; Nevolin et al., 1978; Semikhatov

and Serebryakov, 1983; Shenfil, 1991; Khudoley et

al., 2001). Its stratigraphic subdivision is based main-

ly on stromatolite and microphytolite assemblages,

and transgressive clastic–carbonate cycles. Correla-

tion of the four main zones on the SE cratonic margin

is shown in Fig. 4.

The mainly fluvial to shallow water, clastic Uchur

Group (Lower Riphean) unconformably overlies Ar-

chaean and Palaeoproterozoic basement rocks of the

Aldan shield in the western part of the area (Uchur

nophysics 375 (2003) 221–245
astern margin of the Siberian craton. See Fig. 3 for legend.
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Zone). Khudoley et al. (2001) reported about its

eastward thickening and E or SE palaeotransport.

They also mentioned that ‘‘. . .the lower Uchur Group
shoals and coarsens westward from open-marine

shales with limestone interbeds. . . to cross-bedded

red sandstone of fluvial origin. . .’’ (Khudoley et al.,

2001, p.135). The radiometric ages of glauconite

sandstone in the lower part of the Uchur Group are

between 1520 and 1450 Ma, and about 1360 Ma in

the upper part of the group (Kazakov and Knorre,

1973; Semikhatov and Serebryakov, 1983). The youn-

gest detrital zircons in the Uchur Group are about

1725 Ma (Khudoley et al., 2001).

The Aimchan Group unconformably overlies the

Uchur Group and represents a transgressive cycle with

lower clastic (peritidal) and upper carbonate (subtidal)

components (Bartley et al., 2001). Thickness increases

eastward (Semikhatov and Serebryakov, 1983), and

westward coarsening of the sandstones and SE palae-

ocurrents were reported by Khudoley et al. (2001).

K–Ar glauconite ages from the lower part of the

Aimchan Group are 1210–1230 Ma (Chumakov and

Semikhatov, 1981).

The Kerpyl Group unconformably overlies the

Aimchan Group and forms the next transgressive

cycle. Its thickness and limestone/dolostone ratio

increase eastward (Nevolin et al., 1978; Semikhatov

and Serebryakov, 1983), and the clastic rocks of the

lower part of the group coarsen westwards (Khudo-

ley et al., 2001). K–Ar glauconite ages of sand-

stones are between 1170 and 860 Ma (Garris et al.,

1964; Kazakov and Knorre, 1973; Bartley et al.,

2001). A new Pb–Pb date of 1043F 14 Ma on

limestone from the middle part of the Kerpyl Group

(Malgina Formation) was reported by Ovchinnikova

et al. (2001).

The Lakhanda Group overlies the Kerpyl Group in

the eastern part of the area (Fig. 4) with only local

unconformities (Semikhatov and Serebryakov, 1983;

Yan-Zhin-Shin, 1983; Khudoley et al., 2001). It is

subdivided into a siliciclastic–carbonate lower part

and carbonate upper part. The limestones and dolo-

stones of the upper part accumulated in upper subtidal

environments. The thickness, carbonate/shale, and

limestone/dolostone ratios all increase eastward (Khu-

doley et al., 2001). K–Ar ages on glauconite are

between 970 and 870 Ma (Chumakov and Semikha-

tov, 1981; Bartley et al., 2001). A Pb–Pb date of
1025F 40 Ma on limestone from the middle part of

the Neryuen Formation (lower part of the Lakhanda

Group) was reported recently (Semikhatov et al.,

2000). Rainbird et al. (1998) reported a slightly

discordant U–Pb baddeleyite age of 974F 7 Ma of

a mafic sill intruded into the upper horizons of the

Lakhanda Group, which is interpreted as a minimum

age for Lakhanda Group deposition.

The upper Riphean Uy Group conformably over-

lies the Lakhanda Group, and is preserved only in the

eastern part of the area. The group is predominantly

clastic, and the percentage of siltstone and mudstone

increases upward. The middle part of the Uy Group

contains deep-water shales with evidence of deposi-

tion by gravity flows (Khudoley et al., 2001). Total

thickness of the Uy Group increases eastward from

400 m to 4500 m. The ages of detrital zircons from the

upper part of the Uy Group range from 1500 to 1050

Ma. A minimum age of deposition is provided by

isotopic ages of 942F 19 Ma (Sm–Nd whole-rock,

Pavlov et al., 2000) and 1005F 4 Ma (U–Pb on

baddeleyite, Rainbird et al., 1998) for mafic sills that

intrude the Uy Group. The presence of intrusion-

related soft-sediment deformation structures (Khudo-

ley et al., 2001), the occurrence of several basalt

flows, and the presence of mafic pebbles in the upper

part of the Kandyk Formation (lower part of the Uy

Group) (Semikhatov and Serebryakov, 1983) suggest

that the time of sill intrusion was close to the time of

deposition of the host rock. The similarity in palae-

omagnetic directions between sills and country rocks

is consistent with this conclusion (Pavlov et al., 2002).

The magmatic event was apparently minor in nature-

sills (and some dykes) are typically meters to tens of

meters thick. They are distributed mainly in the

Yudoma–Maya Zone (Fig. 4), and most are intruded

into the lower and middle Uy Group. The close

similarity between palaeomagnetic poles of the lower

(Kandyk Formation) and upper (Ust–Kirba Forma-

tion) suggests that the entire Uy Group accumulated

over a short time interval (see Section 3). The Uy

Group is also intruded by the 640–660 Ma ultramafic-

alkaline Ingili intrusion (El’yanov and Moralev,

1975). The younger K–Ar dates of f 760 Ma from

the lower part of the Uy Group (Yan-Zhin-Shin, 1983;

Semikhatov and Serebryakov, 1983 and references

therein; Sukhorukov, 1986) disagree with the ages

mentioned above.
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The upper part of the Uy Group is overlain by the

Yudoma (Vendian) Group along a pronounced angular

unconformity, which cuts progressively westward

across older Riphean units (Khomentovsky et al.,

1972; Semikhatov and Serebryakov, 1983; Khudoley

et al., 2001). The base of the Yudoma Group is dated

at about 645 Ma (Sokolov and Fedonkin, 1985).

Eastward thickening of the Riphean successions

(Fig. 4) and apparent progradation of the ancient

sedimentary prism suggest that the southeast edge of

the Siberian continent represents a Riphean passive

margin (e.g., Parfenov, 1984; Natapov, 1988). This

margin existed from 1600–1500 Ma until at least

1000–900 Ma. It is difficult to reconstruct the palae-

ogeography for the rest of the late Riphean due to the

Pre-Vendian hiatus and denudation. However, there is

no evidence of any collisional event in the Neoproter-

ozoic. Moreover, the Vendian and Palaeozoic succes-

sions of this area also probably represent a passive

margin section.

Evidence of a rifting event that led to development

of a passive margin is present in the southwestern part

of this area, where Palaeoproterozoic volcano-sedi-

mentary successions of the Ulkan graben underlie

sediments of the Uchur Group (Gur’yanov et al.,

2000). The Ulkan succession consists of quartz sand-

stone of the Toropkinsk Formation (200 m), trachy-

basalt and minor sandstone of the Ulkachan

Formation (750 m), and liparite and dacite with some

trachybasalt, conglomerate and sandstone of the up-

permost El’geteisk Formation (2140 m) (Gur’yanov

and Karsakov, 1990). The volcanic and sedimentary

rocks are intruded by subalkaline and alkaline gabbro

and granite. Ages of volcanic and intrusive rocks (U–

Pb, Sm–Nd, Rb–Sr) are between 1726 and 1676 Ma

(Neymark et al., 1992; Larin et al., 1997; Gur’yanov

et al., 2000). The tectonic structure, bimodal alkaline

magmatism, and coarse sediments in this area are

attributed to Palaeoproterozoic rifting.

Khudoley et al. (2001) proposed another tectonic

model for this segment of the Siberian margin in the

Mesoproterozoic based mainly on a reconnaissance

provenance study in the Sette-Daban area. According

to this model, Riphean sediments accumulated in an

epicontinental basin until about 1000 Ma (Uy Group

time), when rifting occurred and subsequent opening

of a deep-water basin began. Their arguments are

based primarily on the supposed tectonic coherence
of the Okhotsk massif with the Siberian craton.

Khudoley et al. (2001), using the palaeomagnetic

data of Pavlov et al. (1991), claimed that the relative

positions of the Siberian platform and Okhotsk massif

were similar to today. The study of Pavlov et al.

(1991), however, indicates several degrees of latitu-

dinal difference and 30–50j of rotation between

these two blocks. In addition, the claimed lithostrati-

graphic similarity between the Riphean successions in

Sette-Daban and the Okhotsk massif is not conclu-

sive. In particular, the Doribin Formation of the

Okhotsk massif is supposed to correspond to the

Malgina Formation (Kerpyl Group). Indeed, both

contain stromatolite Malginella malgica Kom. Et

Semikh., but Malgina Formation does not contain

groups Baicalica, Inzeria, Conaphyton, Gymnosolen

or Paramites, which are characteristic for the Doribin

Formation. Malgina Formation is bituminous, where-

as the Doribin Formation is not. Also, the lithological

correlations are not rigorous, because the Riphean

successions in the Okhotsk massif are incomplete

(Rabotnov, 1977; Natapov and Surmilova, 1995).

The middle and upper Riphean successions of the

Omolon massif, which was probably tectonically

coherent with the Okhotsk massif (e.g., Zonenshain

et al., 1990a,b), consist of chlorite- and quartz-mus-

covite schist, quartzite, quartz sandstone, siltstone and

carbonate rocks of a total thickness of about 1000 m.

They are different from the Sette-Daban successions.

Moreover, the Phanerozoic sections of these two

massifs are completely different from those of the

Siberian craton (Zonenshain et al., 1990a,b), and

probably Sette-Daban itself is evidence for Creta-

ceous collision of the Okhotsk massif and the Sibe-

rian craton. In the reconstructions of Khudoley et al.

(2001, Fig. 12) the Okhotsk massif is not shown as a

potential source area. We suggest that the results of

the provenance study of Khudoley et al. (2001) may

be explained by other models, with the presence of an

open ocean basin eastward of Sette-Daban, assuming

more complicated sedimentary pathways, which can

have greater importance than proximity in prove-

nance studies (Sircombe, 2001).

We conclude that a passive margin probably

existed along the entire eastern boundary of the

Siberian craton from the early Riphean until at least

1000–900 Ma. Significant parts of the Neoprotero-

zoic successions were destroyed during the Pre-Ven-
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dian hiatus and denudation. Vendian and Phanerozoic

successions were also interpreted as passive margin

deposits (e.g., Parfenov, 1984; Ilyin, 1990; Zonen-

shain et al., 1990a,b; Khudoley et al., 2001). Such

conclusions place some limitations on the reconstruc-

tions of Sears and Price (2000), and of Condie and

Rosen (1994) (Fig. 1a,c). If such configurations

existed, the breakup between Siberia and Laurentia

probably occurred in the late Palaeoproterozoic or the

early Mesoproterozoic at the latest, hence these two

fits could not have existed after 1000 Ma, during

Rodinia time.

2.3. Southern margin (Aldan–Stanovoy block)

This block consists of two Archaean sub-provin-

ces: Aldan and Stanovoy (Fig. 2), which have differ-

ent tectonic histories prior to their collision at ca. 1.93

Ga along the present Kalar shear zone (e.g., Bibikova

et al., 1989; Nutman et al., 1992; Rosen et al., 1994;

Larin et al., 2000; Kovach et al., 2001). These two

sub-blocks were separated by an ocean in the Palae-

oproterozoic, and sedimentary rocks of the ca. 2.2 Ga

Udokan Group (Rosen et al., 1994) in the western-

most Olekma terrane of the Aldan sub-province may

represent a passive margin of this ocean (Zonenshain

et al., 1990a,b). Since that time, the Aldan–Stanovoy

block was a positive structure, and Riphean sediments

were subsequently eroded. They are preserved only on

its northern slope. The southern margin, including the

Stanovoy sub-province, was tectonically reworked

during Mesozoic collisions related to the assembly

of Asia (Parfenov, 1984; Zonenshain et al., 1990a,b).

As the tectonic overprint destroyed all evidence of the

Riphean palaeogeography in this Siberian margin, and

connections with other cratons, including Laurentia,

are possible. This leaves the possibility that one of the

reconstructions shown in Fig. 1d and e (Frost et al.,

1998; Rainbird et al., 1998) are correct. However, the

presence of the Stanovoy sub-province (Fig. 2), which

contains distinct structures generally perpendicular to

those of the Aldan block and is separated from this

block by the Palaeoproterozoic oceanic suture, under-

mines at least part of the evidence for these fits—the

tracing of Archaean and Palaeoproterozoic crustal

blocks and orogenic belts from Laurentia into Siberia.

Another possibility for south Siberia–north Laurentia

reconstructions is that the Stanovoy block was orig-
inally a part of northern Laurentia, and that the late

Palaeoproterozoic collision actually occurred between

Laurentia and Siberia. To prove this, the similarities

between the time of crust-forming and tectono-ther-

mal events in Laurentian crustal elements—Slave and

Rae provinces, and/or northern Greenland, should be

found. So far, there are more differences than simi-

larities in the corresponding geochronological data

(Hoffman, 1989; Frisch and Trettin, 1991; Larin et

al., 2000; Kovach et al., 2001), although these data are

too sparse to be conclusive.

2.4. Southern margin (Vitim–Patom Highland and

Cisbaikalia)

The Riphean successions of the Vitim–Patom

Highland (Fig. 2) were deformed during the Baikalian

(789–730 Ma) and Caledonian (545–350 Ma) events

(Zonenshain et al., 1990a,b; Sryvtsev et al., 1992;

Rosen et al., 1994; Parfenov et al., 1995; Rytsk et al.,

1999). These events were related to the collision of

Siberian craton and Barguzin composite terrane,

which contains ophiolites and Riphean island arc

fragments in its frontal part (e.g., Zonenshain et al.,

1990a,b; Konnikov et al., 1994; Gusev and Khain,

1996; Khain et al., 1997; Kazakov and Velikoslavin-

sky, 1999; Sklyarov et al., 2001). This Siberian

margin contains an embayment (Fig. 2) with the

Akitkan volcanic belt to the west and the Zhuya

dextral fault to the east. Despite the deformation, the

Riphean successions are well preserved and contain

an almost complete and continuous section (Sklyarov

et al., 2001).

The lower Riphean Teptogora Group contains

metamorphosed clastic sediments, and includes iron-

bearing rocks and mafic volcanic rocks. This succes-

sion is intruded by gabbro and diorite dykes and sills,

which are absent in the younger successions (Sklyarov

et al., 2001). A Pb–Pb isochron age for the lower part

of this group is 1602–1542 Ma (Sharov et al., 1991).

The Teptogora Group possibly accumulated during

the rifting stage of passive margin development

(Sklyarov et al., 2001).

The middle and upper Riphean successions of the

Vitim–Patom Highland consist of several formations

(Fig. 5), representing large transgressive sedimenta-

tion cycles with coarse sediments at the bottom and

carbonate rocks at the upper part of each formation



 

Fig. 5. Correlation chart of the Riphean successions in the Patom Highland. See Fig. 3 for legend.
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(Khomentovsky et al., 1972; Mironyuk, 1987;

Zapol’nov, 1988). This subdivision is based mainly

on stromatolite and microphytolite assemblages. The

Pb–Pb age of limestones in the upper part of the

Valyuchtin Formation (Fig. 5) is 864–861 Ma (Fefe-

lov et al., 2000). The thicknesses of the sections

increase to the south and southwest (Fig. 5).

Two belts of Riphean sediments, separated by the

Palaeoproterozoic Akitkan volcanic belt, are exposed

in the southwest of the Vitim–Patom Highland and

continue into Cisbaikalia. Here the Riphean succes-

sions are preserved in a narrow (about 30 km) and

long (500 km) belt, which is overthrust, to the west,

by Palaeoproterozoic metamorphic schists and gran-

itoids (Fedorovsky, 1985; Turchenko and Sokolov,

1988). Thrusting probably occurred during the final

stages of collision with the Barguzin terrane in the

latest Neoproterozoic and early Palaeozoic. The
Riphean sediments (Goloustnaya Formation) overlie

Palaeoproterozoic basement and, in some localities,

contain mafic volcanic rocks in the lower part of the

succession (Maslov and Kichko, 1985). The thickness

of the Riphean succession increases eastward (Fig. 6).

The eastern sections (Olokit Zone, Fig. 6) contain

metavolcanics and metasediments of the Teptogora

Group, consisting of thick low and middle Riphean

turbidites with minor carbonates and the volcanic

upper Riphean Synnyr Formation (Fig. 6). The middle

Riphean sediments represent the continental slope

environments.

The entire Riphean succession of the Vitim–Patom

Highland and Cisbaikalia probably represents a Meso-

to Neoproterozoic passive margin of the Siberian

craton. This point of view generally supports the

conclusions of other researchers (e.g., Kazakov and

Velikoslavinsky, 1999; Rytsk et al., 1999; Sovetov et
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al., 1999; Sklyarov et al., 2001). It is also supported

by a deep seismic profile across Cisbaikalia (Man-

del’baum and Smirnova, 2000). Some studies suggest

that this passive margin was transformed into an

active margin in the mid-Neoproterozoic (e.g., Gusev

and Khain, 1996; Rytsk et al., 1999; Kuzmichev et al.,

2001). However, in either case, this edge of Siberia

was bordered by an ocean basin during Rodinia time

(1000–750 Ma), and this contradicts reconstructions

of north Laurentia with south Siberia (Frost et al.,

1998; Rainbird et al., 1998), shown in Fig. 1d and e.
2.5. Western margin (Pre-Sayan area)

The western Siberian margin is separated by a large

dextral strike-slip fault from the East Sayan fold belt.

Riphean successions are exposed in narrow (10–50

km) northeasterly trending belt (Fig. 2), and consist of

the lower Karagas Group and upper Oselkovaya

Group. The latter is unconformably overlain by the

Vendian Moty Formation. The basal part of the

Karagas Group unconformably overlies Archaean

and Palaeoproterozoic basement, and was accumulat-
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ed mainly in continental and shallow marine envi-

ronments (Sklyarov et al., 2001). The age of these

sediments is middle or late Riphean (based on micro-

phytolite complex). The middle part (Lower and

Upper Tagul Formations) contains more carbonate

sediments (dolostones) with late Riphean microphy-

tolites (Khomentovsky et al., 1972). The upper part

contains turbidites and silicic and carbonate sediments

(Sklyarov et al., 2001). The Karagas Group is intruded

by dolerite sills and dykes of the Nersinsk Complex,

which have a preliminary Ar–Ar (plagioclase) age of

890–860 Ma (Sklyarov et al., 2001). The Oselkovaya

Group consists mainly of clastic marine sediments

with carbonates and turbidites in its upper part. The

thickness of the Riphean successions increases to the

southwest.

The Riphean successions in the Pre-Sayan area

represent a Meso- to Neoproterozoic passive margin,

and this is in agreement with the conclusions of

previous studies (e.g., Sklyarov et al., 2001 and

references therein) and is supported by a deep seismic

profile across the Pre-Sayan (Mandel’baum and Smir-

nova, 2000). The passive margin may have been

transformed into an active margin in the late Neo-

proterozoic (e.g., Kozakov et al., 2001; Kuzmichev et

al., 2001). Therefore, this southwestern margin of

Siberia probably also faced ocean at least at ca.

1000–600 Ma. This contradicts the reconstruction of

Rainbird et al. (1998) shown in Fig. 1e, at least for

Rodinia time.

2.6. Western margin (Yenisei Range)

The Riphean successions of the Yenisei Range

were deformed and intruded by granites during one

or several collisions with island arcs and possibly

other terranes in late Riphean to Vendian times (e.g.,

Zonenshain et al., 1990a,b; Volobuev, 1994; Khain et

al., 1997; Vernikovsky et al., 1999; Sovetov and

Romashko, 1999). The lower Riphean Korda Forma-

tion unconformably overlies Palaeoproterozoic gran-

ite-gneiss (Fig. 7); the upper boundary is unclear.

The thickness of the Korda Formation increases

westwards.

The remainder of the Riphean succession is sub-

divided into three groups (Fig. 7). The Sukhoi Pit

Group was deposited in a marine environment with

shelf clastic and carbonate sediments in its eastern part
and deeper-water facies in its western part. Thickness

generally increases to the west. Some volcanic rocks

and mafic sills and dykes are present, which yielded

K–Ar (whole rock) ages of 980–990 Ma (Semi-

khatov and Serebryakov, 1983). The K–Ar age (glau-

conite) for sandstones of the middle part of the Sukhoi

Pit Group is 1140 Ma (Rundquist and Mitrofanov,

1993). Another set of K–Ar (whole rock) dates of

1180–1080 Ma obtained from clay-rich sediments of

the Sukhoi Pit Group (Semikhatov and Serebryakov,

1983). The Tungusik Group unconformably overlies

the Sukhoi Pit Group. The age of its lower part is

about 1000 Ma (Khabarov et al., 1999). Thickness

increases to the west, where deep-water environments

prevail. Westward progradation of the palaeoshelf can

also be traced by the reefs (Ruchkin and Konkin,

1998). The uppermost Oslyanka Group generally

demonstrates similar indications of passive margin

palaeoenvironment (Fig. 7).

K–Ar ages (Semikhatov and Serebryakov, 1983;

Khabarov et al., 1999) suggest that deposition of the

Sukhoi Pit, Tungusik and Oslyanka Groups occurred

between 1350 and 850 Ma. After f 850 Ma the

passive margin in this area was transformed into an

active margin (e.g., Volobuev, 1994). This is indi-

cated by 880–860 Ma syn-collisional and 760–720

Ma post-collisional granites (Vernikovskaya et al.,

2002; Vernikovsky et al., 2003), and by obduction

of late Riphean to Vendian ophiolites (Volobuev,

1994; Khain et al., 1997; Vernikovsky et al., 1999,

2003).

During the suggested existence of the Rodinia

supercontinent (1000–750 Ma), therefore, this part

of the Siberian craton faced an oceanic domain (or

domains).

2.7. Western margin (Turukhansk and Igarka uplifts)

In the Turukhansk uplift, Riphean siliciclastic and

carbonate rocks up to 4.5 km thick are exposed in

three east-vergent overthrust blocks (Bartley et al.,

2001 and references therein). The lower part of the

succession commences with the mainly siliciclastic

Bezymyannyi Formation. The thickness of this for-

mation is 800–1000 m and it accumulated within an

open marine basin near storm wave base (Bartley et

al., 2001 and references therein). It is overlain con-

formably by shallow-water limestones of the Linok
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Formation, which have a thickness of about 140 m in

the eastern part of the area, and up to 380 m in the

western part. According to Petrov (1993), Veis and

Petrov (1994), and Bartley et al. (2001), the Linok

Formation was deposited below and near the storm

wave base along an extensive carbonate platform. It is
overlain by carbonates of the Sukhaya Tunguska

Formation, which accumulated in upper subtidal to

intertidal settings (Sergeev et al., 1997; Bartley et al.,

2001). The thickness of this formation also increases

westward from 560 to 680 m (Malich et al., 1987).

These three formations are middle Riphean in age
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according to stromatolite and microphytolite assemb-

lages (Bartley et al., 2001). A Pb–Pb age for carbo-

nates of the middle part of the Sukhaya Tunguska

Formation is 1035F 60 Ma (Ovchinnikova et al.,

1995).

The upper Riphean deposits (dated using stroma-

tolites) are separated from the middle Riphean suc-

cession by a regional erosional surface. They are

subdivided into five formations (Derevnya, Burovaya,

Shorikha, Miroedikha and Turukhansk), all of which

accumulated in shelf environments (Petrov and Veis,

1995; Petrov and Semikhatov, 2001; Sergeev et al.,

1997; Bartley et al., 2001). K–Ar determinations on

globular glauconite give ages of 800–860 Ma for the

Derevnya Formation, and 830–895 Ma for the Bur-

ovaya Formation (Bartley et al., 2001). However,

these ages may reflect resetting of the K–Ar system

at 850–900 Ma by meteoric diagenesis during uplift

and unroofing (Petrov and Semikhatov, 2001 and

references therein). Palaeontological and chemostrati-

graphic data (Petrov and Semikhatov, 2001) suggest

that the Burovaya and Derevnya Formations correlate

with the lower Lakhanda Group of the Uchur–Maya

region (see Section 2.2), which is cut by mafic sills of

ca. 1000 Ma (Rainbird et al., 1998) and has a Pb–Pb

age of 1025F 40 Ma (Semikhatov et al., 2000).

Vendian sediments overlie the Riphean succession

along an angular unconformity. They are subhorizon-

tal, indicating that deformation of the Riphean suc-

cessions occurred before the Vendian.

About 90 km to the north, in the Igarka Uplift, the

only Riphean sediments present belong to the Cher-

naya Rechka Formation (correlative to the Turukhansk

Formation in the Turukhansk Uplift). Vendian sedi-

ments here overlie either this formation, or the folded

volcano-sedimentary rocks of Palaeoproterozoic

(Kovrigina, 1996) or Riphean (Bogdanov et al.,

1998) age. Bogdanov et al. (1998) suggested that these

rocks represent a palaeorift.

We conclude that the Riphean succession along the

northern part of the western Siberian boundary was

deposited on a passive margin, as recognised also by

other authors (e.g., Bogdanov et al., 1998). Collision

with an unknown continental block occurred in the

late Riphean (before the Vendian) and resulted in

folding and thrusting of the Riphean successions.

The passive margin can also be traced in seismic

profiles that show depression of the crustal basement
down to 12–15 km westward and uplift of the Moho

(Kuznetsov and Titarenko, 1988). We conclude that

during Rodinia time (ca. 1000–750 Ma) the entire

western margin of the Siberian craton probably faced

an ocean.

2.8. Northern margin

This area is dominated by thick Phanerozoic sedi-

ments of the South Taimyr and Yenisei–Khatanga

basin. Riphean successions are exposed only along the

northern slope of the Anabar massif (Fig. 2), dipping

to the north, under Mesozoic cover of the Yenisei–

Khatanga depression, and may continue under it,

although this is yet to be proven. Farther to the north,

South Taimyr is covered by folded Palaeozoic sedi-

ments, and it is unclear whether these sediments are

underlain by older sediments. The folding probably

occurred during collision of the Siberian craton with

the Kara plate and/or Central Taimyr accretionary belt.

The time of this collision is disputed and may be as

young as Cretaceous (Zonenshain et al., 1990a,b;

Uflyand et al., 1991), or as old Vendian (Vernikovsky

and Vernikovskaya, 2001). In any case, the Riphean

history of this margin is unclear.

2.9. Summary

We conclude that the Siberian craton was almost

completely surrounded by ocean basins in the late

Mesoproterozoic and early Neoproterozoic. However,

we cannot exclude the possibility of a connection with

some other craton (Laurentia?) along Siberia’s north-

ern margin and/or along the eastern part of its south-

ern margin (Stanovoy block). The latter is less likely,

because in this case we must assume that the Stano-

voy block was originally part of another craton, and

there is very little evidence for this, at least if we

suppose that it was part of Laurentia. Moreover, no

reliable evidence for Neoproterozoic or early Palae-

ozoic rifting along this margin of Siberia has so far

been found. Pelechaty (1996) reported evidence for

early Cambrian rifting along the northern margin of

Siberia, which coincides with sedimentation in the

latest Proterozoic to early Palaeozoic Franklinian

Basin (Surlyk, 1991; Higgins et al., 1991) north of

Laurentia (present coordinates). Rainbird and de Frei-

tas (1997), and Khudoley (1997), however, criticised
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this hypothesis arguing in favour of 727–721 Ma

Franklinian rifting (Ernst et al., 1996) rather than of

early Cambrian one.
3. Palaeomagnetic data

The majority of reliable [with Qz 4 (Van der Voo,

1990)] late Mesoproterozoic to Neoproterozoic palae-

omagnetic data are from Laurentia (Table 1). The

Laurentian Apparent Polar Wander Path (APWP)

can be traced within the ca. 1140–1020 Ma time

interval, but younger poles are sparse. The poles

between 1020 and 720 Ma define a ‘‘Grenville Loop’’

of poles in the Pacific Ocean (Fig. 8), although the

shape and ‘‘direction’’ of this loop is debated (e.g.,
Table 1

Late Mesoproterozoic-Early Neoproterozoic palaeomagnetic poles

Object Age (Ma) Pole A

(jN) (jE) (

Laurentia

Franklin dykes 723 + 4/� 2 5 163

Natkusiak Formation 723 + 4/� 2 6 159

Tsezotene sills and dykes 779F 2 2 138

Wyoming dykes 782F 8 13 131

785F 8

Haliburton Intrusions A 980F 10 � 36 143 1

Chequamegon sandstone ca. 1020a � 12 178

Jacobsville sandstone J (A +B) ca. 1020a � 9 183

Freda sandstone 1050F 30 2 179

Nonesuch shale 1050F 30 8 178

Lake Shore Traps 1087F 2 22 181

Portage Lake volcanics 1095F 2 27 181

Upper North Shore volcanics 1097F 2 32 184

Logan sills R 1109 + 4/� 2 49 220

Siberia

Ust–Kirba Formation, U–K mafic sills

included (Uy Group)

<K � 8 183 1

Kandyk Formation, K (Uy Group) ca. 1000b � 3 177

Ignikan Formation, I (Lakhanda Group) >K, <N � 16 201

Nelkan Formation, N (Lakhanda Group) >I, <M � 14 219

Milkon Formation, M (Lakhanda Group) ca. 1025b � 6 196

Kumahinsk Formation, Ku

(Lakhanda Group)

>M, <MAL � 14 201

Malgina Formation, MAL 1 1043F 14 � 22 226

Malgina Formation, MAL 2 1043F 14 � 25 231

Linok Formation, L ca. 975-1100 � 15 256

a Age based on APWP interpolation.
b Age based on new indirect data, see text.
Park and Aitken, 1986; Hyodo and Dunlop, 1993;

Weil et al., 1998; Alvarez and Dunlop, 1998; McEl-

hinny and McFadden, 2000). Alvarez and Dunlop

(1998) analysed palaeopoles from the Grenville Prov-

ince, which were obtained from rocks remagnetised

during post-Grenvillian exhumation between 1000

and 900 Ma. Some of these overprints are calibrated

by 40Ar–39Ar ages that support a clockwise Grenville

Loop (Fig. 8). Following a similar approach, McEl-

hinny and McFadden (2000, Table 7.4) also con-

structed a clockwise loop. However, their mean

poles between 940 and 800 Ma are poorly dated, so

we have simplified this part of the loop in Fig. 9 by

interpolating between reliable poles listed in Table 1.

The majority of late Mesoproterozoic and early

Neoproterozoic palaeomagnetic data for Siberia were
95 Q Reference

j)

5 II-IIII 6 Heaman et al., 1992; Park, 1994

6 III-III 6 Palmer et al., 1983; Heaman et al., 1992

5 III-I-I 5 Park et al., 1989; LeCheminant and Heaman, 1994

4 III-I-I 5 Harlan et al., 1997

0 III-I 4 Buchan and Dunlop, 1976

5 -II-I-I 4 McCabe and Van der Voo, 1983

4 -II-I-I 4 Roy and Robertson, 1978

4 -IIII-I 5 Henry et al., 1977; Wingate et al., 2002

4 -IIII-I 5 Henry et al., 1977; Wingate et al., 2002

5 IIIII-I 6 Diehl and Haig, 1994; Davis and Paces, 1990

2 II-I-I 4 Halls and Pesonen, 1982; Davis and Paces, 1990

5 II-III 5 Halls and Pesonen, 1982; Davis and Green, 1997

4 II-IIII 6 Halls and Pesonen, 1982; Davis and Sutcliffe, 1985

0 -II-I-I 4 Pavlov et al., 2002

4 III-I-I 5 Pavlov et al., 2002; Rainbird et al., 1998

4 I-I-I-I 4 Pavlov et al., 2000

6 I-I-I-I 4 Pavlov et al., 2000

4 III-I-I 5 Pavlov et al., 2000

7 I-I-I-I 4 Pavlov et al., 2000

7 II-III 5 Osipova in Smethurst et al., 1998; Ovchinnikova

et al., 2001

3 IIIIIII 7 Gallet et al., 2000; Ovchinnikova et al., 2001

8 -II-III 5 Gallet et al., 2000



Fig. 8. Laurentian Meso- to Neoproterozoic APWPs: 1 = after Hyodo and Dunlop (1993); 2 = after McElhinny and McFadden (2000); 3 = after

Weil et al. (1998); 4 = Laurentian palaeopoles with ages (see Table 1); 5 = Siberian palaeopoles with abbreviations (see Table 1).
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obtained from the Uchur–Maya area (Table 1). Most

of these results (from preliminary publications) were

summarised by Smethurst et al. (1998). Based on

these data, Smethurst et al. (1998) suggested that

Siberia was not connected to Laurentia at 750 Ma.

However, more recent geochronological data (see

Section 2.2) require reconsideration of the ages of

the studied formations. For example, palaeopoles

from the Kandyk, Ignican, Nelkan and Milkon For-

mations were originally assigned ages of 730, 840,

865 and 900 Ma, respectively, based on K–Ar results

(Pavlov, in Smethurst et al., 1998). New data (see

Section 2.2) suggest that these rocks are between 1100
and 1000 Ma in age (Pavlov et al., 2000, 2002). If so,

frequency of magnetic reversals recorded in these

sections would seem more realistic. From top to

bottom, the Ust–Kirba and Kandyk Formations are

of ‘‘reverse’’ polarity, and the Ignican, Nelkan, Mil-

kon and Kumaha Formations are of ‘‘normal’’ polar-

ity; frequent reversals are recorded in the Malgina

Formation (Gallet et al., 2000; Pavlov et al., 2000,

2002). The previous age scheme, based on K–Ar

data, suggests the presence of two very long consec-

utive polarity superchrons, much longer than the

longest known example—the Kiaman superchron

(316–262 Ma, McElhinny and McFadden, 2000, p.
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162). Nevertheless, the paucity of absolute dates

precludes any final conclusion, and we try to review

all potential models.

The Siberian poles define an almost straight line

(Fig. 9), which, owing to the high quality of the

palaeomagnetic studies (Gallet et al., 2000; Pavlov

et al., 2000, 2002) and the well-defined stratigraphy

and magnetostratigraphy of the studied rocks, proba-

bly represents a reliable segment of the Siberian

APWP. The time constraints are still disputed (see

above), but the most likely age range is from 1050 to

1040 Ma for the Malgina Formation (Ovchinnikova et

al., 2001) to 1000–950 Ma for Kandyk and Ust–

Kirba Formations (Rainbird et al., 1998; Pavlov et al.,

2002).

The age of pole L (Linok Formation, Table 1) is

poorly determined, but Gallet et al. (2000) suggest
that the Linok Formation in the Turukhansk area is

correlative with the Malgina Formation. They suggest

that the difference in pole positions for the two

formations is caused either by local tectonics in the

Turukhansk area, or by Palaeozoic opening of the

Viluyi rift (Gallet et al., 2000 and references therein).

The latter seems unlikely, because it was probably just

a failed rift (or aulacogen), which did not break up the

Siberian craton (Fig. 28 of Khain, 1985; Zonenshain

et al., 1990a,b). Deep seismic profiles show 35–42

km of continental crust and about 250 km of conti-

nental lithosphere under the Vilyui Syneclise (Egorkin

et al., 1987). It is also possible that the difference in

pole position between these two formations could

reflect a difference in age.

Fig. 9a–f shows the previous reconstructions of

Siberia and Laurentia at 1000 Ma as in Fig. 1, together
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with palaeomagnetic data. In each case, the continents

are rotated together with their corresponding APWP

segments. In a correct reconstruction of Siberia and

Laurentia, the APWP segments should coincide. The

configurations in Fig. 9a and c (Sears and Price, 1978,

2000; Condie and Rosen, 1994) contradict the palae-

omagnetic data in any possible interpretation of the

ages of the Siberian poles. The reconstruction of

Hoffman (1991) is possible (Fig. 9b), if a collision

occurred between the two cratons at 1050–1000 Ma.

However, to our knowledge, there is no evidence for

such a collision from either continent. The configura-

tion of Frost et al. (1998), shown in Fig. 9d, could

exist only before 1100–1080 Ma, but would suggest

that the Pb–Pb date of 1043F 14 Ma for the lime-

stone of the Malgina Formation is 30–40 my too

young. The reconstruction of Rainbird et al. (1998),

shown in Fig. 9e, may be considered after some

changes: two APWPs will coincide if Siberia was

situated farther to the east, and, as in the previous

case, the age of the Malgina Formation is older than

1043 Ma. This modification, shown schematically in

Fig. 9e, however, contradicts the suggestion of Rain-

bird et al. (1998) that East Greenland was the source

of detrital zircons of ‘‘Grenvillian’’ age in Sette-

Daban. Fig. 9f shows the reconstruction of Pisarevsky

et al. (2003) which was proposed assuming that the

age of the Malgina Formation was 1000–980 Ma—

close to its younger age limit proposed by Gallet et al.

(2000). This reconstruction is possible only if all Pb–

Pb ages for Sette-Daban and Turukhansk limestones

and U–Pb ages of sills are wrong, and the K–Ar dates

are correct (see Section 2.2).
4. Discussion

We now test the published reconstructions of

Laurentia and Siberia shown in Figs. 1 and 9 using

both palaeomagnetic and geological arguments.

Palaeomagnetic data and the evidence for a Meso-

to Neoproterozoic passive margin in northeastern

Siberia do not support the reconstruction of Sears

and Price (1978, 2000), (Figs. 1a and 9a). Addition-

ally, there is a mismatch of crustal age domains.

Southwestern North America is dominated by juve-

nile early Proterozoic belts, whereas the Aldan Shield

of Siberia is Archaean (e.g., Condie and Rosen,
1994). Sears and Price (2000), citing Nd isotopic

data from Ramo and Calzia (1998), argued for the

presence of a substantial Archaean source component

in the Death Valley area of Mojavia. However, Ramo

and Calzia (1998) concluded that this Archaean

component was introduced as sedimentary detritus

and was probably subducted and mixed with juvenile

material at a convergent zone, either at the present

western margin of the Wyoming craton or elsewhere.

Sears and Price (2000) also correlated a 1740 Ma U–

Pb zircon crystallization age from the Okhotsk mas-

sif in Siberia with similar-aged magmatic events

from the Mojave, Yavapai and Mazatzal provinces

(Van Schmus and Bickford, 1993). This 1740 Ma

date (Table 1 in Kuzmin et al., 1995; see also

Khudoley et al., 2001) is the youngest in a series

of 21 age determinations ranging mainly between

3350 and 1830 Ma. These dates are much older than

dates from the Mojave, Yavapai and Mazatzal prov-

inces (Van Schmus and Bickford, 1993). Sears and

Price (2000) juxtaposed the Palaeoproterozoic (max-

imum 2.4–2.5 Ga, Rosen et al., 2000) Birekte block

of Siberia (or Olenek block, following the determi-

nation of Condie and Rosen, 1994), against the

Archaean Hearne Province/Medicine Hat block

(Hoffman, 1989). Sears and Price (2000) attempted

to correlate the North Alberta Palaeoproterozoic

continental and oceanic arc terranes with the pre-

dominantly metasedimentary Hapshan Orogenic Belt

which underwent granulite-facies metamorphism at

2080–1970 Ma (Rosen et al., 2000). The North

Alberta arcs experienced granulite-facies metamor-

phism during accretion to the Hearne Province,

approximately 200 my later, at ca. 1850–1800 Ma

(Ross et al., 2000).

The reconstruction of Hoffman (1991) may be

supported by the palaeomagnetic data only if an

f 1000 Ma collision occurred between north Siberia

and north Laurentia (Fig. 9b). However, no evidence

for such a collision has been found. The presence of

a Meso- to Neoproterozoic passive margin in north

Siberia is possible, but not proven, so we cannot

dismiss Hoffman’s (1991) reconstruction on this

basis.

Palaeomagnetic data contradict the reconstruction

of Condie and Rosen (1994) in any interpretation of

the ages of the Siberian palaeopoles (Fig. 9c). The

presence of a Meso- to Neoproterozoic passive margin



Fig. 10. The best fit of Laurentian and Siberian Meso- to Neoproterozoic APWPs and palaeoreconstructions of Laurentia and Siberia for

f 1045 Ma in two magnetic polarity options (a and b, correspondingly). Euler’s rotation parameters: Laurentia the absolute framework

(39.8, � 139.1, � 113.3); Siberia to Laurentia: (a) 65.0, 144.0, 141.8; (b) 38.5, 5.3, � 95.0.
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in eastern Siberia also contradicts this model. In

addition, a key argument used by Condie and Rosen

(1994), namely that the Thelon belt of Laurentia

continued into the Akitkan belt of Siberia, was

criticised by Kovach et al. (2001), who claimed that

‘‘opposite to 2.02–1.91 Ga granitoids of the Thelon–

Talson zone with Archaean Nd model ages (3.0–2.6

Ga), the volcanic rocks of the Akitkan belt yield

1.87–1.82 Ga ages and have Palaeoproterozoic Nd

model ages (2.5–2.3 Ga).’’

Palaeomagnetic data also contradict the reconstruc-

tion (Fig. 9d) of Frost et al. (1998). These authors

juxtaposed the Stanovoy block of Siberia with north-

ern Laurentia. Although, there is no evidence for a

Riphean passive margin in this part of Siberia (see

Section 2.3), an argument against this fit is the

presence of the Stanovoy province (Fig. 2), which

contains structures which are generally perpendicular

to those of the Aldan block. Some collision-related

magmatic and metamorphic events along the northern

margin of Stanovoy block (Gusev and Khain, 1996)

provide evidence for collision of the Stanovoy and

Aldan blocks at 1.8–2.0 Ga (Rosen et al., 1994 and

references therein).

The reconstruction of Rainbird et al. (1998) may

fit the palaeomagnetic data after some adjustment

shown in Fig. 9e. It also requires wider age range

for the Siberian palaeopoles than provided by recent

U–Pb and Pb–Pb dating (Rainbird et al., 1998;

Ovchinnikova et al., 2001). In this case, however,

Siberia was situated at some distance from East

Greenland, which was proposed by Rainbird et al.

(1998) to be a source for the ‘‘Grenville’’-age

detrital zircons in Sette-Daban. In addition, Kalsbeek

et al. (2000) did not find any conclusive evidence

for metamorphism and granitic activity related to

Grenvillian plate collision in East Greenland. The

high-grade metamorphism of the Krummendal se-

quence (East Greenland) and associated anatectic

granite formation took place at 920–950 Ma (Kals-

beek et al., 2000), which is f 100 my younger than

the ‘‘Grenville’’-age detrital zircons in southeastern

Siberia (Rainbird et al., 1998). The presence of

Riphean passive and active margin palaeoenviron-

ments in Baikal–Patom, Cisbaikalia, Pre-Sayan, and

Yenisei Range (see Sections 2.4–2.7) contradicts the

reconstruction of Rainbird et al. (1998) in its original

form (Fig. 2e), but may be explained in the adjusted
configuration (Fig. 9e). This reconstruction, however,

requires at least a narrow ocean between Laurentia

and Siberia in Rodinia time, and, consequently,

implies that Siberia was not part of Rodinia. The

model of Rainbird et al. (1998) faces the same

problem with the Stanovoy block as the model of

Frost et al. (1998).

The reconstruction of Pisarevsky et al. (2003) may

fit the palaeomagnetic data (Fig. 9f) if recent U–Pb

and Pb–Pb geochronology from the Sette-Daban area

(Rainbird et al., 1998; Ovchinnikova et al., 2001) are

wrong (Section 2.2). This model, however, suggests

minor rotation and displacement of Siberia with

respect to Laurentia during the early Neoproterozoic,

so in this case Siberia was not a part of Rodinia in a

strict sense.

If the new geochronological data from Sette-Daban

are correct, the apparent similarity between the Lau-

rentian and Siberian APWPs suggests that both con-

tinents could have been parts of the Rodinia

supercontinent. Fig. 10 shows two possible best fits

of the ca. 1100–980 Ma Laurentian and Siberian

APWPs for two polarity options. Both reconstructions

are made for f 1045 Ma. Fig. 10a indicates that

Siberia and Laurentia could be parts of Rodinia,

although not in direct contact, as all of the discussed

models suggest. In this case, some unknown continen-

tal block (question mark in Fig. 10a) could have been

located between them. The apparent absence of the

continuation of the giant ca. 1267 MaMackenzie Dyke

Swarm (e.g., Ernst et al., 1996) in Siberia supports this

idea. The involvement of Siberia in Rodinia is unlikely

for the other polarity option (Fig. 10b).

We conclude that the new reconstruction shown in

Fig. 10a provides better explanation for the palae-

omagnetic, geochronological and geological data from

Siberia and Laurentia than any of other existing

reconstructions. A similarity of APWPs for two con-

tinents between 1050 and 980 Ma suggests that they

were probably the parts of Rodinia supercontinent.

However, it is possible that some unknown continen-

tal block was located between them.
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