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Abstract—The probable relative positions of the Siberian and East European cratons (Siberia and Baltica
paleocontinents, respectively) during the Early Permian and the pattern of their movements at the stage of
consolidation in the structure of the Pangea supercontinent are reconstructed from the paleomagnetic data.
The kinematics of Siberia and Baltica indicates that they belonged to different lithospheric plates during the
Permian, but since then they could have moved cooperatively. The structural data for the folded zones sur
rounding these cratons and the kinematical constraints suggest the most probable scenario of the interaction
between Siberia and Baltica during the Permian, in which the motion of Siberia relative to Baltica was a
clockwise rotation around the Euler pole located in the southwest of the Severnaya Zemlya Archipelago. This
interaction between the paleocontinents agrees with the meridional lengthening, i.e., the squeezing out of the
structures whose relics currently compose the basement of the West Siberian Plate along the shear zones in
the southern and northern directions, and it is verified by the pattern of formation of some distinctive struc
tures in the Central Asian folded belt and Arctic Region.
DOI: 10.1134/S106935131502007X

INTRODUCTION
The extensive geological and geophysical evidence
that has been collected to date supports the hypothesis
of the Pangea supercontinent (Morel and Irving, 1981;
Smith and Livermore, 1991; Kent and Muttoni, 2003,
etc.), which incorporated almost all the continental
blocks of the Earth by the end of the Paleozoic. The
amalgamation, or assemby, of Pangea is believed to be
quite a long process that began as early as the Late Pre
cambrian–Early Cambrian and consecutively assem
bled the continental blocks into the composite conti
nents with their subsequent consolidation into a single
supercontinent (Fig. 1).
The final stage of amalgamation of the northern
margin of the supercontinent falls in the Late Carbon
iferous–Permian, when the continental blocks of
ArctLaurussia (Actida, Laurentia, and Baltica),
Kazakhstania, Tarim, and Siberia had merged into the
ArctLaurasia continent which formed the Pangea
supercontinent upon its collision with Gondwana
(which incorporated the southern continents). In con
trast to most of the other large siallic blocks that have
become part of composite continents as early as the
Early and Middle Paleozoic, Siberia autonomously
drifted on its own until the Late Paleozoic. Clearly, the
interaction between the paleocontinents during the
Pangea assembly largely determined the tectonic style
and structural pattern in the continental margins and
their framing folded belts. Thus, the reconstructions of
the relative positions and the character of motion of

Siberia, Baltica and other ancient cores of consolida
tion of Northern Eurasia throughout the Late Paleo
zoic are vital for understanding the processes that
occurred in the folded belts at that time.
The existing geodynamical models for the Late
Paleozoic evolution of the Central Asian folded belt
(CAFB) and Arctic region assume the righthand
(clockwise) rotation of Siberia in the subconsolidated
structure of Caledonides–Herzynides of Northern
Eurasia as the main structureforming factor. It is this
rotation that can yield the observed tectonic pattern
with its most striking features—the largeamplitude
leftlateral strikeslip faults and the associated com
pression–tension structures, which are widespread
within the CAFB (Buslov et al., 2003; Buslov, 2011,
etc.). This conclusion was made by the authors of the
first plate tectonic reconstructions for the territory of
the former Soviet Union (Zonenshain et al., 1990)
who estimated the rotation of Siberia based on the
paleomagnetic data available at that time (Khramov
et al., 1982) and the data on the continental drift tra
jectories above the hot spots (Zonenshain et al., 1985).
Later, this idea had gained widespread acceptance,
although without support from the paleomagnetic data
(Buslov et al., 2003; Filippova et al., 2001, etc.). Some
authors assumed a similar clockwise rotation of Sibe
ria also in the Mesozoic (Bazhenov and Mossakovskii,
1986; Metelkin et al., 2008; Metelkin, 2010, etc.),
which raised the problem of the rigidity of Northern
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Fig. 1. The Pangea reconstruction for the Late Permian and the order of superconinent amalgamation, after (Torsvik, 2003) and
(Kuznetsov, 2009; Kuznetsov et al., 2010), respectively.

Eurasia in the postPaleozoic. However, the analysis of
the entire body of paleomagnetic data that have been
collected by 2012 for the Mesozoic and Cenozoic of
Siberia and its folded framing (2012) against the cor
responding data for Baltica has shown that these rota
tions are not observed within the accuracy of the paleo
magnetic method. This means that from the beginning
of the Triassic, Siberia and Baltica can be considered
as the elements of a single rigid structure, as was
assumed in the classical works (Zonenshain et al.,
1990; Khramov et al., 1982, etc.). Thus, the processes
of consolidation of Northern Eurasia and, corre
spondingly, the main impacts of cratons on the struc
tures of their folded framing took place in the pre
Mesozoic.
The paleomagnetic data for the Permian–Carbon
iferous of Siberia and Kazakhstan that could help per
form such reconstructions have been very scarce and
insufficiently reliable until recently (Pisarevsky et al.,
2006; Khramov et al., 1982; Pecherskii and Didenko,
1995, etc.). In contrast, the Late Paleozoic for Baltica
has been quite thoroughly characterized by the paleo
magnetic data (Torsvik and Cocks, 2005). Valid results
have also been recently obtained for central and east
ern Kazakhstan (Abrazhevich et al., 2008; Levashova
et al., 2003). These results suggest the partial consoli
dation of the Kazakhstan’s structures and Baltica as
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early as the Early Permian. In the present work, the
probable scenarios of interaction between Siberia and
1

Baltica and the manifestation of their collision in the
structures of the surrounding folded belts are analyzed
based on the new paleomagnetic results for the Early
Permian of the Siberia (Shatsillo et al., 2014) and the
previous published results.
PALEOGEOGRAPHIC POSITIONS
AND KINEMATIC PARAMETERS
OF THE DRIFT OF SIBERIA AND BALTICA
IN THE PERMIAN
The kinematic parameters for the drift of Siberia
and Baltica were calculated with the use of the paleo
magnetic poles for two age levels: Early Permian
(290 Ma) and the Permian–Triassic boundary
(250 Ma). The Early Permian pole for Siberia (Plong =
125.8; Plat = 36.1; A95 = 4.1; n = 23) was derived from
the granites of the Angara–Vitim batholith and
remagnitized hosting rocks of the BaikalPatom
region (Shatsillo et al., 2014). The corresponding pole
for Baltica (Plong = 166.7; Plat = 43.0; A95 = 1.8; n =
67) was taken from the synthetic curve of the Apparent
1 Hereinafter,

Baltica is considered together with the Timan–
Pechora region and Novaya Zemlya Archipelago, parts of Arc
tida.
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Polar Wander Paths (APWP) of Laurussia (Torsvik and
Cocks, 2005). Assuming the rigidity of Northern Eur
asia in the Mesozoic (Pavlov, 2012), we use the average
NSP4 pole of the Siberian traps (Plong = 151.1; Plat =
57.2; A95 = 4.0; n = 8), which was suggested in (Pavlov
et al., 2007), as the common pole for Siberia and Bal
tica during the Permian–Triassic.
The paleogeographic reconstructions based on the
described data show (Fig. 2a) that Siberia and Baltica
drifted northwards during the Permian, due to which
Baltica has moved from the tropical and subtropical
latitudes to the middle latitudes, while Siberia, ini
tially located at the middle–subarctic latitudes, was
shifted to the subarctic region with a considerable
clockwise rotation. In Permian, the northern margin
of Baltica was formed by its the Timan–Novaya Zem
lya part, while the northern part of Siberia moved from
the Aldan margin eastwards, towards SetteDaban.
The areal estimates of the kinematic parameters of
the discussed paleocontinents are presented in Figs. 2b
and 2c. We note that, in contrast to the velocity esti
mates of the latitudinal motion, which do not depend
on the character of the craton drift (i.e., on the posi
tion of the craton relative to the rotation pole whose
coordinates cannot be calculated from the paleomag
netic data alone), the velocity estimates of the rota
tional component vitally depend on this character.
Therefore, only the data on the differences in the dec
linations, which characterize the resulting rotation
relative to the meridian mesh, are informative in the
analysis of the rotations. As is seen in Fig. 2, the
motion of Baltica was dominated by a northern drift at

about 4 cm/yr almost without a rotation component.
In contrast to this, Siberia’s motion was steered by its
clockwise rotation reaching up to ~60 degrees in the
central parts of the craton. As a result of this rotation,
Siberia experienced a differential latitudinal drift,
which caused the presentday southwestern margin of
the craton to move southwards and the northern mar
gin to move northwards with a maximal rate of about
4–5 cm/yr.
The analysis convincingly shows that during the
Permian, Siberia and Baltica were parts of different
lithospheric plates with significantly different kine
matics. However, the close velocities of the northward
drifts, which are characteristic of the presentday arc
tic parts of the Siberian and East European cratons
(Figs. 2b and 2c), and, correspondingly, the ratios
between the arctic paleolatitudes, may indicate a more
or less coherent motion of these cratons since as early
as the beginning of the Permian. This means that the
Permian motion of Siberia and Baltica, which resulted
in their final consolidation in the structure of the
supercontinent, can be considered as the relative rota
tion around a common Euler pole.
The paleomagnetic data for the periods of Early
Permian (Shatsillo et al., 2014), Permian–Triassic
boundary (Pavlov et al., 2007), and Early Mesozoic
(Torsvik and Cocks, 2005; Walderhaug et al., 2005;
Torsvik and Andersen, 2002) demonstrate a drastic
change in the kinematics of the Siberian craton at the
boundary between the Paleozoic and Mesozoic. It is at
this time when Siberia had taken its place in the struc
ture of the supercontinent and its predominant clock
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wise Permian rotation changed into the northward
Triassic drift. This indicates that with having joined the
Pangea agglomeration, the lithospheric plate that
incorporated the Siberian craton had lost its tectonic
distinctness.
THE PROBABLE LAYOUTS AND DYNAMICS
OF SIBERIA AND BALTICA IN THE PERMIAN
Hereinafter, we will consider the movements of
Siberia relative to the contemporary position of Bal
tica assuming that the present relative positions of
these two cratons corresponds to their Pangean con
figuration (Fig. 1).
The area that can accommodate the pole of the rel
ative rotation of the cratons should have equal pale
2

olatitudes (or equal velocities of latitudinal drift
(Figs. 2b and 2c) calculated from the Early Permian
poles. Geometrically, this area is a large circle perpen
2 This

condition is necessary but not sufficient. The position of
the rotation pole should be substantiated by independent struc
tural constraints (see below).
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dicular to the center of the arc that joins the Early Per
mian paleomagnetic poles (Fig. 3). Correspondingly,
the movement of Siberia will be expressed by the turn
around of the rotation pole by an angle equal to the
difference of the Early Permian declinations of Baltica
and Siberia calculated for this point (rotation pole). In
our case, depending on the position of the rotation
pole, the angle of rotation will vary from 32° (when the
motion of the craton is described by the greatcircle
arc, pole 90) to 180° (when the craton moves along the
smallcircle arc, pole 0) (Fig. 3).
In the reconstruction of the relative positions of the
discussed cratons in the Early Permian, the selection
of a particular rotation pole can be constrained by two
criteria: (1) by comparing the reconstructed craton
velocities with the contemporary plate motion veloci
ties (actualistic approach) and (2) by comparing the
reconstructed character of interactions between the
paleocontinents with the real observed Late Paleozoic
structures in the folded belts (primarily, the consis
tency with the orientations of the shear and thrust
zones and directions of displacements on these dislo
cations).
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(1) The motion rates of Siberia depending
on the position of the rotation pole
Clearly, in the rotation around an Euler pole, all
points on the sphere have the same angular velocity,
whereas the linear velocity of each point varies from
zero at the pole to the possible maximum at a distance
of 90° from the pole (i.e., in the motion along the
greatcircle arc). The dependence of linear velocities
for Siberia on the position of the rotation pole is shown
in Fig. 3, with the maximal and minimal values char
acterizing the velocities in the margins of the craton. I
suggest constraining the maximal linear velocity by the
double average rate of the presentday spreading,
which is about 8.5 cm/yr according to (De Mets et al.,
2010). From the calculations it follows that the
acceptable (in the context of contemporary plate tec
tonics) velocities of Siberia are provided by the rota
tion around poles 30 and 40; the maximum permissi
ble values are obtained for poles 50, 60, and 70; in con

trast, poles 0, 10, 20, 80, and 90 can be excluded from
consideration (Fig. 3).
(2) The structural constraints on the character
of motion of Siberia
The key role for testing the considered variants of
the Siberia’s rotation is played by the position of the
Kara block relative to Baltica in the prePermian. At
present, the Kara block is present in the structures of
the northern Taimyr and Novaya Zemlya Archipelago
(Fig. 4). According to the geological data, the collision
of this block with Siberia occurred at the Carbonifer
ous–Permian boundary, as suggested by the age (306 ±
2 and 304 ± 5 Ma) of the syncollision granitois (Verni
kovsky, 1996; Pesae, 2001) and probably supported by
the paleomagnetic data from (Metelkin et al., 2005),
where the authors interpolate the linear Cambrian–
Silurian portion of the APWP for the Kara block onto
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the Late Paleozoic fragment of the APWP path for
Siberia. The Paleozoic (prePermian) geological evo
lution of the Kara block is encompassed by two com
peting concepts. According to (Kuznetsov, 2009; Kuz
netsov et al., 2007; 2010, etc.), the Kara block, being
incorporated into the Arctida continent, collided at
the beginning of Cambrian with Baltica and become a
part of the ArctEurope composite continent (Fig. 1).
The partial disintegration of this continent only
started as late as the Mesozoic, during the formation of
the spreading zones of the Arctic and Atlantic oceans.
The other concept suggests that in the Paleozoic, the
Kara block drifted independently of the ArctEurope
structures (Metelkin et al., 2005, etc.). We note that
both the geological and paleomagnetic data favor the
connection between the Kara block and Baltica since
the Early Paleozoic (see the detailed review in (Kuz
netsov et al., 2007; 2010)). This is also supported by
the most recent geologicalgeophysical data, accord
ing to which the Kara block and Barentia were parts of
the single sedimentation basin in the Early–Middle
Paleozoic (DaraganSushcheva et al., 2013).
Thus, if we assume the unity of Baltica and the
Kara block, then, considering the fact that this block
collided with Siberia in the Late Carboniferous–Early
Permian (Vernikovsky, 1996; Pease, 2001), the only
possible scenario of Siberia’s motion in the Permian is
characterized by rotation pole 40. As can be seen in
Figs. 3 and 5, all the other scenarios imply the Permian
movement of the Kara block (and Siberia) far from
Baltica.
The junction zone of the Severnaya Zemlya (Kara)
and Taimyr (Siberian) structures is marked with the
thrusts with southeast displacements and the rightlat
eral strikeslips trending in the NE–SW direction
(Fig. 4). The amplitudes of the displacements along
the Taimyr faults are estimated at a few tens of kilome
ters (Mal’tsev and Bezzubtsev, 1979). The submeridi
onal rightlateral displacements inheriting the overall
folded structure of the region are revealed within the
Severnaya Zemlya Archipelago (Geologiya…, 1970;
Lorenz et al., 2007). This kinematic pattern best
agrees with the right rotation of Siberia around the
Euler pole located within the Severnaya Zemlya archi
pelago (i.e., with pole 40 or a pole nearby). Obviously,
the amplitude of Siberia’s displacement increases with
the distance from the pole, which should affect the
degree and character of the deformations of the Kara
Plate, Barentia, and the folded zones separating the
cratons.
The impact of the northwestern corner of the Sibe
rian Craton on the basement structures of the Kara–
Barents Sea shelf manifests itself by the development
of the Late Paleozoic–Early Mesozoic rightlateral
strikeslip zones in the east (the Saint Anna Trough
(Shipilov and Matishov, 2006)) and leftlateral strike
slip zones in the west (Baidaratskaya Fault System),
which are traced within the continental part by the
PayKhoy folded range (Filatova and Khain, 2010)
IZVESTIYA, PHYSICS OF THE SOLID EARTH
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and observed there in the form of oblique (strikeslip
and thrust) faults (Yudin, 1994) (Fig. 4).
Thus, within the Kara Sea, the tectonic stresses
caused by the rotation of Siberia relaxed in the systems
of the thrust zones that implement the northwestern
shift of the Novaya Zemlya Archipelago (Figs. 4 and
5). These disjunctive dislocations can be traced further
south to within the West Siberian Plate, where they
join the Koltogorsk–Urengoi rift that originated in the
Late Permian (Kazakov et al., 2000; Medvedev et al.,
2003), and the system of the faults that border the
Siberian Craton in the west (Egorov and Chistyakov,
2003). Thus, the Novaya Zemlya Archipelago and the
structures of the Kara Sea and West Siberian Plate,
which join the archipelago in the south, can be consid
ered as a tectonic block limited by the shear zones and
pushed out to the northwest by the Permian rotation of
Siberia (Fig. 5), which fits well with the system of the
deep faults in the basement of the West Siberian Plate
(Egorov and Chistyakov, 2003).
The Kara Plate structures joining the Taimyr mar
gin of the Siberian Craton (unbreached by the high
amplitude transverse strikeslip faults) should be
expected to accommodate predominantly foldand
thrust dislocations. The presence of the foldand
thrust zones within the nearTaimyr part of the Kara
Sea basin is suggested by the band of the contrasting
magnetic anomalies stretching northnortheast from
Sergei Kirov Island to Pioner Island (Fig. 4) within the
Severnaya Zemlya Archipelago (Aplonov et al., 1996)
(the authors of the cited paper interpret this band of
anomalies as a relic of the paleooceanic Devonian
crust). The direct geological studies show that the sed
imentary layers in Pioner Island, which are repre
sented by the shallow water marine (Silurian) and
lagoonalcontinental (Devonian) facies, are crumpled
into folds that sharply differ in their shapes, sizes, and
strikes from the general structural pattern of the archi
pelago (Geologiya…, 1970), which argues for the pre
sumed deformational nature of the mentioned band of
magnetic anomalies. The seismic profiles in this part
of the Kara Sea (Malyshev et al., 2012) also fix the
presence of the dislocated Paleozoic units (up to the
Devonian inclusive), which are conformal to the
Taimyr structures and overlain with angular unconfor
mity by the Mesozoic units. The discussed zone of the
banded magnetic anomalies can be associated with the
outcrop of the crystalline basement in contact with the
Paleozoic strata along the reversefault strikeslip
boundary with NW displacement (the Bol’shevik
thrust front, after (Malyshev et al., 2012)), i.e., with
the opposite vergence compared to the thrusts in
Taimyr. These features of the discussed structures indi
cate that Siberia exerts southward pressure on the Kara
block. It is this pressure that could be implemented by
the rotation of the craton around poles 40 and below
(Fig. 3).
The SW–NE strike of the structures in northern
Taimyr, relative to the meridionally oriented Sever
naya Zemlya structures (Fig. 4), is likely to be second
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ary because the observed amplitudes of the southeast
ern thrust component within the continental Taimyr
(Mal’tsev and Bezzubtsev, 1979) cannot compensate
the rotation of Siberia (which implies the displace
ments in northwestern Taimyr to measure 500–
600 km). In other words, it can be assumed that the
characteristic bending of the structures in the transi
tion zone from the northwestern Taimyr to Severnaya
Zemlya (Figs. 4 and 5) is caused by the Permian right
rotation of Siberia, with the Taimyr–Severnaya Zem
lya suture zone having initially been a gentle arc or
even linear.
Thus, the Permian postcollisional interaction
between the Taimyr and Kara block took place along
the wide rightlateral strikeslip boundary with a fixed
position of the Kara block relative to Baltica. This tec
tonic process is reflected in the rejuvenation of the
Rb–Sr and K–Ar isotope systems and mineral neoc
rystallization in the Precambrian rocks of northern
Taimyr whose age was estimated by these methods at
279 to 258 Ma (Vernikovsky, 1996 and the references
therein). The stabilization of the region is responsible
for the intrusion of the postcollisional granitoids with
ages 264 ± 8 (U–Pb) and 253 ± 1 (Ar–Ar) Ma, which
occur in northern Taimyr (Vernikovsky, 1996).
The considered tectonic scenario provides a logical
framework for the structural pattern and relationship
between the Late Paleozoic–Early Mesozoic struc
tures of Novaya Zemlya, PayKhoy, and Polar Urals

(Fig. 4). The characteristic arcshaped geometry of
the Novaya Zemlya foldandthrust system were pre
viously explained (Zonenshain et al., 1990) by the
indenter action of the northwestern part of the Sibe
rian Craton as a result of its right rotation. The similar
model was discussed by V.N. Puchkov (2003), who
treated the Baidaratskaya Fault Zone as a transform
shear boundary between the epiBaikalian framing of
Siberia and the structures of Baltica in the junction
zone of these continental blocks. In the present work,
we suggest considering the Novaya Zemlya, South
Kara Basin, and eastern part of West Siberia (including
the South Kara, Novyi Port, Yamal–Gydan, Nyadoy
akha–Keta, and Kolpashevo basement blocks of the
West Siberian Plate, in terms of (Egorov and Chistya
kov, 2003)) as a single structure which was squeezed
out northwestwards along the system of the tran
scrustal strikeslip faults (Tomsk–Novaya Zemlya and
NearYenisei fault zones) by the right rotation of Sibe
ria and, correspondingly, thrust over the eastern mar
gin of the Barents Plate (Fig. 5). We note that the dis
placement of this composite relative to the Siberian
Craton is primarily substantiated by the rightlateral
strikeslip kinematics of the Saint Anna Trough
(Shipilov and Matishov, 2006) (Fig. 4). The rightlat
eral strikeslip kinematics of the southwestern margin
of Siberia also ensues from the postCarboniferous
rightlateral rotations of the blocks, which are identi
fied in the structures of the Rybinsk Basin (Shatsillo,
2008). A similar conclusion was inferred by Kuteini
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cov et al. (1994) from the analysis of the structural
forms in the “plane views” of the folded structures in
the Arctic region. This is also supported by the displays
of the thrust tectonics within Novaya Zemlya (the East
Novaya Zemlya allochton) with the westerly over
thrust nappe stacks (Filatova and Khain, 2010). The
age of these deformations is determined from the syn
and postcollisional granitoids piercing the nappe
stacks as Late Permian–Early Triassic (256 ± 2 and
244 ± 0.8 Ma) (Korago and Timofeeva, 2005); this is
supported by the presence of the thick Late Permian–
Early Triassic molasse. Similar orogenic molasse com
plexes are typical of the CisPayKhoy (Korotaikha)
and CisUralian (Kos’yuRogov) troughs (Yudin,
1994).
The paleomagnetic studies of the Permian rocks
from the PayKhoy and Polar Urals (Iosifidi and
Khramov, 2010 and references therein) established the
southwestern displacement of these structures by a few
hundred km accompanied by the rotations of different
signs relative to the stable part of Baltica; the com
mensurate cumulative displacement amplitudes are
obtained from the palinspastic reconstructons (Yudin,
1994). According to Iosifidi and Khramov (2010), the
PayKhoy structures were rotated counterclockwise,
which agrees with the leftlateral strikeslip displace
ments on the Badaratskaya Falut System and on the
predominantly thrust type PayKhay disjunctives with
a leftlateral strikeslip component (Fig. 4). The struc
tures of the Polar Urals rotated clockwise implying
rightlateral strikeslip displacements along the Ura
lian margin of Baltica (Figs. 4 and 5). Clearly, this
kinematics can be caused by the overall pressure from
the northeast due to the Permian turn of Siberia. In
other words, in contrast to the eastern (nearYenisei)
part of the West Siberian Plate, its western (nearUra
lian) part could exercise a certain southward displace
ment along the Uralian fault systems, for which (in
particular, the Kopeisk and Ui fault zones in the South
Urals) the Triassic rightlateral strikeslip kinematics
was proven (Tevelev, 2012).
Thus, the lack of space within the epiHerzynian
West Siberian Plate, which was caused by the Permian
convergence of Siberia and Baltica, could be compen
sated by its northward and southward spreading along
the systems of the transregional crustal fault zones
(Egorov and Chistyakov, 2003)—the rightlateral
Sherkhal (Uralian) and CisYenisei zone and their
separating leftlateral Tomsk–Novaya Zemlya strike
slip zone (Fig. 5). We note that the possibility of these
intraplate movements in the postPaleozoic is proba
bly indicated by the paleomagnetic data on the Per
mian–Triassic Kuzbass traps and the igneous com
plexes of the close ages in the KolyvanTomsk zone
(Kazanskii et al., 2005; Metelkin, 2010). The paleo
magnetic data on these objects demonstrate statisti
cally significant difference in the paleolatitudes from
the calculated Siberian paleolatitudes (Pavlov et al.,
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2007) for the same region, which implies the north
ward (in the present coordinates) posttrap displace
ment of Kuzbass and the Kolyvan–Tomsk zone. It can
be hypothesized that this mechanism of squeezing the
tectonic wedges along the systems of strikeslip faults
within the CAFB had led to block rotations near the
strikeslip faults in the Middle and Late Paleozoic
structures in Kazakhstan (Levashova et al., 2003;
Abrajevich et al., 2008) and squeezing up of the Kaza
khstan orocline, which was formed in the Middle
Devonian–Late Permian (Abrajevich et al., 2008). In
particular, this could be implemented through the dis
placements on the Central Kazakhstan Fault, its
southeastern continuation—the Dzhungar rightlat
eral strikeslip zone of Permian age (Burtman,
2006)—and on the Chara suture zone located to the
east, whose Permian leftlateral strikeslip reactiva
tion has been proven (Buslov et al., 2003) (Fig. 5).
THE ADDITIONAL SUBSTANTIATION
OF THE MODEL
Regional Analysis of the Geochronological Data
As was noted above, the granitoids marking the
Late Paleozoic syn and postcollisional processes
within the Taimyr and Novaya Zemlya folded systems
were formed in the interval from ~305 to 245 Ma. In
the northern part of the West Siberian Plate, drilling in
the complexes of the preMesozoic basement revealed
granitoids with relatively similar ages: 301.6 ± 3.6,
300.5 ± 3, 291.8 ± 2.1, 284 ± 5, 277.3 ± 4, 274.4 ± 3.4,
and 259.6 ± 2.3 Ma (Rb–Sr, U–Th–Pb, and U–Pb
methods) (Ivanov et al., 2005, 2012; Votyakov et al.,
2013). These data testify to the idea that the discussed
regions during the Permian developed as a single colli
sional system whose evolution was driven by the inter
action between Siberia, Baltica, and the folded belt
between them, which was subconsolidated (at least, in
its southern part, in Tien Shan, Kazakhstan, and the
AltaiSayan region) even in the Carboniferous (Buslov
et al., 2003, etc.).
In the north of the folded belt, the Permian colli
sional processes are also reflected in the rejuvenation
of the isotope systems of the preMesozoic complexes.
I have analyzed the data on the K–Ar rejuvenation of
the metamorphic, intrusive, and volcanic rocks of the
NearPolar Urals and the basement of the West Sibe
rian Plate, which have the Middle Paleozoic or an even
more ancient age (the lists of the isotope ages are pre
sented in (Andreichev, 1999; Ivanov et al., 2005)). The
analysis included the K–Ar datings falling in the inter
val of 350–200 Ma, i.e., those which knowingly over
lapped the time of the syn and postcollisional grani
toid magmatism established within Taimyr and
Novaya Zemlya. The final composite sample included
229 dates. The diagram of the frequency distribution
of the K–Ar rejuvenation ages (Fig. 6a) demonstrates
the normal (Gaussian) distribution with most events
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Urals, Tien Shan, Kazakhstan, Altai, and Sayan
mountains, which fall, by analogy of the K–Ar rejuve
nation analysis, in the interval of 350–200 Ma
(Dehandschutter et al., 1997; Glasmacher et al., 1999;
Hetzel and Glodny, 2002; de Jong et al., 2009; Lau
rentCharvet et al., 2003; Zhang et al., 2003; Buslov
et al., 2009, 2013; Kuibida et al., 2013; Polyanskii
et al., 2011; Sukhorukov and Polyanskii, 2013; Travin
et al., 2001). The frequency distribution diagram for
the ages reflecting the active development of the large
fault zones has a more complex character compared to
the considered data on the K–Ar rejuvenation of the
rocks from the northern regions (Fig. 5b); however,
the datings corresponding to the Permian–Middle
Triassic age falling in the interval of 290–240 Ma are
also predominant. As is seen, in the interval <240 Ma,
the tectonic activity of faults almost decays.

(b)
18

Thus, the regional analysis quite convincingly
shows that the studied geochronological data charac
terizing different geological processes that took place
in the north and south of the folded belt in the Late
Paleozoic–Early Mesozoic, fall in close time intervals
mainly corresponding to the Permian. These geologi
cal processes can be considered as the consequences of
the tectonic event of a higher rank—the Permian con
vergence between the Siberia and Baltica and their
consolidation into the structure of northern Eurasia.
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Fig. 6. The histograms showing the distributions of ages:
(a) K–Ar isotope rejuvenation of the preMesozoic com
plexes in the basement of the West Siberian Plate and
NetherPolar Urals; (b) the fault zones in the CAFB and
Middle Urals. n means the number of the determinations
(vertical axis); the horizontal axis shows the age in Ma. The
other explanations are presented in the text.

falling in the interval of 300–220 Ma, which perfectly
fits the period of the syn and postcollisional magma
tism in the Arctic region.
The geochronological evidence of the Permian tec
tonic activation within the southern potions of the
folded belt, which should have also been affected by
the cratonic margins of Siberia and Baltica during the
convergence of the latter, can be illustrated by analyz
ing the ages of the large fault zones. These data are
based on the age determinations for the metamorphic,
metasomatic, and igneous rocks, whose formation was
directly or indirectly associated with the displays of the
fault tectonics (dating of syntectonic minerals from
the blastomylonite zones, nearfault veins, etc). The
composite sample (67 results) included the datings
obtained from the shear and thrust zones of the Middle

Regional Strike Analysis of Folded Structures
and Fault Zones
The independent constraints on the position of the
pole of relative rotation of Siberia and Baltica can be
derived from the analysis of the strikes of the folded
structures and disjunctive dislocations in the periphery
of the cratons and within the folded belts whose for
mation was related to the processes of the Late Paleo
zoic amalgamation of Northern Eurasia. The underly
ing principle behind these reconstructions is consid
ered in (Gortz and Heilscher, 2010). It is assumed that
the orientations of the folds and faults correspond to
the directions of axes of maximal stresses caused by the
convergence of the plates. In turn, the intersection of
the great circles that are normal to the axes of maximal
stresses and calculated for the distant regions deter
mines the pole of relative rotation of the plates.
According to the existing theoretical estimates
(Anderson, 1942; Cox and Hart, 1986; Wdowinski,
1998), the strikes of the frontal foldandthrust zones
are perpendicular (normal) to the axes of maximal
stresses, the strikes of the transform zones are parallel,
and the strikes of the shear zones are oriented at 45°
(135°) to the axes of maximal stresses.
Gortz and Heilscher (2010) used this approach for
calculating the pole of relative rotation for Siberia and
Baltica during their Late Paleozoic consolidation in
the Uralian orogen formation. However, in my opin
ion, the set of the structural data used for constructing
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Fig. 7. The analysis of the strikes of the folded structures and fault zones. (a) The distribution of axes of maximal stresses and the
calculated rotation pole of the cratons. The circles denote the normals to the strikes of the frontal folded structures; the diamonds
show the normals to the strikes of the shear zones rotated by 45° closckwise; the squares show the normals to the strikes of the
transform zones rotated by 90°; the thick line shows the approximating great circle; the cross marks the rotation pole (normal to
the approximating great circle) calculated from the entire sample (version I in table). The projection onto the lower hemisphere.
(b) The strikes of the structures and the comparison between the cratons' rotation poles calculated from the structural and pale
omagnetic data. The circles with digits and lines intersecting them denote the individual geological objects and their strikes (the
numbers correspond to the data in table and Fig. 7a); the filled asterisks and the corresponding confidence circles with Roman
numerals indicate the variants of calculations of the rotation pole based on the structural data (see table); the empty asterisks on
the thick line and the corresponding numerals indicate the area of the probable rotation poles calculated from the paleomagnetic
data (in accordance with Fig. 3). The other explanations are presented in the text.

this model was not entirely adequate. In particular, for
calculating the pole of relative rotation for Siberia and
Baltica in Late Paleozoic, the authors of the quoted
study used the structural data inter alia for the British
and Scandinavian Caledonides whose formation is
related to the Middle Paleozoic tectonic events during
the formation of Laurussia, i.e., to processes that have
nothing in common with the assembly of Northern
Eurasia in the Siberia–Baltica system.
I have analyzed the geological maps of the Urals,
PayKhoy, Novaya Zemlya, Taimyr, Severnaya Zem
lya, as well as the zone of the Norilsk and Igarka dislo
cations in the Yenisei margin of Siberia (1 : 1 000 000);
the Yenisei Range (1 : 1 500 000); eastern Kazakhstan
within the Irtysh shear zone (1:500 000); and the zone
of the Main Sayan Fault (1 : 200 000). For these terri
tories, I took the geographical coordinates of the clo
sures of the folds for the most distinct linear features
and/or the fault zones governing the structural pattern
of the region. Then I constructed the approximating
great circles corresponding to the strikes of the struc
tures and calculated the average strikes for each seg
ment (table, Fig. 7). These calculations with the cor
IZVESTIYA, PHYSICS OF THE SOLID EARTH
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responding correction for the strikes of the transform
and shear zones (table) yielded the pole of the relative
3

rotation for cratons . It is worth noting that the trans
form–shear character of the boundaries, which I pre
sumed for the structures of PayKhoy, Taimyr, and
Severnaya Zemlya, is hypothetical; nevertheless, even
if the data for these regions are excluded from the sam
ple, the final result barely changes (see table, variants I
and II of the rotation pole calculation). Besides, the
calculations exclusively based on the data for the pre
sumed transform zones (version III) provide the best
convergence of the results: the concentration parame
ter (k) is by a factor of 20 higher than in versions I and
II (table). The other variants of the selection (not con
sidered in detail) do not lead to significant changes in
the position of the rotation pole: in any case, the pole
3

The accurate coordinates of the structures from the raster
images on the geological maps were read using the Didger soft
ware; the normals for the isolated structures and the corrections
were calculated by MS Excel; the statistical processing of the
data on the sphere and the calculations of the rotation pole were
conducted in the program package of the paleomagnetic soft
ware of R.J. Enkin.
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falls in the Kara Sea and is statistically indistinguish
able from variants I, II, and III.
As seen in Fig. 7b, the zone of Euler poles 40 and
50, which are calculated from the paleomagnetic data,
coincides, within confidence interval (A95), with the
pole obtained from the regional structural data. This
perfectly agrees with the structural and velocity con
straints on the position of the sought rotation pole for
Siberia relative to Baltica.
SOME DISPUTABLE PROBLEMS
Since the final formation of the folded structure of
the Polar Urals and Novaya Zemlya occurred as late as
the end of the Triassic, the PayKhoy structures have
been formed at the end of the Cretaceous (Yudin,
1994; Geologiya…, 1970); and the formation of the
southern Taimyr was completed not earlier than the
Middle Triassic (Torsvik and Andersen, 2002); i.e., 50,
180, and 20 Ma after the consolidation of Siberia and
Baltica into the structure of Northern Eurasia, the
suggested geodynamical scenario does not allow for
the entire evolution of the deformations in the Arctic
region.
However, it was found for the PayKhoy structures
that the main deformations occurred in the Permian
and Triassic, while the subsequent deformations (of
the same structural plan) migrate southwest, towards
the cratonic part of Baltica (Yudin, 1994). It can be
assumed that the postPermian deformations, at least
partly, were caused by the postcollisional gravita
tional collapse and, hence, by the expansion (spread
ing) of the isostatically uplifting collisional orogen. An
alternative explanation is the subsequent tectonic
reactivation of the region, which inherits the Late
Paleozoic stress fields and is associated with the Cim
merian events during the formation of the Verkho
yansk–Kolyma–NorthAlaska orogenic belt and with
the opening of the Amerasian and Eurasian basins of
the Arctic Ocean (see the recent review in (Filatova
and Khain, 2010) and references therein). In particu
lar, this mechanism was suggested for explaining the
deformations in the Mesozoic strata of Taimyr (Verni
kovsky, 1996). A combined mechanism is probably a
more reasonable choice.
Another disputable point is that the proposed
model is the manifestation of the Permian–Triassic
rifting and volcanism in West Siberia (Koltogorak–
Urengoi and Khudosei rifts, after (Kazakov et al.,
2000; Medvedev et al., 2003)), which implies the
existence of the extension conditions at that time. In
contrast, our model suggests a considerable spatial
reduction in the structure of the subconsolidated com
plexes of the West Siberian Plate, which naturally tes
tifies to the existence of compression (Fig. 5). Under
these conditions, the rifts can be interpreted as the
elongated systems of the nearshear extension of the
pullapart type developed on the transit Permian fault
zones or, probably, the rift structures inherited by these
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weakened zones. A model based on a similar idea was
previously suggested by Allen et al. (2006).
CONCLUSIONS
(1) During the Permian, the Siberian and East
European cratons (the Siberia and Baltica paleoconti
nents, respectively) were parts of different lithospheric
plates characterized by different kinematics. The con
solidation of these cratons occurred towards the
beginning of the Mesozoic.
(2) The initial stage of the collision between Siberia
and Baltica (which had in addition become a part of
the ArctLaurussia composite continent by that time)
is marked by the collision between Taimyr and the
Kara block at the Crboniferous–Permian boundary
(Vernikovsky, 1996).
(3) The Permian interaction between Siberia and
Baltica and the folded zones framing these paleocon
tinents, which resulted in the consolidation of the
Pangea supercontinent, can be described by the clock
wise rotation of Siberia by 46° around the Euler pole
located in the southwestern Severnaya Zemlya (79° N,
95° E), with the position of the Kara block relative to
the Baltica structures assumed to be fixed since the
Paleozoic.
(4) This mechanism of interaction between Siberia
and Baltica largely determined the structural pattern
and character of deformations within the folded sys
tems in the Arctic region and Central Asian Folded
Belt, which have been preserved up to the present. The
lack of space in the subconsolidated crust of West
Siberia, caused by the convergence of Siberia and Bal
tica, was compensated by the expansion of the struc
tures of a mobile belt towards the north and south
along the systems of the shear zones. There are
grounds to believe that these motions could also con
tinue in the postPermian (Kazanskii et al., 2005).
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