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Abstract
The paper presents the results of paleomagnetic and geochronological studies of the Late Paleozoic granites of the Angara–Vitim batholith
as well as Vendian–Early Cambrian sedimentary rocks and Late Devonian subvolcanic rocks of the Patom margin of the Siberian Platform.
Primary and metachronous magnetization in the rocks of the study region was used to calculate an Early Permian (~290 Ma) paleomagnetic
pole, which is proposed as a reference pole for the Siberian Platform in paleomagnetic reconstructions, plotting of the apparent polar-wander
path curve, and other magnetotectonic studies. The published and obtained paleomagnetic data and analysis of the geological data confirm
the Late Paleozoic age of the final folding in the Baikal–Patom area. Possible causes of Late Paleozoic deformations and large-scale granite
formation in the Baikal–Patom area and Transbaikalia in the Late Paleozoic are discussed.
Keywords: paleomagnetism; reconstructions; Late Paleozoic; Baikal–Patom folded area; Angara–Vitim batholith; Siberian Platform

Introduction
The apparent polar-wander path (APWP) curves for ancient
platforms are one of the most important tools for global
reconstructions, the estimation of the kinematic parameters of
cratons, and reconstructions of tectonic events during the
collision stage of evolution of folded areas surrounding these
ancient crustal regions. At the moment, the Late Paleozoic
segment of the APWP curve for the Siberian Platform is not
well-studied because of the lack of paleomagnetic data and,
often, their poor quality (Cocks and Torsvik, 2007; Smethurst
et al., 1998; and others). No paleomagnetic base is available
as yet for the solution of the problems concerning the
Carboniferous and Permian paleogeography of Siberia and the
reconstruction of the movements of the Siberian Platform in
its interaction with Baltica and other Eurasian blocks during
the amalgamation of Pangea.
One of the most disputable problems of the Paleozoic
evolution of the Baikal–Patom region is the “final” folding
(de Boisgrollier et al., 2009; Ivanov et al., 1995; Zorin et al.,
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2008; and others) which formed the typical present-day
structural pattern of this and adjacent regions of the Siberian
Platform. The assessment of the time relationship between
rock deformation and remagnetization is used successfully in
paleomagnetic studies to constrain the age of folding (Shipunov et al., 2008 and references therein) and can be decisive
in the absence of clear structural-geologic markers.
The present paper is aimed at obtaining reliable paleomagnetic data on the Carboniferous/Permian boundary for the
structures of the Baikal folded framing of the Siberian
Platform. The new data bring us close to the solution of the
above-mentioned problems of global geotectonics and some
regional tectonic issues of the Baikal folded area.

Geologic summary
The paleomagnetic study is concerned with the Late
Carboniferous–Early Permian granitoids of the Baikal–Patom
folded area, which occupy a general post-tectonic position in
the regional structure: The granitoids are not folded and almost
not affected by faulting. Their post-tectonic position suggests
that the paleomagnetic data on the folded area can extend to
the structure of the Siberian Platform. The Late Paleozoic
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granitoids in the study region make up vast fields, approximately from Bodaibo in the north to Ulan-Ude in the south,
forming the world’s largest areal pluton—the Angara–Vitim
batholith (AVB) with an estimated total area of 150,000 km2
(Litvinovskii et al., 1993; and others) (Fig. 1). The AVB
granitoids intrude or replace the deformed Late Precambrian
rocks on the Patom margin of the Siberian Platform and the
heterogeneous complexes of the Baikalides of the Baikal–
Muya belt and the Caledonides of the Baikal–Vitim system.
Numerous intrusive complexes are recognized in the AVB
granitoids (Litvinovskii et al., 1993; and others) based on the
petrographic characteristics of the rocks, which might be due
to the protolith composition (Tsygankov et al., 2007), and
territory. The age of their intrusion is within 310–270 Ma
(Kovach et al., 2011; Tsygankov et al., 2007, 2010; Yarmolyuk et al., 1997; and others). In our view, the available
isotopic ages (in total, about 40) are not enough for an
objective estimate of the granitization peak, i.e., an age
estimate for the bulk of the granitoids of a giant structure such
as the AVB. In this case, an estimate based on the dating of
detrital zircon from the AVB erosion products will be more
accurate. Evidently, the modes of the zircon ages will
correspond to the maximum granite formation, because the
granitoids are the main zircon suppliers. Examples include the
results obtained for the sediments of the Upper Yana passive
margin of Siberia (Prokopiev et al., 2008), with clear peaks
of 288, 288, and 291 Ma in zircon spectra for Lower Permian,
Middle–Upper Triassic, and Middle Jurassic rocks, respectively. These data indicate that the bulk of the AVB granitoids
formed at ~290 Ma.
Note that large granite plutons are a complicated subject
for paleomagnetic studies. First and foremost, this is due to
the lack of reliable criteria for reconstructing their primary
bedding. This is why the main study area includes the
northernmost outcrops of the AVB, with the weakest, if any,
superposed tectonic processes (mainly Meso-Cenozoic strikeslip tectonics) (e.g., (Sher et al., 1971)). The AVB granitoids
were studied in the lower reaches of the Vitim River (from
Lake Oron to Bodaibo and downstream, Fig. 1), which
approximately corresponds to the junction of the Baikal–Muya
belt and the Patom margin of the Siberian Platform. Also,
preliminary studies were carried out along the bank of the
Tsipa River, in the zone of the Baikal–Vitim Caledonides. In
total, about 30 granitoid outcrops belonging to the Mama–
Oron, Konkudera–Mamakan, Vitimkan, and Ingamakit complexes were studied, and ten oriented samples were taken from
each outcrop. However, interpretable results were obtained for
only eight second-stage outcrops of the Konkudera–Mamakan
complex (Vitim River), which have a very narrow localization
(near the mouth of the Engazhimo River), and for one
third-stage outcrop of the Vitimkan complex near the Tsipa
River (right bank, 3 km downstream of the mouth of the
Aktragda River) (Fig. 1). No targeted petrographic or structural studies of the granitoids were carried out during this
work, so that geological-survey data are cited. According to
the available data, the objects which yielded the largest
quantity of results are as follows.
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The Konkudera–Mamakan complex (second stage of
intrusion) consists of the medium-grained massive biotite
granites of normal alkalinity which make up the Sinyaya
pluton (total area 1250 km2). The pluton has distinct crosscutting contacts with the early granites and a partly conformable, partly crosscutting contact with the sedimentary rocks of
the Late Precambrian Patom Group with a hornfelsed zone
(Sher et al., 1971).
The Vitimkan complex (third stage) is composed of the
massive aplite-like leucocratic biotite granites of the Saizha
massif of the Tsipa multistage pluton. They have eruptive
contacts with the early granitoids (Kozlov and Surmilova,
1982).
In 2006–2008, the works carried out by the authors on the
northern Patom margin (northern flank of the Tonoda uplift
and the Togus-Daban trough, Fig. 2) showed that a considerable part of the Late Precambrian–Paleozoic rocks in this
region contains metachronous magnetization, whose formation, in our view, is related to, or, at least, subsynchronous
with, that of the AVB granitoids. Since the data on the
“batholith” remagnetization of the rocks of the Patom margin
will be used in the interpretation, we will touch upon the
geologic structure of the studied objects. The structures of the
passive margin and the complexes of the platform cover are
here dominated by Late Precambrian–Early Paleozoic (through
Silurian) terrigenous carbonate rocks, and their total thickness
is ~12 km (Anosov et al., 1973; Nikol’skii and Kavelin, 1984;
Shipitsin and Shipitsina, 1979). The overlying sediments have
erosional contact with the Paleoproterozoic basement rocks,
which outcrop in the core of the Tonoda uplift. Several
disconformities are described within the Late Precambrian–
Early Paleozoic sediments, but no angular unconformities
suggesting considerable structural rearrangements are observed in the region. Within the Togus-Daban trough and its
closest framing, the sediments (from Late Vendian to Ordovician) include a “stack” of Late Devonian sills of gabbro-diabases belonging to the Zharovsk complex (Nikol’skii and
Kavelin, 1984). The Late Devonian age of the gabbro-diabases
is confirmed by recent geochronological determinations (U–Pb
zircon and baddeleyite dating and K–Ar and Ar–Ar plagioclase dating—authors’ unpublished data). In total, the trough
section contains at least nine levels with sills. The thickness
of the bodies varies for different stratigraphic horizons from
10 to 100 m, totaling ~650 m (Nikol’skii and Kavelin, 1984).
The region has a complicated folded structure (Fig. 2).
Compressed narrow E–W linear folds are typical of the
northern flank of the Tonoda uplift (Bol’shoi Patom River,
near the Tonoda River mouth). They change their strike to
SW–NE in the northward direction (Lena folded zone) and to
SE–NW in the northeastward direction (southwestern flank of
the Togus-Daban trough). The trough itself is an equilateral
triangle ~40 km across with acute centroclinal closures to the
west, northeast, and southeast. The trough core consists of
near-horizontally bedded Lower Ordovician sediments, and the
limbs are composed of Lower Cambrian sediments with
10°–15° to near-vertical dips. The NW and SW limbs of the
trough pass at the periphery into syncline and anticline
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Fig. 1. Tectonic sketch map of the studied regions and adjacent areas. 1–3, structure-compositional complexes of the Siberian Platform: 1, platform cover (from
Cambrian to Silurian and superposed Jurassic basins); 2, Late Precambrian rocks of the Patom margin, Baikal region, and Aldan monoclise; 3, Early Precambrian
basement outcrops; 4, strikes of the axes of folds in the Paleozoic cover of the Siberian Platform (a, synclines; b, anticlines); 5, Mesozoic complexes of the
Mongol-Okhotsk fold belt; 6, Caledonides of the Baikal–Vitim folded system; 7, Baikalides of the Baikal–Muya belt; 8, Late Paleozoic granitoids of the
Angara–Vitim batholith; 9, Middle Paleozoic granitoids of the Mama crystalline belt. Yellow stars show the granitoid outcrops of the Angara–Vitim batholith which
yielded the largest quantity of results; red star shows the pole of rotation during the opening of the Vilyui paleorift system (according to (Pavlov et al., 2008)); and
arrow shows the direction and degree of displacement of the western margin of the Aldan block during the opening of the Vilyui paleorift. Based on a geological map
of Russia (scale 1:5,000,000).
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Fig. 2. Structural-geologic sketch map of the Patom margin in the study area. 1, Early Cambrian–Silurian sediments—the El’gyan and younger formations;
2, Vendian–Early Cambrian sediments—the Zhuya (Nikol’skoe), Chencha, Zherba, Tinnaya, and Nokhtuisk Formations; 3, Riphean–Vendian sediments—the
Valyukhta and older formations; 4, faults: (a) thrusts; (b) others; 5, fold axes: (a) synclines; (b) anticlines. Abbreviations: ZhFZ, Zhuya fold–thrust zone; LFZ, Lena
folded zone; TDT, Togus-Daban trough; TU, Tonoda uplift (northern flank); and UA, Ura anticlinorium. Circles indicate the studied outcrops (yellow, the Zhuya and
Chencha Formations; red, the Nokhtuisk Formation; and green, the Late Devonian mafic sills of the Zharovsk complex). Based on a geological map of the Siberian
Platform (scale 1:1,500,000).

“stacks.” To the east, the N–S-striking eastern limb of the
trough joins the structure of the Ura anticlinorium, in which
the folds consisting of Late Precambrian rocks are already of
SW–NE strike. South of the Ura anticlinorium, the folded
structure becomes N–S-striking again and passes into the
Zhuya zone of fold–thrust dislocations complicating the
western “Chara” margin of the Aldan block of the Siberian
Platform (Figs. 1, 2). The age of the folding in the region has
been a subject of discussion for more than 80 years. According
to N.M. Chumakov et al. (2007), the folded structures of the
region are of different ages, so that the formation of all the
structures in the Patom zone and its closest surroundings
cannot be limited to one epoch. Actually, the “final” folding
within the study area took place from Late Devonian to
Jurassic, because (1) Late Devonian sills are involved in the
folding and (2) the folded structures in the northern part of
the region are overlain by undeformed Jurassic sediments.
Within the Patom margin, in the outcrops on the banks of
the Bol’shoi Patom and Lena Rivers and their tributaries, we
studied the red-colored terrigenous carbonate sediments of the
Vendian Zhuya (Nikol’skoe) and Chencha Formations (Chumakov et al., 2011) and the Early Cambrian Nokhtuisk
Formation (Khomentovsky et al., 2004) as well as the mafic
rocks of the Late Devonian Zharovsk complex. In total, more

than 35 outcrops were studied in the region, and 10–15 (or,
sometimes, more) oriented samples were taken from each of
them.
Geochronological study of the granitoids
The age of the northern AVB, which is the study region,
is constrained by a series of “old” U–Pb geochronological
estimates, which are within 325–272 Ma for the Konkudera–
Mamakan complex (Bukharov et al., 1992). For a more
accurate correlation between the paleomagnetic data and the
time scale, we carried out U–Pb dating for the objects with
the largest quantity of paleomagnetic results in this part of the
batholith.
The sample for the isotope dating of the Konkudera–
Mamakan granitoids was taken from an outcrop on the bank
of the Vitim River, downstream of the Engazhimo River
mouth (right bank, the outcrop T5).
The sample (initial weight ~0.25 kg) was disintegrated by
hand in a cast-iron mortar (without the use of mechanical
crushers). Crushed to the size ~0.15 mm, the material was
decanted in running water. Later, the crushed material of the
sample was successively separated in bromoform and the
heavy liquid M1 until a zircon monofraction was obtained.
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Table 1. Analytical data on zircon from the granites of the Konkudera–Mamakan complex
Analysis

Content
U

U/Th

206

Pb (%)

Isotopic ratio ± %
238

Th

206Pb/

U

Rho

207

235

Pb/

Age (Ma)
(206Pb/238U)204

U

(206Pb/238U)208

(206Pb/207Pb)204

ppm
5.1

626.50

916.03

0.68

0.27

0.05 ± 0.52

0.33 ± 2.38

0.22

289.15 ± 1.48

291.02 ± 2.21

282.60 ± 53.02

10.1

507.79

232.70

2.18

0.59

0.05 ± 0.61

0.31 ± 4.45

0.14

296.73 ± 1.76

297.10 ± 3.06

122.70 ± 103.82

11.1

610.06

704.72

0.87

–0.06

0.05 ± 0.53

0.34 ± 1.73

0.31

298.02 ± 1.55

299.28 ± 2.00

277.48 ± 37.63

1.1

356.87

797.23

0.45

–0.13

0.05 ± 0.70

0.33 ± 2.24

0.31

297.70 ± 2.04

299.65 ± 3.70

219.79 ± 49.18

8.1

792.27

380.61

2.08

0.19

0.05 ± 0.48

0.35 ± 1.58

0.30

299.47 ± 1.39

300.97 ± 1.57

328.21 ± 34.29

14.1

861.58

702.80

1.23

0.14

0.05 ± 0.48

0.35 ± 1.60

0.30

299.71 ± 1.40

304.55 ± 1.95

320.87 ± 34.67

4.1

732.16

329.76

2.22

0.38

0.05 ± 0.53

0.34 ± 3.58

0.15

306.44 ± 1.57

307.48 ± 1.76

235.03 ± 81.79

3.1*

450.30

269.00

1.67

1.58

0.28 ± 0.53

4.38 ± 0.80

0.66

1613.35 ± 7.50

1614.75 ± 8.18

1828.05 ± 10.88

Note. The mean weighted (206Pb/238U)208 age is 301.0 ± 4.9 (95%) Ma, without regard to the error of the standards; MSWD = 6.6; n = 7. Rho, Coefficient of
correlation between the errors of determination of the ratios 206Pb/238U and 207Pb/235U. The errors are within the interval 1σ. The correction for common Pb
was made after measured 204Pb.
* The analysis was not used in calculating the mean weighted age.

Handpicked zircon grains were mounted in epoxy together
with zircon standards.
The zircon grains are short-prismatic crystals ~100 µm in
size (along the long axis). On the cathodoluminescence
images, they show a distinct oscillatory zoning typical of
magmatic zircon.
The U–Pb zircon dating was carried out on the Stanford–
USGS SHRIMP-RG ionic microprobe by the technique similar
to (Williams, 1998). Madagascar zircon MAD (for U content)
and R33 (for the calibration of isotopic ratios) was used as a
standard.
The data obtained were reduced in the SQUID software
(Ludwig, 2000). The Isoplot/Ex software was used to plot a
concordia diagram and to calculate the U–Pb age. The analysis
of the zircon grains is presented in Table 1 and Fig. 3.

Analyses with high contents of U (>1000 ppm) and
common Pb (>1% 206Pb) were not used to calculate the
isotopic age of the granites. The age was calculated as a mean
square value of the 206Pb/238U ages after a 208Pb correction
for common Pb and equaled 301.0 ± 4.9 Ma (confidence
interval 95%; MSWD = 6.6). The errors in the isotopic ratios
of the standards were not taken into account during the
calculation of the model age. As a result, we interpret the age
301.0 ± 4.9 Ma as that of the granite crystallization.
The discordant isotopic ratios obtained for the core of one
isometric zircon grain with a distinct zoning suggest the
Proterozoic age of the grain. The concordia intercept (Fig. 3),
calculated from all the analyses, yields ages of 299.3 ± 3.7
(lower intercept) and 1856 ± 24 Ma (upper intercept). The
ages obtained indicate that this zircon is trapped and the
isotope system was disturbed during the granite formation.

Paleomagnetic data

Fig. 3. Concordia diagrams for zircon from the granites of the Konkudera–
Mamakan complex. Inset shows the 206Pb/238U ages of zircon, within the
uncertainty limit, used in calculating the mean weighted age. The measurement
error is 2σ for each spot.

The collections were processed in the Laboratory of the
Main Geomagnetic Field and Petromagnetism (O.Yu. Shmidt
Institute of Physics of the Earth), the Petromagnetic Laboratory of Moscow State University, and the paleomagnetic
laboratories of the University of California, Santa Cruz
(United States); the University of Munich (Germany); and the
Institute of Earth Physics of Paris (France). All the samples
were subjected to stepwise thermal demagnetization till complete loss of magnetization or until the magnetization vector
showed chaotic changes in direction. The demagnetization
usually included 12 to 18 stages depending on the magnetic
mineralogy of the rocks. The thermal demagnetization was
carried out with the use of MMTD-80 (Magnetic Measurements Ltd.) thermal demagnetizers. Remanent magnetization
was measured in nonmagnetic space on JR-6 (AGICO) spinner
magnetometers and 2G Enterprises SQUID magnetometers.
Magnetic susceptibility was measured on an MFTK-1A
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(AGICO) susceptibility meter. Component analysis and analysis of the vector distribution on a sphere were carried out with
the use of the software designed by R. Enkin (1994) and
S.V. Shipunov (SELECT) (Shipunov, 1995, 2000; Shipunov
and Bretshtein, 1999).
Granitoids of the Angara–Vitim batholith. The scalar
magnetic characteristics of the granitoids in the studied regions
vary widely, differing by more than five orders of magnitude
in NRM (10–5–1 A/m) and magnetic susceptibility (10–6–
10–1 SI units). The granitoids of the Mama–Oron complex and
a considerable part of the Konkudera–Mamakan complex are
weakly magnetic, which explains the lack of an interpretable
paleomagnetic record thereof. A significant number of magnetic granitoid samples contains a clear paleomagnetic signal,
but no systematic paleomagnetic direction is detected in the
outcrop. This might be due to the effect of syn- and
postmagmatic tectonics (Hrouda, 1982), reflected in the abnormally high anisotropy of the magnetic susceptibility of the
studied rocks (Fedyukin and Shatsillo, 2009). The analysis of
the scalar magnetic characteristics of the granitoids shows that
the samples with a “useful” paleomagnetic signal have
distinctive magnetic susceptibility (about 10–2 SI units).
As pointed out above, an interpretable paleomagnetic signal
was observed within the Patom margin only in the Konkudera–
Mamakan granitoids (second stage), in outcrops near the
Engazhimo River. The samples from these outcrops can be
divided into two groups by the character of the loss of
magnetization during the thermal demagnetization.
(1) During the demagnetization of the first group of
samples, magnetization increases gradually (Fig. 4, samples 53 and 61), reaching a maximum at 450–500 °C, and then
decreases by 5–10% at 500–540 °C. Later, at 600 °C and
somewhat more, an abrupt decrease is observed with complete
demagnetization at the Tc of hematite. Judging by the
unblocking temperatures, the main magnetic mineral in the
samples of this group is oxidized magnetite or Ti-poor
hemo-ilmenite.
The increase in magnetization within the interval of low
and medium temperatures is caused by two factors: (1) the
removal of the present-day viscous component of magnetization and (2) at 250–500 °C, the disintegration of the low- to
medium-temperature (LMT) component, almost opposite to
the high-temperature (HT) characteristic component of magnetization (Fig. 4, sample 61), which disintegrates at 500–
680 °C.
The mean directions calculated from the HT and LMT
components for samples in which they coexist are not
completely opposite, because the angular distance between
them in the case of reversal is 13.5° and the critical value is
9.6°. Note that the direction of the present-day regional
geomagnetic field and those of the HT and LMT components
plot along the great-circle arc, indicating that the incomplete
oppositeness of the HT and LMT components is caused by
partial contamination of the latter with recent magnetization
(Fig. 4). We presume that the existence of the LMT component is due to the self-reversal effect of magnetization;
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(2) Judging by the character of the demagnetization, iron
sulfides are the main carriers of the paleomagnetic signal in
the samples of the second group (which make up ~40% of the
total). During the thermal demagnetizations, a considerable
part of the magnetization disintegrates at 400–450 °C. In the
case of dramatic heating, strong biasing takes place, as is
typical of rocks containing iron sulfides, after which magnetite
formation takes place on heating in the presence of oxygen.
Quite a “noisy” component, directed similarly to the HT
component of the first group, is distinguished only in half the
samples. The others contain only “traces” of this component
as remagnetization circles (Fig. 4, sample 26).
The granitoid samples from the Vitimkan complex,
Transbaikalia (Tsipa River), which yielded the largest quantity
of results, show quite a noisy paleomagnetic record. An
informative signal is detected at 300–600 °C (Fig. 4, sample 31), when the magnetization vector “wanders” around a
direction corresponding to the HT component of the
Konkudera–Mamakan granitoids. At higher temperatures, the
magnetization vector begins to change its direction in a chaotic
way as a result of laboratory biasing.
Despite the moderate quality of the paleomagnetic record
in half the studied samples, the calculated magnetization
components show satisfactory convergence both within the
outcrops (Table 2) and during the comparison of the mean
directions for the outcrops (Fig. 4), which form a cluster in
the field of NW declinations and high negative inclinations.
The good convergence between the data on the outcrops
indicates, on the one hand, synchronism in the formation of
the magnetization in the studied regions and, on the other
hand, the lack of significant tectonic movements in their
structure after the magnetization is fixed.
The primary character of the magnetization is evidenced
by a considerable difference between the calculated paleomagnetic direction and known Meso-Cenozoic directions for
Siberia and Europe (Besse and Courtillot, 2002; Cocks and
Torsvik, 2007; Metelkin et al., 2012; Pavlov, 2012) as well
as by a regional contact test: The framing of the Patom margin
and Baikal–Muya belt experienced regional “batholith” remagnetization (see below), which did not extend to the platform
region (Shatsillo et al., 2007).
The isotopic age of the Konkudera–Mamakan granitoids,
determined for the samples from the outcrop on the right bank
of the Vitim River, downstream of the Engazhimo River
mouth, which yielded the largest quantity of results, is
301.0 ± 4.9 Ma. The U–Th–Pb system in zircon closes at
>900 °C (Lee et al., 1997); i.e., the magnetization age must
be younger than the zircon age and correspond to the time the
granitoids cooled below the unblocking temperatures. The
thermochronometry data on the Cretaceous–Paleogene Ladakh
batholith (Himalayas) (Rajeev et al., 2007), similar in extent
to the AVB, show that the average cooling rate during the
first 15–20 Myr after the closure of the U–Pb system was
~30 °C/Myr; i.e., the average time required for cooling to
500–600 °C must be 10–13 Myr. If the same is true of the
AVB and the granitoid magnetization is primary, the time of
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Fig. 4. Zijderveld diagrams and stereograms with the distribution of the detected components of magnetization in the granitoids of the Angara–Vitim batholith.
Geographical coordinates. Filled circles on the stereograms are projections onto the lower hemisphere; open circles are projections onto the upper hemisphere; and
cross shows the outcrop mean. Planes: horizontal (filled circle) and vertical (open circle). See explanations in the text.

its formation can be estimated at 280–295 Ma, taking into
account the error of determination of the rock age.
The Vendian and Lower Cambrian Zhuya (Nikol’skoe),
Chencha, and Nokhtuisk Formations. The samples taken
from these stratigraphic units consist of variegated silty
sandstones, mudstones, and marls. Along with the “final”
high-temperature components (not considered hereafter), a
considerable part of the samples has an intermediate-tempera-

ture (IT) component, which is resistant to demagnetization
and usually does not become the origin of coordinates on
Zijderveld diagrams (Fig. 5). The IT component is distinguished at 100–200 °C or more and usually disintegrates at
temperatures of no more than the Tc of magnetite; it is often
the only component in the sample. This component is
determined by fold tests as postfolding magnetization (Table 2,
Fig. 5).
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Table 2. Paleomagnetic directions for the granitoids of the Angara–Vitim batholith and the red-colored rocks of the Zhuya, Chencha, and Nokhtuisk Formations
Outcrop

n/N

D(g)

I(g)

k(g)

a95(g)

D(s)

I(s)

k(s)

a95(s)

Slong

Slat

Granitoids of the Angara–Vitim batholith
T4 (Vitim)

3+3c

335.4

–74.2

32.1

12.9

–

–

–

–

114.92

57.93

T5 (Vitim)

10

341.7

–81.9

55.7

6.5

–

–

–

–

114.87

57.86

T5A (Vitim)

7+1c

345.1

–78.5

109.0

5.4

–

–

–

–

114.87

57.86

T5B (Vitim)

9

322.9

–85.4

54.5

7.0

–

–

–

–

114.87

57.86

T5C (Vitim)

3+5c

304.5

–76.5

21.4

13.0

–

–

–

–

114.87

57.86

17 (Vitim)

3

345.2

–86.6

86.5

13.3

–

–

–

–

114.98

57.82

18 (Vitim)

6

346.8

–76.1

48.2

9.7

–

–

–

–

114.87

57.86

4 (Tsipa)

7+1c

318.3

–75.8

29.0

10.5

–

–

–

–

115.65

55.06

114.87

57.86

Mean

8

203.2

3.9

–

–

–

–

–

–

89.7

2.8

184.5

–4.9

39.5

4.3

114.51

59.78

320.5

–74.4

331.4

–79.6

Recalculated for coordinates

Zhuya (Nikol’skoe) and Chencha Formations (Vendian)
21

29

346.2

–77.1

22

6

1.3

–75.9

262.0

4.1

357.1

–34.8

32.1

12.0

114.51

59.89

31

12

345.3

–67.6

24.9

8.9

348.0

–16.4

24.3

9.0

115.55

60.11

33

18

328.2

–68.6

48.5

5.0

180.2

–42.5

14.5

9.4

115.65

60.12

34

15

347.9

–61.5

17.5

9.4

339.3

–13.9

15.4

10.1

115.65

60.16

Mean

5

344.8

–70.4

118.0

7.1

324.6

–58.2

1.4

116.2

–

–

Nokhtuisk Formation (Early Cambrian)
24

6

335.4

–80.9

14.4

18.3

333.9

–3.7

14.9

17.9

114.58

59.95

25

12

8.9

–73.7

14.8

11.7

351.8

–63.8

14.8

11.7

114.89

60.04

28

3

94.7

–72.3

27.1

24.2

142.5

–41.6

27.1

24.2

115.31

60.09

37

13

345.3

–82.0

64.5

5.2

205.0

–31.1

48.8

6.0

116.16

60.15

40

4

358.1

–54.2

38.2

15.0

221.1

–49.7

24.6

18.9

116.17

60.19

Mean

5

11.4

–76.4

24.5

15.8

237.9

–71.3

2.1

72.7

–

–

Note. n/N, Number of samples/outcrops; D, declination; I, inclination; k, concentration parameter; a95, radius of the confidence circle, which corresponds to
95% certainty; (g) and (s), geographical and stratigraphic coordinates; and Slong and Slat, outcrop longitude and latitude. The index (c) in the column n/N
indicates the remagnetization circles used in calculating the mean direction.

Dolerite sills of the Zharovsk complex. Zijderveld diagrams for the studied samples show the final high-temperature
components of magnetization with the maximum unblocking
temperatures close to the Tc of magnetite (Fig. 6). Comparison
of the mean directions for the outcrops reveals the presence
of clusters against the background of the general quasi-chaotic
distribution both in geographical and stratigraphic coordinates
(Fig. 6, Table 3). The prefolding NW cluster of northwestern
declinations and mean positive inclinations is distinguished in
stratigraphic coordinates. The outcrops representing this cluster are localized in the northernmost part of the area (Lena
River, downstream of the Nyuya River mouth, Fig. 2), where
the sills and enclosing Cambrian–Ordovician rocks are gently
folded. The studied samples, consisting of unaltered dolerites
and exocontact zones, are characterized by distinct (often,
single-component) Zijderveld diagrams (Fig. 6, samples 285
and 243). The directions forming the NW cluster show a
considerable difference from both the expected Devonian
directions and other known Siberian directions. The paleomagnetic directions forming the NW cluster are of uncertain

genesis; the working hypothesis is that their formation is due
to the fixation of magnetization during an excursion or the
recording of the field during a reversal. Regardless of the
origin or age of magnetization, the prefolding origin of the
NW cluster testifies to the fact that the Devonian sills in this
part of the Togus-Daban trough intruded undeformed rocks
(i.e., the folding here was post-Devonian).
In the southwestern quarter of the stereogram, a SW cluster
(Fig. 6) is tentatively distinguished in the area of low and
medium inclinations (stratigraphic coordinates). Fold tests for
the SW cluster do not yield conclusive results, so that these
data are not considered below.
The remaining part of the samples is characterized by the
SF cluster of medium to high negative inclinations and a wide
scatter of declinations with grouping in the polar area of the
stereogram in geographical coordinates (Fig. 6). Fold tests
indicate the synfolding origin of the magnetization. When the
SF cluster is considered in intermediate coordinates, the mean
direction for sites corresponds to the characteristic component
of the AVB granitoids.
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Fig. 5. Zijderveld diagrams and stereograms with the distribution of the detected components of magnetization in the Vendian–Lower Cambrian rocks. The Zijderveld
diagrams are in stratigraphic coordinates, whereas the stereograms are in geographical coordinates. Filled circles on the stereograms are projections onto the lower
hemisphere; open circles are projections onto the upper hemisphere; and crosses show the outcrop mean. Insets show plots of the concentration of the mean directions
vs. the degree of the unfolding (proportionate unfolding).

Synthesis of the paleomagnetic data. The mean directions
of the metachronous component in the rocks of the Patom
margin (Tables 2, 3, Figs. 5, 6) coincide within the uncertainty
limits with the presumed primary direction in the Angara–Vitim granites. It is very likely that the formation of this
magnetization was synchronous in all the studied objects. A
similar postfolding component was detected by K.M. Konstantinov in the Late Precambrian and Early Carboniferous rocks
of the Baikal–Muya belt (Shatsillo et al., 2004) (Table 4).
Note that monopolar magnetization of negative inclinations
was observed in all the studied objects, which is additional
evidence for the Late Carboniferous–Early Permian age of the
magnetization, which corresponds to the Kiaman reversed-polarity superchron (317–265 Ma). The above-mentioned facts
suggest that the regional remagnetization event was caused by
the intrusion of the AVB, whose thermal and fluid effect gave
rise to metachronous magnetization in the host rocks. The
remagnetization time might correspond to a peak of regional
endogenic activity. The entire data set indicates that the
studied part of the Baikal–Patom folded area and the Patom margin of the platform have been rigid and have not

experienced any large mutual movements or rotations during
the post-batholith time (since the Permian). Therefore, the
mean paleomagnetic pole, calculated from the primary and
metachronous components of magnetization, can be traced
onto cratonic Siberia.
Let us consider versions of calculating the overall mean
pole. Three versions are proposed (Table 4, Fig. 7): (1)
calculation of the mean poles for the regions (Patom margin
(PM) + Baikal–Muya belt, Kholodnaya Formation (BMB(Kh))
+ Baikal–Muya belt, Padrokan Formation (BMB(P)) + AVB
granitoids (AVB)); (2) calculation of the poles for all the
outcrops; and (3) calculation of the poles for all the outcrops
with the use of data selection (successive removal of poles
differing from the mean with 95% certainty at corresponding
concentration parameters) (Shipunov and Bretshtein, 1999)).
As is evident from Table 4, all three averaging techniques
yield very close results, which differ only in accuracy.
Considering that approach (1) involves very nonuniform
selections of the initial data, we presume that approaches 2
and 3 are more accurate. We propose that approach 3 be used
for tectonic interpretations.
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Fig. 6. Zijderveld diagrams and stereograms with the distribution of the detected components of magnetization in the sills of the Zharovsk complex. The Zijderveld
diagrams are in stratigraphic coordinates. Filled circles on the stereograms are projections onto the lower hemisphere; open circles are projections onto the upper
hemisphere; and cross shows the outcrop mean. Intermediate coordinates—disproportionate unfolding. Insets show plots of the concentration of the mean directions
vs. the degree of the unfolding (proportionate unfolding). See explanations in the text.

Discussion of results and tectonic interpretation
The age of the final folding in the Baikal–Patom region
and its possible causes. There is no consensus on the age of
the folding in the Baikal–Patom region. Some structural-geologic evidence is provided for the existence of early stages
within the Patom margin: (1) Riphean (corresponds to the
Purpol’–Medvezhevka stage), observed in the basin of the
lower reaches of the Vitim River (Ivanov et al., 1995); (2)
Vendian, detected in the eastern part of the region (Zhuya and
Malyi Patom Rivers) from the presence of syndepositional
structures in the Barakun Formation (Chumakov et al., 2007)
and in the west (headwaters of the Levaya Kirenga River)
from the presence of angular unconformity at the base of the
Ushakovka Formation (Salop, 1964); (3) Early–Middle Cambrian, marked by slight erosion and angular unconformity at
the base of the Upper Lena Formation, at the platform
periphery (Patom margin) (Chumakov et al., 2007; Salop,
1964), and by traces of syndepositional extension in the
underlying Early Cambrian rocks (de Boisgrollier et al., 2009).
The above-mentioned markers of tectonic rearrangements have

a local character. In general, as pointed out above, the Late
Precambrian–Early Paleozoic rocks of the Patom margin make
up a single complex and show the same style of deformation.
Considerable difficulties are connected with the age estimation for the “main” Paleozoic deformations, which have
been recently dated at the post-Middle Silurian–pre-Permian
(Ivanov et al., 1995), post-Devonian–pre-Permian (de Boisgrollier et al., 2009), or Silurian (Zorin et al., 2008). The latest
estimate is based on the geochronological data (421 ± 15 Ma)
obtained for the synfolding granites of the southwestern Patom
margin (Mama crystalline belt). The authors attribute deformations of this age to collision events in the western Baikal
region, whose peak was observed in the Early–Middle Ordovician (Fedorovsky et al., 2010; Vladimirov et al., 2011). On
the other hand, the Silurian “Mama” granites experienced later
deformations (Zorin et al., 2008). Nevertheless, all researchers
acknowledge the “pre-batholith” age of the folding in the
Baikal–Patom region.
In recent years, there has been a breakthrough in the
stratigraphic studies of the areas south of the study region: It
has been proven that part of the sediments involved in
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Table 3. Paleomagnetic directions in the sills of the Zharovsk complex and burned contacts
Outcrop

I(s)

k

A95

D(i)

I(i)

F

Slong

Slat

n/N

D(g)

I(g)

D(s)

L2-1

20+13c

312.3

65.9

331.5

40.1

50.5

3.6

–

–

–

116.40

60.51

L2-1BC

9

303.6

66.7

327.7

42.5

200.7

3.6

–

–

–

116.40

60.51

L2-2

20+11c

318.8

34.2

327.5

43.8

110.6

2.5

–

–

–

116.40

60.51

L3A

8+4c

323.9

38.0

323.9

38.0

28.4

8.4

–

–

–

116.34

60.52

L3B

12+7c

314.5

44.0

324.2

31.0

39.5

5.4

–

–

–

116.29

60.52

Mean

5

316.3

49.9

–

–

25.4

15.5

–

–

–

–

–

5

–

–

326.9

39.1

210.4

5.3

–

–

–

–

–

292.9

–33.0

20.5

12.5

254.4

–61.8

15

114.56

59.95

NW cluster

Pole Plong = 342.3 Plat = 45.3 A95 = 4.3
SF cluster
23

8

240.1

–63.4

23BC

4+1c

154.3

–80.9

324.7

–49.3

38.2

12.9

319.5

–79.8

38

114.56

59.95

30

9+1c

38.8

–76.4

28.0

–30.7

21.1

10.8

38.8

–76.4

0

115.48

60.10

32BC

3+2c

33.9

–63.0

353.3

–39.0

17.2

20.3

29.9

–62.4

6

115.58

60.10

38

6+1c

53.2

–52.2

182.1

–42.0

32.9

10.8

92.6

–71.8

34

116.15

60.16

39

10+2c

244.9

–47.3

350.5

–39.8

19.6

10.1

309.2

–63.3

53

116.15

60.18

41

9+1c

34.0

–84.9

201.9

–80.1

11.4

15.0

34.0

–84.9

0

116.19

60.20

44

5+3c

340.1

–76.5

5.7

–81.7

44.3

10.2

346.8

–78.6

36

116.30

60.30

46_1–2

10+4c

7.9

–59.0

260.8

–59.6

14.7

10.8

327.1

–71.9

42

116.68

60.14

59_1

8

358.8

–27.0

339.1

–66.0

10.4

18.0

339.1

–66.0

100

116.39

60.42

59_2

5

336.8

–78.6

206.5

–56.5

10.4

24.9

334.6

–79.2

2

116.39

60.42

L-1

22+12c

333.4

–75.1

61.8

–68.4

19.4

5.7

345.4

–76.7

13

116.66

60.44

Mean

12

354.9

–77.2

–

–

8.9

15.4

–

–

–

–

–

12

–

–

325.8

–72.8

4.8

22.2

–

–

–

–

–

12

Disproportionate unfolding

26.6

8.6

342.6

–78.7

–

–

–

12

Proportionate unfolding

14.4

11.8

343.9

–76.6

35.3

–

–

29

4+5c

185.1

6.9

206.6

40.0

23.9

11.2

–

–

–

115.44

60.11

35

8+1c

240.2

14.5

237.8

18.9

61.5

6.7

–

–

–

115.90

60.12

SW cluster

36

8+1c

246.8

5.2

245.3

15.5

25.6

10.4

–

–

–

116.15

60.14

42_1-2

7+1c

261.8

–38.8

245.7

–13.2

17.6

13.7

–

–

–

116.22

60.20

Note. The index (i) indicates intermediate coordinates; F, percentage of the unfolding at the maximum concentration; Plong and Plat, longitude and latitude of
the paleomagnetic pole; and A95, radius of the confidence circle. See the other explanations in Table 2 and in the text.

deformations and conventionally assigned to the Late Precambrian is of Middle–Late Paleozoic age (Gordienko et al., 2010;
Minina, 2003; Ruzhentsev et al., 2012). For example, Carboniferous pollen assemblages (Minina, 2003; Minina et al., 2009)
were detected in the Kholodnaya terrigenous rocks, widespread in the southwestern Baikal–Patom folded area and the
western Baikal–Muya belt, which are regarded as a Vendian
molasse marking the Baikalian folding (Salop, 1964; Stanevich et al., 2007). Correspondingly, this decrease in the
estimated ages of the stratigraphic units requires a modification of the age estimate for the folding and of the existing
geodynamic models for the regional evolution.
The paleomagnetic data suggest that Late Paleozoic folding
took place in the study region somewhat before (or, in some

areas, synchronously with) the AVB formation. First, postfolding “batholith” magnetization is observed in the western
Baikal–Muya belt in the strongly deformed Early Carboniferous (Minina, 2003; Minina et al., 2009) rocks of the Kholodnaya Formation. This implies that the age of the folding in
this area is within the interval Middle Carboniferous–Permian.
Second, the paleomagnetic data on the sills of the Zharovsk
complex (Togus-Daban trough) show that (A) the Late
Devonian sills intruded undeformed Early Paleozoic rocks
(which is confirmed by the prefolding origin of the magnetization of the NW cluster); i.e., the folding in that area took
place only during the post-Devonian time and (B) the folding
event is here synchronous with the batholith formation
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Table 4. Paleomagnetic poles
No.

Plong

Plat

A95

1

121.5

35.6

5.0

2

113.8

33.2

7.3

3

125.5

21.2

13.6

4

136.7

24.9

7.8

5

124.8

13.3

12.7

Mean (1–5)

124.7

25.8

11.1

6

124.6

43.3

34.7

7

109.7

29.9

20.0

8

60.8

48.8

40.3

9

121.7

44.8

10.0

10

117.7

4.9

17.7

Mean (6–10)

109.3

36.5

26.0

11

131.0

20.0

26.6

12

128.0

40.8

46.2

13

136.7

29.8

17.8

14

122.6

38.7

18.8

15

107.1

51.4

29.5

16

152.8

22.9

14.2

17

61.7

47.6

17.8

18

93.5

16.7

28.0

19

95.3

37.7

19.3

20

190.9

43.5

17.0

21

132.1

43.3

24.1

22

124.3

35.6

10.2

G

Gc

13.8

13.7

14.3

25.1

PATOM MARGIN
Postfolding remagnetization of the Zhuya (Nikol’skoe) and Chencha Formations

Postfolding remagnetization of the Nokhtuisk Formation

Synfolding remagnetization of the Zharovsk complex (SF cluster)

Mean (11–22)

123.4

39.4

14.9

2.9

20.9

Regional mean (1–22)

120.6

35.6

9.6

6.5

17.5

Baikal–Muya belt*
23

Kholodnaya Formation Slong = 110.5, Slat = 56.2

131.0

25.0

10.1

14.9

14.3

24

Padrokan Formation Slong = 115, Slat = 57

115.0

44.0

10.3

10.1

20.7

25 (Vitim)

128.6

30.0

22.2

26 (Vitim)

121.6

42.5

12.4

27 (Vitim)

121.8

36.2

9.9

28 (Vitim)

123.5

50.2

13.8

29 (Vitim)

142.3

39.3

23.2

30 (Vitim)

117.7

51.2

26.4

31 (Vitim)

121.7

31.9

17.2

k

A95

GRANITOIDS OF THE ANGARA-VITIM BATHOLITH

32 (Tsipa)

136.5

32.6

18.9

Mean (25–32)

127.1

39.5

7.2

N

Plong

Plat

CALCULATION OF THE OVERALL MEAN POLE
For regions

4

123.8

36.2

67.2

11.3

For outcrops

32

122.5

36.6

15.3

6.7

For outcrops, selection

23

125.8

36.1

56.5

4.1

Note. Plong and Plat, Longitude and latitude of the paleomagnetic pole; A95, radius of the confidence circle; N, number of outcrops or regions; G and Gc,
angular distance and its critical value with 95% certainty in the comparison between the mean regional poles and the granitoid pole.
* Data by K.M. Konstantinov (Institute of the Earth’s Crust), previously cited in (Shatsillo et al., 2004). See the other explanations in the text.
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Fig. 7. Versions of calculating the overall mean paleomagnetic pole. See explanations in the text.

(synfolding “batholith” remagnetization); i.e., it corresponds
to the Late Carboniferous/Early Permian boundary.
Thus, the Silurian deformations observed in the southwestern part of the Patom margin were not of so large extent as
it is presumed in (Zorin et al., 2008) and might have been
limited to the Mama crystalline belt. This is also evidenced
by the lack of unconformity in the Ordovician–Silurian
sediments of the Togus-Daban trough and adjacent Nyuya–
Dzherba basin (Nikol’skii and Kavelin, 1984). Also, the age
of the final deformations is within the interval Middle
Carboniferous–early Permian, and the deformation process is
lengthy. A similar conclusion about the Late Carboniferous–
Early Permian age of folding was made for the structures of
the Tochero trough (Baikal–Vitim folded system) (Mazukabzov et al., 2010). It is presumed that the Late Paleozoic
folding affected the entire Patom–Transbaikalia intracratonic
structure. In our view, the folding of the Paleozoic sedimentary
cover of Siberia, conformable to the Baikal–Patom orocline
(Fig. 1), might also result from Carboniferous–Permian tectonic events.
Conventionally (Ivanov et al., 1995), the accretion and
collision connected with the evolution of the Paleoasian ocean
are opresumed to be the tectonic causes of formation of the
oroclinal structure of the Baikal–Patom region and adjacent
areas of the platform, but these processes are confined to the
Early Paleozoic. The observed structural pattern and the high
degree of dislocation of the Late Precambrian–Paleozoic rocks
(Fig. 2) cannot be explained by accretion-collisional tectonics.
With the existing configuration of the geologic structures (first
and foremost, the “rigid” cratonic margins of Siberia, see
Fig. 1), the pressure from the fold belt can be regarded as
“point” action, which must have transformed northward for
hundreds of kilometers, and this appears unlikely. Besides that,
no signs of Carboniferous–Permian collision which might have
caused such strong deformations (Gordienko et al., 2010) are
observed at the southern periphery of epi-Caledonian Siberia
within the study region. We presume that the Late Paleozoic

deformations are due to the intraplate tectonics caused by the
relative rotation of the Angara–Olenek and Aldan blocks of
the Siberian Platform during the opening of the Vilyui rift
system (Masaitis et al., 1975) (Fig. 1). The rotation is
confirmed by paleomagnetic data (Pavlov et al., 2008; and
others). According to preliminary geometrical calculations
(Shatsillo et al., 2009), the Patom–Transbaikalia intracratonic
space decreased by ~40% with respect to the initial values
from west to east (57° N in geographical coordinates) owing
to the rotation of the Angara–Olenek and Aldan blocks
(Siberia). This must have caused thickening of the intracratonic crust and considerable deformations. Proceeding from
this hypothesis, we propose the following scenario for the
Middle–Late Paleozoic tectonic evolution of the region.
(1) Late Devonian. Initial stage of opening of the Vilyui
rift system: trap and subvolcanic magmatism within the
platform, including the intrusion of the Zharovsk sills (TogusDaban trough);
(2) Early–Middle (?) Carboniferous. Active opening of a
rift—E–W (in geographical coordinates) compression of the
Patom–Transbaikalia intracratonic space; crustal pile-up and
accompanying deformations, which determined the general
regional structure; formation of the syntectonic granitoids of
Transbaikalia (early stage of formation of the Angara–Vitim
batholith, after (Tsygankov et al., 2007)); and formation of
thick molasse complexes (Kholodnaya Formation). This stage
correlates with the “Late Variscan” stage of evolution of the
Baikal–Vitim folded system (Ruzhentsev et al., 2012), which
was manifested there in the accumulation of molasses and the
formation of a strained fold–thrust structure.
(3) Middle Carboniferous–Early Permian. Dying-away of
the rift—collapse of the Patom–Transbaikalia orogen, complete formation of the folded and fault structures of the region
and adjacent areas of the platform, and formation of the bulk
of the AVB.
The geodynamic origin of the AVB has long been discussed, and there is no consensus about the causes of its
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Fig. 8. Apparent polar-wander path curves for Siberia and Baltica and the obtained paleomagnetic pole. Inset shows the early Permian paleogeographic position of
the Siberian Platform and adjacent Caledonian–Hercynian folded areas, according to the data obtained. See explanations in the text.

formation (Gordienko, 2006; Litvinovskii et al., 1993; Nenakhov and Nikitin, 2007; Tsygankov et al., 2007; Yarmolyuk et
al., 1997). In recent years, the “plume” hypothesis of origin
of the AVB, put forward by V.V. Yarmolyuk et al. (Yarmolyuk and Kovalenko, 2003; Yarmolyuk et al., 1997), has
become widely accepted. The AVB formation in this hypothesis is connected with the coverage of the mantle hotspots of
the Paleoasian ocean by the Siberian continent and the
subsequent plume–lithosphere interaction in active-continental-margin settings. The crustal anatexis caused by the thermal
effect of the plumes resulted in the Late Paleozoic batholith
formation.
In terms of the geodynamic model proposed by us, the
AVB formation can be attributed to crustal thickening caused
by intraplate tectonics and its anatexis owing to radiogenic
heat generation. Theoretical calculations (England and
Thompson, 1984) demonstrate that the time of radiogenic heat
generation required for reaching melting temperatures in

thickened crust was few tens of Myr. Geochronological and
modeling results for the South Bohemian postcollisional
batholith (Gerdes et al., 2000) show that the maximum rise of
isotherms and the peak of anatexis were observed 20 Myr after
the termination of the 30 Myr long collision. In general, the
provided estimates are close to the age difference between
active evolution of the Vilyui rift (which led to “subcollisional” processes within the Patom–Transbaikalia intracratonic
space) and the formation of most of the AVB granitoids,
viewed in some publications (Tsygankov et al., 2007) as
postcollisional (postorogenic).
In contrast to the plume model for the AVB, which was
considered above, deformations (and their structural pattern)
and magmatism fit into the proposed scenario, which does not
preclude the effect of mantle sources on the batholith formation.
The Late Paleozoic segment of the APWP for the
Siberian Platform and its paleogeographic position in the
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Early Permian. The age estimate for the granitoid magnetization and the peak of the regional granite formation suggests
that the age of the overall mean pole, calculated from the
primary and metachronous components of magnetization, is
~290 Ma (early Early Permian).
In the latest published model for the APWP curve for the
Siberian Platform (Cocks and Torsvik, 2007) (Fig. 8), poles
for two stages (Early Permian and the Permian/Triassic
boundary) were used to plot the Late Paleozoic segment. Note
that the Early Permian is constrained by the only age
determination (Pisarevsky et al., 2006), obtained from five thin
dolerite dikes on the southwestern shore of Lake Baikal. This
determination was carried out by modern methods, and the
age of the rocks was geochronologically constrained. However, the determination does not meet the statistical criteria
for reliability and has no clear structural control, because the
dikes from which this result was obtained are localized within
the crystalline basement, in a zone of Cenozoic “Baikalian”
strike-slip tectonics. The unaccounted-for inclination of the
basement blocks owing to movements along listric faults is a
possible cause of biasing of the “dike” pole from the AVB
pole (Fig. 8). Anyway, great care should be taken when using
the determination from (Pisarevsky et al., 2006) as the Early
Permian pole for Siberia without any additional constraints.
The new data serve as a reliable basis for plotting the Late
Paleozoic segment of the APWP curve for the Siberian
Platform.
The data obtained make it possible to estimate the Early
Permian paleogeographic position of the Siberian Platform and
surrounding epi-Hercynian folded areas. In the Early Permian,
Siberia was located at latitudes close to the present-day
ones—between 48° and 72° N (Fig. 8, inset). It rotated ~160°
clockwise with respect to the present-day longitude, so that
the “Aldan” margin faced north.

Conclusions
The first reliable paleomagnetic determination has been
obtained for the Early Permian of Siberia. It is proposed that
the calculated paleomagnetic pole is used as a reference one
for ~290 Ma during the plotting of the APWP curve for the
Siberian Platform and the solution of other global tectonic
problems. Along with “classical” paleomagnetic conclusions
about the Early Permian paleogeographic position of the
platform, the new data, in combination with geological data
on the Baikal–Patom region and adjacent areas, invite some
fundamental conclusions or hypotheses concerning the Late
Paleozoic tectonic evolution of these structures.
(1) The Late Paleozoic age of intraplate deformations
within the Baikal–Patom folded area has been substantiated,
and it is estimated at the Carboniferous–early Permian.
Deformations of this age are traced southward into the zone
of the Baikal–Vitim Caledonides and, therefore, can be viewed
as transregional. The deformations in the platform cover of
Siberia which are conformable to the structure of the Patom
margin might be of the same age and origin;

(2) The regional Late Paleozoic deformations are close in
time to, and somewhat older than, the formation of the
granitoids of the Angara–Vitim batholith. That is, the folding
and granitoid magmatism form a single genetic series and
might have been caused by the same tectonic event;
(3) The Late Paleozoic folding and large-scale granite
formation might be due to the E–W compression caused by
the convergence of the “Baikal” margin of the Angara–Olenek
block with the “Chara” margin of the Aldan block of the
Siberian Platform owing to the opening of the Vilyui paleorift
system.
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