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INTRODUCTION

The principles of plate tectonics hold that the main
activity of geological processes is confined to plate
boundaries [1, 80]. As early as the 1960s, Wilson [94,
95] and Morgan [76, 77] called attention to manifesta�
tions of within�plate magmatism, which they referred
to hot spots, or more precisely to the ascent of deep
mantle plumes. Such hot spots, for example the
Hawaiian hot spot, remain at the same place for a long
time, and their traces in the lithosphere make it possi�
ble to restore the absolute motions of the lithospheric
plates [77, 57]. Zonenshain and Kuz’min [9] were the
first to show that present�day hot spots are grouped in
certain regions rather than distributed chaotically on
the Earth’s surface. These regions were called hot
fields of the mantle.

The seismic tomographic data display the arrange�
ment of low�velocity (hot) and high�velocity (cold)
mantle domains, which are traced from the lithos�
phere bottom to the core [58–60, 74]. The large low�
velocity provinces localized beneath Africa and the
adjacent territories and the Pacific Ocean coincide

with the hot mantle fields outlined by Zonenshain and
Kuz’min. These large low�velocity mantle provinces
are commonly termed the African and Pacific large
low�shear�velocity provinces (LLVSP), or super�
plumes [84, 97], which correspond to rises, or super�
swells of the geoid surface [56, 62, 71, 78]. As was
mentioned above, the present�day volcanic activity in
hot spots is conjugated to them [55] (Fig. 1), as is the
formation of the Mesozoic and Cenozoic large igne�
ous provinces (LIPs) [51, 52].

It is suggested that mantle plumes originate at the
upper–lower mantle interface, where most subducted
lithospheric material accumulates, and in the layer D''
at the interface between the solid silicate mantle and
the liquid iron–nickel core. Seismic tomographic data
have shown that after the first stagnation in the transi�
tional zone (400–600 km) the subducted plates sink to
the mantle–core interface [61, 97, 98]. This process
corresponds to general mantle convection: the cold
subducted material descends into the Earth’s mantle,
whereas the hot mantle material ascends as mantle
plumes.
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The hot mantle of the superplumes ascends
through the lower mantle, breaking down into a series
of isolated plumes manifested at the Earth’s surface as
clusters of hot spots [60, 75]. The conjugation of
ascending and descending flows in the mantle leads to

the idea of close relationships between deep geody�
namics (mantle plumes) and plate tectonics [52, 55,
57, 66, 85]. This idea was stated in contrast to the early
concept assuming that mantle plumes act indepen�
dently of plate�tectonic processes [63].
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Fig. 1. Arrangement of hot spots (white circles) relative to hot fields of the mantle at a depth of 2800 km, after [55]. I, Iceland hot
spot; CAVP, Central Asian within�plate volcanic province [42]. Low and high velocities of seismic waves with maximal amplitudes
of anomalies up to 1.2% are shown in red and blue, respectively.
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Fig. 2. Graphs illustrating (a) the time of supercontinent origination and (b) the distribution of large igneous provinces in the
Earth’s history. The sinusoid curve displays probable cycles of superplume activity destroying supercontinents, after [70].
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The most convincing argument for the relationship
between plate and plume tectonics is the coordination
of the formation of supercontinents and superplumes
in supercontinental cycles [19, 20, 51, 52, 66, 70, 75].
At present, it is established that the supercontinents,
which combine almost all of the continental masses of
the Earth into a single whole, arose during the evolution
of the planet. The cycles of origination of superconti�
nents and their breakup under the effect of superplumes
into separate continental blocks are shown in Fig. 2.

To date, the formation history of the Rodinia and
Pangea supercontinents have been studied in most
detail [64, 69, 70, 87]. Rodinia was formed about 1 Ga
ago and broke down about 700 Ma ago under effect of
the Rodinian superplume situated beneath it [75, 96].
It is suggested that an antipodal superplume existed
simultaneously with the Rodinian Superplume [70]
(Fig. 3). After the breakdown of Rodinia, the conti�
nents that made it up, including Siberia, could have
been displaced into the Late Riphean Ocean. In this
case, the products of within�plate oceanic magmatism
which mark the activity of the antipodal superplume
should be manifested in the Late Riphean and Early
Paleozoic structural elements of Siberia and its fold
framework. Indeed, rocks corresponding to fragments
of oceanic islands and lava plateaus of this age are
widespread in the orogenic belts surrounding the Sibe�
rian Platform [39, 40]. Furthermore, a number of
Phanerozoic LIPs formed in the Siberian continent as

products of interaction of continents with mantle hot
spots [38, 39, 96].

In this paper, we show that Siberia drifted over most
of the Phanerozoic in the zone affected by the super�
plume antipodal to Rodinia and comparable with the
present�day Pacific superplume [75, 96]. Thus, the
plume antipodal to the latter can be compared with the
present�day African superplume, which was denoted
as the pra�African superplume for that time interval.

In our concept, we assign the leading role to the
Iceland hot spot, which marks the northern boundary
of the LLVSP. The time of existence of this province is
traced at least back to 300 Ma [89, 90]. Many authors
point out the uniqueness of the Iceland hot spot,
assuming that this hot spot has retained its position in
the system of absolute geographic coordinates for a
long time. The history of this hot spot is traced reliably
back to 150 Ma [68, 73]; some researchers refer the
formation of the Siberian flood basalts to this hot spot.
Proceeding from the suggestion that the Siberian flood
basalt province was localized 250 Ma ago above the
Iceland plume, we made an attempt to perform abso�
lute reconstruction of Siberia over a wider time inter�
val. Our reconstruction covers a time interval of more
than 500 Ma and is based on the arrangement of hot
spots of various ages throughout the continent. Unfor�
tunately, the earlier reconstructions carried out
together with Zonenshain [10] covered rather short
and separate time intervals of the Phanerozoic history
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of North Asia and did not give an integral coherent
pattern.

The Siberian continent is understood in this paper
as a continental block, which was limited after break�
down of Rodinia by the Siberian Platform and grew

out during the subsequent geological history through
the accretion of terranes with a younger crust: Cale�
donian, Hercynian, and Indosinian. The autonomous
development of the continent was completed by colli�
sion with the North China Craton.
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WITHIN�PLATE MAGMATISM 
IN THE PHANEROZOIC HISTORY OF SIBERIA 

AND ITS FOLD FRAMEWORK

As is known [22–24, 54], the products of within�
plate magmatism are characterized by rock associa�
tions of elevated alkalinity, including alkali basalt,
alkali gabbroic rocks, phonolite, trachyte, comendite,
pantellerite, alkali granite, etc. They are typical of
continental rifts and intracontinental domains. The
intensity of the within�plate endogenic activity of the
Siberian continent is emphasized by numerous graben
systems differing in age, as well as horsts and arches,
with occurrences of igneous rocks typical of within�
plate magmatism. Their spatial distribution is shown
in Fig. 4, and their integrated attributes are given in the
Table. The geology of the within�plate provinces and
the rocks occurring therein are considered in many
publications [2, 3, 23, 24, 37–39, 41, 43]; therefore,
only a brief overview is given below. The Early–Middle
Paleozoic, Late Paleozoic–Early Mesozoic, and the
Late Mesozoic–Cenozoic epochs of within�plate
magmatism are distinguished in the Phanerozoic his�
tory of the Siberian continent.

The earlier manifestations (Late Riphean and Ven�
dian–Early Cambrian) were related to the oceanic
framework of the Siberian continent, where com�
plexes of high�Ti mafic rocks of the OIB type corre�
sponding to fragments of oceanic islands and lava pla�
teaus are documented in the ophiolitic zones of the
Central Asian Foldbelt [2, 18, 31, 39, 40, 44]; numer�
ous occurrences of alkaline intrusive magmatism are
shown in Fig. 5.

The Early–Middle Paleozoic epoch is characteristic
of the Altai–Sayan and Vilyui domains of within�plate
magmatism corresponding to LIPs in dimensions.

The Altai–Sayan domain of within�plate magma�
tism is related to the southwestern framework of Sibe�
ria and covers the territories of the Minusa basins,
Tuva, the Sayan Mountains, and Northwest Mongolia
about 500 × 700 km in area [39, 46, 67].

The earliest occurrences of igneous rocks revealing
within�plate characteristics are dated at 490–450 Ma.
These are layered gabbroic plutons and numerous
intrusions of alkali granite and alkali syenite of the
Sangilen Complex widespread in the Eastern Sayan.
Since that time and until Early Devonian, intrusive
activity proceeded almost continuously and resulted
in the formation of intrusions of ultrabasic alkaline
rocks, nepheline syenite, and alkaline and Li–F gran�
ites combined in numerous intrusive complexes
(Ognit, Okunevka, Buren, etc.) [39, 46, 67]. The K–
Ar and Rb–Sr ages of these rocks vary from 450 to
400 Ma. The peak of within�plate magmatic activity
fell on the Early Devonian and was related to the for�
mation of a triple graben system (Fig. 6) coeval with
the active continental margin corresponding to the
zone of interaction between the Siberian continent

and lithosphere of the Paleoasian Ocean. The triple
graben system turned out to be partly superimposed on
the active continental margin, and this affected the
composition of the within�plate igneous associations
[4]. The Tuva Graben, which is a branch of this sys�
tem, is traced inland for more than 500 km. The sec�
ond branch corresponds to the Devonian Delyun–
Yustyd black�shale trough, the section of which begins
with mafic and felsic lavas. This trough is traced in the
northwestern direction for more than 600 km. The
third branch opened in the west�northwest toward the
paleoocean and crossed the structural elements of the
Mongolian Altai. Rifting was accompanied by erup�
tions of mainly mafic lavas. The intensity of magmatic
activity of this time in the Altai–Sayan region can be
determined from the fact that more than 50000 km3 of
lavas were erupted in the Early Devonian in the
Minusa Basin alone [26]. It is suggested that no less
than 100000 km3 of igneous rocks formed in the entire
region 410–390 Ma ago. Thus, the Altai–Sayan
region can be classified as a LIP. In the Middle Devo�
nian, magmatic activity was sharply reduced.

The Vilyui large igneous province covers vast areas of
the present�day eastern margin of the Siberian Plat�
form (Fig. 6); a triple system of rift zones arose here in
the Middle Devonian. One branch corresponds to the
Vilyui Rift and two others to marginal ruptures that
determined the present�day eastern boundary of the
Siberian paleocontinent [10]. The Vilyui Rift is about
800 km in extent and 450 km in width [5, 15, 16] and
characterized by a complex internal structure.

The oldest igneous rocks in the rift system are dated
at the Late Silurian [5]. They were formed against the
background of a growing arch in the central part of the
domain and characterized by high�alkalinity rocks:
tephrite, trachybasalt, trachyte, phonolite, and mas�
sifs of ultramafic alkaline rocks with carbonatites,
which are most abundant close to the eastern margin
of the Siberian Platform and to the Sette�Daban. The
peak of tectonic and magmatic activity fell on the
Middle–Late Devonian [5], when the arch was dis�
sected by the triple rift zone. The breakup was accom�
panied by eruptions of subalkaline and tholeiitic
basalts. The eruptions alternated with sedimentation.
As a result, sedimentary–volcanic sequences many
kilometers thick filled the rifts. The final stage of rifting
(Late Devonian–Early Carboniferous) was character�
ized by sharply reduced basaltic eruptions against a back�
ground of increasing contrast of tectonic movements. A
great amount of products of magmatic activity was
erupted. In the Vilyui Rift alone their volume is estimated
at 100000 km3 [5, 15, 16].

The Late Paleozoic–Early Mesozoic epoch com�
bines the events that occurred 320–190 Ma ago, when
several large igneous provinces were formed.

The Barguzin–Vitim large igneous province was
formed in the Late Carboniferous and Early Permian.
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Epochs, provinces, and domains of Phanerozoic within�plate magmatism in the Siberian Platform and its Central Asian
fold framework

 Epoch and stage 
of magmatic  activity 

Province and domains of within�plate magmatic activity and character of magmatic 
events (age, Ma is bracketed) 

Late Riphean–Early Paleozoic I. Early Paleozoic Altai–Sayan
Rock complexes of oceanic islands (OIB�
type high�Ti basalts, layered intrusions of 
gabbro and high�Ti gabbroic rocks) [598, 
544, 530, 531, 527, 513]; complexes of alka�
line rocks with carbonatites [510, 510]; per�
alkaline granite intrusions [510]

Synaccretionary granitic rocks [510–480] 
and OIB�type mafic dikes

Postaccretionary intrusions of peralkaline 
granite and nepheline syenite [494, 490, 
470], alkali granite [495, 490, 480, 450], sub�
alkali and alkali gabbroic rocks [464, 446]

Middle Paleozoic I. Middle Paleozoic Altai–Sayan II. Vilyui

Early Devonian Formation of grabens and basins and basalt–
trachyte, bimodal basalt–trachydacite–tra�
chyrhyolite, nephelinite–phonotephrite vol�
canic associations; emplacement of dolerite, 
teshenite, teralite, alkali syenite [408, 402, 
400–383], alkali and Li–F granite [390]

Arching, eruption of trachybasalt, tra�
chyte, and phonolite

Middle Devonian Formation of rift zones and mafic dike 
belts. Two stages of eruption and accu�
mulation of basaltic flows along with dep�
osition of Devonian terrigenous rocks: 
Givetian–Frasnian [~375] and Fras�
nian–Famennian [~365]. Emplacement 
of dolerite, shonkinite, and teschenite 
dikes; formation of alkaline ultramafic 
massifs with carbonatites

Late Devonian–Early 
Carboniferous

Late Paleozoic–Early Mesozoic III. Barguzin–Vitim [330–280] Central Asian Rift Systems
IV. Late Paleozoic

Late Carboniferous–Early
Permian

Formation of rift belts:
—Synnyr: alkali, nepheline, and pseudoleu�
cite syenites [295, 290, 285];

Gobi–Tien Shan Rift Zone with bimodal 
basalt–comendite, alkali granite [318–
285] and Li–F leucogranite [285] mag�
matism

—Uda–Vitim: ultrabasic alkaline rocks, al�
kaline gabbroic rocks, nepheline syenite, 
carbonatite [290–285];

—Saizhen Zone: ultrabasic alkaline rocks, al�
kaline gabbroic rocks, nepheline syenite, 
carbonatite [290–285];

Gobi–Altai Rift Zone with bimodal ba�
salt–pantellerite and alkali granite mag�
matism [290–280]

Early and Late Permian Formation of the Angara–Vitim batholith 
and synplutonic dikes of alkaline mafic rocks 
[305–280]

North Mongolian Rift Zone with bimodal 
basalt–pantellerite and alkali granite 
magmatism [270–250]

Formation of the Khangai zonal–sym�
metrical magmatic aureole with the 
Khangai granitoid batholith in its center 
[270–250]

Permian–Triassic boundary V. Siberian flood�basalt (trap)
Formation of flood�basalt (trap) complex 
[252–247]
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The province covers more than 150000 km2 and has a
zonal structure (Fig. 7). The central part of the prov�
ince is occupied by the world’s largest Angara–Vitim
batholith, composed of various intrusive rocks from
monzodiorite to granite, granosyenite, and leucogran�
ite. The time of batholith formation was determined
based on numerous U–Pb and Rb–Sr data and is esti�
mated at 320–275 Ma, with the most massive granite
formation between 305 and 285 Ma [35, 38, 45]. The
Uda–Vitim, Synnyr, and Eastern Sayan rift zones with
alkaline rocks are traced at the batholith margins. The
Saizhen Rift Zone is traced along the axial zone of the
batholith. The rift zones are marked by chains of mas�
sifs of ultramafic and mafic rocks; alkali granite and
syenite, including leucite and nepheline syenites; and
sporadic volcanic fields of bimodal basalt–comendite
associations. The age of these igneous rocks was estab�
lished with the U–Pb, Rb–Sr, and Ar/Ar methods:
200–285 Ma in the Synnyr Zone, 290–288 Ma in the
Saizhen Zone, 290–275 Ma in the Uda–Vitim Zone
[65, 72], and 302–295 Ma in the Eastern Sayan [49].

In addition, rocks revealing within�plate geochem�
ical and isotopic specialization occur in the central
part of the batholith as numerous minor intrusions,
dikes, and sills of alkaline basaltoids [25, 38, 45]
emplaced contemporaneously with granites forming
contact zones of mingling. Thus, the mafic intrusions
have the same age as the granites (305–285 Ma). It is
suggested that the thermal effect of basaltic magma

gave rise to large�scale crustal anatexis and the forma�
tion of a granitic batholith [38, 45]. In this regard, the
Angara–Vitim batholith is an example of within�plate
granitoid rocks that originated under the effect of typ�
ical within�plate mantle rocks.

The most attractive within�plate magmatic event in
the formation history of the Late Paleozoic North
Asian continent was the formation of the giant igneous
province, which combines the flood�basalt domain of
the Siberian Platform and the rift system of West Sibe�
ria (Fig. 8). Flood basalts (traps) cover more than
1500000 km2 and their volume is approximately equal
to 1.5 × 106 km3 [23, 24]. The time of their formation
is estimated at a narrow interval of 251–248 Ma ago.
According to numerous Ar/Ar data, the traps of the
Kuznetsk Basin and volcanic rocks of the West Sibe�
rian Rift System were formed at the Early Triassic
(~249 Ma) [3, 23, 24, 82, 83]. The volcanism of West
Siberia is characterized by development of bimodal
volcanic associations with participation of basalts,
including alkaline varieties, and rhyolites. Volcanic
activity was related to the grabens which are traced
through the entire West Siberian Lowland from its
southern boundary to the Arctic Ocean for 1500 km
and more (Fig. 8).

At the same time, within�plate volcanism devel�
oped in the fold framework of Siberia, where the Late
Paleozoic–Early Mesozoic rift system of Central Asia

(Contd.)

 Epoch and stage 
of magmatic  activity 

Province and domains of within�plate magmatic activity and character 
of magmatic events (age, Ma is bracketed) 

Triassic–Early Jurassic VI. West Siberian Rift System 
Basaltic and bimodal basalt–trachy�
rhyolite associations [252–247]

VII. Early Mesozoic
Zonal–symmetrical magmatic aureole 
of East Mongolia and West Transbaikal 
region. The Khentii granitoid batholith 
[230–195] is its core; the West Trans�
baikal and North Mongolian rift zones 
with alkali and Li–F granites, basaltic, 
and bimodal basalt–comendite associa�
tions [230–195] make up its framework

Late Mesozoic–Early Cenozoic Central Asian intracontinental

Late Jurassic Origination of hot spots: South Khangai (SH), East Mongolian (EM), West 
Transbaikal (WT), and Central Aldan (CA). Formation of separate grabens with 
basalt, trachyte, trachyrhyolite, locally with carbonatite, pantellerite, and alkali 
granite and Li–F granite intrusions [170–140]

Early Cretaceous Formation of graben systems in SH, EM, WT domains with plateau basalt erup�
tions and occurrences of tephrite, phonolite, nepheline syenite, shonkinite, car�
bonatite, ongonite, and Li–F granite [140–100]

Late Cretaceous–Early Cenozoic Isolated fields of basalt, melanephelinite, tephrite, and basanite in volcanic do�
mains of SH, WT, and CA [100–30]

Late Cenozoic Central and East Asian intracontinental

Reactivation of magmatic activity in SH, WT, and CA domains; origination of 
a new system of hot spots (South Baikal, Dariganga, Shanxi, etc.); eruption of 
plateau basalt, tephrite, basanite [<25]; formation of the Baikal Rift System
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Fig. 5. Late Riphean–Early Paleozoic rock complexes with within�plate characteristics in the Caledonides of the Central Asian
Foldbelt. (1) Tonalite, granodiorite, granite; (2) rock complexes with within�plate characteristics (OIB�type basalts in ophiolites,
alkali granite and syenite, nepheline syenite, alkali gabbroic rocks, and carbonatite); (3) Paleozoic marine trough; (4) Caledonian
fold zone; (5) Precambrian terrane; (6) platform; (7) fault; (8) boundary of the domain with rocks of within�plate type (projection
of mantle plume).

was formed (table) as a belt of nearly parallel rift zones
(Fig. 7) accompanied by bimodal basalt–comendite
and basalt–pantellerite associations and numerous
alkali granite and syenite intrusions [41, 65].

The rift system was formed in several stages. The
early stage corresponds to the origination of the rift
system and formation of the earliest grabens of the
Gobi–Tien Shan Rift Zone and the Main Mongolian
Lineament. These zones arose at the outer margin of
the continents in the Hercynian fold framework of the
Siberian Platform. The geological age of this zone is
Late Carboniferous–Early Permian. The U–Pb and
Rb–Sr datings of alkali granites and volcanic rocks
range from 318 to 285 Ma [48, 93].

The Gobi–Altai and North Mongolian rift systems
were formed 290–270 and 270–250 Ma ago, respec�
tively, as a result of progressive propagation of the cen�
ter of rifting toward the fold framework of the Siberian
Platform [41]. The Khangai granitoid batholith was
emplaced between these rift systems simultaneously
with their development [38, 41, 47]. Like the Angara–
Vitim batholith, this batholith is a product of crustal
anatexis under the effect of within�plate heat sources.
The U–Pb age of the batholith is 269–242 Ma [47]. As
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a result, the Khangai magmatic aureole of this age
acquainted elements of a zonal symmetric structure.
The Khangai batholith occupies the central part and
the periphery is made up of the Gobi–Altai and North
Mongolian rift zones.

The formation of the Late Paleozoic rift system was
completed by the development of the Early Mesozoic
Mongolian–Transbaikal magmatic aureole, which
resembles the Permian Khangai aureole. The core of
this aureole (Khentii batholith) is shifted 800 km to
the east from the core of the Permian aureole (Khan�
gai batholith) (Fig. 7), The Khentii batholith was
formed near the western closure of the Mongolia–
Okhotsk oceanic basin and comprises large granodior�
ite–granite plutons ~150000 km2 in area. The Late
Triassic–Early Jurassic age of this batholith is based on
the U–Pb and Rb–Sr isotopic dates of its main intru�
sive phases (225–195 Ma) [43]. The batholith is sur�
rounded by rift zones which are accompanied by igne�
ous associations with participations of basalt, phono�

lite, trachyte, pantellerite, comendite, Li–F granite,
alkali granite, and syenite. Their U–Pb, Ar/Ar, and
Rb–Sr ages are estimated at 220–200 Ma. The age of
228–195 Ma was established for similar rocks in East
Mongolia in the southern periphery of the aureole.

By 190 Ma ago, the within�plate activity was
abruptly reduced throughout North Asia, which
denotes the termination of the Late Paleozoic–Early
Mesozoic epoch.

The Late Mesozoic–Cenozoic epoch of within�plate
magmatism covered about 140 Ma of geological his�
tory from the Middle Jurassic (~160 Ma) to the
Holocene inclusive. Over this epoch, the character of
magmatic activity progressively changed, and three
stages are distinguished in line with these changes.

The Late Jurassic–Early Cretaceous stage (160–
100 Ma) corresponds to the formation of East Mongo�
lia, West Mongolia, South Khangai, and the Central
Aldan rift systems (Fig. 9), which arose in the frame�

Fig. 7. Localization of the Late Paleozoic–Early Mesozoic LIPs in the Central Asian Foldbelt. (1, 2) Bimodal basalt–comendite
associations of rift zones: (1) Early Mesozoic and (2) Permian; (3, 4) batholiths: (3) Early Mesozoic Khentii–Daur and (4) Late
Paleozoic Khangai and Angara–Vitim (AV); (5–7) geoblocks: (5) Hercynian and Indosinian, (6) Caledonian, (7) craton;
(8) fault; (9–11) areas of within�plate igneous associations related to the Mongolian mantle plume: (9) Late Carboniferous–
Early Permian, (10) Permian, (11) Late Triassic–Early Jurassic; (12) direction of shift of the mantle plume projection with time;
(13) average age of within�plate magmatic activity.
Inset: migration of aureoles of within�plate magmatism related to the Mongolian hot spot. The shift of the aureoles was caused by move�
ment of the continental lithospheric plate above the mantle plume in the directions opposite to those indicated by the arrows.
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work and at the periphery of the Early Mesozoic Mon�
golian–Transbaikal zonal magmatic aureole, thus dis�
playing a certain inheritance in the evolution of the
Early and the Late Mesozoic magmatism. The evolu�
tion of these domains was related to the formation of
graben systems and accompanied by intense magmatic
activity. Volcanic associations with trachyte, trachy�
rhyolite, pantellerite, phonolite, and tephrite along
with prevalent plateau basalts arose in these systems.
Sporadic minor intrusions of nepheline and leucite
syenites, alkali syenite and granite, Li–F granite and
ongonite, shonkinite, and carbonatite were formed as
well. The peak of tectonic and magmatic activity fell
on the onset of Early Cretaceous (130–140 Ma), when
a system of grabens was formed and large volume of
plateau basalts (>15000 km3) erupted [42, 46].

The Late Cretaceous–Early Cenozoic stage (100–
25 Ma) was characterized by suppressed magmatic

activity [42]. In the West Transbaikal, South Khangai,
and East Mongolian volcanic domains, isolated and
small in size lava fields and shield volcanoes were
formed at that time. Tephrite, basanite, nephelinite,
and to a lesser extent, subalkali basalt are typical. The
volume of volcanic products of that time did not
exceed 200 km3.

The Late Cenozoic stage (<25 Ma) is expressed in
recent within�plate volcanic and tectonic reactivation
of Central and East Asia (Fig. 10). The magmatic
activity proceeded in the West Transbaikal, South
Khangai, and Central Aldan volcanic domains [42],
where a large lava plateau (Vitim, Central Khangai,
and Udokan) grew at that time up. New volcanic
regions, e.g., South Baikal, Dariganga, etc., scattered
throughout Central and East Asia arose as well.

It should be noted that despite the stadial character
of the Late Mesozoic–Cenozoic magmatism, the for�
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mation of some igneous domains could have been
related to long�functioning mantle hot spots. For
example, at least two hot spots (South Khangai, West
Transbaikal) developed over the last 160 Ma [42]. This
is indicated by inheritance in the localization of volca�
nic centers differing in age, the similar compositions
of igneous rocks that erupted at different times, and
the constant paleogeographic coordinates of active
volcanic zones.

The data discussed above show that from the Riph�
ean and then during the entire Phanerozoic, the Sibe�
rian Craton and the fold regions surrounding it (in the
south in present�day coordinates) were a field of
within�plate magmatism. Two short breaks in mag�
matic activity are noted. One pause between 350 and
320 Ma followed the completion of magmatic activity
in the Vilyui LIP and continued up to the onset of
magmatic activity in the Barguzin–Vitim LIP. The
second pause embraced the interval of ~190 to 160 Ma
due to the termination of activity in the Late Paleo�
zoic–Early Mesozoic within�plate domains of North
Asia and continued to the Late Jurassic, when a new
generation of within�plate domains was formed in
Central Asia. After the Early Cretaceous active phase,
the productivity of volcanic activity fell sharply to less
than 200 km3 in the Late Cretaceous–Early Cenozoic.
In the Late Cenozoic volcanism reactivated again.

INTERACTION OF SIBERIA WITH THE 
LARGE LOW�SHEAR�VELOCITY PROVINCE 

(LLSVP) IN THE PHANEROZOIC

The available data on within�plate magmatism of
Siberia allows us to state that after breakdown of Rod�
inia the Siberian continent started to wander in the
Riphean Ocean, called the Paleoasian Ocean in the
Russian literature. As a result of this travel and accord�
ing to the data on the interaction between the super�
continents and superplumes, the Siberian continent
reached the area affected by the pra�African super�
plume antipodal with respect to the Rodinian super�
plume. We suppose that over most of the Phanerozoic,
the Siberian continent interacted with the LLSVP cor�
responding to this superplume. Various plumes formed
within this LLSVP were active during different time
intervals.

As was mentioned above, the unique Iceland hot
spot retained its relative position in geographic coordi�
nates for a long time. Some authors believe that the
Iceland hot spot was situated 250 Ma ago beneath the
Siberian flood�basalt (trap) province and determined
the formation of this large igneous province [34, 68,
73]. Since the Early Triassic, the trap magmatism
propagated to the adjacent area of the Barents and
Kara Seas (Fig. 11). The Franz Josef Archipelago
marks the propagation of magmatic activity in the
Early Jurassic and Cretaceous. The High Arctic large

Fig. 9. Late Mesozoic volcanic zones in Central Asia. (1) Fields of trachybasalt, trachyte–phonolite, trachyte–trachyrhyolite,
and basalt–trachyrhyolite volcanic associations; (2) intrusions of alkali and Li–F granites; (3) contour of volcanic zones;
(4, 5) areas of denudation, after [36]: (4) low mountains, (5) elevated plains; (6) fault. Volcanic (rift) zones (abbreviations in fig�
ure): WTRZ, West Transbaikal; EMRZ, East Mongolian; GARZ, Gobi–Altai.
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igneous province (HALIP), whose fragments are
retained in various parts of the present�day Arctic
Basin, was probably related to this hot spot in the Early
Jurassic and Cretaceous [50]. About 50 Ma ago, the

Iceland plume was responsible for opening of the
North Atlantic [73, 92], from where its trace is tracked
via Greenland up to the present�day location of Iceland.
The data on migration of the Iceland hot spot over the last
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Fig. 10. Areas of recent volcanism and mountain systems in the Central Asian subprovince and location of asthenospheric uplifts,
after [11]. (1) Lava field, (2) areas of ascent of the asthenosphere to a depth of <50 km, (3) asthenospheric uplifts (mantle plumes)
ascending to a depth of 50–100 km. Asthenospheric uplifts (mantle hot spots): SK, South Khangai; SG, South Gobi; SB, South
Baikal; NB, North Baikal; Ud, Udokan; KT, Khentii; lava plateaus: Vit, Vitim; Dar, Daringanga.
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250 Ma are summed up and illustrated in Fig. 11. At
present, the Iceland plume marks the northern boundary
of the African LLSVP. It is suggested that the Iceland
plume has remained at this position relative to the
LLSVP since the moment of its origination [89, 91].

Torsvik et al. [88, 89] have shown that the African
LLVCP has not changed its position over the last
300 Ma. This statement is based, in particular, on the
data concerning the Skagerrak LIP, which covers
Great Britain, Germany, Norway, and Sweden, with
its center in the Skagerrak Graben in the North Sea.
This province, which arose about 297 Ma ago, is
responsible for the eruption of 0.1 × 106 km3 of basalts
and the formation of the Oslo Graben. Paleomagnetic
reconstructions have shown that the formation of this
LIP fixed the near�equatorial margin of the African
low�velocity province. This implies that the African

LLSVP has existed at least 300 Ma and has constant
absolute geographic coordinates. The stable position of
the Iceland hot spot over the last 250–300 Ma in absolute
geographic coordinates allows us to consider this hot spot
as a longitudinal datum mark of the migration of Siberia
within the LLVSP in the Phanerozoic.

ESTIMATED MIGRATION OF SIBERIA 
ON THE BASIS OF PALEORECONSTRUCTIONS

The positions of Siberia in particular time intervals
of the Phanerozoic are reconstructed in [67]. On the
basis of these data, the migration of Siberia from the
Vendian to the Late Cenozoic is considered below. The
main point of this reconstruction is the suggestion that
the Siberian flood basalts are related to the Iceland hot
spot, which determined the longitudinal position of
Siberia within the LLVSP at the Permian–Triassic
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boundary. This, in turn, made it possible to establish
the absolute coordinates of the hot spots marked by
within�plate magmatism in the Phanerozoic history of
the continents. In doing so, we proceeded from the
assumption that the longitudinal arrangement of the
hot spots was determined by the coordinates of the
African LLVSP between ~330° and 70° E.

First of all, note the stable position of the Vilyui
Rift ~400–350 Ma ago (Fig. 12). The corresponding
hot spot could have existed before 400 Ma; however,
according to paleomagnetic data, the Siberian conti�
nent overlapped it only 400 Ma ago. As follows from
the paleomagnetic data [67], the latitudinal position of
Siberia did not significantly change from 435 to
360 Ma ago (~6° ± 15°), however it rotated clockwise
through ~30.0° ± 15.0° (Fig. 13).

The Altai–Sayan magmatic aureole is determined
by another hot spot, which corresponded to the Vilyui
hot spot in time of activity (490–370 Ma). Zonenshain
et al. [10] have determined that during the Ordovician
and Silurian this aureole was a separate terrane, which
was attached to Siberia only in the Late Silurian–
Early Devonian. In the Altai–Sayan magmatic aure�
ole, magmatism began in the Ordovician–Silurian
above a hot spot in the ocean at a distance from Siberia
[18, 40, 44] (Fig. 12). The maximum of volcanic activ�
ity fell on the interval of 410 to 370 Ma, when the
Altai–Sayan Terrane joined Siberia, which remained
above the hot spot (Fig. 12). In the Late Silurian–
Early Devonian, the Siberian continent, having
increased in size, rotated above the Altai–Sayan hot
spot without significant displacement relative to the
meridian and, as a result, overlapped the Vilyui hot
spot (Fig. 12). Thus, taking the Vilyui hot spot as con�
stantly immobile, we can estimate the coordinates of
the Vilyui hot spot (35° ± 15° N and ~340° E) and the
Altai–Sayan hot spot (40° ± 15° N and ~360° E).
Siberia continued its clockwise rotation in the Late
Devonian–Early Carboniferous, occupying a stable
position above the Vilyui hot spot. No data are avail�
able on the interaction of the Altai–Sayan hot spot
and the Siberian continent in the post�Devonian time.
We suggest that the continent shifted apart from this
hot spot (Fig. 12).

In the Early Permian (275 Ma ago), Siberia was sit�
uated at the same latitude as in the Permian–Triassic
[81, 86]. Such a high latitudinal position indicates
that, having detached from the Vilyui hot spot, Siberia
was displaced from 30° to 60° N over 30–35 Ma. The
average velocity of ~11 cm/yr is very high. Therefore,
we have to suggest that the continent moved only along
the meridian. The subsequent clockwise rotation
resulted in the appearance of the Iceland hot spot
beneath the Siberian flood basalts. The reconstruction
of the probable pathway of Siberia above this hot spot
during the Permian allows us to suggest that the first
contact of the hot spot with the continent took place

close to its Transbaikal active margin. This interaction
was fixed 310–280 Ma ago and led to the formation of
the Barguzin–Vitim zonal magmatic area with the
Angara–Vitim batholith as a core surrounded by mar�
ginal rift zones [38, 45].

The trace of the hot spot related to the rotation of
Siberia above it during the Permian is traced from
paleomagnetic data. For example, the Permian–Trias�
sic magnetic anomalies in the Early Paleozoic base�
metal ore and doleritic dikes and sills at the Ozernoe
deposit to the east of Lake Baikal (present�day geo�
graphic coordinates are 53° N and 112° E) and in the
Middle Carboniferous ore at the Sukhoi Log deposit
in the Bodaibo district (present�day geographic coor�
dinates 58° N and 115° E) [8, 21, 67] indicate their
remagnetization. Both deposits are localized between
the Barguzin–Vitim area and the province of Siberian
flood basalts. Therefore, remagnetization could have
been related to migration of the continent above the
hot spot.

Thus, the Barguzin area of the Siberian continent
migrated to the vicinity of the Iceland hot spot in the
Late Carboniferous (320 Ma ago). At the Permian–
Triassic boundary, the Iceland hot spot ejected an
enormous amount of plume material, having provided
the formation of the Permian–Triassic Siberian flood
basalts. In the Late Triassic–Early Jurassic, Siberia
continued to move apart from the Iceland hot spot,
rotating clockwise and displacing in the latitudinal
direction, so that magmatism migrated in the north�
western direction (in present�day coordinates) to the
shelf of the Siberian continent.

The Central Asian Rift System composed of igne�
ous rocks typical of within�plate setting was formed
approximately 310–285 Ma ago in the Hercynides of
South Mongolia simultaneously with the Barguzin–
Vitim area. The formation of this province is referred
to the Mongolian hot spot [39, 46]. The displacement
and clockwise rotation of Siberia in the Late Paleozoic
led to the eastward–northeastward (in present�day
coordinates) migration of magmatism related to this hot
spot (Fig. 7). As was shown in [46], magmatism migrated
at that time from South Mongolia (290 ± 10 Ma) to Cen�
tral Mongolia (255 ± 10 Ma) with the formation of the
Khangai zonal magmatic area and then to East Mon�
golia and Transbaikal region (210 ± 15 Ma), where the
Mongolian–Transbaikal zonal magmatic area arose.
The coordinates of the Mongolian hot spot are esti�
mated at 65° ± 15° N and ~25°–35° E.

The specificity of within�plate magmatism in the
southern fold framework of the Siberian Platform is
expressed in the formation of large zonal magmatic
area with batholithic cores (Angara–Vitim, Khangai,
and Khentii) in the domains affected by mantle
plumes. This feature was determined by a special
regime of interaction between the mantle plumes and
the lithosphere in the setting of active continental mar�
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gin, when the melts ascending from mantle hot spots
apparently did not reach the surface and concentrated in
the lower crust, provoking anatexis [39, 41, 46].

The traces of the Iceland and Mongolian hot spots,
which are consistent with clockwise rotation of Siberia,
are documented by paleomagnetic data on Siberia and
Europe [53, 67, 92] (Fig. 11). The average velocity of
plate movement from 300–250 to 180 Ma, estimated
at ~1.7 cm/yr from the trace of the Iceland hot spot, is
comparable with the average velocity of tectonic plate
movement in the northern part of the Atlantic Ocean
(~2.0 cm/yr).

No within�plate magmatic activity in Siberia was
established 185–160 Ma ago. We suppose that this
time coincided with the onset of opening of the Atlan�
tic Ocean, and in this connection, Siberia rapidly dis�
placed eastward beyond the African LLSVP.

In the Late Mesozoic, the within�plate activity led
to the formation of several rift zones in Central Asia.
The peak of magmatism fell on the Early Cretaceous,
whereas by the end of the Cretaceous, the intensity of
magmatic and tectonic activity was abruptly reduced.
A new outburst of within�plate magmatism took place
in the Late Cenozoic (<25 Ma). Despite the nonuni�
form evolution of magmatism in the Late Mesozoic
and Cenozoic, it was obviously related to long�living
hot spots, which retain their stable geographic position
over more than 100 Ma [17]. These hot spots belong to
the cluster of mantle plumes recently revealed at the
southwestern margin of the Pacific Ocean [99] as a
branch of the Pacific superplume. Therefore, it may be
inferred that by the beginning of the Late Mesozoic,
Siberia substantially displaced to the east and reached
the field affected by the Pacific plume, which deter�
mined the within�plate activity in East Asia during the
Late Mesozoic and Cenozoic. 

The data presented above make it possible to
reconstruct the paleogeographic position of Siberia in
the Paleozoic and Early Mesozoic using the absolute
coordinates of the Iceland, Altai–Sayan, Vilyui, and
Mongolian hot spots reconstructed on the basis of
geological and paleomagnetic data (Fig. 13). The Late
Mesozoic and Cenozoic position is reconstructed
from the hot spots formed at the corresponding time in
Central and East Asia.

Thus, 700 Ma ago Siberia entered into Rodinia
[79]. After the breakdown of Rodinia, Siberia traveled
to the pra�African hot field of the mantle, where a
number of hot spots differing in age were localized.
The earliest mantle plume that developed in the struc�
ture of the Siberian continent affected the evolution of
the Altai–Sayan domain as early as the Ordovician
and Silurian. Later, in the Early Devonian, after
accretion of this domain to Siberia, this plume
affected the structure and magmatism of the south�
western margin of the continent. Numerous Late
Riphean and Vendian–Cambrian volcanic complexes

composed of OIB�type basalts which participated in
the structure of the oceanic plateaus or oceanic islands
are noted as fragments in the ophiolitic zones of the
Central Asian Foldbelt [2, 18, 31, 44], providing evi�
dence for the migration of Siberia trough the domain
of mantle plumes. According to paleomagnetic data
[6], such complexes of the Dzhida ophiolitic zone
were formed at 15°–20° S. These data show that the
hot spot existed near Siberia as early as the Vendian
and Cambrian. This gives grounds to place the Sibe�
rian continent in the field affected by the African
LLSVP as early as 570 Ma ago (Fig. 13).

By the Mid�Devonian, Siberia remained above the
Altai–Sayan hot spot, and, owing to rotation, over�
lapped the Vilyui hot spot (Fig. 13). The northward
migration of Siberia in the Early Carboniferous
resulted in the collision and accretion of volcanic arcs
and oceanic islands, which existed in the Paleoasian
Ocean [10]. The accreted structural elements made up
the South Mongolian Zone of the Hercynides in the
Central Asian Foldbelt [29]. The Hercynian terranes
and islands were indicators of hot�spot activity within
LLSVP beyond the limits of the Siberian continent. In
the Late Carboniferous, the South Mongolia margin
of Siberia overlapped one such hot spot, called the
Mongolian. As a result of its interaction with the con�
tinent from the Late Carboniferous to the Early Juras�
sic, a large rift system with Khangai and Mongolian–
Transbaikal zonal magmatic areas was formed.
Another hot spot, which determined the formation of
the flood�basalt province of Tarim, operated simulta�
neously with the Mongolian hot spot.

As can be seen from Fig. 13, in the course of migra�
tion, the Siberian continent went above the Altai–
Sayan and Vilyui hot spots, the traces of which were
lost after departure of the continent from them. The
Mongolian hot spot affected the Siberian continent
for a longer time. Later, it was responsible for a num�
ber of magmatic areas in Central Asia. Finally, the Ice�
land hot spot affected the continent for the longest
time. Its trace, documented in the displacements of
magmatic centers from the Barguzin–Vitim region to
the Siberian flood basalts and farther into the Arctic
Basin, stabilized in the Early Cenozoic in the zone of
breakup of the North Atlantic.

After 190 Ma ago, Siberia went out from the effect
of the African hot field and was displaced to the east,
where it overlapped one of the branches of the Pacific
superplumes by its southern (in present�day coordi�
nates) fold framework. As a result, several long�living
mantle hot spots arose in Central and East Asia. Their
paleomagnetic characteristics show that in the Late
Mesozoic and Cenozoic, North Asia underwent rota�
tion without significant horizontal displacements.
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ISOTOPIC–GEOCHEMICAL 
CHARACTERISTICS OF SOURCES 

AND EVOLUTION OF PHANEROZOIC 
WITHIN�PLATE MAGMATISM OF SIBERIA

The geological and paleomagnetic data on the
migration of the Siberian continent above the African
LLVSP in the Phanerozoic allow us to estimate the
composition of the mantle magma sources operating
within the superplume in various time intervals and to
consider the compositional evolution of these sources.

In the Early–Middle Paleozoic epoch, the Siberian
continent was situated at the middle latitudes above
the central area of the African LLVSP and overlapped
the Altai–Sayan and the Vilyui hot spots.

The Altai–Sayan hot spot was overlapped by the
active margin of the Siberian continent, and the triple
system of grabens of the Altai–Sayan rift domain was
formed above this hot spot. The magma sources com�
prised both plume� and subduction�related compo�
nents. The basalts and basaltic andesites widespread in
this domain are derivatives of magma melts. They are
divided into high� and medium�Ti varieties. The high�
Ti basalts occur in the areas furthest from the conti�
nental margin [4]. In their geochemical characteris�
tics, they are close to the OIB�type basalts and are dis�
tinguished by elevated HREE contents (Fig. 14). The
medium�Ti basalts reveal Ta–Nb and Ti minimums
and somewhat lower contents of other trace elements.
This feature is probably caused by the participation of
the aqueous fluid taken from zone of melting in the
subduction zone [4].

The isotopic composition of the basaltic rocks is
shown in Fig. 15. A wide variation in the Sr isotopic
composition in combination with persistent positive
εNd values is characteristic. The isotopic parameters
of the left part of the data point cluster are close to
PREMA. The cluster extending along the x�axis indi�
cates the participation of the component enriched in
radiogenic Sr and depleted in Nd. Marine carbonates
satisfy these conditions, so that subducted carbonate
material was probably involved in magma generation [4].

Thus, the composition of the mafic rocks from the
Altai–Sayan Rift System suggests the participation of
a plume mantle source with OIB geochemical and
PREMA isotopic characteristics. The appearance of
hydrous and carbonate components, which deter�
mined variation in the isotopic composition of rocks
and the geochemical features of medium�Ti basalts, is
a result of the interaction of this source with the sub�
duction zone.

High�Ti basalts are predominant in the Vilyui rift
domain both as lava flows and subvolcanic eruptions.
These OIB�type volcanic rocks (Fig. 14) are close to
the high�Ti basalts of the Altai–Sayan rift domain. As
in the latter, significant variations in the Sr isotopic
composition are noted in the Vilyui rift domain. These

variations are especially inherent to dikes and sills that
are hosted in the carbonate platform cover and thus
contaminated with carbonate rocks. In contrast, the
lava flows have a more�or�less stable isotopic compo�
sition [16]. Taking into account that εNd of the least
contaminated rocks from the Vilyui rift domain is +3
to +6, it may be supposed that the initial composition
of mantle�derived magma was close to PREMA.

The Late Paleozoic–Early Mesozoic epoch was
characterized by the most intense within�plate mag�
matism and the formation of a number large igneous
provinces in a different part of the Siberian continent.
These provinces correspond to the traces of two hot
spots: the Iceland hot spot, to which the formation of
the Barguzin–Vitim zonal magmatic area and the
Siberian flood�basalt (trap) province is related, and
the Mongolian hot spot, which determined the forma�
tion of the Late Paleozoic–Early Mesozoic rift system
of Central Asia. The paleogeographic parameters of
these hot spots indicate that the Siberian continent
occurred at that time at high latitudes and was under�
lain by the northern part of the African LLVSP.

Irrespective of its location, the within�plate mag�
matism of this epoch was characterized by uniform ele�
mental and isotopic compositions. In the flood basalts of
the Siberian Platform, the basalts of rift�related associa�
tions, and the synplutonic mafic dikes in giant granitoid
batholiths, medium�Ti basalts (1–2 wt % TiO2) are pre�
dominant. In REE content, they are close to the OIB�
type basalts (Fig. 14); however, in contrast to the latter,
mafic rocks of the Late Paleozoic and Early Mesozoic
associations reveal a Nb–Ta minimum (Fig. 14). This
feature is probably related to the elevated water con�
tent of the mantle beneath Siberia due to the migration
of this continent above the mantle domains, which
permanently underwent fluid reworking related to the
continuous subduction beneath the continent from
the side of the Paleoasian Ocean.

In comparison with the flood basalts of the Siberian
Platform, related to the activity of the Iceland plume,
the mafic rocks of the Barguzin area are distinguished
by higher Ba and Sr contents and are depleted in Ta,
Nb, Zr, and Hf. The REE pattern of the mafic rocks
from the Barguzin interval corresponds to that of OIB�
type basalts and differs from subalkali flood basalts in
more pronounced fractionation and enrichment in
LREE.

The isotopic compositions of these domains are
also almost the same. The data points pertaining to the
different regions make up a single trend compatible
with the mantle array and displaying insignificant
regional deviations (Fig. 15). This trend is traced from
the region of moderately depleted mantle of the
PREMA type toward sources enriched in radiogenic
Sr and, to a lesser extent, in LREE (Nd relative to
Sm), which are commonly compared with the
enriched mantle reservoir EM2. The available isotopic
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Fig. 14. Distribution of average trace element contents normalized to the primitive mantle composition in mafic rocks of the LIPs
different in age in Siberia and its fold framework.
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and geochemical data provide evidence for a homoge�
neous medium of magma generation in the Late Pale�
ozoic and Early Mesozoic beneath the entire Siberian
continent.

The Late Mesozoic–Cenozoic epoch. The argu�
ments adduced above indicate that during this epoch
the Siberia as a part of the Eurasian continent
migrated into the field affected by the Pacific super�
plume. Indeed, the most appreciable changes in the
composition of the within�plate magma sources
occurred over the last 150 Ma. As was noted above, a
number of long�living hot spots functioned in the
mantle at that time in the Central Asian framework of
the Siberian Platform [30, 42]. The magma sources
were broadly similar to the sources of OIB�type basalts
but underwent a certain evolution through this epoch.
In geochemical parameters, this evolution is clearly
expressed in progressive enrichment in Ta, Nb, and Ti
(Fig. 14). While an insignificant negative Ta–Nb
anomaly is still discerned in the Early Cretaceous
mafic rocks, indicating a certain inheritance in the
composition of Late Paleozoic–Early Mesozoic mafic
rocks, this anomaly disappears in the Late Cretaceous
associations, and the Late Cenozoic igneous rocks are
distinguished by a pronounced Ta–Nb maximum.
Other geochemical parameters varied insignificantly.
In particular, the relatively high K2O contents
remained unchanged, indicating that the igneous
rocks of this epoch belong to the high�K petrochemi�
cal series.

Some evolutionary tendencies are noted in the
variations in the isotopic composition of rocks
(Fig. 15c, 15d). At the Early Cretaceous stage, the
mantle magma sources were enriched in the EM2
component expressed in Sr and Nd parameters. From
the end of the Early Cretaceous and during Early Cen�
ozoic, the PREMA component was predominant.
From the Early Cretaceous to the Late Cenozoic, the
Sr, Nd, and Pb isotopic compositions of the magmatic
melts were determined by combinations of the PEMA
and EM1 components [30].

Evolution of within�plate magmatism. While esti�
mating the composition and evolution of the Phaner�
ozoic within�plate magmatism of the Siberian conti�
nent in general, it should be noted that over the Paleo�
zoic and Early Mesozoic, the PREMA reservoir,
which is suggested to correspond to the lower mantle,
was a constant component of its sources. The Early
and Middle Paleozoic mantle�derived magmas inter�
acted very little with the lithospheric mantles, and the
variations in their composition were determined either
by crustal contamination or interaction with the fluids
related to subduction zones. In the Late Paleozoic–
Early Mesozoic epoch, the enriched EM2 reservoir
participated in the magma sources along with the
PREMA component. The EM2 reservoir was enriched
in water, and this was the cause of the deficiency in Ti,

Ta, Nb, and to a lesser degree, Zr and Hf in the prod�
ucts of mantle melting. The enrichment in water could
have been a result of continuous subduction of the
Central Asian Ocean under the Siberian continent
with the formation of a graveyard of stagnated slab
fragments (EM2 reservoir) beneath the continent and
saturation with water of the supraslab mantle with a
model isotopic age of ~1.2 Ga [37].
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In the Late Mesozoic and Cenozoic, Siberia
migrated into the field affected by the Pacific plume.
This led to substantial change in the composition of
the within�plate magma sources. In addition to
PREMA, the enriched magma reservoir EM1 partici�
pated in melting. This mantle had the isotopic charac�
teristics of recycled lithosphere about 2.5 Ga in age
[30]. The long�term isolation of recycling probably
took place only in the very low mantle, in particular, at
its boundary with the core. Thus, deep magma sources
existed at that time.

The geophysical data can provide evidence for the
mechanisms giving rise to the change in composition
of magmatic sources in the Cenozoic. As was shown by
Zorin et al. [11–14], uplifts of the asthenosphere,
ascending to a depth of less than 50 km from the sur�
face, are detected beneath the Cenozoic volcanic
regions of Central Asia. According to the data of seis�
mic tomography [27, 28], these uplifts have deep man�
tle roots in the form of narrow zones of low�velocity
mantle, going down to the bottom of the upper man�
tle. The low�velocity zones are traced to the deeper
mantle levels of Central and East Asia [7], reaching the
boundary with the core. The sections presented in [7]
show that the structure of the zone of convergence of
the Asian continent and the Pacific Ocean is deter�
mined by substitution of upper mantle convection for
whole�mantle convection.

These data in combination with the isotopic and
geochemical evidence allow us to propose the follow�
ing model describing the change of within�plate
magma sources in the southern framework of Siberia
in the Phanerozoic. After the breakdown of Pangea,
Siberia was displaced to the east in the domain affected
by the Pacific LLVSP, which dominated by whole�
mantle convection. As a result of the convergence of
continent and the oceanic lithospehre, the subducted
cold slabs sank to the lower mantle and affected layer D''
of the Pacific LLVSP. This effect was compensated by
the formation of ascending plumes, which corre�
sponded to formerly buried lithospheric material with
attributes of EM1. When these plumes ascended to the
surface, they passed through the lower mantle charac�
terized by PREMA parameters and involved it in the
ascending flow, which ultimately determined the com�
position of the basalt sources in the Cenozoic within�
plate province of Central and East Asia.

CONCLUSIONS

The performed study makes it possible to connect
manifestations of Phanerozoic within�plate magmatic
activity in the Siberian continent with its migration
above the cluster of hot spots related to the African
superplumes and corresponding LLVSP.

The within�plate magmatism developed not only in
the paleocontinent but also in the terranes that

occurred initially at a distance but then accreted to it,
indicating that a number of individual hot spots within
the LLVSP functioned synchronously. The most
intense magmatic activity is noted at the boundary
between the Permian and Triassic (~250 Ma). The
enormous volumes of basaltic magma (1.5 × 106 km3)
that erupted during 1 Ma were related to the ascent of
a large plume in the area of the present�day Iceland
hot spot.

The assumption of the long�term existence of the
Iceland hot spot has allowed us to reconstruct the
position of the Altai–Sayan, Vilyui, and Mongolian
hot spots, which were crucial in the evolution of the
within�plate magmatism of Siberia. Paleomagnetic
data were the basis for reconstruction of the paleolati�
tude of Siberia and the localization of the hot spot in
the longitudinal tract between 330° and 70° E con�
straining its paleolongitudinal position. The PREMA,
EM1, and EM2 mantle reservoirs were sources of
within�plate magmatism. The interaction between
these reservoirs progressively changed with time.
PREMA dominates in the sources of the Early and
Middle Paleozoic within�plate magmatism. In the
Late Paleozoic and Early Mesozoic magmatic occur�
rences, including flood basalts of the Siberian Plat�
form, combinations of EM2 and PREMA reservoirs
dominated. In the Late Jurassic and Early Cenozoic,
PREMA again became crucial. In the Late Cenozoic,
EM1 joined PREMA.

The continuity of within�plate magmatic activity
related to the superplume indicates the chronological
identity of the superplume to the antipodal Rodinian
superplume. Thus, the superplume existed for at least
one billion years. Taking into account that the Rodin�
ian superplume is compared to the Pacific super�
plume, the conclusion suggests itself that superplumes
are the most long�living deep structural units of the
Earth. Their relationships with the formation of the
supercontinents probably reflect their counter�phase
activity, one of the causes of which could have been the
effect of thermostating and the accumulation of
energy by superplumes owing to overlapping by super�
continents [70].

It should also be noted that the processes related to
the boundaries of the lithospheric plates should be
taken into account when the origin and evolution of
the contemporary continents are considered, as well as
activity of the superplumes controlling the within�
plate magmatism in the continents.
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