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In this reviewwe focus on the volcanism, that occurred in Transbaikalia, Siberia after the closure of theMongolia-
Okhotsk Ocean. The closure happened in the Early Jurassic. After that time, lithosphere in Transbaikalia went
through two phases of rifting; in the Early Cretaceous and again in the Late Cretaceous until present. The latter
rifting event is known as the Baikal rifting. We consider the chronology of the volcanism and basin formation
in the Baikal rift and show that there has been a complex relationship between the two. Extension initiated in
the central part of the rift system; this area is nowoccupied by Lake Baikal. Sedimentary basins initially developed
by deepening and widening of the central part of the rift system and then by bilateral propagation of basin for-
mation outwards. Volcanismwas generally offset from the axial rift. Considering along axis distribution of volca-
nism, it initiated in the central part of the system and propagated bilaterally to the modern rift ends. We argue
that tectonic stress controlled localization of the eruptive centres. Extension and shearing probably caused melt-
ing atmantle depth, suggestive of the passivemodel of volcanism. However, when considering the Baikal rift and
adjacent non-rifted regions ofMongolia in awider context of tectonics and volcanismof Central and East Asia, it is
not possible to rule out that the volcanismmay be associatedwithmantle transition zone diapirs; thus the active
model of volcanismmay also apply. The diapirs are located by regional isostatic gravity anomalies and considered
as upwelling parts of the uppermantle convective cell controlled by the Pacific subduction and slab stagnation in
the mantle transition zone. We do not see any geochemical, geophysical and geochronological evidence for in-
volvement of deeper mantle to explain volcanism in either Baikal rift, non-rifted regions of Mongolia or any-
where else within Central and East Asia.

© 2015 Elsevier B.V. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2. Previous reviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3. Dating methods and analytical techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.1. K-Ar method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.2. 40Ar/39Ar method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4. The context of Baikal rift volcanism within Central Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
5. Timing of the volcanism south of the Bolnai fault . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
6. Timing of the volcanism of the Baikal rift and its predecessor rift system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

6.1. Pre-Baikal Mesozoic rifting (Early Cretaceous) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
6.2. Baikal crypto-rift stage (Late Cretaceous – Eocene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
6.3. Baikal transition-rift stage (Late Eocene - Oligocene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
6.4. Baikal rift stage (Early Miocene to Holocene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

Earth-Science Reviews 148 (2015) 18–43

⁎ Corresponding author.
E-mail address: aivanov@crust.irk.ru (A.V. Ivanov).

http://dx.doi.org/10.1016/j.earscirev.2015.05.011
0012-8252/© 2015 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Earth-Science Reviews

j ourna l homepage: www.e lsev ie r .com/ locate /earsc i rev

http://crossmark.crossref.org/dialog/?doi=10.1016/j.earscirev.2015.05.011&domain=pdf
http://dx.doi.org/10.1016/j.earscirev.2015.05.011
mailto:aivanov@crust.irk.ru
Journal logo
http://dx.doi.org/10.1016/j.earscirev.2015.05.011
Imprint logo
http://www.sciencedirect.com/science/journal/00128252


6.4.1. Early Miocene – first half of the Middle Miocene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
6.4.2. Second half of the Middle Miocene – Late Miocene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
6.4.3. The Pliocene – Holocene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

7. Synthesis of geochronology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
8. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

8.1. Lower mantle plume origin of volcanism? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
8.2. Volcanism due to the mantle transition zone plumes/diapirs? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
8.3. Tectonic control of the volcanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

8.3.1. Evidence from modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
8.3.2. Variations of lava chemistry in the Baikal rift and Hangai . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

9. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Appendix A. Supplementary data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

1. Introduction

Cenozoic volcanism is spread over vast regions of Central Asia
(Fig. 1). Some volcanic fields are clearly located close to margins of lith-
ospheric blocks and thus can be associated with lithospheric bound-
aries, whereas some of them are located within inner parts of the
plates quite far fromany regional fault systems. Discussion of the origins
of the Central Asian volcanism has generally been limited to the assess-
ment of active versus passive models of volcanism and rifting (Kiselev,
1987; Rasskazov, 1994; Ashchepkov et al., 2003; Barry et al., 2003,
2007; Yarmolyuk et al., 2003b, 2011; Hunt et al., 2012, among many
others). The passive model assumes that volcanism is controlled by

rifting of the lithosphere and that the sources of the volcanism are lim-
ited to fertile (fusible) parts of the lithospheric mantle and uppermost
portions of the sublithospheric mantle, passively uplifted due to rifting
of the lithosphere. The active model places the source of the magma
mainly in sublithospheric mantle diapirs/plumes, which moves up
fromdeepermantle regions due to their own buoyancy. Seismic tomog-
raphy, though still limited, constrains low velocity anomalies in the
upper mantle (Gao et al., 1994, 2003; Achauer and Masson, 2002;
Tiberi et al., 2003; Lebedev et al., 2006; Zhao et al., 2006) and thus ex-
pected diapirs/plumes, if exist, have their origin no deeper than the
mantle transition zone (~410–650 km depth), probably in association
with a stagnant Pacific slab (Zorin et al., 2006). Similarly, discussion of

Fig. 1. Distribution of the Late Cenozoic (Miocene and younger) volcanic rocks in Central Asia and East Asia. Surface projection of the Pacific stagnant slab is after Zorin et al. (2006),
who reinterpreted original data of Zhao et al. (2004). Acronyms are for volcanic fields and regions: Ch – Changbaishan, D-A – Dariganga-Abaga, H – Hangai, SWB – southwestern Baikal
rift, D – Dauria, V – Vitim, U – Udokan.
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