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PROLOGUE

After a field season in Tanzania | learned something curious
about Russian geologists from my African friends. The first thing
a Russian geologist immediately says if asked about the origin
of a structure is “don’t know”, and then ... a long explanation
follows.

Frankly speaking, | don’t know what is the origin of the Baikal rift.
Therefore it is time

to set off on a lengthy discussion.

A SORT OF INTRODUCTION

The earliest report on the Baikal geology dates back to the 18" century and
belongs to Peter Simon Pallas, a German by birth and a member of the Russian
Academy. He wrote in 1772: “Baikal appears to witness a great catastrophe; it
is in places immeasurably deep and high rocky cliffs rise from its depths. But
no other evidence of breakage is found in the mountains — neither collapse
faults, nor volcanoes or lavas — nothing but traces of quite rare and weak
earthquakes”. Faults and volcanoes around Baikal were discovered a hundred
years later and were attributed to rifting. However, purposeful studies of the
Baikal rift started only in the 1950s, especially by scientists from the Institute
of the Earth’s Crust (IEC, Irkutsk) where continental rifting became a subject
for a science school.

The causes of rifting, including the Baikal rift, were largely discussed in the
literature in the earliest 1970s. Peter Molnar from America and Paul Tapponnier
from France noted a relationship between the Eocene India/Eurasia collision
and crustal deformation in Inner Asia and hypothesized that the collision may
have been responsible for ‘passive’ extension in the Baikal rift. This idea became
very popular outside of Russia, while many Russian scientists argued that rifting
on Baikal was driven mainly by thermal processes in the underlying mantle.
This ‘active’ mechanism is indicated by the presence of anomalous low-density
mantle beneath the rift revealed by Vera Rogozhina and Vladimir Kozhevnikov
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Position of Baikal rift in the tectonic
framework of Central Asia

The Baikal rift system, or shortly
Baikal rift, is located in the middle of
the Asian continent and separates two
stable lithospheric blocks, the Eura-
sian plate in the north and the Amur
microplate in the south. It extends
for over 1,500 km from northern
Mongolia in the southwest to the
Aldan upland in the northeast and
consists of several en-echelon rift
basins linked by topographic highs.
Fields of Late Cenozoic volcanism
are found off the rift basins and their
mountain borders.

Lake Baikal occupies two largest
rift basins, South Baikal and North
Baikal, separated by the submerged
Akademichesky Ridge.

Nikolay A. Logachev at the portrait of Nikolay
A. Florensov, his teacher. Autumn 2002
(Photo by V. Korotkoruchko)
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AGE OF SEDIMENTARY FILL

The Baikal basin is filled with 75,000
km? of unconsolidated sediments,
whichisabout 70 % of the total fill of all
basins in the rift system (Logachev,
2003). The South Baikal basin is ap-
parently the oldest. Florensov and
Logachev placed its age at the Late
Eocene — Early Oligocene (30—35
Ma) in the 1970s. Since then this date
has been traditionally cited in papers
and books, though Logachev thought
later that rifting possibly began much
earlier.

Structure of Baikal rift system and
distribution of Late Cenozoic volcanism.
Line AB is seismic tomography profile
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To time exactly the onset of basin
subsidence, one has to reach the bed-
rock buried under many kilometers of
sediments. The sedimentary archive of
Lake Baikal was investigated by the
Baikal Drilling Project run for over a
decade jointly by Russian, American,
Japanese, and European scientists.
Cores which store a unique millions-
year long record of continuous depo-
sition were recovered from deep
subbottom boreholes drilled in winter
seasons (1993 to 1999) from an ice-
based barge. The longest record was
obtained near the Akademichesky
Ridge far offshore, away from land
sediment sources, where the sedimen-
tation rate is the lowest. The basal age
of the 585 m core approaches 8.3 myr,
and this is the oldest proven age of
Lake Baikal (Horiuchi et al., 2004).

According to recentmost estimates
(Horiuchi et al., 2004), bottom sedi-
ments in Lake Baikal have been ac-
cumulating at about 0.04 mm/yr for
the past 4.5 myr, and before the rate
averaged about 0.1 mm/yr, i. e., was
over twice as fast (!). This unexpected
result is apparently at odds with the
common division of the rifting history
into a ‘slow’ Oligocene-Miocene
stage and a stage of ‘fast’ rifting in

Maloye Morye Strait, Central Baikal
(Photo by V. Korotkoruchko)

Pliocene-Quaternary time, inferred from variations in
the sections of land rift basins. The surprising change in
sedimentation rate may have been caused by tectonic uplift
of the Akademichesky Ridge 5—4 myr ago which isolated
the deposition area from the fluvial sediment input of the
Selenga, Barguzin, and Upper Angara rivers.
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ONGOING MOTIONS OF
LITHOSPHERIC BLOCKS

The rate of horizontal extension in
the Baikal basin was a subject of a
serious discussion till recently when
the problem was resolved with the
use of GPS, satellite-based Global
Positioning System. A decade of conti-
nuous and campaign GPS monitoring
at stations in Siberia shows that the
stable blocks of the Siberian craton
and the Amur plate are diverging at
4 mm/yr and crustal strain is con-
centrated along the rift axis (San’kov
et al., 2003).

DEEP STRUCTURE

Geophysical methods provide im-
portant tools for rifting studies as they
can image the present state of crust
and mantle. In the three-dimensional
P-wave velocity structure obtained in
ajoint Russian-American experiment
in 1992 (Mordvinovaet al., 2003), one
low-velocity anomaly is detectable
immediately below Baikal and another
low-velocity zone is much farther
south beneath Mongolia where no
crustal extension was recorded. Then a
reasonable question arises what slows
down seismic velocities in the mantle:
high temperature or composition chan-
ges? Many people give more credit to
the former cause (Zorin et al., 2003).
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EVOLUTION OF DEEP LITHOSPHERIC
THERMAL REGIME

Basaltic partial melts in rising mantle flows occasionally
uptake fragments of the surrounding rocks and carry them
up to the surface. These inclusions in volcanic rocks, called
xenoliths, bear important signature of the composition and
the ‘life conditions’ of the Earth’s depths. The heaviest crop
of mantle xenoliths from the eastern Vitim volcanic field
belongs to Igor Ashchepkov and his colleagues from the
United Institute of Geology, Geophysics and Mineralogy
(Novosibirsk).

Mantle xenoliths in the Vitim Miocene lavas show
evidence of origin at great depths under a broad range of
pressures, whereas xenoliths in Quaternary lavas record a
narrower pressure range and shallower depths. Therefore,
lithosphere beneath the Vitim field was thicker in Mio-
cene than in Quaternary time, and the thinning was esti-
mated as ~ 15 km for 13 myr. The boundary between the
crystallization depths of garnet and spinel, two indicator
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Change of sedimentation rate on
submerged Akademichesky Ridge
o o @ because of tectonic uplift at 5—4 myr

|
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Topographers Peak, East Sayan
mountains (Photo by E. Demonterova)

\
minerals, deepened for about 8 km,
which, according to experiments,
corresponds to higher temperatures.

Note that although attenuated, the
lithosphere beneath the Vitim volcanic
field did not experience significant
extension. The sediment-filled basins
detected by drilling beneath the lavas
are no wider than a few tens of kilometers
and no deeper than a few hundreds of
meters (Rasskazov et al., 2000).
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Dating of volcanics from the East Sayan and Udokan
mountains revealed intricate migration paths of volcanism.
Volcanism in both regions moved with time along intricate
pathways, generally westward, i.e., actually in the counter
direction relative to the Eurasian plate motion. This may
be evidence of tectonic control of magma ascent at the
junction of compressional and extensional structures.
On the other hand, the westward volcanism migration is
consistent with the existence of an immobile hot magma
source in the asthenosphere.

Partial melting is possible in the mantle when it is heated
or decompressed or enriched with volatiles. Pressure in the
mantle beneath a passive rift, with lithosphere as thick as
under Baikal extended at 5 mm/yr, is never low enough to
initiate melting in the absence of volatiles. However, even
small temperature and pressure changes can trigger melting
of low-melting mantle zones containing water-saturated
minerals or carbonates.

The pattern of volcanism in the region agrees neither
with the position of rift basins nor with gravity lows that
may correspond to abnormally hot regions. The Darigan-
ga volcanic field in Mongolia is especially far off the rift.
Therefore, melting of mantle beneath the Baikal rift and
its surroundings may be primarily controlled by compo-
sition.

The composition of molten mantle is investigated using
isotope ratios of elements. "*Nd /"*“Nd and ¥ Sr/%Sr ratios
measured in xenoliths from lavas in the southwestern
Baikal rift were compared to those from the Hangayn
mountains in Mongolia and showed that the melting mantle

Three-dimensional velocity structure (seismic tomography)

of crust and mantle (Mordvinova et al., 2003; Zorin et al., 2003).
Color shows relative variations in P-wave velocities. Crust and
lithosphere thicknesses (after Zorin et al. 1989; 2003)

zone can be divided into three parts,
conventionally coded as A, B, and
C components. A is sublithospheric
mantle (asthenosphere) and the
two others represent lithospheric
mantle. B corresponds to deep garnet-
bearing mantle and C to shallower
spinel-bearing mantle or mantle-crust
transition.
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There are two extreme views of the driving mechanism of
lithospheric extension referred to as ‘active’ and ‘passive’
rifting models.

According to the ‘active’ model, extension in rifted
lithosphere is maintained by a local deep-seated heat
source produced by rising mantle flows or plumes.
Mantle plumes may originate at the upper/lower mantle
boundary about 650 km below the Earth’s surface or
even as deep as 2,700 km at the core/mantle boundary.
Active rifting is associated with large-scale regional uplift
and subsidence of tectonic basins accompanied by high
heat flux and voluminous volcanism. Volcanism in active
rifts precedes the regional uplift and the subsidence of
rift basins, and the composition of volcanics is uniform
over a large territory and independent of the age and
composition of the lithosphere.

Passive rift

Sediments

Lithospheric mantle

Asthenosphere

A sketch of lithospheric structure in ‘active’ and ‘passive’ rifts

The alternative ‘passive’ model attributes extension to

tectonic stress on plate boundaries far off the zone of

rifting and implies that attenuation of extended lithosphere 59
is passively followed by upbulging of sublithospheric

mantle. Passive rifts delineate old boundaries between
lithospheric blocks of different ages and show moderate
volcanism which postdates extension; volcanic rocks

record a non-uniform composition of the lithosphere.



SIBERIA'S NATURAL PHENOMENA

CORRELATION OF TECTONIC
EVENTS

Neither collision-induced crustal stres-
ses nor local mantle heat sources alone
could initiate rifting in the Baikal re-
gion. According to recently appeared
ideas, a certain role may belong to
plate interaction on the eastern peri-
phery of Eurasia.

The episodes of compression and
extension in the zones of India/Eu-
rasia and Pacific/Asia collisions are
remarkably shifted in time relative
to one another. The eastern margin
of Central Asia experienced extensi-
on while the southern margin was
compressed, and vice versa, relaxation
in the southern margin was accompa-
nied by compression on the eastern
margin.

These compression/extension cycles
may have loosened the inner part
of Central Asia and caused motion
of blocks of different geometries
with compression or extension on
their boundaries. If this is the case,
the main tectonic pulses in Central
Asia, e.g., rotation of the Amur plate,
can be expected to correlate with
stress changes on plate boundaries.
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Unfortunately, dating of these pulses remains a difficult
task.

Periods of uplift in the Baikal rift can be timed from
the topographic position of dated lavas (Rasskazov et al.,
1998). Four such episodes occurred 21—19, 16—15, 5—4
and ~ 0.8 myr ago. Note that the change in sedimentation
rate on the submerged Akademichesky Ridge at 5—4 myr
coincided with an episode of tectonic uplift. I wrote earlier
that this event may mark the onset of the fast rifting stage.
At that time, the front of the India/Eurasia collision was
under extension, and compression on the eastern margin of
Central Asia started shortly before. Thus fast rifting cannot
be genetically related to remote events at the collision front
but may be associated either with tectonism on the eastern
margin of Asia or with thermal and/or chemical impact on
the lithosphere from local mantle heat sources.
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Tectonic events in zones of India/Eurasia
and Pacific/Asia collisions correlated to
tectonic and volcanic events in Baikal rift

EPILOGUE

So what — the reader may ask, — Is the
Baikal rift ‘active’ or ‘passive’?

The Baikal rift shows features of
both active and passive lithospheric
extension: crustal strain and extension
are controlled by remote tectonic
events on plate boundaries whereas
heating, melting, and attenuation
of the lithosphere are maintained
by deep heat sources or are due to
low-melting zones in the mantle. The
attempts to view the evolution of the
Baikal rift in terms of crustal strain,
volcanism, or geophysical evidence
taken separately drive us to the known
story of the blind sages who examined
the elephant by touch.

Which are the predominant driving
mechanisms of Baikal rifting and
whether their role changed with time?
Are crustal extension and magma
generation related or independent
processes? — these problems can be
resolved only through integration of
different lines in Earth sciences. The
necessity to join the efforts is getting
ever increasing understanding. T hope
that the first lines of some future paper
on the Baikal rift will say we know
how and why it originated.
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