> {).
A

Jo T

i

ELSEVIER

Available online at www.sciencedirect.com

science (@hoineer:

Tectonophysics 380 (2004) 261-272

TECTONOPHYSICS

www.elsevier.com/locate/tecto

Active faults, seismicity and recent fracturing
in the lithosphere of the Baikal rift system

S.I. Sherman™, V.M. Dem’yanovich, S.V. Lysak

Siberian Branch of Russian Ac. Sc. Institute of the Earth’s Crust, 128 Lermontov str., Irkutsk, 664033, Russia

Received 5 October 2001; accepted 28 September 2003

Abstract

A map of major active faults has been constructed for the Baikal rift system (BRS). Recent active faults are identified using
seismological data. The BRS seismicity of the past 40 years is statistically analyzed. Areas of a “stable” concentration of
epicenters are revealed. On this basis, a zone of recent fracturing of the lithosphere is identified and its relation to active and
developing faults of the BRS is analyzed. The zone of the lithosphere fracturing is a major tectonic structure, which controls
both the recent seismic process and the reactivation of ancient faults. It is demonstrated that the available seismological data can
provide a basis for a detailed classification of faults by degree of their tectonic activity. Regularities in the distribution of strong
earthquakes along the zone of the recent fracturing of the lithosphere are established, as well as regularities in the distribution of
strong and weak seismic events relative to transform and other faults. The degree of the fault reactivation is determined by their

spatial closeness to the axial zone of the recent rupturing of the lithosphere.
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1. Introduction

Fracturing of the lithosphere is the disruption of its
structural continuity. Geological objects, which man-
ifest the lithosphere fracturing in the most distinct
way, are fractures and faults that widely vary in
hierarchic levels and time of formation. Their forma-
tion or reactivation are often accompanied by seis-
micity. Though most of seismic events are controlled
by fault tectonics, they enhance, in their turn, the
lithosphere fracturing (rupturing) and cause the for-
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mation of linear fracture zones. Thus, zones of the
lithosphere fracturing are linear zones of increased
fracturing and faulting characterized by the long-term
spatially stable seismicity. Similar definitions were
proposed by Benioff (1962), Gzovsky (1962), Sher-
man (1992), Papazachos et al. (1999), and some other
authors. In fact, fracture zones represent one of the
stages in the evolution of large deeply penetrating
faults in the lithosphere in the Holocene. The recent
seismicity of such faults is indicative of active tectonic
process. In the hierarchy of the Holocene active faults,
these faults should be at the highest age level
corresponding to the recent tectonic activity.

Rift systems of the Earth, including the Baikal one,
represent tectonic sites where fracture zones can be
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identified, mapped and studied. Most of the largest
continental rift systems, such as the African, Baikal
and Shanxi systems, develop on the pre-Paleozoic or
early Paleozoic basement with a preexisting fault
network. Rifting causes reactivation of some groups
of the preexisting faults and formation of new faults. It
is not always easy to distinguish between active and
inactive tectonic faults using geological methods. This
is especially true in respect to the BRS. The dated
Holocene deposits are rare there, so active faults are
recognized mainly by geomorphological and/or seis-
mological indicators. Seismological data are the most
reliable since they allow to distinguish the late Ceno-
zoic faults, which are well manifested in the relief but
tectonically passive, from the currently active faults.
However, attempting to classify faults by seismolog-
ical data, the researchers encounter another challenge.
The BRS is well studied in terms of tectonics and
seismicity (Logatchev and Zorin, 1992; Doser,
1991a,b; Logatchev, 1993; Solonenko et al., 1997;
Parfeevets et al., 2002). The most commonly used
methodology which spatially correlates mapped faults
and the earthquake epicenter field is not applicable to
the case under study since the available instrumental
data base on the distribution of earthquake epicenters
in the BRS from 1961 to 2000 includes more over
120,000 records, and its mapped version looks like a
compact “patch” (Sherman and Gladkov, 1999).
When the number of earthquake epicenters is reduced
by the exclusion of small energy events, linearly
elongated fields of earthquake epicenter concentration
occur on the BRS maps and they do not always
correlate with the known faults of various hierarchy.
Basing on this fact, some researchers claim that there is
no stable relationship between fault tectonics and
seismicity in the BRS (Golenetsky et al., 1993). It is
clear, however, that a commonly accepted idea that an
earthquake source is a rupture (Sobolev, 1993 and
many others) cannot be simply ignored. The absence
of evident spatial correlation between sesimicity and
the faults found by geological (Sherman, 1992; Levi et
al., 1997), geological and geophysical (Fault Map of
the Southern East Siberia, 1988; Nedra Baikala, 1981)
or geomorphological indicators may suggest that the
latter are not necessarily the structures of that kind.
Instrumentally registered seismicity reflects the
process of recent fracturing in the upper elastic layer
of the lithosphere and, accordingly, cannot or should

not be expected to always coincide with known faults.
An earthquake epicenter field can be examined for
solving a “reverse* problem, i.e., to reveal a zone of
the recent fracturing of the lithosphere that can evi-
dently involve the well known fault network, reacti-
vate the faults or even develop in a relatively
monolithic massive. Based on the above described
concept, the authors analyze the recent seismicity as
an indicator of recent fracturing zones in the BRS.

2. The Baikal rift system in the structure of
Central Asia

The BRS stretches over 2000 km from the north-
western Mongolia through mountains in the East
Siberia up to the South Yakutia. Its basement is a
heterogenic and heterochronic fold belt that complet-
ed its development in the early Paleozoic. The oro-
genic complex of the territory formed from the end of
the early Paleozoic to the Cenozoic included. Most of
the BRS follows the lithospheric suture between the
Siberian and Amur megablocks of the Eurasian plate.
The suture started to form in the early Proterozoic and
during the whole post-Archean period separated the
structurally and evolutionary different lithospheric
blocks (Mats et al., 2001). The suture has determined
the recent S-shaped structure of the BRS, which is
characterized by quite a regular fault network (Sher-
man, 1978, 1992; San’kov et al., 1997; Levi et al.,
1997, 2000). By the scale of development and length,
the BRS faults can be grouped to trans-regional
(longer than 80 km), regional (35—80 km) and local
(less than 35 km) faults. Their importance for the
riftogenic stage of development of the given territory
was also different.

Trans-regional faults clearly manifested in relief
are the pre-Cenozoic deep structures revived in the
Cenozoic. At the rifting stage, they controlled the
positions of the rift basins and developed as normal
faults in the central part and as faults with combined
normal strike-slip movements in the flanks of the
BRS. The about E—W-striking faults have the left-
lateral strike-slip component, the NE (up to SE60°)
faults have the right-lateral component, and the faults
striking about 65° are typical normal faults.

Regional faults are more variable in kinematics and
dominant strike. Among them, most abundant are
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normal faults striking parallel to the general strike of
the rift system. Strike-slip faults with the normal
component mainly occur at the flanks. There are also
regional faults which are transversal to the rift basins.
Taking into consideration the kinematics of displace-
ments on the trans-regional E-W faults at the BRS
flanks, the predominance of regional and local strike-
slip faults and strike-slip faults with the normal
component, as well as dominating strike-slip mecha-
nisms of the earthquake foci, the E— W-trending flanks
of the BRS are interpreted as transform faults (Sher-
man, 1978; Sherman and Levi, 1978) that developed
along the pre-Cenozoic faults during rifting (Fig. 1).
Rifting commenced about 30—25 Ma ago and led to
the reactivation of practically every fault in the base-
ment within the limits of the rift basins and the
bordering zones. Due to the lack of the well-developed
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Holocene and younger deposits (excluding the Baikal
Lake itself), it is difficult to classify the BRS faults by
age. It is believed that linear topographic scarps,
deeply incised river valleys and other contrast geo-
morphophic features are active faults. In most cases,
the fault nature of such forms in the BRS is confirmed
by relevant structural and geological markers. Only
some of the forms of the kind are characterized by
seismic activity. This is why it is still very difficult in
the BRS to reveal the faults of the Holocene age or
reactivation out of the whole mass of various faults and
to apply the conventional age scale to classify the
active faults (Allen, 1975; Trifonov, 1985, 1999). Only
in a few, easily accessible and well-studied rift basins,
have detailed observations provided the information
about the age of the Holocene paleoseismodislocations
(McCalpin and Khromovskikh, 1995; Chipizubov and

o 108 112 = E
'd | ‘ ‘ \ | d
} = ‘ B | D o i
| j//’q— — 2
;’ V 3
{ ; ﬂ
s |
; 5
| ;a
r{ 6
|I |
54° F |
[ T ———— ’
...7?_——7 |
{
I
/
|
“ |
R JRKUTSK
= Q- ﬁ
\
-~ {
N ALY
|
f
" |
116°

108°

Fig. 1. Active fault map of the Baikal rift system. 1—The zone of recent fracturing of the lithosphere that includes transform faults; 2—the zone
of the recent fracturing of the lithosphere; 3—seismically active faults; 4—active faults; 5—normal faults; 6—reverse faults and thrusts; 7—
strike—slip faults; 8—faults of unidentified genetic type; 9—the Cenozoic basins (numbers refer to basins: 1 =Tunka, 2 =Barguzin, 3 =Upper

Angara, 4=Muya, 5= Chara, 6="Tokka).
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Smekalin, 1999) and seismically active faults (Dever-
chere et al., 1993). Their spatial location and associ-
ation with the faults of the pre-Cenozoic reactivation
support the above described criteria of fault activity in
the BRS. At the same time, instrumental data on
seismicity can significantly help to identify faults of
the recent activity among the active faults.

The distribution of earthquake epicenters is used to
identify currently active faults or zones of the recent
fracturing of the lithosphere.

3. The method of analyses of the earthquake
epicenter field and identification of zones of the
recent fracturing in the lithosphere

With the aim of recognizing seismically active
faults or zones of the recent fracturing of the litho-
sphere, an algorithm has been designed to process the
seismological data. Over 4000 seismic event occur
annually within the BRS limits. By now, the instru-
mental database includes over 120,000 records. In the
first approximation, earthquake epicenters are scat-
tered chaotically. From the huge database, it is nec-
essary to reveal regions of the relatively stable
concentration of earthquake foci in time and space,
i.e., the regions of relatively stable fracturing of the
lithosphere. It is agreed that a criteria of the seismic
process stability can be provided by spatially stable,
non-random concentrations of earthquake epicenters,
their density values being higher than two standard
errors, 20 from the average background value of
earthquake epicenter distribution within the BRS
limits. Initial data have been selected from ““The
Catalog of Earthquakes of North Eurasia” which uses
a surface wave magnitude My as an indication of
earthquake magnitude recorded instrumentally. They
were combined with the data on 2.5 < M<3.5 earth-
quakes and new data from the regional catalog of the
Baikal Experimental Seismological Expedition of the
Institute of the Earth’s Crust. In cases when the
magnitude has not been instrumentally determined,
we calculated My using the statistical equation
(commonly used in Russia) K=4+ 1.8M} ;, where K
is energy class.

For the whole BRS, the final database included
30.000 earthquakes with 2.5 < M < 7.6 that occurred
from 1961 to 1999. Densities of epicenters are

evaluated for each 0.2 X 0.3° square unit, with a step
equaling the sliding box size. Based on the obtained
evaluations, an average density of epicenters in the
BRS is calculated.

Statistical patterns of events that took place within
the sliding box show either migration or ‘“spatial
stability” of seismicity inside or outside the areas of
dynamic influence of faults (Sherman et al., 1983).
Fig. 2 shows the areas with the density of earthquake
epicenters 2¢ higher than the average density. Anom-
alous clusters of epicenters are bordered by density
curves with values above 2¢=105. With high reli-
ability, several areas of stable high concentration of
epicenters are revealed. These areas make up three
zones of steadily increasing seismic activity, which
are the E-W Tunka and Baikal-Muya zones and the
NE-striking South Baikal-Muya zone. The stability
of locations of sections with high earthquake density
can be regarded as an integral value of the seismic
state within the given coordinates of space and time; it
shows active fracturing of the lithosphere. The recent
fracturing takes place along the axial line of the BRS
and occupies a broken S-shaped, linearly elongated
zone. At the BRS flanks, the zone coincides with the
transform faults. In the BRS central part, it combines
the well-known major and regional faults and thus
makes a large independent geotectonic structure (see
Fig. 1). Some indications of this structure have been
revealed earlier and termed as the developing Baikal—
Chara fault (Sherman, 1978).

The above described pattern of the stable locations
of the areas of seismic activity gives grounds to
identify an actively developing zone of the lithosphere
fracturing in the BRS. Its formation and the area of
dynamic influence predetermine the current seismic
activity of the BRS. The zone of the recent fracturing
of the lithosphere correlates well with the transform
faults; however, it does not always agree with the
well-known major and regional faults in the BRS
(see Fig. 1).

Thus, in the BRS, the revealed zone of the recent
fracturing of the lithosphere, being the zone of the
recent faulting and/or reactivation of ancient faults, is
controlled by the previously existing transform faults
in the flanks. Between the transform faults, in the
central part of the rift system, it is controlled by the
stable earthquake epicenter concentrations that reflect
the active process of elongation and merging of the
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Fig. 2. Epicenter density map of the Baikal rift system. 1—epicenter density isolines (numbers refer to densities of events); 2—the zone of the recent fracturing of the lithosphere.
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existing faults and the occurrence of new ones at
various scale levels at the recent stage of the BRS
development that is accompanied by seismicity.

4. Some geological and geophysical parameters
describing the zone of the recent fracturing of the
lithosphere

Rundkvist et al. (1999) apply computerized geo-
graphic information systems to carry out spatial
analyses of seismic activity of the most important
faults in the BRS. Seismic activity is evaluated by
seismic moment, M, as given by the equation
My=1.5M1+9.14. On both sides of every fault
under study, 20-km-wide buffer zones are con-
structed, and all the earthquakes within the limits of
such zones are considered associated with the given
fault. A summary seismic moment is calculated for
every event with respect to the fault length (a specific
seismic moment). The cartographic analysis of the
obtained results shows that the highest specific seis-
mic moments are typical of the faults located in the
vicinity or in the axial line of the zone of the recent
fracturing of the lithosphere. With distance from the
axial line, a seismic moment decreases by one or more
orders. This suggest the decrease in the energy poten-
tial of seismicity, the decline in the relative degree of
fracturing across the strike of the zone and shows the
decrease in the relative current seismic activity of
faults located at distances from the axial line of the
zone of the recent fracturing of the lithosphere.

The distribution of earthquake hypocenters in the
crust’s cross-section is of considerable importance for
evaluating depths of fracturing of the lithosphere. The
most recent investigation in BRS (Gileva et al., 2000)
carried out at 25 stationary seismic stations show that
the largest depths of earthquake foci are registered at
stations Arshan (20—25 km in average, 30—35 km in
maximum), Ulyunkhan (20-25 km in average, 40 km
in maximum), Uakit (15—20 km in average, 25—30 km
on maximum) and Chara (15-20 km in average, 25—
30 km in maximum). These stations are located in
succession from the southwestern flank through the
central part to the northeastern flank of the BRS, i.e., in
the axial part of the zone of the recent fracturing of the
lithosphere. Their data indicate that fracturing and
faulting penetrate down to depths of 35 km. With

distance across the axial line, depths of earthquake
foci decrease. It is more clearly evidenced at station
Tyrgan (the Primorsky fault, the western shore of Lake
Baikal) where the average depths are up to 10—15 km.

Therefore, both the transform faults at the flanks
(the Tunka and Muya—Chara faults) and the BRS
central part where the faults and fractures of
various hierarchic levels are actively merging and
growing, are involved in recent fracturing. Fractur-
ing occurs throughout almost the whole thickness
of the crust.

Fracturing and active faulting of the lithosphere
contribute to convective heat mass transfer. There is no
uniform regional heat flow anomaly in the BRS. Most
of the thermal sources are located near the axial part of
the zone of the recent fracturing of the lithosphere
(Lysak, 1998). Out of the three tectonic components of
the BRS, i.e., the central part and two flanks, the
central part is the most heated one (Southern Bai-
kal—Barguzin). The situation in northeastern flank is
complicated by the Baikal—Chara transform fault
which controls the high heat flow and thermal springs
outlets in its westernmost termination. Registered
phenomena confirm that crustal depths are highly
heated in the center of the BRS flanks and in the
BRS central part itself, i.e., in the zone of the Southern
Baikal—the Barguzin basin—the North-Muya basin.
Increased deep heat transfer is one of the typical
indications of convective heat mass transfer in the
intensely fracturing medium of high permeability.

The above described additional geological and
geophysical characteristics of processes associated
with the zone of the recent fracturing of the litho-
sphere give grounds to consider it as a developing
uniform tectonic structure (Sherman et al., 1992). The
formation of the structure under study is taking place
within a geological time interval which is evidently
longer than the period of instrumental observations of
seismicity. Thus, it is possible to conclude that the
zone of the recent fracturing of the lithosphere has
occurred earlier, several thousands of years ago. This
is evidenced by paleoseismodislocations mapped in
the Tunka fault zone which borders the Tunka basin in
the north, in the Major Sayan fault zone, along the
western shore of Lake Baikal (Chipizubov and Sme-
kalin, 1999) and in some other places. By now, it has
already formed as an active fracturing zone which, in
its turn, changes the local stress field and influences



S.1. Sherman et al. / Tectonophysics 380 (2004) 261-272 267

the seismic process. Below the seismic process is
discussed to reveal its other space—time regularities
in relation to the identified fracturing zone.

5. The zone of fracturing of the lithosphere is the
leading structure controlling seismicity

The zone of fracturing of the lithosphere as the
recent active tectonic structure in the BRS produces
considerable influence on the distribution of earth-
quakes in space and time. For the first time in the
BRS, it appears possible to establish a hierarchic
relationship between the linear dimensions of the zone
of fracturing on the surface and magnitudes of earth-
quakes, which are controlled by the zone. Three
examples are discussed below.

5.1. Distribution of seismic events in the strike of
fracture zone. Seismic events of 7.7>M=6.0

All strong seismic events which have been instru-
mentally registered and historically recorded (includ-
ing 27 events with M > 6.0) occurred in the vicinity of
the axial line of the revealed zone of fracturing of the

lithosphere (see Fig. 2). They are associated with the
transform faults in the BRS flanks and in the south-
western termination of the zone of fracturing in the
South Baikal basin. For the purposes of our investi-
gation, the zone of fracturing is represented by the
straight line along the BRS strike, and the distribution
of seismic events is analyzed with respect to this zone
within the framework of the available historic and
modern data (Fig. 3).

The analysis is carried out for 27 events since 1760
that are characteristic of the linearly elongated zone of
about 1700 km in length. Only three events had
M=7.3, of which two were historically recorded.
The set of events under study is not numerous and
provides only a general view on the migration of
events along the strike of the zone of fracturing. Other
24 events have M=6.0—7.0. Due to higher occur-
rence, they migrate more intensely from the southwest
to the northeast and backward along the strike of the
zone of fracturing. Strong evidences are found to
confirm the migration of seismic events between the
fault terminations that has been already well estab-
lished at many seismically active faults (Kasahara,
1981; Ma Jin et al., 1988). However, the recurrence of
events is variable in different parts of the BRS.
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5.2. Seismic events of M=5.0+5.5

Earthquakes of the given energy type migrate in
time along the zone of fracturing. Due to the lack of

(a)
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statistical data on earthquakes, it is difficult to reveal
the scale of sections of the zone of fracturing that
controls the events under study. By the scale of the
structural control, they are in between the two hierar-
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chical ranks of structures, i.e., between the whole zone
of fracturing itself, as it was stated for events of
M>6.0, and its three components (flanks and the
central part). Judging from the distribution of events
in space and time (Fig. 4), the second suggestion is
preferable. The ambiguity in evaluating the rank of
the structural control provides another confirmation
that the relationship between the two complex pro-
cesses in the elastic lithosphere of the BRS, i.e.,
between faulting and seismicity, is complicated.

15 km

2000

Spatial relationships between areas of increased
seismic activity and structures of the lower orders,
transform and regional faults, are analyzed. Rare
events of M>7.0 are excluded from the analysis.

5.3. Distribution of seismic events in the southwestern
flank of the BRS. Seismic events of 6.0<M<7.0

Much data is available for the southwestern flank
of the BRS. The zone of fracturing of the lithosphere
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develops in agreement with the well known Tunka
transform fault (Sherman, 1992; Sherman and Levi,
1978). The summary width of the zone of dynamic
influence of the fault is 15 km; the fault’s axial line is
marked on the map. Fig. 5 shows that seismic events
of M=6.0+7.0 migrate along the axial line from west
to east. Paleoseismo—geological and historical data
since 1760 have been used to construct the plot
(Golenetsky et al., 1993). The migration of strong
events is strongly confirmed along almost the whole
axial line of the Tunka transform fault which controls
the zone of fracturing in the given BRS flank. As
shown by other more detailed studies, the regional
faults, especially the Tunka one bordering the Tunka
rift basin in the north, are recently reactivated, though
its seismic events are relatively less strong and dense.
Seismic events are even more rare in the South Tunka
fault which borders the Tunka basin in the south;
however, there are no doubts that the given faults was
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® 35<M<45

()

2000 @

(b)

S.1. Sherman et al. / Tectonophysics 380 (2004) 261-272

reactivated in the post-Holocene time and has low
tectonic activity currently.

5.4. Seismic events of 3.5<M<4.5

In the same flank, the distribution of seismic
events of 3.5<M<4.5 in space and time is dis-
cussed for two values of the width of the area of
dynamic influence of the transform fault or the zone
of fracturing (in the given case, they are similar). Fig.
6a,b is constructed from instrumental data for the past
40 years and shows analytical results for the widths
of 15 and 30 km. In principle, the plots are similar
and give grounds to suggest the following. From year
to year, seismic events of M = 3.5+4.5 occur within
the limits of specific fragments of the zone of
fracturing that are from 50 to 100 km long. Clearly
manifested lateral (and, partly, transverse, as seen
from the plots) migration of earthquake epicenters
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is established within these limits, the maximum
deviation being =+ 50 km. In the zone of fracturing,
section of relatively high seismic activity alternate
with section of lower seismic activity which are about
200 km in length. As the result, the whole seismically
active zone of fracturing in the southwestern flank of
the BRS is split into alternating seismically active
and less active sections of different lengths. In terms
of tectonics, it means that by the more detailed
mapping, the Tunka transform fault which was un-
doubtedly active in the Holocene can be subdivided
into sections of relatively higher and lower recent
tectonic activity.

The above presentation allows the authors, for the
first time for the BRS, to conclude that seismic events
of various magnitudes that accompany the recent
process of rifting are controlled by the zone of
fracturing of the elastic lithosphere. This genetic
relationship is determined by various structural ranks
in the organization of processes.

6. Conclusion

Most of the BRS faults, irrespective of their age,
are tectonically active. Their geomorphological, geo-
logical and seismological indications which are used
to classify active faults are variable. Geomorpholog-
ical indications are typical of the faults of almost all
the ranks that are involved in rifting. However, they
cannot solely provide for a standard identification of
obviously active faults since the formation of the
relief in the territory under study is related with the
Meso—Cenozoic reactivation. The limited occurrence
of young deposit in shoreline zones of Lake Baikal
does not allow to reveal any faults of the Holocene or
recent reactivation. Only high seismic activity of the
territory in combination with the fault tectonics stud-
ied in detail show that most of the faults are seismi-
cally active. This allows the authors, firstly, to identify
the zone of the recent fracturing of the lithosphere as a
single tectonic structure, secondly, to demonstrate its
impact on the relative activity of the BRS faults, and,
thirdly, to reveal spatial and temporal regularities in
the migration of seismic activity in the zones of
dynamic influence of tectonic structures of various
ranks, i.e., the zone of fracturing and accompanying
faults.

The discreteness and migration of seismic events
and their rank association with faults of various hier-
archic levels show general regularities of fracturing
of the lithosphere under corresponding geodynamic
regimes of the lithosphere development. Faulting and
seismicity are multilevel synergetic processes of frac-
turing of the lithosphere. Relationships between fault
tectonics and seismicity should be evaluated at com-
parable levels of destruction of the lithosphere, i.e.,
rare strong seismic events reflect stages of develop-
ment of the whole zone of fracturing, whereas weak
events are related to its specific segments. Trans-
regional and regional active faults in the BRS reflect
the structure of the upper part of the lithosphere and
predetermine only local variations in the earthquake
epicenter field in space and time. The physical mech-
anism of migration of epicenters correlates with ex-
perimental results and modern concepts of physical
mesomechanics on multilevel stages of the formation
of dislocations in the geological mediums of various
volumes and synchronous phenomena.

Acknowledgements

The authors are grateful to Nils-Axel Mdrner, V.
Trifonov and A. Kozhurin for reviewing this work and
for their valuable remarks that did much to improve
the manuscript. We also thank O. Baksheeva who
translated the text into English.

This research was supported by the Russian
Foundation for Fundamental Research, Grants 00-
15-98574, 01-05-64485, 01-05-97226 and integration
project 77 of IG, Siberian Branch of RAS.

References

Allen, C.R., 1975. Geological criteria for evaluating seismicity.
Bull. Geol. Soc. Am. 86 (4), 1041-1057.

Benioff, H., 1962. Movements on major transcurrent faults. Con-
tinental DriftInt. Geophys. Ser., vol. 3. Academic Press, New
York, pp. 103—134.

Chipizubov, A.V., Smekalin, O.P., 1999. Paleoseismodislocations
and paleoearthquakes in zone of Major Sayan fault. Geol. Geo-
fis. 40 (6), 936—947 (In Russian).

Deverchere, J., Houdry, F., Diament, M., Solonenko, N.V., Solo-
nenko, A.V., San’kov, V.A., 1993. Seismicity, active faults and
stress field on the North Muya region, Baikal rift. New insights



272 S.1. Sherman et al. / Tectonophysics 380 (2004) 261-272

on the rheology of extended continental lithosphere. J. Geophys.
Res. 98 (B11), 19895—19912.

Doser, D.I., 1991a. Faulting within the western Baikal rift as char-
acterized by earthquake studies. Tectonophysics 196, 87—107.

Doser, D.I., 1991b. Faulting within the eastern Baikal rift as
characterized by earthquake studies. Tectonophysics 196,
109-139.

Gileva, N.A., Melnikova, V.I., Radziminovich, N.A., Deverchere,
J., 2000. Location of earthquakes and average characteristics of
the crust in some regions of the Pribaikalie. Geol. Geofiz. 41 (5),
629—-636 (In Russian).

Golenetsky, S.I., Demyanovich, V.M., Drennova, G.F., et al., 1993.
Catalogue of earthquakes of South Siberia and Mongolia. Seis-
micity and Seismic Zoning of North Eurasia, Issue 1, 80—82
Moscow (In Russian).

Gzovsky, M.V., 1962. Tectonophysics and earthquake forecasting.
Bull. Seismol. Soc. Am. 52, 485-505.

Fault Map of the Southern East Siberia, 1982. Scale 1:1.500,000.
In: Khrenov, P.M. (Ed.). Mimeo of the USSR, Leningrad, 1988
(In Russian).

Kasahara, K., 1981. Earthquake mechanics. Cambridge Univ. Press,
London. 234 pp.

Levi, K.G., Miroshnichenko, A.L., San’kov, V.A., et al., 1997. Ac-
tive faults of the Baikal depression. EIf Explor. Prod. F-64018,
400-434.

Levi, K.G., Miroshnichenko, A.L., Ruzhich, V.V, et al., 2000. Re-
cent faulting and seismicity in the Baikal rift. Phys. Mesomech.
2 (1-2), 171-180 (In Russian).

Logatchev, N.A., 1993. History and geodynamics of the Lake Bai-
kal rift in the context of the eastern Siberia rift system: a review.
Elf Aquitaine Prod. F-31360, 354—370.

Logatchev, N.A., Zorin, Yu.A., 1992. Baikal rift zone: structure and
geodynamics. Tectonophysics 208 (1-3), 273—286.

Lysak, S.V., 1988. Heat Flow Variations in Continental Rift Zones.
Nauka, Novosibirsk. 199 pp. (In Russian).

Ma,J.,Ma, S., Lei, X., 1988. Fault geometry and its relationship with
seismicity in the Xianshuihe fault zone. The International Sym-
posium on Tectonophysics. Pergamon, Oxford, pp. 131—142.

Mats, V.D., Ufimtsev, G.F., Mandelbaum, M.G., et al., 2001.
The Cenozoic of the Baikal Rift Basin. Structure and Geo-
logical History. Nauka GEO Branch, Novosibirsk. 252 pp.
(In Russian).

McCalpin, J.P., Khromovskikh, V.S., 1995. Holocene paleoseis-

micity of the Tunka fault Baikal rift, Russia. Tectonics 14 (3),
594-605.

Nedra Baikala (Baikal Interior) from Seismic Data Nauka, Novosi-
birsk. 105 pp. (In Russian).

Papazachos, B.C., Papaioannou, C.A., Papazachos, C.B., Savvaidis,
A.S., 1999. Rupture zones in the Aegean region. Tectonophysics
308 (1-2), 205-221.

Parfeevets, A.V., San’kov, V.A., Miroshnichenko, A.I., Lukhnev,
A.V,, 2002. The evolution of the state of stresses in the Mon-
gol—Baikal mobile belt. Pac. Ocean Geol. 21 (1), 14-28.

Rundkvist, D.V., Sobolev, P.O., Ryakhovsky, V.M., 1999. Reflec-
tion of different types of faults in seismicity of the Baikal rift
zone. Dokl. Akad. Nauk 366 (6), 823—825 (In Russian).

San’kov, V.A., Miroshnichenko, A.IL, Levi, K.G., et al., 1997. Cen-
ozoic stress field evolution in the Baikal rift zone. EIf Explor.
Prod. F-64018, 436—455.

Sherman, S.I., 1978. Faults of the Baikal rift zone. Tectonophysics
45, 31-39.

Sherman, S.I., 1992. Faults and tectonic stresses of the Baikal rift
zone. Tectonophysics 208 (1-3), 297-307.

Sherman, S.I., Levi, K.G., 1978. Transform faults of the Baikal rift
zone and seismicity of its flanks. Tectonics and Seismicity of
Continental Rift Zones. Nauka, Moscow, pp. 7—18. (In Russian).

Sherman, S.I., Gladkov, A.S., 1999. Fractals in studies of faulting
and seismicity in the Baikal rift zone. Tectonophysics 308,
133-142.

Sherman, S.I., Bornyakov, S.A., Buddo, V.Yu., 1983. Areas of
Dynamic Influence of Faults (from Modeling Results). Nauka,
Novosibirsk. 112 pp. (In Russian).

Sherman, S.I., Seminsky, K.Zh., Bornyakov, S.A., Adamovich,
A.N., Lobatskaya, R.M., Lysak, S.V., Levi, K.G., 1992. Faulting
in the lithosphere. Extensional Zones. Nauka Siberian branch,
Novosibirsk. 228 pp. (In Russian).

Sobolev, G.A., 1993. Fundamentals of Earthquake Prediction.
Nauka, Moscow. 313 pp. (In Russian).

Solonenko, A.V., Solonenko, N.V., Melnikova, V.I., Shteiman,
E.A., 1997. The seismicity and earthquake focal mechanisms
of the Baikal rift zone. ElIf Explor. Prod. F-64018, 208—231.

Trifonov, V.G., 1985. Peculiarities of development of active faults.
Geotectonika 2, 16—26 (In Russian).

Trifonov, V.G., 1999. Neotectonics of Eurasia. Nauchny Mir,
Moscow. 252 pp. (In Russian).



	Active faults, seismicity and recent fracturing in the lithosphere of the Baikal rift system
	Introduction
	The Baikal rift system in the structure of Central Asia
	The method of analyses of the earthquake epicenter field and identification of zones of the recent fracturing in the lithosphere
	Some geological and geophysical parameters describing the zone of the recent fracturing of the lithosphere
	The zone of fracturing of the lithosphere is the leading structure controlling seismicity
	Distribution of seismic events in the strike of fracture zone. Seismic events of 7.7M6.0
	Seismic events of M=5.0÷5.5
	Distribution of seismic events in the southwestern flank of the BRS. Seismic events of 6.0M7.0
	Seismic events of 3.5M4.5

	Conclusion
	Acknowledgements
	References


