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Possible sources of fault activation in real time are
deformation excitation waves generated by evolution of
rifting and interplate motions.

In [1], spatial oscillating longitudinal—transverse
migration of seismic sources in dynamic influence
zones of specific faults is shown on the basis of seismic
monitoring. Temporal quasi-periodicity of fault activa-
tion in real time is shown in [2, 3]. Based on the major
criterion of modern activation of faults, i.e., confine-
ment of seismic sources to them [1-3], and concepts of
earthquake generation regions [4], properties of mod-
ern active faults unknown previously in the study
region were revealed and new data on structural regu-
larities and geodynamic sources of activation of rup-
tures were obtained.

The reconstructions discussed below are based on
the following concept: a new focus of an earthquake
reflects a macroscopic change in the inner structure of
faults and its corresponding growth; this is accompa-
nied by intensification of fracturing and displacement
of limbs in the case of strong events. The frequency of
seismic events in the fault zone reflects the intensity of
violations of dynamic equilibrium and their probable
periodicity. The tendency in the spatial orientation of
sources along the fault axis correlates in time with mac-
roscopic changes in the fault zone and the fault growth
vector. According to S.V. Gol’din [5], the second mech-
anism of the development of a major fracture is real-
ized: the fracture continues to develop along a newly
formed percolation network of smaller ruptures, and
the rate of fracture development (activation) can be
extremely low compared to the geological time.

Based on the catalogue of earthquakes in the Baikal
rift system (BRS) and the adjacent territory compiled
by the Baikal Branch of the Geophysical Survey, Sibe-
rian Division, Russian Academy of Sciences, more than
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100 faults of different ranks with seismic sources of
classes 1216 in areas of their dynamic influence have
been revealed over the last 40 years (Fig. 1). By anal-
ogy with [6, 7, and others], we compiled graphs of the
relationship between the length of a fault with the cor-
responding positions of earthquake epicenters (on the
abscissa) and the time of events (on the ordinate). On
graphs of time—space coordinates, slopes of lines reflect
time trends of seismic events on faults, i.e., directions
of their additional “ripping” expressed by seismic
sources—episodes—in the long-term evolution of faults.
Time trends form systems of parallel straight lines as
though series of disturbances that initiate seismic
events propagated with constant velocity along corre-
sponding faults (Fig. 2). Each straight line corresponds
to disturbances in specified faults, the slope of straight
lines determines the velocity, and their deviation to the
left or right from the vertical position defines the direc-
tion of disturbances along the strike of faults.

Based on similar slopes to the abscissa, time trends
are systematized into six groups (table). Based on,the
criterion of similar velocities, i.e., extreme disturbances
(activation) of faults, these groups testify to the identity
of their activation parameters (Fig. 1). The velocity of
fault activation V and the average fault length L show a
high nonlinear correlation r = 0.9 (Fig. 3). The regres-
sion equation describes the correlation by the following
interrelations of parameters:

V = TE—06L* —0.0053L* + 1.2098 L
—81.725 (km/year),

where R? is approximation reliability. Furthermore, the
different spatial direction of the time trend in faults
(activation vector) is also recorded.

The revealed properties of faults—different velocity
and vector trends of activation most likely related to
deformation excitation waves (DEW)—give grounds to
analyze thoroughly the structural position of activated
faults in the general BRS structure at the boundary
between the Siberian and Transbaikalian (Amur) plates
[1]. For this purpose, we excluded from each of the six
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Fig. 1. Map of active faults of the BRS and adjacent territory and their classification by recent activation velocity. Groups of faults
and their activation velocity (km/yr): (1) 94; (2) 22; (3) 12; (4) 7; (5) 5; (6) 2.

groups those faults, for which the trend lines were
ensured by fewer than three events. The first four
groups of faults successively shown in Fig. 4 remain
statistically and reliably ensured. Their distinctive
properties are the advance propagation of deformation
excitation waves and the activation vector trend. The
first and fourth groups are sharply distinguished in
terms of these parameters. The first group is character-
ized by the prevalence of the W-E activation vector in
the eastern part of the area and the E-W activation vec-
tor in the western part. Everything is quite the reverse
in the fourth group. The southern part of the territory
stands out sharply: all extended faults of the first group
are characterized by the E-W activation vector. In the
second group, the E-W activation vector prevails; the
opposite activation vector of the DEW is recorded only
at the southwestern flank. In the third group, practically
all faults are characterized by the W-E activation vector
of the DEW; the opposite direction is typical only of the
southwestern flank. In terms of the parameter
described, the second and third groups can be regarded
as transitional between the first and fourth groups. The
boundary of variation in the DEW vector is established
quite undoubtedly for all four groups: the boundary is
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submeridional (passes approximately along 105° E); it
separates the central part of the BRS and its northeast-
ern flank from the southwestern flank. The generation
of wave disturbances resulting in activation of major
faults starts in the central part of the zone of the BRS
lithosphere extension and extends from it to the east
and west. Extension with strike-slip and strike-slip
stress fields, which are typical of BRS flanks and the

Parameters of recent activation of faults in the Baikal rift sys-
tem and adjacent territory

Group/total num- Averace Tangent of | Average ve-
ber of faults/faults 1 & slope of acti- [locity of fault
: . ength of NP g
involved in the faults. km | Vation time | activation,
analysis ’ trend, deg km/yr
1/26/19 438+ 152 | 89.4+0.24 | 94+57
2/23/22 321+87 | 87.44+0.3 22+3
3/23/17 299+94 | 85.39+04 12+1.25
4/15/14 20662 | 81.28+0.9 7+0.7
5/5/3 199 £269 | 78.76 £ 1.8 5+1.8
6/5/3 13184 | 6632+£5 2149
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Fig. 2. Representative graphs of time trends of seismic events in the first four groups of faults with different activation velocities.
Years of activation and fault length (km) are given along the ordinate and abscissa, respectively.
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Fig. 3. Interrelation between the average length of faults in
the groups and velocities of their activation.

southern part of the study territory [8], favor the activa-
tion of faults along the strike from east to west.

A regular coordination in activation of faults, which
make up each of the hierarchic rank groups, and persis-
tent directions of fracture ripping indicate that reactiva-
tion of faults in the BRS and adjacent territory in real
time could be initiated by different-length DEWs, sen-
sitivity to which is variable in the distinguished groups.
Sources of such waves could be represented by ongoing
processes of active rifting leading to episodic shifts of
the whole interblock boundary between the Siberian
and Amur (Transbaikalian) plates [9] or more local dis-
placements between blocks of other ranks at the flanks
or in the central part of the BRS. The high probability
of excitation of waves due to displacements of blocks
lying on a viscous base is consistent with calculations
[10, 11].

Phenomena of systematic migration in one or vari-
ous directions were registered for sources of mainly
strong earthquakes in many seismic zones (see, for
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Fig. 4. Location of active faults in the BRS (northern Eurasia) and the adjacent territory with different velocities and vectors of
DEWs. Dashed line shows the fault activation vector directed from west to east; solid line, the fault activation vector directed from
east to west; and arrows, approximate direction of the front of DEWs of faults.

instance, [7, 12]). The established migration velocity of
sources varies from 10 to 100 km/yr. Based on study of
the seismoactive regions of Central Asia, Ulomov [13]
pointed out the migration of sources in the so-called
spatiotemporal channels owing to waves of seismic
activation. To date, the fact of the existence of deforma-
tion waves is beyond question [14]. They can be
regarded as one of the classes of mechanic movements
typical of the Earth’s crust and the lithosphere as a
whole [15].

The facts presented above suggest several conclu-
sions related to the current activation stage of faults in
the BRS and adjacent territory. These conclusions sup-
plement the concepts of the author of the present paper
concerning the stationary and nonstationary models of
faults with new characteristics: activation of faults and
its relatively high frequency in real time are caused by
slow DEWs, the source of which could be interplate
and interblock displacements at the boundary between
the Siberian and Transbaikalian (Amur) plates.

In terms of the propagation velocity of DEWs,
active faults of the territory are subdivided into six
groups, four of which are substantiated by statistically
reliable data.

DOKLADY EARTH SCIENCES Vol. 415 No.5 2007

The groups are characterized by the following prop-
erties: (i) a clear relationship between the average
length of faults and the velocity of the DEW motion;
(i1) a definite orientation of the DEW time trend (from
west to east or conversely); and (iii) the existence of a
spatial boundary separating different trends of DEWs
of faults of certain groups.
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