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Investigation of the spatial structure of the stressed
state of the medium in the lithosphere of the Baikal Rift
System (BRS) at the hierarchy level of large earth-
quakes (11 £ Kp < 14) showed that a riftogenesis regime
with shock-related dip-slip faulting (hereafter, normal
faulting) exists in the region at the realization probabil-
ity Py=0.5, while local regions of increased probability
of strike-slip faulting and reverse faulting (P = 0.25)
determine the zones of the nonuniform deformed state
of the medium. The analysis of the dynamics of stresses
in the lithosphere of the region confirms the dominating
role of riftogenesis in seismotectonic processes. How-
ever, this dominant is not stable and approximate equal-
ity and even short-period domination of strike-slip
faulting and reverse faulting were recorded at the end of
the 1980s and beginning of the 1990s.

Seismic, seismological, and regional multidisci-
plinary studies showed that geostructural shapes and
geodynamical processes (including modern motions in
the lithosphere) are caused by endogenous transforma-
tions in deep spheres of the Earth [1]. Study of the
peculiarities of the structure and properties of the litho-
sphere using geophysical methods allows us to distin-
guish the general properties of the spatial location of
geological structures and regularities of the dynamic
interaction between lithospheric plates and blocks,
which result in earthquakes. Since the spatial location
of the zones of seismic hazard is governed first of all by
the stressed-strained state of the lithosphere, the rheol-
ogy of the medium, and the tendency of the action of
tectonophysical forces in the region, understanding of
the deep geological structure and modern geodynamic
situation is crucial for investigation of the regularities
and evolution of seismic process in any seismoactive
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region. Understanding of the structure and dynamics of
the stressed-strained state of the lithosphere at the level
of hierarchy of large earthquakes is especially pressing
in light of modern tendencies of forecasting large earth-
quakes and controlling seismic processes, which are
based on knowledge of the properties and peculiarities
of the system of regional seismogenesis. They start
with the gathering of information about the state of the
system, its relations, and logic of functioning.

At present, studies of the stressed-strained state of
the medium in the lithosphere of the BRS based on seis-
mological data commonly use focal parameters of large
earthquakes with energy class Kp = 10 [1-4] and
parameters of earthquakes sources with Kp > 7 [5-7].
The parameters of earthquake sources in the Baikal
region are calculated for Brune’s source model [§]
based on the method presented in [9]. The application
of seismic moments of tectonic earthquakes for the
reconstruction of the stress field is based on the follow-
ing fact: the moment is related to the motion along the
fracture [10, 11], whose type, in turn, is specified by the
relation between principal stresses in the lithosphere
[12]. Using the data on 143 earthquakes (11 < Kp < 14),
which occurred in the region from 1968 to 1994 and
have the determination of the focal mechanism, we cal-
ibrated the average level over the class of the logarithm

of seismic moment M, by the type of motion in the
source (Table 1). After this, the initial sampling of 802
earthquakes with 11 < K, < 14 was divided into shocks
related to normal faulting (n = 501), strike-slip faulting
(n = 145), and reverse faulting (n = 156) of different

energy classes according to the logM, level. It is
worth noting the high representativeness of the factual
material. The seismic moments were determined
almost for 100% of earthquakes (n =802, 11 < Kp < 14)
recorded in the Baikal region (¢ = 48°-60° N, A = 96°—
122° E) from 1968 to 1994. Formalization was made
for the entire dataset based on the assumption that
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Calibrated values of the logarithm of mean seismic moment log M, of large earthquakes in the BRS with Kp > 11 correspond-
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ing to the transition from one type of motion in the source to the other type

. . . Reverse
gﬁ{gﬁﬂ gtl)ll]lt(l];lle Sltcgllfﬁi'zhp strike-slip Number of calibrated shocks
Class g & & faulting
= normal strike-slip reverse
log Mo faulting faulting faulting total
11 22.5 22.65 22.8 22.95 28 4 11 43
12 23.15 23.3 23.45 23.6 29 9 6 44
13 23.7 23.8 23.9 24.0 23 6 7 36
14 24.1 24.2 24.3 24.5 11 7 2 20

strong shocks of different energy classes reflect the cor-
related character of the behavior of the stress system in
the study range of Kp: the ratio of the number of normal
faulting, strike-slip faulting, and reverse faulting to the
total number of earthquakes in the spatiotemporal sam-
pling characterized the realization probability of shocks
of such a type. It is worth noting that this condition is
not fulfilled for weak shocks, while spatiotemporal
mismatch between the formation of the types of
motions is observed in the sources of microshocks
(Kp =7 and Kp = 8) and larger earthquakes (Kp =9 and
Kp =10) [6]. In the total sampling of data, the realiza-
tion probability of dip-slip faulting, strike-slip faulting,
and reverse faulting is equal to Py=0.63, P¢=0.18, and
Pr=0.19, respectively.

Figure 1 presents a chart of epicenters and contour
lines of the density of epicenters of 802 earthquakes
with 11 < Kp <14 ina grid of 1.0° x 1.0° to give an idea
about the spatiotemporal and energetic structure of the
initial materials. One can see that the contour lines of
the density of epicenters of shocks N > 3 cover the
entire territory of the BRS. The inset in Fig. 1a shows a
histogram of the distribution of the number of earth-
quakes in time and energy class. An increase in the
number of earthquakes is observed in the histogram
during the geodynamic activation at the end of the
1970s and the beginning of the 1980s and at the end of
the 1980s and beginning of the 1990s. The mean num-
ber of earthquakes is approximately 30 events per year.
The data in Fig. 1 indicate a good spatiotemporal repre-
sentativeness of the used materials.

Figure 2 presents a chart of contour lines of the real-
ization probability of normal faultings Py, strike-slip
faulting Py, and reverse faulting Py obtained at the num-
ber of shocks n > 3 in an averaging area of 1.5° X 1.5°.
The chart shows that the region dominated by normal
faulting Py = 0.5 extends through the BRS from the
southwest to the northeast along the rift structures and
is separated in the central part of Lake Baikal (the Aka-
demicheskaya Isthmus area between Ol'’khon Island
and Svyatoi Nos Peninsula). The distribution of Py at
the northeastern flank is quite simple with a linear dom-

inant along the rift depressions. In the southwestern
area, a region of high probability of normal faulting
Py = 0.5 extends to the south up to the Bolnai Fault and
Selenga River in Mongolia. The zone of increased
probability of strike-slip faulting Py = 0.35 is localized
in the Akademicheskaya Isthmus area, marked by the
separation of contour lines of probability Py = 0.5.
A complex structure of increased probability of strike-
slip faulting Py = 0.25-0.35 is distinguished at the
southwestern flank. The Baikal region incorporates
several large zones, where the realization probability of
reverse faulting is Pr = 0.25. At the southwestern flank,
three zones with Py surround the Khubsugul rift sys-
tem. The Akademicheskaya Isthmus area includes a
zone with P, > 0.25, which coincides with the strike-
slip fault zone with Pg>0.35. A few small regions of
increased realization of strike-slip faulting and reverse
faulting spread over the territory characterize the hier-
archic structure and spatial coordination of inhomoge-
neities in the stressed-strained state of the medium in
the lithosphere of the BRS.

The inset (Fig. 2A) presents graphs of the annual
mean realization probability P of shocks for all types of
motions along the faults. Graphs before 1981 are con-
stantly dominated by normal faulting at a mean level of
Py =0.7-0.8 and approximately equal probabilities of
normal faulting and reverse faulting: Pg= Py =0.1-0.15.
In 1982, the realization probability of normal faulting
decreased to Py = 0.48, the probability of shock-related
reverse faulting (hereafter, reverse faulting) increased
to Pr=0.33, and the probability of shock-related strike-
slip faulting (hereafter, strike-slip faulting) was Pg =
0.19. In the next year, the probability of normal faulting
began to increase and reached Py = 0.75 in 1984, while
P¢=0.17 and P, = 0.08. In 1987, the level of probability
of normal faulting dropped to Py = 0.25, while Py = 0.50
and Py = 0.25. The time interval between 1990 and
1994 is characterized by approximately the same real-
ization probability of shocks of different types of
motions along the fault. In 1994, the realization proba-

DOKLADY EARTH SCIENCES Vol. 417 No.8 2007



1283

STRESSED STATE OF THE MEDIUM IN THE LITHOSPHERE OF THE BAIKAL RIFT ZONE

*(Sunney 9519431 ‘so[3ueLy) pue ‘Funnej difs-oyLIs ‘saxoq (Sunnej [eWIOU JOUIP SIOIID) AINJoeJ 3Y) Suo[e uonow Jo
adAy pue o[eos uenney "'H'L, 9y} 03 SUIPIOIIL SSBO ASI0UD (§) $s101ua01do Yo0ys JO AJISUp JO SAUI[ INOJU0D (#) ‘soye] (&) ‘suoissardap () ‘syneq (7) "sse[o AS1ouo pue swi ur SYO0ys
Jo uonnqgrusip ay) Jo weiSoisiy e syuasald (y) 1sur oYL, $1 S Iy S 11 ym S oy ul sayenbylres gog 10J s10juaorda Jo AJsuop Jo saul] Inojuod pue s1ajuadids jo jrey) 1 “Sig

0801

48!

3 7661 6861 9861 €861 0861

o~

L61 ¥L61 TL61 8961

9
%

- 01
- 0¢
...mm- 0t |
= op
=y O¢cr=y M - 0§
=Y EI1l=Ya - 09

wy 091
1 1
(rEaga)

S(vimcimzim s
0 0 7 -85
y N ] [ 2 )i
409

DOKLADY EARTH SCIENCES Vol. 417 No.8 2007



KLYUCHEVSKII, DEM’YANOVICH

1284

‘(A[eanoadsar ¥ g pue $7) Sunney asioaa1 pue Sunpney difs-axyms jo Aniqeqoid uonezijear ay) Jo soeds (9 ¢) {(Vy)
Funpnej reutiou jo Aiqeqoid uonezifeal ay} Jo saul IN0Ju0d (¢) saye] () ‘suorssaidap (z) syned (7) ‘Sunpnej 9s10aa1 pue ‘Funne;j dis-oyuis ‘Sunne;j fewwou jo () Aiqeqoid
uomezIfeal uedw [enuue oy} jo syderd sjuasard () josuy ‘Sunpney 9s1oad1 pue ‘Sunpney difs-ox1ns ‘Sunney rewiou jo Aiqeqoid uoreZIjeaI ay) JO SUI[ IN0JU0D Jo 3Iey)) g “SIq

41!

o801 001

a7

1eok 7661 8861 #8361 0861 9L6T  TL6I

8961

Sunney osI1oAYy -
Sunney dis-oymg o
Sunney [BULION —o—

A4

uxyo9r 08 0

LI
0

S€0 e
ol I

0S0 ce0 €0
¢ [ |
l{m.o\_ m_ hV_ N_ & _N_/\\_

‘//\

009

09¢

DOKLADY EARTH SCIENCES Vol. 417 No.8 2007



STRESSED STATE OF THE MEDIUM IN THE LITHOSPHERE OF THE BAIKAL RIFT ZONE

1285

P
0.9r ——Normal faulting
—— Strike-slip faulting ------- Mean
0.8+ p g

—=8— Reverse faulting

0.7
o6f L
0.5
0.4
0.3
(RIS o kiR S o=
0.1

1 1 1 1 1 1 1 1 1 1 ]
10968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994

Fig. 3. Graphs of annual mean realization probability (P) based on the data on seismic moments of shocks in the Baikal region with

Kp 2 8.

bility of reverse faulting increased to Py = 0.55, while
Py =0.30 and Pg = 0.15.

Figure 3 shows the graphs of probability P based on
the data of seismic moments of shocks with Kp = 8
recorded in the BRS from 1968 to 1994 to compare the
dynamics of Py, P, and Py in the sources of weak and
large earthquakes. One can see that, in general, the rift-
ing regime dominates in the region at a mean level of
Py =0.65 with an increase in 1980 and a decrease in the
early 1990s at a level of two standard deviations. Strike-
slip and reverse faultings make up approximately one-
third of the shocks at a mean probability equal to Py =
0.22 and Py = 0.13, respectively. Comparison of Fig. 3
with the graph in Fig. 2 (inset A) shows a close correla-
tion between the main tendencies in the behavior of P,
but there are some differences in details. For example,
itis seen in Fig. 3 that the time trend of the graphs of P
is insignificant. However, the investigation of the prob-
ability dynamics separately for the shocks of each
energy class demonstrated that the slope of the trends
increases sequentially. In the first half of the 1990s,
shocks with Kp > 10 show an intersection of probability
trends Py, Pg, and Py similarly to the graphs in Fig. 2
(inset A). Such sequential variation in the slope of
trends with an increase in the energy class can point to
the time shift in the formation of different types of
motions in the sources of large earthquakes. It is note-
worthy that the trend of the graph of Py changes most
dynamically. Usually, the slope of the trend of Py is
steeper than the slope of Pg.

Figure 4 presents the graphs of probability P based
on the data of seismic moments of shocks with Kp = 8,
Kp =9, ...,and Kp = 14 recorded in the BRS from 1968
to 1994 to demonstrate the dependence of probabilities
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Py, Py, and Py on the energy class of earthquakes. The
graphs show the static probability calculated from the
complete sampling of data for each Kp in 1968—1994.
They also show dynamic probability, which is defined
as the mean value over time of the annual probability of
shocks of each class during the interval 1968-1994. It
is clear that the equality between the static and dynamic
probabilities should point to the ergodicity and station-
arity of P in time. The complex form of graphs in Fig. 4
attracts attention. The static probability of shocks with
Kp =10, 13, and 14 decreases to a level of Py = 0.5,
while the mean level for other classes is Py = 0.65. Vari-
ations in Py and Py are less significant in the range of
weak shocks Pg > Py, Pg= Py at Kp = 10-11, and Pg <
Pr at Kp = 12. The static and dynamic probabilities
almost coincide for the shocks with Kp < 11, which evi-
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Fig. 4. Dependence of the realization probability of normal
faulting Py, strike-slip faulting Pg, and reverse faulting Pp
on energy class Kp of earthquakes in the Baikal region.
(I-3) Dynamic probability; (4—6) static probability.
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dences that rifting stably dominates in this range of
energy class of shocks. The dynamic probability
decreases for larger earthquakes, possibly reflecting the
fact of greater instability of stresses in the lithosphere
of the BRS at the hierarchic level of large seismic
events. It is seen that dynamic probabilities of shocks
with different types of motions become closer at Kp = 14.
This phenomenon reflects the sense of P presentation
not only as the static probability, but also as the real
probability of the estimate characterizing the random
character of the seismic process of large earthquakes.
The observed tendency of convergence of graphs of Py,
P, and Py with increasing energy class indicates that
the realization probability of different types of motions
in the sources of large earthquakes in the BRS with
Kp > 14 can be comparable.

Modern concepts about earthquakes as a phenome-
non of instantaneous destruction of rocks as a fracture
in response to gradient tectonic stresses form the ideas
about local instability of the stressed-strained state of
the medium, as well as the stochastic and fractal char-
acter of the distribution of stresses and strains in the
lithosphere [13]. Hence, reconstruction of the stressed-
strained state of the lithosphere of active regions and
fractures by the methods of source seismology should
use the results of processing of the parameters of earth-
quake sources in the full range of the lengths of rupture-
defects in the lithosphere. The current research on the
parameters of sources of large earthquakes is a neces-
sary addition to the complex of works devoted to the
investigation and reconstruction of the modern stressed
state of the lithosphere in the BRS. The results of recon-
struction of the stressed state of the medium in the
lithosphere of the BRS based on the data about seismic
moments of large earthquakes agree well with the
results of spatiotemporal reconstruction of the stressed

KLYUCHEVSKII, DEM’YANOVICH

state based on the focal mechanisms of large earth-
quakes and seismic moments of moderate and weak
shocks.
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