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The Fifth International Conference “Trigger Effects in Geosystems” was organized
by the Sadovsky Institute of Geospheres Dynamics of Russian Academy of Sci-
ences, and was held on June 4-7, 2019 in Moscow, Russia.

The understanding of how the processes of nucleating instabilities in geosystems
are triggered by external effects is extremely important in terms of elaborating new
approaches to the problem of prediction and prevention of natural and anthro-
pogenic catastrophes. Investigating trigger processes is very attractive, because
these phenomena are one of the rare possibilities to detect the cause-and-effect
relations in studying the dynamics of large-scale natural objects. Activities in this
direction can suggest new ways in developing the strategy of forecasting and
preventing geocatastrophes or, at least, lowering the damage. More than 250
scientific specialists, students, and postgraduates from institutes of the Russian
Academy of Sciences, universities, and other Russian and foreign organizations
took part in the Conference.

The Conference considered the following scientific problems:

e Exogenous triggering of deformation processes in the Earth’s crust. Monitoring
and forecasting trigger effects. Trigger effects in geology.

e Structure and properties of fault zones. Different sliding regimes on faults. Links
to seismicity.

e Safety of mining operations. Deformation processes in mining activities.
Fault-slip rock bursts. Mining seismicity. Stability of engineering constructions.

e Seismicity in developing hydrocarbon deposits and hydrocarbon recovery.
Geomechanics and fluid dynamics of rock massifs.
Geophysical fields. Their variations and interactions.
Active disturbances of ionosphere and magnetosphere of the Earth. Experi-
mental results, numerical and theoretical models.

e The global current circuit, electrical and optical processes in the atmosphere, in
equilibrium plasma chemistry of atmospheric phenomena.

e Experimental data and theoretical models of the response of ionosphere to
catastrophic natural events (fall of cosmic objects, earthquakes, tsunamis,
volcanic eruptions, powerful cyclones).



Vi Introduction

Conference proceedings are published in two books. The reports presented in
English are published in this book. For convenience, all the articles are structured
into parts. The first part deals with trigger effects in the solid Earth. The second part
is devoted to dynamic processes that emerge in the course of mining activities. The
final part combines articles that consider dynamic effects in the upper geospheres.

The organizing committee thanks the Russian Foundation for Basic Research
and the Ministry of Science and Higher Education for financial support.

Prof. Gevorg Kocharyan
Dr. Andrey Lyakhov
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Ayan Akhmetov®, Pavel Makarov®, Igor Smolin
and Alexey Peryshkin

Abstract

This article presents the numerical modeling of modern tectonic flows in the
Siberian Craton. It is based on global geotectonic processes in the Asian
continent as well as its geological structure. The margins of Siberian Craton are
unstable geological structures where local active geotectonic processes such as
collision, shear stretching and metamorphisms are observed. We selected the
region of the Yenisei Ridge because of its geological and geophysical specifics.
The type of state of stress and strain in this area was estimated on the base of
calculations of global tectonic flows in Central Asia. To get more details on the
type of state of stress and strain in the Yenisei Ridge, calculations were carried
out for the geological cross sections of Batolit 1982 and Shpat. The results show
the presence of regions of localized inelastic deformation in the overstep region
of the Yenisei shear zone. Also, in both sections, the bands of localized inelastic
strain propagate to the surface of the mountain group exactly in the regions of
the location of the large Siberian rivers of Yenisei and Velmo.
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4 A. Akhmetov et al.
1 Introduction

The fundamental geodynamic processes such as collision, subduction, and
spreading are natural phenomena that often studied based on the concept of plate
tectonics originating from the theory of continental drift [1]. Geophysical com-
munity has demonstrated great interest in investigating the tectonics of large Eur-
asian Plate and, particularly, its most dynamic parts in the Central and Southeastern
Asia. The whole spectrum of tectonic processes can be observed in these regions.
The Asian continent has seismically active intracontinental rifts, for instance, the
Red River Rift (China) and the Baikal Rift Zone (Russian Federation). The Indian
subduction resulting from collision of the Eurasian and Indian plates plays the main
role in formation of tectonic flows in Central and Southeastern Asia [2]. These
geotectonic processes lead to formation of the Tibetan Plateau and the Himalayan
mountains (Asian mountain system). Collision of the American and Eurasian plates
in the North-East also influenced the geodynamic situation of the Asian continent
with formation of the Verkhoyansk Range and the Kolyma Mountains [3]. Geo-
tectonic transformations in the Asian continent, from separation of Pangea into
Gondwana and Laurasia to evolution of modern Asian mountain systems, have
been in progress for about 300 million years. This overall mechanism of plate
movement plays a minimal role in the research of regional tectonic flow. It is only
accepted to evaluate initial and boundary conditions in the studied area.

Siberian Craton is one of the largest Archean-Proterozoic regions, which is a
major part of Northern Eurasia. It is adjoined by geological objects with different
structural properties [4, 5]. Particularly, the Yenisei Ridge is one of the interesting
regions of the Siberian Craton with regard to research of the Asian continent. It is
the major structural feature of the western margin between the Siberian Craton and
the Central Asian fold belt and located along the Yenisei River. The geological
composition of Yenisei Ridge comprises various terranes separated by faults [6, 7].
For this reason, interpreting its geotectonic structure and formation conditions is
essentially used for regional and global geodynamic reconstruction of the Eurasian
lithosphere.

Introduction and development of calculational technologies have made possible
to simulate global and regional tectonic flows of the Earth’s crust. Miiller et al.
developed a computer program that simulates the global geological phenomena
using experimental and theoretical data from geophysics, geochemistry, and plate
tectonics [8]. Actually, difficulties emerge when we research the regional tectonic
flows. To investigate both global and regional tectonic flows in the Asian continent,
a modern concept was suggested to analyze the plate tectonics. This concept can
help to permit investigating the tectonic flow pattern and stress field as character-
istics of the evolutionary process which is inhomogeneous in space and time [9,
10]. Nevertheless, specifics of upright movements and volumetric stress state in the
Earth’s crust can’t be treated within this approach.
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The purpose of this paper is to interpret the numerical investigations of regional
geotectonic pattern in the Yenisei Ridge in terms of evolution of stress state and
tectonic flows in Central Asia resulting from collision of the Eurasian Plate with
Hindustan and Arabia in the South and with North America in the North-East. To
achieve this goal, we have simulated the tectonic flow pattern in the Asian continent
and the regional geotectonic state of the Siberian Craton. Finally, we have analyzed
the collision state in the deep structure of the Yenisei Ridge using the data from
Batolit-1982 and Shpat geological profiles.

2 Problem Statement

To investigate tectonic movement in Central and Southeast Asia (predominantly in
the Siberian Craton), we made use of the Seminskii’s scheme—a zone-block litho-
spheric structure of Eastern and Central Asia that is used here as a general structural
model. The developed model contains also boundary blocks which aim to mimic real
geodynamic effects from neighboring regions [11]. This model is shown in Fig. 1.

This structural model is two-dimensional and can provide only a
two-dimensional picture of geotectonic movements, yet the boundary condition for
analysis of deep structures of the Yenisei Ridge can be obtained from it.

The computer models of vertical cross-sections of the Earth’s crust are evolved
for analyzing the state of stress and strain using the Batolit-1982 and Shpat geo-
logical profiles obtained from deep seismic sounding method. Their orientation are
shown in Fig. 2.

Two computer models of the Yenisei Ridge cross sections produced by using the
corresponding geophysical data are shown in Fig. 3. The dimensions of the computer
models for Batolit profile is 341 x 60 km and for Shpat profile is 288 x 60 km.

Yenisei Ridge ___——~Siberian
A Craton

=

Fig. 1 Map of the numerical domain with the three groups of zone-block regions and boundary
elastic blocks
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Fig. 2 Orientation of Batolit-1982 (1) and Shpat (2) geological profiles crossing the Yenisei
Ridge

The lens colored in red in Fig. 3 is revealed up to depth of 10-12 km in these
cross-sections. Other crust layers are also revealed by the difference in geological,
physical and mechanical properties of the media. The profiles include different
types of faults. They were simulated in the form of weakened zones at the edges of
these faults. The P- and S-wave velocities determined during deep seismic sounding
were used to estimate the elastic properties of each layer of the structural models.

The elements of the Earth’s crust and upper mantle are poorly studied because of
lack of direct experimental constraints on physical and mechanical properties of
geomaterials that comprise the layers of the Earth’s crust. For this reason, we
adopted the fundamental models describing depth variation of geomaterial strength
presented elsewhere [12—15]. Since, as known, pressure increases almost linearly
with depth, it is possible to accept strength models for pressure sensitive materials.
The popular Drucker—Prager strength criterion on the base of linear pressure
dependence is introduced as

(a)

. ayer |
lens
I layer 2
[ layer 3
[ layer 4
[ layer 5
[ layer 6
B fault zone

(b)

I oy |

I8
[ (ayer 2
I layer 3
R laycr 4
[ layer 5
[ layer 6
[ fault 7one

Fig. 3 Computer models of the Yenisei Ridge based on the Batolit-1982 (a) and Shpat
(b) geological profiles
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100
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Fig. 4 Strength of the layers as a function of depth
c=Y+o-P (1)

where Y is the shear strength at zero pressure (cohesion), o is the friction coefficient,
P is the pressure.

In fact, the depth dependence of strength is not monotonic, it has descending
parts, and is often specified for continental plates in the form shown in Fig. 4 [12—
16]. To meet such kind of relationship, the values of shear strength and friction
coefficient are adopted as specific depth functions to get the strength-depth
dependence with consideration for Eq. (1).

3 Mathematical Model

The fundamental equations of solid mechanics are included in the mathematical
model that consists of the conservation laws and constitutive relations. The latter are
formulated in rates. So, hypoelasticity equations characterize the elastic response of
media. To describe the plastic response, the model of Drucker—Prager—Nikolaevskiy
with non-associated flow rule is taken as a basis allowing for independent
descriptions of dilatation and internal friction. In this case the equations read

12

fww:%h+h Y =0, )

where f (o) is the yield surface and J,, J, are the first and the second invariants of
the stress tensor, Y is the current strength. In the case of non-associated flow rule,
the plastic potential g(o;) does not coincide with function of plasticity and
according to Nikolaevskiy is written as follows [17]:

A
gloy) =+ §J1 (ZY — g]l) + const. (3)
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Here A is the dilatancy coefficient.
Components of rates of inelastic strains will be defined as follows:

p_ 5 08(0p) 2 x
& =1 Doy = sU+§A(Y—§J1>5U ; (4)

where A is the plasticity multiplier in the theory of plasticity.

Peculiarities of the boundary value problem statement in the case of tectonic
flow modeling are presented in [9, 10]. The numerical implementation is performed
using the Wilkins finite-difference method [18].

4 Results and Discussion

Specific features of deformation and loading of the adopted geological areas that
govern the stress state type in them are defined from the computation of tectonic
flows in Central and Southeastern Asia. We made these calculations only for col-
lision related processes between the Furasian, Indian and Arabian plates. The
results are illustrated in Fig. 5. They indicate that compression predominates in the
Yenisei Ridge.

Calculations of tectonic flows also show that the compression direction in the
Yenisei Ridge is perpendicular to the Yenisei regional shear zone [4], and the
Batolit-1982 and Shpat geological cross-sections lie in the compression direction.
Consequently, we can calculate strains and stresses in the cross sections along the
Batolit-1982 and Shpat profiles under loading by compression lengthwise of the
profiles. The distributions of plastic strains and horizontal stress obtained in
the simulation are given in Figs. 6 and 7.

Fig. 5 Simulation results of tectonic flows in the Yenisei Ridge: a stress state type in Central and
Southeastern Asia by the Lode parameter, b displacement fields determined in reference to the
marked point
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(a) 32

(b) -

Fig. 6 Plastic strain (%) distributions in the Yenisei Ridge along the a Batolit-1982 and b Shpat
profiles

(a)

Fig. 7 Horizontal stress (GPa) distributions in the Yenisei Ridge along the a Batolit-1982 and
b Shpat profiles

Analysis of the presented results yields the following. Fault zones are the places
where plastic deformation and further evolution of localized strain originate from.
The curvature of interfaces between the layers also affects localization of plastic
strain. The internal friction and dilatancy that enter the Drucker—Prager—Niko-
laevskiy plasticity law have an impact on the orientation of localized deformation
bands. From the geological point of view, Fig. 6 evidences that in both cases
deformation localizes in the Yenisei shear zone, which is located in the upper left
part of the figures. In the right part of these figures, we can see another strain
localization, which is consistent with the opposite side of the lens in the computer
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models where the Velmo river is located. The stress field distribution is inhomo-
geneous and non-monotonously increase with depth due to the presence of physical
and mechanical heterogeneities and curvature of interfaces between layers.

5 Conclusions

We solved the problem of computation of tectonic flows and the related stress state
type in Central and Southeastern Asia caused by collision with the Indian and
Arabian plates (in the South) and the North American Plate in the North-East.
A special interest was to evaluate the stress state type in the Yenisei Ridge located
to the South-West of the Siberian Craton. These calculations determined dis-
placements of the Siberian Craton and allowed plotting the deformation pattern of
Yenisei Ridge. The calculations also show that compression predominates in the
Yenisei Ridge, the direction of compression being perpendicular to the Yenisei
regional shear zone.

Calculations of depth distributions of stress and strain in the Yenisei Ridge along
the Shpat and Batolit-1982 geological profiles show that the main factors deter-
mining nucleation sites of inelastic deformation and propagation of localized
deformation bands are fault zones and curvature of interfaces between the layers.
For both profiles, the plastic deformation distribution reveals deformation local-
ization in the Yenisei shear zone and locations of the Velmo river. Variation in
physical and mechanical properties and curvature of interfaces between layers result
in heterogeneous and non-monotonous character of horizontal stress distribution.
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Abstract

Earthquake recurrence intervals have been compared with their estimated
forecasting limits. The estimation was made taking into account the main fractal
dimensions of the site, deformation conditions and destruction nature. The
selected model demonstrated that the nonlinear recurrence intervals are
determined by geological and geomechanical factors. It is proved that the
estimation of forecasting recurrence interval limits can be possible on the basis
of geodynamic data and limit seismotectonic relations that reflect the depen-
dence of the maximum magnitude on the earthquake focus dimensions and
destruction nature. The estimations are based on the example of the Calaveras
fault area (California, USA), where it is possible to distinguish between the
segments characterized by different creep rates. The analysis of the obtained
results shows that the earthquake recurrence graph parameters of the investigated
area significantly depend on its typical geological and geotechnical factors as
area maximum structure size, similarity coefficient, conditions and deformation
rate, destruction nature.
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1 Introduce

According Based on regional and local assessments of earthquake recurrence
intervals, variations b from 0.3 to 2.5 [5] were established, as well as the level
change of several magnitude recurrences during the transition from the quiescence
to seismic activation period. The nature of the earthquake nonlinear recurrence
intervals (hereinafter recurrence graphs) has not been clearly defined to date. The
left and right bends of the recurrence graph can be explained by incomplete catalogs
or computation methods [9]. The physical sources of these variations have been
attributed to changes in strain condition [11, 17], loading rate [2, 18], and structural
and compositional properties [17]. Low b-values are thought to be associated with
high strain [12], low loading rate [13], low heterogeneity [10] and small fractal
dimensions of the fault seismogenic surface [1, 8]. However, there are no specific
accounting methods to analyze the effects of these multiple factors on the seismic
regime parameters as slope and activity. Therefore, it is important to determine
geological factors and their qualitative characteristics, which control the changes of
earthquake recurrence graph.

The article proposes a method to assess the forecasting recurrence intervals
based on the model that reflects discrete characteristics of the Earth crust and
earthquake foci, as well as the natural dependence of the maximum magnitude on
the focus size and the nature of its destruction. The model is characterized by the
size of its maximum element corresponding to the length of the potential focus zone
(hereinafter PFZ) related to the investigated area, and the similarity coefficient k;
equal to the square root of ten. This model allows taking into account the maximum
period T, related to accumulation of ultimate deformations in the maximum PFZ
when the ultimate deformations reach the effective elastice limit €. = 3.2 - 107> for
the Earth as a whole and the maximum PFZ is fractured. The flow rate of formation
for various activated structures n is determined by the ratio of 7, to the number of
rank structures n and up to the maximum element (n = 1) inclusive. Fractal curves
are used to estimate the forecasting limits of the earthquake recurrence (hereinafter
forecasting limits) taking into account the natural dependence of the maximum
magnitude on the deformation conditions and the nature of the destruction [3].

The adopted method has been applied to geodynamic and seismic conditions of
the Calaveras (California, USA) fault segment including the focus zone of the 1984
M 6.2 Morgan Hill earthquake (Fig. 1).

2 Seismic and Geodynamic Conditions and Model
Parameters

Seismic conditions of the investigated area are listed in the Earthquake Catalog [15,
16], which is valid for M 3.5 and higher magnitude events for the observation
period of 17 years, as well as for M 0.6 events for the observation period of about
three years. The peculiarity of this catalog is that it includes data on the parameters
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Fig. 1 Distribution of nonstiff (blue circles) and stiff (red circles) earthquake foci in the focal zone
of the M 6.2 Morgan Hill earthquake (1984)

of the uncertainty ellipse related to the earthquake focus position. Taking into
account high accuracy of determining foci to evaluate their deformation, the focus
dimension was assumed as the maximum horizontal uncertainty ellipse axis [4].
The focus elastic limit € is determined with account of the magnitude and focus
size. The earthquake foci are divided into nonstiff & < g and stiff ¢
eif <& < &prpl taking into consideration the relation between € and &5, where € is
elastic limit, e.q—effective elastic limit equal to ~3.2-1073. The brittle-plastic
limit &, depends on the focus size and its impact (PFZ) and is determined as
follows:

log(&pr—p1) = —0.510g(Lo) 4+ 0.510g(L;one) + log &pr (1)

where L,—focus size, km; L,,,.—focus effect zone length, km. The value of &,
is a top physical elastic limit accumulated on the asperity. The relation (1) is
obtained on the basis of empirical data on the dependence of the maximum
deformation in the focus zone as well as on its size and on the ratio of the PFZ
length to the maximum size of the PFZ’s earthquake focus [6].
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Nonstiff earthquakes are characterized by low seismic efficiency, whereas stiff
earthquakes—by high seismic efficiency [6].

Calaveras fault is located in the zone of interaction between the Pacific plate and
the North American platform constituting a right-hand shift. A specific feature of
geodynamic conditions related to the Calaveras fault is its heterogeneity.

In terms of the investigated area, it is established that its North—Western segment
is characterized by a low creep rate (less than 5 mm/year up to the locked sections),
whereas for the South—Eastern segment, the creep rate reaches 25 mm/year and
more [14]. Taking into account the area structure and geodynamic conditions, the
main model characteristics have been adopted to allow a formalized assessment of
the effective dimensions and the total number of constituent elements of the model
rank n: size of the maximum model element equal to the maximum potential focus
zone size L1 ~ 320 (km); similarity coefficient ks equal to the square root of ten;
minimum (Gmin ~ 1.8 -107° per year) and maximum (Gmax ~ 4.1-1077 per
year) deformation rate in the potential focus zone; Gmin characterizes the condi-
tions of comprehensive deformation for the investigated area in general, and Gmax
defines the conditions of uniaxial deformation for the fault central part.

The model type is determined by the deformation conditions, i.e. uniaxial
deformation is relevant to the linear model with the fractal coefficient D equal to 1.
Comprehensive deformation is relevant to the flat model where D = 2. According
to the theoretical relationship between the fractal coefficient D and the slope b (D/
b = 2), the effective value of the slope b is equal to 0.5 for uniaxial deformation,
and 1—for comprehensive deformation, respectively. At the same time, for the
strongest earthquakes, where the size of the foci tends to 1000 km, the slope b tends
to 2 or more, which does not contradict to the data provided by Z. El-Isa and D.W.
Eaton [5]. However, this above study [5] does not take into consideration the
impact of deformation conditions and the nature of fracture related to b-value.

3 Diffusion of Earthquake Foci and Magnitude Recurrence
Intervals

The analysis of earthquake foci diffusion in the impact zone of the Calaveras fault and
the investigated area at different creep rates (Fig. 1) allowed to conclude that most stiff
and nonstiff focis are into the principle zone of the Calaveras fault wich width is
0.6 km and less [7]; part of the nonstiff foci and single stiff events are manifested in the
zone of the Calaveras fault dynamic impact with the width of about 20 km.

The Calaveras fault dynamic impact zone was also marked as the asymmetrical
distribution of nonstiff foci: a smaller number of events are observed to the South—
West of the locked section of the main rupture and to the North—East of the section
with a high creep rate; while the North—East and South—West parts of the dynamic
impact zone showed a larger number of events.

The conditions of uniaxial compression at the fault with a right-hand shift in its
North—Western and South—Eastern regions of dynamic impact should indicate
prevailing compression strains, while tensile strains should be present in the



Formalized Forecast of the Gutenberg-Richter Law Parameters ... 17

3
2
B 1
1)
>
a 0 nonstiff foei
- for the locked area ¥ L™ Ta
Z o o[ N
~ 4 nonstiff foci .
-2
0 1 2 3 4 5 6
M

Fig. 2 Earthquake magnitude of both nonstiff and stiff earthquake recurrence graphs for Morgan
Hill earthquake focal area. For comparison, graphs for regional (circles) and detailed (triangles)
data and nonstiff foci for the locked area (asterisks) are shown

North—Eastern and South—Western. Compressive strains prevent the rearrangement
of the structural plan while tensile strains contribute to it.

To analyze the creep effect on seismic regime parameters, recurrence intervals
for the Morgan Hill earthquake focal area were estimated (Fig. 2). In Fig. 2,
recurrence intervals of nonstiff foci are highlighted as blue and recurrence of stiff
foci are highlighted as red. For comparison, graphs for regional and detailed data
are shown.

The joint analysis of both nonstiff and stiff earthquake recurrence intervals
allows to conclude the following: nonstiff foci events show a steeper slope com-
pared to the stiff foci of the recurrence graph; slope b is more than in case with the
creep events for the earthquakes in the locked part of the fault; nonstiff foci
earthquakes associated with the creep section manifest clearly expressed nonlin-
earity of the recurrence graph; nonstiff foci earthquakes associated with the Morgan
Hill earthquake zone also manifest nonlinearity and graph trend to bend downwards
to the right; stiff foci earthquakes evidence less pronounced trend to nonlinearity for
different observation conditions.

4 Comparison of Forecasting Limits with Recurrence
Intervals

To identify the geological factors affecting the parameters of the recurrence, we
compared them with the predicted limits (Fig. 3) estimated on the basis of the
adopted model and geodynamic conditions of the investigated area. Zone “I” is the
forecasting limits: line (¢ < 10_6) and line (¢ < &) estimated for comprehensive
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Fig. 3 A Comparison of the observed recurrent magnitude for nonstiff and stiff foci with the
predicted limits estimated for different geodynamic conditions of deformation and destruction
nature: zone “I”—forecasting limits of magnitude recurrent graphs for conditions of comprehen-
sive deformation (up £ <1070 to £§<3.2- 107°); line “A”—most likely magnitudes of stiff foci
(¢ >3.2-1079); line “B”—forecasting limit for stiff foci under conditions of brittle-plastic
destruction in case of uniaxial deformation (¢ > 3.2 - 107°); zone “II"—forecasting limits for weak
foci in case of uniaxial deformation under conditions of brittle-plastic destruction (¢ < 107 and
&> 3.2- 107 respectively)

deformation. Zone controls the recurrence graphs of nonstiff sources for the locked
and for the creeping sections.

The recurrence diagrams of the Morgan Hill earthquake focal zone (blue circles
in Fig. 3) slightly exceed one of the forecast limits (line 4 in Fig. 3), which may be
due to a higher deformation rate or lower elastic limit in the focal zone than
estimated. A higher deformation rate or a decrease in the elastic limit can be caused
by the consolidation of the medium and an increase in its stiffness as a result of
prolonged deformation and the preparation of a strong earthquake.

The recurrence graph position for stiff foci under different observation conditions
is controlled by the top forecast limit of line “B” estimated for the conditions of
uniaxial deformation and brittle-plastic fracture, and by bottom predicted limits for
nonstiff sources (zone “II” from ¢ < 1070 to £ < &0r), estimated for the conditions of
uniaxial deformation. It is likely that the recurrence graph bend on the right is
physically stipulated by the impact of the brittle-plastic limit (1), the value of which
decreases with the increase in the focus size.
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5 Discussion

The analysis of the observed recurrence graphs for different geodynamic conditions
and their comparison with the predicted limits of the recurrence graphs estimated
for different deformation conditions and fracture nature allowed to establish main
factors affecting the recurrence graph parameters.

Slope b is determined by deformation conditions and fracture nature: b = 1.33—
at comprehensive deformation and brittle-plastic fracture; b = 0.64—at uniaxial
deformation and brittle-plastic fracture; b = 1.07—at comprehensive deformation
and brittle fracture; b = 0.55—at uniaxial deformation and brittle fracture.

Recurrence graph level (or seismic activity) is determined by the scale of the
focus zone, elastic limit (or seismic impedance), and deformation rate. An increase
in the process scale, a decrease in the elastic limit and medium consolidation, as
well as an increase in the deformation rate during the activation of the seismic and
geodynamic process can lead to a significant (by several orders of magnitude)
increase in seismic activity. This was repeatedly observed in the last stage of
catastrophic earthquake preparation; for example, the 1976 Tangshan earthquake in
the North—Eastern area of the Chinese platform and the 2011 Tohoku earthquake in
Japan.

Individual recurrence fragments are determined by the predicted limits estimated
for different deformation conditions and fracture nature, so it is important to esti-
mate the focus size and the amplitude of the adjustment movement in the focus.

Seismic process parameters are determined by a large number of geological,
structural, geodynamic and geotechnical factors; lack of seismic statistical data
complicates or makes it impossible to assess the seismic hazard on the basis of the
probabilistic approach without taking into consideration a number of assumptions
related to the Getenberg-Richter law linearity, constant value b = 1 (or close to it),
and Mmax artificial limitation.

For low-activity and platform areas, it is recommended to perform seismic
hazard assessment on the basis of geodynamic and seismotectonic data for different
deformation conditions and fracture nature. The assessment validity of the fore-
casting limits is recommended to monitor by recurrent graph fragments estimated
for different magnitude ranges with account of the limited but reliable historical and
instrumental earthquake data, including paleoquakes and micro-earthquakes.

6 Conclusion

The analysis of the obtained results shows that the earthquake recurrence graph
parameters of the investigated area significantly depend on its typical geological
and geotechnical factors (area maximum structure size, similarity coefficient, con-
ditions and deformation rate, destruction nature). The adopted method allows the
following: assess seismic hazard on the basis of structural parameters of the
investigated area, process scale, deformation conditions and destruction nature even



