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Abstract
It is accepted as a well-known fact that a similar anthropogenic impact on the Earth's crust in different
places causes dissimilar response. Seismic zoning maps are not designed to predict such geodynamic
hazards as rock bursts, induced earthquakes, reactivation of tectonic faults, etc., and require careful
adjustment in places of intense impact on the subsurface strata. In this regard, we consider the
classi�cation of the Earth's crust areas according to the degree of geodynamic hazard, i.e. its potential
geodynamic response to anthropogenic intervention. This classi�cation is based on the concept that
there exists a critically stressed layer within the Earth’s crust. It is believed that such critically stressed
layer within the Earth’s crust extends from the Earth's surface to a certain depth, which at each point
depends on the nature of the interaction between crustal blocks of different hierarchical levels.

From this perspective, anthropogenic impact, such as mining operations, represents a direct impact upon
the critically stressed zone. The hypothesis is accepted that the thicker is the critical stressed rock layer,
the stronger might be the response to anthropogenic intervention, as it has more accumulated energy.
Four categorized of the geodynamic threat were found and mapped. To verify this classi�cation, the
manifestations of the geodynamic hazards were studied. The intensity of geodynamic hazard increases
from the 1st area to the 4th area. The phenomenon of large induced seismic events with hypocenters at
great depths is explained by the base of this idea and could be associated with anthropogenic impacts
from the surface directly on the regional zone of the critical stressed rock massif. The approach can be
used to assess the geodynamic consequences of human exposure to the Earth's crust.

Introduction
The problem of seismic hazard assessment remains very relevant. New tools and research methods are
used to re�ne maps of seismic zoning and identify hazardous areas [1-5]. Also in recent decades, issues
involved in geodynamic phenomena associated with engineering activity are becoming ever more
relevant despite the progress in solving these problems. In mining, the problem of rock bursts is
transforming into the problem of induced earthquakes, which is especially threatening in case of mining
areas with dozens of hazardous industrial facilities on the surface [6-16]. The activation of induced
seismicity related to other types of engineering projects both underground and on the surface is also
reported [17,18]. Obviously, it is the effect of engineering activity on the deeper parts of the Earth's crust
that in many cases initiate tectonic earthquakes. Due to intensi�ed induced seismicity in mining regions
the seismic zoning maps have been signi�cantly changed. For example, the map of seismic hazard of
Germany was transformed after strong rock burst in the Werra mine [19], seismic zoning maps have been
updated for mining regions of Kuzbass and for Sakhalin island (Russia) [20]. However,  scientists point
out that there is no adequate model to explain the occurrence of induced seismicity in some places, and
the absence of such in other areas with seemingly the same impact [17, 21]. Also a lot of facts of the
accidents concentration on pipelines and other engineering structures, occurring in certain places and not
related to seismicity are di�cult explained. Such places are called "geodynamically dangerous zones"
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because it is believed their nature is associated with the geodynamic processes in the Earth's crust and
the relative movements of its blocks of different ranks [25].

It has been suggested that parts of the Earth’s crust may be in a state “close to the stress- rupture
strength” [22] “close to critically stressed state” [23], “in critically stressed condition” [24]. This idea is
most explicitly expressed, in our opinion, in the works of I.M. Petukhov: "Generally, Earth’s crust is in
speci�c critical stress state”. Petukhov I.M. believed that the Earth's crust is in critically stressed state
from the Earth's surface to a certain depth, the latter determined by the interaction of crustal blocks. The
key point in this hypothesis, came from rockmechanics researches, based on the similarity of
geomechanical processes occurring in front of longwall (in coal seam) and in the Eearth's crust, is that
the critically stressed part includes only a limited layer of the Earth's crust, namely from the surface to a
certain depth [24]. In our opinion, these ideas can be used to develop a classi�cation of the Earth’s crust
areas according to the degree of geodynamic hazard, which could to some extent add to the map of
seismic zoning or replace it when planning engineering intrusion into the Earth's interior and engineering
impact upon the Earth’s surface. It is very important to know what kind of geodynamic response we will
get for our intervention in the earth's interior. Considering that seismic zoning maps were made with no
account of the technogenic impact on the Earth's interior and surface whereas our planet is quite densely
populated and the effect on it is almost everywhere, we are in need to use all possibilities to estimate
geodynamic hazards and risks. In this way the map of the Earth’s crust areas ranked by the level of
geodynamic threat might be considered as a new paradigm in assessing safe and harm-free human
activities on the Earth.

Methods And Results
2.1 The seismically active layer of the Earth's crust and its connection with the critically stressed layer.

2.1.1 Earthquake source as an area of critically stressed condition of rock

One of the key factors indicating the threat of geodynamic events is the stressed state of the rock [26, 15,
27]. An integral re�ection of the stressed condition of the Earth's crust is seismicity. The so-called shallow
earthquakes occur in the inner parts of lithospheric plates, the source of such quakes is located within the
Earth's crust.

The physics of the processes occurring in the seismic focus is the subject of numerous works, reviews of
which are presented in [28, 22, 29]. In general terms, the earthquake focus zone is viewed upon as an area
of destruction and the place where a new rupture develops or there is fault reactivation. It follows that the
earthquake source at the �nal stage of the event preparation can be considered as a certain amount of
rock in critical stressed condition.

2.1.2 Seismically active layer of the Earth's crust
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It has been noticed that in seismic-active regions of the Earth most earthquakes occur at certain depths,
which suggests the existence of a speci�c “seismically active layer” of the Earth's crust [30-33]. A typical
distribution of seismic focuses by depth is provided in Figure 1, where it can be seen that their maximum
number occur at a de�nite depth interval. These picture shows that there is a certain maximum depth of
crustal earthquake hypocenters for areas inside lithospheric plates.

Generally, it is believed that a seismically active layer lies below the Earth's surface at a certain depth H,
which corresponds to the brittle-plastic transition zone in the Earth's crust and approximately coincides
with a temperature range of 300-400 ° [30, 33, 36, 37]. Based on statistical analysis of a large sample of
data, in the review [33] is indicated that on average the H= 10 km and most earthquakes occurred within
this seismically active layer. The source of earthquakes is the stress concentration in this area [30],
associated with the interaction of the crust and mantle [31].

2.1.3 M. Petukhov’s hypotheses of the critically stressed condition of the Earth's crust.

Much earlier, the very �rst results of measuring rock stress showed that horizontal stresses exceed
vertical values [38, 39]. This �nding was explained by the presence of tectonic processes, and was
subsequently con�rmed by numerous tests and general conclusions [40]. I.M. Petukhov suggested that
due to the strong compression of rock by horizontal forces, the source  of which were global tectonic
processes, certain areas inside lithospheric plates can accumulate critical stress [25]. By analogy with
critically stressed zone in front of longwall (coal face), it was believed that critically stressed area in the
Earth's crust extends through a certain layer under the earth's surface (Fig. 2). The depth of this layer
depends on the magnitude of horizontal compression and the nature of the interaction between crustal
blocks, and can vary from zero to the full thickness of the Earth’s crust.

Understanding of how the processes at the boundaries of plates affect the areas in remote parts of such
plates is currently based on theoretical and experimental studies in this area. Geodynamic models have
been developed for individual regions, demonstrating gradual transfer of deformations from the plate
collision zone to internal parts of the blocks [41, 42].

2.2 Assessment of the thickness of the layer of crustal rock under critically stressed

We devised a calculation method based on a number of assumptions [43] to assess the thickness of the
critically stressed layer of the Earth's crust. This calculations show that the thickness of this layer can
vary from site to site, but these could not be used for practical purposes. Yet, if at a certain depth the rock
accumulates critical stress, then this process should be accompanied by some or other seismic
manifestation. It is the transition zone where rock acquires breaking stress that can be the main source of
seismic events. Mining practice clearly demonstrates: microshocks and microseismic events occur in
zones with maximum abutment pressure, in the transition zones where rock acquires critical stress. This
concept of seismic event distribution throughout crustal depths underpins the author’s idea of classifying
sections of the Earth’s crust according to the level of geodynamic hazard and risk.
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3.  Classifying sections of the Earth’s crust
according to the level of geodynamic hazard.
 3.1 Classi�cation concept and classi�cation attribute.

Rock can accumulate potential energy of elastic compression in critically stressed zones ahead of (coal)
faces, where energy level is proportional to the squared value of acting stress and volume of the zone.
Any impact on such stressed zone triggers instability, wherby part of the released energy transforms into
the energy of geodynamic processes (bumps, spalling, rock bursts and tectonic rock bursts), and the
remaining part is redistributed in the surrounding formation, causing rock displacements along the
weakened surfaces and shifting stress to adjacent areas. As stress progressively builds up, the size of
critically stressed zone increases, and the abutment pressure zone migrates into deeper areas. Hazardous
condition is created if there is crushed or fractured material (tectonic fault zones) in those areas that is
not able to absorb stress and that impedes movement of the abutment pressure zone depthward. Thus,
an area of increased risk is created in front of such weakened zone, since in case of any impact on such
stressed zone redistribution of energy into the surrounding formation gets constrained, and the proportion
of energy that transforms into geodynamic energy increases.

Similarly, it can be assumed that anthropogenic impact on the deeper earth or the surface also creates
instability due to the existence of critically stressed rock layer in the Earth’s crust. The signi�cance of
geomechanical effect imposed by engineering structures can be comprehended from the available
research results. Observations of induced seismicity show that mining activity can cause earthquakes
with epicenters located at 3-30 km distance from the mining area and with hypocenters that are several
kilometers deeper [25, 44, 45]. A. McGarr believed that oil production activates the seismic process at
great depths by relieving some of the load on fault planes [31]. In his book A. Sheydegger [46] cited F.
Steinhauser and M. Caputo who had calculated that �lling a dam pond with about 1010 m3 of water
brings about a change in the stress condition as far as the Moho discontinuity, i.e. for the entire thickness
of the Earth’s crust.

It can be assumed that due to anthropogenic impact on the Earth’s interior or the surface part of the
energy accumulated in the critically stressed rock layer transforms into the energy of geodynamic
processes, and part is redistributed in the surrounding formation. The thicker is the critically stressed rock
layer, the more energy is accumulated there and the larger energy can transforms into the energy of
geodynamic processes. In other words, the thicker the critically stressed rock layer, the more hazardous it
is to penetrate into underground area or impact to the Earth's surface, i.e. the greater is the geodynamic
risk involved in antropogenic in�uence.

In addition, the thicker is the critically stressed rock layer, and the closer its thickness comes to that of the
Earth's crust, the worse is the situation with redistribution of energy into the surrounding rock, since the
rock of the upper mantle have a lower viscosity and cannot absorb the stress. In this situation,
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comparable with impacts on the critically stressed zone near a fault in a mine, the rate of energy
redistribution into the surrounding rock may slow down, which will result in escalation of geodynamic
threat (Fig. 3).

Consequently,  geodynamic impact of  engineering structures  on  critically stressed  rock areas evokes
immediate response. In some areas there are no extensive zones of critical stress, however, critical stress
can be accumulated in sporadic small areas due to interaction of crustal blocks or engineering activities.
Then, in response to engineering work geodynamic events might occur in these small critically stressed
areas. The uniqueness of this critically stressed crustal layer is that it is not continuous, but includes
sporadic sections (volumes) wherein stress has reached critical values; these volumes are distributed to a
certain depth.

Next, conditions are created for excessive rock deformation in areas with critically stressed rocks. Under
these conditions, the interaction and relative movement of crustal blocks can develop under stress well
below the elastic limit. Moreover, deformation build-up (caused by displacement of blocks relative to each
other along the boundaries separating them rather than by deformation of the entire rock mass) keeps
occuring at ever lower stress values. Therefore, the thicker the layer of critically stressed rock, the easier
and more intense the deformation of the Earth's surface can develop along the boundaries of the blocks
under additional stress omposed by engineering structures, and the greater is threat to engineering
facilities and technological operations.

Based on the foregoing, it is proposed to take - as a quantitative classi�cation criterion - the ratio of the
critically stressed rock layer thickness Hs to the thickness of the Earth's crust in this section He.c. : n =
Hs/He.c. We can take the critically stressed rock layer thickness Hs in  the Earth's crust equal to the depth
of the bed of the seismically active layer, i.e. maximum depth of earthquakes in the area.

3.3 Estimation of the critically stressed rock layer thickness using data on the earthquake hypocenter

Since for estimating Hs we focus on the maximum depths of hypocenters, this greatly facilitates the
selection of statistical data for analysis. Based on the data review on the maximum depths of
hypocenters, the author obtained approximately 200 values of the relative depth of the seismically active
layer, unevenly distributed throughout Northern Eurasia and having various errors, Figure 4. The number
of points on the map (about 200) is statistically acceptable for testing the idea of classi�cation. The part
of data is in the Table 1.
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The author focused primarily on the most probable estimate of the earthquake depth, but for some
earthquakes, a lower-bound estimate of the depth was used.

3.4 Classi�cation of the Earth's crust areas by degree of geodynamic hazard

Based on the data obtained on the values of seismically active layer relative depth distribution and the
block structure of the Earth’s crust, it is possible to map the sections of the Earth’s crust according to the
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geodynamic threat level. The possible number of map gradations (classi�cation classes) can be selected
taking into account the quality of the available factual information.

 3.4.1 De�ning possible number of gradations (levels).

Since there is only one quantitative attribute in the proposed classi�cation (n=Hs/He.c.), the optimal
number r of groups in the classi�cation can be determined by the Sturges' formula (1):

where N is the number of statistical units. In this case, N = 200 and r = 9.

However, the number of groups de�ned with this formula is obviously overestimated due to the high
uncertainty of the classi�cation attribute. In our case, it can be shown that the squared relative error of
the classi�cation attribute n = Hs/He.c. is equal to the sum of the squared relative errors Hs and He.c. If
we take the relative errors of values of Hs and He.c. as 0.1 (or 10%), then the relative error n will already
be approximately 0.15. And since the values of n are in the range [0-1.0], the number of gradations (the
number of groups) should be no more than 4 to 6. In addition, the Hs estimation relative errors can be
much higher than 0.1, as follows from the materials in Table 1. As for the thickness of the Earth’s crust
He.c., there are arguments that relative errors in its estimation can be signi�cantly higher than 0.1.

Furthermore, the error in de�ning depth Hs increases with the depth value. And this leads to the fact that
group intervals become uneven. So, for n > 0.5, the errors in the determination of Hs build-up so that it is
no longer possible to divide the interval 0.5-1.0 into smaller groups. All this allows us to arrange the entire
set of n values into three unequal intervals: 0-0.25; 0.25-0.5 and 0.5-1.0. In addition, aseismic territories
can be represented as territories with a zero value of the critical stressed layer and spin them off into a
separate (�rst) group.

 3.4.2 Map of the Earth’s crust sections with geodynamic threat rating

In 1990–2010 work was being done to draw a map of geodynamic zoning (I. Batugin's, I. Petukhov's
terminology) for Russia and adjacent territories [25]. Maps were drawn for the territory of the former
USSR and China. This work was based on the concept of hierarchically discrete structure of the rock and
the Earth's crust as a whole. This concept is recognized at the current stage of the development of
science as the most signi�cant advance in geomechanical and geodynamic research made at the end of
the last century [47] and is used in current research on geodynamics and rockmechanics [11, 48, 49]. To
build a map montage of the Earth’s crust sections with geodynamic threat rating, the author made use of
a map of the crustal block structure from [25]. Following criteria were applied to the map montage:

geometrical con�guration of areas with different gradations on the map are selected with due
account for the block structure of the Earth's crust. It is assumed that the shape of such areas, due to
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the fundamental nature of the crustal discrete structure, corresponds to the geometric shapes of
individual blocks or groups of blocks

if the coordinates of several earthquakes coincide, the earthquake with the maximum depth of the
hypocenter is displayed on the map

if earthquakes from different gradation groups fall into the same block of rank I, then the maximum
value for the entire block is accepted. Blocks with equal gradations are combined into corresponding
areas

Map montage where the above assumptions are taken into account is provided in Figure 5.

Discussion
4.1 Validation of classi�cation

Take in account the distribution of a number of parameters attributed to geodynamic hazard to check the
validity of the proposed hypothesis and classi�cation. These parameters include presence of rock burst
prone �elds in the selected area, the initial depth of the rock burst occurence, the manifestation of
induced earthquakes, the manifestation of strong rock bursts with walls displacements (tectonic rock
bursts, according to Russian classi�cation).

First consider, for example, the distribution of rock burst hazardous deposits through these areas. 40 rock
burst hazardous ore deposits are listed in the Appendix to the Guidelines on the safe mining at deposits
liable to and threatened by rock bursts [50]. Their distribution over areas of varying level of burst risk is
presented in Table 2.

It can be seen that both rows in table 2 are ranked in ascending order, and this shows a direct relationship
between them: the higher the level of geodynamic hazard, the larger is the proportion of burst-hazardous
deposits. Formally, the relationship between the data presented in the table can be estimated by
calculating, for example, the values of the Spearman rank correlation coe�cient [51]:
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where n – number of gradations (ranks), d- rank difference.

To determine the Spearman rank correlation coe�cient Rs between the geodynamic hazard level of the
Earth’s crust and the proportion of burst-hazardous deposits located in these areas, it is necessary to
arrange the data in the rows of Table 3 in ascending order and replace their values with ranks. The rank
of a value is its number in an ordered row.

Let us present the initial, ordered and ranked values of the two variables in question in a tabulated form
(Table 3).

Since d = 0 for all rows of Table 3, the required Spearman rank correlation coe�cient Rs (according to
formula 2) is 1.

The value of the rank correlation coe�cient Rs = 1 indicates that there is already mentioned correlation
between the level of geodynamic threat in the target area of the Earth’s crust and the number of burst
hazardous deposits located in these areas: the higher the level of geodynamic hazard, the more burst
hazardous deposits are located there. For n = 4, according to Table 4 from [51], we conclude that the
existence of this relationship (with Rs = 1) between the variables in this case can only be acknowledged
at a signi�cance level of q= 0.2, i.e. these data indicate with a probability of 0.8 that such relationship
does exist.
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Much the same, it can be shown that a similar relationship (only with Rs = -1) can be traced between the
level of geodynamic hazard of the Earth’s crust area and the minimum depth of rock burst manifestation
(the greater the level of geodynamic threat, the lesser the depth of rock burst manifestation), Table 5. Also
the greater the level of geodynamic threat, the bigger displacement amplitude along fault planes during
strong rock bursts with walls displacements (tectonic rock bursts, according to Russian classi�cation),
Table 6.

4.2 The analyses of induced earthquakes manifestation in the context of the critically stressed state of
the Earth's crust concept

A number of strong earthquakes that occurred in areas of intensive exploitation of underground mineral
resources or extensive works on the Earth's surface are being discussed regarding their possible nature,
for example [52, 53, 31, 54, 55, 42, 56]. Oftentimes the argument against the anthropogenic nature of



Page 12/22

such earthquakes is the fact that its hypocenter is at a depth far exceeding the depth of anthropogenic
impact. Another argument is that the magnitude of the main event is so great.

One of these events is the Bachat earthquake (ML = 6.1), which occurred in the coal region of Siberia,
Kuzbass [45]. The epicenter of this earthquake was located exactly at the Bachat coal pit site, which
indicated its technogenic origin. The depth of the hypocenter is estimated at 4 km. The coal pit had a
length of about 10 km, a width of 2 km, and a depth of about 320 m. The main shock of this earthquake
came out as a reverse fault. It provided the ground to assume that the earthquake reactivated a major
Salair reverse fault that undercuts the pit at a great depth and extends across the maximum compression
axis of the сurrent stress �eld [57, 58]. However, it is di�cult to explain how mining work in a three
hundred meter depth (only!) pit could activate a fault passing underneath at a depth of several
kilometers. Yet, one can try to explain this using the concept considered in this paper.

4.2.1 Possible nature of the Bachat and other induced earthquakes

Relying on the empirical formulas where the size of the earthquake source L (cm) depends on its
magnitude M, [59]:

We can obtain that size L of the Bachat earthquake source with a magnitude ML = 6.1 was about 10 km.
Looking at the earthquake source as a zone of the critically stressed state of the Earth’s crust, we assume
that the Earth’s crust in and around the pit was in a critically stressed state from the Earth’s surface per se
to a depth of several kilometers (Fig. 6). In this case, mining operations in the pit where millions of tons of
material (coal and rock) is rehandled annually and up to 350 tons of explosives are blasted on a weekly
basis can be considered as the factor of the persistent direct geomechanical technogenic impact on the
critically stressed crustal area. Under natural conditions, when geological processes proceed quite slowly,
the energy of the critically stressed crustal zones has enough time to be redistributed in the rock mass
and conditions for its release in dynamic form may not be created. However, in case of mining operations,
blasting, injecting and pumping out �uids through wells, other intrusions into the rock mass, the rate of
stress build up may exceed the rate of rock relaxation, which creates the conditions for the onset of
geodynamic events.

We can recognize the nature of strong earthquakes, which supposed to be induced, is similar to the
conditions of the Bachat earthquake described above: the depth of the hypocenter and size of the focal
zone indicates that before the earthquake there were impacts to the critical stressed zone which
propogating from the Earth's surface depthward.

The Neftegorsk earthquake on Sakhalin island (1995), for example, had a magnitude M = 7 and the depth
of its hypocenter was 16-18 km [60]. The size of the focal zone, according to research materials, was up
to 40 km. Earth's crust in vicinity of Sakhalin island is 32-35 km thick. Considering the earthquake source
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as a critically stressed area, we get that prior to the earthquake the Earth's crust in this area was in a
critically stressed state throughout its entire thickness (4th degree of the geodynamic threat). In this
regard, oil exstraction activity can be looked upon as a geomechanical impact directed straight on the
critically stressed crustal zone. The impact on this zone results in the prompt redistribution of stress in
the Earth's crust, which, in case the entire rock thickness is in critically stressed condition, may turn into
hazardous dynamic event.

Next some examples are shown in the Table 7. Size of focus zones L were calculated by formula (3).
They can be represented by the above-described scheme: the hypocenter depth, magnitude and the size
of the focus associated with it indicate that anthropogenic impact was brought about from the surface
directly onto the regional zone of the critically stressed rock.
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The data provided in this Table 7 can be considered as evidence that induced earthquakes are commonly
manifested in the critically stressed layer of the Earth's crust under anthropogenic impact. The strongest
of them occur in areas where the Earth's crust can be represented as being in an critically stressed state
throughout its entire thickness ( the 4th level of the geodynamic threat).

What happens here is obviously the overlapping impact of two factors (natural and anthropogenic) on
realization of the geodynamic hazard. Actually, this has long been re�ected in the terms denoting induced
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earthquakes: natural-technogenic, technogenic-natural, trigger-type earthquakes [12, 62, 31]. However,
seismic zoning maps are still made taking into account just one single factor (natural). That is why the
above examples can be used to substantiate the classi�cation considered.

4.3 Hierarchy of areas prone to geodynamic hazard

As follows from the concept of hierarchical manifestation of the rock block properties and structure,
areas of the Eearth's crust shown in Figure 5 same as the layers of critically stressed rock can include less
hazardous sub-areas (blocks of lower rank). That is, the most risky sections of the 4th level of threat can
include sub-sections of the 3rd, 2nd and 1st level; areas of the 3rd level of threat may include subsections
of the 2nd and the 1st level; areas of the 2nd level of hazard may include sub-sections of the 1st level. It
appears that such detailing could be done in the future.

The author considers this classi�cation as a method for assessing the geodynamic threat to support the
development of mineral resources and the Earth's surface. To use this classi�cation, the location of the
proposed project must be mapped. The level of geodynamic hazard determined on the map will also
outline the range of possible geodynamic consequences of developing mineral resources and the Earth's
surface for a given area.

Conclusion
1. Geodynamic hazard ranking of crustal areas can be made based upon the concept of the critically

stressed layer in the Earth’s crust. Four classes (types) of crustal areas can be distinguished in this
ranking provided the key classi�cation criterion is the ratio n = Hs/Hc of the seismically active layer
propagation depth Hs to the thickness of the Earth’s crust He.c.. Areas included into the 1st class are
the ones with least level of geodynamic threat, n = 0%; areas of the 2nd class have n = 0-25%; areas
of the 3rd type have n = 25-50% and areas falling into the 4th category have n > 50%

2. If we assume that the geometric con�guration of zones with different level of geodynamic threat
depend on the shape of crustal megablocks, then distribution of empirical data on the manifestation
of geodynamic hazards in the northern part of Eurasia shows that the diversity of forms and
intensity increase from class 1 areas to class 4

3. Facts such as the minimum depth of the rock burst manifestations, the spatial localization of such
deposits, the manifestation of tectonic rock bursts and induced earthquakes can be described in the
frame of classi�cation: the intensity of geodynamic hazard increases from the 1st area to the 4th

4. The phenomenon of mining operations giving rise to large seismic activations with hypocenters at
great depths is based on the concept of critically stressed condition of the Earth’s crust. The Bachat
and other induced earthquakes where hypocenter depths, magnitudes and size of seismic focus are
evidence that anthropogenic intrusion from the surface was directed onto the regional zone of the
critically stressed rock mass. The strongest induced earthquakes occurred in area with 4th level of
geodynamic
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5. The ongoing increase in the in�uence of human activity on the Earth’s crust and the Earth’s surface
and the relevance of issues involved in ensuring geodynamic safety makes it possible for the author
to propose that the idea of creating an adequate classi�cation should be discussed in professional
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Figures

Figure 1

Seismic depth distribution in the northeast of China [34] and Tien Shan [35].
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Figure 2

Scheme of lacation of critical stressed layer in the Earth’s crust (by Petukhov I.M.)

Figure 3

Scheme of Earth’s areas with various thickness of critical stressed layer

Figure 4

Scheme of crustal areas showing 1-4 levels of geodynamic threat. 1-4 – crustal areas according to 1-4
levels of geodynamic threat
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Figure 5

The earthquake epicenters layout with established focal depths on the map of thickness of the Earth’s
crust

Figure 6

Scheme of the nature and the mechanism of the Bachat earthquake


