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The question of the existence of foci of deep earthquakes in the region of the Crimea-
Black Sea-Caucasus is extremely important from the point of view of the geodynamics
of the region. Previously it was thought that only crustal earthquakes could occur in this
region. Recently, results have been obtained that show that earthquakes with depths of
at least 300 km occur in this region.

The article discusses the question of how plausible these results are and why they
were not obtained earlier. Seven specific examples of the ambiguous determination of
the depth of earthquake hypocenters in the Crimea-Black Sea-Caucasus region are con-
sidered. These examples clearly show that determining the coordinates of earthquake
hypocenters using algorithms based on the Geiger method does not allow one to unique-
ly determine the depth of the hypocenters. The article gives an idea of the authors about
the origin of mantle earthquakes in the Caucasian and Crimean-Black Sea regions. For
the Caucasus region, mantle earthquakes are associated with two reasons: submersion of
the lithospheric layer; in the asthenospheric layer, represented in the seismotomograph-
ic sections by a low-velocity anomaly, the nature of earthquake foci is associated with
fluids formed during phase transition reactions. In the Crimean-Black Sea region, earth-
quake foci are located in the lithosphere layer, and the sliding of the lithosphere along
the less viscous underlying layer of the upper mantle causes tectonic movements in the
lithosphere accompanied by earthquakes. In addition, to determine the coordinates of
the hypocenters of the Crimean and Caucasian earthquakes during routine processing,
hodographs were used for depths not exceeding 35 km for the Crimea and 50 km for the
Caucasus and 150 for the North Caucasus. This circumstance is the main reason why
deep earthquakes could not be detected.
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Introduction. The question of the existence
of deep earthquake foci in the Crimea-Black
Sea-Caucasus region is extremely important
for the region's geodynamics. It was believed
that, in the Crimean-Black Sea region, only
crustal earthquakes occur, and in the Cau-
casus region mantle earthquakes to depths
of 150 km are located only in the northeast-
ern part of it. However, in the Black Sea and
Caucasusregions the depths of foci can reach
300 km [Burmin, Shumlianska, 2015; 2018a,
b; Burmin et al., 2019] (Fig. 1—4).

According to [Burmin, Shumlianska,

60

2015], determining depths of the hypocen-
ters of earthquakes by traditional methods
produces large errors. The papers [Lebedeva,
1958; Godzikovskaya, 1988; Gozikovskaya,
Reisner, 1989; Burmin, Shumlianska, 2015,
2018b] discuss the problem of the validity of
such estimates, in particular for deep earth-
quakes.

The Crimean Seismology Bulletin contains
about 1,650 events recorded in the Crimea-
Black Searegion in1970—2015. Out of these,
about 170 events had a depth of more than
60 km.
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Fig. 1. The distribution of epicenters in the Crimean-Black Sea region.
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Fig. 2. Distribution of hypocenters in the longitudinal (a) and latitudinal (b) directions in the Crime-

an-Black Sea region.

The Caucasus bulletins for 1971—2015
show the arrival times of seismic waves for
~14,400 earthquakes, recorded by three or
more stations. Of these, about 1,350 events
were located at depths from 50 to 150 km and
270 events had depths from 150 to 300 km.

In this paper, we point to the reasons why
the deep earthquakes of the Crimea-Black Sea-
Caucasus region were identified as crustal.

Geological and tectonic setting in the Cau-
casian and Crimean-Black Sea regions. The
Caucasus is one of the geodynamically active
regions of the Alpine-Himalayan belt. It forms
an elongated mountain system between the
Black and Caspian Seas with a total length
of more than 1,300 km. The features of the
region's geodynamics are due to the interac-
tion of two large lithospheric plates — the
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Eurasian and Arabian. The region is a typi-
cal example of collisional tectonics charac-
terized by compressional deformation in the
submeridional direction, extension in the
sublatitudinal direction, and general uplift
of the Greater Caucasus mountain system.
It is characterized by the presence of active
seismogenic faults. Young volcanoes are also
developed in the central part of the folded
structure, the largest of which, Elbrus and
Kazbek, are in the immediate vicinity of the
Main ridge of the Caucasus [Khain, 1975].

The modern geological structure of the
Caucasus was formed during a complex mul-
tistage (long-term stepwise) evolution of the
lithosphere. In the Paleozoic—Cenozoic, the
formation of the main geological complexes
in this area was associated with the evolution
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Fig. 4. Distribution of hypocenters in the longitudinal (a) and latitudinal (b) directions in the Caucasus.

of the Paleotethis Ocean located between
Gondwana and Eurasia [Adamia et al., 2011a].
The Gondwana complexes are mainly identi-
fied as part of the passive continental margins,
while the Eurasian blocks are associated with
arc volcanogenic complexes and sedimentary
series, indicating the presence of subduction
zones, which were closed in stages with a shift
to the south [Khain, 1975].

It is assumed that there were two subduc-
tion zones in the Early and Middle Paleozoic.
One of them was submerged under the axial
zones of the foredeeps, the other was located
along the southern boundary of the Peredo-
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voy Range of the Caucasus. In the Late Paleo-

zoic, subduction zones were traced along the
thrust fault of the Main Caucasian ridge and
on the southern slope of the Greater Cauca-
sus, in the Neogene-Quaternary period along
the southern slope of the Greater Caucasus
and along the Vedian ophiolite suture [Ko-
ronovskiy, 1997].

In the Cenozoic, the tectonic structure of
the Caucasus as part of the mobile Alpine-Hi-
malayan belt was formed by the near-meridi-
onal convergence of the Arabian lithospheric
plate and the adjacent margin of the East Eu-
ropean part of the Eurasian plate, followed by
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deformation of the latter, which is associated
with the closure of the Tethys Ocean [Khain,
1975; Adamia et al., 2011a]. The last collision
of the Arabian and Eurasian plates happened
in the Neogene [Adamia et al., 2011b]. As a
result of these horizontal displacements, the
Caucasian segment of the Alpine-Himalayan
mobile belt was deformed, layers of sedimen-
tary and volcanic rocks crumpled into folds,
base blocks experienced multidirectional dis-
placements, and the upper crustal horizons
were disturbed by uplifts and thrusts. The
convergence of these plates was established
by GPS measurements; the current rate of
convergence is 1—2.5 mm/year [McClusky
et al., 2000; Reilinger et al., 2000].

Intense faulting tectonics, as well as flex-
ure-like bends, significantly complicate the
arch deformations, due to which the vaults
are mosaic structures connected by means
of the latest faults or flexures. At the same
time, the largest and deepest of them reflect
the movement of the upper mantle and the
lower part of the crust, and the less deep ones
are associated with the reaction of the crystal-
line crust to the bends of deeper zones. Mi-
lanovsky [1991] emphasizes the importance
of faults, mainly transverse, in the seismicity
of the Caucasus, especially in the zone of the
Transcaucasian uplift, and connects seismic
phenomena with the most active, youngest
neotectonic structures and high gradients of
vertical movements.

In addition to establishing correlations be-
tween the recent volcanism of the Caucasus
and uplifts that occurred under extension
conditions and the resulting steep faults and
cracks, it is especially important to identify
the «dome» and «crust» types of volcanism
in this area. The fact is that the formation of
magma chambers was associated with the
formation of huge vaults, covering not only
the earth's crust, but also the upper mantle.
The deformation of the earth's crust affects
the intensity and nature of the latest tectonic
movements. The cause of these movements
is the deformation of the upper mantle due
to the influx of matter in the zones of uplifts
and deep compression and its outflow from
the zones of subsidence and extension.
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The tectonic setting of the Black Sea-
Crimean region, as well as the Caucasian
one, is created by deformation processes as
a result of the northern drift of the Arabian
plate. Within the Crimean active margin of
the Black Sea, tectonic interaction is associ-
ated with different kinematics of the West and
East Black Sea microplates. The East Black
Sea microplate directly takes on the impulse
of the Arabian plate and transfers it to the out-
skirts of the Scythian plate (the active margin
of the East European platform). The nature
of their interaction corresponds to the initial
stage of convergence (microcollision), which
implies mutual wedging of the plates during
compression and initiation of obduction. The
western block of the Crimean Mountains has
independent activity due to the supposed
mantle upwelling, which stimulates the rise
and expansion of the orogen and its creeping
into the West Black Sea depression [Gonchar,
2003].

Method. In seismological practice, vari-
ous algorithms based on the Geiger method
[Geiger, 1910, 1912] are used to determine
the coordinates of earthquakes, according to
which the functional of the residuals of time
is minimized

S, =

n
(t-6), (1)

=1

where t; is the theoretical arrival time of the

seismic waves; f. — the observed arrival time

of the seismic wave.

In this paper, to redefine the coordinates
of the hypocenters of the Crimean-Black Sea
earthquakes, we used a different algorithm
based on minimizing the functional square
of the distance difference between the «true»
and the theoretical hypocenter

n

S => (D —d;) +(H -h)*, (2)

i=1

where D; =X +Y;> — epicentral distanc-
es and H — the depth of earthquake; d; and
h — the same values, but corresponding to
the true position of the hypocenter [Burmin,
1992]. Xi’ Y; and H are determined by solving
a system of nonlinear equations
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(X=x ) +(Y-y) +H2=
=Vt —t))? =d’ +h?, 3)

where X, Y, H and t, are hypocenter coordi-
nates and time of earthquake (origin time);
X;, ¥; t. are the coordinates of seismic stations
recording the earthquake and the times of
seismic waves arrival at these stations (i=1,n);
v, — are the effective velocities of seismic
waves propagation, numerically equal to the
ratio between the distance from the i-th sta-
tion to the hypocenter along a straight line
and the travel time along the ray.

In the papers [Burmin, 1992; Burmin,
Shumlianska, 2015] an algorithm for solving
this problem is described in detail. In those
articles it is shown that the problem (2), (3)
gives a more stable solution than the prob-
lem (1). For implementing the algorithm, a
program was written in FORTRAN98. The
program uses the arrival times of both com-
pression and shear waves. The time of occur-
rence of an earthquake is determined by the
Wadati curve.

For the earthquakes, the experimental
travel-time curves were constructed in the
following way. The times of arrival of P-waves
at the station were taken from the bulletins.
The travel times of longitudinal seismic waves
were determined as the difference between
the arrival times of waves at the station and
the times of occurrence of earthquakes. Time
in the focus and the coordinates of the epi-
centers was taken from the catalogs. Epicen-
tral distances were determined by solving the
inverse geodesic problem by the coordinates
of epicenters and seismic stations. From the
obtained seismic wave travel times and epi-
central distances, the points of travel time
curves were constructed.

Let in the initial equation (3) variables X, Y
and H are the unknowns. Then, introducing
the new variable x=X*+Y*+H? and grouping
the terms we have a system of equations

Xx +Yy; —0.5x = f;, (4)
where i=12,..n°3;
f = —O.S[vzi (t2i —tzo)—(xzi +y2 )} .
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System (4) is a system of linear algebraic
equations in relation to the unknown param-
eters X, Y and X. Here X, Y and X are indepen-
dent variables.

We will write down systems of linear equa-
tions, relating hypocenter coordinates, veloc-
ity of seismic waves propagation and origin
time in the matrix form

Kp=f, ©)

where K={kij} is the matrix of the system,
representing mathematical model of the ex-
amined dependence; pT={pj} is the vector-
column of the searched parameters; fT={fi}
is the vector-column of the quantities under
observation; i=1,2,...,n; j=1,2,....m; n*m.

Let us find error estimates in determining
the variances of vector p in equation (5) [Bur-
min, 1986].

Let the vector of free terms f and matrix K
in (5) be set with errors Df'0 and DK'0. In this
case for the error of vector p equation hold

KAp = Af — AKp .

The solution of the equation will be calcu-
lated by the least squares method

Ap =K* (Af — AKp).

The following relations are true for the er-
rors of the components Apj of vector p

Ap; =k (Af —AKp), j=1,2,...m,

where R(j+) is a row vector of K*.
The Cauchy-Bunyakovsky inequality is
used to derive a majorizing estimate of the Apj

|Ap| = ‘IZJ.(” (Af —AKp)‘ < HIZ}” |Af - AKp],

where [|o| is the Euclidean norm.
For the error of the total vector p we have

Jap] < (k"

|Af - AKp] .

In those cases, when Df' 0, DK=0 and Df=0,
DK' 0 the following estimates are valid re-
spectively

|Dp;| = ‘R(j*)Df‘ < legﬂ

D]l

|Dp;|=[K§”DKp| < |k

IDKp]|. (6)
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Let us analyze a system of linear equations
(4). It is obvious that here Df' 0, DK=0 and
inequality (0) is valid. Now we find the quan-
tity ||Df|:

The estimate for ‘Dp j‘ will be
|ap, | =K af| = zn:\k}mfi E
i-1

Here the weight factors r; reflect both ac-
curacy the arrival times t; of seismic waves
on different seismic stations and systematic
deviations in determining t; due to the het-
erogeneity of real structure.

The depth error for our cases is easily
found from geometrical considerations [Bur-
min, 1986].

k(PR v;81;

kﬁr)Rivipi “Ar| .

IDH|=H, -H, =

_ [( R +|DR)|)" - (D, —|DDi|)2T/2 _

_[(Ri —|DRi|)2 _(Di +[DD) )2}1/2' ()

where |DRi | = O.SM;
Ri

(D1 |DDy)" = (X; +|DX;|) + (Y, =|DY,|)’

and

172
DDy =| (X, +[DX,|)* + (Y, =¥’ |~ Do
Moreover, if (Ri —|DF€i|)2 £(Di +|DDi|)2,
then H,=0. If D,£|DD;| then H, =R; +|DR}|. If
Ri£|DRi| then H,=0. Here D; and R; are the
corresponding epicentral and hypocentral
distances. If the depth H of the hypocenter
is determined from the station closest to the
epicenter, then in this case the errors |DH | in
determining the depth, as is easy to see, will
be minimal.
Results. Let us now illustrate the ambigu-
ity in determining the depth of hypocenters
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of earthquakes with real data. Let us con-
sider several earthquakes that, according
to the seismological catalog, are located in
the earth's crust, but according to the data of
[Burmin, Shumlianska, 2015, 2018a; Burmin
et al., 2019] are defined as mantle's earth-
quakes. For the earthquakes that occurred
on 17.03.2011 the experimental travel-time
curves are presented in Fig. 5, a. Table 1
shows distances and azimuths for the event.

For the Crimean and Caucasian regions,
the coordinates of earthquakes, which are
given in the corresponding seismological
catalogs, were determined using computer
programs created on the basis of the methods
described in [Kulchitsky et al., 1986; Pusto-
vitenko et al., 2014]. For the Caucasus, the
coordinates of the earthquake hypocenters
were determined using the HYPO?1 pro-
gram.

Fig. 5 shows the theoretical and experi-
mental travel time curves by a reduction of
velocity 10 km/s for an earthquake whose
coordinates were determined by a standard
method by minimizing the functional (1)
(Fig. 5, a) and by minimizing the functional
(Fig. 5, b).

The points of the experimental travel-time
in Fig. 5, a were constructed as follows. The
time of occurrence of earthquakes (time in
the focus) and coordinates of the epicenters
were taken from the catalogs. The arrivals of
longitudinal waves at the stations were taken
from the bulletins. The travel-times of lon-
gitudinal seismic waves were defined as the
difference between the arrival times of waves
at the stations and the source's time. Epicen-
tral distances were determined by solving the
inverse geodesic problem on the coordinates
of seismic stations and epicenters of earth-
quakes.

According to the catalog, the time of oc-
currence of earthquake is 02:13:27.7. Coordi-
nates of the epicenter are 43.39 N 36.13 E. The
depth of the hypocenter is 31 km. After re-
counting, the time in the focus is 02:13:26.16,
the coordinates of the epicenter are 43.49 N
36.26 E and the depth of the hypocenter is
122 km. The difference between the time of
occurrence of an earthquake according to the
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Table 1.Distances and azimuths for the event 17.03.2011, Mw=4.3

Codg of sta- Latitude Longitude Distances, Direct Az Inverse Az
tion km
VSR 51,21 39,16 884.6 13.27 195.40
ODE 46.48 30.71 548.34 305.86 5.33
KIV 43.95 42.68 525.92 78.83 1.37
SOC 43.58 39.71 291.52 83.05 1.44
KGU 45.02 39.03 278.61 51.50 233.43
BZK 41.96 34 263.35 224.83 3.92
SIM 44.95 34.12 246.17 310.86 5.42
SEV 44.54 33.68 223.66 296.93 5.18
YAL 44.48 34.15 204.21 300.35 5.24
FEO 45.02 35.39 183.15 338.07 157.47
ALU 44.68 34.4 180.71 308.85 5.39
ANN 44.8 37.43 173.74 29.06 0.50
KER 45.31 36.46 168.72 353.03 172.85
SDK 44.89 35 167.69 324.13 5.65
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Fig. 5. Experimental points of the hodograph of the earthquake that took place on 17.03.2011 according to the
catalog (a) and after recalculation (b) and theoretical travel curves for the depths of the sources of 31 km and 122 km.

bulletin and the one we determined is 1.54
seconds. The earthquake was recorded at 14
stations of the Crimean seismological ser-
vice and stations of the Geophysical Service
of Russia.

In Fig. 5, @, one can see a significant de-
viation of the points relative to the theoretical
travel-time curves, which indicates ambiguity
in determining the depth of the hypocenter of
the earthquake. In Fig. 5, b, the experimen-
tal points correspond to a minimum of the
functional (2). It can be seen that all points
gravitate towards a theoretical hodograph for
a source with a depth of 122 km.
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Fig. 6 shows the travel time curves for the
earthquake on 31.07.2006. The bulletin for
this earthquake presents three options with
different times in the focus and, correspond-
ingly, coordinates and depth: 1) the time of
occurrence of earthquake is 09:04:32.8, the
coordinates are 46.87 N 36.67 E and the
depth is 20 km; 2) the time of occurrence of
earthquake is 09:04:33.3, the coordinates are
46.74 N 37.06 E and the depth is 53 km; 3) the
time of occurrence of earthquake is 09:04:28.8,
the coordinates are 46.95 N 37.00 E and the
depth is 24 km. Table 2 shows distances and
azimuths for the event.
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Table 2.Distances and azimuths for the event 31.07.2006, Mw=4.2

Codg of sta- Latitude Longitude Distances, Direct Az Inverse Az

tion km

KORU 48.15 23.13 998.00 299.90 109.90
RAK 48.03 24.17 954.07 300.63 111.38

HORU 49.21 26.42 884.09 311.01 123.30

KMPU 48.56 26.46 840.61 288.38 5.03

NDNU 48.59 27.36 790.36 289.9 5.05

PUGU 47.49 34.10 736.16 303.02 116.10
YAL 44.48 34.15 327.16 229.31 4.00
SIM 44.95 34.12 307.36 238.32 4.15
SEV 44.54 33.68 286.58 234.41 4.09
ALU 44.68 34.4 273.66 230.37 4.02
FEO 45.02 35.39 196.59 224.96 3.92
SDK 44.89 35 183.66 227.64 3.97
ANN 44.8 37.43 147.58 167.19 2.91
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Fig. 6. Experimental points of the hodograph of the earthquake that occurred on 31.07.2006 according to the
catalog (a) and after the recalculation (b) and theoretical travel time curves for the depths of the sources of 20 km

and 206 km.

The time of occurrence of the earthquake
after recalculation is 09:04:32.57 with the co-
ordinates 46.11 N 37.14 E at the hypocenter
depth of 206 km. The earthquake was record-
ed at 21 stations of the Crimean, Ukrainian,
Russian and Romanian seismological net-
works. The first P-wave arrivals can be iden-
tified at 11 stations.

Points for nearby stations, built according
to the Bulletin (Fig. 6, a) are located with a
large deviation and do not coincide either
with the theoretical hodograph for a source
depth of 20 km, nor with a travel time curve
for 206 km. After the recalculation, the points
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are ordered along the theoretical hodograph
for a depth of 206 km (Fig. 6, b).

Fig. 7 shows the travel-time curves for the
earthquake on 30.01.2004. Time in the focus
by the bulletin is 05:09:26, coordinates are
42.66 N 36.70 E and the depth of the focal
pointis 22 km. Time in the focus after recount-
ing is 05:09:24.91, with coordinates 43.61 N
37.07 E and depth of the focus 226 km. Table 3
Distances and azimuths for the event.

This event was registered by six stations
of the Crimean seismological network and
by one station of the Russian seismological
service. The scatter of the points constructed
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Table 3. Distances and azimuths for the event 30.01.2004, Mw=4.5

Codtei(g)i sta- | 1 atitude Longitude Dlsilr?lces' Direct Az | Inverse Az
SIM 44,95 34.12 312.23 297.89 5.19
SEV 44.54 33.68 282.54 286.72 5.00
ALU 44.68 34.4 254.78 294.39 5.13
YAL 44.48 34.15 240.45 287.95 5.02
SDK 44.89 35 219.89 305.52 5.33
SOC 43.6 39.7 218.21 87.06 1.51
ANN 44.8 37.43 107.35 6.47 0.11

Ir=T-X/10,0 s
507

401

30

20

101

0

0 100 200 300 400 500 600 700 800
Distances, km
a

0100 200 300 400 500 600 700 800
Distances, km
b

Fig. 7. Experimental points of the hodograph of the earthquake that occurred on 30.01.2004 according to the
catalog (a) and after the recalculation (b) and the theoretical travel time curves for the depths of the sources are

22 km and 226 km.

Table 4. Distances and azimuths for the event 04.03.2001, Mw=4.7

o f(;‘;(ifon Latitude Longitude Disf:;lces' Direct Az Inverse Az
SOC 43.6 39.7 352.26 75.14 1.31
DNZ 45.55 33.1 313.01 326.16 5.69
KER 45.31 36.46 286.39 16.51 0.28
SIM 44.95 34.12 249.39 333.89 5.82
FEO 45.02 35.39 218.06 358.8 6.26
SEV 44.54 33.68 216.33 320.37 5.59
SDK 44.89 35 205.62 350.56 6.11
ALU 44.68 34.4 200.31 336.15 5.86
YAL 44.48 34.15 190.41 328.06 5.72

from the data on the source according to the
bulletin concerning the theoretical travel
time curves for depths of 22 and 226 km is
shown in Fig. 7, a. All points except one for
the ANN station are located between the
upper and lower branches of the theoretical

68

travel time curve for a depth of 22 km. The
point for the ANN station lies well below the
travel curve. The points obtained after the re-
calculation (Fig. 7, b) are in accordance with
the theoretical travel time curves for a depth
of 226 km.
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Fig. 8. Experimental points of the hodograph of the earthquake that took place on 04.03.2001 according to the
catalog (a) and after recalculation (b) and theoretical travel time curves for the depths of the sources of 20 km

and 130 km.

Fig. 8 shows travel-time for the earthquake
on 04.03.2001. The time in the focus accord-
ing to the bulletin is 23:31:1.2, the coordinates
of the bulletin are 43.06 N 35.37 E and the
depth of the focus is 20 km. The time in the
focus after recalculation is 23:31:1.67, the co-
ordinates are 42.99 N 35.31 E and the depth is
130 km. Table 4 shows distances and azimuths
for the event.

The event was recorded at nine stations
by the Crimean network of the seismological
service and the Russian Service. The first ar-
rival of P-waves is defined as accurate at 6 sta-
tions. At KER and DNZ stations, the phase of
the first entry is not defined. Points obtained
from the data on the focus on the Bulletin,
in Fig. 8A lie even above than the theoreti-
cal hodograph from the source of 130 km, al-
though according to the catalog they should
fall on the hodograph from the depth of the
source of 20 km. Points obtained from the
data on the foci after recalculation (Fig. 8, b)
are located along the line of the theoretical
hodograph for a depth of 130 km.

Seismological stations recording the earth-
quakes of the Caucasus are located on the
territory of several states: Russia, Armenia,
Georgia, Azerbaijan, Iran and Turkey. The ve-
locity model is taken from the article devoted
to the recalculation of the hypocenters of the
Caucasus [Burmin et al., 2019].

Fig. 9 shows the points of the hodograph
for the earthquake occurred on 18.07.1997.
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The time in the focus according to the bulle-
tin is 07:33:53.5, the coordinates for the bul-
letin are 41.10 N 45.11 E and the depth is five
km. After recounting, the time in the focus is
07:33:51.99. The time difference in the focus
is 1.51 s. The coordinates of the epicenter are
41.90 N 45.88 E and the depth of the focus
after recounting is 331 km.

The event was recorded at the stations of
the seismological services of Russia, Armenia
and Iran. The scatter of points from the data in
the focus from the bulletin is large (Fig. 9, a).

The theoretical hodograph, for the hypo-
center depth of seven km indicated in the Bul-
letin, is located above these points. Recalcula-
tion with new data on the focus shows a good
coincidence of the obtained points (Fig. 9, b)
with a theoretical hodograph for a depth of
331 km. Table 5 shows distances and azimuths
for the event 18.07.1997.

For the earthquake 12.06.2006, the time
in the focus according to the bulletin is
16:21:56.2, the coordinates are 40.61 N 49.24 E
and the depth is 0 km. After recalculation, the
time in the focus is 16:21:53.62; the coordi-
nates are 41.41 N. 49.51 E and the depth of
160 km. The event was recorded at the sta-
tions of Russia, Armenia, Turkey, and Iran. All
points calculated from the data on the focus
taken from the bulletin are much lower than
the theoretical hodograph for a depth of 0 km
(Fig. 10, a@). The points obtained from the re-
calculated data on the source fit well on the
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Table 5. Distances and azimuths for the event 18.07.1997, Mw=4.4

o fit(?actifon Latitude Longitude Distljrr;ces, Direct Az Inverse Az
SOC 43.6 39.7 654.72 289.57 5.05
TAB 38.06 46.32 426.07 176.24 3.07
KIV 43.95 42.68 315.88 307.59 5.36
PYA 44.03 43.06 288.26 311.93 5.44
KBZ 43.73 43.89 273.02 305.93 5.33

MAK 42.96 47.5 255.34 45.96 0.80
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Fig. 9. Experimental points of the hodograph of the earthquake that occurred on 18.07.1997 according to the catalog
(a) and after the recalculation (b) and the theoretical travel time curves for the source depths of 5 km and 331 km.

Table 6. Distances and azimuths for the event 12.06.2006, Mw=4.2

o fgtoa(tlieon Latitude Longitude |Distances. km| Direct Az Inverse Az
MTA 41.69 44.79 398.62 272.64 4.75
GNI 40.15 44.74 398.98 248.95 4.34
DLMC 40.56 29 360.1 327.64 5.71
BUJR 42.82 47.11 345.53 305.44 5.33
DGRG 41.45 45.37 349.89 268.61 4.68
BTLK 38.41 42.1 333.68 294.74 5.14
MAK 42.96 47.5 334.72 313.14 5.46
DBC 43.02 46.83 326.68 305.66 5.33
XNZR 42.54 46.7 320.96 300.1 5.23
UNCK 40.11 28.72 312.68 300.13 523
GNBR 42.38 46.96 247.25 294.5 5.14
SGKR 42.45 47.65 230.82 304.13 5.30
URKR 42.16 47.63 191.64 295.07 5.14
DRN 42.03 48.33 136.42 300.85 5.25
AKT 41.48 47.73 106.98 269.95 4.71
KSMR 41.6 48.13 57.36 277.11 4.83
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Fig. 10. Experimental points of the hodograph of the earthquake occurred on 12.06.2006 according to the catalog (a)
and after the recalculation (b) and the theoretical travel time curves for the depths of the sources 0 km and 160 km.

Table 7. Distances and azimuths for the event 25.08.2009, Mw=3.6

o fi?i?on Latitude Longitude DiStli?lceS' Direct Az Inverse Az
PQL 40.79 48.59 409.29 93.67 1.63
ML 40.79 48.18 340.06 94.25 1.64
BTK 43.37 44.54 271.75 4.84 0.08
STDR 43.37 44.06 266.11 356.11 6.21
SNUR 43.06 44.81 261.51 11.15 0.19
SEK 41.21 47.19 250.65 83.5 1.45
NAK 39.2 45.41 257.1 154.83 2.70
BRD 42.26 47.17 245.93 60.52 1.05
ARD 43.18 44,28 234.82 0.2 0.00
KOR 43.08 44.06 231.14 355.75 6.20
DIG 42,9 43.58 192.07 344.36 6.01
GAN 40.64 46.32 133.63 104.93 1.83
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Fig. 11. Experimental points of the hodograph of the earthquake that occurred on 25.08.2009 according to the
catalog (a) and after the recalculation (b) and theoretical travel curves for the depths of the sources of 12 km and
183 km.
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theoretical hodograph for a depth of 160 km
(Fig. 10, b). Table 6 shows distances and azi-
muths for the event on 12.06.2006.

For the earthquake 25.08.2009 (Fig. 11),
the time in the focus was according to the bul-

Table 8. The velocity model for calculat-
ing the theoretical travel time curves

Depth of |The velocity of the| The velocity of the
boundary, | P-wave above the | P-wave under the
km boundary, km/s boundary, km/s
.00 0.00 3.00
3.00 5.40 5.40
18.00 6.30 7.00
46.00 7.00 8.00
116.82 7.93 8.45
132.42 8.46 8.46
132.45 8.20 8.20
294.54 8.50 8.50
294.60 8.87 8.87
301.77 8.89 8.89
344.90 9.03 9.03
412.59 9.10 9.30
476.11 9.64 9.64
508.01 9.79 9.79
519.66 9.83 9.83
555.04 9.95 9.95
640.00 9.95 9.95

letin is 23:43:33.7, the coordinates are 41.17 N
43.10 E, the depth is 12 km. After the recal-
culation, the time in the focus is 23:43:33.50,
the coordinates are 41.07 N. 44.27 E and the
depth is 183 km. The event was recorded at
the stations of Russia, Turkey and Armenia.
Half of the points, according to the bulletin,
are located along the lower branch of the
theoretical hodograph for a depth of 12 km
(Fig. 11, a), the rest are randomly scattered
much lower. The points obtained from the cal-
culated data on the foci practically all rely
on the theoretical hodograph for a depth of
183 km (Fig. 11, b). Table 7 show distances
and azimuths for the event 25.08.2009.
Figures 12 and 13 shows the distribution
of maximum errors in the determination of
the depths of earthquake hypocenters in the
Black Sea and in the Caucasus, recorded
mainly by the Crimean and Caucasian seis-
mic stations. The errors were calculated by
formulas (7). When calculating the errors, it
was assumed that the earthquake foci were
located at a depth of 200 km, errors in deter-
mining the time of passage of seismic waves
from the foci to seismic stations were 0.1 s, er-
rors in the velocity of seismic waves 0.1 km/s.
Fig. 12, 13 show maximum errors of deter-
mining the depth. Errors are about two km
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Fig. 12. The distribution of errors in determining the depth of hypocenters for the Crimean-Black Sea region for

the Crimean and its nearest stations.
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within networks and four km at the periphery
of networks.

Discussion. In earlier works, the authors
have already pointed to the reason why deep
earthquakesin the Crimea, the Black Sea and
the Caucasus could not be detected [Burmin,
Shumlianska, 2017b]. The reason is that, prior
to the 1980s, to determine the coordinates of
the hypocenters of the Crimean and Cauca-
sian earthquakes, hodographs, constructed
by A. Ya. Levitskaya back in 1947 (1948) only
for depths of 5, 15, 25 and 35 km, were used.
In the early 1980s, new travel time curves were
constructed for the depths of 0, 5, 10, 15, 20,
25, 30 and 35 km [Kulchitsky et al., 1986; Pus-
tovitenko et al., 2014].

According to [Godzikowska, 1988], to de-
termine the coordinates of the hypocenters of
the earthquakes a discrete set of hodographs
limited to depths of 120—150 km was used.
It is obvious that by using travel time curves
for shallow sources, deep earthquakes in prin-
ciple cannot be determined.

The origin of mantle earthquakes in the
Caucasian and Crimean-Black Sea regions
cannot be explained without understanding
the deformation environment. Reconstruc-
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tions of the type of seismotectonic deforma-
tion of the Earth's crust in the Caucasus and
its immediate surroundings, based on a com-
bination of earthquake focal mechanisms,
show the setting of thrusting with a subho-
rizontal orientation of the main compression
axis (in the north-north-east direction, across
the strike of the Caucasian structures) and a
sub-vertical orientation of the main extension
axis [Lukk et al., 2019]. On the whole, this is
quite consistent with the concepts developed
within the framework of the plate tectonic
concept about the transverse narrowing of the
Caucasian segment of the Alpine-Himalayan
belt as a result of the convergence of the Ara-
bian and Eurasian lithospheric plates.

At the same time, because of detailed
geodetic measurements carried out on the
territory of the Greater Caucasus, displace-
ments of GPS points are observed, indicating
an increase in its width. This increase can-
not be associated with stretching across the
strike of the Caucasus, since the solutions to
the mechanisms of earthquake sources in its
territory unambiguously indicate that there
are compression stresses across the strike of
geological structures. The obtained fact is ex-
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plained by the active increase in the volume
(and, in particular, the area) of layered rocks
of the Greater Caucasus and the occurrence
of rock separation as a result, apparently, of
the influx of additional mineral material into
them, introduced by ascending flows of deep
fluids [Shevchenko et al., 2017].

The existence of a seismogenic mantle
«body» within the eastern part of the Cauca-
sian Isthmus between the Black and Caspian
Seas [Shevchenko et al., 2020], within which,
according to Gabtasarova [2010], most mantle
earthquakes occur, are associated with as-
cending flows of fluid matter. It plunges in
the direction from the southeast to the north-
west to a depth of 160 km and significantly
expands in the depth interval of 50—75 km
in the southeast direction. The type of seis-
motectonic deformation of this deep mantle
body, which is determined by the totality of
focal earthquake mechanisms, is due to the
prevalence of subhorizontal elongation in the
near-meridional direction. It is fundamentally
different from that for the upper layer of the
earth's crust, where rock material, according
to the totality of focal mechanisms of crustal
earthquakes, is deformed under conditions
of prevalence of subhorizontal compression
across the strike of the tectonic structures of
the Greater Caucasus.

Similar seismogenic «inclined pillars» of
irregular shape are known in the Alboran
Sea, where they can be traced to depths of
500—700 km [Blanco et al., 1993], and in the
Tyrrhenian Sea up to 300—400 km [Koula-
kov et al., 2009]. These bodies appear as high-
speed anomalies. On longitudinal sections,
they look like sinking lithospheric plates,
slabs. On cross-sections, they have an irregu-
lar shape followed by flattening with depth,
which makes it difficult to identify them as
subduction zones.

Such «bodies» are assumed to be zones
of permeability, zones of migration of fluids
or melts [Aptikaeva et al., 1994; Gorbatikov
et al., 2015]. However, the representation
of these zones in the form of high-velocity
anomalies does not provide grounds for such
an assumption; fluid flows will most likely
lead to a decrease in the velocities of seismic
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waves when passing through the earth's crust
and mantle.

The origin of mantle earthquakes in the
Vrancea zone is given in [Trifonov et al.,
2012], associating earthquakes with decom-
paction of the upper mantle. This leads to the
separation and subsidence of dense and cold
metabasic slabs into the asthenosphere. The
energy of earthquakes, in addition to the load
on the slab, is also fed by the phase trans-
formations of its rocks: deserpentinization,
lower eclogitization of the remains of less
metamorphosed basic rocks and the transi-
tion of quartz to coesite, and the cause of
seismogenic movements can be not so much
high deviatoric stresses, but a decrease in the
strength of rocks in the zones of mylonitiza-
tion with increased impact fluids [Rodkin et
al., 2009]. Their sources are the dehydration
products of serpentine and amphiboles and,
possibly, the asthenosphere. Thus, the sub-
sidence of seismogenic slabs and the intense
uplift of the mountains occurred simultane-
ously and were caused by a single reason —
the decompaction of the upper mantle under
the influence of the asthenosphere.

As applied to the Caucasus region, our as-
sumptions are based on the above studies, as
well as on the seismotomographic models of
the upper mantle by Koulakov et al. [2012]
and the local crustal model [Zabelina et al.,
2016]. According to these articles, there is
practically no mantle lithosphere under the
Caucasus, as evidenced by a low-velocity
anomaly at depths of 100—300 km under the
Greater and Lesser Caucasus. In this case,
the hot asthenosphere was directly under the
crust, which leads to the eruptions of young
volcanoes. The lithosphere has lost its solid
foundation because of the volumetric expan-
sion of the earth's crust. Also, seismic tomog-
raphy made it possible to identify parts of the
mantle lithosphere, which sink in the form of
high-speed slabs along the edges of the colli-
sion zone of the Arabian and Eurasian plates.

From the studies mentioned above, it fol-
lows that seismicity in the Caucasus region at
different depth levels is associated with vari-
ous processes.

In the earth's crust, earthquake foci are
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caused by deformations under conditions of
predominance of subhorizontal compression
across the strike of the tectonic structures of
the Greater Caucasus.

The nature of the mantle seismicity of the
Caucasusis associated with the separation and
subsidence of the lower part of the lithosphere
into the asthenospheric layer. Shevchenko et
al. [2020] showed a submerging seismogenic
body at depths of 50—160 km. The seismotec-
tonic deformation of this mantle body differs
from the deformations noted in the earth's
crust and is determined by the prevalence of
subhorizontal elongation in the near-meridio-
nal direction. However, in our opinion, it is er-
roneous to associate the origin of earthquake
sources following Shevchenko [Shevchenko
etal., 2020] with a subvertical column of rising
fluids, since according to seismotomographic
sections [Koulakov et al., 2012], this forma-
tion is most likely associated with a high-
velocity layer, and fluids lead to a decrease
in viscosity, which leads to a decrease in the
velocities of seismic waves. Thus, the high
velocity layer is possibly a slab. In the slab,
earthquakes are associated not only with its
subsidence, but also with phase transforma-
tions of rocks [Rodkin et al., 2009], and pos-
sible fluids in this process are consequences
of phase transformations and do not play a
major role in the formation of earthquake foci.

According to Koulakov [2012], at a depth
of 100—300 km, there is a low-velocity layer
associated with the asthenosphere. The earth-
quakes occurring in it cannot have tectonic,
shear causes. The asthenosphere is a source
of fluids and high-temperature fluids, includ-
ing melts, then earthquakes that originate in
this layer will be associated with the release
of fluids during phase transformations and
their passage through the mantle. In zones
of phase transformations at such depths,
jump-like instability cannot arise. Therefore,
the mechanisms of mantle earthquakes are
possibly deviatorial (with the preservation of
volume). At such depths, the possible mecha-
nisms of earthquake sources are more similar
to earthquake sources generated by advective
processes with one expansion pole with iso-
tropic components, which indicates volumet-
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ric changes in explosive or implosive polarity
[Miller et al., 1998].

The nature of mantle earthquakes in the
Crimean-Black Sea region differs from the
Caucasian region, since the tectonic con-
ditions of their formation are different. Ac-
cording to [Gonchar, 2003], slab wedging
occurs not only in vertical, but also in hori-
zontal planes. Which leads to delamination
and displacement along different planes. The
sharpest boundaries of changes in the physi-
cal state of matter in the lithosphere are the
boundary of the Moho crust and the boundary
of the lithosphere-upper mantle, the bottom
of the lithosphere itself. At the base of the
lithosphere, there is a sharp change in vis-
cosity properties from the harder and colder
lithosphere to the less viscous upper mantle.
Therefore, it is most likely that the movement
of lithospheric plates occurs along the less
viscous layer of the upper mantle. The spatial
arrangement of earthquake foci in the Crime-
an-Black Sea region obtained in [Burmin et
al., 2017] illustrates this assumption, because
the arrangement of foci repeats the geometry
of the lithosphere base topography presented
in [Sollogub, 1986].

Conclusion. This article discusses seven
specific examples of ambiguous determina-
tion of the depth of earthquake hypocenters
in the Crimea-Black Sea-Caucasus region.
In fact, events that in the catalog are repre-
sented as the crust, and after conversion were
shown to be the deep mantle, include about
1500 events for the period 1970 to 2015. Of
the 1,500 events, 270 events had a depth of
over 150 km.

The article shows that those earthquakes,
which are listed in the catalog as crustal, do
not stand the test solution of the direct prob-
lem (calculation of theoretical hodographs)
(Fig. 5, a—11, a) and in fact are mantle, which
is confirmed by the solution of the direct
problem (Fig. 5, b—11, b).

Moreover, these examples clearly show
that the determination of the coordinates of
the earthquake hypocenters using algorithms
based on the Geiger method does not allow
determining the depth of the hypocenters. It
was shown in [Burmin, 1992; Burman, Shum-
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lyansky, 2015] that the minimum of functional
(1) of the residual times did not guarantee
the minimum distance between the real and
theoretical focus.

As mentioned above, to determine the co-
ordinates of the hypocenters of the Crimean
and Caucasian earthquakes, hodographs
were used for depths not exceeding 35 km
for the Crimea, 50 km for the Caucasus, and
150 for the North Caucasus. This fact is the
main reason why deep earthquakes could not
be detected.

We want once again to pay attention to the
paper of Gobarenko et al. [2016]. The article
states that the depths of earthquake foci in
the Kerch-Taman zone reach 90 km. That is,
the presence of deep earthquakes in the con-
sidered region is confirmed by the Crimean
seismologists. At the same time, when deter-
mining the coordinates of earthquake hypo-
centers, the authors of the article use a veloc-
ity model to depths of 90 km. It can be argued
with great probability that if the authors used
a velocity model at least up to 300 km, then
they would surely get greater depths of foci.

According to the authors, the origin of
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MaHrTiNHi 3eMAeTpyCH
B perioHi Kpum—YopHe mope—KaBka3s

B. BpriHI, O. KeHA3epa2, AL IIT YMA}IHCI:KEIZ, T. AM&IHYKeAiZ, 2021

1IH(:TI/ITyT dizuku 3emai im. O. FO. miara, PAH, Mocksa, Pocis
IactutyT reodisuky im. C. I. Cy660Tina HAH Ykpainu, Kuis, Ykpaina

IMuranHA Npo iCHYBaHHS BOTHUIIN, TAMOOKUX 3eMAETPYCiB y perioHi Kpum—UYopae
Mope—KaBKa3 Hap3BUYaHO Ba’KAMBE 3 ITIO3UIlil TeOAMHAMIKU periony. PaHillle BBaykKaay,
IO B IIbOMY PETiOHI MOJKYTB BiAOYBATHCS TIABKU 3€MAETPYCH 3e€MHOI Kopu. OTpUMaHO
Pe3yAbTaTH, 3TiAHO 3 IKMMU B PErioHi BiAOyBarOThCSA 3€MAETPYCH 3 TAUOMHOIO IPUHANM-

i 300 kM.

Y craTrTi 0OroBOpPEHO NMUTAHHS CTyIEeHs NPABAONIOAIOHI WX PE3YABTATIB i TepMiHY
ix oTpuMaHHsA. PO3TASHYTO CiM KOHKDETHUX IIPHUKAGAIB HEOAHO3HAYHOT'O BU3HAUEHHS
TAMOWMHU TiNIOIIEHTPIB 3eMAETPYCIB y perioHi. [TokaszaHo, 110 BU3HaYeHHS KOOPAUHAT Ti-
MIOIIEHTPIB 3€MAETPYCIB 3a AOIIOMOTOIO AATOPUTMIB, 3aCHOBAHUX Ha MeTOAIL ['elirepa, He
AA€ 3MOTHU PO3pPaxyBaTU TAMOUHY rinoneHTpy. ONMUCaHO YSIBA€HHS aBTOPIB IIPO IIOXO-
MKEHHS MaHTIMHUX 3eMAeTpyCiB y KaBka3zbkoMmy i KpuMcbko-HOpHOMOPCEKOMY PerioHax.
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Ansa KaBKa3bKOTO PerioHy MaHTINHI 3eMAETPYCH CHIPUYMHAE 3aHyPEHHS AITOCEPHOrO
1I1apy; B acTeHoc(epHOMY 11api, IPEACTaBAEHOMY Ha CeMCcMOTOMOrpadivHmuX po3piszax
HU3BbKOIIIBUAKICHOIO @aHOMAaAI€10, IPHPOAA BOTHUII, 3€MAETPYCIB ITOB's13aHa 3 (PAIOIAAMH,
IO YTBOPIOIOTBCSA B XOAL Peakliil (pa3oBux nepexopis. Y Kpumcbko-HOpHOMOPCBKOMY
perioHi BOTHUINA 3€MAETPYCIB PO3MIMIYIOTHCA B LIapi AlTocepr; KOB3aHHSI OCTAHHBOI
110 MEHIII B'sI3KOMY IIIapy BePXHbOI MaHTIl, IKUN 3aAsirae HUJKUe, BUKAMKAE B AiTochepi
TEKTOHIYHI PyXH, 1110 CYyIIPOBOASKYIOTBCS 3€MAETPYCAMU. 3 METOIO BU3HAYEHHSI KOOPAUHAT
IiITOIEHTPIB KPUMCBKUX 1 KABKA3bKUX 3€MAETPYCIB y pasi IAaHOBOI OOPOOKHU BUKOPUC-
TOBYBaAM Toporpadu aAs TAuOKH He Oiabil K 35 KM (Kpum), 50 kM (KaBka3z) i 150 kM
(IliBaiunuit KaBka3). LIsg o6cTaBrHa € OCHOBHOIO IPUYUHOIO HEMOKAUBOCTI peecTpariii
TANOOKHUX 3€MAETPYCIB.
KAI040Bi cAOBa: rinoneHTpy, 3eMAETPYCH, roporpadu, CeMCMiuHI XBUALL

MaHTuIHBbIE 3eMAETPSICEHUSI
B peruoHe KpsiMm—YepHoe mope—KaBKka3

B. bypmuH I A KeHA3epaZ, A. IUYMA}IHC'KC'UIZ, T. AMalHYKeAHZ, 2021

1I/IHCTI/ITy‘I‘ pusuku 3emau um. O. FO. ImuaTta, PAH, Mocksa, Poccus
*MncruryT reocusuku um. C. M. Cy66otuaa HAH Ykpaunsl, Kues, Ykpanna

Bompoc o cyllecTBOBaHNUM 04aroB TAYOOKUX 3eMAeTpsaceHnl B pernoHe Kpeiv—UYep-
HOe Mope—KaBKa3 Ype3BBIUafHO BayKeH C TOUKY 3pEeHUs TeOAMHAMUKY perroHa. Panee
CUUTAAOCh, YTO B AQHHOM PETrHOHEe MOTYT OBITb TOABKO 3eMAETPSICEHUSI 36MHOW KOPHI.
[MToAy4ueHBI pe3yAbTaThI, COTAACHO KOTOPBIM B PETHOHE TTPOUCXOAAT 3€MAETPSICEHUS C
rayonHou A0 300 KM.

B craThe 06CysRpaeTCst BOIIPOC O CTEeHU TPAaBAOTIOAOOUS ITUX PE3YABTATOB M CPOKAX
X IOAy4YeHUsi. PaccMOTpeHbI ceMb TPUMEPOB HEOAHO3HAYHOTO ONPEAEAEHUST TAYOUHEI
TUTIOIIEHTPOB 3eMAETPsSICeHUN B pervoHe [lokazaHo, YTO ompeAereHre KOOPAWHAT TH-
TIOI[EHTPOB 3€MAETPSICEHUN C TOMOIITBIO AATOPUTMOB, OCHOBAHHEBIX Ha MeToAe [etirepa,
He TIO3BOASIET PaCCYMTaTh TAYOMHY TUIIoNeHTpoB. ONMcaHo MpeACTaBAEHWE aBTOPOB O
ITPOUCXOKAEHUY MaHTUUHBIX 3eMAeTpsiceHni B KaBkazckom u KpbiMcKo-HepHOMOpPCKOM
permonax. Aas KaBka3ckoro pernoHa MaHTUMHBIE 3eMAETPSICEHUS O0YCAOBAEHBI TIOTPY-
KeHueM AUTOC(HEepPHOTro CAOS; B aCTeHOC(EpHOM CAOe, TPEACTaBAEHHOM Ha CelCMOTO-
MoTpaUIecKUX pa3pes3ax HU3KOCKOPOCTHOM aHOMAaAUWeH, TPUPOAA OUYaroB 3eMAEeTpPs-
CeHUM CBg3aHa C (PAIOMAAMH, 00Pa3yIOUIUMUCI B XOA€ PeaKkIull Pa30BhIX II€PEXOAOB.
B KpbiMcko-UepHOMOPCKOM permoHe O4Yard 3eMAeTPSICeHUMN PaCIIOAOKEHEBI B CAOe AU-
TOC(EpPHl; CKOABKEHME ITOCAEAHEH 10 MeHee BSI3KOMY HHUJKeAesKallleMy CAOI0 BepXHen
MaHTHUM BLI3BIBAET TEKTOHUUYECKUE ABUKEHUS B AMTOC(epe, COMPOBOKAAQOIIIECS 3eMAe-
TpsiceHussMuU. C IeABbI0 OTPeAEAEHHsST KOOPAWHAT TUITOIIEHTPOB KPBIMCKUX U KABKA3CKUX
3eMAETPSICEeHNY NIPU NAQHOBOM 00pPabOTKe MCIIOAB30BAAUCH TOAOTPAdHEI AT TAYOUH He
6oaee 35 kM (Kpnim), 50 kM (KaBka3s) 1 150 kM (CeBepHbiti KaBKas). 9TO 00CTOSITEABCTBO
SIBASIETCSI OCHOBHOM MIPUYNHON HEBO3MOKHOCTH PETUCTPAITUN TAYOOKMX 3€MAETPSICEHNH.

KAroueBbie CAOBaA: TUTIOIEHTPHI, 3€MAETPSICEeHUS, TOAOTPadbl, CEHCMUYECKUE BOAHBL.
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