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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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GEOLOGICAL-AND-TECTONIC CONDITIONS
OF FORMATION AND FOCAL MECHANISM
OF TORAIGYR-SOGUETY EARTHQUAKE, May 30, 2012

Abstract. The seismic characteristic of Toraigyr-Soguety earthquake is presented. The significant seismic
events of the area are demonstrated including Chilik catastrophic earthquake. Geological-and-tectonic conditions of
the epicentric areas of Chilik and Toraigyr-Soguety earthquakes are described. Kinematics of neotectonic faults is
considered with respect to directions of main stress axes. Two models of focal mechanism of Toraigyr-Soguety
earthquake compare with tectonic deformations of the area.

Key words: earthquake, epicentric area, geological-and-tectonic conditions, neotectonic fault, kinematics of
fault, main stress (deformations) axes, models of earthquake focal mechanism, fault planes.

Introduction. The epicenter of earthquake with energy class K = 13.7+14.2 and hypocentral depth
H = 20 km was fixed by seismographs of the Seismological Experimental and Methodical Expedition
(SEME) of the Ministry of Education and Science of Republic of Kazakhstan at a point on the surface
with the coordinates 43° 23* N and 78° 46" E on May 31, 2012, at 3 o’clock, 20 min., 56.7 sec of the local
time (On May 30, 2012, at 21 o’clock, 20 min., 56.7 sec of GMT). The surface wave magnitude been
measured by a seismograph of the medium-term period amounts to Mg = 5.0, but the longitudinal wave
magnitude been measured by a short-period seismograph amounts to Mpva = 6.0. From the GCMT data
the surface wave magnitude Mg is equal to 5.4, and the hypocentral depth is equal to H = 27 km [1].
Regarding of geological-and-tectonic conditions the epicenter of the earthquake is projected onto the
southern limb of Soguety graben syncline, in 3-5 km to the north from Toraigyr uplift (figure 1).
Therefore we are proposing to name that earthquake Toraigyr-Soguety. In the source [2], this earthquake
is barely named Soguety, so it does not allow distinguishing between it and others, which would occur in
Soguety depression.

It is possible to judge about kinematics of movements along possible planes of ruptures in the focus
of Toraigyr-Soguety earthquake using the interpretations of the earthquake focal mechanism of the SEME
or the GCMT earthquake catalog. It would be interesting to know, what is the link between parameters of
earthquake focal mechanism (EFM), tectonic structure, directions of main stress axes and type of modern
movements along active faults in the area of Toraigyr-Soguety earthquake focus? The investigation of
formation of Toraigyr-Soguety earthquake attracts particular interest also in connection with one more
circumstance. That earthquake is considered to be the strongest in energy (K = 13.7) among all
earthquakes recorded by seismographs of SEME in the territory bounded with the coordinates 43° — 44° N
and 78° — 80° E since 1950 till 2017 (see table 1).
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Table 1 — The earthquakes with energy class 12 and more, which occurred since 1950 till 2017
in the territory bounded with the coordinates 43-44° N and 78-80° E (from the SEME data)

Year Month Day O'clock | minutes Seconds Lat. Long. Kp H, km Mpva
1950 8 8 13 14 0,0 43°12° 79°12° 12,0 ? ?
1951 2 17 11 46 14,1 43°18’ 78°54° 12,0 ? ?
1957 12 20 11 1 26,0 43°00° 78°30° 12,0 30 ?
1974 3 4 14 3 56,8 43°53° 78°15° 12,2 ? ?
1975 2 12 13 34 524 43°10° 78°47 12,6 25 5,1
1982 8 12 10 39 57,6 43°03° 79°48’ 12,1 ? 4,5
1986 2 14 1 52 1,0 44°00° 78°12° 12,7 20 43
1986 5 10 12 47 41,0 43°53° 78°11° 12,4 10 3,8
1986 7 17 8 15 34,2 43°17 78°00° 12,4 13 3,9
2012 5 30 21 20 56,7 43°23° 78°46° 13,7 20 6,0

Notes: 1 Dates of the earthquakes are of GMT (Greenwich Mean Time) in table 1 and hereunder.

2 The designations of K, H, Mpva parameters are explained in the text.

Figure 1 — Neotectonic zoning and seismicity of the area of the epicenter of Toraigyr-Soguety earthquake.
Compiler: A. R. Zhdanovich

Neotectonic zoning [3]: 1-5 — epiplatform region, subregion of intense Alpine orogenesis:
1 —arched block uplifts (1.1 — 1.4 — uplifts of Dzungar Alatau: 1.1 — Sholak, 1.2 — Katutau, 1.3 u 1.4 — the
western and eastern Ulken Kalkans; the orogens of North Tien Shan: 1.5 — 1.7 — uplifts of Zaili Alatau:
1.5 — Balaboguty, 1.6 — Karachin (ridges: 1.6.1 — Karash, 1.6.2 — Bakaidyntau, 1.6.3 — Soguety,
1.6.4 — Ulken Bogetty), 1.7 — Donzhailau (1.7.1 —Sarytau Mountains, 1.7.2 — Toraigyr Mountains),
1.8 — East Kungei, 1.9 — West Ketmen, 1.10 — EI’shyn-Buiryk), 2 — highlands and mountain plateaus:
2.1 — Dalaashyk Highland, 3 — foothill steps and adyrs (3.1 — South Dzungar, 3.2 — Zaili),
4 — intermountain troughs (4.1 — Konurolen Basin, 4.2 — West Ili graben syncline, 4.3 — Panphilovsk
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(East Ili, Dzharkent) graben syncline, 4.4 — Soguety Basin, 4.5 — Zhalanash Basin, 4.6 Karkara (West
Kegen) Basin, 4.7 — East Kegen Basin), 5 — intermontane depressions (5.1 — Asy, 5.2 — Zhinishke);
6-7 — neotectonic faults (1 — Kalkan Shift, faults: 2 — Kalkan, 3 — West Katutau, 4 — Chundzha-Dubun
(Chundzhin), 5 — Karasai, 6 — Bas-Boroldai (Sorkol’), 7 — Karaturuk, 8 — Balaboguty, 9 — Tauturgen,
10 — Kiikbai-Zhumak, 11 — northwestern branch of Chilik-Kemin Zone, 12 — southeastern branch of
Chilik-Kemin Zone, 13 — Boguty, 14 — Ili, 15 — North Dalaashyk, 16 — Boguty-Charyn, 17 — Toraigyr,
18 — Beskaragai, 19 — Karadala-Charyn, 20 — North Kuluktau (Baisorun-Chilik), 21 — North Ketmen,
22 — Zhalanash, 23 — South Kuluktau, 24 — Central Ketmen Zone, 25 — Tuyuk, 26 — South Ketmen,
27 — Chul’adyr Zone): 6 — manifested on the surface, 7 — disguised under the sediment cover;
8-10 — seismic elements: 8 — boundaries of the zones of normative MSK-64 seismic intensity (intensity
8 and 9) ([4], simplified), 9-10 — epicenters of earthquakes: 9 — Chilik (11.07.1889), Ms 8,1, K 17,9,
H 40 km [5], 10 — Toraigyr-Soguety (30.05.2012), Ms 5,0, K 13,7, H 20 km (from the SEME data)

As is clear from table 1, during the last 68 years the maximal energetic class of sampled earthquakes
did not exceed 12.0 over a period of 1950 — 1957 years, 12.6 over a period of 1974 — 1975 years,
12.7 over a period of 1982 — 1986 years. Periods of 1958 — 1973 years, 1976 — 1981 years, 1987 —
2011 years, and 2013 — 2017 years are characterized by relative seismic lull.

Examining the seismic history of the area, we don’t have to omit mention of Chilik catastrophic
earthquake that occurred on July 11, 1889 in 20 km towards the south-southwest from the focus of
Toraigyr-Soguety earthquake at a point on the surface with the coordinates 43° 12" N and 78° 42" E (see
figure 1).

Chilik earthquake was of the surface wave magnitude Ms = 8.1, energy class Kp = 17.9, and seismic
intensity Ip = 10 on the International MSK-64 Scale [5-7]. Pleistoseistal area of the Chilik earthquake
captured the eastern spurs of the Zaili and Kungei Alatau Ridges, and meridian distance from the eastern
coast of Lake Issyk Kul up to the Ili River [5, p. 497]. Widespread rock falls, screes, and lineal seismic
dislocations were formed in the mountains. Sizeable damages of the Earth surface were observed on the
beach of Lake Issyk Kul, between settlements Uital and Sazonovka. A tsunami wave formed straight in
Lake Issyk Kul had flooded the western beach. Pleistoseistal area of the Chilik earthquake is practically
the same as the zone of seismic intensity 9 established by I. V. Mushketov on the ground of
60 questionnaires with description of macroseismic destructions of buildings [7, p. 27].

Chilik earthquake had shown itself in such significant scale of macroseismic effect, which was never
surpassed by subsequent earthquakes. So the intensity zone of 9 on a statutory map of seismic risk zoning
(SRZ) of Kazakhstan Republic of 2006 (see Fig. 1) in many respects repeats the intensity zone of 9 of
Chilik earthquake [8].

On the SRZ map the epicenter of the Toraigyr-Soguety earthquake is located within the intensity zone
of 9, a bit towards the North from the boundary of the eastern segment of Zaili seismogenerating zone of
M <7,0[4,8].

The intensity of earth tremor in the epicenter of Toraigyr-Soguety earthquake is estimated by 6 points
of the MSK-64 scale, according to the SEME data of macroseismic observation. During earthquake no
serious destructions were observed. Only fissures were formed and plaster crumbled in some buildings of
Kok-Pek settlement and near Bartogai reservoir.

Geological-and-tectonic conditions of the earthquake area. In figure 1 some neotectonic structures
[3] and faults of the epicentric areas of Chilik and Toraigyr-Soguety earthquakes are shown. The Toraigyr
uplift, which is nearby to the Toraigyr-Soguety earthquake epicenter, constitutes the eastern termination of
the system of Zaili Alatau Ridges. The arches of the Northern Tien Shan — Zaili and Kungei Alatau — are
the members of the region of Caledonian folding [9, p. 10]. Ili graben syncline and spurs of Dzungar
Alatau are situated northward and present the part of the Zhongar-Balkhash Folding Region with Hercynic
basement which arose in the late Paleozoic marginal sea's place during the late Paleozoic and the early
Triassic epoch [10, p. 7, 256]. Faults trending to the east-northeast, north-west and north-east had arisen at
the times of Hercynic, Caledonian and former cycles of tectogenesis. They are the boundaries of blocks of
the consolidated basement [11, p. 187]. Most of the modern morphostructures are inherited from Paleozoic
structures [12]. For example, West Ili Graben Syncline is inherited from the eastern part of Ili
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Synclinorium of Hercynic age [13, p. 36]. Kungei and Zaili uplifts, and their eastern prolongation —
Ketmen uplift — are inherited from Caledonian anticlinoria of the same names. Outcrops of folded
Caledonian basement consisting of Cambrian and Ordovician formations stretch in the form of a narrow
belt along the fold axis of Ketmen uplift [11, p. 154].

In the regard of features of formation of morphostructures during the Alpine tectonic cycle the
Ketmen, Kungei and Zaili uplifts are wholly allocated within the area of the North-Eastern Tien Shan
segregated by the Talas-Fergan fault from the South-Western Tien Shan. Vertical movements revealed
themselves more actively in the North-Eastern Tien Shan than in the South-Western Tien Shan where
horizontal movements prevail [14, p. 62]. In general block-and-folding structures of the Tien Shan
Mountains the block faulting and movements along faults are more significant than folding and plicated
dislocations [15]. Mountain ridges and depressions (basins) correspond to horst-anticlines and graben-
synclines. Territory of the Ketmen, Kungei and Zaili ridges, where seismicity is the highest in Kazakhstan,
is referred to as the Almaty Seismically Dangerous Area [16].

O. K. Chediya has singled out in the eastern pericline of the Zaili morphostructure, called him
megafold, the third-order structures from south to north: Ili, Donzhailau, and Karachin horst-anticlines
[9, p. 187-190]. The same three eastern branches of the Zaili morphostructure were named the Dalaashyk,
Sarytau-Toraigyr, and Karash-Boguty uplifts by K. T. Kulikovski and V. F. Shlygina earlier [11, p. 181].

The Ili Horst-Anticline corresponds to the Dalaashyk Highland. The Donzhailau Horst-Anticline is
represented by Sarytau and Toraigyr Mountains. The Karachin Horst-Anticline consists of Karash,
Bakaidyntau, Soguety, Ulken Bogetty ridges from west to east (see Fig. 1). The Sarytau Mountains are
edged by intermontane depressions: the Asy in the north and the Zhinishke in the south. To the east the
Zhinishke depression is extended by the large intermountain trough Zhalanash.

That was in the Zhalanash trough, in and around of the Karadala-Charyn fault, on a site of the closest
approach of the riverbeds of the Charyn and the Chilik where the epicenter of Chilik catastrophic
earthquake was identified by I. V. Mushketov [5,7].

The Soguety Basin and the Toraigyr uplift, like the most neotectonic structures of the region, strike to
the east-northeast. The epicenter of Toraigyr-Soguety earthquake, as shown in Fig. 1, is located on the
southern limb of Soguety graben syncline, near its axis. The North Dalaashyk fault is the nearest to the
epicenter of the Toraigyr-Soguety earthquake and passes at the distance of 3 km to the southeast, setting
the southern limb of Soguety graben syncline apart from the Toraigyr uplift. The position of the North
Dalaashyk Fault in figure 1 was specified from [17]. Authors of the article [2, p. 144,148] associate the
source of Toraigyr-Soguety earthquake with the zone of Kapchagai-Chilik fault striking to the northwest
but it isn't confirmed by the current research.

The strike azimuth of the North Dalaashyk fault is equal to 70° both near the epicenter of Toraigyr-
Soguety earthquake and over the greater part of the own manifestation. The north limb of the Soguety
graben syncline is separated from the Karachin uplift by the southeastern branch of Chilik-Kemin Zone of
faults.

Thickness of the Cainozoic deposits amounts to 100 — 400 m, which is based on the data of drilling in
the area of the Soguety graben syncline, near epicentre. The Cainozoic sediments are underlain by acid
volcanic rocks of the Upper Paleozoic [18]. The bottom of the Cainozoic sedimentary rock sequence of
Soguety and Zhalanash graben synclines consists of the Miocene nonsegmented red clay with basal marl
exposed in the Charyn canyon. To the north from the Toraigyr Mountains, in the Soguety depression the
Miocene is overlaid by Ili strata (N, if). Ili strata are represented by conglomerates, detritus, sandstones
by thickness of 40-50 m and siltstone, which changes the sequence to the north from the mountains
[19, p. 43,48].

There was a lake in the Soguety depression where lacustrine sediments were accumulated before the
end of the Middle Pleistocene (B.C. 110,000) [20]. Starting from the Upper Pleistocene, after a debacle of
the lake dam, deluvial, alluvial, and proluvial facies have been forming the upper part of the Quaternary
sequence.

As shown in figure 1, first-rate arched block uplifts, intermountain and intermontane basins strike
according to the azimuth about 70°-80°, towards the east-northeast. This direction is referred to as the
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Tienshan [12]. Neotectonic faults of the Tienshan direction are marked in the relief in the form of tectonic
scarps, which divide slopes of the Zaili Alatau into longitudinal latitudinal steps.

Previously we have executed statistical analysis of fault systems of Northern Tien Shan
and Dzhungariya [21]. The average strike azimuth of neotectonic faults of the Tienshan system,
being calculated like a weighted average, taking into account the length of each fault, equals to 74.89°
[22, p. 67].

Such regional faults as the Central Ketmen, North Kuluktau (Baisorun-Chilik), North Ketmen,
Karadala-Charyn, North Dalaashyk, Chilik-Kemin, and Karaturuk (see figure 1) edge limbs of horst-
anticlines at the margins with neighbouring parts of depressions or pass across the paraxial parts of horst-
anticlines and graben-synclines, and also strike towards the east-northeast. Listed above faults are
tectonically movable; they stretch for a hundred kilometers and are surrounded by intensively fissured
rocks of about several km wide. Chilik-Kemin fault is a crust-cutting disjunctive structure cutting the
Earth's crust up to its floor, up to depth of 50 km [23]. The other faults are plunged down into the Earth's
crust, as a rule, up to depth of 10-15 km, keeping within limits of granite-gneiss layer.

Majority of the earthquake focuses of the Almaty Seismically Dangerous Area is distributed in the
range of 5-20 km of depths and is confined within some deep faults and large-scale branch faults, being
renovated at the newest time [16,23,24]. According to Kurskeyev A. K., geological medium at a depth of
5-20 km is in brittle-elastic condition and is capable of accumulation of great tectonic strain, promoting
the strongest earthquakes such as historical ones: Vernyi (1887, My = 7.3), Chilik (1889, My = 8.3),
Kemin (1911, My = 8.2), Suusamyr (1992, My = 7.3) and others. The plastic-viscous layer of the Earth's
crust (below 25 km) is good to form the sources of smaller dimensions and, conformably, of less energy
[24, p. 63-65].

The system of strike-slip faults trending towards NW exerts appreciable influence on the neotectonic
structures of Northern Tien Shan and Dzhungariya. Statistical analysis of this strike-slip faults' system,
which is referred to as the Chu-Ili [23, p. 62], reveals that the average strike azimuth of that system, being
calculated like a weighted average, taking into account the length of each fault, equals to 302.37°
[22, p. 67]. In the area of investigation such NW faults as West Katutau, Chundzha-Dubun (Chundzhin),
Karasai, Boguty-Charyn, Bas-Boroldai (Sorkol”), Kalkan Shift, and others (see figure 1) are considered to
be strike-slip faults with right-lateral component [12, 21-23]. NW shifts by length of 20 - 150 km become
morphologically apparent in periclines of arched block uplifts, highlands, intermountain and intermontane
depressions. Some right-lateral strike-slip faults crossing morphostructures displace their parts in different
directions. At the neotectonic stage a reconstruction of the ancient tectonic plan ensues from forcing of
NW shifts.

The Kalkan Shift situated on the south periphery of uplifts of Dzungar Alatau (see in the upper
(northern) part of figure 1) strikes towards the north-west (azimuth 300°) and crosses Permian
stratovolcano Kalkan, which was active in the Eocene and the Oligocene, during its Alpine regeneration
[20]. At the present time stratovolcano is divided by the Kalkan Shift into 2 parts: the western and eastern
Ulken Kalkans.

As shown in figure 1, the Kalkan Shift is characterized by right-lateral (dextral) component of
shifting and displaces the parts of the puy (stratified cone) made of Permian dacite and andesite tufas in
different directions over a distance of 10 km.

Analyzing the geological structures of Dzungar Alatau and adjacent depressions including Ili one,
L. K. Didenko-Kislitsina has established that Dzungar Alatau is the autonomous epiplatform Pliocene-
Quaternary orogen [13].

If we connect the beginning of displacement of stratovolcano Kalkan with the beginning of the
Pliocene (B.C. 5.8m), the strike-slip rate along the Kalkan Shift is estimated at 10 km / 5.8 m years =
1 000 000 cm / 5 800 000 years = 1.7 mm/a.

If to consider system of NW shifts from the north to the south in the following sequence: the West
Katutau fault, Kalkan Shift, Chundzha-Dubun fault, Karasai fault, et cetera, it is easy to determine that
they are located regularly every 20-30 km (see figure 1). This indicates that segment of the Earth's crust
covering front ranges of the South Dzungaria and the eastern virgations of the Zaili Alatau are in the
condition of tangential compression.

— g4 ——
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We can find out from the right-lateral shifting along the Kalkan Shift striking to the azimuth 300° that
the azimuth of axis of tangential compression is equal about 345°. For this purpose it is enough to
combine the azimuth of striking 300° and theoretical corner 45° between a plane of a fault and an axis of
compression, as it takes place for both fault planes and main axes of compression and stretching [25]. It is
obvious that any faults being perpendicular to the axis of compression, striking to the azimuth 345°-270° =
75°, will develop like thrusts and underthrust faults. Consequently, the component of a motion down and
upward along the dip line should prevail among faults with the Tienshan direction (75+5°). Really, as
appears from [11, p. 187], the faults with the Tienshan direction and more scarce faults striking to the NE
develop like upthrow-shifts with the left-lateral displacement and quite often are transformed into
upthrusts. Planes of faults, striking towards ENE and NE, often dip under mountain structures at angle
about 70-80°.

Earthquake focal mechanism (EFM). Let’s consider two solutions of focal mechanism of Toraigyr-
Soguety earthquake represented in figure 2. The first EFM is from the SEME data (see figure 2, A). The
second EFM is from the Global Catalog of earthquakes (see figure 2, B) [1]. After that we'll compare two
solutions of EFM with each other and collate them with kinematics of the nearest neotectonic faults. Table
2 includes parameters of three Main (Principal) Stress Axes and two possible fault planes for each variant
of two EFM.

Additionally, we have estimated a shear angle and components of unit vector of movement on the
plane (D4 and Dg) by applying the method stated in [25].
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Figure 2 — The stereograms of focal mechanism of Toraigyr-Soguety earthquake (30.05.2012) on the upper hemisphere
of the Schmidt’s net: from the SEME data (A) and from the GCMT data [1] (B). Compiler: A. R. Zhdanovich
1 — vertices of fault planes: of the first one (B1), of the second one (B2); 2 — poles of fault planes (Motion Axes):
of the first one (Z), of the second one (Y); 3 — Principal Axes of Strain: Axis of Tension (T), Axis of Pressure (P),
Neutral Axis (N); 4 — direction of dip and dip angle of a fault plane; 5 — directions of shifts on a map:
of right-lateral (dextral) shift (a), of left-lateral (sinistral) shift (b); 6 — the center of the diagram
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Table 2 — The solutions of focal mechanism of the Toraigyr-Soguety earthquake (30.05.2012).
Compiler: A. R. Zhdanovich

Parameters of the Principal Axes of Strain,
being calculated from the positions of the The fault planes
fault planes
Data
source Pressure, P Tension, T Neu(t};a;l, N Parameters from the data sources Calculated parameters
Azm o Azm o Azm o Ne | STR | ¥ | 6,Dip | SLIP | SHEAR Dy Dy
1 87 | 177 | 43S 98 6,6 0,1146 | 0,9934
SEME | 172,3 | 88,0 | 286,4 | 4,9 | 822 | 85,5 47
2 | 258 | 348 NW 84 -6,1 -0,1069 | 0,9943
37
1 73 | 343 80 -9,7 -0,1683 | 0,9857
GCMT NW
[1] 349,9 | 81,5 | 204,6 | 10,4 | 80,8 | 84,2
2 | 265 | 175 | 548 97 7,2 0,1253 | 0,9921

Note. The designations listed in Table 2: Azm — azimuth of the extremity of an axis in the upper hemisphere; o - angle of
approach (o = 90 — pl, where pl — angle of plunge); STR — strike azimuth of a fault plane; ¥ — direction of dip of a fault plane;
0, Dip — angle of dip of a fault plane; SLIP — a slip angle (Rake [1]); SHEAR — a shear angle; Dx — component of movement in
the direction of the strike line; DO — component of movement in the direction of the dip line.

As follows from figure 2 and table 2 two solutions of focal mechanism from the SEME and GCMT
data are practically the same. In the regard of kinematics of the motion, two possible fault planes are
interpreted like upthrow-shifts with dominance of component of movement in the direction of the line
oriented up-rake (Dg = 0.99, see table 2) and with circumvertical axis of tension (angle of approach o is
4.9° (SEME) and 10.4° (GCMT)). The significant fluctuations of the azimuth of the tension axis
(286.4° (SEME) and 204.6° (GCMT)) are related to its circumvertical position and sensitivity of the
azimuth to deviation of the axis from the vertical position even over a small angle.

The axis of pressure P is close to horizontal (angle of approach is 88.0° (SEME) and 81.5° (GCMT)),
with its extremity directed in the upper hemisphere towards SSE (Azm 172.3° (SEME)) or in an opposite
direction, towards NNW (Azm 349.9° (GCMT)). The Neutral Axis N is the most stable; it’s striking
towards ENE (82.2° (SEME) and 80.8° (GCMT)) at an abrupt angle to the vertical (85.5° (SEME) and
84.2° (GCMT)).

In table 2, from directions of dip (¥) we can realize that the first fault plane from the SEME data with
Y = 177° corresponds to the second fault plane from the GCMT data with ¥ = 175°, and inversely, the
second fault plane from the SEME data with ¥ = 348° corresponds to the first fault plane from the GCMT
data with W = 343°. The discrepancy of numbers of fault planes is due to the fact, that the fault planes are
numbered in ascending strike azimuths of planes. But strike azimuth of plane is being determined by
various ways in SEME or GCMT practice. To get a strike azimuth of a fault plane in SEME practice they
use the direction of that extremity of a strike line, along which an observer sees a perched block on the
right [25, p. 54]. In the GCMT catalogue they mean that a perched block is located on the left of an
observing line.

The fault plane dipping to the SSE (177° or 175°) has got positive estimate of component of
movement in the direction of the strike line Dx (0.1146 (SEME) or 0.1253 (GCMT)), and therefore,
includes the right-lateral motion. The other fault plane dipping to the NNW (348° or 343°) has got
negative estimate of component of movement in the direction of the strike line Dx (-0.1069 (SEME) or
-0.1683 (GCMT)) and includes the left-lateral motion.

The first fault plane from the SEME data or the second fault plane from the GCMT data is the right-
lateral upthrow-shift striking to the azimuth 87° or 265° (in northern bearing: 85°). The second fault plane
from the SEME data or the first fault plane from the GCMT data is the left-lateral upthrow-shift striking to
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the azimuth 258° (in northern bearing: 78°) or 73°. It is the fault plane that is close to the striking azimuth
70° of the North Dalaashyk fault.

It’s possible to estimate only theoretically an average absolute size of displacement along the fault (d)
[25] in the focus of the Toraigyr-Soguety earthquake due to there is no information about opening of the
fault on the surface. In the capacity of an estimate of the absolute size of displacement they can exploit
average amplitude of displacement along the fault (a) calculated according to correlation dependence
between amplitude and magnitude.

For example, the formula of V. S. Khromovskikh [5]:

MLHZIga+7, (1)

where My — is a magnitude, being measured according to maximal horizontal amplitudes of the surface
waves, implies that

a=10™" m. )
Magnitudes My u Mg are linking by simple relation [21]:
MLH:MS+O:1~ (3)

For example, for Mg = 5.4 from the data of [1], we’ll get My = 5.5. The average amplitude of
displacement along the fault amounts to:

d=a=10%""=10"Y=32cm. (4)

Absolute values of motion along the fault in the direction of the strike line (dy) and in the direction of
the dip line (dp) can be calculated formulaic by using values of components of movement in the direction
of the strike line (D) and in the direction of the dip line (Dy), being listed in table 2:

dx =D, x d=sin SHEAR x d, %)

do = Dy x d = sin SLIP x d. (©6)

For example, absolute values of motion along the first fault plane (from the GCMT data [1]), which is
the left-lateral upthrow-shift striking to the azimuth 73°, oriented closely to the azimuth 70° of the North
Dalaashyk fault, are estimated by formulas (5) and (6), taking into account the values of D, and Dy from
the table 2:

dy=-0.1683 x 3.2 cm = (-5) mm, dy = 0.9857x 3.2 cm = 3.2 cm.

Evidently, displacement of 3.2 cm at the hypocentral depth (H) of 20 + 27 km could not be
manifested on the surface.

Conclusions. 1. In the area of Toraigyr-Soguety and Chilik earthquakes spatial orientation of modern
morphostructures (ridges and depressions) and faults, inherited from Paleozoic structures, coincides with
Tienshan, ENE direction (weighted average is 74.89°). Movements along the shifts of Chu-Ili, NW
direction (weighted average is 302.37°) take the second place by influence on the morphology and
dynamics of neotectonic structures.

2. The epicenter of the Toraigyr-Soguety earthquake that happened on May 30, 2012 is located on the
southern limb of Soguety graben syncline, to the north from the Toraigyr uplift, at the distance of 3 km
towards North from the central axis of the North Dalaashyk fault, striking to the azimuth of 70°.

3. Two solutions of focal mechanism from the SEME and GCMT data are practically the same. Two
possible fault planes are interpreted like upthrow-shifts with dominance of positive component of
movement in the direction of the line oriented up-rake (0.99). The one fault plane trending to the ENE
(85+87° in northern bearing) and dipping at angle of about 43° + 54° towards SSE (175+177°) has got
positive estimate of component of movement in the direction of the strike line (0.1146+0.1253) and is
considered to be the right-lateral upthrow-shift. The other fault plane trending to the ENE (73+78° in
northern bearing) and dipping at angle of about 37+47° towards NNW (343 +348°) has got negative
estimate of component of movement in the direction of the strike line ((-0.1069) + (-0.1683)) and is
considered to be the left-lateral upthrow-shift.
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4. The focal mechanism of the Toraigyr-Soguety earthquake reveals that the fault plane trending to
the azimuth of 73+78° and dipping at angle of about 37+47° to the azimuth of 343+348°, interpreted like
the left-lateral upthrow-shift, is close to the striking azimuth 70° of the North Dalaashyk fault located near
to the epicenter. Therefore, the North Dalaashyk fault trending towards ENE is able to be the left-lateral
upthrow-shift with dominance of the motion oriented up-rake. If taking the left-lateral upthrow-shift
trending to the azimuth of 73° (the first fault plane from the GCMT data [1]) as corresponding rupture in
the source, the absolute value of motion in the direction of the line oriented up-rake is estimated at 3.2 cm.

5. Analysis of two focal mechanisms of the Toraigyr-Soguety earthquake, brought to your attention in
this article, reveals that the axis of pressure P is close to horizontal (angle of approach is 88.0+81.5°) and
strike azimuth ranges between 349.9 and 352.3° in northern bearing.

6. Displacement of the western and eastern Ulken Kalkan uplifts in different directions along the
Kalkan Shift with striking azimuth of 300° is characterized by right-lateral (dextral) component of shifting
and the average strike-slip rate is estimated at 1.7 mm / a during the last 5.8m years. To satisfy the
progress condition of shifting towards the azimuth of 300° the most probable value of striking of the axis
of compression (pressure) is 345°.

7. An assumption of the left-lateral shifting and motion oriented up-rake along the first-rate faults
striking towards ENE and the right-lateral shifting along the faults striking towards NW fits the
geological-and-tectonic and seismological data being set in this paper and testifies to existence of
circumhorizontal tangential compression directed approximately from NNW towards SSE (azimuths of
345-353°) in the area of the epicenters of Chilik and Toraigyr-Soguety earthquakes.

A. P. ’KnanoBuu
KP BFM Ceiicmonorust ”HCTUTYTHI, AnmaTsl, Kasakcran

TOPAMFBIP-COTETI )KEP CLUIKIHICI OIIAFBIHBIH MEXAHU3MI MEH I'EOJIOT USLJTBIK-
TEKTOHUKAJIBIK AXYAJIBIHBIH KAJIBIIITACYBI, 2012 . 30 MmaMbIp

Annoranust. Topaiirpip-Cererti jxep CuIKiHICIHIH 3nuopTanbirbl Kasakcran PecryOnukachiHbIH AMaThbl 00JIbI-
cetaga 2012 xeuiabie 30 Mameipbinaa, Hykrederi 43° 23" ¢. e. sxoHe 78° 46" m. 0. KoopauHATTApbIMEH, | puHBHY
Ooiibiama 21 c. 20 mun. 56,7 cek. tipkenai. XKep cinkiHiciHiH 3HepreTHkanbiK cbiHbObI (Kp) 13,7 + 14,2, marHury-
nacel (M) 5,0 nen 6,0 npeitin, runoueHTp Tepeniri 20-27 kM en OaranaHbli, TOMBIPAKThl cory yaemenimiri (Ip)
MSK-64 xanbIkapajiblK CEHCMHKAIIBIK ITKaia OoWbIHIIA 6 Oanmsl Kypaabl. JKep CLIKIHICI SHEPTUACH OOMBIHIIA OCHI
aymakTa 1889 xbunnbiH 11 mingecinae Topaiirsip-Cereri sxep cisikinici anuopransirbinad 20 kM-ae etked Lllenex
xep cukinicinen (Kp = 17,9, M = 8,1, Iy = 10) keiiinri 43° — 44° ennik nen 78° — 80° 00iIbIK apachiHIa 0OIFaH
KaTThI Jkep aymityi Oounsin ecenteneni. [llenexreri xkep cinkinici kesinae lie sxone KyHreit cinemi »xoTanapbiHia
KOITEreH JapbIKIIAK, JKbUDKbIMA MEH OOMJIBIK CEHCMHUKAIBIK JHCIoKanusuiap, ain blcTeikken KejiHIe IyHamu
TOJIKBIHBI OPBIH ayibl. Topaireip-Cereri kep CUIKIHICIHIH SIHOPTaNbFbl COreTi OmbIPBIKTHI-CHHKINHIHIH OHTYCTIK
KaHaTbIHAaFbl, TopaitFelp KeTepUTIMiHEeH 3,5 KM CONTYCTIKKE Kapai, a3umyT OoitbiHia 70° CO3bUIBIIN KATKaH KOHE
AMUOPTAIBIKKA kakblH ConTycTik JlamaammbIK >KapblIbIMBIHAH COJTYCTIK-OaThICKa Kapai 3-5 KM-Je OpHallacKaH.
Cereri oitnatel MeH Topaiirelp KeTepiniMi Liie Anataysl jxoTanap »KyHeciHIH LIBIFBIC JKaK asFblHIa OpHaIacKaH. lie
KeTepiaiMi contycrik-mbirbic Tsub-11lanra eHenl e, xanelOHIbl aHTHKIMHOpUsIFa yiiacansl. EH yikeH kymOe3mi-
OyABIpIIbI KOTEPLTIMI, TayapalbIK JKOHE TayilIik odnarTap a3umyT Oolibimer mamamed 70°-80°, LLICI GarbiThiHIA
CO3BUIBII JKAThIp, OHBI TSAHBUIAHABIK JIeN aTaipl. TAHBIIAHABIK OAaFbITBIHBIH HEOTEKTOHHKAJIBIK OHIPIIK
KapbuibIMapbl penbedre lne AnaraybiHblH OeTkeiliH OOWNBIK JAEpiiK eHIIK caTbliapra OeJIETiH TEeKTOHHKAaJbIK
KepTmemrep Typinae Oaikamanpl. 1lenex-KeMiH jxapbUIbIMBI JKe€p KbIPTBICHIH TYOiHE aeiin 50 KM TepeHmiKKe AeHiH
KEeCIIl ©Te/Il; TAHBIIAHIBIK OaFbITHIHBIH OacKa JKapbUIbIMBI TPAHUT-THEHC KaOaThIHAH aciai, )xep KeIpThichiHaH 10-15
kM Teperaikke tyceai. Cb Uly-Ine xyiiecinid oH xak OyHipIiK BIFBICY 9CEPIHEH €XKeJri KYPbUIbIM/IBIK KOCHAP/IbIH
HEOTEKTOHMKAIIBIK KalTa KYPbUIybl OPbIH aJIbIll, HEOTEKTOHUKAIBIK KypbUIbIMIAp Mopdoorusicsl e3repesi. barbic
*koHe 1biFbic YikeH-Kankan kerepinimMaepinin Typii 6arsirrarsl 10 kv Kankan Ootibinia 300° a3uMyTIieH ChIPFbII
CO3BUTYbl COHFBI 5,8 MHJUIMOH KbUI ilIiHAE IIamMaMeH oprama 1,7 MM JKbUIIAMIBIKIEH OH aK KO3FaJbIChIMEH
cunatranaapl. 300° co3bUIFaH KBUDKBIMAHBI IAMbBITY YIIIH ChIFYy ©CiH 345° a3umyT OOMBIHIIA CO3Y TYYbl BIKTHMAJL.
Topaiireip-Cererti xep CLIKIHICI )KapbUIBIMBIHBIH HOZaIbal ska3bIkThirbl (JKHXK) Kyimama-epriieMe ChI3bIFbI OOMBIHIA-
FbI apajlaCy BEKTOPBIHBIH OH KOMIIOHEHTTEpi 0achIMABUIBIFBIMEH BIFBICY-KbUDKYBI fen Tycinaipineni (0,99). Bip
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JKHXK TICHI (85° + 87° cont pym6Oke) co3purybl, OO asumyTTs Kyitamacsr (175° + 177°), 43° + 54° kymnay OypsI-
IIBIMEH OH KaKKa Kapal BIFBICHIN JKbUDKH/bI )KOHE CO3bUIY CHI3BIFbI OOWMBIHAAFBI apaliacylIblH OH KOMIIOHEHTTI
Bektopel 0,1146 + 0,1253 nuanazonast kamtuasl. Exinmi XKHXX HICII (73° + 78° cont pymoOke) co3butysl, CCh
a3uMyTThl Kysamachel (343° + 348°), (37° + 47°) kyiay OYpbIILIBIMEH COJI JKaKKa Kapail BIFBICHIN JKbLDKUJIbI KOHE
OHBIH CO3BUTY CBI3bIFbI OOMBIH/IAFbI apallacy/IbIH Tepic KOMIOHEHTTI BeKTopbl — (-0,1069) + (-0,1683). Byn Hoganbai
#a3bIKThIK Conryctik Jlamaambik skapbUibIMBIHBIH 70° co3bUTy a3uMyThiHAa JkakbiH. ConzpikTaH na Conrycrik
JlanaanbIk apbUIbIMbI BIFBICIIAJIBI apaacy KOMIIOHEHTTEpPI 0aChIMIBIFBIMEH COJI JKAKTHIK BIFBICY-)KbIDKY JKaFIanbl
opbiH ananpl. Omakrtarbl 73° CO3bBUIMAIIBI JKAPBUIBIM KA3BIFBIHBIH COJI JKaKTHIK BIFBICY-)KbDKY/Ibl KaObLIIay
OapbIChIHA KYJIaMa-epJieMe ChI3bIFBIHBIH OarbIThl OOMBIHIIA apanacy/blH a0COoMIOTTI maMackl 3,2 cM gen Oaraja-
Hanel. CeIFy eci cyOropusoHTasbai 0osica, oHbIH Oypbiinbl TirineH 88,0° + 81,5°, KypalThIHIBIFbI, a1 CONTYCTIK
pymOTarsl co3y azumyThbl 349,9°-nan 352,3° neiiin kKyObuiaTeiHAbIFbl aHbIKTANABL. Co3yabiH HICII ipi sapbuibIMbl
OOMBIHIIIA COJI KAKTAFbI BIFBICY-XKBUDKY KO3FaJIbIChIHA jkoHE co3ybiH Cb BIFBICYbI OOWBIHIIIA OH JKAKTHIK KO3FaJbIC-
TBIH OpBIH ajybl YIIIH Makaiaja OasHJIajFaH TeOJOTMSUIBIK-TeKTOHUKAIIBIK JKOHE CEHCMOJIOTHSUIBIK MAJIIMETTEp
apKbUIbl HAKTHUIAHA/bI, COHBIMEH KaTap ojiap ochbl aynanaa 345° — 353° asumyT GoibIHIIA OarbITTANIFaH, CyOropu-
30HTaNIB/l TaHTeHIUANABl ChIFbUTYAbIH Topaiireip-Cereti xone Illenexkre GonFaH xep CUIKIHICI SIMHOPTAIbIFbIHBIH
0OJIATHIHBIH aliFaKTaybl MYMKIH.

Tyiiin ce3mep: >kep CUIKIHICI, SMHOPTANBIK ay/AaH, I'€OJOTMsUIBIK-TEKTOHUKANIBIK axyall, HEOTEKTOHHKAJIbIK
KAPBUIbIM, JKapbUIbIM KUHEMAaTHKAChl, KepHEYyiH OacTel oci (medopmaius), ®ep CUIKIHIC OUIAFBIHBIH MEXaHHU3M
MO/IEJI1, )KaPbUTBIMHBIH HOAAJbB/1 HKa3bIKTHIFbI.

A. P. Knanosnu

TOO «HHcrutyT cericMosiorum», MUHHCTEPCTBO 00pa30BaHKs U HAYKU
Pecny6muku Kazaxcran, Anmatsl, Kazaxcran

I'EOJIOTO-TEKTOHUYECKHE YCJIOBHUA ®OPMUPOBAHUS 1 MEXAHNU3M OYAT A
TOPAMUTBIP-COTETUHCKOT' O 3EMJIETPSICEHUSA 30 mas 2012 1.

AnHoTauus. OnunedTp Topalrsip-CoreTHHCKOTO 3eMieTpsicenust 3adukcupoBan 30 mas 2012 1., B 21 u.
20 muH. 56,7 cek. o I'puaBndy B AnMaTtrHCKoi obmactu PecryOmiku Kazaxcran B Touke ¢ koopauHatamu 43° 23" ¢. 1L
u 78° 46" B. 1. DHepreruueckuit kiaacce semiuerpsicenus (Kp) ounenusaercs B 13,7 + 14,2, marautyna (M) — ot 5,0 no
6,0, rmyOuna rumonentpa — ot 20 10 27 KM, HHTEHCUBHOCTB COTpsiceHus TpyHTa (I)) mo MexmyHapomHoil ceficMu-
geckoi mkage MSK-64 cocraBuna 6 6amuioB. DTO 3eMIIETPSCEHHE SBISETCS CaMbIM CHJIBHBIM TIO DHEPrHHM Ha
TEPPUTOPHH, 3aKITIOUYCHHON Mex Ty mupotamu 43° — 44° u nonroramu 78° — 80°, mocne UMIHMKCKOTO 3eMIIETPSICEHUS
Kp =179, M = 8,1, I, = 10 6ammo), kotopoe npousonuio 11 urons 1889 r. B 20 km k KOIO3 ot smuneHTpa
Topaiireip-CoreTriHCKOTO 3emiteTpsicerrsi. Bo Bpemss UMIMKCKOTO 3eMIIETPSICEHUS] B BOCTOYHBIX OTPOTax 3anJIviic-
koro u Kynrefickoro xpeOTOB CHOpPMHPOBAINCH MHOTOYHCICHHBIE OOBAJbI, OCBHITA W JIMHEWHBIE CEHCMOIMCIIO-
Kanuy, a B 03. Mccrik-Kynp — BotHa myHamu. Dmunertp Topalrsip-CoreTHHCKOTO 3eMIISTPSICEHUS Pacioio’keH Ha
10)KHOM KpbUte COreTHHCKOH TpabeH-CHHKIMHAMH, B 3-5 KM K ceBepy OT TOpaHTBIpCKOTO MOAHATHS, B 3 KM K
ceBepo-3amany ot Cesepo-/lamaammkckoro pasnoma, OMMKalIIero K SMULIEHTPY U MPOCTUPAIOLIETOCS M0 a3UMYTy
70°. CoreTuHckas BnaanHa U ToOpalTbIpCKOE TIOTHATHE PACTIONOXKEHBI HA BOCTOYHOM OKOHYAHUHU CUCTEMBI XpeOTOB
3annmiickoro Asaray. 3awmnumiickoe momssaTHe BxoauT B CeBepo-BocTouHbI TsHb-lllaHe W yHaciemoBaHo OT
OJTHOMMEHHOTO KaJIEJIOHCKOT0 aHTHKIMHOpUs. KpymnHeiilre cBoI0BO-TIIBIOOBbIE MOAHSATHS, MEKIOPHBIE U BHYTPH-
TOpHBIE BIIAJAWHBI IPOCTUPAIOTCS 1O a3uMyTy okojo 70°-80°, B BCB (TsHpmansckoM) HampasieHnd. HeoTekToHn-
YEeCKHe PETHOHANBHBIE Pa3jIOMBl TAHBIIAHBCKOTO HAIMPABICHUS BBIPAXEHBI B pelbede B BHAE TEKTOHUYECKHUX
YCTYIOB, KOTOpBIE PAa3feNAOT CKJIOHBI 3aWjIMMCKOTO AJatay Ha MPOAOJNBHBIE CYOIIMPOTHBIE CTYNEHH. YIMIHK-
KeMuHCKHI pa3ioMm paccekaeT 3eMHYI0 KOpY [0 ITOJOMIBH Ha TIyOnHY 50 KM; OCTaNbHBIE Pa3IOMBI TSHBIIAHBCKOTO
HaTPaBJICHUS MOTPY)KAIOTCS B 3eMHYIO KOpy Ha TiyOmHy 10-15 KM, He BBIXOIS 3a Mpenenbl TPaHUTO-THEHCOBOTO
cios. [lox Bo3meiicTBHEM MPaBOCTOPOHHHX COBUTOB Uy-MIIMHCKOW crcTeMbl C3 pOCTHPaHUS MPOUCXOAUT HEOTEK-
TOHHYECKas IePECTPOiika APEBHETO CTPYKTYPHOTO IUIaHA, U3MEHSIETCS MOP(OJIOTHSI HEOTEKTOHUYECKHX CTPYKTYP.
Cwmemienne Ha 10 KM B pa3HbIe CTOPOHBI 3aIIaAHOTO M BOCTOYHOTO YibKeH-Kankanckux mogasatuii mo Kamkanckomy
caBUry ¢ azuMyToM mpoctupanus 300° xapakTepu3yeTcss MPaBOCTOPOHHNM JBIKEHHEM MPHONIU3UTEIBHO CO CpemHeit
CKOPOCTHIO 1,7 MM / TOI HA IPOTSHKCHUH TOCIECAHUX 5,8 MITH. JieT. 111 pa3BuTHs caBura ¢ npoctupanuem 300° Hau-
Gojiee BEpOSATHO MPOCTHPAHHWE OCH cxatus mo asumyTy 345°. Homansable miockoctu paspeiBa (HIIP) Topairsip-
COreTHHCKOTO 3eMIICTPSACCHHUS HHTEPIPETUPYIOTCS KaK CIOBHTO-B30POCH € Mpeolirajgaromeil IMOJ0KUTEIBHON
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KOMITOHEHTOH BEKTOpa CMEIIeHHsI BIIOJIb JIMHUU BoccTaHus-niaaenus (0,99). Oxna HIIP sBisiercss mpaBOCTOPOHHUM
caBuro-e3opocom ¢ npoctupanueM Ha BCB (85° + 87° B ceBepHbIXx pym0Oax), ¢ asumyrtoMm najenus Ha FOIOB
(175° = 177°), yrnom mangerus 43° + 54° W MONOXKHUTENFHOW KOMITOHEHTOH BEKTOpa CMEIICHUS BIOJb JHHUU
npoctupanus B auamazone 0,1146 + 0,1253. Jlpyras HIIP sBnseTcss J1eBOCTOPOHHHM CIBHT0-B30pPOCOM C TpOC-
tupanueM Ha BCB (73° + 78° B ceBepHbIX pymbax), ¢ azumyrom nanenus: Ha CC3 (343° + 348°), yriom naneHus
37° + 47° u oTpUIIATEILHON KOMIIOHEHTOH BEKTOpa CMEIIEHHUS BIIOJIb IWHUHM NIPOCTUpaHus B auamazone (-0,1069) +
(-0,1683). Orta HOmanmpHAA MIIOCKOCTH OnmM3Ka MO a3umMyty mpoctupanus 70° xk Cesepo-/lamaammkckomMy pasiomy.
[Mostomy CeBepo-/lanaanivkckuii pa3inoM MOXET SIBJISTHCS JIEBOCTOPOHHHUM CJIBUTO-B30pOCOM, C mpeodiaaaroniei
B30pOCOBOI KOMITOHEHTOH cMmerieHus. [Ipu mpuHATHN IEBOCTOPOHHETO CABUTO-B30poca ¢ mpocTtupaHueM 73° mioc-
KOCTBIO pa3pbiBa B odare aOCOJIOTHAS BEIMYMHA CMEIICHHUS 10 HAIIPABICHHIO JINHUH ITaJCHUS-BOCCTAHUS OICHU-
BaeTcs B 3,2 cM. BrIABIICHO, 4TO OCh CXKaTHs CyOrOprH30HTAIbHA, €€ YTOJI ¢ BepTUKaIbio cocTapiseT 88,0° + 81,5°, a
a3UMYyT MPOCTUPAHMSI B CEBEPHBIX pymMbax konebnercs ot 349,9° no 352,3°. [lonyuieHue JIEBOCTOPOHHUX CIIBHUIO-
B30POCOBBIX JBIXEHUH MO KpymHEHImMM pa3inomaMm BCB mpocTupaHus ¥ MpaBOCTOPOHHHX IBMKEHHUI IO CABHTAM
C3 mpoctupaHus COTIACYyeTCs C TeOJOrO-TEKTOHHYECKUMH W CEHCMOJIOTHYECKUMH TaHHBIMH, H3JI0KEHHBIMH B
CTaThe, U MOXKET CBHJIETEIHCTBOBATH O HAJIMYWW B pailoHe SMUIEHTPOB Topalreip-CoreTHHCKOTO M YHUIMKCKOTO
3eMJIETPSICEHNN CyOTOPHU30HTAIEHOTO TAHTCHIIMAIBHOTO CKATHsl, HAIIPABJICHHOTO MO0 a3uMyTy 345° — 353°.

KiroueBble cjioBa: 3eMIIETpSICEHHUE, SMUICHTPAIBHBIN PaiioH, T€0JIOr0-TeKTOHUYECKNE yCIOBHS, HEOTEKTOHH-
YeCKHi pasjioM, KMHEMAaTHWKa pasjioMa, TJaBHBIC OCH HampsDKeHui (medopmanmii), MOAENs MEXaHH3Ma oOdYara
3eMJICTPSICEHHNSI, HOAAJIBHBIE INIOCKOCTH Pa3phIBa.
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