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Abstract: Studying locations of strong earthquakes (M=28) in space and time in Central Asia has been among top prob-
lems for many years and still remains challenging for international research teams. The authors propose a new ap-
proach that requires changing the paradigm of earthquake focus - solid rock relations, while this paradigm is a basis
for practically all known physical models of earthquake foci. This paper describes the first step towards developing a
new concept of the seismic process, including generation of strong earthquakes, with reference to specific geodynamic
features of the part of the study region wherein strong earthquakes were recorded in the past two centuries.

Our analysis of the locations of M28 earthquakes shows that in the past two centuries such earthquakes took place
in areas of the dynamic influence of large deep faults in the western regions of Central Asia.

In the continental Asia, there is a clear submeridional structural boundary (95-105°E) between the western and
eastern regions, and this is a factor controlling localization of strong seismic events in the western regions. Obviously,
the Indostan plate’s pressure from the south is an energy source for such events. The strong earthquakes are located
in a relatively small part of the territory of Central Asia (i.e. the western regions), which is significantly different from
its neighbouring areas at the north, east and west, as evidenced by its specific geodynamic parameters. (1) The crust is
twice as thick in the western regions than in the eastern regions. (2) In the western regions, the block structures re-
sulting from the crust destruction, which are mainly represented by lense-shaped forms elongated in the submeridio-
nal direction, tend to dominate. (3) Active faults bordering large block structures are characterized by significant slip
velocities that reach maximum values in the central part of the Tibetan plateau. Further northward, slip velocities
decrease gradually, yet do not disappear. (4) In the western regions of Central Asia, the recurrence time of strong
earthquakes is about 25 years. It correlates with the regular activation of the seismic process in Asia which is mani-
fested in almost the same time intervals; a recurrence time of a strong earthquake controlled by a specific active fault
exceeds seems 100-250 years. (5) Mechanisms of all the strong earthquakes contain a slip component that is often
accompanied by a compression component. The slip component corresponds to shearing along the faults revealed by
geological methods, i.e. correlates with rock mass displacements in the near-fault medium. (6) GPS geodetic meas-
urements show that shearing develops in the NW direction in the Tibet. Further northward, the direction changes to
the sublatitudinal one. At the boundary of ~105°E, southward of 30°N, the slip vectors attain the SE direction. Further
southward of 20°N, at the eastern edge of the Himalayan thrust, the slip vectors again attain the sublatitudinal direc-
tion. High velocities/rates of recent crust movements are typical of the Tibet region. (7) The NW direction is typical of
the opposite vectors related to the Pacific subduction zone. The resultant of the NE and NW vectors provides for the
right-lateral displacement of the rocks in the submeridional border zone. (8) The geodynamic zones around the cen-
tral zone (wherein the strong earthquakes are located) are significantly less geodynamically active and thus facilitate
the accumulation of compression stresses in the central zone, providing for the transition of rocks to the quazi-plastic
state and even flow. This is the principal feature distinguishing the region, wherein the strong earthquakes are loca-
ted, from its neighboring areas.

In Central Asia, the structural positions of recent strong earthquakes are determined with respect to the following
factors: (1) the western regions separated in the studied territory; (2) the larger thickness of the crust in the western
regions; (3) strong submeridional compression of the crust and upper lithosphere in combination with shear stresses;
(4) high rates of recent crustal movements; and (5) the rheological characteristics of the crust.

Key words: seismicity; strong earthquake; earthquake foci; magnitude; focal mechanism; fault; crustal thickness;
crustal movement; recurrence time; block; shear/slip amplitude; rheology
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COBPEMEHHBIE CUJIBHBIE 3EMJIETPACEHUA LIEHTPA/ILHOM A3UM:
TEKTOHO®U3UYECKHUE 3AKOHOMEPHOCTH JIOKAJIU3ALIA

B CTPYKTYPE U TEOJJMHAMMKE JIUTOC®EPHLI. YACTH 1.

I'JIABHBIE TEOAUHAMHWYECKUE ®AKTOPBI JIOKAJIU3ALIMU CUJIbHBIX
3EMJIETPACEHUM B CTPYKTYPE JINTOC®EPHI LIEHTPA/IbHON A3UH

C. U. lllepman?!, Ma li3unb?, E. A.TopGyHoBal

1 Hucmumym 3emHoli kopbt CO PAH, Hpkymck, Poccus
2 [ocydapcmeeHHas Aab6opamopust OUHAMUKU 3eMaempsiceHull, {Hcmumym 2eosozuu, AOMUHUcmpayus
no semaempsiceHusim Kumas, Illekun, Kumati

AHHOTanus: VisydyeHue npocTpaHCTBEHHO-BPEMEHHOH JIOKAIM3alui CUIbHBIX (M28) 3eMueTpsicenunit LleHTpaipHOR
A3uM - akTyaJbHas coBpeMeHHas 3aZayda. Haz ee pelieHreM B TeyeHHe MHOTHX JIeT PaGOTAIOT IPYIIbI ClelHa/IH-
CTOB psifia cTpaH. [IpuHATHIN aBTOpaMM NOAX0J TpebyeT U3MeHeHHs NapaJUrMbl O CBSI3U 0YaroB 3eMJIETPsSICEHUH C
OuYeHb NIPOYHBIM COCTaBOM NOpPo/. Ha 3TOT Te3uc onuparoTcsl NpaKTUUeCKU BCe U3BeCTHble GU3UYECKHe MOJie/I oYa-
roB 3eMJIeTpsiICeHUH. B cTaTbe HU3/103keH HOBBIM NOAXO0/ K IOHMMaHHIO CelicCMUYeCcKoro npolecca, Npy KOTOPOM reHe-
pUpYIOTCA CUJIbHbIe 3eMJyleTpsiceHUs. OH 6a3UpyeTcs Ha aKLeHTUPOBaHUU creluPUKH reoJUHAaMHUKH YacTU PeruoHa,
B KOTOPOU 3apMKCUPOBaHbI CUJIbHbIE 3eMJIETPSICEHUS ABYX OCAeAHUX CTOJEeTUH.

Jlokanusanus 3eMeTpsiceHuit ¢ M>8 3a nocyejHHe [1Ba CTOJIETHUS NOKa3bIBaeT UX NPUYPOYEHHOCTb K 06/1acTAM
JMHAaMHUYeCKOro BJWSHUA KPYNHBIX TJIyOUHHBIX pa3/IOMOB TOJIbKO 3amnaAHoON 4yacTu lleHTpanbHoM Asuu. Hanudue
YeTKOM cyOMepuMOHAIbHONU CTPYKTYpPHOHM IpaHHULbl, MPOXojsileil npuMepHo no 95-105° B.A. U pasfjenstouiel
KOHTHMHEHTa/IbHYI0 A3HI0 Ha 3allaJlHYyI0 U BOCTOYHYIO YacCTH, NpefonpejessieT JOKaJIU3aLUI0 CUIbHBIX COOBITUH B
3amajiHoM yacTu. Ux sHepreTH4yeckMM HUCTOYHUKOM sIBJIsieTCsl AaBJieHHe c 1ora UHAoCTaHCKON MJINUTBL JTO QaKT, He
NoAJIeXallui COMHeHHI0. BaxkHy10 poJib B JIOKa/JIU3aLUU CUJIbHBIX COOBITUHA B OTHOCUTEJbHO HEe60JIbIIOMH 10 MJIoILa-
JU LeHTpaJbHOM YacTH LleHTpasbHON A3KH UTPAIOT OKpYXalolljie TepPUTOPHUH. YCTAaHOBJIEHbI CllelluPpruiecKre reo-
JMHaMHuYeCcKHe apaMeTphl, OT/IMYAIOLMe PErMOH OT Collpe/ie/IbHbIX TEPPUTOPUI C ceBepa, BOCTOKA U 3aNafa, K Ko-
TOpBIM OTHOCATCA ciaepytowue. 1. ToauHa 3eMHOM Kopbl B AiBa pasa 6oJiblie. 2. Bosblas paHroBas pasapob6JieH-
HOCTB GJIOKOBBIX CTPYKTYP C TEHJEHLMeH K MpeBaJMpPOBAHUIO JINH30BU/IHBIX 06TeKaeMbIX GOPM, BBITSHYTHIX B Cy0-
IIMPOTHOM HalpaBJ/eHHH. 3. AKTHBHbIE Pa3J/IOMbl, OrpaHUYMBAKOLIMe KPYIHbIe 6JOKOBbIe CTPYKTYPHI, XapaKTepH-
3YIOTCA CYIeCTBEHHBIMH CJBUTOBBIMU CKOPOCTSIMH, AOCTHUTAIOUIMMU MaKCHUMaJbHbIX 3HaYe€HUH B LieHTpaJbHOM
yactu TrubeTtckoro miaTto. CeBepHee CKOPOCTH NMOCTENEHHO CHIKAIOTCA [0 MUHUMaJ/IbHBIX 3Ha4eHUH. 4. PekyppeHT-
HOe BpeMs CUJIbHBIX 3eMJIETPSCEHUH B L|eJIOM i1 TePPUTOPUHU 3anaJHOW 4acTu lleHTpasbHON A3uM cocTaBiseT
0KoJI0 25 JieT. YHUC/IeHHO OHO COBMA/IaeT C epHUOAUYEeCKON aKTHBU3ALUeN CeCMUYECKOro Mpolecca, KoTopas mpo-
HUCXOJUT B A3UM NIPUMEPHO C TaKUM >Ke BpeMeHHbIM MHTEpPBaJIOM; peKyppPeHTHOe BpeMs JJIsl CUJIbHBIX COGBITUH B
30He BJIMSIHUSA OJHOTrO0 pa3yioMa coctasiasieT 100-250 sieT u 6osiee. 5. MexaHU3MbI 04aroB BCeX CHUJIbHBIX 3€MJIETPSI-
CeHUH cojepKaT CABUTOBYI0O KOMIIOHEHTY, 4yallle BCETO COYETAIOLIYIOCA C KOMIIOHEHTON CxaTusA. OHa KOppecrnoHu-
pPyeT cO CMelleHUsIMU [0 pas3jioMaM, YCTaHOBJEHHbIMU Ire0JIOTHYeCKUMHU MeTOJaMH, TO €CThb C JBXKEHUsIMU Macc
TOPHBIX [I0OPOJ, B OKOJIOPA3JIOMHON cpefie. 6. COBpeMeHHbIe JlaHHbIe 0 ABMXKEHHUSM 3eMHOH Kopbl MeTogoM GPS-
reo/ie3vy NOKa3bIBAlOT UX BEKTOPHYIO HanpaBeHHOCTb B CB HanmpaBsienuu B TubeTe, ceBepHee HanpaBJeHUe MeHs-
eTcsl Ha CyOLIMPOTHOE, a Ha rpaHule ~105°B.4. U okHee 30° c.u1. BeKTOph! MpuobpeTaroT OB HanpaB/ieHUe; 10XKHee
20° c.m1,, B 06/1aCTH BBICTYNa Ha BOCTOK ['MMaJlalCKOTO Ha/|BUra, BEKTOpPbl BHOBb MPHO6GpETAIOT CYy6GIIMPOTHOE Ha-
npaB/ieHHe. BbICOKHE CKOPOCTH COBPEMEHHBIX JIBXKEHUH xapaKkTepHbl A1 TubeTa. 7. BcTpeuHble BEKTOPBI, CBA3aH-
Hble C TUXOOKEaHCKOH 30HOH Cy6yKIUY, XapaKTepU3YIOTCS ceBepo-3aMa/HbIM HanpaBjeHueM. PaBHo el CTBy OIS
CeBEPO-BOCTOYHBIX U CeBepo-3alaJHbIX BEKTOPOB CIOCOOCTBYET NPABOCTOPOHHEMY CABM)KEHHIO I'OPHBIX MacC B
cy6MepHAMOHAJBHOM NOrpaHUYHON 30He. 8. ['eoAMHaMHUYeCKHe 30HbI, OKPYKalollie IIeHTPAJbHYI0 30HY C JIOKaJIHU-
3alMell CUJIbHBIX 3eMJIeTPSACEHUH, XapaKTePU3YIOTCS HeCpaBHEHHO 0oJiee HU3KOH reoiMHAMUYeCKOH aKTHBHOCTBIO.
OHM CITOCOGCTBYIOT HAKOINJIEHUIO HAPSXKEHUH CKaTHsA B LleHTPaJbHON reoJUHAaMHY€eCKOH 30He, B KOTOPOH Mmpowuc-
XOJIUT Tepexo/i MopoJ, B KBAa3UILIACTUYECKOE COCTOSIHHE U JaXke TedyeHHe. JTO 0OCTOATENbCTBO NPUHIMIHUAIBHO
BblJleJISIeT PerHOH JIOKQJIN3aLMH CUJIbHBIX 3€MJIETPACEHUH U3 OKPYKaloIlero NpoCTPaHCTBa.

CTpyKTypHasl NO3HMILMA COBPEMEHHBIX CUJIbHBIX 3eMJIETPSICEHUI KOHTUHeHTaJIbHOU LlleHTpasbHON A3uKM OorpaHu-
yuBaeTcsd: (1) TeppUTOpPHANbHBIM BbIYIeHEHHEM TOJIbKO 3alaZiHON YaCTH Ha3BaHHOH TeppuTopuy; (2) yBesnyeH-
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HOW MOILHOCTbIO KOpPbl B Hel; (3) CHJIbHBIM CyOMEPHUUOHAIBbHBIM CXKaTUEM KOpbl U BepxXHEW 4acTu JIuTochepsl B
COYETaHUH CO CABUTOBBIMHU HaNpPSKEHUAMH; (4) BBICOKHMH CKOPOCTSIMU COBPEMEHHBIX JABM)XXKEHUH 3€MHOM KOpPbI U

(5) ee peosioruuecKUMH XapaKTepPUCTUKAMU.

Kio4deBble c1oBa: CeﬁCMM‘JHOCTb,‘ CUJIbHOE 3eMJIeTpsACeHUEe; o4ar 3eMJIeTPACEHNUA; MarHUTy/la; MEXaHHU3M
o4ara; pasJioM; TOJIIKUHa 3eMHOH KOpbI;, ABUXEHHUE 3eMHOH KOpBbI; pEKYPPEHTHOE BpeMH;

6}'[01(,' AMIIJIMTYJa CMelleHusd; peoJorusa

1. INTRODUCTION

Problems of determining locations of earthquakes in
space and time and earthquake forecasting are among
top priorities in the modern studies of seismicity. Actu-
ally, much effort has been already invested to study the
seismic process as an integral part of the recent geody-
namics, and many of its aspects are known. All the
identified seismic belts and seismic zones of the Earth
have been mapped, and the maps show a variety of de-
tails of the areas wherein the earthquakes were re-
corded. Concepts of relations between specific geody-
namic settings and the occurrence of earthquakes have
been proposed. Fault-block tectonics, detailed charac-
teristics of crustal movements, stresses and other pa-
rameters that are specific of the active tectonics (main-
ly, of the Holocene) have been described. Seismic zo-
ning maps are available for many regions; theoretical
problems of the seismic process, seismic regimes and
migration of seismicity have been studied; earthquake
mechanisms have been described; and over 200 indica-
tors/precursors that are useful for earthquake fore-
casting have been revealed. Nonetheless, in view of a
broad range of seismic safety issues, prediction of
times and locations of seismic events is still a major
challenge. The great Tohoku earthquake (11 March
2011, Japan) is another reminder of the fact that the
current earthquake prediction system remains defi-
cient and has many shortcomings. A post factum ap-
proach is most typical - after an earthquake took place,
its causes and some precursors suggesting its location
and timing are typically revealed by the analysis of the
past seismic events. Out of more than 200 known pre-
cursors of earthquakes, none ever occur jointly. Be-
sides, it is quite often discovered that that precursors
recorded prior to an earthquake were be unambigu-
ously interpreted and thus not properly taken into ac-
count. Obviously, problems with interpreting the pre-
cursors are due to the fact that the preparation and oc-
currence of an earthquake in nature are complicated
processes. The higher is the earthquake magnitude, the
more complex is the history prior to the earthquake
occurrence, and the more factors are integrated in the
natural setting before such an earthquake. In-depth
analyses of strong earthquakes that occur rarely are

hindered by the very fact of their rarity. An earthquake
focus or a hypocentre of an earthquake is a major
manifestation in a seismic zone. Foci of strong earth-
quakes as rare events should be studied in detail, and
precursors and potential triggering mechanisms need
to be discovered and understood.

Location and time are two indisputable characteris-
tics of the past strong earthquakes. In terms of geology
and geophysics, it can be stated that earthquakes typi-
cally occur in zones of large faults. Outside the zones of
the dynamic impact of large faults, there are no records
of any earthquakes with M=>5.5. An earthquake time is
a parameter that is registered only post factum. Time-
lines of potential earthquakes can be assessed, but may
not always be useful with regard to a broad range of
seismic safety issues. There have been numerous at-
tempts at predicting strong earthquakes on the basis of
precursors with account of the leading factors prece-
ding an earthquake, rather than the number of such
factors. The majority of the attempts were unsuccess-
ful, which is an evidence of the fact that the precursors
have not been properly studied yet.

While being well aware of the fact that the seismic
process is very complex, we support with the scientific
certainty the concept that the majority of natural phe-
nomena, especially those of the endogenic origin, re-
flect the sequential development of endogenic process-
ses and are thus predictable. It is not always easy to
distinguish a stage of the endogenic process within
which an event has occurred, or determine whether a
combination of additional factors or any special trigger
was involved in the process when the event took place.
Important factors that need to be studied in detail to
understand the origin of the earthquake and its occur-
rence are the physical and structural status of the en-
dogenic medium of the crust/lithosphere in the region
wherein a strong earthquake took place, and trends in
the development of the medium.

Based on the above concepts, the authors have ana-
lysed strong earthquakes (M=8) registered in Central
Asia, the largest continental territory of the Earth, in
terms of the first main obvious criteria, including loca-
tions (at active faults and in areas of the dynamic influ-
ence of the faults), conditions of short-term activation,
thickness, state of stresses, and vector mobility of the
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crust. The analysed earthquake data set covers the pe-
riod from 1900 to 2014. The objective of our study is in
compliance with the tectonophysical concept of the
seismic process [Sherman, 2014] and does not contra-
dict the ideas on the block/fault-block structure of the
basement in seismic zones discussed in many publica-
tions, including those by colleagues from China. Central
Asia provides abundant opportunities for such studies
- strong earthquakes in the continental lithosphere of
Central Asia are well recorded, and earthquake predic-
tion is among the priority social problems in this re-
gion. In our study, Central Asia includes the seismic
zone of the Pribaikalie, seismic zones of Mongolia and
the continental China.

2.GEODYNAMICS OF THE CRUST AND LITHOSPHERE
IN CENTRAL ASIA

Central Asia is the main component of the trans-
regional Alpine-Himalayan (Mediterranean-Transasi-
an) sublatitudinal seismic belt stretching from the Eu-
ropean Alps across the Carpathians, Caucasus, Tien
Shan, Pamirs and Himalayas. It is the largest global in-
tra-continental seismic belt (see Fig. 1 in [Sherman,
Zlogodukhova, 2011]). In Central Asia, the belt is ex-
panded, and near the boundary at 85-90°E in the sub-
latitudinal direction in Altai region, which changes to
the north-eastern direction in Pribaikalie, it has a nar-
row branch, the Baikal seismic zone that is locally ex-
tended along the Stanovoy zone to the Pacific coast.
The main branch of the belt, that is weakly manifested
from the Pamirs, goes to the east across the territory of
China and joint the West Pacific seismic belt that is ge-
netically related to the subduction zone.

Geological, structural, geomorphological, geophysi-
cal and other criteria of the studied territory are highly
variable. Actually, seismicity is one the most clearly
manifested criteria of the recent activity of Central
Asia. Based this criterion, two segments are clearly dis-
tinguished to comprise the western and eastern re-
gions. The boundary zone between the two segments is
narrow in the Pribaikalie at ~105°E and gradually wi-
dens southwards to the Burma mountains (i.e. the
western Himalayas) to become almost 500 km wide.
The boundary separates the western edge comprising
an independent structure of the Birma mountains with
active ongoing subduction and the seismic focal plane
that is steeply dipping underneath the Southern China
plate [Komarov et al, 1978; Ma Xingyuan et al,1987; Ma
Xingyuan, 1990; Grachev et al, 1993; Trifonov, 1983,
1999; Burtman, 2012a, 2012b; Gatinsky, Rundquist,
2004; Gatinsky et al, 2005a, 2005b, 2011; Sherman,
1978, 2014; Kuchai, Bushenkova, 2009; Kuchai, Kozina,
2015; etc.]. However, variations in the recent seismic
process and other geological and geophysical charac-

teristics, such as earthquake intensity, distribution of
strong earthquakes, recent crustal movements etc., are
only a reflection of geodynamics factors predetermin-
ing the major manifestations of seismicity, i.e. strong
earthquakes. In this respect, main parameters of the
lithosphere structure are briefly reviewed below with a
focus on the parameters that predetermine the occur-
rence of strong seismic events. The review is based on
the commonly accepted scheme of the occurrence of
seismicity in the mobile fault-block structure of the
basement.

Foci of large earthquakes occur in faults separating
the blocks when such blocks are displaced [Sadovsky
et al, 1987; Sadovsky, Pisarenko, 1991; Sobolev, 1993,
2011; Sobolev, Ponomarev, 2003; Goldin, 2004; Gol'din et
al, 2003, 2004; Kocharyan, Spivak, 2003; Trifonov, Ka-
rakhanyan, 2004; Gatinsky et al, 2008; Kuzmin, 2002,
2004; Kuzmin, Zhukov, 2004; Sherman, 2014; etc.].
Blocks may be displaced due to a variety of causes,
primarily endogenic ones. Below we provide a detailed
overview of the recent geodynamic activity in the stud-
ied region.

In Central Asia, seismic activity is high, the state of
stresses is complex (see Fig. 1 in [Sherman, Zlogodu-
khova, 2011]), the crust thickness is variable, crustal
movements and other geological and geophysical pa-
rameters of the crust are diverse [Trifonov, 1999;
Burtman, 1990, 2012a; Makarov, 1977; Grachev et al,
1993; etc.]. The available data are consolidated in the
map of the recent geodynamics of Asia (Fig. 1) [Levi et
al, 2005, 2009] which is based on a number of general
and specific geodynamic parameters. The map shows
that the lithosphere thickness is slightly variable across
the mapped territory. The lithosphere top is near the
ground surface in the Baikal and Shansi rift systems. A
more detailed scheme of the lithosphere thickness of
the Mongolia-Siberian mountainous region and neigh-
bouring territories is given in [Zorin et al., 1989], and it
does not show any significant variations of the litho-
sphere thickness in this region.

It should be noted that the most recent studiespro-
vided new data on variations in the lithosphere thick-
ness and relations between the lithosphere thickness
and strong earthquakes in Central Asia [Gatinsky et al.,
2009]. The lithosphere is 200 km thick in Southern
Kazakhstan and the Tarim massif; the thickness de-
creases to 80-90 km in Tien Shan located between the
above-mentioned regions [Bao et al., 2011]. From East
Tibet to the Sichuan basin, the thickness changes from
100-120 km to 130-170 km [Hu et al., 2012]. More-
over, the boundary between Tibet and the southeas-
tern China is distinguished by both the thickness and
properties of the lithosphere. In Tibet, the lithosphere
is layered and contains semi-plastic layers [Gatinsky
et al., 2009] as shown by electric sounding and geologi-
cal survey data [Burtman, 2012a], while in the south-
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Fig. 1. The map of recent geodynamics of Asia [Levi et al, 2009].

Structure of the lithosphere: 1 - lithosphere thickness isolines, km; 2 - boundaries between oceanic lithosphere and continental litho-
sphere. Movements, active faults, seismicity and volcanism: 3 - vectors of recent horizontal block movement velocities with confidence el-
lipses (by GPS data); 4 - scale of recent horizontal movement velocities; 5 - normal faults; 6 - reverse faults and thrusts; 7 - strike-slip
faults; 8 - faults of undetermined kinematics; 9 - active volcanoes; 10 - epicenters of earthquakes with M=6.

Puc. 1. Kapta coBpeMeHHOU reoquHaMuKu Asuu [Levi et al.,, 2009].

CtpykTypa auTocdepbl: 1 — U30JUHUU TOJILHHBI JUTOCHEPH], KM; 2 — IPaHULbI MEX/Y OKEAaHCKOH U KOHTHHEHTaJbHOH JUTOCHEPOH.
JIBIDKEHUS], aKTUBHbIE PA3/I0Mbl, CEHICMUYHOCTb U BYJIKAaHU3M: 3 — BEKTOPbI CKOPOCTEH COBPEMEHHBIX 'OPU30HTANIbHBIX JBUKEHUH JIU-
TocepHBIX 6JI0KOB € 3JIJIMICAMHU OIIHGOK (110 AaHHBIM GPS); 4 — MaciITab BEKTOPOB CKOPOCTEH COBPEMEHHBIX FTOPU30HTAJIbHBIX JIBHXKE-

HUM; 5 - c6pockl; 6 — B36pOChl U HAJBUTH; 7 — CABUTH; 8 — pa3/IoMbl C HEYCTAaHOBJEHHbIM TUIIOM CMellleHUH; 9 — AelicTByOLIMe BYJIKaHbI;
10 - snuLEeHTphI 3eMJeTpsiceHUN M26.
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I Fig. 2. Thickness of the crust in the Mongolia-Siberia mountain region. In this scheme, isolines are spaced by 5 km (amended

from [Zorin et al., 1990]).

I Puc. 2. CxemMa TOJIIMHBI 3eMHOM KOpbl MOHT0J10-CHOHUPCKON TOPHOU cTpaHbl. CIJIONIHbIE U30JIMHUM MPOBEJIEHbI Yepes 5

KM (1o [Zorin et al., 1990], c U3BMeHEHUSIMHU ).

western China, the lithosphere is cold and rigid [Ga-
tinsky et al., 2009].

The boundary at ~105°Eis clearly noted in many
studies of the crustalthickness variations.

The map showing thickness of the crust is available
in [Zorin et al., 1990] for the territory of Pribaikalie and
Mongolia, i.e. the northern regions of the territory in
our study (Fig. 2). The distance between isolines is
50km. The map shows that the thinner crust segment
(up to 35 km thick) stretches in the Baikal rift zone
from the southern termination of Lake Baikal further to
the south in the meridional direction and at 106-107°E
goes across Mongolia to the border with China. A
thicker segment of the crust (up to 57 km) is located in
the Altai-Gobi zone.

Variations of the crust thickness are considerably
different in the territory southward of Gobi. In the map
in [Li et al., 2006] (Fig. 3),the two areas differ in strikes
of isopachs and crust thickness values. In the eastern
area, the strike of local structures is submeridional, and
the crust thickness varies from 30 to 42 km. Only at the
south termination of this area (i.e. at the edge of the

Himalayan thrust and the Burma mountains), the strike
of the structures changes to latitudinal, and the crust
thickness is up to 32 km. In the western area, the crust
thickness varies in the sublatitudinal direction from
70+ to 40 km. According to the map, the crust thickness
gradually decreases from the south to the north. The
thickness of the crust has maximum values (over
70 km) at the Tibetan Plateau and minimum values
(around 44 km or less) at the Tarim block. The crust
thickness variation gradients reflect the zones of dy-
namic influence of deep faults that predetermine sub-
horizontally striking forms of the block divisibility of
the crust and lithosphere, as well as locations of strong
earthquakes in the regions wherein the crust thickness
is more than 45 km. A meridional zone that is clearly
distinguishable in the map [Li et al, 2006] is the
boundary between the western and eastern areas of
the territory of Central Asia. Its width is variable. Val-
ues of the crust thickness in this zone are persistent,
about 42-44 km. In the north, a similar boundary zone
can be observed in the map in [Zorin et al., 1990]. In the
south, it is blocked by the sublatitudinal thinning of the
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Fig. 3. Contour map of crustal thickness obtained from profile data (contour interval is 2 km).

Crustal thickness ranges from 28 to 46 km in the eastern China, and from 42 to 74 in the western China. The margins of the Tibetan pla-
teau are marked by a steep gradient in crustal thickness [Li et al, 2006].

Puc. 3. CxemMa TOJILIIMHBI 3¢ MHOHN KOPbI, IOCTPOEHHAs 0 MPodU/IAM, U30MAXUThI IPOBE/IEHBI Yepe3 2 KM.

TosmuHa Kopbl U3MeHsieTcsa OT 28 710 46 kM B BoctrouHoM Kutae u oT 42 f0 74 kM B 3anaaHoM Kutae. 'panuna TH6GeTCKOTo MJIaTo BhI-
JlesIseTCsI KpyThIM IPaZiieHTOM TOJIIIMHBI 3eMHOU Kophl [Li et al, 2006].

crust. According to the intensity of isopachs (gapped by
2 km), the western boundary of the meridional mar-
ginal area seems to be steeply dipping westwards,
while the eastern boundary is gently dipping east-
wards. It is noteworthy that the submeridional bound-
ary identified by variations of the crust thickness is re-
flected in the fault-block structure of Central Asia as
shown the atlas of the territory of China and neigh-
bouring countries in [Ma Xingyuan et al, 1987] and in
the map in [Ma Xingyuan, 1990].

Tomographic data published by the Russian and
Chinese scientists show that the submeridional boun-
dary is also traceable at the deeper horizons.

In [Yanovskaya, Kozhevnikov, 2003; Kozhevnikov et
al., 2014], 3D models of S-wave velocities in Central
Asia are proposed for depths from 50 to 700 m. The
two above-mentioned publications cover a significant

part of the Asian continent between 25° and 65°N and
80° and 155°E. At depths of 50 km between 25° and
45°N (at the north, up to the southern termination of
Lake Baikal) along the meridian at ~105° a clear
boundary is traceable between areas wherein S-waves
are significantly different - the velocities are low in the
western area, and high in the eastern area (Fig. 4). An
average S-wave velocity is 4.46 km/sec. The low veloci-
ties refer to the thick, and relatively strongly disturbed
crust under the Pamirs. The Southern China block is
located eastward of this boundary. Its bottom seems to
be located at a depth of about 100 km as the relevant
profile shows a low-velocity mantle underneath the
block at this depth. Quite an opposite setting is re-
vealed for a depth of 300 km - from 25°N to 55°N and
also along ~105°E there is a continuous boundary
between the low-velocity mantle in the east and the
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Fig. 4. Maps of variations of transverse wave velocities [Kozhevnikov et al., 2014].

Numbers at isolines show percentage values of variations of transverse wave velocities. Under each map, a corresponding depth and an

average velocity is shown (Vs average)-

Puc. 4. KapTbl Bapuanui CKopocTel nonepe4yHbix BoJsiH [Kozhevnikov et al., 2014].

Ludpel y N30IMHUN - BapUalUK CKOPOCTEN MONEPeYHbIX BOJH B IpoueHTax. Has KaXkoi KapTod NprBeAeHbl COOTBETCTBYIOLME TJIy-

OUHBI U cpeaHsAsA cKopocTh (Vscp.).

high-velocity mantle in the west. The boundary is par-
tially traceable at a depth of 250 km between 35°u
60°N [Kozhevnikov et al., 2014]. At depths of 400 and
600 km, the setting is more complicated. At the depth
of 400 km, the boundary is traceable along 105°E. The
ratio of variations in S-wave velocities (dVs/Vs average,
%) is higher in the western area than in the eastern
[Yanovskaya, Kozhevnikov, 2003]. Other profiles show
less unambiguous settings.

Based on the interpretation of the deep seismic pro-
files, there are grounds to distinguish between the two
areas in Central Asia which are significantly different
in terms of recent seismic activity and separated by
the transregional meridional boundary that is mani-
fested by differences in the physical fields. The trans-
regional boundary may penetrate to a depth of around
600 km.

According to the map in Fig. 9 in [Priestley,
McKenzie, 2006], this boundary is located in the seg-
ment between 25 and ~40°N along the meridian at
~106-108°E. It reflects a 100-km difference between
depths of the lithosphere in the eastern and western
areas (~180 km and ~280 km, respectively). In nature,
this is the region of the boundary between the Tibet
and the Southern China block.

In [Priestley et al., 2006], the scheme of East Asia
shows the lithosphere thickness and earthquake epi-
centres (M=5). It is obvious from the above-mentioned
scheme that the earthquakes are generally associated
with the relatively thick lithosphere of the Tibet, Pamir
and Tien Shan, as well as to the transitional-thickness
lithosphere of the Gobi-Altai zone (S.Sh. - the recent
lithosphere destruction zone) of the NW strike, linear
zones of the NE strike in Pribaikalie and the latitudinal



zone of the Stanovoy ridge. It can be concluded that
earthquakes tend to occur in relatively thick segments
of the lithosphere, and earthquake magnitudes of cor-
relate with the lithosphere thickness values and the
state of stresses (in the above-mentioned case, stresses
of compression or shear) in the lithosphere [Sherman,
Zlogodukhova, 2011].

Fault-block structures and faults in the lithosphere
can be viewed as geological objects that directly control
epi- and hypocentral fields of earthquakes.

3. ACTIVE DEEP FAULTS AND FAULT-BLOCK STRUCTURES AS
OBJECTS OF THE DIRECT STRUCTURAL CONTROL OVER
STRONG EARTHQUAKES

The notion of 'active fault' is broad in terms of ge-
netic criteria of factors that trigger activation. It is also
broad, considering the duration of the active process,
which depends on triggers'/excitation sources [Sher-
man et al, 2005]. For the purpose of analysis of rela-
tionships between the seismic process and faults, it is
reasonable to consider that a fault is active in the re-
cent geodynamic stage if earthquake foci were regis-
tered in the zone of its dynamic influence [Sherman et
al, 1983] within the past 100 years. This criterion is
important for the short-term period when earthquake
foci are registered by instrumental methods. In studies
of fault activation, the research method using the soft-
ware [Sherman et al, 2005; Sherman, 2014] allows a
researcher to reduce an interval to one year and pro-
cess fault databases in order to identify individual
faults in fault sets and conclude that such faults mani-
fested short-term activation in specified years. When
studying the seismic process in a group of faults in any
territory, it is possible to identify faults that were acti-
vated many times and those not involved in the seismic
process for many years.

In our study, the above-mentioned method provi-
ding for the assessment of short-term activation of
large seismically active faults [Sherman et al, 2005;
Sherman, 2014] is applied to analyse strong earth-
quakes. For the purposes of our study, a fault is consid-
ered active if earthquakes of M>8 were recorded in the
zone of its dynamic influence in the specified time in-
terval. Data on active faults with seismic events of M>8
are selected from the earthquake catalogue published
in China and kindly provided by Acad. Ma Jin who con-
solidated the data in Table 1. With reference to the
short-term activation criterion (Fig. 5), the faults are
classified into two groups: (1) recently activated faults
(with earthquake foci in the period from 1900 to
2014), and (2) faults of more ancient activation (with
earthquake foci in the period from 1800 to 1900). The
latter group also includes the largest historical earth-
quakes known for the studied area. In the studied terri-
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tory of Central Asia within the specified period (from
1900), the activation of large inter-block faults has
been observed only within the western region of Cen-
tral Asia. Earthquakes of M=>8 did not take place any-
where in the eastern regions in the past 100 years.
Moreover, cases of two seismic events of equal magni-
tudes were very rare in the zones of dynamics influ-
ence of large faults. An exceptionally rare phenomenon
is repeated activation of the same large faults and the
stimulation of the occurrence of strong earthquake foci
in the zones of dynamics influence of large faults with
the interval of less than 100 years. Therefore, the ge-
netic origin of activation of large faults in the litho-
sphere, which can stimulate seismic events with M=>8,
is related to one or several geologo-geophysical criteria
that rarely occur during the process of the recent geo-
dynamic development of the territory.

In the publication on long-term seismicity and
strong earthquakes in the eastern regions in the Medi-
terranean [Trifonov, Karakhanyan, 2004], E.R. Sen'ko
and colleagues distinguish between three stages of
seismic activation which last for 200+300 years with
the recurrence period of 1300-1700 years. Within each
stage, there are two periods of peak activity. The stages
and activity peaks differ in the size of involved territo-
ries. In the summary of results of seismic activity stu-
dies in the central part of the Alpine-Himalayan colli-
sional belt, V.G. Trifonov and A.S. Karakhanyan (p. 201)
[2004] emphasise that “activation period of 200+250
years are typical of some zones, and such periods cor-
respond to seismic cycles defined by S.A. Fedotov”. Our
conclusions on the studied territory of central Asia are
in agreement with the ideas of the above-mentioned
authors, though admit shorter periods of seismic acti-
vation of the faults in case of control over earthquakes
of maximum magnitudes. This may be related to a spe-
cific position of the studied territory of Central Asia
which is described below.

As shown in Fig. 5, block structures are bordered by
large active faults that were activated recently and sub-
ject to ancient short-term activations. The inter-block
boundaries are controlled by faults that occurred in the
Paleozoic; seismic events with M>8 took place in the
zones of dynamic influence of the faults. The blocks of
the Tibetan Plateau, Tarin, Altai-Sayan and smaller
block structures are identified in the western regions.
The interplate boundary, i.e. the western margin of the
huge Amur plate, is located at ~105°E. In the western
regions, the blocks have irregular shapes, and most of
them are lense-shaped and elongated in the sublatitu-
dinal directions.

In the eastern regions, the blocks are rectangular
and often isometric. The South China, Ordoss, North
China, East China, Mongolia and Tranbaikalia blocks
are distinguished in the eastern regions [Zhang et al,
2003; Sherman, Levi, 1978].
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Table 1.Strongearthquakes of Central Asia, according to historical data and recent records (1900 to 2014)
(compiled by Ma Jin after [Song Zhiping et al., 2011; China..., 2015])

Ta6nauma 1.CuabHble 3eMmiieTpsiceHUus LleHTpa/ibHOM A3UH 32 MCTOpUYecKoe U coBpeMeHHoe (1900-2014 rr.)
BpemMs (coctaByieHo Ma lI3uHb 1o AaHHBIM [Song Zhiping et al., 2011; China..., 2015])

Year Month Day Latitude Longitude Magnitude
1303 9 25 36.3 111.7 8
1411 10 8 30.1 90.5 8
1505 6 6 29.5 83 8.2
1556 2 2 34.5 109.7 8.25
1654 7 21 34.3 105.5 8
1668 7 25 34.8 118.5 8.5
1669 6 4 334 73.3 8
1679 9 2 40 117 8
1725 2 1 56.5 118.5 8.2
1739 1 3 388 106.5 8
1761 12 9 50 90 8.3
1803 9 1 31 79 8.1
1812 3 8 43.7 83.5 8
1833 8 26 28.3 85.5 8
1833 9 6 25 103 8
1879 7 1 33.2 104.7 8
1889 7 11 43.2 78.7 8.3
1897 6 12 26 91 8.7
1902 8 22 39.9 76.2 8.25
1905 7 9 49 99 8.4
1905 7 23 49 98 8.4
1920 12 16 36.7 104.9 8.5
1927 5 22 37.7 102.2 8
1931 8 10 47.1 89.8 8
1934 1 15 26.5 86.5 8.1
1935 5 30 28.894 66.176 8.1
1950 8 15 28.5 96.5 8.6
1951 11 18 31.1 91.4 8
1957 12 4 45.153 99.206 8.1
2001 11 14 35918 90.543 8.1
2008 5 12 30.95 103.4 8

It is noteworthy that when Academician Ma Xing-
yuan analysed the geodynamics of the lithosphere in
China [Ma Xingyuan, 1990; Ma Xingyuan et al., 1987], he
focused on subplates and tectonic block bordered by
active faults or graben zones. In the territory of China
and the neighbouring regions, he distinguished eight
active subplates and 18 tectonic blocks. The Tibet plate
was viewed as an active subplate of the low integrity,
i.e. relatively low quasi viscosity of the medium. The
highly intensive seismicity to depths more than 120 km
suggest that the crust is highly disturbed and very mo-
bile, and its quasi viscosity is low, which predetermine
the recent seismicity of various magnitudes in a wide
range of depths. The maximum number of the recent
strong earthquakes took place at the large faults that
border the Tibetan Plateau and at its inter-block large
faults.

In [Gatinsky et al., 2009] the same ides is highlighted
with account of the most recent data, and it is conclu-
ded that, generally, boundaries of the blocks are seis-
mically active, earthquake epicentres tend to occur in
narrow zones between the blocks, and such zones are
typically 50-100 km wide. In view of lengths of the
faults separating the blocks, the width of 50-100 km
refers to areas of dynamic influence of the faults
[Sherman et al, 1983]. According to [Gatinsky et al.,
2009], in the inter-block zones, rocks are strongly
crushed and the accumulated seismic energy is high,
and seismic hazard in such zones is thus high. Hypo-
centres occur at depths of 20-40 km in the inter-block
zones in Tibet. Earthquake foci at depths from 80 to
240+ km are recorded rarely in areas southward
and westward of Tiber, in the region neighbouring
Himalayas, at Hindukuch, Pamir, and Birma mountains.



Geodynamics & Tectonophysics 2015 Volume 6 Issue 4 Pages 409-436

NIARE

\

4
s
6
7
LI
@gl o
10
1"
115° /120\‘?

o g\ £
20 95°  100°  105°  110°

Fig. 5. Map of active major (deep) faults and blocks of Central Asia which control recent strong earthquakes and historic
seismic events (M=8 and 8>Mz=7).

1 - global transregional boundary structure separating the areas of recent high (western regions) and medium (eastern regions) seismic
activity (VEBIRS zone [Komarov et al., 1978]); 2 - Himalayan thrust; 3 - active major faults (earthquakes M=8 which occurred after 1900
in zones of dynamic influence of these faults); 4 - active faults (earthquakes 8>M=7 are in zones of their dynamic influence); 5 - uplifted
block (thicker lithosphere); 6 - active blocks (35-40 km thick lithosphere); 7 - blocks of low, scattered seismic activity; 8 - earthquakes
M=8 and 8>Mz=7, respectively, which occurred in the period from 1900 to 2014; 9 - earthquakes M=8 and 8>Mz=7, respectively, which oc-
curred in the period from 1800 to 1900; 10 - axes of local crust extension zones (Baikal and Fen Wei rift systems); 11 - local faults. I - Ti-
bet; I - Tarim block; III - western segment of the Amur plate; IV - South China block; V - Ordoss block; VI - Gobi block; VII - North China
block.

Puc. 5. KapTa akTUBHBIX reHepasibHbIX (TJIyGMHHBIX) pa3/ioMOB U 6J10KOB LleHTpasbHOM A3UH, KOHTPOJIUPYIOIUX CHJIb-
Hble COBpeMeHHbIe U UCTOPUYECKHe 3eMJieTpsiceHus ¢ M=8 u 8>M=7.

1 - rno6anbHas TpaHCpervuoHa bHasA NMOrpaHUYHAs CTPYKTYpa, paszestoias 06J1acTH BBICOKOH (3amaZiHas 4acThb) U cpefHel (BocToY-
Hasl YaCTb) COBPeMeHHOU celicMryeckod akTUBHOCTHU (30Ha BEBUPC [Komarov et al., 1978]); 2 - I'umanalckuil HaiBUT; 3 — aKTHBHbIE
reHepaJjibHble Pa3JIOMbl, B FPaHUIbl JUHAMUYECKOTO BJIUAHUSA KOTOPBIX BXOJAT celiCMUYecKre COObITHA, KOHTPOIUPYIOLIYe 3eMIeTps-
cenus ¢ M28, npousowesmue nocae 1900 r,; 4 - akTUBHbIE PA3JIOMBI, B 00/1aCTH JUHAMHUYECKOT0 BJHUSHUA KOTOPBIX BKJIIOUEHBI Celic-
MHYeCKHe COOBbITHS ¢ 8>M27; 5 - BBICOKONOAHATHIN GJIOK C YTOJIEHHON JIUTOCHEpPOH; 6 — aKTUBHBIE GJIOKU C TOJIIUHOHN JIUTOCHEPHI
35-40 kvM; 7 - cnaboaKTHUBHBIE GJIOKH C pacCestTHHON CeHCMUYHOCTBIO; 8 — 3eMJIeTPsICEHHs] C MarHuTyAamMu M=8 u 8>M=7, cooTBeTCTBeH-
HO mpowu3ouleAire B nocaegHee crosuetrve (1900-2014 r.); 9 - 3emsieTpsiceHus ¢ MarHuTyamMu M=8 u 8>M=7, cOOTBeTCTBEHHO NpO-
n3ome/mue B npegmectsyomee crosetre (1800-1900 r.); 10 - ocy 30H € JIOKAJbHBIM pacTSHKEHHEM 3eMHOU Kopbl (pUdTOBBIE cHCTe-
™Mbl Baiikanbckas u @an-Beit); 11 - siokanbHble pa3ioMbl. PuMckumu nudpamu o6o3Hadensl: | - Tubet; Il - Tapumckuit 6710k; 11 - 3a-
naJiHast yactb AMypckoro 6s0ka; IV - H0xxuHo-KuTakickuii 6710k; V - Oppocckuit 6J10k; VI - Tobuiickuii 6710k; VII - CeBepo-Kurakckuit
6JIOK.
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A sharp increase of the seismic energy release in the
inter-block fault zonesis closely related to mobility of
the blocks and variations in the lithosphere thickness.
The conclusions by Yu.G. Gatinsky and his colleagues
are very important - our attention is focused on three
conditions charactering locations of strong earth-
quakes: (1) block structure of the crust; (2) thicker
crust, (3) high mobility of the crustal blocks.

The conclusions concerning mobility of the blocks
and their impact on seismic potentials of generated
earthquakes are based on calculations by the above-
mentioned authors under the concept of seismic inten-
sity inside transit zones (S.Sh. - areas of dynamic influ-
ence of faults separating the blocks). The block tecto-
nics, active faults and seismicity, horizontal slip vectors
measured from space geodesy data on the Central
Asian transit zone are analyzed in [Gatinsky et al,
2005b, Gatinsky et al, 2008, Gatinsky, Prokhorova,
2014], and it is established that the quantity of seismic
energy reduces with a distance inland from the colli-
sional suture between Indostand and Eurasia. It is no-
ted that the energy dissipation correlates with reducing
values of moduli of horizontal slip rates. The high mo-
bility of the blocks is thus associated with the horizon-
tal displacement vector, which is the major component
of mobility and potential seismicity of the rocks.

A more detailed division of the territory of China in-
to blocks of various ranks is described in [Wang et al,,
2011]. They distinguish 26 blocks of different sizes and
estimate Euler rotation poles and clockwise/counter-
clockwise angles of block rotation. They believe that
both shear/slip displacements of blocks along the
faults bordering such blocks and rotation of the block
structures are possible. For the purpose of our paper,
we specially note slip rates along the main faults in the
studied territory, especially those which zones of dy-
namic influence contain foci of strong earthquakes. The
large faults are reasonably termed as 'seismic belts'
(Fig. 6), and average rates of slip along such faults are
calculated (Table 2). It is revealed that average slip
rates and magnitudes of the strong earthquakes do not
correlate with each other.This means that the well-
known dependence between slip rates, faults lengths
and earthquake magnitudes [Anderson et al., 1996] is
not applicable to systems of shear faults which are in-
tegrated into local seismic belts. Conclusions stated in
[Wang et al., 2011] support our opinion that the majori-
ty of the strong earthquakes in the continental litho-
sphere are associated with the systems of shear faults
or large individual shear faults.

The intensity of block divisibility is variable as evi-
denced by average sizes of the blocks and dominant
forms of the blocks located westwards and eastwards
of the submeridional marginal zones. The Tarim, South
China and Tibetan Plateau blocks as well as other local
block structures are significantly different in this re-

spect. The Tibetan Plateau is the largest geomorpho-
logically manifested upland that can be viewed as a
specific subplate that is separated from the Tarim block
by Altyn Tagh, Qilian u Haiyuan faults. The Tibetan
Plateau is composed of smaller blocks and more frac-
tured at the southern and south-western margins, i.e.
in the zone of its junction with the Himalayan thrust.
The high intensity of 'crushing’ in the Tibetan Plateau is
correlated with the high thickness of the crust in this
region and a specific sequence of thrusting of the large
blocks over each other [Burtman, 2012a].

Lense-shaped and latitudinally elongated structures
are dominant in the western regions of Central Asia,
while isometric and mainly four-sided forms are pre-
vailing in the eastern regions.

In our study, the block structures of the lithosphere
are classified into recently kinematically active/mobile
blocks and passive blocks. This classification is based
on the occurrence of strong earthquakes in time. At the
recent stage of development, the Tibet block is consi-
dered as the most active one. It is intensely crushed
and, in terms of geomorphology, represented by the
Tibet upland. It contains three sublatitudinally oriented
blocks separated by faults that control one/two recent
earthquakes with M>8. The Tarim and Orodoss blocks
are smaller in size; they are also active and mobile. The
activity of the Tarim and Orodoss blocks is determined
by kinematic slip along seismically active faults (with
dominant earthquakes of 82M=>7) which border these
blocks.

The South China, North-east China and Transbai-
kalia (i.e. Amur block which western segment includes
North-East Mongolia and Transbaikalie, Russia) blocks
are relatively passive and characterized by scattered
weak seismicity.

The faults and zones of dynamic influence of faults
can be classified by activity with respect to locations of
strong earthquakes (M28 and 8>M=6.9) which took
place in the period from 1900 to 2015 and in the past
(see Fig. 5 and 6).

This method allows us to identify active major faults
and take areas of dynamic influence of such faults
(marked by thick red lines) into account in the analysis
of seismicity. Local seismic belts with the higher recent
activity (including those with earthquakes of M=8
which took place after 1900) are located within the
limit of the zones of dynamic influence of faults: 8 -
South Tien Shan; 6 and 3 - Kunlun; 5 - Haiyuan-Qilian;
2 - Karakorum; 1 - Himalayan; 15-16 - Meridional
(Anninghe-Xiaojiang and MinShan-Longmen Shan)
seismic belts.

The second objective is to identify active major fault
and areas of dynamic influence of such faults (see Fig. 5
and 6), within the limits of which there are highly ac-
tive local seismic belts that control seismic events with
82M27 and rare earthquakes of M=8 which took place
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Blue dots indicate epicenters of historic earthquakes before 1900; red dots indicate earthquakes during 1900-2010 (mostly instrumental
records). Number shows the seismic belts listed in Table 2 [Wang et al, 2011].

Puc. 6. OcHoBHbIe celicCMHYeCKHEe I0sica KOHTHHeHTaJbHoro Kuras.

['osy6bIMH TOYKaMU 0603HauYeHbl 3eMJIeTPSICEHUS 110 UCTOPUYECKUM JaHHBIM A0 1900 r.; KpacHbIMU TOYKaMM [TOKa3aHbl 3eMJeTpsice-
Hus 3a nepuof 1900-2010 rr. (60JBIIMHCTBO U3 KOTOPBIX GbLIU 3apeTUCTPUPOBAHBI UHCTPyMEHTaJbHBIMU MeToAaMu). Lludpa coot-
BETCTBYET HOMepY ceicCMUYecKoro nosica B Tabsauue 2 [Wang et al, 2011].

before 1900: 9 - North Tien Shan; 3 - North Kunlun;
12-13 - Red River and Sanjiang; 24-25 - Yan Shan-
Bohai; 23 - Tanlu; 4-19 - West Qinling-QinlingDabie;
10 - Altai; 17 - West Ordoss; 20 - East Ordoss seismic
belts.

The active faults and the areas of dynamic influence
of such faults control the local seismic belts which are
highly active in the past 200 years. No catastrophic
events (M=8) were recorded in the eastern regions of
the studied territory wherein seismicity is associated
with faults bordering the Ordoss block.

Thus, a general scheme of the fault-block tectonics is
now available. It shows locations of the strong earth-
quakes that occurred in the past 200 years and a few
earlier seismic events. Below we discuss the mecha-
nisms of strong earthquake foci in close relation to the
fault-block tectonics.

4. MECHANISMS OF STRONG EARTHQUAKE FOCI

An earthquake focal mechanism reflects an 'instan-
taneous' release of stresses in a focal area of an earth-
quake and its surrounding area. The mechanism may
suggest potential directions of displacements of wings
of seismically active faults.

Record of 31 strong earthquakes (M=8) are availa-
ble for the studied territory. A detailed analysis of pa-
rameters of mechanisms of crustal and deep-foci
earthquakes in [Kuchai, Bushenkova, 2009] coversre-
gions in Central Asia, including Tien Shan, Tarim, Tibet,
Pamir-Karakorum, Kunlun, Altai and Sayan mountains.
Data on earthquakes in Pribaikalie and Mongolia are
analysed in [Melnikova, Radziminovich, 2007].

Earthquakes with foci at depths of 200-300 km are
typical of the southern areas in Central Asia (Pamir and
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Table 2.Seismicbelts of Central Asia, which are controlled by areas of dynamic influence of large faults [Sherman
et al, 1983], and mean slip rates (an incomplete list from [Wang et al., 2011])

Ta6auuna 2. CeiicMmuueckue nosica LleHTpa/bHOI A3UHM, KOHTPOJIMPyeMble 06/1aCTAMU JHMHAMHUYECKOro BJAUSIHUS
KPYIHbIX pa3/ioMoB [Sherman et al., 1983], u cpegHue ckopocTu cMelleHNnii B HUXx ([Wang et al., 2011]

C COKpalleHHsAMH)

[5)
»

Seismic belt

Slip rate b (mm/yr)

Himalayan
Karakorum-Jiali

East Kunlun

West Qinling-Delingha
Haiyuan-Qilian

West Kunlun

Altyn Tagh

South Tian Shan
North Tian Shan

10 Altai

11 Lancang River

12 Red River

13 Sanjiang

14 Xianshuihe

15 Anninghe-Xiaojiang
16 Min Shan-Longmen Shan
17 Yinchuan graben

18 Southeast China coastal zone
19 Qinling-Dabie

20 Fenhe-Weihe

21 Hebei Plain

22 Anyang-Heze-Linyi

23 Tanlu

24 Yin Shan

25 Yan Shan-Bohai

OO UL WN -

Nel

15.6 +3.3
129+3.3
11.2+1.8
3.7+18
82+13
9.7+2.1
83+17
5311
2913
8.0x11
10.0+1.8
82+13
1.6+1.7
18.1+1.3
12.7+0.9
2.8+08
3.0£0.7
49+0.6
1.5+0.6
1.2+£0.6
0.5+0.7
0.4+09
09+038
0.9+0.7
1.5+0.7

N o t e. a - numbers of seismic belts correspond to those in Fig 6; b - slip rates are mean values for the seismic belts.

I1 puMedYaHHEeE a- LU/I(l)pr Yy Ha3BaHHUA I10ACA COOTBETCTBYIOT HOMEpaM Ha pHUC. 7; b - CKOpPOCTH CMeH.leHI/Iﬁ OTpaxarwT CpegHee 3Ha-

4YeHue Ay celicMUYecKoro nosca.

Hindukush). In the area of the edge of the Indostan
plate (Burmamountains), earthquake foci may occur at
depths of 160 km. These two seismic zones are gradu-
ally sinking in the westward direction. The strongest
seismic events took place in the Hindukush at depths of
80-120 and 180-230 km, and maximum depths were
recorded in the narrow area between 70-71°E and
35.5-36.5°N [Kuchai, Bushenkova, 2009]. By depths,
focal mechanisms are distinguished as follows: thrust,
shear and normal-shear types are typical of depths
from 80 to 150 km, and the thrust type is typical only of
depths from 180 to 260 km. The distribution of focal
mechanisms is different at the edge of the Indostan
plate - shear and normal-shear slip dominate at depths
from 45 to 110 km, thrusting (!) is noted in the eastern
part of the edge (S.Sh. - this important concussion is
stated by 0.A. Kuchai and N.I. Bushenkova). The thrust-
type mechanism at depths exceeding 110 km is also
observed in the northern area of the Burmamountains
[Kuchai, Bushenkova, 2009].

Additional arguments in support of the above-
mentioned data are presented in [Kuchai, Kozina,

2015]. With the reference to the focal mechanisms, we
have calculated vectors of seismotectonic deformation
of the crust volumes in the geographic system of coor-
dinates and revealed specific features of vectors of
shortening and extension of the crust volumes in Cen-
tral Asia (Fig. 7). In the western regions of Central Asia,
the crust volumes are mainly subject to shortening in
the meridional direction and extension in the latitudi-
nal direction, while the SE part (i.e. Amur plate) is sub-
ject to extension in the meridional direction and shor-
tening in the latitudinal direction. Shortening zones are
typical of the areas near the Himalayan thrust zone.
Maximum vertical movements are typical of the entire
Tibet uplift and reflect tension combined with sublati-
tudinal movements. Compression of the crust volumes
is recorded in the zone of the submeridional margin.

In [Gatinsky, Prokhorova, 2015], based on analyses
of CMT2015 data, it is concluded that compression is
dominant at depths from 10 to 250 km in the Southern
Pamir, right-laterral shear dominates at depth from 28
to 56 km in the Northern Pamir, thrusting takes place
northward in the Southern Tien Shan at the boundary
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Fig. 7. The map of maximum magnitudes of one of the three linear components of the seismotectonic strain tensor in the

geographical coordinates [Kuchai, Kozina, 2015].

Maximum negative magnitudes are marked by pink and red (1a - Exx, 1b - Eyy, 1c - Ezz); maximum positive magnitudes - light blue and
dark blue (2a - Exx, 2b - Eyy, 2c - Ezz ). The black line shows the regions of maximum latitudinal and vertical extension.

Puc. 7. Kapta MakcuMaJibHbIX 3Ha4YeHUH (110 aGCOMIIOTHOUN BeJIMYMHE) OJJHON U3 TpeX JIMHENHbIX KOMIIOHEHT TEH30pa ceii-
CMOTEKTOHUYECKUX edopMalliii, MoJy4eHHbIX B reorpaduieckoii cucteMe KoopauHat [Kuchai, Kozina, 2015].

Po30Bo-KpacHble L[BETa COOTBETCTBYIOT MaKCUMaJIbHbIM OTPULATENbHBIM 3HaYeHUsIM - cxkaTuio (la - Exx, 1b - Eyy, 1c - Ezz), cuHe-
rojay6ble BETa — MAaKCUMaJIbHbIM MOJIOXKUTEJNbHBIM 3HAUYEHUSM — pacTsiKkeHUIO (2a - Exx, 2b - Eyy, 2c - Ezz). YepHoil 1uHUEN OKOHTY-
peHbl 06/1aCTH MaKCUMa/JIbHOT0 LIMPOTHOTO ¥ BEPTUKAJIBbHOIO YAJIUHEHHS.

with the Tarim massif at depth from 7 to 14 km; be-
sides, left-lateral shears are located in the same region
at depth of 20-35 km and 50-70 km. The available
magnetotelluric sounding data on Tien Shan give evi-
dence that its lithosphere is layered [Rybin, 2011].

Compression with shear is dominant in the West Sa-
yan region. In Pribaikalie, the southern areas are sub-
ject to extension, and compression is recorded in the
northern areas. In the Baikal rift system, extension is
typical of the central part, and left-lateral shearing
takes place at the flanks [Sherman, Dneprovsky, 1989].

The territory of Mongolia is subject to seismotec-
tonic deformation whichvariable values are well re-
corded in the Gobi-Altai seismic zones.

Generally, subvertical compression and subhorizon-
tal extension of the crust is typical of Central Asia as
suggested by our analysis of the focal mechanisms and
the vectors of seismotectonic deformation caused by
the strong earthquakes. The NE compression replaced
by the sublatitudinal compression in the east is typical
of the North Tibet. The Tien Shan is subject to subme-
ridional compression. In the Altai-Sayan and Mongolian
Altai, submeridional compression is present only ge-
nerally; in this territory, directions of subhorizontal
compression axes vary from NW in the west to NE
in the east. Left-lateral shearing and corresponding
foci are recordedat the Tunka fault [Sherman, 1977,
Parfeevets, San'kov, 2006; Mel’nikova, Radziminovich,
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2007]. Left-lateral components are also noted in earth-
quake foci in North Pribaikalie.

Figure 8 shows selected seismic events and focal
mechanisms according to [Feng et al, 2007; Gao et al,
2010]. The map shows slip vectors of wings of the large
faults and focal mechanisms of the earthquakes of vari-
ous magnitudes. All the large deep faults strike sublati-
tudinally and have a shear component; the left-lateral
shear/slip dominates in the northern area, while the
right-lateral shear/slip is dominant in the southern ar-
ea. The left-lateral shear/slip is typical of the Gobi-Altai
fault in Mongolia and the Main Sayan fault in the East
Sayan region. Below we discuss data on several faults
that control seismic events with M=8 and a few one
with M~7.

At the latitudinal Khangai fault in Mongolia, two
strong seismic events took place, Bolnai (July 1905,
M=8.2) and Mogod (January 1964, M=7.8) earthquakes.
The latter was recorded at the eastern termination of
the fault, in its submeridional feathering structures. Ac-
cording to [Gao et al, 2010; Atlas..., 2013], the Khangai
fault is characterized by left-lateral slip with an average
rate of 2.6 mm per year. The focal mechanism of the
Bolnai earthquake is shearing, and that of the Mogod
earthquake is right-lateral shearing andslip (among the
two, the slip component is most important).

The western dichotomic termination of the Khangai
fault is limited by the NW termination of the Gobi-Altai
fault system, and a complex junction zone comprising
the NW, NNE and latitudinal fault zones is formed. In
the western part of the Gobi-Altai fault system, inside
the area of its dynamic influence, the Chuya (Altai)
earthquake took place in September 2003 (coordinates
of the epicentre: - 50°08'N, 87°48'E), M=7.5 with a hy-
pocentre at a depth of about 15 km. According to
[Gol'din et al., 2004], the focal mechanism was shear. It
should be noted that the Chuya earthquake (Mz6) oc-
curred in the same region in 1923, but any detail de-
scription of this event is not available.

In the SE part of the Gobi-Altai fault system, the Go-
bi-Altai earthquake took place in 1957 (coordinates of
the epicentre: 45.1°N, 99.4°E.), M=8.1 [Florensov, Solo-
nenko, 1963]. The left-lateral slip occurs at the rate of
1.2 mm per year. The focal mechanism is compression
with shear.

The catastrophic Sichuan earthquake (China) of 12
May 2008 deserves special attention. It was associated
with the Longman fault of the NE strike which deter-
mines the Himalayan folding of the Tibetan Plateau
from the South China block. This thrust fault is among
the numerous faults in the VEBRIS submeridional
transregional zone. The earthquake focus was in the
thrust zone combined with the right-lateral component
[Zheng et al., 2009]. The earthquake magnitude is speci-
fied as M =8 in the data from the China Seismological
Bureau, and M=7.9 in the catalogue of the USA Geo-

logical Survey. The earthquake hypocentre is located at
a depth of about 19 km. The fact that the earthquake
focus is located in the VEBRIS submeridional trans-
regional zone and, at the same time, in the area of dy-
namic influence of the Himalayan thrust, predeter-
mines its high seismic potential. The crustal move-
ments take place in the SE directions towards the South
China block and are related to compression of the crust
due to the impact of the Himalayan thrust. Another
opinion is described in [Li et al., 2010] - the Sychuang
earthquake might have been triggered by infilling the
water reservoir; obviously, infilling the water reserve
increased stresses in this region. Anyway, it is more
significant that the earthquake focus is associated with
two fault structures, the transregional boundary be-
tween the active seismic zone and the very passive,
practically aseismic zone (which reflects the state of
high stresses) and the thrust (that is also characterised
by high stresses). It is most probable that an important
trigger was an additional pressure caused by the water
column.

The Karakorum fault zone is located in the direct vi-
cinity to the Himalayan thrust and goes almost parallel
to its strike. Its area of dynamic influence controls the
Karakorum seismic belt. The Karakorum earthquake
(M=8) took place in November 1951, and its focus was
located at a depth of about 30 km(according to USGS
data, http://earthquake.usgs.gov).

More northward, there is the Kunlun fault, the
largest in Central Asia, which controls the Kunlun
seismic belt. The Kunlun earthquake (Ms=8.1) took
place on 14 November 2001 (coordinates of the epicen-
tre: 36.1°N, and 90.9°E).

In [Wen et al., 2009], concerning the growth of the
major fault associated with the Kunlun earthquake, it is
shown that its hypocentre was relatively shallow
(about 15 km), and its aftershocks were scatted at
depths from 10 to 35 km. The fault zone was activated
minimum to the level of the specified maximum depth.
When the seismic event took place, left-lateral slip was
recorded with amplitudes gradually increasing from
the epicentre along the fault strike in the eastward di-
rection. The slip values ranged from about 4 m in the
epicentre to 16 m at a distance of 270 km along the
fault strike to the east. The above information corre-
sponds well to the data in [Kim, Choi, 2007]; this paper
also provide data on maximum displacement along this
seismogenic fault, which occurred kilometres away
from the fault.

A specific feature of the strong Kunlun earthquake is
noted by Yu.F. Kopnichev and L.N. Sokolova [2010] -
prior to this catastrophic seismic event, within several
dozens of years, epicentres of relatively weak earth-
quakes formed ring-shaped structures in this area.
Such ring-shaped structures are marked by the rela-
tively high absorption of S-waves in comparison with


https://tools.wmflabs.org/geohack/geohack.php?language=ru&pagename=%D0%A7%D1%83%D0%B9%D1%81%D0%BA%D0%BE%D0%B5_%D0%B7%D0%B5%D0%BC%D0%BB%D0%B5%D1%82%D1%80%D1%8F%D1%81%D0%B5%D0%BD%D0%B8%D0%B5_(2003)&params=50_08_N_87_48_E
http://earthquake.usgs.gov/

W 92°

Geodynamics & Tectonophysics 2015 Volume 6 Issue 4 Pages 409-436

1 00~
]

EHEREA R

itf 52 )2
| # Tunka faults zone
{

]

%)
&mm;;Ht“‘%h

Jungar Basin

BT

South Hangay Faults zone.

—an

I =N — T —a =g ﬂobi,«ngﬁshan Faults ffr:f__" dia \.. _/- #z;.'\"“
e e 5 % = T = W ,,-' | .
o ~43°
e e A
Hami D :‘"&‘-\\ II( &*,'
e 4 4/ -
=
il 2 W P
Hetao Faults System
=
I

ovsgol rift system- s —_— . 2 @"; in#;{'_'_f[:jli
/ / 58 l'@/ 7 Suhbaatar —
i < | - a0
P /}I “/ 1.;' /]
e r* 3
~ N gt /
T e Moron ‘._1—\)’/_'—" - A
- - e e 4w
/ ) ’
1y T b

-

:ggﬁ;ﬁm - ’J -7 A
4| Tarim Basin P i
el ’,.” % —
; . .
e
PP N AR WRE W R
o \‘\
W o : ~ _gnhd Ordos Plateau ~f3ge
- nushan\(uun Lingwu f
T o AN /
N i B A ashan Maunt
3T . N X E B Hare
) 0 m
?Q&mg i Tibetan Plateau = "_._t. N, » :
L otz o Faup Wk S8 W gy Haiyuang) 45 B Linpanshan

- _. égl: Z0ne — — ® Goluud { ""!T.ing:lou Gigyud 33 faully zone g

s i 1 mz‘%i&h-_“mm-w | A\ e Y . & wdr ! ) (.
RE® 9 92° 947 96" 98 100" 102 1047 1067 108 1
P  Lengend
. = BB P £ 1L

(e 1 O] [1immiye | K i

I i 1 it i 2 £ HE W )2 =N HLMw Fault slip rate since

Normal fault Reverse fault Strike-slip fault Deduced fault Fﬁlt‘al_ mechanism the late Quaternary

solution

Fig. 8. Seismotectonics of the north segment of the eastern boundary of the strong earthquake domain in Central Asia (map

11-12, by Huang Xiongnan, Liu Fenga, Feng Ju [Atlas..., 2013]).

Puc. 8. CelicMOTeKTOHMKA CEBEPHOM 4acTH BOCTOYHOM IpaHUIbl palioHa CUJIBHBIX 3eMJeTpsceHUH B lleHTpaibHOU A3UU
(kapTta I1I-12, aBTopsl: Huang Xiongnan, Liu Fenga, Feng Ju [Atlas..., 2013]).
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that in the areas inside the 'rings'. According to
[Kopnichev, Sokolova, 2010], this effect is related to the
high content of free fluids in the upper mantle. It is
know that the absorption of short-term transverse
waves can be high if partially melted materials or fluids
are present in significant amounts. In case of the Kun-
lun earthquake, recent volcanism is absent in the area
wherein the 'seismicity rings' are located, which sug-
gests the presence of fluids in significant amounts
[Kopnichev, Sokolova, 2010]. The accumulation of fluids
to a certain amount might have been the trigger in this
case.

The Haiyuan-Qilian deep fault and the area of its
dynamic influence control the seismic belt of the same
name. Two strong events took place at this fault - M=8
on 22 May 1927 (coordinates of the epicentre: 102.2°E
and 37.7°N; focal depth depth 15 km, according to
data from USGS, http://earthquake.usgs.gov), and
M;=8.5 on 16 December 1920 (36.7 N, and 104.9 E;
focal depth 15 km, according to data from USGS,
http://earthquake.usgs.gov). The foci were associated
with the thrust segments of the SE dichotomic termina-
tion of the Altyn Tagh fault, the largest in Asia. Accor-
ding to [Shen Jun et al., 2013], the focal mechanisms are
shear-thrust with the left-lateral slip. It should be noted
that the seismic event of 1920 occurred in the zone of
influence of the VEBIRS submeridional structure, and
its location was controlled by a specific cross-section of
the faults.

At the recent stage of its development, the entire
territory of Central Asia, except its northernmost seg-
ment (partially Pribaikalie), can be viewed as the area
of high seismicity with typical medium- and deep-foci
earthquakes that took place everywhere across the
profile of the crust and, partially, lithosphere. The
deep-foci earthquakes are most typical of the southern
regions of the studied territory and recorded at the
margin of the Indostan plate, in the Pamirs and Hin-
dukush mountains, as well as at the eastern edge of the
plate near the VEBIRS meridional boundary.

Northwards, in Mongolia and Pribaikalie, focal
depth are smaller and classified as those in the crust.

The review of the state of stresses in the crust and
lithosphere from the focal mechanisms gives grounds
for the following conclusions: (1) The strong earth-
quakes tend to occur in areas wherein the crust is more
than 45 km thick, and the hypocentres are recorded at
depths to 190 km. (2) The focal mechanisms of all the
strong earthquakes contain a shear/slip component.
(3) The shear/slip component corresponds to shearing
along faults revealed by geological methods, i.e. corre-
lates with rock mass displacements in the near-fault
medium.

Based on the analysis of the stress orientations in
the foci of the strong earthquakes and the foci locations
(especially, in the VEBIRS zone) in the territory south-

ward of Mongolia, it is possible to reveal the deep
structure of the transregional zone and suggest that it
is slightly tilted and dips underneath the high moun-
tains in Asia, and underthrusting takes place.

Below we review our general calculations of recur-
rence periods of the strong earthquakes.

5. RECURRENCE PERIODS OF THE STRONG EARTHQUAKES

The above-mentioned meridional zone is also a
boundary between some parameters that refers only to
the strong earthquakes, including the number of the
registered strong earthquakes. There were more recent
events with M>7 in the eastern regions than in the
western regions (Table 3). In the past 100 years, all the
strong seismic events in these regions were recorded. A
reasonable observation is that the intensity of activa-
tion of the large deep faults that control the strong
earthquakes was different in the western and eastern
regions separated by the meridional zone. It can be re-
liably stated that the geodynamic differences of the
western and eastern regions of Central Asia were the
main cause predetermining the lack of strong seismic
events in the eastern regions of Central Asia through
the past 100 years. The strong earthquakes that took
place in the eastern regions over 200 years ago are an
evidence of a high seismic activity of the faults in the
eastern regions, but not in the recent development
stage. With account of the fact that the studied territory
has been seismically active through thousands of years,
it is reasonable to suggest that the above-mentioned
difference between the western and eastern regions is
due to deep processes and structures involved in such
processes.

A similar observation concerns seismic events of
82M2=7 which are irregularly scattered across the stu-
died territory. The majority of earthquakes with
8=M=7 occurred in the western regions. Therefore, the
VEBIRS zone plays an important role in differences (as
a minimum) in the manifestation of intensity of seismic
events across the territory of Central Asia. In view of
the above, it is challenging to precisely calculate the
recurrence time. Nonetheless, we have attempted such
calculations and analysis to determine, in general, the
recurrence time/ periods between the strong earth-
quakes across the entire territory and at its large faults.
At the recent development stage, each of the large deep
faults shown in Fig. 6 controls one seismic event with
M=8 (Table 3). The Jiaii u Haiyuan faults located in the
southern and eastern segments of the Tibetan Plateau,
respectively, and the sublatitudinal Khangai fault in
Mongolia may be excluded.

According to [Trifonov, Karakhanyan, 2004], ancient
cycles of seismic activation of different duration were
manifested in the Middle and Late Holocene in the


http://earthquake.usgs.gov/
http://earthquake.usgs.gov/
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Table 3.Historical and recent strong earthquakes: quantity distribution across the territory of Central Asia

Tabnau 1 a 3. KosnmyecTtBeHHOE pacnpeaesieHue HCTOPUYECKHUX U COBPEMEHHbBIX CUJIbHBIX 3eM11eTpﬂceHm‘/’1 Ha

Tepputopuu LleHTpa/ibHOM A3UHU

Years Entire territory Western regions Eastern regions
M=8

1800-2008 20 20 0

1800-1899 7 7 0

1900-2008 13 13 0

8=M=7

1800-2015* 147 139 8

1800-1899 28 26 2

1900-2015* 119 113 6

N o t e. * - The data as of April 2015.

[Ipu™MedaHue. *- /laHHble 0 COCTOSTHUIO Ha anpeJb 2015 T.

central segment of the Alpine-Himalayan collisional
belt. Considering the entire region, the cycles are
smoothed and reflected in seismic activity recurrence
periods of 200+300 years.

In our calculations, the recurrence time between the
strong seismic events at one and the same fault is evi-
dently more than 100 years, which generally correlates
with the data in [Trifonov, Karakhanyan, 2004].

For the western regions of the studied territory,
calculations regardless of the locations of the seismic
events in the fault zones show that the recurrence
time between the earthquakes with M>8 is 24.9 years
(Table 4). With account of the 200-years monitoring
period of the earthquakes with M>8, we receive a close
estimation of the recurrence time for the entire territo-
ry, 23.5 years. The recurrence time of the seismic
events with 82M=>7 does not differ a lot for the entire
territory and its western regions - the difference in on-
ly 1.2 fold. The recurrence time of the seismic events
with M=>8 is by a factor of 2.1 longer than that of the
events with 8=M=>7. The above may suggest identical,
but asynchronous triggers or other mechanisms that
lead to the occurrence of seismic events of different
strength at different times in the fault-block medium of
the crust and, probably, lithosphere under the state
of stresses. Calculating the recurrence time for the
eastern regions is problematic. Only the general regu-
lar feature is confirmed- seismic activity is lower in the
eastern regions.

Based on the above, it can be generally concluded
that strong earthquakes in Central Asia take place in
the inter-block seismic belts.

1. For the fault zones in the western regions of the
studied territory, the recurrence time of the seismic
events with M=8 is by a factor of 2.1 longer than that of
the events with 82M=>7. Considering seismic events in
the seismic belts determined by the areas of dynamic
influence of the large faults, it can be suggested that
identical, but asynchronous triggers or other mecha-
nisms lead to the occurrence of seismic events of dif-
ferent strength at different times in the fault-block me-
dium of the lithosphere under the state of stresses. In
further studies, it seems most reasonable to focus on
the wave mechanism, as well as on the origin of move-
ments of large rock massifs in the western regions. Be-
sides, it is important to study the physical features of
the meridional zone that goes across the significant
portion of the continental Asia and to clarify its geody-
namic indicators. It may be possible that one of such
indicators may be a cause of the differences in the ma-
nifestation of seismic activity in the studied regions. It
is obviously required to conduct additional studies of
this zone in terms of geology and structure primarily in
the recent geodynamic development stage.

2. The main causes of strong earthquakes at large
faults in the western regions of Central Asia include the
following: (a) high mobility of the blocks due to their
depths and impacts of convection in the astheno-

T able 4.Recurrence time (years) between earthquakes (M=8; 8 2M=>7) in Central Asia

Ta6nauuna 4. PekyppeHTHOe BpeMA (B rogax) Mexay semyieTpsceHuaAMu M28 u 8 2M=7 B lleHTpa/ibHOI A3un

Entire territory

Western regions

Eastern regions

23.5
9.8

249
11.8

105.5
94.9

427
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sphere; such impacts may explain the asynchronous
activation of the blocks and rare seismic events in spe-
cific blocks; (b) impact of the strong pressure from the
Himalayan transregional thrust belt.The latter causes
directional quasi-plastic slip of the rock mass, com-
pression and shearing in the large fault zones, and the
strongest displacements of the fault wings (i.e. blocks)
are followed by strong earthquakes.

A common criterion of the above-mentioned causes
is displacements of wings of large faults due to impacts
of various sources.

6. RECENT MOVEMENTS OF THE EARTH'S SURFACE:
GPS GEODESY RESULTS

Using data from the Global Positioning System (GPS)
is one of the most efficient and informative techniques
applied to study movements of the crust, especially
when medium- and small-scale works are conducted.
GPS data are used in many studies of recent geodyna-
mics in Central Asia [San’kov et al, 2011; Ashurkov et
al, 2011; Burtman, Molnar, 1993; Calais et al, 2003;
Royden, 1993; Lombardi, Marzocchi, 2007; Chéry et al,
2001].

Based on the GPS data, recent movements of the
crust were studied in short-term time intervals, and the
general map of such movements in the fault zones was
compiled by the scientists from China (Fig. 8). In gen-
eral, the crustal movements in Central Asia tend to go
from SW to NE, and the vectors are rotated eastwards
and even south-eastwards and gradually 'cease’. The
significant amplitudes of the movements are reduced
towards the meridional boundary at ~105°E. A consid-
erable reduction of the absolute values of the vectors is
noted, which corresponds to a lower level of the recent
kinematic activity of the blocks and other structures, as
well as a lower rheological flow of the crust.

GPS data were used to determine vectors of crustal
movement rates/velocities and to construct Map II-1
by Gao Xianglinin in [Atlas..., 2013] for Central Asia and
the neighbouring territories (Fig. 9). High rates above
30 mm per year are typical of the Tibet; the vector is
SE. The rates are reducednorthwards and change the
direction. The NW and WNW vectors are typical of the
Altai and Sayan regions. The vectors of all the direc-
tions are replaced by sublatitudinal ones at the subme-
ridional boundary at ~105°E and acquire the SE direc-
tion southward of 30°N. Southward of 20°N, in the area
of the Himalayan thrust edge, the vectors again acquire
the sublatitudinal direction to the west. Quite charac-
teristically, the vectors of slip rates in the neighbouring
territories confirm the exceptionally high compression
of the studied territory. From the south, the huge In-
dostan plate produces high stresses in the NNE direc-
tion towards the Tibet. The impacts of such stresses

cease near 45°N and are replaced by shearing. Near
120°E, vectors of slip rates of the crust at the entire
eastern boundary are neutralized by the vectors of the
opposite direction which reflect the 'ceasing' forces
caused by the West Pacific subduction.

More detail patterns of recent slip rates in Central
Asia, Mongolia ad Pribaikalie are shown in Fig. 10 [Gan
Weijiun, Xiao Genru, 2013; Niu, 2014]. The map clearly
shows that the recent slip rates are gradually reduced
from 40 mm per year in the Himalayas and Pamirs to
20 m per year in the Gobi-Altai mountain region and to
lower values in Pribaikalie and the East Sayan region.
The position of the transmeridional boundary of Asia is
more clearly specified. This boundary hinders the
propagation of deformation to the east and makes them
'rotate' to the meridional direction. It should be noted
that a similar rotation can be revealed from the GPS
data published in [Li Yanxing et al., 2001]. The above
conclusions are fully supported by slip rate values and
vectors published by other authors.

The following is confirmed: (1) variability of the slip
vectors of the crust in the contemporaneous period; (2)
abrupt changeability of the slip rate vectors or reduc-
tion to 'extinction’ from the southern regions of Asia to
the north; (3) strong resistance of large blocks of the
lithosphere from the east which is supported by vec-
tors of the 'opposite’ crustal movements in the NW di-
rection. The boundary between the areas with slip vec-
tors of the opposite directions goes along the VEBIRS
submeridional zone. With reference to the variations of
crust deformation, variations of the state of stresses
which are revealed from the earthquake focal mecha-
nisms and GPS data, it is reasonable to increase the
width of the transregional meridional boundary up to
95°E. It is clearly observed that this zone becomes wid-
er from the north to the south, and its control over the
contemporaneous processes is also increasing.

Thus, in the past 100 years, the differentiation of the
areas wherein the strong earthquakes occurred was
significantly influenced by the recent velocities of dis-
placements of the large massifs of the crust. Together
with the slip along the large faults, which reflects dis-
placements in the earthquake foci, the recent velocities
of displacements predetermine the generation of
strong earthquake foci.

7. CONCLUSION

Our analysis of the locations of M>8 earthquakes
shows that in the past two centuries such earthquakes
took place in areas of the dynamic influence of large
deep faults in the western regions of Central Asia. The
western regions are characterized by specific parame-
ters that are significantly different from those of the
background geodynamic setting:
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I Puc. 9. CKOpoCTH COBpPEMEHHBIX ABWXKEHUM 3€MHOU KOpbl A3SHU U OKpYXKawoIux TeppuTopui (kapta II-1, aBTop: Gao

Xianglin [Atlas..., 2013]).

1. In the continental Asia, there is a clear submeridi-
onal structural boundary (95-105°E) between the
western and eastern regions which geological, struc-
tural and geophysical parameters are considerably dif-
ferent.

2. The crust is twice as thick in the western regions

than in the eastern region (maximum 74 km to mini-
mum 42 km versus maximum 40 km to 32 km).

3. In the western regions, the block structures
resulting from the crust destruction, which are mainly
represented by lense-shaped forms elongated in
the submeridional direction, tend to dominate. In the
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Fig. 10. Standard plate boundaries and the present-day plate motion vectors using the “sub-asthenosphere” reference frame

(a partial representation from [Niu, 2014]).

Puc. 10. FpaHI/IL[bI IIJIUT U BEKTOPbI COBPEMEHHbIX ABI/I)KBHI/Iﬁ IIJIUT, YyCTAaHOBJIEHHbI€ OTHOCHUTEJ/IbHO «l'IO,EL-ZiCTEHOCCl)epr»

(mo [Niu, 2014], npefcTaBJeHa YaCTUYHO).

eastern regions, large blocks (most of which are
square-shaped) are dominant.

4. The large fault structures are bordered by the ac-
tive faults. In the western regions, the faults separating
the blocks control the earthquakes with M=8, which
were recorded from 1900 to 2014. The faults are cha-
racterized by shear/slip displacements which ampli-
tudes increase from the south to the north and reach
maximum values in the central part of the Tibetan Pla-
teau and the Gobi-Altai fault system. Further north-
ward, the shear/slip amplitudes decrease gradually, yet
do not disappear. In many cases, shearing is right-
lateral in the southern regions and left-lateral in the
northern regions.

Earthquakes of M=8 did not take place anywhere in

the eastern regions of the continental Central Asia in
the past 100 years.

5. Generally, in the western regions of Central Asia,
the recurrence time of strong earthquakes is about 25
years. It correlates with the activation of the seismic
process in Asia which is manifested in almost the same
time intervals [Trifonov, Karakhanyan, 2004; Sherman,
2014]. Due to the lack of records, it is now impossible
to determine a recurrence time of a strong earthquake
controlled by a specific active fault. However, it seems
to be more than 100 years, if we take into account the
information collected through the monitoring period
and refer to the data published in [Trifonov, Kara-
khanyan, 2004; Wang, Zhang, 2004].

6. Mechanisms of all the strong earthquakes contain



a slip component that is often accompanied by a com-
pression component. The shear/slip component corre-
sponds to shearing along faults revealed by geological
methods, i.e. correlates with rock mass displacements
in the near-fault medium.

Based on the analysis of the stress orientations in
the foci of the strong earthquakes and the foci locations
(especially, in the VEBIRS zone) in the territory south-
ward of Mongolia, it is possible to reveal the deep
structure of the transregional zone and suggest that it
is slightly tilted and dips underneath the high moun-
tains in Asia, and underthrusting takes place.

7. GPS geodetic measurements show that shearing
develops in the NW direction in the Tibet. Further
northward, the direction changes to the sublatitudinal
one. At the boundary of ~105°E, southward of 30°N,
the slip vectors attain the SE direction. Further south-
ward of 20°N, at the eastern edge of the Himalayan
thrust, the slip vectors again attain the sublatitudinal
direction. High velocities/rates of recent crust move-
ments are typical of the Tibet region.

In the eastern regions of Central Asia, vectors of
movements of the lithospheric blocks are directed to
the north-east and limited by the VEBIRS submeridio-
nal zone that facilitates the complete decay of the im-
pacts of the Pacific zone of subduction to the Central
Asia continent. It should be noted that in [Ma Xingyuan,
1990], the junction of the western and eastern regions
is shown as the fault striking from the Southern Baikal
(~48°N) to ~20°N, i.e. the fault structure with the
right-lateral slip, which is fully correlated with the
VEBIRS zone. Along with other observations, this in-
formation provides for a better understanding of the
tectonic features of the large transregional zone of the
Continental Asia.

The transitional territory is a marginal zone where-
in the crustal thickness is about 42 km. This zone has
not been the subject of special studies yet, but a variety
of its definitions can be found in many publications. It
is manifested by dominating submeridional faults,
mainly of shear, shear with normal component, and
reverse-thrust types. Three recent earthquakes with
M=8, including the Sichuan earthquake, were recorded
within this zone. The reverse-thrust fault controlled the
Sichuan earthquake and is the major structural reflec-
tion of the entire marginal zone.
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There is no doubt that the strong earthquakes that
occurred in the western regions of the Continental Cen-
tral Asia in the past century, were controlled by the
large active faults with the well manifested slip compo-
nent, which border the longitudinally elongated lense-
shaped blocks of the lithosphere and/or the crust. The-
se faults are involved in the overall recent movements
of the crust, primarily in the NE and latitudinal direc-
tions. The high vector velocitiesare limited by the sub-
meridional transregional boundary. At the boundary,
the direction of the vectors changes to the southern
one, and becomes latitudinal in the southernmost area
of the studied territory. The slip vectors associated
with the Pacific subduction zone have the NW direc-
tion. It may be suggested that the turn of the vectors
evidenced by the GPS data is related to the submeridi-
onal boundary and the NW pressure applied to the
Amur plate. The resultant of the two vectors facilitates
the right-lateral slip of the rock masses in the VEBIRS
zone.

Thus, structural positions of recent strong earth-
quakes in the continental Central Asia are controlled
by the following factors: (1) the western regions sepa-
rated in the studied territory; (2) the larger thickness
of the crust in the western regions; (3) strong subme-
ridional compression of the crust and upper litho-
sphere in combination with shear stresses; (4) high
rates of recent crustal movements.

In view of the above, the geodynamics of the studies
territory should be reviewed with the focus on the
origin of the factors predetermining locations of strong
earthquakes. We continue our studies and aim at de-
veloping a model showing locations of strong earth-
quakes with account of all the above-mentioned fac-
tors.
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