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Abstract: The present-day tectonic activitieson the northeastern margin of the Pamir Plateauare
mainlyE-Woriented extensions, among which the Kongur Extensional System (KES) plays an
important role in the internal expansion of the Pamir. As the largest earthquake since Taxkorgan
earthquakes in 1895 and 1896, the Aketao earthquake occurred on the Muiji fault on the northern
portion of the KES in 2016. Since then, the trend of seismic activities along the KES has been paid
much attention to. Based on theviscoelastic layeredlithosphere model, we calculate the co-seismic
and post-seismic stress changes caused by five historical earthquakes on the KES and its adjacent
areas since 1895, and analyze the interaction among strong earthquakes.The results show that all
of the historical earthquakes after 18950ccurred in the areas wherethe co-seismic and post-seismic
Coulomb stress increased. Coulomb stressloading at the hypocenters of the 1896 Taxkorgan
earthquake, the 1974 Markansu earthquake and the 2016 Aketao earthquake were 0.251MPa,
0.013MPa and 0.563MPa, respectively. The three earthquakes were catalyzed by such variations.
The historical earthquakesincreased the stress state on most segments of the Southern Kungai
Mountain fault and Kongur fault along the KES. In particular, we can identify 2 visible earthquake
gaps with increasing seismic hazard formed on the Qimugan segment and Bulunkou segment of
the KES. The Qimugan section and the Bulunkou section are located at the fault transition zone
with concentrated stress and high extension rate, so great attention should be paid to their seismic
hazard at present day.
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1 Introduction

In the past 50 to 55 million years, the Indian @Mditrust underneath the Eurasian Plate at a
relative speed of 40 ~ 50mm/a, causing extensiermhation within the Eurasian continent.
Mountains in the Pamir region were greatly upliftedth widely developed faults and frequent
earthquakes[1]. Since the Late Cenozoic, the nastiken Pamir has experienced large regional
tectonic deformation characterized by the shorggrstrike slip and internal extension. A series of
active tectonic zones (Fig. 1) hence came intodhdircluding the Kongur Extensional System
(KES), the Main Pamir Thrust (MPT), the Pamir FednThrust (PFT), and the Markansu
Fault[2].At present, the active deformation in tieetheastern Pamir is mainly concentrated on the
KES, the PFT and the Artux-Kash folded belt, angséhactive faults control the occurrence of

strong earthquakedi{v >7.0) in the northeastern Pamir[3].

40°N ¢
Pamir Front Fault Uluggat
Main Pamir Fault 2008 I\’IIWG,T 2
< 1 1985 Mw7.0
N 1974 Mw7.1 Markansu Fault ()
[ )
| Mg Fangy \
Karakul Rift 2016 Mw6.6 .\ Aktor
| =) %, v X
39°N Muji (N
%
%
>
Bulunkou &
Ty, _—
Yirgg Faupy Mount Kongur
Pshart Fault V’:"Mum:g i
<7 1896’¥w7.1
Y
N
N ’(“
38'N Tahemani} 1895 Mw7.0
@l
—— :
78°E T4°E 75°E 76°E

Fig. 1: Main faults and historical earthquakes gltre KES and its surroundings. (The black lingsesent the

main active faults marked with names of the fainltthe study zone; the red focal spheres reprekeribcations

of historical seismicity and the focal mechanisths;area surrounded by the dotted line represkatupture

zone of two historical earthquakes in 1895 and [89€he gray dots represent the mid-size earthgsiddetween

1895 and 2017;and the yellow squares represemdie cities in the study area.)



On November 25, 2016 at 22:24 pm, w6.6 earthquake happened in Aketao County,
Xinjiang Uygur Autonomous Region. The epicenter Vemsited at 39.238N, 74.047 E, and the
focal depth was 12#63km (United States Geological Survey,USGS). Thetak earthquake
which occurred on the Muji fault is the largest teguake on the KESsince thel895 and
1896Taxkorgan earthquakes. The relationship betwleerAketao earthquake and the historical
events and the future trend of seismic activitieagthe KES have become urgent concerns[4].1t
is worth noting that twd/w 6.0 earthquakes (Fig. 1) occurred on Novemb@088 and June 26,
2016 at the Sino-Kyrgyz border. In addition, on &mber 7, 2015, aMw7.2 earthquake
happened in Murghob, Tajikistan on the KarakulRafhout 160 km southwest of the Aketao
earthquake[5]. It may indicate that seismicity lie hortheastern Pamir is becoming increasingly
active[4]. After the Aketao earthquake, the trefds@ismic activities in the northeastern Pamir,
especially in the KES and its surrounding areasréeaived much attention. However, due to the
poor geographical conditions in the northeastemiRdittle geodetic data are available, and few
studies have been made on the seismic hazardsiari.

Since the KES is one of the most seismically adiadts in northeastern Pamir, the spatial
and temporal dependent distribution of strong eaidkes and their interaction are important for
assessing seismic hazard on the KES and surrouadéag. Adjacent strong earthquakes tend to
impact and interact with each other. Such intevacttan be quantitatively described through
Coulomb stress change caused by co-seismic andseisstic deformation, which further
provides a reference for determining seismic hazarective fault zones[6]. If an earthquake
causes stress loading on a receiver fault, it mayghihe fault closer to rupture; contrarily, if an
earthquake causes negative Coulomb Stress changeemeiver fault, it may retard subsequent
events[7-9].Based on the co-seismic and post-sei€millomb stress changes caused by historical
strong earthquakes, many studies have successitdlyired the stress variation of active faults
and evaluated their seismic risk. Parsons et 3l.fHdculated the effect of the 1999lIzmit
earthquake on the faults near Istanbul, suggestiagthe earthquake increased the occurrence
probability of strong earthquakes in Istanbul other next 30 years. Xiong et al. [11]studied the
stress evolution caused by historical strong eagkes along Kunlun Fault, and found that all
these historical earthquakes occurred in the pesittress zone caused by the preceding

earthquakes. Based on the co-seismic and postiseimooelastic stress change and inter-seismic
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stress accumulation, Shan et al.[12]obtained tlaeacieristics of Coulomb stress evolution along
the Xianshuihe-Xiaojiang fault since 1713, and doded that the seismic activity in four seismic
gaps was increased. The theory of Coulomb stremsgehprovides us an important tool to assess
time-dependent earthquake hazard.

In this work, we collected a sequence oMBv>7 earthquakes (Table 2 and Fig.1) that
occurred on the KES and its surrounding areas si8%5. Based on the co-seismic and
post-seismic stress disturbances caused by hist@érthquakes, we obtain the characteristics of
stress evolution along the KES, and identify thesst accumulation in present days. We then
analyze the interaction among historical earthgsiadd the future seismic trend in fault zones,

and provide a reference for seismic hazard assesémie study area.

2. Neotectonics and historical seismicity

2.1Kinematic characteristics of the KES

According to the geometric characteristics, presemain and lithological features of faults,
the KES can be divided into five sections from tioeth to the south: the Mujidextral strike slip
fault, the northern segment of Kungai Mountain rarfiault, the southern segment of Kungai
Mountain normal fault, the Kongur normal fault, amdiztag normal fault [2] (Fig. 1, Table 1).
The KES can also be divided into two segmettite southern and northern segments at Muztag
Mountain. The present tectonic movement along thelev KES is not uniform, as theE-W
oriented extension rate is decreasing from thehstauthe north: the right lateral rate on Muji faul
the northernmost part of the KES, is 4.5-11mm/qg,[tdile the extension rate on the Muztag
fault, the southern part of the KES, is less thammZa. In addition, there are the Taheman and the
Taxkorgan normal fault on the south of the Muztagmal fault, and the E-W extension rate of the
Taxkorgan normal fault is less than 1 mm/a [3].

As a huge tectonic obstacle, the Muztag Mountauiddd the KES into the southern and
northern segments, making seismic activities oseh@o segments independent from each other.
However, the Muji Fault, the Kungai Normal FauletKongur Normal Fault and the Muztag
Normal Fault are all capable of generatvig/>7.0 earthquakes independently. According to the

field investigation along these faults, the magphétsl of the paleo-earthquakes wéte7.0-7.5

[3].



Table 1 Kinematic parameters of different sectialosig the KES [2-3,13]

Strike-slip
Dislocation E-W extension
Fault Orientation Dip (°) Rake (°) rate/dip-slip rate
mechanism rate (mm/a)
(mm/a)
-160~-1
Muiji Fault Strike-slip/Normal Southwest 75~90 4.5~11 4.5~11
80
Northern Segment of
Normal West ~20 -90 ~6.8 ~7.2
Kungai Fault
Southern Segment of
Normal West 30~45 -90 ~6.8 ~8.8
Kungai Fault
Kongur Fault Normal West ~40 -90 ~5.4 ~6.5
Muztag Fault Normal West ~40 -90 ~3 ~3.9

2.2 Hypocenter parameters of historical earthquakes

On July 5, 1895, aMw7.0 earthquake struck Taxkorgan in the southegmsat of the KES,
brought the southern segment of the Muztag Faultthe whole Taheman Fault to rupture, and
generated a 27km long fracture zone. Following Mhe7.0Taxkorgan earthquake, dhw7.1
earthquake occurred at the west side of Muztag KMdwmon March 4, 1896, which led to rupture
at the middle part of the Muztag Fault and gendrat®0-km-long fracture zone. These two are
the most severe normal fault earthquakes that oetun the northeastern Pamir in recent 120
years, and also the largest earthquakes on théesousegment of the KES that have been
thoroughly studied before [2-3]. Li et al. [3] caraded two large-scale field geological mappings
and differential GPS measurements on the coseismtare zones of these two earthquakes, and
obtained their hypocenter parameters and slipilligion models (Fig. 1).

On August 11, 1974, Markanddw7.1earthquake shook the north of the western Muestka
Fault, and no surface rupture was found in theespiér [14]. Based on the P-wave and S-wave
initial motion, Jackson et al. [15] obtained thedbmechanism of this earthquake (Fig. 1, Table 2).
They considered that the earthquake was domindetlyral strike slip, which is consistent with
the conclusion made by Yang et al.[16].In additie aftershock sequence relocations show that
the aftershocks are mainly distributed along an Nbakid with a width of 20 km and a length of

45 km, which also sketches the maximum range ofrthi@ shock slip [15].
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On August 23, 1985, Uluggstw?7.0earthquake occurred on Mingyaoler anticline eangsed
a 15-km-long rupture zone [17]. The rupture is gqgibmplex and hard to be fitted by point source
model. Burtman et al.[18] provided the focal medkan solution of this earthquake and

concluded that the main shock might consist ofelsebevents, namely one thrust fault and two

right-lateral thrust faults (Fig. 1, Table 2).

The results of several calculations show that éimges and magnitudes of stress disturbances

caused byMw <6.5 earthquakes along the KES &mal <7 earthquakes in surrounding areas are

relatively small (for example, thilw6.7 Ulugqat earthquake in 2008 only caused slgjigss

change, amounting to KPa at the hypocenter of Aketarthquake), which cannot exert a
significant effect on the stress state of the KHESBerefore, we do not take these historical
earthquakes into account.We selected the abovesfotiiquakes in the study area with clear focal

mechanism or slip model and the 2016 Aketao eaatkejas historical seismic events (Table

2).The slip models of the 1895 Taxkorgan, 1896 degén and 2016 Aketao earthquakes are

obtained from references, and the rupture parasétepture length, rupture width, slip) of the
other historical earthquakes are calculated baseshwpirical equations[19]. Similar methods are
widely used in studies on the stress evolutiongiaetive faults [12, 20-21].

Table2 Model parameters of historicalearthquakek$318, 22]

Focal
Epicenter location Focal mechanism Focal distribution
depth
Time Magnitude
Longitude Latitude  Strike Length Width Slip
Dip (°) Rake (°) km
(°E) (°N) ) (km) (km) (m)
1895 Mw7.0 75.236 38.000 - - - 15 - - -
1896 Mw7.1 75.05 38.20 - 15 - - -
1974 Mw7.1 73.806 39.381 302.6 87.6 173.6 23 679 441 12
1985 Mw6.3 283 34 142 18 17.4 9.5 0.4
(3 sub Mw6.5 326 58 158 19 23.6 11.8 0.5
events) Mw6.6 309 41 152 18 25.7 125 0.6
2016 Mw6.6 74.04 39.27 303 74 -162 10 -

3.Modelsand M ethods



3.1 Model for Coulomb failure stress

When an earthquake occurs, there are relativaiye latatic co-seismic slips that trigger static
co-seismic strain and stress on the causative fainite the lower crust and the upper mantle are
viscoelastic, strain is slowly released, graduabyises post-seismic surface displacement, and
consequently produces viscoelastic relaxed straid stress that change with time. Both
co-seismic and post-seismic stress adjustmentsa@ase Coulomb stress changes on a receiver

fault. According to the Coulomb failure law, thelmmb stress change on a receiver fault is:

Ao, =AtT+ u(Ao, +AP) (1)

whereD 7 is the shear stress change on the fault (positieekoned in the direction of fault slip),

and A, is the normal stress change (positive if the f'rmlmclamped).AP is the pore pressure

change in the fault zone (positive in compressiany His the friction coefficient (with a range

of 0~1). Rupture is encouragecA?f is positive and restrained if negative; both theréased

shear stress and unclamping of faults can pronalieré. The tendency ofAP counteracts that

ofAJ”. Hence, AP andAJn are merged into one term by introducing the “effext friction

coefficient A in equation (1) [23], composing the following edaat
Ao, =ATr+ Ao, (2)

Values for effective friction coefficient are ofteassigned based on experience, for it is
almost impossible to actually measure and deterthia on the receiver fault [24]. Parsons et al.
[24] held that the effective friction coefficient a high-angle strike-slip fault should be low, \ehi
that of a dipslip fault should be high. In this paphe effective friction coefficient is assumed t
be 0.4 for calculation, and the effect of differenefficients on the ultimate result is discussed.

We use the PSCMP/PSGRN software[25] to calculage db-seismic and post-seismic
Coulomb stress change. Based on a layered vistiodhasf space model with gravity effects, this
software can effectively simulate the Coulomb strgsange caused by earthquakes.
3.2Lithospheric stratification

Based on Crust 1.0, we obtain the parametersatffid lithosphere in the study area.

Poisson’s ratio is assumed to be 0.25, and Lineavéll rheology is used to simulate the
7



rheological structure of the lower crust and uppantle (Table 3). For the stress evolution of the
Himalayan Main Frontal Thrust, Xiong et al. [21} #ee viscosity coefficients of the lower crust
and the upper mantle as 1*¥®a.s and 1xF8Pa-s, respectively. Shan et al. [12] and Shi 6.
adopted the same coefficient values. Howeverheipbst-seismic deformation caused by the
2001 Kokoxili earthquake, Wen et al. [27] took 2XF&- s as the viscosity value; and Xiong et
al.[11] adopted a lower-crust viscosity coefficiefittx13%Pa- s to analyze the interaction between
strong earthquakes along the Kunlun Fault. Inwhigk, the viscosity coefficients of the lower
crust and the upper mantle are set as I**H0s and 1x#8Pa-s. Values of these coefficients will
exert an effect on the rate of post-seismic Coulstrdss change. In the following, we will

discuss the effect of different values on the wtieresults.

Table3 Stratified model comprised of elastic upgest, viscoelastic lower crust and viscoelastintheain

study area
P-wave S-wave Density Viscosity
Stratum Depth(km)
velocity(km/s)  velocity(km/s) (kg/n?) coefficients(Pas)
0~0.5 3.40 1.73 2290 0
Upper crust
0.5~23.45 6.00 3.52 2720 0
Crust

23.45~36.16 6.30 3.68 2790
Lower crust 1x10'°

36.16~49.92 6.60 3.82 2850
Upper mantle 49.92~150 8.16 4.53 3360 X H0P°

Note: The viscosity coefficients of the lower crastd the upper mantle are set as 1%8#s and 1x1¥Pas

(model 1). The viscosity coefficient of the lowenust selected by model 2 X110*Pas) and model 3 (2

10"Pas) will be used in stability analysis.

4. Calculations and Analysis

4.1 Stress transfer and earthquake interactioh@KES

Positive Coulomb stress change brings the faulsetlato failure and thus earthquake
occurrence, while negative Coulomb stress changede subsequent events[7]. Based on this
hypothesis, we adopt PSGRN/PSCMP software [25htoutate the co-seismic and post-seismic
effects of historical earthquakes on subsequetitgaake on the KES, and analyze the interaction
between these earthquakes. The mechanism of re¢aileselected in our calculation is the focal

8



mechanism of corresponding historical earthquakes.
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Fig.2 co-seismic and post-seismic Coulomb streskiggn caused by historical earthquakes since 1895
along the KES
(a) Just before the 1896 earthquake;
(b) Just before the 1974 earthquake;

(c) Just before the 2016 earthquake

Calculations show that the 1895 earthquake caugedisantly stress loading on the rupture
plane of later 1896 earthquake, and the Coulongsstchange at the hypocenter was 0.251MPa
(Fig.2a, Fig.3a). The average stress loading waatgr than 0.1MPa, exceeding the threshold
value of 0.01 MPa[7]. Therefore, the 1896 earthguaksignificantly promoted by the co-seismic

and post-seismic stress change caused by the 2895 @ake.
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Fig. 3 Co-seismic and post-seismic stress evolwtdhe hypocenters of historical earthquakes albag
KES since 1895

(a) before the 1896 earthquake; (b) before thel Eairthquake; (c) before the 2016 earthquake

The 1974 earthquake occurred at the Uzbel Pasetodrth of the western Markansu Fault,
about 200 km away from the rupture plane of the5183d 1896 Taxkorgan earthquakes. Hence,
after the 1896 earthquake, the variation of accatedl co-seismic Coulomb stress at the
hypocenter of the 1974 earthquake was only 0.003MRavever, due to the post-seismic
viscoelastic relaxation of the lower crust and tipper mantle, the stress was gradually released
and dispersed to far field. When the 1974 earthguadcurred, the Coulomb stress change at its
hypocenter had come to 0.013 MPa (Fig. 2b, Fig. &xeeding the threshold value 0.01 MPa for
stress triggering. Therefore, the co-seismic ansit-peismic process of historical earthquakes
promoted the 1974 Markansu earthquake, and thesg@shic viscoelastic Coulomb stress change
played an important role in the stress evolutioitoddjacent region.

Since the 1895 and 1896 Taxkorgan earthquake2(heé Aketao earthquake is the largest
event along the KES. However, the hypocentersefdmmer two earthquakes are far from that of
the latter one, so their co-seismic and post-seigfiects on the stress at the hypocenter of the
Aketao earthquake are relatively slight. In additithe 1985 Uluggat earthquake generated a
co-seismic Coulomb stress change of -0.002MPa eathtlpocenter of the Aketao earthquake,

which may restrain the occurrence of the Aketadheamake (Fig.2c, Fig.3c).However, the
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co-seismic and post-seismic stress change of tiié Markansu earthquake caused significant
stress loading on the rupture zone of the Aketathgaake. Up to November 2016 before the
Aketao earthquake, the stress variation at its bgpter had reached 0.563MPa. The 2016 Aketao
earthquake was significantly accelerated by thel@vlo stress change of historical earthquakes,
among which the 1974 earthquake played a major role

To sum up, all the historical earthquakes in thelstarea occurred in the zone where the
co-seismic and post-seismic Coulomb stress wasased. Before the 1896 Taxkorgan earthquake,
the 1974 Markansu earthquake and the 2016 Aketdlgeake, the Coulomb stress variations at
their hypocenters were 0.251MPa, 0.013MPa and M583 respectively (Fig.3), all exceeding
the threshold value of 0.01MPa. It can be conclutatithese three earthquakes were triggered by
the co-seismic and post-seismic stress changesoéging earthquakes.
4.2 Results stability analysis
4.2.1 Validation of rupture model of the 1974 af83 earthquakes

All the historical strong earthquakes discussetthim paper along the KES and adjacent areas
since 1895 have a specific slip model except th&l M@arkansu earthquake and the 1985 Uluggat
one. The co-seismic slip models of these two eaekes are obtained mainly based on the focal
mechanism of the main shock and empirical equat[@®$ The reliability of empirical slip
models needs to be validated. Generally spealieg;d-seismic stress change caused by the main
shock can advance the occurrence of most aftersh@gkanalyzing the correspondence between
the co-seismic Coulomb stress fields and the Higtion of aftershocks (Fig.4), we validate the
reliability of the empirical slip models of the ®Markansu earthquake and the 1895 Ulugqat

earthquake.

P T — — — 40N
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0.20
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— — 1 P ) o
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Fig. 4 Co-seismic Coulomb stress fields and aftekistributions of the 1974 and 1895 earthquakes

Since most aftershocks of the 1974 and 1985 eaakmsudo not have a clear focal
mechanism, we take regional tectonic stress fild iaccount and calculate the co-seismic
Coulomb stress change induced by these two eattbquzy taking the optimal rupture plane as
the receiver fault. Considering that the occurrente strong earthquake usually shows the
tectonic background in this area, we take the fooathanism of the main shock as the rupture
mechanism of the background stress filed in oucutalion. When the regional tectonic stress
filed is considered, the absolute stress statiedrctust consists of background tectonic stress fie
and the stress field caused by earthquakes. Basétecabsolute stress state of the crust and the
Coulomb rupture criterion, the optimal rupture diifen in the surrounding area after an
earthquake is calculated, and the Coulomb streasgehon this optimal rupture plane is then
obtained. Our results show that the co-seismistfields of the 1974 and 1985 earthquakes are
distributed in sectors, and both contain four steshanced zones where most aftershocks are
distributed. The correspondence between the coagesress field and the aftershock distribution
also proves the reliability of the empirical slipdels for the 1974 and 1985 earthquakes.

4.2.2 Effect of parameter value in the calculation

Based on the mathematic model of Coulomb stresanibe concluded that the calculation of
co-seismic Coulomb stress is influenced by the céffe friction coefficient, while the
post-seismic viscoelastic Coulomb stress is alscelaied with the viscosity coefficients of the
lower crust and the upper mantle. This sectionctldifferent effective friction values and
viscosity values to analyze the effect of parameteertainty on the ultimate calculation results.

In the mathematic model of Coulomb stress, theutaion of normal stress and shear stress
have no relation with the effective friction coeféint, but the change of friction coefficient atfec
the weight of normal stress change in the Coulotnbss change. When conditions for stress
remain constant, the friction coefficient has aedin impact on the calculation of Coulomb
stress[28-29]. In this work, the effective frictionefficient takes on the values of 0.2, 0.4 aitd 0.
to calculate the stress evolution at the hypoceoitéhe 2016 Aketao earthquake (Fig.5a). As the
value varies, the Coulomb stress at the hypocéiatea linear change with the friction coefficient,
but the basic characteristics of the stress ewlushow little difference. Hence, the value of

effective friction coefficient does not affect thariation tendency of Coulomb stress.
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Fig. 5 Effect of different parameter values in taéculation

Based on the three different values of the visgaiefficient (Table 3), we obtain the stress
evolution at the hypocenter of the 2016 Aketaoheprake (Fig.5b). Fig. 5 shows that Model 2
with a lower viscosity value for the lower crustsha higher rate for pose-seismic viscoelastic
stress release. The uncertainty of the viscosigfficient mainly affects the post-seismic stress
release rate. As the viscosity value changes,iffezehce of stress variations at the hypocenter of
the Aketao earthquake is within 0.1MPa, which meahasthe uncertainty of viscosity coefficient
does not have a significant impact on the finalitss
4.3 Stress accumulation along the KES and seisazard

In order to probe into the stress accumulationgkhie KES and the present seismic hazard,
we calculate the co-seismic and post-seismic Colletress accumulation caused by historical
earthquakes along the KES since 1895, and obtaistthss distribution in the rupture plane at the
depth of 0-30 km (Fig.6). Changes of the strike dipdangles of different faults are taken into
account, and the variation of viscoelastic Coulastriess is calculated until November 26, 2016

(just after the Aketao earthquake).
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The 1896 Taxkorgan earthquake caused rupture amitigle segment of the Muztag Ata
Fault, and the 2016 Aketao earthquake fracturedstithe whole Muji Fault [30]. The co-seismic
and post-seismic effects of the above two earthegiagésulted in two stress shadow zones which
covered the eastern Muiji Fault, northern Muztagitrend southern Kongur Normal Fault (Fig.6).
On the other hand, historical earthquakes incretfsedtress on most segments of the southern
Kungai Fault and Kongur Normal Fault, and formed tvigh-stress areas at Qimugan segment on
the Kungai Fault and Bulunkou segment on the KonBault, where the maximum stress
variations were 0.247MPa and 0.587MPa, respectively

The Qimugan segment of the Kungai Fault is almestically intersected with the eastern
segment of the Muji Fault (Fig.6), which is prowestress accumulation[31]. The E-W extension
rate of the northern segment of Kungai Fault isual608 mm/a, equal to the dip-slip rate of 7.2
mm/a (Table 1). According to Shen et al.[29], siggpthat the tectonic deformation takes place
within the range of 100 km and the crust shear rsdis 4x16°Pa, a 7.2 mm/a dip-slip rate at
the Qimugan segment can cause 2880 Pa/a stresswdation. The peak value for stress change
at this segment is 0.247 MPa, corresponding toye@6s tectonic loading.

According to the statistics from GPS survey station both sides of the Kongur Normal
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Fault near Bulunkou, the current E-W extension odtéhis fault is 5.1-0.8mm/a[2], equal to a
stress accumulation rate of 1720~2360Pa/a. Inwlaig the peak value of stress variation at
Bulunkou segment is 0.587 MPa which correspond®dtonic loading of 249~341 years. The
Kongur Normal Fault is extended in an S-like shael stress is prone to be accumulated where
the strike of the fault changes. Since Mw>7.0 earthquakes occurred on the Kongur Fault for
hundreds of years, it is likely that the tectortress accumulation has reached a high level.

The Mw6.6 Aketao earthquake in 2016 and Me7.2 Tajikistan earthquake in 2015 on the
Karakul Rift in the middle Pamir are both shallotrike slip earthquakes, which reflects that the
current tectonic deformation in the Pamir is maiBRW extension [2], and the KES plays an
important part in the extension process. The Coblstress induced by historical earthquakes has
increased in a region of 80-km-long segment of k&S, which is equivalent to aMw7.5

earthquake. The present seismic hazard along tigig®orthy of attention.

5 Discussions and Conclusions

5.1 Interaction among historical earthquakes atbrg<ES

We calculate the co-seismic and post-seismic Coolmtiess change caused by four
historical strong earthquakes in the KES and ijacaht areas since 1895. Results show that the
co-seismic and post-seismic process of historiaghgquakes caused stress loading on the rupture
planes of later earthquakes. All of historical kquiakes after 1895 happened in the zones where
the co-seismic and post-seismic Coulomb stress emdimnced: prior to the 1896 Taxkorgan
earthquake, the 1974 Markansu one and the 201&Gékete, stress variations at their hypocenters
were 0.251MPa, 0.013MPa and 0.563MPa, respectiaklgurpassing the threshold value of 0.01
MPa for stress triggering. Hence, the co-seismid past-seismic stress change of historical
earthquakes promoted the above three earthquakes.

Numerical results suggested that the precedincheaskes prompt the occurrence ofthe
subsequent ones, and the post-seismic viscoel@stitomb stress change plays a key role in the
process. For example, during the Coulomb stresduimo at the hypocenter of the 1974
Markansu earthquake, the post-seismic stress iarié even larger than the co-seismic one,
which demonstrates that the viscoelastic relaxagifect can significantly change the stress state

in the surrounding areas after strong earthquaesilar phenomena are also found in the studies
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of stress evolutions along the San Andreas Fagtl bngmenshan Fault and the Xianshuihe Fault
[12, 32-35].
5.2 Current seismic hazard along the KES

Historical seismic activities caused stress loadingnost segments of the Kungai Fault and
the Kongur Fault along the KES, and resulted in high-stress areas at Qimugan segment and
Bulunkou segment, where the peak values for stiemsge corresponds to tectonic loading of ~86
and 249~341 years, respectively. If overall ruptueppens along the above two faults, the effect
is equivalent to aMw7.5 earthquake.

At present, the major tectonic activities on thetmeastern Pamir are dominated by the E-W
oriented extensions, among which the KES playsrgoitant role in the internal extension of the
Pamir Plateau because it absorbs an extensionalranod 3-11mm/a. The Muztag Fault and
Taheman Fault on the southern segment of the Ki#ljogenerated theMw7.0 Taxkorgan
earthquakes in 1895 and 1896. The Muji Fault inrtbeh also experienced tidw6.6 Aketao
earthquake in 2016. However, the Kungai Fault diedkongur Fault have not experienced any
Mw>7.0 earthquakes for hundreds of years, therdfeomming seismic gaps in the northeastern
Pamir. Both ofthese two faults have high stressimedation and the capability to independently
generateMw>7.0 earthquakes. In addition, the Qimugan segrandtthe Bulunkou segment are
located at the faults’ turning area where the stigsconcentrated with high extensional rate.
Therefore, the seismic hazard on these two faekeryes much attention.

5.3 Discussions

After the main shock, aftershocks may also affeetdtress state on the surrounding faults,
but the focal mechanism and rupture distributiomaofst aftershocks are not clear. Studies have
also shown that the energy released by aftershaiisot be compared with those caused by the
main shock [36], and the stress change caused tbyskadcks cannot change the distribution
character of the Coulomb stress change. In additione of the historical earthquakes involved in
this work are recorded to experienddev>6.5 aftershocks, so the effects of aftershocksnat
included. We analyze the characteristics of steestution along the KES since 1895, which may
serve as a reference for seismic hazard assesam#re study area. However, the earthquake
preparation is quite complex, and the earthquakieitammagnitude fundamentally depend on the

strength of rocks on the rupture plane and whdtieestress has reached critical instability state.
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