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Introduction

In the past 50 to 55 million years, the Indian Plate thrust underneath the Eurasian Plate at a relative speed of 40 ~ 50mm/a, causing extensive deformation within the Eurasian continent.

Mountains in the Pamir region were greatly uplifted, with widely developed faults and frequent earthquakes [START_REF] Xuejun | Study on the focal mechanism and deformation characteristics for the 2008 Mw6.7 Wuqia earthquake, Xinjiang by InSAR[END_REF]. Since the Late Cenozoic, the northeastern Pamir has experienced large regional tectonic deformation characterized by the shortening, strike slip and internal extension. A series of active tectonic zones (Fig. 1) hence came into being, including the Kongur Extensional System (KES), the Main Pamir Thrust (MPT), the Pamir Frontal Thrust (PFT), and the Markansu Fault [START_REF] Jie | Late Cenozoic and present tectonic deformation in the Pamir salient, Northwestern China[END_REF].At present, the active deformation in the northeastern Pamir is mainly concentrated on the KES, the PFT and the Artux-Kash folded belt, and these active faults control the occurrence of strong earthquakes (Mw >7.0) in the northeastern Pamir [START_REF] Liwenqiao | Coseismic surface ruptures of multi segments and seismogenicfault of the Tashkorgan earthquake in Pamir, 1895[END_REF]. [START_REF] Liwenqiao | Coseismic surface ruptures of multi segments and seismogenicfault of the Tashkorgan earthquake in Pamir, 1895[END_REF]; the gray dots represent the mid-size earthquakes between 1895 and 2017;and the yellow squares represent the main cities in the study area.) On November 25, 2016 at 22:24 pm, an Mw6.6 earthquake happened in Aketao County, Xinjiang Uygur Autonomous Region. The epicenter was located at 39.238 ° N, 74.047 ° E, and the focal depth was 12.6± 3km (United States Geological Survey,USGS). The Aketao earthquake which occurred on the Muji fault is the largest earthquake on the KESsince the1895 and 1896Taxkorgan earthquakes. The relationship between the Aketao earthquake and the historical events and the future trend of seismic activities along the KES have become urgent concerns [START_REF] Jie | Coseimic surface ruptures and seismogenicMuji fault of the 25 November 2016 Arketao Mw6.6 earthquake in Northern Pamir[END_REF].It is worth noting that two Mw 6.0 earthquakes (Fig. 1) occurred on November 3, 2008 and June 26, 2016 at the Sino-Kyrgyz border. In addition, on December 7, 2015, an Mw7.2 earthquake happened in Murghob, Tajikistan on the KarakulRift, about 160 km southwest of the Aketao earthquake [START_REF] Metzger | Rupture model of the 2015 M7. 2 Sarez,Central Pamir,earthquake andthe importance of strike-slip faulting in the Pamir interior[END_REF]. It may indicate that seismicity in the northeastern Pamir is becoming increasingly active [START_REF] Jie | Coseimic surface ruptures and seismogenicMuji fault of the 25 November 2016 Arketao Mw6.6 earthquake in Northern Pamir[END_REF]. After the Aketao earthquake, the trend of seismic activities in the northeastern Pamir, especially in the KES and its surrounding areas has received much attention. However, due to the poor geographical conditions in the northeastern Pamir, little geodetic data are available, and few studies have been made on the seismic hazard in this area.

Since the KES is one of the most seismically active faults in northeastern Pamir, the spatial and temporal dependent distribution of strong earthquakes and their interaction are important for assessing seismic hazard on the KES and surrounding areas. Adjacent strong earthquakes tend to impact and interact with each other. Such interaction can be quantitatively described through Coulomb stress change caused by co-seismic and post-seismic deformation, which further provides a reference for determining seismic hazard in active fault zones [START_REF] Wei | Coseismic and postseismic Coulomb stress changes on surrounding major faults caused by the 2015 Nepal Mw7.9 earthquake[END_REF]. If an earthquake causes stress loading on a receiver fault, it may bring the fault closer to rupture; contrarily, if an earthquake causes negative Coulomb Stress change on a receiver fault, it may retard subsequent events [START_REF] Stein R S | Progressive failure on the North Anatolian fault since 1939 by earthquake stress triggering[END_REF][START_REF] Stein | The role of stress transfer in earthquake occurrence[END_REF][START_REF] Stein | Earthquake conversations[END_REF].Based on the co-seismic and post-seismic Coulomb stress changes caused by historical strong earthquakes, many studies have successfully acquired the stress variation of active faults and evaluated their seismic risk. Parsons et al. [START_REF] Parsons | Heightened odds of large earthquakes near Istanbul: An interaction-based probability calculation[END_REF] calculated the effect of the 1999Izmit earthquake on the faults near Istanbul, suggesting that the earthquake increased the occurrence probability of strong earthquakes in Istanbul over the next 30 years. Xiong et al. [START_REF] Xiongxiong | Stress transfer and its implication for earthquake hazard on the Kunlun Fault, Tibet[END_REF]studied the stress evolution caused by historical strong earthquakes along Kunlun Fault, and found that all these historical earthquakes occurred in the positive stress zone caused by the preceding earthquakes. Based on the co-seismic and post-seismic viscoelastic stress change and inter-seismic stress accumulation, Shan et al. [START_REF] Bin | Coulomb stress evolution along Xianshuihe-Xiaojiang Fault System since 1713 and its interaction with Wenchuan earthquake[END_REF]obtained the characteristics of Coulomb stress evolution along the Xianshuihe-Xiaojiang fault since 1713, and concluded that the seismic activity in four seismic gaps was increased. The theory of Coulomb stress change provides us an important tool to assess time-dependent earthquake hazard.

In this work, we collected a sequence of 5 Mw>7 earthquakes (Table 2 and Fig. 1) that occurred on the KES and its surrounding areas since 1895. Based on the co-seismic and post-seismic stress disturbances caused by historical earthquakes, we obtain the characteristics of stress evolution along the KES, and identify the stress accumulation in present days. We then analyze the interaction among historical earthquakes and the future seismic trend in fault zones, and provide a reference for seismic hazard assessment in the study area.

Neotectonics and historical seismicity

2.1Kinematic characteristics of the KES

According to the geometric characteristics, present terrain and lithological features of faults, the KES can be divided into five sections from the north to the south: the Mujidextral strike slip fault, the northern segment of Kungai Mountain normal fault, the southern segment of Kungai Mountain normal fault, the Kongur normal fault, and Muztag normal fault [START_REF] Jie | Late Cenozoic and present tectonic deformation in the Pamir salient, Northwestern China[END_REF] (Fig. 1, Table 1).

The KES can also be divided into two segments -the southern and northern segments at Muztag Mountain. The present tectonic movement along the whole KES is not uniform, as theE-W oriented extension rate is decreasing from the south to the north: the right lateral rate on Muji fault, the northernmost part of the KES, is 4.5-11mm/a [START_REF] Chevalier | Fast slip-rate along the northern end of the Karakorum fault system, western Tibet[END_REF], while the extension rate on the Muztag fault, the southern part of the KES, is less than 2mm/a. In addition, there are the Taheman and the Taxkorgan normal fault on the south of the Muztag normal fault, and the E-W extension rate of the Taxkorgan normal fault is less than 1 mm/a [START_REF] Liwenqiao | Coseismic surface ruptures of multi segments and seismogenicfault of the Tashkorgan earthquake in Pamir, 1895[END_REF].

As a huge tectonic obstacle, the Muztag Mountain divided the KES into the southern and northern segments, making seismic activities on these two segments independent from each other.

However, the Muji Fault, the Kungai Normal Fault, the Kongur Normal Fault and the Muztag Normal Fault are all capable of generating Mw>7.0 earthquakes independently. According to the field investigation along these faults, the magnitudes of the paleo-earthquakes were Mw7.0-7.5 [START_REF] Liwenqiao | Coseismic surface ruptures of multi segments and seismogenicfault of the Tashkorgan earthquake in Pamir, 1895[END_REF]. years, and also the largest earthquakes on the southern segment of the KES that have been thoroughly studied before [START_REF] Jie | Late Cenozoic and present tectonic deformation in the Pamir salient, Northwestern China[END_REF][START_REF] Liwenqiao | Coseismic surface ruptures of multi segments and seismogenicfault of the Tashkorgan earthquake in Pamir, 1895[END_REF]. Li et al. [START_REF] Liwenqiao | Coseismic surface ruptures of multi segments and seismogenicfault of the Tashkorgan earthquake in Pamir, 1895[END_REF] conducted two large-scale field geological mappings and differential GPS measurements on the coseismic rupture zones of these two earthquakes, and obtained their hypocenter parameters and slip distribution models (Fig. 1).

On August 11, 1974, Markansu Mw7.1earthquake shook the north of the western Markansu Fault, and no surface rupture was found in the epicenter [START_REF] Chenjie | Arcuate thrust tectonics and its contemporary seismicity in the eastern section of the external zone of the Pamir[END_REF]. Based on the P-wave and S-wave initial motion, Jackson et al. [START_REF] Jackson | Seismotectonic aspects of the Markansu Valley, Tajikstan, earthquake of August 11, 1974[END_REF] obtained the focal mechanism of this earthquake (Fig. 1, Table 2).

They considered that the earthquake was dominantly dextral strike slip, which is consistent with the conclusion made by Yang et al. [START_REF] Maoyuan | Determination of the source parameters of the Wuqia earthquake in Xinjiang from far field P-Waveform[END_REF].In addition, the aftershock sequence relocations show that the aftershocks are mainly distributed along an N-W band with a width of 20 km and a length of 45 km, which also sketches the maximum range of the main shock slip [START_REF] Jackson | Seismotectonic aspects of the Markansu Valley, Tajikstan, earthquake of August 11, 1974[END_REF].

On August 23, 1985, Ulugqat Mw7.0earthquake occurred on Mingyaoler anticline and caused a 15-km-long rupture zone [START_REF] Xianyue | The Paleoearthquakes in Xinjiang Region, China. Xinjiang Science[END_REF]. The rupture is quite complex and hard to be fitted by point source model. Burtman et al. [START_REF] Burtman | Geological and geophysical evidence for deep subduction of continental crust beneath the Pamir[END_REF] provided the focal mechanism solution of this earthquake and concluded that the main shock might consist of three subevents, namely one thrust fault and two right-lateral thrust faults (Fig. 1, Table 2).

The results of several calculations show that the ranges and magnitudes of stress disturbances caused by Mw <6.5 earthquakes along the KES and Mw <7 earthquakes in surrounding areas are relatively small (for example, the Mw6.7 Ulugqat earthquake in 2008 only caused slight stress change, amounting to KPa at the hypocenter of Aketao earthquake), which cannot exert a significant effect on the stress state of the KES. Therefore, we do not take these historical earthquakes into account.We selected the above four earthquakes in the study area with clear focal mechanism or slip model and the 2016 Aketao earthquake as historical seismic events (Table 2).The slip models of the 1895 Taxkorgan, 1896 Taxkorgan and 2016 Aketao earthquakes are obtained from references, and the rupture parameters (rupture length, rupture width, slip) of the other historical earthquakes are calculated based on empirical equations [START_REF] Wells | New empirical relationships among magnitude, rupture length, rupture width, rupture area, and surface displacement[END_REF]. Similar methods are widely used in studies on the stress evolution along active faults [START_REF] Bin | Coulomb stress evolution along Xianshuihe-Xiaojiang Fault System since 1713 and its interaction with Wenchuan earthquake[END_REF][START_REF] Papadimitrioue | EarthquaketriggeringalongtheXianshuiheFaultzoneofwesternSichuan,China,PureAp pl[END_REF][START_REF] Wei | Coseismic, Postseismic and InterseismicCoulomb Stress Evolution Along theHimalayan Main Frontal Thrust Since1803[END_REF]. 

3.Models and Methods

Model for Coulomb failure stress

When an earthquake occurs, there are relatively large static co-seismic slips that trigger static co-seismic strain and stress on the causative fault. Since the lower crust and the upper mantle are viscoelastic, strain is slowly released, gradually causes post-seismic surface displacement, and consequently produces viscoelastic relaxed strain and stress that change with time. Both co-seismic and post-seismic stress adjustments can cause Coulomb stress changes on a receiver fault. According to the Coulomb failure law, the Coulomb stress change on a receiver fault is:

) ( P n f ∆ + ∆ + ∆ = ∆ σ µ τ σ (1)
where τ ∆ is the shear stress change on the fault (positive -reckoned in the direction of fault slip), and µ in equation (1) [23], composing the following equation:

n σ ∆ is
n f σ µ τ σ ∆ + ∆ = ∆ ' (2) 
Values for effective friction coefficient are often assigned based on experience, for it is almost impossible to actually measure and determine them on the receiver fault [START_REF] Parsons | Stress sensitivity of fault seismicity: a comparison between limited-offset oblique and major strike-slip faults[END_REF]. Parsons et al. [START_REF] Parsons | Stress sensitivity of fault seismicity: a comparison between limited-offset oblique and major strike-slip faults[END_REF] held that the effective friction coefficient of a high-angle strike-slip fault should be low, while that of a dipslip fault should be high. In this paper, the effective friction coefficient is assumed to be 0.4 for calculation, and the effect of different coefficients on the ultimate result is discussed.

We use the PSCMP/PSGRN software [START_REF] Rongjiang | PSGRN/PSCMP-a new code for calculating co-and post-seismic deformation, geoid and gravity changes based on the viscoelastic-gravitational dislocation theory[END_REF] to calculate the co-seismic and post-seismic Coulomb stress change. Based on a layered viscoelastic half space model with gravity effects, this software can effectively simulate the Coulomb stress change caused by earthquakes.

3.2Lithospheric stratification

Based on Crust 1.0, we obtain the parameters of stratified lithosphere in the study area.

Poisson's ratio is assumed to be 0.25, and Linear Maxwell rheology is used to simulate the rheological structure of the lower crust and upper mantle (Table 3). For the stress evolution of the Himalayan Main Frontal Thrust, Xiong et al. [START_REF] Wei | Coseismic, Postseismic and InterseismicCoulomb Stress Evolution Along theHimalayan Main Frontal Thrust Since1803[END_REF] set the viscosity coefficients of the lower crust and the upper mantle as 1×10 19 Pa•s and 1×10 20 Pa•s, respectively. Shan et al. [START_REF] Bin | Coulomb stress evolution along Xianshuihe-Xiaojiang Fault System since 1713 and its interaction with Wenchuan earthquake[END_REF] and Shi et al. [26] adopted the same coefficient values. However, for the post-seismic deformation caused by the 2001 Kokoxili earthquake, Wen et al. [START_REF] Wenyangmao | Postseismicmotionafterthe2001Mw7.8KooxiliearthquakeinTibetobservedbyInSARtimeseries[END_REF] took 2×10 19 Pa•s as the viscosity value; and Xiong et al. [START_REF] Xiongxiong | Stress transfer and its implication for earthquake hazard on the Kunlun Fault, Tibet[END_REF] adopted a lower-crust viscosity coefficient of 1×10 18 Pa• s to analyze the interaction between strong earthquakes along the Kunlun Fault. In this work, the viscosity coefficients of the lower crust and the upper mantle are set as 1×10 19 Pa•s and 1×10 20 Pa•s. Values of these coefficients will exert an effect on the rate of post-seismic Coulomb stress change. In the following, we will discuss the effect of different values on the ultimate results. Note: The viscosity coefficients of the lower crust and the upper mantle are set as 1×10 19 Pa•s and 1×10 20 

Calculations and Analysis

4.1 Stress transfer and earthquake interaction on the KES Positive Coulomb stress change brings the fault closer to failure and thus earthquake occurrence, while negative Coulomb stress change retards subsequent events [START_REF] Stein R S | Progressive failure on the North Anatolian fault since 1939 by earthquake stress triggering[END_REF]. Based on this hypothesis, we adopt PSGRN/PSCMP software [START_REF] Rongjiang | PSGRN/PSCMP-a new code for calculating co-and post-seismic deformation, geoid and gravity changes based on the viscoelastic-gravitational dislocation theory[END_REF] to calculate the co-seismic and post-seismic effects of historical earthquakes on subsequent earthquake on the KES, and analyze the interaction between these earthquakes. The mechanism of receiver fault selected in our calculation is the focal mechanism of corresponding historical earthquakes. Calculations show that the 1895 earthquake caused significantly stress loading on the rupture plane of later 1896 earthquake, and the Coulomb stress change at the hypocenter was 0.251MPa (Fig. 2a, Fig. 3a). The average stress loading was greater than 0.1MPa, exceeding the threshold value of 0.01 MPa [START_REF] Stein R S | Progressive failure on the North Anatolian fault since 1939 by earthquake stress triggering[END_REF]. Therefore, the 1896 earthquake is significantly promoted by the co-seismic and post-seismic stress change caused by the 1895 earthquake. Since the 1895 and 1896 Taxkorgan earthquakes, the 2016 Aketao earthquake is the largest event along the KES. However, the hypocenters of the former two earthquakes are far from that of the latter one, so their co-seismic and post-seismic effects on the stress at the hypocenter of the Aketao earthquake are relatively slight. In addition, the 1985 Ulugqat earthquake generated a co-seismic Coulomb stress change of -0.002MPa at the hypocenter of the Aketao earthquake, which may restrain the occurrence of the Aketao earthquake (Fig. 2c, Fig. 3c).However, the co-seismic and post-seismic stress change of the 1974 Markansu earthquake caused significant stress loading on the rupture zone of the Aketao earthquake. Up to November 2016 before the Aketao earthquake, the stress variation at its hypocenter had reached 0.563MPa. The 2016 Aketao earthquake was significantly accelerated by the Coulomb stress change of historical earthquakes, among which the 1974 earthquake played a major role.

To sum up, all the historical earthquakes in the study area occurred in the zone where the co-seismic and post-seismic Coulomb stress was increased. Before the 1896 Taxkorgan earthquake, the 1974 Markansu earthquake and the 2016 Aketao earthquake, the Coulomb stress variations at their hypocenters were 0.251MPa, 0.013MPa and 0.563MPa, respectively (Fig. 3), all exceeding the threshold value of 0.01MPa. It can be concluded that these three earthquakes were triggered by the co-seismic and post-seismic stress change of preceding earthquakes. Coulomb stress change induced by these two earthquakes by taking the optimal rupture plane as the receiver fault. Considering that the occurrence of a strong earthquake usually shows the tectonic background in this area, we take the focal mechanism of the main shock as the rupture mechanism of the background stress filed in our calculation. When the regional tectonic stress filed is considered, the absolute stress state in the crust consists of background tectonic stress field and the stress field caused by earthquakes. Based on the absolute stress state of the crust and the Coulomb rupture criterion, the optimal rupture direction in the surrounding area after an earthquake is calculated, and the Coulomb stress change on this optimal rupture plane is then obtained. Our results show that the co-seismic stress fields of the 1974 and 1985 earthquakes are distributed in sectors, and both contain four stress-enhanced zones where most aftershocks are distributed. The correspondence between the co-seismic stress field and the aftershock distribution also proves the reliability of the empirical slip models for the 1974 and 1985 earthquakes.

Effect of parameter value in the calculation

Based on the mathematic model of Coulomb stress, it can be concluded that the calculation of co-seismic Coulomb stress is influenced by the effective friction coefficient, while the post-seismic viscoelastic Coulomb stress is also correlated with the viscosity coefficients of the lower crust and the upper mantle. This section selects different effective friction values and viscosity values to analyze the effect of parameter uncertainty on the ultimate calculation results.

In the mathematic model of Coulomb stress, the calculation of normal stress and shear stress have no relation with the effective friction coefficient, but the change of friction coefficient affects the weight of normal stress change in the Coulomb stress change. When conditions for stress remain constant, the friction coefficient has a linear impact on the calculation of Coulomb stress [START_REF] Xu Caijun | Applying the Coulomb failure function with an optimally oriented plane to the 2008 Mw7.9 Wenchuan earthquake triggering[END_REF][START_REF] Bin | Coseismic Coulomb stress change caused by 2010 MS=7.1 Yushu earthquake and its influence to 2011 MS=5.2 Nangqên earthquake[END_REF]. In this work, the effective friction coefficient takes on the values of 0.2, 0.4 and 0.6 to calculate the stress evolution at the hypocenter of the 2016 Aketao earthquake (Fig. 5a). As the value varies, the Coulomb stress at the hypocenter has a linear change with the friction coefficient, but the basic characteristics of the stress evolution show little difference. Hence, the value of effective friction coefficient does not affect the variation tendency of Coulomb stress. 3), we obtain the stress evolution at the hypocenter of the 2016 Aketao earthquake (Fig. 5b). Fig. 5 shows that Model 2 with a lower viscosity value for the lower crust has a higher rate for pose-seismic viscoelastic stress release. The uncertainty of the viscosity coefficient mainly affects the post-seismic stress release rate. As the viscosity value changes, the difference of stress variations at the hypocenter of the Aketao earthquake is within 0.1MPa, which means that the uncertainty of viscosity coefficient does not have a significant impact on the final results. The 1896 Taxkorgan earthquake caused rupture at the middle segment of the Muztag Ata Fault, and the 2016 Aketao earthquake fractured almost the whole Muji Fault [START_REF] Wangshuai | Slip Model for the 25 November 2016 Mw 6.6 AketaoEarthquake, Western China, Revealed by Sentinel-1and ALOS-2 Observations[END_REF]. The co-seismic and post-seismic effects of the above two earthquakes resulted in two stress shadow zones which covered the eastern Muji Fault, northern Muztag Fault and southern Kongur Normal Fault (Fig. 6).

On the other hand, historical earthquakes increased the stress on most segments of the southern Kungai Fault and Kongur Normal Fault, and formed two high-stress areas at Qimugan segment on the Kungai Fault and Bulunkou segment on the Kongur Fault, where the maximum stress variations were 0.247MPa and 0.587MPa, respectively.

The Qimugan segment of the Kungai Fault is almost vertically intersected with the eastern segment of the Muji Fault (Fig. 6), which is prone to stress accumulation [START_REF] Xuxiwei | Discussion on seismogenic fault of the Ludian Ms6.5 earthquake and its tectonic attribution[END_REF]. The E-W extension rate of the northern segment of Kungai Fault is about 6.8 mm/a, equal to the dip-slip rate of 7.2 mm/a (Table 1). According to Shen et al. [START_REF] Bin | Coseismic Coulomb stress change caused by 2010 MS=7.1 Yushu earthquake and its influence to 2011 MS=5.2 Nangqên earthquake[END_REF], suppose that the tectonic deformation takes place within the range of 100 km and the crust shear modulus is 4×10 10 Pa, a 7.2 mm/a dip-slip rate at the Qimugan segment can cause 2880 Pa/a stress accumulation. The peak value for stress change at this segment is 0.247 MPa, corresponding to ~86 years tectonic loading.

According to the statistics from GPS survey stations on both sides of the Kongur Normal Fault near Bulunkou, the current E-W extension rate of this fault is 5.1±0.8mm/a [START_REF] Jie | Late Cenozoic and present tectonic deformation in the Pamir salient, Northwestern China[END_REF], equal to a stress accumulation rate of 1720~2360Pa/a. In this way, the peak value of stress variation at Bulunkou segment is 0.587 MPa which corresponds to tectonic loading of 249~341 years. The Kongur Normal Fault is extended in an S-like shape, and stress is prone to be accumulated where the strike of the fault changes. Since no Mw>7.0 earthquakes occurred on the Kongur Fault for hundreds of years, it is likely that the tectonic stress accumulation has reached a high level.

The Mw6.6 Aketao earthquake in 2016 and the Mw7.2 Tajikistan earthquake in 2015 on the Karakul Rift in the middle Pamir are both shallow strike slip earthquakes, which reflects that the current tectonic deformation in the Pamir is mainly E-W extension [START_REF] Jie | Late Cenozoic and present tectonic deformation in the Pamir salient, Northwestern China[END_REF], and the KES plays an important part in the extension process. The Coulomb stress induced by historical earthquakes has increased in a region of 80-km-long segment of the KES, which is equivalent to an Mw7.5

earthquake. The present seismic hazard along the KES is worthy of attention. Therefore, the seismic hazard on these two faults deserves much attention.

Discussions and Conclusions

Discussions

After the main shock, aftershocks may also affect the stress state on the surrounding faults, but the focal mechanism and rupture distribution of most aftershocks are not clear. Studies have also shown that the energy released by aftershocks cannot be compared with those caused by the main shock [START_REF] Yongge | The influence of 2008 Wenchuan earthquake on surrounding faults[END_REF], and the stress change caused by aftershocks cannot change the distribution character of the Coulomb stress change. In addition, none of the historical earthquakes involved in this work are recorded to experienced Mw>6.5 aftershocks, so the effects of aftershocks are not included. We analyze the characteristics of stress evolution along the KES since 1895, which may serve as a reference for seismic hazard assessment in the study area. However, the earthquake preparation is quite complex, and the earthquake and its magnitude fundamentally depend on the strength of rocks on the rupture plane and whether the stress has reached critical instability state.
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 1 Fig. 1: Main faults and historical earthquakes along the KES and its surroundings. (The black lines represent the main active faults marked with names of the faults in the study zone; the red focal spheres represent the locations of historical seismicity and the focal mechanisms; the area surrounded by the dotted line represents the rupture zone of two historical earthquakes in 1895 and 1896[3]; the gray dots represent the mid-size earthquakes between

  Pa•s (model 1). The viscosity coefficient of the lower crust selected by model 2 (1×10 18 Pa• s) and model 3 (2× 10 19 Pa•s) will be used in stability analysis.

Fig. 2

 2 Fig.2 co-seismic and post-seismic Coulomb stress evolution 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

Fig. 3

 3 Fig. 3 Co-seismic and post-seismic stress evolution at the hypocenters of historical earthquakes along the KES since 1895 (a) before the 1896 earthquake; (b) before the 1974 earthquake; (c) before the 2016 earthquake

4. 2

 2 Results stability analysis 4.2.1 Validation of rupture model of the 1974 and 1985 earthquakes All the historical strong earthquakes discussed in this paper along the KES and adjacent areas since 1895 have a specific slip model except the 1974 Markansu earthquake and the 1985 Ulugqat one. The co-seismic slip models of these two earthquakes are obtained mainly based on the focal mechanism of the main shock and empirical equations [19]. The reliability of empirical slip models needs to be validated. Generally speaking, the co-seismic stress change caused by the main shock can advance the occurrence of most aftershocks. By analyzing the correspondence between the co-seismic Coulomb stress fields and the distribution of aftershocks (Fig.4), we validate the reliability of the empirical slip models of the 1974 Markansu earthquake and the 1895 Ulugqat earthquake.

Fig. 4

 4 Fig. 4 Co-seismic Coulomb stress fields and aftershock distributions of the 1974 and 1895 earthquakes Since most aftershocks of the 1974 and 1985 earthquakes do not have a clear focal mechanism, we take regional tectonic stress filed into account and calculate the co-seismic

Fig. 5

 5 Fig. 5 Effect of different parameter values in the calculation Based on the three different values of the viscosity coefficient (Table3), we obtain the stress

4. 3

 3 Stress accumulation along the KES and seismic hazardIn order to probe into the stress accumulation along the KES and the present seismic hazard, we calculate the co-seismic and post-seismic Coulomb stress accumulation caused by historical earthquakes along the KES since 1895, and obtain the stress distribution in the rupture plane at the depth of 0-30 km (Fig.6). Changes of the strike and dip angles of different faults are taken into account, and the variation of viscoelastic Coulomb stress is calculated until November 26, 2016 (just after the Aketao earthquake).

Fig. 6

 6 Fig. 6 Stress accumulation along the KES from 1895 to 2016 (co-seismic and post-seismic) S1: eastern segment of Muji Fault; S2: northern segment of Kungai Fault; S3: southern segment of Kungai Fault; S4: Kongur Normal Fault; S5: northern segment of MuztagNormal Fault

5. 1

 1 Interaction among historical earthquakes along the KESWe calculate the co-seismic and post-seismic Coulomb stress change caused by four historical strong earthquakes in the KES and its adjacent areas since 1895. Results show that the co-seismic and post-seismic process of historical earthquakes caused stress loading on the rupture planes of later earthquakes. All of historical earthquakes after 1895 happened in the zones where the co-seismic and post-seismic Coulomb stress was enhanced: prior to the 1896 Taxkorgan earthquake, the 1974 Markansu one and the 2016 Aketao one, stress variations at their hypocenters were 0.251MPa, 0.013MPa and 0.563MPa, respectively, all surpassing the threshold value of 0.01 MPa for stress triggering. Hence, the co-seismic and post-seismic stress change of historical earthquakes promoted the above three earthquakes.Numerical results suggested that the preceding earthquakes prompt the occurrence ofthe subsequent ones, and the post-seismic viscoelastic Coulomb stress change plays a key role in the process. For example, during the Coulomb stress evolution at the hypocenter of the 1974 Markansu earthquake, the post-seismic stress variation is even larger than the co-seismic one, which demonstrates that the viscoelastic relaxation effect can significantly change the stress state in the surrounding areas after strong earthquakes. Similar phenomena are also found in the studies of stress evolutions along the San Andreas Fault, the Longmenshan Fault and the Xianshuihe Fault[START_REF] Bin | Coulomb stress evolution along Xianshuihe-Xiaojiang Fault System since 1713 and its interaction with Wenchuan earthquake[END_REF][START_REF] Freed | Delayed triggering of the 1999 Hector Mine earthquake by viscoelastic stress transfer[END_REF][START_REF] Freed | Evolution of stress in Southern California for the past 200 years from coseismic, postseismic and interseismic stress changes[END_REF][START_REF] Ali | Coulomb stress evolution in Northeastern Caribbean over the past 250 years due to coseismic, postseismic and interseismic deformation[END_REF][START_REF] Xinglin | Inelastic triggering of the 2013 Mw 6.6 Lushan earthquake by the 2008 Mw7.9 Wenchuan earthquake[END_REF]. 5.2 Current seismic hazard along the KES Historical seismic activities caused stress loading on most segments of the Kungai Fault and the Kongur Fault along the KES, and resulted in two high-stress areas at Qimugan segment and Bulunkou segment, where the peak values for stress change corresponds to tectonic loading of ~86 and 249~341 years, respectively. If overall rupture happens along the above two faults, the effect is equivalent to an Mw7.5 earthquake. At present, the major tectonic activities on the northeastern Pamir are dominated by the E-W oriented extensions, among which the KES plays an important role in the internal extension of the Pamir Plateau because it absorbs an extensional amount of 3-11mm/a. The Muztag Fault and Taheman Fault on the southern segment of the KES jointly generated the Mw7.0 Taxkorgan earthquakes in 1895 and 1896. The Muji Fault in the north also experienced the Mw6.6 Aketao earthquake in 2016. However, the Kungai Fault and the Kongur Fault have not experienced any Mw>7.0 earthquakes for hundreds of years, therefore becoming seismic gaps in the northeastern Pamir. Both ofthese two faults have high stress accumulation and the capability to independently generate Mw>7.0 earthquakes. In addition, the Qimugan segment and the Bulunkou segment are located at the faults' turning area where the stress is concentrated with high extensional rate.

Table 1

 1 Kinematic parameters of different sections along the KES[START_REF] Jie | Late Cenozoic and present tectonic deformation in the Pamir salient, Northwestern China[END_REF][START_REF] Liwenqiao | Coseismic surface ruptures of multi segments and seismogenicfault of the Tashkorgan earthquake in Pamir, 1895[END_REF][START_REF] Chevalier | Fast slip-rate along the northern end of the Karakorum fault system, western Tibet[END_REF] 
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					-160~-1		
	Muji Fault	Strike-slip/Normal	Southwest	75~90		4.5~11	4.5~11
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	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, an Mw7.0 earthquake struck Taxkorgan in the southern segment of the KES,
	brought the southern segment of the Muztag Fault and the whole Taheman Fault to rupture, and
	generated a 27km long fracture zone. Following the Mw7.0Taxkorgan earthquake, an Mw7.1
	earthquake occurred at the west side of Muztag Mountain on March 4, 1896, which led to rupture

at the middle part of the Muztag Fault and generated a 20-km-long fracture zone. These two are the most severe normal fault earthquakes that occurred in the northeastern Pamir in recent 120

  the normal stress change (positive if the fault is unclamped).

		∆ counteracts that
	of	n ∆ . Hence, P σ ∆ and n σ

P ∆ is the pore pressure change in the fault zone (positive in compression), and µ is the friction coefficient (with a range of 0~1). Rupture is encouraged if f σ ∆ is positive and restrained if negative; both the increased shear stress and unclamping of faults can promote failure. The tendency of P ∆ are merged into one term by introducing the "effective" friction coefficient '
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