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Abstract Focal mechanism solutions and centroid depths of 312 M≥4 aftershocks from the 2008 Wenchuan

earthquake sequence have been derived by CAP (Cut and Paste) method from broadband waveform data with

relatively high signal-to-noise ratio (SNR). Following this, we have analyzed the distribution of focal depths and

the stress tensors, as well as the types of focal mechanisms. The major results are: (1) different cross-sections

show that the depth ranges of the aftershocks at the southern and northern ends of the aftershock area along the

Longmenshan fault zone are wider than those on the central segment, where rare M≥4 aftershocks occurred at

depths shallower than 10 km. The main faults trend to the NW on the southern and central segments, and for the

northern segment, no dominant trend direction has been determined; (2) stress tensor distribution demonstrates

that the majority of the aftershock areas on the cross-section along the major axis are mainly under compressive

stress perpendicular to the profile; however, for the areas near Lixian, Beichuan, Qingchuan and the shallow parts

of its northern segment, large principal stress components are parallel to the major axis profile direction. On the

cross-sections perpendicular to the major axis, the three areas above can be divided into two parts: one with

dominantly compressional stress near the major faults of the Longmenshan fault zone on the SE side, and the

other with NE-direction push along the fault zone on the NW side; (3) the stress tensor distribution in map view

is very similar to those on the vertical cross-sections. In map view, the orientation of the principal compressional

stress axis S1 on the central segment of the aftershock area presents an SE-trending arc shape; (4) the stress

tensor slices at different depths show that the orientation of S1 axis mainly changes on the central segment and

at the northern end, indicating that the two segments have different seismogenic structures at different depths;

(5) with the exception of the northern end of the aftershock region, the orientation of the S1 axis changes little

during the early and late stages, illustrating the seismogenic structures are relatively stable; (6) preliminary

analyses for the seismogenic structures at the northern end indicated that deeper strike-slip quakes occurred on

the ENE-striking branch at first, and then the NNE-striking branch faults at the northern end were activated

and generated a series of relatively shallow strike-slip earthquakes due to subsequent stress-triggering; (7) the

aftershock triggering mechanism that occurred near Lixian is different between the shallow and deep depths,

and between the early and late stages, indicating that the main faults and the branch faults responsible for

aftershocks are at different depths. Consequently, the relaxation effect of the main shock particularly impacts the

branch faults.
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1 Introduction

As an important parameter for describing the dy-

namics and kinematics of seismogenic tectonics, focal

mechanism solution is widely used to determine the

type of structure (Zoback, 1992), analyze the geom-
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etry of the seismogenic structure (Long et al., 2010;

Song et al., 2012; Yi et al., 2012), calculate regional

stress inversion (Gephart and Forsyth, 1984; Michael,

1984), and to facilitate earthquake prediction (Chen,

1978; Ma et al., 1994). The Wenchuan MS8.0 earth-

quake on May 12, 2008 occurred in the central-northern

Longmenshan fault zone, and produced a typical main-

aftershock type sequence (Jiang et al., 2008) with an

abundance of aftershocks. Until June 30, 2011, more

than 400 MS≥4.0 aftershocks were recorded, including

39 of MS5.0–5.9, and 8 of MS6.0–6.4. Some early re-

search has been made about the focal mechanism so-

lutions of the sequence. For example, Hu et al. (2008)

calculated the focal mechanisms for 44 strong early af-

tershocks using the P-wave first motion method, and

concluded that although the main seismogenic faults

are thrust faults, the focal mechanisms are different

near Lixian and at the northern end of the aftershock

area. Zheng et al. (2009) inverted the focal mechanisms

of strong aftershocks (MS≥5.6) by the CAP (Cut and

Paste) method, and pointed out that the major fault-

ing is thrusting on the southern segment and strike-slip

on the northern segment. Wang et al. (2009) obtained

88 moment tensor solutions from time-domain moment

tensor inversion, and found out that the aftershock re-

gion has obvious characteristics of segmentation based

on the spatial distribution of the focal mechanisms.

Zhang et al. (2010) got 829 mechanism solutions from

the amplitude-ratio combined with the P-wave first mo-

tion method, and discussed the temporal and spatial

variation of the stress field in the aftershock region.

The seismogenic structure of the Wenchuan earth-

quake, which occurred within the NE-striking Long-

menshan fault zone, is at the boundary zone between

the South China block and the Bayan Har block at

the northeastern margin of the Qinghai-Xizang plateau.

This region has a complex structure, and has suffered

a long evolutionary history (Burchfiel et al., 1995). It

consists of three major active faults, almost parallel to

each other (Wang et al., 2001): from the NW to SE, they

are the Wenchuan-Maoxian fault (back-range), which

has had no surface rupturing, but has shown severe sec-

ondary geological disasters; the Yingxiu-Beichuan fault

(central-range), which is the major seismogenic struc-

ture of the Wenchuan mainshock, including a length of

about 235 km of co-seismic surface rupture along this

fault; and the Guanxian-Jiangyou fault (front-range),

on which surface rupture is about 60 km long (Xu et al.,

2009). The three imbricate faults thrust and superim-

pose to the Sichuan basin, forming the first-order block

border in Chinese mainland (Zhang et al., 2003). In ad-

dition, there are several active faults of different scales

near the Longmenshan fault zone, such as the nearly

EW-striking East Kunlun fault, NE-striking Longriba

fault, the nearly NS-striking Huya and Minjiang faults

in the north, and the NW-striking Miyaluo fault on the

west side of the central Longmenshan fault zone.

2 Data and method

A total of 312 MS≥4.0 aftershocks of digital wave-

forms with high SNR were collected within the period

from the main event on 12 May 2008 to the end of

June 2011, and a recent internationally popular method

called CAP (Zhao and Helmberger, 1994; Zhu and

Helmberger, 1996) was applied to calculate the focal

mechanism solutions. The method divides the waveform

into two parts: the body wave and the surface wave, and

fits them with the same parts of synthetic waveforms.

It can therefore eliminate the deviations caused by in-

accuracy in Green’s functions, the earthquake location,

and velocity models. Experiments show that the method

is independent of the accuracy of the velocity model

(Zheng et al., 2009; Luo et al., 2010), and that the num-

ber and spatial distribution of stations involved in the

calculation has little effect on the results (Long et al.,

2010). Due to the fact that the surface wave is sensitive

to the focal depth, the method can also be applied to

obtain relatively more accurate centroid depth by com-

paring synthetic seismograms at different depths with

the observed seismograms. In data processing, a 0.05–

0.2 Hz and 0.05–0.1 Hz fourth-order Butterworth filter

was applied to the body wave and the surface wave,

respectively. The Green’s function is calculated by the

f -k method (Zhu and Helmberger, 1996). Finally, we

get the focal mechanism solutions and centroid depth

of these earthquakes.

In recent decades, the method of stress tensor

inversion from focal mechanism solutions has had a

long-term development. In general, assuming a uni-

form distribution of the stress field in space (Ange-

lier, 1979; Gephart and Forsyth, 1984; Michael, 1984;

Gephart, 1990; Cui and Xie, 1999), however, for a strong

earthquake sequence, a large variety of aftershock focal

mechanisms can be attributed to the spatially varying

stresses imposed by the dislocation of the mainshock

(Das and Scholz, 1981; Stein and Lisowski, 1983; Op-

penheimer et al., 1988). To solve the non-uniform stress

field characteristics, Michael (1991) proposed the su-

perposition stress inversion method (SSI), which is an
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inversion technique that solves for a uniform stress field

superimposed on a given spatially varying stress field.

The inversion provides the spatial position of three prin-

cipal stress axes (S1, S2, S3, principal stresses ordered

from most compressional to most dilatational) and their

relative size ϕ, which is defined as

ϕ =
S2 − S3

S1 − S3
. (1)

It is in the range from 0 to 1, ordered from uniaxial

compression to uniaxial tension (Fossen, 2010); and the

variance, which is defined as the solution misfit (the

angle between the individual focal mechanism and the

assumed stress tensor) squared and summed (Michael,

1991). Some researchers (Wiemer et al., 2002) believe

that the variance represents the consistency of the stress

field, which indicates the risk of potential earthquake

hazard: the less variance, the higher consistency of the

stress field, the more potential danger in the future. Pre-

vious work proved that the results from this method are

accurate (Yi et al., 2012). We used this method to ana-

lyze the spatio-temporal variation characteristics of the

stress field tensor in the Wenchuan aftershock region.

3 Results and discussion

3.1 Stress field of the Wenchuan earthquake

The distribution of the centroid depths of the

312 MS≥4.0 earthquakes is shown in Figure 1. The

sketch shows that the aftershock area can be divided

into different portions based on the spatial distribu-

tion of the aftershocks, i.e., the southern segment of

the west of Mianzhu with dense earthquakes, Mianzhu-

Beichuan-Pingwu segment (central segment) with rel-

atively dispersed earthquakes, the northern segment

east of Pingwu where the NNE-striking aftershock area

tends to significantly deviate from the Longmenshan

fault zone. Such a distribution characteristic of epicen-

ters is in good agreement with the previous precise re-

location results of aftershocks (e.g., Huang et al., 2008).

In order to study the distribution characteristics

of focal mechanisms of the Wenchuan earthquake se-

quence at different depths, we obtained seven vertical

cross-sections on different portions and along different

directions (Figure 1) as the projection plane for focal

mechanism. In the cross-sections, AA′ is along the ma-

jor axis of the aftershock areas, and the rest are nearly

perpendicular to the strike of the aftershock areas.

Figure 2a gives the distribution of focal mechanism

solutions on cross-section AA′ along the strike of the

seismogenic fault of the Wenchuan earthquake. It shows

that earthquakes are concentrated at the depths less

than 20 km, and that dense aftershock distribution is

Figure 1 Map view of the centroid depths of the 312

MS≥4.0 earthquakes in Wenchuan earthquake sequence

obtained by the CAP inversion and profile location sketch.

F1. Longmenshan back-range fault; F2. Longmenshan

central-range fault; F3. Longmenshan front-range fault; F4.

Huya fault; F5. Minjiang fault; F6. Longriba fault; F7.

Miyaluo fault; F8. Longquanshan fault.

within a relatively wide range of depths at both ends

of the cross-section. Shallower earthquakes occur domi-

nantly in the central portion of the section. In order to

reflect the stress state on different segments of seismo-

genic faults, we have calculated the stress tensor and

projected the orientation of the S1 axis on the section

AA′. Considering the symmetry of the mechanical axis,

the angle of the S1 axis relative to the profile is limited

in the range of 0◦−180◦. It can be seen in Figure 2a that

the angles between the orientation of S1 axis and the

profile are within the range of 60◦−120◦ for most of the

region, i.e., the S1 axis is nearly perpendicular to the

strike of the profile. This shows that the approximately

horizontal compressive stress direction is nearly per-

pendicular to the strike of seismogenic faults with dom-

inantly thrust-faulting behavior. It is notable that the

focal mechanisms display extension on the profile and

the angle between S1 axis and the profile is less than 30◦

at the southern end near Lixian, the northern end near

Qingchuan and the shallow part north of Qingchuan.

This means that the principal compressive stress of the

seismic source comes from the direction approximately
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Figure 2 Vertical cross-sections AA′ (a), BB′ (b), CC′ (c), DD′ (d), EE′ (e), FF ′ (f) and GG′ (g) showing the focal

mechanism solution projection and the angle of S1 axis relative to the section. Projection width is 50 km on both sides

of AA′ section line, others are 20 km. For AA′, a fixed number of 15 earthquakes are used to calculate the stress tensor

with slip-step 10 km and 1 km along the horizontal and depth, respectively. For CC′, DD′ and EE′, fixed radius of 5

km and the sample size no less than 5 with slip step 3 km and 1 km along the horizontal and depth, respectively. The

profiles BB′, FF ′, GG′ are with no calculation of the stress tensor due to dispersion of earthquakes. The solid lines

mark the faults, where F-R, C-R, B-R represent the Longmenshan front-range, central-range, and back-range faults,

respectively.
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parallel to the profile. In addition, for the Beichuan-

Pingwu segment from 150 km to 220 km on the sec-

tion, the direction of the principal compressive stress

of aftershocks is generally parallel to the strike of seis-

mogenic faults of the mainshock. This stress pattern

reflects that dislocation type in the region is different

from the Longmenshan fault zone, and implies different

structures exist there.

The section BB′ (Figure 2b) across the Longmen-

shan fault zone at the southern end of the aftershock

area shows that the aftershocks are controlled by three

main faults. Distribution of the aftershocks indicates a

NW-trend of the main fault plane, and most aftershocks

with a NW-trending plane also reflect the trend of the

fault plane there. From the P -axis of focal mechanism

solutions (Figure 2a), principal compressive stress is ap-

proximately parallel to the section BB′, implying this

segment of Longmenshan fault zone is under horizontal

lateral compression.

The section CC ′ (Figure 2c) between Dujiangyan

and Lixian crosses the southwestern segment of Long-

menshan fault zone and its northwestern side. The af-

tershock distribution clearly demonstrates steep NW-

trending fault planes of the Longmenshan central-range

and front-range faults, which meet on the gently dip-

ping basement detachment at a depth of ∼16–20 km.

From the stress state reflected by the stress tensor, the

relatively large angle between the S1 axis and the pro-

file CC′ (greater than 120◦) indicates approximately

horizontal pushing parallel to the profile. This evidence

suggests that the main faults of the Longmenshan fault

region are thrust faults under compressive stress. How-

ever, along the section CC ′ at the western side of Long-

menshan fault zone southeast of Lixian, different mech-

anisms from 20 km to 40 km on the profile reflect the

existence of different seismogenic structures with princi-

pal compressive stress perpendicular to the profile from

the stress direction. Zhang et al. (2009) considered that

the NW-striking tear faults perpendicular to the Long-

menshan fault zone, triggered by the main shock, should

be responsible for the aftershocks near Lixian.

The profile DD′ (Figure 2d) crosses the central-

southern segment of the aftershock area between

Wenchuan and Mianzhu. Hypocenter distribution shows

that fault plane there is significantly NW-trending, and

the focal mechanism solutions demonstrate a compres-

sive stress on the Longmenshan main faults.

The profile EE′ (Figure 2e) of the central after-

shock area crosses the Longmenshan fault zone near

Beichuan, and demonstrates that the major seismogenic

fault of the Wenchuan earthquake, i.e., the Longmen-

shan central-range fault, has clear NW-trending fea-

tures, with a dip smaller than those in sections BB′ and
CC′. The depth of the basement detachment is about

15–20 km. Focal mechanism solutions reflect that under

NE-directed shear stress, the Longmenshan fault zone is

experiencing NW-directed compression, which is similar

to that on the section CC′. The tectonic setting shows

that the Longmenshan back-range fault has been inter-

rupted here, and the southern branch of the Huya fault

extends to the Longmenshan central-range fault on the

central aftershock area and meets with the central-range

fault at a right angle (seen in Figure 1). Stress loading

mode on the NW side of the profile is different from

the main faults, which may suggest that the southern

branch of the Huya fault was involved in the aftershock

activity there.

The profile FF ′ (Figure 2f), located at the central-

northern segment of the aftershock area near Pingwu,

displays the fault plane at depths shallower than 15 km.

It is relatively steep, with a minor NW-trend, and is

relatively gentle at depth greater than 15 km from the

hypocenter distribution. This finding is consistent with

the precise relocation of Huang et al. (2008). From the

stress state, with the exception of a few disperse after-

shocks at depths shallower than 5 km having the princi-

pal compressive stress axis perpendicular to the profile,

it is clear that the majority of the earthquakes were

derived from the main faults under compressive stress

state.

The northernmost cross-section GG′ (Figure 2g)

crosses the main faults near Guangyuan-Ningqiang with

no surface rupture from the Wenchuan earthquake (Xu

et al., 2009), and shows a complex fault system (Fan

et al., 2008). Figure 2g shows the hypocenters can

be divided into SE and NW groups, in which the SE

group includes six earthquakes with consistent mecha-

nism solution located at deeper depths, and thrusting

under the principal compressive stress mainly parallel

to the profile. Comparing these with stress character-

istics from the other sections, we consider that the six

earthquakes may reflect the structural feature of the

main faults at the northern end where shallow M>4.0

earthquakes are rare. In contrast, the aftershocks on the

NW side of the profile are widely distributed in map

view, and mainly occur at depths shallower than 10

km. Two M>6.0 earthquakes occurred shallower than

5 km, which is consistent with the result of Luo et al.

(2010). Stress patterns perpendicular to the profile re-

flect NNW-striking fault-thrusting under NE-SW prin-

cipal compressive stress, which triggered aftershock ac-

tivity at the northern end of the aftershock area.



522 Earthq Sci (2012)25: 517–526

3.2 Stress field of the Wenchuan earthquake se-

quence

We have made slices of the stress tensor at dif-

ferent depths based on the inversion result in order to

study different aspects of the stress state within the af-

tershock area of the Wenchuan earthquake. We divide

the aftershock area into four parts based on the dis-

tribution of earthquakes, that is, the southern, central,

northern, and NW-striking portions near Lixian (red

dashed lines in Figures 3 and 4 as segment boundaries).

We then calculated the average stress tensor for each

portion and the results are shown in Figure 3.

From the stress tensor of earthquakes at depths

shallower than 12 km (Figure 3a), the segmentation

feature of aftershock area is obvious: the dominant

orientation of the S1 axis on the southern segment is

NW-WNW, and close to that of the regional stress field

(Cheng, 1981; Xu et al., 1987; Chen et al., 2001), indi-

cating that this segment is under NW-WNW directed

horizontal compressive stress state. Since less shallow

earthquakes occurred on the Wenchuan-Mianyang and

Beichuan-Pingwu segments, we did not get the stress

tensor solution there. The dominant orientation of the

S1 axis near Beichuan is NE-SW on the NW side, and

changes to EW near the main faults, implying that

the southern branch of the Huya fault has affected the

local stress field of the Wenchuan earthquake there.

It is obvious that the orientation of S1 axis changed

from NE-SW to NW-SE on the northern aftershock

zone near Qingchuan. The primary stress direction of

the Qingchuan-Guangyuan segment is mainly oriented

in the EW direction, while the NE orientation of S1

axis at the northern end shows shear stress parallel to

Longmenshan fault zone. The average tensors on the

southern, central and northern segments are all typical

of thrust faults, with nearly horizontal S1 axes and ver-

tical S3 axes (Zoback, 1992). The differences are mainly

embodied in the distribution of stress axis orientation,

which has been well represented in the distribution of

the S1 axis orientation. The S1 axis for the NW-striking

portion near Lixian is nearly parallel to the strike of

Longmenshan fault zone, which is consistent with the

results from above cross-sections (see Figure 2c). The

dips of maximum and minimum principal stress axes,

S1 and S3, close to the horizontal, mean that strike-slip

is the dominant dislocation mechanism, implying that

seismogenic structures near Lixian are different from the

main faults of Longmenshan fault zone. In addition, the

Figure 3 Map view of the orientation of S1 axis and variance at depths shallower than 12 km (a) and

deeper than 12 km (b), respectively, and the projection of principal stress axes for different segments on the

Woolf net. A fixed sampling radius of 15 km is used in inverse, sample number shall not be less than 10,

sliding step is 0.05◦×0.05◦. The red dashed lines represent the segment boundaries. Squares, triangles and

circles represent the locations of axes S1, S2 and S3 on the Woolf net. Yellow star marks the epicenter of the

largest aftershock. The character “Var” means variance, which is defined in section 2, and ϕ means relative

size, which is defined in formula (1).
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variance of inversion, shown in the color maps, reflects

the degree of consistency of focal mechanism solutions.

It can be seen in Figure 3a that the variance is relatively

high in the areas near Lixian, Beichuan and Qingchuan,

which may be the result of different seismogenic faults

intersecting in the depth range.

The stress tensor solutions at the depths larger

than 12 km have some differences with those at the

shallower depths (Figure 3b). Although the predom-

inant orientation of the S1 axis for the NW-striking

portion near Lixian is NE-SW, the orientations of the

S1 axes near the main faults are disordered, result-

ing in relatively large inverse variance. The Wenchuan-

Mianyang segment is under compressive stress at depths

greater than 12 km and lacks shallower earthquakes. On

the Beichuan-Pingwu segment, the Longmenshan main

faults are under shear stress parallel to the strike of the

fault zone. The orientation of S1 axis represents a SE-

trending arc rotation. From Qingchuan to the north,

the compressive stress field is oriented NW-SE, and

is perpendicular to the strike of Longmenshan faults.

The difference of focal mechanisms from the average

stress tensor between deep and shallow depths is not

so significant for different segments of the Longmen-

shan fault zone, as major faulting consists of thrusting

under horizontal shear stress. The slight difference is

that the azimuth of the S1 axis on the northern seg-

ment changed from EW at shallow depths (<12 km)

to WNW-ESE at deep depths (>12 km). However, the

mechanism solutions near Lixian changed from strike-

slip type to thrusting type (Figure 2c). Combined with

evidence from the cross-section in the area, we find that

most of the earthquakes on the tear fault near Lixian

occurred at depth shallower than 12 km, while the stress

tensor solutions at the depth greater than 12 km may

reflect the faulting type of the NW-trending main faults

on the southern segment.

To investigate the temporal variation in the stress

field, the sequence has been divided into two stages,

before and after the end of July 2008, namely, the early

stage (12 May 2008 to 31 July 2008) and the late stage

(1 August 2008 to 30 June 2011). The results (Figure

4) show that, except in the Lixian area, no significant

variation in the stress field between the two periods

was observed. A slight difference exists at the northern

end of the aftershock area, where the dominant direc-

tions of the main tectonic stress fields were EW and

ESE in the early stage (Figure 4a), reflecting the com-

pressive stress on Longmenshan main faults, while the

dominant directions changed to ENE in the late stage

(Figure 4b). It is evident that the spatial distribution

of aftershocks in the two stages had some differences.

Figure 4 The map view of the azimuth of S1 axis and the inverse variance before (a) and after (b) the end

of July 2008. A fixed sampling radius of 15 km is used in the inversion, the number of samples is not less than

10, and the space sliding step is 0.05◦×0.05◦. The red dashed lines mark the segmentation boundaries. The

squares, triangles and circles denote the locations of the S1, S2 and S3 axes in the Woolf nets, respectively.

The yellow star marks the epicenter of the largest aftershock. “Var” and ϕ are the same as Figure 3.



524 Earthq Sci (2012)25: 517–526

Aftershocks near the northern end, in the late stage,

were located much more northward away from the Long-

menshan fault zone than those in the early stage. The

results of earthquake epicenter locating also showed that

the aftershocks formed two branches trending NNE and

ENE (Figure 5). Combined with results shown in Fig-

ure 3, we found out that the ENE branch of earthquakes

happened first at deep depths is controlled by strike-slip

faults, which seem not develop at shallow depths. The

NNE branch of aftershocks then occurred at relatively

shallow depths, and the direction of main tectonic stress

was intersected in an acute angle by Longmenshan fault

zone. These aftershocks may be related to branch faults

within Longmenshan fault zone, which were triggered

by the main shock. The mechanism type from the aver-

age stress tensor of aftershocks near Lixian also changed

from strike-slip type to normal type. Whether this phe-

nomenon is relevant to the relaxation effect from the

great earthquake is a question for further study.

Figure 5 The distribution of the focal mechanism so-

lutions in the northern aftershock area and the average

stress tensor of the ENE and NNE branches of aftershocks.

The black spheres in extensional area mark the focal mech-

anisms of earthquakes before the end of July 2008, and the

red spheres mean those after July 2008. The squares, tri-

angles and circles denote the location of the S1, S2 and S3

axes in the Woolf nets, respectively.

4 Conclusions

In this paper, mechanism solutions and centroid

depths of 312 M≥4.0 aftershocks with relatively high

signal-to-noise ration (SNR) waveforms of the 2008

Wenchuan, Sichuan, MS8.0 earthquake sequence were

derived by using the CAP waveform inversion method.

Focal mechanism distribution on several sections across

different parts of the aftershock area has been analyzed,

and the stress tensors on the sections were inverted by

the Michael inversion method to study the spatial and

temporal distribution characteristics of stress field of

the Wenchuan aftershock sequence. The main results

obtained are as follows:

1) The aftershocks with size equal to 4.0 or above

occurred at depths shallower than 20 km, while the

depth range of aftershocks on the northern and south-

ern ends of the aftershock zone was relatively wide. On

the central segment, shallow earthquakes at the depths

less than 10 km were sparse.

2) Stress field calculations show that in the cross-

section along the long axis of the aftershock area, most

focal mechanisms indicate that the Longmenshan fault

zone was under a compressive stress regime perpendic-

ular to the strike of the Longmenshan fault zone. This

evidence implies that the dominant type of faulting in

Longmenshan fault zone was thrust. However, for the

areas near Lixian, the Beichuan-Pingwu segment, and

north of Qingchuan at shallow depths, the component of

principal compressive stress was parallel to the strike of

the fault zone, implying that there may be particular ac-

tive structures. Moreover, along these sections perpen-

dicular to the major axis of the aftershock area from SW

to NE, the trend of faults on the southern and central

segments of aftershock areas are obviously NW. On the

northern segment, however, this trend was not obvious.

All of the three profiles, located near Lixian, Beichuan,

and at the northern end of the aftershock area, can be

divided into two parts from stress field: one part under a

compressive stress on the SE side near the Longmenshan

main faults, and the other on the NW side, under shear

stress parallel to the strike of Longmenshan fault zone.

These two parts illustrated that the seismogenic struc-

tures in these areas were different from Longmenshan

fault zone. Combined with geological data, we prelimi-

narily consider that the NW-striking Lixian tear fault,

the southern branch of Huya fault, and the other branch

faults on northwestern side of the northern segment of

Longmenshan fault zone, should be responsible for the

different focal mechanisms in this area.

3) The map views of the stress tensor are similar to

the cross-section results, which displays the orientation

of S1 axes perpendicular to the SE-striking main faults

near Mianyang, parallel to the strike of Longmenshan

fault zone near Beichuan, and finally perpendicular to

the faults again near Qingchuan, forming a SE-trending

arc. Map view and vertical cross-sections suggest that

the compressive principal stress near Beichuan is par-

allel to the strike of Longmenshan fault zone, which
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is mainly reflected in the stress state of the southern

Huya fault, while the orientation of the S1 axis on Long-

menshan main faults remained NW-SE. Such distribu-

tion may be due to the spatially scattered earthquakes

with principal compressive stress parallel to the strike

of Longmenshan fault zone. It also explains why the ori-

entation of the S1 axis was nearly parallel to the strike

of Longmenshan fault zone on the central segment and

the average stress tensor was thrusting. In fact, from

the distribution of the S1 axes, we can see that larger

compressional components affect the main faults in the

SE side near Beichuan.

4) The stress tensor sections at different depths

showed that the orientation variation of S1 axes mainly

existed on the central and northern segments, indicating

that the seismogenic structures on these two segments

varied with depth. With the exception of the northern

end of the aftershock zone, the orientation of S1 axes

in the remaining areas changed little between the early

and late stages. Preliminary analysis of the seismogenic

structure at the northern end showed that the strike-slip

earthquakes occurred along deep-lying faults at first,

and then the NNE-striking branch faults at the north-

ern end were activated and generated a series of shal-

lower strike-slip earthquakes due to the stress-release

triggering from the main shock.

5) The average stress tensor solution on the NW-

striking portion near Lixian showed the variation from

strike-slip type at shallower depths to thrusting type

at deeper depths, reflecting that the depth range of af-

tershocks on the NW-striking tear fault on the southern

aftershock zone was different from that on the Longmen-

shan main faults. The variation from strike-slip faulting

in the early stage to normal faulting in the late stage

may be the result of the relaxation effect from the main

shock.
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