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[1] The 1998 Mw 5.7 Zhangbei-Shangyi (China) earthquake is the largest to have occurred in northern
China since the large 1976 Ms 7.8 Tangshan earthquake. Due to its proximity to Beijing, the capital of
China, it has therefore gained a lot of attention. A great number of studies have been conducted using
seismic and geodetic data, but few are able to identify conclusively the orientation of the primary fault
plane for this earthquake. In this paper, two independent ERS synthetic aperture radar interferograms are
used to determine precisely the location and magnitude of coseismic surface displacements (�11 cm in the
radar line of sight). Modeling the event as dislocation in an elastic half-space suggests that the earthquake
is associated with a buried shallow NNE-SSW oriented thrust fault with a limited amount of lateral
displacement, which is consistent with seismic intensity distribution and aftershock locations.
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1. Introduction

[2] On 10 January 1998 at 03:50 (UTC), a Mw 5.7
earthquake struck the Zhangbei-Shangyi region of
northwestern Hebei Province, China, causing 49
fatalities, 11,439 serious injuries and rendering
�44,000 homeless. The direct economic loss was
estimated to be about $300 million (http://www.
eq-he.gov.cn/10/10-4/10-4-2.htm, accessed on
1 October 2007). The Zhangbei-Shangyi earth-
quake occurred in a Cenozoic uplifting region
covered with 2000 km2 of basalt [Diao et al.,
2001]. To the southwest of the earthquake region
is the Ordos basin (Figure 1) where a regional GPS
network was established in the early 1990s. The
GPS network has been subsequently resurveyed in
a campaign mode with an interval of 1�2 years.
GPS observations spanning the period from 1991
to 2001 suggest coherent east-southeastward move-
ment at rates of 2 to 8 mm/a in the direction of
N120�–140�E with respect to the relatively stable
Eurasian plate [Wang et al., 2001] (Figure 1). The
Ordos basin is a relatively stable geological block
surrounded by seismically active deformation
zones. There have been no moderate or large
earthquakes (M > 4.0) and only a few small earth-
quakes recorded in the last 2500 years within the
Ordos block. By contrast, the surrounding defor-
mation zones are very active with 15 strong earth-
quakes (7.0 < M � 8.5) and more than 35
moderately strong earthquakes (6.0 < M � 7.0)
having occurred in the past 2500 years [Deng et
al., 1999].

[3] On the basis of seismic intensity distribution,
aftershock locations, the focal mechanism, and the
directions of fallen chimneys and gate pillars, Lin
et al. [1999] reported a thrust fault striking NNE
and dipping 40� to 50� northwest with a large
right-lateral displacement component. Using the
far-field and near-field digital seismic records,
Gao et al. [2002] argued that the Zhangbei-
Shangyi event consisted of one main left-lateral
strike-slip rupture plane (NWW striking, NNE
dipping) and two right-lateral strike-slip secondary
rupture planes (NNE striking). A more recent study
using near-field seismic records suggested that the
earthquake occurred on a NW striking fault [Lai et
al., 2007].

[4] In the past two decades, interferometric syn-
thetic aperture radar (InSAR) has proved a power-
ful technique for mapping deformation of the
Earth’s surface caused by earthquakes with tens-
of-meters spatial resolution [Massonnet and Feigl,

1998]. Wang and his colleagues were the first
to apply the InSAR technique to mapping the
Zhangbei-Shangyi earthquake [Wang et al., 2000;
Zhang et al., 2001, 2002; Shan et al., 2002]. Using
three-pass InSAR with an ERS descending inter-
ferogram from one tandem pair collected before the
earthquake plus one image after the event, they
observed a coseismic signal of up to 25 cm for this
small earthquake and suggested that this fault was
a SEE striking thrust fault dipping SW with a large
right-lateral displacement component. Moreover,
they claimed amagnitude (Mw) of 6.2, which is much
greater than the magnitude from the Global Centroid
Moment Tensor (GCMT) catalog (Mw = 5.7).

[5] Since the focal mechanism solutions differ
from one method to another, the fault type for the
Zhangbei-Shangyi earthquake is still unclear. In
this paper, an attempt is made to use two indepen-
dent two-pass interferograms to determine precise-
ly the fault location and its coseismic signals, and
then to understand better its mechanism.

2. Interferometric Processing Strategy

[6] The ERS coverage of the Zhangbei-Shangyi
earthquake region is shown in Figure 1. Repeated
radar acquisitions are available from two adjacent
descending tracks (satellite moving south), tracks
032 and 304 (Table 1). The InSAR data were
processed from level 0 (raw data) products using
the JPL/Caltech ROI_PAC software (version 2.3)
[Rosen et al., 2004]. Effects of topography were
removed from the interferograms using a 3-arc-
second (�90 m) digital elevation model (DEM)
produced by the Space Shuttle Radar Topography
Mission (SRTM) [Farr et al., 2007].

[7] Figure 2 shows the two independent interfero-
grams used in this study. Precise satellite orbits
from Delft University [Scharroo and Visser, 1998]
were employed to process the pair from track 304
(T304D hereafter, Figure 2a). T304D has a small
baseline, and the typical topographic errors in the
SRTMDEM (�8.7 m in Eurasia [Farr et al., 2007])
might lead to a range change error of 0.11 cm
(Table 1), which is two orders of magnitude smaller
than the coseismic signal (�11 cm, Figure 2c).
Therefore, for the T304D pair, the topographic
contribution can be considered negligible.

[8] Since no precise orbit was available for the
ERS-1 image collected on 8 October 1997, pre-
dicted orbits contained in the leader (header) files
were used in interferometric processing for the pair
from track 032 (T032D hereafter) and more than
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40 fringes were observed across the track (not
shown). Given the ERS swath width of 100 km,
these orbital ramps could result from a 11 m
horizontal baseline error or a 27 m vertical baseline
error [Li et al., 2004; Sibthorpe, 2006], which is of
the order for the accuracy of the predicted orbits for
ERS-1/2 (i.e., �25 m) [Closa, 1998]. Because the
coseismic signal is localized, the orbital ramp can
be removed using a best fit plane and the flattened
interferogram is shown in Figure 2b. T032D has a
long baseline of 440 ± 25

ffiffiffi

2
p

m, and topographic
errors could be up to �1.2 cm. Phase shifts are

observed in the epicenter region (indicated by a
black dashed eclipse) in T032D. On closer inspec-
tion of the SRTM DEM and satellite images
(including SAR and Google images), it is found
that these signals coincide with topography (e.g.,
riverbanks) with moderately steep slopes (see the
topography profile in Figure 2c), and thus it
appears that the phase shifts in T032D are likely
to be due to uncertainties in the SRTM DEM,
although the possibility of phase unwrapping errors
and atmospheric effects cannot be ruled out with-
out additional information (e.g., multiinterfero-

Figure 1. Topographic map of the Ordos basin covering the 1998 Zhangbei-Shangyi earthquake. Inset shows the
location of the earthquake (indicated by a solid black point). The focal mechanism is from the Global Centroid
Moment Tensor (GCMT) catalog. White lines show previously mapped faults [Deng et al., 2003]. Red solid
rectangles show the 46 � 46 km area around Zhangbei-Shangyi shown in Figures 2a, 2b, 3, 5a, 7, and S1; black solid
lines delimit the extents of the InSAR data used for this study; brown vectors represent GPS velocities relative to the
relatively stable Eurasian plate with ellipses denoting a region of 1s error, which are from Wang et al. [2001].

Table 1. ERS SAR Data Used in the InSAR Analysis

Track Frame Date 1 Orbit 1 Date 2 Orbit 2 B?,
a m ha,

b m s,c cm q,d deg

Descending 304 2781 23 Sep 1997 12683(ERS-2) 26 May 1998 16190(ERS-2) 41 220 0.11 20.4
Descending 032 2778 8 Oct 1997 32585(ERS-1) 22 Jan 1998 14415(ERS-2) 440 20 1.20 24.5

a
B? is the perpendicular baseline, which is the component of the orbital separation perpendicular to the radar line of sight.

b
The parameter ha is the altitude of ambiguity or the change of altitude corresponding to a topographic fringe. The higher this number, the lower

the sensitivity of the displacement measurement to residual topographic errors.
c
Range change errors in the line of sight due to the topographic uncertainty of SRTM DEM (typically 8.7 m for Eurasia [Farr et al., 2007]).

d
The parameter q is the incidence angle at the location of the peak surface displacement.
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grams for pair-wise logic assessment [Massonnet
and Feigl, 1998], or GPS, NASA MODIS and
ESA MERIS data for atmospheric correction [Li
et al., 2005, 2006a, 2006b]). Increasing water
levels also result in a greater surface of water
during the summer than the winter, which in turn
leads to more incoherent pixels in the ‘‘summer’’
pair (T304D: September–May).

[9] A profile of unwrapped phase across the
T304D interferogram gives a maximum range
change of about 11.0 cm in the radar line of sight
(LOS) (Figure 2c). Assuming that most of the
motion was vertical at the maximum, this corre-
sponds to 11.9 cm of uplift. Note that Wang and his
colleagues observed a coseismic signal of up to 25
cm using a three-pass InSAR technique [Wang et
al., 2000; Zhang et al., 2001, 2002; Shan et al.,
2002], which is almost twice as large. For the
purpose of validation, the three ERS images used
by Wang and his colleagues were reprocessed
using the three-pass InSAR technique in this study,
and the resultant interferogram agrees well with the
2-pass pair with a RMS difference of 1.1 cm and
suggests a maximum LOS range change of �11.0
cm (Figure S1).1 Moreover, it is clear in Figure 2c
that the two independent T304D and T032D pro-
files are in a good agreement with a mean differ-

ence (T032D–T304D) of 0.3 cm, a RMS
difference of 0.6 cm, and a peak difference of
�1.9 cm, providing strong confidence in our
InSAR results.

[10] The difference between the incidence angles
of the peak surface displacements in T032D and
T304D is as small as 4.1 degrees (Table 1);
additional uncertainties due to topographic errors,
phase unwrapping and/or atmospheric effects
(e.g., that indicated by black dashed eclipses in
Figure 2b) are expected if the T032D pair is used
alongside T304D in the inversion. Hence, in this
paper the T032D interferogram is only used for
validation.

3. Determining Fault Parameters
Using InSAR

[11] A comparison between Figures 2a and 2b
reveals that there are some short-wavelength atmo-
spheric effects (or atmospheric ripples, likely to be
caused by gravity waves) in the southwest corner
of the T304D interferogram (labeled A). They can
be observed more easily in a wider region, e.g.,
Figure S2a. These signals would make it difficult
to infer the mechanisms of such a small earthquake
[Lohman and Simons, 2005] and were therefore
masked during further modeling. The T304D in-
terferometric phase were then subsampled using a
quadtree decomposition algorithm [Jónsson et al.,

Figure 2. (a) Interferogram T304D: 970923–980526. The region indicated by orange red dashed lines (also labeled
A) was masked in slip modeling due to atmospheric effects. (b) Interferogram T032D: 971008–980122. (c) Profiles
of interferograms T304D and T032D, and topography. Note: (1) The interferograms in Figures 2a and 2b are wrapped
so that each color cycle from violet to red to violet represents an increase of 2.8 cm in the range to the satellite.
(2) The straight black dashed lines in Figures 2a and 2b indicate the profiles shown in Figure2c. (3) Negative LOS
range changes imply that the surface moves toward the satellite; that is, the pixel exhibits uplift in the LOS direction.
(4) It is believed that the differences in the observed deformation patterns in Figures 2a and 2b can be mainly
accounted for by two factors: the difference in the incidence angles of the two tracks (Table 1) and atmospheric
effects. (5) Dashed ellipses in Figures 2b and 2c imply phase shifts most likely due to SRTM DEM errors (see text).

1Auxiliary materials are available in the HTML. doi:10.1029/
2007GC001910.
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2002], a technique which concentrates sampling in
areas of high phase gradients, thus reducing the
number of data points to be modeled from �15,000
to just 529.

3.1. Uniform Slip Modeling

[12] To determine the source mechanism for the
1998 Zhangbei-Shangyi earthquake from the
T304D interferogram, interferometric phase was
modeled with uniform slip on a rectangular
dislocation in an elastic half-space using the
formulation of Okada [1985]. An elastic shear
modulus of 3.23 � 1010 Pa and a Poisson ratio
of 0.25 were used. Two inversions were performed
on the T304D interferogram: a West-Dipping
Model (WDM) constrained the strike angle to be
within 80� (167�–247�) of the west dipping nodal

plane determined by GCMT, and a East-Dipping
Model (EDM) to be within 80� (310�–30�) of the
east dipping nodal plane. Fault parameters (includ-
ing strike, slip, length, location, minimum and
maximum depth) were determined by minimizing
the squared misfits between the observed and the
predicted range changes in the LOS direction using
a nonlinear downhill simplex algorithm with mul-
tiple Monte Carlo restarts to avoid local minima
[e.g., Harris and Segall, 1987; Segall and Harris,
1987; Clarke et al., 1997; Wright et al., 1999]. To
determine parameter errors for the nonlinear down-
hill simplex inversion, a Monte Carlo bootstrap
simulation using correlated noise was used [e.g.,
Cervelli et al., 2001; Jónsson, 2002; Wright et al.,
2003; Funning et al., 2005]. First, a best fit 1-D
covariance function was estimated using a far-field

Figure 3. Observed, model, and residual interferograms superimposed on a SRTM DEM. (a) T304D interferogram
(wrapped): 970923–980526. (b) T304D WDM (wrapped). (c) T304D WDM residual interferogram. (d) T032D
interferogram (wrapped): 971008–980122. (e) T032D WDM (wrapped). (f) T032D WDM residual interferogram.
Note: (1) The observed and model interferograms are wrapped so that each color cycle from violet to red to violet
represents an increase of 2.8 cm in the range to satellite, while the residual one is not wrapped due to its relatively
small magnitude. (2) Black lines show previously mapped faults [Xu et al., 1998], and red circles indicate the centroid
locations from GCMT, Gao [Gao et al., 2002], Zhang [Zhang et al., 2001], and this study (labeled InSAR),
respectively. (3) Black rectangles show the map view projections of the west dipping fault plane, and dashed red lines
indicate the fault rupture projected on the surface that would be expected in the black rectangles if the fault broke the
surface.
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area of the interferogram where there is no defor-
mation signal from the earthquake. Second, a full
variance-covariance matrix was constructed for the
sampled data points, assuming that the noise struc-
ture was isotropic and identical across the image.
Third, 100 sets of random correlated noise were
simulated using the full variance-covariance func-
tion and then added to the sampled data points to
create 100 perturbed data sets. Finally, the inver-
sion procedure was applied to each of these data
sets and the distribution of best fitting solutions
obtained provides information on parameter errors
and their trade-offs.

[13] The WDM converged easily to a strike of
200.8 degrees. The model interferogram is shown
in Figure 3b and its residuals in Figure 3c. It is
clear that the WDM produces a first-order fit to the
observed deformation pattern and fixes the top of
the fault at a depth of �2.3 km, consistent with the
absence of a fault scarp at the surface. The WDM
has a small root mean square (RMS) misfit to the
data (6.2 mm for the subsampled data points and
4.4 mm for all the data points). Note that the RMS
misfits include the contributions from the uncer-
tainty in the InSAR measurements which was
suggested to be 2.0 mm by the abovementioned
variance-covariance estimation process. On the
basis of the Monte Carlo simulation of correlated
noise, several strong trade-offs between different
model parameters are observed: such as between
the strike and the y-coordinate, between the rake
and the y-coordinate, and between the moment
magnitude and the centroid depth (Figure 4). By
contrast, the EDM did not converge even after
1000 Monte Carlo restarts, i.e., the inversion fin-
ished only when the number of Monte Carlo
restarts was beyond its threshold. Examination of
the inversion outputs revealed that it repeatedly hit
the bounds of the strike angle. When the model

constrained the strike angle to lie in a much wider
range of 190�–490�, it eventually converged to the
west dipping nodal plane (instead of the east
dipping one). This indicates that the EDM is not
capable of reproducing the first-order pattern of
observed ground deformation.

[14] It is worth mentioning that an independent
inversion was performed using both T032D and
T304D interferograms in this study with Particle
Swarm Optimization (PSO) [Eberhart and
Kennedy, 1995] employed to find the global min-
ima. Compared to the downhill simplex algorithm,
much looser constraints were set: the strike angle
was constrained to be within 5� to 355�, dip to be
within 0.1� to 89.9� and rake to be within �179� to
179�. The PSO was restarted 100 times with initial
model parameters produced by a random function.
The PSO solution was similar to the downhill
simplex solution with the strike angle converging
at 199.0 ± 15.0 degrees. Therefore, the uniform slip
modeling results are strongly in favor of the WDM.

[15] As can be seen in Figures 3d–3f, the coseis-
mic signals observed in the independent T032D
interferogram can also be modeled effectively by
the WDM with a RMS misfit of 5.6 mm (Table 2);
their residual images are dominated by atmospheric
noise (Figure 3f). This provides additional strong
supporting evidence for the uniform modeling
results. Note that there are some observable differ-
ences between the T304 WDM and the T032
WDM interferograms (i.e., Figures 3b and 3e).
This is entirely because of the differences in the
incidence angles of the two adjacent descending
tracks (Table 1).

[16] Figure 5a shows the seismic intensity map
(dark gray lines) based on surface observations
[Diao et al., 2001] as well as the distribution of
the 178 aftershocks collected during the period

Figure 4. Model parameter trade-offs for uniform-slip model. Each of the 100 dots is the best fit solution for one
data set to which Monte Carlo, correlated noise has been added (see text).
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between 12 February 1998 and 28 February 1998
[Lai et al., 2007]. The WDM, projected onto the
high-intensity zone, shows a good agreement with
the seismic intensity map (Figure 5a). There is no
obvious orientation trend to the aftershock loca-
tions, but 164 out of 178 aftershocks are located to
the west of the fault rupture projected on the
surface (red dashed line in Figure 5a), which is
consistent with the WDM. Moreover, their depth
distribution also clearly indicates the aftershock
zone has a moderate westward dip (Figure 5b).

[17] A final indirect test of the validity of the
WDM model can be made by simulating the
model(s) suggested by Zhang et al. [2001] and
calculating their residuals, as this previous InSAR
study proposed a completely different focal mech-
anism solution. It is clear that the model(s) in the
work of Zhang et al. [2001] cannot reproduce the
coseismic signals for the earthquake, as evidenced
by their overestimated magnitudes and also their
imprecise locations (Figure S2). Since very limited
information on interferometric processing is avail-
able in the cited references [i.e., Wang et al., 2000;
Zhang et al., 2001, 2002; Shan et al., 2002], the
reason for their overestimate of the coseismic
signals remains unknown. However, it appears that
geocoding may be an issue in their interferometric
processing.

[18] Figure 3 shows that the GCMT earthquake
location differs from our InSAR result by 23.4 km,
but the latter is in agreement with the precise
location derived from near-field digital seismic
records [Gao et al., 2002] (labeled Gao) with a
small distance difference of 2.2 km, indicating that
InSAR data is able to provide invaluable informa-
tion to precisely locate earthquakes.

3.2. Distributed Slip Modeling

[19] Once the orientation of the fault plane has
been determined, the model can be further refined
by solving for the distribution of slip on the fault.
Assuming the fault geometry for a NNE-SSW fault
plane determined in the uniform slip modeling,
we extended the fault plane along strike and
downdip by increasing its total length to 20 km
and downdipwidth to 18 km, and then divided the
fault into 20 by 18 subfaults each measuring 1 km
by 1 km. The best fitting values of strike-slip and
dip-slip motion for each subfault were solved in a
least squares sense while Laplacian smoothing and
a nonnegative least squares algorithm were
employed to prevent unphysical oscillatory slip
[e.g., Harris and Segall, 1987; Segall and Harris,T
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1987; Bro and Jong, 1997; Wright et al., 2003;
Funning et al., 2005]. There is a trade-off between
the RMS misfit and the solution roughness, a
dimensionless quantity defined to be the mean
absolute Laplacian of the slip model. By plotting
RMS misfit against solution roughness, the weight-
ing of the Laplacian smoothing (i.e., 300) was
chosen to given a solution that had both low misfit
and roughness (Figure S3).

[20] The slip distribution obtained is shown in
Figure 6, which is elliptical in shape. Slip is
concentrated within the upper 8 km of the fault,
peaking at 0.55 m at a depth of 4–5 km,
corresponding to the center of the best fit uniform
fault. The maximum slip in the top 1 km (i.e., near
surface) is 0.03 m and may be too small to be
detected, which is consistent with the absence of a
fault scarp at the surface. To determine the level of
uncertainty in the slip estimates, the slip inversion
was applied to 100 perturbed data sets generated
using realistic correlated noise as for the uniform
models. The standard deviation of the slip on each
subfault gives a measure of the error on each slip
estimate (Figure S4). It is clear that the errors
increase with depth to a maximum of 0.05 m at a
depth of 6–7 km.

[21] To assess the degree of detail that is resolvable
with the distributed slip model, the resolution
matrix was used to estimate the spatial resolution
at the location of any subfault in the model (e.g.,
Biggs et al., 2006; Funning et al., 2005). The
resulting horizontal and vertical resolution length-
scales are given in Figures S5a and S5b, respec-
tively, where the resolution lengthscale at each
element is defined to be the number of elements
in the horizontal and vertical direction for which
the value in the resolution matrix is greater than 1/e
of the maximum. The horizontal resolution is 3 km
and the vertical resolution 5 km at the depth of
peak slip (i.e., 4–5 km), while they decrease to
6 km and 7 km, respectively, at the bottom depth of
the best fit uniform model (i.e., 8–9 km). The latter
two are comparable to the dimensions of the fault,
indicating there is only a marginal improvement of
the variable-slip model over the simpler uniform
one, which is within our expectation for earth-
quakes of this size and smaller [Biggs et al.,
2006]. This is supported by the fact that the
distributed slip model only shows a marginally
improved fit, with an RMS misfit of 4.3 mm for
all the data points (Figure 7) against the uniform
slip inversion (4.4 mm, Figure 3).

Figure 5. Aftershock locations for the 1998 Zhangbei-Shangyi earthquake superimposed on the WDM synthetic
interferogram. (a) Locations of the 178 aftershocks (indicated by red solid circles), determined by [Lai et al., 2007].
Black lines show previously mapped faults [Xu et al., 1998], and the dashed gray lines indicate isoseismals VI, VII,
and VIII [Diao et al., 2001]. (b) Cross section along the line W-E in Figure 5a. The black solid line is the WDM fault
plane determined in this study, and the red dashed line joins the top of the WDM fault to the fault rupture projected on
the surface.
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[22] As shown in Figure 7, however, both the
width and the downdipextent of the slipping area
are in a good agreement with those of the best fit
uniform fault (indicated by the yellow rectangle).
Comparisons between Figures 3 and 7 reveal that

the pattern of the distributed slip model does
appear to be closer to that of the observed signals
than the best fit uniform model, particularly in the
region along the fault rupture projected on the
surface (indicated by dashed red lines). Moreover,
the distributed slip model seismic moment of
4.72 � 1017 Nm agrees closer to the GCMT
moment (4.48 � 1017 Nm) than the uniform model
moment (4.82 � 1017 Nm), suggesting that slip has
been removed from areas that did not require it in
the previous case.

4. Discussion and Conclusions

[23] Previous seismological and geodetic observa-
tions of the 1998 Zhangbei-Shangyi earthquake
were ambiguous, suggesting the earthquake could
have occurred on a NNE striking right-lateral fault
plane, a NWW striking left-lateral fault plane, or a
SEE striking thrust fault plane. Initial InSAR
observations showed an unreasonably large coseis-
mic signal of up to 25 cm for such a small
earthquake [Diao et al., 2004]. By contrast, two
independent interferograms were constructed in
this study using ERS data from two adjacent tracks,
and both provide a maximum coseismic signal of
�11 cm for this earthquake.

[24] In order to determine the fault parameters of a
uniform slip model on a rectangular dislocation in
an elastic half-space, two optimization algorithms
were employed: downhill simplex and Particle
Swarm Optimization (PSO). Both results are
strongly in favor of a west dipping fault plane with
a strike angle of 200.8 ± 6.4 degrees, which is also

Figure 6. Slip distribution for a fault plane 20 km
long, 18 km downdipwide, and dipping 42.7�. Hor-
izontal coordinates are in kilometers, projected into
Universal Transverse Mercator (UTM) coordinates
(Zone 50N). Note: (1) The yellow rectangle represents
the extent and location of the best fit uniform fault
plane. (2) White arrows indicate slip vectors (� 0.03 m)
of the 1 km � 1 km subfaults.

Figure 7. The T304D, distributed slip model, and residual interferograms superimposed on a SRTM DEM. (a) The
T304D interferogram (wrapped). (b) The distributed slip model (wrapped). (c) The residual interferogram. Panels as
in Figures 3a–3c.
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evidenced by the aftershocks collected in the
following month after the earthquake. In contrary
to previous seismological solutions, this InSAR
study suggests that this earthquake was due to a
buried thrust fault with a very limited amount of
lateral displacement component. A further distrib-
uted slip model suggests that the peak slip of 0.55
m is located at a depth of 4–5 km.

[25] Figures 3, 6 and 7 show that the GCMT
earthquake location differs from the results from
near-field digital seismic records and InSAR meas-
urements by about 23 km and 24 km, respectively,
but the latter two are in agreement with each other,
highlighting the location uncertainties in the
GCMT catalog and the potential of InSAR techni-
ques for precise earthquake location [Lohman and
Simons, 2005]. The InSAR-derived magnitude is
slightly larger than that from seismic data, which is
consistent with the results reported by Lohman and
Simons [2005]. Since the T304D interferogram
spanned a long time interval and potentially in-
cluded interseismic deformation, postseismic de-
formation and aftershocks (except for the main
shock), the inferred geodetic moment should be
viewed as a sum of these movements. The differ-
ences in magnitude estimates are expected to
decrease with increasing time resolution of InSAR
data.
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