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Study on crustal deformation of the Ms6. 6 Damxung
earthquake in 2008 by InSAR measurements

Xuejun Qiao, Shanjun Ren, Zhaosheng Nie, Yu Zhou, Qiang Shen and Shaomin Yang
Institute of Seismology , China Earthquake Administration , Wuhan 430071 , China

Abstract ; Three Envisat images from ESA were used to derive the pre — and co-seismic deformation interfereo-
grams caused by the Damxung Msb. 6 earthquake of Oct. 6,2008 ,by using InSAR. The result shows no signifi-
cant crustal motion more than 4 months before the earthquake,but a maximum co-seismic displacement of a-
bout 0. 3 m in an epicentral area of 20 km x 20 km. The deformation field was symmetrically distributed about
a NS axis , where the west side subsided and the east side uplified. We used a linear elastic dislocation model in
half space and a nonlinear constraint optimized algorithm to estimate the slip distribution along the fault. The
results indicates that the epicenter is located at 90. 374°E,29. 745°N with a moment magnitude of Mw6. 35.
The earthquake is dominated by normal fanlting with a maximum slip of 3 m on a 12 km x11 km fault plane
siriking S189°W , dipping 60° to NW at a depth of 9.5 km, and is located at a sub-fault of the southeastern
Piedmont of the Nyainqgentanglha mountains. The relatively shallow depth of earthquake is related to relatively
high heat flow in the area.
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1 Geological background

An Ms6. 6 earthquake struck Damxung in China’ s Ti-
bet Autonomous region on October 6, 20082, Ac-
cording to the focal mechanism solution and the field
survey results, it occurred at an active fault zone south-
east of the Nyaingéntanglha Mountains, and located at
the west edge of Yangbajing-Damxung graben in the
north-central section of Yadong-Gulu rift, which is a
late-Cenozoic crusial extension structure 120 km long
and 10 — 25 km wide. The southeastern foothill of
Nyaingéntanglha mountain fault zones strike mostly to
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NE, and partly to EW ; mainly distributed in the north-
west of the basin, partly inside the basin at the east
edge( Fig. 1)), The basin-border fault, which was
very active in Quaternary,is a seismically active belt
within the plateau. For example, an Ms8. 0 carthquake
occurred in 1411 and another Ms7.5 occurred in
1952, both at Damxung'®”’. Therefore, by determining
the distribution and structure characteristics of the
Tault, we can not only explain the seismic movement
and dynamic process,but also help to study the evolu-
tion and movement characters of southem Tibetan Plat-
eau graben at a typical mountain —basin fault belt. Pre-
vious investigations of the southern section of the fault
zone are limited to seismo-geological studies,but studies
on earthquake disiribution and characteristics are inade-
quate. In order to better understand the earthquake focal
mechanism , time-space distribution of deformation and
the structural characteristies of the seismogenic fault ,we

obtained swrface deformation images related to the
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Damxung earthquake by using synthetic aperture radar
interferometry ( InNSAR ) , inversed the epicentral depth
and slip distribution along the fault plane,and analyzed
the structure characteristics of the epicenter area from

the contemporary deformation point of view.

2 InSAR data and processing

The InSAR observation can provide earth-surface dis-
placement images in all kinds of weather condition at a
centimeter-level accuracy and and a spatial resolution of

891 It has been widely used since the

tens of meters
1990s in earthquake and crustal deformation studies'® ™.

We obtained three images on 4th May,21st Septem-
ber and 26th October 2008 from ESA satellite Envisat-

1 for the present study(tab. 1). The first two images,

obtained before the earthquake, can be used to detect
pre-earthquake crustal deformation,which can then be
matched with the third image ,which was captured after
the earthquake, to obtain the co-seismic deformation
field. Envisat-1 satellite used C-band observations and
the 3-view low-pass images. The satellite orbit informa-
tion is mainly based on the precise orbit which was de-
termined by Doirs positioning system and released by
the European Space Agency.

The JPL developed ROI_PAC 3. 0 software was used
for processing the raw data. The SRTM digital elevation
model( DEM ) released by NASA was used to eliminate
the topographic effect. The spatial resolution of this
model was 3 s,and the horizontal and vertical accuracy
were 20 m and 16 m, respectively'™'. For phase un-

wrapping we used Stanford University’ s statistics cost

32°N

Figure 1

Regional topography , active tectonics , earthquake epicenter, GPS velocity field and InSAR measurements in the

study area. Red arrows show GPS speed field ;beach balls are focal mechanism solutions provided by Harvard University ;
black-white balls are Mw=5. 0 earthquake between 1976-2008 ; red-white balls are Damxung focal mechanisms released
respectively by USGS and Harvard University ; green dots are historical Msz7. 0 strong earthquakes ;blue lines are active

fault zones and rift valley zones;half arrows accompanied by solid line, triangular spikes and short branches are strike-

slip ,thrust and normal fault,respectively ; orange dotted line is a structure seam;and pink quadrangle is the SAR observa-

tion area. Topographic data are from SRTM digital elevation model.
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Table 1 Information of SAR image

No. Date of acquisition Track Frame Orbit B, (m) Interval(days)
IP1 2008 - 05 - 04 —2008 - 09 -21 176 3007 32294/34298 171 140
P2 2008 —05 - 04 —2008 —10 -26 176 3007 32294/34799 -52 175
IP3 2008 - 09 —21 —-2008 - 10 - 26 176 3007 34298/34799 -223 35

network flow algorithm program SNAPHU'™! | which is
based on statistical methods using maximum posterior
probability to solve the optimum phase ambiguity ;it can
accomplish the whole interferogram phase unwrapping.

The InSAR ranging errors come mainly from atmos-
pheric delay and DEM and orbital errors. Of these
three, the water vapor caused atmosphere delay has the
largest effect. However, in the Qinghai-Tibet Plateau,
which has an average elevation of 5000 m,the average
error caused by water vapor variation is less than 1
mm/a,due to the high altitude, dry climate, and rela-
tively low total content of water vapor''®. In addition,
if using shorter vertical baseline for the Doris orbit, the
effect of DEM error on the ranging can be reduced al-
so!®?1 The ranging accuracy can be 5 —10 cm!""1.
According to a formula derived in the literature'"”? , the
vertical baselines of the three pairs of images we use
are 171 m, —52 m and - 233 m, respectively. When
the accuracy of SRTM DEM is 25 m,the ranging errors

are 1.3 ¢cm,0.4 cm and 1. 7 ¢m, respectively.

3  Deformation and fault displace-
ment by inversion

The final data obtained by InSAR represent distance
changes between a ground point and the satellite along
the line of sight( LOS) ; a positive value indicates sub-
sidence and a negative value,uplift. IP1 is an interfer-
ence image obtained 140 days before the earthquake
(Fig. 2). The LOS changes are mostly within the
range of —1 — 1 cm,which is smaller than the esti-
mated DEM observation error of 1.3 e¢m, which means
no pre-earthquake deformation was detected in the epi-
central area. IP2 and IP3 are interference images show-
ing significant co-seismic deformation( Fig. 3 and 4) ,
with LOS changes of -7.19 —27.56 ¢m and -9.35
— 27.53 cm, respectively. In order to further reduce
the orbit and atmospheric-delay errors, we superposed

the two interferograms to obtain a composite co-seismic

deformation field of Damxung earthquake( Fig. 5) . This
interferogram shows two northwest-southeast parallel
quasi-concentric rings. The upper left ring (left plate)
represents a surface subsidence area,located in Jidaguo
basin, where the fringes in the interferogram are more
continuous, clear, with good resolution on the eastern
side,but are less coherent on the the west side close to
the Nyaingentanglha Mountains. The lower right ring
(right plate) represents an uplift zone located at a ter-
race on the eastern boundary of the basin,and the im-
age is not very clear. The subsidence area is larger than
the uplift area,and they can be divided by an approxi-
mately N9°E trending axis ( Fig. 5). The subsidence
center obtained is located near 90. 377°E and 29. 743°
N,which agrees well with the result of a field survey,
which shows a location at Yang Yi village of Damxung
Geda Township (90. 40°E, 29. 715°N). By moving the
axis 00’ up and down across the earthquake zone,we
got 3 parallel profile lines to show the sight displace-
ment( Fig. 5) . The maximum subsidence and uplift are
27.3 cm and 6. 5 cm,respectively , the difference being
33. 8 cm. Assuming that all co-seismic deformation of
the surface was due to vertical displacement, then the

maximum relative vertical variation calculated by In-
SAR is 37 cm.
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Figure 2 Pre-seismic interferogram from IP1 SAR pair
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Figure 3 Co-seismic interferogram from IP2 SAR pair
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Figure 4 Co-seismic interferogram from IP3 SAR pair
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Based on the symmetry of the quasi-concentric rings
in the co-seismic interference image and the asymmetry
in the amount of surface deformation, together with the
CMT focal mechanism solution, we attribute the Damx-
ung earthquake to primarily a normal faulting.

We used Okada’ s elastic half-space homogeneous

(2] with a constrained nonlinear opti-

dislocation theory
mization algorithm'®’ to divide the main active fault in-
to several small fault elements, and InSAR co-seismic
deformation field to calculate the fault dimension and
offset distribution. Qur calculations was based on a
CMT focal mechanism solution , ignoring the strike-slip
along the fault, and setting the slip angle orthogonal
with the strike.

Assuming that the surface displacement of InSAR
observation is d and the amount of dislocation is s,

then their relationship can be expressed as:
d=G(m) +s+¢ (1)

G(m)is the Green function related to fault, including
fault trend, dip, depth, position, length , width , etc, and
€ is the observation error. We divided the fault plane
into a number of fault elements, and inversed the offset
of each element from equation (1). To ensure that dis-
locations of different elements have continuous smooth
variations and to avoid inconsistent dislocation direc-
tions of elements, the simulated values and InSAR ob-

servations must meet the following conditions ;
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Figure 5 Composite co-seismic interferogram of pair IP2 and IP3. Here OO’ is the border between subsid-

ence and uplift parts,AA’ ,BB’ ,and CC’ are displacement profile lines across the earthquake zone,shades

of gray in the right image indicates the terrain.
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min [ 1G(m)s —dlI* +821 V2s11%] (2)

In this equation , Ill* is the Euclidean norm,G (m) s-
d is the residual 8 is the factor to control the smooth
degree of fault and the coincident extent of fault dislo-
cation, V7 is the Laplacian for constraint smoothing de-
gree of the fault.

In the simulation calculation, we first use the CMT
solution of Harvard and USGS as the initial reference
models. By adjusting the width, length, location of the
fault and dislocation parameter we conducted a series of
forward calculations. Under the condition that the seis-
mic moment>! ( shear modulus 33GP)is generally con-
sistent with the CMT result,we finally selected a set of
best fault parameters as input for the nonlinear optimi-
zation algorithm, and constrained the fault trend, dip,
depth, position, length, and width, and estimated the
offset of the fault. The resulis are shown in Figure 6-7
and Table 2. The overall residual of the fit is less than
1 cm;the maximum residual is less than 4 cm.

In this result,the epicenter is located at 90. 374° E,
29. 745° N, the dislocation occurred in a depth range of

5.2° 14.8 km, the focal depth is 9.5 km, the fault
plane is 12 km wide, 11 km long, striking S189° W,
dipping 60°,the maximum offset of the fault plane is 3
m, the seismic moment is 4. 07 x 10" Nm. The moment
magnitude is Mw6. 35, which is between the magni-
tudes given by USGS and Harvard.

4 Discussion

Damxung earthquake occurred in the southeastern
Piedmont of the Nyaingentanglha Mountains at a fault
about 250 km long, which is the tectonic, geomorpho-
logical and stratigraphic boundary of the northeastern
Tibet. The fault was very active during the Quaternary

(5] of plateau topogra-

period ,and is a controlling factor
phy, tectonic block motion and the distribution of strong
earthquakes, etc. Geological survey shows that the
southern section of the fault zone begins at Longbanon-
gbu in the north and ends at Xumai in the south; its
trend is NNW to NS and total length is 50 km(Fig. 8),
formed by 3 sub-faults and dominated by a right-lateral

normal fault fracture.

Table 2 Comparison between different focal mechanism soluction of the Dumxung Ms6. 6 earthquake

. Depth  Strike Di Slip angle Seismic Slip Width Length
Model Epicenter (km) (°) ( og (°) Moment(Nm) (m) (km) (km)
oSS 90.274°E,29.704°N 10.0 40/180 50748 -60/-119 3.4x10® N/A N/A N/A
gl:gag 90.46°E,29.66°N  12.0 44/175 49/53 -53/-125 4.3x10® N/A N/A N/A
Tj;;;“;‘siy 90.374°E,29.754°N 9.5 189 -90 4.07x10®  0-3 12 11
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Figure 6 Simulated interferogram and residual ( Black and white dashed rectangular square boxes show,

respectively, the dislocation fault plane and the fault model’ s projection at the surface)
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The InSAR result shows that the earthquake did not
occur at the main fault, but at an eastern sub-fault,
which is the boundary of southeastern edge of the Jida-
guo basin ( Fig. 8 ). The distribution characteristic of
fault dislocation ( Fig. 7) shows no obvious dislocation
from the surface to a depth of 5. 2 km. But field investi-
gation found some feather-shaped columns of surface
ruptures along a highway. This may be just a local phe-
nomenon caused by strong earthquake shaking. The ob-
served high-angle normal faulting movements shows
that the southern section of the Yangbajin-Damxung rift

basin is mainly under east-west tension.
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Figure 7 [Estimated fault model and slip distribution
for the Damxung earthquake
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Figure 8 Focal mechanism solutions and geological structure
(F1-F3 are the northern,central and southern segments of
the southeastern Piedmount of the Nyaingentanglha Mountains )

The average crustal thickness of Qinghai-Tibet Plat-
eau is 60-80 km,and the average focal depth of earth-
quakes is 33 * 12 km'™!  but the focal depth of the
Damxung earthquake estimated in our study is only 9. 5
km. This shallow depth may be related to the high heat
flow in the epicentral area,for when the crust tempera-
ture is higher, the depth of aseismic layer is shallo-
wer %) The heat flow values observed in Yang Yi
Village, Prado Kong and other areas are unusually
high , reaching 364 mW/m?!*-%7,

The epicenter determined in our study is different
from those of Harvard and USGS by 14 km and 10 km,
respectively ( Fig. 8) , but is close (less than 3 km dif-
ferent)to that of a preliminary field investigation-loca-
ted at Geda Township Yang Yi Village (90.40° E,
29. 72°N). Due to the sparsity of stations in the Qing-
hai-Tibet seismic station network, earthquake location
and fault plane solutions are determined mainly on the
basis of teleseismic data, which limits the positioning
accuracy >*'! | So, the application of InSAR to the
study of earthquake location ,focal mechanism and rup-
ture is quite essential in the Qinghai-Tibet region.
Damxung earthquake caused the epicenter region to
sink by 10 cm(Fig.5)in the northwest direction on the
average. Comparing with the maximum basin undulation
of about 500 m, the present basin structure can be
formed by about 5000 earthquakes of comparable mag-
nitude , inspite of surface erosion. If the graben were en-
tirely the result of earthquake ruptures like the Damx-
ung earthquake occurring every 600 to 800 years, then
the Jidaguo basin would have a development history of
about 300 to 400 thousands years.

5 Conclusions

The pre — and co-seismic deformations and the interfer-
ence images of the Damxung earthquake,based on the
ESA Envisat-1 radar remote sensing data ,indicated that
the epicentral area did not show any significant crustal
deformation more than 4 months before the earthquake,
but showed a co-seismic crustal deformation of 0. 34 m
concentrated in a 20 km x 20 km area, having maxi-
mum values symmetrically distributed about a north-
south axial, with the western part descending and the

eastern uplifting. By using a homogeneous elastic half-
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space dislocation model and consirained nonlinear opti-
mization algorithm, we found the earthquake to be a
normal rapture with epicenter at 90. 374°E ,29. 745°N,
which is close to the location of a preliminary field in-
vestigation Geda Village
(90.40° E, 29.72° N) ; the maximum dislocation of

fault plane is 3 m,the seismic moment is 4. 07 x 10"

Township Yang Yi

Nm,and the corresponding magnitude is Mwb. 35 ,in a-
greement with the results published by USGS and Har-
vard. The earthquake did not oceur at the main fault of
the southeastern Piedmont of the Nyaingentanglha
Mountains, but at a sub-fault of the southern section
(striking S189°W , dipping 60° to NW ). The causative
fault plane is 12 km wide, 11 km long,and 9.5 m
deep. This study also shows that InSAR ,like GPS, can
be used to study the position, focal mechanism, and
failure mode of earthquakes, and the change of the
structure of the Qinghai-Tibet Plateau.
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