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Abstract Many Chinese researchers have investigated the Lushan earthquake source area with
geological and geophysical approaches since Lushan earthquake happened. Compared with the
previous tomographic studies, we have used a much large data set and an updated tomographic
method to determine a small scale three-dimensional P wave velocity structure with spatial
resolution less than 5km, which plays the important role for understanding the deep structure and
the genetic mechanism beneath Lushan area. Furthermore, our studies focus on the relation

between relocated focal distribution and 3D P wave velocity anomaly.
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The double difference seismic tomography method is applied to 50711 absolute first arrival P
wave arrival times and 7294691 high quality relative P arrival times of 5285 events of Lushan
seismic sequence to simultaneously determine the detailed crustal 3D P wave velocity structure
and the hypocenter parameters in the LLushan seismic area. This method takes account of the path
anomaly biases explicitly by making full use of valuable information of seismic wave propagation
jointly with absolute and relative arrival time data. In this study, we use an evolving weighting
scheme for the absolute and differential arrival times in order to resolve the entire area covered by
the ray and the detailed structures around the hypocenters outside the source region.

The results show that Lushan mainshock locates at 30. 28°N, 103. 98°E, with the depth of
16. 38 km. The front edge of aftershocks in the northeast of mainshock is listric with a steep dip
angle, the aftershocks extended about 12 km in this direction. In the southwest of Lushan
mainshock, the front edge of aftershocks is in a low velocity zone with a gentle dip angle, the
aftershocks extended about 23 km on this side. Our high-resolution tomographic model not only
displays the general features contained in the previous models, but also reveals some new
features. The Tianquan, Shuangshi and Daguan line lies in the transition zone between high
velocity anomalies to the southeast and low velocity anomalies to the northwest at the ground
surface. An obvious high-velocity anomaly is visible in Daxing area. With the depth increasing,
Baoxing high velocity anomaly extends to Lingguan, while the southeast of the Tianquan,
Shuangshi and Daguan line still shows low velocity. The high-velocity anomalies beneath Baoxing
and Daxing connect to each other in 10 km depth, which makes the contrast between high and low
velocity anomalies sharper. Above 20 km depth, the velocity structure in southwest and
northeast segment of mainshock shows a big difference: low-velocity anomalies are dominant in
the southwest segment, while high-velocity anomalies dominate the northeast segment. Lushan
aftershocks in southwest are distributed in low-velocity anomalies or the transition belt; the
footwall represents low-velocity anomalies, while the hanging wall shows high-velocity
anomalies. The northeastern aftershocks are distributed at the boundary between high-velocity
anomalies in Baoxing and Daxing area.

The P wave velocity structure of Lushan seismic area shows obviously lateral heterogeneity.
The P wave velocity anomalies have a close relationship with topographic relief and geological
structure. In Baoxing area the complex rocks correspond to obvious high-velocity anomalies
extending down to 15 km depth, while the Cenozoic rocks are correlated with low-velocity
anomalies. Lushan mainshock locates at the leading edge of a low-velocity anomaly surrounded by
the Baoxing and Daxing high-velocity anomalies. The main seismogenic layer dips to northwest.
Meanwhile, a recoil seismic belt dipping to southeast above the main seismogenic layer exists at
the lower boundary of Baoxing high-velocity anomaly. A “y” distribution pattern is shown
between two seismic belts.

Keywords Lushan earthquake; The double difference seismic tomography method; Crustal 3D P

wave velocity structure; Hypocenter parameters; Lushan seismic area
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Fig. 1 Distribution of regional tectonic and

seismic stations used in this study
The yellow stars denote Wenchuan and Lushan mainshocks,
blue triangles denote permanent stations, purple squares denote
temporary stations, black squares denote reservoir stations and

black lines denote faults.
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Fig. 2 Distribution of initial events, grid nodes and 1D velocity model

(a) Shows distribution of initial epicenters, the yellow star denotes Lushan Mg7. 0 mainshock, the white stars denote Lushan

aftershocks with M|.> 5.0, colorful circles denote the initial earthquake hypocenters; the color of circles corresponds to the

interval between origin time of the corresponding earthquake and Lushan mainshock, black crosses denote grid nodes, yellow

lines denote profiles of aftershock distribution, yellow rhombus denote the origin point of each profile, black curves denote

faults, F1: Shuangshi-Dachuan main fault, F2. Shuangshi-Dachuan branched fault; (b) shows 1D initial velocity model;

(¢) shows histogram of initial focal depth.
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Fig. 4 Trade-off curves of damping parameters and smoothing weights
(a) Shows trade-off curves of model variance and data variance for different smoothing weights and damping parameters,
the optimum smoothing weight is 70; (b) Shows trade-off curves of model variance and data variance for a set of damping
parameters for the case of smoothing weight 70, the optimum damping parameter is 250.
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Fig. 5 Resolution of checkboard test at different depth in the study area
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Fig. 6 Map views of P wave velocity perturbation at difference depth slices
The stars denote Lushan mainshocks (yellow) and aftershocks with magnitude equal and lager than M, 5.0 (white) within

2.5 km of the depth slices, black lines denote contour lines of P wave velocity perturbation, white lines denote faults.
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Fig. 7 Cross section of P wave velocity perturbation
The stars in profile Y= —9~9 km denote Lushan mainshock (yellow) and aftershocks with magnitude equal and lager than
M,.5. 0 (white) within 5 km of the profile. the stars in profile X= —18 ~12 km denote Lushan mainshocks (yellow) and

aftershocks with magnitude equal and lager than M; 5. 0 (white) within 3 km of the profile. black lines denote contour lines of P

wave velocity perturbation.
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Fig. 8 Histograms of travel time residual RMS before and after relocation

(a) Shows histograms of travel time residual RMS between 0~1. 0 s before relocation; (b) Shows histograms of travel time residual RMS

between 0~1. 0 s after relocation; (¢) Shows histograms of travel time residual RMS between 0~0. 15 s after relocation.
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Fig. 9 Distribution of relocated events

The stars denote Lushan mainshock (yellow) and aftershocks with magnitude equal and lager than M 5. 0 (white) , colorful circles denote

relocated events, the color of circles corresponds to the interval between origin time of the corresponding earthquake and Lushan

mainshock, yellow lines denote profiles of aftershock distribution, original point of each profile.
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Fig. 10 Epicenter distribution of earthquakes with magnitude larger than M, 2. 0 before and after relocation
The stars denote Lushan mainshock(yellow) and aftershocks with magnitude equal and lager than M, 5.0 (white) ,

colorful stars and circles denote earthquakes with different magnitude.
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Fig. 11 Map views of P wave relative velocity perturbation and focal depth with magnitude lager
than M 2.0 at 10 km and 15 km depth slices, respectively
The black dots denote earthquakes with magnitude lager than My 2. 0 within 2. 5 km of the depth slices, the stars denote
Lushan mainshock (yellow) and aftershocks with magnitude equal and lager than M; 5.0 (white), black lines denote

contour lines of P wave velocity perturbation.

5%

8 -5%
0 10 20 30 40 50 60 INAIA

0 10 20 30 40 0 10 20 30 40
FH 25 /km PR S /km
P12 P L b R R R DA [ ) T P 3 0 3 4 3l B 5 YR A A
Y =0 km F 1 AR FREEZEA 5.0 km QB I R R M50 L EREHHRE . X=0 km K& X=6 km ## I
HfARFRTEAA 3.0 km JLE A2 10 FEE K M5, 0 DL ERZENRE . BE TR FEHL.
Fig. 12 P wave relative velocity perturbation and distribution of focal depth along three

cross sections passing through the source area of the Lushan mainshock
The stars in profile Y=0 km denote Lushan mainshock (yellow) and aftershocks with magnitude equal and lager than M, 5. 0 (white)
within 4. 5 km of the profile, The stars in profile X=0 km and 6 km denote Lushan mainshock and aftershock with magnitude lager

than M;.5. 0 within 3. 0 km of the profile, Black lines denote contour lines of P wave velocity perturbation.
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Fig. 13 3D map view of P wave velocity perturbation
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