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Abstract The source process model of the 2013 My7.7 Pakistan Balochistan earthquake was
obtained by joint inversion of the far-field waveforms and the co-seismic horizontal displacements
extracted from high-resolution optical images. The results show that this strong earthquake
occurred on the listric and curved Hoshab fault with dominated motion of the left-lateral strike
slip. We argued that this strong earthquake with rare motion pattern is the result of the interaction
between the oblique stress field and the special fault geometry form. In the research work, a large
number of co-seismic displacements with uniform distribution was involved in the inversion
calculation, and the results show that the method of using the co-seismic displacements in the
form of complete image can overcome the systematic error of the data to obtain reliable model.

Keywords Balochistan earthquake; Co-seismic displacements; Source process; Finite fault method
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Fig. 1 Tectonic setting and surface rupture trace of Balochistan earthquake

The white thin lines show the three faults of Chaman fault system. The red solid line indicates the surface rupture from the event. Black
focal mechanism corresponds the source solution derived from USGS W-phase. Pink dots indicate aftershocks, sized by their magnitudes.
Blue rectangle indicates range of surface co-seismic displacements derived from Landsat-8 optical image. Top left inset: Regional tectonic

map and historical earthquakes (M>7.0).
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Table 1 Geometrical parameters of fault model

T2 1 2 3 4 5 6 7 8 9 10
FEmE 203 206. 5 220 202 208 222.2 229.5 238 240 250
75 75 65 55 55 60 75 75 75 75

75 75 60 55 55 60 75 75 75 75

65 65 55 50 50 55 65 65 65 65
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YA 1] 7 1) 4 A () 15 45 45 45 45 45 45 45 45 45
35 35 35 35 35 35 35 35 35 35

25 25 25 25 25 25 25 25 25 25

15 15 15 15 15 15 15 15 15 15

15 15 15 15 15 15 15 15 15 15

K B (km) 36 16 20 36 12 24 16 16 44 64
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Fig. 2 The co-seismic surface displacements and global distribution of stations

used for source model inversion of Balochistan earthquake

(a) Distribution of stations selected for inversion of teleseismic waveforms, the black triangles and blue circles represent the stations

used for P and SH wave respectively. (b) E-W offsets and (¢) N-S offsets of co-seismic horizontal displacements.
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Fig. 3 Slip distribution and times of rupture front on the fault
The hypocenter is denoted by a star. Slip amplitude is shown in color and the slip direction (rake angle) is indicated with arrow.
Contours show the times of rupture front in seconds. Surface projection of the fault model is shown in the upper left. The upper

right is a 3D view of the finite fault model.



3 FTLRAF 2013 4F LI HT R A B 50 M 7. 7 b 5252 Ui 72 F 5 8717

Moment rate/(10" Nm-s™)

10 20 30 40 50 60 70

tls

P4 ARk M 5 I IR 56 2R R I (] R K80

Fig.4  Source time function for the Balochistan earthquake
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Fig. 5 Model residuals for the co-seismic horizontal displacements

(a) and (b) show the model residuals of E-W and N-S directions, respectively. The red line indicate

the surface rupture trace, and blue rectangle indicate surface projection of the fault model geometry.
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