
w 7.7 earthquake that occurred on the southeastern edge of the
Makran plate boundary zone to study this unexpected earthquake. We first compute a
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recorded event is the 1945 Mw 8.1 Makran earthquake,
which ruptured the subduction megathrust and generated a
significant tsunami that washed the shores of Oman and In-
dia (Byrne et al., 1992). Ten years earlier, in 1935, the
Mw 7.5 Quetta earthquake occurred on the Ghazaband fault
(Szeliga et al., 2012). Although numerous smaller earth-
quakes with magnitude Mw ≤7 have been documented, there
are no reports of significant strike-slip earthquakes in at least
the last 200 years along the Chaman fault system (Ambra-
seys and Bilham, 2003). On 24 September 2013, the Mw 7.7

Balochistan earthquake struck the Hoshab fault in the tran-
sition between the Chaman fault system and the accretionary
wedge (Avouac et al., 2013).

Global Positioning System (GPS) and Interferometric
Synthetic Aperture Radar (InSAR) observations of the secular
deformation between 2006 and 2012 suggest relatively shal-
low apparent locking depths (<5 km) on several faults in the
region (Szeliga et al., 2012). Although the Ornach Nal fault
accommodates approximately half of the 2:5–3 cm=yr of
left-lateral motion between Eurasia and India, the remaining
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Figure 1. Surface displacements from optical image correlation and Line-of-Sight (LOS) range offsets map. (a) Map of surface displace-
ments derived from correlation of pre- and post-earthquake Landsat 8 images (Avouac et al., 2013). Black arrows indicate the displacement
direction and amplitude averaged over a 3.5 km window. Green focal mechanisms correspond to the three sources solution derived from W-
phase. The gray star indicates the Global Centroid Moment Tensor (Global CMT) centroid location. The dark red star indicates the United States
Geological Survey epicenter location. Dark focal mechanisms correspond to Mw ≥5 earthquakes prior to the mainshock (Global CMT). The
blue focal mechanism is our body-wave solution of the largest aftershock (Mw 6.8). White circles are aftershocks from 24 September to 25
October 2013. Background shading is SRTM 90 m DEM (Farr and Kobrick, 2000). Dashed rectangles indicate areas covered by range offset
maps (panels b, c, and d). Top left inset: Regional localization map (CF, Chaman fault; GF, Ghazaband fault; ONF, Ornach Nal fault). Bottom
left inset: Global distribution of stations used for multiple source determination. (b) LOS range offset map for satellite TerraSAR-X (beam 9).
(c) LOS range offset map for satellite TerraSAR-X (beam 11). (d) LOS range offset map for satellite RADARSAT-2. Continuous black line is the
fault surface trace mapped from surface displacements shown on (a). Dark arrows indicate the direction from the ground to the satellite. Positive
offsets are toward the satellite. As the RADARSAT-2 and TerraSAR-X line-of-sights point in nearly opposite directions, the difference in the
sign change across the fault as seen in the two data sets implies that ground motion is predominantly horizontal.
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ties (a factor of 2) on the inferred dip component of slip
(Fig. 4). Such comparisons confirm the importance of acquir-
ing observations sensitive to both horizontal and vertical dis-
placements and raises our expectations for future radar
satellite missions which should observe actively deforming
regions from at least two viewing geometries.

Discussion and Conclusion

Although both models explain the data equally well,
low-amplitude slip is observed at depths greater than
10 km if slip is allowed (i.e., on the planar fault model)
and no slip is inferred on the flat section of the listric fault
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Figure 4. Comparison of the mean posterior model (MPM) with and without including the SAR range offset measurements. (a) and
(c) Difference between the MPM of the obtained (a) strike-slip and (c) dip-slip component, including the SAR range offset measurements and
the MPM without SAR range offsets. A positive sign means that not including SAR data leads to overestimated slip. (b) and (d) Logarithm of
the ratio of the standard deviation of the (b) strike-slip and (d) dip-slip posterior distributions for the models obtained with and without
including the SAR data. A negative value indicates that the estimates obtained including the SAR data has a smaller error than when these data
are neglected. The range of values corresponds to factors of �2 standard deviations.
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