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Discussion
- The analysis of various simulations shows that a flat is necessary to explain the postseismic surface

deformation and its evolution through time.
- We assume that this flat is representing the basis of the sedimentary accretion prism. The difficulty

lies in the positioning of this flat and its features. The calculation of WRMS for all data, for each
hypothesis of depth for the flat, indicates that the best simulation is obtained for a 26 km depth.

- The simulation with afterslip is not able to fully simulate the surface deformation observed over
time. We have then tested the hypothesis that a viscous relaxation controlled by a deep low-
viscosity body occurs. This body is supposed to be located along the décollement of the prism. We
have tested with various thickness (2 to 8 km) and various viscosity (10 16 to 1019 Pa.s). Even if a
minimum is found, misfits are always worse than misfits obtained for afterslip only simulations. A
contribution of viscous relaxation in postseismic deformation can then be probably excluded.

- Best solutions indicate a low friction coefficient. This could indicate the existence of a good
décollement level, probably formed by over-pressured shales as suggested by the existence of
mud volcanoes in the offshore and onshore Makran prism (Khan et al., 2016).

Introduction

The 24 October 2013 Mw 7.7 earthquake (Pakistan)
took place in the transition zone between the Chaman
Fault zone and the Makran accretionary prism. 3 years
of Sentinel 1 time series reveal that postseismic
deformation consecutive to this earthquake is not
linear though time. We have tested two hypothesis to
explain this postseismic deformation: afterslip or a
combination of afterslip and of a viscous relaxation
controlled by a deep viscous body along the
décollement level of the Makran prism.

Acquisitions Angles acquisition dates

Descending track
D151, IW3

ϕ’ = -167.4°

Θ = 43°
50 images from 20141212
till 20171208

Ascending track
A115, IW1
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41 images from 20141012 
till 20171221

Time series profiles crossing Hoshab fault.
Afterslip appears to be non-linear through time. 

Simulations with RELAX 1.0.7 software

Process of S1 ascending and 
descending images with NSBAS 
chain (Doin et al, 2011,2012)

With Relax software we tested different depths for this décollement level
and the space parameters controlling afterslip: friction coefficient (0.075 –
0.8) and initial afterslip rate (10 – 1000 mm/year). For the mixed
hypothesis, afterslip and viscous relaxation, we have considered the
Hoshab fault geometry and a viscous body along the décollement level.
We have explored the space parameters formed by the thickness of this
body (2-8 km), supposed to be at 26 km depth, and its viscosity (10 16 to
1019 Pa.s).

DATA: 
Sentinel-1A SAR images, acquisition geometries and dates. 

Ascending and descending Time series
images from 20141212 till 20171223 in LOS 
direction

Output in Est, North, Up

Transformation in LOS direction

Calculation of WRMS between data and 
output simulation

Afterslip only along the Hoshab fault (no 
flat): no good fit between simulations and 

observations 

Geological settings,Data & methods

METHODS:

(a) Synthesis of geological settings (Burg,
2018):
- Yellow: onshore part of the accretionary
wedge; Red: Hoshab fault affected by the
Mw 7.7 earthquake.
(b): Synthetic cross section across the
Makran accretionary prism.
(a) and (b): and BT=Bashakerd thrust;
GGT=Ghasr Ghand Thrust; CKT=Chah
Khan Thrust.

If we make the hypothesis that postseismic deformation is controlled by afterslip, we can propose,
considering this structure, that afterslip is located along the Hoshab Fault, affected by the main shock, but
also along the décollement level of the accretionary prism located at 20-30 km depth.
If we suppose that a viscous relaxation can explain a part of postseimic deformation, we can also make the
hypothesis that this one is controlled by a viscous body along this décollement.

Results & simulation

Afterslip along Hoshab fault and a flat at 26 km 
depth:

Best fit for  γ0=30 mm/year and for a friction 
coeficient of 0.3

Afterslip along the Hoshab fault and a flat at 26 km 
depth:

 γ0=30mm/year , friction coeficient of 0.3
Map of observations/simulations and residues for 3 

selected dates

Representation of afterslip along the Hoshab fault and 
along the décollement level for the best solution (flat at 
26 km, friction coeficient of 0.3 and  γ0=30mm/year). 

We simulate slips up to 2 m extending down dip
from the rupture on the fault affected by the main
shock, and afterslip up to 1 m along the décollement
level. This pattern, in which afterslip occurs down-dip
and along a flat, has also been shown in numerous
cases: 1995 Chi‐Chi earthquake (Yu et al., 2003;
Perfettini and Avouac, 2004), and 2005 Balakot-Bagh
earthquake (Jouanne et al., 2011; Wang and Fialko,
2014).

End of 2015

End of 2017

To simulate postseismic deformation
with the Relax software we have
considered as input the coseismic slip
distribution proposed by Avouac et
al.(2014), the geometry of the Hoshab
fault used by these authors, and a
décollement level supposed to be at the
base of the accretionary prism.
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