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Introduction

This supplementary material includes the information about the uniform coseismic slip model
from nonlinear inversion (Text S1), thirteen supporting figures (From Figure S1 to S13) and

three tables (Table S1 to S3) about the INSAR data and fault model constraints.



Text S1: Uniform coseismic slip model from nonlinear inversion

The multipeak particle swarm optimization (MPSO) approach, which is based on a hybrid
minimization algorithm (e.g., Feng et al., 2013, 2014, 2017), was used for nonlinear global
searching. The causative fault of the 2017 Sarpol-e Zahab earthquake is modeled as a single
rectangular dislocation with uniform slip in a homogeneous, elastic half-space assuming a shear
modulus of 33 GPa and a Poisson ratio of 0.25. We imposed constraints for the fault parameters
(Table S3) by referring the published results. The preferred fault model is a blind, almost north-
south trending (a strike of 354.79, east-dipping (a dip of 17.17 9 fault with a rake of 143.74< The
mainshock mainly ruptured a 40 km long and 18 km wide fault with a uniform slip about 3.7 m,
the centroid depth from our nonlinear inversion is about 16 km (Figure S6), indicates the
mainshock ruptured a basement-involved fault. The uncertainties of these model parameters are
evaluated by a Monte Carlo bootstrap simulation technique with 100 simulations perturbed with
observations noises based on VCM (Figure S6). Our preferred fault geometry is consistent with
the uniform models proposed by previous studies (e.g., Feng et al., 2018; Barnhart et al., 2018;
Wang and Birgmann, 2020).
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Figure S1. Coseismic interferograms from (a) T072A, (b) TO06D, (c) T174A and (d) TO79D of
the 2017 Sarpol-e Zahab earthquake. Gray dashed lines represent the fault depth of the anti-listric
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model. White contours and gray star represent our preferred coseismic slip model at 1-m intervals
and the epicenter of the Mw 7.3 mainshock, respectively.
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Figure S2. The 3-year baseline networks for the four sentinel-1 tracks. The green diamond
represents the reference image. For TO72A, there are only 83 single look complex (SLC) data
from 23 November 2017 to 26 October 2020. Because there is a 60 days gap between April and
June of 2019, thus we just re-selected 13 interferogram pairs (green lines) with 9 SLC data
between 18 March 2019 and 02 September 2019, in order to form at least 3 interferogram pairs

for every single SLC data.
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Figure S3. (a, d, g, j) are the 3-year postseismic deformation of 2017 Sarpol-e Zahab earthquake
for TO72A, T0O06D, T174A and TO79D, respectively; (b, e, h, k) are the simulated surface
displacements of the Mw 5.9 and Mw 6.3 earthquake for TO72A, T006D, T174A and T079D,
which are from the forwarding modeling with the fault models (m-n) proposed by Fathian et al.
(2021); (c, f, i, I) are the cleaner results after the reducing of the simulations (b, e, h, k) from
original observations (a, d, g, j). The gray star is the epicenter of the mainshock. The red faults
(Fault 1 and Fault 2) are surface trace of fault models from Fathian et al. (2021).
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Figure S4. The InSAR time series of TO72A, T006D, T174A and T079D after reducing the
coseismic deformation of the 25 August 2018 Mw 5.9 and 25 November 2018 Mw 6.3
earthquake.
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Figure S5. The downsampled points from 4-track coseismic interferograms with quadtree

sampling approach (J&nsson et al., 2002), totally 5265 points.
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Figure S6. Nonlinear inversion results. The mean values (1) and standard deviation (o) of the

fault parameters calculated by Monte Carlo method. The fault location and depth are centroid.
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Figure S7. (a) Misfit for testing different dip angle of planar faults, the optimal dip angle is

denoted by a solid red circle. (b) Trade-off curve between weighted misfit and the roughness of
planar models, the optimal smooth factor is denoted by a solid red circle.
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Figure S8. The observations, simulations and residuals of TO72A (a-c), TO06D (d-f), T174A (g-

i) and TO79D (j-1) based on the coseismic model. The gray star is the epicenter of the mainshock.
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Figure S9. The downsampled points from 4-track postseismic INSAR time series.
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Figure S10. Misfit for searching the dip angles and transition depths of updip and downdip fault

geometry with the observations of 4, 7, 10 months and 1, 2, 3 years after the mainshock.
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Figure S11. Slip distribution with the anti-listric fault model. The two dark red, strike-slip faults
of M 5.9 and M 6.3 events are from Fathian et al. (2021). The green and white dots indicate the
relocated aftershocks within about 2 months from Fathian et al. (2021) and aftershocks within
about 3 years from Iranian Seismological Center (IRSC, http://irsc.ut.ac.ir). The red, blue and
black beach balls are the focal mecha-nisms from IRSC catalogue, Global Centroid Moment

Tensor (GCMT) catalogue (https://www.globalcmt.org) and Nissen et al. (2019), respectively.
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Figure S12. Convergence process with simulated annealing algorithms for updip V, and
(a — b)o (aand c), downdip V, and (a — b)o (b and d) and the transition depth (e), based on the
postseismic deformation of 7 months after the mainshock. The yellow dash line represents the

optimal parameters.
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Figure S13. The simulated line-of-sight (LOS) displacements of TO72A, T006D, T174A and
TO79D due to the viscoelastic relaxation 3 year after the mainshock, using a layer model with the
best estimates of the rheological viscosity from Lv et al. (2020). The viscoelastic simulations are
similar to the results of Wang and Btirgmann (2020). The viscosities of Maxwell lower crust
between 30 km to 40 km and Maxwell upper mantle lower than 40 km are 1 x 10*° and

3 x 1019 Pas, respectively. The gray star is the epicenter of the 2017 Sarpol-e Zahab earthquake.
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Table S1. Parameters of Sentinel-1 coseismic interferometric pairs used in this study.

Perp.
Track Orbit Acquisition Time  Baseline AZL c/)&ngle INC. ? ngle
) )
(m)
072 Ascending hggsvtg:;o%llllgl 60.646 29.909 41457
006  Descending hgf‘;éf:2200117711111097 14.300 189.914 41.419
174 Ascending hgf;izrfzzoolljlllll? -1.077 -10.411 36.653
079 Descending Miaster: 201711120 55y 190.408 36.594

Slave: 20171124

Table S2. Data coverage for postseismic time series analysis of each track in this study.

Track Orbit Time span No. of images
From To
072 Ascending 20171123 20201026 83
006 Descending 20171119 20201127 91
174 Ascending 20171118 20201114 90
079 Descending 20171124 20201120 92

Table S3. Nonlinear inversion parameters constraints.

strike dip Depth width length rake
Minimum 340 0 5 5 5 90
Maximum 25 30 25 50 70 180
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