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The seismic cycle constrained by GPS observations

GPS observations network
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Interseismic GPS observations
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Coseismic GPS observations
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Postseismic GPS Observations
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Postseismic GPS Observations
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Afterslip inversions need a rheology model
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Afterslip Viscoelastic

relaxation

Viscoelastic
relaxation
Mantle

Oceanic mantle wedge

Modified from Wang et al. (2012)

How different can afterslip distribution at
the fault interface result from the choice of
rheology?

Note: the following slides contain figures (model setup, workflow, results, and afterslip-aftershock
correlation) modified from the original study of C. Pefia et al. (2020), EPSL (in press),
G F Z https://doi.org/10.1016/j.epsl.2020.116292
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3D-FEM Model Setup

400 km

Boundary and initial conditions

Discontinuities (geometry)

+ Slab (Hayes et al., 2012) » Coseismic slip model (Moreno et al.,
2012)

* Moho (Tassara et al., 2006)
Temperature field (Volker et al., 2011)
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Afterslip Inversion Workflow

Step 1: Viscoelastic forward modelling Step 2: Inversion Result
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Results: Surface Displacements

Power-law rheology, strong crust (diabase)

Power-law rheology, weak crust (quartzite)
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Results: Surface Displacements

Linear rheology, elastic crust

Power-law rheology, weak crust (quartzite)
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Results: Linear vs Power-law time series
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Power-law rheology, weak crust (quartzite)
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Results: Afterslip Distributions
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Afterslip generally drives aftershocks

Along strike distance
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Afterslip-aftershocks correlation: Power-Law Rheology, Weak Crust

1 0- A‘
20-
-33°] 0]
60- L
. :Il' ‘ ¢ ‘
80 Teo Oy
"\ ...o
-350] o A 12 08 04
) Pk ., * Cum. Mom (e18 Nm)
e e e 0 100 200 300 400 500
. 0k 5 Bl
-37°-
. €
=
_C
| .
-39° ] ]
a 80 G
. | o 1 Al 100 | 12 08 04
_750 =730 =710 -69° 120 | | ' Cum.l.\Aom(e18Nm)
0 100 200 300 400 500
Distance from the trench (km)
Afterslip (m) Creep strain (1e-5) Aftershock seismicity
4 [ Ty S Al %% Cum. moment
0 1 2 3 01 1 2 3 4

GFZ

Helmholtz-Zentrum C. Pefia et al., EGU2020-4288. May 5, 2020
PoTrTsbaAam

Freie Universitat Berlin




Afterslip-aftershocks correlation: Power-Law Rheology, Strong Crust
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Afterslip-aftershocks correlation: Linear Rheology, Elastic Crust

0 A A A’
-33°.
-35°. 100 o v 12 08 04
120 . ..' . . Cum.Mom (€18 Nm)
| 0 100 200 300 400 500
0P : i A B’
-37°.
201"
i E 40
=
£ 60
_390_ o
& 80
100, 12 08 04
-7|5° I _690 120 Cum. Mom (e18 Nm)
0 100 200 300 400 500
Distance from the trench (km)
Afterslip (m) Creep strain (1e-5) Aftershock seismicity
4 [ 4 S Al 7% Cum. moment
0 1 2 3 0.1 1 2 3 4 R
Freie Universitat Berlin
Helmholtz-Zentrum C. Pefia et al., EGU2020-4288. May 5, 2020

PorsbpAam



Concluding Remarks

O Inverted deep afterslip and viscoelastic patterns
strongly depend on the choice of rheology (linear or
power-law), as well as dislocation creep parameters.

O Election of a simulation that also allows non-linear
viscoelastic relaxation in the continental lower crust
reduces or eliminates the inverted afterslip distribution
at the deeper segment (>60 km depth).

 Preferred simulation in the one with weak continental
crust because of the best:

Fit to the cummulative GPS displacements.
Fit to the GPS time series.

Spatial correlation between afterslip and
aftershock moment release at depths >60 km.
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