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Interseismic Coupling and Megathrust Earthquake Potential on the South Peru subduction Postseismic viscoelastic FEM model

The Central Andes subduction has been the theatre of several large earthquakes S € \ AR In order to assess the local rheology, we carried out a case study on the 2001 Mw8.4 Arequipa using a FEM model of
since the beginning of the 21 century: ¥ =NStabl the subduction. Our model is constrained by the timeseries of the AREQ continuous GNSS station, operating since 1993 in Arequipa.
= 2001 Mwa.4 Arequipa, 2007 Mw8.0 Pisco, 2014 Mws.1 Iquique earthquakes

= 3-D FEM model solved using PyLith, meshing performed with Coreform CUBIT
In Lovery et al. (2024) we analyzed 73 GNSS points covering the last decade to > Slab contours from Slab2 (Hayes, 2018), Bathymetry & topography from SRTM15+
extract the interseismic velocity field. This field has been inverted to model the

interseismic coupling distribution at the scale of South Peru in an elastic half-space.

> “Cold-nose” up to 85-km depth

vi . . AW
Then, by performing a moment budget analysis (Avouac, 2015), we are able to > Bi-viscous Burger rheology in the asthenosphere || —/\/\\/\——11—+] H
estimate the potential maximum magnitude earthquake in the area, with the Maxvellfid | Ketvin soid Burger body
associated recurrence time.

The interseismic coupling (or locking) quantifies how locked the plate interface is. esasohES iyt
Interseismic coupling is defined between 0 (plates are slipping without any friction) Ao
and 1 (plates are fully locked) Nazca > The blue model fits the horizontal but

not the long-term vertical

Seismotectonic background of the Central Andes subduction zone. The slip models for the
M,8.0 2007 Pisco (Chiieh et al, 2011}, M,8.4 2001 Arequipa (Lovery et al, 202¢), and M,8.1
2014 Iquique (Lovery et al, 2024) earthquakes are displayed n colors along the subduction
interface. Triangles show the location of GNSS stations.

- Fitting the vertical requires a low-
viscosity zone in the cold-nose

38 mmyr

=
J e — =

> We compute the velocities associated with the Lthosphere Easte .
viscoelastic relaxation during the observation period Cold nose Maxwell 40-85 7 1107
of the GNSS network used for interseismic coupling { e Burger 40-200 70 1107 510%
1995 1998 2000 2008 2007 2010 2013 2006 2019 2022 ; " asthencsphere
modelling (~2012-2024), at each GNSS sites o
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Basic view of the earthquake cycle: Without accounting for viscoelastic relaxation|
1 .
4 = L Viscoelastic

> During the observation period in this study (2012-2023 for most stations), / correction
the observed interseismic velocity at AREQ is reduced by about 15% relative e ~ »
to its value before 2001 asplacament| v netric
learthquake) “ -
- What is the impact of ismic r ion on il ismi Time Vi % 2o
loading? L > R
> Postseismic can be caused by:
> Can we extend the spatial coverage of measurements with InNSAR? - aseismic slip on the fault (afterslip) -> medium-term

- viscoelastic relaxation in the asthenosphere = long-term
- poroelastic rebound = short-term

Evidence for a Peruvian Sliver? we inverted the interseismic velocities corrected from the
rigid block motion defined by Villegas et al. (2016), the so-called Peruvian Sliver (PS). The results tend . [0 mmivr model
to accredit the Peruvian Sliver hypothesis, with a lowered misfit and a more sensible locking depth.
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Higher coupling in the Southern
segment, no more creeping where
the NFZ is subducting

Moment deficit on the Nazca-Arica segment:
Figure from Vilegas et a.

2016) defining the. so

e Mo - 22410 Nm/yr, without accounting for relaxation ©h = 2.37%10% Nm/yr, accounting for relaxation (+6%)
The riid Hock motion . .

has been defined from > M, ~ 870 > My~ 8.73

the residuals of the
inversion In the  Stable
South America frame.

Large-scale InSAR coverage - FLATSIM Andes project

N - - ing ocean tide loading (OTL), solid Earth tides (SET), and
Residualsfrom our inversions using GNSS data in the SSA frame (a) and i the PS frame (b). Residuals ot I % Mean velocity map in LOS total electronic content (TEC):
inland tations, ighighted A o
= Sentinel-1 C-band InSAR timeseries: 2015-2021 > SET show strong correlation in range
Moment budget analysis and earthquake potential: > Processed on the CNES HPC using the NSBAS processing > TEC shows good correlation on ascending tracks (acquisition
We performed a moment budget at the scale of the South Peru i chain (Doin et al., 2011; Thollard et al., 2021) time in the evening)
segment, from the Nazca Ridge to the Arica bend. This methodology, 3 12 orbits in 16-look resoltion 3 OTL shows moderate correlation. This correlation is

described in Avouac (2015), balance the seismicity rate with the
moment deficit rate on the megathrust interface to estimate the
earthquake potential in the area. 864 combinations of these
parameters have been computed, following the logic tree on the right.
The b-value of instrumental catalogues as well as the amount of
aseismic slip in the transient slips (alpha) are the two parameters that
show the largest variability in the determination of the Mmax.

improved by removing SET and TEC from the FLATSIM ramps,
the OTL signal being significantly smaller

2018 Mw7.1
Acari earthquake

2016 Mw6.2

earthquake
> Overall, we found a median value of Mw=8.55, a 15% percentile at
Mw=8.15, and a 85" percentile at Mw=9.0. Considering the largest
earthquake recorded on the South Peru segment was the 2001
Mw=8.4 Arequipa earthquake, we can state that the earthquake
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potential on this segment is at least Mw=8.4. The recurrence time for a P \ . I I L
Mw=8.4 would be ~100 years, while it would be ~1,000 years for a i iy 0w £ o e

Mw=9.0. e
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Top: Logic tree used for exploration of uncertaintis.
fet: Earthquake potential in function of the p . The dots repr Mw value, while the.

Ib: h
Bottom right: Distrlbution of the earthquake potential, accounting for all the discussed factors of uncertainty.

mps in the A0
| track, with modelled 1GS TEC ramps (red), SET ramps (green), and OTL ramps (blue)
i Median, 15th and 85th percentiles are depicted by dashed lines.

FLATSI i the AO76N
S track, with modelled 1GS TEC ramps (red), SET ramps (green), and OTL ramps (blue)
2014 Mwa.1

Estimation of maximum expected magnitude with a = 0.7 and | = 40 GPa, in the PS frame. lquique L o DOmEE e SELTEL: guolme Oil.
and with a smoothing A = 30 km, for the ISC-GEM catalog (left) and the IGP catalog (right). earthquake A ERCENS CORpG B S comnd Samoten
—_— Instrumental earthquakes from the catalogs are depicted by cyan dots, historical postseismic B
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Conclusions -
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- 2001 M,,8.4 Arequipa earthquake postseismic relaxation is still ongoing
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= Accounting for the viscoelastic relaxation following the 2001 Arequipa earthquake increases the moment radfyr o s o

deficit by 6%, but remains within uncertainties with My, ranging from M,=8.4 to M,=9.0 (Lovery et al,, LEY g JA =
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> The Nazca Ridge can be assumed as a strong barrier, however the Nazca Fracture Zone can only be seen as
2 weak barrier

Next challenges

Viscoelastic

-> Inversion of interseismic velocities with viscoelastic Green functions correction

> We expect a viscoelastic model to produce a broader displacement, with horizontal displacements extending ~ Fure from Ariagada et al. (2008, showing
, - N . " eonta : Plcogene to present displacement vectors
further inland. Uplift and subsidence amplitudes are also expected to increase with a viscoelastic rheology. o O e
- Viscoelastic models should also predict higher magnitudes of deformation in the late stage of the interseismic
period, especially in the near-field and in the far-field. @
> Finally, a shallower optimal locking depth for visco-elastic models is expected.

-> Combine GNSS and InSAR in a joint inversion of interseismic at the scale of the central Andes

> Discriminate slip on the slab interface from internal deformation, benchmarking the solid sliver motion

hypothesis
and viscoelastic models, for horizontal displacement (a) L i
and vestial dsacement (5, SV P
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