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Context of the study

> |ldentifying pre-seismic signals remains a key challenge in geophysics

The imaging of subduction zone motion
remains incomplete :
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How to link earthquakes to
the regional slab
movements ?
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Spatial gravimetry :

Depth sensibility
Global spatial coverage

(Penserini et al., 2017)

/Subduction of the Nazca plate\
under the American plate
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The Maule earthquake:

\Mw = 8.8, February 27, 2010/




The GRACE-derived ge0|ds anomalies
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* GRACE mission : precise
measurements of spatio-
temporal variations of the
gravity field (2002-2017)

* Multiplicity of sources: e T

solid earth deformations
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Geoid-mm (Lemoine et al., 2007)

How to separate solid earth deformations signals from
signals associated to other sources ?



Sources separation

Separation according to source size and orientation

Wavelet filtering : separate the signals
based on their sizes

Gravity gradients : characterize the
geometry and orientation of the gravity
signal and its sources
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Gravitational signals before and during the Maule
earthquake

Pre-seismic Co-seismic 00k Spatia!
| | March 2010 | representation of

_ TR highly anomalous
g
02/2010 /

sighals showing :
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> atrend from July
2009 to Feb 2010

g (preseismic)
2r > a jump between
03/2010
M imeswes || F€Dand March
2004 2006 2008 2010 2012 2010 (coseismic)

~0.18-0.14-0.11-0.07—0.04 0.00 0.04 0.07 0.11 0.14 0.18 (BOUlh et al-; EPSL, 2022)

mEoStvos

Progressive gravity gradient increase North of Maule between July 2009 and February 2010. |
Stabilization in March 2010
Signal consistent in 3 geoid solutions: GRGS03, CSR06 and ITSG2016
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A signal of hydrological origin?

Comparison between GRACE and :

Water storage variations

km3

January to February 2010 :

Desaguadero
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GRACE signal correspond to a loss of
60 km? of water
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Estimation from in-situ data = 1,2 km?
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2004 2006 2008 2010 2012

2004 - 2009: Good agreement
2 months before the

in-situ data (evaluation of water storage variations)
4 different hydrological models

Hydrological models

\_ earthquake: Disagreement .

.

GRACE is not
explained by a water
mass redistribution
predicted by the
models or recorded
from in-situ data

(The signal observed by\

J




A deep pre-seismic mass redistribution

> The signal could be explained by a slab extension ~150 km deep

(Observed] (Normal faulting model)
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> Normal fault slip model
> Deformation equivalent to a Mw 8.2 earthquake over ~2 months



Conclusion

rom the end of 2009 and March 2010 : For more details :
the signal migrates from depth to the Bouih et al., EPSL, 2022
surface.
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The Maule earthquake may have
originated from the propagation up to
the surface of this deep deformation.

Deep mass redistribution prior to the 2010 Mw 8.8 Maule (Chile)
Earthquake revealed by GRACE satellite gravity
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Interpretation
800 km Coupling distributions
Pre-seismic signal Anomaly localized in an area of
| . change in slab dip (Anderson et
S al., 2007)
- Strong extensional stresses
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,,ié Migration of the gravity signal from
the deeper side of the subduction
to the shallower side :

A _35°

« > Deep deformation propagating
to the surface i
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(Métois et al., 2012)
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