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Dedicated satellite gravity missions have dramatically
Increased our knowledge of the gravity field of the Earth,
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and have given acess to the globally time varying gravity field !

The GRACE mission measures the
temporal variations of the gravity field

Why does the gravity field
vary with time ?

//" GRACE: Mission Concept

Non-Secular Time-Dependent Signals
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Earthquakes - a major
concern for society

Kobe, Japan, 17/01/95
M,,=6.9 (t=20s)
5470 fatalities, 33000 injured

and huge economic impacts.




Magnitude Energy release
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Seismic cycle




To study the seismic cycle (pre-seismic, co-seismic, post-
seismic and inter-seismic phases) long time series of
geophysical and geodetic observations are mandatory
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Réseau IRIS GEOSCOPE et sismicité générale (Mb > 5.0 1977-1996)




Largest earthquakes generally occur in subduction zone areas,
thus in zones partly or totally covered with oceans, very poorly
monitored with geodetic or geophysical instruments.

Therefore purely space based techniques can contribute to
study the seismic cycle : one possibility is satellite gravity.

Indeed, studies published in 2004 theoretically showed that
Grace type mission should register signal linked with very
large earthquakes, typically Mw = 8.5, 9 (depending upon
the effective Grace data accuracy).




After the Mw 9.3 December 26, 2004 Sumatra-Andaman
event, several groups analyzed Grace data using
different data sets and approaches.

We used the GRACE and LAGEOS based
gravity field models expressed as
normalized spherical harmonic coefficients
from degree 2 to degree 50, produced and
delivered by our colleagues from
CNES/GRGS (R. Biancale et al.).

We studied the December 2004 and
March 2005 events.




Some elements on the geodynamic context
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Comparison of 2 geoid models covering one month period

before (left) and after (right) the Andaman-Sumatra earthquake.
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A strong negative signal appeared over the

. Andaman Sea after the earthquake.




Continuous wavelet analysis coefficients at 500 km scale of the geoid difference
between 2005 and 2004, stacked over 9 months (right panel), and of the geoid
difference between 2004 and 2003, stacked over 9 months (left panel).

What do we learn from GRACE about this event ?

Panet et al., Geophys. J. Int., 171,177-190, 2007




Continuous wavelet analysis coefficients at 1000 km scale of the geoid

anomaly
a: resulting from Banerjee et al. (2005) model of the Andaman December 2004 earthquake. A
self-gravitating, spherically layered, compressible Earth model (Pollitz, 1996) is used.

c: Observed GRACE geoid difference between January 2004 and January 2005

b: Inhomogeneous lithosphere. Additional 15 cm subsidence in the Andaman Sea.




Our co-seismic observations and the geodynamic context

> Accomodation of co-seismic
stresses creates subsidence in
the Mergui basin : a compliant

block.

K But what about post-
-_ seismic signal ?




Continuous wavelet
analysis coefficients at
1000 km scale of the
geoid 2005/2004
differences stacked over n
months, with 7 between 1
and 9.

On the upper left subplot, the
co-seismic signal (n = 1: January
2005 — January 2004) is
represented. It has been
subtracted from the other
subplots (7= 2 to 9). The value
of nis indicated on each subplot.
Note stable growth of the signal
with stacking interval (i.e. with
time).




Continuous wavelet
analysis coefficients at
570 km scale of the
geoid 2005/2004
differences stacked over
n months, with n
between 1 and 9.

On the upper left subplot, the
co-seismic signal (n = 1:
January 2005 — January 2004)
IS represented. It has been
subtracted from the other
subplots (7= 2to0 9). The
value of nis indicated on each
subplot.




This shows that wavelet analysis permits to detect earthquakes with a
magnitude as “low” as 8.7 with the present-day accuracy of GRACE data.




The style and rate of gravity signal
relaxation is consistent with a bi-
viscous model (a harder matrice
with softer inclusions, e.g. lvins,
1996).

This model explains well the post-
seismic deformation registered by
GPS stations in Sumatra area
(Pollitz et al., 2006) .

Relaxation over a few months as
observed at the 570 km scale could
Indicate the presence of material
with viscosities of the order of 101/
Pa's below the Central Andaman
ridge.




Our observations and the geodynamic context

» Strong post-seismic signal in
the central Andaman sea where
rifting is present

rift =» hot and superficial mantle,
non linear viscous response.

» Accomodation of co-seismic
stresses creates subsidence in
the Mergui basin : a compliant
block.

Next challenge :
pre-seismic phase...




Conclusions:

. We evidence a strong signal in GRACE data associated with the
Sumatra 2004 and 2005 earthquakes. Our analysis allowed us to
localize a co-seismic gravity low in the Andaman Sea and to evidence
post-seismic relaxation.

. To explain these observations, we take into account the specific
structure of the Andaman Sea crust and mantle. Interpretation
requires to include information about local geodynamics.

. Combination of gravity, deformation (GNSS, INSAR...) and
seismological data allows to get full picture of active processes.

. These observations show broad perspectives of the satellite gravity for
understanding and monitoring the seismic cycles, especially in locked
subduction zones : GRACE-GOCE follow on missions (with sharper
eyes to avoid glasses !!) ?




