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Study Area
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Sedimentary basins Mountain Belts
@ Aquitaine basin (AB) @ Pyrenees (AZ)
@ Ebro Basin (EB) @ Massif Central (MC)
@ Duero Basin (DB) @ Cantabrian mountains (CM)
@ Southeastern basin (SB) @ Armorican Massif (AM)
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Pyrenees - Geodynamical model is still debate

0

A33 (80Ma)
Olivet (1996)

Rotation of the Iberian
plate

Extensional phase before
collisional phase Amesets, o)

Jammes et al. (2009)
80Ma

Mouthereau et al., 2014

Geodynamical history can be constrain by structural geology, geochemistry, paleoma-
gnetism, geophysical studies, as gravimetry and seismic imaging
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Seismic arrays used

Aim : Obtain a 3-D Vs crustal model of the region

© Permanent arrays
o French array
o Catalan Array
© Temporary array PYROPE
i 7 : a“ (2011-2013)
[ e, ST - o © Temporary array
%. : IBERARRAY (2011-2013)
d A40°

10" . . . . . . . . <10

48" %

= 158 broadband stations, average spacing of 60km.
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Ambient noise correlation - Principle
= We can reconstruct of the Green function between 2 stations by

correlating the continuous signal (Weaver et Lobkis (2001);
Shapiro and Campillo (2004))
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Shapiro and Canpillo (2004)
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Ambient noise correlation vs "classical" method

-10°
50"

olocaux
Mag. <3.5
eMag. > 3.5

42° f

12403 potential paths 2011-2013 :
361 EQs inside the area
69 EQs with magnitude > 3.5
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Noise correlation application

""classic" processing

@ deconvolution of the instrument responses
@ in 3 frequency ranges :

@ time normalization : 1-bit processing
@ spectral normalization : whitening

Particularity of this study (February-December 2011) : Tohoku-Oki
Earthquake and the many aftershocks
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Noise correlation application

""classic" processing

@ deconvolution of the instrument responses
@ in 3 frequency ranges :

@ time normalization : 1-bit processing
@ spectral normalization : whitening

[5-30]s ; [20-40]s ; [30-55]s.
to overpass the effect of the 1-bit filtering
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Noise correlation application

""classic" processing

@ deconvolution of the instrument responses
@ in 3 frequency ranges :

@ time normalization : 1-bit processing
@ spectral normalization : whitening
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Noise correlation application

""classic" processing
@ deconvolution of the instrument responses

@ in 3 frequency ranges :

@ time normalization : 1-bit processing
@ spectral normalization : whitening
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Compute and average of the daily correlation
= emergence of the Green function

NE -> SW SW -> NE
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Dispersion curves

@ ZZ correlations : emergence of the Rayleigh wave
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@ Surface waves are dispersive : we can calculate the dispersion curve of
the group velocities by FTAN

11/28



Introduction Group velocities Swave velocity

Monitoring Conclusions
00000 000e0 0000000

[e]e]

Group velocities maps

Linearized inversion - minimized the cost function

Acknowledgements

s(m) = (Gn —d)TC; (Gn—d) | +|m" Qm

fit to data smoothing
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Group velocity maps - Results
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Sedimentary basins : 46°
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Dispersion curves (V,(T)) = velocity models (Vs(z))

Major problem : non uniqueness of the solution and very heterogeneous
area

Fonction colt

Modéle
We need (1) using other inversion methods (e.g non linearized inversion)

or (2) having a 3-D starting model, laterally heterogeneous and close to
the solution, for a linearized inversion
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New methodological approach

Exploration of the whole models space

Aim : get a 3-D model laterally heterogeneous, close to the solution, for a
linearized inversion

@ Creation of a library of 5-layers Tayer thickness (km) _ Vp (kms 1)
. . . Top layer 0-4 2-3
velocity models and dispersion Sedimentary Tayer 012 355
. U C 10-26 5-6
curves associated (2 766 555 phber Cruet o056 =
models) Mantle oo 7.5-8.1
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New methodological approach

Exploration of the whole models space

Aim : get a 3-D model laterally heterogeneous, close to the solution, for a
linearized inversion

@ Creation of a library of 5-layers E“E _/‘J

velocity models and dispersion | hwat
curves associated (2 766 555 R
models)

o For each node :
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New methodological approach

Exploration of the whole models space

Aim : get a 3-D model laterally heterogeneous, close to the solution, for a
linearized inversion

@ Creation of a library of 5-layers
velocity models and dispersion
curves associated (2 766 555
models)

Bor
S

1.4

o For each node :

© calculation of RMS between
the observed dispersion curve
and the whole library

(km/g)

RMS
o o

0.5 25

1 15 2
# modéle *10°

RMS = /& 555 (Uabs (1) — ttheo (i))?
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New methodological approach

Exploration of the whole models space

Aim : get a 3-D model laterally heterogeneous, close to the solution, for a
linearized inversion

@ Creation of a library of 5-layers
velocity models and dispersion
curves associated (2 766 555
models)

o For each node :

@ calculation of RMS between
the observed dispersion curve
and the whole library

@ average of the 1000 models .
with the best RMS ' Vs (km/s)

Profondeur (km)

16/28



Introduction
00000

Linearized inversion (Herrmann

Group velocities
00000

Swave velocity
00®0000

Monitoring
oo

Conclusions

Acknowledgements

et Ammon (2002) )
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= Average RMS decrease from 0.070 km.s~! to 0.052 km.s~?
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Velocity maps - results

High velocities : Variscan basement No source for the gravimetry anomaly

Mantle velocities :
Thin crust ]

46"

Arzacq and Parentis : 44°
High velocities
Gravimetry anomaly

?
source ? —

Low velocities :
8 -8 -6 -4 -2 0 20 4 6 8 Thickcrust

26 28 3.0 32 34 36 38 40 42 44
Vs (km/s)

Macquet et al, 2014
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Tugend et al, 2014

Interpretation

Traces of the ancient hyper-extensional rifts which could have preceded

the compression
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A33 (80 Ma)

Olivet (1996)

Rotation of Iberian plate

Extensional phase
followed by
compressional phase o o

Jammes et al. (2009)
80Ma

Mouthereau et al., 2014

Interpretation

Traces of the ancient hyper-extensional rifts which could have preceded
the compression
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Iso-velocity 4 km.s!

- Crust/mantle interface

Thin crust
o beneath
46 Massif Central
Difference
between the

two methods

20 24 28 32 36 40 44 48 Thick crust beneath
Moho depth (km) the Pyrenees

Macquet et al, 2014
Chevrot et al, 2014
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Monitoring volcanoes
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Monitoring the St. Gallen geothermal site
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Monitoring the St. Gallen geothermal site
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Figure 9. Scattering cross-saction density changes derived by least squares inversion averaged over July 2013. The
observad changes are around the injaction well, indicating a causal ralationship with tha activitias at the wall

Obermann et al. (2015)
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Conclusions

o Development of a new approach for the inversion of
Ve (T) to Vs(z)

o This first 3D Vs model gives some keys to better
understand the geodynamical history of the Pyrenees
(it still needs to be explored...)

o The ambient noise correlation gives the possibility to
image everywhere on the Earth

e Some studies show that ambient noise correlation can
be used for monitoring
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