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→ Up to 25 years of complementary data records and methods enhancement
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Seismotectonic context

Walpersdorf et al., 2018

→ low horizontal deformation rates
→ low to moderate seismicity 

Weber et al., 2010

Serpelloni et al., 2007

Calais et al., 2002

D’Agostino et al., 2008

Adria Euler poles :

Present-day kinematics of the Mediterranean region   Instrumental seismicity of the Western Alps

Cara et al., 2015

IntroductionIntroduction InSAR processing Velocity estimates Geodynamic conclusions



  4

→  2 main seismic arcs 
→  PF dividing internal and external zones

Modified from Schmid et al., 2004

Geological settings and seismicity

Deformed pre-Tertiary cover

External crystalline massifs

Briançonnais basement nappes

Piedmont-Liguria nappes

Ml = 3.5

Neotectonic (Grellet et al., 1993)

 Geodetic context : uplift and extension

 ⇒ What is the spatial variability of the uplift ? 

Walpersdorf et al., 2018
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- Sentinel-1 satellite 

- 173 acquisitions during 2014-2018 :
  Sentinel 1-A launched 2014 
  Sentinel 1-B launched 2016 

 - small baseline approach (NSBAS, Doin et al., 2011)

- time serie inversion procedure

- Interferommetric phase requiring corrections :
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Mathey et al., 2022
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S1 IW mode

Modified from De Zan & Guarnieri (2006)
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Velocity map in line of sight Velocity uncertainty map 

→ Pixels masked according to criteria and DSGSD map (André 2020)

→ red/blue areas (moving toward/away from the satellite) interpreted as uplift and subsidence motions

Mathey et al., 2022

→ Higher uncertainties : deep valleys (atmospheric residuals) and Po plain (seasonnal loading)

GPS deformation InSAR deformation Seismic deformation 3D field Conclusions

Velocity estimates
27°-
37°

LOS
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Comparison with GPS data in LOS

Mathey et al., 2022

GPS data 
(Kreemer et al., 2020)
GPS data 
(Sternai et al., 2019)

● Smoothed velocity map :

Pixels with σ > 0.8 mm/yr masked

spatial smoothing = 20 km width gaussian filter

● Global pattern :

Uplift in the core of the belt

Subsidence at the coast and in the Po plain

Good overall agreement (cc ~ 0.65)

GPS deformation InSAR deformation Seismic deformation 3D field Conclusions

Velocity estimates
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Comparison with GPS data in LOS

GPS deformation InSAR deformation Seismic deformation 3D field Conclusions

Velocity estimates

Global pattern :

Uplift in the core of the belt

Subsidence at the coast and in the Po plain

Good overall agreement (cc ~ 0.65) 

Mathey et al., 2022
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● Uplift maximum in the higher elevation areas 
(northern W. Alps)
→ within LGM extent

● Short wavelength spatial  variations of the uplift 
pattern
→ not explained by LGM rebound
→ spatially correlated to LIA and present-day 
glacier shrinkage rebound models but amplitude 
too low

Comparison with ice unloading models

GPS deformation InSAR deformation Seismic deformation 3D field Conclusions

Velocity estimates

Mathey et al., 2022
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Comparison with geological features

GPS deformation InSAR deformation Seismic deformation 3D field Conclusions

Velocity estimates

Mathey et al., 2022

● Uplift maximum in the higher elevation areas 
(northern W. Alps)
→ within LGM extent

● Short wavelength spatial  variations of the uplift 
pattern
→ not explained by LGM rebound
→ spatially correlated to LIA and present-day 
glacier shrinkage rebound models but amplitude 
too low

●  Differential uplift in the external crystalline massifs 
wrt surroundings : Pelvoux (P), Belledonne (BL), 
Mont-blanc (MB) and Aiguilles rouges (AR) massifs
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● Thermochronometric ages derived from 
apatite fission tracks (AFT) and inverted 

exhumation rates (Fox et al., 2015) 

● Younger ages correspond to higher exhumation 
rates

● Exhumation rates higher on the external 
massifs

  ⇒ Localized velocities

  ⇒ Differential surficial response 

  ⇒ Suggests heterogeneous rheologies

Comparison with exhumation rates (< 2Ma)

GPS deformation InSAR deformation Seismic deformation 3D field ConclusionsGPS deformation InSAR deformationInSAR deformation Seismic deformation 3D field Conclusions

Velocity estimates

→ what is the spatial variability of the uplift ?

AFT ages
Exhumation rates

Mathey et al., 2022
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GPS deformation InSAR deformation Seismic deformation 3D field Conclusions

 ⇒ uplift and extension localized but spatially 
decorrelated

  ⇒ Differential surficial response = rheological 
control

 ⇒ Overlay of ≠ λ processes   

Geodynamic conclusions

Sternai et al., 2019

isostasy/buoyancy

plates motion

far-field

→ what is the spatial variability of the uplift ?
 
● Long wavelength moderate uplift rates field

● Short wavelength high uplift rates field
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Mathey, 2020
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Further readings 
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