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Le 
Teil

The 2019 M5 Le Teil earthquake
Seismic zones in France

Extreme acceleration (>1 
g) near fault, local 
damage
2 nuclear plants nearby 
(~20 km) 
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Slip model inferred from InSAR (Grandin, Jolivet 
and Cavalié)
Surface rupture of La Rouvière fault

The November 11 2019 M5 earthquake in Le Teil, France

A surprisingly shallow event
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Klose and Sieber 
(2007)

Le Teil

Rupture depth of earthquakes 
in stable continental regions

The November 11 2019 M5 earthquake in Le Teil, France

A surprisingly shallow event
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Quarry

The November 11 2019 M5 earthquake in Le Teil, France

A triggered event?
Slip model inferred from InSAR (Grandin, Jolivet 
and Cavalié)
Surface rupture of La Rouvière fault

Steer et al. 
(2014)
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The November 11 2019 M5 earthquake in Le Teil, France

A triggered event?
Slip model inferred from InSAR (Grandin, Jolivet 
and Cavalié)
Surface rupture of La Rouvière fault

Coulomb stress induced on 
the fault by the quarry

2 km

Epicenter

Chao Liang



300 m

Cruas

Cruas nuclear power 
plant

Quarry

Coulomb stress induced 
by quarry on the nearest 

fault

Quarries close to nuclear power plants in the south 
of France



Hypothesis:
Quarry triggered shallow velocity-strengthening, 
without breaking deeper velocity-weakening

Velocity-
strengthening 

Velocity-
weakening

Scholz, C. Earthquakes and friction 
laws. Nature 391, 37–42 (1998).



 Mass Removal History
from aerial imageries

de Novellis + (2020)



Quarry can trigger velocity-strengthening fault
without breaking the deeper part!



Depending on the onset time of quarrying and 
frictional parameters, sometimes can not!



Pinning effect of the deeper VW part
and the resistance of the VS patch

B≈
20 σ̄ (avs−b )D vs

β Δ τ vwD vw
Kaneko, Avouac and Lapusta, (2010)

Larger than nucleation 
length
Dvs≈Dvw≈8*Lb

Below steady state.
Ω=θV/dc << 1
Li,Niemeijer, & van Dinther,(2023)



Godano, Larroque et al (in progress)

Outcropping surface 
rock samples



 Laboratory Tests

François Passelègue’s 
triaxial apparatus

 Velocity step test using Marls and 
Limestones

 https://github.com/rmskarbek/
RSFit3000.git



 Laboratory Tests
Velocity step tests on Limestone 

<50μm, 20MPa



 Laboratory Tests
Velocity step tests on Marls 

<50μm, 20MPa



Conclusion and future works
 Stress perturbation due to mass removal can trigger shallow 

VS faults.
 The frictional properties of the fault play a crucial role. 
  Can a similar shallow earthquake occur near Cruas?
 An opportunity drill at hypocentral depth and analyze the 

frictional behavior.
 EPOS-NL HPT Lab project for more mechanical tests.



Thank you for listening

I am happy to answer your 
questions
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