Triggering of very shallow earthquakes
by surface mass removal processes -

case study of the 2019 Mw4.9 Le Tell,
France earthquake
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The 2019 M5 Le Teil earthquake
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The November 11 2019 M5 earthquake in Le Teil, France

A surprisingly shallow event

Slip model mferred from InSAR (Grandln Jollvet
and Cavalié)
Surface rupture of La Rouviere fault
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The November 11 2019 M5 earthquake in Le Teil, France

A surprisingly shallow event

Rupture depth of earthquakes

in stable continental regions
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The November 11 2019 M5 earthquake in Le Teil, France

A triggered event?

A
Mass removed __ :.

by erosion :

Slip model inferred from INSAR (Grandin, Jolivet
and Cavalié)
pture of La Rouviere fault
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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 Rouviere fault

Coulomb stress induced on
the fault by the quarry
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Quarries close to nuclear power plants in the south
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Hypothesis:

Quarry triggered shallow velocity-strengthening,
without breaking deeper velocity-weakening
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Quarry can trigger velocity-strengthening fault
without breaking the deeper part!
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Depending on the onset time of quarrying and
frictional parameters, sometimes can not!
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Pinning effect of the deeper VW part
and the resistance of the VS patch

B o 20 G CIVS - b) DVS B slip rate :[ml%]‘l
~ X no triggering :
18 A Low Dvw L2
Kaneko, Avouac and Lapusta, (2010) 0.0020{ X X X X X X X X X XXX :
10-3
_arger than nucleation 00015{ XX X ®m ®m ®m m B X XXX -
ength “
Dvs=Dvw=8*Lb 00010{ XX ® ® ® ® ® ® ® EEX GF=
10-6
Below Steady state. 00005{ Xm m m © e ®© © o eex
Q=0V/dc << 1 o
Li,Niemeijer, & van Dinther,(2023) Em o X
0.0000 . . . : . 10-8
0.2 0.4 0.6 0.8 1.0

tp_ tU

quarrying onset time =




Outcropping surface
rock samples

Lithologie : carte / terrain / forages
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* Laboratory Tests

Francois Passelegue’s
triaxial apparatus

* Velocity step test using Marls and
_imestones

* https://github.com/rmskarbek/
RSFit3000.qit
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* Laboratory Tests
Velocity step tests on Limestone
<50um, 20MPa
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* Laboratory Tests
Velocity step tests on Marls
<50um, 20MPa
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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.
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