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Analysis of Le Teil Earthquake in France and Its Correlation with Le Teil
Quarry Extraction Using Sentinel-1 and Topographic Data
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Abstract: Objectives: The Mw 4.9 Le Teil earthquake that occurred on November 11, 2019 is the most
destructive earthquake recorded in the Rhone River Valley of France. Methods: We first used Sentinel-1
data to calculate the coseismic displacement field of the Le Teil earthquake with the GAMMA software
package. We then obtained fault geometric parameters and coseismic displacement fields based on Bayesian
inversion and the steepest descent method (SDM). We last quantified the effects of quarry extraction activi-
ty on fault by using the digital elevation model (DEM) data acquired in 2000 and 2006—2011. We calculated
the extraction volume and the Coulomb stress change on the fault plane based on the Boussinesq solution of
three dimension homogeneous and elastic half-space. Results: The coseismic displacement field show that
the largest displacements in the line of sight of the ascending and descending orbits are 14.9 cm and 8.6 cm,

respectively. We find that the seismogenic fault has a southeast dip angle of 72°, a strike of 54” and an average
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rake of 108°; the earthquake rupture reached the surface, with a rupture area of about 3 413 m><1 358 m,

and a depth of about 1.472 km. The slip is over 0.15 m and is concentrated at a depth of 0 = 0.75 km with a

peak slip of 0.2 m. We calculated the geodetic magnitude to be Mw 4.79. The Coulomb stress change on
the fault plane is 0.024 MPa in 6 - 11 years after 2000. Conclusions: The rock extraction of the Le Teil

quarry had been active during 1833—2019, and the extraction is even more intense after 2007. The Cou-

lomb stress change on the fault plane could reach up to 0.1 MPa, which is much larger than the local tectonic

loading rate, suggesting that the Le Teil earthquake is strongly related to rock extraction activities.

Key words: Le Teil earthquake; Sentinel-1; slip distribution inversion; rock extraction activity; coulomb

stress change; earthquake triggering
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Tab.1 Source Parameters for the Le Teil Earthquake
N N N A SN Y )
WA R K% /m FeJE /m RS WE/km o ER/C) BMA/C) WEIM/C) i
m
USGS! 4.8 10 53 57 99
LDG/CEA? 4.8 2 62 59 107
Ritz 21?! 4.9 1 50 45 89
5000 1900 1.6 50 62.3 116.5 0.26 o2
Novellis 2 3500 1900 1.4 43.2 52.2 98 0.29 Wi 2 F1
1 600 1900 1.5 25.4 62.0 93.4 0.21 Wi J2 F2
AL 5400 1600 4.79 1.6 54 72 108 0.2

1« USGS': https://earthquake. usgs. gov/earthquakes/eventpage/us60006a6i/executive; LDG/CEA?; http://www —dase. cea. fr/actu/

dossiers_scientifiques/2019—11—11/index.html.
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Fig.2 Coseismic Displacement Fields of the Le Teil Earthquake
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R Wi K /m WiRSIE /m BRRE /m fifh /(%) Em /) AW /m {7 ik /m
e 3000 1000 0 30 30 —0.5 —0.5
LA 5500 3000 3000 80 70 0.5 0.5
Rl 3413.2 1357.9 1471.7 72.13 53.93 —0.106 7 0.109 8
2.50% 3338.7 1199.2 1332.6 69.63 53.58 —0.120 6 0.1027
97.50% 3497.3 1480.9 1583.2 74.68 54.16 —0.094 1 0.1187
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