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Climate-change induced seismicity:

The recent onset of seasonal micro-

seismicity at the Grandes Jorasses, 

Mont -Blanc Massif
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Geological Background Mont-Blanc Massif (MBM )

Adapted from Pfiffner (2009)

IntroductionIntroduction

Bedretto 

Tunnel

Mont -Blanc 

Tunnel

2

Adapted from Egli & Mancktelow (2013)
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Geological Background Mont-Blanc Massif (MBM )

Adapted from Pfiffner (2009)
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Approach : 

Å Use waveform similarity methods

Å Clusters with main events ML>2.5

Å Scanning station operational for 

more than 10 years

Mont -Blanc
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Analysis Workflow
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QuakeMatch

T. Toledo, PICO Session F today
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Herrmann et al. (2019), Toledo et al. (2025)
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Earthquake activity

Å1142 routinely monitored 

earthquakes

Å372 templates

Seasonal characterIntroduction Analysis Workflow
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Earthquake activity

Å1142 routinely monitored 

earthquakes

Å372 templates

Å>12000 detections

2. Increase in seismic 

activity compared to 

pre-2015

Two main observations:

1. Strong seasonal 

character in the 

seismicity with a step-wise 

increase of the seismicity 

in fall and decrease in 

early spring

Seasonal characterIntroduction Analysis Workflow
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1st observation: Seasonal character in seismicity

ÅStrong increase in seismic 

activity in 2015 

accompanied by a stronger 

fluctuation of the three 

statistical parameters, e.g., 

higher b-values in fall

ÅWhich seasonal forcing 

process explains the 

observations?

Seasonal characterIntroduction Analysis Workflow

7



Verena Simon, SchatzalpWorkshop, 20.03.2025

Mont Blanc Tunnel

Mont Blanc Tunnel road tunnel

ÅDrilled end of 1950s through Mont Blanc external crystalline massif

ÅLarge water inflows (1084 L/s on the first day) when the tunnel 

intersected a strongly fractured 600m wide fault zone 

Ą stopped drilling for 4 months

https://www.youtube.com/watch?v=3et-uxkw2BQ&t

Seasonal characterIntroduction Analysis Workflow
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1st observation: Seasonal character in seismicity

?

Vernay, et al., (2022)

Dataset: https://www.aeris-

data.fr/en/landing -

page/?uuid=865730e8-edeb-4c6b-

ae58-80f95166509b#v2020.2.%20The

2700 m

1300 m

How long does runoff at the surface need to reach the tunnel?

Seasonal characterIntroduction Analysis Workflow
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Ą Provides long-term, open-access meteorological and snow data

S2M meteorological and snow cover model 

ÅHigh-resolution model that simulates meteorological, hydrological, and snow -pack parameters

ÅCalibrated by 453 meteorological stations from the area

ÅArea: French Alps (including MBM), Pyrenees and Corsica

ÅPeriod: 1958 ð2021

Flowrate measured in the 

tunnel 1996-1998

Maréchal (2000)


