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Avancement/perspectives Fiche Argostoli
Argostoli Bay, Sunday, October 5, 2025 

Only an island as impudent as Cephalonia would have the insouciance to situate itself upon a 
faultline that exposes it to the recurrent danger of cataclysmic earthquakes. 

Captain Corelli’s Mandolin (1994)

Louis de Bernières



Cephalonia: A story of a natural laboratory for seismic hazard
studies since 2011 and a reference site SIGMA3 studies

Fabrice HOLLENDER (CEA, ISTerre), Nikolaos THEODOULIDIS (ITSAK), Pierre-Yves BARD (ISTerre),
Armand MARSICAL (ISTerre), Agisilaos KONIDARIS (Ionian University), Zafeiria ROUMELIOTI (Univ. Patras), 

Kiriaki KONSTANTINIDOU (ITSAK), Pauline RISCHETTE (CEA, ISTerre), 
Vincent PERRON (CEA, ISTerre),  Paola TRAVERSA (EdF), Elias El HABER (EdF) and many others…



The island of Cephalonia, the town of Argostoli, 
the ARGONET vertical array
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Seismotectonic context
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The 1953 earthquake
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• 7.2 on August 12, 1953, at 9:24 GMT
• 450 to 600 deaths
• After the EQ 100,000 inhabitants out of a total population 

of approximately 125,000 left the island.
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The first seismological studies
carried out on Cephalonia



Early seismological measurements: Ionianet
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Period: July 1998 – October 2000
61 events, 3 stations 182 records
3.5≤M≤5.3   10km≤R≤125km



2011: The European NERA program
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NERA program experiments
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2011: The NERA program
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The SINAPS@ age



SINAPS@ project

• Marsh 11, 2011: Accident of Fukushima

• Call for projects from the French agency ANR on topics related to nuclear 
safety

• SINAPS@ project accepted, including the deployment of a vertical 
accelerometric array in Argostoli (= Argonet)

• September 2013: first geophysical survey on Cephalonia Island

• January 26, 2014: M6.1 earthquake in Argostoli

• January 27-28, 2024: Official Kick-off meeting of SINAPS@, decision to launch 
a post-seismic survey 
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The January 26, 2014 earthquake
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M6.1 du 26/01/2014



The SINAPS@ post-seismic team experienced the second earthquake!
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Filtered N component (0.05 - 1.5 Hz)

The February 6, 2014 earthquake
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Fabrice’s awakening
Vincent’ awakening

Um... in your opinion, what magnitude is it?
Awareness that this is a major earthquake...

We leave the hotel (without taking the elevator...)

Est

Nord

Vertical

We end the night in the car.



Post-seismic survey
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Difficult fieldwork to meet scientific objectives

17



Post-seismic survey
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1075 aftershocks on February 12, 2014
During the equipment test (Monday, February 3), an average
of one replica was measured every 30 seconds.

During the equipment test (Monday, February 3), an average of one replica was measured every 30 seconds.



Scientific objectives of the mission
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Several thousand earthquakes recorded

Assessment of site effects in the Koutavos basin

Perron et al., 2018



Scientific objectives of the mission
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Evaluation of the spatial coherence of seismic motion on a 
rock and sediment network

Measurement of the rotational 
component of seismic moti

Sbaa et al., 2017
Svay et al., 2017

Imtiaz et al., 2018



3D geological model
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Cushing et al., 2020



The ARGONET vertical accelerometric array
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4 borehole accelerometers at different depths
2 surface accelerometers (sediment & rock)

2 surface rotation sensors
2 meteorological stations

Installed in July 2015, 
Database (version 2025) : more than 1500 events with an 

excellent signal-to-noise ratio. Open data.

Long-term objective: produce data to validate 3D numerical simulations that take non-
linearity into account.

Theodoulidis et al., 2018



Measurement highlighting seasonal variations 
and slight non-linearities
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The early SIGMA-3 age



Building effect of seismic recordings
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FF1

TBD

STA : in the basement with LEF2

CBD

West side view

East side view

Rh-ML distribution of selected earthquakes

 Pauline Rischette’s thesis
 3 sites over 9 on Cephalonia



Topography effect: ArgoScarp experiment
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Topography effect: ArgoScarp experiment
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Topography effect: ArgoScarp experiment
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 Highest SSRs reached in the longitudinal
direction of the cliff

 Lowest SSRs reached in the transversal
direction of the cliff
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ArgoSlab
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ArgoDAS-1 and dense node array
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Optical fiber
3C seismometers (nodes)
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The SIGMA-3 next age



October 2025 campaign: a very broad partnership!
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Rémy BURLOT (for CEA), Eirini CHATZIANAGNOSTOU (CEA/ISTerre), Cécile 
CORNOU (ISTerre), Frédéric  DADOUN (Geodesia), Elias El HABER (EdF), 

Fabrice HOLLENDER (CEA), Philippe REIFFSTECK (UGE), Zafeiria ROUMELIOTI 
(Univ. Patras), Nikos THEODOULIDIS (ITSAK), Paola TRAVERSA (EdF), drillers

from GEOT.ER, ‘trencher’ team from Tzouganatos, etc.



The BENTO benchmark
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 BENTO – BEnchmark of 3D Numerical simulations on 
TOpographic sites

 Organized as part of the upcoming ESG2026 conference, in 
collaboration with CEA–EdF–ISTerre

 Phase 1: verification on “canonical” cases.

 Phase 2: validation on a small area with very strong short-
wavelength curvature (ArgoScarp data).

 Phase 3: validation on a larger area with long-wavelength 
curvature (measurements on Mount Ainos).



ArgoScarp expriment, BENTO phase 3
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Expérience ArgoScarp : 
effets topo à courte longueur d’onde

Base de données utilisée pour le benchmark 
“BENTO”



Launch of measurements for BENTO Phase 3
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 18 measurement points for a duration of 3 to 4 months



Launch of measurements for BENTO Phase 3
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Launch of measurements for BENTO Phase 3
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Launch of measurements for BENTO Phase 3
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‘Only an island as indolent as 
Cephalonia would allow itself to 
be infested by such troupes of 
casual and impertinent goats’ 

Captain Corelli’s Mandolin
(1994), 

Louis de Bernières

Two jurists preparing a collaboration agreement and discussing intellectual property



Drilling operation
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• Installation of optical fiber on 
boreholes 

• Installation of pore pressure 
probes

• In situ non-linearity parameter 
with cyclic test



Installation of pore-pressure sensors
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• 4 sensors at 3.5, 5.5, 7.5 and 15.5 m (zone of low CPT N-values, accelerometer depth)
• Vibrating-wire cone-tip sensors (GeoSense probe), to be pushed to the bottom of the 

borehole



Installation of pore-pressure sensors
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Installation of pore-pressure sensors
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First earthquake recorded with the pressure sensors

43



ARGO-DAS2

44

 DAS (Distributed Acoustic Sensing):
• Principle: the optical fiber acts as a dense array of sensors, continuously 

measuring strain variations along its path using laser backscattering.
• Interest: enables the acquisition of seismic measurements with very high 

spatial resolution (metric scale) over several kilometers, without 
deploying point sensors.

 ARGODAS1 (2023): initial measurements taken as part of a collaboration 
between CEA and ISTerre (but measurement issues with the interrogator 
worked only 9 days of data were collected).

 ARGODAS2 (2025): new measurements on the same fiber, but with the 
addition of fibers in boreholes.
• Approximately 1,400 m of horizontal fiber.
• + 2 boreholes (20 and 50 m) of vertical fiber.
• + 62 nodes for validation/calibration of DAS measurements.
• Collaboration between EdF, CEA, and ISTerre as part of SIGMA-3.
• Fibers and nodes installed, DAS measurements themselves over a period 

of 2 to 3 months (starting in November)



ARGO-DAS2
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ARGO-DAS2
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In situ cyclic pressure tests
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 Collaboration between EdF, CEA, and Gustave Eiffel University as part of SIGMA-3:

 2 x 18 measurements (from 3 to 20 m) of nonlinear parameters using a cyclic pressure gauge



In situ cyclic pressure tests
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ARGONET, current instrumentation setup
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5.6 m

83 m

40 m

15 m

Accelerometers

Rotatiometer

15 m

5.6 m

7.5 m

3.5 m

Pore pressure sensors

50 m

20 m

Optical fiber

Continuous measurement Specific measurement campaigns



 ArgoScarp +BENTO (2022-2023), 16 nodes : 300+ EQ

Earthquake event databases
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 Dense network, 21 broadband seismometers (post-
2014 sequence): 1800+ earthquakes

 5 accelerometers + 1 rotational sensor            
(post-2014 + 2015 sequence): 4000+ earthquakes

 ARGONET : 6 accéléromètres + 2 rotatiomètres : (2015-
2025) : 1500+ EQ 

 ArgoSlab (2022-2025), 55 nodes : 900+ EQ

 BENTO/Ainos 18 nodes (2025): 
acquisition in progress

 ArgoLoc (?): whole island, 60 nodes for one 
year, installation planned for March 2026

 ??? OSCAR benchmark (location kept 
secret…) ???

 SSI-experiments (hundred of events)

 ArgoDAS (60 nodes + fiber, acquisition in progress



Scientific production from Sinaps@ and Sigma programs from 
Cephalonia experiments: 15 peer-reviewed articles’
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The major milestones of ARGONET and Cephalonia test-site
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

2014 earthquakes, 
post-sismic survey

2014

ARGONET installation, 
First EQ reccorded on July 10, 2015

SINAPS@ work

Restrarting of maintenance 
founded by EdF and CEA

P. Rischette PhD experiment
(ArgoSlab, ArgoScarp, SSI)

Major survey in October 2025(ARGONET upgrade, NL in situ 
measurements, launch of measurements for the ArgoDAS2 

experiment and the Bento benchmark, etc.) 


