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Maurienne seismic activity  
@SISmalp 1989 - 2020 

1989-2015         Very weak activity in the Valley 
Oct. 2015          Seismic activity detected by SISmalp - Alertness 
Oct. 2016          Stronger activity felt by population - 13 Oct. 5 EQK [1.2-2.1] / 24 Oct. 7 EQK [1.3-2.2] 
July/Aug 2017   Increase of the activity 31 July M=2.3 - July 12 EQK - Aug 61 EQK - Sept 113 EQK) 
Oct 17 / Oct 18 M 2.9 and M 3.1 
Oct. 2017          Temporary stations installed (Code YW)  



Maurienne swarm activity and perceptions 
@SISmalp catalogue + BCSF Did You Feel It? (distance < 20km)
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5 Les Medias interrogent à leur tour ISTerre/Sismalp

4. Les habitants se tournent directement vers  
       ISTerre/Sismalp

3. Les maires et la protection civile se tournent 
vers ISTerre/Sismalp

Oct 2017 - Réseau temporaire

2. Les maires, démunis, cherchent de l’information:      
que se passe-t-il? 
 Ils interrogent la Préfecture (Protection Civile)

1. La population questionne le maire (pouvoir de  police)

2015 Sismalp détecte une augmentation de l’activité en 2015
Phase de Vigilance/Observation

Oct 2016 - Début de l’essaim - Premier contact avec le maire de La Chapelle
13 Oct: 5 séismes, 1.2< ML <2.1 / 24 Oct: 7 séismes, 1.3< ML <2.2 

July 2017 - Reprise de l’activité
31 Jul: ML =2.3 - July/Aug/Sep:  12/61/113 séismes  - 17 & 18 Oct ML =2.9 & 3.1 

…tout le monde se tourne vers  ISTerre/SISMALP

Medias

Inhabitants

City 
Mayors

Prefecture 
Civil 

protection

ISTerre/
SISMALP

Sequence timeline



Genesis of the SISM@LP-Swarm project
L’Aquila 2009

11/2014

What information to communicate in uncertain times? 

The responsibility of decision-makers? Scientists? State offices? Insurers?

  

2017 - Nantes 
Administrative Court: 
  
The State (35%),  
The Municipality (50%)  
The ASVL (15%) are 
condemned "in solidum" 

Xynthia 2010



SISM@LP-Swarm

Chamonix Swarm

Maurienne Swarm

Ubaye Swarm



Objective 1 : Improving knowledge on the physics of swarms  

Objective 2 : Perception and non-structural damage  

Objective 3 : Improving the flow of information from SISmalp in case of emergency  

Objective 4 : Sharing knowledge and information 

SISM@LP-Swarm



Geology of the Maurienne SwarmF. Dunand and P. Gueguen: The Grenoble City test site 513

Fig. 2. Map of Grenoble and the main epicenters localized by the
regional seismic network SISMALP (after Thouvenot et al., 2003).

located around Grenoble. The depths considered correspond
to average depths of the source zones to which they are at-
tached, as defined by the probabilistic zoning of France (Mar-
tin et al., 2002). The earthquakes produced intensities of
less than V, except for the Gresivaudan earthquake on 7 Jan-
uary 1851 (V–VI in Grenoble, 5 km NW of Grenoble), the
Corrençon earthquake on 25 April 1962 (about 20 km NW
of Grenoble) with an epicentral intensity of VII–VIII and the
Voreppe earthquake on 12 January 1754 (epicentral inten-
sity VI–VII, 20 km NNW of Grenoble). Other more distant
but strong intensity quakes have been included in this study,
characterizing the level of seismicity of the Northern Alps
region to which Grenoble belongs. Table 1 gives the list of
major historic events of an intensity of more than V within
the study area.

Table 1. List of historical earthquakes having produced macro-
seismic intensities over V Northern Alps region in the Grenoble dis-
trict (I0: epicentral intensity, I : macroseismic intensity in Greno-
ble; Gr: Council of Grenoble; Swz: Switzerland; It: Italy, Fr:
France (Source: http://www.sisfrance.net/.

Date Region I0 I

25 April 1963 Monteynard (Fr) VII V
25 April 1962 Corrençon (Gr) VII–VIII VI–VII
30 May 1946 Chalais (Swz) VII V
25 January 1946 Chalais (Swz) VII–VIII V
18 July 1938 Guillestre (Fr) VI–VII V
23 February 1887 Imperia-Bussana (It) IX VI
27 November 1884 Guillestre (Fr) VII V
10 December 1882 Belledonne (Gr) V V
5 August 1881 Belledonne (Gr) VI V–VI
22 July 1881 Belledonne (Gr) VII V
25 July 1855 Visp (Swz) IX V
3 April 1839 Domene (Gr) VI V
19 February 1822 Bugey (Fr) VII–VIII V–VI
15 October 1784 Aix-les-Bains (Gr) VI–VII V
15 July 1782 Uriage (Gr) VI V

2.2 Probabilistic hazard curve

The aim of the intensity approach followed in this paper is
to reduce the uncertainties in the probabilistic hazard as-
sessment due to the conversion relationships between inten-
sity/magnitude or intensity/acceleration. Moreover, (Beau-
val et al., 2008) showed that existing methods focusing on
testing modeled earthquake occurrences (in magnitude and
space) against ground motion observations remain essential,
especially for moderately seismic- prone regions. Moreover,
in order to estimate the seismic risk, no recent major earth-
quakes occurred in this region; the only data compiled for
the seismic hazard analysis developed here was found in the
macroseismic database SISFRANCE. Since most of the em-
pirical methods for assessing seismic vulnerability and dam-
age are given for macroseismic intensities, as was the case
for Grenoble (Gueguen et al., 2007b), the seismic hazard
assessment is provided in intensity in this paper. In order
to take into account the epistemic uncertainties related to
the zonings, two alternative seismotectonic models are used:
(1) general zoning of France (Martin et al., 2002), based
on a simplification of the basic French 52-zone model, pro-
duced for the probabilistic seismic hazard study for France
(Fig. 3a); (2) a second zoning (Fig. 3b), called GEOTER
(Martin et al., 2008), adjusted to the most recent studies of
the Northern Alps, enabling the contours of certain areas to
be defined more accurately. It is also based on the analysis
and integration of more recent data and studies (PALEOIS
European project: Evaluation of the potential for large earth-
quakes in regions of present-day low seismic activity in Eu-
rope, SAFE (Slow Active Faults in Europe), GEOFRANCE
3D, ENTEC (Environmental Tectonics, The Northern Alpine

www.nat-hazards-earth-syst-sci.net/12/511/2012/ Nat. Hazards Earth Syst. Sci., 12, 511–526, 2012
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Seismology

2015-2020:  
        5,744 events

Oct 2017 - Dec 2018:       
        5,201 events (91% - 11 EQK/day)

Mmax: 3.8 Oct, 27th 2017 (SISmalp)


Before Oct 2017 
   mc=1.635

After Oct 2017 
   mc=0.871


Not clear variation of the b-value

YW endtime: Oct 2019

2016 2017 2018 2019 2020



Data processing 
Based on Seiscomp3 instance

Semi-automatic procedure 
        Seiscomp instance considering temporary stations (Z3.A181A and YW) and FR+RA regional stations


        Usual configuration: 6 validated phases to find a solution

==> Home-made script added to the configuration considering 3 phases on YW and  Z3.A181A (for small events)


        Event clustering: cross-correlation for each pair of events using waveforms at station Z3.A181A 
                         —> assigned to the same cluster for CC>0.9  (92% of the original catalog) 

                         —> #cluster: 157 - Largest cluster consist on 663 events


        Relocalisation: hypoDD applied to the cluster with #events > 10 
                         —> #cluster: 99 (83% of the original catalog)


                     Step 1: relocation of each cluster (one reference event) with SC phases

                     Step 2: relocation within each cluster by CC to find P and S arrival times based on P and S phase of 

                                     the reference event - Ts-Tp for each pair produced cluster by cluster - Shift (if necessary) of 

                                     the entire cluster


        1D velocity model (Vp/Vs=1.73 - Paul et al., 2001)


       

10 Philippe Guéguen et al.

Figure 6. Location of the earthquakes along a north–south cross-section (a) from classical Seiscomp3
instance running at SISmalp, (b) using relocation with HypoDD; (c) using relocation and clustering
process. (d) Plan view of the epicenters. The size of the symbol corresponds to the magnitude of the
events. (e) Relative error in east–west, north–south and in depth of the hypocenters after relocation and
clustering process. Note that these errors correspond to the errors of the reference event of each cluster.

Table 1. 1D velocity model used with HypoDD (depth means the depth of the top layer with the
velocity Vp )

Depth (km) °1 0 2 3 4 5 6 10
Vp (km·s) 4.00 4.50 4.75 5.00 5.15 5.30 5.50 5.70

C. R. Géoscience — 0000, 1, nO 0, 000-000



Cluster 8 (Largest)

Data processing 
Based on Seiscomp3 instance

No cluster - No reloc          

Cluster + Reloc          

Relative error ~150m



Data processing 
Template-Matching+HypoDD

manuscript submitted to Earth and Space Science
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• b-value variation in depth
•  Migration appears to be driven by a self-controlled rupture 

process based on the interaction of seismic slip and fluid 
flow. 



Conclusions 1 

Swarm activity corresponds to a segment of the dextral Fond-de-France Fault, which 
outcrop clearly on the edge of the Lauzière massif  

The epicenters show a EW alignment, while the most hypocenters define a faulting 
structure dipping north at about 70◦ between 2 and 6 kilometers (bsl). 
Fluid/seismic interaction (Minetto et al., submitted) 



Conclusions 2

Feedback from workshops with local authorities 
     WS 1: REX from the sequence 
     WS 2: Seismic swarm crisis management 
     WS 3: lack of information/flow of information 

Conclusions 
1. Inadequate regulatory measures (PCS, DICRIM...) 
2. the beneficial effect of the actions of the SISmalp team (betting on M after october 2017!) 
3. The “lack” of previous seismicity introduced a bias on the seismic perception :  

what would be the consequences in case of bigger earthquakes? 
4. Territorial inequality (urban/rural) face to seismic risk and limits of the decentralization 
5. Questioning the responsibility of stakeholders

Irrational behavior of the population 
   - population leaving the valley 
   - fear of economic loss to the valley 
   - parents worried about their children at 
school 
   - Fake news !



Merci de votre attention
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