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Mining activity in Provence has left many underground voids that can cause land
subsidence or collapses in areas of high population density. Part of these underground
voids are now flooded and causes seismicity, whose strongest events were felt by the
population. To mitigate these risks, a realtime microseismic monitoring was implemented
in sensitive areas. Since the cessation of mining concessions in Provence, INERIS
(Institut National de l'Environnement industriel et des RISques) has installed 5 permanent
microseismic monitoring networks in the Gardanne coalfield which was operated by
Charbonnages de France (Figure 1). Then, BRGM-DPSM (Bureau de Recherche
Géologiques et Minières – Département Prévention et Sécurité Minère) on behalf of the
State, asked INERIS to continue this microseismic monitoring.
The flooding of mine voids and fluctuations of the groundwater level induced many
seismic events that have been recorded since the beginning of operational monitoring. An
example is the seismic crisis of November 2012, where magnitude events > 2.5 were felt
by the population (Dominique, 2014; Contrucci et al 2013; Bennani, 2012). In 2013, 5
temporary seismic stations were deployed by the BRGM-DPSM specifically to monitor
the activity of that particular area. Early 2014, due to an exceptionally high rainfall and
achieving maximum pumping capacity in the mining area, the groundwater level of the
mining reservoir rises rapidly. To anticipate the possibility of a renewed seismic activity,
a temporary seismic network of 5 new stations was deployed by INERIS, to complete the
coverage of the existing network. Thus, the Gardanne coal basin is now monitored by
five permanent microseismic stations and 10 temporary seismic stations (Figure 1). In
December 2014, a new microseismic crisis was felt by people leaving in the area. The
question of events induced by the mine and flooding, or triggered events with fault reactivation, or natural events is asked. Depending on the response, the estimate of the
likely maximum magnitude in the mining area may differ significantly.
In this context, the objective of this work is to engage in-depth analyses by taking
advantage of the temporary network to understand the mechanisms of the observed
seismicity. This will include clarifying the relationships between seismicity and rising
waters in old mine working, geology and local tectonics. Outstanding questions to be
answered are multiple:
 how to differentiate events induced by flooding of the mine, triggered events
(remobilization of faults) or natural?
 what are the mechanisms involved?
 what is the likely maximum magnitude that would be expected in the basin?

Figure 1: left : Map of the seismicity from 2008 to 2014 detected and located by the permanent
seismic network represented by grey square. The colours of the circle are related to the duration
magnitude taken from the catalogue. Several symbols are used for the different networks present
in the area. The yellow circle represents the risk area of 400m around the stations. The limit of
the waterfront is also represented with a blue line. The red zone represents the extension of the
“Grande mine” mine working layer. Right : preliminary location of the microseismic events
using permanent and temporary seismic network, plan and depth views.

To answer these questions, we focus on the spatio-temporal distribution of the seismic
events which allows monitoring the dynamics of faulting and to estimate the extension of
the fracture system. Preliminary locations from the real-time permanent network of the
seismic events show that this activity is mainly related to the fluctuations of the mine
water level (Figure 1-Left). Note that this network is not design to monitor the centre of
the basin. The location made using temporary stations, allow refining these locations,
especially in depth, using a multilayered 1D velocity model (Figure 1 – right). According
to location errors, which are estimated around 500 meters, a pattern of seismic foci are
observed between 0 and 500 meters of depth, which may correspond to the depth of
“Grande Mine” layer. A deeper pattern, below 500 m depth, is also observed and may be
associated to a deeper geological structure of the site, as a fault. Expected main
orientation of the fracture in this area is NE-SW (Gaviglio, 1985) as the orientation of the
mine pillar, observed on old mine plan, are NW-SE. Both directions are observed in
seismic locations and need to be confirmed by a more detailed analysis.
Some preliminary analysis on the Vp/Vs ratio and P-wave velocity model was performed.
The high Vp/Vs (1.8) and the 1D velocity model we found, reveal and confirm the
presence in the area of aliestones formation partially fracturated and partially saturated of
water. Very small station residuals (between -0.05 and 0.05) are apparently related to the
geometry of the minelayer. This observation suggest a more detailed analysis on the
geometry of the velocity models in order to better understand the influence of 3D
geometry of the Grande Mine workings on the earthquake location.
The determination of the rupture mode (focal mechanisms) of the events is also an
important information to characterize the stability of the abandoned mine. This work is
under processing using innovative approach developed for cluster analysis (Kinscher,
2015).
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