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MONIDAS ANR project aims testing DAS technology in different geological environments with important natural hazards: 1) seismic, 2) volcanic 3) induced seismicity (e.g. geothermal fields) and 4) Landslides. The thesis project proposed here aims to test DAS technology using dedicated fibre to perform a higher-resolution analysis of the source of Strombolian explosions and the propagation of the wave-field in the volcanic structure of Stromboli volcano.

Stromboli is an open-conduit volcano characterized by mild intermittent explosive activity that produces jets of gas and incandescent blocks (Ripepe et al., 1993). The expansion of gas bubble inside the magma conduit produces changes in volume, which generates Very Long Period (VLP) seismic events. After reaching the surface of the magma column, the pressure difference between the bubble and the air triggers a pressure wave (infrasonic signal). All explosions are accompanied by deformational inflation and deflation.
Explosions occur at a typical rate of 3-10 events per hour, VLP signals have dominant frequencies between 2 and 30 seconds (Chouet et al., 1997). Seismic activity is also characterized by less energy short-period volcanic tremor related to the continuous out-bursting of small gas bubbles in the upper part of the magmatic column that also produce infrasound signals (Ripepe et al., 1996). The Laboratory of Experimental Geophysics (http://lgs.geo.unifi.it/) of the University of Firenze (UNIFI) is operating the monitoring of Stromboli activity with a geophysical multi-parameters network (infrasonic acoustic, seismic, deformation, optic and thermal images, gas volume and composition) with the goals of a better understanding and interpretation of the dynamics of Stromboli and the definition of the possible risk scenarios related.

There have been numerous instrumental deployments on Stromboli, but never with more than a few tens of sensors, giving a very partial and local spatial access to the wave fields. DAS technology offers the possibility to estimate a spatial distribution of the strain field, which would give a more realistic view of the physical processes associated with magmatic explosions.
A 1 km-long cable has been burried in September 2020 in the North-Est flank of the volcano oriented radial to the crater, together with short-period sensors (nodes), to perform a benchmark study between strain recorded by the fibre and the ground displacement observed with inertial sensors. Strain rate has been measured along the fibre with independent values every 10 m, giving approximately 500 measuring points of deformation. Three days of continuous recording has been performed, which includes several hundreds of explosions. On the basis of these existing data and by using data that will be recorded in future experiments during the thesis, several issues will be addressed: the ground/fibre coupling in ashes, the resolution of the measurement according to the external conditions and the distance to the source, the strain component recorded as a function of the orientation of the fibre with respect to the position of the source, the stability of the measurement over time, the repeatability, robustness and durability of the technique. With high spatial sampling of DAS measurement, we expect to better image the superficial structure and better describe the physical processes generated by strombolian activity.
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