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Conceptual modelling of hydro-thermal triggering factors of rock instabilities
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Abstract. 
Slope instabilities of maritime rocky shores may be caused by progressive erosive processes. These phenomena are common for the French Basque coast and pose a threat to the safety of people and properties, especially because of the high touristic interest and urbanization of this area. An accurate knowledge of erosion processes, rhythms and spatialization are essential to guide risk management policies, particularly in a context of global change where some triggering factors could be modified. The purpose of the present project funded by the FEDER project called “Ezponda” (‘cliff’ in Basque language) is to characterize and to quantify the triggering factors of the French Basque coast instabilities in different materials, with a particular focus on rock falls and planar slides.

The Basque seafront is characterized by high geomorphological and geological variability; seven types of coasts have been defined in the literature. It presents heterogeneous flyschs of carbonate and sandstone inducing a spatial variation of weathering thicknesses. Therefore, slope instabilities may present distinct characteristics, dimensions and intensities due to the variability of lithological and weathering features. One of the investigated sites for the “Ezponda” project is the rocky shoreline of Socoa, close to the Spanish border. These rocky cliffs present an alternation of marl and limestone flyschs inclined about 45° towards the Atlantic Ocean, increasing their resistance to marine erosion. Nevertheless, because subvertical faulted structures are located along the coast, we can observe some mechanical weakness zones where numerous caves open are due to marine erosion and slope instabilities.
 Two type of slope instabilities can be observed: rock-falls and planar slides. Rock falls occur from the sides and roofs of caves and from ridges. Planar slides take place along stratigraphic surfaces, most often mobilizing a thin layer of rocks. In some cases, they may occur along successive stratigraphic planes and thus mobilize simultaneously several layers. Their dynamics has not yet been fully explained.
In this work, for the Semaphore cave a monitoring system will be set up in order to observe the evolution of hydrology, hydrogeology, thermal energy and rock displacements. Thus, one rain gauge, two thermal probes – one on the slab surface and another one 30 cm deep inside the slab – and a pyranometer will be placed at strategic points. Rock slabs displacements will be measured on the sides and roof of the cave, using extensometers and crackmeters coupled to clinometers. To complete this device, LIDAR surveys started in mid-2019 and are repeated every 6 months for three years and geomechanical tests will enable to estimate the normal and shear resistance of each type of lithology. Based on this different measurements, specific periods will be fixed and different landslides triggering thresholds and thermal expansions will be defined.

The results will be included in a conceptual model quantifying the hydro-thermal thresholds and producing rock instabilities. This model will be tested on the entire Socoa site and compared with field observations.
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