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In glacial environments, the increase in temperature related to climate changes yields the possible development of
the so-called rock-ice avalanches, free-surface granular flows involving a mixture of earth materials, like rocks,
ice and water. The peculiar process, occurring during the motion downslope of these masses and that distinguishes
this phenomenon from a classical debris flow, is the transition of water from the solid phase (ice) to the liquid one.
The ice melting process is responsible for a progressive reduction of the volumetric concentration of the overall
solid phase (ice plus rock) and an increase of the water content.
The main purpose of this work consists in developing a mathematical model able to distinguish the different
behaviour of ice compared to rock inside the solid phase of the mixture. Thus, a quasi three-phase model is
derived starting from a complete three-phase approach and assuming an isokinetic condition between the two
solid phases. The resulting system is composed of five equations, three of them corresponding to the mass balance
laws written for each component of the mixture and the remaining two equations, corresponding to the momentum
conservation equations referred to the solid and liquid phases. The comparison of this mathematical model with
the ones present in the literature (biphasic and monophasic) permits us to highlight some innovative aspects of the
proposed approach.
In addition, a detailed analysis of the eigenstructure of the model is presented. One of the peculiar aspects coming
out from this work is the loss of hyperbolicity of the system, connected not only to the difference of speed between
the solid and liquid phases, feature observed also in other biphasic models, but especially to the ice content of the
mixture. The performed analysis suggests that the loss of hyperbolicity could be an indication of an inadequate
mathematical description of the physical behaviour of the ice inside the mixture in case of high concentration of
this component.

