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ABSTRACT 

Geophysical phenomena often involve the dynamics of mixtures of materials, for which 
mathematical models of the multi-field type (either multi-phase or multi-fluid) can be 
constructed. This presentation centres on numerical methods for multi-field systems for 
a mixture of two different materials with a free surface under gravity. In particular we 
shall concentrate our attention to numerical methods for the recently developed two-
fluid debris flow model of Pitman and Le [1]. 

We will present new explicit high order accurate and fully discrete one-step finite 
volume methods for general non-conservative hyperbolic systems with stiff source 
terms (e.g. friction) on unstructured triangular meshes. The schemes are based on (i) a 
WENO reconstruction operator [6] (ii) local time evolution of the data inside each 
element using a new local space-time discontinuous Galerkin approach that is able to 
treat stiff source terms robustly and accurately [4] (iii) time interaction of evolved high-
order spatial data via the path-conservative schemes recently developed by Parés [5], to 
deal with non-conservative products, typically present in two-phase flow models.  

  First, we show that the proposed high order approach is exactly well-balanced, solving 
a test problem recently proposed by Pelanti et al. [2]. Second, we will solve the one-
dimensional Riemann problem proposed and studied extensively by Rhebergen et al. [3] 
without and with stiff friction source terms. In fact, the numerical results presented here 
seem to be the first ones that are at the same time very high order accurate in space and 
time and treat the full model equations of Pitman and Le, also including the stiff friction 
source terms.  

Preliminary results concerning the extension of the approach to 2D on triangular meshes 
will also be shown. 
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