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In computational geodynamics, the Finite Element (FE) method is frequently used. The method is attractive as it
easily allows to employ body-fitted deformable meshes and a true free surface boundary condition. However, when
a Lagrangian mesh is used, remeshing becomes necessary at large strains to avoid numerical inaccuracies (or even
wrong results) due to severely distorted elements. For this reason, the FE method is oftentimes combined with the
particle-in-cell (PIC) method, where particles are introduced which track history variables and store constitutive
information. This implies that the respective material properties have to be interpolated from the particles to the
integration points of the finite elements. In numerical geodynamics, material parameters (in particular the viscos-
ity) usually vary over a large range. This may be due to strongly temperature-dependent rheologies (which result in
large but smooth viscosity variations) or material interfaces (which result in viscosity jumps). Here, we analyze the
accuracy and convergence properties of velocity and pressure of the hybrid FE-PIC method in the presence of large
viscosity variations. Standard interpolation schemes (arithmetic and harmonic) are compared to a more sophisti-
cated interpolation scheme which is based on linear least squares interpolation for two types of elements. In the
case of a smooth viscosity field, the accuracy and convergence is significantly improved by the new interpolation
scheme. In the presence of viscosity jumps the order of accuracy is strongly decreased.


