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ABSTRACT

This contribution presents a new finite element method for computing stress fields around tectonic
faults, modelled as Volterra dislocations in semi-infinite elastic media. The method splits the computa-
tional domain into two parts; a convex, bounded part that contains the dislocations, and an unbounded
part, both of which are in turn divided into finitely and infinitely many finite elements, respectively.
Where conventional finite element methods would result in an infinite-dimensional system, infinite ele-
ment theory [1] states that by carefully constructed self-similarity in the unbounded mesh, all its degrees
of freedom can be condensed to a set of equations at the interface. Note that this should not be con-
fused with the method that divides the unbounded part into finitely many infinite elements, which is
also commonly referred to as infinite element method.

The past decades have seen a lot of development in what can be called the reverse problem; that is, to
model dislocations in a finite domain by superposing infinite domain analytical solutions. An example
is the discrete dislocation plasticity method proposed in [2], which complements the analytical fields
by a continuous finite element solution to impose tractions on the finite domain boundary. The infinite
domain has received far less attention, mainly because of the availability of analytical solutions to many
problems of practical interest in, e.g., geophysics. It will be shown, however, that the proposed method
offers many advantages over these classic solutions:

1. Flexibility

Semi-infinite elastic media are used extensively in geophysics to model crustal co-seismic defor-
mation in earthquake regions. Mostly used in this field are the solutions derived by Okada [3]
for a rectangular shaped, constant slip dislocation in an elastic halfspace. Compared to existing
methods the proposed method is expected to allow for much more freedom in describing both
dislocation geometry and slip distribution. Furthermore, the finite element discretization of co-
seismic elastic response obtained by this method can serve directly as initial condition to a time



dependent, post-seismic analysis of the region, for which visco-elastic material behaviour forces
the use of finite element or other numerical tools.

2. Speed

Evaluating analytical solutions can be more computationally expensive than solving a linear sys-
tem, especially when many solutions are superposed. It is the relative insensitivity to the num-
ber of dislocations that drove the recent development of an XFEM based method [4] to replace
the practice of superposition. Interestingly the accuracy tests in [4] were performed on an infi-
nite medium by imposing analytical solutions at the boundary, similar to the method proposed
in this contribution. The important difference is that boundary conditions are problem depen-
dent, whereas infinite element interface equations can be reused for any fault configuration. The
proposed method is therefore especially well suited for earthquake inversions such as the one
performed in [5], in which many dislocation configurations are considered in search for the best
match between predicted and measured surface displacements.

3. Accuracy

Even in situations where differential equations can be solved exactly, the obtained solutions will
be physically inaccurate when the assumptions underlying these equations are violated. Geomet-
ric linearity is one assumption that does not hold when displacements are discontinuous, with
the result that analytical solutions in this case are (to some extent) non-physical. The effects of
this are expected to manifest most strongly close to the discontinuity, hence close to the tectonic
fault, which in general is also the region of strongest influence in the aforementioned inversion
problem. To the authors’ knowledge the impact of this effect on the inverted source model has
not been investigated before.

This contribution compares the proposed infinite element method against commonly used methods in
geophysics in terms of flexibility, speed and accuracy. The impact of geometric nonlinearity is investi-
gated for its implications in inverse modelling.
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