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Discontinuities affect the Earth’s dynamics, but in geodynamical modeling the Earth is often represented as
a continuous material. The difficulty in representing discontinuities in numerical models has been addressed in
several ways in litera- ture. The split node method, originally introduced by Jungels (1973) and Jungels and Frazier
(1973) for elastic rheology and then modified by Melosh and Raefsky (1981) to simplify its implementation, permits
to introduce a discontinuity into a finite element model by fixing an a-priori slip at a node where the displacement
depends on the element which the node is referred to. Originally this method requires the discontinuity’s geometry
and slip to be established a-priori.

More recently, Marotta et al. (2020) modify this approach introducing a coupling factor cf that indicates the
percentage difference between the velocities of the element which the slip node belongs to, while the velocity
consistently derives from the dynamic evolution of the system. However, the discontinuity’s geometry is an
a-priory constraint.

The aim of this thesis project is to elaborate a new technique that allows a dy- namic identification of the
discontinuity’s position during the thermomechanical evolution of the system based on physical parameters, without
imposing the slip nor the geometry.

To achieve this goal I implemented a new algorithm that identifies and intro- duces one or more discontinuities in a
finite-element model following two phases: nucleation and propagation. These occur by choosing a yield physical
property and determining the potential slip nodes, i.e. nodes on which the physical property exceeds a yield value.
Then, the nucleus is identified as the potential slip node at which the chosen property exceeds most the yield.
Propagation can be performed by choosing between three approaches of propagation: single simple fault, multiple
simple fault and single double fault; and three schemes for the identification of neighboring nodes: grid-bounded,
pseudo-free and free. The discontinuity is the line connecting the nucleus node and the propagation nodes. Finally,
through the assembly of a polygon including the discontinuity and three vertices of the model, elements to the
right and to the left to the discontinuity are identified, and the coupling factor is assigned.

The algorithm has been tested through both simple and complex finite-elements models. Here I present two
simple models (ASN RUN8 and ASN RUN9) whose purpose was to verify the dynamic process of nucleation and
propagation, and three complex models (OC3 orig, OC2 80 and OC2 30), which aimed to verify the localization
of the discontinuity.

Both model sets demonstrate that the objective of creating an algorithm capable of recognizing yield conditions and
introducing a discontinuity in a finite-element model is achieved, as both simple and complex models demonstrate
the correct- ness of the propagation’s geometry. Moreover, the algorithm correctly recognizes and identifies left
and right elements, so that the coupling factor can be easily introduced.
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This work opens the possibility to future improvements of the algorithm, including the complete linking of the
algorithm to a complex model, the implementation of a regridding when the free scheme is used, the improvement
of the multiple simple fault approach and the implementation of new conditions that constraints the discontinuity’s
propagation.
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