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Summary
The Gulf of Cadiz area has been intensively surveyed in the scope of numerous projects
having a wide range of objectives, including seismic hazard assessment, understanding
of tectonic and seismotectonic processes related to the Africa-Iberia plate boundary,
studying the development of fluid escape structures, such as mud volcanoes and
pockmarks, and so on. Seismic reflection profiles combined with detailed morphotectonic information collected from side-scan sonar images and multibeam bathymetry
revealed the main structural trends and active faults. However, within any faulted area
there are large numbers of faults that remain poorly resolved or undetected. In this study
we propose to use geomechanical modeling to infer the positions and orientations of
small-scale fractures that are often below the scale of seismic resolution. The modeling
results may be used to improve the structural interpretations in the Gulf of Cadiz, help
to find earthquake sources and establish the link between deep faulting and mud
volcanism in the accretionary wedge.
Introduction
The Gulf of Cadiz experienced a complex geological history involving several
processes (e.g. Gràcia et al., 2003): (1) extensional processes related to Pangea rifting
and Atlantic opening which led to the creation of a passive margin in the western part of
the Gulf; (2) convergence between the African and Eurasian plates that, since the
Oligocene, dominates the structural and tectonic setting; and (3) the westward
movement of the Alboran domain during the Miocene, responsible for the Betics and
the Guadalquivir foreland basin, which caused the emplacement of allochthonous
terrains. Diffuse brittle deformation is evidenced by widespread seismicity. The
earthquakes have focal mechanism solutions consistent with predominant NNE–SSW
striking thrusts and WNW–ESE trending strike-slip faults which are being reactivated
under the present-day NW–SE direction of Africa-Eurasia plate convergence (e.g. Stich
et al., 2006; Fernandes et al., 2007). The relation between large earthquakes and faults
remains nonetheless unclear because the main faults are only imaged down to ~6 km

beneath the seafloor in the seismic reflection profiles (e.g. Sartori et al., 1994; Zitellini
et al., 2009) whereas most large earthquakes have focal depths between 10 and 40 km
(e.g. Stich et al., 2006). Throughout the allochthonous unit there is vast evidence of
carbonate mound formation including hydrocarbon-rich gas venting and mud diapirism
(e.g. Pinheiro et al., 2005; Léon et al., 2009). Investigations of the active mud volcanoes
showed that fluid expulsion and migration is primarily controlled by tectonic activity
(e.g. Nuzzo et al., 2009; Medialdeia et al., 2009). A detailed characterization of the
active faulting in the area is of great importance to unravel the sources of potentially
large earthquakes and to explore the fluid migration pathways and their large-scale
tectonic control. Three-dimensional numerical modelling of deformation based on
continuum mechanics is here applied not only to check the consistency of faulted
models but also to understand and quantify the spatial and temporal development of
small-scale fractures.
Geomechanical modelling
The distribution of small-scale faults is determined by the regional tectonic stress and
by the local perturbation of that stress state resulting from the nearby larger faults. In
our modelling procedure the larger mapped faults are considered pre-existing structures
and input to the models. The predicted fractures are assumed to form as the result of the
interaction between the pre-existing structures and the regional tectonic field. Previous
works have shown that under these assumptions an understanding of the timing of
faulting is crucial for producing a good mechanical model (e.g. Maerten et al., 2006).
The first step in the numerical modelling is therefore a carefully analysis of the timing
of faulting to determine which faults developed in an earlier phase of the tectonic
history.
To perform the model calculations we will use the Poly3D computer program, which is
based of the analytical solution for the elastic boundary-value problem of an angular
dislocation in a half space composed of homogeneous and isotropic linear-elastic
material (Thomas, 1993; Crouch and Starfield, 1983; Becker, 1992). It has the
advantage of modelling faults without the need to discretize the volume, produces faster
simulations and will be used as a first approximation to predict the fault-induced
perturbations of the elastic stress field. The development of the forward models involves
the following steps (a) Build the 3D model geometry after recognition of the local
structural scenario. The geometry includes the lithological layering and the known
faults; (b) Specify material properties; (c) Impose remote loading and local boundary
conditions; (d) Run the models to compute the stress and strain fields; (e) Perform
sensitivity tests to fault timing, boundary conditions and material parameters; (f)
Combine the results with a failure criterion to create maps of predicted fault strike and
density. The modelled fault strike is computed using the Coulomb failure criterion. The
maximum Coulomb shear stress is used as an index for fault density. The outcomes of
this modelling may be used as constrains to stochastic simulations of fracture networks.
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