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Summary
Slip along faults and earthquakes are driven by the regional tectonic stress as well as by perturbations of
the stress field by nearby faults. The objective of this work is to investigate local stress accumulations in
the Gulf of Cadiz prior to fault-induced perturbations. As a first approximation elastic 3D finite element
models are used to predict the elastic-strain energy that arises from the combined result of local
topographic stresses, bending stresses associated with flexural isostasy and regional compression
associated with the Africa-Eurasia convergence. The predicted strain-energy is found to be correlated
with the seismicity distribution. Near the surface the topography plays a major role on focussing the
strain-energy, particularly in the region of the Horseshoe Abyssal Plain. At greater depths the strainenergy pattern is controlled by the elastic flexure. The main effect of the superimposed regional
compression is to intensify the strain-energy concentration near the southern Iberian margin and along the
main morphological features.

Introduction

Figure 1 – Perspective view of the relief of the Southern Iberian and Northern Moroccan region. The
outer rectangle outlines the finite element model extent. The inner rectangle frames the region of interest
in the Gulf of Cadiz. The Horseshoe Abyssal Plain area is critical in terms of seismic activity, being a
candidate source for the great 1755 Lisbon earthquake and tsunami, and the place of three large
earthquakes registered in modern times (28.12.1969, Ms=8, 12.2.2007, Mw=6.1 and 17.12.2009,
Mw=5.5). The topography is a blend of SRTM30, SWIM (multibeam) and several high resolution
Portuguese datasets (http://w3.ualg.pt/~jluis).
The Gulf of Cadiz has the greatest seismic hazard potential in Portugal (Figure 1). Its major present-day
active structures and general tectonic setting are reasonably well known as the result of numerous
geophysical campaigns in recent years (e.g. Gràcia et al., 2003, Zitellini et al., 2004, Gutscher et al.,
2008). As most earthquakes appear to occur on pre-existing faults direct methods able to predict slip
along mapped or suspected faults have great utility in seismic hazard assessment (e.g. Pollard et al.,

2001). These methods, based on the elastic dislocation theory, allow to compute the perturbation of the
regional tectonic stress caused by the presence of faults as well as the stress transfer among faults, but in
order to be implemented need an a priori knowledge of the regional stress tensor. The NW-SE to WNWESE convergence between the African and the Eurasian plates is undoubtedly the most important source
of regional stress in this region. The convergence is accommodated by diffuse brittle deformation as
evidenced by distributed seismicity and widely developed tectonic structures, predominantly NNE-SSW
striking thrusts and WNW-ESE trending dextral strike-slip faults (e.g. Rosas et al., 2009). However,
previous 2D modeling along a vertical section of the lithosphere, running approximately perpendicular to
the Africa-Eurasia convergence, showed that flexural stresses exert a significant control on the seismicity
pattern (Neves and Neves, 2009). In that particular profile the maximum compressive stress generated by
flexure was alone estimated to attain 65% of the strength of the lithosphere in compression. The
motivation of this study was to extend the previous models to 3D. In addition to flexural isostasy the
modeling also addresses the local perturbations in the regional stress field induced by topography. This
approach reveals how the regional compression due to plate convergence combines with flexure and
topography to produce local stress accumulations that may be released by faulting and earthquakes.

Numerical modelling
The numerical finite element analysis was conducted using the ABAQUS/Standard software (ABAQUS,
Inc. 2009). The brittle lithosphere is modeled as a 3D homogeneous elastic plate (Figure 2). Preliminary
estimates of the elastic thickness variation in the Gulf of Cadiz (M. Pérez-Gussinyé, unpublished) show
Te values ranging from approximately 30 to 50 km. Two limiting models are here presented, the first with
Te=50 km (Figure 3) and the second with Te=30 km (Figure 4).

Figure 2 – Finite element model setup. The horizontal size of the model is ~1000 km x 900 km. The
inner mesh is made of 10-node modified quadratic tetrahedrons with an average edge length of 10 km.
The vertical positions of the nodes along the top surface of the model are interpolated from the digital
elevation model of Figure 1. The modeling comprises two steps: Step 1 simulates a geostatic state of
stress induced by topography and flexure; Step 2 simulates the NW regional compression caused by the
Africa-Eurasia convergence. In Step 1 the loading includes the force of gravity, the pressure exerted by
the water column in submerged areas and a constant pressure applied at the bottom of the plate. All
boundaries are free except the surface where isostatic restoring forces are applied as Winkler foundations.
In step 2 the northern boundary of the model is fixed in the horizontal directions and the southern
boundary is displaced to the NW in accordance with the GPS derived Africa-Eurasia convergence rate of
4.1 km/Ma.

Modelling Results
The results are displayed in terms of strain-energy per unit of volume, W= ½(σ11ε11+ σ22 ε22+ σ33ε33). This
represents the energy contained in a material as a consequence of its elastic deformation and is an
important index of earthquake potential. At the surface of the plate the strain-energy is focused on the
major structural reliefs surrounding the Horseshoe Abyssal Plain (Figure 3, left). This indicates that the
deformation at shallow depths is mainly controlled by topography. At the bottom of the plate the region
of high strain-energy is widely distributed along the coast following the SW Iberian margin (Figure 3,
right). This pattern is produced by flexural bending and confirms previous 2D models showing that the
bending stresses are focused along the continental slope and are mainly supported by the mantle.
However, in contrast with previous 2D models, no rheological layering or lithological contrasts are
included here. In this case what determines the flexure is simply the balance of vertical loads modulated
by the distinct isostatic restoring forces applied on oceanic and continental regions.

Figure 3 – Top two panels show the strain-energy predicted for the 50 km thick elastic model at the top
surface (left) and base (right) of the plate. Bottom two panels show the offshore seismicity distribution
divided in two depth ranges: 0-25 km (left) and 25-50 km (right). The seismicity data is taken from the
ISC catalogue for the period from 1964 to the present. GB =Gorringe Bank, HAP=Horseshoe Abyssal
Plain, CP=Coral Patch.
The analogous model with Te=30 km provides a better fit to the seismicity distribution (Figure 4). At the
surface the predicted strain-energy becomes more focused between the Gorringe Bank and the Horseshoe
fault in agreement with the observed earthquake clustering (Figure 4, left). At depth the region of highstrain energy gets more localized being also more consistent with the earthquake locations (Figure 4,
right). In what regards the Africa-Eurasia convergence its more notorious effect is the creation of a
superficial region of high strain-energy immediately to the south of Iberia (Figure 4, left) that only shows
up in the Te=30 km model. Another effect of the superimposed compression is to displace the regions of
high-strain energy against the major structural and morphologic features.

Figure 4 – Top two panels show the strain-energy predicted for the 30 km thick elastic model at the top
surface (left) and base (right) of the plate. Bottom two panels show the offshore seismicity distribution
divided in two depth ranges: 0-15 km (left) and 15-30 km (right). Reducing the elastic thickness improves
the fit between the modeled strain-energy pattern and the seismicity distribution.
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