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Resumen: Las fallas sismogénicas pueden tener periodos de recurrencia altos lo que puede hacerlas pasar inadvertidas. En el 
mar de Alborán (margen Sur de Iberia), donde se sitúa el límite de placas Eurasia-Africa, se localizan grandes fallas susceptibles 
de ser estudiadas por su contribución en el riesgo sísmico y tsunamigénico. Durante la campaña EVENT-DEEP (10 de Mayo-7 de 
junio de 2010, buque B/O Sarmiento de Gamboa) se han cartografiado fundamentalmente la falla de Yussuf, situada en la 
bisectriz del Mar de Alborán, y la falla de Al-Hoceima, en las aguas territoriales de Marruecos. Se han adquirido datos de sonda 
multihaz, sísmica multicanal de alta resolución y alta penetración, perfilador sísmico y gravimetría, con los que se estudiará la 
geometría de las fallas y períodos de recurrencia de terremotos. Además, se han registrado imágenes y tomado muestras de 
corales profundos en el Banco de Chella y la Cresta de Alborán.  
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Abstract: Seismogenic faults may have low recurrence interval, which can make them unnoticed. In the Alboran Sea (southern 
Iberian margin), where the Eurasia-Africa plate boundary is located, major faults have been recognized and have been studied for 
their contribution to the seismic and tsunamigenic hazard. During the EVENT-DEEP survey (May 10th-June 7th 2010, research 
vessel B/O Sarmiento de Gamboa) the Yussuf Fault, located on the bisector of the Alboran Sea, and the Al-Hoceima Fault, 
located in the territorial waters of Morocco, have been investigated. Multibeam echosounder, high-resolution and high-penetration 
multichannel seismics, sub-bottom seismic profiling and gravity data have been acquired during the cruise. This new dataset will 
allow us to characterize the geometry of the faults and obtain earthquake recurrence intervals. In addition, images and samples of 
deep corals in the Bank of Chella and Alborán Ridge have also been acquired. 
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Seismogenic faults may be silent in the historical 
period and, therefore, its seismic potential may 
remain inadvertently hidden. In active areas it has 
been demonstrated that a paleoseismological 
analysis can detect and characterize the seismic 
potential of these faults providing their seismic 
parameters (geometry, segmentation, maximum 
magnitude, slip-rate, recurrence period and elapsed 
time), also in slow moving faults with long (>1000 yr) 
recurrence periods (e.g. Martínez-Díaz, et al., 2001; 
Masana et al., 2004, 2005; Gràcia et al., 2006). A 
number of seismogenic faults with low slip-rate may 
be present in the boundary between Iberian and 
African plates. Thus, this approach is critical to 
provide realistic values to be included in any seismic 
hazard assessment from this area. 

The present-day crustal deformation of the south-
eastern Iberian margin, which includes the Iberian 
Peninsula, and North-African margins, is driven 

mainly by the NW-SE convergence (4-5 mm/yr) 
between the African and Eurasian plates (e.g. Argus 
et al., 1989). This convergence is accommodated 
over a wide deformation zone with significant seismic 
activity south of the Iberian Peninsula (e.g. Stich et 
al., 2003). Seismicity is mainly characterized by low 
to moderate magnitude events. Nevertheless, large 
destructive earthquakes (MSK Intensity IX-X) have 
also occurred in the region, as has been revealed by 
historical records. This may pose significant 
earthquake and tsunami hazards to the coasts of 
Spain and North Africa. 

The main goal of the EVENT Sub-Project 2 national 
project (“Integration of new technologies in 
paleoseismology: Characterization of seismogenic 
and tsunamigenic faults in South Iberia”) is to 
characterize selected active faults (onshore and 
offshore) located in the Southern Iberian Margins 
(Alboran Sea and Gulf of Cadiz) by means of 

155



Resúmenes de la 1ª Reunión Ibérica sobre Fallas Activas y Paleosismología, Sigüenza, España (2010) 

paleoseimic studies. During the EVENT-DEEP 
cruise, carried on board the Spanish RV Sarmiento 
de Gamboa from the 10th May to 7th June 2010, we 
explored the geomorphology and tectonic geometry 
of two active strike-slip tectonic structures identified 
in the Eastern Alboran Sea. We investigated the > 
250 km long WNW-ESE trending dextral strike-slip 
Yussuf Fault, and structures located to the SW of the 
Alboran Ridge and the northern moroccan margin, 
particularly the strike-slip Al-Hoceima Fault (Figure 
1). These structures may be the sources of large 
destructive events, such as the 1994 (Mw 5.5) and 
the 2004 (Mw 6.3) Al-Hoceima earthquakes (e.g. 
Biggs et al., 2006; Tahayt et al., 2009). 

Figure 1: Location map of the Alboran Sea with the main 
objectives of the cruise: The Yussuf Fault and the Al-
Hoceima Fault. 

Multichannel seismic reflection (MCS), multibeam 
echosounder and parametric sub-bottom profiler lines 

have been acquired, together with gravity data, in 
order to accurately determine the seismic parameters 
of the active faults (e.g. geometry, slip-rate, 
maximum event magnitude, recurrence interval and 
time elapsed since the last earthquake) to investigate 
how they accommodate the present-day strain 
regime at the convergence between the Eurasian-
African plates. This new data is complementary to 
previously acquired parametric profiles which 
evidence recent activity along the Yussuf Fault 
system (Martínez-García et al., 2010) 

During the cruise, we have also collected sediment 
sampling, video and photograph images 
(groundtruthing) on selected sites for a particular 
study of habitat mapping (deep coral mounds and 
associated ecosystems) around the Chella Bank and 
the top of the Alboran Ridge. 

Two seismic systems with different resolution and 
penetration have been used to investigate the active 
faults of the Alboran Sea: high resolution and high 
penetration. Simultaneously, very high-resolution 
sub-bottom profiler data have been also acquired 
with both seismic systems. 

Between 12th and 30th May 2010, a total of 47 high-
resolution multichannel seismic profiles have been 
acquired during the EVENT-DEEP survey (Figure 2), 
totalizing more than 1500 km of seismic data.

Figure 2: High-resolution seismic profiles acquired during the first part of the EVENT-DEEP survey in the Alboran Sea. Coloured 
circles depict the location of Marion Dufresne sediment core (red), Andalucia A1 well site (green) and three sites of ODP Leg 161 
(yellow). Bathymetric map modified from MEDIMAP et al. (2008). 
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This high-resolution MCS system is perfectly adapted 
to any range of water depths, with a penetration to 
1500 ms Two Way Travel Time (TWTT) below the 
seafloor and with a resolution of up to 2.5 m (Figure 
3). The seismic source, a 10 m long airgun array, 
was specially designed to enhance high frequencies 
using the software GUNDALF. It comprised 10 G-
GunII airguns, triggered initially every 12.5 m for the 
first 12 profiles and later changed to 18.75 m, as 
multiple arrivals from previous shots were still 
recorded (5.5 s and 8 s TWTT record time window 
respectively). The configuration of the array was 
composed of five clusters with a guns capacity of 
2x150, 2x90, 2x70, 2X45 and 2x45 cubic inches, 
equaling an array of 800 c.i. of volume. The source 
was towed at 2.5 m depth and worked at 2000 psi 
(138 bars). The bandwidth reached higher 
frequencies, up to 250 Hz. To record the seismic 
data, we used a 600 m long active section Sercel 
SEAL streamer rented to Exploration-Electronics 
(United Kingdom). The streamer had 96 channels, 
separated of 6.25 m and towed at 2.5 m depth.

Figure 3: Preliminary interpretation of the high-resolution 
seismic profile EVD105, which images with unprecedented 
resolution the Yussuf Fault at the pull-apart basin located in 
the western part of the Alboran Sea. 

During the second part of the cruise, from the 2nd-
7th June 2010, a total of 7 deep-penetration 
multichannel seismic profiles were acquired using the 
new SEAL digital streamer of the Marine Technology 
Unit - CSIC with a 3800 m length (276 channels) and 
towed at 7 m depth (Figure 4). The source was also 
designed using the GUNDALF software to favour low 
frequencies without losing resolution. The source had 
a total air volume capacity of 1880 c.i. and it was 
composed by 10 G-GUNII airguns arranged in 5 
clusters of 2x150, 2x250, 2x90, 2x380 and 2x70 c.i.. 
The shot interval was 37.5 m with a record time 
window of 12 s TWTT. The deep profiles were 
acquired across the Carboneras, Yussuf and Al-
Hoceima Faults. 

Seismic profiles acquired during the EVENT-DEEP 
survey provide accurate insights into the control of 
neotectonic structures over the Plio-Quaternary (last 
6 Myr) sedimentary architecture of the western 
Mediterranean Sea. The presence of active strike-slip 
faulting has been confirmed along the Yussuf Fault 
and Al-Hoceima Fault Zone at the southern and 
eastern end of the Alboran Sea. This new data will 
allow us to obtain seismic parameters, such as fault 
length and segmentation, which are key parameters 
to estimate the maximum magnitude of potential 
earthquakes that these fault may generate. High-

penetration seismic profiles acquired across the main 
structures complement the images obtained with 
higher resolution, connecting different segments and 
deformation areas. The integration seismic data from 
different scales of resolution has an attractive 
potential for new investigations and seismic hazard 
assessment because the seismic parameters (i.e. 
geometry, slip rate, maximum magnitude, recurrence 
period, elapsed time from last earthquake) can be 
better constrained. 

Figure 4: Deep-penetration seismic profiles acquired during 
the second part of the EVENT-DEEP survey in the Alboran 
Sea. Bathymetric map modified from MEDIMAP et al. 
(2008). 
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