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Abstract: The onshore-offshore Carboneras Fault Zone (CFZ), located along the Eastern Betics Shear Zone, is described and 
analyzed with the aim of establishing its seismic potential. Bathymetry and seismic profiles show a large variability of transpressive 
structures along the fault zone coinciding with onshore structures. Both onshore and offshore studies show faulted Quaternary 
layers and mass movement deposits related to paleoearthquakes suggesting that the CFZ is seismogenic. Analysis of the 
onshore-offshore fault geomorphology and of the paleoearthquake deposits in trenches allows us to obtain some of the 
paleoseismic parameters. Based on this data, we infer that the CFZ is a slow structure with minimum recurrence periods of 13.5 
ka, minimum strike-slip rates of 0.6 mm/a and dip-slip rates between 0.05 mm/a and 0.16 mm/a. Onshore, a faulted and buried 
paleochannel constrains the last earthquake to AD 772-889. Empirical relationships allow for the estimation of maximum 
earthquake magnitudes (Mw) of 7.4 for the northern segment, 6.8 for the central segment and 6.2 for the southern segment.  
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Southeastern Iberian Peninsula and surrounding 
margins host the slow convergence (4-5 mm/yr) 
between the African and Iberian plates characterised 
by a wide zone of low to intermediate magnitude 
seismicity. In the Eastern Betics, shortening is mainly 
accommodated by a left-lateral strike-slip fault 
system referred to as the Eastern Betics Shear Zone 
(EBSZ). The EBSZ fault system extends southwards 
in the Alboran Sea, changing its name to Trans-
Alboran Shear Zone and connecting with the north-
African NE-SW faults. 

Despite historical events, the seismogenic behaviour 
of the southern Iberian Peninsula faults, with shallow 
(2 to 4 km) (Stich et al., 2006) low-to-moderate 
magnitude instrumental seismicity, is poorly 
understood (e.g. Masana et al., 2005), leading to an 
underestimation of the seismic hazard. Furthermore, 
the continuation of faults offshore and the marine 
seismogenic sources are poorly known.   

The NE-SW trending Carboneras Fault Zone (CFZ), 
extending 50 km onshore and near 100 km offshore, 
has a neat morphologic expression and is one of the 
longest structures of the EBSZ (Gràcia et al., 2006). 
Even with the low seismicity associated to this fault, 
its morphostructure reveals its Quaternary activity, 
suggesting long recurrence (104 years) behaviour, as 
found in other faults along the EBSZ (Masana et al., 
2004). It represents a good opportunity to study and 
compare the response of Quaternary marine and 
terrestrial deposits to the recent tectonic activity in 
south Spain. 

Onshore, geomorphological and microtopographic 
observation led to a detailed paleoseismological 
study carried out in 5 sites (17 trenches) along the 
NW boudanry of the range. Materials involved in the 
deformation have been dated with different methods 
(U/Th, TL, 14C and 10Be) depending on the nature 
and age estimation of the sediments. Offshore, 

information is obtained from marine geophysical 
surveys. Swath-bathymetry, high-resolution 
multichannel seismics, very-high-resolution sub-
bottom profiler TOPAS and very high-resolution 
single-channel seismics are used to characterize the 
geometry and deep structure of the fault, as well as 
the transition to the onshore Carboneras Fault Zone. 
In addition, marine sediment cores were acquired to 
sample and date (14C) characteristic reflectors 
observed in the TOPAS profiles. 

Based on topography, bathymetry and seismic data, 
three segments are differentiated (figure 1). The 
northern segment is the longest, trending N50º and 
including the entire emerged portion and extending 
for more than 60 km into the Alboran Sea. The 
central segment is 29 km long and is N65º oriented, 
overlapping with the northern segment for 14 km. 
The southern segment is the smaller with a length of 
9.5 km and a N55º orientation. The fault width varies 
from 0.8 to 2.1 km along segments. Geophysical data 
suggests a sustained sub-vertical dip along the fault. 
However, remarkable differences are observed on 
the geomorphological expression along each 
segment. The northern segment shows the largest 
variability, in part due to the interaction between “en 
echelon” traces. Onshore, close to El Saltador, the 
fault zone appears as an array of anastomosing 
faults; at the La Serrata section, a 1 km wide horst-
like structure is bounded by parallel traces (figure 1); 
at the shelf, an apparent simple trace identified at the 
seafloor turns out as a flower structure on the first 
kilometres below the surface; southwards, the fault 
outcrops as a single trace uplifting the southern 
block. The northern segment intersects with the 
central segment in an overlapping restraining 
stepover characterized by prominent pressure ridges 
and narrow flower structures which smoothly diminish 
to the south along the central segment. The southern 
segment shows different patterns like a transtensive 
graben-like structure at depth with an only single 
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trace reaching the surface and uplifting the northern 
block. To the south, the strain is smoothly transferred 
to folds and pervasive subvertical NW-SE faults. Both 
onshore and offshore geometry indicates a left-lateral 
motion with a slight reverse component.  Empirical 
relationships allow estimating maximum earthquake 
magnitudes (Mw) of 7.4 for the northern segment, 6.8 
for the central segment and 6 .2 for the southern 
segment 

Analysis of the onshore and offshore fault 
geomorphology and of the paleoearthquake deposits 
in trenches allow to study in detail the fault activity  
during the Quaternary, obtaining some of the 
paleoseismic parameters. 

Onshore, La Serrata section (figure 1) is 
characterized by a linear range bounded by faults 
showing geomorphological evidence of Quaternary 
tectonic activity: deflected drainage beheaded alluvial 
fans, alluvial fans without a source area and faulted 
and folded Quaternary deposits (Moreno et al., 
2008). Trenching analyses show faulted Quaternary 
alluvial fans and colluvial wedges related to 
paleoearthquakes. Trench walls evidence a minimum 
of 6 events since the Mid Pleistocene. The 3 younger 

events occurred during the last 41.5 ka, suggesting a 
mean recurrence period of 13.5 ka (Moreno et al., 
2009). A faulted and buried paleochannel records a 
minimum of 2 events during the last 30 ka and 
constrain the last earthquake to AD 772-889 (Moreno 
et al., 2009). The horizontal maximum displacement 
observed for the paleochannel is 3 m, suggesting a 
minimum strike-slip rate of 0.1 mm/a for the last 30 
ka, much smaller than the 0.54 mm/a strike-slip rate 
calculated for the last 200 ka by displaced valleys 
across the NW boundary of La Serrata. This change 
in the slip-rate can be explained by an 
underestimation of the paleochannel displacement 
rate or by a decrease in the strike-slip rate 
throughout the Quaternary. Regarding to the dip-slip 
rate, a remarkable outcrop of a pierced segment of 
Early Pleistocene sediments shows a minimum uplift 
of 50 metres if compared with the same sediments 
outcropping in nearby channel bottoms. 10Be 
cosmogenic isotopes dating give these sediments an 
age of 1 Ma BP (+1/-0,5 Myr), and thus, we estimate 
an average dip-slip rate of 0.05 mm/a (+0,06/-0,03 
mm/a) since the Early Quaternary. 

As observed in offshore multichanel seismic profiles, 
the infill of the sedimentary basins on both sides of 

Figura 1: Expresión en superficie de la Zona de Falla de Carboneras. Se han distinguido tres segmentos: norte, centro y sur. 
Los segmentos norte y centro se solapan en una zona de intersección. La sismicidad histórica queda representada por 
estrellas rojas y la sismicidad instrumental por puntos rojos (datos obtenidos del catálogo del Instituto Geográfico Nacional –
IGN-). La información referente a los tensores momentos ha sido extraída de Stich et al., 2006. 
Figure 1. Surface expression of the Carboneras Fault Zone. Three segments are differentiated: the northern, central and 
southern segments. Northern and central segments overlaps in an intersection zone. Historical seismicity is represented with 
red stars and instrumental seismicity with red dots (data obtained from the Instituto Geográfico Nacional –IGN- web 
catalogue). Moment tensors are obtained from Stich et al., 2006. 
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the basement high produced by the CFZ suggests 
that the activity of the fault started before the 
Messinian (Upper Miocene) which is in agreement 
with previous studies (e.g. Bousquet et al., 1976). 
Seismic profiles across the fault trace show a vertical 
displacement between 0,1-0,15 seg TWTT for the 
base of Quaternary reflection in the Northern 
Segment, suggesting dip-slip rates ranging 0,05-0,06 
mm/a, which is coincident with the minimum dip-slip 
rate obtained onshore. Marine sediment cores dating 
(14C) provide sediment rates of the upper meters, 
allowing us to estimate the age of key reflections. 
Moreover, strong key reflections are correlated with 
main climate changes (Marine Isotope Stages 
transitions) obtaining a more accurate dating. The 
first strong and continuous reflection is observed 
approximately at 30 ms below the sea surface and 
appears in all the TOPAS profiles. From 
sedimentation rates estimates, the age of the strong 
reflection is considered to be around 130 ka BP, 
which is close and much probably correspond to the 
transition of the penultimate glacial maximum (MIS 6) 
to the last interglacial (MIS 5), this is Termination II, 
at the Upper/Mid Pleistocene boundary: 128 ka BP. 
This strong reflector is clearly displaced by the fault, 
and together with its age estimate we obtain a 
maximum dip-slip rates ranging 0,10-0,16 mm/a for 
the last 128 ka. This is a maximum slip rate taking 
into account the hemipelagic nature of the sediments, 
preserving the original morphology of the seafloor. In 
any case, using long (MCS profiles) and short term 
(Topas profiles) dip-slips, we can consider a vertical 
slip-rate ranging between 0,05 and 0,16 mm/a.  

The seismogenic behaviour for the Carboneras Fault 
Zone and its first paleoseismological parameters are 
provided by this study. These parameters are of 
paramount importance to assess seismic hazard 
models in the Iberian Peninsula, especially when 
considering high magnitude earthquakes and long 
recurrence rates. Nevertheless, more analysis, 
currently in progress, will provide valuable 
information to well characterize the neotectonics and 
paleoseismicity of the Carboneras Fault Zone along 
all its segments and the interaction between 
segments. 
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