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Abstract: In this study we provide the first palaeoseismological data for the Galera Fault, an active strike-slip fault located in the 
Central Betic Cordillera. one of the most tectonically active areas of the Iberian Peninsula. We analysed palaeoseismological 
trenches in two sites located in the central sector of the fault, where we identified evidence of several surface rupture events 
deforming recent Holocene deposits. After constraining the age of these deposits, we constructed time-stratigraphic OxCal 
models that resulted in probability density functions (PDFs) of the ages of each palaeoevent. Analysing the degree of overlap of 
PDFs between the two sites, we proposed a surface-rupturing history for the Galera Fault, including seven events since ca. 
24000 BC. Finally, through a Monte Carlo simulation, we calculated recurrence intervals of ca. 2748 ± 3419 yr between events. 
Our results, together with the palaeoseismological data of adjacent structures, will be the base for improve future seismic 
hazard assessments in the study area. 
 
Key words: strike-slip, active tectonics, surface rupturing history, recurrence interval, Betic Cordillera 

 

 
Introduction 
 

The Central Betic Cordillera is one of the most 
active tectonic zones on the Iberian Peninsula (Sanz 
de Galdeano et al., 2012 and references therein) and 
the one with the highest seismic hazard (IGN-UPM, 
2013). Significant historical and instrumental 
earthquakes, such as the 1531 Baza Earthquake and 
the 1964 Galera Earthquake, as well as numerous 
low-magnitude events, occurred in the Baza region 
(Granada Province) during the historical and 
instrumental periods (Martínez-Solares and Mezcua, 
2002; Sanz de Galdeano et al., 2012). In the last few 
years, several studies characterized the two 
seismogenic sources responsible for these 
earthquakes, the Baza Fault and the Galera Fault 
(Alfaro et al., 2008; García-Tortosa et al., 2011; 
Medina-Cascales et al., 2020 and 2021), including the 
first palaeoseismological data from the Baza Fault 
(Castro et al., 2018). The aim of this work is to present 
the first palaeoseismological evidence from the Galera 
Fault extracted from trench analyses. Our results 
include a proposal of a preliminary surface rupturing 
history and recurrence intervals. 
 
Geological and geodynamic setting of the Galera 
Fault 

 
The Galera Fault (GF) is an active fault located in 

the NE sector of the Guadix-Baza Basin (Central Betic 
Cordillera) (Fig. 1). Since the late Miocene, the central 
sector of the cordillera has been dominated by NNW-
SSE shortening (e.g., Galindo-Zaldívar et al., 1993; 
Sanz de Galdeano and Alfaro, 2004) coeval with 
orthogonal ENE-WSW extension (e.g., Galindo-
Zaldívar et al., 2015). This extension reaches up to 
2.1–3.7 mm/yr (e.g., Serpelloni et al., 2007, Pérez-
Peña et al., 2010). In the Guadix-Baza Basin, the 
regional extension is accommodated mainly by the 
NNW-SSE normal Baza Fault (e.g., Alfaro et al., 2008; 
Medina-Cascales et al., 2020) (Fig. 1).  

 
 

 
 

 
Fig. 1.- Map with the Galera Fault traces and the location of trench 
sites. The inset shows the location of the Galera Fault within the 
Betic Cordillera. GF: Galera Fault; GBB: Guadix-Baza Basin. 

 
The GF is a transfer structure of the Baza Fault 

(Alfaro et al., 2021) and thus accommodates part of 
the regional deformation in the Guadix-Baza Basin. 
The GF is ca. 30 km, SW-NE striking, oblique-slip fault 
with a main left-lateral slip and a minor vertical slip 
(Medina-Cascales et al., 2021). The short-term 
horizontal slip rates of the GF have been calculated in 
ca. 0.5 mm/yr (Alfaro et al., 2021). The main seismic 
event related to the GF during the instrumental period 
is the 1964 Galera Earthquake (VIII MMI, and mbLg 
4.7, Silva et al., 2019). Moreover, indirect evidence of 
palaeoseismic activity has been reported through 
palaeoliquefaction structures in Pleistocene deposits 
(Alfaro et al., 2010) offset by the GF. 

 
 

 

 
 

PALAEOSEISMOLOGICAL RECORD OF THE ACTIVE 
GALERA FAULT (CENTRAL BETIC CORDILLERA, SPAIN) 
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Methodology 
 
On the basis of a geological, structural and 

geomorphological analysis of the GF (see Medina-
Cascales et al., 2021), we selected two sites in the 
central sector of the GF where recent fluvial terraces 
are deformed by fault strands. In these sites, we 
excavated two trenches (Rambla de los Pilares and 
Barranco del Rubio, Fig. 1). We interpreted the trench 
exposure in terms of surface-rupturing seismic events. 
This analysis is based on the geometric relationships 
between the sedimentary units and the fault strands 
identified on the trench wall as well as in the tecto-
stratigraphic interpretation of some units. To date the 
proposed palaeo-events we used radiocarbon 
samples. Then, using the OxCal software (Bronk 
Ramsey, 2009a, 2009b), we integrated all the 
numerical dates in a Bayesian statistics analysis. As a 
result, we obtained probability density functions 
(PDFs) of the times of each palaeo-event. From these 

PDFs we built a surface rupturing history for the GF. 
We correlated the palaeo-events between trenches 
and sites according to geologic criteria, and the 
degree of overlap between PDFs (sensu DuRoss et 
al.,2011). Finally, we computed recurrence intervals 
between palaeo-events using a Monte Carlo 
simulation. In all cases, numerical ages are expressed 
as a confidence interval of 95.4% in addition to the 
mode. 
 
Results and discussion 
 
The Rambla de los Pilares site 
 

The Rambla de los Pilares site is located to the 
East of Castilléjar town (UTM 30S534278/4174615, 
Fig. 1). The site includes 3 parallel trenches (trenches 
1, 2, and 3, Fig. 2). We obtained palaeoseismological 
results from two of them. In this point, a N40E-striking, 
S-dipping, secondary strand of the GF offsets two 

Fig. 2.- Trench logs and interpretation in terms of palaeoseismic stratigraphic sequences and events. See Figure 1 for location. 
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recent Holocene fluvial terraces. We identified an old 
terrace (units A) and an overlapping young terrace 
(units B) (Fig.2). 

We postulate a surface-rupturing history for the 
Rambla de los Pilares site that includes four palaeo-
events since ca. 24000 yr BC (Fig. 2): 2 older 
earthquakes in trench 1 (PIL_e1 and PIL_e2) and 2 
younger earthquakes in trench 3 (PIL_e3 and PIL_e4). 
PIL-e1 is deduced from a filled fissure (Fiss1) that 
intersects A2 and is capped by the base of A3. PIL-e2 
is interpreted based on another filled fissure (Fiss2), 
which intersects A2 and the base of A3, and is capped 
by the upper part of A3 (Fig. 2). PIL_e3 is evidenced 
by the rupture of several splays of fault F0, which 
intersect A and are capped by B. Finally, PIL_e4 is 
represented by F0 offsetting the base of unit B and 
being capped by the top of unit B (Fig. 2).  
 
The Barranco del Rubio site 
 

The Barranco del Rubio site is located to the 
South of Castilléjar town (UTM 30S534278/4174615, 
Fig. 1). The site includes one trench in a point where 
one of the main strands of the GF offsets a Holocene 
fluvial terrace (units A to F, Fig.2). In this site we 
propose a surface-rupturing history with evidence of 
four palaeo-events since ca. 1500 yr BC (RUB_e1 to 
RUB_e4) (Fig. 2). RUB_e1 to RUB_e3 are evidenced 
by and the deposition of several related colluvial 
wedges at different stratigraphic levels (CW1 to CW3, 
Fig.2) and by the rupture of the fault through the fluvial 
deposits (units A to E). The three older events 
(RUB_e1 to RUB_e3) are interpreted from three 
colluvial wedges. The youngest event, RUB_e4, is 
deduced because the fault offsets up to unit F and is 

capped by the top soil (TS) (Fig. 2).  
 
Earthquake chronology and recurrence intervals 
 

In order to propose a complete surface-rupturing 
history for the GF, we integrated the above-mentioned 
data, trying to correlate the PDFs of both trench sites. 
The PDFs of the four events recognized in the 
Barranco del Rubio trench partially overlap event 
PIL_e4 (Fig. 3). The quantitative analysis of PDFs 
overlap indicates that event RUB_e3 presents a 
higher overlap, therefore, we constructed a composite 
event involving PIL_e4 and RUB_e3 are the same 
event. Thus, the resulting surface-rupturing history for 
the GF includes seven palaeo-events since ca. 24000 
yr BC (Fig. 3). Considering this chronology, the Monte 
Carlo analysis yielded recurrence intervals of 120-
3420 yr between events.  
 
Conclusions 
 

This is the first palaeoseismological study of the 
GF, one of the most significant active faults in the 
Guadix-Baza Basin (Central Betic Cordillera). The 
three trenches excavated in two different sites allowed 
us to identify evidence of eight palaeoseismic events. 
We deduced four surface rupturing events since ca. 
24000 yr BC in the Rambla de los Pilares site, and 
four more events since ca. 1500 yr BC in the Barranco 
del Rubio site. Considering the high overlapping 
between PIL_e4 (Rambla de los Pilares site) and 
RUB_e3 (Barranco del Rubio site) the PDFs of these 
events, we propose an earthquake chronology of the 
GF including seven earthquakes since ca. 24000 yr 
BC with recurrence intervals of 120-3420 yr. These 

Fig. 3.- a) PDFs obtained from OxCal models of the Rambla de los Pilares site (in blue) and Barranco del Rubio site (in yellow). b) Correlation 
of the PDFs between the two trench sites. In green we display the PDF resulted from the overlapping of PIL-e4 and RUB-e3.   
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results will be the basis for future seismic hazard 
assessments in the study area. 
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