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 PRIMEROS DATOS PALEOSISMICOS EN LA FALLA DE CARBONERAS: 
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The Carboneras fault, the southernmost fault of the Eastern Betic Shear Zone, cannot be associated to 
significative historical or instrumental seismicity in spite of showing surface expression of being an active 
left lateral fault. Revision of the paleoseismic data at Los Trances and El Hacho sites, on the 
northwestern edge of La Serrata range, provides the first evidence of this fault being seismogenic. The 
fault has undergone a minimum of 5 paleoearthquakes since 133-56.6 ka which can be observed in the 
geological record at both sites (only the youngest is uniquely detected at El Hacho). This is a minimum 
amount of earthquakes given the non-continuous sedimentation sequence recorded in the area. A 
maximum recurrence period of 26-11 ka is obtained since 133-56.6 ka. However, when only the last 3 
events are considered, the recurrence lowers down (13-9 ka) suggesting: or 1) clustering in the most 
recent period, or, again, 2) incompleteness of the seismic history owing to a discontinuous geological 
record. The 3D analysis at El Hacho provides also evidence for the lateral slip per event, which might be 
of 1.5m, corresponding to a Mw 6.9-7 earthquake. 

Key words: Carboneras fault, Trenching, Seismic history, Seismic parameters 

The Carboneras fault is part of the Eastern Betic 
Shear Zone system. In spite of showing very scarce 
instrumental seismicity, its morphological expression 
is very similar to the seismically much more active 
fault of the Alhama de Murcia fault, posing the 
problem on whether it is also seismogenic or not. 
Based on offshore surface rupture studies, 
Reicherter and Hübscher (2007) have attributed the 
destructive Almeria 1522 EMS I=IX earthquake to the 
Carboneras fault. The onshore evidence for its 
seismogenic nature was first analyzed by Moreno 
(2011). In this communication we build up on Moreno 
et al., (2015) paper on the geomorphology and 
chronology at the la Serrata area, and revisit the 
previous data to provide a modified interpretation  
(based on the new chronological insights of Moreno 
et al 2015) at two sites: El Hacho and Los Trances. 

The Carboneras fault is a strike-slip, left lateral fault, 
trending NE-SW and extending for ~50 km onshore 
and almost 100 offshore (Gràcia et al., 2006, 
Moreno, 2011). It is the southernmost fault of the 
main shear system in the Eastern Betics being 
continued to the north by the Palomares, Alhama de 
Murcia, Carrascoy and Bajo Segura faults. The 
selected sites for this study are located at the 
northwestern boundary of La Serrata range, a 
transpressive ridge bounded by different traces of the 
Carboneras fault. The northwestern side of this range 
shows well-preserved evidence (faulted Quaternary 
units, offset channels, pressure ridges, etc) of recent 
strike slip activity (see Moreno et al., 2015, 2016, for 

an onshore and offshore description of the evidence 
respectively). 
Both sides of La Serrata show Quaternary deposits, 
most of them alluvial, and some fluvial. Moreno et al., 
(2015) discuss previous interpretations and propose 
their division into four main phases of alluvial fan 
aggradation (A1 to A4) and 2 phases of fluvial 
deposition (F1 F2) (Figure 1). Based on numerical 
dating (TL, Radiocarbon, 10Be and U-Series) they 
propose A1 to have a minimum age of 1-0.35 Ma, the 
top of A2 (MIS6) having an age of 133-56.6 ka. F1 
(MIS5 and MIS4) yielding ages among 83 and 45.5 
ka, and A3.1 (upper MIS4 and MIS2) yielding 
aggradation ages among 44.7 and 30.8 ka. F2, that 
postdates A3.1 (filling of a small channel being cut by 
the fault), was dated only in El Hacho site in 637-
1021 Cal yr AD. 

In Los Trances site, the fault is divided into two 
traces bounding a pressure ridge (Figure 1b). Two 
trenches were analyzed in the northwestern trace 
(TR1 and TR2) and TR3 was dug across the 
southeastern trace (Figure 2). These trenches 
revealed the seismogenic nature of the Carboneras 
fault yielding evidence of a minimum of 4 events 
since the sedimentation of A2 unit (133-56.6 ka), with 
large uncertainty in the age of each event, resulting 
in a maximum recurrence period of 33-14 ka. The 
younger recorded surface rupturing earthquake 
postdates A3.1 and is, thus, probably younger than 
30.8-26.9 ka (in this site no younger deposits are in 
contact with the fault traces). Evidence for events 
are: fault traces being capped by younger deposits, a
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Figure 1a. Geomorphological map of the La Serrata range with indication of the different Quaternary alluvial fans, and location of 
El Hacho and Los Trances sites. Figure 1b. Geomorphological map of Los Trances site with location of the trenches. Figure 1c.
Geomorphological map of El Hacho site with location of the trenches. 
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Figure 2. Selected trenches at El Hacho and Los Trances sites.

colluvial wedge, a buried fault scarp and a filled 
fissure (Masana et al., submmited). 

At the El Hacho site three fault traces were 
suggested by the geomorphology, but only the 
southeastern one is in contact with the youngest 
alluvial fan deposits (A3.1). Therefore, this was the 
trace selected for trenching. TR2 synthesizes the 
evidence for paleoearthquakes observed in the 
trenches across the fault (Figure 2), where four 

events since 133-56.6 ka were defined, providing a 
maximum recurrence period of 33-14 ka (equivalent 
to those defined at Los Trances). The youngest event 
postdates 32.8 ka (lower boundary of uppermost 
sample within unit A3.1, aged 29.2+2.9-2.6). 
Evidence for the paleoevents are: colluvial wedges, 
faults being sealed by younger deposits and surface 
rupture. The age of the youngest event is not well 
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constrained as it is evidenced by the fault rupturing to 
the surface in an area lacking sediments younger 
than 32.8 ka.  

Younger deposits filling a paleochannel that drained 
la Serrata were detected in trenches TR6 and TR7, 
dug parallel to the fault. The excavation of further 
outcrops nearing the fault trace (and, finally, digging 
across the fault) provided the reconstruction of the 
shape of this channel. The trace of the paleochannel 
is orthogonal to the fault in the far field but shows a 
bend next to the fault. Projecting the near field trace 
of the channel into the fault yields a cumulative offset 
of 3 (+/- 0.25) m. The channel deposits are cut by the 
fault (as it is visible in the slice trenches TR7�� and 
TR6�� in Figure 2). We suggest that the fault offset the 
channel in two steps (events). The first event affected 
the channel when it was an erosive gully, without 
filling. After its offset, the trace of the channel was 
smoothed by erosion and adapted to the angular 
morphology imprinted by the fault movement, giving 
place to the observed bend along the channel trace. 
Before the second event, the channel filled up with 
gravels and sediments (3 samples of charcoal 
yielded a Radiocarbon age ranging between 637-
1021 yr AD). The second event offset the channel 
and its infill. Assuming a characteristic behavior of 
the Carboneras fault (and therefore minimizing the 
maximum possible slip per event), the 3 (+/-0.25) m 
offset was equally produced by the two events: 1.5 m 
per event. 

These two events can be correlated with the 
youngest event defined at El Hacho and, therefore, 
an additional event is provided to the seismic history 
resulting in a minimum of 5 events. This reduces the 
maximum recurrence to 26-11 ka if the 5 events are 
considered (since 133-56.6 ka). However, the last 3 
events in El Hacho took place after A3.1u unit, dated 
in 41.5 to 26.6 ka, providing a shorter maximum 
recurrence of 13.6-9 ka.  

The seismic history obtained in Los Trances and in El 
Hacho have many coincident features, however we 
think the paleoseimic record is not complete but only 
part of the real story: The discontinuous 
sedimentation in the area implies that the number of 
defined events is probably a minimum of those that 
really occurred. This incomplete record could also 
explain the differences in the recurrence times 
calculated for various time periods (versus 
clustering). The scarcity of deposits younger than 
A3.1 is seriously limiting the record of the most 
recent history of the fault. Additionally, only one side 
of la Serrata has been studied and, considering that 
the fault is branching into a unique fault at depth, the 
history of both branches is needed to completely 
explain the seismic behavior of Carboneras fault. In 
spite of this, our results strongly support that this fault 
is seismogenic, that has experienced recurrent 
surface rupturing events during the upper 

Pleistocene and up to the Holocene, that the 
interseismic period could be shorter than 13-9 ka, 
and that the lateral slip per event might be of 1.5m, 
which corresponds to a Mw 6.9-7 earthquake (Wells 
and Coopersmith, 1994). If we take into account, that 
the recent GPS studies have shown the ongoing 
activity of the Carboneras fault, providing a geodetic 
slip rate of 1.3±0.2 mm/yr, the need of taking into 
account the Carboneras fault in the seismic hazard 
calculations of the area becomes obvious. 
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