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Resumen/resumo: La FAM ha sido ya catalogada como sismogénica. Para mejorar su caracterización sísmica es necesario 
establecer detalladamente su secuencia de paleoterremotos. Se presentan aquí tres trincheras excavadas en El Saltador donde 
se han identificado interestratificadas en la secuencia aluvial varias unidades de sedimentos finos sin clasificación interna, con 
espesores máximos en la zona de falla y sin sedimentos análogos en el área fuente. Dado que durante el terremoto de Lorca de 
2011 se describieron gran cantidad de caídas de bloques y nubes de polvo asociadas, sugerimos que estas unidades son el 
producto de la concentración de dicho polvo durante terremotos pasados en canales. Su transporte habría sido en forma de 
mudflows y el depósito se habría bloqueado contra el escarpe de falla a contrapendiente. Teniendo en cuenta esta interpretación 
las trincheras muestran evidencias de hasta ocho paleoterremotos que constituyen la secuencia sísmica más larga descrita en 
este segmento de la falla.  

Palabras clave: Falla de Alhama de Murcia, caracterización de paleoterremotos, registro de nubes de polvo sísmicas.

Abstract: The AMF has been identified as seismogenic but its seismic characterization requires a better establishment of the 
seismic sequence. To this aim, we studied three trenches at El Saltador where we observed interstratified, fine-grained units with 
no internal structure that show maximum thickness next to the fault scarp and lack lithological analogues in the source area. Given 
that massive rock falls produced a large amount of dust after Lorca 2011 earthquake, we suggest these units may be the product 
of erosion of the dust during past earthquakes, its transport by mudflow, and its accumulation against uphill-facing fault scarp. 
According to this, the trench exposures provide evidence for up to eight paleoearthquakes, which would constitute the longest 
seismic sequence established on this fault segment to date. 
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Earthquake shaking triggers rock falls, and these 
generate “dust” over large areas. This phenomenon 
has been described from recent earthquakes, such 
as the 2010 M7.2 El Mayor-Cucapah earthquake in 
Baja California, Mexico) (Fletcher et al., 2014) or in 
the 2011 Lorca earthquake (oral communications of 
neighbors and videos published in the web). 
Following these observations, and based on the data 
obtained at the new El Saltador trenches, we suggest 
here that some earthquakes may produce a clear 
signal in the stratigraphical record if these fine 
sediments, spread along large areas, are finally 
drained and concentrated in erosive channels and 
mostly preserved in narrow areas adjacent to a fault 
scarp that blocks the drainage.  

Our study is based on a paleoseismological analysis 
performed at El Saltador site, in the Lorca-Totana 
segment of Alhama de Murcia fault (Figure 1). 

The Alhama de Murcia fault (FAM), first defined by 
Bousquet (1979), is a reverse left-lateral NE-SW 
trending fault that is more than 100 km in length, is 
part of the Eastern Betic Shear Zone, and plays, in 
Iberia, a major role in absorbing the 4-5 mm/yr 
convergence between the Iberian and African plates 
(McClusky et al., 2003, Masana et al., 2004). 
Previous studies have classified this fault as 
seismogenic according to paleoearthquake evidence 
(Silva et al., 1997; Martinez-Díaz et al., 2003; 
Masana et al., 2004, 2005; Ortuño et al., 2012). A 
long, but probably incomplete, seismic sequence is 
available for some segments, among which there is 
the Lorca-Totana segment, where this study is 
focused.  

Segments along the AMF have been defined by 
different authors (Silva et al., 1992, Martínez Díaz, et 
al, 1998, 2012) according to the geological history, 
seismicity, and the faults’ geomorphological 
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expression. The Lorca-Totana segment is composed 
of three branches among which the central is the 
most expressive geomorphologically and therefore, 
probably the one in which most of the surface activity 
of the major Alhama de Murcia fault concentrates. 
According to the morphology and to structural 
observations, this trace of the fault is mainly strike-
slip but also has a reverse component that uplifts the 
southeastern wall and therefore blocks the drainage 
from the La Tercia range towards the Guadalentin 
depression, trapping different generations of alluvial 
fans along a NE-SW corridor parallel to the fault. 

Figure 1. Map of the Estern Betic Shear Zone (EBSZ) with 
indication of the main faults. CRF Crevillente fault; BSF: 
Bajo Segura fault; CAF: Carrascoy fault; AMF: Alhama de 
Murcia fault; PF: Palomares fault; CF: Carboneras fault. 

Previous trenches that were excavated perpendicular 
to the fault at El Saltador site (Martinez-Diaz et al., 
2003, Masana et al., 2004) exposed evidence for two 
deformation events, one of which was probably 
produced by a distinct, very recent paleoearthquake 
and the previous deformation likely a result of 
multiple events. In this study, we excavated up to 11 
new trenches, most of them with the aim to constrain 
the offset of buried channels, but two of them 
perpendicular to the fault with the aim of determining 
the position of the fault and of exposing evidence of a 
more complete paleoearthquake sequence. Here, we 
show evidence along these two trenches and along a 
parallel trench that illustrates the nature of the “dust” 
events (Figure 2). 

The stratigraphy revealed by these trenches (Figure 
2) is mainly composed of coarse alluvial gravel strata 
(Figure 2, units B, D, F, H…) separated by periods of 
non-deposition and development of soils (Figure 2, 
units C or E). Pebbles or cobbles within these units 
are composed of philite and some limestone, eroded 
from La Tercia range strata.  

This monotonous sequence is interrupted in the 
trenches by oxidized, fine-grained units (figure 5, 
units G, J, L, N, P) composed of silt and clay that 
contain some floating pebbles. These strata probably 
originated as mud flows that used preexisting erosive 
channels to flow from la Tercia range towards the 
Guadalentin depression (trench 5 shows how unit G 
is filling the lower parts of a paleochannel). 

Trenches 6 and 7 were dug orthogonal to the fault. 
They show two types of deformational structures: a) 
faults located on its southeastern side and b) 
attenuated folds deforming strata up to unit E. 
Deformation in both cases is larger for older units 
than for younger ones, probably exhibiting evidence 
for the reverse slip component of the fault. Trench 5, 
being parallel to the fault, reveals the geometry of the 
silty units by showing how unit G behaves laterally. 

We propose here that the fine grained units 
interpreted as mud flows are post-earthquake 
deposits and are linked genetically to the 
earthquakes themselves. The lines of evidence for 
this interpretation are the following: 

1. Lithological. While the composition (clasts and 
matrix) of the units composing the alluvial fans in the 
area and in the trenches, mainly gravels, are easily 
correlatable with the composition of the units 
outcropping in the source area at La Tercia range, no 
correlation was found between these fine-grained 
oxidized units and the lithology in the source area: 
fine grained units with orangish colour are lacking in 
La Tercia range. Not even the regionally present 
Miocene marls, that could be a source of fine grained 
sediments, crop out in the source area (and are, 
otherwise, grey-yellowish in color). 

2. Geometry and distribution. The fine grained units 
show a channelized base and a tabular upper 
contact, change abruptly in thickness at the fault line 
and are usually absent on the uplifted wall of the 
fault, suggesting that the channelized mud flow 
followed and filled previous drainage scars on the 
morphological surface and that they were blocked by 
the co-seismic fault scarp, forming sporadic and 
localized mud-sheets. In this location, the fault uplifts 
the southeastern wall and, thus, dams the drainage 
towards the Guadalentin depression. Considering the 
low resistance to erosion of the gravels that would 
compose the fault scarp, the deposition of these units 
must have taken place soon after the earthquake 
(during the first large storm). 

3. Stratigraphical. These fine grained units constitute 
an anomaly in the regional stratigraphy of the alluvial 
fans that are mainly composed of gravels 
interbedded locally with soils. How to explain such a 
sudden change of the source lithology in the 
drainage area? Soil formation in the source area 
could provide some oxidized fine sediments.
However it would not explain why these units are 
recurrently interbedded in the sequence: why soils 
were not slowly eroded while they are being formed 
and instead formed thick units with sharp contacts 
with its upper and lower units? Uplifted wall could 
constitute a source of fines although the orangish 
sediments are cropping out far upstream and 
therefore this is unlikely. 

Landslides and block falls are classically linked to 
earthquake shaking. In dry areas block falls produce 
a large amount of dust and silts with their impacts. 
This has been described as very dusty events in 
areas with enough topography. Such a phenomenon 
was clearly described and documented with videos 
during the El Mayor-Cucapah earthquake in 2010 
(http://www.youtube.com/watch?v=oeB-e3yBIho). 
These type of deposits has been documented in  
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relation to seismic shaking in several trenches 
(Rockwell et al.,2014; Fletcher et al., 2014a, b). Even 
though the Lorca 2011 earthquake did not produce a 
surface rupture ( the magnitude was moderate: Mw 
5.1), it did produce a large number of rock falls (Ej.; 
Alfaro et al., 2012) and a number of descriptions of 
dusty clouds were documented (Martinez Díaz, et al., 
2011, Rodríguez-Peces et al., 2012, Alfaro et al., 
2012). Therefore, it is plausible that during a large 
earthquake (even larger than 2011, as we observe 
surface deformation on some of them in trenches), 
the AMF would be able to produce a large amount of 
dust that could be concentrated in creeks during the 
first drainage event after the earthquake. A large 
amount of fine sediment in the source area together 
with water can trigger mud flows that would drain 
from the range towards the lower areas. If the formed 

fault scarp is counter slope it could dam the deposit. 
This would explain why the thickness of these units is 
greatest on the downthrown side of the fault, 
decreases in thickness rapidly away upstream from 
the fault, and is thin or not present downstream. 

According to this interpretation of the fine-grained 
units, trenches 6 and 7 can be interpreted to provide 
evidence of a minimum of eight paleoearthquakes. 
Figure 2 shows the horizon events we used for this 
interpretation.  

Event a: The bottom of unit C is offset by F2 at 
trench 6 (vertical 4) while its contact with unit B is not 
offset. This implies that a deformation event 
(paleoearthquake) took place after the deposition of 

Figure 2. From top to bottom: logs of trenches 5, 7 and 6. Legend on the lower left. In the lower right corner, location map of the trenches at 
El Saltador site. Trenches 3 and 4 (Martinez-Díaz et al 2003, Masana et al 2004)  are ancien and currently buried. 
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unit C or during its deposition. The event horizon 
could be placed also within unit C. 

Event b: F1 is clearly deforming (folding) the bottom 
of unit G and its contact with unit E-F, while unit D is 
not folded. This suggests that an event different from 
event a took place after the deposition of unit E-F 
and before D. 

Event c: Unit G was interpreted as a post-seismic 
dust concentration unit and therefore its base 
constitutes an event horizon. 

Event d: Unit I is composed of fine, well sorted fine-
grained sediment with internal lamination, but also 
with a part containing a large amount of lime and 
clay. This unit is not thus comparable with units G, J, 
L, N and P, as those do not show internal 
classification. However, the position of unit I, 
onlapping the deformation produced by F1 on the 
underlying deposits, and the high contents of lime, 
suggests a damming episode after the deformation of 
unit J. Such episodes are rare in the stratigraphic 
sequence and are therefore interpreted as an 
additional seismic event that modified the landscape, 
and dammed the stream draining towards the 
Guadalentin depression owing to the scarp uplift. 

Events e, f, g and h: are based, in the same way as 
event c, on the presence of post-seismic dust 
concentration units J, L N and P, respectively. 

In conclusion, we propose a new line of evidence for 
paleoearthquakes in this area that could be also 
described in other arid regions where earthquakes 
produce large amounts of dust due to rock falls. If 
correct, then there have been up to eight 
paleoearthquakes at El Saltador site, the longest 
earthquake sequence ever described along the 
Lorca-Totana segment of the fault. Further studies 
will focus on dating and correlating these events with 
lateral offsets, and thus to magnitude of 
paleoearthquakes, and will therefore allow us to 
better establish the seismic potential of the AMF. 
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