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Resumen: La Falla de Alhama de Murcia (FAM, SE Península Ibérica) es una falla de salto en dirección izquierda con 
componente vertical. Estudios paleosísmicos previos caracterizaron la falla como sismogénica pero no consiguieron acotar de 
forma precisa su velocidad lateral, lo que limita el conocimiento real de su peligrosidad. Se presenta un estudio de trincheras 3D 
en el paraje de El Saltador (entre Lorca y Totana) con el objetivo de estimar la velocidad de deslizamiento lateral de la FAM. Se 
han identificado dos paleocanales de una edad calibrada máxima de 23,883-23,279 aC. dislocados lateralmente entre 20.2 y 7.6 
m. Con estos valores, la velocidad mínima de deslizamiento lateral de la FAM es mayor a la considerada hasta el momento: 0.29-
0.80 mm/año. Estos trabajos siguen en curso y se prevé mejorar la acotación temporal de esta dislocación.

Palabras clave: falla de salto en dirección, velocidad deslizamiento, trincheras 3D, software 3D.

Abstract: The Alhama de Murcia fault is a left-lateral strike-slip fault with a reverse component. Previous paleoseismic studies 
demonstrated its seismogenic nature but they did not obtained well constrained slip rate values, a good indicator of the seismic 
potential of a fault. In this paper we present new results from 3D trenching at the El Saltador site (between Lorca and Totana) with 
the aim to estimate the first tentative lateral slip rate for the AMF. We excavated nine new trenches and identified several channels 
that can be correlated on both sides of the fault. These channels indicate offsets that range between 20.2 and 7.6 m and are less 
than 23,883-23,279 B.C. calibrated age. The derived left-lateral slip-rate ranges between 0.29 and 0.80 mm/yr, a larger rate than 
considered in prior studies for the AMF.Work is still in progress to better constrain the ages of the offset channels.

Key words: left-lateral strike-slip fault, lateral slip-rate, 3D trenches, 3D software.

INTRODUCTION

The Alhama de Murcia fault (AMF) is a left-lateral 
strike-slip fault with a reverse component. Its seismic 
hazard has not been completely assessed. Previous 
paleoseismic studies have demonstrated its 
seismogenic nature but did not constrain the lateral 
component of its slip rate and proposed only some 
constraints on its vertical slip rate (Martínez-Díaz et 
al., 2003; Masana et al., 2004; Ortuño et al., 2012). 
The purpose of this paper is to present new 
information that constrains the left-lateral slip-rate of 
the AMF at the El Saltador site (between Lorca and 
Totana) to better determine its seismogenic potential. 
New trenches were excavated at El Saltador to 
expose buried channels in the sedimentologic record 
that might have been laterally offset by the fault. The 
dating of these units, together with their offsets, 
yields the first left-lateral slip-rate estimates for the 
AMF using paleoseismic features. 

GEOLOGICAL SETTING

The AMF is one of the faults composing the Eastern 
Betics Shear Zone, EBSZ (Fig. 1). This fault system 
absorbs part of the deformation of the convergence 
between the Eurasian and African plates. It is a N 45 
E – N 65 E left-lateral strike-slip fault with a reverse 
component.  

Several earthquakes produced by the AMF are 
instrumental recorded and inferred from pre-historical 
data (IGN, 2012), archeoseismologic data (Ferrater 
et al., 2013), and paleoseismic data (Martínez-Díaz 
et al., 2001; Masana et al., 2004; Ortuño et al., 
2012). Paleoseismic studies suggest, with high 
uncertainty, that the vertical component of its slip-rate 
along the compressional parts of the fault ranges 
between 0.04 and 0.35 mm/yr (Martínez-Díaz et al., 
2001; Masana et al., 2004; Ortuño et al., 2012). A 
lateral slip rate estimation of 0.21 mm/yr was 
proposed from the analysis of morphological features 
on the surface of the El Saltador Alluvial fan 
(Martínez-Díaz et al., 2003), however this value has 
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a high uncertainty due to the high degree of 
anthropogenic alteration of the original morphology. 
This work provides a new and better constrained 
lateral slip rate value of the fault from 3D 
paleoseismic data. 

RESULTS AND DISCUSSION

At El Saltador site (6 km NE of Lorca, Fig. 1), nine 
new trench exposures were excavated, six of them 
parallel to the fault (Figs. 2 and 3). Two previous 
trenches at this same site suggest the occurrence of 
two paleoearthquakes (Martínez-Díaz et al., 2003; 
Masana et al., 2004). The main objective of these 
new trenches is to constrain the left-lateral slip-rate 
for the AMF by exposing linear features (i.e. 
paleochannels) that are offset by the fault. For the 
slip-rate calculation two parameters are required: 1) 
the measurement of the offset feature; and 2) its age. 

Figura 1: Mapa geológico de las Béticas Orientales. 
Leyenda: CRF, falla Crevillente; AMF, falla Alhama de 
Murcia; CAF, falla de Carrascoy; PF, falla de Palomares; 
CF, falla de Carboneras; EBSZ, Zona de Cizalla de las 
Béticas Orientales.
Figure 1. Geological map of Eastern Betics. Legend: CRF, 
Crevillente fault; AMF, Alhama de Murcia fault; CAF, 
Carrascoy fault; PF, Palomares fault; CF, Carboneras fault; 
EBSZ, Eastern Betics Shear Zone. Modified from Masana 
et al., 2004).

Offset measurement:

We measured the offset by detecting different 
piercing points in a buried channel system which are 
the intersection of linear features with the fault plane. 
In the stratigraphic record such linear features are 
channels or their components, such as the thalweg or 
channel margins. 

We interpret unit D to be a fluvial channel because it 
has an erosive base and is filled by flood-driven 

sediment (Fig. 4). Unit D shows two laterally distinct 
lobes (named channel 1 and channel 2) (Figs. 4 and 
5). We used both channels for the offset 
measurements. 
In a simplified way, a channel is a linear feature, but 
at a more detailed scale, its base is a surface 
composed by infinite lines. For example, the line that 
traces the lowest part of the channel at every 
perpendicular section (deepest line) is termed the 
thalweg. We have measured for each channel the 
offset between the lines that constitute: 1) the two 
banks or margins; and 2) the channel thalweg. 

Figura 2: Fotografía aérea con la situación de las trincheras 
Figure 2. Aerial photo with the location of the trenches.

We have estimated the trend of the channel by 
connecting the different outcrops of each feature 
considered. In the uplifted wall of the fault (SE), the 
uncertainty on the trend is higher as we only used the 
two walls of the same trench (trench 13) to estimate 
the trend. Further work will be done to lower this 
uncertainty as the two walls are very closely spaced. 
An additional trench will be dug between trench 13 
and the fault (Fig. 2). At the other side of the fault, the 
uncertainty is much lower as we have several trench 
exposures of the features that we used to measure 
displacement (up to 4 trench walls). 

The measurement of the lateral and vertical offsets 
was made with the help of GoCAD 3D software. The 
following information was considered for the offset 
measurement: 1) the logs of the walls of trenches 5, 
10 and 13, where unit D is exposed; 2) the 
interpreted unit D lobes/channels; 3) the Alhama de 
Murcia fault plane; and 4) a Digital Elevation Model 
(DEM) of the site.  

The total net offsets (table 1) for channel 1 range 
between 17.7 and 20.2 m, whereas for channel 2, 
they do between 7.7 and 10.1 m. The lateral 
components are 17.6-20.2 m and 7.6-10.1 m, 
respectively. The differences between the two lobes 
may be due to the fact that channel 2 is 

Figura 3: Vista panorámica de las trincheras en el Saltador. 
Figure 3. Panoramic view of the El Saltador trenches
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stratigraphically at a slightly higher level (although to 
simplify the units description they both are 
considered to be part of unit D), making channel 2 
younger than channel 1. As these offsets are the 
consequence of several paleoearthquakes, there is 
the possibility that between the cutting of the two 
discrete channel elements, an earthquake happened, 
that produced additional slip, although without this 
event being stratigraphically recorded (see Ortuño et 
al., in this volume). 
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Left bank 17.7 17.6 1.4 7.7 7.6 1.3
Right bank 20.2 20.2 1.5 10.1 10.1 0.9
Depo- 
centre 

18.9 18.8 1.9 9.4 9.3 1.5

Tabla 1: Valores de dislocación de los canales en metros.
Table 1. Offset measurements (meters) for channels. 

Figura 5: Modelo 3D de las trincheras 5, 10 y 13 (Fig. 2) 
creado con el programa GoCAD. Interpretación en proceso 
que permite la medida de la dislocación de los canales. 
Medidas del margen izquierdo representadas (Canal 1: 
distancia 3D = 17.7 m, distancia en mapa (XY) = 17.6m, 
distancia vertical = 1.4 m; Canal 2: distancia 3D = 7.7 m, 
distancia en mapa = 7.6 m, distancia vertical = 1.3 m).
Figure 5. 3D model of the trenches 5, 10 and 13 (Fig. 2) 
created with GoCAD software. This ongoing work 
interpretation allows the measurement of channels offsets. 
Measurements for the left bank of the channels (Channel 1: 
3D distance = 17.7 m, Map distance (XY) = 17.6m, Vertical 
distance = 1.4 m; Channel 2: 3D distance = 7.7 m, Map 
distance = 7.6 m, Vertical distance = 1.3 m).

Dating:

Dating of the units described in El Saltador site is still 
in progress. We gathered samples to be dated using 
14C, OSL (Optically Stimulated Luminescence), AAR 
(Amino-acid racemization) and U-series applied to 
pedogenic carbonate (see Ferrater et al., in this 
volume).  

A Radiocarbon-dated charcoal sample taken from 
unit H (in trench 6, shown in Ortuño et al, this 
volume), yields a calibrated age of 23,883-23,279 
B.C. (2σ interval). Unit H is stratigraphically lower 
than unit D (several units lower, Fig. 4), thus making 
unit D (both lobes) younger than 23,883-23,279 B.C. 

Lateral slip-rate calculation:

We obtain a minimum slip-rate, as we use a 
maximum age for unit D. For channel 1, the lateral 
slip-rate (17.6-20.2 meters in 21,210 years) is 
estimated to range between 0.68 and 0.80 mm/yr, 
whereas for channel 2 (7.6-10.1 meters in 21,210 
years), the minimum rate ranges between 0.29 and 
0.40 mm/yr. If channel 2 is significantly younger than 
channel 1, these offsets may end up yielding similar 
rates.  

Even being considered a minimum, these values are 
higher than those suggested for the vertical slip-rate 
(0.04-0.35 mm/yr; Martínez-Díaz et al., 2003; 
Masana et al., 2004). This supports the interpretation 
that the predominant component of slip for the 
Alhama de Murcia fault is left-lateral (Bousquet, 
1979; Martínez-Díaz, 1998). Preliminary GPS results 
in the area (see Echeverria et al. this volume) relative 
to stations located W from the AMF and E of the 
Palomares fault suggest even higher velocities. Thus, 
all evidence suggests that these slip rates are 
minimum values.  

CONCLUSIONS

After the analysis of nine new trenches at the El 
Saltador site, we identified two buried channels in the 
sedimentologic record. These channels are 
correlatable on both blocs of the fault and show a 
clear offset in their projection towards the fault. Unit 
D is a maximum calibrated age of 23,883-23,279 
B.C., but could be considerably younger. We suggest 
a preliminary minimum left-lateral slip-rate between 
0.29 and 0.80 mm/yr. The offset measurements for 
the channels were done with GoCAS 3D software.  

The results presented here complement the vertical 
slip-rate obtained by previous authors and suggest 
that the AMF might have a shorter recurrence period 
than considered to date, as indicated by the faster 
estimated slip rate. This should be taken into account 
in the seismogenic hazard assessment in the area. 

FUTURE WORK

These results are not definitive. Additional trenching 
on the southwestern side of the fault will contribute to 
better constraints on the trend of the channels, and 
thus their projection towards the fault will be much 
more accurate and the uncertainty on the offset will 
be reduced. Further dating in course will also 
contribute to better constraints on the slip rate. 
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Figura 4: Trincheras 5, 10 y 13 en El Saltador. Leyenda adjunta. Ver posición en figuras 2 y 3
Figure 4. 5, 10 and 13 trenches in El Saltador site. Attached legend. Position in figures 2 and 3.
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