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Abstract
We present an overview of the knowledge of the structure and the seismic behavior of the Alhama de Murcia Fault (AMF). We 

utilize a fault traces map created from a LIDAR DEM combined with the geodynamic setting, the analysis of the morphology, the 
distribution of seismicity, the geological information from E 1:50000 geological maps and the available paleoseismic data to des-
cribe the recent activity of the AMF. We discuss the importance of uncertainties regarding the structure and kinematics of the AMF 
applied to the interpretation and spatial correlation of the paleoseismic data. In particular, we discuss the nature of the faults dipping 
to the SE (antithetic to the main faults of the AMF) in several segments that have been studied in the previous paleoseismic works. 
A special chapter is dedicated to the analysis of the tectonic source of the Lorca 2011 earthquake that took place in between two 
large segments of the fault. 

Keywords: Alhama de Murcia Fault, Betic Cordillera, active faults, slow-moving faults, strike-slip faults.

Resumen
En este estudio se presenta una revisión del conocimiento que hasta la actualidad se tiene de la estructura y comportamiento sis-

mogenético de la Falla de Alhama de Murcia (AMF). Se utiliza un nuevo mapa de la traza de la  AMF realizado a partir de un modelo 
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1. Introduction

The Alhama de Murcia Fault (AMF) (Bousquet et al., 
1979) is a strike-slip shear zone with reverse component 
that crosses the eastern Betic cordillera with a NE-SW 
direction (Fig. 1). The AMF accommodates ~ 0.1 – 0.6 
mm/yr of the approximately 5 mm/yr of convergence be-
tween Nubian and Eurasian plates (Masana et al., 2004) 
and is one of the largest faults of the Eastern Betics Shear 
Zone (Silva et al., 1993). Many of the largest damaging 
historical earthquakes occurred in the eastern Betic Cor-
dillera are related to this structure (Fig. 1). 

The most damaging earthquake occurred in Spain 
in the last 50 years took place next to the city of Lorca 
(11/05 2011, Mw 5.2). In spite of its moderate size this 
earthquake produced massive damage in this city. This 
earthquake has been related to the activity of the AMF 
(i. e. IGME, 2011; Vissers and Meijninger, 2011; Lopez-
Comino et al., 2012; Martínez-Díaz et al., 2012). In re-
cent years several studies have focused on the characteri-
zation of the paleoseismic activity and the determination 
of AMF seismic parameters: slip rate, recurrence inter-
val, maximum magnitude (Martínez-Díaz et al., 2001; 
Masana et al., 2004, 2005, Masana, 2010; Ortuño et al., 
2012). All of these parameters were obtained by the study 
of trenches excavated in sites that were appropriated to 
identify recent (preferably later Quaternary) surface rup-
tures. Until now, these studies have been restricted to two 
of the four segments that form the AMF. The correct in-
terpretation of these data and the correct extrapolation to 
the whole fault requires a good knowledge of the deep 
and shallow structure of the fault zone. But this also re-
quires improving our understanding of the relationships 
between the fault structure, the morphology, and the spa-
tial and temporal evolution of historical and instrumen-
��������	�
������������������������
������	����������������
knowledge of the structure of the AMF that may limit the 
interpretation of the paleoseismic data. The Lorca earth-
quake gave us some insights to improve this knowledge.

In this work we present a review of the origin, structure, 
Miocene evolution, Quaternary activity, morphotectonic 

implications and seismogenic behavior of the AMF. We 
present a new AMF fault trace map from a high resolu-
tion DEM, and we utilize the geomorphology, the spatial 
distribution of seismicity, the geological mapping and 
the available paleoseismic data to describe the detailed 
geometry of the AMF segments. We interpret the deep 
structure of the fault that is coherent with the surface ge-
������ ���� ��� ������� ���
���� ���� ������ ��� �	������ ����
knowledge of the seismogenic behavior of this fault. A 
special chapter is dedicated to the analysis of the tectonic 
source of the Lorca 2011 earthquake that took place in 
between two large segments of the fault. 

2. Geodynamic setting

The study area is located in the Internal Zones of the 
Betic Cordillera (Fig. 1), commonly referred to as the Al-
boran Domain (Balanya and García Dueñas, 1987). This 
area is composed of Paleozoic, Meso zoic and Paleogene 
rocks, which developed as a thrust stack during the Alpine 
Orogen (Egeler and Simon, 1969). The Alboran domain 
belongs to the formerly Alpine Orogene that was a con-
tinuous structure from northwest Africa, along the Betic 
Cordillera, and to Western Alps during Cretaceous - Neo-
gene. The thrusts bounding the major tectonic complexes 
����������������������������������!��������"������������
reactivated as low-angle normal faults under regional ex-
tensional tectonics (Aldaya et al., 1991; García-Dueñas 
et al., 1992; Galindo-Zaldívar et al., 1989; Jabaloy et al., 
1993). Martínez-Martínez and Azañon (1997) inferred 
two nearly orthogonal extension episodes from the Bur-
digalian to the Serravalian. The neotectonic period (the 
last 9 My) started after this extensional process, and a 

�	����������� ������� ����� ����� �� ��#$$%� �������-
ing direction became dominant. Deformation under this 
������� ����� &��	��� ����������� �����'�������� ���	��� ����
reverse) faults that have been active since Late Miocene. 
The Alhama de Murcia Fault is one of these faults. 

This NNW–SSE shortening direction is driven by plate 
tectonics (Fig. 2). The Nubia-Eurasia and Eurasia-North 
�	���
�� 	������� 
������� ������
������ �����+�� <� !��

digital del terreno de alta resolución a partir de datos LIDAR, combinado con el análisis del marco geodinámico, la geomorforlogía, 
la distribución espaciotemporal de la sismicidad, la información geológica de trabajos previos y los datos paleosísmicos existentes, 
para describir la actividad reciente de la AMF. Se discute la importancia de las incertidumbres que se mantienen en relación con 
la estructura y la cinemática de la AMF para la correcta interpretación y correlación espacio-temporal de los datos paleosísmicos 
�����������������������%�������
������������
���������������=���������&������
�����=�	������$%����������
���������>��
���
�������&������
principales de la AMF que bordean las sierras) en varios segmentos que han sido estudiados en análisis paleosismológicos previos.  
Se dedica un capítulo especial al análisis de la fuente geológica del terremoto de Lorca de 2011 que tuvo lugar en la zona de inter-
segmento que separa dos de los segmentos de mayor longitud de la AMF.

Palabras clave: Falla de Alhama de Murcia, Cordillera Bética, fallas activas, fallas lentas, fallas de desgarre.
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(Calais et al., 2003). These authors combined GPS ve-
locities from the Nubian, Eurasian, and North American 
������������<�?@�!�������������H������������������������
nine transform fault azimuths from the northern Atlantic 
������
��
����������H��������������
��������K����������
�
velocities suggest that the direction of Nubia-Eurasia 
convergence has rotated roughly 20º counter-clockwise 
in the last My along the Mediterranean collision zone, 
��H�
�����������
��������������	����������&��������������
pole during this period. Their model predicts that NU-EU 

convergence rates have decreased by roughly 25% in the 
eastern Mediterranean over the last 3 My, with a rela-
tive plate motion direction becoming more oblique. This 
change in the direction of the Nubia-Eurasia plate motion 
is consistent with the Pliocene to Quaternary counter-
clockwise rotation of the compression direction inferred 
for northern Algeria (Meghraoui et al., 1986). Changes 
��� ���� ����=������ ����������� ����
����� ���������� �������
the Neotectonic period in previous works along the AMF 
are consistent with this plate motion scenario (Martínez-
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Fig. 1.- Distribución regional de la sis-
micidad histórica e instrumental en la 
cordillera Bética. A: Se muestran los 
epicentros para el periodo 0-2010 con 
error de localización epicentral < 10 
km, datos procedentes del Instituto 
[����\�
����
�������$����	��
��
���
un cuadrado la Falla de Alhama de 
Murcia (AMF). B: Se muestra la sis-
micidad instrumental con intensidad 
EMS > VI. Nótese el alineamiento de 
epicentros a lo largo de la AMF. Se 
muestra también la división estructu-
ral de la cordillera Betico-Rifeña en el 
recuadro superior izquierdo.
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estable. El mapa de la derecha muestra un esquema de la estructura en el entorno de la falla de Alhama de Murcia.

Díaz, 2002).
The AMF is a left-lateral strike-slip fault since, at least, 

Upper Miocene (Tortonian) (Montenat et al., 1987). Be-
fore that time it was a normal fault that generated an el-
evated massif along the current Guadalentín depression. 
The relative sinking of the hanging wall favored the for-
mation of several Neogene basins: Lorca and Fortuna 
basins (Fig.2b) (Montenat et al., 1987; Silva, 1994; Mar-
tínez-Díaz, 1998). Since Tortonian the area undergoes 
a horizontal shortening direction (Shmax) of N 150°. 
A number of neotectonic studies describe an important 
reverse component in some sections of the fault (Silva, 
1994; Martínez-Díaz, 1998; Meijninger, 2006) consistent 
with the regional geodynamic setting. 

Recently, GPS velocity vectors from stations surround-
ing the southeastern Betic Cordillera (Fig. 2), as we dis-

cuss below, suggest a regional shortening direction nearly 
orthogonal to the AMF (e.g.: Koulali et al., 2011), which 
is consistent with the geological observations. The com-
plex neotectonic history of the AMF and its segmented 
structure must be taken into account to understand its 
present seismic potential.

3. Structure and evolution of the AMF

��������	

��	�����������	����

Since the 1970s papers dealing with the tectonic evolu-
tion and the structure of the Alhama de Murcia fault have 
������������
�	���+���������������	��������������������&�
�������������������������&��	�����!������!��
�����������
present (Fig. 3). 
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$�������������	��������&&����
���������������������������
been revealed by a number of authors at the AMF and 
on its surroundings. Bousquet and Phillip (1976b) identi-
�������������
��������=���������������������
������������
the AMF varying from NW – SE to NE – SW. Later, 
Armijo (1977), based in stress inversion analysis of the 
Lorca-Totana sector in post-Middle Miocene materials, 
interpreted extensional structures up to Messinian age 
followed by compressional structures with a NE–SW to 
NNE –SSW Shmax direction during the Late Pliocene 
(Fig. 2). Under this scenario, the AMF moved as a sin-
istral strike-slip fault. Finally, during the Quaternary, a 

�	����������� ������� ����� ����� ���$$%� ����=������

The Alhama de Murcia fault (AMF) bounds the Lorca 
and Alhama-Fortuna Neogene basins (Fig. 2). These ba-
sins formed during an extensional phase in the Middle to 
Late Miocene (e. g.: Montenat et al., 1990). During this 
time some segments of the AMF (at least the Lorca-To-
tana and the Alhama-Alcantarilla segments) behaved as 
normal faults driving the sinking of the basins (Martínez-
Díaz, 1998). At this time the Guadalentin valley was a 
positive relief. During the Upper Miocene the regional 
������� ����� 
������� ��� �� ��$%� ����������� ����
�����
���������� ����	������������ ��
����
�
�������������K����
change produced a tectonic inversion on the AMF (Mar-
tínez-Díaz, 1998). 
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the regional modeling of Jimenez-Munt and Negredo (2003). Focal mechanisms from the Instituto Andaluz de Geofísica (http://www.
�������������������"�������������������[����\�
����
�������������������?����������������������	����"�

Fig. 3.- Datos dinámicos y estructurales a lo largo de la falla de Alhama de Murcia extraídos de trabajos previos, combinados con vectores 
�������
�������[�$���	�
����	���&�
����������H�
���������������
����������������
����������
����������	\+�	����&���=������=������
compresivo obtenidas a partir de datos microtectónicos por Bousquet and Phillip (1976a, b) y Armijo (1977). Las fechas blancas indivi-
duales son los vectores de deslizamiento horizontal obtenidos por Rutter et al. (1986)  a partir del análisis de la roca de falla de la AMF.  
����H�
���� �������������������������?����������������� ������
�������������
�����[�$�	������+�	����� ����!^��+�����������	�������
regionales: 1: Calais  et al. (2003); 2: Serpelloni et al. (2007); 3: DeMets et al. (1994); 4: Jimenez-Munt et al. (2003) (est. Alicante); 5: 
Koulali et al.��|�??"���?�����
������������%������������������
������������������
���&��
�����������������H�
���@�����������
�����[�$�	\��
próxima a la AMF obtenida de la red GPS CUATENEO (Khazaradze et al.��|���"�����H�
����������
���������

��������	\+�	����&���=��
compresivo horizontal extraído del modelo regional de Jimenez-Munt y Negredo (2003). Los mecanismos focales proceden del Instituto 
[����\�
����
�������������������������������������"�����������������[����\�
����
�������������������?����������������������	����"�
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shortening was suggested to induce an increase in the re-
������
�	��������&�������������	�����?���"����������������
dual mode in the horizontal shortening direction by the 
analysis of macro and microstructures in the interior of 
the Lorca-Totana corridor. 

Other studies at AMF and nearby Neogene basins 
(Bousquet and Phillip, 1976a,b; Montenat et al., 1987, 
1990; Ott d’Estevou and Montenat, 1985) interpret-
��� ������������ ����� ���������� ����� ���� ���������� ��� ����
Shmax direction between NNW – SSE and NNE– SSW. 

These rotations were inferred to result in changes in the 
type of movement of major and minor faults. All of these 
studies were based on the correlation of data at local out-
crop scale and led to progressively more complicate in-
terpretations of the neotectonic development of the AMF, 
such as the proposal of deformational phases taking place 
since Upper Miocene. Martínez-Díaz (2002), however, 
suggests that the different kinematics of the Lorca – To-
tana sector of the AMF, within this period, could also be 
�+��������������	���&��������������������������
�������&��
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the NE, with a total length of 87 km. Gauyau et al. (1977) 
using gravimetric modeling traced the AMF in the base-
ment over 30 km from the Segura valley to the North-
east, reaching the Crevillente Fault. However, there are 
no structural or morphologic evidences of recent activ-
ity in that section of the fault. The AMF as a neotectonic 
structure is considered to end near Alcantarilla where its 
activity is transferred to the Carrascoy fault, located to 
the south parallel to the AMF (Martínez-Díaz, 2002; In-
sua-Arevalo et al., 2012). The southern end of the AMF 
������������� ����[����� &����� ������ ��������� |�?|"� ����
farther west the deformation is transferred to the Albox 
fault (Masana et al., 2005).

The width of the shear zone of the AMF varies along 
segments. The higher width is observed in the SW end 
(Goñar system) and in the Lorca-Totana section. The 
principal slip concentrates on a maximum of three 
branches, and in some sections (Puerto Lumbreras-Lor-
ca) and (Alhama-Alcantarilla) the slip is concentrated on 
a major fault.

Based on their geometry, fractal signature, and seismic-
ity, Silva et al. (1992a) proposed the subdivision of the 
fault into four segments: Huercal Overa-Lorca (NNE- 
SSW), Lorca-Alhama (NE-SW), Alhama-Alcantarilla 
(NNE-SSW), and from Alcantarilla to the north. Mar-
tínez-Díaz (1999) suggests a subdivision of the Lorca-
Alhama part into two segments and did not consider the 
fault to the north of Alcantarilla. In this work we present 
������������	�����������'���������������&��������������-
lution of the digital elevation model that permits a more 
detailed mapping of the fault trace (Fig. 4). Based on the 
geometry of the fault zone, the morphology, the seismic-
ity, and the relief of the hanging wall, we consider four 
structural segments from south to north: (1) Góñar-Lorca 
(GL) (28 km), with a horse tail termination, moderate 
concentration of epicenters and the evident relief of the 
Las Estancias Range, (2) Lorca-Totana  (LT) (23 km) 
where the fault is currently bounding the Neogene Lorca 
basin and controlling the growing of the La Tercia Range. 
The fault shows the maximum concentration of seismicity 
along this segment. The Lorca Mw 5.2 2011 earthquake 
occurred in the SW end of this segment (Martínez-Díaz 
et al., 2012), (3) Totana-Alhama de Murcia (TA) (5-11 
km), and (4) Alhama de Murcia-Alcantarilla (AA) (17-25 
km) which controlled the evolution of the Fortuna basin 
to the NW but shows low geomorphologic fault expres-
sion. At Totana and Alhama de Murcia the structure of 
the fault is not clear and some possible fault overlapping 
is observed. This is the reason of the variation in length 
proposed for TA and AA segments.

(1) dynamic interaction between nearby faults; (2) differ-
ent motion of blocks in the horizontal plane; (3) different 
����&�� ������ ��� ������������������ ��"����&�
��H�+���� �����
induces local extension; (5) constrained motion of fault 
bounded blocks; and (6) the ‘‘porpoising effect’’ (c.f.: 
Crowell and Sylvester, 1979) related to local changes 
in the fault direction can explain the occurrence of lo-

�����������������&���������������������
��������
����������
with a single and constant NNW – SSE maximum hori-
=������
�	���������������������������������
������������
Miocene. 

In the AMF horizontal shortening directions and slip 
vectors on the fault plane within the Neotectonic period 
published in previous works (black and white double ar-
rows and white single arrows on Fig. 3) are consistent 
with strike-slip and oblique-slip (reverse-sinistral) move-
ments. The reverse component is more evident in the sec-
tions of the fault oriented ENE-WSW than in the sections 
oriented NNE-SSW (Lorca-Totana segment and in the 
SW termination of the fault, Goñar area). Available focal 
	�
�����	��
����	������	������
���&�������������	���-
ment, specially the focal mechanism of the 11/05/2011 
Mw 5.2 Lorca earthquake (Fig. 3). This earthquake is 
clearly related with the reactivation of a patch of the 
AMF close to Lorca and the best focal solution gives a 
slip vector with a rake of 44º.

Recent new GPS velocities available in the western 
Mediterranean have led to a number of new kinematic 
	����������������<�����������	���&���������
������
�����
calculated in these regional models for the AMF region 
(arrows labeled 1 to 6) and a local velocity vector from 
the local GPS network CUATENEO (arrow labeled 7). 
Most of the GPS velocity orientations are consistent with 
a horizontal shortening that is oriented at 40° to 90° to 
the AMF (depending on the orientation of each segment). 
The orientation of the local velocity from Khazaradze 
et al. 2008 (oriented 40º to 60º to the fault) is the more 
consistent with the kinematic geological data and focal 
mechanisms. GPS velocity vectors from regional models 
(oriented 65º to 90º to the fault) are less consistent with 
the strike slip movement. The most compressive horizon-
tal principal stress direction from the regional modeling 
of Jimenez-Munt and Negredo (2003) (arrow 7 in Fig.3) 
agrees with a reverse movement of the AMF.

3.2. Structure of the AMF 

We used a 5 m resolution digital elevation model de-
rived from LIDAR data to map in detail the AMF (Fig. 
4). The trace of the AMF presents a clear surface expres-
sion from Urcal in the SW tip to the Segura river valley to 
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The direction of the main fault zone changes from N 50º 
at the SW end to N 38º at the GL segment, N60° at the LT 
���	�������������������������K������������	������K���
changes at GL-LT and LT-TA transitions match with the 
intersection of two secondary dip slip faults, Las Viñas 
fault (LVF) and Amarguillo fault (AF). Quaternary folds 
parallel to the fault occur in the segments of the AMF with 
higher angles with Shmax direction. 

Five geological cross sections were made using geo-
logical data from the 1:50.000 geological maps of the 
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Fig. 5: Map of the seismicity around the Alhama de Murcia Fault. Circles represent the instrumental seismicity for the period 0-2010.  Tri-
angles are the epicentres of historical seismicity with intensity > VI. Focal mechanisms of the principal seismic sequences are projected. 
K�������	�
������
�	���&��	�����������[�����&�
����
������������������������������=����[�����
�����!^������	�����!��
���^�����
CRF: Crevillente Fault, BSF: Bajo Segura Fault, CF: Carrascoy Fault, LTF: Los Tollos Fault, CNF: Cañaricos Fault, MF: Moreras Fault, 
PF: Palomares Fault, LVF: Las Viñas Fault, AF: Amarguillo Fault, ER: Espuña Range, LTR: La Tercia Range, CR: Carrascoy Range.

Fig. 5.- Mapa de la sismicidad del entorno de la falla de Alhama de Murcia. Los círculos representan la sismicidad instrumental para el 
periodo  0-2010.  Los triángulos representan los epicentros de la sismicidad histórica con intensidad > VI. También se proyectan los prin-
cipales mecanismos focales de las secuencias sísmicas más importantes. Los datos sísmicos proceden del Instituto Geografíco Nacional 
����������������������=����[�����
�����!^��&������������	�����!��
�����^��^����������������������}$^��&���������}����$��������^��&�����
de Carrascoy, LTF: falla de Los Tollos, CNF: falla de Cañaricos, MF: Falla de las Moreras, PF: Falla de Palomares, LVF: falla de Las 
Viñas, AF: falla de Amarguillo, ER: sierra de Espuña, LTR: sierra de La Tercia, CR: sierra de Carrascoy.

“Instituto Geológico y Minero” and from Martínez-Díaz 
(2002) (Fig. 4). The dip of the main faults of the AMF is 
fairly uniform along the segments, ranging from 60º to 
70º NW. The focal mechanisms of the recent Lorca 2011 
earthquake indicate a plane dipping 55º-60º, consistent 
with the geological observations. The reverse component 
of movement folds and raises several ranges: La Tercia, 
Espuña and Las Estancias. However, in the segments with 
the higher angle to Shmax direction (GL and LT) the AMF 
branches show several antithetic (dipping toward the de-
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that slipped during the Lorca 2011 earthquake.

Fig. 6.- Relieve del entorno de la falla de Alhama de Murcia fault. En sombreado amarillo claro se marca la extensión actual de los materiales de 
relleno de las cuencas sedimentarias neógenas de Lorca y  Fortuna. En amarillo más osculo se marcan las áreas donde los sedimentos mioce-
������
��=���	�����������������������������������������! �̂���������������	�����������
���������
��������������������\�
��������%����
�\������
junto a Lorca representa la proyección del plano de ruptura que deslizó durante el terremoto de Lorca de 2011.

pression) faults. These other faults raise blocks within the 
����������� ����� 
�������� ��
���� H������ ��������� 
��������
suitable areas for paleoseismic analysis. In fact, paleoseis-
mic excavations carried out so far in the area were done in 
these antithetic faults: the South AMF (SAMF) at the LT 
segment and Goñar faults at the end of the GL segment. 

A key issue to understand the structure of the fault sys-
tem is whether these antithetic faults are new and recently 
formed faults not connected at depth with the main fault 
of the AMF or, on the contrary, they are shallow structures 
that accommodate the movement of deeper NW dipping 
faults (Fig. 4). 

4. Seismotectonics: instrumental and historical 
seismicity

The historical seismic catalog contains references to 
more than ten EMS I>IV earthquakes spatially associated 
to the AMF, seven with intensity EMS VII (Lorca 1579, 
1818; Alhama 1855; Huercal Overa 1863; Lorquí 1930; 

Fortuna 1944; Murcia, 1743) and three of intensity EMS 
VIII: Lorca, 1674, Lorquí 1911(two mainshocks) (Fig. 5). 
Most of the seismicity is concentrated along the central 
part of the fault (mainly along the LT segment), and no 
historical seismicity has been recorded in the southern 
sector (Goñar-Lorca). In the Lorca-Totana segment the 
1579 (EMS I=VIII) and 1674 (EMS I=VIII) earthquakes 
have the epicenter in Lorca. The last one was compound 
by a series of at least three large earthquakes, two of them 
of EMS I=VII and the strongest one of I=VIII. 

The largest instrumental earthquake recorded close to 
the AMF is the 2011 Mw 5.2 Lorca earthquake that caused 
extensive damage in the city of Lorca (see below). The 
damage associated with this event was large but limited to 
this city. The wider extension of the damages associated 
with the intensity EMS VIII historical earthquakes points 
to magnitudes probably larger than 5.5 for these events.  

Before the 2011 Lorca earthquake only two instrumen-
tal seismic sequences of magnitude Mw~4.0 or greater 
occurred near the AMF producing minor damages: the 
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5. Quaternary activity

5.1. Morphology associated to the AMF 

The AMF limits the Guadalentín basin giving rise to 
the development of prominent mountain fronts along 
��������&&���������	����������������������������$���� et al. 
�?��|�"������������������$���� et al. (2003). The AMF 
produces three main mountain fronts, the Sierra de Las 
Estancias, the Lorca-Totana (La Tercia range) front and 
����^�������������&������^����@"��K������������	��������
fronts are developed in metamorphic Paleozoic rocks and 
in terrigenous and marly sediments of the Neogene Lorca 
basin. Only the Alcantarilla front is entirely developed in 
Neogene erodible materials (Silva et al., 2003).

Alluvial fan systems controlled by these fronts have 
been analyzed in previous works (e.g.: Harvey, 1990; Sil-
va et al., 1992b). Most of them are formed by proximally 
trenched fans, and dominated by active distal aggrada-
tion. In most of the cases, fan channels are disconnected 
from the base-level controlled axial drainage systems 
constituted by the Guadalentín River (Silva et al., 1993). 
These authors, after an extensive quantitative analysis us-
ing different geomorphic indexes (Smf and Vf) conclude 
that the mountain fronts of Las Estancias and Lorca-To-
tana ranges can be assigned to tectonic class 1 (Bull and 
McFadden, 1977) consistent with uplift rates of 0.04 to 
�����		�����K���&������&�����^�������}��������
���������

June 1977 Mb 4.2 and the August 2000 series with two 
mainshocks: the mb 3.7 (2nd August) and the mb 3.8 (23th 
August) earthquakes. These small earthquakes present 
focal mechanisms with reverse, normal and oblique slip 
kinematics (Herráiz and Mezcua, 1979; Martínez-Díaz 
et al., 2002; Stich et al., 2003) (Fig. 5). This kinematic 
variability and the location of epicentres and aftershocks 
have been interpreted as caused by the activation of sec-
ondary faults in the hanging wall (Martínez-Díaz et al., 
2002).

The distribution of the background seismicity is scat-
tered along the Lorca-Totana, Totana-Alhama and 
Alhama-Alcantarilla segments. However, there is a 
������
���� �����&� �
������� ��� ����[��������
�� ���	����
seismicity (Silva et al. 1997; Martínez-Díaz, 1998 and 
Masana et al., 2004). The gap is very clear from Góñar 
to the area where the August 2000 sequence took place, 
between Puerto Lumbreras and Lorca (Fig. 5). Several 
studies have shown that the fault rock at the principal 
displacement zone of the central and northern sector 
of the GL segment is mainly composed by a more than 
10 m thick clay rich “fault gouge” (Rutter et al., 1986; 
Rodríguez-Escudero et al. 2012). Similar fault rocks in 
some segments of large crustal strike slip faults as the 
San Andreas Fault and the Palomares Fault have been 
related to rheological behavior dominated by aseismic 
creep (Faulkner, 1997).
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Fig. 7.- Graph showing the recurrence of the pa-
�����������'��� ���������� ���� ������ ��� ���� ���-
vious analysis carried out on the paleoseismo-
����
���������������������������K��� ��	����
����
covers 300 Ka. Three options of interpretation of 
the recurrence are showed below. For a further 
discussion of data and local interpretations see 
Ortuño et al. (2012).

^���� ���� [�\��
�� 	��������� ��� ��
�����
��� ��� ���[�\�
�� 	��������� ��� ��
�����
��� ��� ��-
��������	����� �������
��������������������������
previos realizados en los puntos de análisis pa-
������	�
�� ���������� ��� ��� � ������ ��%�� ���������
temporal abarca 300 Ka. Tres opciones de inter-
pretación de la recurrencia  se muestran en la par-
te inferior. Para una discusión más amplia de los 
datos y las interpretaciones locales ver Ortuño et 
al. (2012).
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by these authors as class 2 with lower activity rate.
The topographic height of recent deposits in the hang-

ing wall of the AMF and the quantitative morphological 
analysis are consistent with the structure of the AMF and 
with the long term neotectonic activity of the fault. Fig-
ure 6 shows in dark yellow the areas of the hanging wall 
close to the fault where the late Miocene deposits reach 
at least 600 m of altitude. These areas are related with the 
sectors of higher topography near the fault trace. These 
higher areas are located in restraining bends of the fault.

The regional gradient of the topography with a gradual 
decrease of altitude to the east (Fig. 6) is also consistent 
with a decrease of fault activity. From Totana to the east 
the slip of the AMF is transferred to the Carrascoy fault 
system producing the uplift of the Carrascoy range. 

5.2. Paleoearthquake history

The paleoseismic history of the AMF is among the 
most studied of the Iberian Peninsula. Four paleoseis-
mological locations have been investigated along its 
central-southern trace and at the western continuation 
of the structure, the Albox fault. These sites are, from 
north to south (Fig. 4): 1) El Saltador (2 trenches) and 
El Colmenar (2 trenches) sites, along the SAMF 8-9 km 
northeast of Lorca (Martínez-Díaz et al., 2001; Masana et 
al., 2004); 2) Carraclaca site (natural outcrop), along the 
NAMF ~ 5 km northeast of Lorca (Silva et al., 1997); 3) 
Góñar site (6 trenches) at the southern termination of the 
AMF (Ortuño et al., 2012) and 4) El Ruchete (3 trenches) 
and Urcal (1 trench) sites, at the Albox fault eastern end 
(Masana et al., 2005). K�����?���������������		���=������
main results derived from the paleoseismological study 
of these sites. These studies have revealed the earthquake 
chronology of the last ~40 ky. The Góñar site has allowed 
studying a much longer record (last ~ 300 ky). With the 
exception of Carraclaca, in which only one historical 
earthquake (between 2nd c. BC and 6th c. AD) has been 
����������������������������	�����
�����������������	������
to recognize the occurrence of at least 2 events during 
the last 40-50 ky. The simultaneity of these events along 
the different fault traces has been discarded by Ortuño 
et al. (2012), who have considered that the seismogenic 
rupture of such a long segment would have resulted in 
fault displacements much larger than the observed ones 
(< 1.5 m). These authors, however, have considered as 
feasible the coseismic rupture of the fault traces from 
Góñar to El Colmenar-El Saltador based on the observed 
displacement and the paleoearthquakes chronologies. 
Such an event would imply surface ruptures of at least 
40 km (relatable with up to 7 Mw earthquakes) and could 
������

���������
�����������������'���������������	����-

riod between 16.7 and 26.9 ka, but probably immediately 
before 16.7 ka, and later on between 2.8 and 3.8 ka. The 
paleoseismic study of the AMF southern termination at 
Góñar, has shown that at least 6 events of Mw (6-7) have 
occurred in the last 174 – 274 ky. The time range of such 
�������
����������������&���������������������		���=���
������������

The different studies referred here suggest that the 
maximum value of the recurrence period for large Mw 
> 6.0 earthquakes on the AMF ranges between 13 and 24 
ky for the central segment and 15 and 29 ky for the fault 
southern termination.

In table 1 we compile the parameters of activity for 
each segment of the AMF that have been published in 
previous works. This table includes the parameters ob-
tained from paleoseismic analysis but also those obtained 
from long term neotectonic slip rates and from empirical 
laws relating fault length, maximum magnitude and slip 
rate (Wells and Coopersmith, 1994). Values of maximum 
earthquake magnitude and long-term slip rate estimates 
for the Plio-Quaternary using geological mapping data 
are also shown. Mw values obtained from the paleoseis-
micity are consistent with the theoretical Mw obtained 
from the segment sizes. However, values of vertical slip 
rate obtained from the paleoseismicity are lower than 
those obtained from long-term geological data. The dif-
�
����� ���'����������������� ������ ��
������� ��������=��-
����
�	��������&�	���	�����	�'�����&�
�������
�	�����
these different sets of data. More detailed paleoseismic 
studies with 3D analysis are required in order to discuss 
if these slip rate differences can be explained in terms of 
incompleteness the paloeoseismic record because of the 
distribution of deformation in several branches not yet 
studied or in terms of changes in the activity of the AMF 
during the Quaternary.

6. The Lorca 2011 earthquake: implications 
in the AMF seismic segmentation 

On May 11th 2011 an Mw 5.2 earthquake stroke the 
city of Lorca in south-eastern Spain. This earthquake oc-
curred 2 hours after a Mw 4.1 foreshock and caused 9 
fatalities, 300 injuries, serious damage on 1164 buildings 
and economic losses estimated at more than 1200 M€ 
(data from the Municipality of Lorca). The Lorca earth-
quake is especially interesting because it took place in 
the intersegment zone located between Goñar-Lorca and 
���
��K���������	������^�����"����������������
����
����
in the epicentral area 2 days after the earthquake con-
cluded that there was no surface rupture related to this 
earthquake (IGN, 2011). A detailed mapping of the recent 
structures on the epicentral area was carried out to un-
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derstand the kinematics of the structures in the interseg-
ment zone and to assess the potential source for the Lorca 
earthquake (Fig. 8). In this area the AMF undergoes a 
change of direction from N 55° to the northeast, to N 35° 
to the southwest. The structure of the fault has a branched 
geometry in this area due to the existence of contractional 

strike-slip duplex structures (Martínez-Díaz, 2002) and 
the interaction with the Las Viñas Fault to the north of 
Lorca. This interaction produces a contracting slice raised 
by the movement of the AMF that causes the uplift of the 
NE corner of the Las Estancias Range (Fig. 8).

Fig. 8.- Above: geological map of the epicentral area of the Lorca 2011 Mw 5.2 earthquake. The aftershocks (orange circles) and the main-Above: geological map of the epicentral area of the Lorca 2011 Mw 5.2 earthquake. The aftershocks (orange circles) and the main-
shock (large red circle) relocated by Lopez-Comino et al. (2012) are projected. The dashed square in the map is the projection of the rupture 
on the fault plane modeled by Martínez-Díaz et al. (2012) using RADAR interferometry. The block diagram shows the tectonic model 
proposed by these authors to explain the origin of the earthquake. A geological cross section transversal to the epicentral area shows the 
hypocentre and the fault section that slipped during the earthquake (red thick line).

Fig. 8.- Arriba se muestra el mapa geológico de la zona epicentral del terremoto de Lorca de 2011 Mw 5.2. Sobre él se proyectan las réplicas 
(círculos naranjas) y el evento principal (círculo rojo grande) relocalizados por Lopez-Comino et al. (2012). El recuadro sobre en el mapa 
representa la proyección sobre la horizontal de la ruptura sobre el plano de falla modelizado por Martínez-Díaz et al. (2012) utilizando in-
terferometría de RADAR INSAR. El bloque diagrama muestra un modelo tectónico propuesto por estos autores para explicar el origen del 
terremoto de Lorca. El corte geológico transversal a la falla a lo largo de la zona epicentral muestra el hipocentro del terremoto y la sección 
de la falla que deslizó durante el sismo (línea roja gruesa).
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�����! �̂����
��
��������������������	������
������&�����
fault, are needed to know if this region would act as a 
barrier only for small – moderate earthquakes (Mw < 7), 
but less frequent and larger earthquakes (Mw > 7) would 
be capable of propagating through the intersegment zone, 
rupturing both segments. This possibility is discussed by 
Ortuño et al. (2012) on the basis of the paleoseismic data 
available for the larger fault segments.

7. Discussion and conclusions: Seismic potential 
and seismic hazard

7.1. Implications of the structure of the AMF in the 
seismotectonic behavior

The AMF structure and its position relative to nearby 
active faults should be taken into account to understand 
the present seismotectonic activity. With regard to the lo-
cal dynamic setting, the interference of the AMF with the 
Palomares and Carrascoy faults could be playing an im-
��������������������
��������&�������
�����������������������
the activity of the AMF. The activity of the Palomares 
fault could be producing a local rotation of the Shmax 
that could enhance the strike slip movement on the AMF 

Focal mechanisms for the Lorca 2011 earthquake 
present a nodal plane sub parallel to the AMF, dipping 
to the north (Fig. 8). The aftershocks registered until the 
7th July where relocated with a dense seismic station net-
work by López-Comino et al. (2012). They are aligned 
parallel to the AMF and they are concentrated to the north 
of the intersegment zone, suggesting that the source of 
the earthquake is a fault parallel to the AMF dipping to 
the north as proposed in a preliminary study by Vissers 
and Meijninjer (2011). Martínez-Díaz et al. (2012) using 
InSAR measurements of the coseismic deformation to 
�������������������������'������
������	������
����	���
that this earthquake was produced by the rupture of an 
area of ~ 4 by 3 km within the complex structure that 
limits the Goñar-Lorca and Lorca-Totana segments of the 
AMF (Fig. 8).

The kinematic and seismotectonic characteristics of 
the Lorca 2011 earthquake and the low relief produced 
by the long term activity of the FAM in the intersegment 
region of Lorca are consistent with a deformation that is 
accommodated in a distributed mode by slip of several 
structures with different orientations (sources of small 
earthquakes, like Lorca and its aftershocks), prevent-
ing the building of relief. More paleoseismic data along 
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Fig. 9.- Main parameters of fault activity for each segment of the AMF (data collected from: Martínez-Díaz (1999); Masana et al. (2004); 
García-Mayordomo (2005) and Ortuño et al. (2012). The maximum expected magnitude has been calculated from empirical relationship of 
Wells and Coopersmith (1994) using surface rupture length and a width value of 12 km.

Fig. 9.- Principales parámetros de  actividad de la falla de Alhama de Murcia recopilados a partir de los estudios de: Martínez-Díaz (1999); 
Masana et al. (2004); García-Mayordomo (2005) y Ortuño et al. (2012). La máxima magnitud esperada ha sido calculada a partir de las 
relaciones empíricas de Wells and Coopersmith (1994) utilizando la longitud del segmento para una anchura de ruptura de 12 km.
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(Martínez-Díaz, 1999; 2002). To the east the activity of 
the Carrascoy Fault seems to absorb an important part of 
the NNW-SSE shortening. This could explain the lower 
slip rate in the Alhama-Alcantarilla segment.

The interpretation of the paleoseismic data obtained in 
the AMF is also conditioned by the fault structure. In the 
northern section of the GL segment and in the TA and 
AA segments, most of the deformation is concentrated 
in a single fault zone dipping NW (Fig. 4). However, no 
paleoseismic data are available in these sections to be 
compared with the segments dominated by two or more 
branches. Only two paleoseismic studies have focused 
on the AMF traces bounding the mountain fronts. These 
���'��������������&��	��������&&�
���������������������-
its overlapping the northern branch of the AMF at the LT 
segment (north-AMF; NAMF in Fig. 4) that provided 
~0.08 mm/y Quaternary vertical slip rates (Martínez-
Díaz and Hernández-Enrile, 2001; Silva et al. 2007). No 
paleoseismic excavations in these northern faults have 
been carried out so far. This is due to the high rate of ero-
sion, which prevents the preservation of recent deposits 
on the fault zone. Nevertheless, detailed analysis of the 
morphology suggests that these faults clearly affect the 
Pleistocene alluvial fans and recent, probably Holocene, 
H������
�����������������=���������������
���	���	������

In the fault branched segments at the GL and LT the 
younger deposits are affected by antithetic faults. These 
south-dipping faults are interpreted as faults that accom-
modate at shallow levels the uplift produced by a syn-
thetic branch of the AMF (the SAMF) that in some places 
(the Goñar site) has not yet reached the surface (Mar-
tínez-Díaz et al., 2012; Ortuño et al., 2012) (see cross 
sections 1 and 3 in Fig. 4). This uplift combined with the 
strike slip transpressive regime favors the formation of 
H�������'������
���������������
����������&���������&���-
ing of an elongated block within the depression.

According to this interpretation, the coseismic deforma-
tion observed in the antithetic faults should be considered 
as part of the activity of the AMF and should be added 
to the deformation of the northern branches limiting the 
mountain fronts. However, no geophysical data exist that 
allow us to deny the possibility that the antithetic faults 
are newly formed faults disconnected from the AMF at 
depth. In this line, Martínez-Díaz (1999) described that 
the activity of the southern branch of the AMF in the 
Lorca-Totana segment (SAMF in Fig. 4) may be young-
er than the activity in the northern branch. The SAMF 
controlled the position of the late Messinian coast and 
H������ 
�������� ����	�����&&�
������� ����	���	�����&�
this branch. An interesting working hypothesis is that the 
formation of these antithetic faults could be related to the 
regional geodynamics changes as the proposed counter-

clockwise rotation of the Nubia-Eurasia convergence in 
the last 3 My along the Mediterranean collision, accom-
panied by convergence rates decreased by roughly 25% 
(Calais et al. 2003). This change could have produced an 
increase of the reverse strain regime and the formation 
of new better oriented faults in the Lorca-Totana and the 
Goñar area. 

Finally, the geometry of the AMF suggests that second-
ary faults as Las Viñas and Amarguillo faults appear to 
control the segmentation of the AMF. Furthermore, their 
activity must be taken into account since they can induce 
�����
� ������� �����&���� ����� ��H���
�� ���� ���������� �&� ����
AMF.

7.2. Fault activity parameters and implications for 
seismic hazard

Values of maximum magnitude obtained from the Qua-
ternary paleoseismicity are consistent with the theoretical 
magnitudes obtained from the segment sizes using empir-
ical relationships (table 1). However, slip rates obtained 
from the paleoseismicity are lower than those obtained 
from long-term geological data. This difference could 
����+��������������"������
�	�������������
�������&�����
recent fault activity caused by the possible existence of 
�����	�
���&��	������ ����� �����&�
���� ������ ���������� ���
paleoseismic analysis. Some studies focusing on the rhe-
ology of the fault gouge of the AMF suggest that, at least 
in some sections of the fault, the slip may be dominated 
by aseismic creep driven by a clay rich “fault gouge” 
(Rutter et al., 1986; Rodríguez Escudero et al. (2012); (b) 
the sedimentary record of paleoearthquakes is probably 
incomplete, i.e, not all the paleoearthquakes produced by 
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activity parameters values, proposed for each source, are 
also shown. These values are the best constraints for the 
AMF behaviour that we have so far in order to be utilized 
in seismic hazard analysis. 

From the information provided by the structure of the 
AMF and the previous neotectonic and paleoseismic 
studies it is evident the need for new data to accomplish 
a better understanding of existing paleoseismic data and 
those obtained in the future. This underlines the necessity 
for: (a) geophysical surveys to determine the geometry at 
depth of the antithetic faults of the AMF and the distribu-
tion of deformation in the intersegment areas; (b) search-
ing for paleoseismic evidences on the faults of the AMF 
limiting the main mountain, with special attention to the 
recent slip rates that might provide the study of vertically 
and horizontally displaced channels; (c) rheological and 
microtectonic analysis of fault rocks along the AMF to 
identify possible aseismic slip mechanisms that are capa-
ble of generating structures that may be misinterpreted.
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