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Abstract The tectonic structure of the Guadalquivir foreland basin becomes complex eastward evolving
from a single depocenter to a compartmented basin. The deformation pattern within the eastern
Guadalquivir foreland basin has been characterized by combining seismic reflection profiles, boreholes, and
structural field data to output a 3-D model. High-dipping NNE-SSW to NE-SW trending normal and reverse
fault arrays deform the Variscan basement of the basin. These faults generally affect Tortonian sediments,
which show syntectonic features sealed by the latest Miocene units. Curved and S-shaped fault traces are
abundant and caused by the linkage of nearby fault segments during lateral fault propagation. Preexisting
faults were reactivated either as normal or reverse faults depending on their position within the foreland. At
Tortonian time, reverse faults deformed the basin forebulge, while normal faults predominated within the
backbulge. Along-strike variation of the Betic foreland basin geometry is supported by an increasing
mechanical coupling of the two plates (Alborán Domain and Variscan basement) toward the eastern part of the
cordillera. Thus, subduction would have progressed in the western Betics, while it would have failed in the
eastern one. There, the initially subducted Iberian paleomargin (Nevado-Filábride Complex) was incorporated
into the upper plate promoting the transmission of collision-related compressional stresses into the foreland
since the middle Miocene. Nowadays, compression is still active and produces low-magnitude earthquakes
likely linked to NNE-SSW to NE-SW preexiting faults reactivated with reverse oblique-slip kinematics.
Seismicity is mostly concentrated around fault tips that are frequently curved in overstepping zones.

1. Introduction

Foreland basins are developed in the front of orogens and record important information on their evolution.
During contractive deformation, the orogenic hinterland (upper plate) overrides the passive margin (lower
plate), which is commonly covered by sediments, involving them into an external fold-and-thrust wedge.
Crustal thickening and load associated with the overlapping upper plate generally produce a gentle dip of
the lower plate toward the orogen. Sediments are accumulated in the foreland, i.e., the region of the lower
plate located between the front of the fold-and-thrust belt and the basement [e.g., Dickinson, 1974; Miall,
1995; Watts, 2001]. Deformation pattern within the foreland is conditioned by large-scale processes also
related to orogenesis, such as convergence obliquity of the plate boundary [e.g., Burbidge and Braun, 1998;
McClay et al., 2004]; shape, rheology, and thickness of colliding plates [e.g., Bonini et al., 1999; Keep, 2000]; pre-
sence of subducted oceanic crust attached or detached from the lower continental plate [e.g., Gray and
Pysklywec, 2012; Magni et al., 2013]; and degree of coupling between colliding plates [e.g., Cotton and Koyi,
2000; Costa and Vendeville, 2002; Ziegler et al., 2002; De Franco et al., 2008]. Extensional and compressional
regimes can be coeval in adjacent places within the foreland. Their relative importance and distribution
are closely linked to the orogenic processes described above and contribute to individualize different depo-
zones in the foreland basin.

The Betic Cordillera was formed by subduction and collision between the African and Eurasian plate and a
minor continental element known as Alborán Domain [e.g., Faccenna et al., 2004]. The east to southeastward
subduction of oceanic and continental lithosphere attached to the southern Iberian paleomargin beneath
the Alborán Domain produced a fold-and-thrust belt in the northern branch of the Gibraltar Arc [e.g.,
Balanyá et al., 2007; Pedrera et al., 2011; Ruiz-Constán et al., 2011; Vergés and Fernàndez, 2012]. The
Guadalquivir foreland basin was formed over the southern portion of the Iberian massif toward the frontal
part of the Betic fold-and-thrust belt during Miocene times [e.g., Martínez del Olmo et al., 1984]. Although
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fold-and-thrust belt development largely decreased after late Miocene time, collision is still active. The aim of
this paper is to characterize the deformation pattern of the eastern part of the Guadalquivir foreland basin
and to discuss the large-scale orogenic processes involved. To do so, a 3-D geological model based on
seismic reflection profiles, boreholes, and field structural data was performed. Furthermore, present-day
seismicity affecting the region was analyzed and interpreted in the light of the underlined tectonic structures.

2. Geological Setting
2.1. Tectonic Setting

The Betic Cordillera, which is connected with the Rif across the Gibraltar tectonic arc, is the westernmost
termination of the peri-Mediterranean Alpine belt (Figure 1). Its formation was driven by the NW-SE to N-S
convergence between the Eurasian and African plates, which interacted in-between with the relative west-
ward displacement of a microplate, namely, the Alborán Domain [e.g., Sanz de Galdeano, 1990]. Mesozoic
oceanic crust and the contiguous thinned continental crust of the South Iberian and North Maghrebian
paleomargins were subducted beneath the Alborán continental lithosphere between late Oligocene and
middle Miocene [e.g., Lonergan and White, 1997, Faccenna et al., 2004]. Rollback of this east to SE dipping
subducted oceanic slab favored the collision of the Alborán Domain with both paleomargins [e.g.,
Faccenna et al., 2004, 2014, Pedrera et al., 2011; Ruiz-Constán et al., 2011], with frontal thrusting and extension
at the back occurring coevally [Platt et al., 2003; Vitale et al., 2014; Frasca et al., 2015]. This back-arc extension
caused the thinning of the lithosphere and the formation of the Alborán Basin with a well-defined arched
depocenter in its western part [e.g., Comas et al., 1999].

Several geological units with similar tectono-metamorphic evolutions and paleogeographic provenance
have been differentiated in the Betic-Rif Cordillera. The orogen hinterland mostly includes metamorphic
rocks of the Alborán Domain including two main units [Balanyá and García-Dueñas, 1987]. The structurally
highest unit is referred to as Maláguide Complex in the Betics and Ghomaride Complex in the Rif, consisting
of a Paleozoic basement affected by low-grade Variscan metamorphism and a Mesozoic to Cenozoic unme-
tamorphosed cover. The Alpujárride Complex in the Betics and the Sebtide Complex in the Rif are placed
immediately below, including a Paleozoic basement and a Mesozoic cover, which underwent Eocene-
Oligocene high pressure-low temperature (HP-LT) metamorphism [Platt et al., 2005]. The Paleozoic

Figure 1. Simplified geological map of the Betic Cordillera and Guadalquivir foreland basin. Contour lines beneath the Guadalquivir foreland basin (meters above sea
level) show the top of the basement from available deep boreholes and seismic lines [Instituto Geológico y Minero de España, 2010]. CF: Carboneras Fault, PF:
Palomares Fault, AMF: Alhama de Murcia Fault.
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basement of the Iberian margin subducted underneath the Alpujarride Complex at 15–17 Ma, thus showing
HP-LT metamorphic assemblages [Behr and Platt, 2012]. Such metamorphic unit was exhumed in the eastern
Betics giving way to the so-called Nevado-Filábride Complex. The older Nevado-Filabride pebbles in sedi-
mentary units point to a minimum exhumation age of around 12 Ma [Rodríguez-Fernández et al., 2012].
The Dorsal and Predorsal units, consisting of allochthonous nonmetamorphic to epimetamorphic Triassic
to Early Jurassic carbonate rocks, discontinuously crop out along the contact between the Alborán Domain
and the External Zones.

Allochthonous siliciclastic rocks, namely, the Flysch Units, are strongly deformed and emplaced onto the
External Zones of the Rif and the western Betics, being also sandwiched in the contact between the
Alborán Domain and the External Zones. These rocks were presumably deposited above oceanic crust from
Cretaceous to lower Miocene time, being subsequently accreted after the consumption of the oceanic litho-
sphere [Durand-Delga et al., 2000; Michard et al., 2005]. The External Zones contain Mesozoic to Cenozoic
rocks deposited over the South Iberian and Maghrebian margins [Balanyá and García-Dueñas, 1987]
(Figure 1). In the Betics, a transgressive shallow-marine limestone platform covered the South Iberian paleo-
margin during the Early Jurassic. Two subdomains were differentiated along this carbonate platform, from
north to south: the Prebetic and the Subbetic [e.g., García-Hernández et al., 1980; Vera and Martín-Algarra,
2004]. The Prebetic units are composed of continental deposits in transition to shallow platform, including
inner and slope facies, whereas the Subbetic ones were mainly subjected to deep basinal and pelagic sedi-
mentation [e.g., García-Hernández et al., 1980]. Overall, the cover of the South Iberian paleomargin was
deformed as a foreland-verging fold-and-thrust belt, overriding from late Oligocene to late Miocene time a
decollement level made up of Triassic mudstones and evaporites [e.g., Platt et al., 2003; Balanyá et al.,
2007; Pedrera et al., 2012b]. Two deformation styles are distinguished along the Prebetic units. The eastern
sector is deformed by box-like anticlines, contiguous broad synclines, and frequent oblique structures
involving diapirs [Pedrera et al., 2014]. In contrast, the western Prebetic sector is characterized by arcuate
foreland-verging thrusts that form the so-called Cazorla Arc. In the Rif, part of the Mesozoic cover was
deformed by foreland-verging thrusts and folds, being also detached from the basement. However, in other
sectors both cover and basement underwent subduction and middle pressure/low temperature
metamorphism [Negro et al., 2007]. Miocene foreland basins were developed toward the front of the Betic-
Rif fold-and-thrust belt: the Gharb-Saïss Basin, limited by the Moroccan Meseta to the south, and the
Guadalquivir Basin, limited by the Iberian Massif to the north (Figure 1). Basin subsidence was mostly due
to thrust loading in the External Zones as well as to an additional load contribution from a lithospheric source
[García-Castellanos et al., 2002].

2.2. The Guadalquivir Foreland Basin

The Guadalquivir foreland basin is a V-shaped basin open to the Atlantic Ocean, which extends 350 km along
an ENE-WSWdirection between the IberianMassif to the north and the Betic Cordillera to the south (Figure 1).
At early Miocene to late Serravallian times, the basin connected the Atlantic Ocean with the Mediterranean
Sea [Braga et al., 2010]. A frontal synorogenic mélange dominated the sedimentation adjacent to the active
boundary basin at that time [Roldán, 1995; Rodríguez-Fernández et al., 2012; Pedrera et al., 2013]. The outward
propagation of the fold-and-thrust wedge produced the closure of this marine gateway in the Cazorla Arc
during the earliest Tortonian [Martín et al., 2009; Braga et al., 2010]. Upper Miocene to upper Pliocene succes-
sions were deposited in a wide embayment open to the Atlantic Ocean, showing a general WSW prograda-
tional architecture [Roldán, 1995; Sierro et al., 1996; González-Delgado et al., 2004]. In the western and central
sectors, the boundary between the foreland basin and the Iberian Massif is controlled by a roughly rectilinear
ENE-WSW trending forebulge, namely, the Sierra Morena [e.g., García-Castellanos et al., 2002]. Eastward, the
northern basin boundary is segmented by NE-SW trending faults, favoring the formation of small subbasins.

Sedimentary rocks were unconformably deposited over the Variscan and pre-Variscan rocks of the Iberian
Massif or onto the Mesozoic units (Tabular Cover) that blanket this basement in the eastern sectors
(Figures 1 and 2); here the Tabular Cover is composed of Lower Triassic sandstone layers of
Buntsandstein facies at the base, overlaid by clays and evaporites that could be correlated with the
Keuper facies, and Lower Jurassic carbonates atop [Fernández and Dabrio, 1985] (Figure 2). In the studied
area, the sedimentary record ranges from the early Miocene to the latest Miocene and includes several
stratigraphic units separated by unconformities, which evolve to paraconformities and conformities
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toward the basin center (Figure 2). The oldest sediments are olistostromes of the synorogenic mélange that
crop out at the southern sector [Roldán, 1995]. Serravallian-lower Tortonian diatomitic marls unconformably
overlie the olistostromes [Bustillo and López García, 1997]. Conglomerates and sands sourced in the Iberian
foreland were deposited in a deltaic environment in the Bailén sector probably at early to middle Tortonian
times [Marín-Señán, 1988]. In the Castellar area, Tortonian bioclastic reef limestones and fan delta sediments
crop out along the northern basin boundary directly onto the Tabular Cover. The Tortonian sediments are
composed of calcarenite/calcirudite layers in transition to silts and marls toward the interior of the basin.
The marls unit thickens basinward and includes alternating bioclastic sandstones levels of upper
Tortonian age atop (Figure 2).

Figure 2. (a) Geological map of the eastern Guadalquivir area (see location in Figure 1) including new bedding data and faults. The position of the seismic
reflection profiles and borehole sites have been plotted. (b) Geological cross sections. (c) Detail of the fault and Miocene growth strata located in the
geological cross section A-A0.
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3. Methodology
3.1. The 3-D Geological Modeling

A 3-D geological model for the eastern part of the Guadalquivir foreland basin has been built considering
surface and subsurface geological data. The construction of the 3-D model was performed using the
GeoModeller software, which applies an implicit potential field approach to reproduce bedding and fault
surfaces [Calcagno et al., 2008; Guillen et al., 2008] and uses universal cokriging as interpolation algorithm
[Chilès et al., 2004]. This software enables management and analysis of geological contacts, orientation data,
borehole data, and imported depth-domain seismic horizons within a 3-D framework.

Field structural observations and geological mapping were conducted in order to improve the previous
1:50,000 geological maps [Castelló and Orviz, 1976; Orviz et al., 1976; Martínez del Olmo and Núñez, 1974;
Azcárate and Espejo, 1977; Azcárate et al., 1977; Fernández-Gianotti et al., 2001; Larrea et al., 2013]. Bedding
and fault orientation/dip data together with kinematic indicators along the fault surfaces were collected.
Geological contacts were directly mapped on a digital elevation model in a 3-D framework using the
GOCAD software. The intersection between stratigraphic contacts and the digital elevation model has
allowed us to obtain 188 additional planes with orientation/dip data.

The boundaries of the main lithostratigraphic units (Triassic, Jurassic, and Miocene) were recognized and
modeled by means of stratigraphic data derived from 195 wells, whose information is available from the
Instituto Geológico y Minero de España (IGME) database [http://info.igme.es/BDAguas/]. These boreholes
were drilled with hydrogeological purposes and reach an average and maximum depths of 450 and
800 m, respectively. They are mostly located in the northern half of the studied area (Figure 2).

The studied area is covered by seismic reflection lines, acquired in the 1980s by the companies Eniepsa,
Chevron, and Repsol. These lines were processed by the Compagnie Génèrale de Géophysique following a
standard processing sequence that comprises demultiplexing, gain recovery, summing, deconvolution,
and static and dynamic and normal moveout (NMO) corrections. Twenty-two seismic lines, with a total length
of 413 km, have been interpreted in our study. The time window is variable and ranges between 3 and 6 s
with a sample interval of 2 ms. The wavelet polarity is positive for all the lines. The seismic profiles come

Figure 3. Lithostratigraphic diagram correlated with the seismic facies and wells. Wells and seismic lines are located in
Figure 2.
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from scanned images available from the Hydrocarbon Spanish Database [http://info.igme.es/infogeof/].
Hardcopies of these seismic surveys were digitally converted to standard SEG-Y files using the IMAGE2SEG-Y
script [Farran, 2008]. SEG-Y files were later imported to Geographix software for interpreting seismic
horizons and faults and performing time-depth conversion.

Seismic stratigraphy analysis allows the determination of four seismic units placed over an acoustic basement
in almost all the seismic lines. From top to bottom, the seismic units have been referred as A to D. Unit A
comprises irregular and discontinuous subparallel reflectors with sometimes a chaotic pattern and
moderate- to low-amplitude/high-frequency reflectors (Figures 3 and 4). Unit B shows prominent subparallel
high-amplitude, low-frequency, and high-continuity reflectors that allow the straightforward delineation of
both top and bottom. This unit disappears westward as confirmed by the borehole records. Unit C encloses
low-amplitude reflectors alternating with moderate amplitude ones, the latter prevailing in the upper part of
the unit. At the top of unit C, parallel and continuous reflectors with high amplitude and low frequency

Figure 4. Interpreted seismic sections S-84-60, S-84-70, and S-84-64. Wells projected onto the seismic profiles in double
travel time according to interval velocity assumed. The orthogonal distance to the seismic profile is indicated in brackets.
Seismic profiles and wells are located in Figure 2.
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appear. Finally, unit D shows high-amplitude and low-frequency reflectors with high lateral continuity and
sometimes hummocky clinoforms.

In absence of velocity data, velocity analysis was performed by the correlation of the main seismic horizons
with the major lithostratigraphic boundaries recognized in the wells: the Miocene bottom, the Jurassic
bottom, and the Triassic bottom (Figure 3). The moderate- to low-amplitude reflectors of the seismic unit
A could be linked with Miocene alternating sandstones and marls. The high-amplitude reflectors of the unit
B delineate the top and bottom of Jurassic limestones (Figure 4). Unit C corresponds to the Upper Triassic
clays and evaporites, which are immediately placed above Triassic sandstone layers that produce high-
amplitude prominent reflectors corresponding to unit D. The Iberian Massif constitutes the acoustic base-
ment, featuring chaotic and disorganized seismic facies.

Unfortunately, there is not any velocity record in wells, so building a synthetic seismogram to tie wells and
seismic lines is not feasible. However, the seismic facies analysis has allow us to identify the main lithostrati-
graphic units. In addition, wells with lithologic record and located close to the seismic lines have enable us to
correlate the boundaries of the seismic sequences in time with the lithological units from wells in depth.
Therefore, time-depth paired data for the main lithostratigraphic boundaries and the average interval velo-
cities have been obtained (2250 m/s, 3190 m/s, and 1900 m/s for the Triassic, Jurassic, and Miocene units,
respectively). These interval velocities were used to convert the interpreted horizons from time to depth.

3.2. Seismicity Analysis

Low-magnitude seismic swarms occurring in the region during the last 6 years have been relocated using the
HypoDD code [Waldhauser and Ellsworth, 2000; Waldhauser, 2001]. This code is based on the so-called
double-difference earthquake location algorithm, which is an iterative method that correlates the residual
between observed and predicted phase differences for pairs of earthquakes recorded at common seismic
stations. This approach significantly improves the relative location among events but cannot be considered
as accurate when determining absolute positions [Waldhauser and Richards, 2004]. Absolute position of
hypocenters strongly depends on the reliability of the applied velocity model. It should be noted that
three-dimensional velocity variations versus one-dimensional velocity models, such as that used in this work,
cause biases when computing hypocenter locations. However, a precise relative location of earthquakes
allows seismicity alignments to be identified, thus providing valuable information about the geometry of
seismogenic faults [e.g., Durá Gómez and Talwani, 2009].

The characteristics of the relocated seismic series are showed in Table 1. All of them are shallow to very
shallow events (less than 12 km depth) with low to very low magnitudes (up to mbLg 4.4). In all of the cases,
the relocation was performed using the phase data and the one-dimensional crustal velocity model provided
by the IGN (Instituto Geográfico Nacional) [Carreño and Valero Zornoza, 2011]. Previous computations using
the one-dimensional model of the Instituto Andaluz de Geofísica gave approximately the same results
[Cantavella et al., 2013]. Initially, earthquakes with magnitude mbLg greater than 1.5 and recorded at least
by 10 seismographs were considered. Moreover, only the P phase and the differences between couples of
events were employed. These differences were obtained with at least 12 distinct values and distances

Table 1. Relocated Seismic Series and Their Main Characteristicsa

Swarm n nreloc Date Range Biggest Event Depth Range (km)b Reference

Arquillos 2010–2011 59 11 4/4/2010 to 10/2/2011 mbLg 3.2, III, 4/4/2010 3.0–11.6 Peláez et al. [2012]
Baeza 2011 71 39 7/5/2011 to 14/9/2013 mbLg 2.7, III, 14/10/2011 1.6–11.0 Peláez et al. [2012]
Canena 2012–2013 23 13 25/4/2012 to 2/5/2013 mbLg 2.3, 14/2/2013 2.9–5.6 This work
Torreperogil-Sabiote
2012–2013

> 2200 677 21/10/2012 to 26/2/2014 mbLg 3.9, V, 5/2/2013 0.1–6.1 García-Tortosa et al. [2013],
Hamdache et al. [2016],
Peláez et al. [2013, 2014a,

2014b], and Sánchez
Gómez et al. [2014]

Lupión-Begíjar 2014 ~ 90 46 17/8/2014 to 2/11/2014 mbLg 3.8, V, 14/9/2014 0.9–5.6 This work
S de Úbeda 2015 3 3 11–16/7/2015 mbLg 2.0, 11/7/2015 7.2–10.3 This work
S de Torreperogil 2015 19 9 20/6/2015 to 20/7/2015 mbLg 1.9, 1/7/2015 2.2–6.2 This work

an, number of events located by the Spanish IGN. nreloc, number of relocated events.
bFor relocated events.
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between couples of events and stations lower than 200 km. This criterion was used in order to reduce the
relocation errors as much as possible. As an example, relative distance mean errors below 100 m were
obtained for earthquakes with magnitude greater than mbLg 3.0 and between 100 and 200 m, on average,
for events with magnitude ranging betweenmbLg 2.0 and 3.0. In certain cases, such as the previously quoted
Torreperogil-Sabiote 2012–2013 seismic sequence, epicenter distribution broadly defines alignments [Peláez
et al., 2013; Sánchez Gómez et al., 2014; Rueda et al., 2015; Morales et al., 2015; Serrano et al., 2015; Hamdache
et al., 2016].

4. Tectonic Structure

High-angle dipping faults deform the eastern part of the Guadalquivir foreland basin basement, propagating
upward into the Tabular Cover and the Neogene sediments (Figures 2, 4, and 6). Their geometry and
kinematics were constrained by fieldwork along the northern sector, where the Tertiary sedimentary cover
discontinuously crops out. In the inner foreland basin the faults are covered by the younger sediment.
Fault features were determined through the interpretation of seismic profiles and borehole data. Two spatial
domains are distinguished regarding the fault regime during the late Miocene: an extensional domain in the
outer zone and a compressional one located in the inner sector (Figure 2).

4.1. Extensional Domain

Basement rooted normal faults deform the foreland basin in an ~ 40 km wide band that extends between
Linares and Baeza (Figure 2). These faults roughly trend NE-SW to NNE-SSW and develop grabens and half-
grabens that have compartmentalized the foreland basin since the Tortonian. Faults are commonly com-
posed of several linked segments. In the interaction zone, fault tips commonly curve toward N-S or E-W
strikes, depending on the arrangement of the interacting segments. The largest faults (Cerro del Moro and
Baños Faults) [Marín-Señán, 1988] bound to the NW the so-called Bailén Basin, which consists of a half-graben
filled with Tortonian sediments connected to the main Guadalquivir Basin to the SW. Wedge-shaped lower
Tortonian sedimentary units, which thickens toward the bounding faults, reveal their synorogenic nature.
These faults strike NE-SW and dip between 65° and 85° to the SE. The Baños Fault is 38 km long (fault A in
Figure 2), being composed of four linked segments. The maximum fault offset is estimated at around
290 m. The Cerro del Moro Fault (fault B in Figure 2) is formed by three linked segments with a total length
of 20 km and a maximum offset of 180 m [Marín-Señán, 1988]. The entire fault trace has a basinward concave
geometry, and its trend changes from N28°E to N55°E.

Seismic profiles and borehole data reveal the continuity of the normal faults beneath the sediments of the
Guadalquivir Basin. Five additional faults (C to G) with average N50°E trend have been recognized generally
showing sigmoidal shapes and dipping around 80°. Fault lengths are comprised between 5 and 15 km, with
maximum offsets between 30 and 220 m. Most of these faults crosscut up to the lower part of the Miocene
sequence, and some of them show a monocline over the fault tip line.

4.2. Compressional Domain

The compressional domain is an ~ 15 km wide band that trends NE-SW between Baeza and Villacarrillo
(Figure 2). It is deformed by reverse to oblique basement faults that trend NE-SW to ENE-WSW, being gener-
ally formed by two or three segments with an overall sigmoidal geometry. Major faults crop out between
Castellar and Navas de San Juan (faults N, O, and P in Figure 2) in the northern part of the compressive
domain. These faults cut the Paleozoic basement and develop a monocline toward the tip lines, which affects
the Tabular Cover and the upper Tortonian rocks (Figures 2c, 5b, 5c, and 6). The three fault segments (N, O,
and P) show a high-angle dip toward the NW, a reverse to reverse/right-lateral slip, and are probably linked
(Figure 2). Late Tortonian growth strata recorded the initiation of folding, as evidenced by progressively tilted
beds, thickness variation within the sedimentary units, and synorogenic unconformities [Pedrera et al., 2014].

Six reverse faults (H to L) were identified in the compressional domain beneath the sediments of the
Guadalquivir Basin. Fault traces are S shaped or concave toward the downthrown block and trend N30°E
to N60°E. The fault tips are located at different stratigraphic levels within the deformed sequence. Fault
lengths are comprised between 4 and 15 km. Fault K, hereinafter referred to as the Úbeda Fault, is the most
prominent one considering its length (15 km) and maximum offset (60–70 m). The fault trace is concave to
the footwall, trends N60°E to N30°E, and extends from the Torreperogil-Sabiote sector southwestward. The
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Úbeda Fault cuts the basement, the Mesozoic rocks, and the lower part of the Tertiary series, reaching the
maximum offset at the central and western sectors. Eastward, it develops a smooth monocline (~20°)
within the Mesozoic units. Late Tortonian strata exhibit onlap relationships with the underlying Jurassic layers
(Figure 4). In addition, upper Tortonian layers recorded the initiation of folding, as evidenced by progressively
tilted beds, thickness variation within the sedimentary units, and synorogenic unconformities (Figure 2c).
Fault L produces a NE-SW bend in the Mesozoic cover, which is interpreted as a smooth monocline. The
interaction zone between K and L faults occurs near Torreperogil.

5. Seismicity

Low magnitude disperse earthquakes aside; seismicity appears organized in shallow depth, low-magnitude
swarms. Seismic sequences have been designated by using the name of the nearest town and the occurrence
year (Figure 7).

The Arquillos 2010–2011 seismic series hosted 59 earthquakes, being the largest one a mbLg 3.2 event.
Relocated events define a NNE-SSW alignment. The Baeza 2011 seismic series includes 71 events, being
the largest one a mbLg 3.2 earthquake. Relocated events collapse into a well-defined N-S to NNE-SSW
alignment. From the Akaike information criterion [Akaike, 1974], both sequences could be considered inde-
pendent series despite their proximity in time and space. The Canena 2012–2013 sequence with 23 earth-
quakes of up to mbLg 2.3 magnitude appears as a continuation, and probably a reactivation, of the
Arquillos 2010–2011 sequence. When plotting these two series jointly, the epicenters define a clear 10 km
long NNE-SSW alignment along 10 km. It hosted 23 earthquakes, the biggest one with magnitude mbLg 2.3.

The Torreperogil-Sabiote 2012–2013 seismic series is by far the most important and the most studied in the
region [e.g., Pedrera et al., 2013;Morales et al., 2015; Hamdache et al., 2016]. More than 2200 earthquakes were
located by the IGN, being 677 of them relocated for this work. The largest event had magnitude mbLg 3.9

Figure 5. (a) Slickenside of the Baños normal Fault in the extensional domain. (b) Field example of reverse faults in the compressional domain affecting Jurassic and
Triassic rocks of the IberianMassif Tabular Cover. (c) Field example in the compressional domain of progressive tilting of upper Tortonian growth strata in the footwall
syncline.
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(M3.7). From a temporal point of view, it is possible to distinguish three clearly defined phases based on the
cumulative seismic moment tensor (Figure 8). The maximummagnitudes recorded in each phase were mbLg
2.1, 3.7, and 3.9, with a released energy in each one of them equivalent to a single event with magnitude
mbLg 2.9, 4.2, and 4.2, respectively.

The Lupión-Begíjar 2014 sequence, including near 90 earthquakes, is located around 10 km to the west of
the Baeza 2011 seismic series. The largest recorded event had magnitude mbLg 3.8. It was possible to relo-
cate 46 events, which define a cluster elongated in the N-S direction, in agreement with one of the nodal
planes of the moment tensor solution for the largest event. Finally, in 2015, a seismic swarm including 19

Figure 6. Contour line maps from 3D geological model revealing the geometry of the eastern Guadalquivir Basin (meters
above sea level). (a) Bottom of the Miocene unit. (b) Top of the basement.
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earthquakes occurs south of Torreperogil. The biggest earthquake had magnitude mbLg 1.9. Despite its
proximity, it is not possible to infer a reliable relationship among this sequence and the previous
Torreperogil-Sabiote 2012–2013 series.

6. Discussion
6.1. Along-Strike Deformation Style Variation in the Guadalquivir Foreland Basin

The geometry of the Guadalquivir foreland basin becomes more complex toward its eastern termination. It
evolves from a single ENE-WSW depocenter (foredeep) limited to the north by a parallel forebulge to a more
compartmented basin eastward (Figure 2). Highly dipping NE-SW trending normal and reverse fault arrays
generate local depocenters, in the downthrown blocks (Figure 6). The foredeep is filled with a 600 m thick
sedimentary sequence in the eastern Guadalquivir Basin. Maximum thickness occurs toward the southern
sector, close to the fold-and-thrust wedge front and along a roughly ENE-WSW axis between Cazorla and
Jódar. The compressional domain is characterized by a relatively uplifted zone that could be assigned to
the forebulge (Figure 2). Thus, the western central Guadalquivir Basin forebulge evolves from a N75°E linear
and well-exposed continuous feature between Huelva and Andújar to a N50°E trending compressional area
partially covered by sediments. The extensional domain constitutes an asymmetric backbulge zone between
the forebulge and the basement, which accumulated up to 300 m of sediments.

6.2. Geodynamic Processes Controlling the Geometry of the Guadalquivir Foreland Basin

We propose that the mechanical coupling between the Alborán and the Iberian colliding margins seems to
highly control lateral changes in the geometry of the foreland basin. East to SE directed subduction of

Figure 7. (a) Distribution of recent seismicity and main faults. (b) Computed focal mechanisms. Lithological color patterns are similar with softer colors as in Figure 2.
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Figure 8. Torreperogil-Sabiote 2012–2013 seismic sequence. (a) Seismicity temporal evolution (earthquakes/day) and
cumulative seismic moment. The largest earthquakes occurred at the beginning of each stage (1, 2, and 3). (b) Hypocenter
map for the three stages recognized, including only relocated events.
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oceanic crust beneath the former Alborán continental plate produced subsidence at the front of the orogenic
wedge after the early Miocene. The consumption of the oceanic lithosphere was resolved by the subduction
of the continental South Iberian paleomargin beneath the Alborán Domain in the western Betics (Figure 9).
Low-strength Triassic units, largely made up of clays, mudstones, silts, and evaporites, acted as a décollement
separating the Betic wedge and the Iberian continental crust and facilitating continental subduction [Pedrera
et al., 2012b]. Thus, the Iberian continental lithosphere is at present subducted down to depths of around
120 km [Morales et al., 1999; Ruiz-Constán et al., 2011], while the external fold-and-thrust wedge is largely
composed of Triassic low-strength material accreted during early and middle Miocene time [Pedrera et al.,
2012b]. The load of the overriding Betic orogenic wedge and the pulldown of the subducted oceanic
lithospheric slab contributed to the subsidence and formation of the frontal foreland basin. In the western
central part of the Guadalquivir Basin, the forebulge coincides with the Sierra Morena, a relief made up of
Paleozoic basement rocks and subjected to erosion. This part of the forebulge was mostly caused by the
flexure of the underlying lithosphere [García-Castellanos et al., 2002]. Lithospheric scale folding related to
the partial mechanical coupling of the Alborán-Eurasian plates together with the NW-SE compression
could also have provided additional uplift [Cloetingh et al., 2002; García-Castellanos et al., 2002].

Mechanical coupling was probably higher in the eastern Betics (Figure 9). The Nevado-Filábride Complex,
originally located at the distal Iberian continental margin [Behr and Platt, 2012], underwent subduction and
HP-LT metamorphism at 17–15 Ma. A major west directed extensional detachment crosscut the upper part
of this tectonometamorphic pile decisively contributing to its exhumation [e.g., Jabaloy et al., 1993]. In addi-
tion, it was subsequently exhumed and reached the topographic surface at ~12 Ma. Therefore, an important
piece of the Iberianmargin became part of the upper Alborán plate, hindering the ongoing subduction of the
Iberian margin and promoting the transmission of collision-related compressional stresses into the foreland
since middle Miocene time. In the overriding Alborán plate, mechanical coupling caused the formation of
crustal-scale open folds, NNE-SSW to NE-SW left-lateral fault mostly deforming the easternmost Betic
Cordillera, and high-dipping NW-SE normal faults restricted to the uppermost crust and broadly distributed
[e.g., Pedrera et al., 2007, 2010, 2012a]. Compressional stresses were also transmitted into the eastern part of
the lower plate inducing the formation of reverse faults and related monoclines along the forebulge of the

Figure 9. Cartoons showing the evolution of the western and eastern Guadalquivir foreland basin. See text for further explanations.
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Guadalquivir Basin. It is important to note that thin-skinned tectonics along the frontal part of the Prebetic
fold-and-thrust belt was partly coeval with the reverse/left lateral basement faults of the compressional
domain. Both processes promoted the uplift and final closure of the Atlantic-Mediterranean seaway at
earliest Tortonian time [Braga et al., 2010].

We propose that subvertical faults, probably linked to Mesozoic rifting, were reactivated as normal faults in
the extensional domain and as reverse faults in the compressional one. Faults commonly present dip angles
of ~60° (normal faults) and ~30° (reverse faults) [Anderson, 1951]. The reactivation of previous subvertical
discontinuities is a possible mechanism for the formation of highly dipping normal and reverse faults.
Sliding on previously developed joints is a common process in nature [Wilkins et al., 2001; Peacock, 2001]
and could explain the unusual high dip of fault surfaces and the presence of oblique-slip regimes (Figure 7b).
Highmechanical coupling between the colliding plates facilitated the transmission of compressional stresses,
leading reverse faulting, folding, and relative uplift across the forebulge. Toward the north, within the
backbulge, the flexure of the Iberian margin was accommodated by extension and normal faulting
(Figures 2, 5a, and 11).

6.3. Present-Day Fault Reactivation

Preexisting faults have lower cohesive strength and friction coefficient than the surrounding intact rocks,
thus being able to slip and release energy under a given stress field [Etheridge, 1986; Sibson, 1985; Scholz,
1998]. The low-magnitude earthquakes occurring in the eastern Guadalquivir Basin are likely linked to small
ruptures along preexisting faults that broke the Iberian Massif basement beneath the sedimentary cover. The
tectonic map shows a set composed of NNE-SSW to NE-SW trending fault segments with lengths between 4
and 38 km. Small ruptures along these planes show left lateral to reverse regimes under the present-day
regional NW-SE compression, with associated orthogonal extension [e.g., Pedrera et al., 2014]. Bearing in mind
the limitations to determine absolute position of earthquake focuses after the relocation process, Figure 7
reveals that earthquake sequences are generally located close to fault terminations. The Arquillos
2010–2011 and Canena 2012–2013 seismic sequences define a broad NNE-SSW lineation that coincides

Figure 10. Hypocenter maps at the beginning of stage 2, (a) from 15 December 2012 to 17 December 2012, and stage 3, (b) from 4 February 2013 to 6 February 2013,
showing a broadly NE-SW trending distribution. Only relocated events are included.
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with the northward termination of fault C. The Lupión-Begíjar 2014 sequence took place near the southward
termination of faults C and D. The earthquakes occurring South of Úbeda in 2015 match the trace of fault K.
Although the Baeza 2011 sequence draws a NNE-SSW swarm that coincides with the trend of the nearest
faults F, G, and K, the epicenters do not match with any known fault because there is a gap in subsurface
data coverage.

The features of the fault or faults responsible for the Torreperogil-Sabiote 2012–2013 sequence are still
discussed because they do not crop out, and the earthquake clusters do not define clear alignments. Since
the obtained focal mechanisms give strike-slip solutions with N-S left-lateral and E-W right-lateral nodal
planes and the seismicity is broadly elongated in a N-S direction, most authors have proposed that the earth-
quakes occurred along N-S trending faults [e.g., Roldán et al., 2013; Morales et al., 2015; Rueda et al., 2015;
Serrano et al., 2015]. However, our data suggest that no prominent N-S trending faults deform the basement
throughout the studied sector in the light of the surface and subsurface data presented here. Analysis of
hypocenters for various time intervals shows that earthquakes define a NE-SW trending vertical narrow zone
with a lateral length of ~2000 m between 4 and 6 February 2013, which coincides with the northeastern ter-
mination of the Úbeda Fault (fault K) (Figure 10 and supporting information). A broader zone matches the
southwestern termination of fault M between 15 and 17 December 2012. Both periods coincide with the
occurrence of the maximum magnitude earthquakes, maximum number of earthquakes, and maximum
energy releases. Accordingly, we interpret that the climax of the seismic sequence was linked to small
ruptures along the segment where K and M faults overstep. The other spaced events might reflect activity
of small crack ruptures over a broad damaged zone surrounding the main faults (Figure 10). K and M fault
segments trend NNE-SSW to NE-SW and, under the present-day stress field, are likely reactivated as reverse
oblique-slip faults [e.g., Stich et al., 2010]. The apparent inconsistency between the strike of the nodal planes
of the focal mechanisms and the NNW-SSE fault trend could be a consequence of fault curvature toward the
tip zone.

7. Conclusion

The deformation pattern within the eastern Guadalquivir foreland basin has been characterized by
combining seismic reflection profiles together with borehole and structural field data to build a 3-D geologi-
cal model. High-dip NNE-SSW to NE-SW trending normal and reverse fault arrays deform the basement and
control the geometry and subsidence in the basin. Faults generally affect Tortonian sediments, which record
syntectonic features, and are covered by the uppermost Miocene units. Thus, faults are well exposed only

Figure 11. Tectonic evolutionary model proposed for the development of the compressional and extensional domains in
the eastern Guadalquivir Basin, both characterized by NE-SW to ENE-WSW high-dipping faults.
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along the northern sector, where sediments are discontinuous or completely absent. Along-strike deflections
of fault traces are frequent and caused by the linking of nearby fault segments during lateral fault propaga-
tion. We suggest that high-angle dipping preexisting faults were reactivated at Late Miocene time either as
normal or reverse faults depending on their position within the foreland (Figure 11). Extensional and com-
pressional regimes coexisted in neighboring places, reverse faults governing the basin forebulge, and normal
faults predominating within the backbulge. Forebulge compression is explained by mechanical coupling
during the collision between the overriding Alborán Domain and the lower Eurasian plate, which favored
the transmission of compressional stresses and backbulge extension by the flexure of the lower plate to
the north. The along-strike variation of the foreland basin geometry, evolving from a single depocenter to
a compartmented basin, was probably caused by a higher mechanical coupling of the plates in the eastern
part of the Betic Cordillera. The low-magnitude earthquakes occurring in the eastern part of the
Guadalquivir Basin are likely linked to small ruptures along these NNE-SSW to NE-SW faults, which are reacti-
vated under the present-day stress field. Seismicity is mostly concentrated around fault tips, which are
frequently curved in overstepping zones.

References
Akaike, H. (1974), A new look at the statistical model identification, IEEE T, Automat. Contr., 19, 716–723, doi:10.1109/TAC.1974.1100705.
Anderson, E. M. (1951), The Dynamics of Faulting and Dyke Formation With Applications to Britain, 206 pp., Oliver and Boyd, Edinburgh.
Azcárate, J. E., and J. A. Espejo (1977), Spanish Geological Map, Escale 1:50.000, 2nd serie (MAGNA). Sheet 906: Úbeda, Instituto Geológico y

Minero de España, Madrid.
Azcárate, J. E., J. M. Esnaola, and M. Maldonado (1977), Spanish Geological Map, Escale 1:50.000, 2nd serie (MAGNA). Sheet 905: Linares, Instituto

Geológico y Minero de España, Madrid.
Balanyá, J. C., and V. García-Dueñas (1987), Les directions structurales dans le Domaine d’Alborán de part et d’autre du Détroit de Gibraltar,

C. R. Aca. Sci. de Paris, 304, 929–932.
Balanyá, J. C., A. Crespo-Blanc, M. Díaz-Aspiroz, I. Exposito, and M. Luján (2007), Structural trend line pattern and strain partitioning around

the Gibraltar arc accretionary wedge: Insights as to the mode of orogenic arc building, Tectonics, 26, TC2005, doi:10.1029/2005TC001932.
Behr, W. M., and J. P. Platt (2012), Kinematic and thermal evolution during two-stage exhumation of a Mediterranean subduction complex,

Tectonics, 31, TC4025, doi:10.1029/2012TC003121.
Bonini, M., D. Sokoutis, C. J. Talbot, M. Boccaletti, and A. G. Milnes (1999), Indenter growth in analogue models of Alpine-type deformation,

Tectonics, 18(1), 119–128, doi:10.1029/1998TC900008.
Braga, J. C., J. M. Martín, J. Aguirre, C. D. Baird, I. Grunnaleite, N. B. Jensen, A. Puga-Bernabéu, G. Saelen, and M. R. Talbot (2010),

Middle-Miocene (Serravallian) temperate carbonates in a seaway connecting the Atlantic Ocean and the Mediterranean Sea (North Betic
Strait, S Spain), Sediment. Geol., 225, 19–33, doi:10.1016/j.sedgeo.2010.01.003.

Burbidge, D. R., and J. Braun (1998), Analogue models of obliquely convergent continental plate boundaries, J. Geophys. Res., 103,
15,221–15,237, doi:10.1029/98JB00751.

Bustillo, M. A., and M. J. López García (1997), Age, distribution and composition of Miocene diatom bearing sediments in the Guadalquivir
Basin, Spain, Geobios, 30(3), 335–350, doi:10.1016/S0016-6995(97)80193-3.

Calcagno, P., J. P. Chilès, G. Courrioux, and A. Guillen (2008), Geological modelling from field data and geological knowledge. Part I. Modelling
method coupling 3-D potential field interpolation and geological rules, Phys. Earth Planet. In., 171, 147–157, doi:10.1016/
j.pepi.2008.06.013.

Cantavella, J. V., J. Morales, and J. M. Martínez-Solares (2013), La serie sísmica de la comarca de la Loma (Jaén). Antecedentes, distribución
temporal, localización y mecanismo focal. Informe del Grupo de Trabajo Interinstitucional sobre la Actividad Sísmica en la Comarca de La
Loma (Jaén). Ministerio de Fomento. 25–38.

Carreño, E., and J. F. Valero Zornoza (2011), Seismicity of the Iberian Peninsula in the instrumental period 1985-2011 [in Spanish], Enseñanza
de las Ciencias de la Tierra, 19, 289–295.

Castelló, R., and F. Orviz (1976), Spanish Geological Map, Scale 1:50.000, 2nd serie (MAGNA). Sheet 984: La Carolina, Instituto Geológico y Minero
de España, Madrid.

Chilès, J.-P., C. Aug, A. Guillen, and T. Lees (2004), Modelling of geometry of geological units and its uncertainty in 3-D from structural data:
The potential-field method, in Orebody Modelling and Strategic Mine Planning, Uncertainty and Risk Management Models, Spectrum Ser. 14.
Aust. Inst. of Min. and Metal., Melbourne, Victoria, Australia, 329–336.

Cloetingh, S., E. Burov, B. Andeweg, F. Beekmann, P. A. M. Andriessen, D. Garcia-Castellanos, G. de Vicente, and R. Vegas (2002), Lithospheric
folding in Iberia, Tectonics, 21(5), 1041–1067, doi:10.1029/2001TC901031.

Comas, M.C., J.P. Platt, J.I. Soto and, A.B. Watts (1999), The origin and tectonic history of the Alboran Basin: Insights from ODP Leg 161 results,
edited by R. Zahn, M. C. Comas, and A. Klaus, Proc. ODP Scientific Results, 161, 555–580, doi:10.2973/odp.proc.sr.161.262.199.

Costa, E., and B. C. Vendeville (2002), Experimental insights on the geometry and kinematics of fold-and-thrust belts above weak, viscous
evaporitic décollement, J. Struct. Geol., 24(11), 1729–1739, doi:10.1016/S0191-8141(01)00169-9.

Cotton, J. T., and H. A. Koyi (2000), Modeling of thrust fronts above ductile and frictional detachments: Application to structures in the Salt
Range and Potwar Plateau, Pakistan, Geol. Soc. Am. Bull., 112(3), 351–363, doi:10.1130/0016-7606.

De Franco, R., R. Govers, and R. Wortel (2008), Dynamics of continental collision: Influence of the plate contact, Geophys. J. Int., 174(3),
1101–1120, doi:10.1111/j.1365-246X.2008.03857.x.

Dickinson, W. R. (1974), Subduction and oil migration, Geology, 2, 519–1540.
Durá Gómez, I., and P. Talwani (2009), Finding faults in the Charleston Area, South Carolina: 1. Seismological Data, Seismol. Res. Lett., 80,

883–900, doi:10.1785/gssrl.80.5.883.
Durand-Delga, M., P. Rossi, P. Olivier, and D. Puglisi (2000), Situation structurale et nature ophiolitique des roches basiques jurassiques

associées aux flyschs maghrébins du Rif (Maroc) et de Sicile (Italie), C. R. Acad. Sci., Ser. II, 331, 29–38, doi:10.1016/S1251-8050(00)01378-1.
Etheridge, M. A. (1986), On the reactivation of extensional fault systems, Philos. T. Roy. Soc. B, 317(1539), 179–194, doi:10.1098/rsta.1986.0031.

Tectonics 10.1002/2017TC004556

MARÍN-LECHADO ET AL. GEODYNAMICS AT THE GUADALQUIVIR BASIN 1087

Acknowledgments
The research efforts in this report are
part of a cooperative agreement
between the Guadalquivir River Basin
Authority (CHG) and the Geological
Survey of Spain (IGME). This work also
benefited from the funding of the
project “Tectonic map of the Iberian
Peninsula and the surrounding
cordilleras”, the project CGL2015-71692-P
and the project CGL2016-80687-R of the
Agencia Estatal de Investigación (AEI)
and European Fund for Economic and
Regional Development (FEDER), and the
research groups RNM148 and P09-RNM-
5388 of the Junta de Andalucía. The
seismicity database was obtained from
IGN (http://www.ign.es/web/ign/portal/
sis-catalogo-terremotos). The geological
maps, borehole data, and seismic pro-
files are accessible from IGME website
(http://info.igme.es/catalogo/default.
aspx). We are especially grateful for the
fruitful discussions and geological
observations provided by José Manuel
Marín Señán. Amaya López Pérez
revised and improved the English style.

https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1029/2005TC001932
https://doi.org/10.1029/2012TC003121
https://doi.org/10.1029/1998TC900008
https://doi.org/10.1016/j.sedgeo.2010.01.003
https://doi.org/10.1029/98JB00751
https://doi.org/10.1016/S0016-6995(97)80193-3
https://doi.org/10.1016/j.pepi.2008.06.013
https://doi.org/10.1016/j.pepi.2008.06.013
https://doi.org/10.1029/2001TC901031
https://doi.org/10.2973/odp.proc.sr.161.262.199
https://doi.org/10.1016/S0191-8141(01)00169-9
https://doi.org/10.1130/0016-7606
https://doi.org/10.1111/j.1365-246X.2008.03857.x
https://doi.org/10.1785/gssrl.80.5.883
https://doi.org/10.1016/S1251-8050(00)01378-1
https://doi.org/10.1098/rsta.1986.0031
http://www.ign.es/web/ign/portal/sis-catalogo-terremotos
http://www.ign.es/web/ign/portal/sis-catalogo-terremotos
http://info.igme.es/catalogo/default.aspx
http://info.igme.es/catalogo/default.aspx


Faccenna, C., C. Piromallo, A. Crespo-Blanc, and L. Jolivet (2004), Lateral slab deformation and the origin of the western Mediterranean arcs,
Tectonics, 23, TC1012, doi:10.1029/2002TC001488.

Faccenna, C., et al. (2014), Mantle dynamics in the Mediterranean, Rev. Geophys., 52, 283–332, doi:10.1002/2013RG000444.
Farran, M. (2008), IMAGE2SEGY: Una aplicación informática para la conversión de imágenes de perfiles sísmicos a ficheros en formato SEG Y,

Geo-Temas, 10, 1215–1218.
Fernández, J., and C. Dabrio (1985), Fluvial architecture of the Buntsandstein-facies redbeds in the Middle to Upper Triassic (Ladinian-Norian)

of the southeastern edge of the Iberian Meseta (Southern Spain), in Aspects of Fluvial Sedimentation in the Lower Triassic Buntsandstein of
Europe, Lecture Notes in Earth Sciences, vol. 4, edited by D. Mader, pp. 411–435, Springer, Berlin, doi:10.1007/BFb0010529.

Fernández-Gianotti, J., M. I. Benito, B. Núñez-Lago, T. Torres, P. Cabra, F. Leyva, J. Matas, and F. Roldán (2001) Spanish Geological Map, Scale
1:50.000, 2nd serie (MAGNA). Sheet n° 886: Beas de Segura, Instituto Geológico y Minero de España, Madrid.

Frasca, G., F. Gueydan, and J.-P. Brun (2015), Structural record of Lower Miocene westward motion of the Alboran Domain in the Western
Betics, Spain, Tectonophysics, 657, 1–20, doi:10.1016/j.tecto.2015.05.017.

García-Castellanos, D., M. Fernández, and M. Torne (2002), Modelling the evolution of the Guadalquivir foreland basin southern Spain,
Tectonics, 21(3), 1018, doi:10.1029/2001TC001339.

García-Hernández, M., A. C. López Garrido, P. Rivas, C. Sanz de Galdeano, and J. A. Vera (1980), Mesozoic paleogeographic evolution the
External Zones of the Betic Cordillera, Geol. Mijnbouw, 59, 155–168.

García-Tortosa, F. J., J. A. Peláez, M. Sánchez-Gómez, F. Pérez-Valera, and C. Sanz de Galdeano (2013), Zonas de falla en la región epicentral de
la serie sísmica de Torreperogil-Sabiote (2012-2013), VIII Reunión de Cuaternario Ibérico, La Rinconada – Sevilla, 181-185.

González-Delgado, J. A., J. Civis, C. J. Dabrio, J. L. Goy, S. Ledesma, J. Pais, F. J. Sierro, and C. Zazo (2004), in Cuenca del Guadalquivir, edited by J.
A. Vera, pp. 543–550, Geología de España, Soc. Geol. Esp. and IGME, Madrid.

Gray, R., and R. N. Pysklywec (2012), Geodynamic models of mature continental collision: Evolution of an orogen from lithospheric
subduction to continental retreat/delamination, J. Geophys. Res., 117, B03408, doi:10.1029/2011JB008692.

Guillen, A., P. Calcagno, G. Courrioux, A. Joly, and P. Ledru (2008), Geological modeling from field data and geological knowledge. Part II.
Modelling validation using gravity and magnetic data inversion, Phys. Earth Planet. In., 171, 158–169, doi:10.1016/j.pepi.2008.06.014.

Hamdache, M., J. A. Peláez, J. Henares, Y. Damerdji, and R. Sawires (2016), Analysis of the 2012–2013 Torreperogil-Sabiote seismic swarm,
Phys Chem Earth, 95, 10–112, doi:10.1016/j.pce.2016.01.003.

Instituto Geológico y Minero de España (2010), Primera fase del plan de almacenamiento geologico de CO2 del IGME (proyecto algeco2).
2010. Volumen IV �1- Cadenas Béticas y Cuenca del Guadalquivir. Internal Report, Madrid (Spain).

Jabaloy, A., J. Galindo-Zaldívar, and F. González-Lodeiro (1993), The Alpujárride-Nevado-Fibábride extensional shear zone, Betic cordillera, SE
Spain, J. Struct. Geol., 15(3–5), 555–569, doi:10.1016/0191-8141(93)90148-4.

Keep, M. (2000), Models of lithospheric-scale deformation during plate collision: Effects of indentor shape and lithospheric thickness,
Tectonophysics, 326(3–4), 203–216, doi:10.1016/S0040-1951(00)00123-2.

Larrea, F. J., J. I. Santisteban, L. A. Cueto, C. Quesada, F. J. Fernández-Ruíz, and A. Martín-Serrano (2013), Spanish Geological Map, Scale
1:50.000, 2nd serie (MAGNA). Sheet 904: Andújar, Instituto Geológico y Minero de España, Madrid.

Lonergan, L., and N. White (1997), Origin of the Betic- Rif mountain belt, Tectonics, 16, 504–522, doi:10.1029/96TC03937.
Magni, V., C. Faccenna, J. Van Hunen, and F. Funiciello (2013), Delamination vs. break-off: The fate of continental collision, Geophys. Res. Lett.,

40, 285–289, doi:10.1002/grl.50090.
Marín-Señán, J. M. (1988), Sedimentación detrítica en el borde norte de la depresión del Guadalquivir (sector de Villanueva de la Reina, prov.

de Jaén), II Congreso Geológico de España, 1, 123–126.
Martín, J. M., J. C. Braga, J. Aguirre, and Á. Puga-Bernabéu (2009), History and evolution of the North-Betic Strait (Prebetic Zone, Betic

Cordillera): A narrow, early Tortonian, tidal-dominated, Atlantic–Mediterranean marine passage, Sed. Geol., 216, 80–90, doi:10.1016/
j.sedgeo.2009.01.005.

Martínez del Olmo, W., and A. Núñez (1974), Spanish Geological Map, Scale 1:50.000, 2nd serie (MAGNA). Sheet 907: Villacarrillo, Instituto
Geológico y Minero de España, Madrid.

Martínez del Olmo, W., J. García-Mallo, J. Leret, A. Serrano, and J. Suarez-Alba (1984), Modelo tectosedimentario del Bajo Guadalquivir,
I Congr. Español de Geología. Segovia, Spain, 1, 199–213.

McClay, K. R., P. S. Whitehouse, T. Dooley, and A. Richards (2004), 3D evolution of fold and thrust belts formed by oblique convergence,Mar.
Pet. Geol., 21(7), 857–877, doi:10.1016/j.marpetgeo.2004.03.009.

Miall, A. D. (1995), Collision-related foreland basins, in Tectonics of Sedimentary Basins, edited by C. J. Busby and R. V. Ingersoll, pp. 393–424,
UK Blackwell Science, Oxford.

Michard, A., D. Frizon de Lamotte, and A. Chalouan (2005), Comment on “the ultimate arc: Differential displacements, oroclinal bending, and
vertical axis rotation in the external Betic-Rif arc” by J. P. Platt et al., Tectonics, 24, TC1005, doi:10.1029/2003TC001603.

Morales, J., I. Serrano, A. Jabaloy, J. Galindo-Zaldívar, D. Zhao, F. Torcal, F. Vidal, and F. Gonzalez-Lodeiro (1999), Active continental subduction
beneath the Betic Cordillera and Alboran Sea, Geology, 27, 735–738, doi:10.1130/0091-7613(1999)027<0735:ACSBTB>2.3.CO;2.

Morales, J., J. M. Azañón, D. Stich, F. J. Roldán, J. V. Pérez Peña, R. Martín, J. V. Cantavella, J. B. Martín, F. Mancilla, and A. González-Ramón
(2015), The 2012-2013 earthquake swarm in the eastern Guadalquivir basin (South Spain): A case of heterogeneous faulting due to
oroclinal bending, Gondwana Res., 28(4), 1566–1578, doi:10.1016/j.gr.2014.10.017.

Negro, F., P. Agard, B. Goffé, andO. Saddiqi (2007), Tectonic andmetamorphic evolutionof the Temsamaneunits, External Rif (northernMorocco).
Implications for the evolution of the Rif and the Betic-Rifean arc, J. Geol. Soc. London, 164(4), 829–842, doi:10.1144/0016-76492006-112.

Orviz, F., R. Castelló, and W. Martínez del Olmo (1976), Spanish Geological Map, Scale 1:50.000, 2nd serie (MAGNA). Sheet 885: Santisteban del
Puerto, Instituto Geológico y Minero de España, Madrid.

Peacock, D. C. P. (2001), The temporal relationship between joints and faults, J. Struct Geol., 23, 329–341, doi:10.1016/S0191-8141(00)
00099-7.

Pedrera, A., J. Galindo-Zaldívar, C. Sanz de Galdeano, and A. C. López-Garrido (2007), Fold and fault interactions during the development of
an elongated narrow basin: The Almanzora Neogene-Quaternary Corridor (SE Betic Cordillera, Spain), Tectonics, 26, TC6002, doi:10.1029/
2007TC002138.

Pedrera, A., et al. (2010), Crustal-scale transcurrent fault development in a weak-layered crust from an integrated geophysical research:
Carboneras Fault Zone, eastern Betic Cordillera, Spain, Geochem. Geophys. Geosyst., 11, Q12005, doi:10.1029/2010GC003274.

Pedrera, A., et al. (2011), Is there an active subduction beneath the Gibraltar orogenic arc? Constraints from Pliocene to present-day stress
field, J. Geodyn., 52(2), 83–96, doi:10.1016/j.jog.2010.12.003.

Pedrera, A., J. Galindo-Zaldívar, C. Marín-Lechado, F. J. García-Tortosa, P. Ruano, A. C. López-Garrido, J. M. Azañón, J. A. Peláez, and F. Giaconia
(2012a), Recent and active faults and folds in the central-eastern Internal Zones of the Betic, J. Iberian Geol., 38, 191–208.

Tectonics 10.1002/2017TC004556

MARÍN-LECHADO ET AL. GEODYNAMICS AT THE GUADALQUIVIR BASIN 1088

https://doi.org/10.1029/2002TC001488
https://doi.org/10.1002/2013RG000444
https://doi.org/10.1007/BFb0010529
https://doi.org/10.1016/j.tecto.2015.05.017
https://doi.org/10.1029/2001TC001339
https://doi.org/10.1029/2011JB008692
https://doi.org/10.1016/j.pepi.2008.06.014
https://doi.org/10.1016/j.pce.2016.01.003
https://doi.org/10.1016/0191-8141(93)90148-4
https://doi.org/10.1016/S0040-1951(00)00123-2
https://doi.org/10.1029/96TC03937
https://doi.org/10.1002/grl.50090
https://doi.org/10.1016/j.sedgeo.2009.01.005
https://doi.org/10.1016/j.sedgeo.2009.01.005
https://doi.org/10.1016/j.marpetgeo.2004.03.009
https://doi.org/10.1029/2003TC001603
https://doi.org/10.1130/0091-7613(1999)027%3c0735:ACSBTB%3e2.3.CO;2
https://doi.org/10.1130/0091-7613(1999)027%3c0735:ACSBTB%3e2.3.CO;2
https://doi.org/10.1130/0091-7613(1999)027%3c0735:ACSBTB%3e2.3.CO;2
https://doi.org/10.1016/j.gr.2014.10.017
https://doi.org/10.1144/0016-76492006-112
https://doi.org/10.1016/S0191-8141(00)00099-7
https://doi.org/10.1016/S0191-8141(00)00099-7
https://doi.org/10.1029/2007TC002138
https://doi.org/10.1029/2007TC002138
https://doi.org/10.1029/2010GC003274
https://doi.org/10.1016/j.jog.2010.12.003


Pedrera, A., C. Marín-Lechado, S. Martos-Rosillo, and F. J. Roldán (2012b), Curved fold-and thrust accretion during the extrusion of a
synorogenic viscous allochthonous sheet: The Estepa Range (External Zones, Western Betic Cordillera, Spain), Tectonics, 31, TC4024,
doi:10.1029/2012TC003130.

Pedrera, A., A. Ruiz-Constán, C. Marín-Lechado, J. Galindo-Zaldívar, A. González, and J. A. Peláez (2013), Seismic transpressive basement faults
and monocline development in a foreland basin (Eastern Guadalquivir, SE Spain), Tectonics, 32, 1571–1586, doi:10.1002/2013TC003397.

Pedrera, A., C. Marín-Lechado, J. Galindo-Zaldívar, and J. L. García-Lobón (2014), Control of preexisting faults and near-surface diapirs on
geometry and kinematics of fold-and-thrust belts (Internal Prebetic, Eastern Betic Cordillera), J. Geodyn., 77, 135–148, doi:10.1016/
j.jog.2013.09.007.

Peláez, J. A., M. Hamdache, F. Pérez Valera, J. Henares, M. Sánchez Gómez, and. C. López (2012), Study of the Arquillos, April 2010 - July 2011?,
and Baeza, May - December 2011?, seismic swarms, in the central part of the province of Jaén. 7th Portuguese-Spanish Assembly of
Geodesy and Geophysics. 23–28 June, 2012. San Sebastián, Spain.

Peláez, J. A., F. J. García Tortosa, M. Sánchez Gómez, C. Sanz de Galdeano, F. Pérez Valera, and J. Henares (2013), The Torreperogil-Sabiote
(Jaén) seismic sequence (in Spanish), Enseñanza de las Ciencias de la Tierra, 21, 336–338.

Peláez, J. A., F. J. García Tortosa, M. Sánchez Gómez, F. Pérez Valera, C. Sanz de Galdeano, J. Henares, and M. Hamdache (2014a), The
Torreperogil-Sabiote (Jaén, eastern Guadalquivir basin) seismic series. Characteristics and field data. 8th Portuguese-Spanish Assembly of
Geodesy and Geophysics. 29–31 January, 2014. Évora, Portugal.

Peláez, J. A., F. J. García Tortosa, M. Sánchez Gómez, F. Pérez Valera, C. Sanz de Galdeano, J. Henares, M. Hamdache, and R. Sawires (2014b),
The 2012-2013 Torreperogil (Eastern Guadalquivir basin, Spain) seismic series—A tectonic seismic swarm of low magnitude earthquakes
in a low seismic hazard área. Second European Conference on Earthquake Engineering and Seismology. 25–29 August, 2014. Istambul,
Turkey.

Platt, J. P., S. Allerton, A. Kirker, A. Mandeville, C. Mayfield, E. S. Platzman, and A. Rimi (2003), The ultimate arc: Differential displacement,
oroclinal bending, and vertical axis rotation in the External Betic-Rif arc, Tectonics, 22(3), 1017, doi:10.1029/2001TC001321.

Platt, J. P., S. P. Kelley, A. Carter, and M. Orozco (2005), Timing of tectonic events in the Alpujarride Complex, Betic Cordillera, southern Spain,
J. Geol. Soc. London, 162, 451–462.

Rodríguez-Fernández, J., A. Azor, and J. Miguel Azañón (2012), The Betic intramontane basins (SE Spain): Stratigraphy, subsidence, and
tectonic history, in Tectonics of Sedimentary Basins: Recent Advances, edited by C. Busby and A. Azor, pp. 461–479, John Wiley, Chichester,
U. K., doi:10.1002/9781444347166.ch23.

Roldán, F. J. (1995), Evolución neógena de la Cuenca del Guadalquivir PhD thesis, Univ. of Granada, Spain.
Roldán, F. J., J. M. Azañón, J. Rodríguez-Fernández, and R. M. Mateos (2013), Transtensive blind faults in the Guadalquivir Basin: The origin of

the October 2012–January 2013 Torreperogil earthquake swarm (in Spanish), Geogaceta, 54, 83–86.
Rueda, J., J. Mezcua, R. M. García Blanco, A. Núñez, andM. Fernández de Villalta (2015), Seismic scenario including site-effect determination in

Torreperogil and Sabiote, Jaén (Spain), after the 2013 earthquake sequence, Nat. Hazards, 79(2), 675–697, doi:10.1007/s11069-015-1868-6.
Ruiz-Constán, A., J. Galindo-Zaldívar, A. Pedrera, B. Célérier, and C. Marín-Lechado (2011), Stress distribution at the transition from

subduction to continental collision (northwestern and central Betic Cordillera), Geochem. Geophys. Geosyst., 12, Q12002, doi:10.1029/
2011GC003824.

Sánchez Gómez, M., J. A. Peláez, F. J. García Tortosa, F. Pérez Valera, and C. Sanz de Galdeano (2014), The Torreperogil seismic series (Jaén,
Spain, Eastern Guadalquivir basin): Evidences of tectonic deformation at the epicentral area (in Spanish), Revista de la Sociedad Geológica
de España, 27, 301–318.

Sanz de Galdeano, C. (1990), Geologic evolution of the Betic Cordilleras in the western Mediterranean Miocene to present, Tectonophysics,
172, 107–119, doi:10.1016/0040-1951(90)90062-D.

Scholz, C. H. (1998), Earthquakes and friction laws, Nature, 391, 37–42, doi:10.1038/34097.
Serrano, I., F. Torcal, and J. B. Benito Martín (2015), High resolution seismic imaging of an active fault in the eastern Guadalquivir Basin (Betic

Cordillera, Southern Spain), Tectonophysics, 660(7), 79–91, doi:10.1016/j.tecto.2015.08.020.
Sibson, R. H. (1985), A note on fault reactivation, J. Struct. Geol., 7(6), 751–754, doi:10.1016/0191-8141(85)90150-6.
Sierro, F. J., J. A. González-Delgado, C. J. Dabrio, J. A. Flores, and J. Civis (1996), Late Neogene depositional sequences in the foreland basin of

Guadalquivir (SW Spain), in Tertiary Basins of Spain: The Stratigraphic Record of Crustal Kinematics, edited by P. Friend and C. J. Dabrio,
pp. 339–345, Cambridge Univ. Press, New York.

Stich, D., R. Martín, and J. Morales (2010), Moment tensor inversion for Iberia-Maghreb earthquakes 2005-2008, Tectonophysics, 483(3–4),
390–398, doi:10.1016/j.tecto.2009.11.006.

Vera, J., and A. Martín-Algarra (2004), Cordilleras Béticas y Baleares Divisiones mayores y nomenclatura, in Sociedad Geológica de
España-Instituto Geológico y Minero de España, edited by A. Vera, pp. 348–350, Geología de España, Madrid.

Vergés, J., and M. Fernàndez (2012), Tethys–Atlantic interaction along the Iberia–Africa plate boundary: The Betic–Rif orogenic system,
Tectonophysics, 579, 144–172, doi:10.1016/j.tecto.2012.08.032.

Vitale, S., M. N. Zaghloul, F. D. A. Tramparulo, and B. El Ouaragli (2014), Deformation characterization of a regional thrust zone in the northern
Rif (Chefchaouen, Morocco), J. Geodyn., 77, 22–38, doi:10.1016/j.jog.2013.09.006.

Waldhauser, F. (2001), HypoDD: A computer program to compute double-difference earthquake locations. USGS Open File Rep. 01–113.
Waldhauser, F., and P. G. Richards (2004), Reference events for regional seismic phases at IMS stations in China, B. Seismol. Soc. Am., 94,

2265–2279.
Waldhauser, F., and W. F. Ellsworth (2000), A double-difference earthquake location algorithm: Method and application to the northern

Hayward fault, B. Seismol. Soc. Am., 90, 1353–1368.
Watts, A. B. (2001), Isostacy and Flexure of the Lithosphere, 478 pp., Cambridge Univ. Press, Cambridge, U. K.
Wilkins, S. J., M. R. Gross, M. Wacker, Y. Eyal, and T. Engelder (2001), Faulted joints: Kinematics, displacement-length scaling relations and

criteria for their identification, J. Struc Geol, 23, 315–327, doi:10.1016/S0191-8141(00)00098-5.
Ziegler, P. A., G. Bertotti, and S. Cloetingh (2002), Dynamic processes controlling foreland development—The role ofmechanical (de)coupling

of orogenic wedges and forelands, Stephan Mueller Spec. Publ. Ser., 1, 17–56, doi:10.5194/smsps-1-17-2002.

Tectonics 10.1002/2017TC004556

MARÍN-LECHADO ET AL. GEODYNAMICS AT THE GUADALQUIVIR BASIN 1089

https://doi.org/10.1029/2012TC003130
https://doi.org/10.1002/2013TC003397
https://doi.org/10.1016/j.jog.2013.09.007
https://doi.org/10.1016/j.jog.2013.09.007
https://doi.org/10.1029/2001TC001321
https://doi.org/10.1002/9781444347166.ch23
https://doi.org/10.1007/s11069-015-1868-6
https://doi.org/10.1029/2011GC003824
https://doi.org/10.1029/2011GC003824
https://doi.org/10.1016/0040-1951(90)90062-D
https://doi.org/10.1038/34097
https://doi.org/10.1016/j.tecto.2015.08.020
https://doi.org/10.1016/0191-8141(85)90150-6
https://doi.org/10.1016/j.tecto.2009.11.006
https://doi.org/10.1016/j.tecto.2012.08.032
https://doi.org/10.1016/j.jog.2013.09.006
https://doi.org/10.1016/S0191-8141(00)00098-5
https://doi.org/10.5194/smsps-1-17-2002


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


