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Summary

The eastern zone of the Guadalquivir river basin has been considered in a traditional
way as a zone of a low degree of seismic activity, congruent with a reduced tectonic activity
since the Late Miocene. Accordingly, very few efforts have been focused on neotectonics
research into this area. However, there are some indications of tectonic movement ratios that
can be considered as important as the ones found in the zones contemplated usually as active
into the Betic Cordilleras, like the Granada Basin, the southern flank of the Sierra Nevada-Sierra
de Filabres mountains, and the lower Segura river basin, all studied intensely since 1980.

The Guadalquivir basin is delimited to the south by the front of thrusts of the South-
Iberian Domain sedimentary cover, forming an apparently non-continuous mountain chain front.
The front is bounded to the north by the so-called Olistostromic Unit, originated by the
gravitational collapse of the former Middle Miocene nappe pile towards the center of the basin.
Thus, the Guadalquivir basin constitutes a foreland basin, formed by flexure of the South-
Iberian lithosphere as consequence of the thin-skinned thrust thickening and/or the overweight
that implies the thrusting of the Alboran-Domain over the South-Iberian margin.

Several observations suggest that a relative tectonic activity continued from the Middle
Miocene until nowadays. These are:

-There are a moderate number of earthquakes recorded in the area through the time, although
in most of them the magnitude is low. Also some seismic series has been developed in the
area, like the one occurred near Alcaudete (Jaén) in 1951, with two main earthquakes of
magnitude over 5.

-There are prominent reliefs, limited by faults showing linear topographic shape.

-Some tributary rivers of the Guadalquivir are strongly incised into the mountain front, forming
narrow canyons with cliffs over 200 m in high.

- The Guadalquivir and tributary rivers have few terrace levels, some of them separated from
the present floodplain tens of meters suggesting a tectonic origin.

Focal mechanisms from several earthquakes illustrate the actual stress field of the
upper crust in the area. Our research is in an initial stage of study, but we found a good
correlation between the geophysical, geomorphologic and structural data observed until now.
The preliminary results show a complex tectonic state with orthogonal movement senses.
Future investigations could enlighten us about features of the present tectonic activity, its spatial



distribution and importance. Also some geologic and seismic hazards related with the tectonic
activity could be revealed in this “non active” area.

Introduction

The Betic Cordillera is considered as a zone with a significant present tectonic
activity inside (Galindo-Zaldivar et al., 1999) and there are a few areas showing a
moderate to intense seismicity. Earthquakes of low magnitude are common in the so-
called Alboran Domain (De Miguel et al., 1989), a “terrane” that groups the Internal
Zones of the Betics and Rif, and also the Alboran Sea basement (Garcia Duefias et al.,
1992). The Alboran Domain is superimposed over the hypothetical limit between Africa
and Iberia plates, which are converging in the region at a rate of 5 mm/y (DeMets et al.,
1994). Paradoxically the main observed structures correspond to large crustal extension
(v.g. Jabaloy et al., 1993; Crespo-Blanc et al., 1994; Martinez-Martinez and Azafion,
1997), as well as a large number of calculated focal mechanisms also show extensional
component (Galindo-Zaldivar et al., 2001). The Alboran Domain was emplaced over
the South Iberian and Magrebian margins since the early Miocene (Balanya and Garcia-
Duetias, 1988), with a west directed movement. Thus, the present tectonic state in the
Alboran Domain is a complex mixture of plate convergence, orogen collapse and back-
arc extension, that difficult the geologic analysis of the seismicity.

Nevertheless, seismicity is not restricted to the Albordn Domain. Towards the
north, the South Iberian cover is deformed in an up-to 100 km wide mountain belt,
where there are evidences of present tectonic activity. This area, called External Zones,
have a more simple crustal structure, with a well-layered crust of typical thickness
(Banda and Ansorge, 1980, Galindo-Zaldivar et al., 1997). Although earthquakes are
less frequent and intense than on the Alboran Domain, geomorphologic evidences
suggest surface movement rates remaining relatively high. We focus in the South
Iberian Domain of the Central Betics, from Cabra to Quesada towns, south to the
Guadalquivir River (Figs.1 and 2), trying to relate seismic, geologic and
geomorphologic observations. We present here the preliminary results of this research
line.

Geological setting

The collision of the Albordn Domain with the South Iberian Margin during the
Miocene, results in a thin-skinned thrust belt (Fig. 1). The sedimentary cover of the
Iberian plate was detached, imbricated and folded to the north and/or to the west. Two
tectono-stratigraphic sub zones are recognized in the External Zones corresponding with
the two principal paleogeographic domains (Prebetic and Subbetic; v.g. Garcia-
Hernandez et al., 1980;Vera, 1986). The Prebetic Zone corresponds to the inner shelf of
the margin, generally less subsident. The Subbetic Zone corresponds to the outer shelf
and is characterized by the prevalence of pelagic sedimentation that produced usually
thicker units.

In the Central Betics (Figs. 1 and 2) Prebetic and mainly Subbetic thrusts
constitute a coherent mountain chain, bounded towards the northwest by the
Guadalquivir basin. Trusting and folding started during the early Burdigalian and the



main horizontal shortening stopped on early Tortonian (Molina-Camara, 1987; Sanz de
Galdeano and Vera, 1992). Low-angle faults with NW hanging wall displacement sense
have been described on the mountain front after the basal Tortonian (Galindo-Zaldivar
et al., 2000), but any upper limit age has been found for this faults. During the middle
Miocene, the mountain front, partially bellow the sea level, fell down as olistostromic
masses towards the Guadalquivir foreland basin depocentre (Pérez-Lopez and Sanz de
Galdeano, 1994), forming a parallel front of olistostrome emplacement (Fig. 2). From
middle Tortonian to present is considered a “post-tectonic” period, however
deformation should not have stopped yet, as the local presence of striated pebble in
Quaternary  conglomerates suggest (Ruano and Galindo-Zaldivar, personal
communication, 2002). General topographic rise start at that time, controlled by normal
faults, and it cannot be excluded a sort of tectonic collapse as it has been observed on
other areas of the Betics.

In this way, Guadalquivir basin is a typical foreland basin formed by the flexure
of the Iberian crust, because the Miocene tectonic overload (Garcia-Castellanos, 2002).
Three main explanations can be invoked to justify the flexion of the entire lithosphere:
the thrust of the Alboran Domain, the thickening of the Prebetic and Subbetic zones,
and the lower crust and the lithosphere mantle thickness changes. A recent numeric
modeling rejects the possibility of isostatic influence of the Alboran Domain kinematics
over the Guadalquivir basin (Garcia-Castellanos et al, 2002), but scarce geologic
evidences are presented.

Thus, the south margin of the Guadalquivir basin displays a relatively simple
well-known crustal structure on the contact of the Albordn Domain with the Iberian
crust, where tectonic components of the current geologic activity should be easier
elucidate.

Structure and geomorphologic description of the area

The most significant feature of the region is the morphologic manifestation of
the Subbetic and Prebetic front over the Guadalquivir Units (Fig. 2), although there is
not a topographic continuity. Three main massifs (Sierra Alcaide, Jabalcuz and Mégina)
have a northern sudden face that can be connected by a straight line. Fault bounded
depressions of varied shape separate the sierras on the NNE-SSW direction. Between
Sierra Alcaide and Jabalcuz, a large area of Triassic rocks remains relatively lower,
except a kilometric klippe of Subbetic units. Nevertheless, two narrow valleys
(Guadalbulléon and Quiebrajano rivers) filled by upper Miocene to Quaternary sediments
split up Jabalcuz from Magina. Both depressions and valleys are limited by NNW-SSW
normal faults with variable intensity topographic manifestation as escarpments or
triangular facets. Evidences of Holocene activity of this kind of faults has been found
cast of Sierra Magina, where a buried calcrete soil yields an '*C age of 5.2 +1.5 ka
(Jiménez-Espinosa and Jiménez-Millan, 2003). Moreover, deep canyons occur
associated to the NNW-SSW faults, as can be observed for example in the confluence of
Quiebrajano and Rio Frio (Fig. 2), where there are canyons over Jurassic limestone until
300 m deep.

If a hypothetically continuous line is drawn following the north end mountain
front (Fig. 2), in general, rivers incised the previous geomorphologic peneplains to



south of this line, even on relatively depressed arecas as on Alcaudete Triassic
neighbourhood. Likewise, Quaternary terrace deposits are strongly incised (Figure 3).
On the other hand, lacustrine sediments, now also completely incised (Garcia-Garcia
and Sanchez-Gomez, in press), occur on specific segment of the fluvial valleys,
suggesting the possibility of relative subsidence (Figure 4). More exhaustive and
quantitative analysis of these features is going to be carried out, in order to determine if
the topographic rise is homogeneous or there are fault-controlled blocks of different
behaviour.

No clear paleoseismic evidences has been observed until now, however the area
shows a moderate seismicity (see next section) thus sporadic large earthquakes cannot
be refused.

Seismic data

The studied area shows a gentle to moderate seismic activity. Comparatively
with the area of the Granada basin located just to the south, the deformation energy
released by earthquakes is near two orders of magnitude less. However as it is showed
in Figure 5 the area can be discriminated from the north and east adjacent areas by a
larger number of earthquakes.

The Figure 5 illustrates the epicentres of the earthquakes between June 1910 and
June 2002, considering only the ones which the magnitude m; is greater to 3, to avoid
quarry explosions. The area registered 536 earthquakes of m; >2.5 (144 of m; >3), since
1983 when a regional seismograph network has been established (Alguacil et al., 1986).
Most than 70% of the earthquakes occur above 20 km depth and 60% above 15 km.
Data before 1983 only recorded the larger earthquakes, thus temporal distribution
cannot be made properly. Some seismic series has been developed in the area, like the
one occurred near Alcaudete (Figures 2 and 5) in 1951, with two main earthquakes of
magnitude over 5 (Bernal et al, 1991; Peldez y Lopez-Casado, 1995). Maximum
magnitude documented is about 5.5.

In order to test the relationship between seismicity and geological context, we
selected a small area south of Jaén, where we were able to calculate three focal
mechanisms (Figure 6) from earthquakes of m; >3. The focal mechanism noted A and B
correspond to successive events (separated 6 hours) with a similar solution on very
close coordinates. The A and B focal mechanism indicate reverse ENE-WSW faults,
which fit well with the orientation of the Subbetic and Prebetic thrusts. On the other
hand, C focal mechanism point to a normal fault of NNW-SSE, similar to the faults that
cut the mountain front and bound the transverse valleys.

Discussion and conclusion

The studied area shows a moderate seismic activity that can be related with the
structures detected on the area. Nevertheless geomorphologic observations suggest a
more intense tectonic activity, although in this preliminary research it cannot be
established what is the role of the asesimic deformation.



Overall the area shows a patent elevation inside of the mountain front. This
general topographic rise could be compartimentalized in blocks of different rate of
movement limited by NNW-SSE normal faults. Some of these faults should be seismic
or at least related with seismic sources in depth. Other seismic sources seem to be
caused by a roughly N-S compression.

The origin of this tectonic instability could be an isostatic rebound after the
nappe thickening in the middle Miocene, or the N-S directed approach between Africa
and Iberia. In the second case, normal faults should be explained by extension
orthogonal to the main compression direction, after reactivation of Miocene thrust.
Further studies must be carried out to characterize the tectonic process predominant and
the relationship with the intense tectonic activity present just south of the area, in the
Granada basin.

Although seismicity is moderate, it cannot be rejected the seismic risk associated
to some faults or local areas, as happened on Alcaudete in 1951. The combination of
geologic, geomorphologic and seismic studies became indispensable on areas of relative
low activity to determine the diffuse risk and the subsequent hazard of the region.
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Figure 1. General map of the Betics showing the studied area.
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Figure 2. Simplified geological map of the South margin of the Guadalquivir
basin and the Central Betics.



Figure 3. A Guadalbullon river terrace, south of Jaén, largely incised
respect to the current stream bed (at the bottom of the picture), nowadays
separated more than 50 m.



Figure 4. Fluvio-lacustrine sediments on the Quiebrajano valley, showing
several abandoned terrace levels. Note the meandering shape of the terraces
but the near straight present stream, incised near 30 m on lacustrine
sediments bellow the terraces, indicating discrete changes of the base level.



4210000

.l
.
Y -
4200000
4190000 .
Jaén Mancha Real® Jqdar
4180000 i< ha o o
b Lobyi® -
EI -
4170000 4— )
Alcaudete
4160000 o . o
L ] - .
P L J
4150000 d Py X .
o~ % -|® e o
L ] - .. ° “
4140000 . |
. - - / o
" i
L ]
4130000 _ . ’t ‘ .
L d e
2 > oo
[ 2 / F 2 . -
4120000 !*%#’ [ . 5 .
360000 380000 400000 420000 440000 460000 480000 500000

* 3.0<M<35 e 35<M<4.0 4.0<M=<4.5 4.5<M<5.0 @® 50<M<5.5 5.5<M=<6.0

Figure 5. Seismicity of the studied area. The drawn towns outline roughly
the Betic mountain front. Note the practically absence of earthquakes NW
of this imaginary line.



Jurassic - Cretaceous aliochionous imestones
and maris (Subbaetic and Prebetic Units)
Trisssic gypsum and shales

{main detachment level)

Figure 6. Focal mechanism of three earthquakes SW of Jaén town. A)
Earthquake occurred the 24/06/2001 at 04:26:52 GMT, coordinates
37°43'58"N, - 3°47'38"E, 2 km deep and m,=3.7. B) Earthquake occurred
the same day that “A” at 10:50:06 GMT, coordinates 37°43'58"N, -
3°4720"E, 2.5 km deep and m,=3.4. C) Earthquake occurred the
09/11/1985 at: 21:36:26 GMT, 37°45'28"N, -3°51'39"S, 38 km deep and
mb=3.



