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ABSTRACT

The drainage system of the Granada Basin in southern Spain has evolved
from endorheic to exorheic since the basin emerged and became continental
in the latest Tortonian (late Miocene). The age of implementation for the
recent exorheic, east-west drainage can now be identified by small mammal
dating. This drainage configuration began in the latest Pliocene–earliest
Pleistocene due to the capture of the Genil River by a Cacı́n River
tributary. It represented an important change in the behavior of the basin
and therefore in the geomorphology, as depositional forms and processes
were replaced by erosive ones. While the basin was endorheic,
sedimentation was active throughout the basin. Afterward the change to
exorheic and up to the present, erosion dominates and sedimentation occurs
only in some small, fault-controlled depositional depocenters.
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INTRODUCTION

The Granada Basin is located in the central sector of the Betic
Cordillera (southern Spain) (Fig. 1). Today it is an exorheic basin, and
its drainage has a western exit via the Genil River and its tributaries as
well as a southeastern exit via the Guadalfeo River and its tributaries
(Fig. 2). The main drainage system, exhibiting an east-west trend, is
that of the Genil River and its tributaries.

The turning point in the continental evolution of the basin was the
change from endorheic or local exorheic conditions to a definitive
exorheic regime. This modification can now be better constrained based
on the study of fossil rodent-bearing sections (Figs. 1, 3) and appears to
have occurred near the Pliocene–Pleistocene boundary. The change in
drainage conditions in the Granada Basin implied a significant
transformation in the dynamic behavior and, consequently, in the
geomorphology of the basin. Heavy deposition and thick accumulation
of sediments took place in a variety of environments such as alluvial
fans, rivers, and lakes during the endorheic phase. On the contrary,
erosion has predominated since the earliest Pleistocene (exorheic
phase), and erosive landscape features such as badlands, ravines,
gullies, and hoodoos are being developed in certain places all around
the basin. A similar evolution on a more dramatic scale can be observed
in neighboring basins, such as the Guadix-Baza Basin (Garcı́a-Aguilar
and Martı́n, 2000; Azañón et al., 2006).

REGIONAL SETTING

The Neogene continental evolution of the Granada Basin is discussed
by Garcı́a-Alix et al. (2008). The continental history of the basin started

in the latest Tortonian (middle Turolian) (Fig. 4). During the latest
Tortonian and the Messinian (middle and late Turolian), the major
feature was that of a central lake with some rivers entering from the east
and the southwest. This lake was significantly reduced and limited to
the western sector in the latest Messinian (latest Turolian). The
paleogeographical configuration changed drastically in the Pliocene,
and two independent, fluvio-lacustrine systems were established. The
eastern system (Alhambra system or paleo-Genil system), with its
source in the eastern reliefs, fed a small, northern lake (Garcı́a-Alix,
2006; Garcı́a-Alix et al., 2008). The western system (paleo-Cacı́n
system) rivers, springing from southern reliefs, flowed to the north,
feeding small temporal lakes and, at times, exited the basin toward the
west (Fernández and Soria, 1987) (Fig. 4).

The situation afterward the basin definitively became exorheic was
quite different and subsequently affected mainly by erosion, with the
main trunk river (the modern Genil River) exiting to the west of the
basin (Fig. 2). This change was the result of the capture of the paleo-
Genil system by the paleo-Cacı́n system. Until the current study,
however, the precise age of the implementation of this present-day
configuration was unknown.

MATERIALS AND METHODS

A thorough study of some Pliocene and Pleistocene sections from the
northwestern side of the basin was carried out. These sections, Calardos
(UTM: 30SVG042153), Barranco de Blas (UTM: 30SVG083140–
30SVG083139), Barranco del Guarnido (UTM: 30SVG092136), Tojaire
(UTM: 30SVG068155–30SVG069156) and Huétor Tájar (UTM:
30SVG076160–30SVG078157) (Figs. 1, 3), have been precisely dated
using fossil rodents. The sections were sampled in order to obtain
mammal remains. The fossil localities are: BLS-1, BLS-5A, and BLS-6
(Barranco de Blas section), BG-1 (Barranco del Guarnido section),
CLD-1 (Calardos section), TOJ-1 (Tojaire section), and HT-1 and HT-
8 (Huétor Tájar section). Sample size ranged between 60 kg (BG-1) and
4200 kg (HT-8) of sediment. To reduce the volume of the samples, they
were sieved, carbonates were dissolved with acetic acid at 10%

concentration, and finally, small mammal remains were picked out
using a binocular stereomicroscope. The faunal lists are compiled in
Table 1. Photographs of the specimens were made with the FEI ESEM
QUANTA 400 (in low vacuum mode) of the Centro Andaluz de Medio
Ambiente in Granada.

RESULTS

Plio-Quaternary, fluvio-lacustrine (palustrine) sediments crop out in
the northwestern sector of the Granada Basin. Two major phases of
deposition are recorded, separated by an unconformity (Fig. 3B). The
unconformity is the result of tectonic tilting to the north of the late
Miocene–Pliocene sediments (Ruano et al., 2004). Sediments in the* Corresponding author.
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Calardos section are laterally equivalent to those in the Barranco de
Blas and Barranco del Guarnido sections. They mainly consist of thick
conglomeratic beds alternating with lutites (silts and clays), all related
to a braided fluvial system (Fig. 3A). Small-mammal remains found in
the Calardos, Barranco de Blas, and Barranco del Guarnido sections
yield a late Ruscinian (Pliocene) age, as revealed by the presence of
Stephanomys donnezani, Castillomys aff. crusafonti, Arvicolidae indet.,
and Trilophomys sp. (Garcı́a-Alix et al., 2007, 2008) (Figs. 5, 6). They
belong to the S. donnezani zone (Garcı́a-Alix, 2006; Garcı́a-Alix et al.,
2008).

Sediments from the Tojaire and Huétor Tájar sections lie uncon-
formably on top of the sequence (Fig. 3B). Thin, lacustrine (palustrine)
limestone and marly limestone beds intercalate within a fluviatile
sequence of conglomerates and lutites (Fig. 3A). The presence of C.
rivas, Allophaiomys pliocaenicus, A. chalinei, and Mimomys oswaldoreigi
indicates an early Pleistocene age (A. Garcı́a-Alix, R. Minwer-Barakat,
E. Martı́n Suárez, and M. Freudenthal, unpublished data, 2009)
(Figs. 5, 6). They can be correlated with the M. pusillus–M. savini
Rodent Zone (Fejfar et al., 1998), and with the lower part of the A.
burgondiae Zone from the neighboring Guadix Basin (Oms et al., 2000)
(Fig. 6).

Clast composition and thus provenance differ. Conglomeratic clasts
from the Pliocene sections of Barranco de Blas, Barranco del
Guarnido, and Calardos consist of Miocene lacustrine limestones
and Triassic and Paleozoic Alpujárride low-degree metamorphic rocks
(limestone-dolostone marbles and schists). All of these rocks crop out
at Sierra Almijara and Sierra Tejeda (Fig. 2), reflecting a southern
provenance. Conglomeratic clasts from the Pleistocene Tojaire and
Huétor Tájar sections consist of Jurassic limestone, dolomite, and
chert pebbles (from Sierra Elvira and Sierra Arana), nonmetamorphic
Alpujárride Triassic limestones and dolostones (from Sierra Arana
and Sierra Nevada), and Paleozoic Nevado-Filábride medium-to-high
degree metamorphic clasts (marbles, schists, micaschists, quartzites,
gneisses, and serpentinites) from Sierra Nevada, reflecting an eastern
provenance (Fig. 2).

DISCUSSION AND CONCLUSIONS

The Cacı́n River today is a tributary of the Genil River (Fig. 2), but
this situation was quite different during the Pliocene, when the eastern
(Alhambra system or paleo-Genil system) and western (paleo-Cacı́n
system) drainages of the basin were totally independent (Garcı́a-Alix et
al., 2008) (Fig. 4). Changes in drainage conditions can be inferred from
the composition of the fluvio-lacustrine (palustrine) Pliocene and
Pleistocene deposits. Pliocene sediments outcropping on the northwest-
ern side of the Granada basin belong to the paleo-Cacı́n system, which
was fed from the Alpujarride reliefs fringing the southern margin of the
Granada Basin (Sierra Almijara and Sierra Tejeda). Early Pleistocene
sediments, however, came mostly from the eastern margin of the basin

FIGURE 2—Modern drainage in Granada Basin showing Genil and Guadalfeo

River drainage areas. Note local depositional centers (dark grey) where thick

sequences of fluvial deposits accumulated during Quaternary. Light grey (lower right)

5 separate drainage basin.

FIGURE 1—Location of Granada Basin (left) and simplified geological map (after Braga et al., 1990; Agustı́ et al., 1990). Inset shows precise location of studied sections. H 5

Huétor Tájar village; S 5 Salar Village; L 5 Loja Village. Sections: 1 5 Calardos; 2 5 Barranco de Blas; 3 5 Barranco del Guarnido; 4 5 Tojaire; 5 5 Huétor Tájar.
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FIGURE 3—Relationships between the different stratigraphic sections. A) Stratigraphic columns of studied sections: sediments from Huétor Tájar and Tojaire sections

separated by an unconformity (dotted line) from sediments of Calardos, Barranco de Blas, and Barranco del Guarnido sections, which are partially equivalent; Calardos section

has been modified from Estévez et al. (1982). B) Geological cross section (stratigraphic scheme) in westernmost part of Granada Basin. Quaternary deposits unconformably

overlie Miocene–Pliocene sequence. Studied sections have been projected along north-south line.
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FIGURE 4—Paleogeographical evolution of Granada Basin during late Miocene and Pliocene (modified from Garcı́a-Alix et al., 2008).

FIGURE 5—Taxa with biostratigraphic relevance from studied localities. A–B) Stephanomys donnezani form BLS-1; right M1 (A) and left M2 (B). C–D) Castillomys cf.

crusafonti from BLS-6; right M1 (C) and right M2 (D). E–F) C. rivas; right M1 from TOJ-1 (E) and left M2 from HT-8 (F). G) Allophaiomys pliocaenicus, right M1 from TOJ-1.

H) A. chalinei, right M1 from HT-1. I) Mimomys oswaldoreigi, left M1 from HT-8. J) Arvicolidae indet. from BLS-6. K) Trilophomys sp. from BLS-1. Scale bar 5 1 mm. A–D,

J–K modified from Garcı́a-Alix (2006) and Garcı́a-Alix et al. (2007).
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(Sierra Arana and Sierra Nevada), as conglomeratic clast compositions
indicate. Therefore, two major phases of deposition have been
identified in these sediments, whose ages (Pliocene and early
Pleistocene) have been precisely dated using small mammal fossils.

From the latest Pliocene to the earliest Pleistocene, the paleo-Cacin
system became a tributary of the Genil system, with a main source area
located in the eastern reliefs bordering the basin. The capture of the
paleo-Genil River and the beginning of the east-west drainage of the
Genil system was therefore accomplished in the latest Pliocene or the
earliest Pleistocene. Since then, erosion dominates, and sedimentation is
concentrated only in local depocenters with a very high subsidence rate
(Morales et al., 1990).
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TABLE 1—Faunal lists of studied localities.

Locality Faunal lists Age

BLS-1 Stephanomys donnezani, Apodemus atavus, Castillomys cf. crusafonti, Eliomys intermedius, Trilophomys

sp., Soricidae indet., Lagomorpha indet.

Pliocene (late Ruscinian)

BLS-5A Stephanomys donnezani, Apodemus atavus, Castillomys cf. crusafonti, Eliomys intermedius, Trilophomys

sp., Arvicolidae indet., Lagomorpha indet.

Pliocene (late Ruscinian)

BLS-6 Stephanomys donnezani, Castillomys cf. crusafonti, Eliomys intermedius, Ruscinomys cf. europaeus,

Arvicolidae indet., Lagomorpha indet.

Pliocene (late Ruscinian)

CLD-1 Stephanomys donnezani, Castillomys aff. crusafonti, Apodemus aff. atavus, Ruscinomys aff. europaeus,

Arvicolidae indet., Soricidae indet.

Pliocene (late Ruscinian)

BG-1 Ruscinomys aff. europaeus, Arvicolidae indet. Pliocene (late Ruscinian)

HT-1 Apodemus atavus, Castillomys rivas, Allophaiomys pliocaenicus, A. chalinei, Mimomys oswaldoreigi,

Eliomys quercinus, Crocidura sp., Sorex sp., Galemys pyrenaicus, Prolagus calpensis.

Early Pleistocene

HT-8 Apodemus atavus, Castillomys rivas, Allophaiomys pliocaenicus, A. chalinei, Mimomys oswaldoreigi,

Eliomys quercinus, Crocidura sp., Sorex sp., Galemys pyrenaicus, Lepus cf. granatensis.

Early Pleistocene

TOJ-1 Apodemus atavus, Castillomys rivas, Allophaiomys pliocaenicus, A. chalinei, Mimomys oswaldoreigi,

Eliomys quercinus, Crocidura sp., Sorex sp., Galemys pyrenaicus, Prolagus calpensis, Lepus cf.

granatensis.

Early Pleistocene

FIGURE 6—Distribution of rodents with biostratigraphic relevance from studied

sections. Asterisk indicates that range includes specimens determined as confer (cf.) or

affinis (aff.). Grey 5 studied faunal associations; MN 5 Mammal Neogene Zones;

MQ 5 Mammal Quaternary Zones.
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2007, A late Ruscinian (Pliocene) rodent fauna from the Granada Basin (SE

Spain): Journal of Vertebrate Paleontology, v. 27, p. 1066–1070.
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DENTHAL, M., 2008, Biostratigraphy and sedimentary evolution of late Miocene and Pliocene

continental deposits of the Granada Basin (southern Spain): Lethaia, v. 41, p. 431–446.

MORALES, J., VIDAL, F., DE MIGUEL, F., ALGUACIL, G., POSADAS, A.M., IBÁÑEZ, J.,
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