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Recent study of the small mammals (rodents and insectivores) from several fossil-bearing
sites situated in the central sector of the Guadix Basin (Southern Spain) has notably
increased the knowledge of the mammal assemblages that existed in Southern Iberia
from the latest Miocene to the earliest Pleistocene. On the basis of this new information,
we propose a biozonation for the continental deposits of the Guadix Basin, which con-
sists of six biozones ranging in age from the late Turolian (MN13) to the early Villanyian
(MN17). These biozones, defined according to the rules of the International Stratigraphi-
cal Guide, include not only the mentioned recently discovered fossil sites, but also other,
previously known, localities of the basin. Finally, we integrate the described biozones in
the Neogene Mammal units and the European Land Mammal Ages, correlate them with
several classical mammal sites from other Iberian basins and the rest of Europe, and
establish an approximate numerical age for the lower and upper limits of each biozone.
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Fossil micromammals (mainly rodents) are a basic tool
for the establishment of biostratigraphical and chrono-
stratigraphical scales in the Neogene and Quaternary
continental deposits, thanks to their rapid evolution
and the relative abundance of their remains. However,
the scales based on fossil mammals present some prob-
lems, because the discontinuity of their record makes
the situation of the boundaries between different bio-
stratigraphical units difficult (Fahlbusch 1991; Hernan-
dez Fernandez et al. 2004). Other difficulties derive
from the biogeographical patterns of terrestrial mam-
mals, more complex than those of marine organisms,
and from the problems of preservation in subaerial
environments (Walsh 1998; van Dam et al. 2001;
Gomez Cano et al. 2011). The particularities of the con-
tinental mammal record have led to the description of
various systems of subdivision, which are sometimes
quite different from those used for marine deposits.
From the 1970s onwards, several studies have
focused on the biostratigraphical division of the Euro-
pean Neogene and Quaternary, the most remarkable

being the definition and subsequent revisions of the
Neogene Mammal (MN) units (Mein 1975, 1990,
1999; de Bruijn et al 1992), Rodent Zones and
Superzones (Fejfar & Heinrich 1990; Fejfar et al. 1998)
and European Land Mammal Ages (ELMA) (Fa-
hlbusch 1976; Steininger 1999), as well as the descrip-
tion of different continental stages (Daams et al. 1977,
1987). Besides these systems of European or even Eur-
asian scale, several works have established local bioz-
ones based on the stratigraphical distribution of
rodents. For the Spanish Upper Miocene and Pliocene,
some of the most significant studies defining local
zonations are those of van de Weerd (1976), Mein
et al. (1990) and van Dam et al. (2001) in the Teruel-
Alfambra region, Agusti et al. (1997) and Casanovas-
Vilar et al. (2011) in the Valles-Penedés Basin, Martin
Suarez & Freudenthal (1998) in the area of Crevillente,
and Garcia-Alix et al. (2008a) in the Granada Basin.
Recently, Cuenca-Bescos et al. (2010), on the basis of
the small mammal record of the different fossil bearing
levels of the Sierra de Atapuerca complex, formally
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defined several rodent biozones with validity for the
Iberian Pleistocene. Regarding the Guadix Basin, the
main biostratigraphical studies (Agusti 1986, 1990;
Martin Sudrez 1988; Agusti & Martin Suarez 1994) are
in need of a thorough revision in the light of new dis-
coveries, or are focused only on the most recent (Pleis-
tocene) deposits found in the basin (Oms et al. 2000).

In previous years, the exhaustive study of the small
mammals (rodents and insectivores) from several sites
located in the central sector of the Guadix Basin (Min-
wer-Barakat et al. 2004, 2005, 2007, 2008a, b, ¢, 2009a,
b, 2010; Garcia-Alix et al. 2007a, 2008b) has increased
notably the knowledge of the mammal faunas that
inhabited the south of the Iberian Peninsula from the
Late Miocene to the earliest Pleistocene. These fossilifer-
ous levels, distributed along a very complete stratigraph-
ical succession, represent the most complete sequence
of micromammal sites found in the Guadix Basin.
Moreover, the extensive sampling of each level has
yielded large fossil collections and led to the establish-
ment of complete faunal lists for most localities, show-
ing notable changes in the faunal composition from the
oldest to the youngest sites. Thus, the study of these lev-
els represents an important increase in the information
on the micromammal assemblages from this area dur-
ing a long time interval, which can be very useful for the
establishment of biostratigraphical units of local value.

In this work, we propose a new local biozonation
for the continental deposits of the Guadix Basin based
on all these recent findings and taking also into con-
sideration the previously established local zonations.
The defined biozones include not only the fossil sites
studied by our team, but also other formerly known
localities of this basin. Moreover, we correlate this
biozonation with the MN and ELMA systems, with
other local biozonations established in different Ibe-
rian areas, as well as with several European fossil local-
ities. We also intend to give an approximate
numerical age for the lower and upper limits of each
biozone, by comparison with the faunal content of
other continental sections calibrated with the Geo-
magnetic Polarity Time Scale.

Although some previously described faunal assem-
blages from the basin need an exhaustive systematic
revision that will allow their inclusion in this new
biozonation, this work contributes to create a properly
defined biostratigraphical framework, necessary for
arranging the mammal fossil sites of one of the Iberian
basins with a longest continental record.

Geological setting

The Guadix Basin (Fig. 1), situated in the central sec-
tor of the Betic Cordillera, was established as a
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separate intramontane basin in the late Miocene (Vis-
eras et al. 2004, 2005). It seals the contact between the
two main structural realms of the Betic Cordillera: the
Internal Zones (or Alboran Block) and the External
Zones (corresponding to the folded and faulted South
Iberian palacomargin). The sedimentary infill of this
basin has been divided into six genetic units (Fernan-
dez et al. 1996a), of which the boundary unconformi-
ties are related to both tectonic events and eustatic
changes (Soria et al. 1998). The two lower units
(Units I and II) were deposited in a phase of marine
sedimentation during the Tortonian, and the third
one (Unit III) includes shallow marine sediments,
deposited during the sea retreat from the central sec-
tor of the Betic Cordillera at the end of the Tortonian
(Garcia-Garcia et al. 2009). The three youngest units
(Units IV, V and VI) correspond to a phase of exclu-
sively continental sedimentation in an endorheic basin
context, from the late Turolian to the late Pleistocene.
This sedimentary stage was interrupted in the late
Pleistocene, when a stream piracy process triggered
the change of the basin from endorheic to exorheic
(Calvache & Viseras 1997). Since then, the basin has
formed part of the catchment area of the Guadalquivir
River, and has been subject to significant erosion.

Within the continental units, three main drainage
systems can be distinguished (Fernandez et al. 1996b).
The so-called Axial System flowed parallel to the pal-
aeogeographical axis of the basin, towards the NE
(Viseras 1991). This fluvial-lacustrine longitudinal
drainage system drained into a large shallow lake,
located to the Fast, which acted as base level for the
entire depression. The Axial System was fed by two
transverse alluvial systems. The Internal Transverse
System had large coalescent alluvial fans with their
source area located on the Internal Zones of the Betic
Cordillera (Viseras & Fernandez 1994). The External
Transverse System was composed of small isolated
alluvial fans and fan deltas that received its input from
the erosion of the External Zones of the Betic Cordil-
lera (see Viseras et al. 2004 and references therein). In
addition to these three drainage systems, the so-called
Lacustrine System was developed when the valley of
the main fluvial system (Axial System) was temporar-
ily occupied by small shallow lakes that represented
flooding of large areas of the floodplain (Viseras et al.
2006; Arribas et al. 2009; Pla-Pueyo et al. 2009).

Description of the studied sections
and fossil sites

The studied area is situated in the central part of the
basin, where fine-grained clastic deposits correspond-
ing to distal alluvial and fluvial sedimentation
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Fig. 1. Geographical and geological setting of the Guadix Basin, and synthetic stratigraphical columns of the studied sections.
alternate with lacustrine carbonates. It includes several the basin where sedimentation shows evidences of
sections, represented in Fig. 1 and succinctly described having been more continuous. This implies that the

below. According to Viseras (1991), this is the area of study area should contain the most complete fossil
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record of the entire basin for the studied time interval.
Further details may be consulted in Minwer-Barakat
(2005).

The section of Negratin is situated 4 km south of
Cuevas del Campo, close to the road connecting this
village with the Negratin Dam. The section consists of
an alternance of grey marls and black, laminated clays
with vegetal remains and gastropods (corresponding
to the lacustrine system), and channel bodies of clast-
supported conglomerates, overlain by sands with
clasts of different lithology (metamorphic rocks and
limestones). These conglomerates and sands corre-
spond to the Axial Fluvial System, which in its distal
part incorporates an important amount of sediment
supplied by the External Transverse System fans. The
level of NGR-1 is found at 30SWG042591; it is a
50 cm thick level of black lutites with abundant
organic matter, gastropods and root traces. Its faunal
list includes Apodemus gudrunae, Occitanomys alcalai,
Stephanomys dubari, Paraethomys meini, Ruscinomys
sp., Apocricetus alberti, Debruijnimys almenarensis,
Myocricetodon jaegeri, Eliomys sp., Atlantoxerus sp.,
Parasorex ibericus and Soricidae indet. (Minwer-
Barakat et al. 2009a).

The section of Rambla de Chimeneas is situated
10 km east of Villanueva de las Torres and 6 km west
of the Negratin Dam, on the left bank of the Guadiana
Menor River. On the opposite riverside, close to the
base of the section, late Miocene bioclastic calcarenites
crop out, corresponding to the preceding phase of
marine sedimentation. The section includes conglom-
erates and sands with mainly metamorphic clasts (cor-
responding to the Axial System), conglomerates with
mostly limestone fragments (belonging to the External
Transverse System), and grey marls, in decimetric to
metric thick levels, which correspond to the Lacustrine
System. The level of Rambla de Chimeneas-3 (RCH-
3) is located at coordinates 30SV(G997579; it is a 50-
cm thick level of dark marls with abundant remains of
gastropods. The faunal list of this fossiliferous level is
the following: Occitanomys alcalai, Stephanomys du-
bari, Paraethomys meini, Cricetinae indet., Erinaceidae
indet. and Soricidae indet (see Minwer-Barakat et al.
2009b for further details).

The section of Loma de las Yeguas is located 2 km
southwest of the Rambla de Chimeneas section (Min-
wer-Barakat 2005). It includes red, laminated clays,
often with gypsum cristals (‘playa-lake’ deposits), and
scarce levels of red sands, which correspond to the
most distal parts of the External Transverse System;
dark sands (occasionally also gravels) with a high con-
tent of mica, silts and clays, belonging to the Axial Sys-
tem, and white limestones, corresponding to the
Lacustrine System. This alternance of distal fluvial and
lacustrine deposits also includes thin levels of gypsum.
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The fossil site called Yeguas (previously studied by So-
ria & Ruiz Bustos 1991), a 25-cm thick level of dark
grey clays at coordinates 30SVG980567, has yielded
remains of Paraethomys meini, Stephanomys cordii,
Apocricetus barrierei, Asoriculus gibberodon and Paen-
elimnoecus pannonicus (Minwer-Barakat 2005).

The composite section of Tollo de Chiclana is the
youngest of the studied sections and contains several
fossiliferous levels, the fauna of which has been
described in several previous papers (Minwer-Barakat
et al. 2004, 2005, 2007, 2008a, b, ¢, 2010; Furi6 et al.
2007; Garcia-Alix et al. 2007a, 2008b). Its base is situ-
ated 2.5 km southwest of the top of the section of
Loma de las Yeguas. The section crops out along
4.5 km of a NNE-SSW ascending path; the deposits
are arranged in virtually horizontal beds, so the youn-
gest levels are situated to the south. In view of the
irregular topography, we have divided the section in
several subsections with a good exposure of the sedi-
ments; the northernmost and oldest one is the so-
called subsection of Tollo de Chiclana. It consists of
red-brown clays with gypsum and scarce intercalations
of silts, sands and gravels with carbonate clasts, which
correspond to floodplain deposits of the most distal
part of the External Transverse System; white marls
and limestones with root traces corresponding to the
lacustrine system, and grey lutites and fine-grained
sands, representing distal deposits of the Axial System.
In the northernmost part, there are also some levels of
brown sands of the Internal Transverse System.

In this subsection, three fossiliferous levels have
been identified. The oldest one, called Tollo de Chicl-
ana-1 (TCH-1), is a 50-cm thick level of dark clays
with abundant gastropods, at 30SVG959553. Its faunal
list includes Castillomys crusafonti, Apodemus atavus,
Paraethomys meini, Stephanomys sp., Dolomys adrove-
ri, Eliomys intermedius, Asoriculus gibberodon, Paen-
elimnoecus pannonicus and Archaeodesmana elvirae.
Approximately 15 m above this level, the site of Tollo
de Chiclana-1B (TCH-1B) crops out at coordinates
30SVG958552. It is a 45-cm thick bed of black clays
with gastropods, which have yielded abundant
remains of micromammals including Stephanomys
donnezani, Castillomys crusafonti, Apodemus atavus,
Occitanomys brailloni, Rhagapodemus frequens, Mimo-
mys hassiacus, Blancomys meini, Trilophomys van-
deweerdi,  Pliopetaurista  pliocaenica, ~ Eliomys
intermedius, E. truci, Asoriculus gibberodon, Paenelim-
noecus pannonicus, Myosorex meini and Archaeodes-
mana brailloni. About 35 m upwards, the level of
Tollo de Chiclana-3 (TCH-3) is found at coordinates
30SVG957549. This 25-cm thick bed of grey clays has
yielded remains of Stephanomys thaleri, S. minor, Ca-
stillomys crusafonti, Apodemus atavus, Mimomys steh-
lini, Kislangia ischus, Eliomys intermedius, Asoriculus
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gibberodon, Paenelimnoecus pannonicus, Myosorex me-
ini, Blarinoides aliciae, Archaeodesmana sp. 3 (accord-
ing to Minwer-Barakat et al. 2008a) and Talpinae
indet.

The subsection of Barranco de la Culebra, located
3.5 km to the south of the site TCH-3, includes grav-
els with clasts of schist, quartzite and dolostone,
brown sands, silts and clays representing distal aluvial
deposits of the Internal Transverse System. Only some
centimetric beds of lacustrine carbonates appear in
this subsection. The site called Tollo de Chiclana-13
(TCH-13) is a 35-cm thick level of dark clays situated
at coordinates 30SVG955509, with the following fau-
nal list: Stephanomys thaleri, S. minor, Castillomys crus-
afonti, Apodemus atavus, Micromys caesaris, Mimomys
stehlini, Eliomys truci, Asoriculus gibberodon, Paenelim-
noecus pannonicus, Petenyia hungarica, Desmaninae
indet and Talpinae indet.

The uppermost subsection is the Cueva de Placido
subsection, in which the youngest deposits studied in
this work crop out. It consists of gravels with mostly
schist clasts, grey sands, silts and clays, corresponding
(according to Viseras ef al. 2009) to distal fluvial
deposits of the Axial System. The sites Tollo de Chicl-
ana-10 and 10B (TCH-10 and 10B) are situated at the
same height and very close to each other, at the base
of two low hills separated by a small ravine, at coordi-
nates 30SVG942520. Both are 20-cm thick levels of
greenish grey lutites, so they must correspond to the
same stratigraphical level. The faunal list of these two
levels is also equivalent, including Stephanomys
balcellsi, Castillomys rivas, Micromys sp., Mimomys
medasensis, Myosorex meini, Soricidae indet. and
Desmaninae indet.

Previous biozonations for the Guadix
Basin

From the 1980s onwards, several local biozonations
have been proposed for the Guadix Basin (Agusti
1986, 1990; Agusti et al. 1987; Martin Suarez 1988;
Agusti & Martin Suarez 1994; Oms et al. 2000). Fig. 2
shows the zones defined by different authors and their
relationships with the MN (Mein 1975) and MmQ
(Agusti et al. 1987) units; the biozones proposed in
the present work are also included in the figure. Dif-
ferences between these schemes are small and mainly
caused by the changes of the species that give name to
some biozones. The only biozone whose position with
respect to the MN units has been modified is the Ki-
slangia gusii Zone: this species was first identified as
Mimomys rex and placed in the Lower Villanyian,
MN16 (Martin Suarez 1988) and later situated in the
Upper Villanyian, MN17 (Agusti & Martin Sudarez
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1994). Martin Suarez (1988) and Agusti & Martin Su-
arez (1994) formally defined a group of biozones
(assemblage zones, taxon-range zones, concurrent-
range zones, etc.), which included most of the mam-
mal localities known in the basin at that moment. This
scheme was slightly modified by Oms et al. (2000),
but only for those zones corresponding to the Upper
Pliocene and Pleistocene (although all of them corre-
spond to the Pleistocene after Gibbard et al. 2010).

In the past decade, a significant increase in the
knowledge of the micromammal faunas from this
basin has occurred, by identifying several species pre-
viously unknown in the area, pointing out certain
problems with the taxonomic ascription of some taxa,
and discovering various localities (some of them stud-
ied in the present work) that are impossible to include
in the previously defined biostratigraphical schemes.
These problems are especially important regarding the
biozones previously described for the Upper Ruscini-
an and the Lower Villanyian.

The ‘Mimomys occitanus’ biozone (Agusti 1986,
1990; Martin Sudrez 1988; Agusti & Martin Suarez
1994) was established on the basis of the faunal assem-
blages of the sites Gorafe-2, 3 and 5, being character-
ized by the presence of the mentioned species (which
was transferred to the genus Dolomys by Maul 1996),
considered as the taxon with highest biostratigraphical
value. However, the arvicolid teeth from these levels
are very scarce, and their ascription to the species
D. occitanus is not conclusive. Other Spanish popula-
tions originally ascribed to this species were later
assigned to other taxa such as Mimomys gracilis,
Mimomys hassiacus or Dolomys adroveri. On the other
hand, the assignation of the arvicolids from other
Ruscinian localities of the Guadix Basin to the species
Mimomys stehlini (Ruiz Bustos & Sesé 1985; Ruiz Bus-
tos 1987) seems not to be correct (see Minwer-Barakat
et al. 2008b and references therein). Therefore, a revi-
sion of the Ruscinian arvicolid faunas from this basin,
as well as the definition of new biozones, becomes
necessary. In this way, two of the localities studied in
this work have yielded large samples of arvicolid teeth
that have allowed precise specific determinations (Do-
lomys adroveri from TCH-1 and Mimomys hassiacus
from TCH-1B, Minwer-Barakat et al. 2004, 2008b),
and the definition of two new biozones for the Upper
Ruscinian (see next section). Nevertheless, the revision
of the arvicolids from other localities will probably
lead to the identification of other species, which may
permit the definition of more zones or subzones.

The criteria employed for the establishment of the
Apodemus agustii biozone are also imprecise. Agusti &
Martin Suarez (1994) characterized this zone by the
association of taxa that have a long stratigraphical
distribution: ‘Apodemus dominans’ ( = A. atavus, see
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Fig. 2. Previous local biozonations defined by different authors for the Guadix Basin, and their relationship with the biozones proposed in
this work and the MN (Mein 1975) and MmQ (Agusti et al. 1987) units.

Fejfar & Storch 1990; Minwer-Barakat et al. 2005;
Garcia-Alix et al. 2008¢), Stephanomys thaleri, Castillo-
mys and Paraethomys jaegeri. Therefore, it is difficult
to distinguish this biozone from other units of similar
age. Since its definition, this biozone included a single
locality, Canada del Castano-1 (Martin Suarez 1988),
in which no arvicolid was recovered, but only taxa of
scarce biostratigraphical value. The only species of
which the stratigraphical distribution is restricted to
this biozone is A. agustii, so this zone could be defined
by its range (as a taxon-range zone); however, this
murid has only been found in Canada del Castano-1,
so the inclusion of other sites in this biozone results
impossible.

The only local biozone defined for the Lower Villa-
nyian in previous works is the Kislangia cappettai
taxon-range zone. In the reference section, Canada del
Castafio (Martin Suarez 1988; Agusti & Martin Sudrez
1994), this species is only found in the level CC-2,

which has only yielded two complete teeth. In addi-
tion to the difficulty of the specific determination of
such a scarce material, the species K. cappetai is not
common in the basin, so the definition of a biozone
based on it seems inadequate.

Lower Villanyian sites in the Guadix Basin are really
scarce. The levels Zajar-10 and 11, with few identified
micromammal species, may be assigned to this age
(Oms et al. 1999). The finding of the sites TCH-3 and
13 represents by far the most complete rodent and
insectivore record of the Lower Villanyian found in
the basin until now; therefore, in the next section, we
define a new biozone on the basis of the faunal assem-
blages from these localities, which substitute the K.
cappettai zone.

Besides, the most important problem of the previ-
ously defined biozonations is that, in many cases, the
criteria employed for their establishment were not in
agreement with the rules of the International
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Stratigraphic Guide (Salvador 1994); for instance, sev-
eral assemblage zones were characterized by the pres-
ence of only two taxa. In other cases, modification of
the defining criteria is needed to include recently dis-
covered localities. For all these reasons, we consider it
necessary to propose a new biozonation, which we
describe below together with its relationship with pre-
vious biostratigraphical schemes and with the MN
and ELMA systems.

New biozonation for the Upper
Miocene—-Lower Pleistocene of the
Guadix Basin

Figure 3 shows the distribution of micromammals
(Rodentia and Lipotyphla) in the studied levels from
the Guadix Basin, which has led to the definition of
six biozones ranging from the Upper Turolian to the
Upper Villanyian. In the studied sections, the faunal
record is excellent for all the considered intervals
except for the Lower Ruscinian, as the level of Yeguas
has yielded very scarce material. For this reason, we
have included in the figure the taxa identified in the
nearby site Gorafe-4 (GO-4, Martin Sudrez 1988),
which is in fact the locality selected as the reference
level of the only biozone corresponding to the Lower
Ruscinian (see below).

Following the International Stratigraphic Guide,
which recommends considering the potentiality of
the correlation of the new described biozones, we
have chosen for the definition of zones those criteria
that allow the inclusion of most localities previously
found in the basin. Moreover, we have selected char-
acteristic taxa with wide geographical distributions,
avoiding the use of uncommon or not well-known
species.

The definition of biozones according to the Interna-
tional Stratigraphic Guide is particularly problematic
in the case of units based on fossil mammals, due to
the discontinuity of the record of this group and the
scarcity of remains in most sites. The establishment of
some types of interval zones (‘highest-occurrence
zones’, ‘lowest-occurrence zones’, Salvador 1994)
results especially complicated, because of the difficulty
of knowing precisely the stratigraphical position of a
mammal site with respect to the biohorizons of first
or last occurrence of taxa that are not present in that
site. For this reason, we have preferred the definition
of assemblage zones, except for those intervals in
which one or two taxa with abundant remains and
short stratigraphical distributions occur, allowing the
establishment of range zones (taxon-range zones and
concurrent-range zones).
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According to the International Stratigraphic Guide,
it is recommended (although not mandatory) that
the definition of a biostratigraphical unit includes
the designation of one or more specific reference
sections in which the diagnostic taxon or taxa can
be found (Salvador 1994). However, in the case of
mammals, it is also useful to designate a concrete
reference level due to the scarcity and discontinuity
of the record within a section. Therefore, we have
assigned a reference section and reference level for
each described biozone, this latter including the
most representative fauna of the unit. Fig. 4 shows
some of the most representative taxa of the
described biozones, which are, from oldest to youn-
gest, the following:

Apodemus gudrunae Assemblage Zone

Definition. — Assemblage zone defined by the asso-
ciation of Apodemus gudrunae, Apocricetus alberti,
Occitanomys alcalai, Paraethomys meini, Myocrice-
todon jaegeri, Debruijnimys almenarensis and
Parasorex ibericus.

Reference section and level. — Section of Negratin,
level NGR-1.

Other included fossil sites in the Guadix Basin. — Ram-
bla de Chimeneas-3 (RCH-3), Pino Mojon, Bacochas
1 (Sesé 1989).

Remarks. — We have kept the name of the biozone
proposed in previous biozonations (Martin Sudrez
1988; Agusti & Martin Suarez 1994), which was origi-
nally characterized by the presence of Apodemus gu-
drunae, ‘Cricetus cf. kormosi’ and ‘Galerix sp.’. The
Spanish samples previously assigned to ‘Cricetus cf.
kormosi’ are now included in the species Apocricetus
alberti (see Freudenthal et al. 1998), while ‘Galerix sp.’
identified in several localities of the basin corresponds
in fact to Parasorex ibericus.

The increase in the number of species integrat-
ing the assemblage that characterizes this biozone
allows the inclusion of those sites where few taxa
are recorded because, according to the Interna-
tional Stratigraphical Guide, not all members of
the assemblage need to occur for a section (or, in
this case, a fossil-bearing level) to be assigned to
an assemblage zone (Salvador 1994). Besides
NGR-1 and RCH-3, the localities of Pino Mojon,
with Apodemus gudrunae and Myocricetodon, and
Bacochas 1, with Apocricetus alberti, Paraethomys
meini and a large gerbillid most probably belong-
ing to Debruijnimys (see Minwer-Barakat et al
2009a) can be included in this biozone too. A
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Fig. 3. Distribution of rodents and insectivores in the studied sites. Species are grouped in families and, among each family, they are arranged
in order of appearance. Localities are stratigraphically arranged. Archaeodesmana sp. 2 and sp. 3, after Minwer-Barakat et al. (2008a).

review of the fauna from these two sites is neces-
sary, as many rodent species have been described
in the Spanish Upper Miocene after the publica- Definition. — Assemblage zone defined by the associa-
tion of the faunal lists by Sesé (1989). tion of Apocricetus barrierei, Stephanomys cordii,

Trilophomys Assemblage Zone
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Castillomys gracilis, Apodemus gorafensis, Paraethomys
meini and Trilophomys.

Reference section and level. — Section of Gorafe, level
GO-4 (Martin Suarez 1988).

Other included fossil sites in the Guadix Basin. — Ye-
guas (Soria & Ruiz Bustos 1991; Minwer-Barakat
2005), Gorafe-1 (de Bruijn 1974), Gorafe-A (Ruiz
Bustos et al. 1984), Colorado 2, Aljibe 2 and 3 (Guerra
Merchan et al. 1991).

Remarks. — Martin Suarez (1988) defined the Trilo-
phomys Interval zone with a lower limit marked by the
first appearance of Trilophomys and an upper limit
characterized by the first occurrence of Mimomys.
Later Agusti & Martin Suarez (1994) named the Trilo-
phomys Assemblage Zone characterized by the pres-
ence of the species Trilophomys castroi and ‘Cricetus
barrierei’ (now transferred to the genus Apocricetus).
This definition does not comply with the rules of the
International Stratigraphical Guide, according to which
an assemblage biozone must be characterized by the
presence of at least three taxa (Salvador 1994). In the
present work, we have maintained the same name,
modifying the characteristic assemblage, as noted
above.

In this zone, the first appearances of Trilophomys,
Paenelimnoecus pannonicus and Asoriculus gibberodon
are recorded. Some of the characteristic taxa of the
Apodemus gudrunae Biozone, such as Apodemus gu-
drunae, Apocricetus alberti y Myocricetodon jaegeri, are
no longer present in the Trilophomys Biozone.

Dolomys adroveri Taxon-range Zone

Definition. — Taxon-range Zone that corresponds to
the total range of Dolomys adroveri. Its lower and
upper boundaries are the first appearance datum
(FAD) and last appearance datum (LAD) of D. adro-
veri, respectively.
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Reference section and level. — Section of Tollo de
Chiclana, level TCH-1.

Other included fossil sites in the Guadix Basin. — Gal-
era-C (Garcés et al. 1997).

Remarks. — TCH-1 and Galera-C are the only sites of
the Guadix Basin where D. adroveri has been recog-
nized. The relative position of these two sites cannot be
established by lithostratigraphical criteria. However,
the faunal list of Galera-C seems to indicate a slightly
younger age, because it includes some taxa that are not
present in TCH-1, but occur in the next younger zone
(Mimomys hassiacus-Stephanomys donnezani Biozone),
such as Occitanomys brailloni (Garcés et al. 1997). The
presence of another arvicolid, Dolomys occitanus, in
Galera-C (Garcés et al. 1997) is doubtful. In the Teruel
region, samples originally assigned to that species
(some of them found in levels that also contain D. adr-
overi) have later been ascribed to Mimomys gracilis.
Therefore, revision of the material is necessary to check
the presence of this species in the Guadix Basin.

This biozone records the FAD of Castillomys crus-
afonti (TCH-1) and Stephanomys donnezani (Galera-
C). The water-mole Archaeodesmana elvirae has only
been mentioned up to now from the type-locality,
TCH-1 (Minwer-Barakat et al. 2008a); therefore, its
known range is restricted to this biozone. The species
Apocricetus barrierei, Castillomys gracilis and Stephano-
mys cordii, which characterized the Trilophomys Zone,
are no longer present in the Dolomys adroveri Zone.

Mimomys hassiacus-Stephanomys donnezani
Concurrent-range Zone

Definition. — Concurrent-range Zone defined by the
simultaneous occurrence of Mimomys hassiacus and
Stephanomys donnezani. Its lower limit is marked by
the FAD of M. hassiacus and its upper limit is charac-
terized by the LAD of S. donnezani.

Fig. 4. Some significant small mammals recognized in the described biozones. A, B, left m1 of Dolomys adroveri, TCH-1 131, in occlusal (A)
and labial (B) views. C, D, right m1 of Mimomys hassiacus, TCH-1B 511, in occlusal (C) and labial (D) views. E, F, right m1 of Mimomys steh-
lini, TCH-13 39, in occlusal (E) and labial (F) views. G, H, left m1 of Mimomys medasensis, TCH-10 13, in occlusal (G) and labial (H) views.
-], Paraethomys meini, right m1, RCH-3 2 (I) and left M2, RCH-3 9 (]). K, L, Stephanomys dubari, left m1, NGR-1 1 (K) and left m2, NGR-
1 6 (L). M, N, Stephanomys cordii, right M2, YEG 5 (M) and right m2, YEG 2 (N). O, P, Stephanomys donnezani, right m1, TCH-1B 30 (O)
and left M1, TCH-1B 135 (P). Q, R, Stephanomys thaleri, right m1, TCH-3 71 (Q) and right M1, TCH-3 108 (R). S, T, Stephanomys minor,
right m1, TCH-13 59 (S) and left M1, TCH-13 2 (T). U, V, Stephanomys balcellsi, left m1, TCH-10B 1 (U) and right M1, TCH-10B 22 (V).
W, X, Apodemus gudrunae, left m1, NGR-1 16 (W) and right M1, NGR-1 31 (X). Y, Z, Apodemus atavus, left m1, TCH-1 58 (Y) and left M1,
TCH-1 107 (Z). AA, AB, Micromys caesaris, left M1, TCH-13 27 (AA) and right m1, TCH-13 20 (AB). AC, AD, Occitanomys alcalai, right
ml, NGR-1 44 (AC) and left M1, NGR-1 51 (AD). AE, AF, Castillomys crusafonti, right m1, TCH-1B 280 (AE) and right M1, TCH-1B 356
(AF). AG-AH, Castillomys rivas, right m1, TCH-10B 42 (AG) and left M1, TCH-10B 57 (AH). Al right M1 of Occitanomys brailloni, TCH-
1B 487. AJ, AK, Myocricetodon jaegeri, right m1, NGR-1 86 (AJ) and right M1, NGR-1 91 (AK). AL, left M1 of Debruijnimys almenarensis,
NGR-1 78. AM, left m1 of Apocricetus alberti, NGR-1 119. AN, left m3 of Apocricetus barrierei, YEG 7. AO, left M2 of Trilophomys van-
deweerdi, TCH-1B 619. AP, right M1-2 of Eliomys intermedius, TCH-1B 601. AQ, right M1-2 of Eliomys truci, TCH-1B 562. AR, right M1 of
Paenelimnoecus pannonicus, TCH-1B 714. AS, left M1 of Asoriculus gibberodon, TCH-1B 785. AT, right M1 of Blarinoides aliciae, TCH-3 278.
AU, right M1 of Myosorex meini, TCH-10B 106. All the figured specimens are deposited at the Departamento de Estratigrafia y Paleontologia,
Universidad de Granada, Spain. Scale bars equal 1 mm.
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Reference section and level. — Section of Tollo de
Chiclana, level TCH-1B.

Other included fossil sites in the Guadix Basin. — Mo-
redal-A (Castillo 1990).

Remarks. — TCH-1B and Moredal-A, with very simi-
lar faunal lists, represent the only citations of the spe-
cies M. hassiacus in the basin. However, the definition
of a taxon-range Zone characterized by this species
could be confusing, because there are other previously
defined biozones in other areas characterized by the
co-occurrence of M. hassiacus and other taxa (M. has-
siacus and M. gracilis Zone; M. hassiacus and M. steh-
lini Zone; Fejfar et al. 1998). In other European areas,
Mimomys hassiacus is still present in the Villanyian;
therefore, this biozone is more precisely defined by its
concurrent range with S. donnezani, a very common
species in the Ibero-Occitan province.

This biozone records the FAD of Myosorex meini,
which will be present in the basin until the late Villa-
nyian (in TCH-10 and 10B), and the LAD of Archae-
odesmana brailloni, Blancomys — meini  and
Pliopetaurista pliocaenica.

It is not possible to include in the Dolomys adroveri
and Mimomys hassiacus-Stephanomys donnezani bioz-
ones other Upper Ruscinian localities from the basin,
apart from Galera-C, Moredal-A and the reference
levels of both zones, TCH-1 and 1B. Remains of arvi-
colids are too scarce to allow a precise determination
in Gorafe-2, 3 and 5, and absent in Canada del Casta-
no-1 (Martin Suarez 1988). Otherwise, the inclusion
in the biozones defined in this work of other localities
such as Huéscar 3 (Mazo et al. 1985), Barranco de
Quebradas 1, Barranco de Canuelas 2, 3 and 5 (Sesé
1989) and Nuca-1 (Ruiz Bustos 1991) is also impossi-
ble. These authors considered the species D. occitanus,
M. gracilis and M. hassiacus to be synonyms of M.
stehlini (Ruiz Bustos & Sesé 1985; Ruiz Bustos 1987)
and ascribed the arvicolids recovered from all these
sites to this latter species. As noted by Minwer-Barakat
et al. (2008b), all the mentioned species show signifi-
cant differences and must be considered as different
taxa. Moreover, the first occurrence of M. stehlini cor-
responds to the Lower Villanyian (Mein 1975; Fejfar
& Heinrich 1990; Mein et al. 1990; Fejfar et al. 1998),
so the citations of this species in Upper Ruscinian lev-
els of the Guadix Basin seem to be incorrect. Anyhow,
the presence in these sites of Stephanomys donnezani
allows their assignation to the Upper Ruscinian, with
an age similar to that of TCH-1 and 1B; their relative
stratigraphical position cannot be known with more
detail.

In summary, the taxonomic determination of the
arvicolids from many Upper Ruscinian localities of

LETHAIA 45 (2012)

this basin must be revised. After a proper determina-
tion, probably some sites might be included in one of
the biozones defined in this work. It is also possible
that such a revision will lead to the identification of
arvicolid species recognized in similar-aged levels in
other Spanish basins (Mimomys davakosi, M. vander-
meuleni, M. gracilis), which would permit the defini-
tion of other biozones within the Ruscinian.

Stephanomys minor Assemblage Zone

Definition. — Assemblage zone defined by the associa-
tion of Stephanomys minor, S. thaleri, Castillomys crus-
afonti, Mimomys stehlini and Kislangia ischus.

Reference section and level. — Section of Tollo de
Chiclana, level TCH-3.

Other included fossil sites in the Guadix Basin. —
TCH-13, Zgjar-11 (Oms et al. 1999), Moredal-B (Ca-
stillo 1990).

Remarks. — This biozone coincides with the range of
M. stehlini in the Guadix Basin. However, the defini-
tion of a taxon-range zone would be problematic due
to the controversy about the synonymy of this species
with other arvicolids. Moreover, the establishment of
an assemblage Zone allows the inclusion of those sites
where this arvicolid is not identified, but the species S.
thaleri, S. minor, C. crusafonti and K. ischus are pres-
ent, such as Zujar-11 (Oms et al. 1999).

The discovery of the species Micromys caesaris in
TCH-13 may have certain biostratigraphical interest.
Micromys is a very rare genus in the Guadix Basin.
Apart from a few cases without specific ascription in
some Ruscinian localities (Guerra Merchan et al.
1991; Ruiz Bustos 1991), the species M. minutus is
well represented in the Pleistocene site of Loma Que-
mada-1 (Martin Sudrez 1988 and unpublished collec-
tions stored in the University of Granada). The genus
is neither recorded in Moredal-B nor in TCH-3,
despite the abundant remains recovered from both
sites. On the contrary, in TCH-13 (younger than
TCH-3), Micromys caesaris is the most abundant
murid. In other southeastern Spanish areas, such as
the Valdeganga section in the Jucar Basin (Opdyke
et al. 1997), Micromys is absent in the lowermost Vil-
lanyian levels. On the contrary, in higher sites within
the Lower Villanyian (Valdeganga 9b), some teeth,
very similar to those from TCH-13, allow ascription
to M. caesaris (see Minwer-Barakat et al. 2008¢c). In
any case, more records would be necessary to concrete
the range of M. caesaris and to prove its biostrati-
graphical value. Up to now, in the Guadix Basin, the
species has only been identified in TCH-13, very
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similar in faunal content to TCH-3; therefore, we pre-
fer not to use this species for the definition of a differ-
ent biozone, and we have included both TCH-3 and
13 in the Stephanomys minor Biozone.

In this biozone, two lineages of Stephanomys coex-
ist, represented by the species S. minor and S. thaleri,
identified both in karstic (Moredal-B) and fluvio-
lacustrine levels (Zajar-11, TCH-3 and 13). This bioz-
one includes the total range of K. ischus. The level
TCH-3, type locality of the species Blarinoides aliciae,
represents the only record of the genus in southern
Spain (Minwer-Barakat ef al. 2007).

Mimomys stehlini, the most abundant arvicolid in
TCH-3 and Moredal-B and the only one identified in
TCH-13, characterizes the lower limit of the Villany-
ian in Europe according to Fejfar et al. (1998). This
species has a very broad geographical distribution and
allows a precise correlation with several sites from
France, Italy and eastern Europe.

Mimomys medasensis Taxon-range Zone

Definition. — Taxon-range Zone that corresponds to
the total range of Mimomys medasensis. Its lower and
upper boundaries are the FAD and LAD of M. medas-
ensis, respectively.

Reference section and level. — Section of Tollo de
Chiclana, level TCH-10B.

Other included fossil sites in the Guadix Basin. —
TCH-10 (stratigraphically equivalent to TCH-10B),
Galera-2 (Martin Suarez 1988; Agusti et al. 2010),
Galera-G (Garcés et al. 1997), Cortes de Baza-1 (Pena
et al. 1977).

Remarks. — Agusti & Martin Suarez (1994) defined
the Kislangia gusii Biozone, characterized by the
occurrence of two arvicolid species: K. gusii and Mi-
momys medasensis, found together in Galera-2. In that
and later works (Oms et al. 2000), other localities,
where only one of these two species (M. medasensis)
occurs, were assigned to this biozone, such as Cortes
de Baza-1 (Pena et al. 1977) and Galera-G (Garcés
et al. 1997), which is not in agreement with the crite-
ria used for the definition of the biozone. The descrip-
tion in the present work of a new biozone
characterized exclusively by the range of the species
M. medasensis solves this question, allowing the inclu-
sion of all the mentioned localities, in addition to the
recently discovered TCH-10 and 10B.

This biozone records the total range of the murid
Stephanomys balcellsi and the first occurrence of Ca-
stillomys rivas. In this zone, some of the common spe-
cies of the Stephanomys minor Assemblage Zone, such
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as S. minor, S. thaleri, Castillomys crusafonti, Mimomys
stehlini, Kislangia ischus, Paenelimnoecus pannonicus
and Blarinoides aliciae, are no longer present.

This is the youngest biozone defined in this work.
It is older than the Mimomys cf. reidi Biozone (Agusti
1986, 1990; Martin Suarez 1988; Oms et al. 2000),
characterized by the presence of a small and hyps-
odont arvicolid provisionally determined as Mimomys
cf. reidi, which includes the sites of Alqueria (Martin
Suarez 1988), Fuentenueva-1 (Moya-Sola et al. 1987;
Agusti et al. 2010), Galera-H (Garcés et al. 1997) and
Nuca-3 (Ruiz Bustos 1991). The fossil record of the
eastern sector of the basin (Orce area) allows the defi-
nition of several Pleistocene biozones based on the
total ranges of several species of arvicolids (Oms et al.
2000; Agusti et al. 2010), but these units are clearly
younger than the zones defined in the present study.

Correlations

In this section, we assign the six new biozones to the
corresponding MN units (Mein 1975, 1990, 1999) and
European Land Mammal Ages (ELMAs, Fahlbusch
1976; Steininger 1999), and correlate them, when pos-
sible, with the Rodent Zones and Superzones (Fejfar
et al. 1998). Fig. 5 shows the main criteria employed
by several authors for the characterization of the men-
tioned units.

Moreover, we correlate the proposed biozones with
other mammal sites (Fig. 6). Correlations are more
accurate with other Iberian localities, due to the great
similitude in faunal content with the levels studied in
this work, and less precise with more distant European
sites. However, in some cases, the presence of wide-
spread species allows precise correlation with distant
mammal sites. To avoid a too long list of references, we
defer to Mein et al. (1990) and Hernandez Fernandez
et al. (2004) for additional references about Iberian
localities, and to de Bruijn et al. (1992) for further
information about the main classical European sites.

Finally, we provide an approximate numerical age
for the lower and upper limits of each biozone, based
on comparison with other Iberian sections well cali-
brated with the Geomagnetic Polarity Time Scale
(Lourens et al. 2004; Ogg et al. 2008). Many of these
palaecomagnetic studies in the Iberian record were
focused on the estimation of the age of the limits of
the MN units (see Agusti et al. 2001 and references
therein). Although some recent works have proposed
the MN boundaries as time intervals rather than spe-
cific ages (Hernandez Fernandez et al. 2004; Domingo
et al. 2007; Goémez Cano ef al. 2011), we have pre-
ferred to keep using the numerical ages available in
the literature.
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Fig. 5. Criteria used by different authors for characterizing several units of subdivision of the Neogene continental record. To simplify, only
those micromammal taxa useful for the assignation of the biozones described in the present work to these systems of subdivision are indi-

cated.

Apodemus gudrunae Assemblage Zone

The first occurrences of Paraethomys meini and Occit-
anomys alcalai are documented in the Upper Turolian
(MN13); these species persist during the Ruscinian
(Mein 1999). The presence of Myocricetodon,
restricted in Europe to the Upper Turolian, and the
species Apocricetus alberti and Apodemus gudrunae,
characteristic of this unit (Mein 1975; Fejfar & Hein-
rich 1990), allows a doubtless assignation of the
Apodemus gudrunae Biozone to MN13.

Upper Turolian localities are numerous in other
Iberian areas such as the Granada Basin (Garcia-Alix
et al. 2008a), the Fortuna Basin (Garcés et al. 1998),
the Crevillente area (Martin Sudrez & Freudenthal
1998) and the Teruel region (Mein et al. 1990; van
Dam et al. 2001). In all these areas, a set of localities
with typical Upper Turolian species (Apodemus gudru-
nae, Occitanomys alcalai, S. ramblensis) previous to
the occurrence of Paraethomys meini may be distin-
guished from another group of levels in which this lat-
ter species is present. Thus, the localities RCH-3 and
NGR-1 are younger than La Mina-2, Purcal-23 and
25, Crevillente-14, 22 and 31, La Gloria 6, Masada del

Valle 7, Valdecebro 3 and 6, Arquillo 1 and Villastar,
where Paraethomys is still absent. On the other hand,
the sites Purcal-3, La Dehesa, Arquillo 4, Celadas 2,
Crevillente-6, Librilla, Venta del Moro and La Alberca,
with P. meini, are equivalent in age to RCH-3 and
NGR-1. The Apodemus gudrunae Biozone can be cor-
related with the Paraethomys meini Zone described in
the Granada Basin (Garcia-Alix et al. 2008a), the
Paraethomys Zone defined in Crevillente (Martin
Suarez & Freudenthal 1998) and the Zone M3 of the
Teruel-Alfambra area (van Dam et al. 2001).

In the Sorbas Basin, the levels Zorreras 2B and 3A
(Martin Suarez et al. 2000), with O. alcalai, P. meini, S.
dubari and D. almenarensis, can be also correlated with
NGR-1 and RCH-3. The faunal lists of the main karstic
infillings of the Spanish Late Turolian, Salobrena (Agu-
ilar et al. 1984) and Almenara M (Agusti et al. 2011),
are very similar to that of NGR-1, so we interpret that
they have the same age. These two karstic sites repre-
sent, together with Pino Mojon and NGR-1 in the Gua-
dix Basin, the only citations of the genus Myocricetodon
in Spain. In addition, the presence of a large gerbillid
belonging to Debruijnimys in the site of Ses Fontanelles
(Ibiza Island, Spain) allows correlation with NGR-1;
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Fig. 6. Correlation of the studied localities and the biozones defined in this work with other European mammal sites. The figure also shows
the relationship of the proposed biozones with the chronological and geomagnetic scales.
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this record proves the dispersion of this rodent far for
the continent in relationship with the Messinian Salin-
ity Crisis (Moya-Sola et al. 1984).

Most of the mammals recorded in RCH-3 and
NGR-1 are rare outside the Iberian Peninsula. Due to
the lack of shared species, correlation with other
Upper Turolian localities such as Lissieu (France),
Cassino, Baccinello V2 (Italy) and Polgardi 2 and 4
(Hungary) is approximated and based on the use of
the MN system. The faunas from Brisighella (de Giuli
1989) and Castelnou 3 (Aguilar et al. 1991), assigned
to the latest Turolian, share some taxa with RCH-3
and NGR-1, but also include other typical Ruscinian
species; thus, they must be somewhat more recent
than RCH-3 and NGR-1.

The lower limit of MNI13 has been estimated
between 6.6 and 7.2 Ma, according to several authors
(Opdyke et al. 1997; Garcés et al. 1998; Steininger
1999; Agusti et al. 2001). In any case, the age of the
Apodemus gudrunae Biozone is more recent. Accord-
ing to the study by Garcés et al. (1998) in the Fortuna
Basin, the first occurrence of the murid Paraethomys
in Europe is correlated with chron C3An.1n, provid-
ing a maximum age of 6.25 Ma for the sites in which
P. meini is present. This datum agrees with that from
the Teruel-Alfambra region, where the last locality
previous to the entry of Paraethomys is dated at
6.2 Ma (van Dam et al. 2001). Therefore, the maxi-
mum age of the lower limit of the Apodemus gudrunae
Biozone can be placed at 6.25 Ma.

The upper limit of this biozone coincides with
the MN13-MN14 boundary. Opdyke et al. (1997)
estimated the minimum age of this boundary at
4.9 Ma, the age of the locality of Fuente del Viso in
the Jacar Basin, an opinion followed by other
authors (Steininger 1999; Berger et al. 2005) who
consider that this boundary is considerably younger
than the Miocene—Pliocene limit. These authors
assigned the site of Fuente del Viso to MN13, but
the presence of Stephanomys cordii, Apodemus goraf-
ensis and Apocricetus barrierei allows ascription to
MN14; therefore, the MN13-MN14 limit must be
older than 4.9 Ma (Agusti ef al. 2001; Garcla-Alix
et al. 2008a). Martin Suarez et al. (1998) and Gar-
cia-Alix et al. (2008a) provided a more precise esti-
mation for this limit on the basis of the
magnetostratigraphical data from the Purcal section
(Granada Basin), where latest Turolian (Purcal-3)
and earliest Ruscinian (Purcal-4) levels are corre-
lated with chron C3r. According to these authors,
the MN13-MN14 boundary is slightly older than
the limit between chrons C3r and C3n, estimated at
5.23 Ma, and therefore very close to the Messinian-
Zanclean (Miocene-Pliocene) boundary, estimated
at 5.33 Ma (Lourens et al. 2004).
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Trilophomys Assemblage Zone

The rodents Trilophomys, Stephanomys cordii and
Apocricetus barrierei, identified in the reference site
(Gorafe-4) and in other localities included in this zone
(Yeguas, Gorafe-A), are considered to be characteristic
of MN14 (Mein 1975; Fejfar & Heinrich 1990), and
allow assignation of the Trilophomys Zone to this unit.

The two rodent zones distinguished by Fejfar et al.
(1998) in the Lower Ruscinian are based on the range
of two different species of Promimomys, a common
genus in central and eastern Europe, but very scarce in
the Iberian Peninsula, only being mentioned in the
Teruel region (Fejfar et al. 1990; Mein et al. 1990).
Therefore, the Trilophomys Biozone cannot be corre-
lated with these rodent zones.

The sites of Gorafe-4 and Yeguas, with S. cordii, are
younger than those lowermost Ruscinian localities of
the Granada Basin in which S. dubari is identified:
Purcal-4 and 13, Calicasas-3 and 5A (Garcia-Alix et al.
2008a). The teeth of A. barrierei from Yeguas are lar-
ger than those of the same species from PUR-4 (Gar-
cla-Alix et al. 2008b), which is consistent with a
younger age for Yeguas, as the size of this species
increases from older to younger localities. The faunal
content of Gorafe-4 and Yeguas is very similar to that
of other southeastern Spanish localities, such as Alcoy
and Caravaca, which can be considered equivalent in
age.

In the Guadix Basin, there is no record of the taxa
used for the establishment of Lower Ruscinian bioz-
ones in the Teruel area, such as Celadensia and Promi-
momys (Mein et al. 1990). The localities of Yeguas
and Gorafe-4 can be correlated without great preci-
sion with MN14 sites like Peralejos E, Celadas 4, 5 and
9, Cerro Gordo and La Gloria 4. The presence of Step-
hanomys margaritae, a descendant of S. cordii, in Orri-
0s 1, Lomas de Casares 1, Villalba Alta Rio 1 and
Aldehuela, allows us to consider that those sites are
slightly younger than Yeguas and Gorafe-4.

Apocricetus barrierei, identified in Yeguas and Go-
rafe-4 and in the French localities of Celleneuve, Ha-
utimagne, Vendargues and Terrats, indicates a similar
age for all these sites. The taxa recognized in the Trilo-
phomys Biozone are uncommon in Eastern Europe.
Therefore, an indirect correlation (based on the allo-
cation in the same MN unit) can be established with
Lower Ruscinian localities with Promimomys, such as
Podlesice, Osztramos 9, Ptolemais 1 and Kardia.

The lower limit of the Trilophomys Biozone is con-
sidered equivalent to the MNI13-MN14 boundary,
established, as noted above, in ~5.33 Ma. The upper
limit coincides with the MN14-MN15 boundary, cali-
brated in the Alfambra area with the C3n-C2Ar transi-
tion (Opdyke et al. 1997; Agusti et al. 2001), with an
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age of 4.19 Ma. The palaeomagnetic data obtained in
the Guadix Basin for the estimation of the age of
MNI15 (Oms et al. 1999) are coherent with this inter-
pretation.

Dolomys adroveri Taxon-range Zone

The fauna from TCH-1 and Galera-C allows an
undoubtful assignation to the Upper Ruscinian
(MN15). According to Mein (1990), the first occur-
rence of Dolomys corresponds to MN15, and the last
record of Paraethomys is also found in this unit.
Moreover, the species D. adroveri has been only iden-
tified in localities belonging to MN15. These two sites
are clearly younger than the Ruscinian localities in the
Teruel area where ‘archaic Mimomys are found: La
Gloria 2, Villalba Alta Rio 2, Villalba Alta 3, Lomas de
Casares 1 (with M. vandermeuleni), Villalba Alta 1 and
Arquillo 3 (with M. davakosi, Fejfar et al. 1990; Mein
et al. 1990). Serrat d’en Vacquer (reference level of
MN15) and Ptolemais 3, where M. davakosi is found,
are also older than TCH-1 and Galera-C.

The presence of Dolomys adroveri allows a precise
correlation of this biozone with Spanish localities such
as Asta Regia-3 in the Jerez Basin (Castillo & Agusti
1996), Cuesta de Mahora in the Jicar Basin (Opdyke
et al. 1997) and the karstic infilling of Layna (Fejfar
et al. 1990), which have yielded the same species. In
the Teruel region, where D. adroveri is a common spe-
cies, Mein et al. (1990) defined a Dolomys Biozone
with two subzones. The lower one, in which D. adro-
veri is the only arvicolid, includes sites such as Orrios
3, 4, 7 and Villalba Alta 4. The upper one, in which
this species occurs together with Mimomys gracilis,
includes the localities of Escorihuela B, Villalba Alta 5
and Poblado Ibérico. The level TCH-1, which has only
yielded the arvicolid D. adroveri, would be similar in
age to the sites belonging to the former one of these
subzones. The teeth of D. adroveri from TCH-1
resemble those of the same species from Orrios 7
(Minwer-Barakat et al. 2004, 2008b), suggesting an
equivalent age for both sites. The exhaustive revision
and determination of another arvicolid present in Gal-
era-C, originally ascribed to ‘Mimomys occitanus’,
would be necessary for a more precise correlation of
the local Dolomys adroveri Biozone from the Guadix
Basin and the Dolomys Biozone from Teruel. This
revision and future findings will probably lead to the
subdivision of the biozone defined in the present
work.

The Dolomys adroveri Biozone cannot be correlated
with the two Upper Ruscinian rodent zones defined
by Fejfar et al. (1998) (M. davakosi Zone and M. graci-
lis + M. hassiacus Zone). According to Fejfar & Hein-
rich (1990), the upper part of MN15 is characterized
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by an important arvicolid radiation that involves,
among other taxa, the first occurrence of Dolomys and
M. gracilis. Nevertheless, in Teruel, D. adroveri is iden-
tified in several localities older than the first record of
Mimomys gracilis. This observation seems to indicate
that M. davakosi Zone and M. gracilis + M. hassiacus
Zone are not strictly successive. Probably, the estab-
lishment of another biozone would be necessary for
the inclusion of those sites younger than the last
occurrence of M. davakosi and older than the first
appearance of M. gracilis, which, in the Iberian Penin-
sula, are characterized by the presence of a unique arv-
icolid, D. adroveri.

The maximum age of the lower limit of this bioz-
one is that of the MN14-MN15 boundary, dated
around 4.19 Ma, as explained. The estimation of the
age of the upper limit of this biozone is difficult. How-
ever, the site of Galera-C is correlated with chron
C2An.3n. (Garcés ef al. 1997); therefore, the upper
limit of the Dolomys adroveri Biozone must be youn-
ger than the base of this chron, dated at 3.60 Ma.

Mimomys hassiacus-Stephanomys donnezani
Concurrent-range Zone

The only arvicolid identified in this biozone, Mimo-
mys hassiacus, is not useful for correlation with the
MN units, European rodent zones and ELMAs.
According to Fejfar et al. (1998), this species is present
in the Upper Ruscinian (M. hassiacus + M. gracilis
Zone) and also in the Lower Villanyian (M. hassia-
cus + M. stehlini Zone). However, the presence of Oc-
citanomys brailloni and Stephanomys donnezani in
TCH-B and Moredal-A allows the correlation of the
Mimomys hassiacus-Stephanomys donnezani Biozone
with the Upper Ruscinian (MN15). The genus Occit-
anomys becomes extinct at the end of the Ruscinian
(Agusti 1986; Mein 1990; Agusti et al. 2001), while S.
donnezani is only present in MN15 localities such as
Serrat d’en Vacquer (reference locality) and Sete, and
has not been found in Villanyian levels.

Several localities of the Teruel Basin with M. hassia-
cus and M. gracilis (Escorihuela, Escorihuela A and C,
Gea 0) were assigned to the Villanyian by Mein et al.
(1990) but, according to the biozonation of Fejfar
et al. (1998), they must correspond to the Ruscinian.
Although M. gracilis has not been identified in the
Guadix Basin, the presence of M. hassiacus together
with other typical Ruscinian species allows correlation
of the Mimomys hassiacus-Stephanomys donnezani
Biozone with the above-mentioned localities from
Teruel, which must correspond to the uppermost
Ruscinian. The lower crown and the less undulated
linea sinuosa of M. hassiacus from TCH-1B (Minwer-
Barakat et al. 2008b) indicate that this site is slightly
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older than Escorihuela. Other Upper Ruscinian locali-
ties where M. hassiacus is also found are Wolfersheim,
Weze and Ivanovce. The site of Csarnota 2, where M.
gracilis is present but M. hassiacus is still absent, would
be somewhat older. The only Upper Ruscinian locality
of the Granada Basin, Barranco de Blas (Garcia-Alix
et al. 2007b) has yielded few and incomplete arvicolid
teeth that do not allow a specific determination; how-
ever, the presence of S. donnezani in this site permits
correlation with TCH-1B and Moredal-A.

The site of TCH-1B is clearly younger than Galera-
C, correlated with chron C2An.3n. (Garcés et al
1997). Hence, the lower limit of the Mimoys hassiacus-
Stephanomys donnezani Biozone must be younger
than the base of this chron (3.60 Ma). The upper limit
of this biozone coincides with the MN15-MN16
boundary, situated in the Zujar section between
chrons C2An.2r and C2An.2n (Oms et al. 1999;
Agusti et al. 2001), with an estimated age of 3.21 Ma
(Lourens et al. 2004). This datum is not in agreement
with the studies developed in Teruel, where Opdyke
et al. (1997) dated the MNI15-MN16 boundary at
3.58 Ma. Nevertheless, this latter interpretation sup-
posed that the sites of Escorihuela A and C, with Mi-
momys hassiacus and M. gracilis, belonged to MN16.
According to Fejfar et al. (1998), this association cor-
responds to MN15, so the calibration of this boundary
in Teruel would be incorrect. For this reason, we con-
sider more reliable the estimate made in Zujar, and
the age of 3.21 Ma for the MN15-16 limit.

Stephanomys minor Assemblage Zone

The species Mimomys stehlini permits an unambigu-
ous assignation of this biozone to MN16, as it was one
of the characteristic taxa considered in the original
definition of this unit (Mein 1975). Following Fejfar
et al. (1998), M. stehlini marks the beginning of the
Villanyian, and its range is restricted to the Lower Vil-
lanyian. However, the correlation of the Stephanomys
minor Biozone with one of the two rodent zones
included by Fejfar et al. (1998) in MN16 is not possi-
ble. Mimomys stehlini is present in both the M. stehlin-
i + M. hassiacus Zone and in the M. polonicus Zone,
and appears together with M. polonicus in some sites
such as Osztramos 7 and Les Etouaires.

The presence of M. stehlini in the Stephanomys
minor Biozone allows correlation with a great number
of localities in which this species is found, such as
Concud Pueblo, Concud FEstacion 1 and 2 in the Ter-
uel region, Balaruc 2, Seynes and Les Etouaires in
France, Hajnacka (Slovakia), San Giusto, Arondelli,
Arcille (Ttaly), Osztramos 7 (Hungary) and Uryv 1
(Russia). Kislangia ischus permits correlation with
other Spanish localities such as Villarroya, La

LETHAIA 45 (2012)

Marmota 1 and 2, El Carrasco and El Rincon 2 (Este-
ban & Martinez-Salanova 1987).

In the Valdeganga section, the oldest levels (Valde-
ganga 14 and 15), with K. ischus and S. minor, can be
correlated with TCH-3. The site of Valdeganga 9b,
somewhat younger but still belonging to the Lower
Villanyian, can be considered equivalent in age to
TCH-13 because of the presence of Micromys caesaris.

The lower limit of this Biozone coincides with the
MN15-MN16 boundary, estimated, as stated above, at
3.21 Ma. The upper limit can be situated at the
MN16-MN17 transition. The youngest Spanish local-
ity assigned to MN16 is situated in the Villalba Alta
section and correlates with the top of chron C2An
(Opdyke et al. 1997). The oldest MN17 sites are found
in the Galera (Garcés et al. 1997) and Zajar (Oms
et al. 1999) sections, and can be correlated with the
lower part of chron C2r. Agusti et al. (2001) placed
the MN16-MN17 limit close to the C2An-C2r bound-
ary (Gauss-Matuyama boundary), dated at 2.58 Ma
(Lourens et al. 2004). This limit coincides, in fact,
with the Pliocene—Pleistocene boundary after the
change proposed by Gibbard et al. (2010). In this way,
MNI16 (and therefore the Stephanomys minor Bioz-
one) corresponds to the Pliocene, whereas MN17
(and the Mimomys medasensis Biozone) belongs to the
Pleistocene.

Mimomys medasensis Taxon-range Zone

The correlation of the Mimomys medasensis Biozone
with the European biostratigraphical scales is only
possible by means of indirect criteria. The only small
mammal considered as a diagnostic taxon of MN17
by Mein (1975) is Mimomys pliocaenicus, which has
been not recorded in the Guadix Basin. The range of
this species is also used by Fejfar et al. (1998) for the
definition of the only rodent zone corresponding to
MN17. The genera that have their first appearance in
MN17 (Lagurodon, Clethrionomys, Lemmus; Mein
1990) are also absent in the Guadix Basin. According
to Fejfar & Heinrich (1990), other characteristic taxa
of the M. pliocaenicus Zone are Mimomys reidi, M.
tornensis and Kislangia rex. Agusti et al. (2001) added
the species K. gusii, of which the range is restricted to
MN17; this species is not present in TCH-10 and 10B,
but has been found in Galera-2, a site included in the
Mimomys medasensis Biozone, indicating a correspon-
dence of this zone with MN17.

Moreover, the faunal list of TCH-10 and 10B,
including M. medasensis and Stephanomys balcellsi, is
very similar to that of other Spanish localities included
in MN17, such as Islas Medas, Almenara 1 and the
upper levels of the Valdeganga section (Fejfar & Hein-
rich 1990; de Bruijn et al. 1992; Opdyke et al. 1997).
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In fact, all the sites where these two species have been
recognized belong to MN17, so the correlation of the
Mimomys medasensis Biozone with MN17 seems clear.

The age of TCH-10 and 10B would be very similar
to that of Islas Medas. The smaller size of S. balcellsi
and M. medasensis suggests a slightly older age than
that of Almenara 1. There is no micromammal site
corresponding to MN17 neither in other southern
Spanish basins, nor in the Teruel region, where Upper
Villanyian macromammals have been found in La
Puebla de Valverde.

Mimomys medasensis and S. balcellsi have a quite
limited geographical distribution: S. balcellsi is only
known from Spain, whereas the only record of M. me-
dasensis outside the Iberian Peninsula is from Torre
Picchio in Italy (Girotti ef al. 2003). Therefore, corre-
lation of the Mimomys medasensis Biozone with the
main Upper Villanyian European sites (Saint Vallier,
Chilhac, Castelfranco di Sopra, Tegelen, Osztramos 3,
Villany 3) is approximated.

The lower limit of the Mimomys medasensis Bioz-
one can be considered coincident with the MNI16-
MNI17 boundary (C2An-C2r boundary, 2.58 Ma).
The level of Galera-H, with a clearly younger fauna
than that of the Mimomys medasensis Biozone, is still
correlated with chron C2r (Garcés et al. 1997); there-
fore, the entire biozone can be correlated with this
chron. It is difficult to assign a numerical age to the
upper limit of the Mimomys medasensis Biozone, but
it must be notably older than the C2r-C2n boundary
(base of the Olduvai chron), dated at 1.95 Ma.

Conclusions

The recent study of the rodents and insectivores iden-
tified in several fossil sites from the central sector of
the Guadix Basin, together with other previously
known small mammal assemblages from this basin,
has allowed the definition of six local biozones.

The Apodemus gudrunae Assemblage Zone is
defined by the association of Apodemus gudrunae,
Apocricetus alberti, Occitanomys alcalai, Paraethomys
meini, Myocricetodon jaegeri, Debruijnimys almenaren-
sis and Parasorex ibericus. This biozone includes the
sites of NGR-1 (reference level), RCH-3, Bacochas 1
and Pino Mojon. It can be included in the Upper Tur-
olian (MNI13). The maximum age of its lower limit
can be placed at 6.25 Ma (the age of the first occur-
rence of P. meini in Spain); its upper limit coincides
with the MNI13-MN14 boundary, established at ~
5.3 Ma.

The Trilophomys Assemblage Zone is defined by the
association of Apocricetus barrierei, Stephanomys
cordii, Castillomys gracilis, Apodemus  gorafensis,

Mammal biostratigraphy of the Guadix Basin 611

Paraethomys meini and Trilophomys. It includes the
sites of Gorafe-4 (reference level), Gorafe-1, Gorafe-A,
YEG, Colorado 2, Aljibe 2 and 3. This biozone corre-
sponds to the Lower Ruscinian (MN14), and therefore
its lower and upper limits can be considered equiva-
lent to the MN14 boundaries, dated at approximately
5.3 and 4.19 Ma.

The Dolomys adroveri Taxon-range Zone is defined
by the total range of the arvicolid Dolomys adroveri. It
includes the localities TCH-1 (reference level) and
Galera-C; a careful revision of the arvicolids from
other Ruscinian sites of the basin will probably lead to
the inclusion of other sites in this biozone. It can be
located in the Upper Ruscinian (MN15). The maxi-
mum age of its lower limit is 4.19 Ma (MN14-MN15
boundary), while its upper limit is younger than
3.60 Ma.

The Mimomys hassiacus-Stephanomys donnezani
Concurrent-range Zone is defined by the simulta-
neous occurrence of Mimomys hassiacus and Stephan-
omys donnezani. It includes the sites TCH-1B
(reference level) and Moredal-A. As in the case of the
Dolomys adroveri Zone, the revision of the arvicolid
material from other Ruscinian localities of the basin is
needed to allow their inclusion in the biozones
described in this work or, alternatively, the definition
of other biostratigraphical units. This biozone is
assigned to the upper part of the Upper Ruscinian
(MN15). Its age is constrained between 3.60 Ma and
3.21 (estimated age of the MN15-MN16 boundary).

The Stephanomys minor Assemblage Zone is defined
by the association of Stephanomys minor, S. thaleri,
Castillomys crusafonti, Mimomys stehlini and Kislangia
ischus. This biozone includes the sites TCH-3 (refer-
ence level), TCH-13, Zujar-11 and Moredal-B, and
correspond to the Lower Villanyian (MN16). Its lower
and upper limits coincide with the boundaries of
MN16, estimated at 3.21 and 2.58 Ma.

Finally, the Mimomys medasensis Taxon-range Zone
is defined by the total range of the arvicolid Mimomys
medasensis. It includes the levels TCH-10B (reference
level), TCH-10, Galera-2, Galera-G and Cortes de
Baza-1. This biozone is correlated with the lower part
of the Upper Villanyian (MN17). Its lower limit can
be placed at the MN16-MN17 boundary (2.58 Ma).
The age of its upper limit is difficult to establish, but it
must be younger than the base of the Olduvai chron,
dated at 1.95 Ma.

This is the first definition of local biozones accord-
ing to the rules of the International Stratigraphic Guide
for the continental deposits of the Guadix Basin. The
proposed biozonation constitutes a solid framework
for situating other localities from this basin whose fau-
nal contents are in need of revision, and will also allow
the inclusion of future finds.



612 Minwer-Barakat et al.

Acknowledgements. — This study has been supported by the pro-
jects CGL2011-27343, CGL2011-24101 (Ministerio de Economia y
Competitividad, Gobierno de Espana), CGL2009-07830/BTE
(MICINN-FEDER) and RNM8011 (Junta de Andalucia), and the
research groups RNM190, RNM369 and RNM309 (Junta de And-
alucia). A. G. A. was also supported by a Juan de la Cierva contract
from the Spanish ‘Ministerio de Ciencia e Innovacion’. We thank
J. Marig6, D.M. Alba, M. Pina and D. DeMiguel for their assistance
during the preparation of the manuscript. We are also indebted to
the editor P. Doyle and two anonymous reviewers for their con-
structive comments that greatly improved the manuscript.

References

Aguilar, J.P., Brandy, L.D. & Thaler, L. 1984: Les rongeurs de Salo-
brena (Sud de I'Espagne) et le probleme de la migration Messin-
ienne. Paléobiologie continentale 14, 3—17.

Aguilar, J.P., Michaux, J., Bachelet, B., Calvet, M. & Faillat, J.P.
1991: Les nouvelles faunes de rongeurs proches de la limite Mio-
Pliocene en Rousillon. Implications biostratigraphiques et bio-
geographiques. Paleovertebrata 20, 147-174.

Agust, J. 1986: Synthese biostratigraphique du Plio-Pléistocéne de
Guadix-Baza (Province de Granada, sud-est de 'Espagne). Geob-
10s 19, 505-510.

Agusti, J. 1990: The plio-pleistocene arvicolid succession in south-
ern and eastern Spain. In Fejfar, O. & Heinrich, W.D. (eds):
International Symposium on the Evolution, Phylogeny and Biostra-
tigraphy of Arvicolids (Rodentia, Mammalia), 21-32. Geological
Survey, Praha.

Agusti, J. & Martin Sudrez, E. 1994: Sintesis bioestratigrafica de la
Cuenca de Guadix-Baza. In Fernandez Lopez S. (ed): Comuni-
caciones de las X Jornadas de Paleontologia, 8-9. Sociedad Espai-
ola de Paleontologia, Madrid.

Agusti, J., Moya-Sola, S. & Pons-Moya, J. 1987: La sucesion de
mamiferos en el Pleistoceno inferior de Europa: proposicion de
una nueva escala bioestratigrafica. Paleontologia i Evolucio Mem-
oria Especial 1, 287-295.

Agusti, J., Cabrera, L., Garcés, M. & Parés, ].M. 1997: The Vallesian
mammal succession in the Valles-Penedés basin (northeast
Spain): paleomagnetic calibration and correlation with global
events. Palaeogeography, Palaeoclimatology, Palaeoecology 133,
149-180.

Agusti, J., Cabrera, L., Garcés, M., Krijgsman, W., Oms, O. &
Parés, J.M. 2001: A calibrated mammal scale for the Neogene
of Western Europe. State of the art. Earth-Science Reviews 52,
247-260.

Agusti, J., Blain, H.A., Furio, M., De Marfa, R. & Santos-Cubedo,
A. 2010: The early Pleistocene small vertebrate succession from
the Orce region (Guadix-Baza Basin, SE Spain) and its bearing
on the first human occupation of Europe. Quaternary Interna-
tional 223-224, 162-169.

Agusti, J., Santos-Cubedo, A., Furid, M., De Marfa, R., Blain, H.A.,
Oms, O. & Sevilla, P. 2011: The late Neogene-early Quaternary
small vertebrate succession from the Almenara-Casablanca karst
complex (Castellon, Eastern Spain). Chronologic and paleocli-
matic context. Quaternary International 243, 183-191.

Arribas, A., Garrido, G., Viseras, C., Soria, ].M., Pla, S., Solano,
]J.G., Garcés, M., Beamud, E. & Carrion, J.S. 2009: A mammalian
lost world in Southwest Europe during the Late Pliocene. PLoS
One 4, €7127.

Berger, J.P., Reichenbacher, B., Becker, D., Grimm, M., Grimm, K,,
Picot, L., Storni, A., Pirkenseer, C. & Schaefer, A. 2005: Eocene-
Pliocene time scale and stratigraphy of the Upper Rhine Graben
(URG) and the Swiss Molasse Basin (SMB). International Jour-
nal of Earth Sciences (Geologische Rundschau) 94, 711-731.

Bruijn, H. de. 1974: The Ruscinian rodent succession in Southern
Spain and its implications for the biostratigraphical correlation
of Europe and North Africa. Senckenbergiana Lethaea 55, 435—
443.

de Bruijn, H., Daams, R., Daxner-Hock, G., Fahlbusch, V., Gins-
burg, L., Mein, P. & Morales, J. 1992: Report of the RCMNS

LETHAIA 45 (2012)

working group on fossil mammals, Reisensburg, 1990. Newslet-
ters on Stratigraphy 26, 65-118.

Calvache, M.L. & Viseras, C. 1997: Long-term control mechanisms
of stream piracy processes in southeast Spain. Earth Surface Pro-
cesses and Landforms 22, 93-105.

Casanovas-Vilar, L., Alba, D.M., Garcés, M., Robles, ].M. & Moya-
Sola, S. 2011: Updated chronology for the Miocene hominoid
radiation in Western Eurasia. Proceedings of the National Acad-
emy of Sciences 108, 5554-5559.

Castillo, C. 1990: Paleocomunidades de Micromamiferos de los yac-
imientos karsticos del Nedgeno Superior de Andalucia Oriental.
Unpublished PhD thesis, Universidad de Granada, 225 pp.
Spain.

Castillo, C. & Agusti, J. 1996: Early Pliocene rodents (Mammalia)
from Asta Regia (Jerez basin, Southwestern Spain). Proceedings
Koninklijke Nederlandse Akademie van Wetenschappen 99, 25-43.

Cuenca-Bescds, G., Rofes, J., Lopez-Garcia, J.M., Blain, H.A., De
Marfa, R.J., Galindo-Pellicena, M.A., Bennasar-Serra, M.L., Me-
lero-Rubio, M., Arsuaga, J.L., Bermtdez de Castro, ].M. & Car-
bonell, E. 2010: Biochronology of Spanish Quaternary small
vertebrate faunas. Quaternary International 212, 109-119.

Daams, R., Freudenthal, M. & Weerd, A. van de. 1977: Aragonian,
a new stage for continental deposits of Miocene age. Newsletters
on Stratigraphy 6, 42-55. ;

Daams, R., Freudenthal, M. & Alvarez Sierra, M.A. 1987: Ramb-
lian; a new stage for continental deposits of Early Miocene age.
Geologie en Mijnbouw 65, 297-308.

van Dam, J.A., Alcala, L., Alonso Zarza, A., Calvo, J.P., Garcés, M.
& Krijgsman, W. 2001: The Upper Miocene mammal record
from the Teruel-Alfambra region (Spain). The MN system and
continental stage/age concepts discussed. Journal of Vertebrate
Paleontology 21, 367-385.

Domingo, M.S., Alberdi, P.T. & Azanza, B. 2007: A new quantita-
tive biochronological ordination for the Upper Neogene mam-
malian localities of Spain. Palaeogeography, Palaeoclimatology,
Palaeoecology 255, 361-376.

Esteban, F.J. & Martinez-Salanova, J. 1987: Mimomys ischus n. sp. y
M. realensis n. sp.: dos nuevos Arvicolidos (Rodentia, Mamma-
lia) del Plioceno de la Cuenca del Jucar (Albacete). Estudios Ge-
olégicos 43, 299-308.

Fahlbusch, V. 1976: Report on the International Symposium on
mammalian Stratigraphy of the European Tertiary (Miinchen,
April 11-14, 1975). Newsletters on Stratigraphy 5, 160-167.

Fahlbusch, V. 1991: The meaning of MN-Zonation: considerations
for a subdivision of the European continental Tertiary using
Mammals. Newsletters on Stratigraphy 24, 159-173.

Fejfar, O. & Heinrich, W.D. 1990: Muroid Rodent biochronology
of the Neogene and Quaternary in Europe. In Lindsay, E.H., Fa-
hlbusch, V. & Mein, P. (eds): European Neogene Mammal Chro-
nology, 91-117. Plenum Press, New York.

Fejfar, O. & Storch, G. 1990: Eine pliozine (ober-ruscinische) Kle-
insdugerfauna aus Gundersheim, Rheinhessen. I. Nagetiere:
Mammalia, Rodentia. Senckenbergiana Lethaea 71, 139-184.

Fejfar, O., Mein, P. & Moissenet, E. 1990: Early arvicolids from the
Ruscinian (Early Pliocene) of the Teruel Basin, Spain. In Fejfar,
O. & Heinrich, W.D. (eds.): International Symposium on the Evo-
lution, Phylogeny and Biostratigraphy of Arvicolids (Rodentia,
Mammalia), 133-164. Geological Survey, Prague.

Fejfar, O., Heinrich, W.D. & Lindsay, E.H. 1998: Updating the
Neogene Rodent biochronology in Europe. Mededelingen Neder-
lands Instituut voor Toegepaste Geowetenschappen TNO 60, 533—
554.

Fernandez, J., Soria, J.M. & Viseras, C. 1996a: Stratigraphical archi-
tecture of the Neogene basins in the central sector of the Betic
Cordillera (Spain): tectonic control and base level changes. In
Friend, P.F. & Dabrio, C.J. (eds): Tertiary Basins of Spain: The
Stratigraphical Record of Crustal Kinematics, 353-365. Cam-
bridge University Press, Cambridge.

Fernandez, J., Viseras, C. & Soria, J.M. 1996b: Pliocene-Pleistocene
continental infilling of the Granada and Guadix basins (Betic
Cordillera, Spain): the influence of allocyclic and autocyclic pro-
cesses on the resultant stratigraphical organization. In Friend,
P.F. & Dabrio, CJ. (eds): Tertiary Basins of Spain: The



LETHAIA 45 (2012)

Stratigraphical Record of Crustal Kinematics, 366-371. Cam-
bridge University Press, Cambridge.

Freudenthal, M., Mein, P. & Martin Suarez, E. 1998: Revision of
Late Miocene and Pliocene Cricetinae from Spain and France.
Treballs del Museu de Geologia de Barcelona 7, 11-93.

Furi6, M., Santos-Cubedo, A., Minwer-Barakat, R. & Agusti, J.
2007: Evolutionary history of the African Soricid Myosorex (In-
sectivora, Mammalia) out of Africa. Journal of Vertebrate Paleon-
tology 27, 1018-1024.

Garcés, M., Agusti, J. & Parés, .M. 1997: Late Pliocene continental
magnetochronology from the Guadix-Baza Basin (Betic Ranges,
Spain). Earth and Planetary Science Letters 146, 677—688.

Garcés, M., Krijgsman, W. & Agusti, J. 1998: Chronology of the
late Turolian deposits of the Fortuna basin (SE Spain): implica-
tions for the Messinian evolution of the eastern Betics. Earth and
Planetary Science Letters 163, 69-81.

Garcla-Alix, A., Minwer-Barakat, R., Martin Suarez, E. & Freuden-
thal, M. 2007a: New data on Mio-Pliocene Sciuridae (Rodentia,
Mammalia) from Southern Spain. Comptes Rendus Palevol 6,
269-279.

Garcia-Alix, A., Minwer-Barakat, R., Martin Suarez, E. & Freuden-
thal, M. 2007b: A late Ruscinian (Pliocene) Rodent fauna from
the Granada Basin (SE Spain). Journal of Vertebrate Paleontology
27, 1066-1070.

Garcia-Alix, A., Minwer-Barakat, R., Martin, J.M., Martin Suarez,
E. & Freudenthal, M. 2008a: Biostratigraphy and sedimentary
evolution of late Miocene and Pliocene continental deposits of
the Granada basin (southern Spain). Lethaia 41, 431-446.

Garcia-Alix, A., Minwer-Barakat, R., Martin Suarez, E. & Freuden-
thal, M. 2008b: Cricetidae and Gliridae (Rodentia, Mammalia)
from the Miocene and Pliocene of Southern Spain. Scripta Geo-
logica 136, 1-37.

Garcia-Alix, A., Minwer-Barakat, R., Martin Suarez, E. & Freuden-
thal, M. 2008c: Muridae from the Mio-Pliocene boundary in the
Granada basin (Southern Spain). Biostratigaphic and phyloge-
netic implications. Neues Jahrbuch fiir Geologie und Paldontologie
Abhandlungen 248, 183-215.

Garcia-Garcia, F., Soria, J.M., Viseras, C. & Fernandez, J. 2009:
High frequence rhythmicity in a mixed siliciclastic — carbonate
shelf (Late Miocene, Guadix basin, Spain). A model of interplay
between climatic oscillations, subsidence and sediment dispersal.
Journal of Sedimentary Research 79, 302-315.

Gibbard, P.L., Head, M.]., Walker, M.J.C. & the Subcommission
on Quaternary Stratigraphy. 2010: Formal ratification of the
Quaternary System/Period and the Pleistocene Series/Epoch
with a base at 2.58 Ma. Journal of Quaternary Science 25, 96—
102.

Girotti, O., Capasso Barbato, L., Esu, D., Gliozzi, E., Kotsakis,
T., Martinetto, E., Petronio, C., Sardella, R. & Squazzini, E.
2003: The section of Torre Picchio (Terni, Umbria, Central
Italy): a Villafranchian site rich in vertebrates, molluscs, os-
tracods and plants. Rivista Italiana di Paleontologia e Stratig-
rafia 109, 77-98.

de Giuli, C. 1989: The rodents of the Brisighella latest Miocene
fauna. Bollettino della Societa Paleontologica Italiana 28, 197-212.

Gomez Cano, A.R., Hernandez Fernandez, M. & Alvarez-Sierra,
M.A. 2011: Biogeographical provincialism in rodent faunas from
the Iberoccitanian region (southwestern Europe) generates
severe diachrony within the Mammalian Neogene (MN) bio-
chronologic scale during the Late Miocene. Palaeogeography,
Palaeoclimatology, Palaeoecology 307, 193-204.

Guerra Merchan, A., Ruiz Bustos, A. & Martin-Penela, A.J. 1991:
Geologia y fauna de los yacimientos de Colorado 1, Colorado 2,
Aljibe 2 y Aljibe 3. (Cuenca de Guadix-Baza, Cordilleras Béticas).
Geogaceta 9, 99-102. i

Hernandez Fernandez, M., Azanza, B. & Alvarez-Sierra, M.A. 2004:
Iberian Plio-Pleistocene biochronology: micromammalian evi-
dence for MNs and ELMAs calibration in southwestern Europe.
Journal of Quaternary Science 19, 605-616.

Lourens, L., Hilgen, F., Shackleton, N.J., Laskar, J. & Wilson, D.
2004: The Neogene Period. In Gradstein, EM., Ogg, J.G. &
Smith, A.G. (eds): A Geological Time Scale 2004, 409-440. Cam-
bridge University Press, Cambridge.

Mammal biostratigraphy of the Guadix Basin 613

Martin Suarez, E. 1988: Sucesiones de micromamiferos en la depres-
ion Guadix-Baza, 241 pp. Unpublished PhD thesis, Universidad
de Granada, Spain.

Martin Suarez, E. & Freudenthal, M. 1998: Biostratigraphy of the
continental Upper Miocene of Crevillente (Alicante, SE Spain).
Geobios 31, 839-847.

Martin Sudrez, E., Oms, O., Freudenthal, M., Agusti, J. & Parés,
J.M. 1998: Continental Mio-Pliocene transition in the Granada
Basin. Lethaia 31, 161-166.

Martin Suarez, E., Freudenthal, M., Krijgsman, W. & Rutger Fortu-
in, A. 2000: On the age of the continental deposits of the Zorr-
eras Member (Sorbas Basin, SE Spain). Geobios 33, 505-512.

Maul, L. 1996: A discussion of the referral of Mimomys occitanus
Thaler, 1955 (Rodentia, Arvicolidae) to the genus Mimomys.
Acta Zoologica Cracoviensia 39, 343-348.

Mazo, A.V., Sesé, C., Ruiz Bustos, A. & Pefia, J.A. 1985: Geologia y
paleontologia de los yacimientos Plio-Pleistocenos de Huéscar
(Depresion de Guadix-Baza, Granada). Estudios Geoldgicos 41,
467-493.

Mein, P. 1975: Biozonation du Néogene Méditerranéen a partir
des Mammiferes. Report on Activity of the RCMNS working
groups, 78-81. Bratislava.

Mein, P. 1990: Updating of MN zones. In Lindsay, E.H., Fahlbusch,
V. & Mein, P. (eds): European Neogene Mammal Chronology,
73-90. Plenum Press, New York.

Mein, P. 1999: European Miocene Mammal Biochronology. In
Rossner, G.E., Heissig, K. (eds): The Miocene Land Mammals of
Europe, 25-38. Verlag Dr. Friedrich Pfeil, Munchen.

Mein, P., Moissenet, E. & Adrover, R. 1990: Biostratigraphie du
Neéogene Supérieur du bassin de Teruel. Paleontologia i Evolucié
23,121-139.

Minwer-Barakat, R. 2005: Roedores e insectivoros del Turoliense
superior y el Plioceno del sector central de la cuenca de Guadix,
548 pp. Unpublished PhD thesis, Universidad de Granada,
Spain.

Minwer-Barakat, R., Garcia-Alix, A., Martin Suarez, E. & Freuden-
thal, M. 2004: Arvicolidae (Rodentia) from the Pliocene of Tollo
de Chiclana (Granada, SE Spain). Geobios 37, 619-629.

Minwer-Barakat, R., Garcia-Alix, A., Martin Suarez, E. & Freuden-
thal, M. 2005: Muridae (Rodentia) from the Pliocene of Tollo de
Chiclana (Granada, Southeastern Spain). Journal of Vertebrate
Paleontology 25, 426-441.

Minwer-Barakat, R., Garcia-Alix, A., Martin Suéarez, E. & Freuden-
thal, M. 2007: Blarinoides aliciae sp. nov., a new Soricidae
(Mammalia, Lipotyphla) from the Pliocene of Spain. Comptes
Rendus Palevol 6, 281-289.

Minwer-Barakat, R., Garcia-Alix, A. & Freudenthal, M. 2008a: Des-
maninae (Talpidae, Mammalia) from the Pliocene of Tollo de
Chiclana (Guadix Basin, Southern Spain). Considerations on
the phylogeny of the genus Archaecodesmana.. Geobios 41, 381—
398

Minwer-Barakat, R., Garcia-Alix, A., Martin Suarez, E. & Freuden-
thal, M. 2008b: The latest Ruscinian and early Villanyian Arvi-
colinae from southern Spain re-examined: biostratigraphical
implications. Journal of Vertebrate Paleontology 28, 841-850.

Minwer-Barakat, R., Garcia-Alix, A., Martin Sudarez, E. & Freuden-
thal, M. 2008c: Micromys caesaris, a new murid (Rodentia,
Mammalia) from the late Pliocene of the Guadix Basin, South-
eastern Spain. Journal of Paleontology 82, 436—441.

Minwer-Barakat, R., Garcla-Alix, A., Agusti, J., Martin Suarez, E. &
Freudenthal, M. 2009a: The micromammal fauna from Neg-
ratin-1 (Guadix Basin, Southern Spain): new evidence of Afri-
can-Iberian mammal exchanges during the Late Miocene.
Journal of Paleontolgy 83, 854-879.

Minwer-Barakat, R., Garcia-Alix, A., Martin Suarez, E. & Freuden-
thal, M. 2009b: Late Turolian micromammals from Rambla de
Chimeneas-3: considerations on the oldest continental faunas
from the Guadix Basin (Southern Spain). Neues Jahrbuch fiir Ge-
ologie und Paldontologie Abhandlungen 251, 95-108.

Minwer-Barakat, R., Garcia-Alix, A., Martin Sudrez, E. & Freuden-
thal, M. 2010: Soricidae (Soricomorpha, Mammalia) from the
Pliocene of Tollo de Chiclana (Guadix Basin, Southern Spain).
Journal of Vertebrate Paleontology 30, 535-546.



614 Minwer-Barakat et al.

Moya-Sola, S., Agusti, . & Pons-Moya, J. 1984: The Mio-Pliocene
insular faunas from the West Mediterranean: origin and distri-
bution factors. Paléobiologie continentale 14, 347-357.

Moya-Sola, S., Agusti, J. & Marin, M. 1987: Fuentesnuevas-1: nu-
eva localidad con mamiferos del Plioceno superior de Guadix-
Baza (Granada, Espana). Paleontologia i Evolucio Memoria Espe-
cial 1, 87-93.

Ogg, ].G., Ogg, G. & Gradstein, F.M. 2008: The Concise Geologic
Time Scale, 150 pp. Cambridge University Press, Cambridge.

Oms, O., Dinares-Turell, J., Agusti, J. & Parés, J.M. 1999: Refine-
ments of the European Mammal Biochronology from the Mag-
netic Polarity Record of the Plio-Pleistocene Zajar Section,
Guadix-Baza Basin, SE Spain. Quaternary Research 51, 94-103.

Oms, O., Agusti, J., Gabas, M. & Anadoén, P. 2000: Lithostrati-
graphical correlation of micromammal sites and biostratigraphy
of the Upper Pliocene to Lower Pleistocene in the Northeast
Guadix-Baza Basin, (southern Spain). Journal of Quaternary Sci-
ence 15, 43-50.

Opdyke, N., Mein, P., Lindsay, E., Pérez-Gonzalez, A., Moissenet,
E. & Norton, V.L. 1997: Continental deposits, magnetostratigra-
phy and vertebrate paleontology, late Neogene of Eastern Spain.
Palaeogeography, Palaeoclimatology, Palaeoecology 133, 129-148.

Pena, J.A., Rodriguez Fernandez, P. & Ruiz Bustos, A. 1977: El
yacimiento de vertebrados de Cortes de Baza 1 (Depresion de
Guadix-Baza). Nota preliminar. Acta Geologica Hispanica 12,
42-45.

Pla-Pueyo, S., Gierlowski-Kordesch, E.H., Viseras, C. & Soria, J.M.
2009: Major controls on carbonate deposition during the evolu-
tion of a continental basin: Pliocene-Pleistocene of the Guadix
Basin (Betic Cordillera, southern Spain). Sedimentary Geology
219, 97-114.

Ruiz Bustos, A. 1987: Consideraciones sobre la sistematica y evolu-
cion de la Familia Arvicolidae. El género Mimomys. Paleomam-
malia 1, 1-54.

Ruiz Bustos, A. 1991: Biostratigrafia de los sedimentos nedgenos
del sector de Galera (Noroeste de la cuenca de Baza, Cordilleras
Béticas). In Colombo, F. (ed): Actas del I Congreso del Grupo Es-
paiiol del Terciario, Vic, 1991, 301-304. Universitat de Barcelona,
Barcelona.

Ruiz Bustos, A. & Ses¢, C. 1985: Evolucion de los géneros Mirmo-
mys, Arvicola y Allophaiomys (Arvicolidae, Rodentia, Mammalia)
en el Plioceno y Pleistoceno de la peninsula Ibérica. Estudios Ge-
olégicos 41, 99-104.

Ruiz Bustos, A., Sesé, C., Dabrio, C., Pena, J.A. & Padial, J. 1984:
Geologia y fauna de micromamiferos del nuevo yacimiento del
Plioceno inferior de Gorafe-A (Depresion de Guadix-Baza, Gra-
nada). Estudios Geologicos 40, 231-241.

Salvador, A. 1994: International Stratigraphic Guide. A Guide to
Stratigraphic Classification, Terminology, and Procedure. 2nd edn,

LETHAIA 45 (2012)

214 pp. International Union of Geological Sciences and Geologi-
cal Society of America, Boulder, Colorado.

Sesé, C. 1989: Micromamiferos del Mioceno, Plioceno y Pleistoce-
no de la cuenca de Guadix-Baza (Granada). Trabajos sobre Neo-
geno y Cuaternario 11, 185-214.

Soria, J.M. & Ruiz Bustos, A. 1991: Bioestratigrafia de los sedimen-
tos continentales del sector septentrional de la Cuenca de Gua-
dix, Cordilleras Béticas. Geogaceta 9, 94-96.

Soria, J.M., Viseras, C. & Fernandez, J. 1998: Late Miocene-Pleisto-
cene tectono-sedimentary evolution and subsidence history of
the central Betic Cordillera (Spain): a case study in the Guadix
intramontane basin. Geological Magazine 135, 565-574.

Steininger, F.F. 1999: Chronostratigraphy, Geochronology and
Biochronology of the Miocene ‘European Land Mammal
Mega-Zones’ (ELMMZ) and the Miocene ‘Mammal-Zones
(MN-Zones)’. In Rossner, G.E. & Heissig, K. (eds): The Miocene
Land Mammals of Europe, 9-24. Verlag Dr Friedrich Pfeil, Mun-
chen.

Viseras, C. 1991: Estratigrafia y sedimentologia del relleno aluvial de
la cuenca de Guadix (Cordilleras Béticas), 327 pp. Unpublished
PhD thesis, Universidad de Granada, Spain.

Viseras, C. & Fernandez, J. 1994: Channel migration patterns and
related sequences in some alluvial fan systems. Sedimentary Geol-
ogy 88, 201-217.

Viseras, C., Soria, J.M. & Fernandez, J. 2004: Cuencas nedgenas
postorogénicas de la Cordillera Bética. In Vera, J.A. (ed): Geolog-
ia de Espaia, 576-581. Sociedad Geoldgica de Espafia-Instituto
Geologico y Minero de Espana, Madrid.

Viseras, C., Soria, J.M., Fernandez, J. & Garcia Garcia, F. 2005: The
Neogene-Quaternary basins of the Betic Cordillera: an overview.
Geophysical Research Abstracts 7, 11123—-11127.

Viseras, C., Soria, J.M., Duran, J.J., Pla, S., Garrido, G., Garcia-Gar-
cia, F. & Arribas, A. 2006: A large-mammal site in a meandering
fluvial context (Fonelas P-1, Late Pliocene, Guadix Basin, Spain).
Sedimentological keys for its paleoenvironmental reconstruc-
tion. Palaeogeography, Palaeoclimatology, Palaeoecology 242, 139—
168.

Viseras, C., Fernandez, J., Garcia-Garcia, F., Soria, J.M., Calvache,
M.L. & Jauregui, P. 2009: Dynamics of sedimentary environ-
ments in the accelerated siltation of a reservoir: the case of Alha-
ma de Granada, southern Spain. Environmental Geology 56,
1353-1369.

Walsh, S.L. 1998: Fossil datum and paleobiological event terms, pa-
leontostratigraphy, chronostratigraphy and the definition of
land mammal ‘age’ boundaries. Journal of Vertebrate Paleontol-
ogy 18, 150-179.

van de Weerd, A. 1976: Rodent faunas of the Mio-Pliocene conti-
nental sediments of the Teruel-Alfambra region, Spain. Utrecht
Micropaleontological Bulletins, Special Publication 2, 1-217.



