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ABSTRACT

In the Estepona basin (Málaga, S Spain), the richest and the most diverse Pliocene sites of marine invertebrates 
(mostly molluscs) of the Mediterranean are found. Most of the species described up until now (~95% out of 892 
identifi ed species) occur at the Parque Antena and the Velerín Area (Velerín, Velerín-Carretera and Velerín-An-
tena) sites. Although molluscs are very well known, the age of these important sites is still controversial. In this 
paper, a biochronological study of these sites based on an integrated study of the microfossil (calcareous nanno-
plankton and planktonic foraminifers) and macrofossil (molluscs) assemblages is presented. 

The Parque Antena and Velerín-Carretera sites can be attributed to the late Zanclean (uppermost part of the 
early Pliocene) based on the presence of Globorotalia margaritae, Gr. puncticulata and Gr. group crassaformis
(including Gr. crassaformis s.s.). Nannoplankton assemblages agree with this age, and can be attributed to the 
CN11b biozone of Okada & Bukry (1980) due to the presence of small Gephyrocapsa, Sphenolithus abies and 
Reticulofenestra pseudoumbilica. At the Velerín-Antena section, the bioindicators of the early Pliocene Gr. marga-
ritae, Sphenolithus abies and Reticulofenestra pseudoumbilica are absent. The microfossil assemblages are char-
acterised by the occurrence of Gr. puncticulata and Gr. group crassaformis among foraminifers and Discoaster 
asymmetricus and D. tamalis among nannoplankton. This microfossil assemblage allows us to attribute this site 
to the lowermost Piacenzian (middle Pliocene): biozone CN12a of Okada & Bukry (1980).

The molluscs found in the studied sites correlate with the Mediterranean Pliocene Molluscan Unit 1 of Raffi  
& Monegatti (1993) (MPMU1). This unit ranges from the base of the Zanclean (base of the early Pliocene) to 
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the lower half of the Piacenzian (middle Pliocene; ~3 Ma). This age attribution is consistent with that inferred 
from microfossils. 

Finally, the coexistence of Gr. margaritae and Gr. group crassaformis in the Mediterranean domain is de-
scribed for the fi rst time, so far. These two species coexisted during ca. 600 ka in the Atlantic Ocean, thus the 
coincidence of both species in the western Mediterranean can be related to the occasional invasion of inhabit-
ants from the Atlantic by superfi cial currents through the Strait of Gibraltar.

Key words: Pliocene, planktonic foraminifers, calcareous nannoplankton, molluscs, Estepona (S Spain), 
biochronostratigraphy, palaeoceanography. 

RESUMEN

En la cuenca de Estepona (Málaga, S de España) se encuentran los yacimientos pliocenos con mayor diversidad 
y más ricos en invertebrados marinos (mayoritariamente moluscos) del Mediterráneo. La mayoría de las espe-
cies descritas hasta el momento (~95% de 892 especies identifi cadas) se encuentran en los yacimientos de Parque 
Antena y Área de Velerín (yacimientos de Velerín, Velerín-Carretera y Velerín-Antena). Aunque los moluscos de 
estos yacimientos están muy bien estudiados, la edad de los yacimientos aun es tema de controvertido debate. En 
este trabajo, se presenta un estudio biocronológico integrado de estos yacimientos mediante el análisis de las aso-
ciaciones de microfósiles (nanoplancton calcáreo y foraminíferos planctónicos) y de macrofósiles (moluscos). 

Los yacimientos de Parque Antena y Velerín-Carretera pueden atribuirse al Zancliense superior (parte alta del 
Plioceno inferior) por la presencia de Globorotalia margaritae, Gr. puncticulata y Gr. grupo crassaformis (incluy-
endo Gr. crassaformis s.s). Las asociaciones de nanoplancton calcáreo confi rman esta edad y pueden atribuirse a 
la biozona CN11b de Okada & Bukry (1980) por la presencia de pequeñas Gephyrocapsa, Sphenolithus abies y 
Reticulofenestra pseudoumbilica. En Velerín-Antena, los indicadores bioestratigráfi cos del Plioceno inferior, Gr. 
margaritae, Sphenolithus abies y Reticulofenestra pseudoumbilica no se encuentran. Las asociaciones de micro-
fósiles están caracterizadas por la presencia de Gr. puncticulata y Gr. grupo crassaformis entre los foraminíferos 
planctónicos, y Discoaster asymmetricus y D. tamalis entre el nanoplancton calcáreo. Esta asociación de micro-
organismos permite atribuir este yacimiento a la parte basal del Piacenziense (Plioceno medio): biozona CN12a 
de Okada & Bukry (1980). 

Los moluscos encontrados en estos yacimientos se incluyen en la Unidad 1 de Moluscos Pliocenos del Med-
iterráneo de Raffi  & Monegatti (1993) (MPMU1). Esta unidad se extiende desde la base del Zancliense (base 
del Plioceno inferior) a la parte media del Piacenziense (Plioceno medio; ~3 Ma). Esta atribución cronológica 
es consistente con la inferida a partir de los microfósiles. 

Finalmente, se describe por primera vez la coexistencia de Gr. margaritae y Gr. grupo crassaformis en el 
Mediterráneo. Estas dos especies coexistieron durante aproximadamente 600 ka in el Océano Atlántico, así que 
la coincidencia de ambas especies en el Mediterráneo occidental puede relacionarse con la invasión ocasional de 
inmigrantes desde el Atlántico siguiendo corrientes superfi ciales a través del Estrecho de Gibraltar. 

Palabras claves: Plioceno, foraminíferos planctónicos, nanoplancton calcáreo, moluscos, Estepona (S de 
España), biocronoestratigrafía, paleoceanografía.

INTRODUCTION

An intense taxonomic research of the macrofossil as-
semblages, mainly molluscs (bivalves, gastropods and 
scaphopods), of the Estepona basin (Málaga, S Spain) has 
revealed that the Pliocene sediments contain the richest 
fossil assemblages of the Mediterranean domain (Lo zano-
Francisco et al., 1993; Vera-Peláez et al., 1993, 1995a, 
1995b, 1999; Muñiz-Solís et al., 1996; Vera-Peláez Aguilà, 
1996; Lozano-Francisco, 1997, 1998; Vera-Peláez & Lo-
zano-Francisco, 1998a, 1998b; 2002; Vera-Peláez, 2002; 
Muñiz-Solís, 2002; Lozano-Francisco & Vera-Peláez, 
2002). The relevance of these taxonomic investigations 
is twofold. On the one hand, nearly 1,300 species of ma-

rine invertebrates have been identifi ed, 892 of which are 
molluscs. Out of these 892 species, 674 are gastropods, 
198 correspond to bivalves, and 20 are scaphopods. On 
the other hand, 68 species of gastropods are endemism of 
the Estepona basin: 35 species belong to the family Tu rri-
deae; 16 to Marginellidae; 13 to Archeogastropoda; 3 to 
Cysticidae; and 1 to Cancellariidae. The exceptional pres-
ervation of the fossils has allowed to carrying out this ex-
haustive taxonomic research. Gastropods often preserve 
the initial whorls of early ontogenetic stages, crucial for 
species identifi cation. Furthermore, shells of molluscs of-
ten preserve their original colour patterns. 

The Parque Antena section and the Velerín Area (Ve-
lerín, Velerín-Carretera and Velerín-Antena sites) are the 
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most diversifi ed and the richest palaeontological sites of 
the Estepona basin (Fig. 1), where almost all the described 
mollusc species have been found.

Despite the great taxonomical knowledge of the mol-
luscs of the Estepona basin, the age of the deposits in which 
they occur is still controversial. Ansted (1857) assigned 
these deposits to the “Older Pliocene” period following the 
stratigraphic division of the Pliocene established by Lyell 
(1833). After this chronological attribution, since the end 
of the XIX century, authors have traditionally assigned the 
Pliocene deposits of Marbella and Estepona to the middle-
late Pliocene (Lévy & Bergeron, 1892; Bertrand & Kilian, 
1892; González-Donoso & de Porta, 1977; Chamon et al., 
1978). Specifi cally, Guerra-Merchán et al. (2002) attribut-
ed the Parque Antena and Velerín Area sites to the biozone 
MPl 4b of Cita (1975) or Globorotalia aemiliana biozone of 
Iaccarino (1985); that is, Piacenzian (middle Pliocene). This 
age attribution is based on the occurrence of Globorotalia 
crassaformis Galloway & Wissler 1927, Gr. aemiliana Co-
lalongo & Sartoni 1967, Gr. bononiensis Dondi 1963, Glo-
bigerinoides ruber (dʼOrbigny) Banner & Blow 1960, bigerinoides ruberbigerinoides ruber Gd. 
elongatus (dʼOrbigny) Banner & Blow 1960 and Gd. ex-
tremus Bolli & Bermúdez 1965. However, Aguirre (1995a) 
included these sediments in the early Pliocene based on re-
gional stratigraphic correlation along the southern margin 
of Spain, and on biostratigraphic results from samples reco-
vered in different localities along the coast of Málaga. 

An integrated study of the microfossil assemblages 
(planktonic foraminifers and calcareous nannoplankton) has 
been carried out in the Parque Antena and Velerín (Velerín, 
Velerín-Carretera and Velerín-Antena) sites to establish their 
temporal framework. This microfossil analysis is crucial to 
better understand further-reaching topics, such as the macro-
evolutionary patterns of the fauna during the Pliocene. In this 
respect, Raffi  et al. (1985, 1989), Raffi  & Monegatti (1993) 
and Monegatti & Raffi  (2001) detected several extinction 
events of molluscs in the Mediterranean during the middle-
late Pliocene. These extinction events were probably related 
to the stepwise global climatic cooling caused by the onset 
of the Northern Hemisphere glaciation, starting at ~3 Ma 
(Piacenzian, middle Pliocene) and culminating at ~2.4 Ma 

(Gelasian, late Pliocene) (Shackleton et al., 1984; Keigwin, 
1986; Ruddiman & Raymo, 1988; Dowsett & Poore, 1990; 
Maslin et al., 1998; Thiede et al., 1998). 

Another important aspect that could be affected by the 
timing of the Estepona fauna is the palaeobiogeographic re-
lationships of the fossil assemblages between the Mediter-
ranean and the adjacent Atlantic Ocean (patterns of fauna 
displacements, interchanges of species, immigrants, emi-
grants, etc). In relation to this, the coexistence of Globoro-
talia margaritae Bolli & Bermúdez 1965 and Gr. crassa-
formis is reported for the fi rst time in this paper. Since 
these two species of planktonic foraminifers have never 
been found together in the Mediterranean, this fi nding is 
crucial in inferring faunal interchanges between the Atlan-
tic and the Mediterranean through the Strait of Gibraltar, 
probably related to palaeoceanographic circulation models. 
This aspect is also discussed in this paper.

GEOGRAPHICAL LOCATION
AND GEOLOGICAL CONTEXT

The Velerín Area sites (Velerín, Velerín-Carretera and 
Velerín-Antena) are exposed along the Velerín valley, about 
4 km ENE of Estepona, while the Parque Antena site crops 
out in a section ca. 8 km ENE of Estepona (Fig. 2). Ac-
cording to the palaeogeographic reconstruction (Fig. 3), 
the studied sites were located at the northwestern margin 
of the Alborán Sea. 

The Pliocene deposits of the Málaga region are exposed 
along the coast and extend landward through the present-
day river valleys (Figs. 1-2). They unconformably overlay 
different lithological units of the Inner Zone of the Betic 

Figure 1. Map of the Neogene basins of the Betic Cordillera.

Figure 2.  Geological map of the studied area indicating the lo-
cation of the studied sections. 1: Velerín; 2: Ve lerín-
Antena; 3: Ve lerín-Carretera; 4: Parque Antena (modi-
fi ed from Vera-Peláez et al., 1995b). 
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Cordillera and the sandstones of the Campo de Gibraltar 
Flysch Complex. The Pliocene sediments exposed in this 
region are lithologically homogeneous and show similar 
facies. They consist of blue marls (locally known as “Mar-
gas de Tejares”), silts, sands and conglomerates. Locally, 
in the Nerja, Almayate and Estación Valle-Niza basins 
(Fig. 3), the Pliocene deposits are made up of calcaren-
ites and calcirudites with variable amounts of siliciclastic 
components (Guerra-Merchán & Serrano, 1993; Mayoral 
& Rodríguez-Vidal, 1994; Aguirre, 1995a, 2000). These 
calcareous sediments were formed in areas starved or with 
low infl uence of siliciclastic inputs.

In the Estepona basin, the Pliocene sediments are de-
posited on metamorphic rocks of the Sierra Bermeja and 
on sandstones of the Campo de Gibraltar Flysch Complex, 
which crop extensively out W of Estepona and W of San 
Pedro de Alcántara (Fig. 2). The Pliocene deposits in the 
Estepona basin form a single unit (Aguirre, 1995a), start-
ing with channelled breccias and conglomerates on top of 
the Betic basement of the Sierra Bermeja at the northern 
margin of the basin. Coarse-grained sands are intercalat-
ed among the conglomerates and breccias. Fossil inver-
tebrates are very abundant both in the conglomerates and 
in the sands. Upward into the unit, as well as laterally to 
the south, the sediments change to very fossiliferous me-
dium- to fi ne-grained sands and silts. These facies are lo-
cally known in the region as “bizcornil”. Locally, blue 
marls crop out in the southernmost areas. 

The Pliocene sediments were formed in a fan delta, and 
the observed N-S facies change is interpreted as a proxi-
mal to distal change in the depositional settings. Thus, the 
conglomerates and breccias with the coarse-grained sands 
in the northern part of the basin correspond to the inner 
fan-delta facies, while the medium- to fi ne-grained sands 
of the southern areas represent the outer fan-delta deposits. 
The silts can be attributed to the distalmost (southernmost 
areas) deposits of the outer fan-delta in the transition to 
the basin, where the blue marls were deposited. 

STRATIGRAPHY OF THE STUDIED 
SECTIONS

VELERÍN SECTION
Velerín is the northernmost studied section in the Velerín area 

(site 1 in Fig. 2). The Pliocene deposits at this site are up to 6 
m thick. These deposits are sub-horizontal, with a very gentle 
dipping (~5º) to the south. They consist of conglomerates with 
intercalations of up to 30-cm-thick coarse-grained sand beds 
(Figs. 4 and 5a-b). Conglomerates are composed of centimetre 
to decimetre clasts of metamorphic rocks coming from the Sierra 
Bermeja substrate. Major components are gneis, schist, quartz-
ite, marble and peridotite clasts mostly spherical and rounded in 
shape. Occasionally, amalgamation of several channelled beds is 
observable. These channelled beds often show a normal grading 
and large-scale trough-cross stratiphication. 

Coarse-grained sands occur as lens-shaped bodies within 
the conglomerates. They are massive and contain some meta-
morphic grains and granules (up to 2-3 cm across) dispersed in 
the matrix. 

Fossil invertebrates, mostly molluscs, are abundant in this 
site, both in the conglomerates and in the sands. In the vicinity 
to this site, Vera-Peláez (1996) and Lozano-Francisco (1997) 
described about 90% of the total mollusc species found in the 
whole Estepona Basin in the locality called Velerín-Pared. Fos-
sils are exceptionally well preserved, maintaining their original 
aragonitic shells. In cases, gastropods also preserve the proto-
coch and traces of the original colour pattern. 

Predominance of conglomerates, amalgamation of chan-
nelled conglomeratic beds, size of the boulders and cobbles, 
and the fossil content indicate that these deposits represent the 
inner fan-delta facies. Clast morphology and sedimentary struc-
tures suggest a considerable transport from the source area and 
an important reworking by hydraulic currents within the depo-
sitional setting. 

VELERÍN-ANTENA SECTION
This section is ca. 500 m S of the previous one (site 2 in 

Fig. 2). The lower part of this section can be laterally correlated 
with the uppermost part of the Velerín section, thus constituting 
the upward continuation of the Pliocene unit. This stratigraphic 
relationship is easily observable in the fi eld. 

The Pliocene deposits at Velerín-Antena section (Fig. 4), up 
to 20 m thick, are monotonously represented by fossiliferous 
medium- to fi ne-grained sands (“bizcornil” facies) (Fig. 5c). 
These sands are massive and very homogeneous. Conglomera-
tic beds, up to 30 cm in thickness, are occasionally intercalated 
in the lower part of the section. These conglomerates are made 
up of metamorphic rocks, up to 5-7 cm in diameter, of the Sie-
rra Bermeja basement. These beds show channelled bases and 
normal grading. 

Fossils are dispersed in the sands, although occasionally they 
concentrate in thin beds, less than 5 cm thick. Together with fos-
sil invertebrates, fragments of plant remains are present. 

The lower part of the Velerín-Antena section is interpreted as 
the transition from the inner to the outer fan-delta facies. Higher 
up into the sequence, the dominance of homogeneous and mas-
sive medium- to fi ne-grained sands represent the establishment 
of the outer fan-delta facies. Presence of plant remains confi rms 
the interpretation of a fan-delta depositional system. 

Figure 3.  Palaeogeographic map of the province of Málaga (S 
Spain) during the Pliocene (modifi ed from Aguirre 
1995a).
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VELERÍN-CARRETERA SECTION
This section, up to 4 m thick, is located less than 2 km S of the 

previous ones (site 3 in Fig. 2). The Velerín-Carretera section is 
very monotonous since the Pliocene deposits consist of “bizcornil”-
type facies (Figs. 4 and 5d-e); that is, medium- to fi ne-grained fos-
siliferous sands. They contain a very rich fossil content. 

The lower part of the section consists of silts and fi ne-grained 
sands. Up into the section, sediments increase the grain size, 
changing to fi ne- and medium-grained sands. Plant remains are 
also associated with fossil invertebrates. 

The correlation of this section with the previous Velerín and 
Velerín-Antena sections is not observed in the fi eld. 

The silts and fi ne-grained sands of the lower part of the sec-
tion correspond with the transition from the outer fan-delta to 
the platform settings. The observed upward change in grain size 
is interpreted as the transition to the outer fan-delta deposits as 
this system prograded to the S. Presence of plant remains is con-
sistent with this interpretation. 

PARQUE ANTENA SECTION
The Parque Antena section (Fig. 4), up to 7 m in thickness, 

dips to the S (Fig. 5f). It consists of fi ne-grained sands and silts 
with beds of coarser-grained sands with trough cross-lamination 

at the base of the section (Fig. 4). Small channelled bodies of 
conglomerates are intercalated in the fi rst 60 cm of the section. 
Clasts, up to 2 cm across, are metamorphic rocks coming from 
the Sierra Bermeja substrate. A thick channel (1.3 m in thickness) 
of medium- to fi ne-grained sands with small-scale through-cross 
stratiphication is in the lower part of the section (Fig. 4). Abun-
dant fossil invertebrates and small pieces of carbonaceous plant 
remains are dispersed in these deposits. Sediment changes to ho-
mogeneous and massive silts up into the section (Fig. 4). 

These deposits are interpreted to be formed in distal fan-
delta and basinal settings. No lateral relationship between the 
Parque Antena section with the Pliocene deposits of the pre-
vious sections in the Velerín area is observed in the fi eld. The 
Parque Antena section is considered the laterally related depos-
its to those of the Velerín-Carretera section (see biostratigraphic 
correlation below). 

METHODOLOGY
Several samples were collected in the different sections   

(Fig. 4): six samples in Parque Antena, fi ve in Velerín-Carretera, 
fi ve in Velerín-Antena, and one in Velerín. For the study of the 

Figure 4.  Stratigraphic columns of the studied sections indicating the position of the collected samples. 
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Figure 5.  Field view of the studied sites. a, channelized conglomerates and coarse-grained sand beds intercalated in the Velerín site; 
arrow indicates the location of the sample. b, a detailed view of the bioclastic coarse-grained sand bed where the stud-
ied sample was collected. c, location of the sample at the Velerín-Antena site. d, fi eld view of the Velerín-Carretera site.
e, a close-up view of the, fossiliferous silt and fi ne-grained sands of the previous outcrop. 1: vermetid; 2: bivalves. f, the 
Parque Antena site indicating the location of the six studied samples (arrows pointing asterisks). 
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planktonic foraminifers about 1 kg of sediment was sieved. The 
residue from the fraction 125 µm was analysed.

Due to the presence of signifi cant coarse-grained sediment 
in some of the samples, they were pre-prepared for calcareous 
nannofossils through prompt stir and settling into a test tube for 
separation of the silty-clay fraction. A portion of this fraction 
was fl ooded into a coverslip with a pipette and smeared with a 
fl at-sided toothpick all over its surface, allowing for the devel-
opment of ripples of variable concentration by gentle friction. 
The preparation is then rapidly dried on a hotplate and perma-
nently affi xed using an optical mounting medium (Entellan ®). 
The preparation is scanned for biostratigraphic markers on a 
petro graphic microscope with 1250x magnifi cation.

RESULTS

PLANKTONIC FORAMINIFER ASSEMBLAGES
In general, all the studied samples show a very high 

content of foraminifers, both planktonic and benthonic. 
The foraminifer assemblages of the Parque Antena sam-
ples show a high proportion of the planktonic/benthonic 
ratio. This is consistent with the inferred environmental 
conditions in which these sediments were formed (in the 
transition from the outer fan-delta to the basin). 

Assemblages of planktonic foraminifers in the Parque 
Antena section are clearly dominated by Globorota-
lia puncticulata (Deshayes 1832) Banner & Blow 1970     
(Fig. 6a) and Globigerinoides spp. Among the latter, Glo-
bigerinoides trilobus (Reuss) Tjalsma 1971 and Gd. sac-
culifer Brady 1884 are especially abundant in the PA-4 
sample, dominating the assemblage. Other abundant spe-
cies often found in the samples are Orbulina universa
dʼOrbigny 1839, Globigerina decoraperta Takayanagi 
& Saito 1962, Globigerinita sp. and Globorotalia scitula
(Brady) Banner & Blow 1960. These species are irregu-
larly distributed through the section. 

Among the dominant species, other biostratigraphically 
signifi cant ones are present. In the PA-2 sample, associ-
ated with the aforementioned species, Globorotalia group 
crassaformis (see Taxonomic Appendix) and Sphaeroi-
dinellopsis seminulina (Schwager) are found (Figs. 6b-d). 
Additionally, in the PA-5 and PA-6 samples, the occurrence 
of Globorotalia margaritae is confi rmed (Figs. 6e-f). To-
gether with this species, Gr. puncticulata and Gr. group 
crassaformis are also found.

In the three localities of the Velerín Area, foramini fers 
are also very abundant, except at the Velerín section, where 
only a few specimens of benthonic foraminifers occur. The 
sample in this section was collected in a coarse-grained 
sand bed intercalated in the channelled conglomerates (Fig. 
5b). As mentioned above, these sediments were deposited 
in a proximal inner fan-delta setting. Therefore, the shal-
low environmental conditions account for the scarcity of 
foraminifers (and the virtual absence of planktonic forms) 
in this sample. 

Both planktonic and benthonic foraminifers, as well 
as ostracod carapaces, are very abundant in the Velerín-
Carretera section, except the fi rst sample (Vel-Car-1), in 
which a few benthonic foraminifers are only present. The 
samples are dominated by Globigerinoides spp (mainly 
Gd. extremus Bolli 1957, Gd. obliquus Bolli 1957 and Gd. 
ruber dʼOrbigny 1839), ruberruber Globigerina spp. and Gr. punctic-
ulata. Gr. crassaformis s.s. is present throughout the sec-
tion, although it is relatively abundant in sample Vel-Car-
3 (Figs. 7a-c). Associated planktonic foraminifers are O. 
universa, Neogloboquadrina acostaensis Blow 1959, N. 
humerosa Takayanagi & Saito 1962, Globigerinella sp. 
and Sphaeroidinellopsis sp. Occasional individuals of Gr. 
scitula are present (Vel-Car-2). Gr. margaritae is found in 
the uppermost Vel-Car-5 sample (Figs. 7c-f).

From a biostratigraphic point of view, it is worth men-
tioning the presence of Gr. margaritae, Gr. crassaformis 
s.s. and Gr. puncticulata. All these three species can co-
exist together in a sample (Vel-Car-5). 

Finally, foraminifer assemblages at the Velerín-Ante-
na section are dominated by benthonic forms (low plank-
tonic/benthonic ratio), mainly Ammonia and Elphidium. 
Ostracods are also very abundant in this section. The low 
planktonic/benthonic ratio and the dominance of these two 
benthonic forms suggest, and are consistent with, a shallow 
proximal depositional setting. The planktonic foraminifer 
assemblages are dominated by Globigerinoides spp. (most-
ly Gd. extremuns and Gd. ruber) and Gr. puncticulata. 
Accompanying planktonic foraminifers are O. universa, 
Globigerinella sp., Globigerina spp. and scarce Neoglo-
boquadrina spp. Gr. crassaformis s.s. occurs in the sam-
ple Vel-Ant-4 together with Sphaeroidinellopsis and Gr. 
puncticulata (Fig. 8). 

CALCAREOUS NANNOPLANKTON ASSEMBLAGES
Both the Parque Antena and Velerín Area sites show 

exceptionally abundant and rich nannofossil assemblages 
(coccoliths and other nannoliths) (Fig. 9 and Table 1). The 
preservation of the nannofossils is also exceptional since 
complete coccospheres are often found. However, there are 
also reworked specimens from older deposits: Cretaceous, 
Palaeogene and Miocene. High proportion of reworked 
specimens, together with the presence of the shallow spe-
cies Braarudosphaera bigelowi (Gran & Braarud 1935) 
Defl andre 1947, indicates shallow palaeoenvironmental 
conditions. This is confi rmed by the low abundance of 
open oceanic water nannoplankton forms, such as Dis-
coaster spp., coastercoaster Sphenolithus spp. and Ceratolithus spp. 

The samples from the Parque Antena section are clearly 
dominated by small Gephyrocapsa (less than 3 µm) togeth-
er with reticulofenestrids (Reticulofenestra haqii Backman 
1978, R. minutula (Gartner) Haq & Berggren 1978, R. minuta
Roth 1970), Helicosphaera carteri (Wallich) Kamptner 1954 
and Coccolithus pelagicus (Wallich) Schiller 1930 (Table 
1). The presence of nannoplankton species typically inhab-
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iting open oceanic conditions, such as Ceratolithus cristatus
Kamptner, 1950, Scyphosphaera spp., Syracosphaera spp. 
and Umbilicosphaera sibogae (Weber-Van Bosse) Gaard-
er, 1970, together with richer and more diverse Discoaster
assemblages, in the last two samples of the Parque Antena 
section (Table 1) confi rms the upward deepening previously 
inferred based on planktonic foraminifers. 

From a biostratigraphic point of view, the species Re-

ticulofenestra pseudoumbilica (larger than 7 µm) and 
Sphenolithus abies are found throughout the Parque An-
tena section. Additionally, the discoasterids Discoaster 
asymmetricus, D. tamalis, D. brouweri (Tan Sin Hok) 
Bramlette & Riedel 1954, D. surculus Martini & Bram-
lette 1963 and D. variabilis Martini & Bramlette 1963 are 
the dominant nannoliths, and are present in almost all the 
samples (Table 1). 

Figure 6.  Planktonic foraminifers of biostratigraphic signifi cance found in Parque Antena section. a, Globorotalia puncticulata (De-
shayes 1832) Banner & Blow 1970, umbilical view (sample PA-5). b-c, Globorotalia crassaformis group, lateral (b) and 
umbilical (c) views (sample PA-5). d, Sphaeroidinellopsis seminulina (sample PA-2). e-f, Globorotalia margaritae Bolli 
& Bermúdez 1965, umbilical (e) and lateral (f) views (sample PA-6).
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Figure 7.  Planktonic foraminifers of biostratigraphic signifi cance found in Velerín Carretera section. a-c, Globorotalia crassaformis
Galloway & Wissler 1927 s.s., lateral (a), spiral (b) and umbilical (c) views (sample Vel-Car-3). d-f, Globorotalia marga-
ritae Bolli & Bermúdez 1965, spiral (d), lateral (e) and umbilical (f) views (sample Vel-Car-5). 

Table 1. Distribution and abundance of nannoplankton species in the studied samples. Key: 1.- Rare (one coccolith in more than 
10 fi elds of observation); 2.- Common (one cocolith in less than 10 fi elds of observation); 3.- Frequent (1-10 cocolith per 
fi elds of observation); 4.- Abundant (more than 10 cocolith per fi elds of observation).
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The nannofossil assemblage present in the Velerín 
section shows very low abundance and diversity since it 
corresponds with the most proximal site. It is worth high-
lighting, however, the presence of Reticulofenestra haqii, 
R. minutula, R. minuta, Helicosphaera carteri (Wallich) 
Kamptner 1954 and small Gephyrocapsa. 

One sample of the Velerín-Carretera section was ana-
lysed (Vel-Car-5). This sample shows similar nannofossil 
assemblages to those found in the Parque Antena section. 
That is, small Gephyrocapsa, Reticulofenestra pseudo-
umbilica and Sphenolithus abies are found. 

In Velerín-Antena section, the calcareous nannoplank-
ton of the sample Vel-Ant-4 was studied. The nannofos-
sil assemblage in this sample is characterized by the oc-
currence of small Gephyrocapsa, Discoaster asymmetri-
cus and D. tamalis, and the absence of Reticulofenestra 
pseudo umbilica and Sphenolithus abies.

DISCUSSION

BIOCHRONOLOGY OF THE STUDIED MATE-
RIALS

In all the studied samples, microfossils are abundant, 
continuously present and generally well preserved. Among 
foraminifers, no size sorting is observed, a typical feature 
of reworking. Further, except for a few nannofossil species 
in some samples, no obvious mixing of species of different 
ages is recorded. Therefore, microfossil assemblages are 
mostly composed by temporally coherent species. That is, in 
most cases there is no biostratigraphic resolution to separate 
microfossil species of mixed ages due to reworking. This is 
specially the case for the planktonic foraminifer assemblages, 
which contain only species of consistent time ranges. 

The coexistence of Gr. margaritae, Gr. puncticula-
ta and Gr. group crassaformis among the planktonic fo-

Figure 8.  Planktonic foraminifers of biostratigraphic signifi cance found in Velerín Antena section. a-c, Globorotalia crassaformis
Galloway & Wissler 1927 s.s., spiral (a), lateral (b) and umbilical (c) views (sample Vel-Ant-4). d, Globorotalia punctic-
ulata (Deshayes 1832) Banner & Blow 1970, umbilical view (sample Vel-Ant-4).
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raminifers in Parque Antena section allows us to attribute 
these materials to the upper part of the Zanclean (early 
Pliocene). That is, they correspond to the upper part of 
the PL 2 biozone of Berggren et al. (1995). According to 
the nannoplankton, the occurrence of small Gephyrocapsa, 
Sphenolithus abies and Reticulofenestra pseudoumbilica
indicates that this site can be included in the CN11b bio-
zone of Okada & Bukry (1980). This biozone is also up-
per Zanclean in age (Fig. 10). 

In relation to the timing of the sections of the Velerín 
Area, the low abundance of microfossils due to the shal-
low depositional conditions at the Velerín section pre-
cludes the establishment of any precise age. However, this 
site could be tentatively attributed to the CN 11b nanno-
plankton biozone (early Pliocene) based on the presence 
of small Gephyrocapsa. 

The Velerín-Carretera section, as the Parque Antena 
section, can also be assigned to the late Zanclean (early 
Pliocene) according to the planktonic foraminifers (coex-
istence of Gr. margaritae, Gr. crassaformis s.s., Gr. group 
crassaformis and Gr. puncticulata) and nannofossils (pres-
ence of small Gephyrocapsa, Sphenolithus abies and Re-
ticulofenestra pseudoumbilica) (Fig. 10).

Planktonic foraminifer assemblages at the Velerín-An-
tena section are characterised by the co-occurrence of Gr. 
puncticulata and Gr. crassaformis (Gr. crassaformis s.s and 
Gr. group crassaformis) and the absence of Gr. margari-
tae. With respect to the nannoplankton assemblages, small 
Gephyrocapsa is present in this site, but Sphenolithus abies
and Reticulofenestra pseudoumbilica are absent. Since the 
last occurrence of Gr. margaritae, Sphenolithus abies and 
Reticulofenestra pseudoumbilica marks the top of the ear-
ly Pliocene (Zanclean), this site should be included in the 
lower part of the middle Pliocene (Piacenzian). The occur-
rence of Discoaster tamalis and D. asymmetricus allows us 
to assign this site to the CN12a biozone of Okada & Bukry, 
the lowermost biozone of the Piacenzian (Fig. 10). 

The age attribution of the studied sites is consistent with 
the biozonation based on mollusc assemblages (Fig. 11). 
According to the stratigraphic range of bivalve, gastropod 
and scaphopod species, the Parque Antena sequence and 
Velerín area sites can be attributed to the Mediterranean 
Pliocene Molluscan Unit 1 (MPMU1) of Raffi  & Monegatti 
(1993) and Monegatti & Raffi  (2001) (Fig. 11). Following 
these authors, this mollusc unit ranges from the base of 
the early Pliocene (5.3 Ma) to the lower part of the mid-
dle Pliocene, about 3 Ma, that is, it is Zanclean-lower Pia-
cenzian in age (Fig. 11).

Additionally, the MPMU1 is defi ned as characterised by 
a typical thermophyllic mollusc assemblage (Raffi  & Mon-
egatti, 1993; Monegatti & Raffi , 2001). The mollusc fauna 
of the Estepona basin is represented by a great abundance 
of groups inhabiting present-day warm waters (Vera-Peláez 
et al., 1995b). Warm water gastropods present in the stud-
ied sites are representative of the families Terebridae, Co-

nidae, Pleurotomariidae, Ficidae, Amathinidae, Turridae, 
Mitridae and Olividae, among others. Furthermore, the 
gastropod Strombus, a typical Senegalese species, is also 
found in the Velerín Area (Vera-Peláez et al., 1995b). 

Among bivalves, it is worth noting the common occur-
rence of thick-shelled venerids, such as Callista italica De-
france 1818 and Pelecyora gigas Lamarck 1818, as well as 
Isognomon maxillatus (Lamarck 1801), Tugonia anatinae
Gmelin 1791, Lyrocardium and the pectinids Flabellipect-
en bosniasckii Di Stefani & Pantanelli 1880 and F. plano-
medius Sacco 1897 (Lozano-Francisco, 1997). Therefore, 
both the stratigraphic range and the warm-water affi nity 
of the mollusc species indicate that the studied sediments 
are attributable to the MPMU1.

In a larger context, and from the perspective of se-
quence stratigraphy, the Pliocene sediments of southern and 
southeastern Spain can be divided into two units: a lower 
unit, the Pliocene I unit, and an upper one, the Pliocene II 
unit (Montenat, 1977, 1990; Aguirre, 1995a, 1995b, 1998, 
2000). Both units are separated by an unconformity that 
is identifi ed along S-SE Spain and N of Morocco, as well 
as in the Alborán Sea (see Aguirre, 1995b for a revision). 
The Pliocene I unit ranges from early Pliocene at the bot-
tom to lowermost middle Pliocene at the top, while the 
Pliocene II unit is middle-late Pliocene in age (Montenat, 
1977, 1990; Aguirre, 1995a, 1995b, 1998, 2000; Aguirre & 
Sánchez-Almazo, 1998; Aguirre & Jiménez, 1998; Aguirre 
et al., 2002). According to these authors, the boundary be-
tween the two units is nearly at 3 Ma. 

In short, the dating of the studied sites based on mi-
crofossils is consistent with the results based on the mol-
lusc assemblages, and with the large scale stratigraphic 
correlation. That is, the studied deposits range from the 
upper part of the Zanclean (uppermost early Pliocene) to 
the lower half of the Piacenzian (middle Pliocene). On the 
geochronological time scale these deposits can be placed 
between the fi rst occurrence of Gr. group crassaformis
(4.18 Ma, see discussion below), and ~3 Ma, the upper 
limit of the MPMU1 (Figs. 10 and 11). 

PALAEOBIOGEOGRAPHIC AND PALAEOCEANO-
GRAPHIC IMPLICATIONS

Up until now, Globorotalia margaritae and Gr. crassa-
formis have never been found together in the Mediterra-
nean. The appearance of the Gr. crassaformis group in the 
Mediterranean has been dated at about 3.6 Ma (Hilgen, 
1991; Berggren et al., 1995; Lourens et al., 1996; Ser-
rano et al., 1999). On the other hand, the last common 
occurrence of Gr. margaritae throughout the Mediterra-
nean took place at about 3.8 Ma (Hilgen, 1991; Lourens 
et al., 1996; Serrano et al., 1999). Therefore, the extinc-
tion of Gr. margaritae predates the fi rst appearance of 
the Gr. crassaformis group by about 200 ky (Fig. 10). In 
this paper, however, the coexistence of both species has 
been shown. 
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In contrast to the Mediterranean, in the Atlantic Ocean 
these two species can co-exist. The fi rst occurrence of Gr. 
group crassaformis is 4.18 Ma (Berggren et al., 1995), 
that is, 580 ka earlier than in the Mediterranean. The ex-
tinction of Gr. margaritae is dated at 3.58 Ma (Berggren 
et al., 1995), 220 ky later than in the adjacent Mediterra-
nean. In short, the two species were living together in the 
Atlantic, at least for 600 ky (Fig. 10).

The coexistence of Gr. margaritae and Gr. group 
crassaformis in the Estepona basin can be related to tem-
poral invasions of the two species colonizing, at least, the 
western Mediterranean following the palaeocurrent sys-
tems. An antiestuarine palaeocirculation pattern through 
the Strait of Gibraltar, similar to the one existing at present, 
was established during the Pliocene (Maldonado, 1989; 
Hernández-Molina et al., 2002), although some inversions 
from antiestuarine to estuarine circulation patterns could 
have taken place during the Quaternary (Maldonado, 1989; 
but see Cachão & Moita, 2000). Thus, the Atlantic waters 
fl ow into the Mediterranean by superfi cial currents, while 
the more saline Mediterranean waters fl ow out to the At-
lantic following deep currents (Fig. 12). 

The infl owing superfi cial Atlantic current forms two anti-
cyclonic gyres in the Alborán Sea (Heburn & La Violette, 
1990), the Western and the Eastern Alborán Gyres, separated 

by the Alborán Island (Fig. 13). Due to the orientation of the 
axis of the Strait of Gibraltar in relation to the fl ow of water 
entering the Mediterranean, a jet of this superfi cial current 
goes northward to the coast of Málaga, while the rest of the 
water current turns to the south, describing the Western Al-
borán Anticyclonic Gyre (Hopkins, 1989) (Fig. 13). A com-
plex interaction among different factors (Hopkins, 1989; He-
burn & La Violette, 1990; Robinson & Golnaraghi, 1994) 
favours the formation of the Eastern Alborán Gyre, which is 
further divided into different currents (Fig. 13). One current, 
the Almería-Omán Front, goes to the east and continues fur-
ther to the east in the Algerian Current (Arnone et al., 1990) 
(Fig. 13). The other jet fl ows to the northeast, to the Levan-
tine Basin, forming a complex pattern of superfi cial currents 
(Hopkins, 1989; Robinson & Golnaraghi, 1994). 

According to this circulation pattern, keeled globoro-
talids, such as Gr. margaritae and Gr. crassaformis could 
invade the western Mediterranean and reach the Estepona 
coast, the northwestern margin of the Alborán Sea. The 
formation of the Eastern Alborán Gyre and the further 
division of the superfi cial Atlantic current on the way to 
the central and eastern Mediterranean could act, at least 
during certain time intervals, as palaeobiogeographic bar-
riers, inhibiting the displacement of the microorganisms 
eastwards. This could account for the local extinction of 

Figure 9.  Calcareous nannoplankton species of the studied sites. 1-2, Ascidean spicule (1, transmitted light; 2, polarized light; Ve-
lerín-Carretera site). 3, Braarudosphaera bigelowi (Gran & Braarud 1935) Defl andre 1947 (pol.; sample Parque Antena-
5). 4, Calcidiscus leptoporus (Murray & Blackman 1898) Loeblich & Tappan 1978 (4, pol., sample Parque Antena-5). 5, 
Calcidiscus leptoporus (Murray & Blackman 1898) Loeblich & Tappan 1978 (pol.; Velerín-Carretera site). 6-7, Coccolithus 
pelagicus (Wallich 1877) Schiller 1930, larger morphotype (6: transm.; 7: pol.; sample Parque Antena-5). 8, Coccolithus 
pelagicus (Wallich 1877) Schiller 1930 showing a large open central area with bridge (pol.; sample Parque Antena-6). 9, 
Coccolithus pelagicus (Wallich 1877) Schiller 1930, small morphotype (pol.; Velerín-Carretera site). 10-11, Calcidiscus 
macintyrei (Bukry & Bramlette 1969) Loeblich & Tappan 1978 (10: transm.; 11: pol.; sample Parque Antena-5). 12, Dic-
tyococcites antarticus Haq 1976 (pol.; sample Parque Antena-5). 13, Dictyococcites productus (Kamptner 1963) Backman 
1980 (pol.; sample Parque Antena-6). 14-15, Discoaster asymmetricus Gartner 1969 (transm.; sample Parque Antena-6). 
16, Gephyrocapsa spp., small morphotypes (G. aperta Kamptner 1963 and G. ericsonii McIntyre & Bé 1967) (a and b: 
sample Parque Antena-5; c: sample Parque Antena-6; and d: Velerín-Carretera site). 17, Helicosphaera carteri (Wallich 
1877) Kamptner 1954 (pol.; sample Parque Antena-6). 18, Discoaster defl andrei Bramlette & Riedel 1954 reworked from 
Eocene-Miocene (transm.; sample Parque Antena-6). 19, Discoaster surculus Martini & Bramlette 1963 (transm.; Vel-
erín-Carretera site). 20, Discoaster tamalis (transm.; a: samples Parque Antena-6; and b: Velerín-Carretera site). 21, Heli-
cosphaera sellii Bukry & Bramlette 1969 (pol.; sample Parque Antena-5). 22, Holodiscolithus macroporus (Defl andre in 
Defl andre & Fert 1954) Roth 1970 (transm.; a: samples Parque Antena-5; and b: Velerín-Carretera site). 23, Pontosphaera 
discopora Schiller 1925 (pol.; sample Parque Antena-6). 24, Pontosphaera discopora (pol.; sample Velerín-Carretera site). 
25, Pontosphaera multipora (Kamptner 1948) Roth 1970 (pol.; sample Parque Antena-6). 26, Pseudoemiliania ovata (Bukry 
1973) Young 1998 (pol.; a: sample Parque Antena-5; and b: Parque Antena-6). 26, Pseudoemiliania lacunosa (Kamptner 
1963) Gartner 1969 (pol.; c and d: sample Velerín-Carretera site). 27, Small morphotypes: Reticulofenestra minuta Roth 
1970; larger morphotype: Reticulofenestra gr. haqii-minutula [R. haqii Backman 1978; R. minutula (Gartner 1967) Haq 
& Berggren 1978] (pol.; sample Parque Antena-6). 28-29, Reticulofenestra pseudoumbilica (Gartner 1967) Gartner 1969 
(28: transm.; 29: pol.; sample Parque Antena-5). 30-31, closed and open central area morphotypes, respectively, of Re-
ticulofenestra psudoumbilicus (pol.; sample Parque Antena-6). 32-33, Rhabdosphaera gr. stilifera-clavigera [R. stilifera
(Lohmann 1902) Kleijne & Jordan 1990; R. clavigera Murray & Blackman,1898 (32: transm.; 33: pol.; sample Parque 
Antena-5). 34, two morphotypes of Scyphosphaera spp. (pol.; Velerín-Carretera site). 35, Sphenolithus abies Defl andre in 
Defl andre & Fert 1954 (pol.; sample Parque Antena-6). 36, Syracosphaera gr. histrica-pulchra [S. hirsuta Kamptner 1941; 
S. pulchra Lohmann 1902] (pol.; sample Velerín-Carretera site). 37, Umbilicosphaera rotula (Kamptner 1956) Varol 1982 
(pol.; sample Parque Antena-6). 38, Umbilicosphaera jafari Muller, 1974 (pol.; sample Parque Antena-6). 39, Coccosphere 
and isolated coccolith of R. minuta (pol.; Velerín-Carretera).
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Gr. margaritae in the Mediterranean except in the western 
Alborán Sea. Further studies are needed to discern why 
Gr. margaritae underwent this limited displacement into 
the Mediterranean at the late early Pliocene (during the 
uppermost part of its temporal range) compared with the 
earlier, wider distribution throughout the Mediterranean. 
Additionally, the delayed expansion of Gr. crassaformis
throughout the Mediterranean with respect to its appear-
ance in the Atlantic Ocean, during the lower part of the 
Piacenzian (middle Pliocene) has to be also investigated.

The infl uence of Atlantic superfi cial waters in the west-

ern Mediterranean is also confi rmed by the occurrence of 
some genera and families of molluscs with Atlantic affi ni-
ties: 1) Dentalium and Fissidentalium among scaphopods; 
2) Isognomon, Flabellipecten, Lyrocardium, Plicatulidae 
and Myidae among bivalves; and, 3) Pleurotomariidae, Fici-
dae, Amathinidae, Terebridae, Olividae, Conidae, as well as 
some genera within the Turridae, Volutidae and archaeogas-
tropods among gastropods. Silva (2001, 2002) has reported 
the presence of some genera of gastropods from the Mon-
dego basin (Portugal), such as Ansates, Persicula, Scaphella
and Amalda (among others), in the Estepona basin. 

Figure 10. Biostratigraphic events of calcareous microfossils (nannofossils and planktonic foraminifers), biostratigraphic biozonation 
of planktonic foraminifers from Berggren et al. (1995), biostratigraphic biozonation of calcareous nannoplankton from 
Okada & Bukry (1980), and the stratigraphic ranges of the studied sites. Chronostratigraphy and magnetic polarity chrons 
are from Berggren et al. (1995). The virtual absence of microfossils in the Velerín site precludes any biostratigraphic po-
sitioning of this site. However, the presence of small Gephyrocapsa allows us to attribute this site tentatively (?) to the 
CN11b biozone. Regarding the planktonic foraminifers, the fi rst appearance of the Globorotalia crassaformis group and 
the last occurrence of Globorotalia margaritae is indicated both in the Mediterranean (white arrows) and in the Atlantic 
(black arrows). These datum events clearly show that both species did not coexist in the Mediterranean, while they did in 
the Atlantic, however, we have found them coexisting in the studied sites. 
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Within this palaeoceanographic scenario, local up-
welling currents could develop along part of the coast of 
Málaga, which would account for the high percentage of 
Ceratolithus pelagicus (Wallich 1877) Schiller 1930, a 
nannoplankton species that typically occurs in sea waters 
with high nutrient content (Cachão, 1995; Cachão & Moita, 
2000). High nutrients and food supply due to upwellings 
would also account for the high diversity of fauna in the 
Estepona basin, as well as other Pliocene basins distributed 
along the Málaga coast (Fig. 3), during the early-lower-
most middle Pliocene.

CONCLUSIONS

In the Estepona basin (Málaga, S Spain), the richest 
and most diverse Pliocene macrofossil assemblages of the 
Mediterranean domain have been reported. Up until now, 
nearly 1,300 species of marine invertebrates have been in-
ventoried, most of them being molluscs (892 species). 95% 

of the total identifi ed molluscs are only found in two sites, 
the Parque Antena site and the Velerín Area (Velerín, Ve-
lerín-Carretera and Velerín-Antena sites). Notwithstanding 
the great knowledge of the macrofauna, the age of these 
sites still remains controversial. The integrated study of 
the microfossil assemblages (planktonic foraminifers and 
calcareous nannoplankton), together with the molluscs, 
allows us to precisely establish the age of these deposits. 

Both the Parque Antena and Velerín-Carretera sites are 
late Zanclean (uppermost early Pliocene) in age. This age 
attribution is based on the co-occurrence of Globorotalia 
margaritae, Gr. puncticulata and Gr. crassaformis (Gr. 
crassaformis s.s. and Gr. group crassaformis) among the 
planktonic foraminifers, and small Gephyrocapsa (<3 µm), 
Sphenolithus abies and Reticulofenestra pseudoumbilica
among the calcareous nannoplankton. The planktonic fo-
raminifers characterise the PL 2 biozone of Berggren et 
al. (1995) and the nannofossils restrict the deposits to the 
CN11b biozone of Okada & Bukry (1980). 

In the Velerín-Antena section, the lower Pliocene bio-

Figure 11. Mediterranean Pliocene Mollusc Units (MPMU) of Monegati & Raffi  (2001) and the stratigraphic ranges of gastropod 
and bivalve species found in the studied sites: PA, Parque Antena; V, Velerín; VC, Velerín-Carretera; VA, Velerín-Antena. 
Arrows indicate that the stratigraphic ranges of these species extend to older times. The stratigraphic ranges of these mol-
lusc species allow us to constraint the age of the studied sites to the top of the MPMU1. 
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markers Gr. margaritae, Sphenolithus abies and Reticu-
lofenestra pseudoumbilica are absent. Here, the micro-
fossil assemblages are characterised by the occurrence of 
Gr. puncticulata, Gr. crassaformis among the planktonic 
foraminifers, and Discoaster tamalis and D. asymmetricus
among the nannofossils. This microfossil assemblage al-
lows us to assign the Velerín-Antena section to the CN12a 
biozone of Okada & Bukry (1980); that is, lower part of 
the middle Pliocene (Piacenzian).

The age attribution of the studied fossiliferous sites can 
be further constrained based on the mollusc assemblages. 
The rich and diversifi ed mollusc assemblages found in 
the Parque Antena and Velerín Area sites can be corre-
lated with the Mediterranean Pliocene Molluscan Unit 1 
(MPMU1) of Raffi  & Monegatti (1993). This unit ranges 
from the base of the Zanclean (5.3 Ma) to the lower half 
of the Piacenzian, the top of the unit being established at 
3 Ma (Monegatti & Raffi , 2001). 

On the other hand, this study shows the co-occurrence 
of Gr. margaritae and Gr. crassaformis in the Mediterra-
nean domain for the fi rst time. According to the published 

data, the last common occurrence of Gr. margaritae (3.8 
Ma) predates by about 200 ky the fi rst occurrence of Gr. 
crassformis in the Mediterranean (3.6 Ma). Neverthe-
less, in the Atlantic Ocean, these two species coexisted 
for 600 ky, from 4.18 Ma (fi rst occurrence of Gr. group 
crassaformis) to 3.58 Ma (the extinction of Gr. margari-
tae). Therefore, faunal interchanges through the Strait of 
Gibraltar due to palaeocurrent circulation patterns could 
account for the coexistence of both planktonic foramini-
fer species in the Estepona basin. The superfi cial Atlantic 
waters enter the Mediterranean, producing the Western 
and Eastern Alborán Anticyclonic Gyres, both separated 
by the Alborán Island. The complex interaction of differ-
ent factors that caused this circulation pattern in the Al-
borán Sea could act as a biogeographic barrier that pre-
cluded the expansion of Gr. margaritae further to the east 
in the Mediterranean during the uppermost part of the early 
Pliocene. The occurrence of Atlantic gastropods of some 
Pliocene Portuguese basins (Ansates, Persicula, Scaphella
and Amalda) in some basins of the province of Málaga is 
consistent with this interpretation.

Figure 12. Circulation pattern of water masses through the Strait of Gibraltar and in the Mediterranean (Modifi ed from Wüst, 1961). 
The Atlantic waters fl ow into the Mediterranean by superfi cial currents, while the denser and more saline waters of the 
Mediterranean travel to the Atlantic following deep currents.
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TAXONOMIC APPENDIX

Zachariasse (1975) established the Globorotalia crassaformis
group to merge several species of planktonic foraminifers that 
currently occur in Pliocene deposits of the Mediterranean. This 
group includes six species: Gr. crassaformis Galloway & Wissler 
1927, Gr. crassula Cushman & Stewart 1930, Gr. crassacroton-
ensis Conato & Follador 1967, Gr. crotonensis Conato & Follador 
1967, Gr. hirsuta aemiliana Colalongo & Sartoni 1967 and Gr. 
planoconvexa Hug 1970. These species are mainly distinguished 
based on the convexity of the umbilical side, the equatorial out-
line and the character of the periphery (Zachariasse, 1975: 111). 
We have adopted this taxonomic grouping.

In the Pliocene deposits of Crete, Zachariasse (1975) differ-
entiated two morphotypes within this group. One group includes 
Gr. crassaformis and Gr. crassula and fi ts very well with the type 
of Gr. crassaformis. The other comprises Gr. crassacrotonensis, 
Gr. crotonensis, Gr. hirsuta aemiliana and Gr. planoconvexa and 
fi ts with the type material of Gr. crassacrotonensis. The former 
morphotype is found in lower-middle Pliocene deposits, while 
the latter occurs in upper Pliocene sediments. 

In the material studied in the Estepona basin, the specimens 
found in the lower Pliocene deposits of Parque Antena site show 
globose chambers and subacute periphery, and the test is mark-
edly planoconvex (Figs. 6b-c). These morphological features 
allow us to attribute this morphotype to Gr. crassaformis as de-
scribed by Zachariasse (1975). On the other hand, the specimens 
from the Velerín-Carretera (Figs. 7a-c) and Velerín-Antena (Figs. 
8a-c) sections have a quadrangular outline; show a very distinc-
tive acute periphery, with nearly keeled chambers; and posses a 

lower umbilical side. This morphology approaches to the type 
of Gr. crassacrotonensis according to the distinction made by 
Zachariasse (1975). 
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