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Resumen

El final del Serravalliense y principio del Tortoniense es un periodo de fuerte actividad tecténica en la Cordillera Bética. Ademas,
existe un debate sobre la existencia de sedimentos de edad Tortoniense inferior al no existir claras atribuciones fésiles en esa edad.
Estos sedimentos se asignan a dicha edad por criterios indirectos, tanto estratigraficos como por la ausencia de contenido fésil mas
antiguo o mas reciente. En este trabajo se describe la seccion compuesta de Les Moreres-Albatera, que es probablemente una de las
secciones mds completas de edad Tortoniense en la bibliografia de la Cordillera Bética, pese a tener un importante hiato de cerca de
1 Millén de afios ligado a un evento tectdnico intra-Tortoniense. La seccion presenta dos unidades litolégicas calizas a la base (El Cas-
tella) y al techo (Las Ventanas) y dos unidades intermedias margosas, la inferior, lamada Les Moreres, y la superior, Galeria de los Sui-
zos se encuentran separadas por el conglomerado de la Raya del Biho. Se han identificado las biozonas de nanofésiles calcareos
CN5b/NN7 a CN9a/NN11a (Okada & Bukry, 1980; Martini, 1971) y de foraminiferos plancténicos de MMi9 a MMi12a (Lourens et
al., 2004). La biostratigrafia de los primeros ha permitido identificar un hiato que incluye la parte alta de las biozonas CN7/NN9 hasta
la parte baja de CN9a/NN11a (Okada & Bukry, 1980; Martini, 1971). La integracion de los datos biostratigraficos con los paleomag-
néticos en la seccion Albatera permite la calibracion del limite de los magnetocrones C4r.1r/C4n.2n.

Palabras clave: Cordillera Bética, Mioceno, Tortoniense, Nanoplancton calcareo, Foraminiferos plancténicos, Bioestratigrafia.

Abstract

The Serravallian-Tortonian boundary was a time of strong tectonic activity in the Betic Cordillera. The Early Tortonian sediments con-
tinue to be under debate because no clear fossil attributions are available. These sediments have been assigned an Early Tortonian age
by indirect stratigraphic criteria or by the absence of fossil content older or younger in age. The present work documents the Les Mor-
eres-Albatera composite section, probably the most complete section of the Tortonian age in the Betic Cordillera, despite a major time
gap of about 1 Ma due to an intra-Tortonian tectonic event. The section has two limestone units at the bottom (El Castella) and the top
(Las Ventanas) and two intermediate marly units, the lower Les Moreres and the upper Galeria de los Suizos divided by the Raya del
Biho Conglomerate. The calcareous nannoplankton biozones from CN5b/NN7 to CN9a/NN11a (Okada & Bukry, 1980; Martini,
1971) have been identified, as have the planktonic foraminifera biozones from MMi9 to MMi12a (Lourens et al. 2004). The calcare-
ous nannoplankton biostratigraphy has allowed the identification of a time gap that includes the upper part of the CN7/NN9 biozones
to the lower part of the CN9a/NN11a (Okada &Bukry, 1980; Martini, 1971). The integrated palaeomagnetic and biostratigraphic study
of Albatera section has allowed to calibrate the C4r.1r/C4n.2n chron boundary.

Key words: Betic Cordillera, Miocene, Tortonian, Calcareous nannoplankton, Planktonic foraminifera, Biostratigraphy.
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1. INTRODUCTION

The convergence of Europe and Africa during the Creta-
ceous-Tertiary resulted in the narrowing and partial clo-
sure of the Atlantic-Mediterranean passages, and the
building up of the Betic and Rif cordilleras to form an arc-
shaped mountain belt lying at both sides of the Strait of
Gibraltar (Fig. 1).

The Miocene is a crucial period for understanding the ge-
odynamic evolution of the Betic Cordillera within the
Western Mediterranean orogenic system. Those major
orogenic events that shaped the Betic-Rif orogen occurred
during the Early and Middle Miocene (Vera, 2004). A
process of lithospheric reorganization of the Western
Mediterranean took place due to the collisions of conti-
nental microplates against the passive Iberian and Africa
margins. During the Late Miocene a new geodynamic pe-
riod known as the neotectonic stage (Groupe de
Recherches Néotectoniques de I'arc de Gibraltar, 1977)
or post-orogenic stage (Viseras et al., 2004) produced the
Betic interior basins (e.g. Granada, Lorca, and Fortuna)
caused by important post-orogenic isostatic readjustments
as a consequence of the relative movement between
Africa and Europe (plus Iberia). Recent reviews of the
chronology of the Betic Cordillera and the Alboran Sea
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Figure 1. The Betic Cordillera geological sketch.
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sedimentary basins infill have shown a major time gap in
the Early Tortonian (Rodriguez-Fernandez et al., 1999; Vis-
eras et al., 2004) registered as an extensive relative sea-
level rise (transgressive and highstand phases). The
complex network of these basins connected the Atlantic
Ocean with the Mediterranean Sea, this being known as
the Betic seaway. This seaway was closed during the latest
Tortonian (Soria et al., 1999), as has been registered in the
Mediterranean affinity Betic basins such as Granada,
Lorca, and Fortuna by evaporite precipitation and defined
as the Tortonian Salinity Crisis (Krijgsman et al., 2000),
prior to the Messinian Salinity Crisis of the deep Mediter-
ranean basin. The Tortonian Salinity Crisis has a clear re-
lation with tectonics as in the Fortuna Basin (Tent-Manclds
et al., 2008). In other basins such as Guadix (central Bet-
ics), it corresponds to shallow clastic marine units (Soria
et al.,, 2003), or the Bajo Segura Basin by a major low-
stand erosional surface (Tent-Manclus et al., 2008).

Due to the relevance of the northern Atlantic-Mediter-
ranean passage closure in the Mediterranean palaeogeo-
graphic evolution, the precise dating of the Betic Late
Miocene sediments is needed in order to establish a strati-

graphic framework for the different basins and thereby
provide better knowledge of the progression of the tec-
tonic deformation.
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The aim of this paper is to present a nearly complete ma-
rine stratigraphic record of Tortonian age in the Betic
Cordillera. This unusual record should allow a better esti-
mate of the timing of the Late Miocene tectonic events.
Our technique of smear slides made from centrifugated
suspended sediments offers a precise calcareous nanno-
plankton biostratigraphy of the Tortonian sediments. Also
it is completed with the planktonic foraminifera biostratig-
raphy, providing a more precise biostratigraphic scheme.
This study is the first updated chronostratigraphic frame-
work supported by calcareous nannofossils, and plank-
tonic foraminifera bioevents following the tuned scale of
Lourens et al. (2004), and completed by a magnetostrati-
graphic study of the Betic Cordillera Tortonian sediments.

2. SAMPLING AND METHODS

The Tortonian sediments are well exposed in two sections
distributed along the Crevillente-Abanilla lineation (Fig.
2). The first one, the Albatera section is located in the
western Alicante province about 8 km north of the Albat-
era village. It corresponds to a natural section of a creek
west of the Albatera-Hondén de los Frailes road (CV-873).
The second one, the Les Moreres section is located 2 km
north of the Crevillente village in the Les Moreres valley.

|_| Quatemary

[ Piiocene - 11t

Pliccene - 1|

l:l Plivcene - |

l:l Messinian - 1

[ Messinian -1

Las Vanlanas limeslones
I:l Galeria de los Suizos marls
I:l Les Moreres marls

I:' Castelld limestones

Tortonlan units

In these two sections, the bedding is tilted towards the
southeast.

The Albatera and Les Moreres sections (Fig. 2) have been
sampled to study their nannofossil and planktonic
foraminifera assemblages. A total of 99 samples were col-
lected, 65 from the Les Moreres section (3.5-4 m interval),
and 34 from the Albatera section (1-1.5 m interval), as
shown in Figure 3. Each sample was wet sieved to collect
the >63 pm and >125 pm fractions, whereupon the >125
um fractions were studied. Then, to determine the coiling
ratio of Neogloboquadrina acostaensis, the samples
shown in the Figure 4 were sorted in Chapman slides and
more than 200 individual planktonic foraminifera were
counted per sample.

For the calcareous nannofossil study, four different smear
slides were prepared for each sample, using the following
method to increase the nannofossils to silt ratio (Lancis,
1998): For the first smear slide, 0.1 g of sediment was sus-
pended in 10 ml distilled water (pH 7), extending on a
300 mm? surface, in one case, the direct suspension (with-
out dilution) and in the other smear slide after a 1/3 dilu-
tion of the suspension with distilled water. In order to
increase the smear slides quality, a second procedure was
performed as follows. A 10-ml suspension of 0.1 g sedi-
ment in distilled water (pH 7) was centrifuged at 1800 rpm

Alicante

Mediterranean Sea

Figure 2. Simplified geological map of the study area with the locations of the Albatera and Les Moreres sections.
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(450 g) for 2 min at room temperature. After discarding
the supernatant, distilled water was added to the pellet to
achieve 10 ml of suspension, and the new mixture was
submitted to sonication for 8 seconds. This centrifugation-
sonication procedure was repeated five times. Finally, 0.1
ml of the suspension was directly extended covering a 300
mm? surface on the slide, without dilution for the third
smear slide and after 1/3 dilution with distilled water (pH
7) for the fourth one.

The four prepared smear slides of each sample were
analysed at 100x, scanning the entire slide to find all the
rare biostratigraphic markers. The mean values for nanno-
fossil abundance were calculated using the number of
coccoliths found in 30 visual fields counting around 500
nannoliths larger than 3 pm (Lancis, 1998). The percent-
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age of Reticulofenestra pseudoumbilicus >7 um was esti-
mated considering only the nannoliths larger than 3 pm.
For counting the “small reticulofenestrids” (< 3 pm), mean
values were estimated counting around 3000 nannoliths
in 30 visual fields and the percentages were calculated
considering all the nannoliths. Finally, to determine the
abundance of the asteroliths, nannoliths were counted in
600 visual fields. All values were then transformed into
the number of nannoliths in 1 mm? of slide.

An initial pilot paleomagnetic study along the Les Mor-
eres marls along the Les Moreres section indicated that
the rocks are very weakly magnetic and unsuitable for
magnetostratigraphic purposes. Paleomagnetic sampling
was focussed to the more fresh marls after cleaning the
outcrop. This study is, therefore, based on a total of 20
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unique sampling sites, comprising 1 hand-sample per site
from the Galeria de los Suizos Marls along the Albatera
section (Fig. 5A). Hand-samples were oriented in situ with
a compass and subsequently standard cubic specimens
were cut in the laboratory for analysis. Natural remanent
magnetization (NRM) and remanence through demagnet-
ization were measured on a 2G Enterprises DC SQUID
high-resolution pass-through cryogenic magnetometer
(manufacturer noise level of 107> Am?) operated in a
shielded room at the Istituto Nazionale di Geofisica e Vul-
canologia in Rome, Italy. A Pyrox oven in the shielded
room was used for thermal demagnetizations and alter-
nating field (AF) demagnetization was performed with
three orthogonal coils installed inline with the cryogenic
magnetometer. Progressive stepwise AF demagnetization
was routinely used and applied after a single heating step
to 150°C. AF demagnetization included 14 steps (4, 8, 13,
17,21, 25, 30, 35, 40, 45, 50, 60, 80, 100 mT). Charac-
teristic remanent magnetizations (ChRM) were computed
by least-squares fitting (Kirschvink, 1980) on the orthogo-
nal demagnetization plots (Zijderveld, 1967). The ChRM
declination and inclination were used to derive the lati-
tude of the virtual geomagnetic pole (VGP) of each sam-
ple. This parameter was taken as an indicator of the
original magnetic polarity, normal polarity being indicated
by positive VGP latitudes and reverse polarity by negative
VGP latitudes.

3. STRATIGRAPHY OF THE SOUTHERN
ABANILLA-CREVILLENTE LINEATION

The Tortonian sediments studied seal the contact between
the two major geological domains of the Betic Cordillera
orogen (Fig. 1): the External Zone, the former South Iber-
ian Palaeomargin (to the north), and the Internal Zone or
Alboran Block that constitutes an allochthonous lithos-
pheric fragment (Andrieux et al., 1971), dominated by
metamorphic rocks (to the south). Rocks from the Internal
and External zones can be considered the basement. Over
this basement, NW-SE basins formed during the Middle
Miocene to the Tortonian (Tent-Manclus, 2003), and then,
in the latest Tortonian the onset of the Trans-Alboran Shear
Zone changed the palaeogeography developing the SW-
NE Bajo Segura Basin (Tent-Manclus et al., 2008). This
change is marked by a calcareous sandstone unit includ-
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ing coral-reef patches (Santisteban Bové, 1981), which
deepens to the East. This unit was included by Montenat
(1977) as the upper part of its Tortonian Il unit, and was
later named Las Ventanas Limestone by Tent-Manclds
(2003).

3.1 Lithostratigraphic units

Montenat (1977) presented the first lithostratigraphic
sketch of these basins, establishing over the basement the
units: “Tortonian 17, to the sediments below the intra-Tor-
tonian discontinuity, the “Tortonian II” to the marine sed-
iments overlying the intra-Tortonian discontinuity, and the
“Upper Miocene” to the continental sediments between
the marine “Tortonian [1” and “Pliocene 1” sediments. Sub-
sequently, Montenat et al. (1990), Alfaro Garcia (1995),
Soria et al. (2001), Tent-Manclus (2003), Tent-Manclus et
al. (2004), and Soria et al. (2005) used many alternative
lithological units, the relations of which are shown in Fig-
ure 6. For Montenat (1977) the older sediments over the
basement in the southern flank of the Crevillente-Aban-
illa lineation were assigned to the Tortonian Il unit. A brief
description of the lithological units used in this study is
provided below.

El Castella Limestone: dark grey to reddish bioclastic
limestones.

Les Moreres Marls: 300-m-thick white marls with some
detrital intercalations near its bottom.

Raya del Biho Conglomerate: a marine unit formed by
balanid-encrusted metamorphic clasts of Internal Zone
provenance, which in some outcrops erode the Mor-
eres Marls.

Galeria de los Suizos Marls: a marly marine unit con-
taining planktonic microfossils upwardly increasing in
carbonate content.

Las Ventanas Limestone: coral-reef limestone and yel-
lowish calcareous sandstone, containing abundant fos-
sils of corals (Porites and Tarbellastrea), bivalves, red
algae, equinoderms, and Dentalium; laterally, this unit
thins and disappears to the western Fortuna Basin
(Azema and Montenat, 1975).

Unconformably overlying the Las Ventanas limestone
unit appears patches of marine conglomerates with
clasts of the Crevillente Sierra sequences (External
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Figure 6. The rock units names used by earlier works and the equiva-
lences with the ones used in this study. The darker and light gray and
white backgrounds are relative to the age assignment in the different
works. The Tortonian deposits are in darker gray than the Messinian and
the white background is the Serravallian assigned ages.

Zone and underlying tertiary) and some coral-reef
which indicate the erosion of the Las Ventanas reef. Fi-
nally, at the top of the section is covered by a Messin-
ian unit made by continental red beds.

4. BIOSTRATIGRAPHY OF CALCAREOUS
NANNOFOSSILS

The nannofossil assemblages came from the two marly
lithostratigraphic units, Les Moreres and Galeria de los
Suizos Marls. Figure 3 shows the main biostratigraphic
events in the Tortonian age sediments studied. The preser-
vation is fairly good and reworked nannoliths from the
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Early Miocene, Paleocene, and Late Cretaceous are fre-
quent.

4.1 Les Moreres Marls

The lowest levels of the Les Moreres Marls contain the fol-
lowing main calcareous nannoplankton assemblages: Dis-
coaster kugleri (Fig. 7-1; 7-2; 7-3), D. exilis (Fig. 7-5; 7-6),
D. aulakos, D. micros (Fig. 7-7), D. prepentaradiatus, Coc-
colithus miopelagicus, C. pelagicus, Calcidiscus spp.,
Sphenolithus abies, Helicosphaera carteri, H. walberdor-
fensis (Fig. 7-4) Umbilicosphaera rotula, Dictyococcites
antarcticus, Reticulofenestra pseudoumbilicus (Fig. 7-9),
R. hagii, R. minutula, and abundant “small reticulofen-
estrids” (Reticulofenestra minuta and Dictyococcites pro-
ductus).

In the middle part of the Les Moreres section, sample 26,
appear the first specimens of Catinaster coalitus (Fig. 7-8)
and Discoaster bellus (Fig. 7-10, 7-11). In sample 31 the
first D. hamatus (Fig. 7-12) was found, while D. kugleri
and H. walberdorfensis had dissapeared. Scarce speci-
mens of Discoaster calcaris, D. neohamatus, and D.
pseudovariabilis were also present and became more
abundant in the upper part of the Les Moreres section. The
first Minilitha convalis (Fig. 7-13, 7-14) were detected in
the sample 46. The broken and overgrowth of nannofos-
sils indicate some reworking in the samples.

4.2 Galeria de los Suizos Marls

The lowest levels of the Galeria de los Suizos Marls con-
tain the following nannofossil assemblage: Coccolithus
pelagicus, Umbilicosphaera rotula, Calcidiscus macin-
tyrei, C. leptoporus, Discoaster quinqueramus (Fig. 8-4),
D. brouweri (Fig. 8-1), D. neorectus (Fig. 8-3), D. variabilis
(Fig. 8-8), D. calcaris, D. pentaradiatus, D. pseudovari-

Figure 7. 1-3- Discoaster kugleri Martini & Bramlette, parallel light (PL):
1 sample 12 of Les Moreres section (Mor); 2 sample 19 Mor; 3 sample
22 Mor. 4- Helicosphaera walbersdorfensis Miiller, crossed nicols (XN),
sample 1 Mor. 5-6- Discoaster exilis Martini & Bramlette, PL: 5 sample
22 Mor; 6 sample 1 Mor. 7- Discoaster micros Theodoridis, PL, sample
20 Mor. 8- Catinaster coalitus Martini & Bramlette, PL, sample 27 Mor.
9- Reticulofenestra pseudoumbilicus Gartner, XN, sample 52 Mor. 10-
11- Discoaster bellus Bukry & Percival, PL: 10 sample 25 Mor; 11 sam-
ple 43 Mor. 12- Discoaster hamatus Martini & Bramlette, PL, sample 60
Mor. 13-14.- Minylitha convallis Bukry, sample 2 Albatera section (AB);
13 PL; 14 XN. 15- Discoaster neohamatus Bukry & Bramlette, PL, sam-
ple 2 AB.
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abilis, D. loeblichii, D. intercalaris (Fig. 8-11), D.
berggrenii (Fig. 8-6), Minilitha convalis (Fig. 8-13; 8-14)
Sphenolithus abies, Sph. neoabies, and Scyphosphaera
apsteinii (Fig. 8-5). Reticulofenestra pseudoumbilicus > 7
um, though present in almost all the samples of the Albat-
era section, represents less than 5% of the assemblage. R.
pseudoumbilicus 5-7 um, R. haqii, and R. minutula are
also abundant and the “small reticulofenestrids" (Retic-
ulofenestra minuta and Dictyococcites productus) show
high percentages that in some cases approach 70%. In the
highest part of the Albatera section, we found Scyphospa-
haera intermedia (Fig. 8-9), Scy. conica (Fig. 8-7), Scy. am-
phora (Fig. 8-10) and abundant Pontosphaera multipora.
The first appearance of Discoaster surculus is in sample
15 but its First Common Occurrence (FCO) is from the
sample 22 upwards. Some initial forms of Amaurolithus
cf. primus were found in samples 20 and 23 (Fig. 8-13; 8-
14) together with Syracosphaera pulchra (Fig. 8-15).

5. BIOSTRATIGRAPHY OF PLANKTONIC
FORAMINIFERA

The Late Miocene planktonic foraminiferal microfossils in
Les Moreres and the Albatera sections are mixed with a
variable number of reworked Paleogene and Lower-Mid-
dle Miocene planktonic foraminifera. Preservation is fairly
good both for the Late Miocene and reworked specimens.
Washed residues in the 125-um fraction were used to por-
tray presence of Late Miocene marker species, in addition
to the coiling patterns of Neogloboquadrina acostaensis
(Fig. 4). In this study, we have considered the most typical
species included in recent astronomically-calibrated bio-
zonation charts, as that proposed by Lourens et al. (2004).
Below, we follow the biozones established by these au-
thors in order to describe the biostratigraphy of the stud-
ied section.

5.1 Les Moreres section

The first significant biostratigraphic horizon in the Les
Moreres Marls is the LCO (Last Common Occurrence) of
Paragloborotalia siakensis in sample 18, marking the
upper boundary of the MMi9 biozone. Neogloboquadrina
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acostaensis is present from the extreme base to the top of
the section; its content increases and is regularly recorded
upward in sample 32, where the FCO of this species is lo-
cated, marking the boundary between MMi10 and
MMi11 biozones. From sample 32 to the top, the section
can be assigned to the MMi11 biozone. Several notice-
able intra-zonal bioevents are unambiguously correlated
with other classical Mediterranean sections (e.g. the Gib-
liscemi composite section in Sicily; Hilgen et al., 2000).
These events, from the bottom to the top of the biozone,
are: 1) the dextral to sinistral coiling change of Neoglobo-
quadrinids between samples 32 and 36; 2) the LCO of
Globorotalia partimlabiata in sample 37; 3) the LCO of
Neogloboquadrina atlantica (large- and small-sized forms)
in sample 38; 4) the sinistral to dextral coiling change of
Neogloboquadrina acostaensis between samples 44 and
47; and 5) the dextral to sinistral coiling change of
Neogloquadrina acostaensis between samples 59 and 61.
This last event is located below and very close of the strati-
graphic boundary between the Les Moreres Marls and the
Raya del Biho Conglomerate. Also, it bears noting a brief
influx of Globorotalia mediterranea at the base of the Les
Moreres Marls, inside the MMi9 biozone. This constitutes
the first report of this species in any Mediterranean sec-
tion during the earliest Tortonian (Fig. 4).

5.2 Albatera section

From the bottom to the top of the Galerfa de los Suizos
Marls, Globigerinoides extremus appears regularly; in ad-
dition, the joint presence of this species with dominant
sinistral forms of Neogloboquadrina acostaensis, indicate
the MMi12a biozone. In the lower half of this biozone
(sample 11) an influx (ca. 70%) of dextral Neogloboquad-

Figure 8. 1- Discoaster brouweri (Tan) Bramlette & Riedel, PL, sample 7
Albatera section (AB). 2-Discoaster loeblichii Bukry, PL, sample 22 AB.
3- Discoaster neorectus Bukry, PL, sample 15 AB. 4- Discoaster quin-
queramus Gartner, PL, sample 15 AB. 5- Scyphosphaera apsteinii
Lohmann, PL, sample 7 AB. 6- Discoaster berggrenii Bukry, PL, sample
23 AB. 7- Scyphosphaera conica Kamptner, PL, sample 22 AB. 8- Dis-
coaster variabilis Martini & Bramlette, PL, sample 15 AB. 9- Scyphos-
phaera intermedia Deflandre, PL, sample 17 AB. 10- Scyphosphaera
amphora Deflandre, PL, sample 22 AB. 11- Discoaster intercalaris Bukry,
PL, sample 12 AB. 12- Discoaster surculus Martini & Bramlette, PL, sam-
ple 22 AB. 13-14- Amaurolithus spp. (A. cf. primus) (Bukry & Percival)
Gartner & Bukry; 13 PL, sample 20 AB; 14 PL, sample 23 23. 15- Syra-
cosphaera pulchra Lohmann, XN, sample 23 AB.
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rina acostaensis occurs. This is a new and unreported
event, until the present, in the Mediterranean Tortonian
sections. The Las Ventanas Limestone, overlying the
Galeria de los Suizos Marls, contains no significant bios-
tratigraphic planktonic foraminifera.

6. CALCAREOUS NANNOFOSSILS
EVENTS

The distribution patterns of the selected calcareous nanno-
fossil species are shown in the Figures 9, 10, 11, and 12.
Most of them are index species for the Middle and Late
Miocene in the Mediterranean and in the low-latitude
oceans. The asteroliths are scarce and its preservation is
poor in the Les Moreres section and best preserved in the
Albatera section, Galeria de los Suizos Marls. The occur-
rences and distribution patterns of the most important
species are discussed bellow.
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6.1 Presence of Discoaster kugleri

Bukry (1973) suggested as the secondary criterion of def-
inition of the boundary CN5b/CN6 the LO (Last Occur-
rence) of D. kugleri join with the FO (First Occurrence) of
C. coalitus. In addition, Zone CN5 is divided into two sub-
zones (CN5b and CN5a) by the FO de D. kugleri (Bukry,
1973), which also defines the NN7/NN6 (Martini, 1971)
zonal boundary. The recognition of this boundary has
been debated, as D. kugleriis considered by many authors
to be a weak marker (Gartner, 1992; Fornaciari et al.,
1990; Raffi & Flores, 1995; Fornaciari et al., 1996). Al-
though its interval of abundance has a wide geographic
distribution (Raffi et al.,, 1995; Backman & Raffi, 1997),
D. kugleri is generally rare in the Mediterranean (Miiller,
1978), and therefore it is not included as a (sub)zonal
marker in the Middle Miocene Mediterranean zonation
by Fornaciari et al. (1996).
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Figure 9. Quantitative distribution pattern of selected nannofossils in the Les Moreres section (as number of specimens per mm?). The following acron-
ums indicate bioevents: FO (First Occurrence); LO (Last Occurrence); FCO (First Common Occurrence); LCO (Last Common Occurrence). Please note

differences in scaling.
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Figure 10. Quantitative distribution pattern of selected nannofossils in the Les Moreres section (as number of specimens per mm?). The following acron-
ums indicate bioevents: FO (First Occurrence); LO (Last Occurrence); FCO (First Common Occurrence); LCO (Last Common Occurrence). Please note
differences in scaling.
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Figure 11. Quantitative distribution pattern of selected nannofossils in the Albatera section (as number of specimens per mm?). The following acron-

ums indicate bioevents: FO (First Occurrence); LO (Last Occurrence); FCO (First Common Occurrence); LCO (Last Common Occurrence). Please note
differences in scaling.
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Figure 12. Quantitative distribution pattern of selected nannofossils in the Albatera section (as number of specimens per mm?). The following acron-
ums indicate bioevents: FO (First Occurrence); LO (Last Occurrence); FCO (First Common Occurrence); LCO (Last Common Occurrence). Please note

differences in scaling.

However, Hilgen et al. (2000), Hilgen et al. (2003), Foresi
et al. (2002), Caruso et al. (2002) in the results of the
analyses on the high-resolution samples of the Mediter-
ranean basin show that the biostratigraphic signal pro-
vided by D. kugleri is clear and both the FCO and LCO
are easily identified with astronomical ages also coinci-
dent with the same events in the low-latitude open
oceans. In the western equatorial Atlantic, ODP sites 925
and 926 the FCO and LCO of D. kugleri were astronomi-
cally calibrated and dated at 11.863 and 11.578 Ma, re-
spectively (Backman & Raffi, 1997; Shackleton &
Crowhurst, 1997; Lourens et al., 2004).

In the Les Moreres section, D. kugleri is scarce in the low-
est samples, appears sporadically and then disappears be-
fore the FO of Catinaster coalithus. We cannot determine
whether we are in the interval of continuous presence
below the LCO or just above this level, which marks the
Serravallian-Tortonian boundary.

6.2 LO of Discoaster exilis

Raffi et al. (1995) showed that the D. exilis LO occurs in
an interval encompassing the appearance level of D.
hamatus (between the top of biozone CN6 and the lower-
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most part of Zone CN7) being an event controlled by en-
vironmental conditions and biogeography. Hilgen et al.
(2000) in the Mediterranean found a distribution of D. ex-
ilis coincident with the data of the western equatorial At-
lantic of Raffi et al. (1995). The distribution of D. exilis in
Les Moreres section show a parallel distribution with D.
kugleri, although the former is more abundant but seems
to disappear just below the FO of C. coalithus.

6.3 LCO of Helicosphaera walbersdorfensis
and FCO of H. stalis

In the Les Moreres section, Helicosphaera walberdorfen-
sis is present from the bottom of the section to sample 22.
Although it is scarce, it coincides in distribution with D.
kugleri and D. exilis. Hilgen et al. (2000) in the Mediter-
ranean section of Gibliscemi found the LCO of H. wal-
berdorfensis coinciding with the FCO of H. stalis, having
an astronomically tuned age of between 10.743 and
10.717 Ma in agreement with the distributions reported
by Fornaciari et al. (1996). In our samples, H. stalis is even
scarcer than H. walberdorfensis, so that we could not
specify the precise coincidence of the two events. H. stalis
appears sporadically until the sample 55 of the Les Mor-
eres section.
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6.4 Presence of Discoaster micros and
Catinaster coalitus

The bottom of the CN6 biozone (Okada & Bukry, 1980)
and NN8 biozone (Martini, 1971) is defined by the FO of
C. coalitus plus the LO of D. kugleri. Catinaster coalitus is
consistently present in the low-latitude assemblages,
whereas for Theodoridis (1984) and Fornaciari et al.
(1996), it is scattered to absent at mid-latitudes and in the
Mediterranean. However, Hilgen et al. (2000) observed in
the Mediterranean Gibliscemi section C. coalitus in two
short intervals join with D. micros. Their astronomically
tuned FO at 10.738 Ma is consistent with the data from
the western equatorial Atlantic at 10.886 Ma (Backman &
Raffi, 1997; Raffi et al., 2006). In the investigated material,
representatives of Catinaster coalitus (Fig. 7-8) are scarce
but with a quite regular distribution between the samples
26 and 65 of the Les Moreres section. Discoaster micros
(Fig. 7-7), a discoasterid from which the genus Catinaster
is considered to have evolved (Raffi et al., 1998), is also
scarce and has a similar distribution. Integrated forms have
also been found.

6.5 LCO of Coccolithus miopelagicus

The LCO of C. miopelagicus has been documented in the
Mediterranean where the species is well represented. For-
naciari et al. (1996) found this event just below the disap-
pearance level of H. walberdorfensis. Hilgen et al. (2000)
consider LCO of C. miopelagicus coincident with the D.
hammatus first occurrence. In the Les Moreres section we
have found the LCO of C. miopelagicus just above the dis-
appearance of H. walberdorfensis and the appearance of
the first forms of D. bellus and slightly below the appear-
ance of the first D. hamatus.

6.6 Presences of Discoaster bellus,
Discoaster hamatus, Discoaster calcaris
and Discoaster neohamatus

The appearances of the distinctive Neogene discoasterids
D. bellus and D. hamatus (Fig. 7-10; 7-11; 7-12) constitute
an important event that has been used in the open-ocean
and Mediterranean biozones. D. hamatus is a marker of
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both standard as well as Mediterranean zonation and its
first and last occurrence define the bottom and top of the
standard biozones NN9/CN?7.

In the Indian Ocean, the two events (FO D. bellus gr. and
FO D. hamatus) mainly coincide (Rio et al., 1990). How-
ever, in the equatorial Pacific and western equatorial At-
lantic, D. bellus gr. FO slightly precedes D. hamatus (Raffi
etal., 1995; Backman & Raffi, 1997; Raffi et al., 2006). In
the western equatorial Atlantic, D. hamatus FO was astro-
nomically calibrated at 10.476 by Backman & Raffi,
(1997) and afterwards re-tuned by Lourens et al. (2004) at
10.549. Hilgen et al. (2000) found D. hamatus sporadi-
cally in the Mediterranean Gibliscemi section, assigning a
10.150 Ma age for the FO then recalibrated by Lourens et
al. (2004) at 10.184 Ma. Discoaster hamatus is a scarce
and discontinuous form in the Les Moreres section be-
tween samples 31 to 65, and also D. bellus between sam-
ples 24 to 64.

Discoaster neohamatus is also very scarce in both sec-
tions. Its FO is in the sample 44 of Les Moreres section,
and its LO in the Albatera section is in sample 15. Dis-
coaster calcaris also shows a similar distribution. D. neo-
hamatus FO is a distinct event in some oceanic areas
where the species is well represented and has been estab-
lished in the western equatorial Atlantic at 10.521 Ma
(Backman & Raffi, 1997; Lourens et al., 2004; Raffi et al.,
2006). Hilgen et al. (2000) found rare sporadic specimens
in the upper part of the Mediterranean Glibiscemi section
with an astronomically tuned age of 9.867 (Lourens et al.,
2004; Raffi et al., 2006).

6.7 Minylitha convallis distribution range

The biostratigraphic significance of M. convallis has been
documented in different deep-sea successions (Rio et al.,
1990; Gartner, 1992; Raffi et al., 1995; Backman & Raffi,
1997) including the Mediterranean (Theodoridis, 1984;
Fornaciari et al., 1996; Hilgen et al., 2000; Raffi et al.,
2003). The FO is slightly diachronic with an astronomi-
cally tuned age in the Mediterranean, of 10.733 Ma in
Gibliscemi section (Hilgen et al., 2000) and 9.379 Ma in
Metochia section, (Raffi et al., 2003) and with a distribu-
tion range until the 8.685 Ma (Hilgen et al., 1995; Raffi et
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al., 2003; Lourens et al., 2004; Raffi et al., 2006). This
range is shorter in the Mediterranean than in the tropical
Indian Ocean, eastern equatorial Pacific and North At-
lantic (Raffi et al., 2003; Lourens et al., 2004; Raffi et al.,
2006).

The species characterizes the assemblages of Zones NN9
upper part/CN7b and NN10/CN8. Minylitha convallis ap-
pears in the sample 46 of the Les Moreres section and is
found continuously until the sample 2 of the Albatera sec-
tion, after which it appears sporadically until the sample
21 of the Albatera section.

6.8 Discoaster loeblichii and D. neorectus
distribution ranges

The FO of D. loeblichii and the FO of D. neorectus were
two events used by Bukry (1973) to divide biozone CN8
into two subzones (CN8a and CN8b). Discoaster loe-
blichii is consistently present in sediments of Late
Miocene age at low-latitude sites in the Pacific and in the
mid-latitude Atlantic (from chron C4r to C4n/C3Bn rever-
sal) (Bukry, 1971; Bukry, 1973; Gartner, 1992; Raffi et al.,
1995; Raffi & Flores, 1995). In the Mediterranean these
are rare but have been registered in different sections
(Theodoridis, 1984; Martin-Pérez, 1997; Lancis et al.,
2010) within the biozones CN8b and CN9a for D. loe-
blichii (Lancis et al., 2010) and lasting to the biozone
CN9b for D. neorectus (Martin-Perez, 1997; Lancis, 1998;
Lancis et al., 2010).

6.9 Paracme interval of Reticulofenestra
pseudoumbilicus

The quantitative evaluation of the R. pseudoumbilicus
abundance in the composite section Les Moreres-Albat-
era enabled us to recognize the “Paracme interval”, from
the bottom of the Albatera section, with percentages lower
than the 5% in almost all the samples (Raffi et al., 2003).
This event, an interval of almost total absence of large
specimens (>7um) of R. pseudoumbilicus, was found for
the first time by Rio et al. (1990) in the Late Miocene sed-
iments from the tropical Indian Ocean. It was soon ob-
served in other oceanic basins (Gartner, 1992, Raffi &
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Flores, 1995; Backman & Raffi, 1997) and in the Mediter-
ranean, though not as clearly defined as in oceanic areas
due to the abundance of reworked forms (Lancis, 1998;
Raffi et al., 2003; Lancis et al., 2010). The PB (Paracme
Begin) has been astronomically calibrated in the western
equatorial Atlantic at 8.785 Ma (Backman & Raffi, 1997;
Lourens et al., 2004; Raffi et al., 2006) and in the Mediter-
ranean Metochia section at 8.761 Ma (Raffi et al. 2003).

6.10 FO of the Discoaster quinqueramus-
Discoaster berggrenii

The appearance of the species D. berggrenii and D. quin-
queramus corresponds to the biostratigraphic boundary
CNB8/CN9 (Okada & Bukry, 1980) NNTO/NNT1 (Martini,
1971). These pentaradiated discoasterids are abundant in
the open oceans. In the Mediterranean, they are absent in
the sediments of the eastern area (Theodoridis, 1984; Raffi
et al., 2003) but can be recognized in the western (Rio et
al., 1976; Miller, 1978; Mazzei, 1985; Miiller, 1990; Flo-
res et al., 1992; Martin Pérez, 1997; Lancis, 1998; Lancis
et al., 2010). The astronomically tuned age for the FO of
D. berggrenii at the western equatorial Atlantic is 8.29 Ma
(Backman & Raffi, 1997; Lourens et al., 2004). Discoaster
berggrenii and D. quinqueramus are scarce but continu-
ous in our samples the FO of D. quinqueramus is in the
sample 2 of the Albatera section and the FO of D.
berggrenii is in the sample 3 but due to its scarcity both
FO could be considered synchronous.

6.11 Bottom of the acme of “small
reticulofenestrids”

This event is determined by an increase in the assemblage
of small reticulofenestrids (having the long axis smaller
than 3 m) including Reticulofenestra minuta and Dicty-
ococcites productus specimens. This assemblage has been
observed by many authors (Backman, 1978; Flores, 1985;
Flores & Sierro, 1987; 1989; Flores et al., 1992; Lancis,
1998; Negri et al., 1999; Negri & Villa, 2000; Raffi et al.,
2003; Wade & Bown, 2005; Lancis et al., 2010) and is in-
cluded in the CN9a subzone between the D. berggrenii
and A. primus FO's. This increment was probably caused
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by an ecological factor, given that these species predom-
inate in the continental margins nannofloras assemblages
(Hag, 1980). Flores et al. (1992) demonstrate that this was
a synchronous event in some Mediterranean and north-
Atlantic sections.

In the Albatera section the “small reticulofenestrids” are
quite abundant throughout the section because the sec-
tion was nearby the coast and nutrient-rich. The “small
reticulofenestrids” flourish in such conditions, supporting
the theory of high environmental stress (Aubry, 1992; Flo-
res et al., 1995; Flores et al., 2005; Wade & Bown, 2005).
The acme bottom cannot be precisely identified. How-
ever, from the bottom of the Albatera section and coincid-
ing with the paracme of R. pseudoumbilicus the “small
reticulofenestrids” become in general more abundant,
with percentages as high as the 75% of the assemblage
indicating that they are later than the acme beginning.

6.12 FO and FCO of Discoaster surculus

In general D. surculus (Figs 8-12) is scarce in the Mediter-
ranean sections (Theodoridis, 1984; Raffi et al., 2003) but
its presence has been established in the western Mediter-
ranean basins (Martin-Pérez, 1997; Lancis, 1998; Lancis et
al., 2010) in a good agreement with its biostratigraphic
range in the equatorial Pacific (Gartner, 1992; Schneider,
1995; Lourens et al., 2004).

Discoaster surculus is scarce in our samples. lts first ap-
pearance is in the sample 15 of the Albatera section
(Galeria de los Suizos Marls), and the FCO was estab-
lished in the sample 20, which was used as a secondary
marker for the upper part of the CN9a/NNT1a.

6.13 FO of the Initial Amaurolithus spp.
(Amaurolithus cf. primus)

The Amaurolithus spp. FO (A. cf. primus) (Fig. 8-13; 8-14)
represents an useful evolutionary event for worldwide
biostratigraphic framework (Raffi et al., 1998). It marks the
boundary between the subzones CN9a/CN9bA of Okada
and Bukry (1980) emended by Raffi and Flores (1995), and
NN11a/NN11b of Martini (1971). Some initial forms of
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Amaurolithus spp. (A. cf. primus) appear sporadically in
the uppermost part of the Albatera section from sample
20 to the top of the section and coinciding with the FCO
of D. surculus; thus, these forms are older than thought
from previous observations.

6.14 FO of the Syracosphaera pulchra

Syracosphaera pulchra (Fig. 8-15) is present in the sedi-
ments from the Miocene until today. Despite the fragility
and small size of this coccolith, it has been cited sporad-
ically in the Miocene to Pliocene Mediterranean sections
(Miller, 1978; Lancis, 1998). It should be pointed out that
peak abundance was observed in the nearby Fortuna
basin coinciding with the FCO of D. surculus (Lancis et
al., 2010) and hence it would be considered a possible
event to be evaluated in the future.

7. BIOSTRATIGRAPHIC CALIBRATION
OF THE MAGNETOSTRATIGRAPHY
DATA

7.1 Biostratigraphy

The Middle and Late Miocene index species in the
Mediterranean do not always provide a robust biostrati-
graphic signal because they are scarce compared with the
low-latitude oceans. However, we could recognize most
of the events, as discussed in the previous section. The
biohorizons of FO, FCO, LO and LCO identified in the
composite Les Moreres-Albatera section provided a bio-
zonal distribution pattern (Fig. 3) from the earliest to the
latest Tortonian with a sedimentary gap marked by the
Raya del Biho Conglomerates.

The bottom part of the Les Moreres section until the sam-
ple 23 can be assigned (Fig. 3) to the CN5b subzone
(Okada & Bukry, 1980), equivalent to the NN7 of Martini
(1971), by occurrence as the most significant species of
the assemblage: Discoaster kugleri, D. exilis, D. brouw-
eri, D. aulakos, Helicosphaera walberdorfensis, and Coc-
colithus miopelagicus. The FO of Discoaster bellus in
sample 24, and the integrated forms Discoaster mi-
cros/Catinaster coalitus are considered to be the bottom of
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the biozone CN6/NN8 (Okada & Bukry, 1980; Martini,
1971, respectively). Due to the scarcity of Catinaster coal-
itus, we have considered the subordinate FO events D.
bellus and D. micros/C. coalitus to be sufficient to mark
the base of the biozone (Lourens et al., 2004; Raffi et al.,
2006). The first clear specimens of Catinaster coalitus ap-
pear in sample 26 and the first D. hamatus in the sample
31. The last FO marks the boundary between the biozone
CN6/CN7 (Okada & Bukry, 1980) and NN8/NN9 (Mar-
tini, 1971). The upper part of the Les Moreres section show
a uniform assemblage of the biozone CN7 (Okada &
Bukry, 1980) and NN9 (Martini, 1971) by the presence of
Discoaster hamatus, D. bellus, D. micros, D. brouweri, D.
variabilis, D. challengeri, D. bolli, D. neohamatus (from
the sample 44), D. calacaris (sample 43), Catinaster coal-
itus, Reticulofenestra pseudoumbilicus, Coccolithus
pelagicus, Calcidiscus macintyrei, C. leptoporus, Gemi-
nilithella rotula, Dictyococcites antarcticus, Triquetrorhab-
dulus rugosus, and Minylitha convallis (sample 46).

The Albatera section should be included in the CN9a sub-
zone (Okada & Bukry, 1980)/NN11a subzone (Martini,
1971) because of the presence of Discoaster quinquera-
mus and D. berggrenii marking the biozone CN9a (Okada
& Bukry, 1980) and NN11A (Martini, 1971). Also the en-
tire section is included in the PB of R. pseudoumbilicus >
7 pm, which register values of less than 5% throughout
the section (Raffi et al., 2003). On the other hand, this sec-
tion is above the acme of the small reticulofenestrids in-
cluded in the CN9a subzone between the D. berggrenii
and A. primus FO's (Backman, 1978; Flores et al., 1992;
Lancis, 1998; Negri et al., 1999; Negri & Villa, 2000; Raffi
etal., 2003; Wade & Bown, 2005; Lancis et al., 2010).

The highest part of the section (sample 15) can be as-
signed to upper part of the CN9a/NN11a (Raffi et al.,
2003) by the presence of D. surculus (FCO in the sample
20) used as a secondary marker for the upper part of the
CN9a/NN11a. The upper boundary between CN9a/CN9b
is marked by the A. primus FO; however, the scarce initial
forms assigned to Amaurolithus cf. primus that are found
to be almost coincident with the FCO of D. surculus are
forms prior to the FO of Amaurolithus primus str. s. These
initial forms should be considered to be included in the
CN9a, and also a more detailed study is needed to clarify
the earliest evolution of the ceratoliths.
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Palaeocologically, we should highlight the scarcity of as-
teroliths and the abundance of small reticulofenestrids
such as Lithostromathion perdurum, Pontosphaera multi-
pora, and different forms of Scyphosphaera spp. that could
be related to a shallow and high-productivity environment
(Martini, 1965; Bukry, 1976; Siesser, 1977; Gartner et al.,
1979; Flores, 1985; Chesptow-Lusty et al., 1992; Raffi &
Flores, 1995; Lancis, 1998; Flores et al., 2005; Wade &
Bown, 2006; Lancis et al., 2010).

7.2 Magnetostratigraphy

The intensity of the NRM is relatively weak in the studied
rocks ranging between 0.05 mA/m and 0.15 mA/m. Upon
stepwise demagnetization two components can normally
be distinguished in addition to a small viscous component
removed at the first demagnetization step likely related to
handling and/or storage. A low-field components con-
forming to the present geomagnetic field is removed up
to fields of 17-21 mT. Then, a characteristic remanent
magnetization (ChRM) is removed up to the maximum
field applied (100 mT) that trends toward the origin of the
diagram and presents dual polarity (Fig. 5B). We have es-
tablished a ranking attending the quality of the demagnet-
ization trajectories. Class A includes samples for which
the ChRM component can be calculate unambiguously.
Class B denotes samples with ambiguous ChRM compo-
nents. The VPG latitude derived from the class A ChRM
directions yields a succession of two magnetozones, char-
acterized by reverse polarity in the lower part of the suc-
cession and reverse polarity in the upper part (Fig. 5A).
The lowermost part of the studied succession of the Gale-
ria de los Suizos Marls (interval 290-295 m) include two
unreliable class B samples and only one normal class A
sample and therefore this interval is reported as of am-
biguous polarity and depicted in gray colour on the polar-
ity column of Fig. 5A.

7.3 Calibration of the magnetostratigraphy
with the new biostratigraphic data

For a comprehensive biomagnetostratigraphic correlation
previous magnetostratigraphic results from the nearby Rio
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Chicamo section (Dinares-Turell et al., 1999, and Krijgs-
man et al., 2000) need to be taken into account. The Rio
Chicamo section has recently been biostratigraphically
calibrated with nannofossil data (Lancis et al., 2010), sup-
porting the magnetostratigraphic correlation A of Dinarés-
Turell et al. (1999). The lowest magnetozone of the Rio
Chicamo section was interpreted as a normal chron en-
compassing chrons C3Br.1n and C3Bn, therefore lacking
expression of the intermediate short reverse chron C3Br.1r,
because the FO of Amaurolithus primus is known to be
located in chron C3Br.2r (Hilgen et al., 2000; 7.341-7.170
Ma) just below chron C3Bn. Consequently, the top of the
Albatera section is clearly below chron C3Br.2r of Amau-
rolithus primus FO.

The nannofossil data presented herein offers two different
calibration points (Fig. 5). First, the FCO of D. surculus ap-
pears in other sections in chron C4n.2n, then the Reticu-
lophenestra pseudoumbilica > 7 pm Paracme End occurs
in the transition between C3Bn/C3Ar (Raffi et al., 2006).
Thus the Albatera section reverse and normal magneto-
zones shown in Figure 5 can be calibrated as chrons
C4r.1r and C4n.2n respectively. Also the ambiguous polar-
ity magnetozone and depicted in gray color on the polar-
ity column of Fig. 5A can point to chron C4r.1n but better
samples are needed to confirm this.

8. DISCUSSION AND CONCLUSIONS

The sedimentation over the structured basement of the
Crevillente Sierra started with the El Castella limestone.
As this unit has not been sampled, no direct dating is pos-
sible, but in the previous work of Tent-Manclds et al.
(2004) some marly intervals are dated in a nearby section
as Serravallian by the presence of Discoaster heteromor-
phus plus D. kugleri.

Then the sedimentation shifts to the Les Moreres Marls
lithological unit, which yields abundant planktonic
foraminifera and calcareous nannofossils. The lowest por-
tion of the unit indicates by its microfossil content an in-
terval near the Serravallian-Tortonian boundary (Fig. 13).
The absence of planktonic foraminifera Globigerinoides
subquadratus points to a Tortonian age but the presence of
D. kugleri indicates the interval between the Serravallian-
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Figure 13. Summary of the positions of the biohorizons in the time inter-
val 11.6 -7.8 Ma, relative to planktonic foraminifera and calcareous nan-
noplankton.

Tortonian boundary, and, depending on whether it is con-
sidered above or below the LCO, it could be assigned to
the Tortonian or Serravallian, respectively. Thus the bot-
tom part of the Les Moreres Marls is considered to be ear-
liest Tortonian without ruling out a latest Serravallian age.
The planktonic foraminifera and the calcareous nannofos-
sils (Fig. 13) do not show any time gap from the bottom of
the section assigned to the MMi9 planktonic foraminifera
biozone (Lourens et al., 2004) and CN5b/NN7 calcare-
ous nannoplankton biozones (Okada & Bukry, 1980; Mar-
tini, 1971) to the to MMi11 planktonic foraminifera
biozone (Lourens et al., 2004) CN7/NN9 (Okada & Bukry,
1980; Martini, 1991). The top of the Les Moreres Marls
can be calibrated by the dextral to sinistral change in
Neogloboquadina acostaensis estimated at 9.54 Ma by
Lourens et al. (2004).

The Raya del Biho Conglomerate gradually overlie the Les
Moreres Marls but the upper contact had developed an
encrusted level interpreted as a possible time gap. This
unit should be included in the MMil1 planktonic
foraminifera biozone (Lourens et al., 2004) and CN7/NN9
calcareous nannoplankton biozones (Okada & Bukry,
1980; Martini, 1971).
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The bottom part of the Galeria de los Suizos Marls in the
Albatera section show a planktonic foraminifera assem-
blage included in the MMil12a biozone, and thus the
foraminifera biozones do not have sufficient resolution to
measure the time gap. However, the calcareous nanno-
fossil assemblage with the FOs of D. neorectus and D.
quinqueramus indicate the CN9a/NN11a biozones
(Okada & Bukry, 1980; Martini, 1971) and can be cali-
brated by the FO of D. berggrenii as 8.29 Ma (Lourens et
al., 2004). The time gap between the Raya del Biho Con-
glomerate and the Galerfa de los Suizos Marls could be
estimated at about 1.2 Ma. This discontinuity was caused
by a NW-SE faulting tectonic event (Tent-Manclus, 2003).
The Galeria de los Suizos Marls fossilized those faults.

The Albatera section yields palaeomagnetic data shown
in Figure 5 that can be calibrated as chrons C4r.1r and
C4n.2n. The transition between those chrons was cali-
brated by Lourens et al. (2004) at 8.108 Ma. The top of
the section is above the D. surculus FCO, calibrated at
7.79 Ma (Lourens et al., 2004) which allows us to cali-
brate the bottom of the overlying Las Ventanas Limestones
as younger than that age.

The composite Les Moreres-Albatera section should be
considered as the most complete Tortonian section of the
Betic Cordillera.
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Appendix A

Taxonomic list of the calcareous nannoplankton considered in this work (see Young, 1998)

Amaurolithus primus (Bukry & Percival, 1971) Gartner &
Bukry, 1975

Calcidiscus macintyrei (Bukry & Bramlette, 1969) Loe-
blich & Tappan, 1968

C. leptoporus (Murray & Blackman, 1898) Loeblich & Tap-
pan, 1978

Coccolithus pelagicus (Wallich, 1871) Schiller, 1930

C. miopelagicus Bukry, 1971

Catinaster coalitus Martini & Bramlette, 1963

Dictyococcites antarcticus Haqg, 1976 = Reticulofenestra
antarctica Haq, 1976

D. productus (Kamptner, 1963) emend. Backman, 1980

Discoaster aulakos Gartner, 1967

D. bellus Bukry & Percival, 1971

D. berggrenii Bukry, 1971

D. bolli Martini & Bramlette, 1963

D. brouweri Tan Sin Hok, 1927 emend. Bramlette & Rie-
del, 1954

D. calcaris Gartner, 1967

D. challengeri Bramlette & Riedel, 1954

D. exilis Martini & Bramlette, 1963

D. hamatus Martini & Bramlette, 1963

D. intercalaris Bukry, 1971

D. loeblichii Bukry, 1971

D. kugleri Martini & Bramlette, 1963

D. micros Theodoridis, 1984

D. neohamatus Bukry & Bramlette, 1969

D. neorectus Bukry, 1971

D. pentaradiatus Tan Sin Hok, 1927 emend. Bramlette &

Riedel, 1954

D. prepentaradiatus Bukry & Percival, 1971

D. pseudovariabilis Martini & Worsley, 1971

D. quinqueramus Gartner, 1969
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D. surculus Martini & Bramlette, 1963

D. tamalis Kamptner, 1967

D. triradiatus Tan, 1927

D. variabilis Martini & Bramlette, 1963

Geminilithella jafarii (Miller, 1974) Backman, 1980

G. rotula (Kamptner, 1948) Backman, 1980

Helicosphaera carteri (Wallich, 1877) Kamptner, 1954

H. rhomba Bukry, 1971

H. stalis Theodoridis, 1984

H. walberdorsfensis Miiller, 1974

Lithostromation perdurum Deflandre, 1942

Pontosphaera multipora (Kamptner, 1948) Roth, 1970

Reticulofenestra gelida (Geitzenauer, 1972) Backman,
1978

R. hagii Backman, 1978

R. minuta (Roth, 1970)

R. minutula Gartner, 1967

R. pseudoumbilicus (Gartner, 1967) Gartner, 1969

Scyphosphaera amphora Deflandre, 1942

Scy. conica Kamptner, 1955

Scy. apsteinii Lohmann, 1902

Scy. intermedia Deflandre, 1942

Sphenolithus abies Deflandre in Deflandre & Fert, 1954

Sph. neoabies Bukry & Bramlette, 1969

Sph. moriformis (Bronnimann & Stradner, 1960) Bramlette
& Wilcoxon, 1967

Syracosphaera pulchra Lohmann, 1902

Triquetrorhabdulus rugosus Bramlette & Wilcoxon, 1967

Small reticulofenestrids (nannolith size smaller than 3 m,
independently of central area properties: Dictyococci-
tes productus (Kamptner, 1963) emend. Backman,
1980 plus Reticulofenestra minuta Roth, 1970)



