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ABSTRACT

Benthic foraminifer assemblages of Upper Pliocene Unit Il of the Almeria-Nijar Basin (SE
Spain) have been studied. This unit represents a shallowing-upward sequence consisting of
siliciclastic sediments with intercalations of Cladocora caespitosa coral banks. They were
deposited in a shallow sheltered bay where fan deltas prograded. Benthic foraminifer
assemblages record the shallowing-upward trend inferred from facies analysis, especially in
distal parts of the basin (Rambla Quebrada section). Here, the lower part of the unit contains
relatively deep-water species such as Cibicides refulgens, Cibicidoides pseudoungerianus, C.
bradyi, Asterigerinata spp, Lobatula lobatula, Rosalina globularis, Textularia sp, Lenticulina
calcar and keeled elphidiis. The upper part of the unit is dominated by very shallow-water
species such as Ammonia spp and unkeeled elphidiis. The benthic foraminifer assemblages of
the lower part further suggest that fully marine waters well-connected with the open sea
prevailed, whereas the Ammonia-dominated assemblages of the upper part indicate brackish
conditions. The continuous advance of the fan-delta systems in a progressively shallower
setting accounts for this change in the major assemblage components. The epiphytic species
Elphidium spp, Cibicides refulgens, Lobatula lobatula, Rosalina globularis and Asterigerinata
spp dominated in the lower part of the unit. Posidonia oceanica meadows probably provided
the vegetated substrate in distal areas (Rambla Quebrada section), whereas small,
arborescent and short-lived algae dominated in proximal settings (Rambla de la Sepultura

section). The relative abundance of epiphytic species decreases considerably upunit as a
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consequence of fan-delta progradation, which led to an increase in water turbidity and a
much greater influence of freshwaters. Muddwellers (Reussella spinulosa and Nonion
asterizans) inhabiting soft bottoms dominate in the mid to upper part of the unit. Cancris
auriculus, Nonion asterizans, and Cassidulina neocarinata are also locally abundant in the
upper part of the unit. These species are usually abundant with high contents of organic
matter, adscribable in this case to the advance of the fan deltas and a subsequent increase in
nutrients flowing into the basin. Additionally, species coping well in low-oxygen bottoms
occur in varve-like laminated sediments in the upper part of the unit: Bulimina aculeata and
Fursenkoina acuta. Minor components of this low-oxygen assemblage are Bolivina dilatata,
Bulimina costata, B. marginata, Cassidulina laevigata, Pleurostomella sp., and Rectuvigerina
multicostata. This assemblage suggests poor water circulation, probably due to stratification
of the water column related with freshwater outflows that caused water layers with different

salt concentrations.
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INTRODUCTION

Benthic foraminifers are cosmopolitan, substrate-dependent organisms. Their distribution is
controlled by a number of physical, chemical and biological factors (i.e. Boltovskoy and Wright,
1976; Murray, 1991; Sen Gupta 1999a; Murray, 2006). Many works have focused on local,
regional, or global environmental factors that constrain their distribution in present-day oceans (see
a recent summary in Murray, 2006). These studies are cornerstone actualistic approaches to
understanding the paleoecological factors controlling the distribution of benthic foraminifers in the
past and to reconstructing paleoenvironmental conditions (Sen Gupta, 1999a). There is a large
amount of research dedicated to analyzing the recent bathymetric distribution of benthic foraminifer
assemblages (e.g. van Morkhoven and others, 1986; Lagoe, 1988; van Marle, 1989; Matoba and
Fukasawa, 1992; Hayward and others, 2001, 2003; Hayward, 2004), being most studies
concentrated in shallow settings (tropical and temperate carbonate and siliciclastic platforms,
estuaries, lagoons and bays). These studies provide the framework for paleoenvironmental
interpretations.

In the present-day Mediterranean, shallow-water embayments and platform settings are often
occupied by extensive banks and thickets formed by Cladocora caespitosa. This is an endemic

scleractinian ahermatypic coral species and an important carbonate producer in the present-day
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Mediterranean (Zibrowius, 1980; Schiller, 1993a, 1993b; Peirano and others, 1998, 1999, 2004).
The Upper Pliocene deposits of the Almeria-Nijar Basin (SE Spain) formed in a sheltered shallow
bay where Cladocora caespitosa developed extensive banks (Aguirre and Jiménez, 1998; Aguirre,
1998). These deposits are very rich in benthic foraminifers. To the knowledge of the authors, no
detailed study on the benthic foraminifer assemblages associated with present-day C. caespitosa
banks useful for comparisons with the fossil record has been carried out. Therefore, the study of the
Upper Pliocene benthic foraminifer assemblages in the Almeria-Nijar Basin will provide new,
precise data on the local paleoenvironmental conditions in which this important species of coral
developed. The main objectives of this paper are: 1) to document the benthic foraminifer
assemblages associated with the Cladocora caespitosa coral banks; 2) to analyse the changes in the
assemblages during the deposition of the Upper Pliocene sediments in the
Almeria-Nijar Basin; 3) to determine the key paleoecological factors controlling the distribution
and abundance of benthic foraminifer assemblages; and 4) to propose a detailed paleoenvironmental

model for the formation of the Upper Pliocene deposits.
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Figure 1. Geological map of the Almeria-Nijar Basin showing the location of the two study sections.

GEOGRAPHIC AND GEOLOGICAL SETTING

The study area is located along Rambla de la Sepultura and Rambla Quebrada, two ravines

crossing the central part of the Almeria-Nijar Basin from the north to the south (Fig. 1). The former
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is approximately 3 km NE of El Alquian, and the latter is near El Acebuche prison.

The Almeria-Nijar Basin is a Neogene intermontane basin with a sedimentary record starting
with Middle Miocene conglomerates and calcilutites (Serrano, 1990), followed by Upper Miocene
and Pliocene marine and continental deposits (Montenat and others, 1990; Aguirre 1998). Beach
and alluvial-fan sediments attributed to the Quaternary unconformably overlie the Neogene
sediments (Goy and Zazo, 1982).

The Pliocene deposits in the Almeria-Nijar Basin can be divided into two unconformable units,
Unit I and Unit II from bottom to top (Aguirre, 1998). Unit I, 100-150 m thick, is a shallowing-
upward sequence consisting of mixed siliciclastic-carbonate sediments deposited in a delta and a
variety of platform settings (Aguirre, 1998). During the deposition of this unit, the Almeria-Nijar
Basin was a SW-NE elongated gulf opening to the south (Albordn Sea), limited by the Miocene
volcanic substrate to the east (Serrata de Nijar-Sierra de Gata system) and by the Betic basement to
the north (Sierra Alhamilla and Sierra Cabrera) and to the west (Sierra de Gador) (Aguirre, 1998;
Braga and others, 2003; Martin and others, 2003) (Fig. 2A). The maximum temporal range of this
unit is from Early Pliocene at the bottom to Middle Pliocene at the top (Aguirre, 1998).
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Figure 2. Paleogeographic reconstructions of the Almeria-Nijar Basin during the deposition of Unit I (A) and Unit II
(B).

Unit II, which is the topic of this study, is Late Pliocene in age (Aguirre, 1998). It
unconformably overlies Unit I sediments. Unit II (up to 20 m in thickness) is made up of
siliciclastics and Cladocora caespitosa coral banks deposited in a sheltered bay open to the south,
where fan deltas prograded (Fig. 2B) (Aguirre and Jiménez, 1997, 1998; Aguirre, 1998). Unit II can



be divided into two subunits: a lower subunit made up mainly of siliciclastic deposits (mostly

conglomerates and sands) with scattered isolated colonies or small thickets of Cladocora

caespitosa. The upper subunit consists of an alternation of extensive C. caespitosa coral banks and

terrigenous sediments (Fig. 3). A detailed description of Unit II has been provided elsewhere

(Aguirre and Jiménez, 1997; 1998; Aguirre, 1998) consequently in the section below we describe

only the general features of the unit in the two selected outcrops.
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Figure 3. Stratigraphic columns of the two study sections (Rambla de la Sepultura and Rambla Quebrada) indicating

the sampling sites

UNIT II STRATIGRAPHY

RAMBLA DE LA SEPULTURA

The lower subunit (up to 7 m in thickness) consists of debris-flow conglomerates alternating



with coarse- to fine-grained sands (Fig. 3). Debris-flow conglomerate beds are amalgamated and
show inverse-grading, although some channelised, normal-graded conglomerates are also present.
Conglomerates thickness ranges from 0.2 to 1 m with clasts comprising schists, quartzites,
dolostones, and limestones from the Betic basement at the north of the basin (Sierra Alhamilla), and
sandstone-siltstone blocks from the underlying Unit I. Clasts can reach up to 40 cm across and are
embedded in a microconglomerate matrix. Coastal, rocky-shore organisms (mussels, coralline
algae, encrusting bryozoans, barnacles, regular sea-urchins, etc.), as well as borings of Lithophaga,
typical of this setting, are often found in the conglomerates (Aguirre and Jiménez, 1997).

Sand beds are massive and structureless due to intense background bioturbation, which has
destroyed the vast majority of the original sedimentary structures (ii4-ii5; ichnofabric indices sensu
Droser and Bottjer, 1986). However, horizontal-, wavy- and trough cross-lamination are
occasionally preserved. The sand beds range from several centimetres to 1.5 m in thickness. Sand
grain size ranges from fine to coarse, with some isolated and scattered small pebbles. Lenticular
bodies of silty clay and channelised fossiliferous conglomerates intercalate within the sand beds.

The upper subunit (up to 20 m thick) consists of three Cladocora banks, which can be
continuously traced, interbedded with terrigenous material (Fig. 3). The coral colonies are
embedded in fine-grained sands and silts. The lowermost coral bank has an intercalated lenticular
shell-lag deposit. Terrigenous beds are massive sands, highly bioturbated fine-grained sands and
silts. Very fine-grained sands and silts with conspicuous horizontal thin lamination (varve-like
lamination) occur in the upper part of the subunit (Fig. 3). Beds several centimetres thick with
perfectly preserved varve-like lamination alternate with beds homogenised by bioturbation. Sand
beds coarsen upsequence, changing to conglomerates showing low-angle, unidirectional tabular
cross-stratification dipping to the south-southeast. The unit ends with reddish conglomerates and
breccias.

RAMBLA QUEBRADA

The lower subunit in this outcrop (up to 4 m thick) has similar features to those described in
Rambla de la Sepultura. It is mainly characterised by siliciclastic deposits, conglomerates, and
coarse- to medium-grained sands, with isolated coral colonies or small-scale thickets growing on
top of the conglomerates (Fig. 3). Conglomerates occur as inverse-graded debris-flow beds or, less
frequently, as channelised beds with normal grading. Sand beds are massive and mostly
structureless due to background bioturbation. Occasional wavy and ripple lamination can be

observed. The lower subunit ends with a massive, coarse- to medium-grained sand bed (2 m thick)



with some dispersed channelised inverse-graded conglomerates and shell lags.

The upper subunit (up to 10 m thick) starts with a well-developed and well-preserved Cladocora
caespitosa bank growing directly on top of blocks and boulders of the underlying conglomerates.
Several episodes of coral development alternate with channelised conglomerate and massive sand
beds (Fig. 3). These siliciclastic deposits truncated and destroyed the initial stages of the coral
bioconstructions. Some oyster concentrations, most fossilized in life position, also intercalate with
the coral banks.

Laterally, to the south, coral banks disappear and fine- to medium-grained sands and silts with
numerous scattered bivalve shells are found. As in the Rambla de la Sepultura, horizontal thin
lamination (varve-like lamination) is well developed close to the top of the subunit in distal

sections.
SAMPLING AND METHODS

Up to 21 samples of about 500 g each were collected in the two sections (Fig. 3). Sampling
efforts were concentrated on the sandy and silty beds in attempts to sample the different facies.

Samples were sieved through 1 mm, 0.125 mm and 63 pm meshes. The residue was dried in an
oven at approximately 40°C. Only residue above the 0.125 mm fraction was considered for the
analyses.

All benthic foraminifer specimens were identified to the species level. The diversity of each
sample was calculated using several metrics: 1) total number of species (species richness; S); 2)
Shannon-Weaver diversity index (H); and 3) evenness sensu Hayek and Buzas (1997) (E=e"/S).
We also calculated the generic and specific dominances (percentage of the most abundant genus
and species, respectively).

Fossil assemblages were characterised using two quantitative analyses: 1) the relative abundance
of benthic foraminifer species, represented in percentages, and 2) multivariate statistical grouping
techniques. The multivariate techniques used are the R-mode cluster analyses, using the Ward
method and Pearson’s correlation coefficient distances, as well as the principal component analyses
(PCA) using the Canoco programme. The PCA analyses group samples or species with similar
significance in biplots (Shi, 1993).

The quantitative analyses are based on 300 individuals randomly counted in each sample and
taking into consideration those species comprising 3% or more of the total assemblage (Buzas,

1990; Serandrei-Barbero and others, 1997). Both the relative abundance and the multivariate



statistical techniques offer complementary information useful for inferring palacoenvironmental
conditions (Mello and Buzas, 1968; Kafescioglu, 1975; Zellers, 1990; Van der Zwaan, 1983; Parker
and Arnold, 1999; among others).

The assemblages are thought to be autochthonous-parautochthonous because no differences in
preservation of foraminifer tests are observed. Further, the benthic foraminifer species in each
sample are ecologically consistent, suggesting the absence of reworking or other significant

taphonomic bias.

BENTHIC FORAMINIFER ASSEMBLAGES

RAMBLA DE LA SEPULTURA SECTION

A total of 104 species of benthic foraminifers have been identified in the entire section. Results
of the diversity calculated with the different metrics are shown in Figure 4. The number of species
is higher than 20 throughout the section except in sample RBS-7, where a minimum in species
richness is observed. The number of species reaches several maxima in samples RBS-5, RBS-8, and
RBS-9. The curves representing the H and E indices show parallel trends with a broad increase
upsection. There is a minimum in sample RBS-7 and another low value in sample RBS-3. Both
parameters peak in samples RBS-2 and RBS-8. Finally, the curves of genus and species dominances
are characterised by a zigzag trend, with an alternation of high and low values along the section.
This trend is opposite to the one observed in the evenness curve.

Benthic foraminifer assemblages have been defined considering those species representing 3%
or more of the total assemblage, amounting to 21 species in the Rambla de la Sepultura section.
This section can be divided into two parts (Fig. 5). In the lower part, from RBS-1 to RBS-3, fossil
assemblages are clearly dominated by several species of the genus Elphidium (E. traslucens, E.
granosum, E. crispum, and E. advenum). Minor representatives are Haynesina depressula,
Cribroelphidium sp 1 and Cribroelphidium sp 2.

The upper part of the section, from sample RBS-4 up to the top, is characterised by a striking
change in the most abundant species. Elphidium species dominating the lower part almost disappear
and the benthic foraminifer assemblages are mostly dominated by Ammonia spp (A. beccarii, A.
tepida, A. inflata, and Ammonia sp 2), followed by Reussella spinulosa, Cribroelphidium vadescens
and, in lesser abundance, by Elphidium poeyanum (Fig. 5). Ammonia species, although present

throughout the section (except Ammonia sp 2), underwent a significant increase in this upper part of



the section. The species R. spinulosa shows an outstanding increase in sample RBS-4, where it
represents more than 40% of the total species. Nonion asterizans is a subordinate species in samples
RBS-5 and RBS-8. In the sample RBS-9, the species Bulimina aculeata, Hanzawaia boueana, and

Cibicides refulgens occur in significant amounts.
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Figure 4. Diversity data in Rambla de la Sepultura section calculated with different metrics used: total number of

species (species richness), Shannon-Weaver index (H), evenness (E), and genus and species dominances.

The R-mode cluster analysis differentiates five groups of species (Fig. 6). Cluster 1 groups A.
beccarii, A. inflata, A. tepida, Elphidium poeyanum, and Anomalinoides sp 1, some of the most
abundant species in the upper part of the section. Cluster 2 includes R. spinulosa and C. vadescens,
both species peaking in samples RBS-4 and RBS-8. Cluster 3 is represented by the species
occurring in sample RBS-9: Bulimina aculeata, Hanzawaia boueana, Cibicides refulgens, and
Ammonia sp 2. Cluster 4 comprises a group of species irregularly distributed throughout the section
but abundant in sample RBS-2, such as Ammonia papillosa, Nonion asterizans, Elphidium
advenum, E. granosum and Haynesina depressula. Finally, Cluster 5 groups the most abundant
species in the lower part of the section: Cribroelphidium sp 1, Cribroelphidium sp 2, E. crispum, E.

traslucens, and Lobatula lobatula (Fig. 6).
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Figure 5. Abundance of benthic foraminifer species (in percentages) in Rambla de la Sepultura section. Species

involved in the analysis comprise 3% or more of the total assemblage.
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Figure 6. R-mode cluster analysis of benthic foraminifer species of Rambla de la Sepultura section.
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Three groups, including species and samples, can be recognised in the PCA biplot (Fig. 7).
Group I is characterised by positive values along the two axes and consists of the same species
included in the Cluster 5 of the R-mode cluster analysis. These species are dominant in samples
RBS-1 and RBS-3. Group II of the PCA is represented by the species of the Cluster 4 of the R-
mode cluster analysis plus Reussella spinulosa. These species dominate in the samples RBS-2,
RBS-4, and RBS-5, typified by positive values of the X axis and negative values of the Y axis in the
biplot. Group III of the PCA shows negative values with respect to the horizontal axis of the biplot.
It includes the species dominating Clusters 1 and 3 of the R-mode cluster, plus Cribroelphidium

vadescens. These species dominate from sample RBS-6 up to the top of the section.
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Figure 7. Principal components analysis (PCA) of benthic foraminifer species of Rambla de la Sepultura section.

RAMBLA QUEBRADA SECTION

Up to 79 species of benthic foraminifers have been identified in the Rambla Quebrada section.
The number of species is relatively high throughout the section, except in samples RQ-6, RQ-7, and
RQ-8, where the assemblages contain less than 20 species (Fig. 8). The curve of species richness
decreases from the base to a minimum in the middle part of the section (sample RQ-6) then it

progressively recovers up to the top of the section (Fig. 8). This trend is also observed in the curve
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of the Shannon-Weaver index (Fig. 8). Evenness fluctuates in the lower part of the section up to
sample RQ-6, and then is stable up to the top of the section. Genus and species dominances show

opposite trends in relation with evenness (Fig. 8).
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Figure 8. Diversity data in Rambla Quebrada section calculated with the different metrics used: total number of species

(species richness), Shannon-Weaver index (H), evenness (E), and genus and species dominances.

Out of the 79 species identified in the Rambla Quebrada section, 29 species represent 3% or
more of the total assemblages. As in the Rambla de la Sepultura section, the Rambla Quebrada
section can be divided into two parts based on the relative abundance of these species: a lower part
from RQ-1 to RQ-5 and an upper one from RQ-6 upwards. The boundary between the two parts is
marked by a significant change in faunal composition (Fig. 9). The lower part of the section is
dominated by different species of the genus Elphidium (except for E. granosum and E. traslucens).
Other abundant species are Lobatula lobatula, Rosalina globularis, Asterigerinata planorbis, and
Cibicides refulgens. Minor components, showing only local abundances, are Cribroelphidium
vadescens, Cibicidoides bradyi, C. pseudoungerianus, Asterigerinata mamilla, Lenticulina calcar,
and Textularia sp (Fig. 9).
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Figure 9. Abundance of benthic foraminifer species (in percentages) in Rambla Quebrada section. Species involved in

the analysis represent 3% or more of the total assemblage.

The upper part of the section is characterised by a progressive increase in Ammonia spp (A.
becarii, A. tepida, and A. inflata) (Fig. 9). In this part of the section, the unkeeled species Elphidium
granosum and E. traslucens are dominant, whereas E. macellum and E. poeyanum decrease
significantly. Other elphidiis are anecdotal (Fig. 9). Together with Ammonia spp, Reusella
spinulosa, and Nonion asterizans are dominant. Cancris auriculus is a minor component in this
upper part. Haynesina depressula and Fursenkoina acuta peack in samples RQ-6 and RQ-9,
respectively (Fig. 9). Finally, it is worth noting the assemblage found in the uppermost RQ-11
sample, which consists of minor peacks of the species found in the lower part of the section
together with Cassidulina neocarinata (Fig. 9).

The R-mode cluster analysis shows three groups of benthic foraminifer species (Fig. 10). Cluster
1 includes the most abundant species in the upper part of the section and can be divided into two

subgroups: a) Subgroup 1A, dominated by the most abundant species (A. becarii, A. tepida, A.
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inflata, Fursenkoina acuta, Reusella spinulosa, and Nonion asterizans), and b) Subgroup 1B,
constituted by those species that are more abundant in the middle part of the section (E. granosum,
E. translucens, H. depressula, and C. auriculus). Cluster 2 consists of those species in the lower
part of the section and can also be divided into two subgroups: a) Subgroup 2A grouping A.
mamilla, A. planorbis, L. lobatula, C. vadescens, R. globularis, and E. poeyanum, and b) Subgroup
2B including the remaining elphidiid species together with C. neocarinata. Cluster 3 is composed
of those species in the lowermost sample, RQ-1 (C. refulges, C. bradyi, C. pseudoungerianus, L.

calcar, and Textularia sp) (Fig. 10).
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Figure 10. R-mode cluster analysis of benthic foraminifer species of Rambla Quebrada section.

The PCA biplot shows four distinct groups of species characterising different samples from the
section (Fig. 11). Groups I and II are differentiated in the positive part of the X-axis of the biplot
and include species dominating the lower part of the section (samples RQ-1 to RQ-5). Nonetheless,
Group I is in the NE sector of the biplot, in the positive part of the two axes, and Group II is in the
negative part of the Y-axis. Group IV comprises the species in the upper part of the section (from
RQ-6 to RQ-11) and is in the NW quarter of the biplot. Group III, isolated in the negative part of
the two axes of the biplot, is only represented by the species C. neocarinata and includes sample
RQ-11.
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Figure 11. Principal components analysis (PCA) of benthic foraminifer species of Rambla Quebrada section.
DISCUSSION
PALEOENVIRONMENTAL INTERPRETATION
The benthic foraminifer assemblages in the two sections are mostly dominated by Ammonia spp
and Elphidium spp. Abundance of these species suggests very shallow conditions, most likely no

deeper than 50 m (Murray, 1991, 2006). This water-depth estimate coincides with the depth
distribution of Cladocora caespitosa in the present-day Mediterranean (Schiller, 1993a; Peirano
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and others, 1998).

Although the benthic foraminifers indicate shallow-water conditions during the deposition of
Unit II, a vertical relay of the main components of the assemblages consistent with a change in
water depth is inferred. The foraminifer relay is strikingly evidenced in the Rambla Quebrada
section. Here, Cibicides refulgens, Lenticulina calcar, Lobatula lobatula, Cibicidoides spp,
Textularia sp, Rosalina globularis, Asterigerinata spp, and keeled elphidiids are the most abundant
species in the lower part of the unit. These species can be found in present-day mid to outer
platforms (Murray, 1991; Reid, 1998; Holbourn and Henderson, 2002; van Hinsbergen and others,
2005; Murray, 2006). On the other hand, the overabundance of Ammonia spp in the upper part of
the unit, together with Haynesina depressula and unkeeled elphidiids (E. granosum and E.
traslucens), suggests very shallow conditions such as marginal lagoons or estuaries. These species
characterise, for instance, the present-day estuaries of the Tinto, Odiel, Piedras and Guadiana rivers
(Huelva, SW Spain) (Ruiz and others, 2004, 2005), the Holocene Bilbao estuary (N Spain) (Leorri
and Cearreta, 2004; Cearreta, 2006), and the Venice lagoon since the 5th Century (Serrandrei-
Barbero and others, 1997). These are all opportunistic species that are able to cope in fluctuating
and stressful environmental conditions (Sen Gupta 1999b; Drinia and others, 2008).

In the Rambla de la Sepultura section, there is no clear vertical change in the main components
of the foraminifer assemblages, making it more difficult to interpret the shallowing-upward trend
based on benthic foraminifers. It is remarkable to note the dominance of Ammonia spp, followed by
unkeeled elphidiids, and Cribroelphidium vadescens throughout the unit, suggesting general
shallow-water conditions. In addition, facies analysis in Rambla de la Sepultura supports the
shallowing-upward trend since the unit ends with beach deposits and reddish breccias and
conglomerates of the alluvial fans that fed the fan deltas (Aguirre, 1998). The Rambla de la
Sepultura section was located in a more proximal position than the Rambla Quebrada section within
the basin, accounting for the lack of a clear vertical trend in the benthic foraminifers. The fact that
fine-grained sediments are volumetrically more abundant in the Rambla Quebrada section than in
the Rambla de la Sepultura section is also indicative of distality in the case of the former (Aguirre
and Jiménez, 1998).

The vertical change in benthic foraminifer assemblages also suggests variations in salinity. This
change is more evident in the Rambla Quebrada section than in the Rambla de la Sepultura section.
The species in the lower part of Unit II, for instance, are stenohalines that prefer fully marine
habitats (Leorri and Cearreta, 2004; Ruiz and others, 2005; Curzi and others, 2006). However, the

assemblages in the upper part of the unit consist mostly of euryhaline species that could withstand
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wide fluctuations in salinity. The association of Ammonia spp, unkeeled elphidiids (such as
Elphidium poeyanum, and E. granosum), Haynesina depressula, and Nonion asterizans strongly
suggests brackish waters. Ammonia spp and Elphidium poeyanum, for example, can survive in
freshwater (2%o) up to hypersaline waters (50%o, and sometimes even more) (Murray, 1991, 2006;
Sen Gupta, 1999b; Vaiani, 2000; Curzi and others, 2006). Similarly, the unkeeled elphidiid E.
granosum, ; very abundant in the upper part of the Rambla Quebrada section (Fig 9), withstands
brackish conditions in lagoons and sheltered infralittoral settings with fluvial influence (Vaiani,
2000; Amorosi and others, 2004; Bernasconi and others, 2006; Curzi and others, 2006). This
indicates that the influence of freshwater outflows was progressively more pronounced towards the
top of Unit II. This is, in turn, consistent with the progradation of fan deltas in a protected bay,
favouring the development of the euryhaline species. These brackish species are abundant from the
base of the unit to the top in Rambla de la Sepultura, which is consistent with the proximal position
of this section.

These two salinity-controlled assemblages can be recognised both in the cluster analyses and in
the PCA biplots obtained in the two sections. Thus, the stenohaline assemblage corresponds with
Cluster 5 in Rambla de la Sepultura and Clusters 2 and 3 in Rambla Quebrada (except for C.
vadescens and E. poeyanum) (Figs. 6, 10). In the PCA biplots, this assemblage is within Group I in
Rambla de la Sepultura and Groups I and II in Rambla Quebrada (Figs. 7, 11). The euryhaline
assemblage is represented in Clusters 1, 2, and 4 in Rambla de la Sepultura (except E. advenum)
and Cluster 1 in Rambla Quebrada (Figs. 6, 10). In the PCA biplots, the euryhaline assemblage is
clearly represented in the Group IV in Rambla Quebrada (Fig. 11) but it is vague in Rambla de la
Sepultura.

The general paleoenvironmental scenario proposed above is consistent with previous
interpretations. Data based on facies analysis, macroinvertebrate assemblages, and taphonomy of
marine organisms together show that Unit II was deposited in a shallow sheltered bay with a high
sedimentation rate due to the progradation of fan deltas to the centre of the basin (Aguirre and
Jiménez, 1997, 1998; Aguirre, 1998). The continuous terrigenous supply together with generalised
shallowing during the Late Pliocene led to the progressive closure and, consequently, filling up of

the basin.

PALEONVIRONMENTAL FACTORS CONTROLLING THE BENTHIC FORAMINIFER ASSEMBLAGES

In addition to water depth and salinity, other factors directly related with the general
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paleoenvironmental setting also controlled the benthic foraminifer assemblages: 1) substrate and

habitat preferences, 2) water turbidity, 3) oxygen content, and 4) organic matter content.
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Figure 12. R-mode cluster analysis of benthic foraminifer species including all species found in the two sections.

The R-mode cluster analysis including all species found in the two sections (Fig. 12)
distinguishes three groups, two of which are dominated by epiphytic benthic foraminifer species: 1)
Cluster 2, including Elphidium crispum, E. depressulum, E. translucens, E. aculeatum, E. advenum,
E. complanatum, E. macellum, Cribroelphidium sp 1, Cribroelphidium sp 2, Asterigerinata
mamilla, and Rosalina globularis; and 2) Cluster 3, including Asterigerinata planorbis, Lobatula
lobatula, and Cibicides refulgens (Lee and others, 1969; Jorissen, 1987; Kitazato, 1988; Langer,
1988, 1993; Semeniuk, 2001; Diz and others, 2004; Drinia and others, 2005; Murray, 2006). These
species are very abundant in the lower half of the two sections (Fig. 13) and occur in the Cladocora

caespitosa coral banks and in fine-grained sand and silt beds. That is, vegetated hard- and soft-
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bottoms can be inferred. In the Rambla de la Sepultura section, the epiphytic species associated
with the coral banks are Elphidium traslucens, E. crispum, Lobatula lobatula, Cribroelphidium sp 1
and Cribroelphidium sp 2 (Cluster 5 and PCA group I in Figs. 6, 7), whereas epiphytic species of
the soft substrates are Elphidium advenum and Cibicides refulgens. In the Rambla Quebrada
section, the separation of epiphytic species associated to either hard or soft bottoms is not as clear;
most of the epiphytes are included in Cluster 2 and in the PCA Groups I and II (Figs. 10, 11).

In the present-day Mediterranean, Langer (1988, 1993) has described four morphotypes, (A to
D) of benthic foraminifers associated with different vegetated substrates. Among the epiphytic
species found herein are representatives of morphotypes B and C: 1) C. refulgens, L. lobatula,
Rosalina globularis, and Asterigerinata spp are included in the morphotype B, and 2) Elphidium
spp represent morphotype C (Langer, 1993). Miliolids belonging to the morphotype D (e.g.
Quingueloculina, Triloculina, Massilina, Cycloforina, Adelosina, Pseudotriloculina, and
Lachlanella) have been found, although they are represented by less than 3% of the total
assemblages and have therefore not been included in the statistical analyses. In addition,
Planorbulina, a genus belonging to morphotype A, is found in the Rambla Quebrada section, but
also represents less than 3% of the total assemblages.

Taking into consideration exclusively the epiphytic forms, the lower part of the Rambla de la
Sepultura is dominated by representatives of morphotype C, with minor abundance of morphotypes
B and D (Table 1, Fig. 13). In the upper part of the section, morphotypes B and C coexist in similar
proportions. According to Langer’s (1993) study, overabundance of morphotype C indicates a
vegetated substrate provided by small, arborescent, short-span algae such as Ectocarpus,
Dictyopteris, Cutleria, Dasycladus, and Fucus. Species of the morphotype B do not prefer any
specific plant substrate (Langer, 1993). Thus, the results suggest the development of small,
arborescent short-live algae (high frequency of morphotype C). High abundance in some samples of
Rosalina, Lobatula, and Cibicides, benthic foraminifers of morphotype B that inhabit blades and
rhizomes of Posidonia (Langer, 1993), indicates the occasional presence of large, long-lived plants,
such as Posidonia oceanica. Finally, samples RBS-5 and RBS-8 show substantial increases in
miliolids of morphotype D (Table 1 and Fig. 13) that could be due to the spread of the small brown
algae Padina and Halopteris (Langer, 1993).

In Rambla Quebrada, the lower part is dominated by specimens of morphotype B, whilst the
upper part is clearly dominated by benthic foraminifer species of morphotype C (Table 1, Fig. 13).
Although very rare, morphotype A is present in the lower part of the section in samples RQ-1, RQ-
2, and RQ-4 (Table 1). Several pieces of evidence strongly suggest that Posidonia meadows might
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have developed in this lower part. 1) As commented above, there are high proportions of Rosalina,
Lobatula, and Cibicides (morphotype B) living on the blades and rhizomes of Posidonia (Langer,
1993). 2) Elphidium crispum (morphotype C) is very abundant in this part of the section (Fig. 9);
this species preferentially inhabits Posidonia rhizomes. 3) Langer (1993) found that the maximum
diversity of epiphytic foraminifers is associated with the large, long-lived Posidonia seagrass. In
Rambla Quebrada, the highest abundance of epiphytic foraminifer species is in the lower part of
Unit I (Fig. 13), coinciding with the highest species richness (Fig. 8). 4) Morphotype A occurs in
all vegetated substrates, but is most important in Posidonia (Langer, 1993). In Rambla Quebrada,
this morphotype is present anecdotally and therefore, no characteristic vegetated substrate type can
be ruled out. However, it is worth mentioning that it is only present in this part of the section, where

other data point to the presence of Posidonia.

Rambla de la Morphotype | Morphotype | Morphotype | Morphotype
Sepultura A B C D
RBS-10 0,0 37,5 50,0 12,5
RBS-9 0,0 66,7 33,3 0,0
RBS-8 0,0 24,2 40,3 35,5
RBS-7 0,0 39,8 60,2 0,0
RBS-6 0,0 60,6 39,4 0,0
RBS-5 0,0 30,0 9,9 60,1
RBS-4 0,0 42,8 42,8 14,4
RBS-3 0,0 3,5 93,8 2,8
RBS-2 0,0 22,6 74,3 3,2
RBS-1 0,0 9,8 88,2 2,0
Rambla Quebrada

RQ-11 0,0 24,0 76,0 0,0
RQ-10 0,0 31,9 68,1 0,0
RQ-9 0,0 18,8 56,3 25,0
RQ-8 0,0 4,0 96,0 0,0
RQ-7 0,0 0,0 100,0 0,0
RQ-6 0,0 5,0 95,0 0,0
RQ-5 0,0 5,0 95,0 0,0
RQ-4 0,5 6,9 92,2 0,5
RQ-3 0,0 55,3 43,0 1,8
RQ-2 0,8 55,8 43,4 0,0
RQ-1 0,6 74,4 23,8 1,2

Table 1. Percentage of the four epiphytic morphotypes in the two sections (following the classification scheme
of Langer 1988, 1993).
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Posidonia is a very shallow (up to 45 m depth), stenohaline seagrass that grows in clear waters

in the present-day Mediterranean (Bethoux and Copin-Montegut, 1986). As interpreted above,

benthic foraminifer assemblages suggest that the Rambla Quebrada section was located in a more

distal position than the Rambla de la Sepultura section. Therefore, salinity variations due to

freshwater outflows and turbid conditions due to sediment discharges could have prevented the

widespread colonisation of Posidonia in Rambla de la Sepultura but not in Rambla Quebrada.
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Figure 13. Relative abundance of epiphytic foraminifer species and pie diagrams representing the percentage of the four

epiphytic morphotypes in both sections (following the classification of Langer 1988, 1993). Note the significant

reduction in epiphytic species in upper half of unit in both sections.

The substantial reduction in epiphytic species upunit in both sections (Fig. 13) can be explained

by the shallowing-upward trend and the progradation of the fan deltas. Both factors led to an
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increase in water turbidity due to continuous terrigenous discharges in a progressively shallower
and more sheltered bay negatively effecting plants.

In contrast with these groups of species associated with vegetated substrates, Cluster 1 of the R-
mode cluster analysis including all the species (Fig. 12) groups inhabitants of soft substrates.
Reussella spinulosa and Nonion asterizans, for instance, are muddwellers inhabiting fine-grained
sediments (Jorissen, 1987; Murray, 1991, 2006). In the present-day inner-shelf off Valencia and
Alicante (E Spain), R. spinulosa inhabits silt-clay substrates (Usera and Blazquez, 1997). In the
study case, both R. spinulosa and N. asterizans dominate in the mid-upper half of Unit II, which
formed during high terrigenous inputs due to the progradation of the fan deltas. Under these
conditions, vegetated substrates diminished and medium- to fine-grained soft substrates formed in
the mid fan-delta settings.

Benthic foraminifer assemblages also suggest a restriction of the basin due to a progressive
disconnection with the open marine waters. In the lower part of the Unit II, for instance, deep-
waters species, occurring in areas well connected with open marine seawaters, are found: Cibicides
refulges, Cibicidoides pseudoungerianus, C. bradyi, Lenticulina calcar, Elphidium crispum,
Lobatula lobatula, Asterigerinata spp, Rosalina globularis, and Textularia sp (Cluster 3 in Fig. 12)
(Murray, 1991, 2006; Leorri and Cearreta, 2004; Ruiz and others, 2005; Curzi and others, 2006).
Accompanying open marine species is Massilina cf. M. gualtieriana (Leorri and Cearreta, 2004).
However, the upper part of the unit is largely dominated by the brackish species Ammonia spp and
unkeeled elphidiis thriving in sheltered brackish lagoons (Murray, 1991, 2006; Sen Gupta, 1999b).

As a consequence of the isolation of the basin from open seawaters, low oxygen conditions
prevailed in the bottom of the bay. The varve-like laminated silts and fine-grained sands of the
upper part of Unit II contain benthic foraminifer species such as the infaunal Bulimina aculeata and
Fursenkoina acuta. Additional species (although represented by less than 3% of the total
assemblages) found in these finely laminated deposits are Bolivina dilatata, Bulimina costata, B.
marginata, Cassidulina laevigata, Nonionella turgida, Pleurostomella sp., and Rectuvigerina
multicostata. These species prefer low-oxygen conditions (Sen Gupta and Machain-Castillo, 1993;
Kaiho and Hasegawa, 1994; Kaiho, 1994, 1999; Moodley and others, 1998; Bernhard and Sen
Gupta, 1999; Diz and others, 2000; Fontanier and others, 2002; Pezelj and others, 2007; Kirci-
Elmas and others, 2008). The presence of these assemblages indicates a certain restriction of the
basin with low water circulation that favoured water stratification and, consequently, the
establishment of dysoxic bottoms. The stratification of the water column can be related to

freshwater outflows as a consequence of the fan-delta progradation that formed water layers with
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different densities due to salt concentrations (Aguirre and Jiménez, 1998; Aguirre, 1998).

In the uppermost part of Unit II, where the varve-like deposits are recorded, Nonion asterizans,
Cancris auriculus, and Cassidulina neocarinata are locally abundant (Figs. 5, 9). These species are
tolerant to high contents of organic matter due to high productivity (Altenbach and others, 1999).
Organic matter supply from the fan deltas might account for mesotrophic bottoms, which is

consistent with the paleoenvironmental scenario inferred for the upper part of Unit II.

CONCLUSIONS

1. Upper Pliocene deposits of the Almeria-Nijar Basin (SE Spain), termed Unit II, record a
shallowing-upward sequence deposited in a sheltered bay where fan deltas prograded to the centre
of the basin. Benthic foraminifer assemblages track this trend, especially in distal positions, in the
Rambla Quebrada section, where the lower part of the unit contains species living in the mid to
outer shelf (Cibicides refulgens, Cibicidoides pseudoungerianus, C. bradyi, Lobatula lobatula,
Asterigerinata spp, Rosalina globularis, Textularia sp, Lenticulina calcar, and keeled elphiids).
The mid to upper half of the unit is dominated by very shallow species (Ammonia spp, Haynesina
depressula, and unkeeled elphiids).

2. The benthic foraminifer assemblages found in the mid to upper part of the unit also suggest
brackish conditions. Continuous progradation of the fan deltas led to a progressively increase in
freshwater influx.

3. Benthic foraminifer assemblages were dominated by epiphytic species during the deposition
of the lower half of the unit: Elphidium spp, Cibicides refulgens, Lobatula lobatula, Rosalina
globularis, and Asterigerinata spp. The most likely vegetated substrate that developed in the lower
part of the Rambla Quebrada section (in a distal position) was the seagrass Posidonia. A
progressive increase in the influence of freshwater and sediment supply upunit precluded the
development of this plant and the vegetated substrate comprised small, arborescrent, short-lived
algae.

4. The muddwellers Reussella spinulosa and Nonion asterizans proliferated in the mid to upper
part of Unit II, associated with fine-grained sediment from the middle fan-delta settings.

5. The progradation of the fan deltas led to the progressive closure of the Almeria-Nijar Basin
during the deposition of the upper part of the Unit II, producing a gradual disconnection between
the basin and the Mediterranean Sea. As a consequence, the Almeria-Nijar Basin developed low-

oxygen bottoms due to water stratification. The reduction in water circulation is most likely related
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to the freshwater outflows that produced water layers with different densities due to varying salt
concentrations.

6. Local abundance of Cancris auriculus, Nonion asterizans and Cassidulina neocarinata in
sediments closely related with the low-oxygen varve-like laminated deposits suggests a high influx

of organic matter most likely provided by the fan deltas.
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ASOCIACIONES DE FORAMINIFEROS BENTONICOS ASOCIADAS A DEPOSITOS
CON CLADOCORA CAESPITOSA (CUENCA DE ALMERIA-NIJAR, PLIOCENO
SUPERIOR, SE ESPANA)

RESUMEN

Se han estudiado las asociaciones de foraminiferos bentonicos de la Unidad II del Plioceno
Superior de la Cuenca de Almeria-Nijar (SE Espana). Esta unidad representa una secuencia
somerizante constituida por sedimentos siliciclasticos con intercalaciones de bancos de coral de
Cladocora caespitosa. Estos se depositaron en una bahia somera protegida en la cual habia
abanicos deltaicos que progradaban. Las asociaciones de foraminiferos bentonicos registran la
tendencia somerizante hacia techo inferida a partir del analisis de facies, especialmente en las
partes distales de la cuenca (seccion de Rambla Quebrada). Aqui, la parte inferior de la unidad
contiene especies relativamente profundas como Cibicides refulgens, Cibicidoides
pseudoungerianus, C. bradyi, Asterigerinata spp, Lobatula lobatula, Rosalina globularis,
Textularia sp, Lenticulina calcar y elphididos carenados. La parte superior de la unidad esta
dominada por especies de aguas muy someras como Ammonia spp y elphididos sin carena. Las
asociaciones de foraminiferos bentdnicos de la parte inferior de la unidad ademas sugieren la
existencia de aguas con salinidades tipicas de mar abierto, mientras que las asociaciones de la parte
superior dominadas por el género Ammonia indican aguas salobres. El continuo avance de los
sistemas de abanicos deltaicos en un ambiente progresivamente mas somero explica este cambio en
los principales componentes de las asociaciones. La especies epifiticas Elphidium spp, Cibicides
refulgens, Lobatula lobatula, Rosalina globularis y Asterigerinata spp dominan en la parte inferior
de la unidad. Praderas de Posidonia oceanica probablemente proporcionaron un substrato vegetado
en las areas distales (seccion de Rambla Quebrada), mientras que algas pequefias, arborescentes y
poco longevas dominaron en los ambientes proximales (seccion de Rambla de la Sepultura). La
abundancia relativa de especies epifiticas se reduce considerablemente hacia la parte superior de la
unidad como consecuencia de la progradacion de abanicos deltaicos que provocaron un incremento
de la turbidez del agua y una mayor influencia de aguas dulces. Los foraminiferos que habitan en
sedimentos finos (Reussella spinulosa y Nonion asterizans) dominan en la parte media-alta de la
unidad. Cancris auriculus, Nonion asterizans y Cassidulina neocarinata son también localmente
abundantes en la parte alta de la unidad. Estas especies normalmente abundan en presencia de alto

contenido en materia orgdnica. El avance de los abanicos deltaicos produjo un aumento del
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contenido en nutrientes. Ademas, especies que toleran aguas pobres en oxigeno aparecen en los
sedimentos con laminacion de tipo varva de la parte superior de la unidad: Bulimina aculeata y
Fursenkoina acuta. Los componentes minoritarios de esta asociacion de especies que sobreviven
en ambientes pobres en oxigeno son Bolivina dilatata, Bulimina costata, B. marginata, Cassidulina
laevigata, Pleurostomella sp. y Rectuvigerina multicostata. La aparicion de esta asociacion se debe
a una escasa circulacion del agua probablemente debida a una estratificacion de la columna de agua
relacionada con las descargas de agua dulce que originan capas de agua con concentraciones de sal

diferentes.

CONCLUSIONES

1. Los depdsitos del Plioceno Superior de la Cuenca de Almeria-Nijar (SE Espafia), llamados
Unidad II, registran una secuencia de somerizacion depositada en una bahia protegida en la cual
abanicos deltaicos progradaban hacia el centro de la cuenca. Las asociaciones de foraminiferos
bentonicos reflejan esta tendencia, especialmente en posiciones distales (Seccion de Rambla
Quebrada) donde la parte inferior de la unidad contiene especies que viven en la plataforma media-
externa (Cibicides refulgens, Cibicidoides pseudoungerianus, C. bradyi, Lobatula lobatula,
Asterigerinata spp, Rosalina globularis, Textularia sp, Lenticulina calcar y elphididos con carena) y
la parte media-superior estd dominada por especies muy someras (Ammonia spp, Haynesina
depressula, y elphididos sin carena).

2. Las asociaciones de foraminiferos bentonicos encontradas en la parte media-alta de la unidad
ademads indican condiciones salobres. La continua progradacion de los abanicos deltaicos provoco un
incremento progresivo de la descarga de agua dulce hacia la parte superior de la unidad.

3. Las asociaciones de foraminiferos benténicos dominadas por especies epifiticas dominan la parte
baja de la unidad: Elphidium spp, Cibicides refulgens, Lobatula lobatula, Rosalina globularis y
Asterigerinata spp. En la parte inferior de la seccion de Rambla Quebrada (zona distal de la cuenca) el
substrato vegetado que mas probablemente se desarrollo es Posidonia. El progresivo aumento de las
descargas de agua dulce y de sedimento hacia la parte superior de la unidad impidié el desarrollo de
este tipo de vegetacion favoreciendo el desarrollo de algas pequefias, arborescentes y poco longevas.

4. Los foraminiferos que viven en sedimento fino como Reussella spinulosa y Nonion asterizans
proliferaron en la parte media-alta de la Unidad II, asociados con sedimento fino del los ambientes de
abanico deltaico medio.

5. La progradacion de los abanicos deltaicos dio lugar a un cierre progresivo de la Cuenca del
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Almeria-Nijar durante el deposito de la parte superior de la Unidad II, produciendo una desconexion
gradual entre la cuenca y el Mar Mediterraneo. Como consecuencia de esto, se establecieron fondos
con aguas pobres en oxigeno. La reduccion de la circulacion de agua puede estar relacionada con las
descargas de agua dulce que produjeron capas de agua con diferente salinidad.

6. La abundancia local de Cancris auriculus, Nonion asterizans y Cassidulina neocarinata en
sedimentos muy relacionados con los depositos con laminacion de tipo varva sugiere un alto flujo de

materia organica proporcionado por los abanicos deltaicos.
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