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Abstract  21 

 In this study, the early Pliocene palaeoenvironmental context of the Mediterranean 22 

Almería-Níjar Basin (SE Spain) is analysed using benthic foraminifera, with special focus on 23 

environmental conditions after the Messinian Salinity Crisis (MSC). A deep upper-slope 24 

setting (274 m water depth), with high oxygen levels and low organic matter fluxes, is 25 
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inferred for the earliest Pliocene sediments over the Miocene-Pliocene boundary. In this 26 

setting, the westernmost and earliest recolonization of the species Siphonina reticulata across 27 

the Mediterranean is reported. This finding, along with the presence of intensively 28 

bioturbated sediments and highly diverse benthic foraminiferal assemblages at —or just 29 

above— the Miocene-Pliocene boundary might indicate the earliest establishment of well-30 

ventilated fully marine conditions in the Mediterranean after the MSC. Subsequent 31 

shallowing from 274 to 220 m water depth during the earliest Pliocene is likely related to a 32 

global sea-level drop. Palaeobathymetry remains stable around 220–230 m water depth after 33 

this sea-level fall. However, three successive palaeoenvironmental subintervals could be 34 

defined within this upper slope setting. Increasing continental organic matter and sediment 35 

inputs indicate higher fluvial discharge during the first subinterval. The second subinterval 36 

records a decrease in both terrestrial organic matter and sediment supply due to lower riverine 37 

discharge. Finally, reduced input of continental organic matter suggests low river runoff 38 

during the third subinterval, in which a slight increase in transported shelf foraminiferal taxa 39 

may be related to vertical tectonic movements of the basin margins.  40 

 41 

Keywords: Micropalaeontology; Palaeobathymetry; Organic matter; Sediment supply; 42 

Riverine discharge; Pliocene 43 

 44 

1. Introduction 45 

 The Messinian Salinity Crisis (MSC) in the Mediterranean Sea (5.97–5.33 Ma, late 46 

Miocene) was one of the most dramatic palaeoenvironmental changes in the Earth’s recent 47 

history (Hsü et al., 1973; Roveri et al., 2014). During the MSC, the water-mass exchange 48 

between the Atlantic Ocean and the Mediterranean Sea was reduced by a combination of 49 

tectonic uplift and glacioeustatic sea-level fall (e.g., Weijermars, 1988; Manzi et al., 2013; 50 
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Pérez-Asensio et al., 2013; Flecker et al., 2015). These restricted conditions led to the 51 

deposition of a giant volume of salt in the whole Mediterranean basin and subsequent 52 

brackish-water conditions (Roveri et al., 2014). The processes finalizing the MSC remain 53 

controversial, despite arduous scientific discussions. Three hypotheses have been proposed. 54 

The first one posits a catastrophic reflooding at the beginning of the Pliocene through the 55 

Strait of Gibraltar, rapidly filling the entire Mediterranean basin (Garcia-Castellanos et al., 56 

2009, 2020; Roveri et al., 2014; Caruso et al., 2020). The second invokes two-step reflooding 57 

during the late Messinian-earliest Pliocene (Bache et al., 2012; Pérez-Asensio et al., 2013). 58 

The third one proposes a high-water level during the Messinian in the whole Mediterranean, 59 

with a minor sea-level rise (tens to few hundreds of metres) at the Miocene-Pliocene 60 

boundary (Stoica et al., 2016; Andreetto et al., 2021). 61 

 In order to shed light on the palaeoenvironmental conditions after the MSC, it is 62 

essential to analyse sedimentary records from the earliest Pliocene over the Miocene-Pliocene 63 

boundary. The studied stratigraphic section (Los Ranchos) encompasses the Miocene-64 

Pliocene boundary, and includes sediments from the early Pliocene (Figs. 1 and 2). The Los 65 

Ranchos section is located in the Almería-Níjar Basin, which was in the westernmost part of 66 

the Mediterranean Sea during the late Miocene and early Pliocene. Therefore, the studied 67 

section´ sediments could record the initial arrival of Atlantic waters into the Mediterranean 68 

after the MSC.  69 

The main aims of this study are: 1) to obtain a detailed interpretation of the 70 

palaeoenvironmental conditions after the MSC (earliest Pliocene), and 2) to analyse 71 

palaeoenvironmental changes in the studied section during the early Pliocene. For these 72 

purposes, benthic foraminiferal assemblages were analysed as a key proxy to interpret 73 

changes in environmental conditions affecting benthic habitat such as water depth, organic 74 
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matter fluxes and oxygen content (Morigi et al., 2001, 2005; Jorissen et al., 2007; Drinia et 75 

al., 2008; Setoyama et al., 2011; Buosi et al., 2020). 76 

 77 

2. Geological setting 78 

 The Almería-Níjar Basin is a post-orogenic intermontane basin of the Betic Cordillera 79 

(Aguirre, 1998; Yesares-García and Aguirre, 2004) (Fig. 1). This basin is limited by the Betic 80 

Cordillera’s basement of the Sierra Alhamilla and the Sierra de Cabrera to the N, and the 81 

Sierra de Gádor mountain ranges to the W. The Neogene volcanic complex of the Sierra de 82 

Gata limits the basin to the E. The sedimentary filling of the basin consists of several units, 83 

separated by unconformities, ranging from the Miocene to the Pleistocene (e.g., Goy and 84 

Zazo, 1986; Montenat et al., 1990; Aguirre, 1998; Yesares-García and Aguirre, 2004). Upon 85 

the Betic Cordillera’s metamorphic basement and the volcanic rocks of the Sierra de Gata, 86 

middle Miocene conglomerates and calcilutites were deposited (Serrano, 1990). These 87 

deposits are overlain by upper Miocene and Pliocene marine and continental deposits 88 

(Montenat et al., 1990; Jiménez and Braga, 1993; Aguirre, 1998). The upper Miocene 89 

deposits consist of marine marls, which are unconformably overlain by two Pliocene units 90 

(Units I and II). The first comprises mixed siliciclastic-carbonate sediments deposited in a 91 

deltaic system, and in a variety of shelf environments (Aguirre, 1998; Yesares-García and 92 

Aguirre, 2004). This unit is early to middle Pliocene in age (Aguirre, 1998). Unit I was 93 

deposited in a SW-NE elongated gulf open to the Mediterranean Sea to the S (Aguirre, 1998; 94 

Braga et al., 2003; Martín et al., 2003). The second unit unconformably overlies Unit I and is 95 

late Pliocene in age (Aguirre, 1998). It consists of siliciclastic sediments and temperate coral 96 

banks of Cladocora caespitosa (Linnaeus, 1767) from a restricted bay, with prograding fan 97 

deltas, opened to the Mediterranean Sea toward the S (Aguirre and Jiménez, 1997, 1998; 98 

Aguirre, 1998; Pérez-Asensio and Aguirre, 2010). The sedimentary filling of the basin ends 99 
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with Quaternary deposits of sands and conglomerates deposited in alluvial fans and beach 100 

environments (Goy and Zazo, 1986; Aguirre, 1998). 101 

 102 

3. Materials and methods 103 

 The studied Los Ranchos section (GPS coordinates 37°00.351′N, 01°97.675′W) is 104 

located in the northeastern area of the Almería-Níjar Basin (SE Spain), near the village of El 105 

Argamasón (Fig 1). This section pertains to the early-middle Pliocene Unit I (Aguirre, 1998; 106 

Yesares-García and Aguirre, 2004). The 66-m thick Los Ranchos section begins with 1 m of 107 

marls (Fig. 2). They are overlain by 50 m of silts and sands. The boundary between the basal 108 

marls and the silty-sandy units is intensively bioturbated with firmground Thalassinoides isp. 109 

descending up to 60 cm from the contact. Its densely packed tunnels are filled with sandstone 110 

piped from the overlying unit. The upper part of the section mostly consists of calcarenites-111 

calcirudites (14.5 m) with a thin (0.5 m) layer of silts and sands at the topmost part. 112 

 A total of 34 samples of 25–50 g was collected along the first 39 m of the Los 113 

Ranchos section (Fig. 2) in order to reconstruct the palaeoenvironmental conditions after the 114 

MSC (earliest Pliocene). These samples were wet-sieved over a 63 μm mesh. The sand 115 

content was calculated as the percentage of the > 63 μm fraction. Samples were dry-sieved 116 

over a 125 μm mesh for micropalaeontological analyses. A qualitative biostratigraphic dating 117 

was performed based on absence/presence of planktic foraminiferal biomarkers. At least 300 118 

benthic foraminifera were identified to the species level in each sample. Taxonomic 119 

identifications were made using AGIP Mineraria (1982), Loeblich and Tappan (1987), Corbí 120 

(2010), and Milker and Schmiedl (2012). The percentage of transported shelf taxa, which 121 

included abraded and broken shells of Ammonia spp. (Bruennich, 1772), Asterigerinata spp. 122 

(Bermudez, 1949), Elphidium spp. (de Montfort, 1808), Haynesina spp. (Banner and Culver, 123 

1978) and Rosalina spp. (d’Orbigny, 1826), was calculated (Pérez-Muñoz et al., 2001; Pérez-124 
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Asensio and Aguirre, 2010; Pérez-Asensio and Rodríguez-Ramírez, 2020). These 125 

allochthonous species were removed from the benthic foraminiferal raw counts, and 126 

discarded for palaeoenvironmental and palaeobathymetric analyses. Benthic foraminifera 127 

were classified into epifaunal and infaunal microhabitats to infer changes in organic matter 128 

flux to the seafloor and/or oxygen content at bottom waters (Jorissen et al., 1995, 2007). In 129 

order to determine benthic foraminiferal assemblages, Q-mode principal component analysis 130 

(PCA) was applied using the software OriginPro 2020. For the PCA analysis, only species 131 

representing ≥1% of the total assemblage in at least three samples were considered. Relative 132 

abundances (%) of dominant species obtained with the PCA were calculated. Benthic 133 

foraminiferal assemblage diversity was assessed using the Shannon-Wiener index (H) (Hill, 134 

1973). Quantitative palaeobathymetry was estimated by means of the Hohenegger (2005) 135 

transfer equation, removing abundant infaunal species prior to its application (Pérez-Asensio, 136 

2021). Abundant infaunal species whose increase gives unrealistically deep 137 

palaeobathymetric estimates were likewise removed (Pérez-Asensio, 2021). The 138 

planktic/benthic ratio (P/B ratio hereafter), scored as [P/(P+B)]x100, was also calculated. 139 

 140 

4. Results 141 

4.1. Planktic foraminiferal biostratigraphy 142 

 The presence of planktic foraminiferal biomarkers along the studied interval is 143 

depicted in Figure 3. The planktic foraminifera Globorotalia conomiozea (Kennett, 1966) and 144 

G. margaritae (Bolli and Bermudez 1965) were found in the lowermost sample (R1) 145 

collected in the basal marls near the boundary with the overlaying silts and sands (Figs. 3 and 146 

4). The co-occurrence of both species coincides with highly bioturbated sediments. G. 147 

margaritae appears in most of the samples from the silts and sands over the basal marls; its 148 

presence is scarcer from ca. 20 m to the top of the studied interval (Fig. 3). 149 
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 150 

4.2. Sand content and planktic/benthic ratio 151 

 The sand content increases from 60% to 90% from the base of the section until ca. 152 

11.5 m (Fig. 5). The middle-upper part of the section (11.5–39 m) shows stable values for 153 

sand content, around 90%. The highest value for the P/B ratio (ca. 80%) is found from the 154 

base to 11.5 m above. Its value gradually decreases until 23 m, to a minimum of 20%. 155 

Finally, the P/B ratio has a fluctuating trend with low average values (35%) from 23 m to the 156 

top of the studied interval. 157 

 158 

4.3. Benthic foraminiferal data 159 

 The first sample (R1), collected within intensively bioturbated sediments, was not 160 

considered for benthic foraminiferal analyses because bioturbation produces vertical mixing 161 

and homogenization of benthic foraminiferal assemblages, implying misleading 162 

palaeoenvironmental interpretations (Pérez-Asensio et al., 2017). 163 

 A total of 117 benthic foraminiferal species were identified in this study. The Q-mode 164 

Principal Component Analysis (PCA) allows two assemblages to be distinguished (PC 1, PC 165 

2), which respectively explain 94% and 3% of the total variance (Table 1). Benthic 166 

foraminiferal assemblage PC 1, dominated by Cibicides refulgens (de Montfort, 1808) 167 

includes Cibicides spp. (de Montfort, 1808), C. lobatulus (Walker and Jacob, 1798), C. 168 

mundulus (Brady, Parker and Jones, 1888), and Bolivina spathulata (Williamson, 1858) as 169 

secondary taxa (Fig. 4, Table 1). This assemblage dominates throughout the studied interval 170 

(Fig. 5). The second assemblage (PC 2) is dominated by Cibicidoides mundulus, and includes 171 

Planulina ariminensis (d’Orbigny, 1826), Siphonina reticulata (Czjzek, 1848), Uvigerina 172 

striatissima (Perconig, 1955), Lenticulina spp. (Lamarck, 1804), and Melonis pompilioides 173 

(Fichtel and Moll, 1798) as associated taxa (Fig. 4, Table 1). This second assemblage is more 174 
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significant in the lowermost part of the studied interval (0–4 m) (Fig. 5). The Shannon-175 

Wiener index (H) shows an upward decreasing trend with the highest average values at the 176 

base of the section (~2.6) and lower average values at the top (~1.9) (Fig. 5). 177 

 The relative abundances (%) of the dominant and additional taxa from the Q-mode 178 

PCA assemblages are plotted in Figure 6. Cibicidoides mundulus, Planulina ariminensis, 179 

Siphonina reticulata, and Uvigerina striatissima show their highest abundances in the 180 

lowermost part of the section (0–4 m). The highest values of Melonis pompilioides and 181 

Lenticulina spp. are found in the lower part of the section (0–10 m). Bolivina spathulata 182 

increases from the base of the studied interval to 12 m, and slightly decreases towards the top 183 

of the studied interval. Cibicidoides lobatulus increases gradually from the base to around 28 184 

m, and shows lower values in the uppermost part of the studied interval (28–39 m). Cibicides 185 

refulgens has progressively increasing abundances towards the top, reaching the highest 186 

values in the uppermost part (28–39 m). Cibicides spp. increases towards the middle part of 187 

the studied interval (20 m), and slightly diminishes towards the top.  188 

 The percentage of infaunal benthic foraminifera is low (~16%) in the lowermost part 189 

(0–4 m), and increases from the base until around 10 m, where the highest values are 190 

recorded (25.4%) (Fig. 5). Then it decreases until 23 m, and remains with low average values 191 

(9%) until the top. The transported shelf taxa have low values (~9%) in the lowermost part 192 

(0–4 m) (Fig. 5). They increase until 10 m, reaching their highest values (40%). Values 193 

decrease until around 23 m and slightly increase to the top.  194 

 The quantitative palaeobathymetric estimations give the highest values in the 195 

lowermost part of the studied interval (0–4 m), with average values of 274 m (Fig. 7). 196 

Afterwards they decrease, keeping stable values around 220 m water depth, from 4 to 23 m. 197 

A very small increase in average values (230 m) is estimated for the upper part (23–39 m). 198 

 199 
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5. Discussion 200 

5.1. Biostratigraphic dating 201 

 In the sample collected in the basal marls, the presence of Globorotalia conomiozea 202 

(Fig. 3), belonging to the G. miotumida group, indicates a Messinian age (Sierro, 1985; 203 

Hilgen et al., 2000; Lirer et al., 2019). G. conomiozea disappeared at 6.50 Ma in the 204 

Mediterranean basin, well below the Miocene-Pliocene boundary (Hilgen et al., 2000). Since 205 

sample R1 in the basal marls is placed just below the Miocene-Pliocene boundary, this 206 

species could be reworked from lower Messinian sediments into the upper Messinian basal 207 

marls. Reworked G. conomiozea below the Zanclean has also been reported in the 208 

continental/brackish ‘Lago Mare’ sediments of the Mediterranean Cuevas del Almanzora 209 

section (Vera Basin, SE Spain) (Caruso et al., 2020). In the remaining samples collected in 210 

the silts and sands, only G. margaritae occurs, which suggests an early Pliocene (Zanclean) 211 

age (Lirer et al., 2019). The first occurrence of this species in the western Mediterranean Vera 212 

Basin, nearby the Los Ranchos section, was dated at 5.328 Ma (Caruso et al., 2020). The 213 

presence of G. margaritae at the base of the silts and sands (sample R2) suggests an age of 214 

5.328 Ma or younger. The absence of Globoconella puncticulata, whose first occurrence is at 215 

4.52 Ma in the Mediterranean basin, and the occasional occurrence of G. margaritae, may be 216 

indicative of the MPl 1 or MPl2 biozones, the two first biozones of the Zanclean (Lirer et al., 217 

2019). A more detailed biostratigraphic study is needed to discern if biozone MPl1 is present 218 

or missing in the studied section. With the current biostratigraphic data, the Miocene-219 

Pliocene boundary can be placed at the top of the basal marls (Fig. 3). The presence of the 220 

early Pliocene G. margaritae in the Messinian marls (sample R1) (Figs. 2 and 3) can be 221 

explained by bioturbational downward redistribution of its tests —as supported by intense 222 

bioturbation with Thalassinoides isp. at the Miocene-Pliocene boundary— similarly to that of 223 

microfossils (i.e., calcareous nannofossils, foraminifers) in other boundaries (e.g., Rodríguez-224 



10 

 

Tovar et al., 2010; Kędzierski, et al., 2011; Alegret et al., 2015). A less frequent occurrence 225 

of G. margaritae in the upper half of the studied interval (Fig. 3) could be related to 226 

unfavourable shallow conditions for this deep-water planktic foraminiferal species (Schiebel 227 

and Hemleben, 2005; Kucera, 2007; Pérez-Asensio et al., 2018). Such a context would be 228 

consistent with higher sand content in this part of the studied interval (Fig. 5). 229 

 230 

5.2. Palaeoenvironmental conditions after the Messinian salinity crisis 231 

 The early Pliocene palaeoenvironmental conditions after the Messinian salinity crisis 232 

(MSC) are recorded in interval A (Figs. 8 and 9a). Previous studies based on 233 

sedimentological, taphonomical and palaeontological data interpreted the silts and sands of 234 

this interval as a low-energy deep outer-shelf setting (Aguirre and Yesares-García, 2003; 235 

Yesares-García and Aguirre, 2004). Benthic foraminiferal data provided by the present study 236 

allow for a redefinition of this general water-depth range: according to the quantitative 237 

palaeo-water depth estimations based on benthic foraminifera, with application of the transfer 238 

equation by Hohenegger (2005), the palaeoenvironment was an upper slope setting with an 239 

average water depth of 274 m (Figs. 7 and 8). Being the deepest environment recorded 240 

throughout the studied interval, it is consistent with the highest P/B ratio, and the low sand 241 

content (Fig. 5).  242 

The dominance of the Cibicidoides mundulus (PC 2) assemblage, including species that 243 

inhabit deep-water slope settings such as C. mundulus, Planulina ariminensis, and Siphonina 244 

reticulata (Schönfeld, 1997; Pérez-Asensio et al., 2012, 2017; Holbourn et al., 2013), also 245 

supports prevailing deep-water conditions after the MSC in the Almería-Níjar Basin. The 246 

relatively low abundance of infaunal benthic foraminifera suggests low organic matter fluxes 247 

and high oxygenation in this upper slope setting (Jorissen et al., 1995, 2007; Aguirre et al., 248 

2020) (Fig. 5). The dominance of oligotrophic and oxic species (C. mundulus, P. ariminensis, 249 
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S. reticulata) is in accordance with low organic matter fluxes and high oxygen levels (Pérez-250 

Asensio et al., 2012, 2017; Sgarrella et al., 2012). Low downslope sediment transport is 251 

inferred from low percentages of transported shelf taxa (Fig. 5). Continental sediment supply 252 

might have promoted downslope sediment transport. Therefore, the low percentage of shelf 253 

taxa in the upper slope could indicate scarce continental riverine discharge, implying reduced 254 

sediment influx and continental organic matter input (Fig. 9a). Such a scenario is furthermore 255 

consistent with the low organic matter fluxes inferred for this deep palaeoenvironment.  256 

 The upper slope environment of 274 m water depth at the Almería-Níjar Basin 257 

(western Mediterranean) suggests deep conditions right after the Miocene-Pliocene boundary 258 

(5.33 Ma), when Zanclean flooding through the Strait of Gibraltar ended the MSC (Hsü et al., 259 

1973; Garcia-Castellanos et al., 2009; Roveri et al., 2014). Benthic foraminifera from the 260 

earliest Zanclean at the western Mediterranean Cuevas del Almanzora section (Vera Basin, 261 

SE Spain) (Fig. 1) also indicate a deep environment of more than 250 m water depth (Caruso 262 

et al., 2020). In the central and eastern Mediterranean, even deeper slope settings (up to 900 263 

m water depth) have been interpreted based on benthic foraminifera (Sgarrella et al., 1997; 264 

Cipollari et al., 2013; Caruso et al., 2020). Our benthic foraminiferal data, pointing to an 265 

upper slope deep setting, are consistent with the three different hypotheses proposed for 266 

ending the MSC, i.e. catastrophic Zanclean reflooding (Garcia-Castellanos et al., 2009; 267 

Roveri et al., 2014), two-step reflooding (Bache et al., 2012; Pérez-Asensio et al., 2013), and 268 

Messinian high water-level (Stoica et al., 2016; Andreetto et al., 2021). 269 

 After the MSC, according to the Zanclean deluge hypothesis, fully marine conditions 270 

were re-established throughout the Mediterranean Sea when the Strait of Gibraltar opened 271 

(Hsü et al., 1973; Garcia-Castellanos et al., 2009; Roveri et al., 2014). The distribution of the 272 

oxic species Siphonina reticulata (Drinia et al., 2008), which disappeared at 7.17 Ma because 273 

of oxygen depletion before the onset of the MSC (Kouwenhoven et al., 2003), can be used to 274 
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trace the definitive re-establishment of oxic normal marine conditions across the 275 

Mediterranean (Caruso et al., 2020).  276 

The inflow of Atlantic waters through the Strait of Gibraltar re-oxygenated 277 

Mediterranean waters from the west to the east, as indicated by the eastward diachronous 278 

colonization of S. reticulata (Caruso et al., 2020). In the Cuevas del Almanzora section of the 279 

nearby Vera Basin (SE Spain) (Fig. 1), this species reappeared above the Miocene-Pliocene 280 

boundary at 5.29 Ma (Caruso et al., 2020) supporting hitherto known evidence of the 281 

westernmost arrival of Atlantic waters to the Mediterranean Basin. In the Los Ranchos 282 

section, the maximum relative abundance of S. reticulata (8.8%) is recorded at the first 283 

sample (R2) collected at 2 cm over the Miocene-Pliocene boundary (5.33 Ma) (Fig. 6), 284 

tentatively dated at 5.328 Ma or younger under our biostratigraphic interpretation. Therefore, 285 

this finding could represent the westernmost and earliest reported recolonization by S. 286 

reticulata in the Mediterranean Sea to date. The intensively bioturbated layer with 287 

Thalassinoides isp. right at the Miocene-Pliocene boundary of the Los Ranchos section (Fig. 288 

2) supports well-ventilated seafloor conditions (e.g., Sarvda and Bottjer, 1989; Pierre et al., 289 

2006; Watanabe et al., 2007). Across the Mediterranean Sea, the establishment of fully 290 

marine conditions occurred from 20 to 250 kyrs after the Miocene-Pliocene boundary, 291 

according to previous studies (Iaccarino et al., 1999; Pierre et al., 2006; Caruso et al., 2020). 292 

In the Los Ranchos section, the highly diverse benthic foraminiferal assemblages (Shannon-293 

Wiener index = 2.6) support the interpretation of well-oxygenated fully marine conditions at 294 

the base of the Pliocene, which are indicated by oxic species living in normal marine 295 

conditions (Fig. 5). To our knowledge, this might be the earliest evidence of fully marine 296 

conditions in the entire Mediterranean, thereby marking the entrance of Atlantic marine 297 

waters after the late Miocene MSC.  298 

 299 
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5.3. Early Pliocene palaeoenvironmental changes  300 

 The early Pliocene palaeoenvironmental changes of the studied interval in the section 301 

began with an upward decrease in palaeobathymetry from 274 to 220 m within the upper 302 

slope setting (Figs. 7, 8 and 9). This shallowing defines the boundary between 303 

palaeoenvironmental intervals A and B1-3 (Figs. 7 and 8). The palaeobathymetry decrease is 304 

also recorded by the change from the deeper Cibicidoides mundulus (PC 2) assemblage to the 305 

shallower Cibicides refulgens (PC 1) assemblage (Fig. 5). The latter assemblage includes 306 

species such as C. refulgens, Cibicides spp., and Cibicidoides lobatulus, which may inhabit 307 

slope or shelf environments (Schönfeld, 2002; Villanueva-Guimerans and Canudo, 2008). 308 

The upsection decrease in the P/B ratio and increase in the sand content are also consistent 309 

with this shallowing (Fig. 5). The slight decrease in palaeobathymetry inferred for the studied 310 

interval in the upper slope silts and sands may represent the initial phase of the long-term 311 

shallowing upward trend along the Los Ranchos section (Yesares-García and Aguirre, 2004) 312 

(Fig. 5). This trend ended with inner-shelf calcarenites-calcirudites that prograded over the 313 

sands and silts of the outer shelf and upper slope (Yesares-García and Aguirre, 2004) (Fig. 2). 314 

The global sea-level curves of Hardenbol et al. (1998) and Miller et al. (2005) show a gradual 315 

sea-level drop during the earliest Pliocene (Pérez-Asensio et al., 2013) that may explain the 316 

shallowing upward trend at the Los Ranchos section.  317 

 After the shallowing at the earliest Pliocene (A-B1 boundary), palaeobathymetry 318 

remained stable around 220–230 m (Figs. 7 and 8), but the abundance of infaunal taxa and 319 

percentage of transported shelf taxa point to three palaeoenvironmental subintervals (B1, B2, 320 

B3) (Figs. 8 and 9). Subinterval B1 records increasing infaunal taxa and transported shallow 321 

water taxa abundances (Fig. 5). As explained above, high river runoff might have supplied 322 

sediment and terrestrial organic matter, fostering high organic matter fluxes to the seafloor 323 

and more intensive downslope transport (Fig. 9b). Increasing abundances of Bolivina 324 



14 

 

spathulata (Fig. 6) are also indicative of higher fluvial outflow and terrestrial organic matter 325 

supply (Duchemin et al., 2008; Schmiedl et al., 2010; Pérez-Asensio et al., 2020). A high 326 

abundance of Melonis pompilioides (Fig. 6) likewise suggests high input of organic matter 327 

(Grunert et al., 2015). The upward diversity decrease in this subinterval (Fig. 5) is related to 328 

rapidly increasing opportunistic infaunal taxa abundances when organic matter reached the 329 

seafloor (Jorissen et al., 1995, 2007). During deposition of subinterval B2, infaunal taxa 330 

decreased gradually (Figs. 5 and 7). The epifaunal species C. lobatulus and C. refulgens, 331 

inhabiting oligotrophic environments (Jorissen et al., 1995, 2007; Smeulders et al., 2014), 332 

increased their abundances (Fig. 6). The transported shelf taxa also showed decreasing 333 

percentages (Figs. 5 and 7). Hence, organic matter fluxes and sediment downslope transport 334 

diminished, most likely due to lower riverine discharge supplying less sediment and 335 

continental organic matter (Fig. 9c). Finally, deposition of subinterval B3 was characterized 336 

by very low organic matter input (~9% of average infaunal taxa), pointing to low river runoff 337 

(Figs. 8 and 9d), which is further supported by the highest abundance of the oligotrophic 338 

species C. refulgens (Jorissen et al., 1995; Smeulders et al., 2014) (Fig. 6). A slight increase 339 

in transported shelf taxa may indicate slightly higher downslope transport. Given that riverine 340 

discharge was low, tectonic movements might have contributed to downslope transport in this 341 

subinterval.  342 

 343 

6. Conclusions 344 

Benthic foraminiferal assemblages from the Los Ranchos section of the Almería-Níjar 345 

Basin (SE Spain) allowed for detailed interpretation of the palaeoenvironmental conditions 346 

after the Messinian salinity crisis (earliest Pliocene) in the western Mediterranean Sea. 347 

Sediments over the Miocene-Pliocene boundary were deposited in an upper slope 348 

environment of around 274 m water depth, with low organic matter fluxes and high oxygen 349 
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content. The highest relative abundance of the benthic foraminifer Siphonina reticulata 350 

observed 2 cm above the Miocene-Pliocene boundary could mark the westernmost and 351 

earliest recolonization of this species in the whole Mediterranean region. This evidence, 352 

together with intensively bioturbated sediments and highly diverse benthic foraminiferal 353 

assemblages at or just above the Miocene-Pliocene boundary, might indicate the earliest 354 

establishment of well-oxygenated fully marine conditions in the Mediterranean Sea after the 355 

Messinian salinity crisis. 356 

After the establishment of fully marine conditions at the base of the Zanclean (early 357 

Pliocene), palaeobathymetry decreased from 274 to 220 m water depth during the earliest 358 

Pliocene. This shallowing is concomitant with a global sea-level fall, after which palaeo-359 

water depth stabilized at around 220–230 m. In this interval, three upper-slope 360 

palaeoenvironmental subintervals, based on infaunal taxa and transported shelf taxa 361 

percentages, can be characterized by: B1) enhanced riverine discharge leading to a higher 362 

supply of sediment and terrestrial organic matter; B2) reduced river runoff with lower input 363 

of sediment and continental organic matter; and B3) low fluvial outflow and terrestrial 364 

organic matter input with slightly higher downslope transport, possibly linked to tectonics.  365 
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 641 

Table captions 642 

Table 1. Results from the Q-mode principal component analysis showing two benthic 643 

foraminiferal assemblages. The explained variance (%) of each principal component (PC), 644 

and the dominant and additional taxa are shown. 645 

 646 

Figure captions 647 

Figure 1. Geological map showing the principal Neogene intermontane basins of southeast 648 

Spain (after Martín et al., 1996). The location of the Almería-Níjar Basin and the Los 649 

Ranchos section are indicated. (For interpretation of the references to colour in this figure 650 

legend, the reader is referred to the web version of this article.) 651 

 652 
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Figure 2. Stratigraphic column of the Los Ranchos section showing the main lithologies. The 653 

position of studied samples is also shown. (For interpretation of the references to colour in 654 

this figure legend, the reader is referred to the web version of this article.) 655 

 656 

Figure 3. Biostratigraphy of the Los Ranchos section based on the presence/absence of 657 

planktic foraminiferal biomarkers. The position of studied samples is also shown.  658 

 659 

Figure 4. Scanning Electron Microscope (SEM) pictures illustrating the planktic 660 

foraminiferal biomarkers and some of the most abundant and dominant benthic foraminiferal 661 

species in the Los Ranchos section. a) Globorotalia margaritae, spiral view; b) Globorotalia 662 

margaritae, umbilical view; c) Globorotalia conomiozea, umbilical view; d) Cibicides 663 

refulgens, umbilical side; e) Cibicides refulgens, peripheral view; f) Cibicidoides mundulus, 664 

spiral side; g) Cibicidoides mundulus, peripheral view; h) Bolivina spathulata, lateral view; i) 665 

Biasterigerina planorbis (transported shelf taxa), spiral side; j) Elphidium spp. (transported 666 

shelf taxa), side view. Scale bars = 100 μm.  667 

 668 

Figure 5. Sand content (%), planktic/benthic (P/B) ratio (%), Shannon-Wiener index (H), Q-669 

mode benthic foraminiferal assemblages (PC 1 and 2) loadings, transported shelf taxa (%), 670 

and infaunal taxa (%). The palaeoenvironmental intervals and subintervals are indicated. (For 671 

interpretation of the references to colour in this figure legend, the reader is referred to the 672 

web version of this article.) 673 

 674 

Figure 6. Relative abundance (%) of the dominant and secondary taxa from the Q-mode 675 

benthic foraminiferal assemblages. The palaeoenvironmental intervals and subintervals are 676 
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indicated. (For interpretation of the references to colour in this figure legend, the reader is 677 

referred to the web version of this article.) 678 

 679 

Figure 7. Palaeobathymetry (m) along the studied section. The blue line shows the estimated 680 

palaeobathymetry values based on Hohenegger (2005) and Pérez-Asensio (2021). The grey 681 

lines represent the 95% confidence intervals. The magenta line indicates the average 682 

palaeobathymetric values for the palaeoenvironmental intervals and subintervals. The 683 

palaeoenvironmental intervals and subintervals are shown. (For interpretation of the 684 

references to colour in this figure legend, the reader is referred to the web version of this 685 

article.) 686 

 687 

Figure 8. Palaeoenvironmental intervals and subintervals defined by water depth, organic 688 

matter fluxes and shelf-taxa transport.  689 

 690 

Figure 9. Simplified sketches showing the palaeoenvironmental reconstructions for the four 691 

intervals and subintervals: (A) interval A, higher water depth, lower riverine discharge; (B) 692 

subinterval B1, lower water depth, higher riverine discharge; (C) subinterval B2, lower water 693 

depth, lower riverine discharge; (D) subinterval B3, lower water depth, lower riverine 694 

discharge, tectonic movements.  695 

 696 
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Table 1. Results from the Q-mode principal component analysis showing two benthic 

foraminiferal assemblages. The explained variance (%) of each principal component (PC), and 

the dominant and additional taxa are shown. 

 

PC Variance (%) Species Score 

1 94 Cibicides refulgens 5.50 

  Cibicides spp. 0.81 

  Cibicidoides lobatulus 0.78 

  Cibicidoides mundulus 0.37 

  Bolivina spathulata 0.24 

2 3 Cibicidoides mundulus 5.08 

  Planulina ariminensis 0.88 

  Siphonina reticulata 0.84 

  Uvigerina striatissima 0.73 

  Lenticulina spp. 0.61 

  Melonis pompilioides 0.41 

 

 




