= geosciences

Article

Inland Record of the Last Interglacial Maximum in the Western
Mediterranean: Revealing the Aljezares Pleistocene Basin
(Alicante, SE-Spain)

Jaime Cuevas-Gonzalez !, Davinia Diez-Canseco !, Javier Elez 2, Carlos Pérez-Mejias 3, Hai Cheng 3

and Juan Carlos Cafiaveras

check for
updates

Citation: Cuevas-Gonzaélez, J.;
Diez-Canseco, D.; Elez, J.;
Pérez-Mejias, C.; Cheng, H.;
Canaveras, J.C. Inland Record of the
Last Interglacial Maximum in the
Western Mediterranean: Revealing the
Aljezares Pleistocene Basin (Alicante,
SE-Spain). Geosciences 2023, 13, 385.
https:/ /doi.org/10.3390/
geosciences13120385

Academic Editors: Pierre Pellenard

and Jesus Martinez-Frias

Received: 22 September 2023
Revised: 7 December 2023

Accepted: 12 December 2023
Published: 15 December 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,%

Environmental and Earth Science Department, Faculty of Sciences, University of Alicante,

03690 Alicante, Spain; jaime.cuevas@ua.es (J.C.-G.); davinia.diezcanseco@ua.es (D.D.-C.)

Geology Department, Faculty of Sciences, University of Salamanca, 37008 Salamanca, Spain; j.elez@usal.es
Institute of Global Environmental Change, Xi'an Jiaotong University, Xi’an 710049, China;
perezmegias@xjtu.edu.cn (C.P-M.); cheng021@xjtu.edu.cn (H.C.)

*  Correspondence: jc.canaveras@ua.es

Abstract: The search for a continuous continental record of interglacial periods in semi-arid regions is
problematic due to the absence of stable and continuous sedimentary systems over time in this type
of climate. In this work, a relatively stable basin is described and analyzed during the last interglacial
period in a semi-arid region of the western Mediterranean. For this purpose, a geomorphological,
stratigraphic and sedimentological study has been carried out, with dating through 22°Th. A semi-
endorheic Pleistocene section has been identified, with two units that correspond to a fluvial-lacustrine
system (unit P1) and an alluvial system (unit P2). Unit P1 has been dated to the MIS 5e interglacial
episode. A framework for future studies is described, in which the Aljezares Pleistocene basin can be
considered as a possible source of paleoenvironmental and paleoclimatic information in semi-arid

regions from the last interglacial period.

Keywords: continental record; MIS 5; semi-arid climate; western Mediterranean

1. Introduction

The available continental record of recent interglacial episodes is limited, with lake
systems, especially in temperate or humid zones, being one of the main sources of terrestrial
climate and environmental data [1]. This implies that there are scarce paleoenvironmental
and climatic data on dry regions, due to their limited hydrology to form lakes or lacustrine
deposits. However, dry coastal areas offer valuable insights into the last glacioeustatic
climatic changes during the Pleistocene through the study of coastal terraces [2], although
the erosive nature of the coastal environment limits its suitability for preserving continuous
paleoenvironmental information.

The southeast region of Spain has a semi-arid Mediterranean climate within the
drylands fringe of the Iberian Peninsula [3] (Figure 1la,b). In this region, Pleistocene
deposits have been extensively studied, primarily in the coastal environment between
Alicante and Almeria provinces (SE Spain) where marine terraces provide particularly
well-preserved evidence of the last two interglacial episodes [4,5] (Figure 1c). The inland
record, however, has received minor attention, mainly because of its limited outcropping
and the difficulties to its chronostratigraphic correlation. The inland sedimentary records
of the last interglacial period in the context of the Iberian Peninsula consist of palynological
studies in lacustrine sequences, which are far from the semi-arid Mediterranean fringe [6,7].
In this study, an example of the inland record from the drylands fringe of the Iberian
Peninsula in the Vinalop6 River basin (Alicante, SE Spain) is shown.
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Figure 1. Location maps of the studied area. (a) Iberian Peninsula in the western Mediterranean
and its relation with the Betic Cordillera. (b) Area of drylands environments in the southeast of
the Iberian Peninsula where the precipitation is scarce more than 7 months at year (from Machado
et al. [3]). (c) Geologic map of the eastern part of the Betic Cordillera showing the External Zones
units (Subbetic and Prebetic) and the Cenozoic Basins unit. Note the location of the Vinalop6 River.
Minor Quaternary outcrops are not indicated, see Figure 2.

The Plio-Pleistocene coastal lagoon and alluvial deposits comprised the distal part
of the Vinalop6 basin [8]. Upstream, the middle part of the basin is mostly constituted
by Holocene deposits [9,10], whereas the Pleistocene record is limited to the piedmont of
nearby mountains [11]. However, local sequences located within the elevations between the
distal and the middle part of the Vinalop6 basin show relict Pleistocene deposits that allow
the study of the pre-Holocene inland record. This work focuses on the record of one of these
local sequences, the Aljezares Pleistocene basin in the Los Aljezares Nature Reserve (Aspe,
Alicante), where well-preserved Pleistocene deposits are found. It is important to highlight
that for the Aljezares deposits, we will use the term “basin” in a hydrological sense, as
part of a larger geological configuration that is the Vinalopé River basin. Additionally, the
Aljezares Pleistocene basin preserves the record of the activity of Neanderthal communities,
mainly in its path from continental to coastal areas [12]. A Middle Paleolithic archaeological
site has been described in the Pleistocene deposits and attributed to the Middle Paleolithic
(Pleistocene s.1.), based on the type of industry collected (Levallois technology). The site
has been interpreted as an open-air, temporary site in gravel areas where flint pebbles were
abundant [12].

Therefore, this work aims to introduce and describe the Pleistocene basin of Aljezares
for the first time, providing a geomorphological and sedimentary framework of the evolu-
tion of a Pleistocene inland record from southeast Iberia, an area with a severe, semi-arid
Mediterranean climate.
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Figure 2. Geology and geomorphology of the Aljezares study area. (a) Geologic mapping of studied
area (detailed position in Figure 1c). (b) Geomorphological mapping showing main morpholo-
gies recognized in the area. The height above the talweg of Pleistocene terraces is shown in the
white circles.

2. Geological Setting

The Aljezares basin is located near the town of Aspe (Alicante province, SE Spain)
in an intra-mountain area within the External Zones of the Betic Cordillera. The study
area comprises Pleistocene deposits within wide valleys eroded along the Betic Cordillera
(Figure 2a,b), occupying the Prebetic and the Cenozoic Basins units [13]. This zone is
crossed by the north-to-south entrenching of the Vinalop6 River, and it is the boundary
between the middle and the low (distal) part of the Vinalopd River basin (Figure 1c).

Here, the Prebetic unit is mainly constituted by Triassic rocks composed of clays,
sandstones, dolomites and gypsum attributed to the Upper Triassic Keuper Facies [12]. The
deposits in the Cenozoic Basins unit mainly consist of marls, limestones and conglomerates
attributed to the Middle to Upper Miocene (Serravallian-Tortonian stages), and are arranged
in a complex tectonic structure [11,14,15].

3. Methods

This study uses a geomorphological, stratigraphic and sedimentological approach,
although other geological methodologies have been used. For geomorphological descrip-
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tions, aerial photography and a digital elevation model have been used, all of this processed
using version 3.18 of QGIS software. These data have been carefully contrasted with field
observations to obtain an adequate attribution of the terrain features in the geomorpho-
logical mapping. For the stratigraphic description, the use of a stratigraphic panel has
been chosen to receive a complete representation of the horizontal and vertical scales in
the description of the units, and to indicate the unconformities between units [16]. The
units have been characterized in base to the lithology, grain size, sorting, palaeontological
content and geometry of the sedimentary bodies, amongst others. Due to the abundance
of gastropods in the rocks studied, an analysis of the malacofauna of the most significant
species has been included. In addition, a petrographic characterization of the carbonate
rocks has been included to expand the paleoenvironmental information. 2**Th dating of
the continental carbonates has been carried out at the Isotope Laboratory of Xi’an Jiao-
tong University, using a Thermo Neptune multicollector inductively coupled plasma mass
spectrometer (MC-ICP-MS), following the methodology described in [17] and the decay
constants reported in [18].

4. Results

The study area is structured as an antiform with an open core known as Clusé [19]. The
flanks of the anticline are formed by Miocene rocks, whereas Triassic sequences are found in
the core. Overall, it is a difficult to assign unit called Elche Reservoir Complex (ERC), which
was remobilized during the Neogene, but closely related to the configuration of the Triassic
unit. The core, being more eroded when compared to the flanks, creates a local inland area
with an annular shape where the Quaternary deposits are still preserved (Figure 2).

Two chronostratigraphic units can be distinguished within the Quaternary deposits:
the youngest is a Holocene unit associated with the Vinalopé River and Elche reservoir
located to the south, and the oldest is a Pleistocene unit that outcrops in the form of
discontinuous terraces covering the paleo-relief left above after the incision of the Triassic
and ERC units (Figures 2 and 3). The most relevant evidence of such pre-Holocene deposits
is found in the core of the antiform fold, despite there being small outcrops that are also
identified beyond the study area (Figure 2a).

Triassic relief

Pleistocene

P

Y

Figure 3. (a) Pleistocene deposits in Aljezares occupying the central part of the Quaternary basin
in form of sedimentary rocks with vertical scarps and horizontal stratification. In the foreground,
riparian vegetation grows on Holocene deposits. In the background, the Triassic relief is observed.
(b) Detail of the flat tops of Pleistocene terraces.

Due to the small cartographic extension of the Pleistocene deposits in the studied area,
the present work is their first documentation, as previous geological studies practically
omitted them [15] or provided only partial descriptions of them [14].
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4.1. Geomorphology

Geomorphological features in the study area are mainly linked to the erosive and
depositional evolution of the Vinalopé river throughout the external and internal parts of
the general anticline, and are very constrained by the differences in lithology. In this line,
six geomorphological zones have been distinguished as follows (Figures 2b and 4a):

1. Successive hogbacks and structural slopes: This zone, representing the flanks of the
anticline, shows a process of strong differential erosion between alternating weak
and resistant Miocene bedrock. Linked to the lithology and structure of the anticline,
they constituted the ring-shaped hills found encircling the anticlinal structure. The
anticline is cut by the Vinalop6 River in north-to-south direction.

2. Badlands: This zone is linked to the drainage system of the Vinalop6 River within the
core of the anticline and it is developed above the less resistant rocks of the Triassic,
ERC and Pleistocene units. Its development is mainly associated with the tributary
channels existent in the western area of the basin (Cinco Ojos Creek).

3. Terraces: This zone is constituted by isolated flat areas found at the top of the Pleis-
tocene deposits and located T + 18/20 m above the talweg of the Vinalop6 River.
They occupy tens to hundreds of meters of lateral extension in the center of the basin,
extending through the boundaries (Figure 2b). Their configuration is linked to the
incision of the Holocene drainage network into the Pleistocene infill, characterized by
flat tops and vertical scarps (Figure 3a,b).

4. Triassic relief: This is composed of topographic heights within the anticlinal core that
have not been occupied by Quaternary sedimentation, mainly corresponding to the
dolomitic or the most massive gypsum and clay units from the Triassic formations
which have not eroded (Figure 4a). They show very complex structures with a chaotic
appearance in the form of topographic highs scattered throughout the area above the
flat terraces.

5. Colluvial slopes: These are conformed by discontinuous patched areas with gentle
slopes of logarithmic expression that link the high Miocene and Triassic reliefs with
the flat Pleistocene terraces (Figure 4b). They can be described as pediment type
depositional/erosive systems from the upper areas of the Neogene ridge relief toward
the center of the anticline.

6.  Floodplain: This zone is occupied by the Vinalopé River, Elche reservoir and Holocene
sedimentation (Figure 4b).

Figure 4. (a) Panoramic view of main geomorphological zones. The badlands on Triassic formations
(Tr) appear dispersed between the Pleistocene flat terraces (Plst). The white striped line shows the
limit of the Aljezares anticline formed by the Miocene units (Mio), with the foreground Betic relief.
Notice the high anthropic interventions over Triassic formation, with exploitation of resources like
clays and dolomite ballast. Additionally, the trace of the high-speed train line is observed in the
center of the image. (b) Colluvial slopes connecting the Triassic highs with Pleistocene deposits in the
center of the basin.
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Geomorphological zones in the Aljezares basin are commonly affected by recent
human activity. The major anthropic alterations are observed in old gypsum and clay
quarries located in the Triassic deposits, and the recent railroad of the high-speed train line
that crosses the Aljezares basin from north-to-south. Additionally, agriculture fields are
located along the whole basin in flat terraces, taking advantage of flat or gentle slopes. The
factors mentioned above complicate a detailed geomorphological characterization due to
an eventual erasing of some geomorphological features.

4.2. Characterization of the Pleistocene Deposits

Pleistocene deposits crop out above the angular unconformity that affects the Triassic
and ERC units. The unconformity constitutes a sharp paleo-relief, with deeper areas located
close to the present day location of the Vinalop6 River, Elche reservoir and Cinco Ojos Creek
(Figure 2). Therein, Pleistocene horizontal strata reach up to 16 m of thickness and onlap
the irregular unconformity (Figure 5a). Through the boundaries of the basin, low-angle
dipping strata gradually lose thickness and pinch out (Figure 5b). The central part of the
basin is eroded by the present course of the Vinalop6 River, leaving visible and accessible
outcrops where the deposits have been described and the stratigraphic panel has been
made (Figure 6). Within the Pleistocene deposits, two units can be distinguished (P1 and
P2), limited by a minor unconformity described as a paraconformity, which is linked to
paleosol development (Figure 5c). Conversely, it shows an erosive disconformity in the
central zone (Figure 5d).

Figure 5. (a) Pleistocene and Triassic deposits separated by an erosive irregular unconformity. The
expansive onlap filling is shown. (b) Pleistocene deposits near the boundary of the basin. The feet of
the person is over Triassic rocks, therefore the thickness, marked by the flat terrace, is not greater than
three meters. Compare this image with the image shown in Figure 3a. (c) Paraconformity (yellow line)
with paleosol development (white line), where details of root traces are shown. (d) Disconformity
near the center of the basin with lag levels.
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- Carbonate levels

- Quarry and road deposits

- Anthropic colluvium

Figure 6. Stratigraphic panel of Pleistocene units (P1 and P2). Between them, a disconformity or a
paraconformity is shown. Additionally, the location of carbonates sampled for dating and the ages
obtained in this work are shown.

Pleistocene unit 2 is mainly constituted by matrix-supported conglomerates with
scattered blocks, fine-to-coarse moderately sorted sandstones and intercalations of thinner
tabular and channelized bodies of clast-supported conglomerates with moderate sorting
(Figure 7a, Table 1). Pulmonate gastropods such as Iberus alonensis and Sphincterochila
candidissima are very common (Figure 8a). Gastropods mainly appear dispersed within
the conglomerates and show very good preservation without signs of reworking, which
suggests they inhabited the deposits after sedimentation (Figure 7b).

Table 1. Characterization of Pleistocene deposits of the Aljezares basin.

Description Malacofauna Processes Units

Clast-supported conglomerates with moderate sorting. Flat
base tabular bodies with moderate lateral continuity. Sheet flows
Pebbles and cobbles of limestone, sandstone and dolomite.

Clast-supported conglomerates with good to moderate
sorting. Erosive base and low lateral continuity and Ephemeral channels
thickness. Locally cross-stratification and positive graded. . alonensis

S. candidissima P2

Matrix-supported conglomerates with very poor sorting
and scattered blocks. Clayey and medium size sandy matrix. Debris flows
Massive bodies with great thickness.

Clast-supported medium to coarse sandstones with
moderate sorting interbedded with thin lutitic layers.
Massive or with diffuse amalgamated bodies marked by
lutites. Commonly paleosols.

Sandy flat
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Table 1. Cont.

Description Malacofauna Processes Units

T. fluviatilis
Melanopsis sp. Marsh
I. alonensis

Lutites and poorly cemented sandstones. Commonly
rizoliths and root traces.

Permanent sheet
of water and
protected zones

T. fluviatilis

Bluish lutites. Melanopsis sp.

Clast-supported conglomerates with well to moderate I alonensis P1

sorting. Erosive base and high lateral continuity of tens of L Relative stable
e ", (locally T. fluviatilis

meters. Locally cross-stratification and positive graded. Melanopsis sp.) channels

Pebbles and cobbles of limestone and flint. PSIs Sp-

Often associated

. Permanent sheet of
with lumaquela

water and microbial

Stromatolite-like tufa levels. levels with ..
S activity over plant
T. fluviatilis -
. debris
Melanopsis sp.

Figure 7. (a) Pleistocene unit 2 with thin channelized bodies showing an erosive angular unconformity
over Triassic rocks. (b) Detail of the pulmonate gastropod Iberus alonensis with good preservation
in Pleistocene unit 2. (c) Pleistocene unit 1 with conglomerates (C) alternated with sandy/muddy
deposits (5/M). (d) Carbonate level of tubular tufa between sandstones and lutites.



Geosciences 2023, 13, 385

9 of 14

L SPY

ATE

Iberus alonensis

Melanopsis sp.

[ —

Q . Theodoxus fluviatilis

Sphincterochila
candidissima

Figure 8. (a) Gastropods observed in the Pleistocene deposits of Aljezares Quaternary basin. Scale is
2 cm. (b) Stromatolitic type lamination in domical tufa sample. The concentric lamination growth
produced by microbial communities can be observed. Scale in cm.

Pleistocene unit 1 consists of a wide variety of facies: conglomerates, carbonates
and lutites (Table 1). Conglomerates are well to moderately sorted, lenticular shaped,
erosive based and show lateral continuity of tens of meters, and a variable thickness
(Figures 6 and 7c). Extra-basinal pebbles derived from the surrounding Miocene rocks are
primarily found here. These conglomeratic bodies alternate with bluish and yellowish sand-
stones and lutites (Figure 7c) where root traces, rhizoliths and well-preserved gastropods
of the species Theodoxus fluviatilis and the genus Melanopsis sp. are observed (Figure 8a).
Furthermore, these gastropods can form high-concentration shell accumulations (known as
lumaquela). Carbonates are boundstone type [20] (Figure 7d) and consist of domical and
tubular tufa with stromaltolite type concentric laminations (Figure 8b). These levels have
variable thickness from a few centimeters to one meter and good lateral continuity up to
50 m (Figure 6).

4.3. Geochronology

The first numerical dating of sequences from the study area was carried out by Eixea
et al. [12] on the calcareous tufa deposits of the P1 unit with a sample of 20 g, analyzed by
alpha spectrometry that offered an age of 132.284 + 10.873/—10.022 kyr. This result led
these authors to attribute the uppermost part to the Middle to Late Pleistocene, close to the
MIS 6/5 boundary.

In this work, new 2°Th dating has been carried out on these same carbonates using a
more precise MC-ICP-MS technology, giving as a result the dates of 129.406 £ 2.729 kyr
and 125.115 £ 2.484 kyr for the P1 unit, which places the chronology more precisely in the
Marine Isotope Stage MIS 5e, at the beginning of the last interglacial maximum (Table 2).

Attempts were made to date unit P2, but no optimal materials or deposits were found
for reliable dating.

Table 2. 30Th dating results of the carbonate level samples. The error is 20.

238U 232Th 230Th/232Th d234U * d234UInitial *% 230Th Age (yr BP) EX )

(ppb) (pp?) (Atomic x 10-6) (Measured) (Corrected) (Corrected)
1727.0 +£27 339,607 +6814 87 £2 397.3 £1.9 573 +5 129,406 £2729
1192.7 +63 186,664 +3870 110 +2 438.2 £3.6 624 +7 125,115 +2485

* 524U = ([B4U/ ZSSU]aCﬁVity — 1) x 1000. ** 234U, ;4. Was calculated based on 229Th age (T). *** B.P. stands for
“Before Present” where the “Present” is defined as the year 1950 A.D.
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5. Discussion
5.1. Geomorphological and Sedimentary Evolution

Considering first the geomorphological analysis, both colluvial slopes and flat ter-
races zones (T + 18/20) are part of a single ancient geomorphological unit or Pleistocene
geomorphological surface. This observation is compatible with a pediment shape that
constituted the top level of the sedimentary filling in the Pleistocene basin. This fill had
centripetal dynamics with unconfined drainage systems from the Miocene structural ridges
and colluvial slopes that surround the basin, covering most of the core of the anticline,
except in some high Triassic reliefs. Subsequently, this geomorphological surface had to
be dismantled in the development of the badlands systems and recent flat valleys that
are controlled with recent fluvial/alluvial dynamics. This Holocene dismantling of the
Pleistocene geomorphological surface has been only partial, leaving remains of the terrace
systems that can be observed today.

Several stages can be established in the evolution of the Quaternary forms and deposits
of the Aljezares basin (Figure 9):

6
present
5
MIS 5e7?
MIS 5e
MIS 67
1
pre MIS 6

1 J 0 =

Triassic Miocens P1 unit P2 unit
fluvie-lacustrine  colluvium-alluvial fan
Figure 9. Stages established in the evolution of the Aljezares Quaternary basin. The interpretation of
Pleistocene units P1 and P2 is shown.

Stages 1-2: The first event that can be recognized in relation to Quaternary processes
is the formation of a paleo-relief on the Triassic and ERC rocks. Afterwards, sedimentation
processes occur during MIS 5e (according to the dating and the elevation of the terrace),
shaping an unconformity above the paleo-relief; therefore, any erosive event of the bedrock
must be triggered previous to the sedimentation. A tentative assignment of this erosive
event may point to MIS 6, since it constituted an important global drop in base sea level [21]
that would be able to control the processes of channel entrenchment that shaped the
Aljezares inner core of the anticline.
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Stage 3: Subsequently, the Aljezares basin was filled by the Pleistocene unit P1. This
unit is dated to MIS 5e, and corresponds to a fluvio-lacustrine environment system (see
below). The location of the unit in the center of the basin suggests a north-to-south feeding
in open basinal areas.

Stage 4-5: It starts with an unconformity on the P1 unit. This represents a paraconfor-
mity with depositional hiatus, although locally it has erosive features as indicated by the
central location of the disconformity and angular unconformity. Over the unconformity, the
sedimentation of unit P2 occurs, ending with a pediment-like geomorphological surface re-
lated to the colluvial slopes and the Pleistocene terraces described in the geomorphological
analysis, located at T + 18/20. This top level of filling is compatible with the highstand that
characterizes the last interglacial period [21], so the P2 unit is likely to be related to small
eustatic oscillations or tectonic processes, but within MIS 5. Therefore, the P2 unit could
represent a minor rupture during the Pleistocene filling, with a brief break in sedimentation
and a local entrenchment in a west-east direction, thus dismantling the Triassic materials
located in the west part of the Aljezares basin.

Stage 6: During the lowstand isotopic stages (MIS 4-2), the dismantling of the Pleis-
tocene interglacial deposits occurs due to entrenchment associated with the falls of base
level during the last glacial cycle. This moment may be the starting point of the devel-
opment of the current Vinalop6 fluvial erosion and the badlands. Finally, during the
Holocene a north-to-south axial filling occurs in favor of the previous entrenchment with
the development of the deposits of the current fluvial network of the Vinalop6 River.

Sedimentological and palaeontological characteristics, together with the geomorphol-
ogy and cartography of the Pleistocene units, allow interpreting them as deposited in a
fluvio-lacustrine system (P1) and a colluvium-alluvial system (P2) with mainly axial supply
and centripetal supply, respectively.

The first stage of filling is represented by the P1 unit mainly constituted by a fluvio-
lacustrine system. Conglomerates would be the product of high-energy channels with
relatively stable water flow [22] and carbonates would reflect stagnant water bodies or
permanent ponds, which would also include marshy areas protected from the currents, as
recorded by the lutites and sandstones with root signals. Supporting this interpretation,
Melanopsis sp. and T. fluviatilis are aquatic gastropods, with the latter being an indicator of
hard-water fluvial and lacustrine environments [23]. Attending to the facies classification
for freshwater carbonates proposed by Arenas-Abad et al. [24], most of the boundstone
facies correspond to coated streams growing upwards, produced by microbial communities;
however, the interaction of bryophytes cannot be ruled out (Figure 7b). This type of tufa is
common in aquatic environments, where a more or less stable body of water allows their
development (e.g., [25]). Stagnant water bodies and marshy areas would be occasionally
crossed by high energy channels characterizing a fluvio-lacustrine system with semi-
endorheic behavior. Thereby, the drainage would had been axially connected to the marine
base level in high energy events, while in stages of moderate rains it would have maintained
an endorheic drainage relatively disconnected from the base level, but stable, since no
other unconformities are observed within P1 (i.e., mudcrack surfaces, well-developed
paleosols). High-energy channels were fed by north-south currents from outside of the
Quaternary basin, and introduced extrabasinal cobbles, including flint cobbles. The work
of Eixea et al. [12] describes the archaeological site linked to the use of these flints by
Neanderthal communities, where the conglomerates are interpreted as episodic channels
related to specific high-energy events. In the same unit, facies compatible with a closed
(lacustrine) system have been described, such as sandstones with rhizolites, lutites and
levels of stromatolite type tufa. The same authors [12] interpreted this set as stable in
underwater conditions, where aquatic gastropod fauna have also been found. Due to the
highstand context of the last interglacial maximum, the high-energy events would not have
dominant erosive behavior, but rather, they would have episodes of sedimentation that are
reflected in the well-developed conglomerate levels where the activity of the Neanderthal
communities took place. This intermittent high-low energy dynamic is compatible with a
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decadal cadence of torrential episodes similar to that currently observed in southeastern
Spain [3]. To compare the cadence and magnitude of these decadal events with respect to
the current climatic dynamics in this region, detailed paleoclimatic studies are needed in
the sedimentary records of lacustrine facies and in continental carbonates to explore such
potential links and mechanisms.

Pleistocene unit 2 (P2) is constituted by a colluvium-alluvial fan, with predominant
conglomeratic and sandy facies. There, matrix-supported conglomerates would be the
result of debris flows in proximal areas of the systems [26], whereas sandstones and
clast-supported conglomerates would reflect sandy flats, ephemeral channelized and non-
channelized currents in the middle and distal parts [27,28]. Regarding the gastropod fauna,
both species are present today in the area and represent a common association with semi-
arid environments: for the xerophilic S. candidissima, it inhabits arid sun-exposed terrains
with thin and dry soils [29], while I. alonensis is associated with calcicolous soils related to
Mediterranean steppe environments near rivers and farmlands [30]. The types of flows
associated with the P2 unit are most likely related to poorly developed channelized bodies
in a non-hierarchical network, very common in the proximal to middle parts of alluvial fans.
The identified facies can also be related to intermittent, non-seasonal, decadal dynamics.
Due to the limited accommodation space available, a stable relative base level that would
favor a continuous sedimentary or paleontological record was not developed, since it was
close to being completely filled.

5.2. Regional Implications

The Aljezares deposits are compatible in age with those studied by Goy et al. [4],
where coastal terraces dated to 120 kyr (MIS5e) are described in the nearby town of La
Marina (Figure 1c). In these deposits, Senegalese fauna have been observed, indicative of
the warmer and more humid conditions characteristic of MIS5e. This terrace is between
5.5 and 8 m a.s.l., an indicator of the highstand conditions of this period in the western
Mediterranean [31], which have also been observed in the configuration of the Pleistocene
Aljezares deposits. Although this study has not allowed us to make a detailed climatic
and environmental comparison, this geo-chronological relationship and its compatibility
with the coastal record makes the Aljezares basin a relevant continental record of the last
interglacial period in the western Mediterranean that deserves to be studied in more detail
in future works.

6. Conclusions

This paper describes the deposits in the area of Aljezares, a Pleistocene basin in the
semi-arid region of the southeast of the Iberian Peninsula. In this area, the Quaternary
series are formed by the Holocene deposits of the current fluvial dynamics of the Vinalopo
River and the Pleistocene deposits. In the latter, lithic industry associated with the Middle
Paleolithic has been found.

The geomorphological analysis shows how the Pleistocene flat terraces and colluvial
slopes are parts of a single geomorphological surface that represents the final filling of
the Pleistocene sedimentation. Therefore, the morphologies of badlands and present flat
valleys must be the result of a subsequent Holocene entrenchment.

The stratigraphic and sedimentological approach has revealed two units. Unit P1
is mainly characterized by fluvial-lacustrine deposits under a semi-endorheic dynamic.
In this unit, stromatolite-like tufa structures have been dated using the 2**Th method,
providing ages of 129.406 kyr and 125.115 kyr, placing unit P1 in MIS 5e. The P2 unit
mainly comprises colluvial and alluvial fans deposits that represent the final filling of the
Pleistocene sequence of Aljezares.

Along the Pleistocene evolution, several stages are recognized, as shown in Figure 9:
(1-2) Formation of a paleo-relief on the Triassic and the ERC during the MIS 6 lowstand.
(3) Sedimentation of the P1 unit in a fluvial-lacustrine system where the activity of Ne-
anderthal communities has been recorded. This semi-endorheic dynamic was controlled
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by periods of low energy, which were eventually interrupted by high-energy channels.
This filling dynamic is compatible with a decadal cadence of high-energy episodes that are
characteristic of semi-arid climates. (4-5) After a brief process of entrenchment in MIS 5, the
filling of the Pleistocene basin continued with the P2 unit until its total infill with colluvium
and alluvial fans facies was reached. (6) Dismantling of the Pleistocene sequence during the
lowstand of the MIS 4-2 glaciation cycle and configuration of the recent drainage system
and sedimentation of Vinalop¢ river during the Holocene, with a new north-south system.
Assuming the differences in the position of the base level between the present and last
interglacial period, there is a similarity between the environment and climate dynamics
of MIS 5 in Aljezares and the current climate under the decadal high-energy episodes of
semi-arid climates in the studied area.

To establish a reliable comparison, further detailed studies will be needed on the records
observed and described in this work from the Aljezares basin. This study only aims to describe,
for the first time, a relatively continuous sedimentary series in a climatic context where this
type of record is usually scarce. Future studies based on detailed sedimentology, palynological
and invertebrate records, or stable isotopes in continental carbonates, could offer detailed
paleoclimatic trends that may be relevant to the understanding of climate dynamics under
warm episodes in the context of the drylands in the western Mediterranean.
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