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A B S T R A C T

Compared to the extensive research carried out on the Neogene deposits of the Lower Chelif Basin, the Pleis
tocene series is still poorly studied, with no detailed lithological succession published to date. This study focuses 
on the Glycymeris-rich Unit (GRU) along the coastal area of the Hachacha Plateau in Northwestern Algeria. This 
unit unconformably overlies Miocene, Pliocene, and Pleistocene basements. The latter was identified for the first 
time in this work using a biostratigraphic approach based on calcareous nannofossils and planktonic forami
nifera. The GRU is interpreted as a tsunami-related deposit, formed in a coastal environment (foreshore/back
shore) during the upper Pleistocene, corresponding to the Last Interglacial period, i.e., Marine Isotopic Substage 
5e (MIS 5e). This interpretation provides a first multidisciplinary description of a tsunami deposit in Algeria that 
is supported by distinctive biotic, taphonomic, and sedimentological features. The deposits contain a mixture of 
marine organisms from different ecological zones (supralittoral to shallow circalittoral biocenoses), including 
molluscan assemblages such as the so-called Senegalese fauna (bivalves and gastropods), sponges, serpulids, 
coralline algae and corals. Occasionally, rare terrestrial snails are also found mixed with the marine fauna. 
Taphonomic analysis reveals low percentages of boring, absence of encrustation, and excellent shell preserva
tion, suggesting that powerful waves eroded sediment masses and transported them inland from deeper areas 
beneath the taphonomic active zone. The predominance of sharp-edged fragmented shells, chaotic arrangements 
with oblique to vertical shell orientations and the good shell sorting, indicates transport by mass flows and rapid 
deposition during an extreme event – a tsunami –, distinguishing these deposits from those associated with 
gradual and oscillatory flows, such as storm events. Sedimentological characteristics, including irregular erosive 
base, lateral facies variations, wide grain size ranges (clay to boulders), normal and inverse grading, and diag
nostic structures (both fragile and hard-rock rip-up clasts, high-energy flow features such as horizontal and 
oblique laminations, and hummocky cross-stratification, injection of sediment into the substrate, imbrication of 
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large angular boulders and soft sediment deformation structures), combined with the active tectonic context of 
Northwestern Algeria support the interpretation as a seismically triggered tsunami and enhances the under
standing of this type of deposits in similar coastal settings.

1. Introduction

Shell beds are classified genetically into three categories in a trian
gular diagram (Kidwell et al., 1986): biogenic, diagenetic and sedi
mentological concentrations. The latter are the result of physical 
processes, with the dominance of allochthonous shells. This type of 
accumulation is the most common in coastal areas and is often linked to 
high-energy hydraulic events, such as storms or tsunamis (Gutiérrez-Mas 
et al., 2009; Massari et al., 2009; Reinhardt et al., 2012; Ávila et al., 
2015b; Benyoucef et al., 2021; Torres et al., 2022).

During the last three decades, numerous studies have synthesized the 
Quaternary deposits around the Western Mediterranean region (Zazo, 
1999; Mauz and Hassler, 2000; Zazo et al., 2003, 2013; Bardaji et al., 
2009; Mauz et al., 2009; Torres et al., 2010, 2015; Andreucci et al., 
2014; Cerrone et al., 2021; Del Valle et al., 2024). However, references 
to the marine Pleistocene of Northern Algeria remain scarce, with but a 
few studies focusing on the Quaternary evolution in the context of 
neotectonic activity and palaeoseismological evidence (Meghraoui 
et al., 1996; Abbouda et al., 2019; Maouche et al., 2019; Guessoum et al., 
2018).

In Algeria, the upper Pleistocene marine series was studied for the 
first time by De Lamothe (1911), followed by other works by Doumergue 
(1922), Anderson (1936), Dalloni (1953), Gourinard (1958), and 
Thomas (1985). It is the result of a transgressive phase, generally rep
resented by coastal deposits, which are highly fossiliferous with a 
notable abundance of bivalves and gastropods, forming shell beds – the 
Glycymeris-rich Unit (GRU). Despite the more recent Thomas (1985)
study, there still exists a knowledge gap on the last interglacial deposits, 
in particular those of the warmest period, usually referred to as the 
Marine Isotopic Substage 5e (MIS 5e). In fact, when compared to the 
numerous studies on the Neogene series of the Lower Chelif Basin 
(Algeria), including those on biostratigraphy (Perrodon, 1957; Mazzola, 
1971; Belkebir and Anglada, 1985; Belkebir et al., 1996, 2008; Bessedik 
et al., 2002; Atif et al., 2008; Belhadji et al., 2008; Mansouri et al., 2008; 
Osman et al., 2021; Atik et al., 2024), geodynamic and palaeogeo
graphic evolution (Anderson, 1936; Delteil, 1974; Meghraoui, 1982; 
Thomas, 1985; Neurdin-Trescartes, 1992, 1995; Badji et al. 2015; Arab 
et al., 2015; Leprêtre et al., 2018), as well as other works on the sys
tematics and evolution of their fossil content, in particular the molluscs 
(Freneix et al., 1987a, b, 1988; Satour et al., 2011, 2013, 2020; 
Benyoucef et al., 2021; Benyoucef and Landau, 2025), the Pleistocene 
series remains poorly studied and, to date, no detailed lithologic suc
cession has been published.

In the present study, we focus on Pleistocene outcrops located along 
the coast of the Hachacha Plateau, in Northwestern Algeria. This 
research represents the first detailed lithostratigraphic study of the 
Pleistocene in the region, with particular emphasis on calcareous nan
nofossils and planktonic foraminifera to establish the age of the lentic
ular marl outcrops in the Port de Ménard and Sedaoua sectors. 
Additionally, a GRU dating approach is attempted based on the mollusc 
assemblage associations. Our comprehensive approach integrates sedi
mentological and taphonomic analyses to better understand the evolu
tion of the Hachacha Plateau coastline during the Last Interglacial 
period, and to constrain the depositional environments and the pro
cesses responsible for the formation of the GRU. Within this framework, 
we aim to distinguish between two possible large-scale events (tsunami 
or storm), thus enabling comparisons with other extreme events docu
mented across the Phanerozoic, as well as provide a tectonic context, to 
elucidate the history of this coastal region during the Last Interglacial 
period, i.e., Marine Isotopic Substage 5e (MIS 5e).

1.1. Tsunamites versus tempestites: how to distinguish them?

The differentiation between deposits associated with tsunamis (tsu
namites) and those resulting from storms (tempestites) remains a chal
lenge, given that the criteria for distinguishing them from other marine 
sedimentary deposits are mostly identical. Recently, and following the 
2004 Indian Ocean tsunami, there has been a surge of interest among 
researchers in catastrophic processes and tsunami deposits, with a 
particular focus on their comparison to those linked to storms (Goff 
et al., 2004; Puga-Bernabéu and Aguirre, 2017; Khadraoui et al., 2018; 
Paris et al., 2018; Madeira et al., 2020; Sztanó et al., 2020; Ramír
ez-Herrera et al., 2012; Torres et al., 2022; Ávila et al., 2025).

Previously, any sedimentological concentration of shells deposited in 
a shallow environment or the coastal area was thought to be a storm 
deposit, based on many sedimentological and taphonomic characteris
tics such as size grading, shell stacking, shell sorting, shell fragmenta
tion, concavity orientation, and basal and upper contact type (Aigner, 
1985; Kidwell et al., 1986; Kidwell and Holland, 1991; Seilacher and 
Aigner, 1991). More recently, the skeletal concentrations produced by 
up-rush flow (landwards) or backwash flows (basinwards) have been 
interpreted as the result of high-energy hydraulic events (e.g., storms, 
hurricanes, and tsunamis; Puga-Bernabéu and Aguirre, 2017). From a 
palaeontological point of view, several taphonomic criteria identify the 
skeletal concentrations produced by a tsunamigenic event. These 
include: i) a mixture of organisms from different environments, 
including terrestrial as well as marine organisms (e.g., pelagic, 
shallow-water, deep-water) (Paris et al., 2018); ii) out of life positions 
with the dominance of angular fragmentation (Dawson and Stewart, 
2007; Donato et al., 2008); iii) shells may display a variety of settling 
position, ranging from chaotic to normal (Massari et al., 2009; Engel 
et al., 2016), or reverse grading (Massari et al., 2009); iv) standardized 
1-kg of fossiliferous sediments collected from tsunami deposits usually 
yield higher values of richness and evenness in comparison with samples 
from storm deposits (Ávila et al., 2025); and v) the proportion of large, 
heavy shells in the molluscan assemblages in palaeotsunami deposits is a 
valid index of tsunami strength on coastal lowlands inside shallow coral 
reef lagoons (Kitamura et al., 2018). Tsunami-related marine shell de
posits are typically characterized by denser, thicker, and more extensive 
beds, with shells exhibiting good to excellent preservation and a pre
dominance of shells oriented obliquely to perpendicularly to the base of 
the deposit, often dominated by a single species (Puga-Bernabéu and 
Aguirre, 2017). These features have been confirmed by Torres et al. 
(2022), who interpreted mollusc shell accumulations from the 
Torrevieja-La Mata coast (Southeastern Spain) as the result of tsunami 
events during the late Pleistocene.

Based on Holocene tsunami deposits from Eastern Japan, Fujiwara 
and Kamataki (2007) proposed a tsunami facies model consisting of four 
vertical units, Tna to Tnd in ascending order, reflecting the temporal 
variation of wave sizes within tsunami wave trains. Shanmugam (2012)
concluded that the hummocky cross-stratification (HCS) and traction 
carpet that characterize the Tnb unit of Fujiwara and Kamataki (2007)
cannot be produced by a single depositional event, thus rejecting 
tsunami as the promoter agent, because it is hydrodynamically unten
able. For Morton et al. (2007), if there is a source of fine terrigenous 
sediments, rip-up clasts and internal mud layers will be a diagnostic 
criterion to distinguish between tsunamites (that hold those features) 
and storm deposits (where fine terrigenous sediments are absent). 
Among the hydrodynamic criteria for tsunamis are a large wavelength, 
longer wave period, uniform distribution of kinetic energy in the water 
column and a fewer number of waves. These characteristics allow the 
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inland transport of large boulders or rip-up clasts from the underlying 
cohesive substrate, as well as masses of suspended sediment (Engel and 
Brückner, 2011; Shanmugam, 2012; Engel et al., 2016; Marriner et al., 
2017).

2. Geological context and tectonics

The Hachacha Plateau lies Northwest of the Dahra Massif (Fig. 1). 
The latter is formed by several allochthonous units from the Cretaceous 
to the Paleogene, separating the Neogene and the Quaternary terrains of 
the Lower Chelif Basin to the South from those to the North (Delteil, 
1974). This region is represented by a succession of Miocene, Pliocene, 
and Quaternary deposits overlying the Mesozoic and Paleogene base
ment (Perrodon, 1957; Arab et al., 2015), with traces of Alpine tectonics 
still active today (Guardia, 1975; Ouyed et al., 1981; Meghraoui, 1982; 
Meghraoui et al., 1996; Matougui and Haddoum, 2008; Badji et al., 
2015; Leprêtre et al., 2018; Abbouda et al., 2019). This succession is 
characterized by a sedimentary fill that can be divided into three distinct 
megasequences (Delfaud et al., 1973; Thomas, 1985; Neurdin-
Trescartes, 1992). Megasequences I and II represent the Miocene marine 
deposits formed during the first and second post-nappe cycles 
(Perrodon, 1957; Meghraoui, 1982; Meghraoui et al., 1988). The first 
magasequence (late Burdigalian-Serravallian; Belkebir and Anglada, 
1985; Belkebir et al., 1996; Bessedik et al., 2002; Belkebir et al., 2008) 
was deposited above the active Tellian allochthon during a compression 
episode, forming a foreland basin (Arab et al., 2015). The second meg
asequence (Tortonian–Messinian) formed during transtensional activity 
in a thrust-top pull-apart basin (Roure et al., 2012; Arab et al., 2015). 
The third megasequence extends from the Pliocene to the Pleistocene 
(Thomas, 1985; Neurdin-Trescartes, 1992) and was deposited during the 
last compressional episode, parallel to the inversion of the Lower Chelif 
Basin boundary faults (Arab et al., 2015). The first phase of this mega
sequence corresponds to a Pliocene transgressive cycle that becomes 
regressive (Perrodon, 1957; Mazzola, 1971; Belkebir and Anglada, 1985; 
Rouchy et al., 2007; Atif et al., 2008; Mansouri et al., 2008; Osman et al., 
2021; Atik et al., 2024). In the Hachacha Plateau, this cycle is termi
nated by a thick sandy formation which is marked by the first appear
ance of the foraminifera Globoconella inflata (d’Orbigny, 1839) [ =

Globorotalia inflata (d’Orbigny, 1839; Belkebir and Anglada, 1985). 
According to Lirer et al. (2019), the first appearance of G. inflata, rep
resents in the Mediterranean region the MPI6 zone, which characterizes 
the lowest stage of the Pleistocene series/epoch (Gelasian). The second 
phase of the third megasequence is generally represented by continental 
deposits (Bel Hasel Formation) that evolve laterally into marine facies 
(Arzew Formation), which locally unconformably overlies the deposits 
of the first cycle (Thomas, 1985).

Deposits of Calabrian age were identified on the coast of Western 
Algeria for the first time by Laffitte (1950). In the Hachacha Plateau, 
these deposits are tilted towards the sea and cover a large area, from 
Kramis Wadi in the East to Chelif Wadi in the West (Fig. 1). These 
sediments are discordant on all previous formations and are represented 
by a shelly conglomerate topped by shelly sandstone and thick aeolian 
deposits, then crowned by red continental deposits (Laffitte, 1950; 
Perrodon, 1957) (Fig. 1). The Quaternary along the Algerian coast, from 
the Sahel of Algiers in the East to Oran in the West, across the Hachacha 
Plateau, is represented by marine sedimentary deposits arranged in a 
staircase sequence of marine terraces, thus reflecting local and regional 
uplifts (De Lamothe, 1911; Glangeaud, 1932; Anderson, 1936; Gour
inard, 1958; Thomas, 1985). These uplifts are related to NW-SE short
ening, estimated at 5 mm/year, resulting from the convergence of the 
African and Eurasian plates (DeMets et al., 1990, 2010; Nocquet and 
Calais, 2004; Billi et al., 2023). The staircase of marine terraces present 
along the coast represent older shorelines (Gourinard, 1958), and are 
classified according to their altitude, from the oldest to the recent: (a) 
the 170-m terrace, (b) the 80-m terrace, (c) the 50-m terrace, (d) the 
35-m terrace, and (e) the 15-m terrace (Anderson, 1936). The latter 

terrace is the subject of this study, and occurs in Northwestern Algeria. 
Several authors (e.g., De Lamouth, 1911; Doumergue, 1922; Anderson, 
1936; Dalloni, 1953; Gourinard, 1958; Thomas, 1985) attributed a 
Tyrrhenian age (now the upper Pleistocene) to these fossiliferous de
posits, based on the presence of Strombus bubonius Lamarck, 1822 [now 
Thetystrombus latus (Gmelin, 1791)] and Conus testudinarius Hwass, 
1792 (currently a synonym of Conus ermineus Born, 1778). At the base of 
this marine terrace, seismic activity indicators are often found, attesting 
to the occurrence of earthquakes of magnitude M > 5.5 (Guessoum et al., 
2018).

Seismic reflection data across the margin offshore the Mostaganem 
region (Domzig et al., 2006; Badji et al., 2015; Soto et al., 2022), reveal a 
seismostratigraphic succession starting with pre-salt Miocene deposits 
set directly on oceanic basement, surmounted by an evaporitic series 
represented by a mobile unit (MU), and an upper unit (UU) that in
tersects the Pliocene and Quaternary deposits, which are folded and 
faulted (Fig. 2). The thickness of these deposits is laterally variable as it 
is strongly affected by diapiric deformation (Lofi et al., 2011). These 
diapirs are sealed by upper Quaternary deposits and testify to a salt 
tectonic phase from the Pliocene to the mid-Quaternary, except for the 
Ameur diapir that affects the sea floor and crosses the upper Quaternary 
deposits, allowing authors to postulate that it was probably active until 
recently (Badji et al., 2015; Soto et al., 2022) (Fig. 2). The recent tectonic 
activity has reactivated conjugated faults in the Northwestern margin of 
the Dahra Massif. These faults are responsible for destabilizing the 
surface cover, which is often affected by various types of landslides 
(Matougui and Haddoum, 2008) (Fig. 1).

3. Materials and methods

Field campaigns conducted between 2021 and 2024, studied five 
sections of the Pleistocene series of the Hachacha Plateau coastline, from 
East to West: Port de Menard, Sid El Adjel, Ain Brahim, Sedaoua, and Kef 
Boughetar (Figs. 1 and 3). These sections were described and measured, 
considering the underlying and the overlying deposits, lateral facies 
variation, geometry, sedimentary structures (Figs. 3 and 4), and fossil 
content.

The two outcrops representing the Eastern and Western extremities, 
Port de Menard and Kef Boughetar, were chosen for taphonomic analysis 
based on the excellent quality of shell preservation, thickness of the 
sedimentary sequence, and accessibility, to extract the maximum 
amount of data and ensure meaningful results. This taphonomic analysis 
was performed following a quantitative approach, according to the 
methodology described by Yesares-García and Aguirre (2004). Thirteen 
1 m-wide squares were used per site, seven at Port de Menard and six at 
Kef Boughetar to quantify several taphonomic criteria on the abundant 
Glycymeris and Cardium bivalve shells, which are perfectly preserved 
and constitute the main part of the studied unit (GRU). The taphonomic 
criteria used were the relative abundance of the biotic components per 
surface, size sorting, percentage of fragmentation, disarticulation, 
encrustation and bioerosion, concavity orientation, shell angle with the 
base (concordant, oblique, perpendicular, as proposed by Kidwell et al., 
1986) and abrasion (edge roundness-sharpness).

To group the taphonomic results obtained in the different surfaces 
into distinct classes and evaluate their similarities, we applied a Q-mode 
cluster analysis. This method focuses on clustering objects (in this case, 
the taphonomic criteria measured per surface) based on their similarity 
profiles across measured features. The analysis was conducted using 
Euclidean distances as the metric for calculating dissimilarities between 
the surfaces. The clustering process employed the Unweighted Pair 
Group Method with Arithmetic Mean (UPGMA), a hierarchical clus
tering technique that iteratively merges groups of surfaces based on 
their average similarity. This approach enabled us to generate a 
dendrogram, visually representing the relationships between the sur
faces and the formation of clusters at various similarity thresholds. The 
analysis was performed using PAST v. 4.03 software, ensuring 
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Fig. 1. Geological and structural map of Dahra Massif, and structural context of the Western Dahra margin (modified from: Perrodon, 1957; Meghraoui et al., 1988; 
Belkebir et al., 2002; Bessedik et al., 2002; Matougui and Haddoum, 2008; Osman et al., 2021).
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reproducibility and accuracy in grouping the results.

3.1. Biostratigraphic dating

Four samples were collected from a lenticular marl layer 

representing the Pleistocene basement of the study unit (GRU) cropping 
out at the Port de Menard and Sedaoua sectors, with two samples per 
section (PM1, PM2 from Port de Menard and AB1, AB2 from Sedaoua; cf. 
Figs. 3 and 4). Each sample was divided into two parts: one for washing 
to search for foraminifera, and the other for preparing smear slides for 

Fig. 2. Interpretation of the seismic line (SPI-O2 profile) from Badji et al. (2015) and detailed in Soto et al. (2022), showing the structure and structural units in the 
Algerian margin offshore Mostaganem.

Fig. 3. Correlation of Glycymeris-rich unit (GRU) with Senegalese fauna along the sections of Port de Menard, Sid El Adjel, Ain Brahim, Sedaoua and Kef Boughetar. 
The stratigraphic columns take into account the altitude of the base of the outcrops. The metric scale represents elevation above present sea-level.
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calcareous nannofossils. This approach completed the results obtained 
by Anderson (1936) and by Belkebir and Anglada (1985) and allowed 
dating the Pleistocene basement in this area with solid biostratigraphic 
evidence. The nannofossil slides were prepared using the short centri
fugation technique as described by Bown and Young (1998). Each slide 
was observed at 1,600× magnification with an oil immersion lens under 
polarized light, using a Leica DM 2500P microscope. The extraction of 
planktonic foraminifera was carried out using a multistep process: 
initially, 200–300 g of sediment samples underwent deflocculation in 
lukewarm water to disaggregate the sediment matrix; following this, the 
sediment slurry was washed using a gentle stream of water through a 
100 μm sieve to isolate the microfossil fraction.

Taxonomic analysis and identification of foraminiferal taxa were 
performed in two stages. The first stage was conducted in Algeria at the 
"Laboratoire de Paléontologie Stratigraphique et Paléoenvironnement," 
where initial identifications were made using a binocular microscope 
with magnifications of 250 × and 500 × . The material was then 
transported to Bozok University in Turkey for advanced imaging and 
analysis. High-resolution images of the foraminifera were captured 
using a Scanning Electron Microscope (SEM), allowing for detailed ex
amination of morphological features to confirm taxonomic 
identifications.

To determine the age of the Glycymeris-rich Unit (GRU), a variety of 
mollusc species (larger than 5 mm) were collected along the coastline of 
the Hachacha Plateau. The collected specimens were carefully washed 
and photographed in the MPB-Marine Palaeontology and Biogeography 
Laboratory at the University of the Azores. For taxonomic identification, 
the World Register of Marine Species (WoRMS) database (http://www. 
marinespecies.org) was used as a reference for accurate and standard
ized taxonomic attributions. This molluscan assemblage belongs to a 
group known as the Senegalese fauna, and indicates a warm period 
during the late Pleistocene (Ávila et al., 2002, 2007, 2009; Melo et al., 
2023). According to Cornu et al. (1993) and Meco et al. (2002), the 
presence and development of the Senegalese fauna were associated with 

specific environmental conditions, particularly sea surface temperatures 
comparable to those currently observed in the Gulf of Guinea. These 
conditions require temperatures of approximately ~23 ◦C for at least six 
months per year, with the fauna exhibiting a limited tolerance for 
temperatures dropping below ~15 ◦C. In the Western Mediterranean, 
bio-stratigraphic correlations involving Pleistocene deposits containing 
Senegalese fauna are widely documented (Cerrone et al., 2021).

4. Results

4.1. Sedimentological characteristics and stratigraphy

Along 45 km of the coast of the Hachacha Plateau, chaotic marine 
sedimentary deposits unconformably overly Miocene, Pliocene, and 
Pleistocene basements though an irregular erosion surface. These de
posits are rich in allochthonous molluscs, with abundant disarticulated 
bivalves and fewer gastropod remains within a conglomerate of pebbles 
to boulders. The fossiliferous sediments are exposed as 0.3 to 2.0 m-thick 
layers forming the GRU, the shells are randomly dispersed, in a sandy 
matrix agglutinated by a carbonate cement with no preferential orien
tation. Alongshore, from East to the West, a significant lateral variation 
is observed, especially in sedimentological composition (cf. Figs. 3 and 
4). This variation is due to the depositional architecture, mainly deriving 
from the facies and palaeorelief of the basement, as well as to the local 
erosional base.

At Port de Menard (Eastern section of Hachacha Plateau; cf. Fig. 3), 
these deposits are located 4 m above present sea level, and represented 
by a thick (0.3–2 m), channelized GRU overlying the Pliocene sand
stones of Hachacha through an angular unconformity (Belkebir, 1986). 
This formation is easily recognizable by a dense shell concentration, 
with excellent to good fossil preservation, in a yellow to red sandstone 
matrix. Shell concentration is organized in two to four sub-layers, either 
chaotic (especially the top sub-layer) or normal to reverse graded, and 
presents a lens-shaped geometry thinning out over distances of 2–3 m. 

Fig. 4. Detail of the internal structure of the GRU unit at Port de Menard outcrop, showing the lateral variation in thickness and facies. Note the presence of an 
irregular erosion surface at the base of the Glycymeris-rich Unit at the contact with the Pliocene basement, Calabrian marls and paleosol, with positive and negative 
grading in the sub-layers. Same legend as in Fig. 3.
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Shells are scarcer and more frequently broken within the channels and 
near the erosive surface, whereas towards the top they are generally 
intact and abundant (Fig. 5E). In some areas, above the Pliocene base
ment and below the GRU, marl lenses with a paleosol developed on top 
are present. Downward injections of sediment from the GRU intruded 
into this paleosol, locally detaching it (Fig. 5C). The lower sub-unit has a 
low faunal abundance, the shells are broken and presents a clay layer, 
transitioning laterally into a facies rich in rip-up clasts of paleosol and 
mud clasts from the underlying Calabrian marl (Fig. 5D). Thirty meters 
to the West, the facies vary, displaying sedimentary structures such as 
horizontal and oblique laminations and high-energy flow soft-sediment 
deformation structures (SSDS) (Fig. 5B). The upper 30 cm of this unit is a 
reddish shelly sandstone, containing continental snails mixed with ma
rine shells (Fig. 5E–G). Its 10 cm-thick reddish undulated top layer 
contains rhizoliths, i.e., traces of plant roots.

At Sidi El Adjel beach, 1 km to the West, the GRU deposits truncate 
the Pliocene basement. It presents a lower sub-unit formed by a matrix- 
supported conglomerate with poorly sorted metric angular boulders 
from the basement and is poor in fossils. Locally, the deposit presents 
upwards fining and hydrodynamic structures such as parallel lamina
tions and hummocky cross-stratification (HCS) (Fig. 6A).

At the Ain Brahim site, the studied succession crops out 1 m above 
present sea level, resting on a Pleistocene sandstone rich in SSDS 
(Fig. 6D and E) through an irregular erosive surface. It consists of two 

sub-units: a lower conglomeratic sub-unit, containing a few angular 
boulders and abundant mollusc shells; and an upper laminated sand
stone sub-unit, interpreted as deposits from high-energy flow. In some 
places, these two sub-units are merged, forming a single unit that con
tains shells, generally dissolved and represented by internal moulds 
(Fig. 6F). The sequence is capped by aeolian deposits (Fig. 6D–G).

At Sedaoua, about 2 km to the West of the Ain Brahim site (Fig. 1), 
the GRU crops out 7 m above present sea level (Fig. 3). It stands on an 
erosion surface cut in a faulted basement formed by 1.5 m of Calabrian 
marl and bioturbated sandstones, which overlie Pliocene sediments 
(Fig. 7A–D). Its characteristics are like those observed at Port de Menard, 
especially the sedimentological features and faunal content, such as the 
coexistence of coralline algae, sponges and whole or slightly broken 
shell valves.

In Kef Boughetar area, the GRU stands 10 m above the present sea 
level (Fig. 3) on an erosion surface carved into the faulted Miocene 
sandstone basement (Fig. 7G). The deposit is 0.5–2.0 m-thick and con
sists of a chaotic conglomerate formed by centimetric to metric angular 
blocks of sandstone from the Miocene basement, rounded pebbles, and 
mud clasts in a sandstone matrix. The blocks are imbricated indicating 
transport to the NE. It contains gastropod and disarticulated bivalve 
shells and rounded bioeroded boulders (Fig. 7F). The shells in this unit 
are generally well preserved (Fig. 7H), being especially abundant in the 
gravelly pockets, but in places, they were almost completely dissolved. 

Fig. 5. Representative photographs of the Port de Menard area. A. Pliocene basement faulted and overlain by the Glycymeris-rich Unit (GRU), with three sub-layers 
showing normal and reverse grading in the channelled base. B. Sedimentary features of the GRU, include horizontal and oblique laminations, and high-energy flow 
structures. C. The base of the GRU displays downward injections of the GRU sediment into and beneath the underlying paleosol. S.E.S. = Subaerial erosion surface. D. 
Detailed of the sub-layer rich in rip-up clasts (including paleosol and mud clasts) overlying a paleosol developed on Calabrian marl. E. Detail of the dense stacking of 
shells at the upper sub-unit of the GRU and the reddish sandstone matrix. F, G. Detail of terrestrial pulmonate gastropods mixed with the marine shells.
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Veins of calcite, probably from the dissolution of the shells, cross the 
more lithified parts of the deposit. The shells are more abundant at the 
top, as the sediment matrix becomes finer. The top of the deposit is 
pedogenized by caliche (Fig. 7H).

4.2. Biotic composition and taphonomy

Most of the macrofauna that makes up this shell bed is composed of 
bivalve molluscs. The dominant species is Glycymeris, with Glycymeris 
nummaria (Linnaeus, 1758) ranging from 61.6 to 84.9 %, along with 
Acanthocardia echinata (Linnaeus, 1758) (5.3–13.2 %) and Anadara 
gibbosa (Reeve, 1844) (1.0–4.3 %). Chamelea gallina (Linnaeus, 1758) 
(0.0–4.7 %), Pecten jacobaeus (Linnaeus, 1758) (0.0–2.9 %), and 
Ostreidae with Ostrea edulis Linnaeus, 1758 (0.0–1.9 %), are also pre
sent, but in smaller percentages (Table 1; Fig. 8). Venus nux (Gmelin, 
1791) is absent from all samples except for the PMS1 and PMS4 squares 

(0.4–0.7 %) from the Port de Menard outcrop. Gastropods are repre
sented by 14 taxa (Fig. 9), the most abundant being Conus guanche 
(Lauer, 1992), Monoplex trigonus (Gmelin, 1791) [ = Cymatium ficoides 
(Reeve, 1844)], Thetystrombus latus, Stramonita haemastoma (Linnaeus, 
1767), Bolinus brandaris (Linnaeus, 1758), Steromphala adansonii 
(Payraudeau, 1826) [ = Gibbula adansonii (Payraudeau, 1826)], Nati
carius stercusmuscarum (Gmelin, 1791), and Tritia cf. elata (A. Gould, 
1845), with percentages ranging from 3.1 to 14.8 %. Other accessory 
elements are also present, such as serpulids (0.0–6.9 %), sponges (up to 
2.2 %), corals and coralline algae forming rhodoliths (0.0–1.7 %) 
(Table 1).

Q-mode analysis of shell size and taphonomic characteristics of 13 
sample squares revealed three distinct clusters (A, B, and C) with similar 
shell size and taphonomic criteria, but differing in fragmentation rate, 
organism interactions (boring), and number of shells analysed (Fig. 10). 
In terms of shell size, all sampled sites display good mechanical sorting, 

Fig. 6. A–E. Photographs of the Sid El Adjel section. E–G. Photographs of the Ain Brahim section. A. The GRU is composed of two sub-units; the lower one is a 
conglomeratic layer composed of large (m-sized) angular boulders eroded from the basement, containing few shells. The upper sub-unit is a finer conglomerate whose 
base show high-energy flow structures. The shells are nearly all dissolved and are represented by internal moulds. B. Detail of a fractured boulder that has not been 
totally separated from the basement C. Trace of a plant root (rhizolith) found at the top of the upper sub-layer. D. General view of Ain Brahim section show the 
presence of two sub-unit. E. Detail of the SSDS recorded in the contact between the GRU and the Pleistocene basement. F. GRU formed by a single unit in Ain Brahim 
area that contains shells dissolved and represented by internal moulds. G. Aeolian deposits with rhizoconcretions overlying the GRU at the Ain Brahim section.
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with a predominance of valves measuring between 3 and 5 cm. Taph
onomic results reveal a complete absence of articulation, with a low 
fragmentation rate in clusters B and C (2.1–16.2 %). On the other hand, 
Cluster A, comprising samples PMS7, KBS3, KBS5 and KBS6 located 
inside channels, where the deposit is coarser, shows moderate frag
mentation close to the erosive surface (15.5–44.4 %) (Table 2).

As for the abrasion, the shells have dominantly sharp edges 
(53.6–76.4 %), while the percentage of rounded fractures is lower than 
46.4 % on all squares. For organism interactions, clusters A and B show 
low percentages of borings, except in samples KBS5 and KBS6 from 
cluster A, which exhibit moderate percentages of bioerosion structures 
(16.8–22.9 %). Cluster C, comprising samples PMS1, PMS4, PMS5, and 

Fig. 7. A–D. Photographs of Sedaoua section. E–H. Photographs of Kef Boughetar section. A. General view of Sedaoua section. B. GRU of Sedaoua section with 
sponges and coral C. Glycymeris shells are arranged vertically, like plates in a dishwasher. D. Coralline algae in the Sedaoua section. E. Unidentified coral from the Kef 
Boughetar section F. Rounded marine boulder with Gastrochaenolites (bivalve borings). G. General view of the chaotic conglomerate deposits including mud clasts, 
boulders and gravely pockets, containing Glycymeris shells. Note the imbrication of the blocks of Miocene sandstone. Here, the GRU stands on an erosion surface 
carved on the Tortonian (Miocene) basement (yellow dashed line). H. A thin caliche is developed on top of the GRU.

Table 1 
Relative abundance of the biotic components per square meter sampled, expressed as percentage. PMS – Port de Menard Surface, KBS – Kef Boughetar Surface.

Surface Number of 
Shell

Glycymeris 
sp

Acanthocardia 
echinata

Anadara 
gibbosa

Pecten 
jacobaeus

Ostreidae Venus 
nux

Chamelea 
gallina

Gastropods Serpulids Corals Sponges

PMS1 282 81.9 5.3 1.4 0.7 0.4 0.4 0.7 4.3 2.1 1.1 1.8
PMS2 138 61.6 13.0 4.3 2.9 1.4 0.0 0.7 8.0 5.1 0.7 2.2
PMS3 162 82.7 6.2 4.3 0.6 1.9 0.0 0.0 3.1 1.2 0.0 0.0
PMS4 288 72.6 6.9 3.1 1.0 0.4 0.7 1.0 7.4 3.8 1.0 2.1
PMS5 223 79.4 5.8 2.2 0.0 1.8 0.0 0.9 8.1 1.4 0.0 0.4
PMS6 231 72.3 7.4 1.7 2.2 0.4 0.0 1.3 6.1 6.9 1.7 0.0
PMS7 86 79.1 8.1 0.0 0.0 1.2 0.0 4.7 6.9 0.0 0.0 0.0
KBS1 189 76.1 10.6 1.1 0.5 1.1 0.0 1.1 9.0 0.0 0.0 0.5
KBS2 122 67.2 12.3 0.0 1.6 0.8 0.0 0.8 14.8 1.6 0.8 0.0
KBS3 94 75.5 11.7 3.2 0.0 0.0 0.0 0.0 9.6 0.0 0.0 0.0
KBS4 182 64.3 13.2 0.5 0.5 1.7 0.0 2.8 11.5 3.3 1.1 1.1
KBS5 87 73.6 10.3 2.3 0.0 1.2 0.0 3.4 9.2 0.0 0.0 0.0
KBS6 93 84.9 5.4 0.0 0.0 0.0 0.0 2.2 6.5 0.0 0.0 0.0
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PMS6 characterized by shells packed in a reddish sandstone matrix, 
shows very low percentage of borings (<4.6 %). Encrustation is reported 
in two samples (PMS7 and PMS4), with very low percentages of no more 
than 2.3 % (Table 2).

In vertical section, shells show oblique (30–60◦) and perpendicular 
(60–90◦) stacking orientation on all sampled surfaces, except for sam
ples KBS3 and KBS5 from cluster A, which disclose a preferentially 
horizontal stacking orientation (0–30◦), with percentages varying be
tween 40.6 and 48.9 %. In terms of concavity orientation, all three 
clusters reveal comparable results, illustrating a predominance of shells 
oriented with their concave parts downwards, with percentages 
exceeding 50 % (Table 2).

4.3. Micro and nannofossil assemblages in the lenticular marl 
(Pleistocene basement)

The smear slide analysis of the lenticular marl sediment (LM), 
intercalated between the Pliocene and the Glycymeris-rich Unit, from 
Port de Menard (PM) and Ain Brahim (AB) (Figs. 3 and 4) yielded a total 
of 17 taxa of calcareous nannofossils. Of these, Gephyrocapsa (small), 
Reticulofenestra spp., and the extinct Pseudoemiliania lacunosa Kamptner 
ex S. Gartner were the most abundant in all four samples (PM1, PM2, 
AB1, and AB2). Discoaster spp. (also extinct), Calcidiscus macintyrei 
(Bukry and Bramlette) Loeblich and Tappan, Gephyrocapsa (large) and 
Coccolithus miopelagicus Bukry, 1971 are also present, albeit always in 
small percentages. The analyses of the planktonic foraminifera revealed 

Fig. 8. Bivalve taxa from the upper Pleistocene of Hachacha Plateau. A–B. Glycymeris sp. C–D. Glycymeris nummaria (Linnaeus, 1758). E–F. Anadara gibbosa (Reeve, 
1844). G–H. Chamelea gallina (Linnaeus, 1758). I–J. Acanthocardia echinata (Linnaeus, 1758). K–L. Pecten jacobaeus (Linnaeus, 1758). M–N. Venus nux Gmelin, 1791. 
O–P. Ostrea edulis Linnaeus, 1758. Scale bar = 1 cm for all unless otherwise specified.
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a diverse assemblage, with the notable presence of the species Globo
conella inflata (d’Orbigny, 1839), which is the only planktonic forami
nifera biomarker species identified in the lenticular marl.

5. Discussion

5.1. The age of the lenticular marl (lower Pleistocene basement)

According to Backman et al. (2012), the CNPL 9 biozone, also known 
as the Small Gephyrocapsa PRZ biozone (see Gartner, 1977), was defined 
on the basis of the presence of specific nannofossil species in the samples 
and is known for the virtual disappearance of medium (4.0–5.5 μm) and 

large (over 5.5 μm) Gephyrocapsa species, as noted by Rio (1982) and 
Raffi et al. (1993). The nannofossil assemblages of this biozone are 
characterized by the predominance of small-sized Gephyrocapsa and P. 
lacunosa, which has been observed in various oceans (Gartner, 1977; 
Rio, 1982; Raffi et al., 1993, 2006; Wei, 1993). The CNPL 9 biozone 
corresponds to the middle levels of Martini NN19 and was identified in 
all samples from the lenticular marl, being characterized by the partial 
range of the nominal taxon “small Gephyrocapsa”, which lies between the 
top of Gephyrocapsa (large) and the re-entry of Gephyrocapsa (greater 
than 4 μm). This allows the attribution of an Early Pleistocene age 
(Calabrian; 1.25–1.06 Ma) to this unit.

Since Globoconella inflata (d’Orbigny, 1839) first appeared at 2.09 

Fig. 9. Gastropods species from the upper Pleistocene of Hachacha Plateau. A–B. Conus Guanche (Lauer, 1993). C–D. Monoplex trigonus (Gmelin, 1791). E–F. 
Thetystrombus latus (Gmelin, 1791). G–H. Stramonita haemastoma (Linnaeus, 1767). I–J. Bolinus brandaris (Linnaeus, 1758). K–L. Steromphala adansonii (Payraudeau, 
1826) [ = Gibbula adansonii (Payraudeau, 1826)]. M–O. Naticarius stercusmuscarum (Gmelin, 1791). P–Q. Tritia cf. elata (Gould, 1845). Scale bar = 1 cm for all unless 
otherwise specified.
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Ma in the Eastern Mediterranean Sea (Lourens et al., 2005), the fora
minifera assemblage also supports an early Pleistocene age for the 
lenticular marl.

5.2. The age of the conglomeratic Glycymeris-rich unit (GRU)

The GRU crops out at elevations ranging from 1 to 10 m above the 
present sea level (cf. Fig. 3) and exhibits a remarkable diversity of gas
tropods, including Conus guanche, Monoplex trigonus, Naticarius stercus
muscarum, Stramonita haemastoma, Bolinus brandaris, Tritia cf. elata, and 
Thetystrombus latus (Fig. 9). Rare specimens of the coral Cladocora 
caespitosa (Linneaus, 1767) are also present. This assemblage of gas
tropods, along with C. caespitosa, is typical of the "Senegalese fauna" 
(Benjamin et al., 2017; Cerrone et al., 2021), which colonised the 
Mediterranean coasts during the Last Interglacial period (del Valle et al., 
2024).

The term "Senegalese fauna" derives from the fact that its most 
characteristic species, the gastropod Thetystrombus latus, is currently 
found along the Atlantic coasts of West Africa, spanning from Senegal to 
Angola, as well as in the Cabo Verde Archipelago, i.e., in warm, low 
latitude regions. Last Interglacial deposits with elements of the “Sene
galese fauna” occur throughout the Western Mediterranean, except for 
the coasts of the Northern Adriatic Sea (Cerrone et al., 2021). Last 
Interglacial deposits with “Senegalese fauna”, are also know from the 
Atlantic archipelagos of the Azores (Ávila et al., 2010, 2015a, 2016, 
2018, 2020; Madeira et al., 2007; Hyžný et al., 2021; Melo et al., 2023), 
Madeira (Gerber et al., 1989), Selvagens, Canaries (Meco, 1977; Meco 
et al., 1997) and Cabo Verde (Melo et al., 2022a, 2022b).

The presence of T. latus, C. guanche and S. haemastoma indicates 
shallow, warm marine waters, and an upper Pleistocene age (Gignoux, 
1911; Bard et al., 1994; Kreipl and Poppe, 1999; Meco et al., 2002; 
Torres et al., 2006, 2010; Ramirez et al., 2009; Harzhauser and Kro
nenberg, 2013; Sessa et al., 2013; Muhs et al., 2014; Chakroune and 
Zaggbib-Turki, 2017). The occurrence of “Senegalese fauna”/T. latus in 
deposits of the Western Mediterranean Pleistocene is often used as an 
indicator of a Last Interglacial age (more precisely of its warmer period 
known as the MIS 5e). However, the accuracy of this chronological 
attribution has been questioned, particularly for the Mediterranean 
coasts of Spain. This is due to the discovery of T. latus on marine terraces 
dated not only to MIS 5e, but also to MIS 7 and MIS 9 (Zazo et al., 2003). 
Arguments against exclusively assigning deposits containing T. latus to 
MIS 5e were presented in comments (Mauz and Antonioli, 2009) and 
replies (Bardají et al., 2009b) to a paper by Bardají et al. (2009a). 
Nonetheless, there is a consensus that deposits containing the Senegal
ese fauna are assigned to the MIS 5e, the Last Interglacial period. This is 
because the faunal assemblage associated with “Senegalese fauna” is 

Fig. 10. Q-mode cluster analysis, with Unweighted Pair Group Method with 
Arithmetic mean (UPGMA), and Euclidean distances. PMS – Port de Menard 
Surface; KBS – Kef Boughetar Surface.
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present throughout the Western Mediterranean for the entire duration of 
the MIS 5e (Cerrone et al., 2021). In the Canary Islands, all deposits with 
T. latus are also assigned to the MIS 5e (Meco, 1977; Meco et al., 1997; 
Martín-González et al., 2019). Therefore, based on the fossil molluscs’ 
assemblage (associated with the Senegalese fauna), we attribute an 
upper Pleistocene (MIS 5e) age to the GRU deposits.

5.3. GRU depositional model

The presence of Senegalese fauna within the Glycymeris-rich Unit has 
allowed these deposits to be more effectively correlated along the 
coastline of the Hachacha Plateau. The studied unit is characterized by 
an assemblage of shells that are allochthonous, disarticulated, and well- 
sorted. Forming a densely packed unit (sensu Kidwell et al., 1986) 
dominated by Glycymeris spp., these features suggest that hydraulic 
energy is the primary factor controlling the concentration of skeletal 
remains (Kidwell et al., 1986; Davies et al., 1989; Dattilo et al., 2008). 
Mud clasts, rip-up clasts of soil, and angular boulders are derived from 
the erosion of different basement units (Miocene, Pliocene, and Pleis
tocene) present in the study area, while the bioeroded boulders, rounded 
pebbles, and the sand matrix indicate a marine origin. This suggests that 
an extreme event such as a tsunami or storm was responsible for the 
sediment transport and deposition.

The lateral variation in facies and thickness due to geomorphological 
factors and variable basement rocks, along with sedimentary structures 
such as hummocky cross-stratifications (HCS), parallel or oblique lam
inations, and imbricated boulders, combined with an erosional base, 
indicate deposition in a dynamic, high-energy coastal environment 
(foreshore/backshore), while the Senegalese fauna content indicates a 
warm climate. The good preservation of the shells, along with a low 
percentage of biotic interactions, implies rapid burial and short exposure 
on the seafloor, or to the wave action (Donato et al., 2008; Dawson and 
Stewart, 2007). This suggests transport mostly beyond the foreshore, 
and further inland to the backshore zone during an extreme inundation 
event.

At Port de Menard, overlying the Calabrian marl, a sub-unit contains 
abundant mud and paleosol clasts ripped-up from the basement, and 
mud layers interpreted as decantation of stagnant muddy water 
(Fujiwara and Kamataki, 2007) (Fig. 5D). These features indicate that 
lateral facies variation is related to the nature of the eroded basement 
and local geomorphology. In this area, the Pliocene basement exhibits 
channels parallel to the shoreline. These channels, locally controlled by 
faults, may result from the erosive action of an extreme wave event 
(Figs. 4 and 5A). This process favoured the capacity to accommodate a 
considerable volume of bioclastic materials in the coastal environment. 
Inside these channels, three sub-units display alternating normal and 
reverse grading. This grading pattern indicates that sediment was 
transported in suspension under turbulent flow conditions. These 
high-energy flow conditions are also supported by the occurrence of 
horizontal and oblique laminations in another channel (Fig. 5B). Other 
channel deposits, forming a lower sub-unit at Sid El Adjel, are charac
terized by a matrix-supported conglomerate with m-sized angular 
boulders, eroded from the Pliocene basement (rocky coast), imbricated 
above the irregular erosive surface (Fig. 6A). The presence of a boulder 
that has been levered but not completely separated from the basement 
indicates that these large angular blocks were locally quarried from the 
basement and incorporated in the transported mass of sediment 
(Fig. 5A–C).

At Port de Menard, a paleosol is partially preserved below the GRU 
indicating that this unit was deposited inland, possibly at the backshore. 
Approximately 40 m inland, the marine sediment is injected into and 
below the paleosol (Figs. 4 and 5C) and includes friable rip-up clasts of 
the soil. Another evidence of terrestrial deposition is the presence of 
terrestrial molluscs mixed with the marine shells in the reddish shelly 
sandstone upper layer. This suggests that this sub-layer represents a 
backwash unit, which incorporated terrestrial sediment (red soil clay) 

and fauna. The presence of a thin paleosol with plant root traces and 
aeolian deposits overlaying the GRU unit, supports the interpretation of 
a subaerial exposure of the GRU sediment after deposition (Fig. 6C).

In the Ain Brahim area, the GRU consists of two sub-units, suggesting 
deposition by different waves. The upper laminated sandstone possibly 
represents a wave coming from a different direction that essentially 
transported sand. The local dissolution of the shells in this area is 
probably recent and related to the direct exposure of the deposits to 
waves or to marine spray, which not only physically erodes the material 
but also promotes chemical interaction between the shells and the acidic 
seawater (Duquette et al., 2017; Barclay et al., 2020). The soft sediment 
deformation structures found within the underlying Pleistocene base
ment are interpreted as seismite structures (Fig. 6E) resulting from 
seismically induced liquefaction (Buchner et al., 2021). These structures 
were reported by Guessoum et al. (2018) from several areas of the Lower 
Chelif Basin and are attributed to earthquakes of magnitude M > 5.5.

The Sedaoua section represents one of the most complete marine 
Pleistocene series in the Northern part of the Hachacha Plateau. The 
stratigraphic succession consists of lenticular marl, sands, and bio
turbated sandstone from the Pleistocene basement, overlain by the GRU 
deposits. These deposits exhibit a mixture of organisms from different 
shallow marine environments, including bivalves, gastropods, corals, 
coralline algae forming rhodoliths, sponges, and serpulids. This suggests 
that the marine remains were transported from the shoreface towards 
the coastal zone (transfer environment) during an extreme event.

The GRU in the Kef Boughetar region is deposited unconformably 
atop the faulted Miocene basement (Tortonian), reflecting a dynamic 
depositional history shaped by both tectonic and sedimentary processes. 
These deposits, dominated by Glycymeris shells, exhibit large imbricated 
angular boulders (from the Tortonian basement) and other rip-up clasts 
(mud clasts). These characteristics suggest a deposit related to an 
extreme event, with high-energy condition, and a substantial supply of 
sediments, which contributed to the accumulation of this diverse ma
terial in the coastal area. At Kef Boughetar, the outcrop of the GRU 
stands at an elevation of 10 m above the present sea level. The faults 
affecting the Miocene basement likely created zones of weakness which 
facilitated the removal of boulders by the waves and influenced the 
localization and geometry of subsequent sedimentary deposits.

5.4. Deposition processes: tsunami or storm

Both tsunamis and storms can produce shell beds with distinct 
sedimentological and taphonomic characteristics. Recently, these skel
etal concentrations have been used to identify the processes responsible 
for their formation in marine environments ranging from onshore to 
offshore (Puga-Bernabéu et al., 2007; Donato et al., 2008, 2009; Morales 
et al., 2008; Massari et al., 2009; Reinhardt et al., 2012; Puga-Bernabéu 
and Aguirre, 2017; Khadraoui et al., 2018; Torres et al., 2022), or within 
lacustrine systems (Sztanó et al., 2020; Naimi et al., 2023; Rodrigues 
et al., 2024).

The biotic association characterizing the GRU is defined by the 
presence of taxa spanning a wide ecological range, from supralittoral to 
infralittoral zones, with occasional representation of organisms indi
cating a shallow circalittoral biocenose. The assemblage includes Gly
cymeris ssp., G. nummaria, A. echinata, A. gibbosa, V. nux, P. jacobaeus, 
and C. gallina, organisms reported in Mediterranean infralittoral to 
shallow circalittoral biocenoses. Venus nux, inhabiting depths between 
10 m and 700 m, is associated with sandy mud to muddy sand, while 
P. jacobaeus occurs at depths ranging from 9 to 250 m in substrates 
ranging from coarse sand and gravel to fine sands and muddy sands. 
Chamelea gallina, typically found between 2 and 60 m, occupies fine 
sand, sandy mud, and muddy sand habitats. These features combined 
with the low percentages of boring and the total absence of encrustation, 
along with a good to excellent shell preservation, suggest that extremely 
powerful waves reaching deep areas beneath the taphonomic active 
zone eroded sediment masses that buried the shells (Donato et al., 2009; 
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Massari et al., 2009). Our results reveal a predominance of sharp-edged 
fragmentation surfaces. According to Donato et al. (2008), this charac
teristic is one of the most significant indicators of skeletal remains 
associated to tsunami events, a finding that was also proposed by other 
studies (Puga-Bernabéu and Aguirre, 2017; Khadraoui et al., 2018).

The chaotic arrangement of shells, with a dominance of elements 
oriented obliquely to vertically (30–90◦) (Table 2), often stacked in a 
manner resembling plates in a dishwater (Fig. 7C), suggests transport 
within a mass flow (Puga-Bernabéu and Aguirre, 2017). This mode of 
transport minimizes strong impacts between reworked bivalves (Massari 
et al., 2009), preserving them. This interpretation is further reinforced 
by the presence of sedimentary structures indicative of high-energy 
depositional processes. These high-energy flow structures, combined 
with the chaotic texture of the deposit and presence of both soft and 
hard-rock rip-up clasts (Fig. 5B and 6A), suggest rapid, dynamic, and 
energetic sediment erosion and transport associated with mass flows and 
are typically associated with tsunamis. The angular blocks ripped-up 
from the lithified basement rocks, together with soft sediment clasts, 
embedded within the matrix of the deposit, imply a high-energy, 
non-selective transport mechanism capable of entraining and depos
iting both fine-grained sediments and large clasts together (Fig. 6A and 
7G), while preserving delicate clasts of soil. Such conditions are typical 
of catastrophic depositional events, where the extreme energy of the 
flow rapidly mobilizes and reworks sediments from diverse environ
ments in a chaotic manner (Scheffers et al., 2009). Another feature 
observed in at least two outcrops is the clear imbrication of these blocks, 
indicating a Northeastward current. All these features, reflect intensive 
and rapid depositional processes, distinguishing these deposits from 
those formed in more gradual or oscillatory flow conditions, such as 
those associated with storm events (Rossetti et al., 2000). The presence 
of both fragile soil and hard-rock rip-up angular clasts in the lower part 
of the GRU and near the erosion surface in Kef Boughetar and Port de 
Menard areas (Fig. 5D and 7H), indicate the action of turbulent water 
triggered by the first wave(s) of this extreme event/tsunami. These 
waves eroded the pre-existing deposits, producing the observed clasts. 
Another characteristic is the occurrence of sediment injections into both 
hard and soft substrates reported from several tsunami deposits (Paris 
et al., 2018; Madeira et al., 2020), that in some cases illustrate the 
process of erosion and quarrying of the basement. Such features are 

commonly associated with the sedimentary record of tsunami events, as 
documented in numerous studies (Gelfenbaum and Jaffe, 2003; Goff 
et al., 2004; Morton et al., 2007; Matsumoto et al., 2010; Ramalho et al., 
2015; Khadraoui et al., 2018; Paris et al., 2018; Madeira et al., 2020). In 
contrast, soil rip-up clasts are absent and muddy rip-up clasts are rarely 
reported in storm deposits (Morton et al., 2007).

The good sorting, with a predominance of 3–5 cm valves, is one of 
the most distinctive features of the GRU. This can be explained by the 
low percentage of fragmented shells, as high fragmentation typically 
produces sedimentological skeletal concentrations with varying sizes, 
resulting in poorly to moderately sorted coquinas (Puga-Bernabéu and 
Aguirre, 2017). The occurrence of articulated bivalve shells in 
non-living position is often considered indicative of shells transported 
while still alive during tsunami events (Donato et al., 2008; Massari 
et al., 2009; Ando et al., 2018; Kitamura et al., 2018; Madeira et al., 
2020). However, the studied unit exhibits a total absence of articulated 
bivalves, a feature that is more common in tsunamigenic deposits, both 
in coastal (Torres et al., 2022) and offshore settings (Puga-Bernabéu and 
Aguirre, 2017). Regarding the shells concavity, our results indicate that 
among the horizontally oriented shells (0–30◦), those with 
concavity-down orientation, dominate across all measured samples, 
with percentages ranging between 51.2 % and 65.7 % (Figs. 11–13). 
These is consistent with the results of Puga-Bernabéu and Aguirre 
(2017), who also reported a predominance of concavity-down shells 
within tsunami deposits. This pattern contrasts with storm deposits, 
which are dominated by shells in a concave-up orientation.

Massari et al. (2009) reported the presence of normal and inverse 
grading within tsunamis deposits, linked to deposition from prolonged 
high-energy sediment flow. The fining-upward texture and stacking of 
sub-layers with inverse and normal grading has also been reported in 
tsunami deposits at different locations (Fujiwara et al., 2003; Paris et al., 
2018; Madeira et al., 2020). Additionally, the imbrication of large 
boulders is another key feature often linked to tsunami events (Goto 
et al., 2007; Scicchitano et al., 2007; Maouche et al., 2009; Barbano 
et al., 2010; Paris et al., 2011, 2018; Sugawara et al., 2014; Brill et al., 
2017; Madeira et al., 2020). As noted above, the variation in facies and 
thickness is influenced by the pre-existing topography and lithologic 
nature of the affected areas. Hori et al. (2007) reported that thick 
tsunami sediments tend to accumulate in channels, as observed during 

Fig. 11. Histograms of size sorting and taphonomic attributes characterizing cluster A. PMS – Port de Menard Surface; KBS – Kef Boughetar Surface. NSA – Number 
of shell analysed.
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the 2004 tsunami that impacted the West coast of Thailand. In contrast, 
sediments are thinner in areas with local convex topography. Nishimura 
and Miyaji (1995) also emphasized that the thickness of sediment layers 
generated by a tsunami event is controlled by the topographic un
dulations. This observation aligns with findings from the two localities 
of Port de Ménard and Sid El Adjel, where the deposits of the studied unit 
overlie the Pliocene basement, which exhibits channels parallel to the 
shoreline that accommodate a considerable volume of sediment, with 
maximum thickness observed.

In summary, our analysis suggests that the GRU was deposited on 
land by a tsunami event during the MIS 5e. Supporting this hypothesis is 
the evidence provided by the presence of terrestrial deposits both un
derlying and overlying the studied unit, as well as the mixture of 
terrestrial and marine sediment and shells.

5.5. Triggering mechanism

From a structural point of view, Northwestern Algeria belongs to the 
Tellian Atlas, at the boundary between the African and Eurasian tectonic 
plates. This region is one of the most seismically active zones in the 
Western Mediterranean (Maouche et al., 2019). Notable examples of 
significant seismic events include the El Asnam earthquake (M = 7.1), 
which resulted from a 36 km-long surface rupture of a thrust fault (King 
and Vita-Finzi, 1981; Philip and Meghraoui, 1983). Other notable 
seismic events include the Tenes earthquake in 1992 (M = 5.8) and the 
Zemmouri earthquake on May 21, 2003 (M = 6.9) (Ayadi et al., 2003; 
Meghraoui et al., 2004).

This seismic activity is linked to active compression, producing 
NE–SW to E–W trending folds and associated faults (Maouche et al., 

Fig. 12. Histograms of size sorting and taphonomic attributes characterizing cluster B. Abbreviations as in Fig. 11.

Fig. 13. Histograms of size sorting and taphonomic attributes characterizing cluster C. Abbreviation as in Fig. 11.
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2019). Unfortunately, the presence of this neotectonic deformation does 
not allow us to estimate uplift or subsidence rates for the deposition 
sites. On the Hachacha plateau, several canyons, including Kramis, 
Zarifa, Roman, and Abid (Fig. 1), are controlled by strike slip faults. 
These faults have been reactivated during the Quaternary period and 
produced landslides in the margins of Dahra Massif (Matougui and 
Haddoum, 2008). In this context, we consider that the GRU is probably 
associated with the active tectonics in the region. This assumption is 
supported by the extensive network of faults affecting the Quaternary 
sedimentary cover in the offshore (Matougui and Haddoum, 2008) 
(Fig. 1). According to the interpretation of the seismic line (SPI-O2 
profile) by Badji et al. (2015) and Soto et al. (2022) (Fig. 2), salt tec
tonics affecting the seafloor is another possible source, such as the 
Ameur salt wall (Ameur Diapir) that disrupts recent Quaternary de
posits. Vannucci et al. (2004) concluded that the Algerian offshore is the 
main source of seismic activity triggering tsunami events in the Western 
Mediterranean and, according to Roig-Munar et al. (2023), the historical 
earthquakes off the Algerian coast between 1365 and 2023 produced 
most of the tsunamis recorded in the Western Mediterranean, especially 
in Southern Spain.

The occurrence of SSDS in Ain Brahim area within the Pleistocene 
basement, may represent palaeoseismic deformation of still plastic 
sediments (Shanmugam, 2017). Palaeoseismites are also reported 
around the Lower Chelif Basin by Guessoum et al. (2018) and inter
preted as result of earthquakes of magnitude M > 5.5. Buchner et al. 
(2021) interpreted the same type of structures as a new type of seismite 
and a promising tool to identify strong palaeo-earthquakes.

Tectonic, sedimentological and taphonomic characteristics, as well 
as biotic content like those observed in the GRU deposits, have been 
reported from Southern Spain by Torres et al. (2022), linked to a 
tsunami event during the upper Pleistocene. That suggest that the event 
documented in our study area may be correlative to deposits observed in 
Southern Spain. Such correlations underline the broader regional impact 
of upper Pleistocene tectonics and tsunami activity in the Western 
Mediterranean.

6. Conclusions

The Glycymeris-rich Unit deposited along the coast of the Hachacha 
Plateau, represents a sedimentary sequence characterized by a 
molluscan assemblage including Senegalese fauna. These findings indi
cate deposition in a coastal environment ranging from the foreshore to 
the backshore during the upper Pleistocene, corresponding to the Last 
Interglacial period (MIS 5e). The GRU unconformably overlies Miocene, 
Pliocene, and lower Pleistocene basements. Notably, the latter is re
ported in this region for the first time, using a biostratigraphy approach 
based on nannofossils and foraminifera.

Determining the triggering mechanism of a tsunami based on the 
sedimentological and taphonomic characteristics of its deposits remains 
a challenge. We investigated all possible scenarios that could generate 
such events, with a particular focus on seismic activity in the study area. 
Our analysis used both onshore and offshore transects linked to a 
regional context, to better understand the interplay between tectonic 
processes and the resulting sedimentary evidence. The interpretation of 
the GRU as a tsunami-related deposit is supported by distinctive biotic, 
taphonomic, and sedimentological features. The biotic composition 
shows the presence of organisms from supralittoral to shallow circalit
toral zones, along with the mixture of terrestrial and marine mollusc 
shells. Taphonomic evidence reveals: i) low percentages of boring and 
the complete absence of encrustation, combined with good to excellent 
shell preservation; ii) a predominance of sharp-edged shell fragmenta
tion and a chaotic shell arrangement, with the dominance of elements 
oriented obliquely to vertically; iii) good shell sorting, with units 
dominated by shell valves within the size range of 3–5 cm; and iv) a 
complete lack of articulated shells. Sedimentological characteristics 
further support this interpretation. These include an irregular erosive 

base, rapid lateral facies and thickness variations, a wide range of grain 
sizes from sand to boulders, a mixture of rounded and angular clasts, 
imbrication of large blocks, normal and inverse grading within sub- 
units, and diagnostic structures such as rip-up clasts of both soft and 
hard substrate, downward injections of sediment into the basement, 
high energy flow structures, horizontal and oblique lamination, hum
mocky cross-stratification (HCS), and soft sediment deformation struc
tures (SSDS).

The presence of seismite structures beneath the GRU, associated with 
the tectonic context of the Hachacha Plateau, which is located in the 
most tectonically active zone in the Western Mediterranean, suggests 
that the extreme event that produced the GRU may have resulted from 
an offshore surface rupture of an active fault with a vertical component 
in the Northwestern Dahra margin or the Algerian Basin, driven by the 
convergence of the Eurasian and African plates.
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Ávila, S.P., Rebelo, A.C., Medeiros, A., Melo, C., Gomes, C., Bagaço, L., Patricia, M., 
Borger, P.A.V., Monteiro, P., Cordriero, R., Meireles, R., Ramalho, R.P., 2010. Os 
fósseis de Santa Maria (Açores): 1. A jazida da Prainha. OVGA – Observatório 
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Ávila, S.P., Melo, C., Silva, L., Ramalho, R.S., Quartau, R., Hipólito, A., Cordeiro, R., 
Rebelo, A.C., Madeira, P., Rovere, A., Hearty, P.J., Henriques, D., Da Silva, C.M., 
Martins, A.M.F., Zazo, C., 2015a. A review of the MIS 5e highstand deposits from 
Santa Maria Island (Azores, NE Atlantic): palaeobiodiversity, palaeoecology and 
palaeobiogeography. Quat. Sci. Rev. 114, 126–148. https://doi.org/10.1016/j. 
quascirev.2015.02.012.
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Ávila, S.P., Azevedo, J.M.N., Madeira, P., Cordeiro, R., Melo, C.S., Baptista, L., Torres, P., 
Johnson, M.E., Vullo, R., 2020. Pliocene and late-Pleistocene actinopterygian fishes 
from Santa Maria island (Azores: NE Atlantic ocean): systematics, palaeoecology and 
palaeobiogeography. Geol. Mag. 157, 1526–1542. https://doi.org/10.1017/ 
S0016756820000035.
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Goff, J.R., McFadgen, B.G., Chague-Goff, C., 2004. Sedimentary differences between the 
2002 Easter storm and the 15th century Okoropunga tsunami, southeastern North 
Island, New Zealand. Mar. Geol. 204, 235–250. https://doi.org/10.1016/S0025- 
3227(03)00352-9.

Goto, K., Chavanich, S.A., Imamura, F., Kunthasap, P., Matsui, T., Minoura, K., 
Sugawara, D., Ynagisawa, H., 2007. Distribution, origine and transport process of 
boulders deposited by the 2004 Indian Ocean tsunami at Pakargang Cape, Thailand. 
Sed. Geol. 202, 821–837. https://doi.org/10.1016/j.sedgeo.2007.09.004.
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Philip, H., Meghraoui, M., 1983. Structural analysis and interpretation of the surface 
deformations of the El Asnam earthquake of October 10, 1980. Tectonics 2, 17–49. 
https://doi.org/10.1029/TC002i001p00017.
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