Arabian Journal of Geosciences (2021) 14: 684
https://doi.org/10.1007/s12517-021-06481-0

ORIGINAL PAPER ;.)

Check for
updates

Messinian to Piacenzian deposits, erosion, and subsequent marine
bioevents in the Dahra Massif (Lower Chelif Basin, Algeria)

Mohamed Kamel Osman’ - Mostefa Bessedik - Lahcene Belkebir' - Mohamed El Habib Mansouri® - Asma Atik" -
Ayoub Belkhir' « Jean-Loup Rubino? - Linda Satour' - Ahmed Belhadji’

Received: 24 August 2020 /Accepted: 5 January 2021 / Published online: 8 April 2021
© Saudi Society for Geosciences 2021

Abstract

Six geological studied sections from the Ouled Maallah region (Dahra) allow the identification of lacustrine deposits, sandwiched
between Messinian gypsum and Mio-Pliocene blue marls. The gypsum followed by white micritic limestones deposits is
correlated with the “Terminal Carbonated Complex” subsequent to the coral platforms (Oran, Melilla, Sorbas). Correlated to
the Lago Mare 1 episode, which is slightly older than 5.60 Ma, the lacustrine deposits tend to cover a large extension area, both on
the southern margin of the Dahra and on the Beni Chougrane northern slopes. Subsequently, the early Messinian-Zanclean
deposits fossilize the Messinian Erosional Surface and indicate the post-Messinian Crisis marine reflooding. They are charac-
terized by two microfossiliferous successions: (i) the presence of Sphaeroidinellopsis subdehiscens, Globorotalia margaritae
(foraminifers), Ceratolithus acutus, Reticulofenestra zancleana (calcareous nannofossils) indicating the latest Messinian to
earliest Zanclean, followed by an association with (ii) G. puncticulata, G. bononiensis, G. aff. crassaformis and
Helicosphaera sellii, Discoaster asymmetricus, and D. tamalis, indicating a late Zanclean age up to an early Piacenzian one.
The regional correlations reveal large subsiding sedimentary depocentres built along the Chelif Valley. Likewise, the Mio-
Pliocene sedimentation seals folded tectonics active during the latest Messinian, individualized by the tilted gypsum and Lago
Mare deposits of Ouled Maallah. This deformation has resulted from gravity tectonics responsible for the “olistolite” made or
reworked materials within the geological series located at the Chelif Valley and the Beni Chougrane Mounts. This testifies to a
large-scale, compressive deformation that would correspond to a restructuring of paleogeographic spaces associated with the
Tellian Massif uplifts.
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Introduction

For the past 20 years, stratigraphic research based on the mi-
cropaleontology of Neogene deposits in the Lower Chelif
Basin has experienced a certain decline, due to the lack of
thematic programs or a change of perspective, targeting
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specific aspects depending on fossil organisms, more or less
suitable, among other items, for the paleoenvironment recon-
structions. These aspects have made much progress, for ex-
ample, our knowledge of the history of the Messinian Salinity
Crisis in this region and contributed effectively to the wide
understanding context of this crisis in the Mediterranean
(Arambourg 1927; Rouchy 1982a, b; Moissette 1988; Saint
Martin 1990; Poignant and Moissette 1992; Chikhi 1992,
Cornée et al. 1994a; Mansour 2004; Haddadi-Hamdane
1996; Hebib 2014).

The purpose of this study is to take up this theme in order to
diversify the dating methods having as object the precision
and calibration of the biostratigraphic scales of the geological
series of the northwestern basins of Algeria. This will provide
different dating tools, necessary in particular for synthesis
work or for editing the geological map at different scales or
for their revision.
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The planktonic foraminifera biozonation has advanced our
knowledge of the Miocene in this region, making it possible to
design a stratigraphic scheme that is at least acceptable but not
sufficient (Perrodon 1957; Mazzola 1971; Belkebir 1986;
Belkebir et al. 1996; Bessedik et al. 2002; Belhadji et al.
2008; Belkebir et al. 2008). Other microfossils such as calcar-
eous nannofossils are under study (Mansouri 2001; Mansouri
et al. 2008; doctorate in progress); they consolidate and/or
clarify this biozonation.

The systematic and constantly renewed study of sectors
and sections in a vast territory, such as these intramontane
Tellian basins, allows a better understanding of their specific-
ity and their morphological diversity. Within this framework
and from the exploration of new sectors, we target two objec-
tives: (i) lithostratigraphic recording in the Messinian (post-
gypsum) and the Pliocene, (ii) the search for bioevents (plank-
tonic foraminifera and calcareous nannofossils) for calibration
and correlation. These calibrations and correlations were car-
ried out on the Mediterranean scale and in particular with
those based on the dating of radiometric and/or astronomical
events (Gautier et al. 1994; Berggren et al. 1995; Cunningham
etal. 1997; Cornée et al. 2004; Lourens et al. 2005; Backman
et al. 2012; Clauzon et al. 2015a; Benzina et al. 2019; Lirer
etal. 2019).

In this context, the biozonation scale can be constantly
improved, especially when it comes to integrating the calibra-
tion tools between bioevents of species from the same organ-
ism group and/or between different microfossil scales. This
method allows one to refine biostratigraphy in general and
to appreciate paleobiodiversity and regional correlations.

Geologic context

Intramontane, the Lower Chelif Basin, shares borders to the
south by the Southern Tell Mountains (Tessala, Ouled Alj,
Beni Chougrane, Ouarsenis). In the North are the Tellian
coastal massifs of Murdjadjo, Orousses, and Dahra, which
underline its Northern and Northeastern margin. This basin
extends over a length of approximately 250 km and 35 km
wide, as an ENE-WSW oriented lozengic form, made up of
plains, the M’leta in the West, the Habra in the center, and the
Chelif plain in the East (Fig. 1: A and B). It is the place of a
significant Neogene and Quaternary sedimentation, which can
reach 4800 or even 5000 m in thickness (Perrodon 1957,
Meghraoui et al. 1988; Harbi et al. 1999; Arab et al. 2015).
Through its history, this region, located on the north and
northeast margin of the western Chelif Plain, often echoes
during the Neogene an active tectonics (Anderson 1936;
Perrodon 1957; Delteil 1974; Guardia 1975; Fenet 1975;
Meghraoui 1982; Meghraoui et al. 1986; Leprétre et al.
2018). It witnessed the Alpine orogenic activity whose
neotectonic impact is still felt today (Meghraoui et al. 1988;
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Harbi et al. 1999; Derder et al. 2011, 2013; Benbakhti et al.
2018; Abbouda et al. 2019). It manifests itself by a structure in
“tilted blocks,” known from the end of the Cretaceous (Brive
1897; Anderson 1936; Badji et al. 2015; Leprétre et al. 2018:
Fig. 2a). This Tellian morphology is constantly linked to and
called upon by the global dynamics of the African plate and its
displacement towards the northwest (2 cm/year), resulting in
the closure to the north of the Neogene sedimentary basins
(Meghraoui et al. 1988; Derder et al. 2011, 2013; Badji et al.
2015; Leprétre et al. 2018). Such a dynamics is also deep, in
view of data obtained from magmatism (Lucas 1942; Sadran
1952, 1958; Mattauer 1958; Polveéche 1959). The magmatic
activity dates from the Middle Miocene to Quaternary
(Megartsi 1985; El Azzouzi et al. 2003). It manifests itself
intermittently first calco-alkaline then alkaline, as ash or lava
forms, in the Neogene geological series including the Lower
Chelif Basin and its margins (Brive 1897; Gourinard 1958;
Delfaud et al. 1973; Megartsi 1985; Guardia 1975; Bellon
et al. 1984; Thomas 1985; Neurdin-Trescartes 1992; Ameur-
Chehbeur 1988; Louni-Hacini et al. 1995).

The stratigraphy of the geological series of the Dahra
Massif and the surrounding areas began very early with the
mollusks, having made it possible to carry out the first strati-
graphic divisions of the Neogene (Pomel 1892; Ficheur 1896;
Brive 1897, 1920; Dalloni 1915). Subsequent works
(Anderson 1936; Gourinard 1952, 1958; Perrodon 1957) con-
tributed substantially to the knowledge of the stratigraphy of
this region.

Miocene deposits are organized into two major sequences
(Delfaud et al. 1973; Thomas 1985; Neurdin-Trescartes
1992): the first of the Lower Miocene age with detritic (con-
glomerates, sandstones) to fine sedimentation (gray to varie-
gated clay), contemporary with a compressive tectonics, hav-
ing controlled the establishment of the Tellian thrusts or "first
post-thrust cycle" (Perrodon 1957; Mattauer 1958). This sed-
imentation bypasses, in a “scarf,” the Dahra Massif. The revi-
sion of the age of these deposits made it possible to recognize,
at the oldest, the terminal Burdigalian followed by the
Langhian and the Serravallian stages (Bessedik et al. 2002).
Recent biostratigraphic and tectonic data (Meghraoui 1982;
Belkebir and Anglada 1985; Meghraoui et al. 1988; Belkebir
et al. 1996, 2002, 2008; Bessedik et al. 1997, 2002; Belhadji
et al. 2008; Mansouri et al. 2008) are plotted on the map of
geological surveys (Anderson et al. in: Perrodon 1957),
allowing some improvements (Fig. 2B).

At the same time, continental sedimentation took place from
the upper Serravallian with Bouhanifia and Tafna formations
(Guardia 1975, 1976; Ouda and Ameur 1978; Ameur-
Chehbeur 1988; Bessedik et al. 2002; Belkebir et al. 1996).

Generally controlled by a transtensive tectonics, the second
major sequence belongs to the second post-thrust cycle
(Meghraoui 1982, 1988; Perrodon 1957), which is character-
ized by marly deposits of Tortonian and Messinian ages
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Fig. 1 Location map of the Dahra Massif and Lower Chelif Basin. A:
Global West-Mediterranean location; B: North and South Tellian massifs
bordering the Intramontane Lower Chelif Basin (Map extracted from
“Global Mapper v18.2,” Projection: SRTM Worldwide Elevation Data

(Perrodon 1957; Thomas 1985; Neurdin-Trescartes 1992,
1995; Belkebir et al. 1996). Upstream of the southern and
eastern edges of the Lower Chelif Basin, major contemporary
continental spreadings (Vallesian, Turolian) are organized at
the same time (Guardia 1975; Jaeger 1977; Ameur-Chehbeur
1988, 1992; Bessedik et al. 1997; Mahboubi 2014; Mahboubi
et al. 2015).

The Messinian deposits overlie this marine and continental
sedimentation: marls and diatomaceous marls, evaporites,
post-evaporitic marine or lagoonal (Anderson 1936;
Perrodon 1957; Rouchy 1982a, b; Thomas 1985; Saint
Martin 1990; Neurdin-Trescartes 1992, 1995; Mansour and
Saint Martin 1999; Mansour 2004; Cornée et al. 2004, 2006;
Rouchy et al. 2007).

Evaporites (gypsum), witnesses of the Messinian Salinity
Crisis, reach in some places 40 m (two gypsum bars) or even
250 to 300 m in thickness. Their distribution is well-known on

(3-arc-second Resolution); White square: studied zone; C: Position of
studied sections: 1: Moul Settara; 2a: Azaizia (a) and addition, 2b:
Azaizia (b); 3: Ain Yacoub; 4: Oued Tarhia; 5: Garbous Ben Saada

the northern margin of the Lower Chelif Basin and more par-
ticularly on the Dahra southern slope (Fig. 3). Indeed, the Ouled
Maallah region (studied area) has recorded great thicknes.

In the center of the Chelif Basin, the transition between the
Messinian and the Pliocene seems, according to Perrodon
(1957: p. 204), marked by marine marls evolving to lacustrine
environments, with fluvial currents in some places.

The transgressive Pliocene cycle on the previous deposits
is well-represented (Fig. 3) in the Chelif Basin (Brive 1897;
Anderson 1936; Perrodon 1957; Mazzola 1971; Fenet and Irr
1973; Belkebir 1986; Belkebir and Anglada 1985; Thomas
1985; Neurdin-Trescartes 1992; Belhadji 2005; Rouchy
et al. 2007; Atif et al. 2008; Abbouda et al. 2019). It displays
large masses of blue marls up to 750 to 800 m in thickness
(Perrodon 1957; Rouchy et al. 1982; Rouchy et al. 2007:
Abbouda et al. 2019), which evolve vertically to sands and
sandstones (example: Djebel Meni).
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Fig. 2 Geology and structure of the Dahra Massif. A. NNW-SSE
structural section in “tilted blocks,” going from the passive margin to
the southern Tell, passing through the Dahra and the Chelif basins

The Pliocene cycle is divided into two phases (PI and PII:
Thomas 1985; Neurdin-Trescartes 1992): the first marine one
is marked by a transgression (detrital at the base evolving
towards deep facies) then regressive at the end (detritic). The
second phase represents a generally continental sedimentation
preparing the Pleistocene cycle in the region (Perrodon 1957;
Thomas 1985; Neurdin-Trescartes 1992). The Quaternary
continental red formations clearly underline the southern slope
of the Dahra Massif (Brive 1897; Anderson 1936; Perrodon
1957). The Pliocene period is affected by a compressive tec-
tonics, some faults being still active nowadays (Perrodon

@ Springer

(Leprétre et al. 2018). B. Geological and structural map of Dahra
(modified from: Perrodon 1957; Meghraoui et al. 1988; Belkebir et al.
2002; Bessedik et al. 2002)

1957; Thomas 1985; Meghraoui 1982; Meghraoui et al.
1988; Derder et al. 2011, 2013; Arab et al. 2015; Maouche
et al. 2019; Abbouda et al. 2018, 2019).

In this context, the study carried out here relates to
the geological series of Ouled Maallah whose deposits
cape the Messinian selenite gypsum or post-gypsum,
followed by those of the Lower and Middle Pliocene.
This region is located at 38 km, east of Mostaganem,
near the Ouled Mallah agglomeration (Fig. 1C), on road
CWS8A and west of CW n° 52 that connects the axis
Tazgait-Beni Zenthis road (RN 90).
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Fig. 3 Isopach map of Messinian
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marls in the Lower Chelif Basin
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Material and methods

The Dahra Massif sector has excellent Miocene to Pliocene
outcrops whose lithology and stratigraphy are well-known
(Brive 1897; Anderson 1936; Perrodon 1957). In fact, in-
depth micropaleontological studies have been carried out on
this Massif (Belkebir 1986; Belkebir and Anglada 1985) and
the northern edge of the Lower Chelif plain (Mazzola 1971;
Belhadji 2005; Belhadji et al. 2008; Mansouri 2001; Mansouri
et al. 2008).

This study is to particularly establish the chronology of post-
gypsum deposits located in the Ouled Maallah sector, an ag-
glomeration located on the meridional edge of the Dahra
Massif. The outcrops allowed us to describe in detail their li-
thology and paleontological contents. In order to do so, several
samples were taken there (75) and processed in the laboratory.

For the dating of these deposits, this investigation has neces-
sitated the use of foraminifera and calcareous nannofossils,
which permitted the establishment of a biostratigraphic calibra-
tion or correlation using biostratigraphic scales. Comparable
methods were also been carried out in marine deposits
(Berggren et al. 1995; Lourens et al. 2005), transitional marine
and continental ones (Bessedik 1984; Bessedik et al. 1997).

Six geological sections aging between the Uppermost
Miocene and the Lower-Middle Pliocene, and located at
Ouled Maallah, were under study: Moul Settara, Ain
Yacoub, Azaizia (a), Azaizia (b), Oued Tarhia, and Garbous
Ben Saada (Fig. 1C). The lithological description, sampling,
and treatment of the sediments revealed the presence of gas-
tropods, bivalves, scaphopods, solitary polyps, charophytes,
ostracods, foraminifera and calcareous nannofossils, and some
unidentified bones of proboscidians (S. Sen in litteris).

A systematic sampling was carried out there, at 7- or even
10-m intervals; their microfossil content (foraminifera and
calcareous nannofossils) was analyzed, where only the

qualitative presence of stratigraphic taxa or biomarkers was
taken into account, as bioevents.

This paleontological study involved more than 70 samples
processed and analyzed, and in effect, has demonstrated the
presence of microfossils; whereas additional (ad hoc) sam-
pling was dispatched when necessary (stratigraphic precision).
The extraction of planktonic foraminifera and calcareous
nannofossils was performed on the same samples.

A total of 200 to 300 grams of sediment was soaked in luke-
warm water for deflocculation and then was washed under a
stream of water in a sieve (diameter mesh: 100 pum).
Taxonomic analysis and identification of taxa were carried out
using a binocular magnifier (magnification x 250 and X% 500).
These particular samples were subjected to the treatment (smear-
slides) of calcareous nannofossils. Afterward, a very small frag-
ment of sediment stored on a slide was diluted in a drop of
distilled water, then stirred and well spread. Subsequently, it
was put on a hot plate, at moderate temperature for 30 s to
1 min so as to dry it before finally covering it with a bonded
coverslip, using 4 to 5 drops of Eukitt resin. Some pressure could
be applied on the slide in order to thin down the glue under the
coverslip and expel air bubbles. The slide has ultimately dried up
for at least 24 h before labeling the sample code and cleaning it.

After observing the slides using a polarizing optical micro-
scope (magnification x 500), analysis was carried out by a
systematic scanning of each slide (or several slides belonging
to the same sample). The determination was carried out with a
magnification of x 500 to x 1000 pum.

This study reports on two stratigraphic situations revealed,
following the demonstration of the Messinian-Zanclean
boundary. The first concerns the chronology of the Pliocene
marine deposits located above this boundary, which are dated
and calibrated using foraminifera and calcareous nannofossils.
The second situation concerns the deposits located below the
Messinian-Zanclean boundary and post-gypsum, and which

@ Springer
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have provided microfossils indicating a lacustrine environ-
ment to a lagoon one (charophytes, ostracods, benthic, and
some planktonic foraminifera). Their stratigraphic position
and chronological relationship with the gypsum are discussed
and correlated on a local and regional scale.

Biostratigraphy: planktonic foraminifera
and calcareous nannofossils

Planktonic microorganisms with a wide geographical distribu-
tion and, for some of them, with a short chronological exten-
sion are generally used in biozonation. With this in mind, we
began to study the Mio-Pliocene lands of the Dahra Massif.
We compared the associations of planktonic foraminifera and
calcareous nannofossils recorded in the Ouled Maallah sec-
tions with the different biostratigraphic subdivisions applied
in the Mediterranean Basin and calibrated with the standard
biozonation of Blow (1969). The adopted biozones are gener-
ally based on the criterion of appearance, disappearance, or
association of the different taxa used.

Although they efficiently contributed to the knowledge of
Neogene strata, the first studies of planktonic foraminifera carried
out in the northern Algerian Neogene basins are fragmentary
(Magné in: Perrodon 1957; Bizon in: Thomas 1985; Bizon in:
Neurdin-Trescartes 1992). For the marine Pliocene, Mazzola
(1971) was the first to recognize several successive biozones in
the Chelif Basin (from the oldest to the most recent):
Sphaeroidinellopsis subdehiscens paenedehiscens, Globorotalia
hirsuta praehirsuta-G. margaritae, G. puncticulata and
G. crotonensis. Yassini (1975) followed for the Pliocene of the
Sahel of Algiers with in particular Sphaeroidinellopsis
subdehiscens subdehiscens, Globorotalia margaritae, G.
puncticulata and G. crassaformis. Subsequently, the G. inflata
biozone was recognized there (Saoudi 1982). The study of the
Hachacha Plateau revealed a comparable biozonation (Belkebir
and Anglada 1985; Belkebir 1986): G. margaritae,
G. puncticulata and G. bononiensis, G. crassaformis / G.
crassula viola and G. inflata, completed by that of Belhadji
(2005) and Belhadji et al. (2008) with Sphaeroidinellopsis
seminulina, G. margaritae, G. puncticulata-G. margaritae,
G. puncticulata and G. aemiliana.

For the calcareous nannofossils, the work of Mansouri
(2001) and Mansouri et al. (2008) mainly concerned the
Upper Miocene. Pliocene in age, the Telegraph of Sidi
Brahim section revealed the occurrence of calcarcous
nannofossils: Discoaster quinqueramus, Amaurolithus
delicatus, A. primus, Discoaster surculus, D. brouweri,
Reticulofenestra pseudoumbilicus, D. asymmetricus,
D. tamalis (Mansouri Med El Habib in: Tchouar 2013).

The Miocene to Pliocene associations of planktonic fora-
minifera and calcareous nannofossils recorded in the Ouled
Maallah sector confirm previous biostratigraphic successions
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whose marker taxa were collected in the same samples, which
gives the latter a clear advantage in terms of calibrating fora-
minifera with calcareous nannofossils.

In this sector, the Azaizia (a) and Azaizia (b) sections ap-
pear stratigraphically more complete, revealing the presence
of about ten microfossil taxa (planktonic foraminifera and
calcareous nannofossils).

The taxa recorded in the Ouled Maallah sector and those
recorded in the Lower Chelif Basin (Mazzola 1971; Belkebir
and Anglada 1985), mentioned above, are taken into consider-
ation (Fig. 4). The resulting subdivision is correlated with the
subdivisions established in other parts of the Mediterranean
Basin (Bizon and Bizon 1972; Bizon and Miiller 1976;
Zachariasse 1975; Cita 1975; Thunell 1979; Langereis and
Hilgen 1991). The results are referred to the Blow standard scale
(Blow 1969). For the calcareous nannofossils, the subdivision is
based on Martini (1971) and Backman et al. (2012)

The biostratigraphic datums of the taxa and their ages are
calibrated on the basis of the work of Martini (1971), Bukry
(1973, 1975), Okada and Bukry (1980), Berggren et al.
(1995), Lourens et al. (2005), Raffi et al. (2006), Iaccarino
et al. (2007), Hilgen et al. (2012), Backman et al. (2012),
Gradstein et al. (2012), and Lirer et al. (2019).

Note that these authors agree with the Zanclean base (GSSP)
defined at 5.332 Ma (Van Couvering et al. 2000). In relation to
this boundary, the age of the datums is organized. Indeed, among
the planktonic foraminifera (see Fig. 4), the first common occur-
rence of the Globorotalia margaritae species is considered at
5.08 Ma (Lourens et al. 2005; Lirer et al. 2019), its last common
occurrence (LCO) at 3.98 Ma (Lourens et al. 2005; Lirer et al.
2019). We must recall that the top acme for Sphaerodinellopsis
subdehiscens is reported at around 5.21 Ma and 5.30 for its base
(Lourens et al. 2005; Lirer et al. 2019). In addition,
G. margaritae and Ceratolithus acutus may together also date
latest Messinian layers; these data have enabled some authors
(Bache et al. 2012, 2015; Do Couto et al. 2014; Clauzon et al.
2015a; Suc et al. 2015, among others) to place the marine
reflooding of the Mediterranean Basin in the latest Messinian
and not at the Messinian-Zanclean boundary (Fig. 4).

The first appearance (FAD) of Globorotalia puncticulata is
reported around 4.52 Ma (Lourens et al. 2005; Lirer et al.
2019). The last occurrence of this species (LOD) is dated at
around 3.56 Ma (Lourens et al. 2004; Sprovieri et al. 2006),
more precisely at 3.57 Ma (Lirer et al. 2019).

The first appearance (FAD) of Globorotalia crassaformis is
indicated around 3.6 Ma (Lourens et al. 2004; Sprovieri 1993;
Lirer et al. 2019). Note that the first occurrence (FOD) of
G. bononiensis is indicated at around 3.59 Ma (Channell et al.
1988, 1990, 1992; Sprovieri et al. 20006; Lirer et al. 2019) that of
G. aemiliana is recorded around 3.36 Ma (Lourens et al. 2005;
Lirer et al. 2019).

Concerning calcareous nannofossils, the datum of the first
occurrence of Ceratolithus acutus is sometimes dated at
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Fig. 4 Chronologically calibrated bioevents highlighted in the Ouled Maallah succession (Dahra Massif, Lower Chelif Basin)

5.345 Ma (Raffi et al. 2006) and sometimes at 5.36 (Backman
et al. 2012); the age considered by Gradstein et al. (2012) for this
bioevent is 5.35 Ma (Fig. 4). So, the species datum’s extinction is
indicated at 5.04 Ma (Backman et al. 2012).

The first appearance datums (Fig. 4) of Reticulofenestra
cisnerosii (5.332 Ma; Di Stefano and Sturiale 2010),
Helicosphaera sellii (4.58 Ma; Backman et al. 2012), and
Discoaster asymmetricus (4.04 Ma; Backman et al. 2012)
are also specified, respectively. Finally, the considered last
appearance datum of the species Reticulofenestra
pseudoumbilicus (3.79 Ma) and Discoaster tamalis (2.76
Ma) are those proposed by Backman et al. (2012).

These foraminifera and calcareous nannofossil biozones are
calibrated with the biozonations of Blow (1969) and Martini
(1971) (Fig. 4).

Results: lithology of the studied sections
and their bioevents

Six sections from the sector of Ouled Maallah, located on the
southern margin of the Dahra Massif and near the beginning
of'the syneclise of the Lower Chelif are described in this work,

'R, zancleana (Di Stefano and Sturiale 2010; Lancis et al. 2015) is a junior
synonym of R. cisnerosii (Lancis and Flores, 2006).

dealing with their facies, their paleontological content, and the
arrangement of their sedimentary bodies.

Azaizia (a) section
Geological description

This section is located at Oued Sikh, a tributary of Oued
Er Razzaz. Five geological formations are listed there.
The series begin with Gray Marls, about 13 m in thick-
ness (Fig. 5: D). Rich in gypsum debris, the first level of
this formation rests, unconformably, on the massive gyp-
sum. These deposits, with abundant marine macrofauna
(gastropods, bivalves, scaphopods, solitary polyps, etc.),
have produced calcareous nannofossils and planktonic
foraminifera (Figs. 5 and 6; sample A2). Note that the
sample Al mainly provided gypsum debris and did not
contain any microorganism. The second alternation of
fossiliferous Gray Marls and Calcareous Marls (11
m in thickness) overcomes the previous formation. Like
the previous deposits, this formation is rich in
malacofauna (Natica sp., Neopycnodonte cochlear,
ostreidae, vermets, etc.); malacofauna generally abounds
in calcareous marl banks, which gives them a certain
resistance to erosion. Sample No. A3 was found to be
rich in planktonic foraminifera and calcareous
nannofossils (Fig. 6). This geological formation evolves
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Lithology Samples Fossills

AR ——

Fig. 5 Geological series of Azaizia sections with focus on its part (a): A
succession (from the base): Gypsum selenite, Gray Marls, Alternation of
fossiliferous gray marls and Calcareous Marls, Blue Marls, Marls, and
Calcareous Marls Alternation, Biodetritic calcareous sandstone. A:
Azaizia geological section (a); B: Panoramic view and location of the
Lower to Upper Pliocene of Azaizia [(a), (b)]; this photography shows
the “filling” of the Pliocene marly series within the gypsum; C: Upper
part of the “Alternation of marls and calcareous marls”; C1: internal cast
of vermets; C2: internal cast of Veneridae; C3: Internal cast of

towards Blue Marls (20 m in thickness), which contain
bivalves, oyster (Neopycnodonte cochlear), and isolated

polyps.
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Outcrop views

Lower Pliocene

Jee =

Gastropoda. D: Lower part of “Alternation of marls and calcareous
marls”; D1: detail of marls and calcareous marls alternation; D2:
Condensation level of bivalves and gullying; D3: Ferruginous coquina
sandy marl level. E: The gypsum basement and the lowermost Pliocene
Azaizia (a) series. Legend: 1 = Gypsum; 2 = Gray marls with calcareous
marl intercalations; 3 = Marly limestone; 4 = Blue marls with marly
limestone intercalations; 5 = Biodetritic calcareous sandstone. The
hiatus is linked to a lack of visibility

This series continues with an Alternation of marls and
calcareous marls (more than 145 m in thickness), overlying
the previous formation. This alternation is characterized by
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Fig. 6 The Lower Pliocene planktonic foraminifera from of the Azaizia
(a) section (Dahra Massif). A, B, C: Sphaeroidinellopsis subdehiscens
Blow (sample A2); D, E, F: Globorotalia margaritae Bolli &

prevailing marls. Towards the half of this formation, a level of
60 cm appears between samples A9 and A 10, rich in bivalve
debris. This level is marked at its base by ferruginous deposits,
probable witness of emersion (?). The last 5 to 6 m, located at
the top of the section, are beige or even yellowish marls to
slightly sands, and by cracks filled with whitish material. This
formation is characterized by an abundant macrofauna

Bermudez (sample A3); G, H, I: G. puncticulata (Deshayes) (sample
A6); J, K, L: G. bononiensis Dondi (sample A9); M, N, O: G. aff.
crassaformis Galloway & Wissler (sample A13)

(Neopycnodonte cochlear, vermets, Dentales, Turritella sp.,
Natica sp., Pectenidae, Cardiidae ...). Microfauna (planktonic
foraminifera and calcareous nannofossils) is also present there
in samples A6 to A17. The section ends with a Biodetritic
calcareous sandstone, which outcrops locally with a mini-
mum of thickness (50 cm) in the additional Azaizia (a) sec-
tion. This deposit goes through a significant spatial and
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vertical extension near Sidi Abdelkader, which overlooks
north of the Ain Yacoub village. These deposits overlay
(unconformably) the previous formation, marked by con-
glomerates at the base, containing Venerid mollusks, evolving
to slightly sandy yellow marls with burrows, and becoming
limestone at the top.

Bioevents

The washing residues and the treatment of the 12 samples (A2
to A13 are proved to be rich in planktonic foraminifera and
calcareous nannofossils; accordingly, this allows us to identify
taxa with stratigraphic interest (or biomarkers).

—  Planktonic foraminifera: several markers are highlighted in
this section (Fig. 5), in particular the chronological succes-
sion of bioevents (from the base to the top: see Figs. 6 and
9): Sphaerodinellopsis/Globorotalia margaritae (sample
A2), G. puncticulata (sample A4), G. bononiensis (sample
A7) - G. aft. crassaformis (sample A9). This succession is
described by Mazzola (1971) in the Lower Chelif Basin,
except for the species Globorotalia crassaformis whose
position is occupied by that of Globorotalia crotonensis.
On the other hand, the succession of biomarkers described
in the Azaizia (a) section (Ouled Maallah) is recognized as
complete in the Pliocene series of the Hachacha Plateau
(northern Dahra Massif) by Belkebir and Anglada (1985)
and Belkebir (1986). The same events are recognized in the
Miocene-Pliocene series of the Oued Chelif valley mouth
where the Globorotalia aemiliana species succeeds to
G. bononiensis, G. crassaformis species being absent there
(Belhadji et al. 2008). In the Algiers Sahel, Yassini (1973,
1975) describes the same biochronological succession, ex-
cept the Globorotalia bononiensis biozone.

—  Calcareous nannofossils: The section reveals, from bot-
tom to top, the succession of the following bio-events:
Ceratolithus acutus (sample A2)-C. rugosus (sample
A2)—Reticulofenestra cf. cisnerosii (sample A3)—
Helicosphaera sellii (sample A4)-Discoaster
asymmetricus (sample A10). This succession is pointed
out for the first time in the Lower Chelif Basin and the
Dahra Massif (Figs. 7 and 9).

Furthermore, comparable biostratigraphic successions
are described by Martini (1971), Raffi and Flores
(1995), Berggren et al. (1995), Okada and Bukry
(1980), and Backman et al. (2012). This succession
can be summarized as follows: Ceratolithus acutus,
C. armatus (*), Reticulofenestra cf. zancleana,
Helicosphaera sellii, Discoaster asymmetricus,

% C. armatus is considered like a synonym of C. acutus (Bown and Young
1998; Blair et al. 2017).
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Reticulofenestra pseudoumbilicus. Backman et al.
(2012) relate the same succession that we describe in
the Azaizia (a) section. It is also described elsewhere
(Martini 1971; Okada and Bukry 1980). It should be
noted that Reticulofenestra cisnerosii is considered to
be a bioevent marker for the beginning of the Pliocene
(Di Stefano and Sturiale 2010; Lancis et al. 2015).

Azaizia (b) section
A geological description

Unconformable onto selenite gypsum, this section is located
on the side of the municipal road connecting Ouled Mallah to
the RN 90 (Sidi M’hamed Benali -Tazgait), crossing the Ain
Yacoub agglomeration. Overlooking Oued Sikh, this section
is topographically higher in altitude than that of Azaizia (a). It
begins with white marls and calcareous marls (Fig. 8) gen-
erally made up alternating marly limestones with calcareous
marls; called white limestones, these deposits are character-
ized by Ostrea (Neopycnodonte) cochlear (Brive 1897,
Perrodon 1957). Macrofaunas are abundant there (Ostreidae
including Neopycnodonte cochlear, Natica sp., isolated
polyps, scaphopods, Veneridae, etc.). Six samples were taken
from these deposits. Above, the Gray Marls Formation is rich
in macrofauna, in particular scaphopods (Dentalium),
Gasteropods (Natica sp.) and isolated polyps. The samples
taken from these Gray Marls are rich in planktonic forami-
nifera and calcareous nannofossils (Figs. 6, 7, and 9). Indeed,
the following succession is reported below.

Bioevents

This section is located upstream of the first one, near the CW
52 road. It is about 50 m thick and leans against gypsum. By
its geometry, it seems to complete, upwards, the Azaizia (a)
section. Sixteen samples were taken there, delivering plank-
tonic foraminifera and calcareous nannofossils.

—  Planktonic foraminifera (Fig. 6): three species are identi-
fied in this section corresponding to three “bioevents.”
From the base, the first sample revealed the presence
of the Globorotalia puncticulata and throughout the sec-
tion. Globorotalia bononiensis appears in sample All
followed by Globorotalia aff. crassaformis (sample
Al2).

This succession corroborates the upper position of this
section confirmed by the foraminifera content of the
Azaizia (a) section, corresponding to its upper part. It is
comparable with the succession on the Hachacha Plateau
with Globorotalia puncticulata, G. bononiensis and
G. crassaformis (Belkebir 1986).
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Fig. 7 The Lower Pliocene calcareous nannofossils from of the Azaizia
(a, b) sections (Dahra Massif). A, B, C, D: Ceratolithus acutus (Gartner
and Bukry 1974) (section a, sample A2); E, F, G, H: C. acutus (Gartner
and Bukry 1974) (section a, sample A3); 1, J: C. armatus/acutus (Miiller
1974/Gartner & Bukry 1974) (section a, sample A3); K, L:
Reticulofenestra cisnerosii/zancleana (Lancis and Flores 2006/2007; Di
Stefano and Sturiale 2010; Lancis et al. 2015) (section a, sample A3); M,

—  Calcareous nannofossils (Fig. 7): two species are identi-
fied in these calcareous marls followed by blue to gray
marls. This is Discoaster asymmetricus (sample AS)

N: Sphenolithus neoabies (Bukry & Bramlette 1968) (section a, sample
A3); O, P: Helicosphaera sellii (Bukry & Bramlette 1969) (section a,
sample AS); Q: Discoaster asymmetricus (Gartner 1969) (section a, sam-
ple A11); R: Reticulofenestra pseudoumbilicus (Gartner 1967) (section a,
sample A14); S: Sphenolithus abies (Deflandre and Fert 1954) (section b,
sample Al1); T: Discoaster tamalis (Kamptner 1967) (section b, sample
A12). Scale bar = 5 um

followed by D. tamalis (from sample A12). This succes-
sion is described elsewhere (Martini 1971; Okada and
Bukry 1980; Backman et al. 2012).
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For all the sections of Azaizia (a) and Azaizia (b), it is
necessary to note the complementarity of the Pliocene marly
series. This constitutes an important sedimentary body, rang-
ing in age from the Mio-Pliocene to the Middle Pliocene,
resting in unconformity on previously folded and eroded gyp-
sum,; the latter reappears on the margins of the marly series to
the north and south, which describes a series interlocking. The
impact of erosion appears to be significant at the center, but
significantly less at the edges of the structure; the example of
the Ain Yacoub section, 800 m from Azaizia (a) and located
on its edges at an altitude of 315 m is demonstrative in the fact
that the white micritic limestones and white marl with
charophytes (lagoon facies) succeeding the gypsum would
represent the witness of the material remaining from erosion.

Moul Settara section
Geological description

Consisting of marly, limestone, and fossiliferous sandstone
deposits (Fig. 10), this series is faulted; it is evident in partic-
ular in the mass of selenite gypsum that constitutes the base-
ment of the succession. There are five distinct geological for-
mations. The first formation begins with Beige marls with
sandy intercalations (A), the contact of which with the un-
derlying gypsum is not reached here. The beige color, some-
times only relating to their surface, can change to gray. They
contain macrofauna like Ostreids including Neopycnodonte
cochlear, Pectenidae, and Gastropods. Three samples (Msl
to Ms3) were taken there, delivering foraminifera and calcar-
eous nannofossils. This formation is followed by Gray marls
(B & D) with an intercalation of Fossiliferous calcareous
sandstone (C) whose thickness can reach 4 to 5 m. The latter
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is very rich in malacofauna (Pectenidae, Ostreidae,
Gastropods, etc.). Three samples (Ms4 to Ms6) from the gray
marls yielded foraminifera and calcareous nannofossils. This
section ends with White calcareous marls, which can reach
10 m in thickness in some places. They are very rich in broken
and whole oyster shells (including Neopycnodonte cochlear),
Gastropods, dentals, solitary polyps. By their facies, their col-
or, and their paleontological content, they become identical to
the alternation of Marls and white Calcareous Marls, located
at the base of the Azaizia (b) section, which also yields fora-
minifera and calcareous nannofossils.

Bioevents

Opposite to Azaizia (a), this section is located on the left bank
of Oued Sikh. Six (6) samples are taken in the gray to beige
marls, delivering three biomarkers.

—  Planktonic foraminifera (Figs. 6 and 9): only the species
Globorotalia puncticulata is notified there (samples 1-6),
already reported in the Dahra Massif (Belkebir 1986) and in
the Lower Chelif Basin (Mazzola 1971; Belhadji et al. 2008).

—  Calcareous nannofossils (Figs. 7 and 9): Two events are
revealed by the presence of Helicosphaera sellii (samples
1-6) and Discoaster asymmetricus (samples 1, 2, 6).

Ain Yacoub section
Geological description

Five geological formations are identified in this section
(Fig. 11):
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Fig. 9 Stratigraphic distribution of planktonic foraminifera and calcareous nannofossils from the six sections close to Ouled Maallah

Resting (unconformably) on the massive selenite gypsum
(A), the laminated micritic white limestones (B) are 6 m thick.
They are disturbed, fractured, and brecciated with sometimes
gypsum balls and slumps of micritic limestones. A sample
taken from these levels showed, in a thin section, filaments,

fairly comparable with stromatolites (?). These limestones
contain gypsum lenses in spearhead whose crystals, in the
shape of sheaves, are planted vertically on limestone platelets.
Evoking a gypsum substratum instability, this sedimentation
testifies to an already existing slope or in the course of
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Fig. 10 Moul Settara section. A:
Lithologic succession, sampling,
and fossil emplacements; B.
Panoramic views of the
formations with their location; C:
B, C, and D formations; D: A, B
and C formations; E: Gypsum
selenite Formation. Legend: 1:
Gypsum; 2: Beige sandy marls; 3:
Gray marls; 4: Sandy limestones;
5: Calcareous marls; 6 F: Fault
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construction. Above are White Marls with Characeae and
Ostracods (C), around 5 to 6 m thick. They follow with the
same dip of the previous formation. Washing of the marls
revealed the presence of characeous oogonias and agglutinat-
ed or separated shells of generally smooth ostracods. These
organisms indicate a lake environment.

These deposits are followed by Beige marls (D), with a
thickness exceeding 12 m. They are almost horizontal and
unconformably capping the previous deposits (Micritic
limestones and White marls with charophytes). They are rich
in Ostreidae including the species Neopycnodonte cochlear.
Two samples were taken there, revealing the presence of fo-
raminifera and calcareous nannofossils (Figs. 6, 7, and 9).
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These beige marls are capped by Biodetritic calcareous
sandstones (E). With yellow color, these sandstones have
massive bars, containing fragments of bivalve shells (2 m in
thickness locally) they can reach more than 50 m at Sidi
Abdelkader locality (Fig. 9: photos 1 and 2).

Bioevents

The micritic white limestones in platelets or finely lined and
bypassed rest unconformably on the Messinian selenite gyp-
sum by means of pockets of brecciated white limestones or
gypsum blocks (Fig. 11). These limestones are covered by
white marls that provided Ostracods and Characeae,
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indicating a lake or even lagoonal environment. These de-
posits did not provide a stratigraphic bio-marker, on contrary,
the unconformably overlying beige marls yielded the forami-
nifera Globorotalia puncticulata and the calcareous
nannofossils Discoaster asymmetricus and Helicosphaera
sellii (Fig. 9).

Oued Tarhia section
Geological description

This section is carried out on a north-south transect, along the
Oued Tarhia, with a thickness exceeding 350 m.

This series overlies the massive selenite gypsum (Fig. 12);
the latter is stretched and fractured in particular in the center of
the structure where there are forms of extrusion and tightening
in the normal fault direction (Fig. 12, J, K1, and K2). In ad-
dition, the transect of the Oued Tarhia Valley is a major NNE/
SSW fault axis, causing the Hamri sector to move north (trans-
lation), while giving it a slight eastward rotation.

This series consists of five geological formations:

Unconformably resting on selenite gypsum, the Gray to
variegated marls (B) begin this section with a thickness of
around 6 m. Four samples were taken there which are poor in
planktonic microfauna, except for the presence of some
smooth forms of internal mold of ostracods, attesting to a
palustrine or even lacustrine environment. About 10 m away,
an Alternation of Conglomerate, marls, and sandstones
(C) starts at the base with an unconformity observed on the
Gray to variegated marls, represented by conglomerates and
sandstones. The latter evolves towards marls and calcareous
sandstones, sandy marls, sandstones that ends with
crossbedded sandstones. Above, succeed Gray Marls (C),
70 m thick, having delivered foraminifera and calcareous
nannofossils (Ot7 to Ot9). They are followed by Blue marls
(D), comparable with the previous gray marls but they differ
in color. Their thickness exceeds 200 m, much of which dis-
appears under crops (hiatus). Their upper part is enriched with
calcareous marl benches with a thickness of 3 to 4 m each
time. Two samples were taken from the lower part of the
Blue Marls which delivered foraminifera and calcareous
nannofossils (samples Ot10, Otl1, Ot12, Otl3, and Ot14).

On the previous deposits, rest (because of erosion) Beige
marls and yellow biodetritic calcareous sandstones (F).
This alternation exceeds 150 m of thickness. The biodetritic
calcareous sandstones form bundles of benches, each with a
thickness of 3 to 4 m. They are rich in bivalves such as
Ostreidae (Neopycnodonte cochlear, among others) and
Pectenidae observable on the lower base of the beds (Fig.
12, A, D1 to D3); the benches are arranged in “onlapping”
sedimentary bodies, forming structures indicating the pres-
ence of subsidence phenomena associated with a syn-
sedimentary tectonics (Fig. 12: E1 and E2). The samples taken

in this formation have delivered foraminifera (samples Ot15,
Ot17) and calcareous nannofossils (Ot16).

Bioevents

Eleven samples were taken in this section: eight in gray marls
and alternating marl with marly limestone and three in alter-
nating yellow marls and marly limestones.

—  Planktonic foraminifera (Figs. 6 and 9): four biomarkers
are evidenced in the gray marl formation: Globorotalia
margaritae (samples Ot1-Ot3), G. puncticulata (samples
0Ot1-0tl1), G. bononiensis (samples Ot9-Ot11 in yellow
marls) and G. aff. crassaformis (Ot9-Otl11 samples). This
succession is known in the northern part of the Dahra
Massif (Belkebir 1986; Belkebir and Anglada 1985), in
the Lower Chelif Basin (Mazzola 1971; Belhadji et al.
2008) and in other sectors located eastward of this basin
(Yassini 1973, 1975).

— Calcareous nannofossils (Figs. 7 and 9): two taxa are
recorded in the analysis of this geological series:
Discoaster asymmetricus (samples Ot1-Ot4 and 8) and
D. tamalis (samples Ot6—Ot8 and Ot10).

Garbous Ben Saada section
Geological description

The geological surveys of this section (Fig. 13) were carried
out on the southern slope of the Dahra Massif, along a tribu-
tary of the Oued Chelif that runs along the municipal road
located at the eastern exit of Ouled Maallah at Douar
Mellalha, connecting it to the agglomeration of Tazgait, via
the RN 90.

The section was sampled in the last 12 m, completing, in
the sector of Ouled Maallah, the large areas of blue marls
which initiate the of Lower Chelif Plain. It begins with
Marine blue marls (A and C) from which four samples have
been taken; they delivered planktonic foraminifera and calcar-
eous nannofossils (Fig. 13). An intercalation of fossiliferous
calcareous Marls (B) is observed within the preceding
Marine blue marls. It is a bar of 2-3 m of thickness; it is rich
in macrofauna with generally whitish tests, notably of
Bivalves, Gastropods, Scaphopoda, among others. The micro-
fauna is dominated by benthic foraminifera.

The blue marls evolve progressively to yellow biodetritic
sandy marls (D) with a thickness exceeding 140 m. Marked
by sandstone intercalations, they are rich in Ostreidae and
Gastropods; they also delivered fossil remains of indetermin-
able Proboscidians (Sevket Sen, in litteris). Above, comes an
Alternation of Sandstone and red clays (E), clearly uncon-
formable on the previous formation, containing levels with
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root remains; emphasize the margin of the southern slope of
the Dahra Massif, this formation is attributed to Quaternary

(Brive 1897; Perrodon 1957). The section ends with large
spreading of Conglomerates (F) and microconglomerates
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«Fig. 11 Ain Yacoub geological section. A: Lithologic succession,
sampling, and fossil emplacements; B: Panoramic views of the five
geological formations. Note the geometry of the gypsum (tilted) and the
(subhorizontal) overlying Pliocene deposits. C: Limestone biodetritic
sandstone. D: The white Messinian micritic limestone formations,
laminated, bechified, and fractured micritic white limestone formations
(B) and beige Pliocene marls (D); Ayl, Ay2,...: samples; E: The
formation of white micritic limestones (B) followed by gypsum lenses
in spearhead and the formation of white marls with charophytes and
ostracods (C). F: details in the formation of the micritic white
limestones (B) showing contoured and slumped limestone banks (Ga);
the laminite arrangement covered (Gb) by gypsum in spearhead (Gc) in
vertical position. The whole shows a dip conforming to that of massive
gypsum. Legend: 1: Gypsum selenite; 2: White waved calcareous matrls;
3: Laminated calcareous marls with gypsum; 4: White calcareous matrls;
5: White marls; 6: Beige gray marls; 7: Calcareous biodetritic sandstone

Bioevents

This section, located on the southern margin of the Dahra
Massif, was the subject of four samples from the gray marls,
which revealed the presence of planktonic foraminifera and
calcareous nannofossils. The yellow sandy marls totaling a
hundred meters thick did not deliver microfossil. Four bio-
markers were recorded in this part of the section (Fig. 6):

—  Planktonic foraminifera (Figs. 6 and 9): two species are
identified from the base of this geological series. These
are Globorotalia margaritae (samples G1-G2) and
G. punticulata (samples G1-G4).

—  Calcareous nannofossils (Figs. 7 and 9): two biomarkers
are recorded in these gray marls (samples G1-G4). These
are Discoaster asymmetricus and D. tamalis.

Discussion

The age of the selenite gypsum is here discussed based on its
local and regional correlations, environment, and stratigraphic
position in the context of the Messinian Salinity Crisis in the
Mediterranean region. The lacustrine deposits overlying it are
correlated, dated, and integrated into this chronostratigraphic
context. Moreover, the identified bioevents in the Pliocene
deposits are discussed and correlated with the planktonic for-
aminifer and calcareous nannofossil datums. Finally, local and
regional correlations are proposed, including some tectonic
deformations and gravity movements highlighted in the
Lower Chelif Basin and the Dahra Massif.

The age of the selenite gypsum

Evaporite deposits are well-known in the Chelif Basin and the
Dahra Massif (Brive 1897, 1920; Anderson 1936; Busson and

Magné 1955; Perrodon 1957; Gourinard 1952, 1958; Delfaud
et al. 1973; Rouchy 1982; Thomas 1985; Saint Martin 1990;
Neurdin-Trescartes 1992). These deposits are generally attrib-
uted to the Sahelian (Pomel 1889) or to the latest Miocene
(Anderson 1936; Perrodon 1957). The gypsum deposit or
"Mellah" of Anderson (1936) is linked, in Oran region to a
trilogy of facies whose vertical evolution (diatomites or tripo-
lis - algal limestone / coral-gypsum) even lateral passage
(p.p.), seems to be increasingly well-established (Rouchy
1980, Rouchy 1982a, b; Saint Martin 1990; Saint Martin
and Rouchy 1990; Rouchy and Saint Martin 1992; Saint
Martin et al. 1992; Rouchy and Caruso 2006, among others).

Basically, the dating of the gypsum is often provided by
planktonic foraminifera, extracted from the underlying de-
posits (marls, diatomites, and diatomitic marls). In fact, the
picked samples, at the level of Djebel Sikh (Ouled Maallah),
in an alternation of marls and diatomitic marls, capped by
gypsum, reveal the presence of Globorotalia mediterranea
and Amaurolithus primus associated with A. delicatus. The
first occurrence of this species marks the beginning of the
NN11b Subzone, the base of which is still located in the
Tortonian; the first occurrence of A. delicatus evidences the
Tortonian-Messinian boundary (Colalongo et al. 1979;
Theodoridis 1984; Rakic El Bied and Benson 1996; Negri
and Villa 2000; Raffi et al. 2003; Morigi et al. 2007,
Mansouri et al. 2008). The Subzone NN11c, of Messinian
age, is marked by the first occurrence of Nicklithus amplificus.

This age is generally confirmed everywhere on the southern
margin of the Dahra Massif, from the Chelif Mouth in the West
to Bouzghaia locality in the East, based on the occurrence of
Globorotalia mediterranea (Rouchy 1982a, b, Belkebir and
Anglada 1985; Belkebir 1986; Belkebir et al. 2002; Aifa et al.
2003; Mansour 2004; Belkebir et al. 1996, 2008; Belhadji et al.
2008; Hebib 2014); The presence of Amaurolithus delicatus
and Reticulofenestra rotaria is followed by the species
Nicklithus amplificus which marks the NN11c Subzone
(Mansouri 2001; Mansouri et al. 2008). This attribution is also
confirmed in the sediments of the Beni Chougrane northern
slopes (Rouchy 1982a, b; Saint Martin et al. 1983; Poignant
and Moissette 1992; Chikhi 1992; Mansour et al. 1995;
Mansour 2004; Mansour et al. 2008).

Some dating elements could be sought in the sedimentary
bodies constituting the carbonate platform of the Murdjadjo
(Arambourg 1927; Delfaud et al. 1973; Rouchy 1982a, b;
Saint Martin 1990; Cornée et al. 1994a; Belkebir et al. 1994;
Belkebir et al. 1996); this provides a post-reef sedimentation,
commonly called “Terminal Carbonated Complex (TCC)”
where massive lenticular selenite gypsum is integrated therein
(Rouchy 1982a, b; Saint Martin 1990; Cornée et al. 1994b).
The coral reef platform of Murdjadjo is correlated, by its anat-
omy, its stratigraphic position, and biostratigraphy, with those
well-known from Melilla in Morocco and Sorbas in Spain
(Cunnigham et al. 1997; Cunningham and Collins 2002;
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Fig. 12 Oued Tarhia section. A: Lithological succession, sampling, and
fossil presence; B: Beige marls and yellow biodetritic sandy Limestone
Formation; B;: Topographic slope revealed by onlap system; B,:
Tectonic and subsidence movements; C: Onlap of sedimentary bodies’
image (by Google earth) showing north vergence; D, Dy, D,: Faunal
content on lower bench surface; E: position of the samples in the gray
marls, along the Tarhia Valley; E;: Position of the samples in the Blue
marls; F: Laminated sandstone benches; G: Conglomerate and

Cornée et al. 2004; Clauzon et al. 2015a; Manzi et al. 2013:
Roveri et al. 2014b, 2016).

The radiometric dating of the TCC (including gypsum),
estimated at Melilla between 5.82 and 5.79 Ma
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crossbedded sandstones; H: Lacustrine gray marls, unconformity,
Messinian Gypsum; I: To the left: Pliocene blue marls, to the right:
Gypsum, Lacustrine gray marls, and sandstone alternation; J: in the
center: the massive faulted gypsum; K, K,: details in the gypsum and
anhydrite fault movements. Legend: 1: Gypsum; 2: gray and blue marls;
3: conglomerates; 4: sandstones and sandy Marls; 5: Limestone; 6:
sandstones; 7: Marls and sandstones; 8: cross-bedded sandstones; 9:
Calcareous marls; 10: sandy limestones.

(Cunningham et al. 1997), has been extended
stratigraphically, between 5.95 and 5.60 Ma (Cormnée et al.
2004). The Sorbas gypsum is dated between 5.94 and
5.96 Ma at the base and around 5.60 - 5.54 Ma at the top
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Fig. 13 Geological series of Garbous Ben Saada section. A: Lithologic,
sampling and fossil emplacements; B: Quaternary red continental
formation; C: Formation of biodetritic and sandy marls; C1: The
location of the Proboscidian fossil remains; C2: Fossil bones of
indeterminate Proboscidians and details; D: Turitella sp.; D1: Natica
sp.; D1: Conidae; E: Fossiliferous marly limestone: Cardiidae, Dentalia

Outcrop views

sp.; F: Panoramic view of Garbous Ben Saada geological series (The
southern slope of the Dahra Massif) with the principal formations (A,
B, C, D, E and F: see description) and sampled levels (G1, G2, ..., G9).
Legend: 1. Blue marls; 2. Fossiliferous marly limestones; 3. Biodetritic
sandy marls; 4. Sanstones; 5. Sandstones and red silt alternation; 6. Red
conglomerates and microconglomerates
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(Gautier et al. 1994; Krijgsman et al. 1999). Recently, the
section of Sorbas (Martin and Braga 1994; Riding et al.
1998; Fortuin et al. 2000) was reviewed, which allowed the
gypsum to be dated at its base 0of 5.971 Ma (Manzi et al. 2013)
and at its top at 5.60 Ma (Krijgsman et al. 2001; Clauzon et al.
2015a). This landmark (5.60 Ma) would correspond to the top
of the lagoon deposits of Vera and San Miguel de Salinas
(Fortuin et al. 1995; Clauzon et al. 2005; Popescu et al.
2009, 2015; Caruso et al. 2020). At Sorbas, TCC corresponds,
for Clauzon et al. (2015a), to the upper (more marine) part of
the gypsum while for Roveri et al. (2009, 2020) it corresponds
to the whole gypsum.

In the paleogeographic context of the Messinian Salinity
Crisis, the evaporites (sulfates) are generally deposited in shal-
low peripheral basins, compared with those (chlorides: K, Na,
Mg) lying in deeper (marginal or central) basins. This relative
stratigraphic position is still debated (Clauzon et al. 1996;
Riding et al. 1998; Butler et al. 1995, 1999; Krijgsman et al.
1999; Rouchy and Caruso 2006; Manzi et al. 2013; Roveri
et al. 2014b; Clauzon et al. 2015a; Roveri et al. 2016), though
it currently tends towards consensus (CIESM 2008).

Indeed, the chronological succession of evaporites in the
Mediterranean Basin is established as follows: in a first step
(5.97-5.60 Ma), evaporites are deposited in peripheral basins
followed, in a second step (5.60-5.46 Ma), by evaporites set-
ting in central basins; this last stage corresponds to a huge
drop of the Mediterranean Sea level and a strong subaerial
erosion of its margins (Clauzon et al. 1996, 2015a; CIESM
2008; Bache et al. 2012, 2015).

The Age of lacustrine deposits (or Lago Mare) and
their regional correlation and stratigraphic position

In the Ain Yacoub section, the white micritic limestones in
platelets or those finely lined and contoured lay unconform-
ably on the Messinian selenite gypsum by means of pockets of
brecciated white limestones or blocks of gypsum (Fig. 11-4).
These limestones are capped by white marls providing ostra-
cods (details: see below) and Characeae.

These white marls indicate a lacustrine or even lagoonal
environment. The beige marls unconformably overlying them
provided the presence of Globorotalia puncticulata,
Discoaster asymmetricus, and Helicosphaera sellii, thus
allowing us to attribute them to the Lower Pliocene
(Zanclean). Consequently, the lacustrine deposits are trapped
between the Messinian gypsum and the Lower Pliocene de-
posits. This stratigraphic position is not different from that of
Oued Tarhia (section) gray marl to variegated deposits.
Resting on the Messinian gypsum through an irregular surface
(Fig. 11-H), these provided ostracods, indicate a lacustrine
environment.

All these data demonstrate that the white micritic limestone
could have a coastal marine character as it has been considered
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elsewhere (Belhadji et al. 2008). However, the sedimentation
with a lacustrine to lagoonal character, overcoming gypsum in
the Ain Yacoub and Oued Tarhia sectors, would correspond to
a Lago Mare episode, compared with that described (Rouchy
1982a, b; Rouchy and Saint Martin 1992; Rouchy et al. 2007)
in the Dahra (Oued Aicha, Oued Ben Zar) and Beni
Chougrane (Ghomri, Sahaouria, Sig) massifs (Fig. 14-B).

The Lago Mare episode described in the Lower Chelif
Basin shows some peculiarity, notably a runoff of continental
freshwaters marked by charophytes. Indeed, the Lago Mare
concept is sometimes linked to desalination episodes experi-
enced by the Mediterranean Basin during the Messinian
Salinity Crisis when Paratethyan waters entered the
Mediterranean Basin under more humid climatic conditions
(Orszag-Sperber 2006).

Because of (1) the identity of the Lago Mare fauna (mol-
lusks: dreissenids and lymnocardiids; ostracods: Cyprideis
pannonica group) and microflora (dinoflagellate cysts) in the
Mediterranean Basin with those endemic of the Eastern
Paratethys, and (2) the coeval occurrence of Mediterranean
marine species (foraminifera, calcareous nannofossils, and di-
noflagellate cysts) in the Eastern Paratethys, crossed ex-
changes of surface waters have been considered between the
two basins during episodes of high sea level (Clauzon et al.
2005; Popescu et al. 2009, 2015).

The presence of lacustrine deposits in the Ouled Maallah
sectors and their extension towards the East (Oued Aicha,
Oued Ben Zar), on the one hand on the edge of the Dahra
Massif and South of the Lower Chelif Basin, on the other hand
in the Beni Chougrane sectors (Ghomri, Sahaouria, Sig),
shows a vast extension of these lacustrine to lagoonal facies
(Fig. 3; Fig. 13, B). The study of other sectors is in progress.

The first studies and conditions of Lago Mare deposits in
the Lower Chelif Basin were carried out by Rouchy et al.
(1982) and Rouchy et al. (2007) who attributed it to the late
Messinian. Their microfossil content is marked, according to
Rouchy et al. (2007), by ostracods including the Cyprideis
group (C. agrigentina and C. anlavauxensis) associated with
Amnicythere accicularia, Amnicythere sp., Candona sp.,
Camptocypria sp. and Loxoconcha sp., indicating hyposaline
water conditions, but also Characeae and benthic foraminifera
typical of oligohaline environments.

Near those of Ain Yacoub and Oued Tarhia, the Ouled
Slama-Djebel Rokba section (A. Atik, study in progress), lo-
cated to the east of Ouled Maallah, reveals the presence in the
Lago Mare deposits of foraminifera, charophyta and an ostra-
cod association dominated by Loxochochissa, Cypereides,
Limnocythere, of which we can consider the Paratethian origin
(Faranda et al. 2007).

Yet, the Ouled Maallah sections (Ain Yacoub, Oued
Tarhia) complete this correlation and allow a better under-
standing of this episode as well as the reflooding modalities
in the region.
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Fig. 14 Stratigraphic correlations between the Lago Mare layers: A:
Oued Tarhia, Ain Yacoub, Murdjajdo corallian Platform. The ostracods
collected in the Ain Yacoub and Oued Tarhia sections are comparable
with those determined at Ouled Slama-Djebel Rokba (Loxochochissa,
Cyprideis, Limnocythere, etc.). B: Regional Lago Mare correlations

Moreover, the sedimentary succession of gypsum and
white micritic limestones registred at Ouled Maallah may con-
stitute a lateral facies grading to those (p.p.) of the Murdjadjo
reef complex (Fig. 14, A). Note that the micritic limestones
and the Murdjadjo stromatolites are correlated with the
Terminal Carbonated Complex of the Melilla platform and
that of Sorbas (Cornée et al. 2004). If the dates of these

(Dahra, Beni Chougrane). The ostracods collected in the Touaka, El
Ghomri, Oued Aicha, and Oued Ben Zar sections are listed in Rouchy
et al. (2007): C. agrigentina, C. anlavauxensis associated with
Amnicythere accicularia, Amnicythere sp., Candona sp., Camptocypria
sp., and Loxoconcha sp.

deposits (TCC) are estimated between 5.8 and 5.6 Ma
(Clauzon et al. 2015a) or 5.97-5.6 (Roveri et al. 2020), the
radiometric dates obtained on the Melilla platform and corre-
lated to that of the Murdjadjo allow us to locate the white
micritic limestones of Murdjadjo between 5.95 and 5.60 Ma
(Comnée et al. 2004). Consequently, the white marls (Ain
Yacoub section) or gray to variegated marls (Tarhia section)
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with lacustrine to a lagoonal character could be correlated to a
platform marine episode (limestones with stromatoliths and
oolites). The post-Lago Mare conglomerates intersecting un-
conformably the gray marls variegated with Ostracods (Tarhia
section: Fig. 12-H) seem to correspond to a tectono-eustatic
activity of Messinian age, because of the existence of overly-
ing Pliocene deposits with Globorotalia puncticulata. This
sedimentary unconformity can be correlated with that evi-
denced in the Sahaouria section (Atif 2001; Rouchy et al.
2007), achieved before the olistotith set up.

Furthermore, the Messinian lagoonal deposits are well-
known in the Mediterranean regions (Ruggieri and Sprovieri
1974, 1976; Ciaranfi et al. 1978; Colalongo et al. 1978; Cita
and Colombo 1979; Rouchy et al. 1980; Geerlings et al. 1980;
Cita and Vismara-Schilling 1980; De Deckker et al. 1988;
Orszag-Sperber et al. 1989; Fortuin et al. 1995; Orszag-
Sperber et al. 2000; Rouchy et al. 2003; Bassetti et al. 2006;
Cosentino et al. 2006; Orszag-Sperber 2006; Pierre et al.
2006; Rouchy and Caruso 2006; Rouchy et al. 2007,
Popescu et al. 2009, 2015; Do Couto et al. 2014; Popescu
et al. 2007), representing, like gypsum, important environ-
mental successions in the Mediterranean (MSC) history.
This ended with generalized Lago Mare episodes which were
fully marine, marked by Paratethyan influxes and interrupted
by the Pliocene marine reflooding (Do Couto et al. 2014;
Popescu et al. 2015).

Marked by the presence of brackish or marine organisms
(mollusks, ostracods, dinoflagellate cysts, charophytes), this
sedimentation is of an earlier (or contemporary) age than the
reflooding of the Mediterranecan Basin (Gignoux 1936;
Ruggieri 1962; Cita and Colombo 1979; Clauzon et al. 2005;
Orszag-Sperber 2006; Rouchy et al. 2007; Popescu et al. 2009,
2015), or even slightly later than the Messinian evaporites (Hsii
et al. 1973). This reflooding of almost completely dried-out
basins (Cita et al. 1978a, b) resulted from a rapid supply of
water with low salinity from the Paratethys. Since then, recent
studies concerning the history of the Mediterranean MSC have
made it possible to recognize several high sea-level exchange
“episodes” of water masses between the Mediterranean and the
Paratethys (Clauzon et al. 2005; Snel et al. 2006; Popescu et al.
2009, 2015; Suc et al. 2011; Do Couto 2014, and references
herein). This led to distinguish three chronologically distinct
Lago Mare (LM) events (Clauzon et al. 2005; Popescu et al.
2015). The LM1 is located between 5.64 and 5.60 Ma, coating
the peripheral evaporites and affected by the Messinian
Erosional Surface (MES) (Clauzon et al. 2005; Popescu et al.
2009; Clauzon et al. 2015a). The LM2 is reported in a deep
drilling of the central basins (ca. 5,500 and 5,460 Ma), The
LM3, following the reflooding in the Mediterranean, is estimat-
ed at 5,460 and 5,332 Ma (Clauzon et al. 2005; Popescu et al.
2007, 2009, 2015; Bache et al. 2012, 2015, Do Couto et al.
2014, and references herein). Manzi et al. (2013) and Roveri
et al. (2014a, b, 2016) consider that the Lago Mare phases
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(LM1 and LM3) represent a single phase, located between
5,42 and 5, 332 Ma in deep basins.

In Spain, the Vera and San Miguel de Salinas sections are
considered to represent the first Lago Mare (LM1), estimated
slightly older than 5.60 Ma (Bache et al. 2012, 2015; Popescu
et al. 2015; Caruso et al. 2020); it is also the age of the youn-
gest selenite gypsum. With an age slightly earlier than 5.46
Ma, the second (LM?2) is identified “offshore” in the Alboran
and Balearic basins (Bache et al. 2015; Do Couto et al. 2014;
Popescu et al. 2015). The last one (LM3) is recognized “off-
shore and onshore,” in deep holes and in the marginal (Malaga
section) and semi-deep basins (Sicily), of an age between 5.46
and 5.3 Ma. While recalling that some other authors only
recognize a single Lago Mare event located before the
Pliocene transgression (Manzi et al. 2013; Roveri et al.
2014b; Roveri et al. 2016).

Consequently, the Lago Mare highlighted in Ouled
Maallah (Fig. 14) and those known in the Lower Chelif
Basin, could correspond to LM 1 (Fig. 15) with local lacustrine
conditions (Charopytes) if we take into account field observa-
tions made in the Ouled Mallah (Ain Yacoub, Oued Tahria)
and Beni Chougrane sectors (Sahaouria: Atif 2001; Rouchy
et al. 2007).

Mio-Pliocene bioevents, ages, and correlations

More than ten bioevents have been recorded (foraminifera and
calcareous nanofossils) in the Azaizia (a) section considered
the local reference section. The succession of foraminifera
species is marked by Sphaeroidinellopsis subdehiscens,
Globorotalia margaritae, G. puncticulata, G. bononiensis,
and G. aff. crassaformis. 1t indicates the biozones N18 p.p.,
N19 and N20 p.p. (Mazzola 1971; Belkebir 1986) correspond-
ing to the Lower and Upper Pliocene (Zanclean and
Piacenzian). The Sphaerodinellopsis subdehiscens biozone
can be integrated into the G. margaritae biozone (Belkebir,
op. cit.) or separated (Mazzola 1971; Yassini 1975; Belhadji
et al. 2008). The upper part of the Globorotalia aff.
crassaformis would indicate a Piacenzian age. The succession
of bioevents of calcarecous nannofossil species (Ceratolithus
acutus, Reticulofenestra cf. zancleana, Helicosphaera selli,
Discoaster asymmetricus) supports this attribution (Fig. 16).

The chronologically calibrated two scales show that
Sphaerodinellopsis subdehiscens, Globorotalia margaritae,
and Ceratolithus acutus indicate the lowermost Zanclean,
but can also be from the latest Messinian (Fig. 4), as demon-
strated at Sorbas (Clauzon et al. 2015a) and in many other
locations (Popescu et al. 2017, and references herein). These
elements have enabled some authors (Bache et al. 2012, 2015;
Do Couto et al. 2014; Clauzon et al. 2015a; Suc et al. 2015,
among others) to date the reflooding of the Mediterranean
basin of the latest Messinian and not at the Messinian-
Zanclean boundary (see Figs. 4 and 15).
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Fig. 15 Stratigraphic position of
Messinian evaporites and Lago
Mare events in the Mediterranean
(modified after Bache et al. 2012,
2015; Popescu et al. 2015).
Algeria: Dahra Massif tectonic
events, Lago Mare 1; position of
the Azaizia (a) section bottom
based on the Globorotalia
margaritae and Ceratolithus
acutus presence

The occurrence of Ceratolithus rugosus and
Reticulofenestra cf. cisnerosii, Helicosphaera selli species
confirms the chronostratigraphic continuity of the deposits.

Fig. 16 Chronostratigraphy
(foraminifera, calcareous
nannofossils) of the Ouled
Maallah section (Dahra Massif).
Horizontal discontinuous lines:
datum correspondence; squares =
proposed chronostratigraphic
extension
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Piacenzian seems to have not been recorded, probably be-
cause of a not enough resolution in sampling. This possibility
is, yet, supported (see below) in the Azaizia (b) section, which
delivers G. puncticulata and Discoaster tamalis as the tenth
bioevent.

The recorded succession of biomarkers in the Azaizia sec-
tion (b) leads to three remarks:

—  The first concerns the possible stratigraphic discontinuity
between the Azaizia (a) and Azaizia (b) sections, some
evidence of which is provided by their respective topo-
graphic location, the latter being higher in altitude;

— The second relates to the basal part of the Azaizia (b)
section belonging to the G. puncticulata biozone (N19),
the topmost part of which corresponds fairly well to the
biozone NN13 marked by the first occurrence of
C. rugosus; the NN14 biozone is indicated by
Discoaster asymmetricus (Martini 1971) / (CN11a of
Okada and Bukry 1980);

—  The third concerns the top of the section, which would
belong to the biozone with G. aff. crassaformis (N20:
Belkebir 1986) which is attributed to the Piacenzian. So,
the record of this stage is supported by the Discoaster
tamalis bioevent, which occurs in the biozones NN15b /
CN11b (Perch-Nielsen 1985); its last occurrence is locat-
ed at the end of the NN16a / CN12a biozones (Martini
1971; Okada and Bukry 1980).

The Globorotalia puncticulata bioevent recorded in the
Ain Yacoub section corresponds to the biozone N19 of
Blow (Belkebir and Anglada 1985), equivalent to the com-
mon extension interval of the biozones N19 and NN14 +
NNI1S5 (late Zanclean). This stratigraphic extension is support-
ed by the presence of Helicosphaera sellii (NN13), Discoaster
asymmetricus (NN14), and D. tamalis (NN15b) according to
Martini (1971), evidencing the CN11b biozone of Okada and
Bukry (1980). Correlated with the Azaizia (a) section, the
Azaizia (b) section seems to be incomplete at its base and
truncated at its top (Fig. 16). Consequently, the base and the
top of this section could be limited by discontinuities. The first
discontinuity (bottom) would be related to the continuing
Pliocene sea-level rise after the reflooding, and the second
discontinuity to the erosion of the upper part of the Pliocene
deposits, resulting in the carbonate sandstone platform (yel-
low bio-detrital).

The first appearance of Globorotalia puncticulata,
Helicosphaera selli, and Discoaster asymmetricus in the
Moul Settara section implies its attribution (Fig. 16) to the
biozones N19, NN13, and NN14 + NN15 (CN10c, CN11a).
The calibration of these events confirms and specifies the age
usually considered for this section, i.e., the biozone N19 (up-
per part excluded) and the upper part of the biozone NN13
(CN11a) and NN14 + NN15 (middle to late Zanclean).

@ Springer

The occurrence of Globorotalia margaritae associated
with G. puncticulata, Discoaster asymmetricus and
D. tamalis results in proposing a younger age of the gray marls
of Garbous Ben Saada and to attribute (Fig. 16) them to the
latest Zanclean or even the earliest Piacenzian (N19 equiva-
lent to NN4 + NN15 and NN16). The absence of the
Globorotalia aff. crassaformis could exclude the Piacenzian,
which could in fact correspond to the yellow sandy marls
overlying the gray marls.

The calibration based on planktonic foraminifera and cal-
careous nannofossils suggests an extension (Fig. 16) of the
Oued Tarhia section going from the N19 biozone (upper part)
to the N20 biozone, which corresponds to the NN14 + NN15
and NN16 biozones of Martini (1971). This time-interval en-
compasses the Zanclean-Piacenzian boundary, to be placed
within the transition from gray to yellow marls in the sector.

Stratigraphic implications and paleogeography
Sections of the Ouled Maallah sector

The biostratigraphic landmarks (i.e., Globorotalia aff.
crassaformis and/or Discoaster tamalis) provided by some
sections [Oued Tarhia, Garbous Ben Saada, Azaizia (a),
Azaizia (b)] are considered, by calibration, to be contempo-
rary because they are attributed to N20/NN16 biozones. From
this biostratigraphic attribution and correlation of the sections
in the geological series of Ouled Maallah (Fig. 17), three re-
marks can be asserted:

—  The presence of an irregular pre-Pliocene topography
probably linked to the sea-level drop and tectonic context,
generated by the Messinian Salinity Crisis;

— The presence (for the first time) of the calcareous
nannofossil Ceratolithus acutus associated with
Sphaerodinellopsis subdehiscens and G. margaritae
demonstrates that the base of the marly series of the
Azaizia section (a), would belong to the base of
Zanclean but it can also be dated as of the end of the
Messinian (Figs. 4 and 16). This last hypothesis suggests
a latest Messinian reflooding over the gypsum and Lago
Mare sediments, the base of which can be assimilated to
the Messinian Erosional Surface (Fig. 19). This data is in
agreement with the presence of C. acutus, located not far
from the base, in the white marls “Trubi facies” of the
Telegraph Sidi Brahim section (Mansouri in: Popescu
et al. 2017);

— The Zanclean/Piacenzian boundary is recorded in the
Azaizia section (a), above a ferruginous level (identified
between samples A9 and A10) followed by a bio-organic
concentration (bivalves). Indeed, level A10 reveals the
presence of Globorotalia aff. crassaformis;,
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Fig. 17 Correlations of the Ouled Maallah sections

— A significant subsiding depocentre, expressed by signifi-
cant thicknesses of blue marls in the Oued Tarhia series;

—  The coeval sedimentation of blue marls, gray marls, and
marly-limestones with Neopyctodonte cochlear, suggests
a vertical and lateral evolution of the sedimentary facies
towards a more or less rich in carbonate supply. This
sedimentological context can probably be linked to an
environment warm enough to allow the development in
this region of warm-temperate faunas towards the end of
the Zanclean and the Piacenzian (Belkebir 1986; Satour
et al. 2013/2014).

The Dahra Massif and Lower Chelif Basin cross sections

The biostratigraphic results obtained from planktonic foraminif-
era led us to establish robust correlations (Fig. 18) between the
exposed sections or boreholes carried out in other sectors of the
Lower Chelif Basin and the Dahra Massif. Indeed, six sections
are correlated along a west-east oriented transect, going from the
mouth of the Chelif River to Oued Tarhia (Hamri) and material-
ized by the Djebel Djezzar borehole and sections of Djebel
Aizeub (Belhadji et al. 2008), Sidi Brahim Telegraph (Mazzola
1971), Azaizia (a) and Oued Tarhia (the present work). The
Oued El Kramis-Kef El Asfar section (Belkebir and Anglada
1985; Belkebir 1986), located on the Hachacha Plateau (north
of the Dahra Massif) is also taken into account. Several remarks
and observations are made (Fig. 18):

Although Sphaerodinellopsis subdehiscens is present in
the sector of Ouled Maallah, it does not allow the defini-
tion of a biozone, due to the lack of its acme. This is
associated with Globorotalia margaritae, which suggests
the G. margaritae biozone; this suggestion is correlated
with that defined at the bottom of the blue marls of the
Kef El Asfar section (Belkebir 1986);

The base of the marly series is characterized by the pres-
ence of Sphaerodinellopsis subdehiscens, downstream of
the Chelif Valley, in particular in the Telegraph section of
Sidi Brahim, the Djebel Djezzar borehole (Mazzola 1971)
and the Djebel Aizeub section (Belhadji et al. 2008), pre-
ceding the G. margaritae biozone. On the other hand,
these two species are associated in the Azaizia section.
This base was not reached (visibility gap) at the Oued
Tarhia section and that of Oued Kramis / Kef El Asfar
one.

The biomarkers defining the Zanclean-Piacenzian bound-
ary are different in this region according to the authors.
The latter is marked by Globorotalia crassaformis in the
Achacha Plateau (Belkebir and Anglada 1985; Belkebir
1986) or G. aff. crassaformis (present work),
G. crotonensis (Mazzola 1971) and G. aemiliana
(Belhadji 2005; Belhadji et al. 2008) in the Lower
Chelif Basin. It should also be noted that this difference
can be explained: Globorotalia crotonensis is considered
to be a variant (or synonym) of G. crassula (Hornibrook
1982); it is included in the definition of the
G. crassaformis biozone (Belkebir and Anglada 1985).
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Fig. 18 Location and correlation of the Ouled Mallah Pliocene marine successions with those of the Hachacha Plateau (Dahra Massif) and Lower Chelif

Basin

The G. aemiliana biozone is equivalent (or partially) to
that of G. crassaformis (Cita et al. 1968; Cita 1975);

—  The transition of the Zanclean to Piacenzian is noticed
above a ferruginous level (emersion?) capped by a bio-
organic concentration in the Azaizia (a) section or follow-
ing gypsy marls in the Sidi Brahim Telegraph section;

— Anevidence of two important areas of Zanclean sedimen-
tary subsidence (depocentres), one located at the Sidi
Brahim Telegraph and the other at Oued Tarhia. These
depocenters are also reported on isopaque maps produced
in the Lower Chelif Basin (more than 500 m thick:
Perrodon 1957). According to Perrodon (1957), the
Pliocene subsidence remains particularly important in
the eastern part of the basin. Indeed, thicknesses of blue
marls of the order of 500 m are recorded at Ain Zeft and
Belhacel localities, 600 m at Ain Merane or even 700 m
in the region of Ouled Fares, which shows a certain dis-
placement (translation) towards the North of the area of
the Pliocene cycle compared with that of the Miocene one
(Perrodon 1957);

— Diverse sedimentary facies were deposited at the same
time: white marls or "trubi" facies (Djebel Aizeub, Sidi
Brahim Telegraph), blue marls and/or gray marls (Sidi
Brahim Telegraph, Azaizia, Oued Tarhia, Oued Kramis-
Kef El Asfar), white marly limestone/calcareous marls
with Neopycnodonte cochlear (Azaizia, Oued Tarhia
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sections). These facies reflect a remarkable environmen-
tal and paleobiological diversity. In addition, their sedi-
mentary evolution (vertical and spatial) towards carbon-
ate enrichment (platform) characterizes essentially the
sector of Ouled Maalah and Oued Tarhia, which in fact
concerns the entire southern margin of the Dahra Massif,
from Ouled Maallah to the West and to Mazouna and
Oued Ouarizane to the East (Perrodon 1957).

Tectonic implications

The Lower Chelif Basin has been affected, since the Middle
Miocene, by tectonics allowing the readjustment of the base-
ment, the orographic restructuring, and the filling of the basin
with the “onset” of the thrusts (Perrodon 1957; Thomas 1985;
Meghraoui 1982; Bessedik et al. 2002; Belkebir et al. 1996).
This context continued during the Messinian, characterized by
compressive tectonic activity (Brive 1897; Meghraoui 1982;
Meghraoui et al. 1986; Thomas 1985; Arab et al. 2015) and/or

Fig. 19 Folded Messinian structures of Azaizia (a, b) and Ain Yacoub >
sections with Late Messinian-Early Pliocene sediments showing the
brutal reflooding and the progressive sedimentary filling during the
Late Pliocene as a result of the continuing sea-level rise
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extension (Thomas 1985). In some localities, the Messinian
gypsum and the overlying Lower Pliocene deposits some-
times hide clues allowing the deciphering of this type of
deformation.

Near the Cretaceous substratum and the Tortono-
Messinian lands of the Dahra Massif, the paleogeographic
extent (West—East) of gypsum shows in the Ouled Maallah
sector, dips of 20 to 30° to the south (Fig. 19).

The geometry of the gypsum recorded in the sectors of
Ouled Mallah and Ain Zeft reveals a structure showing a dip
of around 20-25° towards the south. While the dip of the
northern edge of the transgressive marl series over the gypsum
is barely 5 to 7 ° to the south; this changes in the center to
become subhorizontal (1/50 000 map: Brive 1897). This dif-
ference in dip suggests a “cut-and-filled” marly series and a
post-gypsum tectonics, sealed by the base of the Mio-Pliocene
sediments which is reflective as it has just been precisely il-
lustrated by its morphology (see Fig. 5-B; Fig. 19-B and C)
and dated (see Fig. 16).

This difference in dip has long been pointed out by Brive
(1897) when speaking of a folded tectonics of gypsum from
an age prior to the Pliocene reflooding. These latest Messinian
tectonic movements were also highlighted by Reyre (in:
Perrodon 1957) in the Ain Zeft sector, not far from the
Ouled Maallah agglomeration.

In this case, the anticline and syncline structures of Azaizia
are demonstrative (Fig. 19-A, B, and C). The Pliocene de-
posits of these folded structures show a post-gypsum com-
pressive tectonics, during the latest Messinian. The sedimen-
tary filling of this structure was carried out during the late
Messinian and entire Zanclean: if its bottom (Azaizia a) in-
cludes latest Messinian to earliest Zanclean sediments with
Globorotalia margaritae and Ceratolitus acutus up to around
5.08 to 5.04 Ma, its margins are reached at around 4.04 Ma
according to the presence of Discoaster asymmetricus, i.e., a
duration of a million years for the Zanclean sea-level rise after
the reflooding (see Fig. 19-A).

In addition, the post-gypsum Lago Mare (Messinian) facies
of Ain Yacoub is marked by micritic white limestones, brec-
ciation, and the presence of slumped limestone banks. These
facts support the syn-sedimentary tectonic activity and

Fig. 20 Seismic profile produced

therefore the existence of an initial slope, the source of some
gravitational dynamics in sedimentation.

In the Oued Tarhia sector, the outcrops show a dip of about
fifteen degrees, or even more in places where the flexure of the
reliefs tends to accentuate, when coming in the Lower Chelif
Basin. The marly-limestones, forming the cornices, show, in
their upper part, figures of overlapping or progradation of the
benches, with north vergency, which expresses the existence
of a fairly marked topography and therefore a sufficient slope
of probably tectonic origin (Messinian?), allowing the estab-
lishment of these sedimentary bodies.

In the Djebel Aizeub sector, Belhadji (2005) and Belhadji
et al. (2008) described a chaotic gypsum-limestone material
consisting of marls, diatomites, and gypsum they attribute to
the Messinian on the basis of the Globorotalia mediterranea
presence. Being “wedged” between two abnormal contacts,
this material is limited at the base by blue Tortonian marls
(with Neogloboquadrina acostaensis) and overlain by
Pliocene marine marls reported to the Sphaerodinellopsis
subdehiscens biozone. The N. humerosa and N. dutertrei
(Upper Tortonian) Biozone seems to be absent, a phenomenon
probably linked to erosion. This material is interpreted
(Belhadji et al. 2008) as a post-gypsum olistolith and correlat-
ed with those described in the Beni Chougrane (Rouchy
1982a, b; Rouchy et al. 2007).

So, the El Ghomri section (Beni Chougrane), located in the
southern margin of the Lower Chelif Basin (Rouchy 1982a, b;
Rouchy et al. 2007) shows the existence of an olistolith made
of diatomitic marls bypassed in a post-gypsum Lago Mare
deposit. It is sealed by sandy marls attributed to the Lower
Pliocene (with Globorotalia margaritae: Rouchy et al. 2007).
This is also the case in the Sahaouria section where Rouchy
et al. (2007) indicate a comparable phenomenon (olistolith),
occupying the same stratigraphic position.

In addition, other tectonic events of the Messinian age are
described in the salt lakes of Arzew and Telamine sediments
(tectonics in distension: Benbakhti et al. 2018) or in the Oran
Bay (submarine discordance linked to the Messinian
Erosional Surface (MES): Just et al. 2010). Note that the
MES is considered to have affected the gypsum, the
Terminal Carbonated Complex (TCC: Esteban 1979), and

in the Chelif Basin (location: see
Fig. 3). The limits of the Lower
and Upper Miocene strata (black
and green lines) show the

existence of a clear deformation
sealed by the MES (red line)
overlain by the latest Messinian-
earliest Zanclean (reflooding)
sediments

Time (s)
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Lago Mare 1 (i.e., of age 5.60 Ma: Clauzon et al. 2005;
Popescu et al. 2015; Bache et al. 2012, 2015).

These data make it possible to envisage a tectonic activity
during the latest Messinian, post-gypsum or even post-Lago
Mare 1 in the Dahra Massif and the Lower Chelif Basin. This
hypothesis was also suggested by Rouchy et al. (1982) and
Rouchy et al. (2007) for the Beni Chougrane olistoliths, cor-
responding to a period of readjustment and reorganization of
the basin at the end of the Messinian. Chronologically, this
phenomenon corresponds to the isostasic rebound as de-
scribed in Roussillon by Clauzon et al. (2015b), succeeding
to the MSC.

These events achieved the uplift of the coastal massifs
(Brive 1897; Perrodon 1957; Rouchy 1982a, b; Rouchy
et al. 2007) before the Mio-Pliocene marine reflooding
(Clauzon et al. 1996). Indeed, the offshore drilled sections,
located in the mouth of the Chelif River (Arab et al. 2015:
page 366, Fig. 3) as well as a reflection seismic profile
(Sonatrach and Total companies) which provides additional
evidence (Fig. 20; Rubino et al. 2010) of the MES, sealing an
important latest Messinian compressive deformation.

Conclusion

The biostratigraphic study of six sections (Azaizia (a), Azaizia
(b), Ain Yacoub, Moul Settara, Oued Tarhia, and Garbous
Ben Saada) located in the Ouled Maallah region (Dahra,
Algeria) allows the identification of a geological succession
starting with Messinian peripheral gypsum (1st step of the
MSC), followed by Messinian lacustrine deposits (Lago
Mare 1 event) and blue marls of the latest Messinian-
Zanclean age, from which they are separated by the MES.

The deposits underlying the gypsum have revealed the pres-
ence of Globorotalia mediterranea and Amaurolithus primus
associated with A. delicatus and Nicklithus amplificus which
mark the Messinian stage (N17/NN1 Ic). This former age is con-
firmed everywhere on the southern margin of the Dahra Massif,
from the Chelif Valley to the West up to Bouzghaia to the East. In
addition, the primary gypsum overlain by white micritic lime-
stones is correlated with the “Terminal Carbonated Complex”
following the coral reef platforms of the Mudjadjo Massif
(Oran), Melilla (Morocco), and that of Sorbas (Spain). These
correlations suggest an estimated age of the gypsum ranging from
5.971 (at its base) to 5.60 Ma (at its top), the latter being a
chronological landmark which would correspond to the top of
the lagoonal deposits of Vera and San Miguel de Salinas
(Clauzon et al. 2005; Popescu et al. 2009, 2015; Corbi et al.
2016).

According to the CIES (2008), the gypsum of the Oran area,
known as “upper gypsum” (Rouchy and Caruso 2006; Rouchy
and Saint Martin 1992; Saint Martin and Rouchy 1990; Comée
et al. 2004), was deposited in a peripheral basin (primary

gypsum) before the desiccation (erosional) phase (2nd step, par-
oxysmal, of the MSC) and the subsequent marine reflooding.

As a consequence, the lacustrine deposits overlying the
gypsum can be correlated with the Lago Mare 1, slightly ear-
lier than 5.60 Ma. These lacustrine deposits display a large
extent, both on the southern margin of the Dahra and on the
northern slopes of the Beni Chougrane whose first studies and
correlations were carried out by Rouchy et al. (1982) and
Rouchy et al. (2007). The Ouled Maallah sections (Ain
Yacoub, Oued Tarhia) complete the information, resulting in
a better understanding of this Lago Mare episode as well as the
marine reflooding conditions in the region.

The arrival of coarse detrital sediments in the basin (uncon-
formable conglomerates) described in the Oued Tarhia (this
study) and the Sahouria sections (Atif 2001; Rouchy et al.
2007; Atif et al. 2008 indicates the instability of the basin
margin (tectonic activity or isostatic rebound) during the
Lago Mare episode.

The Azaizia (a and b) sections illustrate an important sed-
imentary body, developed from the Mio-Pliocene to the Late
Pliocene and resting unconformably on previously folded and
eroded gypsum, describing a cut-and-filled series. The course
of erosion is geometrically irregular and appears to be deep
and significant in the center, but markedly less expressed at
the edges of the Azaizia structure (Fig. 5-B).

The blue marls are characterized by several taxa, notably
Sphaerodinellopsis subdehiscens, Globorotalia margaritae,
Ceratolithus acutus, Reticulofenestra. This last succession is
followed by the occurrence of G. puncticulata,
G. bononiensis, G. aff. crassaformis and Helicosphaera sellii,
Discoaster asymmetricus, and D. tamalis.

These biomarkers indicate an age ranging from the latest
Messinian — earliest Zanclean to the early Piacenzian, corre-
sponding to the N18 p.p., N19, and N20 p.p. biozones
(Mazzola 1971; Belkebir 1986). The successive occurrence
of the nannoplankton (Ceratolithus acutus, Reticulofenestra
cf. cisnerosii, Helicosphaera sellii, Discoaster asymmetricus
and D. tamalis) confirms this attribution (NN12 p.p., NN13,
NN14/NN15, and NN16).

The calibration of these successions allows us not only to
specify or qualify some biostratigraphic attributions, but also
to reinforce the association of Sphaerodinellopsis
subdehiscens, Globorotalia margaritae, Ceratolithus acutus,
and R. cf. cisnerosii as indicators of the topmost Messinian or
the base of the Zanclean. However, the R. cisnerosii (=
R. zancleana) was found in the basin of San Miguel de
Salinas, simultaneously with Ceratolithus acutus, located
above the Messinian Erosional Surface (Corbi et al. 2016).
Consequently, we retain a terminal Messinian age (5.46 Ma)
can be retained since the marine reflooding took place before
the beginning of the Zanclean.

The Zanclean-Piacenzian boundary is marked by a gully
and covered by a ferruginous level associated with a shelly
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concentration, preceding the first occurrence of Globorotalia
aff. crassaformis. These data reveal the existence in the Lower
Chelif Basin of two large subsiding depocentres (Telegraph of
Sidi Brahim, Oued Tarhia).

The pre-Pliocene paleotopography appears to be irregular,
which can be linked to the paleogeographic and tectonic context,
generated by the Messinian Salinity Crisis, i.e., the Messinian
Erosional Surface and the impact of isostasic readjustments.
Consequently, the Pliocene sedimentation, diversified and var-
ied, seems to be contemporaneous: blue marls, gray marls, and
calcareous marls with Neopyctodonte cochlear, which suggest a
vertical and lateral evolution of the sedimentary facies towards a
more or less rich in carbonate facies, located generally on the
central Dahra Massif (Ouled Mallah-Mazouna axis). This contri-
bution can be linked to shallow reliefs and an environment that
becomes warm enough to allow the development of the rich
fauna and flora recorded in the sector (Belkebir 1986; Satour
etal. 2013/2014).

The setting of Mio-Pliocene deposits seals the Messinian
Erosional Surface after a folding tectonic phase. This phase
affected gypsum and Lago Mare deposits of Oued Maallah. It
has also resulted in gravitational tectonics, responsible for the
“olistolith” setting within the geological series at the north and
south of the Lower Chelif Basin (Dahra and Beni Chougrane
massifs). This compressive deformation seems to be far-
reaching, having marked the Oran region. It would correspond
to a restructuring of paleogeographical spaces associated with
the uplift of the Tellian Chain, preceding the post-Messinian
Crisis marine reflooding in the region.
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