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Abstract. Sedimentological analysis has shown that during the syn-rift phase (Upper Triassic) the
Mohammedia–Benslimane–ElGara–Berrechid basin (MBEB) is characterized by detrital and evapor-
ite sediment �lling. A gradual decrease of palaeoslope over time led to the evolution of paleoenviron-
ments of proximal alluvial fans system to braided rivers and then to an anastomosing system. These
environments evolve �nally to an alluvial plain associated with a coastal plain where playa lakes, mud-
�ats and lagoons had developed.

We have identi�ed fourteen genetic sequences which are included in four progradational-
retrogradational minor cycles that are themselves grouped in one major cycle. These cycles are re-
lated to the variations of the base level. The dominance of the retrogradation phases giving an asym-
metrical appearance to the cycles is related to the predominance of the base level rise. These varia-
tions are probably of allocyclic origin: tectonic and probably climatic, in relation with the Tethys and
the Atlantic Ocean being opened.
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1. Introduction

The Moroccan Triassic basins are characterized
by two sedimentary episodes (detrital and evapor-
itic). The deposition of the detrital episode started
during (1) the Early Triassic in the Argana Valley,
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[e.g. Hofmann et al., 2000, Tourani et al., 2010];
(2) the Middle Triassic in the Central High Atlas [e.g.
El Arabi et al., 2006] and in the Oujda mountains
[e.g. Courel et al., 2003, Crasquin-Soleau et al., 1997,
Oujidi and Elmi, 2000], and during (3) the Upper
Triassic in the Middle Atlas basins [e.g. Baudelot
et al., 1990, Lachkar et al., 2000] and in the Moroc-
can Atlantic margin (Essaouira basin, e.g. Ha�d,
2000, Slimane and El Mostaïne, 1997; Doukkala
basin, e.g. Hminna et al., 2013; Khémisset basin,
e.g Et-Touhami, 1994, Taugourdeau-Lanz, 1978;
Mohammedia–Benslimane–ElGara–Berrechid basin
(MBEB), Afenzar, 2018).

The Moroccan salt series (evaporitic episode) are
formed during the Upper Triassic as in the other
Triassic continental basins, whether in the North
of Gondwana (Algeria, e.g. Aït Salem et al., 1998,
Bourquin et al., 2010, Courel et al., 2003; and Tunisia,
e.g. Soto et al., 2017, Soussi and Ben Ismaïl, 2000,
Soussi et al., 2001) or in Europe (Portugal, Alves et al.,
2006, Ramos et al., 2017, Soto et al., 2017; Spain,
e.g. Barrón et al., 2006, Bourrouilh et al., 1995, Fer-
rer et al., 2012, Gonzàlez de Aguilar, 2015, Ortí, 2004,
Reolid et al., 2014, Roca et al., 2011; France, e.g.
Bourquin and Guillocheau, 1993, 1996; Germany, e.g.
Aigner and Bachmann, 1992, Kozur and Bachmann,
2008) or in Canada [Leleu et al., 2016, Miall and Balk-
willa, 2019, Olsen, 1997, Wade et al., 1995, Welsink
and Tankard, 2012].

In Morocco, existing data for the Triassic salt suc-
cessions are scarce [e.g. Peretsman and Holser, 1988,
Salvan, 1974]. In the Atlasic domain, the saliferous se-
ries is more reduced and is represented in outcrop by
gypsum levels (Central High Atlas, e.g. Biron, 1982,
Benaouiss et al., 1996, Courel et al., 2003, El Arabi,
2007, Baudon et al., 2012, Vergés et al., 2017; Argana
Valley, e.g. Hofmann et al., 2000; Middle Atlas, e.g.
Lorenz, 1976, Laville et al., 1995, Ouarhache et al.,
2012). Towards the Mesetien domain and the Moroc-
can Atlantic margin domain, these successions be-
come much more important. In all Triassic basins be-
longing to these two domains, the saliferous succes-
sions are similar. They are subdivided into two large
parts recognized in borehole: (1) the lower part at-
tributed to the Upper Triassic and (2) the upper part
dated from the Lower Liassic, separated by the Cen-
tral Atlantic Magmatic Province, i.e. CAMP basalt (Es-
saouira Basin, Echarfaoui et al., 002b, Ha�d, 2000;
Doukkala Basin, Echarfaoui et al., 002a, Salvan, 1984;

Khémisset Basin, Et-Touhami, 1994, 1996, 1998, Sal-
van, 1982; MBEB Basin, Afenzar, 2018, Lyazidi, 2004,
Salvan, 1984).

The MBEB Basin consists of a detrital and evap-
oritic sedimentary series of about 1500 m [Afen-
zar, 2018, BRPM, 1973]. This sedimentary series
is subdivided into two main formations: a sandy-
conglomeratic formation at the base (Formation A)
and argillaceous-saliferous formation in the middle
and top of the series (Formation B) [Afenzar, 2018,
Afenzar and Essamoud, 2017] recovered by Triassic-
Liassic basalts [Peretsman, 1985].

The aim of this study, from a detailed sedimen-
tological analysis is (1) to reconstruct palaeoenvi-
ronment and (2) for the �rst time, to propose se-
quence stratigraphy analyses to constitute a basis
of a stratigraphic correlation with other Triassic At-
lantic basins. Moreover, the correlations in terms of
sequence stratigraphy allow to constrain the spa-
tial and temporal evolution of salt series and could
guide the exploration and thus have an economic
impact.

2. Geological setting

At the early Mesozoic, the Pangea continent was af-
fected by an initial break-up associated with the early
stages of the opening of the Central Atlantic Domain.
During this phase, the Moroccan and North Ameri-
can Margins were subjected to an extensive tectonic
regime that led to the opening of a set of rift basins
[e.g. Courel et al., 2003, Ha�d, 2000, Leleu et al., 2016,
Le Roy and Piqué, 2001, Medina, 1995, Olsen, 1997,
Piqué and Laville, 1995, Piqué et al., 1998]. The Mo-
roccan basins are placed geographically in the cen-
tral segment of Central Atlantic Domain and are lat-
erally equivalent to the Nova Scotian basins [Ha�d,
2000, Leleu et al., 2016]. The MBEB basin is a part of a
Moroccan margin like the Khémisset, Doukkala, Es-
saouira, Souss and Tarfaya basins (Figure 1). Among
these basins, the closest to MBEB Basin are Khémis-
set Basin in the north (separated by the Paleozoic
basement of central Morocco) and Doukkala Basin in
the south (separated by the Paleozoic of Casablanca
block).

The MBEB basin is located in the North-West of
the Moroccan coastal Meseta, about twenty kilo-
meters northeast of Casablanca (Figure 2). The
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Figure 1. Paleogeographical location of Moroccan Triassic basins in the Late Norian (synthetic map
based on Courel et al., 2003 and Leleu et al., 2016).

structure of this basin has been interpreted sev-
eral times. The interpretations of El Wartiti et al.
[1992] were based on the boundary with the Her-
cynian basement, which are unconformity con-
tacts materialized by border faults controlling the
individualization of the basin and conditioning its
�lling.

Usually, this basin is presented as an immense
shallow depression which seems to have originated
from N–S to NE–SW half-graben structure [Afenzar,
2018, El Wartiti et al., 1992]. At the end of the Pa-
leozoic and the early Mesozoic, this half-graben is
developed and �lled by an important detrital and
evaporitic syn-rift sedimentary series; with a mag-
matic activity belonging to the CAMP [Manspeizer
and Cousminer, 1988, Peretsman, 1985].

This basin was subjected to a NW–SE extension
with a slight deformation component [El Wartiti
et al., 1992]. The structure is controlled by a deep de-
tachment, which is probably an ancient Hercynian
weakness zone, and which plunges slightly towards
the NNW. This is related to the opening of the proto-
Atlantic domain [El Wartiti et al., 1992, Medina, 1994].

3. Lithostratigraphic framework

According to the old nomenclature, the lithostrati-
graphic series of the MBEB basin was subdivided into
�ve main zones attributed to Permo-Triassic deposits
[BRPM, 1973]: (1) Zone argileuse inférieure; (2) Zone
salifère inférieure; (3) Zone basaltique; (4) Zone sal-
ifère supérieure; (5) Zone argileuse supérieure (Fig-
ure 3A).

According to the latest works, the sedimentary
series in the MBEB basin is subdivided into two
major series: Lower argillaceous-salt series attributed
to Triassic and Upper argillaceous-salt series attrib-
uted to Liassic [Hssaida et al., 2012, Lyazidi, 2004].
The two parts are separated by a basaltic complex
(Figure 3B).

This basalt was dated Late Triassic-Early Lias-
sic (200 Ma) and belonged to the CAMP by sev-
eral works based on radiometric dating data [Perets-
man, 1985]. Subsequently the infra-basaltic series
can be attributed to the Upper Triassic [Afenzar,
2018, El Wartiti et al., 1992, Lyazidi, 2004, Salvan,
1984].

In this study, we have subdivided this Upper
Triassic part into two main formations: the sandy-
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