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Abstract
In this work, we present a detailed sedimentological study of the detrital and evaporitic deposits encountered in outcrop in the 
Triassic (Middle Triassic to Upper Triassic) Imini basin of the High Atlas of Marrakech, overlain by Upper Triassic-Lower 
Liassic basaltic flows. It rests in angular unconformity on the Cambro-Ordovician basement. It may be grouped in four forma-
tions: Timalizene formation (Anisian), Clayey Sandstone formation (Anisian), Ighil formation (Carnian), and Upper clayey 
Siltstones formation (Norien-Rhetian). A detailed facies analysis of several sections in the basin allowed the characterization 
of thirteen facies types, as well as their associations in six architectural elements, typical of channel bars, overbank deposits, 
floodplain… It allows to establish three depositional environment models: (1) a proximal alluvial fan system, (2) a braided 
system, (3) an alluvial plain associated with playas lakes and sebkhas. The interpretation of this series in terms of genetic 
stratigraphy has allowed the recognition of twenty-six genetic units (UG1……UG26) characterizing continental environ-
ments. These genetic units are grouped in three minor cycles (C1, C2, C3) of progradation-retrogradation (stacking of genetic 
units), themselves grouped in a major cycle (C'1). This study allows to clearly show that these progradations-retrogradations 
are linked to the variation of the base level in the basin. The succession of proximal alluvial fans would thus mark a period 
of base level fall. The transition to low-energy conditions and a low-gradient system (floodplain) would then correspond to 
a phase of base level rise. This variation is of tectonic and/or climatic (allocyclic) origin and is linked to the Atlasic rifting.
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Introduction

At the beginning of the Mesozoic, the northwestern part 
of the African continent was affected by a first fracturing 
associated with the first stages of the opening of the cen-
tral Atlantic. At the east of this Atlantic rift, an Atlas rift 

was developed at the location of the central (El Arabi 2007; 
Frizon de Lamotte et al. 2008) and eastern Moroccan Atlas 
system during the Triassic and Early Jurassic (Ouarhache 
et al. 2012). The first generation of continental and detrital 
syn-rift basins associated with evaporitic deposits appeared 
in the Late Triassic (Bertrand 1991; Medina 1995; Hminna 
et al. 2013) and is linked to (Hminna et al. 2013) a sig-
nificant replay of some Hercynian sutures (Ouarhache et al. 
2012).

In Morocco, the Triassic basins of the High Atlas, ori-
ented ENE-WSW to E-W (Fig. 1), are oblique by 40° to the 
Atlantic Rift (oriented NNE-SSW) against which they ter-
minate to the west in the Essaouira-Agadir region (Quarbous 
et al. 2003). These Moroccan basins can be grouped into two 
categories, according to their sedimentary filling (Fig. 1):

Basins containing a high thickness of detrital facies 
with some evaporites, they are mainly located in the 
High Atlas and Middle Atlas (Oujidi and Et-Touhami 
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2000): Argana Valley (> 2500); High Atlas of Marrakech 
(1500 m); Central High Atlas (1000 m); and Kerrouchene 
basin (600 m). The deposition of these detrital facies 
started in the Early Triassic, for example in the Argana 
Valley (Hofmann et al. 2000; Tourani et al. 2010; Klein 
et al. 2010); in the Middle Triassic in the Central High 
Atlas (El Arabi et al. 2006) and in the Oujda Mountains 
(Oujidi and Elmi 2000; Courel et al. 2003); and in the 
Upper Triassic in the Middle Atlas basins (Baudelot et al. 
1990; Lachkar et al. 2000). In the Atlasian domain, the 
saliferous series is smaller and is represented in outcrop 
by gypsum levels (e.g., in the central High Atlas, (Courel 
et al. 2003; El Arabi 2007; Baudon et al. 2012; Vergès 
et al. 2017).
Basins with thick deposits of salt and mudstone generally 
overlying thin deposits of conglomerate and sandstone at 
the base. They are mainly developed on the Meseta and 
on the Moroccan Atlantic margin (Oujidi and Et-Touhami 

2000) late Triassic: Middle Moulouya (Tamdaft, 950 m); 
Boufekrane (900 m); Mohammedia-Benslimane-ElGara-
Berrechid (1500 m) (Afenzar 2018), Khemisset (1000 m) 
(Taugourdeau-Lanz 1978; Et-Touhami 1994); Essaouira 
(2300 m) (Slimane and Mostaïne 1997; Hafid 2000), and 
the Doukkala Basin (1400 m) (Hminna et al. 2013).

The Imini basin which is our study area belongs to the 
Atlas rift basins and is located in the High Atlas of Mar-
rakech. The Triassic outcrops show sedimentological, 
lithostratigraphic, and structural variations that give inter-
esting information on the spatiotemporal evolution of the 
deposits recorded in this period of atlasic rifting.

The aim of this study is, from a detailed sedimentological analy-
sis (1), to reconstruct the paleoenvironments, and their evolution 
during the Middle and Upper Triassic and (2) for the first time, to 
realize high-resolution sequence stratigraphic regional correlations 
within continental strata and their link with base level variations.

Fig. 1   Map of the Trias-
sic basins of Morocco (Van 
Houten, 1977)
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Geographic and geological situation

The present study concerns the Imini basin which is located 
about 80 km north of the city of Ouarzazate (road N9 Mar-
rakech-Ouarzazate) (Fig. 2). It belongs to the southern sub-atla-
sic zone of the High Atlas of Marrakech, limited to the north by 
the region of Tizi n’Tichka, to the east by the uplands of Khela, 
to the south by the first landforms of Siroua and to the west by 
the ancient massif.

It is a rift-type basin whose opening was initiated by the 
reactivation of pre-existing structures in the basement. This 
basin is filled with red deposits of Triassic age (El Arabi 
1988) that lie unconformably on the Ouarzazate Neoprote-
rozoic Group (Fig. 3).

Methodology

The study of the basin is based on a detailed sedimentologi-
cal analysis of the sections executed in different regions of 
the basin, which allows to identify the great variety of sedi-
mentary facies and to characterize their associations as well 
as the architectural elements (Miall 1985, 2006).

In this phase, we based our methodology on the lithologi-
cal, grain sizes, textural and sedimentary structures observed 
in outcrop; the nomenclature of facies is compared with that 
of Miall (1977, 1985 and 2006).

The vertical and horizontal arrangement of these facies 
gives rise to architectural elements. These are characterized 
according to several criteria determined by Allen (1983) and 

Miall (1985, 2006) which are the nature of the lower and 
upper boundary surfaces, the external geometry, the scale, 
and finally the internal structures.

The determination of the paleo-environments is the ulti-
mate phase based on the nature and types of lithofacies as 
well as the types of architectural elements.

The genetic stratigraphy applied in this study consists of 
a high-resolution correlation of field sections of the studied 
basin, which allows individualizing isochronous markers 
separated by a few tens or hundreds of thousands of years 
(Bourquin and Guillocheau 1993, 1996).

After characterizing the sedimentary facies, identify-
ing the association of facies, interpreting the depositional 
environments, and setting up a sedimentological model, we 
characterized the genetic unit and then established a stacking 
diagram showing the evolution in time of the depositional 
environment.

The second step is to correlate the genetic sequences along 
two transects and according to reference levels that can serve 
as isochronous markers. For this purpose, four levels were 
identified: (1) the unconformity between the Hercynian base-
ment and the first facies deposited in the basin; (2) the contact 
between the detrital facies and the first bioturbated facies; (3) 
the contact between the detrital facies and the first evaporitic 
(gypsum) facies deposited in the basin; (4) the lower part of 
the basaltic formation considered to be the boundary between 
the Upper Triassic and the Lower Liassic (Peretsman 1985). 
Genetic sequence mapping was performed below to obtain 2D 
and 3D geometries for better interpretation of the evolution of 
these genetic units as well as lateral facies crossings.

Fig. 2   Geographical position of 
the study area with the different 
sections studied at the basin 
level
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Results of the facies analysis

Thirteen lithofacies (Table 1) were recognized in the stud-
ied outcrops of the Imini basin, which are dominated by 
conglomeratic facies (Gf1: Gmm; Gf2: Gcm; Gf3: Gh; 
Gf4: Gt; Gf5: Gp), sandstone facies (Sf1: Sm; Sf2: St; Sf3: 
Sp; Sf4: Sr; Sf5: Sh), and silt–clay facies (Ff1: Fl; Ff2: 
Fm). The evaporitic facies are less thick in the study basin 
as in most of the atlasic basins (Telouet, Asni, Ait Ourir) 
(Peretsman and Holser 1988).

Lithofacies

Coarse facies (conglomerates)

Facies Gf1

Description: This facies is identified at the base of the sedi-
mentary series in the Imini area (Imezgane, Fig. 4) and 

at the top of the Douar d’Inkel section. It is a purplish 
conglomerate, sometimes reddish massive, with subangular 
to angular elements, unorganized and poorly sorted size 
between 2 and 30 cm. The whole floats in a matrix of fine 
to very fine sandstone. In the Imezgane section, this facies 
reaches its maximum thickness in the basin (5 to 8 m); in 
the Douar d’Inkel, it becomes less thick (0.5 m). It is char-
acterized sometimes by erosive surfaces, without sedimen-
tary structures. These conglomerates are characterized by a 
carbonate calcitic epigenia, and these epigenia of pedologi-
cal origin are related to the water tables that characterize 
the edge of the basin (slope nappes) (El Arabi 1988, 2007).

The basic conglomerates of the Imini basin series are 
formed by continental deposits of alluvial fans in the mar-
ginal basin. It includes all the formations discordant on the 
underlying Paleozoic (Fig. 5), before the “Ighil Sandstone.” 
Its lower limit is an unconformity observed in many areas, 
it is also over 30° (El Arabi 2007).

Interpretation: This facies is probably related to a high 
viscosity that inhibits turbulence and because of a relatively 

Fig. 3   Geological map of the Imini basin with the analyzed sections 
and the correlation transects in genetic stratigraphy (A Ighrem, B Dai 
Ighrem, C Imskerne, D Agrd Noudoz, E Inkel’, F Inkel”, G: Inkel’”, 

H Timellouguit, I between Ait Ibourek and Tazegzaoute, J Adighane, 
K Imezgane, T1, T2: correlation transects)
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short transport mechanism (Miall 2006). The absence of 
sedimentary structures and the existence of a mixture of fine 
and coarse materials suggest that this conglomerate is depos-
ited by gravity flows, debris flows (Miall 1977, 1978; Poli 
1997; Opluštil et al. 2005; Malaza et al. 2013). According 
to (Miall 2006), these debris flows are interpreted following 
the visco-plastic flow model. These characteristics reveal a 
resemblance between this facies Gf1 and the facies Gmm of 
Miall (2006). Its debris flow deposited at the more proximal 
part of an alluvial fan (Fig. 6a).

Facies Gf2

Description: This facies was observed at the base of the 
series (in the Agouim and Imini areas, Fig. 6b). It is charac-
terized by the presence of a brownish to reddish conglom-
erate with subangular to angular elements of size between 
1 and 15 cm, unorganized and poorly sorted. Its thickness 
reaches up to 5 m in the Imezgane and Imeskrane field sec-
tions. The matrix is not very abundant with a total absence 
of sedimentary structures.

Interpretation: According to Miall (2006), the presence 
of subangular to angular, poorly organized and poorly 
sorted elements is related to interactions between grains 
and a rather short transport mechanism. The absence of 

sedimentary structures and the existence of a mixture of 
fine and coarse materials suggest that this conglomer-
ate is deposited by gravity flows, debris flows (Opluštil 
et al. 2005; Miall 2006; Malaza et al. 2013). They are 
low-strength pseudoplastic debris flows deposited by vis-
cous, laminar, or turbulent flows (Miall 2006). They are 
interpreted according to the grain interstitial flow model 
(Miall 2006; Malaza et al. 2013). These features indicate 
a similarity between this Gf2 facies and the Gcm facies of 
Miall (2006). Its debris flow deposited at an alluvial fan.

Facies Gf3

Description: The facies Gf3 is identified in the Imini area 
(Imezgane section) with a variable thickness from 3 to 8 m. 
It is a reddish conglomeratic lithofacies; the elements are 
subrounded to rounded with a maximum size of 10 cm and 
are generally small to medium pebbles and gravels. These 
conglomerates are stratified (Fig. 6c), with pebbles some-
times imbricated. The sandstone matrix is occasionally 
abundant.

Interpretation: The presence of stratification and imbri-
cated structure suggests that it has been deposited at longi-
tudinal bars; the latter are characteristic of braided channels 
and usually form in the upstream part of a fluvial system 

Table 1   Description and interpretation of sedimentary facies of the Imini Triassic series and correspondence with those of (Miall 2006; Fam-
brini et al. 2017; Shettima et al. 2018) for detrital facies

Lithofacies Characteristics Interpretation

Conglomerate facies
Gf1: Gmm Massive, poorly sorted, poorly organized conglomerate 

with abundant matrix
Plastic debris flows (high strength, viscous)

Gf2: Gcm Poorly sorted, poorly organized conglomerate with little 
matrix

Pseudoplastic debris flows (low strength)

Gf3: Gh Stratified conglomerate, imbrication of the pebbles Longitudinal bar deposits
Gf4: Gt Conglomerate with trough cross beds Deposited by traction by a unidirectional current. Gt facies 

indicate minor channel deposition by digging and filling
Gf5: Gp Conglomerate with planarcross-bedding Planar cross-bedding also indicates lower flow regime 

conditions. Besides, it indicates straight crested bedforms 
(2D dunes and bars)

Sandstone facies
Sf1: Sm Massive sandstone, fine to coarse Rapid deposition, gravity flow of sediments
Sf2: St Sandstones with trough cross-stratifications Linguoid bars
Sf3: Sp Sandstone with plane cross beds Planar-cross stratification is related to 2D subaqueous sand 

dunes along transverse bars under lower flow regime 
conditions

Sf4: Sr Very fine to very coarse sandstone Ripples of the low current regime
Sf5: Sh Sandstones with horizontal stratification Upper flow regime
Clayey-silt facies
Ff1: Fl Laminated to massive siltstone Overbank deposits
Ff2: Fm Massive or laminated mudstones Abandoned overbank or channel deposits
Evaporite facies
FF3: Ef Fibrous gypsum Lagoon or playa lake deposits
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(Walker 1975a, b a, b; Collinson 197 8; Rust 1979). Based 
on all these characteristics, facies Gf3 corresponds to facies 
Gh (Miall 2006).

Facies Gf4

Description: This facies is a purplish conglomerate with 
sub-angular to sub-rounded elements of maximum size 
of about 4 cm and a matrix of fine sandstone. It presents 
through cross-bedding and is characterized by an erosive 

base. This facies is 3 m thick in the Imini area and 6 m thick 
in the Imeskrane section (Fig. 6d).

Interpretation: The trough cross-bedding structures 
observed are the result of scour and fill fluvial origin (Miall 
1977, 1978); a current, if locally strong enough, can erode 
the bottom of the bed over which it flows and create small 
depressions then filled with both coarse and fine material 
(Vaskou 1981).

According to these features, facies Gf4 is comparable to 
facies Gt (Miall 1978, 2006). It is a minor channel deposit.

Fig. 4   Position of the Gmm 
conglomeratic facies on the 
Imezgane section. a, b, c, d, and 
e conglomerate; f sandstone; 
g siltstone; h mudstone; i gyp-
sum; j basalt
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Fig. 5   Panoramic view showing 
a lower boundary separating 
the Middle Triassic series from 
the shaly Cambro-Ordovician 
basement

Fig. 6   Conglomerate facies 
identified in the basin studied. 
a and b Poorly sorted, poorly 
organized conglomerate (Gf1: 
Gmm and, Gf2: Gcm). c Strati-
fied conglomerate (Gf3: Gh). d 
Trough cross-bedded conglom-
erate (Gf4: Gt). e Planar cross-
bedded conglomerate (Gf5: Gp) 
(Hammer and pen show the 
scale)
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Facies Gf5

Description: This is a purplish conglomerate with sub-angular 
to sub-rounded centimetric elements, (2 to 10 cm) (Fig. 6e). 
The pebbles are planarly cross-stratified. The matrix is formed 
mainly by fine sandstone. In the basin, this facies was iden-
tified at many sections (Timellouguit, Agrd Noudoz, Dai 
Ighrem, Imezgane, and Imeskrane); it is 5 m thick.

Interpretation: The characteristics of the Gf5 facies 
conglomerates show that they were deposited by traction 
by a unidirectional current (Fambrini et al. 2017). The 
planar cross bedding also indicates a lower flow rate and 
straight crested bedforms (2D dunes and bars) (Boggs 
2006). Facies Gf5 then corresponds to the Gp facies of 
Miall (1978, 2006). According to this author and also 
EjiUba et al. (2005), this facies was deposited as a trans-
verse and linguoid bar in a shallow channel braided fluvial 
system.

Medium facies (sandstone facies)

Facies Sf1

Description: Facies Sf1 was observed in the Imini area 
(Adighane section). It is a massive coarse sandstone, mar-
morized, without sedimentary structures (Fig. 7b) and 2 to 
7 m thick.

Interpretation: The massive aspect and the absence of 
any sedimentary structure show that facies Sf1 resembles to 
the Sm facies of Miall (1978, 2006). The presence of frag-
ments of different sizes as well as the isolation of some from 
others is probably related to their fall along the slope (Sohn 
et al. 1997) associated with the depositional mechanism 
itself or movement in a high-load flow (Postma and Cruick-
shank 1988). According to (Miall 1985, 1996; Einsele 2000; 
EjiUba et al. 2005) and Afenzar and Essamoud (2020), this 
facies corresponds to deposition by gravity flows.

Fig. 7   Sandstone facies Identi-
fied in the studied basin. a 
Different sedimentary structures 
characterizing the sandstone 
facies. b Massive sandstone Sf1: 
Sm. c Cross-bedded sandstone 
Sf2: St. d Sandstone with planar 
cross bedding Sf3: Sp. e, f, 
and g Sandstone with ripples 
(climbing, asymmetric, and 
crescent) Sf4: Sr. h Sandstone 
with horizontal planar bedding 
Sf5: Sh. i Bioturbated sandstone 
surfaces (Hammer and coin 
show the scale)
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Facies Sf2

Description: This facies was observed in six sections stud-
ied (Ighrem, Agrd Noudoz, Dai Ighrem, Imsekrane, Timel-
louguit, and Imezgane) with a variable thickness from 2 to 
8 m. It is a medium to coarse sandstone, reddish color with 
trough cross-bedding and erosive basal limits (Fig. 7c).

Interpretation: This facies Sf2 is interpreted as the prod-
uct of three-dimensional sinuous ridge bedforms (3D dunes 
and bars) migrating in channels under the conditions of the 
upper part of the lower flow regime (Miall 1977, 1981, 1996; 
Hjellbakk 1997). It may correspond to the St facies of Miall 
(1978, 2006) and often forms in linguoid bars.

Facies Sf3

Description: Facies Sf3 is a medium to coarse sandstone; 
it is stratified and presents planar cross-beds (Fig. 7d). It 
has been identified in almost all sections of the basin with 
a thickness varying from 1 to 8 m. Except in the sections of 
the Inkel area where it is absent.

Interpretation: This facies reflects the migration of small 
ripples on the surface of longitudinal bars as current com-
petence decreases (Miall 1984; Cula and Courel 1987); it is 
formed in transverse and linguid bars (lower flow regime) 
(Miall 1977, 1978, 2006; Bridge 2003; EjiUba et al. 2005; 
Boggs 2006; Malaza et al. 2013). Facies Sf3 corresponds to 
the Sp facies of Miall (1978, 2006).

Facies Sf4

Description: Facies Sf4 is composed of a medium to coarse 
sandstone with patches of marmorization, and its thick-
ness varies between 0.5 and 1 m. It was observed in four 
sections (Douar d’Inkel, Imezgane, Agrd Noudoz, and Dai 
Ighrem) where it contains different well visible types of rip-
ples (climbing, asymmetrical, and crescent) on the surface 
of the banks (Fig. 7e).

Interpretation: The variety of forms of these ripples is 
related to the current velocity because the gradual transi-
tion from one form to another occurs from increasing cur-
rent speed (Collinson et al. 2006). This facies is formed by 
migration of current ripples with both traction and suspen-
sion deposition in the lower flow regime (low current regime 
ripples) (Gary 2009), thus facies Sf4 corresponds to facies 
Sr according to (Miall 1977, 1978, 2006).

Facies Sf5

Description: This facies Sf5 has been identified in all 
of the outcrops of the basin except between the village 
of Ait Ibourek and Tazegzaoute (which is formed essen-
tially by argillites). It is a medium to very fine sandstone 

characterized by horizontal laminations and parting linea-
tions. Its thickness can reach 15 m (Fig. 7h).

Interpretation: Parting lineations result from the abut-
ment of beds and fascicles of plane and horizontal sandy 
laminae (Mckee and Weir 1953) and are generated by small 
longitudinal eddies at the base of the internal turbulent layer 
and provide an excellent indicator of paleocurrent (Miall 
2006). This type of deposit is interpreted as developed under 
conditions of high velocity currents (Reineck and Singh 
1973; Harms et al. 1975) and more precisely under an upper 
flow regime (Tucker 2003; Miall 1978, 2006). So, Sf5 facies 
resembles to the Sh facies of Miall (1977, 1978, 2006).

The surface of this facies in the Imezgane section has 
bioturbations that are either vertical or inclined, meaning 
that this bioturbations indicates quiet periods allowing for 
the development of burrowing organisms (Soualhine et al. 
2003) after high energy deposition (Fig. 7i).

Fine facies

Facies Ff1

Description: This facies is represented by siltstones, siltys, 
and stones with horizontal laminations and massive clayey 
siltstones, with a variable thickness between 1 and 8 m 
(Fig. 8a). It reaches its maximum thickness at the level of 
the Adighane section and sometimes alternates with centi-
metric levels of gypsum. It has reddish to brownish aspect 
with greenish to grayish marmorization levels due to the 
transformation by leaching of iron oxides, which are the ori-
gin of the red color of the sediments.

Interpretation: According to Miall (1977, 1978, 2006), 
this facies corresponds to a vertical accretion deposit char-
acteristic of a laminar flow of very low energy. This facies, 
which resembles the Fl facies of Miall (1977, 1978, 2006), 
can therefore be interpreted as a deposit on an alluvial plain.

Facies Ff2

Description: It has been identified in all the outcrops stud-
ied in the basin with a change in thickness from one area 
to another. On the Adighane section, the facies reaches its 
maximum thickness (40 m). Its minimum thickness is about 
20 cm (Fig. 8b). Facies Ff2 corresponds to massive reddish 
and grayish clays showing levels of marmorisation without 
stratification and lamination. These argillites in the Imini 
and Ighrem Nougdal regions (section between Ait Ibourek 
and Tazegzaoute, Imsekrane and Ighremsections) contain 
evaporite fillings which are present in the form of fibrous 
veins (fibrous gypsum) (Fig. 8b and c).

Interpretation: This facies corresponds to very fine sedi-
ments deposited in calm, shallow, and later desiccated sub-
aqueous environments, broadly defined. These are the most 
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distal deposits of a floodplain in a decanting fluvial zone 
(Fambrini et al. 2017). Settling of fine-grained particles in 
depressions between bedforms occurred, after flooding of 
the alluvial plains (Fambrini et al. 2017). This facies corre-
sponds to Miall’s (1977, 1987, 2006) facies Fm interpreted 
as an abandoned channel deposit (Miall 1985; Einsele 2000; 
EjiUba et al. 2005).

The (Fl, Fm) are sometimes associated with thin to thick, 
laminated (St, Sp), and rippled (Sr) sandstone beds and often 
alternate with horizontally bedded sandstone (Sh). The set 
of features noted suggests flood deposits. It is a floodplain 
deposit (Bourges 1987; Miall 1985, 2006).

Facies FF3 (Ef)

Description: The evaporitic facies Ef is a whitish to translu-
cent gypsum, and it is represented in the form of horizontal 
and subvertical to inclined fibrous veins, filling pre-existing 
fractures in massive argillites. The thickness of these veins 
does not exceed tens of centimeters (Fig. 8).

Interpretation: According to Gustavson et al. (1994) and 
Afenzar and Essamoud (2020), this type of gypsum is the 
product of several concurrent processes that are duplicated 

in most halite and anhydrite-bearing basins. The formation 
of fibrous gypsum veins requires the conjunction of several 
phenomena: (1) the creation of extensional fractures result-
ing from subsidence over halite dissolution zones, (2) hydra-
tion of anhydrite to gypsum by circulation of groundwater, 
and (3) transport of excess calcium sulfate and precipitation 
of gypsum in fractures.

Architectural elements and facies 
associations

The architectural elements and facies associations character-
ized in the studied basin are detailed below, six architectural 
elements were recognized: SG, sediment gravity; CH, chan-
nels; GB, gravel bars and bedforms; SB, sandy bed forms, 
flows; LS, laminated sand sheet; FF, overbank fines.

Architectural element SG ‟Sediment gravity flows” 
(AE1)

This architectural element characterized at the base of the 
series studied (Imezgane section) is formed by an associa-
tion of facies Gf1 and Gf2 corresponding to facies Gmm and 
Gcm (Fig. 9) of Miall (2006). These facies are erosive-based, 
with elongated and sometimes narrow lobes of geometry 
(Miall 2006). The thickness of these facies can be up to 
5 m and the widths vary between 2 and 4 m. The basal con-
tact of the architectural element (SG) is discordant with the 
Cambro-Ordovician basement.

Interpretation: According to Miall (1985, 2006), the 
SG (sediment gravity flow) element is formed by gravity 
flow deposits, primarily poorly sorted pebbles and gravels, 
formed in the proximal regions of alluvial fans.

Architectural element CH ‟Channels” (AE2)

This architectural element has been characterized also at the 
base of the Imezgane section. It is formed by the associa-
tion of sandy lithofacies St, Sp, and Sh and characterized 
by erosive bases concaved upwards. The beds are depos-
ited as lenses and sheets comprising a multiple channel fill 
(Fig. 10A). The thickness of this element is variable from 
0.7 to 2.5 m with a width that reaches 2 m.

Interpretation: The CH element has fourth and higher 
order (5th, 6th) basal boundary surfaces. These boundaries 
are sometimes slightly planar erosive and in other cases 
erosive and concaved upwards. Within the element, and 
between the lithofacies, small boundaries can be identified. 
According to Miall (1985), the determination of the CH ele-
ment differs with the size and type of channel. Thus, in our 
case, this element was deposited in multiple channels that 

Fig. 8   Sandstone and fine facies observed in the study area. a Alter-
nation of sandstones with horizontal plane bedding (Sf5: Sh), mud-
stones (Ff2: Fm), and siltites (Ff1: Fl). b and b' Alternation of clayey 
facies (Ff2: Fm) and evaporitic facies (Ef). c Grayish and reddish 
clayey facies (Ff2: Fm). (Hammer shows the scale)
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are highly mobile in space and time (Deleplancque 2016) 
and are characterized by a process of filling by migration.

Architectural element GB ‟Gravel bars 
and bedforms” (AE3)

The GB architectural element was identified at the base and 
top of the studied series, and it is formed mainly by the assem-
bly of coarse imbricated and stratified lithofacies with planar 
cross bedding: Gf3 and Gf5 correspond respectively to the Gh 
and Gp facies of Miall (1977, 1978, and 2006). The major-
ity of the lithofacies of this element are organized in tabular 
bodies 5 to 6 m thick; minor lithofacies have been identi-
fied between these major lithofacies as in the case where they 
present themselves in the form of sandy dunes Sf5 (Sh) with 
a height that is between 0.5 and 0.9 m and a width of 1.5 m.

Interpretation: The preceding characteristics and the 
interpretations of Miall (1985, 2006) indicate that the GB 
(gravel bars and bedforms) architectural element (Fig. 10B) 
generally corresponds to coarse deposits deposited at the 
level of gravel bars. These coarse deposits are sometimes 
intercalated with sandstone that are deposited during low 
velocity flows (Massari 1983).

Architectural element SB ‟Sandy bedforms” (AE4)

The SB architectural element was determined at the Imez-
gane section (Imini region) and the Dai Ighrem section 
(Ighrem Nougdal region). It is formed by an assembly of 
medium to fine lithofacies which are Sf2, Sf3, and Sf5 cor-
responding respectively to the St, Sp, and Sh facies of Miall 
(1978, 2006). The thickness of the facies of this element 

is variable between 1 and 5 m. The beds have basal ero-
sional contacts (Fig. 11) and are deposited as lenses and 
sheets including channel fill. This element is characterized 
by first-, second-, and third-order internal boundaries and 
fourth-order external boundaries (Miall 2006).

Interpretation: According to these characteristics, we 
note that the architectural element SB (sand bedforms) of 
Miall (1985, 2006) characterizes several depositional envi-
ronments. The SB element in our case is dominated by the 
lithofacies Sf3 (Sp) which is characterized by planar cross 
bedding and is interpreted as a crevasse fill facies. This ele-
ment therefore corresponds to the crevasse channels and/or 
crevasse-splays deposits.

Architectural element LS ‟Laminated sand sheet” 
(AE5)

This element was identified at the base and top of the series 
studied on the three formations: Timalizene, sandstone-clay, 
and Ighil, where it intercalates with very thin laminated facies 
of siltstone in some sections studied, but on the section of 
Imezgane (Imini area), and it intercalates with red mudstone: 
facies Ff1 (Fl) and Ff2 (Fm), resulting in an assemblage of 
sandy lithofacies and fine to very fine lithofaciès.

Interpretation: The LS element occurs as horizontal pla-
nar-bedded sandstone sheets, with thicknesses varying from 
area to area (ranging from 60 cm to 10 m) (Fig. 12). The 
stratified sand sheets have been interpreted as the product 
of flash floods (Miall 1977, 1984; Rust 1978; Sneh 1983) 
in Miall (1985)). The sand (sandstone) sheets are deposited 
on flat to slightly eroded surfaces. The bedding of this ele-
ment likely represents the margins of individual flood sheets 
(Miall 1985; 2006).

Fig. 9   Architectural element SG (sediment gravity flows) characterized in the basal “Timalizene” formation of the studied Triassic basin (pen 
shows the scale)
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Fig. 10   Architectural elements CH (channels) (A) and GB (B) (gravel bars and bedforms) characterized in the sandstone-clay formation of the 
studied Triassic series

Fig. 11   Architectural element SB (sandy bedforms) identified in the Ighil formation of the studied basin
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Architectural element FF ‟Overbank fines” (AE6)

The FF element is the major element in the basin studied, 
as it dominates almost all outcrops, with great variation in 
thickness from one area to another. Its thickness can reach 
40 m (in the outcrops of Adighane), while its minimum 
thickness is about 20 cm (in the outcrops of Inkel). It is an 
association of fine to very fine facies. The constituent facies 
of this element are Ff1 (Fl), Ff2 (Fm), and Sf5 (Sh) (Fig. 13). 
These reddish facies sometimes show a massive aspect with 
crude laminations indicating a quiet depositional environ-
ment. In other cases, they show horizontal laminations with 

very thin sandstone intercalations (8 to 20 cm) and show 
marmorization.

Interpretation: In most cases, the FF feature has a sheet-
like geometry, reflecting its origin by vertical aggradation, 
and is characterized by fine facies that are overbank deposits 
(overbank facies) representing floodplain deposits, with tem-
porary lakes and wetlands, probably under wetter climatic 
conditions (Miall 2006; Fambrini et al. 2017).

In addition to these six architectural elements of 
Miall (1985, 1996, 2006) recognized in our basin, two 
other facies associations not described by Miall have 
been characterized:

Fig. 12   Architectural element 
LS (laminated sand sheet) 
characterized at the top of the 
Ighil formation of the studied 
Triassic series (compass shows 
the scale)

Fig. 13   Architectural element FF (overbank fines) observed at the level of the “upper clayey siltstone” top formation of the studied Triassic 
basin
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Association of facies of playa and sebkhas (AFPS)

This facies association (AFPS) was identified in six sections 
studied: (Ighrem section, Agrd Noudoz section, Timel-
loguit, Imezgane, and Adighane section). Its assembly is 
10 to 40 m thick. It is formed by alternations of fine red silt-
stones and mudstones (lithofacies Ff1: Fl and Ff2: Fm) and 
medium to fine sandstones sometimes showing horizontal 
planar bedding (lithofacies Sf5: Sh). The facies association 
(AFPS) shows a cyclicity of sandstone and silt–clay facies, 
which shows that their deposition occurred at playa lake 
and sebkhas (El Arabi 1988; Liu and Wang 2001; Afenzar 
and Essamoud 2020).

Studies of trace elements B, Ga, and Li on different sections of 
the southern flank of the High Atlas of Marrakech revealed a con-
fined character of sebkhas on the whole southern flank (El Arabi 
1988).

These confined sebkhas deposits continue with the rest 
of the upper clayey siltstone formation of the studied basin 
and up to the base of the Liassic as shown by the works 
devoted to the whole evaporitic series of the lower Meso-
zoic of Morocco, associated with the basaltic flows (El 
Arabi 1988).

Evaporite facies association (AFE)

It is an association of clayey facies (Ff2: Fm), silty facies 
(Ff1: Fl), and evaporitic facies (Ef: gypsum) from 1 to 
40 m thick. This evaporitic facies has often a primary ori-
gin and in other cases, it is diagenetic. The presence of 
gypsum testifies a hot and humid climate, with however 
periodic contributions of fine detrital material (Afenzar 
and Essamoud 2020).

Geochemical studies have been carried out on the Upper 
Triassic-Lower Liassic Atlas evaporites and have shown that 
these evaporites are characterized by the following: a small 
extent and thickness of the deposit, a generally monomineral 
composition containing gypsum/anhydrite or halite, and highly 
variable sulfur and strontium isotope ratios (Holser et al. 1988; 
Beauchamp et al. 1995).

Depositional environments

Sedimentological analysis of Triassic deposits in the Imini 
basin indicates that fluvial conditions have changed mark-
edly over time. In the present study, conceptual models were 
constructed to provide insight into the depositional environ-
ments. Internal sedimentary structures, lithofacies boundary 
surfaces, and their vertical associations (architectural ele-
ments) were used to interpret these depositional environ-
ments (Fig. 14).

Proximal braided system with alluvial fans

In the Imini area (mainly in Imezgane section), the outcrops 
are dominated mainly by coarse and medium facies at the 
base and in the middle: facies Gf1: Gmm, Gf2: Gcm, Gf3: 
Gh, Gf4: Gt, Gf5: Gp, Sf2: St, Sf3: Sp, and Sf5: Sh. Three 
main architectural elements were formed by these facies: 
(SG), (GB), and (CH). The top of this section is marked by 
the finest facies; these are generally Ff1: Fl siltstones and 
Ff2: Fm mudstones more or less stratified and forming the 
architectural element OF. Thus, the coarse basal deposits 
were deposited in alluvial fans and gravity flowing gravelly 
rivers (model no. 1 of Miall 1985, 2006). The presence of 
silty and clayey facies of the OF element at the top is prob-
ably due to the migration of fine particles and their deposi-
tion at the abandoned channels.

Fig. 14   Different depositional environments reconstructed in the 
study area
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Braided system with shallow channels 
and gravelly bars

In Adighane section which it is well represented, the coarse 
deposits at the base (stratified conglomerate with subangular 
and locally imbricated elements showing longitudinal bar 
deposition) are overcome by facies Ff3: Sp. This assemblage 
formed the GB architectural element. It was deposited in a 
braided fluvial system characterized by gravelly bars (model 
no. 2 of Miall 1985, 2006).

Distal fluvial system: alluvial plains 
associated with playas lakes and sebkhas

It is well presented in the Imeskrane section by fine to very 
fine deposits with very significant thicknesses (ten to a hun-
dred meters). These facies are generally Sf5: Sh, Ff1: Fl, 
and Ff2: Fm. The APS facies association (playa and sebkhas 
association) is well identified. It is formed in this section by 
alternations of fine siltstone, claystone, and very fine sand-
stone showing an aspect of playa and sebkhas deposits. The 
assemblage gives rise to architectural element OF.

These medium and fine deposits that characterize the 
median and summit part of the studied series were depos-
ited in a flood plain with playas lakes and sebkhas where 
evaporitic facies (gypsum) are formed by the evaporation of 
supersaturated water under a hot and humid climate.

Genetic stratigraphy and correlation

Identification of genetic units

High-resolution sequence stratigraphy in continental envi-
ronments where interpretations are more complex is based 
on the analysis of high-frequency fluctuations of the base 
level defined from sedimentological studies (Bourquin et al. 
1998).

A genetic unit is generally represented by a period of 
erosion and transit linked to the base level fall (prograda-
tion) and a period of base level rise (aggradation). Periods of 
erosion and transit correspond to low preservation of facies 
while the aggradation period corresponds to high preser-
vation (Merzeraud 1992; Bourquin and Guillocheau 1996; 
Afenzar and Essamoud 2020).

Genetic units UG1 and UG2

These are the genetic units in which an alluvial fan sys-
tem transit to a proximal braided system with an alluvial 
plain. The period of base level fall (progradationnal part) 

is characterized by the deposition of massive facies without 
sedimentary structure with coarse, angular, poorly sorted 
elements bounded by erosional surfaces. These facies are 
deposited with angular unconformity on the Cambro-Ordo-
vician basement and are organized into AE4 architectural 
elements. The period of base level rise (retrogradationnal 
part) is characterized by the development of conglomeratic 
facies showing horizontal stratification with imbricated and 
well-sorted pebbles and sandstones showing planar cross 
bedding that are formed in bars in a braided fluvial system 
with an alluvial plain (Fig. 15).

Genetic unit UG3

At this genetic unit UG3, the period of base level fall (pro-
grading part) is characterized by the deposition of massive 
conglomeratic facies without sedimentary structures. The 
rising base level phase (retrogradationnal part) is marked 
by well-organized facies with horizontal planar stratification 
and other facies showing planar cross bedding formed in 
channels and bars in a braided fluvial system (architectural 
elements AE1 and AE2).

Genetic units UG4 and UG5

These genetic units show only a retrogradation phase (the 
rise of the base level). They are characterized by the devel-
opment of distal fine facies deposited on the floodplain. The 
association of facies characteristic of these units is related 
to a large floodplain marked by the presence of an FF archi-
tectural element.

Genetic units UG6, UG7, and UG8………UG12……..UG24

These genetic units show also only a period of base level 
rise (retrogradation). It is characterized by the abundance of 
sandstone facies showing horizontal beddings with signifi-
cant bioturbation interpreted as subaqueous flood deposits 
(Bourquin et al. 1998). The basal boundary of these units 
is sometimes marked by the transition from coarse facies 
formed at bars in a braided system to fine floodplain facies 
(Fig. 15).

Genetic units UG25 and UG26

Genetic units UG25 and UG26 are characterized by alternat-
ing sandstone, silty, clayey, and evaporitic facies (organized 
into architectural elements AE6, AFPS, and AFE) formed 
in floodplains associated with playa lakes. The maximum 
flooding surfaces of these units are between the mudstone 
and evaporitic facies.
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Genetic units correlations

Figure 16A and B show the lateral relationships between sedi-
mentary environments by correlating genetic units from one sec-
tion to another. This correlation is based on the determination of 
reference levels. Three levels are recognized in our study:

1. The basal contact: unconformity between the Hercyn-
ian basement and the first Triassic facies formed in the 
basin;

2. The contact between the detrital facies and the first 
evaporite facies (gypsum);
3. The beginning of the basalt formation considered 
the Upper Triassic-Lower Liassic boundary (Peretsman 
1985).

The first retrogradational/aggradational cycle (C1) is 
characterized by conglomeratic and sandstone deposited 
unconformably on the Hercynian basement. The maximum 
flooding surface (MFS1) is marked by the transition from 

Fig. 15   Synthetic sedimentary 
log of the basin with minor and 
major cycles of base level varia-
tions. a, b, c, and d conglomer-
ate; e sandstone; f siltstone; g 
mudstone; h gypsum; i basalt
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coarse, massive, poorly organized conglomeratic facies 
deposited in proximal alluvial fans (weak preservation) to 
conglomeratic and sandstone facies formed in a braided flu-
vial system (UG1, UG2, and UG3).

The second cycle (C2) shows a continuous increase in 
base level. It is characterized by a vertical aggradation of 
sandstone, siltstone, and mudstone facies formed in an allu-
vial plain of a braided system.

The third cycle (C3) was identified on four sections studied 
(Ighrem, Imskerne, Inkel, and the section between Ait Ibourek and 
Tazegzaoute). This retrogradation continues and is characterized by 
the appearance of the first evaporitic facies. Its base is represented by:

1. Gypsiferous red mudstones;
2. Intercalations of gypsum and red to gray mudstones 
formed in playas.

The set is capped by Upper Triassic-Lower Liassic basalt.

Cartography of genetic units at the scale of the basin

The objective is to obtain a stratigraphic correlation between 
all the sections throughout the basin in order to study the 

distribution of facies in space and their evolution over time. 
In particular, the genetic relationships between siliciclastic 
and evaporitic sediments are studied. The result is a paleo-
geographic reconstruction for each genetic unit (Figs. 17 and 
18).

At the base of MFS1, significant conglomerate levels 
develop towards the south pole of the first transect (T1) 
(Fig. 17), and these conglomerates correspond to the Timali-
zene formation (basal conglomerate formation) and laterally 
evolves to sandstone facies towards the north pole.

Between MFS1 and MFS2 (center of transect T1), some 
of the conglomeratic facies of the retrograde part of the UG2 
genetic unit become thinner and evolve laterally to sandstone 
facies. For transect (T2), these conglomerates are less abun-
dant and locally absent. The genetic units (UG1) (UG2) of 
cycle (C1) represent proximal depositional environments: 
alluvial fans, proximal braided system.

Between MFS2-MFS3, conglomeratic facies positioned 
on the south pole of the first transect (T1) of the genetic 
unit (UG3) have significant thicknesses and transition later-
ally to sandstone facies toward the north pole. This genetic 
unit (UG3) of cycle (C1) represents a proximal depositional 
environment: proximal braided system.

Fig. 16   Correlation of genetic 
units based on the study of the 
northern and southern sections 
of the basin (transect: N-S)

Page 17 of 26    1476Arab J Geosci (2022) 15: 1476



1 3

Between MFS2 and MFS8, a rise of the base level leads to 
a change in the depositional environment towards an alluvial 
plain characterized by very thick deposits of sandstone and 
mudstone as well as siltstone deposits. This rise of base level 
is the origin of the appearance of better sorted facies (Gf3: 
Gh; Gf4: Gt; and Gf5: Gp) with: (1) a disappearance of angu-
lar elements; (2) an important presence of bioturbation which 
also characterizes an episode of maximum flooding (MFS5) 
of the UG6 genetic sequence, and this bioturbation indicates 
subaqueous flood deposits (Bourquin et al. 1998); (3) better 
preservation of the floodplain facies; (4) the transition from 
facies without free sedimentary features (Gf: Gmm; Gf2: 
Gcm) to facies with trough cross bedding (Sf2: St), planar 
cross bedding (Sf2: Sp), or with small ripples (facies Sf4: 
Sr) and then to horizontal planar bedding alternating with 
mudstone (facies Ff2: Fm) (Poli 1997; Afenzar and Essa-
moud 2020). The lateral transition is observed in the south of 
transect (T1) (Fig. 17) and throughout transect (T2) (Fig. 18).

Between MFS9 and MFS10, we observed the appear-
ance of evaporitic facies that are concentrated at the north 

pole of the first transect (T1) (Fig. 17) and change later-
ally to clayey facies at the same genetic unit. For tran-
sect (T2) (Fig. 18), the appearance of evaporitic facies 
is marked on the interval (MFS12-MFS13) which are 
concentrated at the north pole and in the middle of this 
transect (T2). These evaporitic facies were overlain by 
basaltic flows in the late Triassic-early Jurassic and tran-
sit laterally to clayey facies at the same genetic unit. This 
transition from evaporitic to clayey facies is likely due to 
either migration of the depositional environment during 
the same time interval or dissolution and erosion of these 
exposed facies at outcrop (Afenzar and Essamoud 2020).

These genetic units and progradation-retrogradation 
cycles show an evolution of proximal environments 
(alluvial fans moving laterally to a braided system) at the 
base of the transect (T1) (Fig. 17, orange and dark brown 
color), an evolution of alluvial plain environments (proxi-
mal braided system becoming more distal) at the base of 
transect (T2) (Fig. 18, yellow and green color), to distal 
environments (floodplains associated with playa lakes and 

Fig. 16   (continued)
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sebkhas) at the top of both transects T1 and T2 (Figs. 17 
and 18, green and purple color).

Discussion

Paleoenvironment

According to the sedimentological analysis, the Imini basin 
is characterized by detrital silico-clastic sedimentation at 
the beginning and then evaporate at the end of the syn-rift 

sedimentary filling (Fig. 16). The sediments from the first 
depositional cycle are eroded from a mountainous source 
area and deposited at the edge of the basin in alluvial fans 
or transported to an alluvial plain (Miall 2006).

Based on identified facies, characterized architectural 
elements, and fluvial styles, the depositional environments 
evolve over time from:

1. A proximal system of alluvial fans characterized by 
the accumulation of sediments flowing by gravity to a 
proximal braided system characterized by conglomeratic 
and sandstone bars.

Fig. 17   First transect (T1) N-S 
correlation and mapping of 
genetic units and minorcycles of 
base-level variation
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Fig. 18   Second transect (T2) 
N-S correlation and mapping of 
genetic units and minor cycles 
of baseline variation
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2. Subsequently, the depositional environment evolved 
into a well-developed braided system characterized by 
coarse gravel facies, medium and small-scale transverse 
stratifications formed by dunes with ripples, strata formed 
by dune migration and channel filling, etc.… The major 
facies identified in this system have been reported in a 
number of other studies of ancient and modern sandy 
braided rivers of different scales and braiding intensities 
(Smith et al. 2005).
3. At the end, these environments evolve towards an allu-
vial plain where lakes of playas and sebkhas are devel-
oped. In this phase, the syn-rift sedimentary series was 
influenced by continental groundwater (Kendall. 1978) 
in the Late Triassic with gypsiferous sedimentation. This 
is deduced from the presence of a thinner gypsiferous 
series with little lateral extension, whose isotopic ratios 
of sulfur and bromine contents indicate their continen-
tal origins (Holser et al. 1988; Beauchamp et al. 1995). 
These evaporites appear stratified in the Imini area within 
the “upper siltstone” at a location where coarse deposits 
are more dominated (El Arabi 2007) such as the Ameri-
can basins belonging to the southern and central segment 
(example basins of Newark, Deep-river, Culpeper, Fundy, 
Franklin….) Withjack and Callaway (2000), Tanner and 
Brown (2003), Syamsir et al. (2010), Withjack et al. 
(2012), and Leleu et al. (2016)) and are not developed 
with the same strength as those in the Atlantic syn-rift 
series where evaporites are extremely well developed 
(e.g., the Essaouira Basin) (Hafid 1999).

Paleoenvironmental evolution was also controlled by pal-
aeoslope evolution. Leleu and Hartley (2010) suggest that 
in most continental basins, the paleoenvironmental transi-
tion is diachronic, so that it cannot be related to global or 
megaregional climatic controls and that the pattern can be 
explained by a decrease in source area relief through erosion 
in a hydrologically closed basin.

Evaporite origin

Many evaporites that are formed in continental environ-
ments were derived in part from marine input; it is difficult 
to identify the relative importance of continental and marine 
influences (Kendall 1978).

Several studies have shown that the transgression of the 
Tethys is announced as early as the Upper Ladinian with the 
first marine deposits in the NE of Morocco (Oujda region). 
It then extends during the Carnian to reach the other basins 
through the central High Atlas (Oujidi et al. 1997, 2000), 
which explain that there is a marine incursion during the 
Upper Triassic where the evaporites can be formed.

Van Houten (1977) showed that the marine incursion into 
the Moroccan Atlas belt did not occur until the Late Liassic, 

extending southwest from the Tethys to the Marrakech, 
where it was stopped by the block of uplifted basement of 
the ancient massif.

More of these last studies, several geochemical analyses 
which were carried out on the evaporites of the Moroccan 
atlas, indicated and confirmed that these evaporites are of 
continental origin (Krueger and Reesman 1983; Holser et al. 
1988; Beauchamp et al. 1995) as in our case of study.

Comparable evaporitic sequences of mostly Late Triassic 
age have also been identified in North Africa, more to the 
northeast and east, in the eastern High Atlas, the Tunisian 
Atlas, and even the Algerian Tell (Kamoun et al. 2001; Fri-
zon de Lamotte et al. 2011; Raulin et al. 2011), the Outer 
Betic of southern Spain (Arche et al. 2002; Suarez 2007), 
the Iberian chain (Arche et al. 2004; Ortí 2004; Virgili et al. 
2006; Diez et al. 2007; Vargas et al. 2009; Bourquin et al. 
2011; López-Gómez et al. 2012, and Escudero-Mozo et al. 
2015).

Tectonic factor

The detrital deposits of the Imini basin generally appear as a 
subsidence zone with hemi-graben structuring controlled by 
remobilization of Hercynian and late-Hercynian faults ENE-
WSW or E-W in a quasi-uniform NW–SE distensive regime. 
The prevalence of this syn-sedimentary tectonics has a very 
important role in the elaboration of the studied basin as well 
as in the distribution of the facies of the different formations 
(Medina 1988; El Arabi 1988; Amghar 1995). According to 
El Arabi (2007), a synsedimentary tectonics in the form of 
striated normal faults active during the deposition of upper 
mudstones in the basin are responsible for the distribution 
and concentration of evaporites.

The Imini basin is therefore a purely continental area, 
which has favored the recording of alluvial fans, high energy 
fluvial systems and then gradually filling in, we passed to 
lakes, sebkhas, and evaporites. The importance of this typi-
cal succession lies in the relationship between basin capacity 
and sediment and water supply (Schlische and Olsen 1990). 
This capacity is created by tectonics, which leads to the con-
clusion that this succession is associated with a rift-type 
geodynamic context. The sediments are predominantly red. 
This reflects the oxidizing conditions under which sedimen-
tation occurred (Biron 1982; Van Houten 1973; Afenzar and 
Essamoud 2020).

Climatic factor

In addition to the tectonic control demonstrated on the archi-
tectural style of the Late Triassic sediments, climatic varia-
tions also have an important role.

During the Upper Triassic and the early Liassic, the south-
ern and central part of the Imini basin were characterized by 

Page 21 of 26    1476Arab J Geosci (2022) 15: 1476



1 3

playa lakes and sabkhas deposits as well as the appearance 
of evaporitic facies resulting from local climatic conditions, 
as we have shown previously.

The existence of a hot and humid climate (Afenzar and 
Essamoud 2020) in the late Triassic probably contributed to 
the precipitation of the evaporitic sequence, as in our study 
area where the evaporites of the upper mudstone siltstone 
formation are controlled by local climatic conditions (El 
Arabi 1988).

Relationship with the atlas rifting

Several authors consider that the opening of several Moroc-
can Triassic sedimentary basins was initiated during Triassic 
rifting. This opening was controlled by the reactivation of 
pre-existing zones of weakness in the Paleozoic basement 
inherited from the Hercynian orogeny (Le Roy and Piqué, 
2001; Hafid 2000; Courel et al. 2003; Laville et al. 2004; 
Saber et al. 2007; Leleu et al. 2016).

The Imini basin is part of the eastern High Atlas prov-
ince of Marrakech (Morocco) where the Triassic deposits 
are considered syn-rift.

Conclusion

The results of this study show a syn-rift Triassic series with 
two sedimentary episodes. During the first episode, the sedi-
mentation is silico-clastic in nature and forms under purely 
continental conditions. The detrital material was derived 
from the erosion of nearby Paleozoic landforms. During the 
second episode, the deposits consist of evaporites formed in 
a hot and humid climate and controlled by a set of tectonic 
structures that led to the opening of the basin.

The depositional environment evolved over time during 
these episodes. This evolution was controlled by climate, 
tectonics, paleoslope, and base level variations. The deposi-
tional environments evolved from a proximal alluvial fan to 
a braided river system. These environments evolved gradu-
ally into an alluvial plain where playa lakes and sebkhas 
are developed. These vertical variations in the nature and 
size of the sediments are due to the variation of the base 
level and the supply of sediments during sedimentation in 
the basin. This variation is of tectonic and/or climatic (allo-
cyclic) origin.

During early sedimentation, the base level decreased 
and led to the formation of poorly organized conglomer-
atic facies in a proximal fluvial zone. Then it began to rise, 
leading to the formation of a fluvial-type sedimentary series 
followed by evaporitic facies before magmatic activity at the 
Triassic-Jurassic boundary.

Correlation and mapping of genetic sequences and pro-
gradation/retrogradation cycles provided 2D/3D geometries 

of the basin along the two correlation transects. This indi-
cates a growth in the thickness of these sequences vertically 
and laterally. These correlations also show lateral changes 
from mudstone facies (SW-NE boundary) to evaporitic 
facies (N boundary and central basin).
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