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Abstract
In the Upper Palaeozoic (Stephanian to Upper Permian) sediments of the Western High Atlas, ancient faults trending N20°-40°, 

N70°-80°, E-W to N110°-120° and N160°, that is, of hercynian age, present normal, sinistral strike-slip or thrust displacements and 
sometimes with important throw. They were active from Stephanian (Late Carboniferous) to Late Permian times. The new biostrati-
graphic and chronostratigraphical data allow us to recognise the evolution of the strain ellipsoid of this sector from the Namuro-
Westphalian compression stage (Hercynian orogen) to the Triassic distensive stage. 
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Resumen
En los sedimentos del Paleozoico Superior (Estefaniense-Pérmico Superior) del Alto Atlas Occidental, antiguas fallas hercínicas 

de dirección N20º-40º, N70º-80º,  E-W a N110º-120º y N160º presentan desplazamientos  de tipo normal, de desgarre o inverso, 
algunas veces mostrando importantes saltos. Estas fallas fueron activas desde el Estefaniense hasta el fi nal del Pérmico. Los datos 
bioestratigráfi cos y cronoestratigráfi cos recientes nos permiten reconstruir el elipsoide de esfuerzos de este sector desde la etapa de 
compresión Namuro-Estefaniense hasta la etapa distensiva del Triásico Superior.

Palabras clave: Estefaniense, Hercínico superior, tectónica, Alto Atlas Occidental, Marruecos.
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 1. Introduction

This work is an approach to the study of the tectonic 
events and their chronology during the Late-Hercy-
nian period in the Paleozoic of the Western High Atlas 
(P.W.H.A.) (Fig. 1). In the geologic literature dealing with 

this area, only a few papers are focused in this period of 
time, between the Westphalian rocks (the end of major 
hercynian shortening) and the deposition of the fi rst rocks 
of Stephanian, Permian and Triassic ages (the rupture of 
Pangea and the beginning of the Atlantic rifting). Dur-
ing this long period, multiple events took place control-
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ling the sedimentary, tectonic, paleontologic and climatic 
characteristics of the sediments and the subsidence, that 
is, the evolution and sedimentary infi lling of the basins.

The Stephano-Permian deposits lie unconformably on 
the Palaeozoic basement and represent the culmination 
of the development of the hercynian chain. They are con-
tinental in origin and at the present-day they are divided 
into numerous disconnected basins, which are often dif-
fi cult to correlate.

This work is a synthesis and an update on the chronol-
ogy of the late-hercynian tectonic and geodynamic events 
in the Western High Atlas.

2. Lithostratigraphic units

The lithostratigraphical units of the different basins and 
sub-basins of the Western High Atlas are synthesized as 
follows:

2.1. Synthetic stratigraphic successions of  Souss basin

The Souss Basin is located at the south-western corner 
of the Western High Atlas Mountains (Fig. 1). It consists 

of two subbasins, the Ida Ou Zal and Ida Ou Ziki sub-
basins. They represent remnants of a former larger basin, 
which was fi lled with late Pennsylvanian grey sediments 
(Saber, 1994, 1998; Saber et al., 2001). These sediments 
cover different parts of an older paleorelief caved into the 
deformed and metamorphised basement. Sedimentation 
starts with a basal coarsening upward mega-sequence of 
conglomerates and sandstones of about 400-600 m thick-
ness in both basins (Figs. 2 and 3). They are followed 
by up to 1,200 m grey, alluvial sandstones (including al-
luvial plains and fl uvial channel sediments), lacustrine 
black shales and occasionally coal seams up to decimetre 
thick. 

2.2. Synthetic stratigraphic successions of Oued 
Zat basin 

The studied sections show increasing thickness towards 
the south ranging from 50 to 450 m (Fig. 4). They are 
composed of the following sedimentary formations from 
base to top:

- A basal formation, the Tighadwiyn formation, com-
posed of purplish red conglomerates subdivided in two - 

Fig. 1.- Localization of the Paleozoic of the Western High Atlas (P.W.H.A.) the in Moroccan Meseta.
Fig. 1.- Localización de los afl oramientos paleozoicos del Alto Atlas Occidental (P.W.H.A.) en la Meseta de Marruecos.

Souss BasinSouss Basin

Oued Zat BasinOued Zat Basin
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three layers of variable thickness ranging from 1 to 10 m. 
These conglomerates are mainly composed of rounded 
quarzite pebbles. The base is erosive and is overlain by 
red sandy clays, sometimes grey or yellowish. 

- An upper formation, the Mçtour formation, composed 
of clays and silts containing greenish grey levels with car-
bonaceous lenses, native sulphur and remains of fl ora.

In the Oued Zat area, the basal conglomeratic unit cor-
responds to a proximal braided river deposits. The upper 
unit corresponds to distal fl uvial systems, which mainly 
consists of fl ood plain deposits dominated by overfl ow 
facies.

2.3. Synthetic stratigraphic successions of the Upper 
Permian of Argana basin

The Argana Basin is located at the western edge of the 
High Atlas Mountain between Marrakech and Agadir 
(Fig. 5). The Permian to Early Jurassic continental basin 
fi ll is well exposed in an elongated area of about 70 x 15 
km. The fi rst lithostratigraphical subdivision goes back to 
Tixeront (1974). The T1 unit or the Ait Driss Member and 
the T2 unit or the Tourbihine Member form together the 
Permian Ikakern Formation. 

The Ikakern Formation is restricted to the Argana 
graben, in the central part of the Argana valley (Brown, 
1980). Maximum thickness is found in the SE, of about 
2,000 m. The basal conglomerates of the Ait Driss Mem-
ber rest unconformably on Cambrian to Devonian folded 
metasediments, and locally, with an angular unconformity 
on Late Carboniferous sediments (Hmich et al., 2006).

3. Biostratigraphic and chronostratigraphic data

Many biostratigraphic studies have been published in 
the last years on the formations of these Stephanian, Per-
mian and Triassic basins. These studies are of a great in-
terest because they provide a precise chronology of the 
different sedimentary and tectonic events that occurred 
between the last major compressive hercynian phase and 
the Upper Permian extensional period.

3.1. The Souss basin

The beds containing macrofl ora are abundant in this 
basin, specially in the greenish-grey fl uvio-lacustrine 
levels, above the Ikhourba and Tajgaline conglomeratic 
Fms. (Figs. 2 and 3). They consist of imprints of different 
parts of plants (leaves, stems, trunks). A microfl ora was 
discovered in the argillaceous levels by H. Saber and was 
recently studied by Aassoumi et al. (2003). 

Fig. 2.- Synthetic lithostratigraphic section of the Ida Ou Zal sub-ba-
sin (after Saber et al., 2001).

Fig. 2.- Columna estratigráfi ca sintética de la subcuenca de Ida Ou Zal 
(basado en Saber et al., 2001).

Plant remains from these outcrops and the siltstone in-
tercalations of the Tirkou Formation have been described 
by Bertrand (in Clariond, 1932), Jongmans (1950), Feys 
and Greber (1963) and Broutin et al. (1989) and main-
ly consist of: Annularia stellata, A. sphenophylloides, 
Pecopteris candolleana, P. hemitelioides, P. cyathea, P. 
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monyi, P. pinnatifi da, Sphenopteris matheti, Odontop-
teris obtusa, Mixoneura neuropteropteroides, Stigmaria
(roots), Sphenophyllum oblongifolium, Alethopteris sub-
elegans, Odontopteris cf. subcrenulata,  Taeniopteris gr. 
jejunata, Neuropteris cordata, N. neuropteroides, Poa-
cordaites, Walchia piniformis, Otovicia hypnoides, some 
Culmitzschia species as well as Sphenobaiera sp.

Aassoumi et al. (2003) briefl y reported a microfl ora 
from the middle part of the Oued Issène Formation (Fig. 
3) dominated by trilete and monolete spores as Laevi-
gatosporites, Calamospora, Lycospora and Reticulatis-
porites, among others. Monosaccate and bisaccate pollen 
are very rare. Further samples from the top of the Oued 
Issène Formation, just below the conglomerates of the 
Tirkou Formation contain Reticulatisporites, Lycospora
and Thymospora, Leiotriletes among others; monosac-
cate pollen of a Potonieisporites type are less abundant.

The outcrops along the El Menizla river at El Menizla 
village, near the southern border of the Ida Ou Zal Subba-
sin, are the type section of the El Menizla Formation (Fig. 
2). From this area, Saber et al. (1995) and Saber (1998) 
described de following fl ora: Calamites, Asterophyllites 
equisetiformis, Annularia, Macrostachya, Sphenophyl-
lum oblongifolium, Lepidodendron, Pecopteris arbores-
cens, P. hemitelioides, P. unita, P. paleacea, Asterotheca
and Odontopteris. Walchia was reported as rare. 

The macrofl ora of the lacustrine laminated to varved 
black claystones is clearly dominated by conifers, as 
Otovicia hypnoides and Ernestiodendron fi liciforme. 
Similarly common is cf. Lepidostrobophyllum, rarer are 
Odontopteris subcrenulata and Autunia cf. conferta. This 
association indicates xeric conditions around the lakes.

Rich assemblages of fossil insects were found close 
to Taghzout, Agadir-Ou-Anzizen and El Menizla. Four 
Families of insects were described by Hmich et al. 
(2003a,b) and Hmich et al. (2005; 2006). They belong 
to the Families: Spiloblattinidae, Mylacridae, Phylob-
lattidae and Poroblattinidae, all of them to the Order of 
Blattoidea. The Mylacridae family is only represented by 
the species Opsiomylacris thevenini (Meunier), and is the 
most abundant. Previous studies on these species were 
only made in the upper Stephanian of the Commentry Ba-
sin (Massif Central, France). These fossil insects, found 
for the fi rst time in Morocco, are considered as the oldest 
in the African continent. They are Stephanian (Pennsyl-
vanian) in age, which can be correlated with the upper 
Kasimovian/lower Gzhelian (303-302 My) of the Rus-
sian platform scale.

3.2. The Oued Zat basin

Eighteen species of macrofl ora found in this area 
were studied by Doubinger and Roy-Dias (1985). This 
paleofl oristic association is composed by Odontopteris 
dufresnoyi, O. subcrenulata, Pecopteris densifolia, P.
rarinervosa, P. polypodioides, Scolecopteris, Cordaites 
lingulatus, Sphenophyllum costa, S. thoni, Sphenopteris 
sp., Aulacopteris, Calamites suckowi and Lebachia parv-

Fig. 3.- Synthetic lithostratigraphic section of the Ida Ou Ziki sub-ba-
sin (after Saber et al., 1994).

Fig. 3.- Columna estratigráfi ca sintética de la subcuenca de Ida Ou 
Ziki (basado en Saber et al., 1994).
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ifolia (hygrophitic type). This association could be attrib-
uted to Stephanian B-C age.

3.3. The Argana basin and T1 and T2 Formations (Fig. 5).

Spectacular tetrapod skeleton remains have been dis-
covered in the seventies of the last century by Dutuit 
(1988) in the Tourbihine Member. They were determi-
nate as diplocaulid nectrideans (Diplocaulus minimus), 
the captorhinid Acrodonta and a moradisaurine (Jalil and 
Dutuit, 1996).

Studies on vertebrate fossils carried out by Jalil and Du-
tuit (1996) and Jalil (2001) in the T2 formation, indicate 
an Upper Permian (Tatarian) age. This dating is of great 
importance, as these formations overlie the crystalline 
Palaeozoic basement in some areas of the basin and the 
continental deposits of upper Stephanian in some others 
by means of an angular unconformity and are not affected 
by previous deformation events.

4. Chronology of the tectonic phases

The structural development of the Western High At-
las, since the end of the Hercynian orogeny until Triassic 
times, was dominated by strike-slip faults of metric to 
kilometric scale, as result of a succession of several tec-
tonic phases. These regional phases can be summarized 
chronologically as follows:

1- The major compressive Hercynian cycle (Namuro-
Westphalian) was mainly originated by the formation 
of tectonic ductile structures and micro-structures char-
acterized by syn-schistous folds with axes trending 
N20°-N30° and kilometric scale asymmetric shear zones 
trending N60°-N70° (e.g.: Imin-Tannout and Tizi n’Test 
faults) and N90°–N110° (Tizi Maâchou fault) (Fig. 5). 
They subdivide the Paleozoic of the Western High Atlas 
into different blocks whose kinematics is registered by 
the virgations of the paths of schistosity. The Hercynian 
deformations fi t well with the dextral strike-slip tectonics 
trending N60°-80° in the High Atlas. The regional short-
ening (sub-horizontal) N100° is reoriented N120°-130° 
at the end of orogenesis (Cornée et al., 1987; Ferrandini 
et al., 1987).

2- During the Stephanian B (upper Kasimovian/lower 
Gzhelian) a NW-SE to NNW-SSE extension started (Fig. 
6). The result of this extension is clearly shown in the 
Western High Atlas, particularly in the Souss (Ida Ou Ziki 
and Ida Ou Zal) Basin, Oued Zat Basin, Rhojdama Basin, 
and Haouz Basin. This phase of deformation corresponds 
to the relaxation, immediately after the last compressive 
ductile deformations of the Hercynian orogenesis. It is 
characterised by synsedimentary deformations (normal 

listric faults, micrograbens, slumps and progressive un-
conformities) along the reactivated inherited major faults, 
that resulted in the development of the Stephanian limnic 
basins. A new Stephanian age for this tectonic event has been 
proposed by means of the new fossil insect fauna found in 
the Souss Basin (Hmich et al., 2002) and macrofl ora in the 
Oued Zat Basin (Doubinger and Roy-Dias, 1985).

Fig. 4.- Synthetic lithostratigraphic section of the Oued Zat basin (af-
ter Saber and El Wartiti, 1996).

Fig. 4.- Columna estratigráfi ca sintética de la subcuenca Oued Zat 
(Basado en Saber y El Wartiti, 1996).
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3- The undeformed formations T1 and T2, which were 
recently dated as Upper Permian by Jalil and Dutuit 
(1996) and as Tatarian by Jalil (2001), are deposited over 
the deformed middle-upper Stephanian rocks by means 
of an angular unconformity. The direction of the com-
pression changed from NNE-SSW to NE-SW (Fig. 7). 
This compression event is characterised by brittle and 
sub-brittle deformations (folds, kinks, fl exures and fre-
quent overlappings) localised primarily in the vicinity 
of the great faults, located at the border the basins. The 
movements along the faults are of extensional or strike-
slip character, sometimes of signifi cant amplitude.

Similar tectonic have been described in other areas of 
Morocco, particularly in the Kettara area, in the central 
Jebilet, in the Imin-Tannoute area (Ferradini et al., 1987), 
in the massif of Rehamna, in the Central Morocco (El 
Wartiti, 1990) and in the mountains of the SE of Oujda 
(Torbi and Gelard, 1994). It confi rms the regional char-
acter of this phase of compressive sub-meridian post-
Stephanian B and pre-Tatarian deformation (Saber et al., 
2001).

4- After the Stephanian B compressive phase, another 
one, previous to the Upper Triassic phase of relaxation, 
began, resulting in a NS to NNW-SSE main extension 
(Fig. 8). The previous blocks were reactivated along pre-
existent faults, acting generally as normal faults (Walgou 
fault in the Irohalen area, in Imin-Tannoute; Agadir-Ou-
Anzizen fault in the Ida Ou Zal area) (Saber et al., 2001) 

(Fig. 8). This phase is probably related to the installa-
tion of magmatism of alkaline affi nity (e.g.: granites of 
Azegour in the High Atlas and granites of Sebt Labrikiine 
in western Rehamna). 

These Stephanian basins, show different size and often 
are of asymmetrical morphology (half-grabens).

The new discoveries of fossil remains of biostrati-
graphic relevance (palynofl ora, invertebrates and ver-
tebrates) allow us to make intercontinental correlations 
for the Stephano-Permian period in other regions of 
Marocco. The comparison of our observations with the 
available data reveal that the Moroccan late-Hercynian 
domains were subjected, during the lower Stephanian 
and the Permian, to an intense, generalised brittle tec-
tonics. Large zones of strike-slip faults, with important 
displacement, subdivide the Hercynian massifs into 
blocks, such as the Tizi n’Test, Meltsen, Tizi M’achou 
and Imin-Tannoute faults. This compartmentalisation in-
fl uenced surely the late-hercynian tectonics and particu-
larly the formation of limnic stephanian basins. Often, 
these faults were re-activated again into normal faults 
during the Upper Triassic.

From the Pennsylvanian to the upper Permian, accord-
ing to these structural data, the main baryte mineralization 
is emplaced in the High Atlas. Those mineralizations are 
related to the phases of deformation described above.

5- During the Upper Triassic, a general extensional re-
gime with fault systems of a general NW-SE trend was 

Fig. 5.- Scheme of the Hercynian (Namurian-Westphalian) main compression lineaments in the Western High Atlas.
Fig. 5.- Esquema de las principales directrices de compresión hercínica (Namuriense-Westfaliense) en el Alto Atlas Occidental.
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Fig. 6.- Stephano-Autunian extension in the Western High Atlas (P.W.H.A.). Stereographic 
representation of the kinematic axes: X:1; Z:3; Intermediary Y:2 (Schmidt projection, lower 
hemisphere).

Fig. 6.- Principales directrices de extensión en el Alto Atlas Occidental (P.W.H.A.). Represen-Fig. 6.- Principales directrices de extensión en el Alto Atlas Occidental (P.W.H.A.). Represen-
tación estereográfi ca de los ejes: Extensión X:1; Y:2; Z:3 (Proyección de Schmidt para el 
hemisferio inferior). 

Fig. 7.- Sub-meridian compressive deformation post-Stephanian B-C and pre-Tatarian in the 
P.W.H.A.

Fig. 7.- Deformación compresiva submeridiana post-Estefaniense B-C y Pre-Tatariense in el Fig. 7.- Deformación compresiva submeridiana post-Estefaniense B-C y Pre-Tatariense in el 
Alto Atlas Occidental.

installed. It is characterized by normal faults trending 
from N20° to N40° controlling grabens and semi-grabens 
(Argana, Tizi n’Test and Oued Zat basins) and fi lled es-
sentially with red conglomerates and conglomeratic 
sandstones at the base and silty sandstones and siltstones 
towards the top (Fig. 9).

5. Conclusions

The structural analysis of the Stephanian basins, the re-
cent paleontologic discoveries and the new chronostrati-
graphical data allow us to defi ne the tectonic evolution in 
the Paleozoic of the Western High Atlas since the Hercy-
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nian compression until the Triassic distension. After the 
end of the Hercynian orogenesis Z (N120°) and X are 
in a sub-horizontal plane; in the Pennsylvanian (upper 
Kasimovian/lower Gzhelian), the extension X is installed 
and become NW-SE to NNW-SSE. This last extension 
can be local and is generated by a sub-horizontal com-
pressive regional stress oriented N15° to N40° within a 
transtensive tectonics. Between the Pennsylvanian and 
the Tatarian, the Stephanian deposits were deformed in a 
transpressive regime. This N15°-N40° constraint was re-

placed by a sub-meridian extension (NNW-SSE to NNE-
SSW) probably “pre-Upper Triassic (pre-Carnian-No-
rian)”. During the Upper-Triassic extension, X become 
N110°-N130°. This distensive regional regime produced 
the formation of new normal faults (N20°-N40°) in the 
Argana, Tizi n’Test and Oued Zat Triassic basins. The 
orientation of the tectonic stress infl uenced the kinematic 
of the faults. Most of them are inherited from the lower 
Paleozoic systems.

Fig. 8.- Sub-meridian extension after-compressive phase and pre-Upper-Triassic in the P.W.H.A.
Fig. 8.- Extensión localizada entre la fase de compresión y la extensiva previa al Triásico Superior en el Alto Atlas Occidental.Fig. 8.- Extensión localizada entre la fase de compresión y la extensiva previa al Triásico Superior en el Alto Atlas Occidental.

Fig. 9.- Upper Triassic extension in the P.W.H.A.
Fig. 9.- Extensión del Triásico Superior en el Alto Atlas Occidental.

Late Triassic Extension
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