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ABSTRACT

The abundance of the NE-SW direction veins mineralized in barite, copper, lead and zinc in the 
Tadaout-Tizi n’Rsas (TTR) anticline make this area one of the principal vein fields in Tafilalet 
(easternmost border of the Eastern Anti-Atlas). Reactivation of faults and alternation of competent 
(thicks Ordovician series, Silurian limestone and Devonian limestone) and incompetent levels 
(Silurian shales and Devonian marls) have an important role in the deformation of the TTR anticline 
during the NE-SW Variscan shortening. Our work based on lineaments extraction using a Landsat 8 
OLI combined with some geological cross sections, shows a N130° major fold corresponding to TTR 
anticline. This big fold shows internal N130°, N95° and N20° minor folds. This structure indicates 
that the TTR area was formed in the hinge between the Anti-Atlas and the Ougarta belts. A number 
of these folds are the consequence of the underlying Precambrian faults reactivation and alternation 
of competent and incompetent levels. Brittle tectonics is dominated by NE-SW normal faults which 
result from the NE-SW shortening consequence of the Gondwana and Eurasia continents collision. 
Consequently, the mineralization of TTR is necessarily related to late or post-Variscan orogeny.
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1. Introduction

The Tafilalet region corresponds to the easternmost 
part of the Moroccan Anti-Atlas. This region, 
principally formed by Paleozoic formations, was 
the subject of several studies; biostratigraphic and 
sedimentological ones (Choubert, 1943; Termier ve 
Termier, 1948; Destombes, 1963, 1968, 1971, 2006; 
Hollard, 1967, 1974, 1981; Wendt, 1985; Raddi vd., 
2007; Brachert vd., 1992), and paleogeographic, 
paleobathymmetric or paleoecological ones (Mounji 
et al., 1998; Belka, 1998; Hilali et al., 1999; 2001). 
The geological mapping of this area corresponds to 
1/200.000 map sheet of Tafilalet-Taouz (Destombes 
and Hollard, 1986), whereas the most important 

metallogenic work was realized on the M’Fis deposit 
(Makkoudi, 1995). More recently, some tectonic and 
magmatic studies were performed (Baidder et al., 
2016; Pouclet et al., 2017; Robert-Charrue, 2006). 
Over the last two decades, the National Geological 
Mapping Program [Programme Nationale de la 
Cartographie Nationale (PNCG)] produced several 
geological maps with the scale of 1/50.000, like Irara, 
Marzouga, M’Fis, Taouz and El Atrous which contains 
our study area  (TTR).

This work focusses on the tectonic control of 
the TTR deposit and discusses the role of Variscan 
shortening in the formation of a geometric trap, and 
the rock mechanical behavior changing. A structural 
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Figure 1- a) Geographic map of Morocco and b) Google maps image showing the eastern part of the Eastern Anti-Atlas. Dashed black rectangle 
in b indicates the study area.

model of the deposit will be considered as an 
exploration guide in the Tafilalet region.  

The Tafilalet region has a big mining vocation; it 
has been the site of lead-zinc production in the past, 
but now the exploitation concerns mainly the barite 
ore bodies. The main vein fields of Tafilalet are M’Fis, 
Shayb Arras, Njakh, Bouizrane, Ras Kammouna, 
Bou Mayz, Tijekht and TTR. The latter comprises 
more than twenty veins of Cu, Pb, Zn and barite. The 
present paper aims to analyze and understand the 
relationship between the Variscan tectonics and the 
large distribution of mineralized veins in TTR. 

2. Geological Framework and Previous Works

Geographically, The TTR anticline is located in the 
south of Erfoud, and in the southwest of the touristic 
dunes of Merzouga, precisely in the NW part of Taouz 
village. It extends more than 16 km between 30°54’ 
and 31°00’N latitudes, and between 4°00’W and 
4°14’W longitudes. It is located in the easternmost 
part of the Anti-Atlas belt, in the south-eastern part 
of Ougnat-Ouzina Ridge, between the Tafilalet plain 
(east) and the Maider basin (west) (Figure 1).

 Moroccan Anti-Atlas, located at the northern rim 
of the West African Craton (WAC), is laterally limited 
by the Atlantic Ocean to the west and by the Hamada 
in the east. This chain corresponds to a large Paleozoic 
folded belt formed by a number of Precambrian inliers 
affected by Eburnean and Pan-African orogeneses. As 
a result of the post-Variscan erosion, the Precambrian 
rocks are exposed in the center of all inliers. The Anti-

Atlas is considered as an arch continued southwest 
into the Zemour belt and southeast into the Ougarta 
belt (Haddoum et al., 2001) (Figure 2).

 The Anti-Atlas belt display an ENE-striking where 
Precambrian basement is exposed in an ENE–WSW 
series that outcrops in several inliers (Bas Draâ, Ifni, 
Kerdous, Tagragra of Akka, Tagragra of Tata, Igherm, 
Sirwa, Zenaga, Bou Azzer, Saghro and Ougnat). All 
these inliers are distributed along two major fault 
zones: the South Atlas Fault (SAF) and the Anti-
Atlas Major Fault (AAMF) (Choubert, 1964; Gasquet 
et al., 2008, 2005; Thomas et al., 2004) (Figure 3). 
This Precambrian basement is an assemblage of 
crystalline, metamorphic and sedimentary rocks. We 
can, then, distinguish two assemblages: (i) an older 
Paleoproterozoic substratum (~2 Ga) structured 
during the Eburnian orogenesis and (ii) a more recent 
Neoproterozoic cover associated with the Pan-African 
cycle (800 - 560 Ma). Classically, the Precambrian 
formations of the Anti-Atlas are divided into two 
domains from west to east: (i) a cratonic domain 
where Proterozoic substratum outcrop and belong 
to the WAC, and (ii) a Pan-African mobile domain 
where only the Neoproterozoic formations outcrop 
(Choubert, 1964). Cratonic and mobile domains are 
separated by the AAMF (Choubert, 1947).

 The Paleozoic cover of the Anti-Atlas Precambrian 
inliers is predominantly deposited in a shallow 
marine environment. During the Lower Cambrian, 
an important carbonate platform was deposited in the 
western Anti-Atlas (Boudda et al., 1979; Geyer and 
Landing, 1995). Deposits from Middle Cambrian to 
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Figure 2- Moroccan structural domains. The Anti-Atlas belt is located between Zemmour and 
Ougarta belts (Pique, 1994).

Figure 3- a) Moroccan geological domains, b) Anti-Atlas geological map showing all Precambrian inliers surrounded by 
Paleozoic rocks, adapted from 1/1.000.000-scale geological map of Morocco (Service Géologique du Maroc, 
1985).
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Late Silurian are dominated by WAC sedimentary 
inputs (Buggisch and Siegert, 1988; Destombes, 
1976). The carbonate sedimentation restarted at the 
end of Silurian (Hollard, 1981) and continued during 
the Devonian, being combined with clastic inputs, 
throughout the Anti-Atlas region and beyond (Wendt, 
1985). A renewed increase in detrital input is marked 
in the lower Carboniferous from the east, south and in 
places from the north (Michard et al., 1982; Pique and 
Michard, 1989).

In the Eastern Anti-Atlas, Paleozoic sequences 
overlie the Precambrian basement that crops out 
widely in the Saghro and the Ougnat massifs. This 
continental basement formed through the Pan-African 
orogeny was converted into an extending metacratonic 
domain in the latest Neoproterozoic times (Ennih 
and Liégeois, 2001; Gasquet et al., 2005). From 
Early/Middle Cambrian to early Carboniferous, the 
whole area was flooded by the Paleozoic seas (Raddi 
et al., 2007) (Figure 4). Around the Precambrian 
culminations, the sediments of Cambrian/Ordovician 
are exposed and constitute a SE-trending folded ridge 
(Ougnat-Ouzina Ridge) between Tafilalet basin to 
the east and Maider basin to the west, respectively 
(Hollard, 1981, 1974; Raddi et al., 2007; Wendt, 1985) 
(Figure 1b).

Before Variscan orogeny which affects the Paleozoic 
formations, the Anti-Atlas knew an extension, during 
the Cambrian, generated in the eastern part by a N70° 
normal and NW-SE left-lateral faults. In Tafilalet and 
Ougnat-Ouzina Ridge, the Caradoc tectonic is well-
expressed where a fracturing zone differed between the 
Tafilalet and the Maider basins with NW-SE directions 
(Baidder, 2007). Throughout the Variscan orogeny, the 
Paleozoic series of the Anti-Atlas basin were involved 
in folding tectonics. This tectonics coincides with the 
uplift of Proterozoic basement blocks bounded by 
inherited basement faults (Soulaimani et al., 2014). 
During the Devonian, the extension and dislocation 
of the platform, produced the differentiation of basins 
(Baidder et al., 2008). Variscan tectonics in this age 
is called Eovarisc, they are controlled by Devonian 
paleofaults recognized in Tafilalet-Maider area 
with ENE, NW, NNE and ENE to ESE directions 
(Baidder, 2007; Baidder et al., 2007; 2008). During 
the Visean, the Eastern Anti-Atlas is marked by a 
tectonic instability (the Mesovarisc), as a prelude to 
the major Variscan phase (Baidder, 2007), controlled 
by three families of accidents E-W, SW-NE and NW-
SE in extensive left-lateral faults (pull-apart system) 
(Soualhine et al., 2003).

Figure 4- Synthetic stratigraphic column of the Paleozoic formations of the 
eastern Anti-Atlas, synthesized by (Raddi et al., 2007).
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Neovarisc tectonic in the Eastern Anti-Atlas 
is characterized by NW-SE Namuro-Westphalian 
compression, responsible for E-W to NE-SW axis 
folds and right-lateral movements dominant associated 
with inverse or normal movements along major Pan-
African accidents. The NE-SW Stephanian-Permian 
compression is responsible for the fault inversions and 
their dominant strike-slip throw (Raddi et al., 2007).

The folds trend analysis in the Eastern Anti-Atlas 
allowed to underline two preferential directions; the 
first with an E-W axis and the second with a NW-SE 
axis. The first direction dominates the west part and 
the last one dominates the eastern part, whereas in 
the  south of the Precambrian inliers, both directions 
coexist (in the Tazzarine region; Figure 5). The E-W 
direction also dominates north of Ougnat and Saghro 
inliers with an ENE-WSW trend. However, there is an 
exception of isolated case to the north of the Ougnat 
inlier that has a N-S axis (Robert-Charrue, 2006). 

According to Baidder (2007), the eastern part 
of Saghro and the northwestern of Ougnat show the 

presence of a fold system with different axis; N-S to 
NNE-SSW. This one characterizes the area between 
the northeastern of Saghro and the northwestern of 
Ougnat, with subhorizontal axes (Figure 5). In addition, 
the ENE-WSW to E-W folds are visibles between Tizi 
n’Boujou in the south and Jbel Tachtafacht in the north.  
In the south of the Ougnat inlier, the deformation of 
the Paleozoic sequences is strongly heterogeneous. 
Over tens of square kilometers, this deformation 
coexists with more restricted folded and faulted zones. 
The largest folds are observed in the Angal-Guerghis 
Lozenge (Raddi et al., 2007).

In the Ougnat-Ouzina Ridge, Baidder et al. (2016) 
distinguished between Cambrian- and Ordovician-
cored folds. Three Cambrian-cored folds are identified 
from the north to the south of the Ougnat-Ouzina 
Ridge: (i) the NW-SE axis fold of Jbel Taklimt, (ii) 
the N120 axis fold of Jbel Renneg and (iii) the NNE 
axis fold of Jbel Tijekht. The Ordovician-cored folds 
are the (i) E-W anticline of Bou Maïz, (ii) the NW-SE 
axis fold of Shaïb Ras and (iii) the E-W axis fold of 
Tadaout (Figure 5).

Figure 5- Geological maps of Eastern Anti-Atlas with major folds and faults located at the Eastern Anti-Atlas Paleozoic series. The starts 
represent the dominant fold axes by locations according to a) Robert-Charrue, 2006, b) Baidder, 2007; Robert-Charrue, 2006; Robert-
Charrue and Burkhard, 2008, c) Michard et al., 2008; Raddi et al., 2007; Robert-Charrue and Burkhard, 2008 and d) Baidder et al., 
2016; Benharref et al., 2014; Michard et al., 2008.
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Numerous dykes and sills of the Central Atlantic 
Magmatic Province (CAMP), intruded the Anti-Atlas 
Paleozoic fold, were dated 200-195 Ma by place 
(Hailwood ve Mitchell, 1971; Hollard, 1973; Sebai 
vd., 1991; Derder vd., 2001; Youbi vd., 2003; Verati 
vd., 2007; Chabou vd., 2010). The Anti-Atlas belt 
was influenced by Variscan and Alpine orogenies. 
These two orogenesis affected hardly the Meseto-
Atlasic domain situated at the north of the SAF and 
to a lesser degree, the Anti-Atlasic domain, located 
south of the SAF (Gasquet et al., 2005). According 
to the 1/200 000 Tafilalet-Taouz map (Destombes and 
Hollard, 1986), the massif of TTR is approximately 
a N120-trending anticlinal which affects the Middle 
Paleozoic series from Ordovician to Devonian. This 

massif contains doleritic intrusions localized within 
the Silurian, Devonian and Ordovician formations.

3. Methods

The Landsat image used in this work consists 
of the Landsat 8 OLI image (Operational Land 
Imager) acquired on 27/06/2014. The image has been 
downloaded from the USGS website page. It composes 
nine spectral bands with 30 m spatial resolution 
for bands 1 to 7 and 9. The resolution for band 8 
(Panchromatic) is 15 m. The methodology followed 
for extracting lineaments from the Landsat 8 OLI 
image is summarized in figure 6a. After preprocessing 
of the Landsat 8 OLI image (radiometric calibration 

Figure 6- a) Major steps of lineaments extraction and analysis, b) landsat image of the TTR anticline showing the location of the 
geological cross sections.
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and sills of the late Devonian-Early Carboniferous 
age (Pouclet et al., 2017) (Figures 7 and 8). Evidently, 
the Paleozoic sedimentary formations in the TTR 
are affected by a brittle tectonics at the north part 
of the Oumejrane-Taouz Fault (OJTF), which is the 
continuity of the AAMF towards Tafilalet (Baidder, 
2007; Baidder et al., 2008). AAMF is considered 
as one of the more important major structures that 
impressed the Eastern Anti-Atlas (Choubert, 1947).

4.1. Extraction of Structural Lineaments from 
Satellite Image Landsat 8 OLI

The lineaments map, extracted automatically from 
the image processing, shows the dominance of a NE-
SW direction. Other directions (NNE-SSW and ENE-
WSW) are present but are less abundant (Figure 9a). The 
illustrated rose diagram of lineaments trends confirms 
the dominance of the NE-SW direction (Figure 9b). 
To validate these results we compared, in the first 
step, the extracted lineaments with the pre-existing 
1/50.000 geological map of El Atrous (Benharref et 
al., 2014). The comparison with this geological map 
shows the presence of many analogies, although we 
notice the existence of a few disagreements in some 
segments. During the second stage of validation of our 
extracted lineaments, we observed linear structures on 
the field. This stage allowed us to  confirm some linear 
structures, as well as to determine their movements 
(Figure 10). 

4.2. Field Work and Structural Analysis 

The TTR anticline is a WNW-ESE-trending 
fold with an Ordovician cored (Baidder et al., 2016; 
Destombes, 1963) and curved axis. It represents the 
hinge between the Anti-Atlas and the Ougarta belts. 
It is characterized by a long north limb and a short 
southern limb (asymetric fold). Structurally, the TTR 
anticline is limited to the east by the big fault of Ziz 
and to the northwest by a N70° fault which lodges the 
vein of Tizi-n’Rsas (Clariound, L, 1944; Destombes, 
1963).

A set of disharmonic or entrainment folds are 
generated at the long limb of the TTR anticline; the 
majority of these folds are located in the Devonian 
formations. However, other folds are observable in 
the core of the anticline within Ordovician formations. 
Disharmonic folds are generated in formations as a 

and atmospheric correction), we calculated the 
principal component (PC) of the bands (from 1 to 7). 
Subsequently, the directional filters were applied to all 
bands and also on these principal component analysis 
(PCA) using the matrix 7-7. Many tests of automatic 
extraction of the lineaments are carried out on the 7 
bands and on the results of the PCA. Following these 
tests, we selected the PCA2 and the band 4 filtered 
with the directional filter 45, because they give the 
best results. The compilation of two lineament maps 
extracted from PCA2 and band 4 makes it possible to 
establish a synthetic study area map of the lineaments. 
Several corrections are made to eliminate the linear 
structures (rivers, roads, scrapings, line of ridges, etc.

Results obtained from the automatic extraction of 
lineaments on the bands from 1 to 7 of the image OLI 
and on the results of the PCA, have been compared 
with the geological map of the region, and with data 
from our field missions. The field work is based on 
geological mapping following the method of cross 
sections whose objective is to intersect all structures of 
the studied area. Several cross sections were realized 
in order to collect as much of information as possible 
about the direction and the dip of tectonic structures 
(Figure 6b). Subsequently, the data collected are 
treated and presented using appropriate diagrams 
(Dips program).

4. Results

Stratigraphically, The TTR anticline is formed 
by Devonian, Silurian and Ordovician sedimentary 
terrains (Figure 7a). The Ordovician formations 
start with the “Feijas Externe” group (“Fezouata 
and Tachilla” shales), folowed by the “1st Bani” 
sandstone. This competent layer is surmounted by the 
“Ktaoua” shales and the “2nd Bani” sandstone (Figure 
7b).The Silurian formations are composed of shales, 
orthoceras and crinoids limestone. These formations 
have a very small thickness compared to Ordovician 
ones (Figure 7b). The Devonian formations, which 
cover the north part of the region, are characterized 
by carbonate rocks with enormous enrichment in 
paleontological fossils. They are mainly composed 
by an alternation of marls and limestone forming the 
“Erfoud” and “Tafilalet” groups, and by sandstone of 
“Aoufilal” formations (Figure 7b). 

In addition, all the Paleozoic formations of TTR are 
crosscut by the magmatic activity expressed by dykes 
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Figure 7-  a) Panoramic view of the north limb of TTR anticline and b) synthetic stratigraphic column of the study area.
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Figure 8-  Geological cross sections realized in the study area. A-A’ and F-F’: in the Eastern and Western part of the study area, respectively. 
Cross sections B-B’, C-C’, D-D’ and E-E’ (in the figure 6) give similar informations.

Figure 9-  Results after Landsat 8 OLI image processing, a) synthetic map of lineaments and b) rose diagram of lineaments trend.
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result of the contrast of their rheologies: competent and 
incompetent layers. Also, there are small-wavelength 
folds called parasitic folds. Observed on field, this 
type of folding is manifested in limestone and marl 
formations of Devonian (Famennian, Eifelian and 
Emsian age formations). They are repeated more on 
the northern limb of the anticline of TTR. Many folds 
have an axis varying between N95° and N130° with 
a fold axis plunge of 30° to the west and northwest, 
respectively (Figures 11a-11e). These folds are well 
observed in competent layers, while incompetent ones 
does not show any folding structures. Other folds 
are generated at the Ordovician age formations; they 
have N20° and N130° axes exhibited in sandstone 
shales (Figure 11f). Silurian formations in the study 
area do not show any indication of folding, although 
these formations are located between two folded sets, 
Devonian and Ordovician.

The TTR anticline shows some internal structures, 
we can distinguish three types of fold axes; N130°, N95° 
and N20°. The N130° and N95° trend axes generally 
reflect the TTR major fold axis (WNW-ESE), which is 

considered as one of Variscan structures. The presence 
of minor disharmonic folds (N130° and N95°) within 
Devonian formations is probably related to (i) the 
folding of thick and competent Ordovician formations, 
which produces large folds, and (ii) the presence of 
incompetent formations (clays and limestone) at the 
bottom of the Devonian series, within the Silurian 
and at the bottom of Upper Devonian formations. 
The Devonian formations decollement involved its 
detachment from the Ordovician basement, this latter 
is characterized by the presence of rigid terrains 
(sandstone). The N20° directional folds within the 
Ordovician formations may be related to the faults 
crossing the TTR anticline.

North of the OJTF, TTR anticline is intensely 
fractured. Cartographic surveys have emphasized the 
important brittle tectonics whose statistical analysis 
has distinguished only one major fault family NE-
SW. The ENE-WSW and NNE-SSW faults families 
are less abundant compared to the NE-SW family 
(Figures 8, 12a and 13). These families of faults is also 
reported on the rose diagram obtained by processing 

Figure 10- Superposition of the results and the geological map of El Atrous (Benharref et al., 2014).
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Figure 11- Photos of disharmonic folds located on the northern limb of the TTR anticline. a) N100°-trend folds within 
nodular limestone formations of Eifelian age, b) E-W folds at the Upper Devonian (Famenian) limestones and 
marls, c) NW-trend folds at the Emsian limestone formations, d) NW-trend folds in limestones and marls of 
Upper Devonian (Famenian), e) fold with N130° axis and f) folding of Ordovician formations with N20° axis.
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Westphalian age related to the Variscan orogeny. (ii) 
More dominant late normal faults are distributed 
along the anticline. The presence of vertical to sub-
vertical striaes, slickensides in the mirror surface and 
also the net displacement of the layers indicate that 
the vertical movement is dominant in this family. 
Moreover, in order of frequency, the normal faults are 
more abundant than the inverse or transcurrent ones.

The vein field of TTR consists of more than twenty 
mineralized veins. From east to west, the main vein 
structures are: Tadaout, Bou Itberne, Bou Amane, 
Filon 12, Bou Faddouz, Filon 15, Bou Zeggar, El 
Atrous, Timgharine, Bou lmyour and Tizi n’Rsas 
(Figure 15). The NE-SW direction is the main carrier 
of barite, copper, lead and zinc mineralization in our 
study area, in the form of fissure veins, arranged into 
echelon and forming a vein field which is part of the 
mining domain of Tafilalet. It is important to note 
that these veins have been the subject of old artisanal 
exploitation for lead and barite mineralizations 

of the Landsat 8 OLI image. However, the ENE-WSW 
family is less represented in the rose of Landsat image 
processing diagram. The NE-SW family (N40° to 
N55° trend), shows a 70° with both opposite dips to 
the NW and the SE. It is the most predominant family 
in the TTR anticline. Normal faults are predominant in 
this direction, but inverse and transcurrent faults exist 
too. Geometrically, the throw of this family of faults 
is low and can not reach ten metres in general (Figure 
14). 

Structural analysis of this fault family allows 
to emphasize a polyphase structuring. Here, we 
distinguish: (i) a reverse and strik-slip faults 
probably forward and can be linked to a compression 
perpendicular to the fault direction. It is well observed 
in striaes and slickensides at the mirror surface of 
faults. From a frequency point of view, the left-lateral 
faults are more dominant than the right-lateral ones in 
this region. These movements are probably attributed 
to the NW-SE major compression of Namuro-

Figure 12- Statistical orientation of fracturing data of TTR anticline (equal angle, lower hemisphere), a) faults and b) veins.
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Figure 13- Faults of TTR anticline. a), b) and c) NNE direction fault families, d) ENE fault families and e) and f) NE-SW fault families.
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(Figures 12b and 16). The normal movement of NE-
SW direction faults is probably associated with the 
reactivation of this fault family during the NE-SW 

Late-Variscan (Stephanian-Permian) compression of 
the Variscan orogeny (Figure 17). 

Figure 14- NE-SW directional faults: a) N50°, 60°SE mineralized vein (Tizi-n’Rsas vein), b) striaes (60°NE) on the mirror surface, c) N50°, 
60°SE fault with left-lateral movement, d) striaes (10°NE) at the mirror surface, e) N55°,75°SE fault showing a vertical movement.
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Figure 15- Geological map of study area showing the relationship between NE-trending structures and base metal mineralization (Geological 
map 1/50.000 of El Atrous in Benharref et al., 2014, modified).

Figure 16- NE-SW barite veins in the TTR anticline.
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5. Discussion

TTR anticline is one of the major folded structures 
located in the Ougnate-Ouzina Ridge. It corresponds 
to the junction zone between Anti-Atlas and Ougarta 
mountains, and shows a WNW-ESE directional axis 
at Ordovician core. These open types of folds are well 
presented at the scale of the Eastern Anti-Atlas, and are 
consistent with a NE-trending direction of shortening 
(Michard et al., 2008). These pluri-kilometric regional 
folds are characterized by a strong thinning of limbs 
and an important hinge thickening and also by the 
presence of an intense disharmonic folding with 
decametric folds (Benharref et al., 2014). Baidder et 
al. (2016) assumes that major structures of Tafilalet 
and Maider, in particular the most complicated fold 
structures (Tijekht and Tadaout anticlines), can be 
explained by a combination of paleofault control of 
folding orientation, and superimposed compression 
events with different compression directions. South 
of the Ougnat Massif (Bouadil area), the Paleozoic 
cover series show a mosaic of tilted basement blocks 
associated with the dominance of NE- and SE- 
trending folds (Raddi et al., 2007).

Internal structures; minor disharmonic folds 
(N130° and N95°), are observed in the long north limb 
of TTR anticline. Likewise in the south of Eastern 
Anti-Atlas inliers, small scale NW-SE structures are 
observed. This orientation is similar to that observed 

in the major structures (Baidder et al., 2016; Robert-
Charrue and Burkhard, 2008). The N20° axes trend 
is another trend of fold axes observed in the TTR 
anticline. These folds are late and related to the faults 
crossing the anticline (Baidder et al., 2016).

Like other folded structures of Tafilalet, TTR 
anticline shows a very intense fracturing with the 
dominance of NE-SW direction filled by barite, 
copper, lead and zinc. The Tijekht anticline located in 
the western part of TTR shows a N35° to N70° faults 
system mainly mineralized in barite. In addition, the 
anticline of Bou Mayz, situated in the northern part of 
the Ougnat-Ouzina Ridge, shows a NE-SW direction 
of barite mineralized faults. Likewise, the Shayb Arras 
anticline, located at the north of the study area, is also 
pierced by NE to ENE faults frequently mineralized 
in barite. In addition, the Znaigui and M’fis anticlines 
show both an ENE-trend structure (Baidder et al., 
2016; Makkoudi, 1995).

The NE-SW faults are the most important and 
the most frequent faults in the TTR anticline, these 
structures are probably inherited from the Precambrian 
basement (Rjimati et al., 1992; Soulaimani et al., 2014; 
Walsh et al., 2012). During the evolution of the Lower 
Cambrian basin, the role of  the NE-SW direction faults 
in extensional tectonics has been emphasized, this 
direction generates a NW-SE extension (Algouti et al., 
2001; Baidder, 2007; Benssaou and Hamoumi, 2003; 

Figure 17- Bloc-diagram showing the fault movements during the Variscan orogeny (NE-SW shortening).
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Chbani et al., 1999; Gasquet et al., 2005; Soulaimani 
et al., 2003; Soulaimani and Piqué, 2004). In the 
Middle-Late Devonian, the Eastern Anti-Atlas was 
characterized by a dislocation and an extension of the 
Saharan platform (Baidder, 2007; Baidder et al., 2008; 
Wendt and Belka, 1991). According to Soulaimani et 
al. (2014), Devonian paleofaults are inherited from the 
Precambrian. The most important faults recognized in 
the Tafilalet-Maider area are qualitatively ordered into 
first order ENE-trending faults, second order NW- and 
NNE-trending faults and third order ENE to ESE-
trending faults (Baidder et al., 2008). After Devonian, 
the sedimentation of the Lower Carboniferous is 
controlled by some old faults of the Upper Devonian 
(Baidder, 2007; Soulaimani et al., 2014). The Visean 
tectonics is controlled by three families of accidents; 
E-W, NE-SW and NW-SE (Soualhine et al., 2003).

In the study area, the polyphase movements of the 
faults are expressed by the reactivation of old faults 
during the Variscan orogeny, and has already been 
shown in the section of ductile tectonics, this zone is 
affected by a deformation during the Variscan collision 
which resulted in the reactivation of old structures. 
The main shortening stage responsible for the folding 
recognized in Eastern Anti-Atlas and Ougarta is 
the NE-SW Late Variscan (Stephanian-Permian) 
compression of the Variscan orogeny (Michard et 
al., 2008). This shortening corresponding to NE-
SW Ouagarta compression (Donzeau, 1974; Fabre, 
2005; Haddoum et al., 2001). It interferes with the 
NNW-SSE compression between the Meseta Block 
and its foreland at the regional scale, particularly 
well observed in the north of Saghro inlier (Malusà 
et al., 2007; Michard et al., 1982; Raddi et al., 2007; 
Robert-Charrue, 2006). The collision responsible for 
the Variscan deformation can be estimated to Late 
Carboniferous, and it results from the collision of 
Gondwana and Eurasia plates (Stampfli and Borel, 
2002).

The majority of NE-SW faults in our study area 
have a normal movement, likewise Robert-Charrue, 
(2006); Robert-Charrue and Burkhard, (2008) 
announced that the Paleozoic series of the Eastern 
Anti-Atlas at Tafilalet and Maider are intersected by 
a set of normal faults that have probably result of 

the Central Atlantic opening related to the breakup 
of Pangea supercontinent. In the south-east of TTR 
anticline, the Cretaceous plateau is crosscut by 
several ENE-striking faults, parallel to the basement 
OJTF (Soulaimani et al., 2014), which indicates the 
reactivation of the paleofaults in this region at the 
north-south shortening alpine stage.  

6. Conclusion

Our study area, TTR anticline, is one of the major 
folds at the Tafilalet region, it is a WNW-ESE axis fold 
whose represents the hinge between Anti-Atlas and 
Ougarta belts. At the northern limb of this anticline, 
three types of minor fold axes are present, (i) N20° 
fold can be related to the reactivation of fault crossing 
the anticline, (ii) N130° and N95° disharmonic folds 
generally reflect the TTR major fold. These folds are 
probably related to the folding of a serie incorporated 
the competent (Ordovician, Silurian and Devonian 
limestone) and incompetent (Silurian shales and 
Devonian marls) formartions. The results of ductile 
tectonic show that TTR anticline constitues the hinge 
of the arc (Zemmour, Anti-Atlas, Ougarta) that goes 
rounded the West African Craton. The TTR major fold 
shows a very intense fracturing with dominance of 
NE-SW normal faults. This dominance is confirmed 
by the lineaments extracted automatically from the 
Landsat 8 OLI image processing. Late Variscan NE-
SW shortening is the main folding and reactivation 
mechanism of paleofault in this area. The NE-SW 
fault family is the main carrier of barite, copper, 
lead and zinc mineralization. We consider present 
results as a valuable target for advanced metallogenic 
researches and mineral exploration in the TTR and 
more generally at the Eastern Anti-Atlas.
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