
Precambrian Research 112 (2001) 289–302

The Moroccan Anti-Atlas: the West African craton passive
margin with limited Pan-African activity. Implications for

the northern limit of the craton

Nasser Ennih a, Jean-Paul Liégeois b
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Abstract

The Moroccan Anti-Atlas region, located south of the South Atlas Fault, has been viewed traditionally as
containing two segments separated by the Anti-Atlas Major Fault. These two segments are said to consist of: (a)
600–700 Ma Pan-African segment located in the northeast; and (b) �2 Ga Eburnian segment situated to the
southwest. On the basis of observations in the Zenaga and Saghro inliers and of a recent literature review, we suggest
that this subdivision is inappropriate in that Eburnian and Pan-African materials occur throughout the Anti-Atlas
region: the entire Anti-Atlas is underlain by Eburnian crust, unconformably overlain by a lower Neoproterozoic
passive margin; allochthonous Pan-African ocean crustal slices were thrust onto the West African craton (WAC)
passive margin sequence �685 Ma ago as a result of Pan-African accretion tectonics; high-level high-K calc-alkaline
and alkaline granitoids locally intruded the Anti-Atlas sequence as a whole at the end of the Pan-African orogeny at
585–560 Ma; the intervening 100 m.y. interval was marked by quiescence. This succession of events can be related
to the behaviour of one single rigid cratonic passive margin during an orogeny and correlated to the Pan-African
events that occurred to the east in the Tuareg shield and to the north in Avalonian terranes. This model implies that
the actual northern limit of the WAC is located at the South Atlas Fault (SAF) and not at the Anti-Atlas Major Fault
(AAMF). We propose that the AAMF corresponds to the southwestern boundary of an aulacogen that formed along
the northern margin of the WAC during early Neoproterozoic times. This is consistent with the development of the
Gourma aulacogen on the eastern side of the WAC. This model further suggests that the northeastern boundary of
the WAC occurs north, and not south, of Ougarta (Algeria). Support for this model is provided by geological and
geophysical evidence. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Moroccan Anti-Atlas marks the northern
boundary of the Eburnian (c. 2 Ga) West
African craton (WAC). The Anti-Atlas region
has been impacted by the Pan-African, Hercy-
nian and Alpine orogenies, with the latter two
orogenies affecting primarily the Meseta-Atlas
domain north of the South Atlas Fault (SAF)
and minimally the Anti-Atlas domain, located
south of the SAF (Fig. 1). The Anti-Atlas is
composed of a Precambrian crystalline basement
unconformably overlain by slightly folded
Phanerozoic sedimentary rocks. The Precambrian
basement crops out in a series of inliers (Fig. 1).
Most workers have subdivided this region into
two parts separated by the Anti-Atlas Major
Fault (AAMF), delineated by the Bou Azzer
Pan-African ophiolite (Leblanc, 1981): Eburnian
(c. 2 Ga) basement rocks occur southwest of the
AAMF; Pan-African (700–600 Ma) rocks occur
northeastern of the fault (Fig. 1). However, this
simple subdivision is complicated by Pan-African

granites that crop out southeastern of the AAMF
(Aı̈t Malek et al., 1998) and by lithologies only
slightly affected by the Pan-African orogeny that
occur northeast of the AAMF (Choubert, 1963;
Fekkak et al., 1999).

We propose a model integrating these apparent
discrepancies and suggest that the Eburnian base-
ment underlies the entire Anti-Atlas region,
northeast and southwest of the AAMF. The Pan-
African orogeny generated only discrete thrust
units and late granite associated with major shear
zones. Among the Anti-Atlas Pan-African rocks,
occur remnants of an oceanic convergent margin
whose vergence continues to be debated. Re-
cently, Hefferan et al. (2000) supported the idea
of a northward-dipping subduction zone, inclined
away from the WAC, mainly on the basis of a
regional comparison with Pan-African belts sur-
rounding the craton. The model we propose ad-
dresses the Anti-Atlas subduction vergence and
raises important issues as to the existence of
‘polycyclic’ Anti-Atlas terranes and origin of
both the Anti-Atlas Major Fault and SAF.

Fig. 1. General sketch map of the Anti-Atlas, with its Precambrian inliers, and Atlas regions.
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Fig. 2. Geological map of the Zenaga inlier.

2. The Anti-Atlas Precambrian inliers

A crystalline basement is exposed in a series of
NE trending inliers throughout the Anti-Atlas
region. Recent studies raise questions as to the
relative importance of Eburnian and Pan-African
intrusions south of the AAMF. Structural obser-
vations in the Kerdous inliers led Nachit et al.
(1996) to attribute deformations solely to the Pan-
African orogeny. Nachit et al. (1996) questioned
the Eburnian age attributed to the Tahala granite
by Charlot (1978), using a Rb–Sr whole rock
isochron. They suggested that the Eburnian age
represented a contamination due to magma mix-
ing from lower crustal Eburnian granodiorite
basement. A recent geochronological study (U–
Pb on zircon; Aı̈t Malek et al., 1998) has shown
the presence of granitoids of both Eburnian
(1987�20 Ma in Bas Drâa and 2050�6 Ma in
Igherm inliers; Fig. 1) and Pan-African (575.3�
1.7 Ma in Bas Drâa, 583�11 and 560.4�1.7 Ma
in Kerdous inliers) age. Although Aı̈t Malek et al.
(1998) did not report U–Pb Eburnian ages in the
Kerdous inlier, they concluded that all inliers
south of the Anti-Atlas Major Fault are poly-
cyclic as proposed by Charlot (1978).

North of the AAMF, the Saghro inlier (Fig. 1)
has been interpreted as a Pan-African oceanic
island arc and associated environments (Saquaque
et al., 1989). However, several observations do
not corroborate this proposal: based on petro-
graphical studies, muscovite-bearing granitoids in
Imiter (Eastern Saghro; Choubert, 1963; Hinder-
meyer, 1977) have been attributed to the Ebur-
nian orogeny; late alkaline rhyolite, granite, and
rift sequence are present and finally a lower
Neoproterozoic detrital series with a proximal
continental source interstratified with continental
tholeiitic basalts is located below the postulated
island arc series (Fekkak et al., 1999).

3. Zenaga inlier: an Eburnian edifice with local
and high-level Pan-African effects

The Zenaga inlier, which is bordered to the
north by the AAMF (Fig. 1), contains two large
Palaeoproterozoic granitoid plutons (Fig. 2): the
Azguemerzi pluton and Tazenakht pluton yielded
a whole rock Rb–Sr age of 1865�29 and 1735�
11 Ma, respectively (Charlot, 1978). Although
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these ages correspond most probably to late iso-
topic resettings, the emplacement age of these
plutons cannot be much older since their Sr initial
isotopic ratios are quite low (87Sr/86Sri=0.705
and 0.708) for acidic rocks with relatively high
Rb/Sr ratios. As in the case of the Bas Drâa and
Igherm inliers (Aı̈t Malek et al., 1998) an age
around 2 Ga is more likely. The Azguemerzi
granodiorite–monzogranite is peraluminous,
bearing muscovite, garnet, sillimanite and very
scarce cordierite. It contains rare metasedimen-
tary xenoliths and no MME (mafic microgranular
enclaves). It shows a strong magmatic foliation
locally evolving to a gneissic structure in shear
zones. The Tazenakht porphyritic two-mica gran-
ite (monzo- to syenogranite) is often mylonitic
and retrogressed under greenschist facies condi-
tions. The country-rocks of these plutons are am-
phibolite facies metamorphic rocks (Fig. 2),
mainly micaschists and paragneisses locally
migmatized.

Eburnian and Pan-African deformations may
be characterized through structural, petrological
and magnetic susceptibility anisotropy studies
(Ennih et al., 2001): in Zenaga, the Eburnian
orogeny is formed of three deformation phases,
the main one being oriented NE–SW. This defor-
mation affects the whole Palaeoproterozoic base-
ment under amphibolite facies conditions with the
development of a sillimanite–K-feldspar–mus-
covite–quartz paragenesis, corresponding to a
temperature of about 640 °C and a pressure
around 0.5 GPa. The peraluminous garnet–mus-
covite-bearing Azguemerzi granitoid has been
folded into a dome shape which is overturned to
the NW with a major plastic deformation corre-
sponding to a magmatic flow induced by a re-
gional stress field. The Eburnian Tazenakht
granite is not affected by this deformation.

In contrast, the Pan-African deformation shows
a strong N–S gradient intensity increasing to-
wards the AAMF. Located in the north of the
Zenaga inlier, the Tazenakht granite (Fig. 2) has
been strongly affected by this deformation. This
early Pan-African tectonics is represented by a
mylonitization phase with a reduction of crystal
sizes, in particular that of the K-feldspar
megacrysts that are transformed to phyllitic min-

erals. This mylonitization accompanied a sinistral
ductile strike-slip deformation that led to green-
schist facies metamorphism (Ennih et al., 2001). It
corresponds to the major B1 phase of Leblanc
(1981), characterized by isoclinal folds and green-
schist facies schistosity developed under a N–S
directed stress.

Pan-African magmatism is late, alkaline in
composition and located to the NW of the inlier
(Fig. 2). This magmatism is represented by the
Sidi El Houssein pink metaluminous granite and
the associated alkaline to peralkaline ignimbritic
volcanism (rhyolite and rhyodacite). This magma-
tism marked the end of the Pan-African orogeny.

Between the Eburnian and Pan-African events,
detrital turbiditic sediments were deposited upon
the Eburnian basement in a passive margin envi-
ronment. They are well-preserved and display
abundant sedimentary structures (ripple marks,
mud cracks, load casts…) demonstrating the dis-
crete nature of the Pan-African deformation in
Zenaga.

4. The other Anti-Atlas inliers, south of the
Anti-Atlas Major Fault

The other inliers south of the AAMF (Fig. 1)
are also composed of an amphibolite facies (silli-
manite+K-feldspar) Palaeoproterozoic basement
cut by peraluminous (garnet�sillimanite) por-
phyritic (oriented megacrysts) granites and by
muscovite-bearing leucogranites that include large
xenoliths of paragneisses and micaschists. Mafic
microgranular enclaves (MME) are absent. These
granitoids, about 2 Ga old (Aı̈t Malek et al.,
1998), are affected by a heterogeneous transpres-
sive deformation inducing a major greenschist
facies mylonitization. This deformation corre-
sponds to E–W oriented ductile strike-slip zones
similar to the deformation associated with the
AAMF in the Zenaga inlier. Post-Eburnian, prob-
ably Neoproterozoic, turbiditic sedimentary se-
quences are affected by this mylonitization
(Kerdous inlier; Nachit et al., 1996) and can be
correlated with those of the Zenaga inlier.

The Pan-African granitoids in these inliers are
late (585–560 Ma) and form two groups (Aı̈t
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Malek et al., 1998): (1) K-rich granodiorites and
monzogranites rich in Ba, Sr and REE, very rich
in MME; (2) younger alkaline to peralkaline pink
granites associated with rhyolitic and ignimbritic
volcanism (Kerdous and Bas Drâa inliers), com-
parable to the Sidi El Houssein magmatism in the
Zenaga inlier. These two magmatic types are
clearly different from the MME-free peralumi-
nous Eburnian granitoids.

5. The Saghro inlier, north of the Anti-Atlas
Major Fault

The Saghro inlier comprises a Pan-African
ophiolite suite as in Bou Azzer (obducted at 686
Ma; Leblanc, 1981) and is classically considered
to be composed of island arc volcano-sedimentary
sequences with related calc-alkaline plutons re-
sulting from a subduction with a Benioff plane
dipping to the north (Saquaque et al., 1989; Hef-
feran et al., 2000). However, lower Neoprotero-
zoic continental sedimentary series, as the Kelâat
M’Gouna group (Fekkak et al., 1999), also occur
in the Saghro region and U–Pb on zircon age
determinations on plutons show they are late
(580–567 Ma; Errami, 1993; Mrini, 1993).

5.1. The lower Neoproterozoic sedimentary series:
the WAC passi�e margin

These mildly deformed turbiditic sediments are
several thousands meters thick (up to �4000 m),
and contain zircons derived from peraluminous
granites indicating a mature continental source
(Fekkak et al., 1999). Basaltic dykes with conti-
nental tholeiites composition crosscut these sedi-
ments, the whole being compatible with an
incipient rift (Mokhtari et al., 1995) within a
continental passive margin (Fekkak et al., 1999)
subjected to a rapid subsidence (Lecolle et al.,
1991). Such aulacogen-type sedimentation on a
cratonic edge (Fekkak et al., 1999) older than
788�9 Ma (Clauer, 1976), could be contempo-
rary to that of the Gourma aulacogen on the
eastearn border of the WAC in Mali (1000–800
Ma; Moussine-Pouchkine and Bertrand-Sarfati,

1978; Fig. 3). A similar environment with clastic
sediments and continental tholeiites marking a
rifting event on the WAC passive margin in early
Neoproterozoic is also described in Benin (Af-
faton et al., 1997). This rifting event may corre-
spond to the initiation of the continental
fragmentation that isolated the WAC till the end
of the Pan-African orogeny.

These passive cratonic margin sediments can be
correlated to the turbiditic sediments present in
the Kerdous (Nachit et al., 1996) and Zenaga
inliers, SW of the AAMF. There, the sedimentary
pile is thinner (from 0 to 1000 m, compared to
�4000 m in the Saghro aulacogen) but tholeiitic
dykes are also present (Leblanc and Moussine-
Pouchkine 1994; Ikenne et al., 1997; Hafid et al.,
1999; Ennih et al., 2000).

This leads us to conclude that these sedimen-
tary series, located to the NE and to the SW of
the AAMF, both belong to the northern margin
of the WAC itself and not as postulated earlier to
a hypothetical northern continent (Leblanc and
Lancelot, 1980; Saquaque et al., 1989; Fekkak et
al., 1999).

5.2. The Pan-African island arc series: relics of
thrusting upon the West African craton passi�e
margin

The greenschist facies deformation within the
Saghro volcano-sedimentary assemblage is char-
acterized by a NE–SW schistosity, a stretching
mineral lineation oriented to the S, NE–SW
plunging fold axes overturned to the S, thrusts
dipping to the SE and dextral E–W strike-slip
shear zones (Ighid et al., 1989). At least a part of
this sequence appears to belong to the lower
Neoproterozoic sedimentary sequences described
above (Fekkak et al., 1999). More work is needed
to determine the amount of island arc material
actually present in the Saghro. The presence of
the Bou Azzer ophiolite even if it has been
strongly affected by late transcurrent movements
along the AAMF (thus blurring the original struc-
tures), attests to the presence of thrust oceanic
material in Saghro. We can then interpret the
structures described above as resulting from a



N. Ennih, J.-P. Liégeois / Precambrian Research 112 (2001) 289–302294

thrusting event into the autochthonous turbiditic
series from the aulacogen with possible island
arc relics (linked to the Bou Azzer ophiolite), if
their existence is demonstrated. These structures
force a north to south movement.

The Saghro with only some thrust oceanic is-
land arc relics therefore belongs to the WAC
margin. The allochthonous Bou Azzer ophiolitic
garland does not mark the suture that has to be
located more to the north. In the Mauritanides,
northwest and southwest of the Reguibat shield,
as well as to the west of the Tuareg shield onto
the Gourma aulacogen (Caby, 1978), Pan-
African upper crustal material has also been
thrust upon the WAC (Fig. 3).

U–Pb dating indicates that the high-K calc-
alkaline plutons intruded into the Saghro green-
schist facies volcano-sedimentary sequences are
late (580–567 Ma; Errami, 1993; Mrini, 1993).
These granitoids are not linked to the island arc
assemblage and subduction event (�685 Ma).
Several factors suggest a post-collisional setting
(Liégeois et al., 1998) within the sedimentary
margin of the WAC for the Saghro granitoids,
these are: an absence of Pan-African events be-
tween the thrust-related deformation and the
granitoids; a weak metamorphism affecting their
country-rocks; intrusion at a high level in the
crust, their high-K calc-alkaline composition and
subsequent alkaline magmatism.

Fig. 3. WAC sketch map placing the Anti-Atlas into its regional context and showing the proposed northern and northeastern
boundary of the WAC; it is suggested that the latter follows the Saoura gravimetric anomaly north of the Ougarta region and the
SAF, rather than the AAMF (Anti-Atlas Major Fault), which probably corresponds only to a boundary fault of an aulacogen
formed on the WAC passive margin during early Neoproterozoic times. Geological limits from Fabre (1971); gravimetric data from
Bayer and Lesquer (1978). AA+O=Anti-Atlas+Ougarta.
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6. Geodynamical significance of the Anti-Atlas
Precambrian basement—correlation with the
Pan-African events in the Tuareg shield and in
the Avalonia-Cadomia terranes

The model herein proposed takes into account
the following points: (1) the whole Anti-Atlas area
corresponds to the northern margin of the Ebur-
nian WAC; (2) the latter continental passive mar-
gin formed at the beginning of the
Neoproterozoic during a continental break-up
when turbiditic series were deposited and dykes of
continental tholeiitic basalts emplaced (Fekkak et
al., 1999); (3) the WAC constitutes the source of
these sedimentary series, their thickness increasing
from the SW (�1000 m) to the NE (�4000 m);
(4) during Pan-African times the subduction zones
have to dip away from the WAC (Hefferan et al.,
2000) that acted as a passive margin; (5) during an
accretion phase, a Pan-African island arc was
thrust onto the WAC together with an ophiolitic
assemblage about 685 Ma ago (Leblanc and
Lancelot, 1980); (6) the flexure induced by the
overload generated by the thrusting induced a
proximal sedimentation of an early molasse, that
of Tidiline (Hefferan et al., 1992) and of Kerdous
(Hassenforder, 1987); (7) after a 100 m.y. quies-
cence period on both sides of the AAMF, high-K
calc-alkaline and alkaline plutons associated with
rhyolites and rift sediments were later emplaced
(Aı̈t Malek et al., 1998; Errami, 2001) around
585–560 Ma ago.

This indicates that the Neoproterozoic evolu-
tion of the Anti-Atlas is marked by a relatively
weak imprint of the Pan-African orogeny in con-
trast with what occurred more to the east in the
Tuareg shield (Black et al., 1994). Within the
Tuareg shield, the Pan-African orogeny involves
an early collision phase of several terranes with
the East Saharan craton to the east from approx-
imately 730 Ma and a late collision with the WAC
to the west from approximately 620 Ma, with
protracted post-collisional events in both cases
(Liégeois et al., 1994, 1998). Collisions are marked
by high-pressure metamorphism and major
thrusting towards rigid blocks while the post-colli-
sional period is characterized by large horizontal
movements of terranes and abundant high-K calc-

alkaline batholiths (Liégeois et al., 1998). This is a
major episode of the Gondwana formation.

During the collision period, in the Aı̈r region
SE of the Tuareg shield, Aouzegueur (comprising
an ophiolite; Boullier et al., 1991) and Barghot
terranes were thrust onto the East Saharan craton
at approximately 700 Ma ago (Liégeois et al.,
1994, 1998). This induced a cratonic flexure and
the sedimentation of the Proche-Ténéré early mo-
lasse (Black, 1967; Liégeois et al., 2000). In these
thrust terranes, orogenic events apparently ceased
with the end of the thrusting around 665 Ma ago
(Black et al., 1991). In contrast, on the western
side of the Raghane shear zone marking the west-
ern craton boundary, major orogenic events (am-
phibolite metamorphism, high-K calc-alkaline
batholiths) occurred from 650 to 580 Ma, build-
ing most of the Tuareg shield. It is only at the
very end of the orogeny (c. 530 Ma) that alkaline
rhyolitic and quartz dykes affected both sides of
the cratonic margin (Liégeois et al., 1994). On the
WAC, early eclogite-bearing nappes are also pre-
served (Caby, 1978). This indicates that nappes
thrust onto cratons (c. 700 Ma on the ESC, c. 630
Ma on the WAC) were not affected by later
orogenic events except, in some areas, by late
high-level magmatism.

In the Tuareg shield, 23 terranes have been
deciphered so far. Their general movements dur-
ing the post-collisional periods were globally to
the north. Their stacking was contemporary with
the oblique arrival from SE of the WAC (Liégeois
et al., 1987). Post-collisional deformation oc-
curred mainly between 620 and 580 Ma (Liégeois
et al., 1987, 1994). Such ages have also been
recorded in Togo and Ghana with most Ar–Ar
ages found around 587–575 Ma with some up to
630 Ma (Attoh et al., 1997). Shear zones delimit-
ing the Tuareg terranes, progressively squeezed
between the East Saharan and West African Cra-
tons, became successively inactive between 592�
6 Ma (Hadj Kaddour et al., 1998) and 523�1
Ma (Paquette et al., 1998). Movements along the
Raghane shear zone (western boundary of the
East Saharan craton) ceased at approximately 580
Ma (Bertrand et al., 1978; Liégeois et al., 1994)
and the huge alkaline–peralkaline magmatic
province, associated with late movements along
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faults in the Iforas, SW Tuareg shield, occurred in
the 560–540 Ma age range (Boullier et al., 1986;
Liégeois et al., 1987, 1996).

At the end of Neoproterozoic, subsequently to
a 760–660 Ma arc activity, Avalonia and Cado-
mia terranes accreted the Gondwanan margin at
approximately 650–630 Ma, being the WAC for
Cadomia (Strachan et al., 1996). During the 630–
570 Ma period, accreted Cadomia still faced an
open ocean (‘outboard terrane’) and was affected
by an abundant magmatism recycling the juvenile
crust (Murphy et al., 2000). This magmatism de-
scribed as arc magmatism could correspond to
post-collisional magmatism as defined by Liégeois
et al. (1998) and the orogenic system as a ‘hit and
run’ orogeny (Maxson and Tikoff, 1996). Sinistral
transform motion ending with intracontinental
wrench-related bimodal volcanic and sedimentary
rocks (570–550 Ma) are also depicted (Nance and
Murphy, 1994; Murphy et al., 2000). This corre-
sponds to the calc-alkaline–alkaline transition de-
scribed at the end of the Pan-African orogeny in
the Tuareg shield (Liégeois et al., 1987, 1998) and
elsewhere (Bonin, 1990). In Cadomia, transpres-
sive events locally occurred late with culmination
of anatexis at approximately 540 Ma (Brown and
D’Lemos, 1991), in agreement with the ‘outboard’
situation of Cadomia (Murphy et al., 2000) and
with the stress induced by the WAC and recorded
in the Tuareg shield till approximately 523 Ma
(Paquette et al., 1998).

We therefore suggest the following model:
� Anti-Atlas corresponds to the northern

boundary of the Eburnian WAC, including an
early Neoproterozoic aulacogen probably
marking, as the Gourma aulacogen, a conti-
nental break-up (Fig. 4A).

� At approximately 685 Ma, the northern border
of the WAC collided with an oceanic conver-
gent margin now preserved as juvenile thrust
sheets in Saghro and Bou Azzer (ophiolite rem-
nants; Fig. 4B).

� No apparent tectonic, metamorphic, magmatic
events occurred in the Anti-Atlas during most
of the Pan-African orogeny (from 685 to 585
Ma; Fig. 4C) due to the thick cratonic litho-
spheric mantle (Black and Liégeois, 1993).
Avalonia-Cadomia terranes collided with the

craton at 650–630 Ma and moved afterwards
along a sinistral shear zone corresponding to
the craton boundary currently marked by the
SAF. The postulated subduction zone to the
north (Nance and Murphy, 1994) can drive this
sinistral movement as for the Assodé terrane in
Aı̈r (Liégeois et al., 1994) but has no effect in
Anti-Atlas. Palaeoproterozoic basement known
in Cadomia (Calvez and Vidal, 1978) is very
limited in volume and played a very limited
role in the origin of Cadomian granites (Vidal
et al., 1981). It could derived from the WAC
(Nance and Murphy, 1996) maybe as a tectonic
sliver introduced in Cadomia at that time.

� High-level magmatism intruded in Anti-Atlas
in the 585–560 Ma age range as a result of the
stress induced by the major phase of the ter-
rane stacking in the Tuareg shield to the east,
already accreted or still accreting onto the East
Saharan craton (Fig. 4D, E). Anti-Atlas is
indeed characterized by a relatively abundant
late magmatism in the 585–560 Ma age range,
high-level high-K calc-alkaline batholiths
closely followed by alkaline plutons, to the
south (Aı̈t Malek et al., 1998) and to the north
(Errami, 2001) of the AAMF with volcanic
counterparts (respectively named the ‘Precam-
brian III’ and ‘Adoudounian’ volcanic series in
the Moroccan literature).

� The post-orogenic sediments deposited onto
the eroded belt in the Anti-Atlas are the so-
called Adoudounian series. They occurred at
the end of the Precambrian (called ‘Infracam-
brien’ in Morocco) since typical Cambrian fos-
sils (trilobite, Archaeocyathides) appear quite
high in the succession, with the lower series,
2000 m in thickness, containing only stromato-
lites (Choubert and Hupe, 1954). This provides
an age for the beginning of the deposition of
the Adoudounian series, i.e. before 544 Ma
(base of Cambrian; Bowring et al., 1993). The
presence of alkaline volcanic rocks at the base
of the Adoudounian series agrees with the age
of approximately 560 Ma measured on the late
coeval Pan-African alkaline plutons (Aı̈t Malek
et al., 1998). Geodynamically, the Adoudou-
nian series is equivalent to the post-orogenic
Tassilis sandstones of the Tuareg shield, al-
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Fig. 4. (Continued)
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though they differ by about 50 m.y.; Tassilis
sandstones unconformably lie on the eroded
belt, including late molasses with alkaline rhyo-
lites. lites. Their deposition began at the Cam-
brian–Ordovician boundary (Beuf et al., 1971)
not long after the latest dated Pan-African
alkaline granite (523�1 Ma; Paquette et al.,
1998). Stable platform sedimentation occurred
in Anti-Atlas while the WAC was still in conver-
gence with the Tuareg shield and with the
Avalonian terranes. This demonstrates once
more the very rigid behaviour of Anti-Atlas
during the Pan-African orogeny.
Our model implies that intense Pan-African

events occurred to the north of Anti-Atlas within
the mobile belt itself. In addition to Avalonia and
Cadomia, expressions of these events may be found
in relics located within the Variscan and Alpine
belts of the Meseta-Atlas domain to the north of
the South Atlas fault such as in the Ouzellagh of
the Massif Ancien from the High Atlas (Jouhari et
al., 2000). The Pan-African belt originally located
to the north of Anti-Atlas is now dismembered.

This model may be tested by more extensive high
precision U–Pb dating of plutons in the Anti-Atlas
region.

7. Significance of the South-Atlas Fault and
Anti-Atlas Major Fault

During the Pan-African, the AAMF is character-
ized by sinistral strike-slip movements (Ennih et al.,
2001) and delineates the SW boundary of an early
Neoproterozoic subsidence area (�4000 m of
sediments compared to �1000 m). Pan-African

movements along the AAMF occurred on a pre-ex-
isting fracture affecting the craton itself, probably
a main border fault of the aulacogen (Fig. 4A–D)
described by Fekkak et al. (1999). Pan-African
post-collisional transpression along this fracture
produced a greater uplift to the SW than to the NE,
enhancing the greater subsidence that occurred
earlier during the aulacogen formation. The Pan-
African nappes should then be better preserved to
the NE of the AAMF (as in Saghro and Siroua)
than to the SW. A similar situation is found in Mali
where the early Pan-African nappes thrust upon the
WAC are mainly preserved on the Gourma aulaco-
gen (Caby, 1978). During the post-collisional pe-
riod, the SAF and AAMF experienced a major
transpression period which ended with the Tuareg
terrane stacking and generated in Anti-Atlas high-
K calc-alkaline batholiths and lavas (Fig. 4C, D).
This period was followed by a transtension event,
with minor alkaline plutons and lavas. Following
Pan-African orogeny, the AAMF played no major
geological role during the Phanerozoic, suggesting
that it is no longer a major lithospheric-scale active
structure.

Our proposal is that the actual northern limit of
the WAC is marked by the SAF; the Pan-African
lithologies to the south constitute either al-
lochthonous thrust sheets or late post-collisional
magmatism. In this area the SAF therefore consti-
tutes the major geosuture. Indeed, only regions
located to the north of the SAF have been strongly
affected by Phanerozoic orogenies. The SAF was
active dextrally during the Variscan orogeny (Petit
and Beauchamp, 1986) and sinistrally during the
Alpine orogeny (Laville and Petit, 1984). The
Phanerozoic sedimentary sequences are strongly

Fig. 4. Simplified model of the Anti-Atlas behaviour during the Neoproterozoic. (A) Saghro aulacogen (Fekkak et al., 1999)
formation supposed to be contemporary to that of Gourma aulacogen (1000–800 Ma; Moussine-Pouchkine and Bertrand-Sarfati,
1978), marking a continental break-up. AAMF is the main aulacogen border fault, with differences in passive margin sediment
thickness on each side. (B) Material from a Pan-African oceanic convergent (including ophiolite) has been thrust upon the craton
mainly from N to S at approximately 685 Ma (Leblanc, 1981). Avalonian terranes are not far in the open sea, accretion beginning
at approximately 650 Ma (Strachan et al., 1996). (C) Quiescence period (680–585 Ma) with no event in the Anti-Atlas region due
to relatively free movement of the rigid WAC; Avalonian terranes, by contrast, are subjected to various metamorphic and magmatic
events (Murphy et al., 2000). (D) Injection of Pan-African high-K calc-alkaline and alkaline granitoids and lavas (pathways
indicated in the cross-section by white arrows) at the very end of the orogeny (585–560 Ma) on both sides of AAMF (Errami, 1993;
Mrini, 1993; Aı̈t Malek et al., 1998), during the main squeezing of the terranes in the Tuareg shield that induced additional stress
on the northern boundary of the WAC. (E) Position of the Anti-Atlas within the reconstituted Pan-African belt at 630–570 Ma
(after Nance and Murphy, 1996).
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folded to the north of the SAF and relatively
undeformed (flat-lying) to the south. During the
Cainozoic, phonolitic volcanism (Tinghir and
Siroua areas; Hindermeyer, 1977) and the histori-
cal seismicity of Agadir region (Fig. 3) occurred
along the SAF. We suggest that the reactivation
of the SAF probably induced a slight uplift of the
northern margin of the craton, bringing to the
surface parts of the Precambrian basement, the
current Anti-Atlas inliers.

8. The Algerian Ougarta: a similar situation?

The AAMF continues SE to Algeria, extending
to the SW of the Ougarta area (Fig. 3). In Ou-
garta, as in Anti-Atlas, Neoproterozoic sediment
series are 4–5 km thick. These series were de-
posited in a shallow marine environment (Caby,
1996) and later subjected to mild greenschist fa-
cies metamorphism. Upper parts are greywackes
rich in volcanic material while the base is enriched
in terrigeneous debris with the presence of mag-
matic or metamorphic microcline, muscovite and
fragments of metamorphic rocks (Caby, 1996).
The upper mainly volcanic part corresponds to a
Pan-African island arc assemblage (Dostal et al.,
submitted). The origin of the lower part is proba-
bly similar to the Anti-Atlas passive marine
aulacogen: the detrital material suggests a WAC
source rather than an island arc. This will be
tested through TDM Nd model ages (Liégeois and
Caby, in preparation).

In consequence, we propose that the northeast-
ern limit of the WAC should pass to the N and to
the E of the Ougarta region (Fig. 3). Geophysical
data support this view: the AAMF is not marked
by a Bouguer gravity anomaly in contrast to the
Saoura valley marking the northern limit of the
Ougarta area (Bayer and Lesquer, 1978; Fig. 3).
An isobath map (Fig. 5) showing the Precambrian
basement depth (Takherist, 1991) indicates that
the Ougarta constitutes the steep margin of the
craton, with some uplifted basement blocks. This
situation is similar to the European platform and
Alpine orogeny where the external crystalline
massifs (Mont Blanc, Aar…) constitute uplifted
blocks of the former European passive margin

Fig. 5. Isobath map of Palaeozoic base, corresponding to the
Precambrian basement of the Ougarta region. Depth between
lines: 1 km. From Takherist (1991). Depth of the Precambrian
basement shows the descending margin of the craton and the
existence of uplifted basement blocks. The main faults delin-
eate the proposed new boundary of the WAC.

(see, e.g. the recent synthesis of Mosar, 1999).
Fifty km to the west of Adrar (Fig. 5), a small
outcrop of the WAC basement is present (Djebel
Heirane; Caby, 1996), indicating its likely pres-
ence below the other Ougarta inliers. The major
faults north of Ougarta are oriented NW–SE. In
contrast, to the east or more to the north of
Ougarta (Takherist, 1991; Fig. 5), the general
N–S orientation of the Trans-Saharan belt pre-
vails, as in the Tuareg shield (Black et al., 1994).

9. Conclusions

The northern limit of the WAC is marked by
the SAF. We believe that this is the reason why
Variscan and Alpine orogeny effects are very
weak to the south of this major lithospheric struc-
ture. We suggest that the classical craton
boundary, the AAMF, corresponds to the south-
western border fault of an aulacogen (Fekkak et
al., 1999) generated during a continent break-up
probably 1000–800 Ma ago and located inside the
WAC. This interpretation is similar to one pro-
posed for the Gourma aulacogen on the eastern
side of the WAC (Moussine-Pouchkine and
Bertrand-Sarfati, 1978). The greater subsidence to
the NE of this fault allows not only several thou-
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sand meters of lower Neoproterozoic sediment
deposition but also the preservation from erosion
of some island arc assemblage relics, including
ophiolite, thrust upon this former passive margin
at approximately 685 Ma (Leblanc, 1981).

Pan-African material thrust upon the WAC
was protected by the cratonic thick lithosphere
(Black and Liégeois, 1993) during the subsequent
Pan-African orogenic events. The major part of
the belt has to be searched as relics in the
Variscan-Alpine Atlas-Meseta area (Jouhari et al.,
2000) as well as in Cadomia, close to Anti-Atlas
at the end of Neoproterozoic (Nance and Mur-
phy, 1996; Murphy et al., 2000). The Anti-Atlas
area was only affected by late high-K calc-alkaline
and alkaline magmatism at the end of the orogeny
at approximately 585–560 Ma (Aı̈t Malek et al.,
1998; Errami, 1993, 2001) on both sides of the
AAMF. This implies a 100 m.y. quiescence in the
Anti-Atlas area between approximately 685 and
585 Ma.

We conclude that the Anti-Atlas crust is Ebur-
nian in age (with typical peraluminous granitoids)
with a lower Neoproterozoic sedimentary cover,
thin to the south but that thickens to the north of
the AAMF, a thrust Pan-African oceanic island
arc assemblage and late post-collisional Pan-
African (585–560 Ma) high-K calc-alkaline and
alkaline granites with associated volcanic rocks.
This magmatism is contemporary to the main
phase of stacking of the Tuareg shield terranes
that induced additional stress on the northern
boundary of the WAC.

That the South Atlas Fault is the northern limit
of the WAC implies that this boundary continues
to the north, and not to the south, of the Ougarta
area in Algeria. This is corroborated by geophysi-
cal data. This new interpretation adds nearly 100
000 km2 to the WAC and has major implications
for geodynamical modelling.
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20, 857–862.

Caby, R., 1996. Rapport de la mission de terrain dans le
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