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Perspective

Evidence for an important extensional event during the Late
Proterozoic and Earliest Paleozoic in Morocco

Alain Piqué

Géologie-IUEM, Université de Bretagne occidentale, 29280 Plouzané cedex, France
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1. Introduction

By the end of Proterozoic times and during the P
leozoic, Morocco was connected to the West Afric
shield. With the so-called Avalonian and Cadom
zones [8], it constituted the margin of the lar
Paleo-Gondwana continent (Fig. 1). The Proteroz
Panafrican orogeny left traces in many parts of
Paleo-Gondwana. In Morocco, this orogenic even
clearly displayed in theAnti Atlas, southern part of the
country, where Proterozoic continental margin ro
and ophiolites are imbricated and covered in ang
discordance by subsequent various continental, ma
detrital, sedimentary sequences and volcanic flo
pre-Cambrian in age. Their tectonic significance is s
discussed; they represent either a late-orogenic mo
sic stage or a post-orogenic new cycle [14].

Lying above these redbeds, the Lower Cambr
carbonates contain some magmatic rocks. In the A
Atlas, where they are well exposed and dated, so
are effusive and intercalated into the sedimentary b
others are intrusive into these carbonates. The
Boho syenite, for instance, in the central Anti Atla
is dated at 534± 10 Ma [5]. All of them yield
geochemical trends, tholeiitic or alkaline, compati
with an intracontinental extensional setting.

In central Morocco, the so-called Meseta doma
is distinguished from the Anti Atlas by a more pr
nounced influence of the Hercynian shortening t
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occurred, according to the area, from the end of
Devonian to the end of the Carboniferous [12].
the less deformed areas, such as the western Me
the Cambrian sedimentary sequences are paleont
ically dated and the intercalated volcanic flows c
be characterized. All of these rocks, dated from M
Cambrian, present strong similarities with those of
Anti Atlas.

Elsewhere in the Meseta, the precise dating
geochemical characterization of the Cambrian m
matic series are difficult to realize due to the H
cynian deformation, and, moreover, the strong in
ence of the regional metamorphism responsible
the development of secondary parageneses. How
study of trace elements allows us to determine
geochemical trend of the initial rocks. In the ea
ern Meseta Midelt zone, for instance, the amphibol
thought to represent Cambrian metabasalts or dole
yield, here too, an alkaline affinity, suggesting an
traplate setting [9]. Recently, a thorough study of
Bou Acila volcanic complex [10] in central Meseta h
given the same results, concluding from their com
sition that these rocks witness an intra-continental
tensive tectonic setting.

2. Structural and sedimentological evidence for an
extensional regime during the Early Cambrian

In the Anti Atlas recent observations show th
the Latest Proterozoic rocks, classically known as
PIII ‘group’, were deposited in faulted basins dev
blished by Éditions scientifiques et médicales Elsevier SAS. All rights
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Fig. 1. Morocco and related areas at the limit Proterozoic-Paleozoic, from [8], modified.
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oped under an extensive regime that lasted during
beginning of the Cambrian, favouring the eastw
progression of the Early Paleozoic marine transg
sion within the ‘Adoudounian’ (i.e. Lowermost Cam
brian) gulf [4]. In the western Anti Atlas, a NE-SW t
NNE-SSW trending graben, initiated during the Ea
Cambrian between carbonate platforms, was filled
by argillaceous and siliciclastic sediments, before
deposition of the disconformable Mid-Cambrian d
posits [1]. In the central Anti Atlas, an Early Cam
brian tectonic activity is indicated by synsedimenta
folds and in the central-eastern Anti Atlas, the de
sition of the Latest Proterozoic and Lower Cambr
sequences was controlled by N70◦E faults, en éche
lon between sinistral N110◦E trending faults [15]. The
tectonic regime that is determined for the whole A
Atlas implies a pure extension in the western par
the domain, with, to a NW-SE direction, a north-sou
direction for the central Anti Atlas and a transtens
opening in the central-eastern Anti Atlas (Fig. 2).

North of the Anti Atlas, the Late Proterozoic an
Early Cambrian sequences of the High Atlas pres
important variations in their thickness from west
east [15]. Further to the north, the Mid Cambri
greywackes of the western Meseta were depos
in a NNE-SSW trending subsident trough (Fig.
bordered to the west and the east by more stable a
[2]. There, the synsedimentary tectonic activity w
achieved by the end of Mid-Cambrian, when quartz
sandstones of uniform thickness were deposited o
the whole domain.

Finally, from south to north, the whole of Morocc
was submitted to an extensive regime during the en
the Proterozoic and the beginning of the Paleozoic.
though the exact direction of the horizontal extens
may vary from one area to another, the main exten
direction was, almost everywhere, subvertical. This
gional extension, that began during the Late Prote
zoic in the Anti Atlas, ended in this area at the e
of the Early Cambrian. In the western Meseta it las
during the Mid-Cambrian. In the central and east
parts of the Meseta our knowledge of the Cambr
sequences is not sufficient to allow precise dating
the end of the extension.
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Fig. 2. The Late Proterozoic-Early Paleozoic rift on Morocco, from [2] and [11].
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3. Tectonic significance of this extension

Throughout Morocco an important tectonic eve
occurred from the Latest Proterozoic to the beg
ning of the Paleozoic. It vanished during the Ea
Cambrian in the Anti Atlas and at the end of t
Mid-Cambrian in the western Meseta. Its developm
is indicated by several markers that acted simulta
ously:

– a structural extension, responsible for the de
opment of fault-limited basins;

– the initiation of a marine transgression with
these grabens, particularly evident in the Anti A
las, giving way to the deposition of the Early Cam
brian carbonates;

– the emplacement of effusive and intrusive m
mas, most of them alkaline;

– a hydrothermal activity, known in the Precambr
basement of the Anti Atlas and its sedimenta
cover as well, which accompanied the faulting a
the magma emplacement and resulted in meta
genic concentrations [15].

All of these markers result from a same geotecto
event: the stretching of the continental crust a
the partial melting of the underlying mantle. T
crustal extension was shown by the developmen
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grabens where the marine transgression progres
Meanwhile, mantelic magmas rose and emplace
the sedimentary sequences. Developed at the s
of Morocco, this lithospheric thinning is therefo
described in terms of a continental rifting. The riftin
was initiated during the end of Proterozoic time
principally in the Anti Atlas. By the very beginnin
of the Cambrian, the Meseta was also affected.
rift aborted diachronously, later and later toward
north: in the Earliest Cambrian in the Anti Atlas,
the Mid-Cambrian in the western Meseta.

4. Conclusion: the Latest Precambrian-Early
Paleozoic North-Gondwanan rifting

Traces of the rifting described above in Moroc
exist in many regions, which are presently far fro
Morocco but share the same Gondwanian orig
In western Europe, the Armorican massif Cambr
graben is comparable to the western Morocco grab
although its end occurred later, during the Trema
cian [13]. Elsewhere, in Algeria [3], a Late Proter
zoic (and Cambrian?) extension is associated w
the emplacement of intraplate magmas [7]. A sim
lar setting is known, also, further east, for instance
Egypt [6].

It is highly probable that, from the end of th
Proterozoic to the beginning of the Paleozoic,
entire northern margin of the Gondwana suffe
an intracontinental extension displayed by structu
magmatic, etc. markers.

References

[1] M. Bensaou, N. Hamoumi, Le graben de l’Anti Atlas occide
tal (Maroc) : contrôle tectonique de la paléogéographie et
séquences au Cambrien inférieur, C. R. Geoscience 335 (2
297–305.

[2] C. Bernardin, J.J. Cornée, M. Corsini, S. Mayol, J. Mull
M. Tayebi, Variations d’épaisseur du Cambrien moyen
Meseta marocaine occidentale : signification géodynam
des données de surface et de subsurface, Can. J. Earth S
(1988) 2104–2117.
. [3] R. Caby, H. Moussu, Une grande série détritique du Saha
stratigraphie, paléogéographie et évolution structurale d
« série pourprée » dans l’Asegr’ad et le Tanezrouft orie
(Sahara algérien), Bull. Soc. géol. France 7 (9) (1967) 8
882.

[4] G. Choubert, Histoire géologique du Précambrien de l’A
Atlas, t. 1, Notes et Mém. Serv. Géol. Maroc 162 (1963) 35

[5] J. Ducrot, J. Lancelot, Problème de la limite Précambri
Cambrien : étude radiochronologique par la méthode U–Pb
zircons du volcan du jbel Boho (Anti-Atlas marocain), Can
Earth Sci. 14 (1977) 2771–2777.

[6] L. Gurguis, G. Awadallah, Contribution to the mineralogy a
geochemistry of north wadi Um Shilman uranium-mineraliz
granite, southeastern desert, Egypt, in: 5th International C
ference on the Geology of the Arab World, Cairo Univers
2000, abstract, p. 13.

[7] J.P. Liégeois, R. Black, Pétrographie et géochronologie
Sr de la transition calco-alcalin–alcalin fini-Panafricain da
l’Adrar des Iforas (Mali) : accrétion crustale au Précambr
supérieur, in: J. Klerck, J. Michot (Eds.), African Geolog
Musée Royal de l’Afrique centrale à Tervuren, 1984, pp. 11
145.

[8] D. Nance, J. Murphy, Contrasting basement isotopic signat
and their palinspastic restoration of peripheral orogens: ex
ple from the Neoproterozoic Avalonian-Cadomian belt, Ge
ogy 22 (1994) 617–620.

[9] H. Ouali, B. Briand, M. El Maâtaoui, J.-L. Bouchardon, L
amphibolites de la boutonnière paléozoïque de Midelt (Ha
Moulouya, Maroc) : témoins d’une extension intraplaque
Cambro-Ordovicien, Notes et Mém. Serv. Géol. Maroc 4
(2001) 177–181.

[10] H. Ouali, B. Briand, J.-L. Bouchardon, P. Capiez, Le v
canisme cambrien du Maroc central : implications géo
namiques, C. R. Geoscience, in press.

[11] A. Piqué, Geology of Northwest Africa, in: Beiträge z
regionalen Geologie der Erde, Gebrüder Bornträger P
Stuttgart, 2001, p. 310.

[12] A. Piqué, A. Michard, Moroccan Hercynides: a synopsis. T
Paleozoic sedimentary and tectonic evolution at the north
margin of West Africa, Am. J. Sci. 289 (1989) 286–330.

[13] A. Piqué, M. Bouabdelli, J.-R. Darboux, Le rift cambrien
Maroc occidental, C. R. Acad. Sci. Paris, Sér. IIa 320 (19
1017–1024.

[14] A. Piqué, M. Bouabdelli, A. Soulaïmani, N. Youbi, M. Ilian
Les conglomérats du P III (Néoprotérozoïque supérieur)
l’Anti Atlas (Sud du Maroc) : molasses panafricaines,
marqueurs d’unrifting fini-protérozoïque ?, C. R. Acad. Sc
Paris, Sér. IIa 328 (1999) 409–414.

[15] A. Soulaïmani, M. Bouabdelli, A. Piqué, L’extension contine
tale au Néo-Protérozoïque supérieur–Cambrien inférieur d
l’Anti Atlas (Maroc), Bull. Soc. géol. France 174 (1) (200
88–92.


	Evidence for an important extensional event during the Latest Proterozoic and Earliest Paleozoic in Morocco
	Introduction
	Structural and sedimentological evidence for an extensional regime during the Early Cambrian
	Tectonic significance of this extension
	Conclusion: the Latest Precambrian-Early Paleozoic North-Gondwanan rifting
	References


