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Introduction
This geological circuit has a pluri-disciplinary
aspect (Stratigraphy, Palacontology, Petrography and
Tectonics-Geodynamics) for the fact that it crosses
great structural domains that have recorded the Pan-
African, Precambrian and Alpine (Atlasic and Rifain)
orogeny. They are represented by deposits dating back
more than 2 billion years. The structural domains are
as follows: the Anti-Atlas and African Craton with
the ophiolitic complex and the Pan-African orogeny
around 685 MA associated to the closing of an
ocean and continental collision (folds, overlapping,
magmatic rocks, etc.;, the mesetian domain with Shoul
block that have recorded the Caledonian compression
in Morocco, and the Hercynian orogeny also recorded
in the rest of Western Europe (folds, overlapping,

The circuit also contains

Field itinerary
DAY 1

Neogenous relief (folds, faults, slopes, etc.) with
mount Toubkal which rises to 4167m; and finally
the Rifain Domain, a part of the Mediterranean
alpine chain made up of Palacozoic tectonical and
metamorphic nappes (gneiss, kinzigites, etc.) and of
ultra-basic rocks (peridotites, etc).
pleasant landscapes
(cedar forests, lakes, gorges, dunes, etc.), historical
monuments (the Roman City of Volubilis, 3™ century
BC, the Mausoleum of Moulay Ismail, contemporary
to Louis XIV, Tour Hassan and the Mausoleum of
Mohammed V, the Mosque of Koutoubia built in
1147) as well as high—category Hotels.

magmatic rocks, etc.); the Atlasic Domain with Tanger - Tétouan - Chaouéne

intra-continental chains of High and Middle Atlas
with rocks dating from Triassic to current; Mesozoic
deformations syn- and post-rifting, and rising of the

Transportation 4 x 4 cars
Overnight location Chaouéne

Geological circuit

Accommodations Hotel Asmaa ****
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Structural Domains

Stop 1:

Across the valley of Tétouan

Panoramic view of the Internal Rif and its contact with
the flysch nappes and the External Rif. The ‘Dorsale
calcaire’ complex, with its imposing relief, consists
of stacked carbonate slabs, made of Upper Triassic-
Liassic platform to passive margin deposits with a
thin cover of Jurassic-Upper Cretaceous pelagic and
Tertiary detrital sediments. The Paleozoic Ghomaride
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nappes are represented by low hills occupying the
space located between the Dorsale calcaire and the
Alboran sea. The Sebtide metamorphic units appear
in the Koudiat Taifor-Cabo Negro hill (gneisses and
micaschists). The Martil plain, filled by Pliocene
marl-sand deposits, was a subsiding basin opened by
Pliocene normal faults.

Stop 2:

Azla North

Here, We start a “cup cross the continental Curst
and the upper Mantle”. The first stops (Azla to
Zaouia) are located in the middle and upper crust
(Palozoic Ghomaride nappes), the next, between
Zaouia and Bou Ahmed, are located in the lower
crust (schists, micaschists and gneiss of Sebtide).
The Beni Bousera stops will show the ultramafic
rocks of upper mantle emplaced as tectonic sliver
during the Paleogene subduction/ collision process,
at the expense of the infracontinental lithospheric
mantle uplifted to upper crustal levels during the
tethyan rifting (the Moho discontinuity is missing).
The Azla north stop shows the Pliocene post-nappe
formations of the internal Rif. The subhorizontal
(undeformed) yellow sandy marls of the low
Pliocene are discordant on Ghomaride nappes. This

Overlapping of the calcareous ridge on the Tangier Unit (RIF)
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stop also allows us to see coastal degradation due
to the combined effect of regional sinking and sea
advance.

Stop 3:

Azla South -Kaa Mazari-

An outcrop of Trias red detrital sediments affected by
syn-sedimentary normal faults and by reverse faults
associated to overlaps of carboniferous turbidites
slivers.

Stop 4:

Panoramic view of Ras Aakaili

A panoramic view of the tectonic units of the internal
Rif (The three Ghomarides nappes, Sebtides units,
Dorsale calcaire, Martil Plain, Jbel Zem zem...). The
stop is located on the Devonian limestone of Aakaili
nappe (Figure 1).

Haouz

Dorsale colcaire  du

Taimad: Marsi el ll-m;-:m retromorphic minerals and are
e T e m""““** ey associated to dominant top-to-
B e N kinematic indicators. These

schist has an Eo-Variscan age, that in the micaschist
is alpine.

Stop 6:
The micaschists of Tarerha
The micaschists belong to the lowest Sebtides (Filali
units). They are a monotonous series however, with
some basic rock intercalations and quartz pegmatitic
veins with pink andalusite. The micaschists contain
minerals deriving from different parageneses, such
as garnet, biotite, muscovite, sillimanite, andalusite,
kyanite, staurolite, plagioclase, potash feldspar and
quartz. The foliation (S2) is associated to isoclinal
folds which constitute their axial plain. This
foliation carries a NNW-SSE trending stretching
lineation. The latter is underlined by preferential
oriented micas and andalusite or by pressure shadow
around garnet minerals. The main foliation and the
stretching lineation developed
contemporaneously with

=

Figure 1 - Ras Aakaili- Panoramic view (Chalouan, 1994)

Stop 5:

Low-angle normal fault of Cape Zaouia

This stop shows an interesting extensional fault
between the Palaeozoic Aakail nappe and the Filali
micaschist (Figure 2). This contact, which was
interpreted as a thrust, has a 30° NW dip and is
underlined by a tectonic breccia impregnated with
malachite and azurite mineralization. Then, the
Aakaili directly superimposes the micaschists and
this fault causes suppression of the three Federico
units. The foliation seen in the Ordovician-Silurian

Figure 2 - Low angle normal fault of Zaouia
(Chalouan, 1994)

E g
Cap de Zoouig Ordovico. silurien

de la noppe d’Aakail

micaschistes
(Filali}

structures are overprinted by

crenulation folds trending
parallel to the local antiform
axis (here, Beni Bousera

antiform), i.e. roughly parallel
to the stretching lineation. These structurally recorded
tectonic-metamorphic phases are labelled II and
III. Phase I corresponds to the subduction event
responsible for the HP-LT conditions observed in
the Beni Mezala (highest Sebtides) and various
Alpujarride units. Phase IV refers to the extensional
tectonics which initiated under HT-LP conditions
(emplacement of anatectic dykes) and then operated
decreasing T in brittle conditions (i.e. Zaouia low-
angle normal fault; previous stop). In regard to
P/T alpine metamorphic conditions of these rocks,
T calculations give conditions ranging from 530°C at
the top to 780°C at the bottom, at a maximum pressure
of c. 7 kbar before the late stage of andalusite growth.
Isotopic calculations on biotites from both the Filali
schists and kinzigites reveal a cluster of K/Ar ages
around 22 + 2 Ma. This age cluster can be viewed
as reflecting a rapid cooling of the deep Sebtides-
Alpujarrides units following an Alpine HT-LP climax
of metamorphism, close to 750-800°C, 10 kbar.

Volume n° 1 - from PRO1 to B15

Stop 7:
The Kinzigites of Bou Ahmed
The Kinzigites, called also “the metamorphic unit
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or granulite of the Beni Bousera”, overcome the
peridotite rocks. They have an average thickness of
100m and they consist of an irregularly alternating
of light quartz-feldspathic beds and dark aluminous
ones. These gneissic rocks, foliated and compact,
describe isoclinal folds whose hinges are stretched
and broken so that the rock takes on an augen gneiss
aspect. The Kinzigite slivers with garnet-sillimanite
+ kyanite-graphite-quartz bearing assemblages and
accessorily rutile, zircon and tourmaline, yielded
peak P-T conditions in the range of 800-850°C, 9-13
kbar, and locally 760-820°C, > 16 kbar (Bouybaouene
et al., 1998). These high pressure relics evoke those
of the Variscan inner zones of the European-South
Alpine area. Recent petrologic and geochronologic
data support this idea, in spite of the strong Alpine
overprint which makes it difficult to distinguish
Variscan versus Alpine assemblages in the pre-
Permian rocks (Filali and Beni Bousera units).

Stop 8:

The Peridotites of Beni Bousera

The Beni Bousera ultramafic massif crops out for
about 70 km2. It is overwhelmed by the kinzigite
unit. On the top, foliation and stretching lineation are
similar and parallel to those of the kinzigites. On the
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east side, the ultramafic massif is in contact with the
Filali and Ghomarides metasediments through the
NNW-SSE trending Beni Bousera high angle normal
fault. The stretching lineation developed in this massif
shows dominant top-to-NNW kinematic indicators.
The peridotite rocks are intruded by post-tectonic
leucogranite dykes.

Peridotite emplacement: Based on petrologic and
(mostly) geochronological arguments, the Beni
Bousera-Ronda ultramafic massifs have been and
still are interpreted as hot asthenospheric diapirs
emplaced during the Neogene and responsible for
the Alpujarride-Sebtide metamorphism (Loomis,
1975; Platt and Vissers, 1989; Blichert-Toft et al.,
1999; Montel et al., 2000). As admitted by Vissers
et al. (1995) and Chalouan et al. (2001), this is not
adequate to account for the occurrence of Alpine HP-
LT assemblages in varied Sebtide-Alpujarride rocks,
and for their dating at >25-27 Ma (Monié¢ et al., 1991;
Montigny et al., 2003). In our view, the Beni Bousera-
Ronda lherzolites emplaced as tectonic slivers during
the Paleogene subduction/collision process, at the
expense of the infra-continental lithospheric mantle
uplifted at upper crustal levels during the Tethyan
rifting (Reuber et al., 1982; Michard et al., 1991).
Indeed, the Ojen eclogites and Ronda pyroxenites

Béni Bouchraa Peridotites Alboran Domain (RIF)
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yielded U-Pb SHRIMP zircon ages between 183
+ 3 and 131 £ 3 Ma which seemingly record the
Tethyan extensional event (Sanchez-Rodriguez &
Gebauer, 2000). A Sm/Nd age of 235.1 + 1.7 Ma
from Alpujarride garnets may also record the Triassic
break-up of Pangea (Argles et al., 1999).

To summarize, it seems possible to recognize in the
Alpine evolution of the Sebtide units four tectonic-
metamorphic stages, with higher P/T gradients in
the northern (Beni Mezala) antiform than in the
southern (Beni Bousera). During the earlier stage
(I), recorded by the blueschist- and eclogite-facies
relic assemblages in the Permian-Triassic rocks of
the Beni Mezala area, at least part of the Sebtide
units were subducted down to a depth of 50-60 km
(BM1 unit). The next stage (II) corresponds to the
isothermal exhumation of the varied units through
distributed thinning and ductile, low-angle normal
faults carrying lower-grade units onto higher-grade
ones (Federico stack). The next stage (III) still
occurs in HT-LP conditions, and corresponds to a
late metamorphic shortening event (multiscale crenu-
lation folds, with synkinematic andalusite in the Filali
schists and overlying Permian metapelites). The last,
extensional stage (IV) begins in HT-LP conditions
(with post-tectonic leucogranite dykes in the Beni
Bousera antiform), and ends in sub-surface conditions
(Chalouan et al., 2001; Michard et al., 2002). The
latter stage corresponds to the exhumation of the
Sebtide antiforms by excision of their Ghomaride
overburden through ductile, then brittle normal faults
(e.g. Zaouia fault), and can be correlated with the
Alboran Sea rifting event [Chalouan et al., 1997,
2001]. This evolution strictly compares with that of
the Alpujarride units in western Betics, as described
by Balanya et al. [1993, 1997], Martinez-Martinez &
Azanon [1997], and Azafién & Crespo-Blanc [2000].

Stop 9:

Cross valley of Oued laou

This stop allows us to see the tectonic contact
between the Dorsale calcaire and the metamorphic
units of Federico (highest Sebtides). The Tizgarine
nappe, characterized by Permian-Triassic red schist
and metaquartzite, is thrust over the Upper Triassic
non-metamorphic dolomite of the Dorsale calcaire
(Figure xx).

Stop 10:

The Tirinesse intramontane basin

This stop shows the neotectonic effect on the recent
evolution of the Rif belt. The stop is located on the
NW edge of the NE-SW elongated rectangular basin

Nappe de legarlnt
(Federico. Sebtides supérieures)

~ Argiles o grés Quarmhsdu

~
Jouges du Permo-Trias

Dolomies du Trias,
superieur de lunite
d'Imourassine

Figure 3 - Oued Laou. Panoramic view showing the
highest Sebtides nappes overlapping the Dorsale calcaire

LEGENDE

Precine Naspe 40 son Tormute
O soone 11—

Figure 4 - Tirinesse intramontane basin (in Saji, 1993)

of Tirinesse (Figure 4).
This basin is surrounded by the Triassic-Liassic
carbonate rocks, on its NW and SE borders, and by
a Palaeozoic series of Ghomaride nappes (Koudiat
Tiziane and Talembote) on its NE and SW borders.
The contact between these old bordered formations
and the Pliocene yellow sandy-marls and
conglome-rate deposits of the centre of the basin
is due to two couples of normal faults oriented NE-
SW and WNW-ESE. The age of this extensional
event is Late Miocene, because the normal faults
cut the Pontian surface and they are filled, when
they are gaping, by the Pliocene deposits like the
Tirinesse basin itself. This extensional event is
very important for the geological history of the Rif

Volume n° 1 - from PRO1 to B15



belt. It contributes to the collapse of coastal basins
of the internal Rif which are immediately filled by
Pliocene marine deposits. It also contributes to the
collapse and opening of the Gibraltar straight and
the final shaping of the Rif mountain coastal line
(see also Aarabene and Arkoub stops).

DAY2

Chaoueéne - Ouezzane - Souk Larbaa - Rabat

Transportation 4 x 4 cars
Overnight location Rabat
Accommodations Hotel Safir ****

Stop 1:

Talembote

Panoramic view of the Internal Domain, flyschs
nappes and External Domain.

From the Chefchaouene-Tetouan main road there is a
panoramic view of the Internal Rif and External Rif
contact (Figure 5). The imposing chains on the third
map represent the Internal Rif thrust over both the
flysch nappes (Tisirene and Beni ider nappes, hills on
the second map) and External Rif (Tangiers unit, the
first map of the view).

cluse de SE
foueartoou

. razovT 3
e
Gorsate.cacare_eerns

Figure 5 - Panoramic view of Talembote cross valley
(Chalouan, 1995)

In the Internal Rif part, we recognize some stacked
Liassic-Triassic carbonate slivers of the Dorsale
calcaire (internal and external) thrust by the Palozoic
Talembote klippe. The latest is mainly composed
by a thick reef Devonian limestone. The Talembote
Palaeozoic klippe is now collapsed by normal faults
into the Dorsale calcaire carbonates.

The Tangiers unit (Intrarif) contains clays and siliceous
shales (phtanites) of the Cenomanian-Turonian and
marls with intercalation of Upper Cretaceous-Eocene
limestone balls. The Beni Ider nappe contains marly
sands and calcareous series of Cenomanian-Eocene
and a thick (1 km) Oligocene-Lower Burdigalian
micaceous sand flysch (gréso-micacé) (Figure 6).

Volume n° 1 - from PRO1 to B15
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Figure 6 - Cross-section of Talembote (Chalouan, 1995)

Stop 2:

Oued Tazarine Bridge

This stop shows the NNE-WSW trending contact
between the Tangiers and Loukkos units. This thrust
contact is underlined by exotic blocs of Triassic red

clays, gypsum, ophites and black dolomite (Benyaich,
1991).

Stop 3:

Ain El Beida

This stop shows the tectonic NW-SE trending contact
between the Loukkos unit (the most external unit of
the Intrarif) and the Mesorif. The lowest marly hills
of Loukkos unit thrust the Jurassic turbiditic sandy
formation of the Mesorif (“Ferrysch” of “Forét
d’lzzarene”) (Figure 7).

20ne MsonIEAING

e 2008 A FINE

Figure 7 - Cross-section of the External Rif west of
Zoumi (Ben Yaich, 1991) a-“Ferrysch” (Callovian-
Oxfordian); b- calciturbidites and conglomerates with
calcareous blocs (Tithonic); c- marls and marl-calcareous
with pyritceous Ammonites (Neocomien); d- pelites

and sandstones (Albo-Aptien); a- marl-calcareous
(Cenomanien); f- marls (Senonien); g- marl-calcareous
with silex rognons (Paleocene-Lower Eocene); h-
Sandstone of Zoumi (BurdigalianSerravallian).

Stop 4:

“Ferrysch” of I1zzarene Forest

This stop is located on the edge of the road along
the Zandoula river. The “Ferrysch” is an Upper
Jurassic (Callovian-Oxfordian) formation formed
by an alternation of fine sandstone benches and fine
pelitic beds. The flysch of the Ferrysch ends with the
Tithonic calcareous bar, which crops out on top of
some crests in this region.
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Stop 5:

Contact Mesorif-PrerifThis tectonic contact is a
NW-SE trending vertical fault. It runs between the
Upper Cretaceous marls of the Internal Prerif and
the Jurassic-Lower Cretaceous rocks of the Mesorif.
This contact contains Triassic blocs (red clay and
sandstone, gypsum, ophites). The verticality of this
contact is most likely caused by the intervention of
recent faults.

Stop 6:

Ouezzane nappe

At the western exit of Ouezzane city (to Souk Larbaa)
there is a klippe of the Ouezzane occupying Jbel
Akika mountain. It shows a sandy sub-vertical
formation of the Ouezzane nappe thrust over marls of
the internal Prerif.

Stop 7:

AkrechNeogene’s stratotype

The Neogene stratigraphy of Bou Regreg Valley
has been studied by many authors (Feinberg &
Lorenz, 1973; Bossio et al., 1976, Wernli, 1977 &
1988, Cita & Ryan, 1978). Recently, the record of
the area has been supplemented by coring and the
integration of biostratigraphic, geomagnetic, isotopic
and astronomic events (Hodell et al., 1989 & 1994,
Bensonetal., 1991 & 1995, Benson & Rakic-El Bied,
1991 & 1996); Rakic-El Bied & Benson, 7996).

The Neocene Discordance over the Meseta
Palaeozoic socle

The careers open on the right bank of the Akreuch
river offer a panorama of the transgression of the
sea of higher Tortonian on Meseta with a projection
of more than 80 km towards the D’ Oulmes area.
The Palacozoic yellow sands with their small and
rounded basal conglomerates lie in discordance on the
Palaeozoic folded and faulted base of Meseta coastal
drawing in the topography, a horizontal level which
is shifted by a normal fault in E-W direction, with a
southern outlook.

Messinian stratotype limit

The Oued Akrech section is located 7 km SSE of
Rabat in a road-cut along a steep bluff next to the Oued
Akrech at coordinates 33°56°13”N, 6°48°45”W.

The Neogene succession at Oued Akrech starts with
an Upper Tortonian shallow marine glauconitic
sandstone, locally referred to as “Molasse de Base”.
This 5m thick yellowish coloured sandstone overlies

-steeply inclined - Devonian limestones with an
angular unconformity and is followed by an indurated
phosphatic layer. This layer, which represents a period
of a strongly reduced sediment accumulation rate, is
succeeded by glauconitic sandy marls and a 2m thick
deep marine sandy marl with numerous biogenic
components. The latter contains the solitary coral
Flabellum and is locally termed the Coraline Zone.
The Messinian consists of deep marine marls known
as the Blue Marl after their distinct fresh colour.
The weathered colour of these marls as exposed
at Oued Akrech, however, is a yellow-beige with
reddish colour bands (colour cycles). At the level
of the phosphatic layer, the marine depositional
environment changed rapidly from sublittoral to
upper bathyal (paleodepth 500 to 700 m), as indicated
by the benthic microfauna.
The GSSP of the base of the Messinian Stage is now
formally defined at the base of reddish layer no.
15 in section Oued Akrech . This point coincides
closely with the FRO of the planktonic foraminiferal
Globorotalia miotumida group and the Amaurolithus
delicatus FO, and falls within the interval of reversed
polarity that corresponds to C3Br.Ir. The base of the
reddish layer has been assigned an astronomical age
of 7,251 Ma.

Deformation affecting the Neogene deposits of the
Bou Regreg valley
The left bank of the Bou Regreg river, for more than
one kilometer shows the deformations that affected
the Neocene deposits. The Sm thick yellow sands with
their basic conglomerate of higher Tortonian, rest in
angular unconformity on the various Palaeozoic
facies (Ordovicien, Siluro-lochkovien, Praguien,
Emsien, carboniferous).
They are surmounted by the Tortono-Messinian and
Lower Pliocene marls. The whole is affected by E-W
oriented decametric cartographic normal faults with
a Northern view which are organized in half graben
by breaking down the northern border of the coastal
meseta under Mamora and the Rharb basin. This
deformation is sealed by the Maghrebian flagstone
dated by Wernli (1988) as middle Pliocene (intra zone
with G crassaformis).

Volume n° 1 - from PRO1 to B15

Miocene-Pliocene stratotype limit:
area of Ain el Beida

The Ain el Beida section is located in a brick quarry
along the Bou Regreg river a few kilometers south of
Rabat and contains the middle part of the Blue Marl.
The first studies of Ain el Beida mainly dealt with the



planktonic  foraminiferal
biostratigraphy ~ of  the
Neogene in Morocco.

The Ain el Beida drill
allowed a detailed study of
a complete and continuous
record of the Blue Marl and
resulted in a high-resolution
integrated biostratigraphic,
magnetostratigraphic
and isotope stratigraphic
framework for the Upper
Tortonian to Lower Pliocene of Atlantic Morocco.
The paleomagnetic signal proved to be very good in
the fresh cores and the resulting magnetostratigraphy
allowed a straightforward calibration to the
geomagnetic polarity time scale. Oxygen isotope
records displayed cyclic variations with an estimated
period of 41 kyr which are interpreted as reflecting
changes in global ice volume caused by obliquity-
driven changes in high-latitude solar insolation.
They clearly reveal peak glacial conditions reached
during the Late Messinian (isotope stage TG 20-
22). Finally, the section was proposed as the Global
Standard Stratotype-Section and Point for the base
of the Pliocene, to be located at the base of the
Gilbert paleomagnetic Chron. Recently, however,
the Miocene/Pliocene has been formally defined at
the base of the Trubi Marl Formation as exposed in
the section of Eraclea Minoa on the southern coast of
Sicily (Italy).

Stop 8:

Akrech

Ordovician pillow lavas, different Ordovician and
Devonian facies, and Caledonian deformation.
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Ordovician : A section of the right bank of the Bou
Regreg river.

This section is limited by a major fault separated by
a Sehoul bloc and Bou Regreg axis. The succession
is greenish-grey sandstone and pelites with floated
micas, bioturbated and with intersected laminations.
These rocks present more yellowish quartzitic beds
with abundant floated micas

- a sandstone bank with beige, 2-m thick, sub-
vertical, surmounted by a gréso-pelitic sequence
of approximately 3 m and showing intersected
laminations which indicate that the polarity of the
layers is towards the South;

- a form of pillow lavas (4-5 m), presenting
vacuoles of degasification. The passage between
the sedimentary rocks and the volcanic rocks
is progressive, it is made by graywackes with
intercalations of volcanic levels and sandy levels,
which confirms the syn-sedimentary character of
these castings;

- greenish grey sand stone and pelites with floated
micas. The thickness is centimetric;

- association of basic rocks where gabbros
deteriorated in onion skins, basaltic spilites and
pillow lavas are recognized; the latter are wrapped in

a volcanogenic breach;
- gabbro sill, with a thickness of approximately 10 m.
Here the gabbro is characterized by its deterioration
shaped into balls which at their periphery have an
onion-skin structure. The texture and products of
deterioration make it possible to say that it acts
like a grained rock and its basic nature certainly
corresponds to a gabbro.
- micaceous greenish-grey sandstone and pelites at
the base, passing to the top with finely sandy, dark
greenish-grey, very finely micaceous pelites. The
trilobit fossils (dét. J.DEstomBES in EL HAssAN,
1990) and Graptolite specimens (dét. S. WILLEFERT),
brachiopods, ostracods and conularides dated to the
upper part of the Lower Arenig. The Acritarches
Chitinozoaires association (RaHMANI, 1978) in the
lower part dated Arenig, and Llanvirn in the upper
part. These terms show centimetric folds and they
are crossed by several systems of fractures that
prevent us from considering the real thickness of

Devonian
succession in
Beld Dfa (EL
Hassant, 1990)
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this alternation. The Silurian (Lower Gorstian) is
transgressive on a microconglomeratic level.
Silurian : On the Ordovician greenish grey sand
stone and pelites the Silurian succession is (EL
HASSANI, 1990 ) :
- A light gray microconglomeratic level approxi-
mately 1.5 m thick with pelitic, sandy and volcanic
microgalets in a ferruginous and carbonated matrix
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- micritic limestone and 20m thick pelites recently
dated from Gorstien with graptolithes (EL
HASSANI, 1990)

-pelites (20m thich) with graptolithes ( Gorstian);

- limestone and pelites (30 m); in the upper part
limestones contain a Gorstien-Ludfordien boundary,
the upper-most levels contain an upper Pridoli
graptolithes  Pristiograptus  transgrediens and
already Lochkovian fauna.

Lower Devonian: It is in the region of Rabat, along
the right bank of the Bou Regreg river, that the
Lower Devonian strata rest in conformity on the
Upper Silurian beds. The Devonian stratigraphy
was refined by ALBERTI (1966-1977), who defined
the Lochkovian-Praguian boundary and gave
a detailed description of Devonian formations.
Studies undertaken by EL Hassani (1990), based
on several sections, allow us to compare the facies
and thickness in the Rabat-Tiflet area. The typical
section at Bled Dfa (Bou Regreg right bank) offers
a continuous succession from the Lochkovian to
the Upper Emsian. It consists of platy limestones
alternating with black shales conformable to
those of the Upper Silurian. These limestones are
bituminous and include terrigenous debris (quartz).
Bioclasts are represented by lamellibranchiata,
ostracoda and mainly graptolites. The Lochkovian
is 60 m thick.

The Praguian is constituted of grey-blue nodular
limestone with tentaculites, brachiopods and
echinoderms. These limestones are 40 m thick and in
the upper part contain centimetric shaly joints.

The Lower Emsian is represented at the base by
cherty limestones, then thick layers of dolomites
and recrystallized massive limestones with
lamellibranchiata and crinoids. The transition to
the Upper Emsian is marked by an alternation of
limestones and black shales (EL Hassani, 1990).
The Upper Emsian corresponds to black shales, so-
called “schistes carton”, locally with some layers of
nodular limestones. These shales contain trilobites
(Phacops sp.).

The Givetian is not known in the Rabat area, but
in Tiflet (East of Rabat) it is characterized by
reef limestones. The Givetian is also found in the
form of blocks in the Satour Upper Famennian
conglomerates and in the northern border of the Sidi
Bettache basin.

- Variations are also noted in the Lower Emsian,
which is laterally peri-reefal limestone in Rabat, sub-
reefal limestones and brecciated in Tiflet, whereas in
El Mograne the Emsian is partly terrigenous with
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sandy limestone.

The section on the right bank of the Bou Regreg
river

Upper Silurian: constituted of alternating limestone
and graptolitic shales

- The succession shows a micro-conglomeratic level
(1.50m).

- alternation of micritic limestones and yellow shales
(20m). The shales contain Graptolite fauna dated in
the Lower Gorstian (Ludlow).

- Grey shales (20m), alternation of shales and
limestone. The Graptolite fauna indicates the
boundary between the Gorstian and the Ludfordian
(S. Willefert, in litteris).

Lochkovian: It is in stratigraphic continuity with the
Upper Silurian and shows the following succession:
- dark laminated limestone with crinoids, in tablets,
20 to 40 cm-thick, alternating with layers of black
shale.

- black shale with graptolites (Monograptus
microdon) that show nodular or lenticular limestones
in the upper part;

- alternation of dark limestones, 10 to 20 c¢m thick,
with laminations, and thicker black pelitic layers in
tablets;

- alternation of layers, 10 to 30 cm thick, of dark
laminated limestone in tablets and pelitic layers.
The first indications of syndepositional tectonics are
perceptible from the base of the Lochkovian, in the
form of normal faults with centimetric throw.

The transition from bedded Lochkovian limestone
to nodular Praguian limestones is gradational on a
small (decimetric) scale, but cartographically this
boundary is not quite clear and reflects an important
paleogeographical and sedimentary change.

The Praguian: it is characterized by the following
succession:

- thin grey limestone (microsparite), organized in
centimetric flat nodules, surrounded by greenish or
blackish shale;

- centimetric layers and nodules of limestone,
showing slumps;

- alenticular layer of gray limestone, with millimetric
shale joints;

- alternation of well-bedded nodular limestone, with
centimetric green or black shale layers.

The Praguian - Emsian boundary is clear enough,
and is marked by the disappearance of nodular
limestone and the appearance of limestone with
chert. These limestones are overlain by black
shales (Daleje shales). The nature of the contact, as



2.4

THE GEOLOGICAL CIRCUIT OF THE FOUR

THE MESETA, TH

currently observed, is sometimes stratigraphic, either
channeling or tectonic.

The Emsian sequence is constituted of:

- well-bedded limestone (about 1 m thick). The total
thickness, when the sequence is preserved, is 30 m;
- constructed massive limestone (thickness 100 m);

- centimetric to metric limy layers, with green-gray
shale joints. The higher part of these layers contains
some goniatites (4Anarcestes lateseptatus, Beyrich
det: Walliser) that indicate a Late Emsien age
(Walliser, in litteris);

- gray-black shale, which constitutes the axial part
of what is called “the quarry syncline”. This facies
contains goniatites (Anarcestes lateseptatus) and
trilobites (Phacops sp). However, in a certain number
of outcrops, the chalky-shale boundary corresponds

pyllades (PIQUE, 1979). These rocks were allotted
to probable Ordovician or Cambrian.

Lithology ; SE of Rabat area
The Sehoul zone is represented by sandstone-pelite
sequences. Their sedimentary and petrographic study
makes it possible to distinguish several formations.
It is a metamorphic series made up of phyllites
and quartzophyllades. Phyllites are glossed schists
with fine red and green grains. These two types of
phyllites alternate, but because of the deformation
and the lack of polarity criteria, it is not possible to
know which is the oldest.
- The quartzophyllades are gray or greenish grey,
organized in 5 cm to 1 m thick levels. They are
grano-increasing and strato-increasing while going

towards the East or South-East. The

stratification and the polarity are well
preserved at the Eastern end (right bank
of the Bou Regreg river). Because of
polyphase tectonics, it is not possible to
estimate the thickness of the formation
in this area.

Sehoulian orogeny
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In the Sehoul zone different rocks
(phyllites and quartzophyllades) levels
where Cambrien is represented. These

Structural domains in the Rabat area (EL HASSANI, 1990)

to a sedimentary discontinuity, materialized by
ferruginous red surfaces.

Stop 9:

rocks recorded an ante-hercynian
deformation, analyzed by PIQUE (1979). Its
age is assimilated to that of the cristallophyllian
schistosity, older than tne Rabat-Tiflet granite (Upper
Ordovician-Silurian). This folded phase is unknown

Exotic bloc of Shoul-
Caledonian orogeny-
(folds, schistosity,
granite) :

The block of Sehoul
defined by PIQUE
(1979) is located at the
northern limit of north-
Western moroccan
Meseta where it levels
on a few kilometers
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Structural map of the SE Rabat area (EL HASSANI, 1990)



elsewhere in Morocco. Authors qualify the rocks
affected by this deformation a “suspect ground» or
«exotic block». This area is characterized in addition

by the presence from a «Caledonian» granite.

Folding and associated cleavage

The Sehoul zone has a regional variation in the
intensity of flexible deformation and schistosity. The
first is visible in the megascopic structures as well as
in the microscopic structures. The schistosity records
an evolution since the schistosity of dissolution
evolved/moved into the schistosity of flow.

The first episode of deformation is characterized
by isoclinal intrafoliarfolds with curved axes,
sometimes presenting stretched sides and thickened
hinges. They are synchronous of an axial plane
schistosity flow. The hinges of these folds are
seldom visible. Phyllites are closely affected
by S1 schistosity, which completely transposed
the original sedimentary litage. The intersection
between these two surfaces creates a particular
lineation. These phyllites also show an S2 hercynian
crenulation. Thus synschistose metamorphism is
marked here by an association of quartz, chlorite,
and sericite. It indicates the epizone (zone with
chlorite and sericite). The post S1 shearings
according to subparallel plans with schistosity S1,
cause the microscopic amygdalisation of the rock
along subparallel plans with S1. These surfaces
locally shift the small quartz veins and seem to
be accompanied by dissolution under pressure.
This amygdalisation indicates the prolongation of
tectonic vergency in tardi-schistous conditions.
Metamorphism age : The K/Ar results obtained (EL
HASSANI & al, 1991) suggest a first episode of
metamorphism of Ordovician age (450 My), partially
erased by a second episode close to 320 My.
RABAT-TIFLET granites : The granitoids of
Rabat are all located inside the block of Sehoul.
CHARLOT etal., (1973) undertake geochronologic
studies on the granites of Rabat-Tiflet. They think
that these various granites correspond to the
same magmatic arrival. The age found by these
authors of 414 My (is recalculated: 430 + 2 My,
with a constant of 1.42), which corresponds to the
Ordovician-Silurien limit. The granitic intrusion
of Rabat developed a contact metamorphism with
cordierite, andalusite, biotite and chlorite. The
first two minerals show an internal schistosity in
continuity with external schistosity in extreme
cases of the phenoblasts; these minerals are thus
synchronous development of sehoulian schistosity
S1. This shows that the granite of Rabat is partly
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Mohammed V Mausoleum and the Hassan Tower (Rabat)

syntectonic, and therefore that the sehoulian phase
would have the same age as that of the granite,
i.e. final, contemporary Ordovician of the taconic
phase. The pseudomorphosis of these chlorite and
biotite minerals is post-kinematics, since they recut
S1 schistosity, and prior to the first shearings.

Stop 10:

Rabat

Mausoleum of Mohammed V and Hassan Tower built
in 1962, Oudayas, Chellah, Medina

DAY3
Rabat - Oulmes - Meknes
Transportation 4 x 4 cars
Overnight location Meknes
Accommodations Hotel Zaki ****
Stop 1:
Tiflet

Fameno-Tournaisian conglomerate of the north and
Devono-Carboniferous Basin of Sidi Bettach.

Oued Tiflet Upper Devonian—Lower Carboniferous
section :

In the North-western Meseta, the Late Devonian
period is characterized by the interruption of the
reefal carbonated sedimentation that prevailed
during the Givetian, and the inception of the Upper
Devonian — Carboniferous Sidi Bettache basin,
which was bounded to the north by the Rabat-Tiflet
debris flow and conglomeratic sequences.

The wadi Tiflet section

This outcrop is situated 2 km east of the city of Tiflet,
on the side of the road (Rabat-Meknes) and on the
banks of wadi Tiflet.
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currently observed, is sometimes stratigraphic, either
channeling or tectonic.

The Emsian sequence is constituted of:

- well-bedded limestone (about 1 m thick). The total
thickness, when the sequence is preserved, is 30 m;
- constructed massive limestone (thickness 100 m);

- centimetric to metric limy layers, with green-gray
shale joints. The higher part of these layers contains
some goniatites (4Anarcestes lateseptatus, Beyrich
det: Walliser) that indicate a Late Emsien age
(Walliser, in litteris);

- gray-black shale, which constitutes the axial part
of what is called “the quarry syncline”. This facies
contains goniatites (Anarcestes lateseptatus) and
trilobites (Phacops sp). However, in a certain number
of outcrops, the chalky-shale boundary corresponds

pyllades (PIQUE, 1979). These rocks were allotted
to probable Ordovician or Cambrian.

Lithology ; SE of Rabat area
The Sehoul zone is represented by sandstone-pelite
sequences. Their sedimentary and petrographic study
makes it possible to distinguish several formations.
It is a metamorphic series made up of phyllites
and quartzophyllades. Phyllites are glossed schists
with fine red and green grains. These two types of
phyllites alternate, but because of the deformation
and the lack of polarity criteria, it is not possible to
know which is the oldest.
- The quartzophyllades are gray or greenish grey,
organized in 5 cm to 1 m thick levels. They are
grano-increasing and strato-increasing while going

towards the East or South-East. The

stratification and the polarity are well
preserved at the Eastern end (right bank
of the Bou Regreg river). Because of
polyphase tectonics, it is not possible to
estimate the thickness of the formation
in this area.

Sehoulian orogeny
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In the Sehoul zone different rocks
(phyllites and quartzophyllades) levels
where Cambrien is represented. These

Structural domains in the Rabat area (EL HASSANI, 1990)

to a sedimentary discontinuity, materialized by
ferruginous red surfaces.

Stop 9:

rocks recorded an ante-hercynian
deformation, analyzed by PIQUE (1979). Its
age is assimilated to that of the cristallophyllian
schistosity, older than tne Rabat-Tiflet granite (Upper
Ordovician-Silurian). This folded phase is unknown

Exotic bloc of Shoul-
Caledonian orogeny-
(folds, schistosity,
granite) :

The block of Sehoul
defined by PIQUE
(1979) is located at the
northern limit of north-
Western moroccan
Meseta where it levels
on a few kilometers
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Structural map of the SE Rabat area (EL HASSANI, 1990)



2°°4

limestones become more abundant and constitute a
shelly limestone unit with encrinus and brachiopods
(Spirifer). The total thickness of about 400 m, is
dated by LECOINTRE & DELEPINE (1933) with
macrofauna, essentially brachiopods, and by Izart &
Vieslet (1988), with microfauna, as Early Visean.

In conclusion, the wadi Tiflet series has a total
thickness of 1300 m. It is characterized, at the
base, by a conglomeratic facies of Late Famennian
age, whose pebbles are shed from the neighboring
structural high. This erosion is polarized, since the
elements of the conglomerate are limy at the base,
essentially Devonian, and sandy at the top in siliceous
conglomerates, coming from the Ordovician. The
Tournaisian and the Early and Middle Visean are
characterized by sandy-pelitic facies with coquina
of Brachiopods and abundant microorganisms. They
are organized in sedimentary sequences of variable
scales and show a tendency to the installation of a
carbonated platform.

Geological map of Morocco 1/100.000 mapsheet Kemisset

Stop 2:

Tiddas

Westphalian red conglomerate over the hercynian
structures and Carboniferous olistholiths (with
Devonian Carbonates) at the eastern border of Sidi
Bettach basin.
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WESTPHALIAN DEPOSITS of Jebel Moghrane
These facis were described by TERMIER (1936)
under the name of «facies of Sidi Kassem».They
were dated earlier by CLARIOND et al.(1932)
on the basis of remains from ferns, linopteris, of

Westphalian C. TERMIER (1936) showed that
the higher levels of these grounds would date
Westphalian D. Several autors (CHOUBERT, 1951,
CHAKIRI, 1990, TAHIRI, 1990, etc.) draws up a
synthetic column of these facies and distinguishes
a part lower than coal veins and a sterile higher
part. All these authors notice angular unconformity
between the Westphalian and the structures, folding
and faults, of the hercynian major phase Westphalian-
Stephanian (TAHIRI, 1991).

Lithology
In Jebel Moghrane it is a molassic formation

recognisable from its wine colour. It is over
(uncorfomity) the Tournaisian facies affected by
the major hercynian phase. It is formed by an
unconsolidated molasse. The heterometric galets
are dispersed, badly rolled, angular or rounded at
the edges. Their size varies from 5 to 90 cm. No
granoclassement is detectable. Locally a tendency
to stratification is visible; the layers are from 20
cm to 1.4 m thick. The lithological nature of the
galets is variable: sandstone, pelite, limestone with
Tentaculites of Praguian and Tournaisian graywacke.
Certain quartzitic pebbles show multiple remains

b T

E?l_ e

s e

Lo LI o Y

it Succ (in TAHIRI, 1990)

Westphalian dep

of fracturing, whereas the schistous pebbles have
an obvious schistosity.The red matrix is primarily
argillaceous or argillo-sandy. The thickness is
estimated at 100 m.

Formation Age : Compared to the synthetic litho-
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logical column drawn up by CHOUBERT (1951),
the formation dates Westphalian D.

Stop 3:

Jebel Malouchane

Panoramic view of the Central Moroccan Massif and
Zayan field.

Stop 4:

On the road

Hercynian gradient of syn-cleavage and syn-granitic
deformation.

The distribution of the deformation and
metamorphism around the granite of Oulmes
was studied by several authors (PIQUE, 1976;
DAHMANI, 1985; AIT OMAR, 1986; DIOT, 1989;
etc.). Here a short synthesis of this work which is
based on the observations made in a WNW-ESE
section in the West of the granite

(1) Far from the granite, P1 are rather open, with
vertical or strongly diverse with the NW axial plans.
S1 is beginner . The metamorphism is anchizonal.
(2) Further east, the folds are metric and clearly
different from the SE. S1 becomes tighter with
reorientations in S1 of the detrital elements.

(3) P1 are closed, microplissement is accentuated. S1
is flow, the detrital quartz grains are flattened and are
stretched in S1; the newly formed white micas are
abundant and are concentrated in preferential plans
of crystallization. The metamorphism is epizonal.
(4) The schistous flow becomes more important
and leads to the transposition of SO in S1. The
transposition is done preferentially in the sides of the
folds. The folds became more closed and isoclinal,
then they become similar with thinning of the sides
and thickening to the hinge level .

(5) S1 is underlined by alternations of quartzitic and

Geologiacl map of Morocc 1/50.000 Sheet of Oulmes(
BAUDIN and al,2001).

Cross section (western part) in the northern part of

the Khouribga-Oulmeés anticlinorium ( BAUDIN and
al,2001)

phyllitic microlithons with biotite. The sides of the
folds are stretched and roved.
(6) In the immediate vicinity of the granite, the
rock consists of recrystallized or newly formed
mineral alignment parallel to SI made of andalusite
and biotite porphyroblasts. It is the foliation stage;
metamorphism is mesozonal. The microplis are
flattened and rolled and the hinges are insulated.

Thus, around the granite, the evolution of folding
and schistosity translates a growing gradient of the
deformation. The metamorphism also grows in this
direction. Observations allowed the authors (PIQUE,
1976; AITOMAR, 1986; DIOT, 1989) to conclude
with the syntectonic character of the granite. Models
of installation of the granite were proposed by AIT
OMAR (1986) and DIOT (1989); all these authors
admit an intrusion of the granite in a sinistral
shearing crustal zone directed NE-SW. The granite
of Oulmes appears consequently like the product of
crustal fusion in this zone in response to the regional
shortening. The geochemical studies on the granite
plead in favour of such genetic relations between
granite and the shearing zone.

Stop S :
Oulmes

Hercynian granite and thermal water source of
Tarmilat and Permian volcanic rocks and detritical
Permian facies.

The Oulmes granitic massif is 9.5 km long and no
more than 5 km wide and consists of a two-micas
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Cross section (eastern part) in the northern part of the
Khouribga-Oulmeés anticlinorium (BAUDIN and al,2001).
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granite crosscut by stocks and dykes of leucogranite.
Tin, tungsten and beryllium occurences and partialy
mined orebodies are associated with this granite
massif. The aureole of contact metamorphism is
made of biotite, andalusit hornfels and stained schist
and encloses a tourmalinized zone.

The granite of Oulmes is regarded as syntectonic
with the main hercynian phase (PIQUE, 1976; AIT
OMAR, 1986; DIOT, 1989). Many radiochronologic
data on the granite (K/Ar method, CHOUBERT and
Al, 1965; Rb/Sr, TISSERANT, 1977 and MRINI,
1985) emphasize ages ranging between 300 and 260
MA. Syn-cleaved folding were dated to 290 MA near
Oulmes and to 289 MA in Fourhal bassin in the East
(HUON, 1985). These ages correspond to the limit
Westphalian-Stephanian on the scale of ODIN and
al.(1982).

The Oulmés granite shows an alumino-potassic
affinity and a crustal origin (MAHMOOD, 1980;
BOUTALEB, 1988). Intense  hydrothermal
deterioration produces many other granitic facies.

Stop 6:
Ouljet SoltaneLate Hercynian slip-strike faults and
overlapping

Vestige of a Roman city — Volubilis (Meknes)

Stop 7:

erreyThermal source of Jerrey
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Stop 8:

VolubilisVisit to the Roman City of Volubilis 3%
century BC, the old Roman ruins are classified as an
international inheritance by the UNESCO.

Stop 9:
Meknes
Bab Mansour,

Mausoleum of  Moulay Ismail

(Contemporary Louis XIV), Medina

THE MOROCCAN ATLASES

Late Triassic-Early Liassic: the Atlantic and

Atlasic rifting
The Mesozoic sedimentary rocks known in

Morocco unconformably cover the folded and eroded

Palaeozoic rocks. The oldest Triassic sedimentary

sequences are Carnian in age (locally Upper Ladinian

in northeast Morocco: OUJIDI et al., 1997). They
are found: i) in faulted basins distributed in the
present Atlantic margin. They correspond to the
syn-sedimentary deposits of the Atlantic rift (LE

ROY, 1997; LE ROY et al., 1997) and they are not

considered here; ii) in halfgrabens located from

Middle to Central High Atlas (Figure 2). Their active

border faults, mainly NE-SW trending, are reactivated

Hercynian thrusts and reverse faults (LAVILLE et al.,

1995). The left-lateral oblique faults like the Tizi

n’Test fault correspond to Hercynian N 70° strike-slip

faults (BEAUCHAMP, 1988). The synsedimentary
activity of the halfgrabens is indicated by the facies
distribution and the lateral thickness changes of the
sedimentary sequences. The subsidence decreased
during the Norian and the halfgraben border faults
were sealed up by the Lower Liassic carbonates.

Contemporaneously with this crustal extension,

tholetitic magmas were emplaced (BERTRAND et

al., 1982) and a thermal flow occurred, indicated by
the alteration of the uppermost Triassic-lowermost

Liassic basalts and by the development of a very

low grade paragenesis (BENCHEKROUN et al,

1987), probably hydrothermal, dated at about 200

Ma (HUON et al., 1993; CLAUER et al., 1995;

RAIS, work in progress). All of these structural,

metamorphic and magmatic arguments suggest that

an intracontinental rift, the Atlasic rift, developed
from the Middle Atlas to Central High Atlas, in a NE-

SW direction parallel to the Atlantic rift. Contrary to

the Atlantic rift, which led to the oceanic accretion,

the Atlasic rift aborted during the earliest Liassic.

The postrift Lower and Mid-Liassic carbonate shelf

extended over a large part of northern Morocco, far

from the limits of the former Atlasic rift. During the

Carixian for instance, various sedimentary facies

characterised this shelf :

- chert limestones which sometimes graded
laterally to reefal buildings. These limestones
are restricted to the axis of the future Atlasic
troughs;

- oolitic limestones;

Late Liassic-Bathonian: the Atlas troughs
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At the limit between the Domerian and the
Toarcian, a transtensive fracturation of the form
carbonate shelf occurred, individualising the Middle
Atlas and High Atlas troughs made of coalesce
lozange-shaped depocentres which were limited
by synsedimentary normal and transcurrent fault
N 50°E in the Middle Atlas and N 70°E in the
High Atlas. The fracturation of the mid-Liass shelf
was contemporaneous with the beginning of the
oceanic accretion in the Central Atlantic. At time,
the eastward drift of Africa was triggered, inducing
new intracontinental stresses in the northern part of
the Africa plate. As a result, the crustal weakness
zones were reactivated in this new stress and, as
for the Late Triassic rifting episode, in many cases
one can effectively demonstrate that: border faults
of these basins correspond to Hercynian structures.
This is obvious for the southern limit of the High
Atlas basin, which corresponds to the former Atlas
Palaeozoic transform fault, and for southeastern limit
of the Middle Atlas trough, parallel to the former
Marrakech-Oujda shear zone. In the two subsident
troughs a thick pile of marine sedimentary sequences
was deposited from Late Liassic to the end of Dogger,
in contrast with thin or even absent contemporary
deposits outside troughs. The main sedimentary facies
which characterise this period are:

- yellow cephalopods marls which often contain
turbiditic horizons, deposited in the Atlasic trou
axis;

- encrinitic limestones indicative of inner shelf
conditions at the margins of the Atlasic troughs;

- red clays (Mibladen series), which were
deposited in the Moulouya and Oranese Meseta
areas lagoonal environment with tidal flats and
frequent emersions.

The maximum depth of the basins was attained
between the Early Aaleno-Bajocian and the Late
Bajocian, with the deposition of deep basin facies:
Lower Aaleno-Bajocian Posidonomya Boulemane
marls with turbiditic intercalations. The deposition of
the Upper Bajocian, so-called “Calcaire corniche”, a
reefal and oolitic limestone indicative of open shelf
environments, marked the progressive filling of the
troughs. However, deep basin conditions persisted as
far as into the Late Bajocian in the northeastern part
of the Middle Atlas trough where they are represented
by the “Marnes de Sakka supérieures”.

In the Middle Atlas domain deposition of the
the Upper Bajocian “Calcaire corniche” marked the
beginning of the northeastward retreat of the sea.
In the main part of the Atlas trough, the “Calcaire

corniche” was covered by red beds, mostly aerial,
deposited in a para-deltaic and deltaic system.
The numerous dinosaur tracks which were found
in these strata indicate that they correspond to the
Upper Jurassic and part of the Lower Cretaceous.
The orientation of the palaeo-currents and the nature
of the clasts suggest that they originated from the
Saharian domain like the contemporary Algerian
Ksour sandstones (DELFAUD & ZELLOUEF, 1993).
However, other source lands were represented by
several physiographically high areas which furnished
relatively immature clasts. Meanwhile, marine
conditions persisted in northeastern Morocco, where
deep deltaic sediments were deposited (CATTANEO,
1991) and in the western part of the High Atlas,
connected to the young Atlantic (e.g., AMRHAR,
1995). From a structural point of view, the rhomboidal
shape of the depocentres and the arcuate shape of the
plutonic alkaline bodies (ZAYANE, 1992 ) emplaced
in the central High Atlas during the Late Jurassic
argue for a strong transcurrent, sinistral component in
the Atlasic troughs along N 70°E faults (LAVILLE,
1988), perhaps associated with a normal N-S extension
(WARMS, 1988). In the eastern High Atlas, El
KOCHRI & CHOROWICZ (1996) suggested that the
N 70°E trending faults were normal faults, connected
by NW-SE transfer faults. On the other hand, it is
important to note that the Palacozoic basement is
practically never represented in the Atlasic anticlines,
where Triassic siltstones and/or plutonic massifs crop
out. This suggests that the deformation of Central
Atlas was coeval with a general décollement of the
Mesozoic cover at the level of the Upper Triassic
sequences. The main shortening in the Atlas axis was
expressed by open folds locally accompanied by the
development of an incipient cleavage. It occurred
during the Late Jurassic-Early Cretaceous, since the
eroded hinges of some folds (in particular those which
contain plutonic rocks) were unconformably covered
by transgressive strata of late Lower Cretaceous age.
This tectogenesis was not followed by any uplift of
the mountain range.

The Early-Late Cretaceous and
Palaeocene- Eocene

This period was dominated by the general eustatic
transgression which, in Morocco, proceeded
northeastward from the Atlantic and southwestward
from the Tethys. On the basis of sedimentological
evidence (presence of marine sedimentary rocks in
the western part of the Atlasic domain and littoral
conditions in the east), the marine Albo-Aptian
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deposits of BeniMellal (Ouaouizart and Ait Attab
basins) in the High Atlas and Boulemane (Tighboula-
Oudiksou and Ain Nokra basins) in the Middle
Atlas are classically considered as Atlantic-related,
although faunal similarities would suggest Tethysian
affinities (CHARRIERE & VILA, 1991).

Evaporitic sediments with colored marls and
gypsum were deposited during the Early and Middle
Cenomanian. They grade westward into the marls and
limestones of the inner carbonate shelf. During the
Late Cenomanian-Early Turonian, the transgression
attained its maximum and the shelf facies became
homogeneous within the whole Atlasic domain. To
the west, they covered the western Meseta although
small areas remained emerged. To the north, the
Idrissides land (CIIOUBERT & FAURE-MURET,
1962) constituted the northern border of the seaway.
The Senonian palacogeography remained practically
similar to that of the Turonian, the facies changes
resulting from the general regression. In the
Atlasic domain, the fracturation of the Turonian
shelf produced small basins where confined facies
(bituminous marls) were deposited between uplifting
and emerging areas characterised by phosphorite
sediments (CHARROUD et al., 1993). These Atlasic
bituminous marls (BENALIOULHAIJ, 1991) were
coeval with the Western Meseta phosphoritic deposits
indicative of the Atlantic shallow shelf. The Eocene
marls, dolomites and gypsum are the last marine
deposits in the Atlas domain, sometimes covered by
sandstones attributed to the Oligocene.

Noteworthy is the emplacement of Eocene alkaline
magmas in two massifs, Taourirt (AGARD, 1950)
and Tamazert (BOUABDELI, 1987) of the Atlas
domain .

The Neogene

In northern Morocco, the Africa-Europe convergence
during the Neogene was at the origin of the Rif
orogeny, with the development of south- and
southwest-vergent nappes, HP metamorphism, etc.
The Upper Miocene “post-nappes” basins of the Rif
(e.g., AIT BRAHIM & CHOTIN, 1989) register the
successive stress fields acting from the Tortonian to
Present. Meanwhile, the Atlas domain reacted to the
same regional N-S shortening. South of the High
Atlas, the Souss and Ouarzazate basins filled up with
detrital sandstones and conglomeratic sequences. At
the base of the Ouarzazate sequences, the Hadida
Formation (GORLER et al, 1988) represents
the Oligocene (and Lower Miocene?). The clasts
have a southern (Anti-Atlas) origin. The overlying
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sequence, the Kandoula Formation, represents the
Lower - (?)Middle Miocene. It exhibits proximal
alluvial fans originated from the north, registering
henceforth the uplift of the High Atlas. Laterally,
these clastic sequences correspond to the Toundoute
pellicular and gravity-driven nappe (LAVILLE et
al., 1977), itself issued from the High Atlas domain.
The upper part of the Kandoula Formation represents
the Middle Miocene-Lower Pleistocene and it is
composed of fluviatile and torrential sequences of
northern (High Atlas) origin. Final emplacement of
the clastic sequences was contemporaneous with the
development of flat-lying and south-vergent shear
zones (OUTTANI et al., 1995). The High Atlas
northern border is represented by north-vergent, E-W
trending reverse faults, with a right-lateral component
(MOREL et al., 1993).

Like the High Atlas, the Middle Atlas is limited
by reverse faults, here NE-SW, often showing a
leftlateral component (DUEE et al., 1977; LAVILLE
& FEDAN, 1989). Some of them, e.g., the Ait Oufella
fault at the southeastern limit of the Middle Atlas, are
flat-lying thrusts related to a décollement at the base
of the Mesozoic cover (MOREL et al., 1993).

The Neogene and Quaternary volcanism is distributed
along the Transmoroccan lineament (AT BRAHIM,
1986) which runs from Oujda to Agadir. Its alkaline
nature is attributed to a mantellic origin and its
emplacement along the NE-SW axis has been related
to the left-lateral motion along this lineament (PIQUE
et al., 1998a).

Discussion and conclusions on Moroccan Atlases
The Moroccan Atlas displays several particular points
which distinguish it from the other segments of the
Maghrebian Atlas chain. Their enumeration sheds
light on its particular geodynamic evolution.

The Atlasic rift of Morocco and the development of
the Atlasic troughs

WARMS (1988) among others described the Jurassic
“Atlasic rift” of Morocco as the result of N 70°E
to E-W trending normal faults which merge into
a crustal detachment zone weakly dipping to the
North. A similar model was developed later for
the Algerian Atlas (VIALLY er al.,, 1994). Others
argued, on the contrary, for an oblique opening of the
Moroccan Atlasic basins. In the Middle Atlas and the
central High Atlas, LAVILLE & PETIT (1984) and
LAVILLE et al. (1995) showed that, since the end of
Triassic times, the NE-SW Hercynian directions (e.g.,
the Marrakech-Oujda shear zone) were reactivated as



2.4

THE GEOLOGICAL CIRCUIT OF THE FOUR

THE MESETA, TH

normal faults which delimitated halfgrabens while the
N 70°E to E-W faults (e.g., those which constituted the
Atlas Palaeozoic Transform Zone) acted as sinistral
transcurrent faults. Later, during Jurassic times,
the distribution of the depocentres and the plutonic
massifs suggest their en-dchelon pattern along the
sinistral transcurrent N 70°E trending faults.

The important lateral component of the motion along
the N 70°E to E-W faults during the Jurassic, already
proposed by MATTAUER et al. (1977), implies that
the “Atlasic rift” of WARMS (1988), SOUHEL et
al. (1993) and CANEROT et al. (1996) corresponds
rather to a transtensive zone referred to above as the
“Atlasic troughs”. Between the northern limit of the
Africa plate, parallel to the present Rif mountain,
and the south-Atlasic line, the Atlas domain was a
sinistral mega-shear zone where the development
of the Middle and High Atlas troughs resulted from
sinistral motions along the N 70°E to E-W faults,
while the NE-SW faults acted preferentially as normal
faults. At that time, the Atlasic domain was connected
to the Atlantic, to the southwest, and the Tethys, to the
northeast. The filling of the Atlasic troughs occurred
during the end of the Jurassic, when the sinistral
transcurrent, probably transtensive, movement
decreased progressively.

The Central Atlas main deformation

Along the axis of the High Atlas, the main
tectogenesis, i.e. the development of the penetrative
structures, occurred during the Late Jurassic-Early
Cretaceous, certainly before the deposition of the
marine Cretaceous sequences (LAVILLE & FEDAN,
1989). Since the Cretaceous transgression covered
at least parts of the Atlas domain, it is clear that the
orogenesis (i.e. the uplift of the Atlas mountain range)
did not immediately follow its tectogenesis (LAVILLE
et al., 1991). The explanation for the absence of post-
tectonic uplift is that the tectogenesis did not create a
crustal thickening and a subsequent isostatic rebound,
which is compatible with a transpressive regime for
the Late Jurassic-Early Cretaceous tectonism.

Now, it is important to note that the Mesozoic
shortening of the Moroccan Atlas did not affect
the other segments of the Maghrebian Atlas which
were deformed later, during the Eocene in Algeria
(e.g., VIALLY et al.,, 1994) and the Neogene in
Tunisia (e.g., PHILIP er al., 1986). Reasons for
this diachronous deformation are not clear yet. The
oblique convergence between Africa and Europe
could have been realised earlier in Morocco, in

front of the Iberian microplate, then in easternmore
segments of the Atlas (PIQUE et al., 1998b).

Alkaline magmatism in the Atlas domain
Alkaline magmatic activity occurred during three
periods in the Moroccan Atlas:
- during the Late Jurassic, alkaline magmas emplaced
in the central High Atlas. The geometry of the small
plutons suggests that they emplaced in connection
with the sinistral transcurrent motion along N 70°E
trending faults;
- during the Eocene in the Taourirt and Tamazert
massifs;
- during the Neogene and the Quaternary. The three
main volcanic provinces, i.e. Oujda Mountains,
Middle Atlas and Siroua are aligned along the NE-
SW Transmoroccan lineament.

The Jurassic alkaline rocks are not represented in the
western or eastern High Atlas, but only in the Central
High Atlas axis, along the former Atlasic rift. It is thus
probable that their emplacement has been favoured,
within the Atlas transcurrent domain, by the earlier
crustal thinning previously realised during the Late
Triassic-Early Liassic rifting.
The Eocene and Neogene-Quaternary alkaline rocks
are distributed along NE-SW trending zones. It is
suggested that their emplacement is related to a N-S
regional shortening, attributed to the Africa-Europe
convergence.

The Atlas uplift
In the course of the continuing Africa-Europe
collision, the uplift of the High Atlas and to a lesser
degree the Middle Atlas was due to the reactivation of
the crustal faults in a roughly N-S compressive stress
field (GOMEZ et al., 1996). The High Atlas N 70°E
faults then acted as reverse faults, north- and south-
vergent thrusts developed along the borders of the
chain, and a sinistral component was present on the
Middle Atlas NE-SW faults.

In conclusion, the main tectonic event (i.e. the
development of regional folds, themselves derived
from sedimentary ridges and depocenters) in the
Central Atlas was achieved prior to the deposition
of the Cretaceous transgressive beds. It resulted
from the adaptation of the Mesozoic cover to a
transpressive reactivation of Hercynian faults and a
general décollement of this cover from its Hercynian
basement.
By contrast, along the Atlas borders, the main

Volume n° 1 - from PRO1 to B15



2.4

deformation occurred later, during Neogene times.
It was characterised by reverse faults and flat-lying
thrusts divergent with regard to the Atlas axis. The
kilometric-scale thrusts (LAVILLE et al, 1977,
MOREL et al., 1993; LOWELL, 1995; OUTTANI et
al., 1995; etc.) are of particular interest since they are
the manifestation of décollement tectonics, perhaps
initiated during the Mesozoic and strongly reactivated
during the Neogene. Whether or not they are limited
to the Atlas borders or played a significative role in
the deformation and the uplift of the whole chain has
not yet been determined.

DAY 4
Meknes - El Hajeb - Azrou - Timhdite - Itzer -
Midelt
Transportation 4 x 4 cars
Overnight location Midelt
Accommodations Hotel Ayachi ****

Stop 1:

rise towards El Hajeb

Panorama and presentation of the day. The Middle
Atlas is composed by the juxtaposition of 2 structural
domains: the tabular Middle Atlas and the folded
Middle Atlas. These two domains are separated by a
major lineament which underlines the zone of passage
of the Northern Middle Atlas Fault

Stop 2:
Azrou
Cedar Forest (Amazing panorama).

Stop 3:

Jbel HabriQuaternary alkaline volcanism of the
Middle Atlas. On the road to Timhdite, there are three
craters Habri, Hibri and Tabrit.

Stop 4:

TimhditeTertiary Dale and the northern Middle
Atlasic fault separating the tabular Middle Atlas from
the folded Middle Atlas.
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Stop 5:

BerkitMaestrichtian Bituminous Shists.

Stop 6:

Ait Oufella

Southern Middle Atlasic Fault (Triassic and Jurassic
Grounds).

Stop 7:
MibladeneVanadinite, Lead, Barite and Cerusite
Mineralizations.

Stop 8:

MideltSite of dinosaur bones.

DAY 5
Midelt - Rich - Errachidia - Erfoud - Merzouga

Transportation 4 x 4 cars
Overnight location Erfoud / Merzouga
Accommodations Hotel El Ati **** / Bivouac

Stop 1:

Rise towards Tizi n’Talghent

Panorama and presentation of the day. The crossing
through the high Atlas cuts through two different
structural domains: the first extends from Tizi
Talghemt to Foum Zabel; the second, southernmost,
is limited by the southern Atlasic fault.

Stop 2:

Tizi n’TalghemtNorthern limit of the High Atlas,
Anticline ridge of Talghemt followed by a large
syncline. In this area, we find the Middle Liassic,
Upper Liassic and Lower Dogger facies.

The Upper Toarcian marls (Td-E10) are clearly shown
along the road. These facies presents a set of fossils
such as: Osperlioceras beauliziense, Polyplectus
discoides, Hammatroceras praefallax, Hammatoceras
sp, Phylloceras and especially Lytoceras.

These marls are capped by a black limestone bar
(Td-E 1 1) which locally shows a chaotic aspect and
is presented in the form of scraps aligned along a
fault. Its thickness is reduced; but, it can be important
locally. The fauna collected in this bar indicates the
Laeviuscula zone of Lower Bajocien. We have there,
therefore, a significant gap which includes the top of
Upper Toarcian and all the Aalenian.

The series continues with 50 m of marls (Td-E 12 to
Td-E 22) without fossils, marly limestone (Td-E 23 to
Td-E27); and at the top we find sand stone gaps.

Stop 3:

Foum N’zalaThe area shows a passage between
massive limestone (formation of Idikel) and limestone
lities (formation of Aberdouz). One of the levels
underlines the beginning of the fossiliferous episode
with the first event of the ammonites observed above
massive limestone rich in slumps and sedimentary
blocks.
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The Sunedeur Sinemurian and Carixian

The series is very dilated. It can be subdivided in

three units.

- The first unit, having a Sinemurian age,
corresponds to generally massive limestones
(formation of Idikel), with a fauna represented
primarily by lamellibranches and gasteropodes.
This unit is organized in three great sets, each
approximately 30 m thick.

- The second unit corresponds to massive black
limestones, which record phenomena of slips
and resedimentations.

- The third unit is made of limestones clearly
lities, lighter coloured, where the marly
interlits become frequent. The base of this
unit corresponds to the first sitted ones with
ammonites.

The Domerian

The Upper Domerian is represented by alternations
of limestone and marls. The latter are thicker and
more frequent. Fauna is definitely more abundant in
comparison to the lower levels unclaimed. This one is
represented, primarily, by Atieticeratinae. From level
83, the limestones are replaced by marly-limestones,
often ferruginous and very rich in ammonite fauna.

Stop 4:

Foum Tillicht

The Sinemurian is represented here by a dark
massive limestone, locally containing flint nodules
which recorded phenomena of land slides and re-

sedimentation.
The Sinemurian facies is represented by dark massive
limestones, locally charged with flint nodules. The
latter have locally recorded phenomena of slips
and resedimentation. The first fossiliferous bases
found in this cut correspond to a thin ferruginized
level, rich in fauna of Armioceras gr. Rejectum
which makes it possible to date these levels from
the passage between Lower Sinemurian - Upper
Sinemurian.

Stop 5:
Area of RichThe deposits of the Upper Liassic and
the Lower Dogger, show a similar facies to the marls
and marly-limestones of the Agoudim formation.
They are organized in 3 sections, with distinct
faunistic contents and a well established age, at least
for the lower part.
The lower section is characterized by a prevalence of
marls containing an abundant hemipelagic fauna. Its
higher limit is marked by a calcareous bar (KG 95),
approximately 5 m thick..
The median section is distinguished from the preceding
one by more and thicker limestone deposits as well
as by its primarily benthic fauna with brachiopods,
gastropods, polyparies and Foraminifera.
The upper section forms a massive limestone cliff
called corniche.

Stop 6:
Hammet Moulay Ali Chérif
The Sinemurian series are generally similar to
the Sinemurian deposits of N’zala. However, It is
characterized by the absence of slumps and re-sedimentary
levels which are replaced
by carbonated structures.
The first Pleisbachian
levels (level  120)
correspond to sandy
turbidites where the
various terms of the
sequence of Bouma
are represented, but
are often truncated
at the top. These are
overcome by turbiditic
levels ~ where  the
| Frry channels and the blocks
of resedimentation
become rather abundant (level 140) attesting the
passage from distal deposits of turbidites at the base to
deposits of turbidites proximales. The series continues

i

Volume n° 1 - from PRO1 to B15

P |



upwards alternating limestones and marls with some
final decimeters of turbidite. The marly phase is more
abundant and limestones finer and richer in fauna
than ammonites. Higher up, the series becomes
sandy again, the chenalisante structures as well as
the phenomena of slips and resedimentation reappear,
underlining the passage to a progradant mode.

Location of Bou Tachrafine sections on the topographic
map of Morocco 1/100.000 mapsheet Erfoud

Goniatites and Orthoceras.

The Tafilalt belongs to the north-eastern part of the
Atlasic Folds - Hamada d’Aoufous Anti-Atlas region. The Devonian facies of this area
(Southern Atlasic Fault) contrasts with that of the Dra Valley area in the

western Anti-Atlas. The Tafilalt Devonian belongs to
Stop 7: the hemipelagic and pelagic facies, whereas in the Dra
Foum Bou Zabel Valley there is an important siliciclastic influx and,
Tizi n’Tfirest ridge especially during the Lower Devonian, the neritic

facies prevails (BULTYNCK &WALLISER 2000.
Stop 8: The Lower Devonian succession, about 160 m thick, mainly
Hassan Addakhil Dam consists of shales and limestones. The only exception is the
Southern High Atlas Fault. Hamar Laghdad mounds complex near Erfoud.

During the Eifelian-Givetian limestones with
StOp 9: goniatites, only a few tens of meters thick, prevail.
Jebel Bou Tcharafine The Frasnian is an hemipelagic-pelagic limestone

Lower to Middle and Upper Devonian sections succession. Black limestones representing the

with famous “Dalle d’Erfoud”: Limestones with Kellerwasser Event are developed at the top of the
Frasnian.

T ey Achgig The Famennian is subdivided into several units, the

v [ | section (SE latter ranging into the Carboniferous. The lower

of Erfoud) part is characterized by cephalopod limestones, in

Ze::}z;ge:z e the northern Tafilalt with the typical reddish-brown

L
I

=1t JI Devonian several dm thick “Dalle d’Erfoud” with goniatites
. 15 section and orthoconic cephalopods, which is used for the
R (BULTYNCK production of polished plates.

| | &WALLISER

{ | 2000
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The central Hamar Laghdad area seen from the south.
Numbers correspond to the map of the mud mounds
(BRACHERT and al., 1992)
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Geological map of the Hamar Laghdad LISER

(BRACHERT et al., 1992)

Stop 10:

Jebel Hamar Laghdad

The limestone mounds complex of the Lower
Devonian. The best Devonian reef constructions in
Africa.

The origin and development of Lower Devonian
mud mounds of the Hamar Laghdad area in the
eastern Anti Atlas, Morocco, are controlled by
extrinsic and intrinsic factors. Extrinsic factors

|
i
|
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Section of the western Hamar Laghdad area with Deformed Devonian in the Erfoud Area

conodont biostratigraphy (BRACHERT and al., 1992) (Anti-Atlas)



carats producing bioclastic sediment.

Stop 11:

Jbel Mech Irdane

The International Global Stratotype Section and
Point for the Eifelian-Givetian Stage boundary was
recommended by SDS (Sub-commission Devonian
Stratigraphy) and approved by IUGS in 1994.

The Jebel Mech Irdane embodies the Global
Stratotype Section and Point (GSSP) for the Eifelian-
Givetian Stage boundary. This was recommended by
SDS during its field-meeting 1991, and ratified by
TUGS 1994 (see Walliser & al., 1995). The J. Mech
Irdane is a synclinal structure in the SE-Moroccan
Tafilalt, 12 km SW of Rissani.

DAY 6
Merzouga - Rissani - Tinghir - Dades - El Kelaa
M’gouna - Ouarzazate

Transportation 4 x 4 cars

Merzouga sand dunes
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Neogenous Atlasic deformations (Dades Throats)

Overnight location Ouarzazate
Accommodations
Hotel Farah El Janouh ****

Stop 1:
Erg of Merzouga
Sand dunes, sun rise.

Stop 2:
The road to Tineghir
Desert Erg.

Stop 3:

Tineghir

Todra and Dades gorges. Neogene Atlasic deformation
(folds, faults)

Stop 4:
El Kelda M’gouna
Town of the Desert Rose.

Stop 5:
Tiouine
Upper Precambrian Volcano-sedimentary complex.

Stop 6:

Tazenaght

Upper Precambrian granite, gneiss and ortho-mylonite
(1800 MA).

Stop 7:

Bou Azzer

Precambrian ophiolitic complex (680 MA) with
serpentin and ultrabasic complex. Panafrican
deformation (slip-strike faults, mylonitisation)

A t Ben Haddou Kasbah (Ouarzazate)
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Stop 8:
Ouarzazate Studios
Visit to the Ouarzazate Studios.

DAY 7
Ouarzazate - Ait Ben Haddou - Irherm - Taddert
- Marrakech

Transportation 4 x 4 cars
Overnight location Marrakech
Accommodations Hotel Atlas Asni ****

Jemda El Fna (Marrakech)

Stop 1:

Ait Benhaddou

Visit to the Ait Benhaddou Kasbah (Where the films:
‘Gladiator’, ‘Jewel of The Nile’ and many others were
made.

Stop 2:

Tizi n’Tichka

Panoramic view of the High Atlas of Marrakech.
Cenozoic syn-rift and post-rift deformation represented
by grabens and Triassic rock blocks (Overlapping of
the Palaeozoic basement over Mesozoic, Cenozoic and
Quaternary grounds).

Stop 3:

Marrakech

Visit of Jemaa El Fna Place, Panoramic view of
Marrakech

DAY 8

Return to Florence
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