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ABSTRACT

- The Ghomarides nappes, together with the Betic Malaguides, are the up-
basement nappes in the Gibraltar Arc. Their Paleozoic rocks were for-
ed to the East of the Morocco Variscan belt. Their Mesozoic-Cenczoic
onfirm this easterly origin and plead for an African homeland, south
ethyan break. Correlation with the Upper Austro-Alpine units and local
raphic and isotopic data support the hypothesis of a Late Cretaceous ini-
. of collision. Late Alpine metamorphism, coeval with that of the deeper
' Ma), affected the base of the Ghomaride pile.

ICTION AND GEOLOGICAL SETTING

Although they correspond to rather small hills along the southern
F the Alboran sea (Fig. 1), the Ghomarides nappes (Durand-Delga and
bst, 1963) are certainly worthy to consider since they belong to one of
1in structural component of the West Mediterranean Alpine belt. Their plain
alent north of the Gibraltar strait are the Malaguides nappes {Didon et
. 1973), and similar units are found in the Algerian Tell (Chenoua and Kaby-
'- northern Sicily (Peloritan mountains) and Calabria (Durand-Delga and
8, 1980). In every place, these nappes are the uppermost basement nappes
e inner tectonic pile and they consist of (or at least involve: Kabylias)
metamorphic Paleozoic sediments overlain by a thin, virtually unmetamor-
jed Mesozoic-Cenozoic cover,

In the Rifan inner zones (Figs. 1 & 2), four Ghomarides nappes can be
ished (Chalouan, 1986, 1987) namely, from base to top, the Aakaili,
at-Tizian, Beni-Hozmar and Talembote nappes, the total thickness of which
not exceed 5000 m. These nappes overlay the Sebtides units, which include
he Beni-Bousera infra-continental peridotites (Kornprobst, 1974) and suffered
ine metamorphism (Michard et al., 1983). The Dorsale Calcaire units are
t to represent either a part of the Ghomaride cover detached from its Pa-
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 Fig. 2: Schematic cross-section of the Rifan Range. Location: Fig. 1
large dots: Triassic redbeds (Ghomarides, Sebtides); briks: Triassic-
. carbonates, with scarce Cretaceous-Eocene deposits (t-e, Dorsale);
0ligocene- Farly Miocene clastics (e-m, Dorsale, Ghomarides); white:

| ocene-P1iocene (m-p, foredeep and Alboran).

rsline, 1979; Bouillin, 1984; Leblanc and Olivier, 1984; Dercourt et al.,

; Ricou et al., 1986: Bouillin et al, 1988; Gealey, 1988; Durand-Delga
jer, 1988); 1ii) an Alboran wsous-plaque” (Andrieux et al., 1971) or
ylate (Wildi, 1983) or block (Bourgois, 1980), also named "socle méso-
en" (Durand-Delga and Fontboté, 1980). However, the separation bet-
n and Africa is thought to be incomplete and would correspond mostly
continental crust - a situation that is fairly similar to that of the
el.

A complete discussion of the problem is beyond the aim of this paper.
p 1'bed recently the Paleozoic section of the Ghomarides nappes, with em-
on its stratigraphy (Chalouan, 1987), then on its deformation and asso-
ow-grade metamorphism (Chalouan and Michard, 1990). We concluded that
arides Paleozoic rocks originated on the northern Paleozoic margin of

e likely on the northeastern continuation of the

an continent,
" belt of Eastern Morocco, in an Hercynian zone that can be traced up to

r Austro-Alpine units. However, one can wonder if the Ghomarides and
ere left on the African side during the Mesozoic Neo-Tethyan
problem and focuse on the

ig. l. p g - - oc iDII
F : Sie' (:h ma of t_he R ' CD t,a I ange Ill ert I m

Western Mediter i
teobathy. ranean domain (ruled: foreland domains; dashed 1i
} nes: 2500

1
eozoic basement (Durand-Delga and Fontboté

1988 : 1980; X
)y or lateral equivalents of this cover Ourand-Delga and Olivier

tides units and st detached from the i
acked in front of the Ghomarides (Wildi, 1983) l;:zer:n?t
3 . whole pile

is thrust southwestward over the E

sive Flysch na xternal Rif foredeep deposits -

Fontboté, 1930‘:"&:;0::: °'1';:;“ of which remains controversial (Du:::ZL.lgD:le:t |

1984; Coutelle and 091‘19_1 i Coutelle and Duée, 1984; Leblanc §iid 0]?”

nappes is preserved upo "1, 1989; Bouillin, 1989). A klippe of such Fl
pon the northern Ghomarides area (Jebel Zemzem). O]igo-::

.I

nt units w
southwest= In the present paper, we adress this
The Ghomarides-Ma)aguid f Cenozoic evolution and Alpine correlations of the Ghomarides nappes.
been Tocated in one of the foll 911 es homeland is controversial. It could hav
owing areas: f

the western side 9 : i) the northern margin
Brouwer, 1926), or of the Adriatic promontory (Argand, 1923- ;: Agmaéz'
Jongation of t’he Azzsﬂbl{f of a broken piece of this margin "0r:th ofau v 1 :
NibBE 3% res-Gibraltar fault (Caire, 1970, 1978: some P \
Debelmas, 1980; Coutelle and Duée 198; i Tapponnier, 19775

HESOZ01C-CENOZOIC STRATIGRAPHY
The Triassic to Oligocene sequences (Fig. 3} record the Tethyan

R
ig and the earliest Alpine compressive {or transpressive: Belhai et al.,
' f Middle Triassic

The oldest post-Hercynian sediments consists o
1984; Makel, 1985; Simon, 1987) which

They are followed by Upper Triassic
Maate (1984) described sedimentary

119

ents.
ratic redbeds (Baudelot et al.,
subordinate alkaline volcanic rocks.
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dykes of‘ Toarcian reddish silts on top of such']imestones pinched in the Ghomg.
ride pile, [north of Tetouan. | {n the adjoining Internal Dorsale slices, similgy
sequgnrfeg are followed by pelagic, Middle Jurassic to Early Cretaceous sadimen:g
(Mildi et al., 1977;/Wildi, 1979). Late Cretaceous sediments are scarce ang
cqns_ts,t mainly of Late Semonian marls that can directly overlay the Liassig
rocks {;Hffon. 1966; Maate, 1984). Most frequently, the Ghomaride or Dorsale
TriassiF-Jurass!c carbonates are overlain by a shallow-water, Paleocene-Eocene
onlap sequence that f_requmt]y begins with Microcedium limestones. The Dorsale
ssedimentation ‘ends with Upper Eocene-01igocene (and Aquitanian?) conglomerat i
marls that are lacking on the Ghomarides . i

Ghomarides Dorsale

Fig. 4: The Oligocene-Early Miocene unconformity at Fnideq, 5 km
Ceuta (road-cut). 1: Carboniferous flysch (Aakaili nappe); 2: Cata-
shear zone (Triassic dolomitic Tenses within Paleozoic pelites); 3:
. redbeds; 4: Oligocene-Early Miocene sandy marls and conglomerates.

at increasing depth. This was essentially dated from Aquitanian to
igalian but begins as early as Chattian (about 25 Ma, nannoplankton
Durand-Delga, 1981; Belhadad, 1983; Feinberg and Olivier, 1983; Ben
al., 1986). The conglomeratic beds include pebbles of every older rock

Rhaelian

________ Carnisn: Marian the Ghomarides and Dorsale nappes. In the Betic Cordilleras, Malaguides

- contacts are locally sealed by Oligocene conglomerates {Durand-Delga,

100 m at can also include metamorphic Triassic rocks and peridotites from the

_ ng Alpujarrides (= Sebtides) nappes (Didon et al., 1973; Martin-Algarra
Paleozoic 0 ez, 193”.

During and after the Lower Miocene sedimentation, a severe shortening
._.“m the Ghomarides-Dorsale units onto the Flyschs and External zones
2) and achieved the present thrusts and back-thrusts pattern prior to
entation of the post-tectonic, shallow-water Upper Miocene-Pliocene
d clays (Ben Yaich et al., 1986). The emplacement of the Jebel Zemzem
piﬁpe over the Ghomarides (either by thrusting or back-thrusting) is
d between both sequences. Neogene calc-alkaline magmatism is widespread
ic-Rif Arc and its Algerian prolongation, but hardly affected the Gho-
area. However, aplitic dikes from the underlying Beni Bousera massif
at 22t+4 Ma (Priem et al., 1979) and 18t1 Ma (Polvé, 1983) by the
» while in Western Betic Cordilleras, a dike swarm of andesitic
ting through the Alpujarrides-Malaguides pile was dated at 22-23 Ma
' method (Torres-Roldan et al., 1986).

Fig. 3: Mesozoic-Cenozoic strati '

graphy of the Ghomarides #

E?grmﬁ;%‘ag unl1tsr.'e;131nlyl af‘tertll11d1 et al. (1977) and Duran:-Dealn;a ::;ogli?_
. conglomerates and sandstopes; 2: alcali 1 ics; 3:
quartzites; 4: argillaceous redbeds; 5: dolomites: . 1 Haesiones: T
! -+ ites; 6: algal 1 : 78

Elamg\i-t{ liitmestones. B: pelagic breccias, limestones; 9: n?:du]arlmﬁsitm?setsones
4 olarites (black), Aptychus limestones; 10: sandstones calcarenites witf'l
enthic Foraminiferous; 11: marls, sandstones and conglome;'ates. '

The unconformable, Late OTigocene-Neogene clastic deposits post-date
the main Alpine collisional and metamorphic events and accumulate in response to
the Western Mediterranean basins opening and evolution (Durand-De]ga, 1981; Le
fichon et al., 1988). It is convenient to separate a deformed, 0Tigo-Miocene
post-nappe” sequence (Fig. 4) from a virtually undeformed, Mjo-Pliocene
sequence (Faure-Muret and Choubert, 1971). The earliest sequence consists of
argillaceous sandstones, limestones and conglomerates (locally olistostromal), '

Wneiakn BiBAI0BAKkN "G)sé oyiag. A.lN.O.
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iALPINE DEFORMATION AND METAMORPHISM

*"lare only fou

SW-dipping cleavage indicates NE-directed thrusts.

Within the Paleoczoic rocks, Alpine structures are Tocally superposed

! ’ At the base of the upper and middle Ghomaride
nappes, a foliated, semi-brittle deformation zone runs parallel to the thrust

to Eo-Variscan and Variscan.

B Ghomarides
:r- 3 i Upper Units
== ‘

Aakarll
Sebtides

]

Urper Unirs
{Fedarico)

.__1 Lower Units
s

Fig. 5: Distribution of th

underlying Sebtides units south of

micas (Laboratoire de Géochimie, R.

louan and Michard, 1990, except (*):

122

In the Ghomarides nappes, tight folds, schistosity and metamorphisp
_ nd in Paleozoic rocks and result from the Variscan orogeny (Chalouan
and Michard, 1990). In the Triassic sandstones, penetrative deformation is vir-
tually Jlacking and 11ite cristallinity indicates anchizonal conditions. Howe-
ver, it ;ome places, even fruq the upper nappes (Beni Hozmar), a spaced cleavage
-formgd in.the argillaceous silts by parallel-bedding shear. It was tentative)

ascribed to flexural-s)ip mechanism associated with E-W and NW-SE-trending postf
nappe-folds (Chalouan, 1986). However, these Late Miocene folds show quite large
wavelength and formed while the Ghomarides Triassic beds were already close to
the surface. Hence, we now propoese to ascribe the observed cleavage to an ear-
Tier event, likely the piling-up of the Ghomarides nappes. In that case, the

e isotopic ages (Ma) in the Ghomarides and

Tetouan, mainly from K/Ar results on white

Montigny, Strasbourg; references in Cha-

S. Huon, Genéve, unpubl. data).
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and, therefore, can be regarded as Alpine. Similar foliated zones, some-

. few decimetres-thick, run between hectometric lenses that occur above

Eusts; At the base of the lowest Ghomaride (Aakaili) nappe, we must

the possibility of a more ductile regime, since the Triassic sediments

! underlying Sebtides units are metamorphic. The northward-verging shear

ss that characterize the Lower Paleozoic rocks are more intense toward

e of the nappe, where recrystallization also increases (Chalouan and

1990). Part of this basal metamorphism is Alpine since K/Ar dating gave
0ligo-Miocene ages in the lowest part of the Ghomarides rocks than in
srlying Sebtides units (Fig. 5). Therefore, we retain that the Eo-Varis-
tructures of these rocks were reactivated during the Alpine thrust emplace-

. with a similar northward transport direction.

Other Alpine structures post-date the nappes emplacement onto the Seb-
. The oldest are pre-0ligo- Miocene normal faults (Figure 4) that likely
lates with the initiation of Western Mediterranean basins opening. At that
the thrust contacts were partially reactivated as extensional faults under
tions of brittle deformation (Balanya and Garcia-Duenas, 1987). During the
jocene clastic sedimentation, further shortening and thrusting affected
le Betic-Rifan belt, bringing the innermost zones onto the Dorsale,
and External units (Fig. 2). The structures refered to this period are
large, open folds, a number of britt]e thrusts and back-thrusts, some of
ensional and a system of wrench-faults such as the sinistral Jebha fault
dextral Jebel Mousa (Sebta) fault (Olivier, 1982; Frizon de Lamotte,

DISCUSSION

In a recent paper (Chalouan and Michard, 1990), we concluded from the
of the Ghomaride Paleozoic rocks that their homeland was somewhere in the
stern prolongation of the Eo-Variscan foldbelt of Eastern Morocco. They
slid for 500 km at least during a sinistral displacement along North-
before being thrust upon Western Morocco. Using the same Paleozoic data,
'_jsed the correlations of the Ghomaride "terrane” with its direct equiva-
in Western Mediterranean, i.e. the Malaguides, Chenoua-Kabylias and Cala-
aleozoic allochthons, and extended the correlations eastward to the Tus-
outh-Alpine and Austro-Alpine basements (Fig. 6).

The associated Mesozoic sequences remarkably confirm the preceding
ations. The easterly, Alpine affinities of the Betic-Rifan-Kabylian Dor-
le Triassic sequences were frequently stressed since Staub (1926), Brouwer
, and Fallot (1937) (e.g. Bosellini and Hsu, 1973; Wildi et al., 1977;

1983; Fﬂ&yi, 1983; Coutelle and Delteil, 1989). The Ghomarides-Rifan

C | &Aowqg.A
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the Late Variscan framework

Dorsale pair virtually prolon

gates in the Kaby]i
allochthonous massifs are st Pl

to thely K BorcynTan ¢ ri{:irggly similar to the Kabylian, even with regard
over (Dubois, 1976; Caire, 197g-
boté,1980; Bouillj ’ » 1978; Durand-Delga and Font-
. tioes duill‘m, 1984). In the Longobucco nappes ("écailles"), Bouillin g
Siassic. tescnbe 3 Mesozoic passive margin setting, from Triassic to Late
- Bt was this margin on the nor :
. thwestern (Bouillj
trich, 19 . 1n et al., 1988; Die-
i 3:;) oTr south-eastern side (Haccard et al., 1972; Coutelle ang pelt 1:
; eil,
© Tetvan gap, marked by the Ligurian ophiolites? No more dats is

Teritan-Calabrj an

e 158 A transect, b:th the Africa.n (Apulian) and Furo
ey corSica-BHan, es’pecti\‘;ely in the Tuscan - Upper Austro-Alpine and
BT oot s S:DMTS-UM“ (Coward and Dietrich, 1989). The Tatter,
42 the o {A]bvoera d1f'.ferences in their Mesozoic Séquences with respect
0. 6 o ran} units. In the Brianconnais paleomargin (Lemoine et

. rcynian sedimentation begins with a Permo-Triassic Verru-
-Tuscan type (Cassinis et al., 1979) and the
upy the whole Middle to Late Triassic times-

S Wwith an extended, Toarcian-Early Bathonian
overlie directly Triassic to Permian rocks.

Pan. The Liassic block-faulting end
emersion
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» and Malm Timestones may
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155 MA autulul

R Fig. 7: The proposed location of the Ghomaride terrane and related
ts during the Neo-Tethyan opening. Position of African and European blocks
m Dercourt et al. (1985).- Nev.- Fil,: schematic position of the ophiolite-
ng, eclogitic nappes of Sierra Nevada-Sierra de los Filabres windows, cen-
nd eastern Betic Cordilleras (Puga et al., 1989).

Malm transgression is also found in the Razzo Bianco slices, on the wes-
er of Alpine Corsica (Amaudric du Chaffaud and Lemoine, 1974).

Unlike the European paleomargin, the Apulian offers a Mesozoic record
y similar to that of the Ghomarides and associated units. As quoted above,
alogies between the Alboran and Tuscany - Upper Austro-Alpine Mesozoic
2s were repetedly stressed since the discovery of the Betic overthrusts
r’s "Austrobetikum") and support an African origin for the Ghomarides.
orrelation (Fig. 7) supports the hypothesis of a Cretaceous initiation
?\flision on the Alboran transect as on the East- Alpine (Geyssant, 1980;
- and Bernoulli, 1986, Fritz, 1988) and West Alpine (Dal Piaz and Lom-
1985; Goffé and Chopin, 1986). Two lines of arguments support the propo-
| a stratigraphic gap characterizes usually the Ghomaride-Dorsale record
' Late Cretaceous period; in the Eastern Kabylian Dorsale, folding and
recrystallization of the Jurassic-Neocomian pelagic rocks occurred
to a Campanian-Paleccene clastic sedimentation (Raoult, 1974, p. 60-72);
B0 Ma-aged metamorphism is suggested in the Greater Kabylia basement by
7{& :._Rr/40 Ar isotopic results (Monié et al., 1988). In the Rifan-Betic area,
such Eo-Alpine metamorphism have occurred, its isotopic trace would have
:lntire]y (in the present state of knowledge) overprinted by the 27-22 Ma

=Nt, very common all around Western Mediterranean (Kligfield et al., 1986).
wAoyiag. A.MN.O. 125



i~ CONCLUSION

S According to their Paleozoic section, the Ghomarides nappes have to be
v::{:ﬁ:p::]:h:l SEO:itkm tonothe east, on the northeastern prolongation of the Fo-
to the dpper kaby?iane::d c:1o :::i-anTh::i:ere cdlose i ronretans e
s, and w
between t.he Eastern. Moroceo Hercynides and thaotm:fri::es:::c:::-:::tﬁng o
area, ozu the northern Timit of the Paleozoic African platform. oo Hps
; The discussion of the Ghomaride Mesozoic'cover and of the associated p

s.aT.e units enable us to favor an African’ homeland for these unit ei e
Tethy‘::r; paT'Ied:eographic setting, T'herefor.e.é brﬁad parallelism would n::{:'cm-rl b::E
ween e Tethyan faults and the Variscan structures, as su ested b —
(1916) and Debelmas (1986), even if local cross : . i y Mg?nd
(that often depend, in fact, of later, coHisionalcuot:ien:te:\es]i::;nse::sts?n o
I n:ipzzr:c;u]arly emphasizle the Upper Austro-Alpine affinities-of the

equivalent units. This is an hommage to Argand (1924) and
Brouwer (1926)! This point also to the Tikelyhood of a Cretaceous initiati f
thrust tectonics on the Alboran transect. Any scenario of the Rifan-Beti .
geny should be constructed with such Alpine correlations in mind. o
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