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The Neoproterozoicophiolite complex of the Bou Azzer
and Sirwa inliers in the Anti-Atlas Pan-African belt in the
northern margin of the West African Craton has been
known as the only ophiolite occurrence in Morocco until
recently. However, a recent discovery of a suture zone
with oceanic rocks in the Alpine Rif Mountains of
northern Morocco suggests that the external zone of the
Rif Belt (Mesorif and Prerif Units) may include ophiolitic
units (Benzaggagh et al., 2014 and Michard et al., 2014)
with boninite-like geochemical affinities, providing
significant constraints for the subduction initiation and
closure history of the Ligurian – Maghrebian ocean basin
adjacent to North Africa. The Rif-Betic Cordillera is a
tightly arcuate, oroclinal mountain belt along the western
edge of the Alpine Peri-Mediterranean Orogen (Fig.1a),
and extends for ~2000 km from the Strait of Gibraltar in
the west to Calabria and the southern Apennines in the
east. It developed as a result of the convergence and
collision between the Eurasian and African plates in the
Miocene. The Rif belt consists of, from south to north, the
External domain representing the rifted paleo-margin of
Africa, the Maghrebian Flyschs Nappes, and the Internal
or the Alboran domain, which includes allochthonous
blocks and sub-continental upper mantle peridotites of
Eurasia (Beni Bousera peridotites). These tectonic
domains and their lithological units have been stacked on
top of each other and became inverted along S-SW-

oriented nappe piles during the Middle to Late Miocene
(Fig. 1b) (e.g. De Capoa et al., 2007; Zaghloul et al., 2007;
Michard et al., 2014).
The External Rif is subdivided into Intrarif, Mesorif and
Prerif sub-domains, containing at the bottom Triassic
redbeds and evaporites followed upward by JurassicLower Cretaceous carbonates (Benzaggagh et al., 2014;
Michard et al, 2014). A thick Mesozoic-Cenozoic
sedimentary succession with dominantly fine-grained
deep-sea turbidites, accumulated on the African passive
paleo-margin and in an adjacent basin, overlies these
carbonate sequences. The structural architecture of the
External Domain displays a thick nappe stack with a
dominant southward– to westward–oriented radial pattern
of vergence with respect to the arcuate shape of the Rif
belt.
Serpentinites and gabbros are exposed at the
stratigraphic base of the eastern and central Mesorif
sequences,
and
Mg-chloritoid-bearing
MP/LT
metamorphic rocks occur in the eastern Mesorif sequences
indicating their involvement in subduction zone
metamorphism. Oceanic crustal rocks in the western
Mesorif and Prerif (Fig. 1b) consist mainly of variably
altered microgabbro, gabbro, and basalt units that contain
secondary, hydrous minerals such as chlorite, prehnite,
and pumpellyite. They occur as thrust slices or pillow
lavas embedded in the External Rif sedimentary
sequences. Their SiO2 contents range from 49 to 52 wt.%
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Fig.1: (a) Simplified tectonic map of the Alpine Peri-Mediterranean
Orogen, surrounding the Alboran Sea. (b) Geological map showing
the main geological domains within the Rif belt: the Internal
(Sebtides, Ghomarides and Dorsale calcaire Complexes) and External Zones (Intrarif, Prerif and Prerif Units), separated by the
Maghrebian Flys

and they have high MgO contents (> 10 wt.% MgO) with
high Mg# [Mg#=molar MgO/(MgO+FeO)], ranging from
0.5 to 0.7, with most samples clustered around Mg#=0.66.
Their K2O content is higher than 1.5, and the CaO content
is generally low (<6 wt% CaO) in many samples. We have
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defined two series based on their CaO contents, high-Ca
and low-Ca series that classify in TAS diagram as basalts,
basaltic andesites, and trachybasalts to basaltic
trachyandesites. All analyzed samples are characterized by
low LaN/YbN ratios from 1.7 to 3.2 ppm (N refers to
chondrite-normalized values), low Sr/Y ratios from 9.4 to
17.6 for the high-Mg# samples, and even lower for the
low-Mg# samples with Mg#<0.6. Primordial mantle
normalized multi-element diagrams show incompatible
element abundances with strong enrichment in the most
mobile elements of Rb and K. The negative Nb and Ta
values of the rocks indicate subduction influence in their
melt evolution. The low-Ca group rocks with stronger
subduction signatures also display low-Ti anomalies, not
observed in the high-Ca group rocks. In the chondritenormalized diagrams all samples show slight enrichment
in REE, compared to typical boninites. Because there are
no significant differences between the trace-element
patterns of the high-Ca and low-Ca group rocks, we infer
that the observed geochemical characteristics of these
rocks reflect the variations in their mantle melt sources
and in the primary character of their magmas (with Mg# s
>0.65). Three samples with low MgO contents of the lowCa group are enriched in REE with respect to the other
samples and display a marked Eu anomaly, compatible
with a most fractionated character of the magmas of these
two samples in comparison to the more primitive magmas
of the other rocks.
These geochemical fingerprints of the oceanic crustal
rocks in the western Mesorif and Prerif are thus analogous
to those of boninites (Mg-rich andesites). Although their
silica content is rather close to that of basalts and basaltic
andesites (and trachybasalts to basaltic trachyandesites in
TAS diagram), their high MgO contents, high Mg#s, and
low TiO2 values are compatible with those of primary
magmas showing boninite-like affinities, formed in
equilibrium with olivine in a depleted, harzburgitic mantle
source. Only the three of the low-Ca group samples with
Mg# s <0.6 may represent the products of fractionated
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liquids. Although the western Mesorif and Prerif mafic
rock suites do not fully exhibit the diagnostic features of
boninites (MgO>8 wt%, TiO2<0.5 wt%) (TiO2 ranging
from 0.6 to 2.1), their high MgO content (>8 wt.%) and
high Mg# (>0.66 in most cases) strongly point to a mantle
source and partial melting environment similar to those
proposed for the origin of boninitic magmas. We infer that
the mantle source for these atypical, K-rich boninites was
an ultra-depleted mantle that underwent subduction
metasomatism and anomalously high temperatures (>1300
°C) of partial melting at relatively low pressures. There is
currently no age data available from these mafic rocks
with boninite-like affinities. However, it is anticipated that
they likely formed during the subduction initiation and
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closure of the Jurassic Ligurian-Maghrebian basin, which
evolved adjacent to the rifted margin of Africa in the early
Mesozoic.
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