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The Hercynian Edough massif is the easternmost crystalline massif of the Algerian coast. It consists of two
tectonically superposed units composed of micaschists, gneisses, and peridotite. This study concentrates
on the small and isolated Sidi Mohamed peridotite outcrop area (0.03 km?). The Sidi Mohamed peridotite
is composed mainly of harzburgites (Mg-rich olivine and orthopyroxene as major minerals). The Ni
(2051-2920 ppm), Cr (2368-5514 ppm) and MgO (~28-35 wt.%) whole-rock composition and the relative
depletion in Nb make these harzburgites comparable to depleted peridotites related to a subduction zone.
We suggest that the Sidi Mohamed ultramafic body was derived directly from the upper mantle and
tectonically incorporated into the gneiss units of the Edough metamorphic core complex in a subduction

environment.

1. Introduction

Direct outcrop of peridotites on the ocean floor
via denudation of the mantle occurs in differ-
ent tectonic environments (Blackman et al. 1998,;
Kamenentsky et al. 2001). Slow-spreading mid-
oceanic ridges produce an important extensional
environment, where mantle rocks are exposed (Dick
and Bullen 1984; Cannat 1993; Tucholke and
Kleinrock 1998). In addition, mantle peridotites
are found in a variety of geologic settings: as mantle
sections in ophiolites, as peridotites representing the
residue from melt extraction of the oceanic crust
or as xenoliths in basaltic rocks. During the geo-
logical evolution of the Mediterranean Sea, frag-
ments of the lithosphere were tectonically obducted
on the North African margin. In north Algeria,
there are several ultramafic outcrops that contain
such mantle rocks. From west to east they are
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ultramafic xenolites of Oran (Zerka et al. 2002),
the feldsphatic peridotites of Cape Bougaroune
(Misseri 1983; Leblanc and Temagoult 1989), the
Kef Lekhal (Voile Noire) peridotitic enclaves in
amphibolites (Ahmed Said and Leake 1992, 1997)
and the small ultramafic-mafic outcrop of Sidi
Mohamed (Bossiere et al. 1976; Hadj Zobir 2007)
in the Edough massif, Annaba. The aim of this
paper is to determine the nature of the peridotite
outcrop from Sidi Mohamed.

2. Geological background

The Edough massif is the easternmost crystalline
massif of the Maghrebides, which represent the
south-eastern part of the west Mediterranean oro-
gen. It is an asymmetric ‘core complex’ (Caby and
Hammor 1992) oriented NE-SW (figure la), and
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Figure 1. (a) Simplified geological map of the Edough massif (modified after the works of Hilly 1962; SONAREM (Société
Nationale De la Recherche Miniere) 1980; Gleizes et al. 1988; Caby and Hammor 1992; Ahmed Said and Leake 1992, 1997;
Hadj Zobir 2007 and references therein). (b) Simplified geological map of Sidi Mohamed outcrop (Bossiere et al. 1976)
modified after Hadj Zobir (2007); (c) Cross-section of the Sidi Mohamed outcrop (scale of the cross-section is enlarged to
show details. The average thickness of the metabasite is 1 m).

is found below the greenschist-facies Tellian units
that represent the thrusted Mesozoic to Eocene
passive paleomargin of northern Africa deposited
on thinned continental crust. The Edough meta-
morphic rocks consist of two tectonically super-
posed units: (1) The lower unit that is composed

of weathered magmatic gneisses (diatexites) that
have an arkosic source (Hadj Zobir 2012; Hadj
Zobir and Mocek 2012). This unit is composed of
biotite gneiss and two micas augen-gneiss of Her-
cynian age (Bruguier et al. 2009). The lower unit
gneisses sometimes contains benches of leptynites
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and marbles (Hilly 1962; Gleizes et al. 1988; Ahmed
Said et al. 1993), as well as metabasites (Hadj Zobir
et al. 2007) occurring as one-meter thick outcrop
within the ultrabasic—basic complex. (2) The upper
unit that is composed of micaschists.

Between the two main units, an intermediate
unit composed of garnet micaschists and kyanite-
sillimanite-andalusite bearing micaschists and
metric benches of marbles is found.

The Edough massif underwent polycyclic meta-
morphism at crustal-levels that was characterized
by three major events: (i) a high grade HT-HP
metamorphism (P = 12-13 kb, T = 700°C) corre-
sponding to the conditions of the granulite facies,
(ii) an intermediate prograde metamorphism (MP—
MT), and (iii) a low-pressure metamorphism at
high temperature LP-HT (P = 3-4 kb, T = 650°—
700°C) (Brunnel et al. 1988; Ahmed Said et al.
1993; Caby et al. 2001). Some units suffered only
one or two metamorphic events. The massif under-
went a first strong strike slip deformation, charac-
terized by syn-metamorphic folds that was followed
by less intense contractive deformation, which gen-
erated upright folds axes with in a 140°N direc-
tion, anticlines in a direction of 50°~60°N and shear
distortions in a 120°-160°N direction.

The peridotites of Sidi Mohamed (figure 1b and
¢) are found within a relatively small outcrop area
(0.03 km?) and are enclosed in diatexitic gneiss by
tectonic contacts.

The rocks are discordant to the diatexites point-
ing to strong late reworking. The peridotites are
serpentinized (Bossiere et al. 1976; Hadj Zobir
2007). The eastern contact between peridotite and
diatexite is outlined by small layers of metaba-
sic, pegmatitic rocks, and some pockets of garnet
phlogopitites.

3. Analytical methods

After examining thin sections of the samples
for their mineralogical composition and alteration
products the samples were crushed, homogenized
and 500 g splits were used for chemical anal-
yses. Powder of selected unaltered samples was
dried overnight at 105°C before analyses were con-
ducted. The compositions of the whole-rock sam-
ples, including major, minor and trace elements
were determined by wavelength dispersive X-ray
fluorescence spectrometry (WD-XRF), inductively
coupled plasma-mass spectrometry (ICP-MS) and
inductively coupled plasma-atomic emission spec-
trometry (ICP-AE) at laboratories of the Geo-
ForschungsZentrum Potsdam (GFZ) and the Insti-
tut fiir Geowissenschaften, Universitdt Potsdam,
Germany. International and internal reference sam-
ples were used for calibration. Analyses for major
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and minor elements and for trace elements were
conducted on fused glass and pressed powder
disks respectively. Fused beads were prepared in a
ratio of 1:6 of sample powder (<63 um) and the
melting agent FLUXANA FX-X 65-2 (99.98%)
(containing 66% di-lithiumtetraborate and 34%
lithiummetaborate). The mixture was melting on a
burner cascade between 400° and 1150°C. Powder
pellets were prepared from 3 g sample powder and
3 drops of Moviol (organic glue) under a pressure
of 50 nN for about 20 s. Both of the disks were
prepared at the Institut fiir Geowissenschaften,
Universitat Potsdam, Germany. Major, minor and
some of trace elements (Ni) were acquired by
Siemens SRS303-AS XRF with an Rh X-ray tube
at standard running conditions at GFZ, Germany.
Measurements of trace elements, including Nb,
were performed in the ICP-MS laboratory at GFZ,
Germany, using a VG Elemental Plasma Quad
System PQ2+i. REE were analysed at the Insti-
tut fiir Geowissenschaften, Universitat Potsdam,
Germany by an ICP-OES (Varian Vista MPX)
after separation of major and most trace elements.
REE were enriched using the method described by
Zuleger and Erzinger (1988). The mineral chemical
analyses, including major rock forming minerals,
accessories and alteration product minerals were
conducted using a fully automated CAMECA SX-
100 electron microprobe at laboratories of GFZ,
Germany. The instrument was calibrated with
natural mineral standards. Detection limits vary
with atomic number and range between 50 and
100 ppm.

4. Sample description

Six whole-rock samples were systematically col-
lected across the freshest parts of the peridotites.
Sampling was done along a W-E transect within a
distance of 100 m. The mineralogic composition of
the peridotite is mostly olivine and orthopyroxene
with minor amounts of clinopyroxene (diopside)
and their alteration products, serpentine and chlo-
rite (figure 2a and b). The original assemblages
are partially transformed to mesh-textured serpentine
after olivine, tremolitic amphibole after pyroxene
and Mg-chlorite after pyroxene and olivine. The sam-
ples originally displayed a porphyroclastic texture.
Diopside is light green in fresh samples, but is
often replaced by calcic amphibole (tremolite). Nei-
ther thin section nor microprobe or XRD studies,
found evidence of identifying an aluminous phase
such as Al-spinel, garnet or plagioclase. The high
Al, O3 content in some samples, however, indicates
that an aluminous phase was present in the pri-
mary mode of the peridotite. The primary modal
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Figure 2. Cross-polarized photomicrograph showing (a) oliv-
ine crystals and porphyroclastic texture of orthopyroxenes,
(b) subangular-to-subrounded olivine grains separated by
serpentine veinlets in contact with some Mg-chlorite.

composition of the primary rocks ranges from
63-65 vol.% olivine, 18-20 vol.% orthopyroxene,
1-3 vol.% clinopyroxene and 12 vol.% other miner-
als (chlorite, serpentine, talc, brucite). In the peri-
dotite classification diagram, all samples plot in the
harzburgite field (figure 3). Based on the amount
of clinopyroxene (1 vol.% in N-harzburgites and
2-3 vol.% in Cpx-harzburgites), we distinguish
two types of peridotites: normal harzburgites (N-
harzburgites, samples K7.8, K7.9 and K7.18) and
clinopyroxene-rich harzburgites (Cpx-harzburgites,
samples K7.10, K7.6 and K7.15). Apart from
clinopyroxene content, there is no significant differ-
ence in mineral mode between the samples. Most
olivine has serpentinized rim. In some thin sections,
a few olivine crystals are well preserved locally
and occur as small (generally <0.5-2 mm) grains
that consist of subangular to subrounded kernels
separated by serpentine veinlets and secondary
magnetite. Small grains of olivine are partially
enclosed in large orthopyroxenes. Enstatite and
clinopyroxene (diopside) range between 0.1 and
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Figure 3. Modal compositions of Sidi Mohamed peridotites
in the peridotite classification diagram. The area is the field
of Residual Upper Mantle field after Michel and Bonatti
(1985) and Dick (1989).

8 mm in diameter, but most clinopyroxene grains
are <l mm. Some porphyroclastes of orthopy-
roxene show inclusions of oxide (magnetite) and
olivine. Occasionally, orthopyroxene shows exso-
lution lamellae of clinopyroxene. Clinopyroxene is
mostly found in interstitial spaces associated with
orthopyroxene and/or chlorite in the serpentinized
matrix.

5. Whole rock and mineral chemistry

5.1 Whole rock chemistry

Whole rock major and trace element data for
six representative peridotite samples from Sidi
Mohamed are given in table 1. Only samples with a
low degree of serpentinization were taken for chem-
ical analysis. Due to widespread serpentinization,
the analyzed samples show high values of loss on
ignition (7.9-12.3 wt.%) but fairly homogeneous
compositions. N-harzburgite samples contain MgO
varying from 33.14 to 35.9 wt.% and FeO,, from
7.3 10 9.82 wt.%. Al;O3, CaO, TiO, contents range
from 0.8 to 1.4 wt.%, 0.23 to 0.92 wt.%, 0.03 to
0.04 wt.%, respectively and Na,O varies from 0.02
to 0.05 wt.%. Ni ranges from 2051 to 2920 ppm
and Cr from 2738 to 5514 ppm. V concentration
varies from 32 to 43 ppm. The large-ion lithophile
elements (LILE) show very low abundances in all
samples. The concentrations of Rb range in N-
harzburgites between 1.1 and 1.25 ppm, Ba varies
from 17 to 75 ppm and Nb from 0.09 to 0.19 ppm.

Cpx-harzburgites show lower MgO concentra-
tions than N-harzburgites: MgO varies from 28.49
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Table 1. Chemical composition of the peridotites from Sidi Mohamed outcrop.

N-harzburgites Cpx-harzburgites

Wt.% K7.8 K7.9 K7.18 K7.10 K7.6 K7.15
SiOs 46.60 40.10 46.75 46.1 44.7 45
TiOs 0.03 0.04 0.04 0.06 0.16 0.14
Aly03 0.80 1.4 0.9 1.7 2.56 2.6
FeOsot 8.59 9.82 7.3 13.58 10.22 8.12
MnO 0.14 0.12 0.125 0.14 0.14 0.12
MgO 34.15 35.9 33.14 28.71 28.49 28.75
CaO 0.23 0.92 0.6 1.53 1.86 2.07
NayO 0.05 0.05 0.02 0.1 0.06 0.07
K>0 0.02 0.02 0.02 0.3 0.02 0.02
P505 0.03 0.03 0.03 0.02 0 0.03
L.O.I 8.55 10.50 11.3 7.9 11.2 12.3
Total 99.19 98.9 100.22 100.14 99.41 99.22
ppm

Ba 17 57 75 76 106 13
Rb nd 1.1 1.25 1.7 0.33 1
Cr 2738 5514 3483 2368 2515 3200
Ni 2920 2918 2051 2504 2179 2243
\% 32 43 38.5 61 55 63
Sc 10 13 12 10 18 16
Nb nd 0.09 0.19 0.12 0.11 0.13
La 1.1 0.2 0.95 1.2 1.33 0.38
Ce 1.2 0.24 1.57 1.2 1.65 0.44
Pr 0.13 0.03 0.33 0.15 0.32 0.09
Nd 0.53 0.21 1.61 0.97 1.32 0.75
Sm 0.11 0.05 0.325 0.25 0.52 0.24
Eu 0.01 0.01 0.04 0.07 0.06 0.07
Gd 0.19 0.12 0.46 0.41 0.56 0.39
Tb 0.03 0.02 0.08 0.06 0.07 0.05
Dy 0.18 0.13 0.17 0.43 0.57 0.42
Ho 0.03 0.03 0.09 0.09 0.04 0.09
Er 0.16 0.11 0.26 0.3 0.41 0.3
Tm 0.04 0.03 0.05 0.05 0.04 0.04
Yb 0.2 0.13 0.22 0.32 0.41 0.31
Lu 0.03 0.02 0.06 0.05 0.04 0.05

to 28.75 wt.%, FeOyo from 8.12 to 13.58 wt.%.
Al, O3, CaO, TiO, contents in Cpx-harzburgites
range from 1.7 to 2.6 wt.%, 1.53 to 2.07 wt.% and
0.06 to 0.16 wt.%, respectively. Nay,O content in
Cpx-harzburgites (0.06-0.1 wt.%) is higher than
in N-harzburgites. The Cpx-harzburgite samples
show Ni contents of 2179 to 2504 ppm and Cr of
2368-3200 ppm. Due to high abundance in pyrox-
enes, the Cpx-harzburgites show higher V concen-
tration (55-63 ppm) than in N-harzburgites. The
concentration of Rb ranges from 0.33 to 1.7 ppm,
Ba varies from 13 to 106 ppm and Nb from 0.11 to
0.13 ppm.

In terms of incompatible trace elements, the Sidi
Mohamed peridotites have relatively homogeneous
compositions and display flat to slightly concave-

upward patterns. REE contents vary significantly,
with variable ranges for most of the REE compo-
sition in the N-harzburgite: La varies from 0.2 to
1.1 ppm, Ce from 0.24 to 1.57 ppm, and Eu from
0.01-0.04 ppm. The Cpx-harzburgites have higher
REE concentrations: La = 0.38-1.33 ppm, and Eu
from 0.06-0.07 ppm. In mantle-normalized (Sun
and McDonough 1989), the two types of harzbur-
gites show slight apparent negative Nb and Eu
anomalies and nearly flat but slightly depleted
REE patterns.

5.2 Mineral chemistry

All primary minerals show highly refractory com-
positions: olivine is highly magnesian (Fog4 65 94.72)
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Table 3. Chemical composition of pyrozenes: (a) of orthopyrozenes and (b) of clinopyrozene.
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Table 2. Chemical composition of olivine and their structural formula.

N-harzburgites

Cpx-harzburgites

Wt. % K7.8a K7.8b K7.8¢ K7.10b K7.10b K7.10c
SiOo 41.58 41.04 41.67 41.84 41.89 41.1
TiOo nd nd 0.01 nd nd 0.03
Al O3 nd 0.01 0 0.02 nd nd
Cro03 nd nd 0.02 0.01 nd nd
FeO 5.14 5.1 5.23 5.15 5.17 5.18
MnO 0.12 0.15 0.16 0.14 0.13 0.19
MgO 51.85 52.93 53.45 53.06 52.9 52.4
NiO 0.45 0.46 0.49 0.54 0.57 0.56
CaO 0.20 0.01 nd nd 0.01 nd
Total 99.15 99.71 101.03 100.75 100.67 99.47
mol %

Fo 94.7 94.72 94.65 94.71 94.69 94.66

Fa 5.18 5.12 5.19 5.15 5.18 5.15

Tp 0.12 0.16 0.16 0.14 0.13 0.19

a) N-harzburgites Cpx-harzburgitesq
Wt. % K7.8 K7.9 K7.10
SiOg 59.48 59.67 59.88 59.84 59.79 59.34 59.71 59.6
TiO9 0.02 nd nd 0.01 nd nd nd nd
AlxO3 0.09 0.06 0.09 0.08 0.07 0.09 0.12 0.1
FeOy) 3.71 4.16 3.64 3.51 3.63 3.67 4.14 4.04
MnO 0.17 0.27 0.17 0.15 0.16 0.21 0.18 0.18
MgO 37.44 37.25 37.38 37.34 37.3 36.86 37.27 37.24
CaO 0.1 0.02 0.16 0.12 0.14 0.13 0.14 0.14
NaoO 0.01 0.02 nd 0.01 nd 0.01 0.01 nd
K>O nd nd nd nd nd nd nd 0.01
Cra0s3 0.02 0.04 0.05 nd 0.04 nd 0.02 0.03
Total 101.04 101.48 101.37 101.06 101.12 100.32 101.58 101.34
mol %
Wo 0.19 0.03 0.28 0.22 0.25 0.24 0.25 0.26
En 94.29 93.66 94.32 94.55 94.38 94.16 93.66 93.78
Fs 5.48 6.25 5.4 5.19 5.37 5.56 6.08 5.96
b) N-harzburgites Cpx-harzburgites
Wt. % K7.8a K7.8b K7.10a K7.10b
SiOg 54.87 54.37 53.74 54.48
TiO2 0 0.05 nd 0.01
AlsO3 0.21 0.19 0.1 0.08
FeO(t) 1.7 1.67 1.76 1.79
MnO 0.12 0.19 0.17 0.25
MgO 17.92 18.01 18.63 18.24
CaO 25.22 25.19 24.82 24.82
NaO 0.02 0 0.05 0.04
K20 0.02 0.01 nd 0.05
Cro03 nd 0.02 0.02 0.04
Total 100.08 99.69 99.27 99.78
mol %
Wo 48.87 48.72 47.43 47.87
En 48.3 48.47 49.53 48.94
Fs 2.76 2.8 2.88 3.07
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Figure 4. Compositions of Sidi Mohamed peridotites compared with literature data for mantle peridotites (Bodinier and
Godard 2003): (a) Major element oxides: SiO2, CaO, TiO2 and NagO wvs. AloOs (Bodinier and Godard 2003), (b) trace
elements Cr and Ni vs. AlyO3 (Bodinier and Godard 2003), and (c) V wvs. S¢, Yb, AloO3 and Sc vs. AloO3 (Canil 2004).
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and its NiO increases from 0.45 wt.% in N-
harzburgites to 0.57 wt.% in the Cpx-harzburgites
(table 2). Orthopyroxene is also very magnesian
(Engs 66 04.55) in all samples. In N-harzburgites, it
shows a very low wollastonite component (0.03—
0.28 mole%). Cr,O3 content is insignificantly low
(<0.05 wt.%), Al,03 and TiO, are very low,
ranging between 0.06-0.09 wt.% and <0.02 wt.%,
respectively (table 3a). MnO and CaO contents
of orthopyroxenes in all samples are also low,
0.15-0.27 wt.% and 0.02-0.16 wt.%, respectively.
Orthopyroxene from N-harzburgite has a higher
CaO content than the orthopyroxenes from Cpx-
harzburgites.

All  harzburgite samples contain diopside
(En48.3749.53W047.43748.S7FS2.7673.07) (table 3b)~ There
is no significant change in FeO (1.67-1.79 wt.%)
from one sample to another. The N-harzburgite
clinopyroxenes have slightly higher values in CaO
(25.19-25.22 wt.%) and Na,O (<0.02 wt.%) than
the Cpx-harzburgite clinopyroxenes (24.82 wt.%
CaO and 0.04-0.05 wt.% NayO). The diopsides
are Ti-poor (<0.05 wt.% TiO,) and have a low
Al-content (0.08-0.21 wt.% Al,O3) in general.

Secondary minerals are represented by serpen-
tine, chlorite, amphibole and oxides (magnetite).
Serpentine is antigorite (identified by XRD) with a
high MgO content. Chlorite is Mg-rich and its com-
positions vary between chamosite and clinochlore.
Amphibole that replaces diopside is tremolite,
which contains very small amounts of FeO and

NaQO.

6. Geothermometry

The P-T conditions for the formation of Sidi
Mohamed peridotites were calculated on the basis
of pyroxene compositions. The T, in opx (Brey and
Kohler 1990) geothermometer was used to get the
minimum temperature. The Tc, in opx give a tem-
perature range of 691-716 +60°C. The low temper-
atures recorded by the Sidi Mohamed peridotites
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are lower than expected from mantle peridotites.
These temperatures are not exceptional in metaso-
matized and re-equilibrated peridotites, however,
Parkinson and Pearce (1998) calculated that tem-
peratures for ODP Leg 125 peridotites were 647 +
40°C and 806 4+ 75°C for abyssal peridotites, and
reported mean temperatures of 658 4 49°C for
Leg 125 peridotites and 747 4+ 97°C for abyssal
peridotites.

7. Discussion

The chemistry of the Sidi Mohamed N-harzburgite
(MgO = 33.14-35.9 wt.%, SiOy = 40.1-46.75 wt.%,
FeOyoy = 7.3-9.82 wt.%, Cr = 27385514 ppm and
Ni = 2051-2920 ppm) compares well with mantle
values of fresh peridotites (MgO = 35-46 wt.%,
Si0, = 43-46 wt.%, FeOyy = 8 £ 1 wt.%, Cr =
2700 + 700 ppm and Ni = 2200 + 500 ppm)
(O’Neill and Palme 1998). The chemistry of Cpx-
harzburgites (MgO = 28.49-28.75 wt.%, SiO, =
44.7-46.1 wt.%, FeOy,, = 8.12-13.58 wt.%, Cr =
2368-3200 ppm and Ni = 2179-2504 ppm) reflects
their high enrichment in clinopyroxenes (signifi-
cant loss in MgO and gain in FeOy.). The Sidi
Mohamed harzburgites are primitive as expressed
by their high Cr and low SiO, content and plot
near the field of mantle peridotites as defined by
Dick (1989) and Snow and Dick (1995). The sam-
ples plot in the residual upper mantle field (Michel
and Bonatti 1985; Dick 1989) (figure 3).

The depleted character of the N-harzburgite
is confirmed by very low Al,O3 and CaO con-
tents. Compared to the N-harzburgite samples,
Cpx-harzburgites are fertile, displaying a lower
MgO content (~28 wt.%) and higher Al,O;
(~2.29 wt.%) and CaO contents (~1.82 wt.%).
Whole rock Al,O; and TiOy concentrations in
all samples show a positive correlation from N-
harzburgite to Cpx-harzburgite; this feature is
interpreted as the effect of clinopyroxene enrich-
ment in the rocks. The covariation diagrams
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Figure 5. Primitive mantle-normalized multi-element diagrams for Sidi Mohamed peridotites; primitive mantle values after

Sun and McDonough (1989).
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(figure 4a and b) of SiO,, CaO, NayO, TiO, wvs.
Al;O3 and Cr, Ni vs. Al,O3 show that all sam-
ples plot in the mantle peridotite field (orogenic,
ophiolitic and abyssal) from Bodinier and Godard
(2003). In trace element binary diagrams V ws.
Sc, Yb, Al,O3 and Sc vs. Al,O3 (Canil 2004), the
Sidi Mohamed samples plot also within the mantle
(orogenic, ophiolitic and abyssal) peridotites areas
(figure 4c). The high concentration in Rb and Ba
and the occurrence of phlogopitites and amphi-
bolites in the outcrop indicates that the rocks
underwent a metasomatic event.

REE are generally considered immobile dur-
ing metamorphism (e.g., Campbell et al. 1984;
Lesher et al. 1986). Primitive-mantle normalised
multi-element plots for the harzburgites from Sidi
Mohamed are presented in figure 5, the normalising
values are from Sun and McDonough (1989). The
Sidi Mohamed peridotites show parallel, relatively
flat and slightly HREE depleted patterns (figure 5).
All samples show weak LREE enrichment relative
to HREE (La/Yb)x = 0.9-3.9 and negative Eu
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Figure 6. Geochemical comparison of the Sidi Mohamed
olivines with mantle and igneous olivines of known environ-
ments: (a) Olivine NiO vs. Fo diagram after Takahashi et al.
(1987), (b) Olivine NiO vs. MgO diagram after Fleet et al.
(1977). MOA: Mantle olivine array, MORB: Field of olivine
from mid-oceanic ridges.
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anomalies (Eu/Eu* = 0.07-0.46). The Eu anomaly
in ultramafic rocks results from redox conditions
during metasomatism (McCammon et al. 2001)
and indicates lack of plagioclase.

High ((La/Gd)xy=1.44-5) and low ((Gd/Yb)x=
0.7-1.1) ratios of the Sidi Mohamed harzbur-
gites are good indicators of mantle metasomatism
(Gruau et al. 1995) or melt-mantle interaction
(Zhou et al. 2005). The apparent depletion of Ce
might be rather obvious from a slight enrichment
of La which in turn may be due to metasomatism.
The least serpentinized samples show the high-
est LREE contents, close to the primitive mantle
values. The Nb anomalies (Nb/La = 0.08-0.43),
relative to the neighbouring elements, suggest a
subduction environment.

The Sidi Mohamed olivine is highly magnesian
with a large forsterite number (Fo#; Mg/Mg+
Fe*100) > 94. Such values are typical of resid-
ual mantle or metamorphic rocks. Their weight
percentage of NiO (0.45-0.57 wt.%) indicates an
upper mantle nature (Arai 1987). Plots of olivine
in the bivariate diagrams wt.% Ni vs. Fo# from
Takahashi (Takahashi et al. 1987) and wt.% Ni vs.
MgO from Fleet (Fleet et al. 1977) confirm their
mantle nature (figure 6).

The orthopyroxenes indicate an igneous and
mantle-related composition (figure 7) (Bhattacharyya
1971; Rietmeijer 1983). With regard to the primary
mantle clinopyroxenes (TiO, = 0-0.97 wt.%), the
Sidi Mohamed diopsides are Ti-poor (<0.05 wt.%
TiO;) and show lower Al-content (0.08-0.21 wt.%
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Figure 7. (MgO +FeOxot) vs. AloOg diagram of Bhattacharyya
(1971) modified after Rietmeijer (1983) showing non-
metamorphic and mantle origin of the orthopyroxenes of the
Edough Massif peridotites.
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Al,O3). The abundances of these elements as well
as of Na,O (0.02-0.04%) and Cr (<0.04%) in the
clinopyroxenes of Sidi Mohamed are comparable
to those from ophiolitic and oceanic peridotites
(Kornprobst et al. 1981; Casey 1997).

8. Conclusion

Based on modal composition, whole rock and min-
eral chemistry, the Sidi Mohamed peridotites rep-
resent residual material of upper mantle origin.
Their harzburgitic mineral assemblage and high Fo
and Ni content in olivine, their high Ni and Mg
whole-rock composition are comparable to features
of residual peridotites formed by partial melting
of the upper mantle. Their REE contents corre-
spond to those of upper mantle. We suggest that
the Sidi Mohamed ultramafic body was derived
directly from the upper mantle and tectonically
incorporated to the gneiss units of the Edough
metamorphic core complex. Their Nb anomaly sug-
gests that during its geodynamic evolution the
Sidi Mohamed mantle peridotite was related to a
subduction environment.
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