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Abstract
New EPMA and LA-ICP-MS data of pyroxene and chromite are used to assess the so far published tectonic setting of
Wadi Ghadir Ophiolite (WGO) in the Central Eastern Desert of Egypt. The low contents of TiO, (< 0.46 wt%) and high
MgO (13.39-15.17 wt%) concentrations in the analyzed clinopyroxene suggest a depleted residual mantle source material.
The trace element composition and REE patterns reflect transitional IAT-boninitic geochemical affinities in a supra-
subduction zone setting. Chromite, on the other hand, shows high Cr#(Cr/(Cr+Al)) (0.83-0.88 mol) and relatively constant
Mg#(Mg/(Mg+Fe*?)) (0.66-0.70 mol), indicating a high degree of partial melting of the uPP.er mantle source. These
features are typical for supra-subduction zone in a back-arc or inter-arc basin setting. The micro-analytical data of relict
magmatic mineral phases in the WGO and other ophiolitic rocks in the Arabian-Nubian Shield can help in interpreting their

precise tectonic setting as far as data of the immobile, incompatible elements are used.
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1. Introduction

Ophiolites and ophiolitic melanges are the major
components of Arabian Nubian Sheild (ANS)
representing fragments of oceanic lithosphere obducted
onto the continental crust during the amalgamation of the
ANS [53]. They consist of a lower “mantle” unit of
serpentinized ultramafic rocks and an uPP.er “crustal”
unit of layered and isotropic gabbro, sheeted dykes and
pillow basalts . In the Egyptian Eastern Desert (ED), the
Neoproterozoic ophiolites are typically composed of
dismembered blocks in a tectonic mélange and widely
distributed in the central and southern blocks of the ED.
These rocks are commonly located along the major
thrust faults [25] [26] [27], and particularly along the
decollement and suture zones (e.g., Wadi Ghadir,
Fawakhir area, ElI Rubshi, EI-Degheimi area, Jebel
Shilman area, Gebel Mogsim, Gebel EL Gerf, and Abu
Dahr ophiolites) Fig (1). They have supra-subduction
geochemical signatures (e.g., Fawakhir area [1]; Wadi
Ghadir ophiolite [31] [1]; Abu Dahr ophiolite [34]; Wadi
Semna [9] , but either forearc or backarc setting is
remain controversial [1].

The Wadi Ghadir ophiolite in the Central Eastern
Desert (CED) of Egypt was selected to envisage its
mineralogical and geochemical characteristics as a well-
constrained, heavily studied ophiolitic sequence in the
ED.

2. Methods aPP.lied

The petrographic studies were carried out on a
number of thin sections representations the various rock
units exposed in the study areas. An Olympus BX51-P
microscope was used to study and photograph the most
fresh samples for their mineral components and textures.

2.1 Bulk rock trace element analyses by ICP-MS
procedure

For each sample, ~100 mg of whole rock powder was
digested in concentrated HF-HNO; followed by
concentrated HNO; and then dried. Dried samples were
re-dissolved and diluted in 2% ultrapure HNOs, and
subsequently analyzed by inductively coupled plasma
mass spectrometry (ICP-MS) on a Thermo iCapQc™
mass spectrometer at Rutgers University. Three
standards (BCR-2, BIR-1a, BHVO-2) were used to
calibrate the instrument with regressions vyielding r?
values of at least 0.99 for all of elements measured. Each
sample consisted of 10 main runs, with each run
containing 10 sweeps of the desired mass range. An acid
blank and calibration standards were analyzed every 15
samples to ensure instrument calibration. The instrument
calibration was also monitored by analyzing the
calibration standards as unknowns during the run.

Petrographic investigations were aided by SEM
back-scattered electron imaging. Chemical composition
of silicate and spinel (chromite) in the selected samples
was determined on polished thin sections using a SX-50
Cameca instrument at the Technical University of
Clausthal, Germany. Operating conditions for sulfides
were a 20 keV accelerating voltage, with a 30 nA beam
current (1 um focused beam), and counting times of 10
to 100 sec. For silicate and chromite, the operating
conditions were 15 kV, with a beam current of 10 to 20
nA, a beam size of 1 micron, and counting times of 20
seconds. Standards used were silicates, oxides, and pure
elements.
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Fig (1) Distribution of the ophiolitic rocks in the Eastern Desert, Egypt
(Modified from Shackleton et al., 1980).

2.2 Trace elements in silicate by LA-ICP-MS

Laser ablation single collector ICP-MS analyses of
pyroxene minerals were performed at the University of
Kiel, using a 193 nm ArF excimer laser ablation system
(GeoLasPro Plus, Coherent) coupled to an Agilent 7500s
ICP-MS. Samples were loaded into a Zurich-type low
dispersion high capacity laser ablation cell flushed with
1.0 L/min He as the carrier gas. Addition of 14 mL/min
H2 into the He carrier gas stream before entering the
ablation cell led to an increase in sensitivity and
reduction of oxide formation. The laser was run at a
pulse frequency of 5 Hz and pulse energy of 2.6 J/cm? on
the sample surface with a 50 um spot size. The laser was
automatically switched on for 60 seconds for signal
acquisition and then off for 20 seconds for background
levels to be attained and measured. To reduce the
potential error from surface contamination, the first 5-10
s of each sample acquisition were discarded from data
integration. The GLITTER software package was used
for data reduction using the graphical visualization tool
for setting integration intervals for each analyzed spot. In
GLITTER external calibration was done with silicate
glass NIST SRM612 using “Ca for internal
standardization.

Ultramafic rocks are the most abundant and
distinctive ophiolitic component, particularly at the
base of the ophiolite which is widespread in a mélange
forming large masses, reaching up to mountains as in
Gebel Lawi, Gebel Lewiwi, Gebel Al-Anbaut and
Gebel Ghadir, which are highly serpentinized Fig (2).
Massive and schistose serpentinite crosscut by
listvenite veins at Gebel Al-Anbaut, talc carbonate Fig
(), and magnesite pockets at Gebel Ghadir. Mainly
relict of ultramafic rocks is still preserved along wadi

Saudi as peridotite and intruded by layered and meta-
gabbro.

3. Geologic setting and study areas

In the CED, the best-exposed ophiolite sections in
Wadi Ghadir, at Wadi El Beda and along Wadi Saudi,
are considered a Penrose ophiolite sequence. It has been
deformed and exposed by shear zones associated with
the Najd transcurrent fault system and was emplaced by
SE-NW directed thrusting. The Wadi Ghadir area is
located in the Central Eastern Desert (CED) of Egypt,
between latitudes 24°43'N and 24°49'N and longitudes
34°45'E and 35°00'. A detailed field study revealed that
the study area is classified into ophiolitic and non-
ophiolitic rocks comprising ultramafic/mafic rocks,
metasediments, tectonically melange, island arc
metavolcanic, meta volcaniclastics, leucogabbro, and
late-to syn-tectonic granite rocks Fig(2). It has a series of
WNW to NW trending brittle and ductile faults
characterized the Najd system [52]. Wadi El Beda and
Wadi Saudi are the best exposures of ophiolite in wadi
Ghadir environ. They composed essentially of, from
lower to uPP.er, cumulate ultramafic rock peridotite,
layered gabbro, deep-seated gabbro, a sheeted dyke
complex and pillow lava basalt associated with a thin
cap of deep-sea sedimentary rocks, it considered a
Penrose ophiolite type Fig (3).

The best exposure of the metagabbros is at Wadi El
Beda and along Wadi Saudi. The layered metagabbro is
considered major unit Figs (4b-c), transitional upward
into the massive coarse-grained metagabbro, micro
metagabbro and the hypabyssal metagabbro at the top
and transitional downward into trachygabbro and
relatively unaltered metagabbro at the bottom.
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Fig (2) Geologic map of the Wadi Ghadir area (modified after Abd
El Rahman et al., 2009).

The layered gabbro also exposed along the eastern
part of Wadi Saudi. The layered gabbro considered as
the major unit, which is clearly layered with white
plagioclase and dark altered pyroxenes Fig (4c). They
are intruded by calc-alkaline granitoid plutons at the
eastern part of Wadi Ghadir area and closely associated
with porphyritic pillow lavas at Wadi Saudi Fig (4b).

Sheeted dyke complexes, which are characterized by
Penrose-type ophiolites of [21], are exclusively present
in Wadi Ghadir ophiolite. They crop out along the
southern part of Wadi El Beda Fig( 4e) and the
northeastern part of Gabal Ghadir. They show variation
in composition from diabase to mafic, granophyre dykes
also observed Fig (4d).

Pillow lavas are best preserved in Wadi Ghadir
environ, which are exposed as vesicular pillow lavas in
the southwestern part of Wadi El Beda closely associated
with metabasalt Fig (4€), and as porphyritic pillow lavas
at the Eastern part of Wadi Saudi closely associated with
metagabbro Fig( 4f). They have different shapes from
rounded, oval, elliptical and circular with different size.

Metabasalt is associated with metagabbro and
pillowed basalt at the western part of Wadi El Beda.
While metasediment is exposed along Wadi Saudi
associated with layered gabbro and relict of ultramafic
rocks and is widespread in mélange around the western
part of Wadi Ghadir as mudstone Fig (2).
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Fig (3) Geologic map of the best-exposed ophiolitic section at
Weadi El Beda (modified after Abd El Rahman et al.,

2009).
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Fig (4) (a) Talc-carbonate in the ultramafic rock along shear zone at Wadi El Beda,
(b) Metagabbros associated with metabasalt at wadi Saudi (looking E), (c)
Layered metagabbros, (d) General view of sheeted dykes at the southern part of
Wadi El Beda (looking N), (e) Vesicular pillow lavas in the southwestern part
of Wadi El Beda (looking N), (f) Porphyritic pillow lavas at the Eastern part of
Wadi Saudi closely associated with metagabbro.

4. Petrographic characteristics

Relict of ultramafic rocks is still preserved along
Wadi Saudi as peridotite intruded by layered and meta-
gabbro. They composed essentially of serpentine
mineral (dominated by antigorite and lizardite),
actinolite, and tremolite with relics of olivine and high
abundance opaque minerals Fig(5a) including pyrite,
chalcopyrite, and goethite. Serpentinites are composed
essentially of lizardite, antigorite, sepiolite, brucite and
Chromite with minor olivine and pyroxene relics and
opaques Fig(5b). Sepiolite is a hydrous silicate
mineral commonly associated with serpentine and
occurs as yellow fibrous Fig(5b).

Metagabbro is the most abundant rocks in the Wadi
Ghadir. The petrographic studies revealed that there
are different varieties of the metagabbros basically
composed of uralitic pyroxenes, partially altered
plagioclase and opaque minerals with some accessory
minerals. Mesocratic gabbro composed mainly of
pyroxene (partly metamorphosed into actinolite and
tremolite) and plagioclase (anorthite in composition
and partly altered into albite and saussurite) with an
abundance of opaque minerals Fig(5c). Isotropic
metagabbros vary in grain size from coarse- to
medium-grained having pyroxenes, plagioclase,
amphibole, chlorite, and calcite, with apatite as a
secondary mineral, and less amount of olivine with
serpentine Fig (5d). Layered gabbro essentially
consists of pyroxenes, kaolinite and epidote with
altered plagioclase, opaques, apatite,

olivine relics, serpentine, garnet, talc, and
anthophyllite Fig (5e). Trachygabbro essentially
consists of plagioclase (altered into kaolinite,
saussurite, and sericite), and pyroxenes (dominated by
orthopyroxene and clinopyroxenes) with uralitic
amphibole and olivine relics altered into talc with
minor amounts of apatite.

Sheeted dykes are exclusively presented in Wadi
Ghadir ophiolite and showing varying composition
from diabase to mafic composition, as granophyre
dykes also observed. The mafic dykes include a fine-
grained metabasalt and rosette gabbro or gabbro-
diorite sheeted dyke. Metabasalt composed mainly of
plagioclase (occurs as laths partially altered to
kaolinite, saussurite, and epidote) and pyroxenes
(altered to actinolite) with amphibole and serpentine as
secondary minerals Fig(5f). The rosette gabbro or
gabbro-diorite sheeted dyke is composed mainly of
plagioclase, pyroxenes, quartz, opaque and amphibole
Fig (59).

Pillow lavas are observed in Wadi Ghadir ophiolite
as; vesicular pillow lavas, and porphyritic pillow lavas.
Vesicular pillow lava is mainly composed of
plagioclase occurs as laths, augite, chlorite, vesicles
filled with calcite and other carbonates within glassy
groundmass Fig (5h). Porphyritic pillow lava
essentially composed of phenocrysts of plagioclase,
pyroxenes, and amphibole set in cryptocrystalline
groundmass formed of laths of kaolinitized plagioclase

Fig (5i).
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5. Mineral chemistry

The magmatic differentiation processes from
ultramafic(mantle) to mafic(crust) in deep within the
spreading centres not only concentrate olivine and
pyroxenes but also concentrate sulfides and chromite
as magmatic ore deposits. These minerals formed in
the oceanic crust that has been obducted over
continental margins by different tectonic settings to
form ophiolite. During alteration and metamorphism
especially serpentinization, Cr-spinels and
clinopyroxene are usually remains without significant
changes giving fingerprint evidence of tectonic
settings and magma types.

5.1 Pyroxenes

Pyroxene minerals occurring as preserved relicts in
the WGO layered metagabbro were analyzed by
EPMA for major elements and by LA-ICP-MS for
trace and REE composition, in an attempt to
investigate its tectonic setting. The data show the
presences of clinopyroxene and orthopyroxene. The
clinopyroxene composition ranges from EnsgFs1,W03g
to plagioclase has altered to zoisite (Zo) in the
isotropic metagabbros, (e) a radiating anthophyllite
(Ath), talc (TIc), serpentine (Srp), and apatite (Ap) of
layered gabbro, (f) Mineral compositions of
metabasalt, (g) Rosette gabbro or gabbro-diorite
composed essentially of zoned altered plagioclase and
pyroxenes with quartz and opaque minerals, (h)
Vesicular pillow lavas, (i) porphyritic pillow lavas.

Ens,Fs;;Wo3,, while the orthopyroxene from
EngsFssWoq to EnggFs,; W0, 15 Table (1-2). Augite and
clinoenstatite are therefore the main pyroxene minerals

173

in the studied rocks Fig (6a). Temperatures of
pyroxene crystallization calculated on basis of the two-
pyroxene thermometer of range from 862-864°C
and1202-1220°C for orthopyroxene and
clinopyroxene, respectively Fig (6b).

The clinopyroxenes are mainly high SiO, (51.15-
53.66 wt. %), MgO (13.39-15.17 wt. %), and low TiO,
(<0.46 wt. %) (Table 1), with the very low molecular
Ti/Al (average 0.05) similar to back-arc basalts. Fig
(7) shows that the clinopyroxene of the studied
gabbroic rocks is low and very low-Ti-type based on
the Ti content similar to samples from other supra-
subduction zone-type ophiolites of Troodos, Vorinous,
Pindos and Oman [11]. The relationship between the
Al,O; content of clinopyroxenes and the degree of
silica saturation of the magma from which the crystals
formed suggested that the studied clinopyroxenes’ of
layered gabbro gabbros have non-alkaline (sub-
alkaline)

pyroxenes from the tholeiitic ocean-floor basalt, the
tholeiitic within plate basalt and the volcanic arc basalt
groups plot Based on the F 1 -F 2 discrimination
diagram of [44], the plot in the within-plate tholeiitic
basalt field Fig (8b) (Fig (8 c-d )

displays the compositional correspondence of
clinopyroxenes from various ophiolitic basalts to those
from oceanic actualistic equivalents (IAT and
boninites-BON). It suggested that the clinopyroxenes
of the gabbroic rocks of WGO are aPP.ropriate with
those of island arc because of the low Ti and Na and
high Si contents Fig (8c). Some samples are displaced
towards the boninites because of the low Al content
Fig (8d).

Fig(5) Photomicrographs of Wadi Ghadir ophiolite showing: (a) relict of ultramafics have serpentine (Srp),
actinolite(Act) ,and a high abundant of opaque minerals, (b) fibrous sepiolite (Sep) associated with
serpentine and actinolite (Act) in serpentinite, (c) Mesocratic gabbro consist of clinopyroxene (Cpx),
orthopyroxene (Opx) partly altered to amphibole (Amp), (d) relics of olivine (Ol) still preserved with

serpentine (Srp) at its rim,
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Fig (7) Ca-Mg-Fe (at.%) diagram for Ca-clinopyroxenes from high-Ti (left), low-Ti and
very low-Ti (right) ophiolitic basalts. Abbreviations." NA = Northern
Apennines; TRO = Troodos, Pl= Pindos, VOU= Vourinos, NFL =
Newfoundland, QB = Quebec; CO = Corsica (after Beccaluva et al., 1989).

Table (1) Representative EPMA data (wt. %) and calculated structural formulas of clinopyroxene
from the Wadi Ghadir ophiolites.

Sample/no 3/1. 7/1 . 10/1 . 17/1 . 18/1. 23/1. 27 /1 .
SiO2 51.36 52.24 51.88 53.66 51.25 53.21 51.15
TiO> 0.46 0.28 0.23 0.27 0.40 0.21 0.38
AlzxO3 7.24 7.23 7.15 6.36 9.33 6.00 8.65
FeO 11.58 11.31 10.82 9.92 10.82 10.62 11.83
MnO 0.87 0.70 0.72 0.73 0.72 0.74 0.85
MgO 14.49 14.61 14.59 15.17 13.87 15.11 13.39
CaoO 12.07 12.56 12.25 12.69 12.33 12.49 11.90
Na>O 0.42 0.49 0.53 0.46 0.61 0.41 0.64
K20 0.10 0.07 0.07 0.14 0.16 0.11 0.07
Cr>O3 0.05 0.04 0.01 0.00 0.06 0.00 0.00
Mole Proportions

SiO2 0.85 0.87 0.86 0.89 0.85 0.89 0.85
TiO2 0.01 0.00 0.00 0.00 0.01 0.00 0.00
AlzO3 0.07 0.07 0.07 0.06 0.09 0.06 0.08
FeO 0.16 0.16 0.15 0.14 0.15 0.15 0.16
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01
MgO 0.36 0.36 0.36 0.38 0.34 0.37 0.33
CaO 0.22 0.22 0.22 0.23 0.22 0.22 0.21
Na>O 0.01 0.01 0.01 0.01 0.01 0.01 0.01
K>O 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr>O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 1.69 1.71 1.69 1.72 1.69 1.71 1.67
Cations on the basis of 6 oxygens

Si 1.91 1.92 1.92 1.96 1.88 1.96 1.89
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01
AWV 0.09 0.08 0.08 0.04 0.12 0.04 0.11
AIVD 0.22 0.23 0.24 0.23 0.28 0.22 0.27
A totab 0.32 0.31 0.31 0.27 0.40 0.26 0.38
Fe*™" 0.36 0.35 0.34 0.30 0.33 0.33 0.37
Mn 0.03 0.02 0.02 0.02 0.02 0.02 0.03
Mg 0.80 0.80 0.81 0.82 0.76 0.83 0.74
Ca 0.48 0.49 0.49 0.50 0.48 0.49 0.47
Na 0.03 0.03 0.04 0.03 0.04 0.03 0.05
K 0.00 0.00 0.00 0.01 0.01 0.01 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 3.94 3.94 3.93 3.92 3.94 3.93 3.93
Compositions

Wo 30.55 31.35 30.95 31.44 31.88 30.95 31.08
En 51.03 50.75 51.29 52.30 49.91 52.11 48.67
Fs 16.50 15.68 15.34 14.19 15.35 15.10 17.23
Ac 1.92 2.21 2.42 2.06 2.85 1.84 3.02
Parameters

Cr# 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg# 0.69 0.70 0.71 0.73 0.70 0.72 0.67
TO) > 1215.65 1212.21 1214.23 1217.56 1201.98 1220.50 1207.15

* Temperature is calculated based on pyroxene thermometer of Putirka (2008)
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Table (2) Representative EPMA data (wt. %) and calculated structural formulas of orthopyroxene from the Wadi

Ghadir ophiolites.

Sample/no 6/1. 8/L. 9/1. 10/1. 1171 12/1. 13/1. 1471, 15/1. 16/1. 1711
Si0, 41.39 4115 4152 4151 4121 40.93 40.89 4111 4129 4130 40.86
Tio, 0.01 0.02 0.00 0.01 0.00 0.00 0.03 0.01 0.01 0.00 0.01
AL,O; 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00
FeO 852 8.64 8.07 8.29 873 8.90 8.93 7.87 831 7.75 8.05
MnO 0.10 0.14 0.16 0.14 013 011 0.12 0.15 0.16 0.16 0.13
Mgo 50.70 50.60 50.85 50.68 50.40 50.32 49.83 50.94 50.98 51.08 50.96
ca0 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.04 0.00 011
Na,0 0.00 001 0.02 0.02 0.00 0.02 0.00 001 0.01 0.01 0.00
K0 0.00 0.01 0.01 0.01 0.00 0.02 0.01 0.01 0.00 0.00 0.01
Cr,03 0.01 001 001 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00
Mole Proportions

Si0, 0.69 0.68 0.69 0.69 0.69 0.68 0.68 0.68 0.69 0.69 0.68
Tio, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al,03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.12 0.12 011 0.12 0.12 0.12 0.12 011 012 0.11 011
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 126 126 126 126 125 125 124 126 126 127 126
ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr,0, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sum 207 2.06 2.07 2,07 2.06 2.06 2.04 2.06 2.07 2.06 2.06
Cations on the basis of 6 oxygens

Si 150 150 150 150 150 1.49 150 150 1.49 150 149
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.50 050 050 0.50 050 051 050 050 051 050 051
AIVD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Fig (8) a) Al,O3 vs. SiO, of the studied clinopyroxene, field after Le Bas (1962), b)

Fi-F2

discriminant functions for

clinopyroxene analyses, discriminant

boundaries after Nisbet and Pearse (1977), ocean-floor basalts (OFB),
volcanic arc basalts (VAB), within plate tholeiitic basalts (WPT) and within
plate alkalic basalts (WPA), ¢) and d) co-variation diagram of the analyzed
clinopyroxenes in view of the tectonic settings (IAT: island arc tholeiite,
BON: boninite, MORB: mid-ocean ridge basalt; after Beccaluva et al., 1989),
¢) TiO,-Na,0-Si0,/100 (wt. %), d) Ti versus Al™ (atomic ratios).

The LA-ICP-MS data of the clinopyroxene from
show enrichment of their trace elements e.g., Rb (0.07
-1.6 PP.m), Ga (9-57 PP.m), Sr (5.7-99.9 PP.m), Y
(8.9-60 PP.m), La (0.6-10 PP.m), Hf (0.2-3 PP.m), Th
(0.06-0.7 PP.m), Nb (0.1 -7.8 PP.m) (Table 4) and
have high abundance of LREEs (average 20.3 PP.m)
rather than HREESs (average 18.4 PP.m). Thorium (Th)
and Niobium Nb are the indicators for the crustal input
because they are highly immobile from weathering to
lower amphibolite facies metamorphism acting
similarly during most petrogenetic processes [45].

While, in certain types of granulitic lower crust, Th
may be depleted relative to Nb, and Nb tends to be
mobile only in the deep melt at the highest
temperatures or by very low degrees of melting [45].
Therefore, in the Nb/Yb versus Th/Yb tectonic
discrimination diagram of Pearce (2008), the chemical
composition of clinopyroxene of WGO gabbros plot
distinctively away from the terrestrial MORB-OIB
array consistent with the arc-backarc setting Fig (9a).
Due to low Nb content, the clinopyroxene analytical
data plot within the arc basalts field based on Hf~Th—
Nb tectono-magmatic discrimination diagram [59] Fig.
(9b).
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REE abundances in clinopyroxenes in the WGO
gabbroic rocks are listed in Table 3. Chondrite-
normalized REE patterns of these clinopyroxenes have
flatter patterns with mild depletion in LREE Fig (9c),
with [(Lu/La)y < 10] that is comparable with
clinopyroxene reported from Oman ophiolite (which is
SSZ-type ophiolite) [51]. The concentrations of the
most incompatible trace elements of these
clinopyroxenes are also close to the primitive mantle
abundances with positive K, Nb, Nd, Sm, and Ti Fig.
(9b), referring to partial melting and mantle
metasomatism [58].

5.2 Chromite

The chromite minerals of WGO were analyzed by
electron microprobe for major oxides to better
understand the petrogenesis and palaeotectonic
environment of this type of ophiolite (Table 4). Their
chemical composition revealed enrichment of Fe*
(2.4-2.7) and low abundances of Fe™ (0.4-0.7)
indicating that chromite from gabbro relatively fresh
with minor rim alteration. which, the Fe™ and
Fe**concentrations are relatively constant much across
the rim and the core.

The Al-Cr—Fe* ternary diagram is to discriminate
between diverse types of chromite (Fig. 10a; [12]
shows that chromite data plot in the ophiolite field.
The Cr-Fe**-Al ternary discrimination diagram of [54]
shows the studied chromites are homogeneous in
compositions that are similar to the Al-type chromites
Fig (10b).

The high Cr/Cr+Al ratio that ranges from 0.83 to
0.88 and high and relatively constant Mg/Mg+Fe?*
ratio that ranges from 0.66 to 0.70 of the chromite
suggested a high degree of partial melting of the
uPP.er mantle source (Arai, [7]; Ishiwatari et al., [38]).
In the Mg/Mg+Fe* versus Cr/Cr+ Al diagram the
composition of chromite from WGO is compared with
the chromite composition from the Archean greenstone
belts and the Archean layered complexes. Chromite

from these rocks has high Cr/Cr+Al ratio rangeing
from 0.83 to 0.87 and shows high and relatively
constant Mg/Mg+Fe*? ratio to be between 0.63 and
0.64 wt%. The chromite compositions plot within
Archean greenstone belts field close to Nuasahi
Sukinda chromite Fig(10 c) and plot in ophiolitic
chromite field Fig (10 d).

Both high Al and high Cr podiform chromitites are
essentially presented in the central Eastern Desert
ophiolite complexes, whereas the south Eastern Desert
complexes only have high-Cr chromitites type [3].

Kamenetsky, et al., [39] stated that the TiO, and
Al,O; contents of chromite minerals are relatively
controlled by magma composition. Therefore, they
used their characteristic to define geodynamic settings
in which the magma formed. The chromite data of
WGO plot in the arc field overlaPP.ing with fields of
SSZ peridotites Fig(1la). Also, the low titanium
content revealed that the ophiolitic rocks formed in an
arc-tectonic setting, and their chromite evolved in a
supra-subduction zone arc setting.

In the Cr/Cr+Al versus TiO, tectonic discriminant
diagram, chromite compositions plotted within IBM
(1ZU Bonin Mariana) field that indicates to transitional
magma type between boninite and IAT and shows
subduction related reaction Fig (11 b). An equation
was proposed by Maurel & Maurel [42] used to
calculate the Al,O3 contents of melts in equilibrium
with chromite (equilibrium at 1 bar) as following:
[AlO3 ginet = 0.035 X (Al,O3 mer)’*]. The Al,0;
contents of melts in the studied WGO chromites range
from 8.1 to 9.7 wt%, are nearly similar the boninite
melt in their compositions. Fig (11c) that shows the
relation between AI203 content of the studied
chromite and those of the melt suggesting their data
plot very close to the evolutionary trend of an arc
system Fig (11c; Kamenetsky, et al. [39]; Rollinson et
al[50]). Franz and Wirth [33]) used the AlI203-Cr203
relations to differentiate the arc cumulate spinels from
mantle arrays, show that the WGO chromite is arc
cumulate spinels Fig (11) .

Fig (9) a) Th/Yb vs. Nb/Yb discrimination diagrams for clinopyroxene of WGO (Pearce,
2008), b) Hf-Th-Nb tectono-magmatic discrimination diagram (Wood, 1980), c)
Chondrite-normalized REE patterns of the analyzed clinopyroxenes from WGO after
Sun and McDonough (1989). d) Primitive mantle-normalized REE patterns of the
analyzed clinopyroxenes from WGO after Sun and McDonough (1989).
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Table (3) LA-ICP-MS analyses of clinopyroxene from the Wadi Ghadir ophiolites .

sample  |1275304-1 1285304-2 1295304-3 1303304-4 1315304-5 1325304-6 1335304-7 1345301-1 1355301-2 1365301-3 1375301-4 1385301-5 1395301-6 140S301-7 1415303-1 1425303-2 1435303-3 144$303-4 1458303-5 1465303-6 14753037 1485303-8 15353025
Ba 6.12 826 765 753 489 1341 9.99 1753 6.66 415 429 789 640 464 872 6.15 79 3 6.07 448 423 5.06 524
Co 11962 18577 90.27 8990 10784 11693 9578 27773  117.03 8780 9200 10643 14345 11296 11864 9823 13376 10544 12483 12183 11288  156.65 139.62
Cu 6018 22462 7440 2440 13421 89.16 2168 45404 6166 210 3N 5700 13764 3361 1259 5701 20962 2302 25249 14975 8025 19532 17149
Ga 1381 26.06 nn 1023 1392 un 9.19 4189 1554 101 .02 1334 2029 1381 1770 nn 1553 1393 1458 1283 1268 194 16.99
Hf 156 065 288 1 068 155 064 069 336 095 197 297 048 075 807 138 083 187 053 048 0.94 021 039
Li .01 5875 846 8.06 873 1750 407 13546 1424 29 530 1082 3749 077 040 6.30 2352 360 18.46 1354 9.39 34.37 30.69
Nb 064 061 21 0.26 013 033 0.5 021 061 0.88 0.76 106 022 018 781 160 0.18 215 0.17 0.15 01 0.18 014
Ni 42876 86487 36724 34055 34L56 48471 35345 130537 47825 33474 43549 43428 62469 35054 56148 35113 58980 42236  509.82 50200 43499 67664 618.59
P 4138 2872 22 n2 19.82 2984 1886 2887 21 3063 833 02 3053 567.64 4817  49.78 48.16 40.19 2014 2120 845 481915 1952
Pb 03 029 027 0.04 019 024 020 030 025 0.18 034 021 021 016 060 031 022 041 017 020 017 021 018
Rb 035 118 074 156 044 092 0.40 239 067 0.22 048 067 075 026 134 054 041 023 0.64 0.35 0.38 050 061
Sc 22832 13751 16804 22759 21202 22988 19592 227.97 19284 19543 13355 22607 11345 7178 15284 19769 14297 21591 14000 14411 26163 3871 106.30
Sr .34 1460 1752 7.06 1023 4133 862 a9 1068 770 809 148 1474 1080 578 1027 1943 7.0 17 964 876 1349 133
Ta 003 0.05 017 001 0.00 0.02 0.01 0.02 0.06 0.03 0.01 007 0.02 003 052 007 0.02 0.08 0.02 0.01 0.00 0.01 001
Th 010 010 070 005 007 015 026 012 0.80 037 030 030 007 018 068 052 016 018 0.8 0.08 0.06 061 010
u 003 005 012 001 0.02 0.04 0.03 0.05 0.26 0.05 0.08 004 003 003 0.09 0.06 004 0.08 0.04 0.03 0.02 0.09 002
\ 83418 65491 71861 727.25 92915 76536 57168 91213 79402 599.74 58503 81389 49209 41184 107394 72494 58440 72191 47068 41035 86414 40615 42052
Y 5247 1600 4657 2691 2916 4159 2099 15.36 50.39 2891 3779 5014 834 19.46 68.90 3736 1408 5326 927 8.96 2854 5785 721
n 10439 31587 15039 13565 17608 19315 15863 47224 18302 15046 187.27 17007 23858 189.05 27525 16754 21587 21388 20769 20262 18560  280.18 22.22
i 4101 1889 8499 2132 1718 3533 238 1984 13295 2597 4698 839 1380 2144 43011 412 235 4831 1770 1209 2167 7.66 unz
La 197 104 pAY 020 072 102 084 0.76 0.86 239 33 28 107 pAY 6.0 209 0.62 32 0.65 067 0.62 1363 072
Ce 805 398 1018 114 28 441 275 236 434 7.5 1014 1060 336 745 1836 6.80 213 1013 220 229 226 4306 228
Pr 168 064 18 034 061 093 053 0.38 0.98 123 176 203 050 123 2% 126 035 163 0.39 0.40 047 7.04 040
Nd n12 340 1059 300 453 6.60 346 202 734 647 9.46 1.9 229 6.24 1582 79 203 9.38 223 232 320 36.34 207
Sm 501 12 414 1% 239 343 157 0.69 392 230 325 448 063 179 589 336 092 417 0.79 0.85 i 9.38 056
Eu 085 054 072 018 044 057 037 0.36 059 088 057 088 049 053 127 090 034 091 0.36 0.38 0.35 116 040
Gd 715 174 571 355 385 549 265 112 6.19 331 447 6.64 0.75 23 815 496 146 655 7 jBi3 309 1046 070
Th 13 034 108 071 074 107 052 0.23 123 0.65 0.85 121 015 042 153 093 029 121 0.22 021 0.59 154 014
Dy 9.24 253 7.66 5.08 536 748 380 209 879 476 6.11 870 115 307 1100 654 216 9.01 150 147 422 957 104
Ho 202 059 1n 113 jsy 168 084 055 198 109 137 19 030 072 251 145 053 19 0.36 0.34 0.95 200 026
Er 59 19 526 318 334 478 241 203 517 344 429 571 099 228 778 430 173 6.03 110 106 275 5.66 085
m 085 030 081 045 047 068 035 033 082 052 0.67 082 017 034 121 061 028 088 017 0.6 039 070 015
Yb 5.66 234 556 28 316 458 245 265 5585 384 475 553 13% 264 872 408 226 6.35 118 114 264 429 113
Lu 081 035 081 037 044 068 039 0.4 082 061 0.76 083 03 041 135 058 038 096 019 0.18 041 0.62 018
Parameters

IREE 6164 2090 58.23 2412 30.04 4339 29 1600 4918 3875 5178 6406 1343 3161 262 4582 1548 6250 1251 1258 871 14545 1087
X LREE 2868 1078 2962 681 151 169 952 656 1803 205 85 2B 833 1940 5038 237 639 245 663 691 867 11061 643
I HREE 2% 1012 2861 1731 1853 26.44 1341 9.44 3L15 1822 2821 3134 509 naA 25 2346 9.09 304 5.88 567 1504 3484 444
Eu/Eu* 044 114 046 021 045 040 056 127 037 0.65 046 049 219 079 056 068 091 054 116 12 046 0.36 1%
(Lu/La)y 397 329 364 1787 6.03 6.45 450 5.62 9.31 241 221 284 21 183 215 271 6.03 289 219 262 6.40 0.44 245

Table (3) continue

sample  |1545302-6 15553027 1565307-1 1575307-2 1583307-3 15953074 1605307-5 1615308-1 1625308-2 1635308-3 1645308-4 1665308-6 1675308-7 1685308-8 1695308-9 1705308-10 1715309-1 1725309-2 1735309-3 1745309-4 1755309-5 17953099 1805309-10
Ba 211 5% 440 458 6683 381 580 808 479 542 697 740 13% 63 48 6.21 630  18% 519 943 904 656 397
Co 914 8389 1560 12799 10070 9334 9033 11833 11118 10004 16747 882 875 306 10263 1016 9942 996 1727 10074 10276 1291 10775
Cu 902 0% 7725 792 5669 125 3857 4864 8194 3783 19956 1368 2567 3054 16 0T B LN 7483 578 730 134 5439
Ga ne 1075 1429 1337 U5 44 14 165 18 1217 2096 5671 5148 4791 1098 1300 175 1377 1381 1222 1360 M54 1082
Hf 014 24 140 1 116 086 138 108 059 i 041 015 0.07 01 163 050 405 132 173 132 119 054 0n
Li 073 348 LI7 1508 800 07l 149 33 119 364 AN 431 48 149 416 6.46 461 1% 1789 166 854 1 41
Nb 0.10 0 03% 028 021 080 050 400 02 073 033 o 02 024 087 0.4 0.89 051 03 159 045 243 013
Ni 0114 3250 46246 523 30825 40780 37605 52139 50935 40646 64698 3450 2674 615 30486 48191 40087 33464 43708 49780 43728 43825 4803
P 1900 6193 4057 3042 2068 305 1625 4179 5835 2208 2790 98088 117432 90663 2442 2723 BB BY A8l 6N 4708 439 1828
Pb 012 021 02 026 020 02 021 041 014 0.2 024 083 05 05 02 038 0.19 034 018 046 046 0% 018
Rb 008 021 040 059 041 019 0.84 3 04 063 0 05 0% 026 08 051 042 08 056 157 063 083 030
Se 16003 13340 23947 22849 19767 22636 21824 19082 14508 185001 10996 859 34 73 13828 18961 21044 15632 23140 10797 19098 12025 18320
Sr 639 1661 1065 9% 1901 613 9.17 750 991 1091 1313 w062 %90 7R 1% 878 1064 1530 912 1046 1403 675 9.02
Ta 000 006 002 0.02 001 001 004 029 001 0.05 003 001 001 001 006 0.01 005 005 001 0.07 002 004 001
Th 004 031 02 037 020 010 (A1} 083 009 0.29 014 002 0.01 000 05 0.08 0.2 015 012 0.2 o 03 0.07
U 002 005 003 004 003 005 0.05 009 005 004 003 008 002 003 006 0.05 0.02 003 003 0.10 004 010 0.02
v 58261 57567 9041l 82295 74384 74008 65404 78398 44044 77301 47095 20094 1518 147.46 55851  7TA214  TI315 52168 69560 62177 75528 79807 76241
Y 149 %0 %612 0B 00 B8O 246 4833 LW N7 1016 BB 212 16 1778 1855 5990 3054 3043 462 BT 1854 2810
n 16405 16454 19783 21318 16007 18402 16683 24917 17631 15117 26071 172 1779 910 1320 19785 16230 17261 19297 20424 17268 23952 19835
Ir 405 6576 3275 4779 2699 1809 3444 36306 1438 4527 1B 674 256 3% 6883 142 9441 J’I6 3698 492 207 1810 162
La 054 21m 14 13 09 362 116 448 08 163 0 78 0.85 070 14 13 251 15 A 34 10 40 0.85
Ce 218 916 574 5% 308 962 400 19T 267 6.65 34 1768 230 200 41 448 3y 612 316 9.3 541 1306 431
Pr 0.4 156 130 102 065 13 0m 21 048 WA 059 231 0% 031 066 063 219 1m0 169 102 165 088
Nd 241 84 9.50 678 418 00 480 12 25 7,68 201 081 14 146 35 350 1802 601 482 9.86 656 734 55
Sm 084 314 48 30 240 294 22 4.16 12 336 084 248 041 040 2 149 548 23 2% 386 306 200 280
Eu 0% 060 084 058 0% 081 055 081 04 074 046 49 0a 059 083 050 072 064 046 094 080 08 059
Gd 13 4% 74 488 38 448 351 5.4 157 489 09% 23 0.39 0.36 178 251 1582 38 376 539 476 240 3n
Tb 024 084 4 0% 01 08 0.68 109 03 0.92 020 03 007 006 036 048 148 08 0 100 0% 04 07
Dy 202 600 1000 687 531 603 489 %2 6.66 14 1% 0% 038 21m 345 1023 481 53 7.02 631 292 49
Ho 0.54 136 22 182 116 132 108 80 082 14 0% 041 0.07 005 065 075 25 112 i 153 138 00 108
Er 197 4 6.36 43 33 3% 323 550 15 4% 121 116 02 018 21 218 6.69 38 38 400 4 2m 316
m 03% 061 092 0.62 048 054 046 08 03 063 019 015 003 003 034 031 0.9 058 049 0.70 057 034 044
Yb 204 4% 6.01 431 328 385 330 5% 164 456 18 104 0.2 024 264 216 6.99 45 33 511 3% 24 201
L 04 072 081 065 049 08 053 08 0% 0.0 025 015 004 004 04 0.29 o 062 051 0.76 088 037 043
Parameters

LREE 1667 4830 5882 4247 318 4692 313 6659 1639 4552 1571 %03 171 673 264 2400 7245 3678 33 5602 4113 4088 U
LLREE 703 X671 286 B2 1238 63H 1B4H BT 80 AB 90 LM 629 546 157 196 B2 1796 124 288 186 2880 1474
LHREE 964 262 %I 4B 188 205 176 072 80 AT U 18 142 128 108 1212 316 1881 1895 2620 250 1@ 173
EuEw* 080 048 045 056 088 061 0.5 10 0.56 157 188 70 418 m 079 03 o o4 064 08 087 059
(LulLa)y 198 251 593 4% 518 4 4n 12 22 44 22 0 046 054 268 200 412 342 54 233 329 08 48
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Fig (10) Tectonic discrimination diagrams for chromite of WGO. a) Cr-Fe*"-Al
diagram (after Stevens, 1944) for the studied chromites, b) Cr/(Cr+Al) v.
Mg/(Mg+Fe*") (after Tamura and Arai, 2006), c¢) The Al-Cr—Fe*" ternary
diagram, which plot on the spinel stability boundary (Sack & Ghiorso,
1991), d) TiO, (wt%) v. Al,O; (after Kamenetsky et al. 2001).

Table (4) Representative EPMA data (wt. %) and calculated structural formulas of chromite from the Wadi Ghadir

ophiolites

1/1. 2/1. 3/1. 4/1. 5/1. 6/1. 7/1. 8/1. 9/1. 10/1. 11/1. 12/1. 13/1.
Cr,03 62.31 61.92 6593 6358 6197 62.68 6278 62.06 6216 6233 6219 6509 6245
ALO, 8.24 8.45 5.60 7.14 8.33 8.22 8.44 8.37 8.22 8.02 797 6.28 8.54
TiO, 0.06 0.09 0.10 0.07 0.09 0.10 0.11 0.08 0.11 0.08 0.07 0.08 0.10
FeO 1457 1377 1401 1398 1448 1446 1391 1446 1400 1472 1415 1385 1413
MgO 1446 1458 1369 1422 1451 1427 1438 1468 1454 1445 1442 1407 1462
MnO corrected* | -025 -025 -026 -025 -025 -025 -025 -025 -025 -025 -025 -026 -0.25
NiO 0.09 0.02 0.00 0.04 0.10 0.02 0.08 0.06 0.05 0.07 0.05 0.08 0.07
Total 99.48 9859 99.07 9878 9924 9950 9945 9946 98.84 9942 9861 99.19  99.67
Formula units based on 32 oxygens and Fe”'fFe** assuming full site occupancy
Cr 1276 1276 1379 1319 1271 1286 1287 1269 1280 1279 1286 1352 1275
Al 2.52 2.60 1.75 2.21 2.55 2.51 2.58 2.55 2.53 2.45 2.46 1.95 2.60
Ti 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02
Fe®* 0.69 0.60 0.42 0.56 0.70 0.58 0.51 0.72 0.62 0.72 0.65 0.50 0.61
Fe?* 2.48 241 2.68 2.51 2.45 2.56 2.51 2.42 2.43 2.48 2.45 2.55 2.45
Mg 5.58 5.67 5.40 5.56 5.61 5.52 5.56 5.66 5.64 5.59 5.62 551 5.63
Mn -005 -005 -006 -0.06 -005 -0.06 -006 -0.05 -005 -0.05 -006 -0.06 -0.05
Ni 0.02 0.00 0.00 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.01 0.02 0.02
Total 2401 2401 2400 2401 2401 2401 2400 2401 2401 2401 2401 2400 24.01
Parameters
Mg/Mg+Fe?* 0.69 0.70 0.67 0.69 0.70 0.68 0.69 0.70 0.70 0.69 0.70 0.68 0.70
Cr/Cr+Al 0.84 0.83 0.89 0.86 0.83 0.84 0.83 0.83 0.84 0.84 0.84 0.87 0.83
Fe*/Cr+ARFe™ | 0.04 0.04 0.03 0.04 0.04 0.04 0.03 0.05 0.04 0.04 0.04 0.03 0.04
CriCr+AKFe® 0.80 0.80 0.86 0.83 0.80 0.81 0.81 0.80 0.80 0.80 0.81 0.85 0.80
Mg# 69.26 7015 6681 6891 6958 6830 6886 70.09 69.87 69.22 6962 6835 69.70
Crit 8353 8308 8876 8566 8330 83.64 8330 8326 8353 8390 8395 8742 83.07
ALOj3 in melt 9.55 9.65 8.14 9.00 9.60 9.54 9.65 9.61 9.54 9.45 9.42 8.54 9.69

*Chromite recalculation inc. Fe?*/Fe®* and Mn correction

6. Discussion and conclusions

The ophiolites have several varieties differ in their
internal  structure, geochemical makeup, and
emplacement mechanism.  Dilek and Furnes [21]
reported that the ophiolites form in several tectonic

environments during the Wilson cycle evolution of
ancient ocean basins from rift-drift and seafloor
spreading stages to subduction initiation and closure
phases. In the Egyptian Eastern desert, the
Neoproterozoic ophiolites display subduction-related
geochemical signatures (e.g., Fawakhir area; Wadi
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Ghadir ophiolite; Abu Dahr ophiolite; Wadi Semna),
but either forearc or back-arc setting remain
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controversial (Stern et al. [53]; Azer and Stern [9];
Abd El-Rahman et al., [1]; Ali et al., [6]; Farahat [31].

1.0

Are cumutate
“pinet

20 a0
Cr.0, (wt%)

Fig (11)Tectonic discrimination diagrams for chromite of WGO. a) TiO, (wt%)
v. Al,O; (after Kamenetsky et al., 2001)., b) Cr# vs Tio2 diagram of the
composition of chromite after (Pearce et al., 2000), showing chromite
composition plot within IBM field and have highly Cr# >0.8 wt%., c) Al,O;
in melts v. Al,O3 in spinel (after, Rollinson, 2010, based on melt calculations
of Maurel & Maurel (1982), d) Al,O3 (Wt%) v. Cr,O3 (Wt%) (after Franz &

Wirth, 2000).

Many authors (e.g. Farahat et al., [32]; Abd El-
Rahman et al., [1]; Abd EI-Rahman et al. [2]) studied
WGO and stated that they were generated in a back-arc
tectonic environment. In this work, an attempt to verify
and assess the tectonic setting of Wadi Ghadir Ophiolite,
using the microanalytical data of pyroxene and chromite
is presented.

Generally, the Ti contents in the ophiolites reflect the
parental magma type of the modern oceanic setting [11].
They classified into; high-Ti, low-Ti, and very low-Ti
ophiolites. The high-Ti ophiolites match with MORB,
while the low-Ti and very low-Ti ophiolites with the
magmatic series of island-arc and boninitic types
respectively, generated in the supra-subduction zone
settings [11]. A water-bearing magma type is generated
in the supra-subduction zone by a hydrous melting of the
depleted uPP.er mantle source. Based on microprobe
analysis of the clinopyroxenes of the layered gabbros of
WGO, their non-alkaline affinity with the low Ti content
indicate that they are commonly generated above a
subduction zone in backarc basin setting, especially hot
spots and continental graben structures . The low-Ti
content of clinopyroxenes suggests crystallization of
clinopyroxenes from a Ti-poor magma analogous to the
low-Ti ophiolite group of .Also, these low-Ti and high-
Mg content of the clinopyroxene may imply re-melting
of depleted residual mantle source .Moreover, these
clinopyroxenes are like those from the tholeiitic ocean-
floor basalt, the tholeiitic within plate basalt and the
volcanic arc basalt groups. This refers to these layered
gabbros are supra-subduction zone ophiolites commonly
having a Penrose type structural architecture. Their
transitional ~ IAT-boninitic  geochemical  affinities
suggested that they were generated in back-arc basins

show chemical characteristic having transitional within-
plate basalt to island-arc basalt features formed in
ensialic back-arc basins [32].

During alteration and metamorphism especially
serpentinization, Cr-spinels are usually remains without
significant changes and are not altered to secondary
minerals, providing distinct information about magma
compositions, melt- rock interaction, oxygen fugacity of
the ophiolitic rocks, and used their compositions to
explore their genesis and geodynamic setting (Arai and
Yurimoto, [7]; Dick and Bullen, [19]; Rollinson, [50].

In the subduction un-related setting, the fertile mantle
character with Al-rich chromian spinels(Cr#=
Cr/(Cr+AD< 0.6 wt%/60 mol%) and relatively low
oxygen fugacity (fo,), whereas in the subduction-related
settings, the refractory mantle character with high Cr
ratio >0.7 wt%/70 mol% of chromian spinel and high fo,
are frequently found in magmatic rocks with a boninitic
or a high —-mg andesitic composition generated in arc
environments(Zhou et al[61]; Araietal., [7].

Chromite from the WGO ophiolites has high Cr ratio
(Cr/Cr+Al) range from 0.83 to 0.87 and show high,
relatively constant Mg ratio (Mg/Mg+Fe*?) to be
between 0.63 and 0.64, and shows a high Al-
chromitites type, typical of chromite forming in a CED.
Both high —Al and high-Cr podiform chromitites are
common in the CED, whereas ophiolites in the SED are
characterized by lower-Cr chromitites [3].

The chromite from Wadi Ghadir is similar to Nuasahi
Sukinda chromite, India which has parental magma
generated due to the interaction of a depleted mantle
with a fluid-enriched melt possibly derived in response
to the dehydration of a subducting slab).
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The chemical compositions of chromite from WGO
showing subduction-related setting plotted within SSZ
field Fig (11 a). In the (Cr/Cr+Al) versus Mg(Mg+Fe*?)
tectonic discriminant diagram, chromite compositions
plotted within Nuasahi Sukinda field that indicates to
backarc setting Fig(10 c and d). Neoproterozoic oceanic
crust in Wadi Ghadir are generated in supra-subduction
zone-backarc  tectonic  setting ,Wadi  Ghadir
ophiolite(WGO) has a back-arc geochemical signatures
(Farahat et al., [32]; Abd EI-Rahman et al., [1].
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