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Major and trace element compositionswere determined forwell-preserved diopside relics in highly alteredman-
tle xenoliths from Natash volcanic province, south Eastern Desert of Egypt, to unravel the major magmatic pro-
cesses that occurred within the lithospheric mantle long time before the Red Sea rift. The diopside shows a
limited compositional range as for mg# (0.89–0.92), Al2O3 (3.52–5.60 wt%), andTiO2 (0.15–0.35 wt%), whereas
it is characterised by a larger variability as for Na2O (0.23–1.83wt%) and, in particular the trace elements. The lat-
ter identify twomain diopside types: 1) CPX-I has low abundances of incompatible elements, spoon-like REE pat-
terns, small negative anomalies in Ti and Zr and a positive anomaly in Sr; and 2) CPX-II has high abundances in
incompatible elements, REE patterns with steady enrichment from HREE to LREE patterns and marked negative
anomalies in Ti and Zr. The range of REE patterns in themantle section can be explained by 7–22% batchmelting
of the primitive mantle followed by varying degrees of trace element chromatographic exchange. CPX-I
underwent only small-scale reactive porous flowmetasomatismat the percolation front, whereas CPX-II resulted
from large-scale rock–melt interaction close to the melt source. Trace element abundances of CPX-II suggest
equilibration with carbonatite-like melts that bear close similarities with the carbonatites that enriched the lith-
osphere in the southern part of the Arabian plate. The similarity of the P-T gradients recorded by the Natash and
southern part of Arabian lithospheres, aswell as their re-fertilisation by similar, carbonatite-like agents, is consis-
tent with the presence of a mantle plume at the base of the lithosphere after accretion of the Arabian-Nubian
Shield in Late Precambrian. The plumematerial was fossilized due to secular cooling and became part of the lith-
ospheric mantle before the eruption of the Natash volcanic in Late Cretaceous.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

One of the most important rift zones on Earth is the Red Sea region
that records all the evolutionary stages from early rift-fracture stage to
seafloor spreading. The Arabian-Nubian Shield (ANS) bounding the Red
Sea is characterised by the occurrence of several dispersed small- to me-
dium size intra-plate lava provinces that sometimes brought to the sur-
face a wide variety of crust and mantle xenoliths (e.g. Kuo and Essene,
1986; McGuire, 1998a,b; Nasir et al., 1992; Chazot et al., 1996, 1997; Ali
and Arai, 2007; Krienitz and Haase, 2011). Though most of these lavas
are not related to rift structures, their occurrence is clearly related to

the continental rifting (e.g. Almond, 1986a,b; Bell and Tilton, 2001;
Mohamed, 2001; Kieffer et al., 2004; Furman et al., 2006a,b; Furman,
2007; Lucassen et al., 2008; Endress et al., 2011). Therefore, the study of
xenoliths from the intra-plate eruptions in ANS is of particular interest
to unravel the lithosphere-asthenosphere interactions which occurred
since the ANS accretion in Late-Proterozoic and preceding or accompany-
ing the Red Sea rifting in the last 30 Myr (e.g. El-Gaby et al., 1988;
Blusztajn et al., 1995).

Natash volcanics in southeastern Egypt (~90 Ma, Hashad and El-
Reedy, 1979) formone of the extensive alkaline lava provinces (Fig. 1) re-
lated to continental rifting in the east Africa (Higazy and El-Ramly, 1960;
El-Gaby et al., 1988;Madani, 2000;Mohamed, 2001).Within this volcanic
province, a suite of anhydrous spinel-peridotitemantle xenoliths is found
in some olivine basalt flows (Madani, 2000). Despite the fact that these
xenoliths are largely serpentinized and altered to various degrees into
carbonate, large parts of clinopyroxene and, at less extent, Cr-spinel are
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still preserved. As clinopyroxene is the main trace element carrier in an-
hydrous spinel peridotites (e.g. Johnson et al., 1990; Bizimis et al., 2000;
Pearson et al., 2004), its trace element compositionmay provide valuable
information on themantle processes such as melting, metasomatism and
subsolidus re-equilibration (e.g. Rivalenti et al., 1996). Moreover,
clinopyroxene relics may preserve high temperature chemical signatures
even if the remaining peridotitemineral assemblage has been severely al-
tered (Machado et al., 1986; Johnson et al., 1990; Johnson andDick, 1992;
Bizimis et al., 2000). Therefore,we used the composition of clinopyroxene
from Natash peridotites to unravel the evolutionary processes that this
lithospheric mantle sector underwent through time. The data, together
with theoretical modelling, are used to put constrain on the mechanisms
ofmantle depletion andmetasomatismaswell as to define thenature and
the sources of the metasomatic components that refertilised the litho-
spheric mantle. To constrain the geodynamic model for the evolution of
lithospheric mantle beneath Nubian-Arabian plate before the Red Sea
rifting, the present data for Natash clinopyroxene will be discussed in
the framework of available knowledge on mantle xenoliths from rift-
related lavas in the surrounding areas.

2. Geological setting

TheWadiNatash volcanic province is the largestMesozoic exposure of
volcanic rocks (560km2, Crawford et al., 1984) in Egypt. The province is
located at about 125 km NE of Aswan (Fig. 1) and consists of a thick pla-
teau of stratified lava flows that are intercalated with the Cretaceous Nu-
bian Sandstones (Hashad et al., 1982; Crawford et al., 1984; Madani,
2000; Mohamed, 2001), which bound the province from west, north
and partly south (Fig. 2). To the east and locally south, theNatash volcanic
province is juxtaposed directly against basement rocks by high angle nor-
mal faults. The volcanic pile in the Natash province was subdivided into
three distinct flow units separated by two sequences of volcanoclastic
sediments or by basal polymictic conglomerate beds, indicating temporal
breaks in the pouring ofmagma eruptions (Crawford et al., 1984;Madani,
2000; Mohamed, 2001). Locally, the upper flow unit is capped from the
east by a third volcanoclastic unit that may be covered by trachyte
flows (Crawford et al., 1984). Each of the threeflowunits shows a gradual
change in composition upwards from grey-green, porphyritic alkali oliv-
ine basalt to vesicular black, generally porphyritic,mugearite/benmoreite.
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Fig. 1.Map showing the locations of main Phanerozoic intraplate basalt eruptions in Egypt. The locations are taken from CONOCO (1987), Franz et al. (1987), Moghazi (2003) and field
work of first author.
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