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1 Introduction 
 
The Neoproterozoic Arabian Nubian Shield (ANS) 
represents a juvenile Neoproterozoic continental crust, 
covering an area of ~ 3 Ĭ 106 km2 around the Red Sea 
flanks in Saudi Arabia, Eastern Desert (ED) and Sinai in 
Egypt, Red Sea Hills of Sudan and extends south to 
Eretria and Ethiopia (Bentor, 1985; Fig. 1). The ANS 
evolved during the Pan-African Orogeny (900ï530 Ma; 
Stern, 1994), a protracted orogenic cycle that constitutes 
the East African Orogen (Fritz et al., 2013). This orogeny 
terminated by collision between East and West Gondwana 
blocks (Abdelsalam et al., 2002; Collins and Pisarevsky, 
2005; Stern and Johnson, 2010), leading to the assembly 
of Gondwana and the stabilization of the northern ANS 
crust.   
Four major stages have been recognized during the 
evolution of the ANS crust: 1) oceanic and island-arc 
magmatism associated with subduction process (~ 950
850 Ma; Bentor, 1985; Stern and Hedge, 1985; Stern and 
Manton, 1987), 2) continental collision between the East 
and West Gondwana plates (~850 650 Ma), resulting in 

crustal thickening and regional tectonic accretion (Stern, 
1994; Abdelsalam et al., 2002; Avigad and Gvirtzman, 
2009; Beôeri-Shlevin et al., 2009), 3) post-collisional stage 
(~650 580 Ma), which marks crustal stabilization and is 
characterized by voluminous calc-alkaline intermediate to 
felsic magmatism (Avigad and Gvirtzman, 2009), and 4) 
anorogenic alkaline to peralkaline magmatism (~600ï530 
Ma), reflecting lithospheric thinning and extension 
(Roobol et al., 1983; Bentor, 1985; Brown, 2015). The 
post-collisional stage is particularly significant as it 
records the transition from compressional to extensional 
tectonism and the development of high-K calc-alkaline 
(HKCA) and subsequent anorogenic A-type granitic suites 
(Li®geois et al., 1998; Bonin, 2007; Farahat et al., 2011). 
The HKCA granites in the ANS commonly formed 

along major shear zones within a thickened crust 
underplated by mantle-derived basaltic magma. This mafic 
magma provides a substantial amount of heat and 
volatiles, promoting the partial melting of crustal silicic 
rocks (Li®geois et al., 1998; Bonin, 2007; Litvinovsky et 
al., 2015, 2021; Yarmolyuk et al., 2016; Ghoneim et al., 
2022). In contrast, the later alkaline to peralkaline granites 
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were emplaced during late post-orogenic extension, 
reflecting progressive crustal thinning, partial melting of 
lower crustal sources, and fractional crystallization at 
shallow levels (Sherif et al., 2013; Litvinovsky et al., 
2021). The HKCA granitic plutons are made up of 
monzogranite together with subordinate granodiorite, 
whereas the alkaline suites predominantly comprise 
syenogranite, alkali feldspar granite, and peralkaline 
granite. The temporal overlap between HKCA (630ï600 
Ma) and alkaline (610ï590 Ma) granitic magmatism in the 
northern ANS (Beôeri-Shlevin et al., 2009; Avigad and 
Gvirtzman, 2009) indicates a rapid tectono-magmatic 
transition, likely related to lithospheric delamination and 
asthenospheric upwelling (Li®geois et al., 1998). This 
widespread Ediacaran magmatic activity represents a 
major crustal reworking event that contributed 
significantly to the stabilization of the juvenile ANS crust; 
Stern, 2004; Schoene et al., 2008). 
Despite the abundance of post-collisional granites 
across the ED of Egypt, many plutons remain poorly 
constrained in terms of their petrogenesis, magma sources, 
and tectonic significance. The Homret Ghannam alkali 
feldspar granite (HGAFG) pluton in the Central Eastern 

Desert (CED) offers an important opportunity to elucidate 
these aspects. Earlier studies (Asran, 1993; Abu Ela, 2002) 
described the Homret Ghannam granites as a zoned pluton 
comprising early porphyritic granodiorite and later alkali 
feldspar granite, and proposed their derivation by partial 
melting of a mafic lower crust followed by fractional 
crystallization and alkali metasomatism. However, 
integrated mineralogical and geochemical investigations 
are still limited. This study aims to decipher the 
petrogenesis and geodynamic evolution of the HGAFG 
and to assess its potential for rare-metal (Nb-Ta, REE) 
mineralization through integration of field observation, 
petrography, mineral chemistry, and whole-rock 
chemistry. This in turn permits a better understanding of 
the ANS evolution during the Pan-African orogeny. We 
also shed some light on the physicochemical parameters 
which prevailed during the crystallization of HGAFG.  

 
2 Geologic Setting 

 
The Homret Ghannam granitic pluton is located 

between latitudes 25Á45ǋ37ǌ and 25Á51ǋ36ǌ N and 
longitudes 34Á11ǋ30ǌ and 34Á19ǋ48.67ǌ E, approximately 
25 km southwest of Quseir city in the CED terrain (Fig. 
2a). Homret Ghannam pluton is a multiphase granitic 
pluton forming a roughly ovoidal outcrop. It intrudes an 
older pile of ophiolitic m®lange, metasediments, and basic 
metavolcanics with sharp intrusive contacts (Fig. 2b, c). 
The ophiolitic m®lange mainly consists of blocks of 
ophiolitic rocks and metasediments embedded in a 
metamudstone matrix. The metasediments are represented 
by garnet mica schists, locally migmatitic metasediments, 
and schists. They are associated with foliated lenses of 
metagabbros and gneissic granites (Fowler et al., 2007). 
The gneissic granites contain inclusions of banded 
amphibolites. The basic metavolcanics are mainly 
composed of andesites and basalts. 
Homret Ghannam granitic masses cover an area of 

about 10.30 km2 (Fig. 2a). These granitic rocks comprise 
two successive phases: 1) an older phase of granodiorites 
and 2) a younger phase of alkali feldspar granites 
(HGAFGS). The granodiotites are slightly hard and 
massive with a greyish pink color and exhibit porphyritic 
texture. They show low land crests in the central and the 
northern sections of the pluton (Fig. 2c). Poorly rounded 
mafic xenoliths of metagabbros are manifested along their 
peripheral parts.  
HGAFGs occur as high-relief masses, especially along 

the southeastern peripheral parts of the pluton (Fig. 2b, c). 
They are represented by two varieties: alkali feldspar 
granites at the core and riebeckite-bearing granites at the 
rim. The former is coarse-grained in size with a reddish 
pink color, while the latter are medium-grained and light-
colored. HGAFGs intrude older metasediments, basic 
metavolcanics, and granodiorites with sharp intrusive 
contacts, while the contact between alkali feldspar granites 
and riebeckite-bearing granites is gradational. Exfoliation 
and the presence of cavernous structure due to weathering 
are common features of HGAFGs. The area is bounded by 
two major faults (Fig. 2a): the rift bounding fault (RBF) in 
the north and the Nusla thrust fault (NF; Hamimi et al., 

    
 

Fig. 1. Regional geologic map of Neoproterozoic basement 

rocks in the Eastern Desert of Egypt (Modified after Stern 

and Hedge, 1985).  
The two major shear zones separating the basement rocks of the Eastern 

Desert into north Eastern Desert (NED), central Eastern Desert (CED) 

and south Eastern Desert (SED). Insert, Neoproterozoic outcrops of the 

ArabianïNubian Shield (white) in the Eastern Desert of Egypt, Sinai, 

Saudi Arabia (SA), Sudan and Libya. 
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2013) in the south. HGAFGs are extensively dissected by 
mega fractures and joints, which are commonly refilled 
with silica, carbonates, and hematite. The whole pluton is 
also dissected by NNEïSSW rhyolitic and felsitic dikes as 
well as pegmatitic pods and quartz veins. 

 
3 Petrography 

   
Consistent with field observations, HGAFGs are 
petrographically distinguished into two varieties, i.e., 
alkali feldspar granite and riebeckite-bearing granite. The 
two varieties exhibit perthitic texture and likely share the 
same petrographic features, except for minor differences.  
The alkali feldspar granite is essentially composed of 
K-feldspar (57.34 65.35 vol%), quartz (32.98 37.05 
vol%), and plagioclase (1.00 5.66 vol%) together with 
minor amounts of biotite (0.5 1.00 vol%). Fluorite, 
zircon, allanite, apatite, and Fe-Ti-oxides are the main 
accessories (0.5 0.9 vol%). K-feldspar is mainly 
represented by orthoclase-perthite with a subordinate 
amount of microcline-perthite (Fig. 3a, b). Perthite 
constitutes the earliest phase of K-feldspar, while 
orthoclase and microcline are interstitial. Orthoclase-

perthite forms micrographic intergrowth with quartz (Fig. 
3c). Perthite grains are partially or completely replaced by 
albite at peripheries (Fig. 3a, b), suggesting late-stage Na-
metasomatism. Quartz grains exhibit undulatory 
extinction, which indicates that these granites have 
experienced deformation. Plagioclase (An1 3) occurs as 
small laths, which are randomly distributed between other 
mineral constituents (Fig. 3d). Biotite is rarely found in 
alkali feldspar granite, where it manifests in the form of 
reddish-brown to faint orange minute flakes (Fig. 3d). 
Riebeckite-bearing granite is mainly composed of K-

feldspar (57.01 64.35 vol%), quartz (33.20 39.35 vol%), 
plagioclase (2.00 5.66 vol%), alkali amphibole (riebeckite 
and arfvedsonite, 2.03 3.8 vol%), biotite (1.00 2.3 vol%), 
and clinopyroxene. Fluorite, zircon, Fe-Ti-oxides, apatite, 
allanite, and columbite are the main accessories (1.3 2.8 
vol%). Riebeckite occurs as early crystallized subhedral to 
euhedral plates (Fig. 3e) up to 0.5 mm across with purple-
blue to deep-blue absorption color. In certain parts, 
riebeckite is partially to completely altered to chlorite 
(Fig. 3f). Arfvedsonite appears as late-crystallized 
interstitial anhedral to subhedral crystals forming 
aggregates of deep greenish-blue color, usually in 

    
 

Fig. 2. (a) Geologic map of Homret Ghannam area (modified after EGSMA, 1992), rift bounding 

fault (RBF) and Nusla thrust fault (NF); (b) Metasediments (MtS) are intruded by basic metavol-

canics (BMV), and Homret Ghannam granodiorite (HGGD); (c) Metasediments (MtS) surround 

(HGGD) and Homret Ghannam alkali feldspar granite (HGAFG) (b, c: Google Earth photos). 
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association with iron oxides (Fig. 3g). In some samples, 
arfvedsonite manifests as fibrous clusters in association 
with riebeckite (Fig. 3h). Clinopyroxene exists as 
prismatic crystals disseminating between feldspars and 
exhibits yellowish-green to green pleochroism. In certain 
parts, clinopyroxene occurs replacing arfvedsonite along 
cleavage planes and/or their peripheries (Fig. 3i). 
Additionally, iron oxides are also observed replacing 
arfvedsonite along their cleavage planes (Fig. 3j). Biotite 

occurs as interstitial prismatic crystals between K-feldspar 
(Fig. 3k). Fluorite appears as anhedral minute grains in 
association with biotite and arfvedsonite. Zircon exists 
either as euhedral to subhedral grains or as fine inclusions 
that are commonly enclosed within arfvedsonite, K-
feldspar, or quartz. Columbite occurs as subhedral to 
euhedral prismatic crystals, often associated with fluorite 
and zircon grains (Fig. 3l). Allanite occurs as subhedral 
crystals with metamectic cores, which produce radiating 

    
 

Fig. 3. (aïd) Photomicrographs of leucogranite from Homret Ghannam.  
(a) Subhedral orthoclase-perthite crystals (OPer), which are partially surrounded by albite bands (Abn), CN.; (b) Subrounded orthoclase-perthite crystal 

(Per), which is surrounded by albite bands, CN.; (c) Micrographic intergrowth between quartz (Qz) and perthite (Per), CN.; (d) Subhedral grains of 

orthoclase-perthite (OPer), which are associated with quartz (Qz), fine plagioclase grain (Pl), and biotite flakes (Bt), CN.; (e) Subhedral cleavage rie-

beckite (Rbk) crystals in association with rutile (Rt), PPL.; (f) Euhedral riebeckite crystal partially to completely replaced by chlorite, C.N.; (g) Subhe-

dral arfvedsonite (Arf) partially altered to biotite (Bt), C.N.; (h) Fibrous clusters of arfvedsonite associated with lamellar riebeckite, CN.; (i, j) Arfved-

sonite replaced at its cleavage planes by aegirine and iron oxides, respectively, C.N.; (k) Interstitial prismatic crystal of biotite between feldspar and 

quartz, C.N.; (l) long prismatic columbite (Col) crystal associated with iron oxides (IO) and it shows growth with zircon grains (Zrc), CN.. 


