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ABSTRACT

The Egyptian younger granites are characterized by the presence of more than 14 exposures of rare-

metal granites.  The studied  granites are included into three geological modes of occurrence.  The first 

includes Igla and Abu Dabbab plutons, which occur as small stocks of circular, ovoid, or apophyses and 

leucocratic outcrops.  The second comprises the plugs and dyke-like bodies intruded peralkaline granites 

of Bir Um Hibal.  The third includes Homrit Waggat and Muweilha plutons.  They cover small areas and 

exhibit obvious pervasive post magmatic alterations. 

The petrographic and mineralogical studies are confirmed by the geochemical investigations indicating 

that the concerned rare-metal granites being  broadly distinguished into magmatic and metasomatic 

associations.  The magmatic granite associations are further subdivided into two subgroups; i) peraluminous 

granites (Li-mica rich) including Igla and Abu Dabbab plutons and ii) peralkaline granites including Um 

Hibal pluton.  The studied peraluminous granites are generally enriched in Nb, Rb, Ta, Li, F, Y, Zr, U 

and Th elements.  The peralkaline granites are enriched in K
2
O oxide as well as Zr, Nb, F, U, Th and Ta 

elements. On the other hand, the metasomatic granite associations are represented by Homrit Waggat and 

Muweilha plutons.  They are characterized by high contents of Na
2
O oxide as well as Nb, Ta, U, Th and 

Rb elements.

Igla pluton has highest average U & Th contents (42 ppm & 58 ppm respectively), while Um Hibal 

pluton has lowest average U & Th contents (14 ppm & 26 ppm respectively)

INTRODUCTION

The rare metal granites are generally 
defined as those bearing mineralizations or 
high concentrations of one or more of  Nb, 
Ta, Zr, Hf, Li, Be, U, Th, W, Sn, Rb, Fe, Cs 
and REE (Kovalenko, 1978 and Tischendorf, 
1977).  Such granites are petrologically and 
geochemically specialized due to their unique 
and often extreme chemical features.  They 
may be related either to magmatic or post 
magmatic, metasomatic processes (Ramsy, 
1986; Schwartz, 1992; Abdalla and Mo-
hamed, 1999).

They constitute worldwide distributed 
provinces in several countries (e.g. France; 
South America; Nigeria, South China; Arabi-
an-Nubien shield).  Ramsy (1986) concluded 
that the specialized felsic plutonic rocks, in-
cluding granite of the Arabian Nubian Shield 
are end-products of magmatic differentiation 
and have mainly magmatic composition ex-
cept for high contents of incompatible trace 
elements.  On the other hand, Guinsbourg 
(1972) classified the specialized granites into: 
i) muscovite granites with rare metals, ii) Li-
mica granites with rare elements and iii) rie-
beckite–arfvedsonite–aegirine granites with 
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rare-earth elements (REE).  Pollard (1995) 
mentioned that the rare metal granites are 
broadly divided into peraluminous and peral-
kaline varieties.  The peraluminous variety is 
enriched in U, Ta, Rb and Sn mineralizations, 
while the peralkaline type is more enriched in 
Nb, Zr and LREE mineralzations.  This sug-
gests that there is no definite classification 
of such important granitic rocks.  In general 
the rare metal granites are part of the anoro-
genic group of granites (A-type); identified 
by Loiselle and Wones (1979) and Collins et 
al (1982).

In Egypt, more than 14 rare metal gra-
nitic plutons are discovered.  These plutons 
constitute parts of the western span of the 
Arabian Nubian Shield of the Eastern Desert 
and represent, in turn, the northern extension 
of the Mozambiqe belt.  They belong geneti-
cally to the younger granitic rocks emplaced 
within a time span from 620-530 Ma (Hassan 
and Hashad, 1990).  Moreover, they comprise 
the highly evolved phase of the most fraction-
ated variety (G1) of the Egyptian Younger 
Granites reported by Greenberg (1981).  Re-
cently, several occurrences of the rare metal 
granites of the Eastern Desert were targets of 
study by many authors (e.g Mohamed et al, 
1999). These studies classified the rare metal 
granites into magmatically and metasomati-
cally groups.  Among the fourteen rare metal 
granitic occurrences presented in the East-
ern Desert, the plutons of Igla, Abu Dabbab, 
Humrit waggat, Muweilha and Um Hibal are 
chosen for the comparative studies of the 
geological and geochemical characteristics of 
these plutons.

The present study aims to compare the 
geological and geochemical characteristics of 
Igla, Abu Dabbab, Humrit Waggat, Muweilha 
and Bir Um Hibal rare metal granites.

METHODOLOGY

The Thin sections and the polished slabs 
were prepared in the laboratories of Cairo 
University.  The representative samples of 

all granitic plutons (55 samples) except those 
for Muweilha pluton were analyzed for major 
oxides and trace elements at the laboratories 
of Nuclear Materials Authority.  The three  
samples of Muweilha pluton were analyzed 
at the Technical Universtat, Germany.

GEOLOGICAL   AND  PETROGRAPHI-
CAL  CHARACTERISTICS

The field observations showed that the 
studied rare metal granitic plutons are in-
cluded into three main geological modes of 
occurrence:

The First Mode

The first mode  includes Igla and Abu 
Dabbab rare metal granites.  They occur as 
small stocks of circular, ovoid or apophyses 
outcrops.  They are leucocratic (white to buff 
in colour) with sharp contacts against their 
surrounding metavolcano-sedimentary rocks 
(Fig 1).  The concerned granites are com-
monly formed in zones of transitional faulting 
associated with tension established following 
anorogenic compressional event (Pitcher, 
1983).  They are generally of fine– grained 
to porphyritic texture and represented by two 
sub-varieties, albite-rich variety with white 
colour and K-feldspar-rich variety with buff 
colour. 

The Second Mode

The second mode  is represented by the 
plugs and dyke-like bodies intruded the ring 
complexes.  It is mainly granites of Bir Um 
Hibal (Fig. 2).  These granites are located 
on the junction between the ENE transform 
faults and the NNW deep–seated tectonic 
zones (Garson and Krs 1976).  They are me-
dium-grained, pink in colour and of Permo-
Triassic age, 223 ± 9 Ma (Hashad and El 
Reedy, 1979).

The Third Mode

The third mode  of rare metal occurrence 
is represented by two plutons; Humrit wag-
gat and Muweilha plutons.  Both plutons 
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cover small areas (each measures 1-5 Km2) 
and reveal obvious pervasive post magmatic 
alterations. Humrit waggat granitic pluton is 
dominated by potassic alteration while Mu-
weilha granitic pluton is dominated by sodic 
alteration.

Based on the petrographical and mineral-
ogical studies carried out on the investigated 
rare metal granites as well as the classification 
and nomenclature of similar granites reported 
by different authors, the current granites are 
broadly divided into two major granite asso-
ciations; magmatic and metasomatic associa-
tions.

The magmatic granite association is rep-
resented by Lithium mica granites, (peralumi-
nous) and peralkaline granites. 

The Li-mica granites (Abu Dabbab and 
Igla plutons) 

These granites consist essentrially of 
quartz, albite, K-feldspars and Li-mica. To-

�

Fig. 1: Regional geological map showing the locations of the investigated rare metal 

granitoids, Eastern Desert, Egypt (Modified from the geological map of Egypt, 1978)

Fig. 2: Geological map of Um Hibal area, 
Southeastern Desert, Egypt. (After Abdalla and 
El Afandy, 2003). 1= W. El Arab.  2=W. El Shoum.  
3=W. Um Hibal. 4=G. Um Zagnon. 5=G. Dihmit. 6=G. 
Agib. 7=G. Um Swan.

�
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They commonly exhibit zoning, with Nb-
rich cores and Ta-rich rims, and are ranged 
in composition from mangano-columbite to 
mangano-tantalite.

The peralkaline granites (Bir Um Hibal 

pluton) 

These are composed mainly of quartz, 
perthite, albite and alkali amphiboles and py-
roxenes (riebeckite and arvfedsonite).  They 
are hypersolvus, medium-grained with equi-
granular to porphyritic texture.  Despite the 
prevalence of primary textures, secondary al-
bite and patch perthites are observed reflect-
ing late-magmatic deuteric alterations.

The metasomatic granite association 
(apogranites) 

 This  is generally characterized by verti-
cal petrographical zoning with a lower unal-
tered zone followed upward by microcliniza-
tion, albitization and greisenization zones 
(Pollard, 1989).  In the studied apogranites, 
the complete sequence of the metasomatic zo-
nation is not so perfect.  The lower unaltered 
zone is either represented by biotite granite 
(Humrit Waggat) or alkali feldspar granite 
(Muweilha).  Microclinzation and albitization 
zones are well developed at Humrit Waggat 
and are recorded at other locations (Um Ara 
and Abu Rusheid, Mohamed, 1989; Abdalla 
et al., 1994), whereas albitization and grei-
senization zones are principally developed at 
Muweilha and are recorded at Homrit Akarem 
(Abdalla and Mohamed, 1999).  Humrit wag-
gat metasomatized granites represent three 
zones: unaltered lower zone of biotite granite, 
potassium feldsparization (microclinization) 
zone and less developed albitization zones. 
On the other hand, Muweilha metasomatized 
granite is represented by lower albitization 
zone followed by upper greisenization zone 
(Figs. 4-10).

The lower unaltered alkali-feldspar gran-
ite zone is characterized by well developed 
miarolitic vugs (3-10 cm in diameter) filled 
with fragmented quartz in a felsitic matrix, 

paz, columbite-tantalite, beryl, cassiterite and 
fluorite are the main accessories.  Texturally, 
they are characterized by fine-grained to por-
phyritic texture with quartz and K-feldspar 
phenocrysts embedded in albite-rich ground-
mass.  Zonation is evidenced in typical ex-
amples of similar granitic type (e.g. Nuweibi 
granite, Helba et al, 1997).  The lower zone is 
characterized by zinnwaldite mica, amozon-
ite, albite and dominant hypidiomorphic tex-
ture.  However, the lower zinnwaldite ama-
zonite albite granite zone is not exposed in 
the lgla and Abu Dabbab stocks.  The upper 
zone is characterized by white mica, albite 
and dominant porphyritic texture.

The quartz phynocrysts commonly ex-
hibit snowball-like texture with albite laths 
arranged concentrically along their growth 
zones (Fig 3).  This texture is suggested to be 
of primary magmatic origin (e.g. Schwartz, 
1992, Helba et al. 1997).  The white mica of 
the upper zone is characterized by high con-
tents of Si, Al, Fe, Ga, Ta, and Sn and ranges 
in composition from phengite to muscovite. 
Columbite-tantalite occurs as bladded, euhe-
dral to subhedral, fine-grained crystals (0.05-
0.25 mm in size) included in micas and dis-
persed among the groundmass constituents. 

���������������������������������������������������������������

Fig. 3: Photomicrograph showing typical 
snow-balled quartz phenocrysts embedded in 
fine grained albite-rich groundmass and Li-
muscovite, XPL
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�

Fig. 4: Photomicrograph showing  the 
development of subsolidus albite clusters which 
attack the preexisting quartz, XPL

�

Fig. 5: Photomicrograph showing  the albitite 
rock is formed when the Na-metasomatism 
becomes overwhelming, XPL

Fig. 6: Polished rock slabs showing snow 
balled porphyritic quartz (Q) and topaz (T) 
in fine-grained albite-rich matrix. Mn-oxide 
impregnation (Mn) is also observed

Fig. 7: Polished rock slabs showing  an 
overwheiming Mn-oxide alteration front 
attacking the albite granite (T)

Fig.  8: Polished rock slabs showing  fine 
grained albite granite from the Li-albite granite 
at Abu Dabbab



114 MOHAMED  M.  EL  GALY  et al.

and degassing breccias in the form of frag-
mented granites cemented by quartz and fluo-
rite.  The mineral constituents of this zone are 
microcline, perthite, albite (An2-3), graphic 
quartz and minor white mica.

GEOCHEMICAL   CHARACTERISTICS

A total of 58 samples representing the 
studied rare metal granites were chemically 
analyzed for the major oxides as well as some 
trace elements. The obtained data are listed in  
Table (1).  The rare metal granites of Egypt 
are genetically related to the younger gran-
ites, especially the most evolved third phase 
of Sabet et al. (1976) which matches group I 
of Greenberg (1981) and G

α
 category of El-

Gaby et al. (1990).  The composition of that 
phase recorded in association with Homrit 
Waggat rare metal granite is used as a nor-
malized one for the study rock varieties.  The 
composition of low Ca-granite of Turekian 
and Wedepohl (1961) and the composition of 
specialized granite of Tischendorf (1977) are 
also plotted for comparison.

The studied rare metal granites are char-
acterized by higher contents of Na

2
O, Nb, Ga, 

and Zn and lower contents of CaO, Sr, and 
Ba than the precursor biotite granite (Table 
1).  They have higher contents of Na

2
O and / 

or K
2
O, Rb, Zr, Nb, Ta, and lower concentra-

tions of CaO, MgO, FeO, TiO
2
 Ba, Sr than 

the low Ca-granite of Turekian and Wedepohl 
(1961).  Except for Bir Um Hibal pluton, the 
rare metal granites have comparable values of 
Rb, Ba, Sr (being > 200ppm, < 200ppm and 
< 80ppm respectively, Table-1) with those of 
the specialized granites of Tischendorf (1977). 
The investigated granites have also very low 
K/Rb, Ba/Rb, and Al/Ga ratios and very high 
Rb/Sr ratio, equivalent to those recorded by 
Matheis et al. (1982) and Ramsay (1986) for 
mineralized granites from Nigeria and Saudi 
Arabia respectively. 

On the  Al / (Na + K + Ca) – Al / (Na + K) 
diagram (Fig. 11), the investigated granites 
can be discriminated into two main groups; 

�

Fig. 9:  Polished rock slabs showing   Greisenized 
(Gr) albite granite. Notice that the black 
zinnwaldite on Fig.6, is replaced by greenish 
muscovite on Fig.8

�

Fig. 10: Polished rock slabs showing the albitized 
granite from the Muweilha apogranites. Notice 
the relics of k-feldspar crystals set in albite-rich 
groundmass. 
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weilha pluton.  In all cases, the sodic varieties 
are dominated by high Ta/Nb ratios (tantalite 
mineralization) and Li-rich micas (Abdalla 
et al, 1998 and Mohamed et al., 1999).  The 
potassic varieties have K

2
O/Na

2
O ratios > 0.7 

and are represented by Homrit Waggat pluton 
which exhibits pervasive potassic metasomat-
ic alteration.  They are characterized by high 
Nb/Ta ratios (culombite mineralization) and 
annite-siderophyllite micas (Abdalla et al., 
1998 and Mohamed et al., 1999).

RADIOMETRIC  CHARACTERISTICS

Radiometrically, Igla pluton has the high-
est average contents of U & Th (42 ppm & 58 
ppm respectively).  Um Hibal pluton has the 
lowest average contents of U & Th (14 ppm 
& 26 ppm respectively).

DISCUSSION  AND  CONCLUSION 

The main geological, petrographical, geo-
chemical and radiometric characteristics of 
the studied five rare metal granitic plutons are 
summarized in Table (2).

It is revealed that the rare metal granites 

peraluminous-metaluminous group of A/ 
CNK ratios more than 1 (Igla, Abu Dabbab, 
Homrit Waggat and Muweilha granites and 
peralkaline group of A/CNK ratio less than 
1 (Bir Um Hibal granite).  The peraluminous 
nature of the metasomatized varieties could be 
attributed to the immobile nature of Al during 
metasomatic processes whereas the peralumi-
nous nature of the primary varieties could be 
ascribed to evolved fractionation of metalu-
minous magma.  Moreover, the peraluminous 
varieties have many chemical features of the 
I-type granites mainly low K/Na (0.4-0.9), 
Ba/Sr (<2) Ba (15-65 ppm), Zr (<250 ppm), 
while the peralkaline variety has features of 
the A-type granites; high K/Na (>1), Ba/Sr 
(>10), Ba (>500 ppm), Zr (> 300 ppm). 

Based on K
2
O/Na

2
O ratios, the studied 

peraluminous-metaluminous rare metal gran-
ites could be subdivided into two main sub-
types; sodic and potassic.  The sodic varieties 
have low values of  K

2
O/Na

2
O ratio (<0.7) and 

are represented by two types of the magmatic 
varieties; the albite granites of Igla and Li-al-
bite granite of Abu Dabbab plutons in addi-
tion to the sodic metasomatic granites of Mu-

�

Fig. 11:  Al
2
O

3
/(Na

2
O+K

2
O) vs Al

2
O

3
/(CaO+Na

2
O+K

2
O) molar diagram for the 

studied rare-metal granites (After Maniar and Piccoli ,1989)
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other hand the mineral constituents of the 
metasomatic varieties are characterized by 
corroded outlines and altered appearance. 

Geochemically, The magmatic granite 
association is further subdivided into two 
subgroups; i) peraluminous granite (Li-mica 
rich) including Igla and Abu Dabbab plutons 
and ii) peralkaline granite (riebeckite and/or 
arfvedsonite rich) including Um Hibal pluton. 
The studied peraluminous granites are gener-
ally enriched in Nb, Rb, Ta, Li, F, Y and Zr el-
ements.  The peralkaline granites are enriched 
in K

2
O, Zr, Nb, F and Ta.  On the other hand, 

under investigation can be subdivided into 
two main groups: magmatic associations 
(Igla, Abu Dabbab and Bir Um Hibal plu-
tons) and metasomatic associations (Homrit 
Wagget pluton and Muweilha pluton).  Igla 
and Abu Dabbab granites occur as small 
stocks, while Bir Um Hibal pluton occurs as 
plugs and dyke-like intrusions.  Homrit Wag-
gat and Muweilha plutons are found as small 
areas.  Petrographically, the magmatic variet-
ies are characterized by prevailing magmatic 
textures represented by sharp grain bound-
aries, absence of corroded outlines, and the 
fresh appearance of mineral crystals.  On the 

Criterion Magmatic associations Metasomatic associations 

 Igla pluton Abu Dabbab 

pluton 

Bir Um Hibal 

pluton 

Homrit 

Wagget 

pluton 

Muweilha 

pluton 

Geologic 

occurrence 

Occur as small stocks of 

circular, ovoid or apophyses 

outcrops and leucocratic 

nature 

Plugs and 

dyke-like 

intrusions with 

pinkish colour 

Small areas and exhibit 

obvious pervasive post 

magmatic alterations 

Petrographic 

features 

-Consist essentrially of 

quartz, albite, K-feldspars 

and Li-mica. Topaz, 

columbite-tantalite, beryl, 

cassiterite and fluorite are 

the main accessories. 

Texturally, they are 

characterized by fine-

grained to porphyritic 

texture with quartz and K-

feldspar phenocrysts 

embedded in albite-rich 

groundmass. 

-Composed 

mainly of 

quartz, 

perthite, albite 

and alkali 

amphiboles 

and pyroxenes 

(riebeckite and 

arvfedsonite). 

-Hypersolvus, 

medium-

grained with 

equigranular 

to porphyritic 

texture. 

-Characterized by vertical 

petrographical zoning with a 

lower unaltered zone 

followed upward by 

microclinization, albitization 

and greisenization zones. 

The lower unaltered zone is 

either represented by biotite 

granite (Humrit Waggat) or 

alkali feldspar granite 

(Muweilha). Microclinzation 

and albitization zones are 

well developed at Humrit 

Waggat, whereas albitization 

and greisenization zones are 

principally developed at 

Mueilha. 

Geochemical 

characteristics 

-Peraluminous (Li-mica 

rich). -Enriched in Nb, Rb, 

Ta, Li, F, Y and Zr elements. 

-Peralkaline 

(riebeckite 

and/or 

arfvedsonite 

rich). 

-Enriched in 

K2O, Zr, Nb, F 

and Ta 

elements 

-Peraluminous. 

-Enriched in Na2O, Nb, Ta, 

and Rb elements. 

-Have distinct higher 

contents of Nb/Zr, Rb/Sr, 

K/Rb and distinct lower 

contents of Ba, Sr, Ba/Rb 

than the magmatic varieties. 

Alterations Less altered granite Dominantly 

with potassic 

alteration 

Dominantly 

with sodic 

alteration 

Radiometric 

characteristics 

Has highest 

average U & 

Th contents 

(42 & 58 

respectively 

Averages of 

U & Th 

contents are 

(28 & 40 

respectively 

Averages of U 

& Th contents 

are (14 & 26 

respectively 

Averages of 

U & Th 

contents are 

(32 & 48 

respectively 

Averages of 

U & Th 

contents are 

(26 & 32 

respectively 

Table. 2: Summary for the geological and geochemical characteristics of the studied rare-
metal granites, south Eastern Desert, Egypt
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the metasomatic granite association (apo-
granite) is represented by Homrit Waggat and 
Muweilha plutons.  They are characterized by 
high contents of Na

2
O, Nb, Ta, and Rb.

The metasomatic varieties have distinct 
higher contents of Nb, Rb/Sr, K/Rb and dis-
tinct lower contents of Ba, Sr, Ba/Rb than the 
magmatic varieties.  These reveal two trends 
of differentiations; potassium-rich trend (nor-
mal or least differentiated trend) which com-
prise potassium feldspar-rich leucogranites 
(e.g. Homrit Waggat).  The other is sodium-
rich one (highly fractionated trend) which 
comprise albite-rich leucogranites (e.g. Igla 
and Abu Dabbab).  Chemically the two group 
varieties show obvious trends on the variation 
diagrams.  The metasomatic varieties are the 
reflection of the two trends mentioned above, 
where the Na-rich residual melt cause sodic 
alteration and the K-rich residual melt cause 
potassium metasomatism.

Radiometrically, Igla pluton has the high-
est average contents of U & Th (42 ppm & 58 
ppm respectively).  Um Hibal pluton has the 
lowest average contents of U & Th (14 ppm 
& 26 ppm respectively).
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دراسة مقارنة علي الخصائص الجيولوجية و الجيوكيميائية لبعض الجرانيتات ذات الفلزات النادرة، 
جنوب الصحراء الشرقية، مصر

 محمد المنشاوي ، فراج خليل و عنتر بخيت

تتميز الجرانيتات الحديثة في مصر بوجود أكثر من ١٤ مكشف من الجرانيتات ذات الفلزات النادرة. 
تهدف الدراسة الحالية الي مقارنة الخصائص الجيولوجية و الجيوكيميائية لخمسة متداخلات من هذ2 الجرانيتات 

ذات الفلزات النادرة وهي العجلة، أبودباب، حمرة وقات، المويلحة و بئر أم حبال.
متداخلات الجرانيتات ذات الفلزات النادرة المدروسة متواجدة في ثلاث من النماذج الجيولوجية: الأول 

يشمل متداخلات كل من العجلة و أبو دباب و التي تتواجد كأجسام صغيرة وذات شكل دائرى أو بيضاوي و ذات 
ألوان فاتحة. بينما يشمل النموذج الثاني تدفقات أو مايشبة القواطع و تشمل المتداخلات القاطعة لجرانيتات بئر أم 
حبال. بينما يمثل النموذج الثالث بمتداخلي حمرة وقات و المويلحة. و تغطي بمساحات صغيرة وتظهر تحلل مابعد 
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الصهيري. 

إلي  تتميز  المدروسة  الجرانيتات  أن  علي  دلت  الجيوكيميائية  و  المعدنية  و  البتروجرافية  الدراسة  إن 
ألوميني          فوق  جرانيت  الي  الماجماتي  المتصاحب  وينقسم  ميتاسوماتيزمي.  و  ماجماتي  هما  رئيسيين  متصاحبين 

( يشمل متداخلات العجلة و أبودباب) وجرانيت فوق قاعدي وتشمل متواجد أم حبال.
إن الجرانيت الفوق ألوميني بصفة عامة غني في النيوبيوم و الروبيديوم و التنتاليوم و الليثيوم و الفلورين 
و  البوتاسيوم  أكسيد  في  غني  قاعدي  الفوق  الجرانيت  بينما  الثوريوم.  و  اليورانيوم  و  الزركونيوم  و  الإيتريوم  و 

الزركونيوم و النيوبيوم و الفلورين و اليورانيوم و الثوريوم و التنتاليوم.

من جهة أخري فإن الجرانيت الميتاسوماتي و الممثل بمتداخلات حمرة وقات و المويلحة  فإنها تمتاز 

بمحتوي عالي من أكسيد الصوديوم و النيوبيوم و التنتاليوم و اليورانيوم و الثوريوم و الروبيديوم.

متداخل العجلة يحتوي علي أعلي متوسطات لليورانيوم و الثوريوم (٤٢ ، ٥٨ جزء من المليون علي 

التوالي) بينما يحتوي متداخل بئر أم حبال علي أقل متوسط لليورانيوم و الثوريوم (١٤ ، ٢٦ جزء من المليون 
علي التوالي).


