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ABSTRACT
The presenl work dom's weh e granford rocke af Gabal Ef Magel (28k7) wheoh ealed along
Quna-Safaga road, canira! Eastarn Desert af Egyp!

Fatrographcally, the sludied ganifes am composed sssantally of parsfe, quans, plagocase
and amphbodes. Sphens and opagues am accessony mmenals. The granies cowld be considansa 25
subrohue granfes due fo he pregence of Sath onhoclase pefile and plagociede The
pelographical observabons ivdivade a hydrolhermal aferafion epsode (senciised plagioc'ass)
Geochamically, he grarfas of Gahal E] Megsl ares seam fa have cognaled from paradumnous cak-
ol magma will many chemcal fealures simeiar io Wy pa granded The graviicids magma wagd
oginated in an sland arc ectonic seding The shudied granifods wise gensraded &l somewhal
indpmmediale dapths (20230 oml equevalani fo 3-8 Kb, wider fameeralire fanging from FE0 “540 “wih
mulprocadsas of bolh assrmlsfion snd racbonal orystalizaiion, This & conpisian) wih The heah
HARE radios, and the iow H/Da rabos

The concentrations of U and Th i the granifed mcks were controled by mapmalt processes
which are clear fom fhe posilive relalion Dstwsan U and Th in aociion fo weak negsiva raiahan
batwerent U and TRAL They are aiso confralied by (he presence of scma accasaasy minarais a.g
m sohane and yon oxiges. fron ordes and fydmorides are kaswen o absorh U from cvcoialing

INTRODUCTION

Tho Precambran rocks of Egypl represant the weslern part of ihe Aralsan-MNubian Shisld, which
was formed during the Pan-African erogonic eyele (850-450 Ma, Krtinar 1985) by tha accration af
juvenile arc teraing, followed by crustal thickening accompanied by intrusion of batholdhs of
predominantly grantic composBion. Genetally, the Egyplian granfioids are broadly subdivided into
three main groups: older, vounger and alkali granitoids based on figld relatons, tectonic and
geochronological deferminations (Hussein el al, 1982, El-Gaby ef al, 1988). The Egyptian
Younger Granitoids attracted a great deal of interest because they mark a transitional stage from
subduction-related magmatism to within-plate magmatsm i he crestal evoblulion of the Mubsan
Shield (Beyih ef af, 1984) which make thewr cngin and clagsification somawhal controversial

The Gabal El Magal granitoids form an elongated mass (10 x3.5 km) located along Gena-Safaga
road, and covenng an area of about 35 km®.(Fig.1).

Sabet (1961) grouped the intrusive rocks in this area into: 1) fine grained leucocratic and
medium-grained biolite hornbiende granites,, 2)granodionies, quanz-dionte and dionte.

El Shazly (1264) recorded that the granitic rocks of Gabal El Magal area are armanged In a
chronological sequence as 1)granodiorite (oldest), 2) biotite granite. 3)leucogranite and 4)alkali
graniie (younges).

The am of the work iz to through more light on the pebrological and geocchemical

charactenstics of Gabal El Magal younger granitoids, the main evoluionary pracesses which
have baan responsible for their generafon as well as their tectonic envinamment,
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Fig 1 Simpified geologicel mep of El Magal area. (after Abdal YWanin, 2000}

Geokogical setting

The granitold mass of Gabal El Magal is located in the central Eastern Desert of Egypt (Fig.1),
botwean long, 33" 42" to 33° 50° E and lat. 26° 47" 10 26" 55" N. It appears as large sland within
thie obder granitoids (Fig. 2). There are several small granitic low hills scattered along wadis (Fig,
3a, b). The younger grandokls commaonly show sharpintrusive contacts which usually dip towards
tha matavolcanic (Fig. 3¢, d). The younger granitods are characterized by exfolation, cavernous
and bouldary wealhering with characterstic monumental shapesiFigle. 4f), also they are
characierized by intensive joinsing (Fig. 48). The younger granioids enclose xanaliths of different
shapes and sizes from older granites and metavolcanics (Fig, 30, 4A ).

Figure (2]

Fag 2 | Ganaral viaw of G El Magal shavang younger granies (light) infreding aldes
granmas {dark) Fhoto lookng NNW
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Figure (3)

Al Field photograph showng seversl small gramtic low hils scaliered along wedis
Phate leoking EME

15 ]] Finld phatagtaph showing manuments shapes of grances. Pholo lcokngEME

() Fieid photograph shawng ahar contact belwesn younges granite and Cakhan
Veloanos. Phato koking ERE

]} Field photograpgh ehewng oval shaped senckme af cldor granda willkin e
younpar granda Fhicka kaalking MW
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Figure [4)
LA Fizld photograph showing oval shaped xenciths of metavolcanic in me
yaunger granita. Phato leoking A
8} Famla pholograph showng misnsvely jonbed younged grandss (o)
Phota lnoking ME.
PETROGRAPHY

Mecroscople InvesSgation of granies showed that they are composed mainly of K-feldspar
occumng as subhaedral crystals of string perhite (Fig.5a). Plagioclase (An.) occurs as
subhedral crystals of cligoclase charactenzed by albdic fwinning. Quartz occurms as
equidimensionsal crystals. The rock ks charactenzed by scarce mafic minerals as minute flakes of
biotite. Accessory minerals are mainly sphene which occurs as wedge ke crystals of primary
ongin{Fig.5¢). They also contains Zrcon as euhedral crystals.

The grayish samples are compased mainty of plagiociase and hornblende. Plagioclase (Anz)
forms anhedral crystals charactenzed by albite percline twinning (Fig. 5f). The constiluling K-
feldspar occurs @s coarse crysials of ansperthile (Fig. 5b). The rocks & characterized by
presence of brown homblende as the main mafic mineraks (Fig. 5c). Zircon reprasents the main
accessory mineral which is partally metamectzed and surrounded by pleachroic halos, Sphene
poours as suhoedral crystals of wedge shapes(Fig. 58)

Data J Sei J006, 30, 1323 148
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Figure |5}

(Al Microphpiogragh shavang Spical Erng parthiéa in alkali feddepar grands
G x50

() Microphodograph showang typical flake penhiae. Neta sight deformaton of
solc feddesar (emelan C.M X80

[} Siaphogaph showing bidwn amphibola W %50

(o hatraphotagidph showing hgh alterated plagociase crestal © .M K50

(E} Microphomgragh showing euhedial sahene crestls having sohenoidal
ahape anclosed i quare. © N X80

[F | Microphois Aragh sndeanidg Plagaclase crystaly Baar 1§ lamaler and sample

twinning © N X50
GEQCHEMISTRY

Chemical classification

13 samples ware chemically analvzed in the laboratory of Muclear Matarial Authonty (NMA) for
major oxdes and some trace elements (Rb, Sr. Ba. Y, Zr and Nb), The analytical results of tha
major mdides and trace elements are shown in Table (1). The table also shows the CIPW
nomatve com posiExns and some pairochemical parameiers

Deiza J Sc 2006, 30, 733 148
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Middiemos! (1985) used the binary relation between Si02 and NayO+KO (wi%) o

differantiate between different rock types (Fig.6 ). It is clear that the studied granites of Gabal El
Magal lia in the granila Sald whereas some samples pol within the granodiorite feild,
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[B); 5103 Ma2O=+H20 [Middiemost 1585) (7} 2002 NadteR20 (L Maibtre 190805)

O  grandes

Le Maitre, (1989) used the binary ralation between S102 and NayO+ KO (wit) to differentiate
between different rock types (Fig.7 ). Itis clear that, the studied samples of Gabal El Magal e in
the granite field,

Variations in chemical composition

The conients of major and frace elemenis are plotted versus differentation index (D)
(Fig.85Fig.9), These giagrams show that the S0y, Ti0s, Na:0, K20, Rb, Y and Baincrease with
the O, whie A0y, Fel, Ca0 and, MgO decrease with the O,

i iz also clear that the studied sam ples mostly show stralght-lne vanations which may indicate
co-magmatc differentiaion

Dela J Gei 2006, 30, 1353 148
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Table {1} Chemical analyss of major and frace elemens of granicid rocks of 5. E! Magal grante, Jena-

Safaga road
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Gecchemical characters
Magma types
Agpaitic index is a geochemical parameter which defined as [(Na.0+ K0/ ALOJ (in molecular
proporkon), (Goldschmadt, 1954). The average agpatic index of Gabal El Magal granites is about
0.65 which means that the studied granitoid rocks are miaskatic in nature.

Hafms ef ai, (1984) used the binary diagram between RWZr and 550; to diferentiate botween
5 and |- types (Fig. 10). Tha Hype granites include those which represent mantle derved rocks,
while S-type granites are products of parial mefting of crestal material duing continental collision

Oiefta J Sci 2000, 30, 133 146
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{Piicher, 1983). B = clear that the studied samples plol within the feld of |-lype volcanic arc
grantes (Fig. 10).

S0z veraus Y diagram of Gunther ef a, (1989) was used 1o classiy the granitosd rocks into i
type and S-lype granites. The diagram shows that the studied graniloeds are of |-ype granite
reflacting thelr kgneous ongin,

On AFM disgram the studiad granitedd rocks plol in the calc-alkaline fakd (Indne and Baragar,
1871). (Fig 12).

Maniar and Piccoll (1989) used Shand index fo distingush between the peralkaline,
metaluminous and paraluminous rocks as shown i (Fig. 13}, It s clear from this figure Mat the
data points of Gabal E| Magal granilod racks plol i the paraluminous ek,
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Fig | 12 § AFM diagram (Irvina and
Baragas, 1971)

Tactonic Setting
The plot of REZr Wa. SI0; (Hams i al, 1966) = used o decriminale between the syn-collisional
giante feld (&) and volcanic arc granie fisld (B) (Figure 14). The studied samples plot in the
violcanie are granite (VAG) fald,

The Rb-Y+ Wb varabon diagram is used to discnminate betwesn volcanic arc grandes
depleted in Rb contens and collision granites ennched in Rb (Fig. 15). The dagram indicate that
the granitold of Gabal El Magal are developed in volcanic arc setting,

Diefta J. Sci 2008, 33 133 148
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Crystallization conditions
Tha environmental conditons of the granitold rocks can be deduced from the normatve {Or-= Ab-
An) and [Qz=Ab=0r) systermns as follow:-

Figure 16 shaws the Ab-An-Or systom with the fiekds of rock types after O'Caonner (1965) and
Barker (1978). The effact of P,y on the position of cotecSc boundary between othoclase and
plagiociase at 1 Kb and 5Kb P.x, are also shown afler Tultle and Bowen (1858). The Gabal E|
Magal samples plat in granie field and the magma was generated at somaewhat intermaediate
depths equivalent to 3-6 Kb,

Flgure 17 show the guarz-albde-orthoclase system #lustrating the temperature isotherms,
The studied samples crystallized under temperature ranging from 760°-840° (James and
Hamiton, 1269 and Winkler af af, 1975),

F £ \x
f . -.H
Al ak
Fig {18 } . An-Ab-Or ternary dlagram Fig ( 17 1 Qz-Or-Ab termary diegram

Deslia J. Szl 2008 55, 135 148
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PETROGENESIS OF THE GRANITOID ROCKS
The K-Rb varation diagram of the studied graniioid rocks s shown in Figure 18. The average
values of the studied granioid are higher than the crustal average value of 250 (Taylor, 1565)
The higher K/Rb ratio indicales sources regions for magma generation in the lower crust (Heler,
1973) or upper mantie (Gast, 1965). Also, the higher K/Rb ratos for the maore fractionated grandic
phase probably Indicate magma genarabon mechansm involang dehyaration of amphiboles at
deepar levets in the lower erust (Griffin and Murthy, 15969),

The Rb-Sr vanation diagram is shown in (Fig. 19). The valus of Rb/Sr of studied samples ane
=1.0 which indicalas that the granitoid rocks were generated from mora evolved magmatic flulds.
The Ba-Rb varaton diagram shown in Fig. 20 can be used to signify the degree of fractionation
of grandold rocks. The line representing the average Bafb ratio for the crus! is about 4.4
{Masan, 1966). The BafRb ratics of the studied grandsid show that Shey have high values than
the average crustal ratio that s consistent with the suggestion that these samples odgnated from
a anriched Ba source,

([0
E LER ]
Al i i :l i
L | I - (L] (L] i =
Fig {18 | K-Rb variston disgram Fig {1% }' Sr-Rb vanabon dagram
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Fig {20): Ba-Rbvanation dagram
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Fig. 21. Pnmitve-manis normakied and N-MORB-nomaiZed Spider disgrams trace alamant
picts for the E1 Magal grantes Nommaizaton values are from Sun and McOanaugh (1359)

Relatve to normal mid-ocean ndge basalts (N-MORB), the studied granites (Fig. 21) show.
enfchment in e strangly ncompatble LILE such as Rb, Ba, and K strong depleton In Nb
relative to K and Th. Excep! for the slightly wide range of large-ion ithophde slements (LILE)
observed for El Magal granite samples. Negative Nb anomabes are observed in uncontaminated
continental basalts (Condie of &, 1987; Saunders of al, 1992 and Kenl 1995), and pronounced
negative Sroand Ti anomabas on prim@ve-mantle normalzed plots ame obsensed for theso
samples. These anomalies also suggest thal El Magal granite samples have affinities with
confinental crust, Any crustal invohe ment during the emplacemaent of mafic magmas could give
rise fo langer negatve Nb anomahes (Rolenson. 1853H). Large negative Srancmalles sccur in EI
Magal granite samples may be interpreted either by plagioclase fractionaton in the parental
magma chamber prior to the eruption or mheritance from thesr mantle source {Rollinson, 1983H)

Gaochamistry of U and Th.

Urandum and thamem contents wane detarminad chamecally in 13 samples. The oblained results
of the uranium and thorum analyses are indicaled by ppm (Takde 1). From this teble, the uranium
content of Gabal El Magal ranges from 8.2 to 22.4 ppm with an average of 11.8ppm which Is
coincided with the average U of the granitic rocks of Clark of al, (1866}, the acklic infrusive rocks
of Adams of al. (1858) and the silicic intrusive rocks of Rogers and Adams{1887T). The thomum
ranges from 11.3 to 31.8 ppm with an average 18.1ppm,

The geochamical bahaviour of U snd Thin the studied areas can be examined as follows:
The U-Th varation diagram for the studied ocks sidicates sirong posilive relafons due o
magmatc ofdgn as shown In (Figure 22). Thi meflects the ennchement with magmatic
diffarentiation due o magmaltic orgin

Figure 23 shows the vanation of ThiJ ratios versus Win  the studied rocks | Itis clear that tho
Thi decrease with the ennchmeant in L. From the above and rom tha Figure 24, | is clear that
the Uand Th contents are controlled by the presence of some accessory minerals such as zircon,
sphene and iren medes. ron oade and hydrosdes are known o absarb U frem circulating fluids

Tha U- Fe varation diagram for the studied rocks indicates a weak postive relation due to
magmatic origin as shown in Figwre 24, This reflects that uranium may be adsorbed on the
surface of iron oxides as most magmatic procosses

Figure 25 shows the melaSon bebseen U and Zr for the studied rocks which indicale a weak
positiva nalaons dua 1o magmatic angin,

Delm 4 Sei. 3006 30 135 148
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The U-K/Rb variation diagram Figure 26 for the studied rocks indicates a weak negafve
relation, This negative comelation is a good evidence for magmatic confrol of U ComGentration,
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Fig: (26 | F/Rb-L vanation diagram

CONCLUSIONS
The Pan-African granitoid rocks of Gabal el Magal area, comprise an elangated NVW mass belt
covening about 35 km'.

Geochmically, the granitoid rocks of G.E|l Magal area were determined fo examine their
tecionic seting and radicactvily of provenance and source area conditions. They have calc-
alkaline chemistry, characterized by intermediate 5i0; contenis, high Al;O, and low MpO.

Cieita J Seu 2008 30 133 148
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The grantoids of Gabal el Magal area can be clagsified as |-typa granite. onginated from o
peraluminous calc-alkaline magma and developed in volcanic arc. These rocks ware genafated at
somewhat intermediate depths {20-30 km) equivalent to 3-8 Kb, under lemparature ranging fram
7T60°-840° On tha lecionlc discriminaticn diagrams, most samples have voleanic-arc sefling. The
avolution of the Gabal EI Magal granitoids may be predicted as follows: fracBional crystallization
processes.

The studied granites are characterized by low Ca, Mg, FeNb, Sr and Ti contents, These
nagatve anomalies suggests that the EI Magal granita samples dervaton have affinities with
continental crust. Any erustal involvemant dunng the emplacement of mafic magmas could give
fiso 1o larger negatve Nb anomalies. Negatve Sr anomalies may be interpreted wither by
plagioclase fmctionation in the parental magma chambaer prios to the arupdion of inhertance from
their mantle source Petrochemical and gecchemical features however, support a crustal melt
arigin

The concantrations of U and Th in the studied granitoid recks were controlied by magmatic
processes which ara chear from the positve relation besween U and Th as well as cantrolled by
the presence of some accessory minerals such as zircon and iron oxdes whereas iran onde
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