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ABSTRACT

Thae prasanf work deals with (hoe fwo prende phates alang Wad Aby Jawal ares. Norlh Easlen
Oesard. Egypl & Ad-Dwb /5 wcaded af the nontheasiern part of the mapped ares as an slongale
grantoed ball coweving coveciivady aboul 0 5Km2 | tranding ME and shows zonal composdion
ranging from monzogrante n [he oufer nm (o afkal fedepar arande o e cove bod O handly fo ba
traced in the Sed G Hadradivyah mass 5 iocaled & the soutfwasiern pan of the mapped area
as an efongaded body covenng colectively abowd 1.4 Km' and trendng NW and compossd of
Alial feldzpar granle

Gegchamueally, [he grandoids of the sfudied ares seem o have cngnaled rom melalirmnous
Io peraluminces calc-akaling magmas wih many chentcal feafuras soovar o Lype grantoes hat
dawricpad in valcanic arc [sclomc saliing i & COMarassion & regimes

The studiag granfords wars Jenarafed of gomewhn Blermediale depihs (818 hm)
equivaiy o 3-7 Kb under farmparalivne rangeng from FECLESD" This i conasiant with the high
KRS ratles, and fhe fegh K/Ba ratos mdicals involvamant of ocean sedmenls W megmE
Ganerabion

The conceniralions of U and Thin the grand o recks woere confredod by magmalc procedses
wihich ara clear frovn (he peaitive relabon balwesn U and Th and negalive reladicn belwass L-
ThU. They are akso confrobad by (ha prasenca of some dccessory mingrals (riveon and apaiile)
and ren candes. iran cuodas and hydreaioes are knoien 1o absond U from creuianing fubds

INTRODUCTION

Based on lithologic differances tactonic styles and age patterns, Stem and Hedge ( 1985 )
divided the Precambnan basement rocks of the Eastem Desert into three distintlive terrains
each of which has ils own characteristic features, namely; Morth, Centeral and South Eastem
Desen. A line extending in about NBOE direction across the basement rocks between Cena-
Safaga, is regarded as the major ltholecionic discontingity thal forms the border contact
batwaen the Cenleral and North Eastem Deserd leclonic bocks, The Morlh Ezstern Desert
Block is deminale by late and post- tectonic granies.

Different schemes for classifying the granites of Egypt were proposed depending on
different of views. One scheme gave weight to relative ages e.g Hurme (1935) and El Ramly
& Akaad {1860). Another classification emphasized type localiies; Shurmann (1957), where a
Inird considered 1o orogenesis e.g. El-Shazly (1984 ). The fourth classification depended
primarily &n chemical composition; El Gaby & Habib (1982) and Hussien el ai - {(1882).

Ciher interest classifications were suggested for the younger granites only: Sabet et.al
(1976), El Sokkary efal. (1976), Greenberg (1881) El-Shatoury ef al (1984), Kabesh ef.al
(1987 ),and Moweir et.al.(1990) The present study are deal with peirology . geochemistry |
and radiometery of Gabal Ad-Dub and Gabal Hadrabiyyah as two graniiic phases . The area
under invesigation |5 located in ihe Nodh Eastern Deserl, about 10 km io north | El-Mass
village ) Qena —Safaga road It lles across Wadi Abu Zawal (fig.1); between latitude 28° 37 -
26" 45 and lengilude 33° 15 - 33° 24

Thesa bwo granitic masses and its surrcunding areas were generally described by Hume
(1934), Shurman (1988), Sabet of al, (1972). ELTzhe (1278) mentioned that; the maln
geosynelinal volcanics represent Lthe oldes! rck unll stedied in the area , The synorogenic
plionite rocks are represented by quanz dionte in the southwestérn pard of the area, and
homblende granodiorites to the wesl of G. Hadrabiyyah.while biotie bearing granodiorite
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150 EXAMIBATION OF TWOD GRANITE PHASES

cover @ vast area around Wadi Abu Zawal and Wadi Fatira El Bida. The lale orogenic
plutonites are represented by medium-coarse grained pink granites al G, Abu Shihat, G EI Urf
and G Hadrablyyah as well as by red pegmalite granite al G. Abu Shihat Aplite, pegmatile.
and quariz veins intrude all the granitic masses and the metavolcanics | Sharara el &l (1990)
in their investigations on the area of G. El Urf- including Abu Zawal area; revealed the
presence of @ number of rock unils, namely gneisses. island arc associations and post-
kinematic granites as well as post-granite dykes. Thay acded thal the granitic rocks are
differentiated info syn-kinematic granitoids represented by Abu Zawal granodiortes | and post
- kinematic granites including three distinct phases, namely Abu Shihat pegmatite granite
{oldest ), E| Urf - Ad-Dub granite. and Hadrabiyyah alkaline granités (youngest)
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Bishady e al (1999); classified Abu Zawal rocks into granedioriies which related to
guartz-monzonite and monzonile classes, The grandes are mainly syenc-granites, wheroas
ihe pegmatites are scattered in the field of syeno-granites and alkali-granites AN the rocks
are of the |-lype granfes. They add thattectonically, Abu Zawal grancdioriles are related 1o
pre-plate collision wheraas the granites are related to syn-collision granites The pegmatiles
tend {0 be attributed o late crogenic Eectonism

Dets J, Soi. 2008, 30, 1456-184



WilA Ekbaggar and & & El Shafi 161

Geologic Setting

. Ad-Dulp is located at the northeastem pan of the mapped area as an oval shape plulon..[i
forms a modarate rekal cccupy about 08 x 08 km.(Fig 2) G Ad-Dub Inirusion is lecated in
the northeastern pan of the mapped area. It ks grayish pink Diotite monzogrande. It s
heterogeneous in grain size, and mafic content. This pluton shows Zonal compasiion ramging
fram monzoegranite in the outer nm (o alkalifeldspar granme in the core bul it handly 10 be
traced in the fiedd. Il is Generally coarse grained and composed mainly of quanz, plaglociase,
alkalifeldspar, with variable amouni of béotite. Locally a small part of the granite |s siained wilh
hemalile especially in the outér fim, Joints and exfoliated weathering surfaces are well
developed. Conseguently ENE, NS and NE are the main joint 5215 (Fiy.3). This pluton direchy
intruded to syn-cllision-granite in a sharp contacl. These granite is traversed by several faulls
moslly rending NNE and MW (Fig.4y It is intruded by basie, intermediate and acidic dykes,
generally parallel to the fault irends.

G. Hadrablyyah mass |s l[ocated in the southweslem pan of the mapped area it is form an
elongated body ( 2.7 x 0.5km.} with moderste relief , This granite are medium 10 coarse grains
. pink to pale pinkish colour. composed essentially of pink alkali-feldspars, plagioclase, guanz,
and minor amount of biolite, G. Hadrabiyyah intruded in surrounding metavolcanics (Fig.5).
quartzdiorite, and il is inineded by some basic, inlermediale. and acidic dykes as well as
pegmatite , and quang veins(fig.B) , Jointing and Boulder weathenng are well deveioped . The
main |eint s8is effectad on G.AD-Dub monzograniie are, WhiWand ESE, whereas the main
Jodnl s&is eflecied on G, Hadrabiyyah alkalifeldspar granfe are\WhW, SEE, and MNE
consequently. The main joint irénds abserved are plotled i two rose disgrams for G AD-Dub
monzogranite and G. Hadrablyyah alkalifeldspar granite (fig.7). The daminant lrends
observed from the two diagrams are NNE, NWand E-W directions. These trends mostly
ralated to tharmal conlraction,

The close similarity betwaen the two collectve [oint disgrams ndicate thal the two granite
phases were Intruded along the same structural planes generally , the regional structure of
the area Indicating thal emplacement of GAZ-Dub'and G. Hadrabiyyah masses weng still
conirolled by the final phase of orogenic stress and siluated under one extensicnal
gmyinonmant |

Dufia J, Sg|, 2008 30, 146184



EXAMINATION OF TWO GHRAMTE PHASES

Fig.{2): Generai wview for G Ed-Dub mass
showing. intrusive contact between granodionie
and monzogranite. Fhato beoking MW,
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Fig [4): .F: marmal faul with pegmatite véin ol the
eastorn  parl of GADDUD  monzogranite
Fhoto loaking MW

Fiq (7}, Rose diaprams collective Tof |Gis
{a) G Ad-Dub fmGRZogranile
o= Hadra.blﬁl:".ﬂh glkaldeldspar graniia.

Petrography
Petrographically, G. Ad-Dub monozogranite is composed mainally of vanable propontions of
quaz, plegloclase, and potash feldspar together with subordinate Diotie (Fig.&). lron oxides
zircon, and apatite are accessones (Fig.9) whereas cholonte, muscovite, sericite and kaolinite
are secondary constitwents, Quary occurs as drops form, made up of one of More Claar
anhedral crystals, and less commanly as small anhedral crysials filling the interstices between

the faldspars. This is Desddes s Gocurmence

a5 worme like myrmikitic imangrowth (Fig.10)

Plagiociase form shghlly to moderately saussuntized and tabular crystals, |1 ks commonly
replaces potash fekdspar and corroded by quanz, Potashféldspar are represenied mainly Dy

Deakn J. Sl 2008 30 145-184
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micsocling and microperthite with subardinate orthoclase-micropenhite (Fig.11). Microperhite
is mainly of the exsolution type. Biotite forms subhedral flakes vanably alered into and
interleave with chadania,

G. Hadrabiyyah alkalifeldspar granfle consists chiefly of potash feldspar, and quanz
together with subordinale plagioctase, blotile, amphibala, muscovite (Fig.12). bron oxide,
zircon, alanite and apalile are accessories (Fig.13). Potashfeldspar is mainky perthite,
microcline=microperthite and less commonly ofhoclase-microperthite (Fig, 14}, Quanz forms
anheédral cryslais filling the inerstices between feldspar crysials and show cormosive action
against thém (Fig.15). Plagioclase (An B8-12) 15 subordinate and occurs as tabular crysials,
shightly altered 1o epidote. Biotile forms lregular flakes and ciols. Amphibole occurs as
sulbhedral pnsmatic crystals, or lbrous aggregates.

Geochemistry of Granitoid Rocks
1-Varation in chemical composition

in this section, & is inlended to determing the petrochemical featunes of granitoid rocks of G
Ad-Dub = G. Hadrabiyyah area and to solve the genetic relation between these rocks, Also, 1o
determine the magma types and the fecionic settings under which these graniloid magmas
were generaled. To achieve these objectives, 10 sampies including Gabal Ad-Dub and (7
samples) from G, Hadrabiyyah. All samples were chemically analyzed in the laboratory of
Muclear Material Authority (NMA) for major oxides and the trace elements Rb, Sr, Ba, Y. Zr.,
Mb, Cu, Zn, Mi. Co, Cr, \ and Ga. The analylical results of the major oxides and trace
elements ara shown in Tables (142), The 1ables also show the CIPW normaiive compositions
and some petrochemical paramelers. The average of the differentiation index of granitoids of
G. Ad-Dub - G. Hadrabiyyah area are 89.43 and 89.05 respectively

2- Nomenclatura

We can observe the Petrochemical Momenclature, the genetic classifications for the studied
graniloids by using some vanafion diagrams proposed by Chappell and White (1974).
Middlemaost (1985), Le Maitre, (1086), Gunther et al, (1989) and Harris et al, (1984) as
follow.

Middlemost (12985) and Le Mailre. (1989 used the binary relalion between Si0s and
Na;0+K,0 (w1 %) to differentiale between different rock types as showing In (Figs. 18, 17 ). It
is clear from the figure that studied samples of G, Ad-Dub - G. Hadrabiyyah area are lie in the
granite field,

The studied granitoids can also be classified according 1o their normative Or -Ab, An,
contents using 1he following diagrams, The (Or-Ab-An) diagram of Hietanen, {1983). shown in
(Fig. 18), indicales thal the granilold rocks of G, Ad-Dub— G. Hadratsyyah area plo! o the
granite field . Tha (Ab-An -Or) diagram of Streckeisen (1978), shown in (Fig. 18) indicates the
studied granitoids rocks of G. Ag-Dub = G. Hadrabiyyah area plot in the alkali feldspar granite
fields and some sampies be in the syenogranite field,

Cea J So 3006 30, 1435-154
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Table (1]).Chemical analysis of mmer and trmce alements of grangoid rocks of G Ad-Dub, area
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Table {2): Chermcal anafysss of major and trace elements of granitoid rocks of G. Hadrabiyyah anea
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3-Magma Types

The magma types of the present granioids are investigated using major and trace elemeants
contents, some geochemical paramelers and normative COMposiions {Tabdas 1 and 2).

Agpaitic index 5 a geochemical parameter defined as [(Na,O+ KON AlyDy] (in molecular
propartion). (Goldschmidt 1954), The sverage agpaitic index of G. Ad-Dub granites is aboul
0.88 and G. Hadrablyyah about 0.83 which means that the studied granitoid rocks are
rmiaskitic in nature.

The total alkalies of the studied samples are plotted against Si0. content (lrvine and
Baragar. 1971) shown in (Fig. 20), where the studied sampdes plot in subalkatine fizkd.

Mankar and Piccoli (1988) used the Shand index 10 distinguish between the peralkaline,
metaluminous and peraluminous rocks, where the data points of G. Ad-Dub = G. Hadrabiyyah
granitold recks plot in the metaluminous and peraluminous fields (Fig. 21).

Bailey and McDonald (1969} and McDonald and Bailey (1973} used the lemary diagram
SI0—ALO-MNa-0+K-0 (Fig.22) 1o distinguish Detween the calc-alkalne alkahne and
peralkalineg rocks where the dala of G. Ad-Dub - G. Hadrabiyyah granitowd rocks plod in the
cale— alkaling fiedd.

Figure (23) shows AFM diagram (Irvine and Baragar, 1871} for the studied granitoid rocks,
whers the studied samples plot in calc-alkaline field and the samples show a trend paralle to
ihe compressienal trend.

Chappef! and White (1874} usad the binary relation between Na,0 and K:O to differentiate
between 5- and l-type granites (Fig.24) the figure shows thai the studied granitoid are Hype
granites. The |-type graniles include those which represent mantle derived rocks, while S-1ype
granites are products of partial melting of crustal material during continental collision (Pilcher,
1933).

Also, Harris @f al., (1964) used the binary diagram betwean RWVZr andg S0y 10 differentiate
between S and |- types (Fig. 25). It is clear that the sludied samples plot in type volcanic anc
granias

To summarize, the siudied miaskitic Granioid rocks ongénated from metaluminous 10
peraluminous calc-alkaling magma ypes.

4-Tectonic Setting

The vanation diagram of Mb-Y discnminates blween Lhe cceanic ndge graniles which is
enriched in Y contents and volcanic arc and syncollision granites which are depleted in Y
{(Pearce ot ol,, 1984 ) as shown in (Fig. 26). Tha data of the studied granitoid samplies plot in
the valcanic arc and syf-collision granites ek,

The variation diagram Rb-Y+ Mb (5 used to discriminate bebween volcanic arc granfes
depleted In Rb contents and colision graniles enriched in Rb as shown in (Fig. 27). This
indicates that the graniiold of G. Ad-Dub - G. Hadrabiyyah plol in the voleanic arc granfles
feald.

The tlecionic seiting of the studied granitoids is cetermined using bivananie piol of RbAZr
vs. SI0; (Hamis e1 al., 1984) which discriminate between the syn-collisional graniles and
volcanic arc granites as shown In (Fig. 25), where the studied samples plol in the volcanic arc
granife (VAG) fleld,

Daoka ) Sci. 2008 30, 145-154
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The studied rocks show a very commaon trace elements abundance pattem as shown by
spider diagram (Fig.28), which shows that the siudied granitod of G. Ad-Dub - G
Hadralbiyyah have simitarity in the abundances of the elements destrbuation,

From the abowve results, it can be said, thai the graniioid rocks of G Ad-Dub - G.
Hadrabiyyah were onginated from a metaluminous calc-alkaline magmas that developed in
volcanic arc tectonlc setting which is an a compressional regime.

&-Crystallization condition
The environmenial condifions of 1he graniloid rocks can be deduced from the normative (Ab-
A= Or) and (Qz=Ab=0r) systems as follow

Figura (22) shows the Ab-An-Or system with the fiekls of rock types afler O'Connor,
{1985) and Barker, (1978), The effact of PH20 on the position of cotectic boundary between
orhoclase and plagiociase ai 1 Kb and SKb PH:O are also shown after Tuttle and Bowen
(1858). The G, Ad-Dub = G, Hadrablyyah samplas plot in the grande field and the magma
wis genarated at somawhat inlarmediate depths equivalent 1o 36 Kb

The Qz=Ab-Or system is shown in (Fig. 30), The colectic boundaries at 0.5 and 10kb are
also shown, The studied granidoid samples are ploited in the reglon which indicates formation
at walar pressure 3-Tkb at depth range from (B -19 km) Wilson, (1889),

Figures (31) show the quanz-albde-crthoclase systemn (llustrating the temperature
isotherms. The studied samples crysiallized under tempersiure ranging from T80%840°
{Jamas and Hamillan, 1889 and Winklar ef af. 1075}

G-Petrogenesis of Granitold Rocks

In order to understand the petrogenssis of the granidoid rocks, the ongin and possibla
conditions of crystalization of these rocks can be discussed in terms of their chemical
compasition and discussed within the framework of the evolution of the Egyptian Shicld. By
about (660-650) Ma age most of the Egyptian Shield had bean unified inlo a single crustal
plate, and subduction related (Na;O-dominaled) magmalsm had ceased. The change o
mainly crustal denved (K;0- dominated) magmas was abrupl and characterized by onse of
Dokhan type volcanism (Abdel Monem ef al, 1858) Il shoukd also ba noled thal the
composition of the reglon controls the bulk chemistry of the intial melt. The degres and
temperalure of melling determine the Cad conlent of the mell which wilh high degrees of
metling produces more calcic mails (Wyllke, 1877)

The inilial mells of the Egyptian Shield calc-alkaling island arc volcanics and continental
crusi source reglons are probebly grandtic in composdion with moderate 1o high KO, The
post-accrelion granilic magmas with modarate to high Ca0 (>1.5%) probably reflect moderale
to high dagree af melting, The residual source reglons afier extraction of the initial granitic
mets will be poor In the wolallies and alkalis and rich in refractory caicic plagioclases,
pyfoxenes, amphiboles and sccessony minerals such as sphane, magnellle, apatile and
Zircon. High temperature melting of such residual source réglons in the presence of volatiles
denved eilther from the dehydration of residual amphiboles or biolhe or degassing of basaltic
magrmas,. (Hildrath, 1981) could account for the charactenstics of the alkall and alkall faldspar
granites in the Egyplian Shield (Collns ef o, 1982}, The proposed deep source rogians for
the Egyplian posi-tectonic granites are supported by the commonly obsarved [ow inilial
87 Se/BESr ratios (0.702-0,703)

Tha idantification of the source regions from which granitic magmatic hiqueds were dénived
as well as the nature of these magmatic gusds can be recognized from the vanalion pallerns

Dans J Ses, 2004, 30 40184
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and inter-relationships between some alememnts such as K, Rb, Sr and Ba because ther
behavior In these systems is strongly tled to the major minerals. eg. plagioclase, K-
feldspars, beolite and muscovile

The K-Rb varlation diagram of the siudied granioid rocks is shown in (Fig. 32). The
average values of studied granitold are higher than the crustal average value of 250 (Taylor,
1885). The higher K/Rb ratio indicates sources regions for magma generation in the lower
crust (Heier, 1973) or upper mantle (Gast, 1065). Also, the higher K/RD ratios for the morne
fractionated granitic phase probably indicale magma generation mechamsm Imvolving
dehydration of amphipoles at deeper levels in the lower crust (GEnffin and Murhy, 1969).

The K-Ba varlation diagram is shown in (Fig. 33), The valus of K/Ba is nearly equal to the
average crustal ratios line (K/Ba=85) which indicata that they are enrched in Ba,

The Ba-Rb varation diagram is shown in (Fig.34). it can be used to signify the degree of
fractionation of granitgid rocks. Tha line representing the average Ba/Rb ratio for the crusl is
about (4.4) (Mason, 1988), The Ba/Rb rafios of the studied granitoéd show that they have
aqual values to the average crustal ratio that is consistent with the suggestion that these
samples oniginated from an ennched Ba source.

From the above it IS clear that the granioid rocks of Gabal Ad-Dub- G. Hadrabiyyah area
are generated at depth of about 8-19 km equivaleni to 3-7 Kb and lemperature ranging from
T60°¢ 10 B40°c wilh multi-processes of both assimiation and fractional erystallization involving
plagiociases, homblende and Fo-Ti oxides from a partial melled |ithosphenc magma.

T- Geochamistry of U and Th.

Uranium and thorium conlents were determined chemically in 17 samples. The oblained
results of uranium and thorium analyses are indicaled by ppm as well as Thil are shown in
Tables (182). From this table, the Uranium content of G. Ad-Dub ranges from 11.7 10 23 ppm
with an average 15.7ppm and thorfum ranges from 44 1o 66 ppm with an average 57.3ppm.
The averages of uranium of the G. Hadrablyya ranges from 16 to 23 ppm with an average
18.3 ppm and thorium ranges from 53to 78 ppm with an average 64.1 ppm which is coincided
with the averaga U of the granitic rocks of Clark ot al.(1866), and also introduce in ihe ranga
of the acidic intrusive rocks of Adams ot al.{1859) and the silicic intrusive rocks of Rogers and
Adams(19589).

The geochemical behaviour of U and Th in the studied areas can be examined as
lollows:

The U-Th variation diagrams for the sledled rocks indicale strong positive relations between
the two alements due 1o magmatic arigin as shawn in (Fig, 35). This rafiects the ennchement
with magmafic differentiation due 10 magmatic.

Fig. (38} show that the variation of Th/U ratios versus U in the studked rocks . It is
ciear that from the figure the decreasing of ThiU accompanied with enrchment in U, From the
above and from the figure { 37 ) |1 is clear that the U and Th cotents are controlled by the
presence of some accessory minerahs (zircon and apalile) and lron oxades. wheraas inon
oxide and hydroxides are know o absorb U from circulating fiuids

Dekts J Sci 2006 30, 1&0-164
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