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ABSTRACT

Wadi Murra area lies between Lat. 22° 24' and 22° 30' N and Long. 33° 43' and 33° 52' E. The
studied younger granites in Wadi Murra area are represented by monzogranite, syenogranite and alkali
feldspar granite. Wadi Murra granites have a semi rounded-NS oval shape (11x8 km) comprising monzo
and syenogranite in the middle grading to alkali-feldspar granite at the peripheries. Alkali feldspar granite
intrudes the surrounding island arc metavolcanics as well as monzogranite of Gabal Umm Ara.

Monzo and syenogranite consist mainly of potash feldspar, plagioclase, quartz and mafic minerals
with noticeable amount of opaque minerals. The main characteristic texture is equigranular with
medium to coarse grain size. Porphyritic texture is also present. Alkali-feldspar granite is medium grained
and characterized by hypidiomorphic granular texture and composed mainly of alkali-feldspar (orthoclase
and minor microcline), quartz and subordinate plagioclase. The main mafic minerals are either amphibole
or biotite. Accessories are represented by zircon, sphene, apatite and iron oxides.

Geochemically, the studied granites are calc-alkaline in nature, emplaced in post collision granite
environment and have A, character. The radiometric data for monzogranite show a wide variation in eU
and eTh contents. The eU content ranges from 6 to 12 ppm with an average of 8.5 ppm and the eTh
content ranges from 5 to 16 ppm with an average of 10.12 ppm. The potassium content ranges between
3.08 % and 7.67 % with an average of 4.49 % . The eU content in syenogranite ranges from 2.4 to 6 ppm
with an average of 3.78 ppm and the eTh content ranges from 7 to 9 ppm with an average of 8§ ppm. The
potassium content is ranging between 4.08 % and 4.69 % with an average of 4.53 % . The eU content in
alkali feldspar granite ranges from 5 to 9.8 ppm with an average of 6.86 ppm and the eTh content ranges
from 8 to 16 ppm with an average of 13.25 ppm. The potassium content is ranging between 4.9 % and
4.95 % with an average of 4.70 %.

The picked minerals from the anomalous samples are identified confirmed by environmental Scan
Electron Microscope (ESEM) and XRD techniques at Laboratories of Nuclear Materials Authority
(NMA). The identified minerals are classified to: 1) Secondary uranium minerals (uranophane, autunite
and metautunite), 2) Thorium minerals (uranothorie), 3) Niobium-tantalum minerals (columbite), 4) Base
metals minerals (pyrite) and 5) Accessory minerals bearing U, Th and REEs (zircon, fluorite, monazite,
xenotime, sphene, allanite, apatite and iron oxides).
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INTRODUCTION

The area of study is located in the south-
ern part of the Eastern Desert at about 250 km
southeast Aswan city. It is located north to
Wadi Allaqi covering about 530 kn? and de-
lineated by long. 33° 43'-33° 52'E and lat. 22°
24'-22° 30'N.

A-type granitic rocks have drawn the at-
tention of many workers in the last decades,
but their origin is still subject of debate. There
are three main models to explain the source
of A-type granite magma: (1) Melting of fel-
sic crust (e.g., Anderson, 1983; Clemens et
al., 1986; Collins et al., 1982; Creaser et al.,
1991); (2) Derivation from a mantle-derived
mafic magma (e.g., Turner et al., 1992; Lit-
vinovsky et al., 2002; Mushkin et al., 2003;
Vander Auwera et al., 2003) and (3) Mixing of
crustal and mantle sources (e.g., Barker et al.,
1975; Foland and Allen, 1991; Frost and Frost,
1997). Despite intensive research, no consen-
sus exists also on the origin of A-type magma-
tism in the Arabian-Nubian Shield (ANS).

The Arabian-Nubian Shield consists of
Neoproterozoic juvenile crust formed by pro-
tracted accretion of island-arc terrains be-
tween 850 and 550 Ma in the framework of the
Gondwana supercontinent assembly (Stern,
1994; 2002 & 2008; Nehlig et al., 2002; Stern
and Johnson, 2010). The evolution of the
ANS records three main tectonic stages of
intra-oceanic subduction (850-700 Ma), col-
lision and terrain amalgamation (700 to 635
Ma), and tectonic escape, strike-slip faulting
and extension (635 to 550 Ma) of the newly
formed continental crust (Genna et al., 2002;
Johnson and Woldehaimanot, 2003; Be’eri-
Shlevin et al., 2009; Eyal et al., 2010; Stern
and Johnson, 2010; Johnson et al., 2011).
Post-collisional calc-alkaline to alkaline A-
type granites (e.g., Ali et al., 2009 & 2012;
Be’eri-Shlevin et al., 2009b; Eyal et al., 2010;
Moreno et al., 2012, Moghazi et al. 2012) in-
trude older post-collisional K-rich calc-alka-
line I-type granitic rocks (Johnson, 2003; Eyal
et al., 2010).
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Different models have been proposed for
the sources of the post-collisional A-type
granites of the Arabian-Nubian Shield which
invoke contrasting continental crust and man-
tle reservoirs (e.g., Katzir et al., 2007; Ali et
al., 2009 & 2014; Be’eri-Shlevin et al., 2009a
& 2010; El-Bialy and Hassen, 2012; Eyal et
al., 2010; Farahat and Azer, 2011; Moghazi et
al., 2011&2012). These models are not con-
clusive because none of them could assess the
crustal versus mantle contributions to ex-
plain the radiogenic isotopes and the juvenile
character of the A-type magmatism (e.g., Eyal
etal., 2010; Moreno et al.,2014).

Some of the post-collisional A-type gran-
ite plutons in the ANS are considered as spe-
cialized granites (Drysdall et al., 1984; Kiister,
2009; Johnson et al., 2011). They are char-
acterized by a marked enrichment in granito-
phile trace elements and valuable metals of
economic interest, like Nb, Ta, Zr, Th, U, Y,
Sn and rare earth elements (REE).

Three different processes have been sug-
gested to explain the rare metals endowments
in the granitic rocks: (1) Enrichment con-
trolled by magmatic processes (i.e. fractional
crystallization), (Christiansen et al., 1984;
1986; Lehmann, 1982 & 1987; Pollard et al.,
1987; Rainbault, 1991; Cuney et al. 1992), (2)
Volatile-phase transfer and complexation of
rare metal elements and REE with F, Cl, CO,
(London, 1986 a& b; Webster and Holloway,
1988; Salvi and Williams-Jones, 2005; Audé-
tat et al., 2000; Webster et al., 2004; Schonen-
berger et al., 2008; Agangi et al., 2010), (3)
Transportation of ore elements by hydrother-
mal aqueous fluids (Charoy and Pollard, 1989;
Mass et al., 1987; Oreskes and Einaudi, 1990;
Linnen and Cuney, 2005).

The aim of this study is to 1) Explain the
relationship between the rare metal endow-
ments and the hosting A-type granite com-
plex; 2) Clarify the relationship between sy-
enogranites and the alkali feldspars granites,
which represent different suites of the A-type
post-collisional magmatism and 3) Define the
sources of the A-type granitic rocks.
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GEOLOGY

Wadi Murra granites are classified to older
and younger granites. The older granites
cropout at the northern and southeastern parts
of the study standing as low mountainous
elongate masses constituting about 101km?,
trending ENE-WSW and NNE-SSW and tra-
versed by vast sandy plains. They also occur
as small offshoots in the metasediments (Fig.
1). They are medium- to coarse-grained rocks
ranging in colours from whitish grey, pinkish
grey to grey characterized by intense weather-
ing and exfoliation. Most of these granites are
highly fractured and jointed. They could be
distinguished to quartz diorite located in the
south eastern part of the study area measur-
ing about 36km? . This rock is mostly weath-
ered, although some small exposures are still
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fresh and granodiorite covers the northern part
of the area of study and extends towards the
ENE and NNE directions and characterized by
low-leveled topography measuring of about
65km?. The younger granites -cover an area
of about 300 km?, characterized by moderate
to high topography. They comprise monzo-
granites, syenogranites and alkali feldspar
granites. All the granitic masses belong to the
post-orogenic younger granite magmatic activ-
ity that intruded the Egyptian shield between
620 and 530 Ma (Abdalla et al., 1996). They
are epizonal and unfoliated masses that have
sharp contacts with the surrounding country
rocks or capped by the metavolcanics. The
younger granites in the Wadi Murra area are
sheared and highly jointed.
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Fig.1:Geologic Map of Gabal Kilkabob Area (Modified after

Nasr & El-Sherbini, 2001)
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Monzogranite

It occurs as oval-shaped pluton trending
N-S. It is generally of homogenous pink-
ish equigranular coarse-grained texture, but
in places a porphiritic variety is recorded. It
intruded by the syenogranite in the eastern
side of G. Kilkbob. The weathered parts are
characterized by reddish brown colour on sur-
faces and are hardly distinguished from the al-
kali feldspar granitoids (El-Gaby et al. 1988).
Monzogranite has small xenoliths of metasedi-
ments and metavolcanics.

Syenogranite

It is the predominant rock variety in the
area of study and follows the alkali-feldspar
granite in relief and characterized by porphy-
ritic texture. It is characterized by presence
of uranium-bearing pegmatites occurring as
dykes and lenticular bodies of about 15 meters
in length and 1 meter in width. Some metaso-
matic alterations (Na-metasomatism) are ob-
served in the syenogranites but intensively
recorded in the alkali feldspar granite .

Alkali Feldspar Granite

It represents the main body of Gabal Kilk-
bob (570 meters above sea level) sending off
shoots in metavolcanics. It is pink in colour
and medium-grained characterized by por-
phyritic texture. Their contact with the Mon-
zogranite is sharp and locally chilled. Pegma-
tites occur mainly along the contact zones as
small dykes and knots.

PETROGRAPHY

Monzogranite

This granite is medium—grained charac-
terized by pink to greyish pink colours and
equigranular texture consisting of potash feld-
spars, plagioclase, quartz, mica as essential
minerals, while the accessory minerals are
represented by allanite, zircon, epidote, flu-
roapatite and sphene. Potash feldsparsar is
the main feldspar representing about 34.5% of
the rock and occurring as medium-grain crys-
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tals measured about 2.8mm. They are present
as subhedral crystals of string perthite (Fig.2)
and as anhedral crystals of antiperthite enclos-
ing fine crystals of albite (Fig.3). The antiper-
thitic crystal is also formed as the potash feld-
spar invades and corrodes plagioclase (Fig.4).
Plagioclase (An,) is less dominant represent-
ing about 30.9 % of the rock. It occurs as
euhedral zoned crystals with Carlsbad twin-
ning (Fig.4). Subhedral crystals are present
as blade-like crystals of oligoclase character-
ized by lamellar twining and associated with
myrmekitic texture where vermicular quartz
is present (Fig.5). Some crystals of plagio-
clase are cracked and hematitized (Fig.4).

Feldspars are also present as disordered
crystal composed of lamellar and cross-
hatched twinning where the microcline is trans-
formed to albite (Deer et al., 1985). Quartz
represents about 30.4% of the rock constitu-
ents occurring as anhedral crystals associating
the other constituents (Figs.4-6) or as coarse
crystals (up to 5.0mm) enclosing finer crystals
of albite and disordered feldspars (Fig.7).

Mica is present as biotite and muscovite or
chlorite as an alteration product of biotite. The
mafics in monzogranite representing about
2.3% of the rock. It occurs as platy flakes of
biotite (as primary mica mineral) character-

~

Fig.2:Pht0micrograph for moﬂzogranite of
Wadi Murra area showing Potash feldspars as
subhedral crystals of string perthite, XPL.
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Fig.3:Photomicrograph for monzogranite
of Wadi Murra area showing crystals of
antiperthite enclosing very fine crystals of
albite, XPL

Fig.4:Phoomlcrograph for monzogrfemi;té't of
Wadi Murra area showing Antiperthitic crystal
invades and corrodes plagioclase, XPL

< 200 pm

Fig.S:Photomicrogapﬁ of mdﬁz@anite of
Wadi Murra area showing blade-like crystals
g(fP Loligoclase showing lamellar twinning,
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Fig.6:Photomicrograph for monzogranite of
Wadi Murra area showing Oligoclase with
myrmekitic textured and vermicular quartz,
XPL

Fig.7:Photomicf6graph for monzogranite of
Wadi Murra area showing Coarse grained
crystals of Qz enclosing finer crystals of albite,
XPL.

ized by pleochroic haloes surrounding minute
crystals of radioelements-bearing minerals
(zircon), (Fig.8). Some flakes are partially
chloritized excluding iron oxides as elongated
blebs along cleavage planes (Fig.9) and oth-
ers are transformed to penninite or muscovite
(Fig.10). Muscovite is secondary mica min-
eral occurring after biotite (Figs.9&10) or as
irregular flakes secondarily-formed in late
stages and corroding the earlier crystals of
plagioclase (Fig.11).

Accessory minerals are represented mainly
by allanite, epidote, zircon, fluoroapatite and
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’ﬁ 4 200um

Fig.8:Phot01‘1-11c—:“rograph for moniogfanite of
Wadi Murra area showing Pleochroic haloes
of zircon in biotite, XPL

1 400 pm

Fig.9:Photomirograph %or monzogranite of
Wadi Murra area showing Biotite partially
chloritized excluding iron oxides, XPL.

»

v

Fi .1.0:Ph0tomicograph.for monzogranite of
adi Murra area showing biotite ~ partially

transformed to chlorite, XPL
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Fig.11:Photomicrograph for monzogranite of
Wadi Murra area showing Muscovite as
irregular flakes in association with biotite,
XPL

sphene. Allanite is the most common acces-
sory mineral displaying different varieties rec-
ognized by it scharacteristic yellowish brown
colour. It occurs as well-formed crystals ex-
hibiting its characteristic interference colours
(3" order), (Fig.12) or as zoned crystals with
variable interference colours related to the
zonation (Fig.13). The crystals with masked
interference colours are surrounded by radial
fractures referring to the presence of radioele-
ments in their crystal lattices. Epidote occurs
as primary well-formed crystals associating
plagioclase and exhibiting third order interfer-
ence colours (Fig.14). Zircon occurs as well-
formed crystal enclosed in biotite (Fig.15),
some crystals are good carrier for the radio-
elements and characterized by pleochroic hal-
lows in biotite. Fluoroapatite occurs as pris-
matic crystals oftenly enclosed in quartz and
distinguished by its very low relief and char-
acteristic interference colour (grey 2™ order),
(Fig.16). Sphene is present as well-formed pri-
mary crystals4 with sphenoidal form (Fig.17)
and as secondary anhedral crystals associating
the chloritized biotite (Fig.18).

Syenogranite

The studied syenogranite is medium-—
grained rock characterized by pink colour
and equigranular texture composed of pot-
ash feldspars, plagioclase, quartz and biotite
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: 2z

Fig.12:Photomicrograph for monzogranite of ~Fig.15:Photomicrograph for monzogranite of
Wadi Murra area showing Allanite as well- Wadi Murra area showing Zircon occurs as
formed crystals, XPL well-formed crystal enclosed in biotite, XPL

; i P _
Fig.13:Photomicrograph for monzogranite of F}g‘.xl]G(ZiPlll\(/}tomicrogra h for monzogranite
adi

Wadi Murra area showing zoned crystals of 9L 1 Murra ’ilreafs (iwmg 1ﬂuo(rloja.patlte as
allanite, XPL &rIljsIIJnatlc crystals oftenly enclosed 1n quartz,

Figa14:Photomicrogrﬁ1ph for mocrllzogranite ﬁf %i]gawli\ghotomicroglrlaph_ for mo}{lzogranite ﬁf
Wadi Murra area showing epidote as well- adi Murra area showing —sphene as well-
formed crystals associating plagioclase, XPL g&griled primary crystals Wﬁh sphenoidal form,




148

Fig.18:Photomicrograph
of Wadi Murra area showing sphene as
secondary anhedral crystals associating the
chloritized biotite, XPL

for monzogranite

as essential minerals and allanite, zircon and
sphene as accessories.

Potash feldspars are more dominant than
the plagioclase constitueting about 44.5% of
the rock. They occur as anhedral crystals of
microcline perthites and antiperthites, exhibit-
ing its characteristic cross hatching twinning
(Fig.19). The microcline perthite occurs as
subhedral crystals of patchy perthite (Fig.20)
and string perthite (Fig.21). Some crystals of
perthite corrode the adjacent crystals of pla-
gioclase referring to the sodic composition of
plagioclase (Fig.22). Plagioclase (An,,) rep-
resents about 17.7% of the rock and occurs as
subhedral crystals of oligoclase characterized
by albitic twinning (Figs.20&22). Quartz
represents about 34.9% of the rock occurring
as primary anhedral crystals associating the
feldspars or as secondary fine crystals associ-
ating the metasomatized biotite (Fig.23).

Mafic minerals are represented only by bi-
otite (1.6% of the rock). It is present as inten-
sively metasomatized flakes excluding iron
oxides and secondary quartz along the cleav-
age planes (Fig.23).

Accessory minerals in Wadi Murra syeno-
granite are represented mainly by allanite,
zircon, and sphene. Allanite is the most com-
mon accessory mineral displaying different
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Fig.19:Photomicrogrdbh for monzogfa:nite of
Wadi Murra area showing potash feldspars as

anhedral crystals of microcline, XPL

Fig.20:6o h fof ﬁl%ﬁi?)%;anite of
Wadi Murra area showing subhedral crystals
of patchy perthite, XPL

.--\ 1

8

Fi .21:h0tonﬁcrgraph for - monzogranite
of Wadi Murra area showm% string perthite
showing perthetic textures, XPL
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Wadi Murra area showing crystals of perthite
corrode the adjacent crystals of plagioclase,
XPL

Wadi Murra area showing anhedral secondary
fine crystals of qz associating the feldspars
and metasomatized biotite, XPL

varieties and recognized by its characteristic
yellowish brown colour. It occurs as well-
formed crystals masked interference colours
(Fig.24). Zircon is an accessory mineral oc-
curring as well-formed crystals showing its
characteristic interference colours of second
order (Fig.25). Sphene is present as well-
formed primary crystals with sphenoidal form
associated biotite and plagioclase (Fig.26).

Alkali Feldspar Granite

Alkali feldspar granite is the most recent
granite characterized by buff and pink co-

Fig.22:Photomicrograph for monzogrnite of
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Fig.24:Photomicrograph for monzogranite
of Wadi Murra area showing allanite with
masked interference colours, XPL

Fig.25:Photomicrograph .for monzogranite of
adi Murra area showing zircon as well-
ggf)riled crystals associating zoned plagioclase,

~ -

Fig.26:Ph00micr0graph for monzogranite of
Wadi Murra area showing sphene as well-
formed primary crystals with sphenoidal form,
XPL
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lours due to the dominance of the alkali-feld-
saprs. It is medium-grained rock character-
ized by equigranular texture and consists of
potash feldspar, plagioclase, quartz, and bio-
tite as essential minerals and allanite, zircon
and sphene as accessories.

Potash feldspar is the main feldspar occu-
pying 60.6% of the rock. It occurs mostly as
euhedral crystals of microcline exhibiting its
characteristic cross-hatched twinning (Fig.27).
Dominance of microcline refers to low tem-
perature of crystallization and shallow depth
for formation. The potash feldspars is also
present as perthite of feather type and micro-
cline perthite (Fig.28). Antiperthite crystals
are also present as euhedral crystals of patchy
type (Fig.29). Plagioclase (An,) represents
about 2.8% of the rock. Itis present as subhe-
dral fine crystals of albite interstitial between
quartz and perthite exhibiting its characteris-
tic albitic twinning (Fig.30). Quartz occupies
about 34.8% of the rock and occurs as anhe-
dral crystal associating the other constituents
and exhibits wavy extinction (Fig.31).

Mafic minerals represent about 0.9% of
the rock. It occurs as flakes of biotite enclos-
ing the opaque minerals as well-formed pri-
mary crystals or as secondary anhedral min-
ute crystals distributed along their cleavage
planes (Figs.31&32). Biotite flakes also en-
close the zircon crystals as accessory mineral
that present as well-formed crystals showing
normal interference colours (Fig.32).

Accessory minerals in Wadi Murra alkali
feldspar granite are represent by allanite, zir-
con, and sphene. Allanite is the most com-
mon accessory minerals displaying differ-
ent varieties recognized by its characteristic
yellowish brown colour. It occurs as well-
formed crystals masked interference colours
(Fig.33) or as zoned crystals with variable
interference colours related to the zonation as-
sociated biotite, quartz and sphene (Fig.34).
Zircon is an accessory mineral occurring as
well-formed crystals showing its characteristic
interference colours of second order enclosed
in plagioclase (Fig.36). Sphene is present as
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Fig.27: Photomicrograph for monzogranite
of Wadi Murra area showing crystals of
microcline with characteristic cross-hatched
twining, XPL

s A%
F1g.8:Ph0t0mlcr0graph for monzogranite of
Wadi Murra area showing perthite of feather
type and microcline perthite, XPL

Fig.29:Photomicrogrph for monzogranite of
Wadi Murra area showing euhedral crystals of
patchy antiperthite, XPL
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Fig.30:Photomicrograph for monzogranite
of Wadi Murra area showing subhedral fine
crystals of albite interstitial between quartz
and perthite, XPL

Fig.31:Photomicrograph for monzogranite of
Wadi Murra area showing anhedral crystal of
quartz showing wavy extinction, XPL

F%g.32:Ehotomlcrograph for monzogranite
of 'Wadi Murra area showing biotite flakes
encloses zircon crystals associated opaque
minerals, XPL
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Fig.33:Photomicrograph for monzogranite of
Wadi Murra area showing allanite as well-
formed crystals associated biotite, quartz and
string perthite, XPL

Fig.34:Photomicro%faph for monzogranite of
Wadi Murra area showing zoned allanite as
well-formed crystals associated biotite, quartz
and sphene, XPL

well-formed primary crystals with sphenoidal
form associated biotite and quartz (Fig.34)
and present as secondary anhedral crystals as-
sociating the choloritized biotite, quartz and
plagioclase (Fig.35).

GEOCHEMISTRY

The geochemical characteristics of Wadi

Murra granites were investigated through the
chemical analyses of twenty two samples (9
monzogranites, 5 syenogranites and 6 alkali
feldspar granites) were selected for major
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Fig.35:Photomicrograph for monzogranite of
Wadi Murra area showing sphene as secondary
anhedral crystals associating the chloritized
biotite, XPL

Fig.36:Photomicrograph for monzogranite of
Wadi Murra area showing zircon as well-
formed crystals enclosed in plagioclase, XPL

oxides, some trace elements and rare earth el-
ements analyses. The analyses of the major
oxides and some trace elements were com-
pleted at Laboratories of Nuclear Materials
Authority (NMA), Egypt. The rare earth el-
ements were determined by inductively cou-
pled plasma-mass spectrometry (ICP-MS) at
the ACME Analytical Laboratories Ltd., Can-
ada. The results of the chemical analyses are
shown in Table (1).

Representative major oxides and trace ele-
ments analyses for the different granitic rocks
types from Wadi Murra area have been classi-
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fied using the R1-R2 diagram of De La Roche
et al.(1980), (Fig.37) and the ratio between
P and Q of Debon and Fort (1983), (Fig.38).
The studied younger granite samples plot in
the monzogranite, syenogranite and alkali
feldspar fields.

The variation of (Na,0+K,0) versus SiO,
has been considered as an effective means
for distinguishing alkaline from subalkaline
rocks. Irvine and Baragar (1971) diagram
(Fig.39) shows that the studied granites fall in
the subalkaline field suggesting closer asso-
ciation with orogenic tectonic environments.

Alumina saturation diagram (Al,0,-CaO-
(Na,0+K,0) of Shand (1951) is used to distin-
guish between peraluminous, metaluminous
and peralkaline granitic rock types (Fig.40).
The figure shows that the studied monzogran-
ite and syenogranite are located on the border
between the metaluminous and peraluminous
over the line of unity indicating that they are
mostly metaluminous (appreciable alumina
saturation). On the other hand, alkali-feldspar
granite is completely falling in the field of per-
alkaline field.

Tectonic Setting

Tectonic setting of the post collision
granites of Wadi Murra granites are concluded
by plotting the analyzed samples on the Al,O,-
SiO, binary discrimination diagram of Maniar
and Piccoli (1989). The analyzed samples
plot in the post-orogenic granite (POG) field,
(Fig.41). Plotting on the Rb vs (Y+Nb) dis-
crimination diagram of Pearce et al. (1984)
showing that the studied granites plotted in
the within-plate granite (WPG) except two
samples of monzogranites and two samples
of syenogranites plotted in the volcanic arc
granite field (Fig.42). All the younger granite
samples plot in Post Collision granite field of
Pearce (1996).

On the FeO/MgO and (K,0+Na, 0)/CaO
versus (Zr+Nb+Ce+Y) diagrams after Whalen
et al. (1987), the studied granites plotted in the
A-type granite field, (Figs. 43&44), and plot
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Table 1:Major oxides, some trace elements and rare earth elements for the studied younger
granites in Wadi Murra area, South Eastern Desert, Egypt

1 2 3 4 5 6 7 8 9 Av. 10 11 12 13
Si0, 71.62 7141 7278 7209 7173 73.05 72.88 73.04 7251 72.34 73.55 733 7342 7333
TiO, 0.2 023 0.15 0.13 0.27 0.06 0.04 0.12 0.19 0.15 0.19 0.11 02 021
ALO; 14.04 1355 1337 1334 13.61 13.65 1381 1419 14.02 13.73 13.07 1311 1258 1249
Fe,0; 176 174 197 1.62 1.85 1.5 1.38 1.54 1.24 1.62 1.95 196 175 176
FeO 148 147 177 091 1.56 1.02 0.79 1.38 097 1.26 1.81 182 153 152
MnO 0.06 0.06 0.05  0.06 0.06 0.01 0.03 0.02 0.05  0.04 0.02 0.03 0.04 0.03
MgO 0.65  0.64 011 059 0.81 0.07 0.03 0.03 0.66 0.39 0.08 01 014 013
Ca0 131 129 1.25 1.6 1.55 1.61 141 0.9 136 136 0.65 0.76 1 101
Na,0 42 422 4.12 44 4.27 4.55 4.81 4.49 412 435 433 437  4.64 4.7
K,O 367 375 378  4.06 3.66 3.62 4.07 3.59 395 379 3.83 382 413 415
P,0; 012 0.14 0.02  0.09 0.15 0.01 0.01 0.01 0.13 0.075 0.01 0.02 0.02 0.01
LOL 042 06 073 085 05 084 058 076 044 063 065 066 044 043
Some Norm Values
Qz 27.05 28.83 30.87 26.85 28.09 29.05 263 30.75 29.7 28.61 3145 30.86 28.52 28.15
Or 23.59 22.52 22.5 2428 21.75 21.6 2425 214 2357 2282 2283 2273 2456 24.27
Ab 3574 3621 3501 37.6 3626 3878 4096 3825 3512 37.10 3687 37.16 3943 30.09
An 584 567 613 467 685 615 406 444 574 550 519 368 137 07
Treace Elements
Ba 25 559 117 352 517 242 16 15 461 256 97 98 83 85
Rb 61 99 60 134 126 101 154 176 16 1141 42 49 54 55
Sr 15 187 45 131 214 87 8 8 184 97.6 36 39 31 32
Ga 10 20 23 27 25 27 36 41 23 2577 24 25 25 26
Y 271 34 21 79 54 18 50 104 59  76.67 25 27 97 70
Zr 591 135 174 281 177 147 128 136 173 2157 134 140 150 152
Nb 101 22 23 33 21 21 58 30 21 36.66 12 15 19 19
Th 853 119 85 239 13.7 94 12.6 16.7 19 13.80 8.6 8.6 74 74
U 2.52 4 2.5 8 45 32 6.2 5.6 42 4524 25 2.5 24 24
Cr 27 10 11 14 22 15 13 9 20  15.66 12 16 10 1
Ni 7 2 1 4 4 1 1 1 3 2.66 1 1 1 1
v 5 24 5 21 34 5 1 1 25 134 3 4 5 6
Cu 9 10 5 23 20 6 29 12 17 145 27 27 5 5
Pb 20 25 18 36 25 33 38 42 25 29.11 17 16 18 18
o 108 81 ! 97 w76 121 5T 137 298 91 1295 107 101 136 136
Rare Earth Elements
La 26.55 87.6 36 60.8 41.5 44 55 25.2 40.4  46.33 66.1 70 76.7 80
Ce 63.58 196.4 82.82 140.7 9499 57.11 96.12 6146 91.64 9831 1515 155 184.1 180
Pr 9.25 263 10.8 19 12.5 18 24 9.8 124  15.78 20.2 25.3 26 272
Nd 4742 89.9 39.1 653 43.8 52 47 21.3 45 50.09 72.1 70.3 90.9 90.1
Sm 1292 179 88 149 10.9 21 23 6.1 99 13.93 13.9 14.1 215 205
Eu 0.91 0.8 1.2 1 1 0.8 0.9 0.9 1.2 0967 0.7 0.72 09 091
Gd 11.62 11 6.8 132 9.6 12.2 11.9 6.8 8.8 10.21 9.1 10.2 17.6 162
Th 231 14 1.3 2.6 1.8 14 1.7 1.6 1.8 1767 1.3 1.26 33 4.1
Dy 135 16 98 145 6.3 12.7 14.9 10.9 99  12.05 6.7 75 16 173
Ho 2.79 1.2 1.5 32 2.1 1.9 24 2.5 2.2 2.19 1.5 1.6 33 392
Er 9.04 2.5 37 83 59 31 38 6.9 5.8 5.44 4.8 5.76 7.6 812
Tm 0.67 0.4 0.6 1.5 0.9 12 1.3 11 1 0.96 0.65 0.75 1.2 122
Yb 3.52 2.6 35 8.5 53 57 6.6 5.6 5.9 5.24 35 3.28 63 733
Lu 0.35 0.4 0.6 1.3 0.9 0.7 0.8 0.9 0.8 0.75 0.5 0.51 1 11
TREE 204.43 4544 206.52 354.8 23749 231.81 289.42 161.06 236.74 264.07 352.55 366.28 4564 458
LREE 159.72 418.1 177.52 300.7 203.69 192.11 24512 123.86 199.34 22446 323.8 3347 399.2 3978
HREE 4471 363 29 541 33.8 39.7 44.3 37.2 374 39.612 28.75 31.58 572  60.2
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Table 1: Continued

14 Av. 15 16 17 18 19 20 Av.
SiO, 73.57 73.434 74.62 74.38 74.31 74.6 75.45 74.06 74.57
TiO, 0.14 0.17 0.11 0.32 0.32 0.41 0.4 0.3 0.31
AL O3 12.72 12.794 12.27 12.16 12.11 11.67 11.26 12.26 11.95
Fe,03 1.84 1.852 1.42 1.57 1.76 1.76 1.85 1.87 1.705
FeO 1.65 1.666 1.27 1.38 1.19 1.36 1.27 1.08 1.258
MnO 0.05 0.034 0.04 0.03 0.03 0.06 0.05 0.05 0.043
MgO 0.09 0.108 0.13 0.11 0.31 0.43 0.62 0.26 0.31
CaO 0.73 0.83 0.54 0.64 0.56 0.63 0.34 0.57 0.546
Na,O 4.5 4.508 4.5 4.6 4.56 4.02 4.01 4.64 4.388
K,O 391 3.968 4.82 4.84 4.34 4.33 4.32 4.25 4.483
P,Os 0.02 0.016 0.02 0.01 0.06 0.14 0.13 0.07 0.071
LOL 061 0558 033 034 065 031 03 058 0418
Some Norm Values
Qz 30.33 29.862 28.91 28 29.61 32.82 33.8 29.18 30.38
Or 23.31 23.54 28.58 28.67 25.79 25.76 25.63 25.3 26.62
Ab 38.33 36.376 36.26 35.55 38.19 34.18 33.87 39.24 36.21
An 2905 2778 02 01 01 098 012 015 0275
Trace Elements
Ba 106 93.8 31 74 274 51 468 276 195.67
Rb 52 50.4 85 182 100 136 131 188 137
Sr 32 34 15 30 95 29 154 926 69.83
Ga 23 24.6 30 37 25 26 25 28 28.5
Y 39 51.6 387 152 101 353 75 113 196.83
Zr 87 132.6 859 361 230 787 201 223 443.5
Nb 16 16.2 101 41 32 133 38 34 63.16
Th 10.3 8.46 16.4 16.9 24.4 27.1 27.1 15 21.15
U 1.9 2.34 5.2 54 4.8 9.8 9.8 4.9 6.65
Cr 16 13 30 21 11 29 17 10 19.66
Ni 1 1 7 2 2 7 3 11 5.33
A% 4 4.4 5 5 15 11 27 17 13.33
Cu 9 14.6 10 9 13 12 24 13 13.5
Pb 18 17.4 20 44 31 36 39 12 30.33
Zn 91 1142 158 259 170 198 117 179 180.17_
Rare Earth Elements
La 98.9 78.34 38.24 37.8 60 32.88 50.6 66.1 47.603
Ce 207.3 175.58 106.8 95.02 200 92.29 1139 1539 126.99
Pr 28.4 25.42 15.24 13.1 18 13.76 15.2 21.6 16.15
Nd 100.4 84.76 73.54 46.2 70.1 26.39 51.9 76.5 57.43
Sm 19.8 17.96 18.61 13.8 20.5 9.52 13 19.6 15.83
Eu 0.8 0.806 0.85 0.3 0.55 0.51 0.8 0.9 0.651
Gd 13.8 13.38 12.73 14.3 18.7 15.98 12.5 21.4 15.93
Tb 2 2.392 2.46 3.2 4.5 2.23 2.1 3.8 3.048
Dy 18.3 13.16 17.2 17.2 20.3 16.06 11.9 20.7 17.22
Ho 2.8 2.624 2.65 4 5.2 2.2 2.7 4.6 3.558
Er 9 7.056 4.78 10 12.8 12.42 7.7 11.5 9.866
Tm 0.9 0.944 1.48 1.6 2.3 1.1 1.4 1.8 1.613
Yb 6.1 5.302 7.38 9.5 11 7.92 8.7 10.2 9.116
Lu 0.5 0.722 2.64 1.5 1.25 1.2 1.3 1.5 1.56
TREE 509 428.446 304.6 267.52 445.2 234.46 293.7 414.1 326.6
LREE 454.8 382.06 252.43 205.92 368.6 174.84 244.6 337.7 264.02

HREE 54.2 46.386 52.17 61.6 76.6 59.62 49.1 76.4 62.58
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in A, subgroup of Eby (1992), (Fig.45). This
means that the studied granites emplaced in
a variety of tectonic settings including post
collisonal granite environment and also, A2
group has apparent crustal source. The fer-
roan to weakly magnesian character and the
overall alkalic to alkalicalcic affinities of most
rock types (Fig.45) are consistent with the
original definition of A-type granitoids pro-
posed by Loiselle and Wones (1979) and as
emphasized by Frost and Frost (2011). Tradi-
tionally the syenogranites have been assigned
to a calc-alkaline granite suite (e.g., Harris et
al., 1986), but their compositions plot in the
field of alkaline to alkali-calcic magmas (not
shown). This evidence suggests an important
petrogenetic connection between the different

ADEL H. EL AFANDY etal.

Y T4

Fig.45:Nb-Y-Zr/4 ternary diagram (Eby
et. AL, 1992)

A-type granitic rocks. In element variation di-
agrams (not shown), the Wadi Murra granitic
rocks show consistent trends and systematic
variations without a compositional gap be-
tween the monzogranites, syenogranites and
the alkali feldspar granites. Such geochemi-
cal variations indicate that these granites are
genetically related.

The REE abundances in Wadi Murra gran-
ites are shown in Table (1). Among the stud-
ied granites, the syenogranite and alkali feld-
spar granite display higher average XREEs
contents (423 and 300 ppm, respectively) as
compared with the world average of granitic
rocks (250 ppm) given by Hermann (1974)
and with the monzogranite (214 ppm).

(La/Yb),, (La/Sm)_  and (Gd/Lu), ratios
are used as a measure of the degree of frac-
tionation of REEs, LREEs and HREEs re-
spectively. The Eu anomaly is estimated as
(Ew/Eu*), ratio (Table 2).

The chondrite-normalized REEs distribu-
tion patterns of Wadi Murra granites, using
the values of Taylor and McLennan (1985),
show negative slope with relative enrich-
ment in the LREEs compared to the HREEs.
The LREEs have high degree of fractionation
while the HREEs have limited degree of frac-
tionation. They exhibit negative Eu-anomaly.
The younger granites of Wadi Murra show
strong negative Eu-anomalies (Fig.46).
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Table 2: Some ratios of the rare earth elements in younger granites
monzogranite Av |

DREEVHREE i 71 67 B4 1054 S 3% 485

(QLREHRE) 662 68 347 31 717 468 319 152 1,973

(La/Yb)y 1441 ”7’ 823 74 216 1149 795 269 3,69%

(La/Sm)y 299 31 225 25 34 275 129 172 1.84%

(Gd/Lu)y 226 25 218 18 343 230 247 118 1.903

(Gd/Yb) 237 26 226 18 36 252 316 121 1.37§

(Ew/Euy 018 02 014 02 014 0I5 016 0.06 0.08§

68 347 307 117 4.68% 319 152 197 19 23 22} 212
147 823 738 216 11.51 795 269 369 45 39 44 403
313 225 246 314 2.75§ 129 172 184 18 25 22| 186
248 218 183 343 2‘303 247 118 190 32 12 18] L66
256 226 178 3.6 2.52§ 316 121 137 25 12 17 185
0.18 014 015 014 0.151 0.6 006 008 03 03 02 015
68 347 307 117 4.68§ 319 12 197 19 23 22} 212

Schnetzler and Philpotts (1970) stated that
the uptake of Eu' by plagioclase depends
upon the anorthite content (since Eu™ sub-
stitutes for Ca in the plagioclase structure).
This would reduce the Eu content of the more
sodic plagioclase and consequently the more
fractionated rocks. In the studied granites the
(Euw),, content decreases gradually from mon-
zogranites and reaches the lowest value in the
alkali feldspar granites (about 0.15). Figure
(46) shows that the normalized REE distribu-
tion patterns for the younger granites of Wadi
Murra area are the same. This reveals that the
studied granites are derived from the same
magma. The increase in the total concentra-
tion of REEs, (3 LREE/}HREE), and (La/
Yb), in syenogranites relative to alkali feld-
spar granites and monzogranites may due to
ascending hydrothermal fluids.

The average (La/Yb)_ ratio (which repre-
sents the measure for LREEs / HREESs) for the
younger granites (average value 6.91). Gen-
erally, this is the direction of increasing dif-
ferentiation , because the HREEs (smaller cat-
ions) prefer entry to the earlier formed crystals
leaving the residual melts progressively en-
riched in LREEs (larger cations). Thus, the
highly fractionated rocks have higher LREEs
relative the HREEs contents. The increase

in the total concentration of REEs in syeno-
granites relative to alkali feldspar granites
and monzogranites is a very good evidence
for ascending hydrothermal fluids. The al-
kali feldspar granite show the highest value
of HREEs that the causes of low value of
LREEs / HREEs.

Chondrite—normalized REE patterns of
(Taylor and McLennan, 1985) of the con-
sidered granites (Fig.46) display a gull-wing
shape characterized by large to moderately
fractionated patterns and high LREE relative
to the HREE contents.

The average Y REE value of the monzo-
granite is 213.49 ppm . It displays enrichment
in LREE (181.93) with HREE (31.56). The
monzogranite has REE pattern remarkably
shows strong negative Eu anomaly (ranging
0.03 to 0.57) and slightly positive Ce anomaly
(ranging from 11.57to 196.4). The normalized
average ratio show (La/Yb) ratio (ranging
from 0.81 to 22.77) and (La/Sm) , ratio (rang-
ing 1.29to 3.08) with (Gd/Yb) average ratio
(ranging 0.33to 3.42), (Table 1).

The syenogranite and alkali feldspar gran-
ite have high REE abundances (}REE=423.2,
299.8). The average LREE concentration of
the syenogranites (382.9) were usually high-



158

ADEL H. EL AFANDY etal.

300 T T T T T T

100

IIIIIII

Sample/Chondrite

10

7 '} 1 1 1 | 1

llIllII

La

Ce Nd Sm

Eu Th

Gd

Ho

Dy Er Yb

Fig.46:Normalized REE patterns of the younger granites of Wadi
Murra area (After Taylor and McLennan, 1985)

er than the average concenteration of HREE
(40.3). The syenogranites exhibit REE pat-
tern characterized by a steep negative slope
from Ce to Eu, apartially or nearly flat HREE
signature, a high negative Eu anomaly ( 0.14-
0.18) and slightly a negative Ce anomaly
(151.5-207.3 ). The syenogranite has an av-
erage (La/Yb) ratios (ranging from7.38 to
21.56) and (La/Sm), ratio (ranging from 2.25
to 3.14) with (Gd/Yb), average ratio (Table
1).

The average Y REE value of the alkali feld-
spar granite is 299.8 ppm. It displays enrich-
ment in LREE (246) with HREE (53.77). The
alkali feldspar granite have REE pattern re-
markably shows more or less closely similar
behavior to that of the most primitive granite of
the syenogranite but with strong Eu anomaly
(ranging from 0.06 to 0.26) and slightly posi-
tive Ce anomaly (25.29-200). The normalized
average ratio show (La/Yb), ratio (ranging
from 2.69 to 7.95) and (La/Sm), ratio (rang-
ing from 1.29 to 2.45) with (Gd/Yb), average
ratio (ranging 1.15 to 3.16), (Table 1).

Petrogenetic Significance Of The REEs
Patterns

There are some constraints concerning the
petrogenetic processes responsible for the evo-
lution of the studied rock. This demands the

prediction of whether the whole granitic rock
sequences of Wadi Murra area had evolved
from monzogranites to alkali-feldspar gran-
ites from chemically similar magma source
regions. The application of Al,0,/TiO,-TiO,
diagram (Fig.47) suggested by Sun and Nes-
bitt (1978) indicates that the studied granitic
rocks resulted from a continuity of magma
evolution. The high TiO, content characterize
the least fractionated varieties (monzogran-
ite), while the lower TiO, content represents
the more fractionated varieties (syenogranites
and alkali- feldspar granites).

The correlations among major oxides and
trace elements refer to the strong associations
of strongly incompatible elements such as the
HFSE, Y, Ga and Rb with SiO,. The negative
correlation between Sr and SiO, suggests that,
the various rock units are controlled by mag-
matic differentiation processes. The REEs
patterns indices are used to characterize the
petrogenetic significance of the previously
concluded diagnostic features of source re-
gion and magma evolution history. Generally,
the REEs patterns of a cogenetic rock series
contain variable geochemical tracers that pro-
vide geochcmical information on their origin
and petrogenetic history (Takahashi et al.,
2000). The REE content, variation trends and
degree of fractionation throughout igneous



GEOLOGY, GEOCHEMISTERY AND RADIOACTIVITY OF POST

159

0.900

0.800
0.700

0.600 @
o 0.500 £
F==

=)
Z 0.400 %

0.300
=

1 1 v 1 v 1 1

0.200

0.100 F

 pdie O;rmﬁinrit! Vqumgruite

Eq‘mgmﬂe Jr alll el remt

ATEY SYRRY FXRNE AT RRRTE FRRTA FRRTI AYRTL AT

1 h, A

0.000 E
0 100 200 300 400 500

. . AI203/TiO2

Fig.47: A1O,/TiO

2

600 700 800

-TiO, diagram of the studied granitoid rocks at Wadi Murra area

South Eastern Desert (Szun and Nesbitt, 1978)

series are genetic fundamentals in interpret-
ing the chemical composition varieties (Zou
and Zindler 1996; Zou 1998 & 2000).

The REEs indices of the investigated three
granitic rock units are plotted against the dif-
ferentiation index of the magmatic system
(e.g SiO,). The petrogenetic significance of
the REEs content, degree of fractionation and
trends and the pattern anomalous through-
out the system is illustrated in the following
remarks:

1-The variation in) REE and fractionation
trends as measured by the ratios (La/Yb),,
(La/Sm) and (Gd/Yb),, provide evidences for
telescoping into single comagmatic differenti-
ated series. The REEs content shows progres-
sive constructive enrichment reaching highest
content in syenogranites and alkali feldspar
granites (Fig.48a). The least differentiated
rock unit, monzogrante, has fair degree of
fractionation trend [“r” ratio >1; (La/Yb)
1, (Fig.48b). These points to limited crustal
contamination of mantle melt source having
MORB proportions composition. The pro-
gressive uniform fractionation trends through-
out the series (Fig.48b) refer to normal mag-
matic fractional crystallization processes con-
trolling their petrogenetic history. The modal
involves distinctive feldspar fractionation sig-
natures throughout the series such as LREEs

content and fractionation trend (Figs.48a,b);
Eu/Eu*, Ca?" and Sr** systematic inter-element
relation (Fig.48c). In addition, the systematic
REEs geochemical behavior (Figs.48a,b&c)
rule out extensive alteration and large scale
crustal contamination and/or magma mixing,
since dramatic variation changes is not evident
throughout the petrogenetic history of the rock
unit series. Moreover, each rock unit of the se-
ries carries its own REEs geochemical signa-
ture inventory referring to mantle melt source
of a co-magmatic REEs patterns molded by
fractional processes.

2-The fractionation trends (Sm/Ho) show
consistent variation with neighboring sub-
groups (Figs.48a&b). Such conformable geo-
chemical behavior subgroups refer to their
coherent behavior in magmatic differentiation
sequence and necessitate two requirement
:1) subordinate role of amphibole fraction-
ation, which has preference incorporation of
MREEs with convex upward fractionation
trend (maximum at Ho) in monzogranite to
alkali feldspar granite system (Hilyard et al.,
2000) and 2) Absence of amphibolized perido-
tites contaminant in monzogranite or amphi-
bole—bearing curmulate xenoliths throughout
the genetic history of the series. Such effects
are generally abundant in oceanic arc, conti-
nental crust and the partial melting products
of these rocks (Rapp, 1995).
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3-In igneous environments (relative reduc-
ing conditions) europium is almost entirely
present as divalent state (Eu?*). So, unlike the
rest of the REEs (Ln*" ), which are mainly as-
sociated with accessory minerals (Panahi et
al., 2000), (Eu?") partitions 20 to 100 times
more efficiently in plagioclase (Wilke and
Behrens, 1999) replacing Ca?, Sr > and Na*
(Henderson, 1996). This anomalous behav-
ior is of particular interest which makes “Eu”
acts as a sensitive indicator for destruction of
plagioclase structure (since it does not reside
in sausurite, sericite or illite structure ), Pa-
nahi et al., (2000). The regular uniform con-
comitant relationship of Eu/Eu*, Ca?" and Sr
> during the differentiation sequence of the
system (Fig.48c) clearly refers to the limited
alteration effect of plagioclase. Otherwise,
the effect will yield to dramatic negative Eu
anomaly associated with similar behavior of
Ca, Sr, K and Na. Furthermore, Nagasawa
and Schnetzler, (1971) measured Eu and Sr
distribution in coexisting Ca and K-feldspars
and concluded that Eu*? behaves very similar
much like Sr 2*. The reported similar uni-
form geochemical behavior of the Eu'? and
Sr 2*during magmatic differentiation sequence
(Fig.48c) confirm the limited transformation
(chemical weathering and/or alteration) of the
rock forming Ca and K-feldspars in to acces-
sory phases throughout the monzogranite— al-
kali feldspar granite system.

4-The linear variation of “r’ratios (La/Yb),,
> LREEs and Y} HREEs during differentiation
sequence (Figs.48a&Db) refer to the absence of
intensive effect of accessory minerals charac-
terized by appreciable preference incorpora-
tion of certain REEs subgroup such as allanite,
xenotime, garnet, sphene, monazite and zircon
(Henderson, 1984; Hanson, 1989 and Evans
and Hanson, 1993). The variations of REEs
indicate that they were ordered according to
magma fractionation processes.

5-The REEs patterns show that, the ele-
ments maintain their geochemical coherent
behavior during the whole differentiation se-
quence of the system (vis., parallelism of the
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patterns and straight forward behavior of the
indices (Fig.48a). So, such systematic can be
modelled according to the coherent geochemi-
cal behavior of the rare earth elements and not
to the stability constants of their complexes.
The latter have different geochemical system-
atic, depending upon the ligand varieties that
yield different fractionation trend of the REEs
patterns throughout the system. So the sys-
tem was deficient in metal ligand free radicals
such as O*, OH, F,,CO,?, SO,*, PO* etc and
hence the system is non-mineralized. Since
such metal ligand volatile agents act as the
main role in ore genesis (via, mobilization,
concentration and transportation of metallo-
genic metals and ore deposition as result of
degassing (decomplexing) of the ore-bearing
hydrothermal precipitation system).

REE Tetrad Effect

The term tetrad effect is refered to the
split of chondrite-normalized REEs patterns
into four rounded segments called tetrads
(first tetrad, La-Nd, second tetrad (P )-Gd,
third tetrad, Gd-Ho, fourth tetrad, Er-Lu).
The rounded segments are either convex or
concave and form M-shaped and W-shaped
lanthanide distribution patterns (Masuda et
al., 1987). The “tetrad” effect is found in the
rare earth elements (La-Lu) and results from
increased stability at quarter, half, three-quar-
ter, and complete filling of the 4felectron shell
(McLennan, 1994). Tetrad effect-like REEs
patterns are reported both in magmatic rocks
and precipitates from hydrothermal fluids. Re-
cent discussions about the tetrad effect focus
on highly evolved igneous rocks (Bau, 1996).
Ireber (1999) and Monecke et al., (2002)
introduced procedures for quantification of
tetrad effect and individual tetrads.

The tetrad effect in lanthanide patterns of
whole-rock samples was quantified by Eqns.
1, 2 and 3 proposed by Irber (1999). The
calculated sizes t,, t, and T of the tetrad effect
are listed in Table (3).

The younger granites show a pattern with
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convex first tetrad effect (t, = 1.4 — 1.6) while
the calculated sizes t, and T of the tetrad effect
are below the level of significance (1.1).

The late stage fluid-melt interaction possi-
bly affected the size of the tetrad effect of in-
dividual tetrads (Jahn et al., 2001). Fluid-melt
interaction in the late stage of fractional crys-
tallization is suggested to be the most impor-
tant factor controlling the formation of REE
tetrad effects in the granites (Zhenhua et al.
2002). Curved segments in normalized whole
rock REE patterns can be introduced during
hydrothermal fluid—rock interaction (Mo-
necke et al., 2007). This may have caused
the first tetrad (t,) in the Wadi Murra younger
granites.

RADIOACTIVITY

Distribution of The Radioelements In
Younger Granites

The radiometric data of the radioelements
for monzogranite show a wide variation in
eU and eTh contents. The eU content ranges
from 6 to 12 ppm with an average of 8.5 ppm
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and the eTh content ranges from 5 to 16 ppm
with an average of 10.12 ppm. The potassium
content is ranging between 3.08 % and 7.67 %
with an average of 4.49 % (Table 3). The eU
content ranges from 2.4 to 6 ppm with an av-
erage of 3.78ppm and the eTh content ranges
from 7 to 9 ppm with an average of 8 ppm.
The potassium content is ranging between
4.08 % and 4.69 % with an average of 4.53
% (Table 4). The eU content ranges from 5 to
9.8 ppm with an average of 6.86 ppm and the
eTh content ranges from 8 to 16 ppm with an
average of 13.25 ppm. The potassium content
is ranging between 4.9 % and 4.95 % with an
average of 4.70 % (Table 4).

Darnely (1982) concluded that the uranif-
erous granites is any granitic mass containing
U at least twice Clark value 4.0 ppm for nor-
mal granites. Monzogranite have eU content
ranges from 6 to 12 ppm with an average of
8.5 ppm and Alkali feldspar granite have eU
content ranges from 5 to 8 ppm with an aver-
age of 6.86ppm.

The anomalous samples were taken from
the northing part of the studied area, these
samples classified as syenogranite and alkali

Table 3:Tetrad effect analyses for older and younger granites of Wadi Murrah area

No. Rock types t1 Avg t3 Avg T Avg

G32 0.94 1.07 1.01

G445 1.14 0.87 0.96

G43 1.13 1.01 1.07

G47 . 1.16 1.03 1.09

Gag' ~ monzogranite 114 116 1.14  1.09 1.06 1.08

G48" 1.35 1.35 1.11

G50 1.18 1.24 1.21

G51° 1.25 1.1 1.17

G57' 1.16 1.04 1.08
TGssTTTTTTTTTTTTTITTTTTTTTTTTS 113 T 093 T 1.027 77T

G55’ 1.26 0.94 1.09

G58 syenogranite 1.17 1.16 1.04 1.01 1.1 1.08

GS58’ 1.16 1.15 1.16

G60 1.09 0.89 0.98
Gt 107 1.1 111

G59 Alkali 1.19 1.07 1.13

G622’ all 1.31 1.05 1.17

Cos feglg:r[:iz:g 0.95 1.14 Loe 1.04 , 108

Go64 1.15 0.94 1.04

G65 1.14 0.97 1.05
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Table 4:Analyses of the U (ppm), eU(ppm)
and D-factor contents of the younger granites

S.No D-

U AVG eU  AVG AVG
¢k Units factor
G32 252 7 0.36
G45 25 6 041
G472 8 12 0.66
£
G4 g 45 10 045
& 459 85 0.54
G4 § 32 8 04
=
G0 £ 6.2 7 0.88
G51 5.6 12 0.46
G57' 42 6 0.7
G55 25 6 041
o
Gs8  E 24 4 0.6
«
Gssl & 25 234 25 378 1 069
£
Gssl 2 24 24 1
G60 19 4 047
G31 52 5 1.04
G59 g 54 8 0.67
Gy 2L 48 54 0.8
2E 6.65 6.86 096
G63 = 5§ 9.8 5 1.96
=1
God < 9.8 9.8 1
G65 — 49 8 0.61

feldspar granite. The results of the analyzed
U, The and Th/U ratios are presented in Table

o).

The U contents in the studied syenogran-
ites anomalous sites ranges from 43 to 133
,while the Th contents anomalous sites ranges
from 55 to 156. The Th/U ratios ranges from
0.70 to 2.64.

The U contents in the studied alkali feld-
spare granites anomalous sites ranges from
141 to 319, while the Th contents anomalous
sites ranges from 60 to 284. The Th/U ratios
ranges from 0.05 to 0.89.

The relation between U and Th contents
(ppm) among the anomalous sites through the
granitic rocks of Wadi Murra is examined by
plotting The U contents against Th contents
(Fig.49). It show strong negative correlation
between both U and Th. This relation be-
tween U and Th indicate their enrichment of
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Table 5:Chemical analyses of the U (ppm) and
Th (ppm) contents of the anomalous granites
of Wadi Murra area

S.No U Th
Th/U
R.Type (ppm) (ppm)
1 ® 43 115 2.64
2 E 65 92 1.41
3 ] 78 55 0.70
4 2P 91 104 1.14
5 5 133 156 1.17
=
6 . 170 94 0.55
7 g, 165 73 0.45
8 g2 141 60 0.42
9 2 g 250 65 0.05
10 = 5o 319 284 0.89
==
G
a) 300 -
250
200
_—
g
=% 4 +
& 150 .
ﬁ 100 +* 1
m
50 - * = =
o
o 100 200 300 400
U(ppm)

Fig.49:Binary relations between U-Th, for the
studied anomalous granites of Wadi Murra
area

U relative to Th. on the other hand, it shows
strong negative correlation between both the
U-Th/U variation diagram, (Fig.50) and Th-
Th/U (Fig.51) show positive correlation. This
means that the Th/U in the anomalous sites
clear enrichment of uranium relative to tho-
rium which may be attributed to the presence
of accessory minerals or to the secondary pro-
cess played main role in uranium enrichment
which means that uranium may be added to
these granitic sites post magmatically.



164

b) # syenogranite

25 M alkali feldspar granite

15

ThU + ¢

05 all

Ulppm)

Fig.50:Binary relations between U-Th/U for
the studied anomalous granites of Wadi Murra
area

<)
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Fig.51:Binary relations between Th-Th/U for
the studied anomalous granites of Wadi Murra
area

The picked minerals are identified con-
firmed by environmental Scan Electron
Microscope (ESEM) and XRD techniques
at laboratories of Nuclear Materials Author-
ity (NMA). The identified minerals in the
studied areaare classified to: 1) Secondary
uranium minerals (uranophane, autunite and
metautunite), 2) Thorium minerals (uranotho-
rie), 3) Niobium - tantalum minerals (colum-
bite), 4) Base metals minerals (pyrite) and 5).
Accessory minerals bearing U, Th and REEs
(zircon, fluorite, monazite, xenotime, sphene,
allanite, apatite and iron oxides).
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SUMMARY AND CONCLUSION

Wadi Murra granite is located at south
Eastern Desert of Egypt, about 250 km from
Aswan City at the northern side of Wadi
Allaqi-Wadi Murra junction. The younger
granites at Wadi Murra are classified as mon-
zogranites, syenogranite and alkali feldspar
granite. Monzogranite and syenogranie consist
mainly of potash feldspar, plagioclase, quartz
and mafic minerals with noticeable amount of
opaque minerals. The main characteristic tex-
ture is equigranular with medium to coarse
grain size. Alkali-feldspar granite is medium
grained and characterized by hypidiomorphic
granular texture and composed mainly of alka-
li feldspar (orthoclase and minor microcline),
quartz and subordinate plagioclase. The main
mafic minerals are either amphibole or biotite.
Accessories are represented by zircon, sphene,
apatite and iron oxides. Geochemicaly they
are calc-alkaline in nature, metaluminous to
peralkaline magma, and emplaced in a within
plate granite environmed and have A, type,
which means that these granites emplaced in
post collisional granite environment and also,
A, group has apparent crustal source.

The radiometric data for monzogranite
shows a wide variation in eU and eTh con-
tents. The eU content ranges from 6 to 12
ppm with an average of 8.5 ppm and the eTh
content ranges from 5 to 16 ppm with an aver-
age of 10.12 ppm. The potassium content is
ranging between 3.08 % and 7.67 % with an
average of 4.49 %. The eU content in syeno-
granite ranges from 2.4 to 6 ppm with an aver-
age of 3.78 ppm and the eTh content ranges
from 7 to 9 ppm with an average of 8 ppm.
The potassium content is ranging between
4.08 % and 4.69 % with an average of 4.53
%. The eU content in alkali feldspar granite
ranges from 5 to 9.8 ppm with an average of
6.86 ppm and the eTh content ranges from 8
to 16 ppm with an average of 13.25 ppm. The
potassium content is ranging between 4.9%
and 4.95% with an average of 4.70%.

The the picked minerals from the anoma-
lous samples are identified confirmed by
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environmental Scan FElectron Microscope
(ESEM) and XRD techniques at laboratories
of Nuclear Materials Authority (NMA). The
identified minerals in the studied area are
classified to 1) Secondary uranium minerals,
(uranophane, autunite and metautunite), 2)
Thorium minerals (uranothorite), 3) Niobium
- tantalum minerals (columbite), 4) Base met-
al minerals (pyrite) and 5) Accessory miner-
als bearing U, Th and REEs (zircon, fluorite,
monazite, xenotime, sphene, allanite, apatite
and iron oxides).
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