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ABSTRACT

Wadi Um Addebaa area is located about 70 km Southwest of Marsa Alam City. The rocks
exposed in this area include: ophiolitic metagabbro, ophiolitic mélange, peraluminous granite and post
granite dykes and veins. The most common feature in the studied peraluminous granite is the presence of
spessartine garnet aligned in monomineralic bands within its periphery (1m thick) along the contact with
the surrounding ophiolitic schists.

Petrographically, the peraluminous granite is mainly composed of sodic plagioclase (An 5-15),
K- feldspar, quartz, muscovite and biotite. Sericite and chlorite are secondary minerals. Tourmaline,
spessartine, zircon, allanite and opaques are accessory minerals.

Geochemical characteristics of the studied peraluminous granite indicate that this granite crystallized
from relatively soda rich magma having peraluminous character, I-type, Syn-collision setting and has
calc-alkaline affinity. It is emplaced at relatively shallower depth (water pressure 3-2 kb) in the crust and
crystallized at temperature ranges from 800 to 760C°. It possesses high content of LILE (Rb, Y & Zr) and
has a moderate to high content of HFSE (Cu, Zn, Pb, As, Bi & W). It constitutes an average 6.7 ppm of
Be content. Accordingly, it is believed that this granite is the source of beryl mineralization in Wadi El
Gemal area.

Microprobe study of garnet revealed spessartine composition with core rich in CaO, MgO, TiO,
and Y,0,, while the rim is enriched in FeO, Al,O, and SiO,. MnO shows variable enrichments. The
composition differs due to the variation in the ratio of Fe and Mn. Whereas the Mn increases in the core
more than the rim whereas Fe vice versa.

Radiometric study shows that, the peraluminous granite shows uranium and thorium contents with
averages of 19 ppm and 4.5 respectively, suggesting that it is fertile granite.

INRODUCTION

Wadi Um Addebaa is located about 70
km southwest of Marsa Alam City on the Red
Sea coastal plane. It is a tributary of W. El
Gemal. The studied Peraluminous granite is
exposed in different locations in Wadi El Ge-
mal area (W. Um Solimat, W. Sikait, W. Um EI
Kheran, W. Um Baanib and W. Um Addebaa).
Among them, Peraluminous granite of W.
Um Addebaa area comprises garnet crystals,

in the periphery, organizing in clear bands

Peraluminous granites constitute a chemi-
cal subdivision of the granite family in which
the whole rock molar ratio of alumina to lime,
soda and potash [ALO,/(CaO+Na,0+K,0)]
abbreviated A/CNK is greater than unity.
Owing to their chemical and mineralogical
similarities to metapelites, peraluminous gran-
ites are often considered to be genetically
linked with these metasediments as source
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rocks and are thus referred to S-type granites.
Peraluminous leucogranites are commonly
associated with regionally metamorphosed
and highly folded belts containing pelitic and
quartzo-feldspathic sediments, for example
the Tasman mobile belt of eastern Australia
(Phillips, 1981).

Collisional leucogranites are character-
ized by peraluminous compositions and very
low concentrations of CaO, MgO & FeO. In
leucogranites, muscovite is a characteristic
mineral, along with tourmaline or biotite. Al-
mandine-spessartine garnet and minor silli-
manite can also occur. Tourmaline and biotite
are often exclusive of each other (Nabelek et
al., 2001)

Syn-collision peraluminous granitic seg-
regations are commonly associated with
regionally metamorphosed terrains (Clemens
and Wall; 1981); Debonet. al.,(1986); Inger
and Harris (1993); Ibrahim et. al., (2001); and
Salehet. al,. (2002). Numerous mechanisms
have been proposed to explain the deriva-
tion of these segregations from the meta-
morphosed host rock, but partial melting of
metapelites (Barbey, 1990) is still the most
widely accepted model for the generation of
these peraluminous leucogranites. Most of
water required for this partial melting process
may be derived from the breakdown of hy-
drous silicates inthese pelites such as musco-
vite and biotite minerals (Fyfe,1969).

Peraluminous granites with near-eutectic
composition are common in collisional oro-
gens, where they were produced by partial
melting of deformed and metamorphosed ac-
cretionaly-wedge and ocean-floor sediments.
Whilst there is a general agreement that leuco-
granites are anatectic of pelitic crustal sourc-
es. The heat sources for their production have
remained controversial (Royden, 1993 and
Thomposon and Connolly, 1995).

The pegmatitic granite is characterized by
low contents of REEs = (18 — 51 ppm). The
particularly low [La/Yb] ratio in the gar-
netiferous granite is due to fractionation of

LREE-rich phases such as monazite, allanite
and apatite (Mohamed and Hassanen (1997).
Alternatively, the low [La/Yb] ratio in the
garnetiferous granite is due to the light garnet
abundance which appreciably accommo-
dated the HREE (Gronet and Silver (1983)).
Most of Egyptian granites are mainly meta-
luminous to slightly peraluminous, except rare
ones (G. El-Sella and G. Ribdab), associated
with U-mineralization (Ibrahim et. al., 2001).

In Egypt peraluminous leucogranites rep-
resent phases of late orogenic to an orogenic
granite complex. They brought about Mo, Sn,
W, U, and Nb-Ta mineralization in the form of
stock works or in the quartz veins within the
granitic rocks (Hassan et al., 1984, Takla and
Nowier1980).

The main target of the present work is to
study the geology, geochemical characteristics
and radiometry of the peraluminous granite
embracing nice garnet crystals at Um Addebaa
area, SED, Egypt.

METHODS OF STUDY

For petrographic and mineralogical study,
nine polished thin sections were prepared at
the University of New Brunzwick (UNB),
Canada. Complete chemical analyses (major,
trace and REE elements) for nine samples of
the studied peraluminous granite were car-
ried out by using X-ray Fluorescence spec-
trometer at Activation Laboratories (ACT-
LABS), Ontario, Canada.  Backscattered
electron images were collected by scanning
electron microscope-energy dispersive spec-
trometry (BSE) (model JEOL 6400 SEM) at
the Microscopy and Microanalyses Facility,
University of New Brunswick (UNB), Freder-
icton, New Brunswick, Canada.

GEOLOGICAL SETTING

Wadi Um Addebaa area is located at ~70
km SW of Marsa Alam City. It is accessible
after 52 km to the south through the Red Sea
Highway and then 32km to the west through
W. El Gemal.Wadi Um Addebaa intersected
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with W. El Gemal at the point 24°34'14"N
and 34°53'26"E. The peraluminous granite is
well exposed within W. Um Addebaa at the
intersection 24°34'31"N and 34°53'38"E.

The rocks exposed in Um Addebaa area
(Fig.1) include: ophiolitic metagabbro (old-
est), ophiolitic mélange, peraluminous granite
and post granite dykes andveins (youngest).

The general geology of this area was de-
scribed by many authors (Hume, 1934; Omar,
2001, Mahmoud, 2009 and Khaleal and Mah-
moud 2009).

The Ophiolitic Metagabbro

The metagabbro is in mountain size and
characterized by dark green color and me-
dium to coarse grained. The metagabbro is
thrusted over the ophiolitic mélange.

The Ophiolitic Mélange

The ophiolitic mélange composed of
ophiolitic fragments of variable sizes compris-
ing of serpentinites and metagabbro embedded
in mélange matrix mainly of different varieties
of schists (tourmaline-garnetiferous- biotites-
chists). Petrographically, they are composed
mainly of quartz, plagioclase and biotite.

Muscovite and chlorite are secondary miner-
als. Apatite, zircon and garnet are accessory
minerals. They are similar to those in Nu-
grus—Sikait area described by Saleh (1997).
Serpentinites are commonly altered into talc
carbonates of creamy color. They are charac-
terized by their cavernous nature. Sometimes
instead of talc carbonates, the serpentinites
are altered to talc-tremolite rock containing
megascopic tourmaline (Fig.2).

The Peraluminous Granites

The peraluminous granites exposed as
small bosses and dyke-like body (< 1.0 km?)
intruding the ophiolitic mélange at the mid-
dle part of the mapped area causing truncate
the foliation of the schist at high angles. It is
emplaced along N-S trend, about 250 m long
and 60 m in width. The peraluminous gran-
ites are medium to coarse-grained or even
pegmatitic and white in color forming mass
of low relief (Fig. 3) with sharp intrusive con-
tacts against the ophiolitic mélange. They are
deformed and show well-known spheroidal
weathering. The periphery, about 1m wide, of
the studied peraluminous granite is character-
ized by presence of monomineralic bandsof
visible spessartine garnet (Fig. 4a&b).
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Fig. 1: Geologic map of Um Addebaa area, SED, Egypt (Modified after Mahmoud 2009)
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7 :
Fig. 2: Close-up view showing serpentinites altered
to talc-tremolite rock containing megascopic
tourmaline at W. Um Addebaa, SED, Egypt

Fig. 3: Dike- 1kebod3/of the peraiumfnbué grdnl e
at W. Um Addebaa, SED, Egypt. Camera looking
NNW

Fig. 4 (a&b): Photos show monomineralic bands of garnet at th periphery of the

PETROGRAPHY

The peraluminous granites are medium
to coarse-grained and mainly composed of K-
feldspar, sodic plagioclase (An 5-15), quartz,
muscovite and biotite. Sericite and chlorite
are secondary minerals. Tourmaline, zircon,
allanite and garnet are common as accessory
minerals. Myrmekitic texture is common. The
presence of myrmekitic texture represents
strong evidence for metasomatic origin, which
are common in magmatic granite (Smith,
1974). Myrmekitic texture was formed due to
the action of metasomatic processes with the
exsolution around the margins of feldspar
phenocrysts (Ashworth, 1979). Garnet; oc-
curs as large oriented irregular crystals (Fig.
5) with pale pinkish color in plane polarized
light, which appears in cracked or skeletal
form (Fig. 6). The presence of muscovite
as flakes reflects the peraluminous nature of
these granites. The presence of two feld-
spars suggests that the peraluminous granites
are mostly subsolvus and crystallized under
high water pressure (Greenberge, 1981 and
Deer etal., 1992). Locally, the granites are de-
formed and showing deformational features
such as bent plagioclase lamellae, distorted
microcline twinning, twisting of mica flakes,
strongly undulatory quartz development of
myrmekite and recrystallization of feldspars
into fine-grained aggregates. All these fea-
tures point to subsolidus deformation (Pater-

— H a

peraluminous granite,Um Addebaa area, SED, Egypt
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Fig. 5: Photomicrograph showing garnet crystals
and muscovite in peraluminous granite in Um
Addebaa area, SED, Egypt

Fig. 6: Photomicrograph showing cracked crystal of
spessartine in peraluminous granite, Um Addebaa
area, SED, Egypt

son et al., 1989). Such deformation should
be the result of extensive regional thrusting
(Greiling et al., 1987), to which the area had
been subjected.

The Post granite dykes and veins in-
clude basic dikes and quartz veins. Basic
dykes cut across the peraluminous granite
in the NW-SE direction. Quart; veins cut
across the ophiolitic mélange. Some of them
are beryl bearing veins —if present- they are
usually surrounded by phlogopite schist
which replaces tremolite-actinolite pockets,
may be after a pyroxene protolith. The Wadi
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deposits of W. Um Addebaa (about 3 km
long), contains abundant beryl fragments as
aresult of ancient mines working.

GEOCHEMISTRY

The geochemical analyses of nine sam-
ples of peraluminous granites were carried out.
The obtained data are listed in Table (1).

Geochemical Characteristics

The studied granite is relatively enriched
in SiO,, AL,O,, Na,0 and K,O contents and
relatively low in TiO,, MgO, CaO, FeO &
MnO contents (Table 1). The relatively high
content of alumina (av. 14.77%) reflects the
high muscovite and garnet contents, whereas
the low concentrations of Fe,0,, MgO, CaO
and TiO,, reveal the lack of ferro-magnesium
minerals. The relatively high Na and K content
reflects the abundance of feldspar minerals.
It displays enrichment in incompatible ele-
ments, especially K and Rb and depletion of
High Field Strength Elements(HFSE) such
as Nb and Zr (Table 1). It characterized by
low contents of rare earth elements (REE =

3-29 ppm), (Table 1).

The studied peraluminous granite possess-
es an average 6.7 ppm of Be; so it is believed
that this granite is the source of beryl mineral-
ization in Wadi El Gemal area.

On the basis of R1-R2 discrimination dia-
gram of De La-Roche et al. (1980), the stud-
ied peraluminous granitehas syenogranite to
monzogranite characters (Fig. 7). According
to Peccerillo and Taylor (1976), the most sam-
ples of the studied granite belong to calc-al-
kaline series (Fig. 8).

Based on Maniar and Piccoli, (1989), the
studied granite samples fall in the peralumi-
nous field (Fig. 9). According to binary
variation diagram of Chappell and White
(1974), the studied granite samples fall within
the field of I-type granite (Fig. 10). Based
on RI1-R2 tectonic discrimination diagram of
Bachelor and Bowden (1985), the studied
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Table 1: Geochemical analysis data of the peraluminous granite, Um Addebaa area, SED, Egyp

UDG-1 UDG-2 UDG-3 UDG-4 UDG-5 UDG-6 UDG-7 UDG-8 UDG-9  Average

Major Oxides
Si0, 73.15 72.8 74.59 72.75 75.42 75.27 74.35 73.78 74.45 74.06
ALO; 14.9 14.72 14.92 14.54 14.87 14.95 14.72 14.56 14.76 14.77
Fe,05(T) 2.08 2.1 141 1.84 0.97 0.98 0.73 0.89 0.94 1.33
MnO 0.816 0.851 0.475 0.566 0.176 0.082 0.102 0.111 0.123 0.37
MgO 0.09 0.09 0.07 0.07 0.13 0.12 0.07 0.11 0.07 0.09
Ca0 1.13 1.2 1.23 1.17 1.36 1.44 1.38 1.46 1.39 1.31
Na,0 4.04 4.42 4.71 4.44 5.28 5.53 54 5.52 5.37 4.97
K,0 2.67 2.35 2.63 2.68 1.85 1.71 1.81 147 1.6 2.09
TiO, 0.017 0.011 0.011 0.012 0.013 0.016 0.005 0.016 0.013 0.01
P,0s 0.05 0.04 0.03 0.05 0.05 0.06 0.03 0.03 0.04 0.04
LOI 1.27 1.2 0.93 0.97 0.79 0.82 0.31 0.93 0.86 0.9

Total ] 1002 9976 101 9908 1009 101 989 9887 9962 9993

Trace Elements
Au <1 10 <1 <1 <1 <1 <1 <1 <1 10
Ag <0.5 <0.5 <05 <0.5 <0.5 <0.5 <0.5 <05 <0.5 -
As 25 23 31 52 2 10 1 <1 3 18.38
Ba 18 16 14 16 15 42 12 18 11 18
Be 6 6 6 5 7 12 6 6 6 6.67
Bi 22 15 24 28 38 30 32 35 35 28.78
Br 24 <0.5 <0.5 <05 <05 <05 <0.5 <0.5 <05 24
Cd 1.1 1.1 1 1.2 <05 <05 <0.5 <0.5 <05 1.1
Co <0.1 2.6 <0.1 <0.1 3.2 <0.1 <0.1 <0.1 <0.1 2.9
Cr 373 519 <0.5 429 <05 18.1 <05 174 16.5 30.68
Cs 9.5 6.1 8.6 8.2 5.9 7.8 6.6 33 6.3 6.92
Cu 15 12 13 21 <1 4 8 3 <1 10.86
Hf 11.8 11.1 8.7 9.6 12.2 9.7 8.6 83 9.3 9.92
Hg <1 <1 <1 <1 <1 <1 <1 <1 <1 -
Ir <1 <1 <1 <1 <1 <1 <1 <1 <1 -
Mo <2 <2 <2 <2 <2 <2 <2 <2 <2 -
Ni 3 3 2 3 3 2 4 3 1 2.67
Pb 130 102 135 159 47 64 54 49 48 87.56
Rb 390 300 330 310 220 220 230 220 160 264.44
Sn 11 13 8 10 7 6 5 6 5 7.89
Sb 0.3 04 0.7 0.7 <0.1 1 <0.1 0.2 <0.1 0.55
S 0.156 0.083 0.106 0.129 0.016 0.031 0.019 0.016 0.011 0.06
Sc 9.05 8.66 6.33 7.01 5 2.97 3.23 2.95 3.61 542
Se <0.5 <0.5 13.8 124 6.1 6.4 <0.5 <0.5 <05 9.68
Sr 27 27 28 28 24 37 22 26 21 26.67
Nb 21 19 15 18 16 28 14 14 13 17.56
Ta <03 <03 2.8 <03 <03 10.3 <03 <03 <03 6.55
Th 4.7 29 4 35 5.2 5.7 44 4.2 54 4.44
U 20.4 17 16.3 15.8 25.6 23.2 16.8 174 18.2 18.97
\% 13 7 6 8 14 7 6 7 6 8.22
w <1 <1 <1 <1 <1 <1 <1 <1 <1 -
Ga 34 33 28 31 28 26 26 26 27 28.78
Y 392 415 255 295 155 77 97 102 112 211.11
Zn 338 282 322 418 49 102 58 47 47 184.78

Zr M 37 a4 B 200 L us 20 128 14067

REEs
La 8.24 5.79 6.16 6.75 8.08 8.31 6.41 5.95 6.86 6.95
Ce 46 34 35 31 26 23 21 20 24 28.89
Nd 12 10 16 18 20 20 12 10 12 14.44
Sm 9.03 7.34 6.9 7.33 7.89 6.56 6.32 5.88 6.84 7.12
Eu <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 -
Th 8.2 10.3 6.3 6.8 4 2.9 2.9 2.7 33 5.27
Yb 24.6 24.1 17.2 19.5 11.8 5.26 7.28 7.36 8.16 13.92
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THE PERALUMINOUS GRANITES 41
:f i Setypee L-type ]
=
=% 3 o i
Zf °% ]
2 ® g% ,
E ]
(T 1 ER s e 7

\; @2l (Wi ™h)
Fig. 10: K,0O vs. Na,O binary variation diagram
(according to Chappel and White, 1974) of the
studied peraluminous granites, Um Addebaa area,
SED, Egypt

granite belongs to Syn-collision setting field
(Fig. 11). According to Ab-Qz-Or diagram
of Tuttle and Bowen (1958) and after Luth
et al., (1964) the studied granite emplaced at
relatively shallower depth (water pressure 3
- 2 kb; Fig. 12) in the crust and crystallized at
temperature range from 800 to 760 C° (Fig.
13).

Based on the spiderdiagram of normal-
ized trace elements relative to the chondrites of
Thompson (1982), the studied granite shows a
marked enrichment of Rb, Th, K, La, Ce, Nd,
Tb, Yb, Sm, Hf and Y and a marked deple-
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Bowden (1985) of tectonic settings of the studied
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Fig. 12: Ab-Qz-Or diagram for the studied granite.
The dashed lines represent the minimum melting
points in the granite system at different water-vapor
pressure. 1,2 &3 kb according to Tuttle and Bowen
(1958), 5&10 kb according to Luth et al. (1964), Um
Addebaa area, SED, Egypt

Qz

Fig. 13: Ab-Qz-Or diagram for the studied granite,
according to Luth et al., (1964), Um Addebaa area,
SED, Egypt

tion of Ti, whereas Sr and Ba values around
the unity (Fig. 14).

According to spider diagram plot of Tay-
lor & McLennan (1985) the studied granite-
sare characterized by high content of Cs, Rb,
U, Tb, Y, Yb and moderate enrichment of Ta,
Hf, Sm & K. Otherwise, it has very depletion
in Ba, Ti & Sr while it has moderate deple-
tion of La, Ce & Nd (Fig. 15). The strong
enrichment content of some elements isdue to

M. KHALEAL
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Fig. 14: Spider diagram of normalized trace

elements for studied peraluminous granite, Um

Addebaa area, SED, Egypt. Samples are normalized

to chondrites of Thompson (1982)
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the presence of some accessory minerals as
xenotime and zircon.

RADIOMETRY

Spectrometric Study

Gamma-ray spectrometry has been car-
ried out on the studied peraluminous gran-
ite, using GS-512 spectrometer. The mea-
surements are expressed in ppm for eU
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& eTh and in percent for K (Table 2). The
radioelements of the peraluminous granites
possess high average values of the K%, eU,
eTh contents and their ratios. The average
values of eU content are higher than the av-
erage values of eTh content. The relation
of the radioelement concentrations in the
studied peraluminous granite to those of the
crustal igneous rocks after TAEA (1979),
Boyle (1982), Adams et al. (1959) and Clarke
et al. (1966) are listed in Table (2) and shows
the following features:- The average values
of K, eTh contents are the lesser than those
the corresponding values in the crustal aver-
age, while the average values of eU content
are higher than those the corresponding values
in the crustal average. The average values
of eU/eTh ratios in the peraluminous granites
are more than that the corresponding values
in the crustal average. The average value of
the eU content of the peraluminous granites
are higher than the twice Clarke (Clarke
value for eU =4 ppm and eTh =18-20 ppm),
but the average values of the eTh content
are lesser than the twice Clarke values. From
the above correlation (Table 3), we can con-
clude that the peraluminous granites at Um
Addebaa area are relatively abnormal case as
the corresponding values in the crustal aver-
age and there are some high values of radioac-
tive elements. The termuraniferous should be
applied to this granite, which contains eU (12
ppm) higher than twice of Clarke value. The
term fertile should be applied according to
Gangloff (1970), where the uranium content
varies between 4-22 ppm.

The correlation diagrams of eU vs. eTh,
eU vs. eU/eTh and eTh vs. eU/eTh are shown
on Figs. (16 -18). From these diagrams, the
following could be sUmarized:-

Plot of eU vs. eTh correlation diagram
showed that there is strongly positive corre-
lation (r = 0.63) between eU and eTh in the
peraluminous granite. Plot of eU vs. eU/eTh
correlation diagram showed that there is
moderately positive correlation (r = 0.44)
between eU and eU/eTh ratio in the peralumi-

Table 2: Statistics of spectrometric data and their
ratios of the peraluminous granite at Um Addebaa
area, Um Addebaa area, SED, Egypt

Peraluminous granite (N=20)

ke U ¢ eUleTh

Th
(ppm)  (ppm) ehiel

eTh/K

Minimum (Min.) 1 4 3 0.80 0.24 114
Maximum (Max.) 55 2 15 430 133 3
Range 1-55 422 315

0.80-4.30 0.24-1.33 1143

Mean (X) 393 1n7m 171 1.80 0.67 195

Crustal acidic igneous rocks (after IAEA, 1979 and Boyle, 1982)
Average 4 45 18 0.25

Range - 112 520 0.1-0.5

Adams et al, 1959 Clarke et.al, 1966
Average - 4 19 0.25

Range - 19 18-20

N = number of measurements

r=0.63 -

eTh (ppm)

Fig. 16: Correlation diagram of eTh vs. eU of the
peraluminous granite, Um Addebaa area, SED,

Egypt
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Fig. 18: Correlation diagram of eTh vs. eU/eTh
of the peraluminous granite,Um Addebaa area,
SED, Egypt

nous granite. Plot of eTh vs. eU/eTh corre-
lation diagram showed that there is moderate
negative correlation (r = -0.37) between eTh
and eU/eTh ratio in the peraluminous granite
(Khaleal and Mahmoud, 2009).

Geochemical Distribution of Uranium
and Thorium

From Table (1), the peraluminous gran-
ite samples show U content ranging from
15.8 — 25.6 with an average of 18.9, while
Th content ranging from 2.9 to 5.7 with
an average of 4.4. Also, this agrees with the
spectrometric values that U content is more
than Th content. The high U/Th ratio of
the peraluminous granite may be due to their
enrichment in radioactive accessory minerals
such as zircon, xenotime and allanite.

MINERALOGY

Microscopic investigations, scanning elec-
tron microscopy (SEM), and electron probe
micro-analyses (EPMA) were used to identify
and study minerals present in the peralumi-
nous granite.

Generally, some minerals such as beryl
and tourmaline are observed by naked eye in
the ophiolitic mélange surrounding the peralu-
minous granite. In the peraluminous granite
itself, garnet (spessartine) is observed also by
naked eye. Other some minerals such as zir-
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con and xenotime are detected by SEM.

Spessartine Mn,?AL(SiO,), is reddish or-
ange in color (Fig. 19). It was confirmed by
XRD techniques (Fig. 20). SEM technique is
used for analyzing the garnet crystalsfrom
core to rim {Figs. 21 (a—d) and Table 3} as in-
dicating by Zoning in spessartine crystals. The
composition differsfrom core to the rime due
to the wvariation in the ratio of Fe and CaO.
As Mn increases in the core more than the
rim whereas Fe indicates vice versa, 1. e. it
increases in the rim and decrease in the core.
Zircon (Figs. 22.a&b) and xenotime (Fig. 23)
are also recorded in the peraluminous gran-
ites. Tables (4&5) show scan analysis values
for muscovite and uranium oxide detected in
the studied peraluminous granite, respec-
tively.

Fig. 19: Reddish orange colored spessartine
garnet in peraluminous granites at Um Addebaa
area, SED, Egypt

comnts's

00 . Sp. : Spessartine, ASTM card No. (10-0354).

Fig. 20: XRD pattern for garnet (spessartine) in
peraluminous granites in Um Addebaa area, SED,

Egypt
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Fig. 21 (a-d): SEM photos of spessartine in peraluminous granites in Um Addebaa area, SED, Egypt.
Note zoning from core to rim on Figs (b & d)

Table 3: Scan analysis values of spessartine (core and rim) in the studied peraluminous granites

Sample MgO  AlLO; SiO, Y,0; Ca0 TiO, MnO FeO Total
UDG1-Core 0.32 20.6  36.07 0.43 4.9 0.14 15.89 21.7 100.05
UDGI1-Rim 045  20.52 3578 0.35 1.76 0.15 13.75 26.8 99.56
UDG2-Core 045 2046 35.51 1.75 2.94 0.17 11.71  26.12 99.12
UDG2-Rim 035 2048 36.34 0,37 2.36 0.21 1273 27.03 99.85
UDG3-Core 036 2037 3524 1.97 3.59 0.12 12.61 23.57 97.83
UDG3-Rim 0.28 2056 3597 0.33 1.54 0.24 1345  27.05 99.43
UDG4-Core 044  20.67 3575 1.64 342 0.13 18.78 18.8 99.63
UDG4-Rim 043 2075 3599 0.8 2.14 0.28 17.44 22.6 100.43
UDGS5-Core 0.28 2046 3571 138 3.54 0.29 18.22 18.84 98.72
UDGS5-Rim 036  20.82 36.29 0.28 1.73 0.14 16.93  23.86 100.4
UDG6-Core 073 2082 3516 2.27 3.49 0.26 7.8  29.46 100
UDG6-Rim 04  20.68 36.31 0.49 2.31 0.18 7.89  30.96 99.21
UDGY-Core 033 2062 36.22 0.48 3.27 0.12 6.33  31.93 99.21

UDGY-Rim 035 2024  35.53 0.54 1.46 0.2 8.6 30.71 97.64
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Fig. 22 (a & b): SEM photos of zircon in
peraluminous granite at W. Um Addebaa area,
SED, Egypt

Fig. 23: SEM photo of xenotime in peraluminous
granite at W. Um Addebaa area, SED, Egypt
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Table 4: Scan analysis values of muscovite in the
studied peraluminous granites

Sample No0 Mg ALO;, S0, KO Ma0  FeO Total
UDGIMuse. 09 062 32 497 10 048 3 U§

Table 5: Scan analysis values of uranophane in the
studied peraluminous granites

Sample Si0,  Y,0; Zr0,  phO  UO,  Total

UDG2 Uranium 31 718 391 688 7642 981
Oxide

MICROPROBE STUDY

Mineral composition for many grains of
garnet are determined on the JEOL JXA-733
Superprobe; operating conditions (Table, 6)
at the Microscopy and Microanalyses Facility,
University of New Brunswick (UNB), Fred-
ericton, New Brunswick, Canada. The aim
of the microprobe analysis is to contrast the
garnet chemistry and/or composition for dif-
ferent parts of the peraluminous granites and
also to get a better understanding of its final
concentrate composition.

Three grains of garnet are chemically ana-
lyzed by microprobe along profiles {Fig. 24
(A-C)}. For each grain, eight element oxides
are analyzed at the laboratories of UNB, Can-
ada. The data is listed in Table (7). Generally,
garnet is mainly spessartine with a core rich
in Ca0, MgO, TiO, and Y,0,, while the rim
is enriched in FeO and ALO, and SiO,. MnO
shows variable enrichment.

Some bar diagrams were constructed to
illustrate some ratios of oxides in the studied
spessartine grains (Figs 25-27).

Table 6: Microprobe analysis conditions
Name I Lie Stwdard Xl Spec  Pos SHigh Sow Uligh Ulow Bias Gain Base Window KV Shten
Mg 1 K GRIGM TAP 11004 4 45 4 451 10 B 5 15480
A1 K GRIGM TAP 1 909m Josmonon % 15w
§i W K GRTGM TAP [ TI8I6 FEJE R /U (S A S
Cd 0 K Cpsll PET 4 10759 [ T I 1 I HR
T 2 K ImPT 4 804 LI O VA - Y
Mo % K Bwt LIF 3 1501 F I O T A
K [
L 4

§
5

Fe % INT LF 3 13407 F0 I T I A
15 18m § 5 4 15w

Wy Yag TAP 1 68078

1
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Fig. 24 (A to C): Back-scatteredui electron image showing profiles of spots of microprobe analyses in
three (3) garnet grains respectively in the peraluminous granites, Um Addebaa area, SED, Egypt

Table 7: Microprobe analysis of three spessartine grains Um Addebaa area, SED, Egypt
Pt MgO ALO; SiO, Cao TiO, MnO FeO Y,0; Total

1 0.134 20.11 3523 28135 0.0009 13.96 25.65 0.1284 98.02
2 0.1791 19.99 34.69 3.54 0.0273 1321 2453 1.2727 97.44
3 0.1706 20.1 3436 331 0.0303 1347 2498 1.2828 97.7

4 0.1399 20.22 3543 2.8239 0 14.08 2596  0.1328 98.79
5 0.1297 20.32 355 27558 0 13.64 2673 0.1813 99.26
6 0.1366 20.23 35.08 3.35 0.0197 1496 2339 1.5497 98.71
7 0.1283 20.24 35.02 345 0.222 15.09 2322 1.6573 98.82
8 0.1121 20.13 35.67 4.17 0.0164 14.81 23.8 0.6793 99.38
9 0.1436 20.17 3529 3.89 0.012 1397 2335 1.686 98.51
10 0.1249 20.42 36.2 3.13 0.0049 1333 2647 0.1831 99.86

11 0.1293 2047 3613 25939 0.0105 14.38 2535 0.2406 99.3

12 0.1591 2031 3541 3.32 0.0107 13.75 23.76 1.5735 98.31
13 0.1275 20.17 3584 3.88 0.0217 14.71 23.54  0.639  98.92
14 0.1302 20.24 35.76 4.26 0.0152 14.8 22.74  0.7075 98.65
15 0.1094 20.61 3635 4.38 0.0107 1394 2438 0 99.78
16 0.1308 20.52 36.11 1.9463 0 1444 2618 0.0619 99.39
17 0.1619 20.3 3529 34 0.0296 13.99 2343 1.8443 98.46
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® SiO2 #FeO "Al203 ®MnO

#Ca0 » Y2035 MgO nTiO2

cnBRBNEHS

Fig. 25: Bar-diagram of some oxides in spessartine grain no. A
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Fig. 26: Bar-diagram of some oxides in spessartine grain no. B
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Fig. 27: Bar-diagram of some oxides in spessartine grain no. B
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CONCLUSIONS

The rocks exposed in Wadi Um Addebaa
area include: ophiolitic metagabbro, ophiolitic
mélange, peraluminous granite and post gran-
ite dykes and veins. The most common feature
in the peraluminous granite is the presence of
spessartine garnet aligned in monomineralic
bands (Im thick) in parts along the periphery
with surrounding schists. The Wadi deposits
of W. Um Addebaa (about 2 km long) con-
tains abundant beryl fractions.

The peraluminous granite is mainly com-
posed of K-feldspar, sodic plagioclase (An 5
-15), quartz, muscovite and biotite. Sericite
and chlorite are secondary minerals. Spessar-
tine, tourmaline, zircon, allanite and opaques
are accessory minerals. Myrmekitic texture is
common indicating metasomatic process.

The presence of muscovite flakes reflects
the peraluminous nature of these granites.
The presence of two feldspars suggests that
the muscovite granites are mostly subsolvus
and crystallized under high water pressure.

The deformational features of the stud-
ied granite are expressed by bent plagioclase
lamellae, distorted  microcline twinning,
deformed mica flakes, strongly undulatory
quartz, development of myrmekite and recrys-
tallization of feldspars into fine-grained aggre-
gates. All these features point to subsolidus.
Such deformation should be the result of ex-
tensive regional thrusting to which the area
had been subjected.

The studied peraluminous granite crystal-
lized from relatively soda rich magma, has
peraluminous character, I-type, calc-alkaline
affinity and emplaced in syn-collision setting.
at relatively shallower depth (water pressure
3-2 kb) in the crust and crystallized at tem-
perature range from 800 to 760 C°.

It possesses high content of LILE (Rb, Y
&Zr) and has a moderate to high content of
HFSE (Cu, Zn, Pb, As, Bi & W).

It possesses an average 6.7 ppm of Be;

49

hence, it is believed that this granite is the
source of beryl mineralization in Wadi El
Gemal area.

The studied granite has relativelyhigh al-
kali content (K,O + NaO) and high Al,O,
contents and relatively low TiO,, MgO, CaO,
FeO & MnO contents.

Comparing the studied granite relative to
the chondrites, it shows a marked enrichment
of Rb, Th, K, La, Ce, Nd, Tb, Yb, Sm, Hf and
Y and depleted in Ti, whereas Sr and Ba val-
ues around the unity. The studied granitesare
characterized by high content of Cs, Rb, U,
Tb,Y, Yb and moderate enrichment of Ta, Hf,
Sm & K comparing it relative to Bulk conti-
nental crust. Otherwise, it has very depletion
in Ba, Ti & Sr while it has moderate depletion
of La, Ce & Nd. The strong enrichment con-
tent of some elements is due to the presence
of some accessory minerals like xenotime,
allanite and zircon.

Radiometrically, the studied peraluminous
granite shows chemically uranium contents
with an average of 19 ppm and thorium con-
tents with an average of 4.5 ppm. This also
agrees with the spectrometric values that U
content is more than Th content. Uranium
content is more than twice Clark value (4
ppm), while eTh content is too less than
Clark value (18-20 ppm) suggesting that it is
fertile granite. The high U/Th ratio of the
studied peraluminous granite may be due to their
enrichment in radioactive accessory minerals
such as zircon.

Some minerals such as beryl and tour-
maline are observed by naked eye in the
schists of the ophiolitic melange surrounding
the peraluminous granite. In the peraluminous
granite itself garnet (spessartine) is observed
also by naked eye. Other some minerals
such as zircon and xenotime are detected by
SEM.

From microprobe study, garnet is mainly
spessartine with a core rich in CaO, MgO
and Y,0,, while the rim is enriched in FeO
and Al O, and SiO,. MnO shows variable en-
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richment.
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