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ABSTRACT

Gebel El Nekeiba is composed mainly of quartz-syenite surrounding syenogranite. Syenogranite is
characterized by the presence of allanite, zircon and fluorite. Qz-syenite is more radioactive and characterized
by the presence of violet and deep violet fluorite, zircon and columbite besides thorium minerals (thorite and
orangite). The latter were transformed to thorogummite by hydrolysis. The studied rocks are characterized
by low Th/U ratio. Quartz syenite and syenogranite rocks show high concentrations of REEs; the former is
characterized by higher concentration of HREEs than LREEs. Distribution of REEs in Gebel El Nekeiba
is controlled by the elements concentration in the parent magma, and degree of fractionation in the hosting
rocks and minerals.

INTRODUCTION

Gebel El Nekeiba occurs as moderately
high mountain (570 m) located at the inter-
section of lat. 23°52” and long. 34°22’ (Fig.1)
covering more or less a triangular area (about
4.0 km2), (Fig.2).

Khaleal et al. (2007) concluded that the
younger granites of G. El Nekeiba are high
temperature granitoids formed as a result of
high fractionation and emplaced during with-
in-plate regime.

Abdel Gawad (2011) described the central
part of the mountain as syeno- granite sur-
rounded by qz-syenite covering the eastern,
northern and western parts of G. El Nekeiba.
It is dissected by many fault sets and bounded
by Wadi Road El Sayalla that extends from
the western side, passing south the mountain
to the eastern side (Fig.3). He attributed the
radioactivity of the area mainly to the quartz- [ Phanerozoie Rocks  EZ] Basement Rocks

syenite and partly to the felsic dykes. Fig. 1: Location map of G. El Nekeiba
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Fig.2: Arial photograph for G. El Nekeiba south
Eastern Desert, Egypt
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Fig. 3: Geological map for G. El Nekeiba, south

Eastern Desert, after Abdel Gawad (2011).

The present work aims to 1-Recognize the
minerals responsible for the radioactivity of
G. El Nekeiba; 2- Investigate the relation be-
tween the distribution of REE and these min-
erals and 3- Characterize the factors control-
ling the distribution of REEs in G. El Nekeiba
granitoids.

PETROGRAPHY

Gebel El Nekeiba is composed mainly of
syenogranite and Qz-syenite. Syenogranite is
characterized by an equigranular texture com-
posed mainly of potash feldspar, plagioclase,
quartz and biotite with rare crystals of sodic
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hornblende. Potash feldspars are the main
feldspar represented by string perthite, ortho-
clase perthite and microcline. Allanite, zircon
and colorless fluorite are the main accessory
minerals. This rock is intensely sheared in the
southern part, and characterized by mortar
texture and granulation where the fault sets
and wadis are common. The minerals show
straining, andulose extinction and alteration
(sericitization of feldspars and chloritization
of biotite) (Fig. 4). Qz-syenite is composed
mainly of potash feldspar, quartz, biotite, rie-
beckite and arfvedsonite (Fig. 5). The rock is
characterized by low content of quartz (<20%)
but fluorite, zircon and columbite are the com-
mon accessory minerals present, besides the
radioactive minerals thorite, orangite and tho-
rogummite.

Fig.4‘:Ph0tomicrograph of G. EI Nekeiba sheared
syenogranite showing strained microcline frac-
tured biotite, quartz and perthite, XPL.

800 um

Fig.5: Photomicrograph of G. El Nekeiba qz-
syenite showing string perthite associated with,
arfvedsonite quartz and well-formed crystals of
zircon,XPL.
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RADIOACTIVITY

Both rocks (syenogranite and Qz-syenite)
composing G. El Nekeiba are radioactive
with different degrees; the former is charac-
terized by lower radioactivity relative to the
latter. Uranium and thorium contents are mea-
sured chemically by fluorometric method in
ten samples (6 samples syenogranite and 4
samples qz-syenite). U ranges from 49 to 86
ppm with an average of 61.7 ppm while Th
ranges from 62 tol110 ppm with an average of
83.8 ppm in the syenogranite. Quartz-syenite
shows U ranging from 76 to 95 ppm with an
average of 86.3 ppm and Th from 110 to 124
ppm with an average of 116.5 ppm (Table 1).

Plotting U versus Th of the two rocks on
the binary diagram shows a positive relation in
the syenogranite. The relationship is disturbed
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in the qz-syenite showing a slightly negative
relation referring to a possible addition of ura-
nium epigenetically (Fig. 6a). Th/U ratio in
the syenogranite ranges from 1.27 to 1.58 with
an average of 1.37, while in the gz-syenite it
ranges from 1.16 to 1.48 with an average of
1.36 (Table 1). The low value of this ratio re-
fers to highly differentiated rocks (Chatterjee
and Muecke, 1982) and may be attributed to
a post-magmatic enrichment of uranium. The
plot of Th versus Th/U ratio shows clearly that
the quartz syenite is more differentiated than
the syenogranite (Fig.6b).

MINERALOGICAL STUDIES

The studied syenogranite and Qz-syenite
were ground and sieved. The grains sized be-
tween 0.63 mm and 0.5 mm were treated with

Table 1: U, Th and REEs analyses of Syenogranite and Quartz-syenite, G. El Nekeiba

Rock Syenogranite Qz-Syenite
Sample NG1 NG4 NG5 NG6 NG7 NG8 Av NS2 NS3 NS9 NS10 Av values
Radioelements (ppm)

u 49 60 86 54 56 62 61.7 90 84 76 95 86.3  0.0122
Th 62 84 110 69 80 98 83.8 120 124 112 110 116.5 0.0425
REEs (ppm)

La 14.6  27.88 1.24 116.4 11.8 17.64 31.59 71.39 23.94 31.97 6.33 33.41 0.367
Ce 24.7 59.18 4.1 212.0 23.25 31.42 59.11 150.1 134.3 82.65 15.2 95.56 0.957
Pr 0.92 5.13 0.85 19.81 0.6 2.65 5.0 19.64 20.25 7.23 1.74 12.22 0.137
Nd 5.5 17.0 34 46.97 6.0 12.78 15.28 121.6 162.9 109.0 6.5 100.0 0.711
Sm 1.99 5.5 2.3 14.13 1.7 2.31 4.66 21.65 23.0 25.0 2.3 17.99 0.231
Eu 0.25 0.37 0.44 0.53 0.33 0.18 0.35 0.9 0.38 0.38 0.53 0.55 0.087
Gd 2.73 8.12 7.13 19.43 8.43 3.7 8.26 20.07 32.49 17.35 0.44 17.57 0.306
Tb 1.39 2.53 3.52 6.66 2.31 3.0 3.24 6.6 46.6 8.35 3.4 16.24 0.058
Dy 14.26 13.88 25.24 18.51 15.07 11.41 16.4 29.81 177.4 46.87 15.75 67.46 0.381
Ho 3.28 3.02 9.15 3.16 1.92 4.63 4.19 9.5 89.49 16.46 5.98 30.36  0.0851
Er 7.46 9.81 15.11 9.39 8.45 6.64 9.48 13.38 127.5 27.99 26.39 48.82 0.249
Tm 1.53 1.8 3.65 1.7 2.19 1.74 2.1 3.56 35.2 7.35 4.99 12.78 0.0356
Yb 11.27 18.2 36.06 9.39 15.33 15.12 17.73 26.39 337.9 58.22 37.83 115.0 0.248
Lu 1.53 2.81 5.14 1.32 1.89 2.37 2.51 3.68 53.2 8.98 5.66 17.88 0.0381
Geochemical Parameters

Th/U 1.27 1.40 1.28 1.28 1.42 1.58 1.37 1.33 1.48 1.47 1.16 1.36 -
Ce/U 0.4 0.99 0.05 3.9 0.42 0.51 1.045 1.67 1.6 1.09 0.16 1.13 -
Ce/Th 0.5 0.7 0.04 3.1 0.29 0.32 0.825 1.25 1.08 0.74 0.14 0.803 -
Y LREE 45.72 109.2 9.59 395.2 41.65 64.49 111.0 362.7 341.4 230.9 29.77 241.2 -
>HREE 45.69 66.04 107.7 84.22 57.62 51.1 68.73 135.5 923.2 217 103.3 344.8 -
Total REEs 91.4 175.3 117.3 479.4 99.3 115.6 179.7 498.2 1265 447.9 133.1 586.0 -
LREE/HREE 1.0 1.65 0.09 4.69 0.72 0.44 1.432 2.77 0.37 1.06 0.29 1.123 -
Lan/Yby 0.88 1.04 0.02 8.38 0.52 0.79 3.92 1.83 0.05 0.37 0.11 0.59 -
Cen 25.81 61.89 4.28 221.5 24.30 32.83 61.77 156.8 140.3 86.36 15.88 99.86 -
NESm)(Gdy) 8.77 25.14 1523 6232 14.23 11.0 2278 784 102.8 78.33 120 67.88 -
Euy 2.873 4.25 5.057 6.091 3.793 2.069 4.022 10.34 4.367 4.367 6.091 6.29 -
Eu anomaly 0.33 0.17 0.33 0.10 0.27 0.19 0.23 0.13 0.04 0.06 0.51 0.18 -

The subscript (N) means that the element is normalized by chondrite (Taylor & McLennan (1985) ; Eu anomaly= (Eu,)/N (Smy) (Gd,), (Henderson,1984)
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Fig. 6: Binary diagrams of a) Th vs U and b) Th
vs Th/U ratio for G. El Nekeiba.Syenogranite (x)
and Qz-syenite (4).

bromoform for heavy minerals separation and

studied by stereomicroscope and XRD tech-
niques.

The Low-radioactive Rock (Syenogranite)

Gebel El Nekeiba syenogranite contains
accessory minerals such as colorless fluorite,
allanite, and zircon. Allanite occurs as well-
formed crystals with masked interference
colors included in biotite (Fig. 7). The biotite
itself encloses pleochroic halos that refer to
the presence of radionuclides (Hussein, 1978)
(Fig. 8). Zircon occurs as zoned crystals ex-
hibiting its characteristic interference colors
(Fig. 9). It also occurs as well-formed zoned
crystals characterized by intensely metamic-
tized core (isotropic) (Fig. 11). Both of them
are identified by XRD techniques showing the
characteristic peaks of typical zircon (Fig. 10)
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Fig.7: Well-formed crystals of allanite EAll) with-
in biotite , G. El Nekeiba syenogranites ,XPL

Fig. 8: Resrbed biotite crystl , G. El Nekeiba
syenogranites ,XPL

Fig. 9 Well formed crystals of zircon (Zr) sur-
rounded by iron oxides, G. El Nekeiba syeno-
granites ,XPL
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and metamictized zircon (Fig. 12). The radio-
active minerals in the syenogranite are nearly
absent.

comnts's

7Zx.: Zircon, ASTM card No. (06-0266).

22Theta

Fig. 10: XRD diffractogram for typical zircon , G.

—

Fig.ll:‘ A well-formed cryétal of zircon (Z) with
metamictized core (isotropic), G. El Nekeiba sy-
enogranites ,XPL
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Zr.: Zircon, ASTM card No. (06-0266).
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Fig.12: XRD diffractogram for metamictized zir-
con, G. El Nekeiba syenogranites

The Highly-radioactive Rock (Qz-
syenite)

The quartz-syenite of G. El Nekeiba com-
prises the following minerals:

The Metallic minerals

The metallic minerals are represented by
molybdenite, ilmenite and pyrite. Molyb-
denite occurs as platy crystals of hexago-
nal system characterized by grey color with
metallic luster (Fig. 13a) while ilmenite oc-
curs as prismatic crystals of trigonal system
characterized by black color, metallic luster
and moderate magnetism (Fig.13b). Pyrite is
present as rare fractured crystals.

The Radioelements-bearing minerals

The radioelements-bearing minerals in the
qz-syenite of G. El Nekeiba are mainly fluo-
rite, zircon and columbite. Fluorite displays
several colors from colorless, violet (Fig.14a)

Fig.13: Stereophotographs of metallic minerals
separated from G. El Nekeiba Qz-syenite show-
ing: a) Platy crystals of molybdenite and b)
Well-formed crystals of ilmenite.
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to deep violet (Fig. 14b) & it is confirmed by
XRD (Fig. 15). The colored varieties are good
carrier of U ions (Cunningham et al., 1998).
Cunningham et al., 1998 reported that ura-
nium is transported as uranyl trifluoride com-
plex and deposited when fluids react with the
wall rock. Zircon is the most common heavy
mineral in the studied rock characterized by
yellow to yellowish grey colors. It forms short
prismatic crystals of the tetragonal system
(Fig. 16a) exhibiting its characteristic XRD
diffractogram (Fig.16b). Columbite occurs as
well-formed orthorhombic crystals exhibiting

Fig. 14: Stereophotographs of fluorites separated
from G. El Nekeiba Qz-syenite showing: a) An-
hedral crystals of violet fluorite and b) Anhedral
crystals of deep violet fluorite.
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F. : Fluorite, ASTM card No. (04-0364).
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Fig.15 : XRD diffractogram for violet fluorite,
G. El Nekeiba Qz-syenite

its characteristic black color and submetallic
luster (Fig. 17a) & it was recognized by XRD
(Fig. 17b).

Fig. 16: Stereophotographs of Zircon separated
from G. El Nekeiba Qz-syenite showing: a) Well-
formed crystals of zircon and b) XRD diffracto-
gram for zircon.

C.: Columbite-tantalite, ASTM cand No. (16-337k

Fig. 17: Stereophotographs of columbite separated
from G. El Nekeiba Qz-syenite showing:a) Well-
formed crystals of columbite and b) XRD diffrac-
togram for columbite.
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The Radioactive minerals

The main radioactive mineral in the Qz-
syenite of G. El Nekeiba is thorite (ThSiO,).
It is represented by three varieties (thorite,
orangite and thorogummite).

Thorite (ThSiO )

It is a translucent mineral characterized by
brown color and earthy luster, crystallizes in
the tetragonal system. The crystals are frac-
tured and occasionally associated with orang-
ite (Th,U)SiO, (Fig. 18). It was identified by
XRD and its diffractogram shows the charac-
teristic peaks of thorite (Fig.19).

Fig. 18: Stereophotograph of thote (Th) separated
from G. El Nekeiba Qz-syenite (some crystals are
associated with orangite (Or)
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Fig.19: X-ray diffractogram for thorite, G. El
Nekeiba Qz-syenite

Orangite (Th,U)SiO4

It is orange-colored thorite (Berry et al.,
2000) occasionally present attached to the
proper thorite (Fig. 20a&b). This mineral is
characterized by the presence of U ions beside

Th ions which is proved by transformation to
thorogummite (Th,U)[SiO,, (OH),]. It was
identified by XRD giving a diffractogram of
thorite mineral (Fig. 21), as there is no a spe-
cific ASTM card for orangite.

Fig.20: Stereophotographs of thorium minerals
separated from G. El Nekeiba gz-syenite showing:
a-Anhedral crystals of orangite and b-Thorite (Th)
associated with orangite(Or)

comnts's
196

Th. : Thorite, uranoan , ASTM card No. (5-0395).
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Fig. 21: X-ray diffractogram of orangite separated
from G. El Nekeiba Qz-syenite

Thorogummite (Th,U)[SiO , (OH) |

Thorogummite occurs as an alteration
product of thorite and orangite. It occurs as
hydrated mantle enveloping the proper tho-
rite (Fig.22a). Generally, it crystallizes in the
tetragonal system as short prismatic crystals
(Berry et al., Op. Cit.). It is very soft and
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characterized by a yellow color with earthy
luster and gum appearance (Fig.22b). The
preliminary examination of this mineral by
XRD technique identified it as thorite, while
examination, after heating of the mineral, it
was found to be thorogummite mixed with
fergusonite and zircon (Fig. 23)

Fig.22:stereophotograph of thorite minerals
separated from G. El Nekeiba Qz-syenite
showing: a- Hydrated thorite with thorite core
(Th) and thorogummite mantle (Tg) and b-
Brittle crystals of thorogummite

countsls
25 < T Zircon, ASTM card No. (6-0221).
o Tg.: Thorogununite, uranoan, ASTM card No. (8-440).
8| e . : Fergusonite, ASTM card No. (33-332).
3
g

T T T T T T T T T T T
10 0 30 40 50 60

Fig.23: X-ray diffractogram of thorogummite
(Tg) , G. El Nekeiba Qz-syenite showing
associations of fergusonite (F) and zircon (Zr).

RARE EARTH ELEMENTS (REE)
DISTRIBUTION

Ten samples from G. El Nekeiba are pre-
pared and analyzed for REEs by Induced Cou-
ple Plasma Spectrometer (ICP) at the Egyptian
Nuclear Materials Authority Labs (NMA). The
data are normalized to chondrite. (Taylor and
McLennan, 1985) and are plotted on the spider
diagram (Fig. 24).

On the diagram, Eu exhibits negative
anomaly (Fig. 24) this is related to the fact
that Eu** is compatible with plagioclase and
the removal of plagioclase from the felsic melt
by crystal fractionation give rise to negative
Eu anomaly. The ratio (EuN)/\/(SmN)(GdN)
is proposed by Henderson (1984) (Table 1).
When the value is >1.0 indicating positive
anomaly whilst a value <1.0 points to a nega-
tive anomaly. As seen from the table the rocks
under consideration are characterized by neg-
ative Eu anomaly with an average of 0.23 for
the syenogranite and 0.18 for the Qz-syenite
(Tablel).
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Fig.24:Chondrite-normalized REEs pattern of G.
El Neckeiba syenogranite (x) and Qz-syenite (4)

The distribution of trace and rare earth ele-
ments between phases may be described by a
partition coefficient (Mclntire, 1963). The in-
terpretation of the REEs pattern is based upon
the partition coefficients (P.C.) of the rare earth
elements in some minerals characterizing G.
El Nekeiba rocks (calculated for quartz and
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ilmenite after Nash and Crecraft, 1985) and
for zircon and allanite by Mahood and Hil-
dreth (1983) (Table 2). In the felsic liquids,
the accessory phases such as zircon, allanite
and sphene strongly influence REE pattern
although they are present in small quantities;
zircon is depleted in the HREE (Sm-Lu), al-
lanite is depleted in LREE (La-Nd). (Rol-
linson, 1994.

Both rocks of G. El Nekeiba (quartz sy-
enite and syenogranite) are rich in the acces-
sory minerals (zircon, allanite and ilmenite).
They are rich in REEs (Table 1) and have high
partition coefficients (Table 2). The studied
syenogranite is characterized by lower REEs
contents (179.7 ppm) than the qz-syenite (see
Fig. 24) due to presence of quartz which com-
prises about 35% of'the rock and has the lowest
partition coefficient. Qz-syenite is rich in the
total REEs (up to 1265 ppm) with an average
of 586.0 ppm and characterized by Y HREE
higher than Y LREE (up to three times in
sample NS3). Kozlov (2009) concluded that
the high content of HREE:s is related to a high
content of volatiles (this is supported by the
presence of different varieties of fluorite in G.
El Nekeiba) and considered as good indicator
for rare metals potentiality.

Table 2: Partition coefficients of REEs in some
minerals

Mineral  Quartz Ilmenite Zircon Allanite
P.C) P.C.) P.C) P.C)
La 0.015 7.1 16.9 2594.5
Ce 0.014 7.8 16.75 2278.5
Pr - - - -
Nd 0.016 7.6 13.3 1620.0
Sm 0.014 6.9 14.4 866.5
Eu 0.056 2.5 16.0 111.0
Gd - - 12.0 -
Tb 0.017 6.5 37.0 273
Dy 0.015 4.9 101.5 136.5
Ho - -— - -
Er - - 135.0 -
Tm - - - -
Yb 0.017 4.1 527.0 30.8
Lu 0.014 3.6 641.5 33.0

=]

The binary relationship of U versus Ce/U
for the two rock types shows a negative corre-
lation (Fig. 25) indicating that uranium is not
hosted mainly in the accessory minerals. Plot-
ting of Th versus Ce/Th ratio shows negative
correlation in syenogranite and positive cor-
relation in quartz-syenite (Fig. 26) indicating
that Th has two different behaviors in the two
rocks of G. El Nekeiba.

The average of LREE/HREE ratios is plot-
ted versus the average of Eu anomaly for the
two rock types showing that syenogranite has
higher ratio and higher Eu anomaly with less
electronegativity than qz-syenite due to pres-
ence of plagioclase (Fig. 27).
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Fig. 25: Binary diagram of U vs Ce / U ratio
for G. El Nekeiba syenogranite (x) and Qz-
syenite (#)
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Fig. 26 : Binary diagram of Th vs Ce/Th ratio
for G. El Nekeiba syenogranite and Qz- syenite
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Fig.27 : Average of LREE/HREE vs average of
Eu-anomaly for G. El Nekeiba syenogranite and
Qz-syenite.
Degree of Fractionation of REEs

Rollinson (1994) considered the ratio
La /Yb_ as a measure of the degree of frac-
tionation of REEs. When plotting this ratio
on the binary diagram versus Ce, it defines
the degree of fractionation with changing
REEs contents. Applying this relation for G.
El Nekeiba syenogranite and Qz-syenite, it is
evident that the REEs are highly fractionated
in the former (with an average of 3.92) rather
than the latter (with an average of 0.59) (Fig.
28) indicating that the same Ce content frac-
tionates by different degrees in the two melts
depending upon the melt composition.
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Fig.28: Average of Ce vs average of La /Yb
for G. El Nekeiba syenogranite and Qz-syenite

CONCLUSIONS

1-G. El Nekeiba is composed mainly of
gz-syenite and syenogranite. The two rocks
are moderately radioactive. radioactivity of
syenogranite is attributed to the accessory
minerals (allanite and zircon). Qz-syenite has
higher uranium and thorium contents than sy-
enogranite and its radioactivity is attributed
to the thorium minerals (thorite, orangite and
thorogummite) in addition to the other acces-
sory minerals.

2- Accessory minerals play an important
role in supporting REEs contents in the two
rocks; some of them enhance HREEs (al-
lanite) and others enhance LREEs (zircon).
Qz-syenite has higher total REEs due to the
low content of quartz that possesses the low-
est partition coefficient for REEs. Qz-syenite
have XHREEs higher than XLREEs and
higher than the corresponding value in syeno-
granite proved by the presence of rare metals
potentiality like molybdenite as well as the
high contents of volatiles (fluorite).

3- The normalized-Ce content of the
quartz syenite and syenogranite corresponds
to two degrees of fractionation (3.92 and
0.59) indicating that the degrees of frac-
tionation depend upon the rock composition
(mineralogical and chemical).

4- Finally, the factors that control the
distribution of the rare earth elements in the
granitoides of G. El Nekeiba are: a) The con-
centrations of REEs in the parent magma. b)
The degree of fractionation of REEs in the
hosting rock.

Acknowledgements

I would like to express my gratitude to
Prof. Dr Mohamed El Ahmady, the head of
research department (NMA) for his scientific
aids and facilities during the progress of this
work. My great thanks to Prof. Dr. Hamdy M.
Abdalla (NMA) for his field facilities, picking
samples and reviewing the manuscript. The
author is deeply indebted to Prof. Dr. Bataa
H. Ali, the head of ICP Lab (NMA) for REEs



CONTRIBUTION TO THE RADIOACTIVITY, MINERALOGY AND REE; 65

analyses. The author is also grateful to Prof.
Dr. El Sayed H. El Sawy, XRD Lab (NMA).

REFERENCES
Abdel Gawad, A. E., 2011. Geology and ra-
dioelements potentialities of unconform-
able basement-sedimentary rocks at G.
Nikeiba and G. Fileita areas, south East-
ern desert, Egypt. Ph. D. thesis, Minufiya
Univ., Egypt.

Berry, L. G.; Mason, B., and Deitrich, R.V.,
2000. Mineralogy: Concepts, descriptions,
determinations. CBS publisher and distrib-
utors, New Delhi, India, p479.

Chatterjee, A. K., and Muecke, G. K., 1982.
Geochemistry and the distribution of ura-
nium and thorium in the granitoid rocks
of the South Mountain Batholith, Nova
Scotia: some genetic exploration implica-
tions. In: Uranium in Granites (Mourice,
Y. T.Ed.): Geol. Surv. Canada, Ottawa,
Paper 81-23,11-17.

Cunningham, C. G.; Ramussen, J. D.; Steven,
T. A;; Rye, R. O.; Rowley, P. D.; Rom-
berger, S. B., and Selverston, j., 1998. Hy-
drothermal uranium deposits containing
molybdenum and fluorite I the Marysvale
volcanic field, West central Utah. Minera-
lium Deposita, 33, 477-494.

Henderson, P., 1984. Rare Earth element geo-
chemistry. Elsevier, Amestrdam, 467-499.

Hussein, A. H., 1978. Lecture course in Nu-

clear geology. 101p.

Khaleal, F. M.; Rashed, M. A., and Saleh,
W. H., 2007. Uranium potentiality of Ga-
bal Nikeiba area, South Eastern Desert,
Egypt. The 5th inter. conf. Geol. Africa.
1, 111, 41-54.

Kozlov, V. D., 2009. Rare-earth elements as
indicators of ore sources and degree of
differentiation and ore potential of rare
metal granite intrusions, Eastern Trans-
baikalia. Russian Geol. Geophy., No. 50,
29-42.

Mahood, G., and Hildreth, W., 1983. Large
partition coefficients for trace elements
in high silica rhyolites. Geochim. Cosmo-
chim, Acta., 47, 11-30.

Mclntire, W. L.,1963. Trace element partition
coefficients- a review of theory and ap-
plications to geology. Geochim. Cosmo-
chim. Acta, 27, 1209-1264.

Nash, W. P., and Crecraft, H. R., 1985. Par-
tition coefficients for trace elements in
silicic magmas. Geochim. Cosmochim.
Acta, 49, 2309-2322.

Rollinson, H. R.,1994. Using geochemical
data; evaluation, presentation, interpre-
tation. Longman Scientific & Technical,
Singapore, 352p.

Taylor, S. R., and McLennan, S. M.,1985.
The continental crust; its composition and
evolution. Blackwell, Oxford.



66 EHAB K. ABU ZEID

A ol sdually 3 oLl A 1 pualind) g s g Oanaill g Lo lady) B cilalgn)
Jm.a_;\,'éﬂ\ sl auall G gia c;\#ﬂ\d,\eiz\i‘gﬂ\
) sl S8 el

YYJshll DA ae OYY 0V ya jall had adalss Adasi vie Al o) jaaall Ggia (A ASH s a8y
5 il i) Al a ) sdua e daadl (5<% g gl 5 Gl sl Leadals (SN A3l Aalie Dl O
Cuial) Jie) 458 (oS ddiadl) ALEN (el (o 2aed) o Sl Jia ) s8a (6 i (Cabs 351 S
OsSE 5 (OsSl 5 YY) Jile) Lelaid Aldds 4BY obee 5 (Sl 31SIL ol sall
JS) el (s sinnall 33253 A ) ld (b 350580 ) 58 (ot Aniall puslinl) (e L
Ol (G e 3a Y Lo gie e lad) Y1 58 il pa i) Jda o ) il 5 Wil gpjaall e
Hososilly Oslall (e A (sl ) sl Jaws sie Joay e a5y 5l G saled) (e 52 AV 5050l ) all
Andiall jualiall Alalall alaall 2 5n 5 () I W) dpelad) a5l 5 Cuilans 550580 (G bl s 2 0T
55 alaay Alias g sl e 2 5a s ) Cutilans 355) 581 Ao e @ i L) 5S35 Y
Al ST A and) (aS) Al Al 525 L 5Sas 5 Sm ale iyl (S ) Cupen gy 5 il 5
VT 5 il a gl (8, das ey ) oandall Ledaaa (e ol sl / a8l Apd (@lads) )
AS el o gl sall il sl @dy Laa g i)y sl 5] 5 50y 5 (5 sine aaldad) )6 i (Cubans i) S0
Cuen 55 (ane ) G Galaall 538 Jsaiig il 18 dgal sal (il y5l) o) sl Golae (oS3
@558 A pall i) (Si0,) G55 daS (OH) iy s )l J sy s (1 ¢ sl Alee P38 0
Galids) I ey s g b i1 S (8 Lt a5 A g Cppdaall SIS (8 6l Ay Y yealiall
sl dalae il alaal) 3 g g () ALYl (ALY ealinll w58 Jalaa Ji) 50 5SH Gana i
Ao sama ooy Lpmny Of Sun AL Calaal) 50 N Al a6 S50l 5 Cutaly) Jie i sl
ALE) dia Y1 yealiall e pane pey 3 Y 5 (058,30 Jie ) LREES 4adall 4 j¥) jualiall
DAl Aaa sa s peaiall g e )i Al dale 3sa gl Al el @ lsl LS (<) Jic) HREES
8 (++0%) ) 5l i) 3 (7,37 I sl A 3 o 3 s Al 0S5 T 5 5
i) el ) ALl e 55 5 5 Cunil 5 5V (Aame o ol ) sl jal) gl Caibans 35 )5S
@ o) G gl A )W) jualiall 58 e b isal) dalgall daaad ) <yl Sl Jis ) smy
Lo ol 2 5 Al ol Lgmg 35 el ole Loy B ppgcl) 3 L Lo i 53 pualinl
A3 Al 585 e a5 Al g de il ) sl (4



