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ABSTRACT: Nuweibi area is situated in the Central Eastern Desert, Egypt, covers an area
of about 135 km®. The field observations and the detailed petrographic study revealed that -
the mapped area is distinguished into several rock units: serpentinites, metasediments,
metagabbros and older granites that intruded by albitized granites. The radicmetric
analyses revealed that the studied rocks exhibit low radioactive levels except for the
albitized granites that can be attains relatively moderate el and eTh contents. The
radioactivity of Nuweibi albitized granites may be attributed to the dominance of thorite and
some thorium bearing minerals as monazite and uranothorite, moreover, very scarcely
grains of secondary uranium minerals as uranophane, autunite and chernikovite.
Furthermore, zircon was documented as free grains or as inclusions within crystals lattice
of cassiterite, garnet and titanite. Meanwhile, REE signatures are prevalence in allanite,
chevkinite, fiuorite, zircon, monazite, apatite and manganocoitan giving rise as a potential
source for the REE in theses minerals. On the other hand, columbite, tantalite, tapiolite, and
cassiterite are dominant as a rare-metal mineralization {Nb, Ta and Sn).

The taxopickilitic texture as well as the prismatic bipyramidal zircon is a strong
evidence for the magmatic origin of Nuweibi granite. Unlike the albitization processes, give
an idea about the Nuweibi granite may have been underwent an extensive hydrothermal
alteration mainly Na-metasomatism. In addition to, the presence of characteristic variety of
zircon such as mud zircon, as well as columbite. cassiterite, garnet, fluorite and apatite
confirming the multistage of hydrothermal metasomatic origin. The significant enrichment of
some trace elements in Nuweibi granites during the alteration could be attributed fo the
existence of some resistant and economic minerals in the study area. :
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INTRODUCTION

Nuweibi area is situated in the Central Eastern Desert, 30 km north of Marsa Alam and .'about 33
km west of the Red Sea coast. It is delineated by latitudes 25° 10" 30" and 25° 15' 15" N and
longitudes 34" 29' 00" and 34" 38' 29" E, covering an area of about 135 km® (Fig.1). The area is
mainly built up of metamorphic and igneous rocks of late Precambrian age represented by
serpentinites, metasediments, metagabbros, older granites, albitized granites and: post granite
dykes. :

Nuweibi area is previously studied by many authors, e.g Amin et al, (1952); Awad, (1973):
Sabet and Tsogoev, (1973); Sabet et al, (1973&1976); Sabet, (1980); Geological 'Survey of Egypt,
(1974); Riad, (1979); El Tabaal, (1980); Kamel and El-Tabbal, (1980); Naim- et al, (1996);
Arslan,(1997); Helba et al, (1997); Abu El-Maaty and Khalil, (1999 a&b): Abu El-Maaty and Ali
Bik,(2000); Ghoneim,(2003); Abd El-Wahed (2004) and Abdalla et al., (2008). On the éther hand,
the present study essentially throws some light on the petrography, radioactivity, mineralogy and
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geochemistry of the albitized granites in Nuweibi area to clarify the uniquene:_ss aébeﬁ;{s__-gﬁ.these
rocks. ' '

Sampling and analytical techniques i
To achieve the preceding goals twenty representative samples were cotlected three from each of
the serpentinites, metasediments, metagabbroic rocks and older granltes were seiecte:d.f.or whole
rocks study (Fig.1) beside, eight samples from albitized granites (Fig.2). ’.The "'-'fellewing
investigations were carried out on the studied area, Firstly, thin sectio;):e repr_eseht_:th:e e_iami_ned
rocks were prepared for petrographical studies. Secondly, detailed aeroradiometrieal ma’ps of
study area were prepared from airborne gamma-ray spectrometry survey data, besrde the ground
radiometric analyses were carried out by Gamma-ray spectrometry mumchannel analyzer
techniques. The mineralogical studies were carefully investigated using heavy hqwd separatlons
and magnetic fractionation followed by microscopic examinations. s Bl ;\;
The recorded minerals were verified by Environmental Scanring Electre_n Miéfbscope
(ESEM) model Philips (XL, 30) and the X-ray diffraction analysis (XRD). The ma;'er oxides' were
measured for eight albitized granite samples using the wet chemical techniques - (Shaﬁ‘lrd and
Brannock, 1962) while the trace elements were determined by XRF. All analyses were done in the
Nuclear Materials Authority (NMA) Labs., Egypt.
Geologic setting:
Metasediments have wide exposures at the eastern, northern and southern sectors of the studled
area. They are dissected by dykes and cassiterite-bearing quartz veins. They..represented by,

quartz biotite schist, quartz feldspar biotite schist and quartz biotite amphibole schist '(Rtad'1979}

Serpentinites occur as a small lensoidal and irregular bodies either cuttlng the metasedlments
or captured by the older granites. The serpentinites resulted from a low temperature metasomatlc
alteration of pre-existing peridotite. Some serpentinites transformed Iater to talc !t is:* orisrsts of
antigorite and talc after olivine and pyroxene. : ! i

Metagabbros, hornblende metagabbros constitute the entire south eastern part of the Nuwelbl
area. Their intrusive contacts with the schists steeply westward. The metagabbros are med|um-
grained rocks and in some relatively fine-grained with zones of microgabbros. ¢ & “f =l &

Older granites outcrop in the north and the south of the albite granite massif. They" show

sharp contacts against schists, metagabbro and are intruded by albite granrtes It rs grey in color,
fine to medium-grained. It is composed essentially of feldspars, quartz and bnotlte It compnses
granodicrites and tonalite.

Albitized granite massif was develaped through high temperature multistage metasomatlsm
and belonged to final stage of the Gattarian intrusive (Sabet et a/., 1973 and E| Tabaat 1980} This
granite appears to be formed along the fault plane of N-S direction which in turn dwr_des_ the massif
into two main blocks (Riad, 1979). It displays intermediate position between -"hbrmal and
subalkaline albite granite (Sabet, 1880). This granite crystallized through four steps, consrdered as
A-type granites that were emplaced at high crustal levels. (Helba et al, 1997 and At:u E‘irMaaty
and Ali Bik, 2000). '
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Fig. (2): Details geological map for albitized granites from Nuweibi area.(after Helba et al,, 1997)

Petrographical investigation

The characteristic petrographical features of the different rock units encountered in the stb_gjy area
revealed that serpentinites is composed of serpentine minerals, mainly platy crystals of aritigorite

o
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associated with talc crystal that exhibits asbestic texture (Fig.3a). The metas'edime'nts are
represented by schist which is composed mainly of quartz, biotite and plagioclase.: Fohated ﬂakes
of biotite showing schistosity (syntectonic) cut by post tectonic biotite flakes (Flg 3b}7 b

minerals as carbonate sericite, muscovite and epidote (Fig.3c). SubOphmo textur 'was recorded
due to alteration of clinopyroxene to amphiboles (Fig.3d). Chiorite occurs as fan-gg ped flakes
representing the end alteration product of amphiboles (Fig.3e). An ' opaque m as
anhedral crystal of magnetite mantled by sphene suggesting that 'may ' be aﬂe ||manrte -or
titanomagnetite (Fig.3f). Older granite is represented by tonalite which is composed fnamly of
plagioclase, quartz, rare amphiboles and biotite with rare crystal of potash fel_dslpar-. Piagloclase
represents about 45 % occurring as fine-to medium euhedral crystals (1.3mm) of bl_éde like form. It
is partially altered to ziosite (Fig.3g). Biotite (about 15 %) occurring'as irregular flakes, reddish
brown color, moderately pleochroic and may be an alteration product of amphiboles (Fig'3h}'

Albite granite is composed of albite, quartz, microcline and mica with accessory mlnErals as
sphene, gamet and fluorite. Albite represents about 65 % of the rock It océurs as coarse
subhedral crystals and as fine anhedral crystals associated with perthite that included: m_llquartz
forming taxopiokilitic texture (snow ball texture) as shown in Figure (4a). This texture revéaled: the
magmatic origin and indicates the co-precipitation of quartz and"albite from®a progréssively
fractionating Na- rich melt (Abdalla et al., 1998 & 2008 and Abdalla & Mohamed; 1999); Uniike, the
presence of albite is mainly related to albitization or Na- metasomatism indicating' ani extenisive
hydrothermal aiteration, therefore, two phases of formations could bé occurred: ‘Potash feIdSpar
occurs as subhedral microcline crystals or as anhedral perthite crystals: enclosedin qUartz:ofystaIs
(Fig.4b). Also, presence of antiperthite which surrounded by fractured plagioclase’ (Fig. ¢o) ‘Mica
(phlogobite) is characterized by irregular forms associating albite (Fig.4d). Spherieas -ao;:efssory
mineral exhibits anhedral crystal and brown to faint pinkish color. It is considEréd' a;ci':trie‘hiain
alteration product of opaques (Fig.4e). The rock is occasionally fractured and ﬂiled whh iron. oxide
associated with uranophane (Fig.4 f). : RS

The post granite dykes are represented by andesite and trachyandesite’ dykes-.-- Andesrte is
composed of phenocrysts of plagioclase embedded in very fine crystal of andesmevp[agioclase
forming porphyritic texture. It is associated with amphiboles (actinolite and ho‘rnblerfde} bs‘ shown
in (Fig. 4g). Trachyandesite dykes are composed mainly of laths of piagloclase sﬁo‘wmg ueihlete
filled by chalcedony and iron oxides in groundmass of very fine laths ofplagioolase (F*ig 4hy ARG
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Fig. (3): Photomicrographs of Nuweibi basement rocks showing: C. N.
a): Talc (Ta) showing asbeslic texture associaling platy crystals of antigorite (Ant) in serpentinites.

b): Foliated flakes of biotite showing schistosity (syntectonic) cut by post tectonic biotite flakes in melasedimentary rocks.
c¢): Sauvssuritization (Sau) of calcic plagioclase (PL) associating biotite (81) in metagabbros.

d): Mega crystal of homblende (Hb) after clinopyroxene (Px) forming subophitic texture in metagabbros

e). Fan-shaped chiorite (Chl) in melagabbros.

f): Magnetite (Mg) mantled by sphene (Sp) in metagabbros

g): Alteration of plagioclase (F) to zoisite (Z0/) and biotite (8) partially altered to muscovite in older granites

h}: Amphibole {Am) associated with biotite (Bi) in older granites
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Fig. (4): Photomicrographs of albitized granites showing:
Quartz (Qz) including fine crystals of albite (Al) with perthite showing taxoposks itic texture. C. N.

a):
b):

c)
d)

g):

f):

g):
n):

Discrete laths of albite (Al) surrounding potash feldspar mainly microcline (Mic). C. N
Antiperthite (Anf) surrounded by fractured plagioclase (Pf). p.p.L

Secondary flake of phlogobite (Ph/) associating with albite.  C. N

Sphene (Sp) as accessory mineral in albitized granites. C, N.

Fractures filled with iron oxide associated with radioactive materials may be uranophane (U).

Phenocrysts of plagioclase (P/) associated with fresh amphibole (Am). .C. N.

p-p.L.

A veinlete filled by chalcedony and iron oxides in groundmass of laths of plagioclase (Pf). C. N.
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Radioactivity and their distributions in rock exposures

Different collaborative radiometric techniques such as aeroradiometric survey and ground
radiometry were adopted. Firstly, the present work deals with the analysis and lnterpretatlon of
airborne gamma-ray spectrometric of Nuweibi area that had been carried out by Aero Service
Division, Western Geophysical Company of America in 1984. Accordingly, Radioelements contour
maps (eU pom, €Th m and K %) as well as total count (br) has been constructed. They are
superimposed on the geological map of the area (Figs.5a, 5b, 5¢c & 5d) to identify the most
radioactive localities in the study area as promising for potential radioactive sources. ‘Hence, the
distribution of the three radioelements (eU ., €Th pem @nd K %), beside the total count (gr of
Nuweibi basement rocks were determined. The resulted data were summarized in Table (1)

The total count map of Nuweibi area revealed that, the contour line values of 22 pr are mainly
associated with metagabbro which apparently exhibits low radiometric values while granites exhibit
superimposed contour lines and display three specific trends (NNE-SSW, NW-SE and E-W).
Generally, granites are carefully delineated by total-count level of 42 pr. Accordingly, the obtained
radiometric maps revealed that the serpentinites, metasediments, metagabbros and older granites
show low contents of eU ranging from 0.85 to 1.62 ppm, eTh vary from 1.59 to 1.88 ppm and K
ranging from 0.61 to 1.21%. On the other hand, the albitized granites have a moderate radioactive
level. Itis in the range of 1.80 to 2.92 ppm for eU, from 5.19 to 11.61 ppm for eTh and from1.38 to
1.95 % for K. These results are consistence with Ali (2003) reported that the ultramafic rocks attain
lowest radioactivity (1.4 pr) while the highest one in siliceous rocks.

Furthermore, in order to define the trends of uranium migration, the uranium migration eU-
(€Th/3.5) ratio contour map (Fig. 5e) was illustrated taking in consideration the negative contours
represent the leaching-out while the positive contours indicate the leaching-in (albitized granites).
Also, vector map were constructed (Fig. of) revealed that, in the eastern side: uranium leached
from albitized granites towards the country rocks which represented by schist arid metagabbros
while in the western side, uranium leached out from the albitized granites' and- grey: granites
towards the contact in between may be due to the presence of fault plane of N-S direction.
Consequently, the western part of the studied albitized granites generally exhibits d|stinctly high
radioactive level than do other parts. - .
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Table (1) Average airborne gamma-ray spectrometric data for Nuweibi area.

Rock units Elements |  Min. | Max Av.
el 1.45 393 | 292
Albitized granites eTh 4.37 1880 | 1161
(Western side) K 1.02 246 | 195 .
N=171 Te 40.60 70.90 | 6438
el ' 139 230 | 1.80
Albitized granites eTh | 4.50 6.75 | 5.19
(Eastern side) K | 123 158 1.38
N= 52 TC | 43s0 58.70 | 4860
eU | 081 234 17182
Grey granites eTh | 170 | 284 1.88
N= 115 i Jles ey 2.05 [ 1.21
TC | 2330 | 6420 | 4414
LV I i 1
Metagabbros eTh | 0.62 2.56 1.65
N= 107 K | o046 } 0.99 0.61
Tl miiho 380 1. 3450 | 2039
- 1R 7 J 1.61 I 1.38
Metasediments eTh ' 1.78 1.89 1.59
N= 99 K | 069 | 170 1.16
TC | 2450 | 6240 | 4166

N = total number of measurements

On the other hand, the concentrations of the four radioelements (eU, eTh, eRa and K %) were
estimated in the western part of Nuweibi albitized granite using ‘Gamma-ray spectrometry
muitichannel analyzer techniques (Table 2). The obtained data show that eU contents vary from 7
to17 ppm with an average of 10 ppm while eTh contents range from 13 to 26 ppm with an average
of 21 ppm. The eTh/eU ratio ranges from 1.06 to 3.25 with an average of 2.10 which is lower than
the standard value of granitic rocks (eTh/eU= 3.5-3.8) that was given by Cambon (1994), revealing
uranium enrichment relative to thorium content. The eRa is about 5 ppm while the k content varies
from 2.03 to 3.40 % with an average of about 2.63 %. &

Table (2): Gamma-ray spectrometry multichannel analyzer of albiﬁz,e:d granites

-~ Sample el eTh eRa K - eThle

st No. (epm) _{(ppm) (ppm) (%) U

a8 1 9 22 5 2.62 2.44

ke 2 7 13 5 203 .. 186
3 7 20 5 228, 2386
4 10 24 5 2.84 2.40

£ 5 11 19 5 2.79 1.73

£E 6 8 26 5 340 - 325

L& 7 17 18 5 248 106

i 8 9 20 5 262 [F PRYh
Av, 10 21 5 263 -4 2210 -

Moreover, weakly positive relation between eU and eTh (r= 0.14), the eTh and eTh/eU ratio show
strongly positive relation (r=0.73), while moderately negative relation between elJ and-eTh/eU ratio
(r=-0.56) were recorded and revealing the post-magmatic processes that controlled the uranium
enrichment in studied albitized granites (Figs.6a, b&c).
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Fig.(6): Relations of eU Vs eTh | eTh Vs eThleU ratio and eU Vs eTh/eU ratio.

Accordingly, due to the relative moderate radioactivity was reoorded aniy i _e-.;élb]tized
granite rocks, therefore, it is necessary to investigate their mineralagical composatlon ‘and their
chemical characteristics to verify the minerals that responsible for the radloactmly of thls plulon as
well as their economic importance.

Mineralogical investigation of Nuweibi albitized granites

The mineralogical investigation of Nuweibi albitized granites reveals the dommance of various
rare-metals and radioactive accessory minerals. &
I- Rare-metal bearing minerals (Nb, Ta & Sn)

1.1. Niobium and tantalum series
Columbite (Fe,Mn)(Nb,Ta);0s and tantalite (Fe Mn)(Ta,Nb),O¢ are the most. nlobates and
tantalates occurs. They were recorded as, flattened, stubby, smooth surface, fine sand mze}ifrysta
or aggregates, vary in color from reddish brown to dark black, and exhlb;ts weak magnetjsm
ESEM microanalysis revealed the presence of characteristic variety of these" mnrierals ‘Both
minerals have short prismatic (Fig.7) with the same crystal habit (orthorhombic). Therefore they
display isomorphism phenomenon, the solid solution depending on the-Nb and T‘a‘percentages
beside the iron and manganese contents vary considerably. Lt L P e v . ML

On the other hand, some tantalum-rich grains attains tetragonal habit reveated lhe presence
of tapiolite mineral (Fe, Mn) (Ta, Nb), Og that makes polymorph:sm with tantalite. (Flg 8} The
tapiolite mineral is characteristic variety for albitized granites (Kraus, et al., 1951). The ccﬁumblte
and tantalite mixture is called coltan ore. The REE bearing manganocoltan grain {Mn (Nb Ta)z g}
was shown in (Fig.9). Generally, niobium and zircon mineralization have: close paragenetlc
association with the albitization. Niobium containing granites described as a metas,omapc and

derived by intensive albitization and rare-metal metasomatism (Severov, 1963).

1.2. Cassiterite (SnOj) : i
Cassiterite is another rare metal in the studied granites. They exhibits f e and’ vervsrﬁn 3 :
subangular to subrounded, massive, thin acicular needles or short anmatm ivary 1n"
black, brown to red. Some grains shows euhedral outlines. The ESEM reveated the presa ice"of
different cassiterite habits (Fig.10). S it iaig G
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2-Uranium and thorium minerals
Scarcely uranium grains were recorded in the Nuweibi albitized granites may be autunlte and
chernikovite beside, zircon. These minerals may be responsible for the relative ennchment of
uranium. On the other hand, thorite and monazite are common thorium minerals bearing Nuweibi-
rare metal granites. : S
2.1 Autunite Ca (UOy);(POy)2.12(H;0)

Autunite considered as secondary uranium mineral, has tabular to platy habit, théy commonly
exhibits yellowish green color with high transparency. The ESEM revealed the presence of fibrous
structure of autunite (Fig.11). It may be formed from the oxidation of primary urapium mmerals in
hydrothermal veins or due to the partly alterations of apatite mineral by uranium bearmg solution.

2.2. Chernikovite (H30),(U0O;):(POy);.6(H20)

Chernikovite (hydrogen autunite) exhibits greenish-yellow color and platy texture. It may be formed
due to oxidation of autunite (Fig.12).

2.3. Thorite (Th SiOy)

Ferrithorite was recorded as main source of thorium. It exhibits medium sand size and bmwrﬁsh to

black color. Thorite presents in the studied granites as free grains (Fig 13.) oriinclusion within
zircon crystal displays uranothirite form (Fig14).

2.4. Monazite (Ce, Th, La, Y, POy)

Monazite was recorded as a free particle in the present study, exhibits very fine sizes, honey color
and displays distinct flattened shape (Fig.15). Also, it is present as inclusion in rutile (Fig.16).

Autunite
AP

Ly

A6 L.60 760 2 9.60 11.60 1360 19.60

Fig. (11). EDX and BSE image showing autunite mineral.
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3- Accessory and REE-bearing minerals
3.1. Allanite (Ce, Ca, Y); (AL,Fe'’)3(SiOy); (OH)
Allanite was recorded as accessory minerals, has grayish, yellowish, reddish brown color and

exhibits fine sand size. The ESEM microanalysis proved that allanite is a good host of LREE
especially the Ce-enrich variety (Fig.17). :

3.2. Chevkinite (Ce, La, Ca, Th); (Fe,Mn);(Ti); SisO2;

Chevkinite is rarely recorded in the present study. It has brownish black color, ﬁne sandys_ size,

massive fragment or need-like crystals (Fig.18). It rich with REE especnaliy Ce which
for Ca. Some grains exhibit metamict characters.
3.3. Fluorite (CaF;)

Fluorite, exhibits a wide range of colors, which vary from colorless to violet and black The change
in fluorite color is controlled by the Y content in particular and the Y-group in genera_l (E[-Kammar
et al. 1997) Also, it has medium to fine sand size, the massive habit is more common. ESEM
microanalysis upholds the existence of REE and heavy metal inclusions (Cu and Zn) in-fluorite
(Fig.19).

3.4. Apatite (CaPO,)

Apatite has well-shaped hexagonal structure, colorless, yellow, red and green The ESEM
revealed the presence of REE rich apatite (Fig.20). ' i

2.5. Zircon (ZrSi0Oy) i

Zircon was recorded as common accessory mineral in the albitized granites. It has different sand
sizes: their color varies from colorless, pale yellow, reddish yellow and honey. The. ESEM
microanalysis revealed the presence of mud zircon (Fig.21a & 21b). ‘The mud zircidns referred as
the metasomatic zircon mainly hydrothermal origin, they exhibits blpyramidal form without
prismatic faces and considered as characteristic variety of metasomatized granites, (El Gemmizi,
1984 and Abdalla et al., 2008). Also, euhedral prismatic b|pyram|dal zircon crystal shows cracked
surface and indicating magmatic origin (Fig.21¢). Beside, heavy metal mctusmns {CLI and Zn)
within zircon crystal lattice (Fig.22). On the other hand zircon was recorded as fnclusmn within
each of cassiterite (Fig.23), spessartine-almandine garnet (Fig.24) and ntamte (Fig. 25) B

3.6, Epidote Cay(Al, Fe) Al,0(SiO,)(Si;0;)(OH)
Epidote has green, grey, brown and nearly black color. The well-developed clusters crystals are
common. ESEM revealed the presence of heavy metals inclusion (Qu and Zn) within eplgiote
(Fig.26). : Ll h

3.7. Atacamite Cu,Cl (OH); N £

Atacamite has dark green color, transparent to translucent and can be found as aclqular to fbrous
habits (Fig.27). i Al
The XRD patterns of some recorded minerals (columbite, cassiterite, zircon, fluome tltamte and
garnet) were depicted in (Fig.28). (e
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Geochemical characteristics of Nuweibi albitized granites

Eight representative rock samples from Nuweibi granite have been chemically anary'zed'fdr' major
oxides and trace elements. The chemical analyses data are given in table (3). .The-é\?erage
chemical composition of the studied albitized granite is closely similar to the average contents of
albitized granite reported by Geological Survey of Egypt (1974); Sabet et al, (1976), Arsian
(1997), Ali (2003), Zaki (2007) and Abdalla et al., (2008). e

Table (3): Major oxides (wt %), trace element (ppm) contents and CIPW Norms of
Nuweibi albitized granite. i

Major e
Oxides 1 2 3 4 5 6 7 8 Av .
Si02 73.21 7289 7376 72.58 7245 72.47 7295 7228 72825
TiO2 0023 0020 0023 0020 0019 00.20 0023 0022 0021
AlO3 1425 14.80 14.07 14.51 14.00 13.81 13.89 1398 1416
Fe.0, 0037 0042 00.50 0028 0065 00.60 0067 0053 0.50 -
FeO 00.33 0041 0059 00.31 00.66 00.70 0058 00.63 0.53°
MnO 0005 0006 0005 0006 0007 00.09 0006 00.05 0.06
MgO 00.31 00.32 0028 0038 0038 0040 00.35 0024 0.38
Ca0 0165 0100 01.09 01.20 01.70 01.73 0179 0112 1.41:
Na.O 05.57 05.61 0512 0585 0553 0584 0556 086.00_ . 5,6_3 .
K>0 0278 0315 0308 0375 0313 03.04 0302 0373 321
P20¢ 00.13 0008 00.13 0015 0012 0013 0014 0012 0.13:
LO.I 01.00 0092 0098 0064 0082 00.80 0067 01.00 ' .086
Total 99.88 9987 9988 9991 99.80 9981 9990 9988 ' 99.87

Qz 2679 2562 2946 2193 3581 2364 2574 21.34
Or 1664 1884 1849 2235 1853 1825 18.02 2226
Ab 4713 4747 4332 4950 2987 4941 47.04 50.77 .

Trace elements (ppm) 4§ ;
Zn 69 101 182 40 60 97 143 144 1045

zr 147 151 164 150 147 151 133 153 1495
Rb 547 595 763 477 584 753 615 694 = 6285

Y 73 75 101 67 24 95 | 9. 108 Ji78s
Ba 43 25 24 32 20 20 14 16 2425
Pb 22 20 56 30 19 48 25 - 28 713100
Sr 18 13 10 18 63 17 10 9 . 1975
Ga 83 92 58 98 62 94 87 60 7925

Nb 58 66 51 47 61 55 43 79 57.5

According to Raguin (1976) and Nockolds et al. (1979), granites are modified to varying
extent by the action of residual fluids rich in water and hence these :.rocks undergo deuteric and
hydrothermal alterations. Due to the albitized granites just altered 'rtmks, "'there'fo'r'e specialist
diagrams concerning with different types of hydrothermal alterations' can be applied. Firstly, the
normative Qz- Ab-Or of Stemprok (1979) in which the altered granitic samples could be revealed
the metasomatic trends such as sodic, potassic, silicic and greisens"kFig.Z'Qaj, 'Séc’oritﬂy, Q-P
diagram of Debon and Le Fort (1983) where, P= K-Na and Q= Si/3-(K-Na). This.diagram used to
differentiate between different hydrothermal alteration trends; pointed out the samples with high
negative P parameter may correspond to the hydrothermally alteredl.,fccks (;Fig. 29-':l;).f Thirdly,
Na%-K% variation diagram of Cuney et al. (1989) shows different alteration trends (Figs. 29 o

Accordingly, Nuweibi albitized granites exhibit sodic characters. and may undér\_uvent an
extensive hydrothermal alteration mainly Na-metasomatism, they contain conspicuous enrichment

109



Salah S. El-Balakssy éf al., MINERALOGICAL, GEOCHEMICAL AND RADIOACTIVE ASPECTS..:,":

of Na;O (Na,O vary from 5.12 to 6.0 % with an average of about 5. 64%) The prese i albite is
the most pronounced features of metasomatic alteration (albitization) in Nuweibi’ g ranite "'_
albitization Na and Al has been enriched while losses in K, Si, and Ieachlng |n U: a[t 'R £ were
occurred during the emplacement of the andesite dykes (the source of“ :
Consequently, the metasomatic replacements of feldspars into albite will occur :
Soldates, 1965} This process is generalty compatible with the petrographlc examlnatl' ‘of the

Fig. (29): Hydrothermal alteration
diagrams

Hydrolhermal
altered rocks P

Fig. (29 b): Q-P diagram (Debon and Le Fort, 1983)
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Na %

Fig. (29¢c): Na%-K% hydrothermat alteration diagram
(Cuney et al. 1989)

Additionally, the study of the trace elements in the granitic bodies and related altered zones should
yield useful information on rock/fluid interaction characteristics as well as the physicochemical
features of the system. Thus, the geochemical behavior of trace elements during the alteration can
be evaluated using the depletion percent (D %) equation (Dawoud et al., 2000). Consequently, the
Nuweibi altered granites normalize to its corresponding fresh granite, mainly muscovite-biotite
granites (Gabal Humr adjacent to Gabal Nuweibi in Nuweibi area) that given by Ali (2003).

D % = [(C;~C,,) / CJ*100
Where, C;: is the concentration of an element in the corresponding fresh granite sample

Cu: is the concentration of this element in the equivalent altered granite sample. The depletion
percent (D %) of the trace elements in the altered samples was shown in table (4). The negative
value of the D % for an element indicates enrichment of the element by alteration and vice versa.

Accordingly, Nuweibi albitized granites exhibit significant enrichment in Zr, Zn, Y, Rb, Ga and
Nb that could be attributed to the existence of some resistant minerals such as zircon, monazite
and columbite which causing the concentration of these elements in :h_e__altere__c_i_ rocks. In addition
to, the elements Zr, Y and Ga belong to so called high field strength elements that are eséentia!ly
immobile and resistance to weathering (Middelburg et al, 1988). S =

Knowing that the expected decrease in Rb content with decreasing of K content in the
albitized granites, the observed enrichment of Rb in the studied rocks (Rb vary from 449 to 763
PPM; Av.=590 ppm), is likely attributed to that Rb concentration increases in liquids rich in volatile
component, being concentrated during the late magmatic differentiation (Ekwere, 1985). On the
otherhand, the elements Sr, Ba and Pb exhibiting a marked decrease in the altered samples rather
than the fresh ones. Ba depletion may be related to K-depletion during Na-metasomatism due to
substitution of K by Na. Generally, Sr, Ba and Rb decrease as albitization increases (Neiva, 1974).
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Table (4): Depletion Percent (D %) of the studied altered granites

“Fresh Albitized Depletion Percent

B granites _granites (D %).

Zn 37.0 104.5 -181.1 .

Zr 56.0 149.5 -166.96.

Rb 88.35 629.75 -612.79

Y 16.0 78.5 -390.62

Ga 14.53 79.25 -445 .42

Nb 5.51 515 -943.56

Ba 449 95 24.25 4961 . it .

Pb 34.11 31.0 9.12 1% Tiui

Sr 91.05 19.75 78.31F Fiialind

* Ali (2003)

Conclusion

i

Nuweibi area displays relatively economic importance due to the presence of some rare metal
mineralization (Nb, Ta and Sn) and other accessory minerals (zircon, apatite, allanite and fiuorite)
at Nuweibi albitized granite. The field observations and the petrographic study revealed that the
mapped area is distinguished into several rock units: serpentinites, metasedrments metagabbros
and older granites that intruded by albitized granites :

Radiometically, the studied rocks encountered (metasediments, serpentrmtes metagabbros
and older granites) exhibits low radioactivity levels while the albitized granites. can be attain
relatively moderate eU and eTh contents. The eU contents vary from 7 to17 ppm wr‘(h an ‘average
of 10 ppm while eTh contents range from 13 to 26 ppm with an average of 20 ppm. The ‘western
part of Nuweibi granites generally exhibits distinctly high radioactive level than do other parts. The
post-magmatic processes played a major role in uranium enrichment in stud1ed albltlzed granrtes

The radioactivity of Nuweibi albitized granites may be attributed. to.the domlnance of thonum
and thorium bearing minerals as monazite and uranothorite. Moreover, very scarceiy gralns of
secondary uranium minerals as uranophane, autunite and chernikovite are recorded. Furthermore
zircon was documented as free grains or as inclusions within crystal lattice of cassrteme garnet
and titanite. Also, the EDX microanalysis revealed the presence of REE srgnature n some
recorded minerals such as allanite, fluorite, apatite, chevkinite and manganoccllan On 'the other
hand, tantalite, columbite, tapiolite, and cassiterite are dominant as é rare- metal mmerallzatmn
(Nb, Ta & Sn).

The taxopiokilitic texture as well as the prismatic bipyramidal zrrcon is strong. ewdence for
the magmatic origin of Nuweibi granite. Unlike the albitization processes ‘give 'an |dea'_abcut the
Nuweibi granite may have been underwent an extensive hydrothermai aneratron disc ninated by
Na-metasomatism. In addition to, the presence of characteristic ‘variety of zrrcon such as'r
zircon, as well as hydrothermal mineral (columbite, cassiterite, garnet, ﬂuonte ‘an épaﬁte)
confirming the multistage of hydrothermal metasomatic origin. On the other hand _uweibi
albitized granites display negative depletion percent (D %) values indicate enrlchment of 21, F
Ga, Nb and Zn by alteration that could be attributed to the existence -of some" resrstant and
economic heavy minerals in the study area. while Ba, Sr and Pb: show: pos:twe depletron percent

(D %) values indicate their depletion during alteration.
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