Dl Jounkag oF Sciach 3008, 10, 11§ Capryrght @ hy Tards Usssarsiy, Egypl

GEOLOGY, PETROLOGY AND RADIOACTIVITY OF THE OLDER GRANITOIDS
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ABSTRACT

Gabsl E-Umrah area (about 3 km®) is localed betwean latfudes 25° 167 - 25° 21° N and
longitudas 34* 18" - 34* 21° E in [he Caniral Egslem Daserf of Egqypt The aider grandoids are
characharizad 8y thair fow lo modarae lopopraphy, anfolaiion and caverneous wealhanng, Thedr
hand specimens are coprsd-graned with Sght fo deck grey colowr. Afare than one [ype of the
younger grantas are sazly naticed i the fald becauss of the vanasiify in gram e (from fne fo
coarsa) and fha dfferascs in ealodr {greweh pik, plak, Buff and Nghi red). which reladt lhe
vasabiiy i (e fype and nfensly of mafic minarsls as wel az (he plapiociasai-fe'dspars ralins.
The contec! belvwean these fypes /s imeguiar and aifficull fo Be fraced,

The older granioids (guarz disnfes snd grancdomss) cnginated from upper manike
maderials. The younger granies s&re classfed 55 monZograndes eod spencgranies
Monzogranites onginated from faisie crvs! mafena’ confaminaled vAlh upper mantie
Syenogranies onpinaled from RoHY mclonaied, K-nch, oSl matsras,

Thie older grand cids show all/l retios greater (han one mdicating LHoss. The monzograniles
show rallos ranging Behwesn 082 and 1,10, suggasting resinciad uranium mobiization or may
supges! approximunely simiar uraniim fesching and additon, The syentgranitos shosw rarked
fower than one, indicaling uraninm sdoition especially to fraclured Zinoon and apatle as well 85
hematie. The pefrographic, geochemical and radiomadnc dafs sugpes! (hat e sfudied
syenograndes of Cabal El-Umrah are uraniferous grantss. Along fthe novibern peviphonied of
Eabal Ei-Untah, some roned pogmalée pockals possess abnormar values of urannim coalenls
rangitg bebween 6T 4 and 823 pom. The assecialed radosaive mnarals orciined el &5
fiing fraciures of foldspars or a3 dissemination. They ane represented by bafalte, samarskis,
dumanta a1 sahanis,

INTRODUCTION

Gabal EI-Umrah area is located between latiudes 25° 16° - 25° 21" N and longitudes 34" 15° -
34* 21° E in the Ceniral Eastern Desen of Egypt (Fig. 1). The area covers about 53 km® of the
Precambrian shield rocks and could be easily accessed through two main reads. The eastem
side of the area could be reached from Wadi Mubarak {30 km west of Qusei-Marsa Alam
paved roed), The soulthem periphery of the area could be attalned from Wadl Lim Nar (28 km
nonn of Idiu-Marsa Alam paved road). The area of stedy is characlerized by high and rugged
lopography, Gabal EI-Umrah (787 m a.5.1) represents the highest elevation point in the area.

The younger granites have usually rounded or owal outline with relatively small masses in
comparizon with the older graniioids. The okder granitoids are classified as “Grey Graniles”
(E-Ramly and Akaad, 1980) and *Gl-granites® (Hussaln of al, 1982). They are refated to
subductlon selling and représant the plulonic aqulvalent of the mature volcanis rocks (Dokhan
voleanics) onginated during maiure arc stage (Hussein ef al,, 1982 and Ragab, 1987} The
younger graniles are classifiad as “Younger Red and Pink Granites® (El-Ramly and Akaad,
19680) and *G |- and G [ll-granites” (Husseln af af, 1982). Gli-grantes were formed by partial
melting of the lower crus! probably with some eddition of mantle during collislon {suluring) at
plate boundarles (Ragab, 1887 and 1881), On the other hand, Glil-granites (e.g. G.Gharb
and G.E| Zeit) are intra-plale anorogenic, peralkaline, rebackite granites (Hussein of al., 1982
and Ragab and El-Kaliobi, 1992),
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Fig. 1: Gmologic map of Gabal Elblimrah sras [modified sfer Takis ab 8, 2001)

GEOLOGIC QUTLINES

The older graniloids are characterized by their low to moderale lopography, exfoliation and
caverneous weathering (Fig. 2). They crop out intruding the metavolcanics and the ophiolitic
melange and are infruded by the younger granites. The o'der granilaids occasionally enclose
xenaliths of the metavolcanics (Fig. 3), especially along tha eastem side of Lthe mapped area.
in hand specimens, the older granitoids are coarse-grained with Bght to dark grey colour.
Near their contacts with the ophioltic melange, they become highly weathered and folisted
but along their contacts with the younger granites they appear massive with reddish grey
colour due to the repealed offshoots of the younger granites and the imegular feldspar
veiniels (Fig. 4). Somatimes, they are sheared and calaclased especially wesi of Wadi El-
Mayit near the soullhwestem comer of the studied area.

The younger graniles send offshoots of various sizes into the surrounding rocks. These
offshools sometimes cul the foliation of the metasediments b in some areas, espedally at
Wadi El-Mayit, they are conformable with the foliation planes. Also, the younger graniles carry
ol pendanis of the ophiolitic melange and metavolcanics (Fyg. 5); they are of different
exiension (from few square meters to several square kilometers) and thickness (between
about 20 cm and 60 meters).

Dsita J, Sel. 2005, 30, 1-18
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More than one variely of younger graniles are easily noticed in the fiold bacause of the
dlversity in grain sizo (from fine to coarse) and the differanca in colour (greyish pink, pink, buff
and light red), which reflect the variability in the type and intensity of mafic minerals as well as
the plagioclase/K-feldspars ralios. The contact batween these types Is irregular and difficult to
be traced. Also, the youngoer granites attain yellowish brown and brick red colours along their
fractures (Fig. 6) dus 1o staining with iron hydroxides and oxddes respectively. Other fractures
are usually stained with Mn-dendrites (Fip. 7).

Flg.2: Cavernoys waathering, adér granibedds

Fig 3 Oldsr gran keide arcioaing oval-shaped and eionpaled vendills of malmcicanics

Fig.d: Paralel sregular fldspar veinkds n tha cider grantaids

Fig5: Younger grrdes idrudng ihe metaysicancs snd caimy Shem B8 roo! perdenls, |coking
woiithansd

Fig B Younger graniles stamad with iran ceofydrsides along Iracture plases

Fig-7: Widel d svelopad A canddbes along the joinl sufsce of yolngs grafl

Fig8: Pagmalia pockel encioaing metallc black minerals

Figd: Class up view lor iha praviss pagmatie pocked showing melalic bisck mindrals Bssncabed
walth hamaliraton

The area of sludy is dissecled by several falsic and maflc dykes. Generally the felsic dykes
are less dominant and of lass extension (25 = 200 m) than the mafic ones (25 m =1 km). The
main trend of felsic and mafic dykes is NW-SE, while other trends are less common,
Pegmalile packels are of different sizes but do nol exceed 8 m across. Most of these pockets

Oledtn 4. 5o 2008, 30, 1-18
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are of unzoned type. whare quartz and alkali fekispars are the dominant minecals, while mica
and plagioclase are rare or absent. Along the northem penpheries of Gabal El-Umrah, some
pegmatite pockels show slight zonalion; they possess visiole mineralization of melallic black
colour (Figs. 8 and 9) in addition to dissemination of violet fleorite. The presence of both
roned and unzoned pegmatites indicate that they wers formed by different magmatic fluids;
ong of tham ks rich in economic elemants.

Faults traversing the area have several frends (mainly NW-SE while NE-SW and N-S
trands ara lass common) and variable lengths (0.5 = 11 km) with vertical or steep angle of dip.
Thesa faults are sither concomitan! with wadis and drainage lines or cutfing through the
coLmry rocks.

PETROGRAPHY

Dlder granitoids

The older granitoids are classified as quariz diosites and granodiorites. Bath lypes have the
same fextural and mineral compasition, but the quartz diortes show lower biclite/homblende
ratios, K-feldspars/plagiociase ratios and quartz contents relative to the grancdiontes (Table
1), Thanite, Zircon, apatite and opaques are accessory minerats, Epidote, chlorite, sericite and
kaolinile are secondary minerals. In some pars, the rocks show gneissose textune.

Table (1} Peirographic charactanstcs of the stedied older granitoids

H.'II::!'EI G uans darilen Cranedioiles
Hisliletrmblends mabo 0S5=-20 * 40
w-m fl =014 D2=0d
Quane cantanis Tl=164% iRI=J848%

Plagioclase occurs as subhedral tabular crystals. cutting each octher (Fig. 10 a). The fresh
eryslals show albite twining and some crystals are zoned with more allered core relative Lo
fm. Quarz ocelrs as Inerstitial anhedral crystaks filling Lha spaces bobtwaen the eary-1ormed
minerals. They show corroded marging against plagioclase and homblende. Sometimes, they
exchibit wavy extinclion and/or cracking (Fig. 10 b) as a result of high tectonics, The cracks are
usually filled with fine quanz crystals, clay minerals and won oxy-hydroxides. Hornblende, of
green calour, occurs as subhedral prismatic crysials. They poikilitically enclose zircon and
apalite prisms as well &s imegular opague patches of different size. Some crystals are simply
twinned, bul oihera are highly chiortized (Fig. 10c), Bistie sccurs as [rregular flakes, upio 2.6
mm long. Most of them are altered 1o chiorite (Fig. 10d) and iron oxides especially along the
cleavage planes and margins, Somatimes, biotite flakes show kinking due to local
deformation. Alkall feldspars are represented by simply hwinned, string-type, orthoclase
parihite (Fig, 10e). They ara allerad fo kaolinie and sencite, which slightly mask the bwinning.
Tilanile presenis as iregular paiches and sphencid-shaped crystals. It is enclosed in
hornblende, biolite and somefimes plagioclase (Fig. 100), Apatite occurs as needle-ike
crystals enclosed in homblande and biotite
Younger granites
The younger graniles are classified as monzogranites and syenogranites. Hand specimens of
monzogranites are fine- to medium-grained wilth greyish 1o light pink coleur, while the
syenogranites are medium- to coarse-grainad with buff to red cobour. The variable colour and
crysial size may suggest that the studied younger granites infruded in successive pulses and
may reflect the varlable concentrations of mineral constituents (Tabde 2).

Dalla ). Sci 2006, 30, 1-18
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Table (2); Petrographic characternstics of the studied younger grantes

Aodk type RSO BnileE Syensgraniies
H-fehdspan/pligios lase e RA-18 =31
luscovie'bichbe ralis Q=04 0id=12
Cuwtz conlnls WT-421% 2= 3.5%

Fige 10; Petmographas chasacienislics of She siudied sider granitoads
2 Plagiociase culfing each oiber and carreded by quanz. guasz derfies. C.N
b Highly cracked quBsz, quars diontes, C N
& Chiantized hombdends cormaded by plagicciase. quariz dortes, & H
d: Biotibe fakes shewing vanatla dagrees of chéoreization, grancdiantes, CM.
o: Biring hpe crihos|ssa peithibe carredad By quarte, gramed|orles, G0N
[ Titanile showing (megulsr boundanes and snclesad in plagioclase, granodiaties, C N,

Microcline and orthoclase show paichy and flame-like perthitic texiures (Figs. 11a and b).
The ratio of microcline/orthoclasa increasas from monzogranites 1o Syenogranites, suggesting
thal monzogranites were crystallized at refatively higher 1émperature than syenogranies.
They poikilitically enclose quanz and plagioclase (Fig. 11c) a5 well as minute cryslals of
zircon, apatite and fluorite. Thelr cracks and cleavage planes are usually filad wilh epidote,
quarz and secondary rmuscovite, The kaolinitized and sericitized crystals are rare n the
monzograniles and absent in the syenogranites. Quartz wsually contains inclusions of Zircon,
fluorite and very minute undistinguishable scattered dark spats, while some cryslals appear
clear. On the other hand, small quanz crystals are secondary formed as fracture fillings.
Crysiats showing undulose extinction in the syenograniles are completely absent, indicating

Owlta ). S5a 2004, 30, 1-16
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that these rocks are less affecied by stresses than the monzogranites. Some quanz crystals
show mymikitic and graphic lexiures wilth feldspars, suggesting reaction  duning
crystallization. The majority of plagiociase crystals show clear lamellar twinning with slight
visible alteration. Some crystals represent an older phase corroded by other minefals, while
others show overgrowth indicating local albitization. In the syenogranites, plagioclase is very
rare or sometimes complelely absent.

Fig. 11:Patiegraphic cheracieristes of ihe studied younger granfes

a:Pabeky-Eypa erthos|ess parihia corrodad by quasts and corroding chisrifized
beabie, monzagranies, ©H,

B:Microelme perthile coeroded By quarls, spenograsies. M

¢Onheclase parthits cormoding plapiacdase and encosang guaniz and plagioclase
pellcBtically, syenogranites, C.M

o Bnlite Nake corrnged by gquarts and feidepare. lnaving isclaled slinds,
manzoagranies, &M,

w:Bslde Nlake showing pleachisic halpes, syenograntes, © M.

1;Prirnary mussovite ke enclosed in quarks, spenagraniles, C N,

g:Zrcon and apalite enclosed is quarts, syenogranies, C.HL

n:Alants corodng feldspars, syenagreniies, C.H,

Dalla J. Sci. 2008 30, 1-18
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Biotite flakes of monzogranites ane sometimes altered to chionte with releasing lron ooddes
along peripheres and cleavage planes, On the other hand, Dictile flakes of syenograniles are
usually unaltared. Mos! biotite fiakes of menzegranites are comoded by quariz and feldspars,
leaving isolated islands (Fig. 11d). Biotite flakes of 1ha syenogranites usually possess several
pleachroic haloes (Fig. 11e) due to the prasence of minute radicactive materials, Primary
muscovite is found as iregular or oval-shaped, fainl yeliow flakes (Fig. 111), especially in
syenogranites, suggesting genesis from paraluminous magma. In some Cases, muscovite
appears of secondary ongin filing the cracks. In some monzogranile samples, mica flakes are
only rapresented by bictite. The accessory minerais in both younger graniie variefies are
apaiite, zircon (Fig. 11g). allanite (Fig, 110) and fluorite as well as iron oxy-hydroxides, while
the secendary minerals are mainly epidete, chiorite, clays and muscovite.

GEOCHEMISTRY

Twenly samples representing the Sludied older granitolds and younger granites are
chemically analyzed for major oxldes by means of wel chemical technigues {Shaglm and
Brannock, 1982). Trace slements were measured using X-ray flucrescence (Phillips PAWW 1410
togedher with & MO-target tube operaled at 50 kv and 30 m A). The chemical analyses had
been camied out In the laboralories of the Nuclear Matadats Authority (NMA), Egypt.

KiBa ratio of granitic rocks in the crusi [s 85 (Mason, 1968). The ralios higher than
Mason's value reflect advanced degree of magma differentlation (Abdel \Warith, 2000). K/Ba
ratios of the studied younger granites range between 87.1 and 358.2 (Table 4). suggesting
origin from highly fractionated magma,

Sr is depleted in the liquid magmas as a result of crystallization of calcic plagioclese, while
Rb Is eariched in the liguld phase (meokparia, 1981 and Hassan and Hashad, 1%80). The
higher REVSr ratios (>1.5) supgest pre-exisiing felslc materal in the source region, bul ratios
of low range {< 0.7) suggest derivalicn from upper mantle (Bucanan, 1982), Accordingly, the
studied older graniloids were denved from the upper mantle (Rb/Sr ratio ranges from 0.02 to
0.13). The studied monzegrandes show ROVSr ratlos ranging belween 1.21 and 1.81,
suggesting derivation from felsic material contaminated with seme upper manile. On the olher
hand, the studied syenograniies show higher Rb/Sr ratlos (2.62 — 3.88), suggesting derivalion
fram pre-exdsiing highly fractionated felsic material.

Ba/Rb ratio decreases with mapmatic differentistion due lo crystallization of feldspars
(Moharem, 1989), The average Ba/Rb ratio of normal granites s 4.1 (Mason, 1866}, Thus, tha
studied monzograniles are considered as normal granies (Ba/Rb rallo ranges from 2.02 1o
7.62). On the other hand, the studied syenograniles are considersd as highly fractionated
granites (Ba/Rb ratio ranges fraom 0.68 1o 2.435).

Cox af &, (1979) suggesied that the Na;OM;O ratlo decreases during the maln stage of
crystallization. Thay also added that this ratio is less than one In the graniioids of crust ongln
but fram 1 1o 4.5 In the granitolds of mantle orgin. The siudled clder graniloids Show
Na;OWK;0 ratios ranging from 1,28 to 4.81 (Table 3), suggesting dedvation from mantle
matestals. The studied monzograniles show Na:O/H,0 ralios ranging frem 0.83 10 1.12 (Table
4), suggesting dedvation from crusl materials contaminated with seme mantle matedals. The
syenagranites show Na;O;0 ratlos ranging between 0.74 and 0.97 (Table 4), suggesting
derlvation fram felsie, K-rich, crust malerals.

DaHa J. Soi J008 30, 1-16
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Tabla [ 3 ) Major cxides (wt %) face alements {ppm) and some geccharmical
rabos of the stedied older granitoids

Ftock (iype Duartz deoniles | Geranadiontes

Swwieto] v ] 2 ] 3 | 4 | 5 | & ] 7 [ 85 [
Major coodes (wt %)

S0; | €380 | 5258 | 6178 | 6234 | €395 | 6585 | 6672 | £560 | 6731 | G002
TiO: 0S8 | 049 | 032 | 035 [ o4 | o096 | 043 | 052 | 042 | 02
AbO; [ tams [ 1eos | 1ams [ a2 [1are | 14 [ 1350 | 143 | 125 | 1402
FaeOy | 250 | 321 | 268 | 208 | 282 | 13 | 138 | 1 | v28 | 108 |
343 | 382 | 3556 | 327 |33 | 167 | 291 | 206 | 182 | 144 |
p1g | oiE | oz | o3s | o913 | oas | a6 | o6 | oie | os
225 | 254 | 320 [ 265 | 2w | 141 | 140 | 186 | 1M | 932
632 [ 7o | 675 | 781 | age | 542 | 500 | @B1 | 761 | 57B
255 | 200 | aps | 388 | a8 | Aod | 402 | 3s2
102 | o7d | 104 | 122 [ opa | 201 | 181 | 230 | 287 | 107
02 [ o8 [ o1y | ova [ o010 [ 013 | oy | o3 | e12 | omn
Lo 150 | 104 | 280 | 254 | 155 | 285 | 238 | 108 | 118 | 118
Total | 9881 | po7e [ o067 | 9965 | 9o79 | o096 | pogs | w961 | pousz | opsa
Trace elemenss {som)

BI5IE|2E (5|2
g

Rb T 8 12 [ 12 H 15 1T i .t
Sr W) B | WME | N8 | 173 | W& | HA | 19 | 2N
Ir 5 M | 2= i 42 B4 i o 52 s
Hi i B 1 1 1d 14 14 B 1% 18 15
Ha = BA2 | 861 | 459 | 488 | B34 | 407 | 443 | 2358 | 418

Mag0We0 | 331 | w51 | 284 | 245 | w06 | 183 | 218 | 128 | 151 | 182
Fe;OxFed| 075 | 0E2 | o84 | 063 | o7 | 0s2 | o8s | 083 | o7E | 0Bz
HRb 1326 | e8| mie | vwond | E7E | T4 | two=s | viee | e52 | Toe
fBe | 1573 [ 1133 | 1539 | 2006 | A6 | B4 | 3mes | eaTe | @22 | avaa
oS | o002 | ooy | oos | oba | ood | o2 | aos | oor | a3 | oo
Bamb | G4d | ova | wan | a59 | 407 | =m0 | 3ra | 0 | 0ar | 1m0
ZriGi 007 | o4 | oo | oos | 093 | oaw o | ooe | o2e | oas
L *avchm | 1 | 1ag | 138 | v | v | 1ae | 193 | 1 | o8y | 126
I * SF d.ml 30 | gy [4x | 4 | 73 | Ara | 589 ]’u? 7,646

TACHK = AxDy | (NaoO = KeO # Cad) ™ 5F = [SI0; + Kg0 » Nay0) / (FeD + MgO + Cad)

The ratio Fe.0-Fe0>1 suggesis ongin under oxidizing conditions (Shalaby, 1985 and Al
af al., 1958), The studied syenogranides show ratios {1.26 = 3.64) higher than those of the
monzogranites (0.74 = 2.13), suggesting that the syenogranites onginated under higher
oxidizing conditions.

Bucanan {1952 suggested that (Si0; + Na:0 + K;0WCalD + MgO + FeQ*) ratio in the
granitic rocks, resulled from crust materials, is more than 18.5. In the present study, this ratlo
ranges from 18.26 to 37.78 (Table 4) for the younger granfes suggesting derivation from
crusi material. The ratios of syenograniles are slightly higher than those of monzogranibes
suggesting advanced degree of magmatic differeniiation.

ALCLNA-D + K20 + Cal) ratio disciminates between crust type (C-lype) and mantle
type (M-type) granitic rocks. Ratios greater than 1.3 sugges! C-lype graniles, while those less
than 1.3 suggest M-type granites (Didear af al. 1882). The studied younger Qrantes show
ratios greater than 1.53 (Table 4) suggesting origin from crust matenal, while the ratios of
oider granitodds range bebween 087 and 1.28 (Table 3) suggesting orgin from mantle
malerials,

Ceelta J. Sci, 2006, 30, 1-18
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Tabils [ 4 % Majr oaides (Wi %), irace slemants (pom) and some geochemicsl ratos of e
sl

dhex] yEiingar pranibe
Foak type Mesgograndes Syenogianids
gemplatia| 11 | 12 | 13 | 14 | 15 w [ v | 18| 1w | 3o
Major culdes (wl W

0, | rd08| 7262 [ 7ia0 [T2as | maer [ rem [ Tase [ rara | tans [ TS
T, | 085 | o | 025 | 054 | 024 [ 010 [ ove |02 | on | aw?
AlyDy | 14.85 | 1442 | 1382 | 1449 | t442 | 1400 | 1488 | 1457 | 1400 | 129
FagDs | OB7 | 084 | 178 | 188 | 14p | 00t [ 083 [ 108 | 10 | 184
FeD | 088 | 194 | 100 | 087 | 0eo | 035 | 068 | 054 | 048 | 045
WMo | 09 | 005 | ooe | ooa | 015 [ oo3 | 0as | ooz | 003 [ 04
Mo | 025 [ o4y [ 032 | o3| o3 | e3r | o400 | 0 | 023
ceg | 051 | 175 | oad | 125 | oea | a8t | o33 | os2 | os? | os2
NeO | 351 | 338 | 367 | 312 | 328 | 300 [ 340 | 388 | 443 | 392
KD | 344 | 324 | 385 | 338 | an8 | a2 | 482 | 304 | 24 | 433
Peos | 020 | 008 | 047 | 037 | 042 | oop [ coe [0ss | oy | ot
Lol | 061 | 128 | os4 | 145 | 002 | 093 | oar | oo | 084 | a7
Total | 9.3 | 96083 | 0964 | 9985 | 0081 | 0874 | oo | ea7z | sog7 | eREd
Trace elemanis i g}

Rbr 41 - &6 &% 35 & | 104 25 | 185 g2

B 34 20 ~5 .. aa . 52 aB 4z 23

i B 42 o £3 38 a7 & - 152 1]

Mb ) i2 ) 15 1" 18 24 18 3 ia

i fr.r -] 165 113 13 i) s 18 4 135 52
Gapochamical ratios

Magoled | 912 [ 106 | 085 | 003 | 105 [ o7 | 67e | 053 | s | 05
Fe0yren| 059 | 078 | 173 | 233 | 187 | 280 [ v28 | 122 | 208 | 384

WRE %]+ 4T T &7 | &80 40 345 KR 180 580

HiBa 64 | 1030 | 2628 | 1884 | AT | X582 | 10E | IMA | 2S0.Y | 284
Atisr 2t | ovee | oom | vsa ] ves | 24z | aes | 2 | ase | 2z
Bwhb | 673 | «58 | o2 | 355 | vex | vze | waz | 127 | ose | zas
o 720 | 20 |z | 2o | a5 | zan | v | 2sa | oman | si7
«ajeMk | 106 | 172 | 13 | 187 | 185 | 182 | 174 | 17 | 155 | 153
=&F | 2056 | 1808 | 2041 | 1826 | 2191 | 9776 | 38.72 | 3455 | 3358 | 2562

*ACNE = ALD: {(NaD + KD+ Ca0) ™" SF = (S0 + B0 + N3Oy / (Fal = MgQ + Call)
RADICACTIVITY

Fleld ragiamatric survay was carrled oul using a callbraled portable gamma ray spectrometer
{model UG-130). This instrument detects gamma radiation of wide energies (from 0.0 10 3.0 M
@), In fact U and Th are not gamma emitters. Accordingly, they wene measured depending
on the gamma rays emilled from thelr davghers, Equivalent uranium {(al)) |s detected by (he
decay of *"*Bi (1.76 M eV}, while equivalent thorium (eTh) is detected by the decay of ***T1
(282 M eV). Also, uranium was chemically measwed using uranium-laser analyzer
technique. In thls work, chemically measured uranium (U) as well as radiometrcally
measured uranium (el) and thorum {aTh exhibit systematic increase from quartz dioriles to
syenggranites (Tabia 5),

U, Th, Nb, Rb, and Zr behave incompatily in granitic mell, 20 thal whem uranium
concentration Is controfled by magmalic processes, these elements would be expecied 1o
increase (Briqueu el al, 1984). The oider granitokds and monzogranites show posilive
relationships for U versus Zr, Rb and Nb (Fig. 12). indicating uranium enrichment due to
magmalic processes, The syanogranites show poor sympathetic relationship when uranium is
plotled versus Rb and Nb, indicating uranium enrichment due fo post magmatic (secondary)

Disla ). Sad, 2000, 30, 1-18
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processes. Uranium shows positive comelation with Zr, Fe;0y/FeD, P;Oc and Ca0 in the
syenogranites, suggesting that uranium enrichment has occurred in the crystal laltice of
zircon, hematite and apaifle respaclively.

Table (5} Equivalent uranium {alJ) and thariem (eTh) measured radiemetrically as wall a5 U
measurad chamically for the studisd older granitoits Bnd younges granites

Rock rype i 5‘"’:’" Ulppmi | eUippm) | eThippm) | silU | eThU
5 21 78 140 | 8327
: - | 1.8 8.4 .12 N
Eg 3 28 3 70| 118 EEd
= 37 28 T 436
= 58 34 a8 | 12 314
& Az ] 183 | 1.3 47
3 : 7 34 73 [ AT X £03
g § & 38 55 182 | 15 428 |
8 § a1 5 g | 1 408
10 53 B0 B/ | 151 530 |
T Th BA 1 6 10 306
a8 [F] ! - -1 1.04 318 |
g E g 13 [F] [ 009 303
& 14 110 W01 | 38 D9z 20
18 [CE 08 | 1.02 30z
E‘ 5 703 7.3 BLE 2ae | 194
| 7 728 Fik a3 T 207
B ¥ 18 299 4.4 A 82 189
g 19 00 0.6 3| 08 1,40
o0 331 18.5 724 | OER 1%

To get accurale measuraments for U concentrations, the decay series of U™ must be in
equilibrium, but any recent loss or gain of U gives incormect values. Recent 1053 or gain of U
in rocks can be indicated by plofting gamma spectrometry delermined U (based on s
daughters) against chemically determined U (Fig. 12). Ratios of Usgaaen / Usseseary [EUVU)
greater than one indicate recent U loss (while daughter producis from the radicactive decay of
U remain). The ellU ratlos less than one indicate recenl U addition (lhe daughters which emit
gamma-ray are nol prodeced yet or at least the decay series does not reach the equilibrium
state). In this work, the older granitokls show ralios greater than one (Table 5 and Fig. 12)
indicating U loss, while the monzograndes show ratios ranging between 0892 and 1,10
suggesting limited wranlum mobilization. The syenograniies show ratios lower than one
indicating U addition, According to Reeves and Brooks (1878), U attains equllibrivm in about
1.5 m.y. Therefore, the latest mobilization of U in the studied rocks 1ook place within the last
1.5 m.y. as there was not encugh time o resiore eguilibrium. Th is an Immobile element
{chemically stable). So, decay serles of ““Th is usually in equillbrium state because
mobilization (gain or loss) of Th is very restricted. Accordingly, @Th could be considered as Th
measured chemically (Dardier, 1897 and Moharem, 1%89), Mormally, Th Is thres times as
abundant as U In granitic rocks (Rogers and Adams, 1968). The studied syenogranites show
eThl ratos ranging between 1.46 and 2,18 (Table 5 and Fig.12). Thus, uranium was pos!
magmatically added to syenagranitas. Monzogranites show eTh ratios ranging betweoen
3.02 and 3.13 (Tabde 5), suggesting very restricied mobilization of uranium or may suggoest
approximately similar uranium feaching and addition. On the other hand, older graniioids
show oThAl ratios ranging betwean 3,14 and 6.54 (Tabie 5), suggesting uranium leaching

The uraniferous granites are defined and discussed by several authors (Rogers and
Adamas, 1988, Hall and VWalsh, 1868, Damley, 1882, Cuney, 1884; Cambon, 1994; Shalaby,
1985; Assaf of al,, 1967, Braiter of al,, 1968 and Ahmed and Dardier, 1886). They defined the
following characteristics for uraniferous granides:

Dalle J. S, 2008, 30, 1.14
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1) Presence of two mica, 2 Pleoachroic haloes in mica and feldspars,

i) Cal < 0 568 wils, A AL > 1338 wit%,
5) U > 18.22 ppm, 8) Rb > 184.8 ppm,
7) Ba < 208 ppm, &) Sr< 93.98 ppm,
g LOJ =185, 10} Z05r > 1.85,
11) Rev'Sr > 2.4 and 12) Nay OO0 <1,
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Fig. 1Z Uranum {ppm) versus some major axides (Wi %), trace slements (ppm) and
geachamical ratios for the studied quardz dicdites (+), granodiontes (x}
monzagraniies {4 ) and syanogranites (O]

The pelrographic, geochemical (Tablas 3 and 4) and radiometric (Table 5) data of the
sludied syenogranites are completely concordant with the previously mentioned parametirs,
suggesting that the syenograniles of Gabal Ei-Umrah are uraniferous granites.

During fractionation, uranium may become ennched in the final fractions of magma, and
the residual hydrothermal solutions may form Ukrich pegmatites and veins (Goldschmidt,
1854). In Gabal El-Umrah, two types of pegmalite pockeis were recorded, The firsl type is
unzoned, I shows uranium conlenis less than the syenogranites but higher than

Defa ) Sel 2008, 30, 1-16
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monzogranites (13.8 = 19.2 ppm). The second type is zZoned, hemalized and possesses
higher uranium contents ranging between 67.4 and 923 ppm. The associated radioactive
minerals occurred ailhar as filling fractures of feldspars or as dissemination. Using EDAX-
SEM technique, they are identified as betafile, samarskite, euxenite and ashanite (Figs. 13
and 14j.
1-Euxenlte (¥, Ce Ca, U, Thl (Nb, Ta, TijCs,
2-Samarskile (Y, Ce, U, Ca, Fe. Pb, Th) (Nb, Ta_ TL Sn)30,.
3-Betafite (Ca. Fe, U (N, Ti, Ta)Os (OH, F).a and
4-Ashanite (Nb, Ta, U, Fe, Mn}.0y

The presence of these minerals suggests that the hydrothermal solulions or tha ressdual
magma (nam which thisse pegmatites orlginated are nol only rieh In uraniom and thorium, but
also rich in Nb, Ta and REEs.

SUMMARY AND CONCLUSIONS

Gabal El-Umrah area is located between latitudes 25° 16° - 25° 21" N and longitudes 34° 15 -
34* 21" E in the Central Eastern Desert of Egypt. The area covers about 53 km’ of the
Precambrian shiakd rocks.

The older granitolds are characierized by their low to moderate lopography, exfoliation and
cavernecus weathering. The hand specimens of the older granifcids are coarse-grained with
light {o dark grey colour, Near the conlaclis with the ophiolitic melange, they appear highly
weathered and foliated bul near the contact with the younger granites they appear massive
with reddish grey colour due fo the ropeated offshoots of the younger granites and the
iregular feldspar veinlets. The younger granites carmy roof pandants of the ophiolitic melange
and metavolcanics. More than one type of the younger granifes are easily noticed in the field
because of the vanability in grain size (from fine to coarse) and the difference in colour
(greyish pink, pink, buff and light red), which reflect the variability in the type and inlensity of
mafic minerals as well a5 the plegioclase-feldspars ratios. The contact batween these lypes
is iregular and difficull to be traced.

The oider granilgids ame, potrographically, classified as quartz dioriles and granodiontes.
Baoth types have the same textural and mineral composition. The quartz diorites show lower
biotite/homblende ratios, K-leldsparsiplagioclase ratios and quarz contents relative 1o the
grancdionias. Taanie, zircan, apabite and cpaquas are accessory minerals, Epidotle, chionle,
genicile and kaolinile are secondary minerals. The younger granies are, petrographically,
classified as monzograniles and syencgranides, Monzograniles show lower muscovite/biotite
and K-feldspars/plagloclase ralios as well as higher quanz contents relative to the
syenogranites, The accessory minerals in both younger granite vareties are allanite, apalite,
zircon and luonie as well as iron oxy-hydroxcides, while the secondary minerals are mainky
epidote, chiorile, muscovite and clay minerals.

On the basis of K/Rb, RbSr, Ba/Rb, (SiO;+Na,O+KOM{CaO+MgO+FeO®) and
Al 05/ (Na; O +K;0+Ca0) ratios. the ongin of the studied oider granftoids and younger granites
could be deduced, Older granitoids (quartz diomes and granodiarites) anginated from upper
manitle materials. Monzogranites onginated from felsic crust matenal, bul with some
contamination with upper mantle, Syenograniles ariginated from highly fractionated, K-rich,
crust malenals,

Dalta J, Bel. 2008, 30 118
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Thae older granisids show el ralios greater than one Indicating U loss, while the
maonzogranides show ralios ranging bebween 0.82 and 1.10 suggesting resiricted uraniuwm
mobilization or may sugges! approximately similar uranium leaching and addition. The
syenogranites show ratios lower than one indicaling Ll addition, This conciusion is confirmad
by ihe eTh/U rafios. The petrographic, geochemical and radiometric dala suggest thal the
gyenogranites of Gabal El-Umrah are uraniferous granites. Uranium shows positive
correlation with Zr, Fe:0x/Fad, P:0y and Cal in the syenogranites. suggesting thal uranium
enrchmant In Zircon, hemalite and apable especlively

In Gabal El-Umrab, two iypes of pegmatile pockets were recordad. The first type is
unronsd: N shows uranlum confents less than the syvenograndes bul higher than

Delta J, 5l 2008, 30, 1-16
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manzegranites (13.8 = 16.2 ppm), The second type i roned, hemalized and possesses
higher wranium contenis rangeg between 67.4 and §2.3 ppm, The associated radioactive
minerals occummed either as vainkets filling the fraclures of faldspars or as disseminalion,
Using EDAX-SEM fechnique; they are identifled as betafile, samarskite, euxenite and
ashanite. The presence of these minerals suggests that the hydrothermal solufions or the
residual magma from which these pegmaltites onginated are not only rich In uranium and
thorium, bul also rich in Mb, Ta and REEs.
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