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ABSTRACT

Faliq El-Sahl and Faliq El-Waar granitic plutons are located in the north Eastern Desert.  The field
studies clarified that the younger granites are related to successive magmatic intrusions forming two main
granitic masses and pegmatite within both granites. Petrographically, the main rock types of each of the two
masses are monzogranites and syenogranites. Pegmatites could be classified into mineralized pegmatites
within the syenogranites and non-mineralized pegmatites which are distributed within the monzogranites.
The main fault trends cutting through the study area in decreasing order of predominance are NNW-
SSE, NW-SE, NE-SW and NNE-SSW. The younger granites are dissected by four major sets of joints, in
decreasing order of abundance striking NW-SE, NE-SW, NNW-SSE and ENE-WSW.

Geochemically, the studied granites originate from peraluminous subalkaline magma considered as
post orogenic within plate granites, intruded in a crust of thickness between 22 km and 30 km; with Rb/Sr
ratios range from 0.1 to 1.0 during crystallization of monzogranites but Rb/Sr ratios range from 1.0 to
10.0 during crystallization of syenogranites. The geochemical ratios of the studied younger granites show
similarity to a great extent suggesting that these granites represent outcrops of one batholith and originate
by magmatic differentiation of the same magma.

The syenogranites could be considered as uraniferous granites (U 19-14 ppm, Th 31-26 ppm) originated
from highly fractionated U-rich magma. In monzogranites uranium exist only in zircon, sphene and apatite.
Uranium essentially concentrated during the magmatic stage in apatite and zircon. Both meteoric water and
hydrothermal solutions allowed to liberate U+6 and to be redepositing along microfractures supported by
increasing uranium content in the secondary hematite and fluorite.

Pegmatites show higher U-contents relative to both granite types with presence of uranophane mineral
within the syenogranites

INTRODUCTION The main goal of this paper is focused
on the petrography and geochemistry of the

younger granites to clarify the radioactivity
and geochemical behavior and distribution of
uranium in these granitic plutons.

The area of study occupies ab. 310 km?in
the northern tectonic domain of the Eastern
Desert (lat. 27° 00" and 27° 10' N and long. 33°
30"and 33° 37" E), (Fig.1). It occupied by Pan
African neoproterozoic crystalline basement GEOLOGIC SETTING
rocks particularly the younger granites. The The main rock types exposed in Wadi
major wadis traversing the areca have gener- Faliq El-Sahl and W. Faliq El-Waar area can

ally NE-SW and NNE-SSW trends. All wadis ¢ chronologically arranged from old to young
drain eastward to the Red Sea.
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as follows: Diorites; Hammamat sedimentary
rocks; younger granites with pegmatites and
post granitic dykes and quartz veins. The de-
tailed field description of the various rocks
exposed in W. Faliq El-Sahl and W. Faliq
El-Waar area is given in the following para-
graphs.

Diorites are recorded chiefly in the extreme
north-eastern part of the study area. They are
also encountered as small-scattered exposures
cast of G. Abu Edam (Fig. I). The exposures
of the diorites form a low hilly country rocks,
well jointed, highly weathered showing certain
degree of bleaching and decomposition. They
show wide variation in their lithologic charac-
ter and are heterogeneous even each outcrop.
Diorites in the present area are dissected by
major strike slip faults trending NW-SE. The
rocks along fault zones are partly kaolinitized,
highly hematitized, strongly sheared and en-
riched in potash feldspars. These diorites are
found as small xenoliths ranging from 5 cm
to about 25 cm in diameter within the younger
granites and are also invaded by acidic and ba-
sic dykes.

Hammamat sedimentary rocks include
wide lithologic varieties mainly represented
by repeated successions of alternating beds of
fine-grained siltstones, medium-grained grey-
wackes and coarse-grained polymictic con-
glomeratic beds. They generally form mod-
erate to low relief mountainous terrains with
gentle slopes (Fig. 2). They are inter-veined
by many dykes, mainly of acidic composition
(Fig. 3).These sediments range in color from
deep green to dark greyish green. Their bed-
ding is easily recognized and detected in the
field and is striking in the NNW-SSE direction
and mainly dips from 15° to 20° toward the NE
direction. The angle of dip mainly increases
toward their contact with the granite masses,
sometimes reaching up to 45° at the contact
zone. The Hammamat sedimentary rocks are
slightly affected by contact metamorphism
due to the intrusion of the younger granites
and are well manifested by the presence of fis-
sility along the contacts (Fig. 4). The polymic-
tic conglomerates consist of rounded to sub-
rounded, oval and/or lenticular pebbles of
pre-existing rocks (Fig. 5). The color of these
conglomeratic beds varies from light green to
dark grey color, mainly depending on the type
of rock clasts, constituents of the groundmass
and alteration effects.
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Fig. 2: General attitude of well bedded Hammamat sedi-
mentary rocks following NNW-SSE direction

Fig. 3: Acidic dykes traversing Hammamat sedimentary rocks

Fig. 4: Fissile Hammamat sedimentary rocks due to the intrusion
of the granites
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Fig. 5: Subrounded to lenticular pebbles forming the coarse-graind
polymictic conglomerate beds of Hammamt sedimentary rocks

The younger granites are widely distrib-
uted forming the major suite of the basement
rocks in the study area intruding all the pre-ex-
isting rocks. The younger granites are consid-
ered to be the most important rock type in the
north tectonic domain Eastern Desert, for its
radioactivity as they host most of the uranium
occurrences (Salman et. al., 2005 and Shalaby
et al., 2009).

The younger granites recorded in the area
form moderate to high mountains with rough
topographic outcrops possessing rounded to
sub-rounded outlines. They are commonly
massive and easily distinguished in the field
from the surrounding country rocks by its dis-
tinctive color. The color ranges from pinkish
white to pink and turns to reddish pink when
they are stained with hematite along shear
zones. Sheet structure is an obvious feature
particularly along the marginal slopes of the
plutons, as a result of load release. These
younger granites are represented by two mag-
matic outcrops characterized by their different
petrological characteristic. They are represent-
ed by monzogranites and syenogranite.

Monzogranites are situated at the northwest-
ern corner of the study area forming Gabal Abu
Edam and extend southward forming G. Abu
Zogata surrounding the syenogranite of G. Al-
Luman. This rock type intrude the diorite rocks
with sharp intrusive contact in the northern part
and show well marked exfoliation (sheet struc-
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ture) essentially controlled by the topographic
surfaces of the rocks (Fig. 6). These granites are
characterized by their peculiar columnar type
of joints, bearing many diorite xenoliths (of
different shape and diameter), pinkish white
in color, medium to coarse-grained and are
devoid of mineralized pegmatites. These gran-
ites are traversed by a large number of parallel
dykes mainly trending in the NE-SW direction
(Fig.7), predominantly of basic composition,
ranging from basaltic to doleritic as well as
some acidic granite porphyry dykes. They are
cut by major strike slip faults chiefly trending
in NW-SE and NNW-SSE directions.

Fig. 6: Exfoliation (Sheet structure) in monzogranites

Fig. 7: Dykes of long extension running in subparallel sets
in monzogranites

Syenogranites cover most of the central
and eastern parts of the mapped area forming
G. Al-Luman and the main rocks exposed in
W. Faliq El-Sahl and W. Faliq El-Waar. Sever-
al wide wadis cross these granites and separate
the hill masses from each other such as of W.
Faliq El-Sahl and W. Faliq El-Waar and their
tributaries. This type forms moderate highly
serrated hills of bright reddish pink color. The
red color is essentially due to the high content
of potash feldspars stained by secondary red
hematitic materials along their joints in par-
ticulars. The rocks are commonly medium- to
coarse- grained, the grain size increases from
medium along the margin to coarse toward the
center of the masses. They are mainly com-
posed of quartz and orthoclase perthite with
subordinate plagioclase; rich in quartz and
potash feldspars but poor in mafics. These
granites intrude the monzogranites and stand
against with sharp contact. Apophyses and
tongues in some parts of the monzogranites
and the Hammamat sediments exist. The lat-
ter are affected by the intrusion of these gran-
ites, causing slight metasomatic alteration and
that changed in the attitude of their bedding.
Sometimes, the Hammamat sediments occur
as roof-pendants hanging over these granites
especially along the eastern border (Fig. 8). On
the other hand, these granites are invaded by
high density of parallel basic and acidic dykes
forming prominent high back bones trending
NE-SW. Some of the peripheral parts show the
cavernous type of weathering defined by Ra-
guin (1965) as taffoni weathering (Fig. 9).

Fig. 8: Roof-pendant of Hammamat sedimentary rocks overlying the
syenogranites
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Fig. 9: Taffoni weathering in syenogranites

Both types of the younger granites are well
jointed and dissected by numerous faults and
shear zones. The granites at these shear zones
become highly hematitized and acquire red-
dish pink to red color and are traversed by nu-
merous quartz veins and abundant aplite dykes
especially at their elevated parts.

Pegmatites are found as a number of small
lenticular or irregular bodies. Sometimes they
occur as pockets (Fig. 10) rather than being
vein-like bodies aligned along some of the
fault zones (Fig. 11). They are of limited ex-
tension, not exceeding 6 m in length and 1 min
width. In the study area the anomalous pegma-
tites are associated with syenogranites and ex-
hibit sharp contact with them. They are mostly
located at the peripheral parts of the granitic
masses at different topographic levels.

Fig.10: Pegmatite pockets recorded in syenogranites
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Fig.11: Pegmatite vein-like body traversing the syenogranites

The pegmatites are more resistant to ero-
sion, with white or buff color on the fresh
surface and brownish to reddish brown on the
weathered surface due to their common impreg-
nation with hematite. They are generally com-
posed of extremely coarse-grained milky quartz
and reddish buff orthoclase as the chief potash
feldspar with few flaky mica and iron oxides.
These pegmatites are generally unzoned, where
no regular zonation of quartz and orthoclase.
Some pegmatite pockets, especially those as-
sociated with shear zones are cracked and in-
tensely stained with hematite. The pegmatites
mark the close of the magmatic and pegmatitic
phases of these granitic plutons.

The main fault trends cutting in the study
area; in decreasing order of abundance are
NNW-SSE, NW-SE, NE-SW and NNE-SSW
(Fig. 12). W. Faliq El-Sahl and W. Faliq El-
Waar younger granites are dissected by four
major sets of joints, in decreasing order of
abundance, striking NW-SE, NE-SW, NNW-
SSE and ENE-WSW (Fig. 13).

0 22 4b%
e

Fig.12: Rose diagram of the main directional trends of 42 fault
lines in the granites according to their number proportion
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< 1% A1, 2°% E5 23 %63 -4 % Ml > 4%

Fig.13: Contour diagram of 110 joint poles in the granites plotted
on a lower hemisphere

The post granitic dykes of the studied area
are mainly represented by dyke swarms rang-
ing in composition from acidic, intermedi-
ate to basic; in addition to some veins which
comprise feldspars and quartz. These dykes
intersect all the rock types starting from the
diorites to the younger granites. These dykes
usually run in parallel to sub-parallel sets con-
trolled by the predominating faults of the area
especially those trending in the NE-SW direc-
tion and have a vertical to sub-vertical dip.
They range in thickness from 0.5 m to 10 m
and can be traced for tens of kilometers. These
post granitic dykes can be chronologically ar-
ranged from older to younger as follows:1)
Acidic dykes include granite porphyries; ap-
lites and pegmatites., 2) Intermediate dykes
include andesites., and 3) Basic dykes include
dolerites and basalts.

PETROGRAPHY

In the present work, twenty representative
thin sections were studied for the petrographic
description of the younger granites and modal
composition (Table 1), plotted on Q-A-P ter-
nary diagram of Streckeisen (1976). The petro-
graphic studies revealed that the studied young-
er granites are classified into two main varieties,
monzogranite and syenogranite (Fig. 14).

The monzogranites are medium- to coarse-
grained, equigranular, hypidiomorphic rocks

Table 1: The modal analyses of the studied granites

Rock type G.Abu Zagata monzogranites G. Al-Luman syenogranites

&5 N 1 2 3 4 5 6 7 8 9 10

Locality W, Faliq El-Sahl
Quartz 400 39 B4 355 B0 34 M2 369 [0 300
Perthite 201 220 264 200 220 264 426 444 400 400
Pagocase 206 287 277 300 B0 17 152 11 00 150

Mica 7780 65 95 80 65 12 3 82

Accessories

nd %035 1 S0 60 g 35 45 19 68

opaques

Rock type G. Abu Edam monzogranites

Mg o3 oM 58 16 1T 81N

Locality vy, Faliq El-Waar

Quartz 42 05 404 400 30 3BT 380 41 300 B0
Perthite 257 290 293 350 300 450 436 34 450 430
Phgodsse 950 2001 199 200 230 126 130 4T 150 200

Mica 60 60 66 31 66 13 4 11 51 30

Accessories

ud P R X BN I8 34 25 39 46 49 W

opaques

3a: Syenogranites
+ Monzogranites , G. Abu Edam 3b: Monzogranites
A Syenogranites , G. Abu Edam
x Monzogranites, G.Abu Zagata
o Syenogranites, G. Al Luman

[l

Alk P
Fig. 14 : Q-A-P modal ternary plot according to Streckeisen, 1976

and mainly composed of perthitic orthoclase,
quartz, plagioclase, biotite and hornblende
in small amounts as essential minerals while
sphene, apatite, zircon, fluorite and iron ox-
ides as accessory and secondary minerals. The
biotite is chloritized along its boundaries and
shows iron oxides along cleavage.
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The syenogranites are fine- to medium-
grained, hypidiomorphic rocks, and are es-
sentially composed of orthoclase and micro-
cline perthites, quartz, plagioclase, biotite
and muscovite. The accessory and secondary
minerals are zircon, sphene, apatite, epidote,
fluorite and iron oxides. Small zircon crystals
as inclusions are surrounded by haloes due to
presence of radioactive minerals in its crystal
lattices.

GEOCHEMISTRY

Eighteen samples from the studied gran-
ites of G. Abu Zagata monzogranites, G. Al-
Luman syenogranites, G. Abu Edam monzo-
granites and G. Abu Edam syenogranites are
selected for chemical analysis to identify their
geochemical behaviour, petrochemical char-
acteristics, magma type and tectonic setting
(nine samples from each part of the pluton).
The chemical analysis for the major oxides (wt
%) and the trace elements (ppm) were done by
using wet chemical analysis technique of Sha-
piro and Brannock (1962) and XRF technique,
respectively in the Department of Chemical
Analysis of the Nuclear Materials Authority
of Egypt.

The chemical analysis for major oxides
and trace elements as well as some geochemi-
cal ratios for the studied monzogranites and
syenogranites are shown in Table (2). Rb, Nb,
Zr and F- are low in monzogranite compared
to the syenogranite of Wadi Faliq El Sahl and
vice versa for CaO, MgO, FeO, Ba and Sr.
Such geochemical characteristics are valued
in the Faliq El Waar granites for Rb, Nb, Zr
and F.

Geochemical Classification and Petrogenesis

On the Ab-Or-An ternary diagram of
O’Connor (1965), the studied rock amples
plot in the granite field (Fig. 15).

The low K/Rb ratios and the high K/Ba
ratios may suggest advanced degree of mag-
matic differentiation and contribution of sialic
crustal material. The K/Rb ratios for the stud-
ied granites (Table 2) range from 183 to 432

Table 2: Major element oxides ( wt%) and trace elements ( ppm)
data and some calculated geochemical ratios of the studied granitic
plutons

Rock type

G.Abu Zagata monzogranites G. Al-Luman syenogranites

& 5pNo. 1 2 3 4 5 6 7 8 9

W. Faliq EI Sahl
Major oxides (wt %)

Si0; 72.86 72.64 72.68 72.71 7394 7410 7420 7412 74.16
TiO, 00.19 0021 0023 00.22 00.12 00.10 00.12 00.14 00.11
ALO3 13.86 13.79 13.89 13.80 13.54 1348 13.28 13.53 13.50
Fe;0; 01.54 01.58 01.63 01.50 01.58 01.52 01.48 0142 01.44
FeO 00.60  00.69 00.61 00.64 00.46 0039 0042 0047 00.43
MnO 00.06 00.08 00.05 00.06 00.04 00.04 00.05 00.05 00.05
MgO 00.57  00.57 00.60 00.56 00.33 00.31 00.29 00.30 00.28
Ca0 01.60 01.76 0178 01.56 00.73 00.78 00.80 00.81 00.80
Na,0 03.66 03.78 03.64 03.84 03.89 03.83 03.88 03.82 03.84
K.0 04.01  04.02 0403 04.10 0438 0440 04.42 0441 04.42
P05 00.08 00.11 00.10 00.09 00.12 00.09 00.11 00.09 00.09
L.O.I. 00.90 00.71 00.68 00.89 00.80 00.90 00.90 00.80 00.80
Total 99.931  99.94 99.92 99.97 99.93 99.94 99.95 99.96 99.92
Trace elements (ppm)

Rb 87.00 84.0 90.00 81.00 194.0 188.0 188.0 182.0 177.0
Ba 512.0 441.0 464.0 429.0 387.0 396.0 402.0 413.0 411.0
Sr 118.0 130.0 119.0 122.0 82.00 96.00 91.00 81.00 83.00
Nb 82.00 67.00 79.00 73.00 102.0 121.0 106.0 93.00 100.0
Ir 161.0 1480 152.0 152.0 219.0 236.0 232.0 204.0 212.0
Y 29.00 36.00 22.00 32.00 28.00 37.00 31.00 31.00 33.00
Pb 62.00 54.00 51.00 57.00 61.00 63.00 49.00 60.00 68.00
F 12.00 1150 11.00 10.00 23.00 28.00 26.00 20.00 20.50
Geochemical ratios

K/Rb 384.0 399.0 373.0 422.0 184.0 1950 196.0 201.0 208.0
K/Ba 6523 7596 7241 79.72 9432 92.68 91.54 88.86 89.54
Rb/Sr 0.737 0.646 0.756 0.663 2.365 1.958 2.065 2246 21.16
Zr/Sr 1364 1.138 1277 1.245 2.670 2458 2.549 2518 2.554
Ba/Rb 5.885 5250 5.155 5296 1.994 2.106 2.138 2269 2.322
Rock type G.Abu Zagata monzogranites G. Al-Luman syenogranites

&5p.No. 0 u 2 13 14 15 16 17 18
'W. Faliq El Waar

Major oxides (wt %)

SiO; 7270 72.68 72.82 7273 72.62 7417 74.14 73.88 74.18

TiO, 00.20  00.19 00.22 00.21 00.23 00.13 00.14 00.15 00.11
AlLO3 13.90 13.74 13.77 13.80 13.82 1344 1345 1352 1338

Fe;03 01.56 01.53 0159 01.58 01.60 01.52 01.53 0146 01.50
FeO 00.67 00.66 00.61 00.62 00.54 0047 0045 00.47 00.44
MnO 00.05  00.06 00.03 00.04 00.06 00.03 00.03 00.06 00.05
MgO 00.53  00.54 0052 00.53 00.56 00.28 0032 00.29 00.32
Ca0 01.67 01.65 01.64 01.68 01.58 00.80 00.76 00.77 00.78
Na,0 03.64 03.72 03.80 03.81 03.82 03.82 03.80 03.84 03.88
K0 04.11  04.04 04.02 04.05 04.09 04.40 0446 0450 04.52
P05 00.09 00.12 00.06 00.09 00.11 00.10 00.09 00.09 00.08
L.O.L 00.80  00.94 00.86 00.81 00.90 00.80 00.80 00.90 00.70
Total 99.92  99.87 99.94 99.95 99.93 99.96 99.97 99.93 99.94
Trace elements (ppm)

Rb 93.00 84.00 81.00 87.00 79.00 197.0 202.0 2050 191.0
Ba 418.0  452.0 502.0 421.0 437.0 411.0 412.0 378.0 423.0
Sr 111.0  127.0 113.0 118.0 1140 107.0 92.00 89.00 92.00
Nb 81.00 74.00 68.00 85.00 72.00 128.0 1280 92.00 121.0
Zr 143.0 1350 146.0 154.0 1520 243.0 263.0 209.0 224.0
Y 32.00 2500 21.00 34.00 27.00 36.00 43.00 31.00 38.00
Pb 64.00 57.00 49.00 65.00 53.00 69.00 72.00 64.00 53.00
F 9.500 8.000 10.00 11.00 12.00 29.00 30.00 20.00 27.00

Geochemical ratios

K/Rb 368.0 401.0 4140 387.0 432.0 186.0 184.0 183.0 197.0
K/Ba 81.82 7456 66.73 80.05 78.03 89.29 9029 99.21 89.13
Rb/Sr 0.837 0.677 0.716 0.737 0.692 1.841 2.195 2303 2.076
Zr/Sr 1.288 1.062 1292 1305 1333 2271 2858 2.348 2434
Ba/Rb 4494 5380 6.197 4.839 5531 2.086 2.039 1.843 2.214

45
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Fig. 15: Ab-Or-An diagram (O’Connor, 1965); Fields: A, Tonalite,
B, Granodiorite, C, Adamlite, D, Trandhjemite, E, Granites , Sym-
bols as in Fig.14

which is much lesser than Heier’s values (700
to 1500) suggesting that the granites are not
from upper mantle materials (Heier, 1973). Sig-
nificant contribution of sialic crustal materials
is the most probable (Dostal and Chatterjee,
2000).

The K/Ba (Table 2) ratios for the studied gran-
ites range from 65 to 99 which are much higher
than Mason’s ratio (65, Mason 1966) supporting
advanced degree of magmatic differentiation and
contribution from sialic crustal materials.

The Zr/Sr ratio increases with increasing
differentiation (Hall and Walsh, 1969), and
also a high Zr/Sr ratio (> 1.65) for the uranif-
erous granite with presence of small amounts
of dispersed fluorite in granites. This concept
is in agreement with the geochemical data and
the petrographical investigations of the stud-
ied syenogranites of the two plutons favoring
its uraniferous character.

Magma Type and Tectonic Setting

On the Na,O+K,O versus SiO, variation
diagram of Irvine and Baragar (1971), both
types of the studied granites are plotted in the
subalkaline field (Fig.16). The analyzed gran-
ite samples are plotted in the peraluminous
field of Shand (1951), (Fig.17).

On the Al O, versus SiO, diagram of Ma-
niar and Piccoli (1989), the samples of studied
granites are plotted in the post orogenic field

(Fig.18). Rogers et al. (1978) concluded that
the younger granites of the Nubian Shield in
Egypt are an example of the post-orogenic
granitoids.

81 Alkaline

Ha20+K20 (wit%)
=

Subalkaline

] T T T T T T T T T 1

I oW B 50 5 6 65 T0 TR B0 85
5102 (wt%)
Fig. 16: (Na,0+K,0) vs SiO, variation diagram (Irvine
and Braragar, 1971) , Symbols as in Fig.14

ALO; (Wt%)

Metaluminous

Peralkaline

Na,0+K,0 (Wt%)

CaOo (wt%)

Fig. 17: Alk-CaO-ALO, diagram (Shand,1951) ,Symbols
as in Fig.14

17 T T T T T T T T
| 1AG+cAG+cca

ALO, (wt%)

| RRG+CEUG
10

m 71 T2 73 T4 75 76 FF 78 T9 8O

SiO, (wt%)
Fig. 18: SiO, vs AL O, diagram (Maniar and Pic-
coli, 1989) ,Symbols as in Fig.14
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On the Rb versus Sr variation diagram of
Condie (1973), the studied granites are in-
truded in a crust of thickness between 22 km
and 30 km with Rb/Sr ratios range from 0.1
to 1.0 during crystallization of monzogranites
but Rb/Sr ratios range from 1.0 to 10.0 dur-
ing crystallization of syenogranites. (Fig.19).
Cox et al. (1979) suggested that the granitoid
rocks, which intrude crust of thickness more
than 20 km crystallize at temperatures ranging
from 800° to 850° C at water vapour pressure
less than 3 kb.

1000 r
RbISF 10 >30km
Rgsfr
—_ ~
E .
a -
[=% e !
~1m | o =
o Y Rb/S=6.1
[1' \‘ ,’ 3
~.22-30km ]
<20km
1o

10 1000

100
Sr (ppm)
Fig. 19: Rb vs Sr diagram (Condi and Hunter, 1976) ,Dote
area Egyptian younger granites according to Samaan,
2000 ,Symbols as in Fig.14

The Rb/Sr ratios are used to indicate the
depth of magma generation within the crust by
Condi and Hunter (1976). This ratio is greatly
affected by the mineralogical composition of
the residue after partial melting, whereas ra-
tio increases by the presence of feldspars and
decreases by presence of biotite in the residue
(Hanson, 1978).

The Rb/Sr variation diagram (Fig.19)
shows that all studied younger granites are
plotted in the area between Rb/Sr ratio 10-0.1
that crystallized under crustal thickness be-
tween 22 to 30km, and the analyzed granite
samples are plotted in the field of the younger
granites of Nubian Shield in Egypt field of Sa-
maan (2000).

On the Rb - (Y+Nb) relationships of Pearce
et al. (1984), the studied younger granites plot
in the within plate granite field as well as in
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the field of the Egyptian younger granites of
the Nubian Shield given by Samaan (2000),
(Fig.20).

2000 ! y
1000 |

Syn-COLG

100

Rb

10

1 1 10002000

a 1
Y+Nb

Fig. 20: Rb-Y+Nb diagram (Pearce, et al. 1984), Dote area
Egyptian younger granites according to Samaan, 2000 ,Sym-
bols as in Fig.14

From the previous interpretation of the
granite relationships, there are no obvious
differences between the monzogranites of G.
Abu Zagata and G. Abu Edam and the syeno-
granites of G. Al-Luman and G. Abu Edam in
the studied area. The geochemical ratios of
the studied younger granites show similarity
to a great extent suggesting that these granites
represent outcrops of one batholith and origi-
nated by magmatic differentiation of the same
magma.

RADIOACTIVITY.

In the present work, systematic measure-
ments of gamma radioactivity are carried out
on the granites by using portable gamma ray
spectrometer model UG-130 that displays
the count rate in counts per second (cps), by
means of the calibration. All the measure-
ments were converted into unit of radioele-
ment content (Ur). The field radioactivity lev-
el of the younger granites is much higher than
the surrounding rocks. The syenogranites are
also characterized by high radioactive levels
ranging from 44 to 50 Ur if compared to the
monzogranites varying from 38 to 42 Ur.

Radiometric analyses are carried out at
Laboratories of the Nuclear Materials Author-
ity (NMA), Egypt (using quantitative gamma-



48 REMON R. AYOUB

ray spectrometry technique) being used to de-
termine eU and eTh in part per million (ppm).
The syenogranites have equivalent uranium
content (eU) ranging from 14 ppm to 19 ppm
and equivalent thorium content (eTh) ranging
from 26 ppm to 31 ppm, while the monzogran-
ites have eU (7-11 ppm) and eTh (22-28 ppm).
The obtained results of eU and eTh as well as

the eTh/eU ratio values are given in Table (3).
Table (3) : eU and eTh contents (ppm) as well as radiometric
ratio (€Th/ eU) of the studied monzo- and syenogranites of W.
Faliq El-Sahl and W. Faliq EI-Waar

Rock type Sp. Gamma ray Radiometric
& No. spectrometry ratio
Locality eU eTh eTh/eU
=g 1 8 25 3.13
S E 2 7 22 3.14
G
S & 3 8 23 2.88
= 2= 4 9 25 2.78
= < £
2 ©E Av 8.00 23.75 2.98
=
= 5 14 27 1.93
s I 6 15 27 1.80
= E g 7 16 28 1.63
= & 8 17 29 1.71
= £
S 2 9 15 26 1.73
Av.  15.40 27.40 1.76
10 9 26 2.78
EE 1 11 27 2.36
= s 12 10 25 2.50
5 2 g 13 9 27 3.00
=
E S g 14 9 28 311
= Av.  9.60 26.60 2.75
= 15 19 31 1.63
= E g
: R
= 2 16 14 27 1.93
=5 17 18 31 1.72
=
=% 18 17 29 1.71
S 2 Av. 17.00 29.50 1.75

Uranium Relationships

U, Th, , Zr, Nb and Rb behave incompat-
ibly in a granitic melt so that, where U concen-
tration is controlled by magmatic processes,
these elements would be expected to increase
(Cuney, 1984). The relationship between U
and Th may indicate the enrichment or deple-
tion of U knowing that Th is relatively stable
during post magmatic processes. Normally,
thorium is three times as abundant as uranium
in granitic rocks (Rogers and Adams, 1969).
When this ratio is disturbed, it indicates addi-
tion or leaching of uranium.

In the studied area, monzogranites show
eTh/eU ratios ranging from 2.36 to 3.14 with

an average of 2.98 (normal value), but these
values in syenogranites range from 1.63 to
1.93 with an average of 1.75, suggesting ad-
dition of uranium. Accordingly, the studied
syenogranites are considered as uraniferous
granites. The wide variation in eTh/eU ratio in
both monzogranites and syenogranites prefers
the redistribution and addition or leaching of
U after consolidation of the magma (Steen-
felt, 1982; Pier, 1992 and Moharem, 1999).
Along microfractures, joints and fault planes
(Scheepers, 2000); involve many types of al-
teration such as kaolinatization and sericitiza-
tion as well as hematitization (Shalaby and
Moharem, 2008).

The geochemical data classified the stud-
ied syenogranites as uraniferous granites; all
results are in a complete harmony with the de-
scription of uraniferous granites given by sev-
eral authors. The main characters of uranifer-
ous granites are: (1) two mica, peraluminous,
red-pink, post orogenic granites (Cuney, 1984
and Abd El Monem et al., 1990); (2) highly
differentiated granite with low CaO (< 0.97
%), low Sr (< 100 ppm) and high Rb (>175
ppm) contents as well as low Na,O/K,O ratio
values (< 1.11) given by Assaf et al.(1997);
(3) Zr/Sr ratio values more than 1.65 (Hall and
Walsh, 1969); (4) eU / ¢Th ratios greater than
0.4 (Cambon, 1994); (5) the average U content
is more than twice of Clarke value and eTh/eU
ratio is less than 3 (Darnley, 1982).

In this work, the plotting of eU against eTh
(Fig.21) shows positive correlation between
eU and eTh suggesting their increase with
magmatic differentiation. The relationship of
eU versus alkali elements (Na,0+K,O wt%)
show positive relation (Fig.22) indicating the
incompatible behavior of the uranium during
magmatic differentiation. This indicates that
the magmatic processes play an important role
of the primary uranium enrichment of these
granites.

The relationship between eU-Zr show
weak positive correlation for monzogranites,
but in syenogranites it shows strong positive
correlation (Fig.23), indicating uranium en-
richment uncontrolled by primary magmatic



GEOLOGY, PETROLOGY AND URANIUM DISTRIBUTION IN GRANITIC

processes but supporting that U was trapped in
the accessory minerals as zircon (Pagel, 1982;
London, 1992 and Scheepers and Rozendaal,

1995).
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Fig. 21: eU-eTh variation diagram,Symbols as in Fig.14
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Fig.22:eU-Alkalis (Na,0+K, O wt%) variationdiagram,Symbols
asin Fig.14
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Fig.23 : eU-Zr variation diagram ,Symbols as in Fig.14

On the eU-F- variation diagram (Fig.24),
the monzogranite samples show indefinite
correlation, but in syenogranite samples show
strong positive correlation indicating that ura-
nium enrichment was mainly related to epi-
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genetic processes and supporting trapping of

U in fluorite.
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Fig. 24 : eU-F- variation diagram,Symbols as in Fig.14
On the eU-Pb variation diagram (Fig.25),
the studied younger granites do not show any
definite relationship. This indicates that the
epigenetic processes played the chief role in
uranium enrichment, favoring epigenetic ura-
nium addition to these granites.

The variation diagram between eTh and
Nb (Fig.26) shows strong positive correlation
indicating the magma forming these granites
were emplaced at shallow depths (Briqueu et
al., 1984).
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Fig.25: eU-Pb variation diagram,Symbols as in Fig.14
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Fig.26: eTh- Nb variation diagram,Symbols as in Fig.14
Radioactive Anomalies

Pegmatites in the study area are strongly
related to the younger granites, but some of
them are recorded invading the older granit-
oids, especially on the peripheral zones of the
studied granitic masses. The pegmatites are
abundantly encountered at the southern and
western parts of granitic mass of W. Faliq
El- Waar rather than granitic mass of W. Faliq
El- Sahl. The pegmatites are marking the
close of the magmatic differentiation of the
most radioactive rocks in the studied area. The
anomalous pegmatites are essentially formed
of coarse-grained milky quartz, reddish buff or-
thoclase, flaky biotite and some muscovite with
iron oxides. Generally they are located at the
marginal parts of the granitic pluton (Fig. 1).

Radiometrically, there are two types of
pegmatites, normal pegmatites and anoma-
lous pegmatites. The anomalous pegmatites
display highest radioactive values (> 444 Ur)
due to their mineral composition, as a result of
alteration processes associated with radioactive
minerals. As stated by Heinrich (1958), these
parts developed from volatile-rich magma fluid
and/or hydrothermal solutions which evolved
from late differentiated magmatic fluids.

The normal pegmatites show gamma ra-
dioactivity ranging from 27 Ur to 38 Ur. In
the anomalous pegmatites, the distribution of
gamma radioactivity ranges from 78 to 133 Ur,

sometimes reaching up to 444 Ur and mainly

associated with smoky quartz at its contact
with the potash feldspars. Radiometricaly,
they have 1200 ppm eU, 340 ppm eTh and
eTh/eU ratio is 0.3

The major detected radioactive anoma-
lies localized in the W. Faliq EI-Sahl and W.
Faliq El-Waar area are confined to pegmatite
bodies exposed in the area. Petrographic and
mineralogic investigations for several miner-
alized pegmatite samples show high contents
of deep violet fluorite and metamict zircon as
well as higher contents of iron oxides than
those of fresh younger granites. Iron oxides
are usually coated or corroded by a thin film
of yellowish secondary uranium minerals.
Pure hand-picked grains of the uranium min-
erals were separated from the mineralized
pegmatites. The X- ray diffraction (Table 4)
and scanning electron microscope patterns
show the presence of uranophane as the prin-
cipal secondary uranium mineral (Fig.27).

Table 4: X-ray diffraction pattern of hand picked urano-
phane mineral samples

Sp. No. P-1 Sp. No. P-2 Uranophane*
dA® I/I, dA° I/I, dA° I/l
790 100 7.85 100 7.88 100
6.58 35 6.60 40 6.61 40
5.40 30 5.36 35 542 40
4.77 45 4.69 40 4.76 50
390 90 3.99 85 3.94 90
351 45 3.57 50 3.51 40
291 70 2.93 75 299 80
27 40 2.68 40 2.69 40
1.89 80 1.92 75 197 70

* ASTM card No. 8 —*ASTM card NO. § ~ 442
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Fig.27: ESEM spectrograph and image of uranophane
CONCLUSION

The younger granites recorded in the area
of W. Faliq El-Sahl and W. Faliq El-Waar,
are related to successive magmatic intrusions
forming two granitic masses. The main rock
types of each of the two masses are monzo-
granites and syenogranites. The syenogranites
are characterized by high radioactive levels
compared to the first variety.

The post granitic dykes are mainly repre-
sented by dyke swarms ranging in composi-
tion from acidic, intermediate to basic. The
differential weathering between these dykes
and their enclosing country rocks play an im-
portant role in the formation of the ridges. The
dykes of acidic composition are more resistant
to erosion than their enclosing rocks and hence
they form ribbon-like elongated ridges exhib-
iting back-bone feature. While others espe-
cially those of basic composition are intensely
eroded and form deep elongated trenches in
their host rocks.
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Geochemically, the studied granites are
originated from peraluminous subalkaline
magma and are considered as post orogenic
within plate granites, intruded in a crust of
thickness between 22 km and 30 km; with
Rb/Sr ratios range from 0.1 to 1.0 during crys-
tallization of monzogranites but Rb/Sr ratios
range from 1.0 to 10.0 during crystallization
of syenogranites. The geochemical ratios of
the studied younger granites show similarity
to a great extent suggesting that these granites
represent outcrops of one batholith and origi-
nated by magmatic differentiation of the same
magma.

The syenogranites could be considered as
uraniferous granites, originated from highly
fractionated, U-rich magma. Their uranium
content ranges from 14 to 19 ppm, their eTh
/eU ratios are very low (1.63-1.93) with Zr/Sr
ratios are more than 2. They are highly differ-
entiated, peraluminous, two feldspars and two
mica granites.

Both uranium and thorium are essentially
concentrated during the magmatic stage in
accessory minerals as apatite and zircon. The
secondary processes as fracturing and altera-
tion processes allowed the meteoric water
and hydrothermal solutions to liberate labile
uranium and redeposited their loads along
microfractures. This idea is supported by in-
creasing uranium content in the accessory and
secondary minerals from monzogranites to
syenogranites. Accordingly, in syenogranites
uranium was mainly trapped in both accessory
(zircon and apatite) and secondary (hematite
and fluorite) minerals, but in monzogranites
uranium is only restricted to accessory miner-
als (zircon, sphene and apatite).

Pegmatites show higher U-contents rela-
tive to both types of the studied younger gran-
ites. Pegmatites could be classified into two
separate groups: 1) Mineralized pegmatites
located within the syenogranites. They pos-
sess secondary uranium mineralization (ura-
nophane) and 2) Non-mineralized pegmatites
which are distributed within the monzogran-
ites and show lower U-contents relative to the
first type
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