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OD Abu Nasser area covered by metavolcanic rocks that have been intruded by younger

granites. In addition to uranium-containing fluids, the younger granites occupy central,
northweastern, and southeastern parts of the area; they form moderate to high outcrops and have sharp
intrusive contacts with the surrounding metavolcanics. Hydrothermal alterations significantly affected
these highly jointed rocks, particularly along faults and shear zones. Petrographically, the younger
granites are monzogranites; they have essential minerals such as biotite, muscovite, quartz,
microcline, perthite, and plagioclase. A common feature is enhancement in more mobile elements like
K and U. Uranophane, fluorite, and zircon were found as accessories in mineralogical investigations
and XRD studies. Radiometrically, the two anomalous are recorded, where they are enriched in
uranium. Two U-mineralized zones (I and 11) have been recorded associated with the studied granites.
Zone (1) contains U values ranging from 99 to 470 ppm, whereas zone (I1) has U levels ranging from
90 to 160 ppm. Granitic rocks are uraniferous because they have enrichment with uranium. While
inter-element interactions confirm that radioelement distributions are hydrothermal and magmatic,
field studies reveal that uranium distributions are litholigically and structually controlled. Radiometric
studies indicate that the U and Th distribution in Rod Abu Nasser younger granite is mainly controlled
by magmatic processes, although some secondary U enrichment processes affect in the anomalies by

adding U by hydrothermal solutions.

Keywords: Rod Abu Nasser, younger granites, U-bearing granites.

1. Introduction

Granitoids cover large areas of the Arabian-Nubian
Shield. More than 35% of Egypt's basement rocks are
composed of this important rock group, which covers
an area of around 35km2. During the formation of the
Arabian Nubian Shield (ANS) (around 820 to 570
Ma) through several tectonic settings, granites were
replaced with changes in the major and trace element
content (Azer and Asimow, 2021). Egypt's basement
rocks are distinguished by their extensive dispersion.
With some overlap in their dates, post-orogenic
granites generally changed in nature from calc-
alkaline (630-600 Ma) to alkaline (610-590 Ma)
(Helba et al., 1997; Abou EI Maaty et al., 2011; Ali et
al., 2009; Eliwa et al., 2014; El Hadek et al., 2016;
Abu EI-Rus et al., 2017; Sami et al., 2017, 2018;
Heikal et al., 2019; Azer et al., 2019, 2020; Seddik et
al., 2020; Abuamarah et al., 2021).

Granites of Gabal Magal Gebriel are highly
fractionated, show metaluminous nature, and were

derived from tonalite (intermediate magma) or crustal
sources. They are anorogenic granite (A-type)
(Moghazy, 2022). Granitoids are highly fractionated
I-type igneous complexes that are shallowly replaced
A-type and A-type igneous. These post-orogenic
granites' abundance is evidence that materials have
been added to the ANS's juvenile crust. In highly
altered granites, elements such as Li, Be, F, Zr, Nb,
Mo, Sn, Ta, W, Pb, Th, and U, and high
concentrations of rare earth elements (REE) are
found. (i.e., Sabet et al., 1976; Linnen et al., 2012).
Rare-metal granites are found in Egypt's Eastern
Desert. The nonchondritic values of isovalents
illustrate the dual impact of hydrothermal solution and
water on the alteration processes of these rocks. Late
alteration processes lead to increments and
decrements in some elements and the formation of
new minerals (El Shaib et al., 2024). Metals in U
mineral systems come from U-rich igneous rocks. The
broad regional association between known U deposits
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and igneous rocks with high U abundances provides
evidence of the relationship (Lambert et al., 2005).
Uranium deposition solely depends on magmatic
processes (partial melting or fractional crystallization)
(International  Atomic Energy Agency, 2012).
Uranium is unstable and hydrothermal or suprasurface
fluids can move it (Cuney, 2014; Saleh & Kamar,
2018). U and Th distribution in Rod Abu Nasser
younger granite is mainly controlled by magmatic
processes, although some secondary U enrichment
processes affect some samples by adding U leached
from other places to them. The various volcanic rocks
of the Magal Gebriel were formed through fractional
crystallization of the initial magmas (Mahfouz, 1998).
In the Magal Gebriel region, the enrichment of the
subarc mantle in the subduction-derived component
was modeled. Ba > Rb > K > La > Sr > Ce typically
have lower concentrations than on other island arcs in
the western Pacific and Mexico (El Shazly & Hegazy,
2000).The emplacement of ophiolites in the area of
Abu Swayel and the accretion of terrains occurred
earlier than 702 £ 10 Ma. The congested oblique
subduction mode is the suggested -evolutionary
tectonic model for the western portion of the Allagi-
Heiani Suture (2017). The secondary uranium
minerals, like uranophane, and thorium minerals, such
as thorite, in addition to zircon, allanite, fluorite, and
titanite, are the main mineral associations. Granitic
rocks were intruded by several dikes of various
compositions. Moghazy (2022). Late alteration
processes lead to increments and decrements in some
elements and the formation of new minerals. The
ratios of La/Y of the syenogranite and alkali feldspar
samples are <1, indicating that the magmatic medium
was acidic. The tetrad conjugate M-W effect in the
alkali feldspar granite clears the processes of
alteration and may clarify the existence of gold
mineralization El Shaib et al (2024). Egypt's younger
granites can be divided into three categories: a) calc-
alkaline granodiorites with a subduction; b) suture-
related granites with folding and thrusting in a
thickened crust; and c) intraplate, anorogenic granites
with hot spots and incipient rifting. Granites (G2) of
Hussein et al. (1982) and the late-to-post-orogenic
plutonites of El Shazly (1964) are similar to the
granites of the Rod Abu Nasser area. Numerous
authors have previously investigated the granitic rocks
of the Rod Abu Nasser region, including Hume
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(1935), Sadek (1978), Farag (1990), Kamel (1993),
and Ibrahim (1996).
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Fig. 1. (@) Sketch map showing the Arabian-
Nubian Shield geology. (b) Geologic map
of the basement terrains of the Eastern
Desert after Liégeois and Stern (2010). The
tectonic boundaries are after Stern and
Hedge (1985). The study area is located
within the rectangle.
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Fig. 1. (c) Geogical map of Rod Abu Nasser area modified from Farag (1990).

2. Materials and Methods

2.1. Methods and Techniques

The high radioactive samples were collected from
the study area as 10 from zone | and 6 from zone II.
These used to separate heavy minerals. Samples
were crushed, ground, and sieved, subjected to a
heavy liquid separation process using bromoform
(sp. gr. 2.87) to separate light and heavy fractions,
followed by removal of magnetite by hand magnet.
A binocular stereomicroscope was used to carefully
examine the fractions that were obtained. In the
NMA Labs, a Phillips XL 30 Scanning Electron
Microscope (SEM) was used for semi-quantitative
(EDX) analyses to identificate the selected
minerals. Also, some autoradiographs of uncovered
thin sections have been developed for studying the
radioactive. The accuracy of EDX analysis takes
place by ZAF. When performing quantitative
analysis, a ZAF correction takes into account the
following three effects on the characteristic X-ray
intensity: 1) the atomic number (Z) effect, 2) the
absorption (A) effect, and 3) the fluorescence
excitation (F) effect. These three effects are
described below. ZAF is the abbreviation for the
effects. When preparing a variety of standard
specimens, from simple substances to compounds,
the ZAF correction method is most commonly
used. The other correction methods include the (pz)
method. The XRD patterns were obtained using a
Malvern Panalytical Empyrean X-ray

diffractometer with CuKo radiation (A=1.5418 A)
operating at a tube voltage and current of 40 kV
and 30 mA, respectively. Diffraction patterns were
recorded in the range between 5° and 75° (2q) and
were compared with existing patterns in powder
diffraction files (PDF). In the Nuclear Materials
Authority's laboratories, 24 granite rock samples
were chemically analyzed for major oxides and
trace elements. Using lithium tetraborate as a flux,
fused pellets prepared by Shapiro and Brannock's
(1962) method were used to determine the major
elements. On pressed powder pellets, some trace
elements were tested. Using Govindaraju's data
(1984), all XRF elements were calibrated against
recommended values from international standards

2.2. Geological Settings

The Rod Abu Nasser area is located around 170
kilometers southeast of Aswan City in Egypt's
southeastern desert. The area is situated between
22° 52\ - 22° 58\ N and 33° 33\ - 33° 43\ E and
covers about 235 km2 (Fig. 1) . At the Rod Abu
Nasser area, the granitoid rocks are forming
separated elongated plutons in the northeast and
southeast with small outcrops of granodiorite in the
northwest. The study area comprises island arc
metavolcanics and syn-late tectonic granitoids
(quartz diorite-tonalite and granodiorite) intruded
by granites rocks. A low-grade metamorphosed
volcano-sedimentary ~ sequence intruded by
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granitoid rocks represents the region's igneous and
metamorphic rock composition (Fig. 1c).

I-The island arc metavolcanics are the oldest rock
units in the study area and crop out in the south and
western parts of the mapped area. The
metavolcanics occupy the south and western parts
of the study area as elongated belts, forming low to
moderate relief (Fig. 2a). They are represented by
metabasalt, meta-andesite, and metarhyolite and are
intruded by monzogranites, commonly with sharp
intrusive contacts (Fig. 2b).

Granitoid rocks include older and younger varieties.
II- Diorite and granodiorite are intruded by
monzogranites and have xenoliths with different
shapes and sizes of metavolcanics (Fig. 2c). They
are of limited distribution as low hills restricted to
the northern part of the area, with grayish to pale
reddish color and medium to coarse grain.

The younger granites are distinguished by their
moderate topography and are represented by Magal
Gebriel granitic masses. It comprises monzogranite,
and alkali feldspar granite.

I11-  Monzogranites occupy the central,
northweastern, and southeastern parts of the
mapped area as medium- to coarse-grained. They
intruded the metavolcanics with sharp, intrusive
contact. These rocks are highly jointed and
characterized by exfoliation, weathering, and
boulder appearance. The post-tectonic granites of
the Rod Abu Nasser area form separated plutons
with general extension along the NW-SE direction.
These granitic rocks are characterized by their high
radioactivity. ~ They  intrude  island  arc
metavolcanics, syn-late tectonic granitoids (quartz
diorite-tonalite and granodiorite). These granitic
rocks comprise two mineralized zones; the first
zone (zone 1) forms the major part of the area,
which is  represented by medium-grained
monzogranite. The second zone (zone I1) is fine- to
medium-grained monzogranite and located in the
northern corner of the mapped area (Fig. 1). The
field radiometric survey revealed high intensity of
radioactivity in the monzo- and alkali feldspar
granite, especially in altered zones of the
hematitized and kaolinized granites, mainly along
the intersected fracture planes trending in NE and
NW directions. The first zone (zone 1) has high
field radiometric measurements and is highly
fractured and sheared compared to zone I1.

IV- Alkali feldspar granite occupy small outcrop
in the southeasten part of the mapped area as fine-
grained, moderate topography and highly structure.
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V- Dykes, the area are dissected by a series of
faults commonly trending in the NE-SW, NW-SE,
ENE-WSW, NNE-SSW, and E-W directions. The
field studies indicated that along faults and shear
zones, these granites are affected by hydrothermal
alterations. The field studies show the presence of
several radiometric anomalies near the tectonic
contact between the post-tectonic granites and the
island arc meta-volcanic (meta-andesite). Uranium
mineralization is distinguished along the NW, NE,
E-W, and N-S shearing directions (Moghazy,
2022). Mineralized fractures are highly sheared and
altered in both zone (I) and zone (II).

grained monzogranite (mz) zone |
showing exfoliation and vertical joints.

-

2b. General view for intrusive contact between
Rod Abu Nasser medium grained
monzogranite zone | to east and island
arc metavolcanics (mv) to west.
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2c. Close up view show of xenoliths of island arc
meta-volcanics (mv) in the medium
grained monzogranite (mz).

2.3. Petrography

Quartz, microcline, perthite, albite, plagioclase, and
lethic mica (muscovite and biotite) represent the
mica composition of the pink granitic rocks (Fig.
3b), zircon, uranophane, iron oxides, and fluorite
are the accessory minerals associated with
extensive alteration. Mineralized zone (1) is
extensively mineralized. Alkali metasomatism Play
a great role in localization of uranium
mineralization that associated with ilmenite,
dendritic manganese and iron oxides (Fig. 3c).
Secondary Uranium mineralization ar represent by
uranophane which fill fractures and joints (Fig. 3e).
Zone Il is the altered zone of the medium-grained
granite which is mostly composed of microcline,
perthite, plagioclase, and quartz, with less biotite
and muscovite (Fig. 3a). K-feldspar and plagioclase
occur as cataclasis. Fluorite is surrounded by
interstices filled with microcline and quartz.
Phlogopite is found as long flakes, whereas biotite
is commonly altered to chlorite. Mineralized granite
is characterized by the presence of ilmenite and
zircon. The secondary uranium mineralization is
associated with  Sericitization, kaolinitization,
chloritization, and hematitization that result from
the reaction with the ore bearing fluids the
feldspare forming granites (Fig. 3a, ¢, and d). The
joints striking N20oW, N10,-15,E, N70,E, N-S,
N40,W, and E-W are the only places where the
intense uranium mineralization is found. Joints can
be spaced from a few millimeters to six centimeters
apart, and they are occasionally filled with kaolinite
and other alteration products. Actually, a network
of cracks and fissures that were created by these
joints served as channels and pathways for the
mineralizing fluids (Fig. 3e).

2.4. Mineralogical characteristics

The petrographic identification of uranophane and
R-uranophane was confirmed by X-ray diffraction
analysis. Uranophane provides diagnostic reflection
at 7.83, 3.9, and 3.51, while diffraction of B-
uranophane is at 7.88/100, 3.94/80, and 2.99/70.
Uranophane can appear as more or less complete
pseudomorphs following uraninite crystals and
occupy the outer part in zonal alteration. The
analysis of the separated heavy minerals by X-ray
diffraction confirms the presence of zircon, fluorite,
and ilmenite. Occasionally found in mineralized
granite, these refractory opaque minerals and
accessories are good uranium accumulators.
According to Korzeb, S.L. (1977), the majority of
the secondary uranium minerals in the shear zones
are formed by replacing primary uranium-thorium
minerals (uraninite, pitchblende, and/or thorite)
with hydrothermal fluid-induced pH and/or Eh
changes. On the other hand, zircon and fluorite are
also studied.

24.1. Uranophane [Ca (UO,),(SiO3)(OH),.
5H,0]

Uranophane is visible as radial aggregates and thin
coatings that range in color from straw yellow to
lemon yellow along the fractures. The luster is
waxy or greasy, and the streak is pale brown or
brownish yellow, as confirmed also by ESEM (Fig.
43).

2.4.2. Fluorite (CaF»,)

The cubic crystals of fluorite have a variety of
colors, including white, yellow, green, pink, blue,
violet, and black (Fig. 4 b). The studied fluorite
occurs as Vviolet-colored euhedral to subhedral
crystals.

2.4.3. Zircon [Zr (SiOy)]

The structure of zircon's crystal in the studied rocks
of the study area ranges from short prismatic
crystals to blunted euhedral crystals. Their crystals
are translucent and have adamantine luster. They
are mostly honey-colored, occasionally stained with
iron oxides, and are colorless or pale yellow.
Zircon's ESEM analysis (Fig. 4c) reveals chemical
and crystallographic distortion.

2.4.4. llmenite (FeO-TiO,)

Magnetite and ilmenite can assist in the fixation of
uranium oxide from their uranyl solutions.
According to ESEM (Fig. 4d), ilmenite has an iron
black or asphaltic color and a metallic, dull luster
with a black strike.
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Fig. 3. Photomicrographs showing: a) high weathering of the granitic rocks showing sericitization (Ser).,
b) microcline, albite, and quartz as main minerals, ¢) microcline and quartz (Qz) filling the
interstice association with fluorite (Flu) showing hematitization (Hem)., and d) a photomicrograph
showing kaolinite (Kal) and biotite partially chloritized (Chl), excluding iron oxides in mineralized
granite zones Il. e) Uranophane (Ura) filling the fractures and joints in mineralized granite zones
1.
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Fig. 4. ESEM image, EDX analysis data and stereophotograph of a) uranophane, b) fluorite c¢) zircon and
d) ilmenite, from the mineralized zone (I and I1).

3. Results and discussion
3.1. Geochemistry

The geochemical study on the post-tectonic granites
of the Rod Abu Nasser area is based on 24 samples,
chemical analyses of the major and some trace
elements, representing non-mineralized and
mineralized granites (Tables 1, 2, and 3). SiO,
versus Na, O + K, O after Cox et al. (1979) shows
that the non-mineralized granite samples plot in the
granite fields (Fig. 5a). Based on the ratio between
P and Q classification suggested by Debon and Fort
(1983), where P=K-(Na+Ca) and Q=Si/3-
(K+Na+2Ca/3), the studied younger granite
samples (non-mineralized) plot in the adamellite
(ad) field (Fig. 5b). 100(MgO+FeOt+TiO,)
/SiOyversus (Al,04+Ca0) /(FeOt+Na,0+K,0) (Fig.
5¢) of Sylvester, P.J. (1989), the studied granitoid
rocks fall in the alkaline field. Using the AFM
diagram (Fig. 5d), these rocks are alkali-rich and
magnesium-ironpoor granites; according to the
dividing line of Irvine and Baragar (1971), these
rocks have a calc-alkaline affinity. Plotting the data
on the Na, O vs. K, O diagram (Fig. 5e), the

studied granites fall between 0.5 and 2.0
K, O/Na, O ratio and have an igneous protolith.
This indicates that these granites were crystallized
from potash-rich magma Raguin (1965). On this
diagram, the samples plot in the field of I-type
granites generated in a crust, the dashed lines after
White and Chappell (1983). They suggested
dividing the granitic rocks genetically into two
groups: those from igneous protoliths (I-type) and
those from sedimentary protoliths (S-type).
Normalization of the average composition of the
granitoids under consideration to the primitive
mantle Mc Donough and Sun (1995) (Fig. 5f)
shows a strong positive anomaly of U and a slight
positive anomaly of Rb, Zr, and Yb. A slight
negative anomaly of Sr and Ti is observed. This
negative Sr anomaly is mainly controlled by
plagioclase fractionation, while the negative Ti
anomaly is highly affected by early ilmenite
fractionation. These geochemical characteristics
suggest that the granitoids have undergone
significant differentiation processes, reflecting
changes in their source materials and crystallization
history. Additionally, the presence of these
anomalies can provide insights into the tectonic
setting and magmatic evolution of the region.
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Table 1. Chemical analyses of the major and trace elements of un mineralized granite of Rod Abu Nasser
area

Non-mineralized granite

1 2 3 4 5 6 7 8 Ave

Sio, 723 7132 722 7375 7235 7268 7511 7334 729

TiO, 0.15 0.2 0.14 0.12 0.09 0.05 0.2 0.05 0.3
Al,O3 149 1484 1528 1365 1436 152 1332 1331 144
Fe,O3 112 115 1.4 1.43 1.01 1.12 1.06 1.4 1.21
FeO 075 0.72 0.35 0.9 0.89 1.09 0.68 094 08

MnO 0.06 0.07 0.15 0.14 0.12 0.05 0.09 0.03 0.01
MgO 039 019 0415 0.14 0.29 0.19 0.17 0.38 0.23
CaO 065 066  0.67 0.45 0.47 0.28 0.59 058 0.54
Na,O 445 481 472 4.66 5.93 4.81 4.56 47 483

K,0 4.1 4.6 4.51 4.18 4.55 4.24 3.98 447 432
P,0Os 0.11 0.03 0.03 0.05 0.02 0.01 0.03 0.13  0.05
L.O.1 0.5 0.66 1 0.9 0.6 0.35 0.66 0.64

Total 99:48 99.25 100.6 100.37 100.68 100.07 100.45 99.97
Trace elements (ppm)

Rb 320 290 310 290 300 290 209 158 275
Ba 510 521 580 460 450 480 410 320 456
Pb 35 33 33 35 27 35 31 40 34.3
Sr 160 190 169 167 180 167 149 197 171
Y 60 63 62 50 64 50 59 65 66
Th 25 27 28 45 70 45 39 59 49
) 58 95 102 90 149 90 115 110 103
Zr 210 245 230 229 260 229 220 210 230
Nb 40 42 38 44 41 44 38 40 40.5
Yb 54 58 48 57 56 57 50 52 53
Cr 45 34 23 37 24 25 34 31 31.6
Ga 34 35 45 33 35 33 40 33 36

K,O/Na,0O 0.92 0.95 0.95 0.88 0.76 0.88 0.87 0.95 0.89
Th/U 0.431 0.28 0.2745 0.5 0.46 0.5 0.33 053 047

Rb/Sr 2 1.52 1.83 1.73 1.6 1.73 1.40 0.80 1.60
Q 28.92 2405 2591 2938 1933 27.13 31.83 27.21 26.72
Ab 37.65 40.70 3993 39.43 4852 40.70 38.58 39.77 40.66
Or 2423 27.18 26.65 24770 2688 25.05 23.52 2641 2557
An 2.50  3.07 3.12 1.90 0.0 1.32 2.73 2.01 2.08

Table 2. Chemical analyses of the U and Th elements of the Mineralized Zone (1) of Rod Abu Nasser area

Mineralized Zone (1)
9 10 11 12 13 14 15 16 17 18 Ave

Th 67 210 120 80 130 180 115 310 280 90 158
U 99 470 370 230 150 400 350 360 145 130 270
Th/U 067 044 032 034 08 045 032 08 193 069 058

Table 3. Chemical analyses of the U and Th elements of Mineralize granite Zone (11) of Rod Abu Nasser
area

Mineralize granite Zone (11)
19 20 21 22 23 24 Ave
Th 298 235 160 190 99 98 180
U 90 160 115 120 125 110 120
Th/U 331 146 139 158 0.79 089 15

Egypt. J. Geo. Vol. 69 (2025)
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Fig. 5. Whole rock geochemical diagrams of a) SiO, versus Na,O + K,O after cox et al (1979). b) P-Q
diagram after Debon and Fort (1988). ¢) 100(MgO+FeOt+TiO,)/SiO, versus (Al,O;+CaO)/ (FeOt+
Na,O + K,0) Sylvester, P.J. (1989). d) AFM diagram after Irvine and Barargar (1971). e) K,0O
versus Na,O after Raguin, (1965). f) Normalized trace elements primitive mantle Mc Donough
and Sun (1995).
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3.2. Tectonic Setting

In the most recent structural synthesis of the
Arabian-Nubian Shield in Egypt, Greiling et al.
(1994) emphasized that the collision ended between
615 and 600 Ma. The subsequent extensional
collapse occurred only within the 595-575 Ma
period and was followed by trans-compression
tectonics along major shear zones until 350 Ma. In
northeast Africa, post-collision A-type granitic
magmatism spans these two late tectonic stages.
Egypt's post-tectonic granites, also known as
younger, red, pink, or post-orogenic granites, were
emplaced as discordant bodies at shallow levels
between 600 and 580 Ma. The low initial Sr¥’/Sr®
ratio (0.7025) persuaded Rogers and Adams (1969)
to suggest that the post-tectonic granites are of
mantle derivation. The study granites fall into the
categories of island arc granitoids (IAG),
continental arc granitoids (CAG), continental
collision granitoids (CCG), continental epeirogenic
uplift granitoids (CEUG), and post-orogenic
granitoids (POG) when plotted against K20 (Fig.
6a).The plotting of Y+Nb versus Rb shows that the
granitoid samples plot within the plate granitic field
(Fig. 6b)

3.3.Petrogenesis of the granitic rocks

The Rb versus Sr diagram revealed that, the A-type
uranium-bearing granites, being formed from
magma generated from the lower crust and upper
mantle (depth-30 km) in within—plate crustal
environment Whalen et al (1987). The Rb/Sr ratio,
which is also affected by the mineralogical
composition of the residue after partial melting, has
been used to indicate the depth of magma
generation within the crust Condie (1973). The
Rb/Sr values increase in the presence of feldspars
and decrease in the presence of biotite in the
residue Hanson (1978). On the Rb/Sr diagram
(Fig.6¢) the studied granites plot above Rb/Sr =1
line, suggesting that, they were formed at depth of
more than 30 km Condie, (1973) differentiated
from lower crustal to upper mantle magma. Plot of
the granitoids near or within the center of the Qz-
Ab-An diagram (Fig.6d), suggests that their
crystallization was at a temperature range of about

800-850 ¢° after Tuttle and Bowen (1958). All
samples of younger granite fall in a field of low to
moderate water-vapor pressure, ranging from 1 to 5
k bars when plotting on the ternary diagram of the
normative values of Q-Ab-Or of the studied granitic
rocks (Fig. 6e). According to Luth et al (1964) "the
water vapor pressure increases with increasing Ab”
the younger granites plot relatively near to or side
of the minimum melting curve and moderate water-
vapor pressure. Rod Abu Nasser granites were
emplaced at shallow depth in the crust.
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Fig .6. Tectonic setting geochemical diagrams
showing: a) SiO, versus K,O after
Maniar and Piccoli (1989). b) Y+Nb
versus Rb, after Pearce et al (1984).
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Fig. 6. ¢) Rb versus Sr after Condi (1965). d) Normative Q-Ab-An isobaric equilibrium ternary after
Tuttle and Bowen (1958). €) Normative Q-Ab-Or ternary diagrams 5, 10 K-bar after Luth et al.

(1964).
3.3. Petrogenesis of uranium and thorium

Strike-slip faults, joints, and shear zones, which
have uranium solutions, are the structures that
control the presence of radioactive anomalies.
Structural control, leaching, and secondary
hydrothermal solutions all affected the radioactive
anomalies in the area under investigation. The
leaching means that the uranium has been leached
from other surrounding rocks to the place of
precipitation then transported using circulating
groundwater, and finally deposited in its present
location. i.e., the source of uranium, especially in
the shear zone, may come from leaching of
surrounding rocks, especially granitic rocks, as well
as from ascending hydrothermal solutions (El
Afandy et al., 2022; El Feky et al., 2021; El
Mizayen et al., 2019; and El Mizayen et al., 2021).
U and Th have a tendency to concentrate in a
residual melt during magma crystallization because
of their high charge and large ionic radii. In the
final stages, they tend to enter in the minerals
substituting elements such as Nbs,, Tas., Zrs. , Cés
and Y, or form their own minerals, e.g., uraninite,
coffinite, uranophane, thorite, and thorianite. The

Egypt. J. Geo. Vol. 69 (2025)

rocks, which represent products of crystallization of
highly evolved magmas, are richer in compatible
elements, including U and Th, than most other
igneous rocks. In general, U and Th increase during
magmatic differentiation progress from basaltic
rocks to low-Ca granites, i.e., with increasing silica
content. In the Rod Abu Nasser granites a U-Th
relationship shows a positive relation. A plot of
uranium versus silica (Fig. 7a) can obtain sharp
discrimination between mineralized and non-
mineralized granitoids, where the mineralized
granites cluster at the high U field (zone I). Their
magmatic development in zone | is further
supported by their strong positive correlations with
the major elements SiO, and U, but unmineralized
granites from Rod Abu Nassr and zone Il show
faint positive correlations (Fig. 7a). The studied
samples are divided into two fields based on the
degree of U-enrichment, as shown by the U-Th
diagram (Fig. 7b). The unmineralized granitoids
with high Th/U (~2), where the two radioactive
elements are of orthomagmatic origin, are
represented by the first trend. Plotting the U
contents against the Th contents reveals the
relationship between the U and Th contents in zone
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I. It shows a strong positive correlation between

o P A : by | *™F ' '
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magmatic differentiation. The U-Th relationship in “5 ..!
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7b).The considerable enrichment of U/Th in the =
mineralized granites is shown by the second trend. wE E
Diagrams of U-Th and U/Th (Fig. 8a, b, c, d, e, and
f) make it evident that every sample under study L ‘ ‘
follows a downward trend, suggesting that the Th/U ! 10 100 1000
ratio was primarily controlled by the U-enrichment U (ppm)
found in most granitic samples. According to Speer Fig .7. a) SiO, versus U ppm. b)U versus Th
et al. (1981), post-magmatic processes may cause ppm.
fractures and microcracks to fixate migrating
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Fig. 8. The relation between chemical a) U-Th and b) U-Th/U (unmineralized granite), ¢) U-Th and d) U-
Th/U (mineralized zone 1), and e) U-Th and f) U-Th/U (mineralized zone Il) for the studied Rod

Abu Nassr area granites.

4. Summary and Conclusions
The study area includes  granitoids,

metavolcanics, and the oldest volcano-
sedimentary sequence. Polarized, binuclear, and
environmental scanning electron microscopes
were used to analyze the granitic rocks, which
were studied for major and trace elements by X-
ray fluorescence and ICP-ES techniques. The
younger  granites are  represented by
monzogranite and alkali feldspar granites. The
altered fine-to-medium-grained monzogranite
(mineralized granite) is mainly composed of
microcline, perthite, plagioclase, quartz, and less
abundant biotite and muscovite. The accessory
minerals are zircon, fluorite, and garnet. In the
northern part of the Rod Abu Nasser area, the
secondary uranium minerals are represented by
uranophane. Field radiometric survey revealed
high intensity of radioactivity in the younger
granites as a result of hydrothermal alteration
along joints and fracture planes. Uranium
minerals could be noticeable, mostly in the NW-
SE, NE-SW, E-W, and N-S fractures and joints
along highly sheared zones (zone 1). As an
observable, uranophane fills the joints and
fractures associated with manganese oxides,
varieties and its mobilization away from thorium.
As a moderate positive correlation between Th
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iron oxides, and violet fluorite with yellow-
lemon colors. Uranophane is generally stained
with hematite because of the ability of iron
oxides to adsorb uranium from circulating
solutions or due to the prevalence of oxidation
conditions that cause the precipitation of
uranium as Us.. Geochemically, the studied
granites are classified as monzogranites that
originated from calc-alkaline magma. The
studied granite (I-type) reflects that they are
post-collisionally derived in a within-plate
tectonic setting. These granites were formed
from partial melting of the lower crust with
contribution of upper mantle, generating magma
(depth ~30 km) in an intraplate crustal
environment. U-Th shows a  positive
relationship, where the two radioactive elements
are of orthomagmatic origin. U and Th in the
mineralized zone (I and Il) revealed enrichment
of U in zone | rather than zone II. It also
indicates high enrichment by leaching of
uranium from other rocks as well as by
hydrothermal solutions. Correlation between U
and Th/U in syeno- and alkali feldspar granites
suggests U oxidation in the two rock
and Th/U in mineralized zone (I and I1) granites,
while there is an ill-defined relation in non-
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mineralized granite, suggesting U migration
away from thorium by mineralizing solutions.
All the previous relations clarify that U-
mineralization in the studied area is not only
magmatic but also hydrothermal.
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