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Abstract: The studied area is located between latitudes 24o38′ 36〃to 24o 39’ 21〃N and longitudes 34o 47′ 03〃 to 

34o 48′ 06〃E, which contain psammitic gneiss, ophiolitic mélange, monzogranites, and lamprophyre dykes. The rocks are 

jointed, sheared, mylonitized, and hematized and showing silicification. Petrographically the gneisses are composed of 

quartz, plagiocalse, k-feldspar and biotite. Sericitization and chloritization are the main alteration processes. The studied 

gneisses are considered high uranium high thorium rocks and show evidences of uranium migration. The presence of M-W 

type tetrad effect in these rocks illustrate vigorous physic-chemical changes associating with gold mineralization. 

Fractionation of isovalents confirm these changes. The detailed mineralogical studies indicate the presence of mineral 

groups such as accessory minerals (zircon, apatite, aeschynite and columbite), the radioactive minerals (kasolite, torbernite, 

thorite, and uranothorite) and base metals (gold, bismite, cassiterite, chalcocite, and Sphalerite).  

Keywords: gneisses, Sikait, paragneiss, Eastern desert. 

 
 

 

1 Introduction  

Wadi Sikait area is about 95 km southwest of Marsa Alam, 

in the south Eastern Desert (ED) of Egypt. The Nugrus – 

Sikait area covers about 320 km2 and constitutes a part of 

the Arabian Nubian Shield (Fig. 1) bordering the major 

shear zone known as Nugrus thrust fault [1], or Nugrus 

strike-slip fault [2] and Sha’it-Nugrus shear zone. [3] 

illustrated this shear zone as a boundary between Hafafit 

complex (high-temperature metamorphic rocks) in the SW 

and Ghadir group (mainly low-grade ophiolitic and arc 

volcanic assemblages). The Nugrus thrust runs along the 

upper part of W. Sikait in NW direction till the southern tip 

of G. Ras Sha’it, then swings to a southwestward direction 

along W. Sha’it west of G. Migif. W. Abu Rusheid lies in 

the west of W. Sikait and Sikait- Abu Rusheid pluton is 

elongated in NW-SE (12 km in length) and thinning in NE-

SW (3 km in width). 

In the northern part of the wadi, metamorphosed sandstone 

existed in two parts and has a high concentration of 

uranium and molybdenum. There are also gneiss rocks that 

occur in the middle part of W. Sikait, which contain  

 

radioactive minerals like thorite, uranothorite, and base 

metals.  [4], [5],[6], [7]. 

The present study aims to throw light on the mineralogical 

and geochemical characteristics further to the radioactivity 

of the mineralized zone of wadi Skait psammitic gneiss at 

the contact of ophiolitic mélange, the monzogranites rocks 

and cutted by lamprophyre dykes.  

2 Materials and Methods 

A portable differential gamma-ray spectrometer model Rs-

230 BGO Super-Spec, serial No. 4333, manufactured by 

Radiation Detection Systems AB, Backehagen 35, SE-

79191 FALUN, Sweden was used to collect field 

radiometric survey measurements of eU (ppm), eTh (ppm), 

and K percent. the reading was given directly every 30 

seconds. 

8 samples of psammitic gneiss and 10 samples from 

anomaly spots were carefully selected for the geochemical 

and mineralogical investigations. The representative 

samples (each sample weight approximately 3 kg) were 

collected from the selected stations depending on the 



246                                                                                              Ismail A.M..: Mineralogical, Radiological and Geochemical studies of…. 

 

 

© 2023 NSP 

Natural Sciences Publishing Cor. 
 

variation in composition and field radiometric 

measurements. 

The collected samples were crushed, grinded, and 

quartered. The sample was sieved into three fractions: 

<800µm, 800µm-63µm, and> 63µm. The fraction size 

ranging between 800µm-63µm for each sample was 

subjected to heavy liquid separation using bromoform 

solution (sp. gr. 2.81 g/cm3) to separate the heavy 

minerals. Under the Binocular stereo-microscope, the 

acquired heavy mineral fractions were studied. The picked 

mineral grains were investigated by Environmental 

Scanning Electron Microscope (ESEM) (XL30-ESEM, 

Philips) attached with EDX microanalysis unit 

developments in 30 kv. (low-vacuum) and by X-ray 

diffraction (XRD) technique for mineral identification 

(device model: Malvern Panalytical Empyrean, (2020) 

(Netherlands). These analyses were carried out in the 

laboratories of the Nuclear Materials Authority (NMA), 

Cairo, Egypt. many samples were chosen, prepared as thin 

sections, and studied using the transmitted light polarizing 

microscope (Olympus-BZ70) equipped with Olympus 

digital camera. 

A special process was required to determine the amount of 

gold in the sample. At EMRA, a fire assay analysis was 

performed. Fifty grams of sample (crushed and sieved to 

200 Mesh) were burned in the presence of alkali fusion 

agents. The chemical concentrations of the major oxides, 

trace elements, and rare earth elements (REEs) were 

determined in Acme Lab, Vancouver, Canada by 

inductively coupled plasma emission spectrometry (ICP-

ES). Detection limits for trace elements and major oxides 

were 0.01–0.5 ppm and 0.001 wt. %– 0.04 wt. %, 

respectively. The analytical accuracy, as calculated from 

replicate analyses, was 0.5% for major oxides and varied 

from 2% to 20% for trace elements. 

3 Geologic Setting 

The study area lies between latitudes 24
o
38′ 36〃to 24

o
 39

/
 

21〃N and longitudes 34
o
 47′ 03〃 to 34

o
 48′ 06〃E (Fig. 

2). The tectono-stratigraphic sequence begins from the 

oldest as follows; psammitic gneiss, ophiolitic mélange, 

monzogranites, and lamprophyre dykes [8]. 

psammitic gneiss striking NNE-SSW contacted elongate 

with the ophiolitic mélange from the eastern side and the 

monzogranites from the other western part. The rocks are 

jointed, sheared, mylonitized, and hematized. The rocks 

show silicification and banding with dipping 50°-69° to 

NNW-W directions (Fig. 3 a&b). The ophiolitic melange is 

concentrated in the eastern part of the mapped area and 

characterized by tectonically mixed fragments and blocks 

of ultramafic rocks within fine to coarse-grained matrix. 

There are sharp contacts with the mineralized zone of the 

gneisses in the western side of W. Sikait. It is composed 

mainly of melange matrix (mainly schists) that encloses 

abundant fragments of meta-peridotites, meta-pyroxenites, 

and metagabbros of variable sizes and dimensions [9]. 

Monzogranite rocks are concentrated in the western side of 

the mapped area. It is coarse to very coarse-grained, with 

K-feldspar crystals up to 2 cm in length, grey to white 

pinkish, and composed mainly of quartz, plagioclase, 

feldspars, and biotite.  The rock is jointed, sheared, 

mylonitic, and hematitized in some parts.  The porphyritic 

orthoclase perthite crystals form allotriomorphic plates 

showing preferred orientation parallel to the general 

direction of elongation of the biotite flakes.  

The basic dykes in the study area are lamprophyre dykes. 

These dykes are almost vertical dip strikes NNW-SSE and 

intrudes the ophiolitic mélange, psammitic gneiss and 

monzogranites. It varies in thickness from 0.5 m to 1.5 m 

and extends more than one kilometer and is cut by right-

lateral strike-slip faults. 

 
Fig. 1: The Arabian Nubian Shield (ANS), [10]. North 

Eastern Desert (NED), Central Eastern Desert (CED), and 

Southern Eastern Desert (SED). 

 

 
Fig.2: Geological map of W. Sikait, SED, Egypt [8]. 
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Fig. 3 a) banding in the gneisses with dipping 65° toward 

NW direction [8]. b) Shearing and hematitization of the 

psammitic gneiss. 

 4 Petrography 

Psammitic gneiss is composed of quartz, plagioclase, 

biotite in addition to a less frequent amount of potash 

feldspar (microcline, microcline-perthite) (Fig. 4a). Zircon, 

monazite, cordierite, radioactive minerals, and opaques are 

common accessory phases.  

The high-grade mineral assemblage is dominated by quartz 

(50 vol. %), plagioclase (30 vol. %), biotite (10 vol. %), K-

feldspar, and cordierite are occasionally present. 

Quartz is the most dominant mineral; it occurs in different 

forms reflecting variable degrees of dynamic 

metamorphism. The first stage is characterized by rounded 

to subrounded crystals, sometimes flattened with corroded 

boundaries preserving their wavy extinction (Fig. 4b).  

The second stage is characterized by polygonal texture 

(tripple junction) where the equidimensional grains may 

have well-developed crystal faces resulting in straight 

grain boundaries, and where triple junctions are common 

(Fig. 4c). 

The final intensive stage is characterized by the dominance 

of reworked quartz (fragmentation) and mortar texture 

formed during the event of dynamothermal metamorphism 

(Fig. 4d). 

Plagioclase is dominated over alkali feldspar and exhibits 

wedged and flexure twins (Fig. 4e). Plagioclase appears as 

hypidiomorphic and xenomorphic crystals showing cloudy 

appearance characterized by medium grain size with 

lamellar twinning. It shows preferred directional 

orientation (Fig. 4f) and moderately affected by stress 

represented by breaking, bending and then dislocation of 

plagioclase (Fig. 4g). Some crystals of plagioclase have 

wedges of quartz crystals (Fig. 4h). It encloses minute 

crystals of zircon and monazite (Fig. 4 e&f).  

K-feldspars are represented mainly by microcline and 

microcline perthite may occur as anhedral to subhedral 

crystals showing their characteristic cross-hatched and 

undulatory crosshatched twinning (Fig. 5a&b). Sericite 

represents the secondary phases where it is considered as 

an alteration product of K-feldspars (Fig. 5c). 

Mica minerals are represented by biotite, phlogopite, and 

foliated flakes of muscovite. Biotite occurs as medium-

sized flakes ranging from brown to greenish-brown in 

color; occasionally, it elongate parallel to the dominant 

foliation and alternating with the quartzofeldspathic 

components to produce the gneissose texture (Fig. 5d). In 

other samples, biotite is completely altered to chlorite and 

muscovite (Fig. 5e). Phlogopite occurs as stretched and 

deformed flakes with high interference colors (Fig. 5f). 

Muscovite is found as an alteration product of biotite 

"secondary muscovite" and is characterized by high 

interference color "fourth-order" (Fig. 5g).  

Cordierite mostly is a product of metamorphism, booth 

contact and regional. Cordierite mineral occurs in a wide 

variety of regionally metamorphosed paraschists and 

gneisses and has developed over a wide range of pressure 

and temperature conditions.   

Cordierite is present as hypidiomorphic crystals 

characterized by discontinuous twinning with wedged 

lamellae in the form of tip of a knife or pin which is 

characteristic in cordierite (Fig. 6a) or polysynthetic 

twinning (Fig. 6b).  

Accessory minerals are mainly zircon, monazite, and 

radioactive mineral. Zircon occurs as tetragonal crystals 

that could be categorized into two types; the first shows as 

coarse crystals (1.2mm length) long-prismatic forms with 

obvious zoning (Fig. 6c). The second type is short-

prismatic crystals exhibiting some features of radioactivity 

characterized by swollen and fractured boundaries 

(metamict zircon) (Fig. 6d). Sometimes zircon made 

denudation in mica (amoeboid fractured crystals) (Fig. 5f). 

Zircon is also present as euhedral crystal following the 

texture of gneissosity and perpenduclear on stress (Fig. 6e) 

or as distorted crystal (Fig.6f). 

Monazite occurs as euhedral crystals included in 

plagioclase and microcline-perthite (Fig. 4f). Radioactive 

material was recorded as yellow amorphous material 

associated with iron oxides filling the late-stage fractures 

associating with iron oxides in the studied gneiss (Fig. 6g 

&h). 
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Fig. 4. Photomicrographs in Sikait psammitic gneiss showing: - 

a) Bedding of quartz, feldspars and mafic, showing gneissosity, orientated gneissic foliation. CN. 

b) Flattened Quartz crystals with corroded boundaries showing wavy extinction, CN. 

c) Euhedral crystals of quartz showing tripple junction (Polygonal texture). CN.  

d) Fragmented quartz forming mortar texture, CN. 

e) Euhedral crystals of plagioclase encloses minute rounded crystals of Zr, CN. 

f) Oriented crystals of plagioclase with Carlsbad twinning, CN. 

g) Deformed crystal of plagioclase with dislocation, CN. 

h) Plagioclase crystal corroded by wedges of quartz crystals, CN. 
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Fig. 5. Photomicrographs in Sikait psammitic gneiss showing: - 

a) Subhedral crystal of microcline showing cross hatching, CN. 

b) Unhedral crystal of microcline perthite, CN. 

c) Subhedral crystal of sericite, CN. 

d) Foliated flakes of biotite, CN. 

e) Muscovitzation and chlorotization of BI, CN. 

f) Denudation of mica (phlogopite) by zircon, CN. 

g) Dissolution and replacement of quartz by secondary muscovite and Fe, CN. 
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Fig. 6. Photomicrographs in Sikait psammitic gneiss showing: - 

a) Discontinuous twinning with wedged lamellae in cordierite, CN. 

b) Polysynthetic twinning in cordierite, CN. 

c) Long-prismatic zircon with obvious zoning, CN. 

d) Euhedral crystal of metamectized zircon crystal, CN. 

e) Euhedral crystal of zircon following the texture of gneissosity and perpenduclear on stress, CN. 

f) Distorted crystal of zircon, CN. 

g) & (h) Opaque mineral surrounded by amorphous radioactive material, CN. 
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5 Mineralogy 

 

5.1 Radioactive minerals 

 

5.1.1 Kasolite [Pb(UO2) (SiO3) (OH)2] 

Kasolite is found as inclusion in quartz surface in 

gneisses and appear in pale yellow and greasy luster. The 

presence of kasolite was confirmed by X-ray diffraction 

(XRD), (Fig. 7a). The pattern shows the peaks at 2theta 

(30.61
o
, 29.21

o
, 25.15 

o
, and 27.10

o
) with d-spacing (2.92, 

3.06, 3.54, and 3.28 A
o
) respectively match PDF-2 Card 

No. (29-788) of kasolite mineral. ESEM and semi-quanti-

tative EDX analyses show that U concentration in kasolite 

(55-41 Wt. %) and Pb (35-36 Wt. %) (Fig.  7b).  

 

5.1.2 Metatorbernite [Cu(UO2)2(PO4)2-10H2O] 

 
The metatorbernite mineral structure is mainly 

composed of phosphate tetrahedrons linked to U-O 

groups that form distorted octahedrons. The arrangement 

of phosphates and uranium groups are in sheets form that 

are bounded together by water molecules. The presence of 

metatorbernite was confirmed by X-ray diffraction 

(XRD), (Fig. 7c) The pattern shows the peaks at 2theta 

(15.22
o
, 36.28

o
, 38.36

o
, and 26.90

o
) with d-spacing (8.64, 

3.67, 3.48, and 4.92 A
o
) respectively match PDF-2 Card 

No. (86-1787) of metatorbernite mineral. the remnant 

peaks refer to associated quartz mineral. The EDX 

analyses indicate the chemical composition is U (65 Wt. 

%), P (8 Wt. %) and Cu (10 Wt. %) (Fig. 7d).  

 

5.1.3 Thorite [Th(SiO4)] 

Thorite is a rare nesosilicate of thorium that 

crystallizes in the tetragonal system and is isomorphous 

with zircon and hafnium. It is the most common mineral 

of thorium and is nearly always strongly radioactive. The 

presence of thorite was confirmed by X-ray diffraction 

(XRD), (Fig. 8a). The pattern shows the peaks at 2theta 

(24.81
o
, 18.92

o
, 33.86

o
, and 50.22

o
) with d-spacing (3.58, 

4.68, 2.65, and 1.82 A
o
) respectively match PDF-2 Card 

No. (11-172) of thorite mineral. the other peaks refer to 

associated quartz mineral.  The obtained ESEM data and 

its EDX reflect the chemical composition of the thorite Th 

(60 Wt. %), Si (13 wt. %) U (8 Wt. %), (Fig. 8b).  

 

5.1.4 Uranothorite (U, Th) SiO4 

 

Uranothorite is considered as one of the 

radioactive minerals that are derived from the magma 

differentiation. Uranothorite may carry by the substitution 

for Th by U.  The EDX analyses show that uranothorite 

has Th (70 Wt. %), and U (15 Wt. %) with traces of Y 

and Fe (Fig. 8c).  

 

5.2 REEs minerals 

5.2.1 Monazite (Ce, La, Th) PO4  

In the study area, monazite appear in reddish-

brown color, opaque diaphaneity with vitreous luster. 

Monazite mineral identified by X-ray diffraction 

technique. its pattern (Fig. 9a) shows the peaks at 2theta 

(28.82
o
, 31.22

o
, 26.93

 o,
 and 21.20

o
) with d-spacing (3.09, 

2.86, 3.31 and 4.19 A
o
) respectively match PDF-2 Card 

No. (33-1095) of monazite mineral. EDX studies 

indicates various chemical compositions of monazite 

mineral, Th+ Si (25- to 38.5 Wt. %) and ∑REEs +P (45 to 

74 Wt. %) (Figs. 9 b-c). 

  
 

5.2.2 Rare Earth Silicate  

In some cases, there are enrichments in Si at the 

expense of P. The EDX analyses show variation in the 

light rare earth silicate (LREE = 75 – 79 wt. %) (Fig.9 d). 

 

5.3 Base metals  

5.3.1 Gold (Au)  

Gold (Au) is a transition metal between Ag and 

Rg in the chemical series of the Periodic Table.  It found 

in the earth's crust 0.0035 ppm [11]. Gold occurs 

primarily as native minute inclusions and confirmed by 

fire assay analysis (0.82 g/t), ESEM analysis shows (Au 

81- 50 Wt. %) (Fig. 10 a &b).  It occurs coexist with Ag 

and Cu (~5-50 µm). 

 

5.3.2 Bismite (Bi2O3) 
 

It is the oxidation product of various bismuth 

minerals. Minute grains of native bismuth like ice crystal 

in shape were identified by EDX and reach 5 µm and 

have Bi (88.7 Wt. %) (Fig. 10 c & d). 

 

5.3.3 Cassiterite (SnO2) 

Cassiterite is a tin oxide mineral with a chemical 

composition of SnO2. It is the most important source of 

tin, and most of the world’s supply of tin is obtained by 

mining cassiterite. The latter is more resistant to 

weathering than many other minerals. This mineral was 

recorded in gneiss as broad flakes (~20µm) and identified 

by X-ray diffraction technique. The XRD pattern (Fig. 

10e) shows the peaks at 2theta (26.59
o
, 33.89

o
, 51.78

 o,
 

and 37.99
o
) with d-spacing (3.35, 2.64, 1.76 and 2.36 A

o
) 

respectively match PDF-2 Card No. (72-1147) of 

cassiterite mineral. the remnant peaks refer to zircon 

mineral PDF-2 card no. (1-679). EDX analysis indicate 

the percent of Sn (86 Wt. %) (Fig. 10 f). 

 

5.3.4 Cuprite (Cu2O) 

https://en.wikipedia.org/wiki/Crystal
https://geology.com/minerals/
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It is an oxide mineral composed of copper 

oxide and is a minor ore of copper. Sometimes it called 

Ruby Copper and important ore of copper of secondary 

origin. Cuprite often occurs as well defined crystals 

embedded in oxidized portions of copper veins, and in 

masses in the midst of other copper ores, from which it 

was produced by oxidation processes. Cuprite suffers 

alteration very readily. It may be reduced to native 

copper, in which case the copper pseudomorphs the 

cuprite, or, on exposure to the air it may be changed into 

the carbonate, malachite, pseudomorphs of which after 

cuprite are common. The latter is recorded in paragneiss, 

having Cu 81Wt. % as confirmed by ESEM (Fig. 10 g).  

 

5.3.5 Chalcocite (Cu2S) 
 

This mineral is also a secondary copper mineral 

founded in or near the oxidized zone of copper sulfide 

deposits. Regarding the forming chalcocite from pyrite, 

[12] believes that fluids contain copper sulfate can 

convert it to chalcocite according to the following 

reaction during a contact with pyrite and produce iron 

sulphate: 

5FeS2 + 14CuSO4 + 12H2O = 7Cu2S + 5FeSO4 

+12H2SO4 

It has been proved that chalcocite can be a suitable host 

for concentration of silver element [13]. Chalcocite was 

recorded in paragneiss and has irregular shape and shows 

a variable size with Cu (43 Wt. %) and S (32 Wt. %) (Fig. 

10 h). 

 

5.3.6 Chalcopyrite (CuFeS2) 

 
Chalcopyrite occurs as subhedral to euhedral 

crystals ranging in size from 50 to 200 m. chalcopyrite 

mineral identified by X-ray diffraction technique. The 

XRD pattern (Fig. 10 i) shows the peaks at 2theta (44.21
o
, 

76.14
o
, 9.15

 o,
 and 75.52

o
) with d-spacing (3.04, 1.85, 1.59 

and 1.87 A
o
) respectively match PDF-2 Card No. (09-

423) of chalcopyrite mineral. 

The EDX analyses of the chalcopyrite reflect its 

chemical composition and gave Cu (35 Wt. %), Fe (21Wt. 

%), and S (26 Wt. %), together with minor Si and Ca (Fig. 

10 j). This mineral has been often transformed into 

oxidized and carbonate phases as a result of oxidation. 

According to [14], chalcopyrite turns to malachite 

(Cu2(OH)2CO3) on the effect of decomposition of diluting 

fluids with low copper concentrations and during the 

reaction with CO2, as follows: 

2CuFeS2 (Chalcopyrite) + 8.5O2 + 2H2O → Fe2O3 

+2Cu
2+

 + 4SO4
-2

 + 4H
+
 

Cu
2+

 + H2O → CuO + 2H
+
 

2CuO + CO2 + H2O → Cu2(OH)2CO3 (Malachite) 

 

5.3.7 Chrysocolla    

(Cu, Al)2H2Si2O5(OH)4•n(H2O) 

 
It is typically found as rounded masses or crusts. 

the EDX analysis shows it contain Cu (54 Wt. %), Si (17 

Wt. %), Al (8 Wt. %) with traces of Sn (10 Wt.%) (Fig. 10 

k).  

 

5.3.8 Sphalerite (ZnS) 

 
Sphalerite is tetrahedral sulfides group minerals 

and is recognized by its luster, density and may be 

confined with galena but yield a brown streak. It is found 

in hydrothermal veins with pyrite and magnetite. In the 

study area, sphalerite mineral identified by X-ray 

diffraction technique. The XRD pattern (Fig. 10 l) shows 

the peaks at 2theta (33.27
o
, 55.68

o
, 66.41

 o,
 and 76.84

o
) 

with d-spacing (3.12, 1.91, 1.63 and 2.74 A
o
) respectively 

match PDF-2 Card No. (77-2100) of sphalerite mineral. 

the EDX analysis shows it contain Zn (57 Wt. 

%), S (31 Wt. %), with minor amounts of Fe (7 Wt. %) 

(Fig. 10m). 

 

5.4 Nb- Ta Minerals 

 

5.4.1 Ferrocolumbite (Fe, Mn) (Nb, Ta) O4 

 
Columbite is iron-black, grayish, and brownish 

black, opaque, rarely reddish brown and translucent. The 

columbite group of minerals comprises many structurally 

related orthorhombic AB2O6 compounds (B= Ta, Nb). 

ferrocolumbite mineral identified by X-ray diffraction 

technique. The XRD pattern (Fig. 11 a) shows the peaks 

at 2theta (30.07
o
, 24.22

o
, 35.95

 o,
 and 25.19

o
) with d-

spacing (2.97, 3.67, 3.49 and 2.53 A
o
) respectively match 

PDF-2 Card No. (79-1521) of ferrocolumbite mineral. 

the EDX analysis shows it contain, Nb (54 Wt. %), Ta (4 

Wt. %) and Fe (17 Wt. %) (Fig. 11b). 

 

5.4.2 Aeschynite (Y,Ca,Fe)(Ti,Nb)2(O,OH)6 

 
The obtained results indicate that the chemical 

composition of the studied aeschynite crystals is Ti (19 

Wt.%), Nb (22 Wt. %), Y (15.6 Wt.%), Ta (2.2 Wt. %), 

U+Th (17 Wt.%), HREEs (8 Wt.%) and Fe (2 Wt. %) 

(Fig. 11 c)  

 

 5.5 Accessory minerals 

 

5.5.1 Zircon (ZrSiO4) 

 
Zircon is fairly resistant to normal chemical 

attack [15]. The metamict state (breakdown of the 

structure) in zircon may be due, at least in part, to the 

presence of radioactive atoms. Recently, zircon is used as 

a guide for U mineralization [16], [17]. Zircon mineral 

identified by X-ray diffraction technique. The XRD 
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pattern (Fig. 12 a) shows the peaks at 2theta (26.75
o
, 

35.40
o
, 19.78

 o,
 and 53.13

o
) with d-spacing (3.32, 2.53, 

4.45 and 1.72 A
o
) respectively match PDF-2 Card No. 

(81-588) of zircon mineral. 

In the present study, the separated zircons are 

euhedral to subhedral prismatic and with thick width, 

some grains are rounded, and with zoned core and usually 

contain brownish- black radioactive inclusions and have 

relatively large sizes (Fig. 12 b&c), some crystals occur 

as solid solution with fergusonite (Fig.12d); others 

contain inclusion of Bi (Fig.  12e). 

 

5.5.2 Xenotime (HREE, Y, PO4) 

 

Xenotime is a rare mineral which occurs, like 

monazite, as an accessory constituent in granite, gneiss 

and   gmatite veins and crystalline metamorphic rocks.  

Xenotime mineral appear in reddish brown, translucent to 

opaque. The mineral identified by X-ray diffraction 

technique. The patterns (Fig. 12f) show the peaks at 

2theta (25.79
o
, 34.93

o
, 51.60 

o
, and 19.53

o
) with d-spacing 

(3.45, 2.56, 1.77, and 4.54 A
o
) respectively match PDF-2 

Card No. (11-254) of xenotime mineral. The peaks at 

2theta (26.67
o
, 20.87

o
, 50.17

o
) refer to quartz mineral. The 

EDX data shows that xenotime is composed of Y (52 -24 

Wt.%), P (20-24 Wt.%) and HRREs (15.8-26 Wt.%) (Fig. 

12 g).  

 

  

 
 

 

Fig. 7 showing XRD pattern, EDX and BSE images of (a,b)  Kasolite, (c,b) metatorbernite uranium minerals. 
 

 

  
 

Fig. 8 showing (a,b)  XRD pattern, EDX and BSE images of  thorite mineral, c) EDX and BSE of  uranothorite mineral.
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Fig. 9 showing (a,b,c)  XRD pattern, EDX and BSE images of  monazite mineral. d) REEs minerals. 
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Fig. 10 showing XRD pattern, EDX and BSE 

images of: 

(a,b) gold. (C,d) bismite, (e,f) cassiterite, (g) 

cuprite, (h) chalcocite, (i,j) chalcopyrite, (k) 

Chrysocolla, (l,m) Sphalerite minerals. 
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Fig. 11 showing XRD pattern, EDX and BSE images of (a,b) ferrocolumbite mineral (c) EDX and BSE images of  

aeschynite mineral. 
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Fig. 12 XRD pattern of Back scattered images and EDX data of (a-e) zircon, (f&g) xenotime minerals. 

 

6 Geochemistry 

 
Eight representative samples of psammitic gneiss 

from Wadi Sikait were analyzed for their whole-rock 

major, trace and rare earth elements contents. The 

samples were analyzed by ICP-MS in the laboratory of 

Canada-Acme (Table 1,2). The analytical data have been 

plotted on diagrams to reveal the primary features of the 

protoliths. Geochemical data clearly reveal compositional 

variations of the primary sedimentary rocks. 

Ten samples were measured and analyzed 

radiometrically in the laboratory of Nuclear Materials 

Authority by NaI (Tl) detector (Table 3).  

The bulk-rock major and trace element geo-

chemistry provide, in some cases, major constraints on 

both the nature and the provenance of the putative 

protoliths for high-grade metamorphic rocks e.g. [18], 

[19], [20], [21], [22], [23]. 

The samples from the Sikait psammitic gneiss 

show a relatively wide compositional range with SiO2 

between 73.2 and 76.3 % and Al2O3 between 10.6 and 

14.9%. This is illustrated by a P2O5/TiO2 versus 

MgO/CaO discrimination diagram [24], which, because 

the samples mostly tend to cluster above the discriminant 

line separating igneous from sedimentary rocks, 

establishes that they were of sedimentary origin (Fig. 13). 

However, on this diagram it must be remembered that the 

discriminant line is interpreted as a maximum value for 

igneous rocks: sedimentary rocks directly derived with 

little weathering from an igneous protolith can also plot 

below the line in the igneous field. On this basis, therefore 

the Sikait metamorphic association should be regarded as 

paragneisses. The empirical discrimination ratio 

100TiO2/Zr (wt.% /ppm) based on transition metals (Ti) 

and HFSE (Zr), which are assumed to have an immobile 

behavior during metamorphism, is lower than 0.4 in all 

the analyzed paragneisses (Av. 0.015) and points to a 

significant input of psammatic material to the original 

clastic sequence [25], [23]. 

In the log Fe2O3/K2O vs. log SiO2/Al2O3 

classification diagram of [26], the investigated gneisses 

plot straddle between the lith-aranite, arkose and wake 

domains (Fig. 14). Also, discrimination of the protoliths 

after [27] pointing to greywake domain (Fig. 15). Th/Sc 

versus Zr/Sc diagram [28] indicated that the samples tend 

to have sedimentary recycling (Fig. 16). 

 

6.1 Rock alteration 

 
AKF diagram after [34] reveals that the most of 

studied psammitic gneiss samples have sercitie 

composition (Fig. 17). (MgO+Fe2O3) versus 

(Na2O+CaO) Diagram (Fig. 18) [35] pointed to the 

studied gneisses plotting in srectitization plagioclase 

destruction. 

The degree of source area weathering recorded can be 

determined by the chemical index of alteration, CIA [36]. 

This index can be calculated by: CIA = 

{Al2O3/(Al2O3+CaO*+Na2O+K2O)} x 100. CIA values 

for the studied gneisses samples have an average 61.8% 

(Fig. 19). indicative of low to moderate degrees of 

chemical weathering for the parent rocks. However, it has 

been argued that CIA may not directly reflect the 

paleoweathering conditions especially in sediments with 
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variable provenances. Plotting CIA into A (Al2O3) – CN 

(CaO*+Na2O) - K (K2O) compositional diagram can 

effectively evaluate chemical weathering, diagenesis 

metamorphism and source composition of clastic 

sediments [37], [38], [39], [40]. 
 

The CIA values are higher than average value of avarege 

upper contintal crust UCC [41] (50%) and fresh granite 

(47%). The higher CIA values suggest intense weathering 

of the first cycle sediment or recycling in humid and 

warm paleoclimatic conditions.  

Weathering effects also can be evaluated in terms of the 

molecular percentage of the oxide components, using the 

formulae: chemical index of weathering (CIW) = 

Al2O3/(Al2O3 + CaO* + Na2O) based on [42]. The CIA 

and CIW are interpreted in similar way with values of 50 

for unweathered upper continental crust and roughly 100 

for highly weathered materials, with complete removal of 

alkali and alkaline-earth elements [43], [28], [44]. Low 

CIA values (i.e. 50 or less) also might reflect cool and / or 

arid conditions [37]. The intensity of the chemical 

weathering can also be estimated using the Plagioclase 

Index of Alteration [31] in molecular proportions: PIA = 

[(Al2O3-K2O)/ (Al2O3 + CaO* + Na2O-K2O)] × 100. 

Unweather plagioclase has PIA value of 50. The PIA 

values for the Sikait gneisses have an average 65.9%, also 

indicating moderate degree of weathering. The 

Mineralogical Index of Alteration (MIA) proposed by 

[45] is another weathering parameter calculated as: MIA 

= 2*(CIA- 50). MIA values between 0 and 20% are 

designated as incipient, i.e. just starting; 20-40% (weak); 

40-60% (moderate) and 60-100% as intense to extreme 

degree of weathering. MIA value (Average = 24.33%), 

which indicates weak weathering condition.  

Average CIA, PIA and CIW values of the 

samples indicate moderate weathering in the source area. 

According to ICV values and major and certain trace 

elements of gneisses rocks suggest that these samples are 

derived from the felsic rocks.  

Some major element contents of rocks provide 

useful information on climatic conditions in the source 

area. On the binary SiO2 versus (Al2O3 + K2O + Na2O) 

diagram [46] studied samples plot in the semiarid climate 

field (Fig. 20). Moreover, in the ICV-CIA diagram (Fig. 

21), the samples are plotted in line between immature and 

mature, weak weathering areas, which suggest that the 

recycling did not have a strong effect on the CIA values, 

and the CIA values can reflect the paleoweathering 

conditions.  

hydrothermal and diagenetic alteration box plot 

diagram (Fig. 22&23) for Sikait gneisses samples, after 

[47], The alteration box plot is a graphical representation 

that uses two alteration indices: the Ishikawa alteration 

index (AI) = 100 (K2O+ MgO)/ (K2O + MgO + Na2O + 

CaO) and the chlorite carbonate pyrite index (CCPI) = 

100 (MgO + FeO) / (Mgo + FeO + Na2O + K2O. The 

samples ploted in the least altered box in the field of K-

feldspar-ab and Ab-Chl.   
 

6.2 REEs geochemistry 
 

Seven samples of psammitic gneiss were 

analyzed for REEs using the ICP-MS method (Table 2). 

Geochemistry of Rare earth elements (REEs) for the 

investigated psammitic gneiss reveal that the overall 

REEs ranges between 11 and 139 ppm for the psammitic 

gneiss. 

Figure 24 illustrates the REE chondrite normal-

ized patterns for representative samples of the paragneiss. 

Overall, these patterns are characterized by moderate 

LREE / HREE , flat HREE profiles and  negative Eu 

anomalies of small amplitude (Eu/Eu* = 0.2). These 

negative anomalies signify considerable metasomatism 

and fractionation. 

Rare earth element values are used as indicators 

of sedimentary provenance. Since they do not undergo the 

fractionation in granulite facies metamorphism, they yield 

reliable data for the interpretation of source rocks [48]; 

[49]. In chondrite-normalized REE diagrams, Eu 

anomalies are chiefly controlled by feldspar content of the 

rocks, because Eu is compatible in plagioclase and 

potassium feldspar. Negative Eu anomalies are present in 

all samples. The REE chondrite-normalized patterns and 

europium anomaly of clastic sedimentary rocks are also 

used to provide important clues regarding the source rock 

composition [41], [50]. 
 

Mafic rocks show less fractionated chondrite-

normalized patterns with low LREE/HREE ratios and no 

or small Eu anomalies, whereas felsic rocks usually show 

fractionated chondrite normalized patterns with high 

LREE/HREE and negative Eu anomalies [51], [52], [41] 

as in Wadi Sikait psammitic gneiss (Table 2).  

The perceptible negative Eu anomaly is either 

due to the partitioning of Eu into feldspar during 

fractionation, which is an important process in developing 

peralkalinity, or the presence of residual feldspar in the 

source [53].  

Another alternative explanation for the negative 

Eu anomaly is based on the high oxygen fugacity in the 

melt due to volatile saturation [54]. 

Ce/Ce* in all samples are positive Ce anomaly, 

suggests the oxidizing condition, under which the REEs 

were precipitated, where cerium oxidizes to its immobile 

Ce
4+

 state.   

Ce/Ce*=CeN/ (LaN× PrN)
 0.5

 

Eu/Eu*=EuN/(SmN×GdN)
 0.5

 

CC1, CC2 and CC3 ratios of the corresponding 

∑REE contents of a paragneiss variety to their total 

Clarke contents (∑REECl = 189.8 ppm, ∑LREECl = 158.4 

ppm; ∑HREECl = 31.4 ppm, after [55].  

Generally, there is enrichment in HREES in the 

most samples as compared with Clark values (Table 2). 
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Table 1 Chemical analysis of major oxides (wt.%), some trace elements (ppm) for Wadi Sikait psammitic gneiss. 

 

  1 2 3 4 5 6 7 8 Avg. 

SiO2 74.5 75.2 74 75 4257 73.2 76.3 74.82 74.78 

TiO2 05040 0504 05030 05..3 05000 05055 05053 0.08 0.08 

Al2O3 ..527 ..54. .0531 .7577 .1556 .7533 ..536 12.3 12.20 

Fe2O3 2571 1556 1531 7527 7554 15.7 7505 3.52 3.74 

MnO 050. 05077 05002 0507 050. 050.3 050.4 0.02 0.02 

MgO 05.2 05.7 0504 05.0 0500 05.0 05.7 0.1 0.11 

CaO 05.2 0510 05.4 0513 0504 0517 0517 0.33 0.31 

Na2O 251 151 157 1 050 153 154 4.2 4.35 

K2O .57 75. 15. 150 .57 053 753 2.98 2.76 

P2O5 0.009 0.009 0.011 0.023 0.002 0.021 0.021 0.01 0.01 

L.O.I 0.9 0.87 1.2 1.01 0.9 1 0.99 1 0.98 

Total 99.15 99.82 99.1 99.8 98.51 99.86 99.02 99.35 99.33 

S 0501 0504 0501 0501 0505 0575 0570 0.12 0.11 

CIA 63.05 62.82 55.68 58.25 76.52 59.49 60.23 62.17 62.28 

PIA 65.03 66.55 59.95 63.97 80.25 64.35 63.97 66.51 66.32 

ICV 1.06 1.03 1.25 0.94 0.5 1.02 0.86 0.93 0.95 

CIW 67.5 70.8 70.9 73.3 81.5 71.6 69.5 72.93 72.25 

MIA 26.1 25.64 11.36 16.5 53.04 18.98 20.46 24.33 24.55 

Ba 30 40 42 .60 75 40 47 84.2 81.2 

Rb .00 .3. 760 720 .34 .31 .30 198.7 186.7 

Sr 75 03 73 27 .0 03 02 32.5 31.9 

Y .63 .22 703 .57 .51 .44 .57 181 182.9 

Zr 300 221 22. 300 403 305 340 619.8 617.4 

Nb .20 .27 .76 .50 .10 .37 .70 147.2 147.5 

Th 70 0. 00 71 10 72 70 28.3 27.3 

Pb .0 .055 .7 7050 .2 552 6 13.1 12.7 

Ga 03 1. 10 00 73 17 11 37.2 37.0 

Zn 10 20 .0. 21 53 17 10 62.7 60.2 

Cu 20 ..52 20 70 .10 52 50 64.4 63.0 

Ni 0 .50 .50 0 7 057 0 2.3 2.4 

V 1 0 7 1 7 1 2 3.3 3.4 

Cr 57 20 00 70 44 23 20 48.2 52.4 

Hf 150 451 05. 0 .57 4.4 050 3.7 3.8 

Cs .57 .57 . 7 750 .57 .50 1.5 1.5 

Sc . 055 053 .57 052 . 055 0.8 0.8 

Ta .0 .0 ..52 4 .5. .. .. 9.1 9.2 

Co 053 054 053 .52 . 2 157 2.2 2.0 

Li 0. 20 70 23 05 06 1. 40.7 39.5 

Bi 5 3 3 052 .2 6 .0 7.8 7.8 

U .2 .0 .3 4 70 555 554 12.3 12.6 

W 5 6 ..52 .0 3 .752 .0 10.3 10.0 

Sn 10 57 72 00 34 10 10 47.3 46.4 

Mo 7 .54 .505 151 757 .51 .52 2 2.0 

Cd 05. 05. 05.7 0507 052 0511 051 0.3 0.2 

As 7 057 057 057 052 052 057 0.3 0.5 

Sb 0505 0503 0507 05.1 05. 0501 0501 0.1 0.1 

Ag(ppb) 70 70 70 70 30 70 70 26.7 25.8 

Zr/Hf 139.53 74.86 177.74 200.00 613.33 138.18 203.03 167.51 162.47 

Nb/Ta 15.00 11.69 11.22 25.71 127.27 14.73 10.91 16.18 16.03 

 

ICV = (Fe2O3+K2O+Na2O+CaO+MgO+MnO+TiO2)/Al2O3 [29]. 

CIA = (Al2O3/(Al2O3+CaO*+Na2O+K2O) x 100 [30]. 

PIA = 100 × (Al2O3-K2O) / (Al2O3+CaO*+Na2O-K2O) [31]. 
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Fig. 13 Discrimination diagrams showing the 

chemistry of the sedimentary rocks from which the 

Sikait  psammitic gneiss  are derived: Zr/TiO2-Ni 

plot after [32] distinguishing igneous from 

sedimentary fields.  

Fig. 14 Log (SiO2/Al2O3) versus log (Fe2O3/K2O) 

classification diagram of [26]. 

 
 

Fig. 15 Discrimination of the protoliths after [33] Fig. 16 Th/Sc versus Zr/Sc diagram [28] for the 

studied samples. 

  
Fig. 17  AKF ternary diagram, after [34] A= Al2O3 – 

(Na2O + K2O), K= K2O and F= FeO + MnO + MgO, 

Fig. 18 (MgO+Fe2O3)-Na2O+CaO) Diagram 

after [35]. 
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Fig. 19 Al2O3 – (Na2O + K2O) – K2O ternary 

diagram, showing the weathering trend, after [40]. 

Fig. 20 Bivariate SiO2 versus (Al2O3 + K2O + 

Na2O) paleoclimate discrimination diagram. Fields 

after [46] 

 
 

Fig. 21 CIA-ICV diagram after [38], [29]. Fig. 22 hydrothermal alteration box plot diagram 

for Sikait gneisses samples, after [47]. 

 

 

Fig. 23 diagenetic alteration box plot diagram for 

Sikait gneisses samples, after [47].  
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Table 2  Rare Earth elements of Wadi Sikait psammitic gneiss. 

 

sample 1B 2B 3B 4B 5B 6B 7B Av. 

La 2 6 13 21 1.1 6 6 8 

Ce 5 10 40 50 4 20 17 21 

Pr 0.7 1 5.2 6.5 0.5 2.5 2.3 3 

Nd 2.1 2.4 16 23 14 8.2 8 11 

Sm 1 1.2 5.4 6 0.5 3 3 3 

Eu 0.1 0.1 0.1 0.4 0.1 0.2 0.2 0.2 

Gd 1.5 2.2 4.3 6.3 0.5 3 3 3 

Tb 0.5 1 1.3 1.3 0.1 1 1 1 

Dy 3.5 10 10 8.5 2 7 8 7 

Ho 1 3 2 2 0.5 2 2 2 

Er 3.5 10 7 6 2 6.8 6.7 6 

Tm 0.6 2 1.2 1 0.3 1.2 1.3 1 

Yb 4 15 9 6 2 8 8.85 8 

Lu 0.6 2.2 1.2 1 0.4 1.2 1.3 1 

∑LREE 10.9 20.7 79.7 106.9 20.2 39.9 36.5 45 

CC1 0.07 0.13 0.50 0.67 0.13 0.25 0.23 0.3 

∑HREE 15.2 45.4 36 32.1 7.8 30.2 32.15 28 

CC2 0.48 1.45 1.15 1.02 0.25 0.96 1.02 1 

∑REE 26.1 66.1 115.7 139 28 70.1 68.65 73 

CC3 0.14 0.35 0.61 0.73 0.15 0.37 0.36 0.4 

Ce* 1.16 1.07 1.35 1.09 0.7 1.4 1.2 1.1 

Eu* 0.25 0.25 0.08 0.77 0.26 0.26 0.26 0.2 

t1 1.20 1.10 1.31 1.08 0.47 1.32 1.18 1.09 

t3 1.26 1.43 1.43 1.09 1.04 1.26 1.35 1.27 

t1-3 1.25 1.28 1.4 1.1 0.7 1.32 1.3 1.2 

t4 1.08 1.09 1.10 0.98 0.82 1.05 1.10 1.03 

t1-4 1.14 1.09 1.20 1.03 0.62 1.18 1.14 1.06 

Y/Ho 196 52 103 91 368 88 91 141 

Sr/Eu 280 360 260 130 100 180 175 212 

REEs/HREEs 0.7 0.5 2.2 3.3 2.6 1.3 1.1 2 

 
Fig. 24 Normalized REE patterns of the studied psammitic gneiss. The chondritic values are from [56]. 
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6.3 Tetrad phenomena 

 
Visual inspection suggests that the third tetrad in 

most samples is more prominent than the first and fourth 

curved segments. The second tetrad is comparably 

difficult to recognize due to the anomalous behavior of Eu 

and the fact that Pm does not occur in nature. Figure (24) 

and Table (2) show that the studied gneisses have strong 

M-type tetrad effect in the third tetrad. On the contrary, 

these rocks have lower values in the fourth tetrad with 

respect to the third segment and show strong W-type 

tetrad effect in sample B5. The presence of complex M-W 

type tetrad phenomena, suggest changes in physico-

chemical conditions that prevailed during hydrothermal 

alteration of these rocks and may illustrate the presence of 

gold mineralization as confirmed by mineralogical 

studies. MW-type tetrad effect may result from the 

interaction of aqueous liquids with alkaline rocks [57]. 

 

6.4 Fractionation of isovalents 

 

6.4.1 Nb/Ta and Zr/Hf ratios 
Nb and Ta have the same charge and ionic 

radius, so, their behavior in the geochemical processes are 

similar [58]. Though, their identical behavior, recorded 

Nb/Ta ratios are variable in different igneous systems like 

granites, peraluminous granites, and late magmatic fluids 

[59], [60], [61], [58], [62], suggesting their fractionation. 

The mobilization of Nb increases with temperature. [60]. 

This means that high Nb/Ta ratios occur in high-

temperature deposits, which may be connected to the 

destruction of biotite that contains Nb contents. In spite of 

their fractionations (Nb and Ta) increase with fluid 

temperatures [63], their solubilities in F-bearing solutions 

increase under reducing low temperatures conditions [64]. 

According to [65], the chondritic value of Nb/Ta is 17.6 ± 

1, Most samples have subchondritic Nb/Ta values while 

two samples only have suprerchondritic values (Table 1). 

The subchondritic values could be related to the M-type 

tetrad effect inherited from the surrounding granitic rocks 

while the suprerchondritic values connected to the 

solubility of these elements in low temperature F-bearing 

solutions. [66] reported Zr/Hf and Nb/Ta values range in 

oceans and sea waters are high (45-350 and 14-85, 

respectively). This may show that the low temperature F-

rich solutions could be sea or oceanic water. Zr, Hf, Nb, 

and Ta are highly soluble in the sea waters and oceans, so, 

Zr/Hf and Nb/Ta ratio could be an indication parameter to 

clarify the paleo-conditions of marine environments [67]. 

Zr/Hf Chondritic values are within the range of 26–46 

[68]. All the studied gneisses have superchondritic Zr/Hf 

ratio values, suggesting that the fractionation of Zr, Hf, 

Nb and Ta could be related to the effect of sea or oceanic 

water (Table 1). The subchondritic and suprerchondritic 

values could be related to M- and W-type tetrad effects. 

6.4.2 Y/Ho ratios 
Geochemically trivalent pairs such as Y and Ho 

represent similar behavior during geochemical processes 

in various geological environments such as seawater 

column and magmatic/hydrothermal systems [69], [70]. 

Moreover, fraction between these isovalent pairs due to 

different surface complex stabilities and rapid scavenging 

of Ho by Fe- and/or Mn- (hydro-) oxides lead seawaters 

to have Y/Ho ratios of 50-60 [71], [72], [73]. The 

gneisses have Y/Ho ratio ranges between 52 and 368, 

suggesting the effect of sea and ocean water in 

scavenging Ho with respect to Y. 

 

6.4.3 Sr/Eu ratio 
Sr/Eu ratio chonderitic value is 220 [74]. Sr/Eu 

ratio average of the studied gneisses is 212.13, which is 

lesser than the chonderitic value, which may related to the 

later alteration processes. 

 

7 Radioactivity 

 

Distribution of radioelements in the studied 

rocks 
Radiometric measurements using NaI (Tl) 

detector for radionuclides indicate that eU, eTh, RaeU and 

potassium ranges are (7.2-78 ppm), (11-62 ppm), (6-121 

ppm) and (0.7-5.6 wt.%), with averages 25.8, 27.75, 

30.17 and 3.57, respectively. The studied gneisses are 

considered high uranium high thorium rocks. Comparing 

the studied gniesses with similar local and international 

averages of radionuclides illustrate that these rocks have 

higher averages (Table 3). The high contents of the 

radioelements are mainly connected to the presence of 

radioactive minerals and radioelement-bearing minerals 

as clarified in the mineralogical studies.    

 

7.1 Equilibrium and disequilibrium  

The equilibrium state of the studied samples can 

be determined by calculating the equilibrium factor (P) 

which is the ratio of the radiometric uranium (eU) to the 

radium content (Ra) i.e., P-factor = eU/RaeU. If the P-

factor is greater than unity it means that recent addition of 

uranium took place, while P-factor <1 indicates recent 

removal of uranium. According to the above statements 

the gneisses samples in disequilibrium state P factor, 

where most samples have values lesser than unity, while 

the others are higher. the divergence of the samples may 

show the changes in the physic-chemical conditions that 

lead to complex process of removal and addition of 

uranium [79], [80].  

 

7.2 D-factor  

 

D-factor is the ratio between the chemically 

determined uranium and the radiometrically-measured 

uranium [81]. If the D-factor was more or less than unity, 

it indicates addition or removal of uranium respectively 

[81] and [82]. Results of confirm D-factor confirm the 
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removal addition process of P-factor, suggesting vigorous 

changes in physic-chemical conditions (Table 3). 

 

7.3 Authigenic uranium 

 
The ratio of Uch/Thch may be used as a redox 

indicator; U/Th ratio below 1.25 suggests oxic conditions 

whereas values above 1.25 suggest suboxic and anoxic 

conditions [83]). The Uch/Thch ratio (Av. 0.5 -0.93) in 

psammitic gneiss and spot anomaly respectively; indicates 

oxic condition.  

The authigenic uranium content is calculated as 

(Authigenic U) = U-Th/3. Values of authigenic uranium 

below 5 are thought to represent oxic condition, while 

values above 5 are indicative of suboxic to anoxic 

condition. The paragneiss samples value (Av.4.1) 

indicates oxic condition. 

 

7.4 Uranium mobilization  
 

The equation eU-(eTh/3.5) reflects the uranium 

mobilization. If result of this equation equals zero, it 

indicates that no uranium mobilization took place (i.e. 

fresh samples). When it is greater than zero it means that 

uranium was enriched (added to rock).  The negative 

values mean uranium leaching out. 

Nearly all samples of Skait gneisses plot above 

zero line, it means that uranium enrichments took place 

(Fig.25).  

 

7.5 Type and amount of mobilization  

  
The type (migration in or migration out) and amount of 

the mobilized uranium as well as its mobilization rate are 

calculated through the equations of [84]. 

(a) To calculate paleo-uranium background (i.e., original 

uranium content U), which means to multiply the average 

Th content detected from γ-ray spectrometric survey by 

average regional U/Th ratio.  

U0 =eTh* eU/eTh           (1)  

Where eTh* = is the average of the thorium content in a 

given geological unit; eU /eTh= the average regional 

eU/eTh ratio.  

(b) To calculate the amount of mobilized uranium (i.e., 

the amount of uranium migration Um) through the 

following equation:                 

Um=Up–U0                  (2) 

Where Up means the average uranium content.  

If Um >0, uranium migrated in the geologic body during 

late evolution.  

If U m <0, uranium lost in the geologic body during late 

evolution.  

If Um >2, lots of uranium migrated in.      

If Um < -2, lots of uranium migrated out. 

-2< Um <2, migration equivalent in and out. 

(c) To calculate the mobilized uranium migration rate.  

P%=Um/Up×100                (3) 

The values in the studied Skait gniesses are 

 U0=1.11x26 = 28.81                             Um= 22.22-

28.81= -6.59 

P=( -6.59/22.22)x 100= -29.66         

According to the above statements the Um value 

of gneiss samples indicate lots of uranium migrated out, 

which confirm equilibrium-disequilibrium studies. 

 

8 Summary and Conclusion 

 
The area lies between latitudes 24

o
38′ 36〃to 24

o 

39’ 21〃N and longitudes 34
o 

47′ 03〃
 
to 34

o
 48′ 06〃E 

composed mainly of tectono-stratigraphic sequence 

begins from the oldest as psammitic gneiss, ophiolitic 

mélange, monzogranites, and lamprophyre dykes. The 

gneisses striking NNE-SSW.  gneisses are jointed, 

sheared, mylonitized, and hematized. Petrographical study 

cleared that the psammitic gneiss composed of quartz, 

plagioclase, biotite in addition to a less frequent amount 

of potash feldspar (microcline, microcline-perthite). 

Zircon, monazite, sericite, cordierite, and opaques are 

common accessory phases. Radioactive material was 

recorded as yellow amorphous material associated with 

iron oxides filling the late-stage fractures associating with 

iron oxides. Mineralogical studies show the presence of 

radioactive minerals (kasolite, torbernite, thorite, and 

uranothorite), base metals (gold, bismite, cassiterite, 

chalcocite, and Sphalerite), Nb-Ta minerals (aeschynite 

and columbite), and accessory minerals (zircon and 

xenotime). Geochimcal investigation indicated that origin 

of Sikait psammitic gneiss were sedimentary origin. 

Radiometric investigations exhibit that the gneisses are 

high uranium high thorium rocks and the evidences of 

uranium migration. Rare earth patterns of these rocks 

indicate that these rocks are subjected to hydrothermal 

alterations and affected by water rich solutions, which are 

confirmed complex M-W tetrad effects and fractionation 

of isovalents. M-W tetrad effects clarify vigorous physic-

chemical changes and the presence of uranium 

mineraliation.       
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Table 3 Spectrometric measurements and chemical analysis of psammitic gneiss, Wadi Sikait, SED, Egypt 

 

No eU eTh RaeU 
K 

% 

Uch 

(ppm) 

Thch 

(ppm) 

Uch / 

Thch 

P -factor 

eU/RaeU 

 

D-

factor 

Uch/eU 

authigenic 

U 

 

eU/ 

eTh 

1 78 17 121 0.7 15 20 0.8 0.64 0.19 8.3 4.59 

2 11 11 23 3.4 13 25 0.5 0.48 1.18 4.7 1.00 

3 17 18 13 2.9 16 8 2.0 1.31 0.94 13.3 0.94 

4 7.2 23 9 2.3 7 8 0.9 0.80 0.97 4.3 0.31 

5 19 62 6 4.8 13 31 0.4 3.17 0.68 2.7 0.31 

6 13 31 19 5 7.5 30 0.3 0.68 0.58 -2.5 0.42 

7 11 28 15 5 7 24 0.3 0.73 0.64 -1.0 0.39 

8 8.5 18 13 3.7 20 40 0.5 0.65 2.35 6.7 0.47 

9 16 33 9 5.6 8.8 20 0.4 1.78 0.55 2.1 0.48 

10 41 19 7 3.1 8.7 20 0.4 5.86 0.21 2.0 2.16 

Min. 7.2 11 6 0.7 7 8 0.3 0.48 0.19 -2.5 0.31 

Max. 78 62 121 5.6 20 40 2 5.86 2.35 13.3 4.59 

Av. 25.58 27.75 30.17 3.57 11.92 22.83 0.73 1.87 0.90 4.28 1.33 

Metamorphosed 

sandstone 

[75] 
12.00 19.00 10.64 3.18 - - - - - - - 

Arenaceous 

sediments [76] 

and [77] 
1 3 - 1.4 - - - - - - - 

Argillaceous 

sediments [76] 

 and [77] 
4 16 - 2.7 - - - - - - - 

Average of 

greywacke [78] 
1.5 5 - - - - - - - - - 

 

      - Not  determined  

 
 

Fig. 25 Uranium mobilization in Wadi Sikait psammitic gneiss. 
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