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The Zug El Bohar area belongs to the Red Sea coastal plain of Egypt. Lithostratigraphically, this area is 

represented by a section of Late Cretaceous-Late Miocene sedimentary rocks and it is affected by both a 

WNW-ESE sinistral strike-slip fault and a NNW-SSE shear zone. The deposits in the NNW-SSE shear 

zone were the subject of mineralogical and geochemical studies in order to elucidate the importance of 

these sediments for hosting valuable minerals. The geochemical study indicated that the shear zone has 

an abnormal concentration of U as well as high concentrations of Mo, Pb, and Zn and As.  Whereas  the 

mineralogical study has not been detected any uranium minerals, whereas minerals such as wulfenite 

(PbMoO4), zaccagnaite [Zn4Al2(CO3)(OH)12.3H2O] and baileychlore [(Zn,Fe2+,Al, Mg)6(Si, 

Al)4O10(OH)8], mimetite [Pb5(AsO4)3Cl], calcian mimetite, arsenatian vanadinite [Pb5(V,As)O4Cl], 

Galena (PbS) and zinnwaldite [KLiFeAl(AlSi3)O10(OH,F)2], celestite (SrSO4) were identified. The 

deposits of the shear zone were formed due to a moderately oxidized saline fluid that led to precipitate 

minerals with a change in pH and temperature. The presence of CaCO3 and sulfate in the shear played 

an important role in decreasing the adsorption of U on ferrihydrite and the disequilibrium with its 

daughters as well as the precipitation of Mo, Pb, Zn , As and REE from the mixed solution. 
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Introduction 

The Zug El Bohar studied area (Southwest El 

Quseir, Red Sea coastal plain, Egypt (Figure.1) is 
covered by a sequence of Late Cretaceous to Late 
Miocene sedimentary rocks (Figure. 2). The Zug 
El Bohar Phanerozoic sedimentary section is 
characterized by Nubian sandstones, El Quseir 
variegated shale (Quseir Formation), the Duwi 
Formation, the El Rusas Formation and the Abu 

Dabab Formation. The Zug El Bohar area has a 
similar climate to the Red Sea coastal plain 
between Safaga and El Quseir towns, in which the 
arid climate conditions are prevailing and the 
annual temperature ranges between 30 and 15ºC in 
winter and between 46 and 35ºC in summer [1]. 
Additionally, the night temperature sometimes 
drops to less than 10ºC in winter.  Rainfall 

precipitation is rare and usually takes place once 

every several years in the form of a torrent during 
a short time.   Accordingly, terrace deposits are 
formed in the wadies whereas sediment reworking 
rates are low. The U and other associated mineral 
deposits are found in the oxidized Phanerozoic 
sediments overlying a reduced basement complex 
and are located in the NNW-SSE shear zone.  

These deposits may have originated from invokes 
fluid originating from the emplaced younger 
igneous rocks (may be have a middle Miocene age 
as Wadi Wizr basalt that lies to the south of study 
area [2]) that are hidden under the sedimentary 
sequence, flowing upward and along the NNW-
SSE shear zone to precipitate U and other redox-
sensitive elements by reaction with the surrounded 
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rocks of this shear zone. The precipitation of 
minerals occurred by mixing with reduced 
basement-derived fluids and/or a reaction with an 
oxidized groundwater and materials within the 

surrounded Phanerozoic sedimentary sequence as 
many previous studies that consider the lead-zinc 
deposits along the Red Sea coast to be of 
hydrothermal origin [3, 4, 5, 6, 7, 8]. 
 

 
(a) 

 
(b) 

 

Figure (1): Location map (a) and a geologic map (b) of the 

study area (mostly modified after [6, 7, 8]) 

 
This study describes the Zug El Bohar U and other 
mineral deposits that occurred in the NNW-SSE 
shear zone and focuses on gaining a better 
understanding of its genesis based on geological 

and geochemical observations. This includes 
geologic mapping, mineral genesis, the physio-
chemical conditions that are prevailing during 
uranium transport, and the likely mechanisms of 

U, Mo, Zn, Pb and As precipitation to quantify the 
effect of fluid mixing and reduction at the Zug El 
Bohar shear zone. 
 
Geologic setting 
The Late Cretaceous-Late Miocene sedimentary 
sequence (Figure. 2) in the study area, according to 
the light of the Red Sea tectonics, can be divided 

into:  
(a) The pre-rift stage from the Cenomanian to the 
Maastrichtian (including Nubian sandstones, 
Quseir variegated shale and Duwi Formation) 
(b) The post-rift stage from Middle to Late 
Miocene (Gabal El Rusas and Abu Dabab 
formations). 

 
Nubian sandstones are located in the southwest of 
the study area. They are considered to be a Late 
Cretaceous [9] and [10] but it is considered to be 
an Early-Late Cretaceous in the Northern Red Sea 
(Quseir area, Gebel Duwi [11]). Furthermore, the 
Nubia Formation was subdivided into three 

lithologically distinct members within the El 
Quseir area [12] with the middle and upper 
member that are only the subject of the study area. 
Consequently, they may have the late Cretaceous 
age, where this formation is graded upward to fine 
sand and silt member forms the shales of the 
Quseir variegated shale, which is exposed in 
stratigraphic sequence at the east and the north of 

the mapped area. Quseir variegated shale separates 
between the underlying Nubian sandstones and the 
overlying Duwi Formation. The Quseir variegated 
shale is considered to be Senonian [13]. The 
thickness of the Quseir variegated shale in the 
mapped area is 55 to 65m. The Duwi Formation 
age is Campanian to Maastrichtian [14]. The 

thickness of the formation in the Quseir area is 55 
to 57m. The Duwi Formation consists of 
alternating beds of marls, chert, shales, oyster 
limestone, siliceous limestone, enclosing a number 
of phosphate beds (Figure. 3a). The thickness of 
the formation in the study area ranges from 14 
to19 m.   
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Abu. F. = Abu Dabab Formation 
 

Ra. F.  = Gabal El Rusas Formation 
 

Du. F. = Duwi Formation 

 
Qu. F. =  Quseir Formation (Quseir 

variegated shale) 
 

Nu. S. = Nubian sandstones 
 

Figure (2): Platform sediments of the studied area (mostly modified after [12]) 

On the other hand, the pre-rift stratigraphic 
sequence that is exposed at the east and the north 
of study area is disconformably overlies by Gabal 
El Rusas formation (Middle Miocene [15]). This 
formation is overlaid by Abu Dabab Formation 

(Late Miocene) in the east of the study area. Gabal 
El Rusas Formation in the study area is represented 
by conglomerates, gritstone, calcareous 
sandstones, clay minerals, marl, gypsiferous and 
reefal limestone. The thickness and lithology of the 
Gabal El Rusas formation are extremely variable, 
due to a combination of irregular original 

depositional topography, synsedimentary tectonic 
activity [12]. Within the study area the average 
thickness of the formation is about of 24m. 
 
The exposed stratigraphic sequence on the eastern 
side of the study area is crosscut by the WNW-
ESE sinistral strike-slip fault, in addition to the 
NNW-SSE shear zone (Figure.1). This shear zone 

dips toward the WSW by an angle of about 65º. 
The shear zone (Figure. 3b) is variable in its width 
(15-20m) and is characterized by different colors 
(Figure. 3c), ferrugination and breccias (Figure. 
3d), in addition to a fault gouge in the uppermost 
part of it. 
 

 

Laboratory methods 
A total of eight representative samples from the 
southern side of the shear zone were chosen from 
the shear zone. These samples were crushed to a 
60 mesh size. Two hundred grams of each sample 

were placed in plastic vessels, 10 cm diameter with 
a total capacity of 300 cm3. The vessels were 
sealed for 30 days to allow equilibrium and then 
measured by HPGe γ-ray detector model 
(GMX60P4), n-type crystal, from EG & 
GORTEC. This detector has a resolution (FWHM) 
of 1.9 keV for the 1332 keV gamma-ray line of 
60Co and a relative efficiency of about 60% from 
NaI. The system was calibrated for energy to 
display gamma photo peaks between 30 and 3000 
keV at laboratories of Nuclear Materials Authority. 
 
After measuring each sealed sample, it was divided 
into two parts; one part was taken to carry out the 
mineralogical investigation of the heavy minerals 

using environmental scanning electron microscopy 
coupled with energy dispersive spectroscopy 
ESEM/EDX at laboratories of Nuclear Materials 
Authority and, the other part was ground again to a 
200 mesh size for chemical analyses at the 
laboratories of Acme Labs., Canada using ICP-
OES and ICP-MS. 
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Figure (3): Field photographs showing, (a) an old phosphate mine in the Duwi Formation, (b) the NNW-SSE shear zone and 

its slickenside, (c) different colors of the shear zone, and (d) the shear zone breccias.  Note, dashed lines in (a) are 

boundaries of phosphate beds 

After measuring each sealed sample, it was divided 
into two parts; one part was taken to carry out the 
mineralogical investigation of the heavy minerals 

using environmental scanning electron microscopy 
coupled with energy dispersive spectroscopy 
ESEM/EDX at laboratories of Nuclear Materials 
Authority and, the other part was ground again to a 
200 mesh size for chemical analyses at the 
laboratories of Acme Labs., Canada using ICP-
OES and ICP-MS. 

 
Mineralogy of the shear zone 

The polymetal mineralization that exists in the 
shear zone is probably due to the chemical activity 
of the surrounded lithology with the U-Mo-Pb-Zn-
As- bearing hydrothermal solutions. This poly 
mineralization in the oxidation zone is marked 

with hematization and limonitization (Figures. 3b-
d) as well as kaolinite (Figure. 4a), gibbsite 
(Figure. 4b) and manganese oxides (Figure. 4c).  
The kaolin may be formed directly from 
hydrothermal solutions, with the effect of 

sulphurous, carbon dioxide solutions on 
aluminosilicate rocks (especially shale and clay 
minerals that are found in the ambient rocks of the 

shear zone) [16]. The followings display the 
minerals that were identified in the shear zone. 
 
a-Nickel oxi-hydroxide NiO(OH) 
It occurs in a black solid state and was examined 
using the ESEM which mainly shows the presence 
of the concentration of Ni as well as traces of Fe 

and Si (Figure. 4d). 
 
b-Wulfenite PbMoO4 
Both wulfenite and powellite are secondary 
molybdenum minerals.  Wulfenite mineral occurs 
as yellow and orange tabular crystals (Figures.5a-
b). Examination of the wulfenite crystals by the 

ESEM revealed that it is mainly composed of Pb, 
Mo and O with impurities of Fe and Zn in some of 
them (Figure.5c) and calcium in the other 
(Figure.5d). The presence of Ca is because 
wulfenite crystals are structurally similar to 

a b 

c d 
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powellite crystals and extensive solid solution 
relations exist between them [17]. This fact was 
proved in this study, where it was found that Ca 
increased in a one part side of the wulfenite crystal 

which would give a composition intermediate 
between wulfenite and powellite (CaMoO4) see 
Figure.(5e). Wulfenite mineral is the main source 
for the molybdenum deposits in the study area that 
was formed mainly in an oxygen-rich environment 
and conditions of low temperature and low 
pressure [18]. The molybdenum concentrations in 
the form of the HMoO4(sol.) complex are 

predicted only in highly alkaline solutions. An 
increase in acidity as a result of the temperature 
decrease is considered as an additional factor 
favouring molybdenite crystallization and 
preventing copper deposition [19]. 
 
c-Zaccagnaite (Zn4Al2(CO3)(OH)12.3H2O) 

Zaccagnaite occurs as white prismatic crystals of 
different sizes (Figure. 5f). These crystals are 

formed through hydrothermal alteration of sulfides 
and sulfosalts in the presence of aluminum-rich 
hydrothermal fluid [20]. The presence of crystals 
of zaccagnaite was confirmed by the ESEM 

(Figure. 5f).  These crystals are composed 
essentially of Zn and Al, O, C and H (H doesn’t 
appear in this pattern because it is a light element) 
with an impurity of Si (Figure.5). 
 
d-Baileychlore[(Zn, Fe2+, Al, Mg)6 (Si, 
Al)4O10(OH)8] 
This mineral is a member of chlorite group, and it 

is found as pale green aggregates (Fig. 5g) and 
flakes. This mineral is Zn-phyllosilicate that is 
formed in the presence of Al and Si under neutral 
conditions [21]. The presence of Baileychlore 
mineral was confirmed by the ESEM/EDX 
(Fig.5g), where is composed essentially of Zn, Fe, 
Si, Al, and Mg, additionally to some impurities of 

Ca, Cl and S. 
 

  

 
 

Figure (4):  Photomicrographs and EDX patterns for (a) kaolinite mineral,(b) gibbsite,(c)manganese oxide and (d) nickel 

oxi-hydroxide 
 

a b 

c d 
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Figure (5): (a-b) Photomicrographs show yellow and orange tabular crystals of wulfenite, (c-d) EDX patterns of wulfenite 

show the difference in impurities, (e) ESEM/EDX of wulfenite crystal changed to a mixed crystal of wulfenite and powellite, 

and (f-g) Photomicrographs and EDX patterns of zaccagnaite and baileychlore respectively 

 

f-Mimetite Pb5(AsO4)3Cl,  calcian mimetite and 
arsenatian vanadinite Pb5[(V, As)O4]3Cl 
Mimetite occurs as yellow and brown crystals. 

These crystals occur as acicular crystals (Fig. 6a) 
and/ or rounded nodels immersed in iron oxides, 
whereas calcian mimetite is a variety of mimetite 
group where calcium substituting for the lead.  
Calcian mimetite mineral occurs as minute crystals 
immersed or rounded nodules (Fig. 6b) immersed 
in iron oxides also. Mimetite minerals are usually 
secondary minerals that were formed by the 

oxidation of arsenopyrite and galena [22]. 
Mimetite crystals were confirmed by the ESEM 
that showed essential elements as Pb, Cl, O and As 
(Fig. 6a), in addition to Ca in calcian mimetite 
(Fig. 6b). Arsenatian vanadinite occurs as 

prismatic crystals (Fig.6c) with brown to grey-
brown or creamy-yellow color.  It is a mineral that 
has the intermediate composition between 

mimetite and vanadinite and composed essentially 
of Pb, V, As, Cl and O (Fig. 6c). 
 
g- Galena PbS 
Galena is found as minute cubes immersed in iron 
oxides or gibbsite. These cubes have lead-grey 
color which is composed essentially from Pb and S 
(Fig. 6d), especially in sample 4. 

  
h-Muscovite KAl2(AlSi3O10)(F,OH) and 
zinnwaldite KLiFeAl(AlSi3)O10(OH,F)2 

Muscovite occurs as silvery-white flakes and its 
presence was confirmed by the ESEM (Fig.7a). 

a b 

c 

d 

e 

f 

g 

https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Fluorine
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Fluorine


Arab J. Nucl. Sci. & Applic. Vol. 51, No. 4 (2018) 

Soliman Abu Elatta et al. 
   234 

 

Zinnwaldite occurs as tabular grey brown crystals 
(Fig.7b). It was identified by EDX and contains Si, 
Al, K, Fe, F and O but Li doesn’t appear in this 
pattern because it is a light element.  Accordingly, 

the hydrothermal solution was enriched in Al, F 
and Cl. 
 
i- Celestite SrSO4 

Celestite mineral occurs in the shear zone as 
transparent to translucent well-shaped prismatic 
and tabular crystals, aggregates and tapering. 
Celestite crystals and aggregates show a wide 

range of colors from white, colorless, orange, 
orange-brown, light brown and yellow due to 
various impurities. Some crystals were examined 
by ESEM /EDX and are composed mainly of Sr, S 
and O (Fig.7c). 
 
Geochemical aspects of shear zone 

Oxide and trace element concentrations 
The samples were analyzed from the shear zone 
(Table 1) they indicated that this zone contains 

high concentrations of FeOt (total iron oxides) that 
range from 33.3% to 63.88 wt% and L.O.I ranging 
from 10.62 to 25.83wt%. However, other oxides 
such as Al2O3 ranges from 2.83 to11.51wt%, MgO 

ranges from 0.7 to 1.53wt%, CaO ranges from 0.62 
to7.63wt%, Na2O ranges from 0.43to 8.56 wt%, 
K2O ranges from 0.05 to 0.42 wt%, TiO2 ranges 
from 0.05to 0.12 wt%, P2O5 ranges from 0.03to 
0.09wt%, MnO ranges from 0.12 to1.2 wt% and S 
ranges from 0.62 to 4.31.  On the other hand, the 
trace elements show a significant difference in 
their concentrations, where Li ranges from 12.4 

to160.4ppm,  Ba ranges from <1 to 581ppm,V 
ranges from 32 to122ppm, Zn ranges from 1236 to 
21400ppm, Pb ranges from 32.5to22400ppm, Ni 
ranges from 23 to 188.2ppm, As ranges from 13.7 
to 985.5 ppm, Sr ranges from 1809 to >1 %, Mo 
ranges from 120.6 to 11000ppm, U ranges from 
41.4 to 187ppm, Th ranges from 0.4to 5.1ppm and 

finally Ag ranges from 0.2 to 0.8ppm. 
 

  

 
 

Figure (6):  (a-b) Photomicrographs and EDX patterns of mimetite and calcian mimetite, respectively, and (c-d) 

ESEM/EDX of arsenatian vanadinite and galena respectively 
 

 

 

 

a b 

d c 
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Figure (7): (a) ESEM/EDX of muscovite, (b) Photomicrograph and EDX pattern of zinnwaldite and (c) Photomicrographs 

and EDX pattern of celestite 

The bulk geochemistry of the shear zone samples 
show an increase in uranium concentrations also 
with an increase in both Al2O3 (Fig. 8a) and MnO 
(Fig. 8b), contrary of  S% that show a strong 

negative correlation with an increasing uranium 
(Fig. 8c). Additionally, the CaO, Mo and V show a 
sharp decrease with increasing uranium (Figs. 8d-
f). 
 
 The most dramatic relationships are a weak 
positive between uranium and iron oxides (Fig. 8g) 
and a constant of MgO with increasing uranium 

(Fig. 8h). On the other hand, there is a sharp 
increase in Mo, Zn and Pb with a sharp increase of 
CaO (Figs. 9a-c). Also, there is a sharp increase in 
As with a sharp increase of S% (Fig. 9d). 
 
 

Rare earth elements 

The studied samples are characterized by low REE 
concentrations, where they ranged from 22.5 to 
140.4 ppm and the LREE predominate over the 

HREE elements except sample (6N) in which the 
LREE is approximately equal to the HREE.  The 
low concentrations of the REE may be because 
REE move in the low-temperature hydrothermal 
solutions as sulfate complex or free ions so that the 
small ionic radius of Fe has very little influence on 
them. On the other hand, the presence of low REE 
concentrationو suggested their probable adsorption 

onto surfaces of clay minerals. The REE profiles in 
the hydrothermal deposits are usually used for the 
discussion of the prevailing physicochemical 
conditions (e.g. pH, alkalinity, temperature) during 
their formation. 
 

a b 

c 
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Table (1): Chemical composition of major elements (%), traces and REEs (ppm) of the mineralized samples of the shear 

zone 

The shear zone samples 

      S. No. 

Oxide 

1 2 3 4 3N 4N 5N 6N 

SiO2 21.46 10.53 18.83 15.38 15.57 24.03 17.35 21.38 

Al2O3 10.56 4.76 2.9 2.63 2.83 11.51 6.65 6.18 

TiO2 0.12 0.06 0.05 0.11 0.05 0.1 0.09 0.09 

FeOt 34.92 63.88 55.00 33.30 54.75 45.99 53.77 46.02 

MgO 1.24 0.7 0.9 1.53 0.9 1.16 1.23 0.91 

CaO 0.62 0.63 0.9 7.63 0.9 0.34 1.08 3.67 

MnO 1.1 0.75 0.58 0.12 0.58 1.03 1.2 0.47 

Na2O 8.56 1.99 0.43 2.73 0.43 2.41 1.24 2.32 

K2O 0.39 0.18 0.05 0.22 0.06 0.42 0.29 0.29 

P2O5 0.05 0.03 0.06 0.09 0.06 0.05 0.05 0.06 

S 0.59 0.62 2.59 4.31 2.31 1.52 1.33 3.55 

L.O.I 19.24 14.43 15.88 25.83 18.22 10.62 14.14 13.39 

Trace elements 

Li 160.4 28.3 20 12.4 18.9 72.6 95 34 

Ba 340 204 <1 28 349 349 581 <1 

Co 16.3 17 6.5 4.8 6.6 28.2 2.6 8.9 

V 58 32 47 122 46 39 38 38 

Zn 4644.1 4472.5 1240.6 21400 1236 2379.1 3624.4 1250.7 

Pb 46 32.5 133.5 22400 129.4 59.7 52 36.5 

As 21 21.7 30.6 985.5 28.7 13.7 32.3 25.4 

Tl 57.1 50.84 45.95 2.04 76.27 88.34 88.34 12.43 

Se 8.1 19 55 2. 7 57.8 39.1 18.7 14.9 

Ni 188.2 68.8 37.8 23 36.2 104.4 143.9 60 

Cd 18 2.5 2.4 15 3.4 2.5 5 1.5 

Ag 0.8 0.2 0.3 0.3 0.4 0.8 0.5 0.2 

Mo 264.3 312.4 218.5 11000 218.2 161.8 277.1 120.6 

Sr 5421 9007 >1% 1809 >1% >1% >1% >1% 

Th 0.5 5.1 0.5 1.8 0.4 1.7 1.1 1.1 

U 178 187 63.5 41.4 60.5 133 134 78 

REEs 

La 9.1 4.6 2.7 5.1 2.5 8.8 10.3 6.3 

Ce 36.6 10.72 8.09 35.12 7.43 14.23 25.26 13.74 

Pr 6.1 1.4 1.1 2 1 1.5 3.1 2.1 

Nd 27 4.9 4.3 7.7 3.6 5.2 12.2 7.8 

Sm 6.9 1.2 0.9 1.8 1 1 2.7 1.7 

Eu 1.9 0.3 0.2 0.3 0.2 0.2 0.7 0.4 

Gd 7.3 1.2 0.7 1.3 0.6 1.2 3.4 1.7 

Tb 1.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 0.2 

Dy 6.5 1.2 0.8 1.6 0.7 1.1 2.3 3.3 

Ho 1.5 0.3 0.2 0.3 0.1 0.2 0.5 0.8 

Er 3.9 0.5 0.4 0.9 0.5 0.7 1.2 2 

Tm 0.6 <0.1 <0.1 0.1 <0.1 <0.1 0.2 0.4 

Yb 3.2 0.6 0.3 1 0.4 0.5 1.1 1.6 

Lu 0.1 <0.1 <0.1 0.1 <0.1 0.1 0.2 0.3 

Y 28.6 5.9 4.3 7.4 4.5 5.4 13.6 20.7 

ΣREE 140.4 32.82 23.99 64.72 22.53 40.13 76.96 63.04 

ΣLREE 87.6 23.12 17.29 52.02 15.74 30.93 45.26 32.04 

ΣHREE 52.8 9.7 6.7 12.7 6.8 9.2 22.7 31 

Eu/Eu* 0.82 0.76 0.77 0.60 0.79 0.58 0.71 0.72 

Ce/Ce* 1.17 1.01 1.13 1.9 1.11 0.91 1.08 0.91 

                           FeOt= total iron, ΣHREE = including Y 
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Figure (8):  (a-h) Binary diagrams of U versus Al2O3, MnO, S%, CaO, Mo, V, FeOt and MgO respectively 

a b 

c d 

f e 

g 
h 
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Figure (9): (a-c) Binary diagrams of CaO versus Mo, Zn, Pb respectively, while (d) is S% versus As.  Symbols as Fig. (8a) 

 

The REE distribution is usually influenced by 
chemical crystallographic constraints, kinetics of 
crystallization, conditions (T-P), and the 
composition of the hydrothermal fluids [23]. The 
REE profiles of the studied samples (Fig.10) 
indicate moderate to weak negative Eu anomalies 
(Eu/ Eu* = 058-82, Table 1) and depleted and 

strong negative Tb anomalies in all samples, 
contrary to positive Gd anomalies in all samples. 
Moreover, some samples show positive Ce 
anomalies (Ce/Ce*= 0.91-1.89, Table 1). 
 
Radiometric aspects of the shear zone 
It is worth noting that the uranium and thorium 

hold similar characteristics in their ionic radii 
which may illustrate why they both behave 
isochemically during the magmatic process [24]. 
However, hydrothermal process, U4+ gets oxidized 
easily in the shear zone to U6+ which is known to 
be soluble in groundwater, while Th doesn’t, as it 
maintain insoluble in the oxidization zone. Hence, 
for the original concentration of U in the rock, Th 

can be used as a proxy [25]. A good indicator for 
the migration of uranium in the shear zone is the 
U/Th ratio, whereas if the ratio Th/U remains   

approximately constant in crust [26], so the 
migration of uranium has not occurred, but in the 
shear zone it ranges from 0.003 to 0.043 (Table 1), 
thus uranium has been migrated from its original 
source into the shear zone. 
 
Activity (Bq kg-1) and activity ratios 

The results of the measurements of the specific 
activity (Bqkg-1) of different radionuclides in the 
studied samples are presented in table (2). This 
table shows the activity concentration of 238U 
ranging from 767±19.07 Bqkg-1 to 4452.38±79.32 
Bqkg-1 which is higher than the recommended 
value which is documented as 35 Bqkg-1 [28]. 235U 

is ranging between 45.11±1.86 Bqkg-1 and 
204.29±4.15 Bqkg-1. 232Th is ranging between 
3.28±0.14 and 5.89±0.76 Bqkg-1 which is lower 
than the worldwide average which is documented 
at 30 Bqkg-1 [28]. 226Ra is ranging between 
745.28±3.57 Bqkg-1 and 3926.35±12.27 Bqkg-1 
which is higher than the recommended value 
which is documented at 35 Bqkg-1 [28], but 40K is 

ranging from 17.5±0.76 Bqkg-1 to 134.26±4.05 
Bqkg-1 which is lower than the worldwide average. 
 

a b 

c 
d 
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Figure (10): Profiles of REE of the shear zone samples (after [27]) 

  
Table (2): Specific activity (Bq kg-1) of some radionuclides of the mineralized samples of the shear zone 

Sample No 

 1 2 3 4 3N 4N 5N 6N 

Uranium-series(
238

U) 
234Th

 3880.88±19.45 1711.27±13.04 798.94±9.26 2621.27±14.55 323±4.19 1035.87±8.3 1738.8±12.16 534.91±6.26 
234m

Pa 4452.38±79.32 2389.32±60.93 1010.16±36.39 2605.43±46.03 767±19.07 1481.77±25.15 2681.12±47.46 983.25±30.24 

Av.
 

4166.63±49.38 2050.29±36.99 904.55±22.83 2613.35±30.29 545±11.63 1258.82±16.73 2209.97±29.81 759.08±18.25 
234

U
 

4139.86±71.21 2137.18±563.43 945.09±494.79 2781.28±306.75 758.72±169.94 1265.69±469.6 2357.55±409.2 981.62±383.5 
230Th 

3452.94±90.54 1642.44±53.44 1149.5±50.1 2321.46±78.9 304.43±18.15 959.82±34.32 1666.12±49.91 585.71±26.78 
226

Ra 3926.35±12.27 2794.26±9.9 973.59±4.75 2602.14±9.99 745.28±3.57 1889.86±6.93 3140.55±10.04 1029.4±5.25 
214

Pb 3610.63±4.74 2333.73±3.49 910.59±2.3 2394.54±3.36 689.41±1.31 1522.25±2.52 2673.67±4.46 889.31±1.78 
214

Bi 3611.62±5.43 2323.28±4.02 909.33±2.6 2384.94±3.87 689.96±1.47 1520.69±2.5 2671.87±3.81 891.21±2.04 
210

Pb 1945.24±11.11 1075.83±8.25 440.03±4.43 1746.15±9.57 172.25±2.19 610.13±4.63 1034.96±6.89 305.35±3.76 

Thorium-series (
232

Th) 
228

Ac 3.94±1.4 -----±------ 5.83±1.28 4.63±0.49 3.38±0.26 6.14±0.5 3.44±0.6 4.15±0.57 
208

Tl 3.26±0.15 3.28±0.14 5.94±0.23 5.1±0.2 3.2±0.11 5.6±0.2 3.39±0.15 3.98±0.16 

Av. 3.72±0.98 3.28±0.14 5.89±0.76 4.87±0.35 3.29±0.19 5.87±0.35 3.41±0.35 4.06±0.35 
235

U 204.29±4.15 109.51±3.14 46.39±2.57 120.34±4.76 34.9±1.34 68.02±2.35 123.99±2.53 45.11±1.86 
40

K 134.26±4.05 74.66±2.95 116.13±2.9 122.54±3.44 17.5±0.76 121.64±2.63 84.26±3.11 83.34±2.08 

 

 
In closed geological systems the activity ratios 
(ARs) 234U/238U, 230Th/234U, 230Th/238U, and 
226Ra/238U all are equal to unity. Uranium-series 
disequilibrium can potentially provide an 
important tool for tracing the migration of uranium 
series radionuclides in the groundwater from 

different aquifer conditions and, thus, it has 
extensively been applied to the study of 
environmental, marine and earth sciences [29].  
Briefly, two types of mechanisms produce 
variations in the U-series nuclides. The first is 
when chemical or physical processes disturb parent 
and daughter element pairs (e.g., dissolution, 

adsorption, precipitation). The second is known as 

the α-recoil effect. During the ejection of a 
particle, the daughter nuclide recoils in the 
opposite direction and moves within the host 
mineral. Because it may be ejected from the host 
mineral or because its crystallographic site is 
damaged, the parent daughter is more easily 

mobilized [30]. The following paragraphs 
demonstrate the activity ratios (Table 3) that were 
found in the studied samples of the shear zone:- 
 
The 234 U /238U ARs are varying from 0.85 to 1.07. 
It is for the all samples are around unity with an 
average value 0.91. This indicates a near secular 
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equilibrium condition for this daughter-parent pair 
for this deposit. 
 
The 230Th/238U ARs are varying from 0.4 to 1.14. 

All samples are lower than unity with an average 
value 0.7, except sample 3 (1.14). This display 
values out of equilibrium condition for this 
daughter-parent pair for this deposit. On other 
hand, the 230Th/234UARs are varying from 0.4 to 
1.22. All samples are lower than unity with an 
average value 0.7, except sample 3 is greater than 
unity equal 1.22. This indicates disequilibrium 

condition for this daughter-parent pair for this 
deposit. Furthermore, the activity ratios changed to 
234U/238U<1 and 230Th/234U<1 in the most samples 
may be due to 234U and 238U have similar behavior 
by chemical weathering of minerals. But several 
authors have shown that this assumption is 
sometimes not verified in nature. The reason is 

known as the α-recoil effect. 
 
The binary diagram of 230Th/238U versus 234U/238U 
(Fig. 11), where the pathways of return to 
equilibrium for solid phases are shown for two 
cases: accumulation of U (230Th/238U <1) and 
leaching of U (230Th/238U >1 [31, 32]. This 

diagram indicates that most samples are presented 
in the forbidden zone whereas sample (4) is plotted 
in the accumulation zone and the sample (3) is 
plotted in the leaching zone. The forbidden region 
is a complex geochemical region where the 
systems can be identified as having suffered 
complicated U migration. A complex leaching and 
accumulation of uranium might take place for 

those samples (1, 2, 4N and 5N). The presence of 
data points in the forbidden zones may be a result 
of continuous and contrasting U mobilization 
processes [33]. Depending on the relative rates of 

U gains and losses and on the intensity of the U 
fractionation, it is possible to explain the data 
points present in the forbidden zone [30]. For the 
latter samples (3N and 6N), an initial uranium 

accumulation phase may have been followed by 
relatively recent uranium leaching. 
 
Additionally, the activity ratios of 226Ra/238U vary 
from 0.88 to 1.28, which indicates that all samples 
are close to equilibrium except (1 and 4N) samples 
are nearly closed (0.88 and 1.28 respectively). The 
226Ra/238U is also a good indicator for alteration 

processes [34] and migration of either 238U or 226Ra 
according to the pH prevailed. 
 
The activity ratios of 226Ra/230Th vary from 0.85 to 
2.45. Two samples (1 and 4) were close to 
equilibrium, but the other samples are out of 
equilibrium. These ratios are greater than unity 

except sample 3 which is lower than unity. 226Ra 
redistribution is caused by an instantaneous 
chemical process, which must have occurred 
during the last 8000 years, which is the time 
needed to reach radioactive equilibrium between 
226Ra and 230Th. A more continuous redistribution 
process could have started earlier, but should still 

have been active during the last 8000 years [35]. 
 

The results are summarized in Figs. (12a-12b) 
which demonstrate that the 234U/238U, 230Th/238U, 
230Th/234U, 226Ra/238U and 226Ra/230Th activity 
ratios for most of the studied samples deviate 
significantly from equilibrium. These activity 
ratios are consistent with the preferential 

mobilization of uranium from the studied samples 
by leaching process. 
 

Table (3): The specific activity ratios of radionuclides in uranium series (238U) and (235U) 

Activity 

ratios 
Sample No. 

1 2 3 4 3N 4N 5N 6N 
238U/235U 21.79±0.83 21.82±1.18 21.78±1.99 21.65±1.24 21.98±1.39 21.78±1.12 21.62±0.82 21.80±1.57 
234U/235U 20.26±0.76 19.52±5.70 20.37±11.79 23.11±3.46 21.74±5.70 18.61±7.55 19.01±3.69 21.76±9.40 
234U/238U 0.93±0.03 0.89±0.26   0.94±0.52 1.07±0.14 0.99±0.25 0.85±0.33 0.88±0.17 1.00±0.42 
226Ra/238U 0.88±0.02 1.17±0.03 0.96±0.04 1.00±0.02 0.97±0.03 1.28±0.03 1.17±0.02 1.05±0.04 
230Th/238U 0.78±0.03 0.69±0.04 1.14±0.09 0.89±0.05 0.40±0.03 0.65±0.03 0.62±0.03 0.60±0.05 
230Th/234U 0.83±0.04 0.77±0.25 1.22±0.75 0.83±0.13 0.40±0.21 0.76±0.31 0.71±0.16 0.60±0.43 
226Ra /230Th 1.14±0.03 1.70±0.06 0.85±0.04 1.12±0.04 2.45±0.16 1.97±0.08 1.88±0.06 1.76±0.09 
210Pb/226Ra 0.50±0.004 0.39±0.004 0.45±0.007 0.67±0.006 0.23±0.004 0.32±0.004 0.33±0.003 0.30±0.005 
230Th/234Th 0.89 0.96 1.44 0.89 0.94 0.93 0.96 1.09 
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Figure (11): Thiel diagram of 230Th/238U versus 234U/238U. Forbidden zones for any single process and the boxed area 

indicates the secular equilibrium condition.  Symbols as Fig. (8a) 

 

The ratio between 230Th/238U and 230Th /234Th is 
plotted in Fig. (12c) which demonstrates that the 
230Th/238U activity ratios for all studied samples 
lower than unity deviate significantly from 
equilibrium. It is worth noting that the 230Th/234Th 
activity ratios for all studied samples are nearly 
close to unity and ranged from 0.89 to 0.96 except 

sample 3 which is greater than unity and equals 
1.44. So, the relation between 230Th /234Th is more 
significant in equilibrium than 230Th/238U because 
230Th and 234Th have similar behaviors in the 
chemical weathering of minerals. 
   
Moreover, 210Pb/ 226Ra ARs are lower than unity 

for all samples, whereas ARs of 238U/235U for all 
samples are ranging between 21.62 and 21.98 
which reflect the natural ratio (21.7). 
 
Interpretation and Discussion 
The mineralization at the Zug El Bohar shear zone 
can be interpreted through combining field 
observations with existing minerals and 

concentrations of major and trace elements as well 
as ambient sedimentary rocks that hosted the shear 
zone. The sedimentary rocks that hosted the shear 
zone at the deposit were shaped by five major 
events, starting with clastic host-rock 
sedimentation, followed by the diagenesis, the Red 
Sea rifting which is accompanied by faults and 

volcanic activity, hydrothermal alteration and 
mineralization and supergene processes. 
 

On the other hand, the basement rocks of the Red 
Sea coastal plain, which are found under the 
sedimentary sequence of the studied area 
underwent metamorphism, deformation and 
erosion before they were cut by faults and extruded 
new igneous rocks that accompanied the Red Sea 
rift.  The hydrothermal alteration of the basement 

and sedimentary rocks, as well as the 
mineralization that were formed along the shear 
zone accompanied this stage. 
 
The mineralized shear zone samples have been 
examined, and this indicated that the hematite and 
limonite are the main constituents besides clay 

minerals and calcium carbonate as well as celestite 
(SrSO4) and manganese oxides. Moreover, 
uranium occurs in abnormal concentrations with 
no detected minerals, whereas minerals such as 
wulfenite, zaccagnaite, baileychlore, mimetite, 
calcian mimetite, arsenatian vanadinite and galena 
(PbS) were recorded. These minerals are carrying, 
Pb, Mo, Zn, V and As elements. Consequently, the 

shear zone deposits were formed under oxidation 
conditions, where oxidized deposits are defined as 
a type of deposits in which over 30% occur in 
combination with O2 as minerals of carbonates, 
oxides, beside sulphides [36]. The high celestite 
concentrations are controlled by lithostratigraphic 
and structural factors similar to the case with the 

Red Sea belt polymetallic mineralization [6]. 
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Figure (12): The activity ratio variations of the studied samples from the equilibrium state, 

a-234U/238U, 230Th/238U and 230Th/234U, b-226Ra/238U and 226Ra/230Th and c-230Th/238U and 230Th /234Th . Note, the equilibrium 

state (activity ratio=1.00±0.1) is shown with the dashed lines 

Uranium, molybdenum, lead, zinc and arsenic 
deposits 

Uranium minerals were not recorded within the 
shear zone but the binary diagrams indicated that 
uranium is absorbed on Kaolin minerals, gibbsite 
and Mn oxides (Figs.8a-b), meanwhile the other 
clay minerals (e.g., chlorite) did not have any 
effect on uranium concentrations (Fig.8h).  On the 
other hand, iron oxides have a weak effect on 

uranium concentrations (Fig. 8g). This fact is due 
to under oxic conditions, the hexavalent uranyl ion 
(UO2

2+) is a predominant complex in solutions at 
low pH, but when CaCO3 is added to the shear 
solutions causing many hydrolysis and carbonate 
complexes are predominant at neutral to alkaline 
pH values [37]. The uranium (VI) aqueous species 
of carbonate complexes in the shear zone solutions 

are the CaUO2 (CO3)3
2- and Ca2UO2(CO3)3

0(aq.) 
[38, 39].  Additionally, uranium (VI) mobility in 
this shear is significantly slowed by an adsorption 
and/or a reduction, and strongly affected by the 

geochemical conditions (e.g., pH, Ca2+, and PCO2) 
and their impacts on uranium (VI) aqueous 

speciation [40, 41]. For instance, raising the partial 
pressure of CO2 (PCO2) from the ambient 
limestone of the shear zone led to decrease the 
distribution coefficient (Kd) value for uranium 
(VI) adsorption by ferrihydrite (Fig. 8g) by four 
orders of magnitude at pH 8, as a result of the 
increasing importance of dissolved carbonate 

complexes [42]. The partial pressure of carbon 
dioxide is common in the shear zone solutions 
from an ambient limestone. Similarly, the pH and 
calcium concentration has been shown to have an 
impact on the distribution coefficient values [39]. 
Consequently, decrease the U (VI) sorption on 
ferrihydrite when the CaUO2 (CO3)3

2- and 
Ca2UO2(CO3)3

0(aq.) are predominant.  On the 

other hand, the mobility of U(VI) in groundwater 
can be retarded by Mn oxides via strong adsorption 
(Fig.8b). The importance of adsorption of U(VI) to 

c 

a 

b 
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Mn oxides can be far greater than their relative 
abundance in sediments [43]. 
Additionally, the sulphide-bearing minerals 
(galena and celestite) in the shear zone became 

increasingly reduced with increasing U 
concentrations (Fig. 8c ),  where (SO4)

2- was most 
likely added as sulfate in the oxidized fluid of the 
shear zone  from ambient rocks and became 
reduced to sulfide through the  interaction with 
positive complexes during mineralization [44]. 
Vanadium [V5+] is the most common oxidation 
state in groundwater systems and forms anionic 

complexes with oxygen and hydroxide [45]. The 
distribution of vanadium in the shear zone 
correlates with the iron distribution (Fig. 13a). The 
solubility of metal vanadates, in particular, ferrous 
vanadate, may control the mobility of vanadium in 
groundwater systems (shear zone solutions), and 
vanadium has high solubility in alkaline solution 

[45]. Consequently   pH and calcium concentration 
have been shown to have an impact on vanadate 
solubility values and decrease V(V) sorption on 
ferrihydrite when the CaUO2 (CO3)3

2- and Ca2UO2 
(CO3)3

0 (aq) as are the predominant (Fig. 13a), so 
that there are drastically V increases that 
accompany the drastically Ca increases (Fig.13b), 

thus it has the same behavior of Ca concentrations 
with U (Fig. 8f). 
The enrichment of molybdenum in the shear zone 
is driven by the solubility gradient of oxidized 
aqueous Mo6+ complexes as U6+, but there is a 
sharp increase in Mo concentration with the 
decrease in U concentrations (Fig.8e). This 
relationship indicates that the effect of the other 

geochemical conditions as sulfate led to leaching 
of U but at the same time led to precipitation of 
Mo minerals. Also, pH, Ca2+, and PCO2  show 
impacts on molybdenum (VI) aqueous speciation 
which is completely reversed uranium (Fig. 9a). 

Finally, the presence of OH- and Cl-and S in 
minerals of Pb, Zn, As indicates that, these 
elements are found as hydroxide, chloride and 
Hydrosulfide complexes in hydrothermal solutions 

and their precipitation as minerals occur either by a 
drop in pH when Ca added to the solution (Figs.9a-
c). 
 
REE profiles 

The REE profiles of the shear zone samples show 
positive Gd anomalies which can be interpreted as 
follows: Gd is found always as in the trivalent and 

its fractionation is related to Eu and Tb. It isn’t 
affected by redox-related processes. Accordingly, 
Gd behavior, relative to neighboring elements, 
should be formed in response to some other 
intrinsic property for this element. The most 
possible explanation for this behavior may be the 
relatively stable electron configuration of Gd, in 

which half of the outer 4f electron shell is filled 
(.e.g., tetrad effect [46]). Kim et al. [47] 
demonstrated the predominant factor controlling 
anomalous Gd behavior is alkalinity and carbonate 
complexation, in addition to, the higher particle 
reactivity of neighboring Eu and Tb. Weak acidic 
solutions and those close to neutral pH values 

typically possess positive Gd anomalies, whereas 
alkaline solutions possess negative Gd anomalies.  
Accordingly, the studied samples were formed 
from solution is weakly acid to near neutral pH.  
On the other hand, the behavior of Ce is contrary 
to that of Gd. It is a redox-sensitive in oxic near-
neutral to slightly alkaline Earth surface systems. 
Bau and Koschinsky [48] reported that, after the 

initial surface complexation of Ce3+ on 
hydrogenetic Fe-Mn crusts, the trivalent Ce is 
partially oxidized at the metal oxide or hydroxide 
(oxy) surface.  Accordingly, Fe-Mnoxy hydroxides  
 

  
Figure (13): (a-b) Binary diagram of V versus FeOt and CaO respectively. Symbols as Figure (8a) 

a b 
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had been found in the hydrothermal solutions led 
to the fraction and the scavenged Ce remains as 
Ce4+at their solid’s surface. With time, Fe-Mn 
oxyhydr oxides preferentially accumulate Ce over 

the other REE; results showed some samples with 
pronounced a positive Ce anomaly. In addition to 
all the above, the ionic radius of Eu2+ is larger than 
that of other REE (III) [49] and is more stable 
under high temperature and pressure but Eu3+ is 
more stable under low temperature and oxidation 
conditions [50]. REE transported mainly as 
chloride or fluoride complexes in most high-

temperature hydrothermal fluids, but in low-
temperature fluids, they transported as mostly as 
SO4

2- complexes and free ions.  The SO4
2- 

complexes could be ignored in high-temperature 
fluids, due to a low sulfate concentration. In Zug 
El Bohar fluids, the sulfate most likely originates 
from the oxidation of H2S and SO2 gases that is 

found in the hydrothermal solution of magmatic 
origin and/or SrSO4 that coming from sedimentary 
rocks during the passing of fluids. The negative Eu 
anomaly is due to Eu2+ is oxidized to Eu3+ and the 
formation EuSO4 that is insoluble in solutions [51].  
The previously large amount of sulfate that is 
found in Zug El Bohar fluids may scavenge Eu2+, 

thus preferential losses of Eu from solution relative 
to other REEs. Finally, the depletion of Tb is due 
to the REE bearing minerals were subjected to 
metasomatically alteration [52]. 
 
The extreme enrichment in U relative to Th 
The shear zone samples are extremely enriched by 
U relative to Th (Table 1) can be firstly attributed 

to uranium is comes from alkaline acidic rocks, 
where the low Ca granites (e.g. alkaline granites) 
may be enriched in Th relative to U because some 
U enters into an aqueous phase as uranyl ions 
during the final stages of crystallization of granitic 
magmas [53]. However, Th remains locked into 
the lattice sites of granitic minerals crystallized 

from these magmas. The Second reason is the 
geochemical behavior of Th and U. Whereas U is 
far more mobile because of its increased solubility 
at higher oxidation states and uranyl ions are 
moved in fractures and enhanced by the formation 
of complexes with carbonate and sulphate anions 
[54]. On the contrary, Th is less mobile than U due 

to the low solubility of thorium in most 
environments [55]. 
 
 

Radioactive disequilibrium 
According to judging standards, activity ratios 
between 0.90 and 1.10 are referred to as secular 
equilibrium within the conservative (10 %) 

analytical error for the samples [56], consequently, 
the samples deviating from secular equilibrium, 
i.e., larger than 1.10 or less than 0.90 for 
234U/238U,230Th/238U, 230Th/234U and 226Ra/230Th, 
with regarding the radionuclides behavior at the 
Zug El Bohar shear zone depend on respective 
chemical properties and the physicochemical 
characteristics of hydrothermal solutions and 

ambient sedimentary rocks. Previous studies of the 
Maderos river [57] showed that the concentration 
of free (SO4)

2- and (CO3)
2-/(HCO3)

- in water can 
serve to indicate a more or less appropriate 
environment for the local retention of 226Ra and 
uranium isotopes on the sediments. For example, a 
higher concentration of free sulfate in the water 

means a lower concentration of 226Ra.  Thus, 
greater immobilization on the shear zone that cuts 
the sedimentary rocks, is probably by co-
precipitation of 226Ra with SrSO4. Similarly, higher 
concentrations of (CO3)

2-/( HCO3)
-can also 

enhance the retention of 226Ra on the sediments, 
but at the same time improve markedly the 

mobilization of uranium via the formation of stable 
complexes that keep the uranium isotopes 
dissolved [58]. 
 
The activity ratios of 234U/238U and 230Th/234U 
(Table 3) for the shear zone samples plot out of the 
boxed area of the secular equilibrium.  On the 
other hand, the activity ratios of secondary 

uranium concentrations are characterized by 
234U/238U>1 and230Th/234U<1 which is existed in 
sample 4 (Fig.11). This indicates the relatively 
recent precipitation of uranium from the supergene 
process with 234U/238U>1. This result is similar to 
the cases studied by other authors [59, 32]. Also, 
this diagram indicated a complex leaching and 

accumulation of uranium might take place for 
those samples (1, 2, 4N and 5N), where an initial 
uranium accumulation phase may have been 
followed by a relatively recent uranium leaching 
through the supergene process. 
  
Moreover,226Ra/230Th ARs are vary from 0.85to 

2.45. All samples are greater than unity except 
sample 3 which is a lower than unity. This could 
be due to a 226Ra gain resulting from recoil-
implanted 226Ra atoms from the decay of 230Th 
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atoms and Ra readily adsorbed onto minerals 
formed in oxidized zones [60] or the shear zone 
hydrothermal solution is enriched by 226Ra than 
230Th because the latter has previously been 

retained on the igneous source as a result of the 
low mobility. Also, one expects that radium is 
closely associated with calcium of limestone 
because of their chemical similarity. 
 
 Finally, 210Pb/226Ra ARs are greater than unity for 
all samples, this may be due to the escaping of 
radon which is the daughter of 226Ra and the parent 

for 210Pb or the local retention of 226Ra in these 
samples as a result of the presence of (SO4)

2- and 
(CO3)

2-/(HCO3)
-, consequently the 226Ra/210Pb ARs 

are greater than unity for all samples of the shear 
zone. 
 
Conclusions 

1-The Zug El Bohar Shear zone has abnormal 
concentrations of U as well as high concentrations 
of   Mo, Pb, Zn and As. 
2- These deposits were formed from a hot aqueous 
solution that was formed as a result of the mixture 
of groundwater and a hydrothermal solution. This 
solution was an oxidizing and a weak acid close to 

neutral pH values. 
3- No uranium minerals were recorded, it is 
suggested that it could be found as elemental 
absorbed on kaolin, gibbsite and MnO, but many 
minerals were detected to other associated 
elements. 
4- The enrichment in U and the depletion of Th in 
the shear zone samples can be attributed to many 

factors that caused the decoupling of U and Th 
concentrations such as the nature of the magmatic 
source and the behavior of U and Th in the 
hydrothermal and supergene processes. 
5- The presence of CaCO3   in the hydrothermal 
solution from the surrounded rocks led to decrease 
U and V absorption on iron oxides, meanwhile led 

to increasing deposition of Mo, Pb, Zn and As. 
6- Both of CaCO3 and SO4

2-had the greatest 
influence on the REE patterns and radionuclides 
disequilibrium in the shear zone. Additionally, the 
groundwater circulation and other physico-
chemical conditions had affected on 
daughter/parent radionuclide activity ratios in the 

decay series, which led to their fractionation. Thus, 
the activity ratios were greater or less than unity. 
 
 

Recommendation 

Further studies are recommended to be performed 
on this area, because of the high anomalies of 
uranium and molybdenum. 
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