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ABSTRACT

The uranium mineralization hosted by the Paleozoic sandstones is one of two types: The first is the
syngenetic continental/littoral paleoplacers (refractory Th-U bearing minerals) which were detritus from 
far distant source rocks. These minerals are mainly uranothorite, thorite, zircon, cheralite, chevickinite, 
davidite, xenotime, and monazite. Meander loops and channels with deep scours appear to be the most 
favourable sites for this mineralization. The second is the tectonic-lithologic sandstone-type uranium 
deposits being epigenetic U-enrichment within the sandstones along the permeable fault zones. It contains 
saleeite, sodium-meta-autunite, threadgoldite and uvanite in addition to REE-bearing iron and aluminium 
phosphate minerals; vivianite, goyazite, wavellite, florencite and plumbogummite. The studied Paleozoic 
sandstones are enriched in P2O5, Al2O3, Fe2O3, TiO2, Zr, Y, Sr, Ni, Cr, Zn, Pb, Ba, V, U and Th relative to 
the Upper Continental Crust (UCC). This enrichment may be attributed to the high content of zircon, iron 
oxyhydroxides, phosphate minerals (either uranium or aluminium phosphates) and iron titanium detrital 
minerals. Ga, W, Sn and REE show considerable concentrations in the radioactive Cambro-Ordovician 
sandstones at Gabal Hemeyir and Ras Millan areas.

The tectolithologic sandstone-type uranium deposits is occurring in significant quantities in the
ferruginous sandstones of El Adedia Formation at both Gabal Hemeyir and south Wadi El Sahu localities 
as well as its equivalent sandstones of Araba Formation at Ras Millan area. These promising deposits 
represent important U-resources in southwest Sinai. The tectolithologic U–type deposits are stacked as 
discordant bodies through more than one stratigraphic horizon at Gabal Hemeyir, south Wadi El Sahu 
and Ras Millan areas. The importance of these localities for uranium mineralization is related to possible 
presence of reduced environment along these fault zones. 

INTRODUCTION
The sandstone-type U deposits constitute 

about 18% of world U resources being one of 
the main U mineralization types in the USA, 
Australia, Niger, South Africa, and central 
Asia (IAEA, 1996; Hobday and Galloway, 
1999; World Nuclear Association, 2009). 
The large-scale prospecting and exploitation 
of sandstone-type uranium deposits were de-
veloped in America and in the former Soviet 
Union beginning in 1952 (Finch, 1967; Gal-
loway, 1979; Langmuir, 1978), when the first 

sandstone-type uranium deposit in the world 
was discovered in Uchquduq, Uzbekistan. The 
U ore in these deposits accumulated within 
medium to coarse-grained sandstone beds in 
localized reduced environments. These depos-
its occur along permeable fault zones, discor-
dant to strata with linguiform impregnation 
within the adjacent clastics. Uranium may 
form rather thick ore bodies which are referred 
also to as stack deposits when derived from its 
sources and re-distributed within the contigu-
ous sediments (Dahlkamp, 1978). 
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The Paleozoic succession (up to 320m 
thick) in southern Sinai forms the basal units 
of the sedimentary sequence and unconform-
ably overlies the Pre-Cambrian basement 
rocks. These fluvial-continental basal units
separated from the underlying uplifted Pre-
cambrian basement rocks by a conspicuous 
unconformity marked by the presence of per-
sistent basal conglomerates. The Paleozoic 
rocks in Sinai have been classified by many 
authors (e.g. Ball, 1916; Soliman and Abu El 
Fetouh, 1969a; Said, 1971; Issawi et al., 1981; 
Kora, 1984; El Agami, 1996; Wanas, 2011). 
Said (1971) subdivided the Paleozoic rocks 
in Sinai (Abu Durba area; Fig.1) into the pre-
Carboniferous Araba and Naqus Formations 
and the Carboniferous Abu Durba Formation. 
Issawi et al. (1981) classified the Paleozoic 
sequence in Sinai (especially at Wadi Feiran 
area) into five mappable rock units. These 
units are from base to top: the Araba, Naqus, 
Abu Durba, Ahemir and Qiseib Formations. 
The name Araba Formation was given by 
Hassan (1967:In Said, 1971) to describe the 
Lower Paleozoic sediments in Abu Durba 

area.  It has been applied  for  regional  use  of  
the  Cambrian  strata  in  Sinai  by  Klitzsch  
(1990).  Weissbrod  (1969),  Omara  (1972), 
El Beleity et al. (1986), Seilacher (1990) and 
Klitzch, (1990) assigned  an  Early  Cambrian  
age  for  the  Araba Formation,  while  Issawi 
and  Jux  (1982)  and  Kora (1984)  extend  its  
age  to  cover  the  Cambro-Ordovician. Kora 
(1984) revised the classification of the Car-
boniferous sequence of Soliman and Abu El-
Fetouh (1969a) that immediately overlies the 
basement complex in the Um Bogma area. He 
assigned the Sarabit El-Khadim, Abu Hamata, 
Naseib and Adedia Formations to the Cambro-
Ordovician, while the Um Bogma and Abu 
Thora Formations were assigned to the lower 
Carboniferous. Akarish and El Gohary (2008) 
incorporated mineralogy and chemical com-
position of the lower Paleozoic sandstones in 
East Sinai to disclose their provenance and 
tectonic setting. Wanas (2011) classified the
lower Paleozoic rock units in Egypt including 
Sinai Peninsula. This classification includes
surface units (Taba, Araba and Naqus Forma-
tions) and its equivalent subsurface rock units 
(Shifa, Kohla and Basur Formations).

Fig. 1: Simplified geologic-geomorphic map showing the distribution
of Paleozoic rocks and the studied localities in southwest Sinai  
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The Paleozoic clastic rocks in Sinai were 
studied in detail from the radioactivity point 
of view by many authors (e.g. Abdel Mo-
nem et al., 1958; El Sokkary, 1971; El Aassy 
et al., 1986; Afifi, 1991; El Agami, 1996; El
Kammar et al., 1997; Shata, 2002 & 2004; El 
Afandy et al., 2010; Shata et al., 2011). Afify
(1991) suggested that the uranium mineral-
ization in Wadi Naseib (Um Bogma area) be-
longs to the sandstone-type uranium deposits. 
El Agami (1996) divided the uranium deposits 
in the Paleozoic rocks in Sinai to three types; 
paleoplacers, epigenetic and surficial uranium
deposits. Shata (2004) inferred the existence 
of mobilized and trapped uranium ore bodies 
at the intersection localities between the NW 
and the SE fault lines at Ras Millan area. El 
Afandy et al., (2010) explained the distribu-
tion of major, trace elements and radionuclides 
in the light of the geochemical and radioactive 
characteristics of Abu Thora Formation. Shata 
et al., (2011) stated that the radioactivity of El 
Adedia Formation at Ramlet Hemeyir area is 
controlled mainly by the detrital and authigen-
ic heavy mineral grains. 

This work deals with the metallogenic 
charateristics of the sandstone-type uranium 
deposits in the Paleozoic sandstones of south-
west Sinai from aspects of uranium source, 
geochemistry and mineralogy as well as the 
geochemical and mineralogical factors con-
trolling the radioactivity in these sandstones.

GEOLOGIC SETTING AND 
DEPOSITIONAL FACIES

The Paleozoic rocks overlie non-conform-
ably the Precambrian basement rocks in south-
west Sinai. These basement rocks represent 
the northern extremity part of Arabian-Nubian 
Shield. The Paleozoic rocks are differentiated 
into Cambrian-Ordovician clastic sequence, 
lower Carboniferous carbonate rocks and Up-
per Carboniferous to Permo-Triassic clastic 
sequence (Fig.2a). The Paleozoic sandstones 
exposures are distributed mainly in south-
west Sinai in Um Bogma (Figs. 2b,c), Gabal 
Dhalal area as a strip separating the crystal-


 



 
 Fig.2: Stratigraphy of the Paleozoic succession in south-
west Sinai (a); annotated outcrop photograph in Um Bog-
ma area showing in detail  its Cambro-Ordovician sand-
stones Formations, including Sarabit El-Khadim, Nasieb 
and Abu-Hamata and Adedia Formations (b) and lower 
Carboniferous Abu Thora Formation (c)

line area of southern Sinai from Mesozoic and 
Tertiary rocks of El Tih and Egma Plateaux 
of central Sinai (Fig.1). These exposures ex-
ist either as small bodies resting on the top of 
high mountains, peneplained basement rocks 
or as down-faulted blocks against crystalline 
basement mountains. The Paleozoic exposures 
are also exposed in the extreme southwestern 
area of Sinai; in the foothills of Gabal Abu 
Haswa (Abu Durba area) and Gabal Araba; 
in the downstream part of Wadi Feiran and in 
the extreme southwest corner of Sinai; at the 
plain between El Tor and Ras Mohammed in 
the area known as Ras Millan (Fig.1).

The radioactive polymictic conglomerate 
bed is well extended in Wadi Qarqur, Wadi 
Um Gidy, Wadi Imlieh (tributaries from Wadi 
El Main; Fig.1) and Wadi El Main which are 
correlated with the high radioactive polymic-
tic conglomerate lens of Gabal Nukhul. The 
basal conglomerate units rest directly on the 
weathered basement rocks (Figs. 3&4) rang-
ing in thickness from 60 cm (Wadi Main) to 
2.0 m (Gabal Nukhul, Wadi Qarqur and Gabal 
Adedia). It is not continually outcropped all-
over the studied localities. It appears in some 
areas and missed in others, whereas the over-
lying sandstone and siltstone units continually 
outcropping directly over the basement rocks. 
The basal conglomerate lenses are composed 
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The Cambro-Ordovician sandstones are 
mainly related to Araba and Naqus Forma-
tions. In Ras Millan area these sandstones are 
faulted contact with fine to medium, alkali gra-
nitic rocks in fault zone extended along more 
than ~12 km. Topographically, Ras Millan 
area is a featureless alluvial plain rising gently 
from sea level to about 400m high at the edge 
of the Precambrian massif. Spatially, Ras Mil-
lan plain lies in the structural domain suffer-
ing the strains resulting from the Gulf of Suez 
rifting in Oligo-Miocene age and that from 
the Gulf of Aqaba transform displacement in 
Plio-Pliestocene age. The effect of these two 
rifting led to the present, two intersecting fault 
systems which controlled the present hogback 
landforms dispersed in this coastal plain. These 
landforms consist of coarse clastics of Nubian 
facies dipping steeply to the west by the effect of 
the two intersecting NW and NE fault systems. 



 









 


Fig.4: Radioactive polymictic conglomeratic lens at the 
base of Araba Formation, Wadi El Main area



 









 


Fig.5: Rock fragments, xenotime and quartz cemented with 
carbonates (pointed by arrows), iron oxides  and  Fe-Ti ce-
ments in the conglomerate of Wadi Nukhul, ppl



 


 




 



Fig. 6: Corroded thorite grains (Th) interspaces the quartz 
grains, Wadi Nukhul, ppl

of rounded to sub-rounded grains of smoky 
quartz (Gabal Nukhul and Wadi Qarqur ar-
eas), rounded feldspars grains, sub-angular 
biotite grains, sub-rounded granitic, quartzite 
rock fragments and detritus Th-bearing min-
eral grains (Figs.5&6). Kaolinite and hema-
tite are the main interstitial constituents fill-
ing pore spaces between the components of 
conglomerate. The variability in texture and 
composition indicates that these conglomer-
ates are of multiple sources. The morphology 
of the conglomerate beds resembles channel 
lag and grained braided bar deposits (Rust, 
1972). While the planar cross-bedded quartz 
arenite are the deposits of sand braided bars 
(Cant, 1978). 



 









 


Fig.3:  Polymictic basal conglomerate directly overlying 
the basement rocks  at Wadi Qarqur
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The Araba Formation non-conformably over-
lies the kaolinized granite of the Precambrian 
basement rocks and conformably underlies the 
Naqus Formation (Fig.7a). It is mainly com-
posed of sandstones and siltstones with interca-
lations of pebbly sandstones and conglomerates. 
The base of Araba Formation consists of kaolin-
ized quartzitic conglomerate bed varies from 0.5 
to 2m in thickness (Fig.7b). Whereas the upper 
part is characterized by large scale-tabular and 
trough cross-bedding. It is reddish, very fine
sand sized and contained a huge amount of black 
sand lenses (paleoplacers) which equivalent to 
the topmost part of El Adedia Formation in Um 
Bogma area (Fig.7c). 

The radioactive Cambro-Ordovician 
ferruginous sandstones are related to the 
topmost part of El Adedia Formation 
(Figs.7d,e,f,g). The lithostratigraphy of 
El Adedia Formation at Gabal Um Hamd 
(Fig.8),   Gabal Abu Triefia (Figs.8&9)
and Gabal Maghara (Figs.1&8); the 
southwest area of Wadi El Sahu and in 
Gabal Hemeyir area are studied. In these 
localities El Adedia Formation reaches 
to 60m in thickness and consists of fine
to medium grained sandstones, partially 
pebbly with distinguished tabular and con-
volute cross-bedding. The topmost part of 

El Adedia Formation (2-5m in thickness) 
consists of ferruginous pebbly sandstones, 
sandstones and siltstones (Fig.7f). It shows 
signs of lateritization mainly of iron and 
less alumina and consists of hematitic silt-
stones and clay (lateritic soil). This hori-
zon represents the unconformity surface 
between El Adedia Formation and its 
overlying Um Bogma Formation. The 
radioactive ferruginous sandstones are 
mainly structurally controlled as those 
at Gabal Um Hamd - Gabal Um Karasy 
- Gabal Abu Treifia strip (Fig. 9); Gabal
Hemeyir - Wadi El Khamila area and 
Gabal Maghara(Fig.10). The black sand 
lenses (paleoplacers) are dominant in 
the upper part of El Adedia Formation 
which existed in Gabal Um Bogma, Abu 
Hamata (Fig.11), Gabal Ghorabi (Gabal 
Hemeyir area) and Gabal Sad El Banat 
(Um Bogma area). They are correlated 
with those in the upper part of Araba 
Formation (Fig.12; Ras Millan area) 
whereas they are matched in their min-
eral contents. These black lenses contain 
huge concentration of heavy minerals 
(Figs.11-14) with little content of quartz 
grains.



 


 




 



Fig.7: Lithostratigraphy of the Cambro-Ordovician succession in Ras Millan area (a) and annotated outcrop pho-
tographs showing in detail  the radioactive sandstones of Araba  Formation (b,c), and composite lithostratigraphic 
subdivisions of El Adedia Formation (e) and detailed lithostratigraphic section of its radioactive uppermost part 
(f) and its annotated outcrop photographs (d,g) , south Wadi El Sahu area
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Fig.8: Geologic map of Um Bogma,  G. Hemeyir region, southwest Sinai



 








 


Fig.9: The long extension and fault control of 
anomalous ferruginous sandstones in Gabal Abu 
Triefia-south Wadi El Sahu area



 








 


Fig. 10: . Ferruginous pebbly sandstone lithofa-
cies showing mosaic of interlocking monocrys-
talline quartz grains (Q) in a compacted texture 
of quartz arenite showing faint demarcation lines 
(arrows) between the primary grain and detrital 
apatite (P) grains,xpl



 








 


Fig. 11: Huge heavy minerals content in black sand 
lenses of Abu Hamata-Um Bogma area,ppl


 



 







Fig.12: Well rounded cracked zircon (Z) and il-
menite (I) heavy minerals content in the anoma-
lous very fine sandstone, Ras Millan area, ppl
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The Lower Carboniferous Abu Thora For-
mation exposed only in Um Bogma area and its 
vicinities including Gabal Hemeyir area. Abu 
Thora Formation is unconformably overlying 
the marine lower Carboniferous Um Bogma 
Formation (Fig. 2a). It is generally composed 
of yellowish to pinkish white sandstones inter-
bedded by varicolored siltstone and mudstone 
(middle unit). These mudstones grade laterally 
into carbonaceous shale with intercalated coal 
seams in some parts. The upper parts are al-
most snow white in color and friable (exploit-
ed for glass sand). Thin sandy conglomerate 
lens and gravelly layers are interbedded. Plant 
fossils including Lepidodendron and Sigillaria 
prints (Soliman and Abu El- Fetouh, 1969b) 
are recorded in the grey carbonaceous silty 
facies. The relative abundance of sandstone, 

siltstone and mudstone within Abu Thora For-
mation show great variations from one place 
to another. Three main lithofacies could be 
distinguished from base to top; the ferrugi-
nous and grimy white sandstone lithofacies; 
the varicolored siltstone and shale lithofacies; 
the milky white sandstone lithofacies. The fer-
ruginous and grimy white sandstones may be 
laterally variated to mottled white and violet 
sandstones lithofacies. The youngest unit of 
Abu Thora succession is overlain with the Tri-
assic-early Jurassic (Samoul et al., 1999) ba-
salt sheet which reach to about 60m in thick-
ness at the top of Gabal El Farsh El Azraq 
(Figs. 2c&8). 

MATERIALS AND METHODS
One hundred and fifteen (115) samples

were collected from the studied Paleozoic 
sandstones exposures in southwest Sinai. 
These samples represent the studied different 
radioactive lithofacies. The basal conglomer-
ate lenses (12 samples), their samples are col-
lected from trenched outcrops of Cambrian 
conglomerate at Gabal Nukhul, Wadi Qarqur, 
Gabal Adedia, Wadi Main, Wadi Um Gidy, 
and Wadi Imlieh. Eighteen samples were col-
lected from the ferruginous sandstones at Wadi 
El Sahu area, 16 samples from Gabal Hemeyir 
area, 28 samples from the Araba sandstones 
at Ras Millan area and 41 samples from Abu 
Thora Formation at Um Bogma area. The geo-
graphic coordinates of the collected samples 
are illustrated in Tables (1, 2, 3, 4, 5, 6). The 
samples are grind and crushed.  The very fine
sand fractions (<0.125 mm) of these samples 
were subjected to heavy-mineral separation 
using bromoform (Sp. gr. 2.85 gm/cm3) and 
methylene iodide (Sp. gr. 3.3gm/cm3). Electro-
magnetic separation using Frantz isodynamic 
separator, was carried out. The heavy mineral 
fractions were subjected to hand picking un-
der the binocular microscope and the mineral 
identified by X-ray diffraction and Scanning
Electron Microscope techniques. The X-ray 
diffraction technique (XRD) using PHIL-
IPS PW 3710/31 diffractometer, scintillation 
counter; Cu-target tube and Ni filter at 40 kV


 



 







Fig.14: Corroded zircon (Z) and monazite (M) tiled by 
fibrous Fe-Ti cement (C), El Adedia Formation, xpl


 



 







Fig.13: The very fine sandstones lithofacies of Araba
Formation contains refractory (Z) and secondary (S) 
minerals embedded in kaolinitic and ferruginated matrix, 
Wadi Lethi-Ras Millan area,ppl
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and 30 mA. The picked mineral grains were 
subjected to back-scattered electron using the 
Environmental Scanning Electron Microscope 
(ESEM) (model Philips XL30) supported with 
energy dispersive X-ray spectrometer (EDX) 
unit being used at 25-30 kV accelerating volt-
age, 1-2 mm beam diameter and 60-120 sec-
ond counting time. The samples were chemi-
cally analyzed for major and trace elements. 
The major oxides (wt%) were measured using 
the conventional technique of Shapiro and 
Brannock, (1962). The trace elements con-
centrations (in ppm) were determined by the 
X-ray fluorescence technique (XRF), using
PHILIPS spectrometer with automatic sample 
changer PW 1510. Radiometric analysis for 
determination of eU, eTh, Ra and K using lab-
oratory gamma-ray spectrometric technique. 
The radionuclide concentrations were deter-
mined by a multichannel analyzer gamma ray 
spectrometer which consists of NaI-Tl Bicron 
scintillation detector connected with NE-4658 
amplifier and a high voltage power supply
with HV digital display. The field radiometric
measurements were carried out using GS-512 
multi-channel instrument of Czech make. The 
same samples were analyzed for chemical ura-
nium by using the spectrophotometer colorim-
etry techniques.

Petrographic, radiometric, chemical, min-
eralogical, X-ray diffraction and Scanning 
Electron Microscope studies were carried out 
in The Labs. of Nuclear Materials Authority 
(NMA), Egypt. Representative samples from 
the promising localities (W. Qarqur, G. Abu 
Trifia; south W. El Sahu, G. Hemeyir and
Ras Millan areas) were chemically analyzed 
in Acme Laboratories of Canada. The major 
elements were determined by automated X-
ray fluorescence spectrometry (Siemen), with
relative accuracy of 0.1 % of major elements. 
The trace and rare earth elements were ana-
lyzed by Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS). Loss of ignition 
(LOI) is determined by weight difference after 
ignition at 1000°C.

Table 1: Radionuclides content and eTh/eU ratios of 
representative samples from the studied radioactive con-
glomerate lenses.

RADIOACTIVITY
The studied basal conglomerate lenses 

have anomalous radiometric uranium (eU) 
and thorium (eTh) contents (up to 157 ppm 
eU and 2379 ppm eTh). The activity of these 
clastics is attributed mainly to thorium content 
with subordinate to negligible uranium con-
tent (Table 1). In the anomalous conglomeratic 
lenses eTh ranges from 18 to 2379 ppm with 
an average of 500.3 ppm and eU ranges from 
4 to 157 ppm with an average of 52.5 ppm.  
eTh/eU ratio ranges from 1.3 to 18.2 with an 
average of 5.3. The Ra contents range from 6 
to 91.1 ppm with an average of 24.1 ppm. The 
eTh/eU ratios reach up to 15.1, 4.5,18.2 at  Ga-
bal Nukhul, Gabal Adedia and  Wadi Qarqur , 
respectively (Table 1). These high ratios can 
be attributed to the leaching of uranium during 
the long transportation distance from the par-
ent rocks to the depositional braided channels. 
So, the chemical uranium (Uc) is depleted in 
this lithofacies (reach up to 40 ppm at Wadi 
Qarqur). 

The ferruginous sandstones in the top-
most part of El Adedia Formation (2-5 m in 
thickness) have anomalous chemical U (Uc) 
contents reaching up to 3000 ppm (Gabal 
Abu Triefia) in south Wadi El Sahu area. The
anomalous ferruginous siltstones lithofacies at 
Gabal Um Hamd and Gabal Maghara as well 
as the ferruginous pebbly sandstones at Gabal 
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Abu Triefia, Gabal Um Zobieb and Gabal Um
Karasy (Fig.8) show high radiometric mea-
surements and enriched in radionuclides (eU, 
eRa and K%). The eU, eTh, eRa, K, eTh/eU, 
and eU/eRa ratios in representative samples 
from these localities are listed in Table 2. The 
mineralized sandstones have high eU and Ra 
contents relative to Th and K. The ferruginous 
pebbly sandstone lithofacies contain the high-
est concentrations of uranium and radium. Its 
eU contents reach up to 2040 ppm (sample; 
A.T.25) with an average of 506 ppm. Its Ra 
contents reach up to 1528 ppm with an aver-
age of 395.8 ppm. The high uranium and radi-
um contents are attributed mainly to the pres-
ence of tongues and lenses of secondary U-
mineralization. The mineralized ferruginous 
sandstones characterized by very low eTh/eU 
ratios (ranging from 0.001 to 0.72; Table 2) 
due to their high uranium content relative to 
thorium. The sandstones at Gabal Abu Treifia,
Gabal Um Hamd as well as Gabal Maghara 
localities have very low average eTh/eU ratios 
0.001, 0.2 and 0.18 respectively. The eTh/eU 
ratios suggest that uranium was removed from 
its sources and deposited in host sandstones 

with continuous recharge (Adams and Weav-
er, 1958). This is confirmed by the values of
both Uc/eU and eU/eRa ratios (Table 2). The 
mineralized sandstones show positive radioac-
tive disequilibrium (Uc/eU ratios averag 2.33 
and 1.29 in Gabal Abu Treifia and Gabal Um
Hamd, respectively). Whereas the eU/eRa ra-
tios exceed unity for most of the mineralized 
samples. All these radios suggest that U was 
removed from its sources and recharged in the 
form of present tongues and lenses consist of 
secondary U-mineralization adsorbed on the 
weathering products represented in the kaolin-
ite and iron oxyhydroxides concentrated in the 
fault zones.

At Gabal Hemeyir area (Fig.15a) the 
radioactive sandstones are related to three 
successive horizons including the topmost 
part of El Adedia Formation at Gabal Ghorabi, 
El Khamila (Fig.15b), Gabal Hemeyir and 
Ramlet Hemeyir localities. The second 
anomalous horizon is the ferruginous siltstone 
formed the lateritic soil directly overlying 
the first anomalous horizon. The third U-
bearing horizon is the yellowish, violet and 
mottled white sandstones at the base of Abu 
Thora Formation (Uc reach up to 212 ppm). 
In these sandstones the eU/eTh ratio reflects
the enrichment of uranium than thorium. The 
anomalous sector of Gabal Hemeyir locality 
is located in the eastern part of the Gabal 
between lat. 29º 1' 15'' - 29º 1'  35'' N and long. 
33º 32' 30'' - 33º 32' 38'' E. The radioactivity 
is controlled by a basic dyke in its contact 
with the ferruginous sandstones. This basic 
dyke reaches about 5 m in width and cutting 
the successive stratigraphic horizons of Gabal 
Hemeyir including El Adedia and Abu Thora 
formations. The eU content in the contact 
zone ranges from 2.1 to 490 ppm while eTh 
content reaches to 75 ppm. The eU/eTh ratios 
reach up to 12.6 in the ferruginous sandstone 
and the Uc reaches up to 2040 ppm (sample; 
Hm.7). El Khamila locality occurred between 
lat. 29º 0' 25'' to 29º 0'32'' N and long. 33º 31' 
38'' to 33º 31' 46'' E (Fig.15b). The anomalous 
horizons at this locality show high eU/eTh 

Table 2: Radionuclides contents and ratios of representa-
tive samples from the radioactive ferruginous sandstones 
at Wadi El Sahu-Gabal Maghara area
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ratio reaching up to 9.5. The active horizons 
are related to the ferruginous sandstones and 
its overlying lateritic sediments (0.5 – 2 m 
in thickness). The radioactive anomalies are 
controlled by major fault lines trending E-W 
and NW-SE such that exist in the Ras Rahia 
shear zone. The eU content ranges from 1.3 
to 260 ppm with an average of 21 ppm and 
eTh content reaches to 50 ppm. The eU/eTh 
ratio shows high variability and reaching up 
to 9.7 in the ferruginous sandstones. The high 
radiometric measurements are predominantly 
attributed to secondary uranium enrichments 
(Uc reaches up to 672 ppm; sample Hm.1). At 
Gabal Ghorabi locality the high radioactivity 
is related to black sand lenses in the topmost 

part of El Adedia Formation and the overlying 
lateritic soil. The first anomalous horizon
is equivalent to those located in the same 
lithostratigraphic horizon at W. El Seih, Abu 
Hamata, G. Sad El Banat and other localities 
in Um Bogma area. In these black sand 
lenses thorium content is slightly higher than 
uranium. The highest eU/eTh occurs in the 
lateritic ferruginous siltstones constituting 
the most radioactive horizon in this locality. 
Its uranium contents (eU) reaches up to 521 
ppm and Uc reach up to 650 ppm (sample; 
LS.2),(Table 3). The Uc/eU ratio for the 
anomalous sandstones at Gabal Hemeyir area 
ranges from 0.49 to 27.5 with an average of 
7.7 and the eTh/eU ratio ranges from 0.12 to 
0.44 with an average of 0.39. 


 




 



 




 


Fig. 15: Landsat image of G. Hemeyir area (a), equivalent 
uranium (eU) contour maps with geologic background of 
El Khamila (b) locality

Table 3: Radionuclides contents and ratios in represen-
tative samples from the radioactive sandstones, Gabal 
Hemeyir area




















































 






































The radioactive sandstones in Ras Mil-

lan area are the basal orthoquartzite (Uc up to 
101.8 ppm and Th up to 7433.1 ppm), the very 
fine sandstone in the topmost part (Uc up to
1016 ppm and Th up to 8359 ppm) of Araba 



109URANIUM  MINERALIZATION  HOSTED BY THE  PALEOZOIC

Formation. The eTh/eU ratios range from 1.68 
to 25.6 with an average of 9.08 in the basal 
horizon while it ranges from 2.26 to 10.1 with 
an average of 6.25 in the overlying sandstones 
(Table 3&4). These high ratios reflect the huge
content of detrital Th and Th-U bearing miner-
als as monazite, allanite, thorite, xenotime and 
davidite (see mineralogy section). In the very 
fine sandstones, the chemical uranium is high-
er than the radiometric one. The very high val-
ues of both Uc and eTh/eU ratios in the same 
time can be attributed to the high concentra-
tion of U-bearing refractory and secondary 
authigenic uranium minerals. These different 
types of mineralization are recorded in petro-
graphic studies (Fig. 13), XRD patterns and 
SEM investigations. The refractory minerals 
liberate uranium from their lattices during 
the metamictization and hydrothermal altera-
tion processes along the permeable fault zones 
(Shata, 2004). The re-precipitation of the mo-
bilized U6+ as secondary uranium mineraliza-
tion are represented as saleeite, johannite and 
sodium meta-autunite in the faulted sandstones 
(samples; Rm.5, Rm.6, Rm.7). The loss of ra-
dium (Ra ranges from 5.6 to 133.1ppm with 
an average of 58.2 ppm) as one of uranium 
daughters designates the radioactive disequi-
librium state of these sandstones. The ground-
water re-distributed the leached U through the 
adjacent clastics along fault zone (~ 12 Km in 
length). So the high values of both eU/Ra and 
Uc/eU ratios confirm the further addition than
removal of uranium. This explains the vari-
able radioactive measurements along the ex-
tension of the fault zone, where the maximum 
radioactive measurements were located at the 
downstream of Wadi Lethi (eTh = 3380.2 ppm 
and eU = 449.8 ppm). The sandstones far from 
the fault zone are slightly enriched in uranium 
than thorium (Uc reach up to 100 ppm). The 
importance of this zone for uranium miner-
alization is related to its possible occurrence 
of reduced environment along fault zone. Re-
duction may be produced by H2S-rich hydro-
thermal fluids and others ascending from deep
hydrocarbon reservoirs of the very close Ras 
Garra oil field.

The most radioactive rock units in Abu 
Thora Formation are the varicoloured silt-
stones and carbonaceous shales (Table 5). 
The varicoloured siltstones show eU contents 
reach up to 162 ppm at Taleet Seliem locality 
(Um Bogma area; Fig.8) with an average of 
24.7 ppm. While eTh reaches up to 309 ppm 
at El Khaboba locality with an average of 37.1 
ppm.  The eTh/eU ratio reaches up to 7.19 
with an average of 1.91 ppm. The eU con-
tents in the black carbonaceous shales range 
from 4 to 21 ppm with an average of 9.72 
ppm (the maximum value is at Ras Nukhul 
locality). While Ra reaches up to 17 ppm in 
Ras Nukhul black carbonaceous shales with 
an average of 6.61ppm. Some storm samples 
have Uc reach up to 380 ppm at Ras Nukhul 
locality. The anomalous mottled sandstones 
in the base of Abu Thora Formation at Gabal 
Hemeyir have eTh/eU ratios range from 0.09 
to 0.314 with an average of 0.19. The Uc/eU 
ratio ranges from 2.03 to 9.1 with an average 
of 4.4. The enrichment of uranium in this ho-
rizon exceeds thorium (Uc reaches up to 212 
ppm). The uranium gained from the upwelling 
of U-bearing groundwater in the permeable 
sandstones along fault zones and controlled by 
the basic dyke which act as barrier along the 
successive horizons of Gabal Hemeyir.

Table 4: Radionuclides contents and ratios of represen-
tative samples from the radioactive sandstones of Araba 
Formation , Ras Millan area
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The field radiometric measurements and
tracing of radioactive anomalies in Abu Thora 
Formation revealed that the structurally con-
trolled sandstones ridges with NNW-SSE 
normal faults are enriched in uranium than 
thorium. These major structure lines facilitate 
the circulation of U-bearing meteoric ground-
water in the permeable fault zones. The nega-
tive correlation (r = -0.74) between the eTh/
eU ratios and Uc shows some enrichment of 
U relative to thorium during supergene altera-
tion processes. The Uc/eU ratios in most of the 
mineralized and non mineralized samples are 
greater than 1. It ranges from 0.09 to 58 with 
an average of 12.7. The mineralized samples 
have a ratio reach up to 52. This indicates 
the presence of strong radioactive positive 
disequilibrium (Uc/eU > 1) and U has been 
transported recently and has not enough time 
for daughters to be created in these sediments 
(have low to moderate Ra content). 

MINERALOGY
 Mineralogy of the Paleoplacers-Bearing 
Conglomerates and Sandstones

Thorite (ThSiO4) is the most abundant Th-
bearing minerals in the studied paleoplacers 
either in the basal conglomerates or black 
sand lenses (Table 6). It is directly associated 

with other detrital heavy minerals including 
abundant uranothorite (Th,U)SiO4 , thorianite 
(Th,U)O2, monazite (Ce, Th, La)PO4, 
zircon ZrSiO4, xenotime YPO4 besides new 
minerals recorded for the first time in the
basal conglomerates at W.Qarqur, W. Main 
and G. Nukhul. These new minerals are 
cheralite (Th, Ca, Ce)(PO4, SO4) of monazite 
group, chevikinite (Ca, Ce, Th)4 (Fe, Mg)2(Ti, 
Fe)3O22  and thorutite (Th, U, Ca) TiO2,(Table 
6). The radioactive minerals essentially exist 
as inclusions in the framework rock fragments 
or through matrix and/or iron oxides and clay 
cement materials.   
Table 6: Minerals of the separated heavy fractions from 
the basal conglomerates and black sand lenses 







     

 


    

 


    

 


    

      









  



 

     

     

     

  


  

  


  

     

     

     

     

     

     

     

     























     

 


    

 


    

 


    

      









  



 

     

     

     

  


  

  


  

     

     

     

     

     

     

     

     

















Table 5: Average radionuclides concentration in 
different lithofacies of Abu Thora Formation

The black sand lenses framework grains 
consists of quartz grains less than 10%. Most 
of arenite are heavy minerals concentrates in-
clude zircon, monazite, allanite (Ce,Ca,Y,U)(
Al,Fe)3(SiO4)3(OH), xenotime YPO4, ilmenite 
FeTiO3 and rutile TiO2 (Figs.11&12). The re-
fractory heavy minerals exist as black laminas 
which can be distinguished in hand specimens 
as well as in thin sections. Well rounded mon-
azite and zircon are the most abundant miner-
als, in addition to xenotime, rutile, ilmenite, 
anatase TiO2, ilmenorutile Fe(Nb,Ta)2TiO2, 
barite BaSO4 embedded and coated with 
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hematite Fe2O3 and anatase cement. Monazite 
exists as well-rounded lemon yellow grain 
associated with rounded zoned and unzoned 
zircon grains. The cement materials occur as 
fibrous and radial or acicular grains (Fig. 14).
The source of iron and titanium oxides cement 
is suggested to be from detrital ilmenite grains 
dissolution (Shata et al., 2011). Intrastratal 
solution and meteoric water accompanied by 
oxidizing conditions are the main factors con-
trolling the alteration of the detrital ilmenite 
grains. The high uranium content in the stud-
ied conglomerates and sandstones hosting to 
paleoplacers is attributed to iron and titanium 
oxy-hydroxides cement as detected from SEM 
investigations. Some uranium has been re-
leased from the above Th-U bearing minerals 
and then fixed by sorption on Fe-Ti oxy-hy-
droxides cement. 

The mineralogic investigations show that 
the paleoplacers hosted in the basal conglom-
erates and the black sand lenses of El Adedia 
Formation in Um Bogma, Gabal Hemeyir and 
Ras Millan areas, are matching in their heavy 
minerals content and may be detrital from the 
surrounding source rocks.
Mineralogy of the Epigenetic U-Bearing 
Sandstones

The X-ray diffraction analyses show that the 
principal minerals controlled the radioactivity 
of El Adedia and Araba ferruginous sandstones 
are mainly the uraniferous xenotime, allanite, 
euxenite (Y,Ca,Ce,U,Th)(Nb,Ta,Ti)2O6 as 
well as secondary U minerals as saleeite 
Mg(UO2)2(PO4)2.H2O and becquirelite 
CaU6O19.11H2O at Wadi El Sahu area (Fig.16); 
xenotime (Fig.17), allanite, fergusonite 
YNbO4, apatite Ca5(PO4)3(F,Cl,OH), zircon 
as well as secondary U minerals; uvanite 
(UO2)2V6O17.15H2O and threadgoldite 
Al(UO2)2(PO4)2(OH).8H2O in Gabal Hemeyir 
area. While the radioactivity at Gabal Maghara 
locality is controlled mainly by xenotime 
and zircon. The iron oxides minerals are 
mainly magnetite Fe3O4 and goethite Fe2O3.
H2O (Table 7). The identified threadgoldite
(sample; LS.3) and uvanite (sample; Hm.5) 


 




 


Fig. 16: XRD-diffractograms of representative samples of 
the studied ferruginous sandstones, Wadi El Sahu area








 



 








Fig. 17: Back scattered SEM & EDX of Xenotime

constitute the secondary epigenetic uranium 
enrichment in these sandstones along fault 
zones. The principal minerals controlled 
the radioactivity of the Araba sandstones at 
Ras Millan area are zircon (Figs.18&19), 
allanite (Fig.20), thorite, xenotime, monazite 
(Fig.21), davidite (Fe2+,U,Ca,Zr,Th,Ce)(
Ti,Fe3+,V,Cr)3O.OH as well as secondary 
U minerals as saleeite and sodium meta-
autunite (Na,Ca)(UO2)2(PO4).8H2O (Fig.22). 
The presence of these minerals together with 
its associates; rutile, ilmenite, ilmenorutile 
(Fig.23) and magnetite indicates some sort 
of placer deposits. The aluminium phosphate 
minerals; wavellite Al3(PO4)2(OH)2.5H2O3, 
vivianite Fe3(PO4)2.8H2O, goyazite 
SrAl3(PO4)OH.H2O, florencite Ce(PO4)2(OH)6 
(Fig.24), plumbogummite PbAl3(PO4)2(OH)5.
H2O were recorded in the radioactive 
sandstones (Table 7) either in El Adedia or 
Araba formations (at Gabal Hemeyir, Wadi El 
Sahu, Gabal Maghara and Ras Millan areas;  
Table 7).
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Fig.21:  : Back scattered SEM & EDX of  Monazite


 




 







 


Fig.22: : Back scattered SEM & EDX of Sodium meta-
autunite adsorbed on hematite


 




 







 


Fig.23: : Back scattered SEM & EDX of Autunite ad-
sorbed on ilmenorutile

Table 7: Minerals of the separated heavy fractions from 
the sandstones of El Adedia and Araba formations at 
southwest Sinai








 



 








Fig. 20: Back scattered SEM & EDX of Allanite








 



 








Fig.19: Back scattered SEM & EDX of Solid solution of 
zircon grains cemented with Fe-Ti cement

























  


 

   


 

   


 

     

     

   


 

     

   


 

   


 

  





 

   


 

   


 

     

     

  


  

  


  

     

   


 

   


 








 



 








Fig.18: Back scattered SEM & EDX of Rosy zircon grains 
interspaced between sand grains in thin sections
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The radioactive sandstones of Abu Tho-
ra Formation are controlled mainly by the 
presence of uraniferous detrital grains. The 
high U content may be attributed to its pres-
ence of some refractory minerals as sphene 
CaTiSiO5 (Fig.25), columbite FeNb2O6 
(Fig.26), apatite (Fig.27), zircon, and mona-
zite (as detected from petrographic study). 
The leachable uranium hosted in the inter-
bedded mudstones and siltstones is captured 
by the dominant iron oxides, clay minerals 
and organic matter dominant in these litho-
facies. Also, U occurs in spots within other 
minerals as graphite C (Fig.28) and may be 
adsorbed by clay minerals (mainly kaolinite 
Al2Si2O5.(OH)4).

Fig. 25: Quartz arenite contains interspaces sphene (S) 
grains, xpl  



 




 









 




 







Fig.26: EDX and SEM of columbite inclusions (pointed by 
arrow) within felsic rock fragment



 




 







Fig.27: EDX and SEM of  apatite



 


         


































 

Fig.28: : EDX and SEM of  graphite grains

GEOCHEMISTRY 
Forty-one samples are chemically analyzed 

for their major and trace elements (Table 8).
The Whole Rock Geochemistry of the U-
Bearing Sandstones

The averages of elemental concentrations 
of the studied sandstones are normalized to 
the upper continental crust (UCC) of Taylor 


 




 







 


Fig.24: : Back scattered SEM & EDX of Florencite (Fln)
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and McLennan (1985) as given in Table (8). 
The normalization shows that the studied 
sandstones are significantly depleted in Al2O3, 
TiO2, MgO, Na2O, K2O, Ba and Rb relative 
to its concentrations in the Upper Continental 
Crust (UCC). The studied sandstones are sig-
nificantly enriched in Fe2O3, P2O5, Nb, Zr, Y, 
Sr, Ni, Cr, Zn, Pb, V, U and Th. Whereas the 
basal conglomerate lenses are depleted in Zr, 
Ni, V and Y relative to other studied clastics. 
They are enriched in Ba indicating the near 
granitic source rocks for this basal lithofa-
cies. The average SiO2 and CaO contents in 
the studied sandstones are close to its aver-
age concentrations in the Upper Continental 
Crust (UCC). These could be attributed to the 
dilution by the Fe2O3 as well as clay miner-
als (Al2O3). The enrichment in Al2O3 and the 
depletion in K2O and SiO2 mean that kaolinite 
is the main mineral in the clay admixture (con-
firmed by XRD data; see mineralogy section).
The lower concentration of Rb in the studied 
sandstones is attributed to the depletion of K2O 
(where Rb is geochemically related to K in 
clay minerals). The enrichment of P2O5, Al2O3, 
Fe2O3, Zr, Y, Sr, Ni, Cr, Zn, Pb, Ba, V, U and 
Th may be attributed to the high content of zir-
con, iron oxyhydroxides, phosphate minerals 
(either uranium or aluminium phosphates) and 
iron titanium detrital minerals.  Zn, Ni, Fe2O3 
are highly enriched in the studied ferruginous 
sandstones (top El Adedia Formation) relative 
to the Upper Continental Crust (UCC). This 
can be attributed to adsorption of both Zn and 
Ni on colloidal iron oxy-hydroxides as well 
as coatings on the framework quartz grains 
(Figs.13&14). This is in agreement with the 
conclusion of Wedepohl (1972) and Levinson 
(1980). ZnO was detected with SEM investi-
gations as mineral phase dominant in the stud-
ied radioactive ferruginous sandstones. 

The chemical analyses of El Adedia sand-
stones samples show that Al2O3 contents reach 
up to 15.97%. The higher values are attributed 
to the presence of clay minerals (kaolinite) 
and secondary aluminum phosphate minerals 
(goyazite, florencite, plumbogummite, wavel-
lite, vivianite). Fe2O3% ranges from 0.52 % in 
the non anomalous white sandstones to 30.9 
% in the ferruginous lateritic siltstones. The 

higher Fe2O3 values were recorded in the fer-
ruginous pebbly sandstones, sandstones and 
lateritic siltstones, as a result of the domi-
nance of iron oxhydroxides as secondary 
components and cementing materials. CaO 
contents vary from 0.5 % to 6.68 % (1.68 % 
in average). P2O5 contents range from 0.23 
% to 6.4 % (1.86 % in average), its highest 
contents are in the ferruginous pebbly sand-
stones, lateritic siltstones and Araba sandstone 
due to the dominance of xenotime, apatite 
and other secondary Al-phosphate minerals. 
Na2O, K2O and MgO contents are usually de-
pleted in the studied clastics because they are 
extremely mobile and are usually leached out 
during chemical weathering. The highest con-
centrations of TiO2 (reach up to 3.37 %) was 
attributed mostly to the presence of ilmenite, 
rutile and anatase minerals being identified by
XRD as well as SEM and EDS investigations 

Table 8: Average chemical composition of the studied Paleozoic 
sandstones and representative samples from the promising locali-
ties, southwest Sinai



























































  







 




 







 




  


 




 





 




 





 




 





 




 





 




 







 




 







 






































































































B.C.*:  Average chemical composition of the studied basal conglomerates; 
Ad.S*: Average chemical composition of the ferruginous S.S. at Wadi El 
Sahu area; Ad.H*: Average chemical composition of the ferruginous S.S. 
at Gabal Hemeyir area;Ar.M*: Average chemical composition of the Araba 
sandstones at Ras Millan area;Ad.G*: Average chemical composition of the 
ferruginous S.S. at Gabal Maghara locality; A.T.*: Average chemical compo-
sition of the Abu Thora Formation;UCC*: Average chemical composition of 
Upper Continental Crust (Taylor and McLennan; 1985)
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for the studied sandstones. Y contents range 
from 11 ppm to 4585 ppm. The higher con-
tents were recorded in the ferruginous pebbly 
sandstones and lateritic siltstones supporting 
the presence of xenotime, fergusonite, mona-
zite and allanite minerals. Zr is considered 
the most dominant trace element in the stud-
ied sandstones. It is highly concentrated in 
the Abu Thora white sandstone (reach up to 
766 ppm), El Adedia ferruginous sandstones 
(reach up to 21156 ppm) and Araba sandstones 
(reach up to 10.6%) as a result of the presence 
of detrital zircon grains. It is dominant mainly 
in the black sand placers as well as dispersed 
in the matrix of the studied sandstones. Vana-
dium occurs in relatively high concentrations 
in both the ferruginous sandstones and lat-
eritic siltstones (V reaches up to 1115 ppm). 
The high vanadium content is attributed to 
the presence of secondary uranium vanadate 
mineral; uvanite as well as detrital ilmenite 
and magnetite minerals which are dominant in 
the ferruginous sandstones and paleoplacers. 
The source of vanadium is not known, but at 
least two possibilities have been presented. 
Vanadium may have been derived from (a) the 
breakdown of detrital magnetite and ilmenite 
within the host sediments or (b) liberated by 
chemical weathering of accessory minerals 
within the source area. Ba and Sr have mod-
erate to high contents confirming their near
acidic source rocks of the studied lithofacies 
(mainly El Adedia Formation and basal con-
glomerate lenses). 

The most important geochemical charac-
teristics of the studied sandstones are the high 
concentrations of Ga and W (reach up to 1973 
ppm and 314 ppm, respectively) in the fer-
ruginous sandstones of Gabal Hemeyir area 
and the high concentration of Sn and W in the 
basal quartzite of Araba Formation at Ras Mil-
lan area (reach up to 1064 ppm and 216 ppm 
respectively). Gallium is related to the domi-
nance of aluminium bearing mineral phases 
either the clay minerals or the Al-phosphate 
minerals. While Sn4+ and W6+ are geochemi-
cally coherent elements and incorporated in 

accessory mineral phases and mica persist as 
complexes in late stage and post magmatic hy-
drous fluids and are deposited in quartz veins
and the greisens borders of the granitic plu-
tons. It seems probable, that these elements 
were associated with U6+ scoured from the 
granitic country rocks in the studied basins by 
circulation of hydrothermal and/or meteoric 
fluids and are concentrated during lateritiza-
tion processes. 

The different lithofacies of Abu Thora For-
mation show a wide span range in its chemi-
cal composition (Table 8 ) . The maximum 
concentration of SiO2 (91.75%) was in the 
milky white sandstones lithofacies (exploited 
for glass sand) at Ras Nukhul, Bedaa (WNW 
G. Um Rinna; Fig.8) and El Khaboba locali-
ties. Such high silica content is attributed to 
the detrital quartz grains. While the radioac-
tive varicoloured siltstones and claystones 
show the lowest silica contents (11.6%) and 
have the maximum contents in Al2O3, MgO, 
CaO, P2O5, Ni, Y, Co and Ga. The increasing 
of Al2O3 and decreasing in silica contents are 
attributed to feldspars breakdown and silica 
mobilization during the alteration and disso-
lution of the main framework grains. These 
alteration processes led to liberation of mag-
nesium from the underlying dolostones of Um 
Bogma Formation and its re-precipitation in 
the overlying clastics as cement materials (pet-
rographically detected as dolomite; El Afandy 
et al., 2010). The positive correlation between 
P2O5 and each of Y, V and Nb is attributed to 
the presence of tiny monazite grains included 
in the framework granitic rock fragments and 
quartz grains ( petrographic investigation; El 
Afandy et al., Op. Cit.).
REE Patterns of the Paleozoic U-Bearing 
Sandstones in Southwest Sinai 

The studied sandstones contain huge 
amount of the most REE accumulators  as 
monazite, xenotime, allanite . So, these sand-
stones enriched in rare earth elements whereas 
∑REE budget reach up to 8035.4 ppm. The 
chondrite normalized REE patterns (Fig.29a) 
show that these sandstones are enriched in 
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HREE and LREE and diagnostically deficit in
Eu due to the breakdown of plagioclase and 
orthoclase. It shows a negative Eu anomaly (-
∆Eu ranges from 0.23 to 0.55; Table 9). The 
strong negative -ΔEu anomaly in the studied 
conglomerates and sandstones can be attrib-
uted to the source rocks which are composed 
mainly of highly differentiated granite (deplet-
ed in Eu). Moreover the present stream plac-
ers are highly winnowed and sorted causing 
the alteration and losting most of plagioclases 
(improves the depletion in Eu). The chondrite 
normalized REE patterns show sudden drop 
concave toward MREE (Sm, Eu and Gd) and 
shows linear increase toward both LREE and 
HREE (Fig. 29a). Table (9) shows the contents 
and averages of the REE . The most abundant 
rare earth elements in these sandstones are  
Ce, La, Nd, Yb, Dy, Er, Gd, Pr, Sm, and Ho. 









    

     
     
     
     
     
     
     
     
     
     
     
     
     
     

     
     
     
     
     
     
     
















Table 9:Rare earth elements concentrations and geochem-
ical ratios of the representative samples from the Paleo-
zoic sandstones, southwest Sinai.



 


         



































 

Fig.29: Chondrite-normalized REE patterns (a) and histo-
grams show the REE concentrations (b) of representative 
samples from the studied sandstones in promising locali-
ties at southwest Sinai



 


         



































 

Whereas the lowest concentration correspond 
Eu, Tm, Tb and Lu. The LREE/HREE ratios 
vary from 0.15 to 5.2. This attributed to en-
richment in both LREE (the basal conglomer-
ate at Wadi Qarqur, the ferruginous sandstone 
in Gabal Hemeyir and the very fine sandstone
in Ras Millan area) and HREE (the ferrugi-
nous sandstones in Gabal Abu Triefia, Gabal
Hemeyir and Gabal Um Hamd) (Fig.29b). The 
high LREE content attributed to the domi-
nance of the detrital monazite, davidite, al-
lanite and secondary Al- phosphate minerals 
which are enriched in LREE (as goyazite and 
florencite). The LREE fractionation confirmed
by the positive Ce anomaly +∆Ce (Ce/Ce* 
1.08 & 1.1; Table 9) and the high La/Ybn ratios 
as well as the EDS data of the separated al-
lanite, monazite, davidite and florencite grains
(Figs.20-22). Generally, the LREE especially 
Ce, La and Nd are more mobilized during the 
hydrothermal alteration and weathering pro-
cesses (Nesbitt, 1979; Giere, 1996). Whereas 
the HREE enrichment in the studied sand-
stones is mainly attributed to the dominance of 
xenotime, allanite, fergusonite and zircon. The 
HREE fractionation (Yb reaches up to 985.3 
ppm, Dy up to 1714 ppm, Er up to 1178 ppm 
and Ho up to 362.9 ppm) in the ferruginous 
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sandstones lithofacies may be attributed to the 
supergene and lateritization processes located 
in the topmost part of El Adedia and Araba 
formations.
REE and U Mobilization Within the Fault 
Zones of the Paleozoic Sandstones 

The LREE, HREE and U were mobilized 
to a significant distance and incorporated
within separated mineral phases by the high 
P-rich fluid. The role of the P-rich fluids in
the alteration and mobilization processes for 
both REE and U can be predicted from the 
dominance of secondary Al-phosphate miner-
als as goyazite, florencite, wavellite, vivianite,
plumbogummite and U-phosphate minerals; 
threadgoldite, saleeite, sodium met-autunite in 
the studied sandstones. The source of the P-
bearing meteoric fluids may be from the disso-
lution of primary apatite (Pagel, 1984) exist-
ing in the nearby basement granitoid rocks and 
hosted as detrital phase in these sandstones. 
The deeply penetrated heated meteoric water 
(in fractured sandstones) release U and REE 
from the present accessory minerals such as 
monazite, apatite, allanite, zircon and xeno-
time. U and REE-bearing solution transports 
through the pre-existing faults and permeable 
braided channels. Retention of uranium from 
a solution carried out by clay minerals, iron 
oxides and organic matter through sorption. 
The negative Ce anomaly confirms the effect
of oxic groundwater in Ce fractionation and 
its precipitation as Ce (IV) oxide (Jerden and 
Sinha, 2003).  Hidaka et al.  (2005) attributed 
the large chemical fractionation between Ce 
and other LREE to the formation of second-
ary minerals under oxidizing conditions. The 
presence of secondary uranium mineralization 
postulates high alkaline, meteoric nature and 
relatively low temperature for these solutions. 
The role of groundwater in the distribution 
of secondary uranium mineralization occurs 
when circulation of meteoric water could pen-
etrate to deeper granitic parts along faults and 
fracture zones. When the fluids approach the
surface, passing through fracture system, the 

pressure decreased and the pH increased due 
to the loss of volatile components (Romberg-
er, 1984). They become alkaline and oxidizing 
and causes subsolidus alterations processes. 
Evidences of the alkaline and oxidizing nature 
of the ascending fluids in the studied sand-
stones include: (1) dissolution of quartz, (2) 
enrichment of the altered clastics in Ca, Mg 
and precipitation of iron as oxyhydroxides, (3) 
precipitation of secondary uranium phases, (4) 
hematization and pseudomorphic oxidation of 
pyrite to limonite and goethite.

METALLOGENIC ASPECTS OF THE 
STUDIED SANDSTONE-TYPE URANI-
UM DEPOSITS AT SOUTHWEST SINAI

The studied Paleozoic sandstones at south-
west Sinai host two types of uranium miner-
alization:
The Syngenetic Continental/Littoral 
Paleoplacers

This type of mineralization includes main-
ly refractory minerals detrital from nearby 
and/or far distant source rocks. They are host-
ed in two different stratigraphic horizons. The 
first placers are those in the basal polymictic
conglomerate lenses in Gabal Adedia, Wadi 
Qarqur, Wadi Main and Gabal Nukhul. The 
second placers are those of black sand lenses 
exist in the sandstones of El Adedia Forma-
tion (common in Um Bogma area; Wadi El 
Seih, Abu Hamata, Gabal Sad El Banat, Ras 
El Homira and in Gabal Hemeyir area; Gabal 
Ghorabi) and topmost part of Araba Formation 
in Ras Millan area. The detrital Th-U bearing 
minerals were transported and concentrated 
by repeated recycling and mechanical sorting 
within a high energy surface hydrologic envi-
ronment. The close association of these plac-
ers with regional unconformities documents 
the importance of erosion and sediment recy-
cling in the concentration processes. Mineral-
ization exists mainly in typical sedimentary 
characteristics of braided stream depositional 
systems with extremely coarse sediment size, 
normal grading vertical sequence, and maxi-
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mum ratio of channel width to thickness and 
limited flood plain size. The mineralized sandy 
braided channels are comparatively smaller, 
and their most common sedimentary structure 
is large-scale trough cross-bedding. 

Two types of placers can be recognized 
on the basis of depositional environment as 
stream and beach. Stream placers occur in the 
high energy ephemeral deposits formed close 
to their source area (mainly recorded in basal 
conglomerates). Beach (littoral) placers that 
formed either as beaches or various types of 
bars (longshore, baymouth, shoal ..etc) which 
recorded mainly in black sand lenses. Both 
stream and beach paleoplacers are common 
in the studied Paleozoic sandstones. Meander 
loops and channels with deep scours appear to 
be the most favourable sites for this mineral-
ization. 
The Epigenetic Tectolithologic-Type 
Sandstone Uranium Deposits 

These epigenetic uranium deposits hosted 
in the sandstones unconformably overlying the 
Precambrian basement rocks or faulted against 
them such as the ferruginous sandstones in the 
topmost parts of El Adedia and Araba forma-
tions, and the fault controlled sandstone blocks 
of Abu Thora Formation. The tectonic history 
of southern Sinai is considered to be one of the 
most important factors in the formation of this 
sandstone-type uranium deposits. Since the 
gradual uplift of the region in early Mesozoic 
time and the development of extensional tecto-
nism, were probably responsible for extensive 
block faulting and formation of major fault 
lines (NW-SE fault sets appear to be closely 
associated with the described mineralization). 
The open structure of the studied sedimentary 
basins, with its well-developed interconnect-
ing high-angle normal fault and fracture sys-
tems is capable of sustaining a well-developed 
regional groundwater flow. The groundwater
is bicarbonated, highly uraniferous (>50 ppb; 
Shata, 1997), phosphate rich and structurally 
controlled. This groundwater type results in 

various processes of dissolution, leaching, 
alteration, remobilization and mineralization. 
The fining-upward sequence of fluvial sedi-
ments (host to mineralization) act either as 
aquicludes or aquitards to groundwater flow,
channelling uraniferous waters into the more 
pervious sandstones and conglomerates along 
fault zones. So, the recorded uranium mineral-
ization is seldom to occur far from fault zones 
and is stacked up at different horizons along 
the fault lines. The radioactive anomalies in 
these sandstones show a wide variation in 
their intensities due to mineralogical compo-
sition, secondary alteration and/or due to dia-
genetic features. The uraniferous fluids enter
oxidizing environment along the permeating 
fault zones which contain oxides or clay min-
erals capable of adsorbing uranium from solu-
tions. The ferric hydroxide is a very effective 
scavenger of metals including U (Langmuir, 
1978) from these fluids. The sorption of U6+ 
onto Fe oxyhydroxides and organic matter is 
carried out over a wide range of pH conditions 
(Hsi and Langmiur, 1985; Moyes et al., 2000). 
Petrographic studies show that the studied 
sandstones contain a considerable granitic and 
volcanic rock fragments. During the super-
gene alteration processes, the trace content of 
uranium in these rock fragments would be oxi-
dized to the hexavalent state (U6+) and taken 
into solution. The flow of mineralized fluids
through the host rock is responsible for the 
deposition of this epigenetic mineralization 
which classified as epigenetic tecto-lithologic
or post fault type according to Young (1964). 

The depositional successions which host to 
the present epigenetic U mineralization com-
prise three parts; fine sediments at the bottom, 
coarse sediments in the middle and fine sedi-
ments at the top, which can serve as confining 
beds. In this trap the uranium mineralization 
extend in linguoid shapes in rich sand braided 
channels and the ore bodies mainly lay in the 
front of interlayer oxidized zones. The present 
epigenetic mineralization exists as secondary 
uranium phosphate minerals which result from 
dissolution and remobilization of uranium 
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from primary apatite (Pagel, 1984). SEM in-
vestigation shows irregular form of the present 
xenotime mineral grains (Fig.17) confirming
the probable secondary origin of this mineral. 
The second form of epigenetic mineralization 
exists as U-Ti bearing grains and cement ma-
terials associated to ilmenite and altered rutile 
(Fig.23). They were apparently formed from 
the liberated Ti and U ions from the distortion 
of zircon, sphene and monazite during altera-
tion of these minerals. Some oxidized titanium 
compounds formed either by leucoxenation of 
clastic minerals (ilmenite) or precipitated from 
solutions in the course of cementation and be-
long to certain uranium collectors. All of these 
leucoxenes are composed of rutile and anatase 
with an admixture of TiO2.nH2O gel. There is 
a certain convergence between the clastic Ti-
bearing minerals alteration and the processes 
resulting in generation and recrystallization of 
TiO2-gels (Cuney et al., 1991).

CONCLUSIONS
The Paleozoic sandstones host two types 

of uranium mineralization. The first is the
syngenetic continental/littoral paleoplacers 
consists of refractory Th-U bearing minerals 
which were detritus from distant and/or near-
by source rocks. Meander loops and channels 
with deep scours appear to be the most favour-
able sites for these paleoplacers. The second 
is the tectonic-lithologic sandstone-type ura-
nium deposits, which formed by epigenetic 
U-enrichment within the sandstones along the 
permeable fault zones. The tectonic-lithologic 
stack type deposits are in part considered the 
product of uranium redistribution, released 
from the lattice of the refractory minerals into 
permeable hosts along structure lines take 
place by younger tectonic processes. The epi-
genetic uranium deposits stacked up through 
successive horizons of the faulted Cambro-
Ordovician and lower Carboniferous clastics 
in southwest Sinai. The radioactive anomalies 
in these sandstones related mainly to mineral-
ogic composition, secondary alteration and/or 
due to diagenetic features which control this 
type of mineralization. The low temperature 

ore-forming groundwaters were slightly bicar-
bonate, highly uraniferous and phosphorus-
bearing moved along interconnecting faults 
and fracture zones into the fabric-loosened 
body of braided depositional systems. The tec-
tonic history of southern Sinai is considered to 
be one of the most important factors in the for-
mation of this sandstone-type uranium depos-
its. The U-bearing refractory minerals in the 
oxidization environments liberate the uranyl 
ion which is somewhat mobile in weakly acid 
solutions in the porous and permeable braided 
channels along the extensive faulted blocks 
and major fault zones. 

The present uranium and thorium bearing 
minerals hosted in the investigated sandstones 
are mainly chemical compounds of phos-
phates, vanadates and titanium oxides. The 
clay minerals, iron oxides and organic matter 
play vital role in the fixation of mobile ura-
nium along the permeable fault zones. Most 
of Zn, Ni, Cr, U, and V are mainly adsorbed 
on colloidal iron hydroxides cement materials. 
The enrichment of Zr, Y, Th, Pb and Nb attrib-
uted to presence of detrital refractory miner-
als. The TiO2 content of the present sandstone 
not fully explained in terms of detrital but also 
secondary enrichment by TiO2 retention on the 
clay fraction. The cement materials include 
titanium oxides (anatase) and iron oxyhydrox-
ides play essential role in the fixation of the
mobilized uranyl ions. 

The tectonic-lithologic type uranium de-
posits occurring in significant quantities in
the ferruginous sandstones of El Adedia For-
mation at Gabal Hemeyir, Wadi El Sahu and 
Gabal Maghara areas as well as the equivalent 
clastics of Araba Formation at Ras Millan area. 
The wide aerial extension of these promising 
sandstones moreover enrichment in REE, Ga, 
Sn and W increase the economic significance
of these U-resources in southwest Sinai. So, 
the promising localities need to further explo-
ration in detail.
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مصر سيناء، غرب بجنوب القديمة الحياة لحقب الرملى بالحجر الموجودة اليورانيوم تمعدنات
شطا أحمد السيد أحمد

هو الاول النوع أساسيين، نوعين من القديمة الحياة  لحقب  التابع الرملى  الحجر  فى الموجودة اليورانيوم معادن تتكون
من منقولة لليورانيوم والثوريوم حاملة فتاتية معادن من تتكون وهى الرملى الحجر ترسيب أثناء القديمة المتكونة المرقد رواسب
الزركون، الشيراليت، الثوريت، اليورانوثوريت، من المعادن هذة وتتكون الترسيب. لبيئة والبعيدة المصدر المحيطة صخور
ترسيب هى أماكن المجدولة ألانهار مجارى حلقات و أنعطافات أن وجد وقد المونازيت. الزينوتيم، الدفيديت، الشيفيكينيت،
متكونة ما معادن هى الحياة القديمة لحقب التابع الرملى فى الحجر الموجودة اليورانيوم معادن الثانى من النوع هذة التمعدنات.
ثانوى اثراء المعادن تكونت نتيجة هذة و الرملى. الحجر يورانيوم انواع لفئة الصخرى من النوع التكنونى وهى الترسيب بعد
الصوديوم من السالييت، هذة المعادن وتتكون النفاذية العالية. الصدوع ذات مواقع على امتداد الحجر الرملى فى لليورانيوم
النادرة, الارضية للعناصر الحاملة والالومنيوم الحديد فوسفاتات معادن الى بالاضافة الاوفينيت، الثريادجولديت، ميتااوتونيت،

البلمبوجوميت. الفلورنسيت، الوافيليت، الجويازيت، الفيفيانيت، مثل
 Upper الأرضية العليا القشرة فى تركيزها الى نسبة العناصرالكيمائية ببعض غنى المدروس الرملى الحجر أن وجد وقد
ويرجع .P2O5, Al2O3, Fe2O3, TiO2, Zr, Y, Sr, Ni, Cr, Zn, Pb, Ba, V, U and Th : Continental Crust مثل
و أيضا و الالومنيوم اليورانيوم فوسفات معادن الحديد و اكاسيد و معادن الزركون من العالى المحتوى المعادن الى هذة اثراء
للعصر التابعة ميلان وراس حمير جبل مناطق فى الرملى الحجر صخور ان وجد وقد الفتاتية. والحديد التيتانيوم معادن أكاسيد

النادرة. الارضية العناصر القصدير، الجاليوم، التنجيستن، من عناصر عالية تركيزات غلى تحتوى الكمبروأوردوفيشى
الحديدى لمتكون الرملى الحجر فى اقتصادية بتركيزات الصخرى التكتونى النوع من الثانوية اليورانيوم وتتواجد معادن
لمتكون المكافىء عربة وادى الصحو، وأيضا الحجر الرملى لمتكون جنوب حمير، جبل بمناطق .El Adedia Fmالعددية
حيث سيناء. غرب بجنوب اليورانيوم موارد من هام مورد الواعدة الرواسب هذة وتمثل ميلان. راس بمنطقة فى العمر العددية
حمير، جبل مناطق فى الصدوع مواقع على امتداد أفقى من مستوى لاكثر قاطعة أجسام شكل الرواسب على من النوع هذا يمتد
العمق على لليورانيوم اختزال مناطق احتمال وجود الى المناطق هذة وترجع أهمية ميلان. راس منطقة وادى الصحو، جنوب

اليورانيوم.  لمعادن مصايد تركيبية شكل على الصدوع هذة فى مواقع
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