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ABSTRACT 
This study deals with the geology and mineralogy of stream sediments at Wadi Wassif, C.E.D., Egypt. 

The area is built up of igneous and metamorphic rocks of Late Precambrian age in addition to Quaternary 
alluviam deposits. Geologically, the area consists of metavolcanics, older granitoids, Hammamat sediments, 
younger granites, and Quaternary sediments filling the streams of the studied area. Microscopically,
metavolcanics comprise metaandesite, metadacite and crystal tuffs. They are weakly metamorphosed to 
the green schist facies (chlorite zone). Hammamat sediments comprise conglomerate, sandstone, siltstone 
and mudstone. They are weakly metamorphosed to the chlorite zone of the green schist facies. Gravity and 
magnetic separation techniques in addition to microscopic examination for the studied stream sediment 
samples were applied to evaluate the heavy minerals concentration of these sediments. The average heavy 
mineral concentration of the stream sediments of Wadi Wassif is 5.56%, ranging from 1.58% and 10.91%. 
These heavy minerals increase from upstream to downstream of Wadi Wassif. The average contents of the 
concerned heavy minerals in Wadi Wassif are 0.347% for zircon, 0.058% for thorite, 0.074% for monazite, 
0.097 for titanite, 0.038% for rutile. The other heavy minerals include epidot, garnet in addition to opaque 
minerals; magnetite, ilmenite and hematite. The radiometric study of the stream sediments of Wadi Wassif 
indicates that the average concentrations of U and Th are 2.9ppm and 17ppm respectively, ranging from 1 
to 4ppm for U and 8 to 28ppm for Th, which reveals a significant fractionation during weathering of these
sediments.   

INTRODUCTION
Wadi Wassif area is located in the Central 

Eastern Desert of Egypt, and covering an area 
of about 48Km2. The area is delineated by Lat. 
26˚ 32\ and 26˚ 36\N and Long. 33˚ 42\ and 33˚ 
45\E. , Fig 1. It is entirely covered by igneous 
and metamorphic rocks that are dissected by 
several wadies e.g. Wadi Safaga, Wadi Was-
sif and Wadi Wateira.  The area is studied by 
many authors, such as El Gaby, and Habib 
1982, El Ramly, and El Akaad 1960 from dif-
ferent point of view.

The present work is concerned with geolo-
gy of rock assemblages covering Wadi Wassif 
area, as well as heavy mineral concentrations 
in the stream sediments. 




 

        
            
  
            
          

 
             
          
        































  

Fig. 1: Geologic map of Wadi Wassif Area

ISSN  2314-5609
Nuclear Sciences Scientific Journal
vol. 1, p 85-97 
2012 



86  ASHRAF E.I. SOLIMAN et al.

GEOLOGIC SETTING
The rock assemblages cropping out at 

Wadi Wassif comprise, from the oldest to the 
youngest, metavolcanics, older granitoids, 
Hammamat sediments, younger granites and 
quaternary sediments filling the streams of the
studied area. More than 50% of Wadi Wassif 
area is covered by metavolcanics that form ir-
regular masses of high relief. They are char-
acterized by dark green to yellowish green 
colour, highly foliated and jointed (Fig. 2). 
Sharp contacts between metavolcanics with 
both older granitoids and Hammamat sedi-
ments are present. Also, metavolcanics are 
intruded by younger granites in the southern 
part of Wadi Wassif. Stern (1981) divided the 
metavolcanics in the area between Latitudes 
25º 30\ and 26º 30\ in the Eastern Desert into 
older metavolcanics (OMV) and younger 
metavolcanis(YMV). The OMV are charac-
terized by a thick mountainous succession of 
pillowed metabasalts, and rare sedimentary in-
terbeds. They are associated with metagabbros 
and serpentinites of ophiolitic nature. 

Older granitoids crop out to the west of 
Wadi Wassif. They form large masses of mod-
erate relief extending as elongated belt in the 
NE-SW direction and forming fault contact 
represented by right lateral strike-slip fault 
with Hammamat sediments. These rocks con-
tain xenoliths of metavolcanics. Older gran-
itoids are coarse grained, highly sheared and 
jointed, and characterized by cavernous struc-
ture, well developed exfoliation (Fig. 3) and 
show gneissose structure especially along and 
near their contacts and peripheries. They show 
heterogeneous nature, tonalite in composition, 
and related to the synorogenic calc-alkaline 
granites of El Gaby and Habib, 1982. 



           




            
            
          

          

          


           

     
           

        




      













     
    











           




            
            
          

          

          


           

     
           

        




      













     
    









Hammamat sediments are well exposed in 
Wadi Wassif, where they occur as elongated 
strip trending N-S and forming the eastern 
shoulder of Wadi Wassif. Also, they crop out 
to the west of Wadi Wassif at the central part. 
They locally show cyclothems, where con-
glomerate bands occur at the base followed 
upward by greywacke and siltstones at the up-
per part of the succession in addition to slaty 
foliation nature (Fig. 4). They possess primary 
and diagenetic sedimentary structures includ-
ing laminations, normal graded bedding and 
convolute bedding.

The studied younger granites form the high-
est mountainous bodies in the area, and located 

The YMV occur as andesitic sequence 
that overlie and interfinger with immature
sediments. In Wadi Wassif area YMV can be 
distinguished from OMV by the abundance 
of porpheritic and more felsic lithologies, the 
abundance of volcaniclastic sediments, and 
the scarcity of large pillows, as well as the ab-
sence of associated serpentinites.

Fig. 2: Highly foliated, faulted and jointed 
metavolcanics of Wadi Wassif area 

Fig. 3: Older granitoids show carnivorous struc-
ture, well developed exfoliation and containing 
xenoliths of metavolcanics (MV)
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in the southwestern part of Wadi Wassif. They 
intrude metavolcanics with sharp contacts. 
These granites belong to gattarian granites (El 
Ramly and Akaad, 1960). They were emplaced 
during the post tectonic episode in Egypt, con-
tempaneous with the Pan African tectono-ther-
mal events.

The rock assemblages of Wadi Wassif area 
are dissected by several wadies. The main wadies 
in the studied area are Wadi Safaga in the north, 
Wadi Wassif, and Wadi Wateira in the west. The 
directions of these wadies are coincident with the 
large scale faults and covered mainly by stream 
sediments. It is apparent that the N-S, NE-SW, 
NW-SE and E-W trends are the significant major
faults controlling the wide wadies in the studied 
area. The stream sediments of Wadi Wassif are 
composed mainly of loose sand with gravel, 
pebbles and rarely cobbles, which imbedded in 
sandy matrix. 

MICROSCOPIC EXAMINATION
The metavolcanics comprise meta-andesite, 

metadacite and crystal tuffs. They are weakly 
metamorphosed to green schist facies (chlorite 
zone). Meta-andesite rocks are altered, porphy-
roblasts and amygdaloidal. Subhedral plagio-
clase phenocrysts show preferred orientation 
(Fig. 5a) and measuring up to 1.3mm in length. 
They are mostly altered to a mixture of calcite, 
ziosite and chlorite. Few fresh crystals are deter-
mined to be andesine (An43-47) in composition. 
These phenocrysts, together with large patches 
of chlorite after some ferromagnesian minerals, 
are embedded in a groundmass of small, subpar-
allel plagioclase laths, abundant opaques, quartz, 
as well as numerous amygdales. The latter are ir-
regular in shape, measuring up to 1.2mm, and are 
filled mainly with calcite and chlorite. Metada-

cites are greenish-grey in colour, altered and por-
phyroblastic. Subhedral plagioclase phenocrysts 
are saussoritized and measured up to 1.2mm in 
length. They have a sodic labradorite (An55-57) 
composition. Quartz phenocrysts are embed-
ded and corroded along fractures (Fig. 5b). They 
measure up to 1.7mm. The phenocrysts are em-
bedded in a fine-grained groundmass consisting
of small plagioclase laths, quartz, chlorite and 
opaques. Crystal tuffs are composed essentially 
of andesine (An34-40) and quartz often corroded by 
the groundmass. Some of these tuffs are banded 
by the variation in the grain size (Fig. 5c). Iron 
oxides pepper the groundmass in specks and 
granules, and form trails. The rocks are affected 
by polyphase of deformation. They display fo-
liation that is defined by preferred orientation of
elongated quartz, muscovite flakes and mainly
trails of iron oxide crystals.

Older granitoids are medium to coarse-
grained, and grey in colour. They are com-



           




            
            
          

          

          


           

     
           

        




      













     
    









































           
           
          

            

        
          
            
          

              




 



 

 

































           
           
          

            

        
          
            
          

              




 



 

 

Fig.5.a: Altered and oriented plagioclase phenocrysts in 
a groundmass of subparallel plagioclase laths, abundant 
opaque and minor quartz, meta-andesite. C. N. x 4

Fig.5.b: Fractured and corroded phenocrysts of quartz in a 
fine-grained chlorite-rich groundmass, Porphyroblastic meta-
dacite. C. N. x 4. c) Banded tuff exhibiting variation in grain 
size and modal proportions of the main constituents; quartz, 
chlorite and iron oxides. C. N. x 4. 

Fig. 4: Foliation in Hammamat sediments
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posed essentially of oligoclase, quartz, ortho-
clase, hornblende and muscovite (Fig. 5d). 
Opaques and zircon are the common accesso-
ries. The common secondary constituents in-
clude serisite, epidot and chlorite. Plagioclase 
(An22-25) occurs as subhedral, tabular crystals, 
displaying zoning and varying degrees of 
saussoritization often restricted to the core of 
the crystal (Fig. 5e). Quartz commonly forms 
anhedral to subhedral and crystal aggregates, 
and shows highly corrosive outlines against 
plagioclase, potash feldspar and hornblende. 
Hornblende occurs as pale brown subhedral 
crystals, frequently altered to actinolite with 
release of iron oxide along cleavage traces, 
and enclosing numerous anhedral iron oxide 
crystals. Potash feldspars are commonly rep-
resented by cloudy orthoclase twinned accord-
ing to the Carlsbad Low, and by small intersti-
tial crystals of microcline exhibiting charac-
teristic cross-hatching twinning.

Hammamat sediments comprise conglom-
erates, sandstones, siltstones and mudstones 

































           
           
          

            

        
          
            
          

              




 



 

 

































           
           
          

            

        
          
            
          

              




 



 

 

that are weakly metamorphosed to the chlo-
rite zone of the greenschist facies. Evidence 
of deformation is best seen microscopically 
in sandstones, siltstones and mudstones. Con-
glomerates are mainly composed of large 
(>4mm.) angular to subangular quartz, plagio-
clase crystal fragments and lithic fragments. 
Sandstones are grain-supported and angular to 
subangular minerals and lithic fragments that 
are embedded in a matrix of serisite, chlorite, 
epidot and sphene. Plagioclase fragments are 
abundant and display serisitization, kinking 
and bent twinning. Abundant quartz exhibits 
wavy extinction and incipient crystallization. 
Cloudy orthoclase and bent chlorite flakes are
subordinate. The green siltstones are com-
posed of angular to subangular clastic grains 
of quartz, cloudy orthoclase and tiny scales of 
serisite and chlorite.

The clastic grains are embedded in an 
iron oxide-rich clayey matrix, which may be 
partly replaced by carbonates. These rocks are 
mostly matrix-supported. They display well 
developed slaty cleavage, microfolding and 
microfaulted bedding (Figs. 5f&g). The mud-
stones are greenish laminated rocks composed 
of small quartz clasts, with minor plagioclase 
and muscovite flakes embedded in a fine-
grained clayey and chloritic matrix. The clasts 
/ matrix ratio illustrates that these rocks are 
grained-supported with interstitial matrix.

Younger granites are holocrystalline, me-
dium to coarse-grained exhibiting light pink 
colour and show hypidiomorphic granular 
texture (Fig. 5h). They are composed mainly 

































           
           
          

            

        
          
            
          

              




 



 

 

Fig.5.c: Banded tuff exhibiting variation in grain 
size and modal proportions of the main constituents; 
quartz, chlorite and iron oxides. C. N. x 4   

Fig.5.d: Deformation and   partially obliterated lamel-
lar twinning in altered plagioclase, and weak preferred 
orientation of hornblende. Older granitoids. C. N. x 4   

Fig.5.e: Zoned plagioclase crystal showing saussoriti-
zation restricted to the core. Older granitoids. C.N.x10 
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anhedral to subhedral, occasionally as euhe-
dral, grains scattered through the rocks and of-
ten engulfed within biotite and quartz. Zircon 
occurs as interstitial zoned tabular crystals, or 
as inclusions in biotite, plagioclase and quartz. 
Sphene is very rare exhibiting spheniodal 
shape within other minerals. Apatite occurs as 
minute euhedral tabular and needle-like crys-
tals associated with the other constituents and 
occasionally enclosed within them.      
EVALUATION OF STREAM SEDIMENTS

Sampling and Techniques   
A total of eleven stream sediment samples 

were collected from Wadi Wassif through spot 
samples to the depth of about 70cm. the sam-
ples spacing were 500m apart. These samples 
were prepared for quantitative mineralogical 
analyses. The samples were air-dried, quartered 
using both John’s Splitter and an automatic ro-
tary Splitter to obtain representative samples 
for different mineralogical treatments. 

Quantitative mineralogical analyses for the 
stream sediment were carried out by gravity 
separation using a Wilfley Shaking Table (No.
13), heavy liquid separation using bromoform 
solution (Sp. Gr. 2.81g/cm3), magnetic frac-
tionation using a Frantz Isodynamic Magnetic 
Separator (Model L-1) and a Binocular Ste-
reomicroscope.

Mineralogical investigation of the mineral 
constituents of the stream sediments of Wadi 
Wassif was carried out by X-ray diffraction 
technique. A Phillips X-ray diffractometer 
(Model PW-1010) with a scintillation coun-
ter (Model PW-25623/00) and Ni filter was
used. Semiquantitative EDX chemical analy-
ses were carried out using a Phillips XL-30 
Environmental Scanning Electron Microscope 
(ESEM).

Determinations of the eU, eTh and Ra 
(ppm) and K (%) concentrations of the stud-
ied stream sediments were carried out us-
ing a Bicron Scintillation Detector NaI (TI) 
76x76mm. The samples were crushed to pass 

































           
           
          

            

        
          
            
          

              




 



 

 

































           
           
          

            

        
          
            
          

              




 



 

 

































           
           
          

            

        
          
            
          

              




 



 

 

Fig.5.f: Open F3 fold in green siltstone-mudstone. C. 
N. x 4

Fig.5.g: Microfaulted bedding and variation in modal 
proportions of clastic quartz, and size grading of frag-
ments in Siltstone-mudstone. C. N. x 4

Fig.5.h: Subhedral to anhedral crystals up to 2.3 x 4 
mm and rarely as euhedral crystals of the essential 
minerals of younger granites, slightly affected with 
alteration processes.C.N. x4

of microcline, plagioclase, quartz, biotite and 
muscovite. The accessory minerals include 
zircon, sphene, apatite and opques. Chlorite, 
epidot, serisite and koalinite are the main sec-
ondary minerals. Opaque minerals occur as 
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a hand magnet, and then the free-magnetite 
samples were subjected to the magnetic sepa-
ration at 0.2, 0.5, 1.0 and 1.5 current amperes. 
The obtained fractions were weighed and their 
percentages were calculated (Table 2). It is 
obviously noted that the heavy minerals are 
concentrated mainly in 0.2amp and 0.5amp 
magnetic fractions; while 1.5amp magnetic 
fraction contains the lowest concentration of 
the heavy minerals.

through 0.5mm sieve to homogenize them. 
They were packed in plastic containers, sealed 
carefully, and stored for more than thirty days 
prior to counting.
Heavy Minerals Distribution   

To obtain the heavy minerals from the stud-
ied stream sediment and remove the gangue 
minerals, especially quartz and feldspars which 
constitute more than 85% of the stream sedi-
ments of Wadi Wassif, the gravity separation 
technique was applied using a Wilfley Shaking
Table (No. 13). The fractions resulted from the 
wet-tabling of the studied samples were a table 
concentrate containing most of the heavy min-
erals, and a tailing fraction composed mainly 
of quartz and feldspars. Because of the table 
concentrates were still contain some of gangue 
minerals, up to about10%, they were subjected 
to the heavy liquid separation using the bromo-
form solution (Sp.gr. 2.81g/cm3). The average 
content of the heavy minerals in the studied 
stream sediments is 5.56% ranging from 1.58% 
and 10.91% (Table 1). The content of the heavy 
minerals in the studied stream sediments in-
creases from south (upstream) to north (down-
stream).

Magnetic separation using a hand magnet 
and Frantz Isodynamic Magnetic Separator 
(model L-1) were used to fractionate heavy 
minerals according to their magnetic suscep-
tibilities. First, magnetite was collected by 













             
         
           
            

             
             




            


 
 
 
 
 
 
 
 
 
 
 
 

 
 
 




           
            
             
          
            
          


         
           
  
           

Table 1: The percentages of the heavy minerals in the 
studied stream sediments of Wadi Wassif



          














 

















      
      
      
      
      
      
      
      
      
      
      



           



   



           


           
           
           
           
           
           
           
           
           
           
           
           
           
           
        


Table 2: Frequency of the heavy minerals in the differ-
ent magnetic fractions

Each fraction obtained from the magnetic 
separation process was microscopically inves-
tigated to calculate the frequency distribution 
of the concerned minerals in the studied stream 
sediment. A considerable number of grains 
from each magnetic fraction were counted 
(about 1500 grains). The weight percentage of 
each concerned mineral relative to the corre-
sponding original sample was calculated ac-
cording to Stakhove equation (1957):

Q = [P. nm.dm / Σ(nodo)].100

 Where: Q = the weight percentages of the 
concerned mineral

P = the weight percentage of the corre-
sponding magnetic fraction.

nm = the number of grains of the mineral.

dm = specific gravity of the mineral.

Σ(nodo) = the sum of the number of grains 
for each mineral multiplied by its specific
gravity.
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trace elements include Y, U, Ca, Fe and REE 
(Fig. 6b).

Zircon [ZrSiO4]: is a remarkable mineral 
due to its ubiquitous occurrence in crustal igne-

The common heavy minerals in the studied 
stream sediments are thorite, zircon, titanite, 
monazite, garnet, rutile, epidot in addition to 
opaque minerals magnetite, ilmenite and he-
matite (Table 3).



          














 

















      
      
      
      
      
      
      
      
      
      
      



           



   



           


           
           
           
           
           
           
           
           
           
           
           
           
           
           
        


Table 3: The weight percentages of the concerned heavy 
minerals in the studied stream sediment samples 

Thorite [ThSiO4]: occurs widely in the 
form of accessory minerals, which belongs to 
the most important basic commercial miner-
als of thorium. Thorite constitutes 0.058% 
of the studied stream sediments. It occurs 
as brownish black to black opaque grains of 
greasy luster (Fig. 6a). Most of thorite mineral 
grains are subhedral to anhedral corroded and 
cracked. Rarely, euhedral prismatic thorite 
grains are present. They are strongly metamic-
tized, as determined by X-ray diffraction. In 
nature, thorite, generally, occurs in metamict 
state, amorphous to X-ray and electron dif-
fraction, even though, they may have crystal 
faces (Palache et al. 1944, Pabst 1952, Ewing 
and Haaker 1980). Thorite was annealed at 
1100˚C for approximately four hours preced-
ing identification by XRD. The obtained data
(Table 4) reveal the presence of thorite peaks 
(ASTM card 11-419) in addition to hematite 
peaks (ASTM card 13-534). The presence of 
hematite may be in the form of thin films coat-
ing thorite grains or as individual hematite 
grains. The ESEM analysis shows that thorite 
consists mainly of ThO2 and SiO2. Minor and 



              



 

 

 




             
           
           
 
            




 

 

 

 

 

 

Fig. 6a: Photomicrographs showing mineral grains 
of thorite



 

 

 

 

       
          





            





 

 

 

 

Fig. 6b: ESEM analyses for the studied heavy min-
erals from Wadi Wassif; thorite





    
           
          


             
 
             

             














     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

            

           
           

             
   

           

           

Table 4: X-ray diffraction data of the annealed tho-
rite from the studied stream sediments
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ous, metamorphic and sedimentary rocks, and 
in even mantle xenoliths, lunar rocks, mete-
orites and tektite (Speer 1980). Zircon consti-
tutes 0.347% of the studied stream sediments. 
It occurs as subhedral to anhedral grains ex-
hibiting colourless to brownish yellow colours 
of adamantine luster. Prismatic, barrel, needle 
and broken crystals are the prominent forms 
of zircon (Fig. 6c), while few zircon grains are 
well preserved as euhedral crystals with bipy-
ramidal termination. ESEM data indicate that 
zircon consists mainly of ZrO2and SiO2with 
trace amounts of Ca, Hf, Fe and Al (Fig. 6d).
The Zr/Hf ratio is a principle indicator of 
magmatic differentiation. The average Zr/Hf 
of zircon from granitoid rocks is 37.3, while 
this ratio reaches to 49.6 for volcanic rocks, 
55.7 for basic rocks and 67 for ultrabasic rocks 
(Lyakhvich and Vishneveskiy 1990). For the 
studied zircon, Zr/Hf ranges from 31.15 to 
56.78, indicating that they may be derived 
from granitic, basic and metamorphic rocks.

Titanite [CaTiSiO5]: is widespread in 
acidic, intermediate igneous rocks, and in sev-
eral metamorphic rocks as accessory phase. 
Titanite constitutes 0.097% of the studied 
stream sediments. It exhibits transparent to 
translucent yellow to yellowish brown colours 
(Fig. 6e). Titanite mineral grains are subhedral 
to anhedral grains of adamantine luster and 
imperfect cleavage. The presence of titanite in 
the studied sediments was identified by ESEM
and confirmed by X-ray diffraction (Table 5).



              



 

 

 




             
           
           
 
            




 

 

 

 

 

 

Fig. 6c: Photomicrographs showing mineral grains 
of b) zircon



 

 

 

 

       
          





            





 

 

 

 

Fig. 6d: ESEM analyses for the studied heavy 
minerals from Wadi Wassif; b) zircon



              



 

 

 




             
           
           
 
            




 

 

 

 

 

 

Fig. 6e: Photomicrographs showing mineral grains 
of  titanite



             



 
            
          






 


   
   
   
   
   
   
   
   
   
   
   



  

          


     
            
            
            
           
         



            
           
          

           

 
             
             


Table 5: X-ray diffraction data of titanite of Wadi 
Wassif area

The EDX of most titanite grains reveal 
the presence of minor amounts of Al, Fe, U 
and Th (Fig. 6f). Isomorphous for Ca are Na, 
REE and minor Th and U; isomorphous for Ti 
are Fe, Al, and Nb. Traces of Zr, Pb, Sn, V, C, 
Ga, Ta and Ba have been detected (Heinrich 
1958). Inclusions of zircon and ilmenite were 
detected in titanite (Fig. 6g).
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Fig. 6f: ESEM analyses for the studied heavy miner-
als from Wadi Wassif; c) titanite 

Fig. 6g: ESEM analyses for the studied heavy miner-
als from Wadi Wassif; d) inclusion of zircon within 
titanite

Monazite [CePO4]: is one of the most im-
portant nuclear minerals, being a major host 
for REEs and actinides Th and U (Hinton and 
Paterson 1994, Bea et al. 1994, Bea 1996). 
Monazite in the studied samples is rare consti-
tuting 0.074% of the heavy minerals of these 
samples. It forms rounded to well rounded 
pale yellow, honey yellow, greenish yellow 
and reddish yellow grains (Fig. 6h). The ab-
sorption spectrum of monazite is determined 
mainly by Nd and Pr elements, Fe3+, Fe2+ 
oxides content are the reason of coloration 
(Karavtchenko 1960). The tabular and broken 
crystals are frequent. Most of these grains are 
characterized by pitted surfaces. The EDX 
data (Fig. 6i) shows that Ce is the dominant 
A-site cation, and so monazite can be referred 
as monazite-(Ce). Also, the average Th and 
U contents in these monazites are 6.84% and 
2.76% respectively.

Rutile [TiO2]: is the preferred mineral for 
the production of titanium dioxide. Rutile con-
stitutes 0.038% of the heavy minerals of stud-
ied stream sediments. Rutile mineral grains are 
commonly prismatic, elongated, tabular and 
massive granular in shape (Fig. 6j). The com-
mon colors of rutile are reddish brown grading 
into the red and black with adamantine luster. 
The EDX shows the chemical composition of 
rutile, where minor amounts of Si, Ca, Fe, Mg 
and Al are present (Fig. 6k). 



              



 

 

 




             
           
           
 
            




 

 

 

 

 

 

Fig. 6h: Photomicrographs showing mineral grains 
of  titanite, d) monazite



 

 

 

 

       
          





            





 

 

 

 Fig. 6i: ESEM analyses for the studied heavy min-
erals from Wadi Wassif;  e) monazite



              



 

 

 




             
           
           
 
            




 

 

 

 

 

 

Fig. 6j: Photomicrographs showing mineral grains 
of  e) rutile and f) pyrite
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Ilmenite [FeTiO3]: is the most abundant 
Fe-Ti oxide mineral that occurs in a wide 
variety of igneous rocks, some metamorphic 
rocks, and as detritus mineral grains. Ilmen-
ite constitutes 0.086% in the studied stream 
sediments and occurs as irregular, tabular or 
massive angular to sunrounded grains. These 
grains exhibit black to brownish black colors 
and metallic to submetallic luster. The brown-
ish tint of some ilmenite mineral grains may 
be due to the partial alteration of these grains. 

Garnet: The minerals of garnet group 
characterize some metamorphic rocks, others 
occur in some igneous types, and can be no-
ticed generally as detritus grains in sediments. 
The average content of garnet in the studied 
stream sediments is 0.314%. It exhibits dif-
ferent colors ranging from pale pink to dark 
brown with vitreous luster. Sometimes, garnet 
grains appear to be cloudy due to staining or 
inclusions. The alamandine type is the com-
mon garnet mineral in the studied samples.   

DISTRIBUTION OF U AND Th

The examined stream sediments of Wadi 
Wassif are characterized by radiometrically 
low concentrations of U and Th (Table 6). The 
radiometrically elemental concentration of U 
range between 1 and 4ppm with an average 
2.9ppm, while it is between 8 and 28ppm for 
Th with an average 17ppm. The average Ra 
content for these sediments is 2.8ppm, ranging 
between 1 and 4ppm.

Pyrite [FeS]: is by far the most widespread 
and commonly occurring sulfide mineral. It
can be found in almost any type of geologic 
environment (Berry et al. 1983). Pyrite is very 
rare in the studied stream sediments. It oc-
curs as massive, granular or rounded grains of 
brownish black to greenish black colors (Fig. 
6l). Some pyrite grains change to iron oxide 
retaining the same form of pyrite (Fig. 6m, n). 
Wenk and Bulakh (2004) pointed out that dur-
ing oxidation; iron hydroxide called limonite 
replaces pyrite. 



 

 

 

 

       
          





            





 

 

 

 Fig. 6k: ESEM analyses for the studied heavy min-
erals from Wadi Wassif;  f) rutile



              



 

 

 




             
           
           
 
            




 

 

 

 

 

 

Fig. 6l: Photomicrographs showing mineral grains 
of f) pyrite



 

 

 

 

       
          





            





 

 

 

 

Fig. 6m: ESEM analyses for the studied heavy min-
erals from Wadi Wassif;  g) pyrite



 

 

 

 

       
          





            





 

 

 

 

Fig. 6n: ESEM analyses for the studied heavy min-
erals from Wadi Wassif;  h) iron oxide after pyrite
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Ivanovich (1994) concluded that a rela-
tively constant Th/U mass ratio of around 3.5 
is found in most natural systems. The average 
of the corresponding value (eTh/eU ratio) for 
the sediments of Wadi Wassif is 6.13varying 
between 2.75 and 12 which indicate that there 
is a significant fractionation during weathering
of these sediments causing the depletion of U.

The main factors controlling the distri-
bution of radioelements in sediments are the 
geomorphological features of the basin of de-
position, radioelements content of the source 
rocks, grain size of these sediments, the al-
kalinity of the surface groundwater, and to a 
lesser extent effect of the organic matter. 238U/
226Ra activity ratios (ARs) can be used to as-
certain equilibrium within the same decay se-
ries (Navas et al., 2002). If secular equilibrium 
prevails in the 238U chain, ARs of 238U/226U will 
be approximately 1, ARs values other than 1 
indicate disequilibrium. The ARs for the stud-
ied stream sediments of Wadi Wasif alternate 
lower and higher than 1, which indicate a state 
of disequilibrium in these sediments.    

CONCLUSIONS

Wadi Wassif area is located in the CED 
and covering an area of about 48Km2. The 
rock assemblages cropping out at Wadi Was-

sif area are; from the oldest to youngest, 
metavlcanics, older granitoids, Hammamat 
sediments, younger granites, and Quaternary 
alluvial sediments. The qualitative and quanti-
tative mineralogical studies of the stream sedi-
ments of Wadi Wassif indicate that these rock 
assemblages contribute minerals association 
in these sediments The average heavy miner-
als concentrations of the stream sediments of 
Wadi Wassif is 5.56% that increase from up-
stream to downstream of the wadi. The con-
cerned heavy minerals and their concentra-
tions include thorite 0.058%, titanite 0.097%, 
monazite 0.074%, and zircon 0.347%. The as-
sociated heavy minerals are garnet, rutile, epi-
dot in addition to opaque minerals that include 
magnetite, ilmenite and hematite. The stream 
sediments of Wadi Wassif are characterized 
by low concentrations of U and Th. These 
sediments show a state of disequilibrium and 
depletion of U due to weathering processes af-
fecting these sediments.
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Table 6: eU, eTh, Ra (ppm) and K (%) content, and some elemental ratios of the stream sediments of Wadi 
Wassif 
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الوديان الدراسات المعدنية لرواسب على التركيز مع مصر, الشرقية الصحراء وسط صيف , منطقة وادى جيولوجية

عمران وعلى احمد النحاس ،هشام سليمان ابراهيم العزب  اشرف
طول  ٤٢ ٣٣ و   شمالا وخطى ٣٢ ٢٦و ٢٦٣٦ عرض خطى بين الشرقية الصحراء وسط فى وصيف وادى منطقة تقع
بركانية  صخور الى الاحدث الاقدم من وتنقسم الكمبرى قبل ما حقبة الى تنتمى فى المنطقة القاعدة شرقا. صخور  ٣٣٤٥
القلوى) (الجرانيت الحديث الجرانيت  وصخور الرسوبية الحمامات وصخور (تونالايت) قديمة جرانيت وصخور متحولة

الحديثة. الوديان ورواسب

نسبة الثقيلة ومعرفة المعادن من المنطقة لتحديد الميكروسكوب وبدراسة العينات التى اخذت تحت هذه الصخور دراسة تم
نسبة  وبدراسة الى المصب. المنبع تزداد من النسبة هذه .٪ ٥,٥٦ بمتوسط تمثل الثقيلة ان المعادن وجد عينة كل فى المعادن كل
٪٠٫٠٩٧ والتيتانيت ٪٠٫٠٧٤ والمونازيت ٪٠٫٠٥٨ والثوريت ٪٠٫٣٧٤ الزركون ان وجد اخذت التى العينات فى معدن كل

وهيملتيت. والمينيت وماجنيتيت وجارنت ابيدوت مثل اخرى ومعادن ٪٠٫٠٣٨ والروتيل

فى  الثوريوم ١٧ جزء نسبة ومتوسط المليون فى ٢٫٩ جزء اليورانيوم نسبة ان متوسط اشعاعيا وجد العينات بدراسة
المليون. فى جزء يترواح ما بين ٨ الى ٢٨ والثوريوم ١ الى ٤ جزء فى المليون بين يترواح ما اليورانيوم ان المليون اى
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