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AbSTRACT
The radiometrical study carried out for the stream sediments of Wadi El-Reddah reveals that uranium is in a disequilibrium 

state and uranium concentrations in recent uranium deposits are seldom detected by scintillometer. On this base, two types of 
uranium deposits of the studied sediments are recorded; old and recent uranium deposits. eTh/eU ratio of old uranium deposits 
in the studied sediments suggests poor weathering and rapid deposition of rock detritus. On the other hand, eTh/eU ratio of 
recent uranium deposits indicates that these sediments are developed under conditions where uranium was removed from its 
source and fixed in the sediments with continuous recharge. Two notifications were recorded, the first concerning with the stable 
increasing of uranium in all directions of Wadi El-Reddah and uniformly decrease in the central part. The second related to 
the uniform vertical distribution of uranium to one meter depth and may become different in more depths. The qualitative and 
quantitative mineralogical studies on the stream sediments of Wadi El-Reddah reveals that the most important heavy minerals 
include uranothorite, zircon, monazite, xenotime, apatite and cassiterite as well as opaque minerals such as ilmenite, magne-
tite, rutile and hematite. Some very rare minerals were observed in the stream sediments as bismite.

Alpha spectrometry plays an important role in the determination of uranium isotopes concentration in the recent samples. 
The extraction for uranium was increased after modification of the old radiochemical procedure.

I. INTRODUCTION

Wadi El Reddah area is delineated by longi-
tudes 33˚ 20\ and 33˚ 22\ 30\\E and latitudes 27˚ 
06\ 15\\ and 27˚ 08\ 30\\N. Wadi El-Reddah is 
mainly trending N-S and filled with stream sedi-
ments. The main outcrops in the study area are 
older granitoids, Hammamat sedimentary rocks, 
Monzogranite, Alkali feldspar granites, Post-
granite dykes and stream sediments (Fig.1).

Terrestrial radionuclides from the uranium 
and thorium decay series, commonly associated 
in nature, are a natural source of radiation. The 
uranium and thorium decay series together with 
soil 40K concentrations, make the major contribu-
tion to the total terrestrial gamma flux. Radionu-
clides in soils occur in minerals or are adsorbed 
onto soil colloidal components (organic matter, 
clays, Fe-Mn oxides). From an environmental 
point of view, processes acting on their transfer 
and bioavailability are an important issue. The 
distribution of natural radioisotopes in soil depth 
profiles has been studied by several authors (e.g. 
Rosholt et al., 1966; Sully et al., 1987). The ef-
fects of soil properties in biogeochemical mobi-
lization of these radionuclides has been gained in 
recent years e.g. by de Jong et al., (1994). Cow-
art and Burnett (1994) indicated that 238U may 
form complex ions and migrate downward in the 

soil profile. The increase of pH with depth may 
favor leaching of uranyl complexes downward 
the soil profiles and their further binding to fin-
er soil particles at deeper layers where they are 
more abundant. This would agree with findings 
of other authors which indicate radioactivity in-
crease with decrease of particle size (Megumi et 
al., 1982; Baeza et al., 1995; Navas et al., 2002).

Radioactive uranium and thorium content, 
from 4.1 to 25.2 ppm and from 12.5 to 30.2 
ppm respectively, are recorded by Remon et al., 
(2006). The stream sediments of Wadi El-Red-
dah were also studied by El Nahas et al., (2011) 
using remote sensing and GIS techniques, and 
recorded U contents ranging from 187-440 ppm. 

This work aims at undertaking radiochemi-
cal and mineral exploration of the investigated 
sediments to reveal points of evidences of recent 
uranium accumulations properly U dispersing 
aureoles in these sediments.

II. Analytical Techniques

Stream sediments have filled most of the 
study area which located at the northeastern part 
of G. Gattar. Wadi El Reddah is considered as 
a semi-closed drainage, which allows the vari-
ous elements to sink within the wadi rather than 
to be transported over long distances away from 
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their source rocks. These sediments are mainly 
composed of loose sands mixed with gravels, 
pebbles and rarely cobble.

Thirty five trenches were drilled on a grid 
pattern manner. The trenches are about 300m 
apart in the same profile. Actually, the collected 
samples from the drilled trenches were classified 
into two groups. The first ones collected from 
the upper 50cm, while the second are from 50 
to100cm depth. Each samples weighed about 
3Kg. the samples were quartered using John’s 
splitter and an automatic rotary splitter to obtain 
representative samples for radiometrical, radio-
chemical and mineralogical analyses.

The uranium contents were measured radio-
metrically in the studied stream sediments using 
NaI-detector, chemically by Spectrophotometric 
Analysis and radiochemically by Alpha Spec-
trometer. Also, a representative sample was mea-
sured by HPGe-detector. A total 59 samples were 
measured radiometrically.  

II.1 NaI and HPGe- detectors

Uranium, thorium and radium contents were 
determined by a Bicorn Scintillation Detector 
NaI (Tl) 76x76 mm with a multichannel analyz-
er. The collected samples were crushed to about 
1 mm grain size, and then packed in plastic con-
tainers, sealed and stored for at least 21 days to 
accumulate radon in order to attain radioactive 
equilibrium and be ready for the radiometric 
measurements. Calibration of Na-I detector was 
carried out by using gamma emitting sources 
Co-57 (122.1 kV, set up in channel 122) and Cs-
137 (661.6 kV, set up in channel 662) as follows:

a- Calibration starts with the Cs-137 source 
(coarse adjustment) and then with Co-57 source 
(fine adjustment).

b- The Cs-137 source is repeatedly used as 
minimum procedure.

c- Since the electrical noise of the photomul-
tiplier in the detector unit generates low ampli-
tude pulses, the lower level discrimination of the 
instrument must be set up to the level of channel 
40 in order to avoid such pulses as well as natural 
cosmic and X-rays from the registered signals. 

The samples were measured through the sys-
tem and then related to the standards for U, Th, 
Ra, and K provided by the International Atomic 
Energy Agency (IAEA). The samples were mea-
sured two times 1000 second per each, and then 
the average of the total counts for each sample 
was taken. These counts are input to a computer 
program (analysis) written using Pascal lan-
guage (Matolin, 1990) which run under MS-Dos 
to calculate the concentrations of the radioele-
ments (U, Th & Ra in ppm) and K (in %).

Only one sample was analyzed, using gam-
ma-ray spectrometry with HPGe detector. The 
detector has a relative efficiency of about 50% of 
the 3” × 3” NaI (Tl) crystal efficiency, resolution 
of 1.90 keV and peak/Comp- ton ratio of 69.9:1 
at the 1.33 MeV  gamma transition of 60Co, then 
coupled to conventional electronics,  connected 
to a multichannel analyzer card (MCA) installed 
in a PC computer. The detector was shielded 
from the background radiation using a 10 cm 
thick lead, internally lined   with a 2 mm copper 
foil. The software program MAESTRO-32 was 
used to accumulate and analyze the data. The sys-
tem was calibrated for energy to display gamma 
photo peaks between 63 and 3000 keV. The ef-
ficiency calibration was performed by using 
three well-known reference materials obtained 
from the International Atomic Energy Agency 
for U, Th and K activity measurements: RGU-1, 
RGTh-1 and RGK-1 (IAEA, 1987; Anjos et al., 
2005). 

II.2 Alpha procedure

Several steps of sample preparation, radio-
chemical separation, and source preparation 
were performed before analysis. The concerned 

Fig. 1: geological map of Wadi El-Reddah area.
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sample was leached by mixture of acids in pres-
ence of hydrogen peroxide then ashed and spiked 
with uranium tracer (232U) for chemical yield and 
activity calculation. Then uranium was extracted 
from the matrix elements with trioctylphosphine 
oxide (TOPO) and Di-2-ethylhexylphosphoric 
acid (D2EHPA) and stripped with 0.75M Na-
2CO3 solution. Modifications were performed 
for the procedure to give highest extraction. The 
uranium fraction was purified by co-precipita-
tion with LaF3 to ensure complete removal of 
thorium and traces of resolution degrading el-
ements. This was followed by a final clean-up 
step using an anion exchange. The pure uranium 
fraction was electrodeposited on a stainless steel 
disc from HCl/oxalate solution.

II.3 Spectroscopy procedure

Uranium (VI) using Arsenazo (III) was de-
termined by the spectrophotometer apparatus 
which is “Metertech Inc” model SP-8001, UV-
Visible spectrophotometer. This apparatus is a 
single beam recording spectrophotometer and 
covers the UV-Visible range 200-1100 nm with 
wavelength accuracy of ±1nm. One match of 5 
cm3 quartz cell with a path length of 1cm was 
used for both samples and blank reagent. All 
measurements were carried out in Nuclear Mate-
rials Authority Labs in which a small portion of 
the sample (0.25ml) is added to 1.5 ml of 0.25% 
Arsenazo III and after that add 2 ml of NH4OH 
and shaking for 3 min. and after a few minutes, 
add 4 ml of Urea nitric and up to volume with 
distilled water in 10 ml volumetric flask and 
left for 15 min. and then measure the sample on 
Spectrophotometer (Marchzenko, 1986).

III. RESUlTS AND DISCUSSION

III.1 Distribution of uranium and thorium  

The obtained data resulted from the radiomet-
ric, chemical and radiochemical analyses for the 
studied samples are listed in Table (1) and repre-
sented in figure (2). The data show wide varia-
tion in U, Th, Ra (eU) and K% contents; U up to 
17 ppm, and Th up to 43 ppm. Ra(eU) varying 
between 5 and 17 ppm and averaging 8.58 ppm. 
The content of potassium falls between 2.34 
ppm and 5.31ppm with an average of 3.42 ppm.

The data of the studied sediments are com-
pared with the averages of arenaceous and argil-
laceous sediments (Table 1) reported by IAEA 
(1979) and Boyle (1982). It is clear that these 
samples have higher contents of uranium and 
thorium than the arenaceous sediments and also 
the average of greywacke reported by Killen 
(1979). Average of uranium contents are higher 
than argillaceous sediments while average of 
thorium values fall within the range of argilla-
ceous sediments. Th/U ratio average (2.57 ppm) 
is slightly lower than average of arenaceous and 
argillaceous sediments.

It is important to mention that, there is a clear 
difference between chemically, radiochemically 
and radiometrically uranium contents (Table 1). 
This is resulted from the fact that when uranium 
is too recently deposited, it is difficult to build up 
radioactive daughter products. So, uranium con-
centrations are seldom detectable by scintillom-
eter. On this base, two types of uranium deposits 
are recorded, old and recent uranium deposits.

The U-contents and Th/U ratios in sedimen-
tary rocks are generally used to deduce the con-
ditions under which the highly anomalous min-
eralized or uraniferous types were formed (Ad-
ams and Weaver, 1958). However, three types of 
sediments are differentiated according to their 
Th/U ratios:

i. The first type includes sediments of 
Th/U ratio value ranging between 0.012- 0.81. 
These sediments are developed under conditions 
where uranium was removed from its source and 
fixed in the sediments with continuous recharge.  

ii. The second type of sediments has Th/U 
ratio value ranging between 1.47-1.49. They are 
characterized by their relatively high Th-content, 
regarding to the first one, due to slightly more 
scavenging of U-content because of continuous 
leaching and recharging.

iii. The third type of sediments, exhibits 
Th/U ratio value ranging between 1.49 & 5.47. 
These sediments reflect the poor weathering and 
rapid deposition of rock detritus. Therefore, the 
detrital radioactive minerals like xenotime, sa-
marskite, thorite and euxenite usually dominate 
in this type.  
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Table (1): Radiometric measurements of eU, eTh, Ra (eU) and k% and chemical analysis of uranium (Uc) 

for the studied stream sediments of Wadi El-Reddah. 

Uc/UrUceU/RaeTh/eUK %Ra(eU)
 (ppm)eTh (ppm)eU (ppm)Samples no.

2.001.602.4451610UD/0 2.201.822.7152011B
2.001.752.9962112UD/300E 1.402.292.965167B

36.89479.601.861.233.7971613UJ/0
1.252.303.6682310UJ/300W
1.003.332.836206UP/0 1.502.222.656209B
1.002.832.986176BP/300E
1.202.673.765166UP/600E
0.863.334.047206UP/300W 1.781.633.8092616B

80.13400.650.633.803.758195US/300E 68.10408.600.862.833.607176B
32.10353.152.201.824.2852011US/600E 101.79407.150.804.504.285184B
19.24153.900.892.634.009218US/300W 52.40366.800.783.143.699227B
28.16309.801.221.824.2492011US/600W 29.41264.651.132.673.448249B

0.823.003.1311279BV/900W
2.001.752.5882816UY/0 1.141.883.637158B
1.002.383.048198BY/300E
1.382.733.5183011UY/600E 1.571.642.7571811B
1.781.754.7192816UY/300W 0.563.803.569195B
0.714.202.997215UY/600W 1.002.443.459229B
1.271.644.24112314UDD/0 1.431.703.8271710B
1.632.003.0582613BDD/300E
1.182.233.03112913UDD/600E
1.431.603.0871610BDD/900E
2.171.692.6262213BDD/300W 0.871.693.09152213B

24.05288.601.502.424.0882912UGG/0 64.99454.950.704.293.5410307B
28.44199.050.643.294.1011237UGG/300E 106.86534.300.296.605.2917335B
8.90151.351.701.592.69102717UGG/600E 40.03480.351.202.003.70102412(B)
60.81547.251.002.442.349229(U)GG/900E 30.46274.150.823.223.5511299B

2.141.672.4672515UGG/300W 1.571.912.4272111B
0.675.332.899326UGG/600W 1.003.113.019289B
1.312.003.03133417UJJ/0 30.66153.300.425.003.5412255B

42.55425.450.912.803.96112810UJJ/300E 39.91439.001.002.463.74112711B
54.55600.001.102.463.38102711UJJ/600E 66.03792.400.862.085.31142512B
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49.64446.800.903.443.5010319UJJ/900E 23.96287.501.502.253.6282712B
2.141.332.7372015BMM/600E
1.332.693.58124316UMM/900E 2.171.772.8062313B

8.90151.350.291.232.345154Min.
106.86792.402.206.605.31174317Max.
46.67384.111.262.573.428.5823.5010.12average

---31.4-31*ArenaceouS
---42.7-16-474**Argillaceous
------51.5*** greywacke

* Arenaceous sediments (IAEA, 1979 and boyl, 1982)
** Argillaceous sediments (IAEA, 1979 and boyl, 1982)
*** Average of greywacke (killen, 1979)

Uc/UrUceU/RaeTh/eUK %Ra(eU) 
(ppm)

eTh (ppm)eU (ppm)Sample no.

7

Fig. (2): Distribution of radiometrically U content in the studied stream sediments

III.2 Radioactive equilibrium
According to Reeves and Brooks (1978), uranium (U238 series) attains the 

equilibrium state in nearly 1.5 M.a. Cathelineau and Holliger (1987) stated that uranium 
mineralization is affected by different processes. Leaching, mobility and redistribution 
of uranium are affected by hydrothermal solutions and/or supergene fluids, which cause 
disequilibrium in the radioactive decay series in the U- bearing rocks. The radioactive 
equilibrium of the studied sediments can be determined by the calculation of 
equilibrium factor (P) which is the ratio of radiometric uranium contents (eU) to the 
radium content Ra(eU); Pfactor =eU/Ra(eU) (Hussein, 1978; El-Galy, 1998; Surour et al., 
2001; El-Feky et al., 2011). The average ratio of Pfactor of the studied sediments is 1.26 
which is more than one. Figure (4a) indicates disequilibrium in U-decay series due to 
uranium addition.

The second method for the study of equilibrium is carried out by using the data of 
chemically analyzed uranium (Uc) and radiometrically determined uranium (Ur).     
Ratio between chemically and radiometrically determined uranium is known as the D-
factor = Uc/Ur (Hansink, 1976). Another factor controlling the equilibrium state is the 
loss of radon gas as one of uranium daughters. This loss occurs easily due to the 
solubility of radon in water and its leakage through pore spaces as well as along faults 
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and other fractures types. The use of D-factor in the determination of equilibrium state 
of the studied sediments reveals that the studied sediments have chemically analyzed 
uranium greater than the radiometrically determined uranium reflecting a disequilibrium 
state characterized by addition of uranium (Fig. 4b).
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The obtained data indicates that the eTh/eU 

ratio values of old uranium deposits of the stud-
ied sediments lie in third group where the poor 
weathering and rapid deposition of rock detritus 
are dominated (Fig.3a). 

On the other hand, recent uranium deposits 
of the studied sediments in the first group, indi-
cating that these sediments are developed under 
conditions where uranium was removed from its 
source and fixed in the sediments with continu-
ous recharge (Fig. 3b).   

III.2 Radioactive equilibrium

According to Reeves and Brooks (1978), ura-
nium (U238 series) attains the equilibrium state in 
nearly 1.5 M.a. Cathelineau and Holliger (1987) 
stated that uranium mineralization is affected 
by different processes. Leaching, mobility and 
redistribution of uranium are affected by hydro-
thermal solutions and/or supergene fluids, which 
cause disequilibrium in the radioactive decay 
series in the U- bearing rocks. The radioactive 
equilibrium of the studied sediments can be de-
termined by the calculation of equilibrium fac-
tor (P) which is the ratio of radiometric uranium 
contents (eU) to the radium content Ra(eU); Pfac-

tor =eU/Ra(eU) (Hussein, 1978; El-Galy, 1998; 
Surour et al., 2001; El-Feky et al., 2011). The 
average ratio of Pfactor of the studied sediments 
is 1.26 which is more than one. Figure (4a) in-
dicates disequilibrium in U-decay series due to 
uranium addition.

The second method for the study of equilibri-
um is carried out by using the data of chemically 
analyzed uranium (Uc) and radiometrically de-
termined uranium (Ur).     Ratio between chemi-
cally and radiometrically determined uranium is 
known as the D-factor = Uc/Ur (Hansink, 1976). 
Another factor controlling the equilibrium state 
is the loss of radon gas as one of uranium daugh-
ters. This loss occurs easily due to the solubility 
of radon in water and its leakage through pore 
spaces as well as along faults and other fractures 
types. The use of D-factor in the determination 
of equilibrium state of the studied sediments re-
veals that the studied sediments have chemically 
analyzed uranium greater than the radiometri-
cally determined uranium reflecting a disequilib-

rium state characterized by addition of uranium 
(Fig. 4b). 

II.3 Source of uranium accumulations 

 For determination of the source of anoma-
lous uranium aureoles in the studied stream 
sediments, two traverses will be carried out for 
following of radioelement distribution. The first 
transection takes the E-W direction which the 
second has the N-S direction (Fig.4c and Fig.5). 
In the E-W, radioactivity is very high in the west 
and slightly high in the east indicating the uptake 
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Fig. (5): N-S uranium distribution diagram

III.3 Source of uranium accumulations
         For determination of the source of anomalous uranium aureoles in the studied 
stream sediments, two traverses will be carried out for following of radioelement 
distribution. The first transection takes the E-W direction which the second has the N-S
direction (Fig.4c and Fig.5). In the E-W, radioactivity is very high in the west and 
slightly high in the east indicating the uptake from the two directions and the source is 
mainly from G. Gattar in the west direction and G. El-Reddah in the East direction
(Fig.4c). On the other hand, the radioactivity increases in the north and south directions
suggesting uranium mobilization from the same previously mentioned peaks.
Anomalous uranium contents could be attributed to the presence new anomalous 
occurrences in the altered portions of G. Gattar and G. El-Reddah which decant in these 
directions. Also, two notifications were recorded, the first concerning with the stable 
increasing of uranium in all directions of W. El-Reddah and uniformly decrease to the 
central part. The second related to the uniform vertical distribution of uranium to one 
meter depth.

Table (2): Uranium concentration in Wadi El-Reddah samples measured by                   
HPGe-detector and Alpha spectrometry

U/238U234235U
(Bq/Kg)

U234

(Bq/Kg)
238U
(Bq/Kg)

Sample 
no.Method of analysis

0.420-4621.8011000.00JJ/600E(U)
Alpha spectrometry 0.801-6058.607557.00S/300E (U)

0.386-15087.7039064.30V/900W
1.097-38850.2735402.30DD/300W
0.97085.221908.021966.68JJ/600E(U)HPGe- detector

       Notable decreasing in 234U/238U ratios from decants to the central parts (Table 2)
could have been produced if recent U enrichment was superimposed on an earlier U 
which had either produced no 234U/238U disequilibrium or had diminished 
disequilibrium through decay (Prikryl et al., 1997). 234U/238U activity ratios in excess of 
1 (sample DD/300W) suggest that U was mobilized and transported away from the 
primary deposit within the last 1 Ma. Although 234U and 238U have similar chemical 

Fig. (5): N-S uranium distribution diagram
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from the two directions and the source is mainly 
from G. Gattar in the west direction and G. El-
Reddah in the East direction (Fig.4c). On the oth-
er hand, the radioactivity increases in the north 
and south directions suggesting uranium mo-
bilization from the same previously mentioned 
peaks. Anomalous uranium contents could be 
attributed to the presence new anomalous occur-
rences in the altered portions of G. Gattar and 
G. El-Reddah which decant in these directions. 
Also, two notifications were recorded, the first 
concerning with the stable increasing of uranium 
in all directions of W. El-Reddah and uniformly 
decrease to the central part. The second related 
to the uniform vertical distribution of uranium to 
one meter depth. 

Notable decreasing in 234U/238U ratios from 
decants to the central parts (Table 2) could have 
been produced if recent U enrichment was su-
perimposed on an earlier U which had either 
produced no 234U/238U disequilibrium or had di-
minished disequilibrium through decay (Prikryl 
et al., 1997). 234U/238U activity ratios in excess of 
1 (sample DD/300W) suggest that U was mo-
bilized and transported away from the primary 
deposit within the last 1 Ma. Although 234U and 
238U have similar chemical behavior and should 
therefore not be fractionated by chemical weath-
ering of minerals, several authors have shown 
that this assumption is not verified in nature. The 
reason why 234U/238U activity ratios of weath-
ered solids are lower than unity is known as the 
α-recoil effect and is explained by the prefer-
ential leaching of 234U from α-recoil-damaged 
lattice sites in minerals. Conversely, the solid 
phase is enriched in 238U (Brantley et al., 2008). 
In most stream sediment  samples, 234U/238U ra-
tio is low (0.42), suggesting 238U was enriched at 
the expense of 234U, the later may be leached and 
migrated to higher depths or to the underlying 
groundwater.

IV. Mineralogy

IV.1 Heavy Minerals Study  

Thirty six stream sediment samples were 
collected in grid pattern manner from the upper 
50cm of the stream sediments of W. El Reddah 
to investigate qualitative mineralogical analysis 
of these deposits. These samples were grouped 
in three composite samples representing the 
whole area of W. El-Reddah. Each sample was 
sieved using 2mm sieve to remove trash from 
the sample, the samples was subjected to gravity 
separation process using a wiffey shaking tables. 
The obtained fractions resulted from the separa-
tion using shaking tables are concentrate, mid-
dling and a rejected tailing. The concentrates of 
the composite samples were dried and prepared 
for the heavy liquid separation using bromoform 
solution (Sp.gr. ~2.81g/cm3). The heavy frac-
tions resulted from the heavy liquid separation 
are clustered in the size fractions between 1mm 
and 0.063mm. The heavy fractions obtained 
from bromoform separation were subjected to 
another heavy liquid separation using methylene 
iodide (diiodomethan, Sp.gr. ~3.32g/cm3). The 
heavy fractions resulted from the separation by 
methylene iodide were subjected to magnetic 
separation using a permanent magnet, to sepa-
rate magnetite, and Frantz Isodynamic Magnetic 
Separator (Model L1) at 0.2, 0.5 current ampere 
to differentiate the considered minerals in mag-
netic subfractions. The subfractions obtained by 
magnetic separation were carefully examined 
using Binocular Stereomicroscope. The identi-
fication of the different minerals in the studied 
stream sediments of Wadi El Reddah area was 
carried out by using X-ray diffraction technique 
(XRD) and a Philips Environmental Scanning 
Electron Microscope (ESEM) model XL30. The 
percentage of heavy minerals, separated by bro-
moform solution have an averages 3.9% whereas 

Table (2): Uranium concentration in Wadi El-Reddah samples measured by hpge-detector and Alpha spec-
trometry

U/238U234235U
(Bq/Kg)

U234
(Bq/Kg)238U (Bq/Kg)Sample 

no.Method of analysis
0.420-4621.8011000.00JJ/600E(U)

Alpha spectrometry
0.801-6058.607557.00S/300E (U)
0.386-15087.7039064.30V/900W
1.097-38850.2735402.30DD/300W
0.97085.221908.021966.68JJ/600E(U)HPGe- detector
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the percentages of heavy minerals resulted from 
separation by methylene iodide solution have an 
average of 1.4%. It is worthy to point out that the 
light fractions of all samples contain abundant 
quartz, feldspar and micas contributed from the 
granite. The heavy minerals are more concen-
trated near the foot of G. Gattar.  This may be 
due to the sedimentological conditions control-
ling the deposition of these minerals as the light 
gangue mineral can move to the middle parts of 
the wadi. A strong positive relation between the 
percentages of heavy minerals separated by bro-
moform and that separated by methylene iodide 
(r = 0.8) was noticed. The magnetic fractionation 
of the heavy minerals was carried out to facilitate 
the process of the counting of these minerals un-
der the binocular microscope. The heavy miner-
als are mainly clustered in the magnetic fraction 
separated at 0.2 ampere followed by the mag-
netic fraction separated at 0.5ampere, whereas 
the lowest concentration of the heavy minerals is 
recorded in the nonmagnetic fractions. The most 
important heavy minerals in the studied stream 
sediments of W. El Reddah include uranothorite, 
zircon, monazite, xenotime, apatite and cassiter-
ite as well as opaque minerals such as ilmenite, 
magnetite, rutile and hematite. Some very rare 
minerals were observed in the stream sediments 
as bismite.

Uranothorite [ThuSiO4]:  Uranothorite in the 
studied stream sediments of Wadi El-Reddah 
exhibits subhedral, rarely euhedral and medium 
to fine opaque grains. The color of the mineral 
varied from black to brownish black color with 

metallic to submetallic luster (Fig.6a). The EDX 
mineral analyses of this mineral reflect the com-
position of uranothorite, where uranium content 
ranges from 12.42 and 16.38%. The average of 
Th/U ratio is 3.61, which reflects that thorite 
mineral grains may be originated from granitic 
magma with slightly enrichment in U. Some of 
uranothorite grains contain appreciable amounts 
of Y and Zr (Fig.6b). The XRD patterns of the 
studied uranothorite revealed that the growth 
of its diffraction peaks due to annealing of the 
mineral and the presence of some hematite dif-
fraction peaks (Fig.7). Uranothorite occurs as a 
result of the substitution of Th by U, and U may 
exceed 10% as UO2.

Zircon [ZrSiO4]: Most of zircon grains are 
medium to fine grains (0.5mm to 0.125mm) 
and appear as prismatic euhedral to subhedral 
grains, sometimes with bipyramidal termina-
tions. Rounded, spherical and elongated grains 
are rarely observed. The majority of zircon min-
eral grains exhibit intrinsic yellow to yellow-
ish brown color (Fig.8a). The color variation of 
some zircon grains may be attributed the initial 
composition of the mineral, metamictizations or 
inclusions and encrustation by iron oxides. In the 
studied zircon of Wadi El-Reddah area, it con-
tains appreciable amounts of Hf, Fe, Ca, Al, Mg, 
U and Th (Fig.8b). Also, the data indicates that 
there is a preponderance of U over Th, which re-
veals that the radioactivity of zircon is related 
to U rather than Th. Zircon-thorite exsolusion 
intergrowths rarely occur in some zircon min-
eral grains in the form irregular masses of tho-
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Fig.6: a) Stereophotomicrograph of uranothorite, b) EDX mineral analysis and bSE    image of uranotho-
rite from stream sediments of W. El Reddah.
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Fig.7: X-ray diffrac-
tion pattern of 
the annealed 
uranothorite.
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of Hf, Fe, Ca, Al, Mg, U and Th (Fig.8b). Also, the data indicates that there is a 
preponderance of U over Th, which reveals that the radioactivity of zircon is related to 
U rather than Th. Zircon-thorite exsolusion intergrowths rarely occur in some zircon 
mineral grains in the form irregular masses of thorite within zircon crystals (Fig.8c). 
Some zircon grains contain inclusion of other minerals such as thorite, apatite, silicate 
minerals and rutile, which confirmed by EDX analyses (Fig.8d).

Fig.8: a) Stereophotomicrograph of zircon, (b, c and d) EDX mineral analyses and BSE 
image of zircon from stream sediments of W. El Reddah.

Monazite [REE P2O5]: The investigation of monazite mineral grains in the studied 
stream sediments under the binocular streomicroscope reveals that the majority of 
monazite grains display rounded to well rounded, tabular and spherical shapes. They 
have commonly light canary and lemon yellow color with characteristic resinous luster 
(Fig.9 a). EDX mineral analyses of some monazite mineral grains indicate that only four 
REE; La, Ce, Pr and Nd, represent more than 90% of REE budget of monazite (Fig.9b). 

Fig.9: a) Stereophotomicrograph of monazite, b) EDX mineral analyses and BSE    
image of monazite from stream sediments of W. El Reddah.
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Fig.8: a) Stereophotomicrograph of zircon, (b, c and d) EDX mineral analyses and bSE image of zircon from 
stream sediments of W. El Reddah.

rite within zircon crystals (Fig.8c). Some zircon 
grains contain inclusion of other minerals such 
as thorite, apatite, silicate minerals and rutile, 
which confirmed by EDX analyses (Fig.8d).
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monazite mineral grains in the studied stream 
sediments under the binocular streomicroscope 
reveals that the majority of monazite grains dis-
play rounded to well rounded, tabular and spher-
ical shapes. They have commonly light canary 
and lemon yellow color with characteristic res-
inous luster (Fig.9 a). EDX mineral analyses of 
some monazite mineral grains indicate that only 

four REE; La, Ce, Pr and Nd, represent more 
than 90% of REE budget of monazite (Fig.9b). 

Thalenite-(Y): The general formula of the 
mineral is (Y2Si2O7). The mineral is very rare in 
the stream sediments of W. El Reddah, whereas 
few grains were picked and detected by SEM. It 
occurs as anhedral tabular elongated to spherical 
brown to dark brown grains with resinous luster 
(Fig.10a). SEM analyses of some grains show 
that they consist mainly of Y, REE and Si. Trace 
amounts of Ca, Fe, K, U, Th, P and Al (Fig.10b). 

Cassiterite [SnO2]: Cassiterite is a constitu-
ent of highly siliceous igneous rocks, as well as 
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greisen, granitic pegmatites and in hydrothermal 
veins. It occurs as euhedral to subhedral crystals 
and exhibits black to reddish brown colors with 
adamantine luster. The broken grains are char-
acterized by conchoidal fractures and striae, 
parallel to principle axis or to pyramidal phases 
(Fig.11a). It consists mainly of Sn with the pres-
ences of trace amounts of Fe, Si and Nb, possi-
bly relating to the intimate association with other 
elements (Fig.11b). The presence of cassiterite 
in the stream sediments of W. El Reddah was 

confirmed by XRD technique (Table 3). 

Apatite: The majority of apatite mineral 
grains are rounded to well rounded egg-shaped 
to spherical illustrating the sedimentary origin 
of these grains. The color of the mineral rang-
es from smoky white to brownish yellow color 
(Fig.12a). The SEM analyses of apatite reveal 
that Ca/P ratio is not stoichiometric due to the 
weathering effect. Moreover, REEs are not de-
tected in all analyzed apatite grains (Fig.12b).
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Thalenite-(Y): The general formula of the mineral is (Y2Si2O7). The mineral is very rare 
in the stream sediments of W. El Reddah, whereas few grains were picked and detected 
by SEM. It occurs as anhedral tabular elongated to spherical brown to dark brown 
grains with resinous luster (Fig.10a). SEM analyses of some grains show that they 
consist mainly of Y, REE and Si. Trace amounts of Ca, Fe, K, U, Th, P and Al 
(Fig.10b). 

Fig.10: a) Stereophotomicrograph of thalenite, b) EDX mineral analyses and BSE    
image of thalenite from stream sediments of W. El Reddah.

     Cassiterite [SnO2]: Cassiterite is a constituent of highly siliceous igneous rocks, as 
well as greisen, granitic pegmatites and in hydrothermal veins. It occurs as euhedral to 
subhedral crystals and exhibits black to reddish brown colors with adamantine luster. 
The broken grains are characterized by conchoidal fractures and striae, parallel to 
principle axis or to pyramidal phases (Fig.11a). It consists mainly of Sn with the
presences of trace amounts of Fe, Si and Nb, possibly relating to the intimate 
association with other elements (Fig.11b). The presence of cassiterite in the stream 
sediments of W. El Reddah was confirmed by XRD technique (Table 3).
   

Fig.11: a) Stereophotomicrograph of cassiterite, b) EDX mineral analyses and BSE    
image of cassiterite from stream sediments of W. El-Reddah.

Apatite: The majority of apatite mineral grains are rounded to well rounded egg-shaped 
to spherical illustrating the sedimentary origin of these grains. The color of the mineral 
ranges from smoky white to brownish yellow color (Fig.12a). The SEM analyses of 
apatite reveal that Ca/P ratio is not stoichiometric due to the weathering effect. 
Moreover, REEs are not detected in all analyzed apatite grains (Fig.12b).
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Table 3: X-ray diffraction data of cassiterite from 

the stream sediments of W. El- Reddah.

Measured values
Cassiterite

ASTM card (21-1250)
dÅ I/Io dÅ I/Io

3.35 100 3.351 100
2.64 94 2.644 81
2.37 45 2.369 24
2.31 7 2.309 5
1.76 80 1.765 63
1.68 16 1.675 17
1.59 6 1.593 8
1.56 18 1.498 13
1.44 7 1.439 17
1.41 21 1.415 15

Associated minerals: these minerals include 
opaque minerals as hematite, magnetite, rutile 
and ilmenite. Some very rare minerals were ob-
served in the stream sediments as bismite. 

Rutile (TiO2): Rutile is a major mineral source 
of the titanium. Rutile is typically includes about 
60% titanium and 40% oxygen. It can have some 
iron, sometimes up to 10%. Rutile is found in 
stream sediments of wadi El-Reddah. Its color 
is blood red, brownish yellow, brown red, violet 
and black with submetallic luster. It has many 
shapes as prismatic (Fig. 13a) and elbow (Fig. 
13b). Rutile was confirmed by X- ray diffrac-
tion (Fig. 14) and ESEM technique and contains 
(99%) TiO2 and (1%) SiO2 (Fig. 14).

Ilmenite (FeTiO3): Ilmenite is present as ac-
cessory mineral and associated with magnetite in 
stream sediments of Wadi El-Reddah. Ilmenite 
can help in fixation of uranium oxide from their 
uranyl solution as magnetite. Its color is black 
with metallic to submetallic luster.  Ilmenite was 
confirmed by ESEM technique, and the EDX 

analyses give Fe: Ti ratio equal 1:1.1(Fig.16).

Bismite (Bi2O3): A monoclinic mineral com-
posed of bismuth trioxide, varying in color from 
green to yellow. Bismite occurs in yellow earth, 
so it is known as bismuth ocher. With earthy-
dull, clay-like texture with no visible crystalline 
affinitie. SEM analyses of some grains show that 
they consist mainly of Bi. Trace amounts of Ca, 
Fe and Al (Fig. 17). 

Conclusions

The radiometric measurements of the studied 
sediments show wide variation in their U, Th, Ra 
(eU) and K% contents. They show variation of 
U from 1 to 17 ppm, with an average of 9.85 
ppm and Th content between 15 and 43 ppm, 
with 23.5 ppm as an average. Ra(eU) varying 
between 5 and 17 ppm and an average of 8.58 
ppm. The content of potassium falls between 
2.34 ppm and 5.31ppm with an average of 3.42 
ppm, while the chemical U range between 151 
and 547ppm with an average of .

Based on radiometric and chemical analysis 
uranium deposits in the studied stream sediments 
could be classified into: 1- old uranium deposits 
and 2- young uranium deposits.

The obtained data indicates that the eTh/eU 
ratio values of old uranium deposits of the stud-
ied sediments of poor weathering and rapid de-
position of rock detritus. Therefore, the detrital 
radioactive minerals like xenotime, samarskite, 
thorite and euxenite usually dominate them.

On the other hand, recent uranium deposits 
of the studied sediments the first group indicat-
ing that these sediments are developed under 
conditions where uranium was removed from its 

Fig.12: a) Stereophotomicrographs of apatite, b) EDX mineral analyses and bSE    image of apatite from 
stream sediments of W. El-Reddah.
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Measured values
Cassiterite
ASTM card (21-
1250)

dÅ I/Io dÅ I/Io
3.35 100 3.351 100
2.64 94 2.644 81
2.37 45 2.369 24
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Fig.12: a) Stereophotomicrographs of apatite, b) EDX mineral analyses and BSE    
image of apatite from stream sediments of W. El-Reddah.

Associated minerals: these minerals include opaque minerals as hematite, magnetite, 
rutile and ilmenite. Some very rare minerals were observed in the stream sediments as 
bismite.
Rutile (TiO2): Rutile is a major mineral source of the titanium. Rutile is typically 
includes about 60% titanium and 40% oxygen. It can have some iron, sometimes up to 
10%. Rutile is found in stream sediments of wadi El-Reddah. Its color is blood red, 
brownish yellow, brown red, violet and black with submetallic luster. It has many 
shapes as prismatic (Fig. 13a) and elbow (Fig. 13b). Rutile was confirmed by X- ray 
diffraction (Fig. 14) and ESEM technique and contains (99%) TiO2 and (1%) SiO2 (Fig.
14).
Ilmenite (FeTiO3): Ilmenite is present as accessory mineral and associated with 
magnetite in stream sediments of Wadi El-Reddah. Ilmenite can help in fixation of 
uranium oxide from their uranyl solution as magnetite. Its color is black with metallic to
submetallic luster.  Ilmenite was confirmed by ESEM technique, and the EDX analyses 
give Fe: Ti ratio equal 1:1.1(Fig.16).
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Figs. (13): Photographs showing different types of rutile mineral from wadi El-Reddah
a) Prismatic rutile, b) Elbow rutile.

Fig. (14): XRD pattern of rutile mineral from wadi El-Reddah.

Fig. (15): EDX and BSE image showing rutile mineral from stream sediments of W.     
                   El- Reddah.
Bismite (Bi2O3): A monoclinic mineral composed of bismuth trioxide, varying in color 
from green to yellow. Bismite occurs in yellow earth, so it is known as bismuth ocher. 
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Figs. (13): Photographs showing different types of rutile mineral from wadi El-Reddah
a) Prismatic rutile, b) Elbow rutile.

Fig. (14): XRD pattern of rutile mineral from wadi El-Reddah.

Fig. (15): EDX and BSE image showing rutile mineral from stream sediments of W.     
                   El- Reddah.
Bismite (Bi2O3): A monoclinic mineral composed of bismuth trioxide, varying in color 
from green to yellow. Bismite occurs in yellow earth, so it is known as bismuth ocher. 
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With earthy-dull, clay-like texture with no visible crystalline affinitie. SEM analyses of 
some grains show that they consist mainly of Bi. Trace amounts of Ca, Fe and Al (Fig. 
17). 

 
Fig. (16): EDX and BSE image showing ilmenite mineral from stream sediments of W.     
                   El-Reddah.

Fig. (17): EDX mineral analysis and BSE image of bismite from stream sediments of 
W adi El-Reddah.

Conclusions
The radiometric measurements of the studied sediments show wide variation in their U, 
Th, Ra (eU) and K% contents. They show variation of U from 1 to 17 ppm, with an 
average of 9.85 ppm and Th content between 15 and 43 ppm, with 23.5 ppm as an 
average. Ra(eU) varying between 5 and 17 ppm and an average of 8.58 ppm. The 
content of potassium falls between 2.34 ppm and 5.31ppm with an average of 3.42 ppm,
while the chemical U range between 151 and 547ppm with an average of .
Based on radiometric and chemical analysis uranium deposits in the studied stream 
sediments could be classified into: 1- old uranium deposits and 2- young uranium 
deposits.
The obtained data indicates that the eTh/eU ratio values of old uranium deposits of the 
studied sediments of poor weathering and rapid deposition of rock detritus. Therefore, 

source and fixed in the sediments with continu-
ous recharge.       

The average ratio of Pfactor of the studied sedi-
ments is 1.26 which is more than one indicating 
disequilibrium in U-decay series due to uranium 
addition.

The use of D-factor in the determination of 
equilibrium state of the studied sediments re-
veals that the studied sediments have in many 
cases chemically analyzed uranium greater than 
the radiometrically determined uranium reflect-
ing a disequilibrium state characterized by ad-
dition of uranium. In contrast to that, some sam-
ples show negative disequilibrium with chemi-
cally analyzed uranium less than radiometrically 
suggesting leaching conditions. 

E-W and N-S traverses indicating the distri-
bution of uranium in these directions were stud-
ied. In the E-W, radioactivity is very high in the 

west and slightly high in the east indicating the 
uptake of uranium from the two directions and 
the source is mainly from G. Gattar in the west 
direction and G. El-Reddah in the east direction. 
On the other hand, the radioactivity increases in 
the north and south directions suggesting ura-
nium mobilization from the same previously 
mentioned peaks. Anomalous uranium contents 
could be attributed to the presence new anom-
alous occurrences in the altered portions of G. 
Gattar and G. El-Reddah which decant in these 
directions.

The mineral analysis of fourteen stream sedi-
ments samples using X-ray diffraction analysis 
(XRD) and Environmental Scanning Electron 
Microscopic (ESEM) examination. The analysis 
revealed that the most important heavy minerals 
in the studied stream sediments of W. El Red-
dah include uranothorite, zircon, monazite, xe-
notime, apatite and cassiterite as well as opaque 



EL Nahas, et al.42

minerals such as ilmenite, magnetite, rutile and 
hematite. Some very rare minerals were ob-
served in the stream sediments as bismite.
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