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ABSTRACT

The  feldspars  at  Esh  El  Melaha  range, North  Eastern Desert of Egypt, are excavated from 

Gabal Homret  Al Gerigab and Gabal Esh areas.  They are separated from the stream sediments, which 

characterized by granitic composition and contain high amounts of feldspar phenocrysts.  The two feldspar 

occurrences were sampled from their quarry stockpiles and the activity concentrations of U, Th, Ra and 

K were determined by gamma ray spectrometry.  The abundance of these radionuclides in Gabal Homret  

Al Gerigab are higher than those in Gabal Esh  area, except K that is higher in all feldspar samples.

However, for all feldspar samples, the radiometrical measurements are higher the recommended levels of 

these radionuclides.   

The  mineralogical  characterizations of the investigated  feldspars indicated  that zircon, monazite and 

to a lesser extent  fluorite are the main radioactive accessory minerals.  The contents of these minerals in a 

given sample were affecting directly on the level of radioactivity.  The elevated concentrations of natural 

radionuclides in Gabal  Homret Al Gerigab area  are connected with the presence of higher  quantities of 

the aforementioned  accessory  minerals.

In order to assess the radiological impact from the investigated feldspars, parameters such as radium 

equivalent activities, external hazard index and absorbed dose rate were determined.  The results indicated 

that the use of the studied feldspars as raw materials for ceramic industry is unsafe to the public due to their 

elevated radioactivity.  The studied feldspars require intensive  purification from the radioactive accessory 

minerals by the application of suitable  technologies of magnetic separation and chemical processing.

INTRODUCTION

The demand for feldspars as raw mate-
rials for the ceramic industries is continu-
ously increasing.  In Egypt,most of the com-
mercial feldspars are excavated from stream 
sediments,which originated in source areas of 
granitic rocks high in feldspar phenocrysts. 
The most important of them are located in the 
Eastern Desert, whereas numerous granitic 
plutons are cropout.

The natural radioactivity of feldspars used 
as ceramic raw materials, located in the Eastern 

Desert of Egypt,was studied by other authors.  
Walley El-Dine et al. (2011) determine the 
natural radioactivity and rare earth elements 
in feldspar samples from pegmatite bodies of 
Abu Dob area. They concluded that the level 
of radioactivity of feldspar samples are higher 
than the permissible levels that cause a great 
effect on the health of humans, especially 
those working in the area. Aboelkhair et al. 
(2012) studied the gamma activity of stream 
sediments feldspars of Gabal  El Missikat and 
Gabal Homret Al Gerigab areas and their envi-
ronmental impact.  They stated that the natural 
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radioactivity levels in the two areas lie within 
the international recommended limits for oc-
cupational feldspar quarry workers but may 
yield an undesired impact on the  environment, 
especially through the indoor applications. 

The present study focused  on two feldspar 
occurrences located at Esh El Melaha range, 
North Eastern Desert of Egypt, in Gabal 
Homret Al Gerigab and Gabal Esh areas.This 
study aims to detect the natural radioactivity 
of the feldspars used as ceramic raw materials 
in perspective to the mineralogical composi-
tions.  We also carried out an assessment of 
the radiological hazards based on activates of 
studied feldspars.

GEOLOGICAL   SETTING

Esh  El Melaha range is  located in the 
North  Eastern  Desert of Egypt.  It forms a 
conspicuous segment of the Red Sea Hills run-
ning in a roughly NW-SE direction parallel to 
the Gulf of Suez (Fig. 1a).  The feldspars,at 
Esh El Melaha range, are quarried from stream 
sediments of Gabal Homret Al Gerigab and 
Gabal Esh areas.  They are formed due to the 
accumulation of  the liberated clastics pro-
duced by weathering from the surrounding 
granitic rocks. They are of Quaternary age and 
include clays, sands, pebbles and boulders. 
The source granitic rocks are leucocratic and 
contain frequent amount of K-feldspars. The 
granites of Gabal Homret Al Gerigab and Ga-
bal Esh areas are classified as alkali feldspar 
granite and syenogranite, respectively accord-
ing to their chemical compositions (Abdel 
Hadi, 2013, Esmail and Tawfik, 2015).  They 
are belonging to the younger group of granitic 
rocks in Egypt, which have ages ranges from 
568 to 597Ma (Fullagar and Greenberg, 1978; 
Hashad, 1980) and may extending to 622Ma 
(Meneisy and Lenz, 1982) or even to 641Ma 
(Moussa, 1998).

Gabal Homret Al Gerigab area is delin-
eated by Lat. 27º 44'-27º 48' N, and Long. 33º 
17' - 33º 22' 30" E.  The study area is mainly 
occupied by the Pan-African basement rocks. 
It is mainly covered by Dokhan volcanics 

and alkali feldspar granite with some dyke 
swarms as well as Quaternary sediments (Fig. 
1a).  The feldspar quarry occurs in Khalig Abu 
Had at the western margins of Gabal Hom-
ret Al Gerigab (Fig. 2a).  The feldspars are 
found in the dry wadis and separated from the 
stream sediments by sieving between sizes of 
1.0 and 0.5Cm then cumulated as stockpiles.  
The source rock of the feldspars is the alkali 
feldspar granite, which is well represented by 
Gabal Homret Al Gerigab pluton at the cen-
tral part of the mapped area, covering an area 
of about 10 km2.  This granite is medium to 
coarse grained,hard and blocky of red to red-
dish pink color.  It mainly consists of k-feld-
spar and quartz as essentially minerals with 
subordinate plagioclase and displays hypidio-
morphic equigranular texture.  The mafic min-
erals are scarce giving rise to the leucogranite 
type.

Gabal Esh area is bounded by lat. 27° 25'-
27° 35' N and long. 33° 30' -33° 35' E. It is 
mainly covered by Dokhan volcanics and sy-
enogranite with associated dikes and veins as 
well as the Miocene and Quaternary sediments 
(Fig. 1c).  The Quaternary stream sediments 
are filling the wadis and constitute colluvial 
cover on the mountainous terrains. The quar-
rying of feldspars is present at the eastern pe-
ripheries of Gabal Esh granite, which consti-
tutes the source rocks of these feldspars (Fig. 
2b).  The investigated feldspars are sieved 
from the stream sediments between sizes of 
1.0 and 0.5cm, which collected as stockpiles. 
Gabal Esh syenogranite is medium-grained, 
light pink, hard and massive rocks.  It is char-
acterized by the deficiency of ferromagnesian 
minerals, giving rise to a leucocratic type.  It is 
essentially composed of k-feldspar and quartz 
with subordinate amount of  plagioclase as 
well as accessory minerals.

MATERIALS AND METHODS

Sampling and Sample Preparation

The quarry occurrences of the studied ar-
eas contain numerous feldspar stockpiles.  A 
total of 35 representative samples have been 
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Fig. 2: Photographs showing the feldspar  Stockpiles in the vicinity of the source granitic rocks at 
(a) Gabal Homret Al Gerigab and (b) Gabal Esh areas.

Fig. 1: (a) Regional map of the Egyptian Eastern 
Desert  basement complex showing the locations of 
the study areas. Simplified geological maps of (b) 
Gabal Homret Al Gerigab area (After Abdel Hadi, 
2013), (c) Gabal Esh area (After Azzaz, 2015)

�
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collected from stockpiles including 20 sam-
ples from Gabal Homret Al Gerigab and 15 
samples from Gabal Esh area.  The collected 
feldspar samples of sizes between 1.0 -0.5Cm 
were firstly crushed to about 0.250mm (60 
mesh) for radiometrical measurements then 
grinded to be powder and sieved between 
0.250 and 0.074mm for mineralogical study.

Gamma-Ray Spectrometry

The radiometrical measurements of all 
samples were performed by gamma-ray spec-
trometry, using a high-purity germanium (NaI 
“T1”) detector connected to a multichannel 
analyzer in the Nuclear Materials Authority, 
Cairo, Egypt.  Plastic containers of cylindrical 
shape (9.5cm diameter and 3cm height) were 
filled with crushed samples (about 60 mesh) 
then sealed well and left for at least 30 days to 
accumulate free radon and attain radioactive 
equilibrium before counting.  The measure-
ments involve determining the equivalent of 
U, Th, Ra (ppm) and K (%) concentrations us-
ing a high efficiency multichannel analyzer of 
gamma-ray spectrometer (NaI “T1” detector).  
The measurements are based on choosing four 
energy peaks, representing (Th234: 92.6 Kev), 
(Pb212: 238.6 Kev), (Pb214: 352 Kev) and (K40: 
1460.8 Kev) isotopes for U, Th, Ra and K, re-
spectively.

Heavy Minerals Separation

Selected 10 samples from the studied feld-
spars (5 from each area) were chosen on the 
basis of their radioactivity level for heavy min-
erals separation.  The heavy fraction is sepa-
rated by bromoform (sp.Gr. 2.89), followed by 
removal of magnetite by hand magnet.  The 
obtained fractions were carefully studied using 
a Binocular Stereomicroscope. Semi-quantita-
tive (EDX) analyses were carried out using a 
Phillips XL 30 Scanning Electron Microscope 
(SEM) in the NMA Lab. 

Calculation of Radiation Hazard Indices

In order to assess the radiological impact 
of the studied feldspars as raw materials for 
ceramic industries, radiological parameters 

such as radium equivalent activity (Ra
eq
), ex-

ternal hazard index (H
ex
) and total air absorbed 

dose rate (D
R
) were calculated.

Radium equivalent activity can be calcu-
lated from the following relation suggested by 
Beretka and Mathew (1985):

                                                                    (1)

External hazard index (H
ex
) due to the 

emitted gamma-rays of the samples are calcu-
lated and examined according to the following 
criterion (Beretka and Mathew, Op. Cit):

                                              (mGy/yr)   (2)

The total air absorbed dose rate (D
R
) due 

to the activity concentrations of 238U, 232Th and 
40K (Bq/kg) can be calculated using the for-
mula of UNSCEAR (1988):

                                              (nGy/hr)     (3)

Where, A
Th

, A
Ra

 and A
K
 are the activity concentrations 

of 232Th, 226Ra and 40K, respectively in (Bq/kg).1Bq238U/

kg=12.35×U(ppm); 1Bq232Th/kg=4.06×Th(ppm); 1Bq226Ra/

kg=12.35× Ra(ppm) and 1Bq40K/kg=313×K(%).

RESULTS AND DISCUSSIONS

Radioactivity Measurements

The radiometric investigations of the 
Egyptian granites highlighted their relatively 
higher concentrations of natural radionuclides 
(238U, 232Th, 226Ra, and 40K) than the other rock 
types (El Arabi et al. 2000; Ahmed et al. 2006; 
Harb et al. 2012).  However, the stream sedi-
ments originated from these rocks are usually 
reflected their radionuclides concentrations 
even in some cases are higher than the back-
ground of the source granitic rocks.

The results of the laboratory radiometric 
analyses including concentrations of equiva-
lent U, Th, Ra(ppm), and K (%) radionuclides 
as well as the calculated eTh/eU ratios and 
radiological hazard parameters for the studied 
feldspars are listed in Table (1).

The averages of eU concentrations are 
15.6 and 7.5 ppm for Homret Al  Gerigab and 
Gabal Esh areas, respectively, while for eTh 
contents are 30.7 and 18.9ppm (Table 1). The 

Raeq= (ATh×1.43)+ARa+(AK×0.077)        (Bq/kg)  

     Hex= (ARa/370) + (ATh/259) + (AK/4810)   

    DR= 0.462 ARa+0.604ATh+0.042AK    
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granitic rocks (Faüre, 1986; Kabata-Pendias 
and Pendias, 1992), mainly due to the high U 
concentrations. 

A comparison between the average activity 
concentrations of the studied feldspar samples 
among the two study areas indicates that the 
natural radionuclides of Gabal Homret Al 
Gerigab are higher than those in Gabal Esh 
area (Fig. 3).

Accessory Mineral Concentrations and 
Characteristics 

The composition and abundance of the ac-
cessory minerals in the investigated feldspars 
will be evaluated as they act as the source of U 
and Th.  The evaluation is achieved by calcu-
lating the weight percentages of each mineral 
through grain counting and semi-quantitative 

mean value of Ra is 7.7ppm in Homret Al 
Gerigab  samples, which is nearly twice the 
average 4.7ppm for Gabal Esh samples (Table 
1).  Overall, the K (%) contents of the studied 
samples are generally high in accordance with 
their derivation from granitic composition 
rich in k-feldspar.  The average values of K 
concentrations are 3.61% in Gabal Homret Al 
Gerigab area and 3.71% in Gabal Esh samples 
(Table 1).  It is clear that the radionuclide con-
centrations of all feldspar samples are higher 
than the permissible levels 2.8, 11.1, 2.7 (ppm) 
and 1.34% (Table 1) for U, Th, Ra and K, re-
spectively (UNSCEAR, 2000).

The averages of eTh/eU ratios are 2.0 and 
2.5 for Homret Al Gerigab  and  Gabal  Esh 
areas respectively, which are lower than that 
reported in the literature (3–4.5) for the source 

Table 1: Activity concentrations of U, Th, Ra and K with calculated Th/U ratios and radiological 
hazard parameters of the studied feldspars

Study 

area 

Serial 

No. 

Sample 

No. 

Activity concentrations 

eTh/eU 
Raeq

(Bq/kg) 

Hex

(mGy/yr) 
DR

(nGy/hr
eU 

(ppm) 

eTh

(ppm

Ra 

(ppm) 

K

(%) 

Gabal 

Homret 

Al 

Gerigab 

1 HJ-1 12 23 6 3.51 1.9 292.2 0.8 136.8
2 HJ-2 17 38 10 2.66 2.2 408.2 1.1 185.2 
3 HJ-3 15 25 5 3.23 1.7 284.7 0.8 132.3
4 HJ-4 11 18 4 3.08 1.6 228.1 0.6 107.5 
5 HJ-5 15 35 8 3.94 2.3 397.0 1.1 183.3
6 HJ-6 21 32 12 4.04 1.5 431.4 1.2 200.0 
7 HJ-7 14 37 7 3.42 2.6 383.7 1.0 175.6 
8 HJ-8 17 30 8 3.89 1.8 366.7 1.0 170.4
9 HJ-9 11 26 6 3.47 2.4 308.7 0.8 143.6 

10 HJ-10 15 36 6 3.22 2.4 360.7 1.0 164.8
11 HJ-11 13 31 7 2.51 2.4 326.9 0.9 149.0 
12 HJ-12 24 49 10 3.25 2.0 486.3 1.3 219.9
13 HJ-13 22 41 15 3.62 1.9 510.5 1.4 233.7 
14 HJ-14 13 22 6 3.28 1.7 280.9 0.8 131.3 
15 HJ-15 12 20 5 4.57 1.7 288.0 0.8 137.7
16 HJ-16 16 32 7 3.47 2.0 355.9 1.0 164.0 
17 HJ-17 24 45 11 3.68 1.9 485.8 1.3 221.5
18 Hj-18 16 34 9 4.93 2.1 427.4 1.2 199.5
19 Hj-19 14 21 5 4.76 1.5 298.4 0.8 142.6 
20 Hj-20 10 19 6 3.61 1.9 271.4 0.7 128.3

Av. 15.6 30.7 7.7 3.61 2.0 359.6 1.0 166.3 

Gabal 

Esh 

21 E-1 8 20 5 4.85 2.5 294.8 0.8 141.3
22 E-2 7 16 4 4.39 2.3 248.1 0.7 119.8
23 E-3 4 12 4 1.83 3.0 163.2 0.4 76.30 
24 E-4 8 25 5 3.48 3.1 290.8 0.8 135.6 
25 E-5 7 17 4 1.69 2.4 188.8 0.5 86.73
26 E-6 9 27 5 2.28 3.0 273.5 0.7 124.7 
27 E-7 5 14 5 2.46 2.8 202.3 0.5 95.20
28 E-8 8 18 4 4.82 2.3 270.1 0.7 130.3
29 E-9 6 10 3 3.49 1.7 179.2 0.5 87.52 
30 E-10 9 29 6 4.57 3.2 352.6 1.0 165.4
31 E-11 6 18 5 3.65 3.0 254.2 0.7 120.7 
32 E-12 12 28 7 3.31 2.3 328.8 0.9 152.1
33 E-13 9 12 3 3.52 1.3 191.6 0.5 92.82 
34 E-14 10 24 6 5.44 2.4 344.5 0.9 164.6
35 E-15 5 13 4 3.64 2.6 212.6 0.6 102.6 

Av. 7.5 18.9 4.7 3.71 2.5 253.0 0.7 119.7 

World average (UNSCEAR, 2000) 2.8 11.1 2.7 1.3 370 1.0 58 

�
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Sphene is mainly present as anhedral, ir-
regular, angular to subrounded and less com-
monly tabular crystals (Fig. 4).  The concen-
trations in Homret Al Gerigab data set have 
an average 0.125 wt. %, whereas in Gabal 
Esh samples the average value is higher 0.165 
wt. % (Table 2).  The BSE image and EDX 
spectrum of representative sphene grains are 
shown on Figure (5).  Its major constituents 
are Ti, Ca and Si with minor amounts of Na, 
Al, and Fe. 

Hematite  is present through the alteration 
of magnetite and/or sulphides.Its high contents 
are noticed in Homret Al Gerigab area,with an 
average 0.307 wt. %, and lower in Gabal Esh 

(EDX) analysis of the common accessory 
phases.  The accessory minerals consist main-
ly of magnetite, ilmenite, hematite, sphene, 
rutile, zircon, monazite, fluorite and apatite as 
well as garnet and epidote.

To obtain a grain count of the common 
accessory minerals, the heavy fraction free 
of magnetite was split several times to obtain 
adequate quantity suitable for counting (about 
700 grains) under the Binuclear Stereomicro-
scope.  The weight percentage of each mineral 
relative to the corresponding original sample 
was calculated according to Kellagher and 
Flanagan (1955) equation and given in Table 
(2).

Q=P.n
m
.d

m
/∑(n

o
.d

o
)

Where, Q: the weight percentages of the concerned min-

eral, P: the weight percentages of the corresponding magnetic 

fraction, n
m
: the number of grains of the mineral, d

m
: specific 

gravity of the mineral and ∑(n
o
.d

o
): the sum of the number of 

grains for each mineral multiplied by its specific gravity.

Magnetite and ilmenite are essential min-
erals in the studied feldspars, with averages of 
0.633 and 0.053 wt. %, respectively in Homret 
Al Gerigab samples and 0.715 and 0.050 wt. 
% in Gabal Esh dataset (Table 2). Magnetite 
is found as homogenous angular to slightly 
rounded grains. Heterogeneous magnetite 
grains are also present with hematite inter-
growths.  On the other hand,ilmenite occurs as 
tabular or angular to subrounded grains.

�

Fig.3: Comparison between the average 
concentrations of eU, eTh, Ra (ppm) and K (%) 
of the feldspars among the two study areas

Study area Gabal Homret Al Gerigab Gabal Esh

Sample Hj-6 Hj- Hj- Hj- Hj- Av. E-1 E-4 E-10 E-12 E-14 Av. 

Accessory minerals (wt. %)

Magnetite 0.528 0.685 0.573 0.652 0.728 0.633 0.796 0.834 0.621 0.692 0.632 0.715 

Ilmenite 0.066 0.076 0.044 0.036 0.043 0.053 0.048 0.068 0.028 0.032 0.072 0.050 

Hematite 0.312 0.284 0.262 0.324 0.356 0.307 0.188 0.164 0.185 0.144 0.237 0.184 

Sphene 0.157 0.088 0.128 0.108 0.144 0.125 0.204 0.188 0.096 0.183 0.152 0.165 

Rutile 0.044 0.048 0.064 0.076 0.056 0.057 0.145 0.068 0.152 0.116 0.052 0.107 

Zircon 0.112 0.124 0.136 0.156 0.104 0.126 0.048 0.061 0.087 0.084 0.068 0.070 

Monazite 0.048 0.044 0.068 0.076 0.062 0.059 0.024 0.056 0.028 -- 0.045 0.031 

Fluorite 0.108 0.088 0.076 0.056 0.072 0.080 -- 0.048 0.052 0.024 0.032 0.031 

apatite 0.027 -- 0.032 0.012 0.036 0.021 0.032 0.139 -- 0.076 0.044 0.058 

garnet 0.052 0.064 0.068 0.043 0.052 0.055 0.056 0.056 0.036 0.025 0.048 0.044 

epidote 0.088 0.116 0.064 0.084 0.127 0.095 0.126 0.061 0.102 0.081 0.045 0.083 

Total 1.542 1.617 1.515 1.623 1.780  1.667 1.743 1.387 1.457 1.427  

�Zr+Mz+Fl 0.268 0.256 0.280 0.288 0.238 0.266 0.072 0.165 0.167 0.108 0.145 0.131 

�

Table 2: The accessory minerals contents(wt. %) 
of the investigated feldspars

Fig.4: Photomicrograph of sphene accessory 
mineral grain separated from feldspars of the two 

study areas

�
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�

Fig.5: ESEM image and EDX analysis of 
sphene

samples with an average 0.184 wt.% (Table 2).  
It exists as anhedral to subhedral grains with 
reddish brown or dark red color and metallic 
or dull luster. ESEM and EDX analysis show-
ing that hematite staining the feldspar grains 
in some samples (Fig. 6).  Rutile  is subhedral 
prismatic, tabular and elongated crystals with 
adamintine luster (Fig.7).  It is present in all 
samples with average values 0.057 wt. % in 
Homret Al Gerigab area and 0.107 wt. %  in 
Gabal Esh area (Table 2).  The SEM micro-
photographs and EDX analysis of representa-
tive rutile grains reveal that they mainly con-
sist of Ti with minor amounts of Al, Si and Ca 
(Fig. 8). 

Zircon is the most common U-Th bearing 

�

Fig.6: ESEM image and EDX analysis of 
Hematite  staining  feldspars

�

Fig.7: Photomicrograph of rutile accessory 
mineral grain separated from feldspars of the two 
study areas

�

Fig.8:ESEM image and EDX analysis of rutile

mineral in all studied samples.  The higher fre-
quencies are observed in Homret Al Gerigab 
samples (av.=0.126 wt. %) and decrease in 
Gabal Esh area with an average of 0.070 wt. 
% (Table 2).  Most of zircon occurs as short 
prismatic to long prismatic crystals with bipy-
ramidal form (Fig. 9).  The EDX data of rep-
resentative zircon grains from the study areas 
mostly show the presence of notable concen-
trations of U (0-3.26 wt. %) and Th (0.19-2.47 
wt. %), in its chemical formula.These radio-
elements  cause the metamictization of the 
grains due to the alpha bombardment during 
the decay process of U and Th (Fig. 10).  On 
the other hand, some grains have inclusions of 
radioactive materials.  The EDX analysis re-
veals the presence of uranothorite (Fig. 11).
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Fig.9: Photomicrograph of the separated zircon  
from  the two study areas

� �

�

Fig.10: ESEM image and EDX analysis of 
metamictized zircon

�

Fig.11: ESEM image and EDX analysis of zircon 
with uranothorite inclusions

Monazite is one of the most important 
radioactive mineral; being a major host for 
REE, Th and U (Hurley and Fairbairn, 1957). 
Monazite has low concentrations compared to 
zircon among the studied samples but its con-
centrations are higher in Homret Al Gerigab 
samples (av. =0.059 wt. %) than Gabal Esh 
dataset (av.=0.031 wt. %; Table 2).  It displays 
habits varying from anhedral to subhedral and 
sometimes rounded with honey to yellowish, 
reddish brown and brown colors and resinous 
luster (Fig. 12). The semi-quantitative analy-
sis (EDX) of the studied monazite shows that 
Ce is the dominant cation and so this monazite 
can be referred as (Ce )-monazite.  It has nota-
ble concentrations of U and Th with averages 
of 2.21 and 9.51 wt. %, respectively (Fig. 13).

Fluorite is found as anhedral, angular to 
subangular grains with irregular outlines and 
sharp edges and has vitreous luster (Fig. 14). 
Fluorite exhibits high frequency (av.=0.080 
wt. %) in Homret Al Gerigab samples than 
Gabal Esh samples (av.=0.031 wt. %; Table 
2).   It shows a wide range of colors from rose, 
violet to deep violet and colorless crystals are 
also observed.  Such changes in color are at-
tributed to emanations from (or inclusions of) 
nearby radioactive material, traces of REE or 
others (Deer et al., 1992) or to the presence of 
Y in particular (Fayziyev, 1990).  The semi-
quantitative analysis of violet to deep violet 

�

Fig.12: Photomicrograph  of the separated 
monazite  of the two study areas 
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fluorite confirms the presence of  Y in the min-
eral compositions (Fig. 15),while some grains 
show inclusions of radioactive materials such 
as kasolite (Fig.16).

Apatite is low in all studied samples; its 
concentrations have an average of 0.021 wt. % 
in Homret Al Gerigab samples and increased 
to 0.058 wt. % in Gabal Esh samples (Table 
2).  It occurs as colorless subhedral to euhe-
dral grains of good vitreous luster (Fig. 17).  
The ESEM image and EDX analysis of apatite 
indicates that its composition is pure CaO and 
P
2
O
5 
(Fig. 18).

Garnet of almandine type and epidote are 
present in the studied feldspar deposits in 

�

Fig.13: ESEM image and EDX analysis of 
monazite

�

Fig.14: Photomicrograph of the separated fluorite  
from the two study areas

�Fig.15: ESEM image and EDX analysis of 
colorless fluorite

�

Fig.16:ESEM image and EDX analysis of deep 
violet fluorite with kasolite inclusion

�

Fig.17: Photomicrograph of the separated apatite  
from  the two study areas 
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Fig.18: ESEM image and EDX analysis of 
apatite

�

�

Fig.19: ESEM image and EDX analysis of 
garnet

the radioactivity of the investigated sample. 
From Table (2), the sum of zircon, monazite 
and fluorite, among the studied samples, are 
higher in Homret Al Gerigab area (av.=0.266 
wt. %) than in Gabl Esh area (0.131 wt. %). 
This indicated that the higher measurements 
of natural radionuclides in Gabal Homret Al 
Gerigab are the result of higher quantities of 
radioactive minerals.

Evaluation of The Radiological Hazards

The radium equivalent activity (Ra
eq
) is 

calculated by the formula Eq. (1) and listed in 
Table (1).  The mean values of radium equiva-
lent activities for the feldspar samples of Hom-
ret Al Gerigab and Gabal Esh areas are 359.6 
and 253 Bq/kg, respectively (Table 1), which 
are below the maximum recommended value 
370 Bq/kg (Berteka and Mathew, 1985).  It is 
worth to mention that seven feldspar samples 
from Homret Al Gerigab area showing radium 
equivalent activities higher than the recom-
mended value (Table 1).

The external  hazard index (H
ex
) can be 

calculated from the Eq. (2) (Berteka and 
Mathew, 1985).  The results of H

ex
 based on 

the criterion formula Eq. (2) are given in Table 
(1). The average values are 1.0 and 0.7 (mGy/
yr) for Homret Al Gerigab and Gabal Esh feld-
spar samples, respectively; the recommended 
value is less than unity (UNSCEAR, 2000).  In 
Homret Al Gerigab area, seven feldspar sam-
ples have H

ex
 values greater than one (Table 

1).

The absorbed dose rate is calculated by the 
formula Eq. (3) and given in Table (1). The 
average absorbed dose rates for Homret Al 
Gerigab and Gabal Esh feldspar samples are 
166.3 and 119.7 nG/hr, respectively.  Accord-
ing to UNSCEAR (2000) the corresponding 
worldwide  average value is 58nG/hr.  This re-
veals that the mean absorbed dose rates in air 
outdoors from the studied feldspar samples are 
higher than three and two times that of world-
wide average value.

On the basis of the previous results, es-
pecially the dose rate values, it appears that 

various proportions.  The average contents 
of garnet and epidote are 0.055 and 0.095 wt. 
%, respectively in Homret Al Gerigab area 
whereas in Gabal Esh area their frequancies 
have average of 0.044 and 0.083 wt. % (Table 
2).  ESEM image and EDX spectrum of garnet 
are showing on Figure (19).

From the previous results, it is concluded 
that zircon, monazite and to a lesser extent 
fluorite are the main U-Th bearing minerals, 
which dominantly have these radioanuclides 
in their lattice structure or inclusions of radio-
active materials.  The presence or absence of 
these radioactive minerals in the concerned 
feldspars contributes directly to the level of 
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irradiation is higher and may causing risk to 
human health when using in building materi-
als.  The radiation exposure and attributed risk 
of the studied feldspars should be reduced and 
intensive purification from the radionuclides 
is necessary during the manufacture of ceram-
ics.

CONCLUSIONS

The investigated feldspars are separated 
from the stream sediments of both Gabal Hom-
ret Al Gerigab and Gabal Esh areas located in 
Esh El Melaha range.  The activity concentra-
tions of U, Th, Ra and K in feldspar samples 
in the present study have been measured using 
gamma- spectrometry system. The maximum 
concentrations of U, Th and Ra are recorded 
in Gabal Homret Al Gerigab feldspars, while 
K contents are higher in all feldspar samples.  
The activities of the studied feldspar samples 
are higher than the recommended levels 2.8, 
11.1, 2.7 (ppm) and 1.3 (%), of U, Th, Ra 
and K, respectively reported by UNSCEAR 
(2000).

The mineralogical studies of the inves-
tigated feldspars indicated that they contain 
common accessory minerals of magnetite ,il-
menite hematite, rutile, sphene, zircon, mona-
zite, fluorite and apatite besides garnet and 
epidote.  Among these minerals, zircon, mona-
zite and to a lesser extent fluorite are the main 
U-Th-bearing minerals and their quantities in 
the sample could justify the level of natural ra-
dioactivity.  The higher contents of these min-
erals in Gabal Hamrat Al Jirjab samples cause 
increasingin their radioactivity compared to 
Gabal Esh area. 

The mean values of radium equivalent ac-
tivity are 359.6  Bq/kg and 166.3  Bq/kg for 
Homret Al Gerigab and Gabal Esh areas, re-
spectively which are below the recommended 
value of 370 Bq/kg.  The averages of exter-
nal hazard index are 1.0 and 0.7mGy/yr, re-
spectively which are equal and below the safe 
limit.  For absorbed dose rate the averages 
are 166.3 and 119.7nG/hr, respectively higher 

three and two times the recommended value 
58nG/hr.  The elevated values of absorbed 
dose rat may cause a great effect on the health 
of humans when used in ceramic industry. We 
recommended that radiation exposure should 
be reduced by specific technologies of mag-
netic separation and chemical processing to 
reduce the concentrations of the radionuclides 
from the feldspars during manufacture of ce-
ramics.
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النشاط الاشعاعى ، التركيب المعدنى و تقييم الخطر الاشعاعى للفلسبارات 
المتواجدة فى نطاق عش الملاحة، الصحراء الشرقية،  مصر

 عمرو عبد العاطى عبد الحميد  و  حسن اسماعيل الصندولى

         تستخرج الفلسبارات المتواجدة فى نطاق عش الملاحة بالصحراء الشرقية المصرية من منطقتى جبل حمرة الجرجاب 
ومنطقة جبل عش، حيث يتم فصلها من الرواسب الوديانة ذات التركيب الجرانيتى و الغنية بالفلسبارات القلوية. تم اخذ عينات 
من هذ4 المناطق من مخزون محاجر الفلسبارات حيث تم عمل قياسات اشعاعية و قياس عناصرمكافئ اليورانيوم و الثوريوم 
و الراديوم و البوتاسيوم. وجد ان تركيزات هذ4 العناصر فى رواسب الفلسبار الموجودة فى جبل حمرة الجرجاب اكبر من 
الموجودة فى منطقة جبل عش ما عدا البوتاسيوم الذى يسجل قراءات عالية فى كل الاماكن نتيجة طبيعة هذ4 الخامات الغنية 

بالفلسبار القلوى.
الحاملة  المعادن  أكثر  هم  الفلوريت  الى  بالاضافة  المونازيت  و  الزركون  ان معادن  المعدنية  الدراسات  اكدت 
لليورانيوم و الثوريوم فى فلسبارات منطقتى الدراسة و ان كميات هذ4 المعادن فى الفلسبارات تؤثر مباشرة على القراءات 
الاشعاعية حيث ان و جودها بكميات اكبر فى منطقة جبل حمرة الجرجاب ادى الى زيادة تركيزات العناصر المشعة فى هذ4 

المنطقة عن منطقة جبل عش.
لتقييم التاثير الاشعاعى للفلسبارات فى منطقة الدراسة تم حساب بعض المعاملات مثل مكافئ الراديوم و معامل 
الخطر الخارجى و الجرعة الممتصة. اشارت النتائج بان استعمال الفلسبارات المدروسة كمواد اولية لصناعات السيراميك 
فيه خطر على صحة الانسان نتيجة لزيادة نشاطها الاشعاعى. تتطلب الفلسبارات المدروسة تنقية مركزة من المعادن المشعة 

بتطبيق التقنيات المناسبة من الفصل المغناطيسى و العمليات الكيميائية.


