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ABSTRACT

El Gidami- El Garra area lies between latitudes 26o 24’– 26o 27’ N and longitudes 33o 20’– 33o 29’ E, 

in the central Eastern Desert of Egypt, 3 km south of the midpoint of Qena-Safaga highway. The area is 

covered by younger granites intruded into amphibolites, and syn-tectonic granites. It represents one of the 

most promising uranium occurrences in the Eastern Desert. The main granitic types forming this pluton as 

defined from their mineral composition and textures comprise pegmatitic perthite granite, perthite granite 

and fluorite perthite granite.

Petrographically, these three types of younger granites are similar.  The three types are perthitic in 

composition and medium to very coarse grained, even pegmatitic. Quartz, potash feldspar and plagioclase, 

with small amount of biotite and opaque minerals constitute the mineral assemblage in these types. Fluorite, 

zircon, allanite, titanite, apatite and monazite are accessory minerals. Chlorite, epidote, saussurite and 

muscovite are secondary constituents. In addition, there are some important radioactive minerals in the 

studied granites such as uranophane, xenotime and metamict zircon. 

Locally, the estimated values of the external absorbed γ-radiation dose rate  are 221.4±43.87, 242±51.16, 

190.6±56.24 and 294.9±39.81 (nGy/h) for the granitic rocks; fluorite perthite, Syn-tectonic, perthite and 

pegmatite perthite, respectively. These values are much higher than the worldwide average. Fortunately, 

neither public activities nor residential centers are recognized around the studied granites at El Gidami 

area.

The activity concentrations of the studied rocks are below the regulated values. As a result, all the 

occupational activities during surface exploration or transportation of the studied granitic rocks are excluded 

from the regulations and no need for any recommendations about the resulting effective doses.

Generally, the slabs of thickness of 4cm from the different locations and granitic rock types exhibit an 

annual effective dose up to 2.41 (mSv/y). This value is below the action level and the studied granitic rock 

types may be used safely as decorative materials.

INTRODUCTION

The basement rocks in the Eastern Desert 
have been distinguished into three tectono-
lithologic domains: north, central and south 
Eastern Desert domains (Stern and Hedge, 
1985; El Gaby et al., 1988). El Gidami - El 
Garra area lies in the northern part of the 

central Eastern Desert domain. This domain 
comprises ophiolitic mélanges and associated 
rocks with subordinate molasse-type sediments 
of the Hammamat Formation and Dokhan 
volcanics. Widespread younger granites are 
present. Some of these granites are elongated 
in the NW direction. Large NW trending left 
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lateral strike-slip faults, similar to the Najd 
Fault System in the Arabian Shield are well 
developed in this domain (Shackleton et al., 
1980; Stern and Hedge, 1985 and El Gaby et 
al., 1988).

The Egyptian granitic rocks are classified 
into two main groups; an older syn-tectonic 
calc-alkaline granite referred to as grey gran-
ites, and a younger or late- to post-tectonic 
granite series referred to as pink granites (El 
Ramly and Akaad, 1960;  El-Shazly, 1964;  
El-Ramly, 1972; Sabet et al., 1972; El-Gaby, 
1975 and Akaad and Noweir, 1980).

Late- to post-tectonic granites are distrib-
uted in El Gidami - El Garra area. The em-
placement of these granites is structurally 
controlled by N-W trending faults, nearly par-
allel to the Red Sea (Abou Deif, 1985). These 
younger granites represent the last major 
magmatic event in the evolution of the crys-
talline basement of Egypt and belong to the 
Pan African plutonism. They are emplaced 

within a narrow time span at about 600-510 
Ma age (Hashad, 1980; Hassan and Hashad, 
1990). 

GEOLOGIC  SETTING

El Gidami- El Garra area lies between lat. 
26o 24'– 26o 27' N and long. 33o 20'– 33o 29' E, 
in the central Eastern Desert of Egypt, 3 km 
south of the midpoint of Qena-Safaga high-
way (Fig.1). The studied area was included 
in several previous studies such as: (Ammar, 
1973; El-Gaby, 1975; Sabet et al., 1976; Nagy, 
1977; Bakhit, 1978; Fullagar, 1980;  Hashad, 
1980; Greenberg, 1981; Habib, 1982; At-
tawiya, 1984; Abou Deif, 1985;  Bakhit et al., 
1985;  Hussein et al., 1986; Hussein, 1987; 
Mohammed, 1988; Ahmed, 1991; Hussein et 
al., 1992; Abou Deif, 1992; El Mansi, 1993; 
Abu El Naga, 1994 and Oraby, 1999). 

El Gidami-El Garra area is mainly covered 
by younger granites intruded into amphibo-
lites, and syn-tectonic granites.

�

Fig. 1: Geologic map of El Gidami – El Garra studied area, Modified after 
Orabi, 1999 
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Amphibolites comprise a narrow belt oc-
cupying the eastern parts of the studied area 
(Fig. 1). These rocks are medium to coarse-
grained with dark green to green colors and 
has less well-developed foliation.

 Syn-tectonic granites are represented by 
granodiorites which occupy the western and 
southern parts of the mapped area (Fig. 1). 
They are intruded by the younger granites 
and have gradational to sharp contact with the 
other rocks. They show exfoliation weather-
ing and abundant xenoliths showing different 
degrees of assimilation.  These granites are 
believed to have originated in the deep crust-
al levels and moved upwards to intrude the 
older rocks (Habib, 1982).

Younger granites are intruded into the 
amphibolites and syn-tectonic granitoids rep-
resenting one of the most promising uranium 
occurrences in the Eastern Desert (Bakhit, 
1978; Abou Deif, 1985; Abdallah, 1997 and 
Oraby, 1999). They are affected by altera-
tions such as epidotization, kaolinization and 
hematitization. The main granitic rock types 
forming this pluton as defined from their min-
eral composition and textures are: - 

Pegmatitic perthite granite occupies the 
northern part of the mapped area (Fig 1). It 
has low relief, pegmatitic texture and pink to 
pinkish white color. Inferred contacts with the 
fluorite perthite granite and perthite granite 
are found. 

Perthite granite forms high relief making 
the distinct topographic feature of Gabal El 
Gidami and occupies the central and eastern 
parts of the mapped area (Fig. 1).  It is mas-
sive, coarse to medium grained and pink to 
white in color and characterized by porphy-
ritic margins. The rock is highly fractured and 
the joints are closely spaced.

Fluorite perthite granite occupies the 
central part of the studied area (Fig. 1). It has 
high relief, pink to white color and medium to 
coarse grain size. Fluorite perthite granite is 
highly sheared and shows mafic xenoliths. 

PETROGRAPHY

Syntectonic granite (granodiorite) is coarse 
to medium grained, composed mainly of alkali 
feldspar, plagioclase, quartz, biotite and horn-
blende. Titanite, zircon and opaques are com-
mon as accessory minerals, while suassurite, 
chlorite and epidote are secondary minerals, 
(Fig. 2).

Fig.2: Altered plagioclase, hornblende and biotite in 
granodiorite. Notice  zircon crystal,PPL

Plagioclase occurs as albite which has sub-
hedral to anhedral crystals with varied degrees 
of alteration to saussurite. Complete saussu-
ritization of plagioclase takes place, in some 
cases particularly when secondary quartz is 
observed, indicating later hydrothermal effect. 
Alkali feldspar occurs as orthoclase or micro-
cline. Both are colorless and have low relief in 
plane light and may appear dusty due to altera-
tion. Hornblende occurs as anhedral to subhe-
dral and is partially altered to chlorite. Biotite 
occurs as flaky crystals with brown colors 
and is commonly altered to pale green chlo-
rite. Quartz occurs in a variable abundance of 
grain size, where some of quartz is secondary 
in origin as alteration product filling the inter-
stitial places between the plagioclase and the 
hornblende. Titanite, zircon and opaques oc-
cur in remarkably large crystals but in acces-
sory amounts. 

 There is similarity of the petrographic 
characters among the three rock types of the 
younger granites at El Gidami- El Garra area.  
These rock types are perthitic in composi-
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tion and the grains are medium to very coarse 
grained, even pegmatitic. Quartz, potash feld-
spar and plagioclase, with a small amount 
of biotite and opaque minerals are the main 
mineral assemblage in these rock types, while 
fluorite, zircon, allanite, titanite, apatite and 
monazite are accessory minerals. Chlorite, 
epidote, sericite and muscovite are secondary 
minerals.      

Quartz shows undulose extinction due to 
strain effect. Sometimes skeletal quartz is also 
observed (Fig. 3). Also, various shapes of myr-
mekites are observed along the grain bound-
ary of plagioclases feldspar crystals (Fig. 4). 
Potash feldspars occur as microcline and or-
thoclase perthites of coarse string and patchy 
types (Fig. 5). Potash feldspar encloses pri-
mary plagioclase crystals and rounded quartz 
grains forming graphic like intergrowths (Fig. 
4). Weak kaolinization is observed in some 
crystals. Plagioclase is represented by albite 
and occurs as euhedral crystals with variable 
sizes. Some plagioclase crystals are slightly 
to highly altered to saussurite and rarely epi-
dotized in the core while the peripheries are 
still fresh indicating zonation. Some crystals 
of plagioclase showing bent twin lamella due 
to deformation (Fig. 7). Biotite occurs as cor-
roded flakes of varying sizes with reddish 
brown, dark brown and green colors. It is often 
altered to chlorite and secondary muscovite or 
totally decomposed to iron oxides (Fig.8), and 
encloses zircon prisms with pleochroic halos 
(Fig.6). Zircon is found having brown and pale 
yellow shades. Fluorite has colorless to violet 
colors and occurs as secondary mineral associ-
ated with opaque patches enclosing radioac-
tive minerals (Fig. 9).  Allanite is present as 
large crystals, enclosed by biotite and quartz. 
Titanite is fairly pleochroic from pale brown 
to reddish brown (Fig. 10). Opaque minerals 
are always associated with biotite as irregular 

blebs or as subhedral crystals (Fig.10).

Fig. 3:Skeletal quartz   grains, PPL

Fig. 4:Myrmekitic texture in  pegmatite perthite 

granite, PPL

Fig. 5: Potash feldspar  with string  perthite, PPL



25GEOLOGY, SPECTROMETRY AND EVALUATION OF THE RADIATION 

Fig. 6: Graphic intergrowth  between feldspar and quartz. 

Notice biotite encloses zircon prisms with pleochroic 

halos, PPL

Fig. 7:Crystal of albite , Notice slightly bent 

lamellae, PPL

Fig. 8: Slightly chloritized of  biotite ,PPL

Fig. 9:Crystal of purple  fluorite encloses radioactive 

material, PPL

Fig. 10:Euhedral crystal of  sphene mineral.  
Notice opaque minerals, PPL

MINERALOGY

Uranium mineralization was discovered 
by Bakhit (1978) in El-Gidami - El-Garra 
area,. The occurrence of uranium minerals is 
structurally controlled and along faults and 
fractures that are mainly filled with siliceous 
materials within a typical shear zone in the 
studied younger granites. The fracture and 
fault zones are controlled by NE-SW to E-W 
trends (Bakhit 1978 and Abu Deif 1985). The 
uranium mineralization is hosted in crypto-
crystalline to amorphous jasperoid and black 
silica which were formed in more than one 
generation due to repeated rejuvenation of the 
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structures (Abu Deif 1985).

Some mineralogical studies have been 
carried out on the studied granites, where the 
uranophane and zircon are the most important 
minerals.

Uranophane 

Uranophane appears as a hair-like radi-
ated shape (Fig.11) and it has earthy to waxy 
dull colors. It is occurs in the studied younger 
granites especially pegmatite perthite granite.  

Zircon 

Zircon appears as subhedral to euhedral 
crystals and varies in color from colorless, 
brown, grey, and yellow to red with variable 
sizes. The ESEM examination of zircon (Fig. 
12) indicates evidences of chemical and crystal-
lographic distortion.

Xenotime 

Xenotime occurs as a prismatic bipyrami-
dally ended euhedral crystals in all types of 
the studied younger granites and confirmed by 
SEM (Fig. 13).

GAMMA-SPECTROMETRY

Fifteen samples, each of 5kg weight, were 
collected from different locations representing 
the granitic types; syn-tectonic granite, peg-
matite perthite granite, perthite granite and 

fluorite perthite granite, (Fig. 1).

The samples were washed in distillated 
water and dried in an oven at about 1100C, 
they were crushed, homogenized, and sieved 
through a 200 mesh, which is the optimum 
size enriched in heavy minerals. Representa-
tive samples were transferred to polyethylene 
bottles of 350 cm3 volume. Each sample was 
sealed for 4 weeks to reach secular equilib-
rium where the rate of decay of the daughters 
becomes equal to that of the parent. 

The samples were measured using a high-
resolution HPGe gamma-ray spectrometer 
system consisting of a p-type intrinsic ger-
manium coaxial detector (model: GX3018) 

Fig. 11: ESEM photomicrograph of uranophane 

from pegmatite perthite granite

Fig. 12: ESEM photomicrograph of zircon from  

studied syntectonic granite

�
Fig. 13: ESEM photomicrograph of xenotime from 

studied younger granites

�
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mounted vertically and coupled to 8K mul-
tichannel analyser (Canberra). The detector 
was housed inside a lead shield to reduce the 
background of the system. The gamma-ray 
spectrometry analysis of the samples was car-
ried out using an HPGe coaxial detector with 
a relative efficiency of 35% and a resolution 
of 1.78 keV for the gamma emission of the 
1333 keV of 60Co. The gamma-ray spectra 
were analysed by means of the software as-
sociated with the detector. Since there was a 
low activity concentration in the samples, the 
counting time was long (18–24 h) so that the 
minimum detectable concentrations were suf-
ficiently low as to be capable of measuring the 
low concentrations in the samples.

Measurements relied on the establishment 
of secular equilibrium in the samples, due to 
the much smaller lifetime of daughter radio-
nuclides in the decay series of 232Th and 238U. 
More specifically, the 232Th concentration was 
determined from the average concentrations 
of 212Pb and 228Ac in the samples, and that of 
238U was determined from the average con-
centrations of the 214Pb and 214Bi decay prod-
ucts. Thus, an accurate measurement of 232Th 
and 238U concentrations was made, whereas a 
true measurement of 40K concentration was 
achieved.

The 238U activity concentration was calcu-
lated from the mean value of gamma transi-
tions obtained from the photo peaks of 234Th 
(63.28, 92.37 keV). Each tabulated value for 
the 232Th activity concentration was an av-
erage of the values obtained from the photo 
peaks of the 212Pb (238.63 keV), 228Ac (209.25, 
338.32, 911.2, 968.97 keV) and 208Tl (583.19 
keV). The 1461 keV gamma of 40K was used 
to determine the concentration of 40K in differ-
ent samples.

 DISTRIBUTION  OF  U  AND  Th  AT  
EL GIDAMI-EL GARRA PLUTON

Darnley, (1982), defined the “uraniferous 
granites” as those containing at least twice the 
Clarke value (4ppm U), hence, they would 
contain 8ppm or more, regardless of the pres-

ence of associated U-mineralization or not. 
Accordingly, the data in Table (1), suggest 
that the studied granites can be considered 
uraniferous granites, comprising the perthite 
granite (av. 15ppm U and 24ppm Th) repre-
senting the least differentiated granitic phase, 
followed by the fluorite perthite granitic 
phase (av. 20.4ppm U and 26.2ppm Th), the 
syn-tectonic granitic phase (av. 23ppm U and 
36.33ppm Th), and the pegmatite perthite gra-
nitic phase (av. 34.5ppm U and 2.75ppm Th), 
representing the most differentiated granitic 
phase. The last granitic phase does not show 
the expected increase in the Th content, but 
show some Th-depletion.

The relationships between U, Th and 
Th/U are shown in (Figs.14, 15 and 16). The 
variation in the U and Th contents is shown 
in (Fig. 14), where the perthite, fluorite per-
thite and the syn-tectonic granitic phases exi-
bit linear increasing relationship where as the 

Location 

No. 

eU 

(ppm)

eTh

(ppm)

K

(%)

Syn-tectonic granite 

5 16 26 3.6

6 24 30 3.12

10 29 23 3.9

Ave. 23 26.33 3.54

Fluorite perthite granite 

1 22 23 2.7

2 16 29 2.8

3 21 31 3.2

4 28 26 3.4

7 15 22 3.5

Ave. 20.4 26.2 3.12

Perthite granite 

8 11 24 3.5

9 11 18 3.4

11 23 30 3.7

Ave. 15 24 3.53

Pegmatite perthite granite 

12 39 24 3.4

13 38 23 3.16

14 35 24 3.2

15 26 20 3.2

Ave. 34.5 22.75 3.24

All types 23.6 24.87 3.32

Table 1: The eU, eTh and K contents in the four 
studied granites at El Gidami-El Garra area
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Th-depletion in the pegmatite perthite granite 
is documented. Figure (15) shows the varia-
tion between Th/U ratios and U contents, 
exhibiting a decreasing linear relationship as 
expected. Figure (16) shows the variation be-
tween Th/U ratios and Th contents, exhibiting 
the narrow variation in Th contents between 
22.75ppm and 26.33ppm, indicating that Th 
was not mobilized during igneous processes, 
while U mobilization is shown (Fig. 15). This 
might suggest that U-mobilization was af-
fected by low temperature hydrothermal sys-
tems driven by heat produced locally in these 
anomalously radioactive plutons, (Fehn et al., 
1978).

As mentioned above, many studies re-
ported the contents of eU, eTh and K for Al 
Missikat-El Gidami-El Garra area. Table (2) 
summarizes the results of these studies

EVALUATION OF RADIATION 
EXPOSURES

In order to evaluate the radiation expo-
sures arising in different situations from the 
studied granites, the contents of eU (ppm), 
eTh (ppm) and K (%) should be converted 
into (Bq/kg). The activity concentration of a 
sample containing 1 ppm by weight of 238U 
is 12.35 (Bq/kg), 1 ppm of 232Th is 4.06 (Bq/
kg) and 1 % of 40K is 313 (Bq/kg), (IAEA, 
1989).
�

�

�

�

�

Fig.14: Variation of U and Th contents in the 
granitic rocks at El Gidami- El Garra pluton

�

�

�

Fig. 15:Variation of the ration Th/U and U content 
at El Gidami-El garra pluton
  

�

�

Fig. 16: Variation of the ration Th/U and Th 
content at El Gidami-El Garra pluton

Table 2: The eU, eTh and K contents in the studied 
granites at Al Missikat-El Gidami-El Garra area

Area N eU ppm eTh ppm K % Reference

Al Missikat 7 13-35

(19.86)
*

14-27

(20.86)

2.54-3.55

(3.1)

Hussain

1987

albite 7 (15.4) (33.43) (3.34)

Orabi

1999

Fluorite-

perthite 

25 (10.92) (24.7) (7.73)

perthite 18 (8.78) (18.33) (3.9)

Pegmatite- 

pertite 

11 (10) (21.81) (3.75)

Gidami-El 

Garra 

61 (10.5) (22.97) (3.49)

Older 3 2-8

(2.94)

3-19

(9.23)

2-4.5

(2.18)

Ibrahim

2002

Younger1 5 4-20

(9.31)

11-32

(17.94)

2-5.3

3.67)

Younger2 5 7-40

(13.65)

19-38

(30.61)

2.5-6

(4.35)

Younger3 3 9-33

(17.69)

35-56

(40.98)

2.7-6.7

(4.76)

Al Missika- 

Gidami 

16 0.1-51

(7.21)

2-65

(16.92)

0.1-8

(2.68)

Hole area 84 0.1-51

(11.48)

2-56

(23.34)

0.1-8

(4.89)
��������������

Number in brackets represents the average
������������������

Number in brackets represents the average
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Table (3) shows the activity concentration 
of the radionuclides; 238U, 232Th and 40K in 
the four different granitic rocks studied at El 
Gedami-El Garra pluton. From the table, it is 
clear that the activity concentration of the esti-
mated radionuclides are much higher than the 
typical concentrations of these radionuclides 
in the earth crust of 32, 40 and 400 (Bq/kg) for 
238U, 232Th and 40K, respectively, (UNSCEAR, 
2000). The activity concentration in the peg-
matite perthite granite is clearly higher than its 
concentration in the other types of granites. 

Local Absorbed Dose Rate 

El Gidami-El Garra granitic rocks are aged 
to be Precambrian of about 600 Ma. Accord-
ingly, this study assumes that all the decay 

Location 

No. 

238
U 

(Bq/kg) 

232
Th 

(Bq/kg)  

40
K 

(Bq/kg) 

AT

 (Bq/kg)  

D

(nGy/h)

Syn-tectonic granite 

5 197.6 105.56 1126.8 415.8 202.0

6 296.4 121.8 976.56 515.9 251.2

10 358.15 93.38 1220.7 573.6 272.8

Average 284.05 106.91 1108.0 501.8 242.0

SD 80.98 14.26 123.15 79.8 51.16

Fluorite perthite granite 

1 271.7 93.38 845.1 449.6 217.2

2 197.6 117.74 876.4 403.0 199

3 259.35 125.86 1001.6 485.4 237.6

4 345.8 105.56 1064.2 557.8 267.9

7 185.25 89.32 1095.5 384.1 185.2

Average 251.94 106.37 976.6 456.0 221.4

SD 64.53 15.57 111.5 69.36 43.87

Perthite granite 

8 135.85 97.44 1095.5 342.8 167.3

9 135.85 73.08 1064.2 315.4 151.3

11 284.05 121.8 1158.1 521.7 253.1

Average 185.25 97.44 1105.9 393.3 190.6

SD 85.56 24.36 47.81 112.0 56.24

Pegmatite perthite granite 

12 481.7 97.44 1064.2 685.6 325.8

13 469.3 93.38 989.1 661.6 314.5

14 432.3 97.44 1001.6 629.9 300.3

15 321.1 81.2 1001.6 502.5 239.2

Average 426.1 92.37 1014.1 619.9 294.9

SD 73.06 7.69 33.9 81.53 39.81

Table 3: Activity concentration of the radionuclides 
238U, 232Th and 40K (Bq/kg), the defined total activity 
concentration A

T
 (Bq/kg) and the absorbed dose rate 

D (nGy/h) at 1m from the surface of four granitic 
rock types at El Gidami-El Garra area

products of 238U are in radioactive equilibrium 
with their precursors. This mean that the activ-
ity concentration of 238U (Bq/kg) will replace 
that of 226Ra wherever needed. 

The absorbed dose rate in the air due to 
the gamma rays at 1m from the surface of the 
granitic rocks are calculated using 238U, 232Th 
and 40K concentration values in these rocks. 
The conversion factor used to calculate the ab-
sorbed dose rates D (nGy/h) according to the 
relation, (UNSCEAR, 1988):

D=0.427A
U
+0.662A

Th
+0.043A

K
            (1)

where A
U
, A

Th
 and A

K
 are the mean activities of 238U, 232Th 

and 40K in (Bq/kg), respectively.

In the above relation, it is assumed that 
all the decay products of 238U and 232Th are in 
radioactive equilibrium with their precursors. 
Table (4) represents the value of the absorbed 
dose rate D (nGy/h) due to the contents of 
238U, 232Th and 40K in the four granitic rock 
types at the studied area. The worldwide av-
erage values of D range from 18-93 (nGy/h), 
(UNSCEAR, 2000). 

The population weighted values of the 
absorbed dose rate in air outdoors from ter-
restrial gamma radiation estimated by the 
spectroscopic analysis of soil samples give an 
average of 60 (nGy/h), (UNSCEAR, 2000). 
This reveals that the averages of the absorbed 
dose rate in the air at 1m above the surface 
of the studied granitic rocks are much higher 
than the worldwide average. Fortunately, nei-
ther public activities nor residential centers are 
recognized around the studied granitic rocks at 
El Gedami-El Garra area.

Occupational Exposures  During  
Exploration And  Transportation  
Activities

The International Commission on Radio-
logical Protection (ICRP, 1990) recommended 
that the effective dose resulting from any oc-
cupational activities dealing with radioactive 
materials should not exceed 20mSv/y. How-
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ever, the International Atomic Energy Agency 
(IAEA, 2004) established a value of the ac-
tivity concentration of a radioactive material 
below which it is usually unnecessary to regu-
late this material. For the radioactive materials 
of natural origin, this value is 10 kBq/kg for 
40K and 1kBq/kg for all other radionuclides of 
natural origin.

Accordingly, for a material containing a 
mixture of the radionuclides; 238U, 232Th and 
40K, the total activity concentration of this ma-
terial is calculated as follows:

A
T
=A

U
+A

Th
+0.1A

k
(Bq/kg)                               (2)

where A
U
, A

Th
 and A

K
 are the mean activities of 238U, 232Th 

and 40K in (Bq/kg), respectively.

From Table (3), it is clear that the values of 
A

T
 of the studied granitic rocks at all locations 

and the average values of A
T
 for each granitic 

rock type are below the declared value for a 
radioactive material to be regulated. As a re-
sult, all the occupational activities during sur-
face exploration or transportation of the stud-
ied granitic rock types are excluded from the 
regulations and no need for any recommen-
dations about the resulting effective doses.  

Public Exposures Due to Granitic Rocks as 

Decorative Materials

The studied granitic rock types are con-
sidered uranium-bearing natural materials, 
but it is always possible to find uranium-rich 
rocks in these different types used by public as 
building materials. Construction materials are 
sources of airborne radioactivity and external 
radiation from the decay series of uranium in 
buildings.

External Exposures

Assuming that the absorbed dose rate D 
at 1m from the surface of the studied rocks 
estimated by equation (1) is due to the γ-rays 
emitted from the outer 10cm layer of the rock, 
the absorbed dose rate D

t
 (nGy/h) at 1m from 

the surface of a granitic slab of thickness; 2cm, 
3cm or 4cm is calculated as follows: 

D
2cm

 =D/5, D
3cm

= 3D/10 or D
4cm

=2D/5   (nG/h)             (3)

Table (4) represents the absorbed dose 
rated D (nGy/h) at 1m from the surface of a 
granitic slab of thickness 2cm, 3cm and 4cm. 
From this Table, the average values of D 
(nGy/h) for the 4cm slabs from all the studied 
granitic rocks exceed the worldwide average 
of 60 (nG/h). The annual indoor effective dose 
for the public members using slabs of the stud-
ied granitic rock types as decorative materials 
is calculated as follows;

E
ex

=D
t
 (nGyh-1) x 1.4 x 8760 h x 0.8 x 0.7 x 10-6                

(mSv/y)                                                              (4)

where t=2cm, 3cm and 4cm.

Table (4) represents the annual effective 
dose E

ex
 (mSv/y) due the external exposure to 

the gamma rays emitted from a slab of differ-
ent studied granitic rock types. The worldwide 
average of the external indoor effective dose 
is reported to have a value of 0.41 (mSv/y), 
(UNSCEAR, 2000). From the table, it is clear 
that the average values of E

ex
 (mSv/y) for the 

4cm slabs from all types of granite exceed the 
worldwide average. Also, the data of E

ex
 show 

that the 3cm slab of the syn-tectonic, perthite 
and fluorite perthite granites do agree with that 
of world average within one standard devia-
tion. The E

ex
 value for the pegmatite perthite 

granite is much higher.

Radon Flux From The Decorative 
Materials

Radon flux (222Rn) from the decorative ma-
terials is of interest since the short-lived decay 
products of radon are the greatest contribu-
tors to the lung dose of inhaled radionuclides  
(ICRP, 1993). Even though radon inlet into 
houses is a complex process involving decora-
tive materials, soil, gas, water, and weather-
related factors, 226Ra in construction materials 
may be in some cases the predominant source. 
Much of the radon is released from the radium 
trapped in the mineral grains in building ma-
terials.

In building materials with high radium lev-
els, the radon exhalation may become of ma-
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jor importance (Rizzo et al., 2001). Over the 
years, radon exhalation from building materi-
als has been the subject of many studies (Al-
Jarallah, 2001., Al-Jarallah et al., 2001., Chen 
et al., 2010., Ngachin et al., 2008., O’Brien et 
al., 1998, and Saad et al., 2010). Radon flux 
from a slab of thickness t (m) into the sur-
rounding air is calculated using the equation, 
(UNSCEAR, 2000):

J
s
=A

U
λ

Rn
fρLtanh(t/L) (Bqm-2s-1)                                   (5)

Where:J
s
= Radon flux from the decorative slab, (Bq m-2 s-1), 

A
U
= Activity concentration of 238U, (Bq/kg),λ

Rn
= decay con-

stant of 222Rn, s-1,ρ = density of the rock, kg/m3,f = emanation 

coefficient,t= thickness of the decorative slab, 2cm, 3cm, 4cm,L 

= diffusion length, m.

Abdel-Razek (1997) studied the granitic 
rocks at Al Missikat - El Aradiya area. He 
used the rock parameters; ρ =2600 (kg/m3) 

and L=6.8 (cm), to obtain the average values 
of 0.023 for the emanation coefficient (f) for 
older granites, 0.046 for younger granites. Ta-
ble (4) represents the radon flux for the slaps 
from the granitic rock types at different loca-
tions at El Gidami-El Garra area. 

Indoor Radon Concentration In a 
Reference House And The Resulting 
Effective Dose

The United Nations Scientific Committee 
on The Atomic Radiation (UNSCEAR, 2000) 
proposed a reference house which encloses 
an air volume of 250 m3 and a summation of 
walls and floors area of 450 m2. Indoor radon 
concentration in spaces other than tunnels is 
estimated using the formula:

C
Rn

=(J
s
xS

B
/V)/λ

v
+C

out
(Bq/m3)                                    (6)

Location 

No. 

2cm 3cm 4cm

D

(nGy/h) 

EEx

(mSv/y) 

Js

(Bq m-2 s-1)
D

(nGy/h) 

EEx

(mSv/y) 

Js

(Bq m-2 s-1)
D

(nGy/h) 

EEx

(mSv/y) 

Js

(Bq m-2 s-1)

Syn-tectonic granite 

5 40.40 0.28 0.0005 60.60 0.42 0.0007 80.8 0.55 0.0011 

6 50.24 0.35 0.0007 75.36 0.52 0.0010 100.5 0.69 0.0017 

10 54.56 0.37 0.0009 81.84 0.56 0.0013 109.1 0.75 0.0021 

Ave. 48.40 0.33 0.0007 72.60 0.50 0.0010 96.8 0.66 0.0016 

SD 7.26 0.05 0.0002 10.89 0.07 0.0003 14.51 0.10 0.0005 

Fluorite perthite granite 

1 43.44 0.30 0.0013 65.16 0.45 0.0019 86.88 0.60 0.0031 

2 39.80 0.27 0.0010 59.70 0.41 0.0014 79.6 0.55 0.0023 

3 47.52 0.33 0.0013 71.28 0.49 0.0018 95.04 0.65 0.0030 

4 53.58 0.37 0.0017 80.37 0.55 0.0024 107.2 0.74 0.0040 

7 37.04 0.25 0.0009 55.56 0.38 0.0013 74.08 0.51 0.0021 

Ave. 44.28 0.30 0.0012 66.41 0.46 0.0018 88.55 0.61 0.0029 

SD 6.52 0.04 0.0003 9.78 0.07 0.0005 13.05 0.09 0.0007 

  Perthite granite 

8 33.46 0.23 0.0007 50.19 0.34 0.0010 66.92 0.46 0.0016 

9 30.26 0.21 0.0007 45.39 0.31 0.0010 60.52 0.42 0.0016 

11 50.62 0.35 0.0014 75.93 0.52 0.0020 101.2 0.70 0.0033 

Ave. 38.11 0.26 0.0009 57.17 0.39 0.0013 76.23 0.52 0.0021 

SD 10.95 0.08 0.0004 16.42 0.11 0.0006 21.90 0.15 0.0010 

   Pegmatite perthite granite 

12 65.16 0.45 0.0024 97.74 0.67 0.0034 130.3 0.90 0.0056 

13 62.90 0.43 0.0023 94.35 0.65 0.0033 125.8 0.86 0.0054 

14 60.06 0.41 0.0021 90.09 0.62 0.0031 120.12 0.82 0.0050 

15 47.84 0.33 0.0016 71.76 0.49 0.0023 95.68 0.66 0.0037 

Ave. 58.99 0.41 0.0021 88.49 0.61 0.0030 118.0 0.81 0.0049 

SD 7.72 0.05 0.0004 11.58 0.08 0.0005 15.44 0.11 0.0008 

Table 4: Absorbed dose rate D
t
 (nGy/h) at 1m from the surface of a slap of granitic rock types at El 

Gidami-El Garra area and the relevant annual external effective dose E
Ex

 (mSv/y) . Radon flux J
s
 (Bq m-2 

s-1) from a granitic slab into a reference house is represented
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Where:C
Rn:

 is the indoor radon activity concentration in a refer-

ence house (Bq m-3),J
s
: is the flux density of radon from a building 

element (Bq m-2 h-1),S
B
: is the emanating surface area (450m2),V: 

is the volume of the reference house (250m3),λ
v
 : is the ventila-

tion rate chosen at (1 h-1),C
out

: is the worldwide average of the 

outdoor radon activity concentration, 4(Bqm-3), (Abdel-Razek et 

al., 2013). 

The reported indoor radon concentration in 
Egypt has an average value 9 (Bq/m3) with a 
maximum value of 24 (Bq/m3), (Kenawy and 
Morsy, 1991, UNSCEAR, 2000). Table (5) 
shows the expected indoor radon concentra-
tion (C

Rn
) as a result of the decorative slabs 

from different granitic rock types of El Gida-
mi-El Garra area.  From this Table, the value 
of radon concentration due to a 4cm slab from 
some locations of pegmatite perthite granite 
extends the maximum reported value in Egypt 
to reach 40 (Bq/m3). The slabs from other gra-
nitic rock types exhibit radon concentrations 
which are below the reported average concen-
tration. Generally, the higher values of C

Rn
 as 

a result of the studied granitic slaps are within 
the worldwide range of 30-40 (Bq/m3), (UN-
SCEAR, 2000).

For the concentrations of radon, the equi-
librium factor of 0.6 indoors with an occu-
pancy factor of 0.8, the annual effective doses 
(mSv/y) are derived from the following equa-
tions, (UNSCEAR, 2000);

E
Rn

=C
Rn

(Bqm-3)x0.6x8760hx0.8x9nSv(Bqhm-3)-1(mSv/y)                       (7)

Table (5) shows the annual effective doses 
due to the inhalation of radon in the homes 
using wall slabs from the granitic rock types 
at El Gidami-El Garra area.  From this Table, 
except of the 4cm slap of pegmatite perthite 
granite, all the values of the average annual ef-
fective doses received by the public members 
due to the inhalation of radon gas when they 
use the different granitic rocks from at El Gi-
dami-El Garra area as wall slabs show E

Rn
 that 

are below the estimated worldwide average 
value of 1 (mSv/y).  However, the annual ef-
fective doses due to radon gas emanating from 
a slap of thickness 4cm from the pegmatite 
perthite granite is still below the action limit 
of 3 (mSv/y), (ICRP, 1993). 

Location 

No.

2cm 3cm 4cm

CRn

(Bq/m
3
)

ERn

(mSv/y)

ET

(mSv/y)

CRn

(Bq/m
3
)

ERn

(mSv/y)

ET

(mSv/y)

CRn

(Bq/m
3
)

ERn

(mSv/y)

ET

(mSv/y)

Syn-tectonic granite

5 7.13 0.27 0.55 8.53 0.32 0.74 11.38 0.43 0.99

6 8.69 0.33 0.67 10.80 0.41 0.93 15.07 0.57 1.26

10 9.67 0.37 0.74 12.22 0.46 1.02 17.38 0.66 1.41

Ave. 8.49 0.32 0.65 10.52 0.40 0.90 14.61 0.55 1.22

SD 1.28 0.05 0.10 1.86 0.07 0.14 3.02 0.11 0.21

Fluorite perthite granite 

1 12.60 0.48 0.78 16.47 0.62 1.07 24.30 0.92 1.52

2 10.25 0.39 0.66 13.07 0.49 0.90 18.76 0.71 1.26

3 12.21 0.46 0.79 15.90 0.60 1.09 23.37 0.88 1.54

4 14.94 0.57 0.93 19.87 0.75 1.30 29.83 1.13 1.86

7 9.86 0.37 0.63 12.50 0.47 0.85 17.84 0.68 1.18

Ave. 11.97 0.45 0.76 15.56 0.59 1.04 22.82 0.86 1.47

SD 2.04 0.08 0.12 2.96 0.11 0.18 4.82 0.18 0.27

Perthite granite

8 8.30 0.31 0.54 10.23 0.39 0.73 14.15 0.54 0.99

9 8.30 0.31 0.52 10.23 0.39 0.70 14.15 0.54 0.95

11 12.99 0.49 0.84 17.03 0.64 1.17 25.22 0.95 1.65

Ave. 9.86 0.37 0.63 12.50 0.47 0.87 17.84 0.68 1.20

SD 2.71 0.10 0.18 3.93 0.15 0.26 6.39 0.24 0.39
Pegmatite perthite granite

12 19.24 0.73 1.18 26.10 0.99 1.66 39.98 1.51 2.41

13 18.85 0.71 1.15 25.53 0.97 1.61 39.06 1.48 2.34

14 17.68 0.67 1.08 23.84 0.90 1.52 36.29 1.37 2.20

15 14.16 0.54 0.86 18.73 0.71 1.20 27.99 1.06 1.72

Ave. 17.48 0.66 1.07 23.55 0.89 1.50 35.83 1.36 2.17

SD 2.31 0.09 0.14 3.35 0.13 0.21 5.46 0.21 0.31

Table (5): Indoor radon concentration (Bq/m3), the relevant annual internal effective dose E
Rn

 (mSv/y) 
and the total annual effective E

T
 (mSv/y) due to a slap of granitic rock types at El Gidami-El Garra 

area
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The total annual effective dose E
T
 is the 

sum of the annual external effective dose E
ex

 
and the annual internal dose due the inhalation 
of radon E

Rn
:

   E
T
=E

ex
+E

Rn
                  (mSv/y)                      (8)

From the information reported above, the 
worldwide average value of the total annual 
effective dose due to gamma rays and radon 
gas is 1.41 (mSv/y). From Table (5), within 
one standard deviation, only the average value 
of E

T
 (mSv/y) for the 4cm slabs due to peg-

matite perthite granite exceeds the worldwide 
average. Generally, the higher values of E

T
 are 

associated with the 4cm slab from pegmatite 
perthite granite, fortunately, these values are 
below the mentioned action level. According-
ly, the studied granitic rock types may be used 
safely as decorative materials.

CONCLUSION

There is a similarity in petrographic char-
acters of three types of younger granites at El 
Gidami- El Garra area.  They are all perthitic 
in composition, and medium to very coarse 
grained, even pegmatitic. There are some 
important radioactive minerals in the studied 
granites such as uranophane, xenotime and 
metamict zircon which are responsible for 
radioactivity in the studied area. The values 
of the local absorbed doses are much higher 
than the worldwide average. Fortunately, nei-
ther public activities nor residential centers are 
recognized around the studied granites at El 
Gidami-El Garra area.  Surface exploration or 
transportation activities of the studied granitic 
rocks are excluded from the regulations and 
no need for any recommendations about the 
resulting effective doses. Generally, the slabs 
of thicknesses  of 4cm from the different loca-
tions and granitic rock types cause an annual 
effective dose up to 2.41 (mSv/y). This value 
is below the action level and the studied gra-
nitic rock types may be used safely as decora-
tive materials.
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الجيولوجيا والقياس الطيفي وتقييم التعرضات الإشعاعية بمنطقة الجدامى - الجرة، وسط الصحراء 
الشرقية، مصر

يس عبد العظيم محمد عبد الرازق  و محمود أحمد محمد محمود

جنوبا  ثم  الأسفلتى  سفاجا  قنا–  بطريق  المسافة  منتصف  في  الشرقية  الصحراء  وسط  الجرة  الجدامى–  منطقة  تقع 
حوالي ٣كم. تتكون منطقة الدراسة من صخور الجرانيت الحديث المتداخل في صخور الأمفيبوليت والجرانيت القديم. وقد 
قسمت صخور الجرانيت الحديث اعتمادا على التركيب المعدني والنسيج إلى ثلاثة أنواع هي: الجرانيت البرثيتي البجماتيتي، 

الجرانيت البرثيتي ، الجرانيت البرثيتي الفلوريتي.
 تتفق الأنواع الثلاثة من الجرانيت الحديث في أنها ذات تركيب برثيتى وأنها خشنة التحبب تصل لمرحلة البجماتيت، 
كما أنها تتكون من معادن أساسية مثل الكوارتز والفلسبار البوتاسى والبلاجيوكليز مع قليل من معادن البيوتيت والمعادن القاتمة, 
هذا بالإضافة إلى بعض المعادن الإضافية مثل الفلوريت والزر كون والألبيت والتيتانيت والأباتيت والمونازيت ، مع قليل من 

المعادن الثانوية مثل الكلوريت والابيدوت والسوسوريت والمسكوفيت. 
زركون  زينوتيم،  اليورانوفين،  مثل  الهامة  المشعة  المعادن  بعض  على  الدراسة  بمنطقة  الجرانيت  صخور  تحتوى 
ميتامكتي .  كما عنيت الدراسة بتحديد معدل الجرعة الإشعاعية الممتصة في الأنواع الثلاثة من الجرانيت الحديث بالإضافة 
إلى الجرانيت القديم. وقد وجد أن هذا المعدل من الجرعة الإشعاعية الممتصة أكبر من تلك الموجودة فى الجداول العالمية، علما 

بأنه ليس هناك بمنطقة الدراسة أية تجمعات سكنية ولا أنشطة للجمهور تتعرض لهذ� الجرانيتات.
الأرضيات  وتبليط  للحوائط  كجلادات  الجرة  الجدامى-  منطقة  جرانيتات  استخدام  يمكن  أنه  الدراسة  من  تبين  وقد 

بشكل "من.


