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  ،في منطقة زج البهار، صحراء مصر الشرقیة ىتعریف تكوین الضو 
 بإستخدام الطرق الإشعاعیة الأرضیة

أیضــا إن طبقـــات   .حـــد التطبیقــات الهامــة للطـــرق الإشــعاعیةأ هــوالغنیـــة بــالتركیزات العالیــة للعناصـــر المشــعة لمنطقـــة مــا  النطاقــاتوتحدیــد  إن تعریـــف :الخلاصـــة
لهـذا السـبب استخلصـت  . هـي مـن إحـدى أهـداف التنقیـب عـن الیورانیـوم فـي صـحراء مصـر الشـرقیة والغربیـة الضـووى تكـوینانیـوم الموجـودة فـي االفوسـفات الحاملـة للیور 

 ٥٢,٦جلت بفحـص البیانـات المستخلصـة مـن منطقـة الدراسـة تبـین أنهـا سـ  .زج البهـار، وسـط الصـحراء الشـرقیة، مصـر البیانات الطیفیة لأشعة جاما الأرضیة من منطقـة
٪ مــن نســبة تركیــز ٤,٢جــزء فــي الملیــون مــن الثوریــوم المكــافىء و ١٤ وجــزء فــي الملیــون مــن الیورانیــوم المكــافىء  ٥١ و (یــو.أر) لإجمــالي العــد الإشــعاعى الكلــى

و قـد  .لثلاثیـة وكـذلك العدیـد مـن المعالجـات الإحصـائیةالصـور المركبـة او البوتاسیوم. وقد تم تحلیل البیانات ومعالجتها باستخدام تقنیـات تحلیـل فعالـة مثـل معامـل التحلیـل 
إشــعاعیة) تتوافــق بدرجــة عالیــة مــع الوحــدات -هــذه الوحــدات (اللیثــو .إشــعاعیة) فــي منطقــة الدراســة مــن خــلال القیاســات الإشــعاعیة-أمكــن تحدیــد خمــس وحــدات (لیثــو

لمقاســة أن الفوســـفات الحامــل للیورانیـــوم الموجــود فـــي تركیــب الضـــووى قــد ســـجل أعلــى القـــیم كمـــا أظهــر التحلیـــل الإحصــائي للبیانـــات ا  .اللیثولوجیــة الســـطحیة للمنطقــة
   .فإن النطاقات الغنیة بالیورانیوم في منطقة الدراسة  تنسب لتكوین الضووي لذلك  الإشعاعیة في منطقة الدراسة.

ABSTRACT: Identifying and outlining zones of enriched radioelement concentrations of an area is among the 
applications of the radiometric methods. The uranium-bearing phosphate beds of the Duwi Formation are targets for 
uranium exploration in the Egyptian Eastern and Western deserts. For this purpose, the ground gamma-ray 
spectrometric data of Zog El-Bohar area, central Eastern desert of Egypt is utilized. Examination of the data in the 
area of study records 52.6 Ur for Total Count (TC), 51 ppm equivalent Uranium (eU), 14 ppm equivalent Thorium 
(eTh) and 4.2 % Potassium (K). The data were analyzed and processed using effective analysis techniques such as 
factor analysis, ternary composite imaging as well as the statistical treatments. 
Five litho-radiometric units could be delineated in the area from the radiometric point of view. These units are highly 
correlated with the surface geology of the area. Statistical analysis showed that the uranium-bearing phosphates Duwi 
Formation represents the highest radiometric values measured in the area. So, the Uranium-enriched provinces 
recorded in the area are mainly related to this formation. 

INTRODUCTION 
Previous geological, geophysical and geochemical 

studies proved that Zog El-Bohar area is charachterized 
by considerable extensions of the black shales (oil 
shales) of the Dakhla Formation in the subsurface. Oil 
shales can be used as source of petroleum, as fuel in 
thermal power plants and can be used for uranium and 
other rare chemical element production (Dyni, 2006 and 
USGS, 2007). In additions, the uranium-bearing 
phosphates of the Duwi Formation are highly exposed 
in the area. Due to the economical importance of oil 
shales in different industries as well as the importance 
of the phosphate of the Duwi Formation, the area of Zog 
El-Bohar attracts the attention of many workers. The 
area is located at about 15Km to southwest Quseir on 
the Red Sea Coast, Central Eastern Desert of Egypt 
between latitudes 25o 57′ 49.29″ N  & 25o 58′ 27.91″  N 
and longitudes 34o 17′ 25.92″ E  & 34o 18′ 11.31″ E 
(Fig. 1). 

 

 
Fig. (1): Map of Egypt showing the location of Zog 

El=Bohar area. 
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The ground spectrometric survey was carried out 
along 26 parallel profiles striking N-S, with line spacing 
50m apart and station separation 25m along traverses. 
The collected data involve the total count (TC) in Ur, 
equivalent uranium (eU) in ppm, equivalent thorium 
(eTh) in ppm and potassium concentration (K) in %. A 
gamma-ray spectrometer, model GS-512, Czech made is 
used in the present survey.  

GEOLOGIC SETTING 
The geology of the area and its vicinity is 

described by many authors such as Barron and Hume 
(1902), Ball (1913), Beadnell (1924), Youssef (1957), 
Faris and Hassan (1959), Akkad and Dardir (1966), 
Abdel Razik (1967 and1972), Issawi et al., (1969 and 
1971), Tarabili (1966 and 1969) and Gindy et al., (1973 
and 1976) .Since the study area is relatively small, field 
observations proved its simple geologic setting where it 
consists of metagabbro, younger granite, Duwi 
Formation, Dakhla shales and Quaternary sediments. 
The Fig. (2) Depicted the simple geology of the area 
under consideration. 

The Precambrian rocks in the area are represented 
mainly with the metagabbro and younger granites. The 
metagabbro is the oldest unit in the area and mainly 
recorded at the northeastern corner of the area. The 
ultramafic bodies consist mainly of serpentinite, 
associated with many lenses and pockets of chromite 
ores with different sizes, and less abundant talc 
carbonate rocks as well as minor amounts of ultramafic 
schists (Ahmed and Arai 2002). The younger granites 
have somewhat uniform composition, and consist 
principally of microcline, orthoclase, perthite, 
oligoclase, quartz, biotite, and/or hornblende. El Shazly 
and Abdallah (1964) and El Shazly (1977), considered 
the granites as late orogenic or third basement plutonite, 

that represent the last event in the evolution of the 
geosyncline in the Eastern Desert of Egypt.  

Due to its uranium potentiality, the Duwi 
formation acquires special importance. It conformably 
overlies the Quseir variegated shale and underlies the 
Dakhla Shale. According to El Shazly (1977), the 
phosphatic offshore facies is one of the marine Late 
Cretaceous sediments in Egypt, occuring between 25° to 
27° N. They extend from El Quseir-Safaga on the Red 
Sea to Qena- Idfu in the Nile Valley. He stated that the 
principal phosphatic facies are Campanian-
Maestrichtian in age. This formation is a sequence of 
alternating beds of claystone, sandstone, calcareous 
mudstone, siltstone, siliceous mudstone bearing Ostrea 
Villei and oyster limestone enclosing a number of 
phosphate and phosphatic rock horizons. It exhibits 
features of depositions on an oscillating bottom of a 
shallow shelf and it is Late Cretaceous (Conoco, 1989).  

A carbonate bed is easily recognized in Quseir 
area due to its sharp contact with the overlying and 
underlying dark green shales. This bed is equivalent to 
the Tarawan Chalk of Western Desert’s oases. This 
formation is made up of marl and marly limestone. The 
Quaternary sediments bound the different rock units in 
the study area and fill the main wadies. These sediments 
include sands, pebbles and rare boulders mainly derived 
from meta-gabbros and granitic rocks as a result of the 
weathering and denudation processes for the 
surrounding hills and basement rocks. 

The structural setting of the area under 
consideration is affected with the red sea rift system 
which exhibit superb outcrop examples of kilometric 
scale, extensional fault-related folds. The faults of the 
rift border fault system consist of series of WNW and 
NW-trending segments (Khalil and McClay, 2002). 

 
Fig. (2): Detailed simplified geologic map of Zog El-bohar area (after Sabet, 1976). 
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Fig. (3): Filled colored contour map of Total 
Count (TC) in  Ur. 

Fig. (4): Filled colored contour map of 
equivalent Uranium (eU) in ppm. 

  

Fig. (5): Filled colored contour map of 
equivalent Thorium (eTh) in ppm. 

Fig. (6): Filled colored contour map of 
Potassium (K) in %. 

 

 
 

DATA PROCESSING  
The ground spectrometric survey of the study area 

provided information about the distribution and hence 
about the total-count of gamma radiation (TC) in Ur 
(Fig. 3) and the absolute concentrations of the three 
radioelements; equivalent uranium (eU) in ppm (Fig. 4),  

 

 
 
 
equivalent thorium (eTh) in ppm (Fig. 5) and potassium 
(K) in % (Fig. 6). In additions, three radioelements 
ratios eU/eTh (Fig. 7), eU/K (Fig. 8) and eTh/K (Fig. 9) 
were computed to visualize the relative concentrations 
of the radioactive-elements. 
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ANALYSIS TECHNIQUES 
1. Composite Imaging 

Composite color image, produced from gamma-
ray spectrometric data, provide an interpretation with a 
useful synthesis of the data, which can be used as a tool 
for geological and geochemical mapping and mineral 
exploration (Duval 1983). A ternary radioelement map 
is a color composite image generated by modulating the 
red, green and blue phosphors of the display device or 
yellow, magenta and cyan dyes of a printer in 
proportion to the radioelement concentration values of 
the K, eTh, eU and TC grids. The use of red, green and 
blue for K, eTh and eU, respectively, is standard for 
displaying the gamma-ray spectrometric data. Blue is 
used to display the eU channel, since this is the noisiest 
channel and the human eye is least sensitive to 
variations in blue intensity. Areas of low radioactivity, 
and consequently low signal to noise ratio, can be 
masked by setting a threshold on the total count grid. 
These reserves more color space and ensures a better 

color enhancement for the remaining data (IAEA, 

2003). 
Since particular rock types often have 

characteristic ratios of the three radioactive elements, 
the ternary map of these ratios is a useful geological tool 
for discriminating zones of consistent lithology and 
contacts between contrasting lithological units (Duval, 
1983). Accordingly, four composite images were 
generated as follow: 
1. Radioelement composite image map (K, eU and eTh). 
2. Equivalent uranium composite image map (eU, 

eU/eTh and eU/K). 
3. Equivalent thorium composite image map (eTh, 

eTh/eU and eTh/K). 
4. Potassium composite image map (K, K/eTh and 

K/eU). 
1. Radioelements composite image : 

Different rock types have different characteristic 
concentrations of radioactive-elements, potassium, 

  

Fig. (7): Filled colored contour map of 
equivalents uranium/ thorium ratio (eU/eTh). 

Fig. (8): Filled colored contour map of 
equivalent uranium/potassium ratio (eU/K). 

. 

 
 
 
 
 
 

Fig. (9): Filled colored contour map of 
equivalent thorium/potassium ratio (eTh/K) 
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uranium and thorium. Therefore, the concentrations 
calculated from gamma-ray spectrometric data can be 
used to identify zones of consistent lithology and 
contacts between constraining lithological units. 

The three radioactive-elements composite image 
map (Fig. 10) of the study area shows the variations 
occurring in the three radioactive-elements 
concentrations, eU (ppm), eTh (ppm) and K (%) which 
mainly reflect lithological variations. The color index at 
each corner of the triangular legend (K in red, eU in 
blue and eTh in green) indicates 100% concentration of 
the indicated radioactive-elements. The colors at each 
point inside the triangle represent different ratios of the 
radioactive-elements, according to the color differences 
on the absolute three radioelements composite image 
map. The eU, eTh and K images emphasize the 
radioelement and high light areas, where the particular 
radioelement has relatively higher concentrations. The 
observed radioelement zones show a fairly close spatial 
correlation with the geologically mapped lithological 
units. 
2. Uranium Composite Image: 

The uranium composite image also reflects 
lithological differences and could be useful in geologic 
mapping problems (Duval, 1983). The relative 
concentration of uranium with respect to both potassium 
and thorium is an important diagnostic factor in the 
recognition of the possible uranium deposits (IAEA, 
1988). So, the uranium composite image (Fig. 11) is 
generated to combines eU (in red) with the ratios eU/K 
(in blue) and eU/eTh (in green).  
3. Thorium Composite Image: 

The thorium composite image (Fig. 12) combines 
eTh (in red), eTh/eU (in green) and eTh/K (in blue). 
This image emphasizes the relative distribution of 
thorium and highlights areas of its enrichment. The 
bright color on such image is a good pointer to rock 
units having thorium enrichment relative to the 
potassium and uranium.  
4. Potassium Composite Image: 

The potassium composite image map (Fig. 13) 
combines K (in red) with K/eU (in blue) and K/eTh (in 
green). This image shows the overall spatial distribution 
of the relative potassium concentration which can be 
distinguished on the map as anomalous bright zones. 
Such areas are related to granites and wadi sediments, 
while dark areas are associated with areas of low K 
concentrations of the Tarawan and Duwi formations. 
2. Factor Analysis:  

The factor analysis technique has been applied to 
airborne gamma-ray spectrometry (Duval 1976, 
Wecksung 1982, Mostafa 1988 and Mostafa et al. 
1990). It is a multivariate statistical technique by which 
variables on a sets of geophysical data (K, eU, eTh, 
eU/eTh, eU/K and eTh/K) are linearly combined giving 
rise to new fundamental quantities (factors) which can 
be named and simply interpreted in the light of sound 
geologic reasoning. The resultant factor scores are 

subjected to clustering after being rotated using the 
Varimax method. One of the major goals of the factor 
analysis is to reduce the complexity of data matrices 
(Klovan 1968) where, the number of variables reduces 
to the minimum number of independent variables which 
adequately described the data. 

 Factor analysis computation involves three major 
steps; the correlation matrix, factor extraction and factor 
rotation. The correlation matrix indicates to some extent 
that variables are related to each other. The factor 
extraction determines how many factors constructs are 
needed to account for the pattern of values found in the 
correlation matrix. This process involves a numerical 
procedure that uses the coefficients in the (R) matrix to 
produce factor loadings.  

The correlation matrix of the spectrometric 
variables of the study area is calculated and presented in 
Table 1. Three principle factors F1, F2 and F3 are 
extracted from table 1 after being rotated using the 
varimax method (Table 2). The computed scores values 
of the three factors are represented as two-dimensional 
score contour maps for F1, F2 and F3 as in (Figs. 14, 15 
and 16) respectively. The first factor (F1) can be 
recalled as a factor of integrated radioactivity. The 
second factor (F2) and the third factor (F3) are recalled 
as factors of differentiating rock types. 

In order to display the overall spatial distribution 
of the radioelement differences in the study area, the 
factor scores characterizing the different rock units in 
the three factors F1, F2 and F3 are combines as F1 (in 
red) with F2 (in green) and F3 (in blue) to generate the 
factor scores composite image map (Fig. 17).  
3. Statistical Treatment of the Ground Spectrometric 

Data 
The collected spectrometric data (TC, eU, eTh and 

K) are in the form of digital grids, from which three ratios 
(eU/eTh, eU/K and eTh/K) were calculated. A composite 
file was prepared to include seven columns (TC, eU, eTh, 
K, eU/eTh, eU/k and eTh/K) and rows of sample points. 
Standard statistics were applied to the raw data to 
compute mean, minima, maxima, standard deviation and 
normality check for each variable (Table 3). 

The statistical treatment of the ground gamma-ray 
spectrometric data depends mainly on the application of 
the coefficient of variability (CV). For a certain variable 
value in the study area, if the (CV %) is less than 100% 
(Koch et al 1972) in Sarma and Koch 1980, the 
variables tend to exhibit normal distribution according 
to the following relation: 

CV % = (σ/X) x 100 
where: σ is the standard deviation, X is the 

arithmetic mean. 
Table (3) presents the results of the statistical 

treatment which was applied on the seven variables 
(TC, eU, eTh, K, eU/eTh, eU/K and eTh/K) in the 
whole study area. Table (4), summarize the statistical 
results of the seven variables of the five interpreted 
lithoradiometric units. 
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Fig. (10): False color absolute radioelements  
(K, eTh, and eU) composite image map. 

Fig. (11): False color uranium composite  
image map. 

  

Fig. (12): False color thorium composite  
image map. 

Fig. (13): False color potassium composite  
image map. 

 
Table (1): Correlation coefficient between the seven data variables. 

Variables 
TC 
(Ur) 

K 
(%) 

eU 
(ppm) 

eTh 
(ppm) 

eU/eTh eU/K eTh/K 

TC (Ur) 1.00       

K (%) 0.33 1.00      

eU (ppm) 0.62 -0.51 1.00     

eTh (ppm) 0.38 0.75 -0.33 1.00    

eU/eTh 0.37 -0.44 0.74 -0.45 1.00   

eU/K 0.46 -0.43 0.77 -0.26 0.60 1.00  

eTh/K 0.12 -0.53 0.50 -0.09 0.21 0.72 1.00 
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Table (2): Varimax factor loadings matrix for the seven variables. 

 Component 

Variables 1 2 3 

TC (Ur) 0.79 0.58 0.09 

K (%) -0.12 0.83 -0.46 

eU (ppm) 0.85 -0.20 0.41 

eTh (ppm) -0.17 0.94 0.02 

eU / eTh 0.84 -0.40 0.04 

eU /K 0.63 -0.13 0.68 

eTh /K 0.12 -0.09 0.98 

 

  

Fig. (14): Filled color contour map  
of the first factor (F1) map. 

Fig. (15): Filled color contour map  
of the second factor (F2)map. 

  

Fig. (16): Filled color contour map  
of the third factor (F3) map. 

Fig. (17): False color composite map  
of F1, F2 and F3 factor scores. 
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Table (3): Statistical analysis of the radioelements in the study area. 

Variables Min. Max. Mean 
(X) 

Standard 
Deviation (σ) 

Coefficient of Variability  
(CV %) 

TC (Ur) 4.1 52.6 14.3 5.8 40.1 
K (%) 0.1 4.2 1.7 1.1 68.5 

eU (ppm) 0.1 51.0 5.9 6.2 102.9 
eTh (ppm) 0.3 14.0 4.7 2.3 50.0 

eU/eTh 0.02 7.6 2.1 3.6 171.7 
eU/K 0.06 48.0 11.9 28.1 236.3 
eTh/K 0.42 11.60 4.3 4.0 93.4 

 
Table (4): Statistical analysis of the radioelements in the interpreted lithoradiometric units. 

I. L.R.U. No. Variables Min. Max. X σ CV % X+1σ X+2σ X+3σ 

WS 389 

TC 8.1 18.8 11.3 13.0 12.7 24.3 37.3 50.3 
K 0.2 3.4 1.7 0.5 28.2 2.1 2.6 3.07 
eU 0.5 9.7 3.1 1.7 53.8 4.8 6.5 8.2 
eTh 1.1 7.9 4.4 1.3 29.2 5.7 6.9 8.2 

eU/eTh 0.1 4.3 0.8 0.6 70.6 1.4 1.9 2.5 
eU/K 0.2 39.5 2.7 4.0 148.0 6.6 10.5 14.5 
eTh/K 0.7 26.3 3.1 2.7 87.1 5.9 8.6 11.3 

DU 268 

TC 6.0 52.6 18.2 8.2 45.0 26.4 34.6 42.8 
K 0.1 2.2 0.8 0.5 63.2 1.2 1.7 2.2 
eU 2.3 51.0 13.9 8.7 31.2 22.5 31.2 39.9 
eTh 0.3 8.2 3.1 1.5 50.1 4.6 6.1 7.6 

eU/eTh 0.5 67.3 5.9 6.1 102.5 12.0 18.0 24.1 
eU/K 1.3 379 36.1 50.8 141.0 68.9 137.0 188.0 
eTh/K 0.4 44.0 6.0 5.8 96.7 11.8 17.7 23.5 

GR 256 

TC 10.7 28.0 19.2 1.8 9.2 20.9 22.7 24.5 
K 1.7 4.2 3.4 0.4 11.1 3.8 4.2 4.5 
eU 0.2 6.4 2.5 1.0 36.1 3.7 4.7 5.7 
eTh 2.2 14 7.9 1.9 23.8 9.8 11.6 13.5 

eU/eTh 0.1 1.5 0.4 0.2 57.9 0.6 0.8 1.1 
eU/K 0.1 2.9 0.8 0.4 42.8 1.2 1.5 1.9 
eTh/K 0.6 4.3 2.3 0.5 23.4 2.9 3.4 3.9 

TA 200 

TC 4.4 15 9.7 1.6 16.7 11.3 12.9 14.6 
K 0.2 2.1 0.6 0.4 59.3 0.9 1.3 1.6 
eU 2.0 11.6 6.1 2.0 33.1 8.1 10.1 12.2 
eTh 1.0 8.0 3.3 1.3 38.6 4.6 5.9 7.2 

eU/eTh 0.4 9.1 2.2 1.3 59.1 3.5 4.8 6.1 
eU/K 1.3 58.0 15.6 12.0 77.0 27.6 39.6 51.6 
eTh/K 1.3 24.0 7.0 3.8 54.0 10.8 14.6 18.4 

MG 20 

TC 4.1 13.5 7.6 2.6 34.9 10.2 12.8 15.4 
K 0.7 2.0 1.2 0.4 31.1 1.6 1.9 2.3 
eU 0.1 3.6 1.6 1.0 60.5 2.6 3.6 4.6 
eTh 1.8 8.0 3.8 1.6 42.8 5.4 7.1 8.7 

eU/eTh 0.1 1.3 0.5 0.3 69.1 0.8 1.2 1.5 
eU/K 0.1 2.7 1.3 0.7 51.8 2.0 2.7 3.4 
eTh/K 1.4 6.0 3.3 1.4 41.4 4.7 6.1 7.4 

Explanation: 
No.  = Number of observations, I.L.R.U. = Interpreted lithoradiometric unit,  X =Arithmetic mean,  

σ = Standard deviation,  CV% = Coefficient of variability,  Min.  = Minimum value,  Max.  = Maximum 
value, WD = wadi deposits, DU = Duwi formation,   GR = Granite rocks,  TR = Tarawan formation,  

MG = Meta-Gabbro, TC in Ur, eU in ppm, eTh in ppm and K in %. 
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RESULTS AND DISCUSSION 
Examination of the ground gamma-ray 

spectrometric maps reveals the existence of a wide 
range of radiometric levels variations, indicating to 
surficial rocks of various compositions. It is evident 
from the correlation between the different rock units and 
their recorded radiometric levels that, on a regional 
scale, the pattern of ground radioactivity is closely 
connected with the surface geology of the area. The 
collected field data were qualitatively and quantitatively 
interpreted in order to distinguish between various 
lithologic units from the point of view of radioelement 
concentrations and delineating the surface contacts 
between these interpreted radiometric-lithologic units.  
Qualitative Interpretation: 

The qualitative interpretation of ground 
spectrometric survey data depends mainly upon the 
correlation between the general pattern and surface 
distribution of the spectrometric measurements and the 
various types of lithological units recorded in the 
geological map (Fig. 2). Careful examination of the 
ground spectrometric maps (Figs. 3 to 9) indicate three 
levels displayed with filled colored contours. The total 
count map (Fig. 3) shows radiometric values varies 
between 4.1 and 52.6 Ur. The low radiometric zone 
attains values less than 10 Ur, and the moderate one is 
ranging between 10 to 14 Ur, while that of high values 
exceed 14 Ur is observed mainly as a linear anomalous 
zone over the Duwi Formation on the NW phosphatic 
ridge, and younger granites at the northeastern and 
southwestern portions of the study area. 

The eU values reach to 51 ppm (Fig. 4), where the 
values less than 2.5 ppm associated with the wadi 
deposits represent the lower concentrations. The second 
level (from 2.5 to 5 ppm) is recorded over the granitic 
rocks and their debris on the southwestern parts of the 
study area. The third level possesses relatively high 
concentrations up to 51 ppm eU related mainly to the 
Tarawan Formation as well as the phosphate of the 
Duwi Formation on the NW ridge.  

Among three observed levels of the equivalent 
thorium contour map (Fig. 5), the lowest one with 
values from 1 to 3 ppm associated with the Duwi and 
Tarawan formations. The second intermediate level 
(from 3 to 4.5 ppm) corresponds to wadi sediments and 
the third level of eTh up to 14 ppm is mainly related to 
the granitic rocks at the northeastern and southwestern 
parts in the area. 

Similar to the other radioelement maps, the 
potassium contour map (Fig. 6) shows three levels. The 
lowest level (less than 1%) is clear to map the linear 
feature of the NW Duwi phosphatic ridge and the 
Tarawan Formation. The values ranging from 1 to 1.6 % 
of K represent the intermediate level on the wadi 
deposits. The highest K values constituting the third 
level from 1.6 to 4.2 % are mainly associated with the 
granitic rocks and their debris in the southwestern parts 
and small portion in the northeastern part. 

The equivalent uranium/equivalent thorium 
(eU/eTh) contour map (Fig. 7) is close to the eU (Fig. 4) 
map with great similarity. The lowest values recorded in 
the map are related to granite rocks in the southwestern 
and northeastern part of the area. Meanwhile, the 
highest values are recorded over the Duwi Formation on 
the NW ridge and on the Tarawan Formation. The eU/K 
map (Fig. 8) resembles the eU/eTh map (Fig. 7) since 
the high anomalies reflect concentration of eU and 
absence of eTh and K%. The high anomalies are located 
over the Duwi Formation in the phosphatic ridge and 
Tarawan Formation.  The rest of the area possesses 
generally low eU/K values, especially at the 
southwestern part associated with the granitic rocks 
exposures see. The eTh/K contour map (Fig. 9) shows a 
degree of similarity to eU/eTh map (Fig. 7) and eU/K 
map (Fig. 8). This similarity may be due to the poorness 
of K% relative to the two other elements (eU and eTh). 
The higher values are observed over the Duwi and 
Tarawan formations. Meanwhile, the lowest values are 
observed generally over the granitic rocks and wadi 
deposits. 
Relationship between Radioactivity and Surface 
Geology: 

The relationship between ground radioactivity 
measurements and geology has been interpreted 
according to the radiometric levels inferred from the 
different geologic and radiometric maps Figs. (2-9). It is 
evident from the correlation between the different rock 
units and the recorded radiometric levels on a regional 
scale, the pattern of radioactivity is relatively reflects 
the surface geology of the area under study. The areas 
of low radiometric levels coincide mainly with the wadi 
deposits while those with moderate levels are observed 
over the Tarawan Formation and the high levels are 
associated with the Duwi Formation and younger 
granites.  

The phosphates of the Duwi Formation have 
special importance where they possess the highest 
radioactivity values among the different rock units in 
the area. The zone of phosphatic exposure in the area 
trends approximately to the NW direction in a linear 
pattern. From the radioactivity point of view, the 
investigated radiometric maps revealed that the 
phosphates of the Duwi Formation are easily recognized 
and delineated with sharp contacts with the adjacent 
rock units. The observed disruption of the radioactive 
contours and the difference in amplitudes of their 
associated closed anomalies in this phosphatic zone may 
be attributed to assumed faults.  

From the three radioactive-elements composite 
image map (Fig. 10) it was noticed that, the higher blue 
zone reflects higher concentrations of the eU rather than 
the eTh and K. This zone coincides with the phosphates 
of the Duwi Formation and the Tarawan Formation. The 
red spots in the map refer to K concentrations which are 
correlated with the wadi sediments. The map indicates 
that the area is relatively poor in eTh which is restricted 
in the northeastern portion of the area related to 
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granites. The yellow color distinguishes broad zones in 
the map where there is equality in the concentration of 
the eTh and K in these zones which are associated with 
granitic rocks and wadi sediments. The radioelement 
composite image shows excellent similarity with the 
geological map of the study area. 

Since the area is relatively poor in eTh and K, the 
uranium composite image map (Fig. 11) indicates clear 
bright areas of enriched uranium concentration forming 
three zones correlated with linear anomalies of the 
phosphates of the Duwi and Tarawan formations in the 
central northern parts of the area. In spite of the absence 
of bright color from the thorium composite image map 
(Fig. 12), as indicative to the poorness of thorium, the 
blue and green colors prove increasing the thorium 
concentrations relative to potassium in the study area. 
The potassium composite image map (Fig. 13) shows 
black areas of low K concentrations within the Tarawan 
and Duwi formations, while the bright areas are related 
to the granites and wadi sediments. 
Quantitative Interpretation: 

The quantitative interpretation depends principally 
upon the fact that, the absolute and relative 
concentrations of the radioelements (K, eU and eTh) 
vary measurably and significantly with lithology 
(Darnley and Ford, 1989). The quantitative treatment of 
the spectrometric data in the present study is discussed 
on the light of the factor analysis technique and the 
statistical treatment. Statistical computation was applied 
to the original spectrometric data without applying any 
transformation, in accordance with the recommendation 
given by Sarma and Koch (1980).  

The correlation matrix (Table 1) shows that the 
total count (T C) is highly correlated positively with eU 
(62.3 %) and weakly correlated with eTh, K, eU/eTh, 
eU/K, eTh/K as 37.5, 32.6, 37.4, 45.5 and 12% 
respectively. The equivalent uranium (eU) is highly 
correlated with their ratios; eU/eTh and eU/K as 74 and 
77 % and moderately correlated with eTh/K with 50 %. 
It is observed that eU is reversely correlated with the K 
and eTh where they recorded -51 and -33 % 
respectively. The eU/K is positively correlated with 
eU/eTh where the ratio reaches to 66 %.  Table 2 shows 
the three principle factors; F1, F2 and F3 that extracted 
from table 1, after their rotation by using the Varimax 
method. It can be noticed form this table that, factor one 
(F1) has an appreciably high positive loading with the 
four variables TC, eU, eU/eTh and eU/K as 79, 85, 84 
and 63 % respectively. F1 (Fig. 14) exhibits inverse 
weak loading with the eTh and K as -17 and -12 %. 
Therefore, F1 can be identified as the factor of 
integrated radioactivity or the factor of uranium 
exploration (Mostafa et al, 1990). The second factor 
(F2) is positively highly loaded with K and eTh as 83 
and 93 % respectively and moderately positive loaded 
with TC with 57 %. F2 (Fig. 15) is inversely loaded 
with the eU, eU/eTh, eU/K and eTh/K as -20, -40, -13 
and -9 % respectively. The third factor (F3) is positively 
high loaded factor with the eU/K and eTh/K by 68 and 

98 % respectively (Fig. 16), while, it has weak to very 
weak positive loadings with the TC, eU, eTh, and 
eU/eTh by 9, 41, 0.9 and 4 % respectively and inversely 
loaded with K as 46 %. 

The results obtained from the application of the 
factor analysis technique, made it possible to delineate 
new geologic units and correct some rock types on the 
geologic map of the study area through merging the 
three factor scores as composite ternary image map 
(Fig. 17). It was found that this map shows a relative 
similarity to the geologic map of the study area. The 
matching between the factor scores maps and the 
resultant composite image map enables to generate an 
interpreted lithoradiometric unit map (Fig. 18). It could 
be easily to recognize five lithoradiometric units in the 
map with high degree of correlation with those found in 
the geologic map (Fig. 2).  
Identification and Outlining the Uraniferous 
Provinces: 

 According to Saunders and Potts (1976), 
defining the broad uraniferous provinces (in which the 
rocks and soils are rich in U) is one of the important 
spectrometric data interpretation steps. Most of the 
world’s important U deposits are clustered in few areas 
or provinces which appear to persist through long 
periods of geologic time, with the U being moved from 
one type of deposit to another within each province by 
normal erosional, sedimentary and igneous processes. 
Such provinces are characterized by U-rich rocks and 
the presence of a variety of U types. These and other 
similar observations led to the conclusion that new U 
deposits will be found more frequently in regions 
geochemically rich in U than those where the U content 
is low (Klepper and Wyant, 1957). The occurrence of U 
mineralization seldom occurs in isolation, and they are 
normally found in association with both   regional and 
local zones of enrichment which is amenable to 
detection. The relative concentrations of U with respect 
to both Th and K are an important diagnostic factor in 
the recognition of the possible U deposits from gamma-
ray spectrometric data (IAEA, 1979). Moreover, the 
most important parameters which can be measured are 
the relative concentration of U to Th and U to K taken 
in conjunction with the U measurements. They are 
diagnostic for the identification of zones of anomalous 
U concentration (Darnley, 1973).  

In the present work, it is important to statistically 
examine the spectrometric data to identify and outline a 
significant eU anomaly on the basis of exceeding two 
and three standard deviation levels above the mean for 
single points, which show local enrichment of eU over 
eTh and K % in terms of statistically high eU/eTh and 
eU/K values. This type of statistical treatment of data 
provides a mean of searching for areas showing high 
uranium anomaly content within each unit. Results of 
such statistical treatment are given in table 4. The local 
point anomaly map (Fig. 19) shows the location and 
magnitude of deviation from the mean for eU, eTh, 
eU/eTh and eU/K.  
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It also shows the anomalies that their values 
exceed (X + 2S) and (X + 3S). It is observed from the 
map that there are two zones of uranium anomalies 
proving radioactive mineralization in the area under 
consideration. These zones denoted as (Z1 and Z2) 
possess high eU, eU/eTh and eU/K values of X+2S and 
X+3S and are observed over the Duwi Formation of 
Phosphatic composition. Nevertheless, there are another 
radiometric anomalies are attributed to the eTh which 
have values exceeding than X+2S and X+3S related 
generally to the granitic rocks. It is clear from the point 
anomaly map that the radioelements correlated to 
phosphatic zone and could be structurally controlled.  

CONCLUSION 
Zog El-Bohar area is a part of the Central Eastern 

Desert of Egypt, about 15 km. to the Southwest of 
Quseir Town on the Red Sea Coast. It lies betwen 
latitudes 25o 57′ 49.29″ N  & 25o 58′ 27.91″  N and 
longitudes 34o 17′ 25.92″ E  & 34o 18′ 11.31″ E. It is 
generally covered by metagabbro and granites as 

Precambrian rocks as well as Phanerozoic sediments 
involving Duwi Formation of phosphatic composition, 
Tarawan Formation and Quaternary deposits.   

The ground gamma-ray spectrometric data have 
been conducted, analyzed and interpreted qualitatively 
and quantitatively in order to identify the uraniferous 
anomalous zones in the area. So, the radioelements (K 
%, eU in ppm and eTh in ppm) contour maps as well as 
ratio maps (eU/eTh, eU/K and eTh/K) were prepared. It 
is evident from the correlation between the different 
rock units and the measured levels of gamma radiation 
over them that, on a regional scale, the pattern of the 
radioactivity is closely correlated with the simplified 
surface geology of the area. 

Composite false color imaging indicated that the 
bright areas which reflect the higher concentrations of 
the radioelements are mainly correlated with the 
phosphates of Duwi Formation as well as some small 
scattered spots associated with the Tarawan Formation.  

Four interpreted litho-radiometric units could be 

 
Fig. (18): Interpreted lithoradiometric units map (ILRU). 

 
Fig. (19): Point anomaly map of the area. 
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distinguished in the area through application of factor 
analysis technique. A statistical treatment is carried out 
on the data in order to interpret it quantitatively. 
Defining significant radioactive anomalies was 
performed by calculating the upper significant factor or 
threshold, (X+2S) and (X + 3S), for eU, eTh, eU/eTh 
and eU/K measurements in each rock unit. It has been 
used as a quantitative technique to confirm outlining the 
anomalous provinces which form two zones as shown in 
the point anomaly map.  The outlined uraniferous 
provinces are correlated to the uranium-bearing 
phosphatic Duwi Formation, as well as could be 
structurally controlled. 

The authors highly recommended to follow up the 
investigation of the studied area which is considered as 
a very important source of petroleum (from black 
shales) and phosphates as well as a possible source for 
uranium and rare chemical elements. 
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