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ABSTRACT

This work is an approach to integrate multi-discipline set of data including geological and remote sensing  
as well as airborne, ground radiometry and aeromagnetic geophysical data aiming to establish the controlling 
features of the radioelement potential distribution within Al Aglab area.  The investigated area of Al Aglab 
region is located within the Northern Eastern Desert litho-structural domain where the outcropping rock types 
comprise: metavolcanics (oldest), quartz diorites, Dokhan volcanics, Hammamat sediments and gabbro-
granophyre associations intruded by monzogranite, syenogranite and post granitic dykes (youngest). The 
granitic rocks display sharp contact with the older pre-existing rock. The radioactive anomalies lay at the 
intersections between NNW-SSE to N-S and NE-SW to ENE-WSW trending structure lineaments (joints, 
faults and shear zones) within the syenogranites pluton of G. Al Aglab and along the NE-SW to ENE-WSW 
trending felsitic dykes, jasperoid veines and pegmatite bodies. 

Landsat Thematic Mapper (TM) remote sensing map in great concordance with airborn gamma ray 
spectrometric data delineate most of the surface geology over the compiled geological map. The extracted 
structural lineaments are coherent to those inferred from the analytical signal magnetic maps in complete 
harmony with the NNW-SSE to N-S and NE-SW to ENE-WSW trending fault systems obtained from the 
ground geological and radiometric investigation. Moreover, different types of alterations such as hematitization, 
Kaolinitization, chloritization and silicification are recorded within the synogranite, where their distribution 
is mainly controlled by the intersections between the NNW-SSE to N-S and NE-SW to ENE-WSW trending 
structural lineaments.  

The studied structural lineaments are arranged according to three main trend clusters around NNW-SSE 
to N-S, NE-SW to ENE-WSW and NW-SE to WNW-ESE directions representing the main factor controlling 
the emplacement of the different granitic intrusions in Al Aglab area. Moreover, most of these lineaments, as 
obtained from field measurements, show strike-slip movement criteria within an extensional context. All the 
recorded mineralized occurrences are related to extensional events that create the necessary space either for 
mineral entrapment and/or the percolation of the hydrothermal carrying solutions along these structural trends 
especially at their intersections. 

Spectrometric data (K, U and Th) shows a very high consistency between the radioelement distributions 
and the differentiated outlines of different rock types. Results from integrated field studies, Landsat Thematic 
Mapper (TM) remote sensing data and geophysical data analyses provide important constraints on the tectonic 
evolution of Al Aglab area and importantly, demonstrate the strength of combining remote sensing data with 
geophysical data and geological observations in resolving the surface geometry of major fault systems and 
their impact on the radioelement potential distribution within Al Aglab area.   

 INTRODUCTION

The investigated area of Al Aglab region 
is located within the Northern Eastern Des-
ert litho-structural domain between lat. 27° 

15' and 27° 25' N and long. 32° 55'  and  33° 
05' E covering an area of about 650 km2. The 
Eastern Desert has been subdivided into three 
tectono-stratigraphic domains: South Eastern 
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Desert (SED), Central Eastern Desert (CED) 
and North Eastern Desert (NED). These do-
mains (Fig.1) are separated by two ENE-
WSW trending tectonic boundaries (shear 
zones) among them the northern shear zone 
extending from Qena to Safaga; - separating 
the NED domain from the CED domain, while 
the second shear zone running from Aswan 
to Marsa Alam along Marsa Alam-Idfu road 
separating the CED domain from the SED do-
main (Stern and Hedge 1985; El Gaby et al., 
1988). Each domain shows a distinct struc-
tural fabrics reflecting continuous decrease of 
the ductile deformation from south to north 
(Mostafa, 2012). 

This tripartite subdivision reflect the fol-
lowing: 1) There is a much higher concentra-

tion of granitic rocks in the NED and SED 
than in the CED; 2) Ophiolites and serpenti-
nites are absent from the NED; 3) gneisses are 
most abundant in the SED(decreasing and dis-
appear to the north of SED);   4) the CED ex-
poses by far the greatest concentration of rocks 
with strong oceanic affinities, such as ophiol-
ites (Stern and Hedge,1985), 5) Hammamat 
group is well developed in CED & NED while 
it is absent in the SED and 6) Najd deforma-
tion being very well developed in Arabia, can 
be traced into the CED and the SED but not 
the NED (Stern and Hedge 1985; Sultan et 
al., 1988; El Gaby et al., 1984; El Gaby et al.,  
1988; Mostafa,2012). The northern Eastern 
Desert tectono-stratigraphic domain, where 
Al Aglab region is located, documented a NE-
SW main structural trend consistent with the 
post granitic dykes (Mostafa, 2012).

Al Aglab area as a segment of the Northern 
Eastern Desert of Egypt is dominantly cov-
ered by basement rocks mainly composed of 
Hammamat sediments, Dokhan volcanics and 
granitoids of late Proterozoic age. According 
to Dardir et. al., 1972; Abu El-Leil, 1980 and 
Ayoub, 2003, the granitoids form a continuous 
magmatic differentiation series in which the 
younger granites are post-orogenic, originated 
from calc-alkaline peraluminous magma under 
an extensional within-plate tectonic setting in 
the form of small dissected blocks.

In the present work, the geological field 
measurements of all  structural elements (fault, 
joint, bedding planes, folds, dikes, etc.) are 
used to improve the interpretation problems in 
magnetic data. The anomalies are attributed to 
simple geophysical models such as dykes and 
faults. The model parameters are determined 
through a properly designed inversion scheme. 
The magnetic data were analyzed to determine 
their specific signatures explaining the overall 
structural and lithological constraints in com-
paring them with the vertical lithological vari-
ations as well as the structural discontinuities. 
Moreover, the study aims to throw more light 
on the structural features controlling the alter-
ations and mineralizations in the catchments 

�

Fig.1 : Overview of the Eastern Desert, Egypt, show-
ing the distribution of basement rocks with respect to 
the limits between the basement subdivisions, South-
ern Eastern Desert (SED), Central Eastern Desert 
(CED) and Northern Eastern Desert (NED) modified 
from Moussa et al. (2008). Inset shows the outline of 
the Neoproterozoic Arabian–Nubian Shield (Stern et 
al., 2006) with sketch representation of the Saharan 
Metacraton and the Najd Fault System (Lundmark 
et al. 2012)
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area and to integrate them with the ground and 
airborne geophysical (radiometric and mag-
netic) data as well as satellite remote sensing 
data with the support of field geological data 
carried out in Al Aglab area.

For the purpose of this study, the airborne 
gamma-ray spectrometric maps were pro-
cessed to show the distribution of radioele-
ments within the studied area and correlated 
with the geologic and structural maps extract-
ed of the interpretation of Landsat TM imag-
es, to establish the lithological and structural 
characters controlling radioelements distribu-
tion. Moreover, (K%, eUppm and eThppm) 
radioelements contour maps are superimposed 
on the reconstructed compiled geological map 
of the study area to clarify the characteristic 
geochemical features associated with the dif-
ferent litho-structural rock exposures aiming 
to delineate the most important radioactive lo-
calities in this region. 

GEOLOGIC SETTING

Detailed field investigations have been 
carried out in Al Aglab area to determine and 

measured all outcropping rock types as well 
as the type of their contacts and the prevail-
ing structural elements. Field study revealed 
that the outcropping rock types in Al Aglab 
area are represented by metavolcanics, quartz 
diorites, Dokhan volcanics, Hammamat sedi-
ments, gabbro-granophyre associations and 
younger granites arranged from old to young 
respectively (Fig. 2).  These rock types are 
later injected by post granitic dykes and veins, 
while the Quaternary alluvium deposits fill al-
most all the encountered wadis traversing Al 
Aglab area (Fig. 2).   

The meavolcanics rocks comprise meta-ba-
salts, meta-dolerites and meta-andesites. The 
quartz diorites are encountered as small-scat-
tered exposures. The Dokhan volcanics range 
in composition from andesites to rhyolites and 
their pyroclastics. The Hammamat sediments 
are unconformably overlying the Dokhan vol-
canics; mainly represented by successions of 
alternating beds of polymictic conglomerates, 
greywackes and siltstone beds. The gabbro-
granophyre association crop out as isolated low 
hillocks, intruding the surrounding Dokhan 
volcanics and carries several xenolithes from 

�

�

�
Fig.2 : Compiled geological map of Al Aglab Region, North Eastern Desert, Egypt (Mod-
ified after Ayoub, 2003)
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them. They are range in composition from ol-
ivine-norite, gabbro-norite, gabbro, pyroxene 
granophyre and granophyre (Ayoub, 2003).

The younger granites intrude the previ-
ously mentioned older rocks. The contact of 
these granites with their surrounding country 
rocks is usually intrusive sharp contact with 
chilled margins that dips gently or steeply 
away from the granitic pluton (Fig. 3). They 
form moderate to high mountainous terrain 
with rough topographic outcrops. Their color 
ranges from pinkish white to pink and turns 
to reddish pink when they are stained with he-
matite along shear zones. They are character-
ized by bouldery appearance, sheeting struc-
ture along the marginal slopes of the granitic 
plutons (Fig. 4) and taffoni weathering on 
the inclined surfaces in some peripheral parts 
(Fig. 5). Occasionally, they include xenoliths 
of dioritic nature (Fig. 6). Sometimes, the 
Hammamat sediments occur as roof-pendant 
masses hanging over the younger granites and 
form high peaks as recorded at the southern 
part of the mapped area (Fig. 7). The younger 
granites emplacement ended by multistages 
of dyke injections ranging in composition 
from acidic, intermediate to basic following 
the NE-SW, ENE-WSW and E-W dominant 
structural trends (Roz,2001; Ayoub, 2003 and 
Abd El-Hadi,2006). 

� �
Fig.3 : Intrusive sharp contact between the younger 
granite & Dokhan volcanic country rocks, Al Aglab 
area

�

�Fig.4 : Sheeting structure in the younger granites, Al 
Aglab area

�

�

� Fig.5: Taffoni weathering in the younger granites , 
Al Aglab area

� �

�Fig.6 : Xenoliths of Dokhan volcanic within younger 
granites, Al Aglab area
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Younger granites, in the study area, repre-
sent successive pulses from the same magma 
chamber and could be classified into: monzo-
granite and syenogranite (Ayoub, 2003). The 
monzogranite represents the least evolved 
member of this magmatic series, followed by 
syenogranite that represents the most evolved 
phase of the series (Ayoub, 2003). 

The field observations revealed that the 
monzogranites of W. Lissan El Baqara are the 
oldest ones while the syenogranite in south 
W. Lissan El Baqara and Al Aglab ridge are 
the youngest.  These younger granites were 
intruded within the preexisting metavolca-
nics, quartz diorites, Dokhan volcanics, Ham-
mamat sediments, gabbro-granophyre asso-
ciations. The younger granites are affected 
by many types of faults arranged according to 
ENE-WSW, N-S and NNW-SSE directions as 
recorded from the detailed field investigation. 
The ENE-WSW trending ones represent the 
most predominant regional trend that extends 
for several kms. The  ENE-WSW trending 
fault planes carry evidences of cyclic reactiva-
tion as indicated from the recorded movement 
criteria that could reflect a contemporaneous 
association with cyclic injections of differ-
ent acidic rocks as well as the vary colored 
quartz veins and intensive phase of hydrother-
mal activities.  The granite rocks within these 
zones are highly altered and are associated in 
places with pegmatite bodies (Fig. 8). More-
over, the highest radioactive anomalies are 

�

�Fig.7 : Roof-pendant of Hammamat on the younger 
granites , Al Aglab area

recorded along the ENE-WSW trending shear 
zone when intersecting with the NE-SW ones 
where they reach up to 84 Ur. In addition to 
that, the joint measurements show three trend 
clusters arranged due to NE-SW, NW-SE and 
E-W directions in decreasing predominance 
order (Figs. 9).

 STRUCTURAL     DATA

The investigated area forms a part of the 
Arabo-Nubian basement exposures that situ-
ated at the northern Eastern Desert. Accord-
ingly, its structural pattern is strongly related 

�

Fig. 8: Pegmatite pockets in the younger granites, 
Al Aglab area

�
�Fig.9 :  Frequency distribution rose diagram of all 

fractures, Al Aglab area
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in addition to fairly E-W one. Moreover, the 
analysis of the recorded movement criteria on 
fault planes (No.=441) reflect cyclic exten-
sional strike-slip deformational regime cor-
responding to a multi-directional NW-SE & 
NE-SW oriented extension associated with al-
most all recorded dyke and vein trends in ad-
dition to an older NNE-SSW & WNW-ESE to 
E-W trending pair of extension characterizing 
the  measured strike-slip and normal fault sets 
that arranged in NE-SW, N-S, ENE-WSW and 
NNW-SSE trends according to their length 
and number proportions in decreasing order 
(Figs. 2,9 &10). 

Dykes trend analysis shows NE-SW main 
trend cluster in additional to fairly NNW-SSE 
& WNW-ESE trending ones. Structural stud-
ies of the deformed and undeformed dykes 
reveal that they are non-Andersonian dykes 
that exploited pre-existing fractures (Caputo, 
2005).  In contrast, dykes crosscutting compe-
tent unfoliated rock lithologies are attributed 
to neo-formed fractures initiated perpendicu-
lar to the minimum stress axis so that their at-
titude is closely related to the regional tectonic 
stress field (Faure et al., 1996). Undeformed 
dykes display N15°E, N55°E and E-W strikes; 
whereas the deformed ones show N65°E or 
N100°E trends with dextral and sinistral shear 

to that of the late Neoproterozoic pan-African 
structural events dominating within the north-
ern Eastern Desert. It is mainly represented 
by polycyclic extensional shear zones mainly 
coinciding with the documented NE-SW main 
structural trend in consistent with the post gra-
nitic dykes as well as the reactivation of both  
Eastern Desert Shear Zones (EDSZ) and Najd 
style left lateral strike-slip shear system (Mo-
stafa, 2012).  The intersection of these struc-
tural trends divide the northern Eastern Desert 
basement rocks into faulted blocks represent-
ing the essential structures of the first order 
outlined in the arched uplift of the basement 
complex described by Sabet et al. (1976), Abu 
El-Liel (1980) and Ayoub (2003).

Most of the tectonic models of  the East-
ern Desert relate the Older granites to plate 
convergence and magma generation above 
subduction zones and the Younger granites to 
crustal extension related to orogenic collapse 
and/or post-orogenic rifting (Stern et al., 1984; 
Greiling et al., 1994; Farahat et al., 2007; 
Moussa et al., 2008). The development of re-
gional strike-slip shear zones, in some models, 
is interpreted to have facilitated emplacement 
of the syn-orogenic plutons (e.g. Fritz et al., 
1996; Bregar et al., 2002).

For the purpose of this  work, 1045 joints 
have been measured among the various rock 
types in Al Aglab area, in addition to  441 
minor faults 998 dykes and 59 veins (Figs. 
2&10-17). The study area is cross-cut by vari-
ous dykes (aplite, felsites, andesites and dol-
erites) and quartz veins with different strik-
ing according to NE-SW, N-S, ENE-WSW, 
WNW-ESE and NNW-SSW (Fig.2). 

The structural measurements of fractures, 
faults, joints and dykes show wide trend pat-
tern but dominated by four trend clusters ori-
ented due to NE-SW, NW-SE, NNW-SSE and 
N-S directions (Figs. 2&9). The geometrical 
distribution of fault strikes presented on Fig-
ure (9) show that faults, in spite of their type, 
are arranged according to three main trend 
clusters around N-S (NNE-SSW-NNW-SSE), 
NE-SW and NW-SE directions respectively 

�������

�
�Fig.10: Poles to all fractures lower hemisphere density 

contour diagrams, Al Aglab area
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senses, respectively. These structural data point 
to reactivation of pre-existing fractures either 
as tensional cracks (undeformed dykes) or 
transtensional shear zones (deformed dykes).

 Dykes could be structurally grouped into 
three main trend clusters due NE-SW, ENE-
WSW and   E-W directions (Fig.2 & Table 1). 
The NE-SW striking dykes is the dominant 
dyke trend among the study area and recorded 
cutting through almost all structural features 
i.e. the most recent one and corresponding to 
NW-SE trending extensional event. This is 
the case of the post granitic dykes that run as 
parallel to sub-parallel swarms closely coin-
cide with the prevailing fracture systems, fault 
trends and shear zones among the study area 
(Fig.2). Table (1) shows the main directional 
trends percentages of faults, dykes and veins, 
whereas rose diagrams of different dykes and 
veins (acidic dykes, intermediate dykes, basic 
dykes and quartz veins) based on their number 
wise are presented on Fig. (2).

The density distribution of poles to joint 
strikes presented on Figures (11-17) show 
that joint, in spite of their type, are arranged 
according to two main trend clusters around 
NE-SW and NW-SE directions respectively 
in addition to fairly N-S (NNE-SSW-NNW-
SSE) and E-W ones. Meta-volcanics is char-
acterized nearly by the vertical E-W trending 
joints (No.=100), whereas the Qz-diorites 

exhibit the WNW-ESE, N-S & E-W trends 
for the measured 155 joints (Figs. 12&13 re-
spectively). The poles to all joints (175) mea-
sured in Dokhan volcanics as well as those of 
Hammamat sediments (115) characterize N-
S, NE-SW & ENE-WSW trend clusters (Figs. 
14&15 respectively). Joint strikes measured 
in the younger granites are arranged accord-
ing to NE-SW and around E-W trends in mon-
sogranites whereas they are oriented around 
NE-SW and NW-SE direction in the syeno-
granites (Figs. 16&17 respectively). 

The main mineralized zone is hosted in 
a shear zone adjacent to and/or within the 
younger granitic rocks at the intersection 
of the NE-SW, NNW-SSE & ENE-WSW 
structural trends (Fig.2). The mineralization 
history could be correlated with the progres-
sive deformation of these shear zones and 
the granitic intrusion. It has been found that 
the mineralized occurrences are just one of a 
number of intrusive, extrusive and hydrother-
mal events occurring during major extension 
deformational regime in which the extension-
al stress components transfer along and reac-
tivate the pre-existing ENE-WSW to   E-W 
trending fractures. 

 REMOTE  SENSING  DATA  ANALYSIS

Landsat Thematic Mapper (TM) data for 
Al Aglab area was processed for geological 

Table 1: The main directional trend percentages of faults, dykes and veins of Al Aglab area, North 

Eastern Desert, Egypt

Quartz 

Veins  
Basic 

Dykes  
Intermediate 

Dykes   
Acidic 

Dykes  

Veins 

and 

Dykes  

Fault 

Number 

Wise  

Fault 

Length 

Wise  
Trends  

6.7��12��15��15.7��12.60��6.19��3.70��E-W��

6.7��1.6��5��11.4��5.30��6.19��5.04��WNW-ESE��

10��0��0��5.7��2.80��7.96��8.92��NW-SE��

20��2.4��0��2.9��4.50��14.16��16.44��NNW-SSE��

16.6��6.4��5��10��8.60��20.35��20.30��N-S��

0��5.6��5��0��3.30��5.32��5.60��NNE-SSW��

30��32��40��35.7��33.50��23.90��20.96��NE-SW��

10��40��30��8.7��29.40��15.93��19.05��ENE-WSW��
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�
�Fig.11: Poles to all joints lower hemisphere 
density contour diagrams, Al Aglab area

�
�Fig.12 : Poles to all joints lower hemisphere 
density contour diagrams, Metavolcanics, Al 
Aglab area

�

� Fig. 13: Poles to all joints lower hemisphere 
density contour diagrams, Qz-diorite, Al 
Aglab area

�

�

�Fig. 14: Poles to all joints lower hemisphere 
density contour diagrams, Dokhan V., Aglab 
area

�

�
Fig.15: Poles to all joints lower hemisphere 
density contour diagrams, Hammamat, 
Aglab area

�
�Fig.16: Poles to all joints lower hemisphere 
density contour diagrams, Monzogranites, 
Aglab area
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�

�
�Fig. 17: Poles to all joints lower hemisphere 

density contour diagrams, Syenogranites, 
Aglab area

������

�

�Fig.18: False colour composite Landsat image, 
Al Aglab area, north Eastern Desert, Egypt  (After 
Egyptian Remote Sensing Centre, 1992)
�������

�

�Fig. 19: Compiled geological map of Al Aglab area 
inferred from the Landsat image (lithological charac-
ters)

and structural mapping using the ENVI Ver-
sion 3.4. A single Landsat TM scene (Path 
175 / 41) has been geometrically corrected 
and radiometrically balanced and digitally 
processed.

The aim of applying the advanced tech-
nique of image processing in this work is to 
help in the geologic and structural interpreta-
tions of the study area as well as its uranium 
potentiality. 

The interpretation of the colored fused 
image identifies and discriminates in detailed 
many of the lithologic information that could 
match with the different exposed rock types 
in the study area. The detailed visual charac-
teristics of each rock type that appear on the 
prepared fused image will be discussed in 
terms of their lithological characterization as 
well as the deduced structural lineaments in-
terpretation based on colour differences at the 
boundaries of contrasting lithological units 
breaks in crystalline rock masses and visible 
faults, among the various rock types in Al 
Aglab area.  

Different lithologies have been identified 
from Landsat TM image (Fig. 18) along with 
the geological map based on analysis of the 
visual interpretation of colour composites. 
On the basis of tone and texture difference, 
morphology and structure, the separation 
of a crystalline basement complex has been 
inferred (Fig.19). Seven major lithological 

units corresponding to metavolcanics, quartz 
diorites, Dokhan volcanics, Hammamt sedi-
ments, gabbro-granophyre association mon-
zogranites and syenogranites have been de-
duced and identified (Fig.19).

Metavolcanics appear on the processed 
Landsat TM image in dark brown color 
(Fig.18). They are dissected by numerous 
tributaries of wadies directed predominantly 
in the NE-SW directions. They are character-
ized by their low reflectivity (low DN values) 
to the electromagnetic spectrum due to their 
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high contents of mafics and iron-rich minerals.  
Dokhan volcanics appear on Landsat TM im-
age in dark bluish colour (Fig.18).  Hammamat 
sediments have dark greenish to dark greyish 
colors in the prepared fused image. They are 
invaded in some places by the younger gran-
ites in the southern part of the mapped area. 
Gabbro-granophyre association appear on 
Landsat TM image in yellow color (Fig.18). 
Monzogranites are appear on the fused image 
in reddish grey color, while the  syenogranites 
have dark greenish to dark greyish colors in 
the prepared fused image. Quaternary sedi-
ments are well recognized on the image by 
their pale brown colors (Fig.18).

The lineaments are the surface expression 
of fractures, faults, or escarpments. From the 
visual inspection of the extracted lineaments 
and their correlation with the satellite, it was 
noticed that the lineaments are indicated on the 
landsat images by rock-tonal or topographic 
alignments (Figs.18&20). Figure (20) shows 
the extracted lineaments in Al Aglab area. 
Both mega-lineaments (10-100 km length) 
and macro-lineaments (2-10 km length) de-
lineate wadis and their branches in most cases 
(Fig.20). The NE-SW, NW-SE to NNW-SSE 
and WNW-ESE are the dominant trend clus-
ters inferred from wadis and the contact be-
tween granites and surround rocks (Fig.20). 
On regional scale, the extracted structural 
lineaments (based on Landsat image; Fig.20) 
and the structures elements demonstrated on 
the geological map (Figs.2&21) are coherent. 
Both record NNW-SSE, to N-S, NE-SW to 
ENE-WSW as main regional structural trends 
associated with WNW-ESE to E-W and NW-
SE minor ones. 

Results obtained from the processed 
(TM) Landsat data of Al Aglab area for both 
lithological and structural purposes are com-
pletely coherent with those defined from the 
field geological data carried out in Al Aglab 
area. Landsat Thematic Mapper (TM) remote 
sensing map delineate most of the outcrop-
ping rock types in great concordance with 
the compiled surface geological map whereas 

Fig.20: Structural lineament map of Al Aglab area de-
duced from the Landsat image (linear characters)

Fig.21: Structural map of Al Aglab area deduced from 
the measured surface structural features

the extracted structural lineaments are coher-
ent to the NNW-SSE to N-S and NE-SW to 
ENE-WSW trending fault systems obtained 
from the field geological data in complete 
harmony. Moreover, different types of altera-
tions such as hematitization, kaolinitization, 
chloritization and silicification are recorded 
within the syenogranites, where their distribu-
tion is mainly controlled by the intersections 
between the NNW-SSE to N-S and NE-SW to 
ENE-WSW trending structural lineaments.     

 GEOPHYSICAL    DATA

 Aeromagnetic and airborne gamma-ray 
geophysical data produced in Aero-Service 

Fig.20 
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(1984a&b) have been used. The aeromagnet-

ic and the airborne gamma-ray spectrometry 
data are conducted along parallel flight lines 
that were oriented in a NE-SW direction at 
one km spacing, while the tie lines were flown 
in a NW-SE direction at 10 km intervals. The 
aeromagnetic data are of great importance in 
delineating the basement structures whereas 
the airborne gamma-ray survey provided im-
portant information about the distribution of 
K, U and Th in the area. 

Aeromagnetic   Data

The aeromagnetic data of the study area 
was transformed to the wave-number do-
main. Reduction to the north magnetic pole 
was performed at the first stage of processing 
(Fig.22). In order to delineating the structural 
framework of the area the analytical signal 
(Nabighian, 1972, 1974&1984) and low-pass-
filtered was carried out (Figs. 23&24). The 
N-S and ENE-WSW, NE-SW fault patterns 
as delineated from Landsat image match well 
with the low amplitude magnetic contour pat-
terns (Fig. 25). 

Magnetic anomaly analysis can provide 
additional information for possible subsurface 
geometry (shape) of Al Aglab intrusions. The 
interpretation of these magnetic data is com-
plex because they usually reflect contributions 
from several sources. 

Magnetic anomaly map (Fig. 22) contains 
a number of features (anomalies, structures, 
etc.) which are superimposed on each other. 
Since one type of anomaly often masks an-
other, the need arises to separate the various 
features from each other. low-pass-filtered 
magnetic anomaly is prepared to have a bet-
ter comparison between the magnetic map and 
the subsurface geometric (Fig. 23). Low pass 
component (regional) of data aeromagnetic 
map have become available by using Geosoft 
software.  It shows a magnetic low over the 
northern part of Al Aglab granite pluton. There 
are some interesting correlations of anomaly 
patterns with individual granite intrusions.

Magnetic anomaly is the semi-circular 

Fig.22: Reduced to pole (RTP) aeromagnetic map, 
Al Aglab area, north Eastern Desert, Egypt

Fig.23: low-pass-filtered map, Al Aglab area, north 
Eastern Desert, Egypt

Fig.24: Analytical signal map, Al Aglab area, north 
Eastern Desert, Egypt

Fig.23 

�
Fig.24.
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magnetic high  coinciding with the southern 
part of the Al Aglab granite pluton. The sharp 
magnetic gradient is indicative of a NE-SW 
fault that dividing Al Aglab granite pluton. 
It might have controlled the emplacement of 
this pluton. The magnetic low is surrounded 
by magnetic highs due to the surrounding 
younger granites. The sharp gradient between 
highs and lows suggests a contact with con-
siderable change in susceptibility across it due 
to variations in the magnetic constituent of the 
two rock types younger granite and Dokhan 
volcanics. 

The area has been subjected to multiple 
tectonic events represented by faults during 
various stages of its evolution. The oldest sets 
of faults trending N–S and E–W are cut by 
earliest NW- SE and NE-SW faults relate to 
Red Sea rift. They separate the northern and 
southern parts of the pluton.  These younger 
faults control the distribution of numerous ra-
dioactive anomalies. 

Airborne Gamma-ray  Spectrometry Data 

Radioelements contour maps are recon-
structed and superimposed on the geologi-
cal map of the study area to determine the 
geochemical characteristics and evaluate the 
litho-structural features of the different rock 

exposures hopping to delineate an expected 
potential uranium targets. 

The younger granites are discriminated by 
their high radioactivity (Fig. 26) and the super-
imposed contour lines have two specific trends 
(NNE-NSW and NNW-SSE). These granites 
are delineated carefully by total-count level of 
10 Ur and increase gradually towards the in-
ner zone of the pluton.  Contour line values of 
7.5 Ur are associated mainly with Hammamat 
sediments. However, the metavolcanic rocks 
are delineated by total-count level of 2.5 Ur.
�����
�

�
�Fig. 26: Airborne total count contour map (in Ur), Al 
Aglab area, north Eastern Desert, Egypt

������	��

�
�Fig.25: Regional tectonic map, Al Aglab area, north 
Eastern Desert, Egypt

The K-anomaly zones (Fig.27) are aligned 
along NNE-SSW, NNW-SSE, NW-SE and 
NE-SW trends. They follow the regional 
structural trends, where hydrothermal altera-
tions associated with potassium enrichment 
occurs. These alteration zones are frequently 
associated with the formation of various types 
of mineral deposits encountered in the area 
e.g. copper deposits (Dardir et. al., 1972).  

The shapes and trends defined by the con-
tour lines on the eU distribution map (Fig.28) 
show that the younger granites is character-
ized by relatively high concentration values. 
The uranium range  (4-7 ppm) is located over 
the younger granites to the northern part of 
pluton meanwhile it has a range of (4-5 ppm) 
at the southern part. It is encountered as zones 
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anomalies reaching  up to 0.7, trending in the 
N-S direction and coincide with the Ham-
mamat sediments. Another highly elongated 
eU/eTh anomalies, which reached 0.7 at the 
intersections of both the NW-SE and NE-SW 
main faults.

The low eTh/K ratio can be easily detected 
at the alteration zone. The eTh/K contour map     
(Fig. 31) shows that the younger granites are 
clearly discriminated from the shear zone by 
their eTh/K moderate levels. Two high eTh/K 
anomalies associated with the granites, reach-
ing values of about 14. There is one eTh/K 
anomaly located at the southwestern part of 
the study area and associated with the younger 

�������

�
�Fig.29: Airborne equivalent thorium contour map (in 
ppm), Al Aglab area, north Eastern Desert, Egypt
�������

�����

�����

�
�Fig. 30: Airborne eU/ eTh ratio contour, Al Aglab area, 
north Eastern Desert, Egypt

�������

�
�Fig.27: Airborne potassium contour map (in %), Al 

Aglab area, north Eastern Desert, Egypt
�������

�
�

Fig.28 Airborne equivalent uranium contour map (in 
ppm), Al Aglab area, north Eastern Desert, Egypt

with different shapes, sometimes controlled 
by the main fault trends in the study area.

Thorium content (Fig. 29) is constant and 
when thorium content increases reflecting the 
fractionation in this type of granites. A little 
fractionation toward the south was detected 
in the main granitic pluton where the thorium 
content varies from10 to 20 ppm meanwhile it 
less than 15 ppm   at the northwestern part.

The eU/eTh contour map (Fig. 30) con-
firms the presence of little fractionation to-
ward the south in the main granitic pluton.  
eU/eTh ratio (lower than 0.3) coincides with 
the younger granite. The highest eU/eTh 
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granites. Another high anomaly, reaching about 
10, coincides with the shear zone and defines 
an elongated belt in the E-W direction.

The highest anomalies of eTh/K ratio are 
mostly associated with the pegmatitic segre-
gations, being  intruded into the monzogranite, 
and having high eTh values. Meanwhile, the 
syenogranite has low eTh/K ratio due to its 
high K content relative to its eTh content.

The eU/K ratio contour map (Fig. 32) 
shows coincidence with the high eU concen-
trations. Very high anomalies reaching 38 ap-
pear as closed and dense contour lines mainly 
over the shear zone. The younger granites are 
characterized by a low range of the eU/K ra-

�������

�

Fig. 31: Airborne eTh/K ratio contour, Al Aglab area, 
north Eastern Desert, Egypt

�
� Fig. 32: Airborne eU/K ratio contour, Al Aglab area, 

north Eastern Desert, Egypt��������

�
�

Fig. 33: Bar diagram summarizes the radiometric measurements of different rock types, 
Al Aglab area

tio due to increase in eU with a simultaneous 
increase in K concentrations. The eU/K ratio 
correlates positively with eU concentrations 
and negatively with K concentrations for the 
shear zone. These correlations are weak in the 
case of syenogranite. Figure (33) shows bar 
diagram for radiometry of different rock types 
helping in the identification and registration 
of the most important radioactive localities in 
this region.

It has been found that the basement tec-
tonic map inferred from the analytical signal 
magnetic maps is coherent with the regional 
structural trends deduced from the Landsat 
Thematic Mapper (TM) remote sensing map 
in complete harmony with NNW-SSE to N-S 
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and NE-SW to ENE-WSW trending fault sys-
tems obtained from the geological and radio-
metric field investigations. 

Moreover, airborne gamma ray spectro-
metric data analysis delineate most of the sur-
face geology of the reconstructed compiled 
geological map whereas the different types of 
alterations as hematitization, kaolinitization, 
chloritization and silicification have been re-
corded within the syenogranites, where their 
distribution is mainly controlled by the inter-
actions between the NNW-SSE to N-S and 
NE-SW to ENE-WSW trending structural lin-
eaments. 

Ground  Radiometric  Survey

Field radiometric survey clarified that the 
syenogranites document the highest level of 
gamma radioactivity among the various rock 
types cropping out in the study area. Accord-
ingly, the younger granites are the target of the 
radioactivity studies in the present work. It is 
noticed that the field radioactivity increases 
along fractures, joints and fault planes as well 
as in the pegmatite pockets and the hydrother-
mal altered zones. In general, the gamma ra-
dioactivity of the various rock types exposed 
in the area is greatly controlled by their min-
eralogical features (lithologic control) and/or 
structural features affecting these rocks (struc-
tural control).

The variations in gamma radioactivity of 
the different rocks in the area usually depends 
on their acidity, accessory minerals (zircon, 
apatite, sphene) besides iron having the high 
ability to adsorb uranium from the circulating 
solutions (Hussein et. al., 1965; Rogers et. al., 
1987; Nossair,1998; Roz,2001 and Moharem, 
2006). 

The NE-SW fault sets and their associated 
shear zones are found to play an important 
role in controlling most of the recorded radio-
active anomalies. The zone of intersection of 
faults striking NE-SW with those belonging to 
the NW-SE trend are relatively of high gam-
ma radioactivity. The increase of radioactiv-

ity at the intersection of faults may be due to 
the brecciation, shearing and cataclases of the 
granite along faults. These brecciated zones 
act as pathway for the circulating hydrother-
mal solutions bearing radioelements. It can be 
concluded that the most radioactivity anoma-
lies and their relatively high uranium and/or 
thorium content in the area are mainly struc-
turally controlled by the NE-SW and NW-SE 
fault trends. 

In the study area, it is noticed that the relics 
of visible secondary uranium mineralization 
are seen at the radioactivity anomalies. The 
faults and fractures trending NE-WS and NW-
SE have relatively the highest gamma radio-
activity and are associated with hydrothermal 
solutions. The consecutive movements along 
faults may have led to the re-opening of the hy-
drothermal altered fractures and leaching their 
uranium by different weathering agents. This 
may explain the lacking of secondary uranium 
mineralization in the anomalous zones. 

The radiometric investigations and analy-
ses clarified that the radioactive anomalies in 
the area are essentially associated with the sy-
enogranites of G. Al Aglab. These anomalies 
are essentially concentrated along fault planes, 
shear zones (Fig. 34), besides those occurring 
in felsite dykes, jasperoid viens (Fig. 35) and 
pegmatite bodies (Figs. 36a,b,c).
�������

�����������������������

����	�

�


��

��


�

�����
����
�

������

������

�Fig.34: Examples of the carried out detail radiometric 
and geologic mapping for the recorded high radioac-
tive zones sited in Fig.2, Al Aglab area, North Eastern 
Desert, Egypt, Shear zone in syenogranites 
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 RESULTS   AND  CONCLUSIONS

The investigated area of Al Aglab region 
is located between lat. 27° 15’ and  27° 25’ N 
and long. 32° 55’ and 33° 05’ E and occupied 
by metavolcanics, quartz diorites, Dokhan 
volcanics, Hammamat sediments, gabbro-
granophyre associations, younger granites 
and post granitic dykes in descending order 
for the oldest to the youngest. 

The granitic rocks of the area are classi-
fied into: monzogranite and syenogranite. 
The syenogranite represents the most evolved 
phase. Faults, in spite of their type, are ar-
ranged according to three main trend clusters 
around N-S (NNE-SSW-NNW-SSE), NE-SW 
and NW-SE directions, respectively in addi-
tion to fairly E-W one. Moreover, the analy-
sis of the recorded movement criteria on fault 
planes reflect cyclic extensional strike-slip 
regime corresponding to multi-directional 
NW-SE & NE-SW oriented extension associ-
ated with almost all recorded dyke and vein 
trends in addition to an older NNE-SSW & 
WNW-ESE to E-W trending pair of extension 

Fig. 36: Examples of the carried out detail radiometric and geologic mapping for the recorded high radioac-
tive zones sited in Fig.2, Al Aglab area, North Eastern Desert, Egypt, Pegmatite bodies (a,b.c)
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�Fig. 35 Examples of the carried out detail radiometric 
and geologic mapping for the recorded high radioac-
tive zones sited in Fig.2, Al Aglab area, north Eastern 
Desert, Egypt, Jasperoid vien

������������������������

���������

�����

�������������
�

����������������

������������ ���� ����������� ���

���������
�����
�

���������
�
�
��

�

���������
����
�

���������

������

���������


���
�

�

�

a) �������������������
���

������

������

������

�����

����
�

������

������

������

����


�



����
�

�

�

�

�

b)

 ������������������������

������
�

������������������������

����


������

�
���

����

���

��


�
��

���

���

�

�
�

c)

 ������������������������



165FEATURES  CONTROLLING  RADIOELEMENTS  DISTRIBUTION IN  AL

ton is the most promising zones for uranium 
potentiality.  It is found that a little fraction-
ation was detected in the main granitic pluton 
toward the south where the thorium content 
varies from 10 to 20 ppm eTh,  meanwhile it 
is less than 15 ppm eTh at the northwestern 
part.

The analyzed aeromagnetic data demon-
strated that the NNW-SSE to N-S and NE-SW 
ENE-WSW fault systems interpreted from 
magnetic analytical signal map where the 
structure control radioactive anomalies are 
well matched with the fault systems delineated 
from Landsat image. 

Detailed field radiometric survey and 
geologic mapping are carried out for some 
selected high radioactive zones in order to 
study their interrelation with the lithostructure 
units. Several types of alterations (hematitiza-
tion, kaolinitization, chloritization and silici-
fication) recorded in the granite of Al Aglab  
pluton is controlled by shear zones mainly 
striking NNW-SSE to N-S and NE-SW ENE-
WSW . These fracture zones facilitate the fluid 
circulation that caused alterations, especially 
in the western central parts part of the pluton. 
These alterations are associated with U-min-
eralization. The radioactive anomalies associ-
ated with the syenogranites of G. Al Aglab are 
essentially concentrated along fault planes, 
shear zones, besides those occurring in felsite 
dykes, jasperoid viens and pegmatite bodies. 
Some relics of visible secondary uranium 
mineralization is seen at these anomalies; con-
trolled by the faults and fractures trending NE-
WS and NW-SE.

Spectrometric data (K, U and Th) shows 
a very high consistency between the radioele-
ment distributions and the differentiated out-
lines of different rock types. Results from inte-
grated field studies, Landsat Thematic Mapper 
(TM) remote sensing data and geophysical 
data analyses provide important constraints 
on the tectonic evolution of Al Aglab area and 
demonstrate the strength of combining remote 
sensing data with geophysical data and geo-

characterizing the  measured strike-slip and 
normal fault sets that arranged in NE-SW, N-
S, ENE-WSW and NNW-SSE trends accord-
ing to their length and number proportions 
in decreasing order directions (ENE-WSW, 
N-S and NNW-SSE). The most predominant 
trend is the ENE-WSW seeming to be re-ac-
tivated many times contemporaneously with 
the injection of acidic rocks as well as quartz 
veins in association with high hydrothermal 
fluid activity corresponding to the presence 
of different types of alterations such as hema-
titization, Kaolinitization, chloritization and 
silicification that recorded along these NNW-
SSE to N-S and NE-SW to ENE-WSW fault 
systems cross cutting Al Aglab granite pluton. 
The high radioactive anomalies are recorded 
along the ENE-WSW shear zones, where it 
reaches more than 84 Ur. The syenogranites 
within this zone are highly altered and show 
disseminated pegmatite bodies.

Landsat Thematic Mapper (TM) remote 
sensing data supported by geology and air-
borne geophysical (airborne gamma-ray spec-
trometric and aeromagnetic) as well as the 
ground geological and radiometric investiga-
tion data sets was used to delineate surface 
and subsurface structural elements in the study 
area. 

The Landsat image of the area added some 
litholgic details useful in identifying and dis-
criminating the different lithologic rocks ex-
posed in the study area. Statistical analysis 
of the extracted structural lineaments  from 
landsat image in the study shows that most of 
the well-developed structural lineaments have 
NNW-SSE to N-S and NE-SW to ENE-WSW  
trends. 

The aerospectrometric data (TC, K%, 
eUppm , eThppm, eU/eTh, eU/K and eTh/K) 
have been statistically analyzed and correlated 
with the compiled geological map. The inter-
pretation of airborne gamma-ray spectromet-
ric maps (TC, K%, eUppm , eThppm, eU/eTh, 
eU/K and eTh/K)  and magnetic maps revealed 
that the western central part of Al Aglab  plu-
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logical observations in resolving the surface 
geometry of major fault systems and their im-
pact on the radioelement potential distribution 
within Al Aglab area. 
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المظاهر الحاكمة لتوزيع العناصر المشعة في منطقة الاجلب، شمال الصحراء الشرقية، مصر

أحمد عبد الخالق خميس و ريمون راغب ايوب

البيانات متعددة التخصصات بما فى  التكاملي لمجموعات من  للتفسير   يعتبر هذا العمل وسيلة جيدة 
البيانات  و  الاشعاعية  الجوية  القياسات  كذلك  و  بعد  عن  الاستشعار  و  الحقلية  الجيولوجية  البيانات  ذلك 
الجيوفيزيائية المغناطيسية بهدف تحديد المظاهر الحاكمة فى توزيع العناصر المشعة و المحتملة فى منطقة 

جبل الاجلب. 

حيث تقع منطقة جبل الاجلب فى الجزء الشمالى من سلسلة جبال البحر الاحمر بالصحراء الشرقية – 
مصر. و تنحصر منطقة البحث بين دائرتى عرض ۱٥‘ ۲۷° - ۲٥‘ ۲۷°  شمالاً وخطي طول ٥٥‘ °۳۲ 
- ۰٥‘ ۳۳° شرقا و تبلغ مساحة المنطقة حوالى ٦٥۰ م۲ تقريبا. تغطى المنطقة بصخور يرجع تاريخها الى 
 
ِ
عصر ما قبل الكامبرى التى تتبع صخور القاعدة و تم ترتيبها من الأقدم الى الاحدث كما يلي  :  الصخور

 الدخان البركانية، رسوبيات الحمامات، 
ِ
البركانية المتحولة القديمة، صخور الكوارتز دايورايت، صخور

قد  و  الجرانيت.  بعد  التى  الجدد  و  البيجماتيت  الحديث،  الجرانيت  الجابرو-جرانوفير، صخور  مجموعة 
اسفرت الدراسة عن تقسيم صخور الجرانيت الحديث الى مونزوجرانيت و سيانوجرانيت و ان الشاذات 
عبر  الشاذات  هذه  تتركز  حيث  السيانوجرانيت.  تصاحب صخور  ما  غالبا  الاجلب  جبل  في  الاشعاعية 
الفوالق فى نطاقات التغير الحاوية لاكاسيد الحديد و نطقات القص بالاضافة الى قواطع الفيلسايت وعروق 
السيليكا الحمراء (الجاسبر) وعدسات البجماتيت الاكثر احتواء لعنصر اليورانيوم. و جدير بالذكر ان هذه 
الشاذات مرتبطة بنطاقات محكومة باتجاهات الفوالق السائدة فى المنطقة والضاربة فى اتجاه شمال شرق-
جنوب غرب وشمال-جنوب و شرق شمال شرق-غرب جنوب غرب و شمال شمال غرب-جنوب جنوب 

شرق  وعادةً ما يكون نطاق تلامس هذه المتداخلات الجرانيتية و الصخور المحيطة حاداً.

و قد نجح تطبيق طريقة التفسير التكاملي لبيانات المسوحات الجيوفيزيائية الجوية و مرئيات الاقمار 
في  اليورانيوم  تواجد  احتمالية  تأكيد  في  الحقلي  الاشعاعي   و  الجيولوجي  بالتحقق  مدعومة  الصناعية 
منطقة جبل الاجلب. حيث تم التحليل الاحصائي لبيانات خرائط المسح الاشعاعي (البوتاسيوم واليورانيوم 
والثوريوم) وكذلك نسبها فيما بينها و المضاهاه بالخريطة الجيولوجية لمنطقة البحث.  و نجم عن تفسير 
بيانات خرائط المسح الاشعاعي و المغناطيسي الاحتمالية العالية لتواجد اليورانيوم في وسط الجزء الغربي 
لجبل الأجلب. كما أوضح التباين في قيمة الثوريوم من ۱۰ الي ۲۰ جزء في المليون في الجنوب و اقل 
من ۱٥ جزء في المليون في الجانب الشمالي الغربي لجبل الاجلب حيث يعكس مثل هذا التباين في قيمة 

الثوريوم حدوث تفارق "تفاضل" صهيري طفيف للمجما في اتجاه الجنوب.

الناحية  من  تتأثر  الدراسةَ   
ِ
منطقة أن  المغناطيسية  وخرائط  الصناعية  الأقمار  من صور  اتضح  كما 

نْ انظمة الفوالق الضاربة فى إتجاه شمال شمال غرب الى شمال جنوب و شمال شرق 
ِ
 م

ِ
التكتونية بمجموعة

الى شرق شمال شرق كما اكد ذلك التحقق الجيولوجي والتخريط  الحقلي للشاذات الاشعاعية. حيث تم عمل 
تخريط جيولوجي و اشعاعي تفصيلي لبعض النطاقات المختارة ذات الشاذات الاشعاعية وثبت أن انظمة 
الفوالق  السابقة الذكر هى الحاكمة لتوزيع العناصر المشعة في هذه النطاقات. كما سجل العديد من عمليات 
التغاير الصخري المختلفة المرتبطة بنطاق القص ومتأثرة بانظمة الفوالق الضاربة فى إتجاه شمال شمال 
غرب الى شمال جنوب و شمال شرق  الى شرق شمال شرق. وتعتبر نطاقات القص اماكن مناسبة لحركة 
المحاليل التى تسبب التغيرات الصخرية و ما يصحابها من تمعدنات اليورانيوم خاصة الحاوية لاكاسيد 

الحديد بما لها من خاصية ادمصاص اليورانيوم من المحاليل الحاملة له.

 و جدير بالذكر ان البيانات الطيفية (البوتاسيوم واليورانيوم والثوريوم) توضح أن هناك ارتباط بدرجة 
الدراسات  على  المترتبة  النتائج  ان  كما  المختلفة،  الصخور  أنواع  و  المشعة  العناصر  توزيع  بين  عالية 
الجيوفزيائية تظهر مدى  البيانات  بيانات الاستشعار عن بعد و تحليل  الحقلية و  الدراسات  بين  المتكاملة 
أهمية تطور تكتونية منطقة الأجلب، والأهم هو اظهار قوة الجمع بين بيانات الاستشعار عن بعد مع البيانات 
العناصر  توزيع  على  تأثيرها  و  الفوالق  هندسة  حل  فى  الحقلية  الجيولوخية  المشاهدات  و  الجيوفزيائية 

المشعة و المحتملة داخل منطقة جبل الاجلب. 


