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Abstract
Um Ara-Um Shilman younger granites are one of the most promising 
uranium and thorium mineralization in the south Eastern Desert of 
Egypt. These granites are classified into monzogranite and alkali-
feldspar granite. The using of remote sensing image processing 
techniques and Geographic Information Systems (GIS), considered 
an effective, powerful tool in the field of lithologic mapping and 
mineral exploration lately. Landsat 8 Operational Land Imager OLI 
showed a great capability in geologic exploration, especially for the 
remote and high terrain areas, reducing time and efforts at Um Ara 
– Um Shilman area. The results showed a distinctive differentiation 
between the different lithologies rocks unites especially fine to 
medium-grained alkali feldspar fertile granite and coarse-grained 
monzogranite. The northern location has gained more attention 
regarding its radioactive anomaly recorded in the medium to fine 
grained granitic variety that range in composition from alibied to the 
k-feldspar-rich granite. Radioelements measurements (equivalent 
uranium (eU) ppm, equivalent thorium (eTh) ppm, potassium 
percent (K%) and total count (Tc)) have been acquired from sixteen 
trenches covered the northern locality of the study area. These 
trenches can be classified into two groups; the first one is high 
in uranium and the second is high in thorium, and the uranium 
migrated from the eastern part to the western part of the study area. 
GIS methods are successful and has a great advantage to apply 
in a ground radioelements measurement for a local investigation 
area. The results of the study indicated a significant value for further 
future radioactive exploration in the area.
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Introduction
The Eastern Desert (ED) of Egypt is divided into three sectors; 

Northern, Central and Southern sectors. These divisions confine parts 
with common geographic and litho-structural discontinuities [1]. 
The South Eastern Desert (SED) is largely occupied by Gneissic and 

migmatite rocks with a more complex shape rarely associated with 
remnants of older granites. 

The granitic rocks in the Eastern Desert of Egypt were classified as; 
syn- to late-orogenic granitoids (Older granitoids) and post-orogenic 
to anorogenic granites (Younger granites) [2,3]. The older granitoids 
range in composition from quartz diorite to rare true granite 
(predominantly muscovite trondhjemite, tonalite, and granodiorite). 
They are I-type, subduction-related plutons, with ages between 870 
and 614 Ma using Rb-Sr and U-Pb methods [4,5]. Younger granites 
are mainly monzogranites, syenogranites, and alkali-feldspar granites, 
I-type (partly subduction-related) but mainly alkaline to peralkaline 
A-type plutons, formed between 610 and 550 Ma based on the Rb-Sr 
and U-Pb dating [6], and developed during extensional processes. 

The granitic rocks, especially those of felsic nature and younger 
ages, are generally considered as one of the most important uranium 
mineralization either directly or indirectly. The direct sources are 
founded when the U-mineralization are mainly formed from the 
aqueous fluids accumulated during the late stages of magmatic 
differentiation. On the other hand, the indirect sources are mostly 
related to post magmatic redistribution of uranium as they are of 
secondary origin.

Nuclear Materials Authority (NMA) started a wide comprehensive 
exploration program to search for uranium deposits in Egypt. These 
programs led to discovery of radioactive anomalies and uranium 
mineralization in the Northern (Gabal (G.) Gattar), Central (G. El 
Missikat and G. El Erediya) and Southern (G. Um Ara and G. El-Sella) 
Eastern Desert of Egypt. The area under investigation lies in the SED 
between latitudes 22° 31` N - 22° 41`N, and longitudes 33° 48`E – 33° 
54`E (Figure 1). 

Remote sensing images are widely used for geological and/or 
mineralogical mapping using their spectral signatures. It has the 
ability to detect the alteration zones by its spectral characteristics such 
as iron, hydroxyl, sulphate, and carbonate‐ bearing minerals. Landsat 
8 Operational Land Imager (OLI) data can detect the altered rocks 
and ferrous minerals due to the distinctive absorption and reflectance 
characteristics of these rocks and their mineral content. Several 
studies have demonstrated the utility of remotely sensed data for 
geological mapping and lithologic identification. The spectral features 
detected in rocks from the visible through shortwave infrared (0.4-
2.5 μm) portions of the electromagnetic spectrum, are mainly due to 
iron oxide, carbonate and hydroxyl-bearing minerals, while silicate 
minerals exhibit spectral feature in the thermal infrared TIR [7-16].

The objective of this research study is to test and analyse the best 
remote sensing algorithms using Landsat 8 (OLI) for discrimination 
the possible radioactive zones of interest in the area of Um Ara – 
Um Shilman at the SED of Egypt, which will assist in the further 
mineral exploration and evaluation studies in future. In addition, GIS 
techniques were applied to the measured spectrometry data that were 
collected locally over the northern part of the Um Ara area, where the 
highest radioactive anomaly was previously detected by the Egyptian 
Nuclear Materials Authority. The common GIS interpolation and 
ratios techniques, used to be applied to airborne spectrometry data; 
however, this study represents the effective possibility to apply some 
of these techniques for a ground data acquisition
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Geological Setting and Petrography
The geology of Um Ara - Um Shilman area has been extensively 

studied by many authors [17-20]. It comprises metavolcanics and 
Dokhan volcanism that were intruded by the Um Ara granites. 
These granites are classified into monzogranite and alkali-feldspar 
granite [20]. The monzogranite is an oval-shaped pluton trending 
N–S to NW–SE. It is a homogeneous and characterized by its pinkish 
colour, coarse-grained equigranularity texture and locally contains 
mafic xenoliths (10-20 cm in diameter). The alkali-feldspar granite 
is emplaced at the northern contact of Um Ara – Um Shilman 
monzogranite. It is fine to medium-grained, pinkish white or reddish-
pink and red colours. It sends apophyses and off shoots (ranging 
in thickness from 1.5 cm to 250 m) into the northern Dokhan 
volcanic of G. Um Dubr [21]. The alkali-feldspar granite is affected 
by hydrothermal activities, which manifested by thematicization, 
silicification with partial kaolinization together with the frequent 
presence of manganese oxides, green and violet fluorite and uranium 
mineralization (uranophane and soddyite).  

Petrographically, the monzogranite is composed essentially of 
quartz, plagioclase and k-feldspar (orthoclase and microcline) with 
subordinate amounts of biotite. Zircon and opaque minerals are 
the common accessories; while sericite, epidote and saussurite are 
presents as secondary minerals. Quartz is present as coarse-grained 
subhedral crystals commonly showing undulous extinction and 
contains inclusions of plagioclase.  Plagioclase occurs as subordinate 
tabular crystals, which are partly to completely altered to saussurite 
and epidote (Figure 2a). It is twinned according to the Carlsbad-albite 
and albite laws and some crystals are zoned (Figure 2b). K-feldspars 

are represented by orthoclase and microcline forming subhedral to 
euhedral crystals rarely twinned which are turbid by sericite and 
clay minerals. Biotite occurs as small flakes filling the interstices 
between the plagioclase and k-feldspar crystals as well as some flakes 
are corroding plagioclase (Figure 2c). Zircon is present as euhedral 
short minute prismatic crystals up to 0.05 mm long, which enclosed 
within the quartz. Opaque minerals occur as small, scattered grains 
associating mostly the feldspar and quartz crystals. 

The alkali-feldspar granite is composed mainly of k-feldspar, 
quartz, plagioclase, biotite and muscovite. Apatite, titanite and 

Figure 1: Mosaic satellite natural color image of Egypt (left) showing the location of the area of Um Ara – Um Shilman. General geologic map of the area 
(Right) modified after.

Figure 2a: Photomicrograph of monzogranite showing plagioclase crystal 
partially saussuritized, Um Ara - Um Shilman area, (SED) of Egypt, (C. N.).
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zircon are the most common accessory minerals; whereas sericite, 
kaolinite and epidote are the secondary ones. K-feldspars are 
composed mainly of orthoclase and microcline perthites. They 
occur as euhedral to subhedral crystals of string and patchy type 
perthites exhibiting secondary microclinization and albitization in 
local parts. Some perthite crystals are rimmed with albite. Quartz 
represents subhedral crystals occurs as interstitial grains between 
the other components, or as skeletal grains associating plagioclase 
and sometimes are assembling forming graphic-like texture (Figure 
2d). Plagioclase occurs as euhedral to subhedral elongated crystals 

of albite to oligoclase in composition (An10-30) and exhibits albite 
and combined albite and pericline twinning. It exhibits partial 
saussuritization and shows albite and combined albite / Carlsbad 
twinning. Biotite occurs as euhedral to subhedral elongate to stubby 
flaky crystals. It is partly altered to chlorite and epidote. Muscovite is 
subhedral crystal and interstitial between feldspars but show marked 
local variations between the different subtypes. Apatite occurs as clear 
rod-like crystals enclosed in biotite (Figure 2e) and distinguished by 
low relief.  Titanite occurs as euhedral rhombic-shaped crystals that 
are characterized by sphenoidal form (Figure 2f). Euhedral prismatic 
crystals of zircon enclosed within quartz and other minerals. 
Secondary uranium minerals (uranophane) occur as anhedral crystals 
associating plagioclase (Figure 2g).

Data and Methods
The dataset in this study consists of satellite Landsat 8 OLI (L1T) 

terrain corrected data for the entire area and Ground radioelements 
gamma-ray spectrometric measurements for 16 digs (trenches) at 
the northern part of the study area. Landsat 8 OLI data acquired on 
29/1/2017 and geocoded to the UTM projection (WGS 84 – Zone 36 
N). The chosen scene path and row are 173 and 44 respectively, with 
minimum cloud coverage (0.14%), covers the whole region; has been 
used in this study. Landsat 8 OLI L1T data are registered radiance-
at-the-sensor product terrain corrected contains radiometrically 
calibrated and geometrically co-registered data. Four visible and 
near-infrared (VNIR) bands between 0.48 and 0.86 μm and two 

Figure 2b: Photomicrograph of monzogranite showing lamellar and 
percline twinning in plagioclase crystal, Um Ara - Um Shilman area, (SED) 
of Egypt, (C. N.).

Figure 2c: Photomicrograph of monzogranite showing biotite flake 
corroded by plagioclase, Um Ara - Um Shilman area, (SED) of Egypt, (C. 
N.).

Figure 2d: Photomicrograph of alkali-feldspar granite showing graphic 
texture, Um Ara - Um Shilman area, (SED) of Egypt, (C. N.).

Figure 2e: Photomicrograph of alkali-feldspar granite showing apatite 
included in biotite associating plagioclase, Um Ara - Um Shilman area, 
(SED) of Egypt, (C. N.).

Figure 2f: Photomicrograph of alkali-feldspar granite showing well-formed 
crystal of titanite (sphene) associating plagioclase and quartz, Um Ara - 
Um Shilman area, (SED) of Egypt, (C. N.).
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short-wave infrared (SWIR) bands from 1.6 to 2.2 μm, in addition 
to the coastal aerosol band at 044 μm, were stacked, resampled and 
registered to 15m resolution using the panchromatic band of (0.59 
μm). All bands stacked forming 7 bands using the nearest neighbour 
method. All Landsat and spectrometry data analysis were carried out 
using the Environment for Visualizing Images (ENVI) and (ArcGIS) 
software. (Figure 3) shows the proposed flowchart used in this study.

Landsat 8 OLI data

A pre-processing procedure has been applied for Landsat 8 OLI 
imagery, radiance data were atmospherically corrected and converted 
to surface reflectance using Fast Line-of-sight Atmospheric Analysis 
of Hypercubes (FLAASH). FLAASH is a first-principles atmospheric 
correction tool that corrects wavelengths in the visible through near-
infrared and shortwave infrared regions, up to 3 µm. 

The image processing techniques were used to represent spectral 

characteristics of the area of Um Ara – Um Shilman in terms of 
lithologic mapping and hydrothermal alterations distribution. An 
image enhancement was applied to the data by contrast stretching 
technique, in order to transform the multispectral image data 
format into an image display that either increases contrast between 
interesting targets and the background, or yields information about 
the composition of certain pixels in the image [10]. Colour composite, 
decorrelation stretching, band ratios and principle component 
analysis (PCA) were used in this research study.

Spectrometry measurements along trenches and GIS 
processing technique

The data were measured using a multichannel gamma-ray 
spectrometer model GS-256 with 3” X 3” (thallium activated) sodium 
iodide crystals. The sensors were calibrated over NMA calibration 
pads. The data are reported in four data channels: a) TC in (µr) : Total 
count (energy between 0.4 and 2.8 MeV), b) eU in (ppm): Equivalent 
Uranium (energy between 1.66 and 1.86 MeV), c) eTh in (ppm) : 
Equivalent Thorium (energy between 2.4 and 2.8 MeV) in ppm and 
d) K in percent (%): Potassium (energy between 1.37 and 1.57 MeV). 

Each trench (nearly 5 meters in depth) with five faces; each face, 
measured in a grid pattern mapping format. The spatial mapping 
and relations methods were used the averages of radioelements 
measurements for every trench. For the average’s value mapping 
purposes, an interpolation method named natural neighbour used 
for interpolate a raster surface from points in the GIS environments. 
Natural neighbour interpolation is a method developed by Sibson 
where it finds the closest subset of input samples to a query point and 
applies weights to them based on proportionate areas to interpolate 
a value [22]. In addition, radioelements ratios and pseudo colour 
composite image for both the radioelements and the ratios, were 
applied. The interpolation output was a raster, therefore the next 
step of making a composite image was to transform the raster output 
into grayscale image and used a chosen colour drape later in order to 
show the spatial variations and relations for the trenches’ calculated 
average values.

Results and Discussion
In this research study, number of selected band ratios, 

bands composite images and PCA were applied to evaluate the 
discriminations of the lithologic units and the target radioactive 
alteration related zones. The second part of the study is focused on 
the north location of the Um Ara area, where a detailed investigation 
applied in the form of radioelements measurements from the dogged 
trenches.

Satellite image processing techniques

Landsat 8 OLI data can detect the altered rocks and ferrous 
minerals due to the absorption and reflectance characteristics of these 
rocks, which appear in the range of VNIR-SWIR.

Image Composite

A false colour composite (band 7, band 5 and band 3 in RGB) 
was generated for the purpose of lithological mapping (Figure 4). The 
image composite showed a distinctive discrimination between the 
major lithology’s rock unites. Where alkali-feldspar granite appeared 
as a light brown colour, while monzogranite discriminated as dark 
brown colour. On the other hand, serpentinites are discriminated in 
blue colour, while metasediments in reddish colour. The composite 

Figure 2g: Photomicrograph of alkali-feldspar granite showing cavity filled 
with uranophane accompanied by microclinization of plagioclase, Um Ara 
- Um Shilman area, South Eastern Desert (SED) of Egypt, (C. N.)

Figure 3: Flowchart of the proposed methods.
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753 is considered very useful in lithologic discrimination and the 
additional enhancement can maximize the output benefits for the 
results.

Decorrelation stretching

The decorrelation stretching is an enhancement method apply 
to the image to remove the high correlation commonly found in the 
multispectral data sets and to produce a more colourful composite 
image with enhanced colour saturation. It is effectively improving the 
visual quality of the image spectral information, without significant 
distortion of its spectral characteristics. (Figure 4) shows the false 
colour composite image of bands 753 in RGB after applying the 
decorrelation stretching.

The process clearly showed the discrimination boundaries 
between the different mentioned rock unites particularly between 
the two type granites; alkali feldspar granite (brownish colour) 
and monzogranite (greenish colour). Also showed visibly the 
serpentinites, metasediments and dokhan volcanic as blue, purple 
and reddish colour respectively.

Band ratio (BR)

Band ratio is an image process produced by dividing the 
brightness digital number (DN) values at peaks and troughs in 
a reflectance curve, after removing the atmospheric conditions 
from the image such as haze. The band ratio method has the ability 
to show features that cannot be seen in the raw bands such as the 

hydrothermal alteration minerals. [23-26]. The band ratio 6/7 is 
very useful in mapping the clay minerals such as kaolinite and 
montmorillonite. The clay minerals are characterized by their high 
reflectance on band 6 and low in band 7. The band ratio 5/6 is used for 
mapping the ferrous minerals. The band ratio 4/2 is used for mapping 
the iron oxides which are of low reflectance in the red region and high 
absorption in the blue region of the electromagnetic wavelength. The 
results displayed in grayscale images (Figure 5).

Figure 6 showed the false colour composite image of the previously 
mentioned three band ratios as RGB image for lithological mapping 
and hydrothermal alteration [27]. This combination is clearly 
differentiating the alkali feldspar granite bodies as the darkest blue 
regions where the red arrows indicate the high potential radioactive 
zones as it discriminates clearly the fertile alkali-feldspar granite in 
the area

Principle Component Analysis (PCA)

PCA is a powerful statistical technique (a linear transformation) 
used to suppress irradiance effects and reduce redundancy in the 
multispectral images by transforming the original data onto new 
principal component axes which have a much higher contrast than 
the original bands. The output result of this process was uncorrelated 
PC bands equal to the number of the original bands the principal 
component images with moderate-to-high eigenvector loadings for 
diagnostic absorptive and reflective bands of the argillic-phyllic and 
oxide/hydroxide minerals, can be considered as the representative 

Figure 4: False color composite image bands 753 (left) and decorrelation stretch enhancement (right), showing the distinctive rock unit boundaries as: (MS) 
metasediments; (MV) metavolcanics; (SP) serpentinite; (DV) dokhanvolcanics; (MZ) monzogranite and (AFG) alkali-feldspar granite, Um Ara - Um Shilman 
area, (SED) of Egypt.
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Figure 5: Band ratios in grayscale for (6/7), (5/6) and (4/2), and its density slices,Um Ara - Um Shilman area, (SED) of Egypt.
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image for these minerals [11,12,28-32]. 

As shown from the results of the principal component analysis 
(PCA) (Figure 7), the distribution of the lithologic rock units in 
the area of Um Ara – Um Shilman along with the statistical results 
showed that the best colour composites were created using PC3, PC2 
and PC1 in RGB, which displayed good result for differentiate the fine 
grained alkali-feldspar granite at north Um Ara anomaly location. 
Both colour composite (PC4, PC3 and PC2 in RGB) and (PC5, PC3 
and PC2 in RGB) exhibits additional clear discrimination areas along 
the study area in southern and eastern parts (yellow circles) (Figure 
7). On the other hand, the combination of PC5, PC4 and PC3 in RGB 
showed the trachyte dyke intruded the granitic plutons of Um Ara at 
the middle and southern parts.

GIS techniques on North Um Ara trenches

The northern location of Um Ara has attracted attention for its high 
radioactive anomaly recorded during the field project accomplished 

by the Egyptian Nuclear Materials Authority since 1978. The uranium 
occurrences have been founded related to; fine to medium grained 
alkali-feldspar granite that located in the northern part of Um Ara 
granitic pluton in the oxidized zones; where the alteration has taken 
place in the rocks with the aid of the hydrothermal solutions which 
helped in uranium enrichment and remobilization [17,18,33]. 

The detailed exploration program of the Egyptian Nuclear 
Materials Authority that extend to the year 2000, aimed to follow 
radioactive mineralization and the alteration process with the depth 
over a length of 3.5 km by digging the sixteen trenches (Figure 
8). Visible secondary uranium and violet fluorite mineralization 
appears along the joint and fracture planes and their intersection. 
The mineralization and intensity of alteration processes, increased 
with the increasing of the digging. These alteration processes act 
as a chemical trap for mineralization. (Table 1) shows the average 
values of radioelements measurements (TC, eU, eTh and K%) and 
the calculated ratios (eU/K, eU/eTh and eTh/K) for the trenches. 

Figure 6: False color composite image for band ratios of (6/7), (5/6) and (4/2) in RGB, Um Ara - Um Shilman area, (SED) of Egypt.
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Figure 7: False color PCA composite images of PC (321), (432), (532) and (543) in RGB, Um Ara - Um Shilman area, (SED) of Egypt. The white circle shows 
the north Um Ara location, the yellow circles represent the promising locations. The red arrows show the trachyte dyke.
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Figure 8: Northern Um Ara – Um-Shilman area trenches location and distribution, (SED) of Egypt.

Table 1: The radioelements value measurements with ratios for the trenches at north Um Ara location, Um Ara - Um Shilman area, (SED) of Egypt.

Generalized classes based on the relative abundance and the spatial 
distribution of each radioelement has been mapped (Figure 9). The 
mapped sample values showed a relative quantity for each selected 
radioelement grouped into three classes. The classification method 
used was the Natural Break (Jenks) method. Mean and standard 
deviation were also calculated for each selected isotope. The uranium 
values located at the west trenches were founded higher than that 
located in the east trenches and vice versa for the thorium values. 
So, there are two groups of trenches; the first one is high in uranium 
and the second is high in thorium. The following is the description of 
the representative examples for these trenches with the radiometric 

distributions in ppm.

High Uranium Trenches (Nos.1, 2, 3, 4, 5, 6, 7, 11, 14 and 15)

In this group, the trench no. 1 (T1) is the representative trench. 
This trench has striking N50oE and its geological features, and 
dimensions are shown in Figure 9. Iron and manganese are alternated 
on both the two wall rock sides. The rock is highly sheared and jointed 
striking E-W and NW directions. The spectrometry’s measurements 
(Tc, K%, eU, eTh) along the trench are contoured (Figure 10). Most 
the high eU and eTh are associated with violet fluorite.

There is a strong positive correlation between Tc with (K%, eU, 
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Figure 10: Representative view showing (a) the geological map as well as, (b) Total count (Tc), (c) K (%), (d) eU (ppm) and (e) eTh (ppm) concentration maps 
for trench No. 1 (high uranium), Um Ara - Um Shilman area, SED, Egypt modified after.

Figure 9: The spectrometry’s measurements and its statistics for the trenches including (Tc), (K%), (eU) and (eTh), Um Ara - Um Shilman area, (SED) of Egypt.
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Figure 11: The relation between Tc (µr) vs. (a) K%, (b) eU and (c) eTh, K% vs. (d) eU and (e) eTh, (f) eU vs. eU/eTh, (g) eTh vs. eU/eTh,  (h) eTh vs. eU and (i) 
eU vs. eU-eTh/3.5, along trenches high uranium (Nos. 1, 2, 3, 4, 5, 6, 7, 11, 14 and 15) at Um Ara - Um Shilman area, SED, Egypt.

eTh) within all trenches of this group (Figure 11). The correlation 
between K%, with eU and eTh within the all trenches reflected the 
positive relation. On the other hand, there is a negative relation 
between eTh and eU/eTh. The relation between eTh and eU, illustrated 
that the all samples lie (eU/eTh ratio) between 10 to 1 value, and this 
confirmed by the correlation with mobility (eU-eTh/3.5) ratio, which 
reflected strong uranium mobilization, where all samples lies in the 
leaching field (Figure 11). The above correlation values indicated the 
direct relation between eU, eTh and K%.

High Thorium Trenches (Nos. 8, 9, 10, 12, 13 and 16)

Trench No. 16 (T16) is the representative trench for this group. 
This trench striking N and its geological features and dimensions are 
shown in Figure 12. The iron and manganese occur either as veinlet or 
as aggregates of fine-grained masses coated the all parts of the trench. 
The rock is dissected by jointing striking NW-SE and E-W directions. 
The spectrometry’s measurements (Tc, K%, eU, eTh) along the trench 
are contoured (Figure 12). The high eTh-content is associated with Fe 
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Figure 12: Representative view showing (a) the geological map as well as, (b) Total count (Tc),( c) K (%), (d) eU (ppm) and (e) eTh (ppm) concentration maps for 
trench No. 16 (high thorium), Um Ara - Um Shilman area, SED, Egypt modified after.
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Figure 13: The relation between Tc (µr) vs. (a) K%, (b) eU and (c) eTh, K% vs. (d) eU and (e) eTh, (f) eU vs. eU/eTh, (g) eTh vs. eU/eTh, (h) eTh vs. eU and (i) 
eU vs. eU-eTh/3.5, along trenches high thorium (Nos.8, 9, 10, 12, 13 and 16) at Um Ara - Um Shilman area, SED, Egypt.

and Mn-dendrites.

The correlation between Tc with (K%, eTh, eU) within the all 
trenches of high thorium had a strong positive relation (Figure 13). 
Also, the correlation between K%, with eU and eTh within the all 

trenches had a positive relation. While, the relation between eU and 
eTh with eU/eTh had a moderate positive relation. The correlation 
between eU and eTh, illustrated that all samples lie around (eU/eTh 
ratio) 0.5. The correlation between mobility (eU-eTh/3.5) and eU 
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within the all trenches reflected uranium mobilization.

The three auxiliary variables, namely: the two element ratios 
(eU/K%, eU/eTh and eTh/K%) were computed and mapped using 
the natural neighbour interpolation method (Figure 14), in order to 
represent the spatial distribution of the variables. So as to establish 
the degree of uranium mobilization, and consequently to know the 
areas affected by this remobilization, it is favourable to studying 
the uranium and thorium concentrations and their ratios [34-36]. 
According to Fouad, Rabie and Khalil [35], the uranium is not 
redistributed in two cases; when there are not sufficient solutions 
that needed for uranium remobilization, or the essential uranium 
amount is located in particular resistant stable lithologic units, 
where it is obviously indicated by the negative increase of eU/eTh 
ratio with the increase of eU. In the case of the present study area, 
there is an observable increase in ratio eU/eTh with the increase in 
eU values (Figure 15) which reflected uranium redistribution and re-
concentration. The inverse proportionality between eU/eTh and eTh 
indicated the possibility of forming uranium ores, particularly if the 
rocks are characterized by high eU/eTh (Figures 14 and 15).

Efimov [37] proposed F-alteration indicator (Figure 14) for giving 
information about rock alteration by the following relationship:

The F-alteration indicator is significant for including two specific 
features about rock environment; the first is the potassium abundance 
to the ratio of eTh/eU, the second is the uranium abundance to the 
ratio of eTh/K. The F-parameter map is useful to locate a zone of 
strong K alteration associated with the uranium mineralization.Two 
various composite colour image maps “ternary radioelement map” 
were also produced for the following variable combinations (Figure 16).

eU, K% and eTh as RGB respectively three radioelements 
composite colour image map.

eU, eU/K% and eU/eTh as RGB respectively three radioelements 
composite colour image map.

The “ternary radioelement map” is a type of image mapped to 
the ground using a combination of the three-radioelement false 
colour images. This image is a transform of three radioelement 
concentrations plotted on a triangle, where each apex represents the 
maximum concentration of each radioelement, with concentrations 
decreasing to the minimum along a scale perpendicular to the 
apex. The maximum value for each radioelement, eU, K and eTh, is 
assigned a colour – red, green and blue, respectively, as standardized 
for the display of gamma ray spectrometry data [11,38,39]. Because of 
the association of potassium with particular minerals and therefore 
rock types, the overlay of ternary radio element data on a false colour 

Figure 14: Interpolated maps showing the spatial distribution of the radioelement’s ratios,Um Ara - Um Shilman area, (SED) of Egypt.
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Figure 15: Binary radioelements relationships,Um Ara - Um Shilman area, (SED) of Egypt.

Figure 16: Ternary composite radioelement images, namely: eU, K and eTh in RGB (left); eU, eU/K and eU/eTh in RGB respectively (right),Um Ara - Um Shilman 
area, (SED) of Egypt.

image map enhanced the potential for lithologic discrimination based 
on colour differences. 

Figure 17 showed the uranium leaching according to the relation 
between the uranium and thorium abundances in the rock. When 
eU-eTh/3.5 increases that means uranium re-concentration, while if 
there are passive increase values means uranium leaching out from 

the rock. As shown in the figure the uranium leached in the western 
area where there is an altered alkali feldspar granite

Conclusions
The study area lies in the extreme south Eastern Desert of Egypt 

and geologically comprises metavolcanics and Dokhan volcanism that 
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Figure 17: Uranium leaching analysis for the measured trenches of north Um Ara - Um Shilman area, SED, Egypt.
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were intruded by the younger granites. These granites are classified 
into monzogranite and alkali-feldspar granite. The monzogranite is 
coarse-grained with an oval-shaped pluton trending N–S to NW–SE. 
The alkali-feldspar granite is emplaced at the northern contact of the 
Um-Ara – Um Shilman monzogranite rock. It is fine to medium-
grained, reddish-pink to red in colour and sends apophyses and off 
shoots into the northern Dokhan volcanic of G. Um Dubr. It affected 
by hydrothermal activities, which manifested by thematicization, 
silicification with partial kaolinization together with the frequent 
presence of manganese oxides, green and violet fluorite and uranium 
mineralization (uranophane and soddyite).  

The study conducted an investigation using Landsat 8 OLI 
level 1T radiance at sensor data and remote sensing techniques 
to map the lithologic units and the alteration zones in Um Ara 
– Um Shilman at South-eastern Desert of Egypt. Analysis and 
interpretation of Landsat 8 OLI were using false colour images of 
band combination, decorrelation stretching, band ratios and PCA, in 
order to differentiate lithologic units and altered rocks associated with 
uranium occurrences. The composite image, decorrelation stretching 
enhancement transform and PCA techniques showed clearly the 
boundaries of the lithologic units in the area and represented the 
ability to differentiate between the target fertile alkali-feldspar 
granite and the less important monzogranite rock unit, regarding its 
enrichment of the uranium mineralization. Band ratios technique 
showed the distribution of the alteration zones in a large-scale area 
of investigation. 

A detailed radioelement measurement has been acquired from 
a local area located at the northern part of Um Ara granitic pluton, 
where it faulted against the younger Dokhan volcanic rock unite to the 
north. The uranium mineralization founded associated with the fine 
to medium grained alkali-feldspar altered granite. Sixteen trenches 
have been dug with radioelements measurements. The radioelements 
ratios and colour composite pseudo images methods used in a 
GIS environment with the suitable interpolation method applied, 
represented a powerful tool for extracting useful information on the 
uranium occurrences and remobilization in the area. The outcome 
results showed that the uranium re-concentrated in the area related to 
the alkali-feldspar granitic type rock, which allowed an accumulation 
for uranium ores in these particular locations. From the eU-eTh/3.5 
ratio, uranium leached in the western area where there is an altered 
alkali-feldspar granite.
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