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ABSTRACT 
 

Wadi Dahab area is a part of the Arabian Nubian Massif in the southern Sinai, occupying a 
considerable portion between the Gulf of Suez and the Gulf of Aqaba. It covered mainly by volcanics 
and younger granites (granodiorites, monzogranites and syenogranites) rocks. The present study aims 
to create the geological map of Wadi Dahab by applying different image processing techniques for 
Landsat OLI, ASTER and GDEM satellite data to discriminate between the differently exposed 
lithological units. Rock samples were collected for petrographic and radioactive examinations. 
Geospatial distribution maps of uranium and thorium are created by using GIS techniques and 
subdivided the study area into three primary zones relative to the distribution of the radioactive 
elements. The highly promising mineralized zones are checked to verify their mineralogical content to 
assist in the development of uranium exploration in this area. Allanite, ilmenite, rutile, xenotime and 
thorite solid solution and pyrite minerals were identified. 
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Introduction 
 

The study area is located between latitudes 28o 29′ 44′′ - 28o 55′ 33′′ N and longitudes 34o 24′ 
51′′- 34o 39′ 00′′ E and covers an area of about 987 km2. It lies at the southeastern part of Sinai Peninsula 
along the western bank of the Gulf of Aqaba between Dahab and Nuweiba cities (Fig. 1).  It forms a 
part of the Arabo-Nubian Massif in the southern part of Sinai Peninsula. Many landmarks exist in the 
area under consideration, the most important are Gabal Um Zerig (825m a.s.l), Gabal Samghi (885m 
a.s.l), Gabal Ahmar (812 m a.s.l), Gabal Rissasa (825 m a.s.l) and Gabal Kharaza El Gharbi (996 m 
a.s.l) (Fig. 2A), where they  represent the highest topographic features. The study area is also traversed 
by several wadies and their tributaries such as: Wadi Dahab and its tributaries (Wadi El Ghaieb, Wadi 
Abu Ghardan, Wadi Mandera and Wadi Samghi), Wadi Um Zerig and Wadi Rissasa (Fig. 2B). The 
Sinai basement granitoid rocks represent about 70 % of the total exposed area of the Sinai massif 
(Bentor 1985). The younger granitic rocks represent about 75% of the exposed rocks in the present 
study area. The geology and the mineralization of the present area and surrounding are previously 
discussed by many authors; (El Mowafy 1994 & 1998; El Galy 1998; Gaber 2002; El Akeed 2003; 
Abdel Hafeez 2011; Hasan et al. 2013). The granites are the sole possible source for all uranium 
deposits. So, the study of granites is very important to identify the type favorable for forming uranium 
deposits. Lithological mapping and mineral exploration are one of the most important targets of remote 
sensing and digital image processing techniques (Arnous 2000, El-Ghawaby et al., 2001 and Omer 
2016). Various image processing techniques have been applied for Landsat OLI and ASTER imageries 
to discriminate between the differently exposed lithologies.  
The present study aims to discriminate and map the lithological units based on the digital image 
processing, petrographic and radioactive examinations that may assist in developing the uranium 
exploration by using ASTER and OLI Landsat satellite images.  
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Fig.1: Location map of the Wadi Dahab area. 

Materials and Methods 
 
         Various geospatial data encompassing ASTER, OLI Landsat 8 satellite data, Global Digital 
Elevation Model (GDEM) data, and other ancillary geological data such as geological and 
geomorphological maps are used in this study. The advanced space-borne thermal emission and 
reflection radiometer (ASTER) was launched onboard NASA’s Terra spacecraft in December 1999. It 
covers a wide spectral region with 14 bands from the visible to the thermal infrared with high spatial, 
spectral and radiometric resolution. An additional backward-looking near infrared band provides stereo 
coverage. The spatial resolution varies with wavelength: 15 m in the visible and near-infrared (VNIR), 
30 m in the shortwave infrared (SWIR), and 90 m in thermal infrared (TIR). The minimum revisits time 
interval over any given site is 16 days. Each ASTER scene covers an area of about 60 x 60 km. ASTER 
data AST_L1B 00310092002083625, dated December 2004 is covering the study area. ASTER L1B 
product is a registered radiance at sensor data. So, several pre-processing techniques were applied on 
subset data covering the study area to be suitable for further image processing techniques. These pre-
processing techniques include cross-talk correction of ASTER-SWIR bands, layer stacking of VNIR-
SWIR bands and FLAASH. The OLI Landsat 8 images, dated June 2013 for Path 174 and Row 40 is 
covering the study area. The available OLI-Landsat full scene number is: - SCENE ID 
LC81740402013121LGN01. The Operational Land Imager (OLI) data was selected because it has a 
number of bands greater than the Enhancement Thematic Mapper (ETM) (11 bands), also its relatively 
small ground resolution (30*30 m). These tools were used in the current study to discriminate and map 
the lithological units by applying the minimum noise fraction (MNF) and principal component analysis 
(PCA) and to eliminate the probable sites of mineralization by using ERDAS Imagine 9.2, ENVI 5 and 
ArcGIS 10.3 software. GDEM was processed in ArcGIS to construct various terrain analysis maps. The 
field check is very important step to verify the delineated lithological units and the more promising 
radioactive zones.  
 
Results and Discussion 
 
Lithologic mapping by ASTER image processing techniques 
 
          Various processing techniques have been applied for ASTER imagery of the study area to 
discriminate the different exposed lithologies (mapping) using spectrometric mapping methods, such 
as band ratio and minimum noise fraction (MNF) for VNIR and SWIR bands. Every technique could 

SINAI 
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differentiate between certain lithological units. The 5/7- 4/5- 3/1 band ratio combination (histogram 
equalization stretching) (Fig. 3A) in Red-Green-Blue (RGB), respectively has been employed because 
it provides effective differentiation on geologic mapping of the area. It can distinguish the Phanerozoic 
and Basement rocks as general. The first unit appears in cyan color, the second appears in reddish color 
and water body appear in black color. The 4/7- 4/1- 2/3*4/3 band ratio combination (histogram 
equalization stretching) (Fig. 3B) in Red-Green-Blue (RGB), respectively has been employed because 
it provides effective differentiation on geologic mapping of the area. It can distinguish Phanerozoic 
rocks with yellowish and pale green color, syenogranites with bluish green color, monzogranites with 
blue color, volcanic rocks with reddish color and water body with black color. The minimum noise 
fraction (MNF) transformation was accomplished to SWIR and VNIR bands of ASTER for detecting 
lithological units. The eigenvalue of each MNF transformed band offers a measure of its information 
content. The current study used the MNF transformed bands whose percentages of eigenvalues greater 
than one avoiding noisiness (Jensen 2005) then a RGB color composite was assigned to high-value 
MNF eigenvalues. The statistic results of MNF transformed bands for VNIR and SWIR bands (Table 
1) revealing that MNF eigenvalues of bands 4, 5, 6, 7, 8 and 9 whose eigenvalues percentages close to 
one are not suitable for RGB color composite. So, the first three MNFs 1, 2 and 3 were used for giving 
RGB color composite as MNFs 3,2 and 1 respectively (Fig. 4). It can distinguish the Phanerozoic rocks 
with cyan color, syenogranites with a reddish color, monzogranites with reddish orange color, 
granodiorites with violet color, volcanic rocks with yellowish green color and water body with grey 
color. 
 
Table 1: Eigen values percentages of ASTER VNIR-SWIR MNF bands 

MNF Eigenvalue Percent 

1 222.5846 78.779% 

2 16.6667 5.898% 

3 15.9941 5.660% 

4 9.1117 3.224% 

5 8.2655 2.925% 

6 4.1750 1.477% 

7 2.2595 0.799% 

8 1.9209 0.679% 

9 1.5620 0.552% 
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Fig. 4: FCC image of the first three MNFs (3, 2and 1 in RGB) of the study area using 9 ASTER VNIR-SWIR 
bands. 

Lithological mapping by OLI image processing techniques   
          The principal component analysis (PCA) was applied on the LANDSAT 8 
data 7 bands (VNIR and SWIR bands) of the selected area. The PCA of these data for the studied area 
produces a set of principal component bands ordered in terms of decreasing the information content. 
The Eigenvalues and variances % of the PCA result were calculated and shown in Table 2. The 
calculated eigenvalues show that PC1 include the largest variance percentage (96.87%) of the all 
information content of this area whereas PC2 and PC3 mark 2.64% and 0.28% respectively. The optimal 
false color composites (FCC) image of principal component bands PC2, PC3 and PC1 displayed in Red-
Green-Blue (RGB) respectively (Fig. 5), were processed for the studied area for the visual interpretation 
of different rock units. This false-color composite PC-image succeeded in spectral characterization and 
distinguishing the different types of rocks in this area. The Phanerozoic rocks distinguished by cyan 
and yellow colors, syenogranites distinguished with reddish color, monzogranites distinguished with 
bluish green color, granodiorites with yellowish red color, volcanic rocks with pale green and yellowish 
colors and the water body with green color. 
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  Table 2: Eigenvector values of principal component analysis (PCA) of the seven LANDSAT 8 VNIR-SWIR 
bands. 

Band 
Pc B1 B2 B3 B4 B5 B6 B7 

Eigen 
value % 

PC 1 
0.345 0.355 0.368 0.382 0.386 0.404 0.402 

96.87 

PC 2 
0.663 0.449 0.100 -0.096 -0.193 -0.394 -0.384 

2.64 

PC 3 
0.416 -0.051 -0.451 -0.437 -0.271 0.557 0.216 

0.28 

PC 4 
0.028 -0.142 0.029 0.101 0.273 0.510 -0.796 

0.12 

PC 5 
0.328 -0.288 -0.573 0.208 0.577 -0.317 0.063 

0.07 

PC 6 
-0.320 0.568 -0.159 -0.548 0.499 -0.015 -0.026 

0.02 

PC 7 
-0.240 0.494 -0.545 0.549 -0.289 0.104 -0.079 

0.01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: FCC image of PC2, PC3, PC1 in RGB of the study area using 7 LANDSAT8 VNIR-SWIR bands. 
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Verification of lithologic map  
 
            Based on the field geologic investigations, the rock types have been classified into three main 
rock units covering the study area (Fig. 6). These rock units are arranged from the oldest as following: 
a) Volcanic rocks of Dokhan type, b) Gabbroid rocks of younger type and c) Granitoid rocks of younger 
type. All the previously mentioned rock types are mostly invaded by dykes. According to the main 
target of this paper the younger granitoids rocks will be examined and discussed in detail in the 
following paragraphs: - 
 
Geological setting and petrography 
 
1. Granodiorites 
 
        Granodiorites cover about 130 Km2 of the study area. They are mainly exposed in the central and 
mid-eastern parts of the mapped area having NE trend along Wadi Gharda, the western side of Wadi 
Rissasa and along the Gulf of Aqaba at Gabal Farsh (Fig. 6). The granodiorites rocks are coarse-
textured, grey in color, highly jointed, weathered, exfoliated (Fig. 7) and usually contain mafic 
xenoliths. They form gradational contacts with the adjacent monzogranites.  
         Microscopically, the rocks are composed of plagioclase, quartz, K-feldspar as essential felsic 
minerals. Biotite is the essential mafic minerals. Sphene, apatite and zircon are accessory minerals. 
Plagioclase forms euhedral to subhedral crystals and varies in composition from oligoclase to andesine 
(An20-41) , Sometimes the crystals show normal zoning (Fig. 8A). Quartz occurs as subhedral to anhedral 
crystals and filling the interstitial spaces between other minerals. There is a graphic texture formed at 
the contact between quartz and k-feldspar (Fig. 8B). K-feldspar form subhedral to anhedral elongate or 
stuppy crystals. They are represented by orthoclase and sometimes exhibit Carlsbad twining (Fig. 8C). 
Biotite occurs as euhedral to subhedral crystals and sometimes foliated flakes are observed (Fig. 8D). 
Zircon forms euhedral to subhedral crystals associated with biotite, apatite and sometimes exists as an 
individual crystals (Fig. 8E). Sometimes, it is partially metamectized and fractured due to decaying of 
radioactive elements (Fig. 8F). 
 
2.  Monzogranites 
 

The monzogranites are medium to coarse-textured, highly weathered, jointed and fractured. They 
form large exposures covering about 435 Km2 (Fig. 6) from the study area and exposed in the northern, 
central and southern parts of the mapped area. They outcrop mainly in the southern parts of Wadi Abu 
Khasheib, and Wadi Dahab and in the central parts along Wadi El Gharda, Wadi Rissasa, Wadi El 
Ghaieb and Wadi Abu Ghardan. The northern parts are exposed along Wadi Um Zerig, Wadi Mandera 
and Wadi Samghei. They have sharp contacts with gabbroid rocks of Wadi El-Hibeigiya and gradational 
contacts with syenogranites (Fig. 9).  

Microscopically, they are essentially composed of K-feldspar, quartz, plagioclase and biotite. 
Zircon, allanite, apatite, sphene and opaques are accessories. K-feldspar occurring as subhedral to 
euhedral crystals and is represented by orthoclase, orthoclase microperthite, and subordinate microcline 
(Fig. 10A). Quartz forms subhedral to anhedral crystals and secondary grains also occur as space-filling 
between the feldspar crystals. It exhibits undulose extinction and sometimes occurs as skeletal crystals 
are included in both of microperthite and in mega crystals of plagioclase (Fig. 10B). Plagioclase occurs 
as euhedral to subhedral elongated crystals and has albite to oligoclase composition (An6-14). It shows 
albite and Carlsbad twinning and exhibit normal zoning (Fig. 10C). Biotite occurs as subhedral elongate 
to flakey crystals. It shows slight alteration to chlorite and sometimes corroded by plagioclase crystals 
(Fig. 10D). Zircon occurs as euhedral to subhedral prismatic crystals. Sometimes, it is partially 
metamectized and fractured due to decaying of radioactive elements. It generally associated with 
opaques (Fig. 10E) biotite (Fig. 10F), plagioclase, chlorite (Fig. 10G) and quartz (Fig. 10H). 
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Fig. 6: Geological map of Wadi Dahab area, Southeastern Sinai, Egypt. 
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Fig. 7: The granodiorite shows jointed, weathered and exfoliated surface, Wadi Rissasa. Looking SW 

3.  Syenogranites 
 
           The syenogranites cover about 190 km2 of the study area and exposed in two main localities 
within the limits of the mapped area. The first locality in the southern part crops out on both sides of 
Wadi El-Ghaieb at Gabal Hamra and Gabal Gharaza El-Gharpy and along Wadi Nasb. They are pink 
in color, medium to coarse – grained, highly jointed, fractured and  exhibit high relief (996 m. a.s.l.). 
The rocks have sharp contact with volcanic rocks at Wadi Dahab and gradational contacts with 
monzogranites in both southern and northern parts. The second locality represents the pluton of Gabal 
Samghi and Gabal Um Zerig in the northeastern part of the area. They are hard, massive and pinkish in 
color. Syenogranites are also represented in the northwestern part of the study area along sides of Wadi 
Um Silli, Wadi Mandera and Wadi Samghi. At Wadi Um Silli, the syenogranites are pinkish in color, 
highly fractured, jointed, weathered and dissected by different types of dykes (Fig. 11). Their contacts 
with the surrounding granitoids are graditional whereas they have nonconformable contact with 
Phanerozoic rocks at Wadi Mandera (Fig. 12).  

Microscopically, they are composed essentially of K-feldspar, quartz, plagioclase and biotite. 
Hornblende, zircon, allanite, apatite, sphene and opaques are accessories. K-feldspar occurs as 
subhedral to anhedral crystals and is represented by orthoclase microperthite and microcline 
microperthite . There are two types of perthite are present e.g., feather (Fig. 13A) and flame type perthite 
(Fig. 13B). Quartz occurs as subhedral to anhedral interstitial grains between feldspar crystals. It 
exhibits undulose extinction and sometimes crystals of quartz are included in microperthite. It 
sometimes contains pleochroic haloes around radioactive minerals (Fig. 13C) and will analysis with 
ESEM attached with EDX unite. Plagioclase occurs as euhedral to subhedral elongated crystals. It has 
albite to oligoclase composition (An9-15) and exhibit albite and combined albite and pericline twinning. 
Sometimes, plagioclase crystals exhibit normal zoning (Fig. 13D). Biotite occurs as euhedral to 
subhedral elongate to stubby flaky crystals (Fig. 13E). Zircon occurs as euhedral to subhedral prismatic 
crystals. Sometimes, it is partially metamectized and fractured due to decaying of radioactive elements 
(Fig. 13F). It generally associated with chlorite (Fig. 13G) and hornblende (Fig. 13H). 
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Fig. 8: Photomicrograph of granodiorites showing :(A) Zoned crystal of plagioclase, X=10., (B) graphic texture, 
X= 20., (C) Carlsbad twining in small orthoclase crystal, X= 40., (D) foliated and elongated biotite, 
chlorite and plagioclase, X=10., (E) small zircon crystal, X=40 and (F) metamectized zircon, X=80. 

 
Fig. 9: Graditional contact between monzogranites (MG) and syenogranites (SG). 
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Fig. 10: Photomicrograph of monzogranites showing: (A) microcline crystal associated with plagioclase, X= 20., 
(B) skeletal quartz included in mega crystal of plagioclase, X= 10., (C) zoned crystal of plagioclase, X=10., (D) 
biotite crystal corroded by plagioclase, X= 10., (E) metamectized zircon crystal with opaques, X= 20., (F) zircon 
crystals in biotite, X=10., (G) euhedral zircon crystal with chlorite and plagioclase, X=20, and (H) small crystals 
of zircon included within quartz,X=40. 
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Fig. 11: The syenogranites are highly fractured, jointed and weathered, they have pinkish  color and dissected by 
dykes, Wadi Um Silli. Looking NW 

 

Fig. 12:  The phanerozoic (Ph) rocks Nonconformably overlying the syenogranites (SG), Wadi Mandera. Looking 
W 

Radioactive investigation 
 
          The younger granites are generally considered to be the source of most uranium deposits, either 
directly when these deposits are formed from the aqueous fluids accumulated during the late stage of 
magma crystallization of the magma or indirectly, when the primary uranium contents are redistributed 
by hydrothermal or meteoric solutions at the later time. About 140 samples of the studied rock units 
covering the whole study area were measured radiometrically using the multichannel analyzer of 
Gamma-Ray spectrometry (after El Galy 1998). The samples include;19 samples of Dokhan volcanics, 
21 samples of younger gabbros, 38 samples of granodiorites, 37 samples of monzogranites and 25 
samples of syenogranites. The spatial radiometric distribution map of eU (Fig. 14) and eTh (Fig. 15) 
are created by using GIS technique based on the obtained radiometrically data and geo-spatial data from 
Aster image that covering the study area. 
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Fig. 13: Photomicrograph of syenogranites showing: (A) feather perthite surrounded by quartz rim, X=10., (B) 
flame perthite surrounded by fine crystals of quartz, X=10., (C) radioactive mineral with pleochroic haoles in 
quartz, X=20., (D) zoned crystal of plagioclase, X=10., (E) biotite flakes, X=10., (F) metamict zircon crystals, 
X=40., (G) zircon crystal within chlorite crystal, X= 20, and (H) zircon crystal within hornblende, X=20. 
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Fig. 14: Equivalent Uranium distribution map of the study area. 

 

e U ppm 
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Fig. 15: Equivalent Thorium distribution map of the study area. 

Figure (14) shows that there are three anomalies of uranium correlated with syenogranites; these 
anomalies have  equivalent uranium content greater than 14 ppm which appear with red color. The first 
anomaly is the largely extended zone around Wadi Mandera locality, while the second and the third 
anomalies are exposed around Wadi Nasb. On the other hand, there are also three anomalies of thorium 
in the granitoid rocks in the study area (Fig. 15). These anomalies have equivelent thorium content 
greater than 30 ppm which appears with red color. The first anomaly shows a relatively high content in 

eTh ppm 
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syenogranites exposed around Wadi Um Zerig and Wadi Samghi to the north of the study area. The 
second anomaly spreaded out in syenogranites and monzogranites and exposed around Wadi Dahab 
and Wadi Nasb in the central part of the study area. The third anomaly is relatively limited and located 
in the southern part of the study area at Wadi Abu Khasheib and hosted by volcanics and monzogranites. 
The remobilization of uranium that has occurred with the magmatic plutons is recorded by the ratio 
U/Th. This ratio increases with increasing U but not with Th increase. U is the most susceptible to 
transportation and goes away from Th under the effect of hydrothermal condition, alteration process, 
fluids circulation and weathering process. (Wenner and Spaulding 1982) found that no Th migration 
has occurred as a result of weathering process whereas U highly variable with addition or loss. So that 
U is ready to transport and precipitate away from Th or increased in content in situ without 
transportation with U/Th increase. In the study area there are zones with high U content and low or no 
Th content and the reverse. On the other hand, there are zones having the ratio (U/Th = 1/3) which 
present the normal magmatic condition of U and Th behaviors. 
 
Verification of Radioactivity 
 
       The anomalous zones exhibited in figures (14 & 15) were checked through randomly arranged 
profiles (random grid) using RS – 230 BGO Super Spec portable radiation detector, handheld unit 
spectrometer survey meter with high accuracy of about 5% probable measuring errors. The ground γ-
ray spectrometric survey can detect dose rate (D.R.) in the units (nano sieverts per hour (nSv h-1), 
potassium (K%), equivalent uranium content (eUppm), and equivalent thorium content (eTh ppm). 
Samples were collected from the highly radiometric spots of nearly about one-kilogram weight. The 
collected samples are crushed and pulverized and subjected to two stages of heavy liquid separations 
using bromoform, (specific gravity = 2.82gm/cm3) and methylene iodide, (specific 
gravity=3.325gm/cm3). The heavy minerals were picked under a binocular microscope and identified 
by Environmental Scanning Electron Microscope (ESEM) techniques due to the little amount of heavy 
minerals grains. All these tests carried out in the Central Laboratories of Nuclear Materials Authority, 
Cairo, Egypt. The identified minerals are allanite, ilmenit, rutile, xenotime and thorite solid solution 
and pyrite. (Pagel 1982) stated that uranium in U-rich granites occurs mainly in accessory minerals such 
as zircon and a maximum of 20% U is associated with major rock forming minerals. (Jiashu and Zehong 
1982) stated that uranium existing in granites can be genetically divided into two groups: primary 
uranium such as uranium minerals and accessory minerals and regenerated uranium such as absorbed 
uranium on altered minerals chlorite and iron oxides. The description as well as ESEM analyses of these 
minerals will be given in the following paragraphs: 
 
Allanite: [(Ca, Ce, La, Y)2(Al, Fe, Ti) Al2O(SiO4) (Si2O7) (OH)] 
 
          Allanite is one of epidote-group which can incorporate significant amounts of LREE. Adams 
(1969) concluded that allunite is one of the minerals which can indicate the available REE assemblage 
at the time of crystallization. It is less stable relative to epidote and easily altered to a mixture of alumina 
and silica. It was identified by ESEM technique (Fig. 16) in the studied samples of syenogranites. 
Allanite is commonly black but it has brown to brownish violet color if it is translucent and may 
surround by iron oxides. The EDX analyses give Ce (20.77 wt%), La (11.71 wt%), Fe (11.11 wt%), Nd 
(5.94 wt%), Ca (5.07 wt%) and Si (29.13 wt%). 
 
Ilmenite: (Fe Ti O3)  
 
   It occurs as grey to black tabular grains with metallic luster. These Ilmenite mineral grains are detected 
from syenogranite samples. The EDX analyses give Fe (25.96 wt%), Ti (46.81 wt%) and Mn (7.71 
wt%) (Fig. 17).  
 
Rutile: (TiO2) 
 
        Rutile grains have adamantine to the submetallic luster. They have red to reddish-brown colour 
and sometimes attain vitreous to greasyluster with subtranslucent, nature Rutile mineral grains can be 
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detected from syenogranite samples and the EDX analyses indicate that the main composition is mainly 
Ti (79.05 wt%) with minor Fe (8.76 wt%) and Si (10.05 wt%) (Fig. 18). 
 
Thorite- xenotime solid solution:  
 
This compound is detected form syenogranite samples. Thorite (ThSiO4) is the most common thorium 
mineral; it is an accessory mineral in granites and considered as the most common thorium mineral. It 
is usually metamict and contains REE in few percents; sometimes it contains uranium and yttrium. 
Xenotime (YPO4) is an orthro-phosphate REE-bearing mineral and considered as one of the main 
sources of REEs. It considered as an iso-structural mineral with zircon. Xenotime is known to form at 
least a partial solid-solution series with chernovite Y (As O4) (Graeser et al., 1973). Khomyakov (1970) 
has considered the potential of coexisting monazite and xenotime as a geothermometer. El-Kammar et 
al. (1997a) considered xenotime is a good host for the rare earth elements, where it concentrated the 
heavy rare earth. 
The EDX analyses of this compound (Fig. 19) shows that the main compositions are Th (36.67 wt%), 
Si (29.03 wt%), Y (9.69 wt%), U (8.67 wt%), P (5.91 wt%), and Fe (4.10 wt%) with traces of Yb (2.19 
%) and V (1.17 %).  
   
Pyrite:(FeS2)  
 
          Pyrite is considered as reduction environment mineral and associated with U tetravalent minerals. 
Pyrite is a brass-yellow colored mineral with a bright metallic luster and found as euhedral crystals of 
cubic habit. It forms at high and low temperatures and occurs, usually in small quantities, 
in igneous, metamorphic, and sedimentary rocks. It is a superficial resemblance to gold and can 
distinguish from native gold by its hardness, brittleness and crystal form. Pyrite used to be an important 
ore for the production of sulfur and sulfuric acid. In some deposits small amounts of gold occur as 
inclusions and substitutions within pyrite. The EDX analyses of pyrite give Fe (54.2 wt%), S (19.27 
wt%), Si (16.29 wt%) with traces of Al and K (Fig. 20). 

 

Fig. 16: ESEM image and spectrograph of allanite mineral 
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Fig. 17: ESEM image and spectrograph of Ilmenite mineral 

 

Fig. 18: ESEM image and spectrograph of rutile mineral 

 

Fig. 19: ESEM image and spectrograph of solid solution between thorite and xenotime 
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Fig. 20: ESEM image and spectrograph of pyrite mineral. 

 

Conclusions 
 

Image processing techniques have been applied for ASTER imagery of the area to discriminate 
the differently exposed lithologies (mapping) using spectrometric processing, such as band ratio and 
minimum noise fraction (MNF) for VNIR and SWIR bands. The 5/7- 4/5- 3/1 band ratio combination 
(histogram equalization stretching) in Red-Green-Blue (RGB), respectively successively distinguish the 
Phanerozoic and Basement rocks. The 4/7- 4/1- 2/3*4/3 band ratio combination (histogram equalization 
stretching) in Red-Green-Blue (RGB), respectively successively distinguish the Phanerozoic rocks with 
yellowish and pale green color, the syenogranites with bluish green color, the monzogranites with blue 
color, the volcanic rocks with reddish color and the water body with black color.  

The statistic results of MNF transformed bands for VNIR and SWIR bands revealing that MNF 
eigenvalues of bands 1, 2 and 3 could be used for giving RGB color composite. It can distinguish the 
Phanerozoic rocks with cyan color, syenogranites with reddish color, monzogranites with reddish 
orange color, granodiorites with violet color, volcanic rocks with yellowish green color and water body 
with grey color. 

 The principal component analysis (PCA) was applied on the LANDSAT 8 data 7 bands (VNIR 
and SWIR bands) of the selected areas. The optimal false color composites (FCC) image of principal 
component bands PC2, PC3 and PC1 displayed in Red-Green-Blue (RGB) respectively, were processed 
for the studied area for the visual interpretation of different rock units. This false-color composite PC-
image succeeded in spectral characterization and distinguishing the different types of rocks in this area. 
The Phanerozoic rocks cyan and yellow color, syenogranites with a reddish color, monzogranites with 
bluish green color, granodiorites with yellowish red color, volcanic rocks with pale green and yellowish 
color and the water body with green color. 

Based on the field examination, the produced lithologic map has been verified and the rock types 
have been classified into three main rock units arranged from the oldest a) Volcanic rocks of Dokhan 
type, b) Gabbroid rocks of younger type and c) Granitoid rocks of younger type and all the previously 
rock types are mostly dissected by dykes.  

The spatial radiometric distribution map of eU revealed three anomalies of uranium-related to 
syenogranites; these anomalies have uranium content greater than 14 ppm and also revealed three 
anomalies of thorium greater than 30 ppm related to volcanics, monzogranites and syenogranites. 
 The anomalous zones were checked through randomly arranged radiometric profiles (random grid) 
using portable scintillation counter RS – 230. Samples from the highly radiometric spots are collected 
and subjected to heavy liquid separations. The heavy minerals were picked under a binocular 
microscope and identified by Environmental Scanning Electron Microscope (ESEM) techniques. The 
identified minerals are allanite, ilmenit, rutile, xenotime and thorite solid solution and pyrite.  
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