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 رسم نطاقات التغیر الحرمائى لجرانیت جبل دارة بإستخدام 
 بیانات الأستر والمسح الجوى لأشعة جاما الطیفیة

 أهــمالهــدف الرئیســى مــن هــذا البحــث هــو تحدیــد التمعــدنات الناتجــة عــن عملیــات التغیــر الحرمــائى فــى منطقــة جبــل دارة والتــى تعتبــر مــن  كــان :الخلاصـــة

( بیانـات الأسـتر)  . تم معالجة وتحلیل بیانات المسـح بأشـعة جامـا الطیفیـة والاستشـعار عـن بعـدالإشعاعیةة فى مصر من الناحیة المناطق فى الصحراء الشرقی
 هلاحتوائـوذلـك  اً هامـ اً وذلك لرسم نطاقات التمعدن فى منطقة الدراسة. أظهرت نتائج المسح بأشعة جامـا الطیفیـة أن الجرانیـت الحـدیث فـى جبـل دارة یعتبـر هـدف

) لرســم نطــاق التمعــدنات المرتبطــة بــالتغیر الحرمــائى مثــل تجمعــات المعــادن L1Bصــور الأســتر ( اســتخدامعلــى تركیــزات عالیــة مــن المعــادن المشــعة كمــا تــم 
مجــال  فــى Feature-oriented Principal Component Selection (FPCS)رجیللــى والبروبیلــى. تــم اســتخدام طریقــة المرتبطـة بــالتغیر الفیللــى والأ

مــع منــاطق  اً جیــد اً المــنعكس لرســم التمعــدنات المصــاحبة لعملیــات التغیــر الحرمــائى فــى منطقــة الدراســة. أظهــرت خــرائط نطاقــات التغیــر الحرمــائى توافقــ الطیــف
ات تتبـــع للمعـــادن المشـــعة الخـــرائط كـــدلیل لعملیـــ هالمعـــادن المستكشـــفة ممـــا یزیـــد مـــن احتمالیـــة تواجـــدها فـــى المنـــاطق الغیـــر مستكشـــفة كمـــا یمكـــن اســـتخدام هـــذ

 والاستكشاف المعدنى فى منطقة الدراسة مستقبلا.

ABSTRACT: The main purpose of this study is to detect the alteration minerals at Gabal Dara area, which is 
considered one of the most important area sat the eastern desert in Egypt for radioactive exploration. Gamma ray 
spectrometry and remote sensing ASTER data were processed and analyzed for mapping the mineralization zones in the 
area. In Gabal Dara area, younger granite was considered as a mapping target due to the high concentration of 
radioactive materials as indicated from gamma ray spectrometry data. Advanced Space borne Thermal Emission and 
Reflection Radiometer(ASTER) L1B imagery was used for mapping the alteration mineral zones such as phyllic, argillic 
and propylitic mineral assemblages. Feature-oriented principal component selection (FPCS) was imposed at ASTER 
VNIR-SWIR spectral bands with the objective of mapping the occurrence of mineral and members related to 
hydrothermal alterations in Gabal Dara. The constructed alteration maps show good coincidence with the explored 
mineral resources and suggest further similar unexplored sites. These maps can be used as a guide for further follow-up 
radioelement and mineral exploration works in the area. 
 
INTRODUCTION 

Large alteration zones, which include Phylic, 
Argilic and Potassic are usually clear indication of the 
presence of hydrothermal alteration. Since Hydroxide 
minerals exist in the areas of Phylic (Sericite and 
Montmorillonite), Argilic (Alunite and Kaolinite), 
Propylitic (Chlorite and Calcite), in addition to oxidized 
minerals especially iron, clay and silicate can also be 
found in these areas (Boyel, 1979, Bonham, 
1989 and Berger and Henley, 1989). These mineral 
assemblages and others minerals are common in the 
granitic massive of Gabal Dara area in the Egyptian 
Eastern Desert which, is considered as one of the most 
important sites for radioactive exploration. Gabal Dara 
area is situated, in the North Eastern Desert of Egypt 
between latitudes 27° 50' N and 28° 05' N and 
longitudes 32° 50' E and 33° 05' E. It is essentially 
composed of younger (pink) granites. Gabal Dara 
possesses an oval shape, which represents an elongated 
belt of about 28 km in length and an average width of 
about 25 km, trending N-S direction and occupies 
approximately 700 km2 (Fig. 1). 

 
Fig. (1): Base and Shaded color topographic maps of 

Gabal Dara area, Eastern Desert, Egypt. 

http://www.sciencedirect.com/science/article/pii/S0273117711006892?np=y%23b0090
http://www.sciencedirect.com/science/article/pii/S0273117711006892?np=y%23b0070
http://www.sciencedirect.com/science/article/pii/S0273117711006892?np=y%23b0070
http://www.sciencedirect.com/science/article/pii/S0273117711006892?np=y%23b0060
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Multispectral remote-sensing has been 
successfully used for lithological and mineralogical 
mapping especially with the development of the remote 
sensing sensors and mathematical algorithms that 
provided detailed information of the mineralogy of the 
different rock types comprising the Earth’s surface 
(Zhang et al., 2007). 

ASTER channels are more continuous in the short 
wave infrared region than those of Landsat (Zhang  
et al., 2007), which increase their accuracy in the 
spectral identification of rocks and minerals (Crosta and 
Filho, 2003). This has made ASTER data superior to 
other sensors for lithological mapping (Zhang and 
Pazner, 2007; Zhang et al., 2007; Gad and Kusky, 2006 
and 2007; Raharimahefa and Kusky, 2009). 

On the other hand, airborne gamma ray 
spectrometry can be used as one of the powerful tools in 
geological mapping, especially in areas of high terrain 
complex. The conventional approach to the acquisition 
and processing of airborne gamma ray spectrometric 
data is to monitor three relatively broad spectral 
windows. These three elements, potassium (K), 
equivalent uranium (eU) and equivalent thorium (eTh) 
windows have energy of 1.46 MeV, 1.76 MeV and 2.62 
MeV, respectively (IAEA, 2003). These three elements 
are used for the measurement of K, U and Th 
concentrations. Additionally the total count window 
(TC) gives a measure of the total radioactivity. 

ASTER satellite data analysis and airborne gamma 
ray spectrometric data are fast and economic methods 
that have been used in geologic mapping and mineral 
exploration (Crowley et al., 1989; Davis and Guilbert, 
1973; Rowan et al., 1996). In the present work, the 
ASTER and airborne gamma ray spectrometric data 
were used and integrated for mapping mineralogical 
patterns and radioactive mineralization zones in the area 
around Gabal Dara, Eastern Desert. Five minerals were 
selected to represent the common alteration types in the 
area. These minerals include chlorite, kaolinite, illite, 
hematite and seircite.   

GEOLOGICALANDMINERALOGICAL 
SETTING OF GABAL DARA AREA  

Gabal Dara area is dominated by presence of both 
igneous and metamorphic rocks of the basement 
complex, with the exception of its northeastern corner, 
which is mainly covered by sedimentary rocks. The 
exposed rocks belong mostly to the Late Precambrian, 
early passing to early Paleozoic, except the Phanerozoic 
Volcanics which belong to Mezosoic age. These rocks 
are traversed by several wadis filled with Quaternary 
alluvial deposits (El Shazly, 1977). 

The basement complex of the Precambrianage is 
represented by Metavolcanics, Metagabbro, Older 
Granitoides, Younger Granites and Phanerozoic cover 
of Nubian Sandstones and wadisediments. 

Figure 2 illustrates the surface geologic map of 
Gabal Dara area.  This map was reconstructed after 
Conoco Coral and Egyptian General Petroleum 

Corporation, EGPC (1987) by refreshing colors and 
clarifying the geologic rock units. 

Abd-Elmoneim et al. (1988) studied the geology 
and radioactivity of G. Dara area. mentioned that G. 
Dara is essentially composed of younger granites. 
Structurally, it is highly tectonized, while the prevailing 
faults and factures are those trending in NNW, NNE and 
ENE directions. The marginal parts of G. Dara are 
characterized by the presence of numerous pegmatite 
bodies in which several radioactive anomalies were 
recorded. The radiometric and metallographic studies 
indicate that the high radioactivity mainly of pegmatite 
bodies is mainly due to the presence of euxenite mineral 
gains. 

 
Fig. (2): Compiled geologic map of Gabal Dara  
area, Eastern Desert, Egypt, (after Conoco &  

EGPC, 1987). 
In Gabal Dara area, the considerable parameters of 

the mineralized zones of veins and veinlets make it 
possible to recommend the ore occurrence for more 
detailed investigations using geophysical and remote 
sensing data. 

METHODS 
1. Airborne Gamma ray Spectrometric data: 
1.1. Data Acquisition and Processing:  

In 1984, cooperation between the Egyptian 
General Petroleum Corporation, the Egyptian 
Geological Survey and Mining Authority and Aero-
Service Division, Western Geophysical Company of 
America was formed. Gabal Dara and its surroundings 
was a part of this survey. The traverse lines took N45°E 
direction, with a spacing of 1.5 km approximately. The 
tie lines were perpendicular to the traverse lines (N135° 
E direction) and spaced about 10 km.  
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Data processing includes two main categories such 
as: sources of error and correction of spectral 
radiometric data. The first one consists of scattering 
effects, background effect, and atmospheric effects. On 
the other side the second one, contain background 
effect, stripping ratio, altitude correction and finally 
conversion to apparent radiometric concentration. 
1.2. Gamma ray Spectrometric Data Analysis:  

Airborne spectral radiometric surveying of Gabal 
Dara area was provided valuable information for four 
parameters (variables) namely: total count of the gamma 
radiation (TC in μR/h), absolute concentrations of the 
three radioelements: potassium (K40 in %), equivalent 
uranium (eU in ppm) and equivalent thorium (eTh in 
ppm). 

Figure 3a shows the spatial distribution of the total 
radionuclide concentrations of the studied area in 
younger granites more than other rock types. Separate 
radio-element maps are also useful to identify certain 
rock types. For example, the boundaries of the younger 
granites can be easily delineated from the eU (Fig. 3c) 
and eTh images (Fig.  3d). The K% maps (Fig. 3b). On 
the other hand, all spectrometric maps illustrate the 
boundaries of younger granites and other rock unites in 
the study area. Gabal Dara area shows higher 
radioelement values are observed over younger granites. 
Airborne radioelement concentrations correlate well for 

the major granitoid plutonic suits.  
The three main radiometric element concentrations 

mainly reflect the lateral variation of surface elemental 
concentration of different rock and soil types. The major 
trend that could be traced from the four radiometric 
maps is the NW trend at Gabal Dara. 

The total count map (Fig. 3a) shows three major 
general levels of radiation, (the lowest level ranges from 
2 to 6µR/h) and this range is represented with the pale 
blue to green color, it is correlated mainly with the 
Tertiary Sediments. The intermediate level (level 2 from 
yellow to bright green is ranging from 6 to 9.5 µR/h) 
and is represented by the green color to yellow. This 
range is correlated with the Quaternary wadi sediments. 
The high level (level 3 ranges from 9.5 to 19µR/h) and 
is represented by the orange, red and magenta colors; 
this range is correlated mainly with the granitoid rocks 
(Ga and Gaw in the geological map of figure 2). 

Potassium, Uranium and Thorium maps (Figs. 3b, 
c and d) show the three levels of radiation. The 
concentration values in level ranges from (0.3, 3.6 %), 
(1.1, 10.5 ppm eU) and (1.2, 30.9 ppm eTh) for 
potassium, uranium and thorium maps respectively (all 
values are multiplied by 10 to show relative variation of 
the gamma radiation). Also, the highest concentration 
values of the three parameters are closed to the granitic 
massive of Gabal Dara.  

 
Fig. (3): Spatial distributions and concentrations of radioelements of Gabal Dara area:  

a) total count (TC), b) potassium (K%), c) equivalent uranium (eU),  
d) equivalent thorium (eTh). All values are multiplied by 10. 
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Remote Sensing ASTER data: 
ASTER Data and preprocessing: 

The ASTER raw data is a raster file composed of a 
series of layered data points across a grid that spans 
nearly about 4,500 km2. So, proper image must be 
selected with care for attaining the maximum amount of 
spectral response and accuracy. Two scenes covering 
the area were used to cover the considered area. These 
scenes were treated by several levels of pre-processing 
and enhancement techniques such as Atmospheric 
Correction (FLAASH), and mosaic king images. 
Radiometric corrections were applied for ASTER data. 
Radiometric errors come from the Earth’s atmosphere 
that also needs to be removed for getting a clear image 
(Scheidt et al, 2008 and Matar and Bamousa, 2013). 
ASTER Image Analysis: 

Principal component analysis (PCA) is a general 
method of analysis for correlated multi-variable datasets 
by mathematical transformation of the original data 
which are arranged according to the axis of greatest 
variability for creating new non-correlated components 
ENVI tutorial. 

Principal component is a linear combination of the 
original spectral bands, so its relationship to the original 
spectral signatures of targets become not obvious, we 
used the feature-oriented PC selection (FPCS) method for 
color composition (Crosta and Moore, 1989).The method 
comprises examination of the eigenvectors to identify the 
contributions from original bands (-ve or +ve) to each 
PC, that help in selecting specific PCs for displaying and 
concentrating the desired spectral features by highlighting 
them as bright or dark pixels based on their respective 
eigenvector values magnitudes and signs (negative 
eigenvector value indicates absorption while positive 
ones mean reflectance). This technique was used for 
mineral exploration on four and six selected bands of 
Landsat TM data (Crosta and Moore, 1989; Loughlin, 
1991; Ruiz-Armenta and Prol-Ledesma, 1998; 
Tangestani and Moore 2002; Carranza and Hale, 2002) 
and on ASTER data (Crosta et al, 2003). 

Five Alteration end members were selected after 
field and spectrometric examination, which are: Chlorite, 
Kaolinite, Illite, Seircite, and Hematite (Table 1). 

Table (1): Input bands for FPCS (Crosta) Analysis of 
the selected minerals. 

Minerals 
VNIR-SWIR 
(Reflectance) Minerals 

VNIR-SWIR 
(Reflectance) 

High Low High Low 

Chlorite 
Band 1 
Band 5 

Band 2 
Band 8 

Hematite 
Band 2 
Band 4 

Band 3 
Band 9 

Kaolinite 
Band 4 
Band 7 

Band 6 
Band 9 

Seircite 
Band 4 
Band 7 

Band 6 
Band 8 

Illite 
Band 4 
Band 7 

Band 6 
Band 8 

   

 

Chlorite map: 
Mapping chlorite is carried out using ASTER 

bands 1, 2, 5 and 8 in VNIR-SWIR spectral region. It is 
remarkable with high reflectance in bands 1 and 5 and 
low reflectance in bands 2 and 8. Entering these selected 
bands in a principal component analysis process 
produced four PCs, the resultant eigenvector values 
statistics are summarized in Table 2. PC3 shows a high 
negative loading at band5 (-0.712) and a high positive 
loading at band8 (0.589), this indicates that chlorite will 
appear as dark pixels. According to Elsaid et al, (2014) 
the threshold of chlorite was calculated on PC3 to 
exclude chlorite lower concentrations by using the 
equation:  
Band DN Threshold = Mean + 2*(Standard deviation)  
                        = 120 + 2*(60) = 240              (1) 

Kaolinite: 
Kaolinite has a remarkable high reflectance in 

bands 4 and 7 besides low reflectance in bands 6 and 9 
in the VNIR-SWIR spectral region; these four bands 
were used as input bands in FPCA process producing 
four PCs with their eigenvector statistics are shown in 
(Table3).PC2 has high opposite signed loadings for 
bands 9 (-0.537) and band 4 (0.829), so kaolinite will 
appear as bright pixels. Thresholding DN value (= 254), 
(Fig. 5). 

Illite: 
Illite has high reflectance in bands 4 and 7 besides 

low reflectance in bands 6 and 8 in the VNIR-SWIR 
spectral region. Table 4 shows the eigen values result 
for selected bands. PC4 has high opposite signed 
loadings for bands 7 (-0.796) and band 8 (0.581), so 
Illite appears as dark pixels. Thresholding DN value (= 
236), (Fig. 6). 

Sericite: 
As sericite has high reflectance in bands 4 and 7 

besides low reflectance in bands 6 and 8 in the VNIR-
SWIR spectral region; these four bands are used as 
input in FPCA process producing four PCs, the 
eigenvector values statistics are summarized in (Table 
5). PC4 has high opposite signed  

loadings for bands 7 (-0.796) and band 8 (0.581), 
so sericite appears as dark pixels. Thresholding DN 
value (= 238), as shown in (Fig. 7). 

Hematite: 
The high reflectance of hematite at bands 2 and 4 

compared to the low reflectance of bands 3 and 9 used 
as input bands in FPCA process producing four PCs as 
in (Table 6). PC4 has a strong negative loading with 
band 3 (-0.769) and a strong positive loading with band 
2 (0.629); this indicates that hematite will appear as 
dark pixels in PC4 image. (thresholding value = 200) 
(Fig. 8). 
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Table (2): Eigenvector values statistics for chlorite. 

PC 
Band 
1↑ 

Band 
2↓ 

Band 
5↑ 

Band 
8↓ 

Eigen 
value 

Eigen 
% 

Summary statistics  
of PC3 

PC1 0.504 0.524 0.469 0.502 17077.22 93.24 Min. 0.000 

PC2 0.563 0.404 -0.470 -0.547 1105.79 6.04 Max. 255.0 

PC3 -0.236 0.301 -0.712 0.589 95.45 0.52 Mean 120 

PC4 0.611 -0.687 -0.230 0.318 37.36 0.20 Std. Dev. 60 

Table (3): Eigenvector values statistics for kaolinite. 

PC 
Band 

 4↑ 
Band 

 6↓ 
Band 

 7↑ 
Band 

 9↓ 
Eigen 
value 

Eigen 
% 

Summary statistics  
of  PC2 

PC1 0.469  0.499  0.514  0.516 17019.58   98.19    Min. 0.000 

PC2 0.829 -0.094 -0.125 -0.537 214.84    1.24    Max. 255.0 

PC3 0.197 -0.859  0.260  0.394 67.44    0.39    Mean 143.0 

PC4 0.234  0.056 -0.808  0.539 31.39 0.18 Std. Dev. 55.5 

Table (4): Eigenvector values statistics for Illite 

PC 
Band 
4↑ 

Band 
6↓ 

Band 
7↑ 

Band 
8↓ 

Eigen 
Value 

Eigen 
% 

Summary statistics  
of PC4 

PC1 0.468 0.498 0.514 0.519 17097.42 98.33 Min. 0.000 

PC2 0.849 -0.099 -0.191 -0.482 197.68 1.14 Max. 255.0 

PC3 0.186 -0.859 0.257 0.402 75.18 0.43 Mean 122.4 

PC4 0.158 0.068 -0.796 0.581 16.74 0.10 Std. Dev. 56.8 

Table (5): Eigenvector values statistics for Sericite. 

PC 
Band 
4↑ 

Band 
 6↓ 

Band 
7↑ 

Band 
8↓ 

Eigen 
Value 

Eigen 
% 

Summary statistics  
of  PC4 

PC1 0.468  0.498  0.514  0.519 17097.42   98.33    Min. 0.000 

PC2 0.849 -0.099 -0.191 -0.482 197.68    1.14    Max. 255.0 

PC3 0.186 -0.859  0.257  0.402 75.18    0.43    Mean 124.4 

PC4 0.158  0.068 -0.796  0.581 16.74 0.10 Std. Dev. 56.8 

Table (6): Eigenvector values statistics for Hematite. 

PC 
Band 

 2↑ 
Band 

 3↓ 
Band 

 4↑ 
Band 

 9↓ 
Eigen 
Value 

Eigen 
% 

Summary statistics  
of  PC4 

PC1 0.519  0.521  0.462  0.496 17232.71     94.75       Min. 0.000 

PC2  0.572  0.358 -0.349 -0.650 740.15 4.07    Max. 255.0 

PC3  0.087  0.095 -0.814  0.567 187.68    1.03 Mean 87.4 

PC4  0.629 -0.769  0.049  0.104 27.96 0.15 Std. Dev. 56.3 
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CONCLUSION 
By using the Gamma ray Spectrometry data, the 

higher region of radioactive materials as TC, eU, eTh, 
and K can be detected in the Younger Granite, which 
FPCS (crosta) technique carried out on it. The 
concentration values in highest level ranges from (9.5 to 
19µR/h), (2.8, 3.6 %), (4.6, 10.5 ppm eU) and (12.5, 
30.9 ppm eTh) for total count, potassium, uranium and 
thorium maps respectively.  

The feature oriented principal component selection 
(FPCS) technique succeeded in highlighting 
characteristic spectral features of the common alteration 
minerals associating radioactive mineralization in Gabal 
Dara area. PC2 shows the contribution of Kaolinite and 
PC3 shows the Chlorite mineral and also PC4 shows the 
contribution of hydroxyl minerals, Sercite and Illite. 
Crosta technique can be used as a very reliable method 
for enhancing the areas with alteration minerals as a fast 
and cheap tool for exploration of radioactive exploration 
in the Eastern desert. 
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