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ABSTRACT 

The base and precious metals and industrial minerals which are a focus of interest for mining 
companies, do not attract attention unless clear exploration targets are apparent from geological 
mapping or reconnaissance surveys. Therefore, the development of reconnaissance methods to assist 
in locating these lower value deposits is needed.  This paper examines the use of modern Landsat 8 
remote sensing imagery as rapid, low-cost aims to explore and revising the previous works in the 
ancient gold mines El Sid and Fawakhir in the Fawakhir area as a model to use in the Golden 
Triangular Project (Qena-Safaga-Quseir) and similar arid areas. Landsat 8 Operational Land Imager 
(OLI) data on visible (VIS), near-infrared (NIR) and Thermal Infrared (TIR) bands have been 
enhanced using image fusion with a high spatial resolution panchromatic band of the same data set. A 
data fusion technique is presented for geological mapping in arid environments, Hue, Saturation, and 
Value (HSV), Principal Component Analysis (PCA) is applied to the fused (HSV) image for mapping 
rocks of the Fawakhir area in the Central Eastern Desert (CED) of Egypt. A revised geological map of 
the study area is proposed based on the interpretation of Landsat 8 image results, previous works, 
spectrometry measurements and field confirmation. Also, establish a distribution map for the N-S and 
NNW image-lineament that previously mentioned by many authors as expected gold-bearing trends. It 
is concluded that the proposed methods have great potential for geological mapping in the arid regions 
and can be generalized in the Golden Triangular Project. 
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Introduction 

I-Golden Triangular Project (GTP) 
Developing countries are often dependent on the local availability of mineralization and building 

materials to support sustainable development programs. Since 2018 Nuclear Materials Authority 
(NMA) has been a partner in Golden Triangular Project (GTP) launched by the Egyptian Government. 
This project was prepared by the National Authority for Remote Sensing and Space Sciences 
(NARSS), the Ministry of Petroleum Egyptian, to develop Upper Egypt Region and supervised by 
Italian De Polowena Co. Comprehensive geomorphological, environmental, geological and 
geophysical studies and mapping of the mineral resources and natural hazards were initiated using 
remote sensing (RS) techniques and the establishment of a geographic information system (GIS) to 
assist planners in the sustainable development of the GTP. The project aims to adopt the strategy of 
extracting and manufacturing mineral and quarry ores in Egypt and establishes an industrial, 
commercial, mining and tourist center for Egypt and the African markets. It also maximizes the role 
of mining resources in these areas to support the national economy and achieve sustainable 
development. The most important target is manufactured raw materials instead of exporting them as 
raw materials, which represents a major loss of national income. This project concession area (Fig. 1) 
includes new mines and quarries, in addition to ancient mines. This is the subject of the current 
research in the sense of ancient gold mines Fawakhir and El Sid (Fig. 2) in the Fawakhir Pluton. The 
extraction of gold from these ancient mines began in the Pharaohs Era until 1956.  

The Precambrian basement complex of Egypt is occupied the area between the River Nile and 
the Red Sea and the southern portion of Sinai. The Fawakhir area is laying 93 km west of the Red Sea 
coastal Quseir town, along the Qift-Quseir highway in the CED at Latitude 25° 56' 00" to 26° 04' 
00"N and Longitude 33° 34' 00" to 33° 41' 00" E (Fig. 1).  
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Fig. 1: Location of the Fawakhir area on a Landsat image of Egypt. 
 

 
Fig. 2: Panorama showing mine shaft (right) and remnants of the crusher and flotation operators of 

El-Sid mine. 
Several authors have been successful using the Remote sensing techniques in lithological and 

geological mapping for the ANS and other areas worldwide by (e.g. Abrams, et al., 1983 and 1988; 
Sultan, et al., 1986; Sabins, 1997; Abdelsalam and Stern, 1999; Rowan, et al., 2003; Gad and Kusky, 
2006; Amer, 2009; Amer, et al., 2010; Osman, et al., 2010 and Abou El-Magd, et al., 2014).  

Sultan et al., (1986) used Landsat TM RGB band ratios (5/7, 5/1, 5/4*3/4) for mapping 
serpentinites in the ED. Gad and Kusky, (2006) are using Landsat ETM band ratio images (5/3, 5/1, 
7/5) in RGB and (7/5, 5/4, 3/1) in RGB for mapping serpentinites in the Barramiya area in the CED. 
Amer et al., (2010) proposed new ASTER band ratios [(2+4)/3, (5+7)/6, (7+9)/8] in RGB by analysis 
of the image spectra of the ophiolitic rocks in Fawakhir area CED. Amer (2009) used a data fusion 
technique of ETM+ for lithological mapping in Fawakhir area. He combined the techniques of 
(ETM+) visible (VIS), near-infrared (NIR) and infrared (IR) bands have been enhanced using image 
fusion with a high spatial resolution panchromatic band of the same data set. Osman et al. (2010) 
utilize Landsat ETM+ data to discriminate the mapping of the granitoid rocks along the Qift-Quseir 
road. They used various processed ETM+ images and it is concluded that FCC 9, 7, 4, 2) in RGB as 
well as the band ratio image (5/7, 5/1, 5/4*3/4) in RGB and the Principal Components (PC5, PC1, 
PC4) are excellent to delineate the different granitic phases and to discriminate these phases from the 
surrounding rock units with great accuracy.  Abou El-Magd, et al. (2014) used the ASTER (data 
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level-1B dated October 2007) band ratios 4/7, 4/1, 2/3×4/3; b 4/7, 3/4, 2/1; c 4/7, 4/6, 4/10 in RGB 
and PCA for both VNIR and SWIR bands for lithological mapping of the Fawakhir area.  

 
II-Geologic setting 

The Eastern Desert (ED) of Egypt is a part of the Arabian-Nubian Shield (ANS) related to the 
Pan-African tectonism. This desert occupied by igneous and metamorphic rocks aged during the East 
African Orogeny (EAO) which marking the collision between East and West Gondwana and the 
closure of the Mozambique Ocean since 600 Ma (Stern, 1994; Kusky et al., 2003). The rock 
assemblages of the Central Eastern Desert (CED) is almost composed of island arc magmatic rocks, 
ophiolitic mélange and associated rocks, together with subordinate molasse-type sediments as well as 
late-tectonic volcanics and granitoid intrusives (El Ramly et al., 1993). Ophiolite sequences are 
widely distributed in the central and southern segments of the ED (e.g., Wadi Ghadir, Gabal Gerf and 
Fawakhir). These ophiolite successions are scarce, whereas the dismembered ophiolitic fragments are 
several (El-Sharkawy and El-Bayoumi, 1979; El-Sayed, et al., 1999; Abd El-Rahman, et al., 2009; El 
Bahariya, 2008 and 2012 and Abdel-Karim, et al., 2016). The serpentinite shows a large envelope 
surrounds the Fawakhir granitoid pluton and is considered as a member of an ophiolitic sequence 
developed in a supra-subduction tectonic environment (El-Mezayen, 1983). The basal contact 
between the serpentinite and the underlying mélange rocks is sharp and marked by a deep thrust fault 
striking NNW-SSE and a relatively narrow band of dark green schistose amphibolite is located 
between the ultramafic and the mélange zone (Hassanen, 1985). The geologic map of Fawakhir area 
(Fig. 3) is occupied mainly by ophiolitic mélange represented by serpentinites, metagabbro and 
metabasalt (El-Sayed et al., 1999), then intruded by post-emplacement younger granitic rocks, post 
granitic basic to acidic dykes that cut all of the Fawakhir ophiolite units and overlain by Hammamat 
sediments (El-Mezayen, 1983).  

 
Fig. 3: Geologic map of El Sid-Fawakhir area (compiled from Hassanen, 1985; EGSMA, 1992; El- 

Sayed, et al., 1999; Greiling et al., 2014 and Zoheir and Moritz, 2014). 
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The Fawakhir younger granite pluton hosts El Sid and El Fawakhir ancient gold mines (Amer et 
al., 2010). Fowler (2001) reported that the Fawakhir granitoid pluton (Figs. 4 and 5) has intruded the 
ophiolitic thrust sheets by two granitic phases: an earlier grey monzodiorite phase intruded with a 
sharp contact by a larger pink mainly monzogranite phase. The structural studies by Harraz and 
Ashmawi (1994) revealed that the main direction of quartz dykes and veins are NS. The gold 
mineralization (Au=1.5–29.7 g/ton; Hussein 1990) of Fawakhir Pluton gold mining occurs within 
fissure-quartz veins (Fig. 6) exposed at the western contacts of the Fawakhir granitoid Pluton with the 
serpentinites and metagabbro complexes. Furthermore, Harraz (2000) suggested that the 
mineralization was formed in late stages of granitic magmatic differentiation, where hydrothermal 
fluids through a shear zone in the ophiolitic ultramafic and mafic rocks resulted in the alteration of 
these rocks and leaching of gold and deposition in the quartz veins. 

It is necessary to contribute to the modernization of the scientific studies of the Fawakhir area in 
the light of the existence of recent data for the satellite Landsat 8. This examination is representing a 
model to use Landsat 8 data and test their efficiency in this arid desert region. The area of GTP also 
contains about the ancient 37 gold mine sites, the most important are Semna, Aradyia, Atallah, El Sid, 
Fawakhir, Fatiry and Abu Marawat (Botros, 2015).  So, this paper aims to further revise for geologic 
mapping in arid regions using Landsat 8 OLI/TIRS imagery. The method involves enhancing the data 
quality of low spatial resolution (30 m) VIS/NIR and IR Landsat 8 bands by fusion with a higher 
resolution (15 m) panchromatic band (8). Also, trace the N-S gold-bearing quartz veins and NNW-
SSE gold-mineralizations lineaments previously cited in the El Sid-Fawakhir area. 

 

 
Fig. 4: The sheared younger granite of El Sid-El Fawakhir Pluton. The power supply column (left) is 

about 6 meters long. 
 

 
Fig. 5: The sharp contact between the younger granite (Gr) and the serpentinite (Sp) rocks close to the 

El Sid mine. 
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Fig. 6: Closed photo of quartz vein East of El Sid mine. 

Materials and Methods 
Dubbed the Landsat Program (Table 1), its sensors have evolved from the Multi-Spectral 

Scanner (MSS) (Landsat 1–3) to Thematic Mapper (TM) (Landsat 4–5), then the Enhanced TM 
(ETM+) (Landsat 6–7) and now the Landsat 8 has a two-sensor payload; Operational Land Imager 
(OLI) and Thermal Infrared Sensors (TIRS), (Markham et al., 2012; Markham and Helder, 2012). 

Table 1: Characteristics of Landsat sensors. 

Satellite Sensor Launch Year 
No. of MS bands 

(nominal resolution) 

Panchromatic 
resolution 

(nominal) (m) 

Thermal bands 
(resolution) 

Altitude 
(km) 

Landsat 1, 
2 and 3 

MSS/RBV 
1972, 1975 and 

1978 
4 (80 m) - - 920 

Landsat 4 
and 5 

MSS/TM 1982 and 1984 6 (30 m) - 1 (120 m) 705 

Landsat 6* ETM+ 1993 - - - - 
Landsat 7 ETM+ 1999 6 (30 m) 1 (15 m) 1 (60 m) 705 
Landsat 8 OLI/TIRS 2013 8β (30 m) 1 (15 m) 2 (100 m) 705 
* Did not achieve orbit.           β Addition of a coastal and a cirrus band. 

 
Since Landsat 8 launched in Feb. 2013, the OLI sensor have been the focus of much attention, 

stray light, is discussed in detail in (Barsi et al., 2014; Knight and Kvaran, 2014 and Storey et al., 
2014a) and TIRS in (Montanaro et al., 2014a&b; Storey et al., 2014b and Morfitt et al., 2015, Wenny 
et al., 2015). Consequently, Landsat 8 collects data images in nine short wave bands and two long 
wave thermal bands. It has 11 spectral bands which have a spatial resolution of 30m for bands 1 to 7 
and band 9, but the resolution for band 10 and 11 (thermal infrared) is 30 m and resolution for band 8 
(panchromatic) is 15m. These include band 1 of 0.433 - 0.453µm, bands (2 blue, 3 green and 4 red) 
between 0.45 and 0.68 µm and one near-infrared NIR band (5) between 0.854 - 0.885µm and two 
infrared IR bands (6 and 7) between 1.56 and 2.3µm, and one panchromatic band 8 between 0.5 - 
0.68μm; also besides there two thermal infrared bands (10 and 11) between 10.30 and 12.5µm, finally 
band 9- Cirrus of 1.36 -1.39µm. 

The OLI panchromatic band (band 8) of Landsate 8 is narrow relative to the ETM+ (Landsate 7) 
panchromatic band to create greater contrast between vegetated areas and surfaces without vegetation 
in panchromatic images. Irons et al. (2012) reported that the Band 8 GSD remains at 15m; either due 
to the cost and difficulty of creating a detector array even longer than the 15m GSD array or due to a 
need to avoid a political battle over a government sensor in competition with commercial very high-
resolution land imagers. 

 
- Data Used 

In this study image fusion technique was applied to the same data type. The low spatial 
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resolution (30m) Landsat 8 VIS/NIR and IR spectral bands are combined with the high resolution 
(15m) Landsat 8 panchromatic (band 8). 

Remote sensing interpretation of the present work is based on available geological maps (i.e., 
Akaad and Noweir, 1980; Hassanen, 1985; El Sayed, et al., 1999; Zoheir and Moritz, 2014 and 
Greiling et al., 2014) supplemented by further field check points. It is expected, the use of processed 
Landsat 8 data will yield new information on El Sid-Fawakhir Pluton. 

 
- Techniques Applied 

Image fusion is a method to enhance the quality and spatial resolution of an image by combining 
the spectral information of low spatial resolution imagery with high spatial resolution imagery 
(Janssen and Huurneman, 2001 and Templfli et al., 2009). The resultant image has high spectral 
resolution and the same quality as a high spatial resolution image.  

 
Principal Components Analysis (PCA) allows redundant data to be compacted into fewer 

bands so the dimensionality of the data is reduced i.e. it was used to reduce the redundancy between 
the spectral reflectance of the spectral bands. Therefore, PCA uses such correlation to suppress the 
redundant information and emphasize specific spectral information in specific PCA bands. The first 
PCA band contains the largest percentage of data variance and the second PCA band contains the 
second largest data variance, and so on; the last PCA bands appear noisy because they contain very 
little variance, much of which is due to noise in the original spectral data, the resulting image has high 
spatial resolution and a wide range of colours that make the different lithological units easily 
discriminated. PCA is applied to the fused image the resulting image has high spatial resolution and a 
wide range of colours that make the different lithological units easily discriminated. PCA bands 
produce more colourful colour composite images than spectral colour composite images because the 
data are uncorrelated (Richards, 1999). The PCA tends to increase the separation between clusters of 
data, making the resulting colour composite highly discriminating. For better characterization of 
lithological units from the Landsat 8 images and further validation of the best-fit band ratio, PCA was 
computed for both VNIR and SWIR bands. 

 
Digital Lineaments Extraction: the identification of lineaments from satellite images is 

automatically detected using a computer’s software (PCI Ver.10.1) and algorithms (Hung et al., 2002 
and Kim et al., 2004). This automated method in comparison with visual method has great 
advantages; 1) little affected by human subjectivity, 2) time-saving, 3) depends on the complexity of 
the research area and the mathematical function of the software and finally 4) relies on the quality and 
resolution of the image. The accuracy of extracting lineaments depends on the spatial resolution of the 
imagery (Hung et al., 2005). 

 
Ground Spectrometry Survey of the radioactive elements including uranium (eU), thorium 

(eTh) and potassium (K%) were measured in the studied younger granite pluton using portable -ray 
(RS-230) spectrometer. These measurements will be used to confirm the geological boundary in the 
hypird zones of the granitic Fawakhir Pluton. 

 
Results and Discussion 

In arid areas lacking vegetation, the "log residuals" method, which essentially recalculates raw 
satellite radiance to values approaching true reflectance, produces images that are interpretable in 
direct mineralogical terms. Such images may be interactively "interrogated" on a simple personal 
computer using spectral analysis software and provisional mineral identifications made (Marsh et al., 
1995). 

 
I-Image Fusion Technique 

The resultant image has high spectral resolution and the same quality as a high spatial resolution 
image. The present work has applied image fusion techniques to the same data type. The low spatial 
resolution (30m) Landsat 8 VIS/NIR and IR image is resized into (15m) spatial resolution. The output 
HSV image has a wide range of colours with a pixel size of 15m (Fig. 7). HSV transforms replace the 
value band with the high-resolution image, automatically resample the hue and saturation bands to the 
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high-resolution pixel size using a nearest neighbor, bilinear, or cubic convolution technique, and 
finally transform the image back to RGB colour space (Welch and Ahlers, 1987). The output HSV 
image has a wide range of colours with pixel size of 15m (Fig. 7).  

 
II-Principal Components Analysis (PCA) 

The resulting PCA image has high spatial resolution and a wide range of colours that make the 
different lithological units easily discriminated (Fig. 8). This paper demonstrates suitable and 
effective techniques for using Landsat 8 OLI images for lithological mapping in arid regions of the 
CED. The image fusion techniques comprise enhancement of the image quality and spatial resolution 
using Hue, Saturation, and Value (HSV) transform and applying the Principal Component Analysis 
(PCA) on the fused image. For better characterization of rock units from the satellite images and 
further validation of the best-fit band ratio, PCA was computed for both VNIR and SWIR bands. The 
obtained image is used to distinguish between ophiolitic assemblage which include (serpentinite, 
metagabbro and metavolcanics) and granitiod rocks. The results of this study revealed that the image 
fusion using Hue, Saturation, and Value (HSV) transform is very helpful in the image interpretation. 
Principal Component Analysis (PCA) of the fused image demonstrates better effectiveness in revising 
mapping of the different rock units in the Fawakhir area (Fig. 9). Serpentinites are identified by dark 
greenish colours, metagabbros have light green to orange colours, metavolcanic (metabasalt) have 
pale blue colours and younger granite has pale pinkish colours. PCA image shows better 
discrimination between different rock units. Visual interpretation and quantitative image processing, 
including band ratio and Principal Component Analysis (PCA) coupled with fieldwork could be very 
successful in lithological mapping of the gold mineralization (Zhang et al., 2007). Previous field work 
is subsequently used together with the results of visual interpretation of the resulting images to 
prepare a detailed geological map of the study area (Fig. 9). The comparison between the results of 
PCA of Landsat 8 fused images and the previous geologic maps showed differences of distribution 
and boundaries of some lithological units. This is a logical result due to the enhancement of data 
quality processing and interpretation. 

 
Fig. 7: Landsat 8 Hue, Saturation and Value (HSV) fused image. 
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Fig. 8:  Principal Component Analysis (PCA) of Landsat 8 fused image. 

 

 
Fig. 9: Image-geological map of the Fawakhir area, Central Eastern Desert of Egypt. 
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III-Digital Lineaments Extraction 
 

The resultant number of the lineaments extracted digitally in the study area was 423 (Figs. 9-10, 
12 and Table 2) which represent the different structure movements that affected the studied area. The 
major trends of these image-lineaments in decreasing order were; NE-SW, NNE-SSW, NW-SE, 
NNW-SSE, ENE-WSW, N-S, WNW-ESE and E-W (Table 2). New extensions of the older productive 
trend (i.e. the two Au-bearing quartz veins) have appeared in the eastern portion of the Fawakhir 
Granitic Pluton and metagabbro rock units. These new founds extended to about 1 km long as two 
lineaments print in the metagabbro and one in the younger granite (Fig. 9). The most important result 
was tracing the expected Au-bearing N-S and NNW-SSE trends that mentioned by Harraz and 
Ashmawi (1994). The numbers of NNW-SSE and N-S trends are 55 and 37 which representing 13 and 
8.75% of the total image-lineaments in the studied area, respectively. These numbers were reviewed 
in order along the Au-potentiality area which includes (younger granite, granodiorite, serpentinite and 
metagabbro) rock units as shown in figure (10).  

The final number of N-S trend of those rock units became 13 image-lineaments ranging in their 
long between 0.5 to 1.0km; most of them fall in the serpentinite followed by the younger granite and 
granotiorite. On the other hand, the recorded number of NNW-SSE trend of those rock units was 
greater (27 photo-lineaments) and ranged between 0.5 to 2.0km long. They distributed by the same 
order of the previous trend (i.e. most of them fall in the serpentinite followed by the younger granite 
and granotiorite) as shown in Figure (10). It is advisable to mention that all photo-lineaments related 
to opening and tracing of wadies have been excluded from these results. 

 

Table 2: Dominant extracted lineament directions with their numbers and relative % in the studied 
area. 

Direction No. % Remarks 
NE-SW 85 20.09 Trans-African, Qena-Safaga, Idfu-Mersa Alam, or Aualitic trend. 
NNE-SSW 75 17.73 Gulf of Aqaba-Dead Sea trend, i.e. N15oE (El Eraqi, 1990). 

NW-SE 61 14.42 
The 3rd phase suggested by El Bayomi (1983), it was a result of the compression 
force along N60oW. The tectonism of this cluster is Suez Gulf–Red Sea, Erithrean or 
Clysmic of mid Tertiary, (N35o-45oW) (El Eraqi, 1990). 

NNW-SSE 55 13.00 

Most of the structural elements of Egypt have been originated by compressive 
stresses during acting mainly from N10oW-S10oE during the Precambrian age 
(Youssef, 1968). The tectonism of this cluster trend is the Syrian arc and Qattar, 
ENE (N65oE), NNW (N15oW) (El Eraqi, 1990).  
The gold mineralizations of the studied area are found along micro-fractures of 
this cluster of trend (Harraz and Ashmawi, 1994).  

ENE-WSW 45 10.64 
The Guinean-Nubian lineament affected the southern part of Egypt and aged from 
Triassic until Recent (Bowden, 1983 and Guiraud et al., 1985). 

N-S 37 08.75 

The 1st phase suggested by El Bayomi (1983), it formed, most probably, the left-
lateral N85°E and the right-lateral N85oW trend fault. The tectonism of this cluster is 
the meridional or East African trend of Precambrian age. 
This trend is detected by Harraz and Ashmawi (1994) as quartz dykes and the 

veins trend of the studied area.   

WNW-ESE 33 07.80 

The 4th phase suggested by El Bayomi (1983), it may be directed along N15oW, it 
formed most probably, the left Aqaba trend, while the right lateral conjugate was 
along the Gulf of Suez direction. The most famous tectonism of this cluster is Najd 
trend of Precambrian age. 

E-W 32 07.57 

The 2nd phase suggested by El Bayomi (1983) that was found by E-W compression 
two shearing fractures trending N65oW and N65oE as left and right lateral strike 
faults, respectively. The most famous tectonism of this cluster trend is Tethyan, 
Mediterranean or Sheikh Salem of Paleozoic–Jurassic. 

Total 274 100  
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Fig. 10: Distribution of the expected Au-bearing N-S and NNW-SSE lineaments along the Au-

potentiality area. 
 
IV-Radiometric Analysis and Lithological Field Confirmation 

A field spectrometry survey of the radioactive elements; eU, eTh and K% are listed in table (3). 
Accordingly, medium radioactivity was recorded in the studied rocks. 

 The close association of uranium and thorium in minerals and rocks can be explained by their 
similarity in their charge and ionic radii, Uranium is more active than thorium thus U easily mobilized 
and migrates under oxidation conditions of underground and rainwater while Th is relatively stable in 
the oxidation zone and stay in place. Theoretically, the original expected U-content is calculated by 
dividing eTh-content by the average crustal eTh/eU ratio in granites (3 - 4). (Clark et al., 1966 and 
Chatterjee and Muecke, 1982).  

Variation on eTh/eU ratios (Table 3 and Fig. 11) of the present work indicates the depletion of 
uranium in the studied younger granite. The younger granite has eTh/eU ratio range from 12.46 to 
5.58 with an average of 7.73 (Table 3) indicating a leaching process of uranium.  

A medium positive value of correlation coefficient (r = 0.41) was computed between eU and eTh, 
and clearly illustrated in figure (11a). The more differentiated rocks have the highest eU/eTh ratio and 
greater uranium content (Chatterjee and Muecke, 1982). On the other hand, there is no correlation 
between the K (%) versus eU (ppm) or eTh (ppm) in the studied granite (Figs. 11c and 11e). While, 
figures (11d and 11f) show a strong positive correlation between eTh and eU/eTh and eTh/eU ratios 
indicating a uranium depletion of the measured younger granite. 

 
V-The Final Resultant Geologic Map 

The quality of the final resultant geologic map will depend upon the completeness with which 
certain data, both geology and remote sensing interpretation accuracy and the precision of the 
fieldwork including spectrometry measurements. Thus, the field data collection must work closely 
with those involved in actual drawing of the map, since the selection of the data that is relevant for 
final presentation in the map and that which is not. The most complicated part of the present work is 
related to Abu Ziran group rock units (related to the northeastern portion of the mapped area). These 
rock units represented by Hammamat sediments and affected by extensive deformation. Also, some 
parts around the younger granite especially the hyper zone with the older granites have not sharp 
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contacts, and rock fragments affecting the edification by remote sensing. All, of these problems, were 
solved after the field checking trip. The spectrometric measurements helped illustrate the contact 
between the younger and older granite in the hyper zone, where the prior type of the granites has 
remarkably radioactive higher values.   

Table 3: Spectrometric field measurements of equivalent uranium and thorium (in ppm), potassium 
(%) and some radioactive ratios (eTh/eU, eU/eTh and eTh/K) of El Sid-Fawakhir younger 
granite. 

S. 
 No. 

eU 
(ppm) 

eTh 
(ppm) 

K 
(%) 

eTh/eU eU/eTh eTh/K S. No. 
eU 

(ppm) 
eTh 

(ppm) 
K 

(%) 
eTh/eU eU/eTh eTh/K 

1 6.1 76 5.11 12.46 0.08 14.87 21 4.9 32 4.79 7.02 0.14 6.86 
2 4.8 34 5.20 7.08 0.14 6.54 22 4.7 33 4.81 7.71 0.13 7.77 
3 5.4 36 4.71 6.67 0.15 7.64 23 4.8 37 4.76 7.45 0.13 6.30 
4 4.8 40 4.63 8.33 0.12 8.64 24 4.7 35 5.02 8.72 0.12 6.81 
5 4.7 39 5.22 8.30 0.12 7.47 25 3.9 34 4.99 9.51 0.11 8.19 
6 5.0 31 5.13 6.20 0.16 6.04 26 4.1 39 4.76 9.77 0.10 8.68 
7 5.2 42 4.73 8.08 0.12 8.88 27 4.3 42 4.84 8.15 0.12 9.71 
8 6.1 41 5.04 6.72 0.15 8.14 28 5.4 44 4.53 11.30 0.09 11.66 
9 5.3 42 4.97 7.93 0.13 8.45 29 4.6 52 4.46 8.62 0.12 9.40 
10 4.7 39 4.42 8.30 0.12 8.82 30 5.8 50 5.32 6.88 0.15 6.60 
11 4.6 38 4.63 8.26 0.12 8.21 31 4.8 33 5.00 8.72 0.12 6.98 
12 5.2 51 4.81 9.81 0.10 10.60 32 3.9 34 4.87 6.33 0.16 8.96 
13 5.3 42 4.91 7.93 0.13 8.55 33 6.0 38 4.24 6.42 0.16 7.30 
14 5.0 42 4.69 8.40 0.12 8.96 34 5.3 34 4.66 6.43 0.16 7.42 
15 4.6 34 4.44 7.39 0.14 7.66 35 5.6 36 4.85 6.17 0.16 6.03 
16 4.7 36 4.46 7.66 0.13 8.07 36 4.7 29 4.81 7.50 0.13 6.57 
17 4.9 36 4.82 7.35 0.14 7.47 37 4.4 33 5.02 5.71 0.18 5.48 
18 4.9 37 4.92 7.55 0.13 7.52 38 4.9 28 5.11 5.58 0.18 6.30 
19 5.3 39 5.21 7.36 0.14 7.49 39 5.2 29 4.60 6.20 0.16 6.81 
20 6.1 40 4.88 6.56 0.15 8.20 40 5.0 31 4.55 6.56 0.15 8.20 
       Min. 3.9 28 4.24 5.58 0.08 5.48 
       Max. 6.1 76 5.32 12.46 0.18 14.87 
       Aver. 5.00 38.45 4.82 7.73 0.13 7.99 
       S.D. 0.25 8.26 0.55 1.43 0.02 1.68 

 

 
Fig. 11:  Binary diagrams showing eU vs. eTh (a), eU vs. eU/eTh (b), eTh vs. K (c), eTh vs. eU/eTh 

(d), eU vs. K (e) and eTh vs. eTh/eU (f) for the studied younger granite. 
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Interpretation of the obtained results was laterally confirmed by fieldwork checking that shows; 
serpentine is surrounding the Fawakhir Granitoid Pluton and completely absent in the southwestern 
and eastern portions. The Dokhan volcanic and Hammamat sediments crop out to the west of 
serpentinite. Metagabbros and metavolcanic (metabasalt) are exposed as elongated bodies lie at east 
and south of the Fawakhir granitoid Pluton (Figs. 9 and 12). Also, a new interpretation of granodiorite 
is created in the eastern part between the younger granite and metagabbros. 

The final result of this paper is presenting a revised geologic map (Fig. 12) that shows 
differences in the distribution of the rock unit's boundaries of the compiled previously published 
geologic maps of figure (3).  

 

 
Fig. 12: Final Geologic map of the studied area. 

 
Conclusion 

The work carried out in El Sid-Fawakhir Pluton has shown that Landsat OLI/TIRS Imagery can 
be successfully used in a well-exposed arid region to discriminate, and more efficient from the older 
ETM7+ and ASTER imageries. The use to the HSV transform for image fusion and applying PCA on 
the fused image is recommended for better discrimination between rock unit varieties. The results 
derived from the proposed new methods show that the new methods were successful in geological 
mapping of the study area. The used methods worked better in this environment because; 1) the region 
is the absence of disturbed by development, 2) fewer mixed-composition surfaces with an OLI 
absorption occur and 3) the tectonic setting and great relief result in the best exposure of rock units 
and lithologies. The automated identification of the image-lineaments from satellite images in the 
study area recorded 423 image-lineaments which represent the different structure movements that 
affected the area. New extensions of the older productive trend (i.e. the two Au-bearing quartz veins) 
have appeared in the eastern portion of the Fawakhir Granitic Pluton and metagabbro rock units. The 
tracing the expected Au-bearing N-S and NNW-SSE trends along the Au-potentiality area which 
include (younger granite, granodiorite, serpentinite and metagabbro) rock units show 13 N-S and 27 
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NNW-SSE image-lineaments. These image-lineaments distributed in decreasing order; in the 
serpentinite followed by the younger granite and granotiorite. Radiometrically, the depletion on 
eTh/eU ratios of studied younger granite indicates a leaching process of uranium. The spectrometric 
measurements helped illustrate the contact between the younger and older granite in the hyper zone 
surrounded the Fawakhir Pluton compiled with field checking to obtain a revised geologic map which 
shows numerous differences in the rock unit's boundaries from the previously published geologic 
maps as; 1) the serpentinite is surrounding the Fawakhir Granitoid Pluton and completely absent in 
the southwestern and eastern portions, 2) the Dokhan volcanic and Hammamat sediments crop out to 
the west of serpentinite, 3) Metagabbros and metavolcanic (metabasalt) are exposed as elongated 
bodies lie at east and south of the Fawakhir granitoid Pluton and 4) a new interpretation of 
granodiorite is created in the eastern part between the younger granite and metagabbros. Accordingly, 
these techniques may be used as time- and cost-effective approaches for geological mapping in arid 
areas such as the Golden Triangle Project. 
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