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Abstract: The late Proterozoic Precambrian basement rocks exposed at the extreme northern part of 
the Eastern Desert of Egypt include igneous and metamorphic assemblages unconformably overlain by 
Pliocene sediments and Quaternary deposits. These basement rocks are well exposed at Gabal Gharib 
area where the calc-alkaline metavolcanics and younger Dokhan volcanics are intruded by syn-to late 
and post-magmatic intrusions, which comprise gabbro-diorite, tonalite-granodiorite, monzogranite-
alkali feldspar granites and alkaline riebeckite granite associated with syenite. The data fusion of 
Landsat ETM and Egyptsat-1 with the spectral signature characterizations was applied for the first time 
to discriminate the different varieties of basement rocks in the Eastern Desert of Egypt. This study 
revealed that the Landsat ETM-Egyptsat-1 fused band ratio image (7/4, 3/7, 4/5) can be successfully be 
applied to discriminate the exposed basement rocks, with focus on the volcanic and granitic rocks 
encountered at Gabal Gharib area, as well as their structural features.  Field study was carried out to 
check and evaluate the interpreted remotely sensed data. The produced geological map for the study 
area show better discrimination for the volcanic and granitic rocks comparing with the previously 
published geological maps for this area especially, the geological map published by the Egyptian 
Mineral Resources Authority (2005).  
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INTRODUCTION 

 
 In the northern part of the Eastern Desert of Egypt, basement rocks are largely composed of granitic rocks 
together with limited outcrops of high-grade gneiss, Dokhan volcanics, and Hammamat sediments or their 
equivalents. Here, ophiolitic mélange is very limited compared with its occurrences in the central and southern 
parts of the Eastern Desert of Egypt.  The basement rocks of the northern Eastern Desert of Egypt were 
previously described and investigated by many authors (e.g. El Ramly and Akaad, 1960; Schurmann, 1966; El 
Shazly, 1966; Ghobrial and Lotfi, 1967; Ghanem, 1972; Dardir and Abu Zeid, 1972; Dardir, 1973; Akaad and 
Noweir, 1978 and 1980; Dardir et al., 1982; Shalaby, 1985; Abdel-Rahman, 1986; El Sheshtawi et al., 1987; 
Abdel-Rahman and Doig, 1987; El Gaby et al., 1990; Takla et al., 1991a, Abdel-Rahman, 1995 and the Egyptian 
Mineral Resources Authority (EMRA), 2005). The Gabal Gharib area, which belongs to the northernmost Late 
Proterozoic Arabian-Nubian Shield segment in Egypt, constitutes a part of the larger Pan-African orogeny. It 
covers about 580 km2 between Latitudes 27° 59′ 53″ and 28°10 ′50″ N and Longitudes 32° 39′ 02″ and  32° 57′ 
17″ E . It is located at a distance of about 30 km west of Ras Gharib town on the Gulf of Suez coast.  
 The main objective of this study is to test the value of different image processing techniques on Landsat 
ETM-Egyptsat-1 fused images for the discrimination of the exposed basement rocks in the Gabal Gharib area. 
This has been done by field checks and by modifying the published geological maps.  
 
2.  Materials and Metodology: 
2.1. Satellite Imagery and Reference Maps: 
 The study area is covered by two Landsat ETM+ scenes acquired in July and August, 2003 and designated 
by path 176 and rows numbers 40 and 41. The same area is also covered by Egyptsat-1 data acquired in the 22th 
of June 2009. 
 Egyptsat-1 is the first spacecraft of the Egyptsat earth observation satellite series. It was successfully put in 
orbit on 17/04/2007. It carries three sensors, multispectral (MS), panchromatic (PAN) and middle infrared (MIR) 
providing data with spatial resolution of 7.8 m for both MS and PAN and 46m for the NIR (Table 1). Both 
Landsat ETM+ and Egyptsat-1 data were subjected to pre-processing steps including geo-referencing to UTM 
Zone 36 North projection with WGS-84 datum.  They were radiometrically enhanced to insure radiometric 
balance between individual scenes before being mosaiced and clipped to the study area. The digital image 
processing techniques have been applied to enhance the data of both Egyptsat-1 and Landsat ETM+.  
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Table 1: Main characteristics of Egyptsat-1 and Landsat ETM+ data used in the present study. 
Characteristics Optical Imaging Systems

Egyptsat-1 Landsat ETM+ 
Nationality Egypt United Stat of America 

Launch  date April 17, 2007 April 15, 1999 
Acquisition date Jun 2009 July and August 2003 

Swath width 46 km (MSS) 55 Km (MIR) 185 km 
Altitude 668 km 750 km 

Spectral resolution 
(number of bands and 

band width) 

VNIR b1 = (0.51 – 0.59 µm) 
b2 =(0.61 – 0.68 µm) 
B3 =(0.80 – 0.89 µm) 

VNIR b1= (0.450-0.515 µm)
b2= (0.525-0.605 µm) 
b3= (0.63-0.690  µm) 

Panchromatic= (0.52-0.90 µm)
Infrared (1.1 – 1.7 µm) Infrared b4= (0.75- 0.90 µm)

b5= (1.55-1.75 µm) 
b7= (2.09-2.35 µm) 

 
Thermal IR b6= (10.40-12.5 µm) 

Spatial resolution VNIR bands: 7.8  m 
Mid Infrared band: 46 m 

Visible-Mid infrared bands 
1, 2, 3, 4, 5, 7= 30 m 

Panchromatic band: 7.8 m 
 

Panchromatic band = 15 m 
Thermal bands = 60 m 

 
2.2. Digital Image Processing: 
 The digital image processing techniques which have been applied can be summarized as follows:  
1- Performing of geometric correction and radiometric balancing then mosaicing of Landsat ETM+ and Egyptsat-
1 scenes.  
2- Investigation of spectral reflectance characteristics of the enhanced Landsat ETM+ bands to select the 
appropriate bands for the ratio images.  
3- Applying the band ratio techniques on both Landsat ETM and Egyptsat-1 imagery data to improve 
discrimination of the exposed rock units in the study area. 
4- Applying High Pass Filter (HPF) transform fusion technique to merge the panchromatic Egyptsat-1 and 
Landsat ETM+ images and to enhance the spatial resolution of Landsat ETM+.  
5- Interpretation of the processed images corroborated with intensive field study to produce a geological map. 
 
2.3. Band-ratio Enhancement of Remotely Sensed Data: 
 The image processing band-ratio technique is applied by dividing the Digital Number (DN) values of one 
band by the corresponding DN values of another band and displaying the new DN values as grayscale image 
(Sabins, 1997).   
 Band-ratio technique of both Landsat and Landsat ETM-Egyptsat-1 fused images has been applied to 
enhance spectral discrimination of the basement rock units exposed in Gabal Gharib area. Spectral reflectance 
curves of different proposed enhanced Landsat band-ratios were tested including; (5/1, 7/4, 3/7), (4/5, 3, 7/1), 
(7/3, 7/1, 2/3) and (7/4, 3/7, 4/5) in (RGB). The selection of spectral bands to be used in band-ratio technique 
depends on the mineralogical composition of the exposed basement rocks and their spectral characteristics.  
 
2.4. Landsat ETM+ and Egyptsat-1data Fusion: 
 Data integration is applied to the remote sensing data with various techniques including fusion of data from 
different sensors (Bretschneider and Kao, 2000).  
 In the present study High Pass Filter (HPF) transform data fusion technique was applied whereas Egyptsat-1 
panchromatic image data was fused with multispectral bands of Landsat ETM+ using this technique. The HPF 
resolution merge function allows combination of high-spatial resolution panchromatic data (7.8m) with lower 
spatial resolution multispectral data (30m) to produce new fused image with both excellent details and a realistic 
representation of original multispectral scene colours.  Landsat ETM-Egyptsat-1 fused image preserves a perfect 
spatial resolution (7.8 m) and the best spectral discrimination (7 spectral bands) of the basement rock units 
exposed in the study area (Fig. 1).  
 
2.5. Spectral Characteristic Analysis (SCA): 
 The spectral characteristic analysis (SCA) has been carried out for the remotely sensed data 
representing the exposed basement rock units to establish their spectral curves extracted from the data of 
Landsat ETM+ bands and selected band ratios. The spectral profile viewer of the image processing 
software, ERDAS Imagine 9.2 allows user to visualize the reflectance spectrum of a single pixel throughout 
many bands (ERDAS, 1999). This technique is particularly useful for multispectral data that have several 
layers. It reflects mineralogical composition of the rocks in the pixels. Remotely sensed data were used by 
many authors for lithologicl mapping and discrimination of different basement rocks in the Eastern Desert 
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of Egypt (e.g. Sultan et al., 1987; Yousif and Shedid, 1999; Hassan, 2003; Sadek, 2004 and 2005; Gad and 
Kosky, 2006). 
 For lithological discrimination and geological mapping of the different varieties of volcanic and granitic 
rocks exposed at Gabal Gharib area, the spectral reflectance curves of different enhanced Landsat band-ratios 
were tested e.g. (5/1, 7/4, 3/7), (4/5, 3, 7/1), (7/3, 7/1, 2/3) and (7/4, 3/7, 4/5) in (RGB) to select the best one for 
the spectral characteristic analysis for geological mapping. The spectral reflectance values were recorded for 
each rock unit in different localities (different pixels) and the spectral curves were defined on the basis of 
the estimated average spectral values extracted from both Landsat raw image and the band ratio image data. 
 

 
 
(a) Panchromatic Egyptsat-1 image (with 7.8 m spatial resolution).  
(b) False colour composite image 2, 4, 7 on RGB of raw Landsat ETM+ image (with 30 m spatial resolution).  
(c) Landsat ETM-Egyptsat-1 fused image. 
 
Fig. 1: Different types of images showing the central part of Gabal Gharib granitic intrusion. 
 
3. Geological Setting: 
 The Late Proterozoic Precambrian basement rocks exposed in the Gabal Gharib area in the north 
Eastern Desert of Egypt, are composed essentially of calc-alkaline metavolcanics, Dokhan volcanics 
intruded by syn-to late to post-magmatic granitic intrusions, which comprise diorite, granodiorite-tonalite 
(G1), monzogranite (G2) and post tectonic-alkaline riebeckite granite (G3). These rocks are unconformably 
overlain by Neogene and Quaternary deposits. The mapped basement rocks are discriminated on the Landsat 
ETM-Egyptsat fused band ratio image (7/4, 3/7, 4/5) in (RGB). The discrimination is based on spectral 
characterizations, which reflect the characteristic colours on the used fused band ratio image. Previous 
mapping and field checks are also indispensable for such characterization. The mapped basement rock units 
with their characteristic colours on the processed image, starting with the youngest on top are given in Table 
(2).  
The following is a brief description of the distinguished basement rock units: 
 
Calc-alkaline Intermediate to Acidic Metavolcanics:  
 These rocks form moderate to high mountainous outcrops extending southwards and westwards outside 
the mapped area. They are intruded by tonalite-granodiorite (G1) and alkali feldspar granites (G2), whereas 
granitic offshoots and metavolcanic roof pendants are also developed. These rocks are associated with 
acidic volcaniclastic rocks and locally with few unmapabble outcrops of intermediate to basic 
metavolcanics. The present metavolcanics are foliated fine to very fine-grained, aphanitic and porphyritic. 
The volcaniclastics range in grain size from agglomerates to dust ash tuffs and they are mainly made up of 

(a) (b)

(c) 
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bands of ash-dust, crystals, lithic lapilli tuffs and agglomerates. Some primary structures are locally 
observed such as bedding, graded bedding and load slumping. These rocks show apparent discontinuous 
lamination caused by extreme load compaction and welding of the original pumice fragments.  
 Petrographically, the studied metavolcanics and associated volcaniclastics can be classified into trachy-
andesites, crystal-banded tuffs, ignimberites (flow tuffs), crystal-Iithic lapilli tuffs, agglomerate dacite and 
reworked volcaniclastic sediments.  
 
Table 2: Characteristics of the exposed basement rock units on the Landsat ETM FCC image and Egyptsat-1 fused band ratio image (7/4, 3/7, 

4/5) in (RGB). 
Rock units Characteristic colours  on Land-

sat ETM FCC image (RGB) 
Characteristic colours on   LandsatETM-Egyptsat-1 

 fused band ratio image (7/4, 3/7, 4/5) (R G B) 
Post tectonic alkaline riebeckite granites (G3) Light brown Dark orange 

Late tectonic alkali feldspar granites (G2) Very light brown Bright light orange 
Late tectonic monzogranite (G2) Reddish brown Dark  greenish orange 

Dokhan volcanics Dusty blue Very dark green 
Syn  tectonic tonalite-granodiorite (G1) Light brown Light greenish orange 

Syn  tectonic diorite Reddish brown Very dark green 
Calc- alkaline intermediate to acidic 

metavolcanics 
Dusty blue Dark green 

 
Syn-Tectonic Diorite: 
 The diorite rocks are of limited distribution in the study area. They form relatively small elongated 
outcrop south-west of Gabal Gharib. These rocks are mesocratic to melanocratic, medium to coarse-grained 
and variably deformed, especially near their contacts with the granitic rocks. They intrude the metavolcanics 
and are intruded by G1 tonalite, G2 monzogranite and G3 alkaline granites.  
 Petrographically, these rocks range in composition from diorite to hornblende gabbro and are composed 
mainly of variable percentages of saussiritized plagioclase, hornblende with subordinate amounts of biotite 
and quartz (Fig. 2a). Accessory minerals include opaques, apatite and sphene. Chlorite, epidote and sericite 
are the main secondary constituents. 
 
Syn-Tectonic Tonalite-Granodiorite (G1): 
 Tonalite-granodiorite association is referred to older synorogenic plutonites (El-Shazly, 1964), older 
granites (Akaad and Noweir, 1980) and G1 subduction related I-type granites (Hussein et al., 1982 and El 
Gaby et. al., 1990). They were emplaced during the late stage of Pan-African orogeny (551 Ma) and they 
exhibit typical features of I-type complexes (Abdel-Rahman, 1995).  
 Tonalite-granodiorite rocks are the widely distributed granitic variety in the central part of the mapped 
area, forming moderate hills and occasionally low-lying outcrops. These rocks show greenish orange colour 
on the Landsat ETM ratio image. 
 These rocks are grey to whitish grey, medium to coarse-grained. Generally, they are rich in xenolith, 
highly weathered, exfoliated and jointed. Occasionally these rocks are massive with widely-spaced joints 
whereas, some granite quarries are located within these rocks (outside the mapped area). Tonalite-
granodiorite rocks intrude the gabbro-diorite and are intruded by G2 alkali feldspar granite and G3 alkaline 
granites. They are dissected by acidic dyke swarm, displaying a NE-SW trending. On Landsat ETM band 
ratio, the tonalite-granodiorite rocks display a greenish orange colour.  
 
Dokhan Volcanics: 
 Dokhan volcanics were described as representing the consolidation stage of orogeny (Dardir, 1973; 
Dardir et al., 1982). These rocks are considered as being essentially unmetamorphosed volcanics, belonging 
to an epiorogenic phase with an age of 600-700 Ma (Akaad and Noweir, 1978). They record a period of 
transition between compression tectonics and crustal stability of the Arabo-Nubian Shield (Ressetar and 
Monrad, 1983), and they are continental-arc setting (Abdel-Rahman, 1995). These rocks form continuous 
basalt to rhyolitic ignimbrite calc-alkaline magma series exhibiting features of arc-related volcanism (Abdel 
Rahman, 1995). 
 In the study area, Dokhan volcanics form a NW-SE trending belt of moderate to high relief. They occur 
as massive, un-deformed, pale greenish grey to reddish grey, highly jointed and fractured outcrops. They are 
represented by inter-banding successions of andesite-dacite lava flows associated with their equivalent 
pyroclastics of ash, lapilli, crystal tuffs and agglomerates. The lava exhibits porphyritic and amygdaloidal 
textures. The fragments include various shapes and sizes (up to 7 cm in diameter) and consist of quartz and 
feldspar crystals and lithic fragments of rhyodacitic composition. Dokhan volcanics extrude the calc-
alkaline metavolcanics and intruded by monzogranites and alkali feldspar granites (G2). The agglomerates 
are composed of rounded to subrounded clasts of different shapes, sizes (~15cm) and compositions. Most of 
them are of volcanic origin but some granitic clasts (G1 granitoids) are also observed.  
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 Petrographically, the studied Dokhan volcanics are classified into porphyritic andesite, rhyodacite, 
dacite and their crystal lithic tuffs and agglomerates. 
 
Late tectonic Monzogranites (G2): 
 The exposed monzogranites are related to younger granites (El Ramly and Akaad, 1960), Late orogenic 
plutonites (El Shazly, 1964), post orogenic pink and red granites (El Gaby, 1975) and G3, S-type granites 
(Hussein et al., 1982). 
 They cover a relatively wide area in the southern and western parts of the mapped area, forming low to 
moderate relief outcrops. They are massive, medium to coarse-grained, porphyritic, reddish grey to pinkish 
grey, highly jointed and fractured. These rocks are composed mainly of K-feldspar, plagioclase, quartz and 
biotite, with small amounts of hornblende. They intrude metavolcanics, gabbro-diorite, G1 granitoids and 
Dokhan volcanics. On the other hand, they are intruded by alkaline granites (G3) and dissected by 
pegmatitic veins and acidic dykes. On Landsat ETM band ratio image, the monzogranites appear in dark 
greenish orange colour.  
 
Late Tectonic Alkali Feldspar Granites (G2): 
 Alkali feldspar granites are represented by elongated outcrops, with moderate to high relief and exposed 
at the southern, central and western parts of the mapped area. These outcrops were described as perthite 
leuco-granites (Takla et al., 1991). The alkali feldspars granites display a bright orange colour on the 
processed ETM band ratio image of the study area. 
 These rocks are medium to coarse-grained. They are occasionally associated with monzogranites. They 
intrude the calc-alkaline metavolcanics, G1 granitoids and Dokhan volcanics. Many quarries are operating 
whereas blocks of this granitic type are used as building materials and ornamental stones. 
 Petrographically, the alkali-feldspar granites are medium to coarse-grained and composed mainly of K-
feldspar (mainly microcline, perthite and perthitic orthoclase), quartz, plagioclase, biotite and opaque 
minerals. Porphyritic and perthitic intergrowth textures are observed.  
 
Post tectonic Alkaline Riebeckite Granite (G3 Gharib Granite): 
 These granites are related to the younger granites (El-Ramly and El-Akaad, 1960), post orogenic 
plutonites (El Shazly, 1964) and G3 typical intraplate anorogenic, A-type granite (Hussein et al., 1982; 
Abdel-Rahman and Martin, 1990). They gave a Rb/Sr age of 544 Ma (Stern and Hedge, 1985) and 476 Ma 
(Abdel-Rahman and Doig, 1987). Abdel-Rahman (1995) described the granitic rock of this intrusion as A-
type peralkaline granite, pertaining to within plate tectonic setting formed in a rift environment. 
 These rocks are exposed at the eastern part of the mapped area, constituting the Gabal Gharib-Abu 
Khashaba granitic which forms the highest, most prominent peak (1750 m) in the study area. These rocks 
are affected by wide spaced joints separating them into large blocks showing exfoliation (Fig. 2b). It 
intrudes the surrounding tonalite-granodiorites (G1) and monzogranites (G2). Locally they are associated 
with grey syenite and dissected by post tectonic dykes.  
 Petrographically, these granites are medium-grained and composed essentially of K-feldspars (40-50%), 
albite, alkali amphiboles, including riebeckite and arfvedsonite (Fig. 2c), subordinate amounts of biotite and 
quartz. Zircon, apatite and opaque minerals are accessories.  Hypidiomorphic texture is observed. 
 
Dykes and Veins: 
 Numerous dykes and veins, dissecting all the previously described basement rock units, are observed in 
the study area. Dyke swarms, with general NE-SW and minor NNW-SSE and N-S trends, constitute almost 
vertical positive features, running for long distances in the northern and western parts of the mapped area. 
The Gharib dykes were emplaced at 493 Ma (Rb-Sr age) (Abdel-Rahman, 1986 and Abdel-Rahman and 
Doig, 1987). The thicknesses of these dykes vary from 0.5m to 15m. According to field observations and 
also according to observations on the petrography of these dykes, the rocks proved to be mostly fine-grained 
and porphyritic. They vary in composition from mafic to felsic and calc-alkaline to alkaline. They include 
basalt, rhyolite, rhyodacite, andesite, trachyte and syenite dykes (Fig. 2d). Veins are mostly quartz, feldspar 
and pegmatitic veins. 
 
Structural Features: 
 The structural features of Gabal Gharib area are mainly the result of brittle deformations, which are 
mainly represented by joints, fractures and faults of various ages. The dominant trends of fractures and 
faults are NW-SE and NE-SW, with a subordinate NNW-SSE trend. The metamorphosed volcano-clastics 
and Dokhan volcanics display primary bedding, graded bedding, flow-lamination and banding. The main 
trend of these structural features is NW-SE with a gentle to moderate dip to the southwest. Folding and 
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refolding structures are observed in large scale with axial planes swinging around the NE-SW and NE-SW 
and E-W trending. They show moderately dipping toward the north.  
 

RESULTS AND DISCUSSIONS 
 
 Almost all the exposed basement rocks in the study area have high reflectances at both Landsat ETM+ 
bands 3 and 5 in the wavelength intervals from 0.63-0.690 and 1.55-1.75 µm. These rocks show also low 
reflectances at Landsat ETM+ bands 2, 4 and 7 in the wavelength intervals of 0.525-0.605, 0.75-0.90 and 
2.09-2.35µm (Table 3). The average spectral reflectance curves of each of the exposed rock units were 
subsequently compared.  
 At Landsat ETM band 5 both Dokhan volcanics and gabbro-diorite rocks exhibit the same DN values 
(76), but these rocks shows higher DN (71) than gabbro-diorite (64) at band 4 and lower DN (66) than 
gabbro-diorite (69) at band 7. So the ratio of bands 7/4 can discriminate between these two rock units. At 
Landsat ETM band 4, in the wavelength interval between 0.75-0.90 µm, both monzogranites and reibeckite 
granites exhibit the same DN values. The riebeckite granites show the same DN values for bands 3 and 7, 
while monzogranites have different DN values (114 and 96 respectively). This enables the discrimination of 
the monzogranites from the post tectonic riebeckite granites by using the band ratio (7/3).  
 At bands 4 and 5, the calc-alkaline metavolcanics show the same DN values while the alkali feldspar 
granites show different DN values (84 and 111 respectively). So the band ratio (4/5) can discriminates 
between these two rock units. 
 

 
 
Fig. 2: (a) Saussiritized plagioclase, quartz and biotite in diorite. West of Gabal Gharib, C.N., X 25. 
            (b) Exfoliation weathering in alkaline granite. Gabal Gharib. 
         (c) Arfvedsonite and riebeckite intergrown with K-feldspar and quartz. Alkaline granites. 
            Gabal  Gharib, P.L., X 40. 
            (d) Basaltic dyke dissecting Gharib alkaline granite. 
 
 Data integration is applied on Egyptsat-1 and Landsat data using High Pass Filter fusion (HPF) 
technique in order to get better enhanced remotely sensed data. Landsat ETM+ Egyptsat-1 fused image 
preserves a perfect spatial resolution (7.8 m) and the best spectral discrimination (7 spectral bands) of the 
exposed rock units in the study area due to the advantage of the multispectral bands of the Landsat ETM+ 
data (Fig. 3). By applying the Landsat ETM raw data, the spectral curves are nearly parallel and the rock 
units are poorly discriminated (Fig. 4a), while these rocks show much better discrimination by applying the 
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data of the ETM-Egyptsat-1 fused band ratio image (7/4, 3/7, 4/5) in (RGB) (Fig. 4b). A modified 
geological map is produced, based on the interpretation of Landsat ETM+ Egyptsat-1 fused image. This has 
been perfected by spectral characterizations of the different rock units and by field checks (Fig. 5). 
 
Table 3: Average DN values for the exposed rock units in various spectral bands of Landsat ETM+. 

 
 

Spectral bands / Rock unit 

 
DN values 

1 2 3 4 5 7 
Alkaline riebeckite granites (gr) 89 87 106 84 109 106 

Alkali feldspar granite  (gk) 90 88 109 84 111 103 
Monzogranite (gm) 94 91 114 85 103 96 

Dokhan volcanics (dv) 87 81 97 71 76 66 
Tonalite-granodiorite (gd) 90 84 102 74 90 83 

Gabbro-diorite  (dr) 85 77 90 64 76 69 
Calc-alkaline metavolcanics (va) 84 76 89 64 64 56 

 

 
 
Fig. 3: (a) Landsat ETM+ band ratio image (7/4, 3/7, 4/5) assigned in (RGB).  
         (b) Landsat ETM-Egyptsat-1 fused band ratio image (7/4, 3/7, 4/5) assigned in (RGB).  
 

 
 
Fig. 4: (a) Spectral characteristic curves applying Landsat ETM+ raw data. They show poor  discrimination for the 

studied volcanics and granitic rocks. 
  (b) Spectral characteristic curves showing better discrimination for the investigated volcanics and granite by 

applying the data fusion method on Landsat ETM-Egyptsat-1 data and producing an image based on band 
ratios (7/4, 3/7 and 4/5). 
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Fig. 5: Geological map of Gabal Gharib area, northern Eastern Desert of Egypt, modified after the Egyptian 

Mineral Resources Authority (EMRA) (2005).   
 
Conclusions: 
 The Precambrian basement rocks exposed in Gabal Gharib area, which is the most northerly location of 
basement exposures in the Eastern Desert of Egypt, are composed essentially of calc-alkaline 
metavolcanics, Dokhan volcanics intruded by syn-to late and post-magmatic mafic and granitic intrusions. 
These intrusions consist of diorite, granodiorite-tonalite (G1), monzogranite (G2) and post tectonic-alkaline 
riebeckite granite (G3). These rocks are unconformably overlain by Pliocene and Quaternary deposits.  
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 In this study the data fusion of Landsat ETM and Egyptsat-1 and the spectral signature characterizations 
have been applied for the first time to discriminate the different varieties of basement rocks in the Eastern 
Desert of Egypt. A false colour band-ratio image (7/4, 3/7, 4/5 in RGB) was produced applying processed 
data provided by both Landsat ETM+ and Egyptsat-1 fused images. Field study was carried out to check and 
evaluate the interpreted remotely sensed data. 
 The comparison between the present modified geological map and the geological map published by the 
Egyptian Mineral Resources Authority (2005) shows that the contacts and spatial distribution of the exposed 
rock units are accurately delineated on the fused band ratio image. It was possible, by using the method 
introduced in this work, to modify the contacts between the different mapped rock units to obtain a more 
accurate map, in which the different varieties of granitic and volcanic rocks exposed in the area are better 
differentiated. 
 This study shows that the fusion of data provided by Egyptsat-1 with 7.8 m spatial resolution with data 
from Landsat ETM+ multispectral image by using the HPF technique can provide excellent lithologic 
discrimination for the exposed rock units. Egyptsat-1-Landsat ETM fused band ratio image (7/4, 3/7, 4/5) in 
RGB) is the best combination for an accurate discrimination of the exposed volcanic and granitic rocks at 
Gabal Gharib area in the extreme northern part of the Eastern Desert of Egypt. 
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