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HE BASIN of Gilf Kebir is located in the southwest region of the Western Desert of Egypt. The 

lithologies and geological structures in the area indicates that it has the perfect formation system 

of Paleozoic intra-cratonic rift. This study analysed and integrated the interpretation of remote sensing 

(Landsat 9), geophysical (aeromagnetic and satellite gravity data), and geological data to understand 

the underlying structure of the area of Gilf Kebir Basin. Basins of the Paleozoic intracratonic formed 

within the African Shield subsequent to the deformation and plutonism of Precambrian. A thick clastic 

Gilf sandstone was deposited between the two major plutons of the Uweinat area in the west and the 

Tarfawi area in the east. The dominant structural tendencies are NE-SW/ENE-WSW, E-W, and NW-

SE/NNW-SSE. The depths in the basin were determined using a three-dimensional (3D) depth 

inversion. The results show that the thickness of the sedimentary section ranges from zero (basement 

outcrop) to more than 3000 meters. Remote sensing data clarify that there are some alteration 

processes that some of the rocks in the area have been exposed to, which are consistent with the 

geological map. In addition, the locations of Fe-silicate mineralization are consistent with the 

basement rocks shown in the geological map. By integrating magnetic and satellite gravity data, we 

conclude that in the Gilf Kebir area, there are good conditions of hydrocarbon source-reservoir-cap 

assemblage.  
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1. Introduction 

This study analyzes and interprets aerial magnetic 

data from the East Uweinat/Gilf Kebir region in 

Egypt's Southwest Western Desert, integrated with 

remote sensing data analysis. Figure 1-a illustrates 

the geographical extent of the study area. Beyond 

contributing to a broader comprehension of the 

regional tectonic framework and structural evolution, 

the primary aim of this research is to deliver 

comprehensive structural characterization within the 

East Uweinat/Gilf Kebir exploration area. This 

information is intended to augment forthcoming 

seismic investigations, particularly in sectors where 

seismic coverage is limited or where intra-

formational lithological variations fall below the 

resolution threshold of seismic techniques. Based on 

the scope of work, the ultimate objectives of this 

study are as following: 

-  Mapping geological trends. 

-  Mapping mineralization zones. 

-  Mapping the boundary of the basin. 

-  Estimating the depths to magnetic sources. 

- Inferring the groundwater/hydrocarbon potentials of 

Gilf Basin. 

The interpretation did show that the fields in 

question could possibly be extended and drill sites 

could be added. Integrated interpretation of the 

magnetic data, in accordance with the available 

remote sensing and geological information, enabled 

more precise delineating of the detailed structural 

configuration of surface and the buried subsurface 

basement complex. 

2. Tectonic history of the east Uweinat\Gilf Kebir 

Area 

From a tectonic perspective, it is widely accepted that 

Egypt can be subdivided into six distinct tectonic 

domains (Figure 1-b; Meshref, 1990), each exhibiting 

unique structural characteristics and geological 

evolution. These tectonic provinces include: (1) the 

Arabian-Nubian Shield, (2) the Stable Shelf, (3) the 

Unstable Shelf, (4) the Red Sea and Gulf of Suez 

Rift, (5) the Gulf of Aqaba, and (6) the Delta Hinge 

Zone. 
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2.1. The Arabian-Nubian Shield (ANS) 

The Precambrian crystalline basement underlying 

Egypt and Sudan, referred to as the Arabian-Nubian 

Shield (ANS), stretches from the Nile River 

eastward toward the Arabian Peninsula (see Figure 

1-b). Southward, the ANS is contiguous with the 

Mozambique Belt. Geologically, the ANS is widely 

understood to have formed during the 

Neoproterozoic through the complicated accretion of 

various terranes atop an older pre-Pan-African 

basement, commonly designated as the Nile or East 

Sahara craton (Dixon and Golombek, 1988; 

Vervoort and Blichert-Toft, 1999; Ren and 

Abdelsalam, 2006). 

The initial stage in the evolution of the ANS 

involved the accretion of numerous terranes and 

volcanic arcs, predominantly comprising complex 

sequences of mafic (basaltic-andesitic) to felsic 

(rhyolitic-dacitic) volcanic and sedimentary 

assemblages (Kroner et al., 1987; Harris et al., 1993; 

Stein and Goldstein, 1996). 

This shield encompasses Precambrian lithologies 

from the Southwestern Desert, including the 

Uweinat Mountain region. The ANS is characterized 

by intensely deformed igneous and metamorphic 

units, exhibiting prominent folding, thrusting, 

shearing, extensional fracturing, and the intrusion of 

dykes. Major structural lineaments within these 

rocks trend predominantly north-south and east-west 

(Stern, 1994; Abdelsalam and Stern, 1996; Ren and 

Abdelsalam, 2006). After a prolonged interval of 

erosion, these basement rocks were largely overlain 

by sand deposits during the Cretaceous (circa 90 

million years ago), giving rise to the Nubian 

Sandstones. Subsequent continental uplift associated 

with the Red Sea rift system led to the erosion of 

these sandstones along the rift margins. 

2.2. The stable shelf 

Stable shelf constitutes the southern and middle 

portions of both Eastern and Western Desserts as well 

as mid Sinai. It is characterized by (Meshref, 1990): 

1. Thin sedimentary cover, ranging, in thickness, 

from ~400 m in south to 1000 m in north and, in 

age, from Paleozoic to Middle Eocene. However, 

isolated basins containing a thick pile of 

sediments reaching to 4000 m are recently 

recorded; firstly, via aeromagnetic survey and 

later documented by drilling (e.g., Kom Ombo 

basin and Kharit basin at the southern Nile 

Valley and Eastern Desert). 

2. Structurally, this shelf is less deformed than the 

unstable shelf. It is mainly affected by faulting 

with minor role of folding. 
 

2.3. Geological and structural setting 

Paleozoic intra-cratonic basins emerged within the 

African Shield subsequent to Precambrian tectonic 

reworking and magmatic activity. Notably, two 

principal plutonic bodies have been delineated: one 

situated in the western Uweinat region and another in 

the eastern Tarfawi locality. Between them, a thick 

clastic section of the Gilf Sandstone was deposited 

(Figure 1-c, Conoco and EGPC, 1987). The Lower 

Paleozoic rocks are almost absent in the West, while 

slightly folded Devonian-Carboniferous sediments 

are well developed.  

 

Fig. 1. (a) Location map of East Uweinat/Gilf 

Kebir area. (b) Major tectonic unites and trends in 

Egypt (after Meshref, 1990). (c) Geologic Map 

(after Conoco and EGPC, 1987). 

 

The Landsat image of East Uweinat/Gilf Kebir area 

(Figure 2) shows that the main structures trends are as 

following:  

 NNE-SSW trending Gilf Faults 

 NW-SE trending Kamel Faults 

 Several East-West faults have been 

identified. 

These trends are normal gravity faults. The 

configuration and sediments distribution of the NNE-

SSW Gilf trending suggests that the NE-SW trending 

Uweinat Basement Block was developed by post-

Carboniferous orogenic movements and the Tarfawi 

Basement Block was uplifted at the end of the 

Paleozoic. Cretaceous and younger sediments lie on 

the Tarfawi High, while only Cretaceous-Oligocene 

igneous rocks are observed on the Uweinat High. 
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Fig. 2. Radiometrically corrected Landsat ETM+ 

Mosaic of East Uweinat/Gilf Kebir area, 

southwestern Egypt with surface lineaments and 

structural trend analysis. 

3. Geophysical And Remote Sensing Data 

In 2011, the Airborne Geophysical Department, 

Nuclear Materials Authority conducted an Airborne 

geophysical survey at the East Uweinat\Gilf Kebir 

area on behalf of Ganoub El Wadi Holding Petroleum 

Company (Ganope) as a part of the program of the 

petroleum assessment. The data were acquired along 

flight lines in the direction of N-S with 2.0 kilometer 

spacing, while the tie lines spacing was 10 kilometers 

and the direction was E-W. The flight altitude was at 

100 m ground clearance (NMA, 2011). 

The satellite gravity data is derived from the 

Altimetric Marine Gravity Field (Anderson, 2013). 

Satellite altimetry is a very important source of 

information for the determination of the figure and 

gravity field of the Earth. The height of the oceans 

closely assembles an equi-potential surface of gravity 

and can be used to define the high-resolution marine 

gravity field. 

Remote sensing offers valuable insights into the 

chemical composition of rocks and minerals on 

Earth's surface, particularly in areas that are not 

totally covered by vegetation or sand dunes. Five 

cloud-free Landsat 9 scenes were downloaded from 

the United States Geological Survey (USGS) Earth 

explorer website and have been already 

georeferenced to the UTM zone 35N using the WGS‐

84 datum. The acquisition period was August 2023, 

corresponding summer season. The Landsat 9 data 

have been subjected to several processing using In 

Environment for Visualizing Images (ENVI) 

software. 

4. Geological Mapping From Potential Field Data 

The primary objective of image enhancement in the 

analysis of potential field data is to suppress 

irrelevant components of the gravitational or 

magnetic signals, thereby accentuating anomalies that 

correspond to subsurface geological structures 

relevant to the investigation. In the context of basin 

analysis, the focus is on amplifying signals associated 

with sedimentary bodies and structural features 

within and beneath the basin framework. This 

typically entails isolating the long-wavelength 

components related to deeper crustal structures. 

Standard techniques employed include frequency 

filtering, calculation of gradients, and the subtraction 

of regional fields modeled via polynomial surface 

fitting. Additional approaches exist to delineate the 

probable geometry of source bodies responsible for 

gravity and magnetic anomalies, as well as to 

automate the detection of linear features indicative of 

faults and basement structural trends. 

4.1 Magnetic Source Bodies for Geological 

Mapping 

The spatial localization of geological source bodies 

can be refined through the combined analysis of 

vertical and horizontal gradients of the magnetic 

field, which manifest as magnetic anomalies. The 

analytic signal (AS), defined as the square root of the 

sum of the squares of the vertical and horizontal 

derivatives of the magnetic or gravitational field, 

provides a composite gradient measure (Roest et al., 

1992). The position of the causative bodies governs 

the shape of the AS and is independent of the 

magnetization vector orientation. This property 

renders the analytic signal particularly effective in 

identifying remanent magnetization, which is a 

magnetic signature retained from past geological 

processes rather than induced by the present 

geomagnetic field. 

The amplitude of the analytic signal facilitates 

geological interpretation by being strictly positive, 

with maxima located directly above magnetic sources 

or their boundaries (MacLeod et al., 1994; Li, 2006; 

Li et al., 2008). AS analysis effectively reduces 

magnetic data to anomalies whose peaks correspond 

to edges or centers of magnetized bodies, enabling 

depth estimation of these sources. 

The utility of the AS method has been demonstrated 

in mapping magmatic bodies within the East 

Uweinat/Gilf Kebir Basin. The AS map (Figure 3-b) 

reveals sharper contrasts between tectonic units 
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(Figure 3-c) than those detectable from total magnetic 

field anomalies alone (Figure 3-a). A pronounced 

boundary delineated by the AS corresponds to 

magnetic sources separating the East Uweinat 

Mountain from the Gilf Kebir Basin. High AS 

amplitude zones dominate the northwestern, central, 

and southern sectors, coinciding with the East 

Uweinat Mountain and extending southeastward. 

Conversely, magnetically subdued regions in the 

northern and eastern parts align with sub-basinal 

areas characterized by thick sedimentary sequences 

exhibiting low magnetic susceptibility, such as those 

in the Gilf Basin. Linear high AS features along the 

northern, southern, and eastern margins correspond to 

inferred near-surface dykes and volcanic ridges 

(Figure 3-b). 

 
Fig. 3. Maps showing magnetic data used to infer 

basement composition. (a) Total intensity 

magnetic field (TF) of the East Uweinat/Gilf Kebir 

area, southwestern corner of Egypt (after NMA, 

2011). (b) Analytic Signal (AS). (c) Near-Surface 

magnetic source boundaries. 

 

Following the computation of the analytic signal, 

polygons can be delineated around positive AS peaks 

to approximate the geometry and boundaries of 

magnetic source bodies, independent of 

magnetization direction. This facilitates an objective 

extraction of geological information from 

geophysical datasets (Gibson et al., 2011; Morse, 

2010). Figure 3-c presents such polygons outlining 

magnetic sources within the East Uweinat/Gilf Kebir 

Basin, derived from the AS map (Figure 3-b), itself 

calculated from total magnetic intensity data (Figure 

3-a). To mitigate noise effects, upward continuation 

to 1000 meters was applied before AS calculation. 

By correlating these magnetic source polygons with 

basement lithologies exposed at the surface (Figure 3-

c), the spatial distribution of discrete near-surface 

basement domains can be inferred in areas lacking 

direct geological data. The figure demonstrates that 

regions where the basement comprises less magnetic 

metasedimentary or granitic units (depicted in 

magenta) and more magnetic meta-igneous units 

(shown in red) are encompassed within distinct 

magnetic source polygons. Additionally, intra-basinal 

volcanic activity is documented in the southern 

subbasins. This spatial association between basement 

lithology and magnetic source polygons suggests that 

magnetic anomalies in this region predominantly 

reflect variations in magnetized basement rock 

presence (Hall et al., 2012). 

Partitioning the basement into discrete domains bears 

implications for hydrocarbon prospectivity, as 

variations in basement composition can influence 

heat flow regimes. These variations affect the thermal 

maturation of overlying sedimentary sequences and 

consequently the generation potential of source rocks. 

Nonetheless, interpretations of basement domains 

based on source polygons constitute preliminary 

approximations of magnetic source distribution 

within the basement or sedimentary cover. Therefore, 

after mapping and geological calibration of these 

polygons, their validity should be further assessed 

through detailed forward and inverse modeling. 

 

4.1. Mapping Geological Trends 

Analyzing structural trends within sedimentary basins 

is critical for delineating basement zones 

distinguished by unique structural fabrics and for 

evaluating basement influences on basin evolution. 

Multiple automated methodologies exist for 

extracting directional trends from gravity and 

magnetic datasets. These techniques capitalize on the 

observation that significant gradients in gravity and 

magnetic measurements frequently result from the 

juxtaposition of lithologically distinct materials 

exhibiting variable physical properties, such as 

density and magnetic susceptibility, across subsurface 

boundaries. 

Consequently, the Total Horizontal Gradient (THG; 

Figure 4-b), Second Vertical Derivative (SVD; Figure 

4-c), and Tilt Derivative (Figure 4-d) were computed 

from the Reduced to the Pole (RTP; Figure 4-a) 

magnetic anomaly data, which represent rates of 

change or gradient magnitudes in the magnetic field 

(Cordell and Grauch, 1985; Blackely and Simpson, 

1986; Salem et al., 2008). These derivatives 

facilitated the identification of principal magnetic 

lineaments (see Figure 5). 
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Interpretation of the magnetic anomaly maps for the 

East Uweinat/Gilf Kebir Basin reveals a geologically 

complex region dominated by extensive magnetic 

lineaments oriented NW-SE, NNE-SSW, sub-E-W, 

and sub-N-S (Figure 5). The spatial distribution of 

magnetic anomalies (Figure 5) supports the 

subdivision of this region into discrete domains 

characterized by distinctive anomaly patterns. The 

Gilf Kebir (GK) sector, for instance, is defined by 

prominent NNE-SSW oriented anomalies (the Dakhla 

Structural Trend), displaying high-frequency, high-

amplitude magnetic signatures (Figure 4), which 

contrast with adjacent zones exhibiting lower-

amplitude, intermediate-to-low anomaly values and 

comparatively subdued magnetic fields (Figure 4-a). 

Broad, long-wavelength negative anomalies 

identified in the northern and eastern portions of the 

study area are inferred to be related to deeper crustal 

structures and thick accumulations of sedimentary 

cover. The southeastern domain (East East 

Uweinat – EEU) area is characterized by the 

presence of near-surface volcanic intrusions. The 

East Uweinat domain (EU) shows a ring 

complex-like pattern with structural trends of E-

W, N-S and NE-SW. 

 

Fig. 4. Maps showing magnetic data used to infer 

basement geological trends. (a) Reduced to Pole 

magnetic data (RTP). (b) Total horizontal 

derivative (HG). (c) Second vertical derivative 

(SVD). (d) Tilt derivative. b, c and d after RTP 

upward continued to 1.0km. 

 

Satellite altimetric measurements have facilitated the 

widespread acquisition of global geoid and gravity 

data, particularly in remote regions. Although 

individual satellite altimetry observations may not 

match the precision of direct marine gravity 

measurements, their capacity to deliver consistently 

reliable gravity data on a near-global scale renders 

satellite altimetry indispensable and superior for the 

determination of the Earth’s global marine gravity 

field. ocean surface slope is related to the geoid, the 

equipotential surface that best fits mean sea level. 

Gravity anomalies can be computed from the 

derivative of potential, so ocean surface slope 

measurements can be used to infer gravity anomalies 

for the world (Anderson, 2013). 

 

Fig. 5. Map showing basement composition and 

major trends derived from the magnetic data 

overlain on the reduced to the pole magnetic data. 

 

The Bouguer gravity anomaly for the East 

Uweinat/Gilf Kebir region (Figure 6-a), calculated 

utilizing satellite-derived gravity measurements and 

adopting a mean density of 2.3 g/cm³, exhibits a 

persistent long-wavelength component. This feature 

reflects changes in crustal thickness throughout the 

area, characterized by high values over oceanic 

domains, relatively low values over continental 

regions, and a pronounced gradient demarcating their 

boundary. Eliminating the long-wavelength field as a 

"regional" field from the Bouguer gravity field will 

enhance the information on crustal structure. 

Depth slicing is utilized to separate distinct 

wavelength components of the bouguer data set using 

spectral analysis (Spector, 1968).  Pseudo-depth 

slicing improves the impacts of sources at any 

selected depth while reducing the effects of deeper or 

shallower sources. 

In the filtration process, filtration operation has a 

great important role in the different interpretation 

tools. So, the high-pass filtering tool (e.g., 

Butterworth filtering technique or the orthogonal 

polynomial tool) is achieved. For gravity data, three 

segments chosen also to represent average pseudo-
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depths of, which could be equivalent to different 

wavelengths of < 500 km “deep high-pass (Figure 6-

b), < 250 km “intermediate high-pass (Figure 6-c) 

and < 52 km relatively shallow high-pass (Figure 6-

d), respectively. 

Identification of edges and structural boundaries 

derived from gravity data (Figure 6-d) and magnetic 

anomalies (Figure 5) emphasizes the role of the 

basement in controlling the fault configuration within 

the superimposed sedimentary basin. The observation 

that fault orientations inferred from gravity data 

closely align with the structural grain delineated by 

magnetic data implies that reactivation of basement 

faults has played a significant role in shaping both 

basin development and its structural deformation 

styles. This correspondence underscores the 

pronounced control exerted by the basement 

architecture on fault propagation and distribution in 

the overlying sedimentary sequences. 

Fig. 6. Maps showing satellite gravity data used to 

infer basement geological trends in East 

Uweinat/Gilf Kebir area and its vicinity. (a) 

Bouguer gravity anomaly data. (b) High-pass 

gravity component at wavelength 500 km. (c) High-

pass gravity component at wavelength 250 km. (d) 

High-pass gravity component at wavelength 52 km 

overlaid by structure lineaments inferred from 

gravity data. Box in black is the study area 
 

4.2. Estimating Depth to Basement 

There is no available information on subsurface 

basements in the East Uweinat/Gilf Kebir basin. For 

example, there are no wells or seismic traverses to 

constrain magnetic basement depth estimates. The 

primary exploration challenges in this region are the 

complex basement faulting and structural system. The 

complex basement structure results from the varying 

ages of faults and the difficulties in defining the time 

sequence.  

Three-dimensional (3D) forward modeling and 

inversion of potential field data were applied to the 

East Uweinat/Gilf Kebir region. The main aim was to 

characterize the subsurface basement topography 

utilizing Oldenburg’s spectral layered-earth inversion 

approach (Oldenburg, 1974). It is important to 

emphasize that the depth estimates for the basement 

obtained through this method may not precisely 

correspond to the actual basement depths. Based on 

our experience in interpreting potential field data, 

these depth estimates generally approximate the true 

values; however, they tend to be somewhat 

overestimated. This challenge in interpretation can be 

mitigated by inverting the magnetic data, which 

enables a more accurate assessment of basement 

structure. In this context, inversion refers to an 

automated computational technique that generates a 

geological subsurface model by integrating observed 

magnetic data with a priori geological information. 

The resulting three-dimensional representation of the 

basement is illustrated in Figure 7. 

The area is characterized by an uplifted basement in 

the central and southern parts related to the basement 

complex of East Uweinat mountainous area. It is 

directed in the general NE-SW direction (Trans 

African trend) with exposed basement to west and 

south. The depth values are getting deeper to the 

north and to the east.  

 

The area also is characterized by the presence of two 

major sub-basins; one of them is located in the 

northwestern part of the area and the other is located 

in the southeastern part. The depth values get deeper 

in the center of the northern basin reaching a value of 

3500 m. The depth to the basement values gets 

shallower in the southern basin reaching a value of 

2500 m. It is clear from depth to basement map that 

this basin is going to be more deeper to the east, 

outside the limits of the area under study. It is also 

observed that the main basins are dissected by several 

faults forming relatively small sub-basins.  

 

5. Alteration Zones 

Remote sensing techniques play a crucial role in 

identify lithological lithologies related to geological 

structures, including their potential subsurface 

continuities (Ramsay and Huber, 1987). Various 

methodologies, such as spectral band ratio analysis 

and principal component analysis (PCA), can 

effectively delineate hydrothermal alteration zones 

and prospective mineralized regions within 

multispectral datasets, such as those derived from 

Landsat data (Sabins, 1997; Goetz et al., 1983; 

Rowan et al., 1986; Abrams and Hook, 1985; Okada 

et al., 1993; Amuda et al., 2014; Poormirzaee and 

Oskouei, 2010; Ramadan et al., 2001; Mia and 

Fujimitsu, 2012). Specifically, the application of band 

ratios to multispectral data has proven successful in 

detecting zones of hydrothermal alteration (Sabins, 
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1999; Mia and Fujimitsu, 2012; Aydal et al., 2007; 

Liu et al., 2013; Tangestani and Moore, 2000), which 

are often linked to mining activities and can cause 

significant modifications to the mineralogical 

properties of local lithologies. 
 

For this study, bands 2 through 7 were mosaicked and 

subsetted to focus on the target area. Red, green, and 

blue (RGB) band combinations, alongside computed 

band ratios, were employed on the Landsat dataset to 

facilitate the discrimination of diverse lithologies and 

iron-rich rocks. Variations in color within these 

combinations are indicative of differences in rock 

origin and mineral assemblage. Numerous 

researchers have leveraged band ratios to accentuate 

particular spectral features by dividing the digital 

number (DN) values between specific bands, thereby 

enhancing geological interpretation (Gabr et al., 

2010; Pour and Hashim, 2011; Amer et al., 2012; 

Pour et al., 2019c; Sekandari et al., 2020a; Ishagh et 

al., 2021). 
 

 
 

Fig.7. Depth to magnetic basement overlaid by 

major magnetic trends. 
 

Using combination of bands (4, 3, and 2) in RGB to 

discriminate the different rock units in the area in true 

color (Figure 8). The map distinguishes the different 

rock units in the area similar to the lithological map 

of CONCO map. The basement rock appears in dark 

colors while sedimentary rocks appear in light colors. 

The sand sheets and dunes cover most of the area. 

The sand dunes extend and spread in NE - SW 

direction, which is the same direction as the extension 

of the basement rocks. 
 

 
Fig. 8. Band combination of bands (4, 3, and 2) in 

RGB respectively. 

 

 
Fig. 9. Band combination of bands (7, 5, and3) in 

RGB respectively. 
 

Conversely, an RGB composite utilizing bands 7, 5, 

and 3 has been employed to distinguish various 

lithological units in false color imagery (see Figure 

9). Within this combination, felsic rocks are 

represented by a reddish-brown hue, mafic rocks are 

displayed as dark tones, and wadi deposits are 

characterized by their high brightness.   
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Band ratio techniques are extensively adopted in 

mineral exploration to enhance the spectral signatures 

associated with alteration zones, as they capitalize on 

specific absorption features of altered minerals. For 

instance, the (B4/B2) ratio was applied to the dataset 

to enhance the rock units containing iron oxides 

(refer to Figure 10). The distribution of iron oxides 

revealed through this approach demonstrates strong 

concordance with the existing lithological map. 

Although the band ratio (B6 / B7) is used to enhance 

the alteration of clay minerals, the band math of [(B6 

/ B7) x (B4 / B5)] enhance the rocks with different 

alteration zones (Figure 11).  The features from this 

map similar to the features from Figures (8, 9, and 

10). The band math of [(B6 / B5) x (B4 / B5)] 

distinguish the felsic rocks from mafic rocks in Fig 

(12). The features from this map show similarities 

with the lithological map and the band combination 

maps. The mafic rocks are in dark colors and felsic 

rocks in bright colors. 

The band ratio of (B6 / B2) shows the Fe bearing 

silicate rocks and distinguishes between the basement 

rocks and sedimentary rocks in Figure (13). The 

distribution of the units similar to the iron oxides rock 

units and to the basement rocks distribution in the 

area. 

 

 
 

Fig. 10. The band ratio of (B4 / B2) enhance the 

rock unites contain iron oxides. 

 

 

Fig. 11. The band math of [(B6 / B7) x (B4 / B5)] 

enhance the altered rock units in black. 

 

 

Fig. 12. The band math of [(B6 / B5) x (B4 / B5)] 

differentiates between the felsic and mafic rock 

units in the area. 
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Fig. 13. The band ratio of (B6 / B2) shows the Fe 

bearing silicate units. 

 

6. Conclusions 

In an ideal situation, subsurface information from 

seismic data and well cores/logs are used to help 

constrain the interpreted basement structure and 

depth in gravity and magnetic structural models. In 

the East Uweinat/Gilf Kebir area, no such 

information exists. Consequently, the magnetic 

basement structure and depth estimates represent the 

only available subsurface “calibration points”. 

 

Magnetic anomalies maps show NE-SW/ENE-WSW 

banded distribution in positive and negative magnetic 

anomalies. These features are much obviously 

changed by some NW-SE trending faults possible 

cause of large-scale basement uplift (G. Uweinat). 

 

Association of negative magnetic anomalies on the 

filtered maps indicates basinal areas or depo-centers 

intervening with the surrounding high basement 

blocks (could be major tilted fault blocks). Linear 

zones of magnetic gradients separating these uplifted 

and intervening basinal areas are ideal expression of 

dip-slip faults. The steepness of these zones of 

gradients is a direct measure to the dip angle of the 

faults. 

The derivatives of the magnetic data provided much 

in improving the spatial and vertical resolution of the 

crystalline basement detailed structural fabric. The 

combination of the short-wavelength linear positive 

and negative anomalies is most probably the 

magnetic expression of the rift-parallel to sub-parallel 

horst and graben basement structures dominated in 

the area due to the rift – orthogonal NW-SE 

extension. This is quite evident on the basement 

depth map. 

Structurally, the area under study is mainly 

dominated by the major NE-SW trend. This NE-SW 

trend (oldest) is dissected and affected by a NW-SE 

trend (youngest). The E-W trend was assembled with 

the basin regions in the study area. The N-S trend is 

recognized in the area under investigation, especially 

in the region at the southern part of the area. 

These structurally controlled basins are deep grabens 

with a thickness reached more than 3.5 km thick of 

young sedimentary infill, occupying the area between 

the major fault-blocks (basement blocks). Many intra-

basin basement-cored horst structures were mapped. 

These represent promising exploration targets of 

potential hydrocarbon accumulations and for 

groundwater aquifers within those basins. 

From the remote sensing data, there are some 

alteration processes that some of the rocks in the area 

have been exposed to, which are consistent with the 

geological map. In addition, the locations of Fe-

silicate mineralization are consistent with the 

basement rocks shown in the geological map. 

By interpreting magnetic and satellite gravity data, it 

can be concluded that in the Gilf Kebir area, there are 

good conditions of hydrocarbon source-reservoir-cap 

assemblage. The deepest top of basement is about 3.5 

km from sea level. The local structures are well 

developed. 
 

7. Recommendations 

As with any geological/geophysical study, this 

interpretation does not represent a final product but 

rather is something that can be extended, refined and 

modified as new data from gravity, seismic and/or 

wells become available for integration. 

The interpretation should be updated and refined 

as more geological and geophysical data become 

available. We recommend that new constraints are 

integrated into the existing study as following: 

 Acquiring and analysis of airborne gravity 

survey data. 

 Acquiring seismic survey data 
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