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Abstract 

Background  Gabal Ras Abda area as a part of the Red Sea Mountain range, is characterized by inaccessible and rug-
ged terrains. The exposed rock units are hardly followed in the field because of the rigid topography. Thus, the present 
work proposes and develops an integrated approach to map the exposed rock units and extract the geologic struc-
tures using satellite imagery data followed by both field and petrographic verification, saving time, efforts and cost.

Results  To achieve the target, both the measured spectral signature curves with Landsat-8 and Sentinel-2A data 
were used to develop and create the most enhanced Band Ratios and Principal Components for lithological dis-
crimination and mapping which were (((Band7 + Band 4)/(Band 7), (Band 2)/(Band 2 + Band 5) and (Band 5) in RGB) 
and ((Band 9 + Band 11 + Band 12)/(Band 1), (Band 4 − Band 2) and (Band 11/Band 6) + (Band 6) in RGB)) with Principal 
Component Bands ((PC1, PC2 and PC3 in RGB) and (PC3, PC2 and PC1 in RGB)), respectively. Also, georeferenced 
Google Earth Pro, panchromatic band of Landsat-8 and ALOS PALSAR Digital Elevation Model images were used 
to extract the structural lineaments. Geologic, petrographic and field structural studies were emphasized the remote 
sensing results, indicating that the main rock types cropped out in Ras Abda area from the oldest to the youngest 
are older granitoids (quartz-diorites, tonalites and granodiorites), Dokhan volcanics (andesites, rhyodacites, rhyolites 
and their related tuffs), younger gabbros, younger granites (monzogranites, syenogranites and alkali-feldspar gran-
ites), post-granite dykes and offshoots (acidic, microgranitic and basic types) and Phanerozoic sedimentary rocks. 
Also, the study emphasized that the E-W trend is the main structural trend controlling the investigated area followed 
by WNW-ESE and NE-SW directions.

Conclusions  The results of remote sensing achieved compliance with the geologic, petrographic and structural 
investigation through distinctly differentiating the different rocks and extracting the lineaments, indicating the accu-
racy of the remote sensing results and emphasizing their importance and effective role in producing a precise 
and highly accurate geologic map.
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1 � Background
The Arabian-Nubian Shield (ANS) is related to the north-
ern segment of the Pan-African orogenic belt of East 
Africa [32], considering to be one of the best preserved 
and most widely exposures of Neoproterozoic juve-
nile continental crust on Earth [13, 24]. It is composed 
of island arc volcanosedimentary sequences and I-type 
magmatic rocks (plutonic and volcanic) that were derived 
from oceanic island arc volcanism and cratonized dur-
ing the continental collision between the East and West 
Gondwana that closed the Mozambique Ocean and 
induced the East African Orogeny (EAO) around 750–
630 Ma [4, 35]. After cratonization, the shield is injected 
by the eruption of K-rich volcanic rocks and emplace-
ment of granitoid intrusions [18]. Then, these rocks are 
exposed on the both flanks of the Red Sea in the western 
Arabia and northeastern Africa after uplift and erosion 
during Oligocene and younger times [27, 35].

The investigated area constitutes a part of the north-
western ANS. It is composed of older granitoids, younger 
gabbros and younger granites which dissected by acidic, 
granitic and basic dykes of different attitudes [31]. Awad 

et al. [5] classified the investigated granites into tonalites, 
granodiorites, monzogranites and alkali-feldspar gran-
ites. El-Mansi et al. [17] reported that the present Dokhan 
volcanics are related to fissure-type eruption and are clas-
sified as intermediate (basaltic andesites and andesites) 
and acidic volcanics (rhyolites and rhyodacites).

The study area is located at the extreme southern part 
of the northeastern desert (NED) of Egypt with a part 
at the central eastern desert (CED), nearby the Red Sea 
coast at about 10 km west Safaga City. It is bounded by 
latitudes 26° 39′ 30″–26° 46′ 00″ N and longitudes 33° 
43′ 00″–33° 52′ 00″ E, covering an area of about 180 
km2 (Fig. 1a). It can be easily accessible from Safaga City 
on the Red Sea coast through Qena-Safaga asphaltic road, 
which passes through the southern part of the study area. 
It is dissected by several complex wadis with their tribu-
taries—most of them are structurally controlled—e.g., 
Wadi (W.) Um Taghir striking E to NE, W. Abu Mayah 
(ENE to NE), W. Nuqara (SE), W. Ras Abda (ENE to E), 
W. Abu Hadeida (NE) and W. Barud El Abiad (E to ESE), 
while the highest peaks are represented by Gabal (G.) 
Nuqara (814 m above sea level), G. Um Taghir El Tahtani 
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(599 m) and G. Ras Abda (459 m), occupying the eastern 
and southern parts (Fig. 1b).

Qena-Safaga road (W. Um Taghir) is considered the 
Egypt’s largest fault shear zone separating two tec-
tono-stratigraphic domains: NED and CED [15]. The 
NED—northern and central parts of the study area—
is dominated by extensional structures with E-W and 
NE-SW main tectonic trends which were controlled by 
the evolution and retreat of the Cadomian Arc, while the 
CED—southern parts—is modified by transpressional 
and extensional structures with NW–SE and WNW-ESE 
main tectonic trends which kinematically akin to the 
Najd Orogeny [25]. This is the main reason for selecting 
this area as a point of research.

Undoubtedly, the remotely sensed data application has 
brought new opportunities for the lithological identifi-
cation and lineament extraction, particularly in inacces-
sible and rugged terrains, as in the case with the study 
area. In this respect, many studies used satellite imagery 
data for lithological discrimination and mineral explora-
tion (e.g., [1, 7, 21, 33]) and for lineament extraction and 
structural analysis (e.g., [11, 14, 30]) to create an accurate 
geologic map. The present paper is addressed to differen-
tiate the exposed rock types in Ras Abda area using the 
remote sensing technique via integration between the 
rocks’ spectral signature curves and remotely sensed data 
of Landsat-8 and Sentinel-2A. It is also concerned with 
the structural lineament extraction to elucidate the main 
trend controlling the study area. Obtained rock types 
and structural lineaments are geologically and petro-
graphically verified on the field and under the polarizing 

microscope, respectively, in order to produce a precise 
geologic map of the study area.

2 � Methods
2.1 � Satellite imagery data
2.1.1 � Landsat data
Landsat-8 OLI/TIRS C1 Level 1TP (Path 174/Row 42) 
is the data used, obtained from the home site of Earth 
Explorer (https://​earth​explo​rer.​usgs.​gov/), and acquired 
on December 14, 2020, at the day time according to the 
date of field trip (from 9 to 16 December 2020), with 
cloud cover equals about zero. Landsat-8 launched on 
February 11, 2013, carrying two sensors; the Opera-
tional Land Imager (OLI) and the Thermal Infrared Sen-
sor (TIRS) to offer regular visible, infrared and thermal 
images of high quality, where the OLI measures in the 
Visible/Near Infrared (VNIR) and Short-Wave Infrared 
(SWIR) portions of the spectrum for nine spectral bands, 
and the TIRS measures land surface temperature in two 
thermal bands (Table 1).

2.1.2 � Sentinel data
Sentinel Level 2A S2MSI2A is the data used, obtained 
from the home page of ESA Hub (https://​scihub.​coper​
nicus.​eu/​dhus/), and acquired on December 11, 2020, 
with cloud coverage assessment is about 0.1%. Sentinel-2 
based on a constellation of two identical satellites in the 
same orbit: Sentinel-2A and Sentinel-2B. Each satellite 
carries an innovative wide swath high-resolution Mul-
tispectral Imager (MSI) which measures in the Visible/
Near Infrared (VNIR) and Short-Wave Infrared (SWIR) 

Fig. 1  a Location map of G. Ras Abda area, northeastern desert, Egypt. b 3D topographic model showing the main wadis and mountains 
in the study area

https://earthexplorer.usgs.gov/
https://scihub.copernicus.eu/dhus/
https://scihub.copernicus.eu/dhus/


Page 4 of 22Salem et al. Beni-Suef Univ J Basic Appl Sci           (2024) 13:44 

regions of the spectrum with thirteen spectral bands 
for providing a systematic optical imagery at high spa-
tial resolution over land, vegetation and coastal areas. 
Sentinel-2 is the most advanced satellite with data freely 
available for long-range and high-frequency remote sens-
ing applications, so it is one of the used materials in the 
current study (Table  1). The Landsat-8 and Sentinel-2A 
data geometrically corrected and georeferenced to Uni-
versal Traverse Mercator (UTM) Zone 36N map projec-
tion (units: meters) and to World Geodetic System 1984 
(WGS84) datum and ellipsoid.

2.1.3 � Laboratory spectral measurements
Understanding the interaction behavior between the 
Electromagnetic Radiation (EMR) and the targets con-
sidered as a major key factor in the processing and/or 
interpretation. Therefore, spectral signature is used as 
an effective method where it plots all the variations of 
reflected or emitted EMR of a material with respect to 
wavelengths (i.e., reflectance/emittance as a function of 
wavelength). Many authors used the relation between 
measured spectral signature curves with the remotely 
sensed imagery to discriminate and map the different 
rock types (e.g., [2, 3, 20, 21]).

Spectral signature of ten suitable samples, representa-
tive of all the exposed rock types in the study area, was 
measured by an ASD TerraSpec Halo Mineral Identifier 
with the wavelength range of 0.35  µm to 2.5  µm. Aver-
ages of the spectral reflectance data are subjected to resa-
mpling algorithm to match wavelengths of Landsat-8 and 

Sentinel-2A bands. Then from the matched values, curves 
of the reflectance are plotted and carefully examined to 
detect the most sensitive bands, which are defined as a 
peak between two adjacent troughs or a trough between 
two adjacent peaks. Using sensitive bands, the optimal 
and appropriate band ratios and band math are gener-
ated and developed to accurately discriminate the studied 
rock types.

2.2 � Image pre‑processing and processing
2.2.1 � Atmospheric correction
Ideally, satellite imagery that is recorded by a remote 
sensing system considers the result of the reflectance 
of visible and infrared electromagnetic waves from the 
Earth’s surface. These reflected signals comprise the 
actual reflectance from the surface and atmospheric 
noise resulted from effect of the atmosphere as well as 
errors which may be introduced by the sensor system 
itself. So that it is necessary to exclude these errors from 
data before image processing by executing some pre-pro-
cessing corrections in order to get an accurate result.

Herein, the Fast Line-of-sight Atmospheric Analysis 
of Spectral Hypercubes (FLAASH) algorithm is applied 
to retrieve Landsat-8 image data from radiance to reflec-
tance. This process is mainly based on some parameters, 
e.g., acquisition time, sun elevation, ground elevation, 
gains, offsets, solar irradiance, atmospheric model and 
aerosol model to determine Top-Of-Atmosphere reflec-
tance (TOA), then calculate the Surface Reflectance (SR). 
ENVI 5.3 software package is used for pre-processing 

Table 1  Spectral characteristics and spatial resolutions of Sentinel-2 bands and Landsat-8

Sentinel-2 Landsat-8

Band # Wavelength 
Window (nm)

Resolution (m) Band Name Band # Wavelength 
Window (nm)

Resolution (m) Band Name

B1 433.9–453.9 60 Coastal Aerosol B1 430–450 30 Coastal Aerosol

B2 464.1–529.1 10 Blue B2 450–510 30 Blue

B3 542.5–577.5 10 Green B3 530–590 30 Green

B4 649.5–679.5 10 Red B4 640–670 30 Red

B5 696.4–711.4 20 Vegetation Red Edge

B6 732.7–747.7 20 Vegetation Red Edge

B7 772.5–792.5 20 Vegetation Red Edge

B8 777.6–892.6 10 NIR

B9 854.8–874.8 20 Narrow NIR B5 850–880 30 NIR

B10 935–955 60 Water Vapor

B11 1358.5–1388.5 60 SWIR–Cirrus B9 1360–1380 30 Cirrus

B12 1568.7–1658.7 20 SWIR B6 1570–1650 30 SWIR 1

B13 2112.4–2292.4 20 SWIR B7 2110–2290 30 SWIR 2

B8 500–680 15 Panchromatic

B10 10,600–11,190 100 TIRS 1

B11 11,500–12,510 100 TIRS 2
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and processing of the data, and ArcMap 10.2 software is 
used for the final editing.

Although band rationing does not need the SR values, 
the authors executed the atmospheric correction for two 
reasons:

1.	 To correlate the actual measured reflectance of rep-
resented rock samples with the SR values in the cor-
rected images.

2.	 For further research which will include some meth-
ods need to use the SR values—such as target detec-
tion—and integrate the results with subsurface geo-
physical data in order to develop a three-dimensional 
map of the investigated targets.

2.2.2 � Pixel resampling
Sentinel-2A is pre-corrected atmospherically, but it 
includes thirteen spectral bands with different spatial 
resolution ranging from 60 to 10  m, so all bands with 
resolution of 20 and 60 m are spatially resampled to the 
smallest pixel-meter size (e.g., band 2 of 10 m) using ESA 
SNAP 8.0 software to preserve the spectral characteris-
tics of the resampled bands.

2.2.3 � Band ratios (BR)
BRs are approaches of image processing that are done 
by combining the pixels of two or more raster layers in 
mathematical combinations to enhance the spectral dif-
ferences between bands and reduce the topographic illu-
mination effects. Vincent [36] stated that band ratios are 
used to improve compositional information and exclude 
the other types such as terrain slope and grain size differ-
ences. This process is widely applied in geologic and min-
eral mapping (e.g., [10, 12, 16, 19, 23, 26]).

2.2.4 � Principal component analysis (PCA)
Principal component transform is a multivariate linear 
statistical procedure for removing redundant spectral 
information from multiband datasets in order to simplify 
these datasets from multidimensional to lower dimen-
sions of uncorrelated linear combinations (eigenvector 
loadings) [22, 29]. PCA colored images show the maxi-
mum variance from several spectral bands with just com-
pressed three primary display colors [36].

An eigenvector matrix displays the statistical correla-
tion between the PCs and the input bands indicating the 
proportion that each input band contributes to each PC 
in what is known as weighting or factor loading. Eigen-
values indicate the proportion of original information 
that each PC retains. From eigenvalues, the percentage 
of the total variance for each PC can be calculated by 

computing the ratio of each eigenvalue to the sum of all 
of them.

2.2.5 � Structural lineament extraction
Linear features may represent man-made/artificial fea-
tures such as roads, railroads, tracks, aqueducts, or natu-
ral morphologic ones such as shear zones, faults, joints, 
dykes, veins, fold axial traces, ridgelines, truncation of 
outcrops, rift valleys and surface depressions in addition 
to topographic, vegetation and soil tonal changes align-
ment. Natural geologic linear features are often related 
to structural discontinuities of rocks and tectonic activ-
ity named structural lineaments. Digital Elevation Mod-
els (DEMs) and satellite images are extensively used for 
structural lineament extraction (e.g., [6, 34]), where they 
are considered to be better tools to discriminate the 
lineaments and produce better information than con-
ventional methods; furthermore, they make lineaments 
extraction easier, time saver and cheaper than them. In 
the current study, two methods of extracting lineaments 
are used:

2.2.5.1  Manual lineament extraction  This method 
involves manual digitizing of visually identified linea-
ments depending on human experience and ability, so it 
is easy to distinguish the kind of lineaments (natural or 
artificial). Georeferenced google earth image of maximum 
resolution and ArcMap 10.2 software are used to extract 
lineaments manually.

2.2.5.2  Automated lineament extraction  Conversely, 
this technique is automated lineament extraction using 
the mathematical function and specified algorithms of 
software cannot recognize the kind of lineaments. Pan-
chromatic band of landsat-8 (15 m) and ALOS PALSAR 
DEM (12.5 m) is used.

2.3 � Field and microscopic data
Field studies were carried out in G. Ras Abda area to 
check the occurrence and spatial distribution of the dif-
ferent rock types and the contacts between them, and 
to measure the different structural elements (faults, 
joints, dykes and veins). The collected samples for spec-
tral signature were used again to petrographically study 
the rocks under the polarizing microscope in the NMA 
laboratories.

2.3.1 � Fault data
The considerable area is highly dissected by numerous 
faults of different types, attitudes and extensions depend-
ing on the causative stress tensors and strength proper-
ties of the rock material. A number of 2122 field faults 
(fault plane with slicklines) of different conjugate systems 
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were measured and statistically analyzed using Win-Ten-
sor 2013 software [8].

2.3.2 � Joint data
A number of 787 joints measured in all rock types are 
also statistically treated and plotted on a composite rose 
diagram in order to determine the main joint trends 
based on the frequency of their distribution in number 
proportions (N%).

2.3.3 � Dyke and vein data
The attitudes of 224 dykes and veins were measured in 
the field and traced on the satellite image. They are sta-
tistically treated and graphically represented to illustrate 
their main trends.

3 � Results
3.1 � Satellite imagery interpretation
3.1.1 � Band ratios (BR)
Image processing is a method to perform some opera-
tions on a digital image in order to enhance the appear-
ance of the imagery to assist in visual interpretation, 
analysis and extraction of some useful information from 
it. This image enhancement involves many techniques 

determined mainly based on the target of the study, the 
type of image format, the initial condition of the image 
and the composition of the image scene. In the present 
study, band ratio and principal component analysis are 
applied.

Both measured and resampled spectral signature 
curves are thoroughly studied to determine their reflec-
tance behavior as well as the sensitive bands in order 
to create the optimum band ratios and combinations 
to enhance satellite images and accurately distinguish 
between the different rock types in the investigated area. 
Regarding to measured spectral signature curves of the 
represented samples (Fig.  2) and resampled Landsat-8 
curves (Fig.  3), five bands (b4, b5, b6, b7 and b8) are 
selected as the most sensitive ones for the studied rock 
types. Two band ratios (Eqs. 1 and 2) were developed and 
created using the selected sensitive bands; the band ratio 
images show the best differentiation of the rock units in 
the study area. The band ratio images resulted by apply-
ing Eqs.  1 and 2 were stacked with b5 and displayed in 
RGB, respectively. The resulted image represented dif-
ferent wavelengths (2 and 4 of visible red and blue, 5 of 
NIR and 7 of SWIR); thus, it gave the highest variance 
discriminating among all the present rock types (Fig. 4).

Fig. 2  ASD TerraSpec Laboratory measured spectral curves of the studied rock samples
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On the other hand, the measured spectral signature 
curves of the represented samples (Fig.  2) and resam-
pled Sentinel-2A curves (Fig. 5) indicated four bands (b2, 
b4, b9 and b11) as the most sensitive ones. Accordingly, 
three band ratios are developed (Eqs. 3, 4 and 5) and then 
stacked in false color composite image to clearly distin-
guish between all the investigated rock types (Fig. 6).

3.1.2 � Principal component analysis (PCA)
Landsat-8 bands are subjected to PCA (eigenmatrix 
shown in Table  2), and the eigenvectors show that the 
highest variant and the lowest redundant pixel values 

(1)
Band 7+ Band 4

Band 7

(2)
Band 2

Band 2+ Band 5

(3)
Band 9+ Band 11+ Band 12

Band 1

(4)(Band 4)−(Band 2)

(5)
Band 11

Band 6
+ Band 6

are between PC1, PC2 and PC3 (Table  3). So that the 
three PCs are combined in RGB image to characterize all 
the exposed rock types in the considerable area (Fig. 7). 
Likewise, Sentinel-2A is subjected to PCA (eigenma-
trix shown in Table 4), displaying PC1, PC2 and PC3 are 
the highest variant PCs (Table  5), so the colored image 
of PC3 in red, PC2 in green and PC1 in blue is the most 
appropriate image to discriminate between the examined 
rock types (Fig. 8).

3.1.3 � Structural lineament extraction
3.1.3.1  Manual lineament extraction  A structural line-
ament density map which displays the distribution and 
concentration of the lineaments over the study area in 
order to highlight areas with the prevalence of structures 
was produced (Fig.  9a). Afterward, the extracted linea-
ments are subjected to geometric calculation to obtain 
polyline angles which are integrated in RockWorks 2016 
to create rose diagrams based on both their number and 
cumulative length proportions showing the main trends 
of lineaments (Fig.  9b, c). The resulted rose diagrams 
revealed that the most common lineament trends are 
E–W, WNW–ESE and NE–SW in descending manner 
followed by NW–SE and ENE–WSW trends, while NNE–
SSW, N–S and NNW–SSE represent the least common 
trends.

3.1.3.2  Automated lineament extraction  To make edge 
enhancement, panchromatic band of landsat-8 (15 m) is 

Fig. 3  Resampled Landsat-8 spectral curves of the studied rock samples
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subjected to directional filtering process by using ENVI 
5.3 at eight directional filter angles (0°/360°, 45°, 90°, 135°, 
180°, 225°, 270° and 315°) producing eight enhanced edge 
gray-scale images. Lineaments are automatically extracted 
from each image by using the Lineament Extraction 
(LINE) algorithm of PCI Geomatica 2013 software. Then, 
the extracted lines are merged and splitized to produce 
lineament density map (Fig. 10a), and rose diagrams are 
built based on their frequency and length proportions 
(Fig. 10b, c) indicating that E-W is the abundant trend fol-
lowed by WNW–ESE, ENE–WSW, NE–SW and NNE–
SSW trending. This is besides NW–SE, N–S and NNW–
SSE as minor trends.

Also, ALOS PALSAR DEM (12.5  m) is subjected to 
hill-shading procedure by using ArcMap 10.2 at eight 
solar angles (0°/360°, 45°, 90°, 135°, 180°, 225°, 270° and 
315°) and sun height equals 45. Eight separated shaded 

relief images are resulted. Each image is submitted to 
LINE algorithm and the extracted lines from eight images 
are merged and splitized to make lineament density map 
(Fig. 11a) and plotted in rose diagrams (Fig. 11b, c). E–W 
direction represents the predominant lineament trend 
followed by WNW–ESE, NE–SW, NW–SE and ENE–
WSW directions, while NNW–SSE, NNE–SSW and N–S 
represent the least abundant trends.

3.2 � Field and microscopic verification
3.2.1 � Rock‑type discrimination
Ras Abda area is generally covered by the Neoproterozoic 
crystalline basement rocks, belonging to late- to post-
orogenic magmatism (Continental crust terrain) which 
is dated to the Late Cryogenian-Ediacaran periods (650–
542 Ma) [28]. The studied rocks are connected to igneous 
rocks of intrusive and extrusive types (older granitoids, 

Fig. 4  False color Landsat-8 band ratios composite ((b7 + b4)/(b7), (b2)/(b2 + b5) and (b5) in RGB) of the studied rock types
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Dokhan volcanics, younger gabbros, younger granites 
and post-granite dykes and offshoots) in addition to few 
occurrences of Phanerozoic sedimentary sequences.

The older granitoids represent the oldest and most 
predominant rock type, covering about 92  km2 (51.1%) 
of the total area. They are commonly medium- to 
coarse-grained, light gray in color and exhibit cavernous 
weathering, bouldery appearance and well-developed 
exfoliation. Gneissic and migmatitic structures are pre-
sented, especially along the peripheries (Fig.  12a). They 
are intruded by the younger gabbros and younger gran-
ites with sharp intrusive contacts (Fig.  12b), receiving 
many offshoots from them.

The Dokhan volcanics are well-exposed along the east-
ern parts of the study area as a part of G. Nuqara, show-
ing moderate to high rugged topography with sharp 
pointed peaks and steep slopes. They are intruded by the 
younger granites with sharp intrusive contact, receiving 
several offshoots and apophyses from them and are car-
rying by them as roof-pendants (Fig.  12c). The present 
volcanics display two members of volcanic flow sheets 
and minor pyroclastics; lower intermediate (andesites) 
and upper acidic (rhyodacites and rhyolites) and their 
related tuffs (Fig.  12d). Andesites are intercalated with 
acidic volcanics in the form of three elongated parallel 
belts trending NW–SE. Andesites are very fine- to fine-
grained, light gray to dark gray in color and include vesi-
cles and amygdules filled with calcite, chlorite and quartz. 
Rhyodacites and rhyolites are very fine- to fine-grained, 

faint to reddish pink in color and overlain by andesites 
enclosing xenoliths from them.

The younger gabbros are situated along the northern 
peripheries of W. Abu Hadeida with limited distribu-
tion. They are hard and compact rocks, fine- to medium-
grained and dark gray in color, displaying cavernous 
weathering and bouldery appearance as well as sphe-
roidal- and onion-shaped blocks. They intrude the sur-
rounding older granitoids with sharp intrusive contact 
sending several offshoots into them (Fig. 12e) and carry-
ing them as roof-pendants.

The younger granites are represented by an elongated 
curved belt extends NNE to NE from G. Um Taghir El 
Tahtani at the southern parts through G. Ras Abda in 
the middle to the northeastern limit of the study area. 
They are medium- to coarse-grained, varying in color 
from grayish pink, pink to reddish pink and sometimes 
display blocky appearance, spheroidal exfoliation and tuf-
foni weathering. They are classified into monzogranites, 
syenogranites and alkali-feldspar granites. Monzogran-
ites are intruded by syenogranites which are intruded by 
alkali-feldspar granites with gradational contacts. Xeno-
liths of pre-existing rocks are recorded.

Post-granite dykes and offshoots involve acidic, micro-
granitic and basic types. The microgranites are cropped 
out along the two banks of W. Ras Abda at its middle 
part extending southward to W. Um Taghir as separated 
offshoots and elongated elliptical-shaped bodies with 
vertical walls, heterogeneous geometries and variable 

Fig. 5  Resampled Sentinel-2A spectral curves of the studied rock samples
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magnitude from few to hundred meters in length and 
from less than a meter up to tens of meters in width 
trending NNE to NE. Dessouky et  al. [9] reported that 
these dykes show significant complex morphological 

feature as the first phenomenon to be recorded of this 
kind in the Egyptian Eastern Desert. They are fine- to 
medium-grained and show color varying from pink, dark 
red, reddish brown to brownish black according to their 

Fig. 6  False color Sentinel-2A band ratios composite ((b9 + b11 + b12)/(b1), (b4-b2) and (b11/b6) + (b6) in RGB) of the studied rock types

Table 2  PCA eigenmatrix for LandSat-8 data

PC1 PC2 PC3 PC4 PC5 PC6 PC7

b1 0.154408 0.173696 0.278695 0.374747 0.436052 0.549684 0.485374

b2  − 0.392277  − 0.376402  − 0.393474  − 0.346596  − 0.203305 0.419300 0.460808

b3 0.642997 0.363372 0.011869  − 0.371679  − 0.496597 0.161894 0.208353

b4 0.104894 0.020017  − 0.180136  − 0.218909 0.228023 0.625784  − 0.681635

b5  − 0.407744 0.058596 0.609909 0.146304  − 0.561271 0.295905  − 0.185291

b6  − 0.323854 0.378597 0.347597  − 0.681153 0.376111  − 0.125833 0.098471

b7  − 0.355940 0.740907  − 0.492041 0.260758  − 0.115921 0.028741 0.000881
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alteration degrees. They are invaded the older granitoids 
(Fig. 12f ), and in turn they are traversed by basic dykes 
with no evidence of their intruding by acidic ones, so that 
they are dated as post-acidic dykes and pre-basic dykes 

in age. The basic dykes as well as aplites, pegmatites and 
quartz veins cut all the earlier mentioned rock types.

Phanerozoic sedimentary rocks are unconformably 
capped all the studied basement rocks, particularly the 
Dokhan volcanics and younger granites at the northeast-
ern parts, with very limited extension as mappable and 
unmappable low-lying hills and small sporadic masses of 
clastic, phosphate and carbonate rocks.

Petrographically, the older granitoids range in com-
position from quartz-diorites to granodiorites passing 
through tonalites. They are composed of various ratios 
of plagioclase (An18–An42) (Fig. 13a), quartz, hornblende 
and biotite with minor alkali-feldspar (microcline). 
Tonalites differ from quartz-diorites in being lighter in 
color, richer in quartz content and contain less horn-
blende and more alkali-feldspar and biotite. On the other 
hand, granodiorites only differ from tonalites in their 

Table 3  PCA eigenvalues and total variance for Landsat-8 data

PC Bands Eigenvalues Total variance %

PC1 0.121034 98.772

PC2 0.001048 0.855

PC3 0.000248 0.202

PC4 0.000129 0.105

PC5 0.000063 0.051

PC6 0.000013 0.011

PC7 0.000004 0.003

Fig. 7  PCA color Landsat-8 bands composite (PC1, PC2 and PC3 in RGB) of the studied rock types
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high content of alkali-feldspar and somewhat high con-
tent of quartz. Accessory minerals are represented by 
sphene, zircon, apatite and opaques (Fig.  13b). Epidote, 
chlorite, sericite, kaolinite and titanite represent the sec-
ondary minerals.

Andesites consist of plagioclase (An24–An44) and horn-
blende with subordinate amount of biotite and quartz as 
essential minerals. They usually exhibit porphyritic tex-
ture and sometimes glomeroporphyritic (Fig.  13c) and 
amygdaloidal ones. Rhyodacites and rhyolites comprise 
phenocrysts of alkali-feldspar (sanidine and orthoclase) 
and quartz with little amount of plagioclase, biotite and 
opaques set in a microcrystalline groundmass that mainly 
composed of the same minerals and mostly corroded 
them. Spherulitic and porphyritic textures are prevalent 
in these volcanic rocks (Fig. 13d).

Table 5  PCA eigenvalues and total variance for Sentinel-2A data

PC bands Eigenvalues Total variance %

PC1 0.075821 94.392

PC2 0.002095 2.608

PC3 0.001200 1.494

PC4 0.000635 0.791

PC5 0.000266 0.331

PC6 0.000103 0.128

PC7 0.000059 0.073

PC8 0.000044 0.055

PC9 0.000039 0.049

PC10 0.000023 0.029

PC11 0.000022 0.027

PC12 0.000019 0.024

Fig. 8  PCA color Sentinel-2A bands composite (PC3, PC2 and PC1 in RGB) of the studied rock types
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The younger gabbros are predominantly composed of 
plagioclase (An55-An70), olivine, pyroxene (augite) and 
hornblende (Fig. 13e). Apatite and opaques represent the 
accessory minerals.

Monzogranites are mainly composed of orthoclase 
perthite, quartz, plagioclase (An14–An35), hornblende 
and appreciable amount of biotite, while syenogranites 

consist of perthite (orthoclase and microcline), quartz, 
plagioclase (An12–An27) with little amount of biotite 
(Fig.  13f ), whereas alkali-feldspar granites are chiefly 
represented by orthoclase perthite, quartz, riebeckite 
(Fig. 13g), arfvedsonite and biotite with very little amount 
of albite and aegirine augite. Zircon, sphene, apatite, 
allanite and opaques are the accessories (Fig. 13h), while 

Fig. 9  Manual lineament extraction, a lineament density map. b Rose diagram of lineament frequencies (N%). c Rose diagram of lineament lengths 
(L%)
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titanite, epidote, chlorite, sericite and kaolinite represent 
the secondary minerals in the younger granites.

The microgranites are of syenogranitic composi-
tion and sometimes show alkali-feldspar granite varie-
ties, consisting of alkali-feldspar (microcline, microcline 
perthite and orthoclase perthite), quartz, plagioclase 
(An13–An28) with little amount of biotite. They are highly 

charged with zircon, allanite, fluorite, sphene and iron 
oxides. Frequently, the microgranitic rock is highly hem-
atitized and silicified (Fig. 13i).

3.2.2 � Surface structural analysis
3.2.2.1  Fault analysis  The statistical analyses of the 
measured faults (Fig.  14) revealed that the main fault 

Fig. 10  Automated lineament extraction on panchromatic band of landsat-8 image, a lineament density map. b Rose diagram of lineament 
frequencies (N%). c Rose diagram of lineament lengths (L%)
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trends in the study area are WNW–ESE, ENE–WSW and 
NE–SW followed by E–W, NNE–SSW, NW–SE, N–S and 
NNW–SSE trends. The dip direction diagram indicated 
that ENE, ESE and NE are the abundant directions fol-
lowed by E, N, SE, SSE, SSW, NNE and WSW directions. 
SW, S, WNW, NW, W and NNW represent the minor 
trends. Their dip angles are mostly very steep to nearly 

vertical angles followed by vertical ones, while steep to 
very steep angles are the least frequent. The slickenline 
rake angles showed that the horizontal and horizontal to 
nearly horizontal angles are the most common, while the 
gentle to moderate and moderate to steep angles are the 
least common.

Fig. 11  Automated lineament extraction on ALOS PALSAR DEM, a lineament density map. b Rose diagram of lineament frequencies (N%). c Rose 
diagram of lineament lengths (L%)
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3.2.2.2  Joint analysis  The analysis treatment of the 
measured joints (Fig. 15) revealed that E–W, NNE–SSW 
and NE–SW are the main joint sets constituting 19.4%, 
16.4% and 16% of the total number proportions of joints, 
respectively. They are followed by ENE–WSW and 
NNW–SSE sets, while WNW–ESE, N–S and NW–SE 
trends represent the minor ones.

3.2.2.3  Dyke and vein analysis  From the statistical anal-
yses of the measured dykes and veins (Fig. 16), it can be 
noticed that most of dykes and veins follow E–W, WNW–
ESE and ENE–WSW as master trends, followed by NE–
SW and NW–SE directions. This is besides NNW–SSE, 
NNE–SSW and N–S as minor trends.

Based on remote sensing results, field observations 
and petrographic studies, a detailed geologic map is con-
structed (Fig. 17) in order to identify, classify and chron-
ologically arrange the exposed rock types in the study 
area. Main structures are constructed on it.

4 � Discussion
In the present work, a carful investigation of the meas-
ured spectral signature curves as well as the resampled 
one (which based on the wavelength range of both Land-
sat-8 and Sentinel-2A data characteristics) for the rock 
units in the study area, this led to determination of the 
most sensitive bands characterized the rock types pre-
sented in the study area. Accordingly, the chosen sensi-
tive bands used for developed five mathematical formulas 
applied on the remotely sensed imagery for lithological 

discrimination. Generally, all resulted images show a very 
high accuracy. The developed band ratios were success-
fully differentiated among all the exposed rock types on 
the processed Landsat-8 and Sentinel-2A, while PCA did 
not show a clear differentiation between the older and 
younger granites on Sentinel-2A. Despite, it is still a good 
attempt for lithological mapping, where it was successful 
to discriminate all the exposed rock types on Landsat-8.

Field investigation was consistent with the remote 
sensing results for the occurrence of the different rock 
types and the relative contacts between them, construct-
ing a detailed lithological map of the study area. Petro-
graphic studies confirmed these results and were able 
to distinguish the three varieties of the older granitoids 
(quartz-diorites, tonalites and granodiorites) that field 
observation could not distinguish between them, because 
these rocks are intercalated with each other and grade 
into one another through gradational blurred contacts 
due to the slight variation in their mineralogical compo-
sition; therefore, it is usually difficult to detect exactly a 
mappable contact between the different varieties of the 
older granitoids and reliance was placed on the petro-
graphic studies.

Although the intense structural deformation (W. Um 
Taghir) is considered the Egypt’s largest fault shear zone 
separating two tectono-stratigraphic domains; NED 
and CED [15], applying different methods (manual and 
automated methods) to extract the geological linea-
ments on data with different spatial resolution (geo-
referenced Google Earth Pro images, panchromatic 

Fig. 12  Field photographs, a close-up view showing gneissic and migmatitic structures in older granitoids. b Intrusive contact between older 
granitoids (OG) and younger granites (YG) of G. Um Taghir El Tahtani. c Large roof-pendant of andesites (An) above younger granites (YG) at W. 
Nuqara. d Intrusive contact between andesites (An) and acidic Dokhan volcanics (AD) at G. Nuqara. e Offshoots of younger gabbros (YB) invade 
older granitoids (OG) at W. Abu Hadeida. f Microgranitic offshoot (MO) intrudes older granitoids (OG) at W. Ras Abda
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band of Landsat-8 and ALOS PALSAR DEM), results 
were consistent and precise determined the prevailing 
trend controlling study region. The statistical analyses 
of the structural field elements (faults, joints, dykes and 
veins) with the surface structural lineaments extracted 
from both—satellite imagery and ALOS PALSAR Digi-
tal Elevation Model—detected that the main structural 
trend controlling the study area is the E-W, followed by 
WNW-ESE and NE-SW directions, while NNW-SSE and 
N-S trends represent the least common. E-W trend is the 
master trend controlling the study area, which represents 
the prevailing tectonic trend in the NED of Egypt [25].

The results of remote sensing achieved compliance with 
the geologic investigation, detailed petrographic studies 
and structural investigation through distinctly differen-
tiating the different rocks and extracting the structural 
lineaments for the geologic mapping. This indicates the 
accuracy of the remote sensing results and emphasizes 

their importance and effective role in the lithological 
identification and structural mapping and also empha-
sizes the importance of use multi-approach investigation 
(in the present study; satellite imagery data, field data and 
petrographic data) to obtain qualified results.

The results of the present study were consistent with 
previous studies in terms of the prevailing structural line-
aments and the exposed rock units in the study area [5, 
17, 25, 31]. However, integration of remote sensing tech-
nique, field and microscopic data proposed and applied 
in the current study was able to re-delineate the contacts 
among the different rock units, especially the contact 
between microgranites and older granitoids (Figs. 4, 6, 7) 
renovating a new and more precise extension of high rug-
ged microgranites. The study also clearly distinguished 
between Dokhan volcanics (e.g., andesites, rhyodacites 
and rhyolites) and of younger granites (e.g., monzogran-
ites, syenogranites and alkali-feldspar granites) (Figs. 4, 6, 

Fig. 13  Photomicrographs, a Plagioclase crystal showing composed lamellar twinning and zonation associated with hornblende and epidote (Ep) 
in tonalites, C.N. b Opaques (Op) surrounded by secondary titanite (Ti) in tonalites, C.N. c Phenocrysts of plagioclase embedded in groundmass 
of quartz and epidote (Ep) displaying glomeroporphyritic texture in porphyritic andesites, C.N. d Plagioclase and associated minerals exhibiting 
porphyritic and spherulitic textures in rhyolites, C.N. e Prismatic crystals of plagioclase enclosed within hornblende displaying pseudo-ophitic 
texture in younger gabbros, C.N. f Plagioclase and microcline perthite displaying lamellar and cross-hatched twinning, respectively, in syenogranites, 
C.N. g Anhedral crystal of riebeckite showing blue interference color in alkali-feldspar granites, C.N. h Iron oxides (IO) included euhedral crystals 
of zircon (Zr) and surrounded by perthite and quartz in alkali-feldspar granites, C.N. i Silicification of syenogranites with relics of microcline 
in microgranites, C.N
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7) and located the contacts between them with high qual-
ity, new geologic map (Fig. 17).

5 � Conclusions
The following points can be concluded from the process-
ing and interpretation of the remote sensing, geologic, 
petrographic and structural data used in this study:

1.	 Spectral signature curves and remote sensing data 
(Landsat-8 and Sentinel-2A) were used to cre-
ate the most enhanced band combinations. The 
developed band ratios composites ((b7 + b4)/(b7), 
(b2)/(b2 + b5) and (b5) in RGB) for Landsat-8, and 
((b9 + b11 + b12)/(b1), (b4-b2) and (b11/b6) + (b6) in 
RGB) for Sentinel-2A are the optimum composites 

Fig. 14  Geometry of the measured faults in the study area, a strike trend. b Dip direction. c Dip angle. d Rake angle

Fig. 15  Rose diagram of the measured joints in the study area based 
on their frequency distribution (N%)

Fig. 16  Rose diagram of the measured dykes and veins in the study 
area based on their frequency distribution (N%)
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to differentiate between all the exposed rock types in 
the study area.

2.	 Also, PCA presented a good attempt in discriminat-
ing the studied rocks, although it could not distin-
guish among the granitic varieties on Sentinel-2A 
image.

3.	 The main structural lineament trend controlling the 
considerable area is E–W followed by WNW–ESE 
direction, while the least common trends are repre-
sented by N–S and NNW–SSE. Moreover, the struc-
tural features are highly concentrated in the western 
parts of the study area.

4.	 The geologic and petrographic studies classified and 
arranged the studied rock types from the oldest to 
the youngest as follows: older granitoids (quartz-
diorites, tonalites and granodiorites), Dokhan volcan-
ics (andesites, rhyodacites, rhyolites and their related 
tuffs), younger gabbros, younger granites (monzo-
granites, syenogranites and alkali-feldspar granites), 
post-granite dykes and offshoots (acidic, microgra-
nitic and basic types) and Phanerozoic sedimentary 
rocks.

5.	 Also, the analysis of field structural elements (faults, 
joints, dykes and veins) revealed that E–W, WNW–

ESE, ENE–WSW and NE–SW are the main struc-
tural trends, while N–S, NNW–SSE and NW–SE 
trends represent the minor ones.

6.	 The results of remote sensing achieved compliance 
with the geologic, petrographic and structural inves-
tigation through distinctly differentiating the dif-
ferent rocks and extracting the lineaments, indicat-
ing the accuracy of the remote sensing results and 
emphasizing their importance and effective role in 
the lithological identification and structural mapping.

Abbreviations
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PC	� Principal component
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Fig. 17  Geologic map of G. Ras Abda area, northeastern desert, Egypt
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