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KEY WORDS ABSTRACT

Remote sensing, Remote sensing datasets have offered amazing breakthroughs in
GIS, structural, mapping rock units, structural components, and hydrothermal alteration
mapping, zones. The main objective of this study is to distinguish the lithological
lithology, Ras elements of Ras Abdah Abu-Hadedah area, Northeastern Desert
Abdah- Abu (NED), Egypt. This study used a multispectral dataset from Landsat-8.
Hadedah. Image processing technologies include False Colour Combination

(FCC) and Band Ratio (BR) were applied for lithological and alteration
mapping. Lineament extraction is done using PCl Geomatica's
commonly used LINE module. In addition, the correlation between
hydrothermally-altered zones and structural characteristics highlights
the need for additional investigation of ore deposits in the research
region. These lineaments features are extracted using a panchromatic
15m pixel band. An image processing results provided updated
geologic map to the study area. The dominated structural trends are
presented in the area by NW-SE and NE-SW trends. This also
demonstrates the effectiveness of the data and methods used.
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Introduction

Geological mapping is essential for
various fields and applications, including
mineral exploration, landslides, mining,
geomorphology, and flash floods.
Remote sensing datasets provide a cost-
effective and time-saving alternative to
traditional field mapping methods,
particularly for inaccessible terrain (Gad
and Kusky, 2006; Pour et al., 2019).
Landsat data is frequently applied to ide
ntify geological units, lineaments, and hy
drothermal alteration (Amer et al.,
2012; Pour and Hashim, 2014; Noori
et al, 2019) Landsat data is still
employed in  many applications,
particularly in the latest series (Landsat-
8 OLI/TIRS as a result of advanced
image processing techniques that can
improve specific targets. Landsat-8 has
improved spectral properties compared
to earlier missions (Rajendran and
Nasir, 2014; van der Werff and van
der Meer, 2016and Abd El-Wahed et
al., 2019). This study used Landsat-8
Operational Land Imager (OLI) to
identify lithological contacts, structural
features, and hydrothermal alteration
Zones, which might indicate
metallogenic sites in the studied area.
Landsat-8 data  cannot  correctly
distinguish particular alteration minerals,
but can point to the presence of clay
oxides,

minerals,  sulphides, iron

carbonate, hydroxyl-bearing, and
silicates.
The well-known Gram-Schmidt spectral
sharpening method is applied to increase
the spatial resolution of multispectral
imagery to panchromatic precision (15
m) while keeping the spectral data. This
might enhance the visualization of the
rock units in the research region to the
scale improvement from 30 m to 15 m.
In this study, the best RGB combinations
for lithological discrimination will be
selected. False color composite (FCC),
band ratios (BRs) and supervised
classification will be used based on the
spectrum properties of the bands used, to
enhance lithological units and two forms
of hydrothermal alteration (ferrugination
and OH-bearing minerals) in the area
under investigation. Moreover, the study
will evaluate the ability of Landsat
VNIR and SWIR bands to extract linear
characteristics to the efficiency of
panchromatic bands.
Geologic Setting

Ras Abdah- Abu Hadedah
encompasses part of the Arabian Nubian
Shield (ANS). It is located in the North
of the Egyptian Eastern Desert and lies
between 260 42' 54", 260 45' 36" N and
longitudes 330 44" 06", 330 47" 42" E,
where wadi Ras Abdah is located on

approximately 20 Km away
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southwestern Safaga city as shown in
Figure 1. The Precambrian rocks in the
study area are arranged chronologically
from the oldest to the youngest as
follows; metagabbros, metasediments,
amphibolites, syn-orogenic  granites
(older granites-granodiorites), younger
gabbros,

post-orogenic granites

(syenogranites and alkali  feldspar

granites), post granitic dykes and veins.

Materials and Methods

Landsat-8 is an appealing option
among researchers due to its extensive
coverage (185 x 180 km), affordable
cost, and a noticeable enhancement to
the spectral and radiometric resolution
(16 bits) compared to previous Landsat
sensors (Roy et al., 2014). In this study,
the thematic mapping was carried out
using software (ENVI 5.2 and ArcGIS
10.5). The data was obtained by
Landsat-8 freely from USGS Earth
Explorer website
(http://earthexplorer.usgs.gov) which
was obtained on March 18, 2018 (18-3-
2018) and includes eleven bands on a
cloud-free day. The Landsat-8 mission
uses two sensors, OLI (Operational Land
Imager) and TIRS (Thermal Infrared
Sensor), to collect spectral data in the
VNIR, SWIR, and TIR areas (Rajan
Girija and Mayappan, 2019).
Table (1) shows that OLI data are

captured in nine spectral bands, but

Ashmawy et al., (2024)

TIRS data only provide information in
two. This research excludes TIRS data.
The spectral bands that were utilized are
georeferenced to WGS-84, UTM zone
36 N, and atmospherically corrected
Line-of-Sight
Analysis  of

using the Fast
Atmospheric Spectral
Hypercubes (FLAASH) preprocessing
procedure in the Environment for
Visualizing Images (ENVI) software
version 5.2. The best techniques that
used for identifying rock units, in the
study area, are false color composites
(FCCs), band ratios (BRCs) and
supervised classification. The results are
then pan-sharpened with HSV and
shown as FCCs in RGB order. BR is a
popular technique for categorizing rock
units, identifying hydrothermal
alteration, and mineral prospecting. The
term "BR" refers to the partition of
digital digits (DNs) between two sensor
bands. Every kind is subsequently
distinguished and mapped  using
Maximum Likelihood classifier. Definite
BRs and FCCs are assigned to detect
ferrugination and OH-bearing
hydrothermal alterations based on their
spectral properties and alteration type.
The  PCI

supported with LINE module method is

Geomatica  software's
used for structural mapping purposes.
This method detects edges and creates
lines by connecting them (Koike et al.,
1995; Adiri et al., 2017; Masoud and
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Koike, 2017; Shebl and Csamer, conducted by examining all VNIR and
2021b). A detailed lineament study was SWIR bands.

IMTE IFATE WTE IraTe

WHTE DG WY rOTE

0051 2 3
w+| T —

® Coes
—— Roede
T vy Aree
0 25 <0 Coordnate Syntam GCS WGS 1984 Beod
“@' c - " Datumm WGS 1984 I
Usits Degres Oweent

Fig. (1): Location of Ras Abdah- Abu Hadedah area, NED, Egypt.

Table (1): Characteristics of Landsat-8 OLI data Results and Discussion
c W p——" Lithological and hydrothermal alteration
entra ave atia .
Bands Y P _I mapping
length (mm) | Resolution (m) Color composites images
1 0.442 30 The bands selection should be
2 0.483 30 based mainly on the spectral contrast
3 0.561 30 of the material relative to their
4 0.654 30 surroundings  (Thurmond et al.,
5 0.864 30 2006). The features which have
6 1.609 30 specific reflectance characteristics are
! 2.208 30 mainly affected the spectral ratio. True
8 0.598 15 .
color images (TCC) bands 4, 3 and 2
9 1.373 30 . .
in RGB for Landsat-8 (Figure 2a), was
10 10.90 100
generated for Ras Abdah-Abu
11 12.00 100 _ _
Hadedah area, which are showing a

quiet clear lithologic discrimination.
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Different false color composites
(FCCs) were tested and chosen to get
the best vision to discriminate and
identify different types of rocks (Table
2). Some of them were applied on

Landsat-8 for the study area, which
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lithologic
Acharya et al., 2015). The best results
are given in Fig. (2b and 2c) The best

discrimination (Dev

representable results are FCC of bands
753 in RGB (Fig. 2b) and FCC of
bands 742 in RGB (Fig. 2c).

give a reliable and reasonable
Table (2): Suggested FCCs applied on Landsat-8 data (some of them used in the present
study) as suggested by previous studies

Suggested FCC Sensor
No. ‘1 RGB used Authors
764-763-762- Landsat
1 761-754-753- oLl (Dev Acharya et al., 2015)
752-751
Landsat .
2 742 (Kaleliog lu et al., 2009)
OLlI
753, 267, 287, Landsat .
3 937 oLl (Saadi and Watanabe, 2009)

In Figure (2a, b), the yellowish-
brown color represents the presence of
quartz and feldspars of granites which
occupy almost 75% of the whole rock
composition. FCC of bands 753 (Fig.
2b) shows syenogranites as dark
reddish-brown color as two parallel
like, while the

arrows  shaped

background represents synorogenic
granites, which appear in a yellowish-
brown color. In addition, post-orogenic
granites in the northern and southern
edge of the study area are masked by a
moderate reddish-brown degree. This
color graduation may be due to the
variation of quartz percentage in
synorogenic and post-orogenic granites

which affects the reflectance degree.

Band ratioing composites (BRC)

The band ratio is regarded an efficient
tool in geological mapping (Kusky and
Ramadan, 2002; Aboelkhair et al.,
2010; Emam et al., 2016; Ge et al.,
2018).
created. Three of them display greater

Different band ratios were

lithological discrimination and structural
enhancement. These combinations are
(5/1, 4/2, 5/6 in RGB), (6/7, 4/2, 5/4 in
RGB) and (6/5, 6/2, 6/7 in RGB).

The band ratioing composite of (5/1,
4/2, 5/6) in RGB, the dyke swarms
display in  light blue color,
syenogranites appear in brownish
yellow color, synorogenic granites are
coated in greenish yellow color, post-

orogenic granites are filmed by a



yellow color, amphibolites are masked
by greyish black color and bright blue
color manifests the younger gabbros
(Fig. 2d). On the other hand, in the
band ratioing composite of (6/7, 4/2,
5/4) in RGB, the dyke swarms are
visible in  light blue color,
syenogranites appear in light reddish
with white tent, synorogenic granites
display in aqua bluish color, post-
orogenic granites are represented by
dark bluish green color, purple color
demonstrates the syenogranites, and
reddish color pronounces the younger
gabbroic rocks (Fig. 2e). Further, in
the band ratioing composite of (6/5,
6/2, 6/7) in RGB, the dyke swarms
display in light bluish  color,
syenogranites appear in a light pink
color, synorogenic granites are
revealed in a brownish green color,
post-orogenic granites are masked by
light green with  white tint,
amphibolites exhibit orange color, and
dark blue color overlies the younger
gabbroic rocks (Fig. 2f).
Image classification

Classification is a technique that
applies categorization of a wide range
of variant pixel groups depending on
spectral character. Simply,
classification can be defined as the
process which includes the
categorization of the pixel groups of

the same spectral characterization and
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considered to belong to the same class
that can be characterized and assigned
a significant individual color (Kamel
etal., 2016).

Supervised classification was defined
as the process in which quantitative
analysis of remote sensing data is
significantly used depending mainly
on using a convenient algorithm to
label the pixels in an image as
representing specific land cover types
or classes (Richards, 2013). Different
algorithms are used to perform this
technique. The chosen algorithms for
this classification contain maximum
tendency classifier and support vector
machine as they quantitatively assess
both the deviation and coherence of
the category spectral characteristics
patterns when labeling an unidentified
pixel. These algorithms depend upon
training areas to be labeled for every
class. Regions of Interest (ROI) (a
function in ENVI software) form these
training areas and have a noticeable
abundance of input from the image
analysis and knowledge of the types of
land cover that are found in Ras
Abdah-Abu Hadedah area. This
information is attainable from the
available previous maps and from the
achievable field works where various
surface classes are confirmed and their
geographical  positions can  be

determined.
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Fig. (2): (a) TCC of RGB 432; (b) FCC of RGB 753; (c) FCC of RGB 742; (d) BRCs of
RGB 5/1, 4/2, 5/6 of Landsat-8 of the studied area; () BRCs of 6/7, 4/2, 5/4 of Landsat-8 of
the studied area; (e) BRCs of RGB 6/5, 6/2, 6/7 of Landsat-8 of the studied area.

The resultant supervised youngest; (1) Metagabbros, (2)
classification (Maximum Likelihood Metasediments, (3) Amphibolite, (4)
Classifier) can discriminate between Syn-orogenic granites (Older granites-
the different rocks from oldest to granodiorites), (5) Younger gabbro,



(6) post-orogenic granites which

classified into Mineralized granites

(Syenogranites) and (7) Alkali
feldspar granites, (8) Alluvial deposits
and mapped in (Fig. 3a,b). In

regarding to detect the mineralization
zones in the study area. The grey scale
band ratio 6/5 shows the ferrugination in
bright pixels which enhanced with dark
green color where the band ratio 6/7
detected the OH-bearing hydrothermal
alteration which enhanced by blue pixels
(Fig. 4a). There is a specific term that
is used to express the degree of
“correctness” of a map or classification
in thematic mapping based on remote
sensing data, called accuracy (Foody,
2002). The confusion matrix (also
referred to as error matrix) is currently
at the accuracy
assessment literature (Foody, 2002). The

accuracy of the

center of the

classified map
resulting from Maximum Likelihood
Classifier (Fig. 3a) was estimated with
an overall accuracy of 91.39% and a
Kappa coefficient of 0.8997.

Structural mapping and Results
Integration
The PCI

lineament extraction algorithm includes

Geomatica software

edge detection, thresholding, and curve
extraction steps (Aluko and Igwe,
2018). These steps were carried over two
shaded relief

parameters listed in Table (3). The

images under the
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directional analysis of the automatically
extracted lineament maps (Fig. 4b and4c
and rose diagram Fig. 5) explained that
the most common directions are NW to
WNW, ENE, NNW, E-W, N-S, and
NNE. This result is closely matched with
previously mentioned lineament maps
based on detailed structural fieldwork.

This reflects the effectiveness of
Landsat-8 data and derived hill shades in
the lineament extraction  process.
Faulting plays an important role in
facilitating the alteration

through  the

processes
circulation of  both
hydrothermal solutions and/or meteoric
water causing enrichments in large ion
lithophile elements like uranium and
thorium. This explains the close
relationship  between the lineament
density and the presence of radioactive
potentialities related to alteration. A
lineament density map was created to
display highly dissected areas and their
spatial relationship to hydrothermally
altered zones. The studied area may
include structurally regulated mineral
resources, as most alteration zones are
found in medium to high-density
locations. These findings are highlighted
by their proximity to split and altered

Zones.
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Fig. (3): (a) Maximum Likelihood classification image (b) The updated detailed geologic map of
Wadi Ras Abdah-Abu Hadedah area, NED, Egypt, based on remote sensing interpretation and
field work verification

Table (3): Lineament’s extraction parameters of PCI line algorithm.

Parameter Value
Filter Radius (Pixels) 10
Edge Gradient Threshold 255
Curve Length Threshold (Pixels) 25
Line Fitting Error Threshold (Pixels) 3
Angular Difference Threshold (Degrees) 30
Linking Distance Threshold (Pixels) 20
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Fig.(4): Hydrothermal alteration zones mapping (a) The rich areas with clay minerals are
enhanced by red color, ferrugination by green color and the OH-bearing hydrothermal alteration
by blue color (b) the extracted lineament map; (c) Lineaments density map (NO/Km) of Wadi
Ras Abdah-Abu Hadedah area, NED, Egypt

345
330

315 45

300 60
285 75
270 w SO0

Fig. (5): Rose diagram showing the most common lineaments trends detected in the studied area
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Conclusions
The best-obtained results are FCCs
of RGB (753and 742) and BRCs of

RGB (5/1, 4/2, 5/6); (6/7, 412, 5/4);

(6/5, 6/2, 6/7) of Landsat-8 of the studied

area FCC, BRC, and the resultant

supervised classification (Maximum

Likelihood Classifier) give the best

results and in turn final geologic map.

The results of the present study can be

summarized in the following points:

1- Remote sensing datasets quickly
execute geological and structural
mapping of complicated terrains, and
their ~ findings  are  relatively
comparable to costly field mapping
approaches.

2- Using a combination of visible, NIR,
and SWIR bands is frequently
suggested to enhance rock units in
study area.

3- Utilizing band ratio technique proves
efficiency in identifying rocks and
alteration zones based on the utilized
data properties.

4- The process of Cross-linking of
structural, lithological, and

hydrothermal alteration data is a cost-

effective and efficient strategy for

mineral discovery.
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