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Abstract

Aeromagnetic and remote sensing data were used to
characterize the lithologic, geologic structures and
probable areas of hydrothermal alteration zones in the
Marsa Alam area, Eastern Desert of Egypt. The aeromag-
netic data was processed and interpreted using several
enhancement techniques such as reduction to the pole
(RTP), horizontal and vertical derivatives, horizontal gra-
dient magnitude (HGM), tilt angle derivative (TDR), and
analytical signal (AS). The results indicated that the
NNW, NNE, N-S, NW, NE, E-W, and NE trends are pre-
dominant. Furthermore, processing of Landsat-8 Opera-
tional Land Imager (OLI) and ASTER remote sensing data
allowed mapping of the lithologic characteristics and
prediction of the probable areas of hydrothermal altera-
tion zones (HAZs).

1. Introduction

folding, topographical relief, and other
characteristics can result in these anomalies

Aeromagnetic data analysis is crucial for
geophysical exploration because it allows
for a more thorough examination of shallow
structures and near-surface sources in high-
resolution surveys, in addition to analyzing
the regional geological pattern and key
structural features (Domzalski, 1966; Elhus-
sein et al., 2024; Minelli et al., 2018). Quali-
tative analysis of magnetic anomalies pro-
vided significant information as the varia-
tions in the magnetic body's thickness,
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(Minelli et al., 2018; Kearey & Allison, 1980).
Remote sensing data is frequently utilized in
geologic, lithologic, and mineral explora-
tion (Sabins,1997; Abdelkareem & El-Baz,
2017; Abdelkareem et al., 2018). This is be-
cause of their spatial, radiometric, and spec-
tral resolution variability. Several studies
have employed remote sensing data in de-
tecting hydrothermal alteration zones as
probable areas of mineral resources and
ideal locations for ore deposits (Abdel-
kareem & El-Baz, 2017; Shi et al., 2020; Sa-
bins, 1999; Poormirzace & Oskouei, 2010;
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Abdelkareem & Al-Arifi, 2021). Additional-
ly, the geophysical aero-magnetic and spec-
trometry data provided plausible areas of
mineral resources (Gabr et al. 2022;
Ghoneim et al., 2021; Maden & Akaryali,
20158; Shives et al., 1997; Gnojek & Prichys-
tal, 1985; Efimov, 1978).

The integration of disparate geospatial da-
tasets within a Geographic Information Sys-
tem framework facilitates the expedited
identification and predictive modeling of
prospective mineralized zones. This meth-
odological approach enables the delinea-
tion of areas exhibiting optimal potential for
mineral resource discovery through the
analysis of spatially correlated geological,
geophysical, and geochemical variables
(Abdelkareem & El-Baz,2017; Abdel-
kareem& Al-Arifi,2021).

The aim of the present study is to integrate
aeromagnetic and remote sensing data for
revealing the surface and subsurface geo-
logical features and delineate the zones of
hydrothermal alteration.

2. Study area:

The study area is located on the Egypt's Red
Sea coast, at Marsa Alam area (Fig.la). It is
situated north of the road that links the
towns of Marsa Alam and Idfu in the Central
Eastern Desert. The area covers approxi-
mately 304 km2 and is bounded by Latitudes
25° 8' N and 25° 30’ N and Longitudes 33° 50’
E and 34° 20’ E. It is a part of the Central
Eastern Desert (CED) presented along with
the first realistic and applicable succession
of rock units (El-Ramly & Akkad, 1960).

The study area is occupied by gneiss domes
of the high-grade metamorphic rocks that
make up the Meatigq Group of the Eastern
Desert (Akaad &Noweir, 1980). The study
area built up of Precambrian basement
rocks (Fig. 1b) including serpentinites and
ultramafic rocks, ophiolitic serpentinite,
talc-carbonates, metagabbro-diorite com-
plex, metavolcanics, and metasediments,
Older granites, Hammamat Sediments, that
intruded by younger granites.
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Figure 1: (a) Location map of the study area

marked in red polygon. (b) Geologic map of
the study area (EGSMA, 1986).

3. Data and methods:

3.1 Aeromagnetic Data: The Western Geo-
physical Company of America (Aero Service
Division) collected the aeromagnetic data
for the study area in 1984 on behalf of the
Egyptian General Petroleum Corporation

Bl orhioktic basic metavoicanics
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(EGPC) in collaboration with the Egyptian
Geological Survey and Mining Authority
(EGSMA, 1986). The aeromagnetic data cov-
er an area of about 304 km?. There were two
types of flight lines: tie lines flew northwest-
southeast at 10-kilometer intervals with an
azimuth of 135°/ 315° and traverse flight
lines, which were oriented northeast-
southwest at a 45°/225° azimuth. According-
ly, the magnetic data undergo several inter-
pretations processing and techniques in-
volving (1) Reduction to the Pole (RTP), (2)
regional-residual separation and (3) tilt de-
rivative. These techniques are briefly de-
scribed below

3.1.1 Reduction to the Pole (RTP): As a re-
sult of the well-known effect of inclination and
declination on magnetic latitude, which causes
anomalies to be shifted from their actual position
above causative sources, it can be difficult to
comprehend total magnetic intensity (TMI) maps
due to the shape and amplitude of magnetic ir-
regularities (Reynolds, 2011). The resulting TMI
anomalies are situated at a distance from the
source bodies that are causing them. As it is ob-
served at the pole (north magnetic), where the
magnetic field is vertical, the effect of the mag-
netic latitude is reduced when it is removed from
the TMI data using a mathematical filter (Baranov
& Naudy, 1964). The repositioning of anomalies
over their causative sources is referred to as the
reduction to the pole (RTP) process.

3.1.2 Regional - Residual Separation: The
economically significant anomalies are the re-
sidual (local) magnetic anomalies, which are
characterized by weaker and more localized
anomalies and indicate shallow anomalies. Re-
gional magnetic anomalies are highly signifi-
cant; in mineral exploration, they are of second-
ary importance. Low-wavelength anomalies with
a deep seat can reveal the deep-seated effects of
magnetic sources and identify deep structural
elements that influence the research region. Dis-
crete Fourier-transform algorithms can be used
to efficiently execute digital filtering operations
on digital computers, which are currently uti-
lized for regional-residual separation of anoma-
lies (Dobrin & Savit, 1988).
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3.1.3 Tilt Derivative: The tilt angle map
(TAM) is obtained from the first vertical
gradient of a magnetic anomaly. The tilt an-
gle's zero contours, used to identify linear
features in magnetic data, correspond to the
edges of geologic discontinuities. The tilt
angle filter was developed by (Verduzco et
al., 2004). What is meant by this filter is:

of
G
of
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where "f' is the magnetic or gravity field
and df/0x, df/dy, and df/0z are the first de-
rivatives of the field "f " in the x, y, and z di-
rections. The tilt amplitudes respond to a
wide dynamic range of amplitudes for
anomalous sources at different depths but
are only allowed to reach values between
—n/2 and /2. According to (Miller & Singh,
1994), the tilt angle can be utilized to indi-
cate the edges' outline since it yields a zero

value over the source edges.

3.2 Remote sensing data: Images from the
Advanced Space borne Thermal Emission
and Reflection Radiometer (ASTER) and OLI
data were collected processed and ana-
lyzed using ENVI v.5 and ArcGIS software
packages. The wavelengths of electromag-
netic radiation in the visible, near infrared,
and short-wave infrared (V/NIR/SWIR) are
utilized to mapping lithologic characteristics
and HAZs (Abdelkareem et al., 2024; Alarifi
et al., 2022). The visible and near-infrared
bands that an object reflects, along with the
intensity of those reflections, provide infor-
mation about the object's physical proper-
ties and chemical makeup. With passive
remote sensing, which gauges energy emit-
ted from a natural source (the Sun), visible,
NIR, and SWIR waves can be measured.
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Figure 2: (a) The RTP anomaly map, (b) regional magnetic anomaly map, (c) residual magnetic
anomaly map, (d) and the tilt derivative map of the studied area

4. Results and discussions

4.1 Aeromagnetic data

4.1.1. Reduction to the pole (RTP): The
earth's surface to deeper levels is represented in
the RTP map (Fig. 2a), which illustrates the com-
bined effects of magnetic susceptibilities of vari-
ous rock types and geological structures. A
broad overview of this map shows that magnetic
low features predominate in the southwest of the
map, while positive magnetic anomaly features
dominate the eastern and northern regions.
Large positive magnetic anomalies oriented to-
wards the northeast define the eastern region,
while elongated positive anomalies oriented to-
wards the north and northwest characterize the
northern region. In the eastern and northern re-
gions of the study area, metagabro, metadiorite,
serpentines, metavolcanics, and younger granite
are associated with a maximum amplitude value
of approximately 596.6 nT. Conversely, the low-
est amplitude value is roughly — 632.2 nT and is
connected to sedimentary rocks in the study ar-

ea's southwest. The RTP map's magnetic anoma-
lies appear to be structurally regulated in the
NE, NW, and N-S directions.

4.1.2 Regional magnetic anomaly map:
Smooth, low frequency, homogenous, and
high amplitude elongated to rounded clo-
sures that form alternating positive and
negative magnetic anomaly belts that trend
primarily in the NNE, NE, NW, and N-S di-
rections are the general characteristics of
the studied area's regional or deep magnet-
ic anomaly map (Fig. 2b). The RTP and re-
gional magnetic maps exhibit a strong cor-
relation in the distribution and trend of both
high and low magnetic zones across the
studied region, despite their apparent.

4.1.3 Residual magnetic anomaly map:
The alternating belts of high-resolution,
high-frequency positive and negative mag-
netic anomalies are depicted in the residual
or shallow magnetic anomaly map (Fig. 2c).
These belts consist of interconnected elon-
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gated to rounded magnetic anomaly clo-
sures with varying orientations, frequencies,
and amplitudes. The presence of steep gra-
dients and elongated anomalies, as well as
the alternation between positive and nega-
tive anomalies, suggest the presence of con-
tacts or faults that split the studied area into
multiple blocks with varying magnetization
contrasts. The residual map revealed that
the WNW, NW, NNE, NE, E-W, and N-S di-
rections are the primary structural trends.

4.1.4 Tilt derivative: It used to distinguish
between contacts, boundaries, and struc-
tures; to sustain localized strong and weak
magnetic anomalies. The vertical contact
model is affected by anomalous sources
whose horizontal location is detected and
whose edges expand. The zero contours,
which estimate the location of unexpected
shifts in source bodies, are examined. The
TDR map (Fig. 2d) examinations reveal that
the NW, NNE, NE, and N-S directions are
the primary trends of anomalies and linea-
ments in the map.

4. 2 Remote sensing data: Various band
ratios were statistically analyzed using OIF
(Table 1.) e.g., band ratio composite 6/7,
4/2, and 5/6 (Abrams ratio) (Abrams et al. ,
1982), 6/7, 4/2, 4/6 (Sabins ratio) (Sabins
1997), 6/1, 6/8, 4/2 (Chica-Olma ratio) (Chi-
ca-Olmo, 2002), 7/5, 5/4, 6/1 (Kufman ratio)
(Kaufmann, 1988), 6/7, 6/5, 5 (Ramadan ra-
tio) (Ramadan et al., 2004), and 6/7, 6/2 and
6/5%4/5 (Sultan ratio) (Sultan et al. 1988).
The results revealed high OIF (2877.31) of
band ratio composite 6/7, 6/2 and 6/5%4/5
(Table 1.; Fig.3).

Using band ratio composite 6/7, 6/2 and
6/5%4/5 (Sultan et al. 1988) allowed distin-
guishing between the different rock units
(Fig. 4). This is because band ratio 6/7 is
sensitive to OH-bearing minerals, and 6/2 is
sensitive to opaque minerals (like magnet-
ite). Moreover, band ratio 6/5%4/5 can be
used to distinguish between mafic and non-
mafic rocks based on their sensitivity to Fe-
bearing aluminosilicate concentration. The
results revealed that serpentinites, granites,

metavolcanics, appear in blue, green, and
blue, respectively. However, the hydro-
thermal alteration zones highlighted in
white tone. to mostly represent the areas of
higher alteration zones in these color com-
posites. Visible lineaments can be seen in
the band ratio composite images of 6/7,
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Figure 3: OIF for color composites of band ratios
of Sabins, Ramadan, Chica-Olma, Kufman,

Abrams, and Sultan.

33“500"E
Figure 4: Band ratio composite 6/7, 6/2, 6/5 *
4/5 (Sultan et al. 1988).

34°0'0"E 34°10'0"E

Further analysis using ASTER band compo-
sites 4, 5, and 6 (Fig. 5) allowed differentia-
tion between mafic (dark tone) and felsic
rocks (white tone). Based on that the hydro-
thermal alteration zone can be highlighted
by band 4, this is because the hydrothermal
alteration minerals exhibit strong reflection
in the spectral region covered by band 4 of
the ASTER image and high absorption in
bands 5, 6, and 7. Using band ratio 4/2, 4/85,
and 5/6 in R, G, and B allowed discriminat-
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ing between the mafic rocks in red and the
felsic in blue colors (Fig.5b). To differentiate
the mineralization zone, mineral indices
were employed (Ninomiya, 2004) include
OH-bearing altered minerals (OHI), kaolin

ite (KLI), and alunite (ALI). In this composite,

hydrothermal alteration zones, clearly de-
tected in white tone (Fig. 6). These zones
are the potential areas for ore deposits as
the hydrothermal fluids circulation has the
significant impact on HAZs and mineraliza-
tion processes.

Table 1. OIF of the selected band ratios

Combination Sabins Ramadan Chica-Olma Kufman Abrams Sultan
Formula 6/1,4/2,4/6 6/1,6/5, 5 6/1,6/5, 4/2 1/5,5/4,6/1 6/1,4/2,5/6 6/1,6/2,6/5*%4/5
OIF 137.18 2410.01 574.68 -503.18 533.54 28717.31
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5.Conclusions

Integration of aeromagnetic and remote
sensing data allowed characterizing the ge-
ologic features, lithologic structures, and
HAZs at Marsa Alam area, Eastern Desert of
Egypt. Several trends such as NNW, NNE, N-
S, NW, NE, E-W, and NE are characterized
by aeromagnetic data. Processing of Land-
sat-8 OLI and ASTER data revealed the
probable areas of hydrothermal alteration
zones (HAZs) and characterizing between
the different rock varieties.
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