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Landsat 8 (OLI) ETM+ satellite imagery data are evaluated for
improving and re-mapping the geologic map of Um Gheig area, Central
Eastern Desert of Egypt. Different remote sensing techniques including
FCC, band ratio, PCA, supervised classification and spectral
characteristic analysis were applied on satellite imagery to facilitate the
discrimination of the widely exposed Neoproterozoic basement rocks in
the study area. Best color composite 146 FCC, 762 FCC, band ratio 6/2,
4/3, 7/3 and 7/6, 6/5, 4/2 in RGB, as well as PCA 213 and 314 in RGB
were selected and used for detailed mapping of the different lithological
units. Spectral characteristic analysis was used to discriminate the rock
forming minerals through the different rock units in Umm Gheig area
(e.g. amphibole b7/b5, serpentine b5/b7, Quartz b7/b6, muscovite b6/b4
and PCA4). The rock units of Um Gheig area are divided four main
lithological units according to field and petrographical studies; ophiolitic
associations, foliated metavolcanics, post-granitoids and hammamat
sediments, as well as small parts of unmapple metavolcanics and
metgabbro. Ophiolitic associations are subdivided serpentinites,
metagabbro, volcanoclastic metasediments and hormblende schist.
Granitoids are subdivided El-Deilihimmi granite and Abu Shaddad
granite. Petrographically, serpentinites prevailing by antigurite
serpentinites, metagabrro includes quartz and homblende gabbro, VCM
comprised different varieties range from biotite schist, biotite
hornblende schist, garnet biotite hornblende schist, intercalations of
actionolite schist and highly mylonitic schist, foliated metavolcanics
represented by schistose metatuffs and mylonitic schist, metavolcanics
represented by meta-andesite and fine metatuff, El-Deilihimmi granite
includes granodiorite and monzogranite while Abu shaddad granite
comprised alkali feldspar granite and syenogranite, hammamat
sediments represented by pebbles of dacite. A new modified geological
map is produced for Um Gheig area based on the remote sensing data,
field investigation and petrographical description.
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1. Introduction

The Arabian-Nubian Shield (ANS) is
considered as an example of the East African
Orogeny which is consolidated during
Neoproterozoic  time due to oblique
convergence of the intra-oceanic island arcs
accretion, continental micro-plates and oceanic
plateaus (e.g. Gass, 1982; EL-Gaby et al. 1984,
Stren 1993, 1994;Abdelsalam and Stern 1993;
KrOner et al.,, 1994, Abdelsalam and Stern,
1996,Fritz et al. 1996, Bregar et al. 2002,
Abdeen and Greiling 2005, Abd El-Naby and
Frisch 2006, Abd El-Wahed 2008, Ali et al.
2010, Shalaby 2010, Abd El-Rahman et al.
2012, Fritz et al. 2013). It is form the NE part
of Africa (KrOner 1984, Abdelsalam and Stren
1993). Several authors agree that the Egyptian
Eastern desert includes Neoproterozoic rocks
that form part of the Arabian—Nubian shield
(EL-Gaby et al. 1984, Abdelsalam and Stern
1993, Fritz et al. 1996, Bregar et al. 2002, Fritz
et al. 2002, Abdeen and Greiling 2005, Abd El-
Naby and Frisch 2006, Abd El-Naby et al. 2008,
Abd El-Wahed 2008, Ali et al. 2010, Shalaby
2010, Abd El-Rahman et al. 2012 and Fritz et

al. 2013).

The Eastern Desert of Egypt forms the
northwestern part of the Arabian—Nubian
Shield (ANS) and consider the northern
extension of the East African Orogen(Abd El-
Rahman et al. 2012). Stern and Hedge (1985),
divided the Neoproterozoic rocks of the Eastern

Desert of Egypt into three tectonic domains: the

Northern Eastern Desert (NED), the Central
Eastern Desert (CED), and the Southern
Eastern Desert (SED). The major exposure of
Neoproterozoic rocks widely located in the
Central Eastern desert(CED) due to the flank
uplift triggered by the Red Sea rift (Garfunkel,
1988; Omar et al., 1989). El-Gaby et al. 1988;
Abdeen and Greiling 2005; Abd El-Wahed and
Kamh 2010 divided the rock units of CED into
two main tectonostratigraphic units lower unit
that known by the infrastructure (El-Gaby et al.,
1990) and consist of medium to high-grade
gneisses and migmatites which exposed as
dome structures (Habib et al., 1985 and El-
Gaby et al., 1990), like, Sibai ,Meatiq, and
Hafafit domes and upper unit that known by
suprastructure(El-Gaby et al., 1990) or Pan-
African Nappe Complex (Fritz et al., 1996,
2002; Bregar et al., 1996, 2002; Fowler and ElI-
Kalioubi, 2004) composed of Low-grade
island arc-related metavolcanic,
metasedimentry and ophiolite complexes of
Neoproterozoic age as well as they form the
largest part of the Neoproterozoic rocks
exposed in the Eastern Desert (Gass, 1982;
Stern, 1994; KrOner et al., 1994, Neumayr et al.,

1998).

Urn Gheig area is delimited by the
latitudes (25° 39' N and 25° 45' N) , longitudes
(34° 20" E and 34" 29' E) and located at the
central part of the Eastern Desert of Egypt
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about 7 km inland from the Red Sea coast of

Egypt and 52 km south of Quseir city (Fig. 1).
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Fig. 1: location map of Um Gheig area. Inset:

Landsat 8 (OLI) image RGB-321.

Many authors e.g. El-Anwar (1983),
Stern and Hedge, (1985); El-Gaby et al., (1988)
and (1990); Hassan and Hashad (1990), studied
the geological setting of the study area and
considered that area, as a part of the Arabian
Nubian Shield, was subjected to the Pan
African Orogeny. The geological and
geochemical studies by Asran (1991) of Wadi
Um Gheig area revealed that the area mapped
as  ophiolitic  rocks, which  comprise
serpentinites and metagabbros thrusted over
island arc metavolcanics.

El-Anwar (1983) presented a detailed
geologic map of the study area and concluded
that the area is covered by amphibolites,
greenschists,

serpentinites,  metagabbros,

younger granites and Hammamat sediments.

Ibrahim and Cosgrove (2001) studied
Wadi Um Gheig/El-Shush area and divided the

rocks into three units: 1)

which

low-grade
metamorphosed  rocks, consist of
metavolcanic rocks interleaved with slices of
ophiolitic melange; ii) high-grade metamorphic
rocks, which consist of syn-tectonic granitoids;
iii) Post-tectonic granites, which intrude into
both the low- and high-grade rocks. FEI
Bahariya et al. (2001), studied the previous
three rock units of Umm Luseifa metavolcanics.
They concluded that each wunit comprise
number of rock units as the following: The
metamorphosed mafic rocks which form the
Eastern, South-eastern and north-western part
of the mapped metavolcnics included: a)
Tuffaceous metabasalt; b) Mafic crystal tuff; c)
Homnblende and hornfel and amphibolites.
Abdeen (2003), mapped the rock units of study
area as Pan-African nappe complex includes
ophiolitic mélange and related metavolcanic
and metasedimentary rocks.

The origin of ophiolitic rocks in Wadi
Wizr was investigated by Abdel-Karim and
Ahmed (2010). They considered that the
ophiolitic sequence comprised serpentinites,
talc-carbonate rocks, metagabbros,
metapyroxenites and metabasalts. The Pan-
African rock associations of the Um Gheig-
Kadabora area has been divided by Abdeen et
al. (2014) into two lithological units: lower unit
that consist mainly of amphibolite-migmatite

and granitoid gneisses, and an upper unit that

comprised ophiolitic rocks, metavolcanics and
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their related volcaniclastics, and molasse-type
Hammamat sediments. Abu El-Leil et al.
(2017) studied the structural elements and
geological setting of Um Gheig area. They
divided the rock units of the area into a) upper
crust (oldest) comprises the low to medium
grade metamorphic rocks of ophiolite and
island arc rock units represented by the
serpentintes, metavolcanosedimentary rocks,
metavolcanics and metagabbros; b) lower crust
of high grade metamorphic rocks including
migmatite,  gneissic  tonalite,  tonalite-
granodiorite and sheared granite; c) late to post
orogenic magmatism (youngest) represented by
biotite granite, alkali feldspar granite and fresh
gabbro..

The main aim of this work is to produce
new detailed and modified geological map of
Um Gheig area using mainly, the remote
sensing data, in addition to field and
petrographical investigations to verify the
obtained results from Landsat images.
Lithological mapping based remote sensing

Remote  sensing considered an
important mapping tool in the past several
decades and it finds applications in geological
and structural mapping, particularly as a
complementary source of information in
conjunction with field work. Remote sensing
together with Geographic Information System
(GIS) technologies provides better
opportunities to prepare geological maps with
higher accuracy. A suitable analysis of satellite
optical images like Landsat 8§ (OLI) data

substantially helps in lithological investigation
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of poorly understood areas and to improve the
published maps which mapped by the

traditional  techniques. Mainly, geologic
mapping is planned to refine the geological
boundaries, structural elements and
distinguished between the different rock units
of the studied area. The production of the
geological map has been carried out using
analyzed satellite image, in addition to field
work and microscopic and geochemical
analyses. Various band ratio, false color
(FCC)

(PCA) as well as

composite  images and principle
component analyses
supervised classification are used for the
detailed lithological mapping of the study area.

Colour composite defined as an image
produced by displaying multiple spectral bands
as colours different from the spectral range in
which they were taken. This method is
commonly used for displaying multi-band
(multi-channel) imagery. This is usually
achieved by assigning three of the image bands
to the fundamental colours red (R), green (G)
and blue (B), the combination of which results
in a RGB (false) colour composite image.
Chica-Olmo et al. (2002), stated that RGB
colour composition is a basic procedure for
geological photointerpretation applications in
which groups of bands are selected depending
on the features to be enhanced.

Band ratio considers another useful
approach for separating different lithological
units is the application of band ratios to the
Landsat bands (band ratioing). Lillesand and
Kiefer, 1979 and Sonka et al., 1993 sated ratio
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images are enhancements resulting from
the division of DN values in one spectral band
by corresponding values in another band.

Principal component analysis (PCA)
is a multivariate statistical technique used to
reduce the data redundancy by transforming the
original data onto new principal component
axes producing an uncorrelated image, which

has much higher contrast than the original

bands (Crosta and Moore 1989, Loughlin 1991).

Statistical analyses displayed that the first three
components contain more than 97% of the total
variance. A three- band PC coloured composite
was shown with PCl1= red, PC2= green and
PC3= blue.

Kamel et al.,, (2016) defined image
classification as a process by which pixels
having similar spectral characteristics are
consequently assumed to belong to the same
class that can be identified and assigned a
unique color. There are two main spectrally
oriented classification procedures for land
cover mapping: unsupervised and supervised

classifications.

Supervised classification defined by
Lillesand and Kiefer (2000), as a process where
the classifier or image analyst supervises the
pixel categorization processes by specifying to
the computer algorithm, numerical descriptors
of the various land cover types present in a

scene.

Spectral characteristic analysis

It is accepted that each material in
nature has a characteristic spectral reflectance
curves that distinguish it from others. This
characteristic  represents the basis for
identifying, and distinguishing the different
minerals and rocks from satellite images. The
final spectra of rocks are consisting of
interference, and stacking of the spectra of their
constituent minerals, and change from rock to
another based on mineral composition. The
examined average Digital Number (DN) values
of the response of the widely exposed
lithologies of both Landsat 8 bands is
successfully used in predicting the effective
band ratios to emphasize between the different
lithologies in Umm Gheig area based on
mineral index through each rock unit.
Data Used and Methodology

The satellite data used in the present
study originates from Landsat 8 (OLI) ETM+,
which is frequently used for geological
mapping with satisfy scale. Landsat 8§ (OLI)
scene with Path 174/Row 042 and cloud cover
0.01 was used in the present study. The data
were georeferenced to Universal Transverse
Mercator (UTM), World Geodetic system 1984
(WGS 84) zone 36. The used RS Landsat 8
(OLI) satellite images were obtained free from
Image courtesy of the U.S. Geological Survey
(USGS) earth

explorer website

(http://earthexplorer.usgs.gov)  having an

acquisition date of June 26, 2016.
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The pre-processing and processing of
the Landsat 8 (OLI) scene data covering the
area was performed by using the ENVI 5.3 and
ArcGIS 10.5 software. The pre-processing
techniques of radiometric and atmospheric
corrections were performed.

The output results of the remote sensing
detections  were

and mineral

validated by the field

mapping
integrated and
investigation, and petrographical studies.
Besides the field and petrographical
investigation as well as different combinations
of Landsat bands, various band ratios used as
mineral index for mineralogical discrimination
of the lithologial (e.g. 4/2, 7/5, 5/7, 7/6, 6/4 and
6/5 after Hassan et al. 2017).

The results and discussion

Field and petrographical investigations

The study area dissected by several

wadis (e.g. W. Um Gheig, W. Umm Luseifa, W.

Wizar, W. Kab Ahmed and W. Umm shaddad)
which drain into the Red Sea to the east. The
relief of the study area characterized by the
variation which range from 46 m to 1490 m
above sea level. The granitic units represent the
highest relief in the area that reaching to 1490
meters above sea level of Gabal El-Sibai and
776 meters above sea level of Gabal Umm
Shaddad.

According to the Field studies and petrographic
description, the study area can divided into four
main rock units, they are from the oldest to the
associations, foliated

youngest:  ophiolitic

metavolcanics, granitoids and Hammamat
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sediments as well as some un-mapple units of
metagabbros and metavolcanics.

Ophiolitic associations considered the oldest
rock unit and form the largest part of the study
area. Based on the field and petrographic
investigation, the ophiolitic  association
subdivided into serpentinites, metagabbros,
volcanoclastic metasediments and hornblende
schist.

Serpentinites occurred as blocks at the
northeastern part of the study area as well as
small blocks at the south side of the central part
of the study area (Figs. 2a and 7).
Microscopically,  serpentinites  comprised
Antigorite serpentinite with pyroxene relics,
antigorite serpentinite and talc carbonate
serpentinites. It 1is characterized by the
prevailing of antigorite as well as some of
carbonates, iron oxides and chromites (Fig. 3 a
and b).

Metagabbros occurred as mapple blocks at the
northeastern corner of the study area (Fig. 2b
and 7) and petrographically divided into
hornblende metagabbro and quartz metagabbro.
Metagabbros consists mainly of hornblende,
actinolite, plagioclase; secondary minerals are
sericite and epidote; minor of quartz while the
accessory minerals represented by calcite and
opaque minerals (Fig. 3c). Quartz occurs as a
major content in quartz metagabbro.
Volcanoclastic metasediments occurred as
along belts that occupy the central part and
southwestern corner of the study area (Fig. 2c

and 7). Microscopic investigation shows that

the volcanoclastic metasediments includes
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biotite schist, biotite hornblende schist,
garmet  biotite  hornblende  schist and
intercalations of actionolite schist (Fig. 3d, e
and f). Hornblende schist occurred as intensive
foliated unit with dark green color at the
northwestern part and southwestern corner of
the study area (Fig. 2d) as well as it composed
mainly of hornblende, actinolite and uartz
crystals, besides some spots of calcite and iron
oxides (Fig. 3g). These units characterized by
the quartz, hornblende, actinolite, biotite,
muscovite and garnet as a main minerals
content and by chlorite and iron oxides as a
secondary minerals content.
Foliated metavolcanics exposed as long
foliated belts located at eastern side and north
central part of the study area, the intensity of
foliation decrease toward the entrance of Wadi
Um Gheig (Fig. 2e). Microscopically, foliated
metavolcanics comprised schistose metatuffs
and mylonitic schist (Fig. 3h). They composed
variable clasts of quartz, plagioclase, k-
feldspars (orthoclase) as main minerals and
sericite  chlorite, carbonates (calcite) and
opaque minerals as a secondary minerals.
While unmapple metavolcanics exposed in
some places through some parts of the study
area as low hills (Fig. 2f) and subdivided
according to microscopic investigation into
meta-andesite and fine metatuff (Fig. 31). They
characterized by quartz, plagioclase, orthoclase

and chlorite as secondary minerals.

Granitoids exposed as high relief belts at the
northwestern corner intruded through the oldest
units like hornblende schist and volcanoclastic
metasediments. These granitoids represented by
El-Delihimmi granite that includes cataclastic
monzogranite and granodiorite as well as
syenogranite and alkalifeldspar granite of
Gebel Abu Shaddad (Fig. 2g and h).
Monzogranite characterized by the prevailing
of plagioclase as well as quartz, K-feldspars
and mica (Fig. 3j), while syenogranite and
alkalifeldspar granite marked by the prevailing
of K-feldspars and perthite as well as quartz,
plagioclase and mica (Fig 3k).

Hammamat sediments are occupying the
southeastern corner as low relief hills with
large pebbles of chert (Fig. 2i) and represented
by conglomerate, felsites and basalt. The
peebles and boulders of conglomerates includes
dacite which composed mainly of phenocryst
(plagioclase and quartz) and groundmass or
matrix of fine plagioclase, quartz and some
lithic fragments (Fig. 31).

Remote sensing interpretation

FCC 126 in RGB considered one of the best
false composite, which separated the
serpentinite blocks with dark olive green color
and metabbabros with black blue color at the
northeastern part of the mapped area (Fig. 4a).
Foliated metavolcanics separated obviously in
FCC 762 in RGB with reddish brown color at
the entrance of Wadi Umm Gheig and with
whitish pale violet in Wadi Wizr as well as

Hammamat sediments that marked by dirty
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dark green at the southeastern corner of the

study area (Fig. 4b).

Fig. 3: photomicrographs of a) Antigorite Serpentinite
shows antigorite mineral with flame habit or flake shape
and exhibit mesh texture and disseminated grains of iron
oxides (CN); b) Talc Carbonate Serpentinites includes
antigorite of tiny flake shape and several scattered
patches of carbonates which replaced most of the
antigorite beside, disseminated iron oxides (CN); c)
Hornblende metagabbro contains hornblende crystal
show two set of cleavage and has inclusions of
plagioclase that reflect ophitic and subophitic texture as
well as chlorite crystals that appear as flakes (CN); d)
Biotite Schist comprised biotite flakes and associated
minor muscovite oriented in parallel alignment
exhibiting the schistose texture and anhedral crystals of
quartz (CN); e) Biotite Hornblende Schist shows
alternative bands of quartz, biotite and hornblende
oriented in parallel alignment exhibiting the schistose
texture (PPL); f) Actinolite Schist exhibits aggregate of
euhedral prismatic crystals of actinolite oriented in the
same direction and have inclusions of quartz (CN); g)
Hornblende Schist contains hornblende and actinolite
crystals which some of them parallel to foliation and the
others oriented randomly away the foliation direction
(PPL); h) Schistose Metatuffs shows large plagioclase
crystal occur as porphryblast which the matrix wrapped
around it (CN); i) Meta-andesite displays corroded
subhedral crystal of plagioclase exhibits albite twinning
and embedded in a groundmass of quartz , plagioclase
and fine saussritized plagioclase crystals identifying the
porphrytic texture (CN); j) Monzogranite includes group

Abd ElI-Wahed (2020)

of fresh subhedral plagioclase crystal with corroded
exhibiting  albite  twinning (CN); k)
Alkalifeldspar Granite shows suhedral orthoclase crystals
with simple twinning and inclusions like the flame
identifying the perthite texture (CN); 1) Dacite contains
well rounded quartz crystal enclosed in a groundmass of
fine plagioclase and quartz crystals (CN).

borders
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Fig. 4: False color composites (FCC), a) 126 in
RGB; b) 672 in RGB of landsat 8 (OLI). The
discriminatedrock units include serpentinites (Srp),
metagabbro (MG), highly foliated metavolcanics
(HFM), hammamat sediments (HS), volcanoclastic
metasediments (VCM), hornblende schist (HS),
monzogranite (MonG) and granodiorite (GD).

This band ratio separated and marked each rock
units with special color (e.g. HFM: yellow to
greenish yellow, Srp: deep black blue, MG:
green, VCM: pinkish violet, HS: yellowish
green, HS: pinkish blue, MonG: canyon and
GD: pink).

The principal component analysis (PCA) 213,
in RGB discriminated the ophiolitic
associations with pink color except HS appears
with pinkish deep blue color, while HFM
appears with blue to pale blue color and MonG
with green color as well as HS marked with
pinkish orange color (Fig.6a). Highly foliated
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metavolcanics and different types of granites as
well as metagbbros discriminated obviously in
PCA 314, in RGB (Fig.6b), which HFM
marked by red color at the entrance of Wadi
Um Gheig while through Wadi Um Gheig and
Wadi Wizr appears with canyon red to canyon
color, monzogranite marked by green color
while granodiorite marked by orange color and
metagabbros deep blue color.

34240°E

25°420'N

Fig. 5: Band ratios combinations: (a) 6/2, 4/3, 7/3
and (b) 7/6, 6/5, 4/2, in RGB of landsat 8 (OLI), for
abbreviations see (Fig. 4).

The produced supervised classification
map in Figure (7) offered an obvious and easily
discrimination of the different rock units and
trace the geological boundaries sharply. The
new classified map is used as an improved

geologic map of the study area.

The prepared geological map shows clear
improvements and variations to the earlier
version of El-Anwar (1983) Fig (8) and Abu
El-Leil et al. (2017). The old geologic maps
were improved and refined distinctly, giving
more precise borders, a higher resolution and a
better exclusion of ophiolite assemblage and
granitic rocks. Many borders between the
lithological units were set up new, while other
predicted borders were confirmed. Moreover,
the discrimination between several rock types
was enhanced, e.g. the contact between
serpentinites and metagabbros become visible
(Fig. 8 (1)). Obviously, some regions are
reclassified as different unit than before, the
belt of amphibolite are reclassified to HB schist
and volcanoclastic metasediments.

Where the HB schist was enhanced
clearly by different remote sensing techniques
by a sharp contact with the volcanoclastic
metasediments (Fig. 8 (2), (3)). In the
southwestern part of the study area Abu El-Leil
et al. (2017) mapped the area around Wadi Kab
Ahmed as metavolcanosedimentary rocks but
the present study added the hornblende schist
as an elongated slab in the volcanoclastic
metasediments (Fig. 8 (2)). The greenschist of
El-Anwar (1983) is confirmed and re-mapped
by remote sensing and petrography as a foliated
metavolcanics (Fig. 8 (4)). The granitic rock
body in the northwest of the study area (Gabal
El Deilihimmi area) is differentiated into two
phases of granites as a granodiorite and

monzogranite (Fig. 8 (5)). This is confirmed by
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the petrography and mineral indices of remote
sensing .

It seems be that the new geologic map is clear
and trustworthy, especially the new lithologic
units added and sharp contact enhanced by the
integrated interpretation of the remote sensing
data and petrographical study as well as the

serious field work investigations.
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Fig. 6: PCA, a) 213, in RGB, b) 314, in RGB of
landsat 8 (OLI), for abbreviations see (Fig. 4).
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Fig. 7: Supervised classification used to improve
the geologic map of W. Umm Gheig area to

Abd El-Wahed (2020)

produce new detailed geological map, for
abbreviations see (Fig. 4).

Mineral detection

The grey scale of Landsat-8 ratio image b7/b5
was used as an effective tool to emphasize
rocks rich by amphibole, which appears with
bright tone (Fig. 9a). The grey scale Landsat-8
ratio image b5/b7 image was success to
discriminate of serpentines minerals that
appears with bright tone (Fig. 9b). Where band
ratio of b4/b2 used to distinguishes the rocks
rich by iron oxides like hematite, magnetite,
limonite, and appears with dark tone (Fig. 9c).
Muscovite mineral distinguished by b6/b4 ratio
image in gray scale as a marker to mylonitic
and granites that exposed with bright tone (Fig.
9d). The gray scale ratio b7/b6 and PCA4 used
to emphasize the rock units rich by silica
(quartz mineral) which appears with bright tone
(Fig. 9¢) and dark tone (Fig. 9f). PCA4
considered good indicator for granitic rocks.
Conclusions

Using the integrated approach of remote
sensing, petrography and fieldwork, it was
possible to improve and re remap the
geological map of Um Gheig area. The former
publications, many of them showed up fair
results with small scale. The present approach
of using remote sensing, petrography and
fieldwork reached promising results, giving a
good contrast and discriminability of occurring
rock types. In remote sensing, the attempt of
choosing the best suitable PC bands by

analyzing their eigenvector loadings and
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contrast gained good results as well. The
chosen principal components PCs gave a better
lithological discrimination. It was possible to
enhance the remote sensing classification
quality by the petrography and fieldwork. The
accuracy was notably increased compared to
the usage of only one type of data. The main
part of the present study area reaches excellent
classification results and the borders between
lithological units are clear especially in the
foliated rock units and granitic bodies.

Based on field investigation and
petrographical descriptions, the rock units of
Um Gheig area divided into four main
lithological  units, they are ophiolitic
associations, foliated metavolcanics, post-
granitoids and Hammamat sediments, as well
as small parts of unmapple metavolcanics and
metaggabro. Ophiolitic associations subdivided
into serpentinites, metagabbro, volcanoclastic
schist.

metasediments and  hormblende

Granitoids subdivided into El-Deilihimmi
granite and Abu Shaddad granite.

In present study, the remote sensing
offered the best color composite FCC 146, FCC
762, band ratios of 6/2, 4/3, 7/3 and 7/6, 6/5,
4/2 in RGB and PCA 213 and 314 in RGB,
were successfully discriminate the
Neoproterozoic basement rocks with sharp
contacts and tones. In addition, some mineral
indices are used to enhance the felsic and mafic
mineral content of some rocks. Amphibole

index is good indicator to hornblende schist.

Serpentine index is a good marker to
serpentinites and altered utlramafic rocks.
Muscovite index discriminate mylonitic schist
and granites as well as quartz index is
distinguishing the rocks rich by silica (Felsic,
meta-felsic and metasediments) through the
study area. Finally, the present study offered a
new and improved geologic amp of Wadi Um
Gheig area with considerable modifications and

large scale.

Metagabbros [ mi

and Post-Mi
- Nubia Sandstone
[ | Igla Fm. (Hammamat Sediments)

- Deilihimmi Granodiorite
3425
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7] Green Schists
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sa20e 2 3 4 skm
(1) The new lithological units [ verraces

[ Foliated metavolcanics [ miocene sediments

[ JHomblende schists, amphibolites [] Alkai granit (Gabal Urm Shaddad)

(foliated metagabbros)
[ Monzogranite

[ metagabbro-diorite
[ ] inites and talc

(Gabal Deilihimmi)

Ophilite Assemblage

Fig. 8: Comparison between the former geological
map of Um Gheig area (after El-Anwar, 1983,
(above) and the improved version prepared in the
present study (below).



Fig. 9: a) band ratio 7/5 in gray scale for amphibole
(Amp); b) band ratio 5/7 in gray scale for
serpentines (Serp Index); c) band ratio 4/2 in gray
scale for iron oxides(Iron oxides); d) band ratio 6/4
in gray scale for muscovite (Mus); e) band ratio 7/6
in gray scale for quartz, after Hassan et al. (2017)
(Qtz); ) PCA4 in gray scale for granites (Qtz).
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