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The Precambrian rock assemblages of Umm Tawat area in the North Eastern Desert
of Egypt have a distinctive ENE-trending exposure of Hammamat sediments (HS)
between the Gebel Gattar granitic pluton and the volcanoclastic succession of Gebel
El Dokhan. The present work applies the Landsat-8 data and image processing
techniques such as spectral signature, principal component analysis, decorrelation
stretch, and band ratios to map the various Precambrian rock units and the lithofacies
of the HS and their geological contacts. The recognized mappable units of this
assemblage are fully identified by their spectral signature, field verification, lineament
analysis, and petrographic description. The resultant high-resolution lithological map
based on the maximum likelihood algorithm demonstrates ten fully discriminated
mappable units of younger granitoid and HS lithofacies units besides the Dokhan
volcanics and metagabro-diorite rock units. The identified five HS lithofacies units are
brownish gray conglomerate and sandstone HSf1, a green conglomerate with dominant
volcanic fragments HSf2, fine-grained sediments of graywacke and silty-mudstone
HSf3, interbedded conglomerates and siltstone with uranium enrichments related to
the intrusive contact HSf4, and thermally metamorphosed pelitic sediments HSf5.
Remote sensing techniques have been applied for the first time to reveal detailed facies
variation of the Hammamat sediments of Umm Tawat. Finally, the results
aforementioned above are imported to the Arc GIS database to update the geologic
map with precise rock unit boundaries.

1. Introduction

Application of the remote sensing (RS) data and
their image processing techniques have been
considered as an important tool in geological
mapping and discrimination of the various
lithologies, mineral exploration, and hydrothermal
alteration zones [1-7]. The lithological mapping of
complex geologic terrains of the Middle East,
Africa, and India was used as a variety of RS
techniques [4, 8, 9]. Several studies in Egypt have
applied image processing techniques of RS data to

characterize
ophiolitic,
granitic rocks, and metavolcanic [10, 11, 20, 12—
19]. Other investigations have also been effective
identifying
and Phanerozoic
sedimentary rock units using the same approaches

identify and
serpentinites,

in  lithologically
Hammamat

[21-23].

molasse

sediments

The basement rocks of Egypt are a part of the
Neoproterozoic Arabian-Nubian Shield (ANS).
The ANS is a juvenile continental crust formed by
magmatic arc accretion through a progression of
subduction, accumulation, and crustal thickening
procedures through the late Precambrian Pan-
African Orogeny [24-27]. In the final stage of the
Pan-African evolution during the late Cyrogenian-
Ediacaran age (650-550 Ma), the Egyptian
basement complex was accompanied by the
eruption of Dokhan volcanics, deposition of
molasse-type sedimentary rocks known as
Hammamat sediments (HS), and the emplacement
of felsic intrusions [26, 28-31]. The Eastern Desert
of Egypt represents the northwestern of the ANS,
and has been distinguished by [32] into three
distinctive litho-tectonic domains: the North,
Central, and Southern Eastern Deserts (NED, CED,

the Precambrian
sediments,

Precambrian
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SED). The NED includes the studied area, and is
characterized by the abundance of Ediacaran non-
metamorphic volcano-sedimentary successions
including interfingering Dokhan volcanics, HS,
and abundant post-tectonic granitoid with different
gneissic varieties, and one of the largest dyke
swarm systems [25, 31, 33].

On general geologic maps of Egypt, the HS and
younger granites account for approximately 80%
of the Precambrian basement rocks in the NED of
Egypt [31, 34-36]. The HS were previously
mapped as an undifferentiated unit regardless of
their facies variation [34, 37, 38]. To the contrary,
the Egyptian younger granites have been
intensively classified based on field relations,
geochemical, petrographical, and radiometric
background characteristics [39-44].

The main objective of the current study is facies
discrimination and lithological mapping of HS and
granites and delineating the structure of the Umm
Tawat area in the NED of Egypt utilizing different
processed remote sensing data and high-resolution
Google Earth images aided with field verification.
2. Geologic Setting

The Umm Tawat area is located in the southern
portion of the NED of Egypt between latitudes 27°
05'and 27° 10' N and longitudes 33" 10" and 33" 23'
E, to the west of Hurghada (Figure 1a). It is covered
by the Precambrian assemblages including the
intrusive rocks, Neoproterozoic volcanic rocks,
and Hammamat molasse sedimentary rocks that are
bounded by Gebel Gattar and Gebel EI Dokhan
(Figure 1b). The intrusive rocks include
metagabbro-diorites and younger granites. The
metagabbro-diorites (MD) represent the oldest
rocks in the area of investigation. They are of
limited exposure, and occur as small dark gray
hillocks. The Dokhan volcanics (DV) erupted
before the younger granites in the north part of the
studied area (Figure 2a). It dates back to 592 Ma
utilizing Rb-Sr technique [31] with complete
matching with the age (593 + 13 Ma) measured by
the 206Pb/238U method [45]. This thick sequence
of volcanics is composed of high-K calc-alkaline
lava flows and pyroclastics of predominantly
andesitic to rhyolitic composition with imperial
porphyry [37].

The most predominant outcrop observed in the
studied area is the HS. It is composed mainly of
immature to sub-mature clastic rocks of molasse
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facies sediment [46]. Herein, these HS are known
as Umm Tawat sediments (Figure 2a), and consist
of conglomerate, wacke, and siltstone [35].
According to [47], the HS of the Eastern Desert
have been deposited in three tectonic settings: the
first stage is deposited in pre-collision as fore-arc,
intra-arc, and back-arc basins, the second stage is
deposited during the syn-collision stage as fore-arc
basins and low land basins in the accretionary
prism, and the third stage during the late collision
as a low land and intramontane basins. The
sediments of each stage are distinguished by the
shape and type of the basin and the source of
sediment supply. To the contrary, [31] ported that
the area is a part of the late Neoproterozoic crustal
evolution that culminated in a major extensional
event, escorted by bimodal igneous activity, and
deposition of terrigenous clastic sediments. The HS
of Umm Tawat are subjected to regional
compressional deformation that forms G. Umm
Tawat and a N47°E regional open anticline fold
plunges 5° toward the SW direction [48].

The major intrusive bodies in this area are mainly
affiliated with the Younger pink Granites of [36].
The huge and complex granitic plutons of G. Gattar
and Sala’at El Bali intrude the HS at the eastern and
southern parts of the studied area. Both plutons
have U dates 579 and 583 Ma age by zircon model
age [31] Gattar granite shows intrusive contact
with HS forming offshoots and tongues to HS and
subsequently affected by SE-dipping thrusts
(Figure 2b). The associated uranium mineralization
along the Gattar granite contact with the HS and
their dissecting faults has been documented and
extensively exploited by the nuclear material
authority of Egypt since the seventieth. In a similar
geologic condition, [49] demonstrated that there
are strong spatial and thermal relationships
between the location of hydrothermal mineral
deposits related to fluid flux mechanisms of
porphyry Cu formation and the existing point and
line features as intrusive contacts, fault density,
fault intersections, and proximity to faults, and can
help mineral exploration and prospectivity.

The whole rocks in the studied area are dissected
by a system of dikes (swarm). These dikes are basic
to acidic in composition, closely associated with
granitoid (Figure 2c¢), and intruded under
extensional conditions in the Eastern Desert and
Sinai Peninsula [32, 50, 51].
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Figure 1. (a) Location map of the studied area (yellow box) in the Eastern Desert. (b) Landsat image of the Umm
Tawat area.
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Fiure 2. Field potga of the stuie area showing (a) G.U Tat souhwest of G. E ka at they
intruded with younger granites. (b) Intrusive contact of pink granite of G. Gattar with Hammamat sediments
(HS) and dipping thrust faults toward Gattar. (c) Dike swarm cut younger granite.

3. Dataset and Methods

recorded. It provides a spatial resolution of 15 m
3.1. Landsat-8 OLI

for the panchromatic band, 30 m for VNIR and

Landsat-8 mission was launched in February SV‘I\'/r:eR Ezrr]\((jjz:trjg 1s?oh[cn (fggtahi;SI/RRg?/\r/]dj'l) UTM
2013 from California, and is yet operating. It is roiection of Z 36 Iglorth and WGS-84 datum was
carrying a two-sensor payload, the Operational—- gcqju ired in April 2017 with D
Land Imager (OLI) that collects image data for . .
nine visible, near-infrared short-wave infrared L081759412017107LGN09' This data covering
bands, and two long-wave thermal bands are the studied area was obtained through the U.S.
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Geological Survey (USGS) and prepared for digital
image processing using the ENVI 4.8, ArcGIS10.3,
and ILWES 3.3 softwares.

3.2. Pre-processing

The main pre-processing steps include
atmospheric correction, removing the unwanted
noise, and re-scaling the raw radiance data from the
imaging spectrometer to reflectance data. By using
the FLAASH algorithm correction tool, the data
was calibrated to spectral radiance, and converted
from the digital number (DN) to reflectance.

3.3. Digital image processing techniques

Several enhancement techniques were used in
this work including spectral signature analysis
(SSA), band ratio (BR), principal component
analysis (PC), decorrelation stretch (DS), and
supervised classification, as revealed in the
flowchart (Figure 3a).

The PC analysis was used to compress bands of
redundant data to be compacted into fewer bands
of high variance data, while the DS applies a
contrast stretch to the principal components of an
image. Also it is a technique used to remove the
high correlation commonly found in multi-spectral
datasets.

In addition, the spectral signature profiles are
applied to identify each lithological unit exposed in
the studied area (Figures 3b & 3c), and it represents
the fundamental criteria for selecting the band
ratios transformation. The spectral profile of the
studied area shows the general reflection and
absorption differences for all bands; thus the
different ratios of these bands will be a significant
discrimination tool. The producing profile in this
study reveals that the majority of the exposed
lithological units exhibit a weak reflectance
reaction at bands 1 and 2 and a moderate absorption
atband 7. In contrast, the exposed lithological units
exhibit an increasing spectral reflectance action at
bands 3 and 4 reaching maximum in some
lithologies in band 5 and the majority in band 6.
The BR technique was applied to improve spectral
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diversities between various targets as a highly
produced DN ratio [52]. Different BR images were
proposed by different authors, and have been used
effectively to enhance lithological mapping as an
example; (4/7,3/4,2/1) RGB) ASTER image by
[10] to map the Allagi Suture units in the SED of
Egypt, [53] used (7/6, 6/5, 6/4) band ratio for the
mapping of gneiss domes in south Tibet, and (4/5,
5/7, 3/1 RGB) Landsat 8 was proposed by [16] for
lithological mapping of Esh EI Malaha area, Egypt,
in addition to [3] that applied band ratio
(7/5,7/6,5/3RGB) of Landsat 8 in Meatiq area of
Egypt. Furthermore, new band ratios (6/5,5/4,4/3
RGB), (4/2,6/5,(7+6)/4 RGB) were proposed in the
present work based on SSA.

Eventually, utilizing supervised classification is
a sort of information clustering of the pixels into
classes based on training sites (ROI) introduced by
the user [54, 55]. Many different algorithms are
available for supervised classification; in this
paper, the maximum likelihood has been tested. It
was found to be the most accurate and commonly
used classifier when data is satisfied with the
distribution default [56].

3.4. Lineament extraction

Lineaments are defined as any simple or
composite and mappable linear features that
concern the geologic and geomorphological
lineaments [eg. 57, 58]. The geological lineaments
such as faults, joints, fractures, or lithological
boundaries[59]. Lineaments extraction from RS
data can be accomplished through automatic via
suitable software applications or by manual vision
and extraction [59, 60]. The automated lineament
extraction was performed in the current study
utilizing the PCIl-Geomatica 2017 software.
Enhancement image techniques are regarded as
one of the most important stages in lineament
extraction [61]. The PC1 of principal component
analysis from OLI data was induced in this
software to extract lineaments as it carries the most
information.
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Figure 3. (a) Flow chart showing the steps of image pre-processing and processing in the present work. (b) Color
composite image (7,5,1 RGB) of Landsat-8 showing the position of the pixel related to spectral in c. (c) Spectral
Signature profile of the rocks in the study area by Landsat 8 data.

4, Results and Discussion
4.1. Lithological discrimination

The application of various RS image processing
in the Umm Tawat area gave the best results for
discriminative lithological rock units. Regarding to
decorrelation stretch, the (2, 4, 7 RGB) best FCC
image for differentiating between two phases of
younger granites and two various facies in HS
(Figure 4a). The analyses of the eigenvector PC
values enable us to give a concept about the band
composites selection that enhanced the variance
color among the rocks. The eigenvalues (Table 1)
display high positive value, high negative value,
and near zero indicating the correlation of the
original bands data. The first three PC bands would
be used for lithological mapping [1] that contain
here about 99.88% of the variance. PC1 contains
one of the most variance data 95.10%, dominated
by brightness differences caused by topographic
differences and slope directions, PC2 explains
4.49% variance, and PC3 accounts for 0.29%. The
other PC bands seem to be noisy because they
contain low volumes of variance data. Dependent
on these results of the PC analysis, the best RGB
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composite images of maximum lithological
discrimination are developed (PC1, PC2, PC3,
Figure 4b), showing several distinguishing features
such as younger granites (Gattar granite and Sala’t
El Bali granite), DV, MD, and HS. The DV is
shown in orange color, MD is displayed in violet
color, HS are exhibited in four colors so that they
are initially divided into four facies (HSf); HSf2
shows hues of a mauve purple, HSf3 shows yellow,
HSf4 appears in the southern part of HS as a
pinkish yellow. HSf5 shows pink slightly as in the
first facies but differs in SSA, while younger
granites are displayed alternately in dark and light
pinkish-blue.

The PC techniques are also useful in the detection
and recognition of the structure and boundary
between different facies and units in the studied
area. Two regions have been studied (Figure 4b)
showing the gradational in color between HSf2,
HSf4, and DV that indicates a gradational
boundary between these units at A region and also
illustrates the strike-slip movements between the
dikes (Figure 4b). Another region (B) reveals
nearly irregular contact of HSf4 between HSf2 and
HSf3 (Figure 4b).
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Figure 4. (a) Decorrelation stretch 2,4,7 for RGB image. (b) Principal component analysis PC1, PC2, PC3 in
RGB with two selected regions for detailing the contact and structure (A) region shows gradational contact
between HSf1 and DV, NNE dextral and NW sinistral strike-slip faults along wadies, (B) region reveal irregular

contact between HSf2 and HSf3.

Table 1. Principal component analysis of Landsat OLI bands.

Eigenvector bl b2 b3 b4 b5 b6 b7 Variance %
PC1 -0.132  -0.149 -0.233 -0.369 -0.437 -0.541  -0.535 95.10
PC2 0.351 0.373 0.440 0.388 0.218 -0.354  -0.469 4.49
PC3 0.422 0.419 0.269 -0.340 -0.561 -0.023 0.378 0.29
PC4 0.075 0.096 0.095 -0.238 -0.109  0.747 -0.589 0.06
PC5 0.272 0.259 -0.303 -0.598 0.628 -0.114 0.008 0.03
PC6 -0.464 -0.133 0.736  -0.417 0.196  -0.092 0.052 0.03
PC7 -0.620 0.753  -0.190 0.087 -0.049  0.008 -0.002 0.0
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The previously proposed band ratio can
distinguish between the various lithological rock
assemblages identified in the studied area. By
applying them, they produced the following
results:

The band ratio (4/7,3/4,2/1 RGB) ASTER image
produced by [10] that is equivalent to (5/7, 4/5, 3/1
RGB) in Landsat 8 can separate three facies within
HS with their yellow, green, yellowish-green while
the granite appears as blue color (Figure 5a). Using
Wolter's band ratio (7/6,6/5,6/4 RGB),
characterizes five variant facies in the HS and
discriminates the Gattar granite from other granites
found in the studied area. However, it does not
differentiate one of the facies of HS as orange in
color from other granites but the HSf4 is sub-
divided into two different colors that reflect sub-
facies as HSf4a for a light green color (Figure 5b).
Applying [16] band ratio 4/5,5/7,3/1 RGB (Figure
5¢) gives variant facies of the molasse sediment as
yellow and orange color and display violet color
for all types of granite. [3] applied band ratio
(7/5,7/16,5/3RGB) of the OLI, donating better
results in the differentiation of the HS facies, DV,
and Gattar granite but did not recognize other types
of granite (Figure 5d).

The spectral signature of Landsat 8 in the Umm
Tawat area shows a variance in reflectance
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behavior between different lithologies and bands
(Figure 2c). The spectra of the younger granites
show maximum reflectance (0.3-0.5) in band 6
(b6), where the dominant mineral composition is
alkali feldspars and biotite. The SSA shows high
different reflectance between b6 and b5 with high
absorption in b5 at HSf2 and HSf5 sediments.
Further, the reflectance is similar in b4 and b5 with
low absorption in b6 at HSf3, and HSf4 indicating
a high clay mineral [62], so the following band
ratios (6/5,5/4,4/3 RGB), and (4/2,6/5,(7+6)/4
RGB) were tested.

Band ratio (6/5, 5/4, 4/3 RGB) is the best to
discriminate between different granites types as
shown in buff color for the G. Gattar granite and
light green color for the granite of G. El Reddah
and G. El Sala’at, mixed light buff-green color in
granite (G) that offshoot DV, and small restricted
area of metagabbro-diorite northeast of the area. In
addition, it differentiates the facies of sediments;
that show HSf1 dark brown color, HSf2 a light
brown color, HSf3 dark green, HSf4 dark
brownish-green color along with the granitic
intrusion, and HSf5 view as a reddish brown
(Figure 5e). Also the band ratio 4/2, 6/5, (7+6)/4
RGB is confirmed for the separation of the
volcanic as well as the granite and the HS (Figure

5¥).
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respectively.

The maximum likelihood classification was there is some heterogeneity in colors especially in
produced with overall accuracy (83%), and the the western part due to the many dikes that have
kappa coefficient (0.82). Well-represented training been dissected in the area. It distinguished ten
sites (ROI) were detected for ten different exposed classes into ten colors, corresponding to certain
lithologies and the Wadi deposits in the studied rock units (Figure 6) that gave a better exclusion
area excluding the training site of dikes. Therefore, for the assemblage of the basement rocks.
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4.2. Field verification and petrography

The RS data have separated the sediments into
five distinct colors for different lithological
packages, which resulted in the division of the HS
into five facies units (HSfl, HSf2, HSf3, HSf4,
HSf5), and identifying three types of granites
(Phase I, Phase Il, Phase Ill). These previously
unmapped units were confirmed and identified
using field observation in the manner described
below.

HSf1 is a small outcrop along Wadi Bali. This
unit is dominated by a brownish-gray poorly sorted
matrix-supported conglomerate (with sandy
matrix) and sandstone package. The conglomerate
of this unit is composed of cobble to boulder-size
grains (Figure 7a).

HST2 is represented in the central west of the area
characterized by a dominant green conglomerate
and breccia (Figure 7b) with little gray sandstone.

This facies unit is highly influenced by NE-
trending dikes. The conglomerate is grain-
supported with low percentage of sandy matrix.
The grains are mostly elongated, angular to sub-
rounded, and range in size from granular to cobble.
It is polymictic type containing predominant
greenish andesitic to dacitic volcanic fragments,
laminated tuffs, and jasper, as well as foliated
granites, green metasediments, chert, and reworked
sediment fragments. These volcanic fragments are
characterized by amygdaloidal and porphyritic
textures.

HSf3 is represented in fine-grained dominant
sediments at the center of the area. It consists of
bedded to cross-bedded sandstones with thin
ripples and gray laminated silty-mudstone
interbeds (Figure 7c). The sandstone is dark green
to a grayish color of graywacke type composed of
quartz and feldspar set in a high percentage of a
matrix (Figure 7d).
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HSf4 includes a mixed gray sandstone and
siltstone with conglomerate sediments. This unit is
represented in the south of the studied area at the
margin of the sedimentary basin, and is also
recognized around HSf2 as sub-facies (HSf4a).
The siltstones are more tilted and jointed. Near the
contact with the Gattar granite, this siltstone
performs as a barrier to the uranium-bearing
solutions [47, 63]. Moreover, the conglomerate is
gray, poorly sorted matrix-supported, and
composed of pink granite fragments (Figure 7e).
HSf4a sub-facies has the same lithological
characteristics but not overlapping and its
conglomerate is distinguished by grayish-green
cobble grains followed by sand and silty-shale
interlayered.

HSf5 is a small exposure setting between two
granitic plutons of G.El Sala’at and G.EI Reddha
and scattered along the faults. This unit is
distinguished by tuffaceous material and
metamorphosed pelitic sediments during the
intrusion of the younger granites and along the
fault plane. The latter was identified by shearing
and mylonitization near the fault plane. Other
thermal metamorphoses comprise an abundance of
quartz, feldspar, biotite, and a few cordierites.
Cordierite is the characteristic metamorphic
mineral in the innermost zone and biotite in the
outermost zone forming porphyroblast and
hornfels texture (Figure 7f).

The granite of the area can be classified into three
phases. Phase | is small scattered granite in the
north and east of the studied area (Figure 2a). It is
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characterized by reddish color, and fractures and
dissected by intermediate to basic dikes (Figure
8a). These granites associated with dikes are more
affected by the process of the alteration as
epediotization and kaolinitization (Figure 8b). This
granite contains quartz, plagioclase, alkali feldspar,
and biotite crystals, and is classified as
syenogranite to granodiorite. Phase Il granite was
represented in G. El Sala’at and G. El Reddha,
which is accurately classified in the (6/5,5/4,4/3
RGB) band ratio as light-green false color.
Exfoliation and an abundance of mafic xenoliths
distinguish this granite (Figure 8c). It is composed
primarily of orthoclase, oligoclase, perthite, albite,
and quartz, which have been classified as
syenogranite to monzogranite (Figure 8d).

Phase 111 is represented by G. Gattar. It is the
youngest phase of granites that intruded the studied
area and characterize by pink to reddish colors and
high rigid mountains. This granitic batholith
offshoot into HS, forming intrusive contact (Figure
8e). Later, the HS in the studied area was affected
by intensive thrust faults being controlled partially
with the granite/Hammamat contact. The Gattar
granite is classified as alkali syenogranite to
perthitic leucogranite petrographically, which
primarily contains a high percentage of quartz,
potassium-feldspar perthite (Figure 8f) and as
meta-aluminous leucogranite, A-type granite
geochemically [63]. Also it is specialized by the
occurrence of uranium mineralization restricted to
sheared tectonic contact between the HS and
granite [64].
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Figure 7. Field and petrographic photos of different facies of the Hammamat sediments (HSf) showing (a)
Rounded boulder clasts (red arrow) in a brownish gray conglomerate of HSf1. (b) Green breccia with elongated
lithic volcanic fragments (Lv) of HSf2. (c) Ripple marks in the graywacke sandstone in HSf3. (d) The main
composition of graywacke is quartz (Qz), plagioclase (Pl) and epidote (Ep) embedded in a fine matrix at HSf3,
CN. (e) Angular pink granite fragments in gray conglomerate of HSf4. (f) Porphyroblast of cordierite crystal
(Crd) with Hornfels texture of biotite crystal (Bt) and quartz rich in HSf5, CN.
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Figure 8. Field and petrographic photos of granite showing (a) Basic dikes intruded the phase | granite behind
G.El Sala’at. b) Epidotization (Ep) process in granite along intruded dikes. (c) Mafic xenoliths in G.El Redhha.
(d) Composition of second phase granite as quartz (Qz) plagioclase (Pl), muscovite (Mu) and biotite altered to
chlorite (Ch) crystals, CN. (e) The intrusive contact of phase Il granite into Hammamat sediments (HS). (f)
Perthite crystal (Pr) in Gattarian granite, CN.

4.3. Lineament analysis

The lineaments analysis shows the linear features
and their intensity in different parts of the region.
This automatic lineament reveals several lines of
structural identification that tend to be NE-trending
dominant as well as NNE-SSW, and disclosed less
influence on NW-SE orientation, as shown in the
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rose diagram (Figure 9). In the current region, the
NNE dominant lineaments were formed advanced
by rejuvenating the ENE-orientation fault that
bounded the sediments. According to the density
lineament map, the most of the lineaments are
dense in the central and southern regions of the
Umm Tawat area (Figure 9b).
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Figure 9. (a) Automatic lineaments extracted from the PC1 images. (b) Lineament density map with a rose
diagram to show the main trends.

4.4. Structural features and geologic map of
area

The area of investigation has been dissected by
poly-phases of ductile and brittle deformation,
leading to various structural elements, mainly
folding, as well as distinct trends and types of
faulting. Based on the variation of dipping beds,
two major open anticline folds were detected
within sediments nearly in the center of the area.
The NE-oriented asymmetric plunged anticline

fold (plunging toward the SW direction) with SE-
dipping steep limb (55) facing G.Gattar is
developed to the southern part of the area (Figure
11). Another NE-oriented asymmetric plunged
anticline (plunging toward the NE direction), the
NW-dipping facing G. ElI Dokhan appears as
monocline folds in G. Umm Tawat (Figure 2a).
Also the minor folds are recorded with variably
plunging axes (Figures 10a & 10b). The major
faults constitute obvious lineaments on the
lineament extracted images from image processing
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(Figure 9), which reveal several trends of the faults
and fractures. In various places in the area, some
faults have been mapped, measured, and checked
for kinematic indicators in the field like
slickensides. Most of these faults have strike-slip
movements through both the sinistral and dextral
sense of displacement. They are more commonly
recognized in the sediments and along the
boundaries of the basin. The NE to ENE trending
faults dominates, and shear zones exhibit an
obvious dextral sense of movement. Several thrust
faults follow this orientation dipping the SE
direction (Figure 10c). These faults dissect most of
the boundaries of different sedimentary facies units
in the HS. The southern part of the sediments is
bounded by the NE-striking thrust fault bringing
the HS against the granitic contact HS (mainly
HSf4) at the hanging wall of this thrust is 60°
dipping toward the SE. The orientation of these
faults and associated fold represent the Gulf-
orthogonal fault and they developed in various
tectonic phases. Most of the dike occurrences in the
area follow this orientation. The sense of the
detected movements revealed common sinistral
faults striking towards the NNE-SSW and N-S
Agaba trend that was primarily districted along
wadis in the eastern part of the basin, Moreover,
local NNW-SSE dextral-slip faults observed in the
western part as at W.Abu El Markh. This conjugate
(NNW-SSE and N-S) trending faults were detected
in the image processing of PC (Figure 4b).
High-resolution Google Earth images induced in
Arc GIS to more accurately draw the boundary of
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lithologies by tracing the dike systems and
homogenization of the supervised classification
and structure of the area (Figure 11). Many
lithological units have a new set of borders, and the
others have been identified. As it turns out, the rock
unit of the HS was reclassified as different facies
units than before, and the granitoid was also
discriminated against into three types.

The remote sensing manifested the tracing
continuity of the bedding planes to outline the
stratigraphic facies units. It also shows a group of
discordant facies units in contact and around the
basin center. This tracing is combined with
detected structural elements to understand the
relationship of these facies units with each others.
They are arranged from the oldest in the basin
(HSf1, HSf2, HSf4a, HSf3) at the center of the two
folds the youngest HSf4, HSf5 at the margin of the
basin. HSf4 and 5 are nearly concordant to SW and
East at the marginal basin. The other main HSf
units have structural and discordant boundaries and
truncate each other. HSf3 truncates to HSf4 along
NE-striking fault boundaries, HSf1 is situated at
the core of the lower anticline fold, and has the
structural boundary between their limbs and
truncated to HSf4a with thrust fault and strike-slip
faults in the south and western part of the basin
respectively. HSf2 at the up dipping of the upper
anticline fold, which appears as a triangular shape
dissected by several dikes, the boundaries have a
gradational topography with HSf4a in the west and
thrust faults in the south. They were interleaved by
Dokhan volcanics in the NW part of the basin.

NNW SSE||NE

Figure 10. (a,b) Field photography showig atine Iin fold within mmmat
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respectively. (c) The panoramic view shows the variation of dipping beds within Hammamat sediment (HS)
during several NE-trending thrust faults (F) and along the contact with Gattar granite (Gg).
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Figure 11. Update Geologic maps of the Umm Tawat area (based on the present study) and the Rose diagram
illustrate the main strike frequency of faults.

5. Conclusions

The enhancement processing techniques of the
Landsat-8 OLI data were executed in this work
allowing the differentiation of the Precambrian
rock assemblage of the Umm Tawat including
various facies of Hammamat sediments and
associated volcanics and intrusive units. Band
ratios (6/5, 5/4, 4/3 RGB), and (4/2, 6/5, (7+6)/4
RGB), and PC1, PC2, PC3 were effective tools to
discriminate Gattar granite from Salaat El Bali and
granitic intrusion in the north of the area, variant
lithofacies within the Hammamat sediments and
structural elements in the present study. The
performed of the maximum likelihood supervised
classification algorithm was efficient in digitizing
the ten rock units to construct a new digital
geologic map with an overall accuracy of 83%. The
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main detected structural lineaments by using PC1
of principal component analysis from OLI data and
field observations indicate the dominance of the
NE- and NNE-strike direction with subordinate
NW-SE orientation. Finally, the field and
petrographic verification of the remote sensing
results discriminates five lithofacies of Hammamat
sediments (HSf) including HSf1l brownish gray
conglomerate and sandstone, HSf2 green
conglomerate  dominant containing  mainly
volcanic fragments, HSf3 fine-grained sediments
of greywacke and silty mudstone, HSf4
interbedded conglomerates and siltstone with
uranium enrichments related to the intrusive
contact, and HSf5 as thermally metamorphosed
pelitic sediments with recrystallized quartz, biotite,
and cordierite minerals with porphyroblast and
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hornfels textures. They also reveal three granite
phases (phase I, I, 1ll) that consist of
monzogranite, syenogranite  to alkaline
syenogranite in the youngest phase as well as
distinguishing between Dokhan volcanic and
metagabbro-diorite. The recognized units of the
Precambrian rock assemblage of Umm Tawat with
the field, structural liniments, and high-resolution
Google Earth image used as a separate layer create
a new geologic map of the area with ten lithofacies
units.
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