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Kharit basin is an interior Cretaceous rift basin hosted in a Precambrian basement
complex of the Arabian-Nubian shield. Satellite images and potential geophysical data
previously outlined the basin without a detailed field study. Kharit areais a remote and
hyper-arid area; therefore, the application of remote sensing is essential for completing
the process of its geo-structurd mapping. A multi-spectral optical dataset of the
Landsat-8 and high-resolution images of Google Earth was integrated with the field
investigation to classify the lithologicad units and define structures. That integration
between anal yzed satellite images and field investigations led to a geologicd map of a
minimum scale of 1:50,000 for the lithological rock units and a maximum scale of up
to 1:7000 for the structurd mapping. The map shows an elongated NW-oriented rift
basin filled by a thick deposit of Cretaceous sequences bounded from the east, west,
and south by Proterozoic igneous and metamorphic rocks. Additionaly, rift-related
vol canic rocks were mapped dong the western border fault system of the basin. The
main mapped faults were delinested in three trends, NW-SE, WNW-ENE, and N-S,
while severa folds of NW orientations are developed as a norma drag of the main
bounding faults. The Early Cretaceous extension aong inherited Precambrian
lineaments propagated this fault pattern and its associated folds. These structura
elements configured the studied area architecture as several grabens with thick
Cretaceous sequences.

1. Introduction

Despite promising opportunities in the Kharit
area to explore ores and hydrocarbons, it was
geologically neglected for a long time due to its
remoteness and hyper-arid climate. Kharit area is
about 80 km southeast of Aswan. It is ddimited
by latitudes 23° 30 0" N to 24 0 0" N and
longitudes 33" 30" 0” Eto 34" 45 0" E (Figure 1).
Kharit area extends 200 km-in length and 115 km
in width. The area shows NW-SE dongated
Mesozoic sedimentary outcrops dissected by a
complicated network of wades and tributaries
hosted within the Precambrian basement complex
[1].

However, the most effective technique to map a
remote and vast hard accessibility area is
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andyzing satdlite images. accordingly, there are
many authors used the remote sensing technique
in the Eastern Desert of Egypt, e.g.[2], [3], [4],
(51, [6]. [7], (8], [9]. [10], [11], [12], and [13].
Occasionally, they utilized a digital color mosaic
of Landsat thematic mapper (TM) or the
Advanced Spaceborne Therma Emission and
Reflection  Radiometer  (ASTER)  images
accompanied with field observations to identify
and corrdate cross-cutting geologic features on
the African and Arabian sides, dominating the
Southeastern Desert of Egypt.

Therefore, this area was mapped previously
through severa regional mapping projects ([14],
[15], [16] and [17]. All these maps provided an
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inaccurate cond usive description of the lithology
of rocks related to the predominant igneous
activity in the area. [4], [18], and [19] concluded
that the Kharit area is an e ongated NW-oriented
Mesozoic sedimentary outlier hosted within the
rocks of the Arabian Nubian Shidd. A
generalized geologic map of Egypt by [14] a
1:4000,000 scale showed a sedimentary cover of
the Nubia sandstone complex and undifferentiated
Cretaceous sediments. Similarly, a regiona
geological map of [15] mapped the sedimentary
units in the study area as undifferentiated
Cretaceous sediments overlain by Quaternary
deposits. According to the [16] geologic map at
scd e 1:500,000, the studied area is occupied by
Late Cenomanian to Early Campanian clastic and
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Quaternary aeolian and adluvid deposits.
However ,neither the previous works nor the
geologic maps report a detailed structural
framework of the Kharit area.

Therefore, geo-structura mapping is essential to
provide basi ¢ geological and structural knowl edge
for further geological studies and natura resource
explorations. However, the hyper-arid climatic
conditions without vegetation cover characterized
the Kharit area causes favor conditions to apply
optica remote sensing technologies for geol ogical
mapping. Additionaly, extensive fidd trips
validated the interpretation and andyses of the
satdlite images, increasing the accuracy of the
produced map.

Figure 1. L ocation map of southern Egypt basinsand the area of the present study (bluerectangle). Faulting and
basin geometry is after [20]. The Precambrian basement complex in the Eastern Desert of Egypt isafter the
Geological map of Egypt (1987). Theimagein the background isthe Digital Globe, GeoEye, Earthstar
Geographics, CNES/Airbus DS, USDA, USGS, Aero GRID, IGN, and the GIS User Community.

2. Geological Setting

The surface geological setup of southern Egypt
is dominated by exposures of the Neoproterozoic
(900-550 M@) basement of the Arabian Nubian
Shidd dissected by intracratonic rift basins. The
basement complex of the Arabian Nubian Shield
is a result of the Pan-African orogeny [21], [22].

1038

This orogeny is sub-divided into three mgor
evolutionary stages: (@) the accretion stage
occurred between 870-670 Ma; (b) the collision
stage lasted from 650 Ma to 640 Ma, and (C)
extensiond collapse initiated directly after the
termination of the collison [23]. Studied the
structural synthesis of theArabian Nubian Shield
at aregiona scale They described the orientation
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of structures south of Wadi Kharit-Wadi Hodein
mainly aternating between E-W and N-S and that
the orientation of structures northward from Wadi
Kharit-Wadi Hode nis NW- SE [24].

A sedimentary basin system consisting of
Kharit, Nugra, and Komombo occupies avast area
of southern Egypt. Two commercial discoveries
are recorded in the Komombo basin west of the
Nile River. The eastern part of this basin system,
occupi ed by the Kharit and Nugra basins, must be
better explored [25]. This basin systemisaNW to
NNW oriented Early Cretaceous intracratonic rift
basin in southern Egypt [20], [26] and bounded
and dissected by several E-W oriented strike-slip
faults [27], [28], [29], and [30].

Kharit basn is the southern segment of the
South Egypt rift system and agppears as an
elongated NW-oriented sedimentary inliers within
crystaline basement rocks of the Arabian -Nubian
shidd. Rock succession of the study area consists
of two seguences. the igneous and metamorphic
rocks of the Precambrian and the Phanerozoic
sediments and vol canic rocks (Figure 2).

The surface sequence of the study area is
subdivided into three main stratigraphic units
[16]. The oldest unit is the Abu Aggag formation
which crops out in the southwestern and
northeastern parts of the Kharit area. The Upper
Cretaceous Timsah and Umm Barmil formations
overlie Abu Aggag Formation (undifferentiated
Cretaceous). The Quaternary deposits of wadis,
dluvid fans, and dunes overlie the latter
formations. According to the drilling result by
Repsol 1998, Centurion and Trasnglobe 2007; the
subsurface of the Kharit basin is dominated by the
Lower Cretaceous clastic (Kommbo and Six Hills
formations) (Figure 2).

3. Materialsand Methods

Landsat 8 (OLI/TIRS scene) was launched in
2013 as the latest satellite in a Landsat program
that provides a unique 45-year data record of the
Earth's land surface. Landsats 1, 2, and 3 were
launched in 1972, 1975 and 1978, respectively.
Landsat 4 was launched with the MSS, and a new
instrument called the Thematic Mapper (TM).
Landsat 5, aduplicate of Landsat 4, was launched
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in 1984 and returned scientificaly viable data for
28 years - 23 years beyond its 5-year design life.
Landsat 6, equipped with an additional 15-meter
panchromatic band, was lost immediately after
launch in 1993. Finally, Landsat 7 was launched
in 1999 and performed nominaly until its scan
line corrector (SLC) failed in May 2003.

The mapping technique was based on
integrating remote sensing datasets and field
observations. The pre-processing and the
processing of Landsat-8 images were performed
with Envi 5.3. The geologicad map and visud
interpretation of dructural dements were
produced with ArcGIS 10.4. The geo-referencing
of notes and images during the fied trip was
achieved by UTM Geomap mobile application.
The remote sensing datasets are a multispectra
optica dataset of the Landsat-8 scenes and high-
resolution images of Google Earth. Landsat-8
scenes were accessible on the United States
Geological Survey (USGS) archives. The area is
covered by three scenes acquired in February
2018 with Universal Transverse Mercator (UTM)
projection, zone 36 N, and World Geodetic
System 1984 (WGS-84) datum with a path and
row map index; P173R44, P174R43, and
P174R44 (Figure 3a). While high-resolution
images of Google Earth are roughly 65cm pan-
sharpened (65 cm panchromatic at nadir, 2.62 m
multi-spectral at nadir). The processing started
with Radiometric Calibration, then the Fast Line-
of-sight Atmospheric Analysis of Spectral
Hypercubes (FLAASH) [31], [32], [33], [5], [8],
[10]. These steps were followed by Reflectance
scaling to correct the resulting negetive vaue
from Fast Line-of-sight Atmospheric Analysis of
Spectral Hypercubes (FLAASH) correction [34].
The processes end with the Gram-Schmidt image
pan sharpening to enhance the spatia resolution
of multispectral bands [35] (Figure 3b). Image
andysis relied on supervised classification with
training pixes that were used to define the
lithological classes in the study area. Training
pixeds disaiminated on specific false-color
composite (FCC) images and images resulting
from the decorrdation stretch (DS).
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Figure 1. General Lithostratigraphic Units of Kharit — 1 Well at Kharit basin area, Southern Eastern Desert,
Egypt modified after (Repsoal, 1998; Centurion and Transglobe, 2007).
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Figure 2. @) lllustratesthree scenes acquired in February 2018, with the falowing path and row map index
(P173R44, P174R43, and P174R44).

e Scenel: P173R44 2018/02/17  LC81730442018048L GNOO
e Scene2: P174 R43 2018/02/08  LC81740432018039L GNOO
e Scene3: P174 P44 2018/02/08 L C81740442018039L GNOO

b) The flowchart of the primary spatial analysis and geo-processing steps applied to different remote sensing
datasetsin the present study.

The supervised classification training pixels of
the different rock units covering the study area
were carefully discriminated using false color
composite images (FCC) of (6,3,2) and (7,5,3)
multi-spectra  bands combination in red-green-
blue order (Figure 4). The sdected bands for
false-color compasite (FCC) were chosen since
they showed the most evident contrast between
the geologicd units as documented by various
resources [36], [37], [38], [6].[7],[39]

Decorrdation stretch (DS) [40] reduces the
corrdation between multispectrd bands and
generates more distinctive and saturated colors.
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Decorrdation stretch was applied on 7, 5, 3, and
the 6, 3, and 2 false-color composites (FCC) to
ensure an accurate sdection of training pixes
used in supervised classification (Figure 5).

The supervised classification generates an
image showing the different rock units in the
study area. In supervised dassificaion,
representative sample information clusters on the
raster dataset for the area of interest [41] are
selected. Usualy, for geologicd mapping, the
sdection of the sampling sites requires prior
integration between previous geologic maps and
images produced from image processing
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techniques. Since the reflectance / therma of the
same rock unit changes dueto the irregular effects
of weathering, deposition, and diagenesis [42] the
maximum likelihood supervised dassification
algorithm was used (Figure 6).

The automatic detection of linear features needs
to beimproved for structural mapping in the study
area. Therefore, geological structural features
were identified by visualy interpreting high-
resolution images (Google Earth). Geological
structures  were  visually interpreted by
recognizing the differences between any or al
dements of visud interpretation (tone, shape,
size, pattern, texture, shadow, and association)
introduced by [43] in combination with previously
identified geological units (Figure 7).

In avalidation step, afidd trip was carried out
during March 2019 in the northern parts of the
study area between latitudes 23'49'44.57" &
23'57°59.75" and longitude 34°01'50.85" &
3329'06.58” (Figure 8). The vaidation area was
about 830 km? and was studied through 35 fidd
stations which were sd ected carefully via remote
sensing techniques (Figure 8). Geologicd
outcrops were sampled to validate supervised
classification input representative sampling sites
of thelithological units. The dip and strike of the
different structural éements and rock units on the
mapped faults hanging and foot walls were
measured. Finaly, three geological cross-sections
were constructed to demonstrate the structural
geometry of the mapped area.

4, Results
4.1. Lithology

The area of study is dominated by Quaternary
deposits represented by dunes in the southernmost
part, which appear as light grades of yellow colors
and buffy orange on false-color composite (FCC)
(7, 5, 3) and false-color compoasite (FCC) (6, 3, 2),
respectively. Visually recognizable bodies with
multi-colored (rock fragments) represent wades
and dluvial fans. The study area includes three
sedimentary rock units;, a shale unit (Sh); a
ferruginous sandstone unit (SS2), and a brownish
kaolinitic sandstone unit (SS1). These units
appear on false-color composite (FCC) (6, 3, 2) as
brownish orange, greenish grey, and reddish-
brown, respectivdy. On fase-color composite
(FCC) (7, 5, 3) shale unit (Sh) is shown as tannish
yellow; the ferruginous sandstone unit (SS2) is
shown as greenish-grey and brownish kaolinitic
sandstone unit (SS1) is shown as pae brown
(Figure 4). Syenitic ring complexes. Trachytic-
basaltic dykes are also recorded in the study area.
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These rocks occur in specific localities and appear
as dark grey rocks on false-color composite (FCC)
(7, 5, 3) and false-color composite (FCC) (6, 3, 2)
(Figure 4).

Basement rocks in the study area are
distinguishable from each other. On false-color
composite (FCC) (6, 3, 2) (Gl1), westhered
granitic rocks appear as a flush rose (Figure 4),
while it appears as pale beige on false-color
composite (FCC) (7, 5, 3) (Figure 4). On fase-
color composite (FCC) (6, 3, 2) weethered diorite
rocks appear as bluish grey (Figure 4), while it
appears as pae greyish purple on fase-color
composite (FCC) (7, 5, 3) (Figure 4). Although
the gabbroic rocks are restricted to asmd| areain
the northern part of the study area, it is
distinguished as dark greenish-blue rocks on
false-color composite (FCC) (7, 5, 3) and fdse
color composite (FCC) (6, 3, 2) (Figure 4). On
fase-color compaosite (FCC) (7, 5, 3)
metasediments are shown in shades of purple
color, similarly, metasediments on fase-color
composite (FCC) (6, 3, 2) are shown in shades of
a greyish white In false-color composite (FCC)
(6, 3, 2), ophiolitic metagabbro is greyish black,
while serpentiniteistea blue.

There are some rocks appear in similar colors on
the preseected false-color composite (FCC), for
example, the brownish kaolinitic sandstone unit
(SS1) and intrusive metagabbro to meta diorite
(Mgi) are displayed in different grades of brown-
colored rock. Thus the decorrdation stretches
utilized (DS) (6, 3, 2) effectivdy to solve the
ambiguity that appears on the fase-color
composite (FCC) (7, 5, 3) and fase-color
composite (FCC) (6, 3, 2) with unique colors for
similarly colored rocks, where the contrast
between the brownish kaolinitic sandstone unit
(SS1) and intrusive meta gabbro to meta diorite
(Mgi) is established, as they appear as purple
rocks and greenish rocks, respectively (Figure 5).
Ancther segregation is obtained by decorrelation
stretch (DS) (7, 5, 3) between syenitic ring
complexes and trachytic-basdtic intrusions (Rc)
and ophialitic metagabbro (Mgo), which both
appear on false-color composite (FCC) (7, 5, 3)
and false-color composite (FCC) (6, 3, 2) as dark
grades of grey rocks, while syenitic ring
complexes and trachytic-basdtic intrusions (Rc)
appears as green leaf rocks, and ophialitic
metagabbro (Mgo) appears as greyish-red rocks
(Figure5).

The fidd verification for al previoudy
mentioned results from the interpretation of
remote sensing datasets confirms that the
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Mesozoic cover in the study area consists of three

major sedimentary units. The oldest unit
unconformably  overlies the  Precambrian
metasediments to the east and is followed

westwards by the overlying younger sedimentary
units (Figures 6 & 9). Brownish-colored pebbly
sandstone unconformably overlies the basement
rocks on the western side of the study area. This
unit's exposure localities, stratigraphic order, and
lithological description strongly agree with the
predefined brownish kaolinitic sandstone (SS1)
sedimentary unit solid mapped through the
Landsat-8 image. Findly, an overlying unit is
described as a multicolored fine to medium-
grained ferruginous sandstone (Figures 9 d & f).
This unit is exposed at certain narrow uplifted
blocks aong the Aswan-Haab highway and
overlies the brownish kaolinitic sandstone unit
(SS1). Various fine clastic associations occur on
the low relief exposures dong the Aswan-Haab
highway. These clastics are recorded as
aternating intervals, green shale, black shde,
shale with plant remains, and tiny inter-beds
sandstone (Figure 9¢). The nepheline syenites and
the associated rocks are validated and confirmed
(Figures 9b & ). The basement complex
bounding the study area comprises various
graniti c rocks and pditic schists.

4.2. Structural architecture

Kharit basinis a sedimentary outlier surrounded
by Precambrian rocks from East, West, and South.
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Two subparalld boundary fault zones of the
Kharit basin are formed mainly from NW-SE
oriented faults linked together through N-S faults.
The northeastern boundary fault zones throw
toward the southwest. In contrast, the
southwestern fault zone throws toward the
northeast, which causes subsidence that provides
accommodation space and alows the
accumulation of the existing sedimentary units.
Other faults belonging to the NW-SE fault set are
the main controller of the distribution of
sedimentary units. The continuity of the E-W fault
cut through the northeastern basement rocks.
Various fault sets predominantly represent the
structural features in the study area, whereas folds
are the following features. The structural
measurements through the selected field stations
indicate that the general dipping of the Mesozoic
rocks through the study area ranges between 7° up
to 20’ in the northeast direction. At the same time,
this dip changes in certain localities due to
faulting and folding effects. For example, two
folds exist near the Aswan-Halaib highway with
fold axes trending NW-SE and NE-SW. In
addition, NW plunging synclines and anticlines
are mapped in the study area (Figure 7).

Four fault sets occur in the studied area with the
arrangement in descending order of frequency as
NW-SE, WNW-ESE, E-W, and N-S striking
faults (Figure 10).
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Figure 3. Illustrates false-color composite (FCC) of L andsat 8 image used to differentiate various lithological
units (a) Bands6, 3, 2in RGB order, respectively. (b) Bands 7,5 and 3 arein RGB order, respectively.
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Figure 4. (a) Demonstrates decorrelation stretch (DS) of Landsat 8 image of 6,3and two bandsin RGB order
used to differentiate between rocksrelated to ring complex and Ophiolitic metagabbro. (b) Elucidates
decorredation stretch (DS) of Landsat 8 image of 7, 5, 3 bandsin RGB order used to differentiate between
brownish kaalinitic sandstone and intrusive metagabbr o -metadiorite.
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Migigure 5IIIustratesthe initial lithol ogi cal classesthat ensued from suwpmérhvised classification results applied to
Landsat images of the Kharit basin.

Figure 7. (a) False-caor composite (FCC) of Landsat 8 image (7, 5, and 3 bandsin RGB order) illustratesthe
various surface structural featuresin the study area. (b) The Rose diagram of foldsformed in the Kharit basin
showsthat most foldsformed in the study area arein NW alignment. (c) Rose diagram of faults affected K harit

basin showing that most faults affected the study area strike in north-west direction.
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Figure8. (a) Illustrates observation stations of thefield trip illustrated on the false-color composite (FCC) of
Landsat 8 image (bands, 6, 3, 2in RGB order). (b) Thefield station was used for structura measurements and
lithological sampling

1047



Abdelhalimet al.

Journal of Mining & Environment, Vol. 14, No. 4, 2023

Figure6. Field photos show (a) N-S normal fault juxtaposes SS1 (br ownish kaalinitic pebbly sandstone) agai nst
Precambrian basement r ocks (granites). (b) Theigneousrocks of the Tarbtie North ring complex are overlain by
SS1 (brownish kaolinitic pebbly sandstone). (c) Extrusive Tarbtie North ring complex rocks consist of several
zones of basalts (foliated basalts, blocky basalts, red basalts, blocky basalts, and trachytic basalts). (d) Fineto
medium-grained sandstone with reddish pigment duetoiron oreenrichment. (e & f) Marly shale, green shale,
and shale with plant remains of the main shale unit in the studied area.

The NW-SE fault set is the predominant fault
set in the studied area. This set of faults shows
normal dip-slip movements. NW-SE fault set
affects al exposed rock units. The number of
NW-SE faults increases eastward through the
study area. The NW-SE fault set includes the
main structural dements that control the
lithological units' distribution and define the
Kharit basin's shape (Figure 7). The longest and
most important interpreted faults are the rift
border faults at both sides of therift. The Eastern
rift border fault system consists of severa
segments of NW-SE orientation linked by short
WNW-oriented faults. On the other hand, the
western border fault system involves linked
segments of NW-SE and N-S orientation (Figures
7 & 10). The border faults juxtapose the basement
complex to the east and the west against brownish
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kaolinitic sandstone (SS1) in the basin direction
(Figures 7 & 10).

E-W to WNW oriented faults extends for
distance long-distance cut through the rift border
faults. This set of faults shows dextral strike-slip
movement. They are predominant in the eastern
part of the study area (Figure 7). To the north of
Wadi Garara, the WNW fault dextrally offsets
NW-SE faults, N-S faults (Figures 7 & 10).

The N-S fault set shows normd |eft-lateral
movements. This fault set is inherited from
Precambrian and reactivated as a part of the rift
border fault and interna fault system during the
Cretaceous extension. This set’s most obvious
apparent faults are the faults bounding the western
side of the southwestern shoulder of the basin.
These faults juxtapose the basement complex to
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the east with the brownish kaolinitic sandstone
unit (SS1) to thewest (Figures 7 & 10).

Most mapped folds in the study area have a
NW-SE orientation. Therefore, the NW-oriented
synclines are developed as a normal drag in the

Journal of Mining & Environment, Vol. 14, No. 4, 2023

downthrown side of the main rift-rdated faults
(Figure 10). Few NE-oriented folds are mapped at
the intersection of NW and WNW-oriented faults
(Figure 10). All the mapped folds were devel oped
as drag aong the corresponding fault.

Figure 10. False-color composite (FCC) of Landsat 8 image (7, 5, and 3 bandsin RGB order) used toillustrate (a)
location map for the selected set of examples. (b) Thefault zone bound the basin to the southwest; these faults
strike NW-SE and down-throw to the northeast, which affected the Cretaceous sedimentary succession
accompanied by NW oriented forced folds. (c) E-W dextral strike-dip fault offsets other fault setsand
lithdogical units. Thisfault linksthe NW-SE and N-Sfaults of the fault zone bound by thebasin tothe
northeast. In addition, a significant synclinal folding effect appears. (d) A horst block of basement rocks for ming
the southwester n basin shoulder, this horst block is bounded tothe southwest and northeast by fault zones of N-S
and NW-SE faults, respectively. (e) A fault zone bounds the eastern side of the Kharit basin; thisfault zoneis
formed by thelink between N-S and NW-SE fault sets.

The geological rdaionship between identified
structura features and mapped lithological unitsis
best viewed on the geological cross-section and
seismic  reflection profiles. Hence, three
geological cross-sections (Figure 11b) are
established, and three seismic sections were
interpreted (Figuresl2 & 13 & 14) to cover the
different parts of the studied area. A-A’ cross-
section that simulates the structural configuration
a the northern parts of the study area. The A-A’
shows that two basement shoulders border the
study area to the northeast and southwest. Two
major multi-segmented fault zones with strike-
oriented NW-SE juxtapose the basement
shoulders to the brownish kaolinitic sandstone
unit (SS1) and the northeastern segments of these
bounding faults down-throw to the southwest. In
contrast, the southwestern segments of these
bounding faults down-throw to the northeast.
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These subparald fault zones bounding the study
area cause significant subsidence of interlaying
strata to form mgjor graben. This major graben is
subdivided into three smadler sub-grabens;
uplifted aress with narrow extensions separate
these sub-grabens. B-B’ cross-section constructs
the structural configuration of the middle part of
the area. This cross-section paths through severa
highly daunted sedimentary units of G. Abu
Hasheem and G, Mulgata in the southwest to
reach the low topographic area of Wadi Timsahin
the northeast. In this cross-section, severd tilted
fault blocks were recognised; the deepest blocks
are the northeastern ones. C-C' cross-section
traverses the southernmost part of the study area.
Two graben blocks are separated by crucial horst
block, which can describe the structurd
configuration of this part of the studied area. This
cross-section has exceptional credibility as Kharit-
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1 well penetrates one of the defined graben blocks
(Figure 11A). The oldest sedimentary unit
(brownish kaolinitic sandstone) is juxtaposed
against metasedi ments or weathered granitic rocks
to the northeast and southwest through various
sets of faults with strike NW-SE, and E-W
oriented faults. Theinternal rift faults of a NW-SE
orientation  juxtapose younger  ferruginous
sandstone (SS2) against a brownish kaolinitic
sandstone unit (SS1), causing shallow buria of
underlying brownish kaolinitic sandstone unit
(SS1). Fallowing that, a deeper burial of brownish
kaolinitic sandstone unit (SS1) and ferruginous
sandstone unit (SS2) along NW-SE faults. The rift
interior NW —SE oriented faults dip due NE and
SW forming small sub-basins of grabens and half
grabens (Figure 11A). Accommodation horsts
separate these sub-grabens.

Sesmic sections show the chart basin's
configuration, exhibiting geometrical variation
along and across its axis (Figures 12 and 13).
Along the NW-SE seismic profile, the Kharit
basin encompasses two sub-basins formed by
several norma faults. The two sub-basins are
separated by broad intrabasina horst in the
central part of the study area. The Northern sub-
basin is poorly understood due to the lack of NE-
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SW seismic profiles perpendicular to the rift-
related structures. The Southern sub-basin shows
strata dipping to the southeast.

The first NE-SW (Line 2) seismic profile shows
the northern sub-basins configuration. The
northern sub-basin is configured as a tilted fault
block toward the northeast. Fault (F12) is the
eastern boundary fault down throw to the
northwest. While fault (F14) is the western
boundary fault down throw to the northeast.
Multiple synthetics (F9, F15, F13) configured the
tilted fault blocks as half grabens.

The second NE-SW seismic profile (Line 2)
shows the configuration of southern sub-basins
encompassing two sub-grabens (depocenters)
(Figure 14). The northeast boundary fault system
(F1) subsided the eastern  sub-graben
(depocenter). Two NW-SE faults bound the
western Sub-graben. The northeast boundary fault
system (F4) is down to the southwest, while the
southwestern boundary fault system (F16) is
down to the northeast. Each mgor graben is
further subdivided into several intrabasinal
troughs and highs bounded by synthetic dip-slip
normal faults and antithetic dip-slip normal faults
(F16, F7, F143, F5, F4, F23).

Figure 7A. Illustratesthe final layout of the Geo-Structural Map of Kharit Basin, southern Eastern Desert, Egypt, at scale
1:50,000 show thefinal map produced by combining lithological units, interpreted structural elements, and topogr aphic
elements and includes an index map showing the geogr aphic location of the studied area.

1050



Abdelhalimet al. Journal of Mining & Environment, Vol. 14, No. 4, 2023

Figure 11 B. Thethreerepresentative geo-structural cross-sections of Kharit basin A-A’, B-B’, and C-C’ at
vertical exaggeration = 2.5.
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Figure 8. Interpreted 2D-Seismic Line (along the elongated axis of the basin) shows two sub-basins separ ated by
intrabasinal high. Black line represents top Precambrian Basement, yellow line represents top Komombo Shale,
green linerepresentstop six Hill Formation.
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Figure9. Interpreted 2D-Seismic of NE-SW orientation showsthe structural configuration of the northern sub-
basin. Black linerepresentstop Precambrian Basement, yellow linerepresentstop Komombo Shale, green line
representstop six Hill Formation.
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Figure 10. Interpreted 2D-Seismic of NE-SW orientation shows the structural configuration of the southern sub-
basin. Black linerepresentstop Precambrian Basement, yellow linerepresentstop Komombo Shale, green line
representstop six Hill Formation.
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5. Discussion

The current geo-structural map provides new
modifications and updates in the distribution and
type of the lithologica units as wel as the
structural architecture of the Kharit basin. This
map has a minimum scale of 1:50,000 for
lithological mapping and a maximum scale of up
to 1:7000 for structura mapping. In addition, the
produced map includes eevation contour lines to
define the topographic nature of the study area
and structura measurements of dip and strike of
the different planar structural € ements.

Considered that all sedimentary rocks covering
the study area belong to the Nubia Formation
coeva Upper Cretaceous marine beds composed
of variable classics [15]. The Quaternary wadi and
playa deposits were illustrated as irregular bodies
overlain preceding geologica units. It aso
roughly defined ring complexes in the study area
as semicircular or semi-dliptical units composed
chiefly of akaline syenites. These ring complexes
were dated as younger than Cretaceous sediments.
Integrating remote sensing and field observations
enabled the definition of three sedimentary units
(brownish kadlinitic sandstone unit, ferruginous
sandstone unit and shale unit). The visud
interpretation of al available remote sensing
datasets allowed detailed identification of wadis
in the studied area and the detection of dunes in
the southern part of the studied area (Figures 3,
10). Field observation during the current study
alowed a more accurate description of the
lithological compasition of the ring complex as
extrusive rocks (eg. foliated basats, blocky
basalts, red basdts, and trachytic basdts).
Intrusive rocks (e.g., Nepheline syenite, syenite,
alkaine granites) (Figure 8c). The overlap of
brownish kaolinitic sandstone units on the ring
complex is strong evidence that the ring complex
precedes all cretaceous sedimentary units (Figure
8b).

The mapping project EGPC-Conoco Cora [16]
generated a geologica map a 1:500,000,
including the study area. This map classified the
sedimentary cover into three geological units and
represented the structural features as lineaments.
The multispectral images of Landsat 8 enabled a
more accurate distribution of the sedimentary
units (Figures 3, 10) and the lithological
compoasition of each unit was verified during the
field trip (Figure 8). The high-resolution imagery
dataset alowed detaled identification of
structural architecture of the study area (Figures 6,
10).
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Is a geologica mapping project a 1:100,000.
This project defined three geologica formations
to occupy the study area (Abu Hagga, Timsah and
Umm Barmil formations). Wadi aluvium and
grave fill are the Quaternary deposits defined by
this project. The interpretation of multi-spectra
[20].

Landsat 8 dataset shows the different
distribution of lithologica units defined in the
current study. The new distribution of lithol ogical
units was validated through field observation.

Studied the petroleum system of Komombo,
Nugra, and Kharit. As a part of this approach, a
regional surface structural map including
differentiation between Cretaceous rocks and
basement rocks [19]. Defined the structural
features as predominantly NW-SE normal faults,
which could be inherited from the Precambrian
Nad fault system [26]. The field check proved
that the western basement shoulder's location and
faults needed to be corrected in that work. The
interpretation of high-resol ution images of Google
Earth coupled with fidd check shows the
existence of other fault sets in the study area
(WNW-ESE, E-W, and N-S). In addition, the
strike-slip movement was recognized for some
faults. Fidd check alowed strike and dip
measurements illustration on the generated map.
Folds were not previously mapped in the study
area. Our geo-structurd map provides an
integrated view of the study areds structural
architecture and lithology (Figure 11).

The Basement complex is overlan by Lower
Upper Cretaceous sedimentary  succession
consisting of three fluvia-lacustrine, coarse to
very fine-grained siliciclastic lithological units:
SS1, SS2, and Sh units. SS1 is a brownish
kaolinitic sandstone (SS1) that unconformably
overlan the basement rocks. The brownish
kaolinitic sandstone unit (SS1) exposes in the
southwestern and northeastern margins of the
Kharit basin; the brownish kaolinitic sandstone
unit (SS1) unit is overlain by the ferruginous
sandstone unit (SS2). The SS2 unit comprises
ferruginous fine to medium-grained sandstone. Its
distribution is restricted to specific topographic
highs in the study areds southeastern and
northwestern  parts.  Multiple  fine-grained
lithologies (Marly shale, shale, shae with plant
remains, black shale) form the Sh unit, which
overlain the ferruginous sandstone unit (SS2) unit.
The shale unit (Sh) covers most low-reief
exposures (Figure 11).

The Igneous intrusions in the study area are ring
complexes. These ring complexes occur along
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the rift border zones. They intruded the
Precambrian metasediments and underlay the
brownish kaalinitic sandstone unit (SS1). The
ring complexes in the Kharit basin consist of
extrusive rocks (e.g., foliated basats, blocky
basdts, red basdts, and trachytic basalts) and
intrusive rocks (e.g. Nepheline syenite, syenite,
alkaline granites) (Figure 8).

The Quaternary deposits consist of dluvid,
colluvial, and aeolian unconsolidated, mostly
sand-sized clagtics. Alluvia and colluvid
deposits in the Kharit basin are concentrated in
long NW to NNW oriented wadis and the
associated fans or tributaries traversing the
study area (e.g. Wadi Kharit, Wadi Garara, and
Wadi Timsah). These wadis are of depositional
origin, formed manly because flash floods
affected the study area. The aeolian depositsin
the Kharit basin are predominately accumulated
to form the dunes fidd in the southernmost part
of the Kharit basin (Figure 11).

6. Conclusions

Geo-structural mapping of the Kharit basin is
essential to understand its structural architecture
and tectonic evolution. The current map illustrates
the main structural framework and stratigraphic
succession of the Kharit basin that could be the
core of the future geological research about this
remote and tiff region and support the ongoing
hydrocarbon and minerd exploration. The
utilization of false color composite (FCC) of
processed satdlite images incorporates with the
ground truth solved the ambiguity of lithology
differentiation and updated the geological units
composing different exposures outcrops in the
study area. The area of the Kharit basin appears as
an eongated NW-oriented trough filled by
Cretaceous sediments and bounded from East,
West, and South by Precambrian basement rocks.
The eastern and western rift boundary faults show
a zigzag fault pattern encompassing two NW and
WNW-oriented fault segments. Internaly, the
Kharit basin is subdivided into minor NW-
oriented interabasinal highs and troughs. The
internal troughs are filled by thick Early to Late
Cretaceous continental to shalow marine
sedimentary sequences.

The complex mapped fault pattern ind udes four
trends: NW-SE, WNW-ESE, E-W, and N-S. The
first two trends are the main trough bounding
faults and show the vertical sense of movement,
while the other two are linked fault segments and
show an obligue sense of movement. In addition,
several NW to WNW oriented anticlines and
synclines were developed as normal drag aong
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the footwall and hanging wall of the primary
bounding fault system. Finaly, it could be
mentioned that the Precambrian host Kharit basin
was affected mainly by the inherited Nagjd fault
system of the late Precambrian rift-related
transform system.
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