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HE South of Gabal Um Monqul area, located in the Northern part of the Eastern Desert of Egypt,

is known for Cu-Au mineralization. The rock units are metavolcanics, Dokhan volcanics, and
monzogranite. Integrated field, remote sensing, microscopical, and geochemical studies are fulfilled
to identify structures, lithological units, hydrothermal alteration zones, and genesis of mineralization.
The metavolcanics are metabasalt and meta-andesite. The Dokhan volcanics are represented by
andesite and dacite which display fine and porphyritic textures. The monzogranite mainly consists of
quartz, plagioclase, orthoclase, and biotite. The remotely sensed data identified the main trends of
lineaments, which are NE and NW trend. For the lithological, hydrothermal alteration mapping, the
optimum index factor, false color composite, and band ratios techniques effectively distinguish the
rock units and identified the alteration types such as argillic, phyllic, and propylitic types.
Geochemically, the monzogranites, intermediate metavolcanics and Dokhan volcanics samples
showing calc-alkaline while basic metavolcanics showing tholeiitic field. The geochemical patterns
and factors distinguished between two fields of ore elements pointing to the presence of these metals
more than one phase e.g. sulphides, oxides and silicates. Cu is the chief ore element in metavolcanics;
Pb and Mo are the main associated elements, while Ba is the associated element. In the monzogranite,
the Cu also is the chief ore element. The primary ore minerals are chalcopyrite, pyrite, magnetite,
hematite, titanomagnetite, and ilmenite. Other recorded minerals are barite, chromite, monazite,
thorite, molybdenite, and Cd-Se minerals. On the other hand, malachite, chrysocolla, atacamite, and
goethite are secondary associations.

Keywords: Copper mineralization, Remote sensing, Um Monqul, Geochemical Exploration.

1. Introduction

The Eastern Desert (ED) of Egypt is part of the
Arabian Nubian Shield (ANS), which is divided into
three regions: the southern (SD), central (CD), and
northern (ND) domains (Stern & Hedge, 1985). The
ANS has undergone four major tectonic stages over
the past 950 million years (Gass & Ed, 1982; Bentor,
1985; Stern & Kroner, 1993). The first two stages
(950-850 Ma and 850-650 Ma) involved rifting,
seafloor spreading, and the formation of oceanic
crustand island arcs. By the end of the second stage,
these oceanic and island arc terranes began to merge.
The third stage (650-580 Ma) is characterized by the
creation of large-scale calc-alkaline batholiths,
which are intermediate to felsic in composition. The
fourth stage (600-530 Ma) was characterized by the

formation of intracratonic alkaline to peralkaline
granites, rhyolites, and multiple dike swarms.

The South of Um Monqul (SUM) area is located at
the NED between latitudes 27° 47'and 27° 50'N and
longitudes 33° 01' and 33° 09'E (Fig.1). The
exposed rock units are mainly granites with few
outcrops of metavolcanics and Dokhan volcanics.
The area is a type locality for Au mineralization at
the NED. Other types of mineralization in the area
are recorded in several works such as iron
mineralization (Osman, 1994), barite mineralization
(Wetait & Botros, 1997) and Cu-Au mineralization
(Botros & Wetait, 1997; Abd El-Rahman et al.,
2018). Copper and iron mineralization occur in the
host rocks, granites, and volcanics, and around
quartz veins.
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Fig. 1. Location map of the study area (Sentinel 2 image with sample sites).
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Fig. 2. Geological mapof the study area modifiedafter (Botros & Wetait, 1997; Breitkreuz etal., 2010; Abd El-

Rahman etal., 2017).

Copper mineralization is found in various
metallogenic ore systems. These include magmatic
sulfides with copper, nickel, cobalt, and iron (Cu-Ni-
Co-Fe), porphyry copper deposits (PCD) with
molybdenum and gold (Cu-Mo-Au), low-sulfur iron
oxide-copper-gold (IOCG) deposits, and secondary
copper deposits enriched by supergene processes
and oxide minerals (Pohl, 2011). PCD originated
from high-temperature magmatic hydrothermal
fluids  (Pirajno, 2009). These deposits are
distinguished by the presence of sulfide and oxide
ore minerals, which form in veinlets and
disseminations  within  extensive volumes of
hydrothermally altered rocks (Seedorff et al., 2005,
El-Desoky & Hafez, 2018). Moreover, IOCG
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deposits are a globally important source of copper,
gold and critical commodities such as by-product
strategic elements including Co, U, and rare earth
elements (REEs) (Skirrow, 2022; del Real et al,
2023).

In Egypt’s Eastern Desert (ED), copper
mineralization occurs in both the southern and
northern domains. The southern domain (SED)
features Cu-Pb-Zn sulfide deposits in meta-
rhyodacite volcanics, such as the Atshan, Darhib,
and Um Smiuki mines, as well as the Hamash Cu
porphyritic granodiorite. In the northern domain
(NED), the Um El Balad, Dara, and South of Um
Monqul (SUM) areas are hosted Cu associated with
gold.
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Osman  (1994) recognized three stages of
mineralization at SUM area. The oldest is hypogene
epithermal gold quartz veins with disseminated Cu-
Fe sulfides, then specularite —magnetite associated
with Mn oxides. The last stage is characterized by
supergene alteration of minerals. The porphyry
copper deposit was suggested by Botros & Wetait
(1997) based on field, petrographic and chemical
characteristics. The rock units were affected by
hydrothermal solutions that caused different
alteration types such as phyllic, sericite, argillic,
potassic, and propylitic types. Moreover, two
systems of mineralization were suggested by Abd
El-Rahman et al. (2018). The first is old Cu-Mo
porphyry system related to the Tonian dacite (MV5)
while I0CG system is related to the Ediacaran post-
collisional monzogranite.

The hydrothermal alteration types are useful to
determine the type of ore deposit such as potassic,
phyllic, sodic-calcic, sericite, argillic, and propylitic
alterations. These alterations contain mineral
assemblages with diagnostic spectral absorption
features in the visible - near infrared (VNIR) and
shortwave infrared (SWIR) (0.4- 2.5 um) and/or the
thermal infrared (TIR) (8.0-14.0 pum) wavelength
regions (Abrams et al., 1983; Spatz et al., 1995). The
mineral assemblages can be discriminated from one
another by using their spectral absorption features,

which are detectable by multispectral and
hyperspectral ~ satellite data. The Advanced
Spaceborne Thermal Emission and Reflection

Radiometer (ASTER) and Sentinel 2 are examples
of multispectral satellite data. The ASTER is a
remote sensor includes high spectral resolution in
the SWIR bands for mapping hydrothermal
alteration mineral zones (Pieri & Abrams, 2004). In
addition to delineation of hydrothermal alteration
zones, the ASTER data are the most useful for
lithological mapping and mineral exploration
targets, especially for Fe oxides. On the other side,
the Sentinel 2 band ratios are proposed to derive the
following products: ferric iron, ferrous iron, laterite,
gossan, ferrous silicate and ferric oxides
hydrothermal alterations, Cu - Au mineralization and
lithological mapping (van der Werff & van der
Meer, 2016; Forson et al., 2021).

The main objective of the present study is the use of
integrated remote sensing, fieldwork, petrographic,
and geochemical data for lithological mapping and
delineation of hydrothermal alteration zones in the
SUM area. Processing techniques will be applied for
remotely sensed data of ASTER and Sentinel-2 MSI
sensors. The results will be combined with field
verification and petrographic  description. In
addition, the ore microscopical studies will be used
to identify the ore minerals forming mineralization
and the genesis of mineralization, which previously
mentioned as epithermal or PCD or I0CG. The

geochemical characteristics of the studied rock units
will be investigated especially the trace elements
characteristics, to locate and understand the Cu
mineralization in the study area.

2. Geological Setting

The exposed rocks in the study area are represented
by arc metavolcanics (MVs), Dokhan volcanics
(DVs), and granites (Fig. Y). These rock units are
also crossed by abundant mafic and felsic dykes.
The arc metavolcanics appear as low to moderate
relief and low-lying outcrops that have been intruded
by younger granites (Fig.3a). They comprise
metabasalt and meta-andesite that are massive to
weakly foliated, green to grey in color, and display a
porphyritic texture. Secondary copper minerals such
as azurite and malachite present as stained forms.
These rocks show a moderate level of
metamorphism.

Dokhan volcanics (DVs) are exposed at Gabal El
Nasb and Gabal Monqul. The age of DVs is 630 + 6
to 605 £ 6 Ma (Breitkreuz et al., 2010). They form
deformed rocks, massive — high relief outcrops
relative to the other surrounding rock units. The DVs
consist of a series mainly of andesite and dacite,
which are fine-grained or porphyritic.

The monzogranite forms an elliptical pluton-like
shape and runs approximately NE. There is
uncertainty over the SUM granite’s chronological
order. They could be associated with earlier granite
that is syn-tectonic (Osman, 1994; Botros & Wetait,
1997; Eliwa et al, 2014). Meanwhile, Abd El-
Rahman et al. (2017) mentioned the age dating of
granites is 558+ 4 Ma. The pluton is formed highly
weathered granitic rocks with low to moderate
topography, highly jointed and exhibits often
exfoliation in general (Fig.3b). The outcrop is
intersected by numerous dykes, especially in the
northeastern region, which exhibit a range of colors
and compositions: mafic, intermediate and felsic
(Fig.3d). Also, alkali feldspar granites dykes are
recorded. Quartz veins are recorded in various sites
with copper and iron minerals (Fig.3c).

3. Materials and Methods

The present study used remote sensing data of
ASTER (Granule ID: AST L1T
00303182003083631_ 20150427165322_41488,
acquired on 18 March 2003) and Sentinel 2B MSI
(Granule ID: S2B MSIL1C
20220719T081609_N0400_R121 T36RVR_202207
197091239 and S2B MSILIC 20220719T081609
NO0400_R121 T36RWR_20220719T091239,

acquired on 19 July 2022). The data have been
processed using the ENVI 51 (ENVI image
processing and analysis software, from ITT Visual
Information Solutions) and Sentinel Application
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Fig. 3. Fieldphotographs showing a) Low metavolcanichill compared to DVs. b) Onion-like shape of monzogranit
and iron oxides. c) iron oxides and malachite within quartz sample. d) Felsite dyke cutting monzogranite.

Platform (SNAP) software version 8, in addition to
the PCI Geomatica 2018 software for the automated
lineaments extraction.

Three types of corrections have been done for
ASTER data: crosstalk, radiometric and atmospheric
FLAASH corrections using the ENVI 5.1 software.
The band Ratio (BR) was applied for detecting iron
oxides and hydrothermal alteration zones.

Mineralogical Indices using ASTER SWIR bands
were applied by (Ninomiya, 2003) for mapping
hydrothermal alteration. These indices include: OH-
bearing minerals index OHI =
(Band7/Band6)*(Band4/Band6), alunite index ALI =
(Band7/Band5)*(Band7/Band8), kaolinite index KLI
= (Band4/Band5)*(Band8/Band6), and calcite index
CLI = (Band6/Band8)*(Band9/Band8). The false
color composite (FCC) is an image enhancement
technique where the three additive colors of red,
green and blue were used to display multispectral
bands, where the minerals show a maximum in their
spectral reflectance. The possible color composites
(R-G-B) of nine ASTER (SWIR and WNIR) are 84.
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For highlighting the best combinations of color
composite based on information, the optimum index
factor (OIF) was used to select the optimum
combination of three bands a satellite image to
produce a color composite (Chavez et al., 1982;
Emam et al., 2018). To calculate the OIF highest
ranking, the ILIWS software was used.

During the field work, sampling, and structural
measurements were carried out, 54 representative
samples were collected from the different rock units.
Forty samples were prepared for making thin
sections and polished surfaces to study the mineral
constituents and ore minerals using polarizing, ore
microscopes and Environmental Scanning Electron
Microscope (ESEM). Moreover, for analysing major
and trace elements, seventeen samples were crushed
and well pulverized using the normal sequence of
the fractionation. The analyses were performed
using an XRF Multi-purpose Benchtop Sequential
Wavelength Dispersive X-Ray Fluorescence (XRF)
spectrometer (Supermini 200 model, manufactured
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by Rigaku, Japan). This XRF spectrometer operates
under vacuum/helium conditions and is equipped
with a 200 W xray tube. The analyses were
conducted at the Egyptian Petroleum Research
Institute (EPRI), Cairo, Egypt.

The correlation coefficient and correlation fields
were used to understand the degree of relationships
between the trace elements. The Clarke of
concentration (CC) is a factor to distinguish the
anomalous  from the normal geochemical
background samples for each rock unit. The CC was
calculated dividing the concentration of the elements
in the samples of the studied rock units by the
reference that given by Turekian & Wedepohl
(1961). The element content is normal when CC
value between 0.5 and 1.78 (Kviatkovisky, 1977,
Hassaan et al., 1991). The element having CC value
< 05 or >1.78 is to be considered negatively or
positively anomalous respectively. The CC values
would be also used to distinguish the geochemical
association of mineralization.

4. Results
4.1 Remote Sensing

Remote sensing techniques were applied to the
ASTER and Sentinel-2B MSI data to show the
spectral aspects of the study area which are
beneficial in lithological mapping and delineation of
mineralization zones.

4.1.1 Lineaments Extraction

The structural lineaments representing major faults
in the study area were manually traced from the
processed false color composite images of ASTER
bands (R: 7, G: 3, B: 1) and Sentinel-2B bands (R:
12, G 8, B: 3), (Fig.4a). Moreover, the automated
extraction of lineaments was carried out using
computer software PClI Geomatica version 16
(Fig.4b). The SUM area is a part of the ANS that
was affected by the Red Sea graben systems. The
main fault systems observed in the NE and NW
directions.

The faults comprise the dry valleys (wadis) of the
area (Fig.4a). Moreover, the line density map was
created to highlight the densest structure areas
occurred mainly to the east in monzogranite and
metavolcanics. (Fig.4c). The trend analysis using
rose diagram (Fig.4d) shows two main directions,
the first is NE while the second is NW,; these
extracted trends are the same as the results of
manual lineaments extraction.

4.1.2 Lithological mapping

For the lithological mapping, the ASTER and
Sentinel-2B data were processed using the optimum
index factor (OIF), false color composite (FCC), and
band ratios techniques. The results of OIF algorithm
applied for the ASTER and Sentinel-2B reflected
WNIR-SWIR bands show six false color band
combinations with highest OIF values (Table 1).
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Fig. 4. Photograph showing a) Manual extracted
lineaments. b) Automated extracted lineaments.
c) Line density map showing the highly
structure areas with automated lineaments. d)
Rose diagram showing the main trend
directions.

According to the OIF results, the ASTER band
combinations (R: 8, G: 6, B: 1) and (R: 9, G 2, B:
1), as well as the Sentinel-2B band combinations (R:
12, G: 11, B: 2) and (R: 12, G: 4, B: 2) discriminate
clearly the different rock units occupying the study
area. However, the Sentinel 2B band combinations
have higher spatial resolution than ASTER band
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combinations, so they are recommend being used for
distinguishing the rock units (Fig.5a & 5b).

The ASTER FCC image (R: 4/7, G: 3/4, B: 2/1) well
discriminates the Dokhan volcanics (DVs) with dark
green color, while the ASTER FCC image (R: 4/7,
G: 4/1, B: 2/3*4/3) distinguishes the metavolcanics
(MVs) as red color (Figs.6a & 6b). The Sentinel 2B
FCC image (R: 3, G: 11, B: 12) illustrates all rock
units, where metavolcanics as brown color, the
Dokhan volcanics as blue color while monzogranite

appears as dark green color (Fig.6c).
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Fig. 5. Photograph showing the OIF results Sentinel 2B
data. a) Sentinel 2 OIF 12/11/2. d) Sentinel 2

OIF 12/4/2.
Table 1. OIF index highest ranking of ASTER and
Sentinel 2B (VNIR-SWIR) bands.
Data ASTER Sentinel -2B
N R G B Ratio R G B Ratio
1| B9 B8 Bl 7700| Bl2 B4 B2 7391
2| B9 B2 B1 764| B12 Bi1 B2 7386
3| B8 B2 Bl 7631| B12 B8 B2 7382
4| B8 B7 Bl 7626| Bl2 B3 B2 76.66
5/ B8 B6 Bl 7622| Bi1 B4 B2 7358
6| B9 B7 Bl 7616| B1lL B8 B2 7349

4.1.3 Mapping hydrothermal alteration zones

Remote sensing data can be utilized to detect and
delineate the hydrothermal alteration zones like
argillic, phyllic and propylitic types.

The propylitic alteration (450 to 600°C) can be
mapped using the ASTER ratio for epidote and
chlorite minerals while calcite index (CI) was used
for mapping carbonatized zones (Figs.7a & 7b). The
Propylitic alteration zones occur mainly in the
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Dokhan volcanics at the northwest of the area.
Epidote, chlorite, and calcite are the essential
minerals with pyrite in many cases. Th iron oxides,
sericite and apatite are also present (Ridley, 2013).
The phyllic alteration can be mapped using the
ASTER band ratio (7/6) and the OH index for
discriminating the muscovite and other OH bearing
minerals (Figs.7c & 7d). The phyllic alteration zones
occur in most parts of the study area, mainly in
monzogranite. The phyllic alteration (200 to 450°C)
is characterized by quartz-sericite-pyrite (QSP),
where the fine grained dioctahedral white micas
(muscovite) are known as sericite (Pirajno, 2009).
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Fig. 6. The FCC images of lithological mapping. a) (4/7,
3/4, 2/1) ratio of Abrams et al., (1983). b) (4/7,
4/1, 2/3*4/3) ratio of Sultan et al., (1986). c)
Sentinel 2 bands (3/11/2).

The argillic alteration (100 and 300°C) can be
mapped using the ASTER band ratio (4/6) that
clearly discriminates the clay minerals. Moreover,
the kaolinite index (KI) is wused for mapping
kaolinite (Figs.8a & 8b). The processed ratios
indicate that the argillic alteration zones are located
at the west of the area. In the argillic alteration,
kaolinite and montmorillonite are the main clay
minerals, with subordinate amounts of other
minerals like biotite, illite, chlorite, pyrophyllite,
diaspore, alunite, sulfides, quartz and andalusite
(Ridley, 2013).

For mapping the hydrothermal alteration zones,
Sentinel-2B band ratio (11/12) are used with
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combination of mineralogical indices (OH/ KI/CI)
(Fig.8c & 8d).
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Fig. 7. The ASTER images of Hydrothermal alteration
zones. a) 6+9/8 epidote-chlorite. b) Calcite
index. ¢)7/6 muscovite. d) OH index.

The ferruginous alteration is recognized using the
Sentinel-2 bands equivalent to ASTER bands for
detecting iron bearing minerals. Ferric iron minerals
concentrate at most parts of the area, mainly in
monzogranite (Fig.9a). Iron oxides and gossans
occur in the Dokhan volcanics at the northwest of
the area (Figs.9b & 9c). The use of equivalent band
ratios of Sentinel 2B and ASTER revealed results
with the same occurrences, but the Sentinel 2B
images are showing high resolution due to the
properties of Sentinel 2B MSI.

4.2 Microscopic Studies

The microscopical studies include the use of
polarizing (petrographic) microscope for studying
the host rock mineral composition and textures while

ore microscope and ESEM are used to identify the
ore minerals.
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Fig. 8. The ASTER images of Hydrothermal alteration

zones. a) 4/6 clay minerals. b) Kaolinite index

€)11/12 of Sentinel 2B Alteration zones. d) RGB
(OH/KI/CI) image of the combined indices.

4.2.1 Petrography

The arc MVs are represented by meta-basalt and
meta-andesite. The meta-basalt is composed
essentially of plagioclase and pyroxene with minor
olivine, calcite, epidote and opaque minerals.
Plagioclase occurs as prismatic laths, or
porphyroblast crystal in fine grained groundmass
(Fig.10a). The plagioclase deformed and altered to
epidote. Pyroxene is characterized by two sets of
cleavage and high interference colors (Fig.10b).
Calcite occurs as filling vesicles as amygdaloidal
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texture (Fig.10c). Epidote is generally present as fine
to very fine-grained crystals filling microveinlets.
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Fig. 9. Photograph showing the iron bearing minerals.
a) Ferric iron minerals Sentinel 2B 4/2. b) Iron
oxides Sentinel 2B 11/8. c) 4/2 Gossan Sentinel
2B 11/4.

The meta-andesite is a gray green that displays a
porphyroblast texture. Its composition primarily
consists of plagioclase and hornblende embedded
within a groundmass. The quartz and iron oxides are
accessory minerals. Secondary minerals include. The
quartz and iron oxides are accessory minerals.
Secondary minerals include chlorite and epidote.
Plagioclase crystals are tabular in shape and can be
sub idiomorphic or xenomorphic, reaching up to 1
mm length and up to 0.6 mm width. The less altered
crystals exhibit zoned and Carlsbad twinning.
Hornblende appears in the form of subidiomorphic
prismatic crystals or irregular aggregates. It exhibits
pleochroism, ranging from pale green to green
(Fig.10d).

The DVs are represented mainly by andesite which
consists essentially of plagioclase, hornblende and
biotite while the accessory minerals are mainly
represented by the iron oxides and characterized by
welded texture (Fig.10e). Chlorite and epidote are the
main secondary minerals. Plagioclase is ranging in
composition from oligoclase to andesine. It is
represented by sub idiomorphic altered and deformed
crystals up to 1 mm in length and 0.5 mm in width
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(Fig.10f). Hornblende is
aggregates.

present as irregular

Monzogranites are medium to coarse grained of
hypidiomorphic texture with subordinate perthitic
and micro-graphic textures. It consists mainly of
plagioclase, quartz, orthoclase, microcline perthite,
homblende and biotite as essential minerals
(Fig.10g). Some secondary minerals such as chlorite,
and epidotes are recorded as alteration products. The
accessory minerals are represented by sphene, zircon
and apatite. Plagioclase is mainly oligoclase in
composition with an anorthite content varying from
(An14) to (An20) that is represented by euhedral and
subhedral elongate and tabular crystals. Often
plagioclase crystals are deformed, cracked and
sometimes altered, so that their lamellar twinning
has disappeared. Quartz occurs as mediumto coarse
grained anhedral, filling often the interstitial spaces
of the rock constituents. Sometimes, quartz crystals
are cracked and show wavy extinction. Orthoclase
occurs as medium grained euhedral crystals, up to
15 mm in length and 1 mm in width. Occasionally,
it is characterized by simple twinning, partly altered
to sericite and kaolin. Microcline—perthite is
represented by coarse subhedral crystals.

The perthite comprise vein, flame and patchy types
(Fig.10h). Biotite occurs as yellowish brown
subhedral flaky crystals. Hornblende is present as
irregular aggregates. It shows pleochroism from pale
green to green. Sphene is represented by sphenoid
shape, high relief (Fig.10i). Zircon and apatite are
the common inclusions in the biotite. Iron oxides
occur as fine-grained black dots within the rock and
between the mineral constituent.

4.2.2 Ore Mineralogy

The magnetite rich titanium is the chief oxide
minerals in the arc MVs. It occurred as subhedral to
anhedral crystals (Fig.1la & b). llmenite is present
as euhedral to prismatic lath (Fig.11c). Apatite is a
distinctive feature, which occurs as elongated
crystals  with ilmenite (Fig.11d). Sulfides are
recorded with minor amounts. Pyrite occurred as
subhedral fractured crystal with anhydrite inclusion
(Fig.11e & f). Also, subhedral pyrite is altered to
iron oxides (Fig.11g). Chalcopyrite is recorded as
minute crystals (Fig.11h).

In monzogranites, magnetite occurred as subhedral
crystals, fractured and altered to Ti- magnetite
(Figs.12a-c) while ilmenite is occurring as euhedral
crystal (Fig.12d). Rutile is present as euhedral to
anhedral (Figs.12e & f). The recorded titanium
minerals are represented by titanite with chrysocolla
(Fig.12g). Secondary Cu minerals are represented by
chalcocite and chrysocolla (Fig.12h).
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Fig.10. Photomicrograph of the studied rock units showing; a) Plagioclase (PI) laths with olivine and pyroxene (px). b)
Pyroxene (Px) crystals showing high interference colors in groundmass of basic metavolcanics ¢) amygdaloidal calcite
(Ca) crystals with quartz (Qz). d) Plagioclase (Pl) showing lamellar twining in groundmass of meta-andesite. e)
Warm-like shape with rock fragments in DVs. f) plagioclase altered to epidote and carbonates in DVs. @)
Hypidiomorphic texture in monzogranite with quartz, (Qz), plagioclase (Pl) and biotite (Bt) crystals. h) Orthoclase
(Or) showing perthitic texture with quartz (Qz) and plagioclase (PI). i) Subhedral sphene (Sph) crystal characterized

by high relief.

Zircon is surrounded the rutile or associated with
euhedral magnetite (Figs. 12e & 13a). Thorite
occurred with zircon or as minute crystal (Figs. 13a &
b). Barite occurred with molybdenite or within
chrysocolla (Figs. 13c &d). Monazite and Cd-Se
minerals are recorded (Figs.13e & f).

The sulfides and iron oxides are the main ore minerals
within quartz veins. Chalcopyrite occurred as minute
crystals within quartz crystals (Figs.14a &b). The
secondary copper minerals are represented by
chalcocite, malachite, and atacamite. Chalcocite is
filling microfractures (Figs.14c & d) while malachite
recorded within iron oxides is alteration products
(Fig.14e). Specularite (micaceous) hematite is the
main iron oxide mineral (Figs.14e). Chromite

occurred with small barite inclusion occurred within
(Fig.14f).

3.3: Geochemical Inwestigations

3.3.1: Petrochemical characteristics

The eighteen chemical analyses of the studied rocks at
SUM area (Table 2) are used to distinguish the
petrochemical features; rock types, magma type and
tectonic setting.

The total iron content is high for the basic MVs
samples ranging from (11 to 21 wt. %). While the
granites show values (3.9- 11.31 wt. %). The area is
characterized by the formation of iron oxides and
gossan. Iron minerals were recorded in the field and
polished surfaces. K,O shows high values at
mineralized granite up to 9.11 and 10.3 %. That may
be related to the abundance of K feldspars and mica
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minerals in monzogranites in addition to potassic
alteration that recorded in mineralized granite.

Fig. 11. ESEM Photomicrographs of ore minerals in arc
metawolcanics. a & b) Ti-Magnetite minerals in
metabasalt. ) Subhedral ilmenite crystal with apatite. d)
Ilmenite with elongate apatite crystal. e) Fractured
pyrite crystal. f) Anhydrite within pyrite. g) Pyrite
altered to iron oxides. h) Small chalcopyrite crystal.

Moreover, the K,O/Na,O ratio exhibits values more
than 1 (1.5 to 8.76) in granite (Table 2).For the
volcanic rocks, the binary relationships of
Middlemost (1994) and ternary diagram of Jensen
(1976; Figs.15a & 15b) distinguished the rock types
as basalt, picro-basalt, high-Fe tholeiitic basalt, dacite
and rhyodacite for the MVs. Meanwhile the DVs are
classified as dacite and trachy-dacite. On the diagrams
of Frost & Frost (2008; Figs.16a & b) the rocks are
ferroan for the DVs and intermediate MVs while
magnesian nature for most granitic rocks, alkalic for
most rocks except intermediate MVs. On the AFM
diagram (Irvine & Baragar, 1971) the intermediate
MVs, DVs, and granites samples showing calc-
alkaline, while basic MVs showing tholeiitic field
(Fig.16c).
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Fig. 12. ESEM Photomicrographs of ore minerals in
granites. a & b) Subhedral to euhedral magnetite. c)
Magnetite alteredto Ti- magnetite. d) limenite crystal e)
Rutile alteredto zircon at the edges. f) Rutile. g) Titanite
with chrysocolla. h) Chalcocite.

Moreover, the (A/NK) versus (A/CNK) binary
diagram of Shand (1943) differentiated the study
rocks to metaluminous except one monzogranite
sample, which is peraluminous (Fig.16d).

For the volcanic rocks, the DVs are formed in
spreading center while continental for basic MVs
using FeOt, Al,03, and MgO plot of Pearce et al.
(1977, Fig.17a). The analyzed samples using the R1-
R2 binary diagram (Batchelor & Bowden, 1985)
distinguished the tectonic setting of granites as late
orogenic granites (Fig.17b).
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Fig. 13. ESEM photomicrograph of ore minerals in
granites. a) Zircon with thorite. b) Minute thorite
crystal. ¢) Molybdenite with barite. d) Barite within
chrysocolla. e) Monazite. f) Association of Cd- Se
minerals.

Fig. 14. ESEM Photomicrographs of ore minerals in
quartz weins. a) Euhedral chalcopyrite crystal. b)
Chalcopyrite within quartz crystal. ¢) Chalcocite,
atacamite and Fe oxides. d) Chalcocite filling fractures.
e) Malachite with iron oxides (specularite). f) Chromite
with minute barite crystal.
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4.3.2: Geochemical
elements distribution
Hassaan et al. (1990, 2022 & 2011) used the
statistical parameters, Clark of concentration,
correlation coefficient, and zoning sequence of
deposition to measure and reveal the characteristic
behavior of trace elements. These are also used to
delineate the zone of mineralization.

characteristics of trace
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Table 2. The chemical analysis of major and trace elements for the studied rock units.

T':{:‘;': Basic MVs Inter'\T\;asdlate DVs Monzogranite v(gizn
Oxides 45 551 71 72 70 64 67 73 74 | 46.1 | 491 58 51 52 53 54 65 64.1
SiO, [45.18 4257 4251 40.71|52.86|60.99 62.04|61.75 59.34|65.32 61.64 58.37 60.38 60.29 57 55.01 59.66 |95.04
TiO, 0.74 208 271 243|093 ]|049 053|057 075|048 065 088 1.02 0.67 0.75 0.66 0.58 -
ALO, (1353 142 149 14.85(1572|15.41 15.37|14.96 15.63|14.42 1458 15.09 13.59 14.51 135 14.38 13.81| 0.55
Fe,O, 21 16.89 17.04 19.03|10.26| 692 835 | 72 873391 592 65 809 564 853 1131 7.78 | 22
MnO 037 024 027 034|015] 01 0.09|0.14 017 (006 021 0.08 0.17 0.09 0.27 0.06 0.09 -
MgO | 486 542 462 325|296 | 427 194|104 151 | 15 198 265 191 197 127 431 324|022
CaO 785 8.1 969 7.86 | 6.66 [ 097 367|269 297 | 28 362 412 185 404 113 266 0.72 |0.07
Na,O 337 226 234 401 | 35 | 266 329|392 339 (376 332 346 263 337 184 31 104 ]0.18
K,0 054 208 185 167 (313|359 329|507 466 | 56 571 531 636 547 1031 465 9.11 | 0.09
P,O, 028 09 102 141 |055| 02 028|025 029 (024 033 039 034 036 034 024 0.24 |0.02
LOI-Flux| 1.94 437 248 372 | 279|253 073 | 17 21 | 143 146 259 148 294 187 291 22 |143

race Hements
Cr 273 268 271 138 | 267 | 342 251 NA 193 | 178 186 228 372 257 270 690 466 | 396
Co 58 130 114 56 50 68 NA 41 34 1 2 76 72 NA 76 112 87 12
Ni 53 256 59 NA 34 128 61 16 30 NA 10 21 119 54 64 175 111 60
Cu 237 291 266 298 | 195 |12302 344 NA 134 72 159 109 13613 766 23547 1048 8448 | 210
Zn 248 324 232 151 97 58 61 143 96 114 166 61 640 112 146 12 16 2
Rb NA 115 NA NA 115 | 135 124 | 184 197 | 232 189 255 279 204 330 179 259 -
Sr 461 1841 1252 2108|1078 | 297 815 | 644 688 | 1068 1491 1348 1440 1400 462 644 137 -
Y 33 35 61 55 27 NA 23 54 41 NA NA NA NA 19 4 21 NA 17
Zr 79 247 119 304 | 353 | 162 133 | 360 243 | 132 325 393 240 469 319 228 194 10
Nb 31 15 62 192 6 13 20 12 20 23 NA 52 62 20 27 34 24 5
Ba 609 2034 1480 2346|1327 [ 2645 1518 | 2086 1635| 542 2042 1430 2833 1520 3027 1925 2792 | 226
Mo 15 NA NA 24 NA NA NA NA NA 13 NA NA 7 NA 12 33 85 5
w 47 NA 58 55 6 50 65 NA 4 25 NA NA NA NA 80 56 NA 11
Yb NA 114 NA 7 NA | NA NA 71 98 31 73 162 67 80 NA 25 113 -
Pb 21 76 67 167 NA NA NA 32 82 76 69 114 NA 84 142 62 NA 5
S 509 875 1212 605 | 718 | 1600 351 | 202 620 | 901 684 233 1052 572 351 872 1545 | 281
Cl 379 267 271 256 | 519 | 727 282 | 293 487 | 739 982 710 1012 646 2608 607 742 | 421
Ratios
Na 250 168 174 298| 260 | 197 244|291 252|279 246 257 195 250 137 230 0.77 -
K 045 173 154 139|260 (298 273|421 387|465 474 441 528 454 856 386 7.56 -
K/Na 0.18 103 083 047 | 100|151 112|145 154|167 192 172 271 182 6.27 168 9.80 -
KZO/NaZO 0.16 092 079 042|089 (135 100|129 137|149 172 153 242 162 560 150 8.76 B
Rb/Sr - 0.06 - - 0.11 | 045 015|029 029|022 013 019 019 015 0.71 0.28 1.89 -
mg 31.44 38.87 3494 25.28136.37(55.01 31.52)22.25 25.52(43.18 39.85 44.68 31.87 40.90 22.78 43.02 45.21 -
AINK 221 238 255 177|172 ]187 171|125 147 (118 125 132 121 127 095 142 1.19 -
A/CNK | 0.66 069 063 065|074 | 154 098|089 098|083 080 080 093 0.77 0.83 096 1.07 -
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a) Correlation relationships

The plotted geochemical binary relationships of the
analyzed elements versus Fe,O3z and Cu of all samples
distinguished presence of more than one correlation
fields pointing to presence of these metals more than
one phase e.g. sulfides, oxides and silicates (Figs.18
& 19).
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Fig. 17. a) Ternary diagram of Pearce et al. (1977). b)
R1-R2 binary diagram of Batchelor & Bowden (1985).

The correlation coefficient (r) matrix of metavolcanics
(Table 3) shows significant correlated pairs of
elements. The total iron FeQ' shows strong positive
correlations with TiO,, Y, Zn, Mo, and Pb and
medium positive correlation with, Nb, Sr, and Co.
Other elements such as Rb, Cr, Cu, Ba, and S show
strong to medium negative correlation with the total
iron FeO'. The Cu shows strong positive correlation
with Cr, Ba, and S while negative correlation with
FeO', TiO,, Zn, and Sr. The Ba shows medium
positive correlation with Cu and S.

For the monzogranites (Table 4), FeO' shows very
strong positive correlations with Cr, Co, and Ni and
medium positive correlation with Y, Ba, and W. Other
elements such as Sr show negative correlation with
FeO'. The Cu shows a very strong positive correlation
with Rb, Ba, and Cl and medium positive correlation
with Co, W, and Zn. The Ba shows strong positive
correlation with Cu and FeOt and medium positive
correlation with TiO,, Co Ni, Rb, and Cl.

b) The Clarke of concentration

The calculated Clarke of concentration values for the
arc MVs samples are shown in table (5). The
reference value is mafic rocks (Turekian & Wedepohl,
1961) and intermediate rocks (Vinogradov, 1962).
The intermediate arc MVs are distinguished by Cu CC
values up to 351 supporting presences Cu deposits.
The Pb CC values range (4 — 28). The Mo CC values
reach up to 16 in the basic metavolcanics. Other
elements (Co — Ni — Zn) are distinguished near
normal CC values.

The calculated Clarke of concentration values for the
monzogranite samples are shown in table (6). The
reference value is high calcium and low calcium
granites  (Turekian & Wedepohl, 1961). The
monzogranites are distinguished by Cu CC values up
to 1361 and 2355 supporting presences of Cu
deposits. The Mo CC values reach up to 33 and 65.
The Co CC values are very high up to 87 and 76.
While the Ni CC values up to 25. The Pb CC values
range (4 — 8).

¢) Geochemical pathfinders

The arrangement of CC values can be used in the

form % C (D) where A is the symbol of the chief

element, B is the principal associated element having,
C is the associated elements, and D is the elements
having CC value < 1.
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The geochemical spectrum of basic MVs samples
recognizes Pb occupying A while Mo is the principal
associated element. The Ba and Cu considered as the
associated elements. All the other elements (Ni, Zn,
Co) are occupying D and exhibit normal dispersed
content. The formula of geochemical spectrum can be
expressed as:

Pb
—Ba, Cu [Ni,Zn, Co].
Mo

The geochemical spectrum of intermediate MVs
samples recognizes Cu occupying A. The Ba, Mo and
Co considered as the associated elements. The other
elements (Ni, Zn) occupying D and exhibit normal
dispersed content. The formula of geochemical
spectrumcan be expressed as:

Cu
—Ba, Mo, Co [Ni,Zn].

Meanwhile,  the  geochemical spectrum  of
monzogranite samples recognizes Cu as the chief ore
element and Co as the principal associated element.

Egypt. J. Geo. Vol. 69 (2025)

The recorded elements (Mo, Ni) occupying the Csites
are the associated elements of the Cu mineral deposit,
while the elements (Ba, Zn, Pb) exhibit near normal
dispersed content. The formulae of geochemical
spectrum can be expressed as:

Cu
——Mo, Nil Zn, Ba, Pb].
Co

Discussion

The current study represents results of the geological-
geochemical exploratory works on the SUM area, in
which the Cu-Au mineralization is recorded by
several published studies. These studies mentioned
the geologic mapping for rock units and its
petrographic as well as petrochemical characteristics,
in addition to age dating of some rock units (Osman,
1994; Botros & Wetait, 1997; Abd El-Rahman et al.,

2018).
The field observations, remote sensing data
processing, petrographical and ore microscopical

studies, chemical analysis of representative rock
samples and lithogeochemical exploration survey
aimed to define the lithological units and the
mineralized outcrops. The defined rock units are arc
MVs, DVs, and monzogranite crossed cut by mafic,
felsic, the post granitic dykes, and quartz veins. The
geochemical behavior of Fe and Cu is investigated, to
evaluate the economic importance of these ore
elements, using several parameters and factors such as
correlation patterns, CC, and pathfinder elements.

The RS processing using ASTER and Sentinel 2B
distinguished the presence of co-magmatic alteration
types viz propylitic, phyllic, and argillic. The
propylitic: (450 to 600°C) mapped using BR (6+9/8)
and Cl index The phyllic (200 to 450°C) mapped
using BR (7/6) and the OH index The argillic (100
and 300°C) mapped using the BR (4/6) and Kl index
The used BRs and mineral indices define the sites of
the alteration types which co-magmatic. The
ferruginous alteration mapped using BR for both the
ASTER and Sentinel 2B which indicated the same
sites, but Sentinel 2B is preferred due to the higher
resolution. Geochemically, the Cu is occupying A
while Pb is the principal associated element. Ba and
Mo considered as the associated elements. While the
geochemical spectrum of monzogranite samples
recognizes Cu as the chief ore element and Co as the
principal associated.
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Table 3. The correlation coefficient (r) matrix of metavolcanics.

FeOt | TiOz| Cr | Co | Ni Cu| Zn | Rb Sr Y Zr Nb | Ba | Mo w Yb | Pb S Cl

FeOt| 1.00

TiO2 | 0.61 [1.00

Cr |-0.501-0.53( 1.00

Co | 0.44 (0.66( 0.18| 1.00

Ni |-0.080.04| 0.47| 0.61( 1.00

Cu (-0.58(-0.43 0.60( 0.00| 0.23{ 1.00

Zn | 0.80 |0.59| -0.09| 0.77( 0.48| -0.47| 1.00

Rb [-0.84(-0.57| 0.52(-0.20| 0.51( 0.44]-0.44| 1.00

Sr | 0.47 |0.82[-0.76] 0.38| 0.09] -0.54| 0.43(-0.27| 1.00

Y | 0.75]0.87| -0.68| 0.37|-0.30| -0.72( 0.54|-0.79| 0.70| 1.00

Zr |-0.10]0.23| -0.43| 0.04(-0.05| -0.16]-0.14| 0.24] 0.60| 0.09| 1.00

Nb | 0.50 | 0.61| -0.87|-0.02|-0.49( -0.23| 0.04|-0.66| 0.64| 0.64| 0.27| 1.00

Ba |-0.36(0.20] -0.06| 0.18| 0.31| 0.61(-0.28( 0.36( 0.31(-0.22| 0.36| 0.31| 1.00

Mo | 0.66 |0.25| -0.75(-0.17]-0.50( -0.25| 0.13|-0.70( 0.35| 0.42( 0.11] 0.82|-0.03( 1.00

W | -0.02|-0.05| -0.16| -0.44| -0.55| 0.17(-0.38|-0.40(-0.29| 0.12| -0.61| 0.39] 0.02| 0.30| 1.00

Yb | 0.24 | 0.34{ 0.01| 0.63| 0.87|-0.18| 0.67| 0.28| 0.52| 0.06( 0.23(-0.17| 0.24(-0.20| -0.67| 1.00

Pb [ 0.65|0.82| -0.81| 0.35|-0.11| -0.33| 0.40(-0.59| 0.86( 0.73| 0.34| 0.90| 0.36| 0.68| 0.08| 0.26( 1.00

S |-0.30|0.11| 0.60( 0.54( 0.35| 0.77]-0.06| 0.19]-0.23| -0.27| -0.10( -0.19| 0.55 | -0.41{ -0.02] 0.02]-0.11] 1.00
Cl |-0.62|-0.63 0.67|-0.14| 0.05( 0.84(-0.55( 0.50(-0.67|-0.80| 0.05|-0.44| 0.27|-0.31|-0.11{ -0.32( -0.59( 0.60( 1.00
Table 4. The correlation coefficient (r) matrix of monzogranites.

Feot | Tio, | cr | co | Ni | cu | zn | RO | sr Y zZz | Nb| Ba| Mo | w | vb | Pp s cl

Feot | 1.00

Tio, | 0.31| 1.00

Cr |0.87]0.02| 1.00

Co (0.87]|0.38(0.77] 1.00

Ni ] 0.89]0.22)| 0.95| 0.77( 1.00

Cu | 0.37]0.38( 0.05| 0.40| 0.26 | 1.00

zn | 0.00] 0.70 (-0.13| -0.04{ 0.12| 0.39]| 1.00

Rb | 0.07] 0.42]-0.22| 0.32|-0.04| 0.87| 0.34| 1.00

Sr 1-0.49] 0.39 |-0.54 -0.59| -0.48]-0.44| 0.46|-0.33| 1.00

Y |10.43(-0.16| 0.53| 0.11 0.49]-0.24|-0.31(-0.51] -0.06( 1.00

zr |-0.11| 0.35(-0.33| -0.23|-0.25]-0.09( -0.08| -0.07] 0.45| 0.33| 1.00

Nb 1 0.33[0.78] 0.25( 0.57] 0.38] 0.25| 0.51| 0.42| 0.11{-0.11]-0.06{ 1.00

Ba | 0.61]|0.45| 0.35| 0.55| 0.53| 0.79( 0.36| 0.54( -0.42|-0.13| 0.01| 0.17] 1.00

Mo | 0.36|-0.38| 0.59| 0.50| 0.52] 0.13|-0.35| 0.07| -0.83(-0.05(-0.53(-0.08f 0.36( 1.00

W 10.51]-0.15( 0.30] 0.38| 0.28 | 0.51|-0.23| 0.31| -0.54| 0.31[-0.19]-0.05] 0.21{ 0.02| 1.00

Yb |-0.26| 0.27(-0.17| 0.04(-0.22]-0.41|-0.11(-0.09| 0.27(-0.30| 0.36| 0.25|-0.12| 0.09|-0.78( 1.00

Pb 1-0.14]-0.06]-0.43| -0.16| -0.49( 0.08|-0.41| 0.18( 0.08( 0.15| 0.49|-0.19]-0.27| -0.55| 0.52|-0.20| 1.00

S 10.14]-0.29] 0.47( 0.18] 0.47] 0.00| 0.12]-0.11] -0.43{-0.13| -0.69| -0.04| 0.25| 0.79]-0.28| 0.00 | -0.90| 1.00
Clt 10.19] 0.19|-0.22| 0.15|-0.08| 0.86( 0.14] 0.75( -0.32|-0.21| 0.08 [ -0.06] 0.56| -0.15( 0.68 | -0.52( 0.51|-0.37 1.00
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Table 5. Clark of concentration of the metavolcanics samples.

Elements Average Basic MVs Intermediate MVs
Basic Intermediate 45.00 55.10 71.00 72.00 70.00 64.00 67.00
Co 48 10 1.21 2.71 2.38 1.17 1.04 6.80 -
Ni 130 55 0.41 1.97 0.45 - 0.62 2.33 111
Cu 87 35 2.72 3.34 3.06 3.43 2.24 351.49 9.83
Zn 105 72 2.36 3.09 2.21 1.44 0.92 0.81 0.85
Ba 330 650 1.85 6.16 4.48 7.11 4.02 4.07 2.34
Mo 15 0.9 10.00 - - 16.00 - - -
Pb 6 15 3.50 12.67 11.17 27.83 - - -
Table 6. Clark of concentration of the monzogranite samples.
Elements Average Monzogranites
Low Ca  HighCa 46.1 49.1 58 51 52 53 54 65
Co 1 7 0.1 0.3 10.9 72.0 - 76.0 16.0 87.0
Ni 4.5 15 - 0.7 1.4 26.4 3.6 14.2 11.7 24.7
Cu 10 30 2.4 5.3 3.6 1361.3 25.5 2354.7 34.9 844.8
Zn 39 60 1.9 2.8 1.0 16.4 1.9 3.7 0.2 0.4
Ba 840 420 1.3 4.9 34 34 3.6 3.6 4.6 33
Mo 1.3 1 13.0 - - 5.4 - 9.2 33.0 65.4
Pb 19 15 5.1 4.6 7.6 - 5.6 7.5 4.1 -
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Fig. 19. The binary relationships of the Cu Vs trace elements of the analyzed samples.
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The wide distribution of both primary and secondary
iron minerals in the area pointing to the genesis of
mineralization related to iron oxides apatite (IOA)
(also known as Kiruna type) and iron oxides copper
gold (I0CG). According to Hitzman et al. (1992) the
two types of mineral deposits are very similar in
tectonic settings, mineralization and alteration,
igneous host rocks, and considered IOA deposits as a
subclass of IOCG deposits.

The features of IOA and I0CG according to Hitzman
(2000) are: no specific time for formation of the
deposits, three distinctive tectonic setting, which are
a) intracontinental orogenic; (b) intracontinental
anorogenic magmatism; and (c) extension along a
subduction-related continental margin, association
with igneous activity such as intrusions and dykes,
abundance of iron oxide minerals and a relative lack
of iron sulfides, both types may contain significant
carbonate, Ba, P, or F. The iron oxide-Cu-Au deposits
may contain a suite of minor metals including U, Ag,
Mo, Co, As, and Zn and anomalous concentrations of
REEs, the alteration types in IOA deposits are
generally spatially associated with zones of sodic or
sodic-calcic alteration, while I0CG associated with
sodic-potassic, potassic, or hydrolytic alteration
depending on the degree of interaction with meteoric
or connate fluids.

The recorded ore minerals in the arc MVs are mainly
magnetite with Ti-magnetite in addition to apatite
(Figs.11a). Meanwhile in IOCG, the ore minerals are
chalcopyrite, pyrite, magnetite, and hematite (Figs.13
& 14). The host rocks were formed within the late
orogenic granites or continental and orogenic for
metavolcanics. Also, the wide distribution of barite in
the area and high content of P in the samples and
recorded thorite as well as Cd- Se mineral which are
features related to I0CG.

Moreover, the area is abundant in different types of
dykes such as basic, felsic, and granitic composition.
The alteration types are sodic alteration that was
recorded by Botros & Wetait, (1997) and Abd El-
Rahman et al. (2018) but not abundant, while the
potassic alteration and hydrolytic alteration were
recorded.

From the previous results, the suggested genesis of
the mineralization are two phases: the first is IOA that
are rich in Ti-magnetite and apatite mainly in
metavolcanics followed by IOCG, which is rich in
magnetite, hematite and Cu sulfides. Au also recorded
in previous works (Botros & Wetait, 1997; Abd El-
Rahman et al., 2018; Abdelnasser et al., 2023).

Conclusions

The recorded conclusions are as follows:

1- The rock units at SUM area are represented by
metavolcanics, dokhan volcanics, and monzogranites.
The MVs are meta-basalt and meta-andesite. The DVs
are represented mainly by andesite and dacite.
Monzogranites are medium to coarse grained consist
of plagioclase, quartz, orthoclase and biotite as
essential minerals. Sphene, zircon and apatite are the
accessory minerals.

2 - The lineaments and rose diagram indicated two
main structural trends at NW-SE and NE-SW
directions, while for the lithological mapping, the
ASTER and Sentinel-2B data were processed using
the optimum index factor (OIF), false colour
composite (FCC) and band ratios techniques. Based
on the OIF results, the ASTER band combinations (R:
8, G 6 B:1) and (R: 9, G 2, B: 1), along with the
Sentinel-2B band combinations (R: 12, G: 11, B: 2)
and (R: 12, G 4, B: 2), effectively distinguish the
various rock units present in the area.

3- The mineral indices (KI, OH, ClI) and band ratios
(4/6, 7/6, 6+9/8) identified the hydrothermal
alterationzones such as argillic, phyllic, and propylitic
which are pointing to hydrothermal co-magmatic
origin.

4 - Geochemically, the rocks are ferroan to magnesian
and alkaline for most rocks except intermediate DVs.
The monzogranites, intermediate MVs, and DVs
samples showing calc-alkaline while basic MVs
showing tholeiitic  field. The samples are
metaluminous except for one sample which is
peraluminous. For the monzogranites, total iron shows
very strong positive correlations with Cr, Co, and Ni.
The Cu shows a very strong positive correlation with
Rb, Ba, and Cl. The binary relationship distinguished
between two fields of ore elements pointing to the
presence of these metals more than one phase e.g.
sulfides, oxides and silicates. The geochemical
spectrum recognizes Cu as the chief ore element for
both metavolcanics and monzogranites.

5- The detected ore minerals are mainly iron and
copper minerals including chalcopyrite, pyrite,
magnetite, hematite (Specularite), titanomagnetite,
and ilmenite. The secondary minerals are covellite,
malachite, chrysocolla, atacamite and goethite. Other
recorded minerals are barite, chromite, monazite,
thorite, molybdenite, and Cd-Se minerals.
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