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Abstract

The Campanian-Maastrichtian parent rock of Islam and Hamrawin Mines shale from Qussier was studied from
mineralogical and geochemical compositions to deduce its origin, deposition environments, tectonic setting, as well as the
economic evolution. XRD patterns indicated that the study black shales are consisted of two phases, clay and non clay
minerals. The Duwi Formation implies highly textural maturity. The black shales for Duwi Formation were formed under
anoxic shallow marine conditions. The chemical parameters indicated that the study area was deposited under high salinity,
warm and humid climate conditions. The high Fe,O5 content, some traces and REES; Zr, Ba, Nb, Sr, Ce, Th, Y, Hf, and La
concentrations as well as ICV and CIW pointed to input of recycling components derived from old sedimentary basins in a
comparatively stable tectonic setting. The geochemical data, CIA, CIW and PIA values are revealed that the Duwi Formation
black shales are subjected to the intensive chemical weathering either for the original basis or through transportation before
deposition. The studied samples are plot in active continental margin of provenance. Black shales of Islam mines are represent
the highest average of LREEs, XLREEs and XHREEs (233.75, 125.67 and 41.72ppm; respectively), with respect to the other
neighboring mines. Consequently, the ¥REEs are increased to the direction of south Qussier. The chemical composition of
black shales for the Duwi Formation had diversity sources for redox-sensitive traces and REEs in the Qussier area. Black
shales of Islam and Hamrawin Mines can be classified as high-quality sources for extraction oil and gas.
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1. Introduction

The traces REEs are applied to explain
sedimentary environment, process and structural
setting of depositional basins. REEs are also used as
important tools in delineating the geochemical
environment during the formation of authigenic and
diagenetic minerals [1,2,3]. Rare earth elements
(REE) are known to be more resistant to fractionation
by weathering and metamorphism than any other
trace element [4]. Black shales, with a wide global
distribution, were mainly deposited in relatively deep,
anoxic basins [5]; where sediment accumulated most
of the times very slowly. Black shales are often
enriched not only in OM (organic matter) but also in
trace elements like Co, Cr, Cu, Mo, Ni, V, Mn and
Zn. These elements usually show positive correlation
with OM and/or sulphides. Because of high organic

carbon and sulphide contents, black shales are subject
to alteration when exposed, and mining in shales
throughout the world has accelerated the weathering
of these sedimentary rocks. The weathering can
disperse the toxica metals hosted in the shales; and
thus, some metals can be lost from shales and others
are enriched.

The black shales from Duwi Formation
(Campanian-Early Maastrichtian) in the region of
Qussier-Safaga in Easten Desert, Egypt attracted the
attention of previous authors to evaluate it as well as
their economic impact as a basis rock and raw
material [6,7,8,9,10,11,12,13,14,15,16].

As far as the author is aware, the published data on
the geochemistry of the Islam and Hamrawin Mines
black shales are definitely insufficient. However, the
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geochemistry work was studied the Qusseir region as
a general [17, 18, 16, 14].

Thus, the chief aim of the present article is to give
detailed geochemical explanation on the black shales
of Islam and Hamrawin Mines, Duwi Formation at
Qusseir area, in an attempt to recognize its
depositional environment and the economic
evolution.  Also, try to discuss some aspects
concerning the depositional environments during the
precipitation of the Duwi Formation.

1.1.Geology of the area

Black shales occur in Egypt in numerous localities
and at dissimilar geologic ages. The Carbonaceous
shales have a broad distribution on the Egyptian
surface and subsurface. They were extant in age from
Carboniferous to Eocene. The phosphorites are
intercalated with and capped by black shales. They
have significant amounts of organic matter and are
enriched in the trace elements; thus could be of
economic potential. The Upper Cretaceous sediments
in southern Egypt consists of variegated shales
which, upon a thick sedimentary succession follow.
These sediments are of shallow origin with some
vertical and lateral lithological changes, in which the
phosphate deposits are, intercalated [19]. The
compositions of shales could provide information on
the tectonic setting, provenance, weather conditions,
pollution and sediment recycling.

In Egypt, shales occur in an east-west trending
belt extending from the Quseir-Safaga district along
the Red Sea to the Kharga-Dakhla land-stretch
passing through the Nile Valley. The black shales are
hosted mainly in the Campanian to Maastrichtian
Duwi and Dakhla formations. Duwi Formation, a
part of this sequence, is composed of interbedded
shales, reefal-limestone, marls, as well as phosphatic
bands. The Duwi Formation is conformably overlain
by the Qusseir variegated shales and underlain by the
Dakhla shales in the Qusseir-Safaga area [20].

Generally, shale is an expression used to point to
several mudrock having fissility. The characteristic
tint of shale is graduated from grey to black. Black
shales have > 1 % organic matter, thus the color
revealed a reducing environment. Thus, drab color
can be interpreted to maceral (organic matter)
occurrence of >1 [8]. The chosen area is represented
by Islam and Hamrawin Mines (Fig. 1). They occur
at the Upper Member of Duwi Formation (Fig. 2) in
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Qusseir-Safaga locality (Baioumy and Tada, 2005)
[20].

2. Materials and Methods

Geological field trips were done for study the
geologic setting and collecting some representative
rock samples of the black shale from Islam and
Hamrawin Mines. Twenty distinctive samples were
collected. Ten samples collected from each mine. The
mineralogical components were investigated by the
X-Ray Diffraction (XRD) technique for two samples
at the Egyptian Mineral Resources Authority (Dokki,
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Fig. 1: Location map of Hamrawin and Islam Mines
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Fig. 2: Lithostratigraphic section of Duwi Formation
in the Red Sea Region (modified after [20]).
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Egypt) using a PAN analytical X-Ray Diffraction
equipment model X'Pert PRO with Secondary
Monochromator, Cu-radiation (A=1.542A) at 45
K.V., 35 M.A. and scanning speed 0.020/sec. were
used. The diffraction charts and relative intensities
are obtained and compared with ICDD files. In
addition, SEM-EDX analysis were also carried out
for two samples to study the morphology and the size
of the synthesized samples were characterized via
SEM coupled with energy-dispersive spectroscopy
EDX, (SEM Model Quanta FEG 250) are carried out
in the National Research Center laboratories. Twelve
represented samples were chosen for the geochemical
components were delineated by X-Ray Fluorescence
(XRF) technique to determine the chemical
composition by using Axios Sequential WD_XRF
Spectrometer, Analytical 2005 in the National
Research Center laboratories, with reference to the
ASTM E 1621 standard guide for elemental analysis
by wavelength dispersive X-ray fluorescence
spectrometer and ASTM D 7348 standard test
methods for loss on ignition (LOI) of solid
combustion.

3. Results and Discussion

3.1. Mineralogy

The mineralogy of the studied samples, from the
Islam and Hamrawin Mines black shales are
presented in Fig. 3. XRD results indicated the
prevailing clay minerals from the two mines were
comprised of montmorillonite and kaolinite.
Kaolinite is traditionally formed in tropical to
subtropical humid climatic environments [21]. Non-
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Fig. 3: X-ray diffractograms for the sample Nos. (4)
and (9) of Hamrawin and Islam mines; respectively.
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clay minerals of the study black shales were consisted
mostly of quartz, gypsum, pyrite and calcite.

SEM results of the studied samples confirmed the
dominance of montmorillonite, (Figs. 4a and b),
which  conformed to XRD analyses. The
montmorillonite and Kaolinite presents as detrital and
authigenic origin (Fig. 4a). The great quantity of
montmorillonite pointed to deposition beneath a
marine condition, and in warm/humid climate [22,
23]. Also, Figure (4a) shows and halite crystals and
quartz grains. Pyrites occurs as framboidals (6 pm),
are  pseudomorphosed and are  occurred
authigenically, which conformed to XRD analyses
(Fig. 4b). The spherical shape of pyrite crystals is
indicating shallow marine reducing environment
through the deposition [10, 24].

o

(B)

Fig. 4: A): BSE image and EDX analysis data
showing a dominance of the montmorillonite and
Kaolinite occur as detrital origin as well as quartz
grains and halite crystals in the matrix (Sample No.
5). B) BSE image and EDX analysis data showing a
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framboidals pyrite and quartz grains scattered in the
montmorillonite matrix, Ca (30. 75%), S (8.78%), Si
(12.73%), Fe (3.11%) and Na (4.2%), (Sample No.
11).

3.2. Geochemistry

The major, traces and REEs chemical
compositions within the Islam and Hamrawin mines,
in addition to their ratios, are quoted in Table 1. The
spider diagram of these elements is shown in Table 2.

Islam samples are enrichment content in SiO,,
Al,0O3, MgO and Fe,03 than those of the Hamrawin
samples. In the other hand, Hamrawin samples are
greatly concentrated in CaO, P,Os and SO3. The loss
of ignition values was recorded averaged (25.06%)
for the entire area.

The percentages of heavy metals; V, Mo, Zn, Cr,
Pb, Zr, Cd, Sr, As, Se, and rare earths; Y, Sm and U
in the studied area are elevated than those of Upper
Continental Crust (UCC) and for the Post Archaean
Australian Shale (PAAS) [25, 26], Fig. 5. The
percentages of Mn, Ba, Pb, Co, Rb, Hf, Nd, and the
REEs; Sc, Ce, La, Nb and Th were lower than those
of (UCC) and/or (PAAS) for the study area (Fig. 5).

3.2.1. Major elements

Si0,, Al,O; MgO and Fe,O; (average 26.45,
15.90, 552 and 4.77%; respectively) are more
enrichment for the studied Hamrawin samples
compared to those of the Islam samples (18.67, 9.0,
1.9 and 2.70%; respectively) (Table 1). The Islam
samples are more enhanced in CaO, P,Os and SO;
(average 28.90, 5.87, 1.90 and 3.67%; respectively),
(Table 1). The studied shale in two mines of the study
area are comparatively depleted in NaO,, K,O and
TiO, (average 0.35, 0.9 and 0.27%; respectively),
Table 1.

The high loss of ignition (average 22.1 and
28.03% for Islam and Hamrawin mines; respectively)
and average 25.06% for the study area indicated to
the present of great quantity of OM. During chemical
weathering the microbes within black shales could be
affected of the organic matter [27]. OM varies from
16.54 to 19.52 % and averaging 18.02 %.

Strong positive relation (r=0.96, Table 2) between
SiO; and Al,O3 indicated that the majority Al,Os is
here as clay minerals, which conformed by XRD,
occurring as well as detrital grains, which conformed
to SEM results. Strong positive correlation (r=0.79)
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between Al,O; and NaO, indicated predominant
montmorillonite, which is most possibly as Na-
montmorillonite, which conformed by XRD. The low
average K,O/ Al,O; (0.07) is revealed that
occurrence of kaolinite mineral in the studied
samples which conformably by XRD. Also, there is
no relation between Al,O; and K,O indicated absence
of illite minerals which conformably with XRD,
where it is not detected with XRD. Also, strong
positive correlation (r=0.94) between CaO and SO;
indicated that occurrence of gypsum which
conformably with XRD and agrees with [28, 29, 30,
16, 31, 13]. Moderate positive relation (r=0.30)
between NaO, and CI pointed out to the presence of
halite the studied black shales which conformably
with SEM examination.

Average value 3.73% for Fe,O; was quoted in the
study samples. This percentage possibly will be
resulted from hydrothermal leaching or additions of
Fe, conformed by reduced fluids [32, 26, 14]. The
strong positive correlation (r = 0.94) between OM
and SO3 content indicates that the organic sulfur
prevails along with pyrite [33, 16].

3.2.2. Traces and Rare Earths (REES)

The most abundant trace element in the study
black shale samples is V, average 1099.1 ppm, and
high positive correlated with OM (r= 0.97). The
elevated percentage of V may be the product of
oxidation as well as weathering of organic matter [34,
35]. Zn considered the second mainly rich trace
element in the studied samples (average 1095 ppm).
The higher content of Zn, and the strong positive
correlation incorporated with apatite and organic
matter (Table 2). In the other side, REEs recorded
low percentages <100 ppm, which ranging from
averages (1.04ppm) Hf to (32.12ppm) of Ce for the
black shales of the study area (Table 1 and Fig. 5).

Black shales in the Islam mines are highly
enriched in traces {(Zr = 478.33, Pb =9.47) and
(Ba=80.5 ppm)} as well as rare earths (Y= 32.5, Hf =
1.24, As = 11.62, Rb = 34.5, Ce = 46.5, La= 38, Sc =
9.22, Ga = 20, Sm = 10.55, Nb = 8.96 and Th = 8.93
ppm) compared to those of the Hamrawin mines
(Table 1 and Fig. 5).
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Table 1: The chemical composition of major oxides (%), traces and REEs (ppm), essential ratios CIA, CIW and ICV of studied black shales samples in Hamrawin and Islam mines

Hamrawin Mine Islam Mine

S. No. 1 2 3 4 5 6 Average 7 8 9 10 11 12 Average
SiO, 25.10 26.80 25.50 25.90 26.10 29.30 26.45 19.10 17.50 18.90 18.50 19.90 18.10 18.67
Al,O4 15.10 16.80 15.60 15.90 16.20 15.80 15.90 8.40 8.10 8.80 9.10 9.70 9.90 9.00
P,0s 2.51 211 3.01 2.94 3.12 3.45 2.86 5.44 5.67 5.87 5.99 6.35 5.88 5.87
TiO, 0.31 0.30 0.29 0.26 0.30 0.32 0.30 0.25 0.26 0.22 0.23 0.21 0.29 0.24
CaO 18.70 19.80 19.50 19.80 18.40 17.10 18.88 29.84 28.90 29.84 26.99 28.12 29.72 28.90
MgO 5.70 6.10 5.10 4.90 5.60 5.70 5.52 1.80 1.75 1.90 1.66 2.10 2.20 1.90
Fe;03 451 4.30 4.60 4.90 5.10 5.20 4.77 2.19 2.47 3.10 2.99 2.25 3.21 2.70
Na,O 0.47 0.41 0.41 0.34 0.44 0.48 0.43 0.25 0.23 0.24 0.22 0.34 0.42 0.28
K20 091 0.85 0.87 0.81 0.95 0.94 0.89 0.85 0.84 0.88 0.91 0.97 0.99 0.91
SO; 1.60 1.77 1.80 1.65 1.90 2.10 1.80 3.50 3.60 3.90 3.80 3.10 4.10 3.67
Cl 0.12 0.11 0.11 0.08 0.12 0.11 0.11 0.11 0.11 0.12 0.10 0.12 0.15 0.12
L.1.O 24.96 20.65 23.21 22.52 21.77 19.50 22.10 29.21 30.58 26.73 29.55 26.95 25.15 28.03
Mn 155.00 160.00 181.00 150.00 160.00 156.00 160.33 156.00 180.00 157.00 160.00 180.00 170.00 167.17
Mo 60.00 67.00 70.00 65.00 71.00 75.00 68.00 170.00 185.00 145.00 195.00 187.00 169.00 175.17
Pb 9.50 8.40 9.70 7.90 10.50 10.80 9.47 8.65 8.99 9.25 9.34 8.65 9.11 9.00
Ba 70.00 75.00 80.00 85.00 83.00 90.00 80.50 70.00 75.00 78.00 80.00 85.00 85.00 78.83
Cr 310.00 410.00 350.00 390.00 400.00 370.00 371.67 395.00 380.00 400 415. 450 460.00 416.67
Cu 75.00 97.00 80.00 88.00 90.00 87.00 86.17 88.00 85.00 89 90. 95 101.00 91.33
Co 10.50 13.20 11.20 11.80 12.50 12.10 11.88 5.80 5.10 5.90 6.20 6.70 7.10 6.13
Ni 180.00 195.00 185.00 192.00 193.00 187.00 188.67 265.00 250.00 290 300 355 370.00 305.
Zr 470.00 510.00 490.00 420.00 430.00 550.00 478.33 29.40 33.00 33.50 32.00 40.00 31.00 33.15
\ 450.00 490.00 480 470.00 485.00 475.00 475.00 1650 1620 1685 1800 1790.0 1750.00 1715.83
Zn 880.00 850 805 895.00 900.00 910.00 873.33 1180 1205 1250 1420 1450.0 1350.00 1309.17
Rb 35.00 40 33.00 34.00 32.00 33.00 34.50 18.70 18.40 18.90 19.70 21.20 22.50 19.90
Sr 460.00 466 470.00 475.00 472.00 475.00 469.67 620.00 625.00 630. 635 640.00 642.00 632.00
Y 31.00 28 38.00 30.00 33.00 35.00 32.50 23.00 22.00 25.00 29.00 32.00 24.00 25.83
Cd 44.20 40 48.10 44.20 49.20 50.10 45.98 88.00 85.00 95.00 102.00 105.00 99.00 95.67
As 10.20 9.7 11.80 13.00 10.00 15.00 11.62 6.20 7.00 7.50 8.00 9.00 7.80 7.58
Se 18.00 25 19.00 24.00 24.00 20.00 21.67 38.00 40.00 42.00 43.50 44.00 39.00 41.08
Hf 0.95 1.1 1.30 1.20 1.40 1.50 1.24 0.80 0.70 0.88 0.75 0.90 0.85 0.81
Nd 9.70 9.5 11.50 10.00 11.00 12.00 10.62 9.50 10.20 11.00 12.00 14.00 9.20 10.98
Sc 9.20 9.1 8.60 8.70 8.90 10.80 9.22 7.88 6.90 7.10 6.50 8.00 6.10 7.08
Sm 8.50 9.5 11.80 10.00 11.50 12.00 10.55 6.50 7.10 8.50 9.10 9.50 8.60 8.22
La 34.00 31 44.00 35.00 39.00 45.00 38.00 9.10 11.20 12.00 14.00 15.00 8.50 11.63
Ce 40.00 53 48.00 38.00 49.00 51.00 46.50 12.50 15.00 14.00 24.00 25.00 14.90 17.57
Ga 17.00 15 21.00 22.00 25.00 20.00 20.00 9.50 10.00 12.00 14.00 15.00 11.50 12.00
Nb 8.50 9.40 8.80 9.10 8.87 9.10 8.96 4.10 3.90 4.50 4.70 4.90 5.10 4.53
U 31.20 30.40 29.40 34.10 33.50 35.10 32.28 60.20 60.50 64.20 65.10 74.00 70.40 65.73
Th 8.00 5.50 9.70 9.20 10.20 11.00 8.93 2.70 3.80 3.10 3.80 4.10 3.70 3.53
VINi 2.50 2.51 2.59 2.45 2.51 2.54 2.52 6.23 6.48 5.81 6.00 5.04 4.73 5.63
Ni/Co 17.14 14.77 16.52 16.27 15.44 15.45 15.88 45.69 49.02 49.15 48.39 52.99 52.11 49.73
VI/Mo 7.50 7.31 6.86 7.23 6.83 6.33 6.99 9.71 8.76 11.62 9.23 9.57 10.36 9.80
VICr 1.45 1.20 1.37 1.21 1.21 1.28 1.29 4.18 4.26 4.21 4.34 3.98 3.80 4.12
VI(V+Ni) 0.71 0.72 0.72 0.71 0.72 0.72 0.72 0.86 0.87 0.85 0.86 0.83 0.83 0.85
VI(V+Cr) 0.59 0.54 0.58 0.55 0.55 0.56 0.56 0.81 0.81 0.81 0.81 0.80 0.79 0.80
Sr/Ba 6.57 6.21 5.88 5.59 5.69 5.28 5.83 8.86 8.33 8.08 7.94 7.53 7.55 8.02
U/Mo 0.52 0.45 0.42 0.52 0.47 0.47 0.47 0.35 0.33 0.44 0.33 0.40 0.42 0.38
Rb/Sr 0.08 0.09 0.07 0.07 0.07 0.07 0.07 0.03 0.03 0.03 0.03 0.03 0.04 0.03
U/Th 3.90 5.53 3.03 3.71 3.28 3.19 3.61 22.30 15.92 20.71 17.13 18.05 19.03 18.60
Th/U 0.26 0.18 0.33 0.27 0.30 0.31 0.28 0.04 0.06 0.05 0.06 0.06 0.05 0.05
CIA 89.09 90.96 90.23 91.43 89.85 89.27 90.14 86.15 86.17 86.61 87.08 85.46 84.40 85.93
CIW 94.14 95.35 95.01 95.90 94.85 94.27 94.93 94.38 94.63 94.83 95.39 93.45 92.18 94.08
ICV 0.80 0.72 0.73 0.71 0.77 0.81 0.76 0.64 0.68 0.72 0.66 0.62 0.73 0.68
Ytrace 2439.4 2623.4 2470.8 2531.9 2580.2 2667.0 2552.1 3716.1 3679.1 3865.2 4182.5 4309.4 4185 3989.5
XTREEs 131.20 140 159.20 130.80 150.27 162.90 145.73 63.08 66.10 71.10 87.30 94.40 67.20 74.86
XTLREEs 91.00 102.9 112.60 92.10 108.37 117.10 104.01 32.20 37.20 39.00 51.80 54.40 37.10 41.95
YXTHREEs 40.20 37.1 46.60 38.70 41.90 45.80 41.72 30.88 28.90 32.10 35.50 40.00 30.10 32.91
Y>LREE/HREEs 2.26 2.77 242 2.38 2.59 2.56 2.49 1.04 1.29 1.21 1.46 1.36 1.23 1.27
oM 16.8 16.74 16.98 16.54 17.1 175 16.94 18.8 18.9 19.3 19.1 19.52 18.9 19.08
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Table 2: The correlation coefficient for the study black shale samples

Si02 Al203 P205 TiO2 Ca0 MgO Fe203 Na20 K20 SO3 Cl L.I.O Mn Mo Pb Ba Cr Cu Co Ni Zr V Zn Rb Sr Y Cd As Se Hf Nd Sc Sm La Ce Ga Nb U Th Xtrace 3TREEs 3TLREEs JTHREEs OM
SiO, 1.00
Al0z 0.96 1.00
P:0s -0.90 -0.95 1.00
TiOz 0.72 0.74 -0.76 1.00
CaO -0.97 -0.97 0.92 -0.74
MgO 0.96 0.99 -0.97 0.80 1.00
Fe:03 0.92 0.94 -0.87 0.75 0.92 1.00
Na,0O 0.77 0.79 -0.70 0.83 0.82 0.76 1.00
K0 -0.08 -0.09 0.29 0.11 -0.08 -0.02 0.42 1.00
SO; -0.92 -0.94 0.94 -0.63 -0.95 -0.84 -0.69 0.22 1.00
Cl -0.32 -0.26 0.32 0.17 -0.21 -0.24 0.30 0.74 0.40 1.00
L.1O -0.91 -0.91 0.79 -0.70 -0.88 -0.88 -0.83 -0.12 0.76 0.06 1.00
Mn -0.36 -0.31 0.36 -0.19 -0.32 -0.40 -0.09 0.22 0.25 0.34 0.31 1.00
Mo -0.93 -0.96 0.96 -0.73 -0.97 -0.93 -0.74 0.20 0.93 0.26 0.85 0.40 1.00
Pb 0.36 0.27 -0.17 0.49 0.32 0.44 0.46 0.52 -0.16 0.30 -0.33 0.00 -0.26 1.00
Ba 0.27 0.22 0.06 0.05 0.12 0.34 0.32 0.48 -0.05 0.02 -0.47 0.09 -0.07 0.31 1.00
Cr -0.48 -0.44 0.61 -0.47 -0.53 -0.48 -0.28 0.40 0.59 0.33 0.18 0.22 0.60 -0.32 0.42 1.00
Cu -0.28 -0.23 0.38 -0.23 -0.30 -0.30 -0.09 0.36 0.43 0.35 -0.06 0.09 0.39 -0.29 0.40 0.95 1.00
Co 0.96 0.99 -0.93 0.74 0.98 0.93 0.79 -0.06 -0.92 -0.25 -0.93 -0.33 -0.94 0.27 0.26 -0.36 -0.14 1.00
Ni -0.82 -0.80 0.90 -0.65 -0.84 -0.79 -0.45 0.49 0.86 0.52 0.59 0.37 0.87 -0.28 0.16 0.79 0.63 -0.77 1.00
Zr 0.98 0.98 -0.96 0.78 0.99 0.93 0.78 -0.14 -0.95 -0.29 -0.87 -0.30 -0.96 0.34 0.15 -0.58 -0.37 0.96 -0.87 1.00
\% -0.95 -0.97 0.98 -0.76 -0.98 -0.93 -0.74 0.21 0.96 0.33 0.83 0.33 0.98 -0.29 -0.10 0.62 0.42 -0.95 0.91 -0.99 1.00
Zn -0.88 -0.89 0.96 -0.76 -0.92 -0.85 -0.63 0.38 0.90 0.33 0.74 0.30 0.95 -0.24 0.08 0.69 0.48 -0.87 0.94 -0.93 0.96 1.00
Rb 0.92 0.98 -0.97 0.75 0.98 0.88 0.78 -0.14 -0.93 -0.24 -0.87 -0.30 -0.94 0.14 0.10 -0.45 -0.21 0.97 -0.78 0.96 -0.95 -0.88 1.00
Sr -0.95 -0.97 0.98 -0.76 -0.98 -0.92 -0.73 0.22 0.97 0.34 0.82 0.34 0.98 -0.28 -0.06 0.63 0.43 -0.95 0.91 -0.99 1.00 0.96 -0.95 1.00
Y 0.73 0.71 -0.55 0.37 0.67 0.68 0.62 0.23 -0.70 -0.21 -0.63 0.07 -0.62 0.50 0.45 -0.36 -0.35 0.68 -0.49 0.71 -0.66 -0.53 0.61 -0.67 1.00
Cd -0.92 -0.94 0.99 -0.77 -0.96 -0.89 -0.67 0.33 0.94 0.36 0.78 0.34 0.97 -0.20 0.02 0.64 0.43 -0.92 0.93 -0.96 0.99 0.98 -0.94 0.99 -0.55 1.00
As 0.88 0.81 -0.67 0.55 0.77 0.84 0.67 0.01 -0.76 -0.38 -0.81 -0.24 -0.75 0.36 0.58 -0.39 -0.27 0.79 -0.63 0.83 -0.79 -0.67 0.74 -0.77 0.79 -0.72 1.00
Se -0.92 -0.93 0.95 -0.83 -0.95 -0.91 -0.79 0.16 0.92 0.23 0.79 0.29 0.96 -0.36 -0.05 0.69 0.50 -0.90 0.88 -0.97 0.98 0.95 -0.91 0.97 -0.66 0.96 -0.78
Hf 0.91 0.85 -0.72 0.63 0.82 0.88 0.73 0.09 -0.76 -0.20 -0.90 -0.22 -0.81 0.54 0.53 -0.30 -0.15 0.87 -0.67 0.85 -0.83 -0.75 0.74 -0.81 0.78 -0.75 0.86 1.00
Nd 0.01 -0.11 0.31 -0.43 -0.15 -0.12 -0.07 0.40 0.05 -0.11 0.04 0.37 0.23 0.29 0.51 0.20 0.02 -0.11 0.24 -0.10 0.18 0.33 -0.20 0.17 0.54 0.29 0.23 0.17 1.00
Sc 0.93 0.81 -0.77 0.61 0.85 0.74 0.68 -0.07 -0.84 -0.32 -0.77 -0.34 -0.80 0.38 0.18 -0.54 -0.37 0.80 -0.77 0.87 -0.84 -0.78 0.77 -0.84 0.67 -0.80 0.80 0.81 0.12 1.00
Sm 0.76 0.74 -0.54 0.45 0.68 0.79 0.65 0.28 -0.62 -0.14 -0.79 0.01 -0.63 0.56 0.68 -0.14 -0.07 0.75 -0.45 0.72 -0.66 -0.53 0.63 -0.65 0.90 -0.55 0.83 0.90 0.44 0.61 1.00
La 0.95 0.94 -0.87 0.69 0.93 0.93 0.74 -0.07 -0.92 -0.33 -0.83 -0.20 -0.91 0.46 0.29 -0.58 -0.43 0.91 -0.84 0.96 -0.95 -0.88 0.87 -0.94 0.84 -0.90 0.89 0.91 0.10 0.85 0.84 1.00
Ce 0.95 0.96 -0.89 0.69 0.95 0.88 0.75 -0.01 -0.91 -0.27 -0.86 -0.18 -0.87 0.38 0.25 -0.42 -0.23 0.96 -0.78 0.96 -0.92 -0.83 0.93 -0.93 0.79 -0.88 0.80 0.86 0.10 0.83 0.81 0.94 1.00
Ga 0.81 0.84 -0.70 0.47 0.78 0.87 0.63 0.08 -0.80 -0.32 -0.74 -0.20 -0.77 0.42 0.48 -0.32 -0.27 0.82 -0.64 0.79 -0.80 -0.68 0.71 -0.80 0.83 -0.72 0.80 0.88 0.23 0.66 0.87 0.89 0.82 1.00
Nb 0.97 1.00 -0.95 0.74 0.98 0.95 0.79 -0.09 -0.94 -0.28 -0.91 -0.32 -0.96 0.27 0.24 -0.46 -0.25 0.99 -0.80 0.98 -0.97 -0.89 0.98 -0.97 0.71 -0.94 0.83 0.86 -0.10 0.81 0.75 0.94 0.95 0.84 1.00
U -0.91 -0.94 0.98 -0.75 -0.95 -0.89 -0.65 0.33 0.94 0.38 0.76 0.34 0.96 -0.27 0.03 0.68 0.48 -0.91 0.95 -0.96 0.98 0.98 -0.92 0.99 -0.60 0.99 -0.71 -0.76 0.25 -0.79 -0.59 -0.92 -0.89 -0.74 -0.94 1.00
Th 0.90 0.88 -0.78 0.68 0.86 0.93 0.73 0.03 -0.84 -0.29 -0.79 -0.20 -0.85 0.53 0.42 -0.53 -0.42 0.85 -0.77 0.89 -0.89 -0.80 0.77 -0.88 0.81 -0.83 0.90 0.92 0.11 0.80 0.84 0.96 0.86 0.93 0.88 -0.84 1.00
Strace -0.90 -0.92 0.97 -0.75 -0.94 -0.89 -0.65 0.33 0.94 0.37 0.75 0.34 0.97 -0.26 0.03 0.71 0.52 -0.89 0.95 -0.95 0.98 0.99 -0.90 0.98 -0.58 0.99 -0.72 -0.77 0.26 -0.80 -0.56 -0.91 -0.86 -0.74 -0.92 0.99 -0.85 1.00
XTREE 0.94 0.94 -0.83 0.61 0.91 0.89 0.74 0.04 -0.89 -0.31 -0.86 -0.16 -0.85 0.42 0.38 -0.39 -0.25 0.93 -0.73 0.93 -0.89 -0.78 0.88 -0.90 0.88 -0.83 0.86 0.90 0.23 0.82 0.89 0.96 0.98 0.90 0.94 -0.85 0.91 -0.82 1.00
XTLREE 0.95 0.95 -0.85 0.65 0.93 0.91 0.74 0.01 -0.91 -0.31 -0.85 -0.18 -0.88 0.45 0.35 -0.46 -0.31 0.94 -0.78 0.95 -0.92 -0.82 0.88 -0.92 0.87 -0.86 0.87 0.92 0.17 0.83 0.88 0.98 0.98 0.91 0.95 -0.88 0.94 -0.86 0.99 1.00
XTHREE 0.82 0.77 -0.63 0.45 0.75 0.74 0.67 0.18 -0.78 -0.25 -0.70 -0.02 -0.70 0.50 0.42 -0.42 -0.37 0.75 -0.59 0.79 -0.74 -0.62 0.69 -0.74 0.99 -0.64 0.84 0.84 0.48 0.78 0.89 0.90 0.85 0.85 0.78 -0.68 0.86 -0.67 0.92 0.91 1.00
OM -0.88 -0.95 0.98 -0.75 -0.94 -0.89 -0.68 0.31 0.94 0.37 0.76 0.36 0.95 -0.12 0.00 0.59 0.38 -0.92 0.88 -0.94 0.97 0.95 -0.95 0.97 -0.55 0.98 -0.70 -0.71 0.34 -0.72 -0.54 -0.87 -0.86 -0.74 -0.95 0.97 -0.81 0.97 -0.81 -0.84 -0.62 1.00
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Fig. 5: The spider diagram for the traces and rare earths elements of the investigated samples normalized to the average UCC and PAAS [25, 26]
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Islam mines recorded high concentration in the
total traces than those of the Hamrawin mines
(average 3989.52 and 2552.12ppm; respectively).
Thus, Islam mines higher concentration than
Hamrawin mines, consequently, there is an increase
in the traces to the south. In contrast, Hamrawin
mines recorded high values in the XREEs, XLREEs
(La, Ce, Sm and Nb) and XHREEs (Y and Sc),
(average 145.73, 104.01 and 41.72ppm; respectively)
than those recorded in the Islam samples (average
74.86, 41.95 and 32.91ppm; respectively) (Fig. 6).
Thus, the trace elements increased from central to
south direction whereas rare earths decreased for
Quissier area.

Mo, Ni, V, Zn, Cr, and Cd are strongly positively
correlated with P,O3 (r = 0.96, 0.90, 0.98, 0.96, 0.61
and 0.94; respectively) and both rare earth elements
Se and U (r=0.95 and 0.98; respectively). Thus, these
elements were coupled with apatite minerals. SO;
strongly positive correlated with OM, V, Zn, Cd and
Se (r=0.94, 0.96, 0.90, 0.92 and 0.94; respectively),
therefore these elements may also be associated with
sulphides minerals (Table 2). Thus, the traces and

10000

most rare earths are enriched in organic-rich
sediments which agree with [35, 14]. Strongly
positive correlation between P,O3; and OM (r =0.98),
revealed detrital phosphate minerals were occurred.
Co, Zr, and Rb and the rare earths; Y, As, Hf, Sc,
Sm, La, Ce, Ga, Nb and Th are strongly positive
correlated with Al,Os3 (r=0.99, 0.98, 0.98, 0.71, 0.81,
0.85, 0.81, 0.74, 0.94, 0.96, 0.84, 1 and 0.88;
respectively), with SiO, (r= 0.96, 0.98, 0.92, 0.73,
0.88, 0.91, 0.93, 0.76. 0.95, 0.95, 0.81, 0.97 and 0.90;
respectively) and with Fe,Os; (r= 0.93, 0.93, 0.88,
0.68, 0.84, 0.88, 0.74, 0.79, 0.93, 0.88, 0.87, 0.95 and
0.93; respectively), as well as Mg (r= 0.98, 0.99,
0.98, 0.67, 0.77, 0.82, 0.85, 0.68, 0.93, 0.95, 0.78,
0.98 and 0.86; respectively). Thus these elements are
associated with clay minerals and ferromagnesian
oxides and/or the detrital materials (Table 2).
Generally, no correlation was recorded between
>traces with Al,Os; and SiO,, but strong positive
correlations were recorded with P,0O5;, CaO and OM
(r=0.97, 0.93 and 0.97; respectively). This suggests
that Xtraces were enriched in the phosphate minerals
and the oM of the studied
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Egypt. J. Chem. 66, No. 1 (2023)



278 Abou El Anwar E. A.

10000
—e—lstam Mins, prase ntstudy —m— HamirawIn, presntstudy
——G 0w L, Abou B Anwar, stal. 24 —o—z, Duwl, 4Dbou El-anwar, 2017
—p— Makhisl, b B-Lnw ar, atal, 2013 —u—[El Bita. 4bou Bl anwar, &t al, 2019
——UCc —x—Pand
o
5
E
t
1]
o
c
a
5]
10

Itrace IREE

ILREE IHREE

Fig. 6: Distribution of traces, XREEs, XLREEs, XHREEs for the study area and others localities.

samples. In contrast, there are strong positive
correlations between XREEs with SiO,, Al,Oz, TiO,,
MgO and Fe,05(r=0.94, 0.94, 0.91 and 0.89;
respectively), which indicated that the most REEs
were  associated with clay minerals and
ferromagnesian oxides and/or the detrital materials.
Also, the strong negative correlation with OM (r=-
0.81) was supported it. The same vision is noticed for
>LREEs and XHREE:s.
3.2.3. Distribution of Uranium and Thorium

U content in the study samples ranges from 29.4 to
74 ppm for Islam and Hamrawin mines; respectively
(Table 1). The average values for both Islam and
Hamrawin black shales samples are 32.28 and 65.73
ppm; respectively. These values are higher than U
value in the UCC (2.5ppm) and the PAAS (2.7ppm).
Therefore, the study samples can be recognized as
uraniferous black shales [36]. In marine black shales
U was derived from sea water. U could have been
accumulated in hydrogen sulfide condition [36].
Thus, high positive correlation between SOz and U (r
= 0.94) and the abundance of pyrite in the studied
black shales, reveal that this elevated U contents
concentrated in black shales beneath a hydrogen
sulfide condition and regularly increased under
diagenetic processes [36]. Also, this high
concentration of U may be attributed to the post-
depositional enrichment of uranium and/or intensive
chemical weathering in Qussier area [15].

U is concentrated under reducing conditions
resulting of the preservation of the organic matter.
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So, U can be considered as a good indicator of
organic matter. U > 5 ppm is usually represented as
cut-off for black shale [37]. U has a strong positive
correlation with P,Os, CaO and Sr (r= 0.98, 0.94 and
0.99; respectively) as well as OM (r= 0.98). Hence, it
indicates that U was best associated with these
elements in phosphate minerals and organic matter.
In addition to, it pointed out that the vital role of
phosphate in fixation of U6* as uranyle ion (UO,)*".
Thus, the secondary uranium minerals can be
accumulated during subaerial weathering [36].

U is strong positive correlated with Mo, Ni,
V, Zn, Cd, Cr, Cu and Se (r= 0.96, 0.95, 0.98, 0.98,
0.99, 0.68, 0.48 and 0.96; respectively). Therefore, U
may be released during the weathering and act as
immobile [38]. Thus, U contents in the study black
shales were probably associated with the heavy
metals and some rare earths up on the chemical
weathering [38, 39, 40], under oxic environment
[41]. Generally, anoxic sediments are mostly extra
enriched in U than oxic sediments [42, 16, 43, 44,
45].

Th content varies from 2.7ppm (recorded in
Hamrawin black shales samples) to 11ppm (recorded
in Islam black shales samples) with averaging 8.93
and 3.53 ppm in Islam and Hamrawin black shales
samples; respectively. These values are lower than
those recorded in UCC and PAAS (10.3 and10.5ppm;
respectively), Fig. (5). Consequently, Th content
increased from north (Safaga) to south (Qussier)
which is conformed by Abou El-Anwar, et al., [46].
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Th recorded strong positive correlation (r= 0.90,
0.88, 0.68, 0.86, 0.93 and 0.73; respectively) with
Si0,, Al,Os, TiO,, MgO, Fe,0; and Na,O indicated
that the Th content is mostly associated with clay
minerals and ferromagnesum minerals. Th is strong
positive correlated (r= 0.89 and 0.85; respectively)
with the traces Zr and Co, in addition with most rare
earths; Rb, Y, As, Hf, Sc, Sm, La, Ce, Ga and Nb (r=
0.77,0.81, 0.90, 0.92, 0.80, 0.84, 0.96, 0.86, 0.93 and
0.88; respectively). Also, Zr is strong positive
correlated (r= 0.96, 0.71, 0.83, 0.85. 0.87, 0.72, 0.96,
0.96, 0.79 and 0.98; respectively) with the same rare
earths. Thus, Th possibly associated with zirconium
mineral.

3.2.4. Depositional environment and paleo-redox
elements

The geochemical results of the studied shale can
be used to inspect their probably depositional setting
of Duwi Formation. V, P, and Al contents are used to
recognize the depositional setting of the studied
samples. V contented was usually higher for a marine
sedimentary rock as well as P content substantially
fluctuates in seawater. V and Al,O3 binary diagram
(Fig. 7) revealed that the studied black shale samples
are plotted in the shallow marine setting field [48].
Also, P,Os and Al,O; binary diagram (Fig. 8)
conformed to the same interpretation of Fig. (7). The

studied black shales contain high concentrations of
Cr and Ni (average 393 and 250 ppm; respectively)
indicated these black shales were deposited under
shallow marine conditions [47]. U/Mo ratio (0.40)
indicates the black shales of the studied area were
deposited under an anoxic sulphidic marine
environment [20, 13, 11]. Thus, Figs. 7 and 8
revealed that the Hamraw in shales were deposited in
more deep places than those of Islam mine.

Some of the geochemical parameters can be
utilized to evaluate the marine paleoredox conditions
of sediments, such as redox-sensitive traces; V, Ni,
Cr, Re, Mo, U, Cu, Cd, Se, Tl and Sbh, as well as
ratios of traces; Th/U, Ni/Co, V/Mo, VINi, VI(V +
Ni) and V/(V + Cr), and the depletion content of Mn.
The high contents of these redox-sensitive traces
refer to anoxic conditions in sediments [49, 12, 18,
16, 43, 46].

V, Mo, Zn, Cr, Zr, Cd, Sr, and rare earths; Y, As,
Se, Sm and U in the studied area are higher than
those of (UCC) and (PAAS), and Pb is lower than
PAAS and higher than UCC (Table 1 and Fig. 5).
While Mn, Ba, Pb, Co, Rb, Hf, Sc, Ce, Nd, La, Nb
and Th were lower than those of (UCC) and/or
(PAAS) as well as low content of Mn (~164ppm).
Thus, the content of these traces, REES and Mn
indicated the studied black shales were deposited
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Fig. 7: The Vppm-Al,O3% bivariate diagram plot for the study samples in shallow marine environment, after [48].
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during anoxic conditions. Therefore, these elements
can be used as paleo-redox indices [50].

The studied black shale samples have V/(V + Ni)
> 0.8 (average 0.81), V/Ni (average 4.39), Ni/Co
(average 27.74) and Th/U (average 0.13), these
suggest strong anoxic conditions [51, 52, 53, 54].
High strong positive correlation (r= 0.88 and 0.95;
respectively) between Ce and Fe and Mg revealed
that the Ce** is, most probably, adsorbed on oxy-
hydroxides of Fe and Mg of the oceans, which may
explain the positive Ce anomaly, which indicated the
studied black shale samples were deposited under
anoxic conditions [55, 56].

While V/(V + Cr) (average 0.74), V/Mo (average
2.94) suggest suboxic conditions. The discrepancy
between the depositional environments anoxic to
suboxic environments was possibly resulting of the
mobility of these metals during diagenesis and/or
weathering. Also, high contents of OM (average
18.02 %) has been interpreted anoxic depositional
condition [57]

3.2.5. Source of traces and rare earths

The traces and rare earths may be originated from
marine sedimentary rocks [58], seawater, organic
matter [59] or hydrothermal solutions [31].

The studied samples showed a strong positive
correlation off organic matter with most traces and
rare earths, revealing that these elements likely
originated from marine organic sources. The high
enrichments of certain traces, V, Cr, Ni, As, Sr, Mo,
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and Cd, may be related to hydrothermal activity. The
abundances of V, Zn, Cr, Ni, Mo, Cd, As are much
higher than those of PAAS and UCC, can be
indicated to hydrothermal or hydrogenous or biogenic
origin [59, 31]. The positive correlation between SiO,
and Al,O3; with rare earths Y, AS, Hf, Sc, Sm, La, Ce,
Ga, Nb and Th suggests detrital input. Thus, the black
shales for the Duwi Formation in the Qussier area
had diverse sources for redox-sensitive traces and
rare earths.

The Zr ppm vs TiO, % bivariate discrimination
diagram according to McLennan, et al., [60] indicated
that the study Islam mine black shales samples are
plotted in the felsic filed and Hamraw in mine
samples plotted in mafic field (Fig. 9).

Also, the high Fe,O3 content, some traces and
REEs; Zr, V, Sr, Th, Y, Hf, concentrations possibly
resulted from the recycling and enrichment from the
underlying rocks.

3.2.6. Mobilization of Rare Earths (REES)

REEs are mainly originated from rock and mineral
weathering, erosion and soil parent material [61].
Concentrations of REEs naturally found in sediments
depend on the parent material.

LREE recorded 125.67 and 52.7ppm as average in
the studied samples from Islam and Hamrawin mines;
respectively, and HREE recorded 41.72 and 30.1ppm
as average; respectively for the same mines (Tablel).
Thus, the enrichment of LREEs and depletion of
HREEs, were resulting of the weathering process.
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LREE/HREE ratios (3.01 and 1.75 for Islam and
Hamraw in mines; respectively) revealed that
weathering processes had extra affected on REE
fractionation in Islam mine than Hamrawin mine.
LREEs low mobility compared with HREEs led to
the LREEs enrichment, whereas HREEs depletion
coupled with raise weathering intensity in sediments
derived from metaluminous granites [62, 63].

LREEs (La, Ce, Ga, Nd and Sm) are mainly strong
positive correlated with SiO, (r= 0.95, 0.95, 0.81,
0.97 and 0.74; respectively) and Al,O3 (r=0.94, 0.95,
0.84, 1 and 0.74), which indicated that the LREEs are
associated with clay minerals and/or quartz grains.
Also, HREE; Y and Sc have strong positive relation
with SiO2 (r= 0.73 and 0.93; respectively) and Al,O3
(r= 0.71 and 0.81; respectively) which revealed that
the HREEs are associated with detrital materials.
Generally, REEs have least mobility within near-

surface environments. Consequently, these elements
those reflect nearby sources.

3.2.7. Alteration and chemical weathering effect

The chemical composition of weathering products
is probable give an idea on mobility of a variety of
elements during weathering. During chemical
weathering, Ca, Na and K are mainly removed from
source rocks and Al is the least mobile element.
Thus, chemical index of alteration (CIA) which was
proposed with Nesbitt and Young,) [64] can indicate
the intensity of weathering in source areas.

CIA = [AL,O3/( Al,O; +CaO* + Na,O + K,0)] x 100;

CaO™* represents CaO associated with the silicate
fraction of the sample.
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Fig. 9: The Zr ppm-TiO, % discrimination plot for the study samples after [60]

The CIA values in the studied samples range from
84.4 (Hamrawin mine) to 90.43% (Islam mine),
averaging 88.04% for all the study area (Table 1).
This average indicates that the basis of the primary
minerals was derivative from felsic (Islam mine) to
mafic (Hamrawin mine) origins and, generally,
subjected to extremely intensive chemical weathering
[64, 65]. In addition, the samples of the Islam mine
are subjected to more intensive chemical weathering
than those of Hamrawin samples.

The chemical index of weathering (CIW) ranges
from 92.18% (Hamrawin mine) to 95.9% for Islam
mine, with averaging 94.47% for the study area,
which indicated that black shales samples were
subjected to intensive chemical weathering either of
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the original source or during transportation before
deposition.

The immobile elements are useful indicators of
provenance of weathering [25]. Thus, the strong
positive correlations off Al,Os with Ti, Co, Zr, Y, Sc,
Ga, Sm and Th) r=0.74, 0.99, 0.98, 0.71, 0.81, 0.84,
0.74 and 0.88; respectively (Table 2) reveal that these
elements are accumulated during chemical
weathering processes. Thus, the study area was
subjected to chemical weathering condition [66, 14].

Rb/Sr ratios can be recognizing the degree of
weathering for the source rock [67]. The studied
black shale samples have an average Rb/Sr ratio of
0.05 (Table 1). It is lower than that of average of the
UCC and PAAS (0.33 and 0.08; respectively). Thus,
it indicated that the degree of the chemical
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weathering of the source study black shales was
relatively comparable to the PAAS values.

3.2.8. Maturation

The most common system to identifying the
degree of sedimentary recycling is to estimate the
maturity of the composition. The Index of the
Compositional Variability (ICV) was as a parameter
to measure the compositional maturity degree [68]:

ICV = (FEQO3 + K,0 + Na,O + CaO + MgO + MnO)/ A|203

ICV < 1 are characteristic of kaolinite, illite and
muscovite and (>1) are indicated to plagioclase, K-
feldspar, amphiboles and pyroxenes rocks [68]. Also,
the more mature shales with mostly clay minerals
must to record low ICV values (<1.0), and are
subjected to high intensity of chemical weathering
and predominate recycling processes [69]. The ICV
values of the investigated shales of Duwi Formation
range from 0.62 (Hamrawin samples) to 0.81(Islam
samples), average (0.72), Table (1). Thus, the studied
black shales of in Hamrawin and Islam mines are
subjected a highly weathering and more maturation.
Also, it indicates the dominance of kaolinite in the
study samples, which is supported by the
mineralogical analysis (Fig. 3). As well as the ICV
average (0.72) was lower than those of the PAAS and
UCC values (0.85 and 1.2; respectively). It is
revealed that the studied black shales are
compositionally  highly  mature.  Also, high
percentages of organic matter (averaging 18.02 %)
revealed that these black can be classified as high-
quality sources for extraction oil and gas.

3.2.9. Paleosalinity

The Sr/Ba ratio was applied to define the
difference in water salinity and its corresponding
climatic environment [70, 71]. Also, they mentioned
that the high Sr/Ba ratio is represented the high
salinity and arid hot climate conditions, whereas a
low ratio pointed out to low salinity and a humid
warm climate [70, 71]. Sr/Ba for the studied black
shale samples are ranges from (5.87 for Islam mine)
to (7.53 for Hamrawin mine) with averaging 6.91 for
the study area, which indicating a hot climatic
condition. The Sr/Ba versus V/Ni ratio plot (Fig. 10)
is confirmed the result of Sr/Ba ratios [49], where the
studied samples are plot in the high salinity fields.
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This climate a condition is also supported by the
(CIA) values (from 84.4 to 90.43%) for the Duwi
black shales.

3.2.10. Tectonic setting

Generally, the geochemical and mineralogical
compositions of marine sediments are related to their
tectonic settings [72, 73].

The tectonic settings based on SiO, content and
K,0O/Na,O ratios were proposed by Roser and Korsch
[74]. The binary diagram has been divided into three
categories. Plotting of the samples under study in the
binary diagram log K,O/Na,O - SiO, shows that all
the black shale samples of Duwi Formation fall in the
active continental margin of provenance (Fig. 11).
The high matured sediments are derived by recycling
of older sedimentary and metamorphic rocks of
platforms [75]. Thus, the investigated black
shalesrelated to the active continental margin of
provenance and may be original by recycling of older
sedimentary and metamorphic rocks.

3.2.11. Paleoclimate

The highly in the degree of chemical weathering
may indicate a decrease in tectonic activity and/or
change in climate towards warm and humid
conditions [76]. Paleoclimate is a most factor in the
evaluation of the composition and weathering of
sedimentary rocks [77]. Thus, the paleoclimate was
represented a main parameter to be identified the
evaluation of the composition and weathering of
sedimentary rocks.

Several proxies such as clay composition as well
as trace element contents and ratios (Sr/Cu and Sr/Ba
ratios), have been widely used to examine
paleoclimatic conditions.

The Sr/Cu ratio is an important indicator of
paleoclimate, where Sr/Cu ratio >5, indicated to a
hot-arid climate, and Sr/Cu from 1.3 to 5.0 indicates
warm and humid climate conditions (Ben-Awuah, et
al., 2017). The Sr/Cu ratios of the studied black shale
vary from 4.8 for Islam mine to 6.35 (for Hamrawin
mine) with averaging 5.74 for all samples of the
study area. The diagram shows warm and cool
climate condition and Sr/Cu ratio >5, so according to
Ben-Awuah, et al.,, [79]. Plotting of the studied
samples in the binary diagram Sr/Cu — Ga/Rb shows
that the climate of black shale samples of Duwi
Formation was hot arid (Fig. 12), [78].
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The high average CIW value (94.47%, Table 1)
indicated that intense recycling in a humid climate or
intense recycling in hot/arid climate [81].

3.3. Comparison of the chemical composition with
other localities:

Table (3) shows the distribution of the traces,
Ytraces, CIA, ICV and CIW in the study black shales
and in some other mines; Gebel Duwi mines, Gebel
El-Nakhial and El-Bida as well as UCC and PAAS
contents. Table (4) shows the concentration of the
REEs, ZREEs, LREEs and ZHREEs.

Generally, the study black shales in Islam and
Hamrawin mines are enrichment than those recorded
in UCC and PAAS vales. The black shale samples
Hamrawin are enhancement in V average than all the
other mines (Table 3 and Fig. 13). In addition the low
concentration of it was recorded in Islam mines, thus,
V concentration decreases from Hamrawin mine in
from central to south of Qussier.

But, Islam mines black shale was recorded the
highest value of CIA and CIW (90.14 and 94.93%;
respectively), thus the chemical weathering increased
to the south direction of Qussier. Gebel Duwi mines
(Abou El-Anwar, et al., 2017) [24].represented the
highest maturity (ICV= 0.92%).

GebleDuwi black shales are enrichment in Mn, Cr
and Cu, as well as recorded the highest average of
Ytraces [13]. In addition, (Abou El-Anwar, et al.,)
[14] recorded the high enrichment in averages Ni, Zr,
Cd and Sr. the high enrichment of Mn, Mo, Ba, Zn,
Co and As are recorded in Gebel EI-Nakhial samples
[14]. However, the highest concentration of Pb for
Gebel EI-Nakhial black shale samples was
determined with Abou El-Anwar, et al., [14].

The study of black shale samples in Islam mines
are represented the highest content of Hf, Y, Sc, Ce,
La, Rb, Sm and Th (1.24, 32.5, 9.22, 38, 34.5,10.55
and 8.93ppm; respectively) from all the other mines
(Table 4 and Fig. 14). Generally the black shales of
Islam mines are represented the highest average of
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YREEs, XLREEs and XHREEs (233.75, 125.67 and
41.72ppm; respectively) than all the other mines.
Consequently, the XREEs are increased to the
direction of south Qussier.

4. Conclusions

The black shales in the Qusseir area (Duwi
Formation) were deposited in an anoxic shallow
marine environment. Highly enrichment of redox-
sensitive elements of the studied marine black shales
can be considered as strong verification for anoxic
conditions existing during the deposition of the shales
of the Qusseir area of the Duwi Formation. XRD
analyses indicated the studied black shales are
consisted of two phases, clay and non clay minerals.
The chemical analyses indicated that it was deposited
under high salinity, hot arid climate conditions. Also,
the chemical analyses revealed the study black shales
are more mature and subjected to intensity chemical
weathering.
The high some traces and REEs minerals revealed to
input of recycling components derived from old
sedimentary source in a comparatively stable tectonic
setting [82, 14]. Resulting of the high contents of
some traces and REEs minerals indicated that the
studied black shales have economic values for
industry; wind power, linear fluorescent lamps,
compact fluorescent lamps, light-emitting diode,
electric vehicles, electric bicycles, batteries, and
catalytic converter. Generally, the XREEs are
increased in direction from central to south Qussier.
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Table 3: Traces elements, CIA, CIW and ICV of the black shale for this study as compared with published
average in different localities.

G Duwi, . . El Bida,
Islam Hamrawin | Abou El G, Duwi, | Nakhial, Abou El
Mine Mine Anwar Abou El- | Abou EI- Anwar
' ' ' Anwar, | Anwar, et ' uUccC PAAS
present present et al., 2017 al. 2019 etal.,
study study 2014, [16], "[1 4] ' 2019,
[13] [14]
Mn 160.33 167.17 390 154.9 390.2 309.5 770 539
Mo 68 175.17 511.75 110 591.6 148.5 12 12
Pb 9.47 9 11.25 11 38.9 63.5 0.52 20
Ba 80.5 78.83 79 0 189.7 83.25 624 550
Cr 371.67 416.67 | 1107.75 752.6 961.7 349.25 92 110
Cu 86.17 91.33 235.25 214.5 222 46 28 50
Ni 188.67 305 2455 393.1 230.1 96.5 57 55
Zr 478.33 33.15 475 740.3 71.1 123.25 120 21
\Y/ 475 1715.83 | 1693.75 1232.4 1314.1 533.25 97 150
Zn 873.33 1309.17 1959.5 | 1205.09 1378.5 192 37 85
Cd 45,98 95.67 7.25 290 155.3 7.25 0.009 0.098
Co 11.88 6.13 0 0 52.6 0 23 10
Sr 469.67 632 510 676.5 155.3 7.25 336 200
As 11.62 7.58 29 17 67.8 29 4.8 1.5
CIA 90.14 85.93 85.03 88.16 87.62 85.03 56.93 75.3
Ciw 94.93 94.08 94.3 95.32 89.4 94.3 65.24 88.32
ICV 0.76 0.68 0.71 0.92 0.87 0.71 1.2 0.85
Ytraces 2552.12 3989.53 | 5336.75 | 4838.99 4128.17 1440 1078.2 1051

Table 4: The REEs the black shels in this study as compared with published average in different localities

G Duwi, Dqu'w Nﬂggﬁ" El Bida,

Islam Hamrawin | Abou El ' Abou El

Mine, Mine, Anwar, Aé)lou A El- Anwar, UCe PAAS

present present etal, Anvv_ar e?\;vlar, etal,

study study 2014, 2017 ’ 2019’ 2019,

[13] [16] ' [14] ' [14]

Hf 1.24 0.81 0 0 0 0 5.8 5
Y 32.5 25.83 7.25 30 7.85 13.75 1.6 5
Sc 9.22 7.08 0 0 0 0 11 16
Ce 46.5 17.75 0 0 0 0 64 80
Nd 10.62 10.98 0 0 0 0 12 12
La 38 11.63 0 0 0 0 30 38
Ga 20 12 225 0 235 225 17.5 20
Rb 34.5 19.9 26.5 29 14.7 26.5 84 16
Se 21.67 41.08 215 44 48.2 215 4.5 0.05
U 32.28 65.73 66.5 35 33.4 66.5 2.7 2.8
Th 8.93 3.53 0 0 0 0 10.7 14.6
Sm 10.55 8.22 0 0 0 0 45 5.6
Nb 8.96 4,53 10.63 0 13 10.63 12 14
YREEs 145-73 74-86 95.88 73 139.55 | 108.125 516.63 400.55
2LREEs 104-61 49-5 22.5 32.2 67.8 29 141.24 155.65
YHREEs 41.72 32.91 7.25 0 0 0 12.6 21
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