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ABSTRACT

Phosphorite deposits of the late Cretaceous (Campanian) age belonging to Duwi Formation. This
Formation can be classified into lower phosphorite, middle shale and upper phosphorite members.
The lower phosphorite member of the Duwi Formation, in Wadi El-Shaghab, El-Sibaiya east area,
Nile Valley, is important rock unit for its relatively high enrichment of P,Os content and U content.
Lithostratigraphically, three lithostratigraphic sections (El-Shaghab, Um-Tundab and Um-Hagara) of
Wadi El-Shaghab area were studied to know the geological setting. The lower phosphorite member of
Duwi Formation is classified from base to top as A-B and C beds._Petrographically, the petrographic
characteristics in six samples are determined using Polarizing Microscopy. The studied phosphatic
grains are composed of phosphatic particles (Peloids, Bioclasts and Coprolites) and non-phosphatic
particles (cementing materials). Phosphorites formed under shallow marine environment by the
influence of upwelling under an oxic continental shelf environment during a subsequent transgression,
forming the phosphorite of the lower member. Mineralogically, the unknown minerals were examined
in eight samples. The main mineralogical composition of the investigated bulk samples has been
determined using the X-ray diffraction technique (XRD). The mineral constitutes of the studied
phosphorites are composed mainly of apatite (francolite and hydroxyl apatite); while the non-
phosphatic minerals are composed of calcite, quartz and iron oxides. Geochemically, thirty phosphatic
samples were collected and analysis to know the distribution of the major and trace elements in the
rocks. Rare Earth Elements and Radioactivity (Uranium, Radium and thorium contents) in all samples
were determined by multi-channel analyzer gamma ray spectrometer. Uranium content in all samples
was calorimetrically determined using LABOMED spectrophotometer using Arenaso III method. The
studied phosphorites in Wadi El-Shaghab area have high P,Os and Uc contents. Generally, could
suitable for mining operation and provide economic value for production of phosphatic fertilizers,
phosphoric acid and extracted of U as by-product.
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1. Introduction

The phosphorite deposits in Egypt belong to the Duwi Formation, which represents part of the
Mediterranean phosphorite belt, which extends from the African (west) to the Asian (east) Arab
countries (Youssef, 1957). In Egypt, the phosphorite occurrences may be subdivided into three east-
west trending facies belts, the northern facies belt spreads from Bahariya Oasis to Sinai, its phosphatic
rocks occur as thin layers, mainly within carbonate and sand facies, the economic occurrences of
phosphorites are restricted to the central facies belt, which distributed in three main localities, namely
the Red Sea from Safaga to Quseir, the Nile Valley between Idfu and Qena, particularly near Sibaiya,
and the Western Desert on the Abu Tartur plateau between Kharga and Dakhla oases, the third facies
belt lies between latitudes 22° to 24°N and longitudes 30° to 33°E and this facies belt is associated
with iron ore accumulations (Hermina, 1972). The Duwi Formation is conformably overlain by

Corresponding Author: Mohamed A. Khalifa, Department of Geology, Faculty of Science, Menoufia
University, Egypt.
627



Curr. Sci. Int., 10(4): 627-643, 2021
EISSN: 2706-7920 ISSN: 2077-4435 DOI: 10.36632/csi/2021.10.4.53

Dakhla Formation and unconformable underlain by Quseir Member of Nubia Formation, the Duwi
Formation assigned as Upper Campanian to Early Maastrichtian age, the Duwi Formation subdivided
into three members; Upper Phosphorite, Middle Shale and Lower Phosphorite Members (Issawi et al.,
1999).

About 6 million tons of phosphorite ores were mined in Egypt during 2018, half of them were
manufactured as phosphatic fertilizers (single super phosphate, SSP), 90.000 tons were used for tri-
super phosphate production and 75,000 tons for phosphoric acid manufacturing, while the rest was
exported (AFA, 2018). Zidan (2020) concluded that the phosphorite reserves in Egypt are not clearly
indicated, but they estimated as geological reserves. According to the world mining codes, the level of
accuracy in calculating geological reserves is very low, and the mineral risk ratio is over 50%. This is
because it needs more geological studies, and it has not been carried out since the 1970s.

Zidan (1998) reported that the lower member of Duwi Formation at Abu Tartur area represents
productive phosphorite beds with thickness ranges from 0.70 up to 10 meter while the middle member
composed of black shale and siltstone with thickness ranges from 12 to 28 meter. On the other hand
the upper member has three thin phosphatic bands intercalated with black shale with total thickness
ranges from 0.70 to 1meter.

Zidan (2002 and 2013) reported that the unconformable boundary between the Quseir Member
and the overlying Duwi Formation is characterized by an undulating surface and conglomerate bed
where the non-oxidized phosphorite rocks were deposited in reducing environment and changing to
yellowish brown colour by subsequent chemical oxidation processes.

The geochemistry of phosphorites and its main mineral constituent, francolite, have been widely
studied due to their economic importance. Variability in chemical composition of francolite may
reflect difference in original composition and modification during diagenesis after Jarvis et al., (1994).
All sedimentary phosphorites everywhere in world are mainly composed of carbonate fluorapatite
(francolite) but the fluorine content increase with age. The francolite of the Upper Cretaceous age
contains from 3 to 5 % F, with F/P,Os ratio of about 0.11, while the F content measured in modern
human bone by tens of ppms, after El-Kammar (2002).

Cathcart (1978) mentioned that the phosphorite rocks were considered as natural source of
uranium, where the uranium chemically is enriched in sedimentary phosphate during deposition and
diagenesis through the sea water. The uranium content is mostly present in the apatite mineral ranging
from 30 to 300 ppm and may reach up to 500 ppm in phosphorite reworked in marine environment.
The main uranium components in phosphorite are U™ and U*®. The tetravalent from replaces partially
Ca™ in apatite lattice because of their similar ionic radii, while the hexavalent one is enriched in the
ore by adsorption onto mineral surface, after Slansky (1986).

Abu Tartur phosphorites contain the highest contents of REEs up to 200 ppm, after Amin and
Zidan (2014). Zidan (2012) stated that the Abu Tartur phosphorites has lowest content uranium
content about 24 ppm relative to El-Sibaiya phosphorites about 85 ppm and Red Sea about
phosphorites about 68 ppm.

The present study, located in north Wadi El-Shaghab, El-Sibaiya East area, Nile Valley. The
area locates along the eastern bank of the River Nile, about 20km north of Idfu town then about 50km
to east between latitudes 25°20” and 25°15” N and longitudes 33°07" and 33°16" E. as shown in (Fig.
1). This study deals with the phosphorites, the U and REEs contents in lower phosphorite member of
Duwi Formation at Wadi El-Shaghab area. Detailed stratigraphic, petrographic, mineralogical and
geochemical investigations were carried out to shed light on the prevailed depositional environment
and diagenetic history.

Sampling and analytical techniques

Thirty representative samples were collected from three lithostratigraphic sections to cover the
most of the lower phosphorite member at Wadi El-Shaghab. These samples were prepared and
subjected to complete wet chemical analysis to estimate their major oxides while the trace elements
were measured by using XRF (X-ray fluorescence) Philips X-ray spectrometer. On the other hand, the
uranium contents were determined radiometrically using the gamma-ray spectrometer, as well as
chemically by spectrophotometric technique using arsenazo III as indicator.

The petrographic characteristics were microscopically investigated for six selected samples
while the eight mineralogically samples were selected and investigated by XRD instrument unit (PW
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1830), with scintillation counter (PW 3020), Cu target (PW 2233/20) and Ni filter at 40 kV and 30
mA. These performed analyses were carried out in laboratories of Nuclear Materials Authority
(NMA).
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Fig. 1: Key map showing the location of the studied area and sections in Wadi El-Shaghab, El-Sibaiya
East area, Nile Valley, Egypt.

Geological setting

Phosphorite beds are exposed in the stratigraphic section of Wadi El-Shaghab area, the Duwi
Formation is conformably overlain by Dakhla Formation and unconformably underlain by Quseir
Member of Nubia Formation. The Duwi Formation is composed of coarse to fine phosphatic grains
intercalated with silicified phosphorite, shale, marls, chert concretions and oyster limestones at lower
phosphorite member and shale at middle member while the upper member composed of phosphatic
band with low thickness as shown in (Figs. 2 and 3).

The stratigraphic succession of the investigated area is classified after Issawi et al. (1978 and
1999) and Zidan (2002 and 2017) into the following rock units:
Top
3) Dakhla Formation.
2) Duwi Formation.
v" Upper Phosphorite Member.
v" Middle Shale member.
v Lower Phosphorite Member.
1) Quseir Member of Nubia Formation.
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Fig. 2: Description of general lithostratigraphic section of exposed rock units at Um-Tundab section in
Wadi El-Shaghab, El-Sibaiya East area, Nile Valley.
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Flg 3: Photograph showing the lower phosphorite member and middle shale member of Duwi
Formation at Um-Tundab section in Wadi El-Shaghab, El-Sibaiya East area, Nile Valley.
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1- The Lower Phosphorite Member:

This member is the basal unit of the Duwi Formation, considering the main economic
phosphorite unit, and existing in the three sections (El-Shaghab, Um-Hagara and Um-Tundab). It is
composed of phosphorite beds; oxidized, fine to medium grains, yellowish to brown colour,
moderately hard, interbedded with silicified phosphorite bands, oyster phosphatic limestones, marls
and chert lenses. This member has thickness ranges from 5 to 6 meter with an average of 5.5 meter.
Generally, the thickness of lower phosphorite member increase in the west than the east area. The
phosphorite beds of this member are classified from base to top as A — B and C beds.

2- The Middle Shale Member:

This member is mainly composed of shale: papery, very fine grains, grey to green colour,
fissile, characterized by cracking filled with gypsum. This member has thickness ranges from 15 to 16
meter with an average of 16 meter represented in the Um-Tundab section of the studied area only.

3- The Upper Phosphorite Member:

This member is composed of phosphatic rocks; oxidized, fine to medium grains, yellowish to
brown colour, moderately hard. The thickness of this member ranges from 10 to 20 cm with an
average 15 cm. The phosphorite of this member is low grade and low thickness.
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Fig. 4: Lithostratigraphic correlation chart between studied sections in Wadi El-Shaghab, El-Sibaiya
East area, Nile Valley.

Petrography

The investigated phosphorite samples of Wadi El-Shaghab area were microscopically showed
two principal constituents; phosphatic components (apatite, fish bone fragments and Shark teeth) and
non-phosphatic components (calcite, quartz and iron oxides) as cement materials as shown in (Figs. 5
to 10).

The phosphate grains are generally of angular to sub-rounded elongated in shape and yellowish
brown colour as shown in (Figs. 5 to 10). Which could be reflecting the effect of oxidation of pyrite
mineral and formation of iron oxy-hydroxides according to Zidan (2013). Fish bone fragments are
generally elongated to sub-angular in the shape. The bone fragments and teeth with different sizes and
shapes are common as clastic allochemical constituents as shown in (Figs. 5 to 10).
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On the other hand the non-phosphate cementing components are mostly composed of
microcrystalline calcite grains as well as iron oxides. The replacement of phosphate grains by
cementing material reflects the diagenetic process effect as shown in (Figs. 5 to 10).

Fig. 5: Photomicrograph showing phosphatic grains, medium to coarse, subrounded to subangular
shape embedded in iron oxide and carbonate cement. Note: the changing of black phosphorite
grains to yellowish brown colour by geochemical oxidation (C.N), (X=200um).

v y 3 : -

=

>

. P . : R, . Phoc o e - " =) 3 E
Fig. 6: Photomicrograph showing bioclastic phosphatic grains, bone fragments and coprolites
embedded in carbonate cement. The phosphatic grains are yellowish brown in colour, fine to
very coarse, subrounded to elongated shape (C.N), (X=200um).
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Fig. 7: Photomicrograph showing phosphatic grains, brown in colour, medium to very coarse, and
subrounded to subangular shape embedded in iron oxide and carbonate cement (C.N),
(X=100um).

Fig. 8: Photomicrograph showing bioclastic phosphatic grains, bone fragments, shark teeth and
coprolites embedded in carbonate cement. The phosphatic grains are brown in colour, fine to
medium, subrounded to elongated shape (C.N), (X=200um).
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Fig. 9: Photomicrograph showing bioclastic phosphatic grains consisting of phosphatic gréins and
bone fragments embedded in iron oxide cement. The phosphatic grains are brown in colour,
fine to coarse and surrounded to subangular shape. Note: big shark teeth substituted by apatite
and filled by yellow amorphous radioactive materials at the top (C.N), (X=100um).

Fig. 10: Photomicrograph showing phosphatic grains; brown in colour, fine to coarse and subrounded
to subangular in shape embedded in iron oxide and carbonate cement. Note: some elongated
bone fragment are present (C.N), (X=100um).
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Mineralogy
Mineralogical study using the XRD patterns identified the apatite (francolite and hydroxyl

apatite) as the main phosphatic minerals constituents in the studied Wadi El-Shaghab phosphorite
samples as shown in (Figs. 11 to 13). El-Kammar (1974) pointed out the fact that francolite is the only
apatite mineral of which the sedimentary phosphorite of Egypt are composed, but no attempt was
made to calculate the exact chemical formula of this apatite. El-Kammar (2002) suggested that
francolite is the only major phosphate mineral, many other minerals and solid states of uncommon
phosphate may occur in minor concentrations.

Besides the non-phosphate minerals are composed of calcite, quartz and iron oxides as shown in
(Figs. 11 to 13). Zidan (2013) stated that the presence of hematite and anhydrite minerals in
phosphorite rocks reflects the oxidation of pyrite mineral due to the geochemical weathering.
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Fig. 11: X-ray diffraction pattern showing the mineral peaks of phosphorite rocks at El-Shaghab
section in Wadi El-Shaghab, El-Sibaiya East area, Nile Valley (Sample No.3 and 8).
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Fig. 12: X-ray diffraction pattern showing the mineral peaks of phosphorite rocks at Um-Hagara
section in Wadi El-Shaghab, El-Sibaiya East area, Nile Valley (Sample No.11, 13 and 18).
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Fig. 13: X-ray diffraction pattern showing the mineral peaks of phosphorite rocks at Um-Tundab
section in Wadi El-Shaghab, El-Sibaiya East area, Nile Valley (Sample No.21, 23 and 28).
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Geochemical characterization
1. Major Oxides

The collected phosphorite samples of Wadi El-Shaghab area subjected to chemical analysis for
determination of the major oxides count (Table 1). Results show that the studied phosphorite deposits
are dominated by CaO ranging from 37.6 to 42.5% with an average of 38.7%, P,Os ranging from 26.3
to 31.7% with an average of 28.4%, SiO; ranging from 8.9 to 13% with an average of 10.7%, MgO
ranging from 2 to 7% with an average of 4%, Fe,O; ranging from 2.4 to 5.6% with an average of 3.4%
and F ranging from 1 to 3.4% with an average of 2.4%. The average contents of Al,Os and Na,O are
1.7% and 1.2%, respectively. However, K,O is minor constituent showing average of 0.23%.

Traditionally, the CaO and P,Os are the main component of apatite minerals while Fe,O3;, MgO
contents are related to presence of hematite and anhydrite minerals respectively. On the other hand the
observed variation in the P»Os content could reflect the diagenetic and geochemical process causes
limited replacement of P,Os by other components such as SiO.. The microscopic examination
indicated that the replacement of phosphate particles by cementing materials. This reduces the grade of
the phosphorite.

Generally, the P,Os, Fe,O3 and MgO% contents are widely used for quality evaluation in industry.
Zidan (2017) classified the Egyptian phosphorite grades according to P,Os content, high grade (more
than 27% P,0s), medium grade (27 - 23% P»0s), low grade (less than 23% P»Os), the studied
phosphorite of Wadi El-Shaghab area considered as high grade (P.Os content more than 27%).

Table 1: Chemical analysis of major oxides of phosphorite rocks in Wadi EI-Shaghab, El-Sibaiya East
area, Nile Valley.

Section S.No. P.0Os CaO MgO SiO; Fe:0O3 F ALO3; NaxO KO L.OJd
1 29.4 39 2.2 9 2.4 3 1.4 1.2 0.1 8.5
g 2 30.8 425 2.6 9 3 3 1.4 1.2 0.1 8.4
:‘; 3 29.9 42 7 12 53 23 1.9 1.2 0.4 12.1
2 4 31,5 398 2.7 9 3 2.4 1.6 1.1 0.2 11.3
= 5 31.7 40 2 8.9 28 23 1.5 1.1 0.2 10.2
En 6 314 399 28 9.1 32 25 1.6 1.1 0.2 11.3
= 7 269 388 56 127 31 13 2.1 1.2 0.3 9.4
EI 8 263 379 62 128 33 14 2.2 1.2 0.2 10.4
9 28.7 40 276 105 327 1.6 1.6 1.2 0.2 10.7
10 279 405 4 10.2 3 1 1.3 1 0.2 10.4
11 284 413 27 9.7 3 3 1.6 1.2 0.2 8.7
E 12 28.6 403 24 95 3.1 32 1.7 1.2 0.2 9.1
§ 13 28 40 2.8 9.8 32 3.1 1.8 1.2 0.2 8.9
2] 14 283 412 2.7 10 3.1 32 1.6 1.2 0.2 8.8
E 15 286 404 25 95 32 33 1.8 1.3 0.2 9.2
= 16 282 402 2.7 102 31 29 1.7 1.2 0.2 9.1
= 17 274 38.8 57 11.8 32 21 23 1.2 0.3 9.5
g 18 27.6 40 43 105 33 15 1.5 1.2 0.2 9.8
19 273 385 57 117 34 1.8 2.2 1.2 0.3 10.5
20 272 384 58 11.8 35 1.7 23 1.1 0.2 10.4
21 283 41.1 28 102 32 33 1.7 1.2 0.2 8.7
E 22 274 405 3.8 103 3.1 1 1.3 1 0.2 10.5
b 23 275 413 2.7 98 3.2 3 1.5 1.2 0.2 8.6
‘2 24 276 414 26 97 33 31 1.4 1.3 0.2 8.5
3 25 273 38,66 54 11.8 32 1.8 1.8 1.2 0.3 9.9
g 26 275 376 48 11.1 31 22 1.4 1.2 0.2 11.6
= 27 274 378 49 108 32 22 1.5 1.2 0.2 11.5
£ 28 283 412 58 129 56 3.1 1.9 1.6 0.4 12.5
= 29 282 415 6.8 13 54 32 1.9 1.3 0.4 12.4
30 28.6  41.7 57 128 45 34 2.1 1.2 0.3 12.7
Min. 263 37.6 2 89 24 1 1.3 1 0.1 8.4
Max. 31.7 425 7 13 56 34 2.3 1.6 0.4 12.7

Aver. 28 38.7 4 107 34 24 1.7 1.2 0.2 10
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Average values of the major components for the studied phosphorite samples are compared with
that of other localities to illustrate the geochemical facies and rock components that accompanied the
different deposition environments as shown in (Table 2).

Table 2: Average contents of the major oxides of the studied phosphorite rocks in Wadi El-Shaghab,
El-Sibaiya East area, compared to some published data.

Locality

Oxide (%) 1 2 3 4 5 6
P20s 28.41 25 24.75 25 25.95 2827
Ca0 38.69 36 38.72 39 39.01 40.38
Fe:03 3.41 2.23 3.38 43 4.00 1.63
MgO 4.02 2.54 3.4 5 4.68 433
F 2.4 1.74 1.7 3 1.6 -

Si0; 10.67 18.5 7.3 10.8 10.88 8.87
AL:03 1.72 6.09 1.7 1.8 1.76 2.90
Na:0 1.20 0.67 0.92 1.1 1.18 1.20
K20 0.23 0.06 0.2 0.2 0.21 0.97

1. Wadi El-Shaghab phosphorites (present study).
2. El-Sibaiya East phosphorites (Negm, 2009).

3. Abu Tartur phosphorites (Zidan, 2019).

4. Helal phosphorites (Zidan, 2017).

5. El-Sibaiya West phosphorites (El Shazly, 2017).
6. Safaga-Quseir phosphorites (Hebeish, 2008).

2. Trace Elements

The concentrations of some trace elements in the phosphorite samples of Wadi El-Shaghab area
are given in (Table 3) showing that the Cr and Ni are trace constituents showing averages of 122 ppm
and 38 ppm, respectively. However, Zn content in the studied phosphorite samples ranges from 13
ppm to 198 ppm with an average of 123 ppm. Altschuler (1980) concluded that Zn content is
attributed to the presence of sulphate phase in phosphorite.

3. Radioactivity

Radiometrically, it is found that the equivalent uranium content (eU) in Wadi El-Shaghab
phosphorite ranges from 76 to 145 ppm with an average of 105 ppm, while chemical uranium (cU)
attains values ranging between 81 ppm to 149 ppm with an average of 110 ppm. However, the Ra
content ranges from 83 ppm and 152 ppm with an average of 115 ppm as shown in Table (3).

Uranium in phosphorite may be present in the apatite lattice and/or adsorbed on the cement after
Lucas et al., (1980). Guirgues (2005) studied the geochemical relation of U with some major and trace
elements of Sinai phosphates and mentioned that U is associated with carbonate-apatite and was
derived from sea water (i.e. syngenetic origin).

The average uranium content in Wadi El-Shaghab phosphorite (110 ppm) is higher than El-
Sibaiya West phosphorite (60 ppm, after El-Shazly, 2017), El-Sibaiya East phosphorite (76 ppm, after
Negm, 2009), Helal phosphorite (69 ppm, after Zidan, 2017), Safaga-Quseir phosphorite (68 ppm,
after Zidan, 2012) and Abu Tartur phosphorite (27 ppm, after Zidan, 2019) as shown in (Table 4).
Traditionally, the variation in U content is probably related to depositional and diagenetic aspects.

The average Ra content in Wadi El-Shaghab phosphorite (115 ppm) is higher than El-Sibaiya
West phosphorite (65 ppm, after El-Shazly, 2017), El-Sibaiya East phosphorite (63.91 ppm, after
Negm, 2009), Helal phosphorite (70 ppm, after Zidan, 2017), Safaga-Quseir phosphorite (69 ppm,
after Zidan, 2012) and Abu Tartur phosphorite (25 ppm, after Zidan, 2019) as shown in (Table 4).

The calculated average (cU/Th) ratio of Wadi El-Shaghab phosphorites is (84.5), indicating the
higher degree of uranium mobilization and enrichment. However, the equilibrium factors, P-Factor
(eU/Ra; after Naumov, 1959), is slightly less than one (0.91) in average, D-Factor (cU/eU; after
Adams and Weaver, 1958), is slightly more than one (1.05) in average. The previously calculated two
factors are roughly close to unity, which could reflect equilibrium state. So, it could be concluded that
U mobilization and enrichment is syngenetic, without any post-depositional modification.
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Table 3: Chemical analyses of trace elements of phosphorite rocks in Wadi El-Shaghab, El-Sibaiya
East area, Nile Valley.
Section 1\?(') Cd Cr Cu Ni Zn Pb UC EU Th Ra REEs UC/Th EURa UC/EU
1 9 135 25 28 56 5 139 136 1 142 8l 139 0.96 1.02
g 2 5 136 12 11 167 2 145 141 1 149 193 145 0.95 1.03
g 3 14 139 22 38 13 3 143 133 2 145 281 715 0.95 1.04
@ 4 10 132 11 19 139 4 146 144 2 150 253 73 0.96 1.01
E 5 1 133 13 19 138 3 149 145 1 152 254 149 0.95 1.03
Ty 6 10 132 11 20 140 2 147 143 1 151 234 147 0.95 1.03
= 7 12 8 30 45 94 1 81 77 2 84 287 405 0.92 1.05
= 8 12 8 31 44 93 2 84 78 3 83 197 28 0.94 1.08
9 6 128 27 40 28 3 83 76 3 84 93 2767 090 1.09
10 4 114 12 31 124 2 85 79 2 86 96 425 0.92 1.08
11 12 146 29 44 152 7 87 80 2 87 219 435 0.92 1.09
-5 12 11 147 28 45 143 5 84 81 1 88 234 84 0.92 1.04
3 13 10 145 29 44 148 7 116 11 113 263 116 0.98 1.05
% 14 12 143 30 42 153 7 121 1ns 1 117 213 121 0.98 1.05
£ 15 10 143 28 44 151 7 124 17 1 120 225 124 0.98 1.06
& 16 11 141 29 45 139 7 117 112 2 115 189 585 0.97 1.04
= 17 11 8 29 46 95 1 114 109 1 111 215 114 0.98 1.05
2 18 6 115 11 30 122 2 113 12 114 9 56.5 0.97 1.02
19 10 8 27 46 95 1 99 92 1 104 191 99 0.88 1.08
20 12 81 29 46 93 1 97 9 1 112 197 97 0.80 1.08
21 11 147 31 45 151 7 103 99 107 211 103 0.93 1.04
s 2 9 115 11 30 123 2 105 97 1109 99 105 0.89 1.08
2 23 11 142 25 41 153 7 103 9 2 108 189 515 0.89 1.07
2 24 10 144 29 4 138 6 105 98 2 110 214 525 0.89 1.07
= 25 11 81 31 46 95 1 99 93 4 112 228 2475 083 1.06
£ 26 9 117 29 45 96 5 102 % 2 117 92 51 0.82 1.06
& 27 11 123 27 40 92 4 101 95 1121 144 101 0.79 1.06
2 28 12 110 31 44 191 6 104 9 2 117 117 52 0.85 1.05
29 11 121 30 39 165 5 108 101 1 123 208 108 0.82 1.07
30 9 117 30 37 198 3 110 103 1 125 216 110 0.82 1.07
Min. 4 81 (1 11 13 1 81 76 1 83 81 2475 079 1.01
Max. 14 147 31 46 198 7 149 145 4 152 287 149 0.98 1.09
Aver. 10 122 2457 38 123 4 11047 105 1.6 115 191 _ 8451 091 1.05
EU=equivalent uranium UC= chemical uranium

Table 4: Correlations between average radioactivity concentrations in Wadi El-Shaghab, El-Sibaiya
East area, Nile Valley and other published phosphorites.

Locality element 1 2 3 4 5 6
cU (ppm) 110 76 60 69 27 68
Ra (ppm) 115 63.91 65 70 25 69
Th (ppm) 1.6 3 6 3 5 4

1. Wadi El-Shaghab Phosphorites (The present study).
2. El-Sibaiya East phosphorites (Negm, 2009).

3. El-Sibaiya West phosphorites (El-Shazly, 2017).

4. Helal phosphorites (Zidan, 2017).

5. Abu Tartur area phosphorites (Zidan, 2019).

6. Safaga- Quseir phosphorites (Zidan, 2012).

4. Rare earth elements

In the present study, the REEs content ranges from 81 to 287 ppm with an average of 191 ppm
as shown in (Table 3). Abu Tartur phosphorites contain the highest contents of REEs up to 200 ppm
relative to El-Sibaiya phosphorites that contain about 150 ppm (after Amin and Zidan (2014)).

The chemistry of REEs makes them particularly useful in both geochemical and sedimentary
studies. They behave as an unusually coherent, relatively inactive group of elements, so that their
relative abundances can be used to deduce their source in sedimentary deposits. Generally the light
REEs (La-Eu) are referred to cerium group, while the heavy REEs (Gd-Lu) are known as the yttrium
group after Elderfield and Greaves (1981).
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Conclusions

1- Detailed stratigraphy, petrography, mineralogy and geochemistry of the phosphorites occurring in
the Upper Cretaceous Duwi Formation assigned as Campanian age, carried out on three exploited
mines: El-Shaghab, Um-Tundab and Um-Hagara sections in north Wadi El-Shaghab, El-Sibaiya
East area, Nile Valley.

2- The Duwi Formation is conformably overlain by Dakhla Formation and unconformable underlain
by Quseir Member of Nubia Formation, the Duwi Formation subdivided into three members; upper
phosphorite, middle shale and lower phosphorite members, the lower phosphorite member is the
most productive and economic one. This member is composed of phosphorite beds; oxidized, fine
to medium grains, yellowish to brown colour, moderately hard, with thickness ranges from 5 to 6
meter with an average of 5.5 meter.

3- Petrographically, the petrographic characteristics in six samples are determined using Polarizing
Microscopy. The studied phosphatic grains are composed of phosphatic particles (Peloids,
Bioclasts and Coprolites) and non-phosphatic particles (cementing materials).

4- The phosphate grains are generally of angular to sub-rounded elongated in shape and yellowish
brown colour which could be reflecting the effect of oxidation environment, fish bone fragments
are generally elongated to sub-angular in shape, the bone fragments and teeth with different sizes
and shapes are common as clastic alchemical constituents, the non-phosphate cementing
components are mostly composed of microcrystalline calcite grains as well as of iron oxides, the
replacement of phosphate grains by cementing material reflects the diagenetic process effect.

5- Wadi El-Shaghab phosphorites are probably formed under shallow marine environment by the
influence of upwelling during the early Campanian sea-level highstand. The phosphatic grains were
reworked by storm waves during the following mid Campanian lowstand and transported landward
and concentrated on the ravinement surface under an oxic continental shelf environment during a
subsequent transgression, forming the phosphorite of the lower member.

6- Mineralogically, the unknown minerals were examined in eight samples. The main mineralogical
composition of the investigated bulk samples has been determined using the X-ray diffraction
technique (XRD). The mineral constitutes of the studied phosphorites are composed mainly of
apatite (francolite and hydroxyl apatite); while the non-phosphatic minerals are composed of
calcite, quartz and iron oxides.

7- Geochemically, the studied phosphorite are composed mainly of average P,Os (28%), CaO
(38.7%), Si0O: (10.7%), MgO (4%), Fe20; (3.4%) and F (2.4%). The average Uc content is 110
ppm and total REEs 191 ppm.

Recommendations
The phosphorites of Wadi El-Shaghab area is recommended for mining and production of
phosphatic fertilizers, phosphoric acid and extracted of U as by-product.
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	ABSTRACT

	Phosphorite deposits of the late Cretaceous (Campanian) age belonging to Duwi Formation. This Formation can be classified into lower phosphorite, middle shale and upper phosphorite members. The lower phosphorite member of the Duwi Formation, in Wadi El-Shaghab, El-Sibaiya east area, Nile Valley, is important rock unit for its relatively high enrichment of P2O5 content and U content. Lithostratigraphically, three lithostratigraphic sections (El-Shaghab, Um-Tundab and Um-Hagara) of Wadi El-Shaghab area were studied to know the geological setting. The lower phosphorite member of Duwi Formation is classified from base to top as A-B and C beds. Petrographically, the petrographic characteristics in six samples are determined using Polarizing Microscopy. The studied phosphatic grains are composed of phosphatic particles (Peloids, Bioclasts and Coprolites) and non-phosphatic particles (cementing materials). Phosphorites formed under shallow marine environment by the influence of upwelling under an oxic continental shelf environment during a subsequent transgression, forming the phosphorite of the lower member. Mineralogically, the unknown minerals were examined in eight samples. The main mineralogical composition of the investigated bulk samples has been determined using the X-ray diffraction technique (XRD). The mineral constitutes of the studied phosphorites are composed mainly of apatite (francolite and hydroxyl apatite); while the non-phosphatic minerals are composed of calcite, quartz and iron oxides. Geochemically, thirty phosphatic samples were collected and analysis to know the distribution of the major and trace elements in the rocks. Rare Earth Elements and Radioactivity (Uranium, Radium and thorium contents) in all samples were determined by multi-channel analyzer gamma ray spectrometer. Uranium content in all samples was calorimetrically determined using LABOMED spectrophotometer using Arenaso III method. The studied phosphorites in Wadi El-Shaghab area have high P2O5 and Uc contents. Generally, could suitable for mining operation and provide economic value for production of phosphatic fertilizers, phosphoric acid and extracted of U as by-product. 




