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Abstract

The Nile Valley is a main area for Egyptian phosphorites. The studied samples from the eastern and western sides of the
Nile Valley showed similarities in their characteristics, suggesting one depositional basin, but they varied in their uranium
content, with averages recorded at 91.7 and 44.83 ppm on the eastern and western sides, respectively. The evidence pointed
out that initially the uranium was formed by adsorption onto the iron oxides and organic matter surfaces, then it was partially
removed under the effect of groundwater, and the removal was deeper in the western phosphorites than the eastern ones.
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Introduction

Phosphorite deposits are one of the most important eco-
nomic deposits, as they are the raw materials for many
important industries. Phosphorites are well recognized in
several countries around the world [1]. Middle East-North
Africa (MENA) region, Morocco, Tunisia, Egypt, Jordan,
and Syria are major countries with huge phosphorite depos-
its that are exploited for domestic purposes in addition to
being exported as raw materials [2]. Phosphorites are mainly
considered for the manufacturing of phosphoric acid and
agricultural fertilizers, they are also regarded as non-conven-
tional resources for some economic and strategic elements
such as uranium and rare earth elements (REEs) [3].

There are two main types of phosphate rock deposits:
sedimentary phosphate and igneous phosphate. Overall,
sedimentary phosphate deposits have been exploited to pro-
duce more than 80 percent of the world's total production
of phosphate rock. Igneous phosphate deposits are often
associated with carbonatites and/or alkalic (silica-deficient)
intrusions. Igneous phosphate rock concentrates are pro-
duced from deposits that are mainly exploited in Russia, the

< Sameh H. Negm
samehnegm.nma@ gmail.com

1 Nuclear Materials Authority, El Maadi, P.O. Box 530, Cairo,
Egypt

Republic of South Africa, Brazil, Finland, and Zimbabwe.
Igneous phosphate ores are often low in grade (less than 5
percent P,Os) [4, 5].

The Egyptian phosphorites belong to the phosphorite
belt, which extends along North Africa from the west to the
east. The Egyptian phosphorites are composed of three belts.
The northern belt, which extends from Sinai to Bahariya
Oasis in thin layers and is intercalated by carbonate and sand
facies, has no economic potential. The central belt, which
is considered almost economic, occupies the subsequent
localities: the land stretch along the Red Sea from Safaga to
Quseir. The Nile Valley, from Idfu to Qena, and the Western
Desert on Abu Tartur Plateau, while the southern belt has
been extended through Aswan and is characterized by the
association of iron ore accumulations among shallow water
sediments. Also, this belt didn't have economic importance
[6]. Tens of studies dealt with the Egyptian phosphorites
and investigated several issues, such as the depositional
conditions, mineralogical and chemical specifications, the
geochronological aspect, and more [7-13]

The Nile Valley phosphorites are mainly composed of
phosphate and carbonate fractions, while the detrital com-
ponents represent minor components. The uranium and rare
earth elements were found to be related to the phosphate and
carbonate components [10, 11, 14, 15]. The trace elements
of the Egyptian phosphorites were categorized into four
types based on their sources as: (1) trace elements associated
with the detrital minerals; (2) trace elements introduced by
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weathering; (3) trace elements incorporated with the organic
matter; and (4) trace elements located within the apatite lat-
tice [16, 17].

The geochemical behavior of uranium in the Egyptian
phosphorites was a matter of interest. The relation between
P and U contents could be taken as an indicator for the ura-
nium concentration and mobility in the phosphate deposits
[18, 19], where the uranium distribution is mainly controlled
by the variations in the phosphatic components with no or
probable faint affecting by the detrital content. Also, the
weak correlation between P and U or Ca and U elements
points to probable diagenetic processes that resulted in the
re-arrangement, migration-in, and/or migration-out of ura-
nium in the phosphorites. In similar terms, the phosphate
deposits of East Luxor, Egypt, have signs of the migration of
uranium-rich solutions, and this migration was directed from
the depositional basin upward. However, post-consolidation
enrichment of uranium was insignificant, as no concentra-
tion of uranium is recorded now along fractures or weak
zones [19].

Several syngenetic and/or diagenetic factors can affect the
uranium contents of the phosphate deposits; one of these fac-
tors refers to the depositional depth of the marine phospho-
rites as a possible reason for uranium enrichment, where the
deeper deposition might encourage the uranium enrichment
into the apatite lattice more than the shallower deposited
marine phosphorites, probably due to the larger exposure of
apatite to sea water [20]. Also, the organic matter content of
the phosphorites is another significant factor, where there is
always an appositive relationship between the organic matter
and uranium contents [21].

However, one of the most interesting phenomena that
appeared in much literature is the clear variance of the ura-
nium concentrations between the East and West sides of the
Nile Valley phosphate deposit, despite the same depositional
environment, conditions, and age, where the East Nile Val-
ley phosphorites always record higher uranium content than
the West one.

The present study aims to investigate the reasons that
caused the difference in uranium concentrations in the Nile
Valley phosphates. The study area is divided into two main
localities on opposite sides of the Nile River, exhibiting dis-
similar uranium percentages despite their geological unity.

Geologic background
The studied phosphorites occur in the Upper Cretaceous
Duwi Formation [22], which represents the establishment

of the first fully marine condition that extended across Egypt
during the major transgression in Late Cretaceous time [23].
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The areas under investigation are located on both sides of the
Nile River, between Idfu and Qena cities (Fig. 1).

The Duwi Formation in the studied localities is mainly
composed of phosphate beds intercalated with shale, marl,
oyster limestone, and chert bands. It unconformably overlies
the fluvial shale sequence of the Middle Campanian Qusier
shale and is overlain conformably by the deep marine shales
and marls of the Middle Maestrichtian Dakhla shale. Thus,
deposition of Duwi Formation represents an initial stage of
the late Cretaceous marine transgression in Egypt (Fig. 2).

The Duwi Formation in the Nile Valley region was
divided by [25] into three members (from bottom to top):

a. Mahamid Member: composed of shale, clay, sandstone,
and carbonaceous shale with a few phosphatic intercala-
tions.

b. Sibaiya Member: made up of siliceous-carbonate phos-
phorite beds intercalated with chert bands and lenses
changing upwardly to shale, oyster limestone, and marl.

c. Adayma Member: Consists of marl, sandstone, some
oyster limestone and phosphate beds.

According to [8], the Duwi Formation in the Nile Val-
ley region was subdivided into three members based on its
lithology

a. The lower member is composed of quartzose sandstone
and siliceous shale.

b. The middle member is built up of soft, laminated, and
organic-rich black shale.

c. The upper member is mainly made up of phosphatic
sandstone.

Methodology

For this work, twelve representative phosphorite samples
were collected from the economic bed (horizon A) of the
Duwi Formation, where six samples were collected from
each side of the Nile River. The localities of the collected
samples are illustrated in Table 1 and Fig. 3.

The petrographic characteristics of the studied phospho-
rites were investigated under a Nikon polarizing microscope
equipped with an automatic camera and a mechanical stage,
while the separated minerals were identified using the X-ray
diffraction technique (XRD), and an additional investiga-
tion was carried out by the scanning electron microscope
attached with an energy dispersive X-ray (SEM-EDX).

On the other hand, the chemical composition of the
investigated phosphorite samples was identified and
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Fig. 1 Geologic map of the studied area, after [24]

quantified either by conventional wet chemical techniques
for the major components [26, 27] or using the X-ray fluo-
rescence technique (XRF) for the trace element contents.
The uranium, thorium, and radium concentrations were
determined by a multi-channel gamma-ray spectrometer.
The system consists of a Nal-T1 bicorn scintillation detec-
tor connected to an NE-4658 amplifier and a high-voltage
power supply with an HV digital display. Additionally, an
elemental chemical distribution map for the apatite grains
was executed using the microprobe technique (model:
JEOL). It is worth mentioning that all the used instruments
are installed at the Nuclear Materials Authority in Egypt,
except the microprobe instrument, which is installed at

the Naruto University of Education in Naruto, Tokushima,
Japan.

The study implemented quality control measures, includ-
ing the use of Durango apatite as standard reference materi-
als, duplicate analyses, and external proficiency tests. The
precision of the geochemical assay procedures was held
at+5%.

Statistical analysis

The results are expressed as the average + standard error
(S.E.) of the sample average, and statistical analysis was
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Fig.2 Lithostratigraphic composite succession of Duwi Formation in the studied localities

Table 1 The collected phosphorites samples information

The Nile Valley side  Localities Sample number
Eastern side Badr-2 mine E-1
E-2
Gedida-4 mine E-3
E-4
El Mahamid mine E-5
E-6
Western side Shamal Al-Asphalt mine ~ W-1
W-2
Bean Al-Abrag mine W-3
W-4
Komer Bahari mine W-5
W-6

performed using Statistical Package for the Social Science
(SPSS) version 20.
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Results and discussion

The main mineralogical, geochemical, and radioactivity
characteristics of the phosphorites on both sides were a mat-
ter of investigation to shed light on the probable reason(s)
that caused the uranium concentration variance, despite the
same depositional environment and conditions.

Petrography and mineralogy

Petrographically, the Nile Valley phosphorites exhibited
different colors, such as pale yellow, yellowish brown, and
grayish brown (Fig. 4). This variation in color is likely due
to the nature and type of the encountered grains and the
cementing material. Also, there is variation in their com-
paction and hardness, where they vary from dense and very
hard to very friable and soft. These properties are controlled
mainly by the size and packing of grains, in addition to the
texture and composition of the cementing materials.

The phosphatic and non-phosphatic constituents appeared
as the main components in the studied phosphorites on
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Fig.3 Site locations map of the studied phosphorites samples

Fig.4 a Photomicrograph
showing well-rounded cryp-
tocrystalline homogeneous
pellet (P) of collophane (C.N.,
X=20), b Photomicrograph
showing large phosphatic
bone fragment (B) filled with
phosphatic mud (C.N., X=20),
¢ Photomicrograph showing
coarse teeth fragments (T)
embedded in cryptocrystalline
collophane (C.N., X=10), and
d Photomicrograph showing
medium detrital quartz grains
(D. Qz) (C.N,, X=10)

both sides of the Nile Valley phosphorites. In which the
phosphatic constituent represents 70% by volume of the

whole studied rock, and they are classified into phosphatic
mudclasts (collophane grains) and phosphatic bioclasts
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(fish bones and shark’s teeth) (Fig. 4). On the other hand,
detrital quartz grains, carbonates (as shell fragments), and
iron oxides are the main non-phosphatic constituents of
the studied phosphorites. Also, the study showed that the
West Nile phosphorite is more enriched in silica compo-
nents, either in the form of detrital quartz grains or as silica
cement materials, by which these phosphorites acquired the
name silicified-phosphate rock. Occasionally, the pelletal
collophane grains exhibit a dark halo, which might be due
to the presence of uranium in the crystal structure of the
cellophane grains (Fig. 4a). It is worth mentioning that this
observation was recorded in phosphorite samples from the
east side, and no observation like that was found in the west
side phosphorite.

On the other hand, the mineralogical study for whole
rock samples using the XRD technique as well as the
SEM-EDX investigation for picked grains were matched
with the petrographic study, where the main mineralogi-
cal components were the phosphatic minerals represented

in the carbonate-flourapatite (francolite) mineral
Ca;s[(PO,,CO;),l (F,0)] as the most abundant apatite type
and, to a lesser extent, the carbonate-hydroxyl apatite
(dahllite) Cas[(PO,,CO;);I(OH,0)] (Figs. 5 and 6). Also,
the bone fragment and shark teeth were recorded as phos-
phatic materials rich in phosphorous and calcium (Fig. 7).
The XRD investigation pointed to the relative abundance
of the apatite mineral in the east phosphorites compared
to the west one, while the quartz mineral showed opposite
behavior.

The non-phosphate minerals are found as; quartz grains
either enclosed within phosphatic peloids or embedded in
the groundmass; the calcite mineral occurs as cement as
well as allochemicals; and mainly oyster limestone shells
in addition to the gypsum mineral (Fig. 5).

As conducted from the EDX semi-quantitative analyses
for the bone fragment and the shark tooth enamel, both
components are of apatitic composition, where both Ca
and P are the main constituents with minor amounts of

Fig.5 X-ray diffraction patterns ] = A
of the studied phosphorite ] @ A Apatite & : Calcite
samples (a the eastern bank and m: Quartz ® : Gypsum
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Fig.6 a Energy Dispersive X-ray (EDX) and Back Scattered Electron image (BSE) showing well-rounded peloid of apatitic composition. b Ste-

reo photomicrograph showing different varieties of apatite minerals

Fe, Ti, Cr, Ni, Al, and Zn. The presence of a relatively
high Si concentration in the bone fragment supports slight
displacement with the major component as a probable dia-
genetic process.

Geochemistry

Twelve representative samples (six samples from each side)
were subjected to chemical investigation after well and care-
ful quartering to ensure homogeneity. The resultant data for
the major and trace components (Table 2 and 3) point to
clear variability between the studied phosphorites on both
sides of the Nile Valley.

The east side phosphorites have higher average contents
of P,Os, CaO, and F than their corresponding in the west
side (Fig. 8). Such a remark is in good alignment with the
relative abundance of the phosphatic components as revealed
by the mineralogic investigation, while the SiO, average on

both sides showed clear enrichment in the west side, which
is considered a good reflection of the abundance of quartz
grains in the west phosphorites, either as detrital grains or
cementing material.

Also, the relative abundance of Fe,0;, organic content
(the loss at 550 °C), and approximately all the trace ele-
ments are noticed in the eastern phosphorites compared
to the western ones. Such abundance of trace elements is
likely ascribed to the higher organic content in the eastern
phosphorites, where the organic materials play an important
role in the adsorption and accumulation of most of these
trace elements within the phosphorite deposits [28-30].
The noticed apatite abundance in the East phosphorites, as
revealed by the mineralogical investigation, is another prob-
able reason for the relative enrichment of Sr, Ba, and Zn,
where these elements have a marked affinity towards fixation
in the apatite crystal lattice [31].

@ Springer



2096 Journal of Radioanalytical and Nuclear Chemistry (2024) 333:2089-2103
e Element Wt%
NaK 0.92+0.01
i MgK 0.96£0.01
g 1 AIK 1.85+0.01
3 SiK 4.88+0.03
= PK 36.62:+0.24
G SK 3.39+0.02
g CaK 44.39+0.29
= P TiK 1.4240.01
B CrK 0.22+0.001
2 MnK 0.30+0.001
FeK 2.75+0.02
ks NiK 1.69+0.01
Mg || T ZnK 0.6120.001
- ) U\Ml‘ i i ' i AccV SpotMagn Det WD Exp 1 200um
200 400 600 800  10.00 1200 1400  16.00 BRI SRR et eyl
@ Element Wit%
AIK 0.90+0.01
- ‘ SiK 1.90£0.01
g g PK 26.90+0.18
8 CaK 67.50+0.45
= FeK 1.20£0.01
g
-8
2 P
=
&
Si Fe
Al
w AccV Spot Magn Det WD Exp
- : : : - —— - 30.0kV 7.3 18x BSE 126 0 0.5 mBar
200 400 600 800 1000 1200 1400  16.00

Fig.7 EDX pattern and BSE photomicrograph showing a bone fragment and b shark teeth

On the other hand, the Zr element behaves differently
compared to the other trace elements, where it exhibits slight
enrichment in the western phosphorites. Such observations
are accepted in light of the marked abundance of detritals
in the western phosphorites, where Zr in some phosphorites
exists in detrital phases, substituting for Ti in titaniferous
minerals such as ilmenite [32].

The CaO/P,05 ratio in the studied phosphorites is con-
sidered a relatively high ratio compared to the normal
ratio, which is 1:1.23 [33]. To understand the reason for
this elevated ratio, we have to refer to the mineralogical
investigation using the XRD, where both calcite (CaCOs)
and gypsum (CaSO,) minerals were recorded in the stud-
ied phosphorites, and for sure, these minerals have a partial
contribution to the high CaO content of the whole rock's
chemical composition. Additionally, and as will be shown

@ Springer

later, the potential effect of the acidified water on the apatite
grains has a reverse effect on the P,O5 content, particularly
on the western side. Consequently, the P,05/CaO ratio (in
average) was increased to 1:1.37 and 1:1.78 in the eastern
and western phosphorites, respectively.

A chemical map of the apatite grains from the phospho-
rites on both Nile Valley sides was carried out using the
microprobe technique. The elemental distribution shows the
P:Ca ratio as 1.4 and 1.7 in the eastern and western phos-
phorites, respectively (Figs. 9, 10 and 11), which confirmed
the relative abundance of apatite mineral on the eastern side.
Also, the same observation was found with the iron distribu-
tion, which can be attributed to its abundance in the matrix
as cement material.
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Radioactivity

The radioelement contents were determined as equivalent
uranium (eU), equivalent thorium (eTh), and Ra in both East
and West Nile Valley phosphorites using the Nal-gamma
spectrometer (Table 4). The obtained data clearly point out
that the eastern phosphorites have higher radioelement con-
centrations (averages of eU, eTh, and Ra equal 91.7, 5.33,
and 96.83 ppm, respectively) than the western phosphorites
(averages of eU, eTh, and Ra equal 44.83, 2 and 55.33 ppm,
respectively). It was expected that the uranium and its sub-
sequent daughter Ra are approximately equal on both the
phosphorites where they were deposited in the same basin
under the same environment and geochronological condi-
tions, but this is not the current situation. This observation
strongly supports the occurrence of diagenetic processes
that affect the original uranium contents of the studied phos-
phorites, causing either uranium enrichment in the eastern
phosphorites or uranium depletion in the western ones. The
P-factor can give us a good idea of which process happened
and affected the uranium concentrations.

The P-factor is the output value of eU/Ra [34, 35] and is
used as an indicator for the uranium enrichment or deple-
tion, where the P-factor equal to one means no diagenetic
processes affect the uranium content after its deposition (i.e.,
the uranium content is in equilibrium with its Ra daugh-
ter since its formation), while the value greater than one
suggests uranium enrichment and the value less than one
means uranium removal or depletion (i.e., the case of the
uranium disequilibrium). Referring to the calculated P-factor
of the studied phsphorite samples (Table 4), it is easily con-
cluded that both phosphorites were subjected to uranium
removal, but such removal was faint in the eastern phospho-
rites (P-factor equals 0.94 on average), while the uranium
removal in the western phosphorites was deeper (P-factor
equals 0.8 on average). Uranium, in its hexa-valance status,
is known for its ability to mobilize under the conditions of
weathering, alteration, and/or the presence of a removal and
leaching agent [34, 36-39]. The easiest mobilized uranium,
which is adsorbed onto the surfaces of some components
such as; mica flakes, iron oxides, organic matter, and ura-
nium encountered in the mineral crystal structure, could be
mobilized to a lesser extent under the availability of some
conditions, like mineral metamictization and/or attack by an
acidified dissolution agent [40—45].

Accordingly, referring to the chemical analysis of the
studied phosphorites, we can draw a reasonable conclusion
about the uranium variance between these phosphorites
through the binary relation and correlation coefficient of
eU with P,0s, Fe,0;, and the organic content (obtained by
ignition at 550 °C) (Fig. 12).
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Table 3 Trace elements concentrations of the studied phosphorites

Samples Elements
Cr Ni Cu Zn Zr Rb Y Ba Sr \

E-1 125+0.83 18+0.12 14+0.09 135+0.89 10+0.07 33+0.22 84+0.55 796+5.3 1167+7.7  147+0.97
E-2 124+0.82 16+0.11 13+0.09 137+0.90 11+0.07 29+0.19 80+0.53 790+5.2 1211+8.0  150+0.99
E-3 125+0.83 12+0.08 14+0.09 142+0.94 11+0.07 25+0.17 40+0.26 769+5.1 1812+12.0  170+1.12
E-4 126+0.83 17+0.11 15+0.10 139+0.92 12+0.08 34+0.22 66+0.44 750+5.0 1190+7.9  155+1.02
E-5 123+0.81 14+0.09 13+0.09 150+0.99 10+0.07 29+0.19 59+0.39 742+5.0 1717+11.3  167+1.10
E-6 120+0.79 13+0.09 12+0.08 135+0.89 12+0.08 28+0.18 79+0.52 710+4.7 1350+8.9  156+1.03
Average+S.E  124+0.87 15+0.96 14+042 140+2.33 11+0.36 30+1.35 68+6.8 760+13.10 1408+116.40 158+3.74
W-1 108+0.71 11+0.07 13+0.09 120+0.79 17+0.11 28+0.18 93+0.61 566+3.7 1126+7.4 63+0.42
W-2 112+0.74 12+0.08 11+0.07 125+0.83 15+0.10 27+0.18 86+0.57 610+4.0 1150+7.6 75+0.50
W-3 140+0.92 16+0.11 12+0.08 120+0.79 19+0.13 25+0.17 81+0.53 808+5.0 1273+8.4  106+0.70
W-4 138+091 14+0.09 12+0.08 119+0.79 16+0.11 22+0.15 84+0.55 790+5.2 1090+7.2 93+0.61
W-5 98+0.65 18+0.12 13+0.09 120+0.79 16+0.11 32+0.21 80+0.53 600+4.0 961+6.3 55+0.36
W-6 106+0.70 16+0.11 10+0.07 115+0.76 13+0.09 26+0.17 79+0.52 620+4.1 1016 £6.7 86+0.57
Average+S.E  117+7.20 15+1.01 12+4.77 120+1.30 16+0.81 27+1.35 84+2.12 666+42.87 1103+44.54 80+7.78

Ca0o MgO Si02

JA\PAOK]

East m West

I
BEEENKIO0 TiO2  so4

Fig.8 A histogram shows the averages of the major chemical components in both the East and West Nile Valley phosphorites

The eU-P,0O5 binary relation in the investigated samples
of eastern and western phosphorites resulted in a strong
correlation (0.94 and 0.75, respectively); these correla-
tion values indicate the presence of syngenetic uranium.
They also point out that the apatite mineral in the western
phosphorites was affected to some extent by the diagenetic

@ Springer

removal process, which caused a low-P,05% compared to
its percentage in the eastern phosphorites as well as the
removal of some uranium content. In contrast, the eU-
Fe,05 and eU-organic content binary relations showed a
significant difference between both sides, where a strong
correlation is available on the eastern side and a weak or
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Fig. 9 Beam scanner dot photo-
graph showing phosphorus dis-

tribution in apatite grain and the
matrix in the studied samples (a
East side and b West side)

Fig. 10 Beam scanner dot pho-
tograph showing calcium distri-
bution in apatite grain and the
matrix in the studied samples (a
East side and b West side)

Fig. 11 Beam scanner dot
photograph showing iron distri-
bution in apatite grain and the
matrix in the studied samples (a
East side and b West side)
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Table 4 Equivalent uranium contents (eU), equivalent thorium con-
tents (eTh) and radium contents (Ra) of the studied phosphorites

Sample no.  eU (ppm) eTh (ppm) Ra (ppm) P-factor (eU/
Ra)

E-1 74 4 82 0.90

E-2 79 5 85 0.93

E-3 97 7 105 0.92

E-4 100 7 103 0.97

E-5 98 3 101 0.97

E-6 102 6 105 0.97

Aver- 91.7+49 533+0.6 96.83+4.27 0.94+0.013
age+S.E

W-1 59 1 67 0.88

W-2 52 2 64 0.81

W-3 45 3 52 0.87

Ww-4 48 3 59 0.81

W-5 30 2 40 0.75

W-6 35 1 50 0.70

Aver- 44.83+4.39 2+0.36 55.33+4.10 0.80+0.029
age+S.E

no correlation on the western side. Such remarks strongly
suggest a wide removal of the diagenetic uranium that
adsorbed onto the iron mineralogical and organic com-
ponents of the western phosphorites.

Also, the higher SOi_ concentration (Table 4) in the
eastern bank (0.23% in average) than the western one
(0.08% in average) might indicate dissolution of some
sulfide components in the western phosphorites under the
effect of the ground water, which increases the removal
of the adsorbed uranium due to the slight acidification of
the dissolution agent. This assumption takes us to deter-
mine the reason that made the apatite mineral amount
and the P,O5 content in the western phosphorites lower
than in the eastern one, where the slightly acidified water
has the capability to dissolve part of the present apatite,
and hence some of the P,O5 content.

Finally, in light of this result about the role played by
groundwater, a logic reason is needed to interpret the
wide availability of groundwater on the western side.
This phenomenon could be attributed to the nature of the
basement rocks on which the phosphorites were depos-
ited during the marine transgression episode, where the
eastern side is nearer to the high elevated basement rocks
mountains in the Eastern Desert, Egypt, which might
cause a relative elevation in the eastern side than the
western part, and hence led to a relative land tilting toward
the west, which enforced the groundwater migration in the
same direction.
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Conclusions

The Nile valley phosphorite deposits on both the east-
ern and western sides showed a significant difference in
the main chemical components, where the P,05 values
recorded 29.53 and 21.09%, while the CaO values were
40.57 and 37.61% in the eastern and western phospho-
rites, respectively. Moreover, the uranium content in the
eastern phosphorites has more than twice the value in the
eastern phosphorites (91.7 ppm on average) as its value
in the western phosphorites (44.83 ppm on average). The
calculated P-factor (eU/Ra) as an indicator for uranium
enrichment (" 1) or uranium depletion (< 1) pointed to
a significant uranium depletion in the western phospho-
rites (P-factor equals 0.8) and a very faint depletion in
the eastern one (P-factor equals 0.97). On the other hand,
the strong correlation in the binary relation of eU-Fe,0,
and eU-organic content (0.92 and 0.89, respectively) for
the eastern phosphorites strongly supports the presence
of respectful diagenetic uranium due to adsorption of
the uranium hexa-valence (U®") onto surfaces of the iron
oxide and organic components, while the similar correla-
tion values (-0.75 and 0.47) in the western phosphorites
point to considerable removal of the diagenetic uranium
(U®"), which is easily mobile under the effect of removal
agents like the acidified water. This conclusion well
matches the calculated p-factors as shown above. Finally,
a collective conclusion about the reason for the uranium
variance between the eastern and western sides of the
Nile Valley phosphorites could be figured as follows: a
considerable amount of the uranium content in the Nile
Valley phosphorites was diagenetically formed through
its adsorption onto the iron oxides and organic compo-
nents as hexavalent uranium. The groundwater played a
key role in the removal of considerable uranium content,
causing the detected variance in the uranium concentra-
tion between both sides. Sulfide minerals contributed to
the groundwater forming slightly acidified water, which
caused the relative dissolution of the encountered ura-
nium, particularly from the western phosphorites, as well
as some phosphorous components.
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Fig. 12 The binary relation and correlation coefficient values of eU with P,0Os, Fe,05 and the organic matter contents
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