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Abstract
X-Ray diffraction results for the study mine are mainly represented by two phases (phosphatic and non-phosphatic). First 
phase is represented by apatite (fluorapatite) which is the dominant. The second phase includes carbonate minerals; calcite, 
dolomite, evaporated mineral (gypsum), sulphide mineral (pyrite), in addition to quartz as a silicate mineral. These results 
are confirmed by the petrographic study. The detailed microscopic examinations indicate that the phosphorites at the study 
mine is essentially composed of phosphatic lithoclasts (mainly collophane), phosphatic bioclasts (bone fragments, spines 
and teeth of vertebrates such as shark fish as well as coprolites), opaques, and quartz embedded in a microcrystalline phos-
phatic matrix (contains some of dahllite) associated with a microcrystalline quartz according to their decreasing order of 
abundance. The paragenetic sequence of the studied phosphorites is as follows: fluorapatite, collophane then followed by 
dahllite. The redox-sensitive trace elements, its ratios, authigenic uranium as well as Fe/Ti can be signifying the redox condi-
tions. Also, they revealed that the study rocks are deposited under the oxic to anoxic environment coupled with hydrothermal 
solution. The trace and rare earth elements are generally associated with phosphatic rocks. Thus, the phosphatic rocks of 
Um El-Huwtat mine, Quseir can be considered as sources of trace and rare earth elements. Also, pyrite can be considered as 
another possible source for REEs. The studied phosphatic rocks characterized by light REE (LREE = 69 ppm) enrichment 
than heavy REE (HREE = 25 ppm). All the recoded values of the heavy metals for the study mine are higher than those in 
Tunisia (400.3 ppm), Morocco (571.75 ppm) and Jordan (187 ppm). The post-depositional conditions are responsible for 
the enrichment of U and Th and/or intensive chemical weathering in Quseir area. Enrichment Factor (EF) indicated that the 
enrichment or deletion of the elements may be a function of that association and the origins of the various phosphate frac-
tions. The studied phosphatic rocks are suitable for industrialized fertilizers according to the world guides.

Keywords  Fluorapatite · Anoxic · Oxic · REE · Redox elements

Introduction

The most important factors control the mineral composition 
of the phosphate rocks is type and source. They are classified 
into four groups. They are sedimentary marine origin (75%), 
igneous origin (15–20%), metamorphic and weathered ori-
gin (8%), and 2–3% as biogenic sources (Ozer et al. 2000). 
Silica, clayey and calcareous materials are gangue minerals 
for the sedimentary phosphate origin. The most sedimentary 
calcareous phosphate rocks have been significant quantities 
of carbonates and are considered as carbonate-apatite or 

francolites. Phosphorites are sedimentary rocks that contain 
more than 18–20% P2O5. Most phosphorites are of marine 
origin. Francolite (carbonate–fluorapatite) is the main phos-
phate mineral. (Sengul et al. 2006).

The phosphatic rocks are mainly consisted of authigenic 
peloids and bioclasts. Peloids are considered as authigenic 
or reworked in origin (El-Kammar et al. 1979; Glenn and 
Arthur 1990). The formation of phosphorites may be carried 
nutrients from deep water into the photic zone (El-Tarabili 
1969), formed in situ (Youssef 1957) or fluvial input (Glenn 
and Arthur 1990). The phosphorite beds of the Duwi For-
mation intercalated with the siliciclastic facies represented 
the early transgressive stage, which is characterized by 
the dominance of detrital input (Said 1990). The Egyptian 
phosphates are shallow marine sediments, whereas the maxi-
mum thickness was associated with a transgressive shoreline 
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of the Sea from north to south (Late Campanian or Early 
Maastrichtian) (Temraz 2005). Baumiy and Toda (2005) 
mentioned that the phosphates of the Duwi Formation were 
formed from reworked older sedimentary phosphorites and 
biogenic sources subjected to chemical weathering. Abou 
El-Anwar et al. (2016) concluded the diagenetic processes 
of the Duwi phosphate rocks were subjected to several pro-
cesses; re-crystallization, micritization, compaction, disso-
lution and pyritization. They were deposited under shallow 
reducing condition and subjected to the effects of the chemi-
cal weathering. The Duwi phosphates rocks under investiga-
tion are authigenic in origin, which is comparable to those 
of the Al-Hisa Phosphorite Formation in Jordan.

Abou El-Anwar et al. (2017) explain studied the paleo-
weathering and provenance of the sources of the phos-
phate rocks of the Duwi Formation of Geble Duwi Mine in 
Quseir–Safaga area, and mentioned the importance in the 
assessment of possible radiological hazards to human health; 
due to the presence of uranium in the apatite structure. Abou 
El-Anwar (2019) indicated the importance of the Lower 
phosphatic member (Campanian, Upper Cretaceous), Duwi 
Formation resulting in relatively high enrichment of heavy 
metals and U content in south Esna, at the western side of 
the Nile Valley. In addition, she mentioned that U contents 
were associated with the heavy metals and trace elements 
during the chemical weathering under oxic conditions. Also, 
she concluded that the phosphatic rocks were in south Esna 
deposited under anoxic reducing marine environments cou-
pled with hydrothermal solutions.

Abou El-Anwar et al. (2019b) studied the statistical result 
of the interrelation between P2O5, F and U concentrations 
on Egyptian phosphate rocks and concluded that U could be 
fixed with the phosphatic ion, forming secondary uranium 
phosphate minerals such as phosphuranylite and belovite in 
Qusseir region. In addition to uranium minerals in Safaga 
region contain also Uranyl carbonates and Uranyl sulfates, 
which had been led to the post-depositional U enrichment. 
The chemical data and index show that the phosphatic rocks 
in Safaga region are more enriched in the majority trace 
and rare earth elements, and are subjected to high chemical 
weathering than those in Qusseir region.

Also, the diagenetic process used as a tool to diagnose the 
paleo-environmental conditions, bathymetry and oxygena-
tion during Late Paleocene-Early Eocene in Gafsa basin.

Abou El-Anwar et al. (2020) studied the geochemical 
analysis of trace, rare earth elements and the petrographical 
for Hamadat phosphatic rocks, and indicated that the phos-
phatic rocks are deposited under oxic to anoxic condition. 
Dolomitization process plays an important role in the con-
centration of trace and rare earth elements in the phosphatic 
rocks at Hamadat Mine. Dahllite layer has a relatively higher 
content in most of rare earth and some of the trace elements 
than those in the phosphate layer, which reveal that dahllite 

structure may be having the ability to scavenging them than 
the phosphatic construction. Also, they used the chemical 
index of alteration (CIA), trace elements and La/Ce ratios 
pointed out that these phosphatic rocks were of hydrogenous 
origin deposited in cold and dry climate during low weather-
ing. In addition to they motioned that; the hydroxial-apatite 
can be prepared to be used as a natural row material in the 
biological industry according to the chemical composition.

The present study focuses on the mineralogy, petrogra-
phy and geochemistry of the phosphorites at Um El-Huwtat 
mines of the Duwi Formation at Qusseir–Safaga region, in 
an effort to recognize their depositional environment and 
economic evolution.

Geological setting

The sedimentary phosphatic rocks (Upper Cretaceous—
Eocene) are originated in marine environments. The Medi-
terranean phosphatic rocks such as Egypt, Algeria, Tuni-
sia, Jordan, Syria, Saudi Arabia, Spain, etc. are deposited 
in the ancient Tethyan Sea (Sengul et al. 2006). In Egypt, 
the phosphatic rocks for Duwi Formation are located in 
the Nile Valley, the Red Sea Coast, Abu Tartur plateau and 
Sinai. The Duwi Formation in the Qusseir–Safaga region is 
conformably overlain by the Qusseir variegated shales and 
underlain by the Dakhla shales (Said 1962). Duwi Formation 
in Egypt represents the early stage of the Late Cretaceous 
marine transgression. It was classified into four members 
according to its lithology (Baioumy and Tada 2005). The 
most of the phosphate beds appear as massive rocks. Their 
thickness up to tens of centimeters.

The chosen area is represented by Um El-Huwtat mines 
(Fig. 1). They are occurring at the upper member of Duwi 
Formation in Qusseir–Safaga region (Fig. 2).

Um El-Huwtat mines, about 7  km from a residen-
tial village named the Um El-Huwtat. This village has a 
big mosque and an enormous number of houses. Um El-
Huwtat mines have several openings, some of them are close 
together and the other is separated. The mines have traces 
of a railway line and tunnels extended to several kilometers. 
Phosphatic rocks in these mines extend horizontally to tens 
of kilometers, and range in thickness from tens of centim-
eters to extra meters. This layer of phosphate is confined 
between two-layers of the black shales. The lower layer 
extends along to the phosphatic bed. This layer of the black 
shales is homogeneous and ranges in color from light gray to 
dark black. Whereas the black shales overlies are ranges in 
color from green to red color due to the presence of the iron 
oxides. This succession is caped with limestone. The chosen 
area in Um El-Huwtat mines are located at Longitudes 34° 
11′ 23″–34° 11′ 33″ E and Latitudes 26° 3′ 1″–26° 3′ 13″ N 
(Figs. 1 and 2).
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Sampling and methodology

Geological field trips were done for studying the geologic 
setting and collecting fifteen representative samples of the 
phophatic rocks from the area under study. Mineralogically, 
selected two samples were investigated by the X-ray tech-
nique at the Egyptian Mineral Resources Authority (Dokki, 
Egypt) using a PAN analytical X-Ray Diffraction equipment 
model X׳Pert PRO with Secondary Monochromator, Cu-
radiation (λ = 1.542 Å) at 45 K.V., 35 M.A. and scanning 
speed 0.02°/s. were used. The diffraction charts and relative 
intensities are obtained and compared with ICDD files. The 
morphology and the size of the phosphorites samples were 
characterized via SEM coupled with energy-dispersive spec-
troscopy EDX, (SEM Model Quanta FEG 250) of the two 
samples are carried out in the National Research Centre lab-
oratories. Thin sections and polished surfaces were prepared 
for each sample. The thin sections and polished surfaces of 
the phosphorites were studied in detail using Transmitted 
Light and Reflected Light Nikon Research Polarizing Ore 
Microscope (Model Optiphot 2-PoL, attached with Nikon 
Digital Camera, Model DS-Fi2, made in Japan). Seven 

samples were selected to determine the chemical composi-
tion using Axios Sequential WD-XRF Spectrometer, Ana-
lytical 2005 in the National Research Centre laboratories. 
ASTM E 1621 standard guide for elemental analysis by 
wavelength dispersive X-Ray Fluorescence Spectrometer, 
and ASTM D 7348 standard test methods for loss of igni-
tion (LOI) of solid combustion.

Results and discussion

Petrographical investigation

Phosphorites are sedimentary rocks that contain more than 
18–20% P2O5 (Sengul et al. 2006). Most phosphorites are 
of marine origin (Ozer et al. 2000; Bauymi and Toda 2005; 
Abou El-Anwar et al. 2020). Francolite (carbonate–fluorapa-
tite) is the main phosphate mineral. Fluorapatite is most 
probably constituted in the biophases (bone fragments, 
spines and teeth of vertebrates such as shark fish as well as 
coprolites), (Abou El-Anwar and Sadek 2008). The detailed 
microscopic examinations indicate that the phosphorites at 

Fig. 1   The location map of the 
studied mine
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Um El-Huwtat mine, Quseir, Central Eastern Desert, Egypt 
is essentially composed of phosphatic lithoclasts (mainly 
collophane), phosphatic bioclasts (bone fragments, spines 
and teeth of vertebrates such as shark fish as well as copro-
lites), opaques, and quartz embedded in a microcrystalline 
phosphatic matrix (contains some of dahllite) associated 
with a microcrystalline quartz according to their decreasing 
order of abundance (Figs. 3, 4, 5, 6, 7, 8, 9 and 10). Some 
of calcite, dolomite and gypsum grains are commonly asso-
ciated with the phosphatic phase as confirmed by X-Ray 
Diffraction (XRD). The paragenetic sequence of the studied 
phosphorites is as follows: Fluorapatite (Ca5 (PO4)3F), collo-
phane (is an amorphous calcium carbonate-phosphate) then 
followed by dahllite (3Ca3(PO4)2CaCO3).

Fluorapatite (Ca5 (PO4)3F) occurs as colourless sub-
hedral prismatic crystals with rectangular to acicular form 
(Figs. 3 and 5). It exhibits high relief. It shows parallel 
extinction, basal section appears dark (isotropic) between 
Crossed Nichols (Hexagonal Crystal System). It shows first 
order gray interference colours (Figs. 4 and 6).

Coprolite represents fossil animal excretions that are 
commonly rich in organic inclusions. It occurs as cylindri-
cal and elongated (rod like) form (Figs. 3 and 4).

Collophane is an amorphous or mineraloid calcium 
carbonate-phosphate. It forms brown subhedral to anhe-
dral medium grains and aggregates; brown pellets, sphe-
roids, ovoids are also commonly observed (Figs. 3, 5, 7 
and 9). Collophane appears isotropic between Crossed 

Fig. 2   Stratigraphic columnar section of the Duwi Formation in the 
Red Sea region (modified after Baioumy and Tada 2005)

Fig. 3   Photomicrograph showing fluorapatite (colourless subhedral 
rectangular crystals), collophane (brown grains, pellets, spheroids, 
ovoids) and coprolite (brown cylindrical form) embedded in a micro-
crystalline matrix (colourless dahllite and quartz). Collophane is cor-
roded and replaced by dahllite. Dahllite is growing at the expense of 
collophane. Phosphorite, PPL. X40

Fig. 4   Photomicrograph showing fluorapatite (subhedral rectangu-
lar crystals exhibit gray or white interference colours), collophane 
(isotropic grains, pellets, spheroids, ovoids) and coprolite (isotropic 
cylindrical form) embedded in a microcrystalline matrix (dahllite and 
quartz exhibit gray or white interference colours). Collophane is cor-
roded and replaced by dahllite. Dahllite is growing at the expense of 
collophane. Phosphorite, C.N. X40
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Nichols (Figs. 4, 6, 8 and 10). The microcrystalline dahllite 
of the matrix corrodes and replaces the cellophane (Abou 
El-Anwar et al. 2020), hence the dahllite is growing at the 
expense of the collophane (Figs. 3, 4, 5, 6, 7, 8, 9 and 10). 
It also commonly observed that collophane replaces bio-
phases "bone fragments, spines and teeth of vertebrates such 

as shark fish as well as coprolites" (Figs. 5, 6, 7 and 8) (Abou 
El-Anwar and Sadek 2008; Abou El-Anwar et al. 2020).

Dahllite (3Ca3 (PO4)2. CaCO3) was microscopically 
recorded for the first time in the phosphorite at (Duwi For-
mation) in Qusier-Safaga area, Central Eastern Desert, 
Egypt (Abou El-Anwar et al. 2019a, 2020). In the present 

Fig. 5   Assemblage of fluorapatite (colourless subhedral rectangular 
crystals), collophane (brown grains, pellets, spheroids, ovoids), spines 
of vertebrates (brown) and quartz (colourless) embedded in a micro-
crystalline matrix (colourless dahllite and quartz). Collophane is cor-
roded and replaced by dahllite. Dahllite is growing at the expense of 
collophane. Note, the spines of vertebrates were replaced by collo-
phane. Phosphorite, PPL. X40

Fig. 6   Assemblage of fluorapatite (subhedral rectangular crystals 
exhibit gray or white interference colours), collophane (isotropic 
grains, pellets, spheroids, ovoids), spine of vertebrates (isotropic) and 
quartz (gray or white interference colours) embedded in a microcrys-
talline matrix (dahllite and quartz exhibit gray or white interference 
colours). Collophane is corroded and replaced by dahllite. Dahllite is 
growing at the expense of collophane. Note, the spines of vertebrates 
were replaced by collophane. Phosphorite, C.N. X40

Fig. 7   Photomicrograph showing collophane (brown grains, pellets, 
spheroids, ovoids), opaques (dark) and quartz (colourless) embedded 
in a microcrystalline matrix (colourless dahllite and quartz). Fram-
boidal pyrite scattered in the collophane. Collophane is corroded and 
replaced by dahllite. Dahllite is growing at the expense of collophane. 
Note, cross section from bony vertebrae of fish skeleton was replaced 
by collophane. Phosphorite, PPL. X40

Fig. 8   Photomicrograph showing collophane (isotropic grains, pel-
lets, spheroids, ovoids), opaques (dark) and quartz (gray or white 
interference colours) embedded in a microcrystalline matrix (dahl-
lite and quartz exhibit gray or white interference colours). Framboi-
dal pyrite scattered in the collophane. Collophane is corroded and 
replaced by dahllite. Dahllite is growing at the expense of collophane. 
Note, cross section from bony vertebrae of fish skeleton was replaced 
by collophane. Phosphorite, C.N. X40
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study, dahllite belongs to the microcrystalline phosphatic 
matrix only.

Quartz (SiO2) forms colourless anhedral equigranular 
crystals. It exhibits gray or white first order of interference 
colours (Figs. 3, 4, 5, 6, 7, 8, 9 and 10). It exhibits wavy 
extinction due to strain.

Opaques are mainly represented by pyrite. It forms sub-
hedral to anhedral grains. It is later oxidized to hematite. 
Framboidal pyrite is also commonly observed in the form 

of framboids that scattered in the collophane (Figs. 7, 8, 9 
and 10). Framboidal pyrite is suggesting anoxic conditions 
and indicating the function of the anaerobic bacteria during 
early diageneting stages (Schieber and Baird 2001; Abou 
El-Anwar 2017; Abou El-Anwar et al. 2019a, 2020).

Mineralogy

The mineralogical composition was recognized by X-Ray 
Diffraction technique which is represented by two main 
mineral phases in the studied phosphatic rocks of Um El-
Huwtat samples. Phosphatic phase represented by apatite 
(fluorapatite) which is the dominant (Fig. 11). Occurrence 
of francolites is revealing that the phosphatic rocks have 
significant quantities of carbonates. On the other side, the 
non-phosphate minerals include carbonate minerals; calcite, 
dolomite, evaporated mineral (gypsum), sulphide mineral 
(pyrite), in addition to quartz as a silicate mineral. These 
results are confirmed by XRD analysis.

SEM and EDX examination of the phosphatic samples 
was showing the dominance of the bone fragments, halite 
crystals and quartz grains scattered in the matrix (Fig. 12), 
EDX recorded P (15.9%), Ca (29.73%), and Na (4.2%). 
Framboidal pyrite as authigenic origin, halite crystals and 
quartz grains are scattered in the matrix (Fig. 13), EDX 
recorded Fe (5.11%), Si (15.9%), Na (3.37%), and Cl (4.5%). 
Framboidal pyrite is dispersed in irregular masses and clus-
ters, which is confirmed with XRD analysis. The framboidal 
pyrite indicated anoxic environment through the early diage-
neting stages (Schieber and Baird 2001; Abou El-Anwar and 
El-Sayed 2008; Abou El-Anwar 2011; 2012, 2014; Abou El-
Anwar et al. 2017 and 2020). The presence of pyrite spheres 
marked possibly shallow marine water (Schieber and Baird 
2001; Abou El-Anwar 2020). Pyrite can be oxidized and 
changed to a ferruginous component during the weathering, 
which indicates the function of the chemical weathering. 
Therefore, the Duwi Formation seems to be considerably 
affected by the chemical weathering, which is in agreement 
with Abou El-Anwar (2016), Abou El-Anwar et al. (2014), 

Fig. 9   Photomicrograph showing collophane (brown grains, pellets, 
spheroids, ovoids) and coprolite (brown cylindrical form) embedded 
in a microcrystalline matrix (colourless dahllite and quartz). Fram-
boidal pyrite scattered in the collophane. Collophane is corroded and 
replaced by dahllite. Dahllite is growing at the expense of collophane. 
Phosphorite, PPL. X40

Fig. 10   Photomicrograph showing collophane (isotropic grains, pel-
lets, spheroids, ovoids) and coprolite (isotropic cylindrical form) 
embedded in a microcrystalline matrix (dahllite and quartz exhibit 
gray or white interference colours). Framboidal pyrite scattered in the 
collophane. Collophane is corroded and replaced by dahllite. Dahllite 
is growing at the expense of collophane. Phosphorite, C.N. X40

Fig. 11   X-Ray diffractograms for the phosphatic rocks of the studied 
mine
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Abou El-Anwar et al. (2017, 2019b) and Abou El-Anwar 
et al. (2020).

Geochemistry

The results of geochemical composition of the major, trace 
and rare earth elements for the studied phosphatic rocks 
within the Um El-Huwtat mines, along with their ratios are 
quoted in (Table 1). The interrelationships between elements 
are shown in (Table 2). The major and trace elemental com-
positions of the phosphatic rocks in these study region are 

compared with the published averages phosphatic rocks in 
Table 3.

Major elements

Generally, CaO is the dominant constituent of the studied 
samples ranging from 40.45 to 44.14%, averaging 41.99% 
(Table 1). P2O5 is the second abundant element in abun-
dance. It is varies from 25.8 to 29.8% and averaging 27.31%, 
which indicates the presence of the apatite mineral, as con-
firmed by the XRD. The moderate positive relation (r = 0.52) 
between CaO and P2O5, indicated that CaO associated with 

Fig. 12   BSE image and EDX analysis data showing a dominance of the bone fragments, halite crystals and quartz grains scattered in the matrix 
(Fig. 4), EDX recorded P (15.9%), Ca (29.73%) and Na (4.2%)
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P2O5 as apatite phase as well as there is another phase of 
CaO represented by calcite mineral, which is confirmed by 
the XRD (Table 2 and Fig. 11). The average of MgO was 
1.13%, and the strong positive correlation (r = 0.67) between 
Ca and MgO was revealed that the studied samples have 
dolomite mineral (Table 2), which is confirmed by the XRD.

Phosphate rocks at Um El-Huwtat are classified as 
high-grade ore (26–35% P2O5) according to (Ozer et al. 
2000; Sengul et al. 2006). More than 20% of P2O5 indi-
cates the dominance of the apatite group minerals, such as 
hydroxyl-fluorapatite, carbonate fluorapatite. Therefore, 
the composition of the studied phosphatic rocks (averag-
ing P2O5 = 27.31%) is mainly fluorapatite as confirmed by 
the XRD results. The average CaO/P2O5 for Um El-Huwtat 

phosphatic rocks is (1.54) as showing in (Table 1); hence, 
they are relatively comparable to the pure fluorapatite 
(1.317).

SO3 represent the third element in abundance, which 
ranges from 6.41 to 10.40% with averaging 8.79%. Fe2O3 up 
to 3.44% and average 2.75%, the strong positive correlation 
(r = 0.70) between Fe2O3 and SO3 indicated the presence of 
pyrite mineral (cf. Xiugen et al. 2010; Abou El-Anwar 2017 
; Abou El-Anwar et al. 2017, 2019b, 2020), which is con-
firmed by the XRD, SEM and petrographic analysis. SiO2 
contents up to 5.1% and average 4.52%. Al, Na, K, Ti and 
F are recorded in low percentages. The positive correlation 
between Al2O3 with both SiO2 and NaO (r = 0.64 and 0.34, 
respectively), revealed the presence of some clay minerals. 

Fig. 13   SEM photograph showing spheres of framboidal pyrite as authigenic origin, halite crystals and quartz grains embedded in the matrix, 
EDX recorded Fe (5.11%), Si (15.9%), Na (3.37%) and Cl (4.5%)
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Table 1   XRF data major (%), 
trace and rare earth elements 
(ppm), elemental ratios and 
CIA of selected studied samples 
in the phosphatic rocks of Um 
El-Huwtat mine

Element 1 2 3 4 5 6 7 Min Max Average EF

P2O5 29.8 26.25 25.8 27.14 26.18 27.89 28.12 25.8 29.8 27.31 182.08
SiO2 4.45 4.67 4.6 4.15 5.1 4.09 4.61 4.09 5.1 4.52 0.07
Al2O3 0.32 0.38 0.36 0.41 0.54 0.37 0.42 0.32 0.54 0.4 0.03
TiO2 0.07 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.07 0.04 0.06
CaO 44.14 42.31 41.12 40.45 42.68 41.11 42.15 40.45 44.14 41.99 11.7
MgO 1.64 0.96 1.31 0.81 1.14 1.12 0.96 0.81 1.64 1.13 0.42
Fe2O3 1.02 3.68 2.81 1.24 2.68 3.94 3.9 1.02 3.94 2.75 0.55
Na2O 0.51 1.3 1.12 1.11 1.04 1.04 1.03 0.51 1.3 1.02 0.31
K2O 0.13 0.07 0.07 0.06 0.07 0.07 0.06 0.06 0.13 0.08 0.03
SO3 6.41 10.18 7.18 8.15 10.4 10.12 9.1 6.41 10.4 8.79 56.69
F 1.03 0.88 0.88 0.78 0.57 0.64 0.67 0.57 1.03 0.78 14
Cl 0.11 0.75 0.75 0.71 0.54 0.64 0.45 0.11 0.75 0.56 15.14
L.O.I 10.37 8.54 8.97 14.96 9.03 8.93 8.5 8.5 14.96 9.9 –
Mn 835 210 450 750 551 610 810 210 835 602.29 0.78
Sr 2310 1231 1271 450 920 1645 2104 450 2310 1418.71 4.43
Ba 114 80 44 61 81 95 66 44 114 77.29 0.12
Co 44 39 31 41 35 42 43 31 44 39.29 2.27
Cr 361 310 290 341 305 344 351 290 361 328.86 3.57
Cu 91 71 55 88 69 75 89 55 91 76.86 2.74
Ni 430 143 142 135 120 241 324 120 430 219.29 4.67
Pb 320 280 240 300 245 308 310 240 320 286.14 550.27
Mo 92 75 59 89 66 88 90 59 92 79.86 72.6
Zn 410 320 310 329 311 340 390 310 410 344.29 5.14
V 1300 810 510 940 925 1241 1320 510 1320 1006.57 10.94
As 32 24 20 32 29 30 41 20 41 29.71 6.19
Cd 30 22 19 25 22 24 27 19 30 24.14 268.25
Zr 57 62 50 35 64 41 54 35 64 51.86 0.27
La 30 25 20 28 22 26 27 20 30 25.43 0.67
Ga 22 25 23 15 28 23 20 15 28 22.29 1.27
Nb 17 12 13 14 13 14 13 12 17 13.71 1.14
Nd 6 3 1 5 4 5 5 1 6 4.14 0.15
Sc 21 14 15 19 15 18 20 14 21 17.43 1.24
Se 43 24 18 30 20 27 92 18 92 36.29 403.17
Rb 85 99 90 80 105 75 85 75 105 88.43 1.05
Y 25 28 27 22 38 20 33 20 38 27.57 1.31
Ru 12 3 6 4 3 4 5 3 12 5.29 15.55
Bi 3 1 1 2 1 2 3 1 3 1.86 11.61
U 152 120 90 122 111 140 133 90 152 124 44.29
Uc 72.88 62.22 62.02 67.08 75.3 79.89 80.29 62.02 80.29 71.38 –
Th 1.2 1.5 1.2 0.9 1.8 0.8 1.6 0.8 1.8 1.29 0.12
V/MO 14.13 10.8 8.64 10.56 14.02 14.1 14.67 8.64 14.67 12.42 –
V/Ni 3.02 5.66 3.59 6.96 7.71 5.15 4.07 4.25 3.07 4.59 –
V/(V + Ni) 0.75 0.85 0.78 0.87 0.89 0.84 0.8 0.81 0.75 0.82 –
V/(V + Cr) 0.78 0.72 0.64 0.73 0.75 0.78 0.79 0.64 0.79 0.75 –
Mo/U 0.61 0.63 0.66 0.73 0.59 0.63 0.68 0.66 0.61 0.64 –
U/Mo 1.65 1.6 1.53 1.37 1.68 1.59 1.48 1.53 1.65 1.55 –
Rb/Sr 0.04 0.08 0.07 0.18 0.11 0.05 0.04 0.17 0.05 0.06 –
V/Cr 3.6 2.61 1.76 2.76 3.03 3.61 3.76 1.76 3.66 3.06 –
U/Th 126.67 80 75 135.56 61.67 175 83.13 112.5 84.44 96.44 –
Th/U 0.01

14.57
0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 –
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Strong positive correlation (r = 0.94) between Na and Cl, 
indicated the presence of halite, which is confirmed by the 
SEM analysis.

Generally, the concentrations of the most common major 
elements CaO, P2O5, SO3 and Fe2O3 (41.99, 27.31, 8. 79 
and 2.75%, respectively) in the studied samples are higher 
than those of the same mine (35.57, 25.75, 6.95 and 1.37%) 
studied by Abou El-Anwar et al. (2019b). Except, Al2O3 
contents (5.87%) recorded by Abou El-Anwar et al. (2019b) 
was higher than this measured in the present study samples.

Trace and rare earth elements

The enrichment of the trace and rare earth elements in sedi-
ments may be resulting from sea water, hydrothermal or 
diagenesis. The average trace and rare earth elements con-
tent; Sr, V, Cr, Pd, Zn, Ni, U, Mo, Cu, Co, Se, As, Y, Cd, Ga, 
Sc, Ru and Bi in Um El-Huwtat phosphate samples (1419, 
1007, 329, 286, 241, 219,124, 80, 77, 39, 36,30, 28, 24, 22, 
17, 5 and 2 ppm, respectively) are enriched than those in the 
UCC and PAAS (Taylor and McLennan 1985; Rudnick and 
Gao 2014, respectively), (Table 1 and Fig. 14). Generally, 
the studied Um El-Huwtat phosphatic samples are enriched 
in all elements except Ba, Y and Bi than those for the same 
locality studied by Abou El-Anwar et al. (2019b).

REE compositions of the phosphatic rocks have been 
modeled formerly to assess the mechanism of REE uptake 
and subsequent alteration during diagenesis (Chen et al. 
2015; Zhang et al. 2016) and recognize the palaeo-seawater 
REE compositions (Lécuyer et al. 2004; Abbott et al. 2015). 
Thus, REE associated with phosphatic rocks can be attrib-
uted to either adsorption or substitution procedure during 
diagenesis (Kohn and Moses 2013), and/or subjected to 
the intensive chemical weathering (Abou El-Anwar et al. 
2019b).

P2O5 has very strong positive correlation with the most 
heavy metals Cr, Co, Cu, Ni, Pb, Zn, Mo and V, (r = 0.93, 
0.85, 0.81, 0.94, 0.87, 0.94, 0.84 and 0.86, respectively, 
(Table 2), and with rare earth elements La, Nb, Nd, Sc, Se, 
Ru, Bi and U (r = 0.86, 0.84, 0.83, 0.90, 0.53, 0.75, 0.92 and 
0.92, respectively, Table 2). Thus, it indicates that these trace 

and rare earth elements are mostly associated with phos-
phatic rocks. SiO2 has positive correlation with, Zr, Ga, Rb, 
Y and Th (r = 0.87, 0.72, 0.93, 0.94 and 0.94, respectively) 
which revealed that these elements may be coupled with the 
detrital quartz.

These trace and rare earth elements are positively cor-
related with TiO2 and with each other, which revealed that 
these elements may be associated with titanium-iron oxides 
or with the heavy minerals rather than with apatite (Table 2), 
(cf. Abou El-Anwar and Samy 2013; Abou El Anwar 2019). 
In addition, the moderate positive correlation (r = 0.45, 0.33, 
0.33 and 0.21, respectively) between S and La, Y, Th and Zr, 
revealed that pyrite also can be considered as another pos-
sible source for REEs (Deditius et al. 2011; Khorasanipour 
and Jafari 2018).

Distribution of Uranium and Thorium

U content in the studied samples are ranges from 90 to 
152 ppm and average 124 ppm from the studied Um El-
Huwtat phosphatic rocks (Table  1). These values are 
higher than U content in the UCC (2.5 ppm) and the PAAS 
(2.7 ppm), (Taylor and McLennan 1985; Rudnick and Gao 
2014, respectively). U average content is higher than which 
is recorded in the same locality studied by Abou El Anwar 
et al. (2019b). This could be attributed to the post-depo-
sitional enrichment of uranium and/or intensive chemical 
weathering in Quseir area.

Table 2 show that U has strong positive correlation with 
P2O5 and moderate positive correlation with CaO and Sr 
(r = 0.92, 0.47 and 0.62, respectively), which indicates that 
uranium was best associated with these elements in phos-
phate minerals. In addition U has strong positive correla-
tion with Ti (r = 0.70) which points to that uranium can be 
associated with titanium oxide minerals.

The strong and moderate (r = 0.92 and 0.47, respectively) 
positive correlation of U with P2O5 and Ca indicated that 
the important role of phosphate in fixation of U6+ as uranyle 
ion (UO2)2+. Thus, the secondary uranium minerals such as 
phosphuranylite {Ca (UO2) (PO4)2(OH)26H2O} may be pre-
cipitated. The positive correlation (r = 0.47) between CaO 

Table 1   (continued) Element 1 2 3 4 5 6 7 Min Max Average EF

Fe/Ti 122.67 93.67 41.33 89.33 98.5 130 14.57 130 84.3 –
CIA 21.77 12.46 13.48 15.24 20.07 14.68 16.54 12.46 21.77 16.32 –
Σtrace 3167 2156 1726 2355 2191 2774 3039 1689 3203 2486.86 –
ΣREE 536.2 463.5 394.2 433.9 476.8 449.8 559.6 343.8 640.8 473.4 –
ΣLREE 69 62 56 57 63 63 60 47 75 61.4 –
ΣHREE 25 28 27 22 38 20 33 20 38 27.6 –
ΣLREE/ΣHREE 2.76 2.21 2.07 2.59 1.66 3.15 1.82 2.35 1.97 2.23 –
Nio/Co 9.77 3.67 4.58 3.29 3.43 5.74 7.53 3.87 9.77 5.58 –
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and U indicated that part of the U content may be occurs 
as tetravalent state U4+ resulting of substitution for Ca2+ in 
the phosphate minerals during subaerial weathering (Abou 
El Anwar et al. 2019b). Also, the strong positive (r = 0.73) 
correlation between P2O5 with Sr is may be probably 
interrelated to the occurrence of belovite {Sr3 (CeNaCa)2 
(PO4)3OH} mineral. Thus, phosphuranylite and belovite may 
be deposited in the study area as secondary minerals which 
are in agreement with Abou El Anwar et al. (2019b).

U is strong positive correlated with Co, Cr, Cu, Ni, Pd, 
Mo, Zn, V, As, Cd, La, Nb, Nd, Sc and Bi (r = 0.95, 0.92, 
0.82, 0.80, 0.92, 0.90, 0.81, 0.93, 0.65, 0.90, 0.90, 0.67, 
0.91, 0.77 and 0.80, respectively). Therefore, U may be 
released during the weathering and behave as immobile and 
it can be change to a new phases (Venter and Boylett 2009). 
Thus, U contents in the study phosphatic rocks were prob-
ably associated with the heavy metals and rare earth ele-
ments during the chemical weathering (Waite et al. 1994; 
Bots and Behrends 2008; Bata 2016; Abou El-Anwar 2019; 
Abou El-Anwar et al. 2020) under oxic environment (Song 
et al. 2012). Thus, anoxic sediments are much more enriched 
in U than oxic ones (Wignall and Twitchett 1996; Abou El-
Anwar 2019; Abou El-Anwar et al. 2020).

The geochemistry of Mardin-Mazidag Phosphate Deposit 
(Akuze et al. 2008) which was studied using the quadratic 
regression model of Narula and Wellington (2007). This 
quadratic regression used to illustrate comparatively wide 
area of the input variable changes. It is expressed as follows:

where Y represents the U concentration in ppm and X1, X2 
represent P2O5 and F concentration in %, respectively. These 
parameters used to explain the relation between Phosphate, 

(1)Y = b0 +
∑

bixi +
∑

bix
2

i
,

Fluorite and Uranium. After the regression analysis for 
them experiment, the following mathematical model was 
obtained:

As a result, the interrelation between P2O5, F and U con-
centrations of the phosphate ore samples could be expressed 
as follows:

The calculated U (mg/kg) for Um El-Huwtat which is 
shown in Table 1.

Thus, the studied Um El-Huwtat phoshatic samples have 
high P2O5 and low organic matter. The Um have high value 
versus to the Uc, which support that anoxic sediments are 
much more enriched in U in Um El-Huwtat phosphates 
mines.

The values of the studied samples are higher than Uc val-
ues; this could be attributed to the post-depositional enrich-
ment of uranium and/or the intensive chemical weathering.

In contrast, the studied samples recorded Th which is not 
detected by Abou El-Anwar et al. (2019b). Th content varies 
from 0.8 to 1.8 ppm with averaging 1.29 ppm in the pre-
sent study; this value was lower than those recorded in UCC 
(10.3 ppm) and PAAS (10.5 ppm), (Taylor and McLennan 
1985; Rudnick and Gao 2014, respectively). Th is strong 
positive correlated (r = 0.94) with SiO2 and moderately 
with Al2O3 (r = 0.62), which indicates that the Th content is 
mainly associated with quartz and clay minerals. Also, it is 
weak positive correlated with Fe2O3 and SO3, which reveals 
that the Th possibly weak coupled with pyrite mineral. Th is 
strong positive correlated (r = 0.87) with the trace element 
Zr, in addition it is strong to moderated positive relation with 

Y = −8.9614 + 3.0972X1− 10.1493X2.

(2)
U(mg∕kg) = − 8.9614 + 3.0972P2O5(st.%)− 10.1493F(wt.%).

Table 3   The trace elemental 
composition of the phosphates 
in this study as compared with 
published average phosphates in 
different countries

Tunisia, Morocco, (Silva et  al. 2010); Jordan (Batarseh and El-Hasan (2009); AWP (Altschuler 1980); 
ASC: Average Shale Composition by Turekian and Wedepohl (1961); Soil EC: (European Commission EC 
1986), Fertilizer Canada: Permissible limit established by the Canadian Food Inspection Agency (1997). 
n.d. not determined

Element Study area Yunis UM El-
Huwtat, 
2019

Tunisia Morocco Jordan AWP ASC Soil EC Fertilizer

Ni 219.29 207 178 55 41.4 15 53 68 50 180
Zn 344.29 159 332 226 279 121 195 95 200 1850
Sr 1418.71 896 1463 1606 1331 n.d 1900 300 n.d n.d
V 1006.57 1626 365 n.d n.d n.d n.d n.d n.d n.d
Cr 328.86 767 310 42.7 217 51 125 90 60 n.d
Co 39.29 0 185 0.3 0.75 n.d 7 19 n.d 150
Mo 79.86 365 0 14.1 7.9 n.d n.d 2.5 n.d 20
As 29.71 70 24 11 10.7 n.d 23 13 8 75
Mn 602.29 958 492 51.2 15 n.d n.d 850 n.d n.d
U 124 50 97 40 n.d n.d n.d n.d n.d n.d
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some rare earth elements; Y, Rb and Ga (r = 0.96, 0.85 and 
0.58, respectively). Zr is strong positive correlated (r = 0.77, 
0.84 and 0.78, respectively) with the rare earth elements Y, 
Rb and Ga. Thus, Th probably associated with zirconium 
mineral and its rare earth associated in the detrital quartz.

Depositional environment

V, Ni, Mo, U, Cu, Cr, Re, Cd, Sb and Tl are represented by 
redox-sensitive trace elements in marine sediments. Thus, 
they can point to the paleo-conditions (Pattan and Pearce 
2009; Adegoke et al. 2014; Pi et al. 2014). The redox-sensi-
tive metals are highly enriched in anoxic sediments.

The average redox-sensitive trace elements (V, Ni, Mo, 
U, Cu, Cr, Cd, Co and Zn) in the studied phosphatic rocks 
from the Um El-Huwtat mine (1007, 219, 80, 124, 77, 329, 
24, 39 and 242 ppm, respectively) show enrichments of the 
redox-sensitive elements (97, 47, 1.5, 2.5, 28, 92, 0.098, 17.3 
and 67 ppm, respectively) compared to the composition of 
the bulk continental crust (Rudnick and Gao 2014; Fig. 14). 
This enrichment in the contents of the redox-sensitive ele-
ments of the Um El-Huwtat phosphatic rocks can be pointed 
out to a strong evidence for anoxic environment through 
the deposition (Pi et al. 2014; Adegoke et al. 2014). This 
is in agreements with Abou El-Anwar (2016, 2017), Abou 
El-Anwar et al. (2017, 2019b, 2020). The more enrichment 
of the most trace and rare earth elements were may be prob-
ably resulting of they were leached from the above Dakhla 
shales in the study area. V is enriched in comparison to Ni in 
anoxic marine environments which may be due to the strong 
activity of sulfate reducing bacteria in this environment in 

addition to V is comparatively higher stability compared to 
Ni (Peters and Moldowan 1993).

V/Mo ratio in sediments < 2, it indicates an anoxic condi-
tion, ratio between 2 and 10 indicates suboxic conditions, 
and it from 10 to 60 indicates oxic conditions (Gallego-
Torres et al. 2010).

V/Ni ratio higher than 3 indicates that marine origin 
organic matter was deposited under reducing conditions 
(Galarraga et al. 2008).

V/(V + Ni) and V/(V + Cr) ratios can be used to indicate 
oxygenation of the depositional environment, and higher V/
(V + Ni) and V/(V + Cr) ratios indicate more strongly reduc-
ing conditions. Pi et al. (2014) recognized V/(V + Ni) and 
V/(V + Cr) ratios of more than 0.8 and 0.6, respectively, to 
indicate strongly reducing conditions. V/Cr > 4.25 denoting 
an anoxic environment and from 2.0 to 4.25 indicates a sub-
oxic to dysoxic environment. Ni/Co > 7.0 indicate anoxic, 
from 5.0 to 7.0 declares suboxic to dysoxic and lower than 
5.0 point to oxic environment (Jones and Manning 1994; 
Shi et al. 2015).

V/Mo ratio in the studied phosphatic samples ranges from 
8.6 to 14.7 averaging 12.42 indicated to oxic conditions of 
deposition (Table 1). The Um El-Huwtat phosphatic samples 
recorded V/Ni ratio (4.59) indicated that the deposition took 
place under anoxic reducing conditions, (Galarraga et al. 
2008; Table 1).

V/(V + Ni) and V/(V + Cr) ratios recorded 0.82 and 0.75, 
respectively. Thus, the studied samples from Um El-Huwtat 
phosphatic rocks are display more reducing nature of their 
depositional environment (Table 1).

Fig. 14   Concentrations of the trace and rare earth elements in the studied phosphatic rocks normalized by UCC and PAAS
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V/Cr (3.06) higher than 2.0 (Table 1), this indicate that 
the phosphatic rocks in the studied area in the stage of late 
stage diagenesis (Trueman and Tuross 2002), which con-
firmed by the mineralogically and petographically studied. 
In the studied phosphatic samples the V/Cr (3.06) indicates 
that these phosphatic rocks are deposited under suboxic to 
dysoxic environment (Jones and Manning 1994). Ni/Co 
ranging from 3.87 to 9.77 revealed that the deposition of 
the studied phosphatic samples in oxic to anoxic condition.

U/Th > 1.25 indicates an anoxic environment, and 
0.75–1.25 sign a suboxic to dysoxic environment, while 
a < 0.75 indicates an oxic environment (Jones and Man-
ning 1994; Shi et al. 2015). U/Th (96.4) indicated that the 
studied rocks were deposited in anoxic condition. Th/U was 
recorded 0.01 indicates mainly anoxic environment (Pi et al. 
2014).

U content higher than 12 indicates anoxic conditions, 
range from 5 to 12.0 indicates suboxic to dysoxic conditions, 
while the < 5.0 indicates oxic conditions. The studied area 
recorded average 124 ppm U. Thus, it was deposited under 
anoxic conditions (Algeo and Tribovillard 2009).

Fe/Ti for the study shales is 84.30, which is consistent 
with hydrothermal input as well (Delian et al. 2004). Con-
sequently, the studied black shales most probably resulted 
from mineralization by the hydrothermal solution, which is 
in agreement (Abou El-Anwar et al. 2019b, 2020).

Consequently, the trace elements and the ratio of V/Mo, 
V/Ni, V/Cr, V/(V + Ni), and V/(V + Cr), Ni/Co, U/Th, Th/U 
and authigenic uranium as well as Fe/Ti can be indicate the 
redox conditions of rocks and the results declare the oxic 
to anoxic environment coupled with hydrothermal solution 
in the studied phosphatic rocks are deposited (cf. Abou El-
Anwar et al. 2018, 2019b).

Mobilization of rare earth elements

Generally, REEs are mainly originated from rock and min-
eral weathering, erosion and soil parent material (Jiang and 
Ji 2012). Concentrations of REEs naturally found in sedi-
ments depend on the parent material.

Table 1 reveals that LREE (61.4 ppm) enrichment and 
HREE (27.6 ppm) depletion, which indicated that the con-
sequence of the weathering process. The LREE/HREE ratios 
(2.23) showed that weathering processes had an impact on 
REE fractionation in the studied area. Resulting of the lower 
mobility of LREE compared with HREE indicated to the 
LREE enrichment, whereas HREE depletion accompanying 
with increase weathering strength (Yusoff et al. 2013; Gao 
et al. 2016). Generally, the intensity of weathering environ-
ments led to raise the ratio of LREEs/HREEs in sediments 
derived from metaluminous granites (Yusoff et al. 2013).

Data analysis in Table 2 indicated that most LREEs 
(La and Nd) are mainly strong positive correlated with P 

(r = 0.86 and 0.83, respectively) and Ga strong positive 
correlated with Si (r = 0.72), which indicated that the most 
LREEs are associated with phosphatic samples and few 
associated quartz grains. Whereas, HREE; Y and Sc strong 
positive relation with Si and P; reservedly (r = 0.94 and 0.90, 
respectively) which revealed that the HREE are associated 
with phosphatic and quartz grains which is more resistant 
to weathering, which is in agreements with Caspari (2006). 
Generally, REEs have minimum mobility within near-sur-
face environments. Thus, these minerals those reflect nearby 
sources.

Enrichment factor EF

The trace elements Pb, Se, Cd, Mo, Th, Ru, U, V, As, Zn, 
Ni, Sr, Cr, Cu and Co are enriched with enrichment values 
(EF) of 550.27, 403.1, 268.25, 72.6, 44.3, 15.5, 11.6, 10.9, 
6.16, 5.14, 4.67, 4.43, 3.57, 2.74 and 2.27, respectively. The 
enrichment of these elements is consistent with high organic 
matter content and abundant pyrite crystal found in phos-
phate samples because they are hosted in sulphides and/or 
organic associated (Spear and Zheng 1999). The elements Y, 
Ga, Nb, Nd, Sc, Mn, Rb and La, Cu, Ni and Th have enrich-
ment values 1.31 to 1.05 which is understandable because 
they are probably controlled by sulphides and /or organic 
matter, (Eskenazy 2009). Zr, Ba and Nd have an EF less than 
0.5 and are thus considered to be depleted. The depletion of 
these elements is possibly attributed to weathering source 
rocks because they are mainly or partly present in clay min-
erals. All other elements studied show more or less the same 
concentration as the Clarke values with the EF between 1.3 
and 0.5. Obviously, the enrichment or deletion of an element 
may be a function of that association and the origins of the 
various phosphate fractions.

Paleoclimate

The CIA can be reflecting the paleoclimatic conditions. 
CIA from 50 to 65, indicated cold and dry climate during 
low chemical weathering, 65 to 85, it denotes a warm and 
humid climate during moderate chemical weathering, while 
a value between 85 and 100 indicated a hot and humid cli-
mate during strong chemical weathering (Nesbitt and Young 
1982; McLennan 1993). The CIA of the studied phosphatic 
rocks is ranged between 12.46 and 21.77 with averaging 
16.32% indicating that these rocks were subjected low inten-
sive chemical weathering condition (Fedo et al. 1996). The 
immobile elements can be used as markers of provenance 
such as weathering (Taylor and McLennan 1985). Thus, the 
strong positive and Ni, Zn, V, Zr, Cr, Rb, Y and U (r = 0.82, 
0.55, 0.81, 0.81, 0.62, 0.86, 0.64 and correlations between 
Al2O3 0.54, respectively, Table 2) as well as moderate 
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relation with Cd and La (r = 0.33 and 0.15, respectively) 
reveal that these immobile elements are concentrated during 
weathering processes (Fedo et al. 1996).

Rb/Sr ratios can be used to identify the degree of source 
rock weathering (McLennan 1993). The studied shale sam-
ples have an average Rb/Sr ratio of 0.06 (Table 1). This value 
is lower than that of the UCC average (0.33) and is relatively 
comparable to PAAS (0.08). This suggests that the degree of 
the chemical weathering of the source rocks was relatively 
comparable to the PAAS values.

Comparison of the chemical composition 
with published averages of other contraries:

Table 3 shows the distribution of the trace and rare earth 
elements in the study phosphatic rocks and in other different 
localities. The phosphatic rocks in Quseir area are enrich-
ment in V, Zn, Cr, Mo, Mn, Ni, Co, As and U than all the 
other contraries (Table 3 and Fig. 16). Yunis phosphatic 
samples were high contents in V, Cr, Mo, As and Mn, (Abou 
El-Anwar et al. 2019b) than the studied phosphatic rocks. In 
addition the studied samples rich in all the elements except 
Sr, Co and U than those detrained by (Abou El-Anwar et al. 
2019b) for the same mine (Fig. 15).

Table 3 and Fig. 16 show that all the elements contents 
are higher than those in Average World Phosphorite (AWP 
recorded by Altschuler 1980) except Sr content, and the Fer-
tilization Food (Canadian Food Inspection Agency 1997), 
except Zn content. Furthermore, all the average values for 
the elements are higher than those in Average Shale Com-
position (ASC) and UCC (Turekian and Wedelphl 1961; 
Rudnick and Gao 2014). Thus, it may be concluded in the 
Duwi Formation, at Quseir region the phosphatic rocks are 
suitable for industrialized fertilizers.

The average Ni, Zn, V, Cr, Mo, As, Mn and U content 
in the study area are higher than those for the same mine 
which studied with Abou El-Anwar et al. (2019b), except 
Co is lower (Table 3 and Fig. 16). The average Ni, Zn, Sr, 
Cr and U content in the study area are higher than those 
for the phosphatic samples of Yunis mine (Abou El-Anwar 
et al. 2019b). Also, all the recoded values for the study mine 
are higher than those in Tunisia, Morocco (de Silva et al. 
2010), and Jordan (Batarseh and El-Hasan 2009), except Sr 
(1606 ppm) content in Tunisia is higher than our samples. 
Figures 17 and 18 show the distribution of the trace elements 
Ni, and U average values are higher than those of all locali-
ties and other countries.

Conclusions

Mineralogical, petrographical and geochemical investiga-
tions for the phosphate rocks in Um El-Huwtat (Safaga) 
mines of the Duwi Formation at Qusseir area are made to 
recognize the depositional environment. Mineralogically, the 
bulk samples are mainly apatite (francolites). The non-phos-
phatic minerals include quartz, calcite, dolomite and pyrite.

The studied phosphatic rocks of the study area are gen-
erally having high concentrations of some trace and rare 
earth elements. They are accumulated under oxic to anoxic 
condition. High values for Fe/Ti suggests a biogenic and 
hydrothermal source for the Fe. The intensity of weathering 
environments led to raise the ratio of LREEs/HREEs. They 
are accumulated from nearby sources.

In comparison with the Average World Phosphorite 
(AWP), the Fertilization Food the studied phosphatic rocks 
are higher in all elements expected Sr (1900 ppm for AWP) 
and Zn (4850 ppm for Fertilization Food). Thus the studied 
phosphatic rocks are suitable for industrialized fertilizers 
according to the world guides. In addition, they have eco-
nomic values resulting of the enrichment in some traces and 
rare elements.

All the average values of the heavy metals are higher than 
those in Tunisia, Morocco and Jordan (400.3, 571.75 and 
187 ppm, respectively) for the study mine.
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