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ABSTRACT
The present study deals with geologic and mineralogic studies as well as gamma-ray spectro-
metric survey for uranium potential phosphates of Duwi Formation and environmental assess-
ment at Gabal Abu Had environ. These phosphate deposits are considered as an important
potential resource for uranium and rare earth elements as by-products. The study area lies to
the NE of Qena town and dissected by Qena – Safaga asphaltic road. The Duwi Formation in the
study area conformably overlies Qusseir Formation and underlies Dakhla Formation; this
succession is capped with Esna and Thebes Formations and eroded along wadis which are
filled with Quaternary deposits. Phosphate deposits (Duwi Formation) of Abu Had area are
enriched with uranium, which may be extracted as a by-product of making fertilisers.
Petrographic studies indicate that phosphate beds are composed of phosphatic particles
which include collophane grains, bioclasts (bone and teeth fragments), as well as, non-
phosphatic particles which include quartz, calcite and pyrite embedded in silica, calcite or
iron oxides cement. XRD results showed that hydroxylapatite is the principal phosphate
mineral, and the non-phosphate minerals include calcite, quartz, gypsum and anhydrite.
Ground gamma-ray spectrometric results indicated that the study area has K values range
from 0.2% to 4.4%, eTh values range from 0.5 to 18 ppm and eU values range from 0.5 to 100
ppm. The phosphate-bearing beds of Duwi Formation have the highest values of eU reach up
to 100 ppm. The uranium anomalies mostly elongated in NW-SE trend that related to the NW-
SE strike-slip faults of the area. The average value of annual effective dose rates of phosphates
at Abu Had area equals 0.32 mSv/y which, less than the worldwide permissible level of annual
effective dose rate (1 mSv/y).
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1. Introduction

The Egyptian phosphate deposits are a part of the
Middle East to North Africa phosphate province and
confined to the Upper Cretaceous and Lower Tertiary
sediments. The total resources of Egyptian phosphates
estimated more than 3 billion tons (Notholt 1985).
Gamma-ray spectrometric can be used for acquiring
information on the distribution of radiation exposure
rates (Gaafar et al. 2016). The phosphate occurrences
in Egypt from north to south were subdivided into
three east-west trending facies belts (Hermina 1972),
that are northern, central and southern facies. The
central facies belt represents the most economic
occurrences and include three major localities, on
the Red Sea Region, on both sides of the Nile Valley
(east and west El Sibaiya area – Abu Had – Wadi
Hamama) and Western Desert (Abu Tartur – Dakhla
plateau). Many previous studies are made on the Nile
Valley phosphorites and their uranium potentialities.
For example, Morsery (1969), Philobbos (1969), El-
Kammar (1970), Attia et al. (1971) McClellan (1980),
Germann et al. (1984), Baioumy (2007), Zidan (2013),
Abou El-Anwar et al. (2016) and Hassaan et al. (2017)
concluded that collophane, bone and teeth fragments

together with minor amounts of detrital quartz, car-
bonaceous, ferruginous material, pyrite, glauconite
and shell fragments as the main constituents of the
phosphorites at several localities along the Nile Valley.
Ahmed (1983) analysed phosphate samples of collo-
phane grains and bone fragments from Abu Had and
Wadi Hamama area using XRD technique and pointed
out that francolite has a similar composition in bone
fragments and collophane grains, although it possesses
a slightly higher Na and F contents in bone fragments.
Mohamed (1994) reported that the known natural
phosphorite minerals exceed 250 in number and they
belong mostly to the apatite family.

The measured thickness of the Duwi Formation is
about 105 m at Gabal Abu Had (Hamama and Kassab
1990). Abdu (2002) stated that the marine Nile Valley
phosphate deposits are characterised by U-enrichment
in their respect. Gaafar et al. (2014) integrate the air-
borne and carborne gamma-ray spectrometric sur-
veys, Wadi El-Jidami area, Central Eastern Desert,
Egypt, and mentioned that phosphatic rocks of Duwi
Formation have a high content of uranium up to 42
ppm. Abbady (2004) estimates the radiological effects
of sedimentary rocks from Upper Egypt in G. Sarai
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area and in G. Anz area and mentioned that the
average absorbed dose rates are 0.16 mSv/y and 0.17
mSv/y for G. Anz and G. Sarai, respectively.

The airborne gamma-ray spectrometric survey is
used in different fields. Mainly it is used in uranium
exploration and geological mapping (Anderson and
Nash 1997; IAEA 2010; Gaafar et al. 2017). It is also
used in mineral exploration (Grasty and Shives 1997;
Gaafar et al. 2013). It is also used in environmental
radiation monitoring (Lahti et al. 2001; Ford et al.
2001). The data were gridded to producing colour
contour maps for the three radioelement concentra-
tions, and their ratios. The interpretation of these air-
borne spectrometric survey data will explain
enrichment or depletion of these radioactive elements
in different geological settings.

This paper deals with petrographical and minera-
logical studies as well as ground gamma-ray spectro-
metric survey for uranium potential – phosphates of
Gabal Abu Had environ, which lies to the NE of Qena
town between Latitudes 26°20ʹ00ʹ’ and 26°32ʹ30”N and
longitudes 33°00ʹ00” and 33°10ʹ00”E. The studied
area is dissected by Qena – Safaga Asphaltic road
(Figure 1). However, the previous studies have limited
results of airborne anomalies. Therefore, the present
study applies the ground survey for follow-up of the
airborne anomalies. The present study rings a large

amount of new analytical data in a variety of speciality
fields: geology, mineralogy, X-ray diffraction, geo-
chemistry, interpretation of ground gamma spectro-
metry on an area hosting uranium mineralised
phosphorites. This is an important subject because
phosphates and uranium represent extremely valuable
resources. The new finding of this study is the phos-
phate of Duwi Formation is enriched with U-minerals
that reaching to 100 ppm and it is slightly less than the
permissible level of annual effective dose rate.

2. Geological setting

The study area is composed mainly of a simple sedi-
mentary succession ranges from Upper Cretaceous to
Quaternary age (Figures 2–4). It characterised by the
presence of Abu Had syncline with axial plane runs in
(NW-SE) direction for about 40 km length, affected by
the tectonic activity in the Gulf of Suez province and it
is crossed by two main fault systems having (NW-SE)
and (NE-SW) trends (El-Sawy et al. 2011). The Duwi
Formation conformably overlies Qusseir Formation
and conformably underlies the Dakhla Formation,
Tarawan Formation and Esna Formation. This succes-
sion in the study area capped with Thebes Formation
and eroded along wadis which are filled with
Quaternary gravels, sands and shale. The following is

Figure 1. Location map of Abu Had area, Central Eastern Desert, Egypt.
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brief descriptions of the different formations exist in
the study area from older to younger:

2.1. Qusseir formation

In the studied area this formation represented by
variegated shale which conformably underlying the
Duwi Formation and the contact between the
Qusseir Formation and Duwi Formation is sharp as
shown in (Figure 3(a)).

2.2. Duwi formation

The Duwi Formation in the study area conformably
overlies the Qusseir Formation and underlying
Dakhla Formation (Figures 3(a,d)). It represented
by three phosphorite members where the lower
member is composed of yellowish-brown phosphate
bands at weathered exposed surface, interbedded
with thin blackish shale, chert lenses and calcareous
clay stone bed, the lower member ranges from 1.9 to

2.1 m in thickness with an average 2 m (Figure 3(a)).
The middle member is composed of grey to black,
papery shale, cross-bedded siltstone, marl, oyster
bank and thin phosphatic layer. The shale has differ-
ent colours being darker upwards; Iron bands often
intercalated the shale, its maximum thickness
approximately 57 m (Figure 3(b)). The upper mem-
ber is composed of yellowish-brown phosphate at the
weathered exposed surface with dolomitic lenses,
black shale and capped with fossiliferous (ammo-
nites) limestone bed, it ranges between 5.2 and
5.5 m in thickness with an average thickness of
5.35 m (Figure 3(c)).

2.3. Dakhla formation

Dakhla Formation overlies the Duwi Formation and
underlies the Tarawan Formation. In the study area,
Dakhla Formation exposed in Gabal Abu Had which
lies in the north-western side of the study area. It
consists of a series of marl and shale which vary in

Figure 2. Geologic map of Abu Had area, Central Eastern Desert, Egypt (After EGSMA, 2001; 2002).

NRIAG JOURNAL OF ASTRONOMY AND GEOPHYSICS 377



thickness from one place to another and its thickness
reaches 5 m in the study area (Figure 3(d)).

2.4. Tarawan formation

The Tarawan Formation is composed mainly of marl
and marly limestone beds (Figure 3(e)). It is conform-
ably underlined by the Dakhla Formation. The strati-
graphic importance of Tarawan Formation comes

from regarding it a marker between the Dakhla and
Esna Formations. Its thickness reaches 9 m in the
study area of Gabal Abu Had.

2.5. Esna formation

Esna Formation is recorded in the north-western side
of the study area overlying the Tarawan Formation
and underlying the limestone sequences of Thebes

a

Qusseir Fm.

Duwi Fm.
b
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Thebes Fm.

Esna Fm.
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Tarawan Fm.

Duwi Fm.

Dakhla Fm.

d

Esna Fm.

Tarawan Fm.

Figure 3. (a) The contact between Qusseir Formation and the lower member of Duwi Fm., (b) thickness of middle member of Duwi
Fm., (c) thickness of upper member of Duwi Fm., (d) the contact between upper phosphate member of Duwi Fm., Dakhla Fm. and
Tarawan Fm., (e) the contact between Tarawan Fm. and Esna Fm. and (f) the contact between Esna Fm. and Thebes Fm. in the
study area.
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Formation. It composed of thick calcareous shale. The
thickness of the Esna Formation increases southward
to about 5 m at Abu Had study area (Figure 3(f)).

2.6. Thebes formation

The Thebes Formation overlies the Esna Formation
and forms the north-western escarpment boundary of
the Gabal Abu Had. Its thickness is more than 20 m in
the study area (Figure 3(f)).

2.7. Quaternary deposits

Quaternary deposits in the study area are represented
by the wadi fill deposits being composed mainly of
conglomerate, sand and gravels. It represented by
three sedimentary units, which are the Old Alluvium,

Old Wadi deposits and Wadi sediments (Figure 2). It is
distributed well in the study area, where they exposed in
Wadi El-Jidami, Wadi Abu Sihat and Wadi El-Markh.

3. Methods of study

In the present study, 33 representative samples were
collected and described from the beds. Twenty thin
sections represented for phosphorites and phosphatic
rocks of upper, middle and lower member of Duwi
Formation of the study area were prepared and exam-
ined for the identification of the mineral constituents
and texture by using a polarising microscope equipped
with an automatic camera and a mechanical stage. The
unknown minerals of phosphate rocks from the three
members of Duwi Formation of the study area were
prepared and investigated as bulk samples using the

Figure 4. Composite lithostratigraphic section of Abu Had area, Central Eastern Desert, Egypt.
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X-ray diffraction technique (XRD) by PHILIPS PW
3710/31 diffractometer, scintillation counter; Cu-
target tube and Ni filter at 40 kV and 30 mA to
determine the mineralogical composition of phos-
phate. The mineralogical studies were carried out in
the laboratories of the Egyptian Nuclear Materials
Authority (NMA). Follow up of the airborne uranium
anomalies for the northern part of the study area by
ground gamma-ray spectrometric survey using RS-
230 spectrometer, on a grid pattern with spacing
100 m with an increase of the grid stations to about
50 m spacing. The surface distribution of the eU, eTh,
K and dose rate was determined, and image maps of
these elements were constructed and interpreted.

4. Petrographical studies

Twenty thin sections of representative phosphate sam-
ples of studied area are composed of phosphate parti-
cles include mudclasts represented by peloids
(collophane grains), bioclasts (bone and teeth frag-
ments), beside non-phosphate particles of quartz, cal-
cite and pyrite embedded in silica, calcite, iron oxides
or gypsum cement.

4.1. Phosphate particles

Phosphatic mudclasts (collophane) were described as
peloids by (El-Kammar et al. 1979) and occur in stu-
died sections in sample 23 as yellow to brown colour.
They are isotropic, showing spherical, oval, prismatic
and irregular shapes (Figure 5(a)). The darker colours
depend on the pigmentation of phosphatic grains by
iron oxides. The size of collophane is ranging from silt
to pebbly size.

Phosphatic bioclasts are recorded in samples 2, 22
and 25. They are represented mainly by brownish-
yellow to yellow teeth and bone fragments ranging in
size from medium, coarse to very coarse (up to 2 mm)
grain. Teeth fragments of prismatic shape with grey to
black colour and stained by iron oxides have been
recorded in the studied phosphate samples (Figure 5
(b)). Bone fragments are present in different forms;
subangular to rounded elongated forms (Figure 5(c)).
They are characterised with grey to black colour which
sometimes transformed into brownish red as a result
of iron oxide staining. The planktonic Foraminifera
sp. (Globgrinoid sp.) is present in uniserial and biserial
forms in phosphate samples (Figure 5(d)). The abun-
dance of planktonic Foraminifera in the studied sec-
tion reflects a marine depositional environment of
phosphates.

In the studied samples, the non-phosphate materi-
als are represented by detrital quartz which recorded
in samples 2, 12 and 20 (Figure 5(b)), calcite crystals in
sample 20 (Figure 5(f)), pyrite crystals recorded in
sample 12 (Figure 5(e)), and iron oxides present as

replacement materials or filling matter of bioclasts
(Figure 5(b)).

Carbonate represents the main cementing material
in the phosphorites of Abu Had area and recorded
mainly in phosphate samples of upper member sam-
ples 17, 22, 23 and 26 (Figure 5(a,c)). Silica cement is
recorded in phosphate samples of lower and middle
member samples 2, 5, 12 and 20 in amorphous form
and represented by chalcedony (Figure 5(b)).

5. Mineralogy

The XRD data of bulk samples obtained from the
studied phosphate samples recorded the presence of
hydroxylapatite as the principal phosphate mineral in
phosphate samples representing the three members of
Duwi Formation in the study area (Figures 6–8). It
provides the mineral content of organically formed
bones and teeth. Generally, the apatite lattice is an
open lattice which allows a greet number of isomor-
phous substitution. For this reason, a great number of
varieties of natural phosphate mineral are known. It is
identified at reflections 2.79, 2.28 and 1.87 that coin-
cide with PDF_2 card no. (3–0747).

The non-phosphate minerals identified in the stu-
died phosphate samples include calcite, quartz, gyp-
sum and anhydrite (Figures 6–8).

Calcite mineral is the major non-phosphate mineral
constituent of the most studied phosphate samples. Its
occurrence in the studied phosphate samples affected
by the occurrence of hydroxylapatite and quartz
minerals, where its occurrence increase with the
increase of hydroxylapatite minerals and decrease of
quartz mineral (Figures 6–8). As mentioned by petro-
graphical studies, calcite is recorded as cement and
occasionally replaces the phosphate minerals in the
bioclastic allochemes. It is identified at reflections
3.03, 3.85 and 2.09 that coincide with PDF_2 card
no. (072–1214).

Quartz mineral occurs as detrital grains and crystal-
line silica (chalcedony). Its charts show high distribu-
tion in the lower member phosphatic samples
(Figure 6). The petrographic examination revealed the
enrichment of silica cement and replacement of phos-
phate minerals and bone fragments by silica in the
studied phosphorites. It is identified by reflections
3.34, 4.26 and 1.84 using PDF_2 card no. (085–0798).

Gypsum and anhydrite minerals are common in
weathered phosphate rocks of the middle member of
Duwi Formation (Figure 7) and phosphatic sandstone
rocks of the lower member of Duwi Formation
(Figure 6). These minerals occur as cementing material
of flaky and fibrous crystals filling inter-granular pore
spaces. Presence of gypsum in these samples is probably
due to pyrite oxidation during the phosphatisation
diagenetic process and deposition or during the cemen-
tation processes.
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6. Ground gamma-ray spectrometric survey

In the present study, the spectrometric image maps
(Figures 9–14) were prepared for showing the distribu-
tion of the three radioelements (K, U and Th) of Abu
Had area and their geochemical ratios (eU/eTh, eU/K
and eTh/K). The relationship between the radioelement
distribution, different geologic units, and the main struc-
ture of Abu Had area was discussed and interpreted.

6.1. K (%) distribution map

Potassium distribution image map (Figure 9) shows
that the potassium concentrations in the studied area
ranging from 0.79% to 4.41%. The south part of the
study area shows K content reaching 4.41% which asso-
ciated with wadi sediments and Qusseir Formation.
Meanwhile, phosphate beds of Duwi Formation possess
low potassium concentrations less than 1%, associated

a b

c d

e f

Figure 5. (a) Collophane grains (C) and bone fragments (B) embedded in carbonate cement (PPL. X20), (b) Jaw of fish (arrow) and
quartz grains in silica cement (XPL. X40), (c) Phosphatic pellets (P) and bone fragment (B) embedded in carbonate cement (PPL.
X20), (d) Plankton Foraminifera and bone fragments in carbonate cement (XPL. X40), (e) Pyrite cubes and quartz grains embedded
in silica matrix (XPL. X40) and (f) Spinal vertebrae, calcite grains and bone fragments in carbonate cement (XPL. X40).
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with central, northwest and southeast parts of the study
area, trending in NW-SE direction.

6.2. eTh (ppm) distribution map

Equivalent thorium concentration of the studied area
(Figure 10) ranges from 2.6 to 18 ppm with an average
of about 9 ppm. The highest values of eTh are
recorded in both the north-western part and the
southern part which associating with Dakhla
Formation and Qusseir Formation, respectively.
Shale beds of Duwi Formation being present in the

northern and central parts of the study area have eTh
concentrations range from 4 to 9 ppm. Phosphate beds
of Duwi Formation located in the southeastern and
central parts of the studied area have low eTh concen-
trations range from 2.6 to 6 ppm.

6.3. eU (ppm) distribution map

Equivalent uranium concentrations in the Abu Had area
range from 0.5 to 100 ppm with an average of about 38
ppm (Figure 11). Phosphate beds of Duwi Formation
have high equivalent uranium concentrations range from

Figure 6. XRD pattern of phosphate samples from lower member of Duwi Formation at Abu Had area.
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30 to 100 ppm. They are exposed in three localities
(central, northwestern and southeastern parts of the
study area). The uranium anomalies mostly elongated
in NW-SE direction that related to the major structural
trend; NW-SE strike-slip faults; of the studied area. Shale
beds of Duwi Formation exposing in between phosphate
layers and Dakhla Formation in northwestern parts of
the study area show eU ranges from 15 to 28 ppm.
Meanwhile, the northwestern part and central-eastern
part of the study area are characterised by the lowest
concentrations of eU range from 0.5 to 15 ppm. These
parts are associated mainly with Qusseir Formation.

6.4. eU/eTh ratio image map description

eU/eTh ratio image map (Figure 12) shows that the eU/
eTh ratio inAbuHad area ranges from0.05 to 30.2. There
are many eU/eTh anomalies reaching to 30.2 with NW-
SE direction, due to high eU concentrations that asso-
ciated with phosphatic beds of Duwi Formation. The
shale beds of Duwi Formation occurring in central parts
of the study area in between phosphate beds have eU/eTh
ratio ranging from 5 to 19. Most parts of the study area
show eU/eTh ratio range from 2 to 7 that are associated
with Qusseir Formation and Dakhla Formation.

Figure 7. XRD pattern of phosphate samples from middle member of Duwi Formation at Abu Had area.
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6.5. eU/K ratio image map description

eU/K ratio image map (Figure 13) shows that eU/K
ratio in the area ranging from 1.1 to 149. The
phosphate beds of Duwi Formation have the high-
est values ranging from 19 to 149, which represent
three anomalies in the central part, northwest zone
and southeast part of the study area. These three
anomalies are elongated in NW-SE direction that

controlled by the NW-SE strike-slip faults of the
area. Shale beds of Duwi Formation exposed in
central parts of the study area have eU/K ratio
range from 1.75 to 94. Dakhla Formation and
Qusseir Formation that exposed in the northwes-
tern part and the southwestern parts of the study
area, respectively, are characterised by the lowest
eU/K ratio values (2 to 70).

Figure 8. XRD pattern of phosphate samples from upper member of Duwi Formation at Abu Had area.
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6.6. eTh/K ratio image map description

eTh/K ratio image map (Figure 14) shows that its
values range from 0.3 to 41.2. There are two main
anomalies, first anomaly lies in southern parts and
elongated from west to east direction that related
to Qusseir Formation. The second anomaly lies in
northwestern part of the study area which covered
by Dakhla Formation. Shale beds of Duwi
Formation exposing in between phosphate layers
have small anomalies of eTh/K ratio reaching to
20 in the central-western part of the study area.
Phosphate beds of Duwi Formation have the low-
est eTh/K values range from 1 to 27.3, where the
phosphate beds of the study area have the lowest
values of both eTh and K.

7. Statistical analysis of the ground
spectrometric data

The ground spectrometric data for different forma-
tions of Abu Had study area were subjected to statis-
tical analysis explaining the relation between the
radioactivity values and geological setting of the area
(Table 1).

7.1. Qusseir formation

The range of radioactivity of this formation varies
from 0.2% to 4% for K, from 1.3 to 20 ppm for eU
and from 1.6 to 18 ppm for eTh. Meanwhile, eU/eTh
ratio ranges from 0.17 to 764, eU/K ratio ranges from
1.1 to 67 and eTh/K ratio ranges from 1.82 to 35.5
(Table 1). The eU, eTh and eTh/K data have standar-
dised skewness and kurtoses values lie inside the range
of −2 to +2 which indicates symmetry of the data
distribution and some significant normality for
Qusseir Formation. The K, eU/K and eU/eTh data
have standardised skewness and kurtoses values
greater than +2 so, they have flatter or more peaked
distribution shape than the normal distribution
(Table 1).

7.2. Phosphate beds of Duwi formation

It represents the highest uranium content in Abu Had
area. The range of radioactivity of these beds varies
from 0.2% to 2.3% for K, 20 to 100 ppm for eU and 1
to 11.9 ppm for eTh. Meanwhile, eU/eTh ratio ranges
from 2.27 to 31.87, eU/K ratio ranges from 19.17 to
152.6 and eTh/K ratio ranges from 1 to 27.3 (Table 1).

Figure 9. Ground K (%) image map of Abu Had area, Central Eastern Desert, Egypt.
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The eU, eTh, eU/eTh, eU/K and eTh/K data have
standardised skewness and kurtosis values lie inside the
range of –2 to +2 which indicate symmetry of the data
distribution and indicate some significant normality in
these data. The K% data have standardised skewness
and kurtosis values lie greater than +2 so they are
asymmetric data and have flatter or more peaked dis-
tribution shape than the normal distribution (Table 1).

7.3. Shale beds of Duwi formation

The range of radioactivity of these beds of Duwi
Formation variesfrom 0.2% to 5.1% for K, 0.5 to 20
ppm for eU and 0.5 to 15 ppm for eTh. Meanwhile,
eU/eTh ratio ranges from 0.05 to 19.5, eU/K ratio
ranges from 1.75 to 94 and eTh/K ratio ranges from
0.3 to 46.5 (Table 1). The eU, eTh and eU/K data have
standardised skewness and kurtosis values lie inside
the range of −2 to +2 which indicate symmetry of the
data distribution and significant normality. The K, eU/
eTh and eTh/K have standardised skewness and kur-
tosis values greater than +2 so they are asymmetric
data and have flatter or more peaked distribution
shape than the normal distribution (Table 1).

7.4. Dakhla formation

The range of radioactivity of this formation varies
from 0.2% to 3.8% for K, 4.1 to 22.7 ppm for eU and
0.6 to 15 ppm for eTh. Meanwhile, eU/eTh ratio
ranges from 0.59 to 15.17, eU/K ratio ranges from
2.73 to 70 and eTh/K ratio ranges from 1.44 to 20.25
(Table 1). The K, eU, eTh, eU/K and eTh/K data have
standardised skewness and kurtosis values which lie
inside the range of −2 to +2 which indicate symmetry
of the data distribution and a normal distribution
shape. The eU/eTh data have standardised skewness
and kurtosis values greater than +2 so they are asym-
metric data and have flatter or more peaked distribu-
tion shape than the normal distribution due to the
relative enrichment of eU compared to eTh (Table 1).

7.5. Wadi sediments

The range of radioactivity of this formation varies
from 0.3% to 1.5% for K, 3 to 28.6 ppm for eU and
1.2 to 11.4 ppm for eTh. Meanwhile, eU/eTh ratio
ranges from 0.35 to 23.8, eU/K ratio from 2 to 57.2
and eTh/K ratio from 2.4 to 21.8 (Table 1). The K, eU,
eTh, eU/K and eTh/K have standardised skewness and

Figure 10. Ground eTh (ppm) image map of Abu Had area, Central Eastern Desert, Egypt.
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Figure 11. Ground eU (ppm) image map of Abu Had area, Central Eastern Desert, Egypt.

Figure 12. Ground eU/eTh ratio image map of Abu Had area, Central Eastern Desert, Egypt.
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Figure 13. Ground eU/K ratio image map of Abu Had area, Central Eastern Desert, Egypt.

Figure 14. Ground eTh/K ratio image map of Abu Had area, Central Eastern Desert, Egypt.
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kurtosis values lie inside the range of −2 to +2
which indicate symmetry and normality of the data
distribution. The eU/eTh data have standardised
skewness and kurtosis values greater than +2 so they
are asymmetric data and have flatter or more peaked
distribution shape than the normal distribution
(Table 1).

The calculated standard deviations (SD) of all
ground spectrometric data of the studied area are
small compared to the adjacent arithmetic mean (X̅)
indicate a low dispersion of the data around the calcu-
lated mean value (Table 1).

8. Environmental assessments

Radiation dose is expressed in terms of energy
received per unit weight. Different types of radiation
have different penetrating power, and different parts
of the body have different sensitivities to radiation.
Effective dose is expressed in sievert (Sv) and usually
reported per year. Dose assessment, therefore, requires
knowledge of the type and amount of radiation as well
as the biological sensitivity of the body part exposed.

The annual effective dose rate (mSv/y) can
be estimated by using the following equation
(United Nations Scientific Committee on the

Table 1. Statistical summary of ground spectrometric data of various radioelements and their ratios in the Abu Had area.
K%

Rock Types N Min. Max. Range X̅ (Mean) SD Skew. Kurt.

Qusseir Fm. 169 0.2 4 3.8 0.82 0.47 3.61 19.09
Ph. of Duwi Fm. 318 0.2 2.3 2.1 0.66 0.36 2.06 5.27
Sh. of Duwi Fm. 437 0.2 5.1 4.9 0.77 0.73 3.29 11.56
Dakhla Fm. 21 0.2 3.8 3.6 1.12 1.08 1.46 0.57
W. Sediments 58 0.3 1.5 1.2 0.72 0.24 0.37 0.59
Total Types 1003 0.2 5.1 4.9 0.75 0.59 3.63 16.20

eU (ppm)
Qusseir Fm. 169 1.3 20 18.7 7.75 3.70 0.68 0.12
Ph. of Duwi Fm. 318 20 100 80 37.75 15.77 0.99 0.33
Sh. of Duwi Fm. 437 0.5 20 19.5 11.17 4.92 0.02 −1.14
Dakhla Fm. 21 4.1 22.7 18.6 12.42 5.09 0.28 −0.54
W. Sediments 58 3 28.6 25.6 10.25 5.85 1.10 0.92
Total Types 1003 0.5 100 99.5 19.12 16.24 1.64 2.52

eTh (ppm)
Qusseir Fm. 169 1.6 18 16.4 8.25 2.79 0.14 0.42
Ph. of Duwi Fm. 318 1 11.9 10.9 3.97 1.88 0.86 0.86
Sh. of Duwi Fm. 437 0.5 15 14.5 5.84 2.92 0.37 −0.38
Dakhla Fm. 21 0.6 15 14.4 7.14 3.79 0.42 −0.26
W. Sediments 58 1.2 11.4 10.2 7.13 2.22 −0.85 0.76
Total Types 1003 0.5 18 17.5 5.76 2.99 0.54 −0.12

eU/eTh ratio
Qusseir Fm. 169 0.17 7.6 7.47 1.22 1.25 3.01 10.81
Ph. of Duwi Fm. 318 2.27 31.9 29.60 11.58 6.25 0.95 0.59
Sh. of Duwi Fm. 437 0.05 19.5 19.45 2.78 2.55 2.52 9.16
Dakhla Fm. 21 0.59 15.2 14.57 2.96 3.28 2.47 6.33
W. Sediments 58 0.35 23.8 23.48 2.11 3.40 4.95 27.11
Total Types 1003 0.05 31.9 31.82 5.27 5.93 1.76 3.00

eU/K ratio
Qusseir Fm. 169 1.08 67 65.92 12.54 10.57 2.00 5.26
Ph. of Duwi Fm. 318 19.17 152.6 133.43 66.56 31.81 0.81 0.03
Sh. of Duwi Fm. 437 1.75 94 92.25 21.21 15.04 1.33 1.32
Dakhla Fm. 21 2.73 70 67.27 22.78 20.16 0.97 −0.38
W. Sediments 58 2.00 57.2 55.20 17.40 13.72 1.38 1.21
Total Types 1003 1.08 152.6 151.52 33.94 31.00 1.50 2.08

eTh/K ratio
Qusseir Fm. 169 1.83 35.50 33.68 11.68 5.50 0.99 1.84
Ph. of Duwi Fm. 318 1.00 27.33 26.33 7.20 4.38 1.28 1.59
Sh. of Duwi Fm. 437 0.29 46.50 46.21 9.77 5.69 2.12 9.49
Dakhla Fm. 21 1.44 20.25 18.81 10.13 6.35 0.12 −1.40
W. Sediments 58 2.40 21.80 19.40 10.52 3.86 0.62 0.60
Total Types 1003 0.29 46.50 46.21 9.33 5.43 1.59 6.01

Table 2. Statistics of the annual effective dose rate (mSv/y) for Abu Had rock units.
Rock unit N Min. Max. X̅ (Mean) SD skewness kurtosis

Qusseir Fm. 169 0.051 0.224 0.107 0.026 1.01 2.9
Ph. of Duwi Fm. 318 0.135 0.843 0.325 0.127 1.11 0.72
Sh. of Duwi Fm. 437 0.018 0.265 0.128 0.044 0.073 −0.63
Dakhla Fm. 21 0.06 0.233 0.121 0.054 −0.47 −0.92
W. Sediments 58 2.40 0.211 0.14 0.044 1.07 0.35
Total Types 1003 0.018 0.843 0.187 0.123 1.76 3.2
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Effects of Atomic Radiation Report (UNSCEAR,
2000)): E ¼ DR � t � 0:2 � 0:7 � 10�6

where E is the annual effective dose rate (mSv/y),
DR is the dose rate (nSv/h), t is the exposure time. The
effective dose rate (mSv/h) was calculated for 1 year
(t = 8760 h), 0.7 Sv/Gy is the conversion coefficient
from absorbed dose to effective dose and 0.2 is the
fraction of time spent outdoors. In case of Abu Had
area, the mean natural radiation dose rates received by
members of the public from the ground gamma-
radiation range from 0.018 to 0.843 mSv/y with an
average 0.19 mSv/y (Table 2), where phosphate-
bearing beds of Duwi Formation have annual dose
rates range from 0.135 to 0.843 mSv/y with an average
0.33 mSv/y (Figure 15). These values remain in the
safe side and less than the maximum permissible safe
radiation dose rate which equals 1 mSv/y.

9. Conclusion

The aim of this work is to study the mineralogy of
phosphatic rocks of Abu Had area and follow up the
airborne uranium anomalies for the northern part of
the study area by ground gamma-ray spectrometric
survey. The study area is composed mainly of
a simple sedimentary succession ranging from Upper

Cretaceous to Quaternary age. The Duwi Formation in
the study area conformably overlies the Qusseir
Formation and underlies the Dakhla Formation. It is
represented by three phosphorite members where the
lower member is composed of yellowish-brown phos-
phate bands at weathered exposed surface, interbedded
with thin blackish shale, chert lenses and calcareous clay
stone bed, with an average 2 m in thickness. The middle
member is composed of grey to black, papery shale, cross-
bedded siltstone, marl, oyster bank and thin phosphatic
layer with maximum thickness approximately 57 m. The
upper member is composed of yellowish-brown phos-
phate with dolomitic lenses, black shale and capped with
fossiliferous limestone bed, with an average thickness of
5.35 m. Petrographically, the studied thin sections of
representative phosphate samples of study area are com-
posed of phosphate particles include mudclasts repre-
sented by peloids (collophane grains), bioclasts (bone
and teeth fragments), beside non-phosphate particles of
quartz, calcite and pyrite embedded in silica, calcite, iron
oxides or gypsum cement. X-ray diffraction results
showed that hydroxylapatite is the only phosphate
mineral composing the phosphorites of the studied sam-
ples; quartz, calcite and gypsum are also present in vari-
able amounts. The spectrometric image maps were
prepared and subjected to qualitative and quantitative

Figure 15. Ground annual effective dose map of Abu Had area, Central Eastern Desert, Egypt.
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interpretation to determine radioactive anomalies and
associated rocks. The spectrometric results showed that
the study area has K values range from 0.2% to 4.4%, eTh
values range from 0.5 to 18 ppm, and eU values range
from 0.5 to 100 ppm. Qusseir Formation has the highest
levels of both eTh and K in the study area up to 18 ppm
and 4 %, respectively. Meanwhile, the phosphate-bearing
beds of Duwi Formation have the highest values of eU
reaching up to 100 ppm and lowest values of each eTh
and K. These data showed that Abu Had area has ura-
nium enrichment in the phosphatic beds. The annual
effective dose rates of phosphate-bearing beds at Abu
Had area range from 0.13 to 0.84 mSv/y with an average
0.32 mSv/y, which is less than the worldwide value of 1
mSv/y for the public exposure.
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