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ABSTRACT

Sibaiya area is located at the southwestern corner of the Qena bend, Nile Valley, Egypt. The area is
covered by Campanian to Maastrichtian rocks composing a number of shale layers in three formations. The
present investigation comprises insights in the geochemical composition and clay minerals included in the
Cretaceous shale-bearing sediments in Sibaiya west. Fifteen representative trench samples were collected
from a vertical lithostratigraphic section including all the geological formations (Qusir Shale Member
of Nubia Formation, Duwi Formaton and Dakhla Formation) in present area. They were subjected to
mineralogical and chemical analyses using modern methods and application of the proper techniques
of data processing and analyses.

The data were utilized to investigate the tectonic province of the source rock of Sibaiya shales by
displaying the analyzed SiO,% against log (K,0/Na,O) on the tectonic discrimination diagram. This
application obviously indicated that the source rock is of the arc tectonic province. In order to confirm this
origin, trials were also made to construct an upper crust normalization pattern of Sibaiya shale-bearing
sediments using the chemical analyses of major and trace elements. The diagram obviously indicates that
the tectonic province of the source rock cannot belong to the upper continental crust (UCC). In addition,
the display of the TiO,% against the Al,0,% diagram and correlation with the UCC, basalt and other global
shales, of known tectonic origin, has also indicated that the origin of Sibaiya shales is comparable with
basalt. This also supports a more basic source and infers an arc province origin. The immobile element
values, specially the relatively higher values of trace elements (Cr, V, Ni and Ti) provide a strong
evidence that supports a basic origin of Sibaiya shales and also suggests a dominance of mafic volcanic
source in general, whilst, the high V/Cr and Ni/Cr ratios, in particular, may indicate that the investigated
sediments were deposited under oxidizing environment.

Both the geochemical indices and the geochemical ratios reveal that there are no obvious differences
between the distribution of major and trace elements in most Campanian to Maestrichtian shales in
Sibaiya. This pattern of distribution suggests a single chemical clan and most of the investigated sediments
are related mainly to the same rock source which is dominated by mafic volcanic rocks. Therefore ,the
tectonic setting studies indicated that the investigated Sibaiya shales were derived mainly from mafic
volcanic source rocks, most probably the Eastern Desert of basaltic and andesitic rocks.

The study of the weathering trends and chemical mobility was also undertaken using the chemical
and mineralogical analyses. In this respect, the chemical Index of alteration (CIA) was calculated for all
the samples and revealed that Sibaiya shales describe low to moderate chemically weathered terrain.
Beside, the fluviatile of post deposition contributions from local sources, such as the basement rocks in the
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Egyptian Eastern and Western deserts, can be considered as subordinate sources. This is represented
by the relative abundance of kaolinite in the clay minerals.

Additional environmental investigations were also undertaken in order to explore any
environmental radiation impact that may arise from the utility of these shales in any domestic purposes
by the locals and/ industry. The calculation of geo-accumulation index in Sibaiya shales was used to
study the pollution pattern and revealed that these shales describe a low to moderate polluted terrain.
However the dilution factor when mixed with other material during domestic utility may make it an

environmentally safe product.

INTRODUCTION

The investigated area lies between long.
32° 38" 15"- 32°38'25" E and lat. 25° 10’
43"- 25° 10" 50" N, southwestern side of
Qena bend, Nile Valley (Fig. 1). The strati-
graphic succession is of Campanian-Maas-
trichtian age and represents a part of the
dominated sedimentary deposits of variegated
and black shales that are widely distributed in
Upper Egypt. This succession laterally ex-
tends from the New Valley in the Western
Desert to Safaga—El Qusier region on the
Red Sea Coastal plain through Sibaiya at
Nile Valley.

Sibaiya area contains occurrence of exten-
sive black shale beds of Duwi Formation that
overlie a fluvial variegated shale sequence in
Quseir Member of Nubia Formation, with an
undulating erosion contact Zidan(2002). The
entire succession is conformably overlain by
the deeper marine laminated grey to black
shales of the Dakhla Formation.

The present study aims to investigate the
source provenance, the degree of chemical
weathering, and any pollution that may arise
from Sibaiya shales, when used in domestic
purposes. This purpose can be achieved by
studying the clay mineralogy, the geochemical
characters of some Campanian-Maastrichtian
shales, collected from a composite section, lo-
cated at Sibaiya area, West Valley.

In order to attain this purpose, 15 repre-
sentative trench samples were collected from
an exposed vertical stratigraphic section. They
used to describe all the exposed layers
in the entire succession. These samples were
subjected to mineralogical and chemical

Fig. 1: location map of the studied Sibaiya area,
west Nile Valley

analyses to investigate their characteristics
paying special attention to the determination
of their contents of radioactive elements and
rare ecarth elements.

GEOLOGIC SETTING

The stratigraphic succession in Sibaiya
area, southwest of the Nile Valley, was previ-
ously described by Issawi et al (1999). From
field observations, the exposed lithostrati-
graphic section based by Qusseir shale
Member of Nubia Formation and then
overlain by the Duwi Formation and Dakhla
Formation at the top (Fig. 2).

The Qusseir shale Member is composed of
different variegated shales, reddish brown,
grey and yellow in colour. The Duwi Forma-
tion composes Lower Phosphorite Member
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Fig.2: Lithostratigraphic section of Sibaiya area,
west Nile Valley and sample locations

represented by an oxidized phosphorite bed
intercalated with thin lenses of grey shales of
thickness ranging between 0.2-0.6m averag-
ing 0.4m and the Middle Shale Member is
mainly composed of gray shale, cracked and
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filled with gypsum. Meanwhile the Upper
Phosphorite Member is composed of thin
phosphatic bed. Zidan (2002) reported that the
Duwi Formation is unconformably overlying
the Qusseir Shale Member with an undulating
surface. The Dakhla Formation at the top, is
composed of grey to black shale, papery,
cracked and filled with gypsum and ferrugi-
nous stains and has thickness ranging be-
tween 10m and 30m averaging 20m. Obvious-
ly, the deposition represents an initial stage
of the late Cretaceous marine transgression in
Egypt. The precise age of the Duwi Forma-
tion is still debatable, however it is generally
considered as either late Campanian to early
Maastrichtian based on paleontological evi-
dences (Glenn and Arthur, 1990).

SAMPLING AND ANALYTICAL
TECHNIQUES

A total of 15 representative samples of
variegated and black shales were collected
from a vertical stratigraphic section represent-
ing all the formations and members at Sibaiya
area. Each sample was subjected to the rel-
evant proper sample preparation required for
the mineralogical and/or chemical analyses.
Nine representative samples were subjected
to mineralogical analysis using XRD. The op-
erations of sample preparation and analyses
were professionally undertaken in the labo-
ratories of the Nuclear Materials Authority of
Egypt (NMA). The major oxides were deter-
mined using wet chemical technique, whilst
the trace elements were analyzed using the
X-ray fluorescence. Uranium and thorium
contents were determined radiometrically us-
ing gamma-ray spectrometer; also U was
chemically determined using a spectropho-
tometer analysis. The REEs were determined
using the ICPOES technique.

Mineralogical and Chemical Data
presentation

Kaolinite, Montmorillonite and illite are
the dominant clay minerals in the studied
shales. Accordingly, the analyses of 9 samples
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out of the 15 original samples are sufficient to
describe the clay mineralogy included in the
shale samples of Sibaiya lithostratigraphic
section. (Fig.3) shows the XRD patterns of
only one representative sample from each
formation.

Mineralogical and Geochemical Analysis
and Interpretation

The mineralogical and chemical labora-
tory analyses of Sibaiya shale samples
were first subjected to the proper data reduc-
tion and processing techniques, and the final
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Fig.3: Examples of the X-ray diffraction patterns
of the variegated and black shale samples in
Sibaiya area, West Nile Valley
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chemical results are presented in Tables 1 &2.
Whilst, the main constituents of clay minerals
in the investigated Sibaiya shales are Ka-
olinite, Montmorillonite and illite as revealed
by the XRD chart sample (Fig.3). Kaolinite
considered being dominant in fluviatile envi-
ronments. In the present study the dominance
of kaolinite beside montmorillonite, suggests
that these minerals are probably due to con-
tributions from local source, by inheritance
from kaolinitized source rocks. Aeolian con-
tribution from the Western Desert makes ka-
olinite a common constituent that cannot be
excluded.

BASIS OF THE PRESENT
INVESTIGATIONS

The sedimentary formations in Sibaiya
are composed mainly of derivatives origi-
nated from other older rock source in a ma-
jor province that have suffered different kinds
of weathering and transportation. However,
post depositional tectonic evolution, in addi-
tion to relatively minor lithological contribu-
tions from local and surrounding sources
took place and resulted in contemporaneous
or even younger intercalations and/or altera-
tions.

The present study aims primarily to
investigate; the probable source rock prov-
enance, the weathering trends and intensity,
the evolution of tectonic setting and the envi-
ronmental aspect of sibaiya. Throughout the
present work, modern international concepts
of such investigations are widely utilized as
an interpretation guide supported by inter-
national examples

The provenance determination, the main
concepts and basics utilized throughout the
present investigations are according to Tay-
lor and McLennan (1985), Singh et. al. (2005)
and Abou El-Anwar and Samy (2013). In ad-
dition a comparison between the chemical
composition of Sibaiya shales and some other
global shales of known origin was held in or-
der to support the present investigations of
the provenance determination and weather-
ing history.
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Table 1:Major oxides (Wt%) and trace elements (ppm) in different shale samples, Sibaiya area, West

Nile Valley

¢oiieeooooooo_.__Qusier ShaleMember : ______________________ DuwiFormation: ____ Dakhla Formation_
i”(‘)‘:“p'e 1 2 3 a; s 6 7 8 9 0 112 1B 14 1S
SiO, 50 51 53 547 49 49 50 48 51 47 497 50 47 51 51
TiO, 06 23 02 21 02 15 1 12 02 02 1: 18 1 2 15
ALO; 14 125 137 145! 12 13 14 13 13 14 13! 14 14 145 13
Fe,0; 27 22 56 20 13 11 9 12 12 12 13 10 11 10 105
P,05 25 32 25 31! 35 3 43 25 2 21 21 24 22 2 2
MgO 04 12 13 05: 05 02 04 02 1 15 137 1 13 1 1
CaO 6 65 55 6. 6 6.5 5 4 4 45 52, 5 45 5 5
Na,O 15 17 16 12! 1 1 08 2 1 1 1! 1 1 2 1
K,O 43 49 28 47! 15 25 1 1 2 2 19: 1.5 13 18 2
MnO 03 02 03 04 02 001 001 001 001 001 001: 001 001 0.04 0.01
L.O.I 16 145 142 12 14 13 14 15 14 15 12 14 15 11 13
Total(%) 99 100 100 100 100 100 99 99 100 99 99 | 100 99 100 100
CIA.% 66 ____ 6070 ____ 67.: 77 7484 72 76 ____ 78 77 .80 ¢ 81 . 7 76
Trace elements

Cr 111 120 112 120 161 157 107 123 148 165 176 137 128 146 127
Ni 23 25 24 25 55 57 40 43 53 57 57 52 45 57 43
Cu 33 35 33 36 29 29 30 27 27 36 36 37 36 33 31
Zn 67 68 67 69 189 182 91 172 149 163 154 162 136 156 126
Rb 76 75 81 74 52 39 74 33 44 97 95 66 63 87 58
Y 114 111 123 103 25 20 12 15 19 34 29 48 41 45 35
Ba 1507 1628 1547 1608 766 595 556 590 746 1329 1625 1260 1260 1276 1097
Pb 10 15 20 4 24 15 13 14 25 15 19 26 14 16 13
Sr 407 402 447 372 108 90 46 66 87 120 97 176 151 161 127
Ga 6 7 7 8 9 7 11 6 7 7 8 9 7 5 6
A 161 173 166 171 128 100 86 94 140 180 223 165 149 166 141
Nb 53 51 58 48 13 10 5 8 10 15 13 22 19 21 17
REEs 209 152 179 200 650 605 840 680 464 450 440 460 449 127 441
Cr/Ni 48 48 47 48 29 28 27 29 28 29 31 26 28 26 3
V/Ni 7 69 69 68 23 18 22 22 26 32 39 32 33 29 33
V/Cr 15 14 15 14 08 06 08 06 08 08 13 12 12 114 111
Ti/Al 01 04 003 03 004 03 02 02 003 003 02 03 02 03 03

Table 2: Comparison of average chemical composition of the studied Sibaiya shales with average shales
and regional average composition

Formation Qusier Shale Duwi Dakhla UCC PAAS* NASC** APBS AJBS
Member Formation Formation
SiO, % 52 49 50 66 62.4 64.82 8.5 6.92
ALO3; % 14 13 14 15.2 18.78 17.05 29 1.98
Fe,Os3 % 3 11 11 4.5 7.18 5.7 1.2 1.12
CaO % 6 5 5 4.2 1.29 3.51 323 40.7
Na,O % 1.5 0.8 1.2 3.9 1.19 1.13 n.a. 0.04
K,O % 4 1.7 1.6 3.4 3.68 3.97 n.a. 0.04
MgO % 0.8 0.7 1 2.2 2.19 2.83 0.6 0.99
TiO, % 0.8 0.6 1.5 0.5 0.99 0.8 0.1 0.15
CIA % 67 79 78 57.58 75.60 73.24 n.a. 94.29
Cr ppm 116 148 135 35 110 125 256 305
Ni ppm 24.25 51.71 49.25 20 55 58 136 594
Cu ppm 34.25 30.57 34.25 n.a. 50 n.a. 83 60
V ppm 167.75 135.86 155.25 60 150 130 78 78
REEs ppm 185 590 440 146.37 184.8 154.5 n.a. n.a.
Cr/Ni 4.77 2.86 2.73 1.75 2 2.16 1.88 0.51
V/Ni 6.92 2.63 3.15 3 2.73 2.24 0.57 0.13
V/Cr 1.45 0.92 1.15 1.71 1.36 1.04 0.30 0.26
Ti/Al 0.21 0.14 0.27 0.07 0.12 0.11 0.08 0.17

*average 23 post-Archean shales from Australia; UCC: Upper Continental Crust Taylor&McLennan (1985); **: Composite
40 shales, mainly N.American Gromet et al.(in Nyakairu and Koeberl, 2001); APBS: Average Palestinian black shales

Ahmed; AJBS: Average Jordanian black (oil) shales Abed and Amireh (in Temraz, 2005).

n.a.: not available



116

DETERMINATION OF THE
PROVENANCE AND TECTONIC
SETTING

The type of the provenance of shales in
Sibaiya area depends largely upon its position
to an adjacent tectonic settings and the com-
parison between their chemical compositions
with those of sediments deposited in this
known tectonic settings. Roser and Korsch
(1988) proposed a tectonic classification
based on SiO, content and log(K,O/Na,O)
ratios as described in (Fig.4) dividing the tec-
tonic origin into three provinces. The appli-
cation of this classification to Sibaiya shales
indicates that these ratios fall in the field of
arc of provenance except one sample from
Qusier Shale Member which falls in active
continental margin, this indicate the Sibaiya
shales are mainly derived from filsic volcanic
rocks. In order to support this classification
the following tests were applied using the up-
per continental crust normalization pattern
and the immobile elements correlation with
the UCC.

Upper crust normalized pattern

Concentrations of the major and trace ele-
ments of the investigated shale samples have
been normalized to the average Upper Conti-
nental Crust (UCC) values Taylor and McLen-
nan (1985). The UCC normalized pattern for
the studied samples (Fig, 5) can be classified
into three classes:

-The first class comprises elements be-
ing dominant relative to the UCC (e.g. Cr,
U, Ni, V and Ba). The dominance of most of
these elements may be attributed to the oc-
currence of mafic components in the source
rocks. However, the relative abundance of K
than UCC is attributed to the abundance of
illite mineral.

-The second class comprises the major el-
ements, CaO, MgO and Na,O. These elements
are relatively lower compared to the UCC val-
ues. These elements are susceptible to mobil-
ity during weathering processes due to their

IBRAHIM H.ZIDAN and RAMAG A. OSMAN
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Fig. 4: Tectonic discrimination diagram for the
Sibaiya shale samples. Lines are placed according
to Roser and Korsch (1988)
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Fig.5: UCC normalized for major and trace studied
elements of Sibaiya shale samples

high hydration energies Cullers (2000).

-The third class consists of SiO,, TiOz)
Al O,and Fe,O, (excepted in Qusier Shale
Member) in which the concentrations of
these elements in the investigated samples
are more or less similar that in the UCC. This
may be due to the efficient mixing of sedi-
mentary material during weathering of the
source rock, transportation and deposition in
the study area. Therefore the UCC origin of
the provenance is not recommended and a
shift towards a more basic tectonic origin is
strongly recommended.
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PROVENANCE AND IMMOBILE
ELEMENTS

Singh et al. (2005) indicated that the geo-
chemical composition of siliclastic sediments
results from a complex interplay between
provenance and processes that operate during
the different stages of the sedimentary cycle.
In addition, the immobile elements are also
indicators of the origin of the provenance.
Therefore, the presence of trace elements Cr,
V and Ni in addition to Ti suggests a basic
origin of Sibaiya shales. This conclusion was
confirmed by Taylor and McLennan (1985).
(Table 2) shows that the average values of
TiO,/AL O, ratios for most of the investigated
sediments lie around a value (0.21), which
is similar to that of basaltic source and high-
er than the corresponding values for UCC,
NASC, and PAAS (Fig.6).

In addition, the analyzed samples show
high relative abundance of Cr, U, Ni, V and
Ba elements. This may be attributed to the
presence of mafic components in the source
rocks. Also the analyses revealed higher K
values than upper continental crust (UCC) due
to the relative abundance of illite mineral.
Relative high values were also obtained in the
geochemical ratios of V/Cr, Cr/ Ni and V/Ni
in almost all the analyzed samples collected
from the studied formations. This may reveal
a dominance of mafic volcanic source In gen-
eral, whilst, the high V/Cr and Cr/ Ni ratios,
in particular, may also reveal that the investi-
gated sediments were deposited under oxidiz-
ing environment. All the previous informa-
tion confirms that the original source rock of
Sibaiya shales is of mafic to ultramafic nature
of tectonic arc province. It is such tectonic
province Egyptian Eastern Desert.

CHEMICAL MOBILITY AND
WEATHERING TRENDS

The chemical composition of the various
weathering products depends largely upon
the rate of weathering and it is expected to
demonstrate well established concepts of mo-
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bility of various elements during weathering
and therefore to assess the state of chemical
weathering Singh et al. (2005). The prefer-
ential removal of CaO, Na,O and K,O by so-
lution during weathering processes Nesbitt
and Young (1989) due to their high mobility.
It means that the abundance of these elements
with respect to less easily removed elements
can be used as a measure of the extent of
chemical weathering in provenance. Since
Al in feldspars is the least mobile element,
Nesbitt and Young (1989) proposed a chemi-
cal index of alteration (CIA) where:

CIA = [ALO/ (ALO,+Ca0*+Na,0+K,0)] x100.

The value of CIA is obtained by direct
substitution in this equation from the chemical
analyses except the value of CaO*. CaO*
represents CaO associated with the silicate
fraction of the sample. CaO* is equal to Na,O
values when CaO> Na,O, and equals to the
CaO values when it is < Na,O. Therefore the
CaO* values are equal to the corresponding
Na,O values the studied samples Liu et al.
(2009).

The CIA enables the estimation of the in-
tensity of weathering in the sedimentary depos-
its, or it may be used to compare the relative
proportions of chemically weathered material
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present in a sample. According to Nesbitt and
Young (1989); CIA value of 50-60 reflects a
weak chemical weathering degree, while CIA
ranges from 60-80 indicates moderate degree
of weathering and CIA value of 80-100 means
intensive weathering. In the investigated
samples of Qusier Shale member, Duwi and
Dakhla Formations, the recorded CIA average
values are 67%, 79% and 78%, respectively
(Table 2). Which they indicated that the in-
vestigated shales of studied formations have
relatively suffered low to moderate chemically
weathered provenance.

Kaolinite is generally produced by feld-
spars alteration. It requires an open and acidic
environment, with extensive leaching of alka-
line earths and ferrous ions and to some ex-
tent silica from the medium during the pro-
cess Weaver (1989). Floyd et al. (1989) have
generally made kaolinite a common constitu-
ent that cannot be excluded. The origin of ka-
olinite in the Sibaiya shales has been interpret-
ed, for a long time, as a product of chemical
weathering of feldspars. Kaolinite formation
is favoured under tropical to subtropical humid
climatic conditions Hallam et al. (in Temraz,
2005). In addition to its detrital origin, kaolin-
ite may also be developed by diagenetic pro-
cesses due to the circulation of acid solutions
(Temraz, 2005). These kaolinites are believed
to represent a continental weathering product
at a warm and at least seasonally humid cli-
mate, being eroded and transported towards
the sea by rivers.

IBRAHIM H.ZIDAN and RAMAG A. OSMAN

The radiometric eU content of Sibaiya
shale samples ranges between 2 and 17ppm
with an average of 8ppm, while chemically
it attains a value between 3 ppm and 18 ppm
with an average 12ppm (Table 3). The (cU/
Th) ratios at investigated shales (Table 3) in-
dicate higher degree of uranium mobilization
and (deposition) enrichment. The equilibrium
factor P-Factor (eU/Ra) was more than one, in-
dicating a possible (deposition) enrichment of
uranium in a disequilibrium state (Naumov.
1959). Also, these results were confirmed by
the calculation of D-Factor (cU/eU) which
is mainly more than one showing distinct dis-
equilibrium state with the addition of (young-
er) uranium youngest (emitting) gamma-ray
(Adams and Weaver, 1958).

GEO-ACCUMULATION INDEX AND
POLLUTION PATTERN

The index of geo-accumulation (Igeo)
proposed by Miiller (1969) has been used
widely to assess of soil and sediment con-
tamination Loska et al. (2004) and Graver et
al (1996). This index is computed using the
following equation: Igeo=Log2(Cn/1.5Bn).
Where Cn is the measured concentration of a
given metal in sediment and Bn represents
the geochemical background concentration of
it.

Under normal environmental conditions,
the natural concentrations of elements in
sediments have a usual characteristic pattern
of distribution. However, the environmen-

Table 3: Radiometric analysis (ppm) of Sibaiya shale samples, West Nile Valley

Qusier Duwi Dakhla
;‘:}m"'e 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 Aver
eU n u 8 16 5 7 7 3 17 4 2 8 7 8 8 8
eTh 9 1 12 1 7 6 3 3 6 8§ 11 1 10 9 8 6
Ra 2 4 4 4 5 2 3 4 10 4 2 6 2 4 2 4
U 4 16 12 18 8 11 10 7 18 8 312 11 13 12 12
cUleTh 13 14 1. 18 11 18 33 23 3 1 03 12 11 14 15 2
cUleU 13 14 15 11 16 16 14 35 1 2 15 15 16 15 15 15
eU/Ra 55 3 2 4 1 35 35 08 1.7 1 1 13 35 2 4 2
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tal pollution by domestic, agricultural, and
industrial wastes and also the natural input
cause an abnormal concentration of some
of the major and trace elements contents in
a sediment and consequently disturb these
natural relationships. The disturbance of the
natural geochemical patterns of association
accompanied by mineralogical and textural
differences may indicate an anthropogenic or
natural input. In the present study the con-
centrations of elements in the UCC Taylor and
McLennan (1985) were used as background
values. According to Miiller (1969) the geo-
accumulationn index in relation to pollution
extent is classified into seven classes (Table
4).

In Sibaiya shale samples the results of
geo-accumulation index of the Qusier Shale
Member, Duwi and Dakhla Formations show
that the V content (0.9, 0.6 and 0.78, respec-
tively) and Ba (0.93, 0.1 and 0.54, respec-
tively). Therefore they are classified as unpol-
luted to moderately polluted elements. On the
other hand, Ni in Duwi and Dakhla is (0.79
and 0.71, respectively) reveal a moderately
polluted element. Average of Cr at Qusier
Shale Member, Duwi and Dakhla Formations
is (1.14, 1.5 and 1.36, respectively) while U
content in the same shales are (1.84, 1.15 and
1.51, respectively). Crand U are the elements
being considered as moderately polluted el-

ement (Table 4).

Even Y at Qusier Shale Member is mod-

Table 4: The geo-accumulation index (Igeo) of Si

119

erately polluted element. It can be concluded
that, the shales of Sibaiya area are classified
generally as unpolluted to moderately pol-
luted region.

The recorded moderately polluted char-
acters recorded in the investigated samples
are most probably attributed to the natural
weathering of the source rocks rather than
artificial input. The relative abundance of
Cr is most probably due to substitution of Cr
by iron in the structure of the ferromagnesian
silicate minerals. The industrial and the agri-
cultural wastes are nearly absent in the study
area since it occurs in remote desertic area
and therefore, it is suggested that the anthro-
pogenic input is rather limited.

Prudéncio et al. (1989) suggested that ka-
olinite, among the clay minerals, tends to be
the principal REEs carrier in the clay fraction
of sediments from central Portugal. The distri-
bution of REEs in sediment depends on their
concentrations in the source rocks and on the
partitioning behavior of the REEs between
the fluids and the mineral phases of these
rocks. The changes taking place during trans-
portation and after the deposition can be also
considered. Adams et al.(1959) reported that
the shale bed is the most suitable lithological
facies for uranium trapping, adsorption, fixa-
tion, substitution and capturing as a result of
the presence of clay minerals, organic matter
and iron minerals.

Slansky (1986) reported that, Sea water

baiya shales, West Nile Valley

Range Average elements in the studied area
(ppm) Degree of pollution | Qusier Shale Duwi Dakhla

| Member Formation Formation
<0 Unpolluted ! Ni, REE Nb, Y Nb
0-1 Unpolluted to moderately polluted Nb, Ba, V Ni, Ba, V Ni, Y, Ba, V, REE
1-2 Moderately polluted f Y, Cr, U U, Cr, REE U, Cr
2-3 Moderately to strongly polluted 3 -
3-4 Strongly polluted -
4-5 Strongly to very strongly polluted ! -
>5

Very strongly polluted
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is the essential source of uranium in marine
sediments in the form of dissolved U™ linked
to a carbonate complex. The main uranium
compounds in phosphorites are U™ and U™,
The tetravalent form replaces partially Ca*in
apatite because their similar ionic radii, while
the hexavalent one is enriched in the ore by
adsorption onto mineral surface. Lucas et al.
(1980) suggested the trace elements in phos-
phorite may be presentin the apatite lattice
or fixed in/or clays.

CONCLUSIONS

Kaolinite and montmorillonite constitute
the main clay minerals of the investigated
Sibaiya shales. XRD reveal that the inves-
tigated clay minerals are mainly detrital in
origin. There is a general correspondence
in the proportions of the studied clay miner-
als with which derived from a common par-
ent rock with little contamination from other
sources.

The chemical analyses indicated that the
studied clay sediments are dominant in U, Ba
as well as ferromagnesian trace elements Cr,
Ni and V. The relative abundance of most ele-
ments suggests that the studied formations de-
rived from mafic rock source constitute their
source. The ratios V/Cr, Cr/ Ni and V/Ni sup-
port that the source rock of mafic volcanic
type. The depletion of Ca, Na and Sr indicate
high mobility during weathering. V/Cr ratios
revealed that the examined clay sediments
were deposited under oxidizing condition. The
chemistry of the studied clay sediments indi-
cated that these clays are derived from mafic
source. The geo-accumulation indices (Igeo)
indicate that the investigated sediments in
Sibaiya area are mainly low to moderately
pollute. However their utility in domestic
purposes is safe if the dilution factor in the
final product is proper.

Sediment composition indicates the tecton-
ic setting of source rock refering to passive
margin for Sibaiya samples and lie between
passive margin and active continental mar-
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gin. The chemical indices of alteration (CIA)
reveal that the studied shales of Sibaiya area
are low to moderate chemically weathered
provenance.

The geochemistry and the clay mineral
assemblages in the studied shales reveal that
these are most probably derived from the
Egyptian Eastern Desert composed mainly
of basic volcanic rocks. Moreover, the flu-
viatile origin, partial aeolian contribution of
kaolinite from the Western Desert taken into
consideration as a subordinate source.
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