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ABSTRACT 
 

The clay mineralogy as well as the geochemical characters of some Quaternary sediments collected from 
four quarries in Giza-Fayium district (Western Nile Valley) has been discussed in details. Smectite and kaolinite 
dominate the clay mineral fraction; (averaging 59.50 % and 29.0 %; respectively), while, illite constitutes the 
least abundant component averaging (11.5 %). The dominance smectite throughout Giza-Fayium region reflect 
an alkaline, humid environment and the rocks basaltic provenance. SEM and XRD studies indicated that the 
clay minerals are commonly detrital in origin and diagenetic contribution is less common. The semi-quantitative 
estimation showed clearly that, there is an overall similarity in the general proportions of the clay minerals in the 
investigated samples which is strongly suggests derivation from a common parent rock with little contamination 
from other sources. The studied clay minerals are deeply similar and comparable to those recorded on 
Quaternary Nile sediments from different parts of the Nile valley and Delta in Egypt. The distribution of both 
the major as well as the trace elements reveals that the investigated sediments are enriched in Ti, Fe, Zr and the 
ferromagnesian trace elements Cr, Ni, Co and V in respect to the UCC. The enrichment of most of these 
elements suggesting that mafic source rock is the dominant ones. The depletion of Ca, Na, K, Sr and Ba may be 
due to their high mobility during weathering of the source rocks. Concentrations of La, Th, and Mg are 
attributed to the efficient mixing of the sediments during weathering, transportation and deposition. The relative 
high values recorded for the geochemical ratios such as V/Cr, Cr/ Ni, Cr/Th and V/Ni revealed the dominance of 
the mafic volcanic source. V/Cr and Ni/Co ratios revealed that the examined sediments were deposited under 
oxidizing environment. The geochemical indexes  revealed that there are no obvious differences between the 
distribution of major and trace elements as well as the geochemical ratios in most the sediments of the study 
localities; except for West Abu Sir samples. This pattern of distribution suggesting a single chemical clan and 
that most of the investigated sediments are related mainly to one source; which is dominated by mafic volcanic 
rocks. The deviation recorded from West Abu Sir samples is most probably due to textural as well as 
mineralogical differences. Sediments from West Abu Sir may correspond to a possible contribution from felsic 
rocks rather than dominant mafic ones. The geoaccumulation indexes (Igeo) have indicated that the investigated 
sediments in Giza-El Fayuim area are mainly moderately polluted which most probably attributed to the natural 
weathering of the source rocks rather than anthropogenic input. The sediments of Giza-El Fayuim area reflect a 
general low to moderate chemically weathered provenance with poor drainage according to the chemical index 
of alteration (CIA). Tectonic setting of source rocks as revealed by sediment composition infers a passive 
margin for West Abu Sir samples and ranges between passive margin and active continental margin for West 
Dahshour, Tama El-Fayium and West Girza samples. The geochemical and the clay mineralogical reveal that, 
the investigated Quaternary sediments are derived from mafic volcanic source rock. They were derived mainly 
from the basaltic and andesitic rocks of the Ethiopian Highlands. However, in addition to the Nioltic fluviatile 
origin, contributions from local sources such as the basement rocks of the Eastern desert as well as the Western 
desert must be taken in consideration as a subordinate source.  
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Introduction 

 
The clay mineralogy as well as the geochemistry of the Quaternary sediments in many parts of the Nile 

Delta and Nile Valley have been captured the attention of many workers. The published changes of clay 
minerals have been studied by several authors for example, Abu-Zeid and Stanley, 1990; Stanley and 
Wingerath, 1996; El-Shahat et al., 2009 and Wahid and Shaheen, 2010 and many others. All the above 
mentioned authors concluded that smectite and kaolinite as well as lesser amounts of illite are the main clay 
fractions recorded from the investigated Quaternary Nile sediments. From the geochemical point of view, a 
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number of studies have interested especially in the distribution of heavy metals and pollutions in the Quaternary 
sediments in both the Nile Delta and Nile Valley among the most significant of these studies are the work of; 
Donia et al., (2003); Garzanti et al., (2006); Lasheen and Ammar, (2009) and Draz et al., (2009).  

As far as the writers are aware, the published data concerning the Quaternary sediments along Giza-Fayium 
district are scanty. However, Issawi et al., 2005, described the stratigraphy and geological history of the 
Quaternary sediments in the western fringes of the Nile Delta-lower Nile Valley stretch. They mentioned that 
the Quaternary section covers the area between the Nile in the east and the Oligocene-Neogene sediments in the 
west. The authors added that, the Quaternary sediments are a function of aggradations and degradation in the 
Nile Valley and in the nearby Fayium depression as well. Both processes depend largely on paleoclimate and 
also in high and low water in the Nile and in the E-W rivers before the Nile was imitated.  

 
Aim of the Present Work:  
 

The present article aims to shed light on the clay mineralogy, as well as the geochemical characters of some 
Quaternary sediments collected from four quarries located in Giza-Fayium district, Western Nile Valley, trying 
to use the obtained results to evaluate their provenance nature, the degree of chemical weathering, as well as the 
pollution pattern. The area under investigation lies between longitudes 30 o 59′ – 31 o 16′ E and latitudes 29 o 10′ 
- 29 o 65′ N, on the western side of the Nile Valley (Fig. 1).  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 1: Location map of the four studied quarries. 

 
Sampling and Methodology: 

 
30 representative composite samples were collected from four quarries; (West Dahshour, West Abu Sir, 

West Girza and Tama El-Fayium), in Giza-Fayium district, western side of the Nile Valley (Fig. 2). The samples 
were taken carefully to represent the different lithological varieties in each section.  

For clay mineral investigations, carefully selected 15 clay-rich samples representing the four studied 
quarries were investigated by the X-Ray technique. After the removal of carbonate and organic matter 50 mg of 
the suspended < 2μm fraction were used to prepare three oriented particle mounts (untreated, glycolated and 
heated to 550 oC for two hours). The analysis was carried out at the Metallurgical Center for Research and 
Development Institute (Tebbin, Egypt) using a Phillip X-Ray diffraction model with Ni-filtered Cu K alpfh 
radiation. The relative proportion of clay minerals was calculated semi-quantitively by the direct comparison 
between the peak height of their (001) reflections in the difffractogram of the untreated oriented samples 
(Griffin, 1971). The crystallinity indices of the main clay minerals were determined by dividing the peak height 
by the peak area.  
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Examination of grain surface texture of clay-size fraction in selected samples was made by the scanning 
electron microscopy technique. This analysis was carried out at the Egyptian Mineral Resources Authority 
(Central Laboratories).  

The major and minor oxides as well as some trace elements were analyzed by X-Ray fluorescence 
technique carried out at the Metallurgical Center for Research and Development Institute (Tebbin, Egypt).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Lithostratigraphic section of the studied quarries in Giza - El Fayium district. 
 

RESULTS AND DISCUSSION 
 

Clay Mineralogy:  
 

(1) Characteristics of the Identified Clay Mineral Species:  
 
The major clay minerals reported in the studied Quaternary samples were recognized depending on their 

characteristic basal X-Ray reflections (Fig. 3). Smectite is represented by Na, K and Ca, Mg species. In the 
patterns of the untreated clay mounts, smectite exhibits a series of (001) reflections, the most intense of which 
occur at (14.26 Ao -15.66 Ao) for Ca-Mg smectite and 13.31 Ao -13.98 Ao for Na, K smectite. The former 
contains also interstratified illitic layers as indicated by the presence of lower d-spacing, upon glycolation, 
shifted to about 15.68 Ao - 16.35 Ao. The structure collapse to 10 Ao on heated.  

Kaolinite is identified by its characteristic strong diffraction lines at 7.08 Ao - 7.27 Ao and 3.55 Ao - 3.58 Ao 
corresponding to the first and second order basal reflections; respectively. These reflections persist upon 
glycolation, and completely destructed on heating to 550 oC due to de-hydroxylation of the minerals. On the 
other hand, illite displays a basal reflection at about 9.94 Ao - 10.7 Ao in the oriented mounts which remained 
unchanged when glycolated or heated.  

The crystallinity characters of the investigated clay minerals as reflected from the shape of their diffraction 
peaks indicate poorly to moderate state of crystallinity, most of the analyzed samples show broad, diffused and 
moderately sharp diffraction peaks on the patterns of untreated specimen (Fig. 3). Smectite, generally has a 
marked low crystallinity. On the other hand, kaolinite and illite exhibit moderate to low degree of crystallinity. 
However, kaolinite and, illite in some of the investigated samples exhibit, relatively well crystallized pattern, but 
it is less common. 

The crystallinity index (C. I.) for smectite averaging 0.13 %, while, for kaolinite and illite averaging, 0.33 
% and 0.26 %; respectively. The crystallinity indices of both kaolinite and illite are relatively higher than that in 
smectite (Table 1). Generally the pattern of the investigated diffraction peaks suggested that, the detrital 
inheritance played the major role in the genesis of the identified clay mineral suite, however, partial authigensis 
origin cannot be excluded. 

The SEM investigations of the clayey sized grains show evidence for both inherited and to less extend 
diagenetic origin. A mineral with a particular well developed morphology is diagenetic (Plate: 1, C and F), 
while detrital particles are generally, poorly shaped (Plate: 1, A, B, and E).  

Most of the recorded montimorillonite is detrital in origin, occurs as irregular wavy sheets (Plate 1: A and 
C) or some time exhibits a honey-comb structure (Plate: 1, B).  
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Kaolinite exhibits both the detrital and diagenetic origin; however, the latter is uncommon. Plate 1 (C) 
shows that, some of the recorded kaolinite is diagenetic as indicated by its occurrence as “books” texture with 
large plates and straight or curved edges. Such microstructure is formed by anisometric plate clay 
microaggregates with face to face and face to edge contacts. Microfabric is unoriented and characterized by 
insignificant anisotropy of properties. On the other hand, the swill pattern texture (Plate 1: D) of kaolinite flakes 
resulted from compaction of some flakes. The microstructure is formed by microaggregates consisting of 
parallel oriented clay particles; contacts between the microaggregates are face to face and face to edge. This 
texture results from movement of clays during sedimentation process and reflecting sedimentary origin (Keller, 
1977). Plate: 1 (A and E) shows the occurrence of kaolinite as ragged flakes, with face to face orientation 
indicating transported kaolinite and reflecting again detrital origin (Keller, 1977). Illite in few samples exhibits a 
diagenetic origin due to its perfect form (Plate: 1, F).  

The results obtained from the SEM investigation strongly support those recorded from XRD patterns, they 
strongly suggest that, the investigated clay mineral suit are mainly detrital in origin with less common diagenetic 
contribution.  

 

 
 

Fig. 3: X-Ray diffraction pattern of the studied clay minerals. 
 
(2) Distribution and Significance of the Clay Minerals:  

 
The relative percentages of the clay minerals as well as clay ratios K/S and I/S are listed in Table (1). In the 

investigated Quaternary sediments, smectite, kaolinite and illite are present in order of decreasing abundance. 
Smectite in all the investigated samples account for not less than half of the clay mineral suit averaging 59.50 %. 
The term smectite used in the present work comprises montmorillonite plus randomly interstratified 
montmorillonite-illite mixed layer clay minerals. Kaolinite is the second major component forming about one 
third of the clay mineral contents averaging about 29.0 %. Illite constitutes the least component, averaging 11.5 
%. 

Assessing the vertical variation, the investigated clay minerals display no specific pattern of distribution 
with depth. On the other hand, there is no obvious variation in the distribution of the clay minerals from one 
locality to another.  Figure (4) shows all of the investigated samples are plotted parallel to the smectite - 
kaoilinte edge.  The semi-quantitative estimation showed clearly that, there is an overall similarity in the general 
proportions of the clay minerals in the investigated samples which is strongly suggests derivation from a 
common parent rock with little contamination from other source. Weaver (1989) suggested that the formation of 
illite and montmorillonite is common in river mud, whereas in marine mud, the amount of illite exceeds the 
amount of montmorillonite.  
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Plate I: (A) SEM photomicrograph showing montmorillonite with ragged kaolinite flakes, with face to face 
orientation, (montmorillonite occurs as wavy sheets), West Girza. (B) SEM photomicrograph showing 
mixed layer montmorillonite-illite and Kaolinite showing a honey-comb structure, Tama El-Fayium. 
(C) SEM photomicrograph showing kaolinite “books” texture with large plates surrounded by 
montomorillonite layer, which occur as irregular wavy sheets, West Dahshure. (D) SEM 
photomicrograph showing swill pattern texture of kaolinite flakes, West Girza. (E) SEM 
photomicrograph showing montomorillonite occurs as a blanket enclosing ragged kaolinite flakes, 
showing face to face orientation, Tama El-Fayium. (F) SEM photomicrograph illustrating 
montmorillonite with relatively well crystallized illite growing between irregular kaolinite flakes. Note 
that montomorillonite occurs as wavy sheets, West Dahshure. 

 
Table 1: Relative percentage of clay minerals for the studied Quaternary sediments. 

Locality S. No. Smectite Kaolinite Illite Clay ratios Crystallinity Index 

K/S I/S S K I 

W
es

t D
ah

sh
ou

r 

3 54 31 15 0.57 0.27 0.16 0.33 0.23 

4 59 22 19 0.37 0.32 0.12 0.36 0.25 

5 68 25 7 0.36 0.1 0.14 0.31 0.24 

6 51 36 13 0.7 0.25 0.11 0.33 0.26 

7 65 24 11 0.37 0.17 0.13 0.35 0.28 

T
am

a 
E

l-
F

ay
iu

m
 4 61 29 10 0.48 0.16 0.17 0.31 0.3 

5 65 27 8 0.41 0.12 0.11 0.3 0.28 

6 55 31 14 0.56 0.25 0.14 0.34 0.26 

W
es

t G
ir

za
 

1 57 27 16 0.47 0.28 0.16 0.31 0.23 
2 54 33 13 0.61 0.24 0.14 0.36 0.28 

3 64 25 11 0.39 0.17 0.12 0.3 0.26 

4 53 30 17 0.57 0.32 0.13 0.33 0.21 

5 58 32 10 0.55 0.17 0.11 0.35 0.28 

W
es

t 
A

bu
 S

ir
 

4 60 31 9 0.52 0.15 0.13 0.31 0.3 

6 69 27 4 0.39 0.05 0.15 0.29 0.24 

Average  59.5 29 11.5 0.49 0.2 0.13 0.33 0.26 

S = Smectite                             K = Kaolinite                               I = Illite 
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Table 2: Averages percentages of clay minerals composition of the studied Quaternary samples and compared with those from other  
              environments from the Nile Valley and Delta. 

Locality ◌ٍSmectite Kaolinite Illite Author 
Giza-El Fayium area 59.5 29 11.5 present study 
Rosetta Bottom sediment 64 22 14 Wahed and Shaheen, 2010 
Dameitta Branch 69 25 6 Stanley and Wingerath, 1996 
Qena 63 29 8 Stanley and Wingerath, 1996 
North Central Delta 63 27 10 Abu Zeid and Stanley, 1990 
Lake Nasser 63 30 7 Hassan  et al., 1977 

 
(3) Genesis of Clay Minerals: 

 
Concerning the source rock of the investigated clay minerals, Pettijohn (1975) mentioned that smectite may 

be formed in large amounts from mafic igneous rocks under conditions of retention of bivalent elements and 
silicic acid, alkaline condition of the medium is a necessary prerequisite. In the present study the dominant 
occurrence of smectite throughout Giza-Fayium district is reflecting the effect of the source rock composition, 
as well as climatic conditions. It reflects an alkaline, humid environment, and indicating that rocks of basaltic 
composition should be widespread in the provenance area (Liua et al, 2009).  

Kaolinite is generally produced by feldspars alteration (Grim, 1968). It requires an open and acidic 
environment, with extensive leaching of alkaline earths and ferrous ions and to some extent silica from the 
medium during the process (Weaver, 1989). Folk (1974) have generally considered kaolinite to be dominant in 
fluviatile environments. In the present study the dominance of kaoilinte beside smectite, where the K/S (0.49) is 
probably due to contribution from local source, by inheritance from kaolinitized source rocks. Aeolian 
contribution from the Western Desert, where kaolinite is a common constituent cannot be excluded. 

Illite is formed from weathering of K-feldspars and mica under conditions of higher ionic concentration of 
K+ and H+ and by alteration of other clays during diagenesis. Illite present in the studied samples shows a 
moderate to low degree of crystallinity, which is normal for detrital illite. However, some of the recorded 
samples exhibit well crystallized pattern, reflecting that part of illite is formed by authigenesis in the basin of 
deposition during the sedimentary cycle. This could be indicated by the presence of smectite-illite mixed layers 
in the patterns of the X- Ray diffraction and confirmed by the SEM investigations. The smectite-illite mixed 
layer represents a transitional state during the transformation of the metastable smectite to the more stable illite 
under compaction (cf. El-Kammar and El-Kammar, 1996). So, the swelled smectite becomes unstable when 
losses its water content due to compaction and pressure of the overburden. 

Table (2) revels that, the recorded clay mineral suite in the studied samples is greatly similar and 
comparable to those recorded from previous studies carried out on Quaternary Nile sediments from different 
parts of Egypt such as Lake Nasser, Upper Egypt and Nile Delta sediments (Hassan et al., 1977; Abu Zeid and 
Stanley, 1990; Stanley and Wingerath, 1996; Garzanti et al., 2006 and Wahid and Shaheen, 2010). All the above 
mentioned authors reported that, smectite, kaolinite as well as lesser amounts of illite are the main clay minerals 
recorded from the investigated Quaternary Nile sediments.  

 
Fig. 4: Ternary diagram showing plots of the clay mineral composition of the investigated Quaternary clay  
            samples. 
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Fig. 5: Ternary diagram comparing the investigated Quaternary clay samples with data recorded from other  
            environments of the Nile Valley and Delta. 

 
The same conclusion can be obtained from Figure (5). The plot shows that the studied samples and those 

recorded from different parts of the Nile Valley and Delta have the same pattern of distribution, i.e. both of them 
plot on smectite-kaolinite edge. Although the reported clay minerals are inherited from Nile sediments, the 
variation encountered in their proportions may be attributed to weathering, sedimentation regime as well as local 
environment which led to quite varied mixture, but ones which are always of detrital origin. It should be noted 
also that, climate is one of the most important factor controlling the alteration of clay minerals, besides 
transportation and diagenesis which affect and modify the original clay mineralogy (Yuretich et al., 1999). 

Transformations and neogenesis contribute, to some extent, to the origin of these clays as reflected from the 
occurrence of interstratified montmorillonite-illite layers. Neo-formation is expected to take place either during 
sedimentation or after deposition. The presence of mixed clay minerals were mostly formed when the 
environment fluctuated from slightly basic to slightly acidic media , and also points to intermixed Niolitic 
materials. 

Summing up the above mentioned results we can concluded that, the encountered clay mineral assemblage 
in the investigated Quaternary sediments are generally detrital in origin, mostly related and derived from Nile 
sediments. The drainage from the Ethiopian Highland composed mainly of basic volcanic rocks contributed 
most of the mineral assemblages. In addition to their fluviatile origin, aeolian contribution of kaolinite from the 
Western Desert, where kaolinite is a common constituent, might be taken into consideration as a subordinate 
source of the investigated clay minerals. Gheith and El-Sherbini (1986) proved the importance of the partial 
Aeolian source for kaolinite from the Western Desert in the Quaternary Nile Delta sediments. 

 
Geochemistry: 
 
Major Elements: 

 
Table (3) gives the concentrations of the major, trace and some rare elements, CIA values as well as the 

textural classes in the studied Quaternary sediments (after Samy and Abou El-Anwar, 2013). The 
interrelationships between major oxides and some trace and rare elements are given in (Table 4). The calculated 
geochemical ratios are listed in (Table 5). 

The investigated sediments are characterized by high contents of SiO2, Al2O3 and Fe2O3, (Table 3). Al2O3 
follows SiO2 in abundance (average 12.1 and 63.07 %; respectively). Its content is relatively lower than that of 
UCC (15.2 and 66 %; respectively) reported by Taylor and McLennan (1985). They are mostly occurring as a 
main component in the composition of the investigated samples they averaging (63.07 %, 12.1 % and 6.55 %; 
respectively). The dominance of silica and alumina is due to the clayey-silty nature of the samples as well as the 
presence of SiO2 as free quartz. Fluctuation of silica contents in the investigated samples most probably 
attributed to the concentration of other analyzed elements. Strong negative correlation between SiO2 and Al2O3 
(r = -0.98) is observed, which is characterizing the mixing between a siliceous fraction (quartz) and an 
aluminous fraction in the absence of a dilute such as carbonates or organic matter (Table 4).  
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Table 3: Chemical analysis data of major oxides (%) and trace elements, (CIA) values and textures classes after Folk (1974) in the studied sediments. 
Locality S. No. Sio2 Al2O3 Fe2O3 Ti O2 MgO Na2O K2O CaO V Ni Co Cr Ba Sr Zr Th La CIA Textural class after 

Folk 1974 

W
es

t G
ir

za
 

1 51.32 16.17 8.11 1.82 2.97 3.1 2.88 3.02 246 60 35 171 279 231 294 8 41 73 Sandy clay
2 52.97 15.59 8.46 1.77 2.78 2.86 2.94 2.67 242 56 33 169 267 226 318 7 38 72.89 Sandy clay 
 55.82 15.43 8.51 1.74 3.09 2.94 2.77 2.54 255 49 29 166 316 249 336 7 31 72.99 Sandy clay 
4 59.41 13.07 7.48 1.66 2.53 3.04 2.81 2.71 248 44 27 158 357 241 352 11 28 69.03 sandy clay 
5 63.73 11.88 7.29 1.57 2.24 2.76 2.63 2.85 225 40 22 140 349 264 364 13 33 68.79 Sandy mud 
6 66.13 9.48 5.58 1.42 1.84 2.65 2.52 2.66 217 33 20 133 369 255 382 15 22 64.71 Sandy mud
7 69.71 10.3 5.69 1.63 2.11 2.49 2.35 2.7 194 36 23 139 389 271 387 10 26 68.03 Sandy mud 
8 77.51 7.64 3.14 0.76 0.82 1.96 1.94 2.44 120 31 19 89 398 280 404 12 18 66.21 Silty sand 

Average 62.08 12.45 6.78 1.55 2.3 2.73 2.61 2.7 218 41 26 146 341 252 355 10 30 69.46    

W
es

t D
ah

sh
ou

r 

1 59.19 12.37 7.29 1.74 2.59 2.77 2.49 3.19 209 47 29 145 356 247 364 9 17 70.16 Sandy mud
2 57.2 15.41 7.82 1.59 2.72 2.91 2.79 2.77 229 51 31 160 341 252 352 11 21 73 Sandy mud
3 54.41 14.88 8.14 1.80 2.91 2.89 2.63 2.91 238 57 35 144 322 222 334 6 30 72.94 Sandy mud 
4 52.29 15.17 8.39 1.67 2.98 3.11 2.59 3.21 251 63 31 179 288 198 340 7 36 72.69 Sandy mud 
6 55.07 14.63 7.81 1.74 2.84 2.93 2.81 2.94 240 53 30 156 294 232 372 7 24 71.81 Sandy mud 
8 53.6 16.22 8.69 1.88 3.01 3.19 2.89 2.77 247 60 36 167 277 216 331 8 27 72.74 Sandy mud

Average 55.29 14.78 8.023 1.737 2.842 2.967 2.7 2.965 236 55 32 159 313 228 349 8 26 72.22  

T
am

a 
E

l-
Fa

yu
im

 1 67.15 9.42 5.17 1.38 1.89 1.66 1.72 2.59 184 39 27 135 339 244 394 13 22 65.15 Sandy mud 
2 64.31 12.32 7.09 1.57 2.33 2.41 2.26 2.74 218 41 29 148 344 251 387 11 26 72.51 Sandy mud 
3 55.15 16.11 8.64 1.95 2.88 2.98 2.79 3.01 254 54 37 165 310 230 321 9 33 73.63 Sandy mud 
5 52.82 14.82 7.93 1.79 2.49 2.88 2.56 2.88 239 63 32 152 279 210 291 11 35 73.15 Sandy mud
6 56.27 15.43 8.3 1.88 2.79 3.13 2.61 3.17 247 51 30 176 319 225 365 10 29 72.53 Sandy mud 

Average 59.86 13.62 7.43 1.71 2.48 2.61 2.39 2.88 228 49.6 31 155 318 232 352 11 29 71.39  

W
es

t A
bu

 S
ir

 1 85.21 4.77 2.42 0.79 0.68 1.63 1.39 2.47 54 14 12 84 406 277 433 19 13 50.64 Silty sand 
3 80.44 6.19 3.67 0.73 1.14 1.85 1.46 2.76 76 21 18 127 288 282 436 15 17 54.54 Silty sand
5 75.62 7.21 3.09 0.54 1.07 1.98 1.54 2.64 110 26 14 88 401 255 396 17 23 56.73 Silty sand
6 71.11 9.32 5.47 1.13 1.86 2.36 1.33 2.57 121 33 22 123 379 238 384 15 29 60.64 Silty sand 
8 77.3 6.59 3.13 0.65 0.67 1.63 1.24 2.39 82 22 16 101 384 261 401 13 19 59.42 Silty sand 

Average 77.94 6.82 3.56 0.77 1.08 1.89 1.39 2.57 89 23 16 105 372 263 410 16 20 56.39    
Max. 51.32 4.77 2.42 0.54 0.67 1.63 1.24 2.39 54 14 12 84 267 198 291 6 13 50.64    
Max. 85.21 16.22 8.69 1.95 3.09 3.19 2.94 3.21 255 63 37 179 406 282 436 19 41 73.63    

Total Average 63.07 12.1 6.55 1.47 2.22 3.59 2.33 2.78 198 44 27 142 336 244 364 11 27 67.83    

 
Table 4: Correlation coefficients of major and trace elements for the investigated Quaternary sediments. 
  Sio2 Al2O3 Fe2O3 Ti O2 MgO Na2O KO CaO V Ni Co Cr Ba Sr Zr Th La 
Sio2 1.00                 
Al2O3 -0.98 1.00                
Fe2O3 -0.97 0.98 1.00      
Ti O2 -0.92 0.92 0.95 1.00              
MgO -0.96 0.96 0.98 0.95 1.00             
Na2O -0.91 0.92 0.93 0.88 0.92 1.00            
KO -0.89 0.90 0.90 0.89 0.88 0.92 1.00           
CaO -0.67 0.64 0.67 0.66 0.68 0.69 0.58 1.00   
V -0.95 0.93 0.95 0.95 0.94 0.91 0.94 0.61 1.00         
Ni -0.97 0.96 0.93 0.88 0.92 0.87 0.85 0.67 0.90 1.00        
Co -0.93 0.94 0.92 0.90 0.92 0.81 0.81 0.62 0.87 0.94 1.00       
Cr -0.91 0.92 0.95 0.91 0.94 0.87 0.84 0.68 0.90 0.87 0.88 1.00   
Ba 0.74 -0.73 -0.72 -0.63 -0.70 -0.61 -0.61 -0.55 -0.62 -0.77 -0.76 -0.79 1.00   
Sr 0.83 -0.78 -0.76 -0.69 -0.75 -0.70 -0.56 -0.60 -0.70 -0.86 -0.78 -0.71 0.68 1.00    
Zr 0.91 -0.89 -0.84 -0.79 -0.81 -0.82 -0.79 -0.50 -0.82 -0.91 -0.84 -0.75 0.67 0.78 1.00   
Th 0.85 -0.85 -0.83 -0.79 -0.84 -0.75 -0.78 -0.54 -0.80 -0.86 -0.86 -0.79 0.67 0.64 0.72 1.00  
La -0.75 0.73 0.73 0.65 0.70 0.69 0.61 0.43 0.69 0.75 0.66 0.69 -0.63 -0.70 -0.84 -0.59 1.00

 
The content of Fe2O3 is generally high averaging (6.55 %) compared with the corresponding value for the 

Upper Continental Crust (4.5 %) reported by Taylor and McLennan (1985). The abundance of iron in the 
studied samples reflects the presence of free hydrate iron oxides as well as iron minerals (Table 3). On the other 
hand, Al2O3 and Fe2O3 show significant positive correlation value (r = 0.92) indicating that iron is also 
associated with the clay minerals.  

MgO content ranges between 0.67 to 3.09 %, averaging 2.22 %. It matches to UCC value (2.22 %). The 
distribution of Mg in the studied samples is mostly consistent with Al2O3 and Fe2O3, which is evident from the 
observed high correlation coefficient between them, (r = 0.96 and 0.98 respectively; Table 4), this is because 
these elements could be present in the same mineralogical phase, since the behavior of Mg is only controlled by 
the ferromagnesian function. 

The observed enrichment of TiO2 content, (averaging 1.47 %) as compared with UCC (0.5 %) and with that 
given by Turekian and Wedepohl (1961), (0.15 % in sands and 0.46 % in clays) is most probably attributed to 
the detrital nature of the sediments and the presence of proper titinuim minerals such as rutile and ilmenite 
which are mechanically transported and brought to the site of deposition. Isayeva, (1971), Liua et al., (2009) and 
Saccà et al., (2011), mentioned that titanium and iron are closely associated during sedimentation. Both Al2O3 
and Fe2O3 show consistent distribution with TiO2 (Table 4) as indicated by high positive correlation (r = 0.92 
and 0.95; respectively), which implies that these oxides are mostly associated with phyllosilicates. 

The general depletion on Na, K and Ca observed in the investigated samples averaging, 2.59 %, 2.33 % and 
2.78 %; respectively as compared with the corresponding values for the Upper Continental Crust, (3.9 %, 3.4 % 
and 4.2 %; respectively) might be attributed to their high mobility during weathering process because of their 
high hydration energy (Cullers, 1988). The positive correlation recorded between Al2O3 and both of K2O and 
Na2O (r = 0.9 and 0.92; respectively) suggesting that the bulk of these oxides are related and associated with the 
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clay minerals, smectite and illite. On the other hand, the strong positive correlation recorded between Na2O and 
K2O (r = 0.92) support such relationships (Table 4) and suggest that both of them are related in their mode of 
deposition, in fact, the two components enter into the composition of clay minerals. 

Table (3) gives the concentration of the trace and some rare elements in the investigated Quaternary 
samples. Generally, sediments poor in clay minerals and rich in quartz grains are characterized by the lowest 
values of most of the trace elements except for Zr which is attributed to dilution by quartz. 

The transitional metals Cr, Co, Ni and V in the studied samples (Table 3) show relatively high values of 
concentration averaging (142 ppm, 27 ppm, 44 ppm and 198 ppm; respectively) as compared with the 
corresponding values for the UCC ( 35, 10, 20, and 60 ppm; respectively). This can be attributed to the abundant 
presence of mafic components in the source, or may be explained as a result of intensive weathering of a 
relatively large amount of mafic volcanic rocks in the source area resulting in an increase of Ni, Co, Cr and V in 
the detritus (Liua et al., 2013). 

On the other hand, the enrichment of the studied samples in clayey constituents, may be also responsible for 
the observed enrichment of Cr, Co, Ni and V, these elements are readily adsorbed onto clay minerals during 
weathering process. The strong positive correlation ( r > 0.92 ) of Al concentration with V, Cr, Ni and Co (Table 
4) indicate that these elements are associated almost entirely with aluminosilicate and strongly controlled by the 
nature of the source rocks. The highly positive correlations recorded between Co and Ni with Fe2O3 (r = 0.92 
and r = 0.93; respectively) strongly suggest the possible association of these two elements with Fe-oxides 
minerals.  

The content of Zr is obviously enriched in sand samples compared with the mud samples; it reaches up to 
436 ppm in West Abu Sir samples which are characterized by their high sand contents (Table 3). This is also 
supported from the observed positive correlation between Zr and SiO2 (r = 0.91) and is further evident by the 
negative correlation between Zr and Al2O3 (r = -0.89, Table 4). The general depletion of Zr in mud samples 
could be size sorting. Zr is mostly concentrated in the sand as zircon, which is derived from mechanical sorting 
and therefore most of the Zr occurs in the sand size fractions.  

The large cations Sr and Ba show a general depletion pattern (Table 3), they averaging (244 ppm and 336 
ppm; respectively) compared to the corresponding values in UCC (350 ppm and 550 ppm; respectively), which 
is probably due to the preferential loss during weathering and erosion because of their hydration energy, 
(Cullers, 1988 and Liua et al., 2013). The observed   positive correlation between Sr and Ba with silica (r = 0.83 
and 0.74; respectively, Table 4) indicate that these elements are associated with the silicate component and are 
strongly controlled by the nature of source rock. On the other hand, the recorded positive correlation values 
between Sr and Ba with Zr (r = 0.78 and 0.67; respectively) further confirms that, these cations are most 
probably linked to the coarse grained detrital sands.  

Generally, the values of Th content (averaging 11 ppm, Table 3) are fairly close to the corresponding value 
in the UCC (10.7 ppm). Sand samples are relatively enriched in Th contents than the clayey samples. The 
highest Th values are recorded from West Abu Sir samples (averaging 16 ppm) due to enriched in their sand 
contents. This is further supported by the positive correlation between Th and both of Zr and SiO2 (r = 0.72 and 
0.85, respectively; Table 4). Also, La content is averaging 27 ppm, (Table 3). The negative correlation between 
La and SiO2 (r= - 0.75) and positive correlation with Al2O3 indicated that it associated with clay minerals. On the 
other hand, the positive correlation values Fe, Ti, Mg, V, Ni, Co and Cr (r= 0.73, 0.65, 0.69, 0.75, 0.66 and 0.69; 
respectively, Table 4) indicate that this element may be cooperated with heavy minerals and/or trace elements. 
 
Paleo-Environmental Condition: 

 
Geochemical data were used to understand the paleo-oxygenation condition of sediments (Hallberg, 1976 

and Jones and Manning, 1994). The V/Cr ratio may be used as a redox index. Values of V/Cr > 2 are thought to 
represent anoxic depositional conditions, while values < 2 are indicative of more oxidizing conditions (Jones 
and Manning, 1994). On the other hand, the Ni/Co can be used also as a redox index, low values of Ni/Co (<5) 
suggest oxic environments, whereas high values (>5) are indicative of suboxic and anoxic environments (Nath 
et al., 1987). In the investigated samples the recorded ratios of trace metals V/Cr and Ni/Co are (2.82 and 1.62; 
respectively) reflecting more oxidizing depositional conditions, (Table 5). 

 
Provenance and Immobile Elements: 

 
Singh and Rajamani (2001) mentioned that the geochemical composition of siliclastic sediments results 

from a complex interplay between provenance and processes that operate during the different stages of the 
sedimentary cycle. However, the provenance signals are still indicated by the immobile elements ones. Of these 
elements, the trace elements Cr, V, Ni, Co, Th and La in addition to Ti and Al have been suggested (El Kammar 
et al., 1992, and Mc Lennan and Taylor, 1991). 
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Table 5: Calculated geochemical ratios for the investigated samples 
Locality S No. Cr/Th Cr/La Ti/Al V/Cr Ni/Co Cr/Ni V/Ni 

W
es

t G
ir

za
 

1 21.38 4.17 0.13 1.44 1.71 2.85 4.1 
2 24.14 4.45 0.13 1.43 1.7 3.02 4.32 
3 23.71 5.25 0.13 1.54 1.69 3.39 5.2 
4 14.36 5.64 0.14 1.57 1.636 3.59 5.64 
5 10.77 4.2 0.14 1.82 1.82 3.50 6.38 
6 8.86 6.05 0.16 2.04 1.65 4.03 6.58 
7 13.5 5.35 0.17 1.4 1.57 3.86 5.39 
8 7.42 4.94 0.11 1.35 1.63 2.87 3.87 

Average 15.52 5.01 0.14 1.57 1.68 3.38 5.19 

W
es

t D
ah

sh
ou

r 

1 16.11 8.53 0.15 1.44 1.62 3.09 4.45 
2 14.55 7.62 0.11 1.436 1.65 3.14 4.49 
3 24 4.8 0.13 1.65 1.63 2.53 4.18 
4 25.57 4.97 0.12 1.4 2.03 2.84 3.98 
6 22.29 6.5 0.13 1.54 1.77 2.94 4.53 
8 20.88 6.19 0.13 1.47 1.67 2.78 4.12 

Average 20.57 6.44 0.13 1.49 1.73 2.88 4.29 

T
am

a 
E

l-
F

ay
ui

m
 1 10.39 6.14 0.16 1.36 1.44 3.46 4.72 

2 13.46 5.69 0.14 1.47 1.41 3.61 5.32 
3 21.67 5 0.13 1.54 1.46 3.06 4.7 
5 13.82 4.34 0.13 1.57 1.97 2.41 3.79 
6 17.6 6.07 0.13 1.4 1.7 3.45 4.84 

Average 15.39 5.45 0.14 1.47 1.60 3.20 4.67 

W
es

t A
bu

 S
ir

 1 4.42 6.46 0.18 0.64 1.17 6.00 3.56 
3 8.47 7.47 0.13 0.6 1.17 6.04 3.62 
5 5.17 3.82 0.09 1.25 1.86 3.38 4.23 
6 8.2 4.24 0.13 0.98 1.54 3.72 3.67 
8 7.77 5.32 0.11 0.81 1.38 4.59 3.73 

Average 6.81 5.46 0.13 0.86 1.42 4.75 3.76 
Total average 14.94 5.55 0.13 2.82 1.62 3.55 4.56 

 

The Ti/Al ratios can be used as a useful indicator of provenance of siliciclastic sediments, since both 
elements are generally considered as the more immobile elements during weathering and diagenesis (Young and 
Nesbitt, 1988). The Ti/ Al ratio is higher in basic rocks than in acidic rocks. Table (5) shows that the average 
values of Ti/Al ratios for most of the investigated sediments (0.13), which is similar to that of basalt and higher 
than the corresponding values for UCC, NASC, and PAAS (Fig. 6). On the other hand, West Abu Sir samples, 
which are rich in sand fraction show a relatively different pattern, they express a wide spread in their Ti/Al 
ratios compared with those rich in their clayey contents which is most probably attributed to textural and 
mineralogical changes between them. 

Evaluation of sediments provenance can be also illustrated in (Fig. 7) in the Th -Co-Zr/10 diagram (Vital et. 
al, 1999). The diagram shows that the examined samples are depleted in Th and enriched in Co as compared 
with the UCC, PAAS and NASC; respectively. Most of the examined samples are arranged parallel to the Co-Zr 
axis. This pattern of distribution is most probably attributed to the abundance of mafic rocks in the source area. 
However, samples rich in the sand fraction, (West Abu Sir samples) are plot close to the Zr pole and parallel to 
the Th-Zr axis which may reflect broader source rock area. 

 

 
 

Fig. 6: Relationship between TiO2 and Al2O3 % for the investigated samples. Average data of Upper 
Continental Crust (UCC), North American Shale Composite (NASC) and Post Archean Australian 
Shale (PAAS), date are given by Taylor and McLennan, 1985 and Condie, 1993. 
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Fig. 7: Ternary diagram illustrating the relationship between Th-Co-Zr/10 in the investigated samples compared 

with the Upper Continental Crust (UCC), North American Shale Composite (NASC) and Post Archean 
Australian Shale (PAAS), date are given by Taylor and Mc Lennan,  1985 and Condie, 1993. 

 
Trace elements ratios such as Cr/Th, Co/Th, and Co/La are commonly used to differentiate between mafic 

and silicic source rocks and to infer the average provenance composition (Young and Nesbitt, 1988 and Vital et 
al., 1999). Higher values of these geochemical ratios are characterizing the mafic sources. Average value of 
Cr/Th ratios for the investigated samples is (14.94) which is obviously higher than UCC estimate (2.8, Taylor 
and Mc Lennan, 1985) and it is also higher than the corresponding values given by Condie (1993)  for PAAS 
and NASC (7.5 and 10.2; respectively), (Table 5). Graver and Royce, 1993; Saccà et al., 2011 and Wu et al., 
2013 mentioned that relatively high value of Cr/Ni, V/Ni and V/Cr supports the mafic sources, whereas, lower 
values probably reflect the contribution of the ultramafic source rocks. The investigated samples recorded 
relatively high values of these ratios (3.55, 4.56 and 2.82; respectively) which are probably indicative of 
derivation of these elements from volcanic mafic rocks (Table 5) 

The geochemical results revealed that there are no obvious differences between the distribution of major 
and trace elements as well as the calculated geochemical ratios in the sediments of the studied localities; except 
for West Abu Sir samples. This pattern of distribution suggesting a single chemical clan and that most of the 
investigated sediments are related mainly to one source; which is dominated by mafic volcanic rocks. However, 
the deviation recorded from West Abu Sir samples is most probably due to textural changes as well as 
mineralogical sorting. Samples in this locality are rich in their sand fractions compared with the other localities; 
West Dahshour, West Girza and Tama El- Fayium (see Table 3 for textural composition). Most of the trace 
elements and some of the major elements have lower concentration in the sand samples relative to mud ones, 
which is attributed to dilution by quartz. On the other hand, enrichment in Zr and relatively Th (up to 456 and 19 
ppm; respectively) in West Abu Sir samples indicative that their derivation from felsic rather than mafic source 
(Feng and Kerrich, 1990). They are most probably derived from the basement rocks of the Eastern Desert.  

The patterns of distribution of various elements in the investigated samples indicated that the textural 
characteristic of the sediments is a major controlling factor on sediment geochemistry that should be taken into 
consideration when interpreting trace elements distribution in clastic sediments. The finer muddy sediments 
show enrichment of most of major and trace elements in comparison with the sandy sediments.  

 
Provenance and Tectonic Setting: 

 
The type of the provenance of sedimentary rock depends largely upon its tectonic setting and a comparison 

between the chemical compositions of studied sediments with those of sediments deposited in known tectonic 
settings is possible. 

Roser and Korsch, (1986) proposed a tectonic classification based on SiO2 content and K2O/Na2O ratios. 
The binary diagram has been divided into three categories. Plotting of the sediments under investigation in the 
binary diagram (K2O/Na2O) log - SiO2 shows that all samples of West Abu Sir fall in the field of Passive 
Margin of provenance (Fig. 8). However samples of West Dahshour, West Girza and Tama El Fayium are 
distributed between Passive Margin and Active Continental Margin.   
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Fig. 8: Tectonic discrimination diagram for the investigated samples. Dividing lines are placed according to  
            Roser and Korsch (1986). 

 
Upper Crust Normalized Pattern: 

 
Concentrations of the major and trace elements of the investigated samples have been normalized to the 

average Upper Continental Crust (UCC) values (Taylor and McLennan 1985, Fig. 9). The UCC normalized 
pattern for the studied samples can be distinguished into three classes as follows: 

The first class comprises elements which are enriched relative to the UCC it includes, Cr, Ti, Ni, Zr, V, Co 
and Fe (Fig. 9). The enrichment of most of these elements (excepted Zr) may be reflected the abundance 
occurrence of mafic components in the source rocks area. 
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Fig. 9: UCC normalized for major and trace studied elements. 

 
The second class comprises the major elements, Ca, K and Na as well as the trace elements Sr and Ba. 

These elements are relatively lower compared to the UCC values (Fig. 9). These elements are susceptible to 
mobility during weathering processes due to their high hydration energies (Cullers, 1988).  

The third class consists of La, Th and Mg in which the concentrations of these elements in the investigated 
samples are more or less similar to that in the UCC. This may be due to the efficient mixing of sedimentary 
material during weathering, transportation and deposition.  

 
Chemical Mobility and Weathering Trends: 

 
The chemical composition of the various weathering products depend largely upon the rate of weathering 

and it is expected to demonstrate well established concepts on mobility of various elements during weathering 
and therefore to assess the state of chemical weathering (Singh et al., 2005). The preferential removal of Ca, Na 
and K by solution during weathering processes (Nesbitt et al., 1980) due to their high mobility 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 in feldspars Al is the least mobile element, Nesbitt and Young 
(1982) proposed a chemical index of alteration (CIA) where: 

 
CIA = [Al2O3/( Al2O3 + CaO* +  Na2O + K2O)] x 100 
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where: CaO* represents CaO associated with the silicate fraction of the sample. The CaO* concentration 
was calculated based on the following: (a) if the concentration of CaO was less than or equal to the 
concentration of Na2O in the sample, we adopted this CaO value; (b) if the CaO concentration was higher than 
the Na2O concentration in the sample, we assumed that the CaO* value was equal to the Na2O value (Bock et 
al., 1998; Újvári et al., 2008 and Liua et al., 2013). 

The CIA enables the intensity of weathering in source areas to be estimated, or it may be used to compare 
the relative proportions of chemically weathered material present in a sample. CIA value of 50-60 reflects weak 
chemical weathering degree, while CIA ranges from 60-80 indicates moderate degree of weathering and CIA 
value of 80-100 means intensive weathering (Nesbitt and Young, 1982).In the investigated samples, the 
recorded CIA values range from 50.64 to 73.63, averaging 67.83 (Table 3), which indicated that the investigated 
sediments are generally reflecting low to moderate chemically weathered provenance. 

Table (3) shows that the recorded CIA values in West Dahshour, Tama El- Fayuim and West Girza 
samples, averaging (72.22, 71.39, and 69.46; respectively)  are higher  than that in West Abu Sir samples 
(56.39). It is clear that the sediments in West Abu Sir locality contain minerals which have more resistant to 
chemical weathering than the other three localities. The progressive weathering cause an increase of the clay 
content of the bulk sediment with an increase in the abundance of minerals resistant to chemical weathering.  

The sediments of West Abu Sir area are highly enriched with their quartz content so that they have the 
lowest CIA value. On the other hand, the high clay content of the other localities samples (West Dahshour, West 
Girza and Tama El-Fayium) prevents the enrichment of quartz through a winnowing effect during sediment 
transport and sorting therefore, they show a relatively higher CIA values. 

 
Geoacculumulation Index and Pollution Pattern: 

 
Under normal environmental conditions, the natural concentrations of elements in sediments have a usual 

characteristic pattern of distribution. However, the environmental 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 of a sediments 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.  

The index of geoaccumulation (Igeo) proposed by Muller (1969) has been used widely to the assessment of 
soil and sediment contamination (Loska et al., 2004 and Gao and Chen, 2010). It 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. In the present study the concentrations of elements in the UCC (Taylor and Mc 
Lennan, 1985) were used as a background values. According to Muller (1981) the geoaccumulation index in 
relation to pollution extent is classified into seven classes (Table 6). In the present study the results of 
geoaccumulation index show that, Fe2O3, (0.98), La (0.59), Th, (0.71), Mg (0.67) and Ba (0.41) are classified as 
unpolluted to moderately polluted elements. On the other hand, Ti, (1.96), Zr, (1.82), Co, (1.77), V (1.7) and Ni 
(1.65) classified as moderately polluted elements. Cr, (2.72) is the only element which is considered as 
moderately to strongly polluted element (Table, 6). It can be concluded that, the sediments of El Giza-Fayium 
district are classified generally as unpolluted to moderately polluted region. The recorded moderately polluted 
characters from the investigated samples are most probably attributed to the natural weathering of the source 
rocks rather than artificial input. The observed enrichment of Cr is most probably due to substitution of Cr by 
iron in the structure of the ferromagnesian silicate minerals.  The industrial as well as the agricultural wastes are 
nearly absent in the study area so that the present authors suggesting that the anthropogenic input is rather 
limited. 

 
Table 6: The geo-accumulation index (Igeo) of the studied sediments.  

Range Degree of pollution Elements in the studied area 
< 0 Unpolluted   
0 - 1 Unpolluted to moderately polluted Fe, Th, Mg, Ba, and La  
1 – 2  Moderately polluted Ti, Zr, Co, V and Ni 
2 – 3 Moderately to strongly polluted Cr 
3 – 4  Strongly polluted  - 
4 – 5   Strongly  to very strongly polluted  - 
> 5 Very strongly polluted  - 
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Conclusions: 
 
Smectite, kaolinite and illite (in order of decreasing abundance) constitute the clay fractions of the 

investigated Quaternary sediments (averaging 59.53%, 29.0% and 11.5%; respectively). 
SEM and XRD reveal that the investigated clay minerals are mainly detrital in origin. There is a general 

correspondence in the proportions of the studied clay minerals with which derived from a common parent rock 
with little contamination from other sources. The studied clays are greatly comparable to those on Quaternary 
Nile sediments from different parts of the Nile valley and Delta in Egypt.  

The chemical analyses indicated that the studied clay sediments are enriched in Ti, Fe, Zr and the 
ferromagnesian trace elements Cr, Ni, Co and V. The enrichment of most these elements suggesting that mafic 
rock constitute their source. The ratios V/Cr, Cr/ Ni, Cr/Th and V/Ni support the dominance of the mafic 
volcanic source. The depletion of Ca, Na, K, Sr and Ba indicated that the high mobility during weathering. V/Cr 
and Ni/Co ratios revealed that the examined clay sediments were deposited under oxidizing condition. The 
chemistry of the studied clay sediments indicated that West Abu Sir felsic constitutes while the other studied 
quarries are mafic constitutes their source. The geoaccumulation indexes (Igeo) indicated that the investigated 
sediments in Giza-El Fayuim area are mainly moderately polluted. 

Sediment composition indicated the tectonic setting of source rocks refers to passive margin for West Abu 
Sir samples and lie between passive margin and active continental margin for West Dahshour, Tama El-Fayium 
and West Girza samples. The chemical indexes of alteration (CIA) reveal that the Quaternary sediments of Giza-
El Fayuim area are low to moderate chemically weathered provenance.  

The geochemistry and the clay mineral assemblages in the studied sediments reveal that these are derived 
from the Ethiopian Highland composed mainly of basic volcanic rocks. Moreover, the fluviatile origin, partial 
aeolian contribution of kaolinite from the Western Desert taken into consideration as a subordinate source. The 
results obtained in the present article are greatly matched and strongly confirmed by those recorded from the 
textural and mineralogical studies of the sand fraction of the same queries in the same area, which is published 
by Samy and Abou El-Anwar, (2013). 
 
References 

 
Abu-Zeid, M.M. and D.J. Stanley, 1990. Temporal and spatial distribution of clay minerals in Late Quaternary 

deposits of the Delta, Egypt, J. Coastal Research, 6(3):  677-698. 
Bock, B., S.M. McLennan, G.N. Hanson, 1998. Geochemistry and provenance of the Middle Ordovician Austin 

Glen Member (Normanskill Formation) and the Taco-nian Orogeny in New England, Sedimentology, 45: 
635-655. 

Condie, K.C., 1993. Chemical composition and evolution of the Upper Continental Crust, Contrasting results 
from surface samples and shales. Chemical Geology, 104: 1-37. 

Cullers, R.L., 1988. Mineralogical and chemical changes of soil and stream sediment major elements, 
Geochimica et Cosmochimica Acta, 61: 3349-3365. 

Dessert, C., B. Dupré, L.M. François, J. Schott, J. Gaillardet, G.J. Chakrapani and S. Bajpai, 2001. Erosion of 
Deccan Traps determined by river geochemistry: impact on the global climate and the 87Sr/86Sr ratio of 
seawater, Earth Planet. Sci. Lett., 188: 459-474. 

Donia, N., I. El-Azizy and A. Khalifa, 2003. Industrial pollution control of Rosetta branch, Nilr River, Egypt: 7 
th Inter: water tech. Conf, Egypt, pp: 2 35-247. 

Draz, S.E., H.H. Ahdy Khalil and A. Khaled, 2009. Estimation of metal pollution levels in bottom sediments 
from Rosseta to Dameitta promontories: Egyptian J. Acuatic Res., 35(5). 

EL-Kammar, A.M. and M.M. EL-Kammar, 1996. Potentiality of chemical weathering under arid conditions of 
black shale from Egypt, J. Arid Environments, 33: 179-199. 

El-Kammar, A., G. Phillip and E.H. Arafa, 1992. Geochemistry of recent Nile sediments from the main Nile 
course in Egypt, and the principal tributaries in Ethiopia and Sudan , Geol Arab World conf., Cairo Univ.,  
pp: 527-541.  

El-Shahat, A., Y. Samy and A. El-Gohary, 2009. Mineralogy and geochemistry of some Holocene overbank 
sediments from the Nile delta, Egypt,  Bull. Of the Tethys Geochemical Society, Cairo, 4: 77-87. 

Feng, R. and R., kerrich, 1990, Geochemistry of fine grained clastic sediments in Archean Abitibi greenstone 
belt, Canada: implications for provenance and tectonic setting. Geochemica Cosmo. Acta, 154: 1061-1081. 

Folk, R.L., 1974. Petrology of sedimentary rocks Hemphill, Austrian, Texas, 182. 
Folk, R.L., 1980. Petrology of sedimentary rocks, Hamphills: Univ of Texas. Austin, Texsas, pp: 170. 
Garzanti, E., A. Sergio, G. Vezzoli, A. Abdel Megid and A. El-Kammar, 2006. Petrology of Nile River sands 

(Ethiopia and Sudan): Sediment budgets and erosion patterns, Earth and Planetary Science, Letters, 252: 
327-341. 



4779 
J. Appl. Sci. Res., 9(8): 4765-4780, 2013 
 

 

Gao, X.L. and C.T.A. Chen, 2012. Heavy metal pollution status in surface sediments of the coastal Bohai Bay, 
Water Research, 46: 1901-1911.  

Gheith, M.M. and M.I. El-Sherbini, 1986. On the mineralogy and geochemistry of subsurface sediments in the 
northern part of the Nile Delta, Egtpt. Egyp. J. Geol., 30: 9-24.  

Graver, J.I. and P.R. Royce, 1993. Chromium and nickel in shale of the foreland deposits of the Ordovician 
Tectonic Orogeny: using shale as a provenance indicator of ultra- mafic rocks. Geol. Soc. Amer. Abstract, 
25: 17. 

Griffin, G.M., 1971. Interpretation of X- ray diffraction data, In procedure in sedimentary Petrology, E.d., R.E. 
Carver, Jhon Wily Interscinces, New York, pp: 541-569. 

Grim, R.E., Clay Mineralogy: McGrow - Hill Book Co, NewYork, pp: 596. 
Hallberg, R.O., 1976. A geochemical method for investigation of palaeoredox conditions in sediments, Ambio, 

Special Report, 4: 139-147. 
Hassan, F.A., Abu Zeid, M and K. Hafez, 1977, Mineralogical composition of the clay fraction of the High Dam 

lake sediments, Lake Nasser and River Nile project: Inter. Report Acad. Sci. Res. and Tech. Egypt, pp:17  
Issawi, B., S.M. Ahmed, R. Osman and E.S. Sallam, 2005. Studies on the Pliocene – Quaternary sediments in 

the western fringe of the Nile Delta – Lower valley stretch, Egypt. Sedi. of Egypt, 13: 227-296. 
Isayeva, B.A., 1971. Relation between titanium and iron in the sediments of the Ocean, Geokhimiya, 3: 310-

317. 
Jones, B., D.A.C.  Manning, 1994.  Comparison of geochemical indices used for the interpretation of 

palaeoredox conditions in ancient mudstones, Chemical Geology, 111: 111-129. 
Keller, W.D., 1977. Scan electron micrographs of kaolin’s collected from diverse environments of origin, Clay 

and Clay minerals, 24: 114-117.  
Lasheen, M.R. and N.S. Ammar, 2009. Speciation of some heavy metals in River Nile sediments, Cairo, Egypt: 

Environmentalist, 29: 8-16. 
Liu, J., R. Xiang, Z. Chen, M. Chen, W. Yan, L. Zhang and H. Chen, 2013. Sources, transport and deposition of 

surface sediments from the South China Sea, Deep-Sea Research, I 71: 92-02. 
Liu, Z.Z., C. Yulong, P. Colin, C. Fernando, Siringan and Q. Wua, 2009. Chemical weathering in Luzon,  
Philippines from clay mineralogy and major-element geochemistry of river sediments, Applied Geochemistry, 

24: 2195-2205. 
Liua, B., Y. Wangb, X. Sua and H. Zheng, 2013. Elemental geochemistry of northern slope sediments from the 

South China Sea: Implications for provenance and source area weathering since Early Miocene Chemie der 
Erde. 

Loska, K., D. Wiechula and I. Korus, 2004. Metal contamination of farming soils affected by industry, 
Environment International, 30: 159-165.  

Mclennan, S.M. and S.R. Taylor, 1991. Sedimentary rocks and crustal evolution: Tectonic setting and secular 
trends. J. Geol., 99: 1-21. 

Müller, G., 1969. Index of geoaccumulation in sediments of the Rhine river, Geo. Journal, 2: 108-118. 
Müller, G., 1981. Die Schwer metallbelastung der sedimenten des Neckars und Seiner Nebenflusse. Ghemiker-

Zeitung, 6: 64-157. 
Nath, B.N., A.V. Jayaprakash, S.K. Hans and V. Sundaram, 1987. Trace and rare earth elemental variation in 

Arabian Sea sediments through transect across the oxygen minimum zone. Geochimica et Cosmochimica 
Acta, 61: 2375-2388. 

Nesbitt, H.W. and G.M. Young, 1982. Early Proterozoic climates and plate motion inferred from major element 
chemistry of lutites. Nature, 299: 715-717. 

Nesbitt, H.W., G. Mackovics and R.C. Price, 1980. Chemical processes affecting alkalis and alkaline Earth 
during continental weathering, Geochim. Cosmochim. Acta, 44: 1659-1666. 

Pettijhon, F.G., 1975. Sedimentary Rocks. Third Edition, Harper and Row, New York, 628.  
Roddaz, M., J. Viers, S. Brusset, P. Baby, C. Boucayrand, G. Hérail, 2006. Controls on weathering and 

provenance in the Amazonian foreland bas insights from major trace element geochemistry of Neogene 
Amazonian sediments, Chem. Geol., 226: 31-65. 

Roser, B.P. and R.J. Korsch, 1988. Provenance signatures of sandstone- mudstone suite determined using 
discriminate function analysis of major element data: Chem. Geol., 67: 119-139.  

Saccà, C., D. Saccà, P. Nucera and A.D. Fazio, 2011. Composition and geochemistry of clay sediments offshore 
the northeastern Sicilian coast (Southeastern Tyrrhenian Sea, Italy), Estuarine, Coastal and Shelf Science, 
92: 564-572. 

Said, R., 1993. The River Nile, Pergamon Oxford, 320 p. 
Samy, Y. and E. Abou El-Anwar, 2013. Textural and Mineralogical Characters of the sand fraction of some 

Quaternary sediments on Giza-Fayium District, Western side of the Nile Valley, Egypt, Australian J. Basic 
Applied Scences, 7(2): 770-779.  



4780 
J. Appl. Sci. Res., 9(8): 4765-4780, 2013 
 

 

Singh, P. and V. Rajamani, 2001. REE geochemistry of recent clastic sediments from Kaveri floodplains, 
southern India. Implication to source area weathering and sedimentary processes, Ceochim.Cosmochemi. 
Acta., 65: 3093-3108.  

Singh, M., M. Sharma and H.L. Tobschall, 2005. Weathering of the Ganga alluvial plain, northern India: 
implications from fluvial geochemistry of the Gomati River. Appl. Geochem., 20: 1-21. 

Stanley, D.J. and T.J. Wingereath, 1996. Clay mineral distributions to interpret Nile Cell provenance and 
dispersal: 1 Lower River Nile Delta, J. Coastal Research, 12: 911-929. 

Taylor, S.R. and S.M. McLennan, 1995. The geochemical evolution of the continental crust. Reviews of 
Geophysics, 33: 241-265. 

Taylor, S.R. and S.M. McLennan, 1985. The Continental Crust: Its Composition and Vietnam in the western 
South China Sea: Implications for source analysis and East Asian monsoon evolution. Sci. China Ser. D 
Earth Sci., 50: 1674-1684. 

Turekian,  K.K. and K.H. Wedepohl, 1961. Distribution of elements in some major units of Earth, Crust. Geol, 
Soc. Amer. Bull., 77(2): 175-195. 

Újvári, G., A. Varga, Z. Balogh-Brunstad, 2008. Origin, weathering, and geochemical composition of loess in 
southwestern Hungary, Quaternary Res., 69: 421-437. 

Vital, H., K. Stattegger and C.D. Grabe-Schonberg, 1999. Composition and trace element geochemistry of 
detrital clay and heavy mineral suites of the lowermost Amazon River : a provenance study. J. Sedimentary 
Research, 69: 563- 575.  

Wahid, M.A. and Shaheen, M. Sh. El-Dein, 2010. Sedimentological, mineralogical and geochemical studies of 
Bottom sediments in Rosetta branch of the River Nile, Egypt, Sed. of Egypt, 18: 29-44.  

Weaver, C.E., 1989. Clays muds and shales; El- Sevier Pub. Co., Amsterdam, 819. 
Wu, W., H.  Zheng, S.  Xu, J.  Yang and W.  Liu, 2013.  Trace element geochemistry of riverbed and suspended 

sediments in the upper Yangtze River, Journal of Geochemical Exploration, 124: 67-78. 
Young, G.M. and H.W. Nesbit, 1988. Processes controlling the distribution of Ti and Al in weathering profiles, 

siliciclastic sediments and sedimentary rocks, J. Sed. Research, 68: 448-455. 
Yuretich, R., M. Melles, B. Starata and H. Grobe, 1999. Clay minerals in the sediments of Lake Baikal: A useful 

climate proxy. J. Sedi. Research, 69(3): 588-896. 


