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ABSTRACT 
 
 The Abu Durba Formation in Gebel Abu Durba is unconformably underlain by the Naqus Formation and 
overlain by the Qiseib Formation. It consists of a succession of sandstones alternating in its lower and upper 
parts with vari-colored, predominantly black shales. Their detailed petrographic, mineralogic and geochemical 
characteristics were determined using several techniques including thin–section examination, X-Ray 
diffractometry, scanning electron microscopy and Inductively–coupled plasma spectroscopy. The Abu Durba 
shales are texturally classified as mudstones. Their clay fractions consist entirely of moderately–crystalline 
kaolinite in the lower part of the formation while subordinate poorly-to- moderately crystalline illite appears in 
its upper part. The contents of SiO2 and TiO2 are higher while those of Fe2O3, CaO, MgO, Na2O, K2O and MnO 
are lower than the values reported for the Upper Continental Crust (UCC) and Post Archaean Australian Shale 
(PAAS). The shales are enrichment in Al2O3 as compared with the UCC while depleted relative to PAAS. This 
may indicate that these shales were deposited either reducing marine or continental conditions. Average values 
of Cr, Co and Ni are strongly enriched in respect to UCC. This can be attributed to the abundance of mafic 
components in the source area and the intensive chemical weathering of source rocks. The Abu Durba shales are 
entirely detrital and highly mature. They are product of intense chemical weathering of metamorphic, igneous 
(granitic and basaltic) and quartzose sedimentary rocks. The provenance constituted a part of passive margin 
and was characterized by a change in climate from humid to semiarid. The developed soils were transported by 
rivers to the basin of deposition. Fluviatile deposition dominated and was interrupted by the prevalence of 
anoxic marine conditions especially during accumulation of the upper part the Abu Durba succession. The 
estimated environmental parameters reveal that the vicinity of Abu Durba area is moderately–polluted with 
respect to Ti while unpolluted with respect to the other elements which constitute the exposed shale beds.  
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Introduction 
 
 The outcropping Paleozoic sediments in Egypt have attracted the attention of many workers since the 
earliest studies carried out by Bauerman (1869) and Schweinfurth (1885). These sediments are widely 
distributed in Sinai. Their classic section was first described by Ball (1916) at the Um Bogma area in west-
central Sinai. He defined Lower and Upper Carboniferous sandstone series separated by the Um Bogma 
dolomites .Some of these units may be absent locally or change laterally.  
 In Sinai, the Carboniferous exposures are represented by the formations (from base to top): Um Bogma, 
Abu Durba, Ataqa, Abu Thora, Aheimer and Rod El Hamal. The lithostratigraphy and sedimentology of these 
formations were studied by many workers (e.g. Hassan,1967; Soliman and El Fetouh, 1969; Issawi et al.,1981;  
Abdel Hameed, 1986; Allam,1989; Said and El–Kelani,1989; Abdallah,1992; El-Wekeil,1993; Abu El-
Enain,1997; Ahmed and Osman,1999; El–Kelani, 2001; Issawi and Osman, 2002; Mohamed and Yoichi , 2005; 
Akarish, 2011 and Wanas, 2011).  
 The name "Abu Durba Formation" was first introduced by Said (1971) for the black shale sequence 
(~166m) described by Hassan (1967) at the type locality east of the El-Belayim Bay. The formation rests with a 
sharp contact over the Naqus Formation. It was given a definite Carboniferous age, most probably "late". Issawi 
et al. (1981) gave this name only to the lower part of Hassan`s succession and correlated its upper part with the 
Aheimer Formation of Abdallah and Adindani (1963).  
 The Abu Durba Formation is well exposed in the area between Gebel Ekma and Gebel Araba where it is 
formed mainly of ferruginous sandstone at the base overlain by alternating thick sandstone beds and thin dark 
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grey fossiliferous clay layers. It was mapped from several localities with different thicknesses (El–Kelani, 
2001). The Abu Durba Formation was considered to be corelatable with the dolomitic unit of the Um Bogma 
Formation (Said, 1971; Issawi et al., 1981; Issawi and Jux, 1982; Beleity et al., 1986; Allam, 1989 and El-
Wekeil, 1993). The Um Bogma Formation was assigned by many workers to the Early Carboniferous 
(Weissbrod, 1969; Omara, 1971; Beyth, 1981; El-Shahat and Kora, 1986 and Kora and Schultz, 1987). This 
implies that the Abu Durba Formation has the same age. However, Kora (1989) emphasized that the Um Bogma 
Formation is the oldest marine Carboniferous rock unit known in the Gulf of Suez region. Its carbonate 
succession should be stratigraphically placed below the sandstone-shale succession of the Abu Durba Formation 
which yielded fauna of Late Carboniferous affinity. On the other hand, Klitzsch (1990) mentioned that the Abu 
Durba shale may be equivalent to the shale and siltstone units of the middle part of the Abu Thora or Ataqa 
formations in the Um Bogma area. Reclassification of the Carboniferous and Triassic sections in the Abu Durba 
area was made by Kora (1995). He lumped the Upper Carboniferous Aheimer and Triassic Qiseib Formations 
into his Abu Durba Formation and gave it Late Carboniferous age. In the present work, the classification of the 
Paleozoic sediments exposed in the Gebel Abu Durba adopted by Issawi et al., (1981) will be followed. 
 Abu-Zeid et al., (1991); El-Wekeil (1993) and Abu El-Enain (1997) emphasized that the Abu Durba 
Formation was deposited under predominantly fluviatile conditions with minor marine influences. Issawi et al., 
(1999) and Ahmed and Osman (1999) reported that it reflects shallow subtidal to intertidal and tidal channel 
conditions. Kora (1989) concluded that the Abu Durba Formation represents gradational environments between 
brackish water or estuarine to fluviatile and fluvio-marine.  
 The present study focuses on the shales which constitute parts of the Abu Durba Formation exposed in 
Gebel Abu Durba in southwestern Sinai (Fig. 1). The study is concerned with the detailed investigation of their 
mineralogy, petrography and geochemistry. The data obtained is implemented to draw a finer picture of their 
provenance and depositional environments as well as their possible polluting impact on the vicinity of Gebel 
Abu Durba. 

 
 
Fig. 1: Location map of the study area. 
 
Geologic Setting: 
 
 In Gebel Abu Durba, the Lower Carboniferous Abu Durba Formation (~86 m thick) rests unconformably on 
the Naqus Formation (Fig. 2). The surface of unconformity is characterized by the presence of a paleosol (0-20 
cm) made up of highly ferruginous sandstones and clays. The formation is unconformably overlain by a 
succession (~43m thick) of variegated shales, siltstones and minor sandstones of the Qiseib Formation (Permo-
Triassic – Triassic?). The unconformity surface is characterized by the presence of intrusions of basaltic flows 
accompanied by rock alterations (El-Barkooky, 1986; Ahmed and Osman, 1999 and El- Kelani and El-Bakry, 
2000). The Abu Durba Formation is composed mainly of sandstones with subordinate shale intercalations in its 
lower and upper parts (Fig. 2). Generally, the sandstones are cross-bedded, thickly-bedded at the upper part (~ 
20m thick), vari-colored (white, brown, grey and violet), medium- to- fine- grained, occasionally coarse-
grained, friable to semi-friable, semi-hard in parts and ferruginous. On the other hand, the shale layers vary in 
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thickness from ~ 2m thick in the lower part of the formation to ~ 22m thick at its upper part. They are vari-
colored (black, grey, brick-red, brown and yellow), occasionally flaky with color laminations ranging in 
thickness from 0.5 to 5 cm, semi-hard to hard, sandy and calcareous in parts, commonly ferruginous, salty, with 
streaks of gypsum in the upper part of the rock unit and in places, contain streaks of very fine-to medium-
grained sandstones.  
 
Materials and Methodology: 
 
 Eleven representative samples were collected from the shale beds encountered at the lower and upper parts 
of the Abu Durba Formation exposed in the study area. The petrographic characteristics of seven selected 
mudstone samples were determined by examining their thin sections microscopically. The clay fractions were 
subjected to X–Ray diffraction analysis to identify their clay mineral composition following the method 
described by Carroll (1970). Three oriented mounts were prepared from each sample: untreated, glycolated and 
heated at 600 oC for one hour. Semi- quantitative determination of the identified clay minerals was undertaken 
based on the method adopted by Pierce and Siegel (1969). X-Ray diffractgrams were obtained using Philips X–
Ray diffractometer model PW/1710 with monochromator, Cu–radiation (1.542=ג A°) at 40 KV, 35 mA and 
scanning speed of 0.02o /sec. Also, scanning electron microscopy (SEM) was utilized to study the composition, 
morphology and crystallinity characteristics of the recorded clay minerals. 
 The major and trace element composition of the studied samples was determined using the inductively-
coupled plasma optical emission spectrometer (I.C.P.) instrument model Perkin Elmer 3000. The chemical 
analyses, XRD analysis and SEM were carried out in the Central Laboratories of the Geological Survey in 
Cairo.  
 

 
Fig. 2: Lithostratigraphy of the study Abu Durba section. 
Petrography and Clay Mineralogy: 
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Petrography: 
 
 Microscopically, the mudstones of the Abu Durba Formation are made up generally of an argillaceous 
ferruginous matrix in which minor silt-sized and very fine to fine quartz grains appear floating (Plate I: A). The 
sand-sized grains average ~ 7% of the rock content. They are generally poorly-sorted, subangular to angular, 
commonly monocrystalline and exhibit either uniform or undulose extinction (Plate I: B). Iron oxides are 
generally abundant and may reach up to 5 %. They are present commonly in the form of very fine material 
replacing the clay matrix or as dark patches. This indicates that these iron oxides are authigenic and were either 
precipitated by moving fluids or resulted by the degradation and breakdown of iron-rich minerals and detrital 
ferro-magnesian silicates. Scattered opaque grains are occasionally recorded. In some samples, the argillaceous 
matrix is color-laminated (Plate I: C).This lamination resulted from the alternation of iron oxide-rich and 
organic matter-rich laminae (Plate I: C) which conforms to the observations of Abou El-Anwar and El-Sayed 
(2008). 

 
 
Plate I: (A) Photomicrograph showing laminated silty shale stained with iron oxides (S. No.5, C.N.); (B) 

Photomicrograph of silty claystone showing fine to medium, monocrystaline quartz grains embedded 
in an argillaceous matrix stained with iron oxides and hydroxides (S. No. 7, P.P.L.); (C) 
Photomicrograph of ferruginous shale displaying alternating dark and light laminae which resulted 
from differential staining with iron oxides (S. No. 3, P.P.L.); (D) SEM Photomicrograph showing 
mudstone in which fine sand grains are coated by detrital clay. Kaolinite grains form medium 
aggregates, moderately-crystallized with some pores (S. No. 3).  

 
Clay Mineralogy: 
 
 The X-Ray diffraction analysis of the studied shales shows that their clay fractions consist of kaolinite 
(average 92 %) and illite (average 8 %) (Fig. 3). Kaolinite was recorded in all the studied samples. It represents 
the sole constituent in samples collected from the lower part of the Abu Durba Formation (Samples No.1 – 6). 
On the other hand, illite was recorded in shales at the upper part of the rock unit. Based on the shapes of their 
diffractions peaks (Schultz, 1964 and Carroll, 1970) and the number of reflections (Keller, 1970), the reported 
kaolinite is mainly moderately-crystallized whereas illite is poorly-to- moderately crystallized.  
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Fig. 3: Selected samples show X-Ray diffraction patterns of the oriented clay fractions in shales from the study 

area. 
 
 SEM examination of the shale samples confirmed the dominance of kaolinite   (Plate I: D). It occurs as 
coarse-to medium sized particles and aggregates, moderately-crystallized accompanied fine-grained sand. The 
composition, morphology and crystallinity characteristics of the recorded clay minerals indicate that they are of 
detrital origin this is accordance with the results of XRD analysis as their diffractograms display intense and 
sharp peaks. The clay minerals recorded are similar to those identified by Abdel Hameed (1986), El-Wekeil 
(1993), Akarish (2011) and Akarish and El-Gohery (2011). 
 
Geochemistry: 
 
 Table (1) shows the concentrations of the major and trace elements in the studied shales together with their 
ratios, CIA (Chemical Index of Alteration) and ICV (Index of Compositional Variation). The interrelationships 
between the concentration of major and trace elements are presented in Table (2). 
 
(I) Major Elements: 
 
 The bulk shale samples are characterized by the dominance of SiO2 (average 69.37 %). This value is 
generally higher than those reported by Taylor and McLennan (1985) for the Upper Continental Crust (UCC) 
and Post- Archaean Australian Shale (PAAS) (66.0 % and 62.8 %; respectively). The relatively high silica 
content of the studied shales could be attributed to their silty/sandy nature, this in accordance with petrography. 
SiO2 shows negative correlations with several major elements (Table 2) which is attributed to the presence of 
variable proportions of quartz, which is in agreement with Moosavirada et al., (2010). 
 Al2O3 follows SiO2 in abundance (average 16.75 %). Its content is relatively higher than that of UCC 
(15.17%) while lower than that of  PAAS (18.90%). Al2O3 is a significant indicator for the extent of detrital 
influx. The low values of K2O/Al2O3 ratio (0.0 to 0.3) are attributed to the marked dominance of kaolinite and 
rarity of illite, K-feldspars and micas. Al2O3% has a distinct positive correlation with L.O.I. (r = 0.95) and a 
marked negative correlation with SiO2 (r = - 0.99). This is attributed to the abundance of the clay mineral 
kaolinite. The positive correlation of Al2O3 with TiO2 (0.56) and its negative correlations with several major 
elements (CaO, Na2O and K2O) suggest that TiO2 occurs as an essential trace constituent of clay minerals. The 
moderate positive correlation (r=0.36) between Al2O3 and K2O is explained by the occasional presence of illite. 
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 The content of Fe2O3 is generally low (average 2.56 %) as compared with the corresponding values reported 
for UCC and PAAS (4.5 % and 6.5 %, respectively). This is explained by the presence of authigenic free 
hydrate iron oxides as well as iron minerals. However, TiO2 values (average 1.44 %) are higher than those 
reported for both UCC (0.5 %) and PAAS (1 %). This resulted from the presence of detrital rutile and ilmenite 
which were mechanically transported and brought to the site of deposition (cf. Liu et al., 2009 and Saccà et al., 
2011). The moderate positive correlation between Al2O3 and TiO2 (r = 0.56, Table 2), resulted from the 
progressive enrichment in the immobile element Ti during chemical weathering of source rocks (cf. Eric, 1991 
and Abou El-Anwar and Samy, 2013). This strongly suggests the effects of multiple cycles of chemical and 
mechanical weathering of titanium-bearing silicates, commonly in passive margin or cratonic tectonic settings. 
 The studied shales contain low concentrations of MgO, CaO, Na2O, K2O and MnO (averages 0.35, 0.27, 
0.19, 0.06 and 0.01 %; respectively) as compared with the corresponding values reported for the UCC (2.2, 4.2, 
3.9, 3.4 and 0.08 %; respectively) and PAAS (2.2, 1.3, 1.2, 3.7 and 0.11 %; respectively). The relative depletion 
in these elements is related to their high mobility during weathering processes (Cullers, 1988). A negative 
correlation was observed between Na2O and Al2O3 contents in the studied samples (r = -0.1) suggesting that the 
major part of Na occurs in non-clay minerals (cf. Liu et al., 2013).  
 
Table 1: Chemical composition, elemental ratios, CIA and IVC of the studied shales. 

S.No. 1 2 3 4 5 6 7 8 9 10 11 Min. Max. Aver. 
SiO2 66.73 81.86 60.56 72.88 58.06 57.87 74.48 88.78 62.23 78.05 61.54 57.87 88.78 69.37 
Al2O3 17.49 8.03 22.57 15.39 25.81 25.58 12.73 2.9 22.69 10.6 20.46 2.9 25.81 16.75 
TiO2 1.48 1.76 2.02 1.17 1.53 1.76 1.18 0.38 1.15 1.6 1.81 0.38 2.02 1.44 
Fe2O3 5.01 4.88 4.74 2.9 1.79 2.23 1.34 0.89 1.16 1.79 1.43 0.89 5.01 2.56
CaO 0.0 0.0 0.0 0.19 0.08 0.0 0.94 0.15 0.47 0.31 0.78 0.0 0.94 0.27 
MgO 0.28 0.35 0.42 0.28 0.22 0.16 0.28 0.28 0.44 0.47 0.61 0.16 0.61 0.35 
Na2O 0.07 0.05 0.05 0.06 0.14 0.28 0.28 0.3 0.28 0.3 0.28 0.05 0.3 0.19 
K2O 0.04 0.01 0.06 0.06 0.09 0.07 0.06 0.08 0.08 0.07 0.07 0.01 0.09 0.06
MnO 0.013 0.013 0.012 0.006 0.008 0.009 0.012 0.011 0.011 0.009 0.009 0.006 0.013 0.01
L.O.I 7.76 4.44 10.44 6.92 11.06 11.7 8.4 3.24 10.54 6.11 11.78 3.24 11.78 8.4 
Cr 95 68 117 57 192 149 56 8 113 75 101 8 192 94 
Ni 106 11 17 12 17 16 18 8 64 64 52 8 106 35 
Co 42 0.0 12 6 16 11 13 4 15 11 12 0.0 42 13
La 33 8 47 39 60 66 48 18 89 51 70 8 89 48 
Ga 0.0 15 36 21 37 36 22 0.0 0.0 0.0 0.0 0.0 37 16 
Ba 216 0.0 119 0.0 91 198 0.0 0.0 0.0 0.0 0.0 0.0 216 57 
CIA 99.38 99.26 99.52 98.03 98.81 98.65 90.86 84.55 96.47 93.97 94.77 84.55 99.52 95.84 
ICV 0.31 0.66 0.23 0.23 0.09 0.11 0.23 0.59 0.11 0.28 0.16 0.09 0.66 0.27
SiO2/ Al2O3 3.81 10.19 2.68 4.73 2.24 2.26 5.85 30.61 2.74 7.36 3 2.24 30.61 6.86 
MgO/ Al2O3 0.016 0.043 0.018 0.018 0.008 0.006 0.021 0.096 0.019 0.044 0.029 0.006 0.096 0.029 
K2O/ Al2O3 0.002 0.001 0.002 0.003 0.003 0.002 0.004 0.027 0.003 0.006 0.003 0.001 0.027 0.005 
Al2O3/TiO2 11.81 4.56 11.17 13.15 16.86 14.53 10.78 7.63 19.73 6.62 11.3 4.56 19.73 11.65 
K2O/ Na2O 0.571 0.2 1.2 1 0.642 0.25 0.214 0.266 0.285 0.233 0.25 0.2 1.2 0.464
La/Co 0.791 0.0 4.01 6.75 3.79 6.23 3.71 4.09 6.06 4.66 5.84 0.0 6.75 4.17 
La/Ni 0. 311 0.728 2.83 3.32 3.53 4.22 2.73 2.22 1.39 0.798 1.34 0.311 4.22 2.38 
Cr/Ni 0.893 5.98 7.02 4.83 11.23 9.6 3.21 1.01 1.76 1.17 1.94 0.893 11.23 5.06 
Ni/Co 2.54 0.0 1.41 2.03 1.07 1.47 1.35 1.84 4.34 5.83 4.36 0.0 5.83 2.51 
K/ Na 0.57 0.20 1.20 1.00 0.64 0.25 0.21 0.11 0.29 0.24 0.25 0.11 1.2 0.45
Al/Na 17.0 13.3 27.0 19.0 75.6 65.0 30.0 7.0 50.0 23.0 45.0 7.0 75.6 33.8 
Ti/Na 15.0 29.3 25.0 12.0 7.0 4.0 3.0 1.0 5.2 3.5 3.7 1.0 29.3 9.9 
Ti/Al 0.09 0.22 0.09 0.08 0.06 0.07 0.09 0.13 0.05 0.15 0.09 0.05 0.22 0.10 

Note: CIA= Chemical Index of Alteration          ICV= Index of Compositional Variation       

 
 The concentrations of Ni, Co and Cr in the studied samples are higher (averages 35, 13 and 94 ppm; 
respectively) than those reported for UCC (20, 10 and 35 ppm; respectively) while lower than those for PAAS 
(55, 23 and 110 ppm; respectively). La averages 48 ppm which is higher than values reported for UCC (30 ppm) 
and PAAS (38 ppm). Ga averages 16 ppm is comparable to values reported for UCC (17 ppm) and lower than 
this for PAAS (20 ppm). The strong positive correlations between Al2O3 and Cr (r = 0.9) and, to a lesser extent, 
Co and Ni (r = 0.35 and 0.15; respectively) indicate that these elements are associated almost entirely with 
alumino-silicates and were concentrated during weathering processes (cf. Fedo et al., 1996).  
 On the other hand, the recorded values of Ba (average 57ppm) are much lower than those reported for UCC 
(550 ppm) and PAAS (650 ppm).  The positive correlation between the contents of Fe2O3 and Ba (r = 0.48) 
indicates that Ba is mainly associated with Fe-oxides. Hirst (1962), Taylor and McLennan (1985) and Akarish 
(2000) mentioned that the behavior of Ga in clays is mainly controlled by its association with aluminum as they 
have similar ionic radii, and it is hosted commonly in kaolinite. So, the positive correlation between Ga and 
Al2O3 (r = 0.50) and its negative correlation with SiO2 (r = - 0.46) indicate that this element is hosted in kaolinite 
rather than in illite. 
 Among the analyzed trace elements, Co, Ni, La, Ga and Cr show positive correlations with Al2O3 and TiO2. 
This strongly suggests their presence as adsorbed ions in clay minerals.  
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Table 2: Correlation coefficients of the major and trace elements in the studied shales. 
 SiO2 Al2O3 TiO2 Fe2O3 CaO MgO Na2O K2O MnO L.O.I Cr Ni Co La Ga Ba 
SiO2 1.00                
Al2O3 -0.99 1.00               
TiO2 -0.59 0.56 1.00              
Fe2O3 -0.06 0.04 0.53 1.00     
CaO 0.02 -0.06 -0.16 -0.60 1.00    
MgO -0.03 -0.04 0.28 -0.09 0.46 1.00           
Na2O 0.09 -0.10 -0.36 -0.87 0.58 0.19 1.00          
K2O -0.33 0.36 -0.33 -0.78 0.24 0.00 0.59 1.00         
MnO 0.23 -0.28 0.04 0.44 -0.04 0.06 -0.14 -0.55 1.00    
L.O.I -0.96 0.95 0.54 -0.14 0.21 0.12 0.11 0.42 -0.25 1.00    
Cr -0.88 0.90 0.60 0.07 -0.23 -0.14 -0.13 0.30 -0.23 0.81 1.00      
Ni -0.20 0.15 0.13 0.15 0.09 0.36 0.06 -0.07 0.25 0.13 0.08 1.00     
Co -0.40 0.35 0.12 0.29 -0.07 -0.09 -0.17 -0.01 0.28 0.28 0.29 0.80 1.00    
La -0.76 0.76 0.22 -0.50 0.41 0.28 0.46 0.65 -0.36 0.84 0.60 0.27 0.18 1.00   
Ga -0.46 0.50 0.40 0.21 -0.31 -0.54 -0.36 0.07 -0.22 0.42 0.56 -0.63 -0.20 0.07 1.00 
Ba -0.55 0.53 0.39 0.48 -0.56 -0.48 -0.30 -0.07 0.18 0.40 0.54 0.28 0.65 0.06 0.38 1.00 

 
Normalized patterns: 
 
 The concentrations of the major and trace elements in the investigated samples have been normalized to 
their average contents in the Upper Continental Crust (UCC) and Post- Archaean Australian Shale (PAAS) 
reported by Taylor and McLennan (1985), (Fig. 4). The UCC normalized pattern for the studied shale samples 
can be differentiated into three classes. The first consists of Ga the concentration of which is comparable to this 
in the UCC. Hence, the contents of this element in source rocks did not change during weathering. The second 
class comprises the trace elements Cr, Ti, Ni, Co and La and the major elements Si and Al which are more 
enriched in the studied shales relative to the UCC (>1). The enrichment of Cr, Ti, Ni, Co and La may be related 
to inheritance from source rocks rich in mafic minerals. This fits well with a major lithology of andesitic-
basaltic volcanic rocks which is in agreement with findings of  El-Barkooky (1986), El-Kelani and El-Bakry 
(2000) and Liu et al. (2009). The third class comprises the major elements, Ca, K, Fe, Mg, and Na as well as the 
trace elements Ba. The concentrations of these elements are relatively low as compared to the UCC values. The 
leaching of the mobile elements Ca, K, Na and Mg and the less mobile element Ba results from their relatively 
high mobility during weathering processes (Cullers, 1988).    
 The enrichment factors of Cr and Ti (3.0 and 2.9; respectively) are the highest among the other elements 
which indicates that these elements are the most enriched in the studied shales (Gao and Peimiao, 2012). Except 
for Ti and La, the concentrations in all the elements in the investigated shales are relatively lower than those 
reported for the PAAS.  
 

 
 
Fig. 4: Concentrations of the major and trace elements in the studied shales normalized to the averages for UCC 

and PAAS (Taylor and McLennan, 1985). 
 
Chemical mobility and weathering trends: 
 
 The chemical composition of weathering products in a sedimentary basin is expected to reveal concepts on 
mobility of various elements during weathering (Singh et al., 2005). About 75% of the material of the upper 
crust is composed of feldspars and volcanic glass and their chemical weathering ultimately results in the 
formation of clay minerals (Nesbitt and Young, 1984 and 1989; Taylor and McLennan, 1985 and Fedo et al., 
1995). During chemical weathering, Ca, Na and K are largely removed from source rocks. Since in feldspars Al 
is the least mobile element, Nesbitt and Young (1982) proposed a chemical index of alteration (CIA) which 
enables determining the intensity of weathering in source areas using the formula: 
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CIA = [Al2O3/( Al2O3 +  CaO* +   Na2O  + K2O)] x 100 
 
where: CaO* represents CaO associated with the silicate fraction of the rock.  
 
 In the studied shale samples, CaO is very low (0.0 to 0.94; average 0.27). Hence, there is no objective 
system to distinguish between CaO in carbonates and that in silicates. Therefore, CaO in the studied shale 
samples is used in the calculation of CIA. Weathering of feldspar and mica to smectite and kaolinite results in a 
net loss of K and Na in the weathering profiles and accompanied by an increase in the much less mobile Al in 
weathering products (Nesbitt and Young, 1982). The CIA value is thought to quantify the state of chemical 
weathering of the rocks by referring to the loss of mobile elements such as Ca and K. Samples with CIA values 
below 60 reflect low chemical weathering of the source rocks, between 60 and 80 indicate moderate weathering 
whereas more than 80 indicate intensive weathering (Fedo et al., 1995). The recorded CIA values for the studied 
samples range from 84.55 to 99.52 and average 95.84 (Table 1). This strongly suggests that the source rocks 
were mainly rich in feldspars and/or mafic minerals and subjected to intense chemical weathering (Nesbitt and 
Young, 1982 and Fedo et al., 1995). The depletion of the studied shales in K, Na and Ca confirms the intensive 
chemical weathering of the source rocks. Their contents are similar in the various investigated shale samples 
which reflects one climatic zone and/or similar rate of tectonic uplift in source area. 
 Progressive chemical weathering of the source rocks results in an increase in the clay content of the bulk 
sediments accompanied by an increase in the abundance of resistant minerals. So, to comprehend the 
relationship between the calculated indices of chemical weathering and the elemental ratios, we plotted CIA vs. 
Ti/Al, Al/Na and Ti/Na (Fig. 5). The results obtained reveal that the CIA values of all the samples are linearly 
correlated with their Ti/Na and Al/Na ratios. 
 The relationship between CIA and Ti/Al ratios suggests that the studied shales were derived mainly from 
basaltic source rocks which were subjected to very intensive chemical weathering (Fig. 5 A). Because Na was 
present in plagioclases in the source rocks and Al and Ti occurred in the produced clay minerals (e.g., kaolinite), 
(Roy et al., 2008), the linear correlations between CIA and Al/Na, and Ti/Na indicate the increase in proportions 
of kaolinite to primary plagioclases with increasing chemical weathering. This explains the presence of 
distinctively high concentrations of kaolinite in the studied shales (Fig. 5 B and C). 
 Elemental concentrations in sediments result from the competing influences of provenance, weathering, 
sorting, and sediment diagenesis (Quinby-Hunt et al., 1991). When comparing with the chemical composition of 
the classic shale composites, the studied shales are generally enriched in immobile elements, such as Al and Ti. 
These elements can survive throughout intensive chemical weathering and diagenesis (Cullers, 2000). Their 
concentrations in sediments are used as a measure of the decrease in detrital input. SiO2, Al2O3 and TiO2 tend to 
form together the main constituents of the studied shales and are normally related to clays of terrigenous origin. 
Amajor (1987) used the TiO2 versus Al2O3 binary plot to distinguish between granitic and basaltic source rocks. 
Applying this plot (Fig. 6) revealed that the studied shale samples were inherited mainly from predominately 
basaltic to mixed granitic basaltic rocks. 
 
Sediment maturity: 
 
 Jacobson et al., (2003) emphasized that the increase in degree of chemical weathering may signify a 
decrease in tectonic activity and/or change in climate towards more warm and humid conditions. Weathering 
indices of sedimentary rocks provide useful information about tectonic activity and climatic conditions in the 
source area. The relationship between SiO2 and (Al2O3 +K2O+Na2O) was used to identify the climatic 
conditions which prevailed in the provenance (Suttner and Dutta, 1986). Applying their diagram (Fig. 7) reveals 
that the studied shale samples plot in both the humid and semiarid climate fields. 
 The index of compositional variation (ICV) can be used to identify the original characters and maturity of 
the sediments together with the prevailed climatic conditions (Cox et al., 1995).  
 
ICV = (Fe2O3 +K2O+Na2O+ CaO +MgO +MnO)/Al2O3  
 
 Values of ICV < 1 are characteristic of minerals such as kaolinite, illite and muscovite whereas higher 
values point out to plagioclase, K-feldspar, amphiboles and pyroxenes. Also, the more mature shales minerals 
display low ICV values (<1). Such shales are derived from craton environments (Weaver, 1989) where recycling 
and weathering processes predominate. Table (1) shows that the ICV values estimated for the investigated Abu 
Durba shales range from 0.09 to 0.66 (average 0.27). Hence, these shales are considered to be highly mature and 
are products of intensive chemical weathering. This conforms well to the results obtained from the relationship 
between SiO2 and (Al2O3 +Na2O+ K2O) shown in Figure (7). 
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Fig. 5: Plots of CIA values versus some elemental ratios (diagram proposed by Roy et al., 2008). 
 

 
Fig. 6: Plots of TiO2 versus Al2O3 on the diagram adopted by Amajor (1987).  
 
 Average data of the Upper Continental Crust (UCC), North American Shale Composite (NASC) and Post- 
Archean Australian Shale (PAAS), are given by Taylor and Mc Lennan (1985) and Condie (1993). 
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Fig. 7: Plots of the studied shales in the diagram proposed by Suttner and Dutta (1986). 
 
Paleo-Environments of deposition: 
 
 Jones and Manning (1994) pointed out that the geochemical data can be used to determine the paleo-
oxygenation conditions of sediments as Ni/Co may be used as a redox index. Low values (<5) of Ni/Co suggest 
oxic environments, whereas higher values are indicative of suboxic and anoxic environments (Nath et al., 1987). 
In the investigated shales the ratios of Ni/Co range from 0.0 to 5.83 and average 2.51 (Table 1) reflecting the 
predominance of reducing depositional conditions, which is in agreement with the findings of Abou El-Anwar 
and El-Sayed (2008), Saccà et al., (2011), Akarish (2011) and Pi et al., (2013). 
 Numerous workers used several trace elements including B, Ga, V, Li, Ni and Rb as paleosalinity indicators 
for sediments especially shales (Potter et al., 1963, Dominik, 1985 and Schreier, 1988). Also, their studies 
showed that the concentration of Ba, Rb, Mg, Fe, and Ca are higher in marine shales, whereas Zr, Ti, Al, Ga, Li, 
Co and Cr are terrestrial indicators.  Hence, Ga, Ni, Cr and Co in studied shale samples can be used to 
differentiate between fresh-water and marine depositional environments.   Ga contents range from 0.0 to 37 ppm 
(average 16 ppm) suggesting accumulation of the Abu Durba shales in fresh-water environment (cf. Degens et 
al., 1957). Co content ranges from 0.0 to 16 ppm, (except for sample 1, 42 ppm) with an average of 13 ppm. 
This confirms that the studied shales were deposited in fresh-water environment (cf. Tourtelot, 1964). Also, the 
recorded values for Cr and Ni (94 and 35 ppm; respectively) are in accordance with fresh-water deposition (cf. 
Degens, et al., 1957 and Turekian, 1978).  
 The relation between K2O/Al2O3 and MgO/Al2O3 was used by Roaldset (1978) to differentiate between 
marine and non-marine clays. Applying this relation (Fig. 8) revealed that all the studied samples (except for 
sample 8) plot in the fresh-water filed which conforms to the above mentioned findings. 
 Generally, the black shales of Abu Durba are enriched in SiO2, Al2O3 and TiO2, while depleted in the 
marine indicators CaO and MgO. This may indicated that these shales were deposited either reducing marine or 
continental conditions which is in agreement with the findings of Abou El-Anwar and El-Sayed (2008), Akarish 
(2011) and Pi et al., (2013). So, it indicates that kaolinite is of a detrital origin which conforms will to the 
resulted of mineralogical studies. 

 
 
Fig. 8: Plots of the studied shales on the diagram adopted by Roaldset (1978). 
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Provenance and Tectonic setting: 
 
 High Cr and Ni concentrations and accompanied with a positive correlation between these two elements 
have been used as an indication of mafic source rocks. Moreover, the concentration of Cr and Ni in shales 
reflects the incorporation of Cr and Ni ions into clay particles during the weathering of ultramafic rocks 
containing Cr- and Ni- bearing minerals (Garver et al., 1996). The enrichment in Cr and Ni (average 94 and 35 
ppm, respectively) in the studied shales suggests that mafic to ultramafic components constituted a significant 
part of the basement complex from which the sediments were derived. The high concentrations of the trace 
element Ni, Co and Cr can be attributed to the abundance of mafic components in the source area and the 
intensive chemical weathering of mafic volcanic rocks (Liu et al., 2013 and Abou El-Anwar and Samy, 2013). 
 The type of the provenance of sediments 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. Several geochemical discriminants and diagrams were proposed to identify the tectonic 
setting of provenance (Bhatia, 1983, Bhatia and Crook, 1986 and Roser and Korsch, 1986). 
 The provenance discrimination diagram proposed by Roser and Korsch (1986) and the formulated 
discriminant functions (bivariates F1 and F2) are based on the concentrations of both immobile and variably 
mobile major elements. Plotting of the studied samples on this diagram (Fig. 9) reveals that they fall into the 
fields of both mafic igneous and quartzose sedimentary provenances. 
   

 
Fig. 9: Discriminant functions plots of the studied shales on the diagram proposed by Roser and Korsch (1988). 
 
 On the other hand, plotting of TiO2 versus Ni contents of the studied shales on the diagram proposed by 
Floyd et al., (1989) shows the majority of samples lie in the magmatogenetic greywackes field (Fig. 10) which 
conforms to the plots of F1 and F2 discriminant functions (Fig. 9). Nickel, when present in significant 
concentrations, originates from ultrabasic and basic rocks (Shapiro and Breger, 1968). Weathering of such rocks 
and mobilization by humic acids may contribute to the high concentration of Ni in sea water. Turekian (1978) 
stated that Ni is abundant in deep marine sediments (up to 300 ppm) but much less so in coastal sediments (39 
ppm).  
 The Ti/Al ratios can be used as a useful indicator of provenance of siliciclastic sediments since both 
elements are generally considered to be highly immobile during weathering and diagenesis (Young and Nesbitt, 
1988). The Ti/ Al ratio is higher in basic rocks than in acidic rocks. Table (1) shows that the average value of 
Ti/Al ratios for most of the investigated samples (0.10) is similar to that of basalt while higher than those 
reported for UCC, PAAS and NASC (North American Shale Composite, Taylor and McLennan 1985 and 
Condie 1993) (see Fig. 6). 
 On the other hand, Hayashi et al., (1997) mentioned that the Al2O3/TiO2 ratio increases from 3 to 8 for 
mafic igneous rocks, from 8 to 21 for intermediate rocks, and from 21 to70 for felsic igneous rocks. In the 
studied Abu Durba shales, values of Al2O3/TiO2 range from 4.56 to 19.73 (Table1) which suggests inheritance 
from igneous mafic to intermediate rocks.  
 Cox et al., (1995) emphasized that the K2O/Al2O3 ratio of sediments can be used as an indicator of the 
original composition of ancient sediments. The K2O/Al2O3 ratios for clay minerals and feldspars are different 
(0.0 to 0.3, 0.3 to 0.9; respectively). In the studied shales the K2O/Al2O3 ratios indicate the relative abundance of 
alkali feldspars versus plagioclases and clays. K2O/Al2O3 ratios in the alkali feldspars range from 0.3 to 0.9, 
illite approximately 0.3 and other clay minerals nearly zero. K2O/Al2O3 ratio greater than 0.5, suggests the 
dominance of alkali feldspars as compared to other minerals in the original shales. In contrast, those having 
K2O/Al2O3 ratios of less than 0.3 suggest minimal alkali feldspar contents. In the studied Abu Durba shales, the 
K2O/Al2O3 ratio ranges from 0.001 to 0.027 and average 0.005 (Table 1) which suggests the presence of traces 
of K-feldspars.  
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 Roser and Korsch (1986) proposed a binary diagram for the tectonic classification based on SiO2 content 
and K2O/Na2O ratios. Plotting of the studied samples on this diagram (Fig. 11) shows that all of them fall into 
the fields of passive margin provenance. Also, plotting the studied shale samples on discrimination diagram of 
tectonic setting proposed by Bhatia (1983) reveals that they fall into the passive margin field (Fig. 12). Passive 
margin comprises rifted continental margins and is developed along the edges of the continents and remnant 
ocean basins adjacent to collision orogens. Also, Bhatia (op. ct) emphasized that these sediments are generally 
highly mature being derived by recycling of older sedimentary and metamorphic rocks of platforms or recycled 
orogens. In conclusion, the investigated Abu Durba shales seem to be related to a passive margin provenance 
and originated by recycling of older sedimentary and metamorphic rocks.  
 

 
 
Fig. 10: Plots of the studied shales on the diagram adopted by Floyd et al. (1989). 
 

 
Fig. 11: Plots of the studied shales on the diagram adopted by Roser and Korsch (1986). Data recalculated to 

100 % volatile free.  

 
Fig. 12: Plots of F1 and F2 discriminate on the diagram proposed by Bhatia (1983). Data recalculated to 100 % 

volatile free. 
 
Genesis of clay minerals: 
 
 The obtained petrographic, mineralogic and geochemical data indicate that the clay minerals which 
constitute the studied Abu Durba shales are almost entirely of allogenic (detrital) origin. It is common that 
kaolinite originates in source area by intense chemical weathering of feldspars and micas in predominantly 
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acidic igneous rocks under tropical to subtropical humid conditions with abundant rainfall and a high degree of 
leaching (Singer, 1980 and Weaver, 1989). On the other hand, illite is a product of physical weathering found in 
cool or hot dry regions (Weaver, 1989). Pettijohn (1975) and Weaver (1989) mentioned that K-feldspars plus 
micas represent the source minerals for illite formation during chemical weathering. Once illite is formed, it is 
resistant to weathering and is quite stable in soils under severe conditions (Lee, 2002 and Akarish, 2011).  
 In the present study, the studied shales plot in both the humid and semiarid fields (Fig.7).  This can be 
explained by Klitzsch (1990) who emphasized that during the Late Carboniferous and in connection with the 
Hercynian structural event, large parts of central and southern Egypt were uplifted and the sea retreated which 
led to changes in the environment of a large part of Egypt. This is in accordance with the findings of Heckel 
(2008) and Sahney et al. (2010) who stated that the later half of the Carboniferous period experienced 
glaciations, low sea level, and mountain building as the continents colloided to form Pangaea. Moreover, they 
mentioned that there was a change in climate during the Carboniferous from hot and humid in the early part to 
cool and arid in the later part. According to the above-mentioned information, it is believed that the main 
reasons for the genesis of the detrital clays of the Abu Durba shales was the humid to semiarid conditions which 
prevailed in source areas and the uplifting of large parts of Egypt. Due to the structural development in Egypt, 
the uplifted parts led to the development of soils in a large part of studied area which led to the formation of 
kaolinite as a result of alteration of micas and feldspar under semiarid conditions. The soils were transported by 
rivers to the basin of deposition. The absence of coal and tropical rainforests indicate the change of the climate 
from hot and humid to more cool and arid conditions (Heckel, 2008) and (Sahney et al., 2010). According to 
this hypothesis, the writers believe that a part of the Abu Durba detrital clays was formed under humid 
conditions during the early part of Carboniferous period while the rest originated under semiarid conditions after 
the uplifting and changing in climate during the later part of Carboniferous period.      
 
Pollution and Contamination: 
 
 The index of geoaccumulation (Igeo) proposed by Müller (1969) has been widely applied to evaluate the 
contamination of the environment by sediments. Loska et al., (2004) represented this index by the equation: 
 
Igeo = log2 (Cn /1:5Bn) 
 
where: Cn is the measured concentration of a given metal in the sediment and Bn represents its geochemical 
background concentration. In the present study, the concentrations of elements in UCC given by Taylor and 
McLennan (1995) were used as background values. The geoaccumulation index in relation to the pollution 
extent is classified as: < 0 unpolluted, 0 - 1 unpolluted to moderately-polluted, 1- 2 moderately-polluted, 2-
3moderately- to strongly-polluted, 3-4 strongly-polluted, 4-5 strongly-to very strongly-polluted and >5 very 
strongly polluted (Müller, 1969). 
 The geoaccumulation indices estimated for the studied shales (Fig. 13) reveal that the environment is 
unpolluted with respect to Cr (0.24), Ga (0.16), Co (0.14), Fe (0.13), La (0.11), Mn (0.08), Mg (0.03) and Ba 
(0.02), while moderately-polluted with respect to Ti (1.2).  
 The elemental ratios calculated with respect to Al are used to identify and evaluate the major element 
mobility. It involves the ratio of the contents of element X and Al2O3 in river samples divided by the ratio of the 
same element content of UCC (Selvaraj et al., 2004 and Singh et al., 2005): 
 
Elemental ratio = X/Al2O3 (river) / X/ Al2O3 (UCC) 
 
 The elemental ratio refers to the relative enrichment or depletion of the element. Values >1 indicates 
enrichment, <1 indicates depletion, and =1 indicates no change in the relative abundance of the element.  
 The concentrations of the major and trace elements in the investigated shale samples have been normalized 
to the average values of the Upper Continental Crust (UCC) (Fig. 13). The UCC normalized patterns obtained 
for the investigated samples can be classified into two classes. The first consists of TiO2 (3) which is enriched in 
the Abu Durba shales relative to the UCC. This may attributed to derivation from mafic source rocks. The 
results fit very well with a major lithology of andesitic–basaltic volcanic rocks which is in agreement with the 
findings of Liu et al., (2009). The second class comprises the major elements, Ca, K, Fe, Mg and Na as well as 
the trace elements Cr, Ni, La, Co, Mn and Ba. The concentrations of these elements in the studied shales are 
relatively lower than those in UCC. This may be explained by their relatively high mobility and strong leaching 
during weathering processes (cf. Cullers, 1988).   The enrichment factor of Ti (3) indicates that it represents the 
most distinctive accumulation which conforms to the findings of Gao and Peimiao (2012). Therefore, based on 
the above discussion, it is concluded that the Abu Durba area is considered to be unpolluted to moderately-
polluted. 
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Fig. 13: Igeo and enrichment factors for the studied Abu Durba shales. 
 
Conclusions: 
 
 The Abu Durba Formation in Gebel Abu Durba is unconformably underlain by the Naqus Formation and 
overlain by the Qiseib Formation. It consists of a succession of sandstones alternating in its lower and upper 
parts with vari-colored, predominantly black shales.  
 The Abu Durba shales are texturally classified as mudstones. Mineralogically, these shales consist mainly 
of detrital kaolinite and much less commonly illite. Their clay fractions consist entirely of moderately–
crystalline kaolinite in the lower part of the formation while subordinate poorly-to- moderately crystalline illite 
appears in its upper part. Based on the results obtained from normalized patterns the contents of SiO2 and TiO2 
are higher while those of Fe2O3, CaO, MgO, Na2O, K2O and MnO are lower than the values reported for the 
Upper Continental Crust (UCC) and Post Archaean Australian Shale (PAAS). The shales are enrichment in 
Al2O3 as compared with the UCC while depleted relative to PAAS. Depletion of CaO, K2O and Na2O in the 
shales suggests comparatively intense chemical weathering of source rocks.  
 The Abu Durba shales are entirely detrital and highly mature. The chemical index of alteration (CIA) and 
chemical analysis indicated that they are product of intense chemical weathering of metamorphic, igneous 
(granitic and basaltic) and quartzose sedimentary rocks. The provenance constituted a part of passive margin 
and was characterized by a change in climate from humid to semiarid. The developed soils were transported by 
rivers to the basin of deposition. Fluviatile deposition dominated and was interrupted by the prevalence of 
anoxic marine conditions especially during accumulation of the upper part the Abu Durba succession. This 
condition led to the preservation of significant concentration of metals. 
 The estimated environmental parameters (indices of geoaccumulation and enrichment factors) reveal that 
the vicinity of Abu Durba area is moderately–polluted with respect to Ti while unpolluted with respect to the 
other elements which constitute the exposed shale beds.  
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