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ABSTRACT 

Integrated petrographical, mineralogical and geochemical studies were carried out on the sandstone and 

shale bedsof Tarif, Qusier, Duwi, Dakhla and Esna formations exposed at Wadi Qwieh – Wadi Abu Hamra 

area, which located between Latitudes 26° 16ʹ and 26° 20ʹ N and Longitudes 34° 05ʹ and 34° 08ʹ E 

Petrographically, the studied sandstone samples in Tarif Formation is quartz arenite with iron oxides and 

silica cement, generally monocrystaline, moderately sorted, sub-rounded to sub-angular with normal and wavy 

extinction. The main mineralogical constituent of the studied sandstone is quartz with hematite, gypsum and 

microcline as minor constituent. The clay minerals are montmorillonite and kaolinite, where montmorillonite is 

more abundant that pointed to presence of ultramafic-mafic rocks in the source area. 

Geochemical studies reflect that the sandstones of the Tarif Formation were probably deposited under 

relatively warm and slightly alkaline conditions. 
 

Keywords: Clastic Rocks, Petrography, Mineralogy, Geochemistry, Depositional Environment, Wadi 

Qwieh, Wadi Abu Hamra. 

 

1. INTRODUCTION 

The study area is exposed at the central part 

of the Eastern Desert, along Red Sea Coast, 

Egypt. It lies between Latitudes 26° 16ʹ and 26° 

20ʹ N and Longitudes 34° 05ʹ and 34° 08ʹ E 

(Fig.1).The study area is bounded by basement 

rocks in the northern and western sides, 

bounded by quaternary deposits in the eastern 

side to the coastal boundary. The area has 

attracted the attention of many authors whom 

studied the lithostratigraphy, biostratigraphy 

and depositional environment (Word et 

al.,1979, Howaidy 1979, El Badry et al., 

1983, El-Kammar 2015, Hassaan et al., 

2016,Abou El-Anwar 2017, Abou El-Anwar 

et al., 2018). This work aims to investigate the 

petrography, mineralogy, geochemistry and 

interpretation of depositional environment of 

the clastic sedimentary rocks in the Wadi 

Qwieh – Wadi Abu Hamra area. 

1- METHODOLOGY 

A total of 23samples were collected from 

thestudied clastic sedimentary rocks in the 

study area to throw some light on petrography, 

mineralogy, geochemistry and interpretation of 

the environment of deposition of the Tarif 

Formation, Qusier Variegated Shale, Duwi 

Formation, Dakhla Shale and Esna Shale. 

Description of the stratigraphic position of the 

studied rock units by using the field 

observation, identify the mineralogical 

composition, petrographical description to 

identify the different lithofacies and the 

chemical distribution of the major and trace 

elements and their studied rock units. 

Petrographic microscope issued to 

investigate the mineral composition and texture 

of the studied samples. Also, the mineralogical 

analysis of (14 samples)of the studied 

sandstones and shales samples were carried out 

by the X-ray diffraction analysis (XRD). The 
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analysis was carried out in the laboratories of 

Central Metallurgical Research Institute 

(CMRDI). The obtained X-ray data using 

interpreted using ASTM (1960) cards together 

with the published cards of (Brown, 1961 and 

Deer et al., 1963). 

Seventeen representative samples of four 

sandstones and thirteen shales have been 

subjected to chemical analysis to estimate their 

contents. The analysis was carried out in the 

laboratories of National Research Center, using 

Axios Sequential WD-XRF, PANalytical 

(2016).  

2- GEOLOGIC SETTING 

Figures 2 and 3 showsthe geologic map of 

the study area and the composed stratigraphic 

succession of the study area, the stratigraphy of 

the study area is represented as a part of the 

central Eastern Desert. 

Figurers(4 a – e) show the stratigraphic 

columnar section of the studied Tarif, Qusier 

Variegated, Duwi, Dakhla and Esna shale 

formations.  

Structurally, the sedimentary rocks of study 

area are separable into two main divisions: the 

pre-rift Cretaceous-Eocene succession (more 

than 1500 m. thick) and the syn-rift Oligocene 

and younger sediments (Khalil and McClay, 

2002).The sedimentary sequence of the study 

area can be summarized as following from (top 

to base):  

- Thebes Formation (Lower Eocene) 

- Esna Shale (Upper Paleocene) 

- Tarawan Chalk (Paleocene)  

- Dakhla Shale (Maastrichtian to Danian)  

- Duwi Formation (Campanian to 

Maastrichtian)  

- Quseir Variegated Shale (Turonian)  

- Tarif Formation (Cenomanian). 

 
 

4. PETROGRAPHY  

4.1. Quartz Arenite: 

Quartz arenite was reported in the lower 

and middle part of the Tarif Formation and in 

the upper part of the Qusier Variegated Shale, 

in this rock, the iron oxides is the common 

cement of the quartz grains of the Tarif 

Formation samples.The quartz grains are 

subanguler to subrounded, moderately sorted, 

clay content less than 5%, so it is submature 

sample, have monocrystaline with oblique 

extinction, so it`s origin is plutonic quartz 

grains > 95%, with contact normal (no 

compaction).(Fig.5 a, b).The quartz grains of 

the upper part of the Qusier Variegated Shale 

are monocrystaline with oblique extinction and 

many other with wavy extinction, also have 

polycrystalline quartz grains almost 2 units / 

grain are recorded (Figures 5 c, d), while in the 

middle part of the Tarif Formation the quartz 

arenite is cemented by silica (Fig.5 e).  

 

 
Fig.(1): Landsat image showing the study area. 

 



PETROGRAPHICAL, MINERALOGICAL AND GEOCHEMICAL … 63 

 

Fig. (2): Geologic map showing the location of the study area (after Conoco 1987) 

 

 

Fig. (3): Composite stratigraphic succession of the study area, Modified after (Said, 1990 andPurser 

and Bosence, 1998). 
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3- 

 
Fig. (4): Stratigraphic columnar section of the studied sections 

   

  

 

Figures 5; a and b:Quartz Arenite: Photomicrograph showing Quart Arenite cemented by iron 

oxides, composed of subanguler to subrounded, moderately sorted quartz grains with oblique 

extinction (a, Plane Polarized Light, X40, b, Crossed Nicols, X40), c and d: Quartz 

ArenitePhotomicrograph showing Quartz Arenite, cemented by silica, composed of subrounded and 

ill-sorted quartz grains, have monocrystaline type with oblique extinction and many other with wavy 

extinction, also have polycrystalline quartz grains, (c, Plane Polarized Light, X40, d, Crossed Nicols, 

X40), e: Quartz ArenitePhotomicrograph showing Quartz Arenite cemented by silica, composed of 

subanguler to subrounded quartz grains, Ill-sorted conglomerates grains, with monocrystaline(wavy 

extinction)(Crossed Nicols, X40). 

 

a 

e 
d 

b c 
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5. MINERALOGY 

5.1.Mineralogical composition of the bulk 

samples: 

The identification of minerals of the bulk 

samples of the lower and middle parts of the 

Tarif Formation and of the upper part of the 

Qusier Variegated Shale illustrated in 

(Fig.5),show the presence of the non-

carbonatemineral quartz as a major and minor 

contents of hematite,gypsum and 

microclineoccasionally, (Table 1). 
 

Table 1: Minerals detected in XRD analysis 

of bulk samples 

Mineral Main lines in A° 
ASTM  

card 

Sample  

no 

Quartz 4.26A° 3.34A°, and 1.82A° 5- 0490 3,6,25 

Hematite 2.69A°, 1.69A° and 2.51A° 13-534 3 

Gypsum 7.65A°, 3.06A°, and 4.27A° 6-0046 6 

Microcline 3.40A°, 2.77A° and 1.72A° 13-1 25 

Quartz is the most abundant non-carbonate 

mineral in the bulk samples, the microscopic of 

samples revealed that the detrital quartz grains 

arethe most abundant. 

Gypsum is recorded only in sample no. 6 in 

the Tarif Formation; the presence of gypsum in 

the sample reflects the increase of sulfate in 

solution either during the deposition or during 

the cementation processes.  

5.2. Oriented-particle: 

Samples were subjected to each study: 3 

from lower, middle and upper part of the 

Qusier Variegated Shale, 2 from lower and 

middle part of Duwi, 3 from the middle part of 

Dakhla, 3 from the middle and upper part of 

Esna formations. 

The clay minerals are montmorillonite and 

kaolinite. The charts of X-ray diffraction 

patterns of untreated, glycolated and heated of 

the oriented samples shown in Figures (5 a - k). 

Droste et al., (1962) stated that the 

montmorillonite can be derived from 

weathering of chlorite in alkaline environment 

rather than from illite.  

Mohr et al., (1971) reported that the 

montmorillonite originates from soils with 

relative high pH, rich in Ca
+2

 and Mg
+2

 and 

under impeded drainage. The increase in 

kaolinite content in the lower part of the Duwi 

Formation (Fig.5 e) and in the lower part of the 

Esna Shale (Fig. 5 i) points to seasonal change 

of climate and chemical weathering.The 

occurrence of kaolinite indicates a source area 

which experienced intense weathering possibly 

during prevalence of tropical conditions 

(Biscaye 1965). 

Where increasing rainfall favour ionic 

transfer and pedogenic development (Leung 

and Lai 1965, Millot 1970, Wang and Chen 

1988).Meanwhile the increasing concentration 

of kaolinite indicates the high water–rock ratio 

in the source area along with a humid-

subtropical to tropical climate (Raucsik and 

Varga 2008. 
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6. GEOCHEMICAL 

CHARACTERIZATION 

Table 2 shows the concentrations of the 

major constituents (in %) and trace elements (in 

ppm) in the studied rock units. 

The major oxides and trace elements, 

shown in table 2 indicate the following 

geochemical characteristics:- 

In Tarif sandstone samples, the CaO, MgO, 

K2O, SiO2, P2O5, Na2O, Cl, TiO2, L.O.I., Ni, 

Cu, Sr, Zr, Cr and Mn show genital vertical 

increasevariation, while Al2O3, Fe2O3, SO3, Co 

and Zn characterized by high fluctuation in 

vertical distribution in the studied sandstone 

samples. 

In the shale samples, MgO, K2O, SiO2, 

P2O5, Fe2O3, TiO2, SO3, Ni, Cu and Zn are 

characterized by genital vertical variation, 

while CaO, Na2O, Cl, L.O.I., Co, Sr, Zr, Cr and 

Mn are characterized by high fluctuation in 

vertical distribution in the studied shale 

samples. 

Both CaO and L.O.I. show general 

decrease towards the center, while MgO show 

general increase from base to top. Where the Cl 

increase upward Tarif sandstone bed (7.14 %) 

the base of the shale and decrease in upper part 

in the shales, this may be pointed to arid 

evaporational environment. This may show 

change of a very shallow marine environment. 

The Qusier Variegated Shale is ferruginous 

(max.= 10.92), while the upper sandstone beds 

of the Tarif Formation is highly ferruginous 

(max. = 20.61). 

  

  
 

 
Fig.5:Representative profiles of X-Ray diffraction patterns for three bulk sandstone samplesof Tarif 

Formation (samples 3 and 6) and Qusier Variegated Shale (sample 25) in (a), eleven shale samples; b: 

(sample no. 16), c: (sample no. 24), d: (sample no. 28), e: (sample no. 35), f: (sample no. 41), g: (sample no. 

58), h: (sample no. 60), i: (sample no. 60), j: (sample no. 83), k: (sample no. 94), L: (sample no. 105),  

 

i j 

k L 
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The trace element distribution show higher 

contents of Co, Ni, Cu, Zn, Zr and Mn in the 

upper sandstone beds of Tarif Formation show 

increase upward in the Tarif sandstone beds. 

The highly ultramafic elements Ni, Cu and Cr 

in the sandstone and shale samples (Dakhla 

Shale and Qusier Variegated Shale) is duo to 

their ultramafic source, while they are belong 

limited detection of the applied technique 

analysis.         

Pettijohn (1975) mentioned that the 

SiO2/Al2O3 ratio of the shale reflect the grains 

size, where the higher the coarser the grain size 

and vice versa. The shale samples both of Tarif 

and Duwi formationsare the finest, while the 

shale of the Qusier Variegated Shale and 

Dakhla Shale are of larger size (Table 3). 

Pettijohn et al., (1973) reported that the 

calcium and magnesium elements originate as 

chemical precipitates in sandstones primarily as 

carbonates and much may be diagenetic.The 

ratio of CaO/MgO in the sandstone samples in 

s. no. 1, 3 and 6 are 5.58, 2.09 and 18.07 

respectively, so the CaO/MgO ratio of the 

studied sandstone doesn't show any particular 

trend for distribution and this variation can be 

attributed to the relative position of Upper 

Cretaceous sandstone rock units form shore 

line. Trask (1939) stated that the higher the 

salinity, the greater the content of CaCO3. 

Millot (1970) stated that clays contain 

K2O/Na2O ratio equals 2.94. As well, Weaver 

(1967) the K/Na and K/Mg ratios are equally 

important, where low ratios favour the 

formation of montmorillonite (which is 

recorded in XRD) and chlorite materials, while 

high ratios favour the formation of illite. Also 

high values are more likely to occur in 

continental than marine environments. In the 

studied shale samples, the K2O/Na2O ratio is 

always lies less than the published ratio as it 

shown in table 4 and low ratios maybe due to 

that the montmorillonite is the main clay 

mineral and the absence of illite as it resulted in 

XRD. 

 

 

Table 3: The average of SiO2/Al2O3and 

K2O/Na2Oratios in the shale samples 

Formation 
SiO2/Al2

O3 

K2O/Na2

O 

Tarif Formation 2.10 
0.10 

Qusier Variegated 

Shale 
3.39 

1.05 

Duwi Formation  2.17 1.21 

Dakhla Shale 3.38 
1.33 

Esna Shale 2.64 
0.13 

 

4- Tectonic setting 

 Figure 6illustrates the ternary plot of 

SiO2-Al2O3-Fe2O3of sandstone samplespointing 

to that the Cenomanian Tarif Formation 

sandstones mainly are subgreywacke(Moore 

and Dennen 1970) 

 Pettijohn et al., (1973) proposed a 

classification for the sandstones based on the 

relationship between Log (SiO2 / A12O3) and 

Log (Na2O / K2O). The relationship between 

Log (SiO2 / A12O3) and Log (Na2O / K2O)for 

Tarif sandstone samples shown in Fig.7 

revealed that; the samples ranged from 

sublithic-arenite to lithic-arenite. 

 Blatt et al., (1980) proposed another 

classification for the sandstones based on their 

chemical composition in relation to tectonic 

setting. He added that a plot of Fe2O3, MgO, 

Na2O and K2O on a ternary diagram Fig.8 

makes a fairly effective separation, with some 

overlap, among eugeosynclinal sandstones 

(mostly greywacke) taphrogeosynclinal 

sandstones (mostly arkoses) and 

exogeosynclinal sandstones (mostly lithic 

sandstones). The relationships suggested by 

Blatt et al., (1980), it seems that the Tarif 

Formation sandstone samples eu-geosyncline 

sediments. 
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Figure 9 shows a log-log plot of 

(SiO2/Al2O3) vs. (Fe2O3/K2O) after Herron 

(1988), which reflect that the sandstone and 

shale samples of the Tarif Formation are Fe-

sand and Fe-shale, due to the recorded of high 

iron oxides content, and most of the shales of 

Qusier Variegated, Duwi, Dakhla and Esna 

formations of the Wadi Qwieh-Wadi Abu 

Hamra area are plot in the shale field. 

 

Fig.6: Ternary plot of Si -Al -Fe of the studied 

sandstone samples (after Moor and Dennen, 1970) 

 

 

 

Fig.7: Chemical classification of the sandstone 

samples of the Tarif Formation based on the log 

(SiO2/Al2O3) vs. log (Na2O/K2O) of (Pettijohn et 

al., 1973) 

 

Fig.8: Chemical composition of the studied 

sandstone samples of the Tarif sandstone in 

relation to tectonic setting (after Blatt et al., 

1980) 

 

 

Fig. 9: shows a log-log plot of (SiO2/Al2O3) vs. 

(Fe2O3/K2O) after Herron (1988), 

 

CONCLUSIONS 

The clastic sedimentary rocks of the Upper 

Cretaceous inWadi Qwieh – Wadi Abu Hamra 

area, shows that the following results: 1- the 

lithofacies type of the sandstone samples in 

Tarif Formation are quartz arenite quartz 

arenite cemented by iron oxides and silica. 2- 

The X-ray diffraction analysis of the clastic 

rocksrecorded that the main mineral 
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constituents is quartz, while hematite, gypsum 

and microcline are less abundant, 3- The 

oriented shale samples show that the most chief 

clay minerals detected are montmorillonite 

(smectite) and kaolinite.4- Geochemically, the 

environment of deposition of Upper Cretaceous 

sandstones was not deep, also indicate 

occasionallyevaporational of studied shale is 

deposited in semi-restricted environment. 
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