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Abstract 

        The Wadi El-Sheikh area is situated in south Sinai, and is distinguished by a high abundance of calc-alkaline 

and alkaline/peralkaline granitoid rocks, as well as related volcanics. These granitoid rocks are of particular 

geodynamic significance because they contribute to better understanding of how the continental crust of the Arabian 

Nubian Shield (ANS) formed. Thus, the present study introduces new comprehensive geological field studies, 

petrological data, and whole rock geochemical data of syn-tectonic granitoids along Wadi El-Sheikh. The 

composition of the syn-tectonic granitoids (SNG) ranges from quartz-diorite, tonalite, to granodiorite. 

Geochemically, these SNGs are mainly metaluminous, calc-alkaline, I-type, and correspond to syn-collision 

volcanic arc granitoids. The investigated syn-tectonic granitoids have high (Al2O3/TiO2) ratios (17.85–80.70), rising 

toward the higher silica granitoid type (granodiorite), while they also show high (CaO/Na2O) ratios (0.33–1.44) 

representing a decrease from quartz-diorite to granodiorite. These characters indicate that the emplacements of SNG 

were greatly influenced by the magma mixing of mafic and felsic melts. The analyzed granitoids originated at 

temperatures ranging from 650°C to 700°C and water pressures ranging from 0.5 to 10 kbar. According to the depth 

of magma segregation, and they were produced at depths of more than 30 km of the lower crust. The considered 

SNG are commonly concerned with enrichment of LILE and LREE and depletion of HFSE in comparison to N-

MORB values (negative Ta and Nb anomalies). 
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1. Introduction 

       In Sinai, the crystalline Precambrian rocks occupy 

a special tectonic belt within the northern part of the 

Arabian Nubian Shield (ANS). The shield was created 

as a juvenile crust through the Pan-African orogeny [1, 

2& 3]. The current studies indicate the existence of 

earlier rocks (i.e., rift-related rock that intruded through 

the separation of the Rodinia [4, 5& 6]. The syn-

tectonic granitic rocks were formed during the pre-

collision phases of the Neoproterozoic. South Sinai has 

a widespread distribution of syn-orogenic and late-to-

post-orogenic granitoids [7, 8, 9& 10]. At the end of 

the Pan-African Orogeny (650–550 Ma), syn-orogenic 

calc-alkaline magmatism representing subduction and 

collision events was followed by post-collisional 

magmatism that produced high-K calc-alkaline, 

alkaline, and peralkaline rocks [11& 12]. The syn-

tectonic, calc-alkaline quartz-diorite, tonalite, 

trondhjemite, granodiorite, and granite intrusions are 

conformable with the earlier stage (750-610 Ma, [13]). 

They were created by partial melting of a mantle 

wedge with little or no crustal contamination [14] or in 

an ensimatic island arc setting [15& 16]. [16] 

considered the oldest granitoids of south Sinai to be 

plutonic rocks of the island arc stage (950 – 650 Ma). 

[17] used K– Ar techniques to date several of the older 

granitoids, including diorite, tonalite, and granodiorite, 

in southwestern Sinai and gave ages ranging from 

653±26 to 567±22. According to K-Ar dating, the 

metagabbro-diorite masses in southwest Sinai were 

formed during a stage of emplacement and 

crystallization about 794 Ma, while the thermal event 

occurred between 690 and 667 Ma [18]. The present 

study focuses on identifying the petrogenesis of syn-

tectonic granitoids in the Wadi El-Sheikh area using 

petrographical and geochemical characteristics.                        

2. General geological setting of the investigated 

area.   

      The examined syn-tectonic granitoids, which are 

comparable to G1 Egyptian granites of [14] are 

represented in Wadi El-Sheikh region by           

quartz-diorite, tonalite and granodiorite. They surround 

Wadi El-Sheikh northern and southern flanks, which is 

a part of southern Sinai, Egypt Fig (1). The study      

                                 -                     
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                      E. The Syn-tectonic granitoids (the older 

granitoids) are characterized by slightly deformed, 

greenish grey to grey, medium-grained Fig (2), 

sometimes exhibited weak gneissose texture Fig (3). 

The syn tectonic granitoids generally form massive, 

grey masses with low to moderate relief, with medium 

to coarse granular texture. In some places older 

granitoids contain xenoliths of mafic (amphibolite), 

quartzo feldspathic rocks and calc-silicate which, have 

different shape and size where their amount increases 

toward the intrusion margin with the metagabbro. 

These xenoliths show a narrow reaction rim with the 

associated older granitoids. The xenoliths of 

amphibolite are most probably created as a result of 

assimilation process of the metagabbro- diorite rocks 

[19] Fig (5). 

3. Petrography of the studied rocks 

       Based on the petrographic investigation of the 

studied SNG, they are classified into quartz- diorite, 

tonalite and granodiorite that can be described as 

follows.  

3.1 Quartz-diorite 

These quartz-diorite are medium- to coarse- 

grained, consisting essentially of plagioclase, quartz, 

hornblende, biotite, with few chlorite flakes and 

epidote (Fig. 6). Plagioclase ranges in composition 

from andesine to oligoclase. Quartz is coarse grained 

and scattered between crystals of plagioclase and mafic 

minerals. Hornblende is green to dark green and is 

frequently found with biotite, chlorite and opaque 

minerals. Sometimes the studied quartz-diorite exhibits 

a poikilitic texture Fig (8). 

3.2 Tonalite 

       The studied tonalite has medium to coarse-grained 

texture, and is mostly composed of oligoclase, quartz, 

biotite, and hornblende (Fig. 9). Additionally, the 

gneissic texture of these rocks exhibits a parallel 

alignment of biotite and hornblende (Fig. 10). 
Plagioclase crystals ranges in composition from 

oligoclase to andesine which forms slightly altered 

subhedral to anhedral crystals. Quartz naturally arises 

as anhedral crystals that often occupy the spaces 

between other minerals and exhibit excessive 

extinction. Biotite has a basal cleavage and is often 

with a dark brown color. It forms as tiny flakes along 

the rock's foliation planes and is then changed into 

chlorite. Hornblende is green to dark green and is 

typically found with biotite, chlorite and opaque 

minerals. 

3.3 Granodiorite  

    The studied granodiorite has a medium-grained 

hypidiomorphic texture and a grey to light pink color 

(Fig. 11). It consists mainly of plagioclase, quartz, with 

small amounts of potash feldspar, biotite, and 

hornblende. Some granodiorite is characterized by 

remarkable increase of biotite content (Fig 12&13).  

4. Analytical methods 

   All samples were analyzed for their major, trace 

and rare earth element contents (REEs) tables (1&2). 

At Bureau VERITAS Commodities the Analytical 

Laboratories LDT, Canada, inductively coupled 

plasma-mass spectrometry (ICP-MS) was used to 

calculate the concentrations of main oxides, traces, and 

rare earth elements in the bulk samples. Additionally, 

the CIPW norm values are determined from the 

analytical data using the approach described by [20], 

and various statistical parameters are also calculated 

and listed in table (3). The geochemical characteristic 

of the three basic rock units presented in the region 

under consideration, is carried out through the 

examination of the chemical composition of (20) 

selected samples representing (8 samples from quartz-

diorite, 4 samples from tonalite and 8 samples from 

granodiorite), at Wadi El-Sheikh. 

5. Geochemistry 

 The collected data clearly demonstrate a decline 

in the abundance of SiO2, K2O, Rb, Zr and Hf from 

granodiorite to quartz diorite. The examined older 

granitoid exhibiting a wide range of silica contents 

from (52.43 - 71.49 Wt. %), being increased from 

quartz -diorite to granodiorite which is consistent with 

the acceleration of the differentiation of magma from 

quartz-diorite to granodiorite. Contrarily, there is an 

increase in the contents of CaO, MgO, Fe2O3 (t), TiO2, 

Sr, Zn and V contents from granodiorite to quartz -

diorite. 

The analyzed samples of quartz-diorite and tonalite 

are chemically classified as tonalite, whereas those of 

granodiorite are classified as trondhjemite Fig 

(14a&14b). The Rb-Ba-Sr ternary discriminant 

diagram Fig (14c), reflected differentiation trend of 
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granitoid rocks from quartz diorite to granodiorite. the 

analyzed samples of SNG investigated that; the SNG 

comparable to the calc-alkaline older granitoids of 

Egypt Fig (14d). The investigated quartz diorite and 

gneissic tonalite are located in the line between 

tholeiitic and calc-alkaline, while granodiorite is 

pointed in calc-alkaline trend, being comparatively rich 

in total alkalis Fig (15a). [21] used the relation between 

Mol. [Al2O3/ (CaO+Na2O+K2O)] and Mol. [Al2O3/ 

(Na2O+K2O)] to discriminate between peralkaline, 

metaluminous and peraluminous types. On the diagram 

Fig (15b) the plots of the investigated granitoids are 

broadly distributed within the metaluminous field with 

markedly high A/NK values.  

 

 6. Tectonic setting 

On the basis of Nb-SiO2 diagram Fig (16a) stated 

by [22], the quartz-diorite, tonalite and granodiorite 

samples are pointed in volcanic- arc magma field. 
According to [22], "all igneous rocks with SiO2 values 

that were formed above active Benioff zones have Nb 

contents below 15 ppm, whereas for granitic rocks 

products of within-plate continental magmatism with 

SiO2 values between 60 and 75% have Nb lying in the 

range of 50 to 500 ppm. The studied granitic rocks 

have average Nb contents below 15 ppm. According to 

[23], in a subduction zone setting [24], the mantle 

above the descending oceanic lithosphere slab would 

be altered by low-Nb fluids and would not melt into 

acidic melts enriched in Nb. On the other hand, any 

magmatism of a within-plate variety could gradually 

       m                     ”. All of the current 

granitoids were produced above subduction zones, 

according to the aforementioned criteria. To 

differentiate between the tectonic settings of volcanic 

arc granites (VAG), syn-collision granites (Syn-

COLG), oceanic ridge granites (ORG), and within plate 

granites (WPG), [25] presented a bivariate tectonic 

discrimination diagram. This diagram used the relation 

Rb (ppm) versus Y+Nb (ppm) in Fig (16b). Due to the 

low abundances of Rb, Nb, and Y in the studied 

granitoids, the data points mostly fall in the VAG field. 

 

   7. Depth of magma segregation 

      The CIPW normative compositions can be used as 

useful tools to present some data about the P-T 

conditions of granitic magma crystallization. The 

studied granitoids were produced in the pressure range 

of 0.5 to 10 kbar [26], as shown on the Ab-Q-Or 

ternary diagram of [27]. The studied granitoids have 

temperatures between 650°C and 700°C, according to 

the thermal lines [28] on the Ab-Q-Or ternary diagram. 

A binary relationship between Rb (ppm) and Sr (ppm) 

is proposed by [29] in Fig (17b) to calculate the crustal 

thickness, indicate that the studied granitoids have been 

created at greater depth more than 30 km of the lower 

crust. In general, the Egyptian granitoids' determined 

pressures [30&31] point to volcanic arc granitoids' 

deeper intrusion depths ('9-20Km) in comparison to 

post-collision granites' (5 Km). The OG's limited 

contact phenomena with the nearby rocks indicate that 

magma was deposited at a depth of about mid-crustal. 

The younger granites of the Egyptian basement are 

characterized by the shallow depths of emplacement of 

the post-collision granites [32, 33&34].  

 

8. Evidence for magma mixing 

       The examined SNG exhibit high CaO/Na2O 

ratios (0.33–1.44) that are decreasing from quartz-

diorite to granodiorite (Table 1, Fig. 18a), as well as 

high Al2O3/TiO2 ratios (17.85–80.70) that are 

increasing towards the higher silica granitic type 

(granodiorite). These characteristics show that the 

magma mixing of felsic and mafic melts had a 

significant impact on the emplacement of these 

granitoids. High-alumina granitoids can be created 

by melting a psammite (graywacke) source or by 

combining basaltic melt with granitic melt made 

from metapelites [35]. The high total contents of 

FeO*, MgO, and TiO2 in the investigated OG 

support the mixing of mafic and felsic sources. 

These effects are most clearly visible in the 

variations of major oxide ratios, such as CaO/Na2O 

and Al2O3/TiO2, between mafic melts derived from 

the 

mantle and crustal protoliths Fig (18a). The 

compositional points of the SNG members quartz-

diorite, tonalite, and granodiorite are plotted close to 

the line of mixture melting of various compositions 

in the CaO/ Na2O - Al2O3/TiO2 and (FeO* + MgO + 

TiO2). Additionally, all of the investigated SNG are 

distinguished by low Rb/Ba (0.05-0.21) and Rb/Sr 

(0.05-0.27) ratios, and their compositional locations 

are points in the field of sources depleted in clay 

minerals. Furthermore, the plots of Rb/Sr vs. Rb/Ba 

for the investigated SNG show a linear pattern of 

rising Rb/Sr with Rb/Ba (Fig. 18b), demonstrating 
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the impacts of variance in crustal contamination of 

mantle-derived basaltic magma. 

9. Rare-Earth Elements (REE) concentrations. 

        The chondrite-normalized REE patterns are shown 

in Fig. 19, and REE together with statistical parameters 

are reported in Table (2). The fractionation between 

Light Rare-Earth Elements (LREE) and Heavy Rare-

Earth Elements (HREE) is what distinguishes the REE 

patterns of all examined samples from the investigated 

SNG, shown in Fig. (19a). The high degree of 

fractionation, which increases from quartz-diorite 

[(La/Lu) N = 5.92-16.30] through tonalite [(La/Lu) N = 

9.86-15.57] to granodiorite [(La/Lu) N =9.17-30.41], 

implies a significant amount of enrichment in the 

LREE compared to the HREE in all the examined 

SNG. Additionally, the majority of the OG samples 

under study exhibit concave-upward REE profiles as a 

result of the middle REE's (Gd to Er) relative depletion 

in comparison to the other HREE (Fig. 19a). The 

examined SNG are characterized by moderately 

fractionated HREE segments and little to no negative 

Eu anomalies Eu/Eu* (quartz-diorite (0.804-1.068)-

tonalite (0.924-2.692) and granodiorite (0.639-0.811). 
According to the LREE, the investigated SNG Fig 

(19b) shows enrichment in the elements that are the 

least compatible with one another (such as Rb, Ba, and 

Th), and the enrichment factor decreases as the 

compatibility of the elements increases. Additionally, 

the examined SNG exhibit strong negative anomalies 

for the high-field-strength elements (HFSE; Tb, Tm, 

Nb, and Ta) as well as an overall enrichment in large 

ion lithophile elements (LILE; Rb, Ba, Th, Y, and K) 

in comparison to normalization values. The relative 

enrichment of the mantle source by the input of LILE 

from the dewatering slab is believed to be the cause of 

the HFSE depletion, which is a feature of subduction-

related magmas and may be linked to crustal 

contamination [36]. Additionally, the examined SNG 

display notable negative P anomalies (Fig. 19b), which 

indicates the involvement of apatite and/or hornblende 

in the fractionating assemblages of granitic magma. 

Additionally, the examined SNG is distinguished by 

high abundances of trace elements that are 

incompatible with one another (LILE, HFSE), as well 

as by slightly negative Nb and Ta anomalies (Fig. 19b), 

which are not consistent with direct origination from 

crustal protoliths. The combined negative Nb-Ta and 

Zr-Hf anomalies seen in Fig (19b) indicate that the 

source of these granitoids was changed by subduction 

[37, 9, 38, 39, & 40].  

 

10. Summary and conclusions 

The field, petrography and geochemical investigation 

of the studied older granitoids, indicated that these 

granitoids are distinguished by quartz-diorite, tonalite 

and granodiorite. They are characterized by slightly 

deformed, greenish grey to grey, medium-grained 

sometimes with weak gneissose texture. Under the 

microscope, these quartz-diorite is medium to coarse 

grained, consisting mainly of plagioclase, quartz, 

hornblende and biotite, with few chlorite flakes and 

epidote. Tonalite is medium to coarse-grained, which 

are composed mainly of oligoclase, quartz, biotite, and 

hornblende. The granodiorite consists of plagioclase, 

quartz, with small amounts of potash feldspar, biotite, 

and hornblende in decreasing order of abundance. 

From geochemical data, we obtained that this 

granitoids are originated from calc-alkaline magma, 

metaluminous, and were created at moderate to high 

water pressure from (0.5 – 10) kbar and temperature of 

about 650ºC - 700ºC and formed at depth more than 30 

km of the lower crust. The examined OG are 

distinguished by high abundances of trace elements 

that are incompatible with one another (LILE, HFSE). 

The studied older granitoids indicate the high CaO/Na2 

O ratios (0.33-1.44) being decline from quartz-diorite 

to granodiorite, whereas they have also highly 

Al2O3/TiO2 ratios from (17.85-80.70) increasing 

toward the higher silica granitic type (granodiorite). 

These characteristics show that the magma mixing of 

felsic and mafic melts had a significant impact on the 

emplacement of these granitoids. 
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Fig (1): Geological map indicated the studied area (modified after [41]). 
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Fig (5): Photo show spindle-shaped xenolith of amphibolite 

(Am) within syn-tectonic granitoids (older granitoid) at Wadi 

El-Sheikh. 

 

Am 

Fig (4): Photo show enclaves from amphibolite (Am) and 

calc-silicate (Calc) in syn-tectonic granitoids. 
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Table (1): Major oxide contents (in Wt.%) of the studied granitoids.  

  

Rock Type Quartz-diorite Tonalite 

Sample No. 
kd 

19 

kd 

21 

SH 

70 

kd 

32 

kd 

12 

SH 

51 

kd 

16 

SH 

40 

SH 

1` 
b 1 

SH 

56 

SH 

69 

SiO2 
52.4

3 

52.7

0 

53.5

3 

53.7

0 

54.6

1 

55.6

8 

57.7

4 

58.3

5 

59.2

4 

60.4

8 

70.9

6 

71.4

9 

TiO2 0.84 0.84 0.80 0.83 0.79 0.79 0.70 0.75 0.74 0.64 0.28 0.24 

Al2O3 
16.1

3 

16.2

6 

17.9

3 

14.8

9 

16.1

1 

15.7

0 

15.3

2 

16.2

8 

15.1

5 

15.3

2 

13.3

6 

12.9

6 

Fe2O3 6.85 6.51 5.86 6.28 5.91 6.01 5.05 5.06 4.85 4.13 2.23 1.79 

FeO 6.16 5.85 5.27 5.65 5.31 5.40 4.54 4.55 4.36 3.72 2.01 1.61 

MnO 0.11 0.11 0.10 0.12 0.10 0.10 0.09 0.10 0.11 0.07 0.04 0.03 

MgO 3.90 3.66 1.97 3.66 3.10 3.35 2.49 1.64 2.14 2.29 0.65 0.50 

CaO 5.96 5.67 5.33 5.65 4.87 4.98 4.39 3.69 4.04 3.82 2.84 2.59 

Na2O 4.15 4.19 4.81 4.26 4.18 3.90 4.09 4.73 4.60 4.39 4.14 4.17 

K2O 1.35 1.92 2.04 1.63 1.92 1.76 2.29 2.60 1.69 2.05 1.61 1.57 

P2O5 0.25 0.25 0.31 0.26 0.24 0.23 0.22 0.24 0.23 0.22 0.14 0.06 

L.O. I 1.87 2.05 2.05 3.08 2.86 2.11 3.09 1.99 2.85 2.88 1.75 3.01 

Total 100 100 100 100 100 100 100 100 100 100 100 100 

Na2O+K2O 
5.5
0 

6.1
0 

6.85 
5.8
9 

6.1
0 

5.66 
6.3
8 

7.34 6.29 
6.4
4 

5.76 5.74 

CaO/Na2O 
1.4
4 

1.3
5 

1.11 
1.3
3 

1.1
6 

1.28 
1.0
8 

0.78 0.88 
0.8
7 

0.69 0.62 

Al2O3/TiO2 
19.
19 

19.
39 

22.4
4 

17.
85 

20.
38 

19.9
4 

21.
92 

21.6
5 

20.4
1 

24.
11 

48.2
3 

53.9
5 

FeO
t
 

12.
32 

11.
71 

10.5
5 

11.
29 

10.
63 

10.8
1 

9.0
8 

9.11 8.72 
7.4
4 

4.01 3.22 

Mol. 

[Al2O/(Na2O+K2O)] 

1.9
5 

1.8
1 

1.77 
1.7
0 

1.8
0 

1.89 
1.6
7 

1.54 1.61 
1.6
2 

1.56 1.51 

Mol. 

[Al2O/(CaO+Na2O+K2

O)] 

0.8
4 

0.8
4 

0.91 
0.7
8 

0.9
0 

0.90 
0.8
9 

0.94 0.90 
0.9
3 

0.97 0.98 
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Continued table (1): Major oxide contents (in Wt.%) of studied granitoids.  

Rock Type Granodiorite 

Sample No. SH 19 SH 12 SH 16 SH 14 SH 76 SH 77 SH 34 SH 73 

SiO2 64.27 66.65 66.68 66.91 68.97 69.23 69.86 67.97 

TiO2 0.50 0.38 0.39 0.39 0.39 0.40 0.19 0.29 

Al2O3 14.24 14.68 13.83 14.19 13.81 13.51 14.94 14.39 

Fe2O3 3.83 2.77 2.77 2.82 2.30 2.60 1.37 2.27 

FeO 3.45 2.49 2.49 2.53 2.07 2.34 1.23 2.04 

MnO 0.07 0.06 0.05 0.06 0.05 0.05 0.02 0.05 

MgO 1.67 0.80 1.04 0.96 0.73 0.80 0.36 0.56 

CaO 3.57 2.57 2.64 2.71 2.20 2.41 1.82 2.18 

Na2O 3.91 4.89 4.18 4.49 4.04 4.49 5.44 4.36 

K2O 2.33 2.31 2.84 2.69 3.35 2.24 2.66 3.58 

P2O5 0.15 0.09 0.10 0.09 0.13 0.15 0.06 0.13 

L.O. I 1.99 2.3 2.97 2.16 1.97 1.78 2.05 2.16 

Total 100 100 100 100 100 100 100 100 

Na2O+K2O 6.24 7.20 7.02 7.17 7.39 6.73 8.10 7.94 

CaO/Na2O 0.91 0.53 0.63 0.60 0.54 0.54 0.33 0.50 

Al2O3/TiO2 28.27 38.94 35.73 36.50 35.84 33.46 80.70 49.03 

FeO
t
 6.89 4.99 4.99 5.07 4.14 4.68 2.47 4.09 

Mol. [Al2O/(Na2O+K2O)] 1.59 1.39 1.39 1.38 1.34 1.38 1.26 1.30 

Mol. [Al2O/(CaO+Na2O+K2O)] 0.92 0.96 0.94 0.93 0.97 0.95 0.99 0.96 
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Table (2): Trace and rare Earth Elements contents (ppm) of the studied older granitoids. 

Rock Type Quartz-diorite Tonalite 

sample NO. kd 19 kd 21 SH 70 kd 32 kd 12 SH 51 kd 16 SH 40 SH 1` b 1 SH 56 SH 69 

Rb   33.1 54.5 66.8 35.4 53.6 49.5 62.3 75.2 50.6 50.9 43.1 49.6 

Ba 465 524 671 437 698 572 728 1016 517 520 455 337 

Th 3 5.9 5.1 5.6 2.3 3.2 4.4 4.9 4.3 3.1 4.5 6.3 

U 0.7 0.9 2.2 1 0.8 0.7 0.9 1.4 1.2 0.8 4.5 6.3 

Nb 5.83 7.88 6.16 6.74 6.37 6.21 6.91 9.27 5.93 5.06 3.06 3.02 

Ta 0.4 0.5 0.3 0.5 0.4 0.4 0.4 0.6 0.4 0.2 0.3 0.2 

Zr 23.9 29.6 64.1 22.6 33 27.5 40 62.1 33.4 94.3 50.3 48.6 

Pb 11.52 10.91 11.44 12.35 11.09 10.45 12.08 11.76 7.99 12.45 11.87 13.17 

Y 16.5 19.3 12.1 16 17.6 17.9 16.5 18.4 13.2 9.3 6.1 2.3 

Sr 627 605 810 583 594 580 539 601 686 685 529 478 

La 19.5 31.4 18.8 17.1 20.4 20.4 22.8 21.7 21.6 19 15 14.4 

Ce 41.27 61.73 37.84 38.37 43.62 44.47 48.55 45.33 47.16 38.21 27.27 24.05 

Pr 4.8 6.5 4.4 4.6 5.3 5.4 5.5 5.2 5.9 4.2 2.7 2 

Nd 20.2 25.2 18.4 22 22 22.1 22.2 21.2 22.8 17.6 9.7 6.4 

Sm 4.1 4.8 3.6 4.7 4.5 4.4 4.2 4.5 4.1 3.7 1.5 0.8 

Eu 1.2 1.2 1.2 1.4 1.2 1.2 1.1 1.3 1.2 1.2 0.8 0.6 

Gd 3.6 4.1 3.1 4 3.8 3.8 3.6 3.9 3.2 2.8 1.1 0.5 

Tb 0.4 0.5 0.3 0.5 0.4 0.5 0.4 0.5 0.4 0.3 0.1 0.1 

Dy 2.9 3.4 2.3 3.5 3.2 3.2 3 3.3 2.4 2.4 1 0.3 

Ho 0.6 0.6 0.4 0.6 0.6 0.6 0.6 0.6 0.4 0.4 0.2 0.1 

Er 1.6 1.8 1.2 1.9 1.7 1.7 1.6 1.8 1.3 1.1 0.7 0.2 

Tm 0.2 0.2 0.1 0.3 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 

Yb 1.5 1.7 1 1.7 1.6 1.6 1.5 1.6 1.1 1 0.9 0.3 

Lu 0.2 0.2 0.1 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 

Rb/Sr 0.053 0.090 0.082 0.061 0.090 0.085 0.116 0.125 0.074 0.074 0.081 0.104 

Rb/Ba 0.071 0.104 0.100 0.081 0.077 0.087 0.086 0.074 0.098 0.098 0.095 0.147 

∑REEs 102.07 143.33 92.74 100.97 108.72 109.77 115.45 111.33 111.96 92.21 61.17 49.95 

Eu/Eu* 0.931 0.804 1.068 0.959 0.861 0.873 0.841 0.924 0.974 1.091 1.814 2.692 

La/Lu 10.12 16.30 19.51 5.92 10.59 10.59 11.83 11.26 11.21 9.86 15.57 14.95 
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Continued table (2): Trace and Rare Earth elements contents (ppm) of the studied older granitoids. 

Rock Type Granodiorite 

sample NO. SH 19 SH 12 SH 16 SH 14 SH 76 SH 77 SH 34 SH 73 
Rb   69.50 71.70 73.70 74.00 80.60 67.20 50.50 88.20 

Ba 563.00 749.00 747.00 846.00 558.00 321.00 959.00 700.00 

Th 8.00 8.90 10.00 7.20 8.70 11.10 2.00 10.00 

U 1.40 1.90 1.70 1.10 2.00 2.20 1.00 2.10 

Nb 4.95 6.52 5.24 5.29 7.25 7.84 2.02 6.33 

Ta 0.50 0.60 0.40 0.40 0.70 0.70 0.20 0.70 

Zr 38.50 50.10 45.20 42.50 64.20 79.40 115.90 75.70 

Pb 9.27 9.71 8.87 9.37 15.94 14.73 16.04 17.51 

Y 13.50 17.90 13.50 15.10 12.70 12.40 5.20 10.30 

Sr 373.00 269.00 275.00 281.00 386.00 398.00 1,086.00 404.00 

La 19.5 26.5 20.1 24 28.1 30.9 14.8 29.3 

Ce 40.66 52.42 40.3 47.14 57.25 60.13 30.63 58.04 

Pr 4.4 5.7 4.3 5.1 6.3 6.4 3.5 6.1 

Nd 17 21.3 16.1 19.1 23.7 24.1 13.2 22.3 

Sm 3.2 3.8 3 3.5 4.2 4.1 2.2 3.7 

Eu 0.8 0.8 0.7 0.8 0.8 0.8 0.5 0.8 

Gd 2.7 3.2 2.6 3 3.2 3.1 1.4 2.6 

Tb 0.3 0.4 0.3 0.4 0.3 0.3 0.1 0.3 

Dy 2.3 2.9 2.2 2.6 2.4 2.3 0.9 1.8 

Ho 0.4 0.6 0.4 0.5 0.4 0.4 0.2 0.3 

Er 1.3 1.7 1.3 1.5 1.2 1.2 0.5 0.9 

Tm 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 

Yb 1.3 1.8 1.3 1.4 1 1.2 0.6 0.9 

Lu 0.2 0.3 0.2 0.2 0.1 0.2 0.1 0.1 

Rb/Sr 0.186 0.267 0.268 0.263 0.209 0.169 0.047 0.218 

Rb/Ba 0.123 0.096 0.099 0.087 0.144 0.209 0.053 0.126 

∑REEs 94.26 121.62 93 109.44 129.15 135.33 68.73 127.24 

Eu/Eu* 0.808 0.681 0.746 0.734 0.639 0.657 0.811 0.747 

La/Lu 10.12 9.17 10.43 12.46 29.17 16.04 15.36 30.41 
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Table (3): CIPW norm of the studied older granitoids. 

Rock Type Quartz-diorite Tonalite 

Sample No. 
kd 

19 

kd 

21 

SH 

70 

kd 

32 

kd 

12 

SH 

51 

kd 

16 

SH 

40 

SH 

1` 
b 1 

SH 

56 

SH 

69 

Quartz (Q) 4.64 3.62 3.26 6.10 7.52 10.15 12.06 10.03 14.07 
15.2

9 
33.39 34.69 

Corundum(C) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Orthoclase (Or) 7.98 11.32 12.03 9.61 11.32 10.40 13.53 15.38 9.97 
12.1

1 
9.54 9.26 

Albite (Ab) 35.09 35.43 40.70 36.06 35.39 33.02 34.57 40.06 38.95 
37.1

7 
35.05 35.29 

Anorthite (An) 21.42 19.93 21.31 16.68 19.53 20.12 16.70 15.49 15.69 
16.0

3 
13.08 12.01 

Plagioclase (PL) 56.50 55.35 62.01 52.74 54.93 53.14 51.27 55.55 54.64 
53.2

0 
48.13 47.30 

Diopside wo 2.73 2.75 1.30 4.04 1.27 1.29 1.52 0.53 1.20 0.62 0.05 0.19 

Diopside en 1.74 1.76 0.71 2.61 0.80 0.83 0.95 0.29 0.73 0.40 0.03 0.10 

Dioside fs 0.80 0.81 0.54 1.15 0.39 0.38 0.48 0.22 0.41 0.18 0.02 0.09 

Diopside (Di) 5.28 5.32 2.56 7.81 2.47 2.50 2.96 1.05 2.34 1.20 0.11 0.38 

Hypersthene en 7.96 7.37 4.20 6.51 6.92 7.52 5.25 3.80 4.60 5.30 1.58 1.14 

Hypersthene fs 3.67 3.38 3.16 2.87 3.36 3.46 2.69 2.89 2.57 2.32 1.43 1.04 

Hypersthene 

(Hy) 
11.63 10.74 7.36 9.38 10.28 10.98 7.94 6.69 7.17 7.61 3.01 2.18 

Magnetite (Mt) 9.93 9.43 8.50 9.10 8.56 8.71 7.32 7.34 7.03 5.99 3.23 2.59 

Ilmenite (Il) 1.60 1.59 1.52 1.58 1.50 1.50 1.33 1.43 1.41 1.21 0.53 0.46 

Apatite (Ap) 0.57 0.57 0.72 0.60 0.56 0.53 0.52 0.55 0.53 0.51 0.31 0.13 

Total 98.14 97.96 97.95 96.93 97.15 97.90 96.92 98.01 97.15 97.12 98.25 96.99 
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Continued table (3): CIPW norm of the studied older granitoids. 

Rock Type Granodiorite 

Sample No. SH 19 SH 12 SH 16 SH 14 SH 76 SH 77 SH 34 SH 73 

Quartz (Q) 22.26 22.30 24.18 23.20 26.70 28.07 23.40 23.25 

Corundum(C) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Orthoclase (Or) 13.74 13.67 16.81 15.88 19.80 13.25 15.74 21.15 

Albite (Ab) 33.12 41.37 35.34 37.96 34.17 38.02 46.00 36.92 

Anorthite (An) 14.42 11.27 10.58 10.63 9.66 10.07 8.50 9.12 

Plagioclase (PL) 47.55 52.64 45.92 48.60 43.83 48.08 54.50 46.04 

Diopside wo 0.95 0.38 0.78 0.93 0.16 0.37 0.06 0.37 

Diopside en 0.57 0.19 0.45 0.51 0.09 0.20 0.03 0.18 

Dioside fs 0.33 0.17 0.30 0.38 0.07 0.16 0.03 0.19 

Diopside (Di) 1.85 0.75 1.53 1.82 0.32 0.73 0.12 0.73 

Hypersthene en 3.61 1.79 2.15 1.89 1.73 1.78 0.88 1.23 

Hypersthene fs 2.13 1.61 1.45 1.42 1.29 1.42 0.83 1.29 

Hypersthene (Hy) 5.74 3.40 3.60 3.31 3.02 3.20 1.71 2.52 

Magnetite (Mt) 5.56 4.02 4.02 4.08 3.34 3.77 1.99 3.30 

Ilmenite (Il) 0.96 0.72 0.74 0.74 0.73 0.77 0.35 0.56 

Apatite (Ap) 0.36 0.21 0.23 0.22 0.30 0.35 0.13 0.29 

Total 98.01 97.70 97.03 97.84 98.03 98.22 97.95 97.84 
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Fig (14): (a) Na2O-CaO-K2O diagram for nomenclature of the OG after [42], (b) the Rb-Ba-Sr ternary discriminant 

diagram [43], (c) ternary plot of normative content (Ab-An-Or) for the studied granitoids, the classification boundaries 

after [44] and classified diagram of the granitoid rocks of Egypt after [32], trondhjemitic (TR)and calc-alkaline (CA) 

trends are from [45]. Symbol in Figs (14-19): (♦) quartz diorite, (□) tonalite and (×) granodiorite.  
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Fig (15): (a) the AFM ternary diagram for the examined granitoids, after [46]. The compressional and 

 x                      [ 7], ( ) v            S    ’      x           v                    ,       [  ]. I-

type and s-type boundary after [21]. 

Fig (16): (a) Nb verses SiO2 diagram for the investigated granitoids. Fields, after [22], and (b) Rb vs. 

(Y+Nb) discrimination diagram for the studied granitoids, after [25]. 

a b 
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Fig (17): (a) normative Ab-Qz-Or diagram for the studied granitoids. Solid lines represent 0.5 and 10 Kbar 

pH2O, after [27]. Dotted lines represent the trace of isobaric minimum of eutectic points at intermediate 

water vapor pressure, and (b) plotting of the studied granitoids on Sr (ppm) vs. Rb (ppm) binary diagram. 

The dashed lines refer to the crustal thickness, after [29].     

Fig (18): (a) CaO/Na2O vs. Al 2O3/TiO2 diagram [35] for the examined OG. Between Phanerozoic basalt [49] 

(point M "mafic") and melt formed from crustal melt is considered as the 850 o C, 10 kbar crust-derived 

(experimental) melt (Point F "Felsic") following [50]. This line was computed to represent the mixing of basaltic 

and granitic melts. (b) Rb/Ba verses Rb/Sr diagram for the examined OG. End-member compositions for mafic and 

felsic melt are the same as in Fig (18a). 
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