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HE EQAT area is located in the Southern Eastern Desert near Shalateen Town. It comprises a 
thrust-fold belt of an ophiolitic mélange and an island arc metavolcano-sedimentary assemblage 

intruded by four magmatic bodies. Field relations and textural criteria indicate that these bodies 
belong to the syn-orogenic and post-orogenic granitoids widespread in the northern ANS. The syn-
orogenic granitoids are exemplified by the Allaqi batholith to the west, which is composed of multiple 
coalesced plutons, and the Hoteib pluton to the north. Both which intrude the island arc assemblage 

and the ophiolitic mélange are of diorite/Qz diorite to tonalite composition and a gneissose fabric 
parallel to the foliation of the country rock. The post-orogenic granitoids are represented by the 
elongated Heleikonti batholith to the east and the Eqat plutons in the center of the area. These 
granitoids are composed of tonalite, granodiorite, and monzogranite, with an overall undeformed 
magmatic fabric. Textural criteria indicate that both groups are affected by local mylonitization along 
the Eqat shear zone,  i.e., this shear zone postdates the magmatic processes. The recorded shear sense 
indicators in both groups highlight the sinistral sense of shear of the Eqat shear zone, which formed at 
greenschist facies conditions. Geochemically, these rocks are I-type, calc-alkaline to slightly alkaline, 

and of volcanic arc to within plate affinity, which was emplaced along a 20-30km thick crust.    
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Introduction 

As part of the Arabian Nubian Shield (ANS), 50% 

of the Egyptian Precambrian rocks are granitic in 

composition (e.g., Moghazi et al., 2004). Their 

predominance led several authors to propose 

different classification schemes (e.g., El Shazly, 

1964; El Ramly, 1972; Akaad and Noweir, 1980; 

Hussein et al., 1982; Ries et al., 1983; El Gaby et al., 

1984; Bentor, 1985; Hassan and Hashad, 1990). 

Generally, two magmatic episodes are recorded, the 

older (750- 610 Ma) and the younger (610- 580 Ma), 

which exhibit compositional, chemical, and tectonic 

variations (e.g., Farahat et al. 2007; Moussa et al. 

2008; El-Bialy and Hassen, 2012; Azer 2013; Eliwa 

et al. 2014; Basta et al., 2017). This continuous array 

of magmatism played a significant role in the 

evolution of the Arabian Nubian Shield crust.          

The Eqat (Egat) area was long known for its gold 

potentiality, including the historic gold mines of 

Umm Egat/ El Fawi (Klemm and Klemm, 2013). It 

is located southwest of the Shalatin area, the 

Southern East rn D s rt   tw  n l t tu  s     

      -    17     N  n  lon  tu  s           -    

06'00" E. The region comprises a thrust-fold belt of 

an ophiolitic mélange, part of the Allaqi-Heianai 

shear zone's northwestern termination of the 

Hamisana shear zone (Greiling et al., 2014). The 

mélange consists of differently sized blocks of 

serpentinized ultramafic, metagabbros, amphibolites, 

sheeted dykes, and pillow basalts in a highly sheared 

pelitic to serpentineous matrix. This mélange is in 

thrust contact with an island arc metavolcano-

sedimentary sequence. This sequence comprises 

intermediate to acidic volcanic flows and 

pyroclastics with subordinate schistose 

metasediments. Both units are intruded by magmatic 

rocks and dykes (Nasr et al., 1998; Oweiss and Said, 

2000; Salem, 2007; Zohier and Emam, 2012). 

Structurally, the area has experienced two 

deformational phases resulting in the development 
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of WNW-trending, followed by NW-to-NNW-

trending, overturned folds, and their associated 

planar and linear fabrics. These compressional 

phases were followed by developing NNW-trending 

shear and mylonitic zones and conjugating NNW–

SSE and WNW–ESE sinistral and dextral strike-slip 

faults (Zohier and Emam, 2012). The current study 

focuses on studying the petrographical and 

geochemical characteristics of Eqat granitoids to 

constrain their petrogenetic and geodynamic 

evolution. 

 

Materials and techniques 

Thin and polished sections of 40 samples were made 

to study their petrographic characters. Nineteen 

representative samples covering the different 

granitic rocks and localities are carefully selected 

from the collected samples for chemical analyses. 

The analyses were conducted on fused and pressed 

powder pellets for major oxides and trace elements 

using X-ray fluorescence equipment PW 2404. 

Selected REE analyses for five samples were 

performed using a simultaneous inductive coupled 

Plasma Optical Emission Spectrometer (720 ICP-

OES, Agilent Technologies). All techniques were 

conducted in the Central Laboratories of the 

Egyptian Mineral Resources Authority (EMRA), 

Dokki. Egypt. 

 

Results and Discussion 

Geologic setting 

Four magmatic bodies are exposed in the Eqat area, 

intruding into the ophiolitic mélange and the island 

arc assemblage. The largest is the Allaqi batholith 

(Figs.1 & 2), extending to the west, southwest of the 

study area and Sudan. This low-to-medium relief and 

rounded batholith (350 km2) is traversed by the 

WNW-ESE Wadi Allaqi (Fig. 3A). It intrudes the 

island arc metavolcano-sedimentary belt with a 

gradational contact. The rocks of this batholith are of 

multiple coalesced plutons of light to dark grey, 

coarse to medium-grained gneissose felsic to 

intermediate composition, which exhibit different 

degrees of alteration and suffer ductile and brittle 

deformations. Ductile deformation is exemplified by 

its overall foliated and lineated fabric, whereas 

normal faults and conjugate joints demonstrate 

brittle deformation; near the faults, the low-angle 

foliations become steep. Differently sized elongated 

black-to-gray xenoliths of the island arc 

metavolcanics are wrapped around by the foliation 

of these magmatic rocks. The 132km2 Heleikonti 

batholith is exposed in the eastern limits of the study 

area. It occurs as an NW-SE elongated magmatic 

body composed of several interconnected plutons 

forming moderate to high relief. This complex 

intrudes the G. Heiani ophiolites to the north, Umm 

Radam metasediments to the east, and the Eqat 

ophiolitic mélange to the west and south (Figs.1 & 

3B). The plutons are mainly greyish-white, 

undeformed medium to coarse-grained felsic and 

foliated in parts, and enclose differently sized 

xenoliths of the relevant country rocks (Fig. 3C). 

Thermal metamorphism of the mélange matrix is 

locally observed in the development of large, 

elongated, and randomly-oriented tourmaline 

porphyroblasts. The Hoteib pluton is 41 km2; a 

WNW-ESE elongated pluton occupies the 

northwestern part of the study area and is dissected 

by the Wadi Hoteib, where the Hoteib Ancient gold 

mine is located. It intrudes the ophiolites and 

metavolcanics of the Eqat shear zone  (Fig. 3D). The 

rocks are highly foliated and mylonitized in parts, 

with their concordant foliation to that of the 

metavolcanics. The Eqat pluton is the smallest 

intrusion, with an area of about 11 km2 that is 

located in the central part of the study area. It forms 

an E-W slightly elongated body, "Gabal Eqat," a 

remarkable landmark with a rugged relief towering 

over the southern part of Wadi Allaqi. Granitic rocks 

are reddish, massive, undeformed, spheroidally 

weathered, exfoliated, and jointed. These granitoids 

intrude the ophiolitic mélange/metavolcanics to the 

east (Fig. 3E) and the gneissose tonalite-diorite 

westwards, showing sharp intrusive contacts. Along 

the Eqat shear zone, proper mylonitic fabric with 

quartz and feldspar porphyroclasts (Fig. 3F). All 

rocks are traversed by differently sized structurally 

controlled quartz-carbonate-epidote veins (Fig. 3G). 

They are moderately to steeply dipping NW-SE, 

NE-SW, and less commonly E-W trending. These 

veins experienced ductile deformation exemplified 

by ptygmatic, upright folding, inference pattern, and 

boudinage structure (Fig. 3H). 

 
   



 PETROGENETIC IMPLICATIONS OF GRANITOIDS FROM THE EQAT AREA 115 

 

_______________________ 
Egypt. J. Geo. Vol. 69 (2025) 

 

 

Fig. 1. A location map and a Landsat image showing the distribution of the magmatic rocks in the Eqat area, 

Southern Eastern Desert, Egypt.  

 

 

 

Fig. 2. A geologic map of the Eqat area (modified after Gabr et al., 2015 and Zohier and Emam, 2012). 
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Fig. 3. A) A general view of the composite Allaqi Batholith (AB), looking W., B) The locally foliated Heleikonti 

granitoid (HG)  intruding the schistose  ophiolitic mélange (OM), looking NW., C) An elongated mafic xenolith 

(Xen) in a gneissose tonalite, Allaqi pluton., D) Off-shoots of the gniessose tonalite of the Hoteib Pluton in the 

island arc metavolcanics, looking W., E) The thrust contact between the ophiolitic mélange (OM) and arc 

metavolcanics (AV), intruded by the Eqat pluton (EP), looking S., F) A mylonitized granodiorite (MGd) at the 

base of the Eqat pluton, with numerous quartz and feldspar porphyoclasts., G) A large folded highly sheared 

quartz vein (QV) invading the Eqat granite (EG), Wadi Eqat looking NW and H) A small boudinaged quartz 

vein in sheared granites (SG), Wadi Allaqi, looking S. 
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Petrography 
 

Petrographically, the studied rocks are felsic to 

intermediate in composition, ranging from syn-

orogenic diorite, quartz diorite and tonalite, post-

orogenic granodiorite, and monzogranite. The syn-

orogenic rocks experience a pervasive gneissose 

fabric parallel to the foliations of the island arc 

assemblage. They comprise plagioclase  (55-65%),   

Quartz (up to 30%), hornblende (4-10%), biotite 

(10-15%), and muscovite (up to 4%). The latter two 

minerals define the main foliation of the rocks; 

hornblende forms mineral lineation that is parallel to 

the main foliation (Fig. 4A). Quartz experiences 

different degrees of intracrystalline deformation 

exemplified by undulose extinction and 

deformational banding (Fig. 4B). Plagioclase ranges 

from andesine (An30-40) in the diorite/quartz diorite 

to frequently zoned oligoclase (An12-24) in the 

tonalite; crystals are often fractured and show 

selective alteration to sericite and or epidote (Fig. 

4C). Zircon, apatite, magnetite, hematite, ilmenite, 

rutile, and minute gold grains are common accessory 

minerals. They also enclose mafic schlieren that is 

parallel to the foliation (Fig. 3A). The post-orogenic 

rocks are coarse to medium-grained, hypidiomorphic 

to panidiomorphic, and lack the presence of 

pervasive foliation, and are composed of quartz (30-

35%), microcline (15-30%), and orthoclase (up to 

12%) that are usually perthitized and plagioclase 

(15-30%) in the form of albite-oligoclase (An9-15). In 

the granodiorite, plagioclase and K-feldspars are of 

the same size  (Fig. 4D). In the monzogranite, the 

larger tabular microcline often encloses smaller 

euhedral plagioclase crystals (Fig. 4E). Reddish-

brown biotite ( up to 10%), muscovite (5-8%), and 

less common green hornblende (up to 3%) show 

different modal proportions in both varieties. In 

addition to the accessory minerals recorded in the 

syn-orogenic rocks, pyrite, chalcopyrite, and 

marcasite are recorded. Both syn-orogenic and post-

orogenic rocks experience mild to intense 

hydrothermal alteration associated with gold 

mineralization. These are exemplified by argillic 

(kaolinite), phyllic (illite), and propylitic of epidote, 

chlorite, and hematite. Depending on the adjacent 

country rock, the veins traversing the plutons are 

either pure quartz or mixed with carbonate or 

epidote. For instance, near the serpentinites, quartz-

carbonate veins are predominant and associated with 

listvenite (listwanite); near the island arc, 

metavolcanics and ophiolitic spilites, quartz-epidotes 

are more common. Textural criteria indicate that the 

syn-orogenic, post-orogenic varieties and the 

associated veins are sheared and mylonitized along 

the Eqat shear zone. Towards the shear zone, these 

rocks, including the Eqat pluton, range from sheared 

rocks to proper mylonites with bimodal size 

characteristics (Fig. 4F). All the minerals are 

affected by intracrystalline deformation, followed by 

recovery and dynamic recrystallization. These 

processes are demonstrated by wavy extinction, kink 

banding (Fig. 4G), and ribbon structure in quartz, 

kinking, and mineral fish in biotite (Fig. 4H), 

hornblende, and chlorite, and deformational 

twinning and mantled and fragmented porphyoclasts 

in feldspars. The mineral fish and mantled 

porphyroclasts (Fig. 4I) indicate a sinistral sense of 

shear to the Eqat shear zone. The presence of 

subgrains and curved to irregular grain boundaries of 

the quartz and feldspar neoblasts suggests that the 

dynamic recrystallization processes are of two types: 

subgrain rotation (SR) and low-temperature bulging 

(BLG) recrystallization at conditions of around 300- 

400 °C as reported by Passchier and Trouw (2005). 

This finding suggests that the Eqat shear zone 

developed under greenschist facies conditions.  

Geochemistry 

Major oxides and trace elements of the studied rocks 

are presented (Tables 1 & 2). The chemical 

characteristics of the studied granitoids show that 

silica content shows a wide range (57.38- 78.35 

wt%), alumina has a mild wide range (10.95- 16.1 

wt%), and total alkalis range (3.4-9.4wt%). 

Depending on the indices used for granitic rocks 

classification (Frost et al., 2001), the modified 

alkali-lime ratio (MALI) from -6.4 to 7.5 indicates 

calcic to calc-alkalic granitoids. The alumina 

saturation index (ASI) ranges from 0.78 to 1.13, 

suggesting that most samples are meta-aluminous 

(ASI <1) except for six samples, which are 

peraluminous (ASI >1). 
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Fig. 4. A) A biotite (Bt) schlieren elongated in the direction of the main foliation of the rock; note the presence of small 

hornblende (Hb), gneissose diorite, PPL., B) Strained quartz (Qz) shows recrystallized grains along the 

boundaries. Note the presence of smaller biotite (Bt) flakes and microcline (Mc), CN., C) A large plagioclase 

crystal with clinozoisite crystals (Czo) in the core, gneissose tonalite, CN., D) A granodiorite showing two 

microcline (Mc) crystals with characteristic tartan twinning and a perthitized orthoclase (Per) crystal at the 

bottom of the photo, CN., E) A large tabular perthitzied microcline (Mc) crystal encloses smaller plagioclase 

(Pl) prisms and is transacted by a quartz veinlet to the left, monzogranite, CN., F) A mylonitized monzogranite 

shows mylonitic foliation with larger strained feldspar and quartz in a recrystallized matrix, CN., G) Large 

quartz grains with conjugate kink bands. Note that the crystal's lower part is a subgrain separated from the 

kinked part by a thin veneer of recrystallized quartz, CN., H) A large biotite (Bt) mineral fish encloses dark 

radioactive haloes and indicates a sinistral sense of shear by its oblique orientation and stair-stepping, PPL. 

and I) A sigma-type mantled porphyoclast of plagioclase (Pl), stair-stepping to the left, shows a sinistral sense 

of shear, CN. 
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Table 1. Major oxides (wt%) and some key ratios for the studied intrusive rocks of the study area. 

 

Table 2. Trace and selected REE (ppm) of the studied intrusive rocks of the study area. 

 

Lithology

Sample #  S8-3 S15  S16 S7-1   S12   S19-1 S19-2 S24-2  S28  S37  S46-7  S48  S33-1  S46-3  S46-5 S30 S43-2 S47-6  S49-3

V 74.9 76.6 98.9 103 49.7 206.6 49.8 83.3 43.6 70.9 33.9 52.8 25.1 12.2 21.7 122.8 9.4 120 9

Cr 84.7 57.9 54.7 58 33.9 73.4 27.2 23.4 16.2 120.2 83.8 181.4 17.6 77.4 148.8 160.4 60 157 59

Ni 27.1 20.9 19.5 20.5 11 18.7 5.8 9.7 9.2 8.5 13.1 11.8 6.2 10.5 13.4 41.7 11 42 12

Cu 8.7 16.8 48.3 18.4 <2 51.6 84.9 2.3 <2 16.6 15.5 13.4 4.6 3 3.8 62.7 <2 60 <2

Zn 42.2 43.5 50.8 54 18.8 76.3 29.1 33.9 21.5 39.1 40.9 38.8 19.3 86.7 101.4 17.9 60.4 18 62

Co 11.4 10.9 14 15.2 10.1 40.1 11.7 15.3 8.3 22 3.4 5 <2 <2 <2 16.2 <2 16 <2

Ga 19.7 14.9 19.7 15.1 19.9 23.8 19 17.3 30 28.7 13.9 34.2 14 34

Rb 20.4 15.8 24 23.3 <2 5.7 7.5 6.1 5.1 31.2 103.4 17.7 64 167.3 189.1 10 137.1 9 136

Sr 483.3 416.7 449.1 477.4 150.1 206.2 177 212.3 130.9 221.5 255.9 595.4 213.7 25.3 53.4 198 62.5 195 60

Zr 99.9 105.9 134.1 116.5 293.9 64 184.5 105.9 98.2 231 258.1 102.5 105.1 57.7 148.9 94.9 121.3 94 120

Nb 7.4 7.6 7.8 7.9 8.4 8.3 5.6 6.4 5.8 7.6 32 8.6 7.4 71.2 61.9 9.1 74.7 9 74

Ba 258.3 276.5 374.5 362.4 79.8 139 193 205.4 202.3 514.6 620.4 316 693.3 14 153.2 118.5 118.3 119 118

Ta <2 <2 <2 <2 <2 2 <2 <2 <2 <2 <2 <2 <2 2 <2 <2 <2 <2 <2

Pb 3.8 5.3 6 4.8 4.6 10.9 2.5 4 4.6 4.4 27.1 5.4 16.3 17.6 19.7 3.9 57.3 3.8 56

Th <2 <2 <2 <2 <2 <2 <2 <2 <2 5.6 15.5 14.6 5.4 20.5 24.2 <2 16.9 <2 16.9

La <2 15.9 11.1 11.3 <2 <2 3 13.8 <2 12.2 56.1 <2 18 4.9 22.1 2.4 13.1 2.4 12.6

Y <2 <2 <2 <2 6.8 11.2 <2 4.9 12.9 <2 34.2 <2 7.2 60.6 62.9 9.7 56.7 <2 <2

Yb 3 2.5 3.6 <2 <2 2.1 <2 <2 <2 <2 <2 <2 <2 3.2 3.8 5.8 <2 <2 <2

Diorite Tonalite Granodiorite  Granite

Table (2) Trace and selcted REE (ppm) of the studied intrusive rocks of the study area

Lithology

Sample #  S8-3 S15  S16 S7-1   S12   S19-1 S19-2 S24-2  S28  S37  S46-7  S48  S33-1  S46-3  S46-5 S30 S43-2 S47-6  S49-3

SiO2 63.14 63.74 63.56 64.87 69.35 57.38 67.16 67.02 72.87 61.68 71.74 68.03 74.62 78.35 75.08 63.32 76 76.49 76

TiO2 0.41 0.6 0.59 0.42 0.57 0.52 0.21 0.58 0.27 0.47 0.18 0.34 0.15 0.03 0.1 0.38 <0.01 0.35 0.2

Al2O3 15.82 15.51 15.37 15.13 12.93 14.81 14.16 12.87 12.6 16.1 14.15 15.32 13.41 11.52 12.82 11.1 12.87 10.95 11.53

Fe2O3t 4.19 5.1 4.94 4.26 4.79 9.23 4.83 5.67 3.95 3.43 2.89 3.28 1.49 1.68 2.8 5.51 0.86 2.48 3.22

MnO <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0 0.01 0 <0.01 <0.01

MgO 3.02 3.5 3.64 3.09 1.28 4.92 1.1 1.59 0.94 1.88 0.42 1.65 0.18 <0.01 <0.01 1.12 <0.01 <0.01 <0.01

CaO 3.92 4.59 4.64 4.87 4.64 6.9 3.95 5.62 2.51 4.9 1.42 3.67 1.68 0.07 0.1 11.79 0.23 1.38 1.55

Na2O 4.45 3.77 3.99 4.25 4.58 3.22 3.8 3.72 5.15 4.87 4.19 4.48 3.69 3.42 3.53 5 5 5.57 5.28

K2O 0.85 1.4 1.38 0.99 0.01 0.19 0.5 0.35 0.32 1.64 3.56 1.42 3.59 4.11 4.77 0.36 4.36 0.22 0.76

P2O5 0.08 0.12 0.1 0.07 0.12 0.02 0.06 0.1 0.03 0.12 0.08 0.12 0.11 <0.01 0.02 0.06 <0.01 <0.01 <0.01

L.O.I. 3.8 1.33 1.44 1.73 1.43 2.46 3.9 2.15 1.01 4.59 1.04 1.37 0.77 0.58 0.63 1 0.35 2.31 1.18

Total 99.68 99.66 99.65 99.68 99.7 99.67 99.67 99.68 99.65 99.68 99.67 99.68 99.69 99.76 99.85 99.65 99.67 99.75 99.72

Na2O+K2O 5.3 5.17 5.37 5.24 4.59 3.41 4.3 4.07 5.47 6.51 7.75 5.9 7.28 7.53 8.3 5.36 9.36 5.79 6.04

MALI 1.38 0.58 0.73 0.37 -0.05 -3.49 0.35 -1.55 2.96 1.61 6.33 2.23 5.60 7.46 8.20 -6.43 9.13 4.41 4.49

ASI 1.04 0.97 0.94 0.90 0.82 0.82 1.02 0.78 0.94 0.87 1.07 0.99 1.04 1.13 1.15 0.37 0.96 0.92 0.94

F*No 0.56 0.57 0.55 0.55 0.77 0.63 0.80 0.76 0.79 0.62 0.86 0.64 0.88 1.00 1.00 0.82 0.99 1.00 1.00

MALI: Na2O+K2O-CaO

ASI: Al/Ca-1.67P+Na+K

F*No : FeO*/FeO*+MgO

Tonalite GranodioriteDiorite  Granite

Table (1) Major oxides (wt%), and some key ratios for the studied intrusive rocks of the study area.
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Fig. 5. Harker variation diagrams for major oxides and selected trace elements for the Eqat granitoids 

Diorite/Qz-diorite Tonalite Granodiorite Granite. 

    

Depending on the Fe-number, the studied rocks 

belong to the magnesian to ferroan granitoids. This 

variation in indices might be attributed to the 

variation of the source or differentiation processes, 

as reported by Frost et al. (2001). SiO2-based Harker 

variation diagrams for major oxides (Fig. 5) reveal 

that TiO2, Al2O3, Fe2O3
t, MgO, and CaO are 

inversely proportional to SiO2, which reflects the 

effect of the fractionation of ferromagnesian 

minerals such as pyroxenes and amphiboles, 

plagioclase, titano-magnetite, sphene, and apatite 

during magma ascent. K2O and Na2O show a weak 

positive correlation with silica. It is well known that 

a genetically related magmatic suite should have a 

good linear correlation between alkalis and silica 

(Wilson, 1989). The weak correlation in the Eqat 

suite might be attributed to different magma sources 

(mantle and crustal), crustal contamination, or 

interaction with post-magmatic hydrothermal fluids 

(Rollinson, 1993). As for the Harker variation 

diagrams for the trace elements, it is well 

documented that the compatible elements such as 

Co, V, and Zn are inversely proportional to the SiO2, 

whereas the Ni, Cr, and Cu show more scatter 
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relation (Fig. 5). On the other hand, incompatible 

elements such as Ba, Rb, Sr, Zr, Th, and La with a 

positive correlation show much discrepancy than the 

major oxides (Fig. 5). It is well known that the 

behavior of trace elements in granitoids is more 

complex than major oxides for several reasons, 

including their incorporation in late-crystallized 

accessory minerals such as zircon, apatite, and 

sphene. In addition to crustal contamination, post-

magmatic processes, and magma mixing are 

responsible for the deviation of the linear relation 

between elements, as seen in fractional 

crystallization processes (e.g., Fourcade and Allegre, 

1981; Wilson, 1989; Spera et al., 2007). Chemically, 

the studied magmatic rocks are classified into quartz 

diorite, tonalite, granodiorite, and granite (Fig. 6A). 

Normalized spider diagrams are constructed to 

visualize and interpret the relative abundances of 

trace elements in a rock suite as a key indicator of its 

tectonic environment. The primitive mantle-

normalized (McDonough and Sun, 1995) trace 

element diagram for the studied rocks shows the 

typical subduction-related magmatism pattern (Fig. 

6B). It shows a negative spiked trend with an 

enrichment of the large ion lithophile elements 

(LILE), such as Rb, Ba, Th, and U, compared to the 

high field strength elements (HFSE), such as Zr, Hf, 

Nb, Ta and Ti. The curves show the depletion of 

some key elements that help to define the setting of 

the granitic rocks. Nb-Ta trough is a characteristic 

feature of arc-related magmatism, reflecting the 

retention of rutile in the subducted slab (Briqueu et 

al.,1984). The negative anomaly of P and Ti reflects 

the fractionation of apatite and iron oxides. 

Depletion of Y suggests the involvement of garnet 

fractionation in the source that gave rise to the 

granitic rocks. This depletion is common in arc-

related I- and S-type granites (Chappell and White, 

1974). The residual garnet is stable at a depth of 80 

km, which means that the source of the studied 

granitic rocks is garnet lherzolite. The positive Pb 

anomaly suggests the influence of melt 

contamination by a crustal material. According to 

the Q-P diagram of Debon and Le Fort (1983), all 

the data follow the calc-alkaline trend of mantle-

derived cefamic and mixed alumino-cefamic 

magmatic association with a characteristic pyroxene-

amphibole-biotite mafic mineral assemblage (Fig. 

6A). Based on the alumina saturation index of the A-

B diagram (Villaseca et al., 1998), the studied rocks 

are mainly metaluminous, with few low to highly 

felsic peraluminous (Fig. 6C). Pearce et al. (1984) 

utilized less mobile trace elements to differentiate 

the tectonic setting of granitoids. In the Rb versus 

Nb+Y binary diagram, most samples are situated 

within the volcanic arc granite field, apart from four 

samples that fall inside the plate granitoid field (Fig. 

6D). Using the R1-R2 diagram (Batchelor and 

Bowden,1985), the samples plot along the pre-plate 

collision, syn-orogenic to post-orogenic, a typical 

orogenic cycle that ends with alkaline granites (Fig. 

6E). This systematic change reflects that the Eqat 

granitoid rocks formed first by pyroxene-plagioclase 

fractional crystallization of tholeiitic basaltic magma 

that gave rise to the intermediate rocks followed by 

episodic mixing with magma of crustal source that 

led to the formation of the more felsic and alkalic 

granites. To estimate the crustal thickness at the time 

of the granitic rocks' emplacement, we use the Rb-Sr 

diagram after Condie (1973). The studied rocks plot 

in the field of 20-30 km and, less commonly, 15-20 

km, reflecting the crust thickening process during 

the emplacement of the different granitic rocks 

(Fig.6F). The 20-30 km thickness is typical for calc-

alkaline series in an island arc setting, such as in the 

present Viti Levu arc in the Fiji island arc complex 

(e.g., Chen et al., 2019; Gill et al., 2022). Th s 

 nt rm    t  crust l th ckn ss corr spon s to  n 

 nt rm    t  su  uct on   pth of 1  -   km 

(Con     t  l., 197 ). G n r lly, th  P n-Ar c n 

 r n t c m  m t sm  n th  E st rn D s rt  n  S n   

  lon s to two ph s s: th  750–610 Ma  sl n   rc 

ol  r syn-to-l t -oro  n c  r n t s  n  th  61 -    

M  youn  r post-oro  n c to  noro  n c  r n t s 

(El-B  ly,     ,  n  r f r nc s th r  n). F  l , 

p tro r ph c,  n    och m c l cr t r    n  c t  th t 

th  syn-oro  n c,   form     or t -ton l t  of th  

Hot    pluton  n  th  All q    thol th   lon  to th  

ol  r  sl n   rc ph s . Th s  rocks m y or   n t  

from   m ntl  m f c sourc  su j ct   to fr ct on l 

cryst ll z t on follow    y  ss m l t on w th crust l 

m t r  l ( . ., El w   t  l.,   1 ) or from   h  h 

   r   of fr ct on l cryst ll z t on of crust l m f c 

m lts   n r t   from   low r crust  mph  ol t  

sourc  ( . ., F r h t  t  l.,    7). Our   t  from th  

    r m of B tch lor  n  Bow  n (198 )  n  c t  

th t m x n    tw  n m ntl  sourc   n  crust l 

 ss m l t on  s cons st nt w th th  f rst op n on. On 

th  oth r h n , th  youn  r  r n t  ph s   s 

cl ss f    ch m c lly  nto   61 - 8 M  un  form   

c lc- lk l n , m t - lum nous to sl  htly 

p r lum nous I-typ  ph s   n     8 -   M  

 lk l n -p r lk l n , p r lum nous A-typ  ph s  

(Fowl r  n  H m m      ).  
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Fig. 6. A) P-Q Debon and Le Fort (1983), the grey line represents the calc-alkaline trend of the cefamic and alumino-

cefamic association to: tonalite, dq: quartz diorite, go: gabbro, mzgo: monzogabbro, mzdq: quartz 

monzodiorite, gd: granodiorite, mz: monzonite, mzq: quartz monzonite, ad: adamellite, s: syenite, sq: quartz 

syenite , gr: granite . B) A primitive mantle-normalized spider diagram for trace elements normalizing values 

adopted from (McDonough and Sun, 1995). C) B-A Plot (modified by Villaseca et al., 1998), (lp) low 

peraluminous granitoids, (mp) moderately peraluminous granitoids, (hp) highly peraluminous granitoids, 

(fp) highly felsic peraluminous granites D) Rb vs (Y+Nb) discrimination diagram for the studied granites 

(after Pearce et al., 1984), that shows the fields of Syn-COLG: syn-collisional granites,  WPG: within-plate 

granites, VAG: volcanic-arc granites and  ORG: ocean-ridge granites. E) R1-R2 binary diagram for granitic 

rocks (Batechlor and Bowden, 1985). F) Rb-Sr diagram that shows crustal thickness for the studied granitic 

intrusions as inferred from the crustal thickness index (Condie, 1973).  
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Th  H l  kont    thol th  n  th  Eq t pluton   lon  

to th  610–580 Ma I-typ  younger post-collisional 

phase. Th  l ck of A-typ   r n t   n th  Eq t  r   

m y     ttr  ut   to on  or s v r l r  sons (Frost  t 

 l.,    1). Th  sourc  of th s  rocks shoul      ry 

 n  h v    high temperature (Wh l n  t  l., 1987; 

K n   t  l., 1997), wh ch  s unl k ly to    th  

s tu t on of th  Eq t  r  ,  s such su  uct on 

 nv ronm nt  s of low r t mp r tur   n   nr ch    n 

flu   cont nts, promot n  I-  n  S-typ   r n t s 

 mpl c m nt.  

Conclusions 

Field and petrographic studies of the Eqat intrusive 

rocks assigned two types of granitoids: syn-orogenic 

gneissose greyish white rocks of dioritic to tonalitic 

composition that are composed mainly of 

plagioclase+ hornblende+ biotite+ muscovite± 

quartz with a pervasive foliated fabric. A post-

orogenic greyish white tonalitic granodioritic to 

reddish monzogranitic elongated bodies with a 

composition of quartz + K-feldspar+ plagioclase+ 

biotite+ muscovite ±hornblnde. Near the Eqat shear 

zone, both groups are locally mylonitized, with 
several shear sense indicators from outcrop and 

microscopical scales, demonstrating the sinistral 

strike-slip shear for the Eqat shear zone. 

Geochemical signatures indicate these rocks are 

calc-alkaline, meta-aluminous to slightly 

peraluminous, and ferroan to magnesian granitoids. 

This pre-plate collision, syn-orogenic to post-

orogenic evolution, is a typical orogenic cycle that 

ends with alkaline granites. They were emplaced on 

an island arc setting with a thickness (20-30 km), 

similar to the present Viti Levu island arc.  
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 مصر ،جنىب الصحراء الشرقية ،بجبل إيقات صل الصخىر الجرانيتيةأ

 

نهلة أحمذ شلالي
1

المزين محمىد السيذ، و
2

،
 

عبذالحميذ الشرقاوي محمدو
1

السباعي  محمد، و
2

شرف العزبأو، 
3 

 
 

1 
 يصش ،انجٍضة ،هشةجبيؼت انقب ،كهٍت انؼهىو ،قغى انجٍىنىجٍب

2 
 يصش ،انقبهشة ،نهثشوة انًؼذٍَت انؼبيت انهٍئت انًصشٌت

3 
 يصش ،انقبهشة ،انقطبيٍت ،هٍئت انًىاد انُىوٌت

ٌ يُطقت إٌقبث يٍ حضاو دفغ وطً ٌخأنف يٍ يضٌج أوفٍىنٍخً وحجًٍغ بشكبًَ يخحىل نقىط ج  خح ضس، وقذ حخهم هزِ كىَّ

ٌخكىَبٌ يٍ ػذة بهىحىَبث يذيجت راث  انهزاٌانًُطقت أسبغ كخم َبسٌت. وحشًم هزِ انكخم ببثىنٍثً انؼلاقً وهٍهٍكىَخً، 

قبث، فٍقؼبٌ فً شًبل انًُطقت ووعطهب، وٌخكىَّبٌ بشكم سئٍغً يٍ ٌٍب وإىححشكٍب يخىعط إنى فهغً. أيب بهىحىَب ح

حُخًً إنى انجشاٍَخىٌذاث  ٍبىححصخىس فهغٍت. حشٍش انؼلاقبث انحقهٍت وانًؼبٌٍش انُغٍجٍت إنى أٌ صخىس انؼلاقً و

ق ً يىاصٍ نغنطىس الأوسوجًٍُ، وانخً حخًٍض بُغٍج ٍَانًخضايُت يغ ا ضس/انًضٌج ط انج  اقىأحجًٍغ صخىس خىسُّ

قبث إنى انجشاٍَخىٌذاث انخً حهج انطىس الأوسوجًٍُ، وح ظهش َغٍجبً َبسٌبً ٌالأوفٍىنٍخً. بًٍُب حُخًً صخىس هٍهٍكىَخً وإ

ًىَضوجشاٍَج، بُغب انشاَذوٌشٌج، وانجخىَبنٍج، انذٌىسٌج، انصخىسيٍ غٍش يشىِّ. يٍ انُبحٍت انبخشوجشافٍت، حخكىٌ 

انهىسَبهُذ. وحشٍش انًؼبٌٍش انُغٍجٍت إنى أٌ كلا و انًٍكبو فهغببساث انبىحبعٍىوو انبلاجٍىكهٍضو يخفبوحت يٍ انكىاسحض

قت انقصٍت َشأث بؼذ قبث، أي أٌ هزِ انًُطٌانًجًىػخٍٍ حأثشحب ببنخفكك انًحهً )انًبٌهىٍَخت( ػهى طىل يُطقت انقص فً إ

  ،قهىٌت إنى قهىٌت-ظكبن ،I حُخًً إنى انُىع هزِ انصخىسأٌ  تجٍىكًٍٍبئٍوأثبخج انذساعت ان انؼًهٍبث انُبسٌت.

 32و 22قذ حى حىطٍُهب ضًٍ قششة أسضٍت ٌخشاوح عًكهب بٍٍ انخً جشاٍَخىٌذاث قىط بشكبًَ إنى داخم انهىح و

 .كٍهىيخشاً 


