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ABSTRACT 

Zircon as an indicator to the genesis and evolution of 
some gneisses from Egypt 

 

This thesis encompasses the study of zircon crystals from 
gneisses and some associated rocks in three main exposures from 
Egypt. They are Migif - Hafafit (South west Marsa Alam-Central 
Eastern Desert), Meatiq (West Quseir-central Eastern Desert) and 
Feiran (Central south Sinai). Zircon is studied in thin section using 
the polarized microscope to examine its relationship with the 
associated minerals. It is separated using the different covenantal 
techniques such as heavy liquid and magnetic separation. The 
morphological properties of the zircon have been studied under a 
stereo microscope and polarized microscope and the various 
species of zircon are plotted on Pupin 1980 varietal diagram. 
Internal structures of zircon are studied using a scanning electron 
microscope imaging with energy dispersive X-ray (EDX) 
spectroscopy analysis. The main objective of this investigation is to 
try to resolve the controversy of the variable estimated ages of these 
gneisses.  

 

Firstly: Gneissic rocks from Migif-Hafafit area 

The metamorphic succession from Migif-Hafafit area can 
be distinguished into (starting from top to bottom): psammitic 
gneiss, hornblende biotite gneiss, mylonitic gneiss and mylonites. 
Migif gneisses are tentatively correlated but later modification and 
secondary imprints lead to prominent differences among them. The 
zircon population from the psammitic gneiss which is characterized 
by the presence of both rounded and euhedral morphologies. The 
lower parts show higher percentage of subhedral and anhedral 
broken zircon grains. The investigated samples of psammitic gneiss 
show downward decrease in grain size of zircon crystals. It is 
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suggested that the lower parts exposed to higher levels of strain. 
Agglomerating morphology enhance this explanation. The 
psammitic gneiss represents metamorphosed loose sediment 
inherited from locally weathered igneous rock on hill slopes that 
experienced little transport. Its lower parts with hornblende biotite 
gneiss were washed into the basin during the energetic environment 
of deposition. After that they exposed to higher levels of strain, 
such as those formed in mylonitic shear zones. The separated 
zircons from hornblende biotite gneiss are mainly fracture-
truncated fragments or rounded grains with abraded surface. At 
least a part of hornblende biotite gneiss developed at the expense of 
sediments more intensely reworked by sedimentary processes. 
However, there is evidence that some disintegration features 
developed during the tectonic deformation and contemporaneous 
metamorphic recrystallization of the rocks. Absence of 
compositional zoning and internal textures supports the 
sedimentary origin of the rock. Metamorphism results in the 
formation of homogenous rims on preexisting zircon. The zircon 
population shows typological characteristics nearly similar to 
population of tholeiitic series granite. Zircon grains from the 
mylonitic gneiss are dominantly euhedral in shape. The rock 
expresses a large number of twinned zircon crystals. As 
experienced from literature the high proportion of zircon xenocrysts 
in the melt could induce early zircon crystallization leading to the 
formation of parallel growth. All zircon characteristics from 
mylonitic gneiss indicate magmatic phase protolith and reflect slow 
normal crystal growth from the melt during the cooling of the 
pluton. Zircon population contains high proportion of zircon 
xenocrysts but after excluding xenocrysts, the population is typical 
of zircon from alkaline granitoids. 
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Secondly: Gneissic rocks and some associated rocks from 
Meatiq area 

Meatiq dome is composed of gneissose granite core (Umm 
Ba'anib gneissose granite) surrounded by a suite of 
metasedimentary (Pelitic schist, quartzofeldspathic schist, 
muscovite schist and garnet muscovite schist) and metavolcanic 
rocks and is intruded by many types of granitic stocks (Abu 
Fannani tonalite and Arieki granite). Zircon typology from the 
Umm Ba'anib gneissose granite and the pelitic schist indicate a 
genetic kinship for these two units, while zircons in the older 
granite are distinct, suggesting that the origin of this unit is 
different. The collected samples from Umm Ba'anib pluton show 
prominent variations in mineralogy, petrography and zircon 
characteristics. The Umm Ba'anib pluton exposed to high degree of 
deformation appears prominent in zircon features near to shear zone 
at pluton eastern edge. Abundance of different growth phenomena 
gives evidence of discontinuities in the growth history of grains. 
Opaque and milky grains (metamictic zircon) have been observed 
in the hand backed separated zircon. Internal structures of some 
zircons are weaker due to a higher degree of metamictization. 
Zircon population shows bimodality which may be attributed to 
presence of amphibolite xenoliths; we suggest these xenoliths 
formed along the pluton border at the end of crystallization process. 
The resultant morphology and internal structures of zircon not only 
take place under magmatic conditions, but also controlled by post 
magmatic and metamorphic conditions. Many factors responsible 
for age disturbances including: metamictization, inherited older 
magmatic zircon, zircon xenocrysts, post-magmatic 
recrystallization, action of external forces during or after 
metamorphism and abundance of inclusions. Zircon from pelitic 
schist is mainly euhedral and short prismatic thus resistant to 
destruction. Many morphological features and surface textures are 
developed along the grain surface. The zircons examined are 
interpreted to originate from local sources, presumably washed into 
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the basins in the energetic environment during or after deposition of 
thick sediments. It is concluded that the major part of zircon 
coming from an igneous source by in situ extraction from close 
basement; probably from Umm Ba'anib gneissose granite. Zircon 
typology indicates the alkaline nature of the rock with similar 
characteristics of Tholeiitic series granitoids of mainly mantle 
origin. Most grains exhibit no zoning with dark BSE patchy 
alteration zones appear in most zircon grains with CL-bright 
overgrowths. Zircon grains of Abu Fannani tonalite are mostly 
euhedral with multi-facet character with completely absence of 
rounded zircons. Zircon population is similar to intrusive aluminous 
monzogranites and granodiorites of essential crustal origin. Some 
grains show large CL-dark, inherited core overgrown by oscillatory 
zones.  Small part inherited from the crustal component during 
mixing with magma as experienced from the presence of 
xenocrystic cores. The Abu Fannani tonalite zircon differs from 
zircons of the other rock units of the area in many respects thus far 
does not appear to have the same origin and probably formed in 
different period. 

 

Thirdly: Gneissic rocks from W. Feiran area 

From zircon study it appears that almost all types of 
gneissic rocks from W. Feiran could have developed from the same 
source rocks. The abundance of the inherited components (inherited 
cores and xenocrystic grains) among the zircons from Feiran 
gneisses and migmatites indicate an important role of crustal 
contamination of pre-Pan African rocks in the formation of these 
rocks. It also solves the problem of the variable estimated ages of 
the gneissic rocks of the Feiran area.  Zircons occur in biotite gneiss 
mainly as either inherited from the tonalite protolith or formed due 
to metamorphism. The presence of zircons with inherited cores 
supports this idea. The zircon population is characterized by very 
long prismatic crystals indicating its formation from a highly 
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saturated melt under low velocity of crystallization. Also, the zircon 
exposed to anatectic melting-precipitation appears clear in the 
subhedral to subrounded shape of the grains. Zoning patterns, 
absence of cracks and inclusions of apatite and quartz suggest that 
this zircon come from an igneous source. Zircon population is 
similar to the zircon population of subalkaline granite of hybrid 
origin (crustal + mantle). Zircon from migmatites exhibit signs of 
resorption can be due to the onset of anatexis. The presence of very 
long prismatic crystals with abundance of growth phenomena as 
parallel to sub-parallel twinning, overgrowth and outgrowth 
indicates that the crystal growth was performed slowly in 
supersaturated liquid along discontinuous intervals. Many crystals 
are characterized by three successive shells: an inherited core, inner 
resorption rim, and a thin overgrowth rim. This population is nearly 
typical of zircon from calc-alkaline granitoids of hybrid (crustal + 
mantle) origin. The poorly-facetted external form (rounded crystal 
edges) of the zircon from hornblende biotite gneiss reflects partial 
resorption. A special feature of the hornblende biotite gneiss is 
intergrowths of twins and compound twins parallel or subparallel to 
the c-axis. Many features indicate xenocrystic origin of the 
expected including: zircon subtypes separate from the zircon 
population, the development of fractures around possible 
xenocrystic cores and the abundance of simple and compound 
twins. Typological investigations indicate that these morphological 
types are more typical of zircon from calc-alkaline granitoids of 
hybrid (crustal + mantle) origin.  

 

 

 

 

 

 



  
X 

 

CONTENTS 

Topics                                                                     Page                                                                        
Acknowledgments …………………….……………………...….X 

Abstract….……………………………………………………….X 

Contents…………………………….……………………………..X 

List of Figures…………………………………………………..XIV 

List of Tables…………………………………………………XXIV 

 

Chapter One: Introduction.……………………....................1 

1.1. Importance and scope of zircon studies….………..........1 

1.1.1. Zircon as a petrogenetic indicator ….………………...….2 

1.1.1.1. Zircon morphology……………………………...…..3 

1.1.1.2. Internal structures…………………………..………..6   

1.1.2. Zircon as a recorder of metamorphism………….…....9 

1.1.3. Zircon as a geochronological tool………….………..10 

1.2. Areas and rocks under investigation.………………….12 

1.2.1. The Arabian–Nubian shield (ANS) term………..………12 

1.2.2. The Pan–African term…….…………………………….13 

    1.2.3. Distribution of gneissose rocks in Eastern Desert and Sinai 
…………………………………………………………………….13 

1.2.4. Controversy of ages of gneisses in Egypt……..………...14 

1.3. Previous work……………………………………….…….27 

1.3.1. Previous work on Migif–Hafafit gneisses.…………….. 27 

1.3.2. Previous work on Meatiq gneisses….…………………..29 

1.3.3. Previous work on Feiran gneisses…….………………...32 



  
XI 

 

1.4. Aim of the work………….…………………………..........38 

1.5. Plane of research…………….……………………………38  

 

Chapter Two: Geological setting……………….................40 

2.1. Migif-Hafafit dome………………….……………………40 

2.1.1. Hafafit dome (Dome A)……………………………....41 

2.1.1.1. Tonalitic gneisses and migmatites.………………...46   

2.1.1.2. Psammitic gneiss……………………………….…..46 

2.1.1.3. Gneisses and schists….………………………….....52  

2.1.1.4. Metagabbro and amphibolites.……………………..52 

2.1.1.5. Ultramafic rocks…………………………….……...53 

2.2. Meatiq dome…………………………………………..…...53  

2.2.1. High-grade metamorphic core………………………57 

2.2.1.1. Umm Ba'anib gneissose granite………….………...57 

2.2.2. Low grade metamorphic cover nappes……………...57  
2.2.2.1. Cataclasite separator………………………………..57 

2.2.2.2. Metasedimentary upper unit……………..…………58  

2.2.2.3. Mafic and ultramafic metamorphic rocks……….....66 

2.2.3. Younger and older granitoids………………………...67 

2.2.3.1. Older granitoids…………………………………….67  

2.2.3.2. Younger granitoids………………………………....67  

2.3. Feiran belt………………………………………………….68 

2.3.1. Amphibolites and metagabbro…………………………..72 

2.3.2. Migmatitic gneiss and migmatites……………………....72 

2.3.3. Hornblende biotite gneiss…………………………….…77 



  
XII 

 

Chapter Three: Petrography and Modal Analysis..….78 

3.1. Migif – Hafafit area……………………………………...78 

3.1.1. Psammitic gneiss………………………………………..79 

3.1.2. Schist enclaves…………………………………………..81  

3.1.3. Hornblende biotite and biotite hornblende gneiss………81 

3.1.4. Mylonitic gneiss………………………………………...91 

3.1.5. Mylonites………………………………………………..92  

3.1.6. Pegmatite veins……………………………………….....94 

3.2. Meatiq area………………………………………………...94 

3.2.1. Umm Ba'anib gneissose granite………………………....94 

3.2.2. Mica schist and Garnet mica schist……………………..96  

3.2.3. Pelitic schist……………………………………………107 

3.2.4. Quartzofeldspathic schist……………………………....109 

3.2.5. Metavolcanics……………………………………….…109  

3.2.6. Metagabbro……………………………………….……110 

3.2.7. Abu Fannani older granite……………………………..111  

3.3. W. Feiran area……………………………………..…….113 

3.3.1. Biotite gneiss……………………………………….….113 

3.3.2. Migmatites......................................................................114 

3.3.3. Hornblende biotite gneiss……..……………...………..122 

 

Chapter Four: Zircon Morphology and Internal 
Structure…………….………….…………………………..…124 

4.1. Zircon from Migif-Hafafit gneisses………………...…125 

4.1.1. Psammitic gneiss……………………………………....125 

4.1.2. Hornblende biotite gneiss zircon……………….……...140  



  
XIII 

 

4.1.3. Mylonitic gneiss……………………………………….141  

4.2. Zircon from Meatiq area…………………………….…143 

4.2.1. Umm Ba'anib gneissose granite…………………..……143  

4.2.2. Pelitic schist……………………………………………146 

4.2.3 Quartzofeldspathic schist………..……………………...166 

4.2.4. Older granitoids…………………….……………….....166  

4.3. Zircon from Feiran area………………………………..167 

4.3.1. Biotite gneiss…………………………………………..167  

4.3.2. Migmatite mafic band……………………………….....169  

4.3.3. Hornblende biotite gneiss……………………………...185 

 

Chapter Fife: Summary and Conclusion……..……….188 

5.1. Migif-Hafafit area…………………………………….…188 

5.1.1. Psammitic gneiss……………………………………...188 
5.1.2. Hornblende biotite gneiss..............................................190 
5.1.3. Mylonitic gneiss….…………………………………...192 
5.1.4. Mylonites...……………………………………………192 

5.2.  Meatiq area……………………………………………….194  
5.2.1. Umm Ba'anib gneissose granite………...……………..194 
5.2.2. Garnet mica schist………………….………………....197 
5.2.3. Pelitic schist…………………………………...………197 
5.2.4. Abu Fannani older granite………………………….....198 

5.3.  W. Feiran area…………………………………………...200 
5.3.1. Biotite gneiss…………..……………………………...200 
5.3.2. Migmatites………………………………..……….…..202  
5.3.3. Hornblende biotite gneiss………………………..…....203 

 

References………………………………………...…………...205 



  
XIV 

 

  الملخص العربى                                                                                ١      

  المستخلص العربى                                                                             ٥      

 

LIST OF FIGURES 

 Figure                                                                    Page  

Chapter One: Introduction          

(Fig.1-1): Distribution of gneiss and migmatites in the Eastern Desert and 

Sinai, from Hassan and Hashad 1990 …………………………...……..14 

 

Chapter Two: Geological Setting 

(Fig. 2-1): Panoramic View of the Western limb of Gebel Migif looking 

Southwest……………………….……………………………..………. 42 

(Fig. 2-2): Geological map of Migif-Hafafit dome (modified from El 

Ramly et al., 1993)……..…….………...………………..…………….. 43 

(Fig. 2-3) Geological map of Hafafit dome (modified after El Ramly et 

al., 1993)…………………..…….………………………….…………. 44 

(Fig. 2-4) Landsat image of Hafafit dome with marks for the sites of 

some collected samples from the area………………….…………….... 45 

(Fig.2-5): The basal section of Khur Migif showing amphibolite 

underlying the tonalitic gneiss rocks…………………………………... 48 

(Fig.2-6): Top of the metamorphic section in Khur Migif area showing 

different layers of psammitic gneiss and biotite schist……....….…..… 48 

(Fig.2-7): Vertical joint plane in the gneiss rocks of Khur Migif…..…. 49 

(Fig.2-8): Aplite and two pegmatite veins cut through the psammitic 

gneiss in Khur Migif, Gabal Migif area ………………...…………….. 49 



  
XV 

 

(Fig.2-9): Close view of a sample from pegmatitic dyke bearing 

amazonite, Migif area……………………………………………...….. 50 

(Fig.2-10): Augen structure of schist with aplite boudinage in the 

psammitic gneiss rocks of Khur Migif ……………………...….……... 50 

(Fig. 2-11): Upper slopes of Gabal Migif showing a thick succession of 

biotite schist ………………………………………………………...… 51 

(Fig.2.12): Fragments of biotite schist from Gabal Migif area ….……. 51 

(Fig.2-13): Geological map of Meatiq dome after Loizenbauer et al., 

(2001), Abu Anbar and El Bahariya (2001) ……………………..……. 55 

(Fig. 2-14): Landsat image of Meatiq dome (light- colored) surrounded 

by mafic and ultramafic rocks (dark-colored) area with marks for the 

sites of some collected samples from the area ……..…………………. 56 

(Fig.2-15): Structural contact between sedimentary and basement rocks, 

Meatiq area …………………………………………………….......….. 59 

(Fig.2-16): Well-developed garnet crystals in Abu Fananni schists, 

Meatiq area ……………………………………………………………. 59 

(Fig.2-17): Metasediments of Wadi Meatiq, Meatiq area …….…...….. 60 

(Fig.2-18): Minor fold in schist flattened by ductile shearing at Wadi 

Meatiq, Meatiq area ……………………………………….…..……… 60 

(Fig. 2-19): Jointed granite dyke cutting the foliation of the folded schist, 

Meatiq area ………………………………………………...…………. 61 

(Fig.2-20): Well-developed schistose structure in Abu Fananni schist, 

Meatiq area ………….…………………………………..…………….. 61 

(Fig.2-21): Alternative layers of quartzofeldspathic and pelitic schists at 

W. Abu Fananni, Meatiq area ……………………………………….... 62 

(Fig.2-22): Close view-showing quartzofeldspathic schist with few 

millimeters thick lamella, Meatiq area …………….....…………..…… 62 



  
XVI 

 

(Fig.2-23): Parallel to sub-parallel quartz veins cut through 

metavolcanics, Meatiq area …………………………………………… 63 

(Fig. 2-24): Little stock of quartz cuts through metavolcanics, Meatiq 

area ……………………………………………………………………. 63 

(Fig. 2-25): Structural contact between Umm Ba'anib orthogneiss and 

serpentinites, Meatiq area …………….………………………...…….. 64 

(Fig.2-26): Mafic metavolcanic rocks at W. El Sodmen, Meatiq area 

…………………………………………………………………....……. 64 

(Fig.2-27): Three sets of joints in the older granites at Wadi Abu 

Fananni, Meatiq area ………………………………………………….. 65 

(Fig. 2-28): Granite quarry in jointed older granites at Wadi Abu 

Fananni, Meatiq area ………………………………………………….. 65 

(Fig.2.-29): Geological map of Wadi Feiran area, modified after Ahmed 

(1981), Essawy and Ahmed (1992) ………………………..………….. 70 

(Fig. 2-30): Landsat image of Feiran area with marks for the sites of 

some collected samples from the area ………………………………… 71 

(Fig. 2-31): Swarms of dykes cutting through the migmatites and 

gneisses of Wadi Feiran …..…………………………………………... 73 

(Fig. 2-32): Acidic dyke nearly parallel to the foliation of the gneiss, 

Feiran area ……………………………………………………….……. 73 

(Fig. 2-33): Faulted basic dyke cuts through gneisses, Feiran area ...… 74 

(Fig. 2-34): Migmatites at the base of the belt, Feiran area ……...…… 74 

(Fig. 2-35): Folded migmatites of Feiran area ………………...……… 75 

(Fig.2-36): Crenulation foliation in migmatites, Feiran area ....…...….. 75 

 

Chapter Three: Petrography and Modal Analyses 



  
XVII 

 

(Fig. 3-1): General view of psammitic gneiss (Sample Mg 50) with 

quartz, microcline and plagioclase are the main constituents; biotite is in 

extension ................................................................................................ 83 

(Fig. 3-2): General view of psammitic gneiss (Sample Mg 54) with 

veinlite of opaque iron solution fills cracks ……………………...…… 84  

(Fig. 3-3): Photomicrograph of psammitic gneiss samples from Khur 

Migif …………………………………………………………………... 85 

(Fig. 3-4): Photomicrograph shows high abundance of zircon crystals 

with both bipyramidal prismatic and granular habit and high relief, 

psammitic gneiss ……………………………………………………… 86 

(Fig. 3-5): Photomicrographs show psammitic gneiss zircons in 

transmitted light microscope formed along grain boundaries (b) and 

within grains (a) ………………………………………………….….... 86 

(Fig. 3-6): Photomicrograph of biotite hornblende gneiss (Sample Mg 57) 

shows the main mineral components ………………………...……..… 87 

(Fig. 3-7): Photomicrograph of hornblende biotite gneiss from Khur 

Migif ………………………………………………………..……….....87 

(Fig. 3-8): Photomicrographs of zircon grains of hornblende biotite and 

biotite hornblende gneiss in transmitted light, G. Migif .…………..…. 88 

(Fig. 3-9): Photomicrograph of mylonitic gneiss at Khur Migif .......…. 88 

(Fig. 3-10): Photomicrographs of zircon grains of mylonitic gneiss in 

transmitted light, G. Migif ……………………………………….…… 89 

(Fig. 3-11): Photomicrographs of mylonites with quartz megacrysts and 

recrystallized quartz ribbons ……………………………….……...….. 89 

(Fig. 3-12): Photomicrographs of mylonites at Khur Migif ……….….. 90 

(Fig. 3-13): Modal classification diagram (Streckeisen 1967) of Migif 

rocks …………………………………………………………………... 90 



  
XVIII 

 

(Fig. 3-14): Photomicrograph of Umm Ba'anib gneissose granite shows 

arfvedsonite with two sets of cleavage ……………………….…......... 97 

(Fig. 3-15): Photomicrograph of Umm Ba'anib gneissose granite …… 98 

(Fig. 3-16): Photomicrographs of zircon grains of Umm Ba'anib 

gneissose granite in transmitted light; Meatiq area ………………….... 99 

(Fig. 3-17): Photomicrograph of garnet mica schist of the Meatiq area 

with large garnet porphyroblast with helicitic inclusion trails of quartz 

…………………………………………………………………………..99 

(Fig. 3-18): Photomicrograph of micaceous quartzite of the Meatiq area 

…………………………………………………………………..……. 100 

(Fig. 3-19): Photomicrograph of pelitic schist with elongate muscovite 

intergrown between quartz and plagioclase ……………………...….. 101 

(Fig. 3-20): Photomicrographs of pelitic schist ………………...….…101 

(Fig. 3-21): Photomicrograph shows preferred oriented zircons in quartz 

grains of pelitic schist ………………………………………….……. 102 

(Fig. 3-22): Photomicrograph shows extreme high abundance of zircon 

and apatite crystals of pelitic schist ………………………..………….102 

(Fig. 3-23): Photomicrographs of quartzofeldspathic schist from W. Abu 

Fannani show alternative quartz-ric lamella with opaque-rich lamella 

simlar to banded iron formation …………………….…………....….. 103 

(Fig. 3-24): Quartz vein cut in metavolcanics (XPL) ………………...103 

(Fig. 3-25): Photomicroraph of metagabbro show actinolite-tremolite 

fibers and intergranular matrix of quartz and feldspar …………....…. 104 

(Fig. 3-26): Photomicrographs of Abu Fannani tonalite ……....…….. 105 

(Fig. 3-27): Photomicrograph shows the close association of Abu 

Fannani tonalite zircon and mafic minerals ……………………...….. 106 



  
XIX 

 

(Fig. 3-28): Photomicrograph shows the bipyramidal prismatic habit of 

zircon with chlorite of Abu Fannani chlorite ………………...…….... 106 

(Fig. 3-29): Modal classification diagram (Streckeisen 1967) of Meatiq 

rocks …………………………………………………….…...………. 107 

(Fig. 3-30): Photomicrographs shows the main component of biotite 

gneiss and the sericitization of feldspar crystals …………………..… 117 

(Fig. 3-36): Photomicrograph of biotite gneiss shows biotite altered into 

opaque material along cleavage planes ……………………………… 118 

(Fig. 3-31): Photomicrographs of biotite gneiss …………………..… 118 

(Fig. 3-32): Photomicrograph shows zircon of biotite gneiss in 

transmitted light ……………………………………………………... 119 

(Fig. 3-33): Photomicrograph shows the main component of migmatite 

mafic bands …………………………………………………..……… 119 

(Fig. 3-34): Photomicrographs show the main component of migmatite 

felsic bands ……………………………………….………….…...….. 120 

(Fig. 3-35): Photomicrograph shows large simple twinned hornblende 

grain in hornblende biotite gneiss ……………….………………...… 120 

(Fig. 3-36): Photomicrographs of zircon from hornblende biotite gneiss  

……………………………………………………………………...… 121 

(Fig. 3-37): Modal classification diagram (Streckeisen 1967) of W. 

Feiran gneisses ………………………………………………………. 121 

 

Chapter Four: Zircon Morphology and Internal Structure 

(Fig.4-1): SEM image shows zircon crystals separated from psammitic 

gneiss (sample Mg50), G. Migif ……….…..……………………...… 130 

(Fig. 4-2): SEM image shows zircon crystals separated from psammitic 

gneiss (sample Mg54), G. Migif …...…………………..……………. 132 



  
XX 

 

(Fig. 4-3): BSE (a) and CL (b) images of longitudinal section of 

psammitic gneiss zircon grain showing cracks network of longitudinal 

and traverse cracks and weak CL homogeneous unzoned crystal ....... 133  

(Fig. 4-4): BSE images of longitudinal section of psammitic gneiss zircon 

grain with EDX spectrum of point + show peaks of Si, Al, O and Na 

(sodic plagioclase) ………………………………………………….... 134 

(Fig. 4-5): SEM image shows zircon crystals separated from hornblende 

biotite gneiss (sample Mg57), G. Migif ……………………............... 135 

(Fig. 4-6): BSE (a) and CL (b) images of longitudinal section of 

hornblende biotite gneiss zircon show bright and weakly zoned grain 

with overgrowth rim ……………………………………………….… 136 

(Fig. 4-7): BSE (a) and CL (b) images of longitudinal section of 

hornblende biotite gneiss zircon show cracked homogeneous and 

unzoned grain ……………………………………………………...… 136 

(Fig. 4-8): SEM image shows zircon crystals separated from mylonitic 

gneiss (sample Mg59), G. Migif ………………...……..…….……… 137 

(Fig. 4-9): BSE (a) and CL (b) images of longitudinal section of 

mylonitic gneiss zircon show weakly zoned zircon grains with dark 

overgrowth rim ……………………………………………..…….….. 138 

(Fig. 4-10): BSE (a) and CL (b) images of longitudinal section of 

mylonitic gneiss zircon show inclusion-rich unzoned grain with fine 

cracks and bright overgrowth rim ………………………………….... 138 

(Fig. 4-11): Typological distribution diagram of Migif samples ....…. 139 

(Fig.4-12): SEM image shows zircon crystals separated from Umm 

Ba'anib gneissose granite (sample 6), Meatiq area ..……………...…. 149 

(Fig.4-13): SEM image shows zircon crystals separated from Umm 

Ba'anib gneissose granite (sample 14), Meatiq area ………………… 151 



  
XXI 

 

(Fig. 4-14): BSE images of longitudinal section of Umm Ba'anib 

gneissose granite zircons …………………………………………….. 152 

(Fig. 4-15): BSE (a) and CL (b) images of longitudinal section of Umm 

Ba'anib gneissose granite zircon show patchy appearance of low 

luminosity central part and zoned peripheral parts ………………….. 153 

(Fig. 4-16): BSE (a) and CL (b) images of longitudinal section of Umm 

Ba'anib gneissose granite zircon show luminescent shifted core with fine 

cracks ………………………………………………….…..……...…. 153 

(Fig. 4-17): BSE images of longitudinal section of Umm Ba'anib 

gneissose granite zircon grain with line scan of Si, Y and Zr elements 

…………………………………………………………………………154 

(Fig. 4-18): BSE images of longitudinal section of Umm Ba'anib 

gneissose granite zircon grain and the EDX spectrum of two points a 

(with peaks of Zr, Ca, O, Si, Na, Ce and Fe) and b (with peaks of Si, O, 

Zr, Al, K and Na) …………………………………………………..... 155 

(Fig. 4-19): BSE images of longitudinal section of Umm Ba'anib 

gneissose granite zircon grain and EDX spectrum of point + with peaks 

of Zr, Si and O ……………………………………………………….. 156 

(Fig. 4-20): BSE images of longitudinal section of Umm Ba'anib 

gneissose granite zircon grain and EDX spectrum of point + with peaks 

of Si, K, Al and O ………………………………………………....… 157 

(Fig. 4-21): SEM image shows zircon crystals separated from pelitic 

schist (sample 3), Meatiq area ……………………………………….. 158 

(Fig. 4-22): BSE images of longitudinal section of Pelitic schist zircons 

……………………………………………………………………...… 159 

(Fig. 4-23): BSE (a) and CL (b) images of longitudinal section of pelitic 

schist zircon show homogeneous unzoned zircon with luminescent rim 

and cracks …………………………………………………………..... 160 



  
XXII 

 

(Fig. 4-24): BSE image of longitudinal section of pelitic schist zircon 

grain with EDX spectrum of point + with peaks of Si, O, Al and K ... 161 

(Fig. 4-25): BSE image of longitudinal section of pelitic schist zircon 

grain with EDX spectrum of point + with peaks of Si, Al and K …… 162 

(Fig. 4-26): SEM image shows zircon crystals separated from Abu 

Fannani tonalite (sample 7), Meatiq area ……………………………. 163 

(Fig. 4-27): BSE (a) and CL (b) images of longitudinal section of older 

granite zircon show high number of inclusion and weak zoning with 

broad dark rim ……………………………………………………….. 164 

(Fig. 4-28): BSE (a) and CL (b) images of longitudinal section of older 

granite zircon show rim inclusion and weak zoning with attenuated dark 

CL core ………………………………………………………..……... 164 

(Fig. 4-29): Typological distribution diagram of Meatiq samples ...… 165 

(Fig. 4-30): SEM image shows zircon crystals separated from biotite 

gneiss (sample F50), W. Feiran ………………………………..……. 173 

(Fig. 4-31): Zoned zircon crystal surrounding BSE dark domains of 

apatite and quartz inclusions …………………………...…………..... 174 

(Fig. 4-32): Zircon from biotite gneiss has core–mantle–rim structures 

with dark CL core and has a zoning that is different from the zoning 

outside and the EDX spectrum of two points A (with peaks of Zr and Si) 

and B (with peaks of Zr, Si and Fe) ………………………..……......  174 

(Fig. 4-33): BSE (a) and CL (b) images of longitudinal section of zircon 

from biotite gneiss show highly luminescent grain with irregular zoning 

bands and mineral inclusion ………………………………….…….... 175 

(Fig. 4-34): BSE (a) and CL (b) images of longitudinal section of biotite 

gneiss zircon show weakly zoned zircon with cracks and three apatite 

inclusions along rim (one of them show the hexagonal prism form) .. 176 



  
XXIII 

 

(Fig. 4-35): SEM images show zircon crystals separated from migmatite 

mafic band (sample F53), W. Feiran …………………………....…… 177 

(Fig. 4-36): BSE (a) and CL (b) images of longitudinal section of 

migmatite mafic band zircon show radial cracks and weak zoning with 

thin overgrowth rim …………………………………………………. 178 

(Fig. 4-37): BSE (a) and CL (b) images of longitudinal section of 

migmatite mafic band zircon show weak zoning with dark CL rim … 179 

(Fig. 4-38): BSE (a) and CL (b) images of longitudinal section of 

migmatite mafic band zircon show zoning with dark CL core ...……. 179 

(Fig. 4-39): BSE (a) and CL (b) images of longitudinal section of 

migmatite mafic band zircon show core-mantle-rim structure .….….. 179 

(Fig. 4-40): BSE images of longitudinal section of migmatite mafic band 

zircons ……………………………………………………….……..... 180 

(Fig. 4-41): SEM images show zircon crystals separated from hornblende 

biotite gneiss (sample F56), W. Feiran ……………..….……………. 181 

(Fig. 4-42): BSE images of longitudinal section of hornblende biotite 

gneiss zircons ……………………..……………………………....…. 182 

(Fig. 4-43): BSE image of longitudinal section of hornblende biotite 

gneiss zircon grain with EDX spectrum of two points: a with peaks of 

Ca, P, O, Si, Al and Na and point b with peaks of Si, O, Al, Na, K and Fe 

….......................................................................................................… 183 

(Fig. 4-44): Typological distribution diagram of Feiran samples ........ 184 

 

 

 

 

 



  
XXIV 

 

LIST OF TABLES 

Table                                                                      Page 

Chapter One: Introduction 

Table (1-1): Reported and estimated ages of Migif-Hafafit gneisses and 

some country rocks…………………………………………..…...…….16 

Table (1-2): Recorded and estimated ages of Meatiq gneisses and some 

country rocks…………………………….………………………...……18 

Table (1-3): Recorded and estimated ages of Feiran gneisses and some 

country rocks…………………………………….……..……………….21 

Table (1-4): Some recorded pre-Pan-African rocks in the Eastern Desert 

and Sinai…………………………………………….………...…...……26 

 

Chapter Four: Zircon Morphology and Internal Structure 

(Table 4-1): Morphology, morphometry and typology of zircons from 

gneisses of G. Migif …………………………………………………. 129 

(Table 4-2): Morphology, morphometry and typology of zircons from 

Meatiq rocks ………………………………………………….……… 148 

(Table 4-3): Morphology, morphometry and typology of zircons from 

gneisses of W. Feiran ………………………………………………... 172 

  

  


