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Abstract

ABSTRACT

Abu Harba area is located at northwest of Hurghada City, north
Eastern Desert of Egypt, which covers about 280 km?. The exposed
rock suites in Abu Harba area are related to the Pan-African orogeny
of the Neoproterozoic Arabian-Nubian Shield, which consists mainly
of metavolcanics, metagabbro-diorite complex, Dokhan volcanics and
younger granites. The post-granitic dykes and veins penetrate all the
previous rock types and represent the last igneous manifestation in the
study area.

The metavolcanics are ranging in composition from meta-
basalts to meta-andesites, which commonly exhibit porphyritic
textures indicating regional metamorphism within the range of
greenschist facies conditions. The metagabbro-diorite complex
appears as low hills with gentle slopes contacting with Dokhan
volcanics which consists of vary-colored alternating successions of
lava flows of andesites, dacites, rhyodacites and rhyolites interlayered
with their pyroclastics.

The granites of Abu Harba area are categorized into
syenogranites and alkali feldspar granites. Syenogranites are medium
to coarse grained grayish pink color, holocrystalline and equigranular,
while alkali feldspar granites are medium to very coarse grained
grading into pegmatitic texture in some parts and ranging in color
from pale pink, pink to reddish pink. They have been affected by
hydrothermal solutions especially along fault zones that nearly
responsible for the formation of secondary uranium mineralizations.



Abstract

The investigated area has suffered many successive tectonic
events of the Precambrian age. The detailed structural analysis of the
joints indicates that the type of the stress is shear stress affecting NNE-
SSW and NW-SE directions which represent nearly the direction of
the Gulf of Agaba and the Gulf of Suez respectively.

The fault trend analysis of Abu Harba area indicates two phases
of deformation which are nearly perpendicular to each other and are
responsible for the most of the direction of the lineaments in the area.
These surface lineaments document multidirectional orientations with
three main trends; ENE-WSW, NE-SW and E-W with the less
dominant trend represented by WNW-ESE, and NW-SE directions.

The background of radioactivity in alkali feldspar granites is
ranging from 11 to 24 ppm for the equivalent uranium. The
radioactive anomalies are recorded in five occurrences for uranium
mineralizations (uranophane, kasolite and betafite). Three of them
with laboratory analysis reached more than 1250 ppm. The
mineralizations of secondary uranium in Abu Harba area seem to be
lithologically controlled, where the alkali feldspar granites contain
high amounts of silica and alkalis where the gamma radioactivity
depends on the degree of acidity in association with accessory
minerals (zircon, sphene, fluorite, monazite and allanite) and iron
oxides.

On the other hand, the ENE to NE extensional force in the study
area allowed the hydrothermal solution that bearing uranium minerals
to infiltrate upwardly parallel NW joint sets at the peripheral western
part of G. Abu Harba alkali feldspar granites. The ENE to NE
extension force represents major extension event related to Red Sea
rifting affected Egypt. It is therefore believed that there is a strong
relationship between the re-distribution and re-localization of the
mineralization of G. Abu Harba alkali feldspar granites with the Red
Sea rifting. So, mineralizations appear to be structurally controlled.



List of Contents

LIST OF CONTENTS

LISt OF CONTENTS. ..ot
List of Tables. ......oiuiiniii
LiSt OF FigUIeS. .. .uv et
CHAPTR ONE: INTRODUCTION
1.1. General Statement...........co.eveiiiiiiiiiiii s
1.2. Synopsis on the Basement Rocks of Egypt..........cccoiiiiiiinne
1.3. Topography and Accessibility..........ccooiiniiiiiiiiiiiiieieeniens
L4, PhysSiography.......ccooieiiiiiiiii e
1.5. Climate and Water ReSources. ...........c..coeveiniiiiiininiinincnnns
1.6. Aim and Scope of the Present Study...............coiiiiiiiinenn.
1.7. Methodology and Analytical Techniques...........c.cccoeeiiininnnne
1.8. Previous Work..... ..o
CHAPTR TWO: GEOLOGICAL SETTING
2.1, MetavolCaniCs. ......ueuueneiii e e
2.2. Metagabbro- Diorite CompleX...........c.oouiuinimiiiiiiienees
2.3. Dokhan Volcanics. ........o.uvueiiiiiniiiii i
2.4, Younger GraniteS..........overeeneenrinneeneenneniieeieeseeaieeseens
2.4.1. SYenogranites. ......oovvvreeniinreeneenteniieiee e
2.4.2. Alkali Feldspar Granites................c.oocevinienieeienieennn
2.5. Post- Granitic DYKes..........oooiiiiiiiiiii e
2.5.1. ACIAIC DYKES.....oiniiiiiii it
2.5.2. BaSIC DYKES......ccviiiiiiiiecie e
2.6. Wadi SEAIMENTS.........coiiiiiiiiieieeee e
CHAPTR THREE: STRUCTURAL ANALYSIS
3.1, Primary SrUCTUIES.......ccoooviiiiieiiiesiees e
311 LAYeIING. i iiiieiiiciie et

3.1.2. Vesicular Tops Of Lavas........ccccoerereneneniinneniene e

O© O© O O FP PP Rh <

W W W WWWRNNNDNIERRREP PR R
GO OO ®NNONO O PP © N M B O

36



List of Contents

3.1.3. Volcanic BOmDS..........cccoviiiiiiiiiieec e
3. 1.4, FIOW STIUCHUIE....c.veeiieieiesee st
3.2. SECONdAry StrUCIUIES.......ccveveeie et
321 FAUIS ..o
3.2.2. JOINES .ot
3.2.3. Dykes and VEINS.........cccooviiiiieiiienesc e
3.2.4. CONCIUSIONS. ..o
3.3. Surface Lineament ANAlYSIS........ccocvreerierieniniieie e
3.4. Structural framework of the radioactive mineralization...............
CHAPTR FOUR: PETROGRAPHY
4. 1. MEtaVOICANICS......eveiviiiiiieieiee e
4.1.1. Meta basaltS.........ccoovviiiiniieic e
4.1.2. Meta-andesites. ......ccovriiiriiinininieiee et
4.2. Metagabbro-Diorite COMPIEX........cccevveveieeiieiece e
4.3. DOKhan VoICaNICS........ccoiuiiiiiiiieie e
4.3.1. LaVa FIOWS.....ccueeeieieiiee e
4.3.2. PYTOCIASHICS. ......eiiiiiiiiiieiece e
4.4, Y OUNQEN GraNITES......eoveiiieieiieieie sttt
4.4.1. SYENOQIANITES. ...cueiuieieeierierie ettt
4.4.2. Alkali Feldspar Granites...........coevererienienenene s
4.5. Post- Granite DYKES.........cccveviiiiiieie e
4.5.1. ACIAIC DYKES.......ccvveiiiieiieeie e
4.5.2. BaSIC DYKES.......ccveiiecieii et

CHAPTR FIVE: MINERALOGY OF THE MINERALIZED GRANITES
5.1. Materials and Methods.......ccoooeeeeieee

5.2. Heavy Minerals Identification..............ccccovveiiieiiiin i
5.2.1. Thorite and Uranothorite..........ccoccevvriiiieneninnieicsee
5.2.2. Secondary Uranium Minerals...........cccccoevieiiieniieiiieennnn,

5.2.3. ACCeSSOry MINerals.........ccccooevirenininieneee s



List of Contents

5.2.4. SUIPNITES......cuiiiiiiiieiee e
CHAPTR SIX: RADIOACTIVITY
B.1. PrOCEAUIES. ... ccuieiieie sttt
6.1.1. Field ProCedUres........cccoeiirieiierieie e
6.1.2. Laboratory ProCeduUres..........ccovveieiieieeniesie e sieenie s
6.2. Radioactivity of the Different Rock Units...........cccooeiinininnnnnne
6.2.1. MetavolCaniCs........ccovuviiiiieiecieceee e
6.2.2. Metagabbro-Diorite CompleX.........cccovvvviiiiiinciiiennn
6.2.3. DOKhan VOICaNICS........cccvvveiieiecieicee e
6.2.4. YOUNQEr GraniteS.......c.ccovvveieerieiiesie e see e eee e sre e
6.2.5. POSt-Granite DYKES.........cccecveiieiiieiiee e
6.3. Criteria for Mobilization and Migration of U and Th...................
6.3.1. eU/ETN RALIO.....ccviiiiiii e
6.3.2. Radioactive Equilibrium (P-factor).........c.ccccceovvvvevvenenne.
6.4. Uranium Favorability for Each Rock Type.......ccccvvveviiieiiennns
6.5. Radioactive Anomalies and Uranium Mineralization..................
6.5.1. ANOMaly NO. L...coiiiiiiiiieeeee e
6.5.2. ANOMAlY NO. 2.
6.5.3. ANOMaly NO. 3.
6.5.4. ANOMAlY NO. 4.....ooviiiiiii e
6.5.5. ANOMaAlY NO. 5.t
6.6. Uranium Potentiality of the Abu Harba Granites..............c..........
6.7. Relation between Lithology, Structures and Mineralization........
CHAPTR SEVEN: SUMMARY AND CONCLUSIONS
REFERENCES
ARABIC SUMMARY



List of Tables

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 4.1

Table 6.1

Table 6.2

Table 6.3

Table 6.4

Table 6.5

LIST OF TABLES

Frequency distribution of 63 fault trends recorded in
the STUAY area.........cccvvvveiieesie e

Frequency distribution of the main direction trends
of 805 joints measured in the various rock types of the
SEUAY Ar€a.....c.veiveeieeieiie e

Frequency distribution of the dykes and veins in the
SEUAY Ar€a.....cviiveeiireieeie e ste e

Frequency distribution of different lines in the study

Distribution of 3125 lineaments in the study area
with the percentage of their frequencies and lengths......

Distribution of 3125 lineaments in each part with the
percentage of their frequencies and lengths..............

The modal analyses of the studied younger granites
of Abu Harba area............ccovevevieve e

Summary of statistical values of total gamma
radioactivity measurements (cps) in Abu Harba area.....

Results of radiometric analyses of some samples
(ppm) collected from Abu Harba area.............ccccceevvenenn

Average content of eU, eTh and eTh/eU ratio of the
different rock types of the study area compared with
SOME AULNOIS.....cviiiiiieiie e

Radioactive equilibrium (P-factor) and uranium
favorability index (Ui) of the different rock types in
ADU Harba area..........cooveeieenieiece e

Statistical analyses of field gamma activity and
laboratory measurements for the anomalies in the study

Page
40

49
60

62

65

67
88

127

130

133

147



List of Figures

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

11

1.2

1.3

1.4
1.5
1.6
2.1

2.2
2.3

2.4

LIST OF FIGURES

Location map of uranium occurrences in the Eastern
Desert and Southern Sinai, EQypt........ccccccvvveviieveiiveinene.

Distribution of the basement rocks in Egypt (modified
after El Ramly, 1972)......ccccooviiiiiieie e

Areas affected by the Pan-African event and Arabian-
Nubian Shield (Modified after Engel et al., 1980).............

Location and Landsat 8 maps of the study area.............
Elevation contour map of Abu Harba. Area..................
3D elevation model of Abu Harba area........................

Distribution of older and younger granites in the
basement rocks of Egypt (EI-Ramly, 1972)............cc.c......

Geological map of Abu Harbaarea............cccccvecvevennnenn

Field photographs of the metavolcanics in the study

a) Conical shaped of Gabel Kherm Al Asmar
metavolcanics; Looking N.

b) Sharp contact of G. Kherm Al Asmar
metavolcanics with G. Abu Harba syenogranites;
Looking N.

c¢) Close up view showing offshoot of younger granites
filled with silica vein and intruded in metavolcanics, G.
Kherm Al Asmar.

d) Highly fractured and intensively jointed of G.
Kherm Al Asmar metavolcanics; Looking E.

Low hills, highly weathered metagabbro-diorite
complex extruded by back-bone acidic dyke (A.D) and
by Dokhan ignimbrite (Ign.)......ccooveiieiiiiiieieeececie

Page

cO 00 ~N W

15
16

18

20



List of Figures

Fig. 2.5

Fig. 2.6

Fig. 2.7

Field photographs of Dokhan volcanics in the study

a) Rough topography and crenulated peaks of the
Dokhan volcanics, south of the mapped area; Looking
SW.

b) Dokhan volcanics (D.V) intruded by alkali feldspar
granites of G. Abu Harba (Y.G) with sharp intrusive
contact, Looking SE.

c) Offshoots of G. Abu Harba granites into Dokhan
volcanics; Looking E.

d) Roofpendant of the Dokhan volcanics over the
younger granites of G. Abu Harba; Looking SW.

e) Close up view showing flow textures ignimbrite
presents in G. Dokhan volcanics.

f) Close up view showing porphyritic texture presents
in Dokhan volcanics.

Field photographs Dokhan volcanics in the study

a) Close up view showing vesicular texture presents in
Dokhan volcanics.

b) Close up view showing amygdals of different sizes
filled with quartz and carbonates.

c) Close up view showing volcanic rock containing
angular to sub-angular volcanic fragments.

d) Close up view showing green tint of chloritization.

e) Aplite veins cutting through G. Dokhan volcanics;
Looking SE.

) Sub-parallel joints present at the Dokhan volcanics;
Looking SE.

Field photographs of syenogranites in the study

a) Highly rough and serrated peaks of G. Abu Harba
syenogranites; Looking E.

b) Close up view showing mafic xenolith in G. Abu
Harba syenogranites.

Vi

23

24

28



List of Figures

Fig. 2.8

Fig. 2.9

c) Close up view showing manganese dendritic shape
printed on the joint surface of the syenogranites of G.
Abu Harba.

d) Close up view showing onion shape of some rocks
of G. Al Shagola syenogranites.

e) Exfoliation in G. Al Shagola syenogranites;
Looking SE.

f) Set of basic dykes cutting through syenogranites of
G. Al Shagola; Looking S.

Field photographs of alkali feldspar granites in the
SEUAY @IBA.....cuviiveeiieiesieeite e re e

a) Roof-pendant of the Dokhan volcanics over the
alkali feldspar granites of G. Abu Harba; Looking SE.

b) Close up view showing greyish violet fluorite in
alkali feldspar granites of western part of G. Abu Harba.

c) Close up view showing hematitization presence in
altered alkali feldspar granites, G. Al Hurus.

d) Close up view showing dendritic manganese oxides
printed on the surface of the altered alkali feldspar
granites, western part of G. Abu Harba.

e) Close up view showing zoned pegmatite pocket in
the alkali feldspar granites, western of the G. Al Hurus.

f) Close up view showing mafic xenolith and quartz
veins present in altered alkali feldspar granites, G. Urf Al
Eeir.

Field photographs of the post-granitic dykes in the
SEUAY @IA.....cuviiveecieeieciie sttt

a) Swarm of parallel dykes of different composition,
G. Al Hurus alkali feldspar granites; looking SE.

b) Acidic dyke cutting through G. Dokhan volcanics;
Looking N.

c) Set of basic dykes present in acidic Dokhan
volcanics; Looking NE.

d) Large basic dyke cutting through G. Abu Harba
younger granites; Looking N.

vii

31

34



List of Figures

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.1

3.2

3.5

3.6

Field photographs showing the
FOHOWING. ..o

a) Layered structures in the Dokhan volcanics, Wadi
Al Atrash; Looking E.

b) Close up view showing volcanic bombs in G.
Kherm Al Asmar metavolcanics, W. Um Asmar.

Field photographs of faults showing the following.....

a) Close up view showing sinistral N-S strike-slip fault
displaced NE-SW basic dyke.

b) Close up view showing dextral fault striking E-W
displaced NE-SW quartz vein.

c) Close up view showing dextral fault striking NE-
SW displaced WNW-ESE aplitic vein.

d) Close up view showing slicken sides along
epidotized fault plane, G. Abu Harba younger granites.

Rose diagram showing the trends of faults that
measured in the study area according to their number
(N%) and length (L%)........cccoviieiieieeeseece e

Histogram showing the distribution of fault trends in
the STUTY @rea.........cccovvieiiiiiiieee s

Evolution of the Structures of Abu Harba area through

Histogram showing the distribution of the joint trends
IN the STUY Area........cccovviiiiiiieieeee e

a) Rose diagram showing the trends of joints that
measured in the metavolcanics. b) Contour diagram of
the joint poles showing the prevailing joint set measured
IN the MetavolCaniCs.........cccovvverieeese e

a) Rose diagram showing the trends of joints that
measured in the metagabbros. b) Contour diagram of the
joint poles showing the prevailing joint set measured in
the metagabbros..........cccv e

a) Rose diagram showing the trends of joints that
measured in the Dokhan volcanics. b) Contour diagram

viii

37

39

41

41

47

49

o1

o1



List of Figures

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

4.1

of the joint poles showing the prevailing joint set
measured in the Dokhan volcanics............ccccceevveveereennenn,

a) Rose diagram showing the trends of joints that
measured in the syenogranites. b) Contour diagram of the
joint poles showing the prevailing joint set measured in
the SYeNnOgranites..........ccooveveriieniiisieee e

a) Rose diagram showing the trends of joints that
measured in the alkali feldspar granites. b) Contour
diagram of the joint poles showing the prevailing joint
set measured in the alkali feldspar granites.......................

a) Rose diagram showing the trends of joints that
measured in the study area. b) Contour diagram of the
joint poles showing the prevailing joint set measured in
the StUAY rea.........ccceevveiieciece e

Density-contoured lower hemisphere stereogram of
poles to joint planes and the inferred stress regimes..........

Rose diagram showing the trends of different dykes
and veins that present in the study area..............c.ccceevenee.

Histogram showing the distribution of the dykes and
Veins in the Study area..........ccoceeeieicncnc e,

Histogram showing the distribution of the dykes and
veins in the study area...........ccccveeeevievieieese e

Lineament map showing the distribution of 3125 lines
INthe StUY Area.......ccccecvveieiicie e

Rose diagrams showing the main trends of both
number (N%) and length (L%) proportions of surface
lineaments in the whole study area..............ccccoeeveveennenne.

Rose diagrams showing the main trends of both
number (N%) and length (L%) proportions of surface
lineaments in each part...........ccccoveeiveeiiieiii e

Photomicrographs of metavolcanics showing the
FOHOWING.....oiiiieee e

a) ldioblastic to hypidioblastic tabular crystals of
plagioclase and hornblende in meta basalts, C.N

iX

53

53

56

56

58

60

61

62

64

65

68

75



