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ABSTRACT

Gabal El Dobarea is covered by oceanic terrain related rocks, synextensional and late to post magmatic

rocks. The oceanic terrain related rocks are represented by metavolcanoclastic and metavolcanic rocks. The

synextensional magmatism is represented by torgiéitealiorite rocks. The late to post magmatism is
represented by gabbro, monzogranite, alkali feldspar granite and rhyolite porphyry in addition to different dikes.
Structurally the area had been affected by compressional and extensional deformations. Thesimralpr
deformation is represented by folding, thrusting and schistosity. The extensional deformation is represented by
normal and strikeslip faults, joints, dikes and drainage pattefdsochemical affinity and petrotectonic features
suggest calalkaline and tholeiitic islan@rc series of the metavolcanoclastic and metavolcanic rocks. The
gabbro has calalkaline and tholeiitic affinity of argolcanic origin. The granitic rocks are varying from ealc
alkaline (tonalite, granodiorite and monzogranite)tkaline affinity (alkali feldspar granite). They are either
related to dtype granite (tonalite, granodiorite and monzogranite) or within plate granite (alkali feldspar granite).
The rhyolite porphyry is subalkaline rock, emplaced as within plate magma.

Keywords granites structural, NeoproterozoicGabal EI Dob, EasternDesert,Egypt

1. INTRODUCTION

The area under study is situated in the northern part of the Eastern Desert oftEmymrs about 745
km2 of the crystalline basement rocks, betweamn gi t udes 33 A 12 and 33A 307
(Fig. 1). The area is characterized by low to relatively high topography reliefs varying from 500 to 989 m above
sea level. It forms a part of Neoproterozoic evolution of the North AraNialtian Shield NANS) as results of
accretion plateaus in the course of consolidation of the Gondwarss (1982Stern, 1994; Kroner et al., 1994,
Abdelsalam and Stern.1996A generalized picture shows that the final configuration of greater Gondwana,
resulted from the collision and amalgamation of the Aralhbian Shield (ANS) arc terrains with the Sahara
and CongoTanzania Cratons to the west and Azania and Afif terr@infie east, constituting one of more
continented blocks between the Indian Shield and Qdrwzani&dBangwenla Cratonollines and Pisarrisky,
2009.

The area under investigation had been subjected to different studieslsine¢1935; Schirmar(19669
andSabet et al(1972. Moreover,El Gaby(1983 proposed the presence of an oblique NE thrust déttiral
component along NED/CED margin that cased the uplifting of NED in relation to @&DEIl Ela (1996
considered Abu Zawal gabbroic intrusion to represent three stages of fraction crystallization from an island arc
high alumina basaltic magma, derived from mantle source. Moreaiidr El-wahed(2009 interpreted Wadi
Fatira Shear Zone as a hot ductilenpressional shear zone, developed as result of oblique collision. On other
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hand,Khalaf (2010 believed that the Neoproterozoic volcanic and siliciclestiata of Fatiraareaprove an
example of subareial and submarine system.

To fulfill the study, a Bw geological map at scale 1:40000 had been established, to show the relationship
of different exposed rock uniead structure pattern of the area under stédy. ). More than60 rock samples
were collected and subjected to chemical analyses for major, trace and rare earth elements in Nuclear Materials
Authority (NMA) of Egypt (Table 1& 2).
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Fig. 1: Location map of the study area

2. GEOLOGICAL SETTING

The exposed various rocks of Gabal El Dob area belong to the Northern part of Ahiigan Shield
(ANS) that began at ~ 870 Ma and established at ~ 620 Ma ago, when convergence between east and west
Gondwana fragments closed Mozambique ocean along Easamiriéntarctic Orogen (EAAQO),tern, 1994;
Jacobs and Thoma2004). Gabal El Dob area represents a part of the northern Aiidtidoian Shield, formed
during second growth phase of EAO between ~ 760 and ~ 730 Ma, when Midyastern terrains were
formed. The terrains subsequently collided and amalgamated with the earliest@omagYanbu Onibi Sol
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Hamedi Gerfi Allagi i Heaini suturesJohnson et al., 20).1The resulting geologic entity is commonly
referred to ashie western arc or oceanic terrains of ANSSogster and Forst, 2006; Ali et al., 2009; Johnson et
al., 201). Thewestern arc or oceanic terrainllided and amalgamated between 680 and 640 Ma with Afif and
Tathlith terrains creating a neocontinental aaldilock referred to as the proio Arabiari Nubian Shield
(PANS), Johnson et al., 20).1

Field observations show that the area under study is mainly covered by metamorphic and unmetamorphic
rocks. The metamorphic rocks are represented by the metavdistitoand metavolcanic rocs, while the
unmetamorphic rocks comprise tonalitegranodiorite, gabbro, monzogranite, alkali feldspar granite and
rhyolite porphyry in addition to various dikes of different composition.

The examined metamorphic rocks (metaaoloclastics and metavolcanics) represent a part of the older
upper crust thrusted ovéhe younger lower crust of higjrade metamorphic rocks (gneisses and migmatites).
The juxtaposition of low grade metamorphic rocks of ophiolite and island arc seqgaiost the high grade
gneiss along extensional shear suggests criustzle thinning by NW SE extension accompanied by intense
late to post magmatic activityg(asband et al., 2000; Fowler and El Kalioubi, 2004; Fowler and Osman, 2009;
Andresen et al 2010. The investigatedmetavolcanoclastic and metavolcanéethusrelated to the oceanic
terrairs of northwestern ArabidarNubian Shield thahad beercolliged and amalgamed with ophiolite (drarc
accretion) followed by the synextensional, late and post magmatism. The followiméulsdescription of the
study rocksaccording tabove mentioned geologic phenomena.

2.1- OCEANIC TERRAIN RELATED ROCKS (ISLAND -ARC ASSEMBLAGE)

The metavolcanoclastic and metawi rocks are related to western arc of oceanic terrains (island arc
assemblages) of ANS that collided and amalgamated between 680 and 640 Ma, creating neocontinental crustal
block referred to as the proio Arabiari Nubian Shield (pANS), Johnson et al.2011). These rocks were
metamorphosed up to greenschist facies and foldedrfgrapof major recumbent anticlinas well as they had
been affected by thrust movements, which the older metavolcanoclagticssted over the younger
metavolcanics,Kig. 2) during thecollision stage (amalgamatian)
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Fig. 2: Geologic map of Gabal El Dob area.
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The metavolcanoclastics are situated at the western part of the mapped area, between Wadi Fatira El
Beida and Wadi Abu Zawal, forming upo successive members of metarhyolite and metaandesite tuffs. The
metarhyolite tuff is shown as alternated white and dark thin layers of ribbon shape to suggest marine
environment ig. 3). This member becomes more vertical and steep due to Abu Zawiahction. On other
hand the metaandesite tuff is represented by highly schistose rocks, structurally overlaying by the metarhyolite
tuff member. Generally the schistosity has often NE and NW tiieigd4).

The metavolcanoclasticpdrticularthe metahyolite tuff) are often associated with some banded iron
formation (BIF), coinciding generallywith the main trend oéchistosity. The metavolcanic formation covers
relatively wide area at the western part of the mapped area extending from Gabal Hadidleiysuth to Wadi
Fatira El Beida at the north, forming up the two limbs of the recumbent plunging antigline)(Generally,
the metavolcanicare represented BYE and NW sheeted rockd composition varying from metaandesite to
metadacite.

2.2- SYNEXTENSIONAL TONALITE -GRANODIORITE

The synextensional magmatism is represented by tofiafitanodiorite association. These rocks cover
most all the eastern part of the mapped area. Generally, the two rock units are mixed with each other however,
the catent of the granodiorite increases toward the west and the tonalite to the east. Htuvweet@malite
extend farther to the east to represent the western part of Barud tonalite (Barud Gneilsses,df93) that
forms a huge batholithic mass extendigoas the eire with NED, west of Safaga-¢wler et al., 2006 The
batholith margins are clearly discordant to the foliation trend of the Abu Furad amphibolites and cut across the
contacts between the amphibolites, the metagabbiorite complex and Al Marawat metavolcanicg\bu El-
Leil et al., 2003; Folwer et al., 20DP6The features of this batholith are consistent with it beingrairely
intrusive igneous bodgnd not as an autochthonous granitoids detected from the remobilizdélaRédrican
basement as proposed Bkaad et al.(1973, El Gaby and Habil§1980, 198%, Habib (1987, a, Iy El Gabyet
al., (1989, El Gaby(1994 andEl- Shazly and EBayed(2000. Generally, theonalitegranodioritehad been
formed by insitumelting at the present crustal level of the NED and intruded along #xjateng NE trending
shear zon¢Abd ElFWahed and Abu Anbar, 20pat depth about ~ 9kniHglmy et al., 2001

Thetonalitegranodiorite rocks are medium to coarggained, withoredominant xenoliths and alignment
of mafic minerals fornmg gneissose texture. They are highly jointed and crozst by the monzogranitend
the alkali feldspar granite of Gabal El UrfAbu Shihat plutonKig. 5), as well asthey areinvadaed by some
dikes and gold bearing quartz veifdbu Zawal Gold Ming On the other handhey intrude directly the
metavolcanic sequence of Gabal Hadrabiyg.(6).

2.3- LATE TO POST MAGMATISM

The late to post magmatic stage comprises igneous activity empdiacied) the late Cryogeniah
Ediacaran evolution of the ANS included both intrusive and extrusive evémitsison et al., 20).1The
particular feature of the ANS is an abundant efype granite, with addition to sills, dikesd stocks.

The general feates of plutons indicate typically discordant with respect to already deformed and
metamorphosed country rockbeserocks had been emplaced at latéo post amalgmation stage (drarc
accretion) either as plutonic rocks represented by gabbro, moniztegeswdl alkali feldspar granite, or as
terrestrial post amalgamed volcanic basins represented by rhyolite porphyry.

The late Cryogeniah Ediacaran gabbro in the ANS comprises the layered and unlayered gabbro with age
ranging from ~ 640 Ma to 540 Ma&gland et al., 201)LThe gabbro under study is represented by three small
masses at the west of Gabal El Uriy( 2), with relativelylowi moderate relief of NE and NS trenthe gabbro
is unlayeredmedium to coarsgrained, darkgreyish to dark greenish color and composition varying from
leucogabbrdo pyroxene hornblende gabbibis directly crosscut by the monzogranite and the alkali feldspar
granite
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Fig.3: Photograph showing the| Fig. 4: Photograph showing weHldeveloped
metavolcanoclastics with alternated white schistosity of the metavolcanoclastics a
and black thin layers at Wadi Abu Zawal. Wadi Abu Zawal.

Fig. 5: Photograph showing the sharp contact Fig. 6: Photograph showing the sharp contact

between the granodiorite (G) and alkali between the metavolcanics (M) and
feldspar granite (AG) of Gabal Abu granodiorite (G) at Gabal Hadrabiya.

Shihat.
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Fig. 7. Photograph showing the exfoliation and| Fig. 8: Photograph showing the curved basalt
onion like shape in the monzogranite af dike (B) cut through the monzogranite (G) at
Wadi Abu Zawal. Wadi Abu Zawal.
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The monzogranite was mapped as intrusive adameflisdet et al., 1992 Field study and mineral
composition suggest monzogranite composition. It intrudes directly the tonadjtanodiorite, gabbro and
metavolcanics. It covers a relatively vast area, forming low to moderate reliefs traversed by abundant NE dikes
and faults Along Wadi Abu Zawal and EIl Dobit is affected by BV left lateral strikei slip movementlt is
jointedand weathered; exfoliation and onion like shape are comRign/j.

Alkali feldspar graniteconstitutes an elongated NE belt extending from Waddb in the north (Gabal
El Urf) to Wadi Um Taghir at the south. It is characterized by relatively high topographic relief up to ~ 989 m
above sea levelnd representdie latter pul®f the granitic magmdevidence of this:

(2) It invades directly the tonalitegranodiorite, the gabbro and the monzogranite

(2) It has NE trend coinciding with the main structure features

(3) It is nearly devoid of dikes.

(4) It is only affected bythe youngelE-W strike i slip sinisteralmovementthat displacedthe northern
part of Gabal El Urf- 1.5 km to the wegfig. 2).

The rhyolite porphyry emplaced the area as post amalgamation volcanic basins activity referred to as
Dokhan volcanic in the Eastern Desert. The volcanic rocks of this evettteasparts of the northwestern part
of the ANS are terrestrial volcanic, suggesting a location more elevated and/or farther for from the sea, (marine
basin in the east of ANS). They are of Ediacaran age erupted between ~ 630 and ~ S82Mag79; Abdel
Rahman and Doig, 1987; Stern and Hudge, 1985, Wilde and Yousse}, @&bierally, they show affinity of
calcalkaline subductiomelated rocks. However, their undeformed character, their temporal and spatial
association with podectoric A-type granite suggest emplacement following the cessation of subduction in an
extensional within plate settingylohamed et al., 2000

The investigated rhyolite porphyry was considered as anorogenic volcanic rock, quite comparable with
the Feirani volanics in southern SinalApu El-Leil and El Gamal, 1991; Abu Hleil et al., 1991; Khalaf,

2010. The rhyolite porphyry is situated at the western side of the mapped area, exhibiting the same general
characteristic features of the anorogenic Ediacaramusatr (~ 630 and ~ 592 Ma) in ANS. It forms an
elongated NE discordant belt with surrounding metavolcanoclastic and toéngliaodiorite rocks, as well as it

is devoid of dikes, coinciding well with the main characteristic features of the anorogeid¢eddispar granite.

Most of the study rock unites are traversed by NE basic, intermediate and acidic dikes. The less have NW
trend, and occur as tilted dikes due td\Heft lateral action affected the anorogenic alkali feldspar grafite (
8)

3- STRUCTURE PATTERNS

The structure features due action of compressional and extensional forces such as; folding, thrusting,
faulting, jointing, trending of dikes, schistosity and drainage pattern are discussed.
3.1- COMPRESSIONAL FEATURES

The compressionalction of the ard arc accretion phase had been affected throughout the Arabian
Nubian Shield at 750 650 Ma. Folding, thrusting and schistosity are the main accretion phase in the study area.

Folding is recorded as a major recumbent anticline, formyelaidhly schistose metavolcanoclastics and
metavolcanics at the western side of the area. The western closure is plunging to NW and NE at an average
angle of 50° and 40° respectively, and BV axial plane to indicate N S compressional action (afcarc
accretion) subjected the area.

Thrusting had been affected the western sides of the area after action of folding, due t8WE
compressional action, where the older metavolcanoclastics thrusted over the younger metavolcanics. Along the
thrust zone, theocks are highly deformed and associated with cataclastic fragments.

The schistosity (S1) is a common feature in the metavolcanoclastic and the metavolcanic rocks,
essentially NE and NW trends. Primary layering and sheeting (SO0) are less common, partichkr
metavolcanoclastic rock&iQ. 2).
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Fig. 9: Shaded relief image created by combining shaded relief images sun angles of 0°, 45°, 90°, 135°, 180°,
225°, 270° and 315°.

Fig. 10: Automatic lineament map of combining shadedelief images sun angles of 0°, 45°, 90°, 135°, 180°,
225°, 270° and 315°.
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