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ABSTRACT

. Tha NW-lrending slongation af the all topographic ridges /n Gabal Ef
Sibai area draw present suthor's sitenlion, as well as the diffsrential
slongation directions of the oval-shaped granifoid masses exposed in
the study ares frending fo NNW-E5E, NW-SE and WNW-ESE directions
i the eastern fas Dehhimmi and Humrat Ghannam masses), central (Um
Shaddsd and EI Sibal-Aby El Thvur masses] and southern (Um Luseifa
masz) parts of the mappsed area, raspeciively. Field study revealed thal,
the area {5 covered by an ophiodiiic melsnge comprsing allaehlhorous
dizmembered blocks and fragments of serpentinites and ralated rocks,
maetagahbros and metavoleanics, as well as arc-metavolcanics and
ralated volcahogenic metesedimenis anclosed i a melsnge maix
composed of meltagreywackes and actinaiia-biotife and graphile $oiiars
Hammamat seres, reprasen! (he extension of the known Wadl Kareim
basln, unconformably overlie the ophiolitic melange along the most
northwestarn par! of the area The infrusive rocks are represented by
syn-tectonic Um Luselfa grenodionite plufon, younger gabbros and lafe-
tactonic granites represented by Delihimmi, Um Shaddad, EI Sibai-Abu
El Tiyur and Humral Ghannam plulons

The analysis of structural events affacting G. El Sibai area ravealsd
the presence of al least three phases of deformations, The fectonic
svolulion of the arss started with an sarly phase of collisional faclonics
ceusing low angle thrusling and ductile type deformalicns comprising D1
and D2 deformations of siructural slements frending NE-SW and E-W or
ENE-WEW and WNW-ESE diraclions, respectively. The lasi deformaliafn
phase (03} s dominated by a complex of subparalfe! and on echelon
major NW-SE trending sinfstral sfrike-sip faults. They are asgociated
with a¥f features and charactarszlics of braided fault zones similar to the
NW-5SE trending Najo Shear System (N55) of the Arabian Shield. The
probable exfension of these NSS inta the cenfral Esstern Desert was
first lustrated focally {in Hamrawin ares) by Abu Feid (1984), lster
canfirmed in &, El Shalwl ares [Assran, 2000 and Abdel Monem af al,
000 and Kadabora ared (Ahmed, 2002, and ifs regional extension was
first suggested by Sters (1985} and Sultan st al. (1988),

. INTRODUCTION
The late Precambrian basement complex of Egypt forms the northwestern
part of volcano-sedimentary Sequence associated with scattered
ophiolitic rock assemblages that evelved in back-arclisland-arc oceanic
settings (Gass, 1877, Engel et al,, 1980 Bentor, 1985 Kroner, 1985;
Kroner ef al., 1987: Vail, 1987 and Ragab el al, 1883]). Thess
sequences were episcdically deformed and intruded by syn-, late- and
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post-tectonic granitoid plutans during the Pan-African orogeny. The
plutonic suites are similar to those found in the active cdntinental
margins, while most of the younger plutonic suites have A-type
characteristics (Hussein ef al., 1982; Ries ef al., 1883; Slern & Hedge,
1885; El Gaby ef al., 1888, 1890 and Hassan & Hashad, 18980} and
emplaced between 530 and 622 Ma (Hashad, 1980; Rogers &
Greenberg, 1981; Hashad af al.. 1999 and Abdel Maby & Frisch, 2002},

The Egyplian Shield tectonic fabric was produced by several
eplsodes  of sedimentation, wvolcanism  and  intrusive  activity
accompanied by deformations that have predominantly M- or NE-SW
trends (Moore, 1879), This was culminated, during the late Proterozoic-
early Phanerozoic, by large dislocations of these complexes by NW-
trending major ranscurrent sinistral strike-slip faults, first recognized in
the Arabian Shield as the Majd Shear System (NS3) (Brown & Jackson,
1260) and confirmed in the ceniral Eastern Deserl of Egypl (Abu Zeid,
1884, Stern, 1885; Sultan et al., 1983, Assran, 2000, Abdel Monem ef
al., 2000 and Ahmed, 2002). The Majd Shear System (NS3) modified
the earlier structures inlo nordhwesterly fabrics at about 530-820 Ma
[(Stacey & Agar, 18283 and may be contemporaneous with the
emplacement of the younger granitoid plutons. Such shear zones are
usually associated with mineralized (fluorite, barite, gold, uranium and
REEs) hydrothermal activity as demonstrated by Pakiser, 1960; Hadley,
1874 and Moore, 1979, Such mineralized shear zones are proved in the
northern (Shalaby, 1988), central (Abu Dief, 1992 and lbrahim et al.,
2004} and southern {lbrahim et al., 2002, 2003} Easlern Desert of
Egypt.

To test such hypolheses, Gabal El Sibai area, cantral Eastern Desert
of Egypt, located between latitudes 25° 37 and 25° 50° M and
longitudes 34° 03’ and 34% 26' E, covering about 990 Km® was subjected
to detailed field structural mapping (1:40.000) and petrographic
investigalions. IL |5 intended to demonstrate that the area is covered by
an ophiolitic melange comprising blocks and fragments of serpentinites,
metagabbros and metavolcanics enclosed in a matrix composad of
metagreywackes, and actinolite-biotite and graphite schists. This
complex was intruded by syn-and late-tecionic granitoids and was
affected by several episodes of duclile deformations. Later, this fabric
was obliteraled by the effect of a NMW-SE Majd shear syslem (NSS),
which'is regarded as the product of continental or plate collision,

Defta J. Sai. 2006, 28, 117-135
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GEOLOGIC SETTING
@abal El Sibai area has atlracted the altention of many workers,
because it axhibits most of the structural and lithological aspects of the
Precambrian rocks covering the central Eastern Desert of Egypt (e.0.
amin & Mohamed, 1954; Sabet, 1961; Noweir ef al., 1983; Kamal El Din
ef al.. 1992: Khudeir et af,, 1992 and 1905; Greiling et al., 1893 and
1994: El Gaby ef al.,, 1984; Hamimi, 1998; Ali. 2001, Abdel Wahed &f
ai., 2002 and lbrahim et al., 2004). According to the field and structural
relationships. the exposed rocks in G. El Sibai area can be classified
inte the following lithe-tectonic unites: ophiolitic melange, Hammamat
series, infrusive rocks (younger gabbros and syn-, to late-lectonic
granitoids) and pegmatites, dykes and vains. These basement rocks are
unconformable overlain by or faulted against Miocene sediments along

the eastern side of the area (Fig. 1).
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The map compiled and modifiad after Hamimi, 18988 and &I, 2001

1- Ophioclitic mé&lange: It represants the oldest rock unite in the area
and crops out in the northemn, eastern and western parts of the mapped
area (Fig. 1). It is composed of irregularly distributed allochthenous
dismembered blocks and fragments of different sizes, ranging from
pebble size o mountain Size, comprising serpentinites and refated
rocks, metagabbros and metavolcanics, as well as non-ophiclitic blocks
{arc-metavolcanics and volcanogenic metasedimenis) are enciosed
within foliated and schistose metasediments as matrix. The matrix rocks
imetagreywackes and actinolite-biotite and graphitic schists) are

Dietta J. Scd. 2005, 28, 117135
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strongly deformed compared lo the melange fragments and blocks,
being well foliated, lineated and lightly folded. They are fine to very
fine-grained, light greenish grey to very dark grey in colour and may
attain black colour as in the graphitic schist. The ophiolitic melange
rocks show tectonic contacts with each other and are intruded Dy
younger gabbros and syn- to late-tectonic granitoids.

The serpentinites are represented by massive or sheared lypes and
in part aitered to talc-carbonate rocks They are mostly exposad in the
southwestern and eastern parts of the area as NW-trending elongated
masses enclosed within ophiolitic matrix. These rocks are composgd
mainly of antigerite, lizardite, talc, carbonates and chromite. This might
suggest that the serpentines originated from peridolites parent rocks.
The metagabbros occur a5 a mountain-sized block of moderately
topography in the soultheastern part of the area (Fig. 1). Il is intensivaly
deformed and exhibits foliation, especially along the periphernes.
Microscopically, the: metagabbros are composed of green actinolitic
hornblende, plagioclase and quartz, associated with secondary chlorite
and zoesite and accessory ilmenite and sphene indicating low-grade
green schist facies metamorphism. The high sphene confent reveals
that the metagabbros are litaniferous similar to the other Egyptian
ophialitic gabbros {(Takla et al., 1881}, The melavolcanics cover large
domain In the northwestern corner of the map and small oulcrops are
encountered in the southeastern part of the area (Fig. 1). Metabasalls
and metabasaltic andesites represent them and occasionally pillowed.
The nen-ophiclitic  metavolcanies, as  arc-metavelcanics  and
volcanogenic metasediments, are intimately connected to the ophiolitic
melavolecanics and crop out as unmapped blocks along Wadi El
Dabbah. The banded iron formation (BIF) is observed along Wadi El
Dabbah volcanogenic metasediments (Akaad and Dardir, 1983) and
showing alternating fron bands of dark brown colour and lithic bands of
light colour (Fig. Zaj.

2- Hammamat series: They crop out in the most northwestern part of
the area (Fig. 1) uncoanformably overlie the ophiolitic melange rocks and
represent the extension of the known Wadi Kareim basin (Akaad &
Noweir, 1880}, The Hammamat succession are comprising thick beds of
polymictic boulder-size conglomerates intercalated with minor bands
andfor thin beds of greywackes, siltstones and mudslones, The rock
fragments in the conglomerates are represented by basic 1o
intermediate metavolcanics, volcanic tuffs, quartz diorite, gnelssose
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granite, cherl and rarely of quartzites (Akaad & MNoweir, 1980 and
Hamimi, 1986). These boulders have sizes range from 5-40cm langth
and commaonly elongated {H'li'u'-lranﬂ}, flattenad and deformed. enclosed
within foliated (MWW-SE dlrﬂcimn}-.anfl folded matrix (Fig. 2b).

3= Intrusive rocks: They are repfeagniéd by younger gabbros and syn-,
lo lale-lectonic granitoids. The younger gabbros crop oul in the most
northern part of the area as elongated mass trending MNW-SSE
direction and intruded by Humrat. Ghannam granite (Fig. 1).
Microscopically, these rocks are oxvhornblende gabbros and composed
of cumulus calclc plagioclase  {Anz,) and intercumulus  brown
Hornblende, pyroxene and olivine, associaled with accessory opagques,
sulphides and apatite, The other infrusive granitoid rocks of sharp
intrusive contacts with otder country rocks are represented by five
masses: G, Um Luseifa gneissose granodiorite, . Um Shaddad
gneissose granite, G. Dalihimmi cataclased granite, G. El Sibai-Abu El
Tivur cataclased granite and . Humral Ghannam cataclased granite.
They are showing elongation in different directions ranging from NNW-
S5E trend along the eastern side of the map area (G. Delihimmi and G.
Humrat Shannam), WW-3E trend along the central par {(G. Um
Shaddad and G. El Sibai-Abu EI Tiyur) and WNW-ESE trend slong the
southern corner of the area (G. Um Luseifa). These differen! elongation
directions are structurally controlied by the major sinistral strike-slip
faults dissecting the study area and enclosing these plutons in their
fault shear zones trending NNW, NW and WNW directions from
northeastern to southwestam sides, respectively (Fig. 1).

The syn-tectonic granitoid rocks is represented by G. Um Luseifa
gneissose granodiorile of large size. It is grey to pinkish grey in colour,
medium to coarse-grained, composed mainly of plagioclases, potash
feldspars, quartz, hornblende and biotite, and showing distinct
gneissose and sometimes-foliated textures. The late-tectonic graniles
are represented by four masses (G, Um Shaddad gneissose granite, G
Delihimmi cataclased granite, G. El Sibai-Abu El Tiyur cataclased
granite and G. Humrat Ghannam cataclased granite) having different
sizes and elongation directions, They show variation in their mineral
compositions, where Um Shaddad gneissose granite and Delihimmi
cataclased granite are richer in. mafic minerals as biotite and
hornblende tham E! Sibal-Abu El Tiyur cataclased granite and Humrat
Ghannam cataclased granite, which are rich in potash feldspars. Also,
plagioclases, quartz and accessory minerals (opaques, apatite and

Dehta.), Sei, 2005, 28 117-135
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sphene) are encountered, Microscopically, all thin sections of |hese
graniteid rock tvpes show cataclastic effects om all their mineral
components, as well as the original igneous texture (5 completely
obliterated due Lo shearing (Fig. 2c). Shearing criteria, such as mineral
lineations and local lithological banding are observed in all granitaid
rocks, especially along their margins with trends usually parallel andfor
subparallel to the major strike-slip faults (Figs, 2d, e and ).

The pegmatites, dvkes and guarlz wveins are deleted from the
mapped area, excepl some dyke swarms, Tor the sake of clarily, but
they are encounterad in the area. The pegmatites crop out as elongated
bodies in M-3, NMNE-S2W and MW-SE trends, with sizes ranging from 4-
10m length and 2-6m width, and composed mainly of feldspars and
quartz with small pockets of biolite, The pegmatitic bodies of El Sibai-
Abu Ef Tivur granitic pluton show higher radioactivily levels than others
of granilic plutons, especially that encountered along the northem
periphary of the pluton. The radioactivity in these pegmatitic bodies is
responsible by thorianite, uranothorite and zircon in biotite mineral (Al
2001y, The dykes of bostonite and mafic typas are only encounterad
cutting in the older country rocks and trending, with decreasing order of
abundance, NW-3E, N-3 and NE-SW directions. The width of the dykes
ranges from few centimelers 1o few meters and in length reach up to
0.5km,

TECTONIC FAEBRIC
The structural deformation s preserved In Gabal El Sibai area in the
two stages of strain as folds and faults. These struciures are developed
in planar and linear stroctural elemants and accompanied with thrae
phases of deformations (D4, Dy and D3} as presented in the following
paragraphs,

1- Linear structures

1.1- Mineral lineations: & well developed mineral lineations, formed by
preferably oriented feldspars, quartz and mafics, are clearly recognized
in the ophiolitic metagabbros, Um Luseifa gneissose granodioriie and
Um Shaddad gneissose granite, as well as in some oulcrops along the
peripherias of Delihimmi and El Sibal-Abu El Tivur cataclased granites
(Figs, 2d and ). The N30"-65"W trend is the dominant direction of
mineral lineations and plunge mostly from 10° to 25° toward the SE
direction. The frends NE-3W and E-W of early deformation phases are
rarely observed, especially in ophiolitic matagabbros cropping out aleng

Diedla J. Seil. 2005, 28, 117135
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the southern bank of Wadi Um Gheig, with plunge angles ranging
between 15" and 25° to E and/or W

1.2- Boudinage structures: All the boudins encountered in the area
have axes trending M25°-55"W and plunging 8°-25" to SE and rarely fo
MW directions. Also, the Boudinage struclures of small sizes, with axes
trending NE-SW and plunging steeply to NE andfor SW, are abserved in
the ophiolitic matrix along the limbs of minor folds, Bath pinch and swell
structures and lenficular boudins are commonly observed in the
ophlolitic melange matrix, as well as in some gutcrops of highly sheared
granitoid rocks as Um Luseifa gneissose granodiorite and Um Shaddad
gneissose granite (Figs, 2g and h). :

1.3- Pancil structures: They are developed by the interseclion of the
planar structures such as bedding and cleavage with imregularly
polygenal cross sectional shape. These pencll structures are best
developed in the fine-grained metagreywackes of ophlolitic melange
maltrix and siltstones of the Hammama!l series, trending N30°-50"W
subparallel to the major and minor fold axes in the area. Their plunge
angels vary from 10° to 20° SE and/or NW directions.

1.4- Stretched rock fragments: The deformed rock fragments
{boulders and cobbles) of differant compositions and sizes are
considered as a good strain markers (Lisle, 1985). These elongated or
siretched fragments are abundant in the ophiclitic matrix and
Hammamal series, and represent one of the mosl speciacular types
where the long axes are almost parallel to the axis of last folding (F3)
phase in the area. The fragments in the area are elongated in NW-SE
direction with long axes ranging between 3S-40cm (Fig. 2B). This
orientation may indicate that the principal stress (oy) is subhorizontal
and normal o the fragment elongation that may be related to the
direction of the shortening NE-SW direction associated with the Majd
shear or fault system (Fig. 1).

Z- Planar structures

2.1- Foliations: They are formed often by the combined effecis of
metamorphism and deformation phases. The detailed study of ihe
overprinting relations between these folialions revealed Lhree
penelralive foliation surfaces (S,, 5; and S1) which have been recorded
in G. El Sibai area. The orlginal bedding foliation (Sp) is overprinted by
{S4) foliation which is regarded as the oldest foliation direction and

Dedta J, Sci, 2005, 25 117-136
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developed as a foliated axial planar to minor (Fy) folds in ophiclitic
matrix. The S, foliations show variable attitude due to the effect of the
succeeding phases of deformation. Generally, S, and S5 folialions are
dominant compared to the 5, foliation, while the NW-SE foliation {S4) is
maore dominant and easy 1o find in oulcrops

& sum of the 21, 40 and 123 foliation planes representing 54, 5; and
8., respectively were measured in the ophiolitic melange
netasediments and Hammamat series and plotted as poles to foliation
strikes on equal area stereonet lower hemisphere projection (Figs, la, b
and ¢). The S, foliations revealed tight or isoclinal fold with fold axis
plunging 22° to the N46°E direction and the axial plane strikes N32°E
and dips 50° to S58°E (Fig. 3a}. The 5, foliations show close or tight
fold with fold axis plunging 26° to SB3°E direction and the axial plane
cirikes N79°E and dips 80° to S11°E (Fig. 3b). The S; foliations show
open fold with fold axis plunging 14" to the S50°E direction and the
axlal plane strikes N48°W and dips 80° to N42°E (Flg. 3c).

2 2. Folds: Generally, the minor folds of variable shapas and sizes are
extremely developed along the main foliation and within the limbs and
hinges of major folds and are being denoted to Fy and F; foiding
phases. Three generations of folding are recognized In the highly
deformed ophiolific matrix and to some gxtent in the Hammamat series
of 3. El Sibai area as follows:

The first folding phase (Fi): The F, folds are isoclinal, - tight,
recumbent and overturned types of minor size. The axial planes of
these folds strike NE-SW dipping to SE andfor NW. The fold axes of
these folds plunge at low to moderale angles to ME and rarely to SW.
These folds are commonly refolded by or included within the limbs of
the second phase folds (Fig. 3d} and rootless due fo the tectonic
attenuation of limbs by effects of the later deformation phases (Abdel
Khalek et al., 1992},

The second folding phase (F2): Their folds are characterized by the
closed 1o open, recumbent. inclined, symmelric and asymmetric types.
The axial planes of these folds are striking variably to EME-WEW,
WHW-ESE and E-W directions and dipping to SSE. SSW and 5
directions, raspectively. Their axes mostly trend E-W and plunge at
moderate to steep angles to E and rarely lo W. Also, fold axas with
trends ENE-WSW and WNW-ESE and plunging to ENE and ESE are
recorded,

Della J. Sci 2005, 23, 117133
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Figure 3. |a-cj: Equal area kovwer hemisphern propeclions of okations (54, Sz and Sy} moazwred in
[oliated rocks. [d): Micro refolded closed or 1™ fold in ophioBlic malix, nomh Um Shaddad
grarite; Fap Told axes trends RE-S5W and (F3) fold smis trends E-W. Looking E. (e} Mimo (old
redaled 8o thruss Taulls of kal detomsetion phats (F] with Tokd axia rands NW-3E, morlhiaast Abu
El Titwr gidende. Looking MW, (1) Fisld view showing (he fdialed ophiclilic melassdiemants [fighd)
oemrlying El Skbad-fbu BN Tiyer plilon (eft) along low erglo thoust faait rasked by black amos,
b e riciehing of folintion dip rear The contecd. Locking ME

The third folding phase (F3): The Fy folds are represenied by open
folds, as deduced from the plotting of foliations (S3) measured all aver
the study area on equal area net sterecgraphic projection (Fig. 3c), with
axial plane striking N48°W and dipping 80° to N42°E. The fold axis of
the regional fold plunge 14" to the S60°E direction (Fig. 2c)

2.3- Fauits
Gabal El Sibai area is traversed by different sets of faults which are

represented by strike-slip faull sets striking MW-5E and N-5, thrust fault
sets striking NE-SW and NW-ZE and dip-slip fault sets striking NW-SE

Dala J, Sci 2008, 28 117-135
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and NNW-S5E. All, these faults are traced on the aerial photographs (1.
40.000) and many of them are checked in the field.

Strike-slip faults: The present detailed geological and structural map
of G. El Sibai area (Fig. 1) show that the different rock unites are
glongated in NNW-SSE, NW-SE and WNW-ESE trends along the
northeastern. central and southwestern parts of the study area,
respectively. Tracing of aerial photographs (1:40.000) and field work
confirmed that the differential elongation directions of these rock bodies
are structurally controlled by a complex of subparallel and en echelan
major sinistral strike-slip faults, These faults have a MW-SE trend bul
abruptly change strike near large bodies of competent rocks such as
granitic plutons {e.g. Delihimmi, El Sibai-Abu E| Tiyur and Um Luseifa
plutons), then the thrust faulls (Fig. 3f) and related minor folds {Fig. 3e)
well developed (Sultan ef al., 1988), The granitic plutons in the study
area are structurally concordant with the surroundings (NW-SE trending
outcrops), indicating a pretectonic or syntectonic mode of emplacement
(Stern, 1985 and Sultan et al.. 1988).

The major strike-slip NW-trending fault zones are characterized by
highly sheared or mylonitized rocks as that observed along the faull
zone bounding El Sibai-Abu El Tiyur pluton from the northern side
{Figs. 1 and 4a). Also, small-scattered mylonite outcrops having the
same trend of the fault are observed in the central part of Um Luseifa
pluton along Wadi El Shush (Figs. 1 and 4b). The sanse of motion along
these major faults Is sinistral as indicaled by the directions of
displacements of the geologic contacts, dykes and older faults, as well
as the microscopic study of oriented samples shows a sinistral rotion
(Fig. 4c),

The end sections of many of the NW-SE trending fault traces are
curved and intersect or join to form braided fault zones of
campressional (C) or dilationat (D} types in juxtaposition as shown in
figures 5b ang 5¢. El Sibai-Abu E| Tiyur pluton occcurs in a dilational
area within the braided faull zone. It is characterized by dense arrays of
secondary M-S treanding sinistral and NW trending dextral strike-slip
faults (Fig. 1 and 5a), similar to R1 (synthetic) and R2 (antithetic)
Riede! shears, respectively (Riedel, 192% and Ramsay & Huber, 1987).
The synthetic set (R1) making acute angles with the major faults is
usually much better developed and widespread than the antithetic sel
{R#) making obtuse angles with the major fauils directions. The other

et J. Sci. 2008, 25, 117-135



128

Genlogy and slructural. .

compressional braided fault zones are characterized by -H'lr'ust faults
striking MW-SE with low' dip angle to SW or NE (Fig. 3f) and folds of
minor types (Fig. 3e) with foid axes trending NW-5E subparallel to the

major skrike-slip faults.

."_

Figure & {a}: Field pancrama view sFéwing ahearsd and
mylonitized El Sioal granifte (1) in The shearing Féne ol the
major HWwWeirending sinistral strike-slip lagll. along the
conlact between fhe fAorthern pafiphady of E! Sihal pluten
[y and ophiclilic melawalcanisa [}, &Along the castern
hank of W, El Cabbah, Looking E. (B]: Field wiew aleng W
El Shuarn showing low autorops of mylonific rocks (1)
clongated subparallel fo Lhe majer WHW-ESE ainistral
strike-glip Tault alfecling v The ceniral parl of Um Lusails
granodiorile (115 Loakisg MWW [e}: Pholomicrograph of El
Ziba cataciased granile showisg kinisiral motion. along
fraciveaes cul o plagiaslasa arysiale, CR.END

Dip-slip faults.- Generally, these faults affecting the study area have
NW-SE trend and dipping te NE andior SW direclions. The most
prominen! dip-slip faults are the twe major faults striking NW-SE and
dipping ME or SW, affecting the northeastern part of El Sibai-Abu El
Tiyur pluton, forming graben shape with elevation nearly 1101m. Above

Diedta J. Sl 2006, 23, 117-135
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sea level {(Fig. 1). On the other hand, along the southwestern par of the
same plutan twe majer dip-slip faulls alse striking NW-SE and dipping
SW or ME form horst shape with highest elevation point 1484m. above
ses level in the study area. Such dip-slip faults forming grabens and
horsis may be related to the major strike-slip faults affecting the study
area (Moore and Al Shanti, 1979). Also, dip-slip faults striking NNW-
SSE and dipping to EME direction, that downthrew the Miocene
sediments against the basemenl rocks are aencountered along the
eastern part of the area (Fig, 11
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Figure 5. fa): Struciural map shaowing lraces of the antw:r.‘d!.'}' alructures
associaled with the major sinistral atrike-slip NW.SE trending fault system
affesting In @, E| &ibai area. {b}: View showing local slress regime, araas
characterized by compreassive phenamena -:l;_‘.s and dilational ar axtensicnal
phenomena (D), (Moore & Al Shantl, 1879). fc): Diagram ahowin the lypes
and orlentation of secondary structures asscciated  with fhe Hajd Sheart
System (M55} The tectonic setling af extensional fissure veins associaled
with secondary faulting is shown (Moare & &1 Shanti, 1878}

Digla J. Sei. 2005, 29, 117-135



3o Gealogy and structural .

DISCUSSION AND CONCLUSIONS

G. El Sibai area is covered by an ophiolitic melange comprising
allochthonous dismembered blocks and fragments of sefpentinites and
related rocks, metagabbros and melabasalts, which are occasionally
pillowed, as well as arc-metavolcanics and volcanogenic
metasediments (including BIFY enclosed within a melange matrix
composed  of metagreywackes and actinolite-biotite and graphite
schists. The mineral assemblages observed In these rock types indicate
greenschist facies melamorphism. These ophiolitic melange complex
was intruded by syn-tectonic Um Luseifa granodiorite exhibiting ductile
style deformation, as well as formation of extensional basins that were
filled by the molasse-type sediments of the Hammamal series. This was
followed by intrusion of younger gabbros and late-tectonic granitic
plutons of hornblende-biotite granite type (Um Shaddad gneissose
granite and Delihimmi cataclased granite) and alkali-feldspar granite
type (El Sibal-Abu El Tiyur and Humrat Ghannam cataclased granites).
These granites were affected by shearing and brittle deformation as
indicated by the mylonite zones exposed around and sometimes within
tham,

Structurally, the area was subjected to at least three deformation
events {01, D2 and D3) affecting the rock units during the Pan-African
times. From the descriptions and discussions, the tectonic evolution of
the area can be summarized that the subduction during the Pan-African
orogeny are resulted from the suturing of the Arabian-Mublan island-
arcs 1o the Proterozoic African continent to the west {Davies, 1984
Stoeser & Camp, 1885 and Ragab el al., 1993). Such collisional
tectonics started with an early phase of deformation, where the
maximum siress is horizontal (o) and the minimum stress is vertical
(o} which resulted in low angle thrusting and folding accompanied with
crustal thickening and increased elevations, i.e., mountain formation
phase {represented by early ductile type deformations Dy and D). With
crustal thickening, the minimum stress (o;) value will be increasing and
when it reaches the value of the intermediate principal stress (o), than
a second or late phase of deformation {dilational or extensional phase)
caused by the same collisional event proceeds by predominantly strike-
ship faulting (represented by Dy of brittle type deformations). Such two-
phases patterns of intraplate deformation have been recognized in most
ancient orogenic belts (Mattauer, 1973).
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Therefore, the ductile type deformation comprising D. and D-
deformations are all related to the early phase of deformation of the
collisional event of the Pan-African orogeny. The structure style and
orientation of thrusting and folding of these early deformation phases
indicate a general E-W crustal shortening of the Arabian-Nubian Shield.
Also, the tectonic transport in the central Eastern Desert of Egypt was
suggested to be towards the NW-direction, i.e., the compressive forces
were directed from the SE (Shackleton ef al,, 1980; Ries et al, 1983,
Greiling, 1987; El Nady, 1994 and Assran, 2000). This is consistent with
the measured arientations of the structural elements in the studied area
pertaining to this deformation phases including foliations (S, and Sa),
mineral lineations and fald axes (F; and F;).

The major or long sinistral strike-slip or wrench faults tranding
approximately NW-SE, secondary synthetic (R1) and antithetic (R2)
Riedel shears, thrust faults (NW-SE). open folds (Fs). foliation {S3).
mineral lineations (NW-SE) and probably the graben and horst
formation described under Da-deformalion are related to the second or
late phase of deformation of the same collisional event. An analysis of
the configuration of the long distance major wrench or strike-slip faults
and adjacent ones in the studied area suggests that these struclures
resulted from a collision between & rigid-plastic body (central Easterm,
Desert) and a rigid indenter from the SE-direction, as predicted from
slip-line field theory (Molnar & Tapponnier, 1875 and Tapponnier &
Moinar, 1976). All such features indicate that this fault systam belongs
to the Najd shear system (M58), which originated as a consequence of
contingntal collision from the eastern or southeastern direction (Moore,
1979 and Davies, 1984) and might represent the l|ate phase of
deformation in the area.
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