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Wadi Road El-Sayalla area is a part of the south Eastern Desert of Egypt. It comprises two plutons, Nikeiba basement rock complexes and Fileita Nubian
sandstone. It is composed of metavolcanics, syenogranite, alkali feldspar granite and quartz syenite intruded by felsite and dolerite dikes and quartz
veins at Nikeiba plutons which non-conformable overlain by Nubian sandstones at Fileita area.

Purpose of the work. The present work of this paper is to elucidate the interaction between inherited ductile fabrics and overprinting brittle structures.
It is important to reconstruct the tectonic evolution of Wadi Road El-Sayalla area which help in constraining the mineralization trends in the study area.
Research methods. The folding related to ductile structures were analyzed using stereographic projection software packages GE Orient version 9.4.5.
The fracture analyses related to brittle structures were carried out quantitatively using the paleostress analyses of the different sets to calculate the
tensors related to the different compressional and extensional events using Tensor program.

Results. Structural evolution in the investigated area enabled the separation of five structural episodes: E1: syn-tectonic granite (tonalite-granodiorite);
folding-thrusting episode associated with the cratonization of the arc/inter-arc rocks association. E2: Late-tectonic granite; upright folding episode
associated with compression and shortening to the NE-SW direction. E3: Post-tectonic granite intrusion episode produced syenogranite and alkali
feldspar granite of Nikeiba. E4 and E5: Early Cretaceous to Post Pleistocene episode is manifested by syncline folding along ENE-WSW detected in the
Nubian sandstone of Fileita (E4). On the other hand, E5: Fracturing, faulting episode is characterized by multi-trends of fault populations (E-W strike
slip (right; oldest), N-S strike slip (left), E-W dip slip, NE-SW strike slip (right) and NE-SW dip slip (youngest). Accessories as thorite, uranothorite,
monazite, zircon, allanite, yttrocolombite and fluorite appear to be structurally controlled by the interaction between inherited ductile fabrics and
overprinting brittle structures. The NE-SW, NW-SE, E-W, NNW-SSE and N-S normal faults are considered to be important deep seated structure trends
which controlled many injections of felsite and dolerite dikes and alteration features that could have acted as good pathways for mineralization.

Keywords: Wadi Road El-Sayalla, Nikeiba, Fileita, Egypt, folding-thrusting, cratonization, folding episode, faulting episode.

ntroduction
The studied area is a part of the basement complex in the Eastern Desert of Egypt; passed through several structural
events since the early cratonization episode of the arc-inter-arc associations. So, the structural analyses of it enabled the
separation of successive structural events including ductile and brittle deformations.

Many researchers have extensively studied structure evolution of the basement complexes and associated rocks in the Eastern
desert of Egypt [1-7].

The structural field measurements were carried out on scattered pattern making use of the wadis in the area. They include
primary structure measurements as bedding, secondary structures like foliation, deformed pebbles, faults, joints, minor and
meso-scale folds. All the measurements were analyzed using different proper techniques “GE Orient version 9.4.5 and Tensor
program according to [8-10]” to characterize the different structure that affected the area through out its geologic history.

Geologic setting

Theexposedrocktypesat Wadi Road El-Sayallaarelocated between Latitudes 23°44°18”-23°54’36” N and longitudes 34°10°48” -
34°24°36” E, in the Eastern Desert of Egypt (Fig. 1). Field studies indicate the presence of metavolcanics, tonalite-granodiorite,
syenogranite, alkali feldspar granite and quartz syenite non-comfortably overlain by Nubian sandstone. Metavolcanics form a
thick sequence of stratified lava flows interbanded with their pyroclastics. They are represented by ash and lithic lapilli metatuffs of
basaltic, andesitic and dacitic composition. These rocks are intruded by tonalite-granodiorite, syenogranite, alkali feldspar granite
and quartz syenite as well as by felsite dikes and quartz veins. Tonalite-granodiorite forms low relief masses and is non-comfortably
overlain by Nubian sandstones at Fileita area. Tonalite-granodiorite consists of plagioclase, K-feldspar, quartz, hornblende and
biotite. Syenogranite is low to moderate relief and is composed of K-feldspar, quartz, biotite, plagioclase and iron oxides. Alkali
feldspar granite is the last phase at Nikeiba plutons. It is characterized by moderate relief and is composed of K-feldspar, plagioclase,
quartz, and biotite. Quartz syenite forms high relief hills and is composed of K-feldspar, quartz, plagioclase, amphibole and
biotite. Syenogranite and quartz syenite are highly albitized, hematitized and kaolinitized. Syenogranite, alkali feldspar granite
and quartz syenite intrude the metavolcanics with well exposed intrusive contact. Felsite dikes cut the syenogranite, alkali feldspar
granite and quartz syenite in the northeastern part of the mapped area. They are brecciated along the contact with metavolcanics
and syenogranite. They are composed essentially of K-feldspar quartz and plagioclase together with subordinate biotite.
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Figure 1. Geologic map of Wadi Road El-Sayalla area, Eastern Desert, Egypt.
PucyHok 1. leonornyeckas kapta panoHa Bagu-poya 3nb-Casnna, BoctoyHas nyctbiHa (Eruner).

Nubian sandstones include two Formations: lower Timsah Formation and upper Um Baramil Formation (Fig. 2). Timsah
Formation attains 7.5 m thick, and comprises different types of cross-bedding, pebbly ferruginous, gradded bedding and clayey
sandstones. Gradded- and cross-bedding features are observed as primary sedimentary structure in some sandstone beds.
Um Baramil Formation is the most extensive exposure of Nubian sandstone in the investigated Fileita area. It overlies Timsah
Formation and in other parts overlies the tonalite-granodiorite with non-conformity surface. This formation attains 70 m in
thickness and comprises yellowish to dark grey sandstone, kaolinitic sandstone and pebbly ferruginous sandstone. Timsah and
Um Baramil formations are traversed by N-S strike slip sinstral faults (Fig. 1).

Structural analyses

The studied area is an object of an intensive detailed systematic analysis of the structural fabrics (bedding, foliation, fold
axes, fault populations, joints and liniments) collected from different sites distributed all the outcropping rock types (Fig. 1).
During the detailed field study, the chronological criteria (cross-cut relationships, overprinting relations, overprinting of marks,
reactivation geometries as well as fold-fault relationships) have been carefully documented in order to define the succession of the
deformational events. A fundamental concept in structural analysis is the proposition that the small-scale structures in the field
can act as a guide to the large-scale regional features that are not visible to the field observer.

Ductile fabrics

Field observations indicate that the ductile deformation was restricted only to highly sheared metavolcanics as regional isoclinal
and upright folds with pervasive NW-SE and ENE-WSW foliations. Ductile deformation is studied by analyzing the measured
structural elements represented by foliations and minor fold axes, using the lower hemisphere stereographic projection. Based
on measurements of foliation, lineaments and fold axes have been collected from different sites distributed along the metavolcanics
exposures. These measurements have been categorized and analyzed according to its trend distribution. Each system of foliation
has been analyzed to deduce its principal compression direction as well as their corresponding inferred tectonic regime.
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Figure 2. Schematic lithological profiles show the nonconformity surface between tonalite-granodiorite and Nubian sandstone
successions in Timsah Formation (7.3 m) and Um Baramil Formation (70 m) at Wadi Road El-Sayalla (Fileita area), Eastern Desert, Egypt.
PucyHok 2. CxemaTuyeckue nurornornyeckue npodmnu nokasbiBaloT Hecornacue mexay TOHanUT-rpaHOAMOPUTaMU U HYGUICKUMU
necyaHukamm B Tumcaxckou ceute (7,3 M) u Ym-Bapamunbckoi cBute (70 M) Ha Bagu-poyn 3nb-Casnna (panoH ®unentbl), BocTouHas
nycTbiHa (Eruner).
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Figure 3. Stereograms of mesoscopic structural data for Wadi Road El-Sayalla metavolcanics rocks, Eastern Desert, Egypt. All
stereograms are Schmidt net equal-area lower hemisphere projection. a — density contour of the poles to the bedding planes, contours at 4,
8, 16 and 32% for 32 bedding; b — density contour of the poles to the foliation from the NW and N limbs of a regional F1 and F2 isoclinal antiform,
contours at 2, 4, 8 and 16% for 34 foliations; ¢ — density contour of the poles to the foliation from the south limb of a regional F2 isoclinal antiform,
contours at 3, 6, 12, 24 and 48% for 32 foliations; d — density contour of the poles to the foliation from the S and SW limbs of a regional F3 upright
fold, contours at 1, 2, 4, 8 and 16% for 75 foliations; e — the great circle of best fit for F3 hinges gives an estimate of the orientation of the F3 axial
plane, contours at 1, 2, 4, 8 and 16% for 109 foliations.

PucyHok 3. CTepeorpamMbl Me30CKOMUYECKUX CTPYKTYPHbIX AAHHbIX ANA MeTaBynkaHW4yeckux nopop w3 Baau-poya dnb-Casnna,
BocTtouHas nycTbiHs, EruneTt. Bce ctepeorpaMmbl — 3TO NPOEKLUSA, COXPaHsOLWAa paBeHCTBO nrollagen HuxHen nonycdepsol LLimuara.
a) KOHTYp MIIOTHOCTM MOJIKOCOB K MIOCKOCTSIM HamnacTtoBaHus, KOHTypbl 4, 8, 16 n 32% ana 32 HacnoeHuid; 6) KOHTYp MIOTHOCTY MOMOCOB K
cnaHuesaTtocTvt n3 NW u N KpbIfibeB cknagku perroHansHon U nsoknuHanbHow aHTudopmsl (F1 1 F2), koHTypbl 2, 4, 8 1 16 % Anst 34 HacnoeHui.
B) KOHTYp NAIOTHOCTM NOMIOCOB K CIAHLEBATOCTM C KOXHOIO Kpbiia CKMafKkv permoHanbHOW N30KNMHanbHoOM aHTudopmel F2, koHTypbl 3, 6, 12, 24 n
48 % nns 32 HacnoeHwii. r) KoHTyp NnoTHOCTM NOMCOB K cnaHueBaTocTn S 1 SW KpbINbeB permoHanbHoW BepTuKanbHoOW cknagku F3, KoHTypbl
1,2,4,8un 16 % ona 75 HacnoeHwi. ) bonbLuon kpyr, Hanbonee nogxoasawmi Ans nepernba F3, faeT oueHKy opueHTaLmMn 0CEBOM NITOCKOCTU
F3, kKoHTypbl Ha 1, 2, 4, 8 1 16 % Ansa 109 HacnoeHwiA.

Bedding

Bedding planes are locally preserved in the metavolcanics and measured whenever possible; they are frequently transposed
by foliation and later deformation. So, the earlier ductile deformation episode can depict from the foliation. Bedding surfaces in
the metavolcanics strike NW-SE and dipping generally range between 50° to 80° SW. On the lower hemisphere equal area has
graphical analysis; (Fig. 3, a) indicates a great circle with fold axis plunging (82°/N-234°). This fold trend represents the third
folding generation F3.

Foliation

Foliations are more extensive, parallel in finer and softer beds than in harder beds and bands of the metavolcanics especially
in the more felsic metavolcanics. Foliation planes resulted from deformation which flattened the embedded clasts. One distinctive
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Figure 4. Effect of ductile deformation on metavolcanics. a — bedding and foliation have minor angle between each other in metavolcanics;
b — banded metatuffs associating more massive basaltic shear pod.

PucyHok 4. BnusaHue nnactuyeckorm pedopmaumm Ha MeTaBYNKaHUTbl. @ — CINOWCTOCTb W CRaHUeBaToCTb B MeTaByrnKaHUTax
pa3HOOPUEHTUPOBAaHbLI MeXay cobown Ha HebornbLLoK yron; 6) nonocyaTble MeTaTydbl aCCOLMMPYIOT C pa3pe3om bonee MaccuBHbIX Ha3ansToB.

set of cleavage is observed; it is either pervasive or penetrative and affects metavolcanics and tonalite-granodiorite along their
contact. The foliations are approximately parallel to the axial surface of regional folds and are considered as an axial plane foliation
representing the early folds in the area, associated with the early folding-thrusting episode [6, 11, 12]. The metavolcanics
possess a strong bedding planes parallel cleavage to the foliations in some sites, have a minor angle between each other (Fig. 4,
a) and others were perpendicular to the bedding planes which related to that they are located on the hinge of the fold. These
bedding enclose the more massive basaltic shear pods (~30 cm long, 20 cm width) banded and ranged in thickness from (1
cm to 10 cm) (Fig. 4, b).

Folding analyses

Based on the geometric analysis of folding, three generations are distinguished F1, F2 and F3. Foliation planes are plotted on
the lower hemisphere equal area projection to deduce the principal compression direction affected the metavolcanics. On the N
and S limbs of F2 fold (Fig. 3, b, ¢), the data show bimodality of two subparallel great circles reflecting the deformation of the two
limbs of an isoclinal tight fold (two limbs of F1). The elongation of pole concentrations is the result of later gentle refolding of the
F1 fold limbs about F3 axial plane. The calculated F1 axis is 6°/ 018° (Fig. 3, b).

The plot of foliation poles for the N and S limbs of F2 fold; it does not show the same bimodality as the other limb due to the
tightness of F1 folds on that limbs. The elongation of the polar concentration is again due to open F3 folding. The F2 axes as 75°/
027° and 63°/ 122° (Fig. 3, b, ¢). The F2 fold is nearly coaxial with the F1 folds indicating that the compression during this episode
(E1) continued in the same direction.

The great circle of best fit for the calculated F3 axes from bedding in metavolcanics 82°/ 234° (Fig. 3, a), and hinges of the F3
upright fold 77°/ 223° and 64°/ 286° (Fig. 3, d, e) are shown in (Fig. 3, e). This great circle defines the mean axial plane of F3 folds
for the study area. Its attitude is N57°W/ 80°SW. The F3 folding is occurred by intracratonic compression episode (E2), which
acted in a general NE-SW trend. The compression and shortening trend during E2 is to the NE-SW direction, i.e., quite different
from the NW-SE shortening direction during E1. This means that crustal shortening directions flipped through about 90°.

The age of E1 episode can be estimated to be between the formation of the arc-inter-arc rock association and the intrusions
of the syntectonic granites. These granites have an age (660-730 Ma) [13]. They are considered as emplaced at the culmination of
the low angle shearing tectonic event.

The fourth folding generation F4 is manifested by syncline folding that existed in Nubian sandstone at Fileita area (Fig. 5,
a, b). Bedding planes are plotted on an equal area projection to show the trend and dip of the regional fold axis F4 plunging
(12°/N-83°) along the axial plane (N84°E/84°S) that existed after the intrusion of younger granites and the deposition of Nubian
sandstone Post-Cretaceous.

Brittle deformation and paleostress analyses

Tectonic analyses based on the aeromagnetic survey data

Wadi Kharit/Wadi Jararah basin may be explained in terms of a pull a part wrench with right-lateral motion (Fig. 6). In
pre-Jurassic time, the main trend of the basement rocks was composed mainly of NW-SE system. Tectonic analyses explain the
geometric configuration and orientation of a pull a part movement which governed the sedimentation history of the area; the
platform regime began in Paleozoic through northern Africa [14].

A rose diagram (Fig. 6) represents the main faults trends from an aeromagnetic map. The main trends of normal faults are
NW-SE to NNW-SSE with minor trends NE-SW, E-W and N-S. On the other hand, strike slip faults have NE-SW and NNE-
SSW trends. These trends can be considered as deep seated trends in the study area. From the present study; alteration processes
including albitization, hematization, kaolinitization and dissilicification affecting syenogranite, alkali feldspar granite and quartz
syenite are mainly associated with the NW-SE to NNW-SSE, NE-SW, E-W and N-S deep seated normal fault trends. This means
that the deep seated trends from an aeromagnetic map of normal faults are the same trends of different types of alterations
delineated the granitoids at Wadi Road El-Sayalla area.

Paleostress analyses

The (INVD) direct inversion [8-10, 16] used to determine paleostress tensors from fault-slip data sets. This method is based
on some hypotheses which can be verified on the basis of data consistency after computations and geological observation at data
collection sites: 1) The stress field was homogeneous within the site studied for the tectonic event considered. 2) Slip occurred in
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PucyHok 5. CknagyaTtocTb B HYGUMACKUX MecyaHuKax. a — LBeTHas dotorpadus, nokasblBaeT CUHKMUMHAMbHYO CKNaAKy, COCTOSLLYIO U3 OT-
noxeHu TuMcaxckow CBuTbl U cnoes B YM-bapamunbckon ceBuTe, 0ObekTMB hoToannapara HanpaeneH Ha cesep; b — rpadmyeckoe pelueHune
OKOHTYPEHHbIX MOMOCOB K 0Cal04YHbIX CMOSM B HyOUINCKNX NecyaHrkax B panoHe PunewTsl, KOHTYpbI 2, 4, 8, 16 1 32 % ansa 81 HacnoeHui.
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Figure 6. Interpreted tectonic map and rose diagram showing faults trends based on aeromagnetic data for Wadi Kharit / Wadi Jararah
area, Eastern Desert, Egypt, after [15].

PucyHok 6. MHTepnpeTupoBaHHaa TeKTOHW4YeCcKas KapTa U pos3a-guvarpaMma, MnokasbiBallive HanpaBrieHWsi pa3fioMOB Ha OCHOBe
a3’poMarHUTHbIX AaHHbIX Ana paoHa Bagun-Xaput/Bapgu-dxapapa, BoctouyHas nycteiHsa (Eruner), no [15].

Anu K. T. u gp. Structural evolution of Wadi Road El-Sayalla area, Eastern Desert, Egypt // U3BecTus YITY. 2018. Boin. 4(52). 1
C.7-17. DOI10.21440/2307-2091-2018-4-7-17



HAYKU O 3EMAE K.T. Aauu dp. / Ussecmus YITY. 2018. Bon. 4(52). C. 7-17

the direction of the maximum resolved shear stress along the fault plane and corresponds to the measured striae. 3) Faults moved
independently but consistently with a single and common stress tensor during the tectonic event. 4) Fault displacement is small
relative to the fault surface area [16, 17]. Paleostress reconstruction of brittle deformation is based on the analysis of fault slip data
using computer programs of tensor [8-10, 16]. These methods depend on determining the best fitting reduced paleostress tensor
for a given fault slip data set. The direction of slip on a fault plane depends on the orientation of the maximum (o)), intermediate
(0,), and minimum (o,) principal stress axes and on the ratio ® = (o, - 0,)/(0, - 0,). This ratio provides a convenient index to
characterize the relationship between the principal stress magnitudes. It ranges from 0 (meaning that 0, = 0,) to 1 (meaning that o,
= 0,). Whereas simple extension generally corresponds to high values of @ (e.g., > 0.5), multidirectional extension is characterized
by low values that make o /0, stress permutation easier. In compressional tectonics, changes between reverse and strike-slip
faulting modes generally correspond to situations with low values of @, down to about zero [18]. A quality estimator of data
dispersion is the average “ratio upsilon” of RUP. Possible value of estimator RUP ranges from 0% (maximum shear stress parallel
to slip with the same sense) to 200% (maximum shear stress parallel to slip with opposite sense). The average ratio of the direct
inversion method (RUP) in percent (100) value < 75% = good consistency [19] as, it generally corresponds to good fits between
actual fault slip data distribution and computed shear stress distribution. Another quality estimator is calculated, ANG as to the
average angle (in degrees) between the measured lineation and the computed slip lineation. The results are acceptable for values
between 1° to 25° [19] which are the case of the present analyses.

In the present study, paleostress tensor analyses have been conducted in the studied area based on crosscutting and
geometrical relationships between faults and dikes. Twenty-one stations have been studied in which 166 fault slip data were used
in calculation. Their analyses allow the calculation of 21 paleostress tensors. There are 29 faults characterizing extension, 132
faults characterizing simple shear (compressional) regime and 5 faults characterizing pure shear regime.

A - Extensional stress regime

It has been defined fault-slip data sets of system in 5 sites (Table 1) and (Fig. 7). These systems are gathered into different
extensional regimes NW-SE, NNW-SSE, NE-SW and NNE-SSW. The faults recording NW-SE to NNW-SSE striking extension
are found in two sites of the area (sites 104A and 109B). While the faults recording nearly NE-SW and NNE-SSW-striking
extensions are recorded in three sites (111N, 3/6C and 91A). The average orientations of o, axes are N-315° and N-170° for
NW-SE and NNW-SSE-striking extension, N-226° and N-45° for NE-SW extension and N-196° for NNE-SSW extension. The
different alteration processes encompass albitization, hematitization, kaolinitization and dissilicification affected Wadi Road El-
Sayalla granitoid plutons are similar to those trends of normal deep seated faults resulted from an aeromagnetic map. These fault
trends are NW-SE to NNW-SSE, NE-SW, E-W and N-S in which reveal NE-SW to ENE-WSW, NW-SE, N-§, and E-W extensional
trending minimum stress (0,). These extensional trends considered the most important trends for higher radioactive zones at
Nikeiba area as reported by [20].

B - Compressional stress regime

It has been defined using 137 faults from simple shear system and 5 faults from pure reverse compression system in 16 sites
(Table 1) and (Fig. 7). These systems are gathered into five events of different compressional regimes N-S, NNW-SSE, NW-SE,
E-W and NE-SW. The strike-slip regime (o, vertical with horizontal o, and 0,) occurs in 15 sites. The compressional event is
detected from strike-slip systems (sites 91, 3/6D for N-S while 109 and 3/6 for NNW). The computed o, for this system plunges
14°, 399, 4° and 15° in 187°, 172°, 156° and 337° directions. The NW-SE compressional event represents strike-slip phases (sites
92,101A, 102, 104, 109A and 111). The computed o, for these systems are 327°, 326°, 165°, 129°, 304° and 313° with plunges from
27°, 18°, 74°, 8° 1° and 16°. From (Fig. 7) the alkali feldspar granite take an oval shape along the NW-SE direction as the same
direction of the foliation planes in the metavolcanics in which their strike ranges between 120° to 160°. Quartz syenite affected by
the N-§ strike slip left lateral compression causing the displacement of their plutons (Fig. 7).

The faults recording E-W-striking compression is detected from two conjugate strike-slip fault systems (93 and 101). The
orientations of o, axis are 104° and 276° respectively with plunges 17° and 14°. The NE-SW compressional event (sites 109C, 3/6A
and 3/6B, have orientation of o, in 251°, 46° and 72° directions with plunges 21°, 4° and 2° respectively.

The pure compressional regime (o, vertical with horizontal 6, and ¢,) is only detected in the NW-SE compression (reverse)
(site 92A). The computed o, for this system plunges 8° in 152° direction. This regime characterized by reverse fault causing highly
sheared zone between syenogranite and quartz syenite. Also, the major synclinal folding (F4 generation), associated with Nubian
sandstone basin at Fileita (Post-Cretaceous) and formed by pure compressional regime in NW-SE direction.

The geometry of fault populations is complex and varies from site to site. Oblique faulting is common where slip movements
were initiated along pre-existing fault planes. For instance, some E-W and NW-SE trending oblique-slip faults have been
reactivated into strike-slip sinstral faults (sites 102 and 92). This indicates that this event is younger than the N-S and NW-SE
extensional events. Also, E-W trending oblique-slip faults have been reactivated into strike- slip dextral faults (sites 109C). This
indicates that this event is younger than the N-S extensional event.

The ratio of stress differences ® has very high value (0.5) in sites 92, 102, 104 and 111 i.e. o, is very close to o, so, changing between
dip-slip faulting and strike-slip faulting modes can took place [18]. Conversely, where the tectonic regime is dominated by extension,
a decrease in the ratio @ results in more irregular trajectories of o, and local permutations of 0,/0, [18] (site 104A and 109B).

Tectonic evolution of Road El-Sayalla area

The following geological and tectonic episodes were inferred from the present study and the geochronological data for the
surrounding areas were published (Fig. 8).

Syen-tectonic granite; folding-thrusting episode (E1)

It was associated with the cratonization of the arc-inter-arc rock association. Low angle thrusting, tight and isoclinal folds of
(F1) were formed during this stage (E1). Sol Hamed-Onib and Allaqi-Heiani sutures were formed due to the collision between
Gerf and Gabgaba-Gebeit terrains (> 715 Ma [13]. Also, the metavolcanics are similar expressions of the ~ 750 Ma crust-forming
events [21]. The compression during early folding-thrusting episode (E1) continued in the same direction to generate nearly
coaxial folds (F2) with (F1). The F2 folds were formed between formation of arc-inter-arc rock association and the intrusion of
the syntectonic granites 660-730 Ma [13]. The intrusion of these granites represent the end of folding-thrusting episode (E1).
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Results of paleostress tensor from the measured fault-slip data at Wadi Road El-Sayalla area, Eastern Desert, Egypt.
Pe3ynbTaThl TeH30pa NaneocTpecca nocre M3MepeHUs AaHHbIX 0 pasnomax B Baau-poya dnb-Casnna, BoctouHasn nycTbiHa (Eruner).

Axe g, Axe o Axe o,

. Conj.
Site No. Tensor D p D p D p 0] ANG RUP No.
91A Ex 20° 78° 287° 1° 196° 12° 0.424 3° 23 9
104A Ex 121° 72° 224° 4° 315° 17° 0.247 3° 15 6
109B Ex 313° 75° 78° 9° 170° 12° 0.249 2° 10 4
3/6C Ex 188° 82° 315° 5° 45° 6° 0.390 2° 10 5
111N Ex 29° 71° 134° 5° 226° 18° 0.33 6° 21 5
3/6D Cp2 172° 39° 285° 26° 39° 40° 0.402 4° 48 8
91 Cp2 187° 14° 54° 69° 280° 14° 0.506 12° 34 16
92 Cp2 327° 27° 185° 56° 66° 18° 0.675 1° 12 6
93 Cp2 104° 17° 329° 67 199° 16° 0.178 3° 20 10
101 Cp2 276° 14° 33° 60 179° 26° 0.416 25° 54 16
101A Cp2 326° 18° 137° 72° 235° 3° 0.363 9° 36 5
102 Cp2 293° 1° 202° 48° 23° 42° 0.644 4° 27 5
104 Cp2 129° 8° 348° 80° 220° 6° 0.552 4° 38 6
109 Cp2 156° 4° 50° 77° 246° 13° 0.244 11° 36 12
109A Cp2 304° 1° 37° 70° 213° 20° 0.471 23° 49 9
109C Cp2 251° 21° 114° 62° 348° 18° 0.176 4° 33 7
111 Cp2 313° 16° 145° 74° 44° 3° 0.524 7° 44 5
3/6 Cp2 341° 22° 162° 68° 71° 0° 0.416 7° 36 9
3/6A Cp2 46° 4° 147° 69° 315° 21° 0.148 6° 28 12
3/6B Cp2 72° 2° 339° 49° 163° 41° 0.256 1° 18 6
92A Cp1 152° 8° 243° 6° 8° 80° 0.422 5° 21 5

Symbols: Ex (Extensional system), Cp2 (strike-slip shear system), Cp1 (pure compression reverse system), g,, 0, and o, = principal stress axes,
D = trend of axis, P = plunge of axis, ® = (0,- 0,)/(0, — 0,). ANG = angle between calculated and measured shear. RUP = ratio upsilon (in %) of
the function defined by [9] from 0% to 200% and Conj. No. = number of conjugate fault systems (total = 166).

Late-tectonic granite; upright folding episode (E2)

It was associated with compression and shortening to the NE-SW direction which different from the NW-SE shortening
direction during (E1). At the end of the E2 numerous plutons of the late-tectonic granites in the Eastern Desert are intruded
parallel to the NNW-SSE to NW-SE trend [22]. The folding and foliation during the E1 and E2 provided most of the space for the
granitic plutons intrusion [23].

Post-tectonic granitic episode (E3)

The syenogranite and alkali feldspar granite of Nikeiba exhibit A-type affinity intruded during this episode. On the basis of
petrological and geochemical data, this batch displays anorogenic features of post orogenic environment [20, 24] (E3). So, this
batch of Nikeiba post-tectonic granites can be occurred during a prolonged heating event by post-collision extension [25, 26]. It
is consistent with the concept that represents a continuation of magmatism in a post-orogenic environment, which reactivates
major structures.

Early Cretaceous to Post Pleistocene episode (E4 and E5)

The fourth episode (E4) is manifested by syncline folding along the axial plane bedding of F4 (N84°E/84°S) that existed after
the intrusion of younger granites which were detected in the Nubian sandstone at Fileita area.

Fracturing, faulting episode (E5) is manifested in the studied area by successive events of compressional reverse, strike slip
faulting and extensional normal faulting. They are detected in syenogranite, alkali feldspar granite and quartz syenite. The area
is dissected by multi-trends of fault populations arranged according to relative chronology starting from the oldest event: E-W
strike slip (right), N-S strike slip (left), E-W dip slip, NE-SW strike slip (right) and NE-SW dip slip main trend clusters. The N-S
reactivated left lateral strike-slip faults which cross cut clayey sandstone at Fileita.

Discussions and conclusion

1 - The detailed structural study reveals four tectonic episodes that affected the studied area; E1: Folding-thrusting episode;
It is represented by tight and isoclinal folds (F1) associated with metavolcanics association. The compression during early folding-
thrusting episode continued in the same direction to generate nearly coaxial folds (F2) with the isoclinal folds (F1). The intrusion
of syntectonic granites (tonalite-granodiorite) marks the end of this episode 660-730 Ma [13].

2 - E2: Upright folding episode; It is associated with compression and shortening in the NE-SW direction, which is different
from the NW-SE shortening direction during E1.

3 - E3: Post tectonic granitic intrusion episode; the syenogranite and alkali feldspar granite of Nikeiba exhibiting A-type
affinity and post orogenic environment formed during a prolonged heating event by post-collision extension.

4 - E4 and E5: Early Cretaceous to Post Pleistocene episode; syncline fold, fracturing and faulting episode show the analysis of
paleostress and relative chronological data indicate that the area experienced successive events of compressional and extensional
regimes starting with the oldest event; E-W strike slip (right), N-S strike slip (left), E-W dip slip, NE-SW strike slip (right) and
NE-SW dip slip (main trend). Trends of the main tensions occurred along the inherited axial planes of F1, F2, F3 and F4 folds in
sites (104A, 109B, (111N, 3/6C) and 91A, respectively.
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Figure 7. Lower-hemisphere Schmidt projection of fault slips data corresponding tensor for compressional and extensional phases
showing their distributions on the geological map for Nikeiba plutons at Wadi Road El-Sayalla, Eastern Desert Egypt. Symbols: as
5-pointer star (red color) = o, 4-pointer star (green color) = o,, 3-pointer star (blue color) = o,; Large blue and red arrows = direction of
extension and compression, small arrows indicate slickenside sense of movement.

PucyHok 7. HuxHaa nonycdepa npoekumum LMuara gaHHbIX UCTMHHOM BbICOThI COpOCa; COOTBETCTBYET TEH30PY ANA PacTAHYThIX
M cxkaTbIX a3, NoKa3bIBalOLWMX UX pacrpeperieHue Ha reosiorm4eckon kapre, onsa nnytoHoB Huken6a Ha Bagu-poya dnb-Casinna,
BocTouHas nycteiHa (Erunet). O603Ha4YeHus: B BUAe 38e3Abl C 5 HAKOHEYHMKaMK (KpacHbIM LBeT) = 0, 38e34a C 4 HaKOHeYHMUKaMun
(seneHbIii uBeT) = 0,, 3B€34a C TPEMsi HaKOHEYHMKaMU (CUHWI LBeT) = O,; Bomnblmne CMHME M KpacHble CTPenkuM = HanpaBneHue
pacTaXeHUA U CXKaTtusa, ManeHbkKue CTpersiku yKa3biBalOT Ha 3epKasio CKOJNbXXeHUs.
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Figure 8. Tectono-stratigraphic sequence of rock association of the basement complex and non-conformable Nubian sandstone at Wadi
Road El-Sayalla in the Eastern Desert, Egypt, modified after [6].

PucyHok 8. TekToHO-cTpaTurpadmyeckas nocnenoBaTeNibHOCTb acCCOLMMPYIOLWNX MOPOA M3 KOMMIEKCOB OCHOBaHWUS U Hecornacue
HyGuickoro necyaHuka B Bagu-poya 3nb-Casnna B BoctouHol nycTbiHe, EruneT, ¢ uameHeHusimm no [6].

5 - The NW-SE, NE-SW, E-W, NNW-SSE and N-S normal fault trends control multi injections and many alteration features.
They are considered as important trends for deep seated structures from aeromagnetic map and could have acted as good
directions for the radioactive mineral (thorite and uranothorite).

6 — Mineralization appears to be structurally controlled by the interaction between inherited ductile fabrics and overprinting
brittle structures. During reactivation, simple shear parallel to the inherited ductile fabrics was responsible for development of
mineralized structures. Also, uranium and thorium are concentrated in accessory minerals, especially uranothorite, monazite,
zircon, allanite yttrocolombite and fluorite in which they are associated with the highly altered syenogranite, alkali feldspar, quartz
syenite, felsite dikes and pegmatite pockets in Nikeiba plutons at Wadi Road El-Sayalla.
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CTpyKTypHas 3BoAIOUMSI parioHa Baay poya dab-Casiana, BoctouHas
nycTbiHs (Ervner)

Xanep Mamanes AU,

Xacan Anu 3JTUBA?,

Macyn Canax MACYO',

Mamopy MYPATA?,

Axmep 9nb Caeg ABAENb FABAQ",

'"YnpaBneHue aaepHbix Matepuanos, Kavp, Eruner
2YHusepcutet MuHydus, Kaup, Erunet
3YHuBepcutet HapyTto, National University Corporation, HapyTo, AnoHus

PaitoH Baan poya dab-Casiana sIBASIETCS YacTbio tora BocrtouHowt nycrbiy Ermnta. OH cOCTOUT M3 ABYX MAYTOHOB, OCHOBAHMsI KOMIMAEKCOB FOPHBIX MOPOA
Hukeiiba u necyannkos duaeiita HybuaH. B cocraB nAyToHOB Hukei6a BXOAST METABYAKAHWTLI, CUEHOTPAHMTDI, WEAOYHLIE MOAEBOLIMATOBLIE MPAHUTLI U
KBapLEBbIE CUEHUTDLI, MPOPBAHHLIE AAiKaMy (PEAL3UTOB M AOAEPUTOB M KBAPLIEBLIMM JKMAAMU, BCE 3TU KOMIMAEKChI MOPOA HECOTAACHO MEePEeKPLIBAIOTCS
HyOUMCKMMM MECHaHMKaMM B paioHe DUAEHTDI.

Lleap pa6oTpl. VICCAEAOBAHME 3AKAIOYAETCSl B BLIICHEHMM B3AMMOAEVCTBUSI MEXAY YHACAEAOBAHHLIMM TMAACTUHECKMMM  CTPYKTYPHO-TEKCTYPHLIMU
SAEMEHTaMM M HAAOXKEHUEM XPYIKUX CTPYKTYp. BaskHO peKoHCTpyMpoBaTh TEKTOHMHYECKYIO 3BOAIOLIMIO paiioHa Baan-poya dAb-Casiaaa, YTO MOMOMKET
OIMPEAEANTDb IPAHNLIbI MMHEPAAM3ALIMY B ICCAEAYEMOI OBAACTH.

MerToAbl MCCAeAOBaHMA. AHAAM3MPOBAAOCL CrMOAHME, CBSI3aHHOE C MAACTUMECKUMMM CTPYKTYPHO-TEKCTYPHLIMM SAEMEHTamMU, C MCTOAL3OBAHVEM
MPOrpaMMHLIX NMakeTos crepeorpacudeckor npoekumn GE Orient Bepcun 9.4.5. AHaAM3 TpelVH, CBSI3aHHLIX C XPYMKUMU CTPYKTYPaMu, MPOBOAMACS
KOAMYECTBEHHO C MCTMOAL3OBAHMEM MAAEOCTPECC AHAAM30B PA3AMYHLIX HAOOPOB AASI PacHeTa TEH30POB, CBSIBAHHLIX C PASAMYHBLIMU COOLITUSIMU OKATUST U
3KCTEHCMOHAAM3ALIMM C UCTTOAL30BAHMEM Mporpammbl Tensor.

Pe3yavtaTnl. CTPYKTYPHAsl S5BOAIOLIMSI B MCCAEAYEMOM OOAACTM MOAPABAEASIETCS Ha MSITh CTPYKTYPHLIX SMM30A0B: E1: CUHTEKTOHMYECKUI FPAHMUT (TOHAAWT-
rPAHOAVIOPUT); 3MM30A CrMOaHMsl, CBSI3AHHBIM C KPATOHM3ALMEN OCTPOBOAYIKHBIX M MEXKAYTrOBLIX KOMMAEKCOB MOPOA. E2: MO3AHETEKTOHMYECKMI FPAHMUT;
SMM30A MPSIMOV CKAAAKM, CBSI3AHHLIV CO Okatvem B HaripaeaeHnn NE-SW. E3: IHTpy31u NMOCTTEKTOHMYECKMX FPAHMTOB C OOPa3soBaHMEM CHEHOTPAHUTOB U
LIEAOYHO-TIOAEBOINATOBLIX rPaHNTOB Hukeiibul. E4 m E5: 0T paHHEMEAOBOTO AO MOCTIAEICTOLIEHCKOTO NMEPVOAOB MPOSIBASIETCS] CMHKAVHAALHOE CrubaHne
BAOAL HaripaeaeHusi ENE-WSW B Hybuiickom rniecyaHvike duneitra (E4). C apyroi ctopohbl, E5: PaspylieHune, TEKTOHMYECKas! 30HA XapaKTepusyeTcs
MHOTOYMCAEHHLIMU Pa3AoMamm (CABUIOBLIT pasaom EW (nmpasbiid, cambliii ctapbiil), cABUroBbIi pasaom NS (AeBbiii), BepTrkasbHOe cmelneHue E-W, caBurosbiit
pasrom NE-SW (npasbii) u1 NE-SW BepTuKaabHOe cmellleHMe (camoe MOAOAOe). AKLIECCOPHbIE MUHEPAALI, Takue Kak TOPUT, YPaHOTOPUT, MOHALIMT,
LIMPKOH, QAAHUT, UTTPOKOAYMOMUT U (DAIOOPHUT, MO-BUAMMOMY, CTPYKTYPHO KOHTPOAMPYIOTCSI B3AMMOAECTBMEM MEXKAY YHACAEAOBAHHLIMU MAACTUHECKMMM
CTPYKTYPHO-TEKCTYPHLIMA SAEMEHTAMM M HAAOXKEHMEM XPYMKuX CTpyKTyp. HopmaabHbie cOpocst NE-SW, NW-SE, E-W, NNW-SSE u N-S siBastiorcst
BKHBLIMM TAYOOKO 3aAETAIOWVMM CTPYKTYPaMM, KOTOPbIE KOHTPOAVPYIOT MHOTOUMCAEHHDIE AAIKM (DEAL3UTOB M AOAEPUTOB M COOTBETCTBEHHO HAAOMKEHHDIE
M3MEHEHMs1, KOTOPbIE MOTYT HECTU PA3AUYHYIO PYAHYIO MUHEPaAM3aLMIo.

KatoueBbie croBa: Baam poya dab-Casiana, Hukeiiba, duneiita, Ervner, cABUroBasl CKAQAYATOCTb, KpaTOHM3aUmsl, 06pa3oBaHme CKAAAYATOCTH, obpasoBaHmne
Pa3sAOMOB.
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