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Relevance of the work. This article emphasizes the geological history of the accumulation of a thick volcanic, volcano-sedimentary, and sedimentary
sequence around the Meatiq metamorphic core, the emplacement of its magmatic intrusions and the influence of tectonics during its formation. This
study will help in expanding the natural resource base in the Egyptian Eastern Desert.

Purpose of the work. To clarify the geological setting of the studied territory, give an interpretation for its evolution and establish specific directions
for exploration its ore deposits, based on our research results and previous works.

Methodology of research. Firstly, methods of comparative analysis of paleovolcanic structures were used to identify the sequence of orogenesis.
Secondly, the study of stratigraphy, geological mapping, the spatial distribution of rock units, the form of fault systems distribution, and structural
analysis. Thirdly, the creation of a model with schematic illustrations of geological sections.

Results of the work. The results of the study clearly indicate the long duration of geological processes that continued for at least two main tecto-
no-magmatic epochs (Cadomian — with a duration of 120 Ma, and Salairian — 110 Ma).

Area of work application. The results of this paper can be used to identify several economic deposits, such as volcanic massive sulfides, copper
porphyry deposits, etc.

Conclusions. The rock assemblage of the area around Meatiq dome represents a huge Archean-Neoproterozoic paleovolcanic structure. This structure
is composed of gneissic cores intruding in an older platform cover of metasediments and upper two main successive tectonic-magmatic cycles which
rejuvenated the lower older gneisses.

Keywords: Meatiq, paleovolcanic structure, tectono-magmatic cycle, Eastern Desert, stratigraphy, magmatism, Egypt.

ntroduction
The basement complex of the Eastern Desert is located within a large platform structure known as the Arabian-Nu-
bian Shield (ANS) which represents the northern extension of the East African Orogen (EAO). Previous studies divided
this complex into two main tectonostratigraphic units [1-3]. The lower structural unit, or infrastructure, consists of metamorphic
rocks (gneiss, schists, amphibolites, etc.), grouped in dome-shaped structures, such as the Migif, Meatiq and Sibai domes. Above
there are rocks of the upper structural unit or superstructure, represented by metasediments, and metavolcanic rocks which called
ophiolitic mélange [4]. The tectonic evolution of the ANS has been discussed by many authors produced the following proposed
models, summarized by Hamimi et al. [5].

(1) Infracrustal orogenic model, that considered the high-grade gneisses and migmatites as an old craton that were over
thrusted by ophiolites and island arc volcanics and volcaniclastics, and remobilized equivalents during the Neoproterozoic time
[1,6,7,8].

(2) Turkic-type orogenic model, that considered much of the ANS formed in broad fore-arc complexes that involved the
growth of a subcontinent-size subduction-accretion complexes, into which magmatic arc axes commonly migrate and thus en-
large their attached continent [9].

(3) Hot-spot model, that considered much of the ANS formed due to the accretion of the oceanic plateau by upwelling mantle
plumes [10].

(4) Arc accretion (arc assembly) model, that considered the EAO as a juvenile crust that was generated around and within a
Pacific-sized ocean (Mozambique Ocean). This model was proposed first by [11, 12], and modified by [13].

Here we present a new interpretation for the development of the basement complex around the Meatiq dome based on the
model of the paleovolcanic structure. The theoretical concepts of this model are presented in details by [14, 15]. This territory in
the central Eastern Desert of Egypt, is favorable for the reconstructions paleovolcanic structure. Here it was possible to identify a
huge Archean-Neoproterozoic paleovolcanic structure with the center is located in the area of the Meatiq dome, forming an oval
shape measuring about 60*30 km (Fig. 1).

Stratigraphy

A thick old platform cover of various metamorphosed terrigenous deposits outcrop within the whole area of the Eastern Desert.
Hashad [18] considered it the oldest rock unit of the Egyptian basement except for some highly metamorphosed gneisses (Table).
They form an oval shape around the gneiss dome of Meatiq (Fig. 1, 2, a). According to Sabet et al., [19], fine-grained types predom-
inate to the northwestern part from the Meatiq dome, while in the southeastern part, coarse-grained clastics to conglomerates are
the main types, where the transition between them is gradational. This platform cover separates the planetary stage represented by
the highly metamorphosed rocks from the geologic stage represented by all the above laying units. The gneisses are exposed in gneiss
domes as a result of subsequent intensive erosion across the EDSZ “Eastern Desert Shear Zone” [20] and considered as erosion win-
dows in the metamorphosed platform cover. Based on their structural and stratigraphic position, El Gaby et al., [1, 21] considered
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Figure 1. Meatiq paleovolcanic structure. a — Geological map of the territory around Meatiq dome (After [16]); b, ¢ — schematic geological cross
section across the Meatiq dome (After [17]). 1 — Mostly melanocratic, medium to high grade gneisses and schists» 2 — metasediments (metamor-
phosed shelf sediments with pyroclastics); 3 — Serpentinites, talc-carbonate and related rocks; 4 — Metagabbro; 5 — Metagabbro to metadiorite
undifferentiated; 6 — Intrusive Metagabbro to metadiorite; 7 — basic metavolcanics; 8 — felsic to intermediate metavolcanics with metapyroclastics;
9 — undifferentiated metavolcanics; 10 — Older granitoids (Calc-alkaline quartz diorite to granodiorite); 11 — Younger granitoids (alkaline alka-
li-feldspar granite); 12 — Hammamat clastics (Molasse-type conglomerates to siltstone); 13 — Andesitic Dokhan volcanic; 14 — Rhyolitic Dokhan
volcanics (or post-Hammamat felsite); 15 — fresh gabbro, norite and troctolite; 16 — Post-Hammamat felsite, felsite porphyry and quartz porphyry;
17 — trachyte plugs and sheets; 18 — Meso-Cenozoic sedimentary cover.

PucyHok 1. MNaneoBynkaHu4yeckas cTpyktypa MuTuk. a — reonorvyeckasi kapta Tepputopun Bokpyr kyrnona Mutuk (no [16] ¢ pegaktupoBaHu-
em); 6, B — cxemaTuyeckue reonormdeckune paspesbl (no [17] ¢ pegaktmpoBaHmem). 1 — B OCHOBHOM MeNaHOKPaTOBbIE THEWCHI U CNaHLbl CpeaHen
1 BbICOKOW CTeneHn metamopduama; 2 — meTaocafkm (MeTamopdun3oBaHHble LenbdoBble OTMOXEHNS); 3 — CePNeHTUHUTBLI, Tanbk-kapboHaT
1 POACTBEHHbIE Mopodbl; 4 — MeTarabbpo; 5 — HepacuneHeHHble MeTarabbpo—meTagnopuT; 6 — MHTPY3UBHbIE MeTarabbpo—meTaguopuTel; 7 —
OCHOBHbIE METaBYIIKaHWUTbI; 8 — KUCMble K CPEAHHBIMW MeTaByNKaHUTaMn C MeTanMpoknacTMkamu; 9 — HepacyneHeHHble MeTaBynkaHuTbl; 10 —
6ornee cTapble rpaHMTONAbl (M3BECTKOBO-LLENOYHbIE KBapLEBbIE ANOPUTLI A0 rpaHoanopuToB); 11 — Mnagwmve rpaHnTonabl (LLENOYHON noneson
LNaT rpaHuT); 12 — 06rnoMoYHble NOPOALI FPYNMbl Xammamar (Tuna Monacca OT KOHINoMepaToB K anesponuTtam); 13 — aHae3nToBble BynKaHWTbI
[oxaH; 14 — pnonuTo-goxaHckne ByNKaHWUTbl (Mn nocTraMMamaTckuii enb3unT); 15 — ceexune rabbpo, HOpUTLI U TPOKTONUTLI; 16 — denb3nTbl
nocTxammamara, enb3nToBbIN Nopdup 1 KBapLueBbIi nopdup; 17 — npobku 1 NUCTbI TpaxuTta; 18 — Me30KanHO30MCKMIN 0Ca04HbIN Yexorn.

gneiss domes as pre-Neoproterozoic structures. However, the gneisses show younger absolute ages than overlaying metasediments
and metavolcanics (Table). Stern [22] explained it due to the partial melting “rejuvenation” of gneisses during the deformation of the
upper units. Andresen et al. [23] considered these younger ages to represent the main deformation event at Meatiq of 610-605 Ma.

The old pre-Neoproterozoic platform cover was exposed to main two cycles of tectono-magmatic activity. The first cycle is
represented by the eruption of lava that formed the metavolcanic sequence and their tuffs. This cycle occurred in Archean-late
Neoproterozoic during the Cadomian Orogeny. The main eruption center of this cycle is located in the Central Eastern Desert in
the Meatiq dome. The Arieki and Abu Ziran granitoids (Fig. 1, a-c) in the central part of the Meatiq dome filled the place of the
vent channels. The Meatiq formation is composed of two members: a) Umm Ba’anib granitic gneiss, and b) Abu Fannani metased-
iments including different types of quartz-feldspar and pelitic schists that reach several hundred meters thick. The metamorphic
rocks of the Meatiq formation are covered by a thick succession of metavolcanic rocks along their northwestern part. Along the
contact of Abu Fannani metasediments with the basic metavolcanics lies a 30 m thick basal horizon of the conglomerates, with
pebbles from the lower underlying metamorphic rocks [24]. The Metavolcanics formation which is composed of two sheets a) The
lower mafic sheet, which is associated with serpentinites (called Older Metavolcanics) and followed by b) The upper intermediate
and acidic metavolcanic sheet (called Younger Metavolcanics, by Stern [25]) which is intercalated with tuffs and pyroclastics.
These Metavolcanics and pyroclastics represent the development area of both distant and slope facies (Fig. 2, b). This first tecto-
no-magmatic cycle was ended by the emplacement of the Older granitoids.

All the above-mentioned formations are uncomfortably covered by the second cycle of tectono-magmatic activation of the
Salairian Orogeny. It began with the deposition of non-metamorphosed clastic “molasse-type” sediments called the Hammamat
group; range from conglomerate to siltstone forming a major unconformity surface represented. Akaad and Noweir [6] subdivid-
ed the Hammamat group into the lower Igla Formation, consisting of sandstone, siltstone, and mudstone with a basal conglom-
erate, followed by the El Shihimiya Formation composed of conglomerate, greywacke, and sandstone.

The volcanic activity is represented by a stratified succession of lava flows of a wide spectrum of silica content called “Dokhan
Volcanics Formation”. It comprises two main rock suites: (a) Lower minor intermediate volcanic suite, composed of lower basaltic
andesite, andesite, dacite sheet, and their associated pyroclastic rocks called “Older Dokhan Volcanics”; and (b) Upper thick felsic
volcanic suite composed of dacite, rhyodacite, rhyolite, ignimbrite and rhyolitic tuffs collectively called “Younger Dokhan Volca-
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Table. The geological history of the formation of Meatiq paleovolcanic structure.
Tabnuua. Mleonornyeckas nctopusa popMmnpoBaHuUs naneoByriKaHMYECKON CTPYKTYpbl MUTUK.

Tectqno— Formation Member Thick- Lithology Isotopic ages, Ma A_ssoci_ated
magmatic cycle ness, m Vin Max intrusives
Younger Dokhan (;Z:XO) Rhyolite, dacite, tuffs 465 [26] 630 + 6 [27]
Dokhan :
Older Dokhan Basalt, basaltic andesite - -
iari Fine-grained Ham- Greywackes, mudstone 585+ 13 Younger
Saliarian and siltstone with chert o 585 + 15 [29] itoid
mamat [28] granitoids
bands
Hammamat group 150-500
. Conglomerate, sandstone,
Coarse-grained and breccia with basalt and - -
Hammamat .
andesite
Metarhyolite, metadacite,
Younger Metavol- 1000- | ctaandesite and acidic 622+6 1078 [31]
canics 1500 [30]
) . tuffs Older
Cadomian Metavolcanics granitoids
Older Metavol- 1500— Metabasalt, metabasaltic
canics 2000 andesite, metaandesite 640 [32] 2730(32]
. . Tuffaceous sandstone,
qugtea_g:jlirrf;ts 3000 siltstone, gravel and con- 115[?;] 60 2765 [32]
Old platform Metasediments glomerate
cover
Coarse-grained 1000 Medium to coarse-grained _ _ .
metasediments schists, greywackes, tuffs Serpentinites,
amphibolites,
. Pelitic and quartzo-felds- 5959+ 0.5and 588.2+0.3 | and metagab-
Abu Fannani 1500 pathic schists [33] glrg)-(dlorlte com-
ZP(:fiac-Neoprotero— Meatiq 779 £ 4 and
Umm Ba'anib > 550 Granitic gneiss 59%2115 pll!tfc?li{grx?awé-
liths [35]

Note: the given isotopic ages and method used are as the following techniques: [34] Rb-Sr, [35] 2°7Pb/ 2°Pb single zircon, [3] *°Ar/**Ar Muscovite,
[18] Rb/Sr, [32] U-Pb SHRIMP, [30] Rb-Sr, [31] Pb—Pb Galena, [28] SHRIMP U-Pb, [29] Rb—Sr whole-rock, [26] K-Ar, [27] SHRIMP U-Pb zircon.

nics” [36]. The post-Hammamat felsites are tensely associated with Dokhan volcanics. They are composed of rhyolite flows and
tuffs [37]. Here it is considered to belonging to the Younger Dokhan volcanics. The Dokhan volcanics are intensively eroded and
the present occurrences represent only a few remains (Fig. 2, d).

The time relation between Hammamat formation and the Dokhan volcanics is debated. El-Gaby et al., [1] and Akaad [38]
established that the deposition of the Hammamat sediments was after the eruption of the Dokhan volcanics. Moghazi et al., [39]
stated that the Hammamat sediments and Dokhan volcanics were formed contemporaneously. At many localities, however, an
interfingering relationship between the two lithologies can be observed [40]. Multiple transport directions and closely spaced
lateral facies changes in the Hammamat Group are common. The eruption of Dokhan volcanics apparently was probably syn-
chronous with deposition of at least the upper units of the Hammamat Group and emplacement of the alkali Younger Granites.
This second tectono-magmatic was ended by the extensive intrusion of granitic massifs. Unfortunately, we have no detailed data
on the facial composition of volcanogenic and volcanogenic-sedimentary strata. Consequently, conducting a facies analysis today
is unrealistic.

Small exposures of young Mesozoic and Cenozoic volcanics (200-300 Ma) of mainly trachytic composition (Trachyte sheets
and plugs) are recorded in the studied territory, due to further reactivation of older fracture zones. Here they aren’t discussed,
because they don't play a vital role in the development of Meatiq paleovolcanic structure. The stratigraphic section ends with Me-
so-Cenozoic terrigenous sediments, which constitute a thick platform cover to west from the paleovolcanic structure.

Magmatism

Three periods of emplacement of magmatic intrusions that covered a large area of the Eastern Desert define the ends of each
tectonic epoch. These intrusions range in composition from ultramafic to felsic.

The gneisses and upper platform metasedimentary cover were intruded by ultramafic and mafic intrusions including ser-
pentinite, gabbroic, gabbro-dioritic complexes; in many places, serpentinites thrust over the whole sequence.

The end of the first tectono-magmatic cycle is characterized by the emplacement of huge felsic calc-alkaline masses of a main-
ly granodioritic composition formed the so-called Older “or grey” Granite. They bound along the outer contour of the metavol-
canic sheet with small masses intruding the metasediments and gneisses in the central parts of the palevolcanic structure (Fig. 1).

The end of the second tectono-magmatic cycle is characterized by the emplacement of alkaline intrusions of granitic com-
position composed the Younger “or red” granite. They outcrop mainly along the outer contours of the Older Granitoids as in the
Northern Eastern Desert (Fig. 1), with prominent higher relief relative.

The emplacement of the Younger granite is most likely predated the deposition of the Hammamat molasses as observed in
many areas like Wadi Igla and Wadi Quieh. However, the long period of deposition of the Hammamat molasses to make it over-
lapped in a few areas. For example, in Wadi Zeidoun E the Younger granite form 5 m contact zone with Hammamat sediments,
sending apophyses in them indicating younger ages of granite [41].

22 Maxmyg A. C., IbsikoHoB B. B.. Paleovolcanic model for the evolution of the basement complex of the central part of Egyptian Eastern
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Figure 2. Geological maps illustrating the spatial distribution of a — Metasediments; b — Metavolcanics; ¢ — Hammamat clastics, Dokhan
volcanics around Meatiq gneiss core and other gneiss exposures (After [16]).

PucyHok 2. leonornyeckne KapThbl, UNMOCTPUPYIOLLME NPOCTPAaHCTBEHHOE pacnpeaeneHne. a — MeTaocafkos; b — meTaBynkaHuTOB; ¢
— 06rnomouHbIX nopog Xammamar; d — BynkaHuToB [loxaH BOKpYr rHercoBoro sagpa Mutuk n gpyrux obHaxkeHuin (no [16] ¢ pegaktupoBaHueM).

Tectonics

The fault system in this territory represents two cycles of development, (a) Older Fault System (OFS) was formed at the earlier
stages of the development of the paleovolcanic structure. It is expressed by fragments of radial faults of different directions direct-
ed from the center of the Meatiq structure, and fragments of concentric faults encircling the Meatiq structure and later magmatic
intrusions (Fig. 3). They are most likely correspond to the time of doming of the gneisses and after the introduction of granitoids.
The radial faults served as channels for the introduction of dikes and also areas of later hydrothermal solutions. Around the center
of the Meatiq structure, volcanogenic-sedimentary, volcanogenic, and sedimentary strata were accumulated along these concen-
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Figure 3. Older and younger fault systems of the studied territory.
PucyHok 3. Ctapbie n monopable CUCTEMbl Pa3fioMOB U3y4YaeMon TeppUTopum.
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tric faults (Fig. 1-3). (b) Younger Fault system (YFS), represented by large faults of the NW strike and perpendicular to them that
called the Najd Fault System. The Najd Fault System started after at the end of the formation of the paleovolcanic structure that
equivalent to the Alpine Orogeny. The manifestation of YFS interrupted the radial and concentric faults led to the creation of a
complex-folding mosaic block structure dominated by the vertical movement of large-sized blocks.

Many other items interrupted this paleovolcanic structure and hide many its features including, the extensive emergence of
the granitic intrusions, Mesozoic and Cenozoic volcanics, and the thick Phanerozoic sedimentary cover. The study of the litho-
stratigraphic sequence with the spatial distribution of rock units, field relations, previously recorded ages, etc. helps to construct
this proposed model.

Summary

The rock assemblage of the area around Meatiq dome represents a huge Archean-Neoproterozoic paleovolcanic structure.
According to the stratigraphic position, the oldest rock unit in the studied territory is represented by Umm Baanib granitic
gneisses and Abu Fannani schists. The gneisses are covered with a thick platform cover of metasediments that was intruded by
many mafic and ultramafic intrusions represented by metagabbro and serpentinites. The Meatiq gneisses were domed and rejuve-
nated during two subsequent tectono-magmatic cycles. The first cycle resulted in the formation of two metavolcanic sheets. The
lower sheet has a basic composition which represents the development area of distant facies. The upper sheet has intermediate
to acidic composition and intercalated with pyroclastics representing the development area of slope facies. The Older granitoids
were emplaced at the end of this cycle. The second cycle is represented by the Dokhan volcanic series and separated from the first
cycle by a major unconformity surface represented by the Hammamat group clastics. This cycle was ended with the intrusion of
Younger granitoids. Radial and concentric faults developed around the Meatiq paleovolcanic structure and interrupted by more
younger well-developed NW Najd Fault system faults and perpendicular to them.
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[TarneoByAKaHMYECKasi MOAEADL SBOAIOLIMM (PDYHAAMEHTAALHOTO KOMIIAEKCA
LIEHTPaALHOM Yact BoctoyHom nycrbiHm Ervnta

A6genbxanum LWokpbl MAXMYL'?",
Bukrop BacunseBuy AbAKOHOB'~

"Poccuiickuin rocynapCTBEHHBIN reonoropa3sefoydHbli yHusepceutet (MIPU-PITPY), Poccus, Mockea
2YHuepcutet Patoma, Eruner, datom

AKTYaABHOCTB pa6oTel. B AQHHOM CTaThbe MOAYEPKMBAETCS FEOAOTMYECKAs! UCTOPUSI HAKOMAEHUSI MOILHOM MOCAEAOBATEALHOCTU BYAKAHUYECKMX, BYAKAHO-
OCAAOYHDIX, OCAAOYHDLIX MOPOA BOKPYT MeTaMopUyecKoro siapa MUTHK, BHEAPEHME ee MarMatMyeckux MHTPY3Uil U BAMSIHME TEKTOHMKM BO BPEMsl UX
PopPMMPOBaHMsl. ITO UCCAEAOBAHME MOMOXKET B pacliMpeHmm 6asbl MPUPOAHLIX PECYPCOB Ha Tepputopun Bocrouroii nycroity Ervinra.

Lleab pa6oTbI: HA OCHOBAHMM PE3YALTATOB COOCTBEHHLIX MCCAEAOBAHUM M aHAAM3A (DOHAOBLIX MATEPUAAOB YTOUYHUTL FEOAOTMYECKOE CTPOEHME MCCAEAY-
€MOWi TEPPUTOPUU, AAThb HOBYIO MHTEPMPETALIMIO €€ SBOAIOLIMM U YCTAHOBUTL KOHKPETHbIE HArPABAEHMSI AASl PA3BEAKM €€ PYA.

MeToAororns mccreaoBanms. Briepsblie MCMOAL3OBaHbLI METOALI CPABHUTEALHOTO AHAAM3A MAA€OBYAKAHUYECKMX CTPYKTYP AAST LIEA€V BLISIBAEHWS UCTO-
PUYECKOV MOCAEAOBATEALHOCTM OPOreHe30B. Bo-BTOPbLIX, M3yYeHue cTpaturpacum, reOAOrM4eCcKoro KapTMpPOBAaHMsl, MPOCTPAHCTBEHHOTO PacrpeAeAeHMs!
MOPOAHDLIX €AMHML, POPMDI PACTIPEAEAEHMs CUCTEM PA3AOMOB M CTPYKTYPHOIO aHaAM3a. B-TpeTbux, co3aaHMe MOAGAM CO CXeMATUHECKMMM MAAIOCTPA-
LMSIMU FT€OAOTUYECKUX Pa3PEe3OB.

Pe3yAbTATBI BLIMOAHEHHLIX MCCAEAOBAHMM OAHO3HAYHO CBUMAETEALCTBYIOT O AAMTEALHOCTM F€OAOTMYECKMX MPOLIECCOB, MPOAOAXKABILMXCS KaK MUHUMYM
Ha MPOTSHKEHMM TAABHLIX ABYX 3MOXM TekToreHesa (Kaaomckast — npotsikeHHoCTbio 120 MAH AeT, Carampckast — 110 MAH aAer).

O6aacTi npuMeHeHms1 paboTnl. Pe3yALTaTLl, OMMCAHHDBIE B CTATLE, MO3BOASIIOT HAAESITLCS HA BLISIBAEHME HECKOABLKMX MPOMBILAEHHBIX MECTOPOXKAEHMIA,
TaKMX KaK KOAYEAAHHbIE, MEAHO-TTIOPOUPOBLIE U T. A.

BoiBoabl. [TopoaHasi accoumaumst BOKPYr Kyroaa MuTHK npeacraBasier coboii OrPOMHYIO MaA€OBYAKAHUYECKYIO CTPYKTYPY apXesi—HEONpoTepo3osl. Jta
CTPYKTYPa COCTOUT M3 THEVCOBLIX SIAEP, BHEAPSIIOWMX B BOAEE CTAPbIV MAATPOPMEHHDIN YEXOA METAOCAAKOB U ABYX BEPXHMX MOCAEAOBATEALHBIX TEKTOHO-
MarmMaTMyeckmx LIMKAOB, KOTOPblE OMOAKMBAAM HUYKHUE APEBHUE THEMNCDI.

KaroueBble croBa: MUTHIK, MAaA€OBYAKAHMYECKas! CTPYKTYPA, TEKTOHOMarMaTMyeckmii LIMKA, BoctouHast mycTbiHsl, cTpaturpachusi, marmatism, Ervner.
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