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Abstract
The intrusive rocks in El Sela area can be arranged from the oldest to the youngest into: two-mica granite and post-
granitic dikes which include microgranite, dolerite and bostonite dikes. Zircon is the most abundant accessory
mineral. Zircon morphology and geochemical features are good indicators for evolution of rocks. The aim of the
work is to determine the morphology, internal structure and chemical composition of zircon to identify the difference
of zircon in various intrusive rocks. Results show that morphologically, zircon in the two-mica granite is euhedral
coarse- grained with zonation. It is represented by crystals up to 125 pm and corresponds to S10 and P2. Zircon
in post-granitic dikes exhibit irregular forms. Geochemically, zircon crystals have higher ZrO, values in the core
whereas HfO,, UO,, ThO, increase at the peripheries of zoned crystals of the two-mica granite. Zircon of two-mica
granite contains high HfOZ, Uo,, ThO2 and CaO contents but low Sc,0, content. HfO2 is not detected in zircon of

microgranite. TiO,
in zircon of the studied intrusive rocks.

in zircon of two-mica granite and bostonite dikes is under detection limits. REEs are not recorded
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Introduction

The Arabian-Nubian Shield (ANS) is an exposure of Pre-
cambrian crystalline rocks on the flanks of the Red Sea. The
crystalline rocks are mostly Neoproterozoic in age. Geograph-
ically - and from north to south - the ANS includes the na-
tions of Jordan, Egypt, Saudi Arabia, Sudan, Eritrea, Ethiopia,
Yemen, and Somalia. The ANS was the site of some of man’s
earliest geologic efforts, principally by the Egyptians to extract
gold from the rocks of Egypt and NE Sudan. The Arabian-Nu-
bian Shield is believed to be the next major exploration fron-
tier in Africa, like West Africa’s mineral exploration boom. The
ANS mineral potential has yet to be fully explored and extends
into the countries Egypt, Sudan, Eritrea, Ethiopia, Djibouti and
Saudi Arabia. It hosts a variety of deposits including mesother-
mal gold, polymetallic quartz vein and volcanogenic massive
sulfide ore deposits. Variant ore deposits including zircon,
gold, copper, zinc, tantalum and silver are hosted into it. The
dominant deposit types are volcanogenic massive sulfide ore
deposits and gold quartz vein deposits [1].

Zircon is one of the most important accessory mineral of in-
trusive rocks, which crystallize in wide scope of P-T conditions.

The difference of its crystal morphologies depends on the mag-
ma type, aluminum-alkali balance, chemistry of granites and
temperature of crystallization [2]; therefore, zircon is considered
as tracers of petrogenesis of granites. Generally, it occurs as small
early formed crystals often enclosed in later minerals and may
form large well-developed crystals (consisting of prism and bi-
pyramids) in granite and pegmatite rocks. The metamict state
(breakdown of the structure) in zircon may be due to the pres-
ence of radioactive atoms. The metamictization process causes
radial and concentric fractures, which represent good pathways
for uranium leaching or addition [3, 4].

Many researchers have extensively studied chemistry and typolo-
gy of zircons from some Egyptian and worldwide granite rocks [5-22].

El Sela is considered as a region of uranium mineralization
in Egypt. The aim of this work is to investigate zircon from in-
trusive rocks and its relation with U-Th elements in its crystal
structures and find features of its difference.

Tasks are to determine the morphology, internal structure
and chemical composition of zircon to identify the difference
of zircon in various intrusive rocks.
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Geologic setting

Numbers of studies were carried out in El Sela shear zone,
covering various aspects like: detailed geological, structural,
spectrometric survey, geochemical, mineralogical, geophysical
methods of uranium exploration [23-37].

El Sela area is characterized by rugged topography with low
to high relief and comprises different rock types of the basement
complex of the Pre-Cambrian age. Two-mica granite occupies
the major part of the studied area which displays the remnants of
circular and/or arc-shaped granitic plutons (3 x 5 km) trending
ENE-WSW and NNW-SSE parallel to shear zones (Fig. 1). The
mentioned granite is usually medium- to coarse-grained and
characterized by the hypidiomorphic granitic textures. Gran-
ite plutons are divided into several bodies separated by sandy
corridors with highest peaks rise to as high as 557 m (above sea
level). Two-mica granite is pink to pinkish grey colors. EI Sela
two-mica granite is mainly composed of quartz, K-feldspar, pla-
gioclase, muscovite and a small amount of biotite.

El Sela two-mica granite is dissected by two perpendicu-
lar shear zones. The first shear zone is extending ENE-WSW
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with about 1.5 km in length and ranges between 5 to 40 m in
width. It extends to 6 km in the eastern part of the mapped
area with narrow width varies between 3 to 5 m. From the
structural point of view, shear zone is dissected by the NW-
SE dextral strike-slip faults, NNW-SSE, NNE-SSW and N-§
sinstral strike-slip faults (Fig. 1). The ENE-WSW shear zone is
characterized by moderate relief. It is highly tectonized, altered
and enriched in secondary visible U-mineralization and py-
rite megacrysts. This shear zone is invaded by a large number
of microgranite, dolerite and bostonite dikes, and quartz and
jasper veins.

Microgranite dikes are injected into the two-mica granite
along the ENE-WSW shear zone and dipping 72°-83° S. These
dikes are fine-grained, ranging in width from 3 to 20 m and
extends 6 km SW from the northern margin of El Sela plutons.
Microscopically, microgranite consists of plagioclase, to a less-
er extent K-feldspar and quartz.

Dolerite dikes have ENE-WSW and NNW-SSE trends.
The first trend in which dolerite is parallel to the first shear
zone, strikes N-75° and dips 68°-81° S, adjacent and/or
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Figure 1. Geologic map of El Sela area, Eastern Desert, Egypt after [23, 25, 28, 33].
PucyHok 1. leonornyeckas kapta panoHa Anb-Cena, BoctouHas nycteiHA, Eruner no [23, 25, 28, 33].
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parallel to microgranite dikes in the main shear zone of the
mapped area. Microscopically, dolerite dikes are mainly com-
posed of plagioclase, pyroxene, megacrysts of sulphides, iron
oxides and visible secondary U-mineralization.

The second shear zone extends NNW-SSE for a short
distance (100 m). Dolerite dikes also range in thickness from
1-1.5 m and invade in perpendicular trend the first shear zone
and they can act as chemical traps for uranium mineralization.

Bostonite dikes invade granitic plutons along the N-S and
NNE-SSW tectonic trends. They are usually fine-grained, red-
dish brown, sheeted, and range in thickness from 0.5 to 2 me-
ters. The NW-SE strike slip fault (right lateral) cross cut N-S
bostonite dike. They are composed of K-feldspar, quartz, py-
roxene and iron oxides.

Milky quartz vein dissects the two-mica granite along the
ENE-WSW shear zone. This vein is not radioactive, brecciated
and ranges in thickness from 1 to 4 m. The milky quartz vein is
dissected by red and grey to black jasper veins.

Red and grey to black jasper veins are strongly jointed,
fragmented, brecciated and range between 0.5 and 1 m thick,
contain visible pyrite megacrysts and uranophane minerals.

Materials and methods

Samples were collected from all types of rocks of El Sela.
The analyzed samples are shown on the geologic map which
include two-mica granite, microgranite, dolerite and bos-
tonite (Fig. 1). The analyses of Zr were carried out by ELAN-
DRC-6100 Inductively Coupled Plasma-Mass Spectrometry
(ICP-MSY) at the Central Laboratory of All Russian Geologi-
cal Institute (VSEGEI) after digestion of the fused beads with
HF+HNO,. Pure solution external standards were used for cal-
ibration, and geological (USGS) standards were used to mon-
itor the analytical accuracy. The precision of ICP-MS for Zr is
0.1 ppm. The results of the chemical analyses of Zr are quoted
in (Table 1).

EARTH SCIENCES

Scientific research were performed at the center for mi-
croscope and microanalysis of the research park using Scan-
ning Electron Microscope equipped QUANTA 200 3D (FEI,
the Netherlands, 2006), which is mounted on the base of an
analytical complex Pegasus 4000 (EDAX, USA). The analyzed
zircon data was obtained using Electron Microprobe equipped
with CAMECA SX100 using the following conditions: the di-
ameter of the analyzed area on the specimen surface is under 1
um at standard conditions (15 kV acceleration potential, 15 nA
beam current, sample: iron oxide; volume: 3 x 10 m® mass: 2
x 10712 g). The microprobe is equipped with 5 automated wave-
length-dispersive spectrometers (WDS) and an energy-disper-
sive spectrometer (EDS), whereas spectrometer range (0.22
to 0.83) sin-theta with a resolution of 10-°. Natural standards
albite for Al (Ka), orthoclase for Si (Ka), wollastonite for Ca
(Ka), hematite for Fe (Ka), olivine for Mg (Ka) and monazite
for Yb (La), whereas the synthetic compounds are UO, ThO,,
ZrO,, PbCrO,, YPO,, CePO,, NdPO,, SmPO,, GdTiGe and
DyRu,Ge, which used as standards for U (M), Th (Ma), Zr
(La), Pb (Ma), Y (La), Ce (La), Nd (La), Sm (La), Gd (La)
and Dy (La), respectively. EPMA analyses of Zr are quoted in
(Table 2, 3).

Results and discussion

Morphology and internal structure

Zircon SEM images (back scattered or secondary electrons)
can be used to study the morphological features of zircon. The
most important characteristics are discussed briefly below:

Morphologically, zircon in two-mica granite is euhedral,
coarse-grained with zonation (Fig. 2, a, b, d, e, f) and the other
type is fine grained (is attributed to sudden cooling) without
zonation whereas, zircon in post-granitic dikes exhibits irreg-
ular forms with no zonation.

The irregular forms of some zircon grains might be attribut-
ed to their growth concomitant with corrosion and interaction

Table 1. Representative chemical analyses of Zr of intrusive rocks in El Sela, Eastern Desert, Egypt, ppm.
Ta6nuua 1. TUNUYHBIA XMMUYECKUIA aHanu3 Zr MHTPY3UBHbIX Nopop Anb-Cenbl, BocToyHas nycTbiHA, Ervner, r/ .

Rock-type S. No. Zr, ppm Rock-type S. No. Zr, ppm
S4 85.1 S6D 465
S6B 82.9 S37 360
s7 85.1 Microgranite S38 207
S10 217 Dt42 101
S 12A 36.9 DT56B 283
S15 125 DT56C 131
S 20 69.3 S 14 317
Two-mica granite s21 " Dolerite ST 445
S22 65.4 S23 234
S25 60.8 B24 390
S27 68.2 S 33 box 500
S 30 92 S3 777
S 33A 50.7 S24 900
s34 114 Bostonite s 28 598
S29 674
S29A 576

M.M.®. I'xoHe#M v ap. Mopdonorusa 1 reoxummyeckme 0cO6eHHOCTU LIMPKOHA U3 UHTPY3MBHBIX MOPOA paioHa 3nb-Cena, BocTouHas

9

nycTbiHa, Ervnet//W3Bectua YITY. 2020. Bobin. 3(59). C. 7-18. DOI10.21440/2307-2091-2020-3-7-18



HAYKHM O 3EMAE

with the residual melts. The euhedral zircon forms indicate
crystallization under favorable and stable conditions. The great
similarities in both morphology and internal structures of most
zircon grains indicate crystallization from the same magma.
Some studies [38-40] related the crystal shape of zircon to the
chemical composition of the magma from which it crystallized.

Many parameters are responsible for zircon fractures, which
may include external parameters, such as external pressure, rap-
id pressure release or external stresses and internal parameters
such as expansion due to radiation or metamictization [41].

Zircons can keep their original shape even under most se-
vere conditions of metamorphism. Almost rounded grains are
indicative of shearing associated with metamorphism, erosion
or resorption, while more angular grains (Fig. 2, d) often re-
flect the growth of primary crystals that have not experienced
disturbances [14].

Overgrowths are represented in considerable amount.
Both the parallel and elbow twinning are relatively common in
zircon of two-mica granite (Fig. 2, f). The studied zircons have
some inclusions which are mainly thorite, zircon, opaques and
dust. Thorite inclusions occur as white spots (Fig. 2, ¢, d, e, f).
These inclusions are haphazardly oriented. Some zircon crys-
tals are free of inclusions.

M.M.Q. Ixoneiim u dp. / Hzsecmus YITY. 2020. Buin. 3(59). C. 7-18

Cracks observed in some zircon grains may have result-
ed from the action of external forces during or after metamor-
phism, breakage during thin section preparation, presence of
many inclusions. However, the cracks in the outer rim (Fig. 2, e)
may have been produced by the difference in the chemical com-
position between core and rim, particularly U, Th, Y and Hf
contents. Alteration starts along cracks and affects specific nar-
row crystallographic zones. If the net of cracks becomes denser,
more alteration occurs. In extreme cases alteration also affects
previously unaltered zones changing finally the entire crystal
with some remaining unaltered islands. The unaffected grains
often show concentric zoning, weak in BSE images (Fig. 2, e).

Zoned zircon of two-mica granite

A texture developed in zircon crystals is characterized
optically by changes in the color or extinction angle of the
mineral from the core to the rim. Back scattered electron BSE
images are used to reveal some information about the mor-
phology and internal structure of the studied intrusive rocks.
The zircon in two-mica granite show a distinctive oscillatory
zonation for some investigated crystals (Fig. 2, a, b). Oscillato-
ry zoning is a common feature in zircons from acidic igneous
rocks and is believed to have formed during long periods of
crystallization. This feature supports the hypothesis that the

Table 2. Representative EPMA analyses data of zoned crystals zircon of two-mica granite, El Sela area, Egypt, wt%.
Tabnuua 2. TunuyHble MUKPO3OHAOBbLIE aHaNMU3bl 30HaNbHbIX KPUCTANMOB LIMPKOHA ABYCIIOASAHOIO rpaHuTa, parioH Anb-Cena, Eruner,

mac.%.
Core Rim
Oxides Spot analyses

4428 4429 4430 4437 4438 4435 4440 4441
SiO, 333 31.42 31.83 31.17 31.1 27.7 30.9 30.0
Zro, 65.0 62.5 62.5 62.9 62.8 57.4 61.9 58.2
HfO, 21 2.15 2.35 1.85 1.91 3.48 2.06 2.9
uo, Bdl 1.6 1.51 0.88 1.01 4.49 1.99 272
ThO, Bdl Bdl Bdl Bdl Bdl 0.65 Bdl Bdl
Y,0, Bdl Bdl Bdl Bdl Bdl 1.21 Bdl Bdl
Fe,O, Bdl 1.27 1.49 Bdl 1.34 2.07 1.89 3.27
CaOo Bdl 0.43 Bdl 1.27 0.88 2.49 0.76 1.78
MnO, Bdl 0.59 0.6 1 1.01 0.52 0.73 0.87
Sum 100 99.9 100 99.2 100 100 100 99.8

Chemical formula based on 4 oxygen atoms

Si 1.02 0.98 0.99 0.97 0.97 0.91 0.96 0.95
Zr 0.97 0.95 0.94 0.96 0.95 0.92 0.94 0.9
Hf 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03
u 0.01 0.01 0.01 0.01 0.03 0.01 0.02
Th 0
Y 0.02
Fe 0.03 0.03 0.03 0.05 0.04 0.08
Ca 0.01 0 0.04 0.03 0.09 0.03 0.06
Mn 0.01 0.01 0.02 0.02 0.01 0.02 0.02
Sum of cations 2 2.01 2.01 2.02 2.02 2.06 2.02 2.05

Bdl — below detection limit (0.01%).

10 M.M.®. I'xoHenm n ap. Mopdonorus 1 reoxummuyeckmne 0Co6eHHOCTH LIMPKOHA W3 MHTPY3MBHbIX NMOpoA, paioHa nb-Cena, BocTouHas
nyctbiHga, Ervnet//M3sectus YITY. 2020. Boin. 3(59). C. 7-18. DOI10.21440/2307-2091-2020-3-7-18
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Figure 2. Backscattered electron photomicrographs of zircon crystals in two-mica granite, El Sela, Egypt. a—b — oscillatory zoning; c —
inclusions of thorite (white points); d — angular zircon crystal poiclitically enclose opaque with elongated zircon crystal; e — concentric zoning is
very weak and cracks in outer rim of zircon crystal; f — zoned zircon with two cores inside

PucyHok 2. MukpodoTtorpachun B oTpaKeHHbIX 3MEKTPOHaX KPUCTannoB LMPKOHa B ABYCNIOAAHOM rpaHuTe, Anb-Cena, Ervnert. a —
b - ocunnnsaTopHaa 30HaNbLHOCTb; C — BKMOYeHNUs Toputa (benble Toyku); d — yrnoBaThbI KpucTani LMpKoHa obpacTarowmii Henpo3payHbIf
YOJIMHEHHBIN KPUCTanI LUMPKOHA; € — KpUCTanm LmpkoHa co cnaboit KOHLEHTPUYECKON 30HaNbHOCTLIO U TpeLlMHaMn Ha Kanme; f — 30HanbHbIN

LIMPKOH C ABYMS iipamMu BHYTPU.

majority of zircons from two-mica granite crystallized in the
deep-seated magma chambers, and is further supported by the
presence of two zircon nuclei centers present in one grain (Fig.
2,d,ef).

The zircon nuclei display magmatic oscillatory zonation,
and have rounded forms indicating a complex crystallization/
resorption process had taken place over a long period of time.
It seems likely that such a complex crystal growth history could
only be achieved from the zircon residing for long periods of
time in different magma batches. The oscillatory zoning of zir-
cons is locally overprinted, probably by changes in fluid com-
position and perhaps by loss of U, Th, Pb, that accompanied
this process [42].

Zircon typology and Pupin diagrams

Natural zircon belongs to the tetragonal crystal system. It
usually shows prismatic habit with {100} and {110} prisms and
terminated with {101} and {211} pyramids. The probability of
combination of the pyramids and prisms faces with variable
sizes give chance to arise of several zircon types [43]. Other
supplementary pyramid forms may be included give rise to
more secondary types and subtypes. The extra {301} pyramid
can exist but with a minor development as in the K and V25
subtypes. Based on dimensional crystal statistics, [44] sum-
marized the results of the typo-morphological study of zir-
con populations in a schematic diagram “zircon habit chart”
(Fig. 3), in which each type of morphology is characterized
by two coordinates, the prismatic index T and the pyramidal
index A. They observed that the morphology depends on the
temperature, chemistry and the available water content. The
A index (I.A) is positively correlated with the Al/K+Na ratio.
The T index (I.T) is directly and positively correlated with the
temperature of zircon crystallization. A high T index ({100}

prim) indicates a higher temperature than does a low T index
({110} prism), thus a geothermometric scale was proposed
[45]. The {211}, {101} and {301} pyramids are respectively well
developed in aluminous, alkaline and hyperalkaline medium.
It is observed that the late overgrowths of hydro zircon rich in
radioactive elements are prismatic following {110} instead of
{100} [46]. This habit change could be related with the action
of water.

Zircon typology in El Sela two-mica granite

Suitable crystals have been separated for the zircon ty-
pological classification after Pupin (1980). The zircon crystals
demonstrate preferential development of {101} pyramid and
notably the occurrence of the {211} pyramid with the domi-
nance of the {100} prism. The flat -{101} pyramid of the S and
P-types are commonly larger than the steep -{211} pyramid.
Zircon originated in a hyperalkaline or hypoaluminous me-
dium have well developed {101} pyramid [38]. Most typically,
the two-mica granite of El Sela area shows minor typological
distribution forming mainly two distinct morphological types
(Fig. 3). It is represented by crystals up to 125 um and corre-
sponds to P2 (70%) and S10 (30%). Mainly, they are located
along the central right hand-side part of the typology diagram
with high A-index and moderate T-index. The P-type is the
major type with relative frequency of 70%. Pupin (1980) sug-
gested that the S and P types show a distinct spreading pro-
pensity in potassium-rich alkaline medium. This zircon pop-
ulation is nearly similar to population of I-type alkaline series
granite [38].

Geochemical characteristics of zircon

Zircon is one of the mainly distributed accessory miner-
als in the El Sela area. Zirconium concentrations in two-mi-
ca granite vary from 36.9 to 217 ppm with an average of 90.8

12 M.M.®. I'xoHenm n ap. Mopdonorus 1 reoxummuyeckmne 0CobeHHOCTY LIMPKOHA W3 MHTPY3MBHbIX NMOpof, paioHa nb-Cena, BocTouHas
nycTbiHA, Ervnet//WU3Bectua YITY. 2020. Bobin. 3(59). C. 7-18. DOI10.21440/2307-2091-2020-3-7-18
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Figure 3. Zircon typological classification proposed by [38]. Index A reflects the Al/alkali ratio, controlling the development of pyramids
in the crystals. Index T reflects the effects of temperature on the development of prisms, zircon of two-mica granite of El Sela area,

Eastern Desert, Egypt.

PucyHok 3. Tunonoruyeckas knaccudpmkauusi LLUPKOHOB, npegnoxeHHasa [38]. MHpekc A oTpaxaeT cooTHoweHue Al / wenoub,
KOHTponupyiouiee pasButue nupamump B Kpuctannax. MHaekc T oTpaxaeT BnusiHue TemrnepaTtypbl Ha pa3BuTue NMpu3M, B LMPKOHe
OBYCINOASHOIO rpaHuTa panoHa dnb-Cena, BocToyHas nycTbiHA, Eruner.

ppm. Zr contents in microgranite vary from 101 to 465 ppm of
Zr with an average of 273 ppm. Zr in dolerite varies from 317
to 500 ppm with an average of 411 ppm, while in bostonite Zr
values range from 576 to 900 ppm with an average of 705 ppm
(Table 1).

Zircon conforms to the general formula ABO,, where
the position A represents the relatively large zirconium ion in
eight-fold coordination with O, and position B represents the
silicon ion in tetrahedral coordination with O. In position A,
Zr can be replaced by tetravalent (M** = Hf, Th, U), trivalent
(M* = REE, Y, Fe), and divalent cations (M** = Ca, Fe, Mg,
Mn). As summarized by [14], there are multiple mechanisms
of substitution, including simple isovalent replacement of Zr
by other tetravalent cations, and coupled substitutions where
divalent and trivalent cations may be incorporated.

On the other hand, studies of alteration in zircon show
that these elements (especially Ca and Fe, but also Al and Ti)
may be secondarily enriched in the altered zones of zircon

crystals [47]. For example, [48] studied experimentally the
interaction of metamict zircon with hydrothermal fluids, and
they observed a gain of solvent cations (e.g., Ca, Ba) from the
hydrothermal solution, and the loss of variable amounts of M**
cations (Zr, Si, Hf, Th, U) as well as M?** cations (REE).

The EPMA analyses of zoned zircon of two-mica gran-
ite indicate that the core has ZrO, ranges (from 62.5 to 65.01
wt%), SiO, ranges from (31.1 to 32.42 wt%), HfO, ranges from
(1.8 to 2.1 wt%), and UO, ranges from (0.8 to 1.6 wt%). The
rim has ZrO, ranges from (50.4 to 57.1 wt. %), SiO, ranges
from (30 to 31 wt. %), HfO, ranges from (2.8 to 4.5 wt. %), UO,
ranges from (2.9 to 4.4 wt. %), in (Table 2). ZrO, has higher
values in the core whereas UO,, ThO, and HfO, increase at the
peripheries of crystals. P O, is absent so, no xenotime over-
growth is observed. Y,O, may occur only at the crystal rim.
Lack of Y,O, with up to 3 wt% was reported by [17] in rare
metal granitoids and associated rocks, [27] in El Sela area and
[49] in Variscan granites.
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Figure 4. Hf—~(U+Th)—(Y+REE) ternary diagram of zircon compositions in intrusive rocks. 1 — Two-mica granite El Sela (present work, 14
samples); 2 — Microgranite El Sela (present work, 6 samples); 3 — Dolerite El Sela (present work, 5 samples); 4 — Bostonite El Sela (present work,
5 samples); 5 — Syenogranite Nikeiba, Egypt (unpublished data, 4 samples); 6 — Granite with black quartz first phase, Salminski massive, Russia,
[51] (4 samples); 7 — Two-mica granite, El Sela area, [27] (8 samples); 8 — Two-mica granite, Ghadir, Egypt, [27] (5 samples); 9 — Rare metal
granites, Primoria, Russia, [51] (12 samples);10 — Precambrian granites, South Priladaja, Russia, [52] (12 samples); 11 — Rapakivi granites first
phase, Salminski massive, Russia, [51] (8 samples).

PucyHok 4. Hf- (U + Th) - (Y + REE) TpoiiHasa gnarpamma coctaBa LiIMPKOHA B MHTPY3UBHbIX nopopax. 1 — [iBycnoasHon rpanut El Sela
(oaHHas pabota, 14 obpasuoB); 2 — mukporpaHuT El Sela (HacToswas pabota, 6 obpasuos); 3 — Joneput Anb Cena (gaHHas pabota, 5 06-
pasuoB); 4 — 6ocToHuT El Sela (gaHHas pabota, 5 obpasuos); 5 — cueHorpannt Huknba, Ermnet (HeonybnmkoBaHHble AaHHble, 4 obpasua); 6
— ['pannT ¢ YepHbIM KBapLem nepsolt dasbl, CanMuHckuin maceus, Poccus, [51] (4 obpasua); 7 — aBycniogsHomn rpanuT, paviod Anb-Cena, [27] (8
obpasuos); 8 — aBycntoasaHon rpanuT, Magup, Ervner, [27] (5 o6pasuos); 9 — PegkometannbHble rpanuTel, MNMpuMopbe, Poccus, [51] (12 obpasuos),
10 — MpanuTbl gokembpus, HOxHoe Mpunagoxbe, Poccus, [52] (12 obpasuos); 11 — MpaHuTbl Panakveu nepson dasbl, CanMUHCKUI Maccus,
Poccus, [51] (8 obpasuos).

Table 4. Comparison of chemical composition of (Y+REE), Hf, (Th+U) intrusive rocks of El Sela area with others in Egypt and Russia.
Ta6nuua 4. CpaBHeHMe XMMUYECKOro cocTaBa UHTPY3uBHbIX nopoa (Y + REE), Hf, (Th + U) paioHa 3nb-Cena ¢ gpyrumu B Erunte n
Poccun.

Zircon samples Symbol no. Y+REEs, % Hf, % Th+U, %
Two-mica granite El Sela (present work), n = 14 1 10,00 38.50 51.50
Microgranite El Sela, (present work), n = 6 2 30.70 69.20 0,00
Dolerite El Sela, (present work), n =5 3 80,00 20,00 0,00
Bostonite El Sela, (present work), n =5 4 66.70 33.30 0,00
Syenogranite Nikeiba, Egypt (unpublished data), n = 4 5 54.60 14.50 30.80
Granite with black quartz first phase Salminski massive, Russia, [51], n =4 6 36.80 63.10 0,00
Average El Sela two-mica granite, [27], n =8 7 19.80 64.80 15.40
Average of two-mica granite, Ghadir, Egypt, [27], n =5 8 31.70 39.40 28.90
Rare metal granites Primoria, Russia, [51], n =12 9 99.80 0.09 0.02
Precambrian granites South Priladaja, Russia, [52], 2011, n = 12 10 99.90 0.03 0.04
Rapakivi granites first phase Salminski massive, [51], n =8 1" 3.22 96.70 0,00

Elements were calculated to each other in percentage, %.
OnemMeHTbl paccynTbIBANMCL OTHOCUTENbLHO ApYr Apyra B npoueHTax, %.

14 M.M.O. I'xoHenm n ap. Mopdonorus 1 reoxummuyeckmne 0CobeHHOCTH LIMPKOHA W3 MHTPY3MBHbIX NMOpoA, paioHa nb-Cena, BocTouHas
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A marked decreasing ZrO,/HfO, ratio from the core to the
rim of zircon crystal in the two-mica granite is consistent with
a decreasing ZrO,/HfO, ratio of zircons from mafic to felsic
rocks. An increasing of UO, and ThO, content from core to
rim of zircon crystal in the two-mica granite which described
above is consistent with an increasing trend of the UO, and
ThO, contents from ultra-mafic to felsic rocks as referenced by
[50].

Normal zoning of the two-mica granite is displayed by Hf,
Y, U and Th in zircon owing to disequilibrium between the in-
teracting fluids and the growing zircon crystals. The disequi-
librium state is brought about by sudden change in the pH (al-
kalinity increased) or temperature (intermitting boiling during
pressure release) [17].

The composition of zoned zircon crystals depends on
magma type that they crystallized in and ionic properties.
Goldschmidt’s rule shows that Zr** has a small radius (0.098
nm) enter zircon crystals relatively earlier than the large ions
U* and Th** (0.114 and 0.118 nm, respectively). Zr'* enters
zircon crystal a little earlier than Hf**, owing to a small elec-
tronegativity 1.21 of Zr** relatively to 1.38 of Hf** according to
Ringwood’s modification to Goldschmidt’s rule. This indicates
a relatively high Zr** content in the core than outer rim and
also, high content of U**, Th* and Hf** in the rim of a magmat-
ic zircon crystals than inner core. The composition evolution
of magmatic rocks and the crystal chemical properties of zir-
con, such as Zr, Hf, U and Th, are relatively stable. Therefore,
the differences in chemical composition zonation trends, es-
pecially the HfO,, (UO,+ThO,), and ZrO,/HfO,, of zircons are
generally fixed, and consequently can be used as the indicators
for magmatic zircons [50].

Hf-(U+Th)-(Y+REE) ternary diagram of zircon composi-
tions of intrusive rocks shows that zircon of two-mica granite
of the present work, previous work of zircon of two-mica gran-
ite of the same area, Egypt [27], zircon from two-mica granite
of El Ghadir area, Egypt [27] and zircon from syenogranite of
El Nikeiba area, Egypt are located in nearby area in the center,
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where as zircon from rapakivi granites first phase Salminski
massive, Russia [51], zircon from granite with black quartz
first phase, Salminski massive [51], Russia, zircon from rare
metal granites Primoria, Russia [51], zircon from Precambrian
granites south Priladaja, Russia [52], zircon from microgran-
ite, dolerite and bostonite dikes of the present work are located
on the Hf, Y and REEs axis with no uranium and thorium con-
tents in (Table 4) and (Fig. 4). REE is not recorded in zircon of
intrusive rocks of El Sela area (Tables 2, 3).

The chemical composition of zircon is represented in
Table 3. There are some indications can be deduced from zir-
con microprobe analyses. For instance, zircon from two-mica
granites have the highest HfOz, Uo,, "[hO2 and CaO contents,
but the lowest value of Sc,0O,. There is no detected HfO, or
Y,0, in zircon from microgranite or dolerite dikes, respective-
ly. TiO, in zircon of two-mica granite and bostonite is under
detection limits.

Conclusions

Zircon is one of the most abundant accessory mineral of
intrusive rocks (two-mica granite, microgranite, dolerite and
bostonite dikes) of El Sela area, Egypt. Morphologically, zircon
of two-mica granite is euhedral coarse-grained with zonation
represented by crystals up to 125 pm and corresponds to S10
and P2 types. It also occurs as fine-grained crystals. Zircon in
post-granitic dikes exhibits irregular forms with no zonation.

Geochemically, ZrO, has higher values in the core where-
as UO,, ThO, and HfO, increase at the peripheries of crystals.
Y,0, occurs only at the crystal rim. Zircon displays significant
covariation in UO,, ThOz and HfOz. In two-mica granite zircon
contains the highest HfOz, Uo,, "[hO2 and CaO contents, but
the lowest value of Sc,0,. No detected HfO, or Y,0O, in zircon
of microgranite or dolerite dikes, respectively. TiO, in zircon of
two-mica granite and bostonite is under detection limits.
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Mopdrororust  reoxMmmyeckme 0COOEHHOCTM LIMPKOHA 13
MHTPY3UBHDLIX MOPOA parioHa IAb-Ceaa, BoctouHast nycrbiHsi, Ermner

Moxamegn Maxmygn ®atu FTXOHEAM' >+
EneHa NeHHagbLeBHa MAHOBA™
Axmepn dnb-Caneq ABOEN TABALO?
CeeTtnaHa lOpbesHa AHCOH"™

'"CaHkT-lNeTepbyprckuii rocyaapcTBeHHbIN yHBepcuteT, CaHkT-IMNeTepbypr, Poccus
2AreHTCTBO MO aTOMHOI 3HepreTuke, Kanp, Ervnet

AHHOTaLWs

VHTpysuBHbIe TOpOAbI B paitoHe Imb-Celbl MOTYT OBITb CIOXKEHBI OT CaMbIX CTAapbIX JO CaMbIX MOJIOABIX B
IBYXCIIO[iIHbIe TPAHWUTHbIE ¥ IIOCTTPAHMTHBbIE [AliKM, BK/IOYAIOIIME JAliKyi MUKPOTPAHUTOB, JIOIEPUTOB U
6ocToHNTOB. LIMPKOH - CcaMblil pacIHpOCTPaHEHHbII AKLECCOPHBIN MMHepan. Mopdonorus u reoxmmmyeckue
0CcO06EHHOCTH LMPKOHA ABJIAIOTCA XOPOIIMMI MHAMKATOPAMM SBOJIIOLVIV TOPHBIX HOpof,. Llenb paboTsl - onpenenmnTsb
MOpPOJIOTNI0, BHYTPeHHee CTPOEHNMe U XMMUYECKUII COCTaB LMPKOHA JUIA BBIABICHMA paslIndmii IMPKOHA B
Pa3MMYHBIX MHTPY3UBHBIX IOpojax. Pe3ynbraThl IOKasamy, 4TO MOPQONOTMYECKM LVPKOH B J[BYCTIONIHOM
TpaHNUTe ayTOMOP(MHBIN, KPYITHO3EPHNUCTBIN ¢ 30HAIBHOCTbI0. OH IIpeCTaB/IeH KPUCTA/IaMy pasMepoM fio 125
MKM 1 cooTBeTcTBYeT S10 u P2. IIMpKOH B IOCTTPaHUTHBIX JailKaxX MMeeT HeIpaBmIbHYI0 Gpopmy. [eoxnmmyaeckn
KPMCTA/IUIBI IMPKOHA VIMEIOT 6oee BbICOKMe 3HadeHn:A ZrO2 B sappe, Torga kak HfO2, UO2, ThO: yBenmnunsaroTca
Ha Tepudepyun 30HATBHBIX KPUCTA/VIOB [BYC/IIONAHOIO IpaHuTa. LIMPKOH ABYCTIONAHOTO T'PaHMUTA COHEPXKUT
BpIcokoe copepkanye HfO2, UO2, ThO2 u CaO, Ho Huskoe copepxxanne Sc2Os. B nupkone mukporpannrta HfO:2 He
obHapyxeH. TiO2 B IMpKOHe JaeK ABYCIIOAAHOrO I'PaHNUTA M OOCTOHUTA HAXOAMUTCA 3a IpefieiaMy OOHAPY>KEeHNA.
P33 B MpKOHe N3y4eHHBIX IHTPY3MBHBIX IIOPOJ] He 0OHAPYKEHBI.

Kniouesvte cnosa: 1ypkoH, MOpOIOrs, reoXMmdecKue 0coOeHHOCTH, MHTPY3UBHBIe Opoybl, Inb-Cena, Erumnert.
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