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| ABSTRACT |

We present new field, petrographical, mineralogical and geochemical data from late Neoproterozoic pegmatites
and aplites in southern Sinai, Egypt, at the northernmost limit of the Arabian-Nubian Shield. The pegmatites
cross-cut host rocks in the Taba Metamorphic Complex (TMC) with sharp contacts and are divided into massive
and zoned pegmatites. Massive pegmatites are the most common and form veins, dykes and masses of variable
dimensions; strikes range mainly from E-W through NW-SE to N-S. Mineralogically, the massive pegmatites are
divided into K-feldspar-rich and albite-rich groups. Zoned pegmatites occur as lenses of variable dimensions,
featuring a quartz core, an intermediate zone rich in K-feldspars and an outer finer-grained zone rich in albite.
All compositions are highly evolved and display geochemical characteristics of post-collisional A-type granites:
high Si0O,, Na,0+K,0, FeO*/MgO, Ga/Al, Zr, Nb, Ga and Y alongside low CaO, MgO, Ba and Sr. They are
rich in Rare Earth Elements (REE) and have extreme negative Eu anomalies (Eu/Eu*= 0.03-0.09). A genetic
linkage between the pegmatites, aplites and alkali granite is confirmed by their common mild alkaline affinity and
many other geochemical characteristics. These pegmatites and aplites represent the last small fraction of liquid
remaining after extensive crystallization of granitic magma, injected along the foliation and into fractures of the
host metamorphic rocks. The extensional tectonic regime and shallow depth of emplacement are consistent with
a post-collisional environment.
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INTRODUCTION

The basement rocks of Sinai, together with those of the
eastern Desert of Egypt, constitute the northern extension
of the Arabian-Nubian Shield (ANS) (Fig. 1 inset). This
shield represents one of the largest tracts of Neoproterozoic
juvenile continental on Earth crust (Patchett and Chase,
2002) and forms the northern segment of the East African
Orogen (Stern, 1994). The shield evolved through several
tectono-magmatic stages and represents a collage of
juvenile volcanic arc terranes and associated ophiolite
remnants, amalgamated during the assembly of Gondwana
(e.g. Meert, 2003; Stoeser and Frost, 2006; Cox et al.,
2012). Post-collisional stabilization of the shield was
followed by large-scale erosion and formation of a vast
peneplain by Cambrian time (Bentor, 1985; Garfunkel,
1999; Avigad and Gvirtzman, 2009).

The Ern tip of the South Sinai, the northernmost
corner of the ANS, is mainly occupied by juvenile crust
and preserves rocks and structures associated with the pre-
collisional, syn-collisional and post-collisional phases of
the terminal assembly of the ANS (Eyal et al., 2010, 2014;
Be’eri-Shlevin et al., 2011). The Sinai massif was uplifted
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FIGURE 1. Geological map of Sinai (modified after Eyal et al., 1980)
with inset of ANS. Location of the study area displayed in Figure 2
is marked.
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during the late Neogene-Quaternary providing excellent
fresh exposures of the late Neoproterozoic ANS (Fig. 1)
(Bentor, 1985; Garfunkel, 2000; Eyal et al., 2004).

Pegmatites occur in a variety of shapes, sizes and
geologic environments (see review in Dill, 2015). They are
very coarse-grained crystalline rocks that, in places, contain
giant crystals of feldspar, quartz or mica. Pegmatites have
long drawn the attention of geologists high economic
potential due to the concentration of rare elements and
minerals often found in them and associated aplites (Dill,
2015). Pegmatites are present in various rock types of the
northern ANS (e.g. Jackson, 1983; Abdalla and El-Afandy,
2003; Ghazaly et al., 2015). In contrast to the pegmatites in
the Eastern Desert of Egypt, those of the South Sinai have
not been comprehensively surveyed. Most South Sinai
pegmatites are found within the metamorphic complexes.

This study outlines the first detailed study of the
pegmatites and aplites in the Taba Metamorphic Complex
(TMC) in the northeast of South Sinai. Published reports
of the Taba pegmatites are limited and make contradictory
claims about their origin. El-Sheshtawi et al. (1988)
considered the pegmatitic rocks around Wadi El-Morakh
area (see Fig. 2) derived from within-plate magma,
whereas Essawy et al. (1997) interpret the Taba pegmatites
derived from syn-collisional melting of a crustal source
during the late episode of the Pan-African orogeny. Here,
we provide detailed field, petrographical, mineralogical
and geochemical data the pegmatites and aplites, leading to
a well-defined model of their tectonic history and tectono-
magmatic evolution. We hope this work will encourage
other researchers to study the pegmatites that occur in the
basement rocks of Egypt, so that the economic significance
of these rocks are better assessed.

GEOLOGIC OUTLINE
Regional geological setting

The late Neoproterozoic juvenile crust of the southern
Sinai Peninsula is part of the northernmost sector of
the ANS (Fig. 1). It was developed through three main
successive phases including pre-collisional, syn-collisional
and post-collisional (Eyal et al., 2010, Be’eri-Shlevin et
al.,2011; Azer et al., 2014). The pre-collisional phase (ca.
820-740Ma) is characterized by metamorphosed volcano-
sedimentary rocks, gneisses and associated migmatites and
amphibolites. The syn-collisional phase (ca. 670—-630Ma)
is characterized by variably deformed gabbro-diorite
complexes, calc-alkaline granitoids and their volcanic
equivalents. The post-collisional phase is represented
by calc-alkaline (ca. 630-590Ma) and alkaline (ca. 610—
580Ma) rock suites. The post-collisional calc-alkaline
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FIGURE 2. Geologic map of Taba area in southeast Sinai, Egypt
(modified after Khalil et al., 2015). See Figure 1 for location.

suite includes granitoids and Dokhan volcanics (Samuel
et al., 2001a, b; Azer and Farahat, 2011; Be’eri-Shlevin
et al., 2011), whereas the alkaline suite includes alkaline/
peralkaline A-type granites and their volcanic equivalents
(Azer, 2006; Samuel et al., 2007; Eyal et al., 2014). The
end of calc-alkaline plutonic magmatism overlapped with
the beginning of alkaline activity (Azer et al., 2010; Eyal
etal.,2010; Be’eri-Shlevin et al., 2011). According to Eyal
et al. (2014), post-collisional magmatism started at 635Ma
in northeast South Sinai, and at a younger age (~610Ma) in
the southeast of South Sinai. This indicates that the closure
of the Mozambique Ocean propagated from northeast
South Sinai towards the southeast over about 25Ma.

One of the most striking features of South Sinai is
the abundance of post-collisional plutons and associated
volcano-sedimentary sequences, whereas older rocks,
now comprising parts of metamorphic complexes, are
scarce, and ophiolites are completely absent (e.g. Bentor,
1985; Stein, 2003; Azer and El- Gharbawy, 2011). Five
metamorphic complexes (Feiran-Sulaf, Sa’al-Zaghra,
Kid, Watir and Taba) are exposed within the Precambrian
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basement of Sinai, Egypt. In addition, many smaller areas
of metamorphic rocks are scattered throughout the Sinai
massif. The pegmatitic rocks, the target of the present
work, are located in the TMC (Fig. 1).

Geology of Taba area

The TMC is exposed along the western side of the
Gulf of Aqgaba and in the northeast of South Sinai (Fig.
). It is elongated in a NE-SW direction, about 35km
long and 7km wide. The metamorphic rocks of the TMC
in the Taba area consist of metapelitic schists, migmatites
and gneisses. The grade of metamorphism ranges from
greenschist to amphibolite facies. They are intruded by
unmetamorphosed post-collisional rocks (alkali granites,
gabbros and volcanics) and to the west unconformably
overlain by Phanerozoic sediments (Fig. 2). (Eyal, 1980;
Eyal and Amit, 1984; Abu El-Enen et al., 1999, 2004).

The schists represent the oldest rock unit in the mapped
area. They crop out at Wadi Tweiba and Wadi El-Morakh
and are mainly biotite schists and garnet biotite schists. The
schists are moderately coarse grained and have a greater
proportion of granular (quartz and feldspar) constituents
than the gneisses. They are intruded by gabbros and alkali
granite. Near the mouth of Wadi El-Morakh, they are highly
migmatized and segregated parallel to foliation into thin
veins and lenses of granitic leucosome and metamorphic
host rock. The migmatites exhibit a variety of textures such
as agmatitic structure, surreitic texture and boudinage.

The gneisses are the most common rock type in the
mapped area. They are medium to coarse grained and
display very strongly lineated, weakly to highly foliated
gneissic structures and prominent augen. The absence
of relic bedding or other sedimentary structures in the
gneisses indicate their orthogneiss character, supported
by the presence of off-shoots and apophyses of gneiss
in the schists and the presence of schist xenoliths and
mafic enclaves within the gneisses. The gneisses range in
composition from tonalitic to granitic (Eyal, 1980; Abu
El-Enen et al., 1999). In the southern part of the TMC,
the gneisses are less deformed and more felsic than in the
northern part. The protoliths of the orthogneisses are calc-
alkaline arc granitoids that were emplaced along an active
continental margin during the pre- to syn-collision stage of
the Pan-African Orogeny (Abu El-Enen et al., 1999).

The post-collisional rocks in the mapped area include
mafic intrusions, alkali granites and volcanics (Abu El-
Enen, 2000; Samuel et al., 2007; Abdel-Karim, 2013;
Khalil et al., 2015). The mafic intrusions include the
Wadi El-Mahash and Wadi Tweiba gabbroic rocks. They
are unmetamorphosed and assigned to post-collisional
magmatism (Abdel-Karim, 2013; Khalil ez al., 2015).
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Khalil et al. (2015) attributed the subduction-related
geochemical characteristics of the gabbro of Wadi El-
Mahash to the partial melting of lithospheric mantle
source enriched during the early subduction beneath
the ANS. On the other hand, mapping further north
had led Israeli geologists to consider that the Wadi El-
Mahash and Wadi Tweiba mafic intrusions correlate
with greenschist-grade Shahmon metabasite (Shimron,
1972; Eyal et al., 2014).

Alkali granites are exposed in the northern and
southern parts of the TMC. They stand as high, irregular
crescent-shaped outcrops against the country rocks and
several apophyses of the alkali granite extend into the
country rocks. A conspicuous feature of the alkali granites
is an absence of mafic microgranular enclaves or dykes.
They have typical characteristics of an intra-plate tectonic
setting (Abu El-Enen, 2000). The correlative volcanic
rocks in the mapped area are well exposed along Wadi
Kholeifiya and Wadi El-Mahash. They are mainly alkaline
rhyolites and their pyroclastics with minor trachyte
and trachyandesite (Samuel ef al., 2007); the volcanic
sequence is also consistent with their emplacement in an
intra-plate tectonic setting.

Pegmatites are widely distributed in the gneisses
and schists of the TMC and less common in the gabbros
and, as pockets, in the alkali granites. Their light color
contrasts clearly with the darker surrounding rocks.
Their lengths vary from a few meters up to 1km and their
widths from a few centimeters to a few meters. Most of
the pegmatite dikes have NW-SE, E-W and N-S trends.
Some pegmatite bodies show miarolitic cavities. Based
on field observations, the pegmatites can be divided into
massive pegmatites and zoned pegmatites; the massive
variety are the most common. Massive pegmatites occur
in the form of large and small veins and dykes as well as
small bodies of variable dimensions and trends. The zoned
pegmatites are rare and are found only near intrusive
bodies of alkali granite. They are represented by lenses
of variable dimensions featuring a thin rim enriched in
sodium feldspar, a broad intermediate zone of potassium
feldspar, and, frequently, a quartz core (Fig. 3).

The pegmatites associated with the schists are mostly
concordant with the bedding planes and some of
them are cataclastic to variable degrees. A few bodies
of pegmatite are affected by strike-slip faults and
have signs of mylonitization. These features indicate
emplacement of pegmatitic masses both before and
after fault movement in the study area. At the entrance
of Wadi El-Morakh, a few roof pendants of schist
and gneiss are observed in the peripheral parts of the
pegmatite masses. The foliation planes of schists and
gneisses in the roof pendants differ in orientation from
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FIGURE 3. Sketch showing the different zones in the zoned pegmatites.

the regional fabric and indicate rotation of the roof
pendants during transport with the pegmatitic magma.
A few pegmatite lenses display an obvious thin hybrid
zone due to metasomatic reaction between the pegmatite
material and the host rocks. Rare quartz pegmatites are
observed in a few locations in the TMC.

Aplites are observed in a few localities in the TMC,
especially in its northern part. Aplites occur as veins as
well as low-angle to subhorizontal sheet-like sills with
granitic compositions. Aplites also occur as marginal
selvages within pegmatites. Scattered large crystals of
alkali feldspars are present in the some of the aplites.

Age constraints for the Taba rocks

The age and petrogenesis of the metamorphic rocks
exposed in the Taba area have been the basis of much
controversy (Stern and Manton, 1987; Shimron, 1988;
Eyal et al., 1991; Cosca et al., 1999; Morag et al., 2011).
U-Pb dating of detrital zircons from the northern part of
the TMC near Eilat yield ages of 820-800Ma (Jarrar et al.,
1983; Kroner et al., 1990). However, recent SIMS U-Pb
dating of detrital zircons revealed ages spanning a much
wider range, between 870 and 790Ma, with a major peak
at ca. 820Ma (Eyal et al., 2014).

On the basis of low initial #’Sr/*Sr ratios (0.7035%5)
and positive €(t) values (+4) of schists exposed in
the northern part of the TMC near Eilat, it appears that
these rocks were derived from an island arc rather than a
preexisting continental crust (Bielski, 1982; Kréner et al.,
1990; Stein and Goldstein, 1996; Cosca et al., 1999). An
island arc source is supported also by juvenile gf(t) for
individual dated zircons (Morag et al., 2011), the limited
range of detrital zircon ages (870-790Ma) and the scarcity of
detrital zircons with ages older than the oldest ophiolites of
the ANS (ca. 870Ma; Pallister et al., 1988; Ali et al., 2010).
The age of the sedimentation of the protolith of the Taba
schist is constrained by the youngest arc-related plutonic
activity intruding the schist, beginning at ca.790-780Ma
(Kréner et al., 1990; Morag et al., 2011) with the intrusion
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of the tonalitic to quartz-dioritic protolith of the Taba gneiss.
Kroner et al. (1990) obtained a somewhat younger single
zircon age for the Eilat granitic gneiss (744+5Ma).

The mafic plutons exposed in the mapped area (Wadi
Tweiba and Wadi El-Mahash) yielded single zircon U-Pb
ages between 670 and 612Ma (Kroner et al., 1990; Morag
et al., 2011). The 612Ma is an acceptable age because
these mafic plutons are unmetamophosed, post-collisional
members of the complex (Abdel-Karim, 2013; Khalil et
al., 2015). Eyal et al (2014) correlated the mafic intrusions
of Wadi El-Mahash and Wadi Tweiba to the 660—-670Ma
Shahmon metabasite in southern Israel, which is intruded
by ca. 659Ma granitic gneiss dikes (Eyal et al., 1991) and
by the ca. 630Ma undeformed Rehavam granitic pluton
(Be’eri-Shlevin et al., 2009; Morag et al., 2011). The
most straightforward interpretation of these zircon ages
is that the mafic plutons in the mapped area are different
from and younger than the Shahmon metabasite. They
represent a postcollisional stage of plutonic activity (630—
635Ma; Be’eri-Shlevin et al., 2009) that later experienced
penetrative ductile deformation prior to intrusion of the
alkali granites of Wadi El-Mahash.

SAMPLING AND ANALYTICAL METHODS

A total of 55 large samples (~2kg) were collected in
order to optimize representation of these coarse grained
rocks. We selected the simple massive pegmatites,
devoid of any visible zonation, and aplitic samples
devoid of feldspar megacrysts for chemical analyses.
Concentrations of major and trace elements were
determined by X-Ray Fluorescence (XRF) (ThermoARL
XRF Spectromemter) at the GeoAnalytical Lab,
Washington State University. The analytical precision
for XRF analyses, as calculated from duplicate samples,
is better than 1% for most major elements and better than
5% for most trace elements. The Rare Earth Elements
(REE) for eight representative whole-rock samples were
determined by solution-source Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) at the ACME
Analytical Laboratories, Vancouver, Canada.

The chemical compositions of essential minerals
were analized in the USA and France. Minerals in
polished sections were analyzed by electron probe
micro-analyzer (JEOL JXA-8200) at the GPS Division
Analytical Facility, California Institute of Technology.
The analytical conditions were 15kV accelerating
voltage, 25nA beam current, and a focused beam
(<lum). Some minerals in the thin-polished sections
were also analyzed using a CAMECA CAMEBAX SX-
50 Electron Probe Micro Analyzer (EPMA) housed at the
BRGM, Orléans, France, at 15kV accelerating voltage
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and 20nA beam current. Various natural and synthetic
mineral standards were used in both laboratories.

PETROGRAPHY
Country rocks

Schists are composed mainly of oligoclase, quartz
and biotite with smaller amounts of muscovite, garnet,
andalusite, sillimanite, staurolite and cordierite. The
pelitic schist layers are richer in biotite whereas psammitic
layers are enriched in quartz. The accessory minerals
include zircon, apatite and opaques. The gneisses range
in composition from quartz-dioritic to granitic. They
consist of plagioclase, quartz, biotite and amphiboles in
variable proportions, prominent K-feldspar and garnet
porphyroblasts, and accessory zircon, apatite, titanite and
opaques. Based on the mineralogical compositions, the
metamorphic grades of TMC range from lower-greenschist
to amphibolite facies with a general increase of grade
towards the schists. Greenschist facies in both schists
and gneisses is characterized by biotite and small garnet
crystals, whereas amphibolite facies is characterized by
porphyroblasts of garnet, staurolite, cordierite, andalusite
and sillimanite.

The granites of the TMC vary in composition from
syenogranites to alkali granites. All the granites consist
essentially of K-feldspar, quartz, plagioclase, biotite and
hornblende in variable amounts. The main petrographic
feature of the granites is the decrease in modal abundance
of plagioclase and hornblende from syenogranites to
alkali granites. Apatite, titanite, zircon and iron oxides are
accessories. Graphic textures of quartz and K-feldspars are
common, especially in the alkali granites. There are many
textural and mineralogical similarities between the alkali
granites and the pegmatites in the mapped area but the
alkali granites have more plagioclase and less quartz than
the pegmatites.

Pegmatites

There are various classifications of pegmatites based
on their mode of occurrence, internal structure and
mineralogical composition. The studied pegmatites show
variable internal structures, grain size variation, textural
patterns and mineral compositions that systematically
and progressively change across the pegmatitic bodies.
On the basis of mineralogy, the studied pegmatites are
classified as granitic. Based on the internal structures,
the pegmatites are distinguished into zoned and unzoned
(massive) pegmatites. The massive pegmatites are divided
into K-feldspar rich (K-rich) and albite rich (Na-rich)
pegmatites.
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K-feldspar rich pegmatites are very coarse-grained
rocks and consist mainly of quartz, microcline-perthite,
orthoclase, muscovite, and small amounts of albite
and biotite. Iron oxides, zircon, fluorite and apatite are
accessories. Secondary minerals include sericite, epidote,
and chlorite. Potassium feldspar occurs as coarse-grained,
subhedral to anhedral prismatic crystals. Microcline
crystals show tartan twinning and are usually intergrown
with albite, forming patchy perthite (Fig. 4A). Some large
crystals of orthoclase enclose small crystals of albite
(Fig. 4B) and/or iron oxides and zircon. Quartz shows
undulatory extinction. The margins of some of the larger
feldspar and quartz grains are surrounded by a narrow zone
of fine-grained recrystallized quartz, feldspar, and muscovite
that forms a mortar structure. Very fine-grained muscovite
occurs as aggregates along the borders of feldspar grains;
such mica may be deuteric. In some places the pegmatites
altered the metamorphic country rocks at their contacts by
the introduction of albite, tourmaline, muscovite and apatite.

The albite rich pegmatites are medium- to coarse-grained
rocks and consist of albite, quartz, K-feldspar, biotite and
muscovite. Opaques, allanite and zircon are accessory
minerals. Albite occurs as euhedral to anhedral prismatic
crystals characterized by lamellar twinning (Fig. 4C). Some
albite crystals have bent and broken twin planes. Quartz may
be graphically intergrown with albite (Fig. 4D) or contain
small inclusions of rounded to euhedral albite. Sometimes,
the quartz forms veinlets or is distributed along contacts
of other minerals. Muscovite occurs as inclusions within
the feldspars or as aggregates around them (Fig. 4E). Rare
skeletal tourmaline crystals are intimately intergrown with and
embayed by quartz and albite or appear as embayed inclusions
in albite. These inclusions with embayed borders indicate that
the tourmaline was an early-crystallizing phase. Nevertheless,
the intimate intergrowths indicate that tourmaline was largely
contemporaneous with quartz and albite.

Thin sections from the thin albite-rich border and
broad K-rich core zones of a large zoned pegmatite lens
were examined. The border zone consists mainly of albite,
K-feldspar, microcline, microcline-perthite, and a small
amount of quartz and biotite. Rare amphibole, muscovite,
and tourmaline are observed in the outer zone. Also, the
outer zone of some zoned pegmatites trapped crystals of
beryl with c-axis and elongation normal to the pegmatite
contact (Fig. 4F). This is may be due to the metasomatic
interaction between pegmatites and their host rocks. The
core zone is composed mainly of quartz, microcline-
perthite, muscovite and a small amount of biotite and
albite. The accessory minerals in the zoned pegmatites
include iron oxides, apatite and zircon, whereas sericite
and epidote occur as secondary minerals. Both albite and
quartz in the border and core zones have strain shadows,
but albite was more susceptible to deformation than quartz.
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Pegmatitic quartz is very rare and found only along
Wadi Tweiba at the northern end of the TMC. It is coarse-
grained and consists mainly of quartz. Milky quartz is most
abundant, with rare smoky quartz. Also, opal or chalcedony
is observed in the outer margins of the quartz pegmatite
due to supergene alteration.

Aplites

Aplites  are  uniformly  fine-grained  with
allotriomorphic texture. They consist chiefly of quartz
and albite with subordinate K-feldspars and biotite in
variable quantities. The accessory minerals include
opaques, garnet, zircon and muscovite. A few samples
contain large crystals of K-feldspars or plagioclase. In
some occurrences these large crystals are replaced by
sugary aggregates of albite. The K-feldspars include
orthoclase and microcline. Skeletal crystals of quartz
and feldspar along with graphic intergrowth of quartz
and feldspars are common in the aplites. These textures
indicate rapid crystal growth rates.

MINERAL CHEMISTRY

Chemistry of the major and some accessory minerals
from the massive pegmatites and aplites were analyzed by
Electron Probe Microanalyzer. The full dataset of mineral
chemistry is given in the online version (Tables I-VII
Electronic Appendix, available at www.geologica-acta.com).

The chemical composition, structural formulae and
end-member components of the analyzed feldspars, both
alkali feldspars and plagioclases, are given in Tables I
and VI according to the compositional nomenclature
given by Deer et al. (1992). The alkali feldspars in the
studied rocks are orthoclase, while the plagioclases
include albite and oligoclase. Microcline would also be
called orthoclase in this nomenclature. Orthoclase in the
K-rich pegmatite ranges in composition from Org; to
Oryg, with an average of Or,ys 5, whereas those in the Na-
rich pegmatite range from Or,, 4 to Orys ; with an average
of Ory;,. The orthoclase in the aplites shows variation in
composition ranging from Orgs 4, to Org,, With an average
of Org . The albites in all the different rock types are
rather similar in composition, having very low anorthite
content (An,,,4). Oligoclases were analyzed in K-rich
pegmatite (An, 4.49), Na-rich pegmatite (An,;, s,) and
aplites (Anygs.7).

Selected biotite crystals were analyzed in Na-rich
pegmatite and aplites. Chemical compositions and
structural formulae of the biotite are given in Table VIL.
The analyzed biotite crystals are substantially richer in
FeOy, (18.38-29.88wt.%) than MgO (5.12-9.73wt.%). The
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FIGURE 4. Textural variation among Taba pegmatites. All photomicrographs in cross-polarized light, except F in plane light. A) Microcline crystals show
tartan twinning and intergrowths with albite forming patchy perthite in the K- rich pegmatite. B) Some large crystals of orthoclase enclose small
crystals of albite in the K -rich pegmatite. C) Euhedral prismatic albite crystal in the Na-rich pegmatite. D) Quartz graphically intergrown with albite.
E) Muscovite aggregates among feldspar crystals in the Na-rich pegmatite. F) Beryl crystal in the zoned pegmatite.

Geologica Acta, 14(3), 219-235 (2016) [225]
DOI: 10.1344/GeologicaActa2016.14.3.2



K.M. Abdelfadil et al.

composition and texture of biotites indicate that they are
primary igneous phases in all samples. This is supported
by plotting the chemical analyses of biotites on the TiO,—
FeO,-MgO ternary diagram of Nachit ez al. (2005); on this
diagram they show the chemical characteristics associated
with primary igneous biotites (Fig. 5). The iron-rich
composition of the studied biotites is similar to those of post-
collisional suites in south Sinai (Farahat and Azer, 2011).

WHOLE ROCK CHEMISTRY

The analyzed samples were carefully selected to avoid
cross cutting veinlets and/or carbonate-filled fractures.
Eighteen samples of pegmatites and aplites (12 massive
pegmatites and 6 aplites) were selected for chemical
analysis (Table 1). Also, five alkali granite samples were
analyzed to compare and complete the picture of the
relationship between the pegmatites, aplites and alkali
granites. Major element and trace element, including
REE, concentrations are used here to typify the distinct
geochemical characteristics of the rock types already
distinguished by field relations and petrography.

A number of classification schemes for pegmatites
have been suggested, based on various combinations of
emplacement depth, mineralogical or chemical composition,
metamorphic grade and minor element content (Cern,
1991; Wise, 1999; Ercit, 2004; Cem}? and Ercit, 2005). The
standard composition-based categories divide pegmatites into
granitic, syenitic and gabbroic groups; among these, granitic
pegmatites are the most abundant (London, 2008). On the
basis of mineralogy, the studied pegmatites and aplites are
all classified as granitic and the geochemical data discussed

10*TiO,
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X Na-rich pegmatite

S‘Z.’
3
S
§
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Q

Reequilibrated primary biotite
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FIGURE 5. TiO2-FeO(t)-MgO ternary diagram for biotite classification
(Nachit et al., 2005).
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below support a consistent assignment into the granitic
pegmatite class. Granitic pegmatites can be further divided
into various types and subtypes depending on the presence
of accessory minerals and metals. Pegmatites with especially
low REE content are classified as miarolitic pegmatites.

Although all the studied rocks are high-silica felsic
rock, there are significant variations in silica content.
Aplites have the highest silica content (76.07-77.01wt.%
Si0,), followed by pegmatites (73.02 to 75.12wt.% SiO,)
and then alkali granites (73.2-74.14wt.% Si0O,). The Na-
rich pegmatite, defined by high albite modal abundance,
is in fact richer in Na,O (Na,O/K,0>1.17) than the K-rich
pegmatite defined by high orthoclase abundance (Na,O/
K,0<0.98). The Aplites are markedly sodic in composition
(Na,0O/K,0>1.03). The leucocratic character of the
pegmatites, aplites and alkali granites is clear from their
CIPW norms, with light minerals (quartz, orthoclase and
albite) greater than 91% in all samples. The normative
anorthite content in the pegmatites and aplites are <5.06%,
consistent with the sodic feldspar compositions observed
in the microprobe analysis. The Alumina Saturation Index
[ASI, molar ratio Al,0,/(Na,0+K,0+Ca0O)] of all studied
samples is near unity (Table 1). On the R-R, discrimination
diagram of De la Roche et al. (1980), the pegmatite and
alkali granites samples plot in the granite field, whereas
aplites plot in the alkali granite field (Fig. 6A).

The high agpaitic index (Al= (Na + K)/Al on a molecular
basis) of the pegmatites (AI=0.86-0.90), aplites (Al= 0.90—
0.96) and alkali granites (Al= 0.86-0.88) indicate an alkaline
nature (Liégeois and Black, 1987; Liégeois et al., 1998).
However, all the samples plot in the “highly fractionated
calc-alkaline” field on the Sylvester (1989) diagram (Fig.
6B). The slightly lower Al for alkali granite indicates it is less
evolved than the pegmatites and aplites. Whalen et al. (1987)
suggested the use of Ga/Al versus certain major and trace
elements to distinguish between A-type granites and other
granites (M-, I- and S-type). Most of the analyzed samples
have high Ga/Al and plot consistently in the A-type granite
field on the Ga/Al vs. FeO,/MgO diagram of Whalen et al.
(1987; Fig. 6C). It should be noted that highly fractionated
felsic I-type granites can have Ga/Al ratios and some major
and trace element values that overlap those of typical A-type
granites (Whalen et al., 1987). Hence, it is possible that the
A-type characteristics of the studied rocks might be explained
by extreme fractionation from calc-alkaline magmas.

The REE concentrations in the pegmatites, aplites and
alkali granites are listed in Table 2. They are normalized to
chondrite values of Evensen et al. (1978) and are presented
in Figure (7A). The K-rich pegmatites are richer in REE
(310-358ppm) than the Na-rich pegmatites (211-214ppm),
aplites (179-186ppm) and alkali granites (203—262ppm). The
REE patterns of all the rock types are enriched in the LREE
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TABLE 1. Chemical composition of pegmatites, aplites and granite of Taba Metamorphic Complex

Pegmatite

tock type K-rich pegmatite Na-rich pegmatite Aplite Granite
Sample PT22 PT25 PT34 PT4 PT7 PT1 PTIO0 PTI13 PTI16 PT28 PT37 PT41 ATI14 AT21 AT26 AT3 AT30 AT38 GTI GTI0 GTI13 GT4 GT7
Tajor oxides (wt.%)
i0, 744 732 749 751 73,7 733 73 744 733 734 73 73,1 76,6 76,1 76,8 76,6 77 76,2 733 734 729 74,1 732
10, 0,09 0,1 0,12 0,08 0,12 0,14 0,07 0,08 0,11 0,08 0,12 0,09 0,05 0,08 007 0,07 006 009 0,14 0,16 0,18 0,14 0,15
1,04 14,1 14,6 14 134 14 146 145 14,1 142 142 14 14,6 12,8 13 12,5 12,6 12,6 13,1 139 139 139 139 14
€0, 1,09 1,22 092 1,25 1,19 1,17 1,84 098 1,15 1,19 1,01 1,27 0,78 092 082 087 0,79 1,05 1,33 1,38 1,61 1,58 143
O 0,03 0,03 0,01 0,01 0,05 005 0,09 002 003 0,02 003 0,08 003 006 004 002 002 008 0,02 002 0,03 003 0,02
1g0 0,16 0,19 0,14 0,09 0,15 0,12 0,1 0,13 021 027 025 0,13 006 0,09 0,1 008 0,09 0,11 026 023 022 0,19 0,27
‘a0 1,11 1,04 1,02 093 1,08 1,05 092 098 1,12 1,18 1,07 094 036 056 044 048 041 0,64 121 136 145 137 141
[2,0 438 4,43 441 4,07 439 509 534 505 4,87 476 492 529 4,57 502 445 459 429 505 448 432 435 435 441
20 4,62 5,03 4,52 438 4,57 421 398 3,84 394 4,07 398 3,78 431 3,79 432 3,99 394 355 449 453 445 443 443
205 0,04 0,04 0,05 0,03 0,07 006 0,09 0,04 008 0,03 008 0,08 005 0,04 003 002 0,04 003 0,09 008 0,11 006 0,07
o) 032 044 037 027 0,69 031 035 025 042 035 077 0,73 035 0,552 041 025 031 028 0,66 058 0,74 051 0,68
otal 100 100 100 99,6 100 100 100 99,8 99,4 99,5 99,3 100 100 100 100 99,5 99,5 100 99,9 100 99,9 101 100
race elements (ppm)
b 157 163 178 144 201 112 101 91 103 69 64 106 124 145 104 97 131 152 166 169 183 182 170
r 131 122 111 123 94 103 87 116 97 108 102 89 25 43 43 41 26 61 154 126 147 139 148
a 153 145 184 149 107 164 185 172 164 237 183 159 127 134 155 150 138 142 388 374 424 356 401
b 11,1 13,2 139 16,1 22,6 16,5 21,2 124 14,8 124 11,3 17,5 195 22,7 244 185 222 255 186 17,1 163 19,8 14,7
h 13 12 12 9 14 8 11 14 9 13 10 8 9 13 11 14 12 10 16 16 16 17 15
I 5 4 8 6 7 4 5 7 6 3 5 5 4 5 7 5 6 5 4 4 5 6 4
b 27 30 24 32 11 11 10 18 26 22 21 17 22 18 29 24 26 23 17 15 17 13 16
r 117 120 89 100 119 89 96 105 111 101 94 121 135 149 142 141 137 150 211 216 243 244 214
29 33 28 30 33 29 28 32 29 31 22 29 37 40 39 38 43 36 34 36 32 35 34
ra 15 17 19 20 26 24 29 21 15 23 18 28 29 35 26 23 33 35 18 20 19 22 21
bs 6 4 3 4 2 4 5 6 5 4 2 2 1 3 1 2 4 6 7 9 5 8
c 3 2 1 2 3 2 1 3 2 3 4 4 0 1 1 2 0 2 6 6 8 4 7
’ 7 6 7 6 7 5 7 5 8 9 10 8 6 5 7 8 7 6 18 17 18 15 16
2 1 5 3 4 1 4 3 5 4 2 5 3 1 2 4 3 2 8 7 10 6 8
15 18 26 16 42 18 24 21 18 16 23 37 26 32 24 27 23 29 42 37 52 45 57
li 1 2 2 1 3 3 2 2 3 3 3 4 0 1 2 1 0 1 1 2 5 4 3
T* 2,16 2,37 1,75 2,14 227 229 321 195 233 2,71 244 238 138 195 1,79 1,71 146 2,07 3,07 3,15 3,7 331 3,36
E* 92,7 92,6 933 93 92,6 93,1 927 93,6 923 92 93 929 96,9 96,1 96,7 963 96 952 92,1 914 909 91,1 91,1

Colour Index
¥ Differentiation Index

relative to HREE [(La/Lu)n= 2.620-12.960]. It is clear that
the REE of each type are generally similar and show smooth
patterns from LREE to HREE interrupted by characteristic
negative Eu-anomalies. Negative Eu-anomalies are most
prominent in pegmatites (0.03-0.08), followed by aplites
(0.08-0.09) and alkali granites (0.36-0.38).

The differences in the REE patterns among samples
and rock types reflect, most probably, the nature of the
crystallizing accessory mineral phases. The extremely
negative Eu-anomalies of pegmatites and aplites (0.03—
0.09) can be attributed to extended fractional crystallization
of feldspars and to melt-fluid interaction in the last stages
of magma solidification (Jahn et al., 2001; Zhao et al.,
2002, Lee et al., 2013).

DISCUSSION
Geotectonic affinities

Previous studies dealing with the tectonic model of the
Taba pegmatites are mutually inconsistent. The tectonic
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settings proposed for the Taba pegmatites include both
within-plate and syn-collision settings (El-Sheshtawi et
al., 1988; Essawy et al., 1997). These ideas have remained
untested due to the lack of detailed field work, mineralogical
observations and geochemical data. Our results, however,
allow us to confidently define the tectonic setting of the
Taba pegmatites and their associated rocks (alkali granites
and aplites). Field investigations clearly demonstrate that
the Taba pegmatites cut the late Pan-African gneisses and
schists, postdating the regional metamorphism of their
host rocks. Nonetheless, there is some evidence of post-
magmatic deformation of all the varieties of pegmatite:
quartz undulatory extinction in the K-rich massive
pegmatite, broken and bent plagioclase twin planes in the
Na-rich massive pegmatite, and strain shadows in the outer
and border zones of the zoned pegmatites.

The overall chemical characteristics of the Taba
pegmatites, aplites and alkali granites are consistent with
a post-collisional tectonic setting. In the original Rb vs.
Y+Nb tectonic discrimination diagram of Pearce et al.
(1984), the analyzed samples plot in the overlap area
between volcanic-arc and within-plate fields (Fig. 7B),
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within in the field later identified as post-collisional by
Pearce (1996). The post-collisional setting is supported by
using the SiO, vs. AL,O; discrimination diagram of Maniar
and Piccoli (1989) (Fig. 7C).

Eyal et al. (2010) discussed geology, geochemistry and
isotope data of post-collisional calc-alkaline and alkaline-
peralkaline granites of the Sinai Peninsula (Egypt) and
southern Israel. Here we compared the REE data of the
present study with calc-alkaline and alkaline granitoids
of post-collisional setting (Eyal et al., 2010; Azer, 2013;
Sherif et al., 2013; Azer et al., 2014). It is evident that the
studied rocks have chondrite normalized REE patterns
very similar to those of other post-collisional alkaline
plutons, including the large magnitude of the prominent Eu
negative anomaly (Fig.7A).

Magma source and petrogenesis

In the 1970s and 80s, the most widely accepted model
of pegmatite genesis invoked a process of fractional
crystallization of granitic melt (Jahns and Burnham, 1969).
It has, however, also been proposed that it may be possible
to form them by direct anatexis of metamorphic rocks
with the appropriate composition (Simmons et al., 1995).
More recently, detailed mineralogical and geochemical
investigations of pegmatites and experimental studies (for
review see Dill, 2015) have led to a significant advance in
understanding pegmatite genesis. A full understanding of
pegmatite genesis and internal differentiation must extend
beyond the paradigm of simple fractionation of parental
granite (Dill, 2015). Nonetheless, the massive pegmatites
chosen for chemical study here are simpler to interpret than
zoned pegmatites and we will test whether the major and
trace element co-variations in our data can be interpreted
as fractional crystallization trends.

Post-collisional rocks (610-590Ma) are widely
distributed in the extreme northern part of the ANS,
in the North Eastern Desert and Sinai. They include
intrusions of calc-alkaline and alkaline granitoids and their
associated volcanics. Determining the tectonic settings of
post-collisional granitoids is complicated and it must be
recognized that magmas of variable sources and types may
be generated (Liégeois et al., 1998; Bonin, 2004, 2007);
nevertheless, understanding the origin of such rocks has
significant geodynamic implications. The pegmatites, aplites
and alkali granites of TMC are consistent in field relations
and geochemistry with being post-collisional in character
(Fig 7A, B, C) and they have characteristics both of A-type
granites (Fig. 6C) and highly fractionated calc-alkaline
magmas (Fig. 6B). In a post-collisional environment these
features may simply represent derivation of magmas from
a lithospheric mantle that was previously metasomized
by earlier subduction-related processes. This has been
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TABLE 2. Contents of REE and ratios in pegmatites, aplite and granite

Pegmatites . X
Rock type - - - - Aplite Granite
K-rich pegmatite Na-rich pegmatite

PT25 PT34 PT13 PT37 AT21 AT30 GTI GT4

La 528 627 383 331 265 270 380 582
Ce 116, 1453 944 840 65, 689 855 1147
Pr 1529 17,74 10,10 957 796 858 997 1275
Nd 609 701 379 380 336 314 373 471
Sm 1480 17,03 78I 926 947 885 780 887
Eu 040 043 020 0,19 012 010 08 089
Gd 1400 11,7 7,03 923 923 898 663 557
Tb 235 212 1,14 1,59 1,67 1,75 112 088
Dy 13,65 12,41 6,86 1026 982 1123 633 492
Ho 274 254 148 227 202 243 127 089
Er 772 741 406 620 598 692 358 3,09
Tm L12 1,09 062 093 091 107 057 047
Yb 686 694 38 58 575 735 355 331
Lu 099 093 058 087 081 1,05 047 046
SREE 3096 35844 2143 2113 1790 1856 2029  262,1
EwEu* 008 009 008 006 004 003 036 039
(La/Sm)n 225 232 310 226 1,77 193 307 414
(Gd/Lu)n 1,73 154 148 130 140 104 173 1,48
(La/Lu)n 546 691 677 390 335 262 828 1296

Eu* = arithmetric ((Smy+Gdy)/2)
n = chondrite normalized values

recognized in Ediacaran magmatism of the northern ANS
(Friz-Topfer, 1991; lacumin et al., 1998; Kessel et al., 1998;
Azer and El-Gharbawy, 2011; Khalil et al., 2015).

Although the pegmatites and aplites of TMC are different
in mineralogy and major oxides from the alkali granites in
the mapped area, they show similar characteristics in trace
and REE patterns, indicating a similar source for all the
studied granitoids. On the basis of Essawy et al. (1997)
suggest a sedimentary source rock for the pegmatites and
alkali granites of TMC, but according to Chappell and
White (2001) there is substantial overlap between the
ASI values of I- and S-type granitoids. Furthermore, the
ASI of our samples is near unity (Table 1), which in fact
confidently excludes a sedimentary protolith and supports
an I-type source (Chappell and White, 1974).

The trace element content of granitic melts change
substantially as crystallization proceed and can be used
as indicators of magmatic fractionation and chemical
evolution of pegmatites (London, 2008). Some element
ratios (Rb/Sr, Rb/Ba, Nb/Zr and Y/Nb) show wide
variations among pegmatites, aplites and alkali granites
(Table 1). This can be attributed to one of the following:
1) external sources of Ba and St (e.g. Charoy et al., 2003),
ii) retention of Ba and Sr by fluxed magmas (London et
al., 1989) and iii) systematic differences in the partitioning
of these elements among plagioclase, K-feldspar and melt
(Icenhower and London, 1996). In fact, the systematic
variation of some major and trace element contents of the
studied rocks (Fig. 8) can be reasonably interpreted in terms
of fractional crystallization processes. Decrease of Fe,Oj,
CaO, TiO, and P,05 contents with increasing SiO, content
is consistent with fractionation of apatite and Ti oxides.
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Significant Sr, Eu and Ba depletions indicate K-feldspar as
well as plagioclase fractionation.

Crystallization conditions and depth

Until recently, pegmatites were widely believed to be
products of extremely slow cooling, but recent studies
show that typically-sized pegmatite bodies likely cooled to
their solidus in a few days or months (Chakoumakos and
Lumpkin, 1990; Webber et al., 1997, 1999; Morgan and
London, 1999). Cerny (2005) has more recently suggested
that the very large Tanco pegmatite solidified quite rapidly,
in decades to a few hundred years. The Taba pegmatites
intruded schists and gneisses with little apparent thermal
effect. Most of the intrusive contacts parallel the regional
foliation of the metamorphic host rocks and only locally
cross-cut the regional fabric. The generally conformable
contacts and the lack of contact metamorphism around the
Taba pegmatites can be taken as evidence for emplacement
at mid-crustal depths. This is supported by the presence
of miarolitic cavities and the abundance of granitic rocks
relative to pegmatitic rocks (London, 2008).

Textural relations in the studied pegmatites indicate that
the dominant feature is the virtually contemporaneous nature
of the essential minerals. The gross relations between quartz
and feldspars suggest that they were formed later than the
accessory minerals such as biotite, tourmaline and apatite.
Skeletal crystals of beryl can be interpreted as indicating
virtually simultaneous crystallization of beryl and the
associated minerals. The zoning in some pegmatite lenses in
TMC can be attributed to periodic escape of pegmatitic melts,
facilitated by volatile influxes. The hypersolvus nature of the
studied pegmatites, aplites and alkali granites suggests low
water pressure and ahigh temperature of crystallization, similar
to other rocks emplaced at relatively shallow depth (King et
al., 1997; Klimm et al., 2003). Unfortunately, the analyzed
feldspars cannot be used to estimate the crystallization
temperature due to the hypersolvus nature of the rocks and the
limited variation in their feldspar compositions.

On the other hand, if all the whole rock compositions
in this study are taken as approximations of magmatic
liquid compositions, and if the textural indication of
contemporaneous quartz and feldspars growth indicates
that all the liquids were quartz- and feldspar-saturated,
then the pressure dependence of normative quartz content
at the ternary granite minimum can be taken as a barometer
(Gualda and Ghiorso, 2014). It is impossible for all the rocks
in this study to represent quartz and feldspar co-saturated
liquids at the same pressure. Although water content and
oxygen fugacity, which are nominally free variables, affect
the estimate of saturation pressure somewhat, the effects are
not large enough to move the cotectic from 73.4wt.% SiO,,
the average value in the alkali granites, to 76.5wt.% SiO,,
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the average in the aplites, at constant pressure. Instead, the
quantitative SiO, barometer of Gualda and Ghiorso (2014)
requires that the granites crystallized in the deep crust,
near 0.8GPa, and that continuing fractional crystallization
was accompanied by ascent through the crust, ending
with emplacement of the aplites at the ternary granite
minimum in the upper crust, near 0.1GPa. The apparent
gradient from the granite crystallization conditions to the
aplite crystallization conditions is about 7K/km, indicating
a substantially elevated geotherm and rapid ascent with a
large component of advective heat transport by the magma.

The contrast in grain size between coarse-grained
pegmatite and fine-grained aplites has been the subject of
numerous investigations. According to the recent model
of pegmatite evolution (London, 2005), water saturation
is neither necessary nor likely in the early crystallization
of pegmatites, given the combined influence of elements
such as B, F, P and Li, in addition to H,O, in lowering the
crystallization temperature, decreasing nucleation rates,
decreasing melt polymerization, decreasing viscosity and
increasing diffusion rates. As cooling proceeds, the melt
becomes supersaturated and ion migration is facilitated
over greater distances and promotes the growth of the
few nuclei resulting in a coarse-grained final product
(Simmons et al. 2003; London, 2005). As crystallization
proceeds, the liquid becomes progressively enriched in
incompatible elements and water. Eventually an aqueous
vapor phase is likely to evolve in the final stages of
pegmatite crystallization, giving rise to miarolitic cavities
and pegmatitic minerals (quartz and feldspars).

The studied aplites are typically thin, low-angle to
subhorizontal, sheet-like sills with granitic compositions.
The fine grained aplite may result from rapid crystal growth
from a highly undercooled granitic melt due to sudden loss
of water vapor or pressure-driven quenching. There is
some textural evidence in the Taba aplites to support rapid
crystal growth rates, such as the presence of skeletal quartz
and graphic quartz intergrowth with feldspars.

CONCLUSION

The granitoid rocks intruded into the TMC include
alkali granites, pegmatites, and aplites. The pegmatites are
distinguished into massive and zoned pegmatites. Massive
pegmatites are the most common and are divided into
K-feldspar-rich and albite-rich groups. Zoned pegmatites
have a quartz core, an intermediate zone rich in K-feldspars
and an outer finer grained zone rich in albite.

Bent and broken feldspar twin planes and undulatory

extinction in quartz indicate post-magmatic deformation of
the pegmatites.
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The studied pegmatites were formed by the intrusion
of magmatic fluids into the metamorphic rocks. This is
supported by the sharp contacts with the country rocks,
structural relations between pegmatites and cross-cutting
fracture filling, systematic and progressive changes in the
character of certain minerals from outer to inner units; and
tapered crystals of beryl that are normal to the pegmatite
contact.

There is a clear genetic relation among the alkali granites
and pegmatites in the TMC, as indicated by their virtually
parallel REE patterns and other geochemical indicators.
The pegmatites fractionated and differentiated from the
granitic magma and were then injected into foliation and
fractures of the metamorphic host rocks. However, if the
whole rock compositions indicate liquid compositions that
were simultaneously saturated with quartz and feldspars
then evolution of the granite magma into the residual aplite
magma must have been accompanied by substantial ascent
through the crust.

Pegmatites and aplites of the TMC are highly evolved
and display geochemical characteristics of post-collisional
A-type granites, namely high SiO,, Na,0+K,O, FeO*/
MgO, Ga/Al, Zr, Nb, Ga and Y and low CaO, MgO, Ba
and Sr. They are rich in REE and have extreme negative Eu
anomalies (Eu/Eu*= 0.03-0.09).
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ELECTRONIC APPENDIX |

TABLE I. Microprobe analyses of K-feldspar in the K-rich pegmatites

Sample No. PT25

Spot No. #4 #5 #9 #19 #20 #21 #22 #26 #27 #28 #29 #30 #5 #13 #14 #15

SiO, 66,24 66,27 66,30 66,04 66,01 6577 66,12 66,00 6551 6573 66,19 6552 6582 66,10 66,14 65,18

AlO4 18,67 18,72 18,78 18,60 18,60 18,50 18,59 18,61 18,56 18,57 18,58 18,58 1851 18,57 18,66 18,47

MgO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

CaO 0,03 0,02 0,04 0,03 0,02 0,20 0,01 0,02 0,06 0,02 0,01 0,04 0,02 0,01 0,03 0,03

MnO 0,01 0,01 0,01 0,01 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,02 0,01 0,02 0,01 0,01

FeO 0,03 0,01 0,02 0,03 0,03 0,04 0,03 0,03 0,02 0,02 0,03 0,03 0,02 0,02 0,01 0,03

BaO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Na,O 1,11 1,04 1,00 0,72 0,99 0,54 0,72 0,74 0,57 0,85 0,82 1,16 0,79 0,81 0,98 0,53

K,0 15,04 15,19 15,19 15,50 1523 15,83 15,57 15556 15,75 1542 1546 1496 1550 1550 1523 1583

Total: 101,12 101,27 101,34 100,93 100,91 100,89 101,06 100,97 100,48 100,62 101,09 100,30 100,66 101,02 101,06 100,08

End members (mol.-%):

Or 89,7 90,5 90,7 93,3 90,9 94,2 93,4 93,2 94,5 92,2 92,5 89,3 92,8 92,6 90,9 95,0

Ab 10,1 9,4 9,1 6,6 9,0 4,8 6,6 6,7 52 7,7 7,5 10,5 7,1 73 8,9 4,8

An 0,2 0,1 0,2 0,1 0,1 1,0 0,0 0,1 0,3 0,1 0,0 0,2 0,1 0,0 0,1 0,1
Sample No. Sc (PT7)
Spot No. 29 30 31 32 34 47 48 49 50 51 67 68 69 70 85 86 87 88 89 90 91
Sio, 6398 62,60 62,77 61,52 61,78 64,50 6481 6520 63,82 6296 6559 66,05 6440 6510 6502 6520 6429 6529 63,66 6390 64,66
ALO; 18,23 17,78 17,80 17,52 17,62 1821 1833 1830 18,08 17,95 18,07 1821 18,40 1835 18,59 1835 18,85 1834 18,06 18,09 18,28
MgO 0,00 0,00 0,00 000 000 000 000 000 000 000 000 000 002 000 000 000 000 000 000 000 000
CaO 0,01 0,02 0,01 0,00 0,08 0,01 0,02 0,01 0,00 0,01 0,00 001 0,02 0,01 0,02 0,00 002 002 001 001 0,05
MnO 0,00 0,00 0,00 0,00 0,02 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,02 0,00 0,02 0,00
FeO 023 036 008 016 095 012 015 0,11 0,17 0,14 027 029 021 022 0,13 029 044 037 0,15 0,11 0,04
BaO 0,00 0,00 0,0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Na,O 0,23 0,24 0,25 0,27 0,19 0,24 0,27 0,23 0,23 0,25 0,33 0,27 0,23 0,29 0,30 0,24 0,23 0,25 0,19 0,20 0,14
K,0 16,36 16,36 16,38 16,30 16,08 16,30 16,22 16,38 16,27 16,38 16,20 16,22 16,21 16,23 16,10 16,24 16,10 16,14 16,34 16,48 16,30
Total: 99,04 97,36 97,30 95,78 96,73 99,39 99,80 100,24 98,58 97,69 100,47 101,05 99,50 100,21 100,16 100,33 99,93 100,43 9841 98,81 99,48
End members (mol.-%):
Or 919 917 917 975 978 91,7 9715 979 979 9717 970 975 978 973 972 978 978 976 982 982 984
Ab 2,1 22 22 2,5 1.8 22 24 2,1 2,1 2,2 3,0 24 2,1 2,6 2,7 2,2 2,1 23 1,7 1,8 1,3
An 0,1 0,1 0,1 0,0 0,4 0,1 0,1 0,0 0,0 0,1 0,0 0,0 0,1 0,1 0,1 0,0 0,1 0,1 0,0 0,1 0,3
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TABLE Il. Microprobe analyses of K-feldspar in the Na-rich pegmatites

Late Neoproterozoic Taba complex pegmatites and aplites

Sample No. PT13
Spot No. #12 #13 #16 #33 #2 #3 #6 #1 #14 #1 #4 #5 #7 #9 #11 #12 #14
Si0, 64,38 64,33 64,25 64,36 64,33 64,45 64,42 64,35 64,38 64,38 64,27 64,34 64,43 64,36 64,36 64,35 64,33
AlOs 18,27 18,29 18,27 18,25 18,27 18,25 18,21 18,20 18,26 18,29 18,35 18,42 18,26 18,29 18,30 18,29 18,30
MgO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00
CaO 0,02 0,03 0,02 0,03 0,02 0,03 0,03 0,02 0,02 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,03
MnO 0,01 0,01 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,02
FeO 0,14 0,14 0,11 0,13 0,17 0,11 0,12 0,12 0,11 0,28 0,25 0,13 0,11 0,12 0,13 0,12 0,15
BaO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Na,O 0,76 0,88 0,75 0,83 0,79 0,72 0,74 0,90 0,68 0,68 0,73 0,49 0,74 0,63 0,61 0,61 0,70
K,O 15,38 15,19 15,32 15,28 15,26 15,41 15,39 15,17 15,47 15,43 15,31 15,70 15,38 15,53 15,55 15,59 15,43
Total: 98,97 98,86 98,74 9883 9884 98,97 9891 98,77 98,92 99,10 9894 99,13 9894 9895 9898 98,99 98,96
End members (mol.-%):
Or 92,9 91,8 93,0 922 92,6 9233 93,1 91,6 93,6 93,6 93,1 95,3 93,1 94,1 942 943 93,4
Ab 6,9 8,1 6,9 7,6 73 6,6 6.8 8.3 63 6,3 6,7 45 6,8 58 5,7 5.6 6,5
An 0,1 02 0,1 02 0,1 0,1 0,1 0,1 0,1 0,1 02 02 0,1 0,1 0,1 0,1 0,1
TABLE lll. Microprobe analyses of K-feldspar in the Na-rich pegmatites
Sample No. AT38
Spot No. #1 #12 #13 #21 #17 #19 #24 #26 #34 #39 #42 #44
SiO, 65,11 65,01 64,85 64,50 64,67 65,35 64,47 64,81 64,69 64,45 64,51 64,56
AL O, 18,50 18,32 18,32 18,38 18,27 18,41 18,36 18,40 18,44 18,32 18,34 18,33
MgO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CaO 0,04 0,05 0,05 0,05 0,07 0,05 0,06 0,07 0,06 0,07 0,06 0,06
MnO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,01 0,01 0,00 0,00
FeO 0,13 0,14 0,20 0,11 0,08 0,10 0,13 0,10 0,12 0,11 0,09 0,15
BaO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Na,O 1,33 1,38 1,45 1,13 1,24 1,25 1,14 1,60 1,39 1,13 1,20 1,50
K,0 15,08 14,99 14,94 15,28 15,16 15,20 15,33 14,58 14,87 15,30 15,18 14,87
Total: 100,20 99,89 99,81 99,45 99,48 100,37 99,49 99,56 99,57 99,39 99,37 99,47
Cations (O=8)
End members (mol.-%):
Or 88,0 87,5 86,9 89,7 88,7 88,7 89,5 85,4 87,3 89,6 89,0 86,5
Ab 11,8 12,2 12,8 10,1 11,0 11,0 10,2 14,2 12,4 10,1 10,7 13,2
An 0,2 0,2 0,3 0,3 0,3 0,2 0,3 0,3 0,3 0,4 0,3 0,3

Geologica Acta, 14(3), 219-235 (2016)
DOI: 10.1344/GeologicaActa2016.14.3.2



K.M. Abdelfadil et al.

TABLE IV. Microprobe analyses of plagioclases in the K-rich pegmatites

Late Neoproterozoic Taba complex pegmatites and aplites

Sample No. PT13

Spot no. #16 #17 #18 #13 #41 #42 #43 #44 #45 #55 #56 #57 #77 #78 #84 #85

SiO, 6442 6403 6436 6412 6435 6428 6424 6420 6428 64.16 64.09 6437 6437 6417 64.10 6796
AlLO; 21.76 22.09 21.87 2197 21.78 21.76  21.88 21.86 21.86  21.74  21.69  21.66 21.80 21.75 21.85 19.60
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 3.03 3.12 3.14 3.24 3.03 3.07 3.13 3.11 3.12 3.09 3.10 2.95 3.07 3.07 3.18 0.38
MnO 0.01 0.02 0.02 0.03 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.00
FeO 0.07 0.06 0.04 0.07 0.05 0.05 0.04 0.06 0.05 0.11 0.11 0.06 0.07 0.05 0.05 0.03
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 10.05 9.92 9.97 9.91 9.99 9.93 9.93 9.92 9.96 9.96 10.08  10.09 9.99  10.03 993  11.70
K,0 0.20 0.22 0.23 0.23 0.20 0.24 0.23 0.27 0.23 0.22 0.24 0.19 0.21 0.21 0.21 0.09
Total: 99.54  99.46  99.62  99.57 99.41 99.34 9947 9943 9952 9929 9931 9933  99.52 9930 99.32  99.75
End members (mol.-%):

Or 1.1 1.2 1.3 1.3 1.1 1.3 1.3 1.5 1.3 1.2 1.3 1.1 1.1 1.1 1.1 0.5
Ab 84.8 84.1 84.1 83.6 84.7 84.3 84.1 84.0 84.2 84.3 84.4 85.2 84.5 84.6 84.0 97.7
An 14.1 14.6 14.6 15.1 14.2 14.4 14.6 14.6 14.6 14.4 14.3 13.7 14.4 14.3 14.9 1.8
Sample No. Sc (PT7)

Mineral Albite

Spot No. 65 66 71 72 73 74 75 76 77 78 79 80 81 92
Si0, 69,61 68,88 68,19 69,35 69,27 68,62 69,19 69,55 67,98 69,52 67,46 66,52 66,88 69,14
AlLO; 19,29 19,36 19,55 19,59 19,14 19,12 19,23 19,53 19,23 19,33 19,03 19,09 19,01 19,29
MgO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CaO 0,02 0,05 0,16 0,07 0,01 0,03 0,01 0,02 0,54 0,02 0,01 0,05 0,05 0,03
MnO 0,00 0,00 0,01 0,00 0,00 0,01 0,01 0,00 0,00 0,00 0,00 0,00 0,01 0,03
FeO 0,30 0,27 0,18 0,21 0,30 0,36 0,20 0,14 0,35 0,23 0,29 0,43 0,16 0,23
BaO 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Na,O 11,89 11,80 11,69 11,93 11,73 11,78 11,80 11,61 11,42 11,67 11,79 11,49 11,71 11,76
K,0 0,06 0,08 0,09 0,06 0,06 0,12 0,07 0,06 0,09 0,08 0,07 0,05 0,05 0,05
Total: 101,17 100,43 99,86 101,20 100,52 100,04 100,52 100,91 99,61 100,84 98,66 97,64 97,88 100,53
End members (mol.-%):

Or 0,3 0,4 0,5 0,3 0,4 0,7 0,4 0,4 0,5 0,4 0,4 0,3 0,3 0,3
Ab 99,6 99,3 98,8 99,3 99,6 99,2 99,5 99,5 97,0 99,5 99,6 99,5 99,5 99,6
An 0,1 0,2 0,7 0,3 0,1 0,1 0,0 0,1 2,6 0,1 0,1 0,2 0,2 0,1
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TABLE V. Microprobe analyses of plagioclases in the Na-rich pegmatites

Late Neoproterozoic Taba complex pegmatites and aplites

Sample No. PT13
Spot no. #16 #17 #18 #13 #41 #42 #43 #44 #45 #55 #56 #57 #17 #78 #34 #85
Si0o, 64.42 6403 6436 6412 6435 6428 6424 6420 6428 6416 64.09 6437 6437 6417 6410 67.96
AlLO;, 2176 2209 2187 2197 21.78 21.76 2188 21.86 21.86 21.74 21.69 21.66 21.80 21.75 21.85 19.60
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 3.03 3.12 3.14 3.24 3.03 3.07 3.13 3.11 3.12 3.09 3.10 2.95 3.07 3.07 3.18 0.38
MnO 0.01 0.02 0.02 0.03 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.00
FeO 0.07 0.06 0.04 0.07 0.05 0.05 0.04 0.06 0.05 0.11 0.11 0.06 0.07 0.05 0.05 0.03
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,0 10.05 9.92 9.97 9.91 9.99 9.93 9.93 9.92 9.96 9.96 10.08  10.09 9.99  10.03 9.93  11.70
K,0 0.20 0.22 0.23 0.23 0.20 0.24 0.23 0.27 0.23 0.22 0.24 0.19 0.21 0.21 0.21 0.09
Total: 99.54  99.46  99.62  99.57  99.41 9934 99.47 9943 9952 9929 9931 9933 9952 99.30  99.32  99.75
End members (mol.-%):
Or 1.1 1.2 1.3 1.3 1.1 13 1.3 1.5 1.3 1.2 1.3 1.1 1.1 1.1 1.1 0.5
Ab 84.8 84.1 84.1 83.6 84.7 84.3 84.1 84.0 84.2 84.3 84.4 85.2 84.5 84.6 84.0 97.7
An 14.1 14.6 14.6 15.1 14.2 14.4 14.6 14.6 14.6 14.4 14.3 13.7 14.4 14.3 14.9 1.8
TABLE VI. Microprobe analyses of plagioclases in the aplite

Sample No. AT38

Spot no. #11 #16 #23 #37

SiO, 63.32 62.56 62.97 62.69

Al,O4 22.68 23.26 23.37 23.21

MgO 0.00 0.00 0.00 0.00

CaO 4.12 4.83 4.74 4.69

MnO 0.01 0.00 0.00 0.01

FeO 0.08 0.07 0.07 0.08

BaO 0.00 0.00 0.00 0.00

Na,O 9.23 8.85 9.04 9.08

K,0 0.40 0.34 0.33 0.34

Total: 99.85 99.91 100.52 100.10

End members (mol.-%):

Or 2.2 1.9 1.8 1.9

Ab 78.4 75.4 76.1 76.3

An 19.3 22.7 22.0 21.8
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TABLE VII. Microprobe analyses of biotite in the aplite and Na-rich pegmatites

Rock type Aplite Na-rick pegmatite
Sample No. AT38 PT13
Analysis #15 #3 #33 #36 #41 #48 #5 #11 #12 #36 #37 #38 #39 #9
Si0, 32,342 31,785 32,332 32,834 33,267 32,99 31,983 35,892 36,116 36,025 36,189 36,109 35,909 36,205
TiO, 3,855 3,847 3,668 3,715 3,791 3,709 3,969 2,771 2,783 3,116 3,049 3,063 3,081 3,023
AlOy 13,012 13,348 13,204 13,173 13,244 13,322 12,961 16,031 16,121 15,854 15,986 15,956 15,969 15,954
Cr,05 0,001 0,001 0,014 0,003 0,01 0,008 0,001 0 0 0 0 0 0 0
FeO 29,21 29,881 29,68 29,284 29,065 29,199 29,204 18,509 18,562 18,743 18,427 18,384 18,566 18,461
MnO 0,385 0,368 0,335 0,44 0,441 0,447 0,453 0,63 0,626 0,627 0,641 0,643 0,643 0,652
MgO 5,233 5,534 5,365 5,383 5,293 5,116 5,151 9,725 9,275 9,325 9,494 9,533 9,343 9,549
CaO 0,039 0,371 0,047 0,039 0,026 0,084 0,06 0,027 0,027 0,025 0,025 0,017 0,023 0,019
Na,O 0,132 0,138 0,151 0,153 0,178 0,166 0,152 0,063 0,042 0,082 0,081 0,085 0,083 0,063
K,0 8,704 7,042 8,217 8,265 8,701 8,41 8,54 8,542 9,16 9,163 9,192 9,241 9,211 9,23
P,04 0 0 0 0,078 0,001 0,023 0,05 0,039 0 0 0,015 0,005 0,016 0,005
F 0,014 0 0,009 0,071 0,021 0,071 0,024 0,335 0,335 0,635 0,325 0,352 0,317 0,228
Cl 0,016 0,055 0,047 0,088 0,024 0,082 0,093 0,216 0,161 0,285 0,156 0,172 0,181 0,183
SO, 0,006 0,008 0,01 0,036 0,011 0,038 0,064 0 0,045 0,059 0,021 0,045 0,037 0,034
Zr0, 0 0 0 0,142 0,098 0,13 0 0,125 0,085 0,13 0,055 0,063 0,075 0,06
HfO, 0,029 0,02 0 0 0 0 0 0 0,01 0 0 0,004 0,002 0,004
Total 92,978 92,398 93,079 93,704 94,171 93,795 92,705 92,905 93,348 94,069 93,656 93,672 93,456 93,67
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