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IMPLICATIONS FOR GEOLOGY AND RADIOACTIVITY
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ABSTRACT

Three extrusions of Late Precambrian acidic volcanic, south Sinai, Egypt are selected for studying
their geology and radioactivity. Field observations revealed that, these volcanic rocks are believed to
have erupted later than the Dokhan volcanics. These volcanic rocks are represented mainly by lava
flows of rhyoltic composition, lithic and crystal tuffs. They have many geochemical characteristics of
metaluminous to peraluminous A-type magma that were emplaced into within plate tectonic environment
and evolved through differentiation processes from mantle-derived basaltic magma with noticeable
crustal contribution. The fractionation of plagioclase in the early formed basaltic rocks leads to the
pronounced negative Eu anomaly displaced by these volcanics. These volcanics are considered as source
for uranium since they contain more than 8 ppm average uranium content. The average thorium and
uranium contents are 17ppm and 15 ppm for Ras Naqab volcanics, 16.7 ppm and 8.5 ppm for Iqna Sharaya
while Umm Shouki volcanics have 17 ppm average Th and 8.6 ppm average U. Three modes of uranium
occurrence are inferred. The first assumes incorporation of U and Th within accessory minerals such as
zircon, monazite and uranothorite where thorium is three times more abundant than uranium. In the second
case, uranium is equal to one half of the thorium or slightly more which indicates that a process of uranium
enrichment (U-gain) may be occurred. In this case, uranium is adsorbed on ferroxides, altered minerals,
or along grain boundaries. When uranium is less than one quarter of thorium or completely disappear, a
process of uranium leaching (U-loss) may take place.

The U & Th-bearing rare earth mineral tornebohmite is classified as tornebohmite-Ce where its Ce
content is about 39.40 wt %. Tornebohmite may be formed by hydrothermal fluids penetrating the
studied volcanics. These fluids may be accompanied and contemporaneous with the syenogranite intrusion
which occurs at the southwestern part of Ras Naqab area.

INTRODUCTION

In the Eastern Desert and Sinai, Egypt,
there are three prevailed episodes of volcanic
activity. The first two of them are essentially
calc-alkaline, while the third one has alkaline
to peralkaline affinity. The first episode is the
oldest and has 800—700 Ma old, (Harris et al.,
1984; Kroner, 1985 and Stern et al., 1991). It
produced the island arc Younger Metavolcanics
which are associated with volcaniclastics and

metamorphosed within the greenschist facies
(Stern, 1981). The second episode of volca-
nic activity was dated 620-580 Ma old (Stern,
1981; Bielski, 1982, Bentor, 1985 ; Ressetar
and Monrad, 1983; Abdel-Rahman and Doig,
1987) and produced the Dokhan Volcanics. It
is occasionally intercalated with molasse-type
Hammamat clastic sediments (Gass, 1982; El-
Gaby et al., 1988, 1989, 1990, 1991; Moussa,
2003) and erupted after the accretion of the
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island arc onto the East Saharan Craton. The
third episode, the youngest, produced the so
called Katherina Volcanics and was originated
after the closure of the Pan-African orogeny
(Agron and Bentor, 1981). These alkaline
eruptions form limited but widely scattered
outcrops extended allover the Arabian—Nu-
bian Shield (ANS), and together with the as-
sociated alkali granites mark the transition to
intraplate alkaline magmas, which prevailed
during the Phanerozoic (Bentor, 1985; Stern et
al., 1988; Black and Liegeois, 1993).

At the southern part of Sinai, the three vol-
canic episodes are represented. The first one
was recorded at Wadi Kid ( El-Gaby et al.
1991), Wadi Malhag (Ghoneim et. al.,1989)
and Wadi Um Adawi (Ahmed ,1985). The
second phase of volcanicity was outcropped
at Wadi Kid ( El-Gaby et al. 1991). The third
one was recorded at Katherine area (Eyal and
Hezkiyahu, 1980; Bielski, 1982; Bentor, 1985;
El-Morsy,1988; El Masry ,1991; and El- Mas-
ry et al.,1992), Iqna Sharaya area (Eyal et. al.,
1980; Bentor. 1985; Bentor and Eyal, 1987;
Sherif, 1992; El Metwally,1997 and Samuel et
al.,2001) and Um Shuoki area (Shimron,1980;
Bentor and Eyal, 1987; Abu El Leil et al.,
1990; Khalaf et al., 1994; El Sayed, 1993 and
El-Masry,1998).

Three extrusions of Late Precambrian
acidic volcanic south Sinai, Egypt are selected
for studying their geology and radioactivity.
The first one is located at Wadi Iqna, south Si-
nai, the second is outcropping at Wadi Umm
Shouki, southeastern Sinai whereas the third
one is exposed at Ras El-Naqab plateau, east-
ern Sinai.

The previous radioactivity studies carried
out on the acidic volcanic rocks of south Sinai
are quiet restricted (Sherif, 1992, El Sayed,
1993, Azab, 2002 and Sherif et al.,2007).
So, it is intended to examine these volcanics
with respect to their radioactivity. In order
to achieve this goal, attention was focused to
these volcanics to elucidate their field situa-
tion. Their petrography was thoroughly ex-
amined to determine their mineral composi-

tion and the significance of their textures. The
petrogenesis of these volcanics was discussed
through studying their geochemistry. Their
radioactivity is also considered to indicate the
distribution of uranium and thorium as well as
the radioactive minerals.

Zircon, monazite, uranothorite and tor-
nebohmite minerals are analysed and identi-
fied by ESEM.

GEOLOGIC OUTLINE

The selected three areas for the present
study are located at south Sinai Governorate
(Fig. 1). The figure is also showing the geol-
ogy of these localities which will be discussed
on the following paragraphs.

Ras El-Naqab Volcanics

The Ras El-Nagab volcanics cover about
80 km? and located immediately at the bor-
der line separating between Sinai, Egypt and
Palestine. These volcanics were described by
Agron and Bentor, (1981) and Mushkin et al.
(1999) as Biq’at Hayareah and Neshef Mas-
sif respectively while it was named as Gabal
Hamra in the geologic map of Egypt (EGSMA
1981). These volcanics occur as small hilly
cones with steep slopes (Fig.2) attaining
950m above the sea and composed mainly
of tuffs, lava flows, porphyritic rhyolites and
pyroclastics. Extrusive rhyolites are the most
abundant without mutual contacts with their
volcanic counterparts. They are fine to medi-
um grained with brown colour having abun-
dant quartz and potash feldspar phenocrysts.
The pyroclastics are less abundant and com-
posed mainly of lapilli and ash tuffs. Ras El-
Nagab volcanics form continuous ridge dip-
ping to E and ENE (direction of African Rift
Valley). These dips result from a regional tilt
which occurred in Neogene times in connec-
tion with the formation of the rift valley. Dur-
ing this period, the Precambrian rocks of Ras
El-Nagab volcanics were first exposed (Agron
and Bentor, 1981). This uplifting process
led to throwing down the Phanerozoic sedi-
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Fig. 1: Locations and geologic maps for the studies areas, southern and eastern Sinai, Egypt.

1- Ras Nagab acidic volcanics, Eastern Sinai; 2- Iqna volcanics, south Sinai.
3- Um Shuki acidic volcanics, southeastern Sinai

ments toward the west producing normal fault
(Fig.3). To the western extremity of the area,
these volcanics are found to be unconform-
ably overlain by Camberian sandstones (Fig.
4) which suggest their Precamberian age. At
Wadi Khileifyia, these volcanics are extruding
the monzogranite (Fig. 4) and intruded by sy-
enogranite (Azab, 2002). These volcanics are
related to the Feirani group volcanic rocks of
Abu El-Leil et al. (1990) and Wadi Ager vol-
canics (Igna volcanics) of Eissa (2000).

The Iqna Sharay'a Volcanics

Fig. 2: Widely scattered volcanic hilly cones of )
Ras El-Nagab area The Igna Sharay'a volcanics are generally

very hard, massive, with greyish brown colour
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and spotted with pinkish and white phenocrysts
of potash feldspar, plagioclase and quartz. The
phenocrysts are fine to medium-grained while
others have coarse-grained ones. They consist
mainly of rhyolite and porphyritic rhyodacite
with subordinate sheets of ignemberites.

The contacts between these rock varieties
are gradational. This reveals a series of flows
within these volcanics. The examined volca-
nics form an elongated curved mass trending
roughly from west (the west extension of the
map) to east and cover about 26 km? (Fig. 1).
The present volcanics intruded by the syeno-
granite with an intrusive sharp contact (Fig.5)

Volcanics

o

Fig. 3: Normal fault showing the throwin d
of Paleozoic sediments, Ras El-Naqab area.

Ras

El Naqgab

and intruding the monzogranite at Wadi Baraq
(Fig.6). The volcanic rocks of Iqna Sharay'a
area are equivalent to the so called Farsh zu-
beir quartz syenites and volcanics described
by El Gammal (1986) and Sherif (1992) at
Wadi El Akhdar to the south of Igna Sharay'a
area where these rocks are intruded by the sy-
enogranites and intruding the monzogranite
of Gabal Main.

Um Shuki Volcanics

The exposed volcanic rocks of Um Shuoki
area (about 30Km?, Fig. 1) are belonging to the
Feirani Group (Shimron, 1980) or Dahab for-

Fig. 5: harp contact between the volcanics and
the syenogranite of Iqna Sharay'a area

volcanics

Fig. 4: Ras El-Naqgab volcanics unconformably overlained by Paleozoic sandstone
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\olcanics

Fig. 6 : Sharp contact between the volcanics and
the monzogranite of Wadi Baraq ,Iqna Sharay'a
area

mation and Nasab formation of Feirani Group
(Abu El-Leil et al., 1990 and El- Masry, 1998).
The studied volcanic rocks form lava flows,
sills and small subvolcanic intrusions. They
consist mostly of rhyolites and subordinate
rhyodacite with minor pyroclastics that occur
as interlayers with the rhyolites and rhyoda-
cite. These volcanics are mostly composed
of quartz, potash feldspar and subordinate
plagioclase phenocrysts in very fine grained
groundmass. The pyroclastics are generally
containing rock fragments of monzogranite,
older granites and some basic volcanics to
suggest the older age of these rock fragments.

In conclusions, the examinations of the
field relationships of the studied volcanics re-
veal that:

These volcanics are intruded by the syeno-
granite (Phase III younger granites) (Fig.7)
where some apophyses and offshoots of the
Phase III younger granites extending into the
volcanics. It also noticed that these volcanics
are invading directly through the monzogran-
ite (Phase II younger granites) (Fig.8). So,
these volcanic rocks are believed to have
erupted later than the Dokhan volcanics (Abu
El-Leil et al.,, 1990 and Azab, 2002). The
setting of these volcanics that confined be-
tween the two phases of the younger granite
is confirmed by the studying of Bentor, 1985

ACIDIC VOLCANICS SOUTH SINAIL EGYPT: 5

Fig. 7: Sharp contact between the volcanics and
the syenogranite of Umm Shuoki area

; Stern and Hedge, 1985; Bentor and Eyal,
1987; Kroner et al., 1990; Stern, 1994; Gar-
funkel, 1999; Moghazi, 1998 2002; Jarrar et
al., 2003; Katzir et al., 2007b; and Jarrar et
al., 2008. They stated that the evolution of the
Arabian—Nubian Shield was passed through
four stages of magmatic activity, the latest one
is characterized by within-plate alkaline and
peralkaline granite suite preceded by intensive
bimodal volcanism formed at ~600-550 Ma.

-The pyroclastics are generally contain
rock fragments from each of the older granites
and the monzogranite (phases II of the young-
er granites) which suggest that these volcanics

Volcanics

Fig. 8: Sharp contact between the volcanics and
the monzogranite of Umm Shuoki area
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are postdating the precursors of these rock
fragments.

-The volcanic rocks are always intruded
by the syenogranite (phase III of the younger
granites) indicating that these volcanics are
often predating these granites.

- Consequently, the studied volcanics have
a field situation that included between the two
phases of the studied granites. So, these vol-
canic rocks are believed to have erupted later
than the Dokhan volcanics.

-The contacts between the studied volca-
nic phases are generally gradational to suggest
their derivation from the same magma source.

PETROGRAPHIC INVESTIGATIONS

Microscopically, the studied volcanics
can be distinguished into lavas and tuffs. The
lavas are mainly represented by porphyritic
rhyolites and the associated rhyolites (Ras El-
Nagab vocanics), while Igna Sharayi and Um
Shuki volcanic contain rhyodacite together
with porphyritic rhyolites and rhyolites.

The tuffs are outcropping at Ras El-Naqab
and Um Shuki areas and represented by vitric,
crystal and lithic tuffs. The following is the
petrographic description of lavas, while tuffs
will be described later.

Lava Flows

Lava flows are ranging in their composi-
tion from dacite to rhyolite. They usually
have aphanitic phyric textures. The main con-
stituents of phenocrysts are quartz, sanidine,
and plagioclase feldspars which embedded
in a microcrystalline felsic groundmass. The
groundmass is composed essentially of quartz,
potash feldspars, plagioclase feldspar, and rie-
beckite in addition to few zircon, apatite, and
iron oxides as accessory minerals. (Fig.9).
Quartz presents as euhedral to subhedral crys-
tals and as anhedral aggregates. They usually
serrated and reveal andulous extinction and
embayment structure with groundmass. The

quartz phenocrysts are partially corroded and
replaced by the groundmass (Fig.10).

Potash feldspars

Potash feldspars occur as subhedral to
anhedral crystals and represented mainly by
orthoclase microperthite and occasionally by
sanidine. Orthoclase microperthite exhibits
microperthetic texture. Some phenocrysts of
potash feldspar enclose small quartz crys-
tals and some patches from the surrounding

Fig.9: Photomicrograph showing sanidine
and quartz phenocrysts embedded in a
microcrystalline felsic groundmass, XPL

Fig.10: hotomicrogréph\
phenocryst partially replaced by
groundmass, crossed polars, XPL _

showing quartz
the
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groundmass (Fig.11) and generally display
simple twinning. Plagioclase feldspar oc-
curs as small subhedral to anhedral laths that
partly altered to sericite and corroded by the
surrounding groundmass. It displays lamellar
twinning. The deformational effects are dis-
played by the presence of undulose extinction
and deformed lamella of quartz and plagio-
clase respectively.

Riebeckite

Riebeckite rarely occurs either as small
corroded platy shaped crystals or as spongy
aggregates. They are moderately altered and
most of them are chloritized and replaced by
small flak of biotite (Fig.12). The presence of
riebeckite in the porphyritic rhyolite reflects
the alkaline nature of the magma from which
it was originated. Also, the presence of biotite
together with riebeckite suggests the hydrous
nature of this magma.

The groundmass has felsitic texture and
comprising aggregates of quartz, potash feld-
spars, plagioclase, riebeckite in addition to
few zircon, apatite, and iron oxides.

The studied lava flow is generally show-
ing spherulitic texture ( Fig.13) which is com-
posed of radial fibers of potash feldspar and
quartz. Spherulites are formed in response to

i

Fig. 11:

feldspar pheocryst encloses small quartz
crystals, crossed polars, XPL _

VOLCANICS

SOUTH SINAIL EGYPT: 7
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Fig. 12: Photomicrograph showing altered
riebeckite to biotite, XPL

the drastic under cooling of viscous silicate
melts (Lofgren, 1974).

The Tuffs

Microscopically, tuffs are classified ac-

cording to their essential constituents into vit-
ric tuffs, crystal tuff and lithic tuffs. On the
following paragraphs, a brief description for
every rock unit will be given.

Vitric tuffs

Vitric tuffs are generally classified into
crystal vitric tuffs as well as lithic vitric tuffs

Fig. 13: Photomicrograph shows spherulitic
texture in porphyritic rhyolite, XPL
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which can be described independently as fol-
lows.

Crystal vitric tuffs

They are composed of quartz, potash feld-
spar and plagiocalse fragments set in a fine
(ash) tuffaceous groundmass (Fig.14).

Quartz occurs as anhedral monocrystal-
line grains similar to the so-called volcanic
quartz. It corrodes the potash feldspar crystal
and partially embayed by the groundmass to
suggest solid state growth (Fig.14). Alkali
feldspar occurs as subhedral orthoclase mi-
croperthite with cloudy turbid brown appear-
ance due to extensive alteration (Fig.14). It
shows partial embayment by the groundmass
and bended twisted habit due to deformation
effects (Fig.14). Plagioclase feldspar displays
turbid appearance and lamellar twinning with
partial alteration to sericite (Fig.14).

Lithic vitric tuffs

They are composed mainly of granitic rock
fragments with main constituents of quartz
and feldspars (Fig.14). They have irregular
and sinuous boundaries due to their replace-
ment by the hot groundmass materials. The
grain-boundary textures of the quartz crystals,
within the granitic rock fragment, such as ser-

| Rl 300111M

Fi 14: hotomlérbgraph.shows crystal vitric
tuffs and lithic vitric tuffs, XPL

rated, sutured and polygonal textures together
with wavy extinction (Fig.14) indicate that
they were underwent thermal and deforma-
tional effects.

Crystal tuffs

Crystal tuffs has an aphanitic fragmental
texture and are characterized by the presence
of high percentage of quartz and feldspars
crystal fragments that ranging in size be-
tween medium- and very fine-grained. Quartz
occurs as strongly deformed microcrystalline
anhedral grains embayed by the groundmass
materials (Fig.15). Solid state growth is indi-
cated by groundmass embayment and inclu-
sion within quartz grains.

Some quartz phenocrysts are embayments
with sharp corners. Donaldson and Hender-
son (1988) stated that embayment can result
from unstable primary growth. Ifanembayed
crystal has sharp corners and edges, and if the
included zones of the groundmass follow the
shape of the embayments, then primary dis-
equilibrium growth rather than corrosion is
the cause. The crystal fragments of feldspars
are mostly composed of strained tabular grains
of plagioclase as well as subordinate potash
feldspar microperthite. The plagioclase grains

A

< = = > B |—|____:qnum 4
Fig. 15: Photomicrograph showing partially
assimilated granite rock fragments set in
eutaxitic groundmass as well as polygonal
texture of quartz, XPL
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are markedly distinguished by murky-brown
alteration surfaces and dislocated twin lamel-
lae due to deformational effects.

Lithic tuffs

The principal components of the lithic
tuffs consist of lithic fragments of granite set
in rhyolitic groundmass. These granitic rock
fragments are composed mainly of quartz,
potash and plagioclase feldspars. The grain
boundary textures of quartz such as polygonal
and serrated and sutured boundaries (Fig.15)
indicate their recrystallization due to thermal
effects of the hot groundmass. The granite
rock fragment (Fig.15) is folded, distorted and
followed the same direction as that produced
by the groundmass. This feature indicates that
the granite rock fragment was semi-molten
during the formation of the groundmass. It
is noticed that the granitic fragments are par-
tially assimilated by the hot groundmass as
indicated by its diffused contact and by its in-
vasion by the hot components of this ground-
mass (Fig.15). The microcrystalline ground-
mass shows well developed eutaxitic texture
(Fig. 15).

PETROCHEMISTRY

Analytical Techniques

Fifteen representative fresh samples were
chosen, from the studied volcanics in the se-
lected three areas, for major, trace and rare-
earth elements analyses. The major constitu-
ents were determined following the method
of Shapiro and Brannock (1962) modified by
El-Reedy (1984). SiO,, Al,O,, TiO, and P,O,
were determined by colourimetric spectropho-
tometry. CaO, MgO, Fe O, and both Na,O
and K,O by flame photometer while MnO
was determined by atomic absorption. The
trace elements were determined by XRF tech-
nique. The XRF analyses were carried out on
a Phillips Sequential X-ray spectrometer sys-
tem X'Unique. The program used for the cal-
culation was X-40. Error factor in the machine

is + 2 rel %. The analyses were carried out in
the Nuclear Materials Authority of Egypt. The
rare-earth elements concentrations were deter-
mined by neutron activation analysis with at
least two standard reference materials at the
Technical University of Budapest, Hungary.
The results of these analyses are tabulated and
given in Table (1).

Chemical Composition

The detailed chemical data of 15 represen-
tative samples from the three selected locali-
ties, five samples per each area, are represent-
ed in Table (1).

Based on the geochemical data given in
Table (1), a number of correlation and dis-
crimination diagrams are used in order to
identify the nomenclature, magma type, tec-
tonic setting and the petrogenesis of the stud-
ied volcanics.

Figure (16) was constructed which shows
that the differences between the three averages
of the studied volcanics are rather limited and
restricted to the variation in the content of Al,
Na and K. The volcanics of El Naqgab area
have lower Al content relative to the other
two areas which may ascribe to the alteration
of k-feldspar. Iqna Sharaya volcanics have
high Na content due to their content of alkali
amphibole present while the volcanics of El
Nagab and Umm Shouki areas have nearly
the same Na content. The K-contents of Ras
Nagab volcanics are remarkably varied and
is the highest among the volcanics of the three
areas because of the varied degrees of K- meta-
somatism prevailing after the emplacement of
these volcanics. This can be easily noticed in
El Nagab volcanics. Furthermore, the rhyolite
of the Eastern Desert of Egypt which was stud-
ied by El-Gaby et al. (1989), Table 2 has a rel-
atively identical average values for all oxides
except for Na and K compared with averages
of the studied volcanics. The sodium content
in Igna Sharaya is higher in comparison with
those of the other areas while its potassium
content is low relative to the other areas. The



10 MOHAMED S. AZAB

Table 1 : Major, trace and rare-earth elements analysis of the studied volcanics

NQ1 NQ2 NQ3 NQ4 NQ5 US1 US2 US3 US4 US5 Q1 1Q2 1Q3  1Q4 Q5
Major Oxides
Sio, 760 749 729 787 738 756 767 719 73.0 764 725 7210 7230 72.62 73.39
TiO, 019 024 026 019 023 023 030 034 025 022 052 032 041 037 031
ARO; 115 116 119 128 119 137 133 138 137 13.6 129 13.79 13.77 13.36 13.77
Fe,0; 2.34 225 295 240 240 3.59 1.80 3.83 2.82 1.01 1.9 2.04 216 249 1.76
FeO 0.80 070 130 0.74 0.70 1.40 0.13 1.97 0.58 0.21 0.2 0.8 0.82 0.54 0.29

MnO  0.03 016 0.04 003 015 1.03 0.31 14 020 017 0.03 0.08 0.07 007 0.08
MgO 017 021 036 026 027 027 027 051 035 0.30 24 1.0 099 1.00 0.8
Ca0 082 077 038 037 046 030 177 122 117 044 168 180 184 18 147
Na,0 333 030 119 337 2.37 013 034 047 192 470 45 424 421 464 437
K:0 45 860 817 445 750 417 5.01 4.49 57 287 32 367 330 291 310
P,0s 0.02 0.01 002 001 001 0.02 0.04 004 010 0.03 01 009 011 010 012

Trace Elements

Ba 82 306 325 28 118 173 400 508 370 287 50 406 512 314 427
Cr 2 4 5 1 3 1 2 4 1 1 106 112 131 103 77
Nb 54 40 39 60 4 181 10.6 15 13 15 4 197 289 109 213
Ni 3 6 6 2 5 3 7 1 3 6 15 18 16 18 18
Rb 176 210 170 177 160 145 180 191 196 106 50 35 17 120 16
Sr 18 17 15 14 17 40 155 96 174 98 63 190 116 267 11
Y 103 55 106 66 65 43 27 30 31 32 21 65 39 92 37
Zn 105 26 56 123 29 82 70 99 79 79 9 9 21 15 11
Zr 825 444 550 956 560 334 226 340 350 420 520 450 720 810 525
v 8 6 5 5 5 5 1 4 7 3 3 5 5 16 4
Co 3 2 3 1 2 3 5 2 4 1 3 17 29 160 19
Cu 25 22 12 33 1 4 0 5 6 8 24 20 21 22 23
Ga 29 26 24 30 27 22 19 20 23 19 98 58 41 99 62
Pb 24 15 46 35 20 8 65 18 63 23 53 49 44 28 5
Rare -earth elements
La 86 45 50 94 66 34 35 70 29 38 55 48 87 65 75
Ce 177 108 99 224 160 99 80 127 60 75 150 100 102 220 150
Pr 21 128 125 255 12 1" 8 14 8 9 18 12 13 18 14
Nd 84 54 53 110 73 32 55 32 34 33 80 50 55 99 78
Sm 18 12 11 22 10 13 7 10 8 10 17 12 13 21 14
Eu 0.8 0.9 1.5 0.7 1.2 1.5 21 203 0.67 0.8 0.8 0.7 0.9 0.6 1.2
Tb 3 2 2 3 1 19 089 1.05 1.8 1.98 2 3 1 1.5 1.9
Dy 16.5 10 12 18 15 57 519 6.09 6.77 599 13 15 11 10 16
Ho 3.2 2 2.5 3.5 33 109 128 199 187 1.68 2.2 3.2 3.1 2 2.5
Er 9.8 6 8 10 7 3.08 343 377 334 4.08 8.5 7 6 8 7.5
Tm 1.5 0.8 1.1 1.5 13 054 044 046 051 045 082 090 1.2 14 0.88
Yb 9 5.3 7 9.8 5 276 265 277 266 3.15 7 5 8 6 5.5
Lu 1.2 0.9 1 1.5 13 044 046 043 040 049 1.2 0.99 1.3 14 1.00
Ta 5 3 3 2 4 099 096 082 0.68 0.78 4 3 3.5 2 5

NQ = Ras El-Naqab volcanic ; US = Umm Shouki volcanic ;IQ =Igna Sharay,a volcanics

Table 2: The average chemical compositions of the studied volcanic and the rhyolite of the
E.D. of El Gaby 1989

Si0, TiO, ALO; Fe;O3 FeO MnO MgO CaO Na,0 K,0 P,0s

El-Naqab volcanics 7526 0222 1194 2.468 0.735 0.082 0.254 0.56 2.0475 6.644 0.014
Umm Shouki volcanics 7472 0268 13.62 2.61 0.858 0.622 0.34 098 1.512 4.448 0.046
Igna Sharay,a volcanics 72.582 0.386 13.518 2.07 0.53 0.066 1.238 1.718 4.392 3.236 0.104

Av.Rhyo. E.D.El Gaby 7381 026 124 124 158 0.06 02 0.75 107 4.65 0.04
1989
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Fig. 16: The average chemical composition of the studied volcanics compared with the
averages of the Eastern Desert of El Gaby (1989)
K-content in EI Naqgab volcanics is higher than 50.000
those of the studied volcanics which may be 17
due to K -metasomatism prevailing after the 70.000 |- 3
emplacement of these volcanics.
:0:6().()00 F 1
PETROCHEMICAL NOMENCLATURE
In order to nominate the studied volcanics R E
using their chemical composition, Winchester 0000 ‘ o Tk
and Floyed (1977) diagram was chosen which “ooL 0.01 01 1 10

is based on using major and trace elements
and hence a more sufficient identification is
expected. The diagram is based on plotting
SiO, versus Zr/TiO, (Fig.17). Samples of the
studied volcanics were found to plot in rhyo-
lite and rhyodacite/dacite fields. To confirm
the nomenclature of the studied volcanics,
their obtained data are plotted on the diagram
of Cox et al. (1979), (Fig.18), where all the
data points fall within the rhyolite field.

Variation Diagrams

For abetter understanding of the geochem-
ical evolution of the studied volcanic rocks
and elucidate , whether these rocks constitute
a cogenetic suite or not, some variation dia-
grams were constructed using the major and
trace element data on the volcanic rocks.

Harker diagrams

This type of variation diagrams is used

Z2/TiO2%0.0001

Fig. 17: Geochemical nomenclature of the
studied volcanics (According to Winchester
and Floyed,l977)‘" aqab volcanics “.Iqna
Sharay’a volcanics © Umm Shouki volcanics
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o
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0.000 L L L

S5i02
Fig.18: Geochemical nomenclature of the
studied volcanic (According to Cox et
al.,1979), symbols as on Fig.17
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principally for illustrating the course of
chemical evolution of magma liquids and for
determining the differentiation trends in mag-
matic rocks. Figure (19) shows the plotting
of weight percent of SiO, versus some major
oxides (wt %). The figure shows an overall
negative correlation between SiO, and each
of ALO,, CaO, FeO,TiO,, P,0, and MgO
whereas Na O exhibits positive correlation.
The relationship between the plotting of SiO,
and K,O is not clear and the noisy scatter
of the data points is mainly attributed to the
post magmatic alteration of the K-feldspar

MOHAMED S. AZAB

presented in these volcanics. The figure also
shows an overlap between the plotting of the
data points of the studied volcanics and no
compositional gaps exist which may indicate a
cogenetic relationship between them and may
suggest their derivation from the same magma
source.

The plotting of selected trace elements
(ppm) versus SiO, wt% for all the studied
volcanics  (Fig. 20), is generally, showing
that Co, Zn, Ni, V, Sr, Y, Ba, Cu and Cr have
negative correlation with SiO,. In details, in
the course of magmatic differentiation Co, Cu,
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Fig. 19: :Harker variation diagrams of SiO, plotted versus other oxides of the studied volcanics.

Symbols are as on Fig. 17
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Fig. 20: Harker variation diagrams of SiO, Slotted versus selected trace elements

(ppm)of the studied volcanics. Symbols are as on Fig. 17

Zn, Ni, V and Cr are in general considered
to follow the iron and illustrate distinct large
negative variation with SiO,. This is logic be-
havior where these elements are fractionated
from ferromagnesian minerals. The figure
also shows that Zn, Pb, Rb, Zr and Ga have
positive correlation where the contents of
these elements are generally increased in the
more differentiated rocks

Nature And Type Of Magma Of The
Studied Volcanic Rocks

Some variation diagrams are used to
elucidate the type of magma from which the
volcanic rocks are originated. For example,
the total alkali-silica diagram and the AFM
diagram.

The total alkalis-silica diagram

This diagram was used by Irvine and
Baragar(1971) to distinguish between alka-
line and subalkaline rock suites. Figure (21)
shows that all the studied volcanics fall within
the subalkaline field. This field is further sub-
divided by Irvine and Baragar(1971) into tho-
leiitic and calc-alkaline fields as shown on the
AFM diagram (Fig.22) where nearly all the
data point of the studied volcanics are plotted
within the calc-alkaline field .

The nature of the magma from which the
studied volcanics are originated can be identi-
fied by plotting their data points on the dia-
gram of Maniar and Peccoli (1989) (Fig 23).
The figure shows that the samples are mostly



14 MOHAMED S. AZAB

20.000 T T T T T

18.000 - -
16.000 - —
14.000 - _
%12.000 o E
& 10.000 |- -, -
3 soo0 Alkaline e
g 6.000 — ‘ B

X . ®

4.000 -
2.000 Subalkaline -

0.000 1 1 1 1 1 1 1 1

35 40 45 S50 55 60 &5 70 75 80 85

Si02
Fig. 21: Total alkalies versus SiO, contents of
the studied volcanics. The lelSlOIl of alkaline
and subalkaline fields is after Irvine and
Baragar(1971). Symbols are as on Fig. 17

FeOt

Na2O+K20

Fig. 22: Total alkalies-FeO'-MgO diagram
for the studied volcanics (According to
Irvine and Baragar,1971). Symbols are as
on Fig. 17

MzO

plotting within the peraluminous field although
some samples are found to plot inside the
metaluminous field. This may indicate their
derivation from a magma characterized by
peraluminous to metaluminous nature. Again,
the overlap nature of the data points of these
volcanics indicates their cogenitic origin.

The K,0-SiO, relationship (Le Maitre
1989), ( Fig.24) indicates that most of the
plotted samples lie in the high-, and medium-

2.8 [ Metaluminous

r Peralkalin

o4
0.5 1.0 1.5 2.0

ACNK
Fig. 23: ALO,/CaO+ Na,O+K O binary
diagram of the’ studied volcanics (ZAccordlng
to Maniar and Peccoli,1989).Symbols are as
on Fig. 17
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Fig. 24: AL O,/CaO+ Na,0+K O binary

diagram of the’ studied volcanics Accordlng
to Maniar and Peccoli,1989).Symbols are as
on Fig. 17

K (calc-alkaline) series except three samples
increase in K O contents therefore, they are
plotted in the shoshonite field.

Tectonic Setting Of The Studied
Volcanics

The impact of the different environments

on the geochemistry of their associated rock
suites have been thoroughly investigated
(e.g. Pearce and Cann,1973; Miyashero and
shido,1975; Wood et al,1979; Pearce, 1982
and1987; Mullen,1983 and Mechede,1986).
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Pearce et al. (1975) employed the K O-
TiO,-P,O, diagram to discriminate between
the oceanic and non-oceanic basaltic rocks.
On this diagram, the studied volcanic rocks
plot in the non-oceanic (continental) field (Fig.
25). Using the Zr-Ti discrimination diagram of
Pearce (1982) (Fig. 26) indicating that these
volcanics are entirely plotted on the within-
plate tectonic field. On plotting the data points
of the studied volcanics on the discrimination
diagram of Miyashiro and Shido (1975) which
used Ni versus FeOYMgO (Fig.27), it is clear
that the samples are plotting on the field of
volcanic and related intrusive rocks in stable
continents and oceanic islands. One sample
only is plotted on the field of volcanic rocks
of island -arc and active continental margins
due to its lower content of Ni.

Grebennikov et al. (2013) used the mo-
lecular amounts of Al,O,/(CaO + MgO) VS.
Fe O, /(CaO + MgO) to discriminate be-
tween the acidic volcanics evolved in dif-
ferent geodynamic settings. Grebennikov et
al. (Op.Cit) able to distinguish between four
tectonic environments in which acidic volca-
nics are emplaced. The first field is designated
for zones of island arc and continental mar-
gin suprasubduction magmatism while the
second is specified for the zone of transform
plate boundarys: within _and marginal conti-

TiO2

Continental

K20 P205
Fig. 25: TiO, - K,O - P,O, discrimination
diagram for the studied volcanics (Pearce and
Gale, 1977).Symbols are as on Fig. 17
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Fig. 26: Ti-Zr tectonic discrimination diagram
of the studied rocks (Pereace, 1982).Symbols
are as on Fig. 17

Ni

FeOT/MgO
Fig. 27: FeO'/MgO-Ni variation diagram for
the studied volcanics (According to Miyashiro
and Shido,1975); Symbols are as on Fig. 17

nental types. The third field characterizes the
zones of within plate magmatism of oceanic
and continental types while the fourth field is
used for spreading zones. On plotting the data
points of the studied volcanics on the above
mentioned diagram (Fig.28), it is obvious that
the data are falling within the within- plate
magmatism of oceanic and continental types
and spreading zones fields. The within-plate
tectonic setting of the studied volcanics is also
confirmed when plotting their data points on
the Zr vs. Y diagram of Muller et al. (1991)
differentiating between the within-plate and
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2013; (I) Zones of island arc and continental
margin suprasubduction magmatism; (II)
Zone of transform plate boundarys: within
and marginal continental types; (III) Zones
of within_plate magmatism of oceanic and
continental types; (IV) spreading zones:
rhyolites of the Galapagos Islands. Symbols
are as on Fig. 17

arc-related volcanics. Figure (29) shows such
discrimination where all the samples are plot-
ted in the within-plate field.

In terms of testing the genetic relation be-
tween the studied rocks, the analysed samples
are plotted on the AlO,/TiO, versus TiO, of
Sun and Nesbitt (1978). Figure (30) illustrates
clearly that the investigated volcanics fall
along a curved continuous line indicating that
they might have resulted from the one magma
source. Where, the TiO,-rich magma being
the least fractionated (basaltic andesite, andes-
ite and trachy-andesite), while the TiO,-poor
magma represented the more-fractionated va-
rieties (dacite, rhyodacites and rhyolite).

Chondrite-normalized rare-earth elements
pattern of the studied volcanics is shown on
Fig. (31). The rare earth elements values are
normalized to chonderite values cited in Na-
kamura (1974). The pattern shows negative
Eu anomalies that increase in extent with in-
creasing silica content. This is a criterion for
plagioclase fractionation in the rock forming
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melt and indicates the importance of fractional
crystallization in their evolution. The figure
also shows an enrichment of LREE content
relative to the HREE. In general, the rela-
tively pronounced negative Eu-anomaly and
enrichment in LREE/HREE in the volcanic
suite indicate crystallization from a magma
extremely depleted in plagioclase in its most
evolved residual liquids.

Though it has long been established that
the Eu-anomaly is associated with the frac-
tionation of plagioclase. Some recent studies
(Grenne and Roberts, 1998; Abdel Rahman,
1998) ascribe the presence of negative Eu
anomaly to higher oxidation state (oxygen ac-
tivity) of the melt that is possibly related to
volatile saturation. The oxygen activity of the
melt is sufficiently high to keep Eu in the tri-
valent state and thus preventing its incorpora-
tion into the accumulating plagioclase.

The overall enrichment in LREE relative
to HREE as shown on Figure is an indication
to zircon fractionation which is a common ac-
cessory mineral in these rocks.

The A-type character of the magma from
which the studied volcanics were derived can
be deduced by plotting their Y/Nb versus Rb/
Nb ratios on Eby (1992) diagram. Although
this diagram was originally used for the gran-
itoid rocks, however, it gives clues about the
character of the magma from which the rock
was derived. Figure (32) shows such plotting
for the studied volcanics where most of data
points fall within the A2 field and few plot
within the A1l field. This result is consistent
with that suggested by Azer (2007) for Kathe-
rina Volcanics. Whalen et al., (1987) and Eby,
(1990, 1992) stated that magma with A-type
geochemical characteristics could be gener-
ated through several processes. Various petro-
genetic models have been proposed for the A-
type magmatism. While some authors (Bonin
and Giret, 1985; Turner et al., 1992) proposed
a mantle origin for A-type magmas without a
significant crustal contribution based on fea-
tures such as high temperature, relatively an-
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Fig.32: Rb/Nbvs.Y/Nb diagram for distinction
of A-type granitoids ( According to Eby,
1992); Symbols as on Fig.(17)

hydrous nature, and low initial 87S1/86Sr ra-
tios and others (Collins et al., 1982; Chappell
et al.,, 1987) considered the A-type suites as
anatectic melts of various crustal sources such
as granulitic lower crust. Landenberger and
Collins, (1996) proposed that A-type magma
was originated by the anatexis of charnokitic
lower crust. Cullers et al., (1981) and Creaser
et al.,, (1991) considered the anatexis of tonal-
itic crust as the source of such magma. Stoeser
and Elliott (1980) proposed a petrogenetic
model for the A-type suites involving their
generation through fractionation of I-type
melts, while Whalen et al. (1987) and Sylvester
(1989) believe that A-type melts were derived
from older rocks from which an I-type melt
had been extracted earlier. The geochemical
characteristics of the studied volcanics indi-
cate that they derived from mantle source with
crustal contamination. The presence of some
trace elements such as Ni, Cr and V may con-
firm the mantle origin of these volcanics where
they can be produced by differentiation from
basaltic magma with some contributions from
the crust. The presence of basaltic rocks in
areas adjacent to the studied areas, e.g. Fierani
and Wadi Kholafiya, and the presence of some
trace elements such as Rb, Sr and Zr may sup-
port the above mentioned origin for these vol-
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canics. The differentiation processes leading
to the formation of these volcanics can also be
confirmed when plotting their data points on
the diagram of Gill, 1981 who used the plot-
ting of SiO, versus K O (Fig.33).

In conclusion, the studied volcanics have
many geochemical characteristics of metalu-
minous to peraluminous A-type magma that
were emplaced into within plate tectonic en-
vironment and evolved through differentia-
tion processes from mantle-derived basaltic
magma with noticeable crustal contamination.
The fractionation of plagioclase in the early
formed basaltic rocks leads to the pronounced
negative Eu anomaly displaced by these vol-
canics.

Uranium And Thorium Distribution Of
The Studied Volcanic

The two radioelements (U and Th) are
measured using the gamma-ray spectrometer
Gs 512 which is manufactured by Geofyzika
Brno-Czech Republic. It is a digital portable
instrument designed essentially for gamma-ray
energy spectra measurement with 512 channel
operation in range of 0.1 to 3 MeV. It is used
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Fig.33:K O-SiO, diagram distinguishing high-
K, medium-K and low-K series. Differentiation
within a series (presumably dominated by
fractional crystallization) is indicated by the
arrow. Different primary magmas (to the left)
are distinguished by vertical variations in
K,O at low SiO, (According to Gill, 1981);
Symbols as on Fig. (17).

to measure the gamma rays as total radiation
counts (Tc ), equivalent uranium (eU ppm),
equivalent thorium (e¢Th ppm) and *“K%.
Gamma spectrometric determination of U in
field conditions is indirect and carried out by
the detection of 2'*Bi gamma rays, a product of
28U disintegration series. The obtained results
are expressed in ppm eU (equivalent uranium
concentration). Gamma spectrometric deter-
mination of Th in field conditions is also indi-
rect and can be realized by detection of 28Tl
gamma rays, a product of »*?Th disintegration
series. The results are also expressed in ppm
eTh (equivalent thorium concentration). Gam-
ma ray spectrometers record also gamma rays,
as total count (Geofyzika Brno, 1998).

Felsic volcanics constitute a primary
source of uranium for forming an economic
deposit. The significance of acid volcanic
rocks as a potential uranium source lies in the
readily leachable form of their uranium con-
tent. Among the acid volcanics, rhyolites
form an ideal source followed by welded tuffs,
ignimbrites, etc. The alkali rhyolite is gener-
ally ideal for its enrichment in many lithophile
elements including uranium, which are ame-
nable to subsequent leaching by meteoric wa-
ter. Observations of the behavior of uranium
and thorium during the formation of igneous
rocks indicate higher concentrations in the
youngest and most felsic and silicic members.
Volcanic rocks, especially the felsic variety
are often found to be richer in uranium and
thorium than their plutonic equivalents, with
earlier eruptions showing highest concentra-
tions.

Uranium in volcanic rocks is bound in the
matrix making them easily separable, which is
a prerequisite in the uranium ore forming pro-
cess. The felsic volcanic rocks, viz. rhyolite,
rhyodacite and dacite have uranium contents
higher than the crustal average, due to mag-
matic segregation. Klepper and Wyand (1956)
cite a study showing that the volcanic rocks are
often 1.5 to 2 times higher in uranium content
than their intrusive equivalents. Four modes
of occurrence of uranium in volcanic rocks are
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proposed by Zielinsky (1981) namely; 1) ura-
nium occurs as uraniferous accessory mineral
(e.g. zircon, sphene, apatite); 2) occurs in sec-
ondary oxide of iron manganese (or) titanium;
3) occurs in volcanic glass and 4) at mineral
grain boundaries.

In rhyolites, the largest share of whole rock
uranium is often contained in volcanic glass,
which is readily removed by glass water in-
teractions. Such rhyolitic rocks can be a good
source of uranium for secondary uranium min-
eralization, which can occur along fractures,
bedding planes, porous and permeable zones,
organic rich units either within the volcanics
(or) in adjoining rock units. Uranium can also
be released from volcanic glass shards, by so-
lution activity (Walton et. al. 1979 )

The measured uranium and Thorium con-
tents of the studied volcanics are presented in
Table (3). It is noticed that Ras Nagab volca-
nics have the highest U and Th contents that
ranging from 3 to 37 ppm for U and from 12
to 24 ppm for Th with an average 15 ppm and
17 ppm, respectively. Umm Shouki volca-
nics (5 to 17 ppm U and 13 to 22 ppm Th)
come in the second order of abundance while
Igna Sharaya volcanics (aver. U and Th, 8.5
and 16.7 ppm respectively) have the latest
contents of the two radioelements (Table 3).
The studied volcanics are considered to be
an important source rock of uranium, since

Table 3 : U and Th contents of the studied
volcanics

NQl NQ2 NQ3 NQ4 NQ5 NQ6 NQ7 NQ§8 NQY NQI0O Aver.
Ras Nagab Rhyolite
Th 17 12 13 A 16 12 14 23 18 23 17
U 4 5 3 39 4 6 3 kil 28 2 151
UTh 024 042 023 186 025 05 020 161 156 092 0.788
ThU 425 24 43 0.4 4 2 47 062 0.64 LI L3
Iqna Sharay,a volcanics

IS1 152 183 1S4 155 156 187 188 159 1510 Aver.

Th 13 i) 1 12 15 17 19 2 2 20 167
U 5 7 6 4 5 13 12 15 10 8 85
UTh 038 05 055 03 03 076 06 071 040 040 0499
WU 26 218 3 31318 1425 25 1%
Umm Shouki volcanics

USHI USH2 USH3 USH4 USHS USH6 USH7 USH8 USH9 USHI0 Aver.
Th 15 4 18 13 )t 19 15 2 17 2169
U 7 6 9 5 6 1 1 17 $ 10 86
UTh 047 043 050 038 043 037 073 077 047 045 051
TWU 214 23 226 238 211 136 129 213 22197

they contain more than 7 ppm U. The acidic
volcanics that contain 7 ppm U and 20 to 30
ppm Th are considered by many authors as an
important source of uranium (Rosholt and co-
workers, 1969, 1971; Shatkov et al. 1970; and
Zielinski and co-workers, 1977, 1978, 1980).

In order to understand the behaviour of
the two radioelements during the course of
magmatic evolution of the studied volcanics,
their contents must be portrayed on some vari-
ation diagrams (Figs.34 -36). It is well known
that the Th: U ratio is 3:1 in magmatic derived
rocks. If this ratio is disturbed, a post mag-
matic processes of uranium depletion and/or
enrichment may be expected to occur. In this
case, however, uranium ratio is expected to
be changed because of its high mobility com-
pared with thorium. Figure (34) shows the
plotting of U versus Th of the Ras Naqgab
volcanics where no magmatic control affect-
ing the behaviour of the two radioelemenets.
Instead, processes of uranium depletion and
enrichments are expected to occur as indicated
from the values of the Th/U ratio that ranging
between 0.54 and 4.7 (Table 3).

The uranium is leached in some places, by
the effect of solutions mainly meteoric water
and hydrothermal solutions, and precipitated
in other suitable environment within the same
volcanic pluton. This environment is mainly
occured in the alteration zones where feldspars
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Fig.34:U vs Thdiagram of the studied volcanic,
Ras Naqgab
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are generally altered to sericite and koalenitic
materials, as confirmed by the petrographic
examinations, where uranium is generally
adsorbed along the grain boundary of either
feldspars and their alteration products. Other
environment is also suggested to occur at the
zones of biotite alteration and the libration of
iron oxides along its cleavage planes. How-
ever, the higher U concentrations can be partly
explained by the abundance of Fe-Ti-Mn ox-
ides with a greater density of possible precipi-
tation sites for U. Furthermore, the greater
permeability and porosity of these horizons
contributed to the high degree of hydrothermal
alteration, and hence U enrichment associated
with sericite.

The behaviour of U and Th within the
studied volcanics at both of Iqna Sharaya
and Umm Shouki areas is illustrated on Figs.
(35&36). The figures show the positive corre-
lation between the two elements to suggest the
magmatic control on their behaviour where
these elements may incorporate within some
accessory minerals such as zircon and mona-
zite. The role of the post magmatic processes
on these two elements cannot be neglected.

Mode Of Occurrence Of The U And Th In
The Studied Volcanics

The uranium in volcanic rocks generally
has three modes of occurrences: (1) as par-
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Fig.35: U vs Th diagram of the studied
volcanic, Iqna Sharay’a
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Fig.36: U vs Th diagram of the studied
volcanic, Umm Shouki

ticles scattered uniformly throughout the vol-
canic matrices; (2) as particles absorbed on
ferroxides, altered minerals, microfissures in
minerals or along grain boundaries; (3) or as
micro-uranium minerals and uranium-bear-
ing accessory minerals. The uranium occurred
in the first two modes are easily mobilized
through deuteric and/ or hydrothermal altera-
tion while that included in accessory minerals
is dissolved through high temperatures along
the shear zones.

The U and Th contents of the studied vol-
canics are graphically represented ( Figs.37,38
&39) where three assumptions of uranium
behavior are inferred. The first one assumes
that in some samples, (marked with blue star),
thorium is mainly three times more abundant
than uranium which means that the two ele-
ments are magmatically controlled and should
be incorporated in accessory minerals such
as zircon, monazite and uranothorite. In the
second case, uranium is equal to one half of
the thorium or slightly more indicating that
a process of uranium enrichment (U-gain as
marked with red circles) may be occurred. In
this case, uranium is adsorbed on ferroxides,
altered minerals, microfissures in minerals
or along grain boundaries. When uranium is
less that one quarter of thorium or completely
disappear, a process of uranium leaching (U-
loss as marked with crossed circles) may take
place.
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In Ras Naqgab Volcanics, the previously
mentioned three modes of occurrence of ura-
nium and thorium are represented (Fig. 37)
where uranium is leached by the effect of the
circulating meteoric and hydrothermal solu-
tions and later reprecipitated in the altered
zones present in the same volcanic pluton.
The volcanics outcropped in the other two ar-
eas (i.e. Umm Shouki and Iqna Sharaya) have
only two modes of occurrence of the two ele-
ments (Fig. 38&39) (i.e. uranium enrichment
and U & Th - bearing accessory minerals.

U And Th-bearing Minerals Present In
The Studied Volcanics

For studying U and Th-bearing minerals
present in the studied volcanics, 10 represen-
tative samples are collected, crushed using jaw
crushers, sieved using sieves (60-30 mesh),
and subjected to heavy liquids separation us-
ing bromoform and methylene iodide. The ob-
tained light and heavy fractions of methylene
iodide were subjected to the magnetic separa-
tion methods and a subsequent hand picking
operations were carried out. The picked grains
of minerals were prepared for scan electron
microscope (ESEM-EDAX) investigations to
determine their main constituents. The follow-
ing is the description of the examined miner-
als

For studying U and Th-bearing minerals
present in the studied volcanics, 10 repre-
sentative samples are collected, crushed us-
ing jaw crushers, sieved using sieves (60-30
mesh), and subjected to heavy liquids separa-
tion using bromoform and methylene iodide.
The obtained light and heavy fractions of
methylene iodide were subjected to the mag-
netic separation methods and a subsequent
hand picking operations were carried out.
The picked grains of minerals were prepared
for scan electron microscope (ESEM-EDX)
investigations to determine their main con-
stituents. The following is the description of
the examined minerals;
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Zircon (Zr SiO,)

Zircon crystals have euhedral prismatic
form with brown and reddish brown colour
and have adamantine and resinous luster. Zir-
con is generally surrounded with pleochroic
halos due to radiation effects. Most of the
examined zircon crystals in both Iqna Sharaya
and Umm Shouki areas are metamict. The
metamict zircon is highly radioactive due to
the presence of uranium and /or thorium in
their structures which on turn are destructed
as result of energy dissipation during the de-
cay of the radioactive elements.

The EDX analyses (Fig. 40)_show differ-
ent contents of Hf, U and Th. HfO, may be
enriched in zircon reaching up to 2.5 % and
UO, may reach 4.0 %, while ThO, exceeds 4.0
% in many crystals.

Monazite

Monazite crystals are rare and recorded in
Umm Shouki and Ras Nagab volcanics. The
EDX analyses (Fig. 41) indicate that mona-
zite is a phosphate of rare earth metals (Ce
and La) PO, with considerable ThO, content
that attains 4.7 % and relatively lesser content
of UO, reaching about 0.82 wt. %. Most of
examined monazite grains are small in size
(200 to 350 um) and have elongated prismatic
form with yellowish to reddish brown colour.
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Fig.40: ESEM-EDAX analysis of zircon
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Fig.41: ESEM-EDAX analysis of monazite

Uranothorite

Uranothorite generally contains up to
10%U and ThO, from 49% to 75% (As-
wathanarayana, 1985 and Heinrich, 1958).
The authors (Op. Cit) mentioned that other
element associations are commonly present in
small amounts such as Ca, Mg, Fe? , alkalis,
Ce earths, P, Ta, Ti, Zr, Sn, Al and Y-elements
may occur Pb and Fe® may be abundant (Fer-
rothorite).

In the studied Ras Naqgab volcanics, the
uranothorite occurs as anhedral to subhedral
light brown crystals. They show a normal
distribution of U, Ti, Fe, Y and Ca. Si is rela-
tively high ( 20.70%) while Th has low value
(25.62%). This may be due to substitution of
Th by Si. It is noticed that the uranothorite
contains a considerable amounts of REE such
as Ce, Nd and Sm.. Two possible interpreta-
tions are proposed for this phenomenon. The
first assumes the presence of REE-bearing in-
clusions within the uranothorite. The second
interpretation assumes that the studied urano-
thorite is considered as an alteration products
of monazite. The writer inclined to the first
opinion where the analyses of the uranothorite
illustrated on Fig. (42) show no phosphorous
which is essential constituent in monazite.

Tornebohmite
Tornebohmite (Ce,La,Nd)2AlI(SiO,),(OH)
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Fig.42: ESEM-EDAX analysis of uranothorite

is a U & Th- bearing rare earth mineral. Tor-
nebohmite is classified, based on the presence
of either Ce or La, into tornebohmite-Ce or
tornebohmite-La respectively. Generally, the
weight percentages of La, O, Ce,O,, ALO,,
Nd,O, and SiO, recorded in tornebohmite
are 16.00%, 38.69 %, 10.02 %, 9.92 % and
23.61 % respectively (Shen and Moore,
1982). The mineral is distinguished by its
green colour, vitreous to adamantine luster.
Tornebohmite is recorded as a radioactive
mineral as defined in 49 CFR (Code of Fed-
eral Regulations) 173.403.

The studied tornebohmite can be classified
as Ce-bearing variety as indicated from the
ESEM analysis shown on Fig. (43) where it
enriched in Ce (Ce,O, = 39.30 wt%). The ma-
jority of the analysed REE have low concen-
trations where La,O,, szO& Eu,0,and Gd,0,
reaching 0.60 wt %, 1.06 wt %, 1.52 wt %and
1.00 wt % respectively. It also contains con-
siderable amounts of U and Th oxides (2.12
wt% and 1.90 wt% respectively). Abnormal
content of Nd,O, is recorded (16.20 wt%).
content of Nd, O, is recorded (16.20 wt%).

Tornebohmite is considered as an impor-
tant REE-bearing mineral which has been
found in hydrothermal environments (Staatz,
1985; Oreskes and Einaudi, 1992 and Negwe-
nya, 1994). Furthermore, Cerium, as the main
constituent in tornebohmite, was early record-

Fig.43: ESEM-EDAX analysis of tornebohmite

ed in metasomatic rocks at Bastnas, Sweden
(Shen and Moore ,1982). The hydrothermal
system is defined by Williams et al. (Op.Cit)
to be any system in which heated aqueous so-
lutions interact with rocks or melts. Accord-
ingly, hydrothermal fluids are not restricted
to direct or indirect involvement of igneous
rocks or melts. Beside tornebohmite, other
less important RE minerals are formed in hy-
drothermal environments e.g. ancylite, bran-
nerite, davidite, thorite,(Staaz, 1985; Oreskes
and Einaudi, 1992 and Negwenya, 1994). In
many localities, the hydrothermally formed
RE minerals are associated with apatite and
fluorite which are both usually rich in REE.

The hydrothermally-formed RE miner-
als are recorded in various geologic settings
ranging from fracture- fillings and breccias
to veins, stockworks, skarns and large scale
metasomatic replacement bodies. Some U-
REE skarn in Queensland (Australia) was
formed by fluids derived from a nearby granite
intrusion (Kwak and Abeysinghe, 1987)

On the scope of the foregoing discussion,
the investigated tornebohmite may be formed
by hydrothermal fluids through the fracture
system penetrating the studied volcanics.
These fluids may be accompanied and con-
temporaneous with the syenogranite magma
that intruded the volcanic rocks outcropping
at Wadi Kholyfia at the southwestern part of
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Ras Naqab area.

CONCLUSION

The detailed studies that carried out on
the selected acidic volcanics exposed at Ras
Nagab, Igna Sharaya and Umm Shouki ar-
eas reveal that they have many geochemical
characteristics of metaluminous to peralumi-
nous A-type magma that were emplaced into
within plate tectonic environment and evolved
through differentiation processes from man-
tle-derived basaltic magma with noticeable
crustal contamination. The fractionation of
plagioclase in the early formed basaltic rocks
leads to the pronounced negative Eu anomaly
displaced by these volcanics. These volcanic
rocks are represented mainly with lava flows
of rhyoltic composition, lithic and crystal
tuffs.

They considered as source for uranium
since they contain more than 8 ppm average
uranium content. The average thorium and
uranium contents are 17ppm and 15 ppm for
Ras Nagab volcanics, 16.7 ppm and 8.5 ppm
for Igqna Sharaya while Umm Shouki volca-
nics have 17 ppm average Th and 8.6 ppm av-
erage U.

Three assumptions of uranium behaviour
are inferred. The first one assumes that in
some samples, thorium is mainly three times
more abundant than uranium which means
that the two elements are magmatically con-
trolled and should be incorporated in acces-
sory minerals such as zircon, monazite and
uranothorite and tornebohmite. In the second
case, uranium is equal to one half of the tho-
rium or slightly more which indicates that a
process of uranium enrichment (U-gain) may
be occurred. In this case, uranium is adsorbed
on ferroxides, altered minerals, microfissures
in minerals or along grain boundaries. When
uranium is less that one quarter of thorium or
completely disappear, a process of uranium
leaching (U-loss) may take place.

Zircon, Monazite, uranothorite and tor-

MOHAMED S. AZAB

nebohmite minerals are analysed and identi-
fied by ESEM. Also, the U&Th-bearing rare
earth mineral tornebohmite is classified as
tornebohmite-Ce where its Ce content is 39.40
wt %. Tornebohmite may be formed by hy-
drothermal fluids penetrating the studied vol-
canics. These fluids may be accompanied
and contemporaneous with the syenogranite
intrusion which occurs at the southwestern
part of Ras Nagab area.
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