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ABSTRACT

Sikait area locates between Lat. 24° 37' 16" to 24° 38' N and Long. 34° 46' to 34° 46' 35" E. It
comprises several igneous and metamorphic rocks which mainly dissected by lamprophyre dykes and
quartz veins. From the radioactivity point of view, the metamorphosed sandstone and the mylonite rocks
were selected for this work. The petrographical features indicated that the metamorphosed sandstone is
of greywacke type and probably sourced from igneous and metamorphic rocks while the mylonite was
belonging to the granitic rocks. On the other hand the metamorphosed sandstone was found as pssamitic
greywacke affected by albitiztion process and both the island arc and the felsic igneous are its tectonic
environment and provenance respectively. The mylonite exhibited calc-alkaline and peralumenous nature
of A-type granite that emplaced in the within-plate environment and affected by Na-metasomatism. The
radiometric characteristics revealed a disequilibrium phase in both the rocks due to uranium addition
process that play an important role in deposition of recent uranium and formation of the secondary uranium
minerals particularly in the mylonite, while uranium in the metamorphosed sandstone is probably absorbed
as free element on the clay matrix. Both the rocks are regarded as promising sources for the uranium
exploitation.

INTRODUCTION

The metamorphosed rocks at Nugrus—Si-
kait District, are mainly exposed in two nappes;

place important insights into a proposed tec-
tonic model suggesting a back-arc basin tec-
tonic environment.

The

the upper nappe (dismembered ophiolitic
rocks) and lower nappe (pelitic, para-amphib-
olite and cataclastics assemblages) separated
by ophiolitic mélange and it is believed that
the area was subjected to five distinct episodes
of deformation (Ibrahim et al., 2014). Also,
the same workers pointed to that the tectonic
evolution of the Nugrus-Sikait belt (NSB) can

cataclastic rocks in Nugrus-Sikait
belt show a unique fish-shaped exposure and
its protolith is a highly differentiated batholith
formed of porphyry biotite granite in the north
(at the upper stream of Wadi Sikait) followed
southward by biotite granite and two-mica
granite (Khaleal, 2005).

The exposed rocks in Wadi Sikait were
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distinguished into three domains; the ophiol-
itic, cataclastic rocks and intrusive domains
with a main mineralized shear zone at the
contact between the cataclastic rocks and the
overlying ophiolitic rocks (Khaleal et al., 2007
and Saleh et al., 2012). Also, these cataclastic
rocks are rich in several types of the mineral-
ization including the base metals and acces-
sory phases (Ibrahim et al., 2015).

The psammitic gneisses in Wadi Sikait
was considered as foliated granites derived by
cataclasis from granitic rocks of calc-alka-
line to per-alkaline nature and the hornblende
gneisses as intrusive dioritic represent the plu-
tonic equivalent of the calc-alkaline volcanic
rocks cataclasis (Ries et al., 1983 and Hegazy,
1984).

The origin of metamorphosed sandstone
rocks in Sikait area is believed to be the sand-
stones which have been subjected to heat with
or without pressure and they are consists of re-
crystallized and tightly interlocking grains of
quartz and outcropped at two locations and
intruded by fertile porphyritic granite and
lamprophyre dykes.

The Sikait area was traversed by several
dykes, particularly the lamprophyre dykes,
and veins of different composition trending
NW-SE and NE-SW (Ibrahim et al., 1999).
The Sikait lamprophyre dykes are consid-
ered barren in mineralization compared with
Abu Rusheid lamprophyres (Ibrahim and Ra-
gab 2011 and Ibrahim et al., 2015).

The radioactive mineralization in Sikait
area was regarded to be originated as a
result for the re-crystallization of the whole
rocks which took place during the metamor-
phism processes (Hassan 1964 and 1973).

The current study concerns with mylonitic
rocks and the metamorphosed sandstone due
to their elevated potentiality from the radio-
activity point of view comparing to the other
encountered rock units in Sikait area. Their
petrographical, geochemical and radioactive
characteristics will be the scope of this study.

GEOLOGIC SETTING AND
PETROGRAPHY

Wadi Sikait locates between Lat. 24° 37'
16" to 24° 38' N and Long. 34° 46' to 34° 46'
35" E and strikes WNW-ESE. It can be easily
accessed from the Red Sea coast through Wadi
El-Gemal then Wadi Nugrus along a desertic
track of about 49 km long. The area is charac-
terized by arid to semi-arid weather and scar-
city of the water resources.

The main rock units exposed in Wadi
Sikait area include; the ophiolitic mélange,
metamorphosed sandstone and porphyritic
biotite granite as well as small gabbroic bodies
(Fig. 1), while the cataclastic rocks (mylonite)
are exposed more northern along Wadi Sikait
in addition to other rock varieties (Fig. 2)

The ophiolitic mélange are mainly confined
to the eastern side of Wadi Sikait area. Itis char-
acterized by medium-grained size and greyish
green color with mafic-ultramafic mixed frag-
ments and blocks embedded in fine to coarse-
grained metasedimentary matrix (Ibrahim et
al., 2010, Saleh et al., 2012 and Ibrahim et al.,
2014).

The mylonites exposed in the central part
of eastern sector along Wadi Sikait and cov-
er an area of about 0.8 km? with an average
elevation about 5m above Wadi Sikait allu-
vium and affected by two sets of strike-slip
faults (NNW- SSE right lateral and N-S left
lateral). Mylonites are mostly fine to medium
grained and comprise quartz veins outcome
from the extensive recrystallization and remo-
bilization of quartz. The main alterations are-
represented by hematitization, silicification,
greisenization, fluoritization, albitization and
pyritization.

The porphyritic biotite granites occupy
the western sector of Wadi Sikait area and char-
acterized by intensive shearing, sharp contacts
with the older rocks, gneissosity structure and
engulf elongated xenoliths of metamorphosed
sandstone and mafic rocks. Their textural fea-
tures indicate that subsolidus plastic deforma-
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tion was induced during the extensive thrusting
(Mohamed and Hassanen, 1997 and Saleh et
al., 2012). They are dissected bylamprophyre
dikes (strike N50° W-S 50° E and dips 65° due
NE) as well as strongly deformed and brec-
ciated barren quartz veins (Ibrahim et al,.2010
and Saleh et al., 2012).

The metamorphosed sandstone rocks are
fine-grained, white in color, highly sheared,
banded, less foliated and cross-cut by lam-
prophyre dykes (NW-SE, N-S, and E-W) and
quartz veins (NNW-SSE, NNE-SSW and E-
W). The metamorphosed sandstone rocks are
cut by the lamprophyre dykes as well as sev-
eral sets of strike-slip faults and one set of dip-
slip fault that form a good fracture system acts
as relevant pathwyas for the solutions (Ibra-
him et al., 2010). The weathered surface has
a granular appearance with common vugs
filled with secondary mineralization while the
common alteration products are represented
by hematitization and manganese dendrites

The gabbros cover a limited small area

(20 -30m) and occur as high hills in the east-
ern sector of Wadi Sikait area (Saleh, 1997).
The rocks are fine to medium-grained, dark
grey in color and intruded by the porphyritic
granites and usually characterized by presence
of dark green hornblende and absence of lay-
ering and lamination.

Several lamprophyre dykes and quartz
veins cut into the metamorphosed sandstone
and the porphyritic granites. The lamprophyre
dykesare fine to medium-grained, sheared,
black grey in color, discontinuous and vary in
thickness and length while their altered parts
are generally considered as good traps for min-
eralization (Ibrahim et al., 2007). On the other
hand, the quartz veins are represented by two
generations; the first represented by the barren
quartz veins that cross-cut the foliation planes
of metamorphosed sandstone and the second
is the mineralized quartz veins which bear vis-
ible mineralization and parallel to the foliation
planes.

Petrographical Features of the
Metamorphosed Sandstone

Petrographically, the metamorphosed
sandstone is represented mainly by quartz and
less amount of k-feldspars, plagioclase and
micas. The constituent grains are of extreme
variable size reflecting the poorly sorted nature
of the metamorphosed sandstone (Fig. 3) and
they embedded in a fine-grain matrix which is
most probably clay grains. This matrix forms
a major constituent and exceeds 15% of the
rock composition indicateing that the studied
metamorphosed sandstone is a greywacke
type (Fig. 4). The high matrix ratio as well as
the poorly sorting and the subrounded to sub-

Fig. 3: Photomicrograph shows Poorly-sorted
grains and polycrystalline quartz with sutured
boundaries, XPL
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Fig. 4: Photomicrograph shows greywacke with
matrix exceeds 15% and sandstone rock fragment,
XPL
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angular shapes of the components, point to the
textural immaturity of the studied rock.

The quartz grains are mainly mono-
crystalline and occasionally polycrystalline
with subrounded to subangular shapes. The
boundaries between quartz grains sometimes
exhibit the straight or sutured forms (Fig. 5)
which suggests the igneous and metamorphic
source of these grains. Generally, the quartz
grains exhibit faint to moderate unduloseex-
tinction which may reflect that the studied
rock would not subject to high stresses after
its deposition.The rock fragments appeared as
sandstone fragments (Fig. 4). The cement ma-
terials are probably clay grains and very fine
quartz grains, also the calcite cement was ob-
served as filling materials between the grains
boundaries .

The K-feldspar is represented by the mi-
crocline which easily identified by its cross-
hatched twinning (Fig. 6). The plagioclase
grains usually exhibit the albite twinning but
some grains showed a combination between
the Carlsbad and albite twinning (Fig. 7). It
the worth to mention that both the K-feldspars
and plagioclase show no signs of alteration
and appeared as fresh grains supporting that
the studied metamorphosed sandstone was
driven by mechanical weathering rather than
the chemical weathering. The preserved la-
mella of plagioclase without distortion sup-
ports that the rock did not subject to high-
magnitude stresses.

Micas are represented by small musco-
vite flakes embedded in the matrix materials .
Presence of muscovite and absence of biotite
grains may be encouraged the granitic source
of metamorphosed sandstone.

Petrographical Features of the Mylonite

The investigated mylonitic rocks are
composed of, in descending order, quartz,
K-feldspars, plagioclase and micas reflecting
their granitic composition with rare alteration
features. Zircon and xenotime are the com-
monly observed accessory minerals while the
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Fig. 5: Photomicrograph shows monocrystalline
Qz-grains and polycrstalline Qz
boundaries, XPL
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Fig. 6: Photomicrograph shows anhedral
microcline showing the cross-hatch twining
embedded into matrix materials and corroded,
XPL

Fig. 7: Photmicrgrah shows  anhedral to
subhedral Qz-grains and brocken albite-twinned
plagioclase, XPL
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radioactive minerals were represented in the
uranophane and probably the kasolite.

The quartz crystals appeared to be crystal-
lized in three phases or may be more. The most
recent phase represented by quartz grains free
from the extinction feature that neans they did
not subject to stress after their crystallization
(Fig. 8). The second phase is indicated by
those quartz grains of faint to wavy extinc-
tion reflecting light to moderate stress (Fig. 9)
while the oldest phase is represented by quartz
grains of high undulatory extinction and suf-
fered from strong dynamic stresses supported
by their stretching, elongation and moreover
their fragmentation (Fig. 10). The undulose
extinction is probably attributed to creation
of defects, notably dislocation in the lattice
when crystal is deformed or strained due to
increaseing of the free energy of the crystal
(Yardly, 1989).

The K-feldspar usually represented by
orthoclase perthite of coarse to medium and
subhedral crystals of string type perthite.
Some perthites engulfed inclusions of quartz
grains in a poikilitic form (Fig. 11) while some
are corroded by other quartz-grains indicating
the polyphase of crystallization. Sometimes
an exsolvation of plagioclase can be noticed
at the rims of the orthoclase perthite where the
plagioclase crystals show an optical continu-
ity with its hosting K-feldspar (Fig. 12). Ap-
proximately, all the perthite crystals are fresh
where no signs of alteration were observed.
The microcline perthite with the characteris-
tic cross-hatching twinning was identified but
in a lesser amount than the orthoclase perthite
(Fig. 13). Also, the non-perthitic orthoclase
was observed as subhedral medium crystals
of printed ends revealing the Carlsbad twin-
ning (Fig. 14).

The plagioclases are of anhedral shape
and medium to small sized crystals. They
are mostly within the oligoclase composition
range (An ). Although the effect of defor-
mation and the lamellae undulation, the pla-
gioclase crystals are twinned according to the
albite law and sometimes show the manebach
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Fig. 8: Photomicrograph shows angular to sub-
angular Qz crystals free from the extenction

feature and xenotim crystal, XPL

Fig. 9: Photomicrograph shows anhedral Qz
crystals show faint to moderate  undulose
extenction, XPL

Fig. 10: Photomicrograph shows highly deformed
Qz crystals as well as fragmented grains due to
the high applied stresses, XPL
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Fig. 11: Photomicrograph shows perthite crystal
of string type engulfed Qz grains in a poikilitic
form with subhedral xenotime crystal, XPL

Fig. 12: Photomicrograph  shows exsolved
plagioclase showing albit lamellae at the upper
corner of anhedral perthite with muscovite, XPL

shows microcline

Fig. 13: Photomicrograph
perthite with the
twinning, XPL

tarditional cross-hatching
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shows subhedral

14:  Photomicrograph
orthoclase showing carlsbad twinnig, XPL

Fig.

twinning (Figs. 15&16). The traditional zon-
ing of plagioclase crystals was not observed.

Muscovite is observed as interstitial small
flakes between the major components (Fig.
12). The accessory minerals are represented
by minute crystals of anhedral zircon of oval
shape (Fig. 16) and xenotime as subhedral or
anhedral crystals suffering some cracks and
showing overgrowth (Figs. 8&11). The kaso-
lite and uranophane, secondary uranium min-
erals, are easily identified in anhedral shaped
and triangle shaped crystals respectively re-
vealing high relief (Figs. 15&17).

Fig. 15: Photomicrograph shows anhedral
plagioclase of oligoclse composition showing
manebach twining and kasolite crystals at the
center and the right side, XPL
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Fig. 16: Photomicrograph shows anhedral minute
zircon crystal with plagioclase of deformed
lamellae, XPL

1

Fig. 17: Photomicrograph shows subhedral
uranophane, XPL
METHODOLOGY

The chemical and radiometric analyses were
carried out at the laboratories of the Nuclear
Materials Authority, (NMA).

The chemical analyses were carried out for
the mostly fresh fourteen and thirteen samples
from the mylonite and metamorphosed sand-
stone rocks respectively. The major elements,
in the oxide form, were identified using the wet
analytical methods after Shapiro (1975). The
Si0,, Al 0O,, TiO, and P,O, were determined by
colorimetric spectrophotometer (LABOMED
model SPECTRO UVD, USA), while the
CaO, MgO and Fe,O,were determined by the
traditional titration technique and both Na O
and K,O were analyzed by the flame-photom-

eter JENWAY model PFP7, UK). The iden-
tity and concentration of the trace elements
were determined in the solid samples using
the X-ray fluorescence (XRF, model PHILIPS
X’Unique II) instrument under the conditions
of W-target tube, LIF-220 crystal, gas flow
proportional counter and scintillation counter
70kV and 15 mA with detection limit 2 ppm.
The analytical precision was + 2% and + 3%
for the measured major and trace elements
respectively.

The chemical concentration of U was
measured using the UV/VIS spectrophotom-
eter with the chemical reagent “Arsenazo 111
according to the extraction method described
by Marczenko (1986).

On the other hand, the radiometric concen-
trations of U, Th, Ra and K-40 were measured
by the laboratory y-spectrometry technique
using the Multi-channel Gamma Spectrometer
with Nal (T1) detector. All the samples, after
crushing to the relevant size, were carefully
quartered and put into covered plastic vessels
(212.6 cm® in volume) then tightly sealed by
adhesive tapes. The sealed vessels were cov-
ered well by thin aluminum sheets to prevent
escaping of the accumulated Ra-222 gas then
were left for 30 days before the measuring
process. Uranium, thorium (in their equiva-
lent forms eU and eTh) and radium were mea-
sured and expressed in the ppm unit while K-
40 concentration was in percentage.

THE GEOCHEMICAL
CHARACTERISTICS AND
SIGNATURES

The Metamorphosed Sandstone

Thirteen samples were analysed for their
major and trace components and the obtained
data are illustrated in Tables (1& 2).

eOn the bi-variant diagrams of SiO, ver-
sus the other major oxides and trace elements
(Figs.18-29), the scatter trend appears as com-
mon binary relations that may suggest the rock
composition is mainly controlled by three
mixing-component (quartz-illite-calcite) and
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Tablel: The major elements concentration (wt%) of metamorphosed sandstone, Sikait area

Si0, ALO; TiO, FeOy MgO CaO K,0 NaO P,0s L.O. Tg/fj"
S1 6413 1529 0.75 0.24 139 139 030 1333 051 029  97.63
s2 63.81 1522  0.08 0.23 139 139 027 1328 050 029  96.46
s3 65.93  14.43  0.23 0.56 024 095 047 1431 051 0.40  98.04
sS4 6477 1615 0.7 0.16 032 084 033 1431 0.39 075  98.11
S5 63.10 17.60 0.06 0.16 0.68 073 342 1043 058 039  97.16
S6 62.40 1676  0.00 0.64 052 090 368 1137 1.10 076  98.13
s7 63.18 1430 0.87 1.13 060 113 449 1246 0.65 075  99.57
S8 64.17 1547  0.95 1.29 060 073 368 1137 081 054  99.61
S9 64.14 1353 0.7 0.17 032 095 692 1162 0.63 053  98.88
S10 64.83 1671  0.64 0.72 036 084 251 1179 0.32 042  99.15
s11 64.83 1562 055 0.64 048 095 468 1078 0.74 055  99.85
s12 66.57 1547  0.86 1.21 060 095 031 1288 085 019  99.90
s13 66.03  13.82 0.44 0.56 024 124 610 1036 052 050  99.82
Min. 62.40 1353  0.00 0.16 024 073 027 1036 0.32 019  96.46
Max. 66.57 17.60  0.95 1.29 139 139 692 1431 110 0.76  99.90
Aver. 64.45 1541  0.43 0.59 0.60 100 2.86 1218 0.63 049  98.64

Table 2: The trace elements

concentration (ppm)

of metamorphosed sandstone, Sikait area

Cr Ni_ Cu Zn Zr Rb Y Ba Pb Sr Ga \Y Nb
S1 52.7 328 139 129 1423 1005 1015 66.7 239 318 50.7 UD 19.0
S2 525 326 139 129 139.7 100.1 1009 66.0 238 316 502 UD 250
S3 322 372 181 342 1749 1055 1266 774 271 312 603 20 200
S4 58.3 30.2 14.1 161 420.1 1025 1106 1256 18.1 412 1055 3.0 24.0
S5 38.2 442 16.1 241 1799 59.3 1317 87.4 271 36.2 533 UD 26.0
S6 241 46.2 121 241 4311 39.2 1136 1206 191 39.2 1015 20 23.0
S7 412 36.2 131 432 1849 884 130.7 86.4 17.1 37.2 543 UD 220
S8 141 492 241 151 450.2 61.3 188.9 143.7 231 412 1025 20 17.0
S9 89.1 29.2 17.1 29.1 2473 703 1269 727 26.1 582 685 UD 21.0
S10 38.2 342 161 322 1508 39.2 1055 623 171 291 553 UD 19.0
S11 31.2 46.2 17.1 332 4854 432 1216 1216 80 46.2 1015 2.0 16.0
S12 55.3 49.2 16.1 332 4251 116.6 1236 613 241 342 965 UD 11.0
S13 30.2 18.1 111 171 798.0 884 356.8 80 291 201 523 UD 120
Min. 141 181 111 129 139.7 39.2 100.9 80 80 201 502 UD 110
Max. 89.1 49.2 241 432 7980 116.6 3568 143.7 29.1 582 1055 3.0 26.0
Aver. 429 374 156 252 3254 78.0 1414 846 218 36.7 73.3 1.8 19.6
18 9 1.3
17
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Fig.18: Binary variation diagram of SiO, vs.
Al O, for the metamorphosed sandstone

Fig. 19: Binary variation diagram of SiO, vs.
Fe,O, for the metamorphosed sandstone
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Fig. 20: Binary variation diagram of SiO,vs.
CaO for the metamorphosed Sandstone

Fig. 23: Binary variation diagram of SiOa vs. Ni
for the metamorphosed sandstone
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Fig. 21: Binary variation diagram of K,O vs.
ALO, for the metamorphosed sandstone
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Fig. 22: Binary variation diagram of SiO, vs. Na,O,
for the metamorphosed sandstone

support the low mineralogical maturity (Arg-
est and Donnelly, 1987).

eThe geochemical classification of the
studied metamorphosed sandstone indicated
the greywacke composition through plotting of
the relevant data on binary diagrams of SiO,
/ALO, vs. K,O/Na,0O (Wimmenauer, 1984)

812

2Zr (ppm)

62 63 64 65 66 67
Si0, (%)

Fig. 24: Binary variation diagram of SiOavs. Zr
for the metamorphosed sandstone
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62 63 64 65 66 67
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Fig. 25: Binary variation diagram of K.O vs. Rb
for the metamorphosed sandstone

(Fig. 30). More verification on the paragen-
sis and the probable source of the concerned
rock was obtained using the binary diagram of
SiO,/ALO, versus 100 (TiO,/Zr) after Hauss-
inger et al. (1993) where approximately all the
samples were plotted into or very confined to
the passamatic greywacke field (Fig. 31).
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Fig. 26: Binary variation diagram of SiO, vs.Y
for the metamorphosed sandstone
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Fig. 29: Binary variation diagram of SiO2vs. Nb
for the metamorphosed sandstone
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Fig. 27: Binary variation diagram of SiOavs. Ba
for the metamorphosed sandstone
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Fig. 30: Binary variation diagram of SiO/Al,O,
vs. K,O/Na,O after Wimmenauer (1984)
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Fig. 28: Binary variation diagram of SiO; vs.
Ga for the metamorphosed sandstone

oThe alteration index of the metamor-
phosed sandstone was investigated based on
the substantial variations in the concentra-
tions of Na, Ca, Mg and Fe. Plotting of the
analyzed samples on the variation diagram of

Fig. 31: Binary variation diagram of 100(TiO,/Zr)
vs. SiO,/AL O, after Haussinger (1993)

Na 0+CaO (wt%) versus MgO+Fe,O, (wt%)
after Le Maitre et al. (1989) showed the altera-
tion was manifested by the albitization (Fig.
32).
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Fig. 32: Binary variation diagram of Na,O+CaO vs.
MgO+Fe,O, after Le Maitre et al. (1989)

oThe tectonic setting of Sikait metamor-
phosed sandstone was recognized using the
tectonic discrimination diagram of K ,O/Na,O
versus SiO, (Roser & Korsch, 1986). The
plotted data revealed both the island arc and
the active continental margin as the probable
tectonic setting. Such variance may be inter-
preted by multiple sources of the metamor-
phosed sandstone and these sources were var-
ied in their K-feldspar content (Fig. 33).

oThe provenance of the studied metamor-
phosed sandstone was distinguished using
the binary variant relation of F3 versus F4
(as function of the major components con-
centrations) after Roser and Korsch (1988).
The plotted samples revealed the felsic igne-
ous provenance as the primary provenance of
metamorphosed sandstone (Fig. 34).

The Mylonite

Fourteen samples were subjected to com-
plete chemical analysis and the achievable ma-
jor and trace elements concentrations (Tables
3&4) were plotting on some discrimination
diagrams to conduct the geochemical features
of the concerned rock.

eThe binary variation diagrams of SiO,
against the other major oxides and trace ele-
ments (Figs. 35-43) showed the scattering re-
altion as the dominant one. In rocks of igne-
ous origin, such relation suggests the source

Fig. 33: Binary variation diagram of SiO, vs. K,O/
Na,O after Roser and Korsch (1986)
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Fig. 34: Binary variation diagram for the
provenance signature (After Roser and Korsch,
1988)
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Fig. 35: Binary variation diagram of SiO, vs. AL,O,
for the mylonite
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Table 3: The major elements contents (wt%) of mylonite , Sikait area

- SiO, ALO; TiO, Fe,0O3 MgO CaO  K,O Na,O P,0Os L.O.1 Total
M1 69.37 1499 0.16 3.18 0.80 0.71 3.30 440 0.62 1.59 99.12
M2 72.15 15.36  0.02 0.54 052 0.71 3.38 561 0.58 1.03 99.90
M3 72.09 14.77 0.91 0.82 0.64 0.70 3.07 4.75 0.06 0.23 98.05
M4 70.53 1495 0.01 0.53 0.12 052 4.86 6.14 0.62 1.54 99.82
M5 72.09 15.65 0.07 0.61 0.36 0.75 2.89 538 042 1.15 99.37
M6 72.82 1492 0.92 0.83 0.65 0.71 3.10 4.80 0.06 0.23 99.04
M7 71.04 15.38 0.07 0.60 0.36 0.74 285 529 041 1.12 97.86
M8 69.85 17.86 0.06 0.55 0.60 0.71 3.02 6.68 0.46 0.24 100.03
M9 70.32 15.11 0.07 0.59 0.35 0.73 280 5.19 040 1.09 96.67
M10 69.75 17.83 0.04 0.52 0.20 0.72 287 6.23 0.67 2.13 100.97
M11 69.72 15.06 0.16 3.20 0.80 0.71 3.32 442 0.62 1.60 99.62
M12 72.11 15.50 0.04 1.79 0.05 0.62 4.72 2.46 0.57 2.70 100.56
M13 70.65 15.34 0.07 0.60 0.35 0.74 283 527 041 1.13 97.38
M14 68.72 17.57 0.04 0.51 0.20 0.71 2.83 6.14 0.66 2.10 99.48
Min. 68.72 14.77 0.01 0.51 0.05 052 280 2.46 0.06 0.23 96.67
Max. 72.82 17.86 0.92 3.20 0.80 0.75 4.86 6.68 0.67 2.70 100.97
Aver. 70.80 15.74 0.19 1.06 0.43 0.70 3.27 5.20 0.47 1.28 99.13
Table 4: The trace elements contents (ppm) of mylonite , Sikait area
. Cr Ni Cu zZn zZr Rb Y Ba Pb Sr  Ga \4 Nb
M1 37.0 11.0 11.0 1200 813.6 449.0 204.0 2150 19.0 18.0 10.0 40 312.0
M2 24.0 7.0 11.0 14.0 432.0 405.0 112.0 38.0 9.0 9.0 7.0 U.D 168.0
M3 19.8 9.9 8.9 16.8 766.3 276.2 196.0 83.2 17.8 16.8 89 U.D 297.0
M4 20.0 14.0 9.0 13.0 356.4 509.0 94.0 30.0 18.0 70 140 U.D 140.0
M5 12.0 7.0 9.0 12.0 876.6 133.0 224.0 137.0 140 20.0 11.0 2.0 344.0
M6 20.0 10.0 9.0 17.0 774.0 279.0 198.0 84.0 18.0 17.0 9.0 U.D 300.0
M7 11.8 6.9 8.8 11.8 865.0 129.1 221.0 136.2 13.8 19.7 109 U.D 339.5
M8 17.0 10.0 10.0 18.0 646.2 265.0 166.0 111.0 16.0 14.0 8.0 3.0 252.0
M9 11.5 6.7 8.7 11.5 853.4 1253 218.1 1354 136 195 108 U.D 335.0
M10 16.2 9.1 11.2 16.2 772.8 257.8 197.9 548 132 17.3 71 U.D 300.4
M11 37.2 111 111 120.6 817.7 451.3 205.0 216.1 19.1 18.1 10.1 4.0 313.6
M12 20.0 3.0 9.0 14.0 324.0 455.0 85.0 34.0 15.0 6.0 4.0 U.D 128.0
M13 11.8 6.9 8.8 11.8 859.1 130.3 219.5 1343 13.7 19.6 10.8 2.0 337.1
M14 16.0 9.0 11.0 16.0 761.4 254.0 195.0 54.0 13.0 17.0 7.0 U.D 296.0
Min. 11.5 3.0 8.7 115 324.0 1253 85.0 30.0 9.0 6.0 40 UD 128.0
Max. 37.2 14.0 11.2 120.6 876.6 509.0 224.0 216.1 19.1 20.0 14.0 4.0 344.0
Aver. 19.6 8.7 9.7 29.5 708.5 294.2 181.1 1045 152 15.6 9.2 2.5 275.9
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Fig. 38: Binary variation diagram of SiO,vs.

Na,O, for the mylonite
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magma was originated by assimilation and/or
the partial melting (Mohammaden, 2000).

oTo identify the original rock of the my-
lonitic samples, the binary relation between
SiO, (wt%) versus Na,O+K O (wt%) after
Cox et al. (1979) was employed. The plotted
samples were confined to the granite and al-
kali granite fields (Fig. 44).

eThe magma type was tested using sev-
eral discrimination diagrams; SiO, (wt %) -
total alkalis (wt %) after Irvine and Baragar,
(1971), K,O (wt%) versus SiO, (wt%) after Le
Maitre et al. (1989) and the ternary diagram
of ALO,— CaO - (Na,0+K,0) after Radain et
al. (1982). The plotting results indicated the
sub-alkaline, the medium potassic and the per-
aluminous nature of the source magma (Figs.
45-47).

eFurthermore, based on controlling the be-
haviour of LIL elements (Rb, Sr and Ba) by
the major minerals (K-feldspar, plagioclase
and mica), the studied samples were tested us-
ing Sr versus Rb/Sr binary diagram after Arth
(1976). The plotted samples showed the con-
sistency of their incompatible elements with
the plagioclase rather than the alkali feldspars
and biotite (Fig. 48). On the other hand, test-
ing of the alteration trend based on the binary
relation of Na,O versus K O after Cuney et
al., (1989) on which five alteration trends are
defined, revealed that approximately all the
samples follow the Na-metasomatism trend
(Fig. 49) that matches with their consistency
with plagioclase rather than the K-feldspars
and biotite.

oThe type of the concerned rock was ac-
complished using the discrimination diagram
of K,O versus Na,O (White & Chappell, 1984
and Liew et al., 1989). The mylonitic sam-
ples are assigned as A-type (Fig. 50) which
supports the anorogenic tectonic setting
with probable origin from high-temperature
partial melting of melt-depleted, relatively dry
source (Whalen et al., 1987).

oFor defining the tectonic environment of
the concerned rock, the tectonic-discrimina-
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Fig. 44: Binary variation diagram of SiO, vs.
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Fig. 47: Al,03-CaO-(K.O +Na,O) ternary plot for
granitic rocks (After Radain et al.,1982)
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tion diagrams of SiO, versus Nb (Pearce and
Gale, 1977) and Y+Nb versus Rb (Pearce et
al., 1984) were employed. From the plotted
data, the within plate environment was the
suggested tectonic environment in which the
granitic protolith of the mylonite was em-
placed (Fig. 51).

THE RADIOMETRIC
CHARACTERISTICS

Thirteen samples of the metamorphosed
sandstone and fourteen samples of the my-
lonite were subjected to the gamma-spectrom-
etry measurement for their concentrations of
eU, eTh, Ra and K-40, additionally they also
measured by wet chemistry technique to de-
termine the chemical uranium contents. The
obtained data are illustrated in Tables (5&6),
also some radiometric ratios were calculated
and listed in Tables (7&8).

Remarks on the Radioelements Distribution

From the data of the radiometrically mea-
sured uranium and thorium as well as the
chemically measured uranium in both the
metamorphosed sandstone and mylonite sam-
ples some remarks can be concluded:

-The radiometric and chemical uranium
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Fig. 51: Binary variation diagram of Rb vs. Y+Nb
(After Pearce et al., 1984)

values in both rocks point to a significant re-
cent uranium in the mylonite relative to the
metamorphosed sandstone which might reflect
a role of uranium migration to the mylonite
and/or the effect of hydrothermal solution.

-Referring to the stability of thorium ele-
ment and the natural ratio of U:Th (1:3.5), it
can be concluded that uranium additional pro-
cess impacted on both the studied rocks.

AND RADIOACTIVE POTENTIALITY 17

-The high content of the chemically mea-
sured uranium in the mylonite comparing to
the metamorphosed sandstone appears in con-
sistence with presence of secondary uranium
minerals in the mylonite (uranophane and ka-
solite) while the recent uranium in the meta-
morphosed sandstone is probably captured by
the clay matrix as elemental uranium.

Radiometric Equilibrium in the Studied
Rocks

Equilibrium of the uranium decay series in
both the rocks can be investigated as a func-
tion of some calculated radioactive ratios (Ta-
bles 5&6).

-The ratio of the radiometric measured ura-
nium and radium (eU/Ra) is known as P-fac-
tor (Motalin, 1991 and El Galy. 1994), where
departure of this ratio from unity indicates a
disequilibrium state. In the studied samples,
almost all of the eU/Ra ratios are out of the
unity value indicating the disequilibrium in
their uranium decay series (Figs. 52&53).

Table 5: Gamma-spectrometry measurements of metamorphosed sandstone and the

chemically measured uranium

eU(ppm) eTh(ppm) Ra(ppm) K% U-chem (ppm)
S1 25.87 29.85 13.93 0.00 24.88
S2 30.85 35.82 17.91 3.24 37.81
S3 18.91 27.86 10.95 4.87 22.89
S4 17.91 32.84 13.93 2.08 36.82
S5 25.87 57.71 12.94 2.59 17.91
S6 24.88 33.83 19.90 2.06 32.84
S7 14.93 33.83 16.92 2.16 19.90
S8 28.86 35.82 17.91 3.83 27.86
S9 32.84 55.72 19.90 0.07 32.84
S10 16.92 25.87 14.93 1.88 20.90
S11 21.89 32.84 16.92 2.69 29.85
S12 26.87 36.82 19.90 2.98 29.85
S13 17.91 35.82 14.93 2.80 31.84
Min. 14.93 25.87 10.95 0.00 17.91
Max. 32.84 57.71 19.90 4.87 37.81
Aver. 23.42 36.51 16.23 2.40 28.17
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Table 6: Gamma-spectrometry measurements of the mylonite and the chemically measured

uranium

eU(ppm) eTh(ppm) Ra (ppm) K% U-chem. (ppm)
M1 21.00 34.00 13.00 3.30 26.00
M2 20.00 33.00 13.00 3.45 64.00
M3 28.91 18.88 20.00 3.42 60.00
M4 12.00 37.00 7.00 478 46.00
M5 28.00 74.00 19.00 1.56 42.00
M6 37.00 50.00 20.00 2.44 71.00
M7 27.67 73.30 18.73 1.52 40.40
M8 27.00 49.00 16.00 3.10 82.00
M9 27.33 72.60 18.45 1.47 38.80
M10 22.33 46.69 18.27 2.90 106.58
M1l 21.11 34.17 13.07 3.32 26.13
M12 12.00 33.00 8.00 492 100.00
M13 29.05 18.97 20.10 3.44 59.00
M14 22.00 46.00 18.00 2.86 105.00
Min. 12.00 18.88 7.00 1.47 26.00
Max. 37.00 74.00 20.10 492 106.58
Aver. 23.96 44.33 15.90 3.03 61.92

Metamor, phosed sandstone

Ra (ppm|

Fig. 52: Binary variation diagram of eU vs. Ra for
the metamorphosed sanstone

Dominance of the values greater than one re-
flects probability of recent uranium addition
to the studied rocks and supports the hydro-
thermal mechanism of the formed secondary
uranium minerals (Mohammaden, 1996).

-Also, the output of eU-eTh/3.5 is a func-
tion of the uranium mobilization. The zero re-
sult of this mathematical relation indicates no

A1

Ra (ppir)
“
4

all fanml
sl innm)

Fig.53: Binary variation diagram of eU vs. Ra for
the mylonite

uranium mobilization since its first deposition
and it is of magmatic origin while the results
greater or lesser than zero reflect the uranium
mobilization due to addition or removal pro-
cesses respectively. Referring to the obtained
results (Figs. 54&55), it can conclude that the
uranium stabilization was not attained by any
of the investigated rocks and the addition of
uranium clearly affected the uranium concen-
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Fig. 54: Binary variation diagram of eU vs. eU-
(eTh/3.5) for the metamorphosed sandstone

eU-(eTh,"3.5
L]

e

Fig. 55: Binary variation diagram of eU vs. eU-
(eTh/3.5) for the mylonite

tration. Also, the wide variation in the resul-
tants could point to more than one cycle of the
uranium mobilization or a complicated history
of mutual addition and removal of uranium
but the more effective was the addition activ-
ity (Badran, 2016). Anyhow, this conclusion
supports the one achieved from the outputs of
the eU/Ra ratios of the same samples.

-However, to confirm this conclusion the
D-factor was calculated. The D-factor is the
ratio of the chemically measured uranium to
the radiometric measured uranium in the same
samples. If this factor equals one it will mean
no increasing or decreasing in the uranium
content since its original deposition while
values more or less than one point to addition
or removal process of uranium respectively

19

(Hansink, 1976 and Stuckless et al., 1984).
According to the calculated D-factor (Tables
7&8) and its constructed binary relation (Figs.
56&57) the following conclusions have to be
considered;

oThe uranium addition is the only process
affected the mylonite with no signs of any re-
moval trend and this meaning is in well con-
cordance with the results of the corresponding
eU/Ra ratios which pointed to a probable re-
cent addition of uranium.

eAlthough most of the calculated D-fac-
tors in the metamorphosed sandstone indi-
cates wide uranium addition but some ratios
showed removal process. Accordingly, it can
be concluded that the added uranium in some
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Fig. 56: Binary variation diagram of eU vs.
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Table 7: Some calculated radiometric ratios for metamorphosed sandstone

eTh/eU eTh/Ra eU/eTh eU- eU/Ra U chem./U
(eTh/3.5) radio.

S1 1.15 2.14 0.87 17.34 1.86 0.96
S2 1.16 2.00 0.86 20.61 1.72 1.23
S3 1.47 2.55 0.68 10.95 1.73 1.21
S4 1.83 2.36 0.55 8.53 1.29 2.06
S5 2.23 4.46 0.45 9.38 2.00 0.69
S6 1.36 1.70 0.74 15.21 1.25 1.32
S7 2.27 2.00 0.44 5.26 0.88 1.33
S8 1.24 2.00 0.81 18.62 1.61 0.97
S9 1.70 2.80 0.59 16.92 1.65 1.00
S10 1.53 1.73 0.65 9.52 1.13 1.24
S11 1.50 1.94 0.67 12.51 1.29 1.36
S12 1.37 1.85 0.73 16.35 1.35 1.11
S13 2.00 2.40 0.50 7.68 1.20 1.78
Min. 1.15 1.70 0.44 5.26 0.88 0.69
Max. 2.27 4.46 0.87 20.61 2.00 2.06
Aver. 1.60 2.30 0.66 12.99 1.46 1.25

Table 8: Some calculated radiometric ratios for mylonite

eTh/eU eTh/Ra eU/eTh eU- eU/Ra U chem./U
(eTh/3.5) radio.

M1 1.62 2.62 0.62 11.29 1.62 1.24
M2 1.65 2.54 0.61 10.57 1.54 3.20
M3 0.65 0.94 1.53 23.52 1.45 2.08
M4 3.08 5.29 0.32 1.43 1.71 3.83
M5 2.64 3.89 0.38 6.86 1.47 1.50
M6 1.35 2.50 0.74 22.71 1.85 1.92
M7 2.65 3.91 0.38 6.72 1.48 1.46
M8 1.81 3.06 0.55 13.00 1.69 3.04
M9 2.66 3.93 0.38 6.59 1.48 1.42
M10 2.09 2.56 0.48 8.99 1.22 4.77
M11 1.62 2.62 0.62 11.34 1.62 1.24
M12 2.75 4.13 0.36 2.57 1.50 8.33
M13 0.65 0.94 1.53 23.63 1.45 2.03
M14 2.09 2.56 0.48 8.86 1.22 4.77
Min. 0.65 0.94 0.32 1.43 1.22 1.24
Max. 3.08 5.29 1.53 23.63 1.85 8.33

Aver. 1.95 2.96 0.64 11.29 1.52 2.92
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parts of these rocks is probably coming from
other parts in the same rock, but also the ura-
nium addition from the outside cannot be
ignored.

Hosting of Th and U in the Accessory
Minerals

Traditionally, the accessory minerals
(particularly zircon) usually play an important
role in distribution, concentration and control-
ling of Th and U according to the availability
of these minerals in the hosting rocks.

To testify the hospitality of zircon (as the
common accessory mineral in the studied
rocks) toward Th and U ions, the binary re-
lations of Zr-eTh and Zr-eU have been con-
structed (Figs. 58-61). The only strong cor-
relation of Zr-eU (r = 0.84) in the mylonite
and the non-significant correlation values of
Zr-eTh (in mylonite), Zr-eU and Zr-eTh in the
metamorphosed sandstone point to the pref-
erentiality of uranium in the mylonite to be
hosted in zircon mineral, while U in the meta-
morphosed sandstone and Th in both rocks be-
haved oppositely (Saleh et.al., 2007).

CONCLUSIONS

According to the applied studies and the
achievable results some conclusions could be
summarized as the following:

oThe metamorphosed sandstone appeared
to be originated from igneous and metamor-
phic sources; but also the sedimentary source
could not be ignored.

oThe mylonite has the characteristics of the
grantitic rocks (the protolith of mylonite) that
crystallized from high-differentiated magma
in which the uranium element usually records
elevated concentrations.

eBoth the studied rocks appeared receiv-
ing recent uranium by additional process from
outer source (as in mylonite) or remobilization
process within the rock body (as in the meta-
morphosed sandstone).

21
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Fig. 58: Binary variation diagram of eU vs. Zr for
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Fig. 61: Binary variation diagram of eTh vs. Zr
for the mylonite

eBoth the rocks are considered promising
from the radioactivity point of view particu-
larly the metamorphosed sandstone due to the
easily handling of the uranium milling pro-
cesses as well as the homogenous distribution
of the uranium within the rock body.

oThe resultants give evidences on the ef-
fect of the dynamic metamorphism rather than
the thermal metamorphism and occurring of
poly-phase dynamic stresses of variable mag-

nitudes.
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