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ABSTRACT

The quartz vein cutting the granodiorite of Ras Abda, along the western shear zone, exhibits high
radioactive potentiality (up to 3000 ppm for Th and 1600 ppm for U. The microscopic investigation of
the quartz vein revealed that it is composed mainly of quartz and iron oxides enclosing squadrons of
the accessory minerals. Granitic fragments are corroded and digested from the wall-rock affecting the
chemical composition of the studied rock. Chemically, it is characterized by low alumina and medium
potassium contents with peralkaline affinity. It is also characterized by high concentrations of the trace
elements (Zr >10000, Nb 3481, Y 8621, U 903 and Th 2340 ppm) and the total rare earth elements (up to
24246 ppm) specially the HREEs with very low degree of fractionation in the melt (0.014) and in turn,
high degree of fractionation in the accessory minerals.

The mineralogical investigation using ESEM and XRD techniques revealed the minerals are
responsible for the radioactivity in the anomalous rock such as zircon, thorite, uranothorite and Nb-Ta
minerals (columbite, euxenite and uranopolycrase).

Experimental work in this study agreed with the previous experiments and concluded that metamictization
is attributed to the heat of self-annealing that responsible for transformation of U-euxenite to metamictized
euxenite and transformation of Ti-U-euxenite to metamictized uranopolycrase.

The present study concluded that the studied quartz vein originated from silicic magma rich in the trace
and rare earth elements; hence it is considered as good hostile for the radioelements and possesses high
radioactive potentiality.

INTRODUCTION

Ras Abda area is located at West of Safaga
City, at the beginning of Wadi Ras Al Barud.
It lies between Lat 26° 42' and 26° 46' N and
Lon 33° 45' and 33° 48' E. This area is inter-
sected by W. Ras Abda and W. Abu Hadida.

the area are intersected with numerous dikes
ranging from acidic to basic in composition.
They are emplaced along regional fractures
of North- south, NW-SE, East-West and
NE-SW trends. The acidic dikes have usu-
ally the greatest length may exceed 2km with

W. Ras Abda run through the middle part of
the area and extended to about 10 km in the
ENE direction. The exposed rock units in
the area comprise older granitoids, younger
gabbros and younger granites. The rocks of

widths varying from 0.5 to 5 m. El Hadary
et al., (2015) studied the geology, petrology
and mineralogy of Ras Abda area concerned
the area of study and classified the granites
of Ras Abda into granodiorite, monzogranite
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and alkali-feldspar granite. They localized an
anomalous site at the western shear zone cut-
ting the granodiorite

The present work concerns with the anom-
alous rocks cropping along the western shear
zone of Ras Abda granodiorite located at the
intersection of latitude 26° 43' and longitude
33°47'. Silicic magma is a significant source
for the acidic rocks, ascending along the shear
zones and spreads through the fractures as
quartz vein cutting the granodiorite. This
work aims to study this anomaly comprising
its geologic setting, petrography, chemistry
and mineralogy. Although, it is a limited ex-
posure but it attains its significance due to its
high content of uranium proved by the field
measurements and considered as good host for
uranium, thorium and rare earth elements.

GEOLOGY AND PETROGRAPHY

Ras Abda monzogranite is intruded by al-
kali-feldspar granite along a giant fault plane
that extends N35E and separates the monzo-

granite into two parts east and west the fault
plane (Fig.1). Monzogranites intrude the
older granite separating the granodiorite into
two parts to northern and southern one. The
studied rock is located in the southern block of
granodiorite (west to the studied area) along
the E-W shear zone concordant with Wadi.
Ras Abda. The width of shear zone is more
than 40 cm filled completely by the anoma-
lous rock that extends in the fractures domi-
nating the surrounding granodiorite (Fig.2).
Megascopically, Ras Abda granodiorite is
medium-grained size ranging in color from
gray to reddish gray, especially near the shear
zone resulting of alteration processes such as
sericitization and hematitization (El Hadary,
2015).

The anomalous rock covering the shear
zone is acidic rock characterized by massive
appearance and black color patched by pink-
colored rock fragments of granitic composi-
tion (Fig.3). The surrounding granite itself is
dominated by black-colored veinlets (Fig.4).
The mechanism of formation of the studied

s
34°0

L
30° 00 32°00"
Mediterranean Sea

100 ;0€

Sinai

100682

100692

Location of the study Area
Wadi deposit

Alkali-feldspar granite
Monzogranite

Young gabbro

Granodiorite

* AnomalN Faults

Fig.1:Geological map for W. Ras Abda area, Central Eastern
Desert, Egypt (Modified after El Hadary et al., 2015)
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Fig. 2:Field photograph of the anomalous rock
(Anom) surrounded by Ras Abda hematitized
Granodiorite (Gra), western shear zone

Fig.3:Close up view of the quartz vein
enclosing granitic fragments (Gr) from the
wall rock

‘Fig.4: Close up view of Ras Abda granodiorite
enclosing black veinlets (V) squeezed from
the silicic magma

rock could be explained by a structural pattern
(modal) where the silicic magma ascends along
the shearing plane corroding the wall rock and
captures the granitic fragments (Fig.5). Final-
ly, this magma is extruded (surface or near sur-
face) forming the studied rock and squeezed in
the surrounding granite through the fractures
forming the black veinlets.

The microscopic investigation of Wadi Ras
Abda granodiorite hosting the anomaly quartz
vein revealed that it is mainly composed of
plagioclase and quartz with some biotite. Bio-
tite is intensively altered to chlorite of pen-
ninite type; its titanium content is excluded as
secondary titanite mostly associating the pen-
ninite (Fig.6). Accessory minerals are mainly
apatite (Fig.7) and zircon in addition to the sec-
ondary titanite. Zircon occurs as well-formed
zoned crystals included in quartz; and enclose
occasionally opaque inclusions (Fig.8). Rare
crystals of allanite are also present associating

Shearing

ZOHe

|:| Granodiorite -Silicic magma
- Ascending magma Granitic fragments

* Studied rock

Fig.5:Sketched pattern showing ascending
of the silicic magma and formation of the
studied rock
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Fig.6: Photom1cr0graph of the granodlorlte
surrounding the anomalous rock showing:
secondary titanite (77) associating penninite,
XPL

AN ~ ,5 400
Fig.7:Anhedral crystals of apatite (4p)

associating plagioclase, XPL

400 am

Flg 8 Well formed crystal of zircon (Zr)
included in quartz, XPL

the opaque minerals (Fig.9).

Microscopic examination of the rock un-
der consideration (anomalous quartz vein) re-
vealed that it is composed mainly of fine to
medium quartz crystals (length 1.2 mm and
width 0.5 mm). They are slightly elongated
referring to a weak back stress generated from
the wall rock (Fig.10) and mostly coated by
iron oxides. The rock encloses rock-frag-
ments of granitic composition, (plagioclase,
quartz and rare potash feldspars).

Mostly, the granodiorite stained by iron
oxides resembling the Ras Abda granodiorite
and most propably captured from the wall
rock. Quartz of the rock fragment is coarser
(3mm) and encloses fine crystals of zircon
(Fig.11). The studied rock contains immense
amount of the accessory minerals in the form
of squadrons associating the opaque minerals;
they are mainly zircon and euxenite. Zircon
occurs as well-formed prismatic crystals with
wide variability in the dimensions. Most of
zircon crystals are partially or completely
metamictized (Fig.12) including orange inclu-
sions of thorite (Fig.13). Uranopolycrase is
also present as well-formed bipyramidal crys-
tals partially metamictized (Fig.14) enclosing
the same orange inclusions of thorite (Fig.15)
as confirmed by EDX analysis.

Fig.9: Anhedral crystal of allanite (All) with
masked interference colors, XPL
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Fig.10:Boundary of the granitic fragment i*“lg.B:Zir(:Sn Acrystal with thorite inclusion,
(dashed line) in contact with the finer quartz, ppr
XPL '

Fig.11:Quartz ofthe granitic fragment corroded  Fig.14:A squadron of polycrase, zircon &
opaque, XPL

400um

Fig.15: Polycrase crystal with thorite
quartz,XPL inclusion, PPL.
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CHEMICAL CHARACTERISTICS

The major oxides are determined by using
wet chemical analytical methods (Shapiro and
Brannock, 1962). The trace elements are de-
termined by X-ray fluorescence technique us-
ing the Philips X-ray spectrometer (X-Unique
IT). U determined by the oxidimetric titration
process after the reduction uses a standard so-
lution of ammonium metavanadate (Mathew
et al., 2009), after a priors uranium reduc-
tion step using ammonium ferrous sulphate.
In this procedure, di-phenyl sulphonate has
been used as indicator where color change to
slightly violet red color. Concerning thorium
in aqueous solution, a visible-ultra violet spec-
trometer was used for its quantitative analysis
using 0.05% arsenaza III at 650 nm, (Maschz-
inco, 1986). The chemical analyses were car-
ried out in the NMA Labs.

The studied anomalous quartz vein is char-
acterized by average silica content (60.86%)
accompanied with very low alumina content
(average 4.34%) and low potassium content
(1.42%). The other oxides (TiO,, FeO, Fe,O

MnO, MgO, Ca0, Na,O, and P,0,) are rzelaf-
tively high. Loss of ignition (L.O.I) is rela-
tively high with an average 3.7, correlating
with the high contents of iron and magnesium

oxides (Tablel).

Plotting of the silica contents versus some
major oxides for the rock under consideration
(8 rock samples and their average) exhibits
negative correlation with AL O, and CaO fol-
lowing the normal trends of fractional crystal-
lization. The other oxides (total alkalis, Fe,O,!,
MgO and MnO) exhibit scattering and irregu-
lar relations with silica referring to mixing of
the magma caused by assimilation of the wall
rock (Figs.16-21). Bowen (1928) stated that
the latent heat of crystallization during frac-
tional crystallization can provide sufficient
thermal energy to consume the wall-rock.
O'Hara (1980) argued that this contamination
may cause minor change in composition of the
liquid.

Plotting of the analyzed samples on the

classification diagram of Jill (1981) clarified
that the studied rock is acidic rock charac-
terized by low to medium potassium content
(Fig.22). Plotting AL O, versus the total alka-
lis and CaO on the ternary diagram of Petro,
et al., (1979) clarified that the alumina con-
tent is rather low relative to the total alkalis
giving the rock its alkaline affinity. Most of
these samples plot in the field of peralkaline
except one sample plots in the peraluminous
field resulting from its low potassium content
(0.48%), (Fig.23). Plotting Ba/Nb versus SiO,
the ratio revealed that the fractional crystalli-
zation is completed with absence of the alkali
feldspar, where the plotted samples followed
the trend of fractional crystallization without
alkali feldspars (Fig.24). Trace elements con-
centrations are mostly very high except Rb
and Cu which are undetected (Tablel). Nor-
malization of the trace elements by chondrite
values showed that the studied rock is charac-
terized by enrichment of Ba, Sr, Y, Zr, Nb, Th,
U, pb and Zn and depletion of Rb, Ni and Cr,
while V approaches the line of unity (Fig.25).

Rare Earth Elements

Rare earth elements of the studied rock (8
samples) are analyzed by Induced Couple Plas-
ma Spectrometer (ICP) in the labs of Egyptian
Atomic Energy Authority. Generally, the rock
is characterized by high content of rare earth
elements (up to 24246 ppm) that are attributed
to the presence of the REE-bearing accessory
minerals as proved by EDX analyses as zircon,
uranothorite and Nb-Ta minerals. The studied
rock is characterized by LREEs (average 3328
ppm) lower than HREEs (17807 ppm), (Table
2). (HREEs are six times as LREEs). Ce ex-
hibits strong variability in its concentrations
(up to 1653 ppm) proving that it is accom-
modated in the accessory minerals, while Nd
has the highest concentrations compared to the
other LREEs in all samples (up to 2297 ppm).
Euis completely absent because of the com-
plete absence of plagioclase from the melt.

The REEs concentrations are normalized
to chondrite (Taylor and McLennan, 1985) and
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Table 1: Chemical analyses of major oxides (wt%) and trace elements (ppm) for the anomalous
quartz vein of Wadi Ras Abda

Sample R1 R2 R3 R4 RS R6 R7 RS Av.
No.
Major Oxides %
SiO, 63.00 60.00 64.4 66.50 57.2 60.25 58.1 57.4 60.86
TiO: 1.50 1.79 1.89 1.5 2.3 2.4 1.65 2.16 1.90
ALO; 3.00 3.5 3.32 3.5 4.5 5.7 5.8 5.4 4.34
FeO 7.79 8.65 9.34 8.72 8.88 9.02 7.77 7.42 8.45
Fe, O3 4.34 4.76 4.11 4.31 5.13 5.02 5.64 5.3 4.83
MnO 0.87 0.96 1.04 0.97 1.09 1.56 1.43 1.38 1.16
MgO 7.00 7.3 3.98 3.73 4.5 7.61 53 6.28 5.71
CaO 2.00 3.09 1.12 1.3 2.6 1.12 2.31 2.51 2.01
NaO 5.33 5.44 4.15 4.05 5.6 3.34 4.33 5.00 4.66
KO 1.50 1.42 0.88 1.5 2.1 0.48 1.59 1.87 1.42
P,05 1.50 1.4 1.1 0.42 1.4 0.5 2.6 0.69 1.20
L.O.I 2.60 2.6 4.39 3.7 4.7 3.0 3.57 5.00 3.70
Total 100.43 100.9 99.72 100.2 100.0 100. 100.09 100.41 100.22
"Trace elements (ppm)
Ba 4048 6450 3958 4617 4809 5666 4515 4808 4859
Rb ud ud ud ud ud ud ud ud ud
Cu ud ud ud ud ud ud ud ud ud
Sr 813 870 665 740 1222 959 764 754 848
Y 8506 8988 7020 7854 10000 10000 7918 8685 8621
Zr >10000 >310000 >10000 >10000 >10000 >10000 >10000 >10000 >10000
Nb 3333 3454 2742 2996 4872 3958 3101 3395 3481
Th 2370 2500 1000 2700 2000 2250 3000 2900 2340
U 395 790 200 800 985 1600 1475 980 9203
Pb 147 195 145 230 189 226 174 184 186
Ga 110 138 103 158 142 163 128 130 134
Zn 3914 3863 3209 4466 3987 4057 3697 3751 3868
Ni nd 9 184 162 119 188 91 173 116
v 68 113 63 76 77 91 74 79 80
Cr 40 34 41 23 36 41 31 33 35
Ba/Nb 1.21 1.88 1.44 1.54 0.99 1.43 1.46 1.42 1.42
Th/U 6.0 3.16 5 3.38 2.03 1.41 2.03 2.96 3.25
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Fig.16: Harker variation diagram for the Fig.17:Harker variation diagram for the
anomalous quartz vein showing the relation ~anomalous quartz vein showing the relation
between SiO, and AL,O, between SiO, and CaO
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Fig.18:Harker variation diagram for the
anomalous quartz vein showing the relation
between SiO, and Total alkalis
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Fig.19:Harker variation diagram for the
anomalous quartz vein showing the relation

between SiO, and Fe,O,'
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Fig.20:Harker variation diagram for the
anomalous quartz vein showing the relation
between SiO, and MgO
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Fig.21:Harker variation diagram for the
anomalous quartz vein showing the relation
between SiO, and MnO
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Fig.22: Classification diagram showing acidity
and potash content of the anomalous quartz of
Wadi Ras Abda (Jill,1981)
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Fig.24: SiO, vs Ba/Nb ratio of the anomalous
quartz vein of Wadi Ras Abda diagram of
Hubbard et al., (1987)
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Fig.25: chondrite-normalized trace elements
of the anomalous quartz vein of Wadi Ras
Abda (Taylor & McLennan,1985)
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plotted on the spider diagram showing that the
studied rock is characterized by higher REEs
concentrations rather than the chondrite con-
centrations. Ce, Nd, Tb and Er exhibit posi-
tive anomalies. The other elements exhibit
negative anomalies (Fig.26).

The ratio La_ /Yb is considered by Rol-
linson (1994) as a measure of the degree of
fractionation of REEs in the melt. Calcula-
tion of this ratio for the rock under consider-
ation showed that the REEs are fractionated
with very low degrees (average 0.014, Table2)
indicating that they are slightly fractionated
in the melt and highly fractionated in the ac-
cessory minerals. Plotting of the same ratio
versus Ce, showed positive relation referring
to increasing of the degree of fractionation
with increasing of the LREE represented by
Ce (Fig.27)

Plotting of Th versus Ce/Th ratio (Fig.28)
and U versus Ce/U (Fig.29) exhibit negative
relations indicating that the radioelements are
not hosted only in the accessory minerals but
tend to form their own minerals and/or associ-
ated with iron oxides.

RADIOACTIVITY AND MINERALOGY

The studied rock is highly radioactive
(anomalous) with thorium content ranging
from 1000 to 3000 ppm with an average 2340
ppm and uranium content ranging from 200 to
1600 ppm with an average 903 ppm (Tablel).
Th/U ratio ranges from 1.41 to 6.0 with an av-
erage 3.25 following the magmatic average (3
-3.5) indicating that radioactivity of the rock
is syngeneic.

The binary relation of U versus Th is posi-
tive with limited scattering and moderate cor-
relation coefficient (» = 0.57), (Fig.30) refer-
ring to that uranium is tightly related to thori-
um and in turn, related to the magmatism. On
the other hand, similarity of the two patterns
of correlation coefficients for U and Th versus
the other trace elements (Fig.31) implies some
geochemical coherence. The reasonable some
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Table 2: Chemical analyses for rare earth elements of the anomalous quartz vein of Wadi
Ras Abda

Sample No. R1 R2 R3 R4 RS R6 R7 RS Av.
REE(ppm)

La 48 9 156 12 ud 10 85 9 41
Ce 871 525 1653 817 ud 727 745 462 725
Pr 149 68 301 110 ud 91 279 94 125
Nd 1898 1717 3093 1630 2185 2297 2112 1690 1953
Sm 632 44 676 474 656 751 659 518 540
Eu ud ud ud ud ud ud ud ud ud
Gd 1325 911 1314 927 1434 1514 1286 1065 1222
Tb 465 300 418 325 606 618 404 367 438
Dy 2963 2048 2774 2111 3375 3663 2994 2463 2799
Ho 711 442 645 481 827 948 702 571 666
Er 10027 10436 10060 9308 11167 10653 10694 9947 10287
Tm ud ud ud ud ud ud ud ud ud
Yb 2051 1648 1971 1754 2356 2461 2093 1875 1795
Lu 372 279 353 303 476 513 375 325 375
Geochem.parameters

>LREE 2966 2363 4879 3043 2841 3876 3880 2773 3328
> HREE 17914 16064 17535 15209 20201 20370 18548 16613 17807

Total REEs 20880 18427 22414 18252 23042 24246 22428 19386 21134
LREE/HREE 0.166 0.147 0278 0200 0.141  0.190 0209 0.167 0.187

Lay 130.8 24.52 425.07 327 0.1 2725 231.61 2452 1121
Cex 910 548.6 1727.3 853.7 0.1 7597 7785 482.8 7578
Yby 854.8 686.7 82125 7308.3 9816.2 10254.2 8720.8 7812.5 8442.1
La/Yb 0.015 0.004 0.052  0.004 0.1  0.003 0.027 0.003 0.014
Ce/Th 0.367 0.210 16.53  (.303 0.1 0323 0248 0.159 0.408
Ce/U 221 0.665 8.265 1.021 0.1 0454 0505 0471 1.699
Te0s T T 1T T T T T 1 ||’| T I? 2000:,”,_,,WHHTHH“HWHH
e S - *
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Fig.26: Pattern of chondrite-normalized REEs  Fig 27: Degree of fractionation vs Ce, of the
of the anomalous quartz vein of Wadi Ras  anomalous quartz vein
Abda (Taylor and McLennan, 1985)
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Fig.28: Binary diagram of Th vs Ce /Th ratio
for the anomalous quartz vein
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Fig.29: Binary diagram of U vs Ce/U ratio for
the anomalous quartz vein Wadi Ras Abda

values of correlation coefficients ranging from
(0.54 for U-Y, 0.61 for U- pb, 0.57 for U- Th,
0.55 for Th-Zn and -0.62 for Th-Cr) (Table3)
suggesting that the evolution of igneous liquid
is single-stage process and the role of epigen-
etic processes is limited.

The mineralogical study of the heavy min-
erals separated from the studied rock using
heavy liquid separation Bromoform (2.89cm?)
revealed that the presence of zircon, thorite,
uranothorite and Nb-Ta minerals are the main
radioactive minerals. They are intensively
metamictized due to presence of the radioele-
ments in their crystal lattices as indicated by
the EDX-analyses. The radioelements form
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Fig.30:Binary relation of U vs Th of the
anomalous quartz vein of Ras Abda
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Fig.31:Correlation  coefficients  patterns
of U and Th vs trace elements of the
eltrglgrglalous rock of Ras Abda (Rollinson,

their own minerals associated with zircon
and Nb-minerals as minute inclusions, over-
growths or as defect structure filling the 4- or
B-sites.

Zircon (ZrSiO)

It occurs as prismatic crystals of tetragonal
system with variable lengths for the c-axes.
The first type is characterized by long c-axis
(Fig.32), while the second type is character-
ized by shorter c-axis and less c/a ratio about
1.3 (Fig.33); the third type has the shortest
prismatic face and the shortest c-axis with c/a
ratio less than the unity (<1) (Fig.34). It is
easily recognized by XRD technique (Fig.35).
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Table 3: Correlation coefficients of U and Th
Vs trace elements for the anomalous rock

Element U Th ()
Ba 0.45 0.28
Sr 0.35 -0.05
Y 0.54 0.19
Nb 0.39 0.0
Th 0.57 1.0
u 1.0 0.57
Pb 0.61 0.41
Ga 0.69 0.41
Zn 0.35 0.55
Ni 0.23 -0.26
v 0.36 0.31
Cr -0.17 -0.62

Zircon is present as individual or twinned
crystals showing sometimes parallel twining
(Fig.32); and its composition is confirmed
by ESEM. Some crystals are characterized
by overgrowths or inclusions of uranothorite
(Fig.36); showing coexistence of Hf, U, and
Y (Fig.37).

Thorite (ThSiO,)

Is a common radioactive mineral occasion-
ally; it is found as isomorphous with zircon and
occurs in the same crystal habits. In thin sec-
tion thorite occurred as riddich-orange inclu-
sions enclosed in both partially or completely
metamictized zircon and polycrase confirmed
by The ESEM techniques. EDX analysis
shows that thorite is composed mainly of Th

Fig.32: Stereophotograph of zircon separated
from the anomalous rock of Wadi Ras
Abda.,long prismatic zircon crystals.

800pm
Fig.33: Stereophotograph of zircon separated
from the anomalous rock of Wadi Ras Abda,
Medium prismatic zircon crystals

Fig.34: Stereophotograph of zircon separated

from the anomalous rock of Wadi Ras

Abda.,Short prismatic zircon crystals.
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Fig.35: XRD diffractogram of zircon
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Fig.36:EDX of Zircon from the anomalous
quartz vein of Wadi Ras Abda
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Fig.37:BSE image and EDX inclusions of
uranothorite (Th) in zircon (Zr) crystal

(65 wt %), Si (15 wt %) Al (8 wt%) and Ca,
with small to minor amounts of U about (9wt
%), (Fig.38)

Uranothorite (U,Th)SiO,

Thorium tends to form its own mineral
as uranothorite; it is occasionally recorded
as bright inclusions in zircon (Fig.39), or
found as prismatic crystals of uranothorite
it is confirmed by ESEM. The EDX analysis
indicates that it consists essentially of ThO,,
SiO, and significant amount of UO, reaching
up to 7 %. Heinrich (1958) suggested that,
uranium is usually present in amount up to
10% in uranothorite. Other elements present
in small to minor amounts such as Ca, Al, Zr
and Fe (Fig. 40).

Nb-Ta Minerals

The columbite-tantalite mineral group is
the most important family of Nb-Ta minerals
(Cerny and Erict, 1989; Suwimonprccha, et
al. 1995). Nb and Ta occur mostly together
as complex oxides or hydroxides, rarely as
silicates in different rock types. In the stud-
ied rocks these minerals are easily separated
by heavy liquid separation. It is found as
fractured black to dark brown color, medium
to fine, suhedral crystals and submetalic lus-
ter (Fig.41). The columbite was identified by

Th

Relative intensity (counts)

320 5.20 7.20 920 1120 1320 1520 1720 19.20
Energy (Kv)
Fig. 38: EDX and Photomicrograph of thorite
(Th) inclusion in zircon and uranopolycrase
crystal (Po).
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Fig.39: BSE image and EDX of uranothorite
inclusion from anomalous quartz vein
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Fig. 40: BSE image and EDX of uranothorite
from anomalous quartz vein
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Fig.41:Stereophotograph and EDX  of

columbite from anomalous rock

using ESEM analyses it is distinctly enriched
in Nb, Ta, K, Ca, Al, and REE (Fig.41) con-
firmed by XRD-diffractogram (Fig.42). The
relatively high U contents in the studied co-
lumbite suggest the presence of U in the lattice
of these minerals.

Euxenite -Polycrase Series

This series is the second rare earth-bear-
ing mineral groups which have been sepa-
rated from the studied anomalous quartz vein.
Chemically euxenite-polycrase series is con-
sidered an oxide or tantalite-columbite of the
type 4B,0,. With 4 =Y, Ca, Ce, U, Th; B =
Nb, Ta, Ti, Fe**. The predominant constitu-
ents are Y, Ca, Ti and Ta. The high Ti end of
the series is called polycrase (Y,Ca,Ce,U,Th)
(Ti,Nb,Ta,),0, and the high Ta member is eux-
enite (Y,Ca,Ce,U,Th)(Nb,Ta,Ti),0, which in
some cases contains up to 9% Al,O, and more
than 21% SiO, (Dana, 1963). In the studied
rock euxenite occurs as very small anhedral
disseminated prismatic grains, characterized
by brownish color with resinous luster and
are commonly metamict and patched by these
crystals are identified by ESEM (EDX) analy-
ses (Fig.43). The EDX analysis indicates that
euxenite is composed essentially of Nb 47 %,
Y 13 %, U 10 %, Th 6 %, Si 11 %, Al 6 %
and REEs about 5%. The high contents of U
and Th in these minerals indicate their strong
radioactive nature (Fig.44).

d ASTM card No. (12-0337

3
kS
o

T T T T 1
28 48 1] £°201 88

Fig.42:XRD-diffractogram of the columbite



MINERALOGY, CHEMISTRY AND RADIOACTIVITY OF THE ANOMALOUS 93

Most of the separated minerals microscop-
ically are described as orthorhombic crystals
with bipyramidal form and translucent brown
red color identified by ESEM/EDX analy-
ses as polycrase (Fig.45). It is intensively
metamictized and difficult to be recognized
by XRD; recognition had been reached after
heating of the picked crystals for three hours
at temperature 950°C giving the characteristic
diffractogram of euxenite (Fig.46) as a poly-
morph of polycrase. It is also present as in-
tergrowth with zircon where its composition
is identified by ESEM (Figs.47&48). 1t is
clarifying that euxenite is radioactive, typified
as uranopolycrase and considered as good col-
lector for the rare earth elements (Fig.49).

Nb-Ta-Ti minerals are susceptible to ra-
diation damage because their compositions
are characterized by extensive isomorphous
substitution for calcium in the A-site as fol-
lowing:

U*—2(Ca™) and 2(REE™) —»3(Ca™) - (Ewing 1975)

Hence 3U* and/ or 4(REE’") may substitute
6(Ca?") interpreting the ever coherence of uranium and
REE in the Nb-Ta-Ti minerals.

In the experimental work of Tomasic et al.,
(2004), they studied the influence of heat on
the metamict polycrase where it was heated
at temperature ranging from 400°C to1000°C
for 24 hours; such a heat treatment can induce
the recrystallization of radiation-damaged
structure. He reported that polycrase started to
transform to euxenite structure at 650°C.

Graham and Thornber (1974b) have pro-
posed a mechanism of metamictization in
complex Nb-Ta-Ti oxides and considered that
the metamict state is not only due to radiation
damage, but properly to their complex chemi-
cal composition that makes their structure sus-
ceptible to the radiation damage. They attrib-
uted the metamictization to a process named
as "self-annealing" caused by the energy of
alpha particles that dissipates in the form of
heat resulting in a thermal spike reaching tem-
peratures of 10%k for periods of 10"

Relative intensity (counts)

1140 13.40 15.40 17.40 19.40

Energy (Kv)

Fig.43:BSE image and EDX of Euxenite (Ex)
from quartz vein of Wadi Ras Abda
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Fig.44:BSE image and EDX of uranophane
inclusions (U)

Fig.45:Stereophotograph of uranopolycrase from
the anomalous quartz vein
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Euxenite ASTM card No. (S-603)
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Fig.46:XRD-diffractogram of Euxenite after
heating of the uranopolycrase (950°C)
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Fig.47:BSE image of uranopolycrase
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Fig.48:EDX of uranopolycrase
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Fig.49:Stereophotograph, BSE image and
EDX of euxenite intergrowth with zircon

from the anomalous quartz vein of W. Ras
Abda

Ewing, (1975) argued that the process of
annealing leads to four probable new states:
a) glass state, b) the original phase with new
lattice (disordering), c) fine crystalline oxides
(recrystallization) or d) annealing (metamec-
tization).

DISCUSSION AND CONCLUSION

The studied rock composed mainly of
quartz with fragments from the wall rock con-
taining high percentage of accessory miner-
als beside the iron oxides and possesses some
clues enhancing the opinion that this rock
originated from new silicic magma.

1-The studied rock cutting the granodiorite
of Ras Abda leads to the concept that process
of differentiation have been ceased after the
granodiorite, a new magma (silicic) evolved
from the the parent magma (calc-alkaline) and
ascended along the shearing plane followed by
in-suite consolidation. Temperature-pressure
releasing caused by shearing is the main factor
for stopping of the differentiation.

2-This rock maintains the proper charac-
teristics of an evolved magma-high contents
of iron and magnesium oxides enhanced by
the black color of the rock and dominance of
opaque in thin sections referring to stopping of
fractionation for the ferromagnesian minerals
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in the earlier stages followed by ceasing of dif-
ferentiation, EDX analysis proved that these
opaque are chemical complexes of K-Na-Ca-
Mg-Fe oxides.

-high concentration of the trace elements
and REEs (comprising uranium and thorium)
enhanced by presence of enormous of the ac-
cessory minerals (uranopolycrase, uranotho-
rite and zircon).

-complete absence of any feldspars en-
hanced by undetected concentration of Eu re-
ferring removal of plagioclase, also undetected
Rb referring to removal of potash feldspars ac-
companied with the low content of aluminum
(4.34 ppm) indicated that the feldspars frac-
tionated in the earlier stage of differentiation
(gabbro-granodiorite).

-the measurable grain size of rock (=1.2
mm) larger than the volcanic grain size (>0.5
mm) eliminating the probability of vulcanicity
or vetrification.

From the above remarks it is concluded that
the studied rock is an acidic rock characterized
by low aluminum and medium potassium con-
tents with peralkaline affinity radioelement
(Th and U) and high concentration of REEs
specially the HREEs with very low degree of
fractionation in the melt (0.014).

The trace element and REEs accommodate
to the accessory minerals that recognized by
XRD and ESEM as zircon, uranothorite and
Nb-minerals (columbite, euxenite and urano-
polycrase) the radio elements from their own
minerals as separate crystals uranothorite and
as minute inclusions overgrowths or defect
structure filling the A- or B-sites associating
zircon and Nb-minerals.

The event of sharing plays an important
role in releasing the heat and the pressure nec-
essary for the process of differentiation caused
stopping for the process and the shearing plane
considered as outlet for the magma to ascend.

The author favors to consider the process
of heating that applied for metamict mineral
(uranopolycrase in the present work) as an in-

ferred process for the process of self-annealing
of Graham and Thornber, (1974b) and agreed
with the experimental work of Tomasic et al.,
(2004).
Self-annealing
a- Original states (Grahamé& Thornber Op.cit): Euxenite+U ——smetamict U-euxenite
or Euxenite+U+Ti—— metamict uranopolycrase
Heating (950°C)
b- Experimental state (present work): Uranopolycrase—>metamict Ti-Euxenite +U
Heating (400-1000C)
¢- Experimental work (Tomasic et. al. 2004):Uranopolyerase —p metamect Ti-Euxenite+U

The author considered the third and fourth
states of Ewing (1975) (recrystalisation and
metamictaization by annealing) as the main
state for recrystalization of the U-bearing
minerals (U-euxenite and uranopolycrase) in
this work. He also agreed with the opinon
of Ewing for the interpretation of geochemi-
cal coherence between uranium and REEs, as
controlled by the isomorphism substitution of
both of them for the calcium cations in the A-
site of Nb-Ta-Ti minerals.
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