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ABSTRACT

Gabal Humr ar-Raha area, about 150 km? of crystalline basement rocks, is delineated by Lat. 27° 18’
and 27° 26 N and Long. 32° 42" and 32° 48 E. It is covered by Dokhan volcanics (oldest), younger granites
(syenogranite) and post granitic dykes (youngest).

Dokhan volcanics are represented by a thick sequence of stratified lava flows of intermediate (andesites)
and acidic (rhyolites) composition. The main rock type of Gabal Humr ar-Raha granitoid rocks are classified
as syenogranites; their emplacement were structurally controlled by pre-existing fractures trending NNE-
SSW and NE-SW.

The acidic Dokhan volcanics and younger granites show the highest equivalent uranium and equivalent
thorium contents in the study area. The younger granites can be considered as uraniferous granites as
revealed from their radiometric studies. They are originated from highly fractionated U-rich magma that
trapping high concentrations of uranium in the accessory minerals. These granites host an interesting
radioactive anomalies which are essentially exhibited by a strongly altered granites occupying at the
intersection zone of two major strike-slip faults striking NNW-SSE and NE-SW. The sheared granites show
dark brown spots of iron oxides at this zone. Thus the enrichment of uranium in the study area is controlled

by structural elements.

INTRODUCTION

The basement rocks of Egypt cover about
100 000 km? (about 10 % of the total area of
Egypt). Granitoids constitute an important
rock group covering vast areas of the Arabian-
Nubian Shield. They cover about 38 % of the
basement rocks in Egypt. In the north Eastern
Desert of Egypt, the Pre-Cambrian rocks are
dominated by Dokhan volcanics (D.V) and
granitoids (Basta et al., 1980; Greenberg, 1981;
Dardir et al., 1982; Stern and Gottfried, 1986;
Wetait, 1997 and Ayoub and Moharem, 2008).

The Egyptian granitoids have received
particular attention by many workers and are
broadly distinguished into two main catego-
ries, the older and younger granitoids; each

category is subdivided in different ways. They
are classified according to their type localities
(Shaitian and Gattarian, Hume, 1935), relative
age (older and younger granites, El-Ramly
and Akaad, 1960), their apparent relation to
Orogeny (Syn-, Late- and Post-Orogenic,
El-Shazly, 1964) and also according to their
geochemical characteristics (calc-alkaline, al-
kaline to per-akaline granites, El-Gaby, 1975),
mineralogical, textural and chemical charac-
teristics (Greenberg, 1981), orogeny (Hussein
et. al., 1982), age and orogeny (El-Shatoury et
al., 1984), origin and tectonic setting (Kabesh
et al., 1987), the difference in mineralogical
composition (EI-Gaby et al., 1990), petrologi-
cal and geochemical criteria (Noweir et al.,
1990).
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In spite of the accessibility of the present
area, few workers had contributed to its re-
gional geology. Hume, (1934) gave a general-
ized geological map of the Eastern Desert of
Egypt. El-Ramly, (1972) compiled a regional
geologic map for the basement rocks in the
Eastern and south Western Desert of Egypt.
Dardir and Abu Zeid, (1972) mapped an area
between Lat. 27°00' and 27° 30' N. Abu El Leil,
(1980) described the geology of the northern
part of the Eastern Desert of Egypt and classi-
fied the rocks as follows: Syn-orogenic stage
(quartz-diorite), Late-orogenic stage (granites)
and Post-granitic stage (dyke rocks). Ayoub,
(2003) studied the petrogenetic implications
of the Umm Tweir granitoid rocks and stated
that the analyzed syenogranites fall within the
calc-alkaline I-type granitoid field; and is as-
sociated with radioactive anomalies concen-
trated along fault planes and shear zones.

The present paper aims to give detailed
geological and radioactive studies of the dif-
ferent rock types exposed at Gabal Humr ar-
Raha area.

GEOLOGIC SETTING

Gabal Humr ar-Raha area covers about
150 km?of crystalline basement rocks, located
west of Gabal Umm Tweir, along Wadi Giala
and Wadi Lissan El-Baqara, about 150 km
west Hurghada in the northern part of the East-
ern Desert, delineated by lat. 27° 18' and 27°
26' N and long. 32° 42' and 32° 48' E (Fig.1).
The area is covered by Dokhan volcanics (old-
est), younger granites (syenogranite) and post
granitic dykes (youngest).

Lithology

The Dokhan volcanics (D.V) are widely
distributed through G. Humer ar-Raha area
and form an elongated belt of moderate el-
evation in NE-SW direction, rise up to 588 m
above sea level (a.s.l.); as well as small iso-
lated outcrops. They are represented by thick
sequence of stratified lava flows of intermedi-
ate to acidic composition. They are associated
with few intercalations of pyroclastics repre-
sented mainly by welded ash flow tuffs, lapilli
and crystal tuffs as well as vitric ryholitic tuffs
increasing westward. Lapilli and ash tuffs
sometimes show graded bedding and lamina-
tion.
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Fig. 1: Geologic map of Gabal Humr ar-Raha area, North Eastern Desert, Egypt
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The lava flows are pale grey to dark grey in
colour and range in composition from andesite
to rhyolite. Porphyritic texture is well devel-
oped in most of these rocks, while few of them
are non-porphyritic and some are amygdaloi-
dal. The amygdals are filled with quartz and
carbonates. These rocks are well represented
at Gabal Humr ar-Raha near the syenogran-
ites where they change gradually upward from
non-porphyritic andesite to porphyritic vari-
eties. The main alteration processes affected
these rocks are chloritization, sericitization
and silicification.

Sometimes, they comprise lapillis of dif-
ferent sizes, shapes and composition. The
Dokhan volcanics are particularly, unfolded
but often tilted, broken and crushed especially
near their contact with the younger granites
and fault planes.

The younger granites are situated at the
southern part of the mapped area. They form
few individual bodies as stocks of low to mod-
erately high relief. At south-east of G. Humr
ar-Raha, the younger granites form an elongat-
ed shaped pluton with low to moderately hilly
country of bright reddish pink colour. Their red
colour is essentially due to their high contents
of potash feldspars and the staining by second-
ary red hematitic materials particularly along
their joints. They are commonly medium- to
coarse-grained, hard, massive and compact,
rich in quartz and potash feldspars but poor in
mafics (they range in composition from variet-
ies that contain no or little mafics to varieties
carrying notable amounts of biotite).

These granites intrude the Dokhan volca-
nics with sharp intrusive contact (Fig. 2) and
send few apophyses and tongues in some parts
through them. They catch xenoliths of Dokhan
volcanics of different shapes and diameters
(Fig. 3) and sometimes the Dokhan volcanics
overlying them as roof- pendants. They show
well marked exfoliation essentially controlled
by the topographic surfaces of rocks (Fig. 4).

P =

Fig. 2: Close up view showing Dokhan volcanics (D.V) intruded by
younger granites (Y.G) with sharp intrusive contact, looking NW
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Fig. 3: Close up view showing xenolith of Dokhan volcanics
within younger granites, G. Humr ar-Raha, looking N

Fig. 4: Close up view showing exfoliation in younger
granites, looking NE
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Generally, these younger granites are char-
acterized by cavernous and bouldery weather-
ing (Fig. 5). They are porphyritic to equigranu-
lar and massive. They contain some quartz
veins and feldspar filling joints, fault planes and
fractured zones (Fig 6). These veins trending
mostly in the NE-SW and E-W directions with
vertical or steep dips. Moreover, these younger
granites are characterized by the common pres-
ence of pegmatitic dykes and pockets (Fig. 7).
The pegmatites are mainly of unzoned type and
composed of milky quartz and reddish pink K-
feldspars with or without mica.

Fig. 5: Younger granites showing cavernous weathering,
looking SE

Fig. 6: Close up view showing quartz vein filling joints
in younger granites, looking NE

Fig. 7: Close up view showing pegmatite dyke cuts in
younger granites, looking E

Post granitic dykes (felsic and mafic) cut-
ting all the previously described rocks and
forming prominent high ridges trending along
NE-SW. The felsic dykes are the older one,
mainly striking in NE-SW and ENE-WSW di-
rections with vertical or steep dips to NW and
SSE and may extend for several kilometers.
The mafic dykes strike in NE-SW with similar
dips as the felsic dykes.

Structures

Primary and secondary structures are well
visible in the study area. Primary structures
include volcanic flows, graded bedding, lami-
nation and bedding in Dokhan volcanics. Sec-
ondary structures include joints and faults.

Around G. Humr ar-Raha area, the main
trend of the bedding plane of Dokhan volca-
nics varies from NNW-SSE to NE-SW, dip-
ping westwards at angle ranging from 10° to
15°. The angle of dip is usually increasing
toward the contact with the granite mass; it
sometimes reaches up to 25° at the contact
zone due to the emplacement force.

Joints are recorded in all rock types. They
are mainly tension and subordinate shear
joints. The most common directions of joints
in the Dokhan volcanics, in decreasing order
of predominance are NW-SE, NE-SW and
N-S and dipping 80°-85° to SW, 75°-80° to
NW and 75°-88° to E respectively (Fig. 8a).
In younger granites, the main joint trends, in
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decreasing order of predominance, are ENE-
WSW, NE-SW and E-W and dipping 75°-88°
to SSE, 75°-85° to SE and 70°-80° to S respec-
tively (Fig. 8b).
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Fig.8 :Contour diagram of joint poles in the Dokhan vol-
canics (a) and younger granites (b)

Faults in the area have two main trends,
being the NNW-SSE and NE-SW (Fig.9). The
NNW-SSE shear zones and faults show dex-
tral displacement and is a principal comple-
mentary shear to the NE-SW sinistral faults
and shear zones. The exact attitude of the
first group trend N15°W-S15°E with 17° ENE
plunging slickensides while the other group is
trending N35°E-S35°W with 22° SE plunging
slickensides. The calculated maximum prin-
cipal stress (ol) causing these shear zones is
trending N10°E with 7° plunging while the
minimum principal stress (03) is vertically
acting with 83° steep plunging. The strain el-
lipse demonstrating this deformation is shown
on Figure (10).

TN

A TS,

Fig. 9 : Rose diagram showing the main directional trends
of fault lines according to their number
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Fig.10: Strain ellipse demonstrating the deformation in the area

These two main trends (NE-SW and NNW-
SSE) are matched with the faults of Yossef,
(1968); Garson and Krs, (1976); Meshref,
(1990); Shalaby, (1996) and Ayoub, (2003).

PETROGRAPHY
Dokhan Volcanics

The Dokhan volcanics are mainly andesites
and rhyolites. Andesites are mainly porphyritic
and composed of plagioclase, hornblende, bi-
otite and small amount of quartz phenocrysts
embedded in fine-grained groundmass. Apatite
and iron oxides are accessory minerals while
epidote, chlorite and clay minerals are altera-
tion products. Plagioclase is of andesine com-
position (An35-45) as anhedral to subhedral
phenocrysts exhibiting simple and lamellar
twinning (Fig. 11). They are arranged in sub-
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parallel orientation, suggesting flow texture.
These phenocrysts are partly altered to saussu-
rite, chlorite and epidote (Fig.12). Hornblende
occurs as subhedral prismatic phenocrysts
that are strongly pleochroic from pale to dark
green colour. Some hornblende crystals show
simple twinning (Fig.13). Biotite flakes and
quartz are present in small amounts common-
ly disseminated in the groundmass. Rhyolite is
essentially composed of sanidine, quartz and
muscovite. Zircon and iron oxides occur as
accessory minerals. Sanidine occurs as pheno-
crysts usually twinned (Fig.14). Quartz crys-
tals are highly corroded and invaded by the
groundmass. Muscovite appears as irregular
flakes corroded by quartz and feldspar pheno-
crysts. The Dokhan volcanic rocks have suf-
fered from low grade regional metamorphism
(lower green-schist facies) as indicated from
the replacement of hornblende and biotite by
chlorite, epidote and iron oxides.

Fig.11: Plagiocalse phenocrysts showing simple and lamellar
twinning, porphyritic andesite, xpl

Fig.12: Plagioclase phenocrysts partly altered to saussurite, por-
phyritic andesite, xpl

Y . g —
Fig.13: Hornblende phenocryst showing simple twinning, porphy-
ritic andesite, xpl

Fig.14: Sanidine phenocryst showing simple twinning, rhyolite,
xpl

Younger Granites

Modal analyses of the studied younger gran-
ites (Table 1) are plotted on Q-A-P diagram of
Streckeisen (1976). These younger granites are
plotted in the syenogranite field (Fig.15).

The syenogranites are mainly composed
of potash feldspars, quartz, plagioclase,
biotite and muscovite as essential minerals
(Fig.16). Zircon, sphene, allanite and apatite
are the main accessory minerals. Clay miner-
als, epidote, zoisite, iron oxides and musco-
vite are secondary minerals. Potash feldspars
are represented by orthoclase and microcline
perthites but orthoclase perthite is the pre-
dominant. They are generally of string, patchy
and/or flame-like types. They are corroded by
quartz and muscovite. Quartz occurs as sub-
hedral to anhedral crystals of variable shapes
and sizes. Some quartz crystals show undu-
lose extinction, indicating high strain effects.
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Plagioclase is found as subhedral to euhe-
dral albite-oligoclase crystals (An, ) show-
ing simple and lamellar twinning and partly
altered to epidote and zoisite. Biotite occurs
as small flakes that may enclose zircon crys-
tals. Zircon is found as prismatic euhedral
to subhedral crystals included in quartz and
biotite. Some zircon crystals are occasionally
surrounded by strong pleochroic halos due to
radiogenic effects (Fig. 17). Sphene (titanite)
occurs as sphenoid euhedral to anhedral crys-
tals corroded by feldspars and quartz (Fig. 18).
Apatite is found as minute euhedral prismatic
and needle-like crystals included in feldspars,
biotite and quartz. Allanite occurs as euhedral
prismatic crystals showing strong pleochroism
from buff to deep reddish brown (Fig.19). Iron
oxides are found as small irregular patches.

Table 1: Modal analyses of the studied younger granites
of Gabal Humr ar-Raha area

Mineral composition
SpNo. Quartz  K-feldspar Plagiocalse  Biotite Accessorics
and opaques
1 3515 43.18 1721 17 229
2 2912 46.57 1792 315 2.64
3 30.85 4898 1495 i 1
4 2152 46.23 21.62 212 251
5 31.16 51.51 13.11 21 201
1 2295 4187 23.90 3.4 2.14
7 27.02 £9.12 19.13 215 258
8 30.68 4511 1935 17 2.09
Q 1= Tonalite
2= Granodiorite
3=Monzogranite
4= Syenogranite
Qz-rich 5= Alkali feldspar granite
granitoids
4 3 2
(@}
&8
A/ ]\ A\
I \
A P

Fig.15: Ternary diagram (Streckeisen, 1976) for modal
quartz (Q), alkali feldspar (A) and plagioclase (P) of the
studied younger granites
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Fig.16: Syenogranite showing potash feldspars, quartz,
plagioclase and biotite as essential minerals, xpl

Fig.17: Zircon crystal surrounded by pleochroic halo, sy-
enogranites, xpl
5 M)

Fig.18: Titanite with characteristic sphenoid shape cor-
roded by quartz and feldspars in syenogranites, xpl
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Fig.19: Allanite crystal in syenogranite, xpl

RADIOACTIVITY

The radioactivity of the different rock types
in the study area were measured for the equiv-
alent uranium (eU) and equivalent thorium
(eTh) in part per million (ppm) using portable
gamma ray spectrometer UG-130. The ranges
of normal radioactivity values for the differ-
ent rock types are summarized in Table (2) and
graphically represented on Figure (20).

Table 2: Field gamma-ray radioactivity (ppm) for all rock
types exposed in Gabal Humr ar-Raha area using a por-
table gamma-ray scintillometer (UG-130)

Rockype measuremeﬁtos. Range egv(grp;;z Range eTzlxlv(ErP;ng]z
Anomalous syenogranite 15 %9 08 &-10 9l
Normal syenogranites 0 6-14 83 N0 N7
Acidic Dokhian volcanics N 500 69 20-28 2§
mgrl:ligiiate Dokhan p TR 18
Felsic dykes 0 48 53518 94
Mafic dykes 523 3 4
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A=Anomalous syenogranites
1000 -+ B=Syenogranites
C=Acidic Dokhan volcanics
D=Intermediate Dokhan volcanics
E=Felsic dykes
100 - F=Mafic dykes @ Minimum
eTh
(ppm) m average
10 H @ Maximum
1 4
100
eU
(ppm
10
1
Rock type

Fig.20 : Comparative histogram showing the distribution of radio-
activity level (ppm) in the various rocks of G. Humr ar-Raha area

From the field radiometric survey mea-
surements and the distribution of radioactivity
values, it is clear that the syenogranites and the
acidic Dokhan volcanics possess the highest
level of eU and eTh among the various rock
types cropping out in the study area. The eU
of the fresh coarse- to medium-grained syeno-
granite of G. Humr ar-Raha ranges between 6
pm and 14 ppm with an average 8.3 ppm and
eTh from 22 ppm to 40 ppm with an average
30.7 ppm. The eU of the acidic Dokhan volca-
nics ranges between 5 ppm and 10 ppm with
an average 6.9 ppm and ¢Th from 20 ppm to
28 ppm with an average 23.6 ppm (Table 2).
This indicates that, the studied syenogranites
and acidic Dokhan volcanics are originated
from highly fractionated U-rich magma and
trapping high concentrations of uranium in ac-
cessory minerals.

The syenogranite of G. Humr ar-Raha
hosts an interesting radioactive anomaly that
is located in the southern part of G. Humr ar-
Raha along a small tributary branched from
the only accessible narrow wadi traversing this
granitic pluton at its contact with the Dokhan
volcanic rocks. It is essentially exhibited by
a strongly sheared granitic zone (about 2x7m
dimensions) following the intersection zone
of two major strike-slip faults striking NNW-
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SSE and NE-SW. The younger granites near
this zone show 10 ppm eU and 25 ppm eTh,
while at the radioactive zone it rises to 75 ppm
eU and 90 ppm eTh reaching up to 90 ppm
eU and 110 ppm eTh after digging for 20 cm,
where numerous concentrations of dark brown
spots of iron oxides are noticed. The granites
at this zone are highly sheared, medium- to
fine-grained and red to reddish brown colour
due to the strong hematitization.

The analyzed grab sample that collected
from this sheared granitic zone has average eU
content 66.3 ppm and average eTh content 104
ppm, while the average eTh/eU ratio is 1.57
(Table 3). This indicates strong post-magmatic
uranium enrichment in this location by hydro-
thermal solution. The extensive hematitization
caused the adsorption of uranium from these
circulating solutions.

Table 3: eU, eTh, eTh/eU and Zr of the studied rocks,
Gabal Humr ar-Raha area

Sp. eU eTh

Rock type
P No. (ppm) _ (ppm) U o
1 114 35.5 3.11 232
Normal 2 09.8 28.7 2.92 218
syenogranite 3 12.4 38.8 312 240
4 103 29.8 2.89 225
5 13.2 39.1 2.96 246
6 14.6 40.1 2.74 248
Average 11.95 35.33 2.95 234.83
Anomalous 7 70.3 110.4 1.57 447
syenogranite 8 62.3 98.5 1.58 435
Average 66.3 104.45 1.57 441
Acidic Dokhan 9 9.3 28.2 3.03 195
volcanics 10 10.4 31.1 2.99 210
(rhyolites) 11 7.8 254 3.25 185
12 8.2 26.9 3.28 190
13 9.7 29.5 3.04 200
14 10.1 30.2 2.99 207

_Average 9.25 2855 3.09 197.83

15 1.6 4.6 2.88 189
Intermediate 16 1.8 5.1 2.83 192
Dokhan 17 1.4 4.5 3.21 201
volcanics 18 1.7 5.0 2.94 185
(andesites) 19 1.5 4.4 2.93 182
20 1.3 4.1 3.15 187
Average 1.55 4.61 2.99 189.33

From Tables (2&3), it is noticed that the
Lab. measurements are usually similar to the
field measurements suggesting that the UG-
130 instrument is well calibrated and the field
measurements are dependable.

Inter-Element Relationships

The increase in eU and eTh contents is
parallel to the line of differentiation of these
granites. This is expected because both U and
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Th are incompatible trace elements with the
major rock-forming minerals.

The results of the radiometric analysis of
eU and eTh of the studied younger granites are
given in Table (3). The relationship between
eU and eTh may indicate the enrichment or
depletion of U because Th is chemically stable.
Normally, thorium is three times as abundant
as uranium in all rock types (Darnley, 1982).
When this ratio is disturbed, it indicates either
depletion or enrichment of uranium (Cambon,
1994). A positive correlation between equiva-
lent uranium and equivalent thorium for each
rock type on the constructed diagram (Fig.21)
revealing that their behavior was probably
controlled by magmatic processes (Simpson
etal., 1979).

200 :
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A Acidic Dokhan volcanics

O Intermediate Dokhan valcanics

O Normal syenogranite
+ Anomalons svennoranite

Fig.21: eU (ppm) versus eTh (ppm) variation diagram

The poor relationship between eU and
eTh/eU (Fig.22) indicates that uranium dis-
tribution within these rocks is not only con-
trolled by magmatic processes but also by sec-
ondary processes to a great extent, where the
anomalous syenogranites show enrichment
of uranium while the Dokhan volcanics show
variable degrees of U-leaching. The positive
correlation between eU and Zr (Fig.23) sup-
ports the concept that uranium was trapped in
the accessory minerals as zircon. Accordingly,
Humr ar-Raha granitic pluton is not only orig-
inated from U-rich magma, but also have suf-
fered from secondary processes which added
uranium in metamict zircon, allanite and iron
oxyhydroxides to adsorb uranium from cir-
culating solutions. Table (3) shows that, the
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eTh/eU ratios for the studied anomalous sy-
enogranites are lower than that given by Tam-
memagi and Smith (1975) which range from
3 to 4 for the normal granites. This means the
enrichment of uranium relative to thorium in
the studied granites.
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Fig. 22: eU (ppm) versus eTh/eU variation diagram,
Symboles as in Fig. 21
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Fig. 23: eU (ppm) versus Zr (ppm) variation diagram,
Symboles as in Fig. 21

The mineralogical studies reveal that the
high uranium content in the anomalous sy-
enogranites is related to their zircon and al-
lanite contents. The anomalous syenogranite
samples were subjected to heavy liquid sepa-
ration and picking. The separated zircon forms
euhedral to subhedral crystals (Figs.24&25)
where their size ranges from about 30 to 140

pm. They were analyzed using Environmen-
tal Scanning Electron Microscope (ESEM).
The obtained analysis clarified presence of the
radio-elements (U and Th) in the structure of
zircon (Fig.26).

-

Fig.24: General view of separated zircon from anomalous
syenogranites
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Fig. 25: BSE image of zircon
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Fig.26: EDX spectra of zircon
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Allanite [Ca (Ce,La,Y), Fe Al, (O/OH/
SiO/8i,0,)] forms anhedral to subhedral crys-
tals (Figs.27&28). They were analyzed using
Environmental Scanning Electron Microscope
(ESEM). The obtained analyses clarified
presence of radio-elements (U and Th) in the
structure of allanite (Fig.29). The studied al-
lanite exhibits enrichment of light rare earth
elements (LREE) indicating syngenetic alla-
nite (El-Balakssy et al., 2011). The presence
of Ce-rich allanite indicates much-localized
remobilization and concentration of REE dur-
ing a late hydrothermal alteration (Yuanming
and Michael, 1991).

0.04 mm

Fig.27: General view of separated allanite from anomalous
syenogranites

Fig. 28: BSE image of allanite
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$.70 12.70 15.70 16.70 21.70 24.70  27.70

Fig. 29: EDX spectra of allanite
SUMMARY AND CONCLUSIONS

The field radiometric survey and structural
studies of joints showed that their radioactiv-
ity is normal, whereas the radioactivity read-
ings measured on joints filled with K-feldspars
or strongly hematitized are relatively higher
than the barren joints. This phenomenon is
often attributed to the effect of K* isotope
of the potash feldspars on the radioactivity
of the rocks (Heinrich, 1958). On the other
hand, iron oxides are sometimes abnormally
radioactive due to their high ability to capture
uranium from its circulating fluids (Rogers et
al., 1978).

Concerning faults, it is observed that, the
distribution of the majority of the radioactive
anomalies is controlled by some major faults
especially the NE-SW fault sets and their as-
sociated shear zones. They play an important
role in controlling most of the recorded radio-
active anomalies. This trend is considered as
the most radioactive direction if compared with
the other fault sets recorded in the study area.
It is also observed that, the zone of intersection
of faults striking NE-SW with those belonging
to the NNW-SSE trend are relatively of high
gamma radioactivity. The increase of radioac-
tivity at the intersection zone of faults may be
due to the brecciated and sheared zones which
act as pathway for the circulating hydrother-
mal solutions bearing radioelements and the
localization of radioactive anomalies.

65
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The analyzed grab samples, collected from
this sheared granitic zone have average eU
content 66.3 ppm and average eTh content 104
ppm, while the average eTh/eU ratio is 1.57.
This indicates strong post-magmatic uranium
enrichment in this location by hydrothermal
solutions. The enrichment of uranium by sec-
ondary processes than magmatic crystallization
is usually controlled by structural elements.
Faults, fractures and joints play an important
role as they act as pathways or channels for the
circulating hydrothermal solutions.

The poor relationship between eU-eTh/
eU indicates that uranium distribution within
these rocks is not only controlled by magmatic
processes but also by secondary processes to a
great extent. The positive correlation between
eU and Zr supports the concept that uranium
was trapped in the accessory minerals as zir-
con. The mineralogical studies reveal that the
high uranium content in the anomalous syeno-
granites is related to their zircon and allanite
content.
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