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ABSTRACT
Twalve borehales were drilled, fwo at El-Mizsikal uranium occurrence
and fen al ELEradiva uranium occurrence. Studying the fwo boreholos of
El-Migsikat area (M5-2 and M5-3) and four boreholes from El-Eradiya
area (Er-1, Er-4M-30, Er-7M-§0 and Er-8M-80) reveals [he presence of
some high radicactive snaomalies that are related lo the main shsar
rones, Other lower radiogctive anomalies are also recorded relaled to
same fractures sround the main shear zone, The radicachive anomares
are mainly related lo ucanium concentration snd not (o (horium
conceniralion. They are not related te sny of the frash sulphide zones
hul mainfy related to the gosthite (psewdomorph after pyritel Zone.
There iz no general frend for increasing or decreasing of either uranium
or thorium with depth for any of the sfudied boreholes. Alsn, the uranium
minaraiizalions are of secondary nature and intimalfely related to shear

rones end fracture system and asccordingly lo [ype and degrea of
allgration

Urancthorite and cassitarita are only encountered in core samples at
laval more (han 80 m depth (balow the main adit fevel) of El-Erediya
boreholes indicating a (ransttions! srea beiwean the oxidation and
reduction zones. They are not encountered in core samples al any depth
of El-Mizsikal bornholes indicating oxidation zone [ 150 m deplh below
the wadi level.

INTRODUCTION

El-Missikat and El-Erediya granitic plutons are located in the Cantral
Eastern Desert of Egypt within the limits of latitudes 26° 18" and 28°
30° N and longitudes 332" 20° and 33* 30" E (Fig. 1). EI-Missikat and EI-
Eredyia uranium occurrences were discoverad by Bakhit (1978} and El-
Kassas (1974), respectively. The geology of both El-Missikat and El-
Erediva plutons were studied by several authors (Magi, 1877, Abu Dief,
1985, Rabie and Ammar, 1992, EI-Mansi, 1983, Abdallah, 1998 & 2004,
Moharem, 2000, Raslan, 2001 and others). The present work deals with
"the geological, petrographical, mineralogical, geochemical and
radiometrical studies on some subsurface sections from the radioactive
mineralized granites of the two plutons.

Several sub-parallel shear zones trending nearly NE-SW dissect the
northern part of El-Missikat pluton along its contact with the clder
granitoids (Fig.2a) and the southern part of El-Erediya pluton near its
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contact with the metavolcanics (Fig.2b). These shear zones are
characterized by intensive kaolinization, silicification and ferrugination
as well a5 the commaon presence of jasper and quartz
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The jaspercid veins are characterized by abnormal radioactivity and
their association of visible uranium mineralizations that concentrated as
scattered yellow spots of uranophane and beta-uranophane.

SUBSURFACE INVESTIGATIONS
Drilling was used to explore the uranium bearing veins at deeper
levels and obtain more geological data of El-Missikat and Ei-Erediya
granites. A drilling program was recommended (Salman, 1985). Two
types of drlling (Diamond core drilling and percussion drilling) were
used for this purpose. Twelve boreholes were drilled, two at El-Missikat

Deka J. Sci. 2005, 26 -38
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uraniym occurrence and ten alt El-Erediva uramum ocourrence {Table
1). The two boreholes of El-Missikat area (M3-2 and MS-3) and four
boreholes from El-Erediya area (Er-1, Er-4M-30, Er-7M-60 and Er-8M-
a0) are selected for this study

MS-2 and MS-3 intersect the main shear zone at drilled distances 80
m and 90 m respectively at levels 45 m and 80 m below the wadi level
where twe high radioactive anomalies are determined [Fig. 3a). Other,
relatively, lower radioactive anomalies are also recorded around the
main shear zone at drilled distances 25, 43, 65 and 120 m of M3-2 and
at 85 and 135 of MS-3. Moreover, a very high radioaclive anomaly was
recnrded at a drilled distance 23 m of M3-2 borehole (Abdallah, 1998},

Er-1 and Er-TM-60 Intersect the main shear at drilled distances 18 m
and 88 m respectively at levels 15 m and 85 m below the main adit level
of El-Erediya mine where 1iwo high radioaclive anomalies are
determined (Fig. 3b). Other lower radicactive anomalies are also
recorded around the main shear zone at drilled distances 72, 101 and
139 m of Er-1 and at 45 and 80 m of Er-TM-70. Moreover, a moderate
radioactive anomaly was recorded at a drilled distance 17 m of Er-1
borehole (Omran, 1999). Although Er-4M-30 and Er-8M-20 do nol
intersect the main shear zone, moderate radioactive anomalies al
drilled distances 12 and 17 m of Er-4M-30 and 93 m of Er-8M-80 are
recorded.

Lithologically, the rock types of the studied boreholes are mainly
fresh granites and their altered and sheared varieties. The ratio of the
fresh granites lo the altered and sheared granites of El-Missikat
boreholes is lower than that of EI-Erediya boreholes (Fig. 4). The fresh
granites are of pink to reddish pink in colour, medium- 10 coarse-
grained and hard to very hard. Visible golden yellow fresh crystals of
pyrite are easily recegnized with naked eye or by hand lens in most of
El-Erediya core samples at various depths, They are encountered as
disseminations in the host frash granite or in gquartz veinlets cutting this
granite.

The fresh granites are subjected to shearing and fracturing that show
signs of alterations. Several types of alterations can be easily
determined comprising kaolinization, silicification, ferrugination,
carbonatization and chloritization, Staining of manganese oxides is also
observed along the fracture planes.

Deda J. Sei, 2005, 20,18.38
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The intensity of alteration decreases gradually away from the shear
sones. Pseudomorph goethite afler pyrite IS alsn encountered
especlally near the shear zones and fractures. The presence of fresh
pyrite and its alteralion product (goethite) in the same borehole may
indicate a transitional oxidation-reduction zone. On the other hand, al
El-Missikat boreholes, only goethite after pyrite is observed indicating
oxidation zone. Visible erystals of galena with their characterized
metallic luster and very low hardness are also phserved accompanying
pyrite in most Cases.

Also, it is worth to mention that the drilling technical data collected
durina drilling operation such as rate of penetration, core recovery and
calour of the drilling water are a reflectance of the lithologic variations.
The rate of penetration was very low during drilling in fresh granites,
moderate to high during drilling in ailered granites and very higi dunng
drilling in sheared granites. The core recovery was very high during
drilling in fresh granites, moderate to high during dnlling in altered
granites and very low during drilling in sheared granites. The colour of
the drilling water was clear to pale buff during drilling in fresh granites,
yellow to deep buff during drilling in altered granites and brown to
reddish brown during drilling in sheared granites.

PETROGRAPHY AND MINERALOGY

The core samples of El-Missikal and El-Erediya boreholes are closely
similar in their petrographic characteristics. They are represented by
medium- lo coarse-grained, allotriomorphic perthitic leucogranites, They
are mainly coemposed of quartz, K-feldspars, plagioclase, biotite and
muscovite as essential minerals, Fluorite, zircon, monazile, apatite,
sphene and opagues are alse observed in minor amounts as accassory
minerals whereas epidote, chlorite, calcite, radioactive minerals
{uranophane, beta-uranophane, kasolite and uranothorite) and
cassetrite are secondary minerals.

The altered samples are mostly fractured and brecciated with clear
porphyrociastic texture. They are medium- 1o coarse- grained,
hypidiemerphic and composed of jasper, guartz, perthites, plagioclase
and subordinate amount of mica (biotite and muscovite) as essantial
minerals. The accessory minerals are rare and mainly represented by
zircon and apatite crystals. The secondary minerals are mainly
represented by fluorite, kaolinite, sericite, chlorite and epidote, iran
oxides as well as uranium minerals.

Deka J. S, 2005, 28,18-34
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The mineralized samples show high quartz content (reach up 85%)
with uranium mineralization. The Increase in secondary quartz is
accompanied by a decrease in the perthites and plagioclase contents.
Smoky quarlz is a good evidence of radiogenic effect of the
neighbouring wranium minerals. They show high contents of deep vialet
fluorite and metamict zircon as well as higher contents of iron oxides
than theose of fresh granites. Iron oxides are usually coated by a thin
film of secondary uranium mineralization. This may be attributed to the
ability of iron oxides to adsorb wramium from the circulating
hydrothermal  solutions. The radicactive minerals are mainly
represented by uranophane, bela- uranophane, kasolite and
uranolhorite,

Generally in bath El-Missikat and El-Erediya borzholes, with
increasing depth, the degree of alteralion decreases and accordingly
the amounts of secondary minerals such as fluorite, calcite and iran
oxides also decrease. Sulphides also decreases wilh increasing depth.
Biotite gets to be larger, fresher and clustered with increasing depth.
Some pegmalitic samples with very large perthite, plagioclase and
quartz crystals are noticed at depth at level not more than 40 m depth
and disappear beyond this level. Uranothorite and cassiterite are anly
encountered in core samples at level more than 80 m depth of El-
Erediya boreholes indicaling a transitional area between the oxidation
and reduction zones. On the other hand, they are not encountered in
core samples at any depth of El-Missikat boreholes indicating oxidation
zone till 150 m depth. .

Uranophane and bela-uranophane (Figs, 5 A and B) are
distinguished by their canary to lemon yellow colour, Reddish brown
vanetly is also encounterad, They are generally massive with granular
form. Fibrous and radiating acicular crystals are also encountered
{(Figs. 5 C and D). They are characterized by their dull and/or greasy
luster, their softness to crushing by pressing with picking needle and
their pale yellow streak. No variations in the mineral XRD patterns (Fig.
. &) are observed with respect to the colour or habit which may indicate
that the colour of uranophane and bela-uranophane Is due to the iron
slaining thal caused by hydration of the associated magnetite and
hematile.

Fluarite (Figs. 5§ E and F) is common in the sheared mineralized
granites and rare in the fresh host granites. The colours of fluorite vary
from colourless, white, smoky, pale yellow, blue and violet, All the

Dielta J, Sai, 2005, 20 -36
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colour varieties have the same XRD pattern (Fig. 7). This may indicate
that the colouration of fluorite is not related to any impurities but mostly
connected with the irradiation by the associating wranium minerals (El-
Mansi, 2000). Colourless fluorite is more dominant than the deep violet
fluorite in the fresh samples and vice versa in the mineralized granites.
The colourless fluorite appears as well developed transparent euhedral
crystals of vitreous luster but the coloured fluorite ccours commonly as
subheral to euhedral translucen! crystals of vitreous andfor greasy
luster.

Zircon from the fresh samples is mainly normal zircon of adamantine
luster, but the separated zircon from the mineralized granites is
represented by normal and metamict zircon (Figs. 8 A and B).
Generally, zircon grains vary from transparent to opague. Two lypes of
zircon ciystals are recorded. The firsi is waler clear (commor iype),
euhedral minule crystals reflecting their magmatic origin. The second
type shows an effect of dissolution deduced from the necked crystals
with somewhat zoning and corroded lerminations. Inclusions within the
zircon are of different shapes (spherical, fibrous and irregular) and
different colours {colourless, red and brown) and are common in the
second lype, reflecting the effect of hydrothermal solutions. The
magnetic zircon crystals are generally coated and stained with iron
oxides which give the crystals their brownish colour and most af them
contain inclusions. The magnetic susceplibility and colouration of zircon
are directly proportional to the inlensity of inclusions andfor iron
staining. Accordingly, the water clear zircon concentrales in the non-
magnetic fraction (1.5 ampere), while the coloured Zircon is
concentrated in the magnetic fraction (0.5 and 1 ampere).

In the mineralized granites, the necked zircon crystals are commaon,
their edges and terminations are highly corroded suggesting an inlense
process of dissolution. The zircon crystals are predominantly brown or
reddish brown In colour due to staining with iron oxides. Zonation and
outgrowths are very common confirming the hydrothermal effect (Holien
el al., 2000 and De La Rosa ef al., 2002). Inclusions in zircon are highly
common, which are considered as weak points that accelerate the
disintegration of the grains during alteration processes. They are
randomly distributed within the zircon crystals and are mainly
representied by iron oxides, Fine Inclusions are also presenl in zircon
and give them the cloudy appearance. The water clear zircon IS very
rare or compleiely absant.

Dele J. Sci. 2005, 28 18-38
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Canary yellow uranaphane grains. Binesukar microscape,

Lemon  yellow and reddish  brown  massive  wranophane and  bela-
uranophana grains. Binaoular micrascope

Uranaphane srysials infersiidially between quartz and plagicciase, G
Fibrous beta-uranophane crysials interstitially between quartz, C.N

Colourfess and white fiuarite grains with brown  inciusions, Binocular
micrascape

Blue and smaky fluorite grains  with  black  Inclesions.  Binooular
microscape.
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Fig. BF:

Fig. 8A:
Fig. BB:
Fig. BC:!
Fig_ BD:
Fig. 4E:

Yedlow bo broeenish yellow zircon greirs. Binocular microscops

Strangly Zamed Sreon grans. Snocular microscope

Braag pedlow grains of pyrite grains with metallis lester. Binocular micrascops,
Euhedral pyrie enclesing apalile {core sample fromEr-1° at degpth G4 m)

Different degrees of alieration of pyrite to gosthite (core sample from “Er-84-
507 &t dapth 12 mi.
Gollcdorm paethite afler pyvile (core sanale fromS-2° at depth 73 m)

Pyrile occurs as opaque grains of golden yellow colour and metallic
lusier (Fig. 8 C). It is characterized by greenish black sireak. Pure fresh
euhedral pyrite crystals dominate in the majority of core samples
recoverad from El-Erediva boreholes aspecially at shallower vertical

Drefta J. Sci 2005 28 190-58
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depths. In - polished section, pyrite occurs as large euhedral to
subhedral crystals. Sometimes, they are parlially altered to goethite
especially along fractures and grain peripheries or completely replaced
by colloform goethite (Figs. 8 D, E and F).

Uranothorite occurs as deep yellowish green interstitial mineral
associated with iron oxides as cracks filling in gquartz or as inclusions of
variable sizes and shapes within other uranium minerals. Cassiterite
occurs as zoned six-sided translucen! crystals associated with biotite
and iron oxides.

Hemalite ocours as tabular or prismatic reddish brown crystals of dull
luster. They accur in compact and: fibrous forms. In the mineralized
granites, hemaltite occurs as tabular crystals in the form of aggregates
of parallel orientation. Somefimes, il occurs as fine Lo coarse euhedral
alongated: crystals. The crystals are intensely fractured, curved and
sheared and the twin lameilas are bent due to deformation. Hemalite is
uwsually coated or stained with a thin crust of secondary uranium
minerais, espacially uranophana, Sometimes, hematite is
pseudomorphic after pyrite or occurs in the form of ‘martite affer
magnetite or ilmenite, reflecting the hydrothermal effect.

GEQCHEMISTRY AND RADIOMETRY

El-Missikat and El-Erediya granites are nearly similar in their
geochemical characteristics. Generally, they are low-Ca S-lype granites
slightly enriched in alkalies and depleted in Mg. They are also enriched
in Rb, ¥ and Ba. They are considered as post orogenic granites
ariginated from peraluminous calc-alkaline magma emplaced in a
stabilizing continental crust of thickness between 20 and 30 km
{Abdallah, 2004}

Tha alterad and mineralized samples are characterized by a marked
addition of 5i0: and Fey0, which indicate the intimate relation belween
uranium mineralization with both silicification and hematization. The
enrichment of Si0; and Fe;0; of the altered samples is supported
- petrographically by the common presence of secondary quariz showing
multiple phases of overgrowth and coated with iron oxides as well as
the releasing of iron oxides along the cleavage planes of mica, the
transformation of pyrite to goethite and the presence of metamict
zircon.

Dietta J. Sel. 2005, 29-39
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AlaOy and KD are almost subtracled indicating partial leaching
during kaclinization. The depletion of K;O indicates partial leaching of
potassium during kaolinization and the partial replacement of the
feldspar by the moblle K20 dwuring sericitization. This i supported
petrographically by the common presence of cloudy and core altered
feldspar. On the other hand, some trace elements such as Ga, Pb, Mb,
Zr and Sr are remarkably enriched in the altered graniles as compared
with the fresh granites indicating Lthe mobility of these elamenis,

El-Missikat and El-Erediva granites are considered as uraniferous
(fertile) granites which are characterized by the following: (1) uranium
contents. org meore thap twice the Clarke value (4 ppm) whether oronot
they are associated with uranium mineralization, (2) eTh/elt ratios are
less than 2.2, {3} 810, content is more than 73 %, {4} Cad content is
less than 1 %, (5) K;CO/Na,O ratios are mare than 1, (8) Zr/Sr ratios are
more than 1.65, (7] BEb/Sr ratios are more than 2.5 and (8) K/Rb ratios
mare than 125 (Assaf ef al., 1987},

The distribution and variation of wranium and thorium with depth
{Tables: 2 and 3) and (Fig. 9) of El-Missikat and El-Erediyva boreholes
reveal the following:

1- For every borehole, more than one radioactive anomaly is
detected and the highest one is related ta the main shear
zane.

2- These radioactive anomalies are related mainly to uwrapmium
concentrations and not to thorium concentration.

3- The radicactive anomalies are not related to any of the fresh
sulphide zones but mainly related to the goethite {pseudomorph after
pyrile) zona,

4- The positive anomalies of uranium correspond to negative thorium
anamalias.

3- There is no general trend for increasing or decreasing of either
uramium or thorium with depth for any of the siudied boraholes.

The above mentioned observations indicate that the magmatic
differentiation plays a restricted role In uranium enrichment, meanwhile
secondary processes played the principal role in the uramium
enrichment of the altered granites.

Delta J. Scl, 2006, 28,1639
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Fig® U and Th (ppmi} and Thill ratio versus dapth (m) for El-Missiet boreholes [A) and

El-Eradiva barahakes (8 & C}
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CONCLUSIONS

According to the present study, It is concluded that there are several
high subsurface radioaclive anomalies in El-Missikat boreholes (MS-2
and MS-3) and El-Erediya boreholes {Er-1 and Er-TM-60). These
anomalies are related to the main shear zones. Other lower radioactive
anomalies are also recorded related to some fractures around the main
shear zone. Although Er-4M-30 and Er-8M-90 do not intersect Lhe main
shear zone, moderate radioactive anomalies were recorded.

The radioactive anomalies are related mainly to uranium
concentrations and not to thorium concentration. They are not related o
any of the fresh sulphide zones but mainly refated fo the goethite
(pseudomorph after pyrite) zone, The positive anomalies of uranium
correspond to negative thorium anomalies, There is no genaral trend for
increasing or decreasing ¢t <ilaer uranium or thorium with depth for any
of the studied boreholes. These observations reflect the secondary
nature of wranium mineralizations (post magmatic ores in oxidation
zones) and intimately related to shear zones as well as fracture system
and accordingly to type and degree of alteration. i

Uranothorite and cassiterite are enly encountered in core samples al
level more than B0 m depth (below the main adit level) of Ei-Erediya
boreholes indicating a transitional area between the oxidation and
reduction zones, On the other hand, they are not encountérad in core
samples at any depth of EI-Missikal boreholes indicaling oxidation zone
till 150 m depth below the wadi level, It is worthy to mention that zircon
(ZrSi0.) and thorite {ThSi0.) form a structural series with the addition
of U and Th and loss in silica. The transformed zircon attains darker
colour and may become opague which is encountered as a result of
invasion of hydrothermal fluids rich in U and Th. The composition of
tharite is controlled by the geochemical conditions during crystallization,
more than 60% of its composition is formed of ThO., 10% U0, 30%
Zro,. Ma:0, Fed, 5i0; Fe:0s MgO, LREEs and HfO;. The
decomposition of thorite takes place in an oxidizing environment and
acidic hydrothermal solutions; U replaces Th to produce uranothorite
" {Deer ef al., 1982). This concept supports the idea that the area was
affected by hypogene solutions rich in U and Th

The geochemical behavior of U and the genesis of U deposits in the
studied areas could have proceeded through the following successive
stages: (1) Uranium was first mainly trapped in the crystal lattice of the
accessory heavy minerals of the granites, (2) The area was effecied by
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tectonic events producing faulls and shear zones which acted as good
channels for the hydrothermal ascending fluids and the percolating
meteoric water to mix with the trapped residual magmatic fluids rich in
U and Th, and generating a low lemperature hydrothermal system. This
raleased U from the essential and accessory minarals of the hosting
granites and redeposited il as uraniwm minerals in the shear Zones.
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