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Abstmct

The younger granites cropping out in Gabal Abu Hawis area are
considered as uraniferous (fertile) granites (the fertlity is mainly attributed to
presence of radioactive zircon). Abu Hawis granitic pluton is dissected by
j ol r: �, ind faults of different trends forming two mineralized sear zones in the
northern peripheries and southern border. The younger granites hosting
uranium ineralizations along the two mineralized sear zones. The uranium
minerals include uranopbane and carnotite.

The altered granites have much lower Th/U ratios 0.03-0.10) than those
of te fresh granites 1.69-2.05), indicating strong mobilization of uranium in
this pluton by super-heated solutions that resulted from supergene meteoric
water as well as U-addifion by hypogene fluids. T'hese solutions could pass
through the structural network of fractures, joints and fault planes and have
leached some of labile uranium from the surrounding rocks and/or the younger
granites themselves. Then, changing in the physicochemical conditions of these
solutions caused uranium precipitation as uranium minerals filling the cracks in
the rock and/or adsorbed on the surface of clay minerals and iron oxides in te
two shear zones.
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Introduction

Uranium exploration activity started in Egypt as early as 1956.

These activities led to the discovery of several uranium anomalies and

occurrences, either in the sedimentary rocks or in the younger

granites. The radiometric exploration works in the Eastern Desert of

Egypt showed potentiality of the younger granites as a source of

uranium. In almost all of these occurrences, the U-mineralization is

structurally controlled with preferable development at the marginal

zones of the enclosing granites ] or associated with wide scale

12]alteration features

The main target of this paper is studying the the factors

controlling U-distribution within the younger granites of Gabal Abu

Hawis area with special emphasis on the genesis of the mineralization.
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Geologic outline

Gabal Abu Hawis area is located in the central Eastern Desert of
Egypt between latitudes 26'41' and 26' 45' N and longitudes 33'35'

and 33' 38' E (Fig. 1), covering a total exposure surface area of about
241 km The rock types in the studied area can be arranged

chronologically as follow: 1) basic dikes (youngest), 2 granitic dikes,
3) younger granites, and 4 older granitoids (oldest).

Abu Hawis younger granites pluton is of oval shape and covers
about 10 km 2 and rises up to 900 in (a. s. 1.). It is dissected by joints

and faults of different trends. It is almost devoid of pegmatific bodies
but contain two mineralized shear zones in the northern peripheries
and southern border. The pink-red colouration of the younger granites

is due to the dominance of pink or red K-feldspar. The brick-red
colouration is found to concentrate along shear zones, fractures and

joints due to hernatization.
The studied younger granites can be classified, petrographically,

as syenogranites. They are mainly composed of perthites, quartz,
plagioclase, biotite and muscovite as essential minerals. Zircon,
apatite, sphene, iron oxides and clay minerals form the accessory and
secondary minerals. The mineralogic composition of fresh and
mineralized younger granites are approximately the same, but the
mineralized granites sow higher contents of quartz, muscovite,
opaques and clay minerals relative to the fresh younger granites.

Geochemically, the studied younger granites were considered as
S-type granites, originated from peraluminous calc-alkaline highly

[3 and 41fractionated magma . This magma is also rich in Rb and Ba
indicating that, these granites originated under low-pressure

15]condition They could be considered as post orogenic granites,

intruded in a crust of thickness greater than 30 km at water pressure
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141between and 3 kb . The area of Gabal Abu Hawis has suffered

from hydrothermal alteration, especially along joints, faults and shear

zones. The shear zones of the northern peripheries and southern

border of Gabal Abu Hawis are mostly occupied by massive,

annorphous silica of white to grey colour and highly silicified-
�41hernatitized granites . Sweewald and Sayfried 1990) suggested that

hernatitization in granitic rocks is related to alkaline hydrothermal

fluids (pH>10) of temperature varying between 350'and 500'C.

Methodology

In this work, the field radioactivity was measured in the field

using a portable five-channel, gamma-ray spectrometer (model UG -

130). The U and Th contents were also chemically determined using a

U-lazer analyzer and spectro-photometric techniques, respectively.

While, the trace elements (Zr, N, Rb and V) were analysed using

XRF technique. Wet chemical analysis technique [7] was used to

measure SiO2, K20, P205 and Fe2O3 to study the effect of silicification

and herritization on the distribution of uranium. The mineralogical

analysis was done by the X-ray diffraction XRD) and scanning

electron microscope (SEM) techniques. All the previously mentioned

analyses were measured in the laboratories of the Nuclear Materials

Authority of Egypt. The results of the chemical analyses are given in

table (1).

Field Radioactivity

In the field, during prospecting, only gamma rays (which are of

sufficient energy and have a long distance of penetration) could be

detected. During the radiometric survey, almost all lithologic types
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exposed in the studied area were more or less covered. Particular

attention was paid to all structural features such as contacts, joints and

fault planes.

The radiometric data has been classified into four zones; the

older granitoids are mainly restricted within the zone of radioactivity

ranging between 100 and 150 cps. The zone of 150-200 cps is very

narrow and represents the peripheral zone of the younger granites and

their contact with the older granitoids. The younger granites show the

highest radioactivity level ranging between 200 and 400 cps. Two

radioactive anomalous sites have been recognized near the northeni

peripheries and the southern border of Gabal Abu Hawis. They are

represented by a zone of radioactivity greater than five background.

Within these sites, their radioactivity levels range from 2500 to 6240

cps with an average of 4210 cps.

Uranium Mineralizations

The uranium mineralizations in Gabal Abu Hawis are found in

the altered samples (silicified hematitized granites) of the shear zones.

They are mostly represented by yellow secondary uranium minerals

and are usually associated with intense alteration halos, iron oxides

and clay minerals. These features support the hydrothermal (or super-

heated solution) concept of mineralization at Gabal Abu Hawis.

In this work, pure hand picked grains of uranium minerals were

separated from altered samples (from the shear zone) of Abu Hawis

younger granites. The corresponding X-ray diffraction XRD) and

scanning electron microscope (SEM) patterns indicate the presence of

uranophane 1Ca(UO3)2(SiO2)2(OH)2,5H20J and carnotite

[(VO4)2K,,(UO2)2,3H20J as principal secondary uranium minerals

(tables 2 and 3 and figure 2 In thin section, uranophane occurs as
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minute acicular or needle-like crystals forming fan shapes (Fig. 3)

with characteristic second order interference colours. It is always

associated with clay minerals and iron oxides. Sometimes, it coats the

iron oxides, chlorite and kaolinite as incrustation. The separated grains

of uranophane are present as massive, radiating and tufted aggregates.

'ney are pale yellow in colour (Fig. 4, but some of them are stained

with iron oxides and become light brown in colour. Carnotite occurs

as interstitial mineral associated with iron oxides and uranophane as

cracks fling in quartz and feldspars (Fig. 5) or as inclusions of

variable sizes and shapes within other minerals. The separated grains

of carnotite occur as translucent fine crystalline aggregates of canary

yellow colour and dull luster (Fig. 6 Elevatorski 1978) suggested

that, carnotite is associated with all types of hydrothermal solutions,

but its colour change according to the type of hydrothermal solution.

In strong acidic hydrothermal fluids (pH<4), carnotite occurs as

yellowish brown colour, but in strong alkaline hydrotherinal fluids

(pH>10) occurs as cannary yellow colour. Accordingly, in the studied

area, the uranium mineralizations are attributed to the same

hydrothernial fluids affected on granitic rocks at the shear zones; this

concept is supported by the presence of V only in the altered samples.

Berry et al. 2000) suggested that carnotite commonly occurs as

secondary mineral formed by the action of meteoric waters on

secondary uranium minerals.

Genetic Aspects of Uranium

The high uranium contents 11-25 ppm) and the low I / U

ratios 1.69-2.05) reflect the uraniferous nature of the studied fresh

younger granites. The question is what are the factors controlling

uranium distribution within the studied younger granites?
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Generally, enrichment of uranium may be related to two main

factors:

1. Magmatic processes i.e., crystallization from U-rich

magma and/or contamination of magma during deuteric

processes and before complete consolidation by the labile

uranium of the surrounding older rocks.

2. Post magmatic processes by U-rich supergene and/or

hypogene fluids affecting the rock since its intrusion up to

present.

The genesis of uranium could be distinguished from the

relationships between uranium and some trace elements (lb, Zr, Rb

and Nb), major oxides iO2, P20.5 and Fe2O3) and geochemical ratios

(Th/IJ and K/Rb). The following paragraphs discuss the application of

these relations on the studied younger fresh and mineralized granites.

Normally, thorium is three times as abundant as uranium in all

rock types; the disturbance of this ratio indicates either depletion or

enrichment of uranium 1101 because h is considered as relatively

immobile element. The correlation between U and 'lb contents may

indicate the enrichment or depletion of U because h is chemically

stable. The fresh younger granites of the studied area show positive

correlation between uranium and thoriurn (ig. 7a). This indicates that

magmatic processes played an important role in the uranium

enrichment of these granites (the studied granitic plutons originated

from U-rich magma). The altered and mineralized granites also show

positive correlation with much higher uranium contents relative to

thorium, indicating uranium enrichment in mineralized granites by

secondary (post magmatic) processes. This concept is supported by

the negative relationship between U-Tb/U and U-K/Rb (Figs. 7b and
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c). The altered granites have much lower /U ratios 0.03-0.10) than

those of the fresh granites 1.69-2.05).

U, Th, Rb, N and Zr behave incompatibly in a granitic melt so

that, where U concentration is controlled by magmatic processes,

these elements would be expected to increase. Figures (7d, e and f)

shows the positive correlation between U-Rb, U-Nb and U-Zr for te

studied fresh younger granites, altered granites and mineralized

grapites. The mineralized granites show excess U relative to Rb, Nb

and Zr suggesting that uranium was added to these rocks during

secondary processes (post magmatically). The uranium and zirconium

contents in the mineralized granites are much higher than those of

fresh granites, indicating that U enrichment may be related to

hydrothermal fluids rich in both U and Zr 'll. The positive correlation

between U - Zr and U-P205 (Figs. 7f and g) supports the concept that

U was trapped in the accessory minerals (zircon and apatite).

Generally, along altered zones, tere is a positive correlation

between the degree of hematization and the intensity of uranium

mineralization 15-12-13-141 'nis may be due to the ability of iron oxides

to adsorb uranium from circulating solutions or due to te prevalence

of oxidation conditions that causes the precipitation of uranium as U,6.

(uranophane). The studied mineralized granites show strong positive

trend (Fig. 7h) between U and Fe203, suggesting that the enrichment

of uranium is related to post-magmatic processes. Petrographic studies

revealed that hematite is usually coated or stained with a thin film of

secondary uranium minerals such as uranophane.

Along the silicified zones, uranium shows strong positive

relationship with the silica content, due to the uranium precipitation
12 and 15]within the silica veinlets during their consolidation . The

studied granites show positive correlation between U and SiO2 (Fig.
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7i), suggesting U-enrichment by the effect of hydrothermal and/or

super-heated fluids. This contention is supported by the high U and

SiO2 contents within the mineralized granites relative to those of fresh

granites (Fig. 7i).

Conclusions

In Gabal Abu Hawis area, the younger granites are considered as

uranifeTOUS granites; the rocks in the shear zones represent the host

rocks for uranium mineralizations (uranophane and carnotite),

especially near the northern periphery and at the southern border of

Gabal Abu Hawis. In addition, the presence of the zircon mineral that

is highly radioactive confirms this phenomenon.

The fresh and mineralized younger granites show Th/TJ atios

less than 21, indicating U-addition by post magmatic processes that

causing mobilization and redistribution of uranium in this pluton.

Field works added several supporting evidences for U-enrichment by

hydrothermal and/or super-heated solutions; these evidences are:

I- Presence of high content of V >19 ppm), smoky quartz

pockets and veinlets of different thickness intersecting the

mineralized granites.

2- Presence of intense faulting, jointing and other forms of

fracturing, which act as easy channels f the passage of

solutions.

3- Intense alteration features (hematitization and silicification)

associated with U-mineralizations along shear zones. The iron

oxides and clay minerals could adsorb sufficient quantities of

uranium from circulating solutions.
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Accordingly, the origin of secondary uranium minerals in G.

Abu Hawis could be explained as follows: uranium during the Ie

magmatic crystallization stage was mainly trapped in the accessory

and secondary minerals in granites (e.g. zircon, apatite, sphene aid

iron oxides). After cooling and solidification, the area was affectedly

tectonic events forming joints, faults and other fractures, whch

provide ath ways for fluids. The aea was affected by hypogtne

fluids (alkaline hypothermal fluids) rich in uranium which caused lie

hydrothermal alterations of the accessory minerals and liberated

uranium from their lattices to redeposit it in the late brittle fractire

zones. The deposition of dissolved uranium takes place only a a

result of evaporation or by reaction with dissolved silica, formed fnm

hydrothernial solutions rich in uranium, to form secondary uraaiim

mineral (uranophane). The descending meteoric water which vas

heated later on (increase of temperature by 30' C with km deph)

injected in the granites as super-heated solutions and then react wth

the previously mentioned secondary uranium mineral to form UAV

secondary uranium mineral carnotite).
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Fig. (2a): SnI spectrum of uranopbane Fig. (2b): SEM spectrum of
showing the chemical carnotite showing the chernical
composition.
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Fig.(5):Carnotile and ranophane Fig. (6): General view of separated
associated with clay minerals grains of carnotite, X25.
and iron oxides filling the
cracks in feldspars,
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Fig. 7: U versus Th, Th/U, K/Rb, Rb, Nb, Zr, P205, Fe2O3 and SiO2
variation diagrams.

The symbols used in potting:-

(o) Fresh younger granites
(x) Altered non mineralized samples

Altered mneralized samples
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Table (1): U and Th contents (ppm) with some trace elements (ppm)
and major oxides (wt %) of younger fresh, altered and
mineralized granites of Gabal Abu Hawis area.

Sample U Th ThfU Zr Nb V Fe2O3 SiO2
NO. R Y,�,O K/ P205

b Rb
1 17 31 1.82 170 52 225 3.95 145 0.12 1.00 74.28
2 13 22 1.69 164 50 212 4.11 161 0.11 1.07 73.41
3 21 43 2.04 181 57 235 4.07 144 0.12 1.18 74 '26
4 20 41 2.05 176 57 230 3.65 132 0.14 1.26 73.91
5 24 43 1.79 231 61 242 3.81 130 0.10 0.91 74.05
6 19 37 1.94 190 54 - 240 4.26 147 0.09 0.91 74.22
7 16 28 1.75 250 51 - 254 3.86 125 0.11 1.00 74.34
8 25 44 1.76 224 63 - 241 3.79 130 0.09 0.72 75.00
9 1 1 21 1.91 214 45 - 230 4.15 150 0.08 0.81 75.10

10 12 21 1.75 194 49 -- . 209 3.61 148 0.08 0.80 74.53
11 54 50 0.92 301 65 22 250 4.00 132 0.13 2.13 78.13
12 74 63 0.85 329 68 20 271 3.75 115 0.12 2.76 78.22
13 62 55 0.88 307 63 21 240 3.81 131 0.13 2.36 80.05
14 60 57 0.95 315 60 19 251 3.77 124 0.14 3.00 79.11
15 2522 334 0.13 70 20 266 4.02 125 0.15 4.92 81.62
16 21 7 228 0.11 463 72 28 298 3-54 100 0.15 4.51 81.11
17 1014 324 0.32 431 70 25 282 3.68 108 0.14 3.49 80 -75
18 812 "01 0.37 402 69 26 2 au d i t 3.08 79.18

Not detected

Samples from to 10 fresh younger granites
Samples from I I to 14 altered non mineralized granites
Samples from 15 to 18 altered mineralized granites

Table 2) Xray diffraction pattern of Table 3 X-ray diffraction pattern of
hand picked aranophane hand picked carnotite
mineral sample. mineral sample.

Sample Uranophane* Sample Carnotite*

dAO I 0 dAO 1/10 dAO I I/ dAII 1110

7.86 100 7.99 6.79 100 6.70 100
6.60 30 6.61 40 4.42 40 4.46 40
5.41 45 5.42 40 4.28 55 4.30 60
4.81 50 4.76 50 3.34 83 3.56 80
4.28 25 4.29 20 3.31 80 3.34 80
3.94 70 3.94 90 3.21 60 3.23 60
3.59 6 3.60 40 2.99 6 2.98 40
3.50 40 3.51 40 2.12 40 2.10 4
1.91 20 1.90 20 2.56 20 2.54 20
1 -99 10 1.88 10 2.03 42 2.03 4

*A"I card No. 8442 *ASTM card No. 1-336
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