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ABSTRACT

The granite dike swarms intruding the older granitiod and occasionally the younger gabbros were emplaced through 

a shear zone extending in NE-SW direction. These dikes are composed mainly from alkali feldspar granites. They are fine 

grained, hard and compact vary in color from pink, red, reddish brown and occasionally bloody red. It is affected by vary-

ing degrees of alterations and subjected to deformation processes. Mineral segregations and pegmatite pockets are en-

countered along deformed and altered zones. Alkali feldspars mainly perthites and microcline, quartz, little sodic plagioclase 

and biotite represent the main rock forming minerals. These dikes possess high contents of radioelements especially 

thorium. The eTh contents range from 63.9 ppm to 2523 ppm with an average 465.8 ppm where the eU content range from 

25ppm to 497.9 ppm with 106.3 ppm average. The mineral segregations give the highest level of eU and eTh contents reach up 

to 7331 ppm and 1386 ppm respectively. Secondary uranium minerals (uranophane and curite), thorium minerals (thorite) and 

U- and Th-bearing minerals (Zircon, allanite, columbite, samarskite, xenotime, monazite, kasolite and titanite) are identified. 

Other non radioactive minerals such as magnetite, goetite, hematite, cronstedtite, pyrite, fluorite, garnet are also identified. 

Also, chemical analyses (XRF) revealed presence of high concentration of U, Zr, Y, Nb, Ba, Zn, Rb and Sr in addition to pres-

ence of V, Pb, Ni and Cr. Au and Pt are also present.            

Keywards: Radioelements, mineralogy, Granite dike, Abu Hadieda, Northeastern Desert

INTRODUCTION

Uranium and thorium are generally enriched 

in the youngest, most felsic and most potassic 

members of comagmatic suites of igneous rocks 

(Rogers and Adams, 1969). Most of radioactive 

occurrences in the basement rocks of Egypt are 

in the granites and associated pegmatites. The 

high radioactivity level of these rocks is attrib-

uted to the presence of accessory minerals e.g. 

zircon, monazite, thorite, uranothorite and alla-

nite (Shurmann, 1966). The present work deals 

with highly radioactive microgranite dikes en-

countered at wadi (W.) Abu Hadieda area.  

Wadi Abu Hadieda area is located in the 

Northern Eastern Desert of Egypt at, about 20 

km westward from Safaga City at the Red Sea 

coast. The area can be easily accessed via a 

newly established part of Qena – Safaga as-

phal c road, along W. Barud Al Abyad, which 

runs directly to the north of the area.  The region 

has an area of  26.1 km2 bounded by latitudes 

26º 42¯54•  and 26º 45¯36• N and longitudes 33º 

44¯06•  and 33º 47¯42• E (Fig. 1).

There are few detailed investigations com-

bined with radiometric and mineralogical stud-

ies carried out on the area of study (e.g. Omran, 

2005 & El Hadary et al, 2015). The high radio-

activity level related to the microgranite dikes in 

this area has been discovered for the first time by 

the author in 2005. 

The aim of the present study is to outline 

the field concept, petrographic, radiometric and 

mineralogical characteristics which affect on the 

distribution of uranium and thorium occurrences 

associated with the granite dikes. To verify this 

aim, the dikes were carefully studied and detailed 

geologic map was constructed. Also, detailed 

petrographical, radiometrical and mineralogical 

studies in addition to trace element distribution 

were carried out on the granite dikes.

GEOLOGIC SETTING

The studied area is occupied with Precam-

brian basement suites comprise older granitoids, 

younger gabbros and younger granites which 

injected with basic and acidic dikes of different 

attitudes. The outcrops of the different rock units 

are traversed by many valleys filled with alluvial 

deposits of Quaternary age.  According to Om-

ran 2005, the older granitoids range in compos-

tion from granodiorite to quartz diorite through 

tonalite, the younger gabbros are olivine, pyrox-
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ene gabbros and the younger granites range in 

composition from syenogranites to alkali feld-

spar granites. 

The basic dikes are the oldest and the preva-

lent ones. They are most widespread and 

concentrated in the southern and western 

parts. They are mainly basaltic in composition 

and trend in NNW, WNW, NW, NE, E-W and N-

S directions with decreasing order of abundance. 

The basic dikes are intersected with acidic ones 

(rhyolites). 

The acidic dikes are the less in number and 

the largest in terms of size and space compared 

to the basic ones.  They are mainly represented 

by rhyolites, and microgranite dikes. They en-

countered at the northeastern part and extend 

to the southwestern part of the area.  Also, the 

rhyolite dikes occupy the middle area and extend 

from the extreme southwest to the northeast. 

They form high and huge blocks, with irregular 

shapes, reach up to more than 100 meters width 

and extend for more than 3.5 km in NE-SW di-

rection.

The microgranite dikes occur as swarms of 

abnormal radioactivity and poly mineralization. 

They are restricted to a highly deformed, faulted, 

and sheared narrow zone, up to 300 m width and 

extends for more than 1.5 km in NE to NNE di-

rections. The zone has been split into two parts 

under the action of a NW-SE left lateral strike-

slipe fault (Fig.1). These two parts are illustrated 

in detail in figures 2 and 3.

The microgranite dikes occur as vertical 

walls and/or elongated elliptical-shaped bodies, 

with outcrop dimensions range from few meters 

to hundred meters in length and from less than 

a meter up to tens of meters in width. They are 

emplaced dominantly into the older granitoids 

rocks (Fig. 4a) and occasionally into the young-

er granites and the younger gabbros. Generally, 

the dykes show an intrusive relationship with the 

older granitoids and their orientation and situ-

ation indicates that the forming melts migrated 

along pre-existing structures during their ascent. 

Individual microgranite dykes generally strike 

NE-SW, which is approximately compatible, 

with the trend of predomina ng structure. On 

(Fig.1): Geological map of Wadi Abu Hadieda studied area.
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the other hand, the dike rocks are affected with 

high deformation processes led to intense joints 

and fractures accompanied with alterations.

The micrgranite dikes are equigranular, fine 

grained rocks, compact and silicified in some ar-

eas. They show color varying from buff, pink, 

dark red and brown. Various hydrothermal alter-

ation processes such as hematitization, silicifica-

tion, kaolinization and episyenitization (Fig.4b) 

are affecting on the rocks with different degrees 

of intense. The hematitization process is the most 

common and the most influential and always ex-

ists and increases in the fractured zones accom-

panied with high uranium and thorium mineral-

izations due to the high ability of iron oxides for 

uranium adsorption from its bearing solutions 

(Hussein et al. 1965).  Dawson (1956) suggested 

that iron and uranium are geochemically related 

and the ferric oxide is abundantly found with 

uranium. He also referred to the staining feature 

of the secondary uranium minerals due to ferric 

oxide. Kamineni et al. (1986), Casas et al. (1994) 

and Drot et al. (2007) had documented sorption 

of the uranyl ion on iron oxides and montmoril-

lonite.

The microgranite dikes posses a number 

of highly ferruginated, highly radioactive and 

highly fractured mineral segregation with black, 

browinish black and riddish brown color (Fig. 

4c). They are of irregular shape reach up to 

0.5x1m in size confined to shear and fault planes 

at the contact area and occur as fracture filling on 

the walls of dikes. On the other hand, irregular-

shaped pegmatite pockets and bodies generally 

not wider than one meter are also encountered 

especially along or near the contact with the 

shear zone (Fig.4d). These pegmatites are of un-

zoned type and show low level of radioactivity.

Faults represent the main structural features 

in the study areas. The NE and NW trends com-

prise both left-lateral and right lateral strike-slip 

faults (Fig. 1). The NW-trending faults are the 

oldest fracture planes, followed by the NE orien-

tations.  On the other hand the area is dissected 

by joints generally trending in the N20°W and 

N70“E directions.

PETROGRAPHY

Petrographically, the microgranite dikes are 

fine grained alkali feldspars granite with equi-

granular texture. It is composed mainly of alkali 

feldspar mainly microcline- and orthoclase- per-

thites in addition to micocline (65-68 %), quartz 

(25-35 %) and minor sodic plagioclase (0-10 %). 

Bio te is scarce. Iron oxides, zircon, pyrite, 

thorite, samaskite, allanite, curite, columbite, xe-

notime, monazite, kasolite, uranophene, flaurite, 

titanite, apatite and ilmenite represent the main 

accessories.

Cathelineau and Poty (1989) and Banks et 

al. (1994), among others, believe that accessory 

minerals, such as monazite, uranophane, zircon 

and apatite, are possible sources of high concen-

tration of REE, as well as U. The altered zones 

show several types of alteration, such as silicifica-
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tion, hematization and sericitization. Dissolution 

of quartz (episyenitization) is also a conspicuous 

alteration feature. The vugs left after the disso-

lution of quartz are filled with microcrystalline 

silica, fluorite, kaolinite, and sometimes second-

ary uranium minerals.

The alkali feldspars occur as subhedral to an-

hedral crystals of perthites and microcline. The 

perthite crystals usually enclose quartz grains 

and occasionally plagioclase crystals (Fig. 5a), 

show signs of weak brecciation and fine granu-

lation and intersected by thin veinlets of mus-

covite. The microcline presents as minute inter-

granular crystals most probably developed due 

to a phase of K-metasomatism. Alkali feldspar 

is partially altered to sericite and muscovite and 

stained with iron oxides. 

Quartz occurs as subhedral to anhedral crys-

tals often showing wavy and undulose extinc-

tions. The deformed quartz contains secondary 

radioactive minerals and iron oxides as fracture 

fillings. Inclusions of drop-like quartz are also 

very common in the alkali feldspar megacrysts. 

Occasionally, the quartz occurs as monocrystal-

line aggregates with abundant embayement fea-

tures (figs. 5a-g).

Plagioclase occurs as subhedral to euhe-

dral crystals show normal to oscillatory zoning, 

which is well marked by saussuritization in the 

An-rich zones. Some crystals are irregular and 

show embayed rims in contact with alkali feld-

spar grains (figs. 5a-e). Many very fine crystals 

are enclosed by alkali feldspar megacrysts.

Uranophane occurs as fracture filling in 

quartz and opaques mixed with iron oxides refer-

ring to epigenetic origin (Figs.5b&c). Also it oc-

curs as clusters of radiating tiny yellow to green-

ish yellow needles lining crevices (Fig.5f). Al-

lanite has a euhedral habit showing color zoning 

associating uranophane and opaques (Fig.5c). It 
also occurs as reaction rims on monazite (Fig.5d).  

Curite occurs as orangish red minute crystals as-

sociating uranophane and opaues (Fig.5b). kaso-

lite occurs as euhedral crystal of prismatic form 

with reddih orange color (Fig.5e). Zircon occurs 

as well formed-crystals mostly included in the 

feldspars and occasionally in secondary fluorite 

(Fig.5g). Some crystals are characterized by sieve 

texture due to uranophane and thorite inclusions 

especially in mineralized samples which are 

highly charged with mitamict zircon (Fig.5h). 

Xenotime occurs as bluewish brown, greenish 
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brown, red, grey anhedral to subhedral prismatic 

crystals (Fig.5a).  Fluorite occurs as colorless or 

yellow and violet crystals filling cavities and mi-

cro-fractures (Fig.5g). Violet fluorite crystals are 

found associated with zircon, allanite, curite and 

oaques in the mineralized samples (Fig.5h). Py-

rite occurs in all thin sections as euhedral cubic 

opaque crystals. Occasionally, pyrite encoun-

tered completely or partially altered to hematite 

and geotite (Fig.5f). 

RADIOELEMENTS POTENTIALIY

Enrichment of uranium in later magmatic 

stages is due to the incompatible behavior of ura-

nium in normal rock-forming minerals because 

of its large ionic radius and high charge as well 

as its low concentration in magma. Radioactivity 

is a natural phenomenon exhibited by rocks due 

to the presence of natural radioactive isotopes 

and their radioactive daughter products. Gener-

ally, the acidic igneous rocks represent the main 

source of uranium deposits whether they were of 

primary or secondary origin. K40, U238 and Th232 

are the main radioactive isotopes distributed in 

the rocks. Uranium is the most mobile element 

compared to potassium and thorium. The varia-

tions of U and Th contents with differentiation 

are reflected by variations of radioactivity in the 

rocks. Gamma Rays are used in field for identifi-

cation of K, eU, eTh concentrations and derived 

ratios could be applied to base metal deposit 

alteration studies (Sikka, 1962, Moxham et al., 

1965). 

Several instruments such as UG-130 and 

PGR-500 were used for reconnaissance during 

radioactive survey of the studied area. On the 

other hand, an extensive ground gamma-ray 

spectrometric survey was carried out on the ex-

posed granite dikes using (103 cm3) with higher 

density Bismuth Germanate Oxide (BGO) de-

tector makes it also an ideal portable instrument 

for Potassic Alteration measurements.

The in situ gamma-ray spectrometry mea-

surements are expressed in ppm for equivalent 

uranium (eU) and equivalent thorium (eTh) and 

in percent for potassium (K). Particular attention 

was paid to structural features such as contacts, 

shear zones and faults as well as hydrothermally 

altered zones. All measurements were taken on 

the rock surface. Table (1) summarizes the field 

measurements of K%, eU ppm and eTh ppm 

contents as well as the eU/eTh and eTh /eU ra-

tios. Also the obtained data are represented as 

bar diagrams (Figs.6a, b, c & d) for comparison 

between the radioactivity of the granite dikes and 

their related pegmatite and mineralized sites

The studied granite dikes are characterized 

by high contents of radioelements and show 

high thorium anomalies more than the uranium 

where average of eU is 106.3 ppm while that of 

eTh is 466 ppm. The maximum eTh content ex-

ceeds 2523 ppm while that of eU reaches 498 

ppm. The rock show a conspicuous low average 

eU/eTh ratio equal 0.26 and possess a consider-

ably high eTh /eU ratio reach up 7.8 with aver-

age equal 4.18.

The mineralized sites show very high level of 

radioactivity and contain high U- and Th-con-

centra ons compared to the granite dikes and 

the pegma tes. In these zones eU and eTh con-

tents reach up to 1386 ppm and7331ppm respec-

tively with average contents equal 707.2 ppm 

for U and 4044 ppm for Th. On the other hand, 

the average values of eU/eTh ratios intensely 

decrease and eTh /eU ratios intensely increase 

Table (1): Radiometric  eU and eTh contents (ppm) and K%  in addition to eU/eTh  and eTh/eU ratios. 

Type NO.*

K% eU (ppp) eTh (ppm) eU/eTh eTh/eU

Max Min Av Max Min Av Max Min Av Max Min Av Max Min Av

Gran 125 18 2.6 6.56 48 25 106.3 2523 64 465.8 0.69 0.13 0.26 7.8 1.45 4.18

Min 20 66.5 5 26.4 1386 197 707.2 7331 1298 4044 0.59 0.13 0.17 7.5 4.9 6.1

Peg 7 8.6 1.4 5.1 10 4 6.6 3 8 16 0.6 0.28 0.43 3.5 1.7 2.47

NO.* = number of measurements
Gran = granite dikes
Min = mineralized zones
Peg = pegmatites
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reaching 0.17 and 6.1 respectively. The pegma-

tites show the lowest level of radioactivity and 

possess lower eU and eTh contents do not ex-

ceed 10 ppm and 30 ppm with average contents 

6.6 ppm and 16 ppm respectively. 

Normally, thorium is three times as abundant 

as uranium in rocks (Rogers and Adams, 1969). 

When this ratio is disturbed, it indicates a deple-

tion or enrichment of uranium. The studied gran-

ite dikes show eTh/eU average ratios equal 4.18 

and reach up to 7.8, suggesting uranium leaching 

(See table 1). The eU and eTh binary diagram of 

the studied granite dikes exhibits a wide range 

of variation. The plotted measurements mostly 

scattered around the lines eTh/eU =5 and eTh/
eU =4 (Fig. 7). These reflect the clear increas-

ing of the eTh value comparing to eU. The high 

content of eTh relative to eU in the granite dike 

reflect the greater mobility of U. 

The equation eU-(eTh/3.5) reflects the urani-

um mobilization. If result of this equation equals 

zero, it indicates that no uranium mobilization 

took place. When it is greater than zero it means 

that uranium was enriched (added to rock) while 

the negative values mean uranium leached out.  

In this study most of the measurements (Fig.8) 

have been taken on the granite dikes show 

eU-(eTh/3.5) values lower than zero and some-

times reach up to -324, suggesting local U-leach-

ing especially along kaolinized and/or highly 

fractured zones. Few samples show eU-(eTh/3.5) 

values above zero and sometimes reach up to 45, 

especially in compact and undeformed parts.

With regard to the mineralized zones, result 

of the equation eU-(eTh/3.5) revealed that all the 

measurements lie under the zero line although 

all the eU ppm measurements are very high (see 

table 1). This means that these mineralized zones 

have been originated from a late magmatic phase 

of magma very rich in radioelements with tho-

rium concentration more than uranium. In later 

time, these zones subjected to deformation and 

alteration processes led to uranium leaching. 

The granite dike itself has been subjected to 

the same processes.  The mineralized zones are 

highly charged with iron oxides, thorite, mona-

zite and zircon, suggesting origin from Th-rich 

hydrothermal solutions.

MINERALOGY

Mineralogical investigation of the mineral 

constituents of the samples was carried out by 
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using binocular stereomicroscope, X-ray diffrac-

tion technique. Semi quantitative EDX chemical 

analyses were also carried out using a Phillips 

XL-30 Environmental Scanning Electron Micro-

scope (ESEM). All these analysis were carried 

out in the laboratories of the Nuclear Materials 

Authority (NMA), Egypt. The obtained minerals 

can be classified into:

1. Non radioactive minerals including mag-

netite, goetite, hematite, cronstedite, titanite, 

fluorite, pyrite and garnet (spessarite).      

2. Uranium- and thorium- bearing miner-

als including zircon, colombite, samarskite and 

allanite,.-

3. Thorium minerals including thorite 

4. Uranium minerals including curite and 

uranophane 

Magnetite (Fe
3
O

4
) 

Magnetite represents the major part of opaque 

grains of the studied samples. It is black granular 

masses, and strongly magnetic,. It was separated 

by using small hand-magnet and thus subjected 

to XRD analysis. Magnetite is widespread in 

samples and increases in mineralized zones. The 

obtained XRD data for Magnetite is shown in 

(Fig.9a). 

� �
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Magnetite Hematite Goethite

Magne�te

dA¡ I/I¡ dA¡ I/I¡ dA¡ I/I¡ dA¡ I/I¡

5.01 2 4.98 10

4.18 7 4.18 100

3,68 40 3.66 25

3.35 3.38 10

2.98 9 2.967 30

2.70 93 2.69 100 2.69 30

2.60 9 2.58 8

2.52 100 2.532 100 2.51 50 2.52 4

2.21 28 2.201 30 2.192 20

2.09 3 2.099 20 2.07 2

1.84 43 1.838 40

Hema�te

1.74 5 1.715 10 1.721 20

1.69 55 1.690 60 1.694 10

1.60 7 1.616 30 1.596 16 1.606 6

1.49 34 1.485 40 1.484 35 1.509 10

1.45 32 1.419 2 1.452 35 1.453 10

1.35 4 1.349 4

1.33 4 1.328 4

1.31 8 1.281 10 1.310 20 1.317 8

1.26 6 1.266 4 1.258 8 1.264 2

1.23 2 1.212 2 1.226 2 2.241 2

(Fig. 9): XRD data for magnetite, hematite and goetite 
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Goethite (FeO.OH) - (Hematite (Fe
2
O

3
).  

Goethite and hematite are formed by the oxi-

dation and hydration of iron minerals or as a di-

rect precipitate. In the studied granite dikes, the 

oxidizing alkaline hydrothermal solutions per-

colating through the fracture system will dete-

riorate the Fe2+ bearing minerals, such as biotite 

and pyrite. Biotite converts into muscovite and 

iron hydroxides. The produced iron hydroxides 

solidify as goethite or may dehydrate into hema-

tite. Also, goethite and hematite are produced as 

a result of the entirely oxidation of pyrite. The 

produced goethite-hematite imparts the altered 

granite with strong reddish brown hues. The ob-

tained XRD data for hematite and goethite are 

shown in (Fig.9). 

Cronstedtite

cronstedtite [Fe
4

2+Fe
2

3+(Fe
2

3+Si
2
)O

10
(OH)

8
] is 

black to brownish-black mineral consisting of a 

hydrous iron silicate crystallizing in hexagonal 

prisms. The obtained XRD data for cronstedtite 

is shown in (Fig.10). 

Titanite

Titanite is monoclinic mineral of composi-

tion CaTiSiO
5
 but with some replacement of O 

by OH and F. Titanite is a common accessory 

mineral in igneous rocks. The obtained XRD 

data for Titanite is shown in (Fig.10).

Fluorite CaF2

Fluorite occurs as transparent to translucent 

crystals that range in color from colorless to blue 

and purple. The purple color of the familiar vari-

ety blue john is due to the presence of colloidal 

calcium. The XRD data of fluorite is shown in 

(fig.10).

Pyrite (FeS2)

Pyrite occurs as octahedron crystals with pale-

brass yellow color and metallic luster. Pyrite is 

the predominant heavy minerals in the studied 

granite dikes and in some samples it reaches 

about 60% of them. Generally, the studied py-

rite is fresh and occasionally partly or entirely 

oxidized to Fe-oxy-hydroxides such as hematite 

and goethite. This process can be classified as 

pseudomorphic desulphidization under oxidiz-

ing conditions. The oxidation of such pyrite had 

most probably motivated the reduction and fixa-

tion of uranium from the mineralizing solutions. 

The obtained XRD data for pyrite are shown in 

(Fig.11).

Titanite Fluorite Cronstedtite

Fluorite

dA¡
I/
I¡

dA¡
I/
I¡

dA¡
I/
I¡

dA¡
I/
I¡

dA¡
I/
I¡

dA¡ I/I¡

3.24 13 3.233 100 3.16 100 3.128 35 7.06 38 7.09 100

2.99 6 2.989 90 1.93 60 1.9155 40 4.72 13 4.75 10

2.60 8 2.595 90 1.65 13 1.658 10 3.54 37 3.54 85

2.28 10 2.273 30 1.37 4 1.375 6 2.70 43 2.722 50

2.13 4 2.101 20 1.25 6 1.262 4 2.58 9 2.558 10

2.06 5 2.058 40 2.44 17 2.439 40

1.72 5 1.725 10 2.21 10 2.172 2

1.64 3 1.643 40 1.69 13 1.680 16

1.60 7 1.632 6

1.56 25 1.586 40

1.45 12 1.449 16

1.43 12 1.416 6

(Fig. 10): XRD data for titanite, fluorite and crostedtite 

Pyrite Pyrite

Pyrite

dA¡ I/I¡ dA¡ I/I¡ dA¡ I/I¡ dA¡ I/I¡

3.13 18 3.128 35 1.50 5 1.5025 20

2.71 79 2.709 85 1.45 18 1.4448 25

2.42 26 2.423 65 1.24 3 1.2427 12

2.21 31 2.2118 50 1.21 6 1.2113 14

1.92 24 1.9155 40

1.63 100 1.6332 100

 (Fig. 11): XRD data for pyrite
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Curite (Pb
2
U

5
O

17
_4H

2
O)

Curite is an oxide mineral of uranium and 

lead. It is a common product of oxidation, dis-

solution and replacement of uraninite (Isobe et 

al. 1992, Finch 1994). The mineral is commonly 

associated with uranyl phosphate minerals, and 

several authors have proposed a genetic relation 

between these minerals (Frondel 1958, Deliens 

1977, Finch & Ewing 1992). Curite occurs as or-

ange-red and reddish brown grains or as glassy 

anhedral crystals with reddish cast. Its XRD data 

is shown in (Fig.12).

Zircon (ZrSiO4):

Zircon is a common accessory mineral in a 

wide range of rocks, particularly in felsic igne-

ous rocks (e.g. Heaman et al., 1990; Hoskin & 

Schaltegger, 2003). The importance of this ac-

cessory mineral lies in a combination of factors, 

including its tendency to incorporate trace ele-

ments (including radionuclides), (Watson, 1996; 
Watson & Cherniak, 1997). Although the abun-

dance of zircon is low, it strongly affects the be-

havior of many trace elements during the crys-

tallization of magmas, and understanding of its 

chemistry therefore is important for petrological 

modelling (e.g. Nagasawa, 1970; Watson, 1979; 
Murali et al., 1983).

The studied zircon occurs as pale to dark 

brown massive compact grains that are generally 

translucent to opaque. The most common habit 

is the bipyramidal form with various pyrami-

dal faces and outgrowths. Some zircon crystals 

are however characterized by extremely short 

prisms and are more or less equidimensional 

and exhibiting square cross section. It is referred 

to the pyramidal combination with extremely 

short prisms as mud zircon (El-Gemm izi, 1984) 

and to the prismatic type with no tendency to 

be elongated as murky type (Williams et al., 

1956).  Some grains show secondary growths, 

multiple growth and fused aggregations. Some 

crystals are characterized by sieve texture due to 

inclusions of other minerals especially radioac-

tive ones. The XRD data of zircon is shown in 

(fig.13). The Semi quantitative analyses (EDX) 

of zircon identify the presence of thorite inclu-

sions (fig.14). 

Garnet (spessartite – Mn
3
Al

2
Si

3
O

12
)

A member of a group of cubic minerals with 

a general formula R
3 
2+R

2 
3+Si

3
O

12 
where the di-

valent metals are magnesium, iron, manganese, 

or calcium and the trivalent metals are alumi-

num, iron, or chromium. Garnets are divided 

into two series, pyralspite (pyrope, almandine, 

spessartite) and ugrandite (uvarovite, grossular, 

andradite). Garnets commonly develop dodeca-

hedral and icositetrahedral forms and show va-

riety of colors. Pyralspite garnets are typically 

pink, red, or brown.

Garnet occurs as reddish-brown transparent 

to translucent massive grains of granular form, 

possessing vitreous luster and being usually 

hard. The XRD data of spessartite is shown in 

(fig.13).

Thorite (ThSiO4)

Thorite is the most common mineral of tho-

rium and it is currently an important ore of ura-

nium. Thorite represents the main radioactive 

mineral identified in the studied rock. It is very 

common in all samples and has a considerable 

concentration particularly in the mineralized 

zone. Thorite occurs as well developed cubic 

crystals or as granular form with black to brown-

ish black color.  Also, thorite grains were also 

detected included within zircon crystals by using 

EDX technique (Fig.14).

Curite Curite

Curite

dA¡ I/I¡ I/I¡ dA¡ I/
I¡

dA¡ I/I¡

6.43 4 6.28 100 2.46 1 2.47 30

4.05 5 3.97 90 2.24 2 2.24 10

3.52 3 3.53 40 1.81 3 1.80 30

3.36 6 3.36 40 1.60 1.2 1.62 20

2.94 4 2.93 20 1.57 2 1.57 20

2.57 2 2.55 60 1.53 1 1.54 10

(Fig. 12): XRD data for curite 
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Uranophane

Under binocular microscope, uranophane 

grains are found generally as to be massive with a 

granular form, and their luster is dull and greasy. 

These grains are distinguished by their bright ca-

nary to lemon yellow colors. Also, uranophane 

occurs as thin film coating cracks and fracture 

surfaces of quartz mixed with iron oxides. The 

EDX data of the studied uranophane is illustrates 

in (Fig. 14). 

Columbite (FeNb2O6):

The columbite group of minerals comprises a 

large number of structurally related orthorhom-

bic AB
2
O

6
 compounds (B= Ta, Nb). The colum-

bite subgroup is Nb-dominant, and the tantalite 

subgroup is Ta-dominant. They contain U and Th 

in various amounts and are commonly metamict 

but none has been described with U as essen-

tial constituent. The relatively small octahedral 

A-site is commonly occupied by Mg2+ (magne-

siocolumbite) and transition-metal cations such 

as Fe2+ (ferrocolumbite) and Mn2+ (manganoco-

lumbite), while U and Th substitutions are rel-

atively minor. Columbite is detected in all the 

studied samples. It is generally black in colour 

and possess a brilliant metallic luster and occurs 

as irregular elongated angular grains with sharp 

edges. Pure columbite grains were prepared and 

detected using EDX technique (Fig.14).

Samarskite:

Samarskite is a group of the Nb-Ta min-

eral varieties having the general formula 

AmBnO
2
(m+n) where A represents Fe2+, Ca, 

REE, Y, U and Th while B represents Nb, Ta 

and Ti. Hanson et al. (1999), proposed a no-

menclature for the samarskite group of minerals 

based on their classification into three species. 

Thus, if the REE+Y are the dominant, the name 

samarskite-(REE+Y) should be used with the 

dominant of these cations as a suffix. If U+Th 

are the dominant, the mineral is properly named 

ishikawaite whereas if Ca is the dominant cation, 

the mineral should be named calciosamarskite. 

Recently, samarskite-(Yb) has been identified as 

a new species of the samarskite group (Simmons 

et al. 2006).

Under the binocular microscope, samarskite 

is usually found in appreciable amounts and dis-

tributed in all size fractions with a tendency to 

increase with decreasing grain size. The defined 

samarskite crystals are generally massive with 

granular form and having a characteristic vitre-

ous luster. These crystals are generally translu-

cent, compact, and hard. They are mainly velvet-

reddish brown to bloody red in color. Although 

most crystals often possess granular form, how-

Zircon Spessartite

Zircon

dA¡ I/I¡ dA¡ I/I¡ dA¡ I/I¡

4.46 23 4.43 45

3.31 100 3.30 100

2.91 34 2.91 25

2.67 4 2.65 8

2.60 71 2.60 100

2.53 40 2.518 45

2.37 7 2.37 16

2.34 4 2.336 10

2.28 9 2.28 10

2.22 4 2.217 8

Spessar�te

2.12 13 2.13 16

2.07 12 2.066 20 2.06 6

1.92 7 1.408 14

1.89 17 1.886 20

1.75 6 1.751 12

1.72 20 1.712 40 1.71 2

1.66 7 1.651 14 1.65 6

1.61 12 1.614 30

1.55 26 1.547 4 1.557 40

1.48 5 1.477 8 1.456 16

(Fig. 13): XRD data for zircon and spessartite. 
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ever, some crystals are present as massive rod-

like and tabular crystals. Pure samarskite grains 

were separated and detected using EDX tech-

nique (Fig.14).

Allanite [(Ce,Ca,Y)(Al, Fe)
3
 (SiO

4
)

3
(OH)]  

Allanite (orthite) is a member of epi-

dote group that contain a significant amount 

of rare earth elements reach up to 20%. Also, a 

large amount of additional elements, including 

Th, U, Zr, P, Ba, Cr and others may be present 

in the mineral. It is occur as grains and rod-like 

crystals with brown and occasionally black col-

or, often coated with a yellow-brown alteration 

product, likely limonite. It is occur in a consider-

able amount especially in the mineralized zone. 

Pure allanite grains were separated and detected 

using EDX technique (Fig.14).

(Fig. 14): EDX and BSE of zircon, thorite, 

uranophane, columbite, samarskite and allanite.

TRACE ELEMENTS POTENTIALITY

Chemical analyses were done for seven 

samples representing the granite dikes and their 

mineralized zones for some of trace elements by 

using XRF technique. The same samples were 

studied petrographically and mineralogically. 
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The results of these analyses are illustrate bel-

low (Fig.15). The results revealed high concen-

tration of Zr, Y, Nb, Ba, Zn, Rb and Pb elements. 

These results are in a good harmony with the 

petrographical and mineralogical studies which 

confirm presence of considerable amounts of zir-

con, xenotime YPO4, allanite (Ce, Ca, Y)2(Al, 

Fe+++)3(SiO4)3(OH), Samarskite (Yb, Y, 

REE, U, Th, Ca, Fe++), columbite (Nb, Ta, 

Ti)O
4
, kasolite  Pb(UO2)SiO

4
, uranophane, cu-

rite, thorite and garnet minerals which posses 

these elements. On the other hand, chemical 

analyses were done for five samples to determine 

U, Au and Pt elements. The results are illustrate 

in figure (16).

CONCLUSION

The studied microgranite dikes contain anom-

alously high U and Th.  U and Th occur as ura-

nophane, curite and thorite minerals. Most of the 

uranium presents in these dikes is concentrated 

in many minor or accessory minerals: Zr/Ti rich 

inclusions, samarskite, xenotime, zircon, mona-

zite, titanite, allanite and apatite

Average U and Th contents determined from 

125 spectrometric measurements are 106.3 ppm 

eU and 465.8 ppm eTh respectively with a eU/
eTh ratio of 0.26. Th is more evenly distributed 

than U, possibly because of the greater mobil-

ity of the latter. Areas of highest U and Th are 

generally associated with the highly fractured, 

sheared and altered parts.

These rocks are intensely subjected to defor-

mation and alteration processes led to rock frac-

turing, conversion of some rock forming miner-

als and the formation of new secondary minerals. 

The conversion of rock forming minerals is rep-

resented by clay minerals after feldspars, goethite 

and hematite after magnetite, biotite, hornblende 

Sample N0. Cr Ni Cu Zn Zr Rb Y Ba Pb Sr Ga V Nb

1 6 12 15 457 2192 360 988 328 79 100 54 11 384

2 6 10 15 87 1646 323 733 97 19 76 22 3 287

3 8 18 12 936 3120 u.d 1361 1909 12 131 8 59 543

4 5 7 13 326 4120 270 1802 121 96 191 72 4 718

5 9 u.d 2 1196 10000< u.d 6080 1234 165 591 118 35 2317

6 6 11 11 111 1726 429 764 113 34 78 28 4 302

7 6 10 12 259 4247 336 1842 56 117 198 81 3 738

(Fig.15): Table and histogram illustrate trace element concentration of the study granite dike.

Sample No. U (ppm) Au (ppm) Pt (ppm)

1 190 2.272 34.96

2 178.4 0.25 106

3 352.5 0.264 7.6

4 748 ND 10

5 1019.2 1.696 39.36

Max 1019.2 2.272 106

Averge 497.62 1.1205 39.584

Min 178.4 0.25 7.6

(Fig.16): Table and histogram illustrate the concentration of U, Au and Pt.



Ali A. Omran60

and iron bearing sulfides (pyrite). The secondary 

minerals are represented by quartz, calcite and 

fluorite in addition to several radioactive miner-

als in the form of thin veinlets or fracture fillings 

as well as disseminations

Fractures plying a very important role in al-

teration processes which cause minerals conver-

sion and formation as they provide suitable pass 

way for hydrothermal solutions and heated me-

teoric water that cause transformation processes 

and mobility of combatable elements. 

Although uranium may occur in accessory 

minerals at the present level of erosion, such in-

trusions may represent the eroded root zones of 

mineralized dikes, the uranium having leached 

out during erosion and may be concentrated in 

adjacent sedimentary basins or elsewhere. Also, 

the leached uranium may represent the main 

source of uranium that added the highly radioac-

tive ferruginated zones.  Moreover, metamictiza-

tion of uraniferous accessory minerals, such as 

zircon and monazite, would also provide large 

volume sources of uranium for leaching.

Uranium is transported by meteoric water, 

superheated solutions and hydrothermal fluids 

as soluble carbonate and fluoride complexes as 

indicated from the occurrence of calcite veinlets 

cutting the host rock and violet secondary fluo-

rite dissemination at most alteration zones. The 

nature of uranyl ions may also help in uranium 

transportation particularly when the pH of the 

fluids is relatively low (Langmuir, 1978).  

The presence of the iron oxy-hydroxides al-

teration, which is the main alteration process, 

played an important role in uranium enrichment. 

The iron oxides have a high ability to adsorb-

ing uranium from its bearing solution (Hussein 

et al., 1965) and/or the prevalence of oxidation 

conditions and complex ions cause precipita-

tion of uranium as complex uranyl ions (Cuney, 

2003).   It is apparent that the granite dikes were 

undergoing a long period of alteration and rock–
fluid interaction, providing the source for the 

formation of the secondary uranium minerals on 

the highly ferruginated and mineralized zones. 
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جيولوجية، تمعدنية و إمكانية تواجد العناصر المشعة فى الجدد الجرانيتية  الدقيقة

جنوب منطقة وادى أبو حديدة شمال الصحراء الشرقية , مصر

على أحمد عمران

هيئة المواد النووية, ص.ب.530 المعادى

البحر  ساحل  سفاجاعلى  مدينة  من  الغرب  إلى  حولى  20كم  بعد  على  الشرقيـة  الصحراء  شمال  فى  حديدة  ابو  وادى  منطـقة  تقـع 
•    و    33º 44¯06 شماال وخطى طول  • 26º 45¯36و    • 26º 42¯54 األحمر. تبلغ منطقة الدراسة 26.1 كم2 وتقع بين خطى عرض
•شرقا.  تقع المنطقة جنوب وادى بارود االبيض وتتميز بطوبوغرافية وعرة وتضاريس متوسطة اإلرتفاع وتغطى بصخور  33º 47¯42

ماقبل الكمبرى والتى تضم كال من الجرانيتيدات القديمة وصخور الجابرو الحديث وبعض الجرانيتات الحديثة والتى قطعت بواسطة 
القواطع الصخرية الحمضية والقاعدية.  تتاثر صخور هذf المنطقة بالعديد من الصدوع ذات اتجاهات شمال شرق و شمال غرب كما 
أنها تتأثر بنطاق قص (Shear zone) يؤثر بوضوح فى القواطع الجرانيتة والتى تتميز بوجود العديد من مناطق التمعدنات وجيوب 
من البيجمتيت الغير نطاقى. عنيت هذf الدراسة بالقواطع الجرانيتية دقيقة التحبب بالدراسة اإلشعاعية والمعدنية لها ومعرفة محتواها من 
معادن اليورانيوم والثوريوم وغيرها من المعادن ذات الصلة.  وقد توصلت هذf الدراسة الى أن القواطع الجرانيتية الدقيقة عبارة عن 
جرانيت قلوى الفلسبار يتكون اساسا من القلسبارات القلوية والكوارتز مع قليل جدا من البالجيوكالز والبيوتايت  كما أن هذا الصخر 
يحتوى على العديد من المعادن اإلضافية مثل الزيركون و الثورايت واليورانوفان و الكوريت و االلنيت و السمرسكايت والمونازيت و 
 fالزينوتيم والكازوليت و الكولومبيت والبيريت والجارنت و الفلوريت والماجنيتيت والهيماتيت وااللمنيت والتيتانيت. كذلك توصلت هذ
الدراسة الى أن هذا الصخر يتميز بمستوى إشعاعى عالى حيث دل المسح االشعاعى االرضى لمكاشف هدا الصخر (قياسات سطحية 
دون أى حفر) على محتوى اشعاعى يتراوح ما بين 25     إلى497.9  جزء فى المليون مع متوسط يبلغ 106.3 بالنسبة لليورانيوم و 
محتوى اشعاعى يتراوح ما بين63.9 إلى2523   جزء فى المليون مع متوسط يبلغ 465. بالنسبة للثوريوم. كذلك دل المسح االشعاعى 
االرضى لبعض الشاذات اإلشعاعية المصاحبة لهذا الضخر على محتوى اشعاعى يتراوح ما بين 197     إلى1386جزء فى المليون مع 
متوسط يبلغ 707.2 بالنسبة لليورانيوم و مدى اشعاعى يتراوح ما بين1298إلى7331   جزء فى المليون مع متوسط يبلغ 4044 بالنسبة 
للثوريوم. كذلك اثبت التحليل الكميائى (XRF) على وجود تركيزات عالية من عناصر الزركنيوم و اليتريوم و اليورانيوم و النيوبيوم و 
الباريوم و الزنك والربيديوم و السترانشيوم و البالتنيوم والفناديوم والنيكل والذهب.   و  تدل هذf المعطيات على ان هذا الصخر عبارة 
عن جرانيت يورانيومى متعدد المعادن ذو شاذات أشعاعية عالية من الثوريوم كما ان الدراسة الحقلية أوضحت ان مكاشف هذا الصخر 
تتواجد بأحجام ضخمة ومنتشرة على مساحة كبيرة مما يعطى أمل فى قيمة إقتصاية كبرى لهذf المنطقة. لذلك يوصى الباحث بأهمية 
عمل دراسات مستقبلية لهذf المنطقة تشمل الرفع المساحى للمنظقتين اللتين تم تحديدهما على الخريطة كذلك عمل مسح جيوفيزيائى لهما 

باإلضافة للدراسات الجيوكميائية والمعدنية للوصول الى تقييم دقيق لهذf الصخر.     




