
Distribution of Radioelements... 19JKAU:  Earth Sci.,  vol. 13, pp. 19-40 (1422 A.H. / 2001 A.D.)

19

Distribution of Radioelements and its Relation to
 Uranium Migration, El-Erediya Exploratory

Tunnels, Central Eastern Desert, Egypt

ALI ABU-DEIF

HELMY S.O. ABOUELNAGA  and   HAMDY I.E. HASSANEIN  
Nuclear Materials Authority, El Maadi, Cairo, Egypt

Received: 11/9/2001 Revised: 9/3/2002   Accepted: 12/10/2002    

ABSTRACT. Uranium mineralization, connected mainly to jasperoid
veins, occupying shear and fracture zones, was discovered in 1970 at
El-Erediya post-tectonic granitic mass, Central Eastern Desert, Egypt.
Exploratory tunnels were excavated, at wadi (valley) level, following
these shear zones, in order to determine extensions of the mineralized
parts and evaluate their potentiality. Excavation works revealed the
presence of massive and disseminated pitchblende, as well as its sec-
ondary associations, in some sections of the explored shear zones. The
granite along the shear zone is more or less altered. The main altera-
tion features are silicification, mylonitization, kaolinization and, to a
less extent, sericitization. An extensive gamma-ray spectrometric sur-
vey was carried out on two of the mineralized sections and the un-
altered granite. Spectrometric data were statistically treated in order to
evaluate the uranium potentiality and its migration trend. The study
shows that there is a close relationship between the distribution of
radioelements and the lithology. It also shows that migration of ura-
nium took place inside in the silicified granite, while the migration is
in outward in case of the pink and kaolinized granite. 

Introduction

The Gamma-ray spectrometric method is a powerful tool in geological map-
ping; it is possible to determine the individual concentrations of the three nat-
urally occurring radioelements in the ground. The method depends upon the fact
that the absolute and relative concentrations of the radioelements, K, U, and Th
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vary measurably and significantly with lithology (Darnley and Ford, 1989). The
distribution of these radioelements at the surface is controlled by bedrock com-
position and modified by a variety of geologic processes, the most dominant be-
ing weathering, erosion, and transportation (Pitkin and Duval, 1980). Ong and
Mior Shallehhuddin (1988), in their analysis of promising uranium prospects in
the central belt area of Peninsular Malaysia, concluded that using maps of eTh,
eU and K permits better analysis of petrographic differentiation according to the
spectral response, and the parameters of eU/eTh, eU/K and eTh/K reflect the
radioactive character of the rock. They reported that: if eTh/K ≥ 2 × 10�4,  the
rock is thorium rich, if eTh/K ≤ 1 × 10�4,  the rock is potassium rich and if eU/
eTh ≥ 1 and eU/K ≥ 1 × 10�4, the rock is uranium rich. The main topic of this
work is to study the distribution of the radioelements in El-Erediya tunnels in
order to clarify their relation to the different alterations and to detect some
radiometric parameters related to the uranium mineralization and its migration. 

Geologic Setting

El-Eredyia post-tectonic granitic mass is located some 25 km to the south of
km 85, Qena-Safaga highway, Fig. 1. It is emplaced, within the Precambrian
basement rocks south of the major lithotectonic discontinuity that forms the bor-
der contact between the Central and the North Eastern Desert tectonic blocks
(Stern and Hedge, 1985). It forms a thick sheet (6.5 × 2.5 km), trending in NW
direction parallel to the Red Sea, intruded mainly into metamorphosed basic
rocks comprising parts of the ophiolitic-island arc sequence. In some parts, the
surrounding country rocks have undergone thermal metamorphism along their
contact with the granite. Dykes and veins of aplites, porphyries, pegmatite and
jasper as well as few basaltic dikes dissect the granite. It has been emplaced dur-
ing the post-tectonic episode in Egypt, about 600 Ma (Greenberg, 1981). Rb-Sr
age reported for El-Erediya is 570 ± 5 Ma (Fullagar, 1980), whereas U-Pb age
reported by Abu-Deif (1992) is 583 ± 21 Ma. The granitic mass of El Erediya is
an epizonal-undeformed leucocratic mass displaying a good degree of uni-
formity in both texture and mineralogy. The granite is greyish pink to red in col-
our, medium-to coarse-grained. It is essentially composed of alkali feldspars
(microcline and orthoclase), some of that occur as large elongated crystals, sodic
plagioclase, and quartz (sometimes smoky in colour) and subordinate amounts of
biotite. Accessory minerals are sphene, apatite, magnetite and zircon (El Kassas,
1974; El Tahir, 1985 and Ahmed, 1991). Pyrite, galena, monazite, muscovite,
rutile and cassiterite are also present as accessories (Abu-Deif, 1992). Hydro-
thermal alterations are common in the form of silicification, kaolinization and ar-
gillic alteration as well as sericitization. Jasper is commonly developed as frac-
ture fillings in association with hematitization and limonitization and manganese
and iron oxides (El Kassas, 1974; El Tahir, 1985; Mohamed, 1988). 
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FIG. 1. Location map of G. El Erediya prospect, Central Eastern Desert.
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Structurally, the granitic mass of El Erediya is bounded from the northeast
and southwest sides by NW trending faults. It is cut by some others trending
mainly in NW and N-S directions. 

Uranium mineralization, connected mainly to jasperoid veins, trending in N
to NE directions, was recorded in the form of small segregation pods and lenses
of pitchblende and its secondary alteration products (El Kassas, 1974). El-
Erediya uranium occurrence was considered a case of siliceous vein type de-
posit by Hussein et al. ( 1986).

Exploratory Tunneling Works.

Exploratory tunneling works have commenced in early 1980, at the southern
part of El-Eredyia mass, Fig. 2. The shear zones were intercepted through the
main adit (MA) trending in N50W direction � roughly at wadi level � and per-
pendicular to the main trend of the shear zones. At the points of the inter-
ceptions, drifts (D) were driven following the extensions of some mineralized
shear zones. These works showed that the shear zone No. 2 (Sh. Z. 2), explored
through DII and DIII, is a uranium-hosting zone, Fig 2. Massive and dis-
seminated pitchblende as well as secondary uranium minerals were detected in
this shear zone in three anomalous sections, namely anomaly An IV, An V and
An VI (El Tahir, 1985; Hussein et al., 1986). Two of these mineralized sections
(An. V and An VI) of about 38 m total extent were selected for the present
study, besides a section of about 62 m length in the main adit represents the less
altered granite, Fig. 2.

Tunnels Geology and Uranium Mineralization

According to El Tahir (1985) and Hussein et al. (1992), the explored rocks in
the tunnels are represented mainly by unaltered biotite granite which forms the
main bulk of the tunneling works especially at the main adit away from the
shear zones. The explored rocks in the drifts include jasperoid veins and vein-
lets filling fractures of shear zones. Zonally arranged around the jasperoid
veins, are the alteration products of the granite. The wall- rock alteration are
represented mainly by silicified and mylonitized granite, kaolinized granite and
some of limited extension of sericitized granite. Hematitization, limonitization
as well as black manganese and iron oxides and some argillaceous materials are
also common, Figs. 3 and 4.              

The silicified and mylonitized granite appears as hard, compact and red
coarse-grained. Mylonitization effects are characterized by crushed appearance
of rock, which developed fine streaks, elongations and decreasing granularity of
mineral constituents (El Tahir, 1985). Kaolinized granite occurs at the fractured
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FIG. 2. Sketch map showing the location of An V and An VI in a part of El Erediya mine, Central
Eastern Desert, Egypt.
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FIG. 4. Geologic and radiometric map of anomaly No. VI, drift No. 11, El-Erediya mining works
(El-Taher, 1985).

FIG. 3. Geologic and radiometric map of anomaly No. V, drift No. III, El-Erediya mining works
(El-Taher, 1985).
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walls or in contact with the silica filling. In kaolinized granite, feldspars are
mostly altered to kaoline; the rock becomes light in colour and more brittle. In
some parts the kaolinized granite is sheared with the development of argillic
materials as filling along shear planes.

Primary and secondary uranium mineralization was detected in three sections
along DII and DIII. They are closely connected to faults and fractures occupied
by jasperoid materials which trend mainly in N to ENE directions. The miner-
alized faults are intensely brecciated. The uranium minerals occur as stains on
the hanging wall of the jasperoid veins, as disseminated in the microfractures
and as lensoid masses of massive pitchblende enveloped by secondary uranium
minerals and protected by two sets of jasperoid silica, Fig. 3. It is worth to men-
tion that, the jasperoid veins are not mineralized, but they act as traps capturing
and protecting the U-minerals. The most significant section (An VI) is a thin
lens of pitchblende (4 m  × 30 cm), enveloped by a thin layer of secondary al-
teration products rich in secondary U-minerals (El Tahir, 1985). Abu-Deif,
(1992) reported a U-Pb age of 130-160 Ma. for El-Erediya pitchblende.  

Spectrometric Studies

An extensive gamma-ray spectrometric survey was carried out on two of the
mineralized sections in the drifts (An. V and An. VI), besides a considerable
part in the main adit. The present spectrometric survey was carried out by Gs-
256 spectrometer (with sodium iodide crystal detector 3" diameter by 3" inches
long). The measurements are taken through uniform grid pattern of 50 cm.
Sixty-seven measurements were taken for correlation in the main adit, 56 meas-
urements in anomaly V location and 152 measurements in anomaly VI location.

The data are represented as maps for anomaly V, Figs. 5, 6, 7, and 8 and
anomaly VI, Figs. 12, 13, 14, and 15. 

Statistical analysis of the spectrometric data was carried out using a computer
program in order to define the distribution pattern of the radioelements in the
granite and its alteration products in the mine. Generally, there is a strong re-
lationship between the distribution of different lithological units in the mine and
the levels of the spectrometric measurements. Therefore, the spectrometric data
were divided into a number of levels, each of which is related to one of the lith-
ologic unit with the same radiometric signature.  In this study, statistical com-
putations were applied on the original data without employing any type of trans-
formation. This is in accordance with the work of Sarma and Cock (1980), who
recommended the performance of statistical computations on the original data.
A variable posssesses a coefficient of variability (CV%) is examined [CV% =
(S/X *100)], where S is the standard deviation and X is the arithmetic mean. If
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FIG. 5. The total radiometric (in Ur) contour map, DIII, AN, V, El-Erediya mine, Central Eastern
Desert.

FIG. 6. The equivalent uranium (in ppm) contour map, DIII, AN, V, El-Erediya mine, Central
Eastern Desert.

FIG. 7. The equivalent thorium (in ppm) contour map, DIII, AN, V, El-Erediya mine, Central East-
ern Desert.
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FIG. 8. The potassium percentage contour map, DIII, AN, V, El-Erediya mine, Central Eastern
Desert.

(CV%) for a certain unit is less than 100%, the radioelement variability in the
unit tends to exhibit normal distribution. The computed values for (S) and (X)
of the total count activity (in Ur), the absolute potassium (K in %), equivalent
uranium (eU in ppm), and equivalent thorium (eTh in ppm) concentrations as
well as their ratios in the tunnels are shown in Tables 1-3.   

TABLE 1. Statistical treatments of the raw spectrometric data of the main adit, the two anomalous
zones and all data. 

       
Body

No. of Statistical T.C. K eU eTh
eU/eTh

eU/K% eTH/K%
 values elements (Ur) (%) (ppm) (ppm) *10�4 *10�4

Min 42.7 5.2 14.8 21.9 0.7 2.8 4.2

Max 76.7 8.4 50.8 33.4 1.5 6.0 4.0

   Main Adit 67 X 52 6.4 24.4 26.7 0.9 3.8 4.2

S 6 0.5 6.8 2.7 2.5 12.5 5.4

CV% 11.5 7.8 27.9 10.1

Min. 62.4 5.6 33.5 23.1 1.5 6.0 4.1

Max. 813.4 8.8 771.1 46.2 16.7 87.6 5.3

   56 X 99.4 6.8 69.0 30.7 2.2 10.2 4.5

S 103.6 0.5 102.1 3.4 29.9 194.5 6.5

CV% 104.2 7.4 148.0 11.1

Min. 53.4 3.8 23.2 22.1 1.0 6.1 5.8

Max. 480.8 7.8 450.7 56.8 7.9 57.8 7.3

Anomaly
Zone V
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   152 X 105.2 6.6 75.5 30.1 2.5 11.5 4.6

   S 76.4 0.7 77.6 4.2 18.6 111.4 6.0

CV% 72.6 10.6 102.8 14.0

Min. 42.7 3.8 14.8 21.9 0.7 3.9 5.8

   Max. 482.4 8.8 771.1 856.5 0.9 87.6 10.4

   All Data 275 X 87.1 6.6 61.7 29.4 2.1 9.4 5.9

S 62.3 0.6 76.7 4.0 19.2 119.3 25.0

CV% 71.5 9.1 124.3 13.6

X = arithmetic mean, S = standard deviation, CV = coefficient of variation, Min =  minimum value &
Max = maximum value  

TABLE 2.  Statistical treatments of anomaly V in drift III.

     Anomaly Statistical T.C. K eU eTh
eU/eTh eU/K% eTh/K%

       Zone V elements (Ur) (%) (ppm) (ppm)

Min   65.6 6.2   35.2 28.2   1.2      5.7 4.5

Max 813.4 8.8 771.1 46.2 16.7   87.6 5.3

X 157.9 6.8 126.5 32.5   3.9   18.5 4.8

S 197.0 0.7 194.0   4.4 43.8 283.3 6.5

CV% 124.7 102.9    153.4 13.5

     Min   65.0 6.1   35.1 26.1   1.3     5.8 4.3

Max 184.8 7.5 152.3 35.3   4.3   20.3 4.7

X   87.2 6.7   57.0 30.3   1.9     8.5 4.5

S   34.6 0.4   34.5   2.3 14.9   78.5 5.3

CV%   39.7 6.0   60.5   7.6

Min   62.4 5.6   33.5 23.1   1.5     6.0 4.1

Max 115.9 7.7   84.9 35.4   2.4   11.0 4.6

X   75.5 6.8   45.4 29.9   1.5     6.7 4.4

S   11.3 0.5   11.6   3.1   3.8   23.6 6.3

CV%   15.0 7.4    25.6 10.4

Unit V-1
Pink granite

Unit V-2
Silicified
mylonitized
granite

Unit V-3
Kaolinitized
granite

Anomaly
Zone VI

TABLE 1. Contd.

      
Body

No. of Statistical T.C. K eU eTh
eU/eTh

eU/K% eTH/K%
values elements (Ur) (%) (ppm) (ppm) *10�4 *10�4
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TABLE 3. Statistical  treatments of anomaly  No. VI  .   

         Anomaly Statistical T.C. K eU eTh
eU/eTh eU/K% eTh/K%

          Zone VI elements (Ur) (%) (ppm) (ppm)

Min 61.4 5.8 32.2 24.2 1.3 5.6 4.2

Max 122.0 7.1 94.0 30.7 3.1 13.2 4.3

X 89.5 6.3 61.6 27.6 2.2 9.8 4.4

S 22.8 0.5 23.2 2.8 8.4 44.4 5.6

CV% 25.5 7.9 37.7 10.1

Min 54.4 5.3 23.2 24.5 0.9 4.4 4.6

Max 421.7 7.8 39.7 56.8 7.0 5.1 7.3

X 86.5 6.9 54.9 32.4 1.7 7.9 4.7

S 63.8 0.5 65.0 5.0 13.0 131.5 10.0

CV% 73.8 7.2 118.4 15.4

Min 58.2 6.0 28.2 22.1 1.3 4.7 3.7

Max 94.4 7.7 66.0 32.4 2.0 8.6 4.2

X 68.8 6.9 39.1 28.6 1.4 5.7 4.1

S 7.9 0.5 8.4 2.5 3.4 18.3 5.0

CV% 11.5 7.2 21.5 8.7

Min 55.2 5.4 26.0 25.5 1.0 4.8 4.7

Max 480.8 6.7 450.7 33.1 13.6 67.3 4.9

X 152.2 6.0 124.5 28.7 4.3 20.6 4.8

S 130.4 0.4 130.2 2.3 57.3 340.8 5.8

CV% 85.7 6.7 104.6 8.0

Min 68.0 3.8 37.1 23.1 1.6 9.8 6.1

Max 369.2 7.1 344.3 37.0 9.3 48.5 5.2

X 163.3 6.0 135.6 29.0 4.7 22.8 4.3

S 80.1 0.8 81.5 3.6 22.8 99.1 4.5

CV% 49 13.3 60.1 12.4

Min 53.4 6.2 26.1 25.8 1.0 4.2 4.2

Max 104.3 7.2 72.5 31.4 2.3 10.1 4.4

X 72.4 6.8 42.7 28.6 1.5 6.3 4.2

S 20.4 0.4 19.7 2.2 8.8 52.3 5.5

CV% 28.2 5.9 46.1 7.7

Unit VI-1
Silicified
granite

Unit VI-2
Kaolinized
granite having
more fractures

Unit VI-3
Kaolinized
granite having
less fractures

Unit VI-4
Silicified
granite

Unit VI-5
Silicified granite
associated with
jaspar
mineralization

Unit VI-6
Pink granite
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In addition, the probability plot is used to evaluate the normality of the dis-
tribution of the total count radiometric data, that is, whether and to what extent
the distribution of this variable follows the normal distribution. The observed
variables were plotted on a standard normal probability plot (Geigy, 1962).

The normal probability plots for anomaly V, Fig. 9, and anomaly VI, Fig. 16
show that the distribution of the total count radiometric data for both anomalies
are not normal, and each of them include more than one population. As a result,
the anomaly V is divided into three different interpreted radiometric lithologic
(IRL) units, each of which posseses different radiometric level and corresponds
to three petrographical rock types, Fig. 10. The resultant outlines of these units
are shown in, Fig. 11. Meanwhile, the anomaly VI, Fig. 17, contains six IRL
units, Fig. 18. 

Uranium Migration

Uranium and thorium are usually accompanied together during geologic unit
formation due to the similarity in their ionic radii. During the evolution of the
crust, U+4 is easy to oxidize and migrate, whereas Th is stable in the oxidation
zone. So, we can consider Th as a reference to study the original U-state.

The U/Th ratio is a very important geochemical index for U migration, it is
an approximate constant in the same type of rock or geologic unit in a relatively
closed environment. The uranium migration (out or in) has the same probability
within geologic units in relatively closed geologic environment. The half-life
periods of uranium and thorium are very long, so the present U/Th ratio can be
considered as original U/Th ratio (in closed environment).

According to the NMA Scientific Internal Report (1999), the uranium migra-
tion value (Um) for a certain rock unit can be obtained by subtracting the orig-
inal uranium content Uo (or paleo-uranium background) from the present ura-
nium content Up (or the actual measured one), where Um = Up-Uo. The
original uranium content (Uo) can be theoretically calculated according to the
equation:      

Uo = eTh* (regional eU/eTh) (1)

where eTh is the average thorium content in a certain geologic unit (ppm);  (re-
gional eU/eTh) means the average regional eU/eTh ratio in different geologic
units. 

Then, the U-migration rate (U-mr %) can be calculated by the following
equation:

U-mr % = Um *100/Up (2)
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The rate of uranium migration is also a good indicator for determining type
and degree of migration. If it is positive; the migration is in, and if it is negative;
the migration is out. 

If  (Um) > 2  indicates that uranium has been lost from the geologic body
during later evolution. (Um)  < �2 indicates that a considerable amount of ura-
nium has migrated into the rock unit. �2 < (Um) < 2 points to the high prob-
ability that migration is equivalent in and out of the rock unit. 

Discussion and Interpretation

Qualitative and Quantitative Interpretation of Spectrometric Data

The geologic maps of anomalies V and VI are presented in Figs. 3 & 4 and
their spectrometric maps are presented in  Figs.  5-8 and 12-15 respectively. The
main results drawn from analysis of raw spectrometric data of the two chosen
anomalous zones and the main adit are given in Table 1.

The Main Adit

The total counts in the main adit, that mainly represent the unaltered pink
granite, range from 42.7 to 76.7 Ur, with an average of about 52 Ur. The con-
tents of the three radioelements (U, Th and K) and their ratios are given in
Table 1. The results show that this granite is U-rich granite. It has uranium con-
tent of about 24.4 ppm. It also has some highs Th content relative to the two
anomalous zones. As a result, this granite has the lowest eU/eTh ratio (0.9) and
the highest eTh/K ratio (4.2) relative to the two mineralized sections, Table 1.

Anomaly V

This anomalous zone has a wide range of radioactivity ranging from 37.9 Ur
to 813.4 Ur with an average of about 99.4 Ur, Table 1. 

The normal probability plot for this anomaly, Fig. 9, shows that the dis-
tribution of the total count radiometric data is not normal. It could be divided
into three populations (V1, V2 and V3); each has normal distribution, Fig. 10,
corresponding to three IRL units. Each of these units (V1,V2 and V3) has its
own geologic and radiometric features. The lithoradiometric unit map of this
anomaly, Fig. 11, is conformable with the geologic map of this mineralized sec-
tion, Fig. 3.

The first IRL unit (V1) represents the pink granite, V2 represents the my-
lonitized granite with jasperoid veins and V3 represents the kaolinized granite.
The location of the NE-SW and NW-SE fractures can be detected easily.
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FIG. 9. Normal probability plot of total count radiometric data, for AN, V Drift III, El-Erediya
mine, Central Eastern Desert, Egypt.

FIG. 10. Normal probability plots of total count radiometric data, for units 1, 2 and 3, El-Erediya
Mine, An V, Drift No. III, Central Eastern Desert, Egypt.
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Table 2 shows the main results of the statistical treatment of An V. It is clear
from this table that the second unit (V2), which includes the silicified and jas-
peroid veins, has relatively the highest content of uranium among the other
units. As a result, it has also the highest eU/eTh and eU/K ratios.  

Anomaly VI 

The total counts of the raw data of this anomalous zone show a wide vari-
ation ranging from 53.4 Ur to 480.8 Ur, with an average of about 105.2 Ur. The
potassium, equivalent uranium and equivalent thorium contents of this anom-
alous zone range from 3.8 to 7.8%, 23.2 to 450.7 ppm and 22.1 to 56.8 ppm
respectively. The average abundance of these radioactive elements in this zone
is 6.6 %, 75.5 ppm and 30.1 ppm for K, U and Th respectively Table 1Æ

The NE trend of fracturing is shown clearly on the spectrometric maps, Figs.
12-15, in addition to the perpendicular NW trend that dissects the NE trend. Ac-
cording to the spectrometric maps, Figs. 12-15, the geologic map of this anom-
alous zone, Fig. 4 and the probability plots, Figs. 16 and 17, this anomalous
zone can be divided into six lithoradiometric units (VI-1 to VI-6), Fig. 18 which
differ in their radioelement contents. These IRL units are conformable with the
geologic units included in the geologic map, Fig. 4. Each of these six units has
its own characteristic features in both lithology and radiometry. However, these
units correspond only to three main lithologic units (silicified, kaolinized and
pink granites). Units VI-1, VI-4 and VI-5 are related to the silicified granite;
whereas units VI-2 and VI-3 are related to the kaolinized granite. Unit VI-6 rep-
resents the less altered pink granite. Although there is no significant difference
in the lithology between the three units of the silicified granites or the two units

FIG. 11. Lithoradiometric unit map of An V, Drift III, El-Erediya Mine, Central Eastern Desert,
Egypt.
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FIG. 12. The total radiometric (in ur) contour map, DII, Anomaly VI, El-Erediya mine, Central
Eastern Desert, Egypt.

FIG. 13. The potassium percentage contour map, DII, Anomaly VI, El-Erediya mine, Central East-
ern Desert, Egypt.

FIG. 14. The equivalent uranium (in ppm) contour map, DII, Anomaly VI, El-Erediya mine, Cen-
tral Eastern Desert, Egypt.

FIG. 15. The equivalent thorium (in ppm) contour map, DII, Anomaly VI, El-Erediya mine, Cen-
tral Eastern Desert, Egypt.
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of the kaolinized granites, it could be differentiated between these units by using
the probability plots. This is due to some small geologic and structural differ-
ences such as the intensity of the alteration and fracturing, Fig. 4 & Table 3. The
main results of the statistical treatment of An VI data are given in Table 3. 

It is clear from Table 3 that the two units 4 and 5 have the highest radioelement
contents, unit 4 is related to the silicified and mylonitized granite, whereas unit 5
is related to fault breccia with jasperoid veins. The kaolinized granites, repre-
sented by unit-2 has a relatively moderate amount of radioelement contents, while
the pink granite (unit 6) and kaolinizied granite (unit-3) have least amounts of the
radioelement contents, compared by the previous units. The distribution of the
uranium in the six units is nearly similar to that of the total count, while the Th
and K contents do differ, as they increase in the northern part of this anomalous
zone especially in the kaolinized granite and along minor faults. 

Uranium Migration

From the statistical treatment of the spectrometric data of the two anomalous
zones and the main adit, the regional eU/eTh is 2.1, Table 1. After the calcula-
tion of Uo (original uranium content, according the eq. No. 1) in the main adit
and the two drifts and in their classified units, the main results of the migration
are shown in Table 4. It shows that the pink granite (the main rock of the main
adit, units V-1 and VI-6) have a high outward uranium migrationÆ This outside
migration is shown also in unit 3 of anomaly V and units 2 and 3 of anomaly
VI, which are related to the kaolinized granite. Close examination of this table
shows that the inward migration is indicated in the silicified granite units of the

FIG. 16. Normal probability plots of total count radiometric data for AN, Drift II, El-Erediya
mine, Central Eastern Desert.
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FIG. 18. Lithoradiometric unit map of An VI, Drift III, El-Erediya Mine, Central Eastern Desert,
Egypt.

FIG. 17. Normal probability plot of total count radiometric data, for units from 1 to 6, El-Erediya
Mine, An VI, Drift III, El-Erediya Mine, Central Eastern Desert.
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two anomalous zones (anomaly V and anomaly VI). The percent inward migra-
tion increases with the increasing of silicification and fracturing, beside the
relative increase in the jasperoid products and mylonization of the granite.

TABLE 4. Migration direction of uranium in the different litho-spectrometric units, El-Erediya ex-
ploratory tunnels, Central Eastern Desert, Egypt.

Present Original Migrated U-migrated 
                  Bodies uranium uranium uranium rate %    Remarks

Up Uo Um U-mr 

    Main Adit 24.4 56.7 �32.3 �132.4  Outward
    Pink granite  migration ↑↑↑↑

    An V 69.0 64.5 4.5 6.5  Inward 
 migration ↓↓↓↓

    Unit V-1 57.0 63.6 �6.6 �11.7  Outward 
    Pink granite  migration ↑↑↑↑

    Unit V-2 126.5  68.3 58.2 46.0  Inward
    Silicified mylonitnized  migration
    granite     ↓↓↓↓

    Unit V-3 45.4 62.8 �17.4 �38.3  Outward
    Kaolinized granite  migration ↑↑↑↑

    An VI 75.5 63.2 12.3 16.3  Inward
   migration ↓↓↓↓

    Unit VI-1 61.6 58.0 3.6 5.8  Inward 
    Silicified granite  migration ↓↓↓↓

    Unit VI-2 54.9 68.0 �13.4 �23.9  Outward 
    Kaolinized granite  migration ↑↑↑↑
    having more fracture               
    Unit VI-3 39.1 60.1 �21 �53.6  Outward
    Kaolinized granite  migration ↑↑↑↑
    having less fractures

    Unit VI-4 124.5  60.3 64.2 51.6  Inward
    Silicified granite   migration
    associate with jasper     ↓↓↓↓

    Unit VI-5 135.6  60.9 74.7 55.1  Inward
    Silicified granite  migration ↓↓↓↓

    Unit VI-6 42.7 60.1 �17.4 �40.7  Outward 
    Pink granite  migration ↑↑↑↑

Uo = eTh × (regional eU/eTh).         Um = Up-Uo.       U-mr % = Um ×  100/ Up 
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Conclusions

The pink granite of El Erediya tunnels is relatively Th rich, as Th/K ratio ≥ 2
while the eU/eTh <1, which means that this granite is relatively depleted in ura-
nium. The two anomalous zones show some enrichment of uranium. The pink
granite and the kaolnized granite show very high probability of uranium migra-
tion. In other words, the outward uranium migration shows the highest rate of
migration. The inward uranium migration into the units is indicated in the
silicified  granite of the two anomalous zone (An V and An VI). The percent of
inward migration increases with the increase of silicification and fracturing,
beside the relative increase in the jasperoid products. The preceding facts in-
dicate that the source of U-mineralization in El Erediya post-tectonic granite is
probably the granite itself. The enrichment of uranium in the silicified granite
is probably due to mobilization of uranium from granite, which show some de-
gree of outward migration; especially from the kaolinized part into its present
localization within the shear and fracture zones.
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WO{dF�« �UH�√ − ÂuO�«�uO�« �d�N�  t��ö�Ë WFA*« d*UMF�« l��u�
dB� − WO�dA�« ¡«d�B�« j�Ë , WO�UAJ��ô«

U�M�« u�√ ÊUL�� Õö' vLK� , bL�√ nO{ u�√ wK�
5�U�� bO��« qO�UL�≈ ÈbL� Ë

dB� − �d�UI�« − È�UF*« µ≥∞ » � − W�ËuM�« �«u*« W�O�

W?��U?B� Âu?O�«�uO�«  U�b?F9 XHA?��« Â ±π∑∞ ÂU?� w� Æ�hK��?�*«
WK��  w� p��Ë ,�uI?A�« Ë hI�«  U�UD� v� b�u� w��« d�?�U'« �ËdF�
WO�d?A�« ¡«d�B�« j�Ë w� WO?{dF�« q�' W�uJ*« v�u�J��« b?F� XO�«d'«
 U�UD� W?F���?�  Í�«u�« Èu��0 W?O�UAJ�?�ô« �UH�_«  dH� b?�Ë ÆdB0
ÆUN�U?O�UJ�≈ rO?OI�Ë  W�b?FL�*«  ¡«e?�_«  «�«b�?�« b�b% sJ1 v�?� hI�«
W�U{ùU� ©d?�F��Ë vK��® bMK�A?���« �u�Ë s� �UH�_« �UL�√ X?HA� b�Ë
Ê√ b?�Ë b??�Ë ÆW?H?AJ�??�*« hI�«  U?�U?D� v� W�u�U?�?�« t�U?�?�U??B?� v�≈
d�«u� s�Ë ,öK�?��  ÊuJ?� U� U?��U� hI�«  U?�UD� �u� vK� XO�«d?'«
q�√ W?��� v�≈Ë w?MOD�« qK�?�?�«Ë s�D�«Ë t?�JK?��«  W?O?�U?�_« q?K�?��«
dO� XO�«d'« v�≈ W?�U{ùU� 5�bFL�� 5�UD� `�?� - ÆXO��d��« ÊuJ�
WO�UL��« rOI� wJ� UOzUB�≈  U�UO�?�«  X'u�Ë UH�J� UOHO� U��� qK��*«
�u�Ë W?�«�b�« X�{Ë√ b?�Ë Æt�d��  U�U&« �b?��Ë ÂuO�«�u?O�« �u�Ë
W�«�b�« XMO� b�Ë Æ �u?�B�« �u�Ë  WFA*« d*UMF�« l��u� 5� W�u?� W�ö�
W�d?�??B�«  «b?�u�« rEF??� q�«� v�≈ Âu?O�«�u??OK� �d?�� ÀËb??� U?C�√
W�U� w� Ã�U?)« w�≈ �d�?N�« ÊuJ� 5� w�  v�UJOK��« XO�«d'« W?*U�Ë

Æ wMOD�« qK���« Ë� ÆÈ��u�« XO�«d'«




