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ABSRACT

Abu El Hassan Al Aswad area, Nothern Eastern Desert, Egypt, is located
between lat. 26° 45’ and 26° 58’ N and long. 33° 0’ and 33°11/50" E, covering
approximately 270 km?. It is covered by a suite of igneous rocks, which are
classified according to their silica and potash contents into ultrabasic rock
class with the least silica and potash contents, basic rock class, intermediated
rock class and acidic rock class with the highest silica and potash contents.
The ultrabasic rocks with SiO,<40%, K (0.01-0.06%), U (0.1-0.5ppm) and Th
(0.3-10 ppm) produce the gamma ray doses (AEDE, 0.005 mSv/y; AGDE,
0.0277 mSvly). The basic rocks with SiO, (42-57%), K (0.15-0.5), U (0.8-
3ppm) and Th (1-7 ppm), produce the gamma ray doses (AEDE, 0.266
mSv/y; AGDE, 0.1475 mSvl/y). The intermediate rocks with SiO, (57-65%), K
(0-8-2.5%), U (2-8ppm) and Th (3.5-14.5 ppm) produce the gamma ray doses
(AEDE, 0.083 mSv/y; AGDE, 0.4784 mSvl/y). The acidic rocks with SiO, (65-
75%), K (2.6-4.3%), U (4.5-10 ppm) and Th (13-26 ppm) produce the gamma
ray doses (AEDE, 0.1692 mSv/y; AGDE, 0.9571 mSv/y).It is suggested that
the ultrabasic, basic and the intermediated rock classes can be used safely as
building materials as well as for indoor and outdoor decorations. The acidic
rock class may be used for outdoor decorations but not as building materials
or indoor decoration due to its high AGDE values, which when added to the
other gamma ray exposure source may exceed the International Accepted
Radiation Dose Limit to member of the public which is (1-3 mSvly).

Keywards: Geochemistry, Radioactivity, Igneous rocks, Gamma-ray Doses, North
Eastern Desert

INTRODUCTION

The natural gamma radiation in our environment originates from the radioactive decay of
radionuclides coming from two sources: a) naturally occurring radionuclides; and b)

radionuclides produced by interactions of cosmic rays with the earths atmosphere!".

The natural radioactivity is due to the long-lived radionuclides which have survived since
nucleosynthsis known as Primevals. In addition, secondary natural radioactivity is due to the
short-lived daughters of these primary nuclides. These primary and secondary radioactivities
comprise the naturally occurring decay series of **U, **°U and ***Th radionuclides. Other
than the three natural radioactive series, there are several known natural radionuclides Table,
(1), the most important of which is *’K that contributes significantly to the natural gamma
radiation field*™.
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The primary cosmic radiation arriving at the top of the Earth atmosphere, consists of
positively charged particles, 87% protons, 12% a-particles and 1% heavier nuclei, with
energies between 1-2 GeV'". The cosmogenic radionuclides produced by interactions of these
char%e% particles and the atmosphere, contribute insignificantly to the gamma radiation
field™".

The radioelements U, Th, and K distribution among the igneous rocks constituting the
earth crust is controlled by their ionic radii and charge, viz, U™ (1. OSA) Th*" (1. IOA) and
K'(1. 33A) behaving as large ion lithophiles (LIL). Table (2) ®'? shows the distribution of U,
Th and K and major components of the earth's crust and mantle.

At the magmatic stage K" enters readily into the rock forming minerals (feldspars and
micas), whereas U*" and Th*" due to their large charge may substitute in a limited number of
accessory minerals containing ions as ", Ht4 “ and Ce*, namely zircon, monazite and
sphene. Also u4" may substitute Ca*" (1.02 A) in few minerals like apatite and sphene.
However, U*" and Th*" may remain till the late stage of magma crystallization and form their
own minerals usually oxides, uraninite (UO,) Thorianite (ThO,), or silicates as coffinte
(USi04. H,0), thorite (ThSO4) and uranothorite (U, Th) SiO4. All the major rock forming
minerals such as quartz, feldspars, biotite, hornblende and pyroxenes contain only small
fractions of the total uranium. On the other hand the extrusive (volcanics rocks) whether basic
or acidic, rapid cooling of magma leaves large part of the uranium scattered throughout the
non-, or cryptocrystalline matrix of rocks. Generally, in magmatic suite of igneous rocks
uranium and thorium are enriched in the most silicic and most potassic rocks!*!7

In this paper, the area of Wadi Abu El Hassan Al Aswad, located about 70 km due west
of Hurgada City on the Red Sea, was chosen to study the distribution of the radioelements
(U,Th and K) within a magmatic suite of igneous rocks comprising extrusive (volcanic) and
plutonic types, and exhibit almost all compositions from the ultrabasic rock types to the
highly acidic ones.

The contents of U, Th and K were determined and converted into the different forms of
gamma ray exposure doses. The data are discussed in the context of evaluating the
environmental consequences of using these different types of rocks in various industrial
applications such as building materials, ceramics, indoors and outdoors ornamentations and
others.

GEOLOGIC SETTING

The studied area includes Wadi Abu El Hassan Al Aswad and the surrounding environs.
It is located between lat. 26° 45’ and 26° 58' N and long. 33° 00’ 00" to 33° 11’ 50" E, covering
approximately 270 km?, (Fig. 1). The area is covered by late Precamberian magmatic
basement rocks. The distribution of the different rock units and their relative dominance are
shown on the geological map (Fig. 1) "®2%. For the propose of this investigation, the
different rock units exposed in the studied area regardless of their ages, are grouped under the
following classes:

1) The ultrabasic rock class which includes the serpentinites

2) The basic rock class which includes the metabasalts, metabasaltic-andesites,

metagabbros and younger gabbros.
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3) The intermediate rock class, which includes the meta-andesites, Dokhan andesites,
Dokhan dacites, quartz diorites, tonalites and granodiorites.

4) The acidic rock class which includes the Dokhan rhyolites, monzogranites and
syenogranites.

A brief description of each rock type is given in the following paragraphs.

The serpentinites occur as small size isolated masses. They are gray or greenish gray in
color and traversed by a network of magnesite and talc veinlets. Microscopically, the studied
serpentinites consist principally of olivine, antigorite, lizardite, chrytsotile and
talc/carbonates.

The metabasalts comprise pillowed metabasalts and porphyritic metabasalts. The pillowed
metabasalts exhibit pillow structure. These rocks are spilitized and mainly composed of albite,
pyroxenes, amphiboles, chlorite and quartz. The porphyritic metabasalts are composed of
labradorite, pyroxene and hornblende porphyroblast set in a fine groundmass of the same
minerals"'®.

The metabasaltic-andesites are fine-grained, slightly or highly foliated, greenish gray in
color and exhibit porphyritic texture. They are composed of andesine, chloritized amphibole
and pyroxene porphyroblasts set in a fine grained matrix of plagioclase laths and quartz.

The metagabbros occur as small isolated masses cutting the metavolcanics. The rocks are
medium to coarse grained exhibiting hypidiomorphic texture and mainly composed of
plagioclase (andesine to labradorite), hornblende, actinolitic hornblende and augite"®.

The younger gabbros occur as small stock-like masses and sheets (2-10 m thick) cutting
the older granitoids and the metavolcanics. Two verities are recognized. The hornblende
mesogabbro is composed of labradorite (35-50%), hornblende (26-34%) and augite (3.5%).
The hornblende leucogabbro is composed of bytownite (76-82%), hornblende (13-15%) and
dialage (3.5%)"".

The meta-andesites are associated with the metabasaltic andesites and comprise the major
part of the exposed metavolcanics. These rocks are fine grained, greenish black in color and
weakly foliated. They are composed of andesine, hornblende, and few actinolite
porphy(llrgblasts set in a finer groundmass of plagioclase laths, some green hornblende and
quartz* ™.

The Dokhan andesites are fine to medium grained, gray in color and exhibit porphyritic

texture. They are composed of andesine and hornblende with small amount of biotite and
(18)
quartz* ™.

The Dokhan dacites, are less abundant, dark gray in color and exhibit porphyritic texture.
They are composed of plagioclase, quartz and K-feldspar phenocrysts with few hornblende

ones set in a fine groundmass of quartz, hornblende and iron oxides"®.

The quartz diorites and granodiorites are associated together and mapped as one unit
under the name arc granitoids. These rocks are exposed in the northern part of the studied area
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cutting the metavolcanics. They are coarse to medium grained, gray to pinkish in color and
highly deformed and foliated. The quartz diorites are composed of andesine (55%),
hornblende, biotite, quartz and minute orthoclase and muscovite. The tonalites have
essentially the same composition except quartz is >20% and the ferromagnesium minerals are
<20%. The granodiorites are composed of oligoclase, quartz >20% , K-feldspars, hornblende
and biotite!'?.

The Dokhan rhyolites are characterized by occurrence as thick lava flows (10-20m thick)
exhibiting well developed columnar jointing. These rocks are fine grained, massive, and pink
to brownish red in color and sometimes exhibit flow banding. They are porphyritic and
mainly composed of sanidine, quartz and albite phynocrysts set in finer groundmass of quartz,
feldspar and iron oxides"®.

The acidic post—orogenic granites are extensively exposed in the western and the northern
parts of the studied area forming pluton size body intruding the metavolcanics and arc
granitoids. These rocks are medium to coarse grained, hard massive and pinkish to redish in
color. They are differentiated into two types, the monzogranites and the syenogranites.

The monzogranites have hypidiomorphic, porphyritic, myrmekitic and graphic textures.
They are composed of quartz (30-39%), potash feldspars (25-34%) including orthoclase and
mesoperthite, oligoclase (22-36%), biotite (4-7%) and minor hornblende!'¥.

The syenogranites are phaneritic in appearance exhibiting granitic, porphyritic, graphic
and myrmekitic textures. They are composed of quartz (31-39%), potash feldspars (42-53%)
including perthites and microcline, oligoclase (10-18%), rare biotite mostly altered"'®),

DISTRIBUTION OF RADIOELEMENTS

The distribution of Radioelements U, Th and K in the different rock units exposed in the
studied area was investigated by collecting 92 samples in the field representing them. These
collected samples include 6 serpentinites, 10 metabasalts, 10 metabasaltic-andesites, 10 meta-
andesites, 8 metagabbros, 6 quartz diorites, 5 tonalites, 4 granodiorites, 8 younger gabbros, 8
monzogranites and 8 leucogranites. The determinations of U, Th and K were carried by
gamma-ray spectrometric techniques'?".

The U,Th and K contents and the calculated specific gamma ray activity due to each
radioelements and the total gamma ray doses including the absorbed (D), the outdoor
effective dose rate (AEDE) and indoor effective dose (AGDE) are shown in Table, (3,4,5 and
0).

Table (3) shows that the ultrabasic serpentinites have an average U (0.32 ppm), Th
(0.73ppm) and K (0.033%). The values are significantly higher than those of the primitive
mantle and N-MORB®, Table (2), although the Th/U ratio is similar to that of the N-
MORB".

Table, (4), shows that the metabasalts have an average U (1.18 ppm), Th (2.45 ppm) K
(3.2%). When these values are compared with those of the (OIB), Table (2) @ the metabasalts
have similar U contents but significantly lower Th contents, hence, lower Th/U ratios
averaging 2.12, whereas the Th/U ratio in (OIB) is 3.1. The metabasaltic-andesites, Table
(4), have an average U (1.6 ppm), Th (3.23 ppm) and K( 0.26 %). When compared with the

10
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average continental crust, Table (2),'”, they exhibit similar U and lower Th contents, hence,
lower Th/U ratios averaging 2.11, whereas the upper continental crust has Th/U ratio of 5.
The metagabbros, Table (4), have an average U (1.13ppm), Th (1.48ppm) and K (3.1%).
These rocks show similar U content to (OIB) ), Table (2), but significantly lower Th content,
hence, lower Th/U ratios averaging 1.35 compared to that of (OIB) of 3.1. The late-, to post-
tectonic gabbros, Table (4), have an average U (2.49ppm), Th (5.68ppm) and K(4.1 %). When
these values are compared to the upper crust ones''”, Table (2), they exhibit similar U
contents but significantly lower Th ones, hence, lower Th/U ratios averaging 2.33 compared
to the Th/U ratio 4 for the upper crust!'”, Table (2).

Table (5) shows that the meta-andesites have an average U (2.95 ppm), Th (4.88 ppm) and
K (1.4 %). These rocks when compared with the upper crust Table (2) '), they exhibit higher
U and lower Th contents, hence lower Th/U ratios averaging 1.74 which is significantly lower
than that of the upper crust, Table (2), The Doklan andesites, Table (5), have an average U (
3.1 ppm), Th (6.9ppm), and K ( 2%). These rocks when compared to the upper crust, Table
(2) "9, they exhibit higher U and lower Th contents, hence lower Th/U ratios averaging 2.18
relative to that of the upper crust Table (2), The Dokhan dacites. Table (5), have an average
U (3.37 ppm), Th (8.24 ppm) and K (2.3 %). These rocks when compared to the upper crust
Table, (2)'?, they show higher U and lower Th contents hence lower Th/U ratios averaging
2.57 relative to the Th/U ratio of the upper crust''?. The quartz diorites, Table (5), have an
average U (4ppm), Th (8.98 ppm) and K (1.1 %). The granodiorites, Table (5), have an
average U (6.89 ppm), Th (12-23 ppm) and K(1.9 %). When these last three rock types are
compared to the upper crust, Table (2), they all show high U content and slightly higher Th
contents except for the quartz diorites which have lower Th content. This resulted in lower
Th/U ratios averaging for quartz diorites 2.3, and granodiorites 1.79 relative to the upper crust
Th/U ratio of 3.6/,

Table (6) shows that the Dokhan rhyolites have an average U(5.53ppm), Th (15.17 ppm)
and K (3.6 %). These rocks when compared to the upper crust, Table (2)'?, show both higher
U and Th contents, however, the Th/U ratios are lower averaging 2.73 relative to the upper
crust (3.8) Table, (2)"”, The monzogranites, Table, (6), have an average U (7.54 ppm), Th
(22.56 ppm) and K (3.6 %), Table (6), whereas the leucogranites have an average U (8.01
ppm), Th (21.40ppm) and K (3.6 %) Table (6) '”. Although these granites show higher U and
Th contents relative to the upper crust Table, (2), yet the Th/U ratios are lower averaging for
the mon(zlggranites (3.04) and for the leucogranites (2.72) relative to the upper crust Th/U ratio
of (3.8)".

From the above discussion, it is has been demonstrated that there is a systematic increase
in the contents of U, Th and K from the ultrabasic, basic, intermediate to acidic rock types.
This trend can be explained by magmatic differentiation processes''>"'”. However, within
such rock sequence the Th/U ratios should have remained constant which is not the case. It is
observed that in most cases where the Th/U ratios are lower than normal, it was explained due
to the lower Th content except for the monzo-, and leucogranites, the Th content is at the
normal level. However, Rogers and Adams">'? stated that the normal contents of U and Th
in granitic rocks are 4 and 18ppm respectively. Also, Darnely®” defined urarniferous granites
as any granitic mass containing U more than twice the clark value (4 ppm), which may or may
not be associated with U-mineralization. The studied granites are observed to contain U and
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Th more than the normal values'">"'¥, but are not considered uraniferous granites, which will
be explained later.

GEOCHEMISTRY AND GENESIS OF THE RADIO-ELEMENTS

Several variation diagrams showing the relationships between U, Th, Th/U, K and SiO,
are used to provide useful information in order to understand their geochemical behavior
within the studied rock suite of magmatic igneous rocks during magmatic processes.

The Si0,-K,0 diagram, Fig.(2), has been used by Le Maitre et al®, to classify igneous
rocks in general, where the SiO, values mark the boundaries between the different classes of
igneous rocks and K,O values discriminate the igneous rocks into the three low-, medium-,
and high-K series. Figure (2), shows that the studied igneous rocks are designated as follows:
The sepentinites, the metabasalts, the metabasaltic andesites and the metagabbros belong to
the low-K series; the younger gabbros, meta-andesites, quartz diorites, and granodiorites
belong to the medium-K series; and the Dokhan andesites, dacites and rhyolites as well as the
monzo-, and leuco-granites belong to the high-K series.

Figures (3 and 4) show, the (SiO,-U) and (SiO,.Th) diagrams respectively. The SiO,-U
relationship exhibits a curvilinear increase with in creasing SiO,, whereas the SiO,-Th
relationship shows a parabolic type increase. These observations are similar to the behavior of
the (S10,-K,0) relationship (Fig.2). Such behavior can be explained that U, Th and K behave
as large ion lithophile (LIL) elements during magmatic processes which remain in the
magmatic liquids till the late stages of crystallization, then either enter the last crystallizing
minerals like K, or form their own minerals like U and Th617)

The above explanation is confirmed by looking at the (U-Th) relationship, (Fig. 5) which
is semi linear suggesting that both U and Th behaved coherently during magmatic
differentiation. Also, the Th/U- SiO, relationship, (Fig, 6) shows positive trend with
increasing Si0O,, which might suggest that Th was preferentially enriched relative to U during
magmatic differentiation. This suggestion might have some support from the weak positive
trends observed on the diagrams showing the (Th/U-U) and (Th/U-Th) relationships, (Figs. 7
and 8) respectively, where the (Th/U) ratios increase with both increasing U and Th. On the
other hand, such behavior might suggest that U was more mobile than Th during magmatic
differentiation, where during the final stages of crystallization U*" is oxidized to U®" forming
the uranly ion (UO,)*" which remains in the aqueous phase or may be transported outside the
system.

From the previous relationships and discussions, it is clear that U,Th and K tend to
concentrate in the acidic silicic magmatic igneous rocks. Plant et al **. summarized the
primary enrichment of U in silicic magmas as follows:

Granitoids resulting from hydrous melting of thick warm mafic crust in the Archaean or
subducted oceanic crust in more recent times, are of the tonalite-trondhjemite- granodiorite
(TTG) type. These rocks usually show marked depletion in (HFS) and (HRE) elements with
(+ve) Eu-anomaly and contain low levels of U, Th and K. Also, the calc-alkaline intrusions
generally have characteristics reflecting partial melting of hornblendic mantle wedge, which
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are of similar composition to (TTG) except for slight enrichment of P and high K/Rb ratio,
Table (2), and contain moderate levels in U, Th and K. The intermediate rock group in the
studied area are similar to these magmas *.

The late-, and post-orogenic granites (evolved I-, and A- types) are emplaced late in
orogenesis and frequently post-orogenically in extension collapse orogeny. They are Fe-rich
with high Fe/Mg ratios and with high > REE exhibiting flatter distribution and large (-ve) Eu-
anomaly. The evolved I-type has high F and H,O contents. The A-type magma is anhydrous
and frequently alkaline. These geochemical characteristics reflect high degree of crystal
fractionation (up to 50%). Evolved I-, and A-type magmas generally contain high levels of U
reflecting melting of phlogopitic sub-continental lithosphere at high temperatures and
anhydrous conditions®, which can explain their enrichment in U, Th and K as well as some
other elements such as Rb, Sn and F. The studied monzogranites and leucogranites are similar
to the A-type granites.

ASSESSMENT OF GAMMA RADIATION DOSES

The annual gamma radiation doses due to natural radioactivity in the studied rocks were
calculated from the concentrations of the radio-elements U, Th and K, using the equations
cited in the footnotes of Table (3), with the assumption that radioactive equilibria in both the
280U and **Th series were established. These equations are mainly derived from the basic
equation found in Ikeya®” as follows:

The annual dose rate (D) is calculated using the radiation energy, of the i-th disintegration
element, E; in Mev, decay rate (y;) in y" and the number of atoms of that element (N;) per
kilogram of the material; such that
D= (1.60218x107" J/eV)(10° eV) (XA N; Ej) x10° [mGy/y]

=1.60218x10"° (XA N; E;) [mGy/y]
Hence, the total annual gamma dose rate was calculated according to the equation
D-y = Cu Du-y +CThDTh--y +CkDK--y
Where Cy, Cry and Ck are the concentrations of U, Th and K, respectively, and
Du. y, D1n- y and Dk. , are the gamma dose rates as calculated by the above equations
respectively.

The Natural Radiation Background (NRB) originates from cosmic radiation from outer
space and terrestrial rocks constituting the earth crust. The cosmic radiation comprises
ionizing components and neutrons with most of the radiation doses at ground levels comes
from mesons and electrons. The annual dose equivalent is (0.5-0.7 mSv/y)“®®. The terrestrial
radiation is due to the members of 2**U and ***Th series and 40K with annual dose equivalent
(1.2-1.7mSv/y)®Y. It should be noted that the (NRB) dose doesnot cause health hazards to
mankind or other living organisms. The Internationally Accepted Radiation Dose Limit to
members of the public is (1-3mSv/y) .

Table (7) summarizes the ranges and averages of the different gamma ray doses for the
different classes of rocks. From the table it is clear that the ultrabasic rocks produce gamma
ray doses on the average (AEDE 0.005 mSv/y, AGDE 0.0277 mSv/y), and the basic rocks
produce gamma ray dose averages (AEDE 0.0266 mSv/y; AGDE 0.1475 mSv/y). This
suggests that these rock types represent the safest materials to use as building materials as
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well as for decoration indoors and outdoors. The intermediate rock types produce gamma
dose averages (AEDE 0.083 mSv/y; AGDE 0.4784 mSv/y), and the acidic rocks produce
gamma ray dose average (AEDE 0.1692 mSv/y; AGDE 0.9571 mSv/y). This suggests that
these rock types may be used safely for outdoor decorative purposes; but should not be used
as building materials or for internal decorations due to their relatively high AGDE values.

1)

2)

CONCLUSION

The terrestrial gamma field due to a rock containing >**U (1ppm); >**Th (Ippm) and

K0 (1%) shows that the contribution of K,O amounts to 57%, whereas that of 280 is

28% and **Th 14.3% under equilibrium conditions. However at nonequilibrium

conditions K,O contributes 90% of the gamma radiation.

The studied rocks are classified according to their silica content as well as the radio-

elements as follows:

a) The ultra-basic rocks with Si0,<40%, K (0.01-0.06%), U (0.1-0.5 ppm) and Th
(0.3-10ppm), produce the gamma ray doses (AEDE, 0.005 mSv/y; AGDE, 0.0277
mSv/y).

b) The basic rocks with SiO; (42-57%), K (0.15-0.5), U (0.8-3 ppm) and Th (1-7
ppm), produce the gamma ray doses (AEDE, 0.266 mSv/y; AGDE, 0.1475
mSv/y).

¢) The intermediate rocks with SiO, (57-65%), K (0-8-2.5%), U (2-8 ppm) and Th
(3.5-14.5ppm), produce the gamma ray doses (AEDE, 0.083 mSv/y; AGDE,
0.4784 mSv/y).

d) The Acidic rocks with SiO; (65-75%), K (2.6-4.3), U (4.5-10 ppm) and Th (13-26
ppm) which produced the gamma ray doses (AEDE, 0.1692 mSv/y; AGDE,
0.9571 mSv/y).

3- The studied averages of gamma ray doses for the studied rocks can be represented on a

map showing the distribution of the natural radiation background contributed by
the naturally occurring radio-elements as shown in (Fig. 9).

4- Tt is recommended that the ultrabasic and basic rock types can be used safely as

(1)
(2)
€)
(4)
()

building materials as well as for decoration in and out decoration due to their high
AGDE values of doors, whereas the intermediated and acidic rock types may be
used for out door decoration but not as building materials nor indoor.
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