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bstract

Airborne radiometric survey lias been applied for more than three
decades in Egypt. Experience gained from the acquired data over different
geological environments has revealed the importance of this geophysical
tool in: 1. disclosure of anomalies of potential uranium deposits, 2.
geological mapping, 3. environmental monitoring of natural radiometric



background around nuclear facilities, as well as the detection of nuclear
fallout resulting from local or foreign nuclear activities. The advent of
recording of the discriminated gamma ray energies in the airborne
256-channel spectrometer has eventually resulted in the quantitative
detection of uranium, thorium, and potassium and their elemental ratios in
the rocks. This has greatly widened the scope of geophysical and
geochemicai application. When this type of survey is coupled with airborne
magnetometry, the geological and structural configuration is appreciably
revealed in three dimensions. The important role played by the statistical
methods of analysis is also shown. Case histories from the Eastern Desert,
and Sinai Peninsula, are exhibited to help manifest the wide variety of
applications of radiometric and spectrometric surveys.

Introduction

The y-ray flux measured at the survey altitude is of a complicated nature
and consists mainly of three principal components: 1. y-ray from the three
naturally occurring radioelements, potassium 40, uranium 238 and thorium
2.12, distributed in the surficial layer of the ground and their daughter
products that decay by gamma ray emission, 2. g-ray activity originating
from radionuclides in the atmosphere (which are mostly radon-222
daughter products), radioactivity.in the aircraft itself and in the instrument
materials, as well as 3. cosmic-ray activity which is of particular interest in
the environmental radiometric survey. The latter two components are
referred to as the residual field, or better, the residual background.

Gamma-radiation coming from the earth is surface (terrestrial radiation)
attenuates fairly rapidly with growing (Tight attitude where it drops to
immeasurable values at 600-700 in ground clearance. With further increase
of altitude, the influence of cosmic radiation increases sharply. At the
inflection points, the observed region of minimum values corresponds to
the magnitude of the "residual background". It is necessary to determine the
contribution of the combined effect of both the cosmic and atmospheric
gamma radiation to the measured gamma ray flux in order to avoid
interference with the aerial measurements of terrestrial radiation. In that
regard, it is worth mentioning that the intensity of the cosmic-ray activity is
a function ol the geomagnetic latitude. It reaches its minimum intensity
near the equator and increases gradually northward and southward to reach
the maximum intensity around the northern and southern magnetic poles.

It has long been recognized that the high radiometric response is mainly
associated with acidic igneous rocks and ring complexes. Meanwhile, the



low radiometric responses is mainly connected with basic and ultrabasic
rocks. Additionally, sedimentary rocks, with the exception of certain shales,
phosphates and unusual sandstones, are weakly radioactive. The
radioactivity level varies widely from one type of rock to the other and to
some extent between the units of the same rock type. In some cases the
gradients are enough to help delineate the boundaries.

These contoured values represent the average surface concentration of
the radioelements over areas of the order of several square kilometers, the
relationship between this "average surface concentration" and the
radioelement concentration in bedrock underlying the surveyed area
depends on :

1. The percentage of outcrop,
2. The relation between overburden and bedrock radioelement

concentration
3. Percentage of marshland or surface water in the area,
4. Soil moisture and
5. Density of vegetation [1]

The first stage in the correlation between aeroradioactivity levels
recorded from the air and the corresponding geologic units is principally
qualitative, using the contour map, unit map, and stacked profiles, prepared
for this purpose. Thus the boundaries between rocks differing one from
another by radioactive properties are defined. Over some exposures, the
coincidence of the boundaries so defined with those delineated on the
geologic map is excellent while over some others it is poor. The maps are
thoroughly investigated especially where coincidence is best to establish
general levels of radioactivity for the different rock types in the area.

Naturally, these levels are not by any means sharp but merging into one
another to different degrees. These levels serve as criteria to correct the real
extent of some rock units, to delineate new units which are hard to
distinguish during field mapping, and to change identifications of some
doubted ones. These identifications brought about from qualitative study of
aeroradiometric data usually warrant investigation in the field and
petrographic work is sometimes performed when needed to prove or
disprove these modification.

In the second stage, methods of statistical analysis are used in the
treatment of aeroradioactivity data aiming to establish the characteristic
y-radioactivity features of the different rock units belonging to each rock
group and to disclose the relationships between these members from



radioactivity points of view. This is effected by the devices of several
computer programs. A flow chart showing the sequences of operations of
statistical analysis is represented in Fig. 1. This study results in an
invaluable amount of geologic information about the regional geology of
the area. The new findings are again supported by evidences collected in
the field and by petrographic study in some cases. Each rock unit is, by far,
considered to represent an emitting source of infinite extension.
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Figure (1) : Scheme Representing the use of Statistical Methods of
Analysis After Fouad (1972) [4]

This study is of significance also from the point of view of uranium
prospecting as it is important to establish the normal gamma-intensity
characteristics for the various petrographic and stratigraphic rock
complexes of the investigated region, since the evaluation of each
individual anomaly is to be made against the background of the host rock.

Hereafter, sample total-count survey areas from the Eastern Desert and
Sinai Peninsula will be discussed where the geological mapping
possibilities a well as the delineation of radiometric anomalies will be
obtained from the interpretation techniques applied .

Geological Mapping and Disclosure of Anomalies

a. Total-Count Survey

The total-Count contour maps and stacked profiles have been
extensively used to help delineate many geological and structural feature,
as the total-count is a reflection to the mineralogical composition of rock
units. Experience in qualitative radiometric interpretation can be invaluable
in defining:

t. Lithological boundaries from the overall changes in the level of
radiation shown on the contoured maps. The degree of this identification
can be either obvious or subtle depending on the contrast in the radiometric
signature, of two adjacent lithologies



2. Linear trends may indicate the strike of the sedimentary or
metamorphic lithology.

3. Faults, shears and certain Lithological contacts may be manifested by
disruption of contours of radiometric contours. Furthermore, faults
sometimes exhibit radioactive highs due to increase in permeability
allowing access of the migrating radon, other faults may exhibit
radioactive lows because of increased leaching of radioactive minerals
along fault zones [2].

4. Circular features are most commonly caused by ring complexes and
intrusive rocks, where the latter may form radioactive zones near the
margins of the body

5. Major folds can be observed by the disruption of the linear
radiometric features that originate from a particular geological horizon.

a.l. Wadi Zeidun Area, Eastern Desert

Wadi Zeidun lies in the Central Eastern Desert, southwest of
Quseir (Fig. 2). It covers about 1600 km2 and is surfaced totally by
Preeambrian igneous-metamorphic complex with the exception of some
Wad is covered by Quaternary alluvium. Detailed aeroradiometric survey
was conducted along parallel flight lines directed NE-SW (45° and 225°
from true north) and spaced 250 m apart, at a nominal ground clearance of
50 m, while in aeromagnetic survey, flight lines were spaced 1 km apart
and flown at 100 m clearance nominally. The aeroradiometric contour map
and the stacked profiles were prepared. The aeromagnetic map is also
prepared to corroborate the interpretation of aeroradiometric survey data
and to facilitate the combined study. Moreover, all available geologic
information were complied into two geologic maps (Fig. 3) and the
classification (3].
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Figure (2) : The Location of Wadi Zeidun Area.
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Figure (3) : Compiled Geological Map of Wadi Zeidun Area, Eastern
Desert. After Fouad (1972) |4|



The groups of rocks represented in the area are shown here following
the classification of the Precambrian rocks [3] together with their common
field terms, starting from the oldest :

1. Geosynclinal sediments, metasediments.
2. Main geosynclinal volcanics, metavolcanics and serpentine.
3. Post geosynclinal sediments. Hammamat sediments.
4. Late orogenic plutonites, pink granites.
5. Post orogenic volcanic, post granite dikes.

It is to be noted in the present case that as the basicity of igneous rocks
increases, lower radioactivity values are expected. The maximum
concentration of uranium and thorium is found in the youngest member of a
series, regardless of the particular liquid line of descent that the magma
may have followed. Basic and ultrabasic igneous rocks have generally
higher content of iron, possibly in the from of magnetic minerals, mainly
magnetite, which is reflected as prominent magnetic expression depending
primarily on its quantity as well as some.

The majority of the important geologic units included in the area under
consideration are dealt with as major groups to facilitate the study.

Other factors (e.g. from and attitude of the body, latitude,... etc.). On the
other hand, highly radioactive rocks are not usually accompanied by steep
magnetic gradient except in few cases as trachytic rocks (e.g. at Gebel
Hadarba).

Full use was made of the contour map (Fig. 4) and stacked profiles of
aeroradioactivity survey in the qualitative, first stage, study. This resulted
in defining, to a reasonable degree of accuracy, the boundaries between
rocks differing one from another by radioactive properties as well as
establishing general levels of aeroradioactivity for different rock types in
the area. Statistical methods of analysis were supplied to aeroradometric
data with the preliminary purpose of establishing a, more or less, definite
radiometric background for every exposure. Consequently, some rock
exposures were given identifications other than those of the earlier geologic
maps. Several rock formations, that were previously mapped as separate
units, were divided on the basis of their radioelement content into different
units especially in the case of the main geosynclinal volcanics, post
geosynclinal sediments, and post orogenic plutonites. Many such types
modifications are readily seen when comparing the compiled geologic map
(Fig. 3) with the interpretative one (Fig. 5). One important conclusion of
the use of statistical analysis is that it manifested ciearly that the



distribution of radioactivity in rocks obey a law of normality. The effect of
zoning of radioelements in granites was also evident. Moreover, Wadi
Zeidun pluton (Fig. 6) is believed to be floating over grilnite.whose widely
varying effect of digestion on the intruded rocks is very conspicuous as
shown by radioactivity pattern (Fig. 7). Digestion was also observed, but
overwhelming, southwest of Urn Duqal pluton so that the rock unit
separated by this method is identified as granite and not metavolcanics.
Kvidences were collected in the field and petrographic study carried out to
prove the aforementioned findings. The peculiar effect of granite on what
was mapped as granitized rock (proved in this work to be serpentine),
northwest of Wadi Abu Garadi, was also revealed where the introduction of
quartz only did not affect the radioactivity of the original basic rock, a ring
dike (or boss) at Gebel Hadarba, at the intersection of three faults, was
discovered due to an unusually high aeroradioactivity and strong magnetic
expression (Figs. 4 & 9). This is a case typical of rocks with trachytic
composition. Many small-scale acid intrusions could be delineated thanks
to their characteristic aeroradioactivity level, and where necessary their
boundaries were rectified. It was also observed that radioactivity of
Precambrian rocks of the area generally increases with time (Fig. 8). This is
particularly evident through the periods of emergence of the main
geosynclinal volcanics, the late orogenic plutonites and the post orogenic
volcanics.

Moreover, statistical significance tests, applied to each rock group,
revealed the following [ 4 j :

1) Some groups of (2 to 3) rock exposures belonging to the main
geosynclinal volcanics have similar aeroradioactivity characteristics which,
most probably, is an indication of the similarity in rock composition.

2) The use of the t-test showed that there is a gradual change in
radioactivity content in some groups of rocks belonging to the geosynclinal
sediments and the main geosynclinal volcanics. In the former case, such
type of gradual change points out to the presence of detectable minor
differences due to alteration processes (carbonatization, hematitization,
silicification) and not to composition. In the case of main geosynclinal
volcanics this gradual change could mean that at some particular case the
distinction between serpentine and basalt could be difficult.

3) Despite the fact that the rocks belonging to the main geosynclinal
volcanics in the present area of survey show low radioelement content, the
statistical analysis could put some general lines of demarcation between
their radioactivity levels as follows:



a) Serpentinites have areoradioactivity generally less than 2 uR/h while
metabasalts have average aeroradioactivity of 2 (aR/h.

b) Metamorphosed tuffs have their aeroradioactivity level somewhat less
than 2.5 uR/h.

c) Meta-andesites and andesitic tuffs are of about 3 (R/h.
d) metadacites have their aerordioactivity generally higher than 3.5

uR/h.

4. Radioactivity of the different exposures of the post geosynclinal
sediments are significantly different as they might have been developed by
active erosion in an area consisting of geosynclinal sediments, main
geosynclinal volcanics, synorogenic plutonites, emerging geosynclinal
volcanics, and almost certainly some older red and pink granites, which are
usually of significantly different composition and consequently
radioactivity.

5. Different granite plutons in the area of survey have significantly
different radioelement content due to the possibility that they are not
derived from the same magma at the same time and/or due to the fact that
intruding granite plutons digest older rocks widely different in composition.
Zoning of radioelements might also play a role in this respect.

6. Interpretation of aeroradiometric data is mainly of lithological
significance, although they show some interesting structural lines trending
NE-SW, N-S, NW-SE and E-W, the existence of which is supported by
aeromagnetic and/or geologic evidence.

7. In studying the relationship between aerial and ground radioactivity
measurements, it has been shown that they are in excellent correlation and
that 1 mR/h measured on the ground corresponds to 0.4 uR/h using an
airborne scintillation having sensitivity of 200 cps/ 1 jiR/h at 1 m.

Despite these findings, it can not be claimed that the technique
described in the present work is a straight-forward process as geologic
conditions could be expected to bring about ambiguities which might lead
to some erroneous results in mapping. This is specially so in areas such as
the present, where the influence of radioactivity of invading granite on
older rocks is well noted at some localities. Therefore, every bit of
information about the geology of the area could be helpful in drawing the
final conclusions. Field investigation is inevitable and the help of other
tools of study, such as petrography and the results of other geophysical
methods could be invoked when necessary.



Figure (4) : Aeroradiometric Map of Wadi Zeidun Area, Eastern Desert
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(Indicated by Aeroradiometric and Aeromajnetic Surveys)

After Fouad (1972) [4]
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Figure (6) : Interpretative Geological Map of Wadi Zeidun Pluton, Eastern
Desert
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Figure (7) : Aeroradiometric Map of Wadi Zeidun Pluton, Eastern Desert
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After Fouad (1972) [4]

The present study area is generally characterized by a relatively calm
magnetic field (Fig. 9). Aeromagnetic pattern over some rock units together
with the surface distribution of radioelements give the subsurface and
surface configuration of the geologic setting. This was particularly useful in
the interpretation of Zeidun batholith; separating the western and
southwestern outcropping serpentine masses affected by strong remnant
magnetization effect from the eastern two blocks which lie in the



subsurface (partially under the Hammamat conglomerates and
conglomeratic sandstone, north of Gebel Shaghif) and evidenced by two
aeromagnetic anomalies of the same nature.

Magnetic trend analysis revealed that the main structural lines in the
area trend at N 5°E, N 35° E, N 85° E, N 60° W, and N 17° W. These are in
fair agreement with those obtained from radiometric trend analysis.

The big elongate Zeidun pluton, between Wadi Arak and Wadi Zeidun,
is a particularly important feature. It shows a magnetic steep gradient along
its major axis separating the pluton into a northeastern side of slight
magnetization ranging from zero to 50 nT indicating no definite magnetic
contrast with neighboring metavolcanics, and a southwestern side showing
negative magnetic effect (Fig. 9). The relatively steep gradient along the
axis of the elongate pluton is believed to represent a fault line at the
southeastern and of which anomaly number 5 lies. The presence of small
basic dikes intruding the granite at this locality and trending parallel to the
fault line could offer a reasonable cause of the anomaly due to the
combined effect of those dikes specially if they increase in width at depth
(Fig. 9). This fault separates two types of granite differing in magnetic
properties, the southwestern being of more basic composition. This latter
type of granite is believed to extend in depth southeastwards and eastwards,
as it could be affected by the eastern branch of Wadi Zeidun fault,
separating the serpentinite body exposed in the southwest from what is
believed to be its extension in the northeast as shown earlier [4].

The contour pattern shows that the southeastern contact of the pluton
has a gentle slope under the neighboring metavolcanics in the southeast,
while this contact is steep at the boundary between the granite pluton and
the Hammamat series at the northwest side of this contact (Fig. 9). This
steep side of the contact is almost coincident with a mapped fault. In
between the two different natures of the contact, the magnetic pattern
shows that this side of the granite pluton forms a prominent protrusion
under the metavolcanics and Hammamat sediments. The northeastern side
of this pluton which shows almost no magnetization reflected by the
dominant zero contour, has naturally more acidic composition. The fault
plane of the pluton is believed to have controlled the emplacement and
deposition of magnetic materials at anomaly number 5 (Fig. 9). This
coincides in this part fairly with aeroradiometric contour pattern.



This study has presented conclusive evidence that, beside being an
excellent tool in the search for radioactive occurrences and delineating the
rocks most favorable for these occurrences, aeroradiometry is of invaluable
aid in geologic mapping in uncovered areas specially when corroborated by
another geophysical method, such as aeromagnetics, having different
physical effect. Airborne methods can actively participate in figuring out
the surface and subsurface configuration of the regional geology and
structure of the area. The results of the present work can be very
enlightening when dealing with geophysical data carried out in other parts
of the Central Eastern Desert, specially those with little or no geological
information.

Fig. (9) Aeroinagnctit Map fo Wadi Zeiduo Area, Eastern Desert.
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Figure (9) : Aeromagnetic Map fo Wadi Zeidun Area, Eastern Desert



a.2. Abu Zeneima-EI Tor Area, Sinai

The area chosen for the study is located in the south western portion of
Sinai Peninsula at the north eastern corner of Egypt (Fig. 11). Its
surface area approximates 7100 km2 of Precambrian Basement rocks and
sedimentary cover (Fig. 11). It has been subjected to aerial radiometric
survey (Fig. 12) to delineate the regional radiometric (Geological) units
corresponding to the various levels of radioactivity of the different rock
units, (Fig. 12) [5]. The minimum radioactivity level goes down 1.88 (R/h
and is associated with limestone, dolomite and gypsum, while the
maximum level rises to 15.2 mR/h which is connected with the acidic pink
granites of younger age [6]..

Statistical trend analysis was carried out for aeroradiometric steep
gradients which my reflect surface structural features which coincide with
mapped geological ones. The drawn rose diagram showed four significant
trends in the N 20° E, N 15° W, N 35° W and N 65° W direction (Fig. 15).

Statistical analysis of the radiometric measurements was conducted to
determine the characteristic radiometric statistics of the different rock units
in the area under investigation. On the basis of qualitative and quantitative
interpretation of radiometric data recorded from the air over the various
geological units, eleven groups of radiometric units could be separated and
outlined (Fig. 13). These radiometric groups reflect different lithological
units which assisted in correcting many geological contacts, delineating
new rock units and emphasizing some of the mapped structures.

The other important goal of this study is to locate any anomalous
radioactivity within the different geologic (radiometric) units, which led to
the discovery of new materials. The study revealed the existence of many
significant radiometric anomalies (which exceeded the value of three
standard deviation plus the calculated arithmetic mean) (Fig. 14). They are
correlated with granite, granodiorite, gneisses, quartz-dioritic, dolomite,
conglomerate siltstone-graywakes, gypsum, marl, sandstone, limestone,
clay olivine - basalt, alluvium and volcanics.

Statistical trend analysis for the aeroradiometric steep gradients which
may correspond with structural lineaments was carried out to define the
major surface tectonic directions as well as their relation with the locations
of the defined radiometric anomalies which may refer to the presence of
mineralizations of radioactive elements.



Figure (10): Location Map.
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Figure (11) : Geological Map of Abu Zeneima-El Tor Aera Southwestern
Sinai, Egypt. After El-Kattan (1987) [6].
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Figure (12) : Aeroradiometric Map of Abu Zeneima-El Tor Aera
Southwestern Sinai, Egypt. After EI-Kattan (1987) [6].

Figure (13) : Interpreted Aeroradiometric Unit Map of Abu Zeneima-El Tor
Aera Southwestern Sinai, Egypt. After EI-Kattan (1987) [6].
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£.' Figure (14) : Radiomet-
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b. Gamma-Spectrometric Survey

The gamma-spectrometric survey has been in use in Egypt for over a
decade now. Conventional statistical methods of analysis, used for the
treatment of total-count survey data have been used also for the treatment
of the gamma-spectrometric data, after being standardized to give the eU,
eTh in ppm and the potassium (k) Percent. The ratios eU/K and eTh/k were
used in the treatment as well.

It is probably better to demonstrate a more evolved technique (Factor
analysis) in the treatment of this multivariate system [7], whereby this
technique was used in the treatment of spectrometric data of Esh El Malaha
area (Fig. 16) NE Desert, Egypt.
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Figure (16) : Part of Egypt showing the location of the study Area. After
Rabie(1994)[7].

Factor analysis is a multivariate statistical technique whereby the
number of variables is reduced to a minimum number of independent
variables which will adequately describe the data. This analysis allows the
geologists and the geophysicists to perform a co-ordinate transformation of
the four count data [potassium (K), equivalent uranium (eU), equivalent
thorium (eTh)"and total count] and the three ratios (eU/eTh, eU/K, eTh/K)
into a system of less independent co-ordinates. These new co-ordinate
factors are constrained to produce as much as possible of the total variance
of the original data. Each original data point gains factor scores,
representing the affiliation of the samples to the newly defined factors. The
mapping of factor scores and a comparative study of these rnaps^with
geological maps could serve as a powerful method in the interpretation of
the data [7].

The study area (22.5 x 25.5 km) was sampled in a square grid along
east-west profiles and Tc, U, Th and K maps were digitized from the
original maps. The ratios (U/Th, U/K, Th/K) were calculated from the
collected data. A composite file was prepared to include seven variables
(Tc, eU, eTh, K, eU/Th, eU/K, eTh/k) and 2295 rows (45 X 51 sample
points). Standard statistics were applied to the raw data to compute means,
measures of dispersion and normality checks for each variable. Correlation
coefficients among three variables were also computed. Through matrix



manipulation [8], the principal factors are extracted and rotated to a
position where each factor has a large variance with the squared loading,
thus the values have high and low, but few intermediate-sized, loadings.

Table 1 represents the correlation matrix between the seven variables,
showing positive relation between the three variables Tc, Th and K.
Negative relation are generally seen between eU/eTh and other variables,
except with uranium. These data indicate that the total count (Tc) measured
by the airborne equipment usually represents the amount of K and Th in
rock units, rather than the amount of uranium.

The 7-dimensional factors space can be reduced, without significant
loss of information, into a 3-D space by using the varimax method [8]_.
These three factors are quite interpretable and represent 89% of the total
variance of the data.

Table (1) : Correlation coelticient matrix between the seven data
variables

Variable

Te (u.R/h)

eU (ppm)

eTh (ppm)

K%

eU/Th

eU/K

eTh/K

Tc

0.03

0.35

0.39

-0.24

0.25

-0.21

eU

0.11

-0.03

0.54

0.44

0.20

eTh

0.84

-0.63

-0.58

-0.24

K%

0.65

-0.69

-0.62

eU/Th

0.93

0.40

eU/K

0.64

eTh/K

Table 2 represents the loading for three rotated (Varimax) factors. This
table shows the three principal rotated factors from which it can be
concluded that factor one (Fl) has appreciable high positive loadings for
two variables (eTh and K%) and negative loading for eU/eTh and eU/K.
F2 has high loading for the variables eU, eU/eTh and eU/K. Factor three
(F3) is negatively loaded with regards to total count. The standard scores of
these factors are multiplied by 100 before countering onto separate maps
(Figs. 17, 18 & 19). Factor scores characterizing different rock units in the
area are best summarized in Table 3.



Table 2 : Loadings of factors (Varimax rotated)

Factors % of
explained variance

Variable

Te (nR/h)
eU (ppm)
eTh (ppm)
K%
eU/Th
eU/K
eTh/K

Fl
53.83%

0.203
0.004
0.910
0.927
-0.727
-0.762
-0.536

F2
73.67%

-0.004
0.949
0.161
-0.038
0.596
0.577
0.361

F3
84.79%

-0.971
-0.031
-0.136
-0.229
0.049
0.083
0.190

Table 3 : Factors scones characterzing duterent rock units of Esh. El
Milaha area Eastern Desert, Egypt

From

0

0

0

^50

Fl
to

250

160

110

0

Rock unit

Dokhan
Volcanics

Pink biotite
granite
Recent
Sediments
Limestone
Nubian
Sandstone

From

-250

-130

-140

0

0

0

F2
to

0

0

0
160

330

170

Rock unit

Dokhan
Volcanics

Dokhan
Volcanics
White
Limestoen

From

-60

-100

-30
Pink biotite
granite 0

Hard Limestone 0
+ Nubian
Recent
Sediments

F3
to

0

0

0

110

60

Rock unit

Dokhan
Volcanics +
Pink biotite
granite
Dokhan
Volcanics
Limestore +
mal
Hard
Limestone +
Nubian
Eocene
Sediments

It was found that Fl positive scores outline high K and Th rocks-the
Dokhan volcanics and the pink biotite granite in the south-eastern and
north-western corners of the study area. The positive scores also outline
some recent sediments in the north-eastern and south-western part of the
area. The negative scores of Fl outline the central part of the area, which
includes limestones, clays and Nubian Sandstone of Cretaceous to Miocene
age. The negative scores of factor two (F2) outline two types of the Dokhan
volcanics from radiometric point of view, one in the south-eastern part
(score-250) and the other in the north-western corner (score-130). These



negative scores also outline the Esh El Malaha limestone. Other Cretaceous
sediments are characterized by positive scores of F2. Factor three (F3) is
related to basicity with negative scores outlining the Dokhan volcanics with
two different score values.

Figure (17): Contours of the Fl scores of the Esh El Milaha area, Eastern
Desert, Egypt. After Rabie (1994) [7]

Figure (18): Contours of the F2 scores of the Esh El Milaha area, Eastern
Desert, Egypt. After Rabie (1994) [7]
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Figure (19) : Contours of the F3 scores of the Esh El Milaha area, Eastern
Desert, Egypt. After Rabie (1994) [7]

Fig. 20 shows rock units as interpreted from the three factors. From the
radiometric data (as traced from the discrepancies of factor score signs and
its broad range), the Dokhan volcanics can be divided into two subunits
(VI, V2) and the Nubian sandstone similarly into two units (Nl, N2). The
recent sediments in the western and north-eastern parts of the area are
deviled into two units: gravel + white limestone (Q2+M) and white
limestone + gravel (M+Q2). The two units, hard limestone and chalky
limestone, which have a northwest - southeast trend in the central part of
the study area become one unit.

Figure (20) : Rock Unit Interpretation From Scores of the Esh El Milaha
area, Eastern Desert, Egypt. After Rabie (1994) [7]

r . A



2.H. Environmental Aeroradioactivity Survey

The Suez Canal Zone (Fig. 21) study deals essentially .with the
establishment of the environmental radioactivity levels in the Suez Canal
Zone. It will provide basic information that can be used as a reference to
detect and determine the amount and extent of any possible future
variations in the natural radioactivity level in that part of Egypt (Fig. 22),
that might result from nuclear testing or accident involving release of
nuclear radiations and fallout of nuclear fission products that might affect
both the terrestrial and atmospheric environments. According to statistical
analysis of the radioactive measurements recorded over the Suez canal
Zone, it was found that its mean radiometric background is 7.76
millerem/years. Seven lithological units were separated, each was found to
be homogeneously distributed, as far as radioactivity is concerned (Fig. 23)
and has its own characteristics statistics. They form the environmental
terrestrial aeroradioactivity map of the area. The Suez Canal Zone is
characterized by the presence of extensive water surfaces represented by
the Gulf of Suez, Bitter Lakes, El Temsah and El Manzalah Lakes. These
represent the lowest radiometric level (0.03-5.16 millirem/year) in the
studded zone in spite of the presence of a slightly higher level around the
rim of the great Bitter Lake. The highest radiometric level was (4.4-15.3
millirem/year) found associated with El Shat Formation of Middle Miocene
age and which is composed of sandstone, clay, limestone and gypsum. In
that regard the present study demonstrated that the periodical aerial
radiometric surveying for entire Suez Canal area is highly recommended
for monitoring changes in its environmental radioactivity levels [9].

Conclusion

Airborne radiometric and spectrometric survey data are of great
importance in geological mapping, the recognition of anomalous increase in
radioactivity levels which may indicate the presence of radioactive
occurrences or deposits. This type of survey is also invaluable in
establishing the different radioactivity levels for environmental purposes,
which is the basis for the recognition of any future nuclear fall-out in
populated areas or around nuclear facilities.
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Figure (21): Geological map of the Suez Canal Zone Northeastern Egypt.
After Ammar et. al., (J993) [91
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Figure (22) : Environmental total count aeroradiometric contour map of the
Suez Canal Zone, Egypt. After Ammar et. al., (1993) [9]
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Figure (23) : Interpreted environmental aeroradiometric unit map of the
Suez Canal Zone, Egypt. After Ammar et. al., (1993) [9]
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