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Abstract

Each geologic unit, exposure, formation or rock group of the exposed
Precambrian I (igneous and metamorphic) basement complex (Upper
Proterozoic) and Phanerozoic cover sediments in an area covering about
4500 km2 located in the Central Eastern Desert of Egypt, has been found to
possess certain radioactivity characteristics and levels.

Minimum values of radiation are generally associated with the first
Basement volcanics, maximum values are correlated with the third
Basement plutonites and Phosphate Formation (Upper Cretaceous), while
intermediate values are connected with the first Basement sediments and
Upper Eocene-Quaternary fifth detrital-calcareous-evaporite sediments.

Therefore, the radioactivities of various rock groups of the Precambrian
I Basement Complex- except the first Basement sediments- correlate
progressively well with their chronology. Generally, the increase of
radioactivity within this complex is connected with the transition into final
stages of the magmatic evolution.

With reference to the successive sedimentary cycles, it was seen that
the radioactivity increases from the oldest towards the youngest formations
in the third and fifth cycles, while it decreases in the fourth cycle.
Consequently, successive natural cycles of gradual increase, decrease and
increase of radioactivity were noticed to accompany these three successive
sedimentary cycles across geologic time.

The general relationship between the aerial (A) and ground (G)
radioactivities of only the rock types of the Precambrian I Basement
Complex covering nearly 3000 km2 from the whole area was also studied.
A scatter diagram relating both was established which reveals that the
regression is linear and both intensities change in direct proportion-ality
with each other. The calculated correlation coefficient attained 0.995, and
the computed regression equations are:



G = 4.60A-2.71 and A = O.I9G+I.16

when A and G are measured in units of radioelement concentration "Ur",
and

G = 4.55 A-1.55 and A = 0.19 G +0.81

when A and G are measured in units of microroentgens per hour "mR/h".

1. Introduction

An aerial and ground (surface) radiometric surveys have been
conducted in an area covering approximately 4500 km2 of the Central
Eastern Desert of Egypt (Fig. 1). This survey has been carried out by the
geophysical group of the Atomic Energy Establishment of Egypt as a part
of a wide program to cover radiometrically the whole Eastern Desert of
Egypt.

Figure (1) : The Location of the Area Under Studey, Centeral Eastern
Desert, Arab Republic of Egypt

Topographically, the eastern part of the study area is characterized by
high rugged mountain chains reaching 1062 meters above sea level, while
the western part is characterized by a great number of intensively-dissected
sedimentary plateaux (Fig. 2). The Eastern Desert differs markedly from
the Western Desert in that it is intensely dissected and all its drainage is
external while the eastward drainage to the Red Sea is by numerous
independent wadis, the westward drainage to the Nile Valley mostly
coalesces into a relatively small number of great trunk channels such as the
remarkable Wadi Qena j l j . Its main channel, about 200 km in length,



follows a direction almost exactly opposite to that of the Nile into which it
debouches.

Figure (2) : The Main Topographic Features of the Area Under Studey,
Centeral Eastern Desert, Arab Republic Of Egypt

The exposed rocks were found to belong to the Basement Complex of
the igneous and metamorphic rocks of the Precambrian I (Upper
Proterozoic age) in the eastern part of the area under study and to the
Foreland "cover" sediments (Phanerozoic age) in its western part (Fig. 3).

The aerial radiometric intensity measurements were made by a
continuous recording airborne scintillometer type ARS-2, installed in an
antinoff-2 aircraft. The survey was conducted along 135 parallel flight
lines, directed N60°E and spaced at intervals of 500 meters. The nominal
ground clearance was 70 m and the average speed was 180 km/h.

Net aeroradiometric values (in mR/h & Ur) were reduced to ground
level, so that all measurements could be considered as if taken on the same
level and hence comparable (1 Ur ~ 1 ppm U ~ 0.6 (jJR/h, [2]). They were
compiled originally at a scale of 1:50,000 and made in the form of an aerial
radiometric contour map [3] with a suitable contour interval (1.0 u.R/h ~
1.67 Ur).

The ground "surface" radiation intensities (in mR/h & Ur) were
measured using a hand-portable scintillometer at the locations representing
the various lithological and radiometrical units of the Precambrian I
Basement Complex encountered in the study area [3].
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Figure (3) : Compiled Photogeological-Geological Map of the Area Under
Study, Centeral Eastern Desert, Arab Republic of Egypt
(After El-Ramly and Akkad, I960, Akkad and El-Ramly,
1961, and Ghanemetal., 19/0)



A statistical approach was adopted in the treatment of the great number
of aerial and ground, "surface" radiometric surveys data. Some estimates of
definite aeroradioactivity levels such as the arithmetic mean and the
standard deviation were computed. The correlation techniques was also
applied between the aerial and ground "surface" radiation intensities of the
same rock units, formations, exposures of the various rock groups as well
as between the various rock units, formations, exposures of the different
rock groups and the recorded aeroradio-matic levels processing different
intensities.

It was possible through the application of the aerial radiometric method
to delineate new units and structures, correct and modify rock types, draw
new geochemical boundaries, separate different rock units, differentiate
mapped rock units into more than one unit, as well as to locate and evaluate
anomalous occurrences.

2. Geological Background

2.1. General

The study area (Fig.l) consists of rocks ranging in age from
Precambrian I to Quaternary (Figs. 3 & 5). It is covered by igneous and
metamorphic Basement Complex in its eastern part and Foreland "cover"
sediments in its western part.

The general distribution of rocks in the eastern part of the area under
consideration was studied photogeologically by A. H. Sabet and A. F.
Kamel in 1967 [4] at a scale of 1:40,000 (Fig. 3). Meanwhile, the western
part was geologically mapped by Ghanem et al., 1970 [5], These maps
were then corrected and modified according to the results of the present
aerial radiometric data, field observations and petrographic examination of
some of the collected rock samples from the various interpreted
radiometric-lithologic (IRL) units, at a scale of 1:100,000, as shown on the
interpreted radiometric-lithologic (IRL) map (Fig. 5).

The eastern part of the study area is characterized by the existence of
big granite plutons acquiring two principal trends: NW-SE and NE-SW.
Metavolcanics of basic to ultrabasic composition occur between and around
these granite masses. Metasediments exist in a rather limited areal
extension.

The central part of this area is occupied by a vast extension of the
Nubian sandstones and shales formation, which represents the base of the



Phanerozoic Foreland "cover" sediments. At the most western part of the
study area, occur the Phosphate formation and the overlying sediments till
the Quaternary. Structural lines acquire different regional trends with
variable extensions.

Out of many trials attempted by Hume (1934) [6], Schurmann (1953 &
19ro) [7&8], El Ramly and Akkad (1960) [9], Akkad and El Ramly (1961)
|l()| and lastly by El Shazly (1964, 1966 and 1977) [11.12&I3] to
classify the major rock groups in Egypt; the last classification was adopted
in the present work. It deserves to mention that the rock groups encountered
in the study area will be generally discussed hereafter.

2.2. The Precambrian I Basement Complex

2.2.1. Geosynclinal and Main Orogenic Stage

A complex of the Precambrian I Basement rocks occupies the eastern
half of the surface of the area. It underlies the Phanerozoic Foreland
"cover" sediments unconformably. The geological contact between both of
them runs approximately in a NNW-SSE direction.

i. First Basement "or Geosynclinal" Sediments

These rocks are the oldest known in Egypt, and are thick flysch
sediments deposited in eugeosynclines in association with rich volcanics.
Both the sediments and volcanics have been regionally metamorphosed,
folded, and locally migmatized, and are widely distributed in the Basement
1131-

They are normally called Ancient Sediments or simply Metasediments
as a field term, and are represented in the area under investigation by
metamudstones and schists. They were proved to be exposed only in its
southwestern portion and are of variable composition and limited
distribution in the study area. They are represented by five major rock units
(Fig. 3):

1. Actinolite schist, Bir El Mueih (M. S. I),
2.Banded mudstone, NE Gabal El Mueih (M. S. 2),
3. Contorted biotite schist, north Gabal Um Had-west Wadi Um

Efein-Gabal Atalla-Wadi Um Had (M. S. 3),
4. Banded Mudstone, Wadi Kab El Absi (M. S. 4), and
5. Mudstone, Bir Semna (M. S. 5).

ii. First Basement "or Main Geosyhdinal" Volcanics

These rocks are generally thick, sheet-like bodies interbedded with the



l;irsi Basement or Geosynclinal Sediments, although relations are
sometimes cross-cutting. Compositionally, these volcanics range from
uiirabasic dumtes through basic basalts and intermediate andesites. to acidic
dacites or even rhyolites. and may be island arc volcanics 113|.

Table (1) : The classification of El-Shazly (1964, 1966 and 1977 [ I 1, 12 &
I3| with the corresponding terminologies used by the staff of
the Geological Survey of Egypt.

Terminology alter Kl-Shazly
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They are known as Ancient Volcanics or simply Metavolcanics as a
field term, and are widely distributed in the area under consideration in the
form of occurrences of huge areal extent. These volcanics are represented
in the study area by six main IRL units (Fig. 5) in the form of |3]:

1. Serpentinites and talc carbonates, north Gabal El Rebshi (S. 1),
2. Serpentinites, Wadi El Saqia-Wadi Kab El Absi (S. 2),
3. Metabasalt, Wadi Urn Had-Wadi Hamama (M. V. 1),
4. Metabasalt, NE Gabal E! Erccliya-Gabal Semna-Wadi Abu Marwat

(M.V.2).
5. Andesite, Wadi Atalla- Magal Alalla-Wadi Kab El Absi (M.V. 3),

and
6. Quartz metabasalt, NW Gabal El Krediya-East Gabal Ria El

Garra-Talet El Zarqa (M.V. 4).



iii. Second Basement "or Synorogenic" Plutonites

These plutonites developed during the main orogeny are represented by
granodiorites, diorites, and plagioclase granites with some basic bodies.
They are characterized by being notably mobile with abundant xenoliths
and wide gradational contacts [11]. They constitute a considerable group in
the Precambrian I Basement Complex of the Eastern Desert of Egypt.

They are of limited areal extension in the study area, and are
represented by two main rock units which represent a primary stage in the
digestion process of older rocks. They were believed to be the result of
digestion and assimilation of the preexisting country rocks by pink granite
intrusions. The two IRL units represented in the area under study (Fig. 5)
are as follows [3 & 14]:

1. Granodiorite, Wadi El Merkh (G. D. I), and

2. Granodiorite, Wadi El Garra (G. D. 2)

2.2.2. Postgeosynclinal and Late Orogenic Stage

i. Third Basement "or Late Orogenic" Plutonties

These plutonites are mainly represented by granites which are in the
great part but not always intrusive "cold" granites possessing relatively
sharp contacts with the surrounding rocks. They are also richer in potash
felspars and poorer in ferromagnesians as compared to the Second
Basement or Synorogenic Plutonites [11]. He suggested the presence of
successive plutons emplaced over a wide range of time. Akkad and El
Ramly,1961 [10], and Sabet,1961 [15], believe also that the granites are not
all of exactly the same age and they were not intruded in a single upsurge
of magma. The plutonites are followed by the formation of pegmatites,
aplities, felsites and quartz veins [13]. These plutonites are known as
Younger or Red and Pink Granites, and are widely distributed in the study
area. They are the most developed rocks of igneous aspect of the
Precambrian I Basement Complex in the present area, and usually occur in
the form of plutons or batholiths with rounded or roughly ovoid outlines or
in the form of minor intrusions and small bodies.

They are differentiated into 24 IRL units having various characteristics
[3 & 14] and outcrop in the following localities in the area under study
(Fig. 5):

1. Basic pink granite passing into granodiorite, Wadi Atalla El Mur
(G. 1),

2. Coarse pegmatitic pink granite, Wadi El Gidami (G. 2),



3. Pink granite, west Wadi El Garra (G. 3),
4. Pink granite digesting basic material, Gabal Abu Qarahish (G. 4),
5. Xenolithic pink granite, east Wadi Abu Sheih-north Gabal El

Missikat (G. 5),

6. Pink granite, south Gabal El Erediya (G. 6),

7. Red Granite, Mahatet El Missikat (G. 7),
8. Pink Granite, Gabal Maghrabiya (G. 8),
9. Pink Gi;anite. with basic material, north Mahatet El Misikat (G. 9),
10. Pink Ganite, NE Gabal El Missikat- SE Gabal Kufra (G. 10).
I I. Basic pink granite , Gabal Kufra-Gabal El Erf (G. 1 I),

1 2. Pink granite, east Wadi Abu Sheih (G. 12),
I 3. Coarse pink granite, north Gabal Um Had-East Wadi Atalla (G. 13),
14. Red granite. Wadi Um Efein -Wadi Um Had (G. 14),
15. Pink granite. Gabal Atalla (G. 15),
Id. Microgranite, Wadi Um Had (G. 16),

17. Pink granite, southern portion of Gabal Kab Amiri (G. 17)
IS. Biotite granite with aplite dykes, SW Gabal El Missikat (G. 18),
19. Pink granite. Gabal El Erediya (G. 19),
21). Pink granite, northern part of Gabal Kab Amiri (G. 20),
21. Pink granite, Gabal Ria El Garra (G. 21),
22. Pink granite, Gabal El Gidami (G. 22),

23. Pink granite, Gabal El Missikat (G. 23), and
24. Microgranite, Wadi El Gidami (G. 24).

1.}. The Phanerozoic
2.3.1. The Paleozoic

i. Paleozoic Volcanicity "or Postorogenic Volcanics"

These rocks are mainly trachytes, bostonites, and nepheline syenites,
but include some camptoiiites and olivine bassalts. They are widely
intruded as ring complexes, dykes, sheets, sills, flows, etc., into the
sedimentary column of the Western Desert of Egypt [13].

In the study area, the intermediate and basic dykes are the
representatives of this group,of volcanics.

2.4. Foreland "Cover" Sediments

These sediments comprise - in the area under study - three main types
| l l . 12 & 13|. Unconformably overlying the peneplained surface of the
Precambrian I Basement Complex, the sedimentary rocks cover the whole
land of the western part (half) of the area under investigation. These
sediments represent a considerable succession ranging in age from
Cretaceous to Quaternary (Figs. 3 and 5).

ur



2.4.1. Third Detrital "or Early Cretaceous" Sediments

These sediments are represented by the Nubian sandstones and shales.
The Cretaceous succession in the area under consideration begins with the
Cenomanian monotonous sandstones which unconformably overlie the
Precambrian I Basement Complex. At the base of the sandstones, there are
conglomerates and gritstones composed of pebbles of angular fragments of
quartz, granite, metamorphic schists and other basement rocks |5].

These sandstones are overlain by Santonian-Campanian green clays
intercalated with sandstones. The oldest phosphorite occurrences are
present in the upper part of the succession. Layers of calcareous clay,
ferruginous sandstone, ankeritized and oyster limestone are also confined to
the upper part of the succession [5]. They might be correlated with the
"Qusseir variegated shales" which Youssef ,1957 116|. considered as the
uppermost portion of the "Nubia Sandstone". Fragments of silicified wood.
iron oxides concretions, phosphatised bones and teeth of fish and reptiles
are encountered almost throughout all the clay and sandstone.

According to Farag, 1958 [17], these sediments should have begin to be
deposited since the early times of the Paleozoic; Precarboniferous; then
formation lated till the Upper Cretaceous, i.e. they are Paleozoic-Mcso/oic
Formation.

The Nubian Sandstones and Shales were differentiated into coarse- and
fine-grained varieties [3 & 18] and are located as follows (Fig. 5) in the
form of five IRL units:

a) Coarse-grained varieties

1. Wadi El Mueih (N.S.S. 1 "la & lb"), and

2. Wadi El Mueih El Atshan- Wadi El Namusiya (N.S.S. 2).

b) Fine-grained varieties

1. Wadi Abu Tenadeb-Wadi El Atwani-Wadi Hamama (N.S.S. 3),

2. Wadi El Gidami- Wadi Ghab El Salam (N.S.S. 4), and

3. Hoqab Atwani - Darb El Aboudi (N.S.S. 5).

2.4.2. Fourth Calcareous "or Late Cretaceous-Middle Eocene"
Sediments

They range in age from Upper Cretaceous through Paleoccne to the end
of Middle Eocene. They generally dip at an angle of 3° westward. These
sediments include four stages in the area under study (Figs.3 & 5).

nr



i. The Campanian Stage "Phosphate Formation"

The Campanian sediments exhibit many significant lithological facies
changes. Three types of sections are identified in the Nile Valley
Campanian phosphate-bearing sediments: a northern clayey section, a
central sandy-clayey section and a southern sandy section [5]. Three
phosphate-bearing members: Lower, Middle and Upper are recognized in
the Campanian section.

The Phosphate deposits could be considered as a probable source of
uranium, where their average content reaches 130 ppm [19]. Besides, the
phosphate has an average P2O5 content reaching 13.5% [19].

The phosphates - in the area under study - occur into three separate
main areas as well as some sporadic locations [3 & 5]; these are situated at:

1. East G. Abu Had - Wadi El Gir,
2. Wadi Hamama-Wadi Um Usum-Wadi El Seri-Wadi Abu Tenadeb,

and
3. G. Abu Zaalit - East G. El Gir.

ii. The Maestrichtian and Danian Stages "Dakhla Formation"

The Maestrichtain sediments disconformably overlie the Campanian
ones. At the base of the Maestrichtain, there occurs a horizon composed of
phosphatic limestones which grade laterally to phosphorites [5]. It is mainly
represented by chalky limestone and marl which some authors define as the
"Chalk Formation", and is included in the Dakhla Formation [20].

The Danian sediments are represented by black and greenish grey
calcareous clay and marl. In the area under study, they overlie conformably
the Maestrichtian limestone and are non-phosphatic [5].

The Formation of "Dakhla Shales and Marls" -in the study area-exists
into two separate locations [3 & 5]:

1. G. Um Usum-East G. El Serei, and

2. East G. El Gir.

iii. The Paleocene and Lower Eocene Stages "Esna Formation"

The Paleocene sediments conformably overlie the Danian clay. They
are represented in the area under investigation by thin-laminated greenish
marl and clayey limestone at the base, and thin-laminated marl and greenish
clayey limestone at the top [5].

The Lower Eocene sediments are subdivided into two parts. The lower



part is represented by clay and is equivalent to the major part of the Esna
Formation.

The Formation of "Esna" occurs into two separate areas of small areal
extension in the area under study [3 & 5]:

1. G. Abu Had, and
2. Wadi Urn Selimat-East G. El Serei.

iv. The Lower Eocene Stage "Thebes Formation"

The upper part of the Lower Eocene sediments consists mainly of
chalky-clayey limestone with flint intercalations in the area under
consideration [51. This unit was identified by Blanckenhorn (1900) [21 ]
who gave it the name "Serei Limestone". The "Thebes Formation" is
considered the equivalent of the Serei Limestone. The former differs from
the latter in the presence of Nummulites, Operculina and shelly limestone
|3 | .

The phosphorite and phosphatic rocks are not confined to the
"Phosphate Formation" only, but they are recorded from the Santonian,
Campanian, Danian, Paleocene, and Lower Eocene. The main phosphate
cycle is confined to the Campanian which represents a marine transgression
[51.

The Formation of "Thebes" - in the area under consideration - occurs
in two disconnected areas [3 & 5]:

1. G. Abu Had, and
2. G. El Serei-Wadi Urn Selimat.

2.4.3. Fifth Detrital-Calcareous-Evaporite "or Upper Eocene-
Quaternary" Sediments

They comprise three stages (Figs. 3 & 5) in the area under study [5].

i. The Pliocene-Lower Quaternary Sediments

They are represented by proluvial conglomerates, sandstones, clays and
alluvial quartz, sandstones, and conglomerates (Figs. 3 and 5).

These sediments occur in the area under investigation into six IRL units
as follows |3& 51:

1. NW Wadi El Qreiya,
2. G. Urn Usum - Wadi Um Selimat,
3. Wadi El Serei-El Saharig,
4. SE G. El Gir,



5. Alam El Mafareq-Alam El Ghorab, and
6. Wadi El Matula.

ii. The Middle-Upper Quaternary Sediments

They are represented by alluvial and proluvial loams, sands, muds and
conglomerates (Figs. 3 & 5).

These sediments are of limited occurrence in the study area and extend
from G. El Gir till Laqita |3 & 5|.

iii- The Holocene-Upper Quaternary Sediments

They are represented by alluvial and proluvial loams, muds, pebbles
and sands (Figs. 3 & 5).

These sediments spread on the floors of the Wadis (dry valleys) in the
study area |3 & 5|.

3. Airborne Radiometric Technique

3.1. General

Most of the radioactivity of the earth originates from the uranium,
thorium and potassium distributed in the geological environment, in rocks,
soils and water. The airborne gamma-ray radiometrics can provide rapid
evaluation of broad and often inaccessible areas at a relatively low cost per
unit area [22].

A gamma-ray detector is not only exposed to terrestrial radiation.
Other radiations produce pulses that contain no geological information.
This background radiation varies with time and place. Its intensity increases
slightly with the geomagnetic latitude, and significantly with the elevation
of the measuring site |23j.

Gamma-ray surveys can improve geological mapping and help to locate
mineral deposits other than uranium, e.g., gold, tin and tungsten where the
mineralizing process is often accompanied by potassium metasomatism
[241.

Natural g-ray emitters in the ground are geological sources of
environmental gamma-radiation that may be detectable at heights of several
hundred meters above the terrain surface. The unit of radioelemenl
concentration "Ur" does make it possible to standardize and compare
total-count measurements in a consistent way |25|. A geological source
with 1.0 Ur produces the same instrument response (e.g. count rate) as an
identical source containing only 1.0 part per million (ppm) uranium in
equilibrium [2].



Figure (4) : Aerial (Total) Radiometric Map of the area Under Study.
Central Eastern Desert, Arab Republic of Egypt.
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Figure (5) : Regional lnterprete Radiometric Lithologic Unit (IRLU) Map
of the Study Area, Central Eastern Desert, Arab Republic of
Egypt.
(Based Mainly on Acria Radiometric Survey Data and Partly on the
Previous Geological and Photogcological Mapping as Well as Field
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It has been recognized that the uranium content of igneous rocks tends
to increase with increasing silica content. In sedimentary rocks, uranium
tends to be concentrated in shale, particularly in the bituminous,
carbonaceous and phosphatic types. The uranium content of metamarphic
rocks is generally -of the same order of magnitude as their
unmetamorphosed equivalents [26].

3.2. Airborne Radiation-Detection Equipment

The ARS-2 g-radiation detection equipment used in the aerial survey is
the sensitive, quick-response instrument with continuous automatic
recording of the'total-intensity level of the terrestrial gamma field. This
field is adjusted automatically to eliminate relief anomalies, improve their
recoFding when located in the negative forms of terrain, speeds up and
simplifies office work. The detector phosphor of the equipment consists of
4 Nal (Tl) crystals, 8 cm in diameter and 5-6 cm in height.

The apparatus is calibrated with the aid of standard ampoules of radium
in order to express all measurements in the generally-adopted dose-rate
units, microroentgens per hour (mR/h) or units .of 'radioelement
concentration (Ur). The results of calibration determine the sensitivity of
the equipment, which is expressed in counts per second per one
micro-roentgen per hour (c/s/ lmR/h) or counts per second per one unit of
radioelement concentration (c/s/lUr). The sensitivity of the detector was
such that in a radium gamma-ray flux of 1.0 mR/h or 1.0 Ur, the count rate
was either 175 or 105 cps respectively.

3.3. Field Procedure

The airborne radiometric survey was conducted as a series of parallel
flight lines directed* NE-SW with a bearing of N 60° E oriented
approximately at right angles to most of the main geologic setting (main
faulting system and strikes of the majority of dykes) to give the greatest
contrast between the various rock groups (including units, exposures, and
formations) in the study area.

The flight was carried out at a nominal ground clearance of 70 meters.
The flight altitude took into account the detectability of radioactivity
anomalies and the rapid drop of discrimination at higher altitudes. The
average true speed of the aircraft duringsurvey was about 180 km/h. The
flight-line spacing was chosen to be 500 meters resulting in a 25-30%
coverage.



3.4. Data reduction

The variation of y-ray flux with height above the source is determined
by the geometrical relationship of the source to the detector and by
absorption and scattering in the intervening air. For very large area sources,
air absorption and scattering become increasingly important than the
geometrical factor, and therefore, the first two factors account entirely for
flux variations with height [27].

The y-ray flux was determined by flying over a natural homogeneous
non-anomalous infinite plane source at various altitudes ranging from 0 to
800 meters. It has been noticed that the greater the altitude, the lower the
radioactivity registered until an inflection point is reached which represents
the overall radioactivity excluding the terrestrial effects. The contribution
of the combined effects of the cosmic, atmospheric and instruments, called
the "residual background" was measured at an altitude of 600 to 800 meters
twice every day, before and after the survey. This value has to be removed
from the registered radioactivity record to avoid interference with the aerial
measurements of terrestrial radioactivity.

Throughout this work, all the radioactivity data were reduced to ground
level, so that all values could be considered as if measured on the same
level and hence comparable. Besides, this reduction eliminates altitude
anomalies on the basis of air attenuation coefficient for homogeneous
infinite plane sources. Using the determined data of the variation of
count-rate with height, the reduction coefficient "P" for various altitudes
could be evaluated from the relation :

P = Io / Ih

where Io and Ih are the radiometric intensities registered on ground level
(0 m) and at an altitude "h, in m" respectively.

The recorded radioactivity was determined and decoded in either u.R/h
or Ur, after omitting the residual background (zero of the instrument) from
the measurements. Equal values of the gamma field were connected by the
isogams, which characterize the surface distribution of the gamma activity
of the rocks. The results of aerial gamma-ray radiometric survey were
presented in the form of an aerial radiometric contour map (Fig. 4).

3.5. Statistical Analysis of the Aeroradioactivity Data

The technique of statistical analysis was applied in the field of aerial
radiometry to determine the radiometric background of the separate rock
types and the parameters typifying the various lithological units, exposures



and formations in the study area, that vary widely in their radioactivity
levels.

The aerial radioactivity measurements recorded over the various units,
formations and exposures of the different rock groups, in the area under
investigation, were tabulated in the form of frequency histograms. The
arithmetic mean "X" and the standard deviation "S", for each were
computed. The background was designated as all values_falling within the
limits of three standard deviations from the mean, i.e. X ± 3S. This limit
was chosen because of the fact that 99.73% of all values in any normal
frequency distribution should fall within this range [28]. Any value beyond
these limits were considered statistically significant.

The normality of the distributions was carried out by the application of
two tests : an approximate and rapid test using the probit transformation
and an exact numerical test called the Chi-square ^2-test [29].

Various frequency histograms for the aeroradioactivity data with fitted
theoretical curves, and empirical probits with fitted probit lines, for some of
the various rock units, formations and exposures of the different rock
groups in the study area, are illustrated in Fig. (6).
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Figure (6): Two Examples of the Frequency Histograms of
Aeroradioactivity Data With Fitted Theoretical Curves (6 A
and 6 C) and Empirical Probits With Fitted Probit Lines (6 B
and 6 D), Upper and Lower Units, Companian Phospate
Formation of the Stydy Area, Central Eastern Desert, Arab
Republic of Egypt.



The ground (surface) radiometric intensities were correlated with the
corresponding computed net aerial radiation intensities (arithmetic means),
both measured in c/s and transformed into either Ur or jiR/h, of the
interpreted radiometric-Iithologic (IRL) units, formations and exposures of
the various rock groups of the area under consideration. For such a case,
two lines of regression describe the average relationship between the two
variables.

4. Surface Radiometric Technique

Thirty-six interpreted radiometric-lithologic (IRL) units, formations and
exposures of the Precambrian I Basement Complex and Phanerozoic
Foreland "Cover" Sediments in the study area were surveyed
radiometrically on the ground surface at 46 locations, from which rock
samples were collected during field work for petrographic identification.
The average ground "surface" radiation intensities in |iR/h or Ur at these
locations were measured using a portable equipment [3, 14 & 18]. The
instrument used was a hand-portable scintillometer, type III C Deluxe,
manufactured by Nuclear Chicago, U.S.A. It was calibrated using a
standard radium source. The residual radioactivity was not measured in a
boat at a distance far enough from terrestrial effects to furnish a common
datum level which must be subtracted from all ground "surface" survey data
lo obtain the net ground "surface" radiation intensities.

5. Characteristic Aeroradioactivity Levels of Rock Groups

It is aimed to study and to establish certain aeroradioactivity
characteristics and levels from the great bulk of aeroradiactivity data about
each unit, exposure and formation of each rock group in the study area, as
well as in explore (he relationship which might exist between the rock
groups recorded aeroradioactivity levels, rock types and relative ages.

To perform this object, the grand mean was calculated for every rock
group of (lie Precambrian I Basement complex and Phanerozoic Foreland
"Cover" Sediments represented m the study area, from the individual mean
background acroradioactivities, X, of their various members, as computed
from the statistical analysis of aeroradiactivity measurements. These
statistics were summarized in Table 2, with the corresponding standard
deviations, S, both measured in "Ur".

The idea of conducting the interpreted-radiometric- lithologic unit
(IRLU) map for an area of such an arid terrain proved to be greatly
correlative with the geological maps [301.

m



The ranges of mean background aeroradioactivites of the units,
formations and exposures as well as the grand means for the rock groups in
the study area arranged according to their relative ages were plotted on a
semilogarithmic paper (Fig. 7) to show the relation of the radiometric levels
with the types and ages of the rocks. Besides, the individual mean
background aeroradioactivites of the various units, exposures and
formations for every rock group represented in the study area, arranged
either to growing (increasing) radioactivity in the Precambrian 1 Basement
Complex or chronologically in the Phanerozoic Foreland "Cuver"
Sediments, are illustrated graphically - separately - on a semi-logarithmic
paper (Fig. 8).
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Figure (7) : Relation of Types and Relative Ages of Rock Groups With
Their Arithmetic Means (•) and Average Ranges ( I ) of
Aeroradioactivity Data, in Ur, or tne Areabnder Study,
Central Eastern Desert, Arab Republic of Egypt.
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Figure (8) Detailed Graphs Showing the Variation of Arithmetic Mean of

Aeroradioactivity, in Ur, of the Different Formations,
Exposures and Units of the Various Rock Groups of the
Precambrian Basement Rocks (1, 2 & 3) and the Phanerozoic
Foreland (Cover) Sediments (4, 5 & 6), Arranged According
to Increasing Radioactivities and / or Relative Ages in the
Area Under Study, Central Eastern Desert, Arab Republic of
Egypt.

The symbols used in the table and the graphs designating different rock
types are: "M.S." for the metasediments of the First Basement (or
Geosynclinal) Sediments, "S. and M.V." for the serpentinites and
metavolcanics of the First Basement (or Main Geosynclinal) Volcanics,
"G." for the granites of the Third Basement (or Late Orogenic) Plutonites,
"N.S.S." for the Nubian Sandstones and Shales of the Third Detrital for



Early Cretaceous ) Sediments , Ph., D. S., E. S. and T. F. for the
Phosphates, Dakhla Shales and Marls, Esna Shales as well as Thebes
Formation, respectively, constituting the Fourth Calcareous for Late
Cretaceous-Middle Eocene) Sediments, and P.S. and Q.S. for the Pliocene
and Quaternary Sediments composing the Fifth Detrital-Calcareous-
Evaporite (or Upper Eocene-Quaternary) Sediments (Fig. 5).

It is observed, generally, that the minimum values of aeroradio-activity
are associated with the First Basement (or Main Geosynclinal) Volcunics,
the maximum values are correlated with the Third Basement (or Late
Orogenic) Plutonites and Phosphate Formation of the Campanian stage ,
while the intermediate values are connected with older metasediments of
the First Basement (or Geosynclinal) Sediments as well as the younger
sediments of the Third Detrital (or Early Cretaceous), Fourth Calcareous
(or Late Cretaceous- Middle Eocene) and Fifth Detrial-Calcareous-
Evaporite (or Upper Eocene- Quaternary) Sediments (Fig.7). Moreover,
there is a noticeable variability within each rock group as evidenced be-
tween its constituting units, exposures and formations (Fig. 8).

Numerous aeroradiometric anomalies were identified exceeding the
upper computed limit of arithmetic mean plus three standard deviations of
the different rock units, formations and exposures of some of the various
rock groups especially the pink granites and phosphates in the area under
study. It was found that the most significant of which are El Erediya and El
Missikat, Central Eastern Desert, Egypt. They were proved later on field
check to be uranium-bearing veins in pink granites [31 &32].

As a result of this study , and as it is clear from Fig. (8) for the Third
Basement (or Late Orogenic) Plutonites, five aeroradioactivity levels were
observed, and were correlated with the results of field work, examination
and petrographic study of some of the representative rock samples collected
from the different units. As a consequence of this correlation, the first
lowest level was related to basic pink- red granite passing into granodiorite,
the next higher level with pink-red granite rich in ferromagnesians, the
third level with pink-red granite with moderate content of
ferromagnesiams, the fourth level with pink-red granite, poor in
ferromagnesians, while the last and highest level was related with highly
radioactive pink-red granite.

It could be concluded that the aeroradioactivity of the different rock
groups of the Precambrian I Basemnet Complex - except the First
Basement (or Geosynclinal) Sediments which possess higher level than the



First Basement for Main Geosynclinal) Voleanics - correlate well with their
chronology. In other words, these successive volcanics and plutons effused
and einplaced over a wide range of time show more or less linear relation
between their ages, types and the total aeroradioactivity recorded over
them. Generally, the growth (increase) of radioactivity is connected with
the transition into final products (stages) of the evolution of magmatism.

Table (2) : Summary of the arithmetic mean aeraradioactivities "X" and
standard deviations "S" of the units, exposures and formations
of the rock groups in the area under study, Central Eastern
Desert, Arab Republic of Kgypt.
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With reference to the successive sedimentary cycles of the Phanerozoic
Foreland "Cover" Sediments called: the Third Detrital (or Early
Cretaceous) Sediments, the Fourth Calcareous (or Late Cretaceous-Middle
Eocene) Sediments and the Fifth Detrital-Calcareous-Evaporite (or Upper
Eocene-Quaternary) Sediments; it was seen that the radioactivity was
increasing from the oldest towards the youngest units, formations and
exposures in the Third and Fifth Sediments "cycles", while it was
decreasing in the Fourth Sediments "cycle". In other words; successive
natural cycles of gradual growth (increase), decrease, then growth
(increase) again of radioactivity were noticed accompanying these three
successive sedimentary cycles across geologic time .

The relation between the radioactivity and the mineralogical
composition of rocks is complicated by the fact that the accessory minerals
may differ considerably from one type to the other and within each type
too. Consequently, the reason for large variations in radioactivity of
igneous rocks of similar mineralogical composition and of close genetic
origin may be attributed to the uneven distribution of the accessory
minerals: zircon, monazite, xenotime, apatite...etc., which represent the
main bearers or radioactive elements in these rocks. Variations in the
uranium and thorium contents could be explained by the complex character
and type of intrusions, the different depth of erosion, and the variable
configuration of the massifs.

In spite of these difficulties, it has been found that each rock unit,
formation, exposure or rock group in the area under investigation possesses
certain aeroradioactivity characteristics and levels.

6. Relation Between Aerial And Ground "Surface" Radioactivities

The general relationship existing between the lithologic character of
common rock types and their aerial and ground "surface" radiation
intensities was studied in the area under consideration.

The ground "surface" radiation intensities, in Ur, were measured by a
hand-portable scintillometer, at most of the locations of the collected
samples which represent most of the interpreted-radiometric-lithologic
(IRL) units, formations and exposures of the various rock groups of the
Precambrian I Basement complex in the study area. These measurements
were correlated with the aerial radiation intensities, measured in Ur,
corresponding to the arithmetic means of these stated units, formations and
exposures from which the samples were gathered.



The net aeroradiation intensities (A) as well as the corresponding
ground "surface" radiation intensities (G) are enlisted in Table 3. A plot
was constructed between "A" along the horizontal x-axis, against "G"
along the vertical y-axis. The resulting graph (Figs. 9 & 10) with the points
plotted and corresponding to the particular data is called "a scatter
diagram", from which a coefficient was established. In this plot, the aerial
radiation was the net intensity corrected for cosmic radiation, while for the
ground "surface" radiation ; the gamma-ray intensity over water (accepted
as sea-level cosmic-ray intensity) was not measured and hence was not
subtracted from all observations to obtain the net ground "surface"
radiation. It is evident from the scatter diagram that the regression is linear,
where the regression curve is approximately a straight line (Figs. 9 & 10).
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Figure (9) Relation Between Aerial and Ground (Surface) radiation Intensities
(A and G), in Units of Microreentgens Per Hour (u.R/h), of
Various Lithologies of Common Rock Types of the Precambrian I
Basement Complex of the Area Under Study, Central Eastern
Desert, Arab Republic of Egypt.
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Figure (10) Relation Between Aerial and Ground (Surface) radiation Intensities
(A and G), in Units of Radioelement Concentration (Ur), of
Various Lithologies of Common Rock Types of the Precambrian I
Basement Complex of the Area Under Study, Central Eastern
Desert, Arab Republic of Egypt.
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The two constants of correlation (byx and bxy) as well as the
coefficient of correlation (r) were computed and are as follows:

byx = 4.549 , bxy = 0.192, and r = 0.935

Since the computed value of the correlation coefficient "r" attained
0.935 is very much larger than the critical value (0.292) at the 5% level of
significance, then we should reject the hypothesis that "p = 0", i.e. the
hypothesis of independence of the two variables. Moreover, the high values
of both variables are paired with each other, and the two correlation
constants (byx and bxy) reaching 4.549 and 0.192 possess positive signs.
Therefore, the slope of the line is positive, and hence the relationship is
direct.

Substitution of the before-mentioned computed values in the two
equations of regression lines, they become:

(Y - Y)= byx . (X - X)

\ Y=4.60X-2.71 or Y=4.55X-1.15

depending upon the used units of measurement whether Ur or mR/h., and

(X - X) = bxy. (Y - Y)

\ (X =0.19 Y+1.16 or X = 0 . 1 9 Y + 0.81

depending upon the used units of measurement whether Ur or mR/h.

Substituting the symbols A and G defining the net aerial and ground
"surface" radiation intensities respectively instead of the symbols X and Y
in the two equations of the regression lines.

The equation of the regression line of G on A becomes in the form:

G =4.60 A-2.71 or G = 4.55 A- 1.15

depending upon the used units of measurement whether Ur or mR/h, and

The equation of the regression line of A on G becomes in the form:

A = 0.19G+1.16 or A = 0.19G + 0.81

depending upon the used units of measurement whether Ur or mR/h.

From the previous results and discussions, the net aerial radiation
intensity was found to be dependent on and changes in direct proportion to
the ground "surface" radiation intensity. Consequently, the previous two
equations of regression curves and the scatter diagram (Figs. 9 & 10) with
the two computed regression lines, can be employed to estimate ground



"surface" radiation intensities from the net aerial radiation intensities, and
vice versa, both measured either in Ur or in |a.R/h.

Table (3) : Aerial and ground "surface" radiometric intensities of the units,
formations, and exposures of the various rock groups in the
study area, Central Eastern Desert, Arab Republic of Egypt.
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7. Conclusions

It was generally observed that minimum values of aeroradioactivity are
associated with the First Basement (or Main Geosynclinal) Volcanics,
maximum values are correlated with the Third Basement (or Late
Orogenic) Plutonites and associated Pegmatites, Aplites, Felsites and
Quartz veins, as well as Phosphate Formation (Upper Cretaceous), while
intermediate values are connected with the First Basement (or
Geosynclinal) Sediments, Third Detrital (or Early Cretaceous) Sediments,
Fourth Calcareous (or Late Cretaceous-Middle Eocene) Sediments, as well
as Fifth Detrital-Calcareous-Evaporite (or Upper Eocene-Quaternary)
Sediments. Therefore, it could be concluded that the aeroradioactivity of
various rock groups of the essentially Precambrian I Basement Complex -
except the First Basement (or Geosynclinal) Sediments which possess
relatively higher level than the First Basement (or Main Geosynclinal)
Volcanics - correlate progressively well with their chronology. Generally,
the growth (increase) of radioactivity is connected with the transition into
final stages (products) of the evolution of magmatism.

With reference to the successive sedimentary cycles called the Third
Detrital, the Fourth Calcareous, and the Fifth Detrital-Calcareous-Evaporite
Sediments in the study area; it was seen that the radioactivity increases
from the oldest towards the youngest formations, exposures and rock units
in the Third and Fifth Sedimentary cycles, while it decreases in the Fourth
cycle of sediments. In other words, successive cycles of gradual growth
(increase), decrease, then growth (increase) again of radioactivity
accompany these successive sedimentary cycles in the area under
consideration.

Numerous anomalous spots and zones of radioactivity were recorded
over some of the different rock units, exposures and formations of some of
the various rock groups in the study area, the most important of which
are El Erediya and El Missikat anomalies, which proved later on field
check by the Ground Parties to be uranium-bearing. Besides, the abnormal
and anomalous increase of radioactivity in the Phosphate-bearing layers is
due to the well-known occurrence of uranium in phosphatic rocks.

Net aerial radiation intensities were found to be dependent on and
change in direct proportionality with ground "surface" radiation intensities,
where the correlation between both was found to be very strong and the
calculated coefficient of correlation attained 0.935. Two regression
equations were computed, which can be employed to estimate the ground



"surface" radiation intensities (G) from the net aerial radiation intensities
(A) and vice versa, both measured either in Ur or mR/h.

The two equations of regression of G on A and of A on G are in the
form:

G = 4.60 A-2.71 or G = 4.55 A- 1.15, and
A = 0.19G+1.16 or A = 0.19 G + 0.81

depending upon the units used for measurement of A and G whether Ur
or mR/h respectively.

It could be concluded that the application of aerial and ground "surface"
radiometric surveys to the study of the geology, when corroborated with
field work and confirmed by petrographic examination of rock samples,
represent powerful tools in lithologic mapping and in revealing any
possible relationship that might exist between the geologic structure and the
localization of nuclear ores.
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