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ABSTRACT

Geologic and radiometric investigations have been carricd out in the environs of Wadi Sidri in Western Sinai,
applying a combination of various geological, gcophysical and gecochemical techniques. This work revealed the presence
of some radioactive anomalics of various intensitics, cxiensions and origin, associated with different rock types. The
discovered anomalics are classificd into two main groups of quite diffcrent types but they scem to be genctically related
to cach other. The first type is connected to Late Precambrian granites and related dyke-forming rocks. These anomalics
are mostly of epigenetic origin showing some hydrothermal features and structural control. On the other hand, the second
type of radioactive anomalics is lithologically controlled where scveral anomalies are localized in a ferruginous siltstone
bed of presumably Early Carbonifcrous age, which is frequently associated with sedimentary mangancse and iron
deposits.

Both the geological criteria and the distribution of radioactivity in Western Sinai show that the principal areas for
potential radioactive deposits are confined along or near the contact between Precambrian basement rocks and Palcozoic
sedimentarics, particularly along the Carbonifcrous shoreline.

INTRODUCTION mines al Gebel Maghara and Temple of King Senusert-1

with inscriptions from the First Dynasty. In rccent times

A long time ago, the Ancicnt Egyptians investigated the arca, as a part of Western Sinai, was subjected to sev-
the Wadi Sidri arca mainly for copper minerals and pre- eral regional geological works, with emphasis on the
ceious stonces, as witnessed by the ruins of old turquoise Carboniferous formations including economic dcposits
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of manganecse and iron ores [1-10].

On the other hand, the first work on radiometric in-
vestigation in Western Sinai was carried out at the end
of 1957 by the Geology and Nuchlcar Raw Matcrials
Department of the Egyptian Atomic Energy Establish-
ment (presently the Nuclear Materials Authority), where
some radioaclive occurrences were recorded in some
Mn-Fe ore deposits at Um Bogma arca [11]. Sinc then,
some other studics were conducted mainly on the radio-
activity of the cxploited manganese-iron ores at Um
Bogma and its environs [12-14]. During 1966/1967 ficld
scason, the present author carricd out regional geologic
and radiometric investigations of a large area in Weslern
Sinai, as a part of the national program of prospection
and cxploration of nuclear raw materials in the Peninsula
of Sinai. This work has Icd to the discovery of scveral
radioactive anomalics other than thosc associated with
Mn-Fe ores of Um Bogma type [15].

In the present work, detailed geological and radio-
metric studics arc carricd out in Wadi Sidri arca as a
good representative of the west central Sinai region (Fig.
1). The arca was sclected because it encounters cx-
posurcs of most of the main rock units from Preccambrian
bascment rocks and the younger sedimentary formations
cropping out in the west central Sinai. The investigated
arca is located between latitudes 28° 50" and 28° 59' N
and Longitudes 33° 10" and 33° 30' E, covering about
400 km? in west central Sinai. Apart from the wide
coastal plain of El-Markha, including Elwa Bada and
Elwa Sidri, the area is modcratcly mountainous with
very rugged topography. It contains some relatively high
mountains such as G. Atairtir El-Dahami (1057m), G.
Moneiga (950m), G. Abu Qafas (688m), and G. Ma-
ghara (470m). In addition to Wadi Sidri and its numer-
ous tributarics, the study arca is traversed by some other
wadis such as Wadi Baba, Wadi Shcllal, Wadi Abu Na-
tash, Wadi Budra, Wadi Qcnaia, and Wadi Igna. Most of
these wadis are highly bifurcating where their branches
are gencerally arranged in a dendritic pattern while the
main wadis are almost of parallcl to subparallel typcs.
The drainage pattcrn, as well as other morphological fca-
tures of the area are gencerally controlled by its lithology
and structure. Irrespective their density, patiern, length
and orientation, all drainage lincs are finally draining,
through Wadi Sidri and Wadi Baba, westwardly to the
Gulf of Sucz. The arca shows a typical desert type of cli-
mate, where rainfall is very rarc and occasionally hap-
pens for a short duration during winter scason, while the
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summer is completely dry. Some water wells (Birs) and
rock basins (Qattars) arc found along the main courscs of
some wide wadis, ¢.g. Bir Um Hamd and Bir Abu Si-
beikhat. The level and quality of groundwater in these
wells greatly varics scasonally, dpending on the amount
of rainfall watcr and the type of surrounding formations.

This paper providcs the main geological criteria con-
trolling the distribution of natural radioactivity among
the different lithological units of rock exposures in Wadi
Sidri arca.This could be helpful to determine the most fa-
vourable host rock, structure and alteration features as-
sociated with potential radioactive occurrences.

GEOLOGY AND LITHOSTRATIGRAPHY

The investigated arca of Wadi Sidri is covercd by a
wide varicty of rock cxposures (Fig. 2) belonging to two
main divisions: (A) Bascment complex of Precambrian
igncous rocks intruded by basic volcanics of Jurassic
age, and (B) Scdimentary formations ranging from Early
Carbonifcrous to Recent.

A. Bascment Complex

This complex includes the oldest rock exposures in
the study arca represented by Precambrian late orogenic
plutonic rocks, as well as Phancrozoic basalts forming
Farsh El-Azrak volcanics.

1 — Latc orogenic plutonic rocks: The Precambrian rocks
occurring in the studicd arca of Wadi Sidri are
mainly composed of different varictics of pink gran-
ites and associated rocks related to the late orogenic
plutonism. They arc mainly exposed in the northern
and east central part of the investigated area, repre-
scnting the extreme northwestern limit of Pre-
cambrian outcrops which occupy most of southcrn
Sinai. In the northern and northeastern parts, the
Prccambrian rocks are unconformably overlain by
Carbonilcrous scdiments, while they arc bounded
from the south and southwest by a belt of Nubian
Sandstone.

The late orogenic plutonic rocks exposcd in Wadi
Sidri arca arc esscntially formed of granodiorite and
basic granite, equigranular pink granite and por-
phyritic red granite. They are commonly associated
with rclated dyke-forming rocks, including aplites
and felsites, which are considered to be derived
from the same magmatic cvolution at a later stage.
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Fig. 1. Key Map Showing the Location of Wadi Sidri Radioactive Occurrence, Western Sinai.
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Fig. 2. Geological Map of Part of Western Sinai (After El Shazly etal, 1980)
Showing Location of Wadi Sidri Radioactive Occurrence

440




I.A. LL KASSAS

Along some major faults, the granitic rocks arc hig-
ly tectonized, showing gncissic and mylonitic cat-
aclastic textures.

2 — Farsh El-Azrak volcanics : These are basic volcanics
mainly represented by olivine basalts commonly
found as shcets and flows, and occasionally form
dykes and sills invading the Carbonifcrous scdi-
ments, as wcll as the older Precambrian granites.
They are cxposed at many places in the studicd
arca, particularly at Wadi Abu Natash and Wadi El-
Sahu, where they exiend northeastwards beyond the
mapped arca 1o be well developed at the type local-
ity, Farsh El-Azrak. Radiometric age determination
by K/Ar isotopic mcthod on a basalt sample from
Um Bogma arca gave an apparcnt age of 178 my
[16].

B. Sedimentary Cover

The oldest sedimentary rocks cropping out in Wadi
Sidri arca arc thosc of Carbonifcrous scdiments which
unconformably overlic the Precambrian basement rocks.

The Carbonifcrous scdiments intercalate the overlying
Nubian Sandstonc which is followed upwardly by ma-
rinc Cretaceous scdiments, then Eocene, Miocene, Pli-
ocene, Pleistoncene and Holocene sediments. This suc-
cession is well developed in the west central Sinai,
including the arca under considcration of Wadi Sidri. Ta-
ble (1) gives a summary of the lithostratigraphic se-
quence of the main sedimentary formations in the stud-
icd arca. Many workers have dealt with the geology and
stratigraphy of the above-mentioned scdimentary forma-
tions in west central Sinai [17-19]. Since all radioactive
anomalics discovered so far in the scdimentary forma-
tions in Wadi Sidri arca arc associated with Carbonifer-
ous rocks, cmphasis is given to their regional geology
and stratigraphy as bric(ly discussed in the following.

The Carbonifcrous scdiments in west central Sinai
are divided into three main formations, starting {rom the
bottom: .

1. Adcdia Formation, which unconformably overlics the
peneplaned surface of Precambrian basement rocks,
is mainly formed of unfossilifcrous massive bedded

Table (1) Lithostratigraphic Sequence of Sedimentary Rocks in
Wadi Sidri Arca, West Central Sinai

Age Formation Lithology

Quatcrnary Holocence to Pleistocene Alluvium, sand, gravel and conglomcrate
Pilocene Ras Shukhcir Formation Gravel, sand and clay
Miocene Ras Gemsa Formation Claycy sandstonc with gypsum

Ras Malaab Formation Gypsum with marly limestone

Wadi Gharandal Formation Shale, marl, sandstone and conglomerate
Eoccne Tanka Formation Brown limcsionc with shale

Khaboba Formation Crystalline limestone and marl

Darat Formation Shale and marly limestone with flint
Cretaccous Sudr Formation Chalky and impurc limestone

Falliq Formation Limestone, sandstone and shale

Malha Formation Thick bedded Nubian Sandstone
Carboniferous Abu Zarab Formation Sandstone with Lepidodendron {lora

Um Bogma Formation Dolomitic limestonc and clay

Adcdia Formation Unfossilifcrous sandstonc and shale
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sandstone, siltstone and subordinate shale (Fig. 3). It
contains some cconomic kaolin deposits in its basal
beds while the uppermost beds are mincralized, in
part, with manganesc and iron oxides.

. Um Bogma Formation, made up cssentially of dol-
omitic limestonc and limestone with clay and shale
intercalations, with deposits of Mn-Fe orcs.

. Abu Zarab Formation, which is mainly constituted of
cross- laminated sandstone, with some carbonaccous
shales having Lepidodendron flora. The uppermost
beds of this formation is formed of white glass sand
and covercd, in part, by basalt sheets.

It is obvious that sandstonc rocks predominate in the
Carbonifcrous formations, with rclatively minor siltstone
and shalc intercalations. Petrographic characlceristics of
these Carboniferous sandstones, and the presence of
dolomite-limestone scquence in between the lower and
upper sandstone formations reflect wide and great vari-
ation in the sedimentary environment during the Car-
bonilfcrous. It sccms that scdimentation began by a stable
shallow marinc environment, very ncar to the source
rocks, with evidence of acolian deposition in the basal
part followed by an oscillating transitional environment
with a progressively incrcasing aqucous contribution
vertically. The continuous transgression of the Car-
bonifcrous sca led to the deposition of dolomitc-
limestone scquences in a marine environment. This was
followed by a successive regression of the sca, where the
scdimentary environment changed through transitional
oscillating to continental with dunc facics at the top clos-
ing the sequence of Carbonifcrous scdimentation in west
central Sinai.

Moreover, some changes in the sedimentary cnviron-
ment took place also during the deposition of each for-
mation, as represcnted by the variations in their li-
thology. The composition of Adcdia Formation shows
that its dcpositional environment changed [rom sub-
acolian continental through transitional deltaic to marine
environments. The latter environment prevailed during
the deposition of Um Bogma Formation, then it began to
retrcat through fluviatile, dcltaic and swamp cnviron-
ments. This is indicatcd by the presence of carbonaccous
matter in the lower beds of Abu Zarab Formation. Con-
tinuous regression of the sca led to a subacrial con-
tinental environment changed to a trucly continental en-
vironment where sand dunc facics prevailed and
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deposiled friable white glass sands forming the up-
permost part of Abu Zarab Formation. In many places of
west central Sinai, the Carbonifcrous formations are
topped by thick sheets of Farsh El-Azraq basalts. The
contact linc between these basalts and Carbonifcrous
scdiments is characterized by a thin alteration zonc with
kaolinized matcrial and other featurcs of thermal effect
of basalt flow on the older scdiments.

Facics maps of the lower Carboniferous in Sinai Pe-
ninsula and Gulf of Sucz constructed by Kostandi[5]
show the arcal distribution, variation in thickness and in
the sand-shale-carbonate ratio of these sediments. From
these maps, there is a genceral northward increase in the
clay and carbonate content on the expense of sand, in-
dicating that Carbonifcrous marine transgression came
from the NNW dircction[10].

DISTRIBUTION OF RADIOACTIVITY AND
RADIOACTIVE ANOMALIES

Ficld radiomectric investigation of Wadi Sidri area
and its cnvirons was carricd out using a portable scin-
lillation counter, Type Scintillator Model 111-B De
Luxe, manufactured by Precision Radiation Instruments
Inc., U.S.A. Gamma radioactivity was continuously
mcasurcd along regional traverses of about 400-500m
interval, using normal acrial photographs of scale
1:40,000 as basc maps. The traverses were oricnted al-
most perpendicular (o the main geological structures in
the arca. At localitics of abnormally high radioactivity,
dclailed work with dense measurements was carried out
1o preciscly locate the radioactive anomalies. In such lo-
calitics, gamma radioactivily was systcmatically mcas-
urcd on a grid pattern of 10-20m spacing and becoming
closcr in the casc of abnormal distribution of radio-
aclivity.

As a result of this radiometric investigation, it has
been found that cach lithological unit, exposed in Wadi
Sidri arca, has its specific range of gamma radioactivity
depending mainly on its mincralogic composition. How-
ever, sccondary altcration or diagenctic featurcs may
causc somc variation in the intcnsity of natural radio-
activity. At the same time, this work has led to the dis-
covery of ten radioactive anomalies scattered in the arca
under consideration (Fig. 4). These anomalics show a
wide variation in their radioactive intensitics ranging
from 110 pR/h up to more than 1500 gR/h (Table 2). Ac-
cording 1o their host rocks, these anomalies are classified
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Table (2) Summary Description of the Radioactivie Anomalies in Wadi Sidri Area

Radioactivity, uR/h

Anomaly No. Location Country Rock Host Rock Remarks
B.G. Aver. Anom.
I Wadi Baba Gneissose granite Aplite dyke 10 60 150 Silicified zone
11 Wadi Baba Carboniferous S.S. Ferruginuos siltstone 15 50 150 Mn & Fe mincralization
I Wadi Baba Biotite gnciss Red granite dyke 10 70 180 Along the contact
v Nagb Budra Carbonifcrous S.S. Red granite boss 15 50 170 Highly fractured
\Y% Wadi Abu Natash Carboniferous S.S. Ferruginous siltstone 12 30 250 Mn & Fe mineralization
VI Wadi Budra Carboniferous S.S. Ferruginous siltstone 15 50 130
viI Gebel Maghara Carbonifcrous S.S. Ferruginous siltstone 10 150 1500 Mn & Fe mineralization
VIII Wadi Sidri Carboniferous S.S. Ferruginous siltstone 12 60 250
IX Wadi Seih Sidri Nubian Sandstone Pink granite 10 60 110 Along fracture
X Wadi Mukattab Nubian Sandstone Ferruginous siltstone 8 70 130 Carbonaceous
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into two groups, namecly (1) Bascment complex, and (2)
Carboniferous sediments. The distribution of gamma ra-
dioactivity among thc anomalics associated with cach
host rock type is bricfly given in the following.

1. Bascment Complex : The Precambrian igncous rocks
exposed in Wadi Sidri arca arc represented by late or-
ogenic granites and some related dyke-forming rocks
of aplitcs and felsites. The normal gamma radio-
activity of these rocks is gencrally ranging from 10 to
20 pR/h, with the high values mainly associated with
the more acidic and highly diffcrentiated varictics.
The mecan gamma radioactivity of granodioritcs and
basic granites ranges from 10 to 12 puR/h, whilc the
mean of cquigranular pink granites ranges from 12 to
15 pR/h. The higher values of radioactivity among the
late orogenic granitcs arc rccorded on the exposurc of
porphyritic red granite which has an average ranging
from 15 to 20 pR/h. The gamma radioactivity of
aplite and felsite dykes arc generally similar 1o those
of equigranular pink granilc with some rclatively
higher values reaching 20 pR/h.

The natural radioactivity of the late orogenic plutonic
rocks can be attributed mainly to their contents of ac-
cessory mincrals such as zircon, apatitc and sphene
which may carry uranium and/or thorium. The abundant
presence of iron oxides in these rocks may also be re-
sponsible for some radioactivity duc to their ability 1o
adsorb uranium mincrals. Also, a considcrable part of
the normal radioactivity of these granitic rocks may be
duc 1o their content of the radioactive potassium isotope
(k*) usually present in the abundant constituents of pot-
ash feldspars.

Among the discovered anomalics in Wadi Sidri arca,
four anomalics are found to be connected to the latc or-
ogenic plutonic and their rclated rocks of the bascment
complex. One anomaly is located at the southwestern pe-
riphery of a pink granite cxposure in Wadi Sidri, having
a maximum radioactivity of 110 uR/h. Two anomalics
arc found along a hydrothcrmally altered zone in proph-
yritic red granite mass between Wadi Baba and Nagb
Budra, with highest values of radioactivity rcaching 180
MR/h and 170 pR/H respectively. The fourth anomaly is
connccted to silicificd aplite dyke occupying a N-S lault
zone in gneissic granite at Wadi Baba, with maximum
radioactivity of 150 uR/h. Radiometric analysis of a rep-
resentative sample from this aplitc dyke gave 40 ppm cU
and 20 ppm cRa (Table 3). No visible radioactive miner-
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alization have been found to be associated with these
anomalics.

The localization of radioactive anomalies in the late
dilferentiates of late orogenic plutonic rocks, associated
with silicification and other alicration fcatures may sup-
port an cpigenctic origin of the high radioactivity. After
partial consolidation of the granitic rocks, they have
been subjected to tectonization, which created some fa-
vourable structural fcatures. At a later stage of magmatic
cvolution hydrothermal solutions responsible for high ra-
dioactivity followed the weak structural lines, deposited
the radioactive mincrals and causing alteration of the
host rock.

Jurassic basalts, forming Farsh El-Azrak volcanics,
have low intensity of gamma radiocalivity, ranging from
4 to 8 puR/M. Ficld radiometric investigation of basalt
sheets of this type did not reveal the presence of anomaly
in them. Howcver, Gindy [13] considcred that hydro-
thermal solutions following such basic volcanicity may
be good mineralizers for uranium, by leaching and car-
rying upward indigcnous uranium during their ascent
from lower horizons.

2. Carbonifcrous Scdiments : Normal gamma radio-
activity of Carbonifcrous scdiments in Wadi Sidri arca
shows grecat variations according to their lighological
and mincralogical composition. The dolomitic lime-
stong, clay, kaolin and glass sand have the lowest in-
tensity of radioactivity with a mcan valuc ranging
from 7 to 10 uR/h. The sandstone and shale have a
modcralc intensity of radioactivity with an avcrage of
10-12 pR/h, while the siltstones arc of higher mean
valuc of radioactivity ranging beiween 12 and 15pR/M,
rcaching 10-25 pR/ in ferruginous beds. In addition
1o this ligthological variation, there arc two other fac-
tors controlling the distribution of radioactivity and ra-
dioactive anomalics in Carbonifcrous sediments ex-
poscd in Wadi Sidri arca and its surroundings. These
factors include the stratigraphic horizon and the geo-
graphic location with respect to the Carbonifcrous
shorcline (Fig. 5). Ficld radiomectric investigation re-
vealed the presence of six radioactive anomalies in the
outcrops of Carbonifcrous scdiments in Wadi Sidri
arca. All of these anomalics arc connected to a def-
inite stratigraphic horizon of ferruginous siltstone
forming the uppermost layers of Adedia Formation.
They arc mostly confined to two successive layers, the
lower one is relatively rich in Mn-Fe oxides, while the
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upper layer is contaminated with some carbonates
from the overlying Um Bogma Formation. Tablc (3)
gives the results of semiquantitative X-ray spectro-
chemical analysis of two average samples from highly
radioactive anomaly No. VII at Gebel Maghara on the
northern side of Wadi Sidri. The arcal distribution of
radioactive anomalics in the ferruginous siltstoncs
show that they arc localized along or very ncar to the
Carboniferous shorcline.

The maximum value of gamma radioactivity at these
anomalies ranges between 130 and 150 pR/h, except for
anomaly No. VII where it rcaches 1500 uR/h and cven
more (Table 2). The results of radiometric analysis of
somc grab samples representing different rock types at
these radioactive anomalics arc shown in Tablc (4).

RESULTS AND DISCUSSION

From ficld obscrvations, radiometric investigation
and analytical data the following results have been
rcached:

1) Radioactivity is mainly duc to uranium with sub-
stantial contribution of thorium which is erratically
distributed in the different anomalics.

2) The radioactive occurrences arc in a disequilibrium
state, which is partly in favour of uranium cnrich-
ment and partly duc to its depletion.

3) There s no direct or obvious relation between radio-
activity and any spccific alteration feature or other

Table (3) Scmiquantitative X-ray Spectrochemical Analysis of Two Average Samples
from the Radioactive Occurrcnces At Wadi Sidri, West Central Sinai

Elements Major Minor Trace
Horizon
Upper Horizon Ca, Fe Mn Rb,St, Ti, Y, U
Lower Horizon Fe, Mn Ca,Zn, Cu, Ni Pb, Ba, Zr, Sr, Ti, Y, U, Th.

Table (4) Results of Radiometric Analysis* of Represcntative Samples
from Some Radioactive Anomalics at Wadi Sidri Arca

Sample | Anomaly cU, cRa, | U308 | ThOq P=
No. No. Rock Type ppm ppm ppm | ppml cU/cRa

S-34 1 Silicified aplite 40 20 40 2.0
S-24 v Ferruginous siltstone 40 50 0.8
§-25 v Mn-and Fe-rich siltstone 130 150 110 70 0.9
S-15 V1 Ferruginous siltstone 20 30 0.7
§-20 VIl Brown coarse sandstone 270 370 270 30 0.7
S-21 VII Reddish shaly siltstone 1290 1060 1300 1.2
S-29 VII Ferruginous siltstone 520 480 680 1.1
S-31 VIII Mecdium grained sandstonc 40 20 2.0
S-28 X Claycy sandstone 20 40 30 10 0.5

* Samplcs were analyzed by combined techniques of total beta - gamma activity and gamma - ray

spectrometry at the NMA, Cairo, Egypt.

447




g
S
QS
L‘\‘
~
3
%
>
[<d
53}
;
—LS:
o
k}
Q
S
&
S
Q
S
N
~
=
o
<
S
P
Q
<
=
~——
&
S
P
Q
=
[$8
S
P~
e
S
]
S
L»ﬂ\
<

i 22 13° 34
MEDITERRANEAN  SEA
b N 4
) b
. %
\ SINAY H
R CAIRO  300Q Y
3 200 ook
j 100 200,
0 100‘.
0%
<<
EASTERN
DESERT
RED
SEA

i 32° 33°

n

34°

MEDITERRANEAN

EASTERN
DESERT

SEA

RED

-]
r3t

Lag

3" 32 33 38

124"

MEDITERRANEAN SEA

EASTERN
DESERT

RED SEA

L350

t29

r)ﬂ.

{A) Isopach Contour

{ 8] Clastic Ratio

{ C) Sand-Shale Ratio

Fig. 5. Facies Maps of Lower Carboniferous in sinai Peninsula and Guif of Suez ( After Kostandi, 1959 )

448




1. A. EL KASSAS

type of mincralization such as the Mn-Fe orcs com-
monly deposited in the surroundings.

4) Although radioactivity gencrally incrcascs in shearcd
and ferruginated zones, there is no obvious control
of large structural fcaturcs on radioactivity.

5) The distribution of normal gamma radioactivity
shows a gencral incrcasc from the north and NNW
southwards.

6) Most of the highly radioactive anomalics arc located
in the topographic lows along or very ncar 1o the
Carbonifcrous shorcline.

All of thesc cvidences are in favour of syngenctic or-
igin of radioactive mincrals in the Carbonifcrous silt-
stones, where they have been deposited together under
the same scdimentary environment in the Early Car-
boniferous time. Mincralogic studics show that the prin-
cipal mincral responsible for radioactivity is the ura-
niferous xenotime. The presence of this mincral together
with its major associates; rutile, zircon and magnclite,
indicatcs some sort of placer deposits. However, duc to
the presence of discquilibrium where uranium is cither
enriched or leached, the presence of urantum miner-
alization or minerals apart from xcnotime should not be
excluded at the present stage of knowledge.
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