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ABSTRCT

The prasent study deals with the application of two recent (echnigues on
the recorded geophysical data, The first technigue Js the composite
image while the second is the migration in and owl of the mobile
minaraiization. Tha geophysical measuraments were carried oul on the
pxposad rocks of southwesiarn Sinai In the area which Kes al the
intersaction of Lal, 287 21 N and Long. 337 22 E, The investigaled area
jg  charactenzed by the presence of  Iwo  dishinguishabla
geomarphological features. The slevated Abu-Thora sandstone cap. rock,
ranchos an elevation of srcund 450m above sea lovel The gacand
faglure it dominaied by low lopography and consists rafnly of L-
Bogma Formation. The compesite image techmigue combinas any three
parametars of the radioalemeant concaniralions andsor their refios o form
composite color image maps. These resulting maps can he used to heip
and add valuable infarmation to the geological and mingral distribution
maps. Interpretation of the false colored composite images of (he
geophysical data in the area could help outlineg potential zones of
anomalous radioelement contents which may be considersd as grood
largets for radioactive mineral axploration (Um Bogme Formation). Tha
sacond technique evaluvates the amount of minerals migrated in and ouwl
of the rocks If dopends on lhe presence of the paleo thorium and
uranium under the same condition, whera U iz more mobile fhan TH
which iz more stable. The difference belwseen the amount of palec and
recent U concentrations reflacts Ihe rate of migration in and out the
rocks. The presen! study shows thal there /s a close ralationship
hetween the distribution of radioslements and fhe lithology. It also
shows that migration of uranium took place insid the lower member af
Um Bogma Formation. It migrsted out in tive case of the other rocks. The
present work 15 alzo an attemp! to relate the mineral oocurmance to the
structaral frends, The siudy reflects that the NW, NNW and NE faults
nave a significant role en the mineral distribition

1, INTRODUCTION

The main objective of gamma-ray spectrometric surveying is to locate
anomalous zones of gamma-radiation fields and fto daterming the
. nature. as well as the concentration of the causing radicisotopes. By
means of gamma-ray spectrometry, il Is possible to datarming the
individual concentrations of the three naturally occurring radioelemants
in the rocks. The method depends upon the fact that the absolute and
relative concentrations of the radicelements K, U, and Th wary
measurably and significantly with lithelogy (Darmnley and Ford, 1985).
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Accordingly, spectromelric contour maps emphasize the special
nature of the radinelement distribution and are thus better suited to the
recognition of the geological features, which have important special
characleristics, The relationship of the contoured radioelement pattern
and the distribution of the major anomalous lithologies have formed the
basis for the present interpretation. It can be sean that the
spectromelric conlours show a general relationship to principal rock
units and the structural tfrends.

The study area is located 45 km to the northeast of Abu Zenima town
on the Gulf of Swez at the intersection of latitude 29° 2' N and
lengitude 33" 22° E (Fig.1).

Il. Geological and Structural Setting

Southwestern Sinai is considered one of the promising mineral resource
areas in Egypt, being rich in economic mineral deposits such as
manganese, iron ores, kaolin, turquoise and glass sand. The discaovery
of wranium deposits, occuring in the Paleozoic sedimentary rocks,
raised the economic polentiality of the area (Fig. 2).

Il.l. Geological Setting:

The most abundant type of sedimentary rocks exposed in the study
area bleng to the Carboniferous period. According to Klitzsch (1 ga0y,
the Carboniferous strata of Egypt differ more in facies than other
Paleozoic. sediments. The Carbonilerous sediments range from fully
marine carbonates, shallow and deep marine clastics, deltaic and
continental fluviatile sandstones to lacustrine deposits. The exposed
rock units arranged from base to fop are: -

ILLA . Um Bogma Formation:

The economic importance of this formation is attributed to the presance
of diverse and widespread mineralizations. These include Manganese
and iron ores, secondary copper minerals and uranium mineralizations.

According to El-Agami (1996), this formation is subdivided into three
membars; a lower shaly ore — sandy dolostone member, a middle marly
dolostone - siltstone member and an upper dolostone - sandstone
member.

The lower shaly are-sandy dolomite member :
This member Includes most of the economic minerals. El-Agami (1998)
Classified this member into three facias:-

Deka J. Sel. 2005, 25 39 -53
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i- The ferruginous siltstone and silty shale facies.

This facies forms the base of the lower member of siltstone to sandy
or silty shale beds characterized by lhe presence of radioactive
anomalies.

ii. The sandy dolomite-gibbsite ore facies:

This facies is represented by sandy dolomite . s rich in ferruginous
jenses and gibbsite mineral.
jii, The shale to silty facies:

This facies is composed mainly of shales and characterized by the
presence of copper and uranium mingralizations.

The middle marly dolostone-siltstone Member:

This member rests conformably over the lower member and is
composed mainly of soft marl with few interbeds of highly compact
dolostone. It Is characterized by the presence of some avapaorite
minerals as gypsum, anhydrite and halite

The upper dolostona-sandstone member;

It is found over the middle shaly marly dolostone member and is
conformably overlain by the Abu Thora Formation. This membear s
mainly of erystalline dalomite.

11.1.B. Abu Thora Formation:

Abu Thora Eormation contact is easily identified by marked differences
in lithology between its sandstone and the dolomite of Um Bogma
Formation. This formation is composed mainly of sandstone with
siltstone and mudstone interbeds.

1.2, Structure of the Area

Meshrel (1990} concluded that the main tectonic trends along the
Gulf of Suez. Red Sea region are the N-5 Precambrian trend, the E-W
Paleozoic -Jurassic trend, the WNW-ESE Abu Darag trend of Early
Cretaceocus, the ENE Syrian arcs trend of Late Cretacecus to Early
Tertiary age and the NW Red Sea trend.

The faults are the main factor which controls the structural patlern of
. the area under study, where 20 major faulls with their segments were
detected and mapped (Fig. 2). The length of each fault was measurad
an the field map(Fig.2). The MNorthwest (NW) faults form the
prodominent trend, followed by the WHNW. MMNE, M-5, E-W and other
less frequent trends as the NNW and ENE.

Cela J, Sci. 2005, 29, 28-53
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Fig. (2): Detailed Geological and structural map of Talet Seleim area,
Southwestern Sinal, Eqypt.
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1il. Qualitative Interpretation of Ground Spectrometric Maps

Ground spectrometric surveying provided valuable infermation on
tour parameters namely: total-count (TC, in Ur}, potassium: (K, in %),
equivalent uranium (e, in ppm), and equivalent thorium {eTh in ppm}.

The TC map (Fig. 3) could be divided into three distinct levels. The
low radicactive level extends over the sandstone of Abu-Thora
Formation (Fig. 2). This level varies belween 1.5 and 10 Ur. The
intermediate radioactive level ranges from 10 ta 20 Ur and is associated
mainly with the upper and middle Members of Um Bogma Formation.
High radicactive level is more than 20 Ur. [t is related to gibbsile of the
Um Bogma Formation. It is considered as the highest radioactive level
located gt the eastern and southwestern parts of mapped area.

The el map (Fig. 4) reflected the pccurrence of three radioactive
levels, The first, {less than 5-ppm) is found mainly over the Abu Thora
Frm. (Fig. 2). The second level, {from 5 to 20 ppm) is recorded over the
Um Bogma Formation, while the third level possesses high uranium
conlent {more than 20 ppm) over gibbsite mineral of Um Bogma
Formation.

The eTh map (Fig.5) shows three radicactive levels. The firsl level,
less than S-ppm, has greal areal coverage over the study area. The
second shows moderale range from 6 lo 10 ppm, and is recorded on
marly dolostone siltstone. The third is the highest thorium level, maore
than 10 ppm, is concentrated mainly over shaly ore-sandy dolostone.

In the K contour map (Fig. 8) there are three levels of radioactivity.
The first one is the lowest which less than 0.4 %, and is associated with
Abu Thora Formation (Fig. 2). The second level, modarate range from
0.4 to 0.B %, is mainly associated with the middle Mamber of Um
Bogma Formation, while the third level, more than 0.8 %, represents the
highest value in the mapped area, associaled with the middle and lower
Members of Um Bogma Formatian.

IV. Composite color images of ground gamma-ray spectrometric
data

- Composite color images-particularly composite images produced from
gamma-ray spectrometric data-provides the Interpreter with a useful
synthesis of the data that can be used to aid geological and
geocchemical mapping and mineral exploration (Duval, 1983). However,
four various composite color Image maps were produced for the
following variable combinations:

Defla J. Sci. 2005, 25, 38-03
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1. K, el and eTh (three radioelement composite color image map
(Fig.7 ).

Figy (97 P odmassd s 6400700 10 FERE.

2 aU, eUfeTh and el/K {equivalent uranium composite color image

map, (Fig. B).
3. eTh. eThiel and eTh/K (equivalent thorium composite color

image map.(Fig.9 ).
Daka J. Sci. 2008, 25 39 -53
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4. K, K! eTh and K/ el (potassium composite color image map,
tFig.10).

IV.1. Radioelement Composite Image

The three radicelement composile image map of the study area {Fig.
7) generated from the gamma-ray spectrometric data of K, eU eTh
shows the wvariations occurring in  the three radicelement
concentrations, which mainly reflect lithologic variations. The color
index at each corner of the triangular legend (K in red, el In blue and
@Th in green) indicates 100% concentration of the indicated
radioglement. The colors at each point Inside the triangle represent
different ratios of the radioslements according to the color differences
on the absolute three radioslement composite image map, three
interpreted gamma-ray spectrometric zones (Fig.11).

A. Interpreted Spectrai- Rauiometric (ISR) Zone No. (1)

This ISR zone no. (1) occurs in four locations in the study area . The
first ane occurs at the SE part, the second location of this zone at the
SW part, the third location at the middle part passing through MWW
direction, while the last one occurs at the NE parl of the study area,
This zone represents the sandstone of Abu Thora Formation, and is
characterized by relatively low values of K, el and eTh (0.3%, 4.8 ppm
and 5.5 ppm) respectively. The visualization of this zone on the three-
radicelement composite Image map is dark green in color.

B. Interpreted Spectral- Radiometric (ISR} Zone No. (2)

The ISR zone no. (2) could be considering the second zone in the
area under investigation from the point of view of surface area, next to
ISR zone no. (1}, where it ocours in seven locations. This zone occurs
araund zone no (1) and conforms with the middle member of Um Bogma
Formation (middie marly delostone-silistone member) an the geological
map (Fig.2). It is characterized by low K value (LE%), relatively high el)
(9.3 ppm) and eTh value (7.3 ppm). It was discriminated from the three-
radicelement composite image map as light blue colar,

C. Interpreted Spectral- Radiometric (ISR) Zone No. (3)

. the ISR zone no. (3) is the most important one. It occurs at the

background of the study area and encountered in two locations at the
southern and northeastern parls of the mapped area, It coincides with
lower member of Um Bogma Formation (The lower shaly ore-sandy
dolomite memberlon the geological map (Fig.1). This zone is
characterized by low K values (0.4 %), high el and eTh values (11.1

Dweka J, Sci, 2005, 28 39-53
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ppm and 8.3 ppm) and also dizcriminated from the three- radioelement
composite image map as dark blue color.
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IV.2. Uranium Composite Image

The el composite image (Fig 8) combines eU (in red) with the ratios
gl eTh in green and eWK (in blue). The relative concentration of
uranium with respect to both potassium and thorlum is an Important
diagnostic factor in the recognition of possible uranium deposits (JAEA
1968). The uranium composite image also reflects lithologic differences
and could be useful in geological mapping problems (Duval, 1983).
Therefore, the el composile image map provides useful information
regarding the identification of anomalous zones of enriched uranium
concentration. The uranium anomalous zones are displayed as white
areas on the uranium composite image map, These el zones showed
spatial correlation with some of the mapped litholegic exposures in the
surveyed area and described as the following (Fig. 12):

Fore MNo.1- This zone It associgted with the lower mamber of Um
Bogma Formation. It has the highest radicactive level in the area
{exceads X£35). This zone is located in the southwestern part with an
elongaled shape trending EW.

Zone No.2: It is located al the southeastern part of the investigated
area. The anomalies of this zone are associated with the lower and
middle Members of Um Bogma Formation, which are characterized by
high values of el anomalies {(more than X £ 25).

Fone No.3: It s associated with the lower, middle and upper
Members of Um Bogma Formation. This zone is [ocated in the eastern
part, which is characterized by high values of el anomalies (exceeds
LESR

Zone No 4: It is located at the middle part of the sludy area and has
an elongated shape changing in trend from the NW to the EW
directions. The anomalies of this zone are associated with the middle
and lower members of Um Bogma Formation. This zone has high values
of el! (exceeds X+35).

Zone No.& This zone is locataed al the southern parl and has an
elongated shape trending in a NW direction. It posseses moderate
values of eU. The anomalies of this zone are associated with the middle
~ member of Um Bogma Formation and sandstone of Abu Thora
Formation. Beside all the above-described groups of anomalies, there is
a lot of single point anomalies of aU, especially at the lower and middle
Members of Um Bogma Formation.

Diefta J. Sai, 2005, 23, 38-53
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IV.3. Thorium Composite Image

The composite image map (Fig. 9) combinas eTh (in red) with the
ratios eTh/K (in green} and eTh/ell (in blue). This image emphasizes
the relative distribution of thorium and highlights areas of thorium
enrichment. The bright color on this image map |5 a good pointer (o
areas where thorium has been enriched relative to both potassium and
uranium.

These areas are mainly associated with the sandstong of Abu Thora
Formation, upper and middle members of Um Bogma Formation.

V.4, Potassium Composite Image

Tng-composite Image - map (Fig.10) combines K3 (in red) with the
ratios K/eTh (in green) and Kiel (in blug). This image shows the overall
spotial distributios of the ralative pofassiom concentrations. Lecations
of anomalous relative potassium concentrations can be distinguished on
the potassium composite image as local bright spots (high wvalues).
These anomalies are well correlated with the middle and lower
members of Um Bogma Formation. The dark color is associated mainly
wilh the sandstone of Abu Thora Farmalion,

V. Uranium Migration in Different Geological Units in the Study
Area

The U and Th have the same (onic radii; they are formed under the
same condition in the magma chamber, While the uranium is easy (o
miabilize and migrate under the action of oxygen from groundwater and
atmosphere during its evolution, whereas Thorium is relatively stable in
oxidation zone, and stays in place. As a result, breaking the original LI-
Th state is indicaling by the present Th- high area which could be
considerad as the original U high area. :

The WITh ratio is a very imporlant geochemical index for U migration.
Il is approximate by constant in the same type rock or geologic unit in a
relatively closed environment. The Uranium migration (oul or in) has the
same probability within geological units in relatively closed geologic
environment. Analysis of uranium migraticn is shown from the following
steps in from of calculation of:

1. Paleo-uranium background (original uranium content Uo),
which means multiplying the average Th content detecied in each
geociogic units by average regional W Th ratio {Benzing, Uranium
Institute).

EomaTh L TR e (11

D=fa J. 3ci 3005, 29, 39 -53
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Where eTh is the average thorium content in a certain geologic unit

{ppm}; W Th means the average regional
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Where Up maans average uranium content in certain geologic unit
If Um = 0, wranium migrated in [0 the geologic body during late

ey olution .
If Um < 0, uranium was lost in the geologic body during late

gvolution .

4 Calculate the mobilized uranium migration rate (P).

P Um i Up*100% ... ... ST A3)

V.1. The results of uranium migration technique
The statistics of uranium migration of different rock unils (Tablel) show
that, the uranium anomalies and uranium mineralization in the study
neos aem mainly restricted within U= rich horizon, The lower member of
Um Bogma Formation (shaly ore-sandy dolomile member) has recent
uranium content (Uph of11.1ppm. I3 original uranium content (Lia) 15
about 10.8 ppm as calculated from eguation {1). The moun! of its
uranium migrated in (Um) is 1.02 ppm and amount of uranium migration
rate iz 9.2%.

Takile (1} Statistlcs for uranium migration in different rock units i ihe siudy area.

Rock Present Crriginal | Migrated | Liranium
units | Uranium [Up) | uranium {Uo) uraniurm migration rale
e _ |_ {Lm) o L
5.5 4.4 bk = 7 -14 .6
Urnd 9.3 | [T 2.4 -25.6
Umz2 9.8 12.4 2.8 -26.6
_Um3 11 10.4 1.02 §.2

5 % = Spnadstons Abu Thora Foermatien. Umid = Upper Um BagmaFormatian,
Uz =middle Um Bogma Farmation. Um3 = Lower Um Bogma Farmation

According to (Table1) it can be seen that, the average amounts of
uranium migration out of the sandstone of Abu Thora Formatian is - 0.7
ppm, with a maximum value in the middle member of Um Bogma
Eormation (marly dolostone-siltstone Mamber) of -2 Gppm. However, the
average uranium migration rate out of the in sandstone of Abu Thora
Earmation is 14.8% while that of upper member of Um Bogma
Formation (dolostone-sandstone member) 15 25.6%. In the middle
member of Um Bogma Formation it reaches aboul 26.6%.

The geologic units whose negative amounts of uranium migration
can be called uranium source horizons, which provided uranium for
yranium anomalies and mineralization In lhe sludy araa.

Dhehia J. Sei 2004, 29,38 -53
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VIi. Correlation between structural lineaments and radiocactive
anomalies

The structural elements frequently play a significant role in the
Iocalization of ore deposits. The most important control is provided-by
faulls and related struclures. Hence, the identified wranium and Jor
thorium anomalies of the study area have been examined in conjunclion
with the surface faulting patiern as traced from the geological map (Fig.
2) and the interpreted surface lineaments as traced from the total count
radiometric map,

This correlative examination shows clearly that the identified
anomalies are not randomly distributed, but display a distinct close
relationship to the fauling patiern in the study area (Fig.13). In that
reagard. it was evident thal among the prevailing faull trends in the study
area are the NW, MNW, Evv and NE have a significant impact on the
distribution of the radicelemenis forming the spectrometric anomalies,
where these faults can act as preferred vertical pathways for the
migration of the radicactive mineralized solulions.

This may prove the Importance of the structural features..as
controlling factors im the localization of potential radioactive mineral
deposzils associated wilh these anomalies,

Garson and Krs (1976) reported that in the Egyptian Eastern Desert,
the intersection between the transverse faults striking NE with NW
trending faulls are in several cases (ocalize of mineralization. This may
give support to the conclusions that the NW, NNW and MNE faults had a
significant role on the distribution of the Identified U andior Th
anomalies, and consequently on the localization of potentially
radicactive mineralizations.

CONCLUSIONS

Color composite images technique can be applied to any gamma- ray
spectrometric data and can be considered a useful ool in exploration
for minerals other than uranium. According o the color differences on
the absolute three radioelement composite image map,  three
- interpreted gamma- ray speciromefric zones (I5R) can be mentioned.

The eU composite image has displayed three of the highest
anomalous zones. The first zone is associated with the lower member
of Um Bogma Formation at the southwestern par in the mapped area.
The second zone i5 located al the southeastern corner, related to the
lower and middle members of Um Bogma Formation, while the third

Chedta . Sel. 2005, 28, 38-53
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zone is closely related to all Um Bogma members (Lower, Middle and
Upper) and it is located at the eastern part of the studied area. These
anomalies can be interpreted as reflecting the presence of geochemical
environment favorable for the formation of uranium deposits. These
anomalies can be used as an exploration guide to search for addibianal
uranium depasis.

The study of wuranium migration revealed that the outward migration
tack place in Abu Thora Formation, Upper and middle Members of Um
Bogma Formation with differenl degrees. On the other hand inward
uranium migration into the units is indicated in the lower member of the
Lim Bogma Formation.

The two techriques reflect great matching which indicated that the
Lower Um Bogma member is a good target for uranium minerzlization
Zone.

This study shows the strong relationship between mineral deposils
and structural trends, where the NW, NNW and NE fault trends have
significant role on the mineral distribution,
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