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Abstract 

Gabal Abu El Hassan area is located between Lat. 26°50΄-27°00΄N and 

Long. 33°10΄-33°20΄E. It constitutes a part of the Pan-African belt in the Central 

Eastern Desert of Egypt. The essential rock units encountered in the area are: 

metavolcanics, serpentinites, gabbroic rocks, older granites, Dokhan volcanics, 

Hammamat sediments, younger granites and post granitic dykes. Gabal Abu El 

Hassan is traversed by three main tributaries parallel to the major faults in the 

area. These tributaries drain at NE-SW to E-W direction. Wadi Abu El Hassan 

basin has a high average bifurcation ratio (7.9). This means that such basin has 

elongated shape of low rate of runoff velocity. The basin of the study area shows 

high drainage density value indicating impermeable subsurface materials, sparse 

and/or rugged mountainous relief. These conditions favor limited contribution of 

local rain fall to the groundwater.  

The objectives of this work are mainly to investigate secondary dispersion 

of radioactive minerals in the stream sediments which is considered as a tool for 

exploration of radioactive anomalies, to compare between the mineralogical 

composition of stream sediments in different tributaries, to search for radioactive 

minerals and U-Th bearing minerals in different sizes of stream sediments and to 

investigate the sources of radioactivity among the different components of 

stream sediments. To achieve these objectives, several analytical methods were 

incorporated including field work, sampling, grain size analyses, radiometric 

investigations,  mineralogical investigations using heavy minerals separation, 

microscopic investigations, X-ray diffraction, Environmental Scanning Electron 

Microscope (ESEM) and geochemical analysis using XRF technique and 

Spectrophotometric determination of U and Th.  

          A total number of 35 stream sediments samples were collected from the 

streambed sediments of three major tributaries of G. Abu El Hassan area. Also, 

eight samples from Gabal Abu El Hassan granite were collected for 

characterizing this rock. The modal classification of the granites of Gabal Abu El 

Hassan categorizes the rock as monzogranite.  The majority of the stream 

sediments are categorized as gravelly sand.  Eleven minerals were identified and 

described from these sediments including ilmenite, columbite, zircon, rutile, 

allanite, uranothorite, garnet, monazite, fluorite, apatite and titanite. The 

percentage of heavy fractions of the northern tributary is higher than the two 

other tributaries. This may be explained by the presence of additional source of 

heavy minerals to this tributary and is likely to be the biotite granite rock unit 

which surrounding Gabel Abu El Hassan. This is consistent with the existence of 

higher amounts of some heavy mineral varieties such as uranothorite and 

columbite in the northern tributary stream sediments than the other two 

tributaries. The investigated heavy mineral fractions of the separated silt sizes 

revealed existence of the same heavy mineral assemblage of the sand size 

including U-Th bearing heavy minerals namely, zircon, monazite and allanite. 
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         The stream sediments in the study area are relatively enriched in Zr, Ba, Y, 

Nb, Zn, V, Rb, U and Th. On the other hand, some base metals such as Cr, Ni 

and Cu are depleted, presumably due to the absence of the basic rocks in studied 

area. Correlation matrix demonstrates significant binary relations between some 

trace elements. Rb has negative correlation with all trace and heavy metals since 

it exists mainly in feldspars, whereas heavy metals are accommodated mainly in 

accessory minerals. Heavy metals seem to have strong positive correlations with 

each other reflecting their incorporation in different varieties of accessory 

minerals. Conversely, U and Th have no significant relations with trace and 

heavy metals. This is a good indication that U and Th are mainly present 

together in radioactive minerals such as uranothorite. On the other hand, the 

radioelements bearing minerals such as zircon, monazite and allanite play a 

minor role in this regards. The coherence between U and Th and the, well 

known, low mobility of Th in secondary environment indicate that U is partially 

stable in the accessory minerals and not easily leachable. Distribution maps for 

the trace elements Cu, Zn, Zr, Pb, Rb, Y, Sr, V and Nb suggest a general 

enrichment trend at the upstream of Wadi El Ghozah and the downstream of 

Wadi Abu El Hassan El Ahmar. Whereas, Ni and Cr present in the study stream 

sediments as a dispersed spotty concentrations increasing downstream of the 

three wadies. 

The three tributaries show U enrichment reflecting a source of radioactive 

minerals from the nearby granitic rocks. It can be concluded that there is a 

remarkable matching between mineralogical composition of stream sediments 

and their radioelements contents. The radioactivity of these sediments in the 

northern tributary are higher than the two other tributaries which is consistent 

with the high percentage of heavy minerals fractions in this tributary and also 

occurrence of uranothorite as confirmed by SEM and EDX analyses. 

The radioelement distribution maps demonstrate the concentrations of eU, 

eTh, and K in the sediments of the three tributaries. The distribution map of eU 

indicates higher values in the northern tributary compared to the central and 

southern tributaries. The northern tributary lies between two different granitic 

source rocks; namely, biotite granite to the north and Gabal Abu El Hassan 

monzogranite to the south. Conversely, the central tributary shows the lowest eU 

values, this tributary seems to have its sediments from Gabal Abu El Hassan 

monzogranite as a main source.  This study suggests minor roles of clay and 

organic matters in U and Th adsorption in the stream sediments of the study area, 

an expected situation in such an arid area with limited rainfall.  

           By comparing the distribution of radioelements within the three 

tributaries, it can be concluded that biotite granite has a higher contribution for U 

and Th enrichment in the stream sediments of the study area compared to Gabal 

Abu El Hassan monzogranite. This conclusion let the author to recommend a 

detailed ground radiometric study for the biotite granite.  
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CHAPTER I 

INTRODUCTION 

I.1. Background 

Stream channels are dynamic features of the landscape, changing 

their size, shape and bed composition with time and in line with changes 

in water flow and sediment load. A stream channel can be considered to 

be relatively stable when its water flow and sediment flux are in balance 

over time. If there is a change in either of these two factors, then the 

channel will adjust its slope, depth, width, meander pattern, bed 

composition and vegetation density consequently. 

In the mountainous areas of igneous and metamorphic rocks, the 

local concentrations of elements in stream sediments, derived from the 

weathering and dispersion of these rocks and associated mineralization, 

are often higher than the regional backgrounds. This is in fact the same as 

the guideline of geochemical exploration for economic ore deposits, 

where sediment anomalies may indicate the presence of an ore deposit. 

From an environmental perspective, identifying these anomalies in 

sediments is crucial for the environmental assessment of toxic heavy 

metals and radioelements concentrations. Active sediments in the 

channels of streams may contain low levels of metals derived from 

weathering of mineralized rocks within the upstream area. Natural 

concentrations of heavy metals as a result of the weathering processes of 

mineral deposits can be quite high in stream sediments close to the 

deposit, but decrease with increasing distance downstream, due to 

dissipating energy and dilution of sediments from other sources (Plumlee, 

1999). 


