
Australian Journal of Basic and Applied Sciences, 11(13) October 2017, Pages: 77-83 

  

AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 
 

ISSN:1991-8178        EISSN: 2309-8414  

Journal home page: www.ajbasweb.com 

 

 

Open Access Journal 
Published BY AENSI Publication 
© 2017 AENSI Publisher All rights reserved 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

To Cite This Article: Mohamed Eleraki, Baher Ghieth, Nehal Abd-El Rahman, Zamzam., Environmental assessment of Atalla gold mine 

area, Central Eastern Desert, Egypt. Aust. J. Basic & Appl. Sci., 11(13): 77-83, 2017 

  

Environmental assessment of Atalla gold mine area, Central Eastern 

Desert, Egypt 

 
1Mohamed Eleraki, 2Baher Ghieth, 3Nehal Abd-El Rahman, 4Sara Zamzam 

 
1Professor, Geology Department, Faculty of Science, Zagazig University, Zagazig, Egypt, 
2Professor, Vice President of Exploration Division, Egyptian Nuclear Materials Authority, Cairo, Egypt,  
3Associate professor, Geological Applications and Mineral Resources Division, National Authority for Remote Sensing and Space 

Sciences, Cairo, Egypt, 
4PhD student, Geology Department, Faculty of Science, Zagazig University, Zagazig, Egypt, 

 

Address For Correspondence: 
Sara Zamzam, Zagazig University, Geology Department, Faculty of Science, Box. , 44519, Zagazig, Egypt. 

Email: sarazamzam87@gmail.com  

 

A R T I C L E  I N F O  A B S T R A C T 

Article history: 

Received 10 August 2017 

Accepted 1 October 2017 
Available online 18 October  2017 

 

 
 

Keywords: 

Airborne spectral gamma ray, gold 
mine, Wadi Atalla, environmental 

assessment, Dose rate. 
 

 Background: Despite the importance of mining development in Egypt, but it is not 

more significant than the health of workers in mines and residents. Radioactive 

elements have a very important status in our national economy as a kind of strategic 
mineral resources. Natural radioactivity has incredible involvements in ionizing 

radiations to the total populace because of its presences in surrounding at a several 

amount because of natural presences. Moreover it represents a dangerous source and 
proper measures must be taken to protect their problems. There are a lot of sources for 

natural radiation such as radioactive elements in rocks and soil, internal exposure form 

radioactive elements through water, food and cosmic rays entering from outer space to 
earth's atmosphere. Objective: The present work deals with evaluation of radiation 

from rocks in Wadi Atalla area in the Central Eastern Desert (CED) of Egypt based on 

airborne spectral gamma-ray survey data. Method: The basic spectrometric values 

calculated were Dose and exposure rates. The exposure rate to radiation is frequently 

used as a standard for comparing extra sources of man-made radiation such as nuclear 

weapon fallout, nuclear power generation, radioactive waste disposal, etc. Results: 
Adopted method allowed construction of Dose rate model to estimate average radiation 

over Atalla gold mine (6 msv/y). In addition, the analysis of airborne spectral gamma-

ray data helps in rapid discrimination between various rock units. Conclusion: The 
constructed vector maps can be used as a guide for further follow-up of radioelement 

and mineral exploration works and for environmental monitoring in the area. The 
successful  application  of the utilized method in the study area should invite similar 

 applications in mining regions elsewhere, to protect and maintain human health. 
 

INTRODUCTION 

 

Gold mining receives more and more attention from researchers especially in the Eastern Desert (ED) of 

Egypt (El-Kazzaz, 2012; Abd El-Rahim, 2013; Neesse, 2014). At present, economic gold deposits in Egypt are 

interrelated to the quartz veins and adjacent alteration zones, in addition to its association with other ore deposit 

types. Recently, alluvial gold deposits are actually promise targets for gold in Egypt. Atalla gold mine represents 

one of the most important gold tailing sites in Egypt, where the amount of tailings found in gold mines is 

approximately 500.000 ton that can be extracted by different ways (EMRA, 2014). 

Natural radiation sources are classified into internal and external ones. The most significant internal source 

is the radioactive element potassium (K
40

), while the external sources are cosmic rays and the naturally-

occurring radioactive isotopes of the K
40

, as well as the uranium (U
238

) and thorium (Th
232

) decay series; some 

or all of radioactive isotopes can be found in the ground, in the construction materials and in the air. Potassium 

http://www.ajbasweb.com/
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is a major component of most rocks, while U and Th are present in trace amounts, as mobile and immobile 

elements, respectively (IAEA, 2003). Generally, felsic rocks have a significantly higher radioelement content 

compared to those of mafic and ultramafic rocks. Sedimentary rocks reflect the content of their source rocks. 

Metamorphism does not influence the radioelement content unless metasomatic or hydrothermal alteration has 

taken place (Dickson and Scott, 1997). 

The spectral gamma-ray method is broadly used in diverse fields. Initially developed as uranium 

exploration tool, the application of the method now include geological mapping (e.g., IAEA, 2003; Jacques et 

al., 2014), mineral exploration (e.g., Minty and FitzGerald, 2015), and environmental radiation monitoring (e.g., 

Javed and Wani, 2009; Gemail et al., 2016). The current study is considered an example of airborne spectral 

data in environmental application. The exposure and dose rates were determined to study the environmental 

impact of natural radiation and assessment the potential hazards resulted by anomalous distribution of natural 

radioelements. What distinguishes this method is that it is used as one of the powerful tools in environmental 

mapping, especially in areas of high terrain complexity. 

 

Geological background: 
The study area consists of rocks ranging chronically from Precambrian to Quaternary (Fig. 1). It is covered 

by igneous and metamorphic Basement Complex. The geological map of Wadi Atalla area (Fig. 1) produced by 

Conoco (1987) and the gold mine site lies northwest the area at the intersection of lat. 26° 9' 16" N and long. 33° 

30' 15" E, it covers about 4 km
2
 (Taman, 1996). The ultramafic rocks (serpentines) and metavolcanics are 

considered the most ophiolitic sequence units found in the area (Abd El-Rahman et al., 2009). The best 

exposures of these ophiolitic units occur in the most NE part at Gabal El-Rubshi and at the Fawakhir area in the 

south part (Fig. 1). The central and western part sof the study area are characterized by the existence of big 

granite plutons acquiring two principal trends: NW-SE and NE-SW. Metavolcanics of basic to ultrabasic 

composition occur among these granite masses. While, metasediments exist in a rather limited areal extension in 

the eastern site (Taman, 1996). Atalla Fe1sites constitute the largest mass of Post Hammamat Felsites in the ED 

of Egypt. They form an elongate NNW-SSE trending body 23 km long and 1 to 3 km wide (Taman, 1996). 

The Younger Granite is intruded by a number of quartz veins and veinlets which generally trend 

northeastward. They are restricted to faults or en echelon gashes striking NE - SW (Taman, 1996). The study 

area is related to NNW – SSE Najd fault system (Hassan et al., 2015). Atalla gold related to sheared ophiolites 

intruded by calc-alkaline post tectonic granite in contact with serpentionite (Osman, 2014). The ore is associated 

with felsites dykes either as stock works of minor quartz veinlets, or contained in pyrite and arsenopyrite grains 

(Osman, 2014) disseminated throughout the whole contact between quartz and granitic body (fine gold 

disseminations < 20 μm). 

 

Materials and methodology: 

The airborne spectral gamma-ray measurements were measured by a continuous recording airborne high-

sensitivity 256-channel spectrometer. The survey was carried along parallel flight lines, directed N 45°E and 

spaced at intervals of 1500 meters. The nominal ground clearance was 120 m and the average ground speed of 

the aircraft ranged from 222 to 314 km/h. The obtained airborne data was reduced, assembled and finally 

presented in the form of contour maps to show the distribution of radioactive elements in the exposed rock units.  

Firstly, the natural gamma radiation (exposure rate) has to be estimated; in general, it has the greatest 

influence in environmental contamination. Secondary, the equivalent radiation dose rate was calculated from the 

radiation exposure rate and established for the area. This will reveal the degree of hazard on the humanity and 

the different effects in biological tissues. The radiation strength at a given place is termed its "Exposure" (E), 

and is measured by its ability to produce ionization at that place. The ground level exposure rate can be 

calculated from the apparent concentrations of K (%), eU (ppm) and eTh (ppm) (IAEA, 2003) using the 

expression:  

 

E (μR/h) = 1.505 K (%) + 0.653 eU (ppm) + 0.287 eTh (ppm) 

 

It should be noted that the calculated exposure rate using this equation includes only the gamma-ray 

exposure from radioactive sources in the ground and without the cosmic-ray component or any cesium fallout 

on the ground. The unit of "absorbed energy" or "Dose" (D) is the energy imparted by ionizing radiation to one 

gram of any material, at the particular point of interest. The rem (roentgen equivalent man) is the unit of 

absorbed dose. One (rem) is the dose from any radiation that produces biological affects in a man. The 

conversion from exposure rate to dose rate is given by: 

 

D (millirem / year) =8.33*E (μR/h) 
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Recently, quantities used in radiation protection have more commonly been expressed in SI units. This unit 

is the Sievert (Sv). The Sievert is the SI unit for doses equivalent corresponding to the rem, the relation being 

given by (Grasty et al., 1991): 

 

1 Sv = 100 rem 

Then;                                                       D (mSv / year) = 0.0833 * E (μR/h)  

 

IAEA (2005), classifies the radiation dose equivalent (RDE) as follows:  RDE is most unlikely to exceed 1 

mSv in a year; very little action needs to be taken in this dose range for evaluating and controlling worker doses. 

If RDE ranging between 1 and 6 mSv in a year, a dose assessment program is necessary and can utilize work 

place is monitoring or individual monitoring. Wherever RDE is likely to exceed 6 mSv in a year, individual 

monitoring of the transport personnel is mandatory. 

 

 

Fig. 1: Geological map of Wadi Atalla area, Central Eastern Desert, Egypt, after Conoco (1987). 

 

Data analysis and discussion: 

Airborne spectral gamma-ray surveying of Wadi Atalla area provides valuable information for four 

variables: total-count of the gamma radiation (TC, in μR/h), ultimate concentrations of the three radioelements: 

potassium (K
40

), equivalent uranium (eU,) and equivalent thorium (eTh). Figures 2 & 3 show the spatial 

distributions and concentrations of radioelements of the study area. In these maps, the borders of the Younger 

Granites and Post-Hammamat felsites can be easily delineated due to the high concentration of radioelements. In 
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contrast, all the other geological units are characterized by low values of natural radioelement abundances. The 

major trend that could be observed from the four spectral maps is the NW trend with some NE trend anomalies.  

Potassium, U and Th maps (Fig. 2b & 3) show great similarity with the TC map (Fig. 2a) where the 

younger granite represents a clear anomalous area at the western and southern parts. The concentration values in 

level ranges from (20-30 %), (30-50 ppm) and (60-200 ppm) for K, eU and eTh maps, respectively (all values 

are multiplied by 10 to show relative variation of the gamma radiation). To understand the vulnerability of 

natural radiation levels in the area, the calculated exposure and dose rate maps are presented in figures 4 & 5. 

The mean natural dose rates computed from the terrestrial gamma-radiation range from 0.2 to 17.2 mSv/year. 

According to UNSCEAR (1988) and IAEA (2005), the radiation in the study area surpasses the maximum 

permissible safe rate. Wherever, all the dose rate levels exceed 1 mSv/year except at the far NE corner related to 

mafic and ultramafic rocks (Fig. 5).  

The very high vulnerable zone of younger granites and Post-Hammamat felsites (6–17 mSv/year) in the 

western  side as well as at the southern part of Fawakhir area (Fig. 5). This zone represent the most hazardous 

region to the individuals and their evacuation is necessary. Conversely, the rest of the area especially at the 

eastern part moderate to high vulnerability between 1 and 6 mSv/year. This zone should be subjected for further 

follow up investigations to assess the land uses and a dose monitoring program is necessary. Figure 6 is 

representing the 3D perspective view of Dose rate map of the study area. This view reveals the relationship 

between gamma-ray radiation and the location of gold mine which classified as  high vulnerable zone. 

 

 

 (a)                                                                                   (b)  

Fig. 2: Spectral gamma-ray images for: (a) total count (TC), (b) thorium (eTh) concentration. 
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(a)                                                                             (b) 

Fig. 3: Spectral gamma-ray images for: (a) uranium (eU), (b) potassium (K) concentrations. 

 

 

Fig. 4: Contour map of the calculated exposure rate of the studied area. 
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Fig. 5: Shaded relief contour map of the calculated dose rate of the studied area. 

 

 

 

Fig. 6: 3D perspective view of Dose rate map and simplified profiles indicate the radiation levels associated  

            to Atalla gold mine (yellow circles). 

 

Conclusions: 

In the present study, the analysis of airborne spectral data allows to discriminate the lithological units and 

represents a successful method for observing the level of pollution. The environmental mapping indicates that 

the mining activities in Atalla gold mine poses significant radiological hazard (6–17 mSv/year) to the host 

communities. Based on the results reported in this research, large contrast in the data about natural radioactivity 
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has been found, which may be the indication of geological formations, geographical conditions and soil types. In 

addition, the results show that there are high levels of the natural gamma-ray radiation in the mining area. 

Consequently, serious and decisive measures must therefore be taken to protect against radiation. The three 

basic methods used to reduce the external radiation hazard are time, distance, and shielding (Mohamed, 2014). 

These results may be utilized as a reference data for observation possible radioactivity pollutions in future and 

for good planning to maintain the health of workers in mining regions. 
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