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ABSTRACT 
 

A passive technique using plastic nuclear track detectors (CR-39 and LR-115) is 
presented to estimate Th/U ratios and consequently the thorium and uranium 
content in granites taken from uranium exploration mines in Egyptian desert. The 
registration sensitivities of both CR-39 and LR-115 detector for close contact α-
radiography in uranium and thorium concentrations in ppm were computed. 
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INTRODUCTION 
 

Solid state nuclear track detectors are widely used as an effective passive technique to measure α-
activity (1). This passive technique is particularly appropriate for determining low level α-emitters 
because of its sensitivity and the characteristics of CR-39 and LR-115 plastic detectors in α-particle 
radiography (2) 

 
Uranium and thorium and their daughters are present in rocks following their solidification. Their 

contents can vary depending on the geological formation. The quantitative analysis of U and Th in 
natural samples is difficult to determine unless the Th/U ratio is known. The objective of this paper is 
to estimate Th/U ratios and consequently uranium and thorium contents in granites taken from 
uranium exploration mines in different galleries in the eastern desert of Egypt using two track 
detectors with different sensitivities for α-particle registration in close contact with the samples 
assuming uranium and thorium are in secular equilibrium 

 
EXPERIMENTAL TECHNIQUE 

 
Granite samples were collected from various locations in the uranium exploration mines in 

different sites namely Gattar-I, Gattar-II, El-Eradiya and El-Messikat in the eastern desert of Egypt. 
 Fine grains were pulverized (-200 mech) for homogeneity. The powder was pressed in the form of 

disks. CR-39 and LR-115 detectors were separately exposed in close contact with the samples for 30 
days.  Then etched in 6.25 N NaoH at 70oC for CR-39 and 2 M NaOH at 60oC for LR-115, counted 
and the average track densities were obtained after excluding the background. 

 
CALCULATION ASPECTS 

 
For a material with uranium and thorium concentration CU and CTh (ppm) respectively the track 

density on CR-39 detector is given as (3). 
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and also                                                                                    
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=
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2cos)/(25.0)(
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ThiicThTh CRtgBqACR γθρ  = STh CTh     (2)                                                                                                                   

and the total track density of both U & Th  
 

)]/)(/(1[)( UThUThUUt CCSSCSCR +=ρ                              (3) 
 
Where AU = 0.0123 Bq/g is the activity of one ppm 238U, ATh = 0.0041 Bq/g is the activity of one 

ppm 232Th, cθ is the critical angle of etching, γ is sample density, εi  is the branching ratio of α-decay. 
Ri is the range of α-particle in sample, SU and STh are the registration sensitivities (α-track cm-2d-1) per 
one-ppm nuclide and t is the exposure time.   

Similarly for LR-115 the track density is given by 
 

UscUU CRtgBqALR ∆= 8cos)/(25.0)( 2 θρ  = UU CS /       (4) 
and   

ThscThTh CRtgBqALR ∆= 6cos)/(25.0)( 2 θρ  = ThThCS /    (5) 
 
Hence the total rack density of U & Th become; 
 

)]/)(/(1[)( ///
UThUThUUt CCSSCSLR +=ρ                          (6) 

 
Where slsus RRR −=∆ and suR , slR  are the ranges of α-particle in the sample corresponding to 

energy windows suE  and slE  at the upper and lower ends {function of the residual thickness of the 
detector and cθ } (4). 

Quotient eqn. (3)/eqn. (6)  
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By knowing the registration sensitivities of the two detectors through the calculation of α-ranges in 
the sample using Henke and Benton computer program (5), sample density cθ  and ∆R, the 

UTh CC / ratio is obtained. Then CU and CTh  values are obtained by substituting into either equation 
(3) or (6).   

 
RESULTS & DISCUSSION 

 
The registration sensitivities (SU & STh) of CR-39 and ( )&( //

ThU SS of the LR-115 detectors 
exposed in close contact with our natural samples from the site under consideration have been 
calculated and given in table1. 

 
Table (I): calculated registration sensitivities of the two detectors (CR-39 & LR-115) exposed α-

tracks cm-2d-1 for one ppm parent nuclide and their ratios. 
 

Registration sensitivity Sample 
site SU (CR) STh (CR)

Ratio 
)(/)( CRSCRS UTh

 

Ratio 
)(/)( // LRSLRS UTh  

Gattar-I 330.15 99.98 0.303 0.25 
Gattar-II 382 109.69 0.287 0.25 
Aradiya 345.92 111.99 0.324 0.25 
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Messikat 390.27 102.52 0.263 0.25 
 
As could be seen from this table the registration sensitivities of CR-39 and LR-115 detectors are 

0.3 and 0.25 respectively. However the ratio )(/)( / LRSCRS UU of the two detectors does depend on 
the layer removed from the LR-115 detector surface and not on the type of the sample as seen from 
table II 

 
Table (II): Ratio of the registration sensitivities )(/)( / LRSCRS UU at different residual 

thickness of LR –115 track detector for the chosen samples 
 

Res. 
thick.(µm) 

G–I 
granite 

G–II     
granite 

Aradiya 
granite 

Messekat 
granite 

Averag
e 

4 1.64 1.96 1.87 2.09 1.89 
5 2.59 2.79 2.65 2.99 2.78 
6 3.56 3.94 3.64 4.1 3.81 
7 5.48 5.92 5.66 6.33 5.85 
8 9.36 10.21 8.25 10.79 9.65 

 
Using equation (7) and tables I & II at our residual thickness (5µm) as well as the determined track 

density ratio of the two detectors )(/)( LRCR tt ρρ the thorium to uranium ratio for the granite 
samples collected from our exploration sites are obtained and consequently both uranium and thorium 
concentration in ppm are obtained.The next figure shows a linear variation of the track density ratio of 
the two detectors and the thorium to uranium ratio for our samples. From this curve and equation (3) 
the uranium and thorium concentration could be obtained. The uranium content was found in the range 
of 26 – 40 ppm while thorium ranged from 20–25 ppm in our exploration sites which was found to be 
in fair agreement with the results obtained using an active technique namely γ- spectroscopy  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (1) Variation of the track density ratio of the two detectors and 
the thorium to uranium ratio. 

 
 

CONCLUSION 
 

In conclusion we have found that using two polymeric track detectors is appropriate for the 
calculation of Th/U ratios for natural geological samples. Hence by knowing this ratio uranium and 
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thorium content in these samples can be determined.This technique is low coast and its suitable for the 
development countries, so it can be used as tool for uranium exploration. 
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