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An irradiation position arranged is described in the present paper for fission-track 

dating in the Triga Mark II reactor of the University of Pavia. Fluence values 
determined using the NIST glass standard SRM 962a for fission-track dating and the 
traditional metal foils are compared. Relatively good neutron thermalization (φth/φf = 
0.956) and lack of significant fluence spatial gradients are good factors for fission-
track dating. Finally, international age standards (or putative age standards) irradiated 
in this new position yielded results consistent with independent reference ages. 

 
 
 

INTRODUCTION 
 
 
The fission track dating (FTD) has brougth great contributions to the advancement of 

knowledge in different disciplines, such as geology, geochemistry and archaeology. 
However the release of highly reliable age data requires a careful evaluation of the 
methodological approach and a critical review of possible sources of errors1. 

In any case the use of FTD involves an irradiation in a nuclear reactor so that the (n,f) 
reaction on 235U may occur. In an ideal experimental set-up, the neutron flux should be 
very well thermalized and spatial gradients should be negligible (or well known). The 
neutron fluence should be precisely known as its uncertainty is propagated up to the error 
in age. These ideal conditions are not usually met and therefore neutron irradiation 
becomes a relevant source of systematic errors in FTD1,2. 

It is well known that in fission-track dating systematic samples to be dated are irradiated 
with thermal neutrons in a nuclear reactor to artificially produce a 

235
U induced fission track 

density. To choose the irradiation facility, the following factors have to be considered: 
 

1. The thermal neutron fluences requested are commonly between 1014 and 1016 cm-2. 
 

2. As the Th/U ratio shows significant inter-sample variations, the thermalization of the 
neutron flux must be adequate to make negligible the contribution of the induced 
fission of  

232
Th to the track density. 

 
 

3. Neutron flux spatial gradients introduce systematic errors, as different samples and 
standards irradiated together may experience different neutron fluences. 

 

 
The 'optimum' facility should have a well thermalized neutron flux suitable to produce the 

quoted fluence in a reasonable short time, unaffected by flux spatial gradients.  
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In the present paper the use the traditional activation of metal foils is presented and 
discussed. Data are then compared with fluence values obtained by using NIST glass 
standards. Finally an example is reported of the application of neutron fluence dosimetry to 
the dating of the age standard. 

.  
 
 
 

EXPERIMENTAL 
 

 
Neutron dosimeters 
 
Different neutron dosimeters have been used to evaluate neutron fluences : 

 

1. Gold and cobalt metal  foils was prepared by the Reactor Experiments (Thermo 
Electron), U.S.A. 

 

2. Artificial glass wafers loaded with uranium. A set of glass standards for fission-track 
dating was prepared by the National Institute for Science and Technology (NIST), 
U.S.A. The neutron fluence can be determined by the fission-track density measured 
on the glass itself or on a detector (a muscovite mica or a Lexan polycarbonate 
sheet) sandwiched to it3. The NIST standard glasses are available in 6 wafers kits. 
Two of these wafers are supplied as reference material, as they had been previously 
irradiated at the NIST nuclear reactor in two irradiation facilities (RT3 and RT4), 
where neutron flux and thermalization are well characterized. Fluence values 
determined at the NIST reactor using Au, Cu and Co monitors are also given. In this 
work, we used the glass SRM 962a, which is the NIST standard commonly favoured 
by the fission-track community. 

 

3. A windows glass side for gradient evaluation. 

 
Irradiations 

 
Neutron irradiations were carried out at the TRIGA MARK II research reactor of the 

University of Pavia, while the reactor was operated at 250 kW steady state power. The 
rotatory specimen rack, LS, (Lazy Susan; thermal flux 1x1012 n cm-2 s-1, φth/φf = 0.956), 
was selected as the irradiation facility . 
 
Radiactivity measurement 

 
Induced radioactivity was measured by gamma-ray spectrometry using a HP-Ge detector 

(35% efficiency and 1.64 KeV FWHM) connected to DSPEC (EG&G Ortec) and to a 
personal computer. The detector was located inside a lead shield (10 cm thick), lined with 
0.05 cm of cadmium sheet and copper sheets respectively. The counting efficiency was 



experimentally measured using a multigamma source having the same geometry of 
neutron monitors. Data reduction was carried out using the computer assisted GAMMA 
VISION (EG&G Ortec) spectral analysis. 

 
 
Fission track density measurement 
 

 
Fission track density measurement was carried out by standard optical methods after 

etching in 40% HF for 15 min at 40° C.  
 
 
Results and discussion 

 
 
Neutron flux determinations with Au and Co monitors for irradiations in the LS facility are 

reported in Table 1. The value of fluxes were calculated by using Westcoot’s2 and 
Høgdahal’s3convention. Individual data are given together with the standard deviations 
deriving from counting statistics only. 

 
 

Table 1 - Neutron fluxes (φ) obtained using different metal foils  
 

 Irradiation time (s)       φ  (n cm-2 s-1) x 1011 
  Au Co 
1 1800 9.96 ± 0.05 9.95 ± 0.07 
2 1800 9.94 ±0.04 9.97 ± 0.06 
3 3600 9.93 ±0.02 9.98 ± 0.03 
4 3600 9.98 ±0.01 9.96 ± 0.04 

 
 
Table 2 shows the neutron fluences determined for the same irradiations using the SRM 

962a NIST standard glass. Each fluence value is the mean of the measurements obtained 
using internal surfaces of glass and the external detectors. The mean of the NIST Cu and 
Au reference calibrations was used for fluence calculation. Mean neutron fluences 
determined by Au and Co foils in both irradiations 1 - 4 are in close agreement with those 
referred to the glass. 
 
Table 2 - Comparison of neutron fluences (Φ) determined using the SRM 962a NIST glass 
standard and the Au and Co monitors for irradiations 1 - 4 

 
 Φ  (n cm

-2
) 

 SRM 962a (Au, Co) 
1 1.800x1015 1.792x1015 
2 1.802x1015 1.792x1015 
3 3.586x1015 3.584x1015 
4 3.590x1015 3.589x1015 

 
 

 



Fluence spatial gradients  
 
Au and Co metallic foils located 1 cm (1a) and  6 cm (1b) above the bottom of the 

irradiation facility did not detect significant fluence variation (Table 3). 
 

 
Table 3 - Fluence values determined at different height in the LS facility 

 
Φ  (n cm-2) Position 

 Au Co 
(1a) 1.793 x 1015 1.791 x 1015 
(1b) 1.792 x 1015 1.790 x 1015 

 
 
Variation of induced track density in a 7 cm glass slide is shown in figure 1.  
 

   

Figure 1 - Normalized induced track density determined at different height above the  
bottom in a glass slide irradiated in the rotatory specimen rack (Lazy Susan) position.  

Although a regression line suggests a gradient of about 0.7 % per cm, the correlation 
coefficient is very low (0.45). Track density seems to be very homogeneous in the region 
used for sample irradiation (between 0.5 cm and 5.5 cm above the bottom).  
 

Age standards 
 
Following the recommendation of the International Union of Geological Sciences (IUGS)

6
, 

age standards should form the basis of all fission-track dating system calibrations, as 
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some parameters involved in the experimental procedure may be source of systematical 
errors. Two recommended age standards and two ‘putative’ standards (still under 
consideration) were irradiated in the LS position. These are, respectively: 

 
1. An apatite concentrate separated from the Fish Canyon Tuff (southwestern 

Colorado, U.S.A.)7. 
 
2. A split of Moldavite. This tektite was recognized in several restricted areas of 

Germany, Czeck Republic and Austria. The present sample was found in the Jancov 
site, southern Bohemia8. 

 
3. A Macusanite specimen from near Caluyo Mayo, Macusani, Peru. Macusanites are 

rounded obsidian pebbles found in river banks and fluvio-glacial deposits around and 
inside the ignimbritic volcanic field of Macusani (southeastern Peru)9. 

 
4. An obsidian named JAS-G1 (Japan age standard, glass N.1), from Higashimochiya, 

Nagano prefecture, Japan10. 
 
The age standards were irradiated in the LS facility of the TRIGA reactor. Neutron dose 

was monitored by the simultaneous irradiation of the NIST 962a glass. Results shown in 
Table 4 are in close agreement with the independent reference ages. Therefore, the 
adopted system calibration turns to be adequate to yield accurate age determinations. 

 
 

Table 4 - Age determined on age standards (or putative standards) 
 

Age Standard Determined age (Ma) Reference age (Ma) 
Fish Canyon Tuff (apatite) 27.5 ± 1.4 27.8 ± 0.2       (40Ar-39Ar)a 
Moldavite (glass) 15.2 ± 0.8 15.17 ± 0.15         (K-Ar)b 
Macusanite (glass) 6.07 ± 0.25 5.67± 0.10         (K-Ar)c 
Jas-G1 (glass) 0.97 ± 0.06 0.945 ± 0.005   (40Ar-39Ar)d 
a: ref. 6,11, b: ref. 12, c: ref. 9, d: ref. 10. 
  

The following parameters were used for age calculation: σ  = 5.802x10-22 cm2;  
                                                                                           λ  = 1.55125x10-10 a-1; 
                                                                                           λF = 7.03x10-17 a-1. 

 
 
 

Conclusion 
 
 
 
The LS facility of the Triga Mark II reactor of the University of Pavia is an almost ideal 

position for fission-track dating for (1) its relatively good neutron thermalization and (2) for 
lack of significant fluence spatial gradients.  
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