
American Mineralogist, Volume 91, pages 252�260, 2006

0003-004X/06/0203�252$05.00/DOI: 10.2138/am.2006.1269      252

INTRODUCTION

The most important data sets concerning the calibration of 
apatite Þ ssion-track system (Green et al. 1986; Donelick 1991; 
Crowley et al. 1991; Carlson et al. 1999; Barbarand et al. 2003; 
Ravenhurst et al. 2003) are related to horizontal-conÞ ned track-
length measurements, because of their importance for thermal 
history analysis. All of these data sets were obtained on prismatic 
sections of apatite. There is no data set in which tracks in ran-
domly oriented sections were measured. This kind of measure-
ment is of practical importance because it can lead to methods 
of apatite Þ ssion-track modeling that work with data from a 
much larger number of grains than the existing methods i.e. it 
may permit mounts with few grains, many with non-prismatic 
polishing surfaces, to be measured and modeled. 

Most measurements of mean horizontal confined track 
length, l, are in the region where l/l0 > 0.5 (where l0 is the mean 
unannealed horizontal-conÞ ned track length). One suggested 
mechanism behind this observation is that unetchable gaps (e.g., 
Yamada et al. 1995) develop in more highly annealed tracks and 
decrease the probability for track revelation because very short 
tracks are less likely to intercept an etchant pathway. Another 
possible explanation is that tracks at low angles to the c-axis re-
main long relative to tracks at high angles to the c-axis (Donelick 

et al. 1999). On the other hand, measurements of track density, 
ρ, span the entire range 0 < ρ/ρ0 < 1 (where ρ0 is unannealed 
track density), probably because track segments (separated by 
unetchable gaps) that cross the polished mineral surface can still 
be etched or because more resistant c-axis parallel tracks are still 
present. The data sets cited above do not include track-density 
measurements. However, the greater sensitivity and precision of 
density measurements at high degrees of annealing make them 
useful for extending our qualitative understanding of the Þ nal 
stages of the annealing process. The data set for track density is 
also of practical importance because it can allow for the deriva-
tion of theoretical apparent ages without the use of the length 
correction curves in inverse modeling programs. Age can be de-
rived using a density data model [e.g., using the same procedures 
described by Laslett et al. (1987) and Duddy et al. (1988)], in 
the way proposed by Lutz and Omar (1991), and then compared 
with the measured apparent Þ ssion-track age.

Previous work has been carried out to eliminate anisotropy 
effects in modeling Þ ssion-track data (Donelick 1991; Donelick 
et al. 1999; Ketcham 2003). Lengths and angles of Þ ssion tracks 
were measured and then related empirically. In this way, it is 
possible to project lengths parallel or perpendicular to the c-
axis direction. However, direct length measurements in direc-
tions perpendicular to the c-axis are still lacking. In apatite, it 
is possible to Þ nd a crystallographic section (basal), in which 
all horizontal-conÞ ned tracks are perpendicular to the c-axis. * E-mail: hadler@iÞ .unicamp.br
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ABSTRACT

To improve kinetic models for apatite Þ ssion-track annealing, we present new experimental anneal-
ing data that complement previously published data. To determine the degree of annealing of induced 
tracks, surface density (ρ), and mean horizontal-conÞ ned track lengths (l), were measured, both for 
basal and randomly oriented faces. Our annealing data were obtained by submitting an apatite sample 
collected in Itambé, Bahia, Brazil, to 46 different isothermal treatments where temperature ranged from 
150 to 600 °C (duration of 1, 10, 100, and 1000 h). To compare the behavior of Itambé to Durango 
apatite, the latter was also annealed for 1 h in 9 isothermal experiments at temperatures between 240 
and 380 °C. Our results show that the l/l0 values in Durango are systematically smaller than those in 
Itambé sample, both in basal and random faces. The curves depicting relative track density reduction, 
ρ/ρ0, and relative mean conÞ ned track length reduction, l/l0, as a function of time and temperature, 
are similar for ρ/ρ0 > ~0.5, but different for ρ/ρ0 < ~0.5. In this interval, ρ/ρ0 can be measured but the 
measurement of l/l0 is very difÞ cult because the conÞ ned tracks become undetectable. Measurements 
of ρ/ρ0 and l/l0 for tracks revealed in basal surfaces are systematically lower (but this difference is 
<3%) than those in randomly oriented ones. 
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