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ABSTRACT
A new model for examining fission-track data from natural specimens has been developed on the
basis of new laboratory data describing fission-track annealing in a wide variety of apatites and the
empirical correction for fission-track length anisotropy presented in earlier papers. Using revised
and simplified statistical methods, we examine how well various empirical equations are able to fit
the laboratory data and reproduce expected behavior on geological time scales. Based on the latter
criterion, we find that so-called “fanning Arrhenius” models of mean track length are not the bestsuited for our data. Instead, we find that fitting c-axis projected lengths with a model that incorporates some curvature on an Arrhenius plot produces results that are in better agreement with the
available geological benchmarks. In examining the relative annealing behavior of apatites with different resistance to annealing, we find that the laboratory-time-scale behavior of any two apatites can
be reproduced well by a simple one- or two-parameter equation. This function is used to convert the
reduced fission-track length of one apatite that has undergone a certain time-temperature history into
the length that would be measured in a second, less-resistant apatite that has undergone the same
history. Using this conversion, we create a single model that encompasses the annealing behavior of
all of the apatites we studied. The predictions made by this model match closely those made by fits to
data for individual apatites. We therefore infer that, although the conversion equation is imperfect, it
presents an excellent practical solution to characterizing the range of kinetic variability for annealing
of fission tracks in apatite.

INTRODUCTION
One of the primary objectives in conducting apatite annealing experiments (e.g., Green et al. 1986; Crowley et al. 1991;
Carlson et al. 1999, this volume) is to derive a model that describes the behavior of the apatite fission-track system over
geological time scales (Laslett et al. 1987; Carlson 1990;
Crowley et al. 1991; Laslett and Galbraith 1996). Such a model,
when integrated with a computer program that allows fitting
of data collected from natural specimens (Green et al. 1989b;
Corrigan 1991; Willett 1992, 1997; Crowley 1993a; Gallagher
1995; Issler 1996), can be a very powerful tool for estimating
past thermal histories. In favorable cases, detailed time-temperature paths can be derived using the track-length distribution to estimate the shape of the path while the central age
constrains its placement in time.
However, an inherent weakness in earlier published annealing models is that they characterize only a single type of apatite. It has been well documented that different apatites can
exhibit significantly different annealing behaviors. Green et
al. (1989b) showed that apatites in the Otway Basin have dif-
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ferences in down-hole fading temperature of 30 °C or more.
These changes in behavior are usually linked to compositional
variations in apatite, with higher chlorine content leading to
higher closure temperatures (Green et al. 1985, 1989b). However, we suggest that it is preferable to refer to this phenomenon as “kinetic” rather than “compositional” variation. There
are three primary reasons for making this distinction. First,
“kinetic” directly describes the observations: differences in
annealing rates at laboratory and geological time scales. Composition can be used to infer kinetics, but the relationship is
not straightforward, and currently there is no published physical model that can be used to link confidently specific compositional changes to kinetic effects. Second, annealing rates may
be affected by factors in which composition plays a varying
role. For example, increased chlorine content may enhance
resistance to annealing in some cases by making intracrystalline
diffusion require a higher activation energy, whereas increased
contents of U and Th may inhibit annealing through continuous introduction of alpha recoil damage to the lattice. Third,
changes in apatite behavior can be estimated without recourse
to compositional data, by measuring apatite solubility using
the diameter of the etch figures on the polished surface (Burtner
et al. 1994; Donelick 1993, 1995). As shown below, this method
provides roughly the same predictive capability as chlorine
content, and is much less expensive and troublesome than microprobe analysis.
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