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ABSTRACT
In annealing experiments on natural crystals of apatite and titanite, two types of fission track
were observed that had not been identified previously: (1) “stable” tracks, and (2) tracks through
fluid inclusions. Stable tracks do not shorten significantly even when heated to temperatures well
above those normally sufficient for complete annealing of fission tracks. Tracks through fluid inclusions owe their excessive length to the fact that one fission fragment traveled through a fluid inclusion without appreciable energy loss. If they go undetected, both types of track can distort the
temperature-time paths constructed on the basis of confined fission-track-length measurements. Simple
measures are proposed to avoid these pitfalls.

I NTRODUCTION
Natural crystals containing trace amounts of U register the
decay of 238U by spontaneous nuclear fission in the form of
fission tracks (Price and Walker 1963). Fission tracks are submicroscopic, continuous, linear disordered regions (length 10–
20 µm; diameter 5–10 nm), produced by the motion through
the crystal lattice of the two positively charged nuclear fragments ejected by the fissioning U atom (Young 1958, 1997).
The lattice damage along these disordered regions is repaired at
elevated temperatures (Fleischer et al. 1965), resulting in a decrease of the etchable length of the fission tracks (Wagner and
Storzer 1972). The amount of length reduction depends primarily on the maximum temperature of the heating event. Thus
“individual tracks can be thought of as self-contained maximum-reading thermometers which are continually generated
throughout [time], and allow the deciphering of the variation of
temperature with time” (Green et al. 1989, p. 171).
Fission-track analysis studies the fission-track record in
natural crystals with the aim of determining the age and temperature history of the rock that contains them. Fission-track
dating is based on measurements of the number of tracks that
have accumulated since a crystal last cooled to the temperature
below which the tracks effectively become stable defects in the
crystal lattice. Thermal history analysis relies on measurements
of the track lengths to retrace the temperature-time path from
the time that fission tracks started to accumulate. Minerals
routinely dated with the fission-track method include apatite
[Ca5(PO4)3(F,Cl)], titanite [CaTiSiO5], and zircon [ZrSiO4].
Thermal history analysis based on fission tracks in apatite has
been applied to geological problems for over a decade (e.g.,
Green et al. 1989; Ketcham et al. 1999). Similar methods are
being developed based on fission-track length measurements in
titanite (e.g., Watt and Durrani 1985; Jonckheere and Wagner
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2000) and zircon (e.g., Yamada et al. 1995; Tagami et al. 1998).
A basic assumption of temperature-time path modeling is
known as the principle of equivalent time (Goswami et al. 1984;
Duddy et al. 1988), and implies that that all statistically representative single-length fission-track populations of equal mean
length are effectively identical, irrespective of how they reached
this length. A single-length population is a population of fission tracks that show no length variation beyond that resulting
from track formation, etching, and anisotropic annealing. The
principle of equivalent time implies that a single-length population has no memory or identity beyond its mean length. In
conjunction with the second assumption that, at the point of
formation, the mean length of a population of fossil and induced tracks is identical (Bhandari et al. 1971), the principle of
equivalent time implies that a single-length population of fossil
fission tracks is effectively indistinguishable from a population
of induced tracks of the same mean length. Thus, fossil fission
tracks are assumed to be effectively insensitive to all environmental effects other than temperature and to all internally driven
changes of track structure over the entire period of time between their formation and their measurement. This is analogous to the closed-system assumption in other radiometric
dating methods. This paper reports an instance where this assumption is violated in a trivial way.

EXPERIMENTS
Apatite
A several centimeters large single crystal of pale-green apatite from the mineral collections of the Geological Institute of
the University of Gent was used is this experiment. Its age and
provenance are unknown, but are not relevant in the present
context. Electron-microprobe analysis shows that it is essentially a fluor-apatite, with minor substitutions of Si and Na (in
wt%: CaO = 54.1, P2O5 = 40.3, SiO2 = 0.2, Na2O = 0.1, F = 5.3,
Cl < 0.01). The crystal was broken into twelve centimeter-sized
fragments. These were divided into two sets, S and I, of six
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