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Variability of apatite fission-track annealing kinetics: I. Experimental results

WILLIAM  D. CARLSON,1 RAYMOND  A. DONELICK ,2,* AND RICHARD  A. KETCHAM 1,†

1Department of Geological Sciences, University of Texas at Austin, Austin, Texas 78712, U.S.A.
2Department of Geology and Geophysics, Rice University, Houston, Texas 77005, U.S.A.

INTRODUCTION

Rates of thermal annealing of fission tracks in apatite de-
pend strongly upon the chemical composition of the host crys-
tal. Dramatic evidence of the effect of composition on track
retention is seen, for example, in the disparate fission-track
ages reported by Green et al. (1986, their Fig. 13) for multiple
apatite crystals from a single deeply buried borehole sample, a
sandstone of the Otway Group whose sediments were derived
from contemporaneous volcanism. In this sample, individual
grain ages range from zero to the depositional age of the rock
itself (~120 Ma), and correlate with Cl content of the apatite
crystals. If neglected, this sensitivity of annealing rates to apa-
tite chemistry may severely limit the precision of thermal his-
tories derived from partially annealed fission-track populations
in apatite crystals with a range of composition, because mod-
els for thermal annealing calibrated by experiments on a single
apatite will not accurately predict the annealing behavior of
fission tracks in a compositionally diverse population. Con-
versely, if the variation in annealing behavior for apatites of
different composition could be quantified, the range of tem-
perature over which apatite fission tracks serve as recorders of
thermal history could be extended and the precision of thermal
histories could be improved; more-resistant apatites could be
used to probe the higher-temperature portions of a rock’s his-
tory, whereas less-resistant apatites could be used to monitor
the lower-temperature portions.

ABSTRACT

Annealing rates for fission tracks in apatite vary markedly as a complex function of composition,
based on an experimental study of 15 well-characterized, compositionally diverse apatites. Extensive
annealing data were obtained in 69 experiments (durations of 1, 10, 100, and 1000 h at temperatures
from 75 to 400 °C) on each of four apatites, three with near end-member occupancy of the halogen
site by F, Cl, and OH, plus the well-known apatite from Durango, Mexico. These results were supple-
mented by less-comprehensive annealing data from 12 experiments over the same range of time and
temperature on each of the remaining 11 apatites. Measurements of initial fission-track length, a
parameter of considerable importance to the derivation of time-temperature paths from fission-track
data, reveal substantial variations from one apatite to another; initial lengths are best predicted from
etch figures. Interlaboratory comparisons of data on annealing kinetics highlight discrepancies that
appear to result largely from differences in the precision and accuracy of experimental temperatures.
None of the factors previously proposed as the dominant compositional controls on annealing rates
can account completely for annealing behavior over the full range of compositions studied. Never-
theless, relative rates of annealing among all apatites are highly systematic, which allows this data
set to be used in its entirety to constrain multikinetic annealing models that predict fission-track
lengths as a function of time and temperature.

In this article, we present experimental data on the rates of
fission-track annealing in 15 well-characterized apatites of widely
diverse chemistry, and compare our results to previously pub-
lished experimental work. Companion articles present a tech-
nique for increasing the precision of analyses of natural and
experimental fission-track measurements by accounting for the
dependence of annealing rate on crystallographic orientation
(Donelick et al. 1999, this volume), and introduce (Ketcham et
al. 1999, this volume) a multikinetic empirical model, based on
these new experimental data, that can be used to predict the ther-
mal annealing behavior of apatite in compositionally diverse
populations as a function of time and temperature.

EXPERIMENTAL  METHODS

The apatite specimens in this work, chosen for both practi-
cal and theoretical utility, were characterized chemically and
structurally, then pre-heated to eradicate natural tracks, irradi-
ated to induce new tracks, subjected to isothermal annealing at
carefully controlled temperatures for fixed periods of time, and
etched to reveal tracks for measurement. Details of sample se-
lection, characterization, and experimental methods are given
below.

Sample selection

Specimens chosen for this study included (1) several dif-
ferent compositions representative of the range likely to be
encountered in natural applications of thermal history analy-
sis; (2) for comparative purposes, the Durango apatite used in
experiments by Green et al. (1986) and Duddy et al. (1988),
the Tioga apatite used in experiments by Donelick et al.  (1990)
and Donelick (1991), and apatites similar in composition but
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