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Variability of apatite fission-track annealing kinetics: II. Crystallographic orientation effects
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INTRODUCTION

Laboratory annealing experiments have shown consistently
that fission tracks oriented at high angles to the crystallographic
c axis in hexagonal apatites are, on average, shorter than fis-
sion tracks at low angles to the c axis, even in relatively
unannealed apatites (Green et al. 1986; Donelick et al. 1990;
Donelick 1991; Crowley et al. 1991) and that the anisotropy of
fission-track length in apatite increases as the degree of an-
nealing increases (Fig. 1). The model of Donelick (1991) at-
tempts to quantify this effect, proposing that etched lengths of
a single population of fission tracks in apatite are distributed
about an ellipse in c axis parallel crystallographic planes, with
the mean track length parallel to the c axis (lc) being greater
than the mean track length perpendicular to the c axis (la) in all
cases. As the degree of fission-track annealing increases and
the arithmetic mean track length (lm) decreases, lc becomes in-
creasingly greater than la. The divergence of la from lc leads
directly to an increased spread in the track-length distribution
about lm until at high levels of annealing the standard deviation
about lm approaches 2 µm or more. The elliptical model of
Donelick (1991) works well until the mean fission-track length
falls below ~11 µm (corresponding to a reduced length of
~0.65), after which fission tracks at high angles to the c axis
begin to undergo accelerated length reduction. While of no large
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A method is presented that permits the length of any horizontal, confined fission-track inclined at a
specified angle to the crystallographic c axis in apatite to be converted to an equivalent track length
parallel to the crystallographic c axis. The model is based on the results of annealing experiments for
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remove effectively fission-track length variation within single fission-track populations due to anisotro-
pic track-length reduction for all 15 apatites studied. In addition, a model is developed that offers
predictions that closely reproduce published experimental data concerning the relationship between
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servation implies that the same process by which apatite fission tracks anneal in the laboratory is re-
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consequence for the experimental determination of lm, the
anisotropy of fission-track lengths in apatite can complicate
the interpretation of track-length data from the geological en-
vironment, in which a limited number of fission-track lengths
is used in most cases to reconstruct a complete time-tempera-
ture history (e.g., Green et al. 1989; Corrigan 1991; Crowley
1993; Willett 1997). The experimental data of Carlson et al.
(1999, this volume) offers a unique opportunity to construct a
model for use in projecting natural fission-track lengths to a
common crystallographic orientation in apatite as suggested
by Carlson (1990, p. 1135). Ketcham et al. (1999, this vol-
ume) use this model to provide fission-track length calibra-
tions specific to fission tracks oriented parallel to the
crystallographic c axis.

SAMPLE  DETAILS  AND EXPERIMENTAL  METHODS

Fifteen apatites spanning a wide range of chemical compo-
sitions were used in this study (Table 1; also see Table 1 and
Appendix Table 1 of Carlson et al. 1999, this volume). Full
details concerning the preparation, treatment, and analysis of
the apatites for these experiments are provided in Carlson et
al. (1999, this volume). Individual track lengths and angles to
the crystallographic c axis were measured using a digitizing
tablet interfaced with a personal computer. Positioning of the
digitizer cursor within the optical field of view was aided by
projection of the image of an LED light attached to the cursor
onto the microscope field of view. The digitizer surface was
calibrated for length measurement using a 600 lines/mm dif-
fraction grating. The length of each fission track and its angle
to the crystallographic c axis were computed from three digi-
tized points per track, one at each end of the track and one
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