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ABSTRACT
I comment on some aspects of fission-track observational biases and orientation effects arising in
recent work by Donelick, Ketcham, and Carlson, and their relation to earlier work by myself and
colleagues. Isotropic and anisotropic random line segment models provide a sound basis for understanding variation in fission-track measurements, and some useful mathematical formulae are available. The effects of orientation bias can be avoided, without introducing arbitrary assumptions, by
modeling confined track length conditional on angle to the c axis.

INTRODUCTION
Three recent papers in this journal (Carlson et al. 1999;
Donelick et al. 1999; and Ketcham et al. 1999) discussed apatite fission-track annealing kinetics, from experimental observations in annealing studies through to the extrapolation of
annealing models to geologic time scales. Donelick et al. (1999)
highlighted, among other things, fission-track observational
biases, particularly crystallographic orientation bias, and the
theoretical relation between fission-track length and density.
These authors, along with several referees and colleagues, were
unaware that some closely related work had previously been
published in Galbraith and Laslett (1988) and Galbraith et al.
(1990), and they have since kindly acknowledged this fact
(Donelick et al. 2000). The editor invited me to comment on
the relation between our work and theirs.
Galbraith and Laslett (1988) derived mathematical properties
of different types of fission-track measurements, based on the Poisson line segment model, and used these properties to quantify some
effects of anisotropy (i.e., of the dependence of track length on
orientation). These included (1) the relation between track density
and the angle of the observation plane to a prismatic face; (2) the
relation between the mean and variance of different types of length
measurements; and (3) the relation between mean track length and
density. We advocated that orientations (in addition to lengths) be
measured routinely, which was not then standard practice, as they
may contain useful information.
Galbraith et al. (1990) studied geometrical and observational
biases in fission-track measurements, and the estimation of
geologic thermal history parameters in the presence of these.
We showed how to specify a likelihood function combining
information from track counts, confined lengths and orientations, and projected lengths and orientations. We concluded that
because some observational biases are not fully understood, it
was preferable to use likelihoods conditional on given num* E-mail: rex@stats.ucl.ac.uk
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bers and orientations of confined tracks.
The three papers by Carlson, Donelick, and Ketcham discussed many aspects of fission-track annealing and presented
extensive new data—and are undoubtedly of considerable interest. Here, though, I will concentrate on the aspects of
Donelick et al. (1999) that relate to the two papers cited above,
with the aim of clarifying how we agree or differ.

LENGTH-BIASED SAMPLING
Donelick et al. (1999) noted the principle of length-biased
sampling of horizontal confined tracks derived by Laslett et al.
(1982), and asserted that to date, no published studies had been
presented that test that model. They were unaware that such a
study had been published in Galbraith et al. (1990, §4.1).
Length-biased sampling of confined tracks arises naturally
because, for a confined track to be etched and hence observed, it
must intersect a fracture or a semi-track. In the former case the
etched track is called a “tincle” (track-in-cleavage) and in the
latter a “tint” (track-in-track). A U atom associated with a longer
track can be further away from a fracture or host semi-track and
still be etched, so that longer tracks will be over-represented in
the etched sample. Based on an isotropic line segment model,
where latent track lengths l have probability density function f(l)
and mean length m, Laslett et al. (1982) showed that (in the absence of other biases), the distribution of lengths of horizontal
tincles or tints has probability density g(l) given by:
g(l) = lf(l)/m, 0 < l < •.

(1)

This is the “length-biased” density of l that results when
lengths from a population with probability density f(l) are
sampled with probability proportional to length. For non-horizontal tracks, the bias is more complicated.
Because f(l) is unknown, and because there are usually additional effects to be accounted for, it is not straightforward to
test this principle empirically. We did so in two ways, one using
tincles and the other using tints. First, we looked at the observed

