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Abstract
We measured the apatite etch rate vR in 5.5 M HNO3 at 21 °C as a function of orientation. Results 

for Durango apatite evidence that vR varies by a factor >5 with angle to the c-axis. Our measurements 
also provided track etch rates vT and surface etch rates vS. However, these cannot be combined for cal-
culating track etching or counting efficiencies. By inserting the measured etch rates in a recent model, 
we calculate the geometries and dimensions of surface tracks in different apatite faces. The proposed 
model must be recalibrated for different etching protocols and adapted for other minerals. We submit 
that the new model justifies reviewing track counting efficiencies based on the existing (vB-vT) etch 
model. We anticipate that this will have an effect on practical aspects of fission track dating. Single-
track step-etch data show that the confined track lengths increase with etch time at a decreasing average 
rate vL that differs from the track etch rate vT and the apatite etch rate vR. Both vT and vL exhibit large 
track-to-track differences that produce irreducible length variation related to the latent-track structure 
resulting from formation and annealing. Step etching and track width measurements are effective for 
reducing or eliminating procedure-related artifacts from track length data, and so for accessing more 
fundamental track properties.
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Introduction
Fission-track dating is based on counting the damage trails 

from uranium fission in natural minerals. Fission tracks are 
~20 μm long in apatite (Jonckheere 2003) and ~10 nm in diameter 
(Paul and Fitzgerald 1992; Li et al. 2011, 2012, 2014), and too 
small to be seen with an optical microscope. To count them, the 
apatite grains are mounted, polished, and etched. This erodes the 
track cores, creating ~1 μm wide channels along the track axes. 
For accurate dating, it is important to understand the relationship 
between the counted number of etch channels ρE and the number 
of unetched tracks ρL intersecting a unit surface area. The exist-
ing track etch model describes their development as resulting 
from two etch rates (Price and Walker 1962; Price and Fleischer 
1971; Tagami and O’Sullivan 2005; Hurford 2019). The track 
etch rate vT along the track axis is the rate at which the damaged 
material in the track core is removed. The bulk etch rate vB is 
the rate at which the surrounding material is etched in all other 
directions. This model implies that the etching efficiency ηE is 
a function of vB and vT; in its simplest form (Online Material1 
OM1 summarizes the variables used):
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This model was developed for isotropic materials such as 
glasses and plastics, but its application to crystalline materials 

was not worked out in detail. For minerals with anisotropic vB, 
Equation 1 is considered to hold for the vB value perpendicular to 
the etched surface. Often, ηE is taken to be the fraction of tracks 
counted (Hasebe et al. 2004; Tagami and O’Sullivan 2005). Equa-
tion 1 is the basis for counting tracks in slow-etching surfaces 
characterized by sharp polishing scratches, e.g., apatite prism 
faces (Gleadow 1978, 1981; Kohn et al. 2019). Mica cleavage 
planes are also thought to have near-unit efficiencies.

Understanding the etching process has to be fundamental 
to fission-track dating since it connects the channels counted 
and measured with a microscope to the lattice damage from 
uranium fission. Track etching has, however, received scant at-
tention since the studies of Price and Walker (1962), Price and 
Fleischer (1971), and Fleischer et al. (1975). Jonckheere and 
Van den haute (1999) and Tagami and O’Sullivan (2005) made 
minor changes to Equation 1 to account for tracks added as well 
as lost due to surface etching. Modern accounts of fission-track 
dating either present an etch model consistent with Equation 1 
(Tagami and O’Sullivan 2005; Hurford 2019; Guo et al. 2020) 
or a guarded description of track shapes (Gleadow et al. 2002; 
Donelick et al. 2005; Gleadow and Seiler 2015). This apparent 
consensus owes more to the lack of alternative than to actual 
support for the model.

Equation 1 implies that etching is efficient: ηE ≥ 0.99 for 
vB/vT ≤ 0.10; the latter value corresponds to a cone angle [θ = 
2 arctan(vB/vT)] of >10°, at least twice the average of tracks in 
apatite. Equation 1 also implies that ηE is independent of whether 
the tracks are etched in an external or internal mineral surface or 
an external detector. It further implies that ηE is independent of the 
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