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McKanna et al. describe a morphological study of the changes wrought on zircon by the
chemical abrasion process. They use a combination of SEM imaging, microscale X-ray
computed tomography, and Raman spectroscopy to characterize individual zircon crystals
as they go through this process.

The study is important because even though chemical abrasion (CA) has been used for 17
years to improve the apparent closed system behaviour of zircons during U-Pb isotopic
analyses, nobody really understands how it works. As the technique is necessary for
modern high precision zircon isotope dilution thermal ionization mass spectrometry (ID-
TIMS) based geochronology, a better understanding of the physical processes involved
should improve geochronologists’ ability to interpret the results of CA ID-TIMS.

The study is well designed, well executed, and clearly explained. The use of techniques
which don’t involve destructive sample preparation or analysis on the intermediate steps is
smart, as it allows the same individual grains to be followed through the process where
the only thing damaging the grains is chemical abrasion.

There are three particular areas where the manuscript could be improved.

Section 2.1

Firstly, the introduction says that the second described sample- SAM-47- is from the
Corunna Downs granitoid complex. The Australian Stratigraphic Unit database describes
this term as informal. See:

https://asud.ga.gov.au/search-stratigraphic-units/results/34394

It has been replaced by the Corunna Downs Granitic Complex:

https://asud.ga.gov.au/search-stratigraphic-units/results/72996

Note, however, that this term also is obsolete. As shown in the links above, Pilbara
Granitic Complexes are not stratigraphic units, but are geological provinces, so neither of
these descriptors is particularly informative. More importantly, the SAM-47 description is



the only description that does not have any references associated with it, making it
difficult to understand the geologic background of this sample, or any associated
information that would allow readers to interpret the results.

Furthermore, the latitude and longitude (89°59’55.97”, 100°08’2.38”) given are in the
Arctic Ocean near the north pole, and are not in the Pilbara craton.

In summary, it would be helpful if the authors could more accurately locate the sample
site, and relate it to a local, named stratigraphic unit, and provide appropriate
reference(s) to previous work that provides geological context.

Section 3.2.1

The use of a synthetic zircon (which is not described in the samples section of the
methods) may not be the most appropriate measure of a full annealing natural zircon.
Lattice strain can be caused by factors other than radiation damage, such as the
incorporation of variably incompatible trace elements into the lattice structure. If the
synthetic zircon is pure ZrSiO4, instead of being grown with levels of P, Y, REE, and other
trace elements typical of zircons from basic to felsic host rocks, then the ability of
chemical abrasion to repair lattice strain may be underestimated due to the lack
compositionally related lattice strain in the chemically pure synthetic crystal.

Similarly, we can’t tell from the Raman data whether the narrower peak widths of
KR18-04 and BOM2A are due to damage or composition, although the narrower peaks for
the younger zircons, and excellent choice of one mafic and one felsic zircon from both the
‘old’ and ‘young’ groups does suggest irradiation is important.

On a related note, when estimating the accumulated lattice strain, a U/Th/He age or a
fission track age may be more appropriate than a crystallization age, depending on the
ability of moderate-to-high temperature zircon to self-anneal radiation damage over
geological time. The lack of location data for SAM-47 (see above) makes estimating this
difficult, but to use a well-studied East Pilbara Archean example, the Owen’s Gully Diorite
has a crystallization age of 3467 Ma (Stern et al. 2009), but a helium age of only about
~750 Ma (Magee et al. 2017).

Figure 2

Finally, it might be worth specifically pointing out that 2b is a colour photomicrograph, as
the annealing out of radiation damaged colour centres is an important but sometimes
overlooked part of CA. This illustration is so dramatic that readers might not appreciate
that the second image is a colour image in which all the colour has been annealed out of
the zircons, leaving them almost colourless.

Overall, this is an excellent study which provides copious data and interpretation of the
chemical abrasion process, and I look forward to seeing the final version.

Charles Magee
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