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The manuscript “Chemical Abrasion: The Mechanics of Zircon Dissolution” by McKanna and
others is presenting microstructural investigations of zircon behaviour during chemical
abrasion treatment using scanning electron microscopy, Raman spectroscopy, and X-ray
computer tomography, in order to understand the mechanics behind the CA technique and
aims at giving recommendations to remove Pb loss from zircon samples.

They have documented dissolution structures associated with compositional zones,
fractures, inclusions and crystallographic orientation. These observations support that CA
is not just removing the outer parts of a zircon crystal for intermediately damaged zircons,
potentially biasing the age, but most inclusions and radiation damaged zones are reached
by the treatment. For zircons with a low radiation damage, the CA treatment mostly
dissolved the zircons from the outside, especially along the c axis.

 Overall, the study is very detailed and well written, adding to the understanding of the
chemical abrasion technique. While many of the observations are known by practitioners
of the CA technique, they have never been properly documented and quantified, which
can lead to conclusions like the crystallographic orientation dictating the dissolution
direction. However, there are some major points that I would like to see addressed. 

There are quite a few qualitative statements that can and should be backed up with
statistical analyses. For example, claiming changes in the slopes between v3(SiO4) and Eg
peak after annealing and leaching (lines 254-256) and reporting the average changes and
range for the peak width in a raman spectrum for the individual samples and temperature
steps.

For the estimates of volume loss, the method needs to be described in more detail. Right
now, I am not sure if it is including interior dissolution features or not.

One of the findings is that some compositional zones are preferentially dissolved. Do you
have any compositional data for these? It would been great to know what the difference in
composition is and if the solubility is solely based on radiation damage, or some
composition otherwise is more soluble.

The one recommendation that is put forward for the CA technique is to increase the
temperature: “In most samples regardless of initial damage content, we find that chemical



abrasion at 210 °C is more effective at mining out soluble zones from crystal interiors.
Based on our mechanistic blueprint, we predict that hotter leaching temperatures are thus
more likely to better mitigate Pb-loss in geochronological datasets.” I do not find this
supported in the data. Yes, the solubility increases with increasing temperature.
Increasing it a little bit more or increasing the time will completely dissolve the entire
zircon grain. Since there is no U-Pb data associated with this study, the mitigation of Pb
loss is speculative. In addition, there are many zircons that will completely dissolve with
such a treatment, in which case no U-Pb date could be collected.

Minor comments:

Misspelling of reference “Bowring and Schmidtz, 2003” (multiple times in the introduction)

Figure 2: Is there any way to track which conditions were used for which grains? It would
be helpful to get an idea overall how the different samples are behaving under the
different conditions. In addition, it would be nice to have images of the zircons before
annealing. There are often colour changes associated with this step.

Figure 5: All panels should have the sample name in them, at roughly the same position.
It is confusing that c) is within a). Use the same font type. If one panel has the alpha
dose, the other one should have this too.

L 254-260: “We note that relationship between the v3(SiO4) and Eg peak widths is
steeper after annealing in each of the four samples, since the two Raman peaks have
different temperature sensitivities (Hartel et al., 2021). This observation suggests that
laboratory annealing is not simply the inverse of radiation damage accumulation. As such,
we caution against using the Váczi and Nasdala (2017) calibration to derive alpha dose
estimates from v3(SiO4) peak widths for annealed or chemically abraded samples and
omit alpha dose axes from Figures 5b and 6b.” This is inconsistent. The alpha dose is
noted for the annealed samples, but not the partially leached ones.

Figure 7: The choice of color for the 180 °C for 12 h for AS3 & SAM-47 is odd, since it fits
the color scheme of samples KR18-04 & BOM2A.

Lines 274-281: “Notably, SAM-47 and BOM2A residues each have at least one data point
with a narrower v3(SiO4) and Eg peak width than their solely annealed counterparts
suggesting that some residues have a higher degree of crystallinity. Further, we find that
the residue datapoints for these two samples largely plot below (at lower v3 for a given 
Eg) the annealed datapoints indicating a change in the relationship between the v3(SiO4)
and Eg peaks. Taken together, these observations could suggest that additional structural
recovery occurs in some zircon samples during HF leaching even after dry annealing at
significantly higher temperatures.”

Is there any reason that this observation can’t just be explained by the removal of more
damaged zones that were not annealed during the high temperature annealing step?
Structural recovery during HF leaching seems impossible to me and would need some
further explanation.

Line 405: “… many most …” remove one of those words

Line 777- 780: “There is also an apparent change in the relationship between the widths
of the v3(SiO4) and Eg peak after partial dissolution in HF acid in some samples, and a
small number of Raman analyses for chemically abraded residues are more crystalline
than their annealed counter parts” Same as for Lines 274-281. Does this not just mean
that the parts that were not annealed due to larger radiation damage are still present
before leaching?



The section 4.2.2 Inclusions and zircon trace element analyses is not discussing the
impact of dissolving compositional zones within zircons that are observed in this study. 

The section “4.4 Imaging radiation damage zoning: Implications for (U-Th)/He
thermochronology” seems disconnected from the main point of the paper and is a little
distracting.
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