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The main achievement of this work is the introduction of more physics to the study of
“smoothing” of isotopic signals due to diffusion in the study of ice. Previous work by others
has introduced the concept of enhanced diffusion (compared to that within the ice crystals)
due to liquid in veins in the ice. This work adds an additional plausible factor, which is the
transport of isotopes due to flow of liquid within the veins.

The model of a single uniform pore is, of course, greatly oversimplified, but is enough to
capture the basic physics being studied. The author nicely shows that some previous work is
recovered in the limits of zero flow and high flow velocity. Various cases of the model are run
to demonstrate the effect of flow on quantities such as effective diffusion lengths, including
for two real ice-core sites. The case is made that inclusion of flow will be necessary for proper
isotopic modeling in some cases where excess diffusion occurs. The author rightly notes the
need for better knowledge of veins and liquid flow within ice.

My main expertise (and the aspect I was asked to review) is in thermophysical data for water
and ice, not in ice core analysis. So my review is focused on some of the assumptions made
and used in the model.

But I want to begin with an important caveat. In several places I will point out areas where
input parameters to the model (such as diffusivities) are oversimplified or have more
uncertainty than one would glean from reading the manuscript. I am NOT suggesting that the
author do more calculations to account for these extra factors in the current paper. This is an
expository study, not intended to quantitatively model ice cores. It seems very likely that the
basic findings of the work would be the same if, for example, a diffusivity was different by a
factor of 2—it might just mean a small change in flow rate or pore size or addition of a
tortuosity factor to achieve a similar numerical result. Instead, my suggestion is that some of
these factors could be mentioned around line 580, where the author already mentions other
factors that would need to be better described to rely on this approach for quantitative
modeling. Probably some of the things I will mention are completely insignificant within the
model (presumably the author can tell how sensitive the model is to various factors), so it
would be fine to omit mention of such items completely.

With that said, here are some potential opportunities for improvement in the data used.

The diffusivity in crystalline ice appears to be enhanced by pressure, as found by Noguchi et
al., https://doi.org/10.1016/1.pepi.2016.05.010. From a graph in the paper, it looks like about
an order of magnitude effect at their pressure of 100 MPa (which is beyond that of the ice
cores studied here), so if that work is correct this may be significant (say, at the level of a
factor of 2) for deep ice cores. As noted in Appendix A, the pressure dependence of the
diffusivity of liquid water appears to be small at pressures relevant to any ice that would be
encountered on Earth (see also Harris & Newitt, https://doi.org/10.1021/j€9602935).

The use of the diffusivity for pure liquid water is an approximation if the water in the veins is
in the liquid state due to dissolved ionic impurities. I do not know what the concentration of
the ions is believed to be, but if it is significant (which it must be to have stable liquid at the
temperatures studied here) that would significantly affect the water’s diffusivity. The effect of
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dissolved NaCl on the diffusivity of water at low temperatures was reported by Garbacz and
Price (https://doi.org/10.1021/ip501472s).

The dissolved ions in the water will also affect the solid-liquid fractionation (maybe this can
be ignored since the author makes an a=1 simplification in most of the work). Salt effects on
isotopic fractionation have been studied (for vapor-liquid fractionation, which I would expect
to be similar to the effects on S/L fractionation because the salt only affects the liquid-phase
thermodynamics), see for example the work of Horita et al. and references therein
(https://doi.org/10.1016/0016-7037(95)00031-T), but the effect is probably too small to
matter in the current context.

There is more uncertainty than the paper suggests in the diffusivity of pure liquid water at the
relevant conditions. A curve-fit of data from Gillen (1972) is used, but the more recent work
of Price et al. (https://doi.org/10.1021/jp9839044) gives diffusivities up to 30-40% higher [the
Price data were judged to be uncertain within about 5% in a later evaluation (see supporting
information of https://doi.org/10.1073/pnas.1508996112)]. Then the range below about 240 K
depends entirely on the work of Xu et al., which is an indirect method based on a model of
crystal growth that is reasonable but by no means certain. The degree to which the uncertainty
in liquid diffusivity is problematic and should be mentioned depends on how sensitive the
model is to this parameter.

More recent recommended values for solid-liquid fractionation factors were reported by
Wang and Meijer, https://doi.org/10.1080/10256016.2018.1435533. However, their results are
consistent with the older source used here. The solid-liquid factors are only measured at 0 °C,
and they must be at least weakly temperature dependent. But using the 0 °C values at all
conditions is the reasonable approach given the absence of data at other temperatures.

There is also the fact that the isotopes will not diffuse at the same rate in liquid water, so the
heavy isotopes will not diffuse quite as quickly in the vein as the model assumes. However, |
think that a factor of (to a zeroth approximation) SQRT(18/19) or SQRT(18/20) would be
negligible in this context unless there is some amplification mechanism I am not thinking of.
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