We thank Christo Buizert for his comments on the manuscript and his suggestions for its
improvement.

We have copied his comments below in blue, with our responses in black below.

Best Regards,
Kévin Fourteau on behalf of all co-authors.

Fourteau et al. publish detailed historical firn pycnometry records from three sites (Vos-
tok, Greenland Summit and Law Dome DE-08) that were never published due to the
passing of Jean-Marc Barnola. A porosity parameterization based on these data (pub-
lished in Goujon et al. 2003) is widely used, and the paper describes the underlying
data. These are very valuable observations that need to be published, and I commend
Fourteau et al. for taking the effort to do so. I only have some recommendations for
technical corrections.

I am very intrigued to see the differences in the close-off density at these three sites

(Fig. 3). This suggests highest air content at DE08, and lowest at Vostok. This is

indeed the observation of Martinerie et al. (1994). Do you think this is the underlying

mechanism of the Martinerie et al. relationship between air content and temperature?

This is certainly what is implied by Fig. 5. I think it would be appropriate to address

this briefly in the paper.

Martinerie et al (1994) report that not only air content increases with temperature, but also that the
porous volume at close-off (V_i in their article) increases with temperature. This is consistent with
the pycnometry data presented here, with warmer sites closing at lower densities and therefore with
a larger porous volume. This is however inconsistent with the results of Schaller et al (2017),
essentially showing that the porous volume at close-off is site-independent. Further work is required
to explain this discrepancy, and goes beyond the scope of this paper.

We will address this point in the paper P5L30:

“It is interesting to note that the pycnometry data indicate that a cold site like Vostok reaches pore
close-off at a higher density than a warm site like DE08-2. This is consistent with the results of
Martinerie et al. (1994) that indicate an increase of porous volume at close-off with temperature
based on air content measurements.”

Would it be possible to show the newer pycnometry data from the “Lock-In” site

(Fourteau et al. 2019) somewhere together with the data from the three old sites (for

example as a third panel in Fig. 3)? One would expect them to look more like Vostok than like
Summit or DEO8. Is that indeed the case? Showing these data would also

give us a way to compare the consistency of the older and newer data.
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As seen in the Figure of this response,the Lock-In pycnometry data are closer to the Summit values.
However, one should be aware that the Lock-In data have not been submitted to an alpha correction
similar to the datasets presented here, as this was not part of the experimental protocol during the
Lock-In measurements in 2018. However, the Lock-In pycnometry data have been confirmed using
tomography scanning of some of the samples.

On the other hand, if one uses air content data to derive the porous volume at close-off, the close-off
at Lock-In is expected to happen at a porosity closer to the one of Vostok. This indicates that a
discrepancy subsists between the close porosity data and the measured air content values.

These are for sure interesting questions that deserve dedicated work. However, we think that
discussing them in this short article will obscure our main goal here, which is to made these
historical data accessible, along with the protocol used to obtain them.

Could you give some examples of mechanisms that can cause system drift in the

pynometry measurements? Are you talking about vapor freezing onto the surfaces,

snow getting stuck, etc? Or is it something else?

We were not able to specifically identify the physical mechanism at the origin of this system drift,
and J.M. Barnola notebooks did not provide any hypothesis for it neither. Our understanding is that
this missing mechanism is one of the reasons why J.M. Barnola did not publish the data in the 90's.

Figure 1 of the article shows that the alpha coefficient tends to be lower than one. This indicates that
the system drift usually leads to an overestimation of the inaccessible volume Vs. This
overestimation could be due to an overestimation of the volume chamber V2. One could imagine
that this overestimation of V2 comes from the presence of firn dust or frozen surfaces in the
chamber, that would decrease its actual volume. However, this is largely speculative at this point as
we do not have any supporting observations. We will write clearly in the text that we do not know
the physical mechanism responsible for the system drift, P4L.30:

“One should note that we were not able to identify the physical mechanism at the origin of the
pycnometry system drift. Further work should be dedicated to this topic.”



We will correct the technical points below, following the recommendations of the referee.
P1L8: remove “intend to”

P1L20: remove plural “s” from “precipitations”

P2L6 and P2L7: replace “reach” with “connect”

P2L.6: airtight is not the right word, given that fugitive gases like Ne still escape. I think
you can just remove the phrase “and are therefore airtight™.

P4L4: “on the field” should be “in the field”

P5L2: “depending of” should be “depending on”



