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GENERAL COMMENTS

This manuscript presents new cosmogenic nuclide and luminescence results from three
subglacial bedrock cores at a site between the Pope and Thwaites Glaciers in West
Antarctica that indicate that the ice over the cores experienced thinning during the
Holocene, with subsequent thickening to the present. The luminescence results from the
uppermost core tops are consistent with continuous burial over the last 200-280 ka,
precluding Holocene surface exposure. On the other hand, measured 10Be and 14C depth
profiles from each core are broadly consistent with a few thousand years of exposure
under thinner ice than present during the Holocene, based on forward modeling of
cosmogenic nuclide concentrations under plausible ice thickness histories. The authors
argue that mass loss from the Holocene thinning could have led to subsequent isostatic
rebound and relative sea-level fall at the site, thus stabilizing the ice sheet due to
readvance of the grounding line.

I found this manuscript to be timely and well written, presenting an interesting albeit
noisy dataset and solid modeling that supports a conclusion that may shed light on future
West Antarctic Ice Sheet behavior in a warming climate. That said, I think that there are
some significant aspects of the data analysis and presentation that need to be addressed
before the paper would be ready for publication. In particular, I think that the treatment
of the 14C data would benefit from additional supporting data, analysis, and clarification in
order to strengthen their interpretation.

First, I think the authors are overinterpreting their 14C blank data, particularly with regard
to the core results. The lognormal fit to the 49 blanks (those presented in supplement S5
– not 50 samples as cited in the supplement text S2) is a novel approach but I’m not
convinced it’s necessary or even appropriate because most of the actual sample analyses
presented here (cores + surface samples) take place at each end of the overall time span
considered. Depending on how one splits them up, somewhere around half of the blanks
in that analysis have no direct bearing on the samples presented. I would argue that



rather than lumping all the blanks together over the two-year period, it would be more
appropriate to separately consider only the blanks being analyzed that span each set of
analyses - TUCNL 465-490 (so maybe blanks 461-491) and TUCNL 663-780 (so maybe
blanks 656-782). The blanks bracketing the first batch of samples (461-491) are
uniformly low, so a simple average and standard deviation would be a reasonable and
conservative estimate in my opinion for those initial surface samples from Kay Ridge. The
blanks associated with the last batch of analyses are more scattered, but one could argue
either for a straight average and standard deviation covering blanks 656-782, or for
perhaps for breaking that set into one or two (or three?) straight averages or even time-
dependent linear fits (656-696 increase approximately monotonically, while subsequent
blanks tend to decrease approximately linearly, particularly from 715 onward). With fully
propagated uncertainties in resulting fitting parameters or averages, I think it would be
informative regarding any assessment of detection limits for given samples, given the low
concentrations. 

This leads to my second concern – the authors claim that all 14C analyses are above
detection limits without specifying how that detection limit is assessed. Typically, the
detection limit reflects some multiple of a conservative measure of uncertainty in the
blank measurements. Given that many of the core samples have concentrations nearer to
the asserted detection limit of the Tulane system than are typically analyzed at that lab, it
is important to present how that limit is evaluated – probably best accomplished with
blank measurements from the periods of sample analyses. With the observed variations in
the blanks noted above, perhaps the detection limit is also time dependent, which would
be fine in my view, but that should be clarified in the text and accommodated in their
analysis. Based on the data in supplement S5, I agree with the authors’ assertion that
many, if not most, of the core analyses’ uncorrected 14C atom inventories are above
coeval background levels, but several are also comparable to the coeval backgrounds,
depending on how the detection limit is evaluated. A more rigorous assessment of
detection limits here would thus be useful for putting the dataset on firmer ground. 

Third, I’m concerned about the reproducibility of the 14C data from both surface and core
samples, particularly the latter. It would be useful to see if updated blank corrections as
suggested above have any influence on the reproducibility of at least the core samples – I
would expect less effect from the blank corrections for the surface samples. It’s not clear
from the data in S5 if any of the surface sample analyses are replicates (it doesn’t appear
so), but the authors state that multiple quartz aliquots were analyzed for nearly all
samples – if that only applies to the core samples then that should be clarified. While it’s
true that some (or even all) of the scatter in the surface results could be due to variability
of time-integrated shielding by ice fields, etc., on the landscape, I think it would still be
worth considering other potential procedural sources of scatter, particularly for the low-
level core samples. For example, were analyses of higher-concentration surface samples
(either from this study or from other studies) interspersed with analyses of the core
samples, thus perhaps leading to some low-level sample memory in the extraction system
that might have affected some of the core results? Gaps in the TUCNL numbering in
supplement S5 raise that question.

Along these same lines, and for the additional reasons below, I think it is vital to present
in situ 14C results for the CRONUS-A intercomparison material from the time frames of
the sample analyses – TUCNL 465-490 and TUCNL 663-780. Although the concentrations
from this material are several times higher than those in the samples measured as part of



this study, it would be instructive to demonstrate reproducibility in the extractions at that
level at least. An evaluation of reproducibility using surface replicates and CRONUS-A
analyses for 10Be and 26Al is already included with the supplemental dataset, so it seems
reasonable to include a similar evaluation for 14C analyses for data comparison between
the nuclides, particularly since replicate analyses are available for many of the core
samples. Analyses of other available intercomparison materials with lower concentrations
would also be useful, if those data are in hand.

The CRONUS-A 14C data would also be useful for assessing the modified extraction
procedures cited in the supplement S2 text. The procedures cited here differ substantially
from those cited in Goehring et al. (2019) – half the 500°C combustion dwell time and 2/3
of the dwell time at 1100°C of Goehring et al. (2019). It appears from scanning
subsequent publications from the Tulane group that the changes in duration at each
temperature step were made at different times after Goehring et al. (2019). Given that
each of these changes has the potential to affect the final measured in situ 14C
concentrations, I think that it’s very important to present comparisons of CRONUS-A
replicates from before and after each of these procedural modifications (whenever they
occurred), to demonstrate that no significant shift in measured CRONUS-A concentrations
was observed in either case. As noted above, additional CRONUS-A analyses during this
study’s time frame would also help the reader evaluate possible magnitudes of procedural
and perhaps other contributions to the scatter (e.g., Balco et al., 2019, American Journal
of Science, 319(4), 255–286).

Furthermore, the authors state that they calibrated the spallogenic in situ 14C production
rate using CRONUS-A measurements. From the references cited, it appears that those
measurements are the ones presented in Goehring et al. (2019). It would be helpful to
state that here if that is the case. Goehring et al. (2019) note that the mean of those
measurements is ca. 10% below that of the consensus value of Jull et al. (2015). Deriving
production rates from the Goehring et al. (2019) CRONUS-A measurements on the same
extraction system used here should in principle yield an internally consistent basis for
calculating exposure histories for in situ 14C, since any systematic offset should affect
both similarly. However, comparison of those original values to more recent CRONUS-A
measurements at Tulane using the modified procedures during the measurement intervals
for this study would allow for a more quantitative assessment of potential systematic
impacts on measured concentrations and/or exposure ages.

Finally, I note that while 10Be in the cores does tend to decrease with depth in each, as
stated by the authors, I’d like to see some mention that in two of the cores (H4 and H5)
the profile deviates from an exponential (at least the preferred ones in green in Fig 7) on
the high side below about 50 cm. The 10Be profile shapes in those two cores actually
appear more similar to the 14C profiles in those cores than to the fitted 10Be
exponentials; the steeper 14C profiles presumably reflecting their greater proportion of
muogenic production. I would like to hear the authors’ thoughts on assessing the source
of the deviations.

All that said, my impression is that the main conclusions of this manuscript are probably
reasonably robust, and that they would largely still stand once these comments are
addressed, although key details and inferences may change. As such I think this will



ultimately be an important contribution to our knowledge of West Antarctic Ice Sheet
behavior.

 

Minor comments

P. 6, Line 4: The currently accepted half-life for 14C is 5700 ± 30 yr (www.nndc.bnl.gov)
– see Hippe and Lifton (2014)

P. 12, Line 6:  In the flux-based extraction of in situ 14C, the quartz does not melt, but
rather dissolves in the flux. One could also replace “melting the quartz” with “fusing the
quartz in a lithium metaborate flux”

P. 14, Line 9:  Suggest that “rejected” would be better than “falsified” – the latter sounds
like the results were made up.

P. 16, Line 16: “calculation” is misspelled

P. 17, Lines 7-12:       As noted above I’m not convinced the 14C measurement
uncertainties are correctly characterized.
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