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The authors present a new modeling study that further characterizes the ice-flow and
subglacial conditions that could combine to best preserve ice up to 1.5 million years
old near Dome C. The study builds on previous work by applying a 3-D model and by
using the latest available bed topography. The authors identify candidate drill sites that
attempt to balance needs of the oldest ice possible with the age-resolution desired for
ice-core analyses. This was a nice piece of work that advances understanding of the
Dome C environment; modeling like this is key to picking a drill site for the ’Oldest Ice’
ice-coring effort.
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I have more substantive comments on the style of the manuscript, and relatively minor-
comments on the modeling. Both are given below, and by line number as appropriate.
I suggest that the authors work together to improve the writing style (including title, ab-
stract, main text, and summary statement). The manuscript can be understood but the
language used is often non-descript, and I think detracts from the impact of the work.
Sometimes it is a subtle use of an inappropriate word, and sometimes (at least to me) it
gives a context to the sentence that may or may not be intended. I appreciate that this
may be a simple translation situation – and in my attempts to learn French I am very
sympathetic to how difficult this could be – but, again, I think it is worth rewriting this
carefully using different expressions so that the work is clear and has the most impact
for all readers. Hopefully all of the authors can work together to achieve this.

We would like to thank Michelle Koutnik for her fruitfull comments, that helped improve
this manuscript. English wording was carefully corrected in this new version.

# Line 2: ’prevent basal melting’ – suggest ’limit’

L4: Changed for "limit"

# Line 3: ’ensure’ is strong, really you are making the best estimate

L5: Changed for the following sentence: "A 3D ice flow simulation is used to calculate
five selection criteria, which spatial variability is used to locate areas that have better
glaciological properties than elsewhere."

# Line 4: ’ice archive is sufficient’ – sufficient for what? It hasn’t been made clear what
is needed, there is a disconnect between first sentence and following sentences.

"Sufficient" is deleted in the new formulation (see previous answer).

# Line 5, title, and throughout: I am not against the use of the term ’patches’, but the
term doesn’t tell the reader much. Since this is in support of ice coring, one impression
is that a patch could be a few meters, or since the study area around Dome C is tens
of km+ maybe this is the scale? I would clarify what area a patch covers up front, and
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I also suggest making a somewhat more general title (why is 37 km so important?).
I think ’area’ is a better term than ’patches’, but the authors can justify what is best
based on use in the community.

As we finally suggest precise drill points within kilometer "patches", we change the
word for "sites". We think giving the distance from Dome C is important to inform the
community that the research of a drill site is now focusing on a kilometer-scale region,
and gives the location in a region that lacks place names.

# Title: ’diagnosed’ is not incorrect, but isn’t the way I would expect it to be used. None
of these have to be used, but some title suggestions could be: ’Candidate areas of 1.5-
Ma ice southwest of Dome C, East Antarctica’, ’Flow-model constraints on locations
where 1.5-Ma ice exists southwest of Dome C, East Antarctica’, . . . something more
general, and yet specific to the needs of ’oldest ice’ seems better. The stated challenge
with this is that the model is only as good as the boundary conditions that may vary in
space and/or time. I understand the need to say something strong about the presence
of 1.5-Ma ice so that the next steps toward a drilling program can proceed. I think the
authors acknowledge this but I’m left with the tension on whether it is better to state the
results more confidently, or less. Perhaps this is where language comes in again, for
example:

We accept your suggestion, and changed the title for "Candidate sites of 1.5-Ma ice
37 km southwest of the Dome C summit, East Antarctica". We removed the word
"diagnosed" that complexified the title.

# Lines 9-10: ’Several precise locations of potential 1.5-Ma-old ice are proposed, to
nourish the collective thinking on the precise location of a future drill site.’ I suggest
that this sentence is revised to state directly what the community should do with these
results – or, is already doing with them! If the results are really just something to think
about, I guess that is it. But, if they are the state-of-the-art in modeling and what will
in fact be used going forward as a community, say that. (And, ’nourish’ isn’t the right
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usage here and gives too loose a sense of the value of this work.) Also, from the
conclusions it sounds like this modeling has informed where to collect new radar data,
right?

L10: We changed the end of the sentence to be more specific and to link our results
to the ongoing field work: "These sites will help to choose where new dense ground
radar surveys should be conducted in upcoming field seasons. ".

# Also, why is this a ’Brief communication’? It seems awkward for a modeling paper
that should contain enough detail to evaluate the merits of putting results to use in
planning would be published as a ’brief’. Again, this was hard to evaluate because it
wasn’t entirely clear how the results from this work should be used. Are they really
just something to think about as the other work on this moves forward? Why is this a
valuable step? I think that the results will in fact be used more directly hand-in-hand
with new data collection, rapid-access drilling, and eventual deep drilling – again, I
suggest the authors frame their results more directly in context with the community
effort.

We choose to publish our results as a brief communication for two reasons. First, we
wanted to shed light on the practical side of our results, that may interest many different
persons, mainly researchers that are not ice-flow modellers. A brief communication
format is more accessible in this perspective. Second, our modelling work has several
limitations, the main one being that we did not made any sensitivity study on the input
parameters (lack of time and resources), that would have probably been asked for
within a longer article. So we choose to present our results as they are now, and as
they are actually used. Finally, the editor agreed that this format fitted our message.

# Line 17: Might want to elaborate on whether processes under consideration are
external, internal, or both. And, seems that there would be more references other than
Clark et al. (2006), so give as ’e.g., ’ or list a few more that are relevant – possibly
splitting out after points in this sentence where the references apply.
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As we are limited in space and number of reference, we specify to refer to Jouzel and
Masson-Delmotte for a more complete overview of the problem.

# Line 25: What is ’IGE’?

L28: The acronym is developped: Institut des Géosciences de l’Environnement
(Grenoble).

# Line 35: ’inverts’ is not used correctly here, and I would state more directly that
this approach solves an inverse problem, making clear the model parameters that are
inferred

L39: The new sentence is now: "The distance between the dated isochrones and
the modelled ones was minimized to infer a thinning parameter that characterizes the
vertical deformation through the ice column".

# Line 37: ’definitely not vertical’ – suggest as ’. . . are not only vertical’

L43:Changed for: "the trajectories of the ice particles are not only vertical."

# Line 53: ’security margin’ – suggest other phrasing, and while I understand there is
no better estimate, is that really true? What about ice-flow conditions between candi-
date sites in this work and Dome C drill site may inform if 60 meters is an under- or
overestimate? Did you try other values if there is a chance this is an underestimate (as
stated)?

L59: We changed for "safety distance". The origin of the ice disturbance in the last
60 m at Dome C is not clear, and the ice layering of very deep ice (bed+200 m more
or less) cannot be unambiguously interpreted from the radargramms. So it is difficult
to constrain the spatial evolution of this disturbed layer. However, we show later in
the paper that 1,5 Ma should stand higher than 60 m above the bedrock, so that this
threshold does not prevent us from selecting the best sites.

# Line 56: ’defavourable’ is not a word, here it would be ’unfavourable’
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L63: Changed for "unfavourable"

# Line 58: missing ’the’ between ’Finally, the location. . .’

L64: Missing word added

# Line 59: Define the ’water limit’, I think I understand but since it is used often need to
be clear what this is and how it is estimated

L66: We added the following sentence: "We will call this threshold water limit, above
which there is no evidence of the presence of water in the radargramms"

# Figure 1: A scale bar would be helpful

A scale bar is not compatible with this oblique projection. So we added information in
the caption: "Mesh, bedrock dataset and basal melt rate used for the simulation on a
83 x 114 km domain."

# Figure 1 caption: I would refer to this a ’context map’ instead of a ’situation map’.
Language of ’the hold of the domain’ sounds off, and I suggest ’. . . shows the domain
used for the calculation, and the blue rectangle at the top of the image is the location
of Figure 2’ The caption is modified as follows: "The red patch on the context map
(bottom left) shows the domain used for the calculation, and the blue rectangle at the
top of the image is the location of Fig2."

# Line 61: Refer to Figure 1? L86:Reference to Fig. 1 added.

# Line 66: Is the firn really ’accounted’ for? I would say that your model is in ice equiv-
alent and you adjust the surface height using an assumed density profile to convert the
firn layer to an ice layer. It should be clear that you don’t include a process model of
firn. Where did your density profile come from? (Assume Dome C, but did you apply
that everywhere?)

L88: Right, we have no firn model, only an ice-equivalent layer. The sentence is re-
stated: "The model works in ice-equivalent, and we adjust the surface height by as-
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suming that the density profile of the firn is the one of Dome C on the whole domain."

# Does the model resolution as a function of depth vary linearly, exponentially, ?

L91: It evolves linearly, we mentionned it as follows: "The resolution of the 20 vertical
elements of the mesh evolves linearly, so that the deepest one being 25 times finer
than the upper one"

# Line 77: ’were’ should be ’where’ I suggest using ’not present’ instead of ’null’

L103:The new sentence is now: "We here focus on a region where basal melting is
probably not present or limited, and horizontal velocities are very small, so that, for the
sake of simplicity, a no-sliding condition is imposed at the bottom of the ice column."

# Line 84: Instead of ’heavy’, suggest ’excessive’ – and is that really true for the lim-
ited domain of your model given that it is steady state? Is the issue that you can’t solve
the time-dependent problem and therefore a coupled thermomechanical model doesn’t
add much in steady state? Also, it could be worth noting that it is non-trivial to extend a
multi-dimensional limited-domain model from a steady-state calculation to a transient
one. Without modeling the full continent you need to impart information to this regional
model about how ice-thickness changes and ice-flow changes inside and outside of
this domain correspond to changes in the rest of the ice sheet in which it is embed-
ded. So, for the goal of regional modeling you are minimizing even more assumptions
(and challenges in setup and computation) by starting in steady state. I looked at this
for 2.5-D (flowband) models: Koutnik and Waddington (2012), Well-posed boundary
conditions for limited-domain models of transient ice flow near an ice divide, Journal of
Glaciology 58, 1008-1020.

Yes, in fact we are meeting 2 different problems that are linked: - Solving the thermo-
mechanical problem needs a lot of time (even on a restricted area) so that the thermal
state first reaches a certain stationnary state that can be used as a starting point. -
Then, solving the time-dependant problem on a domain limited by virtual boundaries
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is very tricky as it needs to permanently conserving the mass out of the domain, while
maintaining the global shape of the dome. To do so, the parameterization of the bound-
ary conditions is very sensitive and would need specific developement.

That’s why we decided to make things simpler, and to separate the problems: 1 es-
timating as best as possible the melt rate (which is why the ice thermal state really
needs to be described), and this was done in a previous paper (Passalacqua et al
2017) and 2- considering these ice temperature and melt rate as true, and dealing with
ice mechanics, to see the influence of the bedrock description (this paper).

L113: We completed the end of the paragraph: "Solving the coupled thermo-
mechanical equations would require excessive computing resources, without radically
changing the ice fluidity – which is mainly controlled by temperature. Similarly, we do
not account here for long-term evolutions of the ice sheet surface, but are aware that
this assumption strongly affects the trajectories of the ice particles."

# Line 94: Instead of ’more influent’, suggest ’has more influence’

L122: Changed for "where shearing has more influence"

# Line 110: State as 1/lambda?

L137:Changed for "The age resolution is stated as 1/lambda"

# Line 113-114: This sentence wasn’t clear to me starting with ’The way ice strains. . .’

L139: The couple of sentence was modified, to say that a given ice flow depends on
the bedrock underneath, but a given bedrock can lead to different ice flows: "The way
ice strains by flowing over a rough bed differs depending on the shape of the bedrock
underneath. Similarly, a given bedrock shape can be a convergence or a divergence
area, depending on the orientation of horizontal ice flow."

# Line 143: What do you mean by ’a logic combination’? L168: Changed for "boolean
combination".
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# Figure 2: x-axis and y-axis numeric labels are way too small in the top panels, and
probably also too small in the bottom panel. Axis labels are missing. I am not really
sure where to read the numbers from each panel and without those they don’t say
much – the caption needs to be improved to make sense of these panels, or maybe
the top four are not shown? It looks like there would be more overlapping areas, or is
it just that age resolution is limited? Make sure the caption clearly guides the reader
through this and that all box colors are identifiable. For example, it took me awhile
to see the blue box showing location of Van Liefferinge results. Seems like colored
crosses should receive more discussion in the text. Pros / cons of each choice could
be takeaway points. Again, how should the community use these results?

Numeric labels on top panels were simply deleted, as they are identical to the ones
of the bottom panel, and axis label was added. Indeed, age resolution is the most
restrictive parameter of the 5 criteria. The selected areas are now colored in yellow,
which is more visible. We added discussion on the sites in the text: "Considering that,
only a few set of favourable drill sites remain in boxes A, B and C (blue, orange, red
and yellow points in Fig2 2. Red and blue points have less risks of basal melting,
while yellow and orange have less risks of stratigraphic disturbances. The best choice
between these sites should be now guided by local radar surveys characterizing the
internal layering of the ice, and the vertical strain rate profile (Nicholls et al, 2015)."

# Putting these results in better context with the Van Liefferinge et al. (2018) results
seems necessary. Especially that this work is still in The Cryopshere Discussion, the
reader is not necessarily sure what to make of these parallel efforts. I might have
missed it, but I think the first citation of this work is in the caption of Figure 2. Section
3.5 goes into more depth between the approaches but could be worthwhile to put this
context up front, and as part of the framing of why your results matter to the community.

The presentation of VL et al (2018)’s work is shifted to the end of the introduction, and
is followed by explanations on what should be done with these data:
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L77: "The decision-making process of a drill site needs both field survey and modelling,
the former feeding the latter with geophysical constraints, and the latter reducing the
areas of interest for new field surveys, focusing more and more on promising sites.
The information brought by the present study should be sufficient for a last dense radar
survey to be led on promising sites during the next field season, at a scale of a few
hundred of meters. Then the community should be able to take a decision for a drill
site in the Dome C region."

# Is there really no way and/or no effort underway to combine these two approaches?
Is the limitation only computational? At what point might this be possible? (Or, what
are the next steps that can be taken by the modeling community in this effort to find the
best drill site?)

Of course we could go further in ice modelling, for example by using VL (2018) proba-
bilities that ice reached the melting point in the last 1,5 Ma as a boundary condition in
the 3D model. But we are not sure it would necessary be a good idea:

- Having several points of view give a supplementary information on the strength and
weaknesses of each approach.

- At the scale of a few hundreds of meters and less, our choices should be guided by
the careful analysis of the future local observation data, not new modelling.

# Line 182: I suggest rephrasing ’oldest-ice challenge’ – even ’the challenge of finding
the oldest ice’ sounds better, somehow the other sounds too loose, and therefore does
not have as much impact.

L206:We changed for a simple formulation "This zone of higher shear should be dis-
carded for a future drill site".

# Line 187: ’appropriate ice’, suggest rephrasing what you mean by ’appropriate’ or
using the phrase ’candidate drill sites’

L210: "The best combination of age, age resolution, folding, convergence and melt-
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ing criteria is shown in Fig. 2 (bottom), revealing several spots of ice reaching the 5
criteria."

# Line 190: suggest using another word than ’risks’ (there are other usages that I’d
also change’; maybe the word is ’chance’

L225: "The ice flow converge, increasing the possibility of insufficient age and positive
basal melt"

# Line 190: By shorter trajectories you really just want to be closest to the dome / ridge-

L214: Indeed, we now specify this point: "Locations within boxes C and A are closer to
the ice ridge and should be considered first for a future Oldest Ice drilling because of
shorter trajectories."

# Figure 3: Why not give the x-axis in km? All labels are very small Is the bed topogra-
phy the most important boundary condition in your modeling? What resolution would
be ideal to be confident from modeling on where to pick a drill location?

The x-axis is now given in km, and labels are bigger. As discuted in the text, the bound-
ary condition is crucial for the basal age and age resolution, and the shear history of
the ice. That is why this figure shows the amplitude of the bedrock spatial undulations.
Given the underlying assumptions of this kind of work, improving the spatial resolution
from 1 km to 500 m or 100 m would not weaken these assumptions. A better bedrock
description at the scale of a few hundred of meters is required locally, but, at this scale,
the 3D ice flow modelling will not necessary be a better tool than a fine interpretation
of the radargramms and their internal layers.

# Line 210: How can these results really be benchmarked against Van Liefferinge et al.
(2018) given that they use a very different approach? All you have done is qualitative
comparison, right?

Maybe the word "benchmarked" is less appropriate than the word "compared" in this
case. This comparison is made by overlapping the results of the two approaches. Any
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model is as good as the assumptions on which it is based, and comparing the two
approaches is a way to have two different points of view on the same object (the future
drill site, maybe where the model agree), but also to have information on the strengths
and weaknesses of each model (where they disagree).

# Line 214: should be ’constraint’

L73:Changed for "constraint"

Interactive comment on The Cryosphere Discuss., https://doi.org/10.5194/tc-2018-19, 2018.
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