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General comments

Khandsuren et al. presents an interesting study which combines geochronological methods
with a mass balance and 2d ice surface modelling exercise, to explain an observed
difference in glacier culminations between two formerly glaciated catchments in Mongolia.
They find that their observed gap in 3 kyr between maximum ice culmination can be
explained by a combination in catchments aspect and resulting differences in air
temperature and melt rates averaged over their modeling time frame. I welcome this
attempt to combine modelling efforts with analysis of geochronological datasets. However,
the manuscript suffers from a few structural problems, including mixing and matching
between results and methods, and in general a lack of clarity in the many methodological
steps. I would like to see this manuscript published but I hope the authors want to
address my comments below, to enhance clarity and structure, and to better streamline
the manuscript. Finally, in the future I hope they plan to extend their analysis to include
more paleoglaciers in similar settings, with similar asynchronous behavior.

Specific comments

Abstract

Ln 14—15 Consider changing this sentence as you spend an entire paragraph in the
introduction chapter to explain that there is a much more complicated global signature.
Also, isn’t this pertaining to ice sheets? 

Ln 16 Do you really document maximum extent or rather specific glacier culminations?
You have dated moraine ridges but are you sure they are they represent maximum
extent?

Introduction



Ln 52—63 All of these places need to be referenced on a map in a figure. For example,
Gichegene range is very local, and the average reader will have no idea of where this is.
Consider adding the place names to one of your overview maps and reference the figures
when you mention them in the text.

Ln 72 Should it be “topoclimatic” factors?

Ln 71—77 The research questions are interesting but I I’m having some problems
following the sentences. I think you can clarify the aim and research questions much
easier if you move away from the hypothesis-testing formulations.

Ln 74 It’s not unstudied. Wasn’t Batbataar there already? Consider removing “unstudied”.

Study area

Ln 92—96 Is it also possible that they are a result of ice cap erosion?

Ln 100 What about paleoclimate records? I think you should talk about other records that
exist here? Or are they non-existent?

Ln 120—133 In my opinion, this section should focus on presenting the general
topographic setting and reviewing previous mapping and research efforts. I think any
observations made by the authors should be included in the results sections.

Ln 125—127 Consider moving this sentence somewhere else. This should already be clear
from the aims-research questions paragraph.

Methods

Ln 139 – 141 How do you identify a depositional property from a topographic map?
Consider removing this phrase or clarify. How did you exactly identify your landforms?

Ln 142 Morphology and weathering traits should be described here—what characteristics
were used to distinguish the moraines—other than morpho--stratigraphic position?

Ln 144 This whole section does not contain any methodological descriptions but rather
lists specific field observations who should belong in a result or interpretation section. The
section also includes speculations which do not belong in a methods chapter. Consider
restructuring this I write a proper methodology on how the mapping of moraine ridges
have been performed.

145 Did you focus on moraine ridges? Did you look for other traces such as glacial erratics
or tills further downstream the moraines?

Ln 151 Since you present some lithological descriptions in the text I think you can show
this with photographs to aid our understanding in how you separated between the
different moraines.

Ln 160 Consider, including an uncertainty discussion regarding the headwall position.
Could you use several values? The same goes for the toe position if this is uncertain?
Additionally, I miss some more details on the method you are using and why you are
using it? Why are you making ELA reconstructions?

Ln 171 Are you using the MELM method? In this paragraph this is unclear to me.

Ln 206 I think the reference is wrong here. It should probably be Balco (2008) or



someone earlier. Remove the Blomdin et al. reference.

Ln 202—205 You use three statistical tests to identify outliers, but it sounds like you are
only using the third method by Batbataar to reject samples? Did the methods come up
with different answers? First, I think you need to explain the methods a bit more in detail,
how are they different and which one is preferred? What do you do if the methods give
different results?

Ln 206—207 Specify, whether you include or exclude the outliers in the standard deviation
of the samples.

Ln 207 You assume zero erosion but you don’t actually test what varying boulder erosion
rates does to your ages?  Consider adding a discussion on boulder erosion checks.

Results

Ln 212 The result section miss a sub section describing the mapped moraines and proper
maps showing how they where mapped. (See my comment on Figure 5)

Ln 213 This could be illustrated on a map. Also, I’m not sure the reason for making this
ELA reconstruction—is it used to compare with the model or other sites? Or is it linked to
paleoclimate? Or do you simply make the ELA reconstruction to say that paleoglaciers did
not behave in the same way in the two catchments? Consider clarifying the purpose with
the ELA reconstructions.

Ln 223 According to the map in Figure 5 it’s not clear that this is the most distal ridge. It’s
in fact, impossible to see this.

Ln 227 You should specify which rejection method was used to reject the outliers.

Ln 247 I think this structure is unnecessary. Why don’t you include the methodological
explanations for the 2d model together with the other methods in one chapter?

Ln 241—245 You should clarify that this you interpretation of the too old ages.

THE 2D ICE SURFACE MODELLING: METHODS AND RESULTS

Ln 251 Oh I see; you are going for some sort of chronological structure of events. I
actually can’t see why this is necessary. Please consider moving the methods part of this
section to the methods. I would rather see that you treated he modelling stuff in the
methods.

Ln 260 What are the resolution of increments along this profile? Is it the same as the cell
size of the DEM?

Ln 264 I think you need a few sentences in the beginning of this section linking back to
your aim. Why exactly are you including the “potential clear-sky direct 266 solar radiation
method”? I assume it is to see how different incoming insolation is between the two
catchments but I can’t find any statements mentioning this.

Ln 276 “Further” is the wrong word I think.

Ln 278 See my comment on ln 264. I think this must come much earlier. ´

Ln 328 This section would benefit from having it’s own headline.



Ln 360—362 Consider elaborating on this.

Ln 392—398 This is a recurring problem in this manuscript. Frequently methods and
results are mixed up in the different sections which makes it hard to get a complete
overview of what has been done. This would have been useful information earlier during
the methods. Additionally, I think it would have been helpful if you created a flow chart of
the modelling part to better have an overview of the steps in your approach and the input
data and how it applies to you paleoglaciers.

Discussion

Ln 421—427 Isn’t it more interesting to explore whether there are similar differences in
timing across water divides for these ranges? Currently, you are simply stating when
glaciers advanced? But you do not discuss any spatial patterns in asynchrony? Or do you
simply mean asynchrony in terms of “glaciers reached their maximum during different
time periods”? 

Ln 538 I miss some statement regarding the geomorphology o the summit plateau and
what you observed while mapping and sampling it. Was there no evidence of glacial
erosion here?

Ln 561—572 These ages are not even presented in the exposure age results? I have to
admit that this section regarding the summit samples, their erosion rates and relationship
to the boulders in the moraines comes a bit odd here at the end. I think they need to be
emphasized more clearly in your previous results.

Figures

Figure 1 Include units for the elevation ramp in “b”.

Figure 5 The inferred moraine limits obscure the possibility for the reader to judge the
imagery. I suggest making additional panels using the 12m resolution DEM you used and
to show the moraines using a hill shade version of this one. Best would be to make a
proper geomorphological map showing mapped ridge crests and perhaps moraine limits in
various colours with topographic information. It’s but unclear to me what the limits
represent. Also, the samples rarely align with the limits, so it seems like you have
sampled random boulders in the ground moraine rather than “on the” terminal or lateral
ridges. Do you see what I mean? Apart for the lateral limits you have drawn, I do not
think the inferred terminal limits match what’s in the imagery. In the methods section you
state that you are sampling moraine crests although it’s clear from the map that the
samples are a bit scattered from “within” the deposit. This must be explained.

Figure 6 You need to increase the resolution of this image. I also think it’s more justified
to use the internal errors when calculating the KDP.

Figure 7 You need to indicate the units in the maps for the colour ramps. Panel d needs to
be change to planar view instead. Otherwise it’s impossible to compare this to the
insolation maps. The resolutions also needs to increase. I suggest making two maps of
each catchment, zoomed in to show the tree distribution.

Figure 8 You need to explain the box and whisker plots. Shouldn’t the median be
indicated? And Also why do some miss error bars?

Figure 9 I do not understand what the red dashed lines represent? Are they the original 2d
profile-and then the blue shaded ice extents, where you have add the “m” from the mass
balance calculations



Technical corrections

I haven’t had time to list all technical corrections but there are many of them. I suggest
the authors go over language and sentence structures one more time before sending in a
new version of the manuscript.
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