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The paper “Organic Carbon Characteristics in Ice-rich Permafrost in Alas and Yedoma
Deposits, Central Yakutia, Siberia” by Windirsch et al. reports detailed analyses on
carbon and ice contents, stable water isotopes, soil grain size distribution, and age
estimates for two long ground profiles in the Central Yakutia, Russia. The presented
materials are rare and highly valuable to understand landscape development and con-
tents in the permafrost of the Eastern Siberia.
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Thank you very much for acknowledging the general importance of the data presented
in our paper. We are grateful for the review and acknowledge the reviewer’s comments,
which really improved and strengthened the paper.

Although I expect this paper to be finally published in Biogeoscieces, the authors have
not fully utilized, described, and discussed the data presented. The importance of this
paper is the rareness of the sample core. I encourage the authors to enrich their de-
scriptions about each core unit as a valuable drilling log of a permafrost region. Some
portions in Discussion are not logically constructed. For the main datasets of stable
water isotopes and carbon parameters, a more in-depth and quantitative discussion is
anticipated.

Thank you very much. We worked on the point raised above. Besides detailed work
on the manuscript, we added the core log as well as all core pictures to the PANGAEA
database.

Although the authors want to focus on the organic carbon characteristics as indicated
in the title, more comprehensive discussion and interpretation must be done using
available water geochemistry, cryostratigraphy, grain size distribution, magnetic sus-
ceptibility, etc. The usage of references or previous studies is poor and is often not
clear or inappropriate.

As stated by the reviewer, the focus of the study has been the carbon characteris-
tics. All other data is included to decipher the general changes of the landscapes and
to have further evidence on the causes of carbon changes. We agree to add more
comprehensive discussion of the background data and extended the result part and
discussion for these. Major changes can be found in the result section, as well as in
the discussion.

The discussion of sedimentation rates and their changes is problematic and too spec-
ulative. Radiocarbon age of bulk soil organic matter (SOM) usually much less reliable
than that of macro plant remains. In permafrost environments, old (easily more than

C2

https://www.biogeosciences-discuss.net/
https://www.biogeosciences-discuss.net/bg-2019-470/bg-2019-470-AC1-print.pdf
https://www.biogeosciences-discuss.net/bg-2019-470
http://creativecommons.org/licenses/by/3.0/


BGD

Interactive
comment

Printer-friendly version

Discussion paper

ten thousand years) carbon can co-exist in the same sedimentation stage, or younger
carbon can be incorporated in a deeper layer.

Thank you. We are aware of the dating problem and added this to the results section.
Moreover we added an uncertainty statement to the section where we addressed sed-
imentation rates: “In addition, the dating of bulk sediments very close to the maximum
datable age of ∼ 50,000 yr BP may cause a high uncertainty in the absolute ages of
sediment layers“. The reason for taking bulk samples for dating was also extended by
”We used bulk sediment samples for dating due to a lack of macro-organic remains
within the deposits.”

High mobility of SOM and geomorphological processes such as thermokarst and cry-
oturbation give a large uncertainty to sedimentation processes. Without rigorous con-
sideration about the validity of the age model based on bulk SOM, the discussion about
the changes in sedimentation rates does not make sense.

As stated above, we added a statement for the age model. Besides doing the
statistical-based modelling, this is the best we could get out of the organic poor sample
material.

As the authors explained, the upper part of the Alas1 accumulated by Yedoma deposit
thaw. The Yedoma thaw involves differential ground subsidence and mixing of ground
material through the thermokarst processes, which induce destruction of original strat-
ification. The authors should discuss the limitations of the obtained dating data and
build further discussion only based on reliable information. Below, I listed individual
points to be revised or to be clearly explained in the revised manuscript to achieve a
publication quality.

Thank you very much for this detailed work on improving the age discussion.

P1-L25-26: What is “a potential theory of Holocene influence”?

With “potential theory of Holocene influence” we tried to put emphasis on the fact that
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there could have been Holocene input signals in the core. In our case we saw that the
water isotope signals are indicating a permanently frozen state, making this Holocene
deposition unlikely. The sentence was changed to: “Pore water isotope data from
the Yedoma core indicated a continuously frozen state except for the surface sample,
thereby ruling out Holocene reworking.”

P1-L30: What do you mean “. . . the Yedoma core can be duplicated.”?

Thanks for pointing to this unclear wording. This means that similar low-carbon layers
were found in the Alas core as well. We changed it to: ”Similar to the Yedoma core,
some sections of the Alas core were also OC poor (< 0.1 wt%) in 17 out of 28 samples.”

P1-L31-36: The authors describe using numerous “different” and “differ” works, but I
suggest to revise to explain them more concretely. I could not understand how different.

We change this as suggested: Changed to “With its coarse sediments with low OC
content (OC mean of 5.27 kg/m3), the Yedoma deposits in the Yukechi area differ from
other Yedoma sites that were generally characterized by silty sediments with higher
OC contents (OC mean of 19 kg/m3 for the non-ice wedge sediment).”

L36: How the Alas core gives clear insights?

The Alas core shows how the Yukechi Yedoma may transform under future thawing
processes, as the deposits of the Alas core have once been very similar to “today’s”
Yedoma deposits but then started thawing. To clarify this, we have changed the sen-
tence to: “The Alas core, strongly affected by extensive thawing processes during the
Holocene, indicates a possible future pathway of ground subsidence and further OC
decomposition for thawing Yakutian Yedoma deposits.”

P2-L16: Why Yedoma deposits highly vulnerable to thaw? Usually, high-ice content
permafrost is more robust to thaw because of larger latent heat storage than drier
permafrost. We can say Yedoma is highly susceptible to thermokarst though.

Thank you for making this point. We clarified as follows: Yedoma is highly vulnerable
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to thaw induced landscape changes due to loss of excess ice. We added this to the
respective sentence. You are right, high ice contents take more energy and time to
thaw, but once thawed, Yedoma deposits undergo intense subsidence and reworking
processes in contrast to a sediment without excess ice. And, once the ice started
melting, as it is happening in current rising air temperatures, this latent heat storage will
increase permafrost thawing even further by storing more heat in already melted parts,
i.e. the water ponds. Also, thawing is an important part of thermokarst processes, so
being vulnerable to thermokarst means being vulnerable to thaw as well.

P2-L24: “That these processes. . .” ???

Its clarified now to: “The occurrence of these draining and refreezing processes can
usually be determined by. . .”

P3-L25: active layer thickness should be larger/smaller rather than higher/lower.

Thank you. Changed accordingly

P4-L24: What do you mean by “. . .if ‘previously’ unfrozen,. . .”?

Previously, in this case, means that these core sections were part of a talik, but were
frozen for transportation, storage and subsampling. This only means, that water iso-
tope signals from these sections must be accounted for as “pore water” and not “pore
ice”. We described this now more clearly as “Pore ice or, if the sediment was unfrozen
during drilling, pore water was extracted using. . .”

What is “artificial roots (Rhizones)”?

We apologize for the unclear description. “Rhizones” are artificial plant roots manu-
factured by Rhizosphere Research Products. They are used for extracting and filtering
soil water. We added further description on this to the manuscript.

Please describe more details about the water extraction and explain how you avoid
evaporation from the sample water.
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Now we described it in the following way: “In order to avoid evaporation, the samples
were thawed at 4 ◦C inside their sample bags and sealed tightly after inserting the
Rhizones.”

P4-L26: Please add information about subsample intervals.

The subsamples were distributed over the core in 50 cm steps. We took more subsam-
ples if there was a particularly interesting section such as abrupt sediment changes,
organic remains, unusual cryostructures etc. We specified our subsampling approach
now as follows: “Subsamples were equally distributed along the cores according to
visual changes in the core or at least every 50 cm in order to capture the major strati-
graphic layers and its specific sediment properties.”

P4-L28: Do you have a reason to use “absolute” ice content? I think gravimetric ice
content makes clearer what you are dealing with.

We used the absolute ice content, because it is needed to calculate the bulk density.
Also, it might be confusing for colleagues working outside the cryosphere to see val-
ues > 100%. To clarify this we added: “We decided for the absolute ice content as
the gravimetric one, normalized with the dry sample weight, is not suitable for further
calculations”.

P4-L29: I suggest to distinguish liquid and solid water more clearly. There needs more
explanation to “water which froze after drilling.”

As the cores were taken in winter, freezing of liquid water in talik areas occurred after
bringing these parts to the surface with air temperatures around -20 ◦C. Therefore, the
refreezing could not be avoided. We added a description of the taliks, which are the
only “liquid water” areas, in the core descriptions in chapters 4.1 and 4.2 as well as
indication in the figures 3 and 5.

P5-3.2.5: Please describe the accuracy of the stable isotope analyses.

We added the standard deviation for all isotopic measurements. For δ13C: “with an
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analytical error of ≤ 0.15 ‰’̇’ “The analytical error for δ2H was ≤ 0.8 ‰ and for δ18O it
was ≤ 0.1 ‰Ṫhe d excess was calculated as well from these values.”

P6- 3.2.6: Please explain briefly about the bootstrapping approach.

We restructured the chapter and increased the detailed description on the bootstrap-
ping approach: “We estimated the carbon budget of the Yukechi Alas area after Eq.
(1), using a bootstrapping approach. OC quantity (kt)= ((thickness*coverage*(100-
WIV)/100)*BD*(TOC/100))/(10ˆ3) with deposit thickness in m, coverage in m2, WIV in
vol %, BD in kg/m3 and TOC in wt%. For all TOC values below the detection limit (0.1
wt%), a value of 0.05 wt% was set. Missing bulk density values, resulting from low
ice contents (< 20 wt%) (Strauss et al., 2012), were calculated after Eq. (2), which
describes the relation between TOC and bulk density in the examined cores. bulk
density= 1.3664ˆ(-0.115*TOC) The core length of the examined cores was assumed
to represent the different ground types, resulting in a deposit thickness of 22 m for
Yedoma deposits and 20 m for Alas deposits. A mean wedge-ice volume of 46.3 % for
Central Yakutian Yedoma deposits and 7 % for Alas deposits of Central Yakutia was
assumed following Ulrich et al. (2014). We estimated the deposit coverage of Yedoma
and Alas deposits using satellite imagery as shown in figure S1. The ice wedge in
YED1 was excluded in the bootstrapping. Bootstrapping calculations were done after
Jongejans and Strauss (2020) for the upper 3 meters, the different core units as well
as for the complete cores (Table 2) using the “boot” package in the R environment.
Bootstrapping included 10,000 iterations of random sampling with replacement. We
used combined BD and TOC values, as they are not independent, and corrected for
irregular sampling by value replication according to depth interval. We calculated the
mean and standard deviation of all iterations.“

P7-L21: What do you mean by “...dated with an infinite radiocarbon sample.”?

Sorry for the unclarity here. This means that the sample could not accurately be dated
using radiocarbon dating. It was now changed to “The age of Y3 (between 1927 and
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1010 cm bs) was determined as an infinite age (below 14C detection limit) of the ra-
diocarbon sample.”

P7-L26: Please describe more about ice characteristics in this unit. Add some photos
in the manuscript.

We added a photo of the ice wedge ice to figure 3 and added a short description as
follows: “Y2 (1010 to 714 cm bs) consisted of massive wedge ice, which contained
very little sediment inclusions (Fig. 3b [2]). “

P8-L26: If the active layer thickness reaches to 200 cm, the seasonal thaw depth
touches the top of the talik (160cm). Does this mean the thickness of the seasonally
freezing layer is 160cm?

Yes, it does mean that the freezing layer in this specific location is 160 cm. The given
200 cm mentioned here is a general value for grassland areas in alases of Central
Yakutia, following Fedorov (2006). We changed this statement as follows: “The frozen
sediment of the uppermost 160 cm bs represents the seasonally freezing layer.“ We
added more details to this topic in the study area description: “The modern active layer
thickness in Central Yakutia is approximately 1.5 m but it can be larger in grasslands,
such as within Alas basins (about 2 m and more), and smaller below the taiga forest
(less than 1 m) (Fedorov, 2006). For the Yukechi Alas deposits, the active layer depth
can be estimated at around 200 cm and therefore reaches down into an observed talik,
following Fedorov (2006). Taliks form because of a recent or already drained lake that
prevented winter freezing, or an incomplete refreezing of the active layer.”

Section 4.3: Why some YED1 points plot above the GMWL on the LEL? Could you add
some explanation in Discussion? Which portion of the core are they?

The samples you mentioned are from the lowest part of the YED1 core. Due to the per-
manently frozen state of the core, these isotope values show characteristics of climatic
conditions from ∼45,000 yr BP. We restructured this paragraph to make it more clear:
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“δ18O ranged between -25.16 ‰ at the lowermost sample and -30.70 ‰ at 1071.5 cm
bs with a much less negative value of -15.53 ‰ closest to the surface. While the upper-
most Yedoma sample had a δ2H value of -120.8 ‰ all other Yedoma samples showed
much more negative values between -181.3 ‰ (2209.5 cm bs) and -221.6 ‰ (1071.5
cm bs). Values almost aligned with the global meteoric water line (GMWL) and the
local evaporation line (LEL) of Central Yakutia (Wetterich et al., 2008), except for the
ice wedge samples of YED1 (Fig. 7a). The isotope data obtained from the ice wedge
samples had more negative values for both δ2H (-220.6 ‰ to -228.6 ‰ and δ18O (-
29.58 ‰ to -30.55 ‰ in comparison to the remaining YED1 core. The d excess values
are lowest in the YED1 ice wedge (lowest value of 9.3). Other values range between
3.5 in the uppermost sample as an outlier and generally range between 14.7 and 29.5
with no clear trend visible.” We also expanded the discussion on the water isotope data
in section 5.2. To strengthen our water isotope expertice we invited Thomas Opel to
the author team.

P10-L27-29: Similarities between which units of them?

This is a general statement on the similar materials found in both cores (fine, silty
material and coarse, sandy material).

P11-L2-5: Please rewrite this sentence. It is hard to understand probably because of
the usage of too many conjunctions.

We have changed this statement: “On the one hand, low TOC content could be a
result of high organic matter decomposition during accumulation or during a thawed
state, especially in thermokarst deposits. On the other hand, it could reflect low carbon
input. The low stable carbon isotope data of our cores (between -24.06 and -27.24 ‰
are comparable to other studied sites from the Yedoma domain (Schirrmeister et al.,
2013;Strauss et al., 2013;Jongejans et al., 2018) and suggest that the source signal
was more or less constant with time. “

P11-L7-8: I see varying values of d13C with depth in the profiles. What does your “con-
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stant” mean? You are comparing one data point in the active layer and data from other
depth? I think it is not valid to compare decomposition rates between organic carbon
currently decomposing in the active layer and ones formerly exposed to decomposition
for an unknown period then frozen. As far as I see the profile, both C/N ratio and d13C
fluctuate with depth even in the same unit. Is this reflected by varying decomposition
rates?

Thank you very much for this detailed comment. We changed this statement to make
it more clear: “Both cores show the lowest δ13C values closest to the surface as the
organic material is the most recent and therefore least decomposed. As we look deeper
in the cores, δ13C becomes higher (less negative) with no further trend over depth in
the Alas and Yedoma deposits; we interpret this to mean material found at depth has
already been further decomposed before freezing. Decomposition ceased when the
lower samples became frozen, resulting in δ13C values not showing a clear trend at
depth.”

P11-L16-20: “The similarity of the low C/N ratios from both cores. . .” Which both
cores? Your YED1 and Alas1? Or are you comparing with other Yedoma sediments
found near the Arctic sea? I could not understand why this similarity supports the
sedimentation of organic-poor materials. Physical conditions (such as climate and hy-
drology) between the comparing regions are quite different.

This is indeed a comparison between YED1 and Alas1 cores. We stated this more
clearly: “From the fact that both cores, Alas and Yedoma, show low C/N ratios, . . .”.
This comparison supports the explanation of organic-poor material input for the low
carbon content, as low carbon contents in syngenetic Yedoma cannot be a result of
organic matter decomposition after incorporation into the permafrost. The fact, that
very similar to slightly lower values are present in the Alas core, shows that both cores
origin from the same material.

P11-L22-: Please show both profiles in one graph for better comparison. The heights
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of 0 m of the graphs of d18O profiles differ in Fig. 7 b/c, but not 9 m illustrated in
Fig. 2. You can reflect the relative height difference in the same graph if you want.
Similarly, please add a graph showing d-excess profiles of both cores in Fig. 7 (not in
supplemental figures) and discuss evaporation and freeze-out fractionation processes
that might have affected to your profiles. I think Fig. S7 should be shown as the main
figure, probably, combining with Fig. 7 b/c and d-excess profiles if you want to discuss
dD profiles.

Thank you. We combined figure 7 and figure S7 and added d excess plots. We rear-
ranged all plots for better readability.

P11-L21-26: This entire paragraph is not logically described and I do not find sounding
discussion. Why the age inversion and stable water isotope signals are related? Why
particularly 35 K BP is the timing of the shift in sediment input? “This would have been
. . .” What “This” indicates here?

We restructured this paragraph and made it clearer. We also added further discussion
in the paragraph that now reads as follows: “We found age inversions in both cores
with similar age and depth (YED1 49,232 cal yr BP, 1998.5 cm bs; Alas1 42,865 cal yr
BP, 1967.5 cm bs) (Fig. 4 and 6, Fig. S2). While cryoturbation might seem an obvious
explanation, we suggest that this process did not play a major role here due to the
long-term frozen state of YED1. Rather, we assume that the age inversions indicate
a temporary shift in sediment input at approximately 35,000 cal yr BP causing some
deposit reworking in the watershed and the incorporation of older material into younger
sediments. In addition, the dating of bulk sediments very close to the maximum datable
age of ∼ 50,000 yr BP may cause a high uncertainty in the absolute ages of sediment
layers (Reimer et al., 2013). Therefore, the rather small age inversions (> 49.000 cal
yr BP to 49,232 cal yr BP in YED1, and 45,870 cal yr BP to 42,865 cal yr BP in Alas1)
could be a result of material mixture in dated bulk samples. The radiocarbon ages
above this age inversion align well with a simulated sedimentation rate, as shown in
figure S2.”
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P11-L27: “permanently” means always and forever. You should assign a more speci-
fied period of time when you discuss topics like in your manuscript. It is impossible to
be in a permanently frozen state throughout the depositional history.

Thank you. We changed this to “perennially frozen conditions since incorporation into
permafrost”. Of course, after deposition this material has been part of the active layer
for a period of time. We hope this is more specific now.

P11-L28: Please clarify depths for “the lower Yedoma pore ice” and “the uppermost
sample.” “the uppermost sample” is the data at 0m in YED1?

We added the sample depth to the description, and as only the uppermost signal is very
different from the remaining core, we removed “lower” from the description. “...much
lower δ18O values for the Yedoma pore ice in comparison to the uppermost sample (4
cm bs in YED1) showing a water isotope signal. . .”

P11-L31: “The very similar..” to what?

We removed this sentence.

P12-L1: The original data were from Popp et al. (2006)?

Changed accordingly

P12-L2: “offset” of what? Your ice-wedge values against what?

We added detailed explanation to this paragraph as follows: “The stable isotope ratio
values of ice wedges (mean δ18O of -30 ‰ mean δ2H of -224 ‰ reflect winter precip-
itation and fit well into the regional pattern for MIS 3 ice wedges in Central and Interior
Yakutia (Popp et al., 2006;Opel et at., 2019) while the d excess shows a much elevated
value (16 ‰ compared to the regional pattern (Popp et al., 2006;Opel et al., 2019). It
should be noted that the d excess values from the central core parts correspond well
to the regional values from Mamontova Gora, Tanda and Batagay (Opel et at., 2019),
while the others fit to those of the host sediments and are potentially overprinted by
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exchange processes between wedge ice and pore ice (Meyer et al., 2010). Due to the
low number of datapoints, no meaningful co-isotopic regression could be calculated.
The stable isotope composition of pore ice shows a co-isotopic regression of δ2H =
6.61 δ18O - 18.0 (R2 = 0.97, n = 23), which is typical for Yedoma intrasedimental ice
(Wetterich et al., 2011;2014;2016). The isotope values plot well above the GMWL of
the cold season (Papina et al., 2017) suggesting a substantial proportion of (early) win-
ter precipitation (usually characterized by high d excess values) for the pore ice, which
is also evident for some units of the Batagay megaslump (Opel et al., 2019). The de-
creasing upward trend of pore ice isotopic δ values might point to a general cooling in
Central Yakutia during the covered time span of our study. However, as it is accompa-
nied by an opposite increasing trend in d excess, these values may be overprinted by
secondary freeze-thaw processes in the active layer and rather reflect the strength of
these fractionation processes (Wetterich et al., 2014).”

P12-L4: As I mentioned above, the age constraints around 40-50 K BP need recon-
sideration. Furthermore, isotope signals of pore water do not simply show climate
change. Lots of complicated fractionations and changes in seasonal meteoric water
components could affect the signals.

Please see our comment before.

P12-L5-: This topic sentence doesn’t make sense to me from your discussion above.
What do you mean “lake converage”? Your discussion mixes decomposition rates dur-
ing Yedoma deposition and during alas formation.

We restructured and clarified the whole paragraph.

P12-L25-: Cryostructure of frozen sediments mainly depends on soil grain size distri-
bution, freezing rate, and moisture content. Sandy sediments usually have fewer pore
spaces comparing to sediments consist of finer soil particles. Sandy sediments tend
to have structureless cryostructure because sandy particles have a limited amount of
unfrozen water under cryotic conditions.
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We appreciate this comment and further explanation. Also, we do not argue with this
explanation, as this does not oppose our explanation of refreezing resulting in struc-
tureless pore ice due to the sandy sediment.

Section 5.2 the first paragraph: I think the authors are misunderstanding or misinter-
preting the papers Wetterich et al. (2009), French and Shur (2010), and Iwahana et
al. (2014) as to the mechanism of cryostructure formation and sediment/carbon move-
ments in the ground.

We do not fully understand the reviewer’s comment here. The discussions in this para-
graph primarily relate to the visually visible cryostructures and the conclusions that can
be drawn from them about the freezing processes after sedimentation. Based on our
data, we see clear similarities in the cryostructures to those described by Wetterich
et al. and French and Shur. In order to avoid further misunderstandings, we have
rewritten the paragraph slightly and adjusted the references.

Section 5.2 the second paragraph: Discussion in this paragraph makes sense to me.
This discussion should be placed in Section 5.1 as it is tightly related to carbon accu-
mulation and loss at this site.

We moved this part to section 5.1 as suggested.

P13-L23: Why “organic-bearing”? I thought you are discussing the transportation of
organic-poor sediments. Could you discuss this sandy deposit could be Aeolian or not
using your grain size data?

Thank you for your comment. We decided to delete this sentence as is not needed
here to support the deposition of organic-poor sediments.

P13-L25: Where the “7000 yr” came from? Aeolian materials cannot be organic-poor?

The 7000 yr originate from the age difference of the radiocarbon ages below and above
this sandy Y3 unit. We tried to clarify this as follows: “From our data we see that the
sandy layers were deposited in approximately 7000 yr (radiocarbon dates below and
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above these layers). As the sediments are rather coarse (115.3 µm mean grain size),
a fluvial deposition is more likely than an aeolian deposition (Strauss et al., 2012).” Of
course, aeolian materials can be organic-poor, too, but this material is rather coarse at
the same time which, in our opinion, makes fluvial transport a more suitable explana-
tion.

P13-L29: What do you want to refer to Diekmann et al. (2017)? The climate changes?

Yes, as Diekmann et al. sum up the available literature on Siberian climate very well.
We added more literature to this topic. To improve clarity we rearranged this sen-
tence to “The climatic changes (Diekmann et al., 2017;Murton et al., 2017) and the
resulting. . .”

P14-L4: What the “this” indicate? The deposition of silty organic-bearing material on
top of the sandy layers, decreased water availability, or a climatic backshift to colder
conditions? In any case, I could not understand the logic.

We apologize for this mistake, the sentences lost their correct order during internal re-
vision. We now rearranged the sentences to: “The climatic changes (Diekmann et al.,
2017; Murton et al., 2017) and the resulting higher water availability during the depo-
sition period of the sandy layers may have caused changes in fluvial patterns on the
Abalakh Terrace. More water could cause higher flow velocities under warmer climatic
conditions and therefore increased erosive power, leading to the formation of new flow
channels (Reineck and Singh, 1980). With a climatic backshift to colder conditions
during MIS 2, water availability decreased and silty organic-bearing material was de-
posited by seasonal flooding again on top of the sandy layers. This likely led to lake
initiation on top of the Yedoma deposits. The underlying ground began to thaw and
subside, forming the Yukechi Alas basin. During this process, ice was lost from the
sediment and the ground subsided by at least 9 m (height difference of 9 m between
YED1 and Alas1 surface). Surface or lake water was able to percolate through the
unfrozen sediments. This becomes visible by the homogeneous water isotope signal
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similar to the YED1 surface sample (Fig. 7). Under the unfrozen aquatic conditions in
the sediment, microbial activity started, resulting in the decomposition of the already
small amount of organic material (Cole et al., 2001). When the lake drained, the sedi-
ments started to refreeze both upward from the underlying permafrost and downward
from the surface, leaving a talik in between (Fig. 5).”

P14-L5: Why you refer to Grosse et al. (2013) for “The underlying ground began to
thaw”??

We decided to remove this citation here.

P14-L7: “as visible in the . . .” should be explained concretely.

We added further explanation by: “Surface or lake water was able to percolate through
the unfrozen sediments. This becomes visible by the homogeneous water isotope
signal similar to the YED1 surface sample (Fig. 7).”

P14-L12: “shrunk . . . from . . . 2200 to 1200cm...” Please discuss the possibility of
subsidence using excess ice volume information. Is there enough excess ice content
in the initial Yedoma to reduce its volume from 2200 to 1200cm thick?

As we have no field data on the distribution of ice wedges in the Yukechi area, we
cannot exactly say if the ice volume would be sufficient for this decrease. Though,
the matching characteristics of the stratigraphic units of YED1 and Alas1 and the exis-
tence of large ice wedges in this area as reported already by Russian scientists before
support the hypothesis of the stated ground subsidence. To clarify this, we added the
following text: “The presence of largeice wedges in the area supports this theory of
ground subsidence during thaw as it hints on large excess ice contents of the ground
(see Fig. S7) (Soloviev, 1959).”

P14-L12-13: Again, what “this” indicates here?

Changed to “These subsidence processes” to be more specific about relations in this
paragraph.
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P14-L15-16: I don’t understand why you started to discuss the tipping point suddenly.
Is this relevant and supported by your results?

We decided to remove this sentence from the discussion.

Section 5.3 the first paragraph: How the 4.40 kg/m3 was derived? Please explain the
relation to 4.48 and 6.93 for the two sites?

This number was calculated by upscaling the bootstrapping results to the study area.
We added some more explanation here as follows: “Using a bootstrapping approach
(Jongejans and Strauss, 2020) we found a much lower organic carbon density of 4.48
± 1.43 kg/m3 for the top 3 m of the YED1 core. For Alas1, an organic carbon density
of 6.93 ± 2.90 kg/m3 was calculated for the top 3 m. Taking the area covered by each
deposit type within the Yukechi Alas landscape into account and the ice wedge volumes
estimated by Ulrich et al. (2014) (see Section 2 and Fig. S2), this results in a mean
organic carbon density of only 4.40 kg/m3 for the top 3 m of dry soil at the Yukechi
study site. This landscape scale carbon stock density includes the entire study area
(1.4 km2), including all water bodies (approximately 0.18 km2), which we assumed to
contain no soil carbon.”

This could be the first carbon stock measurement below 3m for two sites in the Central
Yakutian Yedoma in English literature, but have you checked Russian literature?

We checked on international available and peer-reviewed Russian literature and added
some more literature to our manuscript. We avoid citing non-peer-reviewed literature
and literature that is not available to an international scientific audience though.

Please discuss how representative your two cores for the Central Yakutian Yedoma.

Thank you, we expanded the discussion accordingly an concluded that our cores seem
not representative for other examined Yedoma deposits from further north. However,
there are no data available on Central Yakutian deep Yedoma cores in available peer-
reviewed literature, which would be necessary for comparison inside this southernmost
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Yedoma domain. A corresponding paragraph in the conclusions chapter reads as fol-
lows: “Hence, the studied Yukechi Yedoma deposits store less carbon than other, com-
parable Yedoma Ice Complex deposits in the Central Yakutian area. However, there
have been comparatively few studies on this so far. The biogeochemical impact of per-
mafrost thawing in the Yukechi area might therefore be smaller than generally assumed
for Yedoma deposits, as this area does not feature the high carbon stock estimates and
high ice contents of other previously studied localities in Central Yakutia and elsewhere
in the Arctic.”

P16-L1-2: I could not understand what you wanted to indicate from this sentence.
What do you mean by “drainage”? How did the alas core reveal its composition and
stratigraphy before lake formation?

We apologize for the misunderstanding and the ambiguities here. The grain size and
carbon characteristics of the Alas core can be explained by thawing and subsiding of
the local Yedoma, starting from the characteristics found in our YED1 core. Therefore,
we can assume that, previous to all thermokarst processes, the deposits found in Alas1
were basically the same as the deposits in the YED1 core are today. We changed the
text for more clarity to the following: “The permafrost characteristics found in the Alas
core reveal that its composition and stratigraphy before lake formation and disappear-
ance was very similar to the Yedoma core material. Its past development including
thaw, the loss of old ice and surface subsidence, along with sediment compaction,
shows a possible pathway for the Central Yakutian Yedoma deposits under the influ-
ence of global climate change.”

Fig. 2: Yedoma lake should be thermokarst lake? Or by local name, “dyuyodya”
(Soloviev, 1973) or “dyede” (Crate et al., 2017)? Soloviev, P. A. (1973), Thermokarst
phenomena and landforms due to frost heaving in Central Yakutia, Biuletyn Peryglac-
jalny 23, 135-155. Crate, S., et al. (2017), Permafrost livelihoods: A transdisciplinary
review and analy- sis of thermokarst-based systems of indigenous land use, Anthro-
pocene, 18, 89-104, doi: https://doi.org/10.1016/k.ancene.2017.06.001.
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Indeed, both lakes are actually thermokarst lakes in different evolutionary stages. In
order to distinguish between the two lakes found at our study site, they were named
after the deposit type they were found on (Yedoma and Alas). This was also based on
Ulrich et al. 2017. Differences in behaviour and distribution of permafrost-related lakes
in Central Yakutia and their response to climatic drivers, Water Resources Research,
1167-1188, https://doi.org/10.1016/k.ancene.2017.06.001. However, we add a note in
the figure caption as follows: “the terms “Alas lake” and “Yedoma lake” are chosen after
Ulrich et al., 2017a in accordance to the deposit type in which the thermokarst lakes
are located; following Crate et al., (2017), the Yedoma lake can also be called “dyede”
due to its development stage.”

Fig. 3: Include photos of each unit including ice-wedge layer. Put “YED1” in the figure.

changed accordingly

Fig. 5: Please use the same white balance and adjust the exposure/brightness of the
core photos as in Fig. 3. Include core photos of the rest two units too. Put “Alas1” in
the figure.

changed accordingly; We adjusted the brightness as far as possible without corrupting
the image quality and visual appearance of the core.

Fig. 4 & 6: Please used different markers for absolute ice content and bulk density so
that people without color printer environment or color-blind can easily distinguish the
two. Large caption YED1 and Alas1 within the figures would be helpful.

changed accordingly

Fig. 7 & S7: Combine Fig 7 b/c and S7 and add a graph of d excess. Please use
open triangle markers for ice-wedge points. The half-open triangle hinders instant
discrimination between markers. Add labels “YED1” or “Alas1” on top of each graph.

changed accordingly; We combined figure 7 and figure S7 and added d-excess plots.
For better readability, we rearranged all plots.

C19

https://www.biogeosciences-discuss.net/
https://www.biogeosciences-discuss.net/bg-2019-470/bg-2019-470-AC1-print.pdf
https://www.biogeosciences-discuss.net/bg-2019-470
http://creativecommons.org/licenses/by/3.0/


BGD

Interactive
comment

Printer-friendly version

Discussion paper

Fig. S2: The blue markers with age uncertainties are not discernible. Please revise
them for a clearer presentation. I do not think the information on the model confidence
by black shades is meaningful and necessary in your radiocarbon age of soil organic
matter. For all graphs with depth axis: Please use the meter scale, not cm.

graphics changed accordingly; We will continue to use cm as we go down to 1 cm step
accuracy, which is much easier to read in cm units than with a meter scale. We are
aware that meter is the SI unit.

Please also note the supplement to this comment:
https://www.biogeosciences-discuss.net/bg-2019-470/bg-2019-470-AC1-
supplement.pdf

Interactive comment on Biogeosciences Discuss., https://doi.org/10.5194/bg-2019-470, 2020.
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Fig. 1. Figure 3 - overview of the Yedoma core
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Fig. 2. Figure 4 - characteristics of the Yedoma core
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Fig. 3. Figure 5 - overview of the Alas core
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Fig. 4. Figure 6 - characteristics of the Alas core
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