Author responses to reviewer comments, and edits to manuscript “Mineral-bound
organic carbon exposed by hillslope thermokarst terrain: case study in Cape
Bounty, Canadian High Arctic” (Paper submitted to ‘SOIL’ | equsphere-2025-3428)

We would like to thank the reviewers for the comments on our manuscript # egusphere-2025-3428. We have paid close
attention to the suggested edits and made the requested changes as detailed below, with reviewer's comments in
regular font, directly followed by our responses in italic (blue font). All additional references and changes not requested
by the reviewers are editorial in nature and do not significantly alter the content of the manuscript.

Reviewing 1 | Anonymous Referee #1, 15 Aug 2025
(Citation: https://doi.org/10.5194/egusphere-2025-3428-RC1)

General Comments

The manuscript details a case study of organic carbon fractions with varying degrees of mineral-complexation in layers
exposed by contrasting thaw slump or detachment types (active layer detachment vs. retrogressive thaw slump) in the
Canadian High Arctic for four distinct profiles. The authors find that chemically stabilized organic carbon makes up
about 20% of total OC, mostly as organo-metal complexes and C bound to poorly crystalline iron oxides. This is low
compared to other Arctic sites, which they attribute to local temperature and humidity. Deep sediments exposed by
retrogressive thaw slumps contain even less chemically stabilized C, making them more susceptible to decomposition.
In contrast, physically protected C in aggregates and large, stable molecules represents a larger fraction (45%) of total
OC. The study analyzes a wide breadth of mineral phases, elemental compositions, and OC fractions and makes good
use of the complementary methods selective chemical extractions and density fractionation.

The manuscript is well-written and the study design is well-conceptualized, and this is a topic of great interest and
importance in the context of the warming of the arctic. The conceptual diagrams and figures are useful and clearly
convey the information (with a couple small exceptions noted in specific comments section below).

The discussion is quite long, although the authors do a good job of putting their results within the context of other
studies. Perhaps each discussion subsection could be shortened to improve readability.

| appreciate and commend the inclusion of all data and figures in the supplementary information.
The authors acknowledge the limitations of the small sample size.

We would like to thank the reviewer for the positive evaluation of our manuscript. We have paid careful attention to the
revisions of the suggested edits, as described in detail below. Specifically, we have substantially reduced the lengths
of the paragraphs in section 4.1 comparing our study with other papers, and now present only a single average value
and standard deviation combining the available data.

Specific Comments

As you state, selective extractions omit large biopolymers and physically occluded OC, so the conclusion that 20% of
TOC is chemically stabilized may be an underestimate. The wording could be tweaked to acknowledge this, since it's
a central conclusion.

We thank the reviewer for this comment. We have acknowledged this further in the methods (section 2.7; LL207-210)
and modified the wording in section 4.3 (L481), to now read “Chemical stabilization mechanisms targeting small
fragments of biopolymers therefore account for a relatively small proportion of the TOC (20 £ 4%) but likely support [...]".
We have also adapted the wording in the conclusion (L512; L520).
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Regarding the RTS deep sediments, could it be possible that cryoturbation and/or post-thaw mobilization of OC or Fe/Al
from the profile could be contributing to the high soluble ions, pH, and low C, in RTS-D deep layers?

We attribute the high concentrations in soluble cations, high pH, and low C, concentrations in the deep horizons of the
RTS-D to an absence/very limited pedological development in these layers. A contribution from cryoturbation is
considered unlikely for two reasons: (i) no clear cryoturbation was observed during sampling, (i) we believe that the
deep layers exposed by the RTS-D have only been subjected to a relatively limited number of freeze/thaw cycles, since
the permafrost formed syngenetically with the sediment deposition. Since deposition, these deeper sediments have
likely remained permanently frozen, making advanced cryoturbation unlikely.

L89-90: This isn't really a hypothesis. It should be more specific as to the magnitude and direction of the change
expected, and the hypothesized mechanism for that change.

The sentence has been changed to now read “We hypothesize that organo-mineral interactions may be more prominent
in surface layers that are subject to recurrent positive temperatures, but that it may be limited at depth if buried
sediments have not experienced pedological development.” (LL96-98)

L224-5: Please describe how robust R2 was calculated, since it can differ between type of statistical test and by software
package. This is important since correlations between OC fractions and metal concentrations are central to some
conclusions.

Robust regressions were initially calculated using the ltsReg function from the robustbase package v0.93-5 in R
(Maechler et al., 2019) with an alpha of 0.95 in the previous version of the manuscript. Following a suggestion from
reviewer 2, we further adapted the methodology to implement robust mixed-effect models. The updated method section
now reads “Robust mixed-effect models presented in this study were fitted using the rimer function from the robustimm
package v3.3-3 (Koller, 2016). The variable ‘profile’ (RTS-D, RTS-UD, ALD D, ALD UD) has been included as a random
factor, with random intercept and slope. We report the marginal R? (R?,), representing the population-level trend
(variance explained by fixed effects) in the main text. The conditional R? (R%), which includes both fixed and random
effects and reflects total model performance, is additionally shown on the plots for reference.” (LL235-240). For
reference, in this method, outlying residuals are down-weighted using M-estimation with Huber-type w-functions (Koller,
2016) which uses default tuning parameter k = 1.345 (consisting in trimming about 5% of the data; which corresponds
to an alpha of 0.95 in the ItsReg function).

L470-2: This is speculative and perhaps should not be included since the study didn’t measure it.

We have modified this sentence so as not to go too far in speculation, which now reads “The fate of the sediments
carried downstream from the headwall and into the debris tongues remains yet unclear, and further research is needed
to evaluate mineral-OC interactions along the sediment cascade of materials exported by thaw slumps” (LL500-501).

L491-3: The wording makes this sentence a little unclear. Recommend to reword to something like: “Only about one-
fifth of the total organic carbon (20 + 4%) is chemically stabilized through strong associations with minerals, yet this
fraction likely persists the longest in soils. Physical protection, which traps carbon within aggregates or in large,
chemically stable molecules, accounts for a larger portion (45 + 8%) and spans a wider variety of carbon forms.”

We thank the reviewer for this suggestion. We have changed the sentence accordingly (LL520-523).

On Fig. 9, it would be useful to include typical depths of the various features for comparison among the slump
detachment types.

The purpose of Fig. 9 is not so much to show differences in depths reached between RTS and ALD. These depths are
extremely variable across the Arctic. They range from a few tens of centimeters to a few tens of meters for RTSs and
from a few centimeters to ~1 m for ALDs. At other study sites, the depth is therefore potentially very contrasted between
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RTSs and ALDs. In this study, however, sampling of the RTS-D headwall only reaches a few centimeters more than in
the ALD-D. We therefore believe that adding typical depths would potentially be misleading for the reader. As described
in the caption of Fig. 9, the main difference we are trying to show in this conceptual model is that an RTS exposes fresh
material every summer (until it stabilizes) while an ALD is a one-off event. We have reduced the relative thickness of
the RTS-D headwall in Fig. 9 so as not to mislead the reader.

Fig. 10: Are the error bars in fact standard deviation or are they standard error?

Thank you for this comment. Each error bar in the figure did represent a standard deviation. A new version of the figure
now shows the error bars and explicitly mentions that it is a standard deviation (on either side of the mean), for more
consistency. The new version of the figure is shown below:

OC concentration (%,,,)
0 0.2 0.4 0.6 0.8 1.0

all samples

deepest sediments exposed by the RTS-D

D residual part of OC OC occluded in aggregates, OC forming complexes i?gnbg;ggsto poorly crystaline
or stable biopolymers with metals (maximum sorption capacity)

strength of the stabilization mechanism

Figure 10: Individual organic carbon (OC) pools at Cape Bounty. Average concentrations and standard deviations (SD) of the physically and
chemically extracted OC pools on all samples (n=8) compared to the deepest sediments exposed by the retrogressive thaw slump (RTS-D). The
color-coding of the OC targeted pools matches those of the selective extractions shown in Fig. 2.

Technical Corrections
L126: Change to Sl convention (decimal point, not comma)
We have changed the text accordingly (21.3 ha).

L377: Please correct plural vs. singular: “In particular, organometallic complexes, an efficient mechanisms for OC
protection”

We have modified the text accordingly to now read: “In particular, organometallic complexation, an efficient mechanism
for OC protection (Kleber et al., 2015; Mikutta et al., 2006), [...]” (L395).

Reviewing 2 | Adrian A Wackett, 19 Oct 2025
(Citation: https://doi.org/10.5194/egusphere-2025-3428-RC2)

General Comments

The authors present a case study from the Cape Bounty Arctic Observatory on Mellville Island in the Canadian high
Arctic, where they have measured the quantity and quality of organic carbon (OC) in permafrost exposed by two
contrasting types of abrupt thaw disturbances: active layer detachments (ALD) and retrogressive thaw slumps (RTS).
The authors find that roughly 20% of the total OC pool is chemically-bound and another ~45% is physically occluded,
which they discuss in the context of other circumpolar sites where abrupt thaw disturbances are occurring. Their study
is well-motivated by the wealth of literature linking permafrost thaw to the carbon-climate feedback, which typically (and
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simplistically) presumes gradual exposure of thermally-stabilized permafrost C as the active layer steadily thickens with
high-latitude warming. This is an important and interesting research question that is well-contextualized by their
introduction, and in general | find their writing easy to follow and their main inferences to be well-documented. | also
greatly appreciate their efforts to make their data easily interpretable and verifiable by including a comprehensive set
of figures and tables in the supplement.

We would like to thank Mr. Wackett for his positive evaluation, and for his extensive, very constructive comments, which
have helped to improve the manuscript. The changes we made are described in detail below.

As currently written the discussion section starts to drag at times, and | see some opportunities to streamline the text
there by incorporating some relatively straightforward analyses (some of which they already allude to). Shortening the
discussion of their measurements in the context of other Arctic sites would also free up some space to discuss the
unique characteristics of permafrost soils and how this might impact the stability and behavior of chemical and/or
physical OC-mineral interactions under different thaw scenarios, which seems critical given their emphasis on linking
mineral (and specifically sorptive) protection to OC stabilization.

There are some minor statistical errors to address and | highlight a few opportunities to incorporate additional
analyses/measurements that would further improve the study, although | fully recognize that additional measurements
may not be viable

The changes relating to these points are detailed in specific comments below.
Specific Comments

Organic carbon concentrations vs. stocks/inventories: Have you measured bulk density and/or coarse fraction contents
for the four profiles? It seems likely that these abrupt thaw events would alter the volume of soil contained within a given
depth scale (i.e., from 0 to 70 cm), even if sampling was restricted to headwall features. | recognize that much of your
focus is on the form of OC contained within the profiles, but it seems important to discuss these inferences on a
volumetric basis as well given that this is what ultimately controls the quantity of potentially mineralizable OC. If these
measurements have been made it would be great to see them included alongside some discussion of how changes in
OC stabilization might be augmented (or neutralized) by concomitant volumetric changes, especially in the lowermost
RTS-D sample where the most profound differences are observed

We appreciate the importance of these considerations. Unfortunately, data on bulk density were not collected for the
sampled profiles and structurally-intact samples are no longer available to perform these measurements. Yet, analyses
on carbon stocks and volumetric/mass balance assessments have been done for other study sites undergoing hillslope
thermokarst degradation (e.g., Thomas et al., 2023, 2024), and we can speculate on the outcome that could be expected
at Cape Bounty. Deep sediments exposed by hillslope thermokarst structures may contain very high volumetric
proportions of ice. For a given exposed thickness, the mass of sediment/soil material (excluding ice) may therefore be
lower in deep layers than that exposed by shallower layers (Bernhard et al., 2022; Thomas et al., 2023, 2024). At the
Cape Bounty, ice-rich layers (>50 %) are reported at depth >60 cm (Lamhonwah et al., 2016) and dry bulk density
measurements vary from ~1.5 g-cm for 5 — 15 cm depth to ~1.7 g-cm-3for 30 — 50 cm depth (Stanton, 2023).

Assuming an excess ice content of 50% for depths = 60 cm (Lamhonwah et al., 2016) and dry bulk densities of
1.53 g/cm? for depths of 0-7 cm, 1.55 g/cm? for depths of 7-26 cm, 1.67 g/cm? for depths of 26-46 cm, and 1.71 g/cm?®
for depths greater than 46 cm (Stanton, 2023), we can establish a first-order estimate of the carbon stocks exposed by
the RTS and the ALD over the entire headwall. It appears that the RTS exposes more OC than the ALD (~13.5 kg/m?
for the RTS versus ~9.8 kg/m? for the ALD) but this confirms that the proportion stabilized in the RTS is lower than in
the ALD (~17.2% for the RTS versus ~18.4% for the ALD). Given that these estimates are highly speculative, we
express reserve about presenting the associated figure in the main text, but we have added the following paragraph to
LL426-434 and the new figure in the appendix as Fig. D.8.
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“Using a mass balance approach, we can derive a first order estimate of the OC stock exposed by the ALD and the
RTS per square meter of exposed horizontal surface area and for the entire headwall. Assuming an excess ice content
of 50% for depths = 60 cm (Lamhonwah et al., 2016) and dry bulk densities of 1.53 g/cm?® for depths of 0-7 cm, 1.55
g/cm?®for depths of 7-26 cm, 1.67 g/cm?® for depths of 26-46 cm, and 1.71 g/cm?® for depths greater than 46 cm (Stanton,
2023), it appears that the RTS exposes a greater stock of OC than the ALD (~13.5 kg/m? for RTS-D versus ~9.8 kg/m?
for the ALD-D; Fig. D.8). This besides supports evidence that the proportion of OC stabilized in sediments exposed by
the RTS is lower than that of the ALD (~17.2% for the RTS-D versus ~18.4% for the ALD-D; Fig. D.8). It is worth pointing
out that OC stocks exposed at Cape Bounty are quite low compared to OC stocks exported by thaw slumps such as at
the Peel Plateau (~150 to ~400 kg/m?; Thomas et al., 2023) or Batagay (~460 kg/m?; Thomas et al., 2024), which is
mainly due to the shallow headwall heights in Cape Bounty.”
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Figure D. 8: Evolution with depth of the stock of pyrophosphate-extracted carbon (C) and maximum proportion of organic carbon (OC)
bound to poorly crystalline Fe oxides (Camorph) in (a) sediments exposed by the retrogressive thaw slump (RTS-D); (b) sediments exposed by
the active layer detachment (ALD-D); Stocks are estimated by assuming an excess ice content of 50% for depths = 60 cm (Lamhonwah et al.,
2016) and dry bulk densities of 1.53 g/cm? for depths of 0—7 cm, 1.55 g/cm?® for depths of 7-26 cm, 1.67 g/cm® for depths of 26-46 cm, and 1.71
g/cm? for depths greater than 46 cm (Stanton, 2023). OC concentrations as in Fig. 7. The bars with the gray background represent the integral
over the entire depth.

Regression modeling: Given that you are regressing multiple observations from individual pedons, | recommend a linear
mixed modeling framework with profile and site included as nested random factors. Given the small sample size there
may not be enough degrees of freedom available to build a nested model, but at minimum | suggest re-running the
regression models with profile included as a random intercept and/or slope term. This seems critical considering that
there are several instances where there are visible variations in the relationship (i.e., slope) at the profile scale (see
Fig. D1c, D7b-, etc.) A hierarchical modeling framework would help tease this out and enrich the ensuing discussion.
The robust regression approach they opted for (rather than OLS) can still be exported into a mixed modeling framework
(see robustimm package in R for one example)

page 5/10



Author responses to reviewer comments, and edits to manuscript “Mineral-bound organic carbon exposed by hillslope thermokarst terrain: case study in Cape
Bounty, Canadian High Arctic” (Paper submitted to ‘SOIL’ | egusphere-2025-3428)

Thank you for this insightful comment. We have adapted the methodology and now present the results of mixed-effects
models in the paper and in Fig. D.1 & Fig. D.7 (with the profile variable included as random factor, i.e., RTS-D, RTS-UD,
ALD-D, ALD-UD). The overall conclusions following the regression modeling are the same, but the R? values obtained
are now more statistically valid. We present the marginal R? (R%y) - fixed effects - in the main text and in the associated
figures. The conditional R? (R%,) are presented along in the figures for reference. The new method section now stands
as “Robust mixed-effect models presented in this study were fitted using the rimer function from the robustimm package
v3.3-3 (Koller, 2016). The variable ‘profile’ (RTS-D, RTS-UD, ALD-D, ALD-UD) has been included as a random factor,
with random intercept and slope. We report the marginal R? (R%y), representing the population-level trend (variance
explained by fixed effects) in the main text. The conditional R? (R%), which includes both fixed and random effects and
reflects total model performance, is additionally shown on the plots for reference.” LL235-240

Streamlining discussion section: As mentioned earlier, the authors do a commendable job of placing their results from
Cape Bounty in the context of other circumpolar sites that they (and others) have studied, but the writing in the
discussion begins to drag on at times. Could you shorten the writing and instead insert some relatively simple analyses
examining the dominant environmental and edaphic controls on mineral-associated OC across the permafrost thaw
sites that you reference? For example, perhaps take the cumulative portion of stabilized (both physical and chemical)
OC and plot these site-level averages against mean annual temperature, precipitation, or NPP. It's probably also worth
exploring some edaphic controls of interest like extractable Fe+Al content, silt+clay content (see Georgiou et al., 2022
https://doi.org/10.1029/2009JG000947), pH, cation exchange capacity, etc. As the authors already allude to when
discussing the relatively low proportion of stabilized OC at Cape Bounty, | suspect precipitation likely emerges as a
maijor (if not dominant) control (see e.g., Klaminder et al., 2009 https://doi.org/10.1029/2009JG000947). It seems more
useful to explore these other probable controls rather than focusing on the latitude of the various sites, which the authors
reference repeatedly.

We have substantially reduced the lengths of the paragraphs of section 4.1 comparing our study with other papers,
and now present only a single average value and standard deviation combining the available data. The new, modified
paragraphs now read: “Indeed, it compares with 43 £ 20% from other studies on hillslope thermokarst or Yedoma
sediments in Siberia and Canada (Monhonval et al., 2021a, 2022; Thomas et al., 2023, 2024), all of which report fairly
low TOC content, i.e. on average 1.6 + 1.5%u, which is in the same range as the samples from this study (1.1 £ 0.2%u;
section 3.3). This confirms that - for sites with comparable TOC contents — the level of stabilization through chemical
interactions appears to be about half as high at Cape Bounty in comparison to other studies in the Arctic.” (LL358-363);
“By comparison, the same method applied to Siberian permafrost sediments showed a stabilization 73 + 17% of the
TOC (Yedoma sediments from Dutta et al., 2006; Kolyma permafrost soils from Gentsch et al., 2015; and Pleistocene
permafrost of Bol'shoy Lyakhovsky Island from Martens et al., 2023). These proportions are extremely variable across
the Arctic and show no latitudinal trend.” (LL383-386).

Concerning the dominant environmental and edaphic controls on mineral-interacting OC across sites: To carry out the
analysis proposed in a comprehensive and robust manner, we would need more study sites along the latitudinal gradient
(especially high-latitude) and be confident that the data used to identify environmental and edaphic controls on mineral-
interacting OC are independent, mutually comparable across sites, as well as to define the time period over which to
integrate or average the environmental variables. Besides, data on e.g., pH levels, CEC and silt and clay content are
not available for all study sites, as is stabilized OC content assessed through granulo-densimetric methods. We believe
that presenting a more comprehensive analysis in this site-specific study would be a bit beyond its scope. However, we
have incorporated the opportunity to study these different parameters as perspectives in the revised version of our
manuscript. This new paragraph reads “Future work needs to address a systematic analysis of past and present
environmental controls (e.g., soil and air temperature, precipitation, soil moisture) and edaphic controls (e.g., lithology,
pH, pyrophosphate- & oxalate-extractable Fe and Al, silt and clay content) of the concentration and proportion of
mineral-interacting OC. Total precipitation and effective soil moisture appear promising since they has been shown to
be significant positive drivers of soil carbon accumulation in dry tundra (Klaminder et al., 2009) and mineral-interacting
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OC at the global scale (Kramer and Chadwick, 2018), as are silt and clay content (e.g., Georgiou et al., 2022).” LL386-
391

Discussing unique characteristics of permafrost OC: It would be nice to see some additional discussion of the unique
characteristics of permafrost soils that then explicitly links how these distinct attributes might impact the different modes
of OC stabilization laid out in current Fig. 1. There is a strong temperate bias in the literature relating different modes
of OC stabilization to C turnover times. Currently | noted only one very brief mention (line 470) of the possibility that
some of this mineral-associated OC could be solubilized if redox/pH conditions change as soils become increasingly
saturated during (and after) extensive thawing. | recognize that the specific OM-mineral complexes in these Cape
Bounty soils have not been investigated directly through incubations and/or other manipulations, radiocarbon
measurements, etc., which would have been optimal to more directly quantify their stability. While | would of course
welcome such additional measurements, | fully recognize this would be a major undertaking and is likely untenable. But
at the very least it would be helpful to include some discussion of these possible interactions, and to bring this discussion
forward in the text so that it appears sooner than the final sentences of the discussion section.

We recognize that the discussion on the fate of mineral-OC interactions — particularly after potential modifications in the
redox conditions — do come quite late in the paper. Yet, hillslope thermokarst landforms are generally located on well-
drained terrains leading to redox conditions considered, arguably, as oxic and relatively stable (Abbott and Jones,
2015). We are certainly not facing anoxic conditions, such as those found, for example, in lowland themokarst areas,
which lead to the disappearance of iron-carbon bonds (e.q., Patzner et al., 2020). We have besides shown in another
study that OC-mineral interactions are likely preserved in sediments mobilized by slumping, at least within the scar zone
(Thomas et al., 2023) (L493). Since thaw slumps expose deep, minimally-weathered material, a substantial decrease
in pH, which would induce dissolution of Al-OC bonds, is unlikely at Cape Bounty, where pH levels are close to neutral.
We have added these considerations in section 4.3 (LL496-502). However, these are only hypotheses, and we believe
it would be unreasonable to go any further than this in the discussion of this paper.

Importance of pH dependence in mineral-OM stabilization: Somewhat related to the point above, I think it's worth diving
just a little deeper into the pH dependence of the different OM-mineral stabilization modes. For example, isn't it
somewhat surprising that pyrophosphate-extractable Al is the strongest predictor of OC in organometallic complexes,
whereas Ca carries no predictive power? | would typically expect low Al (and Fe) solubility and abundant Ca?* ions
available to form cation bridges with negatively charged DOM under circumneutral pH conditions. Again, some
additional discussion of how this might differ between the Cape Bounty sites versus the soil types where much of the
literature on organo-mineral interactions has been established (which carries a significant temperate and acidic forest
soil bias) would be fruitful. This pH dependence could be interesting to explore in association with the site-level
compilation/analysis discussed above.

We believe that calcium certainly plays a role in organo-mineral interactions at Cape Bounty. Unfortunately, it is
impossible — from pyrophosphate extractions — to isolate the fraction of Ca reactive towards OC from the soluble fraction
that originates from easily-weatherable mineral phases, as we have stated in section 3.2 (LL265 - 269).

Technical Corrections
Line 35: comparable to emissions over what timescales? Annual? Please specify.

Those are cumulative projected greenhouse gas emissions for to the atmosphere for 2000-2099. We have corrected
the sentence which now reads [...] emissions from the Arctic could add 55 - 230 Pg of carbon (in CO; equivalent) to
the atmosphere by the end of this century - a level comparable to emissions of industrialized countries - and must
therefore be considered [...]" (L34)
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Line 44: | suggest re-ordering the figures and relocating the current figure 3 (photos of the ALD and RTS) into figure 1,
which can then be cited here. | have some additional recommendations for improving this figure below (see comments
on line 135).

We believe that reducing the number of figures is a positive improvement, but we feel that the maps and photos of the
specific thaw slump and active layer detachment at Cape Bounty should not be placed so early in the paper. The
different types of thermokarst degradation can indeed have very diverse morphologies, and the purpose of this
introductory paragraph is not to be specific to Cape Bounty. We therefore suggest grouping the maps (previously Fig. 2)
and photos (previously Fig. 3) together in the method section 2.2 and instead presenting a conceptual diagram of a
thaw slump (modified from Thomas et al., 2023) and active layer detachment in the introduction as new Fig. 1:

a b

Figure 1: Conceptual model of a retrogressive thaw slump (a) and an active layer detachment (b). Panel (a) modified from (Thomas et al.,
(2023).

Line 56: Can you include an estimate of what proportion of permafrost landscapes are susceptible to these alternative
(and rapid) thaw mechanisms? Is this value known from the literature? If not, perhaps it could be worth trying to make
an initial first order estimate (see discussion of this in general comments).

We added the following sentence : “The area susceptible to be affected by hillslope thermokarst landforms is indeed
projected to increase by 250,000 km? by the end of the 21st century (Turetsky et al., 2020).” LL56-57

Line 76: This is not always true (re: that MAOC is stabilized over decadal to millennial imescales). For a great discussion
see Jillig et al., 2025 (https://doi.org/10.1038/s43247-025-02681-8). This fast-cycling MAOM pool might be expected to
be particularly large in permafrost landscapes where saturated soil conditions are prevalent following thaw (see
discussion in general comments above).

Thank you for this reference. We have adapted the text to now read “Overall, the turnover time of the mineral- interacting
pool of OC ranges from decades to millennia (Kleber et al., 2015 and references therein), although a substantial portion
of mineral-interacting OC may cycle at relatively fast timescales (minutes to years ; Jilling et al., 2025).” (LL83-86)

Line 100: Beautiful figure!! Very nicely done to capture so much information in a digestible and aesthetically pleasing
way.

We thank you for your thoughtful comment.
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Line 130: | recommend moving current Fig. 9 and making this panels e, f, and g of this figure. It's an excellent conceptual
figure but it seems best suited to depict the two disturbance types and show how you sampled. | find that it doesn’t add
very much when included so late in the manuscript, but it could be very helpful if moved forward and included as a set
of additional panels here in (current) Fig. 2 to augment the site/sampling descriptions.

See response to the next comment.

Line 135: See comment above about this figure. | recommend moving this up to become a new fig 1 that can be
referenced in the introductory discussion about the ALD and RTS disturbances. It would also be ideal to include a scale
and potentially demarcate where on the ALD and RTS features these samples came from.

We understand that the location of the precise sampling points on the headwalls was missing from the previous version
of the manuscript. However, we believe that Fig. 9 is appropriate in the discussion (in particular, panels (b) and (c)
would seem somewhat out of place in this methodology section). Instead, we have implemented your suggestion to
draw the location of the sampling points directly on the photographs of the RTS and ALD headwalls for greater clarity.

Line 156: | believe that these are better suited for a linear mixed model than simple linear regression, given that the
samples are not truly independent from one another (i.e., multiple samples from the same profile, which are genetically
linked and therefore cannot be considered independent). | recommend a linear mixed modeling framework with profile
and/or site included as random factor(s). See discussion in general comments

See the response in the general comments.
Line 175: Which samples were analyzed for IC? How many of the 33 total samples were screened?
All samples have been analyzed for inorganic carbon (n = 33). It has been clarified in the manuscript.

Line 176: Did you measure organic (and/or inorganic) N on any of the samples? It would be nice to know if there are
any variations in OM quality down the profiles (which could be at least superficially surmised through C:N ratios and
ON content). Was there too long of a gap between sampling and measurement to obtain reliable N estimates?

Total nitrogen (TN) content has been measured after dry combustion via a Vario EI Cube Elemental Analyser and
display very homogenous concentrations of 0,10 £ 0,02 %, while the molar ratio of TOC/TN shows similar
homogeneity and stands at 13 £ 1 (-). We have decided not to include nitrogen data as we believe it would not add
much to the research question addressed in the paper.

Line 225: See general comments for discussion of regression models
We have also responded extensively above.

Line 303: | would change to say ‘amorphous’ or specify ‘poorly crystalline Fe oxides'. Reading crystalline Fe oxides
makes me think of citrate-dithionite extractable oxides (which were not measured here?)

This was an unfortunate mistake, and we appreciate you bringing it to our attention. We have updated the figure.
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