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We thank the two anonymous Reviewers and the Editor for their reviews of our
manuscript and their useful comments. Below are point-by-point responses to all of the
comments and questions. The original reviewer’ comments are shown in !"#$:'()*+,-
, - )" #"/01(2, and our responses are presented in black (normal font).

Reviewer #2 (Anonymous)
Received and published: 10 January 2020
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Thank you for these positive and useful comments. We answered to all the comments
(general, detailed and minor edits) made by the reviewer.

General comments
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We modified and added several sentences in the discussion section, as suggested by the
reviewer in his/her detailed comments. However, this comment is general and does not
focus on specific sections. We would welcome any specific comment, including line
numbers, about the discussion. Where exactly could we « refer to [our] actual results
more obviously »?
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We do not argue that that the difference lies in syngenetic :,. epigenetic permafrost. Both
our site and Yedoma regions are affected by syngenetic permafrost. See our reply to the
next comment just below.
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From a geomorphological perspective, we chose to compare soils that have experienced
similar pedogenetic and geomorphic processes, as the processes of soil organic carbon
inclusion into permafrost strongly influence their concentration relative to depth
(Bockheim 2007; Tarnocai et al. 2009). Since permafrost at Bylot Island developed
syngenetically during the Holocene (Fortier and Allard 2004), we chose to compare it to
Yedoma deposits, which also developed syngenitically but over the late Pleistocene (e.g.,
Schirrmeister et al. 2011; Strauss et al. 2017), allowing a comparison of sites with similar
permafrost development and pedogenetic/geomorphic history. This is also justified by
comparable ground-ice content (in volume) and soil bulk densities (see section 5.3 in the
discussion). We are aware that this comparison might not be ideal had we wanted to
compare the site with others of similar concentrations, but from a geomorphological and
geocryological perspective, they are very similar and highly comparable.
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Gull lake is located on the highest benches of the ice-wedge polygon terrace of the valley.
The ice-wedge polygons studied by Fortier and Allard (2004) are located very close
(<50 m) to Gull Lake and at the same elevation as the lake shore. These polygons showed
similar sedimentation rates, ground ice, organic and sediment content. Given the close
proximity between Fortier and Allard’s study and Gull lake, and the geomorphological
similarity between the ice-wedge polygons on this level of the terrace, we are confident
that the organic and ground ice contents are similar between these two sites due to
similar sedimentary conditions (eolian silt deposition), vegetation type (graminoids and
bryophytes), humidity (wetland) and climate. Several permafrost cores have been drilled
in the surroundings, giving comparable values (Godin, unpublished data; Veillette, 2019;
see cited references at the end of this report).
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See our reply at the end of this report (last comment about Figure 6).

Detailed comments
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We changed ‘remarkably’ to ‘notably’.
We added the phrase ‘especially in terrestrial lowlands’ in that sentence.
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We agree that detailed lake categorization is not needed here. We just want to specify
that ‘Yedoma lakes’ represent a relatively minor group of lakes, notably deeper and with
a different history during the late Pleistocene, compared to the much more abundant
lakes developed during the Holocene, in formerly glaciated terrain. We slightly modified
the sentence, and added a new one: « However, the vast majority of thermokarst lakes
across the Arctic are shallow (a few meters) and were formed in formerly glaciated
terrains during the Holocene (Grosse et al., 2013). »
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We agree that this was ambiguous. The new sentence is: « When lake depth exceeds the
maximum thickness of winter ice cover, water stays unfrozen throughout the year and
mean annual lake-bottom temperature remains above 0 °C, resulting in the formation of
a talik (thaw bulb) underneath the lake (Burn, 2002) ».
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We are not using ‘drawdown’ to refer to lake infilling (involving inputs of sediments), but
rather refer to increased evaporation, which is really a loss of water volume, thus we had
to keep the expression ‘drawdown’ (i.e. « withdrawal of water from a reservoir »).
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We added the phrase « in syngenetic ice-wedge polygon terrain », as suggested.
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Yes, glaciers are still retreating up in the valley nowadays. This has been documented by
Dowdeswell et al. (2007) for the majority of glaciers on Bylot Island. Their study indicates
that overall glaciers have retreated from 0.9 to 1.8 km since about 120 years ago, with
most retreat occurring between 1958/1961 and 2001.
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We assumed that the correct line number referred to is rather 116, and we changed for
‘from the central zone’ to clarify this point.
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We added ‘as in’ in front of the reference, so it’s now clearer that it refers to the method.
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Good suggestion. We added the sentence: « The complete diatom dataset is available in
open access (Pienitz et al., 2019). »
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We modified the sentence accordingly (« raw data can be found in data repository; Fortier
et al., 2019).
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We cannot totally rule out some remobilization of materials, as bulk sediment sample was
dated (no organic debris found in that layer). However, we are confident in that age
because: 1) short-term dating (2!°Pb) of surface sediments was conducted and showed
that at that depth (10cm), there was no more supported 21°Pb, indicating sediments older
than 150 years; 2) dating of this layer was also dated in the other core (from 2014), giving
the same age.
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In this case, the 5% relative abundance in at least one sample cutoff was not based on a
statistical criterion (like, for example, for the lower weight assigned to rare species to limit
their influence within multivariate statistical approaches). We rather took a practical
decision to show within the limited space of the summary diatom diagram (Figure 5) only
the dominant and most relevant taxa. We modified the text to make it clearer: « Among
these, the 15 most frequently encountered taxa (species or species groups) representing
more than 5 % in relative abundance in at least one sample were selected to show major
ecological changes that occurred in the past (Fig. 5) ».
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It means one sample, and we changed the text accordingly.
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This section 5.2 reports on our new results, while findings from the existing literature are
given in the previous section 5.1 (about the Holocene history of the valley). We now start
the sentence as suggested (« Based on our findings... »), and we also used the active voice
at the beginning of the next paragraph (« We summarized... »).
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This was also underlined by Reviewer #1. The reasoning is as follows:

In the sediment core from 2015, collected at ~ 4 m depth, we sampled about 0.7 m of silty
peat. This unit is currently unfrozen. We know that the surrounding frozen ground of that
unit contains over 50 % of ice by volume (Fortier and Allard, 2004). Hence, considering
thaw settlement and consolidation, the silty peat layers found in the core must have made
at least twice their current thickness when they were still frozen. That makes about 1.5-2
m thick of frozen silty peat before the lake started to form. Even if we assume that the
thawing of the underlying glaciofluvial material may have caused some minor subsidence
(because of a negligible excess ice content), there is still nearly 2 m of material missing
(i.e. 4 m minus 1.5/2 m). Hence, we assumed there was a 1-2 m pre-existing depression.

We modified the text to make it clearer. For example, we added lake maximum depth
(~4 m) in the sentence, and we added the following sentence: « Since this silty peat unit
is about 1.5-2 m in thickness when still frozen (Fortier and Allard 2004), and since the
underlying glaciofluvial unit is ice-poor (thus negligible subsidence upon thaw), there is 1-
2 m elevation gap which can be explained by the presence of a preexisting depression.
The latter is interpreted as a channel in the glacio-fluvial outwash underlying the silty
peat. »
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This sentence is based on field observations. We added such a mention in the text (« [...]
observable today in the valley »). See the picture below (high-centered polygons).
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We agree that sedimentation rates in thermokarst lakes can be quite variable and
sometimes very high, as the reviewer points out. High accumulation rates are usually
associated with active shore erosion and slumping along several meter-high bluffs. This is
not the situation at Gull Lake. Although we observed signs of shore erosion such as drifting
peat blocks, the shores are less than a meter high and much of the thermokarst activity
around the lake occurs as subsidence (see the now-submerged peripheral platform in the
accompanying video). Moreover, dissolved organic carbon (DOC) concentrations, as well
as nutrients and suspended solids are rather low in this lake, indicating that erosion and
slumping is not significant along the shores. Finally, there is no inlet to this lake. For all
these reasons, we conclude that accumulation at Gull Lake is rather slow, as measured
from sediment traps deployed in thermokarst systems of the sub-Arctic (Coulombe et al.
2016).
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These data were not planned in the design of our study, and they have been used by
colleagues among our extended research group (e.g., Preskienis et al., in review). We
included them as a supplement, and as the reviewer points out these are minor data, so
we decided to keep the text as it was.
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In the results section we report that the shallow peripheral platform appears to overlie
completely frozen ground: « The signal velocity (> 0.13 m ns) based on the shape of some
hyperbolas suggests that they occur in frozen material. ». There is uncertainty about the
deeper central basin, due to signal attenuation. We added a sentence at the end of the
paragraph to clarify this point: « Their occurrence at shallow depths beneath the central
lake basin suggests that the lake does not possess a deep thawed zone (talik) as is often
the case underneath deep water bodies. »

I'1#,1SaK;Sa\T i0 - # J5#, ('01,4/"0 . - $t,"O#T_O4$05H - #)14(4) (5 (4# )8 +) 110(sDH#+0 _ #) 18H
OHHGH" OLHH' (14" H(A# 1) +'0;/5:°)%, ) LOIDH) 5, B0/ (| HFO<H""+#1+0 1 (#1 (42194904 $05H (4'184' (¢
0594 )¥, 00, )OSt (44"# <'(405(4 9',)664) ™11 h A} '(4 +#"()'14 (444 *) 8#t <0594 9")'14 D#+) 5, # /4
(0601")64$10"H+059¥ (1)*, 0L0)H, +#Hi<" (A4( A1) BHLAQ((OF (C4_0IS05H(4' 181 BH 1/ L 1Y K"#)#$H) 1
06('01-),5)++5 - 5) (OLH") (#, ) "#O<N) 1OH(4#) 8# _ ' 1A(H1"O<IDO(AH) (") *$) 10%: #" (+) *$H 1h(4#
/5(5"#%

In response to these questions:

1) VYes, since the glacio-fluvial unit has a low ground-ice content (limited subsidence
upon thaw), the maximum depth of the lake (in its central basin) might not evolve
significantly in the future. The stratigraphy under the glacio-fluvial sands is
unknown. Marine clay was observed under glacio-fluvial sand a few hundred
meters away, on a lower elevation bench of the terrace. It is possible that this
layer is present under the glacio-fluvial sands of gull lake. Further deepening
(thermokarst) will occur within the peripheral platform.

2) We do not know how long the lake will remain, but we suggest two possible
outcomes in the discussion: infilling or drainage. It is worth noting that other lakes
were drained (partly or totally) within a 1 km radius of Gull lake and we therefore
estimate that the drainage scenario is very likely.

3) Coalescence was observed within the valley among smaller and shallower ponds.
However, we also observed direct clues of partial lake drainage in the lake next to
Gull Lake (informally named Gull Lake-2 or ‘GL-2’; see Fig. 1c). Paleo-shorelines
could be mapped and showed that this particular lake was larger in the past and
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partly drained. Topographically, it is located between Gull Lake and the proglacial
river just north. There is a stream between the two lakes (Gull and GL-2).

4) We do not think that complete « lake infilling is really an option ». As the reviewer
points out, sedimentation rates are fairly low, and the lake is growing laterally
(peripheral platform). Hence, as we state in the modified sentence: « Some partial
infilling might have time to occur, but natural landscape evolution is likely to result
in partial lake drainage, as suggested by the presence of erosion gullies in the
valley and by evidence on such a partial drainage in a nearby lake ». In short, we
think that partial drainage of the lake is the most likely scenario (see next
paragraph). Erosion gullies have been observed elsewhere in the valley, and as
stated above, paleo-shorelines mapped around the nearby ‘Gull Lake -2’ show that
this is a likely scenario for the future.

" <HO 6019, 1(4) 10 1) 8#, Ei) 1"##(4) (D), 1,15, 5)HSH/ 5 6H<" (44, #9' _ #1(,10:#"(" - #D5((4" 4

- LAGO S A"SFOLYI( - #5H0" 141,015) 194 45"4K00a-t) "#()*8'1 1)) DO5(H 1/ 1 116019 1) 01 V(44
)11 K0/49") THOW)BHD) , 1, <A™ F) " T (4) <t)BH, 5 - YSH/0" L K LH(AH™ +L (", HOLH (484 2" +("+4
>0),()HU)' 110/42%) , 8)Ei34#iI5H, (014, (4#D)*) 1+#DH(<HH1E) ++5 - 5 ('011) 1919#+0 - 60,"('0140"
(")1,60" (05 (0/(A#, S, (# - WHEIEL YD, (") - 240" 1H4", 1), #160, ,'D'$0)*, 0F) SHOMHEHL 1 1H(4"05 1 44
)99'('01)H(4) <}, 5D, 'O L+ ) 8#1' 1/ 1 V<0504 SHSIDH) b #"$H, FO<IB O+, , -, BHH") $h1 - #1H(44
0<h,#9' - #1(1)+5 - 5) ('014") (#, B

We agree. This is why we start by mentioning lake (partial) infilling as possible, but not as
probable as partial drainage (next paragraph). We end our reasoning by this sentence:
« Such a partial drainage is likely to happen to Gull Lake in the future, affecting at least
the shallow peripheral platform and leaving a residual smaller lake corresponding to the
current deeper basin. »

I'1#Sani34' 1) 15 _#1(4',510(h,564#";+01 " 1+' LI D) +5, ("' 144, #9" _ #1(,410" 2 )*$h) ++5 _ 5¥) (#'1h)k
¥)8#4, 04(4) (5054051 94(4# _ 1904, 110(L#+4, , ) "*$16"0 - (H™#, (")) (O1E

We removed that sentence. For a better transition with the following sentence, we
added: « We did not observe direct signs of terrestrialization at our study site. »

I"1HSAGTH Y - 4" /4 H 1+, 2

We added a reference (French, 2017).

POX;PGOTIMO5+05*k, () (#1d# " #1/0"t<4'+410#6 (4, 4(4#IN#90 - )ISTSIH0L(#L(, h<<#"#i+)*+5*) (#9-4, OF (¥,

+0 - 6)")DHA(OK$05"/' 19" 11 Bi#LA" ) *$-Hi(4' 181$05¢, 405°91 LO(HQ(#194(4#4+) "DOLL+OL (H1(, YO/(4#4
566415, X! - (08 1"4#) (HO#6(4,-1) I3 TS 1#1# ) SI0#+"H) 4,1, ("OL ISIDHO<H (4#/™, (4 - #(#"40" , OF¥
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2,0-4(010 - 6)"#)160"L(+ . #),5"% - #1(4"0 50" V) 1'+; " +41,#9" L #L(Y LYV #) (1, - )™/H) (5" 1t
)b A#(#'0THLH05,1 )19, +)6H# <'(4h ) :#") 1401 1)'5#, 1 /0" (4# #1(™# M#O0 - ) 90 - )'14 "4 )i D'(
L9

As stated above (reply to general comment #2), our point here is to present a site
containing organic-rich syngenetic permafrost of Holocene age (less commonly reported)
and to compare it with Yedoma sites that are much more represented in the literature.
Results from Holocene syngenetic ice-rich and carbon-rich permafrost is very poorly
reported in the literature and it is not, for the moment, possible to compare averaged
Yedoma with Holocene values such as at our site.

1" THPGXTIUHE)  #) 0'Oh' (L1E) (‘#4118 <)  H(44$1) "#10(5) ) ") DA/ +4#+8' 1 1By

We expect that the Tank et al. (in review) paper will be released by the time that our
manuscript is (hopefully) published.

Note to the Editors: if this is not the case, then we can remove this citation and replace it
with another one.

I'1#,1 PKP;PKaTh 34" 1 +05+0% D# Kb , #1 (#1+#, E @ #Q(") 1 +) "#/5% "11 $05" 64™) , "1 VH A" #T C(A# #1("#4
M#90 _ )0 - 6+#Qbh, 0519, 1 SHISOSH - #) 16) MO/(A4MEO0 - YH(AH" 4 10" HL("#) "#) 5

We modified the sentence accordingly (‘entire’ removed): « In other words, to obtain the
same amount of organic carbon released from thawing of the upper 3 m permafrost
terrace on Bylot Island, an equivalent of 30 m of Yedoma complex would have to thaw,
which is extremely unlikely in the foreseeable future ».

24,0:4) 440 - _ #1(#94) DO -4 DH +) "#/5% <" (4% (4) (1+0 - 6)™ , OLEHACH", 4 )0k (0%, ) St (4) (¢ (44" 84 ) "t
)19,+)64, 114 (4#)"+(+ (4) (1+01()"1h _ 0"# 0" 1) 1'+;"+4% ,#9' _ #1(,} (4)1/05194014 ) :#") 14" 1
M#90 _ )4D5((4",1I5)1(/$ 11H+0 _ 6)™ 014 110" L14(00) /0" - $1(), (-, ##4 _ SHI#LA")A+0 _ _ #1()
)DO:#E>01, 94"+ (‘LIS ER#E -, ,'01,4/"0 _ 12"+(“H<#() 19,E1219140<1901$05"/' 19" 1 ,1"#7) (#4(O%
[119'11 /"0 - HO(A#" 2 +(+1<#(") 19, 10"I0 (44" FO<+AL (#9460 1014/'##9, “IMO51+0594/0"#Q) - 64
+0 _ 6)"#805"/'19'11 H(0H(40, #H/"0 _ ¥+ <HOTHB0'SI0LI<#(*) 19,V 1i(4ti<#, (#"15>) 1) 9') 112" +("+4
'HE 014 (441 M58014 >0) , ()% U1+ (48 &) , (#"14 6) (4 O/ <4'+4% 5, %Ok (Of DH# 19)+") (#O- 0" 014 (4%
358(0$)8(581U#1'1,5)F}

We want to draw attention to syngenetic permafrost in organic-rich Holocene deposits,
which is under-represented in the literature. After all, Yedoma complexes are not that
carbon-rich, and large areas where peat accumulation and burial are important show
much greater organic carbon concents (such as in Bylot). See our reply to the general
comment above.

10
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If the Editors agree with that suggestion, we could add to this paragraph a comparison to
some other ice-wedge polygons sites (e.g., from the Yukon Coastal Plains) as suggested
by the reviewer.

I'LH#PSATI344" _ 08)", (1) 8#+$+1#,1<05191() 8#/) O L 14" (010#: #0BEIB4# 4, - 6'$1<) , 1y(#105 144
(- #/0" (4) (B 34# , (5981 9%, 111 <) 1 (45,1 101 , 5" ()DHA 0" (#, ('L 14 <4#(4#"} (44" - 08)", (1) 8%,
O# 1 #064$+"+) *$10™5 19" #+('01) *$EH

Agreed, and we removed this sentence.

I'1#,1PSa;PSTIIBO() ™UH# , (O+#14;) 1#6#" - )/"0, (19#60,"(,) "#M#90 _ B

But Yedoma deposits are all of Pleistocene age, so we ‘flipped’ the sentence around to
make it clear: « [...] which is dominated by Yedoma deposits (Pleistocene-age ice-rich
permafrost) ».

I'1#,1PPG;PPPTIC"# 1) "OH#, 4O/ ) (Hokdi(4) (4 - '14(D#) D" (1(00% - 5+AER1IS05" 1#Q(H, #1 (H1+#SO5H
"IACSH, O (4) (6 #+6' () (014 g<d'+4K b ), 0 +' L ) (2 )19 ,10<h ', ("D5('0L} &<d'+4} 4),} )i
140 _ 0"640'01'+)"+0 _ 601HL(H)"# - 0"#' - 60" () 1(4(4) 14 (# - 64#") (5"#19#:#06 _ #1(EVi (‘+8h<"(4}
®E

We changed the sentence accordingly (« [...] regardless of air temperatures. »).

Technical edits

HIHPST#6*) A7, ' L+Ci<" (447" 1Ch

Done.

THIXPY) 1O #<A#"#TY" M(A#IT" 116 #6ECh - ) 15,+6(165D" ,4#9810<"WALO(-H0 - "(\"#/# " #1+E

It has been submitted and is now ‘in review’. We modified the text here and elsewhere.

'L GO - *(\7) CID#/O 7, $1 VALH( +'+ <HO 1#60'S 101H(#") 10H

Done.

I'1#(] aTi0# : #*064#0Y 1(0h
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Done.

I"T#AGT(0() 46" #+'6' () (0L, 5; F)H(0() 46 "#:+'6"() (0Lt

Done.

I"L#ASTIGH"4) 6, IDH#((#1(04, #6) ") (#1(4", 11, #'(1<" (440 - )1, () 9I0/D")+8#(, !

Done.

H1#GOXTHDH/0"#1Sa00k$#) ", 1) 10CH,0 - #(" - #ID#/0"# 45, (ID#/0"# ™}

This is @ minimum age (14C). We changed to ‘at least’ 3700 years ago.

I'LH#GK]THLO(, 5 #0 1#+) 157+0195+(Ch, 5" - #3414,

Agreed, we changed to ‘done’.

I" LGN TH(4#7) 8#DO((0 -

Done.

I LEKG]THEEA<4"+41) "#DO(490 - 1) (#OID$I64) (C

Done.

I THKXPTIC'14)  #°) Vb3, 405IDH#C0LE) - #”) 1ot

Done.

I'LEKNTT, #6) ") (H(4# 1, #" (A0<#:#"D$HO - _),%<), 440<#:#", ("01 162

Done.
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I THK\ATI@#((#15, HCHL( D11, (#) 910/1C<40*# ™

Done.

I" LKA aTU#"4) 6, ID#((#(04, ) $1C_5™11DH0"IC(H(4#D# ' 11" L HOA(44bK) (HFO0+#1#

Done (‘During the late Holocene...).

I'1#SKSTIC/0519¥) (H(44#) 8#DO((0 - b}

Done.

Line 337-338: “were a significant source of latent heat to extract in autumn” — this needs some
rephrasing. | do not much like the use of the word significant outside when not talking about
statistical significance. And | do not quite understand the word “extract” in this context.

We removed ‘significant’ and the allusion to heat ‘extraction’. The modified sentence now
reads as follows: « In autumn, heat loss from these small water bodies to the atmosphere
and subsequent phase change of water to ice delayed the freezing front propagation in
the underlying ground (Kokelj and Jorgenson, 2013) (stage 2; Fig. 6¢) ».

I" L#SXPTH(4#7) 8#DO((0 -

Done.

1" THST\TI<) (#1D)*) L+, b ri<) (#D)*) 1+

Done.

I L#SAKTH() 66'1 14

Done.

I'T#POTTICE" #, #1(, 1, " 1A('$I0 - #"DH+O05*OIDAHC+01() "1, § - 0"#(4) 1}

Done.
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I"T#PGGTIC) "#:+0 - 6)")D#i(0I0(4#'+""+5 _ 60°)""#1'01, b

Done.

I"THPGTTYO" _ #$11)+') (HOU(H™") 147}

We are talking about numerous sites here, so we need to keep the plural form (terrains).

I' L#PPKTIC, #/:#14) 1+'1 10}

Done.

N' 15 #XTH, £ (160, , 'DHH(01) 99W+0°0 1"+ )1 (#"6"#() ('01H1"056,, J014(0610/H(4#()Q) 134) (4 - ' 14(H4#6H
"H)OH" B

This is unfortunately not possible because species or species groups are presented
according to their occurrence at the site along with ecological/habitat changes through
time (from bottom to top of the sediment core).

N'TS 8 \THA, 6 (4", 1 +O1+#6(5)* - 00# "#)#$h L#< HA(1008, 1 )HO (1 8H (A##Q", (L1 _ 0O B 34#01'$H
' HOY) (RO LA, B (46019, /0" 1 VIO LH(0BI0 (AR HE<HOVH# 1, (1) QHO/DH(<HH LY +#;
<HOVH"OVH B34} _ ' VA(CDHDH+) 5, #O/M ) (<) - "11) 104, 5D, #ISHL(+#;<#O1#0#1")9) (‘O1F
FO<I+) 1i$0516"0: #1(4) (1446019, b<H#"H0 L1 (OBHO/M(AH HH<HO 1, WA, H(AH"#)IO " #1+#'110") (0 -}
[0")IDH(<#H#1F1(")60$101)) 194 1 (#'60'$1 01)*6019, ™}

One major difference between our model and previously published models is that ground
ice melting and the initiation of thermokarst start from the top of ice wedges, either at
ice wedge junctions or along longitudinal segments. In previously published models
thermokarst initiated in the center of ice wedge polygons, which is counter-intuitive since
the ground ice content is much lower than below ice wedge ridges (close to 100% ice).
We attached a field photo (below) showing ice wedge degradation with intact polygon
center. This situation was common at our study site. Deep ponds at ice-wedges
intersections are the weak spots in ice-wedge systems that become especially vulnerable
with warming climate. Numerous observations confirm that ice-wedge thermokarst
commonly starts at these locations and continues rapidly along ice-wedge troughs. These
degraded ice wedges are usually covered by longitudinal ponds of various depth. These
‘collapsed trough ponds’ eventually merge together and sometimes merge with small
ponds in the middle of polygons.

14
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Another novel element of our model is the fact that lake initiation started in late Holocene
sediment during a colder climate (‘Neo-glacial’), mostly driven by natural landscape
evolution and the strong impact of snow accumulation in a pre-existing topographical
depression. We added the following sentence in the conclusions to make it more obvious:
« Moreover, this model explains the early formation (inception) of a thermokarst lake
during a cooling climatic trend (the ‘Neo-glacial), underscoring the importance of natural
landscape dynamics over temperature only. »

About the last question (diatom species, intra- :,. interpolygonal ponds):

No, it is not possible to tease out intrapolygonal :,. interpolygonal pond environments
with diatoms. The difference is too subtle or non-existent in terms of substrate or habitat.

15



Author comment — manuscript # tc-2019-248 F. Bouchard et al. — 07 February 2020

Cited references

Bockheim, J.: Importance of Cryoturbation in Redistributing Organic Carbon in
Permafrost-Affected Soils, Soil Science Society of America Journal, 71(4), 1335-1342,
10.2136/sssaj2006.0414N, 2007.

Dowsdeswel, E. K., Dowsdeswell, J. A., Cawkwell, F.: On the glaciers of Bylot Island,
Nunavut, Arctic Canada, Arctic, Antarctic and Alpine Research, 39 (3), 402-411,
10.1657/1523-0430(05-123)[DOWDESWELL]2.0.CO;2, 2007.

Fortier, D., and Allard, M.: Late Holocene syngenetic ice-wedge polygons development,
Bylot Island, Canadian Arctic Archipelago, Canadian Journal of Earth Sciences, 41, 997-
1012, 10.1139/e04-031, 2004.

Schirrmeister, L., Kunitsky, V., Grosse, G., Wetterich, S., Meyer, H., Schwamborn, G.,
Babiy, O., Derevyagin, A., and Siegert, C.: Sedimentary characteristics and origin of the
Late Pleistocene Ice Complex on north-east Siberian Arctic coastal lowlands and islands —
A review, Quaternary International, 241, 3-25, 10.1016/j.quaint.2010.04.004, 2011.

Strauss, J., Schirrmeister, L., Grosse, G., Fortier, D., Hugelius, G., Knoblauch, C,,
Romanovsky, V., Schadel, C., Schneider von Deimling, T., Schuur, E. A. G., Shmelev, D.,
Ulrich, M., and Veremeeva, A.: Deep Yedoma permafrost: A synthesis of depositional
characteristics and carbon vulnerability, Earth-Science Reviews, 172, 75-86,
10.1016/j.earscirev.2017.07.007, 2017.

Tarnocai, C., Canadell, J. G., Schuur, E. A. G., Kuhry, P., Mazhitova, G., and Zimov, S.: Soil
organic carbon pools in the northern circumpolar permafrost region, Global
Biogeochemical Cycles, 23, GB2023, 10.1029/2008GB003327, 2009.

Veillette, A.: Stabilisation du paysage périglaciaire suite a un épisode de ravinement par

thermo-érosion : implication pour la structure et la stabilité thermique du pergélisol de
surface, MSc thesis, Dept. of Geography, Université de Montréal, 2019.

16



