Prolonged and profound changes of
retrogressive thaw slumps
(Herschel Island - Qikiqtaruk, Yukon, Canada
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Introduction

Along Arctic coastlines retrogressive thaw slumps (RTS) are a common thermokarst landform (Lantuit & Pollard 2005, Ramage et al. 2018) and an
indictor of climate warming and permafrost degradation (Segal et al. 2016). They deliver a large amount of material rich in organic carbon to the
nearshore zone (Tanskietal, 2017, Lantuitetal. 2012). In the last century the number of RTS has strongly increased in the Canadian Arctic (Lantuit &
Pollard 2008, Ramage et al. 2018). Mainly characterized by rapidly changing topographical and internal structures (such as mud flow deposits, thaw
bulbs, warm permafrost bodies or seawater-affected sediments) RTS are strongly incluenced by increasing gullies. We propose that due to thermal
and mechanical disturbances, especially large RTS are likely to develop a polycyclic behavior.

Study site Results Discussion
] ] a) SE fh_ore line 2012 undisturbed turLclra NW
Located in the canadian Beaufort Sea = - = ¢ RTS can generate strong and deep

60 440 - 60

on Herschel Island - Qikigtaruk the = > thermal perturbations (> 10 m)

40+
30

examinated RTS “Slump D" is the = . rendering them more susceptible to
largest along the Yucon coast (Ramage ¥ polycyclic activity

-10+ --10

et al. 2017). This area is predicted to - * Underlying gullies, low resistivities
. . . -30- SE-NW orientation, crossing slump longitudinaly, Spacing = 5 m, Iteration 5, RMS-error = 10.6 % r-30 .

experience the greatest warming in the p show permafrost warming
. . . b) SE undisturbed tundra NW

Canadian Arctic (Lantuit & Pollard =& 2 — . accelerated by heat transfer from

50+ 480 500 50

2008). ~  flowing water (de Grandprée et al.

304 - 30

i - 2012)

104 - 10

| , s . *Slump D showes some effects of
EZ SE orientation, crossing slump longitudinaly, Spacing = 5 m, Iteration 5, RMS-error = 2.3 % 30 Seawate r i ntru s i o n Seve ral m ete rS

a ) Herschel Island

i e
-104

20
o o e o o S o inward from the shoreline (drop of
250 10.0 40.0 lggstivitS?ghm.r%?Eso 10240 40960 reSIStIVIty)
slump & headwa//T undisturbed tundra : SPTRETT
0 ) o L — e * Fig. 3 a&b show low resistivities
Profile 13 m a.s.l. Spacing =5 m, Iteration 5, RMS-error 2011 =2.3 % m a.s.l. ma.s.l. Spacing = 5 m, Iteration 5, RMS-error 2019 = 3.0 % m a.s.l.

S g O beneath the headwall: result of heat

154 -15 154

input by mud pools & an exaggerating
000000 A L artefact of the robust inversion
oy s ey R w sw Ny s e * ERT calibration (Fig. 4): temperature
ey o g2 BN of aprox. 0°C at a bulk sediment
) | S | | resistivity of ca. 2.5 kOm
i 4 S _ Fig. 4: calibration of
lateral thaw \\ R lateral thaw 3 60 -1 ERT - bulk sediment
i o sw  slumping \ o 201 NE SW slumping, 2019 NE resistivity vs.
Profile 09 [ma.zs;._] ¢ Spac!ng=5lm, lteration 5, RMS-error 2011 = 4.1 % [mza;.s.l.] [m a-;l-] Spa ﬁ 5m, I?T ration 5, RMS-error 2019 = 3.7 % [m235-5-'-1 50 temper ature curves,
2° . | i} : | i : 404 using setup as in Fig.
= * = = = = i - : ‘ i - 2a. Profile 1 (green)
Fig. 1: a) On‘hophoto of Herschel Island and its location in the 3 % located on a very ice
Canadian Beaufort Sea (Orthophoto by AWI); b) DEM (airborne, by ¢ 201 rich layer in the
AWI) of Slump D from 2012 including the measured ERT-profiles; c) ] ! | sediment sample,
DEM (terrestrial) form 2019 including the measured ERT-profiles " sw Ny 2o N NE  Sw N '," 2019 N NE o leading to an offset of
Profile 07 [ma-;'-_r Speing = ersten & RS erorzon =20 [__m;&'-] [””';'j S""‘°‘”g‘5m’:"e““°”5'RMS“""“W“” " [:’22'5"‘] 0 | | | | | | resrst/vn‘y for cooler
Methods T i 4 i ; ST T T T 7T temperstures.
e 2D and 3D electrical resistivity ; S T § Conclusion
tomography (ERT): 9 transects | Bidarstabiized = older stabilized |- -
- ; slump floor e Strong thermal and topographical
201 1 201 2 & 201 9 o) SW ‘/ '2011 l NE SW ., '2019 slump floor  Ne ) -
. 2D ’ . 500 f tl. t Profile 05 [maEéo Spa’:'”g=§'5m:ranons, RMS_er:;mn:s_o% 3 morgnfs.l.] [mafi?o Spac'ng"?m' teration 5, RMS-crror 2019 = 2.1 % i 100[;153.|.] dlstu rbances by gunIeS, mud pOOIS
SUrveys. m rom coastiine 1o ; o e i and other processes — long recovery
. ggdlsturbed_ tundra . - - o i : rates for disturbed permafrost
1 OO rsnulgvr]egyt.rasnesqeuC?Q Ce O para e h) SW ,’l’, 2011 NE S1\E;V :': 2019 NI;5 (decades to CenturleS)
. . " . Profile 03 [m a1ssl_] 0 Spacingi'= 5 m, lteration 5, RMS-error 2011 = 1.9 % [rn1:_s_|_] no measuqzement possible due to a local mudpool . tra n S p O rt Of m a S S ive a m O u n tS Of
e calibation in the field: frost probing to . i sediment & organic matter to the
detect the unfozen-frozen transition B , ¥ shoreline by gullis = gullies are a
. Calibration |n the Iab bUIk Sedlment ; sw -‘\:\m 2011 o NE SW B l",l 2019 - NE major heat source affecting the
resistivity measured vs. temperature i b underlying permafrost
curves 2| seawater scawator | | soawale Powster - * Geophysical methods: sutable to be
Flg 2 a) headwall Slump D f.‘f—"jv - 1 nfiuence u. iniiuence | _15{ inriuence : n uence}’w . . ~ -
e S Kt a) s qully N used for determination | long Iastlng
foreground: ERT measuring X — thermal and mechanical distur-

Fig. 3: Electrical Resistivity Tomography (ERT)-Profiles; a) longitudinally crossing Slump D (2012); b) . . ey =g
repeated transekt (2019); c-i) 3D-transects measured in 2011 and repeated in 2019 with profile 01 (i) bances predeflnlng susce ptlblllty

measured at the shoreline and profile 13 (c) closest to the headwall; interpretation based on : - -
mapping and geophysical laboratory calibration (Fig. 4). Of RTS tO €l pOchyc"c reaCtlvatlon

equipment.

b) laboratory calibration on a
frozen sample from Herschel
Island

References

de Grandpré, I., D. Fortier & E. Stephani (2012): Degradation of permafrost beneath a road embank,emt enhanced by head advected in groundwater 1. - Canadian Journal of Earth Sciences, 49, 953-962, doi:10.1139/E2012-018.
Lantuit, H. & W.H. Pollard (2005): Temporal stereophotogrammetric analysis of retrogressive thaw slumps on Herschel Island, Yukon Territory. - Nat. Hazards Earth Syst. Sci., 5, 413-423, doi:10.5194/nhess-5-413-2005

Lantuit, H. & W.H. Pollard (2008): Fifty years of coastal erosion and retrogressive thaw slump activity on Herschel Island, southern Beaufort Sea, Yukon Territory, Canada. - Geomorphology, 95, 84-102,
doi:10.1016/j.geomorph.2006.07.040.

Lantuit, H., W.H. Pollard, N. Couture, M. Fritz, L. Schirrmeister, H. Meyer & H.-W. Hubberten (2012): Modern and Late Holocene Retrogressive Thaw Slump Activity on the Yukon Coastal Plain and Herschel Island, Yukon Territory,
Canada. - Permafrost and Periglac. Process., 23, 39-51, doi:10.1002/ppp.1731.

Ramage, J. L., A. M. Irrgang, U. Herzschuh, A. Morgenstern, N. Couture & H. Lantuit (2017): Terrain controls on the occurrence of coastal retrogressive thaw slumps along the Yukon Coast, Canada. - J. Geophys. Res. Earth Surf.,
122, 1619-1634, doi:10.1002/2017JF004231.

Ramage, J.L., A.M. Irrgang, A. Morgenstern & H. Lantuit (2018): Increasing coastal slump activity impacts the release of sediment and organic carbon into the Arctic Ocean. - Biogeosciences, 15, 1483—-1495, doi:/10.5194/bg-15-

FUR POLAR_FORSCHUNG e.V. _ _ L Park). We would also like to acknowledge the support of the Aurora Research Institute (ARI, Inuvik) for the field component.
28th International Polar Conference, ,,Polar Regions, Climate Change and Society*, Potsdam, 01 — 05 May 2022 We enormously thank all our colleagues supporting the often difficult and stressful fieldwork.

0 Nolo N @l ol

Acknowledgements:
@ DEUTSCHE GESELLSCHAFT We wish to express our thanks to the Yukon Territorial Governent and the Yukon Parks (Herschel Island Qiqgiktariuk Territorial

Sponsore d by the Scholarship
Programme of the

AVEIS; 2.
00“’ ey

DBU ( ‘) Technical u
X University @ m , : '8 @ﬁ@
of Munich -‘*"‘da

:




