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ABSTRACT 

 

Context 

In the Arctic, permafrost thaw in response to warming air temperatures has a profound impact on 

tundra ecosystems: hydrological flow paths are altered as well as vegetation cover, and previously 

frozen organic carbon is exposed to microbial decomposition. The resulting emissions of the 

greenhouse gases CO2 and CH4 into the atmosphere are the reason why permafrost thaw represents 

a tipping element in the Earth’s climate system. Ground ice melting generates ground subsidence, 

resulting in locally wetter or drier conditions. Tundra vegetation is actively responding to this changing 

environment with two major directions of vegetation shift across the Arctic: the expansion of deeply 

rooted sedges and the widespread increase in shallowly rooted woody shrubs. Changes in vegetation 

composition, density and distribution have large implications on the Arctic warming and permafrost 

stability by influencing the albedo, the snow accumulation and the litter decomposition rate. A full 

grasp of the underlying mechanisms controlling vegetation shift, and the associated effects on Arctic 

warming, requires assessing the changes in plant nutrient sources upon permafrost thaw, given that 

nutrient access is a limiting factor for the Arctic tundra vegetation development. Our understanding 

of how permafrost thaw and vegetation shift influence nutrient cycling is key for the prediction of 

ecosystem response to environmental changes and their associated feedback on climate change. 

Specifically, there is a need to identify the processes controlling changes in nutrient sources for Arctic 

tundra vegetation upon permafrost thaw.   

 

Objectives 

The goal of LIFTHAW is to provide a comprehensive assessment of the nutrient mobility response in 

permafrost regions subject to thawing. Permafrost thaw unlocks previously frozen soil constituents 

which become available for biogeochemical reactions. There is a lack of constraint on whether this 

new pool of essential mineral nutrients (such as calcium, magnesium, potassium) is primarily available 

for the more deeply rooted plant species, or whether the change in water table level associated with 

permafrost thaw acts as a nutrient lift. It is also poorly understood how changing the water table level 

affects the mobility of iron and the formation of iron oxyhydroxides acting as a trap for key limiting 

nutrients such as phosphorous. Crucially, the response of thaw depth to warmer temperature is not 

uniform at the landscape scale, affecting surface and subsurface water flows, and it is unknown to 

what extent an increase in connectivity between portion of unfrozen ground located 

above/within/below permafrost controls the vertical and lateral nutrient mobility. 

 

To tackle these knowledge gaps, the project LIFTHAW is designed to answer the three following 

research questions (Fig. 1): (Q1) what is the influence of permafrost thaw on the nutrient sources for 

plant uptake? (Q2) does permafrost thaw lead to nutrient lift upon changes in water table level? (Q3) 

how does permafrost thaw affect the lateral transfer of nutrients seasonally? To this end, progress in 

the field of mass spectrometry will be used to unravel sources and processes controlling nutrient 

mobility in thawing permafrost. Unprecedented insights will be obtained by combining the radiogenic 

strontium isotope and the silicon isotope tools. Strontium isotopes will be used to trace nutrient 

sources between organic and mineral soil layers hypothesizing that the foliar radiogenic strontium 

isotope ratio tracks the rooting depth of nutrient uptake. Silicon isotopes will be used to determine 

the connectivity of the unfrozen portions of the frozen ground based on the hypothesis that silicon 
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isotopes are fractionated by freeze-thaw processes. A field monitoring in the Arctic will be led at Eight 

Mile Lake, a site part of a Long-Term Ecological Research program in Healy, Alaska, US. This monitoring 

will take place at the early (May-June) and the late (August-October) shoulder seasons, i.e. key 

transition periods between the frozen and unfrozen status of the active layer; this is the upper section 

of the ground above the permafrost that thaws every summer and refreezes in the winter, and which 

largely influences water flow paths, root nutrient uptake, and permafrost carbon emissions. 

Continuous measurements of thaw depth and water table level will be collected in soils. Soil pore 

waters along a soil thaw gradient and water tracks draining permafrost catchments will be sampled 

as a time-series to follow the evolution of their water chemistry (major elements and dissolved organic 

carbon) and isotope signatures (silicon, strontium). Foliar samples of tundra plant species with 

contrasted rooting depth will be collected along the soil thaw gradient to determine the evolution of 

their nutrient sources.  

 

Conclusions 

In this project, we demonstrated that permafrost thaw reshapes nutrient mobility in arctic soils, with 

hydrology being the dominant control mechanism. Experimental warming showed that water-table 

rise accounts for 56-93% of changes in plant nutrient sources, compared to a relatively low 

contribution of biocycling (7-34%). The hydrological consequences of permafrost thaw can also be 

measured with the presence of taliks, zones of perennially thawed soil. These are characterized by 

enhanced mobility at the soil profile scale, with mixing of surface and deep waters, lateral flushing 

occurring earlier in the season, likely during snowmelt, and the development of novel biogeochemical 

pathways altering iron oxide cycling with drastic implications for carbon stabilization. Furthermore, 

lateral nutrient transfer from soils to rivers shows strong seasonal patterns, with soil-derived 

contributions to river water reaching up to 67-76% during spring break-up and autumn freeze-up, 

extending well beyond traditional monitoring periods. Our findings show that the hydrological 

consequences of permafrost thaw, including water-table rise, talik formation, and altered subsurface 

flow paths, are the primary drivers reshaping nutrient distribution across degrading permafrost 

landscapes. These hydrological modifications alter the timing, magnitude, pathways, and therefore 

fate of nutrients, with critical implications for Arctic ecosystem functioning and carbon cycling under 

intensified warming. 

 

Keywords  

arctic soils – arctic tundra - permafrost thaw – nutrient mobility – nutrient cycling – water table 

dynamics – talik – soil-river transfer – isotope geochemistry 
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1. INTRODUCTION 

Warming Arctic and permafrost thaw - The Arctic is warming more than twice as fast as the global 

average and precipitation is projected to increase over high latitude2. Permafrost is one of the most 

sensitive Earth’s system component to warming3. If global temperatures were to stabilize at 2°C of 

warming, as aimed with the Paris Agreement, ~25% of the near-surface permafrost (3-4 m depth) is 

projected to thaw by 2100, whereas beyond 2°C of warming, ~70% of the near-surface permafrost 

could be lost2. Loss of permafrost would radically change high-latitude topography, hydrology, biology 

and biogeochemical cycling, thereby providing significant feedbacks on climate change4–8. One major 

concern about permafrost thaw is the exposure of immense stores of frozen C to microbial 

decomposition and the release of greenhouse gases (CO2 and CH4) to the atmosphere, which would 

amplify surface warming6. This phenomenon is known as the permafrost carbon feedback9. As a 

consequence, permafrost thaw is considered as a tipping point in the Earth climate system10.  

The mode of permafrost degradation is highly variable, and the topographic and ecological 

consequences depend on several variables such as soil texture, hydrology, and ice content11. A 

widespread form of permafrost degradation is the thermokarst development12, that causes ground 

subsidence upon ground ice melting13. The development of a thermokarst landscape locally affects 

the water table depth, with subsided areas becoming wetter than the nearby elevated areas14,15. 

These local changes in soil moisture conditions strongly affect redox16 and biogeochemical17–19 

processes in soils, but also rates of microbial decomposition20–23 and tundra vegetation composition24–

26. 

Changes in tundra vegetation - While circumpolar satellite observations highlight a clear trend of 

Arctic greening since the early 1980s27–29 (increase in biomass and productivity), recent assessments 

report some decline in Arctic greenness, referred to as Arctic browning30–32. The loss of vegetation 

biomass and canopy in northern ecosystems may be driven by extreme biological or climatic events, 

abrupt permafrost thaw or tundra wildfires. These opposing observations bring challenges to predict 

the future implications of changing vegetation on permafrost ecosystems and climate change. 

Nevertheless, the browning events currently remain too short-lived and too small-scaled to 

substantially impact the multi-decadal greening trend24.  

The widespread increase in Arctic tundra vegetation productivity results from warmer 

temperatures27,33, longer growing seasons34 including longer belowground growing season35,36, 

increased precipitation26, deeper and earlier seasonal permafrost thaw37–39 and increasing 

atmospheric CO2 concentrations40. Additionally, permafrost thaw can also influence vegetation 

productivity by stimulating microbial activity and nutrient cycling41–43 and by releasing newly thawed 

nutrients from deeper soil horizons44–46. 

Arctic tundra vegetation is mainly composed of vascular plant functional types such as graminoids, 

forbs, deciduous and evergreen shrubs, and non-vascular species such as mosses and lichens47. For 

the last decades, permafrost degradation has initiated shifts in the tundra vegetation composition48 

towards an overall increasing shrub dominance15,49,50. At a local scale, the wetter soil conditions in 

subsided and poorly drained areas generally favor graminoid expansion25,26,51. Conversely, drier soil 

conditions upon warming drive an expansion in shrubs, called shrubification15,49,50. 

Vegetation-climate feedbacks - Changes in tundra vegetation biomass and distribution induce strong 

feedbacks on permafrost integrity, northern ecosystem dynamics and climate warming. Firstly, plant 

canopy directly interferes with the heat transfer to the ground by altering ground albedo (surface 
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reflectance), intercepting the ground solar radiation and shading the ground, or modifying snow 

distribution in winter (shrub branches and foliage trap the snow and therefore insulate the 

ground)52,53. Secondly, vegetation plays a central role in the net permafrost ecosystem carbon balance 

through plant respiration, photosynthesis process, and litter decomposition9,54–57. A challenge to 

improve simulations and prediction of vegetation dynamics in the changing northern ecosystems38,58 

is to better constrain the potential evolution of available nutrient sources for Arctic tundra plant 

species, given that an increase in nutrient availability contributes to the increase in plant biomass 

production and the shift in plant community composition. 
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2. MOTIVATION AND OBJECTIVES OF THE PROJECT 

Gap in knowledge - Given that changing nutrient sources for tundra vegetation has major implications 

for vegetation changes in the Arctic and thereby on vegetation-climate feedbacks, there is a need to 

identify the processes controlling changes in nutrient sources for Arctic tundra vegetation upon 

permafrost thaw. To address this knowledge gap, details are provided for each of the three research 

objectives (O1, O2, O3). 

Unlocking a deep pool of nutrients (O1) - The release of essential nutrients at depth (such as calcium, 

magnesium, potassium) is expected to increase vegetation production59–62 and contribute to the shift 

in vegetation observed across the Arctic15,26,63. Indeed, the more deeply rooted graminoids access first 

the newly thawed soil horizons at depth44 and thereby benefit first from these newly thawed pools of 

nutrients. Woody shrubs may benefit latter from the nutrient transfer from deep soil horizons through 

graminoid surface litterfall deposition. Given the important feedbacks of changing Arctic tundra 

vegetation on climate change24, quantifying the changes in nutrient sources for tundra vegetation is 

a mandatory step for future ecosystem models simulating the evolution of vegetation development 

upon permafrost thaw26,64–66. 

Nutrient lift with water table rise (O2) - We hypothesize that changing water saturation in the active 

layer upon thawing is a major player in controlling nutrient mobility in tundra soils. The accumulation 

of iron (Fe) oxides at the redox interface is likely of crucial importance for limiting nutrients such as 

phosphorous (P). Indeed, some studies have described the importance of ferrihydrite as traps for P in 

permafrost soils67,68. In addition, Fe complexed with organic carbon is also thought to be involved in P 

binding via organic-Fe-PO4 ternary complexes67,69. Furthermore, poorly crystalline Fe-oxides, such as 

those accumulated at the redox interface, can better sorb phosphate than well crystalline Fe-

oxides68,70. Depending on specific plant strategies in nutrient uptake, species may benefit from 

nutrient lift in surface whereas others will benefit from the release of newly thawed nutrients at 

depth. Uncertainties remain regarding the rate at which P would be released in changing soil water 

saturation conditions, i.e., lost upon leaching or gradually released allowing time for P assimilation by 

plant roots71,72.  

Lateral nutrient soil-river transfer through taliks (O3) - In some areas, active layer thickening is so 

deep that the annual freeze may no longer reach the permafrost table during the winter73. As a 

consequence, a portion of the soil remains unfrozen during the winter forming a talik74. Taliks can be 

open to the atmosphere in surface or closed from the atmosphere below the frozen surface, and they 

can be laterally connected by water flow or isolated75. With increasing soil temperature, taliks can be 

increasingly connected74,76, leading to changes in soil biogeochemical connectivity. This increasing 

connectivity contributes to extends microbial activity and C emissions in the thawed layer well past 

the point when the surface has refrozen77. This contributes to winter C emissions, which may offset 

the C uptake by vegetation during the summer under future climate conditions56. Longer lasting C-

emitting areas are expected during the late shoulder season in extensively degraded permafrost areas 

characterized by more soil subsidence and changes in hydrology than least degraded areas14. Precisely 

identifying the extent of these areas is required for a clear understanding of the processes 

modulating permafrost C emissions, and thereby a reduction of the uncertainty associated with 

climate model projections78. 
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3. METHODOLOGY  

To address the three research objectives (O1, O2, O3), the project was organized around three 

scientific work packages (WP). The overall methodological approach of the project was to lead a field 

effort in the Arctic to monitor the seasonal changes in nutrient sources exposed by permafrost thaw 

and redistributed within the ecosystem for plant uptake (WP1 for O1), for lifting in soil layers (WP2 

for O2) and for export towards the hydrosphere (WP3 for O3) (Fig. 1).  

 
Fig 1. Scheme of the scientific work packages (WP1-2-3) addressing the three objectives of LIFTHAW. 

 

The novelty of the project was that progress in the field of mass spectrometry over the last 20 years 

had considerably advanced our capacity to measure high-precision non-traditional stable isotope 

ratios such as Si79,80, and to push further the boundaries (precision, detection limit) to measure the 

radiogenic isotopes such as Sr81. The original concept of the project was that these developments in 

isotope geochemistry would be combined for the first time with intensive Arctic field monitoring to 

quantitatively determine the contribution to element fluxes exported from thawing permafrost to 

terrestrial and aquatic ecosystems. This frontier research crossed disciplinary boundaries between 

stable isotope geochemistry, cryospheric science and soil science. We used this innovative approach 

on the different pools from the permafrost ecosystem (vegetation, soil, water) to answer our scientific 

question about the role of permafrost thaw on the sources of nutrients released. The challenge was 

be to ensure a continuous monitoring at the transition period (early spring and late summer) where 

the collection of soil pore waters was not be facilitated by weather conditions. We posit that by 

combining the Si and Sr isotope tools, unprecedented insights into the sources and processes 

controlling element fluxes exported from the thawing permafrost to terrestrial and aquatic 

ecosystems will be obtained. Pushing the boundaries of the isotope tracers was a major step to 

generate new knowledge on fragile permafrost regions highly sensitive to climate change.  

The strengths of the project were that (i) it will directly benefit from recent analytical developments 

at the host institution to measure Sr and Si isotopic compositions by multi-collector inductively 

coupled plasma mass spectrometry (MC-ICP-MS) in complex matrix-, organic-rich samples82–84, (ii) the 

project was connected to a strong international effort for long-term monitoring in the Arctic and could 

count on soil temperature and thaw depth measurements at the site for the past 18 years (Bonanza 

catalog: https://www.lter.uaf.edu/), (iii) the project could rely on a strong background knowledge of 

the study site at the host institution from the ERC-funded project WeThaw 

(https://sites.uclouvain.be/wethaw/), and (iv) it benefited from geophysical measurements that were 

collected at the site by the project LandSense (https://sites.uclouvain.be/landsense/) in 2023-2025 to 

https://www.lter.uaf.edu/
https://sites.uclouvain.be/wethaw/
https://sites.uclouvain.be/landsense/
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determine changes in soil moisture as a function of soil microtopography along the thaw gradient as 

well as in advanced thawed areas (watertrack). 
 

Tracing nutrient sources with Sr isotopes 

The originality of the approach was that strontium (Sr) isotopes served to trace the contribution from 

newly exposed nutrient sources upon permafrost thaw. Strontium isotope compositions were 

determined on foliar samples to track rooting depth of nutrient uptake (WP1), in soil pore waters to 

track the release of Sr as an analog for the PO4 trap on Fe-oxides at the water table level (WP2) and in 

water from water tracks to trace the integrated contributions from organic and mineral layers to 

nutrient export (WP3). 
 

  

How to use Sr isotopes to trace the rooting depth of nutrient uptake (WP1) 

Strontium has four natural stable isotopes: 88Sr (natural abundance of 82.58%), 87Sr (7.0%), 86Sr 

(9.86%) and 84Sr (0.56%). Only 87Sr is “radiogenic” and results from the radioactive β–decay of 87Rb 

(with a half-life of about 49 billion years). The radiogenic Sr isotope ratio (87Sr/86Sr) is largely used to 

trace cation origin at the Earth surface as a function of geological processes involving bedrock lithology 

and mineral weathering85–87, and references therein). The ratio is considered more or less radiogenic 

whether there more or less 87Sr, respectively. 

As there is no measurable fractionation of radiogenic Sr isotopes during biological processes, the 
87Sr/86Sr ratios in plant tissues directly reflects source materials and are particularly useful for nutrient 

provenance studies88–94. Plants take up cations as nutrients from the exchangeable soil fraction, and 

Sr is well known to be taken up together with Ca91,95–97. According to plant physiology and root 

morphology, foliar 87Sr/86Sr composition may vary between plant species97,98, such as between 

shallow-rooted Arctic tundra shrubs and deep-rooted Arctic tundra sedges96,97,99,100.  

To answer our first question “How does permafrost thaw influence the nutrient sources for Arctic 

tundra vegetation?”, we used the radiogenic Sr isotopes as tracers of sources for plant nutrient uptake 

(WP1). More specifically, we compared the 87Sr/86Sr ratio of foliar samples for four Arctic tundra 

species with contrasted rooting depths (B. nana, V. vitis-idaea, V. Uliginosum and E. vaginatum) along 

a permafrost thaw gradient at Eight Mile Lake, Interior Alaska, USA. The 87Sr/86Sr ratio of the 

exchangeable Sr taken up by the plant is more radiogenic in surface soil horizons than in deeper soil 

horizons (Fig. 2). Consequently, plants taking up Sr from deeper presented less radiogenic foliar 
87Sr/86Sr ratio (Fig. 2). The higher foliar 87Sr/86Sr ratios measured in shallowly rooted shrubs (B. nana, 

V. Uliginosum and V. vitis-idaea) closely reflected the high exchangeable 87Sr/86Sr ratios in surface (up 

to 40 cm depth), whereas the lower 87Sr/86Sr ratios measured in the deeply rooted sedge (E. 

vaginatum) reflected a deeper source of Sr (less radiogenic, up to 60 cm depth). According to 

preliminary data collected on this site, the overall wider range of foliar 87Sr/86Sr ratios towards lower 

values in three plant species (B. nana, V. vitis-idaea, E. vaginatum) in more degraded permafrost soils 

suggested that vegetation accesses deeper sources of Sr (less radiogenic) upon permafrost 

degradation. However, these data are scarce, and a more systematic approach at the site scale should 

be the way forward to understand the spatial heterogeneity of nutrient release at depth for the 

vegetation. This is timely relevant to address this gap given that providing access of Arctic tundra 

vegetation to deeper reservoirs of available nutrient cations may largely influence the net primary 

productivity and the Arctic greening. 
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Fig 2. Evolution of the Sr isotope ratio in the exchangeable soil fraction with depth in a soil profile from 

Alaska, and preliminary data of the foliar Sr isotope ratio of three tundra plant species with different 

rooting depths (data from101). 

 

How to use Sr isotopes to trace nutrient lift (WP2) 

According to our hypothesis for WP1, nutrient from deeper layers in the soil profile were characterized 

by less radiogenic Sr isotope ratios. The aim of WP2 was to test to what extent these deep nutrients 

could be lifted up by water table rise upon permafrost thaw, and lead to an accumulation in shallower 

soil layers. This would be particularly key for shallow rooted plants with difficult access to deep 

nutrient sources, and especially for phosphorous, a key nutrient limiting primary productivity72,102. Iron 

oxides are known to form at the transition between saturated and unsaturated conditions and to play 

a role of P trap in soils68,103. Preliminary data for one tundra soil profile in Alaska confirmed the co-

location of Fe-oxides accumulated at the water table level and the accumulation of P (Fig. 3;104). 

Phosphorous is absorbed onto Fe-oxides68. Strontium can also be adsorbed onto Fe-oxides and 

trapped into aggregates105. We posited that the Sr isotope ratio of the Sr adsorbed onto Fe-oxides 

would be less radiogenic if the Sr originated from deeper soil layers, and that this could be used to 

trace the lifting of deep nutrient towards shallower soil layers. 

A major concern was that the role of Fe-oxides as P trap could be highly reversible under changing 

physico-chemical conditions106–108 that occur during water table rise upon permafrost thaw. 

Fluctuating wet-dry cycles drive redox shifts in otherwise well-drained soils resulting in Fe-oxides 

dissolution and potential P release68,109–111. These shifts in redox potential influence redox-sensitive 

elements such as Fe by modifying the crystallinity of Fe-oxy(hydr)oxides or the distribution of 

stabilizing surfaces, with subsequent release of the elements adsorbed such as P or C68,112–115. 

Practically, to test the influence of wetting and drying on the nutrient lift from deeper soil layers, we 

will selected soil sites with contrasted saturation conditions (unsaturated poorly thawed soils, deeply 

thawed soils persistently waterlogged, and deeply thawed soils partially undersaturated), and 

monitored the evolution of the Sr isotope ratios in the soil pore waters simultaneously with active 

layer depth and water table depth.  
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Fig 3. (a) Depth evolution of Fe total (black) and selectively extracted concentrations (oxalate and 

pyrophosphate; red, green) and total P concentrations (purple) in soil for one profile from Alaska 

(permafrost table = full horizontal grey line; water table = dashed horizontal grey line); (b) Total P 

concentration (n = 39) as function of the distance to the water table. The greyish rectangle represents 

samples from a distance smaller than 20 cm above or below water table (data from 104). 

 

How to use Sr isotopes to trace the sources of lateral nutrient export (WP3) 

We hypothesized as in WP1 that nutrient from deeper in the soil profile were characterized by less 

radiogenic Sr isotope ratios. We posited that the lateral export of deep nutrients exposed by 

permafrost thaw would lead to less radiogenic Sr isotope ratios in the water, and that this would 

evolve seasonally as a function of the thaw depth of the active layer, the presence of taliks, and the 

change in water flow paths (between surface runoff in early spring, and surface and subsurface runoff 

when soil thawed116; Fig. 4). This was why there is a need for a seasonal monitoring of the lateral 

export at different seasons to detect changes in the sources of nutrient export. Water tracks are ideal 

locations as integrators of the soil contribution. 

 
Fig 4. Evolution of the contribution of soil pore water to the watertrack from late shoulder season 

(Autumn) to Winter to Early shoulder season (Spring). Late shoulder season is characterized by a 

thawed active layer and a contribution from deep soil layers (less radiogenic) and early shoulder season 

is characterized by little to no thawed active layer and a contribution dominated by surface soil layers 

(more radiogenic). 
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Tracing lateral connectivity induced by permafrost thaw with Si isotopes (WP3) 

The novelty was that we used silicon (Si) isotopes to trace freeze-thaw processes in soils, and to 

quantify the lateral connectivity in the active layer soils during the winter. Silicon in soil pore waters 

(< 0.2 µm) can be a colloidal fraction (~ 0.2 µm to ~ 1 nm) and a truly dissolved fraction of silicic acid 

(~ < 1 nm) (Fig. 5). We considered that soil pore waters contain different proportions of these Si pools 

during freezing and thawing and applied this conceptual framework to detect the freezing and thawing 

conditions in permafrost soils. We used this framework to test to what extent winter hosted soil-water 

interactions in permafrost soils. We postulated that permafrost degradation generate winter freeze-

thaw cycles.  

Upon freezing of soil pore waters and ice formation under a closed system, there iss a decrease in 

liquid water volume which drives an increase in concentration of silicic acid in the truly dissolved 

fraction. The decrease in temperature leads to a decrease in amorphous silica solubility118. These 

conditions promote the precipitation of amorphous silica, where up to 90 mol % of the primary 

dissolved silicic acid is fixed as amorphous silica during freeze-thaw cycles118. Amorphous silica 

precipitation induces silicon isotope (δ30Si) fractionation where the light silicon isotope (28Si) is 

preferentially incorporated into the amorphous silica and the heavier silicon isotope (30Si) remains in 

the solution119. The formation of amorphous silica drives unidirectional kinetic isotope fractionation 

forming a solid or colloidal fraction that is 5 ‰ lighter than the surrounding brine119. We hypothesised 

that the resulting soil pore water (< 0.2 µm) in a closed, frozen system was composed of isotopically 

heavy truly dissolved silicic acid, with a small fraction of isotopically light colloidal amorphous silica83. 

Upon thawing of soils, the system is opened and waters percolate through the soil matrix. We 

hypothesise that the residual truly dissolved silicic acid from the closed system soil pore water (< 0.2 

µm) mixes with: (i) a fraction of colloidal amorphous silica; and (ii) a pool of truly dissolved silicic acid 

released via mineral dissolution in the soils. The relative contribution of these different Si pools will 

determine the soil pore water silicon isotope composition during thawing. A contribution from 

amorphous silica colloids mobilised into soil pore waters and from truly dissolved silicic acid from 

mineral dissolution120 would drive the soil pore waters towards lighter silicon isotope compositions, 

relative to a closed system. 

 

 
Fig 5. Size distribution of silicon in permafrost soil pore waters. 

 

We tested our hypotheses during periods of closed (frozen) and open (thawed) systems along a 

gradient of permafrost thaw at Eight Mile Lake, Alaska. At this site, maximum active layer thickness 

(ALT) exhibits considerable variation over short lateral distances121 (less than 1 km). Based on this well-

documented variation, we compared locations under a ‘default’ model of minimal permafrost 

degradation (with ALT < 60 cm) and a ‘degraded’ model of extensive permafrost degradation (with 

ALT > 60 cm). To fingerprint the locations of winter freeze and thaw across the landscape, we 

combined soil temperature measurements with soil pore water geochemical measurements (Si 

concentration and silicon isotope composition (δ30Si)) during periods of closed (frozen, prior to 



 

Federal Policy Research – [2025] – [LIFTHAW]  14/43 

snowmelt) and open (thawed, late summer) systems. The research objectives were: (i) determining 

the influence of permafrost thaw on the nutrient sources for plant uptake (in WP1); (ii) quantifying 

the nutrient lift driven by changes in water table level upon permafrost thaw (in WP2); (iii) detecting 

when the seasonal thaw of the active layer modified the lateral transfer of nutrients upon permafrost 

degradation (in WP3).  

The methodology of the project was based on field work and analytical work in the laboratory. The 

field site location is described in details in the environmental setting. The tools used in the different 

WPs (Fig. 6) are then described individually to cover field work and analytical work. The new data that 

were gathered from this effort were: (i) continuous field monitoring of thaw depth and water table 

depth at three key periods: late winter/early spring, late summer/early autumn and deep winter 

(WP2); (ii) evolution of the geochemical and isotope compositions of soil pore waters and water tracks 

along these periods (major elements concentration, dissolved organic carbon (DOC) concentration, Sr 

isotope ratio, Si isotope composition) (WP2 and WP3); (iii) evolution of the foliar Sr isotope ratio for 

four plant species with contrasted rooting depth with experimental warming and deepening of the 

active layer (WP1); (iv) foliar Sr isotope ratio of three plant species with contrasted rooting depth 

across poorly thawed and deeply thawed soils (persistently waterlogged, partially undersaturated) 

(WP1).  

The expected outcomes were the identification and quantification of the main drivers for the following 

processes (by WPs): (WP1) the deep nutrients release by permafrost thaw more readily available for 

deeply rooted plant species, and progressively available to shallowly rooted plant species; (WP2) the 

rise in water table level contribution to nutrient lift in shallower soil layers in partially undersaturated 

soils relative to persistently waterlogged soils; (WP3) the increasing release of deep nutrient across 

the summer period with the seasonal thaw of the active layer. 

 
Fig 6. Schematic representation of the different tools used by WPs and described here below. 

 

Environmental setting  

The work for all WPs was conducted at the Eight Mile Lake (EML) research site in Healy, Interior Alaska, 

USA122 (63°52’42N, 149°15’12W; Fig. 7). The site is underlain by degrading permafrost in the 

discontinuous permafrost zone121,123. Climate is characterized by mean monthly temperatures ranging 

from –16 °C in December to +15 °C in July and average annual precipitation of 381 mm (2007-2017; 

Healy and McKinley Stations, Western Regional Climate Center, and National Oceanic and 

Atmospheric 105 Administration National Centers for Environmental Information [NOAA]). Soils are 

characterized by a 35 to 55 cm thick organic layer (>20% of organic C content) at the surface, lying 

above a cryoturbated mineral soil (5-20% of organic C) composed of glacial till and loess parent 

material121,124,125. The site is an ideal natural laboratory to reach our goal given that upon projected 
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permafrost degradation at EML126, the upper permafrost (0-20 cm below the permafrost table) will 

undoubtedly thaw and expose soil constituents by 2100.  
 

Gradient site: a natural thermokarst gradient  

Within the EML watershed, a natural gradient in permafrost thaw and thermokarst formation has 

developed since the mid to late 1980s15, and has been defined as the Gradient site (Fig. 8). The site is 

located on a gentle (< 5°) north-facing slope15,127 and has been monitored since 1990 to follow the 

impact of permafrost degradation on ground subsidence, thaw depth and water table depth122. Field 

measurements in late August 2019 reported contrasted maximum active layer thicknesses (ALT; from 

40 to 90 cm) and water table depths (from 0 to 40 cm) across the site, that were sorted as “poorly” 

(ALT ≤ 60cm) and “highly” (ALT > 60cm) thawed permafrost sites. The site is located on moist acidic 

tundra121,128 (pHsoil ~ 3 to 5), with a dominance of tussock-forming sedges, such as Eriophorum 

vaginatum L. and Carex bigelowii Torr. ex Schwein, evergreen shrubs (e.g., Andromeda polifolia L., 

Rhododendron tomentosum Harmaja, Vaccinium vitis‐idaea L., and Empetrum nigrum L.), deciduous 

shrubs (e.g., Vaccinium uliginosum L. and Betula nana L.), and forbs (e.g., Rubus chamaemorus L.). 

Non-vascular plant cover is dominated by mosses (mainly Sphagnum spp., Dicranum spp., and feather 

mosses including Hylocomium splendens and Pleurozium schreberi,) and lichen species (e.g., 

Nephroma spp., Cladonia spp., and Flavocetraria cucullata)15,129,130. The thermokarst development at 

EML has initiated a shift in the vegetation cover, with evergreen and deciduous shrubs (as B. nana), 

and forbs becoming dominant at the expense of tussock forming sedges (as E. vaginatum)15,131. The 

Gradient site is an ideal situation to test the influence of permafrost thaw on (i) deep nutrient 

release (WP1), (ii) nutrient lifting with water table rise (WP2), and (iii) lateral connectivity for 

nutrient export (WP3). 
 

 

 

 

 

 

Fig 7. Location of the Eight Mile Lake (EML) 

research site in Healy, Interior Alaska, USA 

with the Gradient site (natural thermokarst; 

left) and the CIPEHR site (experimental 

warming). 

 
 

CiPEHR: an experimental warming site 

An experimental warming project called CiPEHR (Carbon in Permafrost Experimental Heating 

Research) was established in 2008 close to EML, on a relatively well-drained gentle (~3°) north-east-

facing slope. The experimental setup extends over three replicate areas (~100m apart) and gathers a 

total of 48 plots distributed equally into control and soil warming treatments (Fig. 7). Soil warming 

consist of using six snow fence replicates (plots 1.5 m tall × 8 m long) that increase winter snow depth, 

insulating the soils from extremely cold air temperatures. The extra snow is removed every spring to 

avoid excess soil moisture due to snowmelt between winter warming and control plots123. When the 

CiPEHR site was installed in 2008, maximum seasonal extent of permafrost thaw depth was ~50 cm 

and has since increased at a rate of 2 cm.a−1 in control areas and 6 cm.a−1 in soil warming areas132. The 
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CiPEHR site displayed higher water table upon permafrost degradation and soil subsidence processes 

between 2009 and 2017, and thereby wetter soil conditions in 2017 than in 200914,132. Furthermore, 

the vegetation aboveground biomass has been monitored since 2008 and displays a considerable 

expansion of the sedge species upon warming and wetter soil conditions133. In particular, the 

aboveground biomass of the sedge E. vaginatum more than doubled between 2009 and 2017, while 

the changes in aboveground biomass for other species were much less pronounced, with between 

50% decrease and 20% increase. The CIPEHR site is an ideal situation to test the hypothesis of a deep 

nutrient release for vegetation upon an accelaterated permafrost thaw (WP1). 

 

Field work 

Field monitoring (WP2 & WP3) 

The LIFTHAW project provided for the first time a field monitoring of the impact of permafrost thaw 

on nutrient sources at three key periods: two seasonal transition periods, so called shoulder seasons134 

- late winter/early spring (mid-April until end of June for the early shoulder season) and late 

summer/early autumn (mid-August until end of October for the late shoulder season) – as well as 

winter monitoring. We measured the soil active layer thickness (ALT) with a metal probe across the 

thermokarst gradient to select locations with contrasting ALT, and the water table depth (WTD) was 

monitored from existing boreholes at the site. We benefited from the measured microtopography at 

the landscape scale and soil moisture data collected continuously between 09/23-05/25 by the project 

LandSense (https://sites.uclouvain.be/landsense/), and from soil temperature collected by the LTER 

Bonanza Creek (https://www.lter.uaf.edu/). The design included poorly thawed soils with active layer 

below 60 cm (control site) to be compared with deeply thawed soils with contrasted water saturation 

conditions: persistently waterlogged soil sites (wet), and partially undersaturated soil sites (dry). 

 

Foliar sampling (WP1) 

At CiPEHR site, foliar were directly available at the host institution84 and cover four of the most 

abundant vascular species from the EML moist acidic tundra: E. vaginatum, V. uliginosum, B. nana, 

and V. vitis-idaea (Fig. 8). The sampling was performed during the peak growing season in July 2009 

and in July 2017, thereby covering 8 years of artificially amplified warming, an important deepening 

of the active layer and a large expansion of the deeply rooted sedge E. vaginatum. This sampling 

involved the collection of fully formed green leaves from the current year’s growth over an area of ~1 

m2. Leaves were dried at 60°C and finely ground130. These vegetation samples correspond to one bulk 

foliar sample per species and per plot among the 48 treated plots. The selected species are 

characterized by contrasted rooting depth, with increasing rooting depth from below 5 cm to 40-65 

cm in the following order: V. vitis-idaea < B. nana < V. uliginosum < E. vaginatum 44,135 (Fig. 8). It is 

known that the shallow-rooted shrubs have expanded across northern latitude ecosystems49,50,53, 

whereas deeply rooted sedges (as part of the graminoids) have dominated permafrost areas with 

wetter soil conditions25,26,51. These two typical Arctic tundra plant functional types rely on different 

rooting system strategies. Shrubs (such as B. nana and V. vitis-idaea) initiate their root growth earlier 

than sedges, and take advantage of the nutrient pulse after snowmelt, in the early growing season136. 

The deep roots of sedges (such as E. vaginatum) access deeper nutrient pools, and benefit first from 

the release of the newly thawed nutrients upon increasing permafrost thaw44.  

At Gradient, three of the four most abundant vascular species of the site (Fig. 8) were selected15,123,131: 

E. vaginatum (sedges), B. nana (deciduous shrubs) and V. vitis-idaea (evergreen shrubs). We sampled 

fully formed leaves over an area of ~5 m2 around three sites along the thaw gradient (in triplicates). 

https://sites.uclouvain.be/landsense/
https://www.lter.uaf.edu/
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We also collected tissues of the lichen Flavocetraria cucullata as a bulk sample at each site. This is a 

widespread lichen species across the Arctic tundra ecosystems and a great bioindicator of the 

composition of atmospheric nutrient sources137,138. Leaf samples were dried at 60°C and ground. 
 
 

Fig 8. The four most abundant vascular plant species of the tundra site in Alaska (increasing rooting 

depth from left to right). 
 

Water sampling (WP2 & WP3) 

Field campaigns took place at the Gradient site (EML) between September and November 2023 (late 

season), in February 2024 and March 2025 (winter) and in June 2024 (early season) to collect time-

series of soil pore waters and water from water tracks profiles from soil with contrasts in ALT 

(measured with a metal probe) and the associated vegetation. In total, nine sites were set up for 

monitoring to cover contrast in permafrost thaw: poorly thawed soil profiles with ALT ≤ 60cm (n=3), 

and highly thawed soil profiles with ALT > 60 cm (persistently waterlogged, n=3; partially 

undersaturated, n=3). Soil pore waters were collected using pre-cleaned macro rhizon soil water 

samplers (length 9 cm, diameter 4.5 mm, porosity 0.2 µm; Eijkelkamp™) (Fig. 9) at three depths (10, 

30, 45 cm; including from 30 cm deep boreholes at the monitored plots from Gradient site122). The 

rhizon was inserted using a rhizon insertion tool after preparing the location using an adapted thin soil 

auger. The rhizon samplers were attached to acid-washed 50 ml syringes, held under vacuum with 

wooden sticks, and inserted into soils for ~ 24 hours. The collected soil pore waters were stored in 

acid-washed (5 % HNO3, commercial) polypropylene bottles at ~ 8 °C. Water from water tracks was 

collected in a similar way to soil pore waters, using pre-cleaned macro rhizon soil water samplers at 3 

depths for nine sites.  

 

Fig 9. Type of rhizon sampler to be installed to collect soil pore water. 

 

Analytical work in the lab 

Water elemental analysis (WP2 & WP3) 

Water elemental analysis was performed on soil pore waters and water tracks at the “Mineral and 

Organic Chemical Analysis” platform from UCLouvain (MOCA). Major element concentrations (Si, Al, 

https://uclouvain.be/en/research-institutes/eli/moca
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Fe, Ca, Mg, K, Na, P, S, Sr) were measured by inductively-coupled plasma-optical emission 

spectrometry (ICP-OES; iCAP 6500 Thermo Fisher Scientific). The accuracy was assessed using the 

water reference material SLRS-5139. The DOC concentrations was determined using high-temperature 

catalytic oxidation (Shimadzu® TOC-VCPH). Anion concentrations (PO4, SO4, Cl, NO3) was determined 

using an IC20 ion chromatograph (Dionex®). The accuracy was assessed using river water certified 

reference material LGC6025 (UKAS, 2014). Water pH was measured using a WTW Inlolab 720 pH-

meter probe. 

 

Radiogenic Sr isotope analysis (WP1-WP2-WP3) 

Strontium isotope compositions was determined on foliar samples, soil pore waters and water from 

watertracks. Samples were prepared in a clean laboratory (class 100, laminar flow) at the MOCA 

platform from UCLouvain. The foliar samples were mineralized at 450°C and dissolved in sealed Teflon 

vials with HF/HNO3. For the waters, the DOC was removed by reflux with concentrated HNO3 and H2O2 

in sealed Teflon vials on a hot plate (180°C). Solutions from digested vegetation and waters were 

evaporated to dryness and redissolved in 2% HNO3. The Sr concentration in the resulting solutions was 

measured by ICP-OES. An aliquot of 500 ng of Sr was dried down and picked up in 100 μl of 3M HNO3. 

To purify Sr, the sample was loaded onto Biorad microspin column containing 500 μl of pre-cleaned 

Strontium specific resin (50-100 μm Triskem), and eluted in several stages with HNO3
81. Strontium 

isotope measurements were carried out by MC-ICP-MS (Neptune Plus™ High Resolution Multicollector 

ICP-MS, Thermo Fisher Scientific, Earth & Life Institute, UCLouvain, Belgium) in wet plasma mode using 

a PFA nebulizer of 100 μl.min-1 uptake rate. The analyses were performed in 2% HNO3 matrix. Each 

sample was measured three times and the results were expressed as 87Sr/86Sr ratio. External precision 

was determined on the in-house standard Sr ICP solution and the reference material SRM987. 

 

Silicon isotope analysis (WP3) 

Silicon isotope compositions were determined on soil pore waters and water from water tracks. 

Samples were prepared in a clean laboratory (class 100, laminar flow) at the MOCA platform from 

UCLouvain. The DOC was removed from the sample matrix by reflux with concentrated HNO3 and 

H2O2
140. The Si was separated from the matrix with a one-stage column chemistry procedure using a 

cation exchange resin (Biorad AG50W-X12)141. The silicon isotope composition (δ30Si) was analyzed by 

MC-ICP-MS (Neptune Plus™ High Resolution Multicollector ICP-MS, Thermo Fisher Scientific, Earth & 

Life Institute, UCLouvain, Belgium) in wet plasma mode in medium resolution using a PFA nebulizer of 

100 μl.min-1 uptake rate. The instrumental mass bias was corrected using the standard-sample 

bracketing technique and an external Mg doping142. The analyses were performed in 2% HNO3 matrix. 

The δ30Si compositions was expressed in relative deviations of 30Si/28Si ratio from the NBS-28 reference 

standard using the common δ-notation (‰) as follows: δ30Si=[(30Si/28Si)sample/(30Si/28Si)NBS-28 -1]×1000. 

Each single δ-value represented one sample run and two bracketing standards, and the δ30Si-values 

were reported as the mean of isotopic analyses from multiple analytical sessions at least in duplicate. 

The long-term precision and accuracy of the MC-ICP-MS δ30Si values was assessed from multiple 

measurements within each analytical session on reference materials Diatomite and Quartz Merck. 
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4. SCIENTIFIC RESULTS AND RECOMMENDATIONS 

Permafrost thaw at Eight-Mile Lake (Alaska) and along the neighbouring Panguingue Creek provided 

two complementary windows on how warming reshapes nutrient mobility in Arctic landscapes. 

Together the findings address the three LIFTHAW work packages (WP): (WP1) influence of permafrost 

thaw on plant-nutrient sources, (WP2) nutrient lift driven by thaw-induced water-table rise, and (WP3) 

seasonal lateral transfer of nutrients from soils to surface waters. 

• Part 1: Modelling the evolution of plant nutrient sources – influence of biocycling and 

water table rise (WP1 & 2) 

An eight-year soil-warming manipulation (CiPEHR experiment) quantified the relative weight of 

biocycling versus water-table rise on plant nutrient supply. Foliar 87Sr/86Sr ratios from four contrasting 

tundra species were fitted with a mass-balance isotope model (Fig. 10). Under control conditions the 

slight isotopic shift was reproduced by biocycling alone, confirming biocycling as the main 

redistribution pathway in controlled plots. In warmed plots, however, the observed shift could not be 

matched without introducing water-table rise. Depending on plant rooting depth, this flux accounts 

for 56 – 93 % of the change, leaving only 7 – 34 % to biocycling even when accelerated by higher 

temperatures. The dominance of the water table grows with rooting depth, so deeply rooted sedges 

benefit most from newly mobilised deep cations, whereas shallow-rooted evergreen shrubs respond 

later as the rising water reaches shallower soil horizons. Field data confirm a progressive upward shift 

of the water table. This study has been presented at EGU in 2024 (Annexe 1) and is currently under 

consideration for publication at Applied Geochemistry (Annexe 2). 

These results fulfil WP1 by identifying and quantifying the impact of biocycling on plant nutrient 

sources, and WP2 by demonstrating that permafrost-thaw driven water-table rise is the primary 

mechanism of nutrient-lift at the soil profile scale. 

 

Fig 10: Conceptual model showing the comparative influence of biocycling and water table rise on 

plant nutrient source under experimentally induced permafrost thaw during 8 years 

 

• Part 2: Taliks location, variability and seasonal evolution traced by Sr isotopes (WP2 & 3) 

Five taliks located within the watertrack were selected along an apparent gradient of permafrost 

degradation characterized by increasing talik thickness, higher observed soil moisture, deeper 

permafrost tables, and shallower talik occurrence. The most degraded taliks, located at the bottom of 
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the watertrack, exhibited distinct degradation features, including the formation of iron oxides at the 

soil surface, a phenomenon not observed at any other site, suggesting sustained waterlogged 

conditions and active redox processes unique to this location. To evaluate talik seasonal evolution, 

each was sampled twice: in winter (February 2024, March 2025) and during talik breakthrough in early 

summer (June 2024), when vertical thaw reconnected them with the surface. Surface flowing water 

was also sampled during summer breakthrough to evaluate vertical nutrient mobility during soil early 

thaw.  

Our results demonstrate that nutrient mobility intensifies with permafrost degradation, occurring 

both vertically within soil profiles and laterally downslope. In more degraded taliks, chemical 

signatures reveal enhanced vertical mixing between surface water and talik pore water. This increased 

mixing is evidenced by greater variability in dissolved organic carbon (DOC), pH, strontium (Sr), and 
87Sr/86Sr ratios as degradation stage advances. The data reveal that degraded taliks experience 

pronounced nutrient flushing, characterized by substantial shifts in DOC content, pH, and 87Sr/86Sr 

ratios between winter and summer periods. This flushing effect intensifies with degradation stage. 

Importantly, the lack of significant chemical changes during summer talik breakthrough suggests that 

this flushing occurred earlier in the season, most likely during snowmelt through shallow subsurface 

flow. The most degraded talik at the watertrack bottom exhibits a unique nutrient mobility pattern 

dominated by iron oxide movement within the soil profile. This behavior appears linked to the 

rerouting of mineral-rich groundwater, likely resulting from deep water recirculation associated with 

advanced permafrost degradation. Consequently, iron undergoes active dissolution-precipitation 

cycles that strongly influence both vertical and lateral nutrient dynamics. This highly dynamic system 

has significant consequences for organic carbon stabilization and plant phosphorus availability. This 

work has been the subject of two master thesis, one conference communication (section 5), and will 

be utilized for an upcoming paper (Annexe 3 & 4). 

The result of this study is linked to WP2 by showing that heavily degraded talik amplify the nutrient 

lift driven by thaw-induced water-table rise. Furthermore, this study is linked to WP3 by tying the 

degradation stage to the timing and magnitude of the lateral transfer of nutrients from soils during 

early-season talik flushing. 

 

• Part 3: From Soils to Rivers: Radiogenic Sr isotopes Reveal Extended Seasonal Windows of 

Soil-River Dissolved Organic Carbon Transfer in an Arctic Permafrost Catchment (WP3) 

A multi-isotope survey tracked the seasonal dynamics of dissolved organic carbon (DOC), iron and 

strontium exported laterally from thawing soils to Panguingue Creek river. 42 filtered river samples 

were collected across spring break-up, summer base-flow, autumn freeze-up and winter under-ice 

flow. 87Sr/86Sr mixing diagrams show that river chemistry is controlled by binary mixing between 

groundwater and a single soil-derived endmember, with occasional snowmelt/rain contributions 

confined to brief transition events. Soil-derived fractions peak at about 67 % during spring ice break-

up and 76 % at the onset of autumn freeze-up, and remain detectable (> 20 %, Fig. 11) more than 

thirty days beyond the traditional end-of-season monitoring in late September. The apparently 

uniform soil signal, despite deepening thaw, points to mobilisation of Sr-rich Fe-oxide colloids that 

migrate vertically into surface organic layers before being flushed laterally. Absence of talik signatures 

under winter ice suggests that continuous year-round pathways have not yet established, but elevated 
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winter 87Sr/86Sr hints at incipient rerouting of groundwater flow. This study is to be submitted for 

publication in Chemical Geology (Annexe 5). 

These results further fulfil WP3 by resolving seasonal controls on lateral nutrient and carbon 

transfer and by quantifying that the shoulder-season window is likely underestimated in current 

Arctic carbon budgets. 

 

Fig 11: Seasonal contributions of groundwater, soil-derived, and snow/rain inputs to Panguingue 

Creek river Sr, calculated using a mixing model based on 87Sr/86Sr isotope ratios.  

 

• Part 4: Collaborative outputs 

LIFTHAW also contributed to and benefited from the expertise acquired from other projects. 

Through LandSense, two complementary outputs were generated. First, lidar, multispectral and 

thermal imagery were combined with in-situ active-layer measurements and vegetation indices to 

predict active layer depth across the Eight-Mile Lake site. The resulting model is currently being 

presented at the EGU 2025 conference and is the focus of a paper now under review in Applied 

Geochemistry. Second, the same drone layers helped identify probable talik hotspots, which led to a 

targeted winter-2024 Ground-Penetrating Radar campaign that imaged suprapermafrost taliks within 

water-track depressions. That study, completed as a master's thesis during the 2024-2025 school year 

(Annexe 6), is being developed into a journal manuscript. 

Through THAWNECT, LIFTHAW benefited from the study of biogeochemical connectivity in degrading 

permafrost soils. The resulting paper (Villani et al., 2025 Geochemical Perspectives Letters) shows that 

early-winter snowmelt infiltration lowers redox potential, dissolves Fe oxides, and liberates DOC, Fe 

and associated nutrients for lateral export—even while soils remain partly frozen. The observed 

formation of taliks at Eight-Mile Lake motivated this Si-isotope approach, because these unfrozen 

zones act as key conduits linking freeze-thaw cycles to subsurface nutrient and carbon transport. 

Finally, two additional master's theses (Annexe 7 & 8) at Eight-Mile Lake investigated how permafrost-

induced redox shifts govern the mobility of iron oxide and their co-transport of phosphorus and 
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organic carbon from profile to landscape scale. Together, their findings helped us understand the 

pathways by which altered redox conditions impact nutrient lift and downslope transfer. 

 

Part 4: Recommendations 

In order to improve our understanding of how permafrost thaw impacts nutrient mobility and carbon 

dynamics, we are suggesting three targeted research priorities: 

First, river and soil monitoring must run seamlessly from the onset of freeze-up in late autumn through 

break-up in early spring: shoulder-season flows already convey roughly one-third of the annual 

dissolved-organic-carbon (DOC) load, yet most observatories still leave a 6- to 8-month blind spot 

during this period of sustained biogeochemical activity 

Second, provided the discharge of the studied first order stream Panguingue Creek can be 

continuously measured, the consistent inverse relationship between strontium and DOC 

concentrations can be exploited as a proxy for providing accurate soil DOC export via rivers and its 

evolution with permafrost thaw. 

Third, emerging techniques that constrain the key soil-hydrological parameters controlling talik 

flushing are essential for determining when and how newly forming taliks deliver soil-derived DOC to 

rivers, a process with outsized implications for the timing and magnitude of carbon export under 

amplified global warming. Together, these measures provide the observational backbone needed to 

integrate winter processes, small-catchment dynamics and subsurface flow paths into next-

generation Earth-system models. 
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5. DISSEMINATION AND VALORISATION 
 

Participation to scientific conferences 
 

2025 

Roux, Philippe ; du Bois d'Aische, Eléonore ; Villani, Maëlle ; Henrion, Maud ; Godefroid, Léa ; 

Vandestrate, Adèle ; Edward Schuur ; Opfergelt, Sophie. Flushed before thaw: talik nutrient 

export precedes summer breakthrough in degrading permafrost. BE-Polar Conference 2025 

(Bruxelles, 11/09/2025). http://hdl.handle.net/2078.1/303532 

Van Noten, Koen ; Roux, Philippe ; Julien Govoorts ; Elise Pepin ; Cassandra Batista ; Raphael De Plaen 

; Thomas Lecocq ; Opfergelt, Sophie. Monitoring permafrost freeze-up with ambient seismic 

noise. BE-Polar Conference 2025 (Bruxelles, 11/09/2025). 

http://hdl.handle.net/2078.1/303604 

Henrion Maud, Sophie Opfergelt, Maëlle Villani, Philippe Roux, Djim Verleene, Eléonore du Bois 

d’Aische, Denis Gilles, Schuur E.A.G., Jonard François, Vanacker Veerle, Van Oost Kristof, 

Lambot Sébastien. Talik detection beneath water tracks using three-dimensional Ground-

Penetrating Radar. BE-Polar Conference 2025 (Bruxelles, 11/09/2025). 

Villani, Maëlle ; du Bois d'Aische, Eléonore ; Hirst, Catherine ; Osy de Zegwaart-Favart, Cécile ; Thomas, 

Maxime ; Roux, Philippe ; Lundin, Erik ; Giesler, Reiner ; Mörth, Magnus ; Ledman, Justin ; 

Schuur, Edward ; Opfergelt, Sophie. Cerium anomaly as a redox tracer in soil pore waters from 

permafrost regions during the late shoulder season: implications for organo-mineral 

interactions. Goldschmidt 2025 (Prague, du 06/07/2025 au 11/07/2025). 

http://hdl.handle.net/2078.1/301951 

Opfergelt Sophie. Changing Arctic Critical Zone: Tracing permafrost thaw. Keynote, Congress IAGC-3, 

WRI-18, AIG-15, Cagliari, Italy, 16-21 June 2025. 

Villani, Maëlle ; Roux, Philippe ; Henrion, Maud ; Denis, Gilles ; Schuur, Edward ; Opfergelt, Sophie. 

Thawed soil portions during deep winter in permafrost regions (Eight Mile Lake, Alaska): 

studying talik connectivity with silicon isotopes. ELI-Day 2025 (Louvain-la-Neuve, 27/05/2025). 

http://hdl.handle.net/2078.1/301947 

Roux, Philippe ; Villani, Maëlle ; du Bois d'Aische, Eléonore ; Osy de Zegwaart-Favart, Cécile ; Edward 

Schuur ; Opfergelt, Sophie. From Soils to Rivers: Radiogenic Sr isotopes Tracks Seasonal 

Disconnection in Permafrost Arctic Catchment. Workshop FNRS Contact Group Geochemistry 

(Louvain La Neuve, 28/05/2025). http://hdl.handle.net/2078.1/303530 

Villani, Maëlle ; du Bois d'Aische, Eléonore ; Hirst, Catherine ; Osy de Zegwaart-Favart, Cécile ; Thomas, 

Maxime ; Roux, Philippe ; Lundin, Erik ; Giesler, Reiner ; Mörth, Magnus ; Ledman, Justin ; 

Schuur, Edward ; Opfergelt, Sophie. Using the cerium anomaly as a redox tracer in soil pore 

waters from permafrost regions: implications for organo-mineral interactions. FNRS Contact 

Group “Geochemistry” workshop (Louvain-la-Neuve, 28/05/2025). 

http://hdl.handle.net/2078.1/301949 
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du Bois d'Aische, Eléonore ; Opfergelt, Sophie ; Bates, Jordan ; Villani, Maëlle ; Thomas, Maxime ; Osy 

de Zegwaart-Favart, Cécile ; Lambot, Sébastien ; Van Oost, Kristof ; Vanacker, Veerle ; Schuur, 

Edward A.G. ; Jonard, François. High-Resolution insights into permafrost thaw: Remote 

Sensing and Geochemical Techniques for Mapping soil physico-chemical changes. FNRS 

Contact Group “Geochemistry” workshop (Louvain-la-Neuve, 28/05/2025). 

http://hdl.handle.net/2078.1/301946 

Opfergelt Sophie. Interdisciplinary communication: Aspects systémiques de la crise écologique, 

Conference GRICE by P.Y. Longaretti & S. Opfergelt, UCLouvain, Louvain-la-Neuve, 14 April 

2025. 

 

2024 

Roux, Philippe ; du Bois d'Aische, Eléonore ; Villani, Maëlle ; Opfergelt, Sophie. Arctique : Quand le sol 

dégèle sous nos pieds. Printemps des sciences (Louvain-la-Neuve, 21/03/2024). 

http://hdl.handle.net/2078.1/287452 

du Bois d'Aische, Eléonore ; Jonard, François ; Lambot, Sébastien ; Van Oost, Kristof ; Vanacker, Veerle 

; Villani, Maëlle ; Thomas, Maxime ; Hirst, Catherine ; Opfergelt, Sophie. Investigating the role 

of changing Permafrost Hydrology on carbon and nutrient fluxes using very-high resolution 

remote Sensing and geochemical techniques. Belgian Science for Climate Action (Brussels, du 

19/02/2024 au 20/02/2024). http://hdl.handle.net/2078.1/287467 

Roux, Philippe ; Villani, Maëlle ; Opfergelt, Sophie. Nutrient mobility upon permafrost thaw: sources 

and controlling processes. Belgian Science for Climate Action conference (Maison de la Poste, 

Bruxelles, du 19/02/2024 au 20/02/2024). http://hdl.handle.net/2078.1/287447 

Opfergelt, Sophie ; Villani, Maëlle ; Thomas, Maxime ; du Bois d'Aische, Eléonore ; Osy de Zegwaart-

Favart, Cécile ; Roux, Philippe ; Henrion, Maud ; Jonard, François ; Bates, Jordan ; Hirst, 

Catherine ; Denis, Gilles. Permafrost Expedition in Alsaka: Autumn 2023 and Winter 2024. 

Archives Antarctiques Belges-Belgishe Antarktic Archieven (Bruxelles, 21/03/2024). 

http://hdl.handle.net/2078.1/287439 

Roux, Philippe ; Villani, Maëlle ; Opfergelt, Sophie. Biogeochemical disconnection between rivers and 

permafrost soils during winter: evidence from Sr isotopes. 8th International Geologica Belgica 

Meeting 2024 (Liège, du 11/09/2024 au 13/09/2024). http://hdl.handle.net/2078.1/300740 

Villani, Maëlle ; Roux, Philippe ; Henrion, Maud ; Denis, Gilles ; E.A.G Schuur ; Opfergelt, Sophie. 

Thawed soil portions during deep winter in permafrost regions (Eight Mile Lake, Alaska): 

studying talik connectivity with silicon isotopes. 8th International Geologica Belgica Meeting 

2024 (Liège, du 11/09/2024 au 13/09/2024). http://hdl.handle.net/2078.1/291074 

du Bois d'Aische, Eléonore ; Opfergelt, Sophie ; Bates, Jordan ; Villani, Maëlle ; Thomas, Maxime ; Osy 

de Zegwaart-Favart, Cécile ; Lambot, Sébastien ; Van Oost, Kristof ; Vanacker, Veerle ; Schuur, 

Edward A.G. ; Jonard, François. High-Resolution insights into permafrost thaw: Remote 

Sensing and Geochemical techniques for understanding carbon cycle feedbacks. 8th 
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International Geologica Belgica Meeting 2024 (Liège, du 11/09/2024 au 13/09/2024). 

http://hdl.handle.net/2078.1/293569 

Opfergelt, Sophie ; Roux, Philippe ; du Bois d'Aische, Eléonore ; Villani, Maëlle ; Thomas, Maxime ; Osy 

de Zegwaart-Favart, Cécile. To what extent do iron organic carbon interactions attenuate C 

release from permafrost thaw?. 2024 Belgian Polar Community Day (APECS event) (VLIZ, 

Oostende, 30/04/2024). http://hdl.handle.net/2078.1/287443 

Villani, Maëlle ; Hirst, Catherine ; Thomas, Maxime ; du Bois d'Aische, Eléonore ; Vanderelst, Sarah ; 

Lundin, Erik ; Giesler, Reiner ; Mörth, Magnus ; Opfergelt, Sophie. Flow-path changes in 

permafrost soils affect Fe-organic carbon interactions: evidence from silicon isotopes. 2024 

Belgian Polar Community Day (VLIZ, Jacobsenstraat 1, 8400 Oostende, Belgium, 30/04/2024). 

http://hdl.handle.net/2078.1/287448 

Villani, Maëlle ; Hirst, Catherine ; du Bois d'Aische, Eléonore ; Thomas, Maxime ; Lundin, Erik ; Giesler, 

Reiner ; Mörth, Magnus ; Opfergelt, Sophie. Silicon isotopes as a tool to capture winter 

biogeochemical processes in permafrost soils. Isotopes in Biogenic Silica (IBiS) 2024 

(Louvain)la-Neuve, du 29/05/2024 au 31/05/2024). http://hdl.handle.net/2078.1/287449 

Opfergelt, Sophie ; Roux, Philippe ; du Bois d'Aische, Eléonore ; Villani, Maëlle ; Thomas, Maxime ; Osy 

de Zegwaart-Favart, Cécile. To what extent do iron organic carbon interactions attenuate C 

release from permafrost thaw?. EGU 2024 (Vienne, Autriche, du 14/04/2024 au 19/04/2024). 

http://hdl.handle.net/2078.1/287442 

Roux, Philippe ; Lemarchand, Damien ; Schuur, Edward ; Opfergelt, Sophie. Using radiogenic Sr 

isotopes to trace nutrient uplift from permafrost thaw: a field-based soil warming experiment. 

EGU 2024 (Vienne, Autriche, du 14/04/2024 au 19/04/2024). 

http://hdl.handle.net/2078.1/287441 

2023 

Roux, Philippe ; Opfergelt, Sophie. Nutrient lift upon permafrost thaw: sources and controlling 

processes. International Arctic Science Committee - Terrestrial Working Group Fall Science 

Meeting (online, 27/11/2023). http://hdl.handle.net/2078.1/287445 

Roux, Philippe ; Opfergelt, Sophie ; du Bois d'Aische, Eléonore ; Thomas, Maxime ; Osy de Zegwaart-

Favart, Cécile ; Villani, Maëlle. Understanding the Arctic Critical Zone - Permafrost thaw 

consequences on ecosystem functioning and C fluxes. Visit of a delegation of the Chinese 

Geologic Survey (Royal Academy for Overseas Sciences, Bruxelles, 30/11/2023). 

http://hdl.handle.net/2078.1/287444 

Villani, Maëlle ; Hirst, Catherine ; du Bois d'Aische, Eléonore ; Thomas, Maxime ; Erik Lundin ; Reiner 

Giesler ; Magnus Mörth ; Opfergelt, Sophie. Identification of winter biogeochemical 

connectivity in permafrost soils using silicon isotopes and impact on Fe-organic carbon 

interactions (Stordalen, Sweden). Invited Talk, GFZ (Potsdam, Germany, 07/03/2023). 

http://hdl.handle.net/2078.1/276046 
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Media and outreach 

 

• Fev 2025 - Danse, roches & permafrost – Les Temps Vécus, conférence avec l'artiste en 

résidence Louise Vanneste au Centre culturel du Brabant wallon (15/02/25) 

• Dec 2024 - Quel Temps pour la planète, RTBF, interview en direct sur le pergélisol et ses 

émissions de carbone (17/12/24) 

• Dec 2024 - Gérer et protéger les sols passe par la recherche, Journée mondiale des sols 

• Nov 2024 - "Arctique, quand le sol dégèle sous tes pieds", conférence grand public au café 

citoyen Le Six Heures 

• Nov 2024 - La rencontre de la géologie et de la danse, bord de scène avec l'artiste en résidence 

Louise Vanneste au théâtre Le Vilar (28/11/24) 

• Nov 2024 - Lauréate du prix du Public des Trophées de Vulgarisation Scientifique de Matière 

Grise (bande annonce; interview; article Paris Match 28 novembre 2024) 

• Nov 2024 - NoTélé – Zone franche, interview of M. Villani on permafrost 

• Nov 2024 - Les Visages de la Recherche, émission sur LN24, interview par Pascal Vrebos  

• Sept 2024 - Podcast WiseNight, Femmes et Sciences en Belgique, projet visant à encourager 

les femmes à s’engager dans des études STEM (science, technology, engineering, and 

mathematics) 

• Sept 2024 - Exposition photos WiseNight, photographe Michiel Devijver: portraits de 

scientifiques 

• June 2024 - Article dans La Libre et dans la DHnet sur la mission de terrain menée en février-

mars 2024 en Alaska en collaboration avec IMAQA 

• May 2024 - Exposition photo au MuséeL "Arctique en transition", Journée européenne des 

musées, en dialogue avec des gravures de G. Marchoul  

• April 2024 - LIMIT (YouTube) - Le géant endormi - Interview of S. Opfergelt by V. Kanté 

• March 2024 - Printemps des Sciences, conference, “Arctique : quand le sol dégèle sous tes 

pieds “ 

• March 2024 - Soirée inaugurale du Printemps des Sciences, table-ronde, 20 000 lieues sous les 

terres 

• Feb 2024 - Exposition photo à la maison culturelle Jonniaux "Arctique en 

transition", Pommeroeul, Belgium (reportage) 

• Jan 2024 - Interview in the letter from the “Plateforme wallone pour le GIEC” about 

permafrost 

• Oct 2023 - Reportage about fieldwork in Alaska (Daily science article ; Le Soir web article ; La 

Libre Belgique web article ; L’Avenir article print ; La Dernière Heure web article ; Sud Info ; 

RTL Info web article ; interview RTBF Matin Première) 

 

 

  

https://www.ccbw.be/evenement/danse-roches-permafrost-les-temps-vecus/
https://auvio.rtbf.be/media/quel-temps-pour-la-planete-quel-temps-pour-la-planete-3283419
https://uclouvain.be/fr/chercher/actualites/gerer-et-proteger-les-sols-passe-par-la-recherche.html
https://www.facebook.com/events/1731075247642470/?action_context=%257B%2522action_history%2522%253A%2522%255B%257B%255C%2522surface%255C%2522%253A%255C%2522unknown%255C%2522%252C%255C%2522mechanism%255C%2522%253A%255C%2522unknown%255C%2522%252C%255C%2522extra_data%255C%2522%253A%255B%255D%257D%252C%257B%255C%2522surface%255C%2522%253A%255C%2522permalink%255C%2522%252C%255C%2522mechanism%255C%2522%253A%255C%2522SUGGESTED_EVENTS_HSCROLL%255C%2522%252C%255C%2522extra_data%255C%2522%253A%255B%255D%257D%255D%2522%252C%2522has_source%2522%253Atrue%257D&_rdr
https://levilar.be/la-saison/3jours3nuits/
https://www.rtbf.be/article/trophees-matiere-grise-de-vulgarisation-scientifique-decouvrez-les-12-laureats-11468186
https://www.facebook.com/watch/?v=401380466178161
http://www.linkedin.com/posts/fnrs_quelle-soir%C3%A9e-d%C3%A9cid%C3%A9ment-4-chercheuses-activity-7265703162441789440-xOqC/?utm_source=share&utm_medium=member_desktop
https://www.notele.be/it255-media153962-zone-franche-avec-maelle-villani-doctorante-a-l-ucl-qui-a-effectue-plusieurs-missions-en-alaska.html
https://youtu.be/KiwvXZ0EuxU?si=0mNOr4VqNfH7LD2N
https://soundcloud.com/bewise-board/e6_sophie-opfergelt
https://wisenight.eu/fr/page-daccueil/
https://wisenight.eu/fr/activities/exposition-de-portraits-wisenight/
https://www.michieldevijver.be/
https://www.lalibre.be/sports/omnisports/2024/06/10/une-mission-scientifique-aventureuse-de-luclouvain-en-alaska-revele-les-secrets-du-permafrost-en-hiver-ADVFE4ENFBCCVGNYSDB2U5QA6Q/
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dhnet.be%2Fsports%2Fomnisports%2Fsport-extreme%2F2024%2F06%2F10%2Fune-mission-scientifique-aventureuse-de-luclouvain-en-alaska-revele-les-secrets-du-permafrost-en-hiver-ADVFE4ENFBCCVGNYSDB2U5QA6Q%2F&data=05%7C02%7Csophie.opfergelt%40uclouvain.be%7Cd87d1c0af2584e929d0908dc8ba550fc%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C1%7C0%7C638538789349728497%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=UtI2nM2%2BVxifnFRaHNp%2F%2BJ16sMgOifpbZ5cK9MtAD94%3D&reserved=0
https://www.imaqa.be/
https://museel.be/fr/exposition/arctique-en-transition
https://www.youtube.com/watch?v=6CFwxmr9MHA
https://www.printempsdessciencesucl.be/evenement/7/activite/715
https://www.printempsdessciencesucl.be/evenement/7/activite/802
https://www.printempsdessciencesucl.be/evenement/7/activite/802
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Ffb.me%2Fe%2F3WhYamJy2&data=05%7C02%7Csophie.opfergelt%40uclouvain.be%7C4c9c75e8362e4c60e52b08dbfd89ef95%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C0%7C0%7C638382541108366686%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=mY2xD8ymZJzoyqtzsVPsvEH96AoS8YA1ovVmneWN%2FVE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Ffb.me%2Fe%2F3WhYamJy2&data=05%7C02%7Csophie.opfergelt%40uclouvain.be%7C4c9c75e8362e4c60e52b08dbfd89ef95%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C0%7C0%7C638382541108366686%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=mY2xD8ymZJzoyqtzsVPsvEH96AoS8YA1ovVmneWN%2FVE%3D&reserved=0
https://www.notele.be/it8-media147118--arctique-en-transition-a-la-maison-jonniaux.html
https://plateforme-wallonne-giec.be/Lettre32.pdf
https://dailyscience.be/18/10/2023/luclouvain-investigue-le-declin-rapide-du-pergelisol-en-alaska/
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.lesoir.be%2F543638%2Farticle%2F2023-10-16%2Fle-permafrost-ne-gele-plus-en-profondeur-en-hiver%23%3A~%3Atext%3DDans%2520les%2520zones%2520de%2520permafrost%2Cde%2520regeler%2520la%2520totalit%25C3%25A9%2520de&data=05%7C01%7Cmaxime.thomas%40uclouvain.be%7C61ea7482d85b4f96479c08dbd096e8ed%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C0%7C0%7C638333118796653458%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=UDLmV3osnuLC5dSj6sfrY8CKCzFu0O6VUNPKPIWC6Ag%3D&reserved=0
https://www.lalibre.be/planete/sciences-espace/2023/10/18/en-alaska-avec-le-degel-du-permafrost-les-habitants-voient-le-sol-se-derober-sous-leurs-pieds-je-ne-mattendais-pas-a-des-changements-si-rapides-2JHDHSYPLNHYNLLJODE4RODVSY/
https://www.lavenir.net/actu/monde/2023/10/16/le-permafrost-ne-gele-plus-en-profondeur-en-arctique-y-compris-en-hiver-selon-une-etude-YJDQ4Q3WTFEQ3NKRBHHWJ37YEI/#:~:text=Dans%20les%20zones%20de%20permafrost,de%20regeler%20la%20totalit%C3%A9%20de
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.dhnet.be%2Fdernieres-depeches%2F2023%2F10%2F16%2Fclimat-le-permafrost-ne-gele-plus-en-arctique-en-profondeur-y-compris-en-hiver-selon-une-etude-EYJS73SD6BFFDMOLVGDEAYUIPM%2F%23%3A~%3Atext%3DTrois%2520chercheuses%2520de%2520l%27UCLouvain%2Clouvaniste%2520lundi%2520dans%2520un%2520communiqu%25C3%25A9&data=05%7C01%7Cmaxime.thomas%40uclouvain.be%7C61ea7482d85b4f96479c08dbd096e8ed%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C0%7C0%7C638333118796653458%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ysCOIicXzPFoZrCUDdhMqhREzwftcz%2FRE2EU1LqLoX4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fheadtopics.com%2Fbe%2Fclimat-le-permafrost-ne-gele-plus-en-arctique-en-profondeur-y-compris-en-hiver-selon-une-etude-46872634&data=05%7C01%7Cmaxime.thomas%40uclouvain.be%7C61ea7482d85b4f96479c08dbd096e8ed%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C0%7C0%7C638333118796653458%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4ksTz3jiz00JCzuY8IEeHI4x2KTWh0xQG0LfmeWTmkw%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.rtl.be%2Factu%2Fmagazine%2Fscience-nature%2Fle-permafrost-ne-gele-plus-en-arctique-en-profondeur-y-compris-en-hiver-selon%2F2023-10-16%2Farticle%2F598645%23%3A~%3Atext%3DDans%2520les%2520zones%2520de%2520permafrost%2Cde%2520regeler%2520la%2520totalit%25C3%25A9%2520de&data=05%7C01%7Cmaxime.thomas%40uclouvain.be%7C61ea7482d85b4f96479c08dbd096e8ed%7C7ab090d4fa2e4ecfbc7c4127b4d582ec%7C0%7C0%7C638333118796653458%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=H0S6FmM2eXbgHL5r9jg9sxVJSc6YT14Zmpn0UXccm9k%3D&reserved=0
https://www.rtbf.be/article/le-permafrost-ne-gele-plus-en-arctique-en-tant-que-geologue-je-ne-pensais-pas-assister-a-un-phenomene-aussi-rapide-raconte-sophie-opfergelt-11274305
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6. PUBLICATIONS 
 

Publications directly related to the Work Packages of LIFTHAW 
 

• Roux P., Lemarchand D., Schuur E., Opfergelt S., submitted to Applied Geochemistry, Tracing 
nutrient uplift from permafrost thaw using radiogenic Sr isotopes in plants: a field-based soil 
warming experiment. (Paper 1 related to Work Package 1 and 2) 

 

• Roux P., Hirst C., Villani M., du Bois d’Aische E., Osy C., Schuur E., & Opfergelt S., to be submitted 
to Chemical Geology, From Soils to Rivers: Radiogenic Sr isotopes Reveal Extended Seasonal 
Windows of Soil-River Dissolved Organic Carbon Transfer in an Arctic Permafrost Catchment. 
(Paper 2 related to Work Package 3) 
 

• Roux et al., in prep, Publication on the seasonal evolution of taliks. (Paper 3 related to Work 
Package 2 and 3)  
 

• Villani et al. in prep, Publication in preparation on the biogeochemical connectivity of taliks in 
winter. (Paper 4 related to Work Package 3) 
 

Publications in collaboration related to the topic of LIFTHAW 
 

• Strauss J., Fuchs M., Hugelius G., Miesner F., Nitze I., Opfergelt S., Schuur E., Treat C., Turetsky 
M., Yang Y., and Grosse G. Organic matter storage and vulnerability in the permafrost domain. 
Encyclopedia of Quaternary Science, 2025, 3rd Edition, p. 399-410, doi: 10.1016/b978-0-323-
99931-1.00164-1. (related to Work Package 1) 
 

• Opfergelt, Sophie, Gaspard, François, Hirst, Catherine, Monin, Laurence, Juhls, Bennet, 
Morgenstern, Anne, Angelopoulos, Michael & Overduin, Pier Paul (2024). Frazil ice changes 
winter biogeochemical processes in the Lena River. Communications Earth & Environment, 5, 
doi :10.1038/ s43247-024-01884-9. (related to Work Package 3) 
 

• Villani M., Hirst C., du Bois d’Aische E., Thomas M., Lundin E., Giesler R., Mörth C.-M ., Opfergelt 
S. Lengthening of biogeochemical processes during winter in degraded permafrost soils. 
Geochemical Perspectives Letters, 2025, 34:36-42. doi.org/10.7185/geochemlet.2511 (related 
to Work Package 2) 

 

• Burn, Christopher R., Bartsch, Annett, Chakraborty, Elora, Das, Soumik, Frauenfelder, Regula, 
Gärtner‐Roer, Isabelle, Gisnås, Kjersti G., Herring, Teddi, Jones, Benjamin M., Kokelj, Steven V., 
Langer, Moritz, Lathrop, Emma, Murton, Julian B., Nielsen, David M., Niu, Fujun, Olson, 
Christine, O'Neill, H. Brendan, Opfergelt, Sophie, Overduin, Pier Paul, Schaefer, Kevin, Schuur, 
Edward A. G., Skierszkan, Elliott, Smith, Sharon L., Stuenzi, Simone M., Tank, Suzanne E., van 
der Sluijs, Jurjen, Vieira, Gonçalo, Westermann, Sebastian, Wolfe, Stephen A. & Yarmak, Ed 
(2024). Developments in Permafrost Science and Engineering in Response to Climate Warming 
in Circumpolar and High Mountain Regions, 2019–2024. Permafrost and Periglacial Processes, 
doi :10.1002/ppp.2261 (related to Work Package 1 and 2) 

 

• Juhls, Bennet, Morgenstern, Anne, Hölemann, Jens, Eulenburg, Antje, Heim, Birgit, Miesner, 
Frederieke, Grotheer, Hendrik, Mollenhauer, Gesine, Meyer, Hanno, Erkens, Ephraim, Gehde, 
Felica Yara, Antonova, Sofia, Chalov, Sergey, Tereshina, Maria, Erina, Oxana, Fingert, Evgeniya, 
Abramova, Ekaterina, Sanders, Tina, Lebedeva, Liudmila, Torgovkin, Nikolai, Maksimov, Georgii, 
Povazhnyi, Vasily, Gonçalves-Araujo, Rafael, Wünsch, Urban, Chetverova, Antonina, Opfergelt, 
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Sophie & Overduin, Pier Paul (2025). Lena River biogeochemistry captured by a 4.5-year high-
frequency sampling program. Earth System Science Data, 17, 1-28. doi :10.5194/essd-17-1-
2025 doi :https://doi.org/10.5194/essd-17-1-2025. (related to Work Package 3) 
 

• du Bois d’Aische E., Jonard F., Hirst C., Villani M., Thomas M., Giesler R., Morth C.M., Lundin E., 

Van Oost K., Vanacker V., Lambot S., Opfergelt S. Permafrost thaw drives iron and organic 

carbon release into soil pore water during palsa to degraded palsa transition. Permafr. Periglac. 

Process., in review (related to Work Package 1 and 2) 

 

Master thesis related to LIFTHAW 
 

• Léa Godefroid - Variabilité spatiale des taliks et leur influence sur la mobilité des nutriments : 

Approche de traçage avec les isotopes du strontium (related to Work Package 1 & 2) 

 

• Adèle Vandestrate - The impact of thawing permafrost on iron mobility in arctic soils: a 

strontium isotopic approach (related to Work Package 2 & 3) 

 

• Nicolas Sandron - Influence des dégradations thermokarstiques de plaine sur les 

interactions fer-carbone organique (related to Work Package 2 & 3) 

 

• Djim Verleene - Identification et facteurs de formation des taliks dans le pergélisol : 

combinaison de méthodes géophysiques et de télédétection à très haute résolution (related to 

Work Package 2 & 3) 

 

• Mélinda Afram - Tracing changes in redox conditions in thawing permafrost with Ce anomalies: 

implications for iron-organic carbon interactions (related to Work Package 2 & 3) 
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