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Where are we?
Discontinuous

permafrost in Central 
Alaska

Research questions
Research question of the project WeThaw : What is the impact of permafrost thaw on mineral element release in soils?

PhD thesis focus on soil and soil-plant interactions
o What is the soil element distribution in the surface (0-20 cm) about to thaw in the Spring?
o What is the contribution from vegetation to element cycling in soils and to surface elements available for export at thaw?                                                  

May 2018 – First expedition at Eight Mile Lake
CIPEHR sites (Experimental heating project & control)                              

Gradient sites

Snow shoveling in spring (photo by S. Natali)
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Why do we care?

CARBON in global warming context:
• Permafrost degradation
• Frozen organic carbon exposure

 greenhouse gases (GHG) release
• Positive feedback called

Permafrost Carbon Feedback

What about the MINERAL constituents?
• New exposure of buried minerals to weathering

agents (water, air, freeze-thaw action)
• Potential impact on the fate of organic carbon upon permafrost degradation
• Crucial to quantify the mineral element content in the permafrost

Active layer

Permafrost

Methods and ongoing measurements
What is the soil element distribution in the surface (0-20 cm) about to thaw?

What is the contribution from vegetation to element cycling in soils
and to surface elements available for export at thaw?

Well monitored site of 
Eight Mile Lake 
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Vegetation Comparaison of two analytical techniques to measure element concentrations

(1) ICP AES
Destructive technique; time consuming; expensive

measurement

Source: https://minerals.cr.usgs.gov

(2) Portable XRF

Non-destructive technique; 
fast and cheap measurement

New tool tested on 
permafrost 

Source: https://www.thermofisher.com

Future work
Will permafrost degradation impact the sources of soil nutrients for plants?
Mg isotopes = stable isotopes (24Mg, 25Mg, 26Mg) used as proxy for sources of nutrients (rock or litter derived)

Golstein and Stirling, 2003 
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GHG ?

Permafrost carbon
feedback

Control site

Warming site
Soil insulation by artificial

snow accumulation

Gradient of natural permafrost 
degradation with 3 sites:

• Minimal
• Moderate
• Extensive

Permafrost 
degradation

Snow accumulation
Enhanced insulation
Amplification of the permafrost 

degradation
Local changes in soil temperature, 

moisture and microtopograhy

Subsidence 
phenomenon

High contribution of vegetation
to soil element cycling, contributing
to the permafrost active layer nutrient
stock

Permafrost about
to thaw

Extensive thaw

Moderate thaw

Minimal thaw

Work on different timescales

δ26Mg

Conceptual understanding of Arctic ecosystem interactions 
(1) Organic soils (2) Freeze-thaw cycle                                                                                            (3) Microtopography

Samples collection
• Soils (frozen and unfrozen) : 4 sites
• Vegetation: Betula nana (deciduous)

Vaccinium vitis-idaea (evergreen)
Eriophorum vaginatum (graminoid)

• Soil pore water

Analysis of the vegetation
Mg isotopic composition 

(δ26Mg) with
multicollector ICP MS

 In order to assess the 
contribution of a potential

change in source of nutrients

Collaboration with Dr. T. Schuur, Northern Arizona University, Flagstaff, AZ, USA

Gradient sites

+ Vg

Impact of mineral
release

Larger variability in soil
element distribution with
increasing permafrost 
degradation

Increase Ca concentration 
in surface soils: is it from
vegetation?
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Deciduous.
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Increasing permafrost 
degradation

o Field: shift in vegetation to graminoid
(Eriophorum v.) upon thawing

oCa concentration is high in all plant 
species: impact on soil litter?

o Si-accumulation in Eriophorum v.:
• Species effect dominates over the 

gradient of permafrost degradation
• Shift in vegetation shift in 

element cycling

Permafrost 
about

to thaw

Change after 8 years of warming experiment

Seasonal modification 
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