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Increased mobilization of toxic elements from permafrost areas in the Eastern Alps
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In the Eastern Alps, an increasing number of high-alpine streams show distinctively white coloured streambeds. The white colour originates from the precipitation of nanocrystalline basaluminite [Al4OH10(SO4)x(H2O)5] sticking to the bed load of the streams (Wanner et al., 2018). The phenomenon is triggered at the origin of the streams where the oxidation of pyrite occurs in ice-rich permafrost bodies (i.e. rock glaciers) and hence in the critical zone. This leads to the production of sulphuric acid and the subsequent dissolution of aluminium from paragneiss host rocks typical for the Eastern Alps. Owing to its pH-dependent solubility, precipitation of basaluminite eventually occurs when the acidic and aluminium-rich streams are neutralized along their flow paths. Acidic conditions in the affected streams are accompanied by elevated concentrations of mildly toxic elements such as Ni, Mn, Zn, and F also mobilized in the critical zone from the host rocks and strongly exceeding the drinking water limits.
Here we present first results of a detailed monitoring we have initiated in the Val Costainas catchment located in Eastern Switzerland to get a predictive understanding of this recent phenomenon and to assess the accompanied hazard for the water quality on a regional scale. The monitoring includes monthly sampling and discharge measurements of the rock glacier outlet to track the toxic element fluxes being mobilized from the permafrost area. In addition, we continuously track these fluxes about 5 km downstream using a combined pressure and conductivity probe and applying the determined correlations between electric conductivity and element concentrations as well as water table and discharge measurements. 
In 2021, our monitoring yielded annual fluxes for Mn, Ni, Zn and F on the order of 1–10 t. These fluxes are surprisingly high, given that they are mobilized from a rather small rock glacier body extending over an area of only about 100 x 200 m. Interestingly, all toxic element fluxes show strong seasonal variations. While they were low in spring when the source area was still covered by snow, more than 60 % of the annual fluxes are mobilized during the warm summer months (June-August). This suggests that the mobilized elements can be temporally stored in the permafrost ice before they are eventually exported when part of the ice melts during the warm summer months. 
Continuing our monitoring effort in the upcoming years will allow us to track the evolution of the mobilized toxic element fluxes over time and assess whether they will increase in the future in response to climate change. Moreover, it will provide more insights into the coupled interaction between water percolating through permafrost areas, the corresponding ice bodies, and the host rock mineralogy.
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