The “Permolards” project — investigating the factors leading to
permafrost landslides and their mobility
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Discontinuous permafrost is prevalent in most mountainous regions around the globe (e.g., Obu et al.,
2019). In periglacial territories, ice provides the “cement” that holds many mountain slopes in place.
In the context of the increase of global mean temperatures, permafrost environments are experiencing
unprecedented warming that is resulting in failures of mountain slopes (e.g., Draebing et al., 2014).
These failures often mobilise permafrost materials, which can manifest as frozen blocks of loose
debris or poorly lithified bedrock. These blocks come to rest within or proximal to the landslide
deposits and degrade into permafrost molards, which are conical mounds of loose debris (e.g., Morino
et al., 2019). In addition, such landslides can have unexpected complex behaviours and long runout
due to the inclusion of ice and water into the sliding mass (e.g., Morino et al., 2021; Roberti et al.,
2017). In a project funded by the French Scientific Research Council (ANR), we have been
investigating the formation of molards via field observation and analogue laboratory experiments
(Philippe et al., 2023) to gain insight into the range of materials that can produce molards and the
factors that control their final shape. In parallel, we have been using topographic data in combination
with temperature logger data (from field deployments) as inputs into a thermal model to understand
the permafrost conditions preceding such mass wasting events. This is giving us insights into the
conditioning factors that lead to such events. Using satellite data, we have compiled a database of 39
landslides with candidate permafrost molards from around the world, which is giving us insights into
the types of terrain, lithologies and permafrost conditions that favour these types of mass movement.
As a final strand to this project, we have begun to investigate how the distribution of molards in the
landslide deposits can provide additional information on the landslide dynamics, which in turn helps
us to better understand the role of ice and water in the mobility of these landslides. In this
presentation, we will summarise the key results of this project, showing examples from Nordic
countries and outline key avenues for future research.

References

Draebing, D., Krautblatter, M., Dikau, R., 2014. Interaction of thermal and mechanical processes in steep permafrost rock
walls: A conceptual approach. Geomorphology 226, 226—235. https://doi.org/10.1016/j.geomorph.2014.08.009

Morino, C., Conway, S.J., etal., T., 2021. The impact of ground-ice thaw on landslide geomorphology and dynamics: two
case studies in northern Iceland. Landslides 18, 2785-2812. https://doi.org/10.1007/s10346-021-01661-1

Morino, C., Conway, S.J., Semundsson, b., Kristinn Helgason, J., Hillier, J., Butcher, F.E.G., Balme, M.R., Jordan, C.,
Argles, T., 2019. Molards as an indicator of permafrost degradation and landslide processes. Earth and Planetary
Science Letters 516, 136-147. https://doi.org/10.1016/j.epsl.2019.03.040

Obu, J., et al., 2019. Northern Hemisphere permafrost map based on TTOP modelling for 2000-2016 at 1 km2 scale. Earth-
Science Reviews 193, 299-316. https://doi.org/10.1016/j.earscirev.2019.04.023

Philippe, M., Beck, C., Conway, S.J., Font, M., Jabbour, L., Leguen, M., Clément, J., Morino, C., Christophe Marie, 2023. A
cost-effective and flexible method for time-lapse Structure from Motion: application to analogue experiments in
geomorphology. Geomorphology under review.



Roberti, G., Friele, P., van Wyk de Vries, B., Ward, B., Clague, J.J., Perotti, L., Giardino, M., 2017. Rheological evolution of
the Mount Meager 2010 debris avalanche, southwestern British Columbia. Geosphere 13, 369-390.
https://doi.org/10.1130/GES01389.1



