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The spatial variations in characteristics of cryoconite on glaciers in northwest Svalbard
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Cryoconite is dark colored insoluble impurity and is commonly found on glaciers worldwide. It consists of mineral particles
and organic matter, which usually form spherical aggregates called cryoconite granules. Their dark coloration is due to humic
substances produced by bacterial activity. Because of the dark coloration, cryoconite can substantially reduce surface albedo
and accelerates melting of glaciers. Structure and optical characteristics of cryoconite on Asian glaciers are generally uniform
due to abundant windblown dust supplied from surrounding desert and to higher microbial productivity. In contrast, on Arctic
glaciers, characteristics of cryocoite may spatially vary due to relatively less windblown dust and microbial activity, but details
are unknown. This study aims to describe spatial variations in characteristics of cryoconite on three glaciers (Pedersenbreen,
midtrelovenbreen, and AustreBroggerbreen) located in northwest Svalbard.

Microscopy of cryoconite revealed that cryoconite granules of all of study sites contained mineral particles and filamentous
cyanobacteria. The organic matter content in cryoconite was greater in the upper site of AustreBroggerbreen and all sites on
Pedersenbreen and Midtrelovenbreen compared with those in the lower sites of AustreBroggerbreen. Optical reflectivity
corresponded well with the organic matter content, it is lower in the cryoconite of greater content while it is higher in that of
lower content. Microscopy of mineral particles in cryoconite revealed that they consisted of diverse particles in terms of color,
shape, and size, which vary spatially on the glaciers. For example, reddish mineral particles was abundant in the lower sites in
AustreBroggerbreen, but was less in the upper sites in AustreBroggerbreen, Midtrelovenbreen and Pedersenbreen. X-ray
diffraction of mineral particles revealed that minerals consisted of mica group, quartz, potassium feldspar, plagioclase, amphibole,
chlorite, kaolinite, and that semi-quantitative abundance of each mineral was different among the site. Furthermore we identified
each mineral particle with analysis of energy dispersive X-ray analysis (EDS) of Scanning electron microscope (SEM). Results
suggest that diversity of mineral particles in cryoconite can largely affect optical property of cryoconite, and it is determined by
geology of upstream of the glaciers.
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