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ABSTRACT
Numerous water-ice-rich deposits surviving more than several months on comet
67P/Churyumov-Gerasimenko were observed during the Rosetta mission. We announce the
�rst-time detection of water-ice features surviving up to 2 yr since their �rst observation via
OSIRIS (Optical, Spectroscopic, and Infrared Remote Imaging System) NAC (narrow angle
camera). Their existence on the nucleus of comet 67P at the arrival of the Rosetta space-
craft suggests that they were exposed to the surface during the comet�s previous orbit. We
investigated the temporal variation of large water-ice patches to understand the long-term sus-
tainability of water ice on cometary nuclei on time-scales of months and years. Large clusters
are stable over typical periods of 0.5 yr and reduce their size signi�cantly around the comet�s
perihelion passage, while small exposures disappear. We characterized the temporal variation
of their multispectral signatures. In large clusters, dust jets were detected, whereas in large iso-
lated ones no associated activity was detected. Our thermal analysis shows that the long-term
sustainability of water-ice-rich features can be explained by the scarce energy input available
at their locations over the �rst half year. However, the situation reverses for the period lasting
several months around perihelion passage. Our two end-member mixing analysis estimates a
pure water-ice equivalent thickness up to 15 cm within one isolated patch, and up to 2 m for
the one still observable through the end of the mission. Our spectral modelling estimates up to
48 per cent water-ice content for one of the large isolated feature, and up to 25 per cent water
ice on the large boulders located within clusters.

Key words: methods: data analysis � techniques: image processing � techniques: imaging
spectroscopy � comets: individual: 67P/Churyumov-Gerasimenko.

1 INTRODUCTION

More than a hundred water-ice-rich exposures were putatively de-
tected on the Northern hemisphere of comet 67P before 2015
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(Pommerol et al. 2015). They are located on various types of ter-
rains: smooth, rough, below overhangs, near cliffs either as isolated
features (IFs) or in clusters (Pommerol et al. 2015). The clusters
enriched in water ice have similar multispectral properties to the
water-ice deposits observed on comet 9P/Tempel 1, while the large
isolated ones resemble the largest water-ice deposit observed on
comet 103P/Hartley 2 (Oklay et al. 2016a). The size of water-ice
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