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ABSTRACT: DIOLAIUTI G., D’AGATA C., MEAZZA A., ZANUTTA A. &
SMIRAGLIA C., Recent (1975-2003) changes in the Miage debris-covered
glacier tongue (Mont Blanc, Italy) from analysis of aerial photos and maps.
(IT ISSN 0391-9838, 2009).

The present study aims at identifying any changes in volume and
thickness of the Miage Glacier tongue (Mont Blanc Massif, Italy) during
the period 1975-2003. The Miage glacier developed the largest part of its
debris cover over the last century, now found mostly between the glacier
terminus (about 1850 m a.s.l.) and the upper ablation tongue (c. 2400 m
a.s.l.) on a surface area of c. 4 km2. The period examined (1975-2003) ad-
dresses climate conditions which were glacier-favourable (around the
1980s), as well as glacier-unfavourable (since the early to mid-1990s),
thus contributing to an understanding of the behaviour of debris covered
glaciers under a changing climate.

The analysis was based on the comparison between digital eleva-
tion models (DEMs), derived from historical records, specifically maps
(1975; scale 1:10,000) and photogrammetric surveys (1991 and 2003, scale
1:15,000). The results show a general glacier volume loss (–16.640 x 106 m3)
from 1975 to 2003; nevertheless if we focus on the two time sub-windows
(i.e.: 1975-1991 and 1991-2003) opposite trends are found: in the period
1975-1991 the volume variation of the Miage Glacier was about +19.25x106

m3, in the period 1991-2003, on the other hand, a volume decrease of about
–36.2x106 m3 occurred. Analysis shows that volume changes were strongly
influenced by the supraglacial debris coverage which on Miage glacier
tongue modulates the magnitude and rates of buried ice ablation.
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INTRODUCTION

Debris-Covered glaciers are widespread in the moun-
tains chains of Asia, such as the Karakoram, the Hi-
malaya (Moribayashi & Higuchi, 1977) and the Tien Shan
ranges. They are also particularly common in New Zealand
(Kirkbride, 2000; Kirkbride & Warren, 1999), in the An-
des and in Alaska. Despite their relatively common oc-
currence (Nakawo & alii, 2000), debris-covered glaciers
have only become the subject of detailed studies in very
recent times.

Debris covered glaciers are also becoming an impor-
tant feature in the Alpine environment (Smiraglia & alii,
2000; Diolaiuti & alii, 2003; Deline, 2005; D’Agata and
Zanutta, 2007; Mihalcea & alii, 2008a). The increasingly
important role they play is probably due to intensification
of macrogelivation and rock degradation processes which
seem more frequent and stronger in glaciated regions dur-
ing recent times (O’Connor & Costa, 1993; Evans and
Clague, 1994; Marchi & Tecca, 1996; Haeberli & alii,
1997; Barla & alii, 2000; Deline, 2001; 2003; Deline & alii,
2004; Huggel & alii, 2005; Chiarle & alii, 2007; Gruber 
& Haeberli, 2007; Deline & Kirkbride, 2008; Ravanel 
& Deline, 2008). In addition glacier recession induced
by climate warming causes an increase in supra-glacial
slopes, enhancing the rate of paraglacially mobilized de-
bris input, either from bedrock or pre-existing sediment
storages on the glacier surface below. Consequently, the
supra-glacial debris cover is prone to enlargement. Rates
of debris input from the two adjacent supra-glacial slopes
of a valley glacier may differ substantially from each other,
reflecting different topography (varying debris entrain-
ment and transport) and/or lithology (variations in weath-
ering susceptibility) between the two sides. Moreover, the
surface geometry of a supra-glacial debris cover may be in-
fluenced by the spatial distribution and nature of medial
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