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ABSTRACT. Tidewater calving glaciers can undergo large fluctuations not necessarily in direct response
to climate, but rather owing to complex ice–water interactions at the glacier termini. One example of
this process in Chilean Patagonia is Glaciar Jorge Montt, where two cameras were installed in February
2010, collecting up to four glacier photographs per day, until they were recovered on 22 January 2011.
Ice velocities were derived from feature tracking of the geo-referenced photos, yielding a mean value of
13�4md–1 for the whole lower part of the glacier. These velocities were compared to satellite-
imagery-derived feature tracking obtained in February 2010, resulting in similar values. During the
operational period of the cameras, the glacier continued to retreat (1 km), experiencing one of the
highest calving fluxes ever recorded in Patagonia (2.4 km3 a–1). Comparison with previous data also
revealed ice acceleration in recent years. These very high velocities are clearly a response to enhanced
glacier calving activity into a deep water fjord.

1. INTRODUCTION
The Patagonian icefields have been shrinking at high rates in
the last 50 years, compared to the area losses experienced
since the Little Ice Age, contributing significantly to sea-
level rise (Glasser and others, 2011). The Southern Patagonia
Icefield (SPI; Campo de Hielo Sur), in the Southern Andes of
Chile and Argentina, is the largest temperate ice field in the
Southern Hemisphere, with 48 main basins and nearly
13 000 km2 of ice (Aniya and others, 1996). Most of its
glaciers are calving into lakes or fjords, with the majority of
them, including Glaciar Jorge Montt, experiencing strong
frontal retreat and thinning at very high rates during recent
years (Aniya and others, 1997; Rignot and others, 2003).
Among the few exceptions are Glaciar Moreno which is
stable and Glaciar Pı́o XI which has advanced (Masiokas and
others, 2009).

Glaciar Jorge Montt (488190 S, 738290 W; ice basin area
500 km2 in 2011) is one of the main tidewater calving
glaciers of the SPI. It flows north from the local ice divide
(�1600ma.s.l.) located within one of the main plateaus of
the SPI, to calve into an unnamed fjord that opened as a result
of the glacier retreat experienced since 1898 (Steffen, 1910),
yielding a total retreat of 19.5 km until 2011 (Fig. 1). Very
little is known about how glacier velocities are reacting to
these significant changes. Very few ice velocities have been
measured in the SPI, resulting in awide rate range, from a few
meters per day at Glaciar Moreno with some seasonality
(Stuefer and others, 2007; Ciappa and others, 2010;
Sugiyama and others, 2011), to a mean ice velocity near
the front of Glaciar Pı́o XI of 20md–1, with maximum values
of 50md–1, when surging behaviour was suggested (Rivera
and others, 1997). One of the glaciers with more direct ice
velocity measurements is Glaciar San Rafael, Northern
Patagonia Icefield (NPI; Campo de Hielo Norte), where up
to 17–20md–1 was detected near the tidewater calving
glacier front (Naruse, 1985, 1987; Kondo and Yamada, 1988;

Warren and others, 1995; Rignot and others, 1996a,b).
Another SPI glacier with direct ice velocity measurements is
Glaciar Tyndall, where a maximum of 1.9md–1 was meas-
ured in 1985 near the medial moraine (Kadota and others,
1992). Most of these ice velocities were obtained by
measuring stakes, seracs, erratic blocks or other features on
top of the glacier, by theodolite. More recently, satellite
images (Floricioiu and others, 2009) and continuous GPS
measurements (Sugiyama and others, 2011) have been used.
Terrestrial oblique photography has been applied to at least
one glacier in Patagonia (Hashimoto and others, 2009, 2011).

The first published velocities from Glaciar Jorge
Montt were from Enomoto and Abe (1983) who measured
240ma–1 at a western non-calving tongue. Using speckle
tracking from RADARSAT-1 images collected in September–
November 2004, E. Rignot (personal communication, 2011)
obtained values of 9–10md–1 3 km upstream of the glacier
front. In this paper, these values are compared to ice
velocities derived from fixed cameras installed near the
glacier edge, pointing toward the lower tongue of Glaciar
Jorge Montt and operating almost continuously between
9 February 2010 and 15 January 2011. These results are also
compared to feature-tracking ice velocities derived from
Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) images collected in February 2010.

2. INSTRUMENTS, DATA AND METHODS
In January 2010, a field campaign was conducted to Glaciar
Jorge Montt, the main aims of which were to study the
sedimentation rates near the glacier front, the long-term
glacier variations, the oceanographic conditions at the new
fjord opened by the glacier retreat and the ice velocities.
This last topic of research is the main focus of this paper.

During the field visit, many icebergs and brash ice
blocked most of the fjord, making it difficult to survey the
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6. CONCLUSIONS
Three methods were applied to map ice velocities at Glaciar
Jorge Montt, a tidewater calving glacier experiencing a
continuous frontal recession since 1898. The methods
applied enabled us to determine a mean ice velocity of
13�4md–1 at a transversal close to the glacier front, with
minimum values of less than 4m (the detection error) at
the ice close to the rock sides, values of 8–13�4md–1 at
the glacier centre margins and a maximum velocity of
33�4md–1 at the main flowline. Velocities were similar
when all methods were spatially compared, and no season-
ality was detected. However, when they were compared to
previous ice velocities based upon RADARSAT-1 images
from 2004, a clear acceleration was detected.

These ice velocities are among the highest observed in
non-surging glacier behaviour in Patagonia, and the re-
sulting calving fluxes are also among the highest ever
registered in the region.

A modelling approach is recommended to test the
possible consequences of this ice dynamic for the rest of
the glacier, especially if the high velocities and calving
fluxes at the glacier front are generating pulling stresses
already spread upstream, reaching the local ice divide
where even an ice-divide migration could be produced.
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