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Abstract Several ice-contact lakes have formed in
conjunction with twentieth century glacier retreat in Mt Cook
National Park. They occupy overdeepened glacial valleys
and are dammed by terminal moraines and/or outwash heads.
During the autumns of 1994 and 1995, the temperature and
bathymetry of "Maud lake", "Godley lake", and Hooker
Lake were surveyed. The near-glacier vertical water
temperature profiles exhibited greater temperature variation
than those at the distal ends of the lakes. Thermal
stratification existed in Hooker Lake, whereas both Maud
and Godley lakes were thoroughly mixed. Water temper-
atures in the latter were consistently between 3 and 4.5°C,
but most parts of Hooker Lake were cooler than 2°C, with a
minimum recorded temperature of 0.2°C. These contrasts
are important because melting of submerged parts of glacier
termini is significant for ablation rates and for the dynamics
of calving termini. All the lakes are steep sided and deep.
Maud and Godley lakes approach 100 m in depth, whereas
Hooker Lake has a maximum recorded depth of 136 m.
Extensive flat floors in Maud and Godley lakes probably
reflect rapid sediment accumulation following glacier retreat.
Water depth at the termini of iceberg-calving glaciers is
known to correlate strongly with rates of iceberg production
and hence the rate of glacier retreat. However, given the
substantial water depths through which these glaciers (and
also the neighbouring Tasman Glacier) have retreated, they
appear to be more stable than comparable glaciers in other
countries. The subaqueous geometry of all the glacier termini
comprises a projecting ramp of glacier ice. All the lakes are
being enlarged by glacier retreat except Maud lake, which
has been reduced in size since 1995 by the advance of Maud
and Grey Glaciers.
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INTRODUCTION

In recent decades, retreat of valley and cirque glaciers in
the Southern Alps of New Zealand has led to the formation
of a number of ice-contact lakes (sensu Ashley 1995). These
lakes, some temporary and some extant, can occupy several
geomorphological settings. Cirque lakes are dammed by rock
bars or terminal moraines, and valley-floor lakes are dammed
by moraines and/or outwash heads (Gage 1975). Only two
ice-contact lakes have been studied previously in detail
(Table 1): Ivory Lake (Anderton & Chinn 1978; Hicks et al.
1990), and the much larger Tasman Lake (Hochstein et al.
1995). Apart from these studies, and the documentation of
the rate of growth of ice-contact lakes in Mt Cook National
Park by Kirkbride (1993), the characteristics of these
dynamic systems remain unknown, although some of New
Zealand's large, distal, glacier-fed lakes and their environs
have received detailed attention (Irwin 1972; Gage 1975;
Jolly & Irwin 1975; Irwin & Pickrill 1982; Pickrill & Irwin
1983; McGowan et al. 1996). Here we report a study of ice-
contact lakes which have recently formed at the termini of
Hooker, Maud, and Godley Glaciers in Mt Cook National
Park. We call these lakes Hooker Lake, "Maud lake", and
"Godley lake", respectively; the last two are not recognised
Geographic Board names.

The motivation for this research is twofold. The main
reason is to understand the glaciological significance of ice-
contact lake processes. Calving glaciers—those that
terminate in water and lose mass not only through melting
but also via iceberg production—have a distinctly different
relationship with climate from non-calving glaciers (Warren
1992). This is largely due to instability introduced to the
glacier system by calving. Calving rates correlate strongly
with mean water depths at glacier termini (Pelto & Warren
1991). Intriguingly, however, glaciers calving in tidewater
appear to calve at rates some 15 times greater than those
calving in lakes (Funk & Rothlisberger 1989). The reasons
for this dramatic difference remain unclear, but they must
relate to contrasting processes and/or process rates between
the tidewater and freshwater proglacial environments
(Warren et al. 1995 a) and, in particular, to melt rates of the
submerged part of the glacier terminus (Kennett et al. 1997).
The research reported here forms part of a larger study of
the dynamics of calving glaciers of Mt Cook National Park
(Kirkbride & Warren 1996, 1997, in press).

A second reason for this study is the paucity of recent
studies of glacial lakes. The physical limnology of distal
glacier-fed lakes is reasonably well known, but few data exist
for ice-contact lakes. Much of what is known rests on a few
studies carried out two or more decades ago, mostly focusing
on sediment dynamics (e.g., Reid & Callender 1965;
Campbell 1973; Gustavson 1975; Harris 1976). Little
additional information has appeared in recent years, and
opportunities to study the initiation and subsequent evolution
of new ice-contact lakes are rare.




