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Glacier advance, ice-marginal lakes and routing of
meltwater and sediment: Russell Glacier, Greenland
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ABSTRACT. The ice-sheet margin at Russell Glacier, West Greenland, advanced
~7ma ' between 1968 and 1999. As the ice advanced over moraine ridges, small changes
in position caused major changes in the routing of proglacial water and sediment. These
included changes in the distribution of ice-marginal lakes, in the periodic drainage of'ice-
dammed lakes, in the routing and sediment content of meltwater draining into the progla-
cial zone, and in the release of sediment from the moraines by erosion and mass move-
ments. Proglacial hydrology and sediment flux appear to be controlled not simply by
glacier mass balance, but by evolving ice-marginal geomorphology, which must be ac-
counted for in palaeoenvironmental interpretation of proglacial sediments.

INTRODUCTION

Ice-marginal lakes at Russell Glacier, part of a lobe of the
West Greenland ice sheet (Fig. 1), are well documented (e.g.
Sugden and others, 1985; Gordon, 1986; Russell and de Jong,
1988; Scholz and others, 1988; Russell, 1989; Russell and
others, 1990; Knight and Russell, 1993). Their characteristics
depend primarily on the position of the ice margin relative
to surrounding topography, and their behaviour (stability
or periodic drainage) strongly influences proglacial hydrol-
ogy and sediment routing. This paper reports how recent
changes in the position of the ice margin have had a dispro-
portionate effect on the proglacial area through their influ-
ence on ice-marginal lakes and meltwater routing.

Locations of sites mentioned in the text are shown in Figures
1 and 2. Table 1 summarizes details of the lakes.

OBSERVATIONS
Ice margin

The ice margin in this area was in recession for about
50 years after 1920, but has readvanced during the past three
decades (Weidick, 1991; Weidick and others, 1992; Van Taten-
hove and others, 1995), consistent with observed present-day
thickening of the western sector of the ice sheet (Thomas
and others, 1998). Russell Glacier reflects these regional
trends. Aerial photographs from 1968 and 1985, and field
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Fig. 1. The northern lateral margin and snout of Russell Glacier, indicating the positions of sites referred to in the text and the
location of the area of Figure 2.
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Fig. 2. The northern part of the snout of Russell Glacier, show-
ing the position of sites referred to in the text and the position of
the ice margin in 1968 ( solid line) and 1999 ( dashed line ).

observations from 1984 to 1999, indicate that most of the
margin advanced 30-70m in 30years, and parts of the
northern terminus advanced >210 m (Fig. 2).

Until 1985, the margin lay within a complex moraine
35 m high, comprising diamictons of gravels/boulders in a
sand/silt matrix, thin beds of sand and granules, and intra-
moraine lake sediments with bedsets of clay, silt and fine
sand up to 0.7m thick. Sediment production per linear
metre of the ice margin was ~24m®a", of which 60% was
silt and clay, and 40% sand, gravel and boulders. Meltwater
flowed laterally through intra-moraine channels, reaching
the proglacial area only through breaches in the moraine.
Water and debris released from the ice was therefore par-
tially trapped in basins within the moraine or between the
moraine and the ice. Measurements of stream loads at mo-
raine breaches indicated that only 20% of the glacier’ silt
and clay output was released to the proglacial zone.

During 1985-99, 30% of the margin advanced over the
moraine crest, destabilizing the moraine and routing melt-
water from the glacier surface and the debris-rich basal ice
directly onto its distal face. Debris from the ice, and from
gullying and debris flowage in the moraine, was then sup-
plied directly into the proglacial river. Debris-flow lobes
and steep boulder and gravel fans formed at the foot of gul-
lies in the moraine, grading into low-angle fans of finely
bedded sand and silt truncated by the river.

Seasonal changes in glacier thickness and position also af-

Table 1. Characteristics of the lakes discussed in the text

Lake No.  Area

mZ

Basin type Status ( September 1999)

1 7.1 x10° Tce-hillside. Periodically draining Stable. Full to
until 1987 capacity
2 23 x10* Ice-hillside. Periodically draining Empty. Drained 1999

3 9.5 x10" Ice-moraine. Stable Overridden by glacier
4 5x10% Ice-moraine. Seasonally draining Newly created since
1996. Drained 1999
5 7x10° Intra-moraine. Stable Breached by glacier.
Drained and incised
424
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fected ice-marginal drainage. Ice thickness fluctuated by an
average of 2ma ', and the margin advanced by up to 15m
between September and April each year, and receded by a
smaller amount in response to summer ablation. This created
prominent erosional trimlines at the seasonal maximum po-
sition, superimposed dump—push moraine ridges onto the
pre-existing moraine, and influenced both the formation
and drainage of seasonal ice-dammed lakes within the mo-
raine complex and the periodic drainage of perennial lakes.

Ice-marginal lakes

Until 1987, lake 1 (Fig. I; Table 1) periodically drained through
subglacial tunnels, causing geomorphologically and glacio-
logically significant jokulhlaups (Sugden and others, 1985;
Gordon, 1986; Russell and de Jong, 1988; Scholz and others,
1988; Russell, 1989). Drainage events ceased after 1987,
because the ice advanced to a point where the maximum lake
depth was insufficient to cause flotation. In 1999 the ice mar-
gin had advanced <10 m since 1994. The lake was at maxi-
mum capacity, overflowing through a bedrock col. There
were no signs of recent subglacial drainage. The channel pre-
viously created by the floodwater emerging down-glacier was
no longer well defined. The delta created by the floodwater
was still prominent, but dissected by meltwater discharge
since the last flood. The lake is stable, and further sudden
drainage events are unlikely until the ice recedes.

Lake 2 (Fig. I; Table 1) drains periodically via an ice
tunnel at the deepest part of its basin (Knight and Russell,
1993). In 1999 the position of the margin was unchanged
since 1991. Fresh shorelines around the basin’s perimeter in-
dicated recent drainage from maximum capacity through a
near-semicircular subglacial tunnel 7 m high and 10 m wide.
This lake continues to be unstable.

Lake 3 (Fig. 2; Table 1) diminished as the glacier advanced,
and by 1999 the lake basin was completely overrun. The elim-
ination of lake 3 removed a sediment trap of 3 x10° m® from
the front of the glacier, and the main stream draining the
northern terminus was subsequently supplied directly by tur-
bid water emerging from the debris-rich basal ice and from
the debris-covered supraglacial zone. During low flow in
mid-September, the stream water contained 20 g L' of sedi-
ment in transport, ranging from clay to coarse sand
(<2 mm). Characteristic sediment load in outflow from lake
3 was previously an order of magnitude less, and comprised
only clay and silt ( <0.06 mm).

Lake 4 (Fig. 2; Table 1) formed between the ice and the
moraine in 1999 when the glacier was at its early-season
maximum. It drained between ice and moraine during the
margin’s summer recession with a significant geomorphic
impact, although its volume (750 m®) was trivial. Drainage
was routed between moraine ridges parallel to the ice mar-
gin for 80 m before passing through a moraine breach into
the proglacial area. The drainage occurred abruptly, leav-
ing no intermediate shorelines, and with the topset—foreset
contact of a debris-fan prograding into the lake maintaining
a constant elevation. A gully with an average cross-sectional
area of 2m? was eroded, discharging >160 m” of material
into the proglacial area. The moraine breach was enlarged,
and a steep boulder-fan was deposited on its distal side. Ro-
tational slips and tension cracks appeared on the distal face
of the moraine behind which the lake was dammed (Fig: 3).

Drainage rerouting associated with glacier advance has
destroyed several intra-moraine lakes. Until 1996, lake 5
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Fig. 3. Cross-sections through the moraine at the snout of Russell
Glacier. The top diagram shows the position of the ice margin
10m north of lake 4 in May 1999 (dashed line, based on
moraine limits ) and September 1999 (surveyed position ). The
lower diagram shows the position of lake 4 perched close to the
summait of the moraine, and ilustrates the slump scar on the
distal face of the moraine below the lake.

(Fig. 2) was separated from the glacier and from lake 3 by a
moraine ridge and was supplied entirely by meteoric and
ground-water sources. In 1996 the glacier breached the
basin, causing seasonal input of meltwater. By 1999 the in-
creased water supply caused the lake to overflow its basin,
eroding the overspill and causing the lake to drain com-
pletely. The lake’s sediment was then incised by meltwater
and discharged into the proglacial river.

As the glacier advances, more locations are becoming
susceptible to falls of ice into the river that skirts its margin
(Fig. I). Russell and others (1995) described the hydrological
importance of falls of ice into this river, which has achieved
occasional flood discharges of 1080 m®s ' (Russell, 1989).
The margin 1.5 km west of lake 2 now calves directly into
the river channel, with the potential to cause temporary
blockages throughout the melt season. Fresh till and dis-
turbed ground on the distal side of the river indicate sea-
sonal advances across the channel. If the ice continues to
thicken or advance, water will be ponded behind the ice in
its advanced spring position, causing temporary lake forma-
tion followed by abrupt drainage.

DISCUSSION

These observations indicate that, even during periods of
steady advance with little long-term variability in glacier
melting and sediment production, water and sediment dis-
charge into the proglacial zone can be highly variable. Pro-
glacial hydrology and sediment transfer are strongly
influenced by varying storage potential in moraines and
inter-moraine or ice-marginal channels and basins, and by
periodic releases of stored material. As Russell Glacier
advanced over moraine ridges during the period 1985—-99,
small changes in position caused thorough reorganizations
of proglacial water and sediment routing. Prior to 1985,
~80% of fine-grained sediment released from the ice was
stored within the moraine complex, but between 1985 and
1999 30% of the length margin advanced to the distal side
of the moraine, routing its water and sediment output
directly into the proglacial river. Major sediment stores such
as intra-moraine lake basins were created and destroyed by
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advances of just a few metres, and the formation and drain-
age of temporary lakes associated with transitory ice posi-
tions caused discharge peaks, episodes of erosion, and
destabilization of moraine ridges by piping and slope fail-
ure. Changes in hydrology and sediment loading of progla-
cial streams can thus reflect changes in the geomorphology
of the margin rather than changes in glacier mass balance.
Distal processes and sediments are predicted to reflect a
complex interaction between production and storage, dom-
inated by the relationship of the ice front to its marginal
geomorphology. Caution is therefore necessary in recon-
structing glacier mass balance, deglaciation chronology or
climate change from proglacial sediments and morpho-
sequences (e.g. Visser, 1996), or inferring glacier sediment out-
put from mass-balance data (e.g. Andrews and others, 1994).

CONCLUSION

The northern margin of Russell Glacier advanced at
<7ma ' between 1968 and 1999. Changes in ice-margin
geomorphology associated with small advances of the
glacier across marginal moraines reduced the potential for
water and sediment storage between the ice and the
moraine, increased the sediment load of proglacial streams,
changed the geography of periodically draining lakes and
caused changes in water and sediment routing that affected
the stability of the moraine. Proglacial hydrology and sedi-
ment flux were controlled not only by glacier mass balance
but also by evolving ice-marginal geomorphology. Future
interaction between the advancing glacier margin, the mo-
raines and the ice-marginal lakes will be a dominant control
on sediment supply to the proglacial zone, which must be
taken into account when using proglacial sediment records
to reconstruct glacier mass balance.
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