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Ice exposures in rock glaciers 

The presence of glacier ice as a significant feature in rock
glacier development has been disputed by various authors 
(e.g. Haeberli, 1985; Barsch, 1987). This follows from the 
"conventional", interstitial ice (or "permafrost") theory 
of rock-glacier flow propounded by Wahrhaftig and Cox 
(1959). The debate about the formation and origin of 
rock glaciers has been discussed in these pages previously 
(Haeberli, 1989; Lliboutry, 1990), especially concerning 
the evidence presented by J ohnson and Lacasse (1988). 
However, there are many examples which show that 
glacier ice can exist in rock glaciers. This has important 
consequences for our interpretation of these features, in 
terms of both the formative mechanisms and the 
environmental implications of their existence. Glacier
ice exposures have been described by authors such as 
Outcalt and Benedict (1965) and White (1975) at the 
Arapaho rock glacier in the Colorado Front Range, 
Potter (1972) in Wyoming and Calkin and others (1987) 
in Alaska as well as by Johnson and Lacasse (1988); 
Whalley and Martin (1992) give further examples. 
However, there have been no actual observations of 
glacier ice in more than one or perhaps two locations on 
anyone rock glacier. Here we describe ice exposures in a 
small rock glacier in Nautardalur, north Iceland. 

The rock glacier is a small feature (500 m long), 
typical in form (Fig. I), situated at an altitude of about 
1000m in the Trollaskagi Mountains, north Iceland. It 
lies below a plateau surface at about 1200 m a.s.!. and has 
a small cirque glacier, 300 m long, at its head. The rock 
glacier has the low surface velocities typically associated 
with rock glaciers; about 250 mm a- I measured over 
16 years in this case. A previous description, including 
velocity data, has been given by Martin and Whalley 
(1987). In that paper, an exposure of glacier ice was 
described at the snout front, together with a small 
crevasse on the centre line, about 50 m from the snout 
(Fig. I; positions 7 and 5, respectively). Other exposures 
have become visible in subsequent field seasons and their 
positions are also shown in Figure 1. In 1993, spring melt 
was very late and snow was still present, perhaps a month 
later than normally expected, with low temperatures until 
early August. Pits dug into the rock-glacier surface 
revealed frozen rocks and sediment at depths between 
I and 1.5 m below the surface. Of particular interest are 
the new exposures at 4 and 6 in Figure I. Here, as at other 

Fig. 1. The rock glacier in Nautcirdalur (edges shown 
dashedfor clarity), showing positions where glacier ice has 
been identified as well as the three traverse lines used for 
velociry determinations. G is the present-day cirque glacier; 
7 is the frontal exposure of ice described by Martin and 
Whalley (1987), and the line of exposures follows the 
er central furrow" of this rock glacier. 

localities, ice-cemented debris was found above, as well as 
incorporated into massive glacier ice. 

The upper exposure (4) shown in Figure 1 is about 
100 m below the last trace of pure glacier ice in the 
cirque-glacier section. A meltwater stream flowed in a 
channel contained within the ice from the direction of the 
cirque glacier. The stream disappeared nearly vertically 
down into the rock glacier at this location (Fig. 2). The 
walls of both this exposure and that at the snout clearly 

Fig. 2. An exposure of glacier ice at position 4, showing 
the cauiry in which a meltwater streamflowedfrom right to 
lift and descended further into the rock glacier. Frozen 
debris occurs above the exposed ice band at the leuel of the 
spade. 
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showed banded ice dipping up-glacier between 22° and 
26° containing debris bands up to 150 mm thick. These 
are directly comparable with the debris bands cropping 
out on the surface of the cirque-glacier section upstream 
of the rock glacier (G in Fig. I) . 

At the lower exposure (6 in Fig. 1; Fig. 3) it was 
possible to penetrate into a small cave. Inside (Fig. 4), 
two main facies could be seen: 

i. On the left - debris-free, stratified ice consisting of 
large (generally> 10 mm) crystals of ice. In the lower 
part of the lefthand wall the ice contained small 
« 10 mm) particles within stratified ice. 

ii. On the right-debris frozen together with only a 
very little ice. a_~~ 

This cave, near the centre line of the rock glacier, and 
within the "central furrow", can be interpreted as 
showing glacier ice (left) merging with debris. The 
surface topography has changed markedly over the years 
at this location; as the ice near the central furrow melts, so 
rock debris becomes incorporated into the rock-glacier 
body in this part of the central furrow. Such changes do 
not seem unreasonable as it is about 30 m upstream from 
the exposure of glacier ice at the snout described by 
Martin and Whalley (1987). 

We beiieve that the exposures at Nautardalur indicate 

Fig. 3. An exposure of glacier ice (1990) 2m high and 
about 30 m from the rock-glacier snout (to the right) J 

showing the debris cover about 40 cm thick (position 6 in 
Fig. 1). 

428 

Fig. 4. a. The exterior position of the cave at location 6 in 
1993; the small ice exposure to the left can be compared 
with that seen in 1990 (Fig. 3). b. The interior of the 
cave: stratified glacier ice is seen (lift) Joining frozen 
debris (right) derived from the rock glacier's surface. 

a body of glacier ice continuous from the cirque glacier at 
the head through to the snout of the rock glacier. The ice 
banding and discrete layers of debris are indeed indicative 
of glacier ice as Outcalt and Benedict (1965) and Johnson 
and Lacasse (1988) argued. The frozen debris at and near 
the surface (Fig. 2) may be the result of the late spring 
and late penetration of summer warming. We have not 
observed such frozen debris before at Nautardalur but it 
is a good example of the "superimposed" ice which can 
accumulate over a glacier ice core (Potter, 1972; Whalley, 
1983). At Nautardalur the superimposed ice probably 
melts during most summers. Thus, contrary to views that 
glacier ice cores cannot and do not exist in rock-glacier 
bodies, we now have direct evidence that they do. This is 
important as it allows a less restrictive interpretation of 
rock-glacier features and illustrates the importance of 
"hidden ice" in glacierized terrain (Whalley and others, 
1986). Furthermore, it shows that an explanation of rock
glacier behaviour must allow for their existence in 
association with temperate glacier bodies in marginally 
glacierized areas such as north Iceland. 
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