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ABSTRACT. Glaciated valleys of the Dalton Range in 
the south-west Yukon Territory are dominated by rock 
glaciers identified as glacier ice-cored debris systems. The 
two rock glaciers studied have different amounts of 
deformation at present, resulting from post-formation 
mechanics. 

The primary formation of lobes of the rock glaciers 
resulted from periods of glacier activity in the Neoglacial, 
although older lobes, probably late Pleistocene in age, occur 
below the Neoglacial lobes. The hydrological systems of the 
rock glaciers have played a major role in the post-formation 
deformation of the land forms and the present drainage 
system is entirely sub-surface. The explanation for the 
extensive occurrence of rock glaciers in the Dalton Range is 
lithological as a result of the high susceptibility of the 
Upper Jurassic/ Lower Cretaceous sediments to frost action 
and glacier erosion . 

INTRODUCTION 

Glacier ice-cored debris-system rock glaciers (Johnson , 
1974, 1980a, 1987; Whalley, 1974) are one very distinct type 
of the suite of land forms known as rock glaciers. Barsch 
(1988) has made a very strong statement that this is an 
erroneous interpretation and that all rock glaciers are 
periglacial in origin, a position that has also been advocated 
by Gorbunov (1983) and Haeberli (1985). In the south-west 
Yukon Territory, however, most Neoglacial deposits are 
cored extensively by glacier ice. Continuity of glacier ice is 
visible from current glaciers through lateral moraines, 
outwash deposits, and the maximum Neoglacial pOSItIOn 
moraines, and from current glaciers through lateral moraines 
into rock glaciers. The rock glaciers form where the glacier 
surface becomes totally covered in debris. Characteristically, 
they occur in cirques or narrow glaciated valleys. Johnson 
(1980a, b) has discussed glacier ice-cored debris-system 
rock-glacier formation in the St. Elias Mountains. In 
contrast, talus rock glaciers are not directly related to 
glacier activity, although they form in glaciated terrain, may 
be composed of glacial deposits as well as tal us, and may 
contain some stagnant glacier ice. Land forms of this type 
are periglacial in origin (White, 1976, 1981 ; Giardino, 1983; 
Haeberli, 1985; Barsch, 1988). The collapse of unstable 
slopes has also been proposed as a possible origin for some 
rock glaciers (Johnson, 1984; Maxwell, unpublished). 

For a long time, rock glaciers were considered to be 
unusual occurrences . It has become apparent that this suite 
of mass-movement forms is a common valley-bottom or 
slope formation. In the narrow valleys of the Donjek and 
Kluane Ranges on the eastern margin of the St. Elias 
Mountains of the south-west Yukon, they are a dominant 
element of the landscape. An example of an area dominated 
by the glacier ice-cored type of rock glacier is the Dalton 
Range, a component of the Kluane Ranges (Fig. I). 
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.. Glacier Debris Systems The Dalton Range is composed of sediments and minor 
volcanic rocks of the Dezadeash Group of the Upper 
Jurassic/ Lower Cretaceous (Eisbacher, 1975; Read and 

Fig. J. Location of the glacier ice-cored rock glaciers alld 
the study site ill the Dalton Range. 
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Monger, 1975). Sandstones and siltstones, complicated by 
slide masses and turbidites, and deformed by three major 
geological events (Eisbacher, 1975), occur as a highly 
faulted and folded zone. The rocks are very susceptible to 
glacier erosion and periglacial weathering. The narrow 
glacial valleys and the high volume of debris supply have 
been particularly important to the formation of the rock 
glaciers . 

The Dalton Range consists of two north-north-west to 
south-south-east trending ridges rlsmg to a maximum 
elevation of 2325 m to the east of a central valley which 
has a maximum elevation of 1375 m. The higher eastern 
ridge is incised by a series of cirques and glacial valleys, 
which are most pronounced on the east-facing escarpment 
overlooking Dezadeash Lake. Thirteen valleys, incised 
500-700 m, terminate as hanging valleys at about the 1100 m 
level above Shakwak Trench (Figs I and 2), and all contain 
massive glacier ice-cored rock glaciers. 

Fig. 2. The east- facillg slope of the Daltoll Range with 
glacier ice-cored rock glaciers ill the cirques alld the 
valleys . (Photograph by P.C. Johnsoll.) 

The general pattern of the glacial history of the region 
was one of decreasing ice cover during successive stages of 
the Pleistocene with retreat of the ice from Shakwak 
Trench, the structural depression to the east of the Kluane 
Ranges, by 12500 year B.P. (Denton and Stuiver, 1966). 
From the late Pleistocene through the Holocene, the Dalton 
Range has only been affected by local glaciation. Several 
minor glacial episodes during the Holocene (Denton and 
Karlen, 1977; Kristjanson, unpublished) culminated with the 
Neoglacial advance. From evidence of late Holocene 
glaciation in various areas, the Neoglacial has been defined 
temporarily as dating from approximately 6000 year B.P. 

(Benedict, 1973; Griffey, 1976; Luckman and Osborn, 1979; 
Blake, 1981; Ellis and Calkin, 1984). 

The mechanisms of movement, the current activity, and 
the history of two of the land forms were studied in 1985. 
Additional objectives were to determine the reasons for the 
prominent development of the rock glaciers in the range 
and the implications of these forms with regard to the 
evolution of the post-glacial landscape. The two rock 
glaciers were selected both for scientific and practical 
reasons. Scientifically, the forms, although apparently glacier 
ice-cored rock glaciers, had a number of morphological 
contrasts. Practically, they occurred in neighbouring and 
confluent valleys and were one of the few sites where a 
surface-water supply for a camp existed. 

DESCRIPTION OF THE ROCK GLACIERS 

The two rock glaciers are located in valleys which start 
below the highest peak in the range. The valley form is 
asymmetrical with very steep north-facing slopes and 
shallower, debris-mantled, south-facing and head wall slopes 
(Fig. 3). The majority of debris supply to the glacier 
surfaces is from the north-facing slopes. The higher parts 
of the valleys contain some remnant glacier ice and 
permanent snow patches. Morphologically, these higher parts 
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Fig. 3. The two study rock glaciers at the point of 
confluellce of their valleys. The asymmetrical upper valley 
of the Ilorthern form is visible in the upper left of the 
photograph. Numbers alld letters are referred to in the 
text. (Photograph by P.c. Johllson.) 

of the valleys are typical glaciated valleys with lateral 
moraines, which are particularly prominent along the 
south-facing slopes, small terminal moraines, and 
valley-floor ice-contact land forms. Overlooking Dezadeash 
Lake, the valleys start to open out and the lateral moraines 
grade into the rock glaciers where there is a spread of 
debris across the valley. In the more northerly valley, the 
transition is marked by ice-contact deposits and a line of 
small sink-holes which terminate in one massive sink-hole 
(Fig. 4). The massive ice core of the land form was 
exposed at the bottom of the sink-hole. The ice contained 
sediment bands which dipped up-valley and were contiguous 
with the moraine ice, and were interpreted as being glacial 
in origin. In a similar form in Grizzly Creek, continuity of 
the ice could be observed from the glacier through the 
ice-cored moraines to the sink-hole where glacier discharge 
entered the rock glacier (Johnson, 1980a). In the more 
southerly valley, the transition to the rock glacier is more 
gradual and a central drainage channel continues down the 
centre of the rock glacier without any well-defined 
sink-hole. 

On the northern form, the rock glacier down-valley of 
the sink-hole is composed of major flow lobes with small 
flow ridges 2-3 m in height developed in the surficial 
deposits. As the rock glacier extended to the break of slope 
of the hanging valley, a series of smaller rock glaciers 
formed along the terminus (Fig. 3). Longitudinal shear zones 
were produced along the northern lateral margin where 
successively younger periods of glacier movement have 
pushed into the central section of the rock glacier (Fig. 4). 

Fig. 4. The large sink-hole at the head of the northern rock 
glacier. The glacier ice core is in the lower right and is 
indicated by a broad arrow. The lateral shear zones are 
located ill the lower left of the photograph. Numbers alld 
letters are referred to ill the text. (Photograph by P.C. 
Johllsoll.) 
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T ABLE I. LICHEN AND VEGETATION COVER ON THE NORTHERN ROCK GLACIER (AFTER 
LACASSE, UNPUBLISHED) 

Lobe 

Lichen cover on rocks (%) 10.0 

Rhizocarpon geographicum (%) 

Largest Rhizocarpon geographicum 

Average of 50 Rhizocarpoll geographicum 

Vegetation cover (%) 100.0 

Sections in these zones show boulders with voids extending 
to depths greater than 1.5 m. 50 cm to either side of these 
zones, the deposits consist of boulders and gravels with a 
sand matrix. Imbrication parallel to these zones demonstrates 
:i former occurrence of differential movement. The temporal 
breaks between the formation of each surface are 
demonstrated by progressively more mature soil profiles and 
vegetation communities, and increasing lichen cover and size 
towards the margin of the land form (Lacasse, unpublished). 
A summary of the lichen and vegetation data is presented 
in Table I and the locations are indicated on Figures 3, 4, 
and 5. 

Fig . 5. The lower sections 0/ the two 
Numbers and lellers are re/erred to 
(Photograph by P.G. Johnson.) 

rock glaciers. 
ill the text . 

The southern form is composed of a series of lobes 
which extend the entire width of the valley. The lobes 
highest in the valley have no vegetation or lichen 
development (6 in Table II; Fig. 3) and have a dry central 
drainage channel which does not have any sink-holes. The 
central lobes (Nos 2-5 in Table II; Figs 3, 4, and 5) range 
from lichen-covered (4 and 5) to vegetation-covered (2 and 
3). Lobe 2 supports an alpine/ willow scrub-vegetation 
complex, which is disintegrating because this is the most 
active of the lobes at present. The central drainage channel 

2 3 4 A B C D 

20.0 30.0 90.0 5.0 10.0 80.0 

20.0 20.0 60.0 < 5.0 <5.0 55.0 

4.0 4.4 54.0 31.0 23.0 27.0 

2.5 0.5 15.03 15 .15 7.67 13 .21 

75.0 70.0 70.0 

is not prominent in lobes 3 and 4, although lobe 3 has a 
channel carved by a stream resurgence (Fig . 5) (see 
hydrology discussion). The oldest lobe is a stable, low-relief 
form with a mature spruce, willow, and juniper vegetation 
association (Table 11; after Lacasse, unpublished). 

Both of the rock glaciers are composed of 
frost-shattered and glacially transported debris from the 
Dezadeash Group of rocks. The material near the surface is 
angular and has a wide range of particle size (sands to I m 
boulders). The major source of this material was valley-side 
rock-fall on to the glacier surface. There are no exposures 
of the material with depth, and lobe fronts are dominated 
by material off the surface of the rock glacier; thus, it is 
impossible to assess the contribution of glacially eroded 
material. The deep incision of the valleys indicates very 
active glacial erosion and the structure of the land forms 
might be a three-layered rock-fall and ablation debris, ice, 
basal load system with the gradual disappearance of the ice 
in the older lobes. Shallow excavations in the rock glaciers 
reveal a surface layer of 0.5-1 m of large boulders with 
voids. Below this the materials range from coarse gravels, 
with sand and fine gravel matrix, to sands. The frost table 
in mid-July was at a depth of 1.5-2 m. 

A Geonics EMI6R resistivity meter was used to 
determine the structure of the rock glacier below the 
excavation depths. "The EMI6R measures the ratio and the 
phase angle between the horizontal electrical and magnetic 
fields of the wave propagated by distant VLF radio 
transmitters in order to determine the resistivity of the 
ground" (EMI6R operating manual; Geonics Ltd). Resistivity 
values of 5000-6000 ohm m were obtained on bedrock and 
on 20 m of till, without ice lenses, over bedrock. On the 
higher parts of the rock glaciers, apparent resistivity values 
of 10000-15000 ohm m were measured with phase angles 
close to 45·, indicating a high-resistivity layer close to the 
surface. This high-resistivity value is indicative of massive 
ice in the land form. In the lower parts of the rock 
glaciers, apparent resIstIvIty values fell to as low as 
5000 ohm m, indicating that there was no massive ice in 
these parts of the land forms. Interpolation from the 
exposures of glacier ice indicates that the rest of the ice 
core is probably glacial in origin. The survey indicated that 
the upper 850 m of the southern rock glacier and the upper 
500 m of the northern rock glacier retain an ice core and 
that ice may still exist in parts of the land forms below 
this level. There does not appear to be an ice core in the 
extension rock glaciers of the northern form . 

TABLE 11. LICHEN AND VEGETATION COVER ON THE SOUTHERN ROCK 
GLACIER (AFTER LACASSE, UNPUBLISHED) 

Lobe 2 3 4 5 6 

Lichen cover on rocks (%) 35.8 10.2 

Rhizocarpon geographicum (%) 26.5 7.6 

Largest Rhizocarpon geographicum 31.0 21.0 

Average of 50 RhizocarpOII geographicum 10.15 7.79 

Vegetation cover (%) 100.0 100.0 90.0 5.0 
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TABLE Ill. LIST OF THE MAJOR VEGETATION 
SPECIES ON THE LOBES OF THE SOUTHERN ROCK 

GLACIER 

Lobe J 
Draba caesia, Empetrum Iligrum , Epilobium allgustifolium , 
Festuca altaica, JUl1iperus communis, Lupinus arcticus , 
Myosotis alpestris, Picea sp" Ribes oxyacallthoides, Rosa 
acicularis . Salix glauca, Vaccinium vitisidaea. Zygadenus 
elegalls 

Lobe 1 
Epilobium allgustijolium. Epilobium latifolium. Lupinus 
arcticus. Mertensia paniculata, Poa arctica, Rosa woodsii , 
Salix polaris , Saxifraga tricuspidata , Solidago multiradiata 

Lobe 3 
Alltellllaria 
calyculata, 
commullis, 
Potelllilla 
Saxifraga 
longipes 

Lobe 4 

pulcherrima, Catilleja sp" Chamaedaphne 
Epilobium allgustifolium, Festuca altaica. Juniperus 
Lupinus arcticus . Mert ensia palliculala , Picea sp .. 
diversifolia. Salix polaris . Salix reticulata. 
tricuspidala. Solidago mulliradiata. Steilaria 

Artemisia alaskalla. Epilobium latofolium, Lupinus arcticus. 
Oxytropis sP,. Salix arctica. Sax ifraga tricuspidata , Trisetum 
spicatum 

HYDROLOGICAL SYSTEMS OF THE ROCK GLACIERS 

The present hydrological systems of the rock glaciers 
are almost entirely sub-surface . Abandoned stream channels 
are evidence of greater importance of surface drainage in 
the past. They are both indicative of the importance of the 
hydrological system in the formation of this land form. At 
present, surface streams only occur for short distances below 
snow-packs and below residual glacier ice in the upper 
valleys, The existence of sub-surface drainage streams was 
indicated by the sound of flowing water detected through 
the overburden. Although the drainage is essentially 
sub-surface and in distinct stream courses in the upper 
parts of the land forms, no stream resurgences were found 
at the termInI of the rock glaciers. This prevented 
quantitative assessment of the hydrological system. 

The northern rock-glacier valley has a sub-surface 
stream that flows through the ice-contact deposits above the 
main sink-hole. This drainage formerly entered the rock 
glacier at the sink-hole. The sink-hole was progressively 
enlarged by the action of the stream and the melt of 
exposed areas of the ice core, The sediments deposited in 
the sink-hole (Fig, 6) indicated that the stream channel had 
been blocked, causing the accumulation of 2.73 m of fluvial 
deposits . The sequence shows a number of rapid fluctuations 
from low- to high-energy conditions. In 1985, the drainage 
was in an ice-walled channel at the up-valley end of the 
sink-hole where a small debris flow had exposed the ice 
core and a short tunnel to the stream course (Fig. 4, 
pOSItIOn X), A section in the southern wall of the 
sink-hole, where the surface was pitted with small kettle
holes, had ice covered by till, 0.4-().5 m of f1uvially bedded 
sands and gravels, and three beds of 0,8-1 m thick hetero
geneous gravels with lenses of bedded sands and silts. There 
was, therefore, fluvial activity during rock-glacier formation 
at a height of 7-8 m above the present elevation of the 
sink-hole floor. This fluvial activity would be from an early 
glacial phase in the rock-glacier formation . 

The interpretation of the bedded sands and gravels in 
the kettle-hole section and the sink-hole section is difficult, 
The rapid changes between energy conditions indicated in 
these sections might represent differences in annual regimes 
of the glacier-discharge stream. Research on contemporary 
glacier discharge and suspended-sediment regimes demon
strates that rapid changes in sediment transport can also 
occur within one season (research in progress). These 
sections might represent a number of years of accumulation 
or might even be very rapid sedimentation in the last phase 
of stream blockage. No temporal information on the 
formation of the rock glacier could be gained . 
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• Gravel Becoming Coarser 
to top, Sand Matrix. 

• Current Bedded Silts. 

• Fine-Medium Gravel Sand Matrix. 

• Bedded Sand and Silts. 

• Fine-Medium Gravel Sand Matrix. 

• Silts and Fine Sands. Flame 
Structures. 

• Bedded Coarse Sand. 

• Fine-Medium Gravel,No Matrix. 

• Bedded Coarse Sands. 

• Bedded Silts, Fine , Medium 
and Coarse Sands. 

• Medium to Coarse Gravel No Matrix. 

• Fine Sand to Coarse Gravel. 

• Fine Sands and Silts with 
Coarse Sand Lenses. 

• Unsorted Gravel with 
no Matrix to Sand Matrix. 

• Gravel Fining through Section. 
Pebbles Silt Coated, Large Voids. 

• Fine Gravels and Coarse 
Sand, Bedded. 

• Bedded Sands. 

• Massive Sand Bed. 
No Visible Structures. 

• Bedded Silts. 
• Bedded Medium Sands. 
• Bedded Silts. 
• Massive Silts. 

• Gravel. Sand Matrix. 
Medium-Coarse Clast. 

• Base of Sedimentation. 

• Till. 

Fig . 6. The stratigraphy of the deposits in the large 
sink-hole. 

There is also a central drainage channel on the lowest 
lobes of this northern rock glacier. The channel starts at the 
base of the steepest slope off the main section of the rock 
glacier (Fig. 3) and terminates in a number of small 
sink-holes, The channel was probably formed by resurgence 
of drainage through the rock glacier, and this sapped the 
base of the slope causing the instability of the rock-glacier 
surface above. 
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No resurgence of water was found around the terminus 
of this land form. The only evidence of hydrological 
activity at the terminus is found in the unstable frontal 
slopes. Here, water seepage occurs along planar surfaces and 
provides a water supply to a line of vegetation which has 
developed on the slopes (Fig. 3, indicated by arrows). 
Sections dug into the terminus slopes indicated that this was 
a permafrost surface. Although the sections were cut into 
apparently active unstable 40-60

0 
slopes, the vegetation 

development suggests that this is a relatively stable 
condition. Active slope movement would not have allowed 
the trees to become established, and an agrading or 
degrading permafrost surface would result in movement of 
the water supply and changes in the vegetation. At the 
permafrost table, the composition of the rock glacier was 
sands to coarse gravels with a low interstitial ice content. 

In the southern valley, snow and ice melt percolates 
into the glacial deposits above the main part of the rock 
glacier. The central drainage channel indicates some surface 
drainage during formation of lobes 4, 5, and 6 (Fig. 3). 
Lobe 4 (Fig . 3) was a sink-hole and lobe 3 (Fig. 5) has a 
large resurgence pit. The latter is a large conical pit in the 
centre of the lobe with a water-eroded channel extending 
out through the north-east part of the lobe terminus to an 
alluvial fan . The fan covers part of the surface of the older 
lobe 2. The resurgence pit is about 10 m deep (the winter 
snow had not melted out by the end of July) and must 
have been produced by a large water flow . No stream 
resurgences were found along the terminus of lobe 1. 

Lobe 2 is the only one which has any indication of 
active flow (Fig. 5). The terminus slope is up to 50

0 

and 
material from the surface is sliding down-slope on to the 
surface of lobe 1, where it is being over-ridden by the 
lobe advance. 

DISCUSSION 

Most Neoglacial glaciated areas in the St. Elias 
Mountains have extensive ice cores. The glacier ice core is 
exposed through the recent recess ional moraines and outwash 
to the large Neoglacial lateral and terminal moraines in 
Grizzly Creek, in Donjek Valley, and at the Kaskawulsh 
Glacier research sites. In the Kaskawulsh basin, extensive 
glacier-ice cores exist in kame-and-kettle topography at the 
Kaskawulsh Lake site, and extensive stagnant ice tongues 
covered by thin debris covers occur in Steele Valley, Spring 
Valley, and in the Kaskawulsh basin. Continuity of glacier 
ice has been observed from a cirque glacier, through 
massive ice-cored moraines and into the upper zones of a 
rock glacier in Grizzly Creek . There is no doubt that 
massive glacier-ice cores exist in all depositional 
environments dating from the Neoglacial period . The main 
mass of each of the Dalton Range rock glaciers is 
glacier-ice cored and the primary movement of the land 
forms is the result of the deformation of the ice. 
Deformation of one long tongue of debris-covered ice will 
not produce the sequence of major lobes found on the rock 
glaciers. Frequently, these long tongues stagnate in situ and 
produce stagnant ice/ karst-type landscapes (Clayton, 1964; 
McKenzie and Goodwin, 1987). 

The Neoglacial period has been one of a number of 
glacier fluctuations (Burrows and Gellatly, 1982) producing 
multi-ridged ice-cored moraines (Denton and Stuiver, 1966). 
The same pattern of glacier fluctuation occurring where 
extensive debris covers have formed on glacier surfaces will 
produce a number of glacier ice-cored lobes. Each of the 
main lobes of the rock glacier is produced during a period 
of glacial activity (Fig. 7). Terminal moraines and the lobes 
of the rock glaciers preserve the same record of glacier 
activity. The number of periods of glacier activity in the 
Neoglacial, indicated by the moraines and rock-glacier lobes, 
and slow vegetation colonization and lichen growth, would 
account for the sometimes contradictory evidence on relative 
age of surfaces. 

Although periods of glacier activity are responsible for 
the main lobe formation , other deformation processes can 
modify the land forms . First, the ice core can continue to 
deform under gravitational stress and surface loading. 
Secondly, ice advance into the stagnant core of an older 
lobe increases stress in the stagnant ice and leads to 

Johnsoll alld Lacasse: Rock glaciers of the Daltoll Range 

Zone 01 form.flo" of 

comp/ere debris cover 

on Ice 1/ O/acl.r Ice 

~"'" Stagnant Ic. 

Fig. 7. Schematic of the formatioll of glacier ice-cored rock 
glaciers by periods of glacier advance. 

increased rates of deformation. Thirdly, hydrostatic 
conditions in the lobes caused by snow and ice melt in the 
upper valley may cause local movement. Fourthly, the 
surface deposits may develop creep flow as a result of 
interstitial ice content or differential movement along the 
ice/ deposit interface. All of these mechanisms contribute to 
the formation of multiple minor flow ridges on the 
rock-glacier surface . 

Movement rates can be the result of primary or 
secondary movement processes. On the northern rock glacier 
there have been a number of small extension flows of parts 
of the terminus of the main rock glacier (Fig. 3). Sections 
along the margins of these indicate surface flow with 
over-riding of solifluction lobes. Although these forms have 
steep terminus slopes of >45

0
, there is little forward 

movement of the mass of the rock glacier at present. Trees 
developed along the seepage lines are only slightly deformed 
at the base of the trunk and there is no evidence of active 
rock-glacier advance over the pro-glacial surface. On the 
southern rock glacier, the only active lobe is lobe 2 which 
is advancing over lobe 1, the oldest of the lobes. The 
surface of lobe 2 has been stable recently because a mature 
soil profile had developed on the lobe with a 
scrub-vegetation complex. The soil and vegetation are being 
destroyed by the current activity. The cause of the 
re-advance was not apparent but it may be related to the 
changing hydrological conditions as the ice core degrades , 
because the resurgence pit and alluvial fan on lobe 3 above 
indicate considerable hydrological activity. The only evidence 
for the absolute age of the rock glaciers is a modern date 
from lobe 3. The date was obtained from a piece of wood 
lying on the rock surface at the base of the soil and it is 
questionable whether this is a good indicator. It is 
hypothesized that most of the lobes (2-6) date from the 
Neoglacial and recent periods, and that lobe I is much 
older. The Neoglacial lobes correspond to the periods of ice 
activity indicated in the moraines of Kaskawulsh, Donjek, 
and Grizzly Glaciers. 
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The debris supply to the glacier surface is critical to 
the formation of these rock glaciers. Johnson (I 980b) 
proposed a simple model relating valley morphology and 
debris supply to their formation because of the highly 
erodable nature of the Dezadeash Group of rocks which 
allowed deep glacial incision and high volumes of supply by 
periglacial weathering from the valley sides. Additional lobes 
might be added to these rock glaciers if the glaciers 
re-advance in the future . Older Holocene surfaces may have 
been over-ridden or truncated by the Neoglacial re-advance 
of the glaciers. 

The fact that these land forms are ice-cored suggests 
that the final morphological expression upon total 
deglaciation will depend on the relative volumes of rock 
and ice, and on the processes of melt of the ice. Ice-cored 
moraines in the St. Elias Mountains rarely have more than 
2 m of till over the ice and the resistivity survey of the 
rock glacier indicates a thin layer of rock debris . 
Degradation of the land form will occur by down-wasting 
of the ice as a result of heat flow through the deposits, 
collapse into ice-walled drainage channels through the land 
forms, and rapid melt of the ice when exposed by 
melt-water activity or slump and mud-flow processes on the 
surface. 

SUMMARY 

The Dalton Range rock glaciers are primarily glacier 
ice-cored debris-system forms and most of the lobes date 
from the Neoglacial period. Older remnants could not be 
dated but it is thought that they were probably late 
Pleistocene to early Holocene after the end of regional 
glaciation. Any early to middle Holocene components of the 
land forms would have been destroyed or altered by the 
Neoglacial advances. This pattern of Holocene advances, 
followed by more extensive Neoglacial advances, has been 
suggested by Denton and Karlen (J 973). The lithology of 
the Dezadeash Group makes the Dalton Range particularly 
suitable for the formation of glacier ice-cored rock glaciers, 
and the valleys of the range, therefore, contain a unique 
record of recent glacier fluctuations. 
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