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TERRESTRIAL SUBGLACIAL LANDFORMS AS ANALOGS FOR MARTIAN LANDSCAPES. 
J. shawl, J.S. ~ a r g e l ~ ,  and R.G. strom2, Department of Geography, University of Alberta, Edmonton, 
Canada T6G 2H4. Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721. 

Introduction. There has been parallel development of ideas concerning the effects of glaciation 
on Earth and on Mars. This results, in part, from a similarity of approach in recent years during 
which remote sensing and regional scale studies have played major roles in our understanding of 
glacial processes. Field studies of terrestrial landforms and associated sediment adds confidence to the 
interpretation of their origins. 

If terrestrial and Martian features can be compared directly, these genetic interpretations may 
be extended to the Martian landscape. Furthermore, the more detailed field studies on Earth allow 
predictions of small-scale features on Mars that could be tested by future missions. Tunnel channels 
(valleys) and eskers form a landscape association common to both landscapes. In this abstract, we 
describe terrestrial examples as a basis for comparison and testing hypotheses on Martian landforms. 

Observation. Tunnel channels are subglacial drainage features eroded into the substrate. The term 
channel is preferred because there is evidence that flows overtopped the sides of some channels and 
extended across interchannel areas. Thus, the relationship between the flow and the conduit is more 
like that for a channel than a valley. Eskers are infills of subglacial drainage tunnels eroded upwards 
into the ice. 

Terrestrial tunnel channels are large in scale by comparison to other drainage channels - they are 
commonly several kilometres wide and several tens or even hundreds of metres deep. Almost all 
tunnel channels have an anastomosing pattern (Fig. 1). Some tunnel channels are "blind, starting and 
stopping abruptly. Some like those beneath the North German Plain (Ehlers, 1981) are buried beneath 
sediment. Similarly, sedimentation off the east coast of Canada has buried tunnel channels there (Boyd 
et al., 1988). In other areas, tunnel channels are distinctive landforms, commonly containing underfit 
streams (Wright, 1973; Mooers, 1990). 

Many tunnel channels contain eskers (Wright, 1973; Shaw, 1983, Mooers, 1990; Shaw and Gorrell, 
1990). Eskers may be single or multiple ridged. Esker nets are common and their sediment appears 
to have been derived from areas of intense erosion of preexisting landforms. Some eskers are 
discontinuous and many terminate in subaqueous or subaerial fans or fan complexes (Shaw, 1983; 
Mooers, 1990; Gorrell and Shaw, 1991). Erosional (tunnel) channels containing depositional ridges 
(eskers) on Mars and Earth are best explained as glacial landforms. 

Kames, conical mounds of water transported sediment, within tunnel channels are said to have 
been deposited in moulins (Mooers, 1990). Similar kame-like mounds are noted in areas of tunnel 
channels (valleys) on the Northern Plains of Mars (Kargel et al., 1992) 

Tunnel channels in south eastern Ontario, north of Lake Ontario, contain eskers where they are 
partly cut into surficial sediment and there are drumlins between the channels (Fig. 2; Gorrell and 
Shaw, 1991). Tunnel channels in an adjacent area are cut into bedrock and do not contain eskers (Fig 
1; Shaw and Gilbert, 1991). The interchannel areas are mainly in exposed bedrock scoured by fluvial 
erosional marks in the form of large-scale fluting and blunt escarpment noses facing up flow. 
Drumlins, interpreted as glaciofluvial erosion forms, and bedrock erosional marks occupy similar 
positions relative to the tunnel channels. 

This association of drumlins, tunnel channels and eskers is common and appears to signify a 
greater role for meltwater than is usually postulated. Drumlin-like ridges appear in vast fields on the 
Northern Plains of Mars and, just like terrestrial drumlins, they are associated with tunnel valleys. 

Other landforms show regional association with drumlins, eskers and tunnel valleys: Rogen 
moraine is intimately related to drumlins; De Geer moraines postdate drumlins and form concentric 
ridges deposited in crevasses below a floating or near floating ice margin. Thumbprint terrain (Kargel 
et al., 1992) is morphologically very similar to De Geer moraines and appears in a similar landform 
context to them. 

Conclusions. Strong similarities between some Martian landscapes and terrestrial glacial 
landscapes support a glacial interpretation for the Martian features. Comparisons at a more detailed 
level would provide a more critical test of the glacial hypothesis. 
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Fig. 1 Anastomosing tunnel channels with bedrock erosional marks, Kingston, Ontario. 
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Fig. 2 Tunnel channels containing eskers, fans and gravel dunes (glaciofluvial sediments) with 
interchannel drumlins, Trenton, Ontario. 
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