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Introduction:  Abundant relict depositional fea-

tures, including lineated valley fill, lobate debris 

aprons, and concentric crater fill, indicate that the 

midlatitudes of Mars have experienced significant 

glaciation within the past tens to hundreds of millions 

of years [e.g., 1,2, and references therein]. The climat-

ic conditions during that period strongly suggest that 

this glaciation occurred below the bulk melting point 

of water [3]. Such cold-based glaciation is generally 

considered erosionally insignificant because flow is 

dominated by internal deformation rather than by the 

basal sliding typical of warm-based glaciers [3, and 

references therein]. 

Conversely, the glacially-scoured U-shaped valley 

is a common and iconic erosional feature of glaciated 

landscapes on Earth. Its classic shape can be modeled 

as the consequence of an erosion law based exclusively 

on basal sliding velocity [4]. Significantly, cold-based 

glaciers on Earth have also been observed to undergo 

basal sliding and to entrain rock into their beds [e.g., 

5-7], enabling them to erode bedrock at a rate several 

orders of magnitude less than typical warm-based 

glaciers [5]. The cold-based Meserve Glacier in An-

tarctica may even have excavated the U-shaped trough 

that it occupies [5]. 

Given the extent of glaciation on Mars and the 

empirical and theoretical [8] bases for appreciable 

cold-based glacial erosion, I examine the morphome-

try of five valleys in the northern midlatitudes for evi-

dence of glacial modification. 

Methodology:  I selected four valleys 60-170 km 

in length in the Deuteronilus Mensae and Protonilus 

Mensae regions that have walls that are not conspi-

cuously interrupted by reentrants, that lack major 

slope reversals, and for which High Resolution Stereo 

Camera (HRSC) digital terrain model (DTM) data are 

available. I also examined a portion of Mamers Valles. 

I visually captured the centerline of each valley in 

ArcGIS, generated perpendicular cross-valley lines at 

1 km intervals using ET GeoWizards, and derived 

cross-valley topographic profiles along those lines 

from HRSC DTM data. 

To best assess valley morphometry, it is necessary 

to isolate the valley wall from adjacent highlands and 

valley fill [9]. I first used a fourth-order polynomial fit 

to model each cross-valley profile and then isolated 

those data lying between the outermost slope of <5° 

and innermost datum above the elevation of the inflec-

tion point of the polynomial. This approach generally 

attained good visual fits to the data and high adjusted 

R2 values, and is consistent with the extraction of val-

ley walls from valley shoulders [4], rim, and fill. 

The selected data was then fit to a second order po-

lynomial in order to define the origin for a subsequent 

fit to a power law, because second order polynomials 

are robust for this task and produce accurate results 

whereas power law fits are highly sensitive to their 

origin definitions [9]. Finally, I evaluated the valley 

morphometry in view of the power law exponent val-

ues. 

Results and Discussion:  Power law exponents for 

glaciated valley cross-profiles are most commonly in 

the range 1.5-2.0, conceptually representing a transi-

tion from V-shaped (1.0) to U-shaped (2.0) [10], but 

such an interpretation is dependent on the original 

cross-valley profile, which is difficult to determine [4]. 

Modeling suggests that this transition is approximate-

ly linear with time [4]. 

In preliminary results, all examined valleys have 

derived exponents that are generally very close to 2.0, 

suggesting strong glacial erosion. However, this con-

clusion is inconsistent with the dearth of erosional 

glacial features identified to date and likely incompat-

ible with the strongly indicated cold-based regime. 

Furthermore, the power law exponents in these pre-

liminary results show no along-valley trend, whereas 

increased downvalley accumulation and tributary val-

ley contribution (in a few cases) should increase gla-

cial erosion away from the source, as observed on 

Earth [e.g., 11]. 

Conclusions:  As investigation of the data is ongo-

ing, any final conclusions would be premature. Pre-

liminary results suggest strong glacial erosion, but this 

is highly suspect, being inconsistent with the paucity 

of corroborating geomorphic evidence, the expected 

climatic epoch of formation, and the absence of typical 

valley-longitudinal trends in degree of erosion. 

Theoretical and empirical evidence from Earth in-

dicate that cold-based glaciers can achieve significant 

erosion, but at much slower rates than warm-based 

glaciers. Given the extent and longevity of glaciation 

on Mars, it is possible that appreciable erosion re-

sulted. If strong evidence for such a paradigm were 

found, it would likely prompt a reevaluation of some 

geomorphic features on Mars, such as the tentatively-

identified trimline inferred as depositional by Dickson 

et al. [12]. 
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