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Introduction: Dune migration has not yet been
detected on Mars [1, 2]. There are however indications
of active and significant sand transport. For example,
two dome dunes in the north polar region on Mars
disappeared over 3.04 Mars years [3]. HiRise data
show arcuate ridges upwind of dunes in Chasma Bo-
real that mark previous dune positions suggestive of
recent migration (Fig. 1) [4]. Dunes that currently dis-
play no change could be crusted, indurated, or subject
to infrequent episodes of movement. One of the many
agents of dune induration may be niveo-aeolian depos-
its [5]. The effect of niveo-aeolian deposits on dune
migration rates remains unknown but is suggested by
some to entirely restrict movement [6]. We present the
results of a remote sensing study on the influence of
niveo-aeolian desposits on dunefield morphodynamics.
This data will assist in better understanding the poten-
tial transport-limiting effect not only on Earth, but also
on Mars and other extraterrestrial surfaces.

Figure 1 Arcuate permafrost ridges upwind of
barchan dunes in Chasma Boreale mark the
former position of sand dunes. (HiRISE Image
85.0°N, 339.0°E, 32.1 cm/px).

The Study Area: The Victoria Valley sand dunes
lie in a hyper-arid polar desert with a present day mean
annual temperature of -27.4°C [7]. Annual precipita-
tion is <10 mm and summer snowfalls sublime rapidly.
The recorded wind speeds exceed the threshold sand

entrainment velocity of 5.5 m/sec for 27% of the time
during winter and 74% of the time during summer [8].
The dune field consists of a series of transverse and
barchan dunes that covers an area of ~1.1 km? in a
belt which is about 3.1 km long and 0.5 km wide..

Niveo-aeolian Deposits: The aeolian deposits of
the McMurdo Dry Valleys in Antarctica are the pri-
mary type site for understanding landforms and proc-
ess rates for perennial niveo-acolian environments
[e.g., the work of 9, 10]. Shallow manual excavations
of the dunes show inter-bedded snow and ice layers,
likely annual winter or storm deposits [6] (Fig. 2). The
snow laminae are discontinuous, and their thickness
varies, as does the proportion of snow in the sand lay-
ers [11].

Methodology: In our analysis we have used verti-
cal air photographs from 1959, 1961, 1972, 1981 and
1983) combined with high resolution LIDAR data,
collected in 2001. The images were all projected to a
common pixel dimension and registered to a Lambert
Conformal Conic projection using a 1st order polyno-
mial fit and nearest neighbor algorithm. Dune migra-
tion was estimated utilizing mapped crestlines (1961-
2001) in ARCGIS (Fig. 3). We collected dune mor-
phometric and spacing data (height, length and horn to
horn width). We also estimated dunefield defect den-
sity (p). This is a field-scale measure of the number of
the defect pairs per unit length of crestline [12], where
defects represent terminations of dune crestlines.

Dune migration rates: Dunes in the Victoria Val-
ley dune field moved on average 62 meters to the west
during the 40 year survey period. This translates to an
average dune migration rate of 1.5 m per year. Indi-
vidual dunes displayed considerable variation in move-
ment with values ranging from a total distance 20 m to
maximum of 112 m over the 40 yr period. No correla-
tion is observed between dune position in the dune
field and migration rate, although terminations that
extend toward the valley floor show the greatest de-
gree of change.

Dune morphodynamics: Significant change oc-
curred in the dune field. All crestlines have not only
migrated downwind, but also changed position relative
to each other. Dune merging, lateral linking and ab-
sorption occurred. The decrease in the coefficents of
variation, total crest length and defect density and the
increase in mean spacing indicate that the dune-field
organization increased over time. These data match
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well with other empirical studies of pattern evolution
over time and models of dune-field pattern evolution
as self-organizing systems [12-15].

Conclusion: The data show relatively low rates of
dune migration for the Victoria Valley. When consid-
ered alongside other cold climate studies, these data
suggest that dune migration rates are lower in polar
deserts than in warm desert environments, which can
be between 6 to 20 m/yr. The data from Victoria Val-
ley show that while niveo-aeolian deposits lead to
lower rates of dune migration, their presence does not
extinguish dune movement on Earth or we would sug-
gest, on Mars.
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Figure 2 (Left)View across eroded windward slope
of barchan dune in Victoria Valley. Snow and ice-
cemented sand layers are visible.

(Right) Shallow manual excavation of a barchan
dune in the Victoria Valley. Section reveals inter-
bedded snow, ice and sand.
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and 2001 (solid line).

Figure 3: Change in position of sand dunes in Victoria Valley. Digitized dune crest lines 1961 (dashed line)

1961 2001
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