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Introduction: Dunes on Mars were first detected
during the Mariner 9 mission [1, 2]. The dunes
demonstrated that the martian atmosphere must have
possessed the combination of wind velocity and
atmospheric density necessary to construct dunes in the
past Mars climate [3]. Although no evidence of dune
change has yet been found [4-7], the question of
whether or not the present wind regime can move
sand-sized material remains unanswered. The
characteristics of dunes do, however, provide
information about the history of sediment transport on
Mars.

Prior to Mars Global Surveyor, it was not possible
to accurately measure the heights of dunes, so
estimates of their heights were limited to assumptions
of dune slopes. Mars Orbiter Laser Altimeter (MOLA)
data can be used to measure heights of large dunes
[e.g., 8], but the beam footprint and spacing prevent
height measurements of smaller dunes such as
barchans. Repeat imaging by Mars Orbiter Camera
(MOC) with different look angles allows stereo
measurement of heights for dunes of all sizes. The
height of a dune can then be used to estimate the
volume, a parameter that can be used to further
understand the history of aeolian processes on Mars.

In this study, stereo images of dunes in Proctor
crater (figure 1) are used to measure the heights of
dune brinks. The measured heights are compared to
other martian and terrestrial dunes, and the volumes of
sand in some dunes are estimated using a simplified
geometry for dunes [9].

Measurement of Dune Height:  Three repeat MOC
narrow angle images of barchan dunes at the northern
edge of the dune field in Proctor crater have been
released. These images are listed in Table 1 and have
different viewing geometries. Each image has a
resolution better than 5 m/pixel.

Stereo geometry provided by the different look
angles allowed for geometric measurement of dune
heights. To measure the heights, common points such
as dune brinks, boundaries, boulders, and outcrops
were selected. Distances between selected points were
measured and used together with viewing geometries
to construct profiles across the dunes (e.g., Figure 2).
Heights of the barchan dunes in the top part of figure 1
______________________________________________________

Figure 1. Portion of MOC image E17-00444 showing
barchanoid dunes at the northern edge of the dune field
in Proctor crater. North is toward the top.
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Table 1. Characteristics of repeat MOC images of barchan dunes in Proctor.
Image ID Date Ls Resolution Emission anglea

M02-02711 20JUN99 157.31 2.77 m/pixel 0.29º
E03-01039 11APR01 144.34 4.87 m/pixel 22.47º
E17-00444 07JUN02 23.79 4.36 m/pixel 12.06º

aAngle between the spacecraft and a ‘normal’ drawn perpendicular to the surface of Mars.

Figure 2. Example of topographic profile over two
dunes. Profile is constructed using geometry of distinct
points (red dots) on stereo images. Dune on the right is
90 m tall and dune on the left is 80 m tall.

vary but are generally 30-40 m. Dune heights increase
moving south into the dune field, and dune
morphologies become more complex with the greater
supply of sand (figure 1). The larger dunes have
heights of up to 100 m.

Estimate of Dune Volume: Because barchanoid
dunes have a variety of shapes, it is difficult to
measure their volumes exactly. A first-order
approximation is used to model the volume of a
barchan dune following the technique of Bourke et al.
[9].

The smaller dunes measured in figure 1 have
heights of 30-40 m and volumes of approximately
660,000 m3. Compared to estimates for dunes of
similar height elsewhere on Mars [9], dunes in Proctor
crater have greater volumes by a factor of ~3.  This is
consistent with the Proctor dunes having basal areas
larger than the dunes measured by [9].

Conclusions: The ability to measure dune heights
accurately provides further information about Mars
dune characteristics that can be used to better
understand the history of aeolian processes on that
planet. Previously, discussions of the three-
dimensional shapes of dunes on Mars was limited to
assumptions of dune slopes. Estimates of dune
volumes can be compared to dune volumes in other
areas to develop a quantitative understanding of the
budget of aeolian material across Mars.

The ability to measure accurate dune heights and to
use those measurements to estimate dune volumes
opens up a new way to quantify dune characteristics
that will aid in better understanding the history (and
potential activity) of aeolian processes on Mars.
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