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INTRODUCTION

Problem Statement

Ground truth medsurements of surface and near-surface wind direction have been acquired

by the Viking and Pathfinder landers only for small areas of the surface of Mars so little is still
known about the surface wind regimes on Mars.

Significance
The surface mapping of wind directions on Mars will allow us to consider the relationship to
existing global circulation models as well as contributing to the existing body of knowledge
on Martian wind regimes. In the future, these data could be used by NASA 1o determine the
best site for landing unmanned rovers and manned craft.

Purpose

The purpose of our project is to observe eolian landforms... sand dunes, yardangs and wind

streaks... in Herschel Crater on Mars to develop a better understanding of the surface and
nedr-surface wind conditions in the ared.

Objectives

1. To identify eolian landforms in the study ared.

2. To determine the dominant wind direction in Herschel Crater on Mars where eolidn
landforms cdn be identified.

Study Area
Herschel Crater (Fig. 1c) is a 300 km diameter crater in
the southern highlands of Mars near Hellas Basin (Fig. 1a).
The crater is approximately centered at 228° W long. and
15° S lat. in the area called Mare Tyrrhenum (Fig. 1b).

Fig. 1a (below right): Viking image FIADDT 94 showing Mars centered at 210 2 W long.
and 30 25 [at., modified slighthy { NASA, 20030)

Fig. 1o (below left]: Viking image FIADDTEZ showing Mare Tyrrhenurm, modified slighthy
[ NASA, 20050

Fig. 1c (left]: A NASA FDS Merged Color image of Herschel Crater (NASA, 20034)
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Previous Work

A humber of previous authors have written on the subject of eolian features on Mars:
* Fenton's Ph. D. thesis (2003) has proved to be the most relevant and helpful to our
resedrch, ds she investigated similar eolian features in Proctor crater, a 150 km crater also
in the southern hemisphere.
Thomas et al (1999) used Mars Global Surveyor (MGS) high-resolution pictures to take the
first detdiled look at the brighter variety of craters on Mars and concluded that the bright
material is soft and possibly some form of sulphate.
* Edgett and Blumberg (1994) studied the relative lack of longitudinal and star dunes on
Mars, concluded their occurrence on Mars indicates a unidirectional wind regime with
rare pockets of topographically caused bi- or multidirectional wind regimes.

EOLIAN FEATURES

Overview

Eolian landforms exist on both Earth and Mars and have been studied extensively as
indicators of wind direction on Earth. (Bagnold, 1941)
The three main types of eolian landforms are: sand dunes, yardangs and wind streadks.

Sand dunes dre mounds of
sand that are moved and
created by the action of
the wind. They usudlly have
d steep slip face on the
downwind side of the dune.
There are severadl types of
sand dunes including:

Yardangs are elongate
ridges of solid material
dligned parallel to the
direction of prevdiling wind
with rounded windward

faces that taper downwind
(Fig. 3)

dreds appedring on the
downwind side of fedatures

be light or dark depending

deposition (Fig. 5)

barchan dunes: normally
form in areads with lower sand
supply and unidirectional
wind regimes (Fig. 2)

Fig. 3: A ground level image of
vardangs on Earth

Fig. =: A ground level image of barchan

dunes on Earth Fig. 5: & satellite image of wind streaks

in the Acrounga region of Chad
([ Fengelly, 2003)

longitudinal dunes: which
normdlly form in areas with
medium sand supply and
bidirectional or strong
unidirectiondl wind regimes

(Fig. 4)

star dunes: which normally
form in aredas with higher
sand supply and
multidirectional wind
regimes (Fig. é)

Fig. 4: A Landsat image of Eng Chech
on Earth (Short and Blair, 12846)

METHODS

Fig. &: An aerial photo of star dunes in
the Narmilo Desert on Earth (Short and
Bloir, 1784

Procedures

1. Comparing terrestrial remote sensing of known eolian fedtures such as sand dunes,
yvardangs, and wind streaks with the geomorphology of remotely sensed surface features
on Mars will dllow us to determine whether they are eolian in origin.

~ We will visudlly interpret all of remote sensing images we have collected of the
Martian surface looking for features that are similar to identified eolian features
in terrestrial remote sensing images.

2. To determine wind direction we draw on previous studies to determine the wind direction
from specific types of known eolian features in the areaq.

~ Using the known eolian fedtures in the area we will then determine the predominant
wind direction an image and plot it on d larger map of Herschel crater to create a
map of wind directions.

Dara Acquisition

We are using images from the Malin Space Science Systems Mars Global Surveyor (MGS)
Mars Orbiter Camera (MOC) Gallery and the NASA Planetary Photojournal. The Planetary
Photojournal contdins images from the MGS MOC and Mars Odyssey Thermal Emission
Imaging System (THEMIS). These galleries are available to the public on the internet at
hitp://www.msss.com/moc_gallery/ and http://photojournal.jpl.nasa.gov/target/Mars
respectively.

Wind streaks are tear-shaped

with vertical extent. They can

on the subsurface color. They
dre the result of erosion and
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PRELIMINARY RESULTS

1. We have identified eolian landforms in over /0 Marfian images, 25 of which are from the
Herschel Crater region. Our Herschel dataset contains mainly dune forms with a few large,
bright wind streaks.

2. We have analyzed eolian features in four images (Fig. 7b-e) and determined the
predominant wind direction in them. In order to incredse accuracy, multiple features
were dnalyzed in each image and their directions averaged. We used the Nationdl
Institute of Headlth's ImageJ program to determine the wind angle.

The results of our work indicate a predominant wind direction of south (180°) with possible
wind deflection to the south-southwest (~200°) by the southeastern rim of Herschel Crater
(Fig. 7d).

Fig. 7o A NASA PDS MDIMT image of Herschel Crater [ NASA, 20034,
Fic, Jto: MOC image E11-01859, wind direction 182°,

Fig. 7o MOC image MOE-44611, wind direction 1797,

Fig. 7d: MOC image E10-0272, wind direction 193°,

Fig. 7e: MOC image EOZ-0402, wind direction 2046°,
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FUTURE WORK

* Determine of the origin area of the two different kinds of sand in Herschel Crater.

* Investigate the dynamics of preferential sand deposition in a crater.

« Compilation of fime lapse of dune movement in Herschel Crater to determine if the ared is
dactively tfransporting sand.

* Determine the maximum and/or average wind intensity in Herschel crater.

* Expansion of the study area to Mare Tyrrhenum and eventually all of Mars.
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