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More Data, Better Data

• What do we know about Martian granular materials from orbit?
– Viking Orbiter Infra-Red Thermal Mapper (IRTM):

· Bulk Thermal Inertia
· Fine Component Thermal Inertia
· Rock Abundance

– Mars Global Surveyor (MGS) Thermal Emission Spectrometer
(TES):

· Dust index
· Thermal Inertia

– Earth-based radar
· Diffuse backscatter cross-section = measure of relative wavelength-

scale roughness and/or rock abundance
· Near-nadir, quasi-specular backscatter cross-section modeling for

Fresnel reflectivity, dielectric constant and bulk density
– Mars Odyssey Thermal Emission Spectrometer (THEMIS)
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Viking IRTM

• Bulk Inertia 15ºN - 15ºS (overlain on MOLA shaded relief)

• Fine Component Inertia 15ºN - 15ºS

• Rock Abundance 15ºN - 15ºS



afch - 4Workshop on Granular Materials in Lunar and Martian Exploration
KSC, Feb. 2-3, 2005

Thermal IR Surface Properties

• IR observations are used to infer the thermal state of the
surface and near-subsurface, as well as aspects of the bulk
thermal properties of materials

• Key parameters:
– Surface Albedo  As

· Controls surface solar heating
– Thermal Inertia  I = ( k ρ c )1/2

· Controls heat flux
· Controls amplitude of temperature variations
· Significant regional variations due to soil particle size, rock and ice

abundance
· Thermal inertia and Albedo determine daily average and annual

average temperature
– Thermal Skin Depth  D = ( ( k P ) / ( π ρ c ) )1/2

· Controls penetration of diurnal and seasonal temperature waves
· Annual skin depth is 26 times diurnal skin depth
· For low thermal inertia soil, D (diurnal) = 6.6 mm, D (seasonal) = 17 cm
· For solid ice, D (diurnal) = 25 cm, D (seasonal) = 6.5 meters
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Examples
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MGS TES

• TES Thermal Inertia 15ºN - 15ºS
(overlain on MOLA shaded relief)

• TES Global Dust
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Earth-based Radar

• Best resolution 5-10 km
per pixel (right)

• ~10x150 km along sub-
Earth track (below)

• Hagfors scattering model
– RMS slope (10-100λ)
– Fresnel reflectivity

5 km x 5 km
θrms(Gusev) = 1.6º ± 0.5º
θrms(Meridiani) = 2.0º +1.0º/-0.5º
ρ0 (Gusev, Meridiani)= 0.02 ± 0.01

5 km x 150 km
θrms(Meridiani) = 1.4º ± 0.2º
ρ0 (Meridiani)= 0.05 ± 0.03
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Landing Site Prediction

• Meridiani - Bulk Thermal
Inertia  ~200 Jm-2s-1/2K-1

– Predicted to be Sand 0.2 mm
• Gusev ~300 Jm-2s-1/2K-1

• Predicted to be Competent and
Load Bearing

• Cemented Soils/Duricrust,
Sand and Granules

• No Thick Deposits of
Cohesionless Dust

• No Special Risk to Landing or
Roving
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Spirit Landing Site - Gusev Crater

Broadly similar to the Viking Lander
sites; dusty, moderately rocky
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Remote Sensing Prediction

• All Predictions Correct
– Thermal Inertia, Rock

Abundance, Albedo
– Elevation, Slope (1

km, 100 m, 5 m),
Roughness

• Important Because
– Use landing sites as

“ground truth” for
orbital data

– Essential for
selecting & validating
landing sites for
future missions

– Correctly interpret
surfaces, kinds of
materials globally
present on Mars
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Example: THEMIS and Spirit Rocks

• Rocks - IRTM Orbit
(±5%)
– Gusev 7-8%

ellipse, 7% pixel
• Measured at Surface

– Spirit 4% at Land
Site, 5% & 30%
Towards Rim of
Bonneville
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• Derive Fine Component
Inertia (Jm-2s-1/2K-1)

– 240 at Landing Site
– 250 at Legacy
– 140 at Bonneville

• Decrease in Fine
Component Inertia Near
Rim

• Consistent with Obs:
– Dusty at Rim
– Pebble Rich Lag at
– Landing Site
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Conclusions

• Surface physical properties measurements from Mars orbit are
pretty good!

• Resolutions vary
– Radar is 5 km to 100 km.
– Viking IRTM datasets are 1ºx1º (60 km at equator)
– MGS TES is ~3 km
– Odyssey THEMIS is best at ~100 m per pixel

• Physical properties are highly-derived data products…caveat
emptor.

• High resolution radar needs further validation.
• Derived/Processed physical properties data products are not

(yet) straightforward to obtain
– but that is a Mars Exploration Program objective (all funding

through MDAP for PDS deliveries).
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Data Sources and References

• Mapped datasets available at:
http://marsoweb.nas.nasa.gov/dataViz/datamaps.html
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