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Thermal Inertia
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Conductivity, pressure, & grain size
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Conductivity, pressure, & grain size
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Modeled diurnal temperatures
At equator
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Modeled diurnal temperatures

At equator At NP erg (80° )

Dawn and dusk
yield non-unique :
solutions for | :

—
]
-~
5]
|
=
-
S
e
<>
3
0]
-
<5
D)
£
]
=
75}

1 PM < TES local times
12 18 24

Mars hour Mars hour




al

n Space .ience Systems
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“... Thomas and Weitz [1989] noted that the
Viking color and albedo values derived for the
* north polar dunes do not differ significantly
from dark dunes anywhere else on the planet.
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Byrne and Murray (2002).
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angle of the Viking observations in this area makes
it likely that thermal measurements have been
'dominated by the ‘hot’ side of these dunes. These

| two facts combined could possibly lead investigators
1to infer an incorrect value of thermal 1nertia.”

|Byrne and Murray (2002).
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Alternative explanation

Derivation methods are too simplistic,
SO inferred grain size is incorrect.
Material may actually be normal sand.

Models typically assume homogeneity within the
iInstrument footprint (3 Km for TES), ignoring:

- nhear-surface layering
- horizontal mixtures of materials
- slope effects

Viking multi-point derivation and TES night-only
analysis obfuscates the effects of heterogeneity.
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Seasonal variation of TES thermal inertia
Seasonal ranges are limited by seasonal CO: deposits.

Phoenix Landing Site North Polar Erg
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Layered-surface
thermal effects

Model diurnal temperature

and seasonal thermal inertia
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At Phoenix: TES thermal inertia fits
a layered model of sand over rock/ice

Compare to
lander-
observed
average
depth to
ground ice:
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In the erg: TES thermal inertia fits a
layered model.of sand over rockl/ice

cf. Titus and
Cushing
(2010)
estimates of
upper-layer
thickness of
~5-20 cm.
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In the erg: TES thermal inertia does
not fit models of dust over rock/ice
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In the erg: TES thermal inertia does
not fit models of horizontal mixtures

Relative
behavior of
2AM and
2PM curves
is different
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HiRISE image study:
Quantify slope orientations and angles

Angle Atlas map [2] overlaid on MOLA Shaded Relief map [3]. Three dune fields located outside of Olympia Undae not
shown. B: Background composed of TES Nightime Thermal Inertia map [4] overlaid on MOLA Shaded Relief map [3].

1 Crest tracing example

4 Thermal modeling example



Crestlines are consistently oriented.
Light-toned materials typically occupy < 6% area.

Section of HIRISE image
PSP_001432 2610
showing dune crests
and inter-dune deposits
within Olympia Undae.
Bowers & Putzig (2011).
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thermal inertia (tiu)

With HiRISE orientations and lower
bounds on slope (2°,3°) from MOLA data:

Slope model 40% 3° 70°E, 40% 2° 250°E NP Erg, sand over rock
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thermal inertia (tiu)

thermal inertia (tiu)

Considering typical angles of repose

for likely dune-forming materials:

NP Erg, sand over rock Slope model 40% 15° 70°E, 40% 15° 250°E
(1) [T _
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At location of HIRISE image PSP_009764_2600



This just in...
from your friendly local USGS (Redding and Herkenhoff):

Olympia Undae
DEM from a
HiRISE image pair

To be
incorporated into
our slope analysis

imminently!




THEMIS

Earlier THEMIS results (Putzig et al. 2010 LPSC)

THEMIS

Thermal inertia derived
from THEMIS Band 9 for
160°-200°E, 75°-87°N.
Thermal-inertia color scale
is same as for TES maps.
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Modeled Martian temperature

Ls =0, at equator

Ls= 140, at 80°N
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surface temperature (K)

surface temperature (K)

Model T at various seasons

thermal inertia effect at 80N, Ls=111.5
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Conclusions

= Diurnal and seasonal variations in TES apparent
thermal inertia are indicative of a heterogenous
surface in Olympia Undae.

x Our analysis of thermal inertia from TES:

- strongly supports normal sand-sized materials at
the surface of erg, likely overlying an ice-cemented
substrate. A

- discounts the contribution of slopes and horizontal
mixtures of materials to the thermal behavior.

m Better seasonal coverage of AM observations will
iIncrease the usefulness of THEMIS in evaluating the
thermal behavior of the erg.
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