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Abstract

Despite nearly complete coverage of the Martian surface with thermal infrared datasets, uncertainty remains over a wide
range of observed thermal trends. Combinations of grain sizes, packing geometry, cementation, volatile abundances, subsurface
heterogeneity, and sub-pixel horizontal mixing lead to multiple scenarios that would produce a given thermal response at the
surface. Sedimentary environments on Earth provide a useful natural laboratory for studying how the interplay of these traits
control diurnal temperature curves and identifying the depositional contexts those traits appear in, which can be difficult to
model or simulate indoors. However, thermophysical studies at Mars-analog sites are challenged by distinct controls present
on Earth, such as soil moisture and atmospheric density. In this work, as part of a broader thermophysical analog study, we
developed a model for determining thermal properties of in-place sediments on Earth from thermal imagery that considers
those additional controls. The model uses Monte Carlo simulations to fit calibrated surface temperatures and identify the most
probable dry thermal conductivity as well as any potential subsurface layering. The program iterates through a one-dimensional
surface energy balance on the upper boundary of a soil column and calculates subsurface heat transfer with temperature-
dependent parameters. The greatest sources of uncertainty stem from the complexity of how thermal conductivity scales with
water abundance and from surface-atmosphere heat exchange, or sensible heat. Using data from a 72-hr campaign at a basaltic
eolian site in the San Francisco Volcanic Field, we tested multiple models for how dry soil components and water contribute
to thermal conductivity and multiple approaches to estimating sensible heat from field measurements. Field measurements
include: upwelling and downwelling radiation, air temperature, relative humidity, wind speed, and soil moisture, all collected
from a ground station, as well as UAV-derived surface geometries. By mitigating Earth-specific uncertainty and isolating the
controls that are most relevant to Martian sediments, we can then validate those controls with in situ thermophysical probe

measurements and ultimately improve interpretations of thermal data for the Martian surface.
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BACKGROUND

Infrared  imagers
orbiting Mars have
collected an astound-
ingly complete record
of surface tempera-
tures spanning over
five decades. Because
the physical nature
of dif?(lerent rocks
and sediment affect
how quickly they
can heat up or cool
down, temperature
measurements pro-
vide us with a valu-
able tool for study-
ing geology in areas
where ground mea-
surements are limit-
ed or absent. We can
use inferred sedimen-
tary features to help
Interpret past envi-
ronmental processes.

However, direct-
ly quantifying how a given temperature re-
sponse aligns with a sediment type is difficult
without at least initial validation from direct
observations on the ground. To aid our under-
standing of materials on Mars'surface, we are
studying thermal responses at sedimentary
fleld analog sites, each representing a differ-
ent depositional environment. Shown here
are results from a 72-hr observation of a ba-
saltic eolian dune site near Sunset Crater, AZ.
We collected weather data from a tower and
used UAVs to map surface temperatures, rep-
licating satellite viewing angles. We use a sur-
face energy balance model to derive thermal
inertia, allowing us to ultimately relate ther-
mophysical controls between the two worlds.
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We developed an approach to deriving ther-
mal inertia in undisturbed sediments on
Earth using UAS and weather station data.
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The method allows for relating thermophys-
ical controls observed on Earth to environ-
ments captured in satellite data from Mars.
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ANALYSIS

Markov Chain Monte Carlo simulations optimize thermal conductivity, subsurface
layering, and unitless coefficients to fit observed surface temperatures beneath
the tower. Coefficients are then recycled to fit thermal conductivity for

each pixel in the larger field area from 10 UAS thermal mosaics.
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Thermal inertia is derived from the mod-
eled thermal conductivity for each pixel.
The ultimate goal will be to quantify how
thermal inertia is correlated with measured
sediment properties that include: soil mois-
ture, grain size and shape, subsurface stra-
tigraphy, mineralogy, and cementation in
the context of each field site (eolian, fluvial,
alluvial, glacial, pyroclastic).
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