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Abstract

MOC and HiIRISE high-resolution images
permitted the identification of various active
seasonal processes such as cold CO; jets or dark
flows [7] on Mars seasonal caps, triggered by the
caps' seasonal variations [5]. The purpose of this
worKk is to retrieve quantitative information about
the CO; ice physical state, and its evolution, to
constrain the active processes. To this end, we
perform a radiative transfer inversion of CRISM
near-infrared spectra before, during and after the
event. After atmospheric gas and aerosols
contributions correction [3], we use a radiative
transfer model [2] that simulates reflectance
spectra of granular icy material to create a look
up table, and then a spectral inversion based on
the likelihood that allows taking into account
possible bias in atmospheric correction [1]. Using
that inversion method, we are able to retrieve the
spatial and temporal evolutions of various
parameters of the icy surface.

1. Introduction

Various active processes occurring at high latitude
during the local spring [4,5,7] have been described.
One example is the phenomenon illustrated on
Figure 1 : cold CO, jets through the ice layer,
carrying dust from the regolith, and possible granular
flows of the dust at the surface [4]. Even if it is a
very local process (typical scale of a few hundred
meters), its spatial concentration is high enough to
decrease the albedo at a regional scale, impacting the
global climate. Different processes have been
proposed [4,8], but we still lack quantitative
description based on spectroscopic evidences. CO,
ice state and composition, evolutions during spring of
the thickness of the layer and the water and dust
contents are keys to constrain the physical processes.
We chose to use a bayesian radiative transfer

inversion method to retrieve quantitatively those
properties.
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Figure 1 : HiRISE image series of the evolution of a dark
spot during spring, 72°S/179°E. An important ejection
happened between (a) and (b), then the spatial extension of
the spot decreases, (c) and a very slow flow appears
(~meter per day), surrounded by a brighter halo (d) to (j).
The yellow square in (a) shows the spatial extension of a
CRISM pixel (20m * 20m).

2. Method
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Figure 2 : Illustration of one possible scenario of the
surface used for the direct model [4] : CO; slab ice layer,
containing impurities. Free parameters : layer thickness,
impurities (water ice and dust) proportions and grain
sizes. The geometry used depends on the observation.

The first step is to select and correct the data. We
used the CRISM [9] imaging spectrometer that gives
a 20 m resolution per pixel, each pixel containing the
NIR spectrum of the surface. After the atmospheric
gas and aerosols contributions are compensated [3],



we can perform the inversion itself. This inversion
consists in a two-step process : generation of a
spectral library (lookup table), using a radiative
transfer model [2], and comparison with the data.
This method separates the sampling of the parameter
space (direct model) and the comparison between the
data and the direct model in calculation [1]. The
results are interpreted in the bayesian framework,
improving the computation cost of a Monte Carlo.
The free parameters in the direct model are : the
granular or slab nature of CO, ice, CO, ice grain size
if granular, slab thickness if slab, and the proportions
and grain sizes of impurities. Impurities are water ice
and dust (see Figure 2 for an illustration).

3. Results and discussion
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Figure 3 : (Black) Measured spectrum in Richardson
crater dune field (72,0085°S/179,4218°F ) at Ls=217.5°.
(Red) Synthetic spectrum of 35 mm thick CO, slab
containing 2 %owt of 30 um wide water ice grains and
0,1 %owt of 10 um wide dust grains, over the regolith,
given as the best match by the inversion.

We used this method to follow the same CRISM
pixels throughout the local spring, until the total
sublimation of the seasonal ice layer. The
preliminary results show good agreement of our look
up table with the data (see Figure 3). Also the
preliminary results about the CO, slab thickness as a
function of time is decreasing as expected from
general sublimation of the seasonal cap (figure 4).
The Mars Climate Database [6] gives results of the
same order of magnitude but always larger. That
could be due to a local effect of slope.

4. Conclusion

These study shows that a quantitative estimation of
the CO; ice state and its evolution during the local
spring is possible, and the preliminary results about

CO, thickness are consistent with the expected
values. Other surface parameters shall be discussed
in order to understand the dark spot active processes
on Mars.
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Figure 4 : Preliminary results. Evolution of the slab
thickness for one pixel (72,0085°5/179,4218°E )
throughout the local spring. The local solar time when the
data is taken is 16:00.
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