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Background: Conditions on Mars
• Martian climate more ‘Earthlike’ in the past, with
warmer, wetter conditions
and an active magnetosphere
Conditions on present much
less habitable.
• Loss of atmosphere through
solar wind interactions leaves
conditions near the triple
point
• Water and CO2 ice sublimate
directly from the solid to
vapour phase
• Surface is exposed to high
levels of short-wave UV
radiation, which would have
a deleterious effect on any
biological material on the
planetary surface

Background: Mars South Polar Residual Cap

• Mars has both north and south
polar caps that survive throughout
each hemisphere’s respective
summer
• North Polar Residual Cap (NPRC) is
predominately water ice, while
the longer, colder winter in the
southern hemisphere means the
South Polar Residual Cap (SPRC) is
largely a CO2 ice reservoir of
~87,000km2 and ~8m thick
• SPRC overlays, and is surrounded
by water ice rich Polar Layered
Deposits
Mars South Polar Cap (NASA/J. Bell
[Cornell U.] and M. Wolff)

Background: Mars South Polar Residual Cap

• Annual, seasonal sublimation and
deposition of CO2 ice on the SPRC
creates unique surface features known
as ‘Swiss Cheese Terrain’ (SCT); flat
floored, circular depressions forming
intricate patterns reminiscent of
Emmental Swiss Cheese
• The SCT seasonal sublimation cycles
can expose material previously
shielded from solar UV within the SPRC
• Ice can provide UV protection for
organic molecules

Swiss Cheese Terrain (HiRISE image
ESP_014380_0945)

Background: Mars South Polar Residual Cap

•

Sublimation features unique to the Martian South
Pole; mechanisms not well understood. Ranging in
size from several metres to several kilometres in
size

•

Seasonal changes in SCT morphology occur as CO2
sublimates in Martian spring and summer

•

Dynamic: Lifetime measured in decades/centuries,
changing seasonally with scarp retreat of up to
8m/Mars year (Byrne and Ingersoll, 2002)

•

Formation exposes trapped dust, leaving dark rims

Model of SCT evolution, S.Byrne (2017)

4 Mars years of south polar
scarp retreat
(MOC: NASA/JPL/Malin Space
Science Systems

Background: Mars South Polar Residual Cap
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Examples of SCT morphology (HiRISE)

Background: Mars South Polar Residual Cap

Distribution of SPRC terrain units (Thomas et al., 2009)

Background: The Importance of PAHs (Polycyclic Aromatic
Hydrocarbons) in Astrobiology
• PAHs are considered to be one
of the smallest forms of dust
particle
• Hundreds of species of PAH
are abundant on Earth
• By-product of incomplete
combustion of organic
materials
• Possible ‘building blocks’ for
life; delivered to planets
during accretion and present
day; extant life biomarker

Background: Detection of PAHs

• PAHs posited to be responsible for
spectral feature at 3.29µm
• Interstellar signatures for PAHs
show they coalesce in interstellar
dust; Allamandola (2011), Mulas
et al. (2005)
• Cruikshank et al. (2008) used
Visible Infrared Mapping
Spectrometer (VIMS) on board
Cassini for Iapetus and Phoebe;
found 10−4 to 10−3 g/cm3 PAH

Emission spectra diagnostic of PAHs in interstellar dust
clouds (Tokunga et al., 1991)

• Not yet found on Mars; UV
radiation breaks down PAHs on
the surface (Dartnell et al., 2012)
Iapetus average of 130 pixels with strongest PAH signatures
compared with average of 6 PAHs of astrobiological interest
(Cruikshank et al., 2008)

Background: Compact Reconnaissance Imaging Spectrometer for Mars

• Hyperspectal imaging
spectrometer on board
NASA’s Mars Reconnaisance
Orbiter launched in 2005
•
•

VNIR: 362-1053 nanometres
IR: 1002-3920 nanometres
Designed primarily for
mineralogical analysis, not
organics detection

The CRISM instrument 2005 (NASA)

Selecting Regions of Interest

Blow up of SCT Sublimation
Features
(CTX:B08_012572_0943_XI)

HRSC base map mosaic showing areas covered by SCT observed in CTX imagery:
55 CRISM FRT footprints covering SCT divided into 13 groups with
multiple scenes overlaid from 2007-2011

Narrowing Down Regions of Interest

• Only those taken in 2007 (MY 27)
• This resulted in 13 images ready to
be processed and used for initial
spectral analysis.
• RGB composites were generated for
the 13 sites, and those that showed
rim regions with the strongest
spectral response for carbonates
were chosen, resulting in 5 sites.

Locations of 5 CRISM sites (left), with CTX imagery to show morphology (1-5): Site 1: CTX
B11_014076_0952_XN_84S061W. Site 2: CTX B05_011756_0944_XN_85S074W. Site 3:
B11_014090_0932_XI_86S057W. Sites 4 & 5: CTX B07_012374_0931_XN_86S006W

Spectral Mapping of CRISM Scenes

• Site 1: False colour images of SCT margin. Left: Strongest 10% of CO2 and H2O
signatures. Right: Viviano-Beck Summary Product map of ices and carbonate
overtones

•
•
•

BD1435; diagnostic of CO2 ice = displayed on the ‘red’ channel
BD1500; diagnostic of H20 ice= displayed on the ‘green’ channel
BDCARB; diagnostic of carbonates = displayed on the ‘blue’ channel

Results

• Each scene had 3 summary
products applied
• Regions of interest chosen
from strongest ‘carbonate’
and CO2 responses on rims
and featureless ice
• Spectral response plotted

Results
Dark Rims

• The initial results show that
Dark Rim sites consistently
show a much wider variation
in minimum and maximum
reflectance across all ROI
pixels than ROIs in Non-Rim
locations
• Water ice exposed on scarp
walls
• Dust content on rims, with
possible signatures of Mg
Carbonate

Non- Rims

Rims and Non-Rims

CO2 Ice corrections
•

Viviano-Beck spectral library and local
spectra used for comparison with dark rims

•

Some features duplicated but reflectance
intensity lower in both Dark Rim and NonRim, but especially in Dark-Rim regions

•

CO2 signatures contribute significantly to
the ROIs; to be expected in such a CO2 ice
rich environment.

•

Overwhelming influence of the CO2
content of the ROIs must be removed in
order to detect more subtle compositional
characteristics.

•

Corrected using spectral math; SCT
spectra/CO2 spectra

Strongest
‘pure ice’
local
spectra
CO2 H2O
Library
CO2

Local CO2

Comparison of peaks and troughs between CO2 ice
spectrum and average SCT spectra

Spectral Analysis

• When the averaged ROI spectra
are corrected for both CO2 and
H2O ice by dividing the water ice
corrected spectra by the CO2,
there is no evidence of any PAH
diagnostic absorption feature
• Far less dust coverage in SCT
than on Saturnian satellites
• Features at lower wavelengths
important as 3.29µm feature
useful for interstellar but not icy
surfaces

H20 and CO2 corrected spectra for
averaged Dark Rims and Non-Rims
compared with average of Colangeli’s
averaged 6 PAHs

Spectral Analysis of Individual Spectra

• All dark rim spectra plotted
• 3 ROIs with lowest reflectance in
PAH region chosen (A,1. A,3. C, 3)
• Also ROIs manifest consistent
spectral response regardless of
illumination angle
Spectral profiles of all Dark Rim ROIs

Interim Conclusions

• No evidence of PAHs were found; organic content in SCT feature rims
could be less abundant than on Iapetus and Phoebe and may be
beyond the detectability limits of the CRISM instrument.
• PAH mix is based on astrophysical data from nebulae, not planetary
• Detectability limit of PAHs of CO2 ice unknown
• The methods and results outlined in sections 5 and 6 are the subject
of a paper currently under review for the journal Icarus, Mars Polar
Science special issue.
• Need for empirical data for comparison with CRISM observations

Laboratory Experiments

Laboratory experiments at IPAG, Grenoble
October 2017:
• Established diagnostic short-wave
infrared (SWIR) spectral signatures of
PAH mix, CO2 ice and Martian dust
analogue
• Ascertained the detectability limits of
PAH in CO2 ice
• Look for PAH features other than at
3.29µm
Spectro-gonioradiometer and CarboNIR environmental cell (IPAG)

Laboratory Experiments

• New PAH spectral mix
pertinent to Mars
(anthracene, phenanthrene
and pyrene) from Martian
meteorite analysis (Botta
and Bada, 2002)
• Look for PAH features other
than at 3.29µm
• Campbell et al.
(in preparation)

Laboratory Experiments

CO2

• PAH features can be
clearly observed in CO2 ice
sample at lower
wavelengths, intensifying
during sublimation
• Campbell et al.
(in preparation)

mix
PAH

Laboratory Experiments

• Detectability limit of PAH
in CO2 ice established to
be ~0.1% PAH content,
similar ratio to that
identified by Cruikshank et
al. on Iapetus
• Campbell et al.
(in preparation)

CO2

mix

PAH

Laboratory Experiments
• High concentrations
(2.5 x higher than
visible in ice) of PAH
mix not visible in
Martian dust analogue
• Could indicate that
PAH detection in
regolith is challenging,
but SCT rims are
covered in very fine
layers of dust; did not
have time to replicate
these conditions for
experiments
• Campbell et al.
(in preparation)

Conclusions
•

Area of SPRC covered by SCT identified and initial CRISM site
imagery processed and examined

•

Spectral mapping for multiple sites, local strongest ice
signatures established

•

Water ice appears to be in higher concentrations on rims

•

CO2 ice spectral features and CRISM spatial resolution are
limiting factors when looking for PAH features

•

New PAH spectral mix for Mars analysis recorded

•

Detectability limit for PAH in CO2 ice established

•

Some evidence of Mg carbonate signatures in Dark-Rims but
further work on isolating features must be carried out

Future Work
• Processing and analysis of further sites on SPRC and
other regions
• Analysis of lower wavelengths for PAH signatures
• Analysis of changes in spectral features over time (coregistration of images)
• Further laboratory experiments of dust and ice mixes
• Look for relationships between spectral signatures and
morphology
• Development of PAH diagnostic Summary Product
• Automatic detection of PAH signatures using machine
learning techniques

Thank you for listening
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