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Life Detection Strategy on Mars

1. Mars was most habitable early in its history (pre- to
late- Noachian); evidence of life there will inform
our search for life elsewhere in the Solar System.

2. Preserved organic matter bearing origin-diagnostic
molecular features i1s one of the best indicators of

past life.

« Hydrocarbons detected in ~3 Gyr Martian mudstones
(Eigenbrode et al., 2018; Freissinet et al., 2015)
highlights the preservation potential for organics on
Mars.

3. Sediments from long-habitable regions are ideal

targets to search for preserved organics.
 Understanding preservation processes in these
environments is key to finding indicators of life.
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Targeting Geologically Robust Molecular Signatures of Life

Geological Longevity of Major Molecular Biosignatures
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Origin-Diagnostic Lipid Features
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allenges to Characterizing Origin-Diagnostic

Features

1. Inorganic Interference & Organic Matter Complexity

. E.lg., Oxidants, salts, sulfurous minerals (e.g., Mechlinska et al., 2012; Sephton et al., 2014; Tan et
al., 2018)

« Molecularinteractions of organics with minerals orin macromolecular matrices (e.g., seereview:
Kieland Mayer, 2014;Lee et al., 2021)

2. Low Abundance & Geologic Heterogeneity of Biomarkers

« Common challenge in naturally occurring organic matter on Earth, especiallyin hyperarid
deserts (e.g., Goordialand Whyte, 2014; Wilhelm et al., 2017)

3. Automation of Laboratory Sample Processing Techniques

« Sample prepiskey to revealing origin-diagnostic features and overcoming inorganic
interference, low abundance.




Sample Processing Techniques

Current Flight Extraction Technique: Pyrolysis (e.g., SAM, MOMA)

-+ . Operationally more simple

= « High temperatures can be destructive to origin-diagnostic
features

“Gold Standard” Laboratory Technigue: Solvent Extraction

+ o Efficient, preserves origin-diagnostic features for delivery to
analytical system, overcomes challenges with inorganics,
used for over 70 years on complex, natural organic matter

= « |aborious, human operator dependent



Translating Sample Prep from Lab to Planetary Instrument

Fluidic technology
for fundamental
biology and
astrobiology flown
on ISS and small sat

payloads
(e.g., Ricco et al., 2007,
2011; Nicholson et al.,

2011; Padgen et al., 2020).

Translating this
technology to
EXCALIBR enables
extraction of origin-
diagnostic
molecules.

Extractor for
Chemical Analysis of
Lipid Biomarkers in
Regolith (ExCALIBR)
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ExXCALIBR ConOps Enabling Comprehensive 5-Stage Analysis

with Preservation of Origin-Diagnostic Features and
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Literature Review of Lipid Extraction

« Liquid extraction techniques have been used successfully for over 70 years to
Investigate the organic content of complex, natural samples.
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Relative intensity

H MiRbach et al./ Organic Geochemistry 119 (2018) 110-121
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