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« low 0 13C & modern 4C/12C
 Terrestrial-like enantiomeric ratio for
some molecules

e.g., McKay et al. (1996); Flynn et al. (1996); Bada et
al. (1998); Jull et al. (1998); Becker et al. (1999);
Stephan et al. (2003); Steele et al. (2007)
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ALH84001 carbonates + Controls (pyroxene, fresh silver-tape)
References (N,, NH4CI, NaNO3; & N-bearing organic reagents)

beam size = 30 ym (typical size of carbonates ~100 ym)
energy range 385 — 425 eV (0.2 eV/step)
~1hour measurement x 10 times accumulation
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N-bearing organics resided in Noachian near-surface water
= trapped into ALH carbonates & preserved for 4Gyr

Abiotic synthesis on Mars Meteoritical

delivery
lightning, impact, &
N, + UV, cosmic — NO
ray ...
carbonaceous
/1 '14 meteorites,
77 ,4 comets, IDPs ... low pH &
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A J highly oxidizing surface strong oxidants
reductants CIO4' NO.-
® N5, NO, + direct reduction — NH,4* X
‘ from the air ... T R R

« Long term preservation of
the organics in ALH carbonates
at Martian subsurface system
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Reactions of ammonium-
related organic materials

Figures from Koike et al. (2020) /
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Tissint glass represents recent Mars
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