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What has been found to date?
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Mars: progress in last 10 years
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C10-C12 alkanes
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De Sanctis et al. (2024)

Ceres: >30% abundance below the irradiated surface?
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Galilean moons

Bottke et al. (2013, Icarus)

Crida et al. (2025, SSR) and refs therein

Saturn rings

Infalls: the ‘black rain’

Phoebe dust on Iapetus

Clipper
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• Photochemical atmospheric fallout

• Photo-/radio-chemical reactions in ices

• Endogenic upwelling

• Impact heat polymerization of simpler compounds

Lunine & Hörst (2011, Rendiconti Lincei)
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• Photochemical atmospheric fallout

• Photo-/radio-chemical reactions in ices

• Endogenic upwelling

• Impact heat polymerization of simpler compounds

Lunine & Hörst (2011, Rendiconti Lincei)

Titan (and Triton, Pluto): surface

Genda et al. (2017, Nature Astro)
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Photochemical red/dark material: CH3OH irradiation?
Other TNOs, Trojans

TNOs



TNOs: organic composition informs on dynamical origin
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Lucy
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Macromolecular 
organic matter

Carbonaceous 
asteroids
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67/P 
macromolecular 
organics

CI chondrite for 
reference

Fray et al. (2016, Nature)

Comets
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What’s next: Mission concepts

Mars Sample return, Mars Life Explorer

Ceres Sample Return

Europa Clipper

Enceladus Orbilander / Multi-Flyby

Dragonfly

Centaur Orbiter And Lander

Comet Surface Sample Return











Ceres sample return

Characterize the depth and extent of potential deep brine layer(s) to 
determine whether liquid exists beneath Ceres today near hypothesized 
brine extrusion zones; 

Characterize the nature of Ceres’s brines from salt deposits to determine 
the chemistry of waters and their potential habitability;


Determine the composition, structure, and isotopic composition 
of Ceres’s organics to understand processes of abiotic organic 
synthesis and evolution; and 

Determine the elemental abundances and isotopic ratios of Ceres’s 
materials via measurements on returned samples to determine its 
accretional environment.



Ceres sample return



Hopeful Summary in 30? Years
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