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Introduction: Ceres, the largest asteroid, and only d warf planet found in the inner solar system ,
offersa playground for te sting hyp othe ses pertainingto the early Solar system evolutionas wel |
as the habitability potential of large volatile-rich bodies. Probably the most significant finding
from the Dawn mission is unambiguous evid ence for oceanic material right on Ceres’ surface
associate dat least in one place with a recent cryovolcanic feature. These discoveries call for a
follo w-on missions focused on evaluating pa st habita bility pote ntia la nd the extent of a possibly
remnant ocean.
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Therecent detection of arganics inatleasttwo plaes onCeres
surface (Above: Ernutetcrater) andthe suspected presence of
carbon andsulfurall over the surfacefromUV observations
confirm Ceres posssses all key elements for prebiotic chemistry.

Post-Dawn State of Knowledge of Ceres: Th ese pieces of information allow for afr esh ass ess ment of Cer es’
astrobiological significance, which w as id entified prior to Dawn’s arrival and have led Ceres to turn from a
“credibl ¢’ poss ible ocean world to a“candidate’ ocean world [ROW]. In the fram eof th eRoad map for Ocean
Worlds Goals, Dawn brought positive answ ers to th efollowin gqu estions: Goal1 (Identify Ocean Worlds),A.1
Isther er emnant radiogenic h eating?B.1 Do signatures of geologic act ivity indicate thepossible pres ence of a
subsurfaceocean? B.7 Can thesurface composition belinked with thepresence of a sub-surfaceocean?

Globa, Homogenous Composition:
Ammoniated clays, serpentine, carbonates

It has bee n suggeste d that the dee p oceanic material could be exposed via the removal of an ice
shellvia im pact-induced sublimation. This combine d wit hclue sforcarbo n suggest st hatt he study
of Cere s’ surface directly addre sse sthe ROW Goalll B.3 “Chara cterize the ice-oce an interfa ce” and
offers a playground for testing hy potheses about the chemical evolution and habitability
potential of Ocean Worlds.

A Roadmap for Ceres Exploration: The in situ investigation of outstanding landmarks is an
obviou s nextste pinthe exp loration of Ceres and might be accomplished withint he constrain ts of
the Discovery program. Key ob jectives include assessing the lifetime of a deep liquid layerandthe
possibility for extended liquid bodies in Ceres, and investigating the chemical fingerprints
contained in bright deposits to infer constraints on the environment in which they formed. A
Dawn follow- on mission could also aim to clarify the nature of the dark material covering the
surface and the mechanisms involved in its formation (hydrothermal, space weathering).

[Theme  |Key Questions for FutureMission(s) i Ceres | Possible Measurements
Whet isthe thickness, salirity, density and
composition  of the ocean? How do these properties
vay spatilly and for temporally?

Variations inCeres' pole position since Dawn;

Interaction ~ with solar wind; High resolution  gravity field

Petology of landmarks believed to be emplaced via
What isthe salinity and composition of the ocean? endogenic activity; Seismology and high resoluion

gavity field for subsuface structure and residual liquid
Does Ceres possess redox disequilibia, in what Locally resolved elemental and mineralogical
Life/  foms, inwhat magnitude, how rapidly dissipated by composition (including organics) in context with

Roadmap for abickic reactions, and how rapidy rplenished by geological and geophysical obsenvations;  isotopic

Ocean Worlds jocal processes? chemistry

IWorkings of What isthe inventory of organics compounds, theirs Organics distibution  with geological and geophysical

Solar System o e and sinks; what is their stability in the local contex; elemental charcterization of Ceres’ dark
environment? material
What isthe abundance and chemical form of Locally resolved elemental distibution (ight elements)
nitogen, oxygen, phosphorus, sulfur, and inorganic  with geological and geophysical context; isotopic
carbon, what are their sources and sinks, and are  chemistry; mass spectrometty  ofthe ubiquitous dark
there processes of imeversible loss or sequestraion and the spotty red materials to search for basic
relative to the liquid environment information on structures by measuring  molecular

fragments  of masses up fo a few thousand amu
Origins What is Ceres' origin? Isotopic  chemistry for H, C, N, O, CI

The answers to these questions would drive the third step in Ceres’ exploration, with regard to
better understanding “how life might exist at each ocean world and search for life” [ROW Goa |
IV]. Exploration strategies developed for Mars may be applicable there, in particular pla netary
protection technologies.

Finally, the exploration of Ceres and large icy satellites requires a the oretical framework and
experimental progress to assess, e.g., the stability and therm ophysical properties of salt-rich
materials, t he phy sics driving endogenic processes in low gravity, exogenic processing, and the
development, thriving, and preservation of life and biosignatures in salt-rich environments.

Ceres as aStepping Stone for the Exploration of Ocean Worlds: Ceres re prese nts a critical data
point for understanding the chemical evolution of volatile-rich worlds and especially their
potentia | for forming a nd pre serving organic compounds. With it low gravity and relative begnin
environment, Ceres also offers ea sy surface access (in comparison to Mars or Europa) whereas
the roundt rip light-time to /from Cere s requires the introduction of semi-aut onomous technique s
foradvanced surface operations. Hence a long-term exploration program of Ceres is compe lling ,
not just for the anticipated sc ience return, but also because it will help us practiceand hone new
technolog ies of relevanceto the future exploration of ocean worlds, suchas surface operations,
planetary protection, and end-to-end sample collection and return to Earth.
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