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Organics detected on spaceflight missions

Review of organic compounds detected by spacecraft to date

Organic biosignatures

Upcoming missions, with focus on Enceladus and Ceres



Organics detected on spaceflight missions

Review of organic compounds detected by spacecraft to date



What has been found to date?
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Mars: 50 years of searches

III. Terrestrial contaminants

Methyl chlonde

Biemann et al. (1976, Science)
. Navarro-Gonzalez et al. (2010, JGR: Planets)

TABLE 3. Terrestrial Contaminants [dentified in VL-2 Samples

Temper- Methylene
Chloride
Sample Mode (89)

Blank (oven 2) ND
Bonneville ND
(oven 2) 6-14
6-14

2-6

Under Badger ND

Rock H, 0.04-0.08

(oven 3) H, 10-20

H, <4
CO, 20-40

Values are in parts per bilhon, 100-mg samples being assumed.

Biemann et al. (1977, JGR:Planets)
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III. Terrestrial contaminants

Methyl chlonde
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Mars: progress in last 10 years
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Mars: progress in last 10 years
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Mars: progress in last 10 years

Y chloromethylpropane C4HoCl Likely indigenous
Cl-bearing chloromethylpropene C,H-Cl MTBSTFA + chlorides or HCI
organics

Likely indigenous

chlorobenzene CsH;Cl |
XN

\
chlorodimethylethylsilane C4H,,CIS1 _ \/\ MTBSTFA + chlorides or HCI

thiophene C4H4S Z S
S Likely indigenous

dithiapentane C;HsS; e S\/S\

dithiolane C;HgS> , ; Likely indigenous

Millan et al. (2022, JGR:Planets

S-bearing
organics




Mars: progress in last 10 years
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Scheller etal. (2022, Science)

Consistent with, but not uniquely
attributable to organic material



Mars: macromolecular organic matter
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Consistent with, but not uniquely
attributable to organic material

Hurowitz et al.
(2025, Nature)



Mars: macromolecular organic matter
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Ceres: organic characterization from orbit!

aceous
chondrite-like
contaminants or

Carbonate primordial crust
Magnetite

NH,-phyllosilicate

Fluids

Aqueously altered crus

archietal. (2019, Nat Astro):

20-30%



Ceres: organic characterization from orbit!
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Ceres: >30% abundance below the irradiated surface?

De Sanctis et al. (2024

Normalized reflectance
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Infalls: the ‘black rain’

Galilean moons

Cll,oper Bottke et al. (2013, Icarus)




Infalls: the ‘black rain’

alilean moons

Phoebe dust on lapetus

Bottke et al. (2013, Icarus




Infalls: the ‘black rain’

Galilean moons

Phoebe dust on lapetus

Bottke et al. (2013, Icarus
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Enceladus

< 100 amu
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Enceladus
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(. Titan (& Triton, Pluto): atmospheric photochemistry
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Nixon (2024, ACS Earth & Space Chem)



Titan (& Triton, Pluto): atmospheric photochemistry
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Titan (& Triton, Pluto): atmosphere to surface
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Gaps: C5+ hydrocarbons, N without
triple bond, N+O compounds incl.
amino acids, O beyond H20/CO/CO-



itan (& Triton, Pluto): atmosphere to surface

carbon atoms

8
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Titan (and Triton, Pluto): surface

* Photochemical atmospheric fallout
* Photo-/radio-chemical reactions in ices

» Endogenic upwelling

» Impact heat polymerization of simpler compounds

Lunine & Horst (2011, Rendiconti Lincei)



Titan (and Triton, Pluto): surface

* Photochemical atmospheric fallout

* Photo-/radio-chemical reactions in ices

* Endogenic upwelling

» Impact heat polymerization of simpler compounds

rain out of
atmospheric : -

tholin production
by irradiation of
surface ices

eruption of
tholin-rich
H,O slurry

Cruikshank et al. (2019, Astrobiology)
Lunine & Horst (2011, Rendiconti Lincei)



Titan (and Triton, Pluto): surface

* Photochemical atmospheric fallout

* Photo-/radio-chemical reactions in ices

* Endogenic upwelling

» Impact heat polymerization of simpler compounds

rain out of .
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Varda 2013 FY,;.

2002 AW;7 , ZOOB.AZM
= .. - 2004 GV9 |
, Gong.gong_ 3 S 2002 UXps
’ | Chéro’ni& | M
| Ixion

~ Quaoar 2005 RN

.\ .
st & 2018 VG
| Enceladus @ fa s e e o Sana i
| CANDIDATE § ¢ Haumea. . .70 - . 2005 RMy3
- \ Ceres B e s,
"\ Dione P 3 . Orcus Gkin|'homdima

\ ‘ Makemake -~ . et A

e @ Salacia Tt

Mimase . . | 2014 Uy

\\\\\ / . . ' ' .
i@ _, 2002Mse 2015 RRoas
2014E251

Rh e
OCEAN @

» lapetus
“® WORLDS :

> 'Ma(rsl
. (relic
i Apagcean)

Origins, Worlds, & Life Decadal Survey 2023-2032



Photochemical red/dark material: CH3sOH irradiation?
Other TNOs, Trojans




TNOs: organic composition informs on dynamical origin
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TNOs: organic composition informs on dynamical origin
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TNOs: organic composition also informs on evolution
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TNOs: organic composition also informs on evolution
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Carbonaceous asteroids

Parent body of the
asteroid Ryugu

Interstellar Outer region of
molecular cloud protoplanetary disk

The returned Ryugu
Ryugu samples

Yabuta et al. (2023, Science)




Carbonaceous asteroids

Methylfluoranthene and methylpyrene,
m/z 216.0918%10 ppm
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Carbonaceous asteroids

Cs Amino acids (m/z 379.13222 + 5 ppm)
L-Val
\

0.8
(S)-3-APA

Methylfluoranthene and methylpyrene,

(R)-3-APA
m/z 216.0918%10 ppm

D-lval L-lva Bennu
(OREX-803001-0)

. Y A

L-Val

Jl : Blank

(R)-3-APA
(S)-3-APA

~—
©
o
-
X
~—
>~
=
w
-
o)
o]
=
®
-
=
w
©
—
]
O
o
Q
w
1))
12}
O
=

. o C0107
4 U

Standard

84 86 88 90 92

Retention time (min) Glavin et al. (2025, Nat Astro)

Aponte et al. (2023, Earth Pl Space)




Carbonaceous asteroids

Methylfluoranthene and methylpyrene,
m/z 216.0918%10 ppm

‘g

Ty Weel

Aponte et al. (2023, Earth Pl Space)

Cs Amino acids (m/z 379.13222 + 5 ppm)

L-Val
0.8
(S)-3-APA

(R)-3-APA
p-lvar L-lva

(R)-3-APA
8

~
o
o
=
X
S
>~
—
7
c
Q
et
=
©
c
A
7
©
—
et
&)
Q
Q
7
o
0
@©
=

(S)-3-APA

84 86 88

Retention time (min)

» ."
' .\ e ‘°.
¢‘Q ‘e
R J
AMINO ACIDS

Building Blocks of Proteins |

Bennu
(OREX-803001-0)

Standard

Glavin et al. (2025, Nat Astro)

N

PURINES

'NUCLEOBASES

Genetic Components of DNA & RNA |



Carbonaceous asteroids
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Carbonaceous asteroids
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Carbonaceous asteroids
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Carbonaceous asteroids

Bennu (OREX-803006-0) Ryugu (AO106) Murchison (CM2)
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Carbonaceous A A0108-3
asteroids
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organic matter
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Comets

Glycine in Wild2

Elsila etal. (2008, MaPS)
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Comets
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Comets

67/P
Schuhmann et al. (2019)

Altwegg et al. (2019, ARAA)
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67/P

Schuhmann et al. (2019)
Altwegg et al. (2019, ARAA)
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Organics detected on spaceflight missions

Organic biosignatures



Organic biosignatures
Neveu etal. 2018
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Survey 2023-2032
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Organic biosignatures

Modified from Origins,
Worlds, & Life Decadal
Survey 2023-2032
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Organics detected on spaceflight missions

Upcoming missions, with focus on Enceladus and Ceres
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.

The Orbilander can detect life from orbit at levels ~500x scarcer than in Earth’s oceans, ~ *
and from the surface at levels ~500,000x scarcer than in Earth's oceans.
“Life at these detection levels can be sustained by Enceladus’ supply-of energy and CHNOPS measured by Cassini. ~ *

Whether or not Enceladus is found to be inhabited, the Orbilander measurements will tell us why.
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Science Objectives

Determine whether or not Enceladus is inhabited and why

e [n plume materials:
1. characterize the bulk organic fraction

distribution, pathway complexity,
component—level isotopic composition

o

relatwe abundances, handedness) 2

3. characterlzehplds commonalities
among long-chain hydrocarbons

! . -’

4. search for a polyelectrolyte
capable of storing genetic information

«







Ceres sample return

Characterize the depth and extent of potential deep brine layer(s) to
determine whether liguid exists beneath Ceres today near hypothesized
orine 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
eosien st cees iaoseiy SYRTHESIS and evolution; and

Julie Castillo-Rogez, Pl John Brophy, Study Lead Jet Propulsion Laboratory
julleccastilo@jpl.nasagov john.rbrophy@jpl.nasagov California Institute of Technology

www.nasa.gov

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




Ceres sample return

o
National Asronautics and Spate Ad

Mission

Exploration of Ceres' Habitability

Julie Castillo-Rogez, Pl John Brophy, Study Lead Jet Propulsion Laboratory
Julleccastilo@jpl.nasagov john.rbrophy@jpl.nasagov California Institute of Technology

WwWw.nasa.gov
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Hopeful Summary in 30? Years
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