Mars Rover Science:
Organic Molecules & Ancient Habitats
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Are We Alone in the Universe?

Did life
originate
on Mars?
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Ancient Water & Habitable Environments

Origin of life on

Earth
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Telescope observations of ~60 ppbv
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Since CH, exists in the Mars
atmosphere, could it have come from a
present-day or ancient biological source

or an abiotic source?
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Curiosity since 2012:
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Organics and salts in Yellowknife Bay clay-rich
sediments indicate ancient habitability

~3.5billionyearsago, | - =| Chlorinated

Mars was wetter and +. | C1-C4carbon chains
hosted habitable lakes | === and benzene
including here at '

Yellowknife Bay
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Grotzinger et al., 2015, Science Freissinet et al., 2015, JGR
Szopa et al., 2020, Astrobiology

ing etal., 2014, Science
Stern et al., 2015, PNAS



Inventory of molecules identifie
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New evidence for ancient fatty acids?

LARGE ORGANICS
ON MARS

Undecane Dodecane
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Curiosity Mars rover discovers largest
organic molecules ever seen on Red Planet

m By Haith Coopar published Masdh 25, 2025

While the presence of these molecules is not proof of ancient life on
Mars, scientists say it shows we could datect chemical signaturas of
past life, if it ever existed.
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De nouvelles molécules organiques trouvées sur Mars

Ces nouveaux indices qui montrent que la vie a
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Cumberiand - a very special place on Mars

B John Kigin Cumberlarid

D Organics
detected
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Cumberland, a place with a unique geochemical history
Long chain hydrocarbons (Freissinet+ 2025)
Simple/primordial molecules (Freissinet+ 2015, Eigenbrode+ 2018, Szopa+ 2020, Millan+ 2022...)
Interesting S isotopes fractionation (Franz+ 2017)

Depleted carbon isotope composition (House+ 2022)

More chances of sulfides (Wong+ 2020)

Presence of nitrates (Stern+ 2015)

Tens to hundreds of ppm of carbon (inorganic + organic) (Sutter+ 2017, Freissinet+ 2020, Stern+ 2022)
Freshly exposed sample (Farley+ 2014)

Optimal mineralogy (Rampe+ 2020)
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Evidence of an ancient carbon cycle on Mars!

How taming “jumping genes” Visualizing a |irule‘m stalled during Global distribution of toxic
could help treat disease o 241 mitechondrial import o 302 metal soi

al soil pollution o 215

CO, + H,0 <-> H,CO;4 Carbonate detections
confirm models that
predicted that CO, was
abundant in the martian
T atmosphere ~3.5 Ga and

. helped keep the planet
| | | | | | warm enough for liquid
water on the surface.
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H,CO; + FeSiO, <-> FeCO, + SiO, + H,0

Co,

[plagioclase [lhematite [Wlsiderite [ Jgypsum
[pyroxene  [Hgoethite [ Janhydrite [ ]starkeyite

P auartz [Jakageneite [ ]bassanite [Mkieserite
[Jamorphous Burtt et al. (2024) PNAS; Tutolo et al. (2025) Science




Jezero Crater, Mars
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Possible Biosignature Found by Perseverance

‘ 'r‘ eyava Falls” mudstone
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‘Structu-rs “reduction spheroids” provide evidence of minerals formed in
water at modest temperatures in the presence of organics that could have
provided an energy source for life.

Analysis of the core in labs on Earth is needed to determine if these

features are actual fossilized remnants of martian life, or not.
Hurowitz et al. (2025) LPSC, 2581




CoLD SCALE

ii " Independent Confirmation

@ ., Rule Out Other Hypotheses
6 . Additional Independent Signal

9 ., Rule Out Non-Biology
Evidence
gj , Make sure biology is possible from Mars

Rovers

. Rule out contamination

ﬂ ., Detect possible signal

Credit: NASA/Aaron Gronstal after Green et al. (2021) Nature 598:575




’f}f MARS SAMPLE RETURN (FORMULATION/PHASE B)

Perseverance status: Sol 1575 planning (July 25)

Mars 2020 Perseverance Status roveodometry: 376+ km

Samples collected

\Perseverance
i L Kl

Sampling status
- 33 sample tubes filled: 27 rock cores, 2 regolith, 1 atmosphere, 3 withess tubes

—Three Forks Depot: 7 rock cores, 1 regolith, 1 atmosphere, 1 witness tube

—Onboard Perseverance: 18 sealed rock cores, 2 unsealed rock cores, 1 regolith, 2 witness tubes
- Remaining, unfilled tubes: 6 sample tubes, 2 witness tubes




MELYN (CORE #16) OTIS_PEAK (CORE #17) PILOT_MOUNTAIN (CORE #18) SAPPHIRE_CANYON (CORE #22)

——

SWIFT_RUN (CORE #09) SKYLAND (CORE #10)

Younger: <3.7 Ga W CICWERENS

Upper Fan

. -

BEARWALLOW (CORE #12)  SHUYAK (CORE #13) MAGEIK (CORE #14) WB3 (WITNESS #03) KUKAKLEK (CORE #15) ATMO_MOUNTAIN (REGOLITH #01)  CROSSWIND_LAKE (REGOLITH #02)

WB2 (WITNESS #02)  HAZELTOP (CORE #11)

PELICAN_POINT (CORE #19) LEFROY_BAY (CORE #20) COMET_GEYSER (CORE #21)

Margin Unit
Crater Floor

WB1 (WITNESS #01) ROUBION (ATMOSPHERIC #01) MONTDENIER (CORE #01) ~ MONTAGNAC (CORE #02) SALETTE (CORE #03) COULETTES (CORE #04) ROBINE (CORE #05) MALAY (CORE #06) HAHONIH (CORE #07) ATSAH (CORE #08)

N. Crater Rim and Beyond

SIVER MOUNTAIN (CORE #23)  GREEN_GARDENS (CORE#24)  MAIN_RIVER (CORE #25) BELL_ISLAND (CORE #26)

m

Perseverance Sample Collection
Through Geologic Time



Why Returning Samples is so Important

N /“Observation-guided sample preparation,

coordinated analyses and wet chemistry Much more flexibility to

- E modify experimental

design in labs and respond
to new discoveries

Cretaceous

Oolitic limestone
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\Petrographicthinsections o C‘J Chemical separations /

* Access to state of the art
/ Ability to interrogate potential biosignatures and determine their origin! \ facilities & instruments

\_ Returned samples J

with technologies that
improve rapidly over
time

= | Molecular structures

Apollo 17 samples still

being studied now by
Isotopic patterns scientists who were not
' born in 1972 using
techniques that were not
higher 3C/12C yet invented!
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State-of-the-Art Instruments That Can’t be Flown on Spacecraft NA

Fourier Transform Infrared 2D Gas Chromatography High L|qU|dChromatography Fourier Gas Chromatography Mass Compound Specific Isotopic
Microscopy Resolution Mass Spectrometry Transform Mass Spectrometry Spectrometry Ratio Mass Spectrometry

Transm|SS|on Electron | Electron Microprobe Inductively Coupled Plasma Nanoscale Secondary lon Visible Light Microscpy
Microscopy Analysis Mass Spectrometry Mass Spectrometry

Scanmng -Electron Mlcroscopy Xray Absorpt|on Near-Edge Structure Accelerator Mass Spectrometry
Energy-Dispersive X-ray Spectroscopy

Archlve Samples
Spectroscopy

for the Future



Suggestive

COOH HOOC

L-alanine D-alanine

Enantiomeric Excess
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Structural Preferences
Informational
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Structural Selectivity ,I B

v Multiple life signatures provide high confidence ¥ o0l
¥ : _ Isotopic ordering

To detect chemical biosignatures advanced mass spectrometers must be combined with sample processing and
gas or liquid separation techniques. Very challenging in a space environment.




Rosalind Franklin Mission (RFM)

Main Science Objective: Seek the signs of life on Mars over 218-sol mission

Landing Site: Oxia Planum (~18°N) with a large area of ancient (Noachian)

terrain hosting expansive clays
* High potential preservation of organic compounds
* Evidence of long-term overlayering followed by exposure

Baseline 9/21/2028 12/19/2030
Backup 12/8/2028 7/15/2030

Mawrth Vallls
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Landing Ellipses
T LPO Sigma 1
il PO Sigma 3

S, Map Boundry

Global topography
- -2400 m
oughiln h -3240m
: Local topography
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<(Left, top) Location of Oxia
Planum onMars.

<(left) Location of the
landing site HRSC colore

(Right)> The geclogical map
location within Oxia Planum

The global setting of Oxia Planum on the margin between
Southern Acidalia Planitia, Chryse Plantia and North-West Arabia
Terra and the landing site within Oxia Planum region.

| Aquitania -
"

The local setting of the map in norther Oxia Planum. Marked in italics
are informal names given to the local geography (Fawdon et al; 2021)
used to describe the local setting of the map. The landing ellipses and
extent the regions containing the map are marked.

Analytical Laboratory

Drawer (ALD) Sampling
MOMA Window
MicroOmega
RLS
Identify Large

Organic Molecules
Protected from
Cosmic Radiation
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é-esa

European Space Agency
Agence spatiale européenne

PanCam

Rosalind Franklin
Rover
appx. 310 kg

Mars Surface

Subsurface Drill
(housed with drill)
CLUPI

2m Ma-MISS
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Was Mars ever habitable?

Yes! Probably for tens of millions of years,
and even longer in the subsurface. Now the
question is - was it ever inhabited?




Access to samples fromideep subsurface ﬁhd other
areas difficult to reach robotically e

Greater ability to evaluate geologic context

Real-time decision making in response to environment
On-site analysis capability to assist with sample triage
Ability to return more sample mass

Enhanced sample preservation (e.g. cryogenic storage)
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