
Mars Sample Return Campaign:
NASA & ESA led, based on recommendations of the international science community

“A particular challenge throughout the entire process is for the samples to be securely contained, and “breaking 
the chain” with Mars, until determined to be safe for distribution outside of biological containment.”

Mars Sample Return (MSR)

H. Busemann
=> M. Schönbächler

Inst. of Geochemistry & Petrology, ETH Zürich

Martian meteorite
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1. context development and acquisition of scientifically selected samples by Perseverance rover
2. transit through flight elements of MSR Program
3. retrieval on Earth for curation 
4. analysis by the world’s scientific community

1. MSR campaign status
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The MSR Science Program four key milestones

1. Selecting samples for depot(s) and Earth return, linked to the ongoing operation of the M2020 mission on Mars

2. Finalizing the science input for the Sample Receiving Project (SRP) in 2024 to account for (a) curation, (b) safety 

assessment, (c) time- & (d) sterilization-critical objective-driven science

3. The first open, competitive Announcement of Opportunity (AO) in 2026 for MSR objective-driven science investigations

on the samples

4. Begin conducting the MSR objective-driven science investigations once the samples are on Earth, planned for 2033

1. MSR campaign status – Science Program



2. Scientific background & current steps 



 Launch Jul 30th, 2020

 Lands Feb 18th, 2021 in Jezero crater


 Jezero crater: 49 km diameter

(in “Isidis Basin”), once water-filled?

 expected: clays, sediments, regolith, 

basalts, “real” rocks

 project scientist K. Farley

2. Scientific background & current steps – Field overview  
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2. Scientific background & current steps – Drill cores  



Sampling campaign

 “scientific benchmark” => Beaty et al. 2019 iMOST report

 Depot WS on Sept. 28+30, 2022 (>100 scientists + M2020 team)

2. Scientific background & current steps – Samples  



Sampling campaign

 “scientific benchmark” => Beaty et al. 2019 iMOST report

 Depot WS on Sept. 28+30, 2022 (>100 scientists + M2020 team)

 Sampled: 

 Igneous rocks (crater floor, absolute unit ages, anchor to Martian 

epochs, magmatic evolution, calibrate crater counting ages)

 Sedimentary rocks (from delta front, promising to search for 

evidence of ancient life)

 Aqueous alteration products (history of near-surface water)

 Organic compounds (origins: biogenic vs. abiogenic)
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Instrumentation

 SuperCam (2 lasers, spectrometers, LIBS, Raman) 

images, chemical composition, minerals in rocks and 

regolith from a distance, audio

 SHERLOC (UV Raman) images, minerals, organics

 PIXL (X-ray fluorescence), images, fine-scale 

chemical composition 
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2. Scientific background & current steps – Storage in 1st depot

Sampling campaign

 if Perseverance degrades & cannot transfer tubes to SLR => 

traverse to nearest suitable site to place 2nd depot

=> new, unknown samples available
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Sampling campaign

 1st depot at “Three Forks Site” with 

scientifically return-worthy collection

 risk hedge against rover failure 

(before Perseverance reaching qualified 

lifetime (1.5 Mars yrs, 20 km traverse)

 shorter of each pair in depot, longer 

sample remains on rover cache

=> 10 samples: 7 rock samples, 1 

regolith, 1 atmospheric sample, 1 

witness sample

=> covers partially or fully all iMOST

scientific objectives

2. Scientific background & current steps – Storage in 1st depot



 most benign terrain, minimum landing risk

 soon certainty for a sample cache to return

 landing site could be within 200-400 m

 certification performed

2. Scientific background & current steps – Storage in 1st depot
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2. Scientific background & current steps – Samples (Cores & abraded patches)  



2. Scientific background & current steps – MSR objectives
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2. Scientific background & current steps – Sample assessment
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3. Next steps in the program – Your Chance!



3. Next steps in the program – Timeline (2028-33)
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DaG 476, 5 g
ETH IGP collection

NWA n.n., 143 g
ETH IGP collection (purchased from JNMC)

Photo: Aurelia Meister

4. Martian Meteorites



5. Conclusions

 MSR will happen / is happening

 First sample set successfully taken, placed –on the martian ground– into 1st depot

 Perseverance perseveres

 lots of opportunity for science community participation (2022-2035):

 Workshops

 Working groups, e.g. MSR Campaign Science Group (MSCG-2, rotating)

 Sample facility requirements, analytical instrument suite

 2026 at the very latest: Objective-driven examination AO (particularly time- & sterilization sensitive)

 consortium studies preferred

 PIs part of MSR Sample Science Team

 Also: get prepared for later regular “safe” samples’ investigations

Thank you 





Getting ready for Mars Sample Return

Objective

• prepare Switzerland for Mars Sample Return,
and other potential returned samples (e.g.
JAXA’s MMX mission or future comet sample
return).

 past example OSIRIS-Rex, Hayabusa II

• Requires
- cutting-edge labs/instrumentation
- continued research output

Brochure from Thermo Fisher



The next generation of MC-ICP-MS

Analyses of  extraterrestrial materials    
e.g., meteorites

High precision Isotope ratios:
Precision in part per million (ppm) range
e.g. PhD Kasia Liszewska – Fe isotope –
Domain A

Requires chemical separation of element 
prior to analysis

Brochure from Thermo Fisher



Element separation – Ion exchange chemistry

Schönbächler 2017

• Carried out in clean room laboratory

• 10 ETH workstations supplied with ultra- ​clean Class 10 
(ISO 4) air dedicated to cosmochemistry

Copyright M. Friebel



High precision isotope analyses 
MC-ICP-MS



High precision isotope analyses 
MC-ICP-MS



Neoma – mass filter & collision cell

From Brochure Thermo Fisher



Getting ready for Mars Sample Return

Objectives

• Swiss wide access within PlanetS / SIPS
• Located at Earth Science, ETH Zurich

• Open for projects on extraterrestrial samples

Brochure from Thermo Fisher
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