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INTRODUCTION
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• Mars Sample Return (MSR) 
is a joint venture between 
NASA and ESA.

• The Campaign will 
notionally return between 
10-26 geologically diverse 
samples (plus witness 
tubes) able to answer an 
array of science objectives.

• One of the high priority 
science objectives is to 
“assess and interpret the 
potential biological history 
of Jezero Crater, including 
assessing returned samples 
for the evidence of life. ​” 
(iMOST Report)
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First samples from 
Delta Front Campaign

Green highlights tubes cached at Three Forks
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SAMPLE RECEIVING PROJECT
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Mars 2020 Sample Caching

• Collect samples of rock, 

regolith, and atmosphere

• Cache samples on the 

surface for retrieval

Sample Receiving Project

(SRP)

• Recover and transport contained 

samples to receiving facility

• Safety assessment and sample 

containment

• Initial sample science and 

curation

Earth Return Orbiter 

(ERO) 

• Capture and contain samples 

in Mars orbit

• Safely return samples to 

Earth for recovery at landing 

site

Sample Retrieval Lander 

(SRL)

• Retrieve samples cached by 

Mars 2020 rover

• Launch samples into orbit 

around Mars

1 2 3 4

Mars Sample Return Program
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MSR SRF CAPABILITIES AND PRIORITIES

8

Receive Spacecraft

Hardware Disassembly

Sample Tube
Pre-Basic Characterization

Samples Opened and
Basic Characterization

Samples Picked 
and/or subdivided

Allocated Sample
Sterilization Process
(Irradiation or Heat)

Global Safe Sample Distribution for
Earth-based Science Investigations

Sample Safety Assessment, 
Preliminary Examination, 

and/or Select Early Science

Provide High-Containment & Contamination Control 
Accommodate highest priority instrumentation

Fully operational by sample arrival
Enable rapid of release of samples
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FOUNDATIONAL INFORMATION

• Planetary Protection Guidelines
‒ Mars Sample Return (MSR) as a Planetary Protection Category V, Restricted Earth 

return due to the scientific opinion that Mars is of significant interest to the process of 
chemical evolution and/or the origin of life. 

‒ “Adopt appropriate measures” to “avoid […] harmful contamination and also adverse 
changes in the environment of the Earth resulting from the introduction of 
extraterrestrial matter.” [Article IX of the UN Outer Space Treaty]

• Implementation Strategies for meeting Planetary Protection Guidelines 
‒ Mars Sample Receiving Facility (SRF) must provide high-containment (Biosafety Level 

(BSL)-4 equivalent).

‒ Samples should be deemed abiotic and/or safe via the execution of a Sample Safety 
Assessment before they can be released from the SRF without sterilization.
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HIGH-CONTAINMENT FACILITY IMPLEMENTATION STRATEGIES

Shope (USA) 

Personnel in Pressure Suits

Porton Down (UK) 

Biosafety Cabinet (BSC)-III Cabinet Line

Traditional high-containment facilities are 
designed to protect scientists and the 

community from exposure to known hazard(s). 

Negative Pressure Environment(s)

BSC-III
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Porton Down (UK) 

Biosafety Cabinet (BSC)-III Cabinet Line
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THE SAMPLE SAFETY ASSESSMENT FRAMEWORK

• Framework to “evaluate only whether the presence of 
Martian life can be excluded in samples returned from 
Mars.”
‒ Considers only carbon-based life

• It is a Framework – detailed Protocol still tbd
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PRISTINE FACILITY IMPLEMENTATION STRATEGIES

Properly handling, examining, and curating Martian 
samples also requires that the samples be protected 

from terrestrial contamination so Planetary Protection 
(PP) and Science investigations are not impeded. 

Positive Pressure Environment(s)

BSC-III
Cosmic Dust Laboratory JSC

Cleanroom in Full Bunny Suits

Apollo Laboratory JSC

Gloveboxes
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This combined effort requires the integration of both negative and 
positive pressure environments to meet the needs of PP and 

contamination control (CC). 

Pristine Cleanroom Facilities within 
High-Containment

BSC-III Cabinet within a 
Pristine Glovebox

Combined facility and 
specialized isolator approach 

This measure may be necessary to 
ensure sample pristinity is not lost 
to sterilization in an off-nominal 

event. 

Outermost layer is negative 
pressure/containment to offer the 

greatest protection. 

Innermost layer is negative 
pressure/containment to offer the 

greatest protection. 
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APOLLO LUNAR RECEIVING LAB
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1967 Site Aerial Photo

B31

B37

The 84,326 ft2 (7,834 m2) LRL facility was designed to the 
following functional requirements:

• Prepare sample return containers and astronaut 
geologic hand tools before flight

• Provide biological quarantine of astronauts, spacecraft, 
equipment, and samples

• Receive sample return containers and conduct 
preliminary sample characterization

• Support sample curation: cataloging, sample storage, 
re-packaging and distribution of lunar samples to the 
scientific community for analysis

• Perform biohazard clearance testing and time-sensitive 
primary scientific analyses
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APOLLO LUNAR RECEIVING LAB
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Scanning Electron MicroprobeMass Spectrometer

1967 Site Aerial Photo

B31

B37

Electron Microprobe

Ion Microprobe Mass AnalyzerThermal Analyzer/Mass Spec. Single-Crystal X-Ray Diffractometer
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Life Magazine
July 4, 1969

Unify |  Explore |  Discover
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MARS SAMPLE RECEIVING FACILITY (SRF) MODALITY OPTIONS

• Decommissioned Existing BSL-4 facilities 
ONLY

• New Traditional, Fixed High-Containment 
Facility

• New Modular High-Containment Facility
• Hybrid (New + Existing facilities)
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DECOMMISSIONED EXISTING BSL-4 FACILITY APPROACH

Assumed Benefits

• Leveraging existing infrastructure

• Built-in high-containment expertise

• Existing community buy-in

• Possible cost and schedule savings

Considerations

• Possible capacity issues providing enough lab space

• Accepting large equipment (e.g., EEV, DWIs, analytical instrumentation, etc.)

• Possible cross-contamination vectors and difficulties keeping an MSR lab clean; complications 
integrating cleanroom technology

• Limits on modifications to facility structure for tailored SRF needs

• Assuring adequate isolation from other labs so that unsterilized samples                                  
could be safely released (pending sample safety assessment)

• Programmatic risks with sharing a facility (competing interest)
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NEW BRICK-AND-MORTAR FACILITY APPROACH

Assumed Benefits
• Tailored to SRP’s needs
• Method used by all U.S. BSL-4 

laboratories constructed to date

Considerations
• Could be the most expensive modality
• Take the longest to implement
• Significant programmatic risk of delay
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CONTEMPORARY MODULAR FACILITY APPROACH

Assumed Benefits

• Relatively lower costs

• Shorter design/construction/commissioning schedule

• Flexibility for easier retrofits and future expansion

• Tailored to SRP’s needs

Considerations

• Modular BSL-4 has never been done before. While this 
approach has only been used for BSL-3/3Ag facilities, minor 
modifications should make BSL-4 possible.

The modular elements could be 
installed in a traditional building 

(existing or new) or shell structure. 
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HYBRID CONSTRUCTION APPROACHES
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Assumed Benefits

• Shorter design/construction/commissioning schedule

• Flexibility for easier retrofits and future expansion

• Tailored to SRP’s needs

• Leveraging decommissioned existing infrastructure

• Built-in high-containment expertise

• Existing community buy-in

• Relatively lower costs and shorter schedule

The advantage of a hybrid approach is that 
the facility could leverage the strengths of 

each other’s approaches

@

Utilize a combination of the three main modality options (e.g., Annex (Modular and/or Brick-and-Mortar) 
AND Decommissioned Existing BSL-4 Facilities)

Considerations
• Modular BSL-4 has never been done before. While this 

approach has only been used for BSL-3/3Ag facilities, 
minor modifications should make BSL-4 possible.

• Multiple simultaneous construction projects

Contemporary Modular Facility in Conjunction with a Decommissioned Existing BSL-4 space



TYPICAL BSL-4 SUITE LABORATORY SECTION
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HIGHLIGHT OF OVERARCHING CONSIDERATIONS

Structural Constraints

Personnel Safety

PP Requirements

CC Requirements

Preliminary Examination Requirements

Science Requirements

Construction Timeline

Operational Timeline

Adaptability to Changing Needs

Facility Fair Use/Access to Samples

Partnership/Reutilization Opportunities

Cost Effectiveness (short and long-term)

Pristine Sample Conservation

Upon completion of the assessment studies, the preferred modality and refined requirements would be utilized for 
site-specific design but will not be finalized until NASA’s completion of the National Environmental Policy Act (NEPA) 

process.
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Mars Sample Receiving Facility (SRF) 
Assessment Study (MSAS) –

Assess the utilization of 4 modality 
options and accommodation 

potentialities
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Time

Capability

Cost
Balancing

Risks/Benefits



SRF NOTIONAL INSTRUMENT LIST
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MSR SRF Instruments SSAF
Curation 

& PE
Time Sen. 

Science
Ster. Sen. 
Science

Magnetometer X
Magnetic Susceptometer X
Micro-X-ray diffractometer with total scattering and pair-distribution function (PDF) analysis capability X X X
Petrographic Microscope X X
Multispectral/Hyperspectral Imager [10-20 micron resolution] X X
Variable Pressure-Field Emission Scanning Electron Microscope with electron and Focused Ion Beam (FIB) columns and multiple detectors X X X X
High Resolution X-ray Computed Tomography (HR-XCT) X X
Variable Pressure-Field Emission Scanning Electron Microscope with electron columns and multiple detectors X X X X
Deep Ultraviolet Fluorescence X X X X
Confocal Raman Spectrometer X X X X
Fourier Transform-Infrared Spectrometer (FTIR) X X X X
Ultra-High Performance Liquid Chromatography Liquid Chromatography (UHPLC-MS/MS) with tandem Mass Spectrometry X X X
Capillary Electrophoresis–Mass Spectrometry (CE-MS) X X X
Electrospray ionization (ESI)-Mass Spectrometry AND/OR MALDI-ESI-MS X X X
Matrix-assisted laser desorption/ionization time of flight (MALDI-TOF-MS) X X X
Gas Chromatography (GC) Isotope Ratio Mass Spectrometer with quadrupole mass spec and higher temperature conversion elemental analyzer (TC/EA) X X X

Epifluorescence Microscope X X X
DNA Sequencer and associated ‘-omics’ equipment (see note) X X X
Real-time PCR machine, i.e. a thermal cycler with fluorescence reading capability X
Selected Ion Flow Tube Mass Spectrometry (SIFT-MS) or Photon Transfer Reaction-Mass Spectrometry (PTR-MS) X X
Electron Paramagnetic Resonance (EPR) Spectroscopy – X X
Brunauer-Emmett-Teller (BET) surface area analysis X X
Optical laser spectrometer (Sample Analysis at Mars (SAM) instrument) X X
Inductively coupled plasma - optical emission spectrometry (ICP-OES) X X
Mössbauer Spectroscopy X
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Instrument list from SSAF and MSPG2 Reports (Astrobiology 2022)



MSAS REVIEW TEAM

• Core Team
‒ Technical – Andrea Harrington, Michael Calaway, Richard Mattingly, Alvin Smith, 

Aurore Hutzler, Francois Gaubert, and Andre Llanos
‒ CDC SMEs – Samuel Edwin, Melissa Pearce, Matthew Arduino
‒ SRP Science SMEs – Dave Beaty, Brandi Carrier, Fiona Thiessen

• MSAS JSC Extended Team
‒ ARES – Danny Carrejo
‒ Facilities – Heath Ford & Charles Noel
‒ NEPA – Janani Vedanth, Vicky Ryan, and Amy Keith

• MSR Science Leads – Michael Meyer, Lindsay Hays, Gerhard Kminek

• PPO – Nick Benardini, Elaine Seasly, Silvio Sinibaldi
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SRF HIGH-LEVEL NOTIONAL SCHEDULE & STATUS

On Schedule
• A&E Firms have provided 

final inputs for MSAS

• Preliminary Findings are 
under Stakeholder Review

• Released an RFI to gauge 
interest in the potential co-
development of a new facility 
https://sam.gov/opp/45ac7570b
2cb4c25b926bc7b858111fb/view

• Preparing for MSAS Phase 2

• Working closely with:
‒ ESA on all SRF planning activities
‒ International MSR Science 

Working Groups to develop SRF 
notional requirements

30

Inform Site-Specific Design
Major infrastructural impacts

Finalize Instrumentation
No infrastructural changes possible without schedule slip (programmatic risk)

Refine Workflows
Minor infrastructural impacts
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RESEARCH & DEVELOPMENT IN SUPPORT OF SRF DESIGN & OPS

• Double Walled Isolator (DWI) Design 

• Sample handling - Robotic and/or Remote 
Manipulation

• Sample Tube and Subsample Isolation Containers for 
Analyses Outside SRF

• High-Containment suit and infrastructural material 
contamination control testing

• Quantify contamination loads of existing BSL-4 facilities

• Instrument accommodations

• Sample sterilization

• Infrastructural cleaning and sterilization procedures
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DWI Breadboard at U. Leicester

Robotic Manipulation Breadboard at Thales Alenia UKClose collaboration between NASA/ESA’s Curation, Science, and PP Teams



CLOSING HIGHLIGHTS

• Proper prioritization of the considerations will enable a highly capable, fully 
operational SRF by October 2033. 

• NASA and ESA are taking a “safety first” approach to designing and 
engineering every step of Sample Receiving Project (SRP).
‒ Complementary NASA/ESA SRF studies will inform site-specific design.

‒ Conducting R&D activities (e.g. DWI) to comply with Planetary Protection and 
Contamination Control objectives.

• The nature of SRP planning requires effective communication across 
Agencies (national and international), Centers, the scientific community, 
and the general public.
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QUESTIONS?

Mars Sample Return architecture is complex and optimized to reduce 
development risk and safely deliver scientifically-selected Martian 

samples for analysis on Earth, while ensuring scientific integrity.
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