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Introduction: NASA’s Mars 2020 rover is the first ap-

proved mission that will be creating a cache that could be re-

turned to Earth by a subsequent Mars Sample Return (MSR) 

mission.  For multiple reasons, handling and analysis of these 

samples will be far different from that for all previous extrater-

restrial samples. 

Rover Discoveries of Alteration Products: Unlike the nat-

ural martian meteorites, primarily igneous, products of aqueous 

alteration will be of highest priority for MSR.  The rover Curios-

ity (MSL) has surprisingly discovered calcium sulfate veins and 

smectite clay in mudstones on the floor of Gale crater.  The mul-

tiyear missions of the two MER rovers, Spirit and Opportunity, 

have discovered a variety of previously unobservable alteration 

products: sulfate-rich soils; an extensive evaporitic sandstone 

sequence; a carbonate outcrop; and evidence for montmorillonite 

clays as outcrops and fracture fills.  Recently, Curiosity and Op-

portunity both discovered rocks with strong Mn enrichments.   

Challenges of Sedimentary Samples: Few, if any, samples 

will be able to reveal lateral patterns beyond the ~ 1-cm diame-

ter of the drill cores that are baselined.  Sedimentary structures 

must be assessed from images taken onsite during sample acqui-

sition.  Fabric, texture, grain size gradations and other petrologic 

features, as well as geochemical trends, will be similarly con-

strained.  Evidence of multiple episodes of diagenesis at some 

locales on Mars invoke further challenges in interpretation.  In 

some respects, this is within the experience base of the meteorit-

icist, who must almost always cope with poor or unknown con-

text of samples which are inherently complex and resistant to 

unambiguous interpretation, even with the most sophisticated 

analytical techniques available. 

Importance of Organics: Photooxidants in the atmosphere 

and oxidizing minerals in the soil have created great pressure on 

survival of martian organics. Yet, even trace organic content and 

composition is fundamental to all issues surrounding present 

life, past life, habitability, and abiotic chemical evolution.    

Dual Pathways of Protection: Mars samples will be of 

great interest to the general public and at the same time raise the 

concern for potential biohazards from a planet associated with 

life.  Required by international treaty and endorsed by task 

groups of the NAS/NRC, the martian samples must be “treated 

as potentially hazardous until proven otherwise.”  The level of 

security cannot be casual or minimal, generally expected to be 

Biosafety level-4 or higher, i.e., that afforded to the most viru-

lent and lethal of organisms, such as anthrax bacteria and Ebola 

viruses.  Protecting scientists and technicians who will be work-

ing with the samples early-on and at the same time protecting 

the samples from organic contamination will be daunting, yet 

essential.  Containment of samples prior to release to the general 

scientific community may be significantly protracted. 
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