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Statement of Objective 

Return and analyze a sample of pristine carbonaceous asteroid regolith in an amount sufficient to 

study the nature, history, and distribution of its constituent minerals and organic material 

 

Overview 

Primitive asteroids are the remnant building blocks of the terrestrial planets [Bottke et al. 2002]. 

Laboratory investigations of meteorites and interplanetary dust particles from asteroids reveal the 

nature of early Solar System processes responsible for planet formation [Lauretta and McSween 

2006]. The presence in primitive meteorites of complex organic compounds with terrestrial 

counterparts has led to speculation that meteorites could have seeded early Earth with prebiotic 

elements and molecules. 

 

However, meteorite samples are altered by the processes of ejection from their parent body and 

by atmospheric entry. In addition, these materials are very quickly contaminated, colonized, and 

consumed by terrestrial microbes. For example, the possible presence of extraterrestrial RNA 

nucleobases in the Murchison meteorite has been controversial for 30 years because of likely 

contamination from terrestrial DNA and RNA [Stoks and Schwartz, 1979; 1982; Martins et al., 

2008]. Only, by studying the organic chemistry and geochemistry of a pristine carbonaceous 

asteroid sample can the nature of extraterrestrial organic compounds be understood. 

 

Primordial organic compounds are preserved in the interiors of grains and freshly exposed 

surfaces on Bennu. However, extended exposure to the space environment modifies these 

compounds. These processes include micrometeorite impact and reworking, implantation of solar 

wind and flare particles, radiation damage and chemical effects from solar particles and cosmic 

rays, and sputtering erosion and deposition. Carbonaceous asteroids contain minerals and organic 

matter potentially modified by space weathering. However, the effect of space weathering on 

carbonaceous material is essentially unknown. Large C-based polymers may be produced. These 

polymers darken asteroidal surfaces, redden the visible and near-IR spectral slope, and produce a 

dark and featureless spectrum such as that of Bennu. OSIRIS-REx offers the first opportunity to 

study the distribution of organic molecules and the effects of space weathering processes on an 

organic-rich body both in situ and through detailed analysis of a returned sample. 

The team’s sample analysis objectives are distributed among five broad categories, based on 

analytical techniques. A major advantage of this sample return mission is the coordinated 

laboratory analyses applied to the same material, greatly enhancing the science return. The team 

allocates 15 g of the bulk sample (11.5 g + 30% margin) and 6.5 cm2 of surface sample (5 cm2 + 

30% margin) for the specific science objectives defined by the Level-1 requirements, leaving 

>75% (45 g of bulk sample and 19.5 cm2 of surface sample) for future analyses. 

 



Level-1 Requirements 

1.1 Return ≥60 g of pristine bulk sample from Bennu and archive 75% of the total returned mass 

for future analyses. ‘Pristine’ is defined to mean that no foreign material introduced into the 

sample hampers the scientific analysis of the sample 

 

1.2 Document the contamination of the sample acquired from collection, transport, curation, and 

distribution 

 

1.3 Contact ≥26 cm2 of surface material from Bennu, return the TAGSAM contact surface, and 

archive 75% of the contact surface for future analyses 

 

1.5a Produce a sample catalog within 6 months of return 

 

1.5b Analyze the returned sample to determine the presolar history, formation age, nebular and 

parent-body alteration history, relation to known meteorites, organic history, space weathering, 

resurfacing history, and energy balance in the regolith of Bennu 
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