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Introduction: The Moon is an exceptional target for 

sample return (SR) because it is easily accessible, a 

witness plate for early Solar System events (e.g. impact 

history), preserves a record of early terrestrial planet 

processes that may be applicable to other planetary 

bodies (e.g. differentiation), exhibits an extended ther-

mal and magmatic history of an evolving planet, and 

provides a near-Earth environment to demonstrate 

sample return technologies that may feed forward to 

more distant destinations and complex mission archi-

tectures. The Moon’s SPA has been identified as a 

high-priority target for SR by numerous NRC reviews 

and NASA advisory committees. Here, we explore 

both the Solar System class science that can be accom-

plished with a SR mission from the SPA and illustrate 

how such a mission enables other SR missions to the 

Moon and beyond.   

Exploring the Solar System through SPA-SR: A 

SPA-SR mission accomplishes science objectives that 

are important to establishing the chronology of events 

in the Solar System and understanding fundamental 

process that shape the evolution of the terrestrial plan-

ets, the present configuration of the Solar System, and 

the development of the Earth as an abode for life.   

Determine SPA Basin chronology: As the largest and 

oldest clearly recognizable impact basin on the Moon, 

SPA basin harbors a record of the early cataclysmic 

bombardment of the Moon. Determining the chronolo-

gy of the SPA basin will establish the impact history of 

the inner Solar System at a critical time in the evolution 

of early habitable environments on Earth and possibly 

Mars, and test the Cataclysm hypothesis thereby con-

straining the process(es) that led to the heavy bom-

bardment (e.g., Nice model). Samples are needed to 

conduct the analyses of radiometric systems lithologic 

relationships of components that can resolve ages with 

accuracy to 10 Ma, to constrain unambiguously the 

early events. 

Understand giant impact basin processes: The SPA 

basin is the only giant impact basin in the Solar System 

that we are able to study in detail due to its preserva-

tion and accessibility. Combining sample data and or-

bital remotely sensed data for SPA will enable tests of 

models for the response of the Moon’s crust and mantle 

to a giant impact event and its subsequent evolution. 

Samples are needed to identify the sources of materials 

that were excavated by the SPA event and determine 

when it happened in order to understand the state and 

response of the crust resulting from the impact. 

Investigate the crust/mantle transition: An SPA-SR 

mission will return material from a lunar terrane un-

sampled by previous lunar missions. Analysis of lower-

crust and possibly upper-mantle components preserved 

in impact-melt rocks and breccias of the SPA enable 

assessing models for the origin, evolution, and diversi-

ty of the lunar crust. This investigation is fundamental 

to understanding processes at work during the differen-

tiation and subsequent evolution of the terrestrial plan-

ets. Samples are needed to investigate the lithologic 

components contained in SPA materials, which are 

mixed and difficult at best to determine from orbit.   

Determine the lithologic distribution of thorium (Th): 

In the terrestrial planets, slow decay of the naturally 

radioactive elements provides the heat to melt rock at 

depth and allows convection in a hot mantle. Decipher-

ing the distribution of Th in the Moon and on its sur-

face is important for understanding the early chemical 

differentiation of the lunar interior and the Moon’s 

thermal evolution. Samples are needed to determine the 

lithologic hosts, sources, and distribution of the heat-

producing elements. 

Understand the far-side mantle through the use of 

mare basalts as mantle probes: Mare basalts are im-

portant because they represent materials produced by 

melting of the lunar interior. Basalts returned from 

SPA Basin can be used to determine the composition 

of the mantle from which the basalts were derived, as 

well as the depth and extent of melting. These results 

can be used to test a variety of models relevant to the 

primordial differentiation of the Moon, origin and na-

ture of lateral asymmetry in the Moon’s mantle and its 

relationship to the well-defined crustal asymmetry. 

Samples of basalt, including cryptomare and volcanic 

glasses, are needed to determine the chemistry, petrol-

ogy, and history of the sub-SPA mantle. 

SPA-SR Feeding Forward to other SR Missions: 

Developing an end to end flight system and the associ-

ated systems engineering experience of  returning sam-

ples from the Moon as  part of the New Frontiers 

MoonRise mission,  represents a pathfinder for future 

sample-return missions from other planetary bodies.. 

Whereas each planetary destination has its own unique 

attributes, the MoonRise experience in sample acquisi-

tion and transfer and the Ascent Phase will be particu-

larly applicable to other SR opportunities. 
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