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 We advocate a sample return mission to the youngest mare 

basalts in Oceanus Procellarum 

 This mission would provide: 

 Much-needed calibration of model surface ages 

 New insights into the timing and evolution of mare volcanism 

 These science objectives require detailed analyses of: 

 Composition (including sensitive volatile contents) 

 Mineralogy 

 Rock Textures 

 Physical Properties 

 Radiometric Ages 

 Terrestrial laboratories are most feasible pathway to achieve these 

measurement objectives within 5 year horizon 





Apollo 12 and Surveyor 3 



Rationale 

 This is something we can do 
 Minimal instrument development required 

 Russians did this in 1970s…three times! 

 Need to keep up the “lunar momentum” 

 Leverage new data from LRO and other international 

spacecraft 

 Establish capability for airless body powered descent 

 Complement MoonRise 

 Notional mission would have 

 Clear objective 

 Unambiguous deliverables 

 Impactful science return 

 Results relevant to *ALL* terrestrial planets 

 Complements future human exploration 

 Sampling target does not require unmatched flexibility and 

unequaled capability of human explorers and enhances future 

human exploration  



Responsive to  
Community Goals 
 Proposed mission offers a low-risk, high-reward 

pathway to address numerous SCEM and 

Decadal community objectives: 

 Understanding the evolution of the lunar interior 

 Isotopic and trace element variations in lunar basalts 

over time 

 Understanding the flux of mare volcanism 

 Determine how eruption rates varied with time 

 Improve the absolute chronology for Inner Solar 

System 

 Test and validate the crater model age dating 

techniques used on Mercury, Mars, Moon, asteroids… 

 

 



Why Sample Return? 
 Addresses fundamental science questions 
 Analyses cannot be done in-situ: 

 Trace-element and isotope geochemistry 

 Detailed petrography of complex rocks 

 High-precision geochronology 

 Getting at the small stuff is important 

 Components found in regolith samples, some at nano-
scale  

 Ground truth for orbital measurements 

 Synergies between sample analysis, surface 
observations, and remote sensing  

 Can leverage present and future analytical methods 

 SIMS, SXRF, FIB/TEM, MC-ICP-MS, TIMS, SHRIMP-II  

 Samples are a resource that last for years after mission 
is complete 

 Need to prepare the next generation of lunar 
scientists for the 7th human lunar landing 



Anchoring the Chronology 

 We have not directly 

sampled the full range of 

mare basalt ages 

 Apollo and Luna mare ages 

range from 3.8-3.1 Ga 

 Even more recent lunar meteorite 

ages 

 Mare volcanism began as early 

as  ~4.3 Ga 

 Continued until ~1.2 Ga? 

 Far fewer points anchor 

the more recent 

(Eratosthenian, 

Copernican) periods of 

the lunar chronology 

Absolute Cratering Chronology 

After Stöffler and Ryder (2001) 



Mare Compositional Diversity 

 
 Mare basalts cover 

~17% of the lunar 
surface 

 Direct window into the 
composition of the lunar 
interior 

 We have not sampled 
the full range of mare 
basalt compositions 

 Need to ground truth 
remote sensing 
extrapolations of mare 
composition 

Samples 

Remote  

Sensing 



The Youngest Mare Basalts? 

 Youngest model age is unit directly 

south of the Aristarchus Plateau 

From Hiesinger et al., 2010 



Region of Interest 

LROC WAC 

Sampling  

Location 



20 km 



Notional Mission Philosophy 
 Goal:  fit within Discovery program 

budgetary constraints 

 This means accepting a very limited 

spacecraft 

 Nothing extraneous to sample collection 

included in payload 

 Notional spacecraft concept 

 Single landed element with 

automated sample collection and 

return capabilities 

 Nearside landing site simplifies 

execution 

 No relay satellite needed 

 Collects and returns no more than 2 kg 

of regolith 

 1 kg bulk regolith 

 Rake collection of 1 kg of 3-10 cm 

rocklets 

 Mission duration no longer than 1 lunar 
day 



Conclusions 

 Young Procellarum basalt sample return is… 

  Straightforward 

 Cost-effective(well, relatively speaking)  

 Addresses fundamental planetary science questions in 

a Decadal-responsive way 

 Results have important science implications for   

all terrestrial planets 


