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Introduction: The Lunar Reconnaissance Orbiter (LRO), 

now in its second Extended Science Mission, continues to 

return critical new data enabling innovative science studies. 

The Moon, with its compelling science questions, abundant 

resources, and vast unexplored surface area, represents a logi-

cal destination for future human and robotic exploration [1]. 

Here, we describe how LRO observations of the Moon con-

tinue to inform destinations for science and exploration, ena-

bling a vigorous, sustainable program of precursor missions 

including automated sample returns [2-7], extended opera-

tions rovers [8] and human missions [9]. 

Background: The original purpose of LRO was to collect 

the dataset necessary to facilitate future human and robotic 

lunar exploration [10]. The Lunar Reconnaissance Orbiter 

Camera Team  collected a comprehensive suite of data includ-

ing geometric and photometric stereo observations, multispec-

tral imagery, and high-resolution (0.5 m/pixel) observations 

for 50 high-priority sites identified by NASA’s Exploration 

Systems Mission Directorate as regions of interest (ROI) for 

future human and robotic exploration [11]. From launch to the 

present, the LRO team continues an extensive series of sci-

ence observation campaigns addressing key planetary science 

objectives [12]. LRO data now show that our Apollo era un-

derstanding of the next destinations for surface exploration 

was incomplete. LRO observations have shaped the prioritiza-

tion of destinations for future surface exploration and investi-

gation that will address the themes outlined in [1]. 

Key Findings: Surface exploration, particularly nearside 

sample return, will address the following key planetary sci-

ence questions:  

Magmatic evolution of the lunar interior: Science results 

from LRO confirmed the presence of nonmare, silicic volcan-

ic constructs on the lunar surface [13-17]. Sample collection 

at locations such as Compton-Belkovich, Hansteen Alpha, the 

Lassell Massif, the Gruithuisen Domes, and Mairan T will 

dramatically expand our knowledge of the compositional di-

versity, age, and differences in emplacement style of nonmare 

lunar volcanism. 

Lunar volcanic processes: Low shields are ideal locations 

for targeted sample return to determine compositional or other 

differences between low shields and mare basalts that form 

plains [18-19]. Excellent candidate locations include the Mar-

ius Hills, Mons Rümker, Hortensius Domes, and the Isis and 

Osiris cones. 

Lunar time-stratigraphy: Determining the absolute ages of 

geologically recent (i.e., Copernican and Eratosthenian) 

events is required to model crater production functions used to 

date surfaces on other terrestrial planets [e.g., 20]. Sample 

return locations with geologically recent materials include: the 

youngest (~1 Ga) Procellarum basalts [21]; Ina-like Irregular 

Mare Patches [22]; Copernicus crater (the defined division 

between the Eratosthenian and Copernican epochs); and Ty-

cho, Aristarchus, and Giordano Bruno craters. 

Lunar resource potential: We need to understand the 

presence, grade, and tonnage of prospective lunar resource 

deposits. Any polar volatile mission should leverage LRO 

results to use solar power for exploration of polar cold traps 

[23]. Regional lunar dark mantling deposits (e.g., the Aristar-

chus 2 and Sulpicius Gallus ROIs) are primitive materials that 

would yield insights into the lunar mantle and serve as acces-

sible lunar ores, and are thus a key future resource, particular-

ly for oxygen [24-26]. Exploration of these deposits will 

greatly facilitate design and flight qualification of in-situ re-

source utilization hardware to expand the capability and re-

duce the cost of Solar System exploration. 

Conclusions: LRO data can be used to guide an integrated 

strategy for lunar exploration, offering a focused path to ren-

der ambitious voyages to Mars and beyond sustainable. Such 

a strategy involves a series of precursor missions building to 

human lunar surface operations that use the Moon to address 

strategic knowledge gaps [27], test key technologies (such as 

automated landing and ISRU), characterize the surface envi-

ronment, demonstrate teleoperations, and determine the pres-

ence, grade, and tonnage of lunar resources, while compre-

hensively addressing lunar and planetary science questions 

outlined by the Planetary Decadal Survey [28]. 
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