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Introduction:  The National Research Council [1] 
identified four critical objectives for understanding the 
structure and composition of the lunar interior and how 
the Moon evolved into a differentiated planetary body: 
a) determine the thickness and lateral variability (re-
gional and global) of the crust, b) characterize the 
chemical and physical stratification of the mantle, c) 
determine the size, composition, and state of the core, 
and d) characterize the thermal state of the interior.  
Each of these objectives can be accomplished through 
both geophysical methods and sample return [2].  
Here, we explore landing sites suitable for sample re-
turn; geophysical landing sites are discussed in [3], and 
a geophysical case study is discussed in [4].  

Current Understanding: Studies of Apollo sam-
ples suggest the Moon accreted hot and had a magma 
ocean that differentiated to form an anorthositic crust 
[5, 6]. The Hf/W isotopic compositions of some of 
these samples suggest relatively rapid core formation 
[7], supporting a high initial heat flux that agrees well 
with the LMO and impact origin hypotheses. Paleo-
magnetic studies of these samples suggest that a mag-
netic field was present at 4.2 Ga [8] and 3.6 Ga [9], but 
it is unknown whether these signify the start and end 
points of a possible core dynamo.  It is important to 
gauge the timing of the dynamo because it will con-
strain the rate at which heat was produced and re-
moved from the core. 

Sample Site Identification: In order to address the 
four NRC objectives [1] outlined above through sam-
ple return, we have identified landing sites that will 
sample the upper and lower crust and upper mantle, as 
well as rocks suitable for paleomagnetic studies.  
These sample types are targeted because they will pro-
vide context for lunar structure, magmatic (and thus 
thermal) evolution of the mantle, and the thermal and 
physical evolution of the core. 

Crust: Uplifted, excavated, and melted rocks asso-
ciated with impact craters are the best way to sample 
the thickness and lateral variability of the crust.  This 
approach has been used previously [10] and reinforced 
through orbital observations [e.g., 11], but must be 
supplemented with samples from different terranes (the 
PKT, FHT-A, FHT-O, and SPA; [12]).  Specific loca-
tions for crustal samples are shown in Fig. 1.  

Mantle: Impact craters might also be good probes 
of the chemical and physical stratification of the man-
tle.  In some locations, olivine has been detected from 
orbit and interpreted as mantle-derived [13, 14].  How-
ever, pyroclastic, cryptomare, and mare deposits are 
more widespread, sample various depths, and record 
the chemical evolution of the mantle.  Locations of 
pyroclastic [15] and cryptomare [16] deposits are 
shown in Fig. 1.  Mare basalts have erupted over a 
large fraction of lunar history, thus tracing the chemi-
cal evolution of the mantle.  Locations where multiple 
mare basalt flows of different ages intersect offer the 
best sampling sites.  Ages compiled from [17-23] pro-
duce ranked mare (Fig. 1) in order to collect underrep-
resented basalts (both in age and composition).  

Paleomagnetic: Samples can be used to interpret 
the magnetic history of the Moon, providing insight 
into core and thermal evolution. To collect suitable 
samples for accurate paleomagnetic records, a number 
of criteria must be met:  1) rocks that have formed or 
cooled when a dynamo would have existed (i.e., ~3.0-
4.43 Ga), 2) rocks that have retained their original 
cooling orientation or their original orientation can be 
inferred, 3) rocks with the proper mineralogy neces-
sary to record a magnetic field, and 4) rocks that are 
minimally shocked (<5 GPa).   

Samples that meet the above criteria are mare ba-
salts and melt sheets of large impact basins.  These 
target lithologies would have cooled in the presence of 
a dynamo and have largely retained their cooling ori-
entation.  Since many large impact basins are Nec-
tarian or older (>3.85 Ga), impact melt sheets can be 
used to gauge the early dynamo whereas younger mare 
basalts can be used to determine the strength of the 
dynamo through time and when it would have shut off.   

Features that expose fresh outcrops of sample tar-
gets are mapped (Fig. 1) and include Copernican cra-
ters [24], sinuous rilles [25], and floor fractured craters 
(FFCs, [26]) that expose basalt and melt sheet outcrops 
in their upper walls.  

Conclusions: A number of landing sites have been 
revealed that can provide critical information regarding 
the interior structure and evolution of the Moon.  Sam-
pling sites are geographically widespread, thus poten-
tially providing insight into differences between the 
near side and far side.  Some of these sampling sites 
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overlap with geophysical sites [3, 4] and these loca-
tions often coincide with sites from other key science 
concepts outlined in [1], making them ideal for future 
lunar exploration [27]. 
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Figure 1: All sample return sites that address the composition of the crust and upper mantle, and provide information 
regarding the thermal evolution of the Moon.  Background colors represent terranes from [12]: pink=FHT-A, 
blue=FHT-O, orange=SPA, green=PKT.  Science Goals 2a, 2b, and 2d refer to those under Concept 2 of [1]. 
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