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As successive planetary missions return new data, 

assessment of likely gains from sample return and cri-
teria for selection of sampling sites must continually be 
re-examined, and perhaps revised, in light of new 
knowledge. Here, based on synthesis of recent data 
from Mars, particularly results from the Mars Recon-
naissance Orbiter (MRO), I discuss four key require-
ments for optimizing Mars sample return science: 
sample/environmental diversity, geologic context, pre-
cision landing, and sampler mobility.  

Three payload elements on MRO, which began 
science operation in 2006, have provided the highest 
spatial resolution datasets for surface morphology and 
mineralogy to date: the High Resolution Imaging 
Science Experiment (HiRISE, 25 cm/pixel, three color 
IR, R, G) [1], the Context Imager (CTX, 5m/pixel, 
single band) [2], and the Compact Reconnaissance 
Imaging Spectrometer for Mars (CRISM, 18m/pixel, 
544 channels from 0.4-4.0 µm) [3].  

1. Sample/Environmental Diversity: MRO has 
revealed a rich geologic record from ancient Mars, 
including evidence for water-related volcanic 
processes [4], unaltered mafic and ultramafic rocks [5], 
thousands of exposures of altered crust [6], and diverse 
carbonate, sulfate, and hydrated silicate phases [7-9]. 
An emerging paradigm is that the mineralogic and 
morphologic diversity represents nearly a dozen 
aqueous chemical environments, varying in space and 
time [10], i.e. early Mars hosted multiple potentially 
habitable environments. Furthermore, surface ices at 
high-latitudes [11] and near-surface ices at mid-
latitudes [12, 13] may be a source for intermittent 
brines that could sustain life today [14]. 

MRO-revealed diversity complicates sample  return 
landing site selection because it is clear that the Mars 
system, especially the ancient Mars system, was com-
plex and variable. Ideally, several sample return mis-
sions would interrogate rocks preserving multiple envi-
ronments, ranging from igneous to aqueous. However, 
realistically, an initial sample return effort will visit a 
single landing site. To best understand and characterize 
the Mars system (1) sample return should be done with 
the knowledge that a subset of important questions 
about Mars’ evolution will remain outstanding, neces-
sitating a complementary program of future in-situ 
science (or additional sample returns) and (2) to max-
imize science, the single site selected for a sample re-
turn mission should allow sampling multiple environ-
ments and collection of multiple samples. 

2. Geologic Context: Both MER rovers have dis-
covered in-situ evidence for aqueous activity. The abil-
ity to relate Opportunity findings at Terra Meridiani to 

a large-scale surface unit whose age is known has pro-
vided more constraints on the nature and timing of 
regional/global aqueous processes [15, 16], relative to  
sulfates, silica, and carbonate found by Spirit at Gusev 
crater [17,18]. There, disrupted stratigraphy and altera-
tion within units too small to be dated by crater count-
ing techniques obfuscates geologic context. 

Sampling large-scale coherent stratigraphies with 
ages relatable to Martian geologic epochs provides the 
best opportunity for samples to contribute to under-
standing the evolution of the Mars system. Most expo-
sures of aqueously altered materials on Mars are asso-
ciated with craters, where stratigraphy is disrupted and 
the timing and setting of mineral formation are unclear 
[6]. However, MRO has recently characterized several 
exemplary large stratigraphic sections where rock units 
vary in texture and mineralogy, and ages of units are 
clearly bracketed. These include (1) the mid-Noachian 
to early Hesperian Nili Fossae/NE Syrtis stratrigraphic 
section with a sequence of Fe/Mg smectite-, carbonate-
, Al-phyllosilicate-, and sulfate-bearing units, brack-
eted in time by the Isidis impact and Syrtis Major lava 
flows [19], (2) the walls of Valles Marineris, especially 
near Coprates Chasma, where Noachian to Hesperian 
lavas and phyllosilicate units are recorded in a 7 km-
thick sequence [10], (3) Terra Meridiani, with a phyl-
losilicate-bearing Noachian basement overlain by Hes-
perian sediments [20], and (4) Mawrth Vallis, a se-
quence of nontronite and Al-phyllosilicate layered 
units, capped by an unaltered Hesperian unit [21]. 

3. Sampler Mobility: Mobility during sampling is 
essential since this would maximize sample diversity 
and allow assessment of the nature of environmental 
change (gradual, abrupt), by traversing and characte-
rizing geologic contacts of distinct units.   

4. Precision Landing: With MRO orbital assets, 
landing sites can be evaluated for safety and best out-
crops identified at meters-scale. Fully exploiting this 
capability requires landing ellipses to be precise, deli-
vering a payload nearest to the best site of sampling 
(preferably <5 km), minimizing risks of failure along a 
long traverse. Enhanced tolerance of a landing system 
for surface roughness is also necessary to achieve clos-
est access to these best sites, since topographic relief is 
a hallmark of well-exposed stratigraphies.   
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